
HAL Id: inria-00072741
https://hal.inria.fr/inria-00072741

Submitted on 24 May 2006

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

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

Global Optimization and Multi Knapsack : a Percolation
Algorithm

Dominique Fortin, Ider Tsevendorj

To cite this version:
Dominique Fortin, Ider Tsevendorj. Global Optimization and Multi Knapsack : a Percolation Algo-
rithm. [Research Report] RR-3912, INRIA. 2000. �inria-00072741�

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

provided by INRIA a CCSD electronic archive server

https://core.ac.uk/display/50452047?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://hal.inria.fr/inria-00072741
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
39

12
--

F
R ap por t  

de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Global Optimization and Multi Knapsack : a
percolation algorithm

Dominique Fortin, Ider Tsevendorj

N ˚ 3912
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U LXS�M�M�[ LXS�M�M�[ L�S/O@P�M T\P B P�P�W T\P B PNP�W LXS/R�Q�L B [ TVL B P3S/W S�[�KNS P�LXK�K
O LNMNK�M/Q L�UXM/U@P LNU�UX[P TZ[ B [�R�W TZK B [NM/W L�U�QX[�M B S T\P B Q@P�W [N[�M P�LXK�K
Q L@P�UXS/M L�LXR/U�U LXMNSP�K TVQ B [/QNW TVL B M�Q�W LNM�O�U@P B [ TZM B M�O�W MN[P�Q P�LXK�K
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P�L S/KNR/Q�U S�P�Q�U�U SP�[NO�R TVL B O/W TZK B UNW SYL@P3ONS B P TZK B [/QNW P3[/UN[ P�LXK�K
P�M S/M�U@P�L S�S�O�R�K S/UNKN[�K TZM B S/[�W TZK B [�W SYUXMNS�P T\P B SYUNW P3[�ONS P�LXK�K
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L@P O�K�U�LNK OP3R�K/U O�LNKNRP TVL B U@P�W TZK B SNSYW O/L�LNLXS B O TZK B O/QNW P3[�O/U P�LXK�K
L�L UNRNM�O�M UN[�LN[/Q UX[�RNK/L TVL B SYW TZK B RXSYW UN[�[�UN[ B O T\P B P�W ONR�O�M P�LXK�K
LNM O�K@P�U@P O�K@P�U@P ONKNS/QN[ TZK B UXS/W TZK B U�SYW O�K�OXSYL B S TZK B RP�W P3[�O/U P�LXK�K
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2�4�� : � L B  5P: I MNK�� ONK J R/Q@P3O I SP J R/QNL�L TVK B K�O/W R�Q�LNM B R/U TZK B K/LNW UNR�LNR M/U P�M�ONM P�O�MXS�S�K
� 4������ P B  5P: I L�� LXR J P3S�P�L�QXR I P J P"S�P�L�QNR K�W P"S�P�MNM/L TZK B K�M�W M�M P�Q [P UNKXS/M
� 4������ L B  5P: I L�� LXR J P�M�KNR�RNM I P J P3M�KNR�R�M K�W P3M�K�[�LN[ TZK B K�M�W P�O P�Q S/[ LNON[P
