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lmbench is a powerful and extensible suite of micro-benchmarks that 
measure a variety of important aspects of system performance. It has a 
powerful timing harness that manages most of the "housekeeping" chores 
associated with benchmarking, making it easy to create new benchmarks 
that analyze systems or components of specific interest to the user. In 
many ways lmbench is a Swiss army knife for performance analysis. It 
includes an extensive suite of micro-benchmarks that give powerful 
insights into system performance. For those aspects of system or 
application performance not covered by the suite, it is generally a simple 
task to create new benchmarks using the timing harness. lmbench is 
written in ANSI-C and uses POSIX interfaces, so it is portable across a 
wide variety of systems and architectures. It also includes powerful new 
tools that measure performance under scalable loads to analyze SMP and 
clustered system performance. 

 

* Internal Accession Date Only 
 Published in Software – Practice and Experience 
                               Approved for External Publication 
 Copyright 2004 John Wiley & Sons Ltd. 



���������
	���
�������	���������
�	�����
�����
���� 
�����
!#"%$'&)(�*�+�,�-/.0& *�1�243650,7*98;:;:=<�>@?@?BADCFEHG +�,�5%36-;,%5JILKHMFNPO6QSRUT@V4W/XZY\[H] ^4_ Ra`7bc57,'MFN\"/Ocd�eHf/f=e4g#f/h'g@eZi
jke6*leJm

nco prq�sut�v w xzy {�|~}�{�y��L�����9{
� �������z����{�y���� � x��r� �����#}L{

�����6�����/���@�U�U� C

���� 0¡£¢P 0¤ ¤U¥§¦�¨�©7ªH¨Z«'¬�­�¨�®4¯6«F¨6¤�¯6«7°� 0±³²7±4«'¨´ k¢ µ�¶� '©7·@¸#°U¯6¸º¹�°)¤ »Zµ��¼¨6° ½=¨Zµ�¾H¿cÀ�À�À/µ�²7Á@Â�Ã£Ä�­

Å�Æ�ÇÈÇÊÉÌËÎÍ
ÏlÐÒÑZÓZÔ�Õ6ÖØ×)ÙÎÚ�Û�ÜcÝßÞ@à/áJâ�ã�Ú9ä�å�Þ@æ�ç=Þcä�Ù;×§è�ã\Þ
Ù;â�×§ç=ÞLÜ�á�éÒ×)êHà/Ü9ëFè�Þcä�êZì�é�Ú#àZí�Ù³ç;ì�Ú9çSé�Þ@Ú�Ù;â�à/Þ�Ú
îcÚ9àZ×§Þ@ç7ïØÜ�á
× é�Û�Ü�à/ç=Ú9ä�ç³Ú9Ù=Û�Þ#ê6ç;ÙSÜ�á�Ù=ï�Ù=ç=Þ#éuÛ�Þ@à/á%Ü9àHé�Ú�ä�êHÞBð�ñ7çSì�Ú�ÙSÚ�Û�Ü#ÝòÞ@à/áJâ�ã�ç;× éÒ×§ä�óôì�Ú#àZä�ÞcÙ;ÙSç;ì�Ú#ç¼é�Ú9ä�Ú9ó�ÞcÙ
é�ÜBÙ=ç�Ü�árç;ì�Þöõ�ì�ÜBâ�Ù=Þcí�Þ@Þ@Û�×)ä�ó�÷øêZì�Ü�à/ÞcÙùÚ�Ù;Ù=Ü�ê�×\Ú9ç=Þcå�Ý
×§ç;ìöè�Þcä�êZì�é�Ú#à6í�×)ä�ó�ú�é�Ú�í�×)ä�ó~×§ç�Þ@Ú�Ù=ïøç=Ü
êHà/Þ@Ú9ç=Þºä�Þ@Ýûè�Þ#ä�ê6ì�é�Ú9àZí�ÙÌç;ì�Ú9ç�Ú�ä�Ú9ã§ï�üHÞºÙ=ï�Ù=ç=Þ#éÒÙ�Ü�à�êHÜ�é�Û�Ü�ä�Þcä�ç;ÙÌÜ�áòÙ=Û�Þcê�×Pý�êù×)ä�ç=Þ@à/Þ#Ù=ç�ç=Ü�ç;ì�Þ
â�Ù=Þ@à´ð

ñ0äþé�Ú�ä�ïÿÝòÚ@ï�Ù�ÏDÐÒÑ6ÓZÔ�Õ6Ö ×§ÙrÚ�Å�Ý
×)Ù;Ù�Ú9à6é ï�í�ä�×§á%Þ�á�Ü�à�Û�Þ@à/á%Ü�à6é�Ú9ä�êHÞùÚ9ä�Ú�ã\ï�Ù;×)ÙHð�ñ7çÌ×§ä�ê�ã)â�å�Þ#ÙrÚ�ä
Þ@æ�ç=Þcä�Ù;×\îBÞ�Ù;â�×§ç=ÞòÜ�á�é�×)êHà/Ü9ë'è�Þcä�êZì�é�Ú9àZí�Ù�ç=ì�Ú9ç£óB×§îBÞ�Û�ÜcÝßÞ@à/áJâ�ãB×)ä�Ù;×§óBì�ç;Ù�×)ä�ç=Ü�Ù=ï�Ù=çkÞ9é Û�Þ@à/á�Ü�à6é�Ú�ä�ê6Þ�ð
� Ü�à ç;ì�Ü�Ù=Þ�Ú9Ù=Û�Þ#ê6ç;ÙôÜ�á�Ù=ï�Ù=ç=Þ#é Ü9à�Ú#Û�Û�ã)×§êHÚ9ç;×\ÜBäøÛ�Þ@à/á%Ü9àHé�Ú�ä�êHÞÿä�Ü�ç ê6Ü#îBÞ@à/Þcåþè�ï ç=ì�Þ�Ù;â�×§ç=ÞBú�×§ç ×)Ù
ó�Þcä�Þ@à/Ú�ã)ã§ï�ÚùÙ;×)é�Û�ã§ÞØç=Ú9Ù;í�çkÜ�êHà/Þ@Ú9ç=Þ�ä�Þ@Ý è�Þcä�êZì�é�Ú#à6í�Ù�â�Ù;×§ä�óùç;ì�Þ ç;×)éÒ×)ä�óºì�Ú#àZä�ÞcÙ;ÙHð

ÏDÐÒÑ6ÓZÔ�Õ6ÖØ×§Ù�Ý�àZ×§çkç=Þcä�×)ä�É�� Å�ñ7ë��ÊÚ9ä�å â�Ù=ÞcÙ��	�rÅ�ñ�
ö×)ä�ç=Þ@à/á%Ú9êHÞcÙHú�Ù=Ür×§ç�×)Ù�Û�Ü�à/ç=Ú9è�ã\Þ�Ú�êHà/ÜBÙ;Ù£Ú
Ý
×)å�Þ
î#Ú#àZ×§Þ@ç0ï Ü�áòÙ=ï�Ù=ç=Þ#éÒÙ�Ú�ä�åþÚ9àZêZì�×§ç=ÞcêHç=â�à/Þ#ÙHð�ñ7çôÚ�ã§Ù=Ü ×)ä�ê�ã§â�å�ÞcÙØÛ�ÜcÝòÞcà/á%â�ãSä�ÞcÝ ç=Ü�ÜBã)ÙØç;ì�Ú#ç é�Þ@Ú�Ù;â�àZÞ
Û�Þcà/á�Ü�à6é�Ú�ä�êHÞ�â�ä�å�Þ@àrÙ;êHÚ�ã\Ú9è�ã§Þ�ã§Ü�Ú9å�Ù�ç=ÜùÚ9ä�Ú�ã\ï�ü�ÞÒÅ�Ç�� Ú�ä�å�ê�ã)â�Ù=ç=Þ@à/Þcå Ù=ï�Ù=çkÞ9é Û�Þ@àZá�Ü�à6é�Ú9ä�êHÞBð
�òÜ9Û�ï�àZ×§óBì�ç ê
���������� ÜBì�ä�� ×)ã\Þcï�� Å�ÜBä�ÙHú���ç=å�ð

����� �	!#"%$�&('*),+.-�/103254%6�7�-�8�):93/1;<+.7�=?><@%6�/BAC03/1):9D7E-F6G9D7�9DHJI?KB+LKF>�),6M9DKBN?/16F),6F7�O

PRQTS�UWVYX�ZT[\S:PDVYQ

].^W_F`Racb�dfeCgihkjleCm%n3oqpsr#gtnDmugtrvexwtnzy?{W|}eC~R��y<����n3�#~F�v|Wh?�t�%g�wt�#h<w�|�nDhEg�rv��nDgiex|���y?�tw�h<��w�hEg���nD~Rw�gTy?{
~3y?|��vr%w�n3��g�p%g�wtn3|���n3�t{�y?��|Wh<�#~3n?��g�r#~F��h?g�|}nD|�y?��p}oCh�w�n3�#~3pWh<�#mW��h<�#m%jleCm�w����#���tr#~3eqh?oxoqp?�Ewt�#n�gtrvexwtn	eCg
jl��eLwtwtnD��eq����y?�tw�h<�#oxn��	���%���1��r�g�eq�v���������B��ex��wtnD��{ hE~Rn(g�h?�#mWeCg�eq��wtnD�#m%nDmYwty}�tr#�Yy?�¡h:jleCm%n��Fh<�#�?nGy?{
gtp%g1w�n3|Wg�jleLw��vy?rvwG|}y%m%ex¢�~Dh�wteqy?���
£ �vn	��n3��~F�v|Wh<����g¤ex��~Roqr#m%nDm�ex��wt�vn�g�r#eLw�n�j�n3��n	~F�vy�g�nD�W��n(~3h<r�g�n�ex��wt�vn�nR¥%��nD�teqn3��~Rn	y?{¦wt�vn}].^W_F`Racb�d

m%nD§?nDoxyE��nD��gD�R¨�h?�t��p	©i~3ª«y�p�h<��m���h<��oE��w�h?n3oqex���Mwt�vnDp�n(h?~F����n3�v��nDgtn3��w�h<�,hEg���nD~Rw�y<{vg�p%g�wtnD|s��n3�t{�y?��|�h?�#~Rn
jl�veC~F�¬�#h?g­��n3n3�®~3�tr#~3eqh?o�wty¯h<�¬h<�v�voqeC~3h�w�exyE��° g±��nD��{�yE�t|Wh<��~Rn?�T²�g�eq�v�³wt�veCgu|�r#oLw�eL�Bm%eq|}nD�#gtexyE�#h<o
��n3�t{�y?��|Wh<�#~3n h?�#h<oqp%g�eCg�h<�v�#�ty�h?~F���´exw�eqg���yEg�gtex�voqn wtyµ��nRwtwtnD�Y�v��nDm%eC~Mw�h?�#m¶r#�#m%n3�Fg�w�h<��m�h?�v�voqeq~Dh�w�exyE�
��n3�t{�y?��|Wh<�#~3n���nD~Dh<r#gtnG�En3p\hEg���nD~Rw�g«y?{ch?�v�voqeq~Dh�w�exyE�}��n3�t{�y?��|Wh<�#~3nG~3h?�}y?{·wtnD�W��nGr#�#m%n3�Fg�wty�y%m}hEg«oqex�vn(h<�
~3y?|��#ex�#h<wteqy?�#g�y?{¸w��vn,n3oqn3|�n3��wFg�|}n(h?gtrv��nDm���p�].^�_F`3a�bFdµ¹ º »��

¼ �¦½M¾5¾À¿1ÁÀÂ<½MÃÅÄ(¿�Ã(Æ�¿«Ç5½�A<È¸¿BÉ�ÊJ¿BÇ5Ç Ë �#ÌFÆ�Í�ÌF¾ÀÄ�Î@�%¿1Æ�ÏÅÃ(ÐJ½MÃ��cÐ Ç·Ñ3ÎÅÈÒÌFÐ ÓqÌ(Î�Ô;8;:;:;:(Î´���6��	�
�Õ

Ö 0(@�I</1+.=(8�O -×ÙØ3Ú(ÚDÛ:Ü 0(8�7\Ýµ+.HL6tI�Þàß<0(7�KF>�á#O�âvã



� ���´�6�B	�
�Õ��U�

� y�j�n3§En3�(�G].^W_�`3a�bFd�m%y�nDg��vy<w¡ex�#~3oxr�m%n���n3�#~F�#|�h?�t�%gYwt�#h<w�|�nDhEg�rv��n�h?oxo���y�gtgtex�#oxn y?��n3�Fh�wteqy?��gWy?�
~3y?|��#ex�#h<wteqy?�#g�y<{GyE��nD��h<wteqy?�#gD���vrvw}exw}eCg\nR¥�wtnD�#g�eq�voqn?� £ �veCg\h?oxoqy�jGg,w��vn�r#gtn3�\wty�~R��nDh<wtnY��n3�#~F�#|�h?�t�%g
w��#h�w«|�nDhEg�rv��n���nD��{�yE�t|Wh<��~Rn�y<{���h<�twteC~RrvoCh<�«gtrv�#gtp�g�wtnD|Wg3��~RyE|��veq�#h<wteqy?�#gÒy<{�y?��n3�Fh�w�exyE�#g3�ÅyE�´h?�v�voqeq~Dh�w�exyE�
~3y?|���yE�vn3��wFg3���#y?��nR¥vh<|��voqn?�%yE�vn�y<{¸wt�vnW].^W_F`Racb�dTm%n3§En3oqy?��n3�Fg�j�h?g�m%nD§?nDoxyE�vex�#�}h?��eq|Wh<�?n��v��y%~Rn(gtgtex�#�
h?�v�voqeq~Dh�wteqy?� jl�vnD�tn}w��vnY��y<w�w�oxnD�vnD~F� j�hEg,hT~RyE��§Ey?oqr%wteqy?��y?��n3�Fh�w�exyE� ��nRw1j�n3nD��wt�vnYeq�v�vrvw�ex|Wh?�?nWh<�#m
h\¢v¥%nDm%��gte��Dn,|Wh?gt���vgty��vn:m%nD§?n3oqy?��nDm h\{�n3j±m%e���nD�tnD��w	~Ry?��§Ey?oqr%wteqy?�¡ex|��voqn3|�nD�EwFh�w�exyE�#gGh<��m�|�nDhEg�r#�tn(m
w��vn3eq�:��n3�t{�y?��|�h?�#~RnWyE�µm%e	�cn3��n3��w�~3y?|��#ex�#h<wteqy?�#g�y?{l�#h<�Fm%j�h<��n}h?�#m ~Ry?|��veqoqn3�Fg,h<�#mµm%eCg�~Ry�§?nD�tn(mTw��#h�w
w��vn3��n�j�hEg��vyWg�eq�v�?oqn�y?�%w�ex|Wh?o�ex|��voqn3|�nD�EwFh�w�exyE��{�yE�Gh<oqo��voCh�w�{�yE�t|WgD�
].^W_�`3a�bFd¬h<��h<oqp
�DnDg��#h<�Fh<oqoqn3o h<�#mÙm%eqg�wt��eq�vr%wtn(mÙgtp%g1w�n3| ��n3�t{�y?��|Wh<�#~3n ��p |�nDhEg�rv��eq�v�³gtp%g1w�n3|

��n3�t{�y?��|Wh<�#~3n�rv��m%n3��g�~3h?oqh?�voxn�oqyEh?m�� £ �#eqg´|�nDh?�#gÒwt��h�w´wt�vnlr�g�nD�´~Dh<��g���nD~3eL{�p:wt�vnl��rv|\��nD�«y<{��#�ty%~Rn(gtgtnDg
w��#h�wYjleqoxo	��nTn3¥�n(~Rr%w�ex�#� w��vnT��n3�#~F�v|Wh?�t�EnDm¶{�nDh�w�rv��n¡eq� �#h<�Fh<oqoqn3oGm%rv��eq�v��wt�vnT|�nDhEg�r#�tnD|}nD��w�gD�Ò��wYeCg
��yEg�g�eq�voqn�w�y�rvwteqoxe��3n}wt�#eqg�{��Fh<|�n3j�y?����wtyTm%n3§En3oqy?�i��n3��~F�v|Wh<����g�w�y�|�nDhEg�r#�tn}m%eqg�wt��eq�vr%wtn(m h?�v�voqeq~Dh�w�exyE�
��n3�t{�y?��|Wh<�#~3n?���vrvw�eLw\eqg��v�teq|Wh<��exoqp�eq��wtnD�#m%nDm�w�yT|�nDh?gtrv��n�wt�vn���nD��{�yE�t|Wh<��~RnWy<{l|\rvoLw�ex�#oxnY�#�ty%~Rn(gtgtnDg
r#gteq�v�}wt�vn:g�h<|�n,g�p%g�wtnD|*��nDgty?rv�F~Rn�h�wlwt�#n:gth?|}n�w�ex|�n?�
�B�i�?nD�vn3�Fh<o�wt�vn}��nD�#~F�v|Wh<���%gG��n3��y?�tw	n3exwt�#n3�Gw��vn}oqh<wtn3��~Rp¡y?�	��h<�#m%jleCm�w���y<{�h?�iy?��n3�Fh�w�exyE�Ty?��m#h�w�h

�#h<wt��j�hÅp?� £ �vnWnR¥v~3n3�%w�exyE�#g,h<��n��?n3�#n3�Fh<oqoxpTw��vyEgtn���nD�#~F�v|Wh<���%g�wt�#h<w:�tnD��yE��w,yE��hTgt��n(~Rex¢�~Wh?gt��nD~Mw,y?{
w��vn,�#h<�Fm%j�h<��n?�%gtr#~F�¡hEg�wt�vn,�#�ty%~Rn(gtgty?��~Roqy%~F�Y�Fh�wtnE�%jl�veC~F��eCgl��n3��y?�twtnDm�eq� © � �:h<��m��#h?�vyEgtnD~3y?�#m#g3�
].^W_�`3a�bFd ~RyE�#g�eCg�w�g�y<{«wt�#�tnDn�|Wh
�1yE��~RyE|���yE�vn3��w�g��chWwteq|�ex�#���#h?�t�#nDg�g3�#wt�vn}ex��m%ex§�eCm%r#h?o¸��n3�#~F�#|�h?�t�%g

�vr#exoxw�y?��w�y?� y<{�wt�vnYwteq|}eq�v�T�#h?�t�#nDg�g3��h?�#m wt�vnY§�h?�teqy?r#g,g�~R��eq�%w�g:h?�#m��?oqrvn�wt��h�w:�vrveqoCmµh<�#m���rv��wt�vn
��n3�#~F�#|�h?�t�%glh?�#m��#�ty%~Rn(gtg�w��vn,�tn(g�r#oLwFg3�
£ �vnlw�ex|�eq�v���#h?�t�#nDg�g«eqg�wt�vn��vnDh?��w�y?{¦wt�vn�g�p%g�wtn3| �E��w�|Wh<�#h?�?n(g´wt�vn�h?~Mw�r#h<o���nD�#~F�v|Wh<����ex�#�,�v�ty%~3nDg�g��

g�w�h?��w�ex�v�:wt�vn���nD�#~F�v|Wh<���?n(m}hE~Mw�ex§�exw1p?�?��n3��nDh<wteq�v�,w��vn	��n3�#~F�#|�h?�t�EnDmWhE~Mwteq§�eLw1p�h?g¤oxyE�v��hEg��vn(~RnDg�g�h<��p,wty
nD�#g�r#�tn�hE~3~3rv��h<wtn:��nDgtrvoxw�gD��h?�#m ¢#�#h?oxoqp¡|�h?�#h<�Eex�#�Wwt�vn}g1wFh�w�eqg�wteC~3h?o¸h<��h<oqp�gteCglwty��tnD��yE��w	��n3�#�tn(g�nD�EwFh�w�ex§En
��nDgtrvoxw�gD������nDh<w�~Dh<��n	eCg�w�h<�En3��ex��wt�vn,m%n(g�eq�?�¡h<�#m�ex|��voqn3|�nD�EwFh�w�exyE��y?{�wt�veCg�wteq|�ex�#�\�#h?�t�#nDg�g¤w�y\nD�#gtrv�tn
w��#h�w�h?g�|�h?��p¡gty?rv�F~Rn(gly<{�n3¥%��nD�teq|�n3��w�h?oÒh?�#mT|�nDhEg�rv��n3|�nD�Ew�n3���tyE�	h<��n:��nDm%r#~3nDm yE��nDoxeq|�ex�#h<wtn(m¦���#y?�
n3¥%h?|��voxnE��w��vnYw�ex|�eq�v���#h<���vnDg�g:|Wh?�#h<�EnDg�w��vn¡~3�tn(h�w�exyE�zh<�#mz~3y�y?�Fm%ex��h�wteqy?�µy?{lwt�vn�§�h<��exyEr#g�~F�veqoCmµy?�
gtoqhÅ§En,�v��y�~3nDg�g�n(g�jl�vn3��|}n(h?gtrv��ex�v�W��n3�t{�y?��|Wh<�#~3n,rv�#m%nD��g�~3h?oqh?�voxn,oqyEhEm¦��hEgGexw	eCg	gty?|�n3jl�#h<wGwt��eC~F��p�wty
nD�#g�r#�tnWw��#h�w���]·]¸�v��y�~3nDg�g�n(g�h?�tnY��rv�v�#ex�v��wt�vn���nD�#~F�v|Wh<���?n(m y?��n3�Fh�w�exyE�¶m%rv��ex�#�Twt�vn�wteq|�nYw��#h�w���a��
�v��y%~Rn(gtg�~RyErvoCm���n,|�nDhEg�rv��eq�v��w��vn,��n3�t{�y?��|�h?�#~RnE�
£ �veCg��#h?��nD��m%nDg�~R��eq��n(gcwt�vn�m%nDgtex�E��y<{�wt�vn�wteq|}eq�v�G��h<���vnDg�g3�Rmvn3|�y?�#g�wt�Fh�w�nDg¦�#y�j�w�yl�vrveqoqm���n3�#~F�#|�h?�t�%g

r#gteq�v�Twt�#nY�#h<���vn(gtgD��h<��m�¢#�#h<oqoqp �v��nDgtn3��wFg:h<�zh?�#h<oqp%g�eCg,y<{,].^W_F`Racb�dz��nDgtrvoLwFg:yE�zh {�n3j�|Wh?~F�veq�vn(g�wty
m%nD|�y?�#g�wt�Fh�w�n�w��vn,��y�j�nD��y?{¸w��vn,��n3�#~F�v|Wh?�t�Ygtrvexwtn?�

�������
�! #"%$'&(�*)(+-,��/.10*2(�43�$

].^W_F`Racb�d��#hEg¸h�g�r#eLw�n¤y<{�|}eC~R��y<����n3�#~F�v|Wh?�t�%gcw��#h�w´|�nDh?gtrv��n¤hG§�h?�teqnRw1p�y<{veq|���yE��wFh<��wÒhEg���nD~Rw�g¸y<{�gtp%g1w�n3|
��n3�t{�y?��|Wh<�#~3n?�?�¤�teq|Wh<��exoqp:w��vn	��n3�#~F�#|�h?�t�%g¤|}n(h?gtrv��nln3exwt�vnD���#h?�#m%jleCm�wt��y?��oCh�w�n3�#~3p?�?�#r%w�gty?|�nly?{¦wt�vn
��n3�#~F�#|�h?�t�%g���n3��y?�tw�y?wt�vnD��{�nDh<wtrv��nDg�yE�Gh?gt��n(~Mw�g�y?{´gtp%g1w�n3| ��n3�t{�y?��|Wh<�#~3n?�vgtr#~F� h?g�wt�#n:~Roqy�~F��g���n3n(m¦�
�±oxeCg�wGy<{�w��vn,|�eq~3�ty?�À��n3��~F�v|Wh<����g�eq�#~Roqr#m%n(m¡ex� ].^W_F`Racb�d¡jlexwt�#ex�Tn(h?~F��~Dh�w�n3�?yE�tpWeq�#~3oxr#mvnDg��

"�,�&(5768�95:3�) ¢�oxn��tn3�À��nDhEmWr#gtex�#�\��nDhEm<;�=�h<�#m�|�|�h?�7;�=R�v�1���k~Ry?|�|\rv�veC~3h�w�exyE�Yr#gtex�#� £ ���´���veq��nE�vh<�#m
rv�vex¥�gty�~F�EnRwFg3�

> ,�3�$'&(��? |�nD|}yE�tp¡oCh�wtnD�#~RpE� £ ���àh?�#m rv�vex¥ig�y%~F�EnRw	~RyE�v�vn(~Mwteqy?���#�1����~3y?|�|�rv�#eq~Dh�wteqy?�Tr�g�eq�v� £ ���´�
²A@��´�(B	����gD���veq��nE�Òh?�#mµrv�#eL¥zgty�~F�EnRwFg3�¦¢�oxn¡~R��nDh�w�exyE�zh<�#m¶m%n3oqnRw�exyE�����v��y%~Rn(gtg\~R��nDh�w�exyE�µr#gtex�v�

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



����� 1�����	Ê
�����
����Z��
cÕ�

����������
�
����¦È���	����ÿ����� ��
 �

{�y?��� ;�=M�?{�y?��� ;�=���n3¥%nD~ ; =M��h<�#mWgt�7;�=R��gtn3oqnD~Rw*; =«y?��¢�oxn�m%nDg�~R��ex�vwty?�Fg�h?�#m��vnRw1j�y?���\gty%~F�?n3w�gD�?|�|Wh<�7; =M�
�#h<�Enz{ h?rvoLwFg3�:gteq�?�#h?o}eq�#g�w�h?oxoCh�w�exyE� h<��mf�#h?�#m%oqex�v���,g�p%g�wtn3|�~3h<oqoCg3�,~RyE��wtnR¥�wµg�jlexw�~F�#ex�v�����#h?gteq~
h<��eLw��v|�nRw�eq~�y?��n3�Fh�w�exyE�#g¤yE��§�h?�teqy?r#g�mvh<w�h�w1p���nDgD�vh<��m�y�§En3�Fh<oqovwteq|�n�wtyW~RyE|}�#oxn3wtn�� �1yE�#g�jl�veq~F�
nDhE~F��m%y���gtnD~Dg1��j�yE��w��Yy<{´j�y?�����

��3�)($
� ���¤²¶~3oxy%~F��g���n3n(m¦�Å~3h?~F�#n«oxeq�vn�gte��3n?� £ ¨���gte��Dn?�3��h?gteq~«yE��nD��h<wteqy?�,eq�#g�wt��r#~Mw�exyE�%�Àoqn3§En3o<��h<�Fh<oqoxnDoxeCg�| �
|�n3|�y?��pYg�r#�#g�p%g�wtnD|*eq�#g1w��tr�~Mwteqy?�v�Àoqn3§En3oc�#h<�Fh<oqoqn3oqeqgt| �vh<�#m � £ B����	©z¹ � »���n3�#~F�#|�h?�t�%gD�

��oqnDh?�toqp?��wt�#eqgG~3y�§?nD��g�h}�v�ty�h?m�g�nD�?|�n3��w�y<{«~Ry?|�|�y?�#oxpWr#gtnDm¡h<��m�eq|���yE��wFh<��w�{�nDh�w�rv��nDglh<��m�eq��wtn3�t{ h?~3nDg
r#gtnDm�{�yE�G~Ry?��w��tyEoch?�#m¡mvh�wFh\|�y�§En3|�n3��wD�

�,U�PDVWU � VWU"!

