
HAL Id: inria-00070801
https://inria.hal.science/inria-00070801v1

Submitted on 19 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.

HOMA: automatic re-scheduling of multiple invocations
in CORBA

Thierry Gautier, Hamid-Reza Hamidi

To cite this version:
Thierry Gautier, Hamid-Reza Hamidi. HOMA: automatic re-scheduling of multiple invocations in
CORBA. [Research Report] RR-5191, INRIA. 2004, pp.24. �inria-00070801�

https://inria.hal.science/inria-00070801v1
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  
de  r ech er ch e 

Thème NUM

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

HOMA: automatic re-scheduling of multiple
invocations in CORBA

Thierry GAUTIER — Hamid-reza HAMIDI

N° 5191

April 2004





Unité de recherche INRIA Rhône-Alpes
655, avenue de l’Europe, 38334 Montbonnot Saint Ismier (France)

Téléphone : +33 4 76 61 52 00 — Télécopie +33 4 76 61 52 52

���������
	��������	������������� ��!"�$#%�"&���'"()��*+���"&,��.-/&�����'10��2�3	4�����'%�5��'7698;:=<?>

@2A�BDCFEGEIHKJMLON�@2P�Q�R
∗ SUT%VXW BZY�[.E\C^] V_T L/`aP�b"P

†

ced�fIgih�jlklmonqpsrutwvxf\gih\t$yuz{gi|I}�~��Fz�h\t
�U}�����h�v��l���l�3�l��twz��{���F}wv�h\�%�ur/�3jl��p��{��j��3�1�{��jl�$������k��F�
�����{���F}wv��sh�}�h\�,d�hI},�,d{h�yX���{ \¡{ �nq����}x~£¢�¤�¥F¥�¦�n§¤�¥1����¨�h\t

©�ª¬«\I®°¯{±��² ced{~�t³}xh\���F}wv��{}xhGtwh\y^v�t³�³´�µ�¶��·��yMh�¸O��~£hIy^v���y��¹tx�\��¢����{¢£h1�$º³��»e��¼D���FtwhG�M���s�sh1���Fz{�{¢£~½y{¨%hIyu¾u~½}���y�g1h\y^v\¿
�4´ µl¶K~�tO���Fgi���^twhG�À�urÁ��yÂ��Ã³Ä
�I��gi�{~£¢½h\}O��y��Â�Å}xz�yFv�~½gih�txz{�{�X��}xv\¿��{}���gÆ��Ã³ÄÇ�sh�È�y�~Év�~½�Fy�t2��Ê��$º³��»e�Ë���s��hG�.v�t\�
�4´ µl¶+����gi�{~£¢£hI}���zsvx�Fgi��vx~��I��¢½¢£rÌhIÍ^v�}��F�.v,t���¢£¢Uv�d{hO~£ysÊÎ��}�g2�°vx~£��y�t�Ï$d{~��,dÀ��¢£¢½�°ÏÐh�¸O��~£hIy^vÑ��y��Òtx�\��¢����{¢£hO���Fgi���^tw~½vx~£��y_��Ê
gih�v�d{�s�2~£y^¾F�s�I�°v�~½�Fy�t\¿�ced{hl�I��gi�{~£¢½h\}���y��i}xz�yFv�~½gihltxz{�{�X��}xvÓ}�hI¢£rÑ�Fyiv�Ï��4ÊÎz�y��.v�~½�Fy���¢£~Év�~½hGtIÔ¬v�d{hl��z{vx��g2��vx~��$h�Íuvx},����vx~£��yi��Ê
����}���¢½¢£hI¢£~�twg5��hIv�Ï�h\hIy/gih�vxd��u�/~£yu¾��s�I��vx~£��y�t$��y��%vxd{h�¢£��ÕIr���}x��vx�s���F¢·z�txh\�%vx���I��gig�z�y{~£�\�°v�h�h�Ö�h\�.v�~½¾Fh�����},��gihIvxhI},t\¿Óced{h
}�z{y^vx~£gih�}�h�¼×tx�,d{hG�sz{¢£h\t4v�d{h�~£yu¾��s�I��vx~£��y�t���y��Åv�d{h%�Ftxtx�s��~��°vxhG�Ò���Fg1gÑz{y{~��I��vx~£��y�t�z�tw~£y{¨�v�d{h�����}���¢½¢£hI¢£~�twgØ�sh\�{z���hG�_ÊÎ}x�Fg
v�d{hI~£}���Ã³ÄÅ�{h�È�y{~½vx~£��y�tI¿Uced{h�t��,d{h\�{z{¢½~£y{¨2twvx},�°vxh\¨�r2~�te����txh\�%��y/��c$�l�l�Ù��p��3��j�¿�k�twhG�%vx��¨Fh�v�d{hI}3vxd�h\txh�ÊÎz�y��.v�~½�Fy���¢£~Év�~½hGt
h\y����{¢£h�����},��¢£¢½h\¢ ���Fg1gÑz{y{~��I��vx~£��y��Xh�v�Ï3hIhIy¹���s�sh��I��z{�{¢£h\�Ì���{�{¢£~��I�°v�~½�Fy�t\¿�ced{~£t��{}����XhI}xv�r%~�tl�I��y�txhI}�¾�hG�"�^r��I��gi���^tw~½vx~£��y
��Ê�~£y^¾F�s�I�°v�~½�Fy�t\¿¬ced{h³v�h\�,d{y{�F¢½�F¨�ri~�t�����txh\�O�Fy�v�d{h4¨�h\y{hI},�°v�~½�FyO��Ê¬h�Íuvxh\y��sh\�%��¢£~½h\y^v$twvxz��"��y��%txhI}�¾�h\}�txÚ�h\¢½hIvx��y%��y%vx�F����Ê
twv���y��{��},�1��¢£~½h\yFvÓtwvxz��i��y��itwh\}x¾FhI}�txÚ�hI¢£h�v���yÑ¨�hIy�hI},�°vxhG���ur�hIÍs~£twvx~£y{¨���Ã³Ä¬Û��$º³�l»3���I��gi�{~£¢½h\}\¿�����}���¢½¢£hI¢£~�twgÜ~�t�d���y��s¢£h\�Ñ�ur
v�d{h�����},��¢£¢£hI¢Ù�{}���¨F}���g1gi~£y{¨�h\yu¾^~£}���y{gihIy^vlÝ$ÞÙßÙ¶ àG¶�áGâ�¶ ã�¿Uceduz�t\�{�³´�µ�¶Å~�ted{~½¨Fd{¢£r��X��}xv�����¢½hF¿Uced{h³v���}�¨�hIv����{�{¢£~��I�°v�~½�Fy�t
��}xh4d{~£¨�d"��h\}wÊÎ�F}xg2��y���h4yuz{gihI}�~£�\��¢Ùtx~½gÑz{¢£��vx~£��y�t\¿
ä�å^æ�çxèÑé ®°ê¬«�² ���s�sh��I��z{�{¢£~£y{¨��Ó�$º³��»e��� ����}���¢½¢£hI¢Óg1hIvxd{�s�Ò~£yu¾��s�I��vx~£��y�t\��º�y{¼D¢£~½y�h�tx�,d�h\�sz{¢£~£y{¨���Ãl~�twvx}�~½�{z{vxh\�Á�I���,d�h��
Ý$ÞÙßÙ¶�à\¶¬á\â�¶ ã

