
HAL Id: hal-00186471
https://hal.science/hal-00186471v1

Submitted on 9 Nov 2007

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Détection de domaines dans des séquences génomiques : un
problème de couverture optimale

Philippe Veber, Sébastien Tempel, Rumen Andonov, Dominique Lavenier, Jacques
Nicolas

To cite this version:
Philippe Veber, Sébastien Tempel, Rumen Andonov, Dominique Lavenier, Jacques Nicolas. Détection de do-
maines dans des séquences génomiques : un problème de couverture optimale. FRANCORO V/ROADEF 2007,
Feb 2007, Grenoble, France. ⟨hal-00186471⟩

https://hal.science/hal-00186471v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


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

0%132547684797:<;=1?>�47@�A847BC:<D'1?E+F3G?HIF?HKJ=:?LM13N�OPJQ4*F?RS4*9T:U4�VXW81?Y+R[Z�HIB[OI\

]C^!]`_Qa+bQc%d7e'fhgQikjQl�m�lnd7gQoqprlsgutTv7w*xKyz^	ls{h{Qlsi	c|lnjQl~}
�7�����7�I���<���Q�P�T�P�7���7���*���P�7���C�T�

� �h�!�U�3�-���X�<�?���!���������X�?�	 �¡�¢�£¥¤¦�+¤¨§h¤ª©	£«¤��!�­¬|�­�®�	�

Nª4�A?9¯HI6?BS°*@�4�G­4�BSO�\®47±I@�4*FhVsOKV~RSHIF²G�³ ´?F?4µ\®¶T·h´?4*F3Z*4¸Gª³ E�L�Y¹47Fº´?F3RqV¯¶7\»6?RSHIBSHI±QRS·h´?47@¸47FhV�A<4*9~V~RSF?4*FhV~4T\
\*³ 47\®VµA8Hh\®¶¼G­°T\�BC³ HI9¯R½±QR½F34�G­4¾B[OºA?9~H­G­´8ZnV~RSHIF¿G­´¿Z�H­G­4¼±I¶7F?¶�V¯RS·h´?4¾G­4¾ZsÀ?9¯HI@�Hh\®HQ@¸4T\�A8O�9µ\®¶T·h´?4*F3Á7O�±Q4I1%ÂÃB
\*³ O�±QRqV�G�³ 4�ÄUV~9sO�RS9~4�G­4�BC³ 4*F3ZsÀ8OPÅÆF?4*@�4*FhVµG­47\�OQZ�R[G­47\MFU´3Z�BS¶*R[·h´?47\�·h´?R�Z�HQ@¸A<HQ\~4�ZsÀ8OI·h´?4�\~¶7·h´?47F3Z�4�´?F?4�JU´?4
A?BS´3\�O�63\®V~9sO�R½V~4�4*F¼G­¶*BSRS@¸R½V¯OIFhV�G3O�F3\-Z�47B½BS4�ÇÃZ�R�´3F�47F3ZsÀ3OPÅÆF?47@¸47FhV-G­4'\~HI´3\®ÇÃ\®¶T·Q´34*F3Z*47\	Z7O�9sOIZ�V~¶*9¯R[\�V¯RS·h´?4T\*1ULX4T\
V~9sOPJKO�´­Ä»V~9¯°7\%G­RSJI479¯\�HIFhV%A8479~@�R[\%O�RSF3\®R­G­4-\~4*±I@�47FQV¯4*9%BS47\%\®¶T·h´?4*F3Z*47\|\®´3R½JKO�FhV%B½47´?9%´­V~RSBSRS\¯OKV¯R½HQF¸G­4�BÈ³ OIB½A?À8O�6<4�V
É R[\®H­ZsÀ?HQ9~4T\*:TRSB½ÊIV¯\	Ë!A8Ì'Í�:IG­4+G­¶*V~47Z�V~4795B½4T\%Î*HIF347\%Z�HQ9~9¯47\~A8HQF3G?OIFQV5ÏzG­47\5HQ9~RS±IRSF?4T\�HQ´¸G­4T\%V~479~@�RSF3O�R[\~HIF3\%G­4-9¯¶�Ç
A?BSRSZ7OKV~RSHIF�HQ´µ4*F3Z*HI9¯4+G�³ 4*Ð<4TZnV¯´?4*9-G­4*B[O'\~¶*A3OI9¯O�V~RSHIF�4*FhV~9¯4�9¯¶*±IRSHIF8\kZ�H­G?OIFQV¯47\54*V	F?HQFuZ�H­G?O�FhV¯47\+Ñ N�Ò�Ì»ÓzÌ»ÔQÕTÖ`1

