
HAL Id: inria-00077102
https://hal.inria.fr/inria-00077102

Submitted on 29 May 2006

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.

Automatic average-case analysis of algorithms
Philippe Flajolet, Paul Zimmermann, Bruno Salvy

To cite this version:
Philippe Flajolet, Paul Zimmermann, Bruno Salvy. Automatic average-case analysis of algorithms.
[Research Report] RR-1233, INRIA. 1990. �inria-00077102�

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by INRIA a CCSD electronic archive server

https://core.ac.uk/display/49703087?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://hal.inria.fr/inria-00077102
https://hal.archives-ouvertes.fr


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

�! #"�$&%'$&()$���*+$&%-,. #*0/
132 
 2+465#2+78495:22  ;�! :<=, 7&> *+$&%-?:( 2

2 $ 2  @�	()$8, > *+$&%-?:( 2

��, > *A%B 2�1C2�D ,E/B( 4F2 *A(

�, 4 ?:( 2  4 ,.( 7 $

G�HJIKHMLONQP
RTS)LOPQUWV 2 � 5#2 "X #*6YZ� 2+132\[

] 7 *A 4F2
� �2 /^H-_B`�LQa�UAbdcAUPAPeLQL

f g�hihkj�lnmpo qir f rsdturlvswtxr

��yzLO{QUAU

|}9~\�.}&�T���@���
�v�8�B�X���:�^�T���T�!���B�����!�F�����!�9���8���	�+�-�B�!�

�X�d�i�� �T�B�¡�B�!�9�B�¢�B� �

£@¤ ¥@¦@§ £�¥©¨Aª £�«Z¬� £Z®¯¬�°Fª±£ ²K¬
£´³ £´µK¶ ²K¨A² ¦W· £¸µ�® ¦W¯¨+¥x¹ § ²

I 5 %B/B%-º3º 2 ]KV»�	¼#��Vp�d�
G 7 (3 :,k½)�	V D�¾

Id*0(3/d¿v�!À À ��
�À �	���

��,¡Á(Â$�L+bAbQN



�	()$8, > *O$�% 4 ��� 2�7 *�� 2��)4 *T" 2 �	 #*A/'Y:"X%-"e,A<��	/��Q, 7 %'$ 53> "

�	��
�
���������������������� �"!$#&%�'��)(*� ��+*,-�.�	�/%��	0�
�1212��#&13�/'�'

46587:9�;�<�=�9 >@?2A�B/CEDGFIHKJ�A�J-LMLNIOIL�P�D-FIH D*Q&FROILQ&N$H�STQ:MUQ:VEQ&B/O�AWFICYX/LN�PZFRQ&OIQ[P\HKV6J-LB*AWOIHKFRL�A�M-NROIFI]�PZOI]-FRQ&N^H�S8LB/OIQ&FRQ&NIO�S_HKF`OIa-Q
AcbKQ:F�A�d QZe�P:A�NIQ^A�B*AWMCfNRLNTHWSgAWMdKHKFRLOIa-VhN�D-FRH�bKQ	OIHiJ*QjX/QcPZL�X-A�J-MQKk.l	aGLUN�D*A�D�Q&F8D-FRQ&NIQ:BfORNjA^dKQ:B-Q&F�AWM-SmF�A�VhQ&n`HKFIoiLUBpn	a-L�PRa
NI]�PIa�X/Q�P\LUNRLHKB2D-FRH-PZQ�X/]-FRQ&N[P&AWB2J�Q[X/Q&b Q&MHKD�Q�X�q	rsO$LUN$J*A�NRQ�XYH BtA6PZHKV6JGLUB�A�OILH BEH�S8d Q&B-Q&FZA�OILB-duS_]-B*P\OILHKB2ORQ�PRa-B-L�v ]-Q&N
S_H FjPZHK]-B/ORLUBGd*w-A�B�XEPZH VED-MQZxyAWB*A�MC/NILN`OIQ�PRa-B-L�v ]-Q&N�S_HKFjAWNIC/VEDGOIHKORL�P`Q&NIORLUVYA�ORLUH B-N�k

z�Q$QZx-D*H NIQ�aGQ&FIQ�ORa-Q�ORa-Q&HKFRCEHWSTQZx*AKP\O{A�B�A�MC/NILN@LBhOIQ&FRVEN	H�S.dKQ&BGQ&F�AWOILB-dpS_]-B�PZOILHKBGN`S_HKF`S_H ]-F	X/L}|"Q&FRQ&B/O{X/H VyAWLUBGN�q
OIaGQ	LUORQ&F�AWOILbKQc~�FIQcPZ]-FINRLbKQ{AWB*Xp]-B-M�AWJ*Q&MMQ�X-~WM�A�J�Q&MMUQcX�X-A�OZA^OsC/D*QjX�HKVyAWLB-N�k�z�Q	OIaGQ&B6D-FIQ:NIQ&B/O`NIHKVhQ@VYA&�ZH FTPZH VED�HKB-Q&B/ORN
H�S-ORa-Q@A�NRNIH-PZL�A�ORQ�X�AWNIC/VED-ORHKORL�PgOIa-Q:HKFIC�AWB*X$QZx-a-LJ-LO�A	PZM�A�NIN�H�S-B*AWOI]-FZA�MMCjA�FILNRLUBGd`S_]-B*PZORLHKB-N�ORa*A�O.P&A�B^J�Q@A�]-ORHKVYA�OIL�P&AWMMUC
A�B�A�MC/�&Q�X�k

� S�AWLUF�S_F�AWdKVEQ:BfO.HWSTOIaGLUN`OIaGQ&HKFRC6LUN	A�MNRH�LB*PZHKFRD*H F�AWOIQ�XhLB/OIH[AiNIC/NIORQ&V�P&A�MMQ�X6��AWV6J"XGAce���D-NILMHKB����$V6Q&d/A-k�rsBEORa-LN
n	AcCfw�]GNILB-d[PZH VED-]GOIQ&F8A�Md Q&J-F�AGwKH B-QjP&AWB6D-FIH-X/]*P\Q�AW]-OIH VyAWOIL�P&A�MMC	B-H B/efORFILb/L�AWM*AcbKQ:F�A�d QZe�P:A�NIQ^A�B*AWMCfNRQ&N8HWSgAWMUd HKFRLUORa-VEN
HKD�Q&FZA�OILB-d6H�b Q&FjAibKA�FILQ&OsChH�S^��X/Q�P\HKVED�HKNZA�J-MQ&�6PZH V6J-LB*A�ORHKFIL�AWM-NIORFI]*PZOR]-FIQ:N�k