ësì,í�î.ïDì�ðZî.ñòïZó3ôöõ�÷Dô×ø2ùÓú
∗ ðDûüñòó�ïýïýþ�ÿ ��ì��GðZñòó�ï��¬ñ��GïZñ ì�����ó
	xÿ �½ï
† û°ì��$ñ��� ïýó
�xìGÿ ûüì��$ñ�üñ��¬ñ���ì��üÿ �£ï



������� �
�����{���¬#"��'"'%	�'"�3�����$'� 	��O��Ñ��	4����i�"�o#"� -"&��"� �I�$����� ��'10��2�3	4�����'%�5#%�
���3�!"�2#%� �$' 698;:Ë<Ð>

��� «	��
 � ² ��h1},�������F}wv4�{}�|\txhIy^vxh2�³´�µ�¶U�·z{y_hIyu¾u~½}���y�y{hIgihIy^v��sh2���Fz{�{¢���¨�hi�sh2���s�shGt��^z{~���h\}xgihIv4¢��/���Fy�t�v�}xz��.vx~£��y
�� �����{¢½~��I��vx~£��y�t��s~�twvx}�~½�{z�|Ih\t��^z{~u���FtxtxhIy^v��l¢�� |G�,d{hI¢£¢£h�¿��4´ µl¶OhGt�vU���Fgi���^tw|3�� z�y1�I��gi�{~£¢£��vxhIz�}���Ã³ÄM�$º³��»e�ÁhIv���� z{y1twz��s¼
�X��}xv�hIÍu|G��zsv�~ÉÊÙh\y"�$º³��»e�+h�ve��c$�l�l���³p��3�lj�¿sÄ·h��I��gi�{~£¢£��vxh\z{}Ó�sh³�³´�µ�¶/h�Íuv�}���~Év���zsvx�Fg2�°vx~��^z{hIgih\yFv3�sh\t��s|�È�y�~Év�~½�Fy�t
��Ã³Ä/vx�Fzsvxh$¢£h\t�~£ysÊÎ�F}xg2�°v�~½�Fy�t��^z{~{�XhI}�gih�vwv�hIy^v��� h�Ís�{¢£��~½vxh\}�h�¸O�I�F��h\g1h\y^v�¢������Fgi���^tw~½vx~£��yi�� ~½yu¾��s�\�°vx~£��y�t��sh$gi|�vxd��u�{h�¿�Ä·h
�I��gi�{~£¢£��vxhIz�}$h�vl¢£h�twz��{���F}wv$hIÍu|G��zsv�~ÉÊ�h�Ís�{¢£��~½vxh\y^vl�shIzsÍ%ÊÎ��y���vx~£��y�t�Ô�¢�� h�Íuvx},����vx~£��y/�sz/����},��¢£¢£|I¢£~£txgih³h\y^vx}�h³��¢½z�tx~£hIz{},t$~£y^¾F��¼
�\�°vx~£��y�tÓ�sh�gi|Ivxd{�s�sh�hIvÓ¢�� zsv�~½¢£~�tx��vx~£��yO�� z{yO�{}���v��s����¢£h$����}xhGtxtxhIzsÍÑ���Fz{}Ó¢������Fg1gÑz{y{~��I��vx~£��yO�shGt�����},��gifIvx}�h\t�hIÖXhG�.vx~½ÊýtU¢£��},t
�shGt�~£y^¾F�s�I�°v�~½�Fy�t\¿ Ä·h$gi��v�hIz{}�hIÍs|\��z{vx~½ÊX}�|�¼ö��},�s��y�y���y��Ih��Ih\t�~£y^¾F�s�I�°v�~½�Fy�t¬h�vU¢£h\t��I��gig�z{y�~£�\�°vx~£��y�t¬�Ftxtx�s��~£|IhGt�h\yih�Ís�{¢£��~½v���y^v
¢£h�����}���¢½¢£|I¢£~£txgih4����vxhIy^v�~½h\¢ ~£y��sz{~½vl����}�¢½hGt$gi�s�sh\t��sh�����t�t���¨�h��shGt���}�¨�z�g1h\y^v�t$�shGt�gi|�v�d{�s�sh\t��{|�È�y{~�tl����y�t$¢£h\t���Ã�ÄÓ¿���h
}�|�¼ö��},�s��y�y���y��IhIgihIy^v4twhi���FtwhihIy^v�~½f\}xh\g1h\y^v4txz{}���c$�l�l�Ù��p��3��j�¿¬�×¢�h\twv��{��y��1�X�Ft�tw~£�{¢£h����"¢�� hIÍu|G��zsv�~½�Fy·� �� ���{vxhIy�~½}��shGt
�I��gig�z{y�~£�\�°vx~£��y�tÑ����},��¢£¢½f\¢½hGt�hIy^v�}xh/�sh\ti���{�{¢£~£�\�°vx~£��y�tÑ����},��¢£¢½f\¢½hGtÑ�I��z{�{¢£|IhGt�����}2�³´�µ�¶�¿ Ãlh/�{¢£z�ti��hIvwvxh/�{}�����}x~£|�v�|�h\twv