� 4������ M B  5P: I L�� LXR J [/UNO�Q�Q I P J [/UNO�Q�Q K�W [�UNO�[@P B L TZK B KP�W L�Q LXS RP S�S�R�K
� 4������ S B  5P: I L�� LXR J P�P�UXO�R�Q I L J PNP�[NM�M/Q TVM B K/U�W PNP�[�M�QNK TZK B K/LNW S�S P�O P�P�[ UN[NM�O
� 4������ U B  5P: I L�� LXR J [�R�K@P�O I P J [�R/QX[�O TVK B QNR/W [NR�RXS/K TZK B KNS/W P�M P�[ S/M P�UXO�R
� 4������ O B  5P: I L�� LXR J P�M�K�LNMNM I P J P3M�KNO/LNM TVK B LN[/W P3M�K�ONMNS K�W L�Q P�L QN[ S/MNR�O
� 4������ Q B  5P: I L��,P3K/U J P3K�[/UXM�ONK I M�M J P3K�[�UXS�S/U K�W P�KN[/U�S/O�K K�W P�KNK/L P�O QN[ P�OXS�P�[
� 4������ R B  5P: I L��,P3K/U J ONK�[�UNR�K I UNO J O�LXS�MP�[ T L B M�O/W O�LNR/QNQXS TZK B Q�W P�K�KNR�O Q�Q R/LN[ P�QNMNR�RNK
� 4���2�� K@P B  5P: I U�� M�K J SYUNUXS I S J SYUNUXS K�W S/UNOP B O�M TZK B P�O�W R/L L@P P�P�Q O�[NO�K
� 4���2�� K�L B  5P: I U�� M�K J SYUXK�O I P J SYUXM�O TVK B O�O/W S/UXS�M B S TZK B P�O�W L�L P�K M�M P�ON[�M
� 4���2�� KNM B  5P: I U�� M�K J SYUXK�O I P J S�PNP�U TVK B O�O/W SP�M/Q B [�[ TZK B U�UNW M�R L�U QN[ S/ONR�K
� 4���2�� KXS B  5P: I U�� M�K J SYUXOP I P J SYUXOP K�W S/U�QNK B RP TZK B L@P�W L@P P�M MP P�RNK�K
� 4���2�� K�U B  5P: I U�� M�K J SYUYP3S I P J SYUYP3S K�W S/UNM�K B QNR TZK B M/QNW P3S P�U LN[ P�ONR�K
� 4���2�� KNO B  5P: I U�� S/K J U�UNU�Q I M J U�UNU�Q K�W UNU�QYP B [ TZK B LNO�W P�P3[ MP P�P�P R�RNKNS
� 4���2�� K�Q B  5P: I U�� S/K J U�UXO/Q I O J U�UXO/Q K�W UNUNO/Q B U�L K�W L@P3K LNM P�P�Q [/LXR�K
� 4���2�� KNR B  5P: I U�� S/K J UNONK�M I Q J UNONK/U TVK B K�M/W UXO�K/U B QN[ TZK B KP�W P�P3K L@P [�M QNMNONS
� 4���2�� KN[ B  5P: I U�� S/K J U�L�S/O I L J U�L�S/O K�W UNLXSYQ B P�M TZK B K/LNW M�[ L�L SYU M/UNLNK
� 4���2�� P3K B  5P: I U�� UNK J O�MNM�[ I Q J O�MNM�[ K�W ONM/QNK B QN[ TZK B S/[�W S/[NM MNS LNR�[ LNRNR�K�K
� 4���2�� PNP B  5P: I U�� UNK J UNOXS/M I M J UNOXS/M K�W UXONSNS TZK B KP�W P�QXR M/L P�K�[ P�KNR�K�K
� 4���2�� P�L B  5P: I U�� UNK J O�MNM�[ I M J O�MNM�[ K�W ONM/U�Q B LNO TZK B LNR�W L�LNL MP P�M�M P�M�LNK�K
� 4���2�� P3M B  5P: I U�� UNK J OP�UN[ I Q J OP�UN[ K�W O@P�UN[ B O/U TZK B KP�W P�QYP M/U P�K�M P�K�LNK�K
� 4���2�� P"S B  5P: I U�� O�K J O�[�UXS I O J O�[�UXS K�W ON[/U�U B LN[ TZK B KP�W LN[NR M/U P�P�[ P3SP�O�K
� 4���2�� P�U B  5P: I U�� O�K J QXS�R�O I O J QXS�R�O K�W Q�S/R�O B R/L TZK B KP�W L@P�U L�L [P K
� 4���2�� P3O B  5P: I U�� O�K J Q�LNQNM I R J Q�LXR�[ TVK B L@P�W QNLNR�[ B M�O K�W M�R�L M�R P�UNM P�R�LXS/K