��n3��~F�v|Wh<����eq�v� eqg¡�vy?wTh �vnDj ¢#nDoqm�y<{�nD�#m%n(hÅ§?y?�(� £ �vn3��n�h?�tn h jleqm%n §�h<��eqnRw1pky<{}h<�v�v��yEhE~F�vnDgYwty
��n3�#~F�#|�h?�t��eq�v�#�Ò|Wh<��pµy<{�jl�veq~F��m%e���nD�}�E�tn(h�w�oxp�{���y?| wt��h�w}w�h<�En3� ��pk]L^�_F`3a�bFd��«� �?y�y%mµy�§?nD�t§�eqn3j
y?{�wt�vn�§�h<��eqy?r#g¤��nD�#~F�v|Wh<����ex�v��h<�#�v�ty�h?~F�vn(g3��~Rrv����n3��w���n3�#~F�#|�h?�t�%gD��h?�#mWw��vn3eq��§�h<��exyEr#g�gt�vyE��wF~Ry?|�eq�v�Eg
~Dh<�¡��n�{�yErv�#m¡ex�T©TyE�?rvo�¹ � »��
���vn ~Ry?|�|�y?�¶{�y?��|®y<{	��n3��~F�v|Wh<���µeqg\wty w�h?�?n h<� ex|���y?�tw�h<��wWh<�v�#oxeC~3h<wteqy?�zyE��h?�v�voqeq~Dh�w�exyE�¶h<�#m

j�y?����oxeCg1w(��h?�#m wty¶|}n(h?gtrv��nTwt�vn wteq|�n���n$#�rveq�tn(m�wty�~Ry?|��voqnRw�niw��vn�nD�Ew�ex��niwFh?gt�c� £ �veCg�h?�v�v��yEhE~F��eCg
�#h?��w�eq~3rvoCh<��oxp r#g�n3{�rvo�jl�vn3�¶n3§�h<oqr#h�w�ex�#�Twt�vn�r%wteqoqeLw1pµy?{	g�p%g�wtn3|Wg:{�y?��hig�eq�v�Eoxn�h?�#mµj�n3oqoL�����vy�jl� w�hEg��c�
£ �veCgGh?�v�v��yEh?~F�¡~3h?� h?oqgty���n,r�g�n(m�w�yWn3§�h<oqr#h<wtn:m%e���nD�tnD��wGex|��voqn3|�n3��wFh�wteqy?��gly<{«h}�?eq§?n3�Th?ox�Ey?��eLw��v|�wty
eCm%n3��w�eL{�p�wt�vn�{ h?g�wtn(g1w(��h<��mT� £ ¨���� ¹ % »Òr#gtnDglw��veCg	h<�#�v�ty�h?~F��wty�h?r%wtyE|Wh�wteC~3h?oxoqp�mvn3§?nDoxyE�¡wtrv�vn(mToqex�vn(h<�
h?ox�En3�v�Fh�oqeq�v��h?�teqnDg�{�yE�lnDh?~F�¡�v��y%~RnDg�gty?�(�
�	wt�vnD�Y��n3�#~F�v|Wh?�t�%gD��g�r#~F� h?gWwt�vn��%�&��� ��nD�#~F�v|Wh<���%g3�«r�g�nih�§�h<��eqh<wteqy?��y?��wt�#eqgYh?�v�v��yEhE~F� ��p

|�nDhEg�r#�teq�v�àgtn3§?nD��h?o�h<�#�voxeC~3h<wteqy?�#g�h<�#mf~3y?|\�vex�#ex�v�àwt�vnz��nDgtrvoxw�giwtys�#�tn(m%eq~Rw�y�§?nD��h?oxo,��n3�t{�y?��|Wh<�#~3n?�
�%�&�����v�c~('*)µ¹ + »�n3¥�w�n3�#m#g:w��veqg\h<�v�#�ty�h?~F��wtyTw��vn���h<�Fh<oqoxnDo¤h<�#m¶m%eqg�wt��eq�vr%wtn(mµm%y?|Wh?ex�µ��p |�nDh?gtrv��ex�#�
w��vn,��nD��{�yE�t|Wh?�#~Rn�y<{«h�g�nDoxn(~Mwtn(m¡�#h<�Fh<oqoxnDo¦h<�v�voqeC~3h�w�exyE�#g��vrveqoxwGy?��wty?� y?{´©i�¤��h?�#m-,ÅyE�l��ª�©z�

! $
�
&:$ >  #"�,�0�$'5 "%$'&(�*)(+-,��/.<��&�.

�	�vy<w��vn3�¸§Åh?�teCh�w�exyE�	wFh<�EnDgcw��vn0/��En3���vn3o21�y<{vh<�,eq|���yE��wFh<��w�h<�#�voxeC~3h<wteqy?�,h<��m�|}n(h?gtrv��nDgcexw�g���n3�t{�y?��|Wh<�#~3n?�
jl�vnD�tn�wt�#n3/t�?nD�t�vnDo41�eqg�r�g�r#h?oxoqpzh�g�eq|��voxex¢�~Dh�wteqy?��y<{	wt�vn |�yEg�wWnR¥%��nD�#gtex§En���y?�twteqy?� y<{�h �v��y?�E��h?|¡�
@��v��p�g�wtyE�vnµ¹ ) »	eCgYh<��nR¥vh<|��voqnTy<{�wt�veCg�w1p���nTy<{���nD�#~F�v|Wh<���¶h?gYeLwY|�nDhEg�r#�tn(g�w��vni��n3�t{�y?��|Wh<�#~3n�y?{
eq|���yE��wFh<��w�|Wh<wt��eL¥YyE��nD��h<wteqy?�#g�h<�#m�j�hEg�y<{·wtnD��r�g�n(mWwty}�v��nDm%eC~MwGgtp%g1w�n3| ��n3�t{�y?��|�h?�#~Rn	{�y?����rv|�n3��eq~Dh<o
yE��nD��h<wteqy?�#gD�
��h<�v��h	h<��m @��tr�gt~F�vnDo¦¹ 5 »#mvn3§?nDoxyE��n(m�h���n3�#~F�v|Wh?�t��wty�|�nDhEg�r#�tn �	£l£ ��g�nD�t§En3�Ò��nD��{�yE�t|Wh?�#~Rn�jl�veq~F�

~Dh<�ih?~D~Rrv�Fh�w�n3oqpY|�nDhEg�rv��n�gtn3��§?nD�l��nD��{�yE�t|Wh<��~Rn,rv�#mvn3�	�#ex�E�Toxy�h?m¦�!@�rvn�wtyWw��vn�eCm%eqyEgtp���~R�Fh?~ReqnDg�y?{´wt�vn
��£l£ �u�v��y<wty%~3y?o¤h?�#m £ ���fm%n(g�eq�?�zh?�#m eq|}�#oxnD|}nD��w�h�w�exyE���¸wt�vnD�tn�h?�tnW�En3�vnD��h?oxoqp�yE��nD��h<wteq�v��gtp%g1w�n3|
oqex|�exw�g´yE�:wt�#n��Fh�w�n�h<w«jl�veq~F�}h�g�eq�v�?oqn�g�p%g�wtn3|f~Dh<�\�?n3�#n3�Fh�wtn�eq�#m%n3��n3��m%n3��w �	£l£ � �tn�#�rvnDg�w�gD� � y�j�n3§?nD�D�
��h<�#�Eh�mvn3§?nDoxyE��n(m�h¡g�p%g�wtnD| jl�veC~F� ~3h?� g�~3h?oqh?�voxpT�#�tn(g�nD�Ew�oqyEh?miwty �	£l£ �­g�nD�t§En3�Fg	eq� g��vexwtn}y<{�wt�veCg
oqex|�exw�h<wteqy?�µ¹ 6 »À�
7 yE�v� ©i~Å��h<oq�vex��° g�� £ B��¤��© ��nD�#~F�v|Wh<��� eqg h<�vy?wt�vnD�8/��En3���vn3o21­��nD�#~F�v|Wh<��� wt�#h<w |�nDhEg�rv��nDg

|�n3|�yE�tpT�#h?�#m%jleCm�wt� m%rv��eq�v��{�yErv�:~RyE|�|}yE��§EnD~Mw�y?��y?��n3�Fh�w�exyE�#g�¹ � »��¦��w:m%y�nDg��vy?w�|�n(h?gtrv�tn}|�n3|�y?��p
oCh�w�n3�#~3p?��h?�#m g1w��teC~Mw�oxp�g���nDh?��eq�v� exw�m%y�nDg,�vy?w:|�nDh?gtrv��n���hÅj |}nD|�y?��pi�#h<��m%jleLw��zh<oxwt�vyErv�?��|�n3|�y?��p

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



% ���´�6�B	�
�Õ��U�

�#h?�#m%jleCm�wt� eqg�~R��r#~3eqh?o�wty � £ B����	©®��n3�t{�y?��|Wh<�#~3n?��©iy?��n:�tn(~RnD�Ew�oxpE�c� £ B��¤��©®�#h?g���n3n3��nR¥�wtnD�#m%nDm
w�y­|�n(h?gtrv�tnkm%eCg�wt��ex�vrvwtnDm h<�#�voxeC~3h<wteqy?� ��nD��{�yE�t|Wh?�#~Rn�r#gtex�v�u©i�¤�iw�yu|}n(h?gtrv��n�g�~3h?oqh?�voxn�|�n3|�y?��p
gtrv�#gtp%g1w�n3| ��n3�t{�y?��|�h?�#~RnE�\��h<�twteC~RrvoCh<��oxp {�yE��|\rvoxwtex�À�v��y%~Rn(gtgty?� |�hE~F�veq�vnDgD�}�¤oxn(h?gtns�vy?wtn�wt�#h<w wt�vn
� £ B �¤�	©¬��n3�#~F�#|�h?�t�%g�h<��n,~RyE|}�#oxn3wtn3oqp�m%e��cn3��n3��wl{��tyE| wt�#n�� £ B��¤��©����v��y?�?�Fh<|�|�eq�v�\|�y%m%nDo5�

�������
�! #"%$'&(�*)(+-,��/.<��&�.

©TeC~R��y<����n3�#~F�v|Wh?�t��eq�v� nR¥�w�n3�#mvg­w��vn /��?nD�t�#n3o21*h<�#�v�ty�h?~F���¡��p¯|�nDh?gtrv��ex�#� wt�#n ��n3�t{�y?��|Wh<�#~3n y?{
yE��nD��h<wteqy?�#g,yE�:��nDgty?rv�F~Rn(g�ex�zeCgty?oCh�wteqy?����].^W_�`3a�bFd¶h<�#m |Wh<��p�y<w��vn3�\��nD�#~F�v|Wh<���%g3��gtr#~F�zhEg,�%{ g�g1w�y?�vn
¹ ' »��¦|�nDh?gtrv��n�w��vnW��n3�t{�y?��|�h?�#~Rn}y<{��?nDpTy?��n3�Fh�w�exyE�#g�g�y r#gtn3�Fg,~3h?� �v��nDmveq~Rw���n3�t{�y?��|Wh<�#~3n�{�yE�:~RnD��wFh<eq�
j�y?����oxy�h?mvg}h<�#m�h<�#�voxeC~3h<wteqy?�#g���p¶~3y?|\�vex�#ex�v��w��vnT��nD��{�yE�t|Wh?�#~Rn¡y<{�wt�vn(g�n yE��nD��h<wteqy?�#g}eq� w��vnT��ex�E�Ew
|�ex¥�w�rv��n?�
����nDg�wtyE�Y¹ º � »À�«�%hEhÅ§?nDmv��h h<��mz��|�eLw��s¹ ºEº »��Òh?�#m � ��eqg�wtn(hTnRw�h<o�¹ º � »��#hÅ§EnYm%n3§En3oqy?��nDm ��n3�#~F�#|�h?�t�%g

jl�veC~F� h?�#h<oqp'�3n¡|�n3|�y?��pzg�r#�#g�p%g�wtnD|®��nD��{�yE�t|Wh<��~Rn?���%hEhÅ§?n(m%��h�h?g�g�rv|�n(g\h gtex�v�Eoxn3�Àoqn3§En3o�~3hE~F�vn?�´h<�#m
h<w�wtnD|��%w�g�wty�m%nRw�n3��|}eq�vn §Åh?�teqy?r�g�~3hE~F�vni�#h?��h?|�nRwtnD��gD��gtr#~F�àhEg�gte��Dn?��oxeq�vn g�e��3nE�¤oqyEh?màoqh<wtn3��~Rp?��h<�#m
hEgtgty%~ReCh�wteq§�eLw1p���p h?�#h<oqp'�3eq�v��wt�#n�oCh�wtnD�#~ReqnDg�y<{�§�h?�teqy?r#g	g1w��teCm%nDm�h?~3~3nDg�gl�#h<w�wtnD�t��g	y�§En3�lw��vn\g�wt��eqmvn�h<�#m
{�y�y<w��v��ex��wW�#h<�Fh<|�n3wtn3�Wgt�#h?~3n?���¤�tn(g1w�y?�}nR¥�wtnD�#mvg�w��veqgYj�yE�t�µeq��h�§�h<��eqnRw1pzy?{�j�hÅp�g\{�yE�W�vy?�%��rv�vex{�y?��|
|�n3|�yE�tpWh?~D~Rn(gtg ; �	²�©i� =�|\rvoLw�eL���v��y%~RnDg�gty?�¤|WhE~F�vex�#nDgD��gt��n(~Rex¢�~3h?oxoqp}wt�vn,����������eq�?eq�W{ h<|�eqoxpE� � �teCg�wtnDh
|Wh<�EnDg�m%eCg1w�ex��~Mwteqy?��g���n3w1j�nDn3� m%e	�cn3��n3��w�w1p���n(g�y<{Ò|}nD|�y?��pWoxy�h?m�n3§?nD��w�gD��gtr#~F� h?g��#hE~F�E�Àwty?�À��h?~F�}oxy�h?mvg
jl�vnD�tn}w��vn�gtp�g�wtnD| eCg:g�h�wtr#��h<wtnDm jlexwt� �tn�#�rvnDg�w�g,h?�#m��tn(g1wFh<�tw�oqyEhEmvg�jl�vnD�tnYh¡��n$#�rvnDg�w:eCg,g�rv�#|}exw�w�nDm
jl�veqoqn\w��vn}|}nD|�y?��pig�rv��g�p%g�wtn3|¯eCg�y<w��vn3��jleCg�n\eqm%oqn?��h?�#m�mvn3§?nDoxyE��n(m�h�{ h<|�eqoxpiy?{¤|�eq~3�ty?�À��n3��~F�v|Wh<����g
w�y}|�n(h?gtrv�tn�w��vn,§�h<��exyEr#g�oxy�h?m�oqh<wtn3��~ReqnDgD�
�%h?hÅ§EnDm%�Fh�¹ º � »¡w�h<�EnDgzwt�vn­|�eq~3�ty?�À��n3�#~F�#|�h?�t� h<�v�#�ty�h?~F� h<�#m h?�v�voqexn(g¶exw¶w�yfw��vns�v��y?�#oxnD|�y?{

�v��nDmveq~Rwteq�v��h<�#�voxeC~3h<wteqy?� ��n3�t{�y?��|�h?�#~RnE� £ �vnDp¡h?�#h<oqp'�3n:h<�#�voxeC~3h<wteqy?�#gGy?�	y?wt�vnD�G��n3�#~F�v|Wh?�t�%gleq�TwtnD�t|Wg
y?{vwt�vnDex� /���h<���ty�jµgt��n(~Mwt��rv|u��n3�#~F�#|�h?�t�%g 1�wty�~R��nDh<wtn�h�oqex�vn(h<�Ò|�y�mvn3o�y<{%w��vn�h?�v�voqeq~Dh�w�exyE��° gÒ~RyE|��vr%wteq�v�
��n$#�rveq�tnD|�n3��w�gD� £ �vnDp�w��vn3�Y|�n(h?gtrv�tnGwt�vn	~3y?|��vr%w�n3��g�p%g�wtn3| ° g���n3�t{�y?��|Wh<�#~3n	h?~3�ty�gtgÒw��veqg�gtnRw¤y?{c|�eC~R��y<�
��n3�#~F�#|�h?�t�%g�h<��mYr#gtn,h\oqeq�vnDh?��|�y%m%nDocwty}�v�tn(m%eC~Mw�wt�vn,h?�v�voqeq~Dh�wteqy?��° g���n3�t{�y?��|�h?�#~Rn�y?��wt�#n�~3y?|��vr%w�n3�
gtp%g1w�n3| �E��nDoLw �3n3�G¹ º(% »�h<�v�#oxeqnDm\wt�#eqg´w�nD~F�v�#e4#�rvnlr#gteq�v��wt�vn�{�n(h�wtr#�tn(g«|�nDh?gtrv��nDm���p�].^W_�`3a�bFdWhEgÒwt�vnl��h?gteqg
{�yE�Gh<�v�voqeC~3h�w�exyE���#�tn(m%eq~Rwteqy?���

P���V "%$'&:�/)(+-,��/.<�9&�.

��n3��~F�v|Wh<����eq�v�T��,E�*gtp%g1w�n3|Wg:��h?g:�#�ty�§En3� �#h<�twteC~Rr#oqh?�toqpiw��tyErv�voqnDgty?|�nWy�§?nD�,wt�vn�p?n(h<�Fg3��oCh<���?nDoxp�m%rvn
w�yYwt�#n\g�wt��y?�v�W�vyE�%��oxeq�vnDh?�texwteqnDg	nR¥%�veq�vexwtnDmi��p m%eCg��Tgtp%g1w�n3|Wg3�c��n$#�rvnD��wteCh<o���,E� �v�ty�§�eCm%nDg	|�r#~F�T�#ex�E�vn3�
�#h?�#m%jleCm�wt�swt�#h?�s�vyE�%�Bg�n�#Er#n3��wteCh<o���,?�\��g�y ��nD��{�yE�t|Wh<��~RnieCg¡�vex�E�voqp mvn3��n3�#m%nD��w¡yE�àwt�#n j�y?����oxy�h?m
~F�#h?��hE~Mw�n3��eqg�wteC~3g:hEg}j�nDoxo�h?g�wt�vn�¢#oqn¡gtp%g1w�n3| ° g}h?�veqoxexw1p�wty ~3h<�#eLwFh<oqe��Dn�y?� hÅ§Åh?exoCh<�#oxn¡g�n�#Er#n3��wteCh<oqeLw1p ��p
oChÅp�ex�v�}y?rvw	mvh�wFh}~3y?��wteq�?r#y?r#gtoxpWyE�Tm%eqgt�c�
��,?� ��n3�#~F�#|�h?�t�%g��#hÅ§?n\hYw�n3�#m%nD�#~Rp w�y¡h?�?n\��y�y?��oqp?� �vy?��nR¥vh?|}�#oxnE���t����w�y?�vn ¹ º�+ »��c�t� ��nD�#~F�¶¹ º$) »��

h?�#mµw��vn¡�	�#m%��n3j³��nD�#~F�v|Wh<���k¹ º 5 »lr#g�n(mz¢#¥�n(m¶gte��Dn¡m#h�w�hEg�n3w�gD�¸jl�#yEgtn¡gte��Dn�j�h?g�gtex�E�veL¢�~3h<��w�h�w}wt�vn
w�ex|�n?���vr%w	jl�#eq~F�T�vyWoqy?�#�?n3�	|}n(h?gtrv��n���,E�u��n3�t{�y?��|Wh<�#~3n:h?g�w��vn�mvh<w�hW~Dh<� �vy�j�¢vw	eq� wt�vn:�#�ty%~Rn(gtgty?�
~Dh?~F�vn�y<{Ò|Wh<��pY|�y%m%n3��� |�hE~F�veq�vnDgD�
£ �vn:�G��m%�tnDj±��nD�#~F�v|Wh<����h<w�wtnD|��%w�g�w�y�gtn3�#h?��h<wtn3oqpY|�nDhEg�r#�tn�wt�#n,wteq|�n,wtyY~3�tn(h�wtnE�vjl��eLw�n?�v��nR���tn(h?m¦�

h?�#mYw��vn3�Tm%nDoxn3wtn:h�oCh<���?n���rv|���n3�ly?{¸¢#oqnDg�eq�Th}�vexnD��h?��~F�#eq~Dh<o�¢#oqn�gtp%g1w�n3| �

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



����� 1�����	Ê
�����
����Z��
cÕ�

����������
�
����¦È���	����ÿ����� ��
 +

��y?�v�veqn�¹ º$6 »�|�nDh?gtrv��nDg�gtn$#�rvnD��wteCh<oÀ�Eg�wt��nDh<|�eq�v�,��,?�à�#h?�#m%jleCm�wt�W{�yE��h,gtex�#�?oqnG�v��y�~3nDg�g3�Eh<�#m��Fh<�#mvy?|
��,E� oqh<wtn3��~Rp¡{�y?��|�rvoxwteq�voqn��v�ty%~3nDg�g�n(g3����w�r#gtnDg�gty?|�n���n3�t��~F��h<�Fh?~Mw�n3����,?� ex��w�n3�t{ h?~Rn(g3�ch<��miexw�g�y?r%w��vr%w
h?|}�#oxp�mvn3|�y?�#g�wt�Fh�w�nDg�jl��pWw��vnDgtn,ex��w�n3�t{ h?~Rn(g�h<��n��#n3§?nD�lr#gtnDm�ex� �v�Fh?~RwteC~Rn?�
�´nRw�n3�����vnD�Ym%n3§En3oqy?��nDm�h<�Wh?m#h<�%w�ex§En���h<���vnDg�gÒ{�y?����,E�k��n3��~F�v|Wh<����eq�v�W¹ º$' � � � »��<jl�veC~F�Ym%nR¢��vnDg«��,E�

oqyEhEm�eq� wtnD�t|Wg	y<{´¢#§?n,��h<�Fh<|�nRw�n3�Fg3� � a���� � `��G�	��`�
��

����D`���` ��a����t` �������#�Eb���
3`������#�?b3��h?�#m������DbF`�
�
! � ^\�
£ �vnW��n3��~F�v|Wh<���Twt�vnD�µnR¥%�voqy?��nDg�wt�#nY�#h<�Fh<|�n3wtn3�,gt�#h?~3n}wtyT|�nDhEg�rv��n}¢#oqnYg�p%g�wtn3|Ù��nD��{�yE�t|Wh?�#~Rn�eq� h
g�~3h?oqh?�voxn�{ h?gt�veqy?���
²G�%{�yE��w�rv�#h<wtn3oqp?�vwt�vnD�tn,h<��n�h\��rv|\��nD�Gy<{Òeqg�gtrvnDg�oqnR{·wGrv�#nR¥%�voqy?��nDm�n3§?nD����p¡���#n3���#gtr#~F� h?g�wt�#n:g�oqy�j

{��Fh<�E|}nD��w�h�w�exyE�µy<{�m#h�w�h h<�#mµ{��tnDn�gt�#h?~3n�eq�z¢#oqn¡gtp%g1w�n3|Wg\y�§?n3�:wteq|}nTh?�#mµexw�g}n �cnD~Rw}yE�µ¢#oqn¡gtp%g1w�n3|
��n3�t{�y?��|Wh<�#~3nz¹ � º »À�l�	wt�vnD�W{ h?~RwtyE��gWh?�tnTr#gtr#h?oxoqp¶eq�?�vyE�tn(m¦�¤gtr#~F�kh?g�w��vnieq��wtn3���voChÅpzy<{,|\rvoLw�ex�#oxni��,E�
g�wt��nDh?|�glhE~3~3nDg�g�eq�v��hWg�eq�v�?oqn,m%n3§�eC~RnE�vjl�veC~F� ~Dh<�¡�tn(g�r#oLwGeq�¡w1j�yWgtn$#�rvn3��w�eqh?o�g1w��tn(h<|Wg�jleLw��T��y?wtnD�Ew�eqh?oxoqp
n3¥%~3n3oqoxnD��wi��nD��{�yE�t|Wh<��~Rn ��nDex�#�à~Ry?��§En3�twtnDm�h�wTw��vnzm%n3§�eC~Rnµeq��wtyàh g�eq�v�Eoxn /t��h?�#m%y?|�1�g1w��tn(h<| jlexwt�
�vyE�t��n3��m%y?r#g���n3�t{�y?��|Wh<�#~3n?��"k�veqoxnT]L^�_F`3a�bFd$#¶~Dh<� ��nWr#g�n(m wty |�nDh?gtrv��n���nD��{�yE�t|Wh<��~Rn�jleLw��µg�nD§?n3�Fh<o
��,E�ug�wt��nDh<|WgD��eLw	m%y�n(gl�vy<wGhEmvm%��nDg�g�y<wt�#n3�ly?��n3�¡eCgtgtrvnDgD�vgtr#~F�Th?g�¢#oqn:g�p%g�wtn3|*{���h?�?|�n3��wFh�wteqy?���

� ,��
, >9> $ > 0�?<0�3*$'+-0 "%$'&(�/):+-,��*.<��&�.

