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e�fhg@ktfhgmg4�:p�ktwhfhg�v�lNu!g)p!uáfhuHnRz�kt�Tu!u!fyx�fhuRi�v!z{gmi3k�z}�!p!s'gm�:uHi)r�l:kti
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Superviseur

Serveur cluster

Serveur charge
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Serveur charge Serveur charge

Interface graphique,
module de traitement des
donnees.

Application parallele 1
(placement)

Application parallele 2
(placement)

ÙzÅ³ÙXÅ¬Î Ï�Ë ÓAÐSÎmÒDÑyÖ¹ÜEâ²ã��MÚ�Ë)Ò~Ô
ÍYÒÍÓAÔ^Õ;Ö;×�ØcÓAÙ�Õ=ÒHÚ

e�f-g4�Rgmi4�yx�f�v!z{gmi
ktz{�!p!s��jfhi�ç*�Rk4£N�ê��u�lN|{�Rg4fykBv!shn:fh|{�:r!r�s/lNpPe$���-�T���2���2�¹¶ U:ä · r�fykmx­fhi2|�l)x�fhgmp�ktfv!f�w3��l:k � fPfhi@v!f'gmp�ktn:fhz{|{|{fyk@p!u ktshgmfylNp v!fbx)lNw
�!z}u!fhg?�¬�jfhitç¬�Hkm£N�ê��u�lN|{�Hgmfyk~r��:gmg4�hv!f�p!u�fhu!gmfyx~�!|{fv���p!imz{|{z{i3lNz�ktfhg � kmlNr!�!z{³Hp!fhg´r��:p�k´lNu�l�|}�HgmfykBwhfhimi4f2w3��lTk � f:�N�*f2gm�Hgmim�yx�f*fhgmi¯v!�:u!w2i3k��hg´r�kt�Hw3�!f*v���p!u��:p!imz{|v��ªlNv�x�z{u!z{gmi3k4lNimz{�:u ktshg4fylNp��B�Yr�l:ktimz�k�v!fhg�g4i3lNimz{gmimz{³Hp!fhg�ktsyl�|}z{gmshfhg0gmp�k~im�:p!g/|{fhg)sh|{syx�fhuHimg�v!páktshgmfylNp�§�2fhitç*�Rkm£��ê��u�lN|{�Rgmfyk~z{v!fhuHimz¶°�fbv!fhg±wh�Hx�r��Rk�imfyx�fhuHimg)gmr�shwhzª°�³Hp!fhg@³Hp!z�r�fykmx�fhimimfhuHi)|�l»r�ktshv!z{whimz{�:u�v!fw3��lTk � f�v!f±x)lNw
�!z{u!fhg�x��Tu!�:r�kt�Hwhfhgmgmfhp�kjfhi/v!f±ktshg4fylNp�gmz�x�r!|{f±v!f)it�Hr�f�*h�!p!g
*T���*f)gm�Hgmim�yx�f�v!z{gmr��:gmflNp!gmgmz-v���p!u x­�Rv!p!|{fbv!f�wylN|{whp!|/r��:p�k�r!|�lNwhfyk�f@?±wylNwhfyx­fhuRi@v!fhg@i3²�w3�!fhg�v��ªlNr!r!|{z{wylNimz{�:u!g'r�l:kmlN|{|{�h|{fhgy��2fhitç*�Rkm£��ê��u�lN|{�Rgmfyk«fhgmi*gmi3ktp!whi4p�kts�g4p!z}nNlNuHi2p!u@gm�Hgmim�yx�f��!z{sykml:ktw
�!z{³Rp!f ¡ i
kt�:z{g*u!z}nTfylNp!q � ° � p�ktf U � U �h�
e�fhg-x)lNw
�!z{u!fhg2gm�:uHi2ktf � kt�Tp!r�shfhg2fhu@wh|{p!gmimfyk�g2wh�:uHi3kt½:|{shg2r�l:k¯p!u'gmfyktn:fhp�k¯v!f/wh|{p!gmi4fykh��e�fhg2wh|{p!gmi4fyktggm�:uHi � syktshg´r�lTk´p!u�gmp!r�fyktnRz{gmfhp�k¯³Hp!z�r��:gmg4�hv!f�p!u!f-nHp!f�wh�Tu!v!fhu!gmshf-v!f�|>��shi
lNi´v!f-im�Tp!imfhg´|{fhg�x)l�w3�!z{u!fhgy�¦¯z}fhuá³Hp���z{|´�blNz{i~v!fhg�g4fyktn:fhp�ktg/l?n:fhw�v!z¶��syktfhuHimg)kt½:|{fhg@� gmfyktn:fhp�k�v!f0w3��l:k � f:§�gmfyktn:fhp�k�v!f)wh|{p!gmimfykh§�gmpH�r�fyktnHz{gmfhp�km�h§�p!u!f)r�l:kti4z}whp!|�l:k�z}i4s)z{uRimsyk�fhgmg3lNuHimf�v!f)whf�gm�Rg4im�yx�f�fhgmi-v��ªl?n:�:z�k�p!ubp!u!z{³Hp!f±r�k��Rwhfhgmg4p!g/r�l:kx)lNw
�!z{u!f/r��Tp!nolNuHi2lNgmgmp�x�fyk¯p!u@�:p@r!|{p!gmz{fhp�ktg-kt½:|{fhgy�
�jfhitç¬�Hkm£N�ê��u�lN|{�Hgmfyk®l�lNz{u!gmz�shimsjr�fhu!gms-r��:p�k��:�!g4fyktn:fyk�p!u�r�l:ktwjv!f-gmi3lNimz{�:u!g�r��:p!nol�uRi*v!shr�lNgmg4fyk�|�lwhfhuRi
lNz{u!f/l?°�u@v���fhqHr!|}�Tz}i4fyk´v!f/x0lNu!z{�yktf�f@?�wylNwhf-whfhg�ktfhgmg4�:p�ktwhfhg´r��:p�k¯|{f/wylN|{whp!|�r�l:kmlN|{|{�h|{f¼� r!|�lNwhfyx­fhuRiv!f/i3²�w3�!fhgy§Hsh³Hp!z{|}z{��kml � f/v!f~w3��l:k � f:§:fhimwy� ���H�:uPkt½:|{f-fhgmijv!�:u!w-v!shimfykmx�z{u�lNuHiy� æ k*|�l�r�kt�T��lN�!z{|}z{ims~v���p!u!fr�lNu!u!f´v!f*x)lNw
�!z{u!f´gmp�k�p!u�ktshg4fylNp/lNp � x�fhuHimfBi3kt�hg�¸>�Rkti4fyx�fhuRi�l?n:fhw�|�lji3lNz{|{|}f*v!p�ktshgmfylNp��y���:p!i�v��¶lN���Rk�v�§|{fhg�x)lNw
�!z{u!fhg-fhu�r�lNu!u!f�v!�:z{n:fhuRi�·hi3ktf�v!shimfhwhi4shfhg�kml�r!z}v!fyx­fhuRiy��¾�u!g4p!z}i4f:§�gmz�whfhi4imf/r�lNu!u!f�gmf�r�kt�Hv!p!z{igmp�kjp!u!f­x0lNw3�!z{u!f*¹m�:p�l�uRi2p!ubkt½T|}f~wh|{s�v�l�u!g�|{f�gm�Hgmim�yx�f±� g4p!r�fyktnHz{gmfhp�k2�TpPgmfyktnTfhp�k*v!f/wh|{p!gmimfyk4�2z{|Bfhgmiz{u!v!z}g4r�fhu!g3lN�!|{f~v!f-wh�:uRi4z}uHp!fyk�v��¶lNgmgmp�ktfykB|{f-gmfyk�nRz{whf:��[2u@x�shwylNu!z{g3x­f2v!f-im�:|{sykmlNu!whf�lNp!q�¸êlNp!imfhg´r�fykmx�fhiv��ªlNgmg4p�ktfyk¯p!u@gmfyktnHz}whf-r�fykmx)lNu!fhuHiy�

U!Ö



�2¥j� º¯ã �2�2¾ U ��e�¾´�@¤-¾¯�!� ãêæ ���j� ã �2¾´� ñ ¾á�2¾´�!� æ [��*�2¾´�
Ü�ÛQÜzÜ�Û�Ô^Ý:ÙÃØ6ÛªÜ�ÕQÞJÛ�Ô^Ó^Ü`ß�àQÔsØcÛáÜ�â;Ü�ÓAã�ä�Û}Ú

e�fhgjr�ktz{u!whz}r�l�p!q@gmfyktnHz}whfhgjgm�:uHi¬|{fhg�gmp!z{nolNuHimg-Ø
���*�:|{|{fhwhimf~v���z{uH¸(�Rk4x)lNimz{�:u@gmp�kj|>��shi3lNijv!f�|�l�x)lNw
�!z{u!f±Ø�r��:p�k�lNwhwhshv!fyk ¡ im�Tp!imfhg�|{fhg�z{uH¸(�Rk4x)lNimz{�:u!gkmlNr!z{v!fyx�fhuHiy§:|{fhg*�!z{�!|{z}�Tim�!�h³Rp!fhgjgmr�shwhz¶°�³Hp!fhg ¡ w3��l�³Rp!f-x)lNw
�!z{u!f2gm�:uHi´p!imz{|{z{gmshfhg/� �:p!n:fyk�imp�ktf*v!p)°�w
�!z{fykx�z�kt�:z�k~v!p u!�N�Rl�p`[�� ã ;Yfhi~r�l:ktwh�:p�ktg-v!f�gm�:u»fhgmr�lNwhf0v!f±v!�:u!u!shfhg
�h�z[ju r�k��Rwhfhgmg4p!g/gmr�shwhzª°�³Hp!f�gmp�kw3��l�³Rp!f-x)lNw
�!z{u!f�wh�:|{|{fhwhimf-kts � p!|{z{�yktfyx�fhuHi*|}fhg*v!�:u!u!shfhg-ØT|}f-g4fyktn:fhp�k�v!f�w
��l:k � f:�>[ju!f�r�syktz{�Rv!z{whz{ims-v!f Úgmfhwh�:u!v!fhg2l-shi4s�w
�!�:z{gmz{f:�!�*f2imfyx�r!g¯v!�:u!u!f�v!fhg¬z{uH¸>�Rkmx)l�imz{�:u!g�gmp�?±g3lTx)x�fhuHi�åNkml?¸êkml��{w3�!z{fhgYæ'� z{uRimfyk�¸ lNwhf

� kmlNr!�!z{³Hp!fy�*fhi*wyktshf-p!u!f/�Hwhwhp!r�lNimz{�:u@v!p@r�k��Rwhfhgmg4fhp�k´z{uH¸>syktz{fhp�ktf ¡�è � ÙDç �� º fyktgmz{gmi3lNu!whfBv���p!u!f¯r�l:ktimz{f�v!fhgBv!�:u!u!shfhg�r�fhu!v�l�uRi UNÁ �!fhp�ktfhg¯ØhwhfhwhzRfhg4i�z{uRimsyk�fhgmg3lNuHi�r��:p�k��:�!gmfyktnTfyk¡ r��:g4imfyktz{�Rktz:|{f*wh�Rx�r��Rktimfyx­fhuRi�v!fhg´x)lNw
�!z{u!fhg®r�fhu!v�lNuHi�|}f*v!sykt�Tp!|}fyx­fhuRiBv���p!u!f2lNr!r!|{z{wylNimz{�:u�r�l:kmlN|{|{�h|{f:�º �:p�k�v!fhg/kmlNz{gm�Tu!g-v!f�i4�:|{sykmlNu!whf)lNp!q@¸êlNp!imfhg?§�|>��z{uH¸>�Rkmx)lNi4z}�TuPv!�:z{i-·hi3ktf�g3l�p!n:f � l:ktv!shf~gmp�k�v!z{gm³Hp!f:��e�lg3lNp!n:f � l:ktv!f)fhgmi~|{�RwylN|{f@fhi�|>�ªlNwhwh�hg ¡ |>��z{uH¸>�Rkmx)l�imz{�:ubgmf0¸ l�z}i)x)l�w3�!z{u!f�r�l:k/x)l�w3�!z{u!f:���*f)gmfyk�nRz{whf@fhgmiktfhu!v!pPr�lTk´v!p!r!|{z{wylNimz{�:u'v!p@gmfyktn:fhp�k¯v!f-w
��l:k � f:��¬e�l­nRz{gmp�lN|{z{g3lNi4z}�Tu � kmlNr!�!z{³Hp!f-v!f-|(��fhu!gmfyx~�!|}f-v!fhgjz}uH¸>�Rkmx0lNimz{�:u!g´wh�T|}|{fhwhimshfhg�ØHr��:p�kjktsylN|{z{gmfyk*whfhimimf¸(�Tu!whimz{�:u�§:z{|�¸ l�p!i�wh�:|{|}fhwhi4fyk´|{fhg*z{uH¸(�Hkmx)lNimz{�:u!g�r��:p�k�|{fhg2x)lNw
�!z{u!fhg*nRz{gmp�lN|{z{gmshfhgy�!e�f-ktshgmfyl�p)fhgmi´v!shwh�Tp!r�sfhu�*hwh|{p!gmimfyktg
*¯v!f2x)lNw
�!z{u!fhg�w3��lNwhp!u~shi3lNuHi � sykts´r�l:k�p!u�gmfyktn:fhp�k$v!f¬wh|{p!gmi4fykh�á[ju�wh|{z}fhuHi´z{uHimfykmkt� � f´lN|{�Rktg|{f)gmfyktn:fhp�k�v!f�wh|{p!gmimfyk�r��:p�k��:�!imfhu!z�k�v!fhg~z}uH¸>�Rkmx0lNimz{�:u!g2gmp�k�v!fhg~gmi3lNi4z}�Tu!g�z{u!wh|{p!gmfhg/v�l�u!g-whf)wh|{p!gmimfykh�e�f�gmfyktn:fhp�k%v!f/wh|{p!gmimfyk � �yktf-|�l@x�z{gmf ¡ ¹m�Tp�k2v!f~gmfhg�v!�Tu!u!shfhgy���*f~i��Hr�f~v!f-¸>�:u!whimz{�:u!u!fyx�fhuHi2fhgmijr!|}p!gz{uRimsyk�fhgmg3lNuHi*|}�Hktgm³Hp!f���fylNp!wh�:p!r@v!f-wh|{z{fhuRimg��:�!gmfyk�n:fhuRi¯|{f/x�·yx�f�r�l:ktw-v!f/x)lNw
�!z{u!fhgy� ã |����$ktf�fhu@�:p!i3ktfp!u!f/fhqHwhfh|{|}fhuHimfK��fhqRz{�!z{|{z}i4s�fhu@wyk�sylNuRi*v!fhg � kt�:p!r�fhg*v!f�x)lNw
�!z}u!fhg?��S[ju�r!|�lNwhfyx�fhuHi@v!fhg±r�k��Rwhfhgmg4p!g±v���p!u�p!imz{|{z{g3lNimfhp�k�Ø¯i3kt�Tz}g�wh�:uHi3kmlNz{uHimfhg��:uHi±shims'z�x�r��:g4shfhgy�2e�fgm�Hgmim�yx�f�v!�:z{i)ktshr��:u!v�k�fPkmlNr!z{v!fyx�fhuHiy§®l?n:�:z�k�p!u!f@nRp!f@wh�:u!v!fhu!g4shf±v!f@|>��shi3l�i�v!p»r�l:ktw�v!fPx)lNw
�!z{u!fhgfhi±i4fhu!z¨k0wh�Rx�r!i4f@v!fhg±r!|�lNwhfyx�fhuHimg�v!sê¹ ¡ f
��fhwhimp!shgy�*�*fhg�wyl:kmlNwhi4syktz{gmimz{³Rp!fhg)l:x­�hu!fhuRi)g4z¨x­r!|}fyx­fhuRi ¡p!ubgm�Hgmim�yx�f�l?n:fhw�p!u�r��:z{uRi~whfhuRi
kmlN|�v!f)v!shwhz{gmz{�:u ³Rp!z´ktf�åh�Tz}i-r�syktz{�Rv!z{³Hp!fyx�fhuHi/v!fhg-z{uH¸(�Hkmx)lNimz{�:u!g�v!fim�:p!imfhg*|{fhg�x)l�w3�!z{u!fhgy�!�*fhg*z{uH¸(�Hkmx)lNimz{�:u!g¯v���shi3lNi¯gm�:uHi´fhuHn:�N�:shfhg´r�lTk´w
��lN³Hp!f�x0lNw3�!z{u!f ¡ |}fhp�k%gmfyktn:fhp�kv!f�wh|}p!g4imfyk2³Hp!zB|}fhg�i3kml�u!g3x�fhi2lNpPr��:z{uRi�whfhuHi3kmlN|®l�r!r�fh|{s�gmp!r�fyktnHz{gmfhp�kh��e�f/g4�Rgmi4�yx�f-r�kt�:r��:gmf/lN|{�Rktg�p!ur!|�lNwhfyx�fhuHi2fhu�¸(�Tu!whimz{�:u@v���p!u!f-r�ktshv!z{whimz{�:u@v!f~|(��shi3lNi*v!fhg�x)lNw
�!z{u!fhgy�
�][2u!f~�!z}�!|{z{�:im�!�h³Hp!f�fhu���ktfhu!v�lNuHi2|{f/gm�Hgmim�yx­f-i3kmlNu!gmr�lTktfhuRi-Ø!|>��� º´ã v!p��2fhitç*�Rkm£��ê��u�l�|}�Hgmfyk¯fhgmip!imz{|{z}g
lN�!|{f r�l:k0im�:p!g�it�Rr�fhg±v����:p!imz{|{g �>e��-� ñ �F¶ À:è · § ºÈ��¢ ¶ À�Ö�· § ¢'º´ã ¶ ÀTU�· §´z{uHimfykü¸êlNwhf � k4lNr!�!z{³Rp!f:§p!imz{|{z}g
lNimfhp�kj³Rp!fh|{wh�:u!³Hp!f:§!fhimwy�h�!¾«|}|{f~r�fykmx�fhi*v��ªl�whwhshv!fyk ¡ im�:p!imfhg*|{fhg�z{uH¸>�Rkmx)l�imz{�:u!g´v!p'gm�Rg4im�yx�f:�

Ü�à�ÓAÕFè¬é�Ô^àQÒ�ØcÛ�àQ×�ê}ë¼àQ×�ÓAÛªÜzÖÍàQÒ�Ü|è�ÛbÎsÛ�ÓYì`ÕFÔ^í:îmàzÒ�àQè¬â;Ü�Û�Ô�Ú
º �:p�k�wh�:u!u�lu�}i
ktf�|>��shi3lNi�v���p!u!f´x)lNw
�!z}u!f¯v!z{gmi3lNuHimf:§
p!u!z{³Rp!fyx�fhuHi�|{fhgBwh�Rx)x~p!u!z{wylNimz{�:u!g®l?n:fhwBfh|{|}f*gm�TuRiv!z{gmr��:u!z{�!|{fhgP� fhuHn:�:z�v���p!ubx�fhg4g3l � f~fhi�lNi4imfhuRi4f-v!f­k�shr��:u!gmfy� � º �:p�kju!f�r�lNg�gmp�ktw
��l:k � fyk*|>�ªl�whimz{nRz{ims�v!pktshgmfylNp�§?|{fhg�wh�Rx)x~p!u!z{wylNimz{�:u!g�v!sê¹ ¡ r�ktshgmfhuHimfhg®v�l�u!g®|{f*gm�Hgmim�yx�f*�2fhitç*�Rkm£��ê��u�l�|}�Hgmfyk�gm�:uHi®p!imz{|{z{gmshfhg2ØN|{fhgfhuRnT�:z{g�r�syktz{�Rv!z{³Hp!fhg�v���z{uH¸>�Rkmx)l�imz{�:u!g*wh�:u!v!fhu!gmshfhg-lNp@u!z{n:fylNpPv!p'gmp!r�fyk�nRz{gmfhp�kh���*f/r�kt�Tim�Rwh�T|}f-r�fykmx�fhi¡ p!uPg4fyktn:fhp�k¯v!f-v!shimfhwhimfyk*|�l)x­�Rkti*v!fhg�l � fhuHimg*v!p@u!z{n:fylNp@z{uH¸>syktz{fhp�k2fhi2v���p!u!f-r�l:ktimz{f-v!p@u!z{n:fylNp@³Hp!z|{p!z´fhgmi�gmp!r�syk�z}fhp�k ���Hfhp!|�|}f0gmp!r�fyktnHz{gmfhp�k�r��Tgmgm�hv!f�p!u!f�nRp!f�v���fhu!gmfyx~�!|{f�fhi-imz{fhuRi ¡ ¹4�:p�k�|{fhg-v!�:u!u!shfhgv!fb|>��fhu!gmfyx~�!|{f�v!p gm�Hgmim�yx�fá� gmfyktnNlNuRi�lNp�r!|¨l�whfyx�fhuRi@v!f�r�kt�Hwhfhgmgmp!g
�h�´�j°�u�v!f�r��:p!n:�Tz¨k�ktshr��:u!v�ktfkmlNr!z{v!fyx�fhuHi ¡ |�l�x��Rkti¯v���p!uPu!�Hfhp!v@z�x�r��Rk�i3lNuHi¬v!p'gm�Hgmim�yx�f)� gmfyktnTfhp�k´v!f-wh|{p!gmi4fykh§!gmp!r�fyktnRz{gmfhp�k4�h§!p!uu!�:p!n:fylNpPk�½:|{f�l�shims~wyktshs)Ø�|}fhg-ktfyx�r!|�l�åyl�uRimg*�:p³åNktfhr!|{z{wylDæ:���*fhg2v!fyktu!z{fyktgj¸>�:uRi*v!fhg�wh�Rx)x~p!u!z{wylNimz{�:u!ggmshwhp�ktz{gmshfhg~r�syktz{�Hv!z}³Hp!fyx�fhuHi�l?n:fhw�|{f±r�k��Rwhfhgmg4p!g-³Rp���z{|{g/g4�:uRi�gmp!gmwhfhr!i4z}�!|{fhg�v!f±ktfyx­r!|¨l�whfykh�²��p�l�u!vbz{|}gv!shimfhwhimfhuHi-g3l@x��Rk�iy§�z{|{g/nT�:imfhuHi�r��:p�k-fhu�sh|{z�ktf±p!u u!�:p!n:fylNp���e���sh|{fhwhimz{�:ubg4f�¸ l�z}i � km²Nwhf ¡ p!ublNu!u!fylNpnRz�kti4p!fh|�fhu@¸êlNz{g3lNuHi*whz¨k�whp!|}fyk�p!u/¹4fhim�:u@v!f~n:�:imf:�!e�fhg-ktfyx�r!|�l�åyl�uRimg*shi3l�uRi*wh|�lNgmgmshg?§!w:��fhgmi*|{f�r�ktfyx�z{fyk*v!f|�l�|{z}g4imf�fhu!wh�Hktf�nHz{nolNuHi*fhi2ly�HlNuRi�p!u!f-x)l?¹m�Rk�z}i4s¬v!f-nT�:z{q�³Hp!z�fhgmi*r�kt�Rx~p��:�*��lN³Hp!f�u!z}nTfylNp±v!p�gm�Hgmim�yx�f

U:U



�2¥j� º¯ã �2�2¾ U ��e�¾´�@¤-¾¯�!� ãêæ ���j� ã �2¾´� ñ ¾á�2¾´�!� æ [��*�2¾´�
r��:g4gm�hv!f/v!fhg�z{uH¸(�Rk4x)lNimz{�:u!g2g4r�shwhz¶°�³Rp!fhg?��¾«|}|{fhg-gm�TuRi2ktfhv!�:u!v�l�uRimfhg�lNp@u!z{n:fylNpPv!fhg-ktfyx�r!|�l�åyl�uRimg*r��:p�klNgmgmp�k�fyk/|{fhp�k�r�fyktgmz{gmi3l�u!whf@fhuáwylNg�v!f@r�lNu!u!f@v!p�ktfyx�r!|�lNwhs:� ã |jfhqRz{gmimf@p!uáu!�Hx/��k�f)v!fPktfyx�r!|�l�åylNuHimgwh�Rx�r�ktz{g�fhuRi
ktf�p!u!f~���Rk�u!f/z{uH¸(syk�z}fhp�k�f/fhi2gmp!r�syktz{fhp�ktf/r��:p�kjw3��lN³Hp!f-u!�Hfhp!vPz�x�r��Hkti3lNuHiy�R�HzB|{f/u!�Rx~��ktfv!f�ktfyx�r!|�l�åyl�uRimgBr�lNgmg4f´fhu�v!fhgmgm�:p!g�v!f*|�l-���Rktu!f*z{uH¸(syk�z}fhp�k�f:§Nv!f¬u!�Tp!n:fylNp!q/ktfyx�r!|�l�åyl�uRimgBgm�:uHiBu!�Rx)x�shgr�l:k*|{f/g4p!r�fyktnHz{gmfhp�kh�

ºQ�»½ ï ¥(Â«¤]±©¨�§©é�À'­<®Í¬_­T°�¥@¼]µX­<À'­<ª-§ñð
¦*lNp�x � l:ktimu!fyk¯fhi-éblN���:uHi2f
��fhwhimp!s0p!u!f�shi4p!v!f/v!fhg/lN| � �Rk�z}i4��x�fhg2v����Rk�v!�:u!u�lNwhfyx�fhuHi2v�lNu!g_¶ À:À · �[2u�imfh|�r�kt�:�!|{�yx�f�gmf/r�k�shgmfhuRi4f/lynTfhw/whz{u!³Pwh�Rx­r��:g3l�uRimg-Ø�|{fhg-shn:shu!fyx�fhuHimgy§!|>��fhuHnRz�kt�Tu!u!fyx�fhuRi?§!|{fhg���f
�gm�:z{u!gy§�|(���Rktv!�:u!u�lNu!whfhp�k�fhi~|>���Rktv!�:u!u�l�u!whfyx�fhuRi?��e�fhg~wyl:kmlNwhi4syktz{gmimz{³Rp!fhg�v!p»i3kml?nolNz{|2� imfyx�r!g-v!f0wylN|{whp!|(§wh�:uHi3kmlNz{uHimfhg�v!f�r�k�shwhshv!fhu!whfy�h§:|>��fhuHnRz�kt�Tu!u!fyx�fhuRi*x)lNw
�!z{u!f­� u!�Hx/��k�f¬v!f�r�kt�Hwhfhgmgmfhp�ktg?§Nz}uHimfyktwh�Tu!u!fhqRz{�:u�§r!p!z{gmg3lNu!whf�v!fhg-r�kt�Hwhfhgmgmfhp�ktg
�´fhi�|{fhg-�:�R¹4fhwhimz¶¸(g�v!f/r�fykü¸>�Rkmx)lNu!whf-g4�:uRij|}fhg-fhuHi3ktshfhg�v!f/|>���Hktv!�:u!u�lNu!whfhp�kfhi2|>���Rktv!�Tu!u�lNu!whfyx�fhuHi¬fhg4i¬|�l�g4�Rktimz{f:�
ã |���l�r!|{p!gmz{fhp�ktg/u!z{n:fyl�p!q�v����Rktv!�:u!u�lNu!whfyx­fhuRi2v�l�u!g-|}fhg-g4�Rgmi4�yx�fhg�v!z{gmi
ktz{�!p!shg±Ø�,tz{uRi
kmlNwh�Rx�r!p!i4fykgmw
�!fhv!p!|}z{u � .�� �Hktv!�:u!u�lNu!whfyx�fhuHi2|{�HwylN| ¡ |>���Hktv!z{u�lNimfhp�km�jfhiI,tz{uHimfyktwh�Rx­r!p!imfyk2g4w3�!fhv!p!|{z{u � .�� �Rktv!�Tu!u�lNuH�whfyx�fhuHi � |{�:��lN| ¡ i3kml?n:fyktg�r!|{p!gmz{fhp�ktg¯�Rktv!z{u�lNimfhp�k�gy§ywhfh|�l�fhuRi3k4l��{u!f´v!fhg´wh�Hx)x~p!u!z}wyl�imz{�:u!g3�h� º �Tp�k�w
��lNwhp!uv���fhp!q/|>���Hktv!�:u!u�lNu!whfyx�fhuHi�fhgmiBp!u!f2x�z{gmf´fhu)lNv!sh³Hp�lNimz{�:u~fhuRi
ktf´|{fhg�shn:shu!fyx�fhuHimg�fhiB|{fhg´ktfhgmgm�Tp�ktwhfhgy�y�HzH|{fwh�:uHi3kt½:|{f2fhgmi¯whfhuRi
kmlN|{z{gms:§:|>�ªlN| � �Hktz{im��x�f*gmfykml�r!|}p!g*gmz�x�r!|{f-x)lNz{g´z{|��)l/lNp�k4l-p!u � �Tp!|}�Ti´v���shi3k4lNu � |{fyx�fhuHifhi/p!ubr��:z{uRi~v!f�¸êkml � z{|{z{ims:���Hz�|�l@v!shwhz{gmz{�:u»fhgmi-v!z{gmi3ktz{�!p!shf:§�|�l©gmp�ktw
��l:k � f~wylNp!gmshf)r�l:k�|�l©v!z}g4i3ktz{�!p!imz{�:uv!f)|>��z{uH¸(�Hkmx)lNimz{�:u'v���shi3lNijr�fhp!i/lNimi4shuRp!fykj|{fhg-��shu!s
°�whfhgy�X[2u!f�wh�Rx�r�lTkmlNz{gm�:uPl�shims~¸êlNz{imf/fhi/l@x­�:uRi
kts³Rp��¶lNp!whp!u!f/gmi
kmlNims � z{f2u���shi3lNz{i2im�:p!i*|{f/i4fyx�r!g2gmp!r�syktz{fhp�ktf/fhi2³Hp!f-|�l)g4p�ktw3��lTk � f2|{z{shf ¡ |�l)wh�Rx0x/p!u!z{wyl?�imz{�:u@shi3lNz{i2v�l�u!g2|{fhg2v!fhp!q±wyl�g2r�ktshgmfhuHimf:�
µHfhz{imfh|{gm�:uPl~shimp!v!z{s-v�lNu!g�¶ À�Á
· |{f-r!|¨l�whfyx�fhuRi*v!fhg2lNr!r!|{z{wylNimz{�:u!g2r�lTkmlN|{|{�h|}fhg?�¿�%��lN³Rp!f�i3kml?nNlNz{|!r�l:kmlN|¶�|{�h|}f0fhgmi�fhqHshwhp!ims~v�lNu!g�p!u!f�r�l:k�imz{imz{�:uPv!f~r�kt�Rwhfhg4gmfhp�ktgy���%fhimimf-r�l:kti4z}i4z}�TuPr�fhp!i-·hi
ktf�°�qRfP� v!s
°�u!z{f�r�l:k|>�ªlNv�x�z{u!z{gmi3kml�imfhp�k�gm�Hgmim�yx�fy� §3nNl:ktz�lN�!|{f/� |�l*i3lNz{|{|{f*v!f¬|�ljr�l:ktimz{imz{�:u-fhg4i�v!shimfykmx�z{u!shf¯|}�Hktg®v!f¯|�l2gm�Tp�x�z{gmgmz{�:u��lNgmshf-gmp�k%|¨l­v!fyx)lNu!v!f�v!f/|>��p!imz{|{z{g3lNimfhp�km� §¿l�v�lNr!i3lNimz{n:f�� |�l�i3lNz{|{|{f/v!f-|�l�r�l:kti4z}i4z}�Tu±fhgmijv!shimfykmx�z{u!shf-r�l:k|>���Rktv!�:u!u�l�u!whfhp�k�fhu�¸>�:u!whimz{�:u~v!f2|�l�w3��lTk � f´fhi�v!f*|�l�v!fyx)lNu!v!f*v!f2|>��p!i4z}|{z{g3lNi4fhp�km�h§?v!�Ru�l:x­z}³Hp!f/� |�l�i3lNz{|{|{fv!f2|�l�r�l:ktimz{imz{�:u�r�fhp!i�nol:ktz{fyk�lNp~wh�:p�ktg�v!f*|>��fhqHshwhp!imz{�:u�fhu�¸(�Tu!whimz{�:u/v!fhg¯��fhgm�:z{u!g�fhi�v!f*|�l�w3��lTk � fy�h� º |{pH�gmz{fhp�ktg2u!z{n:fylNp!q�v!f-r�ktshfyx­r!imz{�:u)r�fhp!nTfhuRi*·hi3ktfjwh�:u!gmz{v!syktshg-Ø!lNp!whp!u!f�r�k�shfyx�r!imz{�:u�§:r�k�shfyx�r!imz{�:u)|{�HwylN|{f� |�l@gmp!z{imf�v!f)|>��fhqHshwhp!imz{�:u l�p�kml)|{z{fhp»gmp�k�|{fhg�x�·yx�fhg-r�k��Rwhfhgmg4fhp�ktg3�h§!r�k�shfyx�r!imz{�:ubl?n:fhw)x�z � kmlNimz{�:uá� |�lgmp!z{imf�v!f2|>��fhqRshwhp!i4z}�Tu±r�fhp!i´gmf*¸êlNz�ktf2g4p�kBp!u¼lNp!i
ktf*r�kt�Rwhfhg4gmfhp�km�h§�* � lNu � g4w3�!fhv!p!|{z{u � *)� im�:p!gB|{fhg*im��ktfylNv!gv���p!u»r�kt�Rwhfhg4gmp!g-gm�:uHi-gmp!gmr�fhu!v!p!g�fhi-i4fykmx�z{u!shg/gmz�x~p!|{i3lNu!syx�fhuHiz��z{|*r�fhp!i/·hi
ktf)z�x�r!|{syx�fhuHims±l?n:fhw��:pg3lNu!g*x�z � kmlNimz{�:u�� �oe�l�r�ktshfyx�r!imz{�:u�v�lNu!g¯p!u)gm�Hgmim�yx�f2ktshfh|!fhuHi3kmlu�}u!fjp!u)wh�>=!i�gmp!r!r!|{syx�fhuHi3lNz�ktf2fhi¯u���fhgmir�lNg¯¸ l�whz}|{f ¡ x�fhimi
ktf2fhu��Rfhp!n!ktf�ØRi4�:p!g´|{fhg2im��k�fylNv!g´v!�:z{n:fhuHi*·hi3ktf�lTkmkt·himshg¯v�lNu!g*p!u±shi3l�i´wh�:u!gmz{gmi
lNuRi¯fhiv�lNu!g�|}f~wylNg�v!f/|�l)r�k�shfyx�r!imz{�:uPl?n:fhw/x�z � kml�imz{�:u�§Hz}|�¸êlNp!i2wh�:u!gmfyk�n:fyk*|{fhg�w
�!fyx�z{u!g�v!f/wh�Rx)x~p!u!z{wylNimz{�:ufhuRi
ktf±|{fhg)i4��ktfylNv!gy� ã |*�»fhgmi)x�fhuHimz{�:u!u!s±v!fhg�ktshgmp!|{i3lNimg~v���fhqHr�syktz{fhu!whf@v!fP¤�z{�!���:u!g�ØBp!u!f@r��:|{z{imz{³Hp!fv����Rktv!�Tu!u�lNu!whfyx�fhuHi�v!p±it�Hr�f-e�¾�é�µ �i*?e�fylNgmi´¾«qRr�fhwhimfhv±é��Rk4£�µ�z�ktgmi
*?�¬k�shv!p!z}i*|{f�imfyx�r!g´v!f-ktshr��:u!gmfr�l:k/k4lNr!r��Rk�i ¡ p!u!f0r��:|{z{imz{³Rp!fPµ ã µ æ §�gmz´|{fhg�imfyx�r!g-v!f�gmfyktnHz{whf±g4�:uRi-z{u!wh�:u!uHp!g��:pbgmfhp!|{fyx�fhuHi�fhgmimz¶�x�shg-|>���Rktv!�Tu!u�lNu!whfyx�fhuHi2v!f�i��Hr�f�*h��l�wë£�°�|{|}z{u � *P�(fhqRr!|{z{³Rp!s)lNp�r�l:k4l � kmlNr!�!f U � À � Á ³Hp!z�wh�:u!gmz{gmimf~v�lNu!g|{f)wylNv�ktf�v���p!u!f�r��T|}z{imz{³Hp!f±µ ã µ æY¡ r�fykmx�fhimi
ktf ¡ p!u!f)lNr!r!|{z}wyl�imz{�:u�v!f)gy��fhqHshwhp!imfyk�lynNlNuHi2gm�:u�im�:p�kjgmzwhfh|�l�u!f¼k�fhi3l:ktv!f)r�l�g/|{fhg)lNr!r!|{z}wyl�imz{�:u!g±l?nolNuHi-fh|{|{fy��v!�:u!u!f�v!f¼x�fhz{|{|{fhp�ktg±ktshg4p!|}i
lNimgy�Be�fhg�v!zª��syktfhuHimfhgr��:g4gmz{�!z}|{z{imshg�r��:p�k�|{f±r!|�lNwhfyx�fhuHi�v!f±r�k��Rwhfhgmg4p!g/fhi/|�l�x�z � kml�imz{�:ubgm�:uHi-v!shwyktz{imfhg~° � p�ktf U � À ¶ À:Ù@· ¶ À:î ·¶ ÁRÀ · �B�2�:p!g�lN|{|{�:u!g�r�ktshgmfhuHimfyk�r!|{p!gmz{fhp�ktg�i��Hr�fhg~v!f±r!|�lNwhfyx­fhuRi�Ø�gmi3l�imz{³Rp!f:§�v!�Ru�l:x­z}³Hp!f:§���l�imw3��§�l?n:fhw

