
HAL Id: inria-00072581
https://inria.hal.science/inria-00072581v1

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.

Algorithms Seminar, 1999-2000
Frédéric Chyzak

To cite this version:
Frédéric Chyzak. Algorithms Seminar, 1999-2000. [Research Report] RR-4056, INRIA. 2000. �inria-
00072581�

https://inria.hal.science/inria-00072581v1
https://hal.archives-ouvertes.fr


�������

IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
40

56
--

F
R

+
E

N
G

ap por t  
de  r ech er ch e 

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

- .0/21436587:9<; = ><?@; 5ACB43EDGFIHJHIHLKNMPOJOIO

QSRSTUWV TU RYX[Z]\�^
_a`#bdc%e�TUWV Xgf UWh R
ijZkX UWl fYXnmpo hqU

rts �������
udvxw Uky{z R U]|~}~}~}
�
^'������ |





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

(*),+-/. +- )�02143658749;:�<>=?+-/. 0A@ -CB )EDF1/0 -/G @F0AH*I B�-
JLK*MNPO�N%QSRUT VNPWYXZNS[Z\^]_Xa`bXZNP[
Nbc�`bd^[e`bfY[
gihjO�k�\_[aXelmfnNo�p \CqiNbc�r�[a]^\

s dut,tv\ p cLwnN p NP` K N p ` K N%W�xzy_{_|^}>RU~�\/�^NPO�k p N%Qu{^{^{�R �P|u{�t,du]^NPg

���;�b���C�Y�^�_� JLK NPgiN�giNPO4XaWYd p Wn\^ciNPg8`�\_WYgic�Xac�fnciN�c K N�t p \j`�NbNPwYXaWn]_g?\^�"d>giNPO�XaWYd p wnNb�^\^ciNPw
ci\�c K N�d^WYd^[Zhjg�Xag"\^��d^[Z]^\ p XZc K O4g�d^WYw p NP[aduciNPw>ci\^t�Xa`bgb� JLK N6g�fnkjqiNP`�c�gL`�\��^N p NPw�XaWY`b[af,wnN?`�\_O��
k�XaWYduci\ p Xa`bgP�,gihjO�k�\_[aXa`�`�\_O�t,fnc�duc�XZ\_W
��d^gihjO�tYci\^c�Xa`%d^WYd^[Zhjg�XagP�,`�\_O�t,fnc�duc�Xa\_WYd^[�k�XZ\_[Z\^]^h^��d^W,w
d��^N p du]^N���`bd^giN�d^WYd^[Zhjg�Xag'\^��d^[Z]^\ p XZc K O�g�d^WYw wYduc�d�gic p f,`�c�f p NPgb�
���z������� �C�;�^� `�\_O�k,XeWYduci\ p Xa`bgb�ngihjOSkv\_[eXa`�`�\_O�t�fnc�duc�XZ\_W*�nd^WYd^[Zhjg�Xag�\^� d^[a]^\ p XZc K O�gP�mt p \^k,dC�
k�Xa[aXagic�Xe`�O�Nbc K \jwYgb�Y`�\_O�t,fnc�duc�XZ\_WYd^[
k,XZ\_[Z\^]^h
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���� ����� �� � 	 NPg Wn\^ciNPg wnN g VNPO4XaWYd^X p NPg�`�\_WYgic�XZc�fYNPWzc [ZNPg d^`�ciNPgb�%[ZN t�[afYg>gi\_fn�^NPWmc NPW
d^WY]_[ad^Xagb�^w�
 fYW%g VNPO�XaW,d^X p N'`�\_WYg�d^` p VN Md6[�
 d^WYd^[ZhjgiN'w�
 d^[Z]^\ p Xac K O�NPg Nbc�d^f�%wn\_O�d^XeWnNPg `�\_W,WnN� NPgP�
� NPg�c K*MNPO�NPg8dukv\ p w�VNPg?`�\_O�t p NPWYWnNPWmc��L[ed4`�\_OSk,XaWYduci\_X p N^�v[ZN�`bd^[a`bfY[ gihjO�k�\_[aXal fnN^�,[�
 d^WYd^[ZhjgiN
d^g�h O�t,ci\^c�XalmfYN^��[ed k,XZ\_[a\^]_XZN4`�\_O�t,fYc�duc�XZ\_WYWnNP[a[aN�Nbc�[�
 d^WYd^[ZhjgiN�NPW¼O�\�h^NPW,WnN>w�
 d^[Z]^\ p XZc K O�NPg
Nbc�wnNEgic p fY`�c�f p NPgLwnNEwn\_W,W�VNbNPgb�
� � ��� � ��� �� � `�\_OSk,XaWYduci\_X p N^��`bd^[a`bf,[?g�h OSk�\_[aXal fnN^�Ld^WYd^[ZhjgiN w�
 d^[Z]^\ p Xac K O�NPgb��O¼VNbc K \ wnNPg
t p \^k,duk,Xa[eXagiciNPgb� k,XZ\_[Z\^]_XaN6`�\_O�t,fnc�duc�XZ\_WYWYNP[a[ZN
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¶ ¸ H v�RjXgf¦± y i ¶ lqV R U ¸ ¶ f UWV fYv Æ X Zki%M8��± U i hSzON U Z fYi Z vxw U R UWV X l Z�¸ hqV U Z v y z X lz¶ fYv~RYX[ZWikepiPJ y{z v/¸gX Z Zkv yRQ
ÆSh f ¶ fjX[v l e Æ Rjv zz¶ z X ¸[X[i fjX Z y%U f ±Sv V ike ¶~lqV�¶ w U R ¶GH~U5Q Z ¶ i Uv¶ lz¶ ¸SJ ijX[i vLI ¶ ¸ H v�RjXgf¦± y i ¶ lqV V_¶ f ¶ i fjR h Z f h R U i%M