��n3��~F�v|Wh<����eq�v�à��h<�Fh<oqoxnDo\yE� m%eCg1w��teq�vr%w�nDm g�p%g�wtn3|Wg�eCg�|�y?��n ~3y?|��voqnR¥±wt��h<� gteq�v�?oqnR�����¤² g�p%g�wtn3|Wg
��nD~Dh<r#gtn y<{ w��vn*|\p���eCh?m¬j�hÅp%gueq� jl�veC~F� ~RyE|���yE�vn3��w�g h<�#m®gtrv�#gtp%g1w�n3|Wg ~Dh<�®eq��wtn3�Fh?~Rw h<�#m
~3y?|�|�rv�#eq~Dh�wtnE�¤�B�shEmvm%exwteqy?����wt�#n3��n h<��nim%e���nD�tnD��w¡h?gt��nD~MwFg�y?{:g�p%g�wtn3| ��n3�t{�y?��|Wh<�#~3nTwt�#h<w�|WhÅp���n
eq|���yE��wFh<��wD�?{��tyE| y�§En3�Fh<oqo�gtp%g1w�n3| wt�v��y?r#�?�v�vrvw�h<�#m�rvwteqoxe��Dh<wteqy?��wty�ex��wtnD���Àwt�#�tn(h?m�~RyE|}|\rv�veC~3h<wteqy?�Wh<�#m
gtp��#~F�v��y?�ve��Dh<wteqy?���
�«h<������nD�#~F� ¹ � � » eqg¬h ��nD�#~F�v|Wh<��� gtrvexwtn wt�#h<w ~Dh<� h?�#h<oqp'�3n �#h<�Fh<oqoxnDo h?�#m m%eCg�wt��ex�vrvwtnDm

~3y?|��vr%w�n3�¡��nD��{�yE�t|Wh<��~Rn?����w¡~3y?��w�h?ex�#g¡hµ§�h<��eqnRw1p�y<{:��n3�#~F�v|Wh?�t�%g�wt�#h<w�|�nDhEg�rv��ni��y<w���h?gt��nD~MwFgYy?{
gtp%g1w�n3| ��nD��{�yE�t|Wh<��~Rn?��g�r�~F�àh?g�~3y?|�|�r#�veq~Dh�w�exyE�ky�§?n3���vn(h?mvgD�¤h<��mkm%eqg�wt��eq�vr%wtn(màh<�#�voxeC~3h<wteqy?�k�En3���vn3o
��n3�t{�y?��|Wh<�#~3n?�v�«h<������nD�#~F��~3y?��w�h?ex�#g���n3��~F�v|Wh<����g�{���y?|*��y?wt�T�	��� ¹ � � »¸h<�#m ��nD�vnDgteqg,¹ � % »À�

> + "%$'&(�/) )(�90�3����/?

].^W_F`Racb�d&% j�h?gWjl��eLwtwtnD�k��p�¨�h?�t��p¶©i~3ª«y�pzjl�veqoxni�#nij�hEgWh�w���r#�à©Teq~3�ty�g�p%g�wtnD|�gD����wW{�y%~Rr�gtgtnDm yE�
w1j�yW|�nDh?gtrv��nDg�y?{´gtp%g1w�n3| ��nD��{�yE�t|Wh<��~Rn �%oCh�w�n3�#~3p�h?�#m �#h<��m%jleqm%wt������w	|�nDh?gtrv��nDm¡h���rv|���n3�Gy?{«�#h?gteq~
yE��nD��h<wteq�v�Wg�p%g�wtn3|*{�rv�#~Rwteqy?�#gD�#gtr#~F�Th?g�¢#oqn:gtp�g�wtnD|*��nDhEm-,Åjl��eLw�n���h<�#m%jleCm�w��Ty?��¢#oqn:~R��nDh<wteqy?��wteq|}nE�#��w
h?oqgty�{�y%~3r#gtgtnDm¡h}�?��nDh<w�m%n(h<o¦y?{¸n3�#n3���?pWy?�¡|�nDhEg�rv��eq�v�}m#h�w�h\w���h?�#g1{�nD�ly?��n3�Fh�w�exyE�#g3�%gtr#~F��hEg:_Fb�������h<�#m
�'� �v`Goqh<wtn3��~Rp�h?�#m¡�#h<�#mvjleqm�w��Th?g�j�n3oqo�h?g��FhÅjà|�n3|�y?��pYoCh�wtnD�#~Rp�h<�#m¡�#h?�#m%jleCm�wt���
���vyE��w�oxp�h<{·wtnD��wt�vn�].^W_F`Racb�d&%��#h<��n3�,¹ � + »¸j�hEg��#rv�voqeqgt�vnDm�� ���ty�jl��nRwGh<o�¹ º »�n3¥%h?|�ex�vn(mYw��vnW].^W_F`Racb�d

��n3�#~F�#|�h?�t�Ygtrvexwtn,h<��m��vr#�voxeCgt�vnDm¡h�m%nRwFh<eqoxn(m�~3�texwte2#�rvn�y<{¸exw�glg�wt��n3�#�<wt��g�h?�#m�j�n(h<���vnDg�gtnDgD��¨¸h<���?n3oqp�ex�
��nDgt��yE�#gtn�w�y}wt�vn(g�n,��n3|Wh<���%g3�%m%nD§?nDoxyE�v|�n3��wly<{�]L^�_F`3a�bFd)(:��p�¨¸h<���tpY©�~Rª«y�p�h?�#m ��h?�to���w�h<nDoxeq� ��nD�Eh?�
jlexwt� h\{�y�~3r#g�y?��ex|��v��y�§�ex�#��w��vn�nR¥%��nD�teq|�n3��w�h?o�m%nDgteq�?��h?�#m¡g1wFh�wteCg�wteC~3h<o¦mvh<w�h�h<��h<oqp�gteCg3� £ �vn��v��ex|Wh?�tp
~F�#h?�v�?n�j�hEg�w��vn,m%n3§En3oqy?�v|�nD�Ewlh<��m�h?mvy?�%w�exyE��h?~3�ty�gtg�h<oqo�wt�vn���n3�#~F�v|Wh?�t�%g�y<{¸h�wteq|�ex�v���#h?�t�#nDg�g�w��#h�w
eq�#~RyE�t��y?�Fh�w�nDm�oqy�y?�%�Bh<r%w�yEgte��Dex�#��h<�#m�~Roqy%~F�}��nDgty?oqr%w�exyE��m%nRw�nD~Rwteqy?�����B��hEmvm%exwteqy?����n(h?~F��n3¥%��nD�teq|�n3��w�j�h?g
w1p��veC~3h?oxoqpY��n3��nDh�w�nDm�n3oqn3§En3��wteq|}n(gljlexwt�¡wt�vn,|�n(m%eqh?� �tn(g�rvoxwl�tnD��yE��w�nDm�wty}wt�#n,r#g�nD�D�
£ �vnY].^W_F`Racb�d$(�¹ � ) »¸wteq|�ex�v���#h<���vnDg�g�j�h?gleq|��voxnD|�n3��wtn(m wt�v��y?r#�?�Th��vn3j±|Wh?~3�ty�� ���¤��� � ;�=R�vw��#h�w

h?r%wtyE|�h<wteC~3h?oxoqp |Wh?�#h<�EnDgW�vn(h<��oxp h<oqo�hEg���nD~Rw�g�y<{:h?~D~Rrv�Fh�w�n3oqp¶w�ex|�eq�v�¶yE��nD��h<wteqy?�#gD�%�#y?��n3¥vh<|��voqn?��eLw
h?r%wtyE|�h<wteC~3h?oxoqp¡mvnRwtn(~MwFg	w��vn}|}eq�veq|Wh<o¸wteq|}eq�v�¡ex��w�n3��§Åh?o¸�#nD~Rn(gtg�h<��p�wty��#�ty�§�eCm%n,wteq|�ex�#����nDgtrvoxw�g�jleLw��vex�

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



) ���´�6�B	�
�Õ��U�

º��®h?~D~Rrv�Fh?~3p?��h?�#m eLw¡h<r%w�y?|Wh�w�eq~Dh<oqoxpz��n3��nDh<w�gW|�y�g1w�n3¥%��nD�teq|�n3��w�gWnDoxnD§?nD� w�ex|�n(g�h<��m ��n3��y?�tw�gWwt�vn
|�nDmveqh?����nDgtrvoxwD� £ �vn |�nDm%eCh<���tn(g�rvoxwTeqg¡��n3��y?�twtn(mà��nD~3h?r#gtn�w��vn�wteq|}eq�v� ��nDgtrvoLwFg h<��n y?{·wtn3�­�veq�?�voqp
gt�?nDj�n(m¶m%rvn w�yµgt~F�vn(m%rvoqex�#� h?��w�eL{ hE~MwFg}h?�#m�y<w��vn3��eCgtgtrvnDgD�«�B��wt�vn¡{ hE~RnTy<{�g�r�~F� �vn(hÅ§�pE�Àw�h?exoqnDm��Ò�#y?�%�
rv�#eL{�yE�t|um%eCg1w��teq�vr%w�exyE�#gD�3w��vn¤|�yEg�w¸��y?�#r#g1wÒ�tnD�v��nDgtn3��w�h<wteq§?n´{�nDh<wtrv��n�eCg�w1p��veC~3h?oxoqp�wt�vn�|�nDm%eCh<�:��nDgtrvoxw�¹ � 5 »��
�¤oxnD§?n3����n3��nRwtexwteqy?��g:j�h?g,~F�vy�g�nD� ��nD~Dh<r#gtnWex�µ�#��hE~MwteC~Rn�exw�j�h?g�wt�#n�g�|Wh?oxoqnDg�w:��rv|���n3�:y?{���n3��nRw�eLw�exyE�#g
w��#h�wGp�eqn3oCm%nDm¡g1wFh<�voqn,��nDgtrvoLwFg3�
].^W_�`3a�bFd$#àj�hEgµm%n3§En3oqy?��nDm oqh?�t�En3oqpu��p���h<��o���w�h?n3oqex� h<��m {�y%~3r#gtgtnDm y?��n3¥�w�n3�#mvex�v��].^W_F`Racb�d�� g

{�rv��~Mwteqy?��h<oqeLw1p¡ex��w�yW|}n(h?gtrv��ex�v�W|\rvoxwtex�À�v��y%~Rn(gtgty?�Gg�~3h?oqh?�vexoqexw1p�h<��m���h?gteq~,hEg���nD~Rw�gGy?{«�v�ty%~3nDg�g�yE��|�eC~R��y<�
h?��~F�vexwtn(~Mw�rv�tnE� £ �#eqg��tn�#�rvex��nDmsg�rv�#��yE��w�{�y?�¡|}n(h?gtrv��ex�v� ��nD��{�yE�t|Wh?�#~Rnijlexwt��|�y?��niwt��h<�syE�vn ~3oxeqn3��w
�v��y%~Rn(gtg�h?~Rwteq§?nTh�wYh�w�ex|�n?�¤jl�veq~F��j�h?gWh?~F�#exnD§?nDm¶��p¶~R��nDh<wteq�v�µh �#n3j w�ex|�eq�v�µ�#h?�t�vn(gtg}jl�veC~F�k~3h?�
|�nDhEg�r#�tn:gtp%g1w�n3| ��nD��{�yE�t|Wh<��~Rn�rv�#m%nD�	�#h?��h?oxoqn3oÀ�#g�~3h?oqh?�voxn,oqyEhEmvgD��].^W_�`3a�bFd$#�h<oCgtyWex�#~3oxr�m%nDg�hW��rv|���n3�
y?{��vn3jk��n3��~F�v|Wh<����g�jl�veC~F��|�nDhEg�r#�tnG§�h?�teqy?r#g�h?gt��nD~MwFg¤y?{¦wt�vn��v��y%~Rn(gtgty?�¤h?��~F�#eLw�nD~Mw�rv��n?��g�r#~F��h?g��#h?gteq~
yE��nD��h<wteqy?��oCh�w�n3�#~3p�h?�#m���h<�Fh<oqoxnDoxeCg�| �%��wGeCg�wt�veCgl§En3�Fg�eqy?��wt�#h<wGeqg�w��vn:g�r#���1nD~RwGy<{Òwt�veCgl�#h?��nD�D�

S:P��fPRQ����	��U�Q	
��
�

�B� y?�Fm%nD��w�yih?~D~Rrv�Fh�w�n3oqpi|�nDh?gtrv��n\��n3�t{�y?��|Wh<�#~3n?��h¡w�ex|�eq�v�T�#h<���vn(gtg�eCg,r#gtnDm wt�#h<w:|Wh<�#h?�?nDg�§�h?�teqy?r#g
hEg���nD~Rw�g«y?{�w��vnGnR¥%��n3��ex|�nD�EwFh<ov�#�ty%~Rn(gtg«wty,n3��g�rv��nGh?~D~Rrv�Fh�w�n�wteq|}eq�v�:��nDgtrvoxw�gD�E��eq�#~Rn,]L^�_F`3a�bFdWeCg«jl��eLwtwtn3�
eq�i�	�������1�àr#gtex�#�Y�������B�ueq��wtn3�t{ h?~3nDgD�%eLw�m%y�nDgl�vy?w	�#hÅ§En�hE~3~3nDg�g�wtyWy?��n3�Fh�w�ex�#��gtp%g1w�n3|³y?�G�#h?��mvj�h?�tn3�
gt��n(~Rex¢�~\�vex�E� ��nDgty?oqr%w�exyE�Twteq|�n3�Fg	w��#h�w�|WhÅpT�v��y�§�eCm%n}h?~3~3rv�Fh?~Rp¡n3§En3��m%y�jl�iw�y�w��vn����¤² ~Roqy�~F�¡w�eq~F�c�
BGh<wt�vnD�D��eLw�|�r#g�w r�g�nµw��vn¶oqnDg�g�h?~3~3rv�Fh�wtnµ�EnRwtwteq|}nDy<{ mvhÅp ; = ex��w�n3�t{ h?~Rn¶jl�veq~F� ~3h<�fgtrv�v��y?�tw�w�ex|�nD��g
jlexwt� �tn(g�yEoxr%w�exyE�#g�hEg\gt|Wh<oqo�hEg�º$��g�n(~<�Ò�vr%w�|Wh<��p ex|��voqn3|�n3��wFh�wteqy?��g ;5g�eqoxnD��wtoqp�=��v��y�§�eqm%n�y?�voqp º � |Wg
��nDgty?oqr%wteqy?���
�B��h?m#m%eLw�exyE���Ewty�|�n(h?gtrv�tn�gt~Dh<oCh<�voqnG��n3�t{�y?��|Wh<�#~3n?�<w��vnGw�ex|�eq�v�}�#h<���vnDg�g�|\r#g�w�|Wh<�#h?�?nlw��vn�~3�tn(h�w�exyE�

y?{Ò~F�veqoqm��v��y%~RnDg�gtnDg�wty���rv��w��vn���nD�#~F�v|Wh<����h?�#m�~3y�y?�Fm%ex��h�wtn�h<oCgty�w��vn3eq�Gh?~Rwteq§�exwteqnDg�w�y�n3�#gtrv��n	w��#h�w	h?oxo
~F�veqoCm%�tnD�¡h?�tn�n3¥�n(~Rr%w�ex�#�\w��vn,��n3�#~F�v|Wh?�t�EnDm¡h?~Mw�ex§�exw1p�m%rv��eq�v�Wh<oqo¦|}n(h?gtrv��n3|�n3��wl��nD�teqy%mvgD�
�Òex�#h?oxoqp?�´w��vn wteq|�ex�#�µ�#h<���vnDg�g}|�r#g�wY~RyEoxoqnD~RwWh?�#m ~RyEoxoCh�w�n�w��vn wteq|�ex�v�µ��nDgtrvoxw�gWgty�hEg}wty ��n3��y?�twWh

��n3�v��nDgtn3��wFh�wteq§?n��tn(g�r#oLw´{�y?�Òw��vn���nD�#~F�v|Wh<���c� £ �vnlm%nR{ h?rvoLw«eCgÒwt�#h<w«nDh?~F�}nR¥%��n3��ex|�nD�Ew´eCg´�tnD��n(h�wtn(m�nDoxnD§?nD�
w�ex|�nDg�h?�#mµw��vn�|�n(m%eqh?�z��nDgtrvoLw�eCg���n3��y?�twtn(m¦� � y�j�nD§?nD�D�¸��y?wt�zw��vn ��rv|���n3�}y<{	��n3��nRw�eLw�exyE�#g}h<�#mzwt�vn
��n3��y?�twtn(m�g�w�h<wteCg1w�eq~�|WhÅpY��n:~F�#h<�v�EnDm¡h?g��vnDnDm%n(m¦�
£ �vniw�ex|�eq�v�¶��h<���vnDg�gWeq�Ew�n3�t{ h?~3nieqg�~RyE�EwFh<eq�vnDm eq�kw��vn��vn(h?m%nD�Y¢#oqni��n3�#~F��� �sh?�#mà~3y?��w�h?ex�#gYwt�v��n3n

nDoxnD|}nD��w�g��

���������������������! #"�$��&%('*)&+���,���-. /������0�,1�2������0�3��(���&%(4
56��������"2'&����7(�1��-.8

��9����&0�%2��������$��1%('�)&+��� :$��&%('*)&+���,1�;�*%(���(�13�<���=��>5?$��&%('�)1+���,��@$��&%('�)1+(3�0�7A5
$��&%('�)&+���,��B'�<���3&%�C��A5��*%��B�&%��1C�D�)E5F�*%��2��3�0�3�<�<���<G5
�/%��IH�3�01+�C��E5F�*%��20��&�����(���(���&%(4
56��������"I'1����7(�1��-J8

��9����&0�%ICK�*%���L�MID������N�#+(�G /-.8
��9����&0�%ICK�*%���L�MID�����,�%A /-J8
��9����&0�%2��������%�31%��G O'�)�3�0N"P4J5QCK�/%���L�M�%K-.8
��9����&0�%2�������R+
��'�0��G O'*)�3�0N"S4
5QC(�*%���L�M�%(-J8

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



����� 1�����	Ê
�����
����Z��
cÕ�

����������
�
����¦È���	����ÿ����� ��
 5

��9����&0�%2�������R+�$� :CK�*%���L�MP$�������4�-J8

�±�v��exn3{´m%n(gt~3�teq�%w�exyE��y?{�wt�#n�_�`3a�bFd�^ ���#h?��h?|�nRwtnD��g��

��&:�93��9, > ��� $ eqg´h<�\y?�%w�exyE�#h<o���y?eq��wtn3�Òw�y�h	{�rv�#~Rwteqy?�\wt�#h<wÒ|WhÅp,��n�r#gtnDm�wty�eq�veLw�eqh?oxe��3n�wt�#n�gtp%g1w�n3| � £ �veCg¸eCg
~3h?oxoqnDm�yE�#~RnGjlexwt� � ��` �#�	� ����a&
¤g�n3w¤w�y �3nD�ty�h<w¤w��vn	§En3��p���n3�?eq�v�veq�v����h?�#mWexw�eCg�~Dh<oqoxn(mWh<�Eh?ex�W��nR{�yE�tn
nDhE~F��w�ex|�eq�v�Yeq�Ew�n3��§�h<o�jlexwt� � �B`��#� � ���<a�
lg�n3wGwty�w��vn:��rv|\��nD�Gy<{´eLw�n3�Fh�w�exyE�#g�wt��h�wlwt�#n:��nD�#~F�v|Wh<���
jlexoqo¦��rv���

"%$'&(�/):+-,��*. eqg«h���yEex��w�n3�´wty�h	{�rv�#~Mw�exyE�}wt�#h<wÒjleqoxo%��rv�\wt�vn���n3�#~F�#|�h?�t�EnDm\h?~Mw�ex§�exw1p � ��` �#� � ���<a�
�w�ex|�nDgD�

� > $',�& 2�� eqg h<�sy?�%w�exyE�#h<o���yEex��w�n3��wty hµ{�rv�#~Rwteqy?�swt�#h<w¡|WhÅp ��n�r#gtnDmàwty ~3oxn(h<��rv�sh<{·wtnD�¡��rv�v�#ex�v�
wt�vn���nD�#~F�v|Wh<���c�¸��w�eCg\~Dh<oqoxn(mµy?�#~3n �1r#g�w���n3{�y?��n�nR¥%exw}jlexwt� � ��` �#�	� ����a&
�g�n3w\w�y �Dn3��y#�¸h?�#mzexw\eCg
~3h?oxoqnDm¡h�{·w�n3�Gn(h?~F��wteq|}eq�v�Weq��wtn3��§�h<o�jlexwt� � �B`�� �	� ����a�
lgtnRwlwty�w��vn,��rv|���n3�	y<{´eLw�n3�Fh�wteqy?��g�wt�#h<wlwt�vn
��nD�#~F�v|Wh<���W�Fh<���

$'&(��2�.�) ~Dh<����n r#gtnDm wty nD�#g�r#�tn¡wt��h�wYh wteq|}eq�v�µeq��wtn3��§�h<o�eCgYh�wWoqnDh?g�wT° nD�vy?r#�?��°´|�eq~3�ty�g�n(~RyE�#mvg}ex�
m%rv�Fh�w�exyE�����#y?��|}y�g1w���nD�#~F�v|Wh<���%glw��veqg�gt�vy?rvoCmT��n �Dn3��y#���vr%w,g�yE|}n���nD�#~F�v|Wh<���%gG�#hÅ§En,wty��trv�
{�y?�l|�y?��n�wteq|}n:mvrvn�wtyYg�w�h?��w�rv��n���n(~MwFgly?�ly?wt�vnD�Gg1w���h?�v�?n���nD�#hÅ§�exyE�D�

��,��
, >9> $ >���rv|\��nD�ly<{´ex�#g�w�h?�#~Rn(g�y<{¸wt�vn,��n3�#~F�#|�h?�t�Ywt�#h<wGjlexoqo���n,�trv�¡eq�¡��h<�Fh<oqoxnDo¦y?��wt�vn:gtp%g1w�n3| �

6 ,��/+ 2�� ��n3��~F�v|Wh<����g	�tr#�T{�y?��j�h?�t|\rv�T|�eq~3�ty�g�n(~Ry?��mvgl��nR{�y?��n,w��vn\gtp%g1w�n3|¯g1wFh<�tw�g	|�h?��ex�v�Ywteq|}eq�v�
|�nDh?gtrv��n3|�n3��wFg3���Gy?wtn�wt��h�w�exw�eqg«h�oqy�j�nD�Ò��y?r#�#m¦���vy?w¤h	¢#¥�n(m�§�h?oxrvnE�<g�eq�#~3nleLw«eCg�g�eq|��voqp,wt�vn�w�ex|�n
wt�#h<w�w��vn��#h<��n3��w�gtoqn3n3��g�h<{·wtn3����nD~RnDex§�eq�v�:w��vn�oqhEg1w �t` ������gteq�?�#h?ov{���y?| nDhE~F��~F�veqoqm ; h?�#mW��nR{�y?��n�eLw
g�nD�#mvg�w��vn�� ��gteq�?�#h?ocwty�wt�#n�~F�#exoCm%��n3��=R�

�
$��%$
3��93��9��&(0 ��rv|\��nD�ly<{Òwteq|}n(g�wt�vn,n3¥%��nD�teq|�n3��w	g��#y?rvoCm���n,��n3��nDh�w�nDm¦�

� �<�!.<��$ ��yEex��w�n3�¸wt�#h<wÒ~3h?�:��n�r#gtnDm:��p�w��vn¤��n3��~F�v|Wh<����jl��exwtn3�¸wty��#h?g�g¸ex��~3y?�%¢��?rv�Fh�w�exyE�,ex�%{�yE�t|Wh<wteqy?���
g�r�~F�:h?g��#r���nD�Ògte��3n¤yE��y?wt�vnD���#h?��h?|}n3wtnD��g¦�#n3nDmvnDm,��p�wt�vn�ex�#�vn3�¸oxy�y?���D�B�Y]L^�_F`3a�bFd:exw¸eCg¸�?n3�#n3�Fh<oqoxp
r#gtnDm�wtyW��y?eq�Ew�w�yYh}g�wt��r#~Rwtrv��n,~Ry?��wFh<eq�vex�#�\w��vn,��n3oqn3§�h<��wl~Ry?�v¢#�?rv�Fh�w�exyE��eq�%{�y?��|Wh�w�exyE���

�E` � � �·^W`Y��nRw�rv���#gWw��vn�|�nDmveqh?�kwteq|�ex�v� ex��w�n3��§Åh?o�m%r#��h<wteqy?����jl�vexoqn���` � a �tn3wtrv���#gWw��vn���rv|\��nD��y?{
exwtnD��h<wteqy?�#g�n3¥�n(~Rr%w�nDm¡m%rv��ex�#�\w��#h�wlw�ex|�eq�v�Weq�Ew�n3��§�h<oÀ�
a��<a��àh?�#m ^ � b�� �à�v��ex��w¶w��vnà�#hEgtgtnDm g�wt��eq�v�foCh�wtnD�#~Rp {�y?oqoqy�j�n(m ��p wt�#nàoqh<wtnD�#~Rp�eq��wtn3��|Wgzy?{