� O`A$S_]-B*XGA�VEQ:BfOZA�M/MQ&bKQ:M�w OIaGLUN�D*A�D�Q&F`LUN�D*A�FRO@HWSTA^dKMHKJ�A�M-A�OROIQ&VhD-O@A�O�]-B*X/Q&FRNIOZA�B*X/LB-dpn	a/C[NRH�VyAWB/C�Q&MQ&VEQ:BfOZA�FRC
PZH V6J-LB*A�ORHKFIL�AWM�D-FIH J-MQ&VEN^OIQ:B*X3OIHYa*Acb Q[Q&MQ&VhQ&B/O�AWFICtAWNIC/VED-ORHKORL�P�NIHKM]-ORLHKB-Nck[rsB3NIQ:bKQ&FZA�M	P&A�NRQ&N�w.LO^D-FIH�b Q&N�D�HKNRNILJ-MQ
OIH�FIQ&M�A�ORQEQ&B/ORLUFRQyPZM�AWNINIQ:N6H�SjQ&MQ&VhQ&B/O�A�FRC�P\HKV6J-LB*AWOIHKFRL�A�M�DGFIHKJGMUQ:VEN�n	a-H NIQhNIOIFR]*PZOR]-FIQ2LN�n`Q&MM}e�X/Q\�*B-Q�X)n	LUORa�PZM�A�NRNIQ&N
H�S�Q&MQ&VhQ&B/O�AWFIC��INRD*Q�P\L�AWM�3S_]-B*PZORLHKB-NYA�B*X�P\M�AWNINRQ&NYH�S[A�NRCfVhD-OIH OIL�PuS_HKFRVENpFIQ&M�AWOILbKQ2ORH�PZH ]-B/OILB-d�w@DGFIHKJ�A�J-LMLOILQ&N�w`H F
AcbKQ:F�A�d QZe�P:A�NIQpPZHKVhD-MQZx-LUOsC/k

V�� *0 #*A/'Y#" 2 *A()$8, > *+$&%-?:( 2�1 � *A/��Q, 7 %'$ 53> 2 "

���� 7:�.���� >@�$Q$B-HKV6J-FRQ&]-NRQ&N@DGFIHKDGFIL��Q&O-�Q:N@D-FRHKJ*AWJ-LMLUNROIQ&N	X/Q$NIOIFR]*PZOR]-FIQ&N^X/LN�PZFc�Q&OIQ:NjLB/O-�Q&FRQ&NINZA�B/O	Ms  AWB*A�MC/NIQ	X� ¡A�Md HKFILORa-VEQ&N
N� ¡Acbg�Q&FRQ&B/Op¢Q&ORFIQ6X@�Q�PZL�X-AWJ-MQ&N�k^£`Q&O{AWFIORL�P\MUQiD-F-�Q&NRQ&B/OIQ6]-B3P&AKX/FRQ�d8�Q:B¤�Q&F�AWM8X-A�B-N$MQ�v ]-Q&M.LM�Q&NROjD�HKNINRLJ-MQ¥X/QpX@�Q&bKQ:MUH D-D�Q&F{X/Q
OIQ:MUMQ&N`D-FRH�P��Q�X/]-FRQ&N{X/Q^X`�Q�PZLNRLUH B�q8PZQ�P&A X/FIQ$FIQ&D�HKNRQ�Xg  ]GB-QjD*AWFIO`NI]-F`Ms  ]-OILMLN�A�ORLHKB6X/QjN-�Q&FILQ&N	d8�Q&B	�Q&FZA�OIFRL�PZQ&NjX/Q�X`�Q&BGHKV6J-FRQZ�
VEQ:BfOcwfXg  AW]-OIFRQ�D*AWFIO	NI]GFjX/Q&NjV��Q&OIaGH�X�Q&NjX� ¡A�B*AWMCfNRQ{AWNIC/VED-ORHKORL�v ]-Q^PZHKVhD-MQZx-QKk

�$B¦QZx-D*H NIQ3L�PZL^M�A)OIa	�Q:HKFILQ�X/Q�Ms ¡A�B*AWMUC/NRQyQ\xGA PZOIQ�Q:B§ORQ&FIVhQ&N2X/QtN-�Q&FILQ&N�d8�Q&B	�Q:F�A�ORFIL�PZQ&N�D*H ]-F2vK]�A�OIFRQ�X�HKVyAWLB-Q&N
X/L}|{�Q&FIQ&B/ORN�q.MQ&N8X/HKVYA�LB-Q&N�LO-�Q&FZA�OIL}S�~WF-�Q�P\]-FINRL¨S�Q&O6�Q:OIL�v ]-Q&O-�Qc~�B-H B/e@�Q&ORL�vK]GQ&O-�QKk8�$BpD-F-�Q:NIQ&B/OIQ^Q&BGNI]-LOIQjv ]-Q:M�v ]-Q:N�P\HKVED�HKNZA�B/OIQ:N
D-FRLUB�PZLD*A�MQ&N	Q&BYVhHKB/OIFZA�B/O@]GB-Q�PZM�A�NINRQ[X/Q$S_H B*PZOILH B-NjX/HKB/O`Ms  AWB*A�MC/NIQ^A�NRCfVhD-OIH OIL�v ]-QjD�Q&]-Oi¢Q:OIFIQpFIQ:B*X/]-Q[AW]-OIH VyAWOIL�v ]-QKk

��B-QYD*A�FROILQ2X/Q2PZQ&OROIQ2ORa¤�Q&HKFRLQyQ:NIO6LB*PZH FID�HKF-�Q:QtX-A�BGN6]-B�A�B*AWMUC/NRQ&]-F6A�]-ORHKVyAWOIL�v ]-QKw8AWD-D*Q:M��Q2��A�V6J�X-Ace-�	D-NRLUMH B/e
�$VEQ&d/A-k©�$Q3M�A3NIHKFROIQKw^d F�¢A PZQtA�]ªP&AWM�P\]-M$S_HKFRVEQ&Msw8LM^Q&NROyD�HKNRNILJ-MQtX/Q3D-FRH�X�]-LFIQ�A�]-ORHKVyAWOIL�v ]-Q&VhQ&B/O¥X/Q:N«AWB*A�MC/NIQ:N
A�]GOIHKVYA�ORL�v ]-Q:N	B-HKB/e/OIFRLUb/L�A�MQ&N^X� ¡A�MdKH FILOIaGVEQ&Njv ]-L.HKD��Q&FIQ&B/O�NR]-F�]-BGQ[bKAWFIL��Q&O-�Q6X/QpNIORFI]*PZOR]-FIQ:NEPZHKV6J-LB*AWOIH LUFRQ&N6��X`�Q�PZHKVu�
D�HKN�AWJ-MQ&NI��k