U:À



�2¥j� º¯ã �2�2¾ U ��e�¾´�@¤-¾¯�!� ãêæ ���j� ã �2¾´� ñ ¾á�2¾´�!� æ [��*�2¾´�

�����
� U � À ØR�*|�lNg4gmz¶°�wylNimz{�:u@v!f-r!|�lNwhfyx�fhuHi

migrationdate placement initial

non adaptatif semi−adaptatif adaptatif

sous−optimal

approximé heuristique

algorithme

nombre de 

optimal

fixé

mixte (initial/migration)

décision distribuéedécision centralisée

processus

vision sans information avec information

dynamique

serveur mixte (client/serveur)client

information centralisée information répartie

décision

état partiel état globalétat

information

transfert

batch statique

ktshgmfyktnNlNimz{�:u�§H|{fS* � lNu � �êgmw
�!fhv!p!|{z}u � *�fhij|}f+* ��lNwë£�°�|{|{z}u � *:�
ÙzÅÇÆÈÅÉÄ Ø+ãÉâ©Û�Ë)ÌvË)Ü�Ó Ú�Ó>â�ÓuÝ»Þ<ßMËÍò ÑEãÉâ©Û�Ë)ÌvË)Ü�Ó ÏÌ�MÜMâ©ÌyÝÉÞ<ßEË

ñ lNu!gB|{f2wylNg�v!p)r!|�lNwhfyx­fhuRi�gmi
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��lN³Hp!f2x)lNw
�!z}u!f*fhu±x­z}u!z�x�z{g3l�uRi�|�l-v�l�imf*v!f2imfykmx�z{u�lNz{gm�Tu/v!f2|>�ªlNr!r!|{z{wylNimz{�:u0r�l:kmlN|{|{�h|{f¡ ��i3²Nw
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ñ lNu!g�¶ ÙTÚ�· §®|{fhg@lNp!imfhp�ktg�shnNlN|{p!fhuRi)|�l�r�fykü¸>�Rkmx)lNu!whf�v��ªlN| � �Hktz{im��x�fhg/g4p!r!r��Rkti
lNuRi~|�lbktshgmfyktnNlNimz{�:u��ã |{g�fhq¿l:x­z}u!fhuHi�v!fhp!qbwylNgPØB|{fhg±lNr!r!|{z{wylNimz{�:u!g0u!f±r�fhp!n:fhuRi0r�lNg�·hi3ktf@l:kmkt·himshfhg~fhi)ktfhv!syx)l:kmk�shfhg/p!|{ims
�ktz{fhp�ktfyx�fhuHi±� whfh|�l@z�x�r��:gmf)lN|{�Rktg-v!f)wh�Tu!gmz{v!syktfyk�p!ubimfyx�r!g-x)lNqHz�x~p�x[wh�Rx)x�f~imfyx�r!g-v���fhqHshwhp!imz{�:u0�|{fP��lNwh£N°�|{|{z{u � fhg4i�p!i4z}|{z{g3lN�!|{fy����v!fhp!qRz{�yx�f@wyl�gPØB|}fhg�lNr!r!|{z}wyl�imz{�:u!g)r�fhp!nTfhuRi)·hi
ktf¼k�fhv!syx)l:kmktshfhg�Ø�|{fhgr�ktshv!z{whimz{�:u!g2gmp�k«|{f-imfyx�r!g´v���fhqRshwhp!imz{�:u�gm�:uHi´p!i4z}|{z{g3lN�!|{fhg2fhi*p!u!f�sh³Rp�l�imz{�:u±g4fykti´r��:p�k�wylN|{whp!|{fyk*|{f-wh�>=!iv��ªl:kmk�·hi-v!fhg�lNr!r!|{z{wylNimz{�:u!g�fhi/r�fykmx�fhi~v!f)w3�!�Tz}g4z¨k�|>�ªlNr!r!|{z{wylNimz{�:u ¡ l:kmk�·himfykm��v�lNu!g/whf0v!fyktu!z{fyk/wyl�g/|{fhgr�fykü¸>�Rkmx0lNu!whfhg*v����Rktv!�:u!u�l�u!whfyx�fhuRi¯gm�:uHi2lNp � x�fhuHimshfhgy�e�l'ktshgmfyktnNlNimz{�:ubr�fykmx�fhi ¡ |>��p!imz{|{z{g3lNimfhp�k~v!f�v!fyx)lNu!v!fyk-v!fhg�ktfhgmgm�Tp�ktwhfhg ¡ r!|}p!g4z}fhp�k�g�g4�Rgmi4�yx�fhg ¡p!u!f/v�lNi4f-v!�:u!u!shf-fhi2v��ªl?n:�:z�k¯lNwhwh�hg ¡ whfhg�k�fhgmgm�:p�ktwhfhg*gmz�x~p!|{i3lNu!syx�fhuHi*r��:p�k%gm�:uPlNr!r!|{z{wylNimz{�:u���e�l)kts
�gmfyktnNlNimz{�:u ¡ |>�ªl?nNlNu!whf�fhg4i%l?¹m�Tp!imshf ¡�º ¦*�0fhi ¡ |>���Rk�v!�:u!u�lNu!whfhp�k ¢ ��[ ã � r�ktshg4fhuRimshg¯r�l:kml � kmlNr!�!f U � Á � �º �:p�kBshnol�|}p!fyk«|�l-r�fyk�¸(�Rk4x)lNu!whf:§?i3kt�:z{g�wyktz{im�yktfhg�g4�:uRiBwylN|{whp!|{shg-ØN|(��p!imz{|}z{g3l�imz{�:u±v!fj|¨l-x0lNw3�!z{u!f2r�lTkB|}fhg*lNrH�r!|{z}wyl�imz{�:u!gy§H|{f�imfyx­r!g¬x��N�:fhu�r�fhu!v�l�uRi¯|}fh³Hp!fh|�|{fhg%l�r!r!|}z{wylNi4z}�Tu!g%l�imimfhu!v!fhuHi�v!f�ktfhwhfhnT�:z�kB|}fhg2ktfhg4gm�:p�ktwhfhgfhi�|{f�imfyx�r!g�x��N�:fhu@fhuRi
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ñ fhp!q@�H�Rr��:im�!�hgmfhgjgm�:uHi*¸ l�z}i4fhg�Ø�p!u!f�lNr!r!|{z{wylNimz{�:u�³Hp!z,l�ktshgmfyk�n:s-u!f/r�fhp!i�·hi3k�f�l:kmk�·himshf-r��:p�kjv!s
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ktf�p!i4z}|{z{gmshfhgy��e���p!imz{|{z{g3lNimfhp�k¯r�fhp!i�lynT�:z�k�|�l� l:kml�uRimz{f*³Hp!f2|{f2r�kt�Hwhfhgmgmp!g¬l�p�kml-lNwhwh�hg ¡ i4�:p!imfhgB|}fhg2ktfhg4gm�:p�ktwhfhgBv!fyx)lNu!v!shfhg¯r��:p�k«gy��fhqHshwhp!imfykh�N�Hz�|>���Rkü�v!�:u!u�lNu!whfhp�k*r�lTk*v!s
¸ l�p!i¬u!f~wh�:uHnRz{fhuHi¬r�l�g2z{|®fhgmi*r��:gmgmz{�!|{f/v���fhu'z�x�r!|{syx�fhuRi4fyk*p!u@fhuPktfyx�r!|�lNwhfyx�fhuHiy�e�l'gmshwhp�ktz{ims�fhgmi/wh�TuRi3k�½:|{shf��>x�shwylNu!z{g3x­f)v��ªlNp!im�!fhuHimz¶°�wylNimz{�:u���fhi/z{|*fhgmi�r��:g4gmz{�!|}f�v!f@ktfhgmi3ktfhz{u!v�ktf�|{fhglNwhwh�hg´v!fhg¯p!imz{|{z}g
lNimfhp�ktgy�He�l-i4�:|{sykmlNu!whf2lNp!q-¸êlNp!imfhg�fhg4i´nolTktz�lN�!|{f/Ø:fh|{|{f�r�fhp!i´wh�:u!v!p!z�ktf ¡ |�l-gmp!r!r�k�fhgmgmz{�:uv!fhg�r�k��Rwhfhgmg4p!gy� º ¦*�©u!f/r�fyk4x�fhi2r�lNg2v!f~gmr�shwhz¶°�fyk�p!u!f~v�lNimf-v!f/i4fykmx�z{u�lNz{gm�:u@r��:p�k*p!uPr�k��Rwhfhgmg4p!g2fhiu!f/r�fykmx�fhi*r�lNg2v!f�¸êlNwhimp�kml�imz{�:u)v!pPwh|{z{fhuHi2fhu@¸>�:u!whimz{�:u�v!f/|>��p!imz{|{z{g3lNimz{�:u@v!p'gm�Hgmim�yx�f:��-��fhgmi�p!u)r�kt�Hv!p!z{i´wh�:uH° � p�k4lN�!|{f0¶ Ù:U · r�fyk4x�fhimi3lNuHiB|(��fhqRshwhp!imz{�:u0v!f2r�kt�Hwhfhgmgmp!g´z{uHimfykmlNwhi4zª¸>g��:p)��l�imw3�gm�:p!g2� ã ;�§�� ¢ �:gmiy§ ñ z � z{i3lN|m[ju!z{q�§�¥ º �e[«;�§ ã ktz{q�§�e�z{uHp!q�§ æ �!µX� Ö §��H�:|�l:ktz{gy§��Hp!u æ ��fhi�[ju!z{wh�:gy��e«��fhgt�r�lNwhf�p!imz{|}z{g3l�imfhp�k�fhgmi~gmp!r!r��:g4s±p!u!z¶¸>�Rkmx�f:����p!whp!u»gmp!r!r��Hkti�r��:p�k�|¨l�x�z � k4lNimz{�:ubv!f�r�kt�Hwhfhgmgmp!g�u���fhgmi¸(�Tp�ktu!z�fhi¬|{fhg2x�shwylNu!z{g3x­fhg¬v!f-w
�!fhwh£:r��:z{uRimz{u � lNp�u!z{n:fylNp�p!imz{|}z{g3l�imfhp�k*u!f�gm�:uHi´r�lNg*r��Tgmgmz{�!|{fhgz�H|{fhg�x�s
�wylNu!z{g3x�fhg2v!f~w3�!fhwh£Tr��:z{uHimz{u � lNp�u!z}nTfylNpPu!�N�RlNp0u!f/gm�:uHi*r��:g4gmz{�!|}fhgj³Rp!f~gm�:p!g ã ktz{q�fhi�[ju!z}wh�Tgy�º ¦*�'¸>�:p�ktu!z{i-i3kt�Tz}g-�Hktv!�:u!u�lNu!whfhp�ktg�wh�:uH° � p�k4lN�!|{fhgy� º |{p!gmz{fhp�ktg/r��:|{z}i4z}³Hp!fhg�gm�:uHi�r��:gmgmz{�!|{fhg±Ø�r�l:k%°�|}fhg�:p � |{�:��lN|{fhg�µ ã µ æ §�kt�Tp!u!vH��kt�:�!z{u�§Hr�ktz{�Rktz{imshg/��� �º ¦¬�Hé�fh��¶ Ù:À · ¶ ÙNÁ�· l�shi4s2wyktshs*r��:p�kBg4z¨x­r!|}z¶°�fyk«|(��p!imz{|}z{g3l�imz{�:u)v!f º ¦¬��ØN|>��p!imz{|{z{g3lNimfhp�k«r�fhp!i�z{u!v!z{³Rp!fykgmfhg)z{u!gmi3k�p!whimz{�:u!g)fhi)gmfhg0�:r!imz{�:u!g)v�lNu!g0v!fhg�¸(�Hkmx~p!|¨l�z¨k�fhg­¥�� ¢ e�whfP³Hp!z*gmz�x�r!|{zª°�f�|�l wyktsylNimz{�:u»v!fhggmwyktz{r!imgy�����:p!i�fhgmi~¸ l�z}i�v!f@x)lNu!z{�yktf�g�=�ktf � km²Nwhf ¡ |>��p!imz{|{z}g
lNimz{�:uáv!fP�!�!e�� º ¦*�Hé�fh�ár��Tp�kmkmlNz{i)lNr�kt�hgx��Hv!zª°�wyl�imz{�:u!gB¸(�Tu!whimz{�:u!u!fyk�l?n:fhw´v��ªl�p!i3ktfhgB�Rktv!�:u!u�lNu!whfhp�k�g���lNimw
��³Rp!f º ¦*��� ñ fhp!q-imfhw
�!u!�:|{� � z{fhg�gm�TuRip!imz{|{z}g4shfhg�r��:p�k�¸>�:p�ktu!z�k�p!u!f¯z{uRimfyk�¸ lNwhf�é�fh� ¡2º ¦¬��Ø � �Rl?nol:�Hwyktz{r!i�fhi º ¥ º � ã |:r�fykmx�fhi®lNp!g4gmz:v!f�wh�:uHi3kt½:|{fyk|{fhg�gm�Tp�x�z{gmgmz{�:u!g2v!f-r�kt�Hwhfhgmgmp!g*whf~³Rp!z�¸êlNz{i2³Rp���z}|�gmf/k4lNr!r�kt�Hw3�!f�v!p�x�fhi
l/�Tp±v!p � ktz{v@wh�Rx�r!p!imz{u � �e�f-g4w3�!fhv!p!|{fyk ¢ lNp!z�r�fhp!i2·hi3ktf�z{uRi4s � kts/lNp�gm�Hgmim�yx�f º ¦*�¹¶ Ù:Ù · �
Î¹��Þ��mÎ ÛxÓ�ì`Õ=Ô^íÕ�`×/Û�×/Û�Ù�Ò��»Þ:â Ü�ÓAÛ�ä��zÚ