�I��y�txhI}�¾�|\h�����}�����gi�X�Ftx~Év�~½�Fy¹�� ~£y^¾F�s�I�°v�~½�Fy�t\¿ÑÄ ��vxhG�,d{y{�F¢½�F¨�~£hÑzsv�~½¢£~�tw|\hitxhi����txhitwz{}4¢��"¨�|Iy�|I},�°vx~£��yÅ�sh2tw�Fz��,d{hGt��I¢½~£hIy^vxhGt
hIv2txhI}�¾�h\z{},t���zÂ�sh\t�txz�tÑ�{h\titw�Fz��,d{hGt�¨F|Iy{|\}x|\h\tÑ����}1z{y�����gi�{~£¢��°vxh\z{}it�v,��y��{��}��Â�$º³��»e� hIvitxz{}i¢�� hIyu¾u~£}x�Fy{y{hIgih\yFvi�sh
�{}���¨F}���gigi��vx~£��y¹Ý�Þ�ß·¶ àG¶�á\â�¶ ãÁ�X��z{}�¢��"¨�h\twvx~£��yÅ�sz_����},��¢£¢£|I¢£~£txgih�¿i��z��Iz{y{higi�u�{~ÉÈ��\�°v�~½�FyÅ�� z{yÁº³��»�hIÍs~£twv���yFv�y�� h\twv
y{|G��hGtxt���~£}xhGt4��h2�^z{~U}�hIy��Å�³´�µ�¶ vx}�f\t4�X��}xv����{¢£hi��� z{y�h1~£gi�{¢���y^v���vx~£��yÀ�$º³��»e���%z�y{hO��zsv�}xhF¿2Ä·h\t����{�{¢£~£�\�°v�~½�Fy�t4��~£�{¢½hGt
tx��y^v��sh\tl���{�{¢£~��I�°v�~½�Fy�te�sh����Fz{�{¢���¨Fh³�sh��I�s�sh4hIy�tw~£g�z�¢£��vx~£��y"y^z�g1|\}x~��^z{h��1d���zsv�h\te�XhI}xÊÎ��}�g2��y��Ih\t\¿
�Üé \« ç ±�� � «M² ���Fz{�{¢���¨�h1�shi���s�sh\t\� �$º³��»e���X����},��¢£¢½|\¢½~�twgih���� ~£yu¾��s�I��vx~£��y�t³�sh1g1|Ivxd{�s�shF� º�}��s�Fy{y���y���h\g1h\y^v�º�ys¼ö¢½~£y{h
���Fg1gÑz{y{~��I��vx~£��y"����},��¢£¢½f\¢½hF���3���,d{h��s~�t�v�}x~£�{z{|F��Ý$ÞÙßÙ¶ àG¶�áGâ�¶ ã
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gN@ EQhQDSi0j_KSE8L8k0V`_l8lNT#mNn3loS\_pqdrY B8B

in P, out F
o
MDsb@ GSOtTUjIEvu�V`�LbT&G*d8dfewB8BSV8R8kQ`*G�O8Owx_\yu�VQ`�L

z @ EhQDSi0j8K�E8L8k0VQ`S{_|�urT#mbn#}~d�Y B8B
in P, out b�N@ jIEvDSi0j8K�E8L8k0VQ`_�ZT7aAn3myd�Y B8B
in S, in P�N@ jIEvDSi0j8K�E8L8k0VQ`SmK8J8F_RQGS�0FSV�G_K�HbT�}bn�lQo_x_\qdrY�B8B

in b, out F
o
CM�N@ �

�N@ B0�fxK�k8LQJ0G�H�-KSO*VQ`SR_E�u-�8B
?�Xb@ j_K�k8LQJ0F_�0`DSiSE�GS]ZT#lo8x_\Nn�lo8�Zn7lo_\_pqd�Y B8B

in F
o
CM, out F

o
G, inout F

o
MD?8?A@ EhQDSi0G�H0V`_�_RQFSV`AT#�Nn3loS\_p>n�mqd�Y B8B

inout V, in F
o
MD, inout P?SMN@ G�OtTUj�E�u�V`�L>T3Gwd8d-e

?SgN@ jIEvDSiGIH0V`_�8RFSV`AT7aZn�lo_�qd�Y B8B
inout S, in F

o
G?�sb@ �

? z @��wB8B!Df`�HhfE�F0GIH!J8K0K�L
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md ± cm
�r�¤�

couplage
��¢8�¬�A¡A¡A¢8��¡Z�r�8�'���²:«3³��Z´>µS�Q®Q�8��¯¶³&¢8¡Z���q�Q�>�8�*�A�

�q�Q�8���>������¢8�w���²�«3³P�_�v·b������®��f���r�0�w�I¸� �� ± �Q¹N���b�8�¤�r���º¸»�����S�_¢8��´��©�8�v��¯