� ]GB2B-LbKQ�AW]YD-M]-N	S_H B*X-AWVEQ&B/O�AWMswfPZQ:O{A�FROIL�PZMQ^S�AWLO	D*A�FROILQ[X�  ]-B-Q^ORQ&B/O�A�ORLbKQ�D-M]-N$d8�Q&B	�Q&F�AWMUQibfLNZA�B/Op�AEPZH VED-FRQ&B*X/FRQ
D�HK]-FZvK]GHKL�O�AWB/O¤X/Q^D-FRHKJ-M��Q&VhQ&N	PZHKV6J-LB*AWOIH LUFRQ&N[�Q&M��Q&VEQ:BfOZA�LFIQ:N	OIQ&B*X�Q&B/Op�A[Acb HKLF8]-B-Q^NRHKM]-OILH ByA�NRC/VED-ORHKOIL�v ]-Q	X/Q$S_HKFRVEQ
NILVhD-MQKk§�^A�BGNED-M]-NRLUQ:]-FINYP&A�NcwjLM	N� ¡Acbg�Q&FRQtD�HKNRNILJ-MQtX/Q2FRQ&MLQ&FyX/Q:N«P\M�AWNINRQ&NYQ&B/OILs�Q&FIQ:N«X�Q2D-FIH J-Ms�Q&VEQ:NEPZHKV6J-LB*AWOIH LUFRQ&N
�Q&Mc�Q&VhQ&B/O�A�LFRQ&N¤X�Q{NROIFR]*PZOI]GFIQ�J-LQ&B2X`�Q\�*B-LQ{Acb Q�P^X/Q&NjPZM�A�NRNIQ&NjX�QjSmHKB*PZORLHKB-Np�INRD¤�Q�PZL�A�MQ&NR���Q&M��Q&VEQ:BfOZA�LFIQ:N@Q&OjX�Q&NjPZM�A�NRNIQ&NjX/Q
S_H FIVEQ:N�A�NIC/VhD-OIH OIL�v ]-Q&N�QZx-D-FRLUVYA�B/O�X/Q&N.D-FRHKD-FRL��Q&O-�Q&N`X/Q@X`�Q&BGHKV6J-FRQ&VEQ&B/Ocw�X/Q`D-FIH J*A�JGLUMLO-�Q:N�HK]pX/Q@PZH VED-MQZx-LO-�Q.VEH�C Q&B-B-Q k

l	a-LNYFIQ&D�HKFROYLUNYORH�A�DGD*Q�AWFYLUB¦OIaGQ¥�ZH ]-FIB�A�M2¬�-®Z¯±°\®�²s³m´Zµ±¶i·`¯±¸$¹*º ²R®\°Y»g´\³m®&¼�´Z®Kw^NID�Q�PZL�A�MiLUNRNI]-Q3HKB½� � MdKQ&J-FZA�L�P2AWB*X
PZH VED-]-ORLB-d�OIFRQ�A�ORVEQ&B/O	HWSTB-H B*PZHKVhV6]-O�AWOILbKQ`D�H�n@Q&F	NRQ&FILQ&NR�*w�dK]GQ&NIO	Q�X�LUORQ�XYJ/Cy¾ukK¿/AKPZH JtA�B*Xh£^k*À�Q&]-OIQ:B*A�]-Q:F�k
Á PRa-Q�X�]-MQ�X2X-AWOIQ^H�S.D-]-J-ML�P&A�ORLHKBELNjÂGQ&J-FR]*A�FRCtÃ�Ä Ä-Ã k



£�������� �	��
� £��������	������������� £������ ����
�!��"�£�� �����#
$�&%'� �

(*),+.-/+/01032546-87:9<;=-/2$>
?<@BA�?<CDA#;FE$GIH,2$JKEL;MH,NO>
46P<QRFS$TMUWVX2	Y&),2Z<JK7$[

\ 4]N^7:JKEL2M_

`�NaH,J1;�bF7:-.cd[
?<@BA�?<Ce7JKf�Vg?ih	j

k&El;M-.2m(6;M-.[d>O2En)1J,+8GIH,2
46PpodS=S$q=R�(*7:-r7:+rZs27H

\ 4,N^7:JKEl2=_

(�7:H,-*tK+.u�u�2LNauv7:J,J
?<@BA�?sCwA#;FE$GxH12$JKEl;=H,Na>
46PsQyRdS TMU�VX2�Y&),2ZsJ]7y[

\ 4,Nz7JKEl2M_

{MH,J,2mqdjgS oMoMU

46587&9c;�<*=W9
?�A�B/C6D-FIH J*A�JGLUMLNIORL�P	D-FRHKD�Q&FIORLUQ:N	H�STQ:MUQ:VEQ&B/O�AWFICEX/LNZPZFIQ&ORQ[PZH V6J-LB*A�ORHKFIL�AWM-NIORFI]*PZOR]-FIQ:N{HWSTLB/OIQ&FRQ&NIO�S_HKF

OIa-QEAcb Q&F�AWdKQZe-P&A�NRQyA�B�A�MC/NILN^H�SjA�MdKH FILOIa-VhNjD-FRH�bKQ6ORHyJ�QyX�Q�PZL�X-A�JGMUQ kEl	a-LN�D�A�D�Q&F[DGFIQ&NRQ&B/OINEAhdKQ&BGQ&F�AWM
S_F�AWVEQ&n`HKFRoELBtn	aGL�PRa3NI]*PRa�X/QcPZLNILHKB3D-FIH-PZQcX/]-FIQ:N¥P&AWB�J*Q6X/Q&b Q&MHKD�Q�X�q^rsO^LN^J*A�NRQ�X3HKB�AYPZHKV6J-LB*AWOILHKB
H�STd Q&B-Q&FZA�ORLUBGd�S_]GB*PZOILH ByORQ�PRa-B-L�v ]-Q&N`S_H FjPZHK]GBfORLB-d*w/A�B*XYPZH VED-MQZxEA�B�A�MC/NILN@ORQ�PRa-B-L�v ]-Q&N`S_H FjA�NRCfVhD-OIH OIL�P
Q&NIORLUVYA�ORLUH B-N�k