JLK Xeg"Xeg'c K N8WYXaWmc K XeW \_f p giN p XZNPg'\^��giNPO�XeWYd p t p \j`�NbNPwYXaWn]_gb� JLK N?t p Nb� Xa\_fYg'\_WnNPg K d��^N�dutYt�NPd p NPw>d^g�T�~ s T rs NPg�NPd p ` K s Nbtv\ p c�g;W fYOSk�N p g��GUOU9V �jQj�LWu{j�mQOWOXj�u� Q^}^}OV �mQOVOV^Q �YW^Q^}FUm�ZW^|u{uyn�zd^WYw�WOXOWu{j� JLK N�`�\_WmciNPWzc�\^�Yc K NPgiN
t p \j`�NbNPwYXaWY]_g�`�\_WYg�Xagic�gL\^��g�fYO�O�d p XaNPg�\^��c K N8c�d^[\[ gb��fYg�fYd^[a[ah^] p XZciciNPW k h>d p Nbt�\ p ciN p � p \_O c K NSd^fYwYXZNPWY`�N^�`_
JLK N�t p XaO4d p h ]^\_d^[6\^�Ec K N giNPO�XaWYd p Xag ci\´`�\��^N p c K N O�d/qi\ p O�Nbc K \jwYg��A\ p c K N dP�^N p du]^N���`bd^g�N d^WYd^[Zhm�

g�Xag�\^�Ld^[Z]^\ p XZc K O�gEd^WYw wYduc�d�g�c p fY`�c�f p NPgP� ~�NPXZ] K k�\_f p XaWn]>ci\^t�Xa`bgE\^�Lgic�f,wnh d p N `�\_OSk,XaWYduci\ p Xa`bgb��gihjO�k�\_[aXa`
`�\_O�t,fYc�duc�XZ\_W*�,d^gihjO�tYci\^c�Xe`8d^WYd^[Zhjg�Xagb�jt p \^k�duk,Xa[aXag�c�Xa`�O�Nbc K \ wYgP�Yd^WYw `�\_O�t,fYc�duc�XZ\_WYd^[*k,Xa\_[Z\^]^h^�
JLK N gic�fYwnh \^��`�\_O�k�XaWYduci\ p Xad^[�\^kjqiNP`�c�g R c K NPX p wnNPg�` p XZtYc�XZ\_W*��c K NPX p NPW fYO�N p duc�XZ\_W d^`b`�\ p w,XaWn] ci\��Cd p XZ\_fYg

t,d p d^O�NbciN p g R d p XegiNPg WYduc�f p d^[a[ah XeW c K N t p \ `�NPg�g�\^��d^W,d^[Zh g�XaWn] d^[a]^\ p XZc K O�g c K duc \^�2ciNPW XeWz�^\_[Z�^N `b[ad^g�g�Xa`bd^[
`�\_OSk,XaWYduci\ p Xed^[*gic p fY`�c�f p NPgL[aXa[^NEgic p XaWn]_gb�jc p NbNPgb��] p dut K gP�jd^W,w>t�N p OSfYc�duc�XZ\_WYgb�b NPg�XawnN�c K NLc p d^wYXZc�Xa\_WYd^[nci\^t,Xa`bg�\^��`�\_OSk,XaW,duci\ p Xa`bg�\^�1]"\ p wYg�d^W,w�d^[Z]^\ p XZc K O�Xa`bg�\_W�]"\ p wYgP�z\��^N p c K NLh^NPd p g
d^W XaW,` p NPd^g�XaWn]�XaWmciN p NPgic K d^g�k�NbNPW>]_XZ�^NPW XeW c K N�giNPO�XeWYd p ci\�k,XZ\_[a\^]_Xa`bd^[*dutYt,[aXe`bduc�XZ\_WYg"\^��`�\_O�k,XeWYduci\ p Xa`bgb�c hjO�k�\_[aXe` `�\_O�t,fYc�duc�XZ\_W*�6d^WYw XaW t,d p c�Xa`bf,[ad p `�\_O�t,fnciN p d^[Z]^Nbk p dj��t�[adPhjg d^W XaWY` p NPd^g�XaWn]_[Zh XaO�tv\ p c�d^Wzcp \_[ZN�XeW c K NPgiN4d p NPd^gP�)T c8t p \��jXawnNPg8d `�\_[a[ZNP`�c�XZ\_W \^�'ci\ \_[ag8c K ducSd^[a[Z\G]�g8\_WnN�ci\ ducic�d^`B[ `�\_O�t,[aN� O�\jwnNP[ag6\^�
`�\_OSk,XaWYduci\ p Xe`bg�d^WYw c K N?d^WYd^[Zhjg�Xag�\^� d^[Z]^\ p XZc K O4g��jXadedgf7h?fDikjOlnmohZd-p%qYh!rGlnmns9hut9vYduc"c K N?g�d^O�N?c�XaO�N^�jXZc�XaW,git,X p NPg
c K N8l fnNPgic'�A\ p wnNb�^NP[a\^t,XaWn]%Nb�^N p O�\ p N8gihjgiciNPO�duc�Xe`?g�\_[afnc�XZ\_WYg"d^WYw wnNP`bXag�XZ\_W�t p \j`�NPwYf p NPg��A\ p c K N?d^WYd^[ah g�Xeg�\^�
]"NP[a[ ��` K d p d^`�ciN p XawbNPw�`b[ad^g�giNPg�\^��t p \^k,[ZNPO�gb�
JLK NxWj��d p c�Xe`b[ZNPg4XaW,`b[afYwnNPw´XaW c K Xag�k�\ \O[ p Nbt p NPgiNPWmc g�WYdut,g K \^c�g4\^�E`bf p�p NPWmc p NPgiNPd p ` K XaW c K NPgiN�d p NPd^gb�

r ciNPWzc�duc�XZ�^N%\ p ]_d^WYX\wPduc�XZ\_W>\^��c K NPX p `�\_WmciNPWzc�g?Xag�]_Xa�^NPW>k�NP[Z\G]E�

y � �{z}|9~��^� ����|D� � z�� ��|��^�
T�W�d^wYwYXZc�XZ\_W�ci\SXZc�g�\G]�W�c p d^wYXZc�Xa\_WYg p \ \^ciNPw4XaW�O�duc K NPO�duc�Xa`bgb�mc K NLgic�fYwnh%\^��rBs9�)�7moh!jOl�sOi%m�j9�1�^sL�#f7�St?d p XagiNPg

WYduc�f p d^[a[ZhEXaW%c K N't p \j`�NPg�g;\^��d^W,d^[Zh g�XaWn]6d^[Z]^\ p XZc K O4g c K duc;\^�2ciNPW�XaWm�^\_[Z�^NL`b[ad^g�g�Xa`bd^[j`�\_O�k,XeWYduci\ p Xad^[jgic p f,`�c�f p NPg
[aXa[^N�t�N p O%fnc�duc�XZ\_W,gb�_gic p XaWY]_gb�^c p NbNPgb� p d^WYwn\_O�]'d^[a[jgb�zd^WYw�] p dut K gb����dut,g�d p N�d�git�NP`bXad^[j`b[ad^g�g�\^��] p dut K g�c K duc
d p N%w p dL]�W XaW>c K NSt,[ad^WnN^� JLK XegLXagLd^W�d^`�c�XZ�^Ne�,NP[aw>\^� p NPgiNPd p ` K ci\)] K Xe` K \_f p giNPO�XaW,d p d^[ p NPd^wnh>wnNPw,Xa`bduciNPw
giNb�^N p d^[*g�NPg�g�XZ\_WYg'[ad^g�c"h^NPd p ���Yf p c K N p t p \^] p NPg�g K d^g'k�NbNPW O�d^wnN p NP`�NPWmc�[Zh?vnc K Xag'Xag p Nbt�\ p ciNPw XaW����F���+���Y���/�K�����
d^WYw��S�u��� JLK N�c�d^[a[jg��K���?d^W,w �K¡u�?d p N>`�\_WY`�N p WnNPw¢]�XZc K \^c K N p c�h t�NPg�\^�L] p dut K NPW fYO�N p duc�XZ\_W,g �4c K \_g�N�\^�
Wn\_Wj��` p \_g�g�XaWn]S`�\_W��Y]_f p duc�Xa\_WYg�XeW�c K N�t,[ad^WnN?d^WYw�\^��`�\_W,gic p d^XaWnNPw g�fnkY] p dut K g�\^� p NP`�c�d^Wn]_fY[ad p ] p XawYgP��� \jwnNP[ag
\^� p d^WYwn\_O�d^fnci\_O�duc�d K dP�^N�k�NbNPW4wnNb�^NP[Z\^t�NPw p NP`�NPWzc�[Zh^��r g�XaO�t,[ZN�`b[ad^g�g�\^�
d^fnci\_O�duc�dSXag�XeWzc p \jwYfY`�NPw�XeW£�\¤Z���
d^WYw d p d^WYwn\_O ]^NPWnN p duc�XZ\_W d^[Z]^\ p XZc K O Xag�t p NPgiNPWzciNPw
� r `�\_OSk,XaW,duci\ p Xad^[a[Zh O�NPd^WYXaWn]^� fY[Ll fnNPgic�XZ\_W Xag ci\
2P¥�¦B§�¨�©ª¦B«ª«¬R®�¯�°�°O±B§�¨�²´³¶µD¬-¨�·�² �,	�� ¥�§�±¹¸B§P¦%º�º�²�±B»Y¨�·�² � � ¯½¼9³½²¾§À¿k±¹¼D¨�§P¦%¿¾¨+¼L¯½ºÁµO²Â§ �,	��?Ã�ÄkÅ¹Å¹Å5Ã�ÄkÆ½ÄkÇ¹È{É ���p�+�
$¶Ã�"0�ÀÊ¾Ë
_ � ·�²�®�¯½º�º-¦B§�©`²k®?»K±%§À¨�·�²Ì°9¦%®n¨/¼½©ª¼½²Ì¬D²´¦5§�®/¦B§�²�¦´Í%¦%©`«ª¦%µ�«`²Î±¹¼Ï¨�·�²ÌÐ?²kµ{¦5¨Ñ¨�·�² �����ÓÒDÔ7Ô¹Õ×ÖoØ7Ø7Ù7Ú%ÛDÜYÝ�Þ5ßDàLÞ¹ÙYÝ�á7àDØDâ%ã´äOÞ´ßGÙ%àGâ¹Ø½Ëå