ced{h��{h\t���}�~½�sv�~½�Fy%��Ê�v�d{h��{��v��JX��°ÏKÊÎ��}��Fy{h4~Év�hI},�°vx~£��y��sh\��h\y��{t$�Fy"vxd{h��Iz{}x}�hIy^v�twvxhI����y��"Ï3�Fte¨�~£¾�hIy"�ur%�O�$º³��»e�
���FtwhG����¢£~½h\y^v��{}���¨F}���g twÚFh�v,�,d{h\�/~£y�È�¨Fz{}xh� �¿l�¬~½¨Fz{}�hÑ¤i}�hI�{}�h\txhIy^v�t�vxd{hÑ�{�°v,�GX��°Ï
¨�},���{d��Xh�v�Ï3hIh\y/vxd{hÑ~½yu¾F�u�\�°v�~½�Fy�t$��Ê
v�d{h�gihIvxd{�s�{t���Ê·v�d{h�È�¨�z{}�h� �¿U�K���üÍ2y{�s�sh�}xh\�{}�h\txhIy^v�t����{��v��{�u��y��O��yOh\¢½¢£~£��twh³y{�s�sh�}xh\�{}xhGtwh\y^v�tÓ��v��FtwÚ�¿���y�hG�s¨�hlÊÎ}x�Fg
�%v��FtwÚMvx���/�{�°v,�%gihG��y�t³v�d��°v4vxd�hO�{�°v,�%~�t4Ï$}�~ÉvxvxhIyÅ�ur�vxd�hiv���txÚ�¿1�ly_h\�s¨FhÑÊÎ}���go�"���°v��%v��/�%v,��txÚ�g1hG��y�t³v�d��°v�v�d{h
�{��v���~£t�}xhG���i�urÑvxd{h�v��FtwÚ�¿¬�Ó���,d2v,��txÚÑ~£y2v�d{h��{��v��1X��°Ï�¨�},���{dO�I��}�}xhGtw�X��y���t�vx��vxd{h�~½yu¾��s�\�°vx~£��y2��ÊÙg1hIvxd{�s����y%�$º³��»e�
�F�s��h\��v�Cý�°v$¢£~½y�h\t ;����s��W{� Lu�Ù \¥��Ù � F�X /;1~½y"È�¨Fz{}xhi AE�¿
¼0½r¾À¿qÁ6¾ÃÂÅÄ ì�	�ì�� �üïýî�Æýó0Ç×ð � ��� üñ�� �eí�þ ¾ÀÈ ] ¾UÉ ÿ
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MD −> computeFF

P

Fmd

S

b

MD −> computeRhs

CM −> computePol

Fcm

FmdFg

MD −> integrateCM −> integrate

CM −> computeA

V

couplage −> mix

S P V
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MD −> computeFF

P

Fmd

Fcm

FmdFg

MD −> integrate

V

couplage −> mix

P V
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puhG�.v�~½�Fy ;{¿ ¦��{}�h\txhIy^v�t������Fg1��¢½hIvxhl�I��gi�{¢£h�Ís~Év�r1��y���¢½rstx~£tU��ÊÙvxd�h�v���}x¨Fh�vÓ���{�{¢£~£�\�°vx~£��y�t��{zsv�vxd{~�tÓ����},��¨�},����d�ÊÎ�s��z�twhGtU��yiv�d{h
�X��vxvx¢£hIy{hG�,Ú�~£y%v�d{h��{}���¨F}���g9��Ê¬È�¨�z{}�hi 4z�tw~£y{¨2�i���Ftw~��4���Ftwv$gi�u�{hI¢·Ï$~½vxd�twvx}���y{¨i�{zsv�}�h\��¢½~�twvx~��³�Ftxtxz{gi�sv�~½�Fy�t$���X��zsv$v�d{h
�I��gig�z{y�~£�\�°vx~£��y�tI¿

Ä h�v�z�tl��t�txz{gih�vxd���v�hG���,dM���Fgig�z{y{~��I��vx~£��y��Xh�v�Ï3hIh\y�vxd{h1mMÃ ��y��¹�3m����{�{¢£~£�\�°v�~½�Fy�t�d��Ftl�����Fzsvlv�d{hÑt���gih�tx~½Õ\h
L�ur^vxhGtI¿4cÓru�{~��I��¢½¢£r��

L
},��y�¨�h\t�ÊÎ}x�Fg

KBytes
v��

MBytes
¿³ceduz�tl�Fy{h�~½vxh\}���vx~£��yM��Ê�vxd{hÑ�{}���¨�},��gË��Ê�È�¨�z{}�h� ���Ï$~½vxdMv�d{h

ÊÎz{¢£¢ehI¾°��¢£z���vx~£��yÀ��Ê³�3m v��FtwÚst\��y{hIhG�{t�v��¹�I��gig�z{y�~£�\�°vxh
5L

�ur^vxhGtI¿_kltx~½y�¨
P
�{}��s��h\t�txh\t�ÊÎ�F}Ñ�X��v�dÒvxd�h"mMÃ=��y�� �3m

���{�{¢£~£�\�°vx~£��y�tI�shG���,d"�{}x�s�Ih\t�t�hIÍ{��hI�{v$vxd{h��I��z{�{¢£~£y{¨i�{}x�s�Ih\t�tI�stxhIy��%��}$}�h\�IhI~£¾�h\te�����Fzsv
5L/P

�ur^vxh\te��Ê¬�{��v���¿
º�yÂvxd�hMvx�F�+��Ê�t�v,��y�����},�+�$º³�l»3��~½gi�{¢£hIgihIy^v,�°vx~£��y ��v�d{hÌ��~½¢£��vOv�d��°v"�sh\t���}�~½�Xh\t2vxd{hÌ���°v��TX��°ÏË��Ê³~½vxh\}���vx~£��y·�e~�t

~£yu¾���¢£¾�hG�2~£yFv��ÑhG���,d"����gigÑz{y{~��I�°v�~½�Fy�t\Ô v�d{h³�Ftxtx�s��~��°v�h\�2�{}��s��hGtxt�}xhG��h\~½¾Fh\t3��y��OÊÎ��}�Ï3��}��{t����X��zsv
5L