�-�-�o¶ ÖyÀ@· fhgmi/p!u»gm�Hgmim�yx�f��Rktv!�Tu!u�lNu!whfhp�k�,t��lNimw
��.)v!shn:fh|{�:r!r�s ¡ |�l��2�-�H��r��:p�k~lNr!r��Hktimfyk�p!ugmp!r!r��Hkti ¡ |>��p!imz{|{z}g
lNimz{�:ubv!fhg~gmp!r�fyktwyl�|}whp!|�lNi4fhp�ktg/�2�*��þ���e�l@n:fyktg4z}�TuPwh�Rx)x­fyktwhz�lN|{f�r�fykmx�fhi-|>��sh³Hp!z{|}z¶���kml � fjv!f�w
��l:k � f*fhi¯p!u±r!|{p!g � kmlNu!v0wh�:uRi
kt½:|{f*v!fhg%k�fhgmgm�:p�ktwhfhg?�oe�l~n:fyk�gmz{�:u±¤�fhu!fyktz{w-���-��¶ Ú:î · r�fykmx�fhiv!f-|{z}fyk¯v!fhg*r�kt�Hwhfhgmgmp!g ¡ v!fhg*r�kt�Hwhfhgmgmfhp�k�gy§Nv!f�k�shgmfyktn:fykBv!fhg*r�kt�Hwhfhgmgmfhp�ktg¯v!shv!z{shg2fhi´v!f-ktsh�Rktv!�Tu!u!fyk�|{fhg°�|{fhg�v!�Hu�l:x�z{³Hp!fyx�fhuRi*r��:p�k*shnHz}i4fyk*|�l�v!�Rx�z{u�lNimz{�:u@v���p!u@p!imz{|}z{g3l�imfhp�k*�:p@v���p!u � kt�:p!r�f:�
e���f@?±wylNwhz{ims/v���p!uPgm�Hgmim�yx�f-��l�imw3�'v!shr�fhu!v�v!p�,mx�sh|�lNu � f@./fhuHi3ktf-|{fhg-r�kt�Hwhfhgmgmp!g�³Rp!zBgm�:uHi2v�lNu!g�|�l°�|{f/v!f�x0lNu!z{�yktf ¡ whf-³Rp!f-|>��p!imz{|{z{g3lNimz{�:u'v!fhg�ktfhgmg4�:p�ktwhfhg*gm�:z{i2�:r!i4z¨x0lN|{f:�
�Hp�kj|{fhg�gm�Hgmim�yx­fhg%�jkml?�¼x~p!|{imz{r�kt�Hwhfhgmgmfhp�ktgy§!�-�-�@�:r!i4z¨x­z}g4f/|>��p!imz{|{z{g3lNimz{�:u'v!fhg�ktfhg4gm�:p�ktwhfhg*r�kt�Hwhfhgt�gmfhp�ktg~fhi�x�syx��Tz¨k�f:���*��lN³Hp!f�r�k��Rwhfhgmg4p!g/gm�:p�x­z}g ¡ ���-� r�ktshwhz{gmf)g4fhg/|{z�x�z{imfhg�fhubimfyx�r!g�� º [ÿfhi/fhux�syx��:z�ktf:��e$fhg�r�k��Rwhfhgmg4p!g-gm�:uHi-wh|¨l�gmgmshg/fhu ¸(�:u!whi4z}�Tubv!f)|{fhp�k~|}z�x�z{imfE��w
��lN³Rp!f0wh|¨l�gmgmf±l?�RlNuHi�p!u!f�°�|{f
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e����Rktv!�:u!u�lNu!whfhp�k�r�l:ktwh�:p�k�i/|{fhg�°�|{fhg)v�lNu!g�|>���Rktv�k�f±v!f@r�ktz{�Rk�z}i4s±fhi�v�lNu!g�w
��lN³Rp!f�°�|{f@w
�!�:z{gmz{i)|{fhgr�kt�Hwhfhgmgmp!g�³Rp!z�g4�:uRijsh|}z � z{�!|{fhg¬¹4p!gm³Hp�� ¡ lNi4imfhz{u!v�ktf-|�l0,mktp!u'³Rp!fhp!f�|{z�x�z{ii.3� æ uPfhu�v!z{gmimz{u � p!f/v!fhp!qbØ�p!u� |{�:��lN| ¡ |�l�x)lNw
�!z{u!f�fhi*p!u�r�l:k«°�|{f:� ã |�gy�ªl � z{i�v!p@u!�Rx~��ktf�x)lNqHz¨x~p�x�v!f-r�kt�Hwhfhgmgmp!g¯r��:p!nNlNuHi´·hi3ktf�fhufhqRshwhp!i4z}�TuPfhuPx�·yx�f�imfyx�r!g?�
�Bkt�:z{g � fhg4imz{�:u!u�lNz�ktfhg2v!f�ktfhgmgm�:p�k�whfhg¬g4�:uRi2x)l�z}uHimfhu�lNuHi2r�ktshg4fhuRimshg-Ø�e$f � z{�:u�§�¤�|{�:�!p!g�fhi��Hp!u�¤-ktz{v¾�u � z{u!f�lNz{u!gmz�³Hp!f-|}f-r�k��o¹4fhi¬f
��� æ-ã e�¾j�

ÙzÅ¬ÎÈÅÉÄ Ê�Ë4�zÝÉÎmÜ
Ô|àQÔ^à=Ø6ÓAéxÔeÙÃÜ�ÓAÙ��F×/ÛQÜ�Ú

e�f � z}�Tuy¶ ì:Ù · ¶ ì:Ú · ¶ ì:ì · ¶ ì:î · fhgmi�p!uáfhuRnHz�kt�:u!u!fyx�fhuHi�v!fPx�shi3l?�êwh�Rx­r!p!imz{u � �Rktz{fhuHims��:�R¹4fhi�³Hp!z*gmfr��:g4z}i4z}�Tu!u!f�lNp�v!fhgmgmp!g�v!p)g4�Rgmi4�yx�f´v���fhqHr!|{�:z{i3lNimz{�:u�fhqHz{gmi3lNuHiy�y�-��fhgmi®p!u0gm�Rg4im�yx�f<��fhqHz{�!|{f�³Hp!z!gy�ªlNv�l�r!imf¡ |¨l r��:|{z{imz{³Rp!f@v!f@r!|�lNwhfyx­fhuRi�v!f�w3��lN³Hp!f@x)lNw
�!z}u!f:��e�f � z}�Tu�ktshr��:u!v ¡ v!z{q»�:�R¹4fhwhimz¶¸(g�Ø�lNp!im�:u!�Rx­z}fv!fhg)gmz{imfhgP� w
��lN³Hp!f¼x)l�w3�!z{u!f�wh�:uRi
kt½:|{f±g4fhg­k�fhgmgm�:p�ktwhfhg
�h§�fhqRi4fhu!gmz{�!z}|{z{ims'v!páwh�Rfhp�k~v!págm�Hgmim�yx�f�� im�:p!g|{fhg@wh�Rx�r��Tg3lNuHimg�v!f�e�f � z{�:u gm�:uHi)fhqHimfhu!gmz{�!|{fhg@fhi¼ktfyx­r!|¨luåylN�!|{fhg3�h§�fhqHimfhu!gmz{�!z{|{z}i4s�v!f�|>�ªl:k�w3�!z{imfhwhimp�k�f:§¸ l�whz}|{z{imsbv���p!imz{|}z{g3l�imz{�:u � |�l wh�Rx�r!|{fhqRz{ims fhgmi¼x0lNgm³Hp!shf ¡ |>��p!imz{|{z{g3lNimfhp�km� §´p!imz{|{z{g3lNimz{�:u v!p r�lTkmlN|{|{sh|}z{g3x­fr��:p�k�|�l©��lNp!imf�r�fykü¸>�Rkmx0lNu!whf:§!gmim�Hwh£yl � f~v!fhg-v!�:u!u!shfhg-v�lNu!g-p!u l�u!uRp�lNz�ktf~p!u!z{³Rp!f:§�r�ktz{gmf�fhubwh�Rx�r!imfv!f�|�l�gmshwhp�ktz{ims:§ � fhgmimz{�:u)v!f2|>���!shi4sykt� � shu!shz{ims2v!fhg*ktfhgmgm�Tp�ktwhfhgy§?gmp!r!r��Rk�i´v!f2r!|{p!gmz{fhp�ktg*|�lNu � l � fhg´r��Tp�k�|{fhglNr!r!|{z{wylNimz{�:u!gy§!i4�:|{sykmlNu!whf/lNp!q�¸êlNp!imfhg?�e�f~gm�Hgmim�yx�f/e�f � z}�Tu�fhg4i2wh�:u!gmimz{imp!s~v!f/r!|{p!gmz{fhp�ktg-�:�H¹mfhimgj�!z}syk4l:ktw
�!z}³Hp!fhg�Ø!p!uP�:�H¹mfhi�k�fhr�ktshgmfhuHi3lNuHi|{fhg)wylNr�lNwhz{imshg�v!f@|�l�x)lNw
�!z}u!f�fhi�p!imz{|{z}g4fP|�l�ktshgmfyktnNlNimz{�:u �>¥2�Tgmi-�:�R¹4fhwhi3�h§�p!u �:�H¹mfhi�ktfhr�ktshgmfhuHi3lNuHi-|{fgmim�Hwë£?l � f�v���z{uH¸(�Hkmx)lNimz{�:u!g/� � l�p!|}i*�:�H¹mfhwhi3�¯g3l�p!n:f � l:ktv�l�uRi�|>��shi3l�i¬r�fyktgmz{gmi3l�uRi*v���p!u@�:�H¹mfhi2e�f � z{�:u��
àzÔcØ��/Ù�ÓAÛªØ6ÓA×/ÔeÛ�Ú

e�f@x��Hv!�h|{f±v!f � fhgmimz{�:u v!f¼ktfhg4gm�:p�ktwhfhg-wh�:uHimz{fhuHi/|{fhg)ktfhgmgm�:p�k�whfhg¼�>¥j�:gmimg-fhi � lNp!|{img3�h§�|�l@��lNgmf�v!fv!�:u!u!shfhg2v���z{uH¸>�Rkmx)l�imz{�:u!g´gmi
lNimz{³Rp!fhg/�>�%�:|{|}fhwhi4z}�Tu��h§H|(���Rktv!�:u!u�lNu!whfhp�k-�>¾«u�lNwhim�Rk4�Bfhi¬p!u@�T�R¹mfhi2ktsyl�|}z{g3l�uRi|>��fhqRshwhp!i4z}�Tu � fhqHfhwhp!imz{�:u ¢ �Tu!z}i4�Rkm�h� ñ lNu!g-|>��z�x�r!|{syx�fhuHi3lNi4z}�Tu lNwhimp!fh|{|{f:§�z{|´u�����l@r�l�g-v����:�R¹4fhi-gmshr�l:ktsktsylN|{z{g3lNuHi*|}f/x­�:u!z{im�Rktz{u � ØH|(�¶¾�u�lNwhim�HkBfhi2|{f/�Hw3�!fhv!p!|{fyk*|{f/ktsylN|{z{gmfhuHiy�R�Bkt�:z{g � kt�Tp!r�fhg*v!f2¸>�:u!whimz{�:u!g*gm�TuRir��:g4gmz{�!|}fhg~r��:p�kj|{fhg-�:�R¹4fhimg*v!f�i��Hr�f�¥2�Tgmi/Ø�|¨l � fhgmimz{�:u@v!f)ktshgmfyktnNlNimz{�:u �³[ju!z{qPu��ªl­r�lNg�v!f�u!�:i4z}�TuPv!fktshgmfyktnNlNimz{�:u)v!�Tu!w2p!u±�T�R¹mfhi�g4i3lNu!v�l:ktv_[2u!z{q)v!f�it�Rr�f2�!�:gmi´x0lNz{uRimz{fhuHi´p!u!f2i
lN�!|{f�v!f�k�shgmfyktnol�imz{�:u�v�lNu!g|{f�¥j�:gmi*�:�R¹4fhi3�h§ � fhgmimz{�:u@v!fhg2�T�R¹mfhi4g´fhi2v!z¶��p!g4z}�TuPv!f/|>��z{uH¸>�Rkmx)l�imz{�:u��
�8è¬à=Ø6Ûxä}ÛxÒÍÓBÚ

e�f�r!|�lNwhfyx�fhuHi´fhgmi¯p!u!f�u!s � �Rwhz�lNimz{�:u�fhuHi3ktf2v!fhg*l � fhuHimg¬l � z}g4g3lNuHi´lNp)u!�Rxÿv!fhg%l�r!r!|}z{wylNi4z}�Tu!g¬fhi¯v!fhgktfhgmgm�Tp�ktwhfhgy��e�f~r!|�lNwhfyx�fhuHi2r�kt�:r��:gms-fhgmi�p!uPr!|�lNwhfyx�fhuHi�lN|{sylNi4�:z�ktf-�DóP|{fhg�v!shr�fhu!v�lNu!whfhg�fhuHi3ktf-�:�R¹4fhimgu!f/gm�TuRi*r�lNg*wh�:u!gmz{v!syktshfhg?�
ÍYÒÍÓAÛxÔeà=ØcÓAÙ¬ÕFÒÆà�Ý=ÛQØz×�Ò¶Øcè�Ù�ÛxÒ;Ó Ú