>�HQ´­V~4T\-B½4T\-@¸¶*V~À?H­G­4T\-9~47A8Hh\®47FhV-\~´?9-´?F?4'O�F8O�BS×U\~4»Z�HI@�A<HQ\~RqV¯R½HQF?F?47B½BS4zG?4zB[O�\®¶T·h´?4*F3Z*4I:U63OQ\®¶74z\~´?9+G­R½Ð<¶*Ç
9~47FhV~47\�\®V¯OKV¯RS\®V~R[·h´?47\�G­4z@�H�V¯\71­Nª4T\!G­47´­ÄuA?9¯R½F8Z�RSA3O�BS47\	V~4TZsÀ?F?R[·Q´347\�\®HQFQV�BC³ 47\®V~RS@µOKV¯R½HQF.A?´?R[\�BSOM\®47±I@�4*FhVsOKV~RSHIF
A3O�9X@¸H­G­°7B½4T\�G?4�ØÙO�9¯ÚIHKJ�Z*OIZsÀ3¶7\ É ÓXØÙØÛÍ�:=4�V�B[Ou\~4*±Q@¸47FhV¯OKV¯R½HQF¼6?R½F8O�RS9~4�9¯¶7Z*´?9s\®RSJI4'G­4¸\®¶T·Q´34*F3Z*4I:347F¾A3O�9~Ç
V¯OIFQVzG­4�B[Ou\®¶T·h´?4*F3Z*4�Z�HQ@¸A3B½°*V~4�A?´3RS\�4*FÙG­¶*V~479~@�RSF3O�FhVX9¯¶7Z*´?9¯\~RSJI4*@�47FQV�BS4�@�4*RSB½BS4*´39XA<HIRSFQV»G­4�Z*HI´?A?´39~4�G­4T\
Ü 9¯OI±I@�4*FhVs\�Ñ EXDXN�D+ÔhÕPÖ`:�Ñ N�Ò-Ì»ÓzÌ»ÔQÕKÖÈ:�ÑrÝ'Ë�ÓXÒ�Ì»Ô�Þ�ÖÈ1