�urFv�h\t���Ê��{�°v,�{¿�ced^z�t
ÊÎ}���g�v�d{h$�X��~£yFv���Ê�¾u~½h\ÏÁ��Ê�vxd�he�I��gig�z�y{~£�\�°v�~½�Fy·�°vxd�h3��~½¢£��v�~�t¬vxd{h$�X��vxvx¢£hIy{hG�,Ú���Ê�vxd{h$���s�sh$�I��z{�{¢£~£y{¨����{�{¢£~��I�°v�~½�Fy·¿�ced�~£t�~�t
~£y{d{h\}xh\yFv�ÊÎ}���g?vxd{h�txhIg2��yFv�~£�e��ÊXgihIvxd{�s�1~½yu¾F�u�\�°v�~½�Fy�t�~½y��$º³��»e��Ï$d{~��,di}xhG�^z{~½}�h\t�hIÍs�{¢½~���~½vÓ���Fgig�z{y{~��I��vx~£��y1��Ê�h�Ö�h\��vx~£¾�h
����}���gih�vxh\}�t\¿

��tltxd{�°Ï$y�~½yÌy{h�Íuv�txh\��vx~£��y�t\��z�tx~£y{¨��³´�µ�¶Òvxd{h���~½¢£��v4�s�uh\t�y���vl����}wv�~£�I~½���°vxhÑ�°v���¢½¢�~½y^vx�Ovxd{h1�{�°v,�O���Fg1gÑz{y{~��I��vx~£��y*T
�Xh�v�Ï3hIh\yi���{�{¢£~£�\�°v�~½�Fy�tIÔ h\���,d1�{}��s��h\t�t¬��Ê�vxd{h&�G����y�� ��� ���{��¢½~��I��vx~£��y�t�txhIy��{t��F}�}xhG��h\~½¾Fh\t�~½yi����}���¢½¢£hI¢s���X��z{v

5L
�ur^vxhGt���Ê

�{��v���¿�jlhI¾FhI}xvxd{h\¢½hGtxt\�°vxd�hl�X��vwv�¢½h\y{h\�,Ú1~�tÓ�sz{hlvx��v�d{h�~£gi�{¢½h\gihIy^v���vx~£��yO��ÊXv�d{hl�I��z{�{¢£~£y{¨�v��FtwÚ[Cý�{~£twvx}�~½��zsvxhG�2��}Uy���v�E��FÏ$d�~£�,d
~�t�~£y_vxd{h%�,d���}�¨�hi��Ê3vxd�hO�{}���¨�},��gigihI}���y��Åy{��v1�sz{h2v��/vxd{hOz�tx��¨�h2��Ê3vxd�hOz{y��sh\}x¢��üru~½y�¨�g1~��{�s¢£hIÏe��}�h1vx�M~£y^vxh\}��I��y{y{hG�.v
���{�{¢£~£�\�°vx~£��y�tI¿
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��txtxz{gi~½y�¨lv�d{h3���°v��9X��°ÏÒ¨F}����{d�Úuy{�°Ï$y·�Gvxd�h3g2���{�{~£y{¨l��Ê{v��FtwÚst���y^vx�lvxd{h3�{}��u�Ih\t�tw�F}�t ��Ê��{~£twvx}�~½��zsvxhG����},�,d{~½vxhG�.vxz�}xh3��¢£¢½�°Ï�t
v��%hIÍu��¢½�F~Év³����},��¢£¢½h\¢½~�txgË�Xh�v�Ï3hIh\yM~£y^¾F�s�I�°v�~½�Fy�t\¿³�4´ µl¶Ò}xh\¢½~£h\t���y_Ý$ÞÙßÙ¶ àG¶�áGâ�¶ ã¹vx�"g2��y���¨�h�v�d{hÑ����},��¢£¢½h\¢�hIÍuhG��zsv�~½�FyM��Ê
v,��txÚut�Ï$~Év�dÀ}xhGtw�Xh\��v�vx�Ì���°v��#X��°Ï �I��y�twvx},��~£y^v�t\¿"»3rÌz�tw~£y{¨Ì����t�v�}��F�.v�~£yFv�hI}��{}�h�v���vx~£��yÒ��y��Ò����gi�{~£¢��°vx~£��yÅv�h\�,d{y{~��It\�¬h\���,d
~£yu¾��s�I��vx~£��y�v��%gih�v�d{�s�Ì~�t4�I���svxz{}�h\��vx�"¨�hIy�hI},�°vxh1��y_Ý$ÞÙßÙ¶ àG¶�áGâ�¶�ãÅv��FtwÚ�Ô�txh\��vx~£��yM¦/�shG��¢�tlÏ$~½vxd¹vxd{hi~£gi�{¢£��y^v��°v�~½�FyM��Ê
v�d{h����Fgi�{~½¢��°v�~½�Fy%��}x�s��hGtxt3v��2��zsv���g2�°v�~£�\��¢£¢½rO��z{~½¢����°v$}�z{y^vx~£gih4vxd{h����°v��JX��°Ïa¨�},���{d �uvxd{h�txh\��vx~£��y/¦�¿ò¤Ñ¨�~£¾�h\t$�i�shIv���~½¢£h\�
�{}�h\txhIy^v,�°vx~£��y"��Ê�vxd{h�¨FhIy{h\}���vx~£��y%��Ê¬vxd{h��I¢½~£hIy^v�t�v�z{����y��/txhI}�¾�h\}3txÚ�h\¢½hIvx��y ¿