z�Q�QZx-D*H NIQjaGQ&FIQ	ORa-Q@ORa-Q&H FICpH�S*QZx*A PZO@A�B�A�MC/NILN�LBpOIQ&FRVEN�HWS"d Q&B-Q&FZA�ORLUBGdjSm]-B*PZORLUH B-N�S_HKF�S_H ]-FTX�L¨|�Q&FRQ&B/O
X/HKVYA�LB-N�q�OIa-QpLOIQ&FZA�ORLUb Q�~�FRQ�PZ]-FRNILbKQEAWB*XY]-BGM�AWJ*Q:MUMQ�XG~�M�A�J�Q&MMQ�X2X-AWO�A6OsC/D�Q¥X�HKVyAWLB-N�k	z�QiOIa-Q&B�DGFIQ&NRQ&B/O
NIHKVhQ[VYA&�ZH F�P\HKVED�HKBGQ&B/OIN�HWS¤ORa-QyAWNINIH-PZL�AWOIQ�X A�NIC/VhD-OIH OIL�P�ORa-Q&H FIC�A�B�X3QZx-a-LJ-LO[A2PZM�A�NRN[HWS¤B�A�OI]GF�A�MMC
A�FILNRLUBGd�S_]GB*PZOILH B-N	OIa*AWOjP&A�BYJ�Q�A�]-ORHKVyAWOIL�P&AWMUMC[AWB*A�MC/�&Q�Xgk

� S�A�LF^S_FZA�d VEQ&B/OjHWSjOIa-LN�ORa-Q&H FIC�LN[A�MNRH2LB*PZHKFRD*H F�AWOIQ�X)LUB/ORH«A«NIC/NIORQ&V P&AWMUMQ�X���A�V6J�X-Ace-�	D-NRLMUH B/�
�jVhQ&dfAGk�rsB{ORa-LN�n	AcCfw:]-NILB-djP\HKVEDG]-OIQ&F�AWMdKQ&J-FZA-w:HKB-Q@P:A�B�D-FRH-X/]*PZQ	A�]-ORHKVYA�OIL�P&AWMMUC�B-HKB/e/OIFRLUb/L�A�MKAcb Q&F�AWdKQZe
P&A�NRQ¤AWB*A�MC/NIQ&N.HWS"A�MdKH FILOIaGVEN�HKD�Q&FZA�OILB-d$H�bKQ&F8A$bKA�FRLQ&OsC^H�S@�ZX/Q�PZH VED�HKN�AWJ-MQ&�{P\HKV6J-LB*AWOIHKFRL�A�McNIOIFR]*PZOR]-FIQ&Nck

� OEA�Sm]-B*X-AWVEQ&B/O�AWM@MQ&b Q&Msw`OIa-LN6D*AWD*Q&F6LN6D*AWFIOhH�S�A3d MHKJ*AWM¤AWOIOIQ:VED-OEAWO6]-B*X/Q&FRNIOZA�B*X/LB-d�n	a/C NIH
VyA�B/C3Q&MQ&VEQ:BfOZA�FRC�PZHKV6J-LB*AWOIH FIL�A�M`D-FIH J-MQ&VENpOIQ:B*X OIH�a�AcbKQYQ&MQ&VEQ:BfOZA�FRC�A�NIC/VhD-OIH OIL�P6NRHKM]-OILH B-N�k rsB
NIQ&b Q&F�AWMjP&A�NRQ&N�w�LUOiD-FIH�b Q&N[D�HKNRNILJ-MQEORH2FIQ:M�AWOIQhQ&B/OILFIQYPZM�A�NINRQ&N6H�SjQ:MUQ:VEQ&B/O�AWFIC�PZHKV6JGLUB�A�OIH FIL�A�M�D-FIH J-MQ&VEN
n	a-HKNRQyNROIFR]*PZOI]GFIQ3LUNpn`Q&MM¨e-X/QZ�*BGQ�X n	LUORa�PZM�A�NINRQ&NEHWS{Q&MQ&VhQ&B/O�AWFICª�INRD*QcPZL�A�M�3S_]-B*P\OILHKB-N6A�B�X�P\M�AWNINRQ&NEHWS
A�NIC/VhD-OIH OIL�P�S_HKFRVEN`FIQ&M�AWOILbKQ$OIHEPZH ]-B/OILB-d*w/DGFIHKJ�A�J-LMLOILQ&N�w/H F¤Acb Q&F�AWdKQZe-P&A�NRQ[PZH VED-MQZx-LOsCfk

� ,E Q$ 2  Q$8"
| }l~F�L�l�K���]�$�L���K~ �
� ��~��&�K�,�W�X���,�B�,�g�v�X�1�/�/���	�����I�L�d~F�L���I�L���3~ �
� �	���F�I���l�F�/����~,�F���X�L�/� |d|

�I��  ¡ �G1£¢�
�'��/�:�-#Z
_� ��¤c�-'F¥Z�&#:%F¤c�Z
��-'F¥§¦#¦#¦�¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦  L¨
�I�©¨ ª �c��¬«p�a�'��L® (-���L¤:
¯1¤��/�Z
��-'F¥ ¦#¦#¦�¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦  L°
�I�©� ± #��/'F¥R�_�/�\
��G'�²^%����L¥�³��-# ¡ �G%�'*�Z
�'I´�µ[��'���#����Z
�'I´t��%�'F¤c�Z
��-'F¥¶¦#¦#¦�¦#¦#¦�¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦  L·
�I�¹¸ ��#&�´-#���1212� ¡ �-'F¥Z�&#:%F¤c�Z
��-'F¥W¦�¦#¦#¦�¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦ ¨°
�I�©° ¡ �G12�����aº*
��Z,»«p�L¥s¤c#Z
����&�-#O¥�¦#¦�¦#¦#¦�¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦ ¨M¼
�I�©½ ¾ ºg�/1������L¥¿¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦#¦�¦#¦#¦�¦#¦#¦�¦#¦#¦�¦ �I 

 



� �������	��
��
�������������������������� �!�"�����#�$�&%'��($�)(���
��*��,+.-��/�0
��"�/�/� 132
4�5"6 7'8:9<;>=�?@=BA'C0;�=ED:FHG�?0IJ;�AJ;�K�LM?@=�N�O�IJ;�=�PQ;�R�?�GTSVUER�8W=EK=BAJ;�?�GYXZI[80\]A[^`_a_a_M_a_b_a_a_M_a_a_b_a_a_M_dc:e
4�5gf 7'8:9<;>=�?@=BA]7�;�I[K�PhAJ;�8:=�L'?0=�NiOVKIj;>8ENW;�PQ;�AJ;�K�Lk_a_b_a_a_M_a_a_b_a_a_M_a_a_M_a_b_a_a_M_a_a_b_a_a_M_dc:l
4�5gc C0;�=ED:FHG�?0IbXZI[80\]AQ^ _a_a_M_a_a_b_a_a_M_a_M_a_a_b_a_a_M_a_a_b_a_a_M_a_a_M_a_b_a_a_M_a_a_b_a_a_M_m4�6
4�5n4 oaLJpH9qREA[8:AJ;�P'o'=�?�G�prLs;"L�80tvuw8HKhxyPQ;�K=BAzLb_M_a_a_b_a_a_M_a_a_b_a_a_M_a_a_M_a_b_a_a_M_a_a_b_a_a_M_m4Bc
4�5g{ OVKIJ;�8ENW;�PQ;>Aj;>K�L)_a_a_b_a_a_M_a_a_b_a_a_M_a_M_a_a_b_a_a_M_a_a_b_a_a_M_a_a_M_a_b_a_a_M_a_a_b_a_a_M_m4B|