�#h?�vyEgtnD~3y?�#m#g�h<�#mY|}eC~R��yEgtnD~3y?�#m#g���nDgt��n(~Mwteq§?nDoxpE� £ �vn�oqh<wtnD�#~Rp�eCg�~3y?|��vr%w�nDmYhEg	��

��������
';�=����«�?jl�vnD�tn��
eCg�wt�vn��#h?g�gtnDm��#h?��h?|}n3wtnD�D� £ �vn	��nDhEg�yE���ieCg���h?g�g�n(mWh?g�h��#h?��h?|�nRwtnD�¤eCg¤��nD~Dh<r#gtn�wt�vn���nD�#~F�v|Wh<���W~3h?�
hE~Mwtr�h<oqoxp,n3¥�n(~Rr%w�n�wt�vn�y?��n3�Fh�w�exyE��y?{�eq�Ew�n3��nDg�w«|�rvoxwteq�voqn�w�ex|�n(g�m%rv��ex�#��h�gtex�v�Eoxn�exwtn3�Fh�w�exyE���
�vyE�«nR¥vh<|��voqn?�
w��vn�|�nD|}yE�tp�oCh�w�n3�#~3p}��n3��~F�v|Wh<����g¤w1p��veC~3h<oqoqp}��n3��nDh<w¤w��vn�|�nD|}yE�tp�oqyEhEmWy?��n3�Fh�w�exyE�Yh���rv�#mv�tn(m�wteq|�nDg
eq�#gteqm%n}w��vnWoxy�yE���¦g�y¡wt�#n�hE~Mw�r#h<o«��rv|\��nD��y?{�yE��nD��h<wteqy?�#g�eCg�º � ��� ��
�� � ;�=R��h<�#m exw:eqg�w��veqg�§�h?oxrvn}w��#h�w
gt�vy?r#oqm���n,��h?g�g�n(mYw�yTa���a'��y?��^ � b�� �<�
^�_l�tnD��yE��wFg¤w��vn,�#h?�#m%jleCm�wt� eq�¡© ��,<g�jl�vn3� �?eq§?nD�Yw��vn�wty?w�h<o¦��rv|\��nD�ly<{Ò��p�w�nDgl�v��y%~Rn(gtgtnDm�m%rv��ex�v�

w��vn}wteq|}eq�v� eq�Ew�n3��§�h<oÀ�c�	y<w�n\w��#h�w�{�y?�,g�~3h?oqh?�voxn}��n3�#~F�v|Wh?�t�%g�wt�#h<w��#�ty%~Rn(gtg 
����(`���p�wtnDg���n3�,exwtnD��h<wteqy?���
w��vn�wty?w�h<o¦��rv|\��nD�Gy<{Ò��pEw�nDg��v��y%~Rn(gtgtnDm�eqg���
�� � ;�= ������ ���!"! 
 !�� /$#
��%�
�& &·�
£ �vn,�#h?�t�vn(gtg�eCglm%nDgteq�?�vn(m�w�yWh?~3~3y?|��voqeqgt� h\��rv|\��nD�ly<{´�?y�h<oCg��

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



6 ���´�6�B	�
�Õ��U�

� m%rv��ex�#�\h<��p\wteq|�ex�v�}eq�Ew�n3��§�h<o�y<{�h<��pW~F�veqoqm�eLw�eCg¤�Er#h<�Fh<��wtnDnDm}w��#h�wlh<oqo�y?wt�vnD��~F�#exoCmW�v��y%~RnDg�gtnDg¤h?�tn
h<oCg�y}��rv�v�veq�v�}wt�vn,��n3��~F�v|Wh<���

� wt�vn�w�ex|�eq�v�Wex��w�n3��§Åh?oqglh?�tn�oqy?�v��nD�vy?rv�E��w�yWhÅ§?n3�Fh<�En	yEr%wl|}y�g1wlw���h?�#gtexnD�Ew�����gt~F�#nDm%rvoqn3�ln���n(~MwFg
� wt�vn wteq|�ex�#� eq��wtn3��§�h<oCg�h?�tn oxyE�v�¶nD�vy?r#�?�kw�y nD�#g�r#�tn�wt�#h<w¡nD�t��y?�¡m%rvn wty ~Roqy�~F� ��nDgty?oqr%wteqy?�keCg
�vn3�Eoxeq�?eq�voqn

� wteq|�ex�v�¡|�nDhEg�rv��n3|�nD�EwFg	~Dh<����n}��y�g1w���yE�vnDmiwty h<oqoxy�j±w��vnW����gt~F�#nDm%rvoqn3��wty¡g�n3w�w�oxn�h<�#m h?m/�1r�g1w
wty}wt�#n,oxy�h?m

� wt�vn���n3��y?�twtn(m���nDgtrvoxw�glgt�vy?rvoCm¡��n,��n3�#�tn(g�nD�EwFh�w�ex§En�h<��m�w��vn:mvh<w�h�h<�#h?oxp%gteqg�gt�vy?r#oqm¡��n,�tyE�vr#g�w
� wteq|�ex�v��eq��wtn3��§�h<oCglg��#y?rvoCm¡��n:hEg�gt�vyE��wGh?g���yEg�gtex�voqn,jl�veqoxn�nD�#g�r#�teq�v�Wh?~D~Rrv�Fh�w�n���nDgtrvoxw�g
� wt�vn���n3�#~F�#|�h?�t�Ygt�vyErvoqm��#hÅ§En�h?��y?�#��yE��w�rv�vexw1pWwty�eq�veLw�eqh?oxe��3n,h?�#m�~3oxn(h<��rv�¡h<��pY�vn(~RnDg�g�h<��p�m#h�w�h
g1w��tr�~Mwtr#�tn(gly?�Gy?wt�vnD�	g�w�h�w�n:��y<wt�ih<wGwt�#n�g1wFh<�tw	h<�#mT~3y?|��voqnRw�exyE�¡y?{�hW|�nDh?gtrv��n3|�n3��w	gtn3��exn(glh<�#m
��n3{�y?��n,h<�#m¡h�{·w�n3�lnDhE~F��w�ex|�eq�v�Weq�Ew�n3��§�h<o

@�n3§En3oqy?�veq�v�\h?��hE~3~Rr#��h<wtnGw�ex|�eq�v���#h<���vn(gtg�jleLw���h\§�h<oqeqm�nR¥%��nD�teq|�n3��w�h?o¦m%nDgtex�E��eCg�|}yE�tn�m%e��W~3rvoxw�w��#h<�
eCg}�?n3�#n3�Fh<oqoxpµgtrv�v��yEgtnDm¦�«©ih?��pµ�#�tyE�?�Fh<|Wg:eq�#~RyE�t��y?�Fh�w�nYn3oqn3|�nD�EwFh<��p wteq|�ex�v���#h?�t�vn(gtgtnDg\jl�veC~F�¶|WhÅp
gtr��cn3�«{���y?| y?�vnlyE�«|}yE�tnGmvnR{�nD~Rw�gD�?gtr#~F�Wh?g«eq�#gtr��Y~Reqn3��w¤~3h?�tn�wFh<�?nD��w�y,n3�#gtrv��n�wt�#h<w�wt�#nl��nD�#~F�v|Wh<���?n(m
yE��nD��h<wteqy?� eqg\��rv�µoxyE�v�inD�vy?rv�E� wtyinD�#gtrv�tnYwt�#h<w�wt�#n�n3����y?�:eq��wt��y�mvr#~Rn(m ��p wt�#n�~Roqy%~F� ��nDgty?oqr%w�exyE��eCg
eq�#gtex�E�veL¢�~3h<��w(�
£ �vn�wteq|�ex�v���#h?�t�vn(gtg¡|\r#g1wTh<oCgty�~3y?oqoxn(~MwTh<�#m��v��y�~3nDg�gYw��vn�wteq|�ex�v� ��nDgtrvoxw�g�{��tyE| h<oqo�wt�vnµ~F�veqoqm

�v��y%~Rn(gtgtnDg«gty�wt�#h<w¤exw�~3h?�}��n3��y?�tw«wt�#nG�tnD�v��nDgtn3��w�h<wteq§?n���nD��{�yE�t|Wh?�#~RnE����w�~Rrv����n3��wtoqp���n3��y?�tw�gÒw��vnG|�nDm%eCh<�
��n3�t{�y?��|Wh<�#~3nly�§?n3��h?oxo#wteq|�ex�v�\ex��w�n3��§Åh?oqg«{��tyE| h?oxo�~F�vexoCm��v��y%~RnDg�gtnDgD����w�|�ex�E��w¤��nD�t��h<�#g¤��n	h?�t�ErvnDm\w��#h�w
exw	g��#y?rvoCm���n3��y?�tw�wt�vn,|�n(m%eqh?� y<{�w��vn,|�nDm%eCh<��g3�
"k�vn3�T��rv�v�#ex�v����nD�#~F�v|Wh<���%gljleLw��T|�y?��n�wt�#h?�Ty?�vn:~F�veqoCm¦�vw��vn:�#h?�t�vn(gtgG|�r#g�wl¢#�Fg1w	�EnRw	hW��h?gtn3oqex�vn

n(g1w�ex|Wh�w�nYy<{G��n3�t{�y?��|Wh<�#~3nW��p���rv�v�#ex�v�iwt�vn���nD�#~F�v|Wh<��� eq�µy?�#oxp y?�#nY�v��y�~3nDg�g,r#gtex�#�Twt�vn¡g1wFh<�#m#h<�Fm
].^W_F`Racb�d�w�ex|�eq�v��ex��w�n3��§Åh?o5�Åjl�veC~F��eCgÒy<{·w�n3� +v� � � � |}eC~R��yEgtnD~3y?�#m#g3�Å²	gtex�#�	w��veqgÒeq�%{�y?��|Wh�w�exyE���(wt�vn��#h?�t�vn(gtg
~Dh<� ~Ry?|��vrvwtn wt�#nihÅ§?n3�Fh<�EnWwteq|�nT��nD�Yexwtn3�Fh�w�exyE�¶{�yE�Yh g�eq�v�?oqn �v��y�~3nDg�g3�«h?�#m�eLwYr#gtnDg}w��veCg�¢#�?r#�tn�wty
~3y?|��vr%w�nYwt�#n���rv|\��nD�\y?{GeLw�n3�Fh�wteqy?��g:�vn(~RnDg�g�h<��piwty n3�#gtrv��nYw��#h�w}nDh?~F� ~F�vexoCmµ��rv�#g:{�y?��h�w\oqnDhEg1w}y?�vn
gtnD~3y?�#m¦�

[ > �7��. �
$
0*� > 2:3��9��&

].^W_F`Racb�d r�g�n(g:w��vn �E` � � �·^W`������ ���¡~3oxy%~F�c�¸jl�#yEgtn�eq�Ew�n3�t{ h?~3n���nDgty?oq§?n(g�wteq|�n mvy�jl�µwty�º�|�eC~R��yEgtnD~3y?�#m¦�
� y�j�nD§?n3�(��wt�#n:�tn(g�yEoxrvwteqy?� y<{´|Wh<��p�gtp%g1w�n3| ~Roqy�~F�%gleCglyE�voxp�º � |Wg3�#h?�#m�wt�vnD�tn�eqgl�#yY��yE��wFh<�voqn,j�hÅpWwty
#�rvnD�tpWw��vn:gtp�g�wtnD| wtyYmveqg�~Ry�§En3��wt�vn�w��trvn:~3oxy%~F�Y��nDgty?oqr%w�exyE���
£ �vn �v��y?�voqn3| eCg�wt�#h<w�w��vn wteq|}eq�v�±eq�Ew�n3��§�h<oCg |\r#g�w���nkg�rv��g1wFh<��wteCh<oqoxpuoCh<���?nD��w��#h<� wt�vnk~3oxy%~F�

��nDgty?oqr%wteqy?��eq��yE��mvn3��wty nD�#g�r#�tn�w��#h�w,w��vn�wteq|�ex�v�TnD�t��y?�,m%y�n(g���° w�eq|��#h?~Rw,wt�vnW��nDgtrvoxw�gD�<�vy?��nR¥vh<|��voqn?�
w��vn	w��tr#n�m%r#��h<wteqy?�Yy?{¸h<�YnD§?nD�Ew�|�nDhEg�rv��nDmYjleLw���hYº � |�eqoxoqeL�BgtnD~RyE�#m�~3oxy%~F�W~3h?�Y§�h<��p��\º � |Wg�{��tyE|�wt�vn
w��trvn:wteq|}nE�¦h?g�g�rv|�eq�v��wt��h�w	w��vn���n3��y?�twtn(m¡wteq|�n�eCg�h?oxj�hÅp%gGh�wt��rv�#~Dh�w�nDm §?nD��gteqy?�Ty<{´w��vn:w��trvn�wteq|�n?����{
w��vnW~Roqy�~F�Texw�gtn3ox{�eCg��vy<w�rv�cmvh�w�nDm��v��nD~3eqgtn3oqp?��wt�vn}w��trvn�nD�t��y?��~3h<� ��n�nD§?n3� oqh?�t�En3�(� £ �#eqg�eq|}�#oxeqnDg�w��#h�w
w�ex|�eq�v�Wex��w�n3��§Åh?oqg�yE�¡gtr#~F� g�p%g�wtnD|�glgt�vyErvoqm¡��n:h�wloqnDh?g�w,º:g�n(~RyE�#m¦�
� y�j�n3§En3�(�Fwt�vn �E` � � �·^W`������ ���¤~Roqy%~F����nDgty?oqr%wteqy?��eq�,|�yEg�w�|�y�mvn3���:g�p%g�wtn3|Wg�eqg¤º(��gD�Dgtylwteq|�ex�v�	ex��wtnD�t§�h?oqg

~Dh<� ��n�h?g:gt|Wh<oqo¤h?g:h¡{�nDj�|}eqoqoxex��gtnD~3y?�#m#g�jleLw��vy?r%w\ex�#~3rv���teq�v�igtex�E�veL¢�~3h<��w,w�ex|�eq�v�Tn3���tyE��g���n3oCh�w�nDm�wty
~3oxy%~F�Y��nDgty?oqr%wteqy?���

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



����� 1�����	Ê
�����
����Z��
cÕ�

����������
�
����¦È���	����ÿ����� ��
 '

��eq�#~Rn,w��vn3��n,eCgl�vyYg�w�h<��mvh<�Fm¡ex��wtnD��{ hE~Rn�w�y #Er#n3��pYwt�#n,y?��n3�Fh�wteq�v�Ygtp%g1w�n3| {�yE�lwt�#n�~Roqy%~F�Y�tn(g�yEoxrvwteqy?���
].^W_F`Racb�d\|\r#g�w´n3¥%��nD�teq|�n3��w�h?oxoqp,m%nRw�n3��|}eq�vn�wt�#n�h?�v�v��y?�v��eqh<wtn¤wteq|}eq�v��eq�Ew�n3��§�h<o�m%rv�Fh�wteqy?��wt�#h<w«�v�ty�§�eCm%nDg
��nDgtrvoxw�g�eq� h\w�ex|�n3oqpY{ hEg��#exyE��jlexwt�Th}�vn3�Eoxeq�?eq�voqn,~Roqy�~F���tn(g�yEoxr%w�exyE��nD�t��y?�(�
].^W_�`3a�bFd�m%n3wtnD�t|�eq�vnDgÒw��vn�wteq|�ex�v�,eq��wtnD�t§�h<o�r#gteq�v�,h<�}nR¥%��nD�teq|�n3��w�h?o%|�nRwt�#y�m��<��w��#h?g´h�oqeqg�w�y<{�wteq|}eq�v�

eq��wtn3��§�h<oCg3� +�|WgD�#º � |Wg3�*+ � |WgD�Eh<��m º � � |Wg3�?h?�#mWexw�h�wtwtnD|}�vw�g¤wty�eCm%nD�Ew�eL{�p}w��vn	gt|�h?oxoqnDg�w¤eq��wtn3��§�h<o�jl�veq~F�
g�h�w�eqg�¢#nDg¦wt�vn�|�n(h?gtrv�tnD|�n3��w�h?~3~3rv�Fh?~Rp�~R��eLw�n3��eqh#� £ �vnDgtn«eq�Ew�n3��§�h<oCg¦j�nD�tn�~F�#yEgtn3��h?g�h���nDhEg�yE�#h<�voqnÒwt�Fh?m%nDy��
��nRw1j�n3nD�µ¢#�#m%eq�v� wt�vn h<��g�yEoxr%w�n�gt|Wh<oqoxn(g1w\wteq|}eq�v��ex��w�n3��§Åh?o�h?�#mz�#hÅ§�eq�v��h��tn(h?gty?�#h?�voxp gt|�h?oxo�oqeqg�w\y?{
eq��wtn3��§�h<oCg�wty}wtn(g1w(�
£ �vnGgtp�g�wtnD| �#hEg�h�gth?|��voxnl��n3��~F�v|Wh<����jl�veC~F�Wm%n3��nR{�nD�tnD�#~Rn(gÒwt�vnGg�h<|�nl��y?eq�Ew�n3��eq�Wh,g�eq�v�Eoxn3�À��y?eq��wtn3�

~3ex�F~RrvoCh<��~F�#h<eq�Yh��?eq§?nD�W��r#|���n3�¤y?{cwteq|}n(g3� £ �veCg�h?oxoqy�jGg´§?nD�tp\�?y�y%mW~Ry?��w��tyEovy�§?nD�´wt�vn�h<|�y?rv��w¤y?{¦j�yE�t�
m%yE�vn�eq�#gteqmvn�hWw�ex|�eq�v��eq��wtn3��§�h<oÀ� £ �vn�¢#�Fg1w�g1w�n3�ieCglw�y�m%n3wtn3��|�ex�#n��vy�j±|�r�~F�ij�yE�t� ; �®exwtnD��h<wteqy?�#g	ex�
����|Wg =�|�r#g�w���nTm%yE�vn���p wt�#eqg}��n3�#~F�v|Wh?�t� w�yiw�h?�?n h<�v�#�tyÅ¥%eq|�h<wtnDoxp wt�vn m%n(g�eq�tn(m¶m%r#��h<wteqy?��� £ �vn3�
nDoxnD§?n3�W|�n(h?gtrv�tnD|�n3��w�g�h<��nlw�h?�?n3�Y{�y?�¤n(h?~F��� � �¯exwtnD��h<wteqy?�#gD�������?º
	 � º +��Dº
	 � � �Dº
	 � � +�
3����{¦wt�#n	|�nDm%eCh<�
|�nDhEg�r#�tnD|}nD��w	{�y?��nDhE~F����� ����g�h�wteCg�¢#nDg����

��� ���������� � ����� � 	 � �
� +v�%wt�vnD�iw��vn}mvrv��h<wteqy?�ieCg�h?~3~3n3�%wFh<�voqn?� £ �vn
��§Åh?oxr#nDg,h<��nW~F�vyEgtn3��g�y�wt��h�w,wt�#nYm%e	�cn3��n3��~RnDg���nRw1j�n3nD��gtr#~D~RnDg�gtex§En\§�h<oqrvn(g,h<��n � � � � +WyE� � � +����¦h<�#m
ex{´wt�vn:nD�t��y?�Fglh<��n:h<oqo�oqnDg�g�wt��h<�Ty?�	n$#�r#h<o�wty � � 	 � � � +:wt�#n3� wt�#n,wteq|�ex�v��g�p%g�wtn3| h?~D~Rrv�Fh?~3pYeCgGh�w	oqnDhEg1w
� � 	 +��Y�
[ �<���
5:��&:,�3*�9��&

@�n3§En3oqy?�veq�v�µh�wteq|�ex�v�¶�#h<���vnDg�g}wt��h�w�~3y?���tn(~Mwtoqpz|Wh<��h<�?n(g�� �v�ty%~3nDg�g�n(gWh<�#m h?~D~Rrv�Fh�w�n3oqpz|�nDhEg�rv��nDg
gtp%g1w�n3|¬��nD��{�yE�t|Wh<��~RnWy�§?nD�,wt�#yEgtn�gth?|�n � �v��y�~3nDg�g�n(g,eCg�gtex�E�veL¢�~3h<��w�oxp�|�y?��nYm%e �Y~3rvoLw}wt��h<�zgtex|��voqp
|�nDhEg�r#�teq�v�Tg�p%g�wtnD|Ù��n3�t{�y?��|Wh<�#~3n}jlexwt�zh�g�eq�v�?oqnW�v��y%~RnDg�g���nD~3h?r#gtnWy<{�wt�vn�h?gtp���~F�v�tyE�vy?r�g���h�wtr#�tnWy?{
�#h?��h?oxoqn3oc�v��y?�E��h?|�|}eq�v���
�B�fnDg�gtn3�#~3n?��wt�vn��vn3j w�ex|�eq�v�s��h<���vnDg�gi�vnDnDmvg w�y�~R��nDh<wtn � �1y?�#gD��h?�#mu|�nDhEg�r#�tn¶wt�vn�hÅ§?n3�Fh<�En

��n3�t{�y?��|Wh<�#~3n�y?{iwt�vn±wFh<���?n3w gtrv�#gtp%g1w�n3| jl�veqoxnuh?oxo � �1y?�#gkh?�tn­�tr#�v�veq�v�#� £ �veCg�eqgkh �#h?��h?oxoqn3o
h?�#màm%eCg1w��teq�vr%w�nDmk�#�tyE�?�Fh<|�|�ex�v� �v��y?�#oxnD|¡��h<��m ex��§?yEox§EnDgYg�w�h?��w�ex�#�µwt�vn�~F�veqoqmk�#�ty%~Rn(gtgtnDg�h<�#m w��vn3�
g�wtnD�v�veq�v�:w��v�tyErv�?�Yh��#h<��mvg���h<��ex�#�:�v��y�~3nDg�g«w�y�n3��g�rv��nGw��#h�w�h<oqo�~F�#exoCm%��n3�Y�#hÅ§En	g�w�h<�twtn(m�nR¥%nD~3r%wteq�v��wt�vn
��n3�#~F�#|�h?�t�EnDm�y?��n3�Fh�w�exyE����nR{�y?��n,h<��p�~F�veqoCm¡g�w�h?��wFg�w�h?��eq�v��|�nDhEg�rv��n3|�nD�EwFg3�
£ h?�voqn � gt�vy�jGg��vy�j�wt�vn��#h<��n3��wGh<�#m ~F�veqoCm��#�ty%~Rn(gtgtnDgl~3y�y?�Fm%ex��h�wtn�w��vn3eq�	h?~Rwteq§�eLw�exn(g�wtyWnD�#g�r#�tn�w��#h�w

h?oxov~F�veqoCm%�tnD�}h?�tnlhE~Mwteq§?nDoxp��trv�#�vex�#��w��vnl��n3�#~F�v|Wh?�t��hE~Mw�ex§�exw1p:jl�veqoxnlh<��p�~F�#exoCm�~Ry?r#oqm\��n�wFh<��eq�v��wteq|}eq�v�
|�nDhEg�r#�tnD|}nD��w�gD�
£ �vnG��nDhEg�yE��{�yE��wt�#n	g�nD�#h<�Fh�w�n /�nR¥%exw 1,gtex�E�#h<o#eqg�wty:nD�#g�r#�tn�w��#h�w�h<oqov�v��y?��n3��oxp\|�h?�#h<�EnDm�~F�veqoqmv�tnD��h?�tn

h?oxeq§?n}rv��wteqo´wt�vn��#h?�tnD��w�h?oxoqy�jGgGw��vn3| wtyTm%eqn?� £ �veCg�|}n(h<�#g�w��#h�w:h?��p��%� �:� � ¨7@�nD§?nD�EwFg�wt�#h<w�y%~D~Rrv�
��nR{�yE�tn�wt�#n /�nR¥%exw 1�gtex�E�#h<o¦eq�#m%eC~3h<wtn,hW~F�veqoqm�{ h<eqoxr#�tnE�
£ �vn�g�eq�?�#h?oqg�h<��n�gtn3��w�§�eqh�{�y?rv�lgt�#h<��nDmY�vex��nDgD�%�G�¡n$#�rveq§�h<oqn3��w�mvnDgtex�E��h<oxwtnD�t�#h<wteq§?n�eqg�wty}r#gtn�gt�#h?�tn(m

|�n3|�yE�tp�h?�#m¡g�nD|�h?�v�vyE�tn(g¤{�yE��wt�vn,eq��wtnD�����v��y�~3nDg�g�~Ry?|�|\rv�veC~3h�w�exyE�¡h?�#m¡~Ry?��w��tyEo5�

� � � 2:�
,���?