Ë!4*A<4*F3G?OIFhV7:IRSB<47\®V	A8Hh\~\~RS6?B½4+G?4XZ�HQF3\®R[G­¶79~479kB½4XA?9~HQ6?BS°*@�4+G­4+B[O�\~4*±I@�47FQVsOKV¯R½HQF�Ï»´3FuF?RSJI47OI´�A?B½´8\5ß3Fª:QHIà
B½4T\�\®47±I@�4*FhVs\�\®HQFQV+Z7O�9sOIZnV¯¶*9¯RS\~¶7\!A3OI9�BÈ³ 4*F3\~4*@M6?B½4�G?47\-@�H�Vs\�·Q´�³ RSBS\+9~47A?9~¶T\®47FhV~4*FhVT:UZI³ 4T\�VXÏ�G­RS9¯4z´3F�B[O�F3±QO�±Q4I1
L�OIF3\'V¯HI´3\�B½4T\�Z*OQ\*:�B½4.A?9~HQ6?BS°*@�4uA<4*´­V�á*V~9¯4uA<HQ\~¶.G?O�F8\�´?FâZ7OIG­9¯4uZ�HQ@¸@M´?Fã4�VµÌzR½HQF?R[\'4�V�ØÙO�F?F3R½B[O¼HIFhV
A?9¯HIA<HQ\~¶Û9¯¶7Z�47@�@¸47FhV�´?F34 Ü HQ9~@M´?BSO�V~RSHIF¦Z�B[O�RS9~4²G­4ãZ�4äZ*OIG?9~4åÑ Ì»ØÙÔQæKÖ`1�Nk³ O�F3OIB½×­\~4ºG­4äBÈ³ OI9¯ZsÀ?R½V~4TZnV¯´?9~4º4*F
G­HI@µOIR½F?4T\!G?47\-\®¶T·h´?4*F3Z*47\!A847´­V-á�V~9¯4zA8Hh\®¶»Z�HQ@¸@�4�´?F�A39~HQ6?B½°7@�4�G�³ HIA­V¯R½@�R[\~O�V~RSHIFª:hBS4-ç É Ú=: À8Í`ÇÃ\®47±I@�4*FhVsOKV~RSHIF
A?9¯HI6?BS4*@Mèn:84*V'·h´?RkZ*HIF3\~R[\�V¯4MÏ�V~9¯HI´?JQ4*9�BSO�@�4*RSB½BS4*´39~4�\®47±I@�4*FhVsOKV~RSHIFºG�³ ´3F?4µ\®¶T·Q´34*F3Z*4¸G­4�BSHIF?±Q´?4*´39�F²4*FºÚ
Ü 9¯OI±I@�4*FhVs\*:|ZsÀ3OI·h´?4 Ü 9¯OI±I@�4*FhV¸OIA?A3OI9®V¯4*F3OIFQV¸ÏÛ´?Få4*F3\~4*@M6?BS4�G­4�Àå\~HI´?9sZ�4T\�OPJQ47Z�éëêíì�1kË!4�A?9¯HI6?BS°*@�4
47\®V»G?¶*@�HIFhV~9¯¶MYX05ÇÃZ�HI@�A?BS4�V'\~HI´3\zG­47\zÀU×UA8HIV~À?°T\®4T\�OQ\~\~4*ÎMBSOI9~±Q47\718YXHI´3\zA?9¯HIA<HQ\~HIF3\X´?FºZ7OIG­9¯4�BS¶*±Q°*9¯4*@�4*FhV
G­R½Ð<¶79~47FQV Ü HQF3G­¶Û\~´?9µBÈ³ ÀU×UA<H�V~À3°7\~4Ù·Q´34ÙB½4T\u\~HI´?9sZ�4T\µ\®HQFQV.G?47\u\~¶7·h´?47F3Z�4T\µ·Q´3RXHIFhVu¶*V~¶ÙZ�HQA?RS¶*47\uA?´?R[\µHIFhV
G­RSJI4*9¯±I¶¼A3OI9u@�´?V¯OKV¯R½HQFîG?O�F8\uBS47\µ±Q¶*F?HQ@¸4T\µA<HI´?9 Ü HI9¯@¸479.G­4T\ Ü O�@�RSB½BS47\.RSG?4*FhV~R½ß8O�63B½4T\*1	YXHI´3\�\®´3A?A8Hh\®HQF3\
G­HIF8ZµBC³ HI68\®479~JKOKV¯R½HQFâG�³ ´?Fï47F3\®47@�6?BS4.G­4�\®¶T·h´?4*F3Z*47\�;ä4�V�G�³ ´?Fï47F3\®47@�6?BS4.G­4¼\~HI´?9sZ�4T\�L É BS47\¸G­HI@µO�RSF?4T\¯Í
4�V�9¯47ZsÀ34*9sZsÀ?HIF3\»´3FïZ�H­G?OI±I4µHIA?V~RS@�OIB!G­4�;äZ�HI@�@�4u´?F34�Z�HQF3Z*O�V~¶7F3OKV¯R½HQFäGª³ ¶7B½¶7@¸47FhV¯\�G?4.L�1%L�´ Ü O�R½VM·h´?4
BSO�\~4*±I@�47FQVsOKV¯R½HQFÛA?9¯4*F?F34M47F²Z*HI@�A­V~4�BÈ³ HQ9¯G?9~4�\®´39zB[O�\®¶T·Q´34*F3Z*4¸4*V'A?B½´8\®RS4*´?9s\»\®¶T·h´?4*F3Z*47\z4*F²A3OI9¯OIB½BS°*BS4I:<HIF
A847´­Vµ47\~A8¶79~479MA39~H­G­´?RS9¯4�OIR½F3\~R�´?FåA8O�9~V~R½V~RSHIF?F?47@�4*FhV¸A3B½´3\Mß3F¿·h´?4�A3O�9�´?F?4¼O�F8O�BS×U\~4.68OI\~¶*4¼\®´?9¸B[Oº\~4*´?BS4
Z�HQ@¸A<HQ\~R½V~RSHIF¼G�³ ´3F?4�\®¶T·h´?4*F3Z*4I1