2 %�}/
($�3�������3� ��~
{E5"6 o�G�D:K�EIz?�;�P#uY8:FE=BAj;>=ED�_a_M_a_a_b_a_a_M_a_M_a_a_b_a_a_M_a_a_b_a_a_M_a_a_M_a_b_a_a_M_a_a_b_a_a_M_m4Bl
{E5gf ��9qRHG�;"PQ;�AM?0=�N�SVUERHG�;"PQ;�A#X'K=EKIz?0AJ;�=ED���FE=�PhAJ;�8:=�La�J�v^EK#C:80G��:KI�)_M_a_a_M_a_b_a_a_M_a_a_b_a_a_M_d{:f
{E5gc o'=�?�G�pBAj;"PbL[PQ^EK9qK�L`_a_a_M_a_a_b_a_a_M_a_M_a_a_b_a_a_M_a_a_b_a_a_M_a_a_M_a_b_a_a_M_a_a_b_a_a_M_d{:{

� �M���3�W��-/���"�/�/� ���

� �3�Z�/�/�M�y�!���V�z���

�v^H;�L�R�?@R�KIvREI[K�LJK=HAzL�?MLjprLJAQK9�?0AJ;�PYt�Iz?09qK\v8:IQ�';>=�\]^H;�PQ^�Ph8:9#�H;�=�?0A[8:IJ;�?�G�K=BFE9�KIz?0AJ;�8:=�LY?0=�N#REI[8:��?@�H;�G�;�LJAJ;�P
REI[8:R$KI[AJ;�K�L�80t.Ph8W9!�H;�=�?0AQ8:IJ;�?�G�LJA[I[F�PhAQFEI[K�L]P?0=���KMLJA[F�NW;�K�N�t�8:I[9�?�G�G�p:5
��^EK�?@=�?�G�prL�;�L�LJpELJA[K9�A[^�?0AV\vKvREI[8:R�8HLJKY;"L��?�G�D:K�EIz?�;�P?�G�G�pqPh8:9qRHG�KA[K� '\v;�A[^#I[K�LJR$K�PhAwA[8a?�G"?@I[D:K]P?0A[KD:8WI[p

80t]LJ80¡rP?�G�G�K�N�NHK�Ph8:9qR�8HL[?0�HG�KyNE?@Az?�AJpBR$K�LM?0=�N)AQ^EKh;>Iq?:LQLJ8rPQ;�?0AQK�N¢?�G�D:8:IJ;�A[^E9�L5q��A';"L#?�G�LJ8£�¤?:LJpH9qREA[8WAJ;�P?�G�G>p
Ph8:9qRHG�KA[K� �\v;�A[^bI[K�LJR�K�PhA�A[8ZLJK�:KIh?�GrLJFE��PQG"?WL[LJK�L�80t�NHK�Ph8W9qR�8BLQ?0�HG�KTREIQ8:�HG�K9�L5��v^HF�L/?v=HFE9!�$KI�8@t�LJAh?0AJ;�LJAJ;�P?�G
?0=�N�Ph8:9qREFEAz?@AJ;�8:=�?�GwREI[8:R$KI[AJ;�K�L#80tZPh8:9#�H;�=�?0A[8WIJ;�?�G�LJAQI[F�PhA[FEI[K�LbP?0=¢��K�LJpELJA[K9�?@AJ;�P?�G�G>p NHK�PQ;�NHK�N�¥�K�:K=¦;�=
A[^EKh;�I'REI[K�PQ;�LJK!?:LjpB9qREAQ8:AJ;�P�t§8WI[9i5
o¨Ph8:I[I[KhG�?0A[K�80tZAQ^H;"L!;"L<A[^EK�R$8BL[L�;��H;�G�;�Asp 8@t&NHK�L�;�D:=H;�=ED©?@=©?0FEAQ8:9�?0AJ;�P�?0=�?�G�pHªKIq80t&?��:KIz?@D:K�P?:LJK�R�KIQ«

t�8:I[9�?0=�PhKbt�8:IMLJK�:KIh?�G�;�=BA[KIQK�LJAJ;�=ED¬PQG�?:L[LjK�La80tZ?�G�D:8:Ij;>AQ^E9�La?0=�N)REI[8WD:Iz?09q9�K�L5!v?:LjK�N)8:=)A[^H;�LbA[^EK8:I[p:¥�\vK
^�?��:K�?:PhA[F�?�G�G�p �EFH;�G>A�?)REI[8WA[8:AJpBR$KyLjprLJAQK9®P?¯G�G�K�N±°/²:³�´jµW²:¶/·�¸�¹¤º�»�¼:½�¶�¾]³!¿JÀ:²���ÁEÂ3Ã&�&AQ^�?0Ab;"L�P?0R�?0�HG�K�80t
REI[8ENHF�PQ;�=ED�Iz?0A[^EKIv=E8:=H¡BAQIJ;��:;�?�GÄ?��:KIh?0D:Kh¡rP?:LjK&?0=�?¯G>pELJK�L�80tÄ?�G�D:8WIJ;�A[^E9�L5
Å KI[K�;�L!?)LJ9�?�G�G�L[?09�RHG>K�8@t�REIQ8:R�KI[Aj;>K�L�?09qK=�?0�HG�K�A[8¢?0FEA[8:9�?@AJ;�Pq?0=�?�G�pEL�;�La;�= A[^H;�L#Ph8:=HA[KhUEA�Æ��sÇJ�'A[^EK