£ �vn¤wteq|�ex�v���#h<���vn(gtg�h?oqgtyG�vnDnDmvg�wty	n3�#gtrv��n«wt�#h<w�w��vn¤w�ex|�eq�v�	eq��wtnD�t§�h<oCg�h?�tn«oqy?�#�Gn3�vyErv�?��{�yE��w��vn¤��nDgtrvoxw�g
w�yi��n��tnD�v�tn(g�nD��w�h�w�ex§En?� £ �vn�].^�_F`3a�bFd)(�wteq|}eq�v�i��h<���vnDg�g:h?g�gtrv|�nDm wt�#h<w�y?�#oxp g�eq�v�EoxnW�v��y%~Rn(gtg,��nDgtrvoxw�g
j�n3��nYeq|}��y?�tw�h?��wD�´h<�#m exw}j�h?g�h<�voqnYw�y�r#gtnYw�ex|�eq�v��eq��wtn3��§�h<oCg�hEg�gt�vy?�tw\h?g\��yEg�g�eq�voqnYjl�veqoxn�n3�#gtrv��ex�v�

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



º � �(�c�Z�B	�
�Õ9�U�

� 934�H.6��tã � +.),+L7E=�8�93/17�6�KBK¤KB6��<NE6F7�-�+L7E=

� 93/16�7<O Ö 8E+LHLâ
� K�O�9R/BO�NE@ � -t8E+LHLâ�@E/10�-F6FKBKB6�K
��� 9D+JO�AC0D/ � «' '¨�¬6» KB+.=(7�9DH.K � +.7�+JO1+L9DH.+
	F6�9D7�â\/1N�7�4%6�7�-�8�):93/1;,0D@%6�/�93O1+.0D7YAq0D/

9�H.+JOBO1H.6 � 8�+.H.6� � KB6�7�â�9 «' '¨�¬6» KB+.=(7�9DH
� 0(7G/16F-F6F+.@?Oc0DA «4 '¨�¬Z» KB+.=(7�93H.KF>DKBH.6F6�@	Aq0D/ ¡�¨6«
�����
�L° ©k«'¯ K � /1N�7W4%6�7�-�8�):93/1;:0D@%6�/�93O1+.0(7 � 8�+.H.6	@%0(H.H.+L7E=�Aq0D/

9�� ¯ KB+.=D7�9DH
� KB6F7�â�� ¯ KB+.=(7�9DH#O10 � -�8�+.HLâ?/16F7 �
��� 9D+JO�AC0D/ � ¬H¯6¸�  KB+.=(7�93H.K � 0(7 /16�-F6F+.@EO­0DA�� ¯ KB+L=D7�93H�>i4%6�=(+.7¯O1+L),+.7E=

4%6F7E-t8E):93/1;,0D@%6�/�93O1+.0(7
� � KB6�7�â�9 ¬H¯6¸�  KB+.=(7�93H

� 0(7Y/16F-F6F+.@EOG03A ¬�¯Z¸�  KB+.=(7�9DH.KF>�+JO16�/�9RO16�O18E/10DN�=D8
-�8�+.HLâ?/16F7�KB6�7�âE+.7E= «4 0±��c¢ ¤ ± KB+.=(7�93Hc937�â}=(93O18�6t/1+L7E=
/16FKBNEH.O1K

� /1N�7W4%6�7�-�8�):93/1;:0D@%6�/�93O1+.0(7 � 8�+.H.6	@%0(H.H.+L7E=�Aq0D/
9 «' 0±��#¢ ¤ ± KB+.=D7�9DH

� -F0DH.Hx9RO16l/16FKBN�HJO1K � 0(7 /16F-F6F+.@EO¡0DA «' 0±
�c¢ ¤ ± KB+.=(7�9DH·>lKB6F7�â�O1+L),+.7E=
/16FKBNEHJO1K�937�â � 9D+JO�AC03/  ��6°)¤ KB+.=(7�93H

� KB6F7�â  ��6°)¤ KB+L=D7�93H �
� -�HL6F9D7<N�@W937�â�6��?+.O

w��#h�w,n3����y?�FgGeq�Ew��ty%m%r�~RnDm���p wt�vnW~Roqy%~F� �tn(g�yEoxr%w�exyE��j�n3��n��vnD�?oqex�Eex�#oxnE���B� |Wh<��pTex��g1wFh<�#~3nDg�wt�veCg�|�nDh?�Ew
w��#h�w�wt�vn�wteq|�ex�#�}eq��wtnD�t§�h<oCg�j�nD�tn�g�|Wh<oqoqn3��wt�#h?��h�gteq�v�?oqn�g�~F�vn(m%rvoqn3��wteq|}n�gtoxeC~RnE� £ �#n\].^W_F`Racb�d�#�wteq|}eq�v�
�#h?�t�#nDg�g�|\r#g1wW��rv�¶��n3��~F�v|Wh<���?nDm¶y?��n3�Fh�w�exyE�#g�oqy?�#� nD�vy?rv�E�zw�y�nD�#gtrv�tn�wt��h�w�wteq|�ex�v� eq��wtn3��§�h<oCg\h?�tn
oqy?�v�En3��wt��h<� h¡gteq�v�?oqn}g�~F�vn(m%rvoqn3��wteq|�nYg�oqeq~3n?�¸�	w��vn3��jleqgtn?�cpEy?r ~Dh<���?n3w���nDgtrvoxw�g�jl�veC~F��h?�tn�~RyE|��voxn3wtn
�vyE�#gtn3�#gtn?���vy?��nR¥vh<|��voqn?���tr#�v�veq�v��gtn3§?nD��h?o�~RyE�veqnDgGy?{�h<�µ].^W_F`Racb�d$(���n3��~F�v|Wh<����yE�ihWrv�vex�À�#�ty%~Rn(gtgty?�
|Wh?~F�#ex�vn�jleqoxo¦y?{·wtn3�¡��n3��y?�tw�w��#h�w�wt�#n���n3�t���v�ty%~3nDg�g¤��n3�t{�y?��|Wh<�#~3n�jlexwt� � �1yE�#g��tr#�v�veq�v�\eq�¡�#h<�Fh<oqoxnDo�eCg
n�#Er#ex§�h<oqn3��w�wty�w��vn,��n3�t{�y?��|�h?�#~Rn�jlexwt�ThWg�eq�v�Eoxn �1y?�¡��rv�v�veq�v���
�B��hEmvm%exwteqy?����gteq�#~Rn\wt�vn}w�ex|�eq�v� ex��wtnD�t§�h?oqg��vy�jf��hÅ§?n\wty¡��n�oqy?�v�En3��wt�#h?� h gtex�v�Eoxn�g�~F�vnDm%r#oxnD��w�ex|�n

gtoxeC~RnE��w��vn3pµh?oqgty��vnDnDm w�y���n�oqy?�#�in3�vyErv�?� g�y�wt�#h<w}h�gteq�v�?oqn�g�~F�vnDmvrvoxnD�:w�ex|�n g�oqeq~3n�eCg�eq�#gtex�E�vex¢�~3h?�Ew
~3y?|��#h<��nDm}w�y�w��vn�wteq|}eq�v�}ex��w�n3��§Åh?o5�v�	wt�#n3��jleqgtnGw��vn	w�ex|�eq�v����nDgtrvoxw�g�~3h?����n�m%�Fh<|Wh<wteC~3h<oqoqp}h���n(~Mwtn(mY��p
gt|Wh<oqo¦§Åh?�teCh�w�exyE�#g�ex�¡w��vn:gt~F�#nDm%rvoqn3�(° g���nD�#hÅ§�exyE�D�
��rv���tnD�Ew�oxp�].^W_F`Racb�d m%y�nDg �vy<wµ|�nDhEg�rv��nzw��vn gt~F�vn(m%rvoqn3��wteq|�nDgtoxeC~Rn���wt�vnkm%n(g�eq�?� h?g�g�rv|�n(giw��#h�w

w�ex|�nDgtoqeq~3nDgGh?�tn��?nD�vn3�Fh<oqoqpWy?�¡wt�vn,yE��mvn3��y<{�º � � � � |Wg3�%gty�y?�vn:gtnD~3y?�#m�wteq|�ex�v�Weq��wtnD�t§�h<oCglh<��n,g�r �W~3exnD��wD�
��yE|�n�g�~F�vn(m%rvoqn3�Fg�r%wteqoxe��3n,oqy?�#�?n3��w�ex|�n:gtoxeC~Rn(g3�%�vrvwGwt�veCgl�#hEg��vy<w ; p?nRw =���nDn3�Th}�v��y?�voqn3| �

U $
0*��27�
� $ � ��&(0*2:+ �(3�����&

���vn�ex|���y?�tw�h?�Ew�m%nDgteq�?�z�EyEh<o�j�hEg,w��#h�w}�tn(g�yErv��~3n�~RyE�#gtrv|��%wteqy?�z��n ~Ry?��g1wFh<��w�jlexwt�¶��nDgt��nD~Mw\wty�wt�vn
��rv|\��nD�¤y<{�~F�#exoCm��v��y�~3nDg�g�n(g3� £ �veqg�eCg�jl��p}wt�vn��#h<���vnDg�g«r#gtnDg�g���h<��nDm��veq��n(g«w�y\~RyE|�|�rv�veC~3h<wtnGjlexwt�Ywt�vn
~F�veqoCm%�tnD������h<wt�vnD�¤w��#h<�¡�#hÅ§�eq�v�\h}g�nD�#h<�Fh�w�n�gtnRw�y<{��#ex��nDg�w�y}~3y?|�|�rv�#eq~Dh�wtn�jlexwt�¡nDh?~F��~F�vexoCm¦�v�	��nDh?�toqp
m%n(g�eq�?�¡y<{¸wt�vn,gtp%g1w�n3| r%w�exoqe��3nDm h}�#h?ex��y<{Ò�veq��n(gl��nD�G~F�veqoqm�{�y?�G~3y?|�|�rv�#eq~Dh�wteqy?�¡h<�#m¡gtp���~F�v�tyE�ve��Dh�w�exyE�
��nRw1j�n3nD��w��vn:|Wh?g�wtnD�Gh<�#mTgtoChÅ§?n��v�ty%~3nDg�g�n(g3� � y�j�nD§?n3�(�vh?g�w��vn:��rv|\��nD�Gy<{«~F�veqoqm �v��y%~Rn(gtgtnDg��E�tnDj,��wt�vn
{��Fh?~Rwteqy?��y?{�gtp%g1w�n3|u��nDgty?rv�F~Rn(g¸~3y?�#gtrv|�nDm\��p�wt�vn��#h?�t�vn(gtgÒ�E�tnDj¶h<�#m:wt�vnGhEmvm%exwteqy?�#h?o%g�p%g�wtn3|uy�§En3���vnDhEm

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



����� 1���� 	Ê
�����
����6��
cÕ�
"����������
�
����¦È���	���������� ��
 º?º

~3y?rvoCmWg1wFh<�tw�wty�ex��wtnD��{�nD�tn	jleLw��Wwt�vn�h?~3~3rv�Fh?~Rp\y<{cwt�#n	|�nDhEg�rv��n3|�nD�EwFg3�E�	mvm%exwteqy?��h<oqoxpE�Eex{¦wt�vn	|�hEg1w�n3���#h?g
w�y	��y?oqo ; 
3`R]x`Fb � =�� �#ex��nDgD�(wt�vnD�:wt�#n�gtp%g1w�n3|uy�§?nD�t�#nDh?m�y?{vwt�#h<wÒyE��nD��h<wteqy?�:h?oqgty�g�~3h?oxn(g�jlexwt�\wt�vn���rv|���n3�
y?{´~F�veqoCm%�tnD���

� ���%$ ,�3���+-��� �43 ?

��eq�#~3nYh<oqo�~Ry?|�|\rv�veC~3h�w�exyE� ��nRw1j�n3nD��wt�vnW|Wh?g�wtnD�,�v��y�~3nDg�g,h<�#m�wt�#nYg�oChÅ§?n ; ~F�veqoCm!=��v��y%~RnDg�gtnDg�eqg�m%y?�vn
§�eCh\h}g�n3w�y?{¸gt�#h<��nDm��vex��nDgD��j�n��#hÅ§EnGwty�nD�#g�r#�tn	wt�#h<w�j�n��vn3§En3���#hÅ§?n�h\gteLw�r#h�w�exyE��jl�vnD�tn�wt�#n�|�n(gtg�h<�En
~Dh<����n	�Eh<���voqnDm}��p:w��vnGeq�Ew�n3��|�ex�v�Eoxeq�v�,y?{�w1j�y,g�nD�#h<�Fh�w�nl|�nDg�gth?�?nDgÒ{���y?| w1j�y:gtn3��h<�Fh�wtnl~F�veqoCm%�tnD��� £ �veCg
eCgGnD�#g�r#�tn(m ��p nDeLw��vn3��r#g�eq�v�Y�#ex��n�yE��nD��h<wteqy?�#g�w��#h�w�h<��n:�?r�h<�Fh<��wtnDnDm�wty���n\h<wtyE|}eC~,yE�ih<oqo�|Wh?~F�veq�vn(g3�
yE�l��p�~Ry�y?�Fm%eq�#h�w�ex�v�}��nRw1j�n3n3� �v��y%~Rn(gtgtnDg�gty\w��#h�w	h<wl|}y�g1wlyE�vn,�v��y�~3nDg�g�eqgljl��exwteq�v�Wh�wGh\wteq|}nE�
£ �vn:h�w�y?|�eC~Rexw1p��?r�h<�Fh<��wtnDnDg�h<��n,�v�ty�§�eCm%nDm���pY�#hÅ§�eq�v��nDh?~F�T~3oxeqn3��w	~RyE|�|�rv�veC~3h<wtn,gtp���~F�v�tyE�ve��Dh�w�exyE�

g�w�h<wtnDg�eq��y?�#nR����p�w�n:|�nDg�gth?�?nDgD���#y?��nR¥vh<|��voqn?��wt�#n}gtex�E�#h<oCgl{���y?| w��vn\|WhEg1w�n3�Gw�y�n(h?~F�i~F�veqoCm�h<��n:yE�vnR�
��p�wtn}|�nDg�gth?�?nDgD�cg�y¡nDhE~F��~F�veqoqm y?�voqpT��nDh?m#g�h¡g�eq�v�Eoxn}��pEw�n�{���y?| w��vn��veq��nE����ex|�eqoqh?�toqp?��w��vn��tn(g���y?�#gtnDg
{���y?|¬wt�#n¡~F�veqoCm%�tnD�¶�#hE~F��w�y�w��vn¡|�hEg1w�n3��h<��n�h?oqgtyiy?�#nR����p�w�n�|�nDg�gth?�?n(g3�¸�B�zwt�#eqg}j�hÅp��#y ~F�veqoqm ~3h?�
��nD~3n3eq§?n��#h<�twteCh<o¦|�nDg�g�h<�?n(g3�%h?�#m��#yW|}n(gtg�h<�En�~Dh<�¡��n,eq��wtnD�toqnDhÅ§EnDmYjlexwt�Th?��p�y<wt�#n3�l|�nDg�gth?�?nE�
� y�j�n3§En3�(�3r#gtex�#�Gwt�#eqg´m%n(g�eq�?�:|�n(h<�#g¸wt��h�w´j�n��vn3n(m,wty��#hÅ§En¤h	gtn3�#h?��h<wtn��vex��n�{�y?�ÒnDh?~F�¡_ � ����� `��	ex��wt�vn

�v��y%~Rn(gtgD�%g�y\wt�vn�|Wh?g�wtnD��r#g�n(g�wt�v��n3n��veq��n(g�wtyWg�nD�#m�|}n(gtg�h<�EnDg¤wty\wt�vn,~F�veqoCm%�tnD���%�#h?|}nDoxp ��
�� � ��� 
�� �?a��<].�
�t`�
 � ] � 
�� �?a��<].��h?�#m�`�� � � 
�� �?a��<].����{lh g�eq�v�?oqn��veq��nWj�h?g�r#gtnDm�{�y?�:h?oxo´w��v�tnDnW�#h<����exnD��nD§?n3��wFg3�cw��vn3� exw�eCg
��yEg�g�eq�voqnW{�y?�\hi~F�veqoqm�w�yT|}eCg�g�higtex�E�#h<oÀ��yE�:eL{lw��vn�gtex�E�#h<o¤eqg�n3�#~3y�mvnDm eq�Ew�yTwt�#nY|�nDg�gth?�?n?��wt�vnD�µeLw�eCg
��yEg�g�eq�voqnG{�yE��h�~F�#exoCm�wty�ex�%¢��veLw�n�oqy�y?�Y�#rvoxoqeq�v�\h:gteq�?�#h?o�y ��w��vn	�veq��n?���tn(~RyE�?�ve��3eq�v��wt��h�w�exw���h?g�h<oq�tn(h?m%p
��nD~3n3eq§?nDm�wt��h�w�gtex�E�#h<o�gty}wt�#h<w	exw	�vn3n(mvg�w�yW�vr#gt�¡exw	�#hE~F�Yeq�Ew�y�wt�vn��vex��n?��h<�#m�w��vn3� w��vn3� ��nR���tn(~Rn3eq§�ex�#�
w��vn:gth?|�n�|�n(gtg�h<�En�exw �1r#g�wG�tn3��gtn3��wD�
� y�j�n3§En3�(�#h<oqoÒ~F�#exoCm%��n3��gt�#h<��n�h�g�eq�v�?oqn:�veq��n�w�y�gtn3�#mim#h�w�h��#h?~F��wty�wt�#n�|Wh?g�wtnD���v��y%~Rn(gtgD��²�g�r#h?oxoqp

w��vn:|�nDg�gth?�?n(g�y?�¡wt�veCgG�#ex��n�h<��n:gtex�v�Eoxn3�À��p�wtn,gtex�E�#h<oCgD�#g�r�~F� hEg �t` ������yE� ���<a�`3� � y�j�n3§En3�(��wt�vn:wteq|}eq�v�
mvh<w�h}��nDgtrvoLwFgl�vnDnDm�wtyW��n:g�nD��wl{��tyE| wt�vn:~F�#exoCm%��n3�¡wty�w��vn,|Wh?g�wtn3�Gh?�#m�wt�vnDp�h?�tn8;�|\r#~F��=�oCh<���?nD��w��#h<�
h gtex�v�Eoxn3�À��p�wtn¡|�nDg�gth?�?nE�Ò�B��w��veqgW~Dh?gtn?�´w��vn wteq|�ex�v� �#h?�t�#nDg�gWg�nD�#mvgWh g�eq�v�Eoxn3�À��p�wtn¡|�nDg�gth?�?n¡y?� wt�vn
�t`�
 � ] � 
�� �?a��<]�~F�#h?�v�vnDo5�«jl�veC~F� ~3h<����n¡��nD~3n3eq§?n(mz��p¶h�wW|�yEg�wWy?�vnT~F�veqoCm¶�v��y%~Rn(gtgD� £ �veqgW~F�#exoCmzw��vn3�
���vy�jGg�w��#h�w�exw��#hEg:gty?oqn}y�jl�#n3�Fg��veq��y<{�wt�vn��tn(g���y?�#gtn��veq��nE�¸h<��m exw�jl��eLw�nDg,exw�g:n3��wteq�tnYgtnRw\y<{�wteq|}eq�v�
��nDgtrvoxw�g�wty}wt�#eqg��veq��n?�����#~3n	w��vn�|Wh?g�wtn3�l��h?g��tn(~RnDex§EnDm�h?oxocy?{�wt�#n�w�ex|�eq�v�W��nDgtrvoLwFg�{��tyE| h}gteq�v�?oqn�~F�#exoCm¦�
exw¤g�nD�#mvgÒw��vn��vnR¥�w�y?�#nR����p�w�n�|�nDg�g�h<�?n�y?�\wt�#n �t`�
 � ] � 
�� �<a ��]c~F�#h<�#�vn3o�w�y���h�w��vn3�Òwt�#nl�vnR¥�w�g�n3w�y<{�wteq|}eq�v�
��nDgtrvoxw�gD�
£ �vn:m%n(g�eq�?�¡y<{¸wt�vn:gtex�E�#h<oCg�eCglg��vy�jl�¡eq� �Òeq�?rv��n º �

� $'&:�/)(+-,��/. ��&:�93��9, > ��� ,�3�����&

��p,h<oqoxy�jleq�v�lw��vn¤��n3��~F�v|Wh<����w�y�gt��n(~Rex{�p,h<�:eq�vexwteCh<oqe��(h�wteqy?���tyEr%wteq�vn�w��#h�wÒeqg¸��rv�:eq�:wt�#n�~F�veqoCm,�v��y�~3nDg�g�n(g3�
w��vn��#n3j wteq|�ex�#���#h?�t�#nDg�g¸h?oxoqy�jGg���n3�#~F�#|�h?�t�%g�wty�ex�#~3oxr�m%n���y<w����EoxyE�#h<oEex�vexwteCh<oqe��Dh�w�exyE�#g�wt�#h<w´h?�tn¤gt�#h?�tn(m
��pWh<oqo¦~F�vexoCm%��n3��h?�#mYgt��n(~Rex¢�~���nD���B~F�veqoqmWeq�vexwteCh<oqe��(h�w�exyE�#g�wt�#h<w�h?�tn	mvy?�vn�ex��m%n3��n3�#mvn3��wtoqpW��p}n(h?~F��~F�#exoCm¦�
��oqy?�#h?o�eq�vexwteCh<oqe��(h�w�exyE�zeqg}m%yE�vn�eq�zw��vn�|WhEg1w�n3���#�ty%~Rn(gtg���n3{�y?��n�w��vn�_F`3a�bFd�^ �z�#h<���vnDg�g:eCg}~3h<oqoqnDm¦�´g�y
w��vnig1wFh�w�nTeqgW�#�tn(g�nD�t§EnDm¶hE~R��yEg�g\wt�vn ��� ��� y?��n3�Fh�w�exyE�#gD���´n3�t��~F�veqoCmzeq�veLw�eqh?oxe��Dh<wteqy?� eCgWm%y?�vnTeq�#gteqmvn wt�vn
_F`3a�bFd�^ �µ��h<���vnDg�g:��p wt�#n�yE�%wteqy?�#h?o�eq�vexwteCh<oqe��(h�w�exyE�z�tyEr%wteq�vn h<�#m¶eqg}m%yE�vn¡h<{·wtnD��w��vn ��� ����y?��n3�Fh�w�exyE�
r#gteq�v�µwt�#n �·a�� � �9�<] ���(`¡�tyEr%wteq�vnijlexwt�swt�vn �#h<�Fh<|�nRw�n3� � �B` �#�	� ����a&
�g�n3w�wty1�3n3��y#�l���%wteqy?��h<o	��n3�t�Àwteq|}eq�v�
eq��wtn3��§�h<o�eq�vexwteCh<oqe��(h�w�exyE�¡eCgGh?oqgtyWm%y?�vn,��nR{�yE�tn,n(h?~F��wteq|�ex�v��ex��wtnD�t§�h?o¦r#g�eq�v��w��vn �·a&� � �9��] ���D`	��y?r%w�ex�vn,jlexwt�

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



º � �(�c�Z�B	�
�Õ9�U�

working
timing

parent

ready

done
results

timing results

child1

results

ready

done
go

exit

start

response
exit

result

child0

� +.=(N?/16��(ã Ö 0(7�OB/10(H�KB+L=D7�93HLK

� �B`�� �	� ����a�
«gtnRw�w�y�wt�vnG��rv|\��nD��y<{¦exwtnD��h<wteqy?�#g´w��vnG��n3�#~F�#|�h?�t���tyEr%wteq�vnGeCg«�?yEex�#��w�y�m%y:m%r#�teq�v��wt�#nG�vnR¥�w
w�ex|�eq�v�Wex��w�n3��§Åh?o5�
��eq|}eqoCh<��oxpE��n(h?~F� ��nD�#~F�v|Wh<���Teqg,h?oxoqy�j�nDm w�y gt��nD~Rex{�p�h¡~RoqnDh?��r#����y?r%w�ex�vn}w��#h�w,eCg���rv����p wt�vnW~F�veqoqm

�v��y%~Rn(gtgtnDg¸h�{·wtnD�´nDh?~F�:wteq|}eq�v��ex��w�n3��§Åh?o�h?�#m �1r�g1w´��n3{�y?��n�n3¥%eLw�ex�v��� £ �#eqg´h<oqoqy�jGg�w��vn���n3��~F�v|Wh<������y?rvwteq�vnDg
w�y���n3oqnDhEg�n¤h?��p���nDgty?r#��~3nDg¦w��#h�wÒwt�#n3p,|WhÅp,�#hÅ§?n¤r#g�n(m�m%r#�teq�v��wt�vn���nD�#~F�v|Wh<���c�(©iyEg�w´gtp%g1w�n3|±�tn(g�yErv�F~RnDg
j�y?rvoCmT��n}h?r%wtyE|Wh�wteC~3h?oxoqp �tnDoxn(h?gtnDm yE���v��y%~RnDg�gGn3¥%eLw(�cgtr#~F��h?g	¢#oxn�m%n(gt~3�teq�%wtyE��g�h<�#m�g��#h?�tn(mT|�n3|�y?��p
gtn3�E|}nD��w�gD�#�vr%w�g�yE|}n��tn(g�yErv��~3nDglgtr#~F�ih?gGwtnD|}��y?�Fh<��pY¢�oxn(gG|�ex�E��w��vnDnDm¡wty���n\nR¥%�voqeq~3eLw�oxp ��n3oqnDh?gtnDm¡��p
w��vn,��nD�#~F�v|Wh<���c�
��h<oqoxeq�v�,w��vnGeq�vexwteCh<oqe��(h�wteqy?��h<�#mW~3oxn(h<��rv�W��y?r%w�ex�vn(g«��nR{�y?��n	h?�#mYh�{·w�n3��nDh?~F�}w�ex|�eq�v��eq��wtn3��§�h<o�eqg¤r#g�n3{�rvo