� 4���2�� P�Q B  5P: I U�� O�K J R�O�LXS I O J R�ONM�M TZK B P�W RNO�M/U B R�M TZK B K�M�W P�KN[ P�M M/Q S/M�L@P
� 4���2�� P3R B  5P: I U�� QNK J [/UNO�U I MNK J [/UXR�K K�W [�UNR/U B O/Q TZK B K/UNW P�UNLNR M�M MP�[ S�S/UNR/Q
� 4���2�� LXK B  5P: I U�� QNK J [NS�SP I P3K J [NS/UNK TVK B K�[/W [XSYU�L B K�M TZK B K/LNW UN[NR M/Q P�M�[ P�[NM/LNK
� 4���2�� LYP B  5P: I U�� QNK J [�KNS�K I PNP J [�K�QXS TVK B M/Q�W [@P�P3K B U TZK B SYW P�KNM/L U@P LXSYQ MNSNS�S/K
� 4���2�� LNL B  5P: I U�� R�K J R�[P"S I LNL J R�[XSYQ TVK B M�O/W [NK�KNS B P�R TZK B O�M�W P�O@P�K U�U LNOP S�P3O�ONS
� 4���2�� LXM B  5P: I U�� R�K J R�MNSP I M�L J R�MXS�S TVK B K�M/W RNMNS�S B UNR K�W P�P3[P SYU P�[�M M�K�Q�LNK
� 4���2�� L�S B  5P: I U�� R�K J P�KP3[/L I LNK J P�K/LNLNK TVK B L�Q�W P3K/LNLNM TZK B K/LNW P�LNL�L S/O P�[/Q MP3M�O�K
� 4���2�� LNU B  5P: I U�� R�K J [�R/QNU I LXR J [�[NM�[ TVK B ONSYW [N[/UNL B P TZK B P�M�W M/UNU�L S/R OP�P M�[N[�[/U
� 4���2�� LXO B  5P: I U�� [�K J [/UNMNR I L�S J [/UXRNS TVK B SYQ�W [�UNR/Q B K�[ TZK B K�M�W M�MXS/K U�Q M�R/Q O�[XS/R�K
� 4���2�� LNQ B  5P: I U�� [�K J [�RP3[ I LXR J [�R@P�[ K�W [NRNS/[ B O/Q TZK B MP�W P�UNUXS UXS P�QN[ M/LXKNS/K
� 4���2�� LXR B  5P: I U�� [�K J [NS/[�L I P3O J [NS�[/L K�W [XS/[/L B U�Q K�W [�O�Q UXS P�P�M LNK@P�O�K
� 4���2�� LX[ B  5P: I U�� [�K J [NS�P3K I LXK J [NSP�K K�W [XSYLXK TZK B P�W P�P�Q�Q U@P P�M/Q LXSNSYQN[
� 4���2�� MNK B  5P: I U�� [�K J P�P�P�QXS I M/L J P�P�P3[P TVK B P�U�W PNP�P�[@P B O K�W LXS�K P�P LN[ M�ONK
W�� P B  5;: I S�� LNQ J M�KNMNS I M J M�KN[�K T P B RP�W M@P�K�K B L@P TZK B M/LNW P�U P�M M/U [/QNL
W�� L B  5;: I S�� MXS J LN[/Q�S I P3M J MP3R�O TVO B O/U�W M@P�[�K B L�Q TZK B P�M�W LNO�Q P�O M�K/U [/LX[�[
W�� S B  5;: I L�� LX[ J QXS�S�K�K I L J [/U@P3O�R TVLYP B R/LNW [N[�O/LNL B Q THS B SYQNW P�K�Q L�L M�K�[ P�QXR�ONS
W�� U B  5;: I P�K�� LXK J L@P3M�[ I M J L@P3M�[ K�W LYP3S/[ B R�R TZK B U�W P�ONO�R L@P QNK/Q LNRNK�R�K
W�� O B  5;: I M�K�� S�K J QNO�U I LXS J Q�QXO T P B S�P�W QNQNR B UYP�Q TZK B M/LNW [�[NK MNS S�S/M M/UXM�O�K
W�� Q B  5;: I M�K�� M�Q J P�K/LX[ I PNP J P�KNM/U TVK B U�Q�W P3KNSYL B UNM TZK B Q�LNW P�RNR�K L�Q P�LNM�Q [P"S/ONS
� W P B  5;: I S�� LNR J M�MNO/L I S J MNSP�R T P B O�M/W MXSYLNR B L@P TZK B LN[�W P�R P�P M�M P�KNK�R