ð ñ²�	��ò	¤��­�?�+�?¤ó��ôõ����¤��X§h¤�£ö �¡�¤ó�+¤¨§h÷�ø-�+¤��X�=¤�§

ùkFúA?9sOKV~R[·h´?4I:5BS47\µG?HI@µO�RSF?47\µ\~´?9u´3Fû47F3\~4*@�63B½4¾G­4Ù\~¶7·h´?47F3Z�4T\�6?R½HQB½HQ±IR[·h´?47\µü«G�³ ´?F?4¾@�á*@�4 Ü O�@�RSB½BS4
A847´?JI47FhV�á�V¯9~4�9~47A8¶79~¶T\+A3OI9zG­4T\!ç®A3OKV~V~479~F3\�è�Z*OI9¯OQZnV~¶79~R[\®V~R[·Q´347\+·h´?4MBC³ HIFÙ9¯4�V¯9~HQ´?JI4�\~´?9zA?BS´3\®RS4*´39¯\�\®¶T·Q´34*F3Z*47\
G­4»BSO Ü OI@¸RSBSB½4'OPJI4TZ�G?47\-JKO�9¯RSO�V~RSHIF3\!@�R½F34*´?9¯47\718Ý�F�\~´?A?A<HQ\~4zRSZ*R�·h´?4'Z�47\�A3O�V®V¯4*9¯F3\-HIFhV�¶�V¯¶»G?¶�V~479~@�RSF?¶7\-A8O�9
O�A?A39~47FQV¯RS\¯\¯O�±I4zO�´­V¯HI@µOKV¯RS·h´?4»4*V Ü HI9¯@¸47FhV-´3F�47F3\~4*@�63B½4'ý¾1

Nk³ 4*F3\~4*@M6?B½4�G­47\'H­Z7Z�´?9¯9~47F3Z�4T\'G­47\MG­HI@µOIR½F?4T\�G­4.ýþG3O�F3\'´3F?4.\~¶7·h´?4*F8Z�4.ü=ÿ+G­4.ü Ü HQ9~@�4µ´?Fã±Q9¯OIA?À?4
HI9¯R½47FhV~¶�� ÿ :KOIA?A847B½¶������	��

�����������������������	�-\®RUBÈ³ HQFMG­¶TZ�R[G­4�G?4!9¯4*BSR½479|G?4*´­Ä'H­Z*Z*´?9~9¯4*F8Z�47\�BSHI9s\~·h´ª³ 4*BSB½4T\ªA<4*´?JQ4*FhV
\®4�\~´?R½JU9¯4MG?OIF3\z´?F?4µ\~4*±I@�47FQVsOKV¯R½HQFÙJKO�BSRSG­4Q1��«Z*4M±Q9¯OIA?À?4Q:<HQFºO���HI´­V¯4�´?Fä\®HQ@�@¸4*VzRSF?R½V~R[O�B54*V»´3Fº\~HI@�@�4�V
V~479~@�RSF3O�B�JhRS9~V~´?47BS\� ÿ 4*V�! ÿ :84�V�BS47\�O�9sZ*\� ÿ#"%$ É 9~4T\®Aª18B½4T\�OI9¯Z7\ $&" ! ÿ Í-A<HI´39+V~HQ´­V�H­Z7Z�´?9¯4*F3Z*4 $ A8HQ´?JKO�FhV
G­¶*63´­V~479 É 9~4T\®A�1=V~4*9¯@�R½F34*9nÍ+´?F34�\~4*±Q@�4*FhV¯O�V~RSHIFª1�� ÿ 4T\�V'´?F²±I9sO�A3À?4MOQZ�×­Z�BSRS·h´?4¸4�V»V¯HI´­V�ZsÀ?47@¸RSFºG?4' ÿ Ï(! ÿ
9~47A?9¯¶7\~4*FhV~4»´?F?4M\®47±I@�4*FhV¯O�V~RSHIF�JKO�BSRSG­4Q13L�4�A?BS´3\+BS47\+OI9¯Z7\+G­4)� ÿ \~HIFhV+A<HIF3G­¶79~¶T\+*8\~HIRS4*FhV+´?FÙOI9¯Z�, ".- G­4
� ÿ 4�VkF?HIV~HIF8\0/214365�783�9|4*V:/21�;�5	7<;<9|B½4T\5A8Hh\®R½V~RSHIF8\kG­4+G­¶76?´­V	4*V	G­4�ß3FµG­4T\5H­Z*Z�´39~9¯4*F3Z*47\=,�4*V - 9¯47\~A<47ZnV¯R½JQ4*@�4*FhV
G?O�F8\+ü ÿ 13Nª4»A<HIR[G?\+G­4>, "?- 4T\�V0@ ÿ 3A;�BDC 18;�EF783 C 1

;UR»BC³ HIF ZsÀ34*9sZsÀ?4ÛO�BSHI9s\.Ïï9~4TG­¶7Z*9~RS9¯4ÙB½4²A?BS´3\�Z�HI@�A?BS°�V¯4*@�4*FhV¼A8Hh\~\~RS6?B½4ºB½4T\�\~¶7·h´?47F3Z�4T\�G?4²ü�ÏïBC³ O�R[G­4
G�³ HUZ7Z�´?9¯9¯4*F3Z*47\5G­4zG­HI@µO�RSF?4T\*:KV¯HI´­V�4*Fµ´­V¯R½BSR[\~OIFQV!´?Fu@�R½F3R½@M´?@�G­4XG­HQ@�OIR½F347\	G?RqÐ=¶*9¯4*FhV¯\7:IHQFµA847´­V�ZsÀ34*9sZsÀ?4*9