��p�lNu!v@p!u@wh|{z{fhuHi�v!fyx)l�u!v!f-p!u@r!|¨l�whfyx�fhuRijr��:p�k¯p!u!f�l�r!r!|}z{wylNi4z}�Tu�§!v!z¶��syktfhuHimfhg2shi3l�r�fhg2gm�TuRi¯gmp!z¶�nRz{fhgy��e�f-,m�Hw3�!fhv!p!|{fyk»./z{uHimfykmkt� � f�|{f�,m�%�:|{|}fhwhi4z}�Tu�./r��:p�k*�T�!imfhu!z�k*v!f/|>��z{uH¸>�Rkmx)lNi4z}�Tu@gmp�k*|{fhg�k�fhgmgm�:p�ktwhfhg?§fhuRnT�:z{f)|>���Rktv!�:u!u�l�u!whfyx�fhuRi ¡ |>� ,m¾«u�lNwhim�Rke./³Rp!z¯u!s � �Rwhz{f)|>��z{u!gmi
lNu!whz�lNimz{�:u l?n:fhw�|{fhg/�:�H¹mfhimg/k�fhgmgm�:p�ktwhfhg?�
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� ���?� U � Á Ø ¢ �Hv!�h|}f~v!f/e�f � z{�:u
Ordonnanceur Placement

"Implementor=Enactor"

Ressource
Base de donnees Ressources

information d’etat

ressources
disponibles

2) ensemble de
1) besoins 4)reservations

3) place

5) resultats

6) approbation

sur les machines et
observation etat

7) placement des objets

e�� ,m¾«u�lNwhim�Rk».�¸ lNz{iB|{fhg´ktshgmfyktnNlNimz{�:u!gy§hktfhuHn:�:z{f�|{fhg´ktshgmp!|{i3lNi4g$l�p�,m�Hw
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A

marquage du processus CPU 0

marquage du processus CPU 1

CPU 0

CPU 1

marquage du processus CPU 0

marquage du processus CPU 1

"waitqueue"

une "runqueue"
par niveau de
priorité

(on en représente
trois)

A : prise de décision de "scheduling" en fonction de l’affinité et du marquage du processus 
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n

tableau "expired"

tableau "active""runqueue"

0

tâche 2

tâche 4 

tâche 1, tâche 3
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matériel
Niveau

noyau
Niveau

Niveau
utilisateur

"kernel threads"

"LWPs"

"User threads"

CPUCPUCPU

Processus
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kthread structure de la classe de scheduling
temps partagé (tsproc_t)

les fonctions de la classe

cl_sleep

cl_wakeup

cl_preempt

cl_fork

ts_timeleft

ts_dispwait

ts_cpupri

ts_upri

ts_nice

ts_tp

process structure

t_clfuncs

lwp_thread

lwp_proc

lightweight process

t_lwp

t_procp

t_cldata
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P1>P2 représente la probabilité de migration avec une probabilité inférieure

(on en représente trois)

par niveau de priorité

une "dispatch queue"

"preempt queue"

"waitqueue"

une "dispatch queue"

par niveau de priorité

(on en représente trois)

P1

P2

P2

P1

CPU 1

CPU 0
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temps CPU demande par un processus en secondes

Prediction du temps d’execution d’un processus

temps simule taux d’utilisation = 0.09
temps predit taux d’utilisation = 0.09

temps simule taux d’utilisation = 0.36
temps predit taux d’utilisation = 0.36

temps simule taux d’utilisation = 0.63
temps predit taux d’utilisation = 0.63
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temps CPU demande par un processus en secondes

Prediction du temps d’execution de trois processus

temps simule taux d’utilisation = 0.09
temps predit taux d’utilisation = 0.09

temps simule taux d’utilisation = 0.09
temps predit taux d’utilisation = 0.09

temps simule taux d’utilisation = 0.09
temps predit taux d’utilisation = 0.09
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temps CPU demande par un processus en secondes

Prediction du temps d’execution de trois processus

temps simule taux d’utilisation = 0.36
temps predit taux d’utilisation = 0.36

temps simule taux d’utilisation = 0.36
temps predit taux d’utilisation = 0.36

temps simule taux d’utilisation = 0.36
temps predit taux d’utilisation = 0.36
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temps CPU demande par un processus en secondes

Prediction du temps d’execution de trois processus

temps simule taux d’utilisation = 0.63
temps predit taux d’utilisation = 0.63

temps simule taux d’utilisation = 0.63
temps predit taux d’utilisation = 0.63

temps simule taux d’utilisation = 0.63
temps predit taux d’utilisation = 0.63
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bô 6 ó^ö�ø�ñ�ÿ&ÿ 6 ò?ÿ 6 ����� 6T� ñ'÷&ñ � ÷&ñ ���76:S �£�¡ó � ÷�ôGøúþ >t� ôw� >(6 òBÿ�ñ�ÿ&þ 9 ò¹ö��Eÿ�ñ�þIô;ô 6 ÷&ñ õE6,�b9 þ;ò?ÿu�ù ô�ø þ;ò7ó&ÿ�ñ:ò?ÿ#ÿ�¤)¥�¦¡��ñ � ÷!%Eópô�ø�ñD÷&÷=þw�1� 6 ö�ø � ò 6 ñ ��� ôIþ õ ñ:ÿ<þ 9 ò/�Eý�ô 6¡� ôTñ õE6`>$6 ò?ÿ#ö 9 þ;ÿ ÷ 6 ó �C6Eõ ÿ 6 ÷pô 6 óõE9 òBÿ�÷<ñ:þ;ò7ÿ 6 óZö 9 ò7ò�� 6 ó � ñD÷oô 6,� ôTñ õE6`>$6 ò?ÿ � ôGøúþIò7ó<ÿ�ñ:ò?ÿ\ÿ�� ü/ñ'÷ 6��?6`>�� ô 6 ý7ó&þ � ò 6 ñ ��� ô;þ õ ñ:ÿ&þ 9 ò¹ñ�� 6Eõ
� ò 6�� ÷Aþ 9 ÷Aþ;ÿ��,2rñ�þ @ ô 6L6 ó<ÿ3ñD÷&÷!�Eÿ�� 6 ý õE6 ô[ñ þ;òBÿ�÷ 9 ö � þ;ÿ � ò 6LõE9 ò?ÿ�÷&ñ�þIò?ÿ 6 ó � ÷ õE6 ÿ<ÿ 6 ñ ��� ô;þ õ ñ�ÿ&þ 9 ò 9�6 ô;ô 6ö 6 �7÷&ñ��Eÿ�÷ 6 ÷ 6 ö�� > ñD÷&÷!� 6 ó � ÷eôTñ > � >$63> ñ õ�� þ;ò 6 ����ñLöbñ�ÿ 6 ö 6 ÿ 6 ÷ > þIòbñ�þIó 9 ò#ö�ø � ò 6 ñ ��� ô;þ õ ñ:ÿ&þ 9 òö���� ��� ôTñ õ � 6 ö 9 þ;ÿF�Eÿ{÷ 6 ÷ 6 ó �b6Eõ ÿ�� 6 �?ùHþ;ò7ó&þ�ý � ò 6 ò 9�� � 6 ô;ô 6 ö 6`> ñ�ò7ö 6 ö 6)� ô[ñ õE6`>$6 òBÿ �C6�� ÿF�Eÿ�÷ 6 ÷ 6  2 � ó�� 6 ó<þ7ô 6HõE9 ò?ÿ�÷&ñ:ÿXò 6F�C6�� ÿ � ñ:ó7�Eÿ�÷ 6 ÷ 6 ó �C6Eõ ÿ��T��ñ ��� ô;þ õ ñ:ÿ&þ 9 òLþ >��C9 ó&ó&þ @ ô 6:�§� ôTñ õE6 ÷�� 9�� ôTñ õ ô[ñ�ó&ó 6ö 6 ô�ø�ñ ��� ôIþ õ ñ:ÿ<þ 9 ò �b6�� ÿ$�Eÿ�÷ 6^>$9 ö7þ�
/� 6 ñ �B� ÷ 9 
bÿZö�ø � ò 6 ñ ��� ô;þ õ ñ:ÿ&þ 9 ò#ö 6 � � ñ:ô;þIÿ��)ö 6 ó 6 ÷5�Bþ õE64� ô � ó2hñ:þ @ ô 6 �7ùHþIò7ó<þGý � ò#ò 9�� � 6 ñ �'� ÷ 9D@ ô % >$6 ö�ø 9 ÷=ö 9 ò7òbñ:ò õE6`>$6 ò?ÿ/ö 9 þ;ÿ$�Eÿ�÷ 6 ÷!�Eó 9 ô � ñu� 6Eõ ö 6 ò 91� � 6 ô;ô 6 óõE9 òBÿ�÷<ñ:þ;òBÿ 6 ó��

�Uë?¨ @BKIH �^ð�Q/²{���RK�îµ�{��� ð�AÕ²#©�KKÌXÌLG/�ªKKÍJC$ï��^Ì	A/�C�/A/Í$ï
«	¬o­Y¬hg ®6¯R°#m�±�²�°#°�¯R°´³K�e²µlol0±?µhm�²C��µ�¶a·f°

� � ñ:ÿ{÷ 6)õ ôTñ:ó<ó 6 óKö�ø�ñ ��� ô;þ õ ñ:ÿ&þ 9 ò7óeó 9 ò?ÿ\ö���
bò7þ 6 óL¸ � ñD÷ 9 ÷=öb÷ 6 ö 6)� ÷=þ 9 ÷Aþ;ÿ��'~�Uu� � ��9
V�õ ôTñ:ó<ó 6 U 9 ô 6 ó)ñ ��� ô;þ õ ñ:ÿ&þ 9 ò7óHñu� 6Eõ ö 6 ñ:ö7ô;þIò 6 �
V�õ ôTñ:ó<ó 6 � 9 ô 6 ó3ñ ��� ô;þ õ ñ:ÿ&þ 9 ò7ó �46�� � õ�� ÿ&þ 9 ò¹þ >L> �Eö7þTñ:ÿ 6 � � ñD÷�ö���
bò7þIÿ<þ 9 ò � ÷Aþ 9 ÷Aþ;ÿ�ñ:þT÷ 6 ó�����&Kò 6 öbñ:ÿ 6ö 6 ÿ 6 ÷ > þIòbñ�þIó 9 ò 6 ó&ÿ � ñ'÷&ñ:ò?ÿ&þ 6\6 ò�2 9 ò õ ÿ&þ 9 òLö 6 ôTñ � ÷!�Eö7þ õ ÿ&þ 9 ò õ ñ:ô õ�� ô � 6 ô 9 ÷Aóoö 6 ôTñaó 9��b> þIó<ó&þ 9 òLö 6ô�ø�ñ ��� ôIþ õ ñ:ÿ<þ 9 òa�
V�õ ôTñ:ó<ó 6 � 9 ô 6 ó)ñ ��� ô;þ õ ñ:ÿ&þ 9 ò7óHñu� 6Eõ ÷ 6 ó&ó 9�� ÷ õE6 óZö��Eö7þ � 6 óu�

� �



"F�eùUüf���F(F. S �Xù:�3�)*)(F���F�4+�.*�).5üf��ù6"F.f+�.0�4�jù	�).0"��)&eù:�3���F.j�).5û�.0(��)��"F.�.0�
"F�eù:($�).��).f�F.0(�+����4�hû���.

V�õ ôTñ:ó<ó 6 � 9 ô 6 óZñ ��� ô;þ õ ñ:ÿ&þ 9 ò7óXó�ñ:ò7ó õE9 ò?ÿ�÷&ñ:þ;ò?ÿ 6$9`6 ô;ô 6 ó/ó`ø 6�� � õ�� ÿ 6 ò?ÿ�ö�%Eó	� �76$�b9 ó<ó&þ @ ô 6�9��,� ô;ÿ��`÷Aþ 6�� ÷ 6  >(6 òBÿ�ñu� 6Eõ ô 6 ó�÷ 6 ó&ó 9�� ÷ õE6 ó/ö7þ;ó �C9 ò7þ @ ô 6 ót� õ ôTñ:ó<ó 6 ö 6)¹Z6 ó<ÿ�.L; 9 ÷Aÿ��º��� 6 óKñ ��� ô;þ õ ñ�ÿ&þ 9 ò7ó�þ[÷<÷!� � � ô;þ %`÷ 6 ó9'_ ñ �7õ�� ò 6)� ÷!�Eö7þ õ ÿ&þ 9 ò¹ò�ø 6 ó&ÿ �b9 ó&ó<þ @ ô 6 ó 6 ÷ 6 ÿ�÷ 91� � 6 òBÿoþ õ þl�
" 6 ó õ ôTñ:ó&ó 6 ó/ö�øyñ ��� ô;þ õ ñ�ÿ&þ 9 ò7ó õE9 ÷&÷ 6 ó �b9 ò7ö 6 ò?ÿ�ñ ���^õ ôTñ:ó&ó 6 ó/ö 6 ó 6 ÷!�Bþ õE6 �#" 6 ÷Aÿ�ñ�þIò7óXò7þ � 6 ñ ��� ö 6 � � ñ:ô;þ;ÿ��ö 6 ó 6 ÷!�?þ õE6 ò 6 ó 9 òBÿaö7þ;ó �b9 ò7þ @ ô 6 ó}� �76}�b9�� ÷ õE6 ÷Aÿ�ñ:þ;ò 6 ó õ ñ:ÿ�� � 9 ÷=þ 6 óaö�ø�ñ ��� ô;þ õ ñ:ÿ&þ 9 ò7óu�X�^ñ:ò7ó3ô 6#õ ñ:óaö 6 óñ ��� ô;þ õ ñ:ÿ&þ 9 ò7ó �C9�� ÷/ô 6 ó�� �76 ô;ô 6 ó � ò >$9 ö�%Eô 6 ö 66� ÷5�Eö7þ õ ÿ<þ 9 ò¡ö � ÿ 6`>�� óoö�ø 6�� � õ�� ÿ<þ 9 ò 6�� þ;ó&ÿ 6 ��ñ ��� ô;þ õ ñ:ÿ&þ 9 ò÷!� � � ô;þ %`÷ 6T� ñ'÷ 6��?6`>�� ô 6 �Eý7ôTñ$öbñ�ÿ 6 ö 6 ÿ 6 ÷ > þ;òbñ:þ;ó 9 ò �C6�� ÿ6�Eÿ�÷ 6 � ñ'÷&ñ:ò?ÿ&þ 6 �Bü/ô � óHô�ø 9 ÷Aö 9 ò7òbñ�ò õE6�� ÷/ö7þ;ó �b9  ó 6 ÷&ñaö�ø þ;ò82 9 ÷ > ñ:ÿ<þ 9 ò7óZó � ÷oô 6 ó �����b9 ÷AÿZö�ø 6�� � õ�� ÿ&þ 9 ò�ý?ô 6 ÷!�Eó 6 ñ � ý'ô 6 ó)ñ ��� ô;þ õ ñ:ÿ&þ 9 ò7ó � ô � óKôTñ � 6 ó&ÿ&þ 9 òpö 6 ôTñ� � ñ�ôIþ;ÿ��aö 6 ó 6 ÷5�Bþ õE6 ó 6 ÷&ñ,
bò 6 �/�rô�ñ ��� ñD÷&ñm»Iÿ�� �76 ôTñ � ÷ 6`> þ %`÷ 6 ñ ��� ô;þ õ ñ:ÿ&þ 9 òfö 63õE6 ÿ!¼ �b6 ö 6 ó�¼Bó<ÿ�% >$6H6 ó&ÿñ�� 6EõT� ò�÷!�Eó 6 ñ � ��ò?ÿ�÷&ñ:ò 6 ÿ 9���� ò ÷5�Eó 6 ñ � ö��Eö7þ � õE6 � � þ �C6 ÷ >$6 ÿ&ÿ�÷<ñ$ö 6 ö���
bò7þT÷ � ò 6�>(6 þIô;ô 6�� ÷ 6 � � ñ:ô;þ;ÿ��ö 6 ó 6 ÷5�Bþ õE6 ö 63> ñ:ò7þ %`÷ 6)� ô � óHó&þ >�� ô 6 �ü/ô � ó&þ 6�� ÷AóY
bô 6 ó õE9 ÷&÷ 6 ó �b9 ò7öbñ:ò?ÿ õ�� ñ õ�� ò 6F�F� ò4ò7þw� 6 ñ � ö 6�� ÷=þ 9 ÷Aþ;ÿ��T��
 � � ÷ 6$S ������ó 9 ò?ÿ�ö���
bò7þ 6 óu��� 6 óL
bô 6 óó 9 ò?ÿ õE9 ò7ó&þ;ö��`÷!� 6 óoöbñ:ò7ó/ô�ø 9 ÷Aöb÷ 6 ö 6 ó � ÷Aþ 9 ÷Aþ;ÿ��Eó 6 ÿ/ô 6 ó�ÿ�- õ��76 ó�ó 9 òBÿZñ�; 6Eõ ÿ�� 6 óZñ ���L> ñ õ�� þ;ò 6 ó/ö7þ;ó �b9 ò7þ @ ô 6 ó6 ò�ÿ 6 òbñ:ò?ÿ õE9B>t� ÿ 6 ö 6$õE6 � � þ 6 ó&ÿ)ö���� ��� ô[ñ õ � 6 ÿHö 6 ó õE9 òBÿ{÷&ñ:þ;òBÿ 6 óu�bü 9�� ÷ õ�� ñ#� �76 ÿ�- õ��76 ý7ôTñ > ñ õ�� þ;ò 6ñ:ÿ&ÿ�÷=þ @�� � 6 ýÂô[ñ4öbñ:ÿ 6 ö 6 ö�� @�� ÿ`ýÂô[ñpöbñ�ÿ 6^6 ó&ÿ&þ > � 6 ö 6 
bò¹ö�ø 6�� � õ�� ÿ&þ 9 òfó 9 ò?ÿ > � >$9 ÷Aþ;ó�� 6 óKö 6�> ñ:ò7þ %`÷ 6T�

�b9�� � 9 þT÷Kñ � þT÷ 6 ò õ ñ:ó�ö 6,� ÷!� 6`>�� ÿ&þ 9 ò 9�� ö 6)� ñ:ò7ò 6 ö 6 ôTñ > ñ õ�� þIò 6 �
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�7�e��� S �<� 9 +v½Bö�%Eô ¾3ö�¾§
bô ¾EóKö�ø�ñ:ÿ&ÿ�¾EòBÿ�¾
«	¬o­Y¬�¿ ÀÁ¶7³0ÂR±�µ�°#²RÃ�µ�¶a·{Äª²RÃmÅfÂ/Äª²RÃ�µ�Æ7Ç0¯�³0ÇÉÈfÊ�¶aË0±?Ì/Äª¯

��¾Eóeò�½Dÿ�ñ:ÿ&þ ½Dò7ó�ó�½'òBÿ�ö�ø�ñ#ÍR½B÷Aö � ÷!�Eó�¾Eò?ÿ���¾Eóu�

W7X�Z��8h�zujeh��	ceX[Z�q
&eò´�����Eò�¾uÎ�¾Eò?ÿ$¾Eó&ÿ � ò#ö���Í � ÿKö�¾aÿ�- õ�� ¾6½ �´� ò�¾^ÿ�¾`÷�Î$þ;òbñ:þ;ó�½Dòpö�¾3ÿ�- õ�� ¾��
V + 9 ò�½dÎ,Íb÷!¾Hö�¾TÎLñ õ�� þ;ò�¾Eóu�
V ù 9 ò�½dÎ,Íb÷!¾Hö�ø�ñ ��� ô;þ õ ñ:ÿ&þ ½Dò7ó �T� ôTñ õ ¾`÷º�

� S



"F�eùUüf���F(F. S �Xù:�3�)*)(F���F�4+�.�Ï).5üf��ù6"F.f+�.0�4�jù	�).0"��)&eù:�3���F.�Ï).5û�.0(��)��"F.�.0�
"F�eù:($�).MÏ).f�F.0(�+����4�hû���.

V �4Ð 9 ò�½dÎ,Íb÷!¾Kö�¾3ÿ�- õ�� ¾Eó�ö�ø � ò�¾3ñ ��� ôIþ õ ñ:ÿ<þw½'ò¹ñ
VMÑ4Ò ��ÿ�� 9 ò�½dÎ,Íb÷!¾)ö�¾ � ÷5½ õ ¾Eó&ó � ó\ó � ÷�ôTñ'ÎLñ õ�� þ;ò�¾TÎ � ô�ø þ;ò7ó&ÿ�ñ:ò?ÿ�ÿu�
V ÿ�Ó 9 öbñ�ÿ�¾^þ;ò7þIÿ<þ[ñ�ôw¾aö�¾�÷!¾ õ�� ¾`÷ õ�� ¾)ö�¾ � ôTñ õ ¾uÎt¾EòBÿu�
V ÿ�Ô�Õ×Ö/Ø?ÙaØ�Ú´Û 9 öbñ:ÿ�¾Kö�¾)ö���Í � ÿoö�ø�¾ � � õ�� ÿ&þ ½Dò¡ö�¾eô[ñaÿ�- õ�� ¾ � ö�¾)ô�ø�ñ ��� ô;þ õ ñ:ÿ&þ ½Dò#ñaó � ÷/ôTñ,ÎLñ õ�� þIò�¾)Î´�
V ÿ�Ü[Õ×Ö/Ø?ÙaØ�Ú´Û 9 öbñ:ÿ�¾Hö�¾4
bò¹ö�ø�¾ � � õ�� ÿ&þ ½Dòpö�¾3ôTñ$ÿ�- õ�� ¾ � ö�¾3ô�ø�ñ ��� ô;þ õ ñ:ÿ&þ ½Dò¹ñ(ó � ÷�ôTñ'ÎLñ õ�� þ;ò�¾TÎ´�
V ÿ�Ý�Õ×Ö/Ø?ÙaØ�Ú´Û 9 ÿ�¾uÎ � ó � ÷5½ õ ¾Eó&ó�¾ � ÷Zö�¾uÎ4ñ:ò7ö�� � ñD÷�ôTñ4ÿ�- õ�� ¾ � ö�¾3ô�ø�ñ ��� ô;þ õ ñ:ÿ&þ ½Dò�ñ$ó � ÷oôTñBÎLñ õ�� þ;ò�¾

Îv�
V ÿ�ÞÝ Õ�ÖRØ�ÙaØ�Ú´Û 9 ÿ�¾uÎ � óZö�¾ � ÷!½ õ ¾Eó&ó�¾ � ÷Y¾Eò õ ½B÷!¾Kö�¾uÎLñ�ò7ö�� � ñD÷
ôTñ3ÿ�- õ�� ¾ � ö�¾)ô�ø�ñ ��� ô;þ õ ñ:ÿ&þ ½Dò#ñ$ñ � ÷!%Eóô ¾�ßDþ %uÎ�¾)�����Eò�¾uÎt¾EòBÿ�ó � ÷�ôTñ'Î4ñ õ�� þ;ò�¾TÎ´�
V ÿ Ý Õ×Ö/Ø?ÙaØ�Ú´Ûfà©ÿ Ý Õ�ÖRØ�Ù/Û]á�"T��Î�� 9 ��� � þ �·ñ�ôw¾Eò õ ¾$ö�¾aÿ�¾uÎ � ó � ÷!½ õ ¾Eó&ó�¾ � ÷�ö�¾uÎLñ�ò7ö�� � ñD÷�ôTñ$ÿ�- õ�� ¾ �ö�¾4ôGøyñ ��� ô;þ õ ñ�ÿ&þ ½DòVñ}¾Eò�2l½'ò õ ÿ&þ ½Dò�ö�¾�ôTñ�ÎLñ õ�� þIò�¾'Î´�a�
ø � ÿ&þ;ô;þIó{ñ:ÿ�¾ � ÷Hó � � õ þ�
/¾ � ò,ÿ�¾uÎ � ó^ÿ Ý Õ�ÖRØ�ÙRÛõ ñ�ô õ�� ô �Ló � ÷ � ò�¾'ÎLñ õ�� þ;ò�¾$ö�ø � ò�¾ õ ¾`÷Aÿ{ñ:þ;ò�¾ ��� þ;ó&ó�ñ:ò õ ¾f¸�ô[ñ õ ½Dò8��¾`÷Aó&þ ½Dò � ½ � ÷eö��Eö � þT÷!¾$ô ¾Lÿ�¾uÎ � óò�� õ ¾Eó<ó�ñ:þT÷!¾ � ½ � ÷�ô�ø�¾ � � õ�� ÿ<þw½'ò#ó � ÷�ôTñ'ÎLñ õ�� þ;ò�¾TÎâ¾Eó&ÿ$¾�;=¾ õ ÿ � ��¾TãB÷�- õ ¾Uñ �#õ ½8¾ s¡õ þ ¾Eò?ÿ6"T��Î'�º�
V ÿ ÞÒ 91� ò'�����Eò�¾uÎ�¾Eò?ÿZö�øyñD÷&÷Aþ ����¾$½ � ö�¾Hó�½B÷=ÿ&þ ¾Kö�¾ � ÷5½ õ ¾Eó&ó � ó/þIò?ÿ�¾`÷!�?þ ¾EòBÿoó � ÷/ôTñ�ÎLñ õ�� þ;ò�¾:Îv��"^ø�¾Eó&ÿô ¾�ßDþ %uÎ�¾)�����Eò�¾uÎt¾EòBÿu�
V ü4��ñ�� 9 ¾Eò7ó�¾uÎ,Í7ô ¾3ö�¾ � ôTñ õ ¾uÎ�¾Eò?ÿ&ó � ½Dó<ó&þ Í7ôw¾Eó � ½ � ÷ � ò�¾3ñ ��� ô;þ õ ñ:ÿ&þ ½Dò ñä�
V ÿ�Ü[Õ×Ú|Ø�åuÛ 9 öbñ:ÿ�¾ � ôTñ#� � ¾Eô;ôw¾Hÿ�½ � ÿ�¾Eó�ô ¾EóZÿ�- õ�� ¾Eó � ÷!��� � ¾Eó/ó � ÷XôTñ)ÎLñ õ�� þ;ò�¾6Îdó�½Dò?ÿ�ÿ�¾`÷�Î$þ;ò���¾EóZñ � ÷!%Eóô ¾ � ô[ñ õ ¾uÎ�¾EòBÿeó\ö�¾aô�ø�ñ ��� ô;þ õ ñ:ÿ&þ ½Dò¹ñLñ���¾ õ óuæ,ü6Õ×ÖdÛ��
V +ç��ñ7ý � � 9 Î4ñ õ�� þ;ò�¾^ó � ÷oôTñ#� � ¾Eô;ôw¾$ôTñ$ÿ�- õ�� ¾ � ö�¾3ô�ø�ñ ��� ô;þ õ ñ:ÿ&þ ½Dò¹ñt¾Eó&ÿF¾ � � õ�� ÿ���¾��
V +vè=��Î'� 9 Ît�uÎ�½DþT÷!¾Hÿ�½Dÿ�ñ:ô ¾ � ÿ&þ;ô;þIó���¾3ó � ÷�ôTñ'Î4ñ õ�� þ;ò�¾TÎ´�
V +vé���Î'� 9 Î��uÎt½DþT÷!¾)ÿ�½Dÿ�ñ:ô ¾Hó � ÷�ôTñ'ÎLñ õ�� þ;ò�¾TÎ´�
V +�Ü 97õ ½Dò7ó<ÿ�ñ:ò?ÿ�¾ 97õ ½8¾ s¡õ þ ¾EòBÿeö�¾ � ½Dò7ö��`÷&ñ�ÿ&þ ½Dòa�

W7X¡k#z�jon�b8zuX¡`Ygw^Ri	n�je\_j�Z�h�n�je^/pÉq
��¾ � ÷!½�Í7ô %uÎ�¾^ö�¾ � ôTñ õ ¾uÎ�¾Eò?ÿF¾Eó&ÿ � ò � ÷!½�Í/%uÎt¾^ö�ø�½ � ÿ&þ�Î$þ;ó�ñ:ÿ<þw½'ò�ýBò�½ � óKö�¾���½Dò7óKö���
bò7þT÷ � ò õ ÷Aþ;ÿ�%`÷!¾��ü/ô � ó&þ ¾ � ÷Aó õ ÷Aþ;ÿ�%`÷!¾Eóaó�½Dò?ÿ õ ½Dò7ò � ó3ö�¾pôTñ#ô;þ;ÿ&ÿ��`÷&ñ�ÿ � ÷!¾ 9 ôw¾�ê�ÎLñ�ßm¾Eó � ñ:ò8ëv�×Î$þ;ò7þìÎ(þIó{ñ:ÿ&þ ½Dò,ö�¾pôTñ¹öbñ�ÿ�¾Lö�¾


bòVö�¾4ôGøyñ ��� ô;þ õ ñ�ÿ&þ ½Dò/�Eý/êAó � Î, �í/½#î$ëv��Î(þIò7þ�Î$þ;ó�ñ�ÿ&þ ½Dò,ö�¾LôTñ�� � ñ�òBÿ&þ;ÿ��$ö�¾¡÷5¾Eó&ó�½ � ÷ õ ¾Eó � ÿ<þIô;þ;ó���¾Eó��]ý=ê�Î4ñ �  ó&ÿ�÷!¾Eÿ õ�� ë:�e¾ �8� ÷Aþ�Î�¾�ô ¾)÷&ñ:ô ¾Eò?ÿ&þ;ó&ó�¾uÎ�¾Eò?ÿL� � ¾Kó � Í7þIÿoôTñHÿ�- õ�� ¾ � ñ'÷�÷&ñ ��� ½B÷Aÿ �4� ò�¾Kó&þ;ÿ � ñ�ÿ&þ ½Dò�½�ï�¾EôIô ¾Hó�¾`÷&ñ:þ;ÿó�¾ � ô ¾$ó � ÷KôTñ}ÎLñ õ�� þ;ò�¾u���=�
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t(a,2,m) = t(a,2,m)−(18−14)/2=0
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t(a,3,m) = t(a,3,m)−(14−8)/3

t(a,2,m) = t(a,2,m)−(14−8)/3
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t(a,1,m) = t(a,1,m)−(14−8)/3=0