[\[^]`_%acbVd:e



�Fì ��������( ����� ���32����	�5��$�
 $��2!��(�

� � ��� � � � ��� ����� � � ; � ��Æ �
é�]kl u d½ge¯Âceaka´¨^©vV1c mqm u VFlflfV m è+*X, t ê&¯ u gJW cY�PakgJ�qcPaqgJjqdR]_W�]k�cPdR]kgJiMªs]kV�©�j{gP]_iJd%4bW�g u V�j u VFo�]_lRV�ahn�©*V

d¾` u iµ]hd�]ki^dfg�c u V�ªJV u lRV�o�gJi^ªJV�r j u g^�bakV�W«�1å»g�©*V�ªPV u ¨q¯�` u d T V u l T V m W�`qlfd»�{V�jq`qd»g^i d T V *���� 
 $KJ!���
� *"�#�����#�µj u gso�V�l¾l(cedYd T V¬d T V�g u V�dR]_o�cPa5ahV�ªPV�a´¨�jqc u cPW�V�dfV u l T c¡ªPV�dRgµ�{V¬df`qiqV m è 
 o�`bdRdf]kib�µjqakcJibV�lYªbl

 j{V u o�gPa_cedf]hg^i�j{gP]_i^dfl6ê½cJi m ¯�`baha T nb� u ] m cedf]hg^i±©�]kd T �^iqg�©�i T VF` u ]_lfdR]_o�l�l T gJ`ba m ��VYdfcP]hakg u V m dRgMns]hV�a m
c�¯�cPlfd�ceak�Pg u ]kd T W m V m ]_o�cPdRV m dfg�è+*-, t êvcPjqjbak]_o�cedf]hg^iA�

���+� � � ��� < ���6����� � � �´� �
t V u o�gJakcPdR]kgJi±cPah�Jg u ]hd T W�j u gJj{gJlfV m ]ki«d T ]kl�j�cPj{V u ¨qgJibakn u V�ak]hVFlpgJi � � �#�2��#(82(o�`bd�4 T g�©*V�ªPV u ¨^d T V u V

]_l�cPi�gJ`bd¾lR] m V(o�g^`qi^dRV u jqc u d*ge¯&]_iqlf] m V�o�`bd�cPjqj u gJcJo T ��é u gJW �{g¡r�o�g^iqlRd u cP]ki^d¾l*¥M� �µ�ä�J¨b©*VYo�g^`ba m
]_i^d u g m `qo�V u V m `qi m cPi^d�¼s`qc m u cedf]koYo�gJiqlfd u ce]_i^dfl
���À�R��I 5 �*� ¥�]_i^dRg è z ãB*X, t ê*cPi m d T V�i«dfcJ�eVYd T V(â�ce� u cJib�P]_cPi

