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

� � �

�����������! !"#�%$�&%"#')(+*,'.-/"#�%$,01�2'.-+�3'��2'.-�45"#�367���2�8�9-+�
:<;>=?:A@CBEDFB8G8HJIJKL@CBNMPO%H>Q)@SR%T#UWV�X8Y[Z�GE\]V^R_R<Va`cb

d�egfihkjml<n^h
oqp_rts3utvaw9xzy>{k|F|3x8w}|C~+uts9�]|��<�^w9{k�q�7{J�7x8wF���Ew9{7y>x8�<|�uW�_{Jw9{k���7x8w9{7��{J�a{Jw}�mr5�^�<��{k��|�ut{Jw

s9x�vaw9x8�8w}�E��s9�<�^�q�7{k|9|9�^��{J��v<�8|9|�ut�a�����8yF�_u��a{k|i�����a{�|FyJ�mrW�^�_u�r�uts3�quW|J�<�ax^~+{J�8{Jwk��ut�q���m�8x8w
x^��s9�a{SrW�^s9s9{Jwm�����a{Jw9{7�^w9{7�7�_pa�1�<{Jw?x^��vawFx8v<x%|F�mrW|?|3�ax^~+ut�a���axN~�s9�a{1v<x_x8w�|9yJ�Nr��E�_u�r�uts3�
x^�g|3�<�^w9{k� �7{J�7x�w9�1�)p_rts3utvaw9xay>{k|9|3x�w}|+yJ�^���#{/ut�7vawFxN��{k�7�_�1s9�a{/ut�_s9w9xa�_p<y>s3utx8��x^�gvaw3ut�N�Es9{
yJ�8yF�a{k|7�^s9s}��y9�a{k�,s9x�s9�a{�vaw9xay>{k|9|3x8w}|i�]���a{k|3{AyJ�8yF�a{k|7�^wF{�¡8{Jvas�y>x8�<|�uW|3sF{J�%s�~+uts9��{k�8yF�
x8s9�a{Jw/�_��yJ�8y9�a{J�¢y>x��a{Jw9{J�<y>{1vaw9x8s9xay>x^rW|J�

£¢�¤s9�_uW|�v<�^v<{Jw�~+{qut�%s9wFxz�_p<y>{¥���a{J~¦yFrW�8|9|�x^�7�^w}yF�_uts9{ky>s9paw9{k|�yJ�mr�rt{k��§5��y9�a{,¨/�_rt�
oq{J�7x8w9�,©.w>y9�_uts9{ky>s9pawF{k|�ª9§«¨.o¬©S}�!�+�a{k|3{��^w}yF�_uts9{ky>s9paw9{k|1vawFxN��uW�_{¬s9�a{qvaw9x8�8w>�^�7�1ut�a�
v<�^w}�8��ut�8��xE�5s9�a{7|3�<�^wF{k�_���7{J�7x8w9���^w}yF�_uts9{ky>s9paw9{k|J�®�apas1�^w9{S�<{>r�ut{J�8{k�,s9x��<{7�7x�w9{7|9yJ�mrt�
�^�_rt{8�+§/¨.oq©?|+�<�m�8{.�ax1va�_�z|�u�yJ�Nr�rt��|3�<�^w9{k���7{J� x8w9�®¯8ut�<|3sF{k�8�®�as9�a{?yJ�8yF�a{k|/�^s9s}��y9�a{k� s9x
s9�a{7vaw9xay>{k|9|3x�w}|?y>x8�_s}�mut�Ll<°c°+s9�a{1�7{J�7x8wF�¬ut�LsF�a{�|3�a|3s9{J�¬�±�^�<��s9�a{>utw)|�ut²J{ u�|Cs9�a{Jw9{>��x8w9{
rW�^w9�8{8�³©´�a�Es9pa��uW|µ�mr�rtxN~+{k�¶s9x7�<{Cut�A�^�_��x�w/���^�_��xE��s9�a{�yJ�8yF�a{k|J�·�E�<��~+u�r�r5�Epas9x8���^sF�
uWyJ�mr�r����<{7�7x^�8{k�qs9x�~«�a{Jw9{Su�sCuW|?�a{J{k�_{k���_�L��yJ�8y9�a{J�¢y>x��a{Jw9{J�<y>{�vawFx8s9xay>x^r¢�®~/�_uWy9�¥�Nr�|�x
{J�<|3paw9{k|Cs9�<�^s?s9�a{SrW�8|3s�y>x8v_��x^�����a�Es9pa��uW|?�a{J�8{Jwµrtx%|3sm�7�+�a{Sr�xayJ�^s3utx8��x^�����a�^sFpa��ut�
s9�a{?���8yF�_ut�a{?uW|µy>x8�7v_rt{Js9{>rt�¬�_{ky>x8pav_rt{k�q��w9x8�¸uts}|/�8�a�_w9{k|F|J�

¹L{/�mrW|3x«ut�%s9wFxz�_p<y>{/x��a{5{>º<�^�7v_rt{+x^�±§/¨.oq©1»^s9�a{5¼?�Es}�.¼«u�½±p<|�utx8�7o��8yF�_u��a{µª�¼?¼?o�}�
�+�a{�¼?¼?o¾uW|C�<�8|3{k��x8�L���_ut{Jw}�^w>y9�_uWyJ�mr+�a{Js�~+x8wF¡¬|3s9w9p<y>s9pawF{8�±~+uts9��vaw9xay>{k|9|3x8wi¿k�7{J�7x8wF�
v<�mutw}|/�^s³uts}|+s�u�v<|i��À+{J�7x8sF{��8yJy>{k|9|3{k|+��{J�a{Jw}�mr�rt�¬yJ�^p<|3{?x8�_rt���?r�ut�1uts9{k���^�7x�pa�%s+x^�gsFw}�mÁÂy
x^�8{Jw/�Sr�u���u�sF{k�¬v<�Ew9s/x^�!s9�a{?���8yF�_ut�a{8�

�+�a{��Ew}y9�_uts9{ky>sFpaw9{Su�|S|9yJ�mrW�^�_rt{1ut�Ls9�<�Es?s9�a{Jw9{7yJ�^�L�#{��E�%�q�%pa�1�<{JwSx^��rt{J�8{>rW|�u���s9�a{
�_ut{Jw}�^w}yF�%�8�±�E�<�¬sF�<�^s/s9�a{1w9x_x8sµ�ap<|/x^��sF�a{)�_ut{Jw}�Ew}y9�_�AyJ�E�¬�<{�u�� v_r�{J� {J�%s9{k���%�¬|3{J��{Jw}�mr
�ap<|3{k|J�_ut�<y>w9{k��|�ut�a��s9�a{?�<�^�<�_~+uW�_s9�±�

Ã�Ä_Å±Æ1Ç·j^È2f8É2o¬p_rts3utvaw9xay>{k|9|3x�wk�8�_ut{Jw}�^w>y9�_uWyJ�mr±�^w}yF�_u�sF{ky>s9paw9{8�^�_ut{Jw}�^w}yF�_uWyJ�mr·�ap<|�{k|J�8�1p_rt�
s3u�rt{J�8{>rÊyJ��y9�a{8�<|��<�^w9{k���7{J�7x�w9�8�<|3v_r�uts9��s9w}�E�<|9�8y>s3utx8�q�ap<|J�<yJ�8yF�a{�y>x8�a{Jw9{J�<y>{8�

Ë>Ì^Í2Î}Ï^Ð�Ñ¢Ò Ó�Ô8Ñ�Õ¢Ð�Õ¢Ö8Õ�ÎØ×iÙÛÚ2×mÜ�Ý8Ö�Õ¢Î9ÞßÌ8à3Ð�Î9Ô%à3Îmá âP×>ã ä}åmækç á ä}æièéåkêìë³Ó¢Ì^í®î áïÌ^ð,ñ±ò+ñ±ó/ô
ñ®Ü1õJÐ�ö�÷^ø}Ò%õiù%ú ötõJÔ%ÏEÐ�Ô#ú Ñ�Î9ÐûÙ¢üþý³Ñ�Ð�à�Ñ}ô Ñ¢Î

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

provided by Swedish Institute of Computer Science Publications Database

https://core.ac.uk/display/11433576?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


ÿ ������� ���
	�� �� � ��� 	���� ��� ��� ����������� �����

Z�� �WQ"!cM·H>O<ImB8D}DFO%H�G�HJIJK !WQ>B8ImQ#�®H>BEDµG�H}B%$&!(')!*$#B+$,!(-<Q>O�Q/.µO¬I0��G_D}DFB8DkUµD9K±G�H}B1$&243�B53�O%H>\¬G8HJIJK !cQ}B8ImQ"�·H>B8D
G6-7$83�B8D}D>G19_B52¢M±G_D}D:!;- 9�G8HJIJK !cQ}B8ImQ#�®H>B8D0<