`b[ad^g�g�XZ�Ah�`�\_OSk,XaW,duci\ p Xad^[vO�\ wYNP[ag�d^`b`�\ p wYXaWn]%ci\�c K N?W,duc�f p NFR p duc�Xa\_WYd^[®�jd^[Z]^Nbk p d^Xa`u�������,WYXZciN^�nWn\_Wn��������WYXZciNFR
\^�*c K N?`�\ p�p NPgit�\_WYwYXeWn]8]^NPWnN p duc�XaWY]�� fYWY`�c�XZ\_WYgP� J ]�\%wYX���N p NPWzc�� XZND]�tv\_XeWzc�g�d p N�]_XZ�^NPW \_W�c K Xag�t p \^k,[ZNPO �;c K N
c�d^[a[¢���u��`b[ad^g�g�Xa�YNPg�c K N%g�\_[afnc�XZ\_WYg�ci\ d ]^NPWYN p d^[�`b[ad^g�g?\^��O%fY[Zc�XZ�ud p XaduciN p NP`bf p�p NPW,`�N%gihjgiciNPO�gP�?] K Xa[ZN�g�Nb�^N p d^[
O�\jwnNP[ag4\^� p d^WYwn\_O ]"d^[a[jg�d p N�`�\_O�t�d p NPw XaW�������� JLK N	�iW�
 	 \_WCqiNP`�c�f p N�¼XaW d^[Z]^Nbk p d^Xa` `�\_OSk,XaWYduci\ p Xa`bg
d^g�gi\j`bXaduciNPgLg�\_O�N8�^NP`�ci\ p git�d^`�N?\^�;t�\_[ZhjWn\_O�Xad^[ag�ci\�NPd^` K t,d p c�XZc�XZ\_W�\^� c K N8XaWzciNb]^N p�� d^W,w�g�c�duciNPgLc K duc�NPd^` K
\^�vc K NPgiNLgit,d^`�NPg K d^g�wYXaO�NPWYg�XZ\_W � 
Z��r p ND��WnNPO�NPWmc�\^��c K NL`�\_Wuq�NP`�c�f p N p NP[aduciNPg�ci\=��d^`bwn\_WYd^[ewYg�t�\_[ZhjWn\_O�Xad^[ag
d^WYw K d^gLk�NbNPW>t p \/�^NPw \_WY[ah p NP`�NPWmc�[Zh^�"r �^NP`�ci\ p git�d^`�NEc K duc�XaW,`b[afYwnNPg�d^[a[�c K N�git,d^`�NPg�dukv\/�^NSXagLc K NE\^kjqiNP`�c
\^��gic�fYwnh�XaW �����u� �
���F����Wmf,O�N p duc�XZ\_W>\^� o [ed^WYd p�s \ \^ciNPw J p Xad^WY]_fY[aduc�XZ\_WYgP��������������� �
���Y� c \_O�N c K d p t 	 \_WY`�NPWmc p duc�XZ\_W s NPg�fY[Zc�gLduk�\_fnc s d^WYwn\_O o [ad^WYd p J p Xad^Wn]_f,[aduc�XZ\_WYgb�!���"��������� �
�K��� o [ad^WYd p ��dut,gLd^W,w 	 \_O�t�\_g�XZc�Xa\_W c ` K NPO�NPgP�#�$�"%'&)(���*,+-*,./�
�S�u� 	 \_d^[ZNPg�`�NPWY`�N �0��O�N p ]^NPW,`�NE\^��c K N=� dut21mr�X p h � dL]E�435�26��87:9�*,.<;=*,.>�
���Y����Wmf,O�N p duc�XZ\_W>\^��T?Nb\_O�Nbc p Xa` 	 \_Wu�Y]_f p duc�XZ\_W,g�\_W�d 	 \_Wm�^N� o \_[ahm]^\_W*�!?@�BAC�,D��
�K¡�� J fnciciN o \_[ZhjWn\_O�Xed^[ag�XaW c l fYd p NST p XawYgb�E?F�2A$�GD��
�\¤Z� s d^WYwn\_O T p \_fnt r?fnci\_O�duc�dj�435�BAH;I&,�2J 9"�
����� c \_[Z� XeWn]K�?Xeg�` p NbciNÓT�WYXZc�Xad^[Z��d^W,w b \_f,WYwYd p hm�ML�d^[afnN o�p \^k,[ZNPO4gb�N?@�BOP*RQIS���T:UV,*,S:�
����� 	 [ad^g�g�XZ�2hjXaWn]W� 	YX � c h giciNPO4g�d^WYw s d^W,wn\_O[Z d^[a[jgb�#3��265�87�9�*,.<;=*,./�
� � ��� 	 \_O�k,XeWYduci\ p Xa`bg�\^��\?d p O�\_WYXa` o \_[ZhjWn\_O�Xed^[agb�N]5�B6Y*,._^ *,.G�R7-�

y � � z}|�|9~��)� ��ya`�zcb � �ed�f b � � � � �hg �:i ���)� d |�� �jb zck �lgx�
�n\ p d `�\_O�t�fnciN p d^[Z]^Nbk p d gihjgiciNPO>��XZc�Xag�` p fY`bXad^["ci\ \^tYc�XaO4XawbN c K N d p XZc K O�Nbc�Xa`bd^["\^t�N p duc�XZ\_W,g�\_W k,d^g�Xa`

\^kjqiNP`�c�gb��T�W4c K Xeg�git,X p XZcb�z`b[ZNb�^N p d^[Z]^\ p XZc K O�Xa`L\^tYc�XaO�XawPduc�Xa\_WYg�\^�*N�nXagic�XeWn]�d^[Z]^\ p Xac K O�g"d p N?w,Xag�`bfYg�g�NPw�XaWx���!�F���
d^WYw Wn\/�^NP[
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�#"L��O�) � � ¡ �&$W��O�) �M  � � � �RÛ §R�R§ ¦ ¤�Ü�§ ��¶:)�Ì{å � ��¯ �M  �e§R³4Ü �R¥ �4� ¡ Ü �#  § ¦ � � Ü � �é©�§   Ý �RÛ ¤ ¦ ³�¤�Ü ¥ Ü ¦ Ü ¥ §j� §R©
§RÞ��  K� Ü ¥ §j�4¤%Ì M ¦ Ý»Ý � Ü ¥ §j� ¥ ¤ ¦ ¤�� ¡£¥ �4¤'Ü�� �R¡ §R©^Ü �MûØ¥ �#�ÏÜ � �ëÝ ��ù#¥ Ý ¦ Ý£° � � ¡ Ý ¦4Û Ü ¥ Þ Û2¥ ª � Ü ¥ §j� ¥ ¤ ¦ ¤�� ¡£¥ �4¤�Ü�� �R¡
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Ýß§ ¡4¥ ø�ª � Ü ¥ §j�£§R© ¡ ¯Ø� � Ý ¥ ª¨Þ   §R�  K� Ý»Ý ¥ �#�½ª �RÛ ª ¦4Û«� Ü��%¤íÜ � �öÞ �M  Ü ¥ Ü ¥ §j�Ã© ¦ �4ª6Ü ¥ §j� ¥ �ÃÜ � �äª � ¤��ä± � �%��§j� Û ¯[Ü � �
� ¥ êR�%�Ã¤'��Ü,§R©ó³�§ ¦ � ¡4�M K¥ �%¤ ¥ ¤ �RÛ«Û §�±ç� ¡ Ì