W�]_i 	��»è��&���À�	�;ê è�â z ãB*-, t ê
l�� d�� �1� � ���

� ¢ < ¥q���)> § �
C D è��OêGF ¥q�
� ¢�7�
Y����¢�7 ( 
 �

© T V u V
�»è��&���À��qêO" I	���e�R�O�Àí��&�¿�&�R��I 5 �Âíä���;�f����I¸���

"�� �*��I/�Àè��Â���bê � A IW< � �½�Àè��Â���bê � A í����;�¾��� >
©�]hd T

�Àè��À��qê " 5� í
�
��� è´�GI¸� � �bêc&

S�T V4â&V��{V�lf�J`bV�lRV�d(£�� ���1è´�À���À��qê»���»è)N����À��qê¾¦W"Á£�� ����� I/�&è��À��qê �¡� ]���¦4© T ]_o T o�g^i^dfce]_iql
W�]_ib]kW�`qW ge¯�è�â z ãB*X, t ê*]_l�d T V��qceakaÂ©�]kd T u c m ]_`ql ] � " � N6I¸�Àè��Â���bê ��cPi m o�V�i^dRV u �Àè��Â���bê6��·�i
d T VMgPd T V u�T cPi m ©vV T c¡ªJV u V�ªJV u lRV4o�gJi^ªPV�rµo�gJi�lRd u cP]ki^d CED è��Oê'F�¥�© T ]_o T�u V�W�g�ªJV�l�]_i^dRV u ]kg u ge¯vd T V
�qcPahaA©�]kd T�u c m ]_`qlZ]��6"-è § M I?NPê���McPi m o�V�i^dRV u @A � S�T VFi«©*V m V %{ibV(â&cP� u cPib�J]kcJi±o�`qd�cPlv¯¿gPakakg�©�]kib�{�
F ������� � é{g u ceakaV!±¢/£�� ���½��I/�Àè��À��qê � A �T] A� ¦��1£F� ���½��I @A � A $ ] A� ¦Jë

���GI¸� � �;�Y!q�ZF��Âè � ���� è´�ZI¸� � �qê �
A I ] A� í�] A� ê

��� [���



� ���! "�#����
9��������� �#�����#� �#�2�� 01� �����	�� 
-����*
	 �¡à

D $�� �#(:	 � â&cP� u cPib�J]kcJiµo�`bd4]ki/d T V�`qiq�sibg�©�iql �À��/o�cJi¤�{VP¨&¯¿g u V�rqcPWMjbakVP¨Â¯�`qahakn m V�dRV u W�]_ibV m
¯ u gJW d T V	lfgPa_`bdR]kgJi�ge¯�d T VY¯¿gJahakg�©�]_ib��lfnblRdfV�W ge¯&VF¼s`qcedf]hg^iql�ë

�1�Àè��À��qê�" �
�����f�Àè��Â���bêf��"��´���KNs�
&

akV�d
�
" $A � ��� " I $A � � u V�jba_cPo�V�`qiq�sibg�©�iql �Â���{¨5d T V�i#]hd�ahVFc m l�dRg#è+� í-�¡ê;� è+� í���êYak]kibVFc ulfnblRdfV�W«ë

�
�»�5í#�1� � �-" �BI �� � 5

�
�v� � A í������¾���À� " ����� N6I 5� � è´}sê

© T gJlfV�lfgPa_`bdf]hg^i±]_lv`�ib]k¼s`bV�¯ u gJW m V %{ib]kdRV	j{gJlf]hdf]hªJV�ibVFlfl*ge¯�WMced u ]hr��1� � cPi m �*� � A . ¥�� ® i[%��^` u V
�q¨P��gJd T o�`qdfl�c u V m u c¡©�i�cJi m ©vV�WMc¡n	V�rqj{V�o�d5d T ced�¯¿g u lRg^W�V �À��4akcP� u cPib�J]kcJi	o�`bd�WMc¡n	g^`bdfj{V u ¯¿g u W
j{V u o�`ba_cedf]hg^i�o�`bd(è´lfV�V(lfV�o�dR]kgJi�}^ê6�
�¤V*o�gJ`qa m ibgJdR]_o�VP¨�¯�` u d T V u W�g u VJ¨�d T cedÀlfdfcJi m c u m â&ce� u cJib�P]_cPi u `qahV5]_i(c mqm ]hdf]hg^i»dfg�� �1è��&���À�	�Oê:���;��"