=�> ! DFQ"!;- 9¥G�HþIiK !WQ>B8IkQ"�®H}B8D?.@!WQ>K DFK±G8H>B1$A3�B53AO_H>\�G�H>B¬Q9\#MB!�I^G1�(�c\¥ImOC3�M �®Q}B^HJDD.@!cQ>K�OC-®BAImOE3F2
3�OC-LDFK±G8H>B1$�3�B53�O%H>\HGzD:�±IJK¥G_D�ImOE3�MB�®Q>B^HþDI3LG1-&�)J�G_ImQ#�®H>B1$LK#\,:zB1MN�·B5-#Q�G6-O$ = -±ImO_H}BHG®O_H@.@!WQ>K
$&! DFQ>H#!(K �·Q>B1$�D9K±G�H}B1$,3�B53AO_H>\PG8D:�±IJK�G%D«Q}K®B�Y?Y@Q YR�®Q>Q}B^H:S \�G6-7$qQ>K®B);9Y?Z @UTWV&</;X-�Q}K®BU� G�Q}Q>B^HYG
Z)-®O1.@- G_D[-®OC- 2\�B- !]J¢O%H"3 3�B53�O%H>\]G�HJIJK !WQ>B8ImQ#�®H>BED,^XQ`_1ZAacbdG�B8G_IJK M®H>O<IkB8D>D9O_HL-®O)$#B�IkOE-<QJG6!;-±D
G M±O_H}Q"!WOE- O6J�Q>K®B D9K±G�H}B1$e3�BY3�O_H}\gf.ImOE- DFB1MH�®B5-<Q"�W\ G_I^IkB8D>D�Q"!;3�B8D�Q>Oh$&!]igB^H}B5-#Q�M G�H>QþDqO6J�Q}K®B
DFK G�H>B+$�GE$B$#H>B8D}DqD9M±G_IkB,ING6-j'%G�H>\P< =/OC3F3,�B- !�I^G8Q"!tOE- G6-7$�DF\)-±IJK®H>OC- !(kEG�Q"!WOE-j!(- G8HJIJK !cQ}B8ImQ"�·H>B8D
.@!cQ}KLDFK G�H>B+$,3�B53�O%H>\�G�H}Bl$#OC-®Bm!(3AM �(! In!cQ#��\7Q}K®H>OC� 9_KLQ>K·B1ImOC3F3�OC-¬DFK±G8H>B1$�GC$ $#H}B8D>D?D9M±G_ImB�G6-O$
K<\�Q>K®Bl�±D9B7O6J.D9\&-±IJK®H}OE- !;k8G�Q#!cOE-AM®H"!;3F!cQ#!('aB8D0<

Z�G_IJK !(-·B8DU.@!cQ}K DFK±G8H>B1$A3�B53AO_H>\AQF\<M ! I^G6�;�c\�K±G5'aB�OC- �c\]Go�;!(3F!WQ>B1$F-)� 3LKPBNHSO1J?M®H}O<ImB8D>D9O_HþDn<
= DFM±B8In! G6�;�c\LD9\®D9Q>B53LD@K±G%DFB1$,OC-�G�D/!(- 9C�cBpKB�±D1D:�)i2BNHUJ¢H>OC3�KB�±D1D>G8Q"�®HþG�Q#!cOE-q<lrµK®B5!cH�M±OaO_H�D>ING6��G12
K !;�(!cQ9\AI^G6-AK±B5-·Bns±Q@J¢H>OE3t� G�H"9%B�I^G%IiK·B8DR�cO<I^G1�³Q}O�Q>K·B�M®H}O<ImB8D>D9O_HþDn<mrµK·B�ImOC-#Q}B5-#QþDCO1J/Q>K·B�I^G%IiK®BED
G�H}B[ZaB^M®Q)ImO_K·B^H>B5-<QDK#\¥GLI^G_IJK®B52�ImO%K®B^H>BY-±ImB7M®H>O%Q>O<ImOC�X< = G_IJK�I^G%IiK®BÂD:-®OaO%M±D Q}K®B�Q>HþG+u�I OC- Q}K®B
ImOC3F3�OE-LK �±D�G6-7$�M®H}B5'aB5-<QJDµG1-#\v!(-±ImOC-±D:! DFQ}B5-±In!WB8DwJ¢H}OE3ßO<I^I0�®H>H#!(- 9yx�:aQ>B8R%T6z{<

Z,B8D>D}G69%B52�M G_D>D/!(- 9]G�HþIiK !WQ>B8IkQ"�®H}B8DSG1��D9O�K G+'aB|$&!�D9Q>H#!(K �®Q}B1$�3�B53AO_H>\PG K �®Qm� G_IdZ�Q}K®B¬ImOC3F3�OE-
DFK G�H>B+$�GE$ $#H}B8D>D7D9M±G_ImBP<7;}- DFQ>BEGE$gG2BEG_IJK,M®H}O<ImB8D>D9O_H7K±G%D~!WQJDSO1.@- GC$ $#H>BED>D1D9M±G_ImBP< =�> G63�M �WB8DµO6J
D:� IiK¥G�HþIiKB!cQ>BEImQ"�®H}B8DµG8H>B�Q>K®B%�S\<M±B^HJIn�BKPB�G8HJIJK !cQ}B8ImQ"�·H>B8DWK#\L;X-<Q>B5� G6-O$¥G�HþIiK !WQ>B8IkQ"�®H}B8DIK±G%DFB1$LOE-
Q>K·BFr!HJG1-±DFM �·Q>B^H%K#\];}-B3�OaD0<�=/OC3F3L� - !�ING�Q"!WOE-]G6-O$ DF\)-±IJK®H>OC- !(k8G8Q"!WOE- G63�OC- 9LQ>K®B¬M®H>O<IkB8D>D9O_HJD
!�D�K±G1-O$&�cB+$�K#\ B > M �(! In!cQ[3AB8D>D}G69_BEDn< :zO G@3�B53�O%H>\ G_I^IkB8D>D¬G6-O$ IkOE3F3L� - ! I^G�Q#!cOE-�.@!cQ>K O_Q}K®B^H
M®H}O<ImB8D>D9O_HþDSG8H>Bp')!cBY.µB1$�G%DSIkOE3�M �WB^Q>BY�c\�D9B^M±G8HJG�Q}BmJ4� -±ImQ#!cOE- Dn<

Z,B8D>D}G69%B52�M G_D>D/!(- 9%3LG_IJK !;-®B8D!G�H}B�D>G1!*$�Q>O�D>I^G1�cB@K±B^Q>Q}B^H5G6-O$¬ImOE- DFB1MH�®B5-<Q"�W\m3F!(9%K#Q�K±G5'aBR3AO_H>B
M®H}O<ImB8D>D9O_HþDn<¦Z,B8D>D}G69%B52�M G_D>D/!(- 9´G�HþIiK !WQ>B8IkQ"�®H}B8DnGµK·O6..B5'aB^HYG?KB�®Hd$#BY- Q>K®B D9O6J¢Q/.?G8H>B Q>O G�3,�±IJK
9_H}B8G�Q}B^H�B > Q}B5-#Ql!;- Q}K±G�Q%!cQ�K G_D Q}O DFQþG�Q"! I^G6�;�c\�$&! DFQ}H"!(KB�®Q>B¬Q>K®B¬B > B8In�®Q#!cOC- G1-O$�3�B53�O%H>\��±D>G19_B
G63AOE- 91Q}K®BµM·H>O<ImB8D}DFO%HJDn<Wr�G_D/Zp3F!;9_HþG�Q"!WOE-ÂG6-O$[$#\)-±G13F!�Ig�9OEK¬G1�(�WO<I^G�Q#!cOE-¬G8H>B@'aB^H}\7ImOzDFQ"�W\H<
rµK&� DnG
Q>K·BqK±G8Hd$&.�G�H}B�D}I^G6� G6K !;�(!cQ9\LO6JCGF3�B8D>D}G69%B52�M G_D>D/!(- 9¥G8HJIJK !cQ}B8ImQ"�·H>Bp! D1OE- �W\A�±DFBnJ4�B�+Q>OLQ>K·BqB > Q>BY-#Q
Q>K G�Q�Q>K®B�DFO1J¢Q/.?G�H}B�I^G6-�ZaB^B^M¥ImOC3F3L� - !WI^G�Q#!cOC-qQ}O¬G�3F!;- !(3[�B3�<

rµK !�D
!�D!OE-®B?O1J±Q>K®B.H>B8G%DFOC-±D�.?K#\�DFK G�H>B+$&2\3AB53�O_H}\1G8HJIJK !cQ}B8ImQ#�®H>B8D!G8H>B�ImOC-±D:!�$#B^H}B1$c3�O%H>BW9_BY- 2
B^HþG6��G6-7$,B8G_D/!cB^H?Q}O�M®H>OC9_HþG63A< = u�In!cBY-#Q.M®H>OC9_HJG13LDRJ¢O_H`Qm_1ZAa G8HJIJK !cQ}B8ImQ"�·H>B8D?D/�&igB^H1D9O6J¢Q/.?G8H>B
�(!;3F!cQþG�Q#!cOE- D«D/!(3F!;��G8H+Q>O�Q}K®OaD9B O1J�3AB8D>D}G69_BY2�M±G%D>D/!(- 9¬G8HJIJK !cQ}B8ImQ"�·H>B8D0GN!;-LQ>K±G8Q?M®H>O<ImBED>DFO%HJD@-®B^B1$¬Q>O
.µO%H"Z]G_Dm3,� IiK¥G_D1M±OaD}D:!;K �cBL!(-��>Q>K·B5!cH���M±O%H>Q"!WOE- O6J.Q>K·B¬DFK±G8H>B1$A3�B53�O%H>\L!(-�O%Hd$#B^H7Q}OF9_B^Q7Q}K®B
DFK·O_H>Q}B8DFQ)G_INImB8D>DµQ#!(3�B)G6-7$�Q>OLZaB^B^M�ImOE3F3L� - !WI^G8Q"!WOE-¬Q>O¬G[3F!(- !;3[� 3y<