c��i¨�hIy�hI},�°vxh4�1h�¸O��~£hIy^v�Ý$ÞÙßÙ¶�à\¶¬á\â�¶ ãÌ�{}���¨�},��g/�u�³´�µ�¶_���Fgi�{~½¢£hI}$z�twhGt3v�Ï��1vxhG�,d{y{~��It\Ô
a�b0c_dGe�f2g	a	d*bOhjikeFdlb5gma�b0nof2gma	dlb vx�i}xh\�{¢�����h4�{¢£�s�,Úu~½y{¨1~£y^¾F�s�I�°v�~½�Fy%�ur2v�Ï3�iy{��y{¼D�{¢£�s�,Úu~½y{¨1~£y^¾F�s�I�°v�~½�Fy�t\�
p�q_r Ç�ó
�Gð �£î.ï üî.ñ����eïZó
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eFd���� n^b0a	eFf2gma	dlb hji b���e������ amgmi vx�2�ü¾F��~��Oy{�i}�h\�^z{~£}xhG�%�I��gig�z{y�~£�\�°vx~£��y"��Ê��{�°v,�{¿�v�}���y�t�ÊÎ�F}xg2t
ced{hMtxh\��vx~£��y ;{¿ ¦_��y���¢£rstwhGt�v�d{h�~£g1�����.v2��Êlvxd�~£tiv�Ï3�¹vxh\�,d�y{~£�\ti��y vxd{h��I��gi�{¢£h�Ís~Év�rÀvx�_h�Ísh\�Izsvxh���y^rÀ�4´ µl¶K��}x�F¨�},��g
�Fy_�{~£twvx}�~½��zsvxhG�¹��}��,d{~½vxhG�.v�z{}xhF¿i�Ótw�Xh\�I~£��¢½¢£r�� Ï�hOtxd{�°Ï�v�d��°v�~½Ê�v�d{hO�³´�µ�¶ �{}���¨F}���g CÎÊÎ��}�~£y�twv���y���h1vxd�h2�{}x�F¨�},��g=~£y¹v�d{h
È�¨Fz{}�h2 AEe~�tl�2���^��},twh³¨�},��~£y"d{~½¨Fd{¢£r�����}���¢½¢£hI¢·��}x�F¨�},��g/�^vxd{h\y/vxd{h�tx�XhIh\�/z��"��Ê�z�tw~£y{¨O�4´ µl¶¹¾FhI},twz�t$t�v,��y��{��}����$º³��»e�
~�t$y{hG��}�¢½r2¢£~½y�h\��}$Ï$~½vxd/}�h\tx��hG�.vevx�iv�d{h�yuz{g��XhI}$��Ê¬��}x�s��hGtxtx��}G¿

ced{h�ps��mM»3�xº?���{�{¢£~£�\�°v�~½�Fy%~�t�z�txh\�"~£yMtwhG�.v�~½�Fy��Ñv��Ogih\�Ftwz{}�h³vxd{h��{}���vx~��I��¢·¨F��~½y/��Ê�z�tx~½y�¨O�³º³mM��¾FhI},twz�t$t�v,��y��{��}��
�$º³��»e�Ç~£gi�{¢£��y^v��°v�~½�Fy·Ô�Ï�h4hIÍud�~½�{~½v�¨��u�s�"tw�XhIhG�%z��/�Fte�{}�h\�s~��.v�h\�%�^r���z{}���y���¢£rstw~�tI¿
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��y��%vxd{h4v,��}�¨�h�v$�����{¢½~��I��vx~£��y"~£t��{z{~£¢Év��F}$h�Íuvxh\y����ur"��t�twh\g��{¢£~½y�¨�v�d{h\txh�����gi�X��y{h\y^v�t\¿
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�×y/��},�sh\}�v��2���,d{~£hI¾Fhlv�d{hI�F}xhIvx~��I��¢·��y��%�{}��F�.v�~£�\��¢�h�¸O��~£hIy^v�hIÍuhG��zsv�~½�Fy%�Fy"�1����}���¢½¢£hI¢Ù��}��,d{~½vxhG�.v�z{}xhF�uvxd{h4Úuy{�°Ï$¢£h\�s¨Fh���Ê�v�d{h
�{��v��/�sh\��h\y��shIy���~£h\t³}xh\¢£��vxhG�Mv���v�d{h2���{�{¢£~��I�°v�~½�Fy¹���{��hG��},t4��t�vxd{hiÚFhIr��X��~£yFv4ÊÎ�F}4�I��gi�{zsv�~½y�¨"�"¨��u�s�Ìt��,d{hG�sz{¢£h�¿Ù�³´�µ�¶
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EUgihIvxd{�s�ÙÔ���z{vx�{zsv3����},��gihIvxhI},tÓ��}xhl����t�twhG�2��tÓh�Íuvx},������}���gih�vxh\}�tU~½y��{~£�\�°vx~£y{¨ÑÏ$d{hI}�h

v��Ot�v���}�h��Fzsvx�{z{v�¾ü��¢½z�h�¿
m��F}xh\�°¾�h\}\��z�tw~£y{¨Ñtxz��,d%~½gi�{¢£hIgihIy^v,�°vx~£��y �Fv�d{h�vxd{}�h\�F�2��Ê��I��y^vx}���¢�vxd���v3hIÍsh\��z{vxh\tÓvxd�h�~£yu¾��s�I��vx~£��y2v���vxd�h�gih�v�d{�s� d��'�

~�t3�{¢½�s�,ÚFh\�iz{y^vx~£¢Xvxd{h4���Fgi�{¢½hIvx~£��yO��ÊÙvxd{h4�I��¢½¢D¿�ced^z�tÓv�d{h��I��gi�{zsv�~½y�¨�}�h\tx��z{},��h�~�t�y{��v$�ü¾°��~£¢£���{¢½h�vx��hIÍsh\��z{vxhl��vxd{h\}�z�twhIÊÎz{¢
Ï3��}�Ú�¿��×y2�F}��sh\}�vx���ü¾F��~���v�d{~�tU�{}����{¢£hIg/�FÏ�h�¨FhIy{h\}���vxh$���^z{~½vxh�¢£��y�¨�hI}����s�shevxd��°v�tx�{¢£~Év�vxd{h�~£yu¾��s�I��vx~£��y1~½yiv����{d��Ftwhlz�tw~£y{¨
�Ftwruy��,d{}���y���z�t��I��¢£¢�vx�1g1hIvxd{�s�Ù¿�º�yOvxd{h���¢£~£hIy^vetx~��sh��^vxd�hlv,��txÚO�s�uh\t�~½yu¾��s�\�°vx~£��yOvx�i����y�hIÏe�ür d��'�15)'x�#cM(9�gih�v�d{�s�2vxd��°v
v,��Ú�hGted���t3hIÍ^v�}��1����}���gih�vxh\}$�Ñ}�h�ÊÎh\}xh\y���h�vx�2�{��v��1y{h\h\��ÊÎ��}evxd�h4v���txÚ2v��i�I��y^vx~£yuz{h�¿�ced{h\y�v�d{h4v��FtwÚOÊÎ��}�Úute�1y{h\ÏKv,��txÚivx�
hIÍuhG��zsv�h1vxd{h2���Fy^vx~£y^z��°vx~£��y ¿�ced{h2twh\}x¾FhI}³}xh\�{¢½~£h\t�Ï$~½vxd_��yÅ~½yu¾��s�\�°vx~£��yMvx�/��yÌ��vxd{h\}4��y{h\Ï3�ür�Û°�Ftwruy��,d�}x�Fy{��z�tegihIvxd{�s�¹~½y
�F}��sh\}evx�2����vx~£¾°�°vxh³v�d{h4v��FtwÚ2ÊÎ�F}evxd{h��I��y^vx~£yuz��°v�~½�Fy·¿
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� �cO��ÊU�$º³��»e��¿�ced�h³z�y{~½�Fy/��Ê¬�i}�h�ÊÎh\}xh\y���h³��}$��Ê¬��y"~£gigih\�s~��°v�h4���°v��1~�t��shIÈ�y{h\�"~£y"vxd{h���Ã³ÄÅÈ�¢£h³��Ê��4´ µl¶�¿

ced{hÑ}xhIÊÎhI}�hIy��Ih\t���}xh�¨�hIy�hI},�°vxhG�/�ur%v�d{hÑtxhI}�¾�h\}�t�~½yMh\¾�h\}xr%g1hIvxd{�s�Ì~½yu¾��s�\�°vx~£��y���y��/ÊÎ��}�hI¾FhI}�r"��}x¨Fz{gihIy^v�~½y¹Ï$}x~½vx~£y{¨
Cý��ÊÙ�s~½}�h\��vx~£��yM	.���D�� � 	.���D����}�}�h�v�z{}xyi¾°��¢£z{hIE.¿�ced{h���¢£~½h\y^v9CÎ�{~£¢½��v�E���¢£tx������z�¢£�Ñ¨�h\y{hI},�°v�h�v�d{h$}�h�ÊÎhI}�hIy���h\t���y��1��ÊXvxd{~�t�g2��y{y�hI}
y{��v�vx���üÏe��~½v��Ft�vxd�h�twh\}x¾FhI}�}xhIvxz{}�yÑvxd{h\g"¿�ced{h��F�s¾°��y^v���¨�h3~£tU��yÑvxd{h$ÊÎz{vxz{}�h$gih�vxd��u�1~£yu¾��s�I��vx~£��y�t¬Ï$~½vxd{�Fzsv��üÏe��~½vx~£y{¨lv�d{h
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Ã³�°v,�i~½y^vx�2�\���,d{h³~£tlt�v���}�h\�Oz�tw~£y{¨1vxd{hÑ�$º³�l»3� � �civ�ru��hF¿U���I�F�,d{h�~�t��O�$º³��»e�
���s��hG�.vG¿U�³´�µ�¶Å����gi�{~£¢£hI}$¨�h\y{hI},�°v�h\t
v�d{h�y{hG��hGtxt���}�rM~£y{~Év�~£��¢½~£Õ\��vx~£��yÒ���s�shOvx�M��}�h\��vxh2�Fy{hO�I�F�,d{h2���s��hG�.v��XhI}#Cýkly{~ÉÍ-E4��}x�s��hGtxt\¿/�9}xhIÊÎhI}�hIy��Ihivx�M�M���°v��/~�t�v�d{h
}�h�ÊÎh\}xh\y���h�vx�Mv�d{h/�I���,d�h"�$º³��»e�;�F�s��h\��v1�{¢£z�t�vxd{h"}�h�ÊÎhI}�hIy���h2v��¹~½v�tÑhIy^vx}�r_~½y^v��Mvxd�h"�\���,d{hF¿¹m��F}xh\�°¾�hI}G����vxd�}xhGtwd{�F¢£�
�XhI}�gi~Év,t�vx���I��gig�z�y{~£�\�°v�hetxg2��¢£¢��{��v��4~£yFv����4}xhIÊÎhI}�hIy��Ih���Ï3h$d��ü¾Fhe�\��¢£¢½hG� a1*!c�v�d{h�z{y�~½�Fy1��Ê��4}�h�ÊÎh\}xh\y���h$��y��i�4¾ü��¢½z�h1CýtxhIh
È�¨Fz{}�hy=�¿