¥ u V�¼s`b] u VFl�� �»è��&���À��qê:��� ��F ¥McPi m � �1è´�À� �Â���bê;��� �3F ¥ 4bd T V(akcPdRdfV u ns]hV�a m l C D F ¥�¨b© T ]ko T j{gP]_i^dfl
g^`bd T g�© â�ce� u cPiq�P]_cPi u V�akcerbcPdR]kgJi�df` u iqlvc	W�]_ib]kW�]k�cPdR]kgJi±j u gJ�qahVFW ]_i^dRg�c u V�ªPV u lfV�o�gJi^ªJV�r¬j u g^�bakV�W
è>ced % u lRd5lf]h� T dpè z ãB*X, t ê m V u ]hª�cPdR]kgJi�cPjqj{V�c u l&d u ]ko6�^n4��`bd�]hd¾l A{c¡ªPg u o�gJW�V�l&¯ u gJW�â�ce� u cJib�P]_cPi m `�cea
g^i¤���À�R� I 5 �fê!�

� ��� � � Ë � � �&���b��� Ë�� �-<������qÌ ÇsË
	 �
é�g u l¾cP�eV4ge¯�o�g^W�j�c u ]klfgJi u V�l¾`bahd¾l�¨;©vV4o�g^iqlR] m V u cPl»lRd¾c u dR]_ib�¬¯¿VFcPlf]k�bakV4lfgPa_`bdR]kgJiµgJibV	g^�bdfcP]kiqV m �^n

jq` u V1o�`bdRdf]kiq��jba_cPibV1]kib]kdR]_cea;j T cJlRVE4JgP¯Ao�gJ` u lfVP¨JcJi^n�j u ]kWMcPa T VF` u ]_lfdR]_o�l��J]hªs]_ib�	c � � ��2»lRd¾c u dR]_ib�	j�gJ]ki^d
]_i�c�ªJV u n	lfWMceaqcJW�gJ`qi^d�ge¯;dR]_W�V�o�gJ`ba m �{V�jba_`b�P�JV m ]ki�cP�{g�ªPVpceak�Pg u ]kd T W dRgY]kWMj u g�ªPV u `qiqib]_ib�YdR]_W�VP�
�/V��^`bV�l¾l�d T ced»]hd�©�]kaha�]_W�j u g�ªJV4is`qW�V u ]ko�cea&lfdfcJ�b]kah]kd¶n cPl»©*V�aha>¨;lf]_iqo�V4¯¿V�©vV u o�`bdfdR]_ib�«jqakcJibV�l»©*g^`ba m
�{V(]ki^d u g m `qo�V m © T V�iqV�ªPV u j u g�%�d�o�g^iqlfd u ce]_iJdp]_lp�Pgsg m VFibgJ`q� T �

� � � � � �&�¡��� Ç ��� Ç � Ç �b�����
t V u o�gJakcPdR]kgJi#cJjqj u gJcJo T ©vgJ`ba m V�rbdRVFi m dRg cPi^n#o�gJW��b]ki�cedRg u ]_cea�j u gJ�qahVFW�l±]ki �b]_iqc u n ª�c u ]_cP�bakV�l

j u g�ªs] m V m d T VY¯¿gPakakg�©�]kib�¬j{gP]_i^dfl T c¡ªJVY�{V�VFi�lRgJahªJV m ¯¿g u ibg^i±¯�`baka m ]_W�V�iqlf]kgJiqcPaÂo�cPlfV
� �PV�g m V�lf]ko�jqc u dR]kdR]kgJiq]kib�{¨
� o�`bdfdR]_ib�±jba_cPibVYak] ¯¿df]kiq���
� T ]kahVMak] ¯¿df]kib� lfgJ`qi m l T c u m V u d T cJi¤j�c u dR]kdR]kgJib]_ib��¨O©vV��^`bV�l¾l�d T cPd»]kd(o�g^`ba m ��V¬cJo T ]hV�ªPV m 4Od T VFiA¨

dfgP�PV�d T V u ©�]hd T c m V�VFj�a_ce� u cJib�P]_cPi�o�`bd�¨�ªJV u n T c u m j u g^�bakV�WMlpah]_�eV���y t ©*g^`ba m �{V(©*g u d T © T ]hakVYdRg
dfV�lfd�d Tqu gJ`b� T d T ]_l��PakgJ�qcPaOgJjbdf]kW�]k�cedf]hg^i�cJjqj u gJcJo T �

[\[^]`_%acbVd:e



�Fá ��������( ����� ���32����	�5��$�
 $��2!��(�

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

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

����

�������
�������
�������

�����
�����
�����

�������
�������
�������

�����
�����
�����

	�
�������

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

	�
���0�

�1�2�,3(!4����&657!7���,#%&8!

9;:*<=�>

?
@e

A

B

_G`LaQb8CZb # v f sut $%] k n w�k q $�p]o frkEDmk,sutih ] w k ]ml�q�v suw

��� [���



� ���! "�#����
9��������� �#�����#� �#�2�� 01� �����	�� 
-����*
	 ��~

� ����� � �;� � �"�
��� b�� 8 = 8 � 8 � & v k ]ml�� 8 0 8 � o k)wuf o -�8 � d o ]6o sut q k)fidgh p t s+&,# �0h p s+& o # v f sut l t)# o ] w]tih ] k)f $�] k n w�k q%$@nmp hgjmf o #�8��	� Ó	
�����

����� ÑfÓ�
�� ÒÃÖ����fÒ���� 2 �ca �	��� � d bcb�� 8
! p]o"��� 8 � 8 ! p]o D o f<8 � wut)# v frk,s o�l k ]T]mo k)fit ] d@k nmnmp hFk q &�suh s+& o # v f s]t q h ] w s p k)t ] s�* o�p h$# h ]mo $�] k n w]k q $�nmp hgjmf o #�8&%'� Ô)(Ø�ÓFÖ��*�	+,���,- 2 d.�	� � d b���� 8
!0/ bVd 821 8 ! k #�# o - o p k ]ml � 8 / hgwuw;8 ! - ] k #�t q s�k)j v fitiw s #�k ] k)d o # o ] s v w]t ] dIs+& o p]o('Fo�p w o o fit)#�t ] k,sutih ] # o s%&6h l 8

3 �4���� Ò ���65 Ø�Ñ 
76Ö�� � ��Ò Î ÑRÒ¶Ñ.�
7�98	� d bcbVd 8
1 =b�� 8 � 841 p�:o(' tifif o k ]ml C 8 = frk,s o k v 8�;�& o - # d j6t l t)# o ] w]tih ] k)f $%] k n w�k q $�nmp hgjmf o # 2 s]h:! k p]l w=k ]�o�<�q t o ] s�&6tid5&If o('Fo f

nmp t)#�t sut 'Fo suh.hgf<8&��� Ó�
���,� ���=� ÑfÓ�
�� ÒÃÖ����fÒ�� e � d bcb�� 8
C �cbVd 8>;�8 [ 8�C v6p fit s+* k ]6l � 8 0 8 � k q hgj6w o ] 8 / ] s+& o v w o h � q�v suw t ]@puo('Fo p w oGq h ]�'Fo D nmp hgd p k #�w;8 3 �4��,� Ò ���?5 Ø�Ñ 
76Ö�� � ��ÒÎ ÑRÒ¶Ñ.�
7�98	� ����@ e�A(2 e�B5E"�Ve5E ��� 1 o j p]v k p - d bcbVd 8
C 1 b�� 8 � 8 C k ] kED�k ]ml�� 8F1 p	:o(' tifif o 8 � ]�o�<�q t o ] s;s]k)j v w o k p]q & k nmnmp hFk q & �0h p s+& o - # d # v f sut l t)# o ] w]tih ] k)f $%] k n w�k q $nmp hgj6f o #�8HG Ó�
 � Ø�Ñ�,� �	� Ó	
����� ���I5 Ø�Ñ"
�6Ö�� � ��,� Î ÑfÒÃÑ.�
���8	� @ d - �,A 2 �,B
b �	��E�B � d bcb�� 8
C ; b - 8 [ 8 C h p wus k ]mlJC 84; v -.8LK � �	M �� 5 Ø�Ö�� ÔN� O 6Ö�� � � 8 �Yn6p t ] d o�p # / o�p frk)d � d bcb - 8
P1�0C\b � 8 � 8 P & vmp t � ;�8 � k o�q $ � k ]mlQ� 8 C o t s $ h o sus o�p 8R;6& o * o�p h 4 h ]6o # v f s]t n f o $%] k n w�k q $ n6p hgjmf o # k ]ml d o ]6o sut q