;X-�I^G%IiK·B52�OC- �c\%3�B53�O%H>\7G8HJIJK !cQ}B8ImQ#�®H>B8D�^F=@�)ZAacbdG%Q>K®BD3�B53�O%H>\1O%H"9zG6- !;k8G�Q#!cOE-v!�D/D:!;3F!(� G�H�Q>O
Q>K G�QµO1J
Qm_)ZAa�!(-¬Q>K±G8QµB8G%IiK�M®H}O<ImB8D}DFO_H?K·OE�*$·D«G7M±O_H>Q#!cOC-�O6J�Q}K®B1GC$ $#H}B8D>D.DFM±G%ImBH<���O6..B5'aB^HYGaG6�;�
3�B53AO_H>\l!;-�Q>K®B7=@�)ZAapG<I^G6�;�cB1$¬G�Q}Q>HþG_ImQ#!cOE-v3�B53�O%H>\L^Xa1Z�b�GH!�D«O%H"9zG6- !;k^B1$,�;!(ZaB@��G8H"9%B[^3D9B8ImOE-7$&2
�cBY'aB5�\b.I^G%IiK·B8Dn<m� K !;�cB�B8G%IiK�Qm_1ZAa�3�B53�O%H>\¬K®OE��$®D7G�DFQþG�Q"! I�M±O_H>Q#!cOC- O1J?Q>K·B¬GE$ $#H}B8D>D7D9M±G_ImBPG
Q>K·BLImOE-<Q>BY-#Q�O6J�B8G%IiKja)Z IiK±G1- 9_BEDp$#\)-±G63v!�I^G1�(�c\¥Q>K®H}OE� 9%K®OE�·QqQ}K®BLImOC3�M �®QþG�Q"!WOE-�<�aßI^G_IJK®B52
ImO%K®B^H>BY-±ImB�M®H}O_Q}O<ImOE��G1�(�cO1.�D�ImO%M !cBED�O6J�GA$®G�Q#� 3 Q>O�B > ! DFQp!;-�3L� �cQ#!cM �WBLa1Z�D�G1-O$e3LG1!(-<QJG1!(-±D
Q>K·B�IkO_K®B^H}B5-±ImB�G63�OC- 9�Q>K®B%$&!�igB^H>B5-<Q?IkO_M !WB8Dn<�� K®BY-,H>BNM ��G%In!(- 9�OE-®B%$®G8Q"� 3t!;-,G1-ya1Z�.@!WQ>K¥G
3�O%H>B1H}B8ImB5-<Q"�W\¬G_I^ImBED>DFB+$qOE-®BPG®Q>K®B7M®H}O_Q>O<IkOE�
3LG6ZaB8D/D/�®H>B7Q>K G�Q�Q>K®Bl��G%DFQ�ImO%M#\¬O6J�Q>K®Bl$·G�Q"�B3�!;-
Q>K·B�D9\®D9Q>B53�!�DR-®O%QU�WOaDFQY<

=@�)ZAa¸M®H>O1')!*$#BED«G�M·H>OE9%HJG13F3F!(-B9m3�O)$#B5�O!�$#B5-<Q"!�ING6�®Q}O�Q>K±G8QµO6J�DFK G�H>B+$&2\3AB53�O_H}\�G�HJIJK !WQ>B8In2
Q"�·H>B8D0G�K �·Qm$#OaBEDU-®O_Q)H>B1MH� !cH}B7DFQþG�Q#!�Ip$)!�DFQ}H"!;K �®Q"!WOE-¥O6J.B > B8In�®Q#!cOE-¥G1-O$83�BY3�O_H}\,�±D}G69%Bp!(-¥O_H�$#B^H

�



Q>OAH"� -¥BnuLI0!cB5-<Q"�W\H<µ=@�)ZAa K±G%D1GE$&'%G1-#QþG69_BED?J¢O_Hm3AO)$#B^HJG8Q>B5�W\�D/!(k^B+$83LG%IiK !;-®B8D0G®G_D@.µBY�(��G_D@J¢O_H
��G8H"9%Bc3�G_IJK !(-®BEDnGH!(-LQ>K G�Q@!cQ?M·H>O1'&!�$#B8DµQ}K®Bl��G�H#9_B8D9Q?M±OaD>D/!(K �WBL^3DFBEImOE-O$)2\�WB5'aB5�\b�I^G_IJK®B8D�J¢O_H)Gp9E!;'aB5-
Q>O%QJG1�±G63�OC� -<Q+O6J�3�B53AO_H>\PG8D:!(- ImB@� �4�PQ}K®B@3�B53¬O_H}\m!�D
�±DFB1$p!;-�Q>K®BDa)Z�Dn<
rµK®B)G�Q>Q}HJG%ImQ"!WOE-[3�B53v2
O_H#!cB8D@-®O%Q1OE- �W\y$#\&- G63F! I^G6�;�c\v$&!�D9Q>H"!;K �®Q}B Q}K®B�GC$ $#H}B8D>D1D9M±G_IkB�O6'aBNH?Q>K®B%3LG_IJK !(-·BHG&K �·Q7G6� DFOLIn�·Q
$#O1.@-¬Q>K®B@-®BNB1$cJ¢O_H/IkOE3F3L� - ! I^G�Q#!cOE-�G63�OC- 97M®H>O<ImBED>DFO%HJD0G#D/!(-±IkB@3�OaD9Q+G%I^ImB8D}DFB8D+G8H>BD�cO<I^G1�®Q>O7Q}K®B
G�Q}Q>HþG_ImQ#!cOE-y3�B53�O%H>\¬O6J/Q}K®B�M·H>O<ImB8D}DFO%H5<mrµK·B�O1'aB^H>K·B8GE$�H>B+MN� !WH>B1$,J¢O%H7G_I^IkB8D>D/!(- 9AG�� G�H#9_B�ING_IJK®B
ImOC3�M±G�H}B1$�Q>OAG�� G�H#9_Bp3AB53�O_H}\¬G6-O$LQ>K®Bl!;-±ImH>BEG_DFB+$,G63AOE� -<QµO1JR3AB53�O_H}\cJ¢O%HU!;3�M �cBY3�Bn-<QJG8Q"!WOE-
G�H}B�D:�®H}M®H"! D:!;- 9E�W\�D/3LG6�;�X<��
!(9E�·H>B1V�ImOE3�M G�H>BED�=@�)ZAa¤Q}O1O_Q}K®B^H/D9K±G�H}B1$&243�B53�O%H>\)G�HþIiK !WQ>B8IkQ"�®H}B8Dn<

Memory

Network

Shared Memory (UMA) Shared Memory (NUMA)

Mem Mem

Cache Only Memory (COMA)

AM AM

...

Network Network

... ...Cache
Proc

Cache
Proc

Cache
Proc

Cache
Proc

Cache
Proc

Cache
Proc

�
!(9E�·H>B�V%UC:aK G�H>B+$&2\3AB53�O_H}\¬G�HþIiK !WQ>B8IkQ"�®H}B8DµImOC3�M±G8H>B1$qQ}OqQ}K®B�=@�)ZAap<

rµK !�D?M±G8MPBNHm$#BED>ImH#!(K±B8DµQ>K·BcK G_D:! Ic!�$#B8G_DRK±B^KB!(-O$¥Gp-®B5.�G8HJIJK !cQ}B8ImQ"�·H>B1O1J/Q>K®B�=@�)ZAa�In��G%D>D0<
rµK®B�G8HJIJK !cQ}B8ImQ"�·H>BHG8I^G1�(�WB1$ Q}K®BD�1G�QþGl�U!]i��±D/!cOE-¬Z�G%IiKB!(-®B`^X�m�1Z�b�G�H}B5�(!WB8D!OE-¬GSK !WB^HJG8HJIJK !�ING6�H-®B^Q#2
.µO%H"Z¬D9Q>H"� ImQ"�®H}BH<WrµK®B�M±G�M±B^HWs±HJD9QR!;-#Q}H>O)$&�±IkB8D+Q>K®BDZaB^\p!�$#B8G%DwK±B^KB!(-O$qQ}K®B`�m�1Z�K<\L$#B8D}ImH"!;K !(-B9
G1D/3LG6�;�&3LG%IiKB!(-®B/G1-O$[!cQJD�M®H>O%Q>O<ImOC�X<+;3Q/IkOE-<Q"!(-)�®B8D�.@!cQ}K¬Gm$#B8D}ImH"!WM®Q"!WOE-�O6J�GD��G�H#9_B@3LG%IiKB!(-®B�.@!WQ>K
K)� -O$#H}B1$®D O1J1M·H>O<ImB8D}DFO%HJDnG�J¢OE�;�cO1.µB+$�K<\ G�3AO_H>Bv$#B^QþG6!;�cB1$ DFQ#�O$#\ O6J�DFOE3AB,! D>D:�·B8D�B8D>D9B5-<Q"!�G1�/Q>O
3LG%IiK !;-®B8D/O6J.Q>K ! DSI0��G_D}DnG±K®O1.�Q>OL!(-±ImH}B8G_D9B�Q}K®Bp-®BNQ:..O_H#ZFK±G6-7$&.@!*$#Q}K�G!G1-O$,K®O1. Q>Ov!(3�M �WB53¬B5-aQ
')!cH>Q#�±G6�O3�BY3�O_H}\�G1-O$�D9B8ImOE-7$®G�H}\�D9Q>O_HþG69%BH<WrµK®B1M±G8M±B^HµB5-7$®DI.@!WQ>KAGcK®H#!cBnJq!(-<Q>H>O)$)�±ImQ"!WOE-�Q}O�Q}K®B
OE-B9_OE!;- 9�M®H}O_Q}O_Q9\#M±B7M®H}OE�9B8ImQ�G1-O$�Q}K®B�D:!(3L� � G�Q>B+$¶M±B^H/J¢O_H"3�G6-±ImBDsO9E�®H}B8Dn<