�Ó�F�,dM�I�F�,d{h4Ú�hIh\��tl�i¢£~�t�vl��ÊU������~½hGtevx�O��vxd{h\}l�I�F�,d{h\t�¢½�s�I��vxhG�%�FyM�s~½ÖXh\}xh\yFv'Cýk�y�~ÉÍ-E$��}x�s��hGtxtxh\t\¿��?Ä �ekÜtwv�r^¢£h��X��¢£~£�Ir
g2��y���¨�hGt�vxd{h��\���,d{h³ÊÎ��}ev�d{h�~£y{�{zsvl�{��v���¿Uced{h4��zsv��{zsv�¾°��¢£z{h\t$��}xh�twvx�F}xhG��z{y^v�~½¢�v�d{hIr%Ï$~½¢£¢·�Xh��shI¢£h�v�h\�Ù¿Ukl�X�{��vxh���Ê��{��v��
~£y^vx�%vxd{h2�I�F�,d{h�~�t³g2��y���¨�h\�/�ur/v�d{h2��¢£~½h\yFv�Ý$ÞÙßÙ¶ àG¶�áGâ�¶ ã_�{}���¨F}���g/Ôe��y¹�F�I��hGtxtlvx�/txd���}�h\��¾°��}x~����{¢£h�~£yÅÝ�Þ�ß·¶ àG¶�á\â�¶ ã
}�hI�{}�h\txhIy^v,t3� ,.����� �	.�Ìvx�Ñvxd{h��Ftxtx�s��~��°v�h\�Otxd���}�h\�%�{�°v,�{¿���yurO¾FhI},tw~£��y"�sh\twvx}��°r�hG�2�ur"Ý$ÞÙßÙ¶�à\¶¬á\â�¶ ãD>½ ü�u�Ù A=I?·~�te}�hI�X��}xvxh\�
v��2���XhI},�°vx~£��y%��y%vxd{h4v�ru�Xh���Ê�twd���}�h\�����°v����sÏ$d{~��,d"~�te~£g1��¢½h\g1h\y^vxh\�%v��2}xh\���F}wvevxd�h��sh\twvx}�z��.v�~½�Fy%�Fy�v�d{h��I�F�,d{h�¿
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����}Ogih\�Ftwz�}x~£y{¨¹vxd{hÌ�{~ÉÖ�hI}�hIy^vO�°¾�h\}xd�h\��� ���^t�v,ti��Ê��³´�µ�¶��3vxd�h/È�}�twvOh�Ís�XhI}�~½h\y���h/Ïe��t2�s�Fy{h�¿a��~£¨�z�}xhÒ F "}�hI�X��}xv�t1v�d{h
�shG���Fg1�X�Ftx~½vx~£��yÒ��Êev�d{h%�I�Ftwv�t���Ê���y{h2gih�v�d{�s�Ò~£y^¾F�s�I�°v�~½�Fy_z�tw~£y{¨Ì�4´ µl¶+���\����},�s~£y{¨/vx�Mvxd{h"tw~£ÕIhO��Êevxd{h���}x¨Fz{gihIy^v�t Cý�
txh\�^z{h\y���h"��Ê��{��z{�{¢£h/E�¿Áced{h"h�Íuvxh\y��shG�Àgih�v�d{�s�Á~£yu¾��s�I��vx~£��yÀ~�ti����gi�X�Ftxh\�Ò��Ê�v�Ï3�¹����}wv,tI¿Ò�¬~£}�twv\�Óvxd{h"�U~£¢½��v2�{�^hGt1��y{h
y{�Fys¼ö�{¢½�s�,ÚFh\�i~£y^¾F�s�I�°v�~½�FyO��y%����y�twz{gih\}3�I�u�{hlz�tx~½y�¨Ñ�³´�µ�¶ � t3}�h�ÊÎhI}�hIy���h$v�ru�Xh�Ï$d{~��,d�~�t�~½y��{hI�XhIy��{��y^v�ÊÎ}���g gih\t�tx��¨�h³tw~£ÕIh
v�d{hIy"vxd�~£t��I��y�txz{gihI}�txh\��}��,d�h\tÓvxd{h��I��}�}xhGtw�X��y��{h\�����°v��1�ur��Fy{h4�{¢£�u�,ÚFh\�%~½yu¾F�u�\�°v�~½�Fy���y"�{}��s�sz��.v�hI}��I�u�{h�¿

�×yÂ���{�s~½vx~£��yÀvx�Mv�d{h/�I���,d�h�g2��y���¨�h\g1h\y^v#CÎ}�hIgi��vxh�¨Fh�vG���{¢½z�h%Õ\��y{hIE���y��Òvxd�h"�I�FtwvÑ��Ê�gihIvxd{�s�À~£yu¾��s�I��vx~£��y CýÏ$d{~½vxh
Õ\��y{hIE.�sv�d{h����^t�v,t���Ê��I��yu¾�h\}�tx~£��yO��Ê���y�h4txh\�^z{h\y���h4��Ê��s�Fz{�{¢£h³vx�°Ïe��},�{t�vxd{h4v�ru�Xh � �c@CýÏ$d{~£�,d"~£y���¢£z��shGt��1g1h\gi��}�r����F�^r�E
~�tey{��v$y{h\¨�¢£~½¨F~½��¢½h�CÎ�{}��°Ï$y�Õ\��y{hIE.¿Uced{h³��v�d{hI}��I�Ftwv�t\Ô¬�I��yu¾�h\}�tx~£��y � �c1vx�°Ïe��},�{tUv�d{h�txh\�^z{hIy���h³��Ê¬�{��z{�{¢£h��{��y��2v�d{h����\��h\t�t
��Ê¬~£y�txhI}xvx~£��yXÛ�h�Íuvx},����vx~£��y%ÊÎz{y���vx~£��y�t���}xh³y{h\¨�¢£~½¨F~½�{¢£h�¿
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�$º³��»e�a�I��z�twhGt�vxd{h�¢½~£y{hG��}��{hI�XhIy��{��y���ri�Xh�v�Ï3hIh\y2vxd{h�~½yu¾F�u�\�°v�~½�FyÑv�~½gih³��y��iv�d{hlyuz{gÑ��h\}Ó��Ê ����z��{¢½hGtU�{z{v�z�tx~½y�¨��³´�µ�¶
~£y^vxhI}x¼×����z��{¢½h��{��v��i���Fgig�z{y{~��I��vx~£��y"~£te�X�Ft�tx~½�{¢£h�¿
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