?��:KIz?0DWK!=HFE9#��KI#80tZPhpEPQG>K�L!;>= ?�Ih?0=�NH8:9ÈR$KI[9#FEAz?0AJ;�8:=�80tZÉ KhG�K9qK=HAzL�;�L�ÊËG�8:D]É ?0=�N¢AQ^EK�REI[8W��?0�H;�G�;�AJp
A[^�?0A'LJF�P[^¢?�R�KI[9#FEAz?@AJ;�8:=i^�?:L�=E8)6h¡rPhpEPQG>Kb;�LbÊÍÌ0Î�Ï:Ð��sÇÑÇj�wR�?0A[^�G�K=ED:A[^�;�=	?�Iz?0=�NH8W9k^EK�?0RH¡H8:IzNHKI[K�N�A[I[KK
80t&ÉÒKhG�K9qK=HAzLb;�L#8:= ?��:KIz?0DWK�Êkf:É�G�8:DTÉV¥�\�^H;"PQ^,IQKREI[K�LJK=HAzL#?�G�LJ8)A[^EKiPh8:9qR�?0Ij;"Lj8:=©Ph8HLJA#80tMÓ]FH;�P[�ELJ8:IQA�Ð
�sÇ�ÇÑÇJ�YR�?0A[^�G�K=ED:A[^);�=¢?�Iz?0=�NH8:9Ô��FE=H;�t�8:I[9��TRHG�?0=EKqAQI[KKb;"LbÊ ÏÕ É�Ö ×/ÉVÐV�sÇ�ØE�vA[^EKqLJpH9!�$80G�;�PqNW;�Ù3KIQK=BAJ;�?0Aj;>8W=
?�G�D:8:Ij;>AQ^E9�L'80t�Ph8W9qREFEA[KIM?�G�D:K�EIz?�DH?�;�=¬8W=	?��:KIh?0D:K!?�tÑ?:PhA[8WIZ80tTÚ<�sÖ É��v;�t�LJ^�?@I[K�N)I[KREI[K�LjK=BAz?@AJ;�8:=�Lb��;Ñ5ÛK:5�¥
NE?0DBL¤�.?@I[KaF�LJK�N�¥$KAzP05
��^EK�R�?0R�KI�Ph8:=�L�;�LJAzL�80taAJ\T8)9�?@Üs8WI!R�?@I[AzL#A[^�?@AqI[KhÝ�K�PhAqA[^EK�AJ\T8¢Ph8:9�R�8:=EK=HAzL�80t&AQ^EK�A[^EK8:I[p:5`�v^EK

Þ IzLJA�8:=EK:¥�AQ^EK��¤?�G�D:K�EIh?�;�P �Ph8:9�R�8:=EK=HA�¥�NHK�?�G�L]\v;�A[^�KhU�?WPhA&Ph8:FE=HAJ;�=ED�A[^EI[8:FED:^�A[^EK!?¯G>DWK�EIz?#80twD:K=EKIh?0AJ;�=ED
t�FE=�PhAJ;�8:=�L5v�v^EKMLJK�Ph8:=�N�8:=EK:¥EA[^EK��¤?@=�?�G�pBAJ;�P qPh8W9qR�8:=EK=HA�¥EF�LjK�LZ?0=�?¯G>pHAJ;�PaREIQ8:R�KI[Aj;>K�L�80t�AQ^EK�LJKMD:K=EKIh?0AJ;�=ED
t�FE=�PhAJ;�8:=�Lv;�=�8:IzNHKI]A[8#I[K�Ph80�:KI�I[KhG�K�¯?0=HA&?WLJpB9�REA[8:AJ;�P�;�=Ht§8WI[9�?0AJ;�8:=�L�5

���"ß�(EàV*������#($�/-V�¬(E*��E
������Äá ��8:IwA[^EK'PQG"?WL[L�80t�NHK�Ph8:9�R�8BL[?@�HG>KaPh8:9#�H;�=�?0A[8:Ij;"?¯GâLJA[I[F�PhA[FEIQK�L�FE=�NHKI]Ph8:=E«
L�;�NHKIz?0Aj;>8W=/¥�;>AV;�LVR$8BL[L�;��HG�K]A[8ZPh8W9qRH;�G>K'?0FEA[8:9�?@AJ;�P?�G�G>p#LJA[I[F�PhAQFEIz?�GrLJR$K�PQ; Þ P?0AJ;�8:=�LV;�=HA[8'K�ã:F�?0Aj;>8W=�L/80�:KIväz¼WåB½$æ�ç
º�½BÀ#À:¿�½�¿�èJ²:æ�º�½BÀ�é¤åH½�ä�æ�º�¼W½E¹5w�v^EK�LJKbK�ã:F�?0Aj;>8W=�LvI[KREI[K�LJK=HA�;>=)?qPh8:9qR�?WPhAvt§8WI[9�?0AvKh;�A[^EKI'KhUrRHG�;�PQ;�AM8:I]KhG�LJKbI[K«
PhFEIzL�;��:K't�8:I[9�L�80t�Ph8:FE=HA]LJK�ã:FEK=�PhK�L�5w�E8:IvA[^EKa?:L[Lj8rPQ;�?0A[K�N�?�G�D:8:Ij;>AQ^E9�L¥H\vKv;�=BA[IQ8rNHF�PhKaD:K=EKIh?0AJ;�=EDbt§FE=�PhAJ;�8:=�L
80tÄ?��:KIh?0D:KZPh8BLjAzLwP?�G�G�K�N¢äh¼:³�¸â»�¿ê0º�æ�ë#µ:¿�¹¤ä�èzºn¸âæ�¼:èQ¹¥r?@=�Nq\vK'REI[80�:;�NHKML�;�9#;�G�?0I]A[Ih?0=�L�G�?0AJ;�8:=�9qK�PQ^�?0=H;�LJ9�LYt�I[8:9
REI[8:DWIz?09q9qKaLJR$K�PQ; Þ P?@AJ;�8:=�L'A[8qA[^EK�LjKMPh8:9qRHG�KhUB;�AJpiNHK�L[PhIJ;�REA[8WIzL5

f



��^EK!K�ãWF�?0AJ;�8:=�L�A[^�?0Aa8:=EK#D:K=EKIh?0A[K�L�;�=¢A[^H;�La\]?�p¬?@I[K#9qK�?0=H;�=ED0t�FHGw;�=¢A[^EKqLJK=�LJK�A[^�?0AM?�G�GTPh8HKhxyPQ;�K=BAzL
80tvD:K=EKIz?0AJ;�=ED�t�FE=�PhAJ;�8:=�L��,REI[80�W;�NW;>=ED)Kh;�A[^EKIbA[^EK#=BFE9#��KIa8@t�Ph8:9#�H;�=�?0A[8:Ij;"?¯GTLJA[I[F�PhA[FEIQK�L]80t]L�;�ªK�É¦8:IaA[^EK
?��:KIz?0DWKZP?:LJKaPh8:9qRHG�KhUH;>AJp�80tÄ?�G�D:8WIJ;�A[^E9�LY80�:KIwIz?@=�NH8:9dNE?0Az?a8@tÄL�;�ªKMÉ�� ?0IQKMPh8:9qREFEAz?0�HG�K';�=�AJ;�9qK'A[^�?0A.;"L
R�8@G>pH=E8:9#;�?�GV;�=¬ÉV5