{�yE�:g�yE|}n���n3�#~F�#|�h?�t�%g�wt��h�w:n3exwt�#n3�:~RyE�#gtrv|�n}yE�:m%nDg�wt��y�pigtp�g�wtnD| ��nDgty?rv�F~Rn(g	��nD~Dh<r#gtn�eLw�h?oxoqy�jGg�wt�vn
~3�tn(h�wteqy?�:h?�#m-,�y?��m%n(g1w��tr�~Mwteqy?�,y?{#mvh�wFhGg�wt��r#~Mw�rv�tn(g�h?�#m:h<�twtex{ h?~Rw�g¸h?g�g�y%~ReCh�w�nDm�jlexwt�:w�ex|�eq�v�	eq��wtnD�t§�h<oÀ���#y?�
n3¥%h?|��voxnE�v]�� � ��
G|�n(h?gtrv�tn(g´¢#oqn	~R��nDh<wteqy?�}wteq|�n?��g�y:h<{·wtn3��nDhE~F�\w�ex|�eq�v�:eq��wtn3��§�h<o�eLw¤|\r#g�w�m%nDg�wt��y�p�h?oxo#wt�vn
¢#oqnDg�~R��nDh<wtn(mTm%rv��ex�v��wt�vn\wteq|�ex�#��eq�Ew�n3��§�h<oÀ�c��eq|�exoCh<��oqp?��jl�vn3�i|�n(h?gtrv�teq�v�W¢�oxn�m%n3oqnRw�exyE�Twteq|�n?�cexw�|�r�g1w
~3�tn(h�wtnGwt�vn��teq�?��w¤��rv|\��nD��y?{¦¢#oqnDg���n3{�y?��n	nDhE~F��wteq|�ex�v�\ex��w�n3��§Åh?o5�%��eq�#~Rn	wt�vn���rv|���n3��y<{�exwtnD��h<wteqy?�#g�~3h?�
§�h<��p?�3wt�vn(g�n�g�yE��wFg�y?{vex�vexwteCh<oqe��Dh�w�exyE��h<��m:~RoqnDh?��r#��h?~Rwteqy?�#g¸~3h<�#�vy<wÒ��n�m%y?�vn�m%rv��ex�#�	�?oqy?��h<o?eq�vexwteCh<oqe��(h�w�exyE�
��nD~Dh<r#gtn:w��vn}wteq|}eq�v�¡�#h<���vn(gtg�m%y�nDgt��° w��vn(~Rn(gtg�h<��exoqp¡���#y�jfh<�vn(h?mTy?{�wteq|�n}�#y�ju|�h?��p�¢�oxn(g�jleqoqoÒ�#n3nDm
w�y}��n:~R��nDh<wtn(m�yE�Gm%nDg�wt��y�p?n(m¦�

�7�/):$'5(2 > $ � 3��
,�&(0���$
& 3*0

�«h?��w�eq~3rvoqh?�toqp¶yE�à|�r#oLw�eL���v��y�~3nDg�g�yE��gtp�g�wtnD|Wg3��g�eCm%nR��n �cnD~Rw�g�y<{:�v��y%~Rn(gtg�|}eq�?�Fh�w�exyE�à~3h?�sm%�Fh<|Wh�w�eq~Dh<oqoxp
h���n(~Mw:�v��y?�E��h?|¯�trv��w�ex|�nDgD�7�#y?�,nR¥vh?|}�#oxnE�¦eL{�wt�#nW�v�ty%~3nDg�g�n(g,h<��n}h?oxo�eq�vexwteCh<oqoxp�h?g�g�eq�?�#nDm�wty wt�#nYgth?|}n
�v��y%~Rn(gtgty?�Wh?gWwt�vnT�#h?�tnD��wY�v�ty%~3nDg�g3��h?�#m wt�vn w�ex|�eq�v�zeCgYm%y?�#nT��n3{�y?��n wt�vn�g�~F�vn(m%rvoqn3�W|�ex�E��h<wtn(g}wt�vn
�v��y%~Rn(gtgtnDg�wtyTy?wt�vnD�:hÅ§�h<eqoqh?�voxn��v��y%~Rn(gtgty?�Fg3��wt�#n3� wt�#nYg�p%g�wtn3| ��nD��{�yE�t|Wh<��~Rn�jlexoqo¤h?�v��n(h<��w�yT��n�w��#h�w
y?{�hYrv�#ex�v��y%~Rn(gtgty?�(����eq|�exoCh<��oqp?��eL{�w��vnWgt~F�#nDm%rvoqn3��eqg�y�§En3�t�ÀnD�Ew���r#g�eCh?g�wteC~,h<��y?rvw���nR�Bh?g�g�eq�?�#ex�v�W�#�ty%~Rn(gtgtnDg
w�yY�v��y�~3nDg�g�yE��gD��wt�vnD�T��nD��{�yE�t|Wh?�#~Rn,jleqoxo¸��n�j�yE��gtn�wt�#h?�T�vnD~3nDg�gth?�tpW��nD~Dh<r#gtn,wt�#n:�v��y�~3nDg�g�n(g�jlexoqo��En3nD�
nD�#~RyErv��wtn3��eq�v�}~3y?oCm ~3h?~F�#nDg�h<�#m¡jleqoxo¦��hÅpYnR¥%�vyE�t�vexw�h?��w�|�nD|}yE�tp�h?~3~3nDg�g�~RyEg�w�gD�

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



����� 1���� 	Ê
�����
����6��
cÕ�
"����������
�
����¦È���	���������� ��
 º �

£ �vn}¢#�Fg1w:~3hEg�n}eCg,h�g�~F�vnDmvrvoxnD��wt�Fh<�#gtexnD��wD�¦h<�#m r#gtn3�Fg�|�hÅpT�#y<w,j�h?��w�w�y |}n(h?gtrv��n\gtr#~F��w���h?�#gtexnD�Ew
�v�#n3�vyE|}nD�#hYex{¤w��vn3eq���v�teq|Wh<��p ex��wtnD�tn(g1w�eqg�eq���v��nDmveq~Rwteq�v����n3�t{�y?��|Wh<�#~3n:{�y?��oqy?�v�?�À��rv�v�veq�v���v�tyE�?�Fh<|WgD�
��yE��§En3�Fg�nDoxpE��wt��h�w�g�h<|�n�r#g�nD��j�y?r#oqm���n�n3¥�wt�Fh<y?�Fm%eq�#h<��eqoxp:eq��wtnD�tn(g1w�nDmWeq�Wwt�#n�gtnD~3y?�#m��v�#n3�vyE|}nD�#hv� £ �vn
�#h?�t�#nDg�g´j�hEg«m%nDgtex�E�vnDm\w�y:h<oqoxy�j r#g�nD��gÒw�y:g���nD~3eL{�p\wt��h�w«wt�#nl��nD�#~F�v|Wh<���?n(m\�#�ty%~Rn(gtgtnDg´h?�tn���rv�}{�y?��oqy?�v�
nD�vy?rv�E��wty-;��#y?��nR{�rvoqoxp�=��EnRw,w��vnYgt~F�#nDm%rvoqn3���#h?g�w,wt�vn�w���h?�#gtexnD�Ew�g�w�h?��w�rv� �v�#hEg�nE��g�yTexw\~3h?� |�n(h?gtrv�tn
w��vn:g1w�nDhEm%p���g�w�h<wtn���nD�#hÅ§�exyE�D�

X ,�3�, ,�&(, > ?<0���0
�	�#h<oqp'�3eq�v�iw��vn¡m#h�w�hiwty �v�ty%m%r�~Rn���n3�#�tn(g�nD�EwFh�w�ex§EnW�tn(g�rvoxw�g\eCg}h ~R��r#~ReCh<o�g1w�n3� ex�¶wt�vn���nD�#~F�v|Wh<����ex�v�
�v��y%~Rn(gtgD�¦].^W_�`3a�bFd �En3�vnD��h?oxoqpY��n3��y?�tw�g�w��vnW^�`�� �9��a��tn(g�rvoxwl{�y?�,ºEº�|}n(h?gtrv��n3|�n3��w�gD�v©Ty�g1wG��n3�#~F�#|�h?�t�%g
��n3��y?�tw�w��vn��tn(g�r#oLwFg�y?{Òh}g�eq�v�Eoxn�|�nDh?gtrv��n3|�n3��w,¹ º 5 »��vh<��hÅ§En3�Fh<�EnGy<{´g�nD§?n3�Fh<o��tn(g�r#oLwFg,¹ � »��%y?�lh�wt��ex|�|�nDm
|�nDh?��¹ º »��
��eq�#~Rn�].^�_F`3a�bFd\eqgÒh<�#oxn¤wty	r�g�n¤wteq|}eq�v��ex��w�n3��§Åh?oqg�wt�#h<w´h?�tn¤y<{·wtnD�\gt|Wh<oqoxnD��wt��h<��h�gt~F�vn(m%rvoqn3�¸wteq|�n�gtoxeC~Rn

jl�vnD��|�n(h?gtrv�teq�v�}g�eq�v�?oqnR���v��y%~RnDg�g���nD��{�yE�t|Wh<��~Rn?�Ewt�#n��FhÅjkw�ex|�eq�v���tn(g�rvoxw�g�h?�tn�y<{·wtnD�¡gtn3§En3��n3oqpWg��En3j�nDm¦�
�	{·w�n3�T|�yEg�w	��nDgtrvoLwFg	~3oxr#g�wtnD�	h<��y?r#�#m hYg�eq�v�Eoxn,§�h<oqrvn�h�g�|Wh<oqo���rv|\��nD�Gy<{«yEr%wtoqexnD��g	jleLw��ig�eq�?�#eL¢�~Dh<��wtoqp
oCh<���?nD�	§�h<oqrvnDgD� £ �vn}|}n(m%eCh<��eCg��v��nR{�n3�Fh<�#oxn\wty�wt�vn}|�nDh?��jl�vnD�iwt�#n�m#h�w�h¡~3h?�i��n}§En3��pTg��En3j�nDmz¹ � 5 »��
��eq�#~3n	w��vn	w�ex|�eq�v��ex��w�n3��§Åh?oqg�h<��n�gteq�?�vex¢�~3h?��wtoqp}oqy?�#�?n3��jl�vn3��wt�vn,m%n(g�eq��nDmWoqyEhEmWeqg�oCh<���?nD��wt��h<��h}gtex�v�Eoxn
�v��y%~Rn(gtgD��w��vn¡�tn(g�rvoxw�g�wtnD�#mz�#y<w}wty���n h?g\�#h?m%oqpzgt�?n3j�nDm��¸�B�µw��vnDgtn ~3h?gtnDg\j�n�~RyErvoCmzr#gtnYw��vn ^W` ��a
eq�#g�wtnDhEm¦�%�vr%w�j�n,m%n(~ReCm%n�wty�r#gtn,h�rv�vex{�y?��|*g1wFh�w�eqg�wteC~3h?oc{���h?|}nDj�yE�t�c�%gty}j�n�r#gtr#h<oqoxp�r#g�n�w��vn,|�nDm%eCh<���
�B�Tg�yE|}n�eq�#g�w�h<��~RnDgD�v�vy�j�n3§En3�(�c].^�_F`3a�bFd eq��wtn3���#h?oxoqpYr#gtnDg�w��vnY^ �·a&�·^ � ^*�Fh�wt�#n3��wt��h<�¡wt�vn,|�n(m%eqh?���

gtr#~F�\hEgÒex�¡^,d �3���B�:wt�#yEgtn�eq�#g�w�h<��~RnDgD�Åj�nlh?�tn��vy<wÒwt��p�ex�v��wty�¢#��m:w��vn ��` �'�t`�
3`3a&� �	� ���Å`G§�h<oqrvn?�Å�vr%w«�Fh�w��vn3�
w��vni^ �·a&�·^ � ^¬§�h?oxrvnE� £ �vnD�tnYh?�tnWyE�voqp�h¡{�nDj�gty?r#��~3nDg,y?{�nD�t��y?�,jl�#eq~F�z~3y?rvoCmµ~3h?r#g�n�w��vnY|�nDhEg�r#�tn(m
w�ex|�eq�v�\��nDgtrvoxw¤w�y\��n�gt�vyE��w�n3��w��#h<��wt�vn�wt��rvn�n3oCh<�#gtnDmWwteq|}n ��wt�vn�g�p%g�wtnD| ~Roqy�~F��eCg�hEm/�1r#g�wtn(m¦��y?���tyErv�#m��
y �Yn3���tyE�¸eq�}wt�vnl~Roqy%~F�:��nDgty?oqr%wteqy?��� £ �vn�w�ex|�eq�v��ex��wtnD�t§�h?ovm%rv�Fh�wteqy?�}eCg«g�n3wÒw�y�n3�#gtrv��n¤w��#h�w«w��vn��tyErv�#m���y��
nD�t��y?�,eCg:��y?rv��m%nDm�w�yzº��¯y<{�wt�vnYwteq|}eq�v�ieq��wtnD�t§�h<oÀ�¸h?�#m�j�n�h?g�g�rv|�n�w��#h�w���n3yE�voqn�m%y?��° w���nDgtnRw,w��vn3eq�
gtp%g1w�n3|*~3oxy%~F�%g�jl�veqoxn,��n3�#~F�#|�h?�t��eq�v�\wt�vnDex�	gtp%g1w�n3|WgD�
].^W_�`3a�bFd}m%y�nDgÒ�vy?w´~3rv���tnD�Ew�oxp���n3��y?�twÒh?��p,g�w�h<wteCg1w�eq~Dg¸��n3�#�tn(g�nD�Ew�ex�#�G|�nDh?gtrv��n3|�n3��wÒ§Åh?�teCh�w�exyE���Åg�r#~F�}h?g

~3y?�%¢�mvn3�#~3n�eq��wtnD�t§�h<oCg�y?��wt�#n�mve	�cn3��n3�#~3n���n3w1j�nDn3��wt�vn�¢#�Fg1wGh?�#mYw��veq��m
#�r#h<�twteqoxn(g3� £ �vn�|�yEg�wG~RyE|}|�yE�
|�nRw��vy%m�{�y?�¡~Ry?|��vrvwteq�v�¶~RyE�%¢�m%nD�#~RnTeq��wtnD�t§�h<oCgY��n3oqeqnDgWyE�àh<�kh?g�g�r#|}�vwteqy?� wt��h�wYw��vn�mvh<w�hzg�h<|��voqnDg
h?�tn��vyE�t|Wh<oqoqp�m%eCg1w��teq�vr%w�nDm¦��jl�veq~F� eCgly<{·w�n3� n3|��v��h�wteC~3h?oxoqp��#y<wlwt�#n:~3h?gtn,jlexwt�T~RyE|}�#r%wtnD�G��nD�#~F�v|Wh<���
��nDgtrvoxw�gD���	wt�#n3��|�nRw��vy%mvg¤{�y?�¤~3y?|��vr%w�ex�v�}~RyE�%¢�m%nD�#~Rnleq��wtn3��§�h<oCg¤hEgtgtrv|�n�wt�#h<w�yE�vnG���vy�jGgG; y?���ErvnDg�g�n(g =
w��vn�rv�#mvn3��oxp�eq�v�Gm%eCg1w��teq�vr%w�exyE����"k�veqoxn¤eLw�|WhÅp���n���yEg�gtex�voqn´wtyln(g1w�ex|Wh<wtn�yE��h<�v�v��yÅ¥%ex|Wh<wtnÒwt�vn¤rv�#m%nD�toqp�ex�v�
m%eCg�wt��ex�vrvwteqy?��{�y?�Th<��pà�Eex§En3��m#h�w�hEg�n3wD�lm%yEex�v�kgty�h?r%wtyE|Wh�wteC~3h?oxoqp {�y?�Th?oxo,��yEg�g�eq�voqn�m#h�w�hEg�n3w�g¡eCg �vy<w
{�n(h?gtex�voqn?�
£ �veCgGoqnDhÅ§?n(gly?�#oxp�wt�vn�y?�%w�exyE�Ty<{«�tnD��yE��w�ex�#�Y~Ry?�v¢�m%n3��~Rn:eq��wtn3��§�h<oCgly?��y<w��vn3�	g�w�h<wteCg1w�eq~DgGy?{´§�h?�teCh�w�exyE�

r#gteq�v�µ|�nRwt�#y�m#gWwt��h�w�h?�tnTm%eCg1w��teq�vr%w�exyE�%�À{��tnDn?�¤gtr#~F�kh?g�w��vn _ �9� 
���b��	���t`Fb ��`�� ��a'�1�?bFbF`3]x`�� �	�B`�� ;����	��=
��y�y<w�g�wt�Fh<� |�nRw��vy%mµy<{���{��tyE� h?�#m £ ex��g��veq�Fh<�ve�¹ � 6 »À�Ò�GoxwtnD�t�#h<wteq§?nDoxpE��y?�vn�|�hÅp r#gtn ��exoCh�w}h<�#m � exoqo5° g
¹ � ' »c|�nRw��vy%m�{�y?��~RyE�#g1w��tr�~Mwteq�v��~3y?�%¢�m%n3�#~3nGeq�Ew�n3��§�h<oCg�y?��h0#�r#h<��wteqoqn?��g�r#~F��h?g«w��vn	|�n(m%eqh?��� £ �veqg�eCg�h?�
nD�v�#h<��~Rn3|�nD�Ewlrv��m%n3�	hE~Mw�ex§En�~3y?�#gteCm%n3�Fh�w�exyE���

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



º$% �(�c�Z�B	�
�Õ9�U�

[�VWU 
 �fPD[\UYV  �� 
�Q�[ � � ��U !��
].^W_F`Racb�d*~RyE��w�h<eq�#gzhfoqh?�t�En���rv|\��nD�¶y?{ |�eC~R��y<����nD�#~F�v|Wh<���%g�wt�#h<w¶|�nDhEg�rv��nk§�h<��exyEr#gzhEg���nD~Rw�gµy?{
�#h?��mvj�h?�tn}h<�#m�y?��n3�Fh�w�ex�#�¡gtp%g1w�n3| ��n3�t{�y?��|Wh<�#~3n?� £ �vn���n3�#~F�v|Wh?�t�%g��?nD�vn3�Fh<oqoqpT|}n(h?gtrv��n\oCh�w�n3�#~3piy?�
�#h?�#m%jleCm�wt���v�vr%w	gty?|�n��vn3j­��n3�#~F�v|Wh?�t�%glh<oCgty\|�nDhEg�r#�tn�eq�#g1w��tr�~Mwteqy?�v�Àoqn3§En3oc�#h<�Fh<oqoqn3oqeqgt| �
£ h?�voqn ��� ~Ry?��wFh<eq�#gYw��vn {�rvoxo�oqeqg�w y<{:|�eq~3�ty?�À��n3��~F�v|Wh<����g�ex� ].^W_�`3a�bFd$#?� ��nD�#~F�v|Wh<���%gWw��#h�w j�nD�tn

~3y?��§?nD��w�nDm�w�y�|�nDhEg�r#�tn���nD��{�yE�t|Wh<��~Rn¤r#�#m%n3�«g�~3h?oqh?�voxn�oxy�h?m:h?�tn�g��#y�jl�:ex�}exw�h<oqeC~3gD�(jl�#exoqn¤w��vn��tnD|�h?ex�#ex�v�
��n3�#~F�#|�h?�t�%glh?�tn,gt�vy�jl��jlexwt�T�#y?��|�h?ocw1p���n3{ h?~RnE�#�um%n3w�h<eqoqnDm m%nDg�~R��eq�%wteqy?� y<{´|�yEg�wG��nD�#~F�v|Wh<���%gl~3h?�
��n�{�y?rv��m�eq�µ¹ � + »��

�7� , > �9&�. "%$'&:�/)(+-,��/.<0

£ �vnD�tn h<��n h ��rv|\��nD��y<{�eCg�g�rvn(gWh?g�g�y%~3eqh<wtnDmzjleLw���~3y?��§?nD��w�ex�v� gtex�v�Eoxn3�À�#�ty%~Rn(gtg���nD�#~F�v|Wh<���%g}jleLw�� h
gtex�#�?oqn��v��y%~RnDg�g	wty gt~Dh<oCh<�voqn���n3�#~F�#|�h?�t�%g�jleLw�� gtn3§En3�Fh<oÒex�#mvn3��n3�#m%nD��w��v��y%~Rn(gtgtnDgD��eq� hEmvm%exwteqy?��wty�wt�vn
§�h<��eqy?r#g�eCgtgtrvnDg,hEmvm%��nDg�g�n(mi��pTw��vn}wteq|}eq�v�T�#h?�t�#nDg�g3�¦©ih?��p�y<{¤w��vn���nD�#~F�v|Wh<���%g,~RyE�#g�r#|}n}y?�,rvwteqoxe��3n
gtp%g1w�n3| ��nDgty?r#��~3nDgD�´gtr#~F�kh?g�|�nD|}yE�tp¶y?�Y�vn3w1j�yE�t�µ��h<�#m%jleCm�w�����h?�#m hµ~3h<��nR{�r#oGh?g�g�n(gtgt|�n3��wWy<{�wt�vn
oqex�En3oqp,�tn(g�yErv�F~Rn¤~3y?��wtnD�Ew�exyE��eCgtgtrvn(g�eCg´�vnD~3nDg�gth?�tp�wty�n3��g�rv��n�wt�#h<w¸w��vn���nD�#~F�v|Wh<���%g�|�nDhEg�r#�tn�ex|���y?�tw�h?�Ew
hEg���nD~Rw�g�y<{«gtp�g�wtnD| ��n3�t{�y?��|�h?�#~Rn,h?�#m��#y<w	h<�twtex{ h?~Rw�g�y<{«h<�twtex¢�~3eqh?o¦�tn(g�yErv��~3n�~3y?��wtnD��wteqy?���
�vyE�GnR¥vh<|��voqn?�vwt�vn�¨�ex��r%¥ � � � h<�#m � � %W�En3���vn3oCg�r#gtn:hYgtex�v�Eoxn,oqy%~F�Yw�yY~Ry?��w��tyEo�h?~3~3nDg�g�wty�w��vn:�En3���vn3o

mvh<w�h:g�wt��r#~Rwtrv��nDg�{�y?��h�¢#oqn?� £ �veCg�|�nDh?�#g�w��#h�w�|�rvoxwteq�voqn	�v��y%~Rn(gtgtnDg�h?~3~3nDg�g�eq�v��w��#h�w�¢#oxn�jleqoxo��#hÅ§?n�w��vn3eq�
yE��nD��h<wteqy?�#g«gtn3��eqh?oxe��3n(m���p�wt�#h<w¤oxy%~F�c�<��{cy?�vnleCg«eq��wtn3��nDg�wtn(m}ex�W�vy�j�j�n3oqo#h,g�p%g�wtnD| ~3h?���#h<�#mvoxnl|\rvoLw�ex�#oxn
eq�#m%nD��nD�#m%n3��w�h?~3~3nDg�g�n(g´wty\g�nD�#h<�Fh�w�n�¢#oxn(g¤h?�#mWex{�w��vn	��n3��~F�v|Wh<���}~F�veqoCm��v�ty%~3nDg�g�n(g�h<oqo�hE~3~Rn(gtg«wt�vn�gth?|}n
¢#oqn?��w��vn3�¡w��veqg�¢�oxn,gt�#h<��ex�#�\eCglh<�¡h<�twtex¢�~ReCh<o�gty?rv�F~Rn�y<{´~Ry?��w�n3��wteqy?�¡jleLw�����y<w�n3��wteCh<oqoqp�m%�Fh<|Wh�w�eq~�n �cnD~Rw�g
yE��w��vn,��nD�#~F�v|Wh<���Y��nDgtrvoxw�gD�

� �·]x` 
 � 
���`3^

� ��rv|���n3��y<{«w��vn\��n3��~F�v|Wh<����g�|�nDhEg�rv��n�hEg���nD~Rw�g�y<{«¢#oqn}gtp%g1w�n3| ��n3�t{�y?��|�h?�#~RnE��gtr#~F��hEg\_�� ��]q` �����
_�� ^}^ ��� � �<�k]��	� ^}^ �����¶h?�#m ]��	� ���
�E` � � � ] �5� ��w�eCg��vy?w eq|�|}n(m%eCh�wtnDoxp h<�v�#h?�tnD��w �vy�j wt�vn(g�n
��n3�#~F�#|�h?�t�%g\g��vyErvoCmz��n�n3¥�w�n3�#mvnDm w�y�w��vn���h<�Fh<oqoxnDo�m%yE|�h?ex���(�#y?�}nR¥vh<|��voqn?�ÒeLw�|WhÅp ��n¡ex|���y?�tw�h?�Ew
w�y����vy�j �vy�j ¢#oqn�gtp%g1w�n3|���nD��{�yE�t|Wh?�#~Rn	g�~3h?oxn(g�jl�vnD�Y|�r#oLw�ex�voqn��v�ty%~3nDg�g�n(g�h<��nG��nDh?mvex�v�:wt�vn�gth?|�nl¢#oqn?�
yE�,jl�vn3� |�r#oLw�ex�voqnW�v��y%~RnDg�gtnDg,h<��n}�tn(h?m%eq�v�Tm%e���nD�tnD�Ew,¢�oxn(g3� £ �#n�¢#��g�w:~3hEg�n�|�ex�E��w:��nWeq|���yE��wFh<��w,{�y?�
oCh<���?nE�vm%eqg�wt��eq�vr%wtn(m gt~3exnD�Ew�eL¢�~,~3h<oC~Rr#oqh<wteqy?�#gD�%jl�veqoxn�w��vn�gtnD~RyE�#m�|}eq�?��wG��n,|�y?��n,ex|���y?�tw�h<��w�{�y?��h�j�nD�
gtn3��§?nD�D�
� y�j�n3§En3�(�E{�yE�lwt�#n:y?��n3�Fh�w�ex�v�Wgtp%g1w�n3| �%wt�#n�w1j�yY~Dh?gtnDglh<��n,g�eq�?�#eL¢�~Dh<��wtoqp�mve	�cn3��n3��wD�&"k�vn3�T|\rvoLw�ex�#oxn