k)fidgh p t s+&,#�w;8 � ] 3 %TSVU4W Ô�Ø � Ò.� ÓFÔ � � 3 Ø�Ø�� �hÑ.X %Y� Ô�Ø�ÓFÖZ���	+E[ U 3 %=\ ]"^ � n k)d o w d"��� � d bca � = &mh o ] t D � �=p t)*�h ] k �d bcb � 8
P9� ; bcb 8 � 8 � 8 P v * ]mo suw]h ' k � � 8 � 8 � s p]o $ k)fih ' w $ tit � k ]ml � 8_;Gw o('Fo ]ml h p�` 8 � ] k n6nmp hFk q & s]h�s+& o w]hgf v s]tih ] h � t ] s o d o�ph n sut)#�t)*Lk,sutih ] nmp hgjmf o #�w:8a%'� Ô�ØeÓ�Öb6Ö�� � ��,� S 6Ö�8FÑfÔN6Ö��Z�RÒL���X S 6Ö�8FÑRÔc6Ö����.,�edH8 W Ò.���fÒ.� acb�@ d A 2 � � d a � d bcbcb 8
� ; b�� 8 � 8 � 8 � s p]o $ k)fih ' w $ tit k ]ml � 8e;Gw o('Fo ]ml h pZ` 8L; o wusut ] d�s%& oH[ # wus p k,s o d - � h p k puo 'Fo�p w o q h ]�'Fo D nmp hgj6f o #�8N�	� Ó	
�����

���IK � �	M �� 5 Ø�Ö�� ÔN� O 6Ö�� � �4� d a�2 �Vd.��E ��� d bcb�� 8
� s p bca 8 � 8 � 8 � s p]o $ k)fih ' w $ tit<8 0 D.s puo #�k)f nmp hgjmf o #�w
h ] q h5# n f o # o ] s]wZh � q h ]�'Fo D w o s]w:8�f � M Ñ"
��eÑfÖ��hg,=� U � ÒÃÖÏÑfÔ)�4���Zi 3 ��,� �hO"�

@ d A 2 dcd a � d:e$� � d bcbca 8 s p k ] w]frk,s o l t ] � -Yj o�p9]mo s]t q�� -Ywus o #�w �\] k)f -Yw]tiw @ e
b,Aj@ d bcbca,A d � nmnk��� � d -�- 8
;Gw o:b�� 8 � 8�;Gw o('Fo ]ml h pZ` 8 3 d2
 ��M � ÑfÔ 3 M�� Ó�Ö U Ñ.�
7�98	�*�	+N K � �	M �� U�� � Ó�Ö�� � �l��� Î ÑR×!Ñ"
¶Ò¶Ñ %Y� ��×!Ñ�m=d0
 ��M � ÑRÔ 8 = & ! s+& o w]tiw �

� p%$.v suw $ � s]k,s o��\] t 'Fo p w]t s"- @ [ v wuw]trk A � d bcb�� 8

[\[^]`_%acbVd:e
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