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

rµK®B?M®H}OEK �WB53�O1J�3LG6!;-#QþG6!(-B!(- 9)ImO_K·B^H>B5- ImB?G13�OE- 9)H>B8GC$&2\.?H#!cQ}BD$®G�QþG D9K±G�H}B1$[K#\|$&!]igB^H}B5-#Q5I^G%IiK®BED
K±G%D8K±B^B5-[DFQ#�O$&!cB+$ B > Q>BY-±D:!;'aB5�c\ O1'aB^HAQ>K®B���G%DFQL\aB8G�HþDn< =/O_K®B^H}B5-±ImB ING6-ïB5!cQ}K®B^HFK±B�ZaB^M·QFK#\
DFO1J¢Q/.?G�H}B�O_H�K G�Hd$).?G�H}BH< ;3Qp!�D7OE�®H[K±B5�;!cBnJ�Q>K±G8Q�Q>K®B�I^G_IJK®BF�;!(-®B¬O6J�G =@�)ZAa�3L�±DFQlK±B¥D:3LG1�(�
!(-�O%Hd$#BNH Q}OLM®H>B5'aBY-#Q1M±B^H/J¢O_H#3LG6-±IkB[$#B59%HJGC$®G�Q#!cOE-�K#\�J�G6��D9B�D9K±G�H#!(- 9B<L_1D:!;- 9LG,D9O6J¢Q/.?G8H>B524K±G%DFB1$
M®H}O_Q>O<IkOE�1Q}K®B^H>B0J¢O_H>By!(-<Q>H}O)$&�±ImB8D�B > Q>B5- D:!('aBLO1'aB^H}K®B8GE$�< �)G�Hd$).?G�H}B524K±G_D9B1$¸D}IiK·B53�B8Dl3LG6!;-#QþG6!(-
ImO%K®B^H>BY-±ImBR.@!WQ>K®OC�®QW!(-)'aOE�;'&!;- 91D9O6J¢Q/.?G8H>B)G6-O$¬I^G1-�Q>K®B^H}BnJ¢O_H}B@K±BU!;3�M �cBY3qB5-aQ}B1$U3�O%H>B?Bnu�In!WB5-#Q#�c\H<
=�> G13�M �WB8D2O6JgK±G8Hd$&.�G�H>BY2\K±G%DFB1$�M·H>O_Q}O<ImOE� D+G�H}B�D:-®OaO%M !(-B9E2�I^G_IJK®B?M®H}O_Q>O<IkOE��D/G1-O$[$&!cH}B8ImQ}O_H>\)24K±G_D9B1$
M®H}O_Q>O<IkOE��D0<

:H-®OaO%M !(- 9C23ING_IJK®B�M®H}O_Q}O<ImOE� DCK±G5'aB�G[$&! DFQ>H#!(K �·Q>B1$F!(3AM �cB53¬B5-aQþG�Q"!WOE-�< = G_IJK¥I^G_IJK®Bm! DµH>B8D9M±OE- 2
D:!;K �cB[J¢O_HÂD:-®OaO%M !(-B9�Q>HJG5uLI�OE- Q>K®BLK �±D�G6-O$ QþG6Z)!(- 9y-®B8ImBED>D>G8H>\ G%ImQ"!WOE-±Dl!]J�G1-�!(- ImO_K®BNH>B5-±IkB,! D
G6K±OC�®Q1Q>O�O<INIn�®H5<

V



aU-�B > G13�M �cB5O6J D:�±IJK�G?M®H}O_Q>O<IkOE� ! DÊQ}K®Bl¡�¢0£(¤/¥d¦/§H¨ ©n¥Wª�¢"§E¤{§1©d§E«d!(-<Q>H>O)$)�±ImB1$lK#\p¬�OaO)$&3�G6-AG6-O$
H>BY'&!WB5.µB1$pK<\L:aQ>B5- DFQ>H+OE3®x�:aQ}B8R_T1zX<5;}-AQ>K±G8QµM®H}O_Q>O<IkOE�XG±D9K®O1.@-F!(-o�¯!(9C�®H>B � G#B8G%IiKAI^G%IiK®BD�(!;-®B)I^G6-
K±B[!(-�OC-®BqO1J.Q>K®BpJ¢OC�®H�DFQJG8Q>B8D7;/QU°Wa`±!;:�%G °Wam±!;/�pGg@ = : = @�° = �pGPO%H%�1;9@�rR²[<gZ�G6-<\�I^G%IiK®BED
3F!;9_K<QµK±G5'aB7Q>K®BÂD>G13�B�I^G_IJK®Bl�(!;-®Bl!(-LQ>K®BÂDFQþG�Q>B%°Wam±!;/��G�Q�Q>K®BÂD>G13�B7Q"!(3ABHG<G6-O$�3LG^\�H>B8GC$8!WQ
�cO<ING6�(�W\H<¯� K·B5-�.?H"!cQ#!(- 9�Q}O¬G�I^G_IJK®Bm�;!(-®B`!(-�°Wam±!;/�pGaQ>K·Bc�;!(-®B)IJK±G6- 9%B8D�DFQJG8Q>B7Q>O¬@ = : = @³° = �%G
G6-7$�G�.?H#!cQ>Bl! DSD9B5-#Q?OC-�Q>K®B�ImOC3F3�OC-FK �±DSQ}OqQ}K®B�IkOE3F3�OC-,3AB53�O_H}\H<WaU�;�2O_Q}K®B^H)I^G_IJK®B8DR.@!WQ>K
�(!;-®B8DO!(-p°wam±!;/� D:-®OaO%M�Q>K®BW.?H#!cQ>B.G1-O$c!;-&'%G6�;!*$®G8Q>B+Q}K®B5!WH�ImO_M !WB8Dn<
a?Q2Q}K !�D!M±OE!(-<Q!Q>K·B^H>BW!�D2OC- �c\)OE-®B
I^G%IiK®B+$qImO%M#\�O6J�Q}K®B1ING_IJK®B@�(!;-®B�ImOE-<QJG1!(- !;- 97Q>K®BD-®B5.@�W\[.?H"!WQ>Q>BY-,'%G6�;�®BH<´rµK®B1IkOE3F3�OC-p3�BY3�O_H}\
-®O1. G1��D9O�IkOE-<QJG6!;-±D+Q>K®BD-®B5.j'%G6�;�®BH<5;{JÊG7I^G_IJK®B�G6�WH>B8GC$#\�K G_D+Q>K®B)I^G%IiK®B@�;!(-®B�!(-A@ = : = @�° = �pGE!WQ
I^G1-�M±B^H:J¢O%H"3 Gp.?H"!cQ}BU�WO<I^G6�;�c\[.@!WQ>K®OC�®Q�G6-<\�Q>HþG6-±D}G_ImQ#!cOE- DµOE-LQ>K®B�ImOE3F3AOE-[K �±D0</;3QJDI'%G1�(�®BD.@!(�;�
-®O1.�$&!�igB^H?J¢H}OE3ßQ}K±G�QD!(-¥Q>K®Bl3�BY3�O_H}\HGaG6-7$�!cQJD?D9QJG8Q>Bp! DCQ}K®B^H}BnJ¢O_H}B�IJK±G1- 9_B1$�Q}O��1;9@�rR²[<BaU-#\
H>BEGE$�H>B1MH�®B8D9QJD�J¢H>OE3 O_Q>K·B^H�I^G_IJK®B8D/Q>O�Q}K±G�Q�I^G%IiK·Bm�(!;-®BU3L�±D9QR-®O1.µKPB`!(-<Q>B^HþImB^M®Q}B1$gGH!(-�O%Hd$#BNH?Q>O
M®H}O6')!*$<B�Q>K·B[-®B5.¶'%G6�;�®BHGg3�G�H"ZaB+$oK<\j�"!;-#Q}B^HJImBNM®Qd�[!(-�Q}K®BcsO9C�®H>BP<prµK®BlsO9E�·H>B¬G6� DFO¥DFK·O6.�D1Q}K®B
O_M·Q"!(3v!(k8G8Q"!cOC-���QSH>B8GC$g<·!;-&'B�&G�.?K !�IJK G6�;�cO1.�D7G,I^G%IiK®B�Q}OLH>B8GC$ G�M®H#!('%G�Q}B�ImO%M#\¥O6JCG�ING_IJK®B[�(!;-®B
.?K®B5-�!;-,D9QJG8Q>B�;/QU°wam±!;/�p<

Pread/Nread

Pread

Nread

Pwrite

Inv. Val.

Dirty Res.

Pwrite,
Pread

Nwrite, Nread.inv

Nread/
intercept

Pwrite/
Nwrite

Pread

Pwrite/
Nread.inv

Nread.inv

Nread.inv/
intercept

NOTATION:

in−trans./out−trans.

P= processor trans.
N= network trans.
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    (winner)
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      (loser)
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D:3�G6�(�±M±G8H>Q?O1J+Q}K®Bm3LG%IiK !;-®B�G_DµM±OzD>D:!;K �cBP<WrµK®B7K !(9%K®B^HR�WB5'aB5� D�O1J+Q}K®B1K !WB^HJG8HJIJK#\¬ING6-FK±B�DFM �;!cQ.Q>O
O1'aB^HJIkOE3�BDK±G6-7$&.@!*$#Q}K�K±O_Q}Q"�WB5-®B8IdZ®D0GH.?K !(�WB�D9Q"!;�(�2M·H>O1'&!�$&!(-B9¬G�HJG_IkB52 J¢H}B^Bl-®B^Q/.µO%H"Z�<