�v��y%~Rn(gtgtnDg h?~D~Rn(gtg¡w��vn¶g�h<|�n�¢#oxnE�	h?~D~Rn(gtg¡w�y wt�vnµ�En3���vn3o:mvh<w�hkg�wt��r#~Mw�rv��nDg¡{�y?� w��#h�w�¢#oxnµ|\r#g�wi��n
~3y�yE��mvex�#h<wtn(m�h?�#m�gtyW~RyE�Ew�n3��wteqy?� h<��m�oqy%~F��ex�v�}y<{Òwt�#yEgtn�g�wt��r#~Rwtrv��nDgl~Dh<� ex|��#hE~Mwl��n3�t{�y?��|�h?�#~RnE�%jl�veqoxn
w��veqgGeqg�oqnDg�g�wt��rvn,jl�vnD�¡|\rvoxwteq�voxn,�#�ty%~Rn(gtgtnDg�hE~3~Rn(gtg�m%e��cn3��n3��wl¢#oqnDgD�
�B� hEmvm%exwteqy?����wt�#n3��n\h<��n\h?��p¡��rv|\��nD��y?{¤eCgtgtrvnDg�h?g�gty�~3eqh<wtn(mTjleLw���nD�#g�r#�teq�v�Yw��#h�w�wt�#n\��n3�#~F�#|�h?�t�%g

h?�tn\n3exwt�vnD�,|}n(h?gtrv��ex�v��y?��n3�Fh�w�ex�v�¡g�p%g�wtnD|¯y�§?n3���vn(h?m-; n?� �#�q��w��#h�w,�vy¡��,?��eqg�h?~Rwtr#h?oxoqpim%yE�vn�w�y¡mveqgt��=M�
yE��hE~Mwtr�h<oqoxp�|�nDhEg�rv��eq�v�,wt�#n�gtp%g1w�n3| ° g���,?����n3�t{�y?��|Wh<�#~3n ; n?� �#�q�Ew��#h�w�wt�vn,mvh<w�h\~3h<�#�vy<w���n��tn(g�eCm%nD�Ew�ex�
w��vnW�vr��cn3��~Dh?~F�vn/=M� ��g���nD~3eqh?oxoqpijlexwt��¢#oqnYg�p%g�wtn3| �tnDoqh<wtnDm ��n3�#~F�v|Wh?�t�%gD�¦eLw:eCg�§?nD�tpin(h?gtpTwtyTm%nD§?nDoxyE�
��n3�#~F�#|�h?�t�%g�wt��h�w	~RyE|��#h<��n�h?�v�voqnDglh?�#m¡y?�Fh<�v�EnDgI;�n?� �#�q�%w��vn,��nD�#~F�v|Wh<���Weq�#~Roqr#m%n(g�wt�vn�w�ex|�n�w�y���r#g��

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



����� 1���� 	Ê
�����
����6��
cÕ�
"����������
�
����¦È���	���������� ��
 º�+

� 9D4EHL6�����ã��¸6F7�-�8�):9R/1;?K

� 93),6 �}6M93KBNE/16FK
��Ú#ç=Þcä�êHï

HL93O -�0(7�7E6F-�O � Ö � -F0D7�7E6F-�O1+.0(7¢l¨6¤ ©k¤ � -F0D7<O16 �?O�K � +JO1-�8��<+x9 ��° �#  2 4�93KB6Mâ��58�0DOB2 @%03O�93O10	��O10D;Å6F7\@�9DKBKB+.7E=
HL93O â</�9D) @�93=(6 
���
�� @�9D=(6l0D@%6F7¢l¨6¤ ½k©k¸9¤U¢ ½=©k¸#¤U¢�� H.6lHL0�-�;<+.7�=��58�0DOB2 @%03O�93O10	��O10D;Å6F7\@�9DKBKB+.7E=¢l¨6¤ �#½=¯ � � ��� �À8�03OB2 @%0DO�93O10���O10(;(6F7}@�9DKBKB+.7�=¢l¨6¤ ½7± � H.6l-�/16F93O1+.0(7Y937�â}â?6FH.6�O1+.0(7
HL93O 8�OBO1@ 8�OBO1@���� � /16 ��N�6FK�O¤HL93O16F7E-�I¢l¨6¤ �
  � «'¬ ),6F),03/BI,/16M9(â¢l¨6¤ � �
¨ � ����¨ � 0(@%6t/�93O1+.0(7
HL93O 0D@�K 4�93KB+.-}0(@%6t/�93O1+.0(7EK�� ��¯6«7µ¼¨�¬�¬Zµ ���c¢ µÎ¬6°��;µ �
¯;¬�� 0D7��C/16FH.6��(937�O � 4�9DKB+.-}âE93O�9�OÀI?@%6FK � °)¸#¤ µ

°)¸#¤"!$##µ&%a¯;¨6¤ µU¬�¯ �#®=¢P '�¢l¨6¤ �c¨ �  )½=¨ �c¢ ¤ @�93=(6lA·93N�HJO¤8�937�âEH.6�/¢l¨6¤ �9° �#  ��° �#  �58�0DOB2 @%03O�93O10	��O10D;Å6F7\@�9DKBKB+.7E=¢l¨6¤ � �
¨/ª�  O1+.),6�O10�-F0D),@�H.6�O16)( @�93/�9DH.H.6FH+*�0(4EK«O18�93O¤6M93-t8}âE0-,/.'021�.F2 � 0D/BO18}03A � 03/1;¢l¨6¤ �9«'¯;© @E/10�-�6MâEN?/16¤-F9DH.H�0'�Å6�/18E6M9(â�937�â�@?/10�-F6FKBK¸-�/16M93O1+.0D7,N�KB+.7�= ½=¯Z«4ª > ½=¯6«'ª 937�â  ��´ '©$�6  >?9D7�â ½=¯6«'ª
9D7�â ±F·¢l¨6¤ «F¨6¸B¬ /�9D7�âE0D)u7?NE)�4%6�/´=(6F7E6�/�93O103/¢l¨6¤ « �c© ß+3 � � � Ö @?/10�-F6MâEN?/16�-M93HLH¢l¨6¤ ±k k¢P '©k¤ ±k k¢P '©k¤ 0D@%6�/�93O1+.0(7¢l¨6¤ ±k  � KB6F):93@�8�03/16��À8E0DOB2 @%0DO�9RO10	��O10D;Å6F7}@�9DKBKB+.7�=¢l¨6¤ ±4° � KB+.=(7�9DH�8�9D7�âEH.6l+.7�K�O�9DH.HL93O1+.0D7Y9D7�â\8�9D7�âEH.+.7�=¢l¨6¤ ±4»Z±0©7¨6¢)¢ ¯ �# 0¸ > ©=¢l¯6±k  > �  0¤ � ��°U¬ > ¡�«7°)¤%  > ±7¤�¨Z¤ > ½0±4¤�¨6¤¢l¨6¤ ¤�© � � Ö � �58�0DOB2 @%03O�93O10	��O10D;Å6F7\@�9DKBKB+.7E=¢l¨6¤ �#¬ � 34
 � �58�0DOB2 @%03O�93O10	��O10D;Å6F7\@�9DKBKB+.7E=¢l¨6¤ �@¸#° � 3 � �657�À8E0DOB2 @%0DO�9RO10	��O10(;(6F7}@�9DKBKB+.7�=¢l¨6¤ �@¸#° � ©4¯6¸9¸B '©k¤ 3 � �65¶KB0�-t;(6�O¤-F0(7E7�6F-�O1+.0D7¢l¨6¤ �@±7¢P 4  � �@±7¢P 7  � > ±k k¢P '©k¤ > ��±k k¢P '©k¤ > ¸B¨Z¸B¯6±7¢P 4  � > ±k 0¤ °)¤ ° �
 0« O1+.),6�/«/16FKB0DH.NEO1+.0(7
8 Ú9ä�å�Ý
×§å�ç;ì®k¡ ��¢P  «'¬ «4 '¨�¬ 937�â�O18E6F7}H.0(9(â�+.7�O10�@E/10�-F6�KBKB0D/®k¡ ��  � /16M9Dâ#> � /1+JO16(>�9D7�â}-F0D@<I\âE93O�9�O10:9RAq/10D)f),6F),0D/BI®k¡ ����¨ � «'¬ /16M9Dâ\Aq/10D) � �
¨ �&; 6Fâ\),6F),03/BI®k¡ ��° �#  ��° �#  +.7�O16�/B2 @E/10�-F6�KBK�âE93O�9�-�0(@�I®k¡ ¤�© � � Ö � +.7�O16�/B2 @E/10�-F6�KBK�âE93O�9�-�0(@�I®k¡ �@¸9° � 3 � �65¶+.7<O16t/B25@?/10�-F6FKBK
�Lç;ì�Þ@à

âE+.KB; 	F0D7�6l4�937�â � +xâ<O18�K¤9D7�â\KB6F6�;�O1+.),6FK
H.+L7E6 -M93-t8E6lHL+.7E6lKB+ 	�6
H.):â�â ¬�¬ -FH.0(7�6
),8 	 Ö � 3 -FH.0�-t;�KB@%6F6Mâ
@�9R/ ),6F) ),6F),03/BI:KBN�4�K�I?K�O16F) ��á �
@�9R/ 0(@EK 4�93KB+.-	0D@%6�/�93O1+.0D7���á �±4¤ «4 '¨ � ß � ���<
���-FH.0(7E6FK>= Ø ?
O1H.4 � á��µKB+
	F6

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



º�) �(�c�Z�B	�
�Õ9�U�

mvh<w�hYwty m%eqgt�Ty?� y?�vn}g�p%g�wtnD|¡�c�vrvw�yE�voxpTeq�#~3oxr#mvnDg�wt�vn\wteq|�n}wty �#r#gt� hY��y?�twteqy?� y<{�m#h�w�hYwty m%eCg��TyE�
h?�vy<w��vn3�Ggtp%g1w�n3| =M�
�	g}m%nRw�n3��|�ex�vn(mz��pµh�~3y?|�|Wh<�#m���oqex�vn¡g�jlexw�~F���¸jl�vnD�¶|�nDhEg�r#�teq�v��hE~3~Rn(gtgtnDg:wty ex�#mvn3��n3�#m%nD��w\¢#oqnDgD�

w��vn���n3��~F�v|Wh<����g�¢#�Fg1w�~R��nDh�w�nGw��vn3eq��y�jl���v�teq§�h�w�n�~RyE�veqnDg�y<{�w��vnG¢#oqn?��yE�vnG{�yE��n(h?~F��~F�veqoCmW�v��y�~3nDg�g3��h<�#m
w��vn3�¡nDhE~F�Y�v��y�~3nDg�g�h?~3~3nDg�g�n(g¤exw�g��v��eq§Åh<wtn�¢#oqn?�$"k�vnD��|�nDhEg�r#�teq�v�\hE~3~3nDg�g�n(g�w�y}h}g�eq�v�Eoxn�¢#oqn?�%nDhE~F��~F�veqoqm
gtex|��voqp�r�g�n(g�wt�vn:m%n(g�eq�?��h�wtn(mY¢�oxn:m%eq��nD~Mw�oxpE�

� ��a���`�� �

 � � �Bb�d$�·a��

©Tn(h?gtrv��ex�v�¡~RyE�Ew�nR¥�w,g�jlexw�~F�veq�v� h?~D~Rrv�Fh�w�n3oqp¡eCg,h¡m%e �Y~3rvoLw�wFh?gt���´].^W_F`Racb�d&%}h<�#m ].^W_�`3a�bFd)(�|�nDhEg�r#�tn(m
~3y?��wtn3¥�w,gtjleLwF~F�iwteq|�nDg�§�eqh�h /t�vy<wt�À��y<wFh�w�y*1Yh?�v�v��yEh?~F��r#g�eq�v���vex��nDg,~3y?�v�#nD~Mw�nDm�ex��h���ex�#�#� � y�j�n3§?nD�D�
w��veqg�nR¥%��nD�teq|�n3��w�h?ovm%nDgteq�?�}�vnDhÅ§�eqoxp�{ hÅ§Ey?�Fg¸g�~F�vnDmvrvoxnD��gÒw��#h�w�m%y /t�#h<��m��Ày � 1�g�~F�vnDmvrvoxeq�v���<g�eq�#~Rnlh<w�|}y�g1w
yE�vn	�v��y%~Rn(gtg�eqg�h?~Rwteq§?n�h�wlh,wteq|�n?����yE�#g�n�#�rvn3��wtoqp?��exw�eCg��vy<w��tn(h<oqoxpWh:�Ey�y�mY��nD�#~F�v|Wh<���}{�y?��|�nDh?gtrv��ex�#�
g�~F�vnDmvrvoxnD�ly�§?nD�t�vn(h?mWeq� |�rvoxwtex���v�ty%~3nDg�g�yE��|WhE~F�vex�#nDgD�
£ �vnWm%nDgteq�?� ~Rrv���tnD��wtoqpTr#g�n(m�eq� ].^W_�`3a�bFd$#�eCg�wtyT~3�tn(h�wtn�� ].^W_�`3a�bFd)(3��g�w1p�oxn��v��y%~Rn(gtg���ex�v��g�h<�#m�wty

|�nDhEg�r#�tn�wt�vn�~RyE�Ew�nR¥�w,g�jlexw�~F�Tw�ex|�n(g�jlexwt� h<oqo�� ��ex�v��g	��rv�v�#ex�v�¡eq���#h?��h?oxoqn3oÀ� £ �veCg�m%y�nDg�nR¥�w�n3�#miwt�vn
].^W_F`Racb�d$(�~3y?��wtn3¥�w¡gtjleLwF~F�à��nD�#~F�v|Wh<����wty�h¶g�~3h<oCh<�#oxnT{�yE�t| ���vr%w¡eLwTg1w�exoqo,g�r���nD��gY{��tyE| w��vn gth?|}n
j�nDh?���#nDg�g�n(g3�
���vn�h?�v�v��yEhE~F� wt�#h<w}j�h?g}~RyE�#g�eCm%nD�tn(mµj�hEg:w�y���n3�voCh?~3nYw��vn���eq�v��jlexwt� h�g�w�h?��{�yE�t|Wh�w�exyE���´g�y�wt�vn

|Wh?g�wtnD�«�v��y�~3nDg�g´j�yErvoCm}gtn3��m�w�y?�En3�#gÒw�y,nDh?~F��~F�veqoqm�h?�#m\wt�vnD�}j�h<exw«{�y?�´w��vn3|�h<oqo�wty,��nG��nRw�rv�t�#nDm¦� £ �veCg
�#hEglw��vn�h?mv§Åh?��w�h<�En�wt�#h<w	|�y?��n,wt��h<�Ty?�#n:�v��y�~3nDg�gleCg	h?~Rwteq§?n�h<w�h�w�ex|�n?���tn(m%r#~3ex�v�Ywt�vn}g�nD�#g�exwteq§�eLw1p�wty
/t�#h<�#m%�Ày � 1Tg�~F�vn(m%rvoqex�v��� � y�j�n3§En3�(�cwt�veCg}gth?|}n�{�n(h�w�rv�tnY~Dh<�z~Dh<r#gtnW�v��y?�voqn3|Wg,yE�zh |�rvoxwtex�À�#�ty%~Rn(gtgty?�
gtp%g1w�n3| ��nD~Dh<r#gtn�gtn3§En3�Fh<o�y<{¸wt�vn,~RyE��wtnR¥�wlg�jlexw�~F�#nDglh<��mYj�y?����eq�v��g�n3w�hE~3~3nDg�g�n(g�~Dh<��y�~D~Rrv��eq����h<�Fh<oqoxnDo5�
£ �vn¤m%n(g�eq�?�:h?�#m�|�nRw��vy%m%y?oqy?�EpG{�y?��|}n(h?gtrv��ex�v�G~3y?��wtn3¥�w¸g�jlexw�~F�#ex�v�Gh?�#m,g�~F�vnDm%r#oxnD��y�§?nD�t�vn(h?m��vn3n(m�wty

��nG��n3§�eqgtexwtnDm�gty�wt�#h<w¤exw�~3h?�W|}yE�tnGhE~3~3rv��h<wtnDoxp:|�n(h?gtrv�tnl��n3�t{�y?��|Wh<�#~3n�{�y?��|\rvoLw�eL���v��y%~RnDg�gty?�«|Wh?~F�veq�vn(g3�

Z &:0*� , > ,�" > $ " $
&(�/):+1,��/.<0

£ �vnD�tnYh?�tnYh ��rv|\��nD�:y<{l��n3�#~F�#|�h?�t�%g�jl�veC~F�µn3exwt�#n3�\mveqm �vy?w:|Wh<�?nYgtn3��g�n�{�yE��gt~Dh<oCh<�voqnWoqyEh?m���g�r�~F�
hEg�^:d��\h<��mà]�� � ����
M�«y?�\jl�veq~F��~RyErvoqmz�vy<w}��n¡nR¥�wtnD�#m%n(mµwty |�nDh?gtrv��n�g�~3h<oCh<�#oxnYoqyEhEmzm%rvn�wty y<w��vn3�
~3y?�#g�wt�Fh<eq��w�gD��gtr#~F� h?g�]�� � b��<a#ac`�b �À�
]��	� b���a�a�`Fb �v|�nDh?gtrv��nDg¸wt�#nGoqh<wtnD�#~Rp\y<{¦~Ry?�#�vnD~Rwteq�v��wty:h £ ��� gty�~F�EnRw(� £ ����ex|��voqn3|�n3��wFh�wteqy?��g��#hÅ§En

h�wteq|�n3yEr%w:y?� g�y%~F�EnRw�g�h?�#m wt�vnD�tn�eCg��?n3�#n3�Fh<oqoxpih�¢v¥%nDm gte��Dn�#Er#n3rvn}{�y?�:gty%~F�?n3w�g�ex��w��vn £ �1© ����² £
g�w�h<wtn?� £ �veqg:|}n(h<�#g,wt�#h<w:y?�#~3n\w��vn #�rvnDrvnW�#h?g���n3nD� ¢#oqoxn(m ��p�h �v�tyE�?�Fh<| ~3y?�v�vn(~Mw�ex�v�Th?�#m ~RoqyEgtex�v�
gty%~F�?nRwFgGh?gG{ h?g�w�h?g	��y�gtgteq�voxnE�vw��vn3��h?oxo¸�vn3jfgty%~F�?n3w	~Ry?�#�vnD~Rwteqy?�#g	�#hÅ§?n�w�yYj�h?eLw £ �1© ����² £ gtnD~3y?�#m#g3�
�	n3nDmvoxn(gtg	wty¡gthÅpE�vwt�#eqg��?eq§?n(gG�vyYeq�#gtex�E��w�eq�Ew�yYw��vn�oCh�w�n3�#~3p¡y?{¤g�y%~F�EnRw�~3�tn(h�wteqy?�T��n3��gtn?���vr%w�gteq�#~Rn�wt�vn
].^W_F`Racb�d$(µ§?nD��gtexyE�iy<{¤wt�vn}��nD�#~F�v|Wh<���T~3h?����rv�T{�y?��§En3��p gt�vyE��w���nD�teqy%mvg	y?{�wteq|�n?�¦exw��En3�vnD��h?oxoqpTm%y�nDg
�vy?wG�tr#��eq��wty}wt�veCgl�v��y?�#oxnD|*h<�#m¡eCglh<�voqn�wtyW~3y?���tn(~MwtoqpW|�nDhEg�rv��n £ ��� ~Ry?�#�vnD~Rwteqy?�¡oqh<wtn3��~Rp?�
�G��p g�~3h?oqh?�voqnW§?n3�FgtexyE� y?{�w��vnY��n3�#~F�v|Wh?�t�i�#n3nDm#g:nDhE~F��~3y?��piw�yT�tr#� {�yE��h�w\oxn(h?g�w�hTg�n(~Ry?��m¦��h<�#m

w��vn3��n�h?�tn �*~Ry?�#exn(g�~R��nDh<wteq�v�	~3y?�v�vn(~Mw�exyE�#g�hEg¦{ h?g�wÒhEg���yEg�gtex�voqn?�(g�y�eLwÒj�yErvoCm,nDg�g�nD��wteCh<oqoxp���n��?r#h?��h?��wtn3n(m
w�yY�tr#�Tex��wtyYwt�vn £ �1© ����² £ �#�tyE�voxnD| ����y?�#gtn$#�rvnD��wtoqp?��]��	� b���a#ac`Fb��¸j�hEgl�vy<w�n3�v�#h?�#~Rn(m¡wtyY|�n(h?gtrv�tn
g�~3h?oqh?�voxn���n3�t{�y?��|�h?�#~RnE�
£ �vn ��nD�#~F�v|Wh<���%g wt�#h<w |�n(h?gtrv�tn h?gt��nD~MwFg y<{ |�nD|}yE�tp��Bg�r#�#g�p%g�wtnD| |}eC~R��y<�Bh<�F~F�vexwtn(~Mwtr#�tnE�

]�� � �	�#�<^ �!� ��`3��] �·a�`3� �!�	� ^�`3^\�«h?�#m �À]x_R�Òj�n3��nY�vy<w��#h?��h?oxoqn3oqe��DnDm ��nD~Dh<r#gtnWwt�#n�|\rvoLw�ex�#oxn¡�v��y�~3nDg�g�n(g3°

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



����� 1���� 	Ê
�����
����6��
cÕ�
"����������
�
����¦È���	���������� ��
 º 5

|�n3|�yE�tp,h?~D~Rn(gtgÒ�#h<w�wtnD�t��g�j�y?rvoCm:oqeq�?n3oqp,eq�Ew�n3�t{�n3��n�jlexwt�}y?�#n�h?�vy<w��vn3�(�*�#y?�´nR¥vh?|}�#oxnE�(eq��]��	� �	�#�<^ ���
�E`3�
w��vyEgtn	h?~D~Rn(gtgtnDg¤jl�veq~F�Wj�n3��n	gtrv�v��yEgtnDm�w�y:��n	w�y:y?��n3� @IBG��© �#h?�?nDg¤~Ry?r#oqmWj�n3oqo���n�h?~3~3nDg�g�eq�v�:~3oxy�g�n(m
@IBG�	© ��h<�?n(g3��eq��§Åh?oxeCmvh<wteq�v�}wt�vn,��n3�#~F�#|�h?�t�c�
].^ ����j�h?g´�vy?w��#h<�Fh<oqoqn3oqe��DnDm:��nD~Dh<r#gtnlexw�eqg�gtrv�v��yEgtnDm\w�y���n	h�~Roqy?�#n�y?{ � ����h<�#m}exw�j�hEg���° w¤~RoqnDh?�´jl�#h�w

h}�#h?��h?oxoqn3oc{�yE�t| y?{ � ��j�yErvoCm�oqy�y?�Yoqex�En?�

U 
 ��Z��cS �

"�nW�#hÅ§?n}eq�#~Roqr#m%n(mµg�yE|}nWg�h<|��voqn��tn(g�rvoxw�g�{�yE�:h<��� ��© ¥#��nD�teqnDg � 5 � n3eq�?��w���j�hÅp 5 � � © � �Y�´n3��wteqrv|
�t����|�hE~F�veq�vn��trv�#�vex�#��¨�ex��r%¥ � � %#�qº$6�� � gt|���� £ �#eqgl|WhE~F�vex�#n��#hEglh<�¡ex��w�n3��nDg�wteq�v�}h?��~F�#eLw�nD~Mw�rv��n?�%eq��w��#h�w
w��vnWg�p%g�wtn3|¯eCg�nDg�gtn3��wteCh<oqoxpTgt�voqeLw,eq�Ew�y¡w1j�y�{�y?rv�t��j�hÅp¡|Wh?~F�veq�vnDg�jlexwt� h ~R��yEg�g1�Bg�p%g�wtnD|³�vr�g3� ��h?~F��gtnRw
y?{¸{�yErv�G�v��y%~RnDg�gty?�Fg���h?g�exw�gGy�jl�¡|�n3|�y?��p?�#�?eq§�eq�v�}wt�#n�g�p%g�wtnD|³hW�	²�©i�fh?��~F�vexwtn(~Mw�rv�tnE�%�vy�j�n3§?nD��wt�vn
¨�ex��r%¥��En3���vn3o¦r�g�n(m�eq��wt�vn,n3¥���n3��eq|}nD��w�glj�h?g��vy?w	�	²	©��l�BhÅj�h?�tnE�
��nD~3h?r#gtn�yErv�«��nDgtrvoLwFg´j�nD�tn�§En3��p:�vy?eCgtp?�<j�n���h?�\n(h?~F�}��nD�#~F�v|Wh<���:w��vex�tw1p:yE�vn ; � º*=�wteq|�nDgD�?jlexwt��nDhE~F�

g�h<|��voqn���nDex�v��w��vn,|�nDm%eCh<�¡y<{´n3oqn3§En3� ;1ºEº*=�|�nDh?gtrv��n3|�n3��wFg�w�h<�En3� m%rv��ex�#�\w��vn,��n3�#~F�v|Wh?�t�c�
£ �veCgà�vyEeqgtnf~3h?�¯��n nR¥%�voCh<eq�vnDm h?g�h<��eqgteq�v� {��tyE| h ��rv|\��nD�ày<{zgty?rv�F~Rn(g����	²	©�� |�n3|�y?��p

h?��~F�vexwtn(~Mw�rv�tnE�l~3h?~F�#ex�v� eqg�gtrvnDgD�lh<�#m­gt~F�#nDm%rvoqn3� �voCh?~3n3|�n3��wTm%nD~3eqgteqy?�#gD�����%wteq|Wh<o��voCh?~3n3|�n3��wTj�yErvoCm
gt�v��nDh?m h?oxo!�1y?�#g�h?~R��yEg�g�wt�#n:�v��y�~3nDg�g�yE��gD�%|�n3|�y?��p�j�y?r#oqm ��n�h<oqoqy�~Dh�w�nDm¡{���y?| w��vn /�~RoqyEgtnDg�w 1}|�n3|�y?��p
�#h?�v�c�Dh?�#m �1y?�#g�j�yErvoCm��#y<w¸|�eq�?�Fh�w�n«y?�#~3n´wt�vnDp�g�w�h?��w�nDm¦� £ �veCg�j�y?rvoCm�|�h<¥%ex|�e��3n��v��y%~Rn(gtgty?�¦r%w�exoqe��Dh�w�exyE���
~Dh?~F�vn¡��nD��{�yE�t|Wh?�#~RnE�´h?�#m |}eq�veq|�e��DnT|}nD|�y?��pµoqh<wtn3��~Rp¶h?�#m ~3y?�v�EnDg�wteqy?��� � y�j�nD§?n3�(�Òwt�vn � � %µ¨�eq��r%¥
�En3���vn3o�eCg,�vy?w\�	²�©i�l�BhÅj�h<��n?��gtyTeLw\h?oxoqy%~3h<wtnDm�|�n3|�yE�tpieq�zh { hEg��veqy?��w��#h�w�j�h?g��#oxeq�#m�wtyiwt�vnY�#y?�%�
rv�#eL{�yE�t|�exw1p¡y?{¤|�n3|�y?��p h?~3~3nDg�g	~3yEg�w�g�h<�#mT|�nD|}yE�tpTgtrv�#gtp%g1w�n3|¯~RyE�v�?n(g1w�exyE�ih<�#mi~3y?��wtnD��wteqy?�ieCgtgtrvn(g3�
��yE�#g�n�#�rvn3��wtoqp?�lyE�­wt�veCgT|Wh?~F�veq�vnE�lwt�vnzg�~F�vn(m%rvoqn3�TeCgTn$#�r#h?oxoqpàoqex�En3oqpkwtyàhEgtgtex�E�sw��vnµ�v��y%~RnDg�g¡wtyàh
�v��y%~Rn(gtgty?�leq�Twt�#n�y<w��vn3���#h<ox{«y<{«w��vn�gtp�g�wtnD|¯hÅj�hÅpW{���y?|³wt�#n�|�n3|�y?��p¡��nDex�v��r#g�n(mT��p�w��#h�w��v�ty%~3nDg�g3�
jl�veC~F��eq�#~3�tn(h?gtnDg�wt�vn���nDgtrvoLw«§�h<��eCh<�veqoxexw1p?�(�B��h?mvm%exwteqy?���<h?g¸wt�vn���rv|\��nD�Òy?{#�v��y%~RnDg�gtnDg¸ex�#~3�tn(h?gtnDgD��h<�#m:wt�vn
h?|}yErv��w�y?{�wt�Fh �Y~}~R��yEg�g�eq�v�Y��nRw1j�n3nD���#h?ox§EnDg�y<{«wt�#n�gtp%g1w�n3| eq�#~R��nDhEg�n(g3����nD��{�yE�t|Wh?�#~Rn\y<{�w��vn\�#�teCm%�?n
oqex�#��eq�v��w��vnlw1j�y���h<oq§?nDg«wty?�EnRw��vn3��~Dh<����n(~RyE|}nGh���y<wtwtoqn3�vn(~F�c��{�rv�twt�vnD�¤eq�#~R��nDhEg�eq�v��§Åh?�teCh<�#exoqeLw1p\��n(~3h?r#g�n
w��vn:~R��yEg�g1�Àw�h?ox�}w���h �W~�eCgGh\{�rv�#~Rwteqy?� y<{Òwt�vn,�Fh<��m%y?| �1yE�¡�#oqhE~Rn3|�nD�Ew(�
��eq�#~Rn«w��vn¤¨�ex��r%¥ � � %Ggt~F�#nDm%rvoqn3�Fg�m%eCm,�vy?w�ex��~Roqr#m%n¤�#�ty%~Rn(gtgty?��h �W�veLw1pE�R�v��y%~RnDg�gtnDg�~3y?rvoCm�|�ex�E��h<wtn´{���y?|