D Ì D ÌT�íÎ�Ñ	Ö:��Ô#ÖXÎ�Ð�Ù=��Ö&�XÔ#Ö&��Ò�U��R3#§   Ü � �ö³��%¤�Ü   �%¤ ¦�Û Ü�§j�#�à¤ � § ¦4Û2¡ ª6§jÝà³ ¥ �#�àª �RÛ ª ¦4Û2� Ü ¥ §j�Ã§R©v§RÞ�Ü ¥ Ý �RÛ ¤����jÝ»�%�Øæ
Ü � Ü ¥ §j�Á± ¥ Ü � ø Û Ü  K� Ü ¥ §j�=Ìàá®ÜýÜ � �ßø   ¤�Üý¤�Ü � �R�R° � �e§RÞ4Ü ¥ Ý �RÛ ¤����jÝß�%��Ü � Ü ¥ §j� ¥ ¤¨©�§ ¦ � ¡ Ìàå � �%� � ª ¦ Ü�æ�§ ì ê �RÛ2¦ �
¥ ¤µª � §j¤'�%� � � ¡e�RÛ2Û Ü � �à³�§ ¦ � ¡4�M K¥ �%¤± ¥ Ü � Þ   §R³ � ³ ¥«Û2¥ Ü ¥ �%¤� D ) Û §�±ç�   Ü ��� �eÜ �4� Üýª ¦ Ü�æ�§ ì ê �RÛ2¦ � �M  �   �%Ýß§XêR� ¡ Ì
å � �   �%¤ ¦4Û Ü ¥ �#�»¤���Üµ§R©�³�§ ¦ � ¡4�M K¥ �%¤ ¦ ¤ ¦4�RÛ«Û ¯ ¥ ¤í�#§RÜí§RÞ4Ü ¥ Ý �RÛ^¥ �ÃÜ � �ä¤��%��¤��öÜ �4� Ü¨¤�§jÝß�ä³�§ ¦ � ¡4�M �¥ �%¤�ª � � �RÛ ¤�§
³��   �%Ýß§XêR� ¡ °�¯ ¥ � Û2¡4¥ �#� � ª6§j�#ø4� ¦# K� Ü ¥ §j�Ã± ¥ Ü ���½�4¥ � � �   Þ   §R³ � ³ ¥2Û2¥ Ü�¯ Z»Ì M § � � �R¡4¡4¥ Ü ¥ §j� �RÛ<  § ¦ � ¡ §R©�§RÞ4Ü ¥ æ
Ý ¥ ¤ � Ü ¥ §j� ¥ ¤Þ��   ©	§   Ý»� ¡ °   �%Ýß§Xê ¥ �#�½¤�§jÝß�à³�§ ¦ � ¡4�M K¥ �%¤�Ì ¢ Ü��  K� Ü ¥ §j�4¤íª6§j�EêR�   �R�  �� Þ ¥2¡4Û ¯üÜ�§üÜ � �ö¤�Ü � ³ Û �ä¤���Ü§R©
³�§ ¦ � ¡4�M �¥ �%¤ �RÛ2Û §R©ó± �4¥ ª �£�4� êR�ëÜ � �ëÞ �M  Ü ¥ Ü ¥ §j�[© ¦ ��ª6Ü ¥ §j�[Þ   §R³ � ³ ¥2Û2¥ Ü ¥ �%¤h�   � � Ü��   Ü �4� �£Ü � �ëª ¦ Ü�æ�§ ì ê �RÛ2¦ �RÌ
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¶MÌ��%Ù�Ö:��Ð)�L�^ÓRÖXÎ�Ð�Ù
áµ� ¥ ��Ü��   �%¤�Ü ¥ �#��¤�Ü � Ü ¥ ¤�Ü ¥ ª�¤ � ³�§ ¦ Ü �� K� � ¡ §jÝ Ü�� ù Üä§R©,¤ ¥Åú �#J ¥ ¤ëÜ � �[� ¦ Ýö³��   §R© ¡4¥Tì �   �%��Üà±ç§  K¡ ¤à§R© �

� ¥ êR�%�[¤ ¥Åú �B! ¥ Üçª6§j��Ü �R¥ �4¤�°Ø§   °õ�%ñ ¦4¥ ê �RÛ �%�EÜ Û ¯R° � §X± Ý � �E¯½±h§  K¡ ¤h§R©^¤ ¥Åú �B! �M  �ýÝ ¥ ¤K¤ ¥ �#� ¥ �»Ü � �  K� � ¡ §jÝðÜ�� ù Ü�Ì
å � �%¤'�ä¤�Ü � Ü ¥ ¤�Ü ¥ ª�¤ �M  �ßª Û §j¤�� Û ¯ Û2¥ � û � ¡ ± ¥ Ü � Ü � � �R¦ Ü�§Øª6§  '  � Û2� Ü ¥ §j��¤¨§R©�Ü � �Ï±h§  �¡ ¤�°�Ü �4� Ü �M  �ß¤���Ü'¤¨§R©�Þ��  K¥ § ¡ ¤
§R©,Ü � �[±ç§  K¡ ¤�ÌeòÁ�£ª6§j�4¤ ¥«¡ �  ä� �   �[Ü � �ü�%� ¦ Ýß�  �� Ü ¥ §j� §R© �R¦ Ü�§Øª6§  '  � Û2� Ü ¥ §j��¤ � � ¡ Ü � �üÞ�§RÞ ¦4Û«� Ü ¥ §j�4¤ë§R©íÜ � �
�R¦ Ü�§Øª6§  '  � Û2� Ü ¥ §j�4¤�°�§  K¥ � ¥ � �RÛ2Û ¯[¤�Ü ¦4¡4¥ � ¡ ³�¯eã ¦4¥ ³ � ¤ � � ¡ ² ¡4Û ¯ ú�û § /,D 1�Ì¨å � �à§  �¥ � ¥ � �RÛ Ýß§RÜ ¥ ê � Ü ¥ §j�é§R© �¥ ê �RÛ ¤
� � ¡��í�R� Ý � �4�£ª6§jÝ»�%¤,©   §jÝ÷¤�� �M  ª �4¥ �#�ß�R�%�4§jÝ ¥ ª ¡4� Ü � ³ � ¤��%¤,± ¥ Ü � ��æ��  �� Ý»¤ / ¶@1�Ì