�������¢�/
�$
��������â���"�������:á �ÑA';�L'�H=E8¯\�=�t�I[8:9 PQG"?WL[L�;�P?�GT?0=�?�G�pEL�;�La?0=�Ni?@=�?�G�pBAJ;�P#=HFE9#��KIaA[^EK8WI[p�A[^�?0A
A[^EKq?:LJpH9qREA[8WAJ;�PaD:I[80\]AQ^�80t�Ph8HKhxyPQ;�K=BAhL'80tT?�LJKIJ;�K�L�;�LaNHKA[KI[9#;�=EK�N)�Hp¬?@=�?�G�pBAJ;�PbREI[8:R$KI[AJ;�K�L'80tvA[^EK!LJKIj;>K�L
�Ñ�W;�K\TK�N¦A[^EK= ?:L#?0= ?0=�?¯G>pHAJ;�P�t�FE=�PhAJ;�8:= 8@t&?iPh8:9�RHG>KhU,?0I[DWFE9qK=BA��z5��Ñ=�A[^H;�L!NH8W9�?�;�=/¥wL�;�=ED:FHG�?0IJ;�AJ;�K�L�?0=�N
L[?:NENWG�KbR�80;�=HAzL]RHG�?�p�?0=�K�L[LJK=HAJ;�?�G�I��8@G>K:5� =EK�8@tZA[^EK�9�?0ÜJ8:IM�$K=EK Þ AzL#80t'A[^EK�D:K=EKIz?0Aj;>=ED�t�FE=�PhAJ;�8:= ?@REREI[8B?:PQ^¢;�LbA[8¢?:L[Lj8rPQ;�?0A[K�\vKhG�Gv;�NHK=BAJ; Þ K�N
PQG�?:L[LJK�L�80t�LJR�K�PQ;�?�GEt�FE=�PhAJ;�8:=�L�A[8]\vKhG�G�PQ^�?0Iz?WPhA[KIJ;�ªK�NMPQG�?:L[LjK�L/80t�Ph8:9#�H;�=�?0A[8:Ij;"?¯GrLJA[I[F�PhAQFEI[K�L�?@=�N'REI[8:D:Iz?@9q9qK�L5� KMP?0=�A[^EK=iLJpELJA[K9�?0AJ;�P?�G�G�p�I[KhG�?0AQKMPQG"?WL[LJK�L]NHK Þ =EK�N��HpyLjR�K�PQ;�?�GÄPh8:9#�H;�=�?0A[8WIJ;�?�G�Ph8:=�LJA[I[F�PhAj;>8W=�L¥EPQG"?WL[LJK�Lv80t
LJR$K�PQ;"?¯G�t�FE=�PhAJ;�8:=�L�\v;�A[^iLJR�K�PQ; Þ Pq?@=�?�G�pBAJ;�P�REI[8:R�KIQAJ;�K�L¥�?0=�N�?:LjpB9qREAQ8:AJ;�P'REI[8:R$KI[AJ;�K�L]8@t.LJAQI[F�PhA[FEI[K�L5

� K Þ IzLJA';�G�G�F�LJA[Iz?0AQK�A[^EK�REIJ;�=�PQ;>RHG�K�L#8@t�8WFEIM?0REREI[8B?:PQ^¢�Hp¢NW;"LQPhF�L[L�;�=ED)As\v8�KhU�?09qRHG�K�LMNHIh?�\�=)t§IQ8:9 A[^EK
PQG�?:L[L�;�P?�G�A[^EK8:IQp�80t�t§8:IQ9�?�G�G�?0=ED:F�?0D:K�L�?0=�N�K=HFE9qKIz?0Aj;>8W=�L5�	��
������������� ¿JÀ:åH»�²:è'¿���¿�½�æ�¹Z²W½�µ	�v½�º�æ�¿M²:åHæ�¼:³#²:æ�²��]uw8W9!�H;�=�?0AQ8:IJ;�?�G�LJA[I[F�PhAQFEI[K�LwNHK Þ =EK�N��BpqIQKD:FHG�?0I
G�?0=ED:F�?0DWK�L�?0=�N Þ =H;�A[KT?0FEAQ8:9�?0Az?Y^�?��:K�Iz?@AJ;�8:=�?�GBD:K=EKIh?0AJ;�=ED]t�FE=�PhAJ;�8:=�L�� lE¥�f �@¥!�B6#"Ñ5V�v^EKTPh8:FE=HAJ;�=EDaLJK�ã:FEK=�PhK�L
?:PPh8:IhNW;>=ED@G>pÍL[?@AJ;�L�t§p�G�;�=EK�?0I�I[K�PhFEI[I[K=�PhK�L�\v;�A[^ÍPh8:=�LJAz?0=HA�Ph8BKhxyPQ;�K=HAzL5 ��I[8:9 KhG�K9qK=BAh?0I[p ?@=�?�G�prL�;�L¥'\vK
�H=E8¯\±A[^�?0AZ?�Iz?0AJ;�8:=�?¯G�D:K=EKIz?0Aj;>=ED�t�FE=�PhAJ;�8:=%$��'&H�v?:NH9#;�AzL'?qR�?0IQAJ;�?�G/t�Iz?:PhAJ;�8:=)NHK�Ph8:9qR�8HL�;�AJ;�8:=/¥âLj8�A[^�?@Av;�AzL
Ph8HKhxyPQ;�K=BAzL�$)(�^�?��:KM?@=�KhUrRHG�;�PQ;�A't§8:IQ9k?:L��zKhUER�8:=EK=HAJ;�?�G�R�80G�pH=E8:9#;�?�G�L[ E¥