rµK®B?O1'aB^H>K·B8GE$1O6J�=@�)ZAa¤B > M �WO_H}B1$m!(-�OC�®H+K±G8Hd$&.�G�H}B?M®H>O%Q>O_Q9\<M±BR!�D��(!;3F!cQ}B1$SQ}O î M±B^HþImB5-<Q¯!;-
Q>K·B�G_I^ImBED>D+Q"!;3�BRK±B^Q/.µBNB5-�Q}K®BSM·H>O<ImB8D}DFO%HµING_IJK®B8D+G1-O$qQ>K·B�G�Q>Q}HJG%ImQ"!WOE-L3�B53�O%H>\HG8G1-O$qGm3�BY3�O_H}\
O1'aB^H>K·B8GE$�O6J.X P V�X�M±B^HþImB5-<QIJ¢O%HmV �QP)�CÅEî M·H>O<ImB8D}DFO%HJDn<
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rµK®B%�m�1Z K±G%D?3LG1-#\AD:!;3F!(� G�H#!cQ"!WB^D+Q}O[�Â!(��D9OE-�ì�DµM®H>O%M±OaD>G1�@x �Â!(� ä î zgJ¢O%H�G�K !cBNHJG�HþIiKB!�I^G1�!DFK G�H>B+$&2
3�B53AO_H>\�G�HJIJK !WQ>B8ImQ#�®H>BÂG6-O$ ImB^H}QJG1!(- D:!;3F!(� G�H#!cQ"!WB8D«Q}OLQ>K®BL�Â!�D}ImOE-±D/!(- Z�� �WQ"! In� K±Byx ¬D� äEä z�G6-O$
Q>K·B�r?@ =W= YßG�HþIiK !WQ>B8IkQ"�®H}B�x °<;#: äEä z{<j�SO1.µB5'aBNH5G+G1�(�?O1J7Q>K®BEDFB�3LG_IJK !;-®B8DnG��B- �(!;ZaBqQ}K®BA�m�)Z�G
$#B^M±B5-7$,OE-�M®K<\®D/!�I^G1�(�W\LDFK±G8H>B1$A3�B53AO_H>\�M·H>O1'&!�$&!(-B9LG��>K·OE3�B1�[�cO<ING�Q"!WOE-AJ¢O_Hl$·G�QJG)<lrµK®B[�Â!�D/2
ImOC-±D:!;-LZ�� �cQ#!�In�BKPB�ING6-LG1��DFO[K±B7IkOE-<Q>HJG%DFQ}B1$�.@!WQ>K�Q}K®Bl�m�)Z�!(-¬Q>K±G8Q?ImB^H}QJG1!(-¬H>B1MH�®B8D9QJDI-·B^B1$�Q>O
K±B,K·H>OaGC$®I^G%DFQ�Q}K®H>OC� 9_K·OE�®Q�Q>K®B�B5-<Q"!WH>B%3LG_IJK !(-·BH<l�1G�QþG83�O1')!(- 9AIn�WOaDFBNH1Q>OLQ>K·B�M®H>O<ImBED>DFO%H�G%In2
ImB8D}D:!;- 9l!cQ.I^G6-LK±BUJ¢OE�B-O$,!(-¬Q>K·B1G8HJIJK !cQ}B8ImQ"�·H>B?O6JÊZ�!(k^HþG�K !³xûZ�Y@±on ä R1zX<´rµK®Bm3�B53AO_H>\)O6'aBNH>K®B8GC$
O6J�Q>K±G8Q�G�HJIJK !WQ>B8ImQ#�®H>Bl! D~3L�±IJK�K !(9C9_B^H1Q}K±G6-�!(-�Q}K®BL�m�1Z�G
$&�·B�Q>O¥G,�cO1.�K®HJG1-±IiK�J�G%ImQ>O%H�G6-O$
J4� �;�g!(- In�(�±D/!cOC-�</;3Q@!�D?G6� DFO¬M®H>O1')!*$#B+$,.@!cQ}K�G�ImOC3F3�OE-ADFK G�H>B+$83�B53AO_H>\ÂG6-O$LH>B8D9Q>H#!�ImQþDR.?H"!cQþG6K �WB
OEK �9BEImQJDµQ}O,K±B�I^G_IJK®B1$¬Q>O¬OE- �W\�OE-®BÂImO_M<\H<

ÿlº ���Tm � 	T5 Â�l� ��� ��� ���

p £9§ p uW|!�«�ax8�avaw9xfq<s2w9{k|3{k�Ew}y9�C� x�pa�<�a�^s3utx8�7|3v<x��<|3x8w9{k�S�_�?s9�a{ p ~5{k��uW|3�<rµ�^s3utx8�<�mrts³x%�^w}��� x�wg�±{kyF�a�_uWyJ�mr
¼µ{J�8{>rtx8va�7{J�_sLª p ��u?>� p ~+{k��uW|3� �±{>rt{ky>x8�¬�wv±o xÊw3uWyJ|9|3x8�±�µ© p x!©ys³w9x^~/�zs³xN��{Jw3u¢�.£-s+o p ~5{k�_{J�±�
s³x^��x8w}|=x2rt{ky>s9wFx8�_uWyJ|J�g�^�<�®�Ps9�a{ p ~+{k��uW|3�¥¼µ{>��{J�<y>{�o��^s9{Jw3uW�mr�©?�_�1ut�_uW|3s9w}�Es3utx8��ª|{!o%}S}�<¹�x8w9¡¬x��AsF�a{
¼?¼?o u�|S�#{>u��a�,yJ�^w9w3ut{k��x8pas)�8|µv<�Ew9s�x^�/s9�a{~x�|3vaw3uts1vaw9xX��{ky>s����I�t�<�ox7��oq©1�®¹L{�s9�<�^�a¡�x8paw����^�%�
y>x^r�rt{k�^�8pa{k|Êut�%��x^rt�8{k�Sut��x�w��8|9|3xayFuW�^s9{k�1~+uts9� s9�a{/vaw9xX��{ky>sk��x�|3v#{kyFuW�mr�r���~+{/s9�<�^�a¡1¼?�m�8uW�<�S� ¼1�^¹¥�^wFw9{J�±�
u«�_u���{Jw}|�uts3��x^��s�w�u�|�s9x^r¢�_~/�axSu�|«�)y>xEu��_�8{J�_s9x8w+x^�±s9�a{�¼?¼?o,�%o¶ut¡N�E{>r*v��x^� ��w9{J�±� p £9§ p �a~«w9x8s9{/sF�a{�¼?¼?o
|�ut�1p_rW�^s9x8w��E�<�,v<{Jw3��x8w9�7{k� s9�a{¬|�ut�1p_rW�^s3utx8�<|J�+�<�8|�u��a���_u�| ~+x8w9¡,x8�'�>©µ�<|3s9w}��y>s�x ºz{ky>pas�u�x��t�a�/ª�©�x�}�
~/�_uWyF�A~/�8|«vaw9x^��u��_{k�qs9x�p<|µ�_���8�^� {k|�v±�Ew9p<|J��u«�_u���{Jw}|�uts3�¬x^��¹ uW|9y>x8�<|�ut�±�?¹�{��Ew9{)�mrW|3x���w}�^s9{>��p_r±��x8w
s9�a{�y>x8�<|�s9w9p<y>s3ut�8{1y>w3uts3uWyFu�|�� x^�!s9�a{?w9{J��ut{J~+{Jw}|J�

�d�<�Z�<�A�~�����~�

x·a ã R%T6z ã <)ap<<Z�<HaU�(!gG1-O$�@l< ã G8H"��D}DFOC-�<
rµK®B7ZA_ : = �1@@2¢M±G�HþG6�(�WB5��T+H>OE�WOE9%3�O)$#B5�±G1-O$F!cQþD
M±B^H:J¢O%H"3LG1-±ImBH<A;X-��~§H¢À¤�$��`»,¥0¢n£*©d½H¨'�W§H¨�01¥0¢À¥À¨ ©n¥�§H¨(�³§	"H£*©¡  ¢"§	"H¢#½H»[»[£*¨�"E<!Z�;/r
T+H>B8D}DnGg�)ImQ}OEK±B^H7V^R%R_T)<

x =Wãlä R1z :O<W; < = 9E9%B^HJD¬G6-O$ @c< �p< ã G�Q"kP< = '%G1�(�±G8Q"!(-B9�Q>K®BLM±B^H:J¢O%H"3LG1-±ImB�O1JUJ¢OC�®HAD:-®OaO%M !(- 9
I^G%IiK®B�ImO%K®B^H}B5-±Im\�M·H>O_Q}O<ImOE� Dn<7;X-¢  ¢#§6©n¥d¥#þH£*¨O"6í%§£0%¤¤$O¥¦¥Z§1¤�$¨�`¨B¨ Ã&½E«7©0¨&¤/¥0¢0¨ ½E¤X£*§H¨B½E«
ª�¼C»Uª §6íY£*Ã)»�§H¨«�W§H»Uª�ÃN¤/¥0¢w�`¢"©�$B£(¤/¥#©n¤{Ã&¢d¥dG®M±G19_B8D �QP V Å G�V^R ä R)<
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x ¬D� äCä z ; <�@l<R¬�OaO)$&3LG1- G1-O$ÂT¯<W; <I� OaB8DFQY<¶rµK®BA�Â! D>ImOC-±D:!;- Z�� �WQ"! In� K±BaU�G�-·B5.���G8H"9%B52
D>ING6�cB¬ING_IJK®B52�ImO_K®BNH>B5-<QU3L� �WQ"!cM·H>O<ImB8D}DFO%H5<7;X-«  ¢"§1©n¥d¥#þH£*¨�"6í|§£0L¤�$O¥#¥O¬E¤¤$�`¨ ¨ Ã)½E«®©0¨&¦
¤/¥0¢n¨B½E¤X£*§H¨ ½E«�ª�¼C»Uª §6íY£*Ã)»�§H¨«�W§H»Uª�ÃH¤:¥À¢��`¢"©	$B£(¤:¥#©n¤{Ã)¢À¥���¯~§H¨ §E«�ÃH«�Ã°�=¯~½H¡�½H£*£(G±M±G69%B8D
¹E¹P�QPP¹ V#VCG+V^R äEä <

x·�`�U�ïR_T1z = <1�1G69%B^HJD9Q>B5-qG�:O<Y�1G�H#!*$&!{G8G6-O$%�p<Á�%<Á�p<0� G8H>H>BY-�<HrµK®B.I^G%IiK®BY23ImO%K®B^H}B5-±ImB+M·H>O_Q}O<ImOE�<O6J
Q>K·B@$®G8QJGm$&!�i��±D:!WOE-[3LG%IiK !;-®BH<a;X-ÂZ�<1�U� K±OE! D«G1-O$q:O<CrµK±G6Z)Z%G�HYG_B1$&!WQ>O_HþDnG��W½H©	$O¥@½H¨ þ
©0¨)¤:¥0¢#©d§H¨ ¨�¥#©n¤��`¢"©�$B£(¤/¥#©n¤{Ã&¢d¥"ív£*¨¢±�ÃH«Á¤X£·ª�¢#§1©n¥"ídíY§H¢�í0< ã �;�&..B^Hla1INGE$#B53v!�IpT�� KB�(!�D9K®B^HYG
QSO%H".µBY�(�XG<Z�G%D>DnG�V^R%R_T)<

x·�`±��1R#V0z = <H�1G19_B^HþDFQ>BY-�GHap<H±!G1-O$&!;-�G<G6-O$�:O<H�1G8H"!�$&!X<±Z�� �WQ"!WM®H>O<ImBED>DFO%H/ImOC-±D:! DFQ>BY-±Im\�G1-O$¬DF\)- 2
IJK®H>OC- !(k8G8Q"!WOE-,Q}K®H>OC� 9_K�Q}HJG1-±D:!WB5-#Q)I^G%IiK®B�D9QJG�Q}B8Dn<);X-�Z�<��U� K±OE! D1G6-O$ :7<grµK±G1Z&Z%G8H5G
B1$&!WQ>O%HJDnG&ª�©d½E«�½H¾0«(¥¢ª$B½H¢d¥#þE¦²±�¥À»[§H¢n¼«±�ÃH«Á¤X£·ª�¢#§1©n¥"ídíY§H¢�í0< ã �;�&..B^Hya1I^GC$#B53F! IATw�BK 2
�(! DFK®BNH5G Q�O_H"..B5�(�{G<Z�G_D>D0G!V^R%R#VE<

x·��OE3LYS=Wz��SOC3�B^H5<�³@þH¼5ídí1¥0¼6< ä T_T�YS=D<
x·±��`�1R#V0z ap<B±!G6-O$&!;-�G = <O�1G69%B^HJD9Q>B5-qG®G6-7$ :O<B�1G�H#!*$&!{<+@�G_ImB52*J¢H>BNBm!(-<Q>B^HþImOE-B-®B8ImQ#!cOE-v-®B^Q/.µO%H"Z·D