þ Ì�SV���óÙvÎ	ÖXÎ�Ð9ÙX�
òÁ�ëª6§j�4¤ ¥«¡ �  ,� ø�� ¥ Ü��a�T� �������U�[���¨Ì�Ú=��Ü]� ��� � � �u�[�[� � F ± � �   �Y� \�]��µÌ�á����[���!�9�Ã§R©�� ¥ ¤ � � ¥ ��Ü����R�  

K£¤ ¦ ª � Ü �4� Üç©	§  ®�RÛ2Û �ó³���Ü)±ç���%��¶ � � ¡ !nG K[±h� �4� êR��^2\(� ^B\ }%� Ì�áí¤ � �½� ù#� ÝßÞ Û �R°EÜ � �í±h§  K¡��T�%���%�>�>�%�T�%���
�4� ¤ý©�§   Þ��  K¥ § ¡ ¤�qØ° ´ ° � � ¡ ¶FqØÌ ¢ Ü'¤¨© � ª6Ü�§  `�T�%���£��� ¤¨©	§   Þ��  K¥ § ¡ ¤�q � � ¡ ¶MÌßå � ���^ %�H�.¡U�T�#���[�4�-�¢�¢�T£¥¤T�U¡9�H�T�
§R© � ±ç§  K¡ �ö° ¡ �%�#§RÜ�� ¡ ³�¯��C�¦� )�° ¥ ¤�Ü � �à³ ¥ � �M  ¯üêR�%ª6Ü�§   � � �¦§ � # § � #$%$%$%:# § F u � )�¤ ¦ ª � Ü �4� Ü�§C\ ¥ ¤�%ñ ¦4�RÛ Ü�§§j�#� ¥ ©A� ¥ ¤ � Þ��  K¥ § ¡ §R©'� � � ¡ Ü�§ ú �   §[§RÜ � �   ± ¥ ¤��RÌ¨á Û Ü��   � � Ü ¥ êR� Û ¯R°�Ü � � �R¦ Ü�§Øª6§  '  � Û2� Ü ¥ §j��± ¥«Û2Û ³�� ¡ �%�#§RÜ�� ¡
³õ¯½Ü � �ýª6§  '  �%¤'Þ�§j� ¡4¥ �#�ä³ ¥ � �M  ¯ß±h§  K¡ § � § � �[�[� § F u � Ì�òÁ� ¡ �%�#§RÜ��k�.�¦� )hÜ � �ý¤���Ü�§R© �R¦ Ü�§õª6§  '  � Û2� Ü ¥ §j�4¤®§R©vÜ � �±ç§  K¡ �öÌ
òÁ� �M  � ¥ ��Ü��   �%¤�Ü�� ¡�¥ �Ã¤�Ü � Ü ¥ ¤'Ü ¥ ª�¤ � ³�§ ¦ Ü,Ü � �ë± � § Û �ë¤'��Ü§R©ó±h§  �¡ ¤,§R©�¤ ¥Åú �! � � ¡ Ü � �   ��©	§   � ¡ �%�#§RÜ��b¨W�"!X)

Ü � �ö¤'��Ü�§R© �R¦ Ü�§õª6§  '  � Û2� Ü ¥ §j�4¤�§R©�¤ ¥2ú � ! � � ¡�© �"!X) ¥ Ü'¤�ª �M K¡4¥ � �RÛ2¥ Ü)¯RÌ
å � �¨Þ��  K¥ § ¡ ¤ �4� êR�öÜ � �ë©�§ Û2Û §X± ¥ �#�äÞ   §RÞ��   Ü ¥ �%¤$U
¶MÌ�q ¥ ¤ �RÛ ± � ¯Ø¤ � Þ��  K¥ § ¡ ô
þ Ì ¥ ©8� ¥ ¤ � Þ��  K¥ § ¡ °ØÜ � �%�£©�§  �RÛ2Û � ¥ �[Ü � �  K� �#�R� f ¶ #�ª !XT K�« � Ü � � ¥ ��Ü����R�   � K ¥ ¤ � Þ��  K¥ § ¡ ôD Ì ¥ © K � � ¡ � �M  �äÞ��  K¥ § ¡ ¤,§R©l�ö°�± ¥ Ü � K¬��õ°9Ü � �%��� GVK ¥ ¤ � Þ��  K¥ § ¡ §R©�Ü � �àÞ   ��ø ù §R© Û �%�#�RÜ � ! G K
§R©1�àÌ