�v��y%~Rn(gtgty?��wtyW�v��y%~Rn(gtgty?��|�r#~F��wty�y�y<{·w�n3���-�¤h?~F��wteq|�n�wt�vn,�v��y%~Rn(gtg�|�ex�E��h<wtn(mYw�y�h}�vnDj��#�ty%~Rn(gtgty?�(��eLw
g�w�h?��w�nDm�y�§?n3��jlexwt�Th�~RyEoqm¡~3hE~F�vn?��w�n3|���yE��h?�teqoqp�h<�#m¡m%�Fh<|Wh�w�eq~Dh<oqoxpW��nDmvr#~Req�v����nD��{�yE�t|Wh?�#~RnE�
�Goqo}wt�vn(g�n { h?~Rwty?�Fg ex��wtnD��hE~Mwµh<�#m ~Ry?��w��teq�vr%w�n¶w�ysw��vn �#ex�E� §�h<��eqh?�veqoxexw1p±ex� wt�vn�|�nDh?gtrv��n3|�n3��wFg3�

�#h?��w�eq~3rvoCh<��oxp�{�yE�l|}nD|�y?��pE��eq�Ew�n3�#gteq§?n���nD�#~F�v|Wh<���%g3�
�Òex�Erv�tn � g��vy�j�wt�#n:��n(g1w�|}n(m%eCh<�T��nDgtrvoLwFgl{�yE�G§�h<��exyEr#gl�v��y%~RnDg�g��À��n3oCh�w�nDmYoCh�w�n3�#~3exn(g3��g�r�~F� hEg	gtp%g1w�n3|

~Dh<oqo�h<�#m±�#�ty%~Rn(gtgT~3�tn(h�w�exyE��y�§En3���vnDhEm¦�l��w�eCgi~RoqnDh?�Twt�#h<w�|Wh<��psyE��nD��h<wteqy?�#gTg�~3h?oxnµ��n3�t{�nD~Rwtoqp�jlexwt�
eq�#~R��nDhEg�eq�v� ��rv|���n3��y<{,�v��y�~3nDg�g�n(g3�«r#� wty wt�#ni��rv|���n3�Yy?{,�v�ty%~3nDg�g�yE��g}eq� wt�vnTw�nDg�wY|Wh?~F�veq�vn?��g�r�~F�
hEg�a � ]·]�b ��]·] � 
�� �?a���]¤d!��a��%]x`�� �·a&
�� ��]·] � 
�� �?a��<]�d!��a'��] �·a��?��h<��m�� ��� 
3`3]x`Fb�� �<a %���� �¤]x` �E`�
3b ��� ��� �	��
M�
�	w��vn3�WyE��nD��h<wteqy?�#g�m%nD|}yE�#g�wt�Fh�wtnT~3y?��wtnD�Ew�exyE�¶{�yE�W�tn(g�yErv�F~RnDg}��pzn3¥��#ex�vexwteq�v�µeq�#~R��nDhEg�n(m¶oCh�w�n3�#~3exn(gWh?g
|�y?��nW�v��y%~RnDg�gtnDg:hE~3~Rn(gtg,wt�vn ;5g���h<��nDm!=���nDgty?r#��~3nDgD��g�r#~F�zhEgWa � ]·]	��

� � ���#`Ra�
cb3]�� 
3`3�´h?�#m 
�� � �¤jlexwt�¶h
gt�#h<��nDm�¢#oqn,m%nDg�~R��ex�vwty?�(�%y?��w��vn,�v��y�~3nDg�gl~R��nDh<wteqy?��yE��nD��h<wteqy?�#g ��� ��� ��`���`FbR�vh?�#m 
td��
�Òex�Erv�tn � gt�vy�j�wt�vn,��nDg�w	|�nDm%eCh<� ��nDgtrvoxw�g�{�yE�l§Åh?�teqy?r�gl~Ry?|�|\rv�veC~3h�w�exyE�%���tnDoqh<wtnDm�y?��n3�Fh�w�exyE�#gD���v��y?|

w��veqg��E��h?�v�zj�n¡~Dh<��g�nDn�w��#h�w���n3|�y<w�n��v��y%~Rn(m%rv��n¡~Dh<oqoqg}eCg\|�yE�tn¡nR¥%��n3�#gtex§En�w��#h<� h�g�eq|��voxn¡�#hE~F�?nRw
/t�vex�#�<����yE�v�*1Ty�§En3�\��y?wt� ²A@�� h?�#m £ ���fwt�Fh<�#gt��yE��w}oqhÅpEn3�Fg3�Ò�	mvmveLw�exyE�#h<oqoxpE�«~Ry?|�|\rv�veC~3h�w�exyE�#g\y�§?n3�

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



º�6 �(�c�Z�B	�
�Õ9�U�

2 4 6 8

load (processes)

1

10

100

1000

10000

m
ic

ro
-s

ec
on

ds

sh process
exec process
fork process
stat
open/close
TCP select
null I/O
signal handling
signal handler install
null call

� +.=(N?/16 Ø ã � /10�-F6�KBK�HL93O16�7�-F+.6FK

2 4 6 8

load (processes)

0

100

200

300

400

m
ic

ro
-s

ec
on

ds pipe
UDP
TCP
RPC/udp
RPC/tcp
2-process context switch

� +.=(N?/16��?ã Ö 0(),)�NE7�+.-M9RO1+L0D7}HL93O16�7�-F+.6FK

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



����� 1���� 	Ê
�����
����6��
cÕ�
"����������
�
����¦È���	���������� ��
 º$'

2 4 6 8

load (processes)

1

10

100

1000

10000

m
ic

ro
-s

ec
on

ds

mmap latency
page fault
file select
protection fault

� +.=(NE/16 Û ã � +.H.6GHx9RO16F7�-�+L6�K

2 4 6 8

load (processes)

1000

ba
nd

w
id

th
 (

M
B

/s
)

mmap re-read
memory read
file re-read
memory write
bcopy (libc)
bcopy (hand)

� +.=(N?/16��<ã �}6�),0D/BI�4�937�â � +Lâ<O18�K

�veq��nDg,h<��n�g�rv��g1wFh<��wteCh<oqoxp { hEg1w�n3��wt��h<��n3exwt�vnD� £ ���­yE��² @��´�¦jlexwt� ~Ry�g1wFg�y?�voqpTex��~R��n3|�n3��w�h?oxoqpToCh<���?n3�
w��#h<�T~RyE��wtnR¥�wGgtjleLwF~F�vex�#�#�
�Òex�Erv�tn % mvn3|�y?�#g�wt�Fh�w�nDg�w��#h�wGw��vn�¨�ex��r%¥¡�?n3���vnDo�gt~Dh<oqnDg���y�y?��oxp�{�y?�GyE��nD��h<wteqy?�#g�w��#h�wGoqy%~F�Ywt�#n,¢#oqn?�

gtr#~F�ih?g�^\^8���ih<��m����
�E` � � � ] �À��jl�veqoqn:y?��n3�Fh�w�exyE�#glw��#h�w�m%yY�vy?w���n$#�rveq�tn,oqy%~F��eq�v�Ww��vn:¢�oxn}gt~Dh<oqn:§?nD�tp
j�n3oqo5�

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



� � �(�c�Z�B	�
�Õ9�U�

2 4 6 8

load (processes)

100

1000

ba
nd

w
id

th
 (

M
B

/s
)

pipe (64KB messages)
unix socket
bcopy (libc)
pipe (64MB messages)
TCP

� +.=DNE/16��?ã Ö 0(),)�N�7�+.-M9RO1+.0(7�4�9D7�â � +Lâ?O18EK

�Òex�Erv�tn + g��#y�jGg¦wt�#n¤��nDg�w¸|�nDm%eCh<�,��h<�#m%jleCm�w��:{�y?�¸§�h<��exyEr#g¦|�n3|�y?��p�y?��n3�Fh�wteqy?��g¦§?nD��gtr#g¦oqyEhEm,gt~Dh<oqex�v�
jl�vnD�¶|Wh<�#ex�vr#oqh<wteq�v��h ) %�© ��|�n3|�y?��p �vr��cn3�(����oxn(h<��oxpE�¸��nDhEmµy?��n3�Fh�w�exyE�#g}h<��nY{ h?g�wtnD�}wt�#h?�¶jl��eLw�n?�
jl�veC~F�zh<��n�{ h?g�wtnD�,wt��h<�z~RyE��p�y?��n3�Fh�w�exyE�#gD��h<�#m ��nDhEm%eq�v�imvh�wFh¡{��tyE| ¢�oxn(g:§�eqh ^}^8����eCg,{ hEg1w�n3�,w��#h<�
r#gteq�v� wt�vn ��` � ��eq�Ew�n3�t{ h?~3n?���GoCgty#��^}^ ����¢#oqnW�tn3�À��nDhEm h?�v��nDh<�Fg�wty ��nW{ h?g�wtnD��wt�#h?�zg�eq|��voqp h?~D~Rn(gtgtex�#�
|�n3|�yE�tpE�vjl�veC~F�Teqg	oxeq�?nDoxp m%rvn,w�y�~3hE~F�vn:h
�cnD~Rw�gGgteq�#~Rn:n(h?~F� y<{´w��vn��v��y%~Rn(gtgtnDg�eCg	hE~3~Rn(gtgteq�v��wt�vn\gth?|}n
¢#oqn:h<��m�eCg�wt�#n3��nR{�y?��n�h?~3~3nDg�g�eq�v�\wt�vn:g�h<|�n��#h?�?nDgD�
�Òex�Erv�tn ) g��#y�jGg«wt�#n	��nDg�w�|�nDm%eCh<���#h<�#mvjleqm�w��#g¤{�y?��gty?|�nGeq��wtnD�����v��y�~3nDg�g�~RyE|�|�rv�veC~3h<wteqy?�W|�nRw��vy%mvg

jl�vnD�\~3y?��p�ex�v� ) %�© � {��tyE|uy?�vn��v�ty%~3nDg�g�w�y�h?�vy<w��vn3�(� £ ���´�(rv�vex¥\gty%~F�?nRw(�(h?�#m,�veq��n ; ) %�� � |�n(gtg�h<�EnDg =
h?oxo��#h?g�g¡mvh�wFhzeq� ) %�� �³~F��rv�#��g�{���y?| y?�vn �v��y�~3nDg�gWw�y�h?�vy<w��vn3�(��²	�vex¥sg�y%~F�?n3w�h<��mk�veq��n ; ) %�� �
|�nDg�g�h<�?n(g =}��y<w��à�#hÅ§EnT��nD��{�yE�t|Wh<��~RnT�?��nDh<wtnD�Wwt�#h?�àg�eq|��voqn��c~Ry?��pE�¤jl�veC~F�keqg�oqex�En3oqp m%rvn�wty¶~Dh?~F�vn
h���n(~Mw�g�� wt�vn�g�nD�#m%eq�v�\h?�#mW��nD~3n3eq§�eq�v�\�v�ty%~3nDg�g¤h<��n	hEgtgtex�E�vnDm}w�y:w��vn�g�h<|�n��v�ty%~3nDg�g�yE�¤h<�#m�h<oqo�yE���#h?��w
y?{¦wt�vn ) %�� � g�nD�#mW�vr���nD��h?�#m ) %�� �¶��nD~3n3eq§?nl�vr���nD��h?�tn	~Dh?~F�vn	�tn(g�eCm%n3��w(�
�#y?��~3y?��wt�Fh?g�wD�E�veq��n ; ) %�© �
|�nDg�g�h<�?n(g =���nD��{�yE�t|Wh?�#~Rn�eqg�~3y?|��#h<�Fh<�#oxn	wtyWg�eq|��voqn��c~RyE��pWex|��voqp�ex�v�}w��#h�wl�veq��n,~Dh<� ;5g�yE|�nRwteq|�nDg =���n
hE~3~RyE|��voxeCgt�vnDm�jleLw��}hEg�oqeLwtwtoqnGh?gÒh�g�eq�v�?oqn¤�c~RyE��p�h<�#m:wt�#h<w´wt�vn�ex|��v��y�§?n(m:��n3�t{�y?��|Wh<�#~3n¤y<{��vex��n ; ) %�� �
|�nDg�g�h<�?n(g =¤eCgGm%rvn�wtyY~Dh?~F�vn,h���n(~Mw�gD�

[\Z	��S\V �fP��¤PRQ��
	���
��������

�B� g�yE|�n}j�hÅp%gGw��vnYgtrveLw�n�y<{�|�eC~R��y<����nD�#~F�v|Wh<���%g�gt�veq�v��nDm�jleLw�� ].^�_F`3a�bFd ~3h?� ��n}wt�vyErv�?��w,y<{�h?g,h?�
n3¥�w�n3�#gteq§?n�h<�#m r#gtnR{�rvo�~3y?oqoxn(~Mwteqy?� y<{�gth?|}�#oxn���n3�#~F�v|Wh?�t�%g	wt�#h<w�r�g�n}wt�#n\w�ex|�eq�v�T�#h?�t�vn(gtgD� � y�j�n3§?nD�D�
w��vn���nDh?o¸��y�j�nD�	y?{«wt�vn}g�p%g�wtn3| oqexn(g	eq�Tw��vn}h?�veqoxexw1p¡wty��Fh<�#eqm%oqp h<�#mi~3y?�%¢�m%n3��wtoqpT~R��nDh<wtn:�vnDjf~Rr#g�wtyE|
��n3�#~F�#|�h?�t�%g�w��#h�wl|�nDhEg�rv��n,g���nD~3eL¢�~�{�nDh�w�rv��nDg�y<{Òex��w�n3��nDg�wlwty}wt�vn,r�g�nD�D�

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



����� 1���� 	Ê
�����
����6��
cÕ�
"����������
�
����¦È���	���������� ��
 � º

£ �vnk�v��ex|Wh?�tp ~3y?�#g�wt�Fh<eq��w�eCg w��#h�wµw��vnk��nD�#~F�v|Wh<���?n(m yE��nD��h<wteqy?� |�r#g�wz��nkeqm%nD|���y?wtn3��w ; e5� n?�q�
��n3��nDh<wtnDm�nR¥%nD~3r%wteqy?��y<{�wt�vn���n3�#~F�#|�h?�t�T��h?g�wt�vnYg�h<|�n}n �cnD~Rw,hEg�h¡gteq�v�?oqn\n3¥%nD~Rrvwteqy?��=R� £ �vn}wteq|}eq�v�
�#h?�t�#nDg�g |\r#g�w ��nàh<�#oxn�wty±��n3��nDh<w w��vnky?��n3�Fh�w�exyE� h<��pu��rv|\��nD�µy<{�w�ex|�n(g wty±n3��g�rv��n wt�#h<wµwt�vn
h?�?�?��n3��h�w�n	m%n3oChÅpWeCg�oqh?�t�En�nD�vy?rv�E�Yw�y}�#�ty�§�eCm%n�gtr��Y~Reqn3��w�wteq|�ex�#��hE~3~3rv��hE~RpE� £ �veCgl~3h?����n$#�rveq��n�~Dh<��nR{�rvo
~3y?�#gteqmvn3�Fh�wteqy?��m%rv��eq�v�:��n3�#~F�v|Wh?�t�}~Ry?��g1w��tr#~Rwteqy?��� �vy?�¤nR¥vh<|��voqn?��h�¢#oxn�m%n3oqnRw�exyE�W��nD�#~F�v|Wh<����|\r#g1w���n
h?�voxnGwty�m%nDoxn3wtn�h<��p���n$#�rvn(g1w�nDm���rv|���n3��y<{c¢#oqnDgD�?yE��h �#y�h�w�ex�v�,��y?eq��w�m%eq§�eqgteqy?�W��n3�#~F�v|Wh?�t�}g��vyErvoCm��vy<w
m%eq§�eqmvn���p�yE�vnA; mvrvn«wty�g�y?{·w1j�h?�tn«h?�#m��#h<�Fm%j�h<��n´y?�%w�ex|�e��Dh�w�exyE�#g =c�vr%wÒ�tnD��n(h�wtn(m�m%ex§�eCg�eqy?� ;������  ���� ����=
��p�h}��rv|\��nD�Gy<w��vn3��w��#h<� y?�#n:~3h<�¡oqnDh?m�w�yWrv�#m%nD� �#y�j�y?�ly�§En3� �#y�jà~RyE�#m%exwteqy?�#glp�eqn3oCm%eq�v�W��y?wtnD�Ew�eqh?oxoqp
|�eCg�oqnDhEm%ex�#�}��nDgtrvoxw�gD�
���vn ��y?wtnD�Ew�eqh?oW�v��y?�voqn3| jlexwt� |�eq~3�ty?�À��n3�#~F�#|�h?�t�%g eqg�w��#h�w w��vn3p nR¥%�voqeq~3eLw�oxpfeq�?�#y?��n¶��y<wtnD��wteCh<o

eq��wtn3�Fh?~Rwteqy?�#g���n3w1j�nDn3� y?��n3�Fh�wteqy?��g:y?�}~RyE|}��y?�#n3��w�g¡¹ � »À�«²�g�eq�v�iw��vn�].^�_F`3a�bFdzwteq|}eq�v���#h<���vn(gtgD�¸exw\eCg
n(h?gtpTwtyTnD�#~3h?�#g�r#oqh<wtnWh<�#m�|�nDhEg�r#�tn�y?��n3�Fh�w�exyE�#g,h�w,§�h<��eqy?r#g�oqn3§En3oCg�y<{l~Ry?|��voqnR¥%exw1p h?�#m��?�Fh<��rvoCh<��eLw1pE�
£ �veCg�|�h?�?n(g¤exw�|\r#~F�YnDhEg�eqn3��wty\n3§�h<oqr#h<wtnGw��vn	��n3�t{�y?��|Wh<�#~3n	y?{¦wt�vn�y?��n3�Fh�w�exyE�#g���y<w���eq�Yeqgty?oCh�w�exyE�Yh<�#m
hEg��#h<�twly<{«h\|�yE�tn,~RyE|��voxn3¥�gtp�g�wtnD| �
�ug�eq|��voqn,��nD�#~F�v|Wh<���Wwty�|�nDhEg�r#�tn�wt�#n,oqh<wtn3��~RpYy?{�wt�#n,�?nRw��v�veCm<;�=Gg�p%g�wtn3|³~3h<oqo¦j�y?rvoCm�oqy�y?�Yoqeq�?n �

� �*%('&<1C����	�#$��&%('�)�
 )��

�������
$��&%('*)A /�����&0�,&� �*����0N4
5 ��������"I'&����7(�1��-



H�)K�1<��  /������0�4���������-RD��������(���> /-J8
�

�*%��
+(3��*%� /�*%��23&0�DN'
5F'�)�3&0N"S3�0�D������N-



$��&%N'�)&+��A ���������5?$��&%('*)E5��������>5��>5 �(5!�>5�"�#%$'&)(>5������*�N-J8
%�3&%��G '�/D��&�����K���+�K56D�����,1%A O-�-J8
0�����C�0�%A ,��-J8

�

��wGeCg�{ h<eq�toqpYn(h?gtpWwtyW��n3�#~F�#|�h?�t�W|�yE�tn,~RyE|��voxn3¥�h?gt��nD~MwFgly<{´g�p%g�wtnD| ��nD��{�yE�t|Wh?�#~RnE�

� �A
 
 � "%$'&:�/)(+-,��/.

��yE|�n3y?�#nlj�h?�Ew�nDm}w�y:r#gtnlwt�vn	�vex�E�W�tn(g�yEoxrvwteqy?�Wg�oqn3nD�Wex��w�n3�t{ h?~Rn(g´{�y?��h<�Yh<�#�voxeC~3h<wteqy?�Wjl�veC~F�W��n$#�rveq�tn(m}h
gtoxnDn3�Y~Dh<oqo�jlexwt�Y|�eC~R��y<�Bg�n(~RyE�#m�h?~3~3rv�Fh?~RpE�?gty,wt�vnDpWh?gt�?nDm}r#g¤wty�|}n(h?gtrv��nlwt�vn�h?~D~Rrv�Fh?~3p�y<{¦w��vn	§�h?�teqy?r#g
eq��wtn3�t{ h?~3nDgD� £ �vn}h<r%w��vy?��j�hEg	hÅj�h<��n,y<{¤h<w	oxn(h?g�w	{�yErv��g�w�h?�#mvh<�Fm eq�Ew�n3�t{ h?~3nDglw��#h�w,~RyErvoCm �v�ty�§�eCm%n,w��#h�w
��nDgty?oqr%wteqy?�7�(r�g�oqn3nD�7;�=R�<�#h<�#yEgtoxnDn3�7; =M�?gtn3oqnD~Rw*;�=R�?h<��m�exwteq|�n3�(� "keLw��veq��h�{�nDj |�eq��rvwtnDg«wt�vnlm%nD§?n3oqy?��n3�FgÒ�#h?m
h¡�vnDj ��n3�#~F�#|�h?�t�c�«]�� � � 
M]x`F` ����jl�#eq~F� |�nDhEg�rv��nDmiwt�vnYhE~Mw�r#h<o�m%r#��h<wteqy?��y<{lg�oqn3nD��w�ex|�nDg,{�y?�:h¡�?eq§?nD�
��n$#�rvn(g1w�nDm¡g�oqn3nD��w�ex|�n?�
�Òex�Erv�tn 5 gt�vy�jGg�w��vnY��nDgtrvoxw�g,y?{���rv�v�veq�v�Tw��veCg:��n3�#~F�v|Wh?�t�ijlexwt�¶�tn(h<oxwteq|}nW�#�teqy?��eLw1p�rv�#m%nD�\¨�eq��r%¥

� � %��xº�':y?� h¡º?� 6 � � ���´nD��wteqrv| %��	n3yE��jlexwt� §�h<��eqy?r#g���n$#�rvnDg�wtn(m�gtoxnDn3� m%rv�Fh�w�exyE�#g3� £ �vn,��nDgtrvoxw�g�gt�vy�j
�vy�j wt�#n��#h?�vyEgtoxnDn3�7; =�ex��w�n3�t{ h?~RnW�#�ty�§�eCm%nDg,��nDhEg�yE�#h<�#oxp�hE~3~3rv��h<wtnYgtoxnDn3�µm%rv�Fh�w�exyE�#g�{�yE����n$#�rvnDg�w�g:oxn(gtg

�c½MÂ3ÑD¾ÀÐDCMÏRÇ ÆE 8;:;:=<GFM½MÏÅÃß��ÐJÊJ¿BÑIHz�D½MÃÅÁtÎ(Õ�Ç5Ä
� !#"%$'&)(�*�+�,�-Z.7&U*�1�243650,7*#8;:;:=<�>@?@?BADCFEHG+�,�5%36-;,�5FILKHMJN\O6QSRUT@V4W/XZY\[H] ^4_ R



� � �(�c�Z�B	�
�Õ9�U�

1 10 100 1000 10000

requested duration (micro-seconds)

10

100

1000

10000

100000

av
er

ag
e 

ob
se

rv
ed

 d
ur

at
io

n 
(m

ic
ro

-s
ec

on
ds

)

Microsecond timer measurements

nanosleep
select
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