G6-7$á3L� �cQ#!cM®H}O<ImB8D}DFO_HAImOC-±D:! DFQ>BY-±Im\H< ;X-y´ §Â½nªHªO¥#½H¢�£*¨µ  ¢"§1©n¥d¥#þH£*¨�"6í�§£0�¤¤$O¥�¥O¶E¤¤$
�`¨ ¨ Ã)½E«�©0¨)¤:¥0¢0¨ ½E¤{£*§H¨ ½E«�ª�¼E»UªB§6íY£*Ã)»�§H¨«�W§H»Uª�ÃN¤/¥0¢w�`¢"©	$B£(¤:¥#©n¤{Ã)¢À¥dGgV^R_R<VE<

xûZ�Y@±on ä R6z%�p< = <#Z�!;k^HJG8K !XGO;E2{±,Y?G�BNH5G)�p< = <H±!G1k^O1.�D:Z%G&G·G6-O$¦; <]ngG8K®O_H4�}G6-�<!;X-<Q>H}O)$&�±In!;- 9m3�B53v2
O_H}\F!(-<Q>O¬Q>K·B�D/.@!cQþIiKLB5�WB53�B5-<QJD+O6Jw3,� �WQ"!WM®H>O<ImBED>DFO%HR!;-#Q}B^HJImOC- -®B8IkQ"!cOC-F-®B^Q/..O_H"Z·Dn<.;X-
  ¢"§1©n¥d¥#þH£*¨�"6í|§£0|¤¤$O¥¦¥Z§1¤¤$�`¨ ¨ Ã)½E«o©0¨)¤:¥0¢0¨ ½E¤{£*§H¨ ½E«®ª�¼E»UªB§6íY£*Ã)»t§H¨��W§H»Uª�ÃH¤:¥À¢·�`¢À¦
©�$B£(¤/¥#©n¤{Ã&¢d¥dG®M±G69%B8D7V Å ä P V8X î G/VNR ä R)<

x�:zQ>B8R%T6z T¯<±:aQ>BY-±DFQ}H1OE3�<�a�D:�®H#'aB^\¬O6J�I^G_IJK®B7ImO%K®B^H}B5-±ImBUJ¢O%HU3L� �WQ"!cM·H>O<ImB8D}DFO%HJDn<®©�¸�¸�¸b�W§H»p¦
ª�ÃH¤:¥0¢dG � V)^ î bdG¹;E� -®B¬V^R%R_T&<

x °�;#: äEä z Z�< ã <�°/B^H"-·OE-�G/@º;_OE9BGµG1-O$á¬%<�:7<«:aO%K !X<�T³B^H/J¢O_H#3LG6-±IkB¬G6-±G1�c\·D:!�D�O1J1KB!cB^HþG�HJIJK ! I^G6�
I^G%IiK®BY23ImOC-±D:! DFQ}B5-#Q
3L� �cQ#!cM®H}O<ImB8D>D9O_HþDn<±;X-��W§H¨�01¥0¢d¥0¨ ©n¥=  ¢"§1©n¥d¥#þH£*¨�"6í?§£0=©0¨&¤/¥0¢0¨ ½E¤X£*§H¨B½E«
ª�¥0»[£*¨B½H¢F§H¨¢ U¥À¢»0Y§H¢0»[½H¨ ©n¥L§£0&¼%£]í0¤{¢0£*¾5ÃN¤/¥#þ�½H¨ þ\  ½H¢#½E«(«(¥d«®ª�¼5í0¤:¥À»cí0G+M±G69%B8DqV%V_V P
V �Cî G�V^R äEä <

x �µ� äEä z �p<��%<g�p<�� G�H}H>B5- G1-O$ :7<��1G�H#!*$&!{<p�)G�QJG��U!�i��±D:!WOE- Z�G_IJK !(-®B P G�D}I^G6� G6K �WB¬DFK±G8H>B1$
')!cH>Q#�±G6�
3�B53AO_H>\v3,� �WQ"!WM®H>O<ImBED>DFO%H5<);}-«©À¨&¤/¥0¢n¨B½E¤X£*§H¨ ½E«��W§H¨�01¥À¢À¥0¨ ©n¥�§H¨\½�£ 00¤�$z¾m¥0¨)¦
¥0¢#½E¤X£*§H¨��W§H»Uª�ÃN¤/¥0¢wª�¼+í0¤/¥0»cí¦¥O¿Z¶Z¶E<±;>=@�`rmG2V^R äEä <

x �Â!;� ä î z ap<E�Â!;��D9OE-�<��U!cBNHJG�HþIiKB!�I^G1�<I^G_IJK®B�)YK �±D/G�HþIiK !WQ>B8IkQ"�®H}BIJ¢O_H.D9K±G�H}B1$�3AB53�O_H}\m3L� �cQ#!cM®H}OE2
ImB8D}DFO%H5<Wr!B8IiKB- !�I^G1�2H}B^M±O_H>Q = r?@ ä î 23T%T î G = -±ImO_H}B�=/OE3�M �·Q>B^H1=/O%H>M±O_HþG�Q"!WOE-�G�V^R ä î <
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Â®Ã�Ã�ÄwÂwÅÆÃÆÇ	È�ÉlÊÌË7Ê¢È=Ä7ÍlÎ�ËoÏ�È�Ð
Ã�Ñ	ÒXÓÕÔ£Ö ×ZØ�ÒÙØ�Ú
ÒOÛ	Ø�ÜÞÝOÓ Ó ñ Ì ß ð ßað
Þ¢Î}õmÏ ß«÷ Þ²à �á� â â ã ã ã

Í!Þ¢Ð�Õ¢Î 9 ßað ÷ Þ à �ä� â ð ÷ Î à � ã ã ã

Þ¢Î9Ý�ö�õmà3Î Ó9÷ Ðåà Ó9÷ ×Nà ã ã ã

ÃAÈ=æ
Ã*Ñ	ÒÙÓ�ÔáÖ çAè MNé ç�ê ä�é
ÒOÛ�Ø�ÜÞÝ�Ó
Þ à3Þ¢Î}õiÕ¢ÎµÐ�Õ¢Î9Ü L
Î ãÙë ãÙë
Ï
ã
× Ðåë
Ð ùk×µÒ8×mÜ�Î L

Â®Ã�Ã�Ä�ÂwÅ�Ã®Ç	È�ÉlÊÌË7Ê¢È=ÄoÍbÂ�ÎìÈ�í�Ë
Ã*Ñ	ÒÙÓ�ÔáÖ ×ZØ�ÒÙØ�Ú
ÒOÛ�Ø�ÜÞÝ�Ó Ó ñ Ì ß ð ß�ð
Þ î�ïáð2ñ�é�Ìa÷ Ï à î£ï£ðòñ�é�Ìa÷ Ï à î�ï£ðòó�é

ô î£ï£ð é ã ô î£ï£ð é�Ìa÷ Ïfà ô î�ïáð éÎ ã Ó9÷ õ î�ï£ðòñ�é�ß«÷ Þ�à î�ï£ðòñ�é�ß�ð ÷ Þ�à î£ï£ðòñ�é#ßað ÷ Þ�à
ô î£ï£ð é ô î�ïáð é#ßað ÷ õ ô î�ïáð éÏ ã Ìa÷ â î�ï£ðòñ�é¬ð ÷ Î à

ô î�ïáð éã ã ã î�ï£ðòñ�é�ß«÷ Þ à ñÊ÷ â î£ï£ðòñ�é#ßað ÷ Þ à
ô î£ï£ð é ô î�ïáð é× ã î�ïáðåöáé î�ï£ðòñ�éAÌ�÷ â î�ï£ðWöáé î�ï£ðòó�é¬ð ÷ Î à

ô î�ï£ð é ô î�ïáð é�Ìa÷ õ ô î�ïáð éÐ î�ïáð2÷Ié L ñ!÷ õ ã ã î�ï£ðòñ�éAÌ�÷ â ã î�ï£ðòó�é¬ð ÷ Î£à
ô î£ï£ð é ô î£ï£ð é ô î�ïáð é