´?FãZsÀ?4*@�RSFâG­4  7ÿ�Ï !Ãÿ-G3O�F3\�ZsÀ8OI·h´?4µ±I9sO�A3À?4'�»ÿ�47Fã@�R½F?RS@�RS\¯O�FhV�B[O¾\®HQ@�@¸4uG?47\�G­R[\®V¯O�F8Z�47\�HI6­V¯4*FU´?47\�4�V
G�³ ´?F?4�A<¶*F3OIB½R½V~¶ Ü HQF3ZnV¯R½HQFµG­47\kG?HI@µO�RSF?47\k´­V~RSB½R[\~¶7\71��îZ�4*V®V¯4�ß3Fª:�HQF�A8Hh\®401 � B½4+Z*H��­V É A<HQ\~RqV¯R Ü HI´�FU´?BÆÍ%OI\¯\®H­Z*R½¶
Ï¸BC³ ´­V~RSBSRS\¯OKV¯R½HQF�G­´¾G­HQ@µO�RSF?4�ì��¾ý¾1

;UA8¶TZ�R½ß3HIF8\+Ï¸A?9~¶T\®47FhV�Z*4»A?9~HQ6?BS°*@�4'G�³ HQA­V~RS@�RS\¯OKV¯R½HQF�\~HI´8\-BSO Ü HI9¯@�4'G�³ ´3F�A39~HQ±I9sO�@�@�4�BSR½F3¶7O�RS9¯4 *
���
	��
�
���
���
Ý�F�RSFhV~9¯H­G­´?R½V+B½4T\-JPOI9~R[O�63B½4T\!63R½F3OIR½9¯47\
��� ÿ 3 ; HIà��!47\®V»´?F?4�G­47\»\~¶7·h´?4*F8Z�47\zG­4µü-: , "%- ´?F
OI9¯Z'G?4&� ÿ 1ªÝ�F¾A8Hh\®4 � ÿ 3 ; B�� \¯\®R�B½4MZsÀ?4*@�RSFÙG­4  ÿ
Ï ! ÿ A3OI\¯\~4zA8O�9-BC³ O�9sZ�, "?-

��� � HQàÛì�47\®VX´?FÙG­HQ@µO�RSF?4�G­4�ý¾1�Ý�F¾A8Hh\®4 � � B��
\¯\~RQBS4!G­HQ@µO�RSF?4�ì�47\®V�´­V¯R½BSRS\~¶�A8HQ´?9|\~4*±Q@�4*FhV~479�BÈ³ ´?F34
G?47\�\~¶7·h´?4*F8Z�47\�G?4�ü-1

���! #"$�%�
���
& '

ÿ)( 3 ( ; @
ÿ 3A; � ÿ 3A;+* '

�
1 � � �

,!- �/.0��132420�
5 � B7698):<; {�=?>®d*pq{�=�lsi	jIlA@ ; =CB
� �ED � ÿ 3A; dGFPl :IH!; gKJ ;�:<: gL>?>�ls{ : l+jQlNMMjhd7{QiPORQ

S Tº�?¤�£¹��¤��3§²�?÷�§U�X¡��U¬|�?§â§U�+�¿�+¤�§ï§h÷�ø-�+¤����=¤�§û�+¤¦�­�?¬5�X§h�'�	§h�	�X§

Nª47\�V~9sO�F8\®A<HQ\~HIF3\�\®HQFhV�G­47\�¶*BS¶*@�47FQVs\�·h´?R­\~4!G­¶7A?B[OIZ�47FhV�HI´M\®HQFQV|Z�HIA3R½¶T\�G�³ ´?F?4!A8Hh\®R½V~RSHIFMZsÀ?9~HQ@�HQ\~HI@�RS·h´?4
Ïz´?F?4�O�´­V¯9~4»Ñ U%W�VîÔhÕPÖ`1�D�47Z*HIF3\®V~R½V~´?4795BSO»G­×UF3OI@�RS·h´?4�O�´µZ*HI´?9s\%G­4-BC³ ¶*JQHIBS´­V~RSHIF�G­4+Z�4T\%¶*BS¶*@�4*FhVs\5O�6<HIF3G?OIFhV¯\
JIHQR½9¯4+@µO8��HQ9~R½V¯OIR½9¯47\!G?O�F3\�BS47\�±I¶7F?HI@�4T\	47´3Z*OI9~×QH�V~4T\+Ñ W'N�ÔRXsÖÈ:U47\®V-´?F�A39~HQ6?B½°7@�4�·h´?R=A847´­V�á�V¯9~4zA8Hh\®¶zG?O�F8\!BS4
Z*OQG­9~4»G­4'B[O¸@¸H­G­¶7B½R[\¯OKV~RSHIF¼·h´?4'F?HQ´3\-JI47F?HIF3\-G­4�G?¶�ß3F?RS9T1