$)(�*,+.-0/ - �sÉ��21 (-43 �z60�

t�8:IZ? Þ =H;�A[Kbt ?09<;�G�p�80tVR�80G�pH=E8:9#;�?�G�L5/ - �'63�w?0=�N�?btÑ?09#;�G�p�80t.?¯G>DWK�EIz?�;�Pa=HFE9#��KIzL�1 - 5
��=,8:AQ^EKIq\v8:IzNEL¥Yt�8:IqA[^H;�L�I[K�LJA[Ij;"PhAQK�N,PQG�?:L[L�80t!NHK�W;"PhK�L�¥]\vK¬?0IQKi?0�HG�K¬AQ8¢REI[K�NW;�PhA�;�=,\]^H;�PQ^ PQG�?:LQLq80t

t�8:I[9#FHG87a¥�Kh;�A[^EKI�KhU�?:PhA#8:Iq?:LjpB9qREAQ8:AJ;�P0¥wPh8:FE=HAJ;�=ED©LjK�ã:FEK=�PhK�Lq?@=�N�KhUrR$K�PhA[K�N �0?�G�FEK�Lq80t'R�?0Iz?09qKAQKIzL#?0I[K
D:80;�=EDqAQ8#t ?¯G�GÑ5]��8:IY;>=�LjAz?0=�PhK:¥V²b¸âèzº�¼:èhºz¥$A[^EKaREI[8W�HG>K9¨80t�I[FE=�G�K=ED:AQ^¬LJAz?@AJ;�LJAJ;�PL�� � ^�?0Av;�L�A[^EKMREI[8W��?0�H;�G�;�AJp
A[^�?0A#?�Iz?@=�NH8:9 �H;�=�?0I[p LJAQIJ;�=ED¬8@tTG�K=ED:AQ^©É Ph8:=HAz?�;�=�Lb=E8iIQFE=¢80t:9 Ph8W=�LJK�PhFEAJ;��:K)6�; L#<=� G�;�K�Lb;�=�A[^H;�L#PQG"?WL[L
t�8:I#K�?:P[^ Þ UEK�N>9�5Ò�[C:KK?�gf:eH¥A@'�J�s�h5B��"�t§8WI<?¦PQG"?WL[L�;�P?�G];�=HA[I[8ENHF�PhAJ;�8:=/5�� ��FEI[A[^EKI�?0=�?¯G>pHAJ;�P�REIQ8:R�KI[Aj;>K�L�?0I[K
?��¯?�;�G�?0�HG�K:Ð:9�8BLJA/=E8:Ah?0�HG�paA[^EKTOVKI[IQ8:=H¡r�EIQ8:��K=H;�F�L�A[^EK8WI[pC��6:60¥�{E6#":REIQK�NW;"PhAhLVA[^�?0A/A[^EKD1:;gL�80tEG�?0I[D:K�LjA/9q8ENHFHG>F�L
;�=,�h60�]^�?��:K�?0I[DWFE9qK=BAhLaA[^�?0AM?@I[K�Ph8:9q9�K=�LJFEIz?0�HG�K�\v;�A[^ ×.¥�?�tÑ?:PhAbA[^�?0Aat�FEI[A[^EKIbI[K�LJA[Ij;"PhAhLaA[^EKqIh?0=ED:Kq80t
Ý�F�PhA[F�?0Aj;>8W=�L'�sNHFEKaA[8#Ph8:9qRHG�KhUE1:; Lh�VA[8#A[^E8BLJK'A[^�?0A]?0I[Ka?:LJpH9qREA[8WAJ;�P?�G�G>p�R�KIj;>8ENW;�P05]�v^EK'\]^E80G�KaA[^EK8:I[pF� f��."
;�LZ?�Ph8:9#�H;>=�?@A[8:IJ;�?�G�?0=�?�G�8:DWFEKM80t�AQ^EK!PQG�?:L[L�;�P?�G�A[^EK8:IQpq80tAG¬?@I[�:80��PQ^�?�;�=�L5

�	��
�������0H4� I ¼:½�æ�¿�ê¯æ�¶KJ/èJ¿z¿�»�²:½HÀ:åH²�À:¿�¹�� ��I[KK�Lq?0=�N��0?0IJ;�8:F�L�AJpBR$K�L#80t]G�?0A[Aj;"PhK�R�?@A[^�LqP?0= �$KiNHK«
L[PhIJ;��$K�N)�Bp)Ph8:=HA[KhUrAj¡:t§IQKKMD:Iz?@9q9�?0IzLL� lE¥V6�MH¥/f:|H¥/{:|H¥��B6N"Ñ5a�v^EKqPh8:I[I[K�LJR$8:=�NW;�=EDiD:K=EKIh?0AJ;�=ED�t§FE=�PhAj;>8W=�La?0I[K
?�G�D:K�EIz?¯;"P0¥:?WL$t§8@G�G�80\ZL��Bp'A[^EKvPQG"?WL[L�;�P?�G�uw^E8:9�LJ�HpW¡�CBP[^DOFEAQªK=E��KI[D:KIVA[^EK8:IQK9P��6�|)"Ñ5�o&PPh8:IhNW;>=ED@G>p:¥0AQ^EKTPh8:FE=HA[«
;�=EDqLJK�ã:FEK=�PhK�L�L[?0AJ;�L�t�pbG�;�=EK�?0I�I[K�PhFEI[I[K=�PhK�Lv\�;>AQ^�R$80G�pB=E8:9<;"?¯G�Ph8HKhxyPQ;�K=HAzL���¤OV¡HI[K�PhFEIzL�;��:K� #LJK�ãWFEK=�PhK�Lh�z5�o'=
?�G�D:K�EIz?¯;"P&t§FE=�PhAj;>8W=%$��'&H�w^�?WLv8:=HG�pi?�G�D:K�EIz?�;�PbL�;�=ED:FHG�?0IJ;�AJ;�K�LÐ�t§I[8W9dA[^H;�LYtÑ?:PhA�¥H;�AzL]Ph8HKhxyPQ;�K=HAzL:$)(�?0I[K't�8:FE=�N
A[8q�$KM?:LJpH9qREA[8:Aj;"P'AQ8�?qLJFE9d8@tZ�¤?¯G>DWK�EIz?�;�P #KhG�K9qK=HAzL¥

$)(qÊ,+NQSR Q ÉUT2VXW=YZV#1 (Q \v;�A[^\[ Q 3^] Q`_Ea
?@=�NER Q 3 1 Q5_\b

5 �sfH�

�v^H;�Lq?0DH?�;�=,P[^�?0Ih?:PhA[KIJ;�ªK�L#A[^EKi?¯G�G�80\vK�N�AJpBR$K�L#80tZREI[8W��?0�H;�G�;�LJAj;"P��$K^�?��W;�8:FEIzLbt�8:Iq?�G�G&Ph8:9#�H;�=�?0A[8WIJ;�?�G]REI[8:«
PhK�L[LJK�L<A[^�?0A!P?@= ��KiNHK�L[PhIJ;��$K�N �Hp Ph8:=HA[KhUrAj¡:t§IQKKqG�?0=ED:F�?@D:K�L5¢�v^H;�Lq?:LjpB9qREAQ8:AJ;�PqAQ^EK8:I[p¢80taPh8:=BAQKhUrAJ¡Wt§I[KK

c