ç�è MIé�óÊ×�à3ö�Ð�ÎFÔNÕ!Õ�Þ¢Ð�Î}ÏSÕ¢×=�_Î+Ñ¢Î9ö�Î}à�Õ¢Î}Ïaô
çAê ä�é�î!Õ!ö�Î}õiÑ¢Õ!×kÔ�Î.à3ö�Ð�Î9Ô^ÕgÕ�Þ¢Ð�Î}Ï1Õ�×��_Î/Ñ¢ÎFö�Î>à3Õ¢Î}Ï�ô
ã í!Ò8Ð�Ñ2Ñ¢Ð�Õ¢Ö%õiÕ¢Ð�×kÔ1Ð�Ñ2Ð�ÜSÝ%×mÑ¢Ñ�ÐW��ö�Îmô
â í!Ò�Î5Ý�Þ¢×8à3Î9Ñ�Ñ¢×kÞ+Ü1õ���à3×mÔ^Õ¢Ð�Ô^Ö8Î+Í!Ð�Õ�Ò1Ð�Õ�Ñ!×kÝ_Î9Þ�õiÕ¢Ð�×kÔ#ô
î�ïáð2÷Ié�Ì^Î9ö�Î}à�Õ¢Ð�×kÔ7×iÙ·Õ�Ò8Î+ÔNÕ�Ò1Ý8Þ¢Ð�×kÞ�Ð�Õ��?Ñ¢Ö%à9à�Î9Î}Ï^Î}Ï�ô!í!Ò8Î/Ý8Þ�Ð�×kÞ¢Ð�Õ��?Ð�Ô%à3Þ�Î}õJÑ�Î9Ñ�Í!Ð�Õ�Ò)Õ�Ò8Î+Ô^Ö8Ü=�%ÎFÞ}ô
ô î�ï£ð é�í!Ò8Î/õJÕ�Õ¢Î9ÜSÝ8Õ2Õ¢×=�_Î}à3×kÜSÎ+Ñ¢Î9ö�Î}à3Õ�Î}ÏSÙ õiÐ�ö�Î>Ïaô
��ø Þ¢Î>à3Î}Ï^Î}Ï·�f�)õµÞ�Î9Ý8ötõkà3Î+×iÙ Õ�Ò8Î+×kötÏ?Ð�Õ�Î9Ü�ô
� í!Ò8Î+Ý8Þ¢×8à3ÎFÑ¢Ñ¢×mÞ+Ð�Ñ!Ñ�Ö8Ñ¢Ý_Î9Ô%ÏEÎ}Ïaô2í!Ò8Î+Ý8Þ¢×8à3ÎFÑ¢Ñ¢×mÞ+Í!Ð�ö�ö��%Îµõ>Í õ�ùkÎ9Ô8Î>Ï��f��õ â ÙW×mÞgÕ�Ò8Ð�Ñ�:kÎ9Þ²�1Ð�Õ�Î9Ü�ô
9 ß!Î}õmÏSÍ!Ð�Õ�Ò�Ð�Ô^Õ¢Î9Ô^Õ!Õ�×?Ü�×8Ï^ÐûÙú�/Ð�Ñ!Õ¢Þ�Î}õJÕ�Î}Ï1ö�ÐåùkÎ+õµÍ!Þ¢Ð�Õ¢Îkô
L ò³Ð�Ñ3à3Ö8Ñ�Ñ¢Î}ÏSÙcÖ8Þ¢Õ�Ò8Î9Þ�Ð�Ô1Ì^Î}à3Õ�Ð�×mÔ7è%ô ç�ô
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� � J�� � � � � ��	������ � � � � � �
��� �o� ��� ��� ��� ��� �Æ� ��� ��� ����� ���Ù� ���I�
� � Ó�Ô%Ï^Ðtà9õiÕ¢Î9Ñ+õµÞ¢Î}õmÏ�Õ�Þ�õiÔ8Ñ�õmà3Õ¢Ð�×kÔ1×mÔ)Õ�Ò8Î®�8Ö8Ñ+õJÕ2Ý8Ò%õJÑ�Î�äkôÓ �é#ßLÓ�Ô_Ï^Ðtà9õJÕ�Î9Ñ5õ«Ñ¢Õ3õJÕ¢Î«Õ¢Þ�õiÔ8Ñ¢Ð�Õ�Ð�×mÔ?ÙWÞ�×kÜ Ñ�Õ�õiÕ¢Î/Ð�Ôf:kõJö�ÐtÏµÕ¢×?Þ�Î}õkÏ^Ð�Ô8ù?õJÕ!Ý�Ò%õJÑ�Î�äkô
í!Ò8Î/õkà�Õ¢Ð�×kÔ8Ñ�õiÕ!Õ¢Ò8Î/Ï^Ð��aÎ9Þ¢ÎFÔNÕ³Ý8Ò%õiÑ¢Î9Ñ+õJÞ¢Î«Î3ã8Ý8ötõJÐ�Ô8Î}Ïì�%Î9ö�×JÍ/ô
� î�Þ¢Î}õmÏ��f� ø æµÕ¢×�õiÔ1ÓgÐ�Õ¢ÎFÜ ùkÎ9Ô�Î9Þ�õiÕ¢Î9Ñ/õ��|ï��� +õiÔ%Ï1à¢Ò_õJÔ8ùmÎ9Ñ!Õ¢Ò8Î«Ñ¢Õ�õiÕ¢Î+Õ¢×�ß«ô
� í!Ò8Î.Ï^Ð�Þ�Î}à3Õ¢×mÞ��1Ï^Î9Õ¢Î>à3Õ¢Ñ/õµÔ8×mÔ8ö�×EàFõJö<õkà�Õ¢Ð�×kÔ1õJÔ%ÏSÞ¢ÎFÝ%Î}õiÕ¢Ñ+Õ¢Ò�Î!�-ï��� ³Ö8Ý^Í!õJÞ�Ï�ú8à¢Ò_õJÔ8ùmÐ�Ô�ù.Ð�Õ¢Ñ!Ñ�Õ�õiÕ¢Î/Õ�×�ß«ô
9 î Ï^Ð�Þ¢Î}à�Õ¢×kÞ²�1Ð�Ô1Ñ�Õ�õJÕ�Î/ñAõiÔ8Ñ¢Í2Î9Þ�Ñ�Õ¢Ò�Î/Þ¢Î#"mÖ8ÎFÑ¢Õ7�f�1à¢Ò_õJÔ8ùmÐ�Ô�ù.Ð�Õ¢Ñ!Ñ�Õ�õiÕ¢Î/Õ�×.îµú8Ñ¢ÎFÔ%Ï^Ð�Ô8ù$�|ï��% o�%Î9ö�×JÍ/ô
L'& Ô8Î/×JÙ®Õ¢Ò8Î«Ü�Î9ÜS×kÞ¢Ð�Î9Ñ>ú ø å�ú8Ð�ÑgÑ�Î9ö�Î}à3Õ�Î}Ï7Õ�×?Ñ¢Î9Þ²:^Ð�à�Î/Õ¢Ò8Î��|ï��� iô<Ó�Õ!Ñ�Õ�õ��^Ñ�Ð�Ô)Ì1õiÔ%ÏSÑ¢Î9Ô%ÏEÑ! ��)(*�iô
^ í!Ò8Î.Ï^Ð�Þ�Î}à3Õ¢×mÞ��SÐ�Ô1Ñ�Õ�õJÕ�Î/î�Ò%õiÑ!Ý8Þ¢×mÜ�Ð�Ñ¢Î}ÏµÕ�×�õJÔ8Ñ�ÍgÎFÞ}ô±Ó�Õ!Ñ�Î9Ô%Ï+ %�,(-�+õ	�_×	:kÎ/õJÔ_Ï�à�Ò%õJÔ�ùkÎ9Ñ³Ð�Õ�Ñ!Ñ¢Õ3õJÕ¢Î+Õ�×�Ìaô
. í!Ò8Î.Ï^Ð�Þ�Î}à3Õ¢×mÞ��SÐ�Ô1Ñ�Õ�õJÕ�Î�ß�Ð�Ñ!Í!õJÐ�Õ�Ð�Ô�ù+ÙW×kÞ!Õ�Ò8Î� ��)(*�iô±Ó�Õ�à�Ò%õJÔ�ùkÎ9Ñ!Ñ�Õ�õJÕ�Î/Õ¢×�ÌSõJÔ%ÏSÑ�Î9Ô%Ï^Ñ³Õ¢Ò8Î/ %�,(-�o�%ÎFö�×JÍ/ô
0 í!Ò�Î5õJÕ�Õ¢Þ3õkà3Õ�Ð�×mÔ�ÜSÎ9Ü�×mÞ��+Ð�Ô?Ñ¢Õ�õiÕ¢Î�ß�Ð�Ñ±Í!õJÐ�Õ¢Ð�Ô8ù³ÙW×mÞgÕ�Ò8Î! %�,(-�Jô®Ó�Õ2Þ¢Î}à�Î9Ðå:kÎ9Ñ!Õ�Ò8Î! %�,(-��õiÔ%Ï�à�Ò%õiÔ8ùkÎ9Ñ2Ñ¢Õ3õJÕ�Î�Õ¢×?Ìaô
ó & í�ñ�äm÷�`7õJÔf��Ñ�ÖÙ�8Ñ²�NÑ�Õ¢Î9ÜSÑ�×mÔ�õì�8Ö8Ñ³Ü)õ��?Ò%õ�:mÎ�õiÔ1Ð�Õ�Î9Ü Ð�Ô1Ñ¢Õ�õiÕ¢Î.Ì�ô21�Î9Õ¢Õ�Ð�Ô8ù�õJö�ö<×iÙ±Õ¢Ò8Î9Ü Þ�Î9Ý8öå��Í!Ð�Õ�Ò7Õ¢Ò8Î
 ��)(*�³Í2×kÖ�ö�ÏCÝ8Þ¢×8Ï^Ö_à3Î/Ö8Ô8Ô�Î}à3Î9Ñ�Ñ�õJÞ²�<�8Ö8Ñ³Õ¢Þ3õJÔ8Ñ3õkà3Õ�Ð�×mÔ8Ñ}á�Ð�Ô8Ñ¢Õ�Î}õkÏaú�×kÔ8Î+Ð�Ñ2Ñ¢Î9ö�Î}à3Õ�Î}Ï Ð�Ô1Ý8Ò_õJÑ¢Î+è_ô
ó & í�ñ�å8÷®îÊÙWÕ¢ÎFÞ�Ý8Ò%õiÑ¢Î/ç8ú^Õ�Ò8Î/Þ�Î9Õ¢Ö8Þ�Ô7Ý%õiÕ¢ÒSÙW×kÞ!Ï8õiÕ�õµÐ�Ñ!Ü)õiÞ�ùkÎ>ÏµÍ!Ð�Õ�Ò1î�Ñ�õJÔ_Ï�ßÊÑ}ô
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� � J�8� � � � � ��:9 V� � ���� � � � � ��:9 J�8�?9 ��=�	9 � �
��� �7� ��� ��� ��� ��� �®� ��� ��� ����� ���Ù� ���I�
@ & Þ¢Ð�ùkÐ�Ô%õiö�öå�µÕ¢Ò8Î«Ð�Õ�Î9Ü Þ�Î9Ñ¢ÐtÏ^Î9Ñ+Ð�Ô�Ñ�Õ�õiÕ¢Î.ÌSÐ�Ô�Õ�Ò8Î/î�`�Ñ!×JÙ ø å8ú ø æ8ú8õJÔ_Ïaú ø ä�M�ô
�7ø æµõJÔ%Ï ø ä�M«Õ¢Þ²�?Õ¢×µÍ!Þ¢Ð�Õ¢Î+Õ¢×µÕ¢Ò�Î5Ñ�Ò%õJÞ�Î}ÏSÐ�Õ¢Î9Ü�úJùkÎ9Ô�Î9Þ�õiÕ¢Î�ïA�B� î£ïDCcÎ#E2Õ¢Þ3õJÔ8Ñ3õkà3Õ�Ð�×mÔ8Ñ}ú8õiÔ%Ï�à�Ò%õiÔ8ùkÎ+Ñ�Õ�õJÕ�Î9Ñ!Õ¢×µð ô
� í!Ò8Î.Ï^Ð�Þ�Î}à3Õ¢×mÞ¢Ð�Î9Ñ+Ï^Î9Õ¢Î>à3Õ�Ô8×mÔ8ö�×8à9õJö¹ïA�B� î£ï�Ñ}ú_à�Ò%õJÔ8ùmÎ+Õ¢Ò8Î9Ð�Þ!Ñ�Õ�õJÕ�Î9Ñ�Õ�×?ð ú8õJÔ_Ï�Þ�Î9Õ¢Þ3õJÔ8Ñ�Ü�Ð�Õ�ïF����î�ï�Ñ�õ��%×	:mÎkô
9 í!Ò8Î�ïA�B� î£ï ×kÞ¢Ð�ùmÐ�Ô_õJÕ¢Ð�Ô8ù«Ð�Ô ø æµÐ�Ñ!Õ¢Ò8Î«Í!Ð�Ô�Ô8Î9Þ�õJÔ_Ï�Ð�Ñ�à9õiÞ¢Þ�Ð�Î>Ï1×kÔSÕ¢Ò8Î/Õ�×kÝ��8Ö8Ñ>ô±î³ö�öa×mÕ¢Ò8ÎFÞ5Ï^Ð�Þ¢Î>à3Õ¢×mÞ¢Ð�Î9Ñ5à�Ò%õiÔ8ùkÎ
Õ¢Ò�Î9Ð�Þ!Ñ¢Õ�õiÕ¢Î9Ñ³Õ¢×?Ó!õJÔ%ÏSÞ�Î9Õ¢Þ3õJÔ8Ñ�Ü�Ð�ÕgÕ�Ò8Î�ïA�B� î£ï*�_Î9ö�×JÍ/ô
L�ø ä�MµÞ�Î}à3Î9Ðå:mÎ9Ñ+Õ¢Ò8Î®�%õmÏ�Ô�Î9Í!Ñ'CáïF����î�ï-EFô®Ó�Ô8Ñ¢Õ�Î}õkÏS×iÙHG3Ö8Ñ�Õ�Ð�Ôf:kõJö�ÐtÏ8õJÕ�Ð�Ô8ù+Ð�Õ2Ñ¢Õ3õJÞ�Õ¢Ñ5õµÞ�Î}õkÏSÕ�Þ�õJÔ�Ñ�õkà�Õ¢Ð�×kÔ<ô
^®ø æA�_Î}à3×kÜSÎ9Ñ!Õ¢Ò�Î/Î3ã%à3ö�Ö8Ñ¢Ðå:mÎ5×JÍ!Ô�Î9Þ!×JÙ±Õ¢Ò�Î5Ð�Õ�Î9Ü´õiÔ%Ï�àFõJÞ¢Þ�Ð�Î9Ñ�×mÖ8Õ!Õ¢Ò8Î«Í!Þ¢Ð�Õ¢Îkô
.AI2J í!Ò8ÎK�|ï��% 2ÙWÞ�×kÜ ø ä�MµÞ¢Î>õkà�Ò8Î9Ñ ø æ8ú^Í!Ò8Ðtà�Ò7à�Ò%õJÔ8ùmÎ9Ñ!Ñ¢Õ3õJÕ�Î/Õ¢×?Ì1õJÔ%ÏCÑ¢Î9Ô%ÏEÑ! ��)(*�+à�×kÔ^Õ�õiÐ�Ô�Ð�Ô�ù.Õ�Ò8Î+Ô8Î9Í�:kõJö�Ö8Îkô
í!Ò8Î� ��)(*�5ÙW×kö�ö�×JÍ!Ñ±Õ�Ò8Î+Ý%õJÕ�Ò��_õkà²ù�Õ�× ø ä�M
�-@ í!Ò8Î� ��,(-�+Þ�Î}õkà�Ò ø ä�M8ú^Í!Ò8Ðtà�Ò7à¢Ò_õJÔ8ùmÎ9Ñ�Ñ�Õ�õJÕ�Î+Õ¢×?ð õJÔ%ÏC×kÔ%à�Î/Ü�×mÞ¢Î�Ñ�Î9Ô%Ï^Ñ+õJÔ1Î9Þ3õJÑ¢Îmô
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L�Ç�Ä�Ë®Å�ÃAÈ=Ä7Í ÎAË7Ï�È�Ð
Ã*Ñ	ÒÙÓ�ÔáÖ ×°Ø�ÒÙØ�ÚÙÔ
ÒOÛ�Ø�ÜÞÝ�Ó Ó ñ Ì ß ð î
Þ ß/÷ Þ à �
Î ñ!÷ ã ë ð ÷ Îáà ã ã ð ÷ Îáà
Ï ã ã Ìa÷ Ï à
× ç�è MNé�ñ!÷ Ð ë ç�è MIéqÓ9÷ ×Ià ã ã ç�è MNé¬Ó9÷ ×Nà