Y+HI´8\uF?HQ´3\u\~HI@�@�47\®ÇÈF?HQ´3\µOKV~V¯OQZsÀ?¶7\uÏäBÈ³ ¶�V~´8G­4ÛG­4 Ü OI@�R½BSB½4T\uA3OI9®V¯RSZ*´?BSR½°79~4ÙG­4ÙV~9sO�F3\~A8Hh\®HQF3\µO�A3A847B½¶747\
E�V¯D�ù	0îZsÀ?4*ÎEY:���LZ\[2� �	�^]G[_] � 

�3`a[2��b �µ4*VXZ*O�9sOIZ�V~¶79~R[\®¶747\!A3O�9�´3F?4»±I9sO�F3G­4»JKO�9¯R[O�6?RSB½R½V~¶'G­4»BS4*´?9s\�\~¶7·h´?4*F8Z�47\71
ÂÃB+4�Ä­R[\�V¯4¼OIR½F8\®R�Þ$c²Z*HIA?RS47\�G­4¾B[O Ü O�@�RSB½BS4¾E�V¯D�ùk0�Õ
XÙG?OIF3\�B½4¾±Q¶*F?HQ@�4�G�³aY:���LZ\[2� �	�^]G[_] � 

�3`a[2��b �K1-Ë!4T\

¶*BS¶*@�4*FhVs\X@�47\~´?9¯4*FhVzG?4MædXPÕuÏ�X7ÔdXPÕ¸A?6ª1�Nk³ O�BS±IHQ9~R½V~À3@¸4MG�³ R[G­47FQV¯Rqß<Z*OKV¯R½HQFÛG­4T\zG?HI@µO�RSF?47\�O.G­¶TZ�HQ´?JI479®VeXTÕ
X
G­HI@µOIR½F?4T\5·h´?R8Z*HI9¯9~4T\®A<HIF3G?4*FhVkÏ'G­47\ Ü 9sO�±Q@�4*FhV¯\59¯¶*A<¶�V¯¶7\kOPJQ47Z�4*9¯9¯4*´?9s\*1�N�4+Z�HL�­V!OI\¯\~HUZ*R½¶�Ï»´?FuG?HI@µO�RSF?4�47\®V
BSO'V¯O�RSBSB½4+@�HK×Q4*F?F?4�G­4�\~47\	HUZ7Z�´?9¯9¯4*F3Z*47\71IY+HQ´3\	OPJQHIF3\kZsÀ3HIR[\®R3Gª³ OIA?A?BSRS·h´?479	´?F?4z\®RS@�A?BS4�O�A3A?9~H­ZsÀ?4�±QB½HQ´­V~HQF?F?4
·h´?R�A39~H­Z�°TG­4�\~¶7·h´?47FQV¯R½47B½BS4*@�47FQV»\®´39�BÈ³ 47F3\~4*@�63B½4¸G­47\z\®¶T·h´?4*F3Z*47\7130%HI´39zZsÀ3OQ·h´?4�\~¶7·h´?4*F8Z�4I:8BC³ 4*F8\®47@�6?BS4MG­4T\
Z�HQ@�6?RSF3O�R[\~HIF3\-A<HQ\¯\®RS6?BS47\�G­4 Ü 9sO�±I@�47FQVs\+4T\�VX4*Ä­A?B½HQ9~¶'4*V�BS4�@�R½F3R½@M´?@ Z*O�B[Z�´3B½¶Q18Nk³ 4*F8\®47@�6?BS4�G­4T\XG­HQ@�OIR½F347\
´­V~RSBSRS\~¶�A8HQ´?95´?F?4+\~¶7·h´?47F3Z�4-4T\�V	Z*HIF3\~4*9¯JI¶�A8HQ´?95B[Oz\~´?RSJKO�FhV~4Q1IE�ß3FµG­4+G?R½@�RSFh´34*95BÈ³ RS@�A3OIZ�V	G­´�A?9~47@�R½479kZsÀ?HIR½Ä