®b¯ �õÐ,���5�±°[��3 ¥ �#� � � ¡ ò ¥2Û © ) �e²��9�:K��T£*� �b�������³�#�!�9�g´��CµL�6¶'�T���·�J¸}¶e�¢�¦��K¹¬ �%ºQ»rµ�K:K��[�½¼ �`¼ Ký�jª ¡ � K # � )�¦�%�[£��jª ¡ � K # � )��r´J�����³�#�¢�.���Cµ��`ºM ��� / þ ° D 1y©	§   Ü �4¥ ¤®Ü � ��§   �%ÝÃÌ
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å �4¥ ¤ç¤'�%ª6Ü ¥ §j�Ã©�§ Û2Û §X±¤®Ü � � Û2¥ �#�%¤ç§R©�ã ¦4¥ ³ � ¤ � � ¡ ² ¡4Û ¯ ú�û § /,D 1�Ì
¢ �ü§  �¡ �   Ü�§ß� ¥ êR�¨�%ñ ¦4¥ ê �RÛ �%��Ü�ª �4�M �� ª6Ü��  K¥Åú%� Ü ¥ §j�4¤,§R© �R¦ Ü�§Øª6§  '  � Û2� Ü ¥ §j�4¤®êR�%ª6Ü�§   ¤�± ¥ Ü �4¥ �ü³ ¥ � �M  ¯ßêR�%ª6Ü�§   ¤ ¥ �

å � ��§   �%Ý þ ³�� Û §�±ö°#±h�ö�4§�± � ¥ êR�ëÜ � � ¡ ��ø9� ¥ Ü ¥ §j�4¤ç§R©óÜ � �ë©�§   ± �M K¡Ã� � ¡ ³ � ª û ± �M �¡ Þ   §RÞ � � � Ü ¥ §j�  K¦4Û �%¤ � � ¡
§R©óÜ � �
	�Þ   � ¡4¥ ª � Ü��ýÜ �4� Ü �M  � ¦ ¤�� ¡Ã¥ �[Ü �4¥ ¤®Ü � ��§   �%ÝÃÌ
¢ ©,K¹¬k� �M  �ýÞ��  �¥ § ¡ ¤h§R© � ±ç§  K¡ �à°4Ü � �%�{�vK ����G K�) ¥ ¤ �RÛ ¤�§ßÞ��  K¥ § ¡ Ì�å ��¥ ¤ç� ¥ êR�%¤,Ü � �ý©�§ Û2Û §X± ¥ �#�  K¦�Û �RÌ

SV���óÙvÎ	ÖXÎ�Ð9Ù ° ��3#§   ± �M K¡���  §RÞ � � � Ü ¥ §j� �¦4Û �&) �äá ³ ¥ � �M  ¯ êR�%ª6Ü�§   � � �¦§ � # § � # �[�[� # § F )[¤ � Ü ¥ ¤�ø��%¤£Ü � �©�§   ± �M �¡ Þ   §RÞ � � � Ü ¥ §j�  K¦�Û � ¥ ©>°Ø± � �%�#��êR�   ±ç� �4� êR�N§ � ��§ � �{¶µ± ¥ Ü � K¹¬��õ°Ø±ç� �RÛ ¤�§ �4� êR�N§�X�{¶µ©�§  ®�RÛ«Û��
¥ � / K # !X)�¤ ¦ ª � Ü �4� Ü � �	KdK � ����G K�)ç± ¥ Ü � �L��q # ¶ # þ #$%$%$% Ì
å � �ý³ � ª û ± �M K¡ Þ   §RÞ � � � Ü ¥ §j�  K¦4Û � � ¤'¤��   Ü'¤Ü �4� Ü ¥ ©�K � � ¡ � �M  �ëÞ��  K¥ § ¡ ¤®± ¥ Ü � K ¬ � � � ¡é¥ ©,K|G ��� G K )

¥ ¤��#§RÜ � Þ��  K¥ § ¡ °�Ü � �%�Ã�#§j�#�ý§R©óÜ � �ýÞ�§j¤ ¥ Ü ¥ êR� ¥ �EÜ����R�   ¤NK|Gm� ��� GVK )çÝ � ¯[³�� � Þ��  K¥ § ¡ Ì
SV���óÙvÎ	ÖXÎ�Ð9Ù�� � ¬®� ª û ± �M K¡��f  §RÞ � � � Ü ¥ §j� �¦4Û �&) �ýáð³ ¥ � �M  ¯�êR�%ª6Ü�§   � � �¦§ � # §|G ¶ # �[�[� # § F u � )¨¤ � Ü ¥ ¤'ø4�%¤Ü � �ä³ � ª û ± �M K¡ Þ   §RÞ � � � Ü ¥ §j�  K¦4Û � ¥ ©óÜ � �ä©	§ Û2Û §�± ¥ �4�½ª6§j� ¡4¥ Ü ¥ §j� � § Û2¡ ¤�Ìíâç§j�4¤ ¥«¡ �   ��êR�   ¯�K � � ¡ �»¤ ¦ ª � Ü �4� Ü
K ¬L� � þ K�± ¥ Ü � § � � § � � ¶M°f³ ¦ Üb§ � � u � � qØôçÜ � �%��©	§  ß�RÛ2Û��ö¥ � Ü � �  K� �4�R� / q # þ K�G��X1,¤ ¦ ª � Ü �4� Ü� �	K|Gm� ��� GVK ) � � ¡ ��³�� Û §j�4�j¤�Ü�§»Ü � � ¥ ��Ü��   ê �RÛ�� ¶ #�� F u �� u ����� ±ç� �4� êR��§�X� qØÌ
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