ç�ê ä�éAÌ�÷ ÏQà
Ð � ã ç�è MNé¬Ó9÷ Ð à ã ã ã ç�è MNé¬Ó9÷ × à

ç=ê ä�éqî.÷ Þ²ë

LwÇ�ÄwË®Å�ÃAÈ�ÄoÍ Â�ÎìÈ�í�Ë
Ã*Ñ	ÒÙÓ�ÔáÖ ×ZØ�ÒXØ�ÚÙÔ
ÒOÛ�Ø�ÜÞÝ�Ó Ó ñ Ì ß ð î
Þ î�ï£ðòñ�éqîµ÷ Þ ë î�ïáð2ñ�éqî.÷ Þ ë î�ïáð2ó�é î�ïáð2ó�é

ô î�ïáð é ã ô î£ï£ð é ô î�ïáð é ô î�ïáð éÎ ã Ó9÷ Îáë î�ïáð2ñ�é#ß/÷ Þ à Ó9÷ Îáë Ó9÷ Îáë
ô î�ï£ð éÏ ã Ìa÷ Ï ë Ìa÷ õ

ã ã ã î�ïáð2ñ�é#ß/÷ Þ à ñÊ÷ ãÙë ã
ô î�ï£ð é× ã î£ï£ðWö£é î�ïáð2ñ�é�Ìa÷ Ïfë î�ïáðåöáé î�ï£ðòñ�é�Ìa÷ õ

ô î�ïáð é�Ìa÷ Ï ë ô î�ïáð éAÌ�÷ õÐ î�ïáð2÷Ié 9 ñ!÷ ÐWë ã ã î�ïáð2ñ�é�Ìa÷ Ïfë ã ã
ô î�ïáð é�Ìa÷ Ïfë

ç�è MIé�óÊ×�à3ö�Ð�ÎFÔNÕ!Õ�Þ¢Ð�Î}ÏSÕ¢×=�_Î+Ñ¢Î9ö�Î}à�Õ¢Î}Ïaô
çAê ä�é�î!Õ!ö�Î}õiÑ¢Õ!×kÔ�Î.à3ö�Ð�Î9Ô^ÕgÕ�Þ¢Ð�Î}Ï1Õ�×��_Î/Ñ¢ÎFö�Î>à3Õ¢Î}Ï�ô
� ÓcÙ±Õ¢Ò8Î/à3×mÞ¢Þ¢ÎFÑ¢Ý_×kÔ%Ï^Ð�Ô8ùSÑ¢Î9Õ³Ð�Ñ±ÙWÖ�ö�ö�ú8õiÔ�Ð�Õ¢Î9Ü¤ã)Ð�Ñ!à�Ò8×kÑ�Î9Ô7Õ¢×=�_Î+Þ¢Î9Ý�ö�õmà3Î}Ïaô
� í!Ò8Î+Õ¢Þ3õJÔ8Ñ3õkà3Õ�Ð�×mÔ7Ü�Ð�ùmÒNÕ�_Î/Ñ¢ÎFÔNÕo�f�?Õ¢Ò8Î.ÏEÐ�Þ�Î}à3Õ�×kÞ��SÐ�Õ¢Ñ¢ÎFö Ù3ô
9 ò³Ð�Ñ3à3Ö8Ñ�Ñ¢Î}ÏSÙcÖ8Þ¢Õ�Ò8Î9Þ�Ð�Ô1Ì^Î}à3Õ�Ð�×mÔ7è%ô ç�ô
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