G­4�\~¶7·h´?47F3Z�4Q:h·h´?R�G­¶*V~479~@�RSF?4X47Fu±I¶7F?¶*9sO�B8´?F?4z68HQF?F?4zA3O�9~V~RS4XG­4T\�G?HI@µO�RSF?47\7:IHQFu9¯¶*R½V~°*9¯4XBS4XA39~H­Z�4T\~\~´3\	A8HQ´?9
ZsÀ3OI·h´?4+ZsÀ3HIR½ÄMA<HQ\¯\®RS6?BS4XG­4+A?9¯4*@�RS°*9¯4+\®¶T·h´?4*F3Z*4+4�V!HIFuZ�HQF3\~4*9¯JI4-B½4X@¸RSF?RS@�´?@�G­4XBC³ 4*F3\~4*@M6?BS4XG­47\	9~¶T\®´3BqVsOKV¯\71
Ý�FåHQ6­V~RS4*FhVuO�RSF3\~Rgf�h²G­HI@µO�RSF?4T\µOPJI47Z.´?Fú\~Z*HI9¯4.±QB½HQ63O�B�G­4ji3cRX�XQ1|0%HQ´?9�JI¶*9¯R½ß34*9�B[OºA39~¶TZ�R[\®RSHIFûG­4¼F?H�V¯9~4
O�A?A39~H­ZsÀ?4Q:|F3HI´3\�OPJIHQF3\�V~47\®V~¶¼V¯HI´­V¯47\¸BS47\�A<4*9¯@�´­VsOKV~RSHIF8\�A8Hh\~\~R½63B½4T\¸G?47\µG­47´­ÄïA?9¯4*@�RS°*9¯47\�\®¶T·h´?4*F3Z*47\715Nª4
\~Z*HI9¯4+@�R½F3R½@M´?@�HI6­V¯4*FU´u4T\�V-G­4kiLi3l�l�OPJI47ZkfKæ�G­HQ@µO�RSF?47\7:hZ*4�·h´?R<9~47A?9¯¶7\~4*FhV~4+´3F Ü O�RS6?BS4X¶TZ*O�9~V!A8O�9	9sO�A3A8HQ9®V
O�´�A?9¯4*@�R½479+\~Z*HI9¯4z·h´?4»F?HQ´3\+OPJQHIF3\	V~9¯HI´?JQ¶I1
ÂÃB�4�Ä­RS\®V~4'G­4T\ Ü O�@�RSB½BS47\-A?BS´3\-RS@�A8HQ9®VsO�FhV~4T\�G?HIFhV�BSO�\~4*±I@�47FQVsOKV¯R½HQF.F?4»A<4*´­V+á*V~9¯4�9¯¶7\~HIBS´?4zA3O�9¯BC³ O�A3A?9~H­ZsÀ?4

±IBSHI´­V¯HIF?F34I1UE+RSF3\®RÈ:?E5>�V¯D+ùk0	æµZ�HQFhV~RS4*FhVkX7ÞRXzZ�HIA3R½4T\!4*V�BC³ O�BS±IHQ9~R½V~À?@�4zG­4zG?¶�V~4TZnV¯R½HQF�G­4T\-G­HI@µO�RSF?4T\!A39~H­G­´?R½V
h�l$i¼G­HI@µO�RSF?4T\ *5G­4uV¯4*B[\0��47´­ÄâG­4�G?HIF?F?¶747\¸Z�HQF3\�V¯RqV¯´?4*FhV¸´?Fâ6<HIFãV¯47\®V¸G­4�G­RqÐ=¶*9¯4*FhV¯47\M@¸¶*V~À?H­G­4T\MGª³ HQA­V~R½Ç
@�RS\¯OKV¯R½HQF.4�V�\~HIFhV�@�R[\�ÏMG?RS\~A8Hh\®R½V~RSHIF�G­4zBSO¸Z�HQ@¸@M´?F3OI´­V~¶»\®´39�ÀhV~V~A *am�mK±I4*F3H�n!476ª1 ´3F?R½JhÇ`9~47F?F?4T\oXQ1 Ü 9\m�;U479~JQ4*´?9~Ç
Ìz0�Ý�mPHQ´­V~RSB[\<mK9~47A84TOKV¯\¯E+F8O�BS×U\~R[\<m�L»ÝzØÙEXÂ�Ykm�E�V¯D�ùk0%1

p ÷!qs÷ª�?¤����=¤�§
r a!^ts8^!wPyGu ^�dGv`l¯l<Fxw9yUatznd7j3b${Ly?_�g$|L|Udz^!d ; b$}¼l¯{3=�pqd*{4s8pÆbUd7{UjM^�d*e�d�~�>�pri?�h{Ud�^�d*e�d7i��5d*e���y�_�pqe'fQorpa���Ipq{L�k=��hl

e ; i�d*p : jIlsi : >�prfL=�p ; { ; �ªjI{UdziÃl<��gQls{ : lsi<y#�������������0�
�P�C�G�
�C���%bhy7w7wPy�y
r � {�}âwTy\u cty � lsi : � ; =?=�lTbL��y${Tpqd7{L�QbUd7{Uj¸_dy ^NyL}�lsiÃiÃorl�>Gy���oqd7{�=�=?>®d7{QiÃf ; i�do|horl+lsorlse'ls{�=�i<�3���hl�>�lI�7ls{hl�=�p : i	e'lsl�=�i�Tls{ ; e'p : i<y#�I�� %¡^�P�C��¡#¢P�C£
�C %¡qb­t3� tTy�¤G¥�t7x�¦Tb<y7w7wPy�y
r §I¨ wTt\u agy § p ; {Qprikd7{Uj�©gy ¨ d7{h{Qpro½d3y � pr{UjIpq{L�g>�l : gL>?>�ls{�=5i ; gL> : l¯i%pr{MiÃlG�KgQls{ : l¯i<y=]È{e���Aª¬«�­4®�¯ °�±�²
��³�´G�µ�µ��¶

· �_£�¸��N´�¹+ º�$�N���C���C£L º�»��£$£L¼L�0�^�_£L %�C³C£��� )��´�£��0�½��´�£<¹G�C³��C£��C��´�£4�P�C���?��³?�µ�4�_£»��´�¾A¿�¼3 
�� )�)´�£
�0�^¾�´0�À�?��¼��a��³
Á ��´0�a´�¸��*bhfhd��7lsiI¦�y7tG¥�¦stTwIbd�!l��ÃÂ ; >�~­bL�PÂzb�Ä�_IaXbhy7w7wTt3y­a	c ¨ �!>�lsiÃi<y

r wNs<w3¦�u ¨ y § yLw�pqj3�%lsoro8d7{UjKÅky ^Æs8pri : �^y½�=lC>�iÃf­l : =�paFPl0�3=?>®d7{QiÃf ; i�do|horl�lsorlse'ls{�=�i5d*{UjK� ; i�=��Tls{ ; e'l-l<F ; orgL=�p ; {RyÇ$³��C£ · �t�¬��´0�À¡È�#�o´0�À¡qbd¦nv3� ¤Pv<¥3¤0¤�b8y7w7w�¦0y
r s<m § © § wPyGu9}Éyos3p�b��/y*m|l�>�{hd ; o½d\Ê § d7oaFTd*{8b � y\©-do�0�hpa���hpÆb7d7{Uj+]Cy § > ; iÃiÃl0yQa!fQfhorp : do=�p ; {Qi ; �L>�l : g�>�iÃpÀFTl|iÃl<�7e'ls{�=®do=�p ; {= ; =��hl-d7{Ud*oË�QiÃpri ; �ªjI{UdXiÃlG�Kghls{ : lsi<yNªÌ´�¾A¿$¼� %�C³µ�kÍ7ªÈ�$�C¾k�º�µ )³µ�*b?y7w7wPy�y
r Î c#©-m § w7x�u�{ ; i?ÏgsÌy Î orpÀFTl�>nb��=lsj�> ; c%do>�f­l¯{UdIb ¨ p : �hd7lso/©�d : ~Pls{3|­l�>��IbUd*{Uj4�=lnj3> ; m|l�>�{hd ; o½d\Ê § d7oaF�Ð7{^y%]Èi ;�Ñ {UjIl�>G�

:<; e'fQgL=®d\=�p ; {Ud*o­fL>�lnjIp : =�p ; { ; �=pri ;�: � ; >�l¯i5pq{E�Tl¯{ ; e'l!iÃlG�Kghls{ : lsi<y!�+¼L�<�À�C���tÒP��� · �����C���?��³?�µ��bhtPy 8 }¼l<|�Ê
_Il�>�FTl�>?Êõ]ÈiÃiÃghlGBC� yoÓÕÔ<¥Iy�¤Ty�b3y*wTw*xLy