4 3
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t(a,3,m) = t(a,3,m)−(18−14)/2
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t(a,3,m) = t(a,3,m)−(20−18)/1=0
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Temps de cycle : tous les processus sont passés sur le processeur 
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liste processus: processus 1, 2, 3 ,4
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äUë&ì í�ÐHî�ïML^ðeP*N�îÆQ�LhÐ
Ï^ñ:ò7ó õ ¾ õ�� ñ � þ;ÿ�÷!¾DýXô�ø�½�Íd��¾ õ ÿ&þ<26¾Eó&ÿ4ö�¾ õ ½Dò7ó&þ;ö��`÷!¾`÷aô ¾Eó õ ½dÎ�Î � ò7þ õ ñ:ÿ<þw½'ò7ó�¾Eò?ÿ�÷!¾pô ¾EóLÿ�- õ�� ¾Eó�¾EÿLö�¾

� ôTñ õ ¾`÷^ô ¾Eó3ñ ��� ô;þ õ ñ:ÿ&þ ½Dò7óaó � ÷ � ò�¾�ãB÷Aþ;ô;ôw¾4ö�¾ õ ñ�ô õ�� ô õ ½Dò7ó&ÿ&þ;ÿ � ��¾aö�¾ � ô � ó&þ ¾ � ÷Aó3ó<þIÿ�¾Eó)ã���½�ãB÷&ñ ��� þw� � ¾Eóu�/�rô
� ¾ � ÿ4�Eÿ�÷!¾Hó�½ ��� ñ:þ;ÿ�ñmÍ7ôw¾^ö�¾$÷!� � ñD÷Aÿ<þ[÷oôTñ õ�� ñD÷!ã�¾Hó � ÷ � ô � ó&þ ¾ � ÷AóHö�½dÎLñ�þIò�¾Eó�ÿ�½ � ÿ�¾Eòfÿ�¾Eòbñ:ò?ÿ õ ½dÎ � ÿ�¾Hö�¾Eó
� ½Dþ;ò?ÿ&óHó � þ �·ñ:ò?ÿ&ó � ½ � ÷�ô ¾ � ô[ñ õ ¾uÎ�¾EòBÿ 9 ô ¾�Î��uÎ�¾ õ ô � ó&ÿ�¾`÷Kö�½Dþ;ÿF�Eÿ{÷!¾ � ÷Aþ �Bþ;ô ��ãDþ �0¸Có&þ�ô ¾ � ôTñ õ ¾uÎ�¾Eò?ÿKò�ø�¾Eó&ÿ
� ñ:ó � ½Dó&ó&þ Í7ô ¾DýDô ¾)Î��uÎ�¾�ö�½dÎLñ�þIò�¾�ö�½Dþ;ÿ�ñ:ô ½B÷Aó7�Eÿ�÷!¾ � ò õ�� ½Dþ ��� ÷Aþ ½B÷Aþ;ÿ�ñ:þT÷!¾f¸`ó&þCô ¾ � ôTñ õ ¾uÎ�¾Eò?ÿ7¾Eó&ÿZÿ�½ � ��½ � ÷=óþ�Î � ½Dó<ó&þ Í7ôw¾DýCþ;ô�2hñ � ÿKÿ�¾Eò7þT÷ õ ½dÎ � ÿ�¾)ö � ö���Í7þ;ÿ4¾EòBÿ{÷!¾)ô ¾EóKó<þIÿ�¾EóKö�¾3ö�½dÎ4ñ:þ;ò�¾Eó\ö7þ<;��`÷!¾EòBÿ<óu�

Ï^ñ:ò7ó�ù)($*)+#ù$ý7þ;ôa¾ � þ;ó&ÿ�¾)� � ñ:ÿ{÷!¾)ò7þ ��¾`ñ ��� öbñ:ò7óeôGøyñD÷ õ�� þIÿ�¾ õ ÿ � ÷!¾'�e��½DþT÷f¾ � ¾uÎ � ôw¾ � ��Uu� 9
V ôTñ�ã?÷Aþ;ôIô ¾´���)($&6�
V ô ¾aö�½dÎLñ:þ;ò�¾B��Ï)($&4�
V ô ¾ õ ô � ó<ÿ�¾`÷T��"F($&4�
V ôTñ'Î4ñ õ�� þ;ò�¾B���4($&6�

GRU

DRU DRU

CRU CRU CRU

HRU HRU HRU HRU HRU HRU HRU HRU

�7�o�$� � ��U 9 . � ¾uÎ � ô ¾^ö�ø � ò�¾3ñD÷ õ�� þ;ÿ�¾ õ ÿ � ÷5¾)ö�ø ù)($*)+#ù
�/øyñ:ô ã�½B÷Aþ;ÿ � Î�¾pö�¾ � ôTñ õ ¾uÎt¾EòBÿ � ÷5½ � ½Dó��¹ñ �5õ�� ñ � þIÿ{÷!¾ � ÷!� õ �Eö�¾Eò?ÿ'¾Eó&ÿBÎ$þ;ó}¾EòM½8¾ � � ÷5¾¹ñ � ò7þ ��¾`ñ �ö�ø � òpö�½dÎLñ:þ;ò�¾F¾Eÿoò�¾)ÿ&þ ¾Eò?ÿ � ñ:ó õ ½dÎ � ÿ�¾eö�¾Eó õ ½8Î'Î � ò7þ õ ñ�ÿ&þ ½Dò7ó7¾EòBÿ{÷!¾Kô ¾Eó�ÿ�- õ�� ¾Eóu����ñTÎt½Bö��Eô;þ;ó�ñ:ÿ&þ ½Dòpö�¾ô�ø�ñ õEõ %Eó3ñ � ÷!�Eó�¾`ñ � ó�¾`÷&ñLÿ�½ � ÿ)ö�øyñ#Í/½B÷=ö � ÷!�Eó�¾Eò?ÿ���¾,¾Eÿ)�·ñ:ô;þ;ö���¾ ��� þ;ó`ý � ò�¾'Î��Eÿ � ½Bö�¾aö�¾¡÷!� � ñD÷Aÿ<þIÿ<þw½'ò¹ö�¾ô�ø�ñ ��� ô;þ õ ñ:ÿ&þ ½Dò7óKó � ÷ � ô � ó&þ ¾ � ÷Aó�ö�½dÎLñ�þIò�¾Eó�ó�¾`÷<ñ � ÷!½ � ½Dó���¾��8Ï^ñ:ò7ó � òpÿ�÷!½Dþ;ó&þ %uÎ�¾Hÿ�¾uÎ � ó¸ýDô�ø�ñ:ô ã�½B÷=þIÿ � Î�¾Kö�¾

� ôTñ õ ¾uÎ�¾Eò?ÿ)ñ � ò7þ ��¾`ñ � ãB÷=þIô;ô ¾3ó�¾`÷&ñ,¾ �d� ô;þ � � ����üL½ � ÷Y
bò7þT÷Eý7ôTñ��:ñ:ô;þIöbñ�ÿ&þ ½Dò¹ó�¾`÷<ñT¾ �8� ô;þ õ þIÿ���¾��
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��ñ(ÿ�¾ õ�� ò�½'ôw½1ãDþ ¾T./ÿ � ¾`÷Aò�¾Eÿ,Uu� ¹ ñ:ó�¾�  ��¾Eó&ÿ�ôTñ � ô � ó � ÿ&þ;ô;þIó���¾�öbñ�ò7óKô ¾3ö�½dÎLñ�þIò�¾^ö�¾EóH÷!�Eó�¾`ñ ��� ô ½ õ ñ ���ö�¾^ó&ÿ�ñ:ÿ<þw½'ò7óZö�¾Hÿ�÷&ñ��·ñ:þ;ô��d"]¾ � ¾Eò7öbñ:ò?ÿ`ýDó�¾Eó � ¾`÷?2�½B÷�ÎLñ:ò õ ¾Eó/ó�½DòBÿoþ;ò7ó �8s ó�ñ:ò?ÿ�¾Eó � ½ � ÷f¾Eò8�Bþ;ó�ñ#ã1¾`÷ � ò´ãB÷&ñ�þIòö�¾ õ ½dÎ�Î � ò7þ õ ñ:ÿ<þw½'ò¡
bò5öbñ:ò7ó � ò�¾#þIò?ÿ�¾`÷ õ ½'ò7ò�¾ � þ ½Dò5ö�¾ � ô � ó&þ ¾ � ÷Aó õ ¾EòBÿ{ñ:þ;ò�¾EóLö�¾#ò�½d¾ � ö7ó4ö�¾ õ ñ:ô õ�� ôl�./ÿ � ¾`÷=ò�¾Eÿ:U���� ¹ ñ:ó�¾�  �ü¾Eó&ÿ � ò�¾T����½Dô � ÿ&þ ½Dòpö�ø�.
ÿ � ¾`÷Aò�¾Eÿ$��¾`÷Aó�ö�¾EóKö���Í7þ;ÿ&óKö�¾'U����T+vÍ=9:óu�/"$¾Eÿ<ÿ�¾)ÿ�¾ õ�� ò�½# ô ½�ãDþ ¾)¾Eó&ÿZó � ÷Aÿ�½ � ÿ � ÿ&þ;ôIþ;ó���¾^öbñ�ò7ó\ô ¾)Î�½Dò7ö�¾Hö �¡õ ñ�ô õ�� ô � ñ � ÿ�¾ � ¾`÷?2l½?÷�ÎLñ:ò õ ¾ � ½ � ÷\÷5�`ñ:ô;þIó�¾`÷Zö�¾EóK÷!�Eó�¾`ñ ���ö�¾ õ ½Dò?ÿ�÷!ðDô ¾T� � ½ � ÷Xô ¾Kÿ�÷&ñ:ò7ó52l¾`÷AÿXö�¾$
 õ�� þ ¾`÷Aó`ý:ô ¾Eó�þIò82�½B÷�Î4ñ:ÿ&þ ½Dò7óXó�¼Bó<ÿ�%uÎ�¾Eó$��������öbñ:ò7óZô ¾EófãB÷&ñ ��� ¾Eó/ö�¾Kó&ÿ�ñ� ÿ&þ ½Dò7ó^ö�¾$ÿ�÷&ñ��·ñ�þIôXþ;òBÿ�¾`÷ õ ½Dò7ò�¾ õ ÿ���¾Eó � ñD÷ � ò ÷5�Eó�¾`ñ � �Hþ ãBñ#Í7þ;ÿu���Hþwã?ñ#Í7þ;ÿ�./ÿ � ¾`÷Aò�¾Eÿ6¾Eó<ÿ � ò�¾$ÿ�¾ õ�� ò�½Dô ½�ãDþ ¾
2 � ô;ô< hö ��� ô ¾ � ÷!¾EôTñ:ÿ&þ ��¾uÎt¾EòBÿa½'ò��`÷!¾ � ó�¾7� � þd½#;�÷!¾Zö�¾EóXö���Í7þ;ÿ&ó/ö�¾6U��4Í=9:ó�ÿ�½ � ÿa¾Eò õ ½Dò7ó�¾`÷!�:ñ:ò?ÿaÍ/¾`ñ �7õ ½ ��� ö�¾õ ñD÷&ñ õ ÿ��`÷Aþ;ó&ÿ&þ � � ¾Eóoö�ø�./ÿ � ¾`÷Aò�¾Eÿ6Uu� ¹ ñ�ó�¾�  � � � ÷!½Dÿ�½ õ ½Dô ¾6"eû�+#ù�9�"FÏ$ý�Î��uÎ�¾�2�½B÷�ÎLñ:ÿ7¾EÿFÎ��uÎt¾)ÿ�ñ�þIô;ô ¾^ö�¾ÿ�÷&ñ�Ît¾EóF���������8"$¾Eÿ&ÿ�¾�ÿ�¾ õ�� ò�½Dô ½�ãDþ ¾ � ÿ&þ;ô;þ;ó�¾^ó�½Dþ;ÿoö�¾Eó7
/Íb÷!¾Eóf½ � ÿ&þ � � ¾Eó$Î � ôIÿ<þìÎt½Bö�¾Eó)��ô ½Dò�ã � ¾ � ÷fÎLñ � þìÎ � Îö�¾ S�S �'ÎÁ��ó�½'þIÿeö�¾EóF
/Íb÷!¾Eó4½ � ÿ&þ � � ¾Eó6Î�½Dò�½8Î�½Bö�¾EóT�Xô ½Dò�ã � ¾ � ÷ � ß8ÎÁ��ó�½Dþ;ÿKö�¾Eó)ô;þ ¾Eò7ó)�Eô ¾ õ ÿ�÷!½Dò7þ � � ¾Eó
�Xô ½Dò�ã � ¾ � ÷F� S ÎD���

Ï^ñ:ò7ó$ò�½Dÿ{÷!¾ õ ñ:ó`ýXþ;ô$2hñ � ÿLÿ�¾Eò7þT÷ õ ½dÎ � ÿ�¾¡ö � 2rñ�þIÿ�� � ¾¹ö�¾ ��� ÿ�- õ�� ¾Eó�� � þF�uÎt¾Eÿ&ÿ�¾Eò?ÿ � òMÎt¾Eó&ó�ñ#ã�¾ó�¾ � ñ'÷Aÿ�ñ#ã�¾Eò?ÿ^ôTñ¡Íbñ�ò7ö�¾ � ñ:ó&ó�ñ:ò?ÿ�¾Dý�þIô]2rñ � ÿ$ö�½Dò õ#õ ½'ò7ó&þ;ö��`÷!¾`÷$ô ¾ ÷!�Eó�¾`ñ �Võ ½8Î'Î�¾ � ò�¾}
bô ¾¹ö�ø�ñ�ÿ&ÿ�¾Eò?ÿ�¾ö�¾ Î�¾Eó<ó�ñ#ã�¾Eó´��ô ¾Eó õ ½dÎ�Î � ò7þ õ ñ:ÿ<þw½'ò7ó��3ñ�¼Bñ:ò?ÿ õ�� ñ õ�� ò � òjÿ�¾uÎ � ó$ö�¾#ó�¾`÷!�?þ õ ¾ � ÷!¾ õ ¾���½DþT÷��7��¾�÷!�Eó�¾`ñ �ñ�ö�½Dò õ �Eÿ��´Î�½Bö��Eô;þ;ó�� õ ½dÎ'Î�¾ � ò�¾}
bô ¾fö�ø�ñ:ÿ&ÿ�¾Eò?ÿ�¾$ó � ÷aô ¾Eó � ÷5½ õ ¾Eó&ó � óT¾Eòr�Eÿ�ñ:ÿ$ö�¾ õ ½dÎ'Î � ò7þ õ ñ:ÿ&þ ½Dòa�
��¾¡÷!�Eó�¾`ñ � ¾Eó&ÿ � ò�¾¡÷!¾Eó&ó�½ � ÷ õ ¾ õ ½8Î'Î � ò�¾ � ñ'÷Aÿ�ñ#ã���¾,¾Eÿ � ÿ&þ;ô;þIó���¾¡ó&þ�Î � ô;ÿ�ñ:ò��uÎ�¾Eò?ÿ � ñD÷Hô�ø�¾Eò7ó�¾uÎ,Í7ô ¾Lö�¾Eó
ÎLñ õ�� þ;ò�¾Eó õ ½Dò7ò�¾ õ ÿ���¾Eó'~�Uu� � �a�ÿ¾BÎ�½?ö�%Eôw¾�¾Eó&ÿ^ö�¾4ÿ ¼ � ¾�S`÷5½ � ò7ö8 §÷!½�Í7þ;ò7S õ ñD÷Hô ¾Eó � ñ#� � ¾Eÿ&óHö�ø � ò�¾BÎ��uÎ�¾õ ½dÎ'Î � ò7þ õ ñ:ÿ&þ ½Dò � ¾ � ��¾Eò?ÿ��Eÿ{÷!¾F¾Eò?ÿ�÷!¾EôTñ õ �EóKñ���¾ õKõ ¾ ��� ö�ø � ò�¾Hñ � ÿ�÷!¾)ñ ��� ôIþ õ ñ:ÿ<þw½'òa�[��ñ)
/ã � ÷!¾ � ����ö�� õ ÷Aþ;ÿôTñBÎ�½?ö��Eô;þ;ó�ñ:ÿ&þ ½Dò � ½ � ÷�ö�¾ ��� ÎLñ õ�� þIò�¾Eó4Î � ô;ÿ&þ � ÷!½ õ ¾Eó&ó�¾ � ÷=ó�÷5¾EôIþ ��¾Eó ��� ò �8� Í�./ÿ � ¾`÷Aò�¾Eÿ)Uu�1��+´Í=9:ó��

Machine 1

Machine 2

Hub

�7�o�$� � ��� 9 +´½?ö��Eô;þ;ó�ñ:ÿ&þ ½Dòfö�¾3ö�¾ ��� ÎLñ õ�� þIò�¾Eó4Î � ô;ÿ&þ<  � ÷!½ õ ¾Eó&ó�¾ � ÷=ó�¾Eÿeö�ø � ò �d� Í�.
ÿ � ¾`÷Aò�¾Eÿu�
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��¾#÷!�Eó�¾`ñ � +´¼7÷Aþ;ò�¾EÿLñ´�Eÿ��Lö����1¾Eôw½ ��� � � ñD÷^ôTñfó�½ õ þw�Eÿ��B+´¼7÷Aþ õ ½dÎ ~�U�� � ý õ ø�¾Eó<ÿ3ôTñ õ ½dÎ,Í7þIòbñ�þIó�½Dò,ö�¾ö�¾ ����� ÷!½#��¾Eÿ<óKö�¾�÷!¾ õ�� ¾`÷ õ�� ¾��/��¾ � ÷!¾uÎ$þ ¾`÷ õ ½Dò õ ¾`÷Aòbñ:þ;ÿHô ¾Eó^ó�¼Bó<ÿ�%uÎ�¾EóKö�ø þ;ò?ÿ�¾`÷ õ ½Dò7ò�¾ � þ ½Dò¹öbñ�ò7ó)ô ¾EóTÎLñ� õ�� þ;ò�¾Eó � ñD÷&ñ:ô;ô %Eô ¾Eó � � ÷!½#��¾EÿF"Kñ�ôIÿ�¾ õ�� +´½'ó�ñ:þ õ �T~�U � � ýbô ¾Ló�¾ õ ½Dò7ö|�Bþ;ó�ñ:þ;ÿ � ¾ �d� ô ½Dþ;ÿ�¾`÷Hô ¾Eó õ ½dÎ � ½'ó�ñ:ò?ÿ&óKö�¾õ ¾Eó¡ö�¾`÷=ò7þw%`÷5¾Eó � ½ � ÷ õ ½Dò7ó&ÿ�÷ � þT÷!¾ � ò�÷5�Eó�¾`ñ �r� ñ � ÿLö���Í7þ;ÿ¡��ù0�F*)+���"Á��ù)�4�´~�U � � �7+´¼7÷Aþ;ò�¾Eÿ}¾Eó&ÿ � ò�¾ÿ�¾ õ�� ò�½Dô ½�ãDþ ¾6¾uÎ � ôw½#¼���¾ � ½ � ÷ õ ½Dò7ò�¾ õ ÿ�¾`÷oö�¾Eó õ ô � ó&ÿ�¾`÷Aó¸ýDö�¾EóKü0"ü¾Eÿ\ö�¾Eó�ó�¾`÷5��¾ � ÷Aóu���/øúþIò?ÿ�¾`÷ õ ½'ò7ò�¾ � þ ½Dòpó�¾2rñ�þIÿ � ô�ø�ñ:þ;ö�¾Hö�ø � ò�¾ õ ñD÷Aÿ�¾�ó � ÷
ôGø � ðDÿ�¾)÷!¾Eô;þ ��¾ �)� òÞSEó�îKþ;ÿ õ�� S�����¾Eó]SEó�îKþ;ÿ õ�� S � ¾ � ��¾Eò?ÿ0�Eÿ{÷!¾Kþ;òBÿ�¾`÷ õ ½Dò7ò�¾ õ  ÿ��Eó)¾Eò?ÿ�÷!¾�¾ ��� �a"]¾�ó�½DòBÿHö�¾Eó[S]ó�îKþ;ÿ õ�� S3ö�¾Lÿ!¼ � ¾�S õ ÷!½'ó&ó�ÍbñD÷�S1�[��ñpôIþTñ:þ;ó�½'ò_¾Eó&ÿ^÷!�`ñ:ô;þ;ó���¾Lö�¾4ö7þ�;��`÷!¾Eò?ÿ�¾Eó

ÎLñ:ò7þ %`÷!¾Eó 9Xõ -#Í7ô ¾ � ñD÷<ñ:ô;ôw%Eô ¾fó � ÷ � òr½ õ ÿ�¾Eÿ�½ � 
/Íb÷!¾´½ � ÿ<þw� � ¾��7��¾Eó õ ñD÷=ÿ�¾Eó3ö�ø þ;ò?ÿ�¾`÷?2hñ õ ¾Eó � ¾`÷�Ît¾Eÿ&ÿ�¾Eò?ÿö�ø þ;òBÿ�¾`÷&ñ#ãDþT÷oö7þT÷!¾ õ ÿ�¾uÎ�¾Eò?ÿ)ñ���¾ õ ôw¾Eó � ÷!½ õ ¾Eó&ó � ó õ ½dÎ'Î � ò7þ � � ñ:òBÿ<ó§�ùSu*^û}Íd¼ � ñ:ó&ó+Su���d"]¾ õ þ � ¾`÷�Î�¾EÿKö�ø£���Bþ< ÿ�¾`÷oô ¾Eó)ñ ��� ¾Eô;óKó�¼Bó&ÿ�%uÎ�¾6¾Eÿ�ô ¾Eó õ ½dÎ�Î � ÿ{ñ:ÿ&þ ½Dò7ó/ö�¾ õ ½DòBÿ�¾ � ÿ�¾4¾EÿKñ:þ;ò7ó&þ�ö�ø�½�Í7ÿ�¾Eò7þT÷oö�¾Eó õ ½dÎ'Î � ò7þ õ ñ:ÿ&þ ½Dò7óö�¾42rñ�þwÍ7ô ¾HôTñ:ÿ�¾Eò õ ¾�~�U A � �d��ñ^ôTñ:ÿ�¾Eò õ ¾4¾Eó&ÿ�þ;ò82l�`÷Aþ ¾ � ÷!¾ ��S Ò�ó`ýDô ¾Hö���Í7þ;ÿF¾Eó&ÿ � ÷5½ õ�� ¾Kö�¾)���4Í7þ;ÿ&ó#9:óu�8��ñ õ ñD÷Aÿ�¾÷!�Eó�¾`ñ � ö7þ;ó � ½Dó�¾^ö�¾^ó�½'ò � ÷!½ � ÷!¾ � ÷!½ õ ¾Eó&ó�¾ � ÷oô ½ õ ñ:ô3¾EÿKö�¾^ó�ñ � ÷!½ � ÷!¾TÎt�uÎ�½DþT÷!¾)(�ù:+��/"$¾ õ þ � ¾`÷�Î�¾EÿKö�¾
� ÷!½�ãB÷<ñ�Î'Î�¾`÷�ô ¾ � ÷!½Dÿ�½ õ ½Dô ¾�ö�¾ õ ½dÎ'Î � ò7þ õ ñ:ÿ&þ ½Dò$ö7þT÷!¾ õ ÿ�¾uÎt¾EòBÿ/ó � ÷
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bô ¾Eó:+%9�+Ö9�U1�
��ñt
/ã � ÷!¾ � � � ÷!¾ � ÷!�Eó�¾Eò?ÿ�¾^ôTñBÎt½Bö��Eô;þ;ó�ñ:ÿ&þ ½Dòfö�¾3ö�¾ ��� ÎLñ õ�� þ;ò�¾Eó)Î � ô;ÿ&þ<  � ÷!½ õ ¾Eó&ó�¾ � ÷=ó õ ½Dò7ò�¾ õ ÿ���¾Eó ��� òSEó�îKþ;ÿ õ�� S)+´¼7÷Aþ;ò�¾Eÿu�

��¾Eó õ ½dÎ'Î � ò7þ õ ñ:ÿ&þ ½Dò7ó�Ît½Bö��Eô;þ;ó���¾EóKó�½'òBÿ$Í7ô ½d� � ñ:ò?ÿ�¾Eóu�?û8½Dþ;ÿ � ò � ÷5½ õ ¾Eó&ó � ó � ôTñ õ �^ó � ÷ZôTñ'Î4ñ õ�� þ;ò�¾�U
� � þ�ö�¾uÎLñ�ò7ö�¾ � 2hñ:þT÷!¾Kö �põ ñ:ô õ�� ô�ýBþ;ô�¾Eó&ÿoöbñ:ò7óZôTñ4
bô ¾ Ñ UDý:þ;ô � ÿ&þ;ôIþ;ó�¾`÷<ñ3ö�%Eó$� � ¾ � ½'ó&ó&þ Í7ô ¾ � ò � ÷!½ õ ¾Eó&ó�¾ � ÷��û�ø þ;ô\ñv¾Eò7ó � þ;ÿ�¾BÍR¾Eó�½Dþ;ò,ö�¾ õ ½dÎ'Î � ò7þ � � ¾`÷^ñ���¾ õ ôTñ�Î4ñ õ�� þ;ò�¾´�#ñ���¾ õ ôw¾#÷!�Eó�¾`ñ � +´¼7÷Aþ;ò�¾Eÿ`ý�ô ¾BÎt¾Eó&ó�ñ#ã�¾
� ÿ{÷&ñ:ò7ó�Î�¾Eÿ<ÿ�÷!¾Hó�¾`÷&ñ � ôTñ õ �$öbñ:ò7óHôTñ�
bô ¾*�:�1+¡��� � ñ:ò7ö¹þ;ôZñ � ÷&ñ�
bò7þ�ó�ñ õ ½dÎ'Î � ò7þ õ ñ:ÿ&þ ½Dò¹ô ¾ � ÷!½ õ ¾Eó&ó � óó�¾`÷&ñL÷5¾uÎ$þ;ó\öbñ�ò7óKôTñ,
bô ¾ Ñ U��7û � ÷�ôTñ,
/ã � ÷!¾ � � � ô ¾ õ�� ¾uÎ$þ;ò#ö�¾ õ ¾ � ÷!½ õ ¾Eó<ó � ó$¾Eó&ÿK÷!¾ � ÷!�Eó�¾Eò?ÿ����

÷7¬�¿L¬o­ út²�±?µ�³0²RÃ�µ�¶3· ³fÇÉÄª¶7³0ÌR±�¯|³K�e²Æn�n�ÌR°´²�ÇÉÊ�Â/°#¯/²�ÇüL½ � ÷4�:ñ:ô;þ;ö�¾`÷Eý�ö�¾Eóaÿ�¾Eó&ÿ&ó)½Dò?ÿ)�Eÿ��'¾�;�¾ õ ÿ � �Eó3ó � ÷^ô ¾¡÷!�Eó�¾`ñ � +´¼7÷Aþ;ò�¾Eÿu�a��¾ � ÷!½�ãB÷<ñ�Î'Î�¾ � ÿ&þ;ô;þ;ó��}¾Eó&ÿ
� õ ÷Aþ;ÿF¾Eò�"�¾Eÿ õ ½dÎ � ½?÷Aÿ�¾Kö�¾Eó)ñ ��� ¾Eô;óKö�¾�2l½Dò õ ÿ<þw½'ò7ó\ö�¾^ôTñ$ô;þ Íb÷&ñ:þT÷Aþ ¾T+fü0�6�lÍ7þwÍ7ô;þ ½Dÿ � %�� � ¾3ö�¾ õ ½dÎ'Î � ò7þ< õ ñ:ÿ&þ ½Dò � ñ'÷L� õ�� ñ:ò�ã1¾Kö�¾6Î�¾Eó&ó{ñ#ã�¾EóF~ � � � �����X÷!½Dþ;óZÿ�- õ�� ¾Eó/ó�½DòBÿ � ÿ&þ;ô;þ;ó���¾Eó 9 ô ¾Eó�ÿ�- õ�� ¾EóFU$¾Eÿ��)¾Eò8��½Dþ ¾Eò?ÿ/ö�¾Eó
Î�¾Eó&ó�ñmã�¾Eó � ö�¾EóHöbñ:ÿ�¾EóKÿ<þ[÷5��¾EóUñ:ô �`ñ:ÿ�½DþT÷!¾uÎ�¾Eò?ÿ\ó � þw�:ñ:ò?ÿ � ò�¾3ô ½DþL¾ �d� ½Dò�¾Eò?ÿ&þ ¾EôIô ¾ � ô[ñ(ÿ�- õ�� ¾ � �/��ñ4ÿ�ñ:þ;ô;ô ¾ö�¾Eó�Î�¾Eó<ó�ñ#ã�¾Eó)¾Eó&ÿ)��ã?ñ:ô ¾uÎ�¾EòBÿ^ÿ<þ[÷5��¾(ñ�ôw�`ñ�ÿ�½DþT÷!¾uÎ�¾Eò?ÿu����ñ#ÿ�- õ�� ¾ � ÷!� � ½Dò7ö � ô�ø��uÎ�¾Eÿ&ÿ�¾ � ÷Kö � Ît¾Eó&ó�ñ#ã�¾
ãB÷�- õ ¾ �4� ò¡ñ õ � � þ;ÿ&ÿ�¾uÎt¾EòBÿ6��Ît¾Eó&ó�ñ#ã�¾oö�¾Kÿ�ñ:þ;ô;ô ¾ � ò'½ õ ÿ�¾Eÿ����#��ñ�ÿ�- õ�� ¾:U õ ñ�ô õ�� ô ¾Hô ¾Kÿ�¾uÎ � ó � ñ:ó<ó���öbñ:ò7ó/ô ¾ó�¼?ó&ÿ�%uÎ�¾ � ½ � ÷�ó�¾Eó6Î�¾Eó&ó{ñ#ã�¾Eó 9 ÿ�¾uÎ � ó$¾EòBÿ{÷!¾^ô�ø�¾Eòd�1½Dþbö � Î�¾Eó&ó�ñ#ã1¾F¾EÿKôTñL÷!� õ ¾ � ÿ&þ ½Dò#ö�¾^ô�ø�ñ õ � � þ;ÿ&ÿ�¾uÎt¾EòBÿ
¾Eò#ó�½ � ó&ÿ{÷&ñ�¼Bñ:ò?ÿ/ôw¾^ÿ�¾uÎ � ó � ñ:ó&ó��4¾Eò´�uÎ$þ;ó&ó&ó&þ ½Dò#ö�¾^ôTñL÷5� � ½Dò7ó�¾'� õ ñ:ô õ�� ô �Tã?÷�- õ ¾ � ôTñaÿ�ñ:þ;ô;ô ¾3ö�¾^ô�ø�ñ õ � � þ;ÿ! ÿ�¾uÎ�¾Eò?ÿ`ý:ô ¾)ö���Í7þ;ÿ$¾EÿZôTñaôTñ:ÿ�¾Eò õ ¾Kö � ÷!�Eó�¾`ñ � +v¼ ÷=þIò�¾Eÿ����d��¾Hö���Í7þ;ÿ0¾Eÿoô[ñaôTñ:ÿ�¾Eò õ ¾eö � ÷!�Eó�¾`ñ � +´¼7÷Aþ;ò�¾Eÿ�½'òBÿ
�Eÿ��)Î�¾Eó � ÷!�Eó$¾ �8� �`÷Aþ�Î�¾Eò?ÿ�ñ:ô ¾uÎ�¾Eò?ÿu�d��ñ3ÿ�- õ�� ¾,UF2hñ:þ;ÿ � ò�¾TÎt½�¼1¾Eò7ò�¾Kó � ÷ � ô � ó&þ ¾ � ÷Aóeô[ñ�ò õ ¾uÎ�¾EòBÿ<ó§� d ¥:û Ù/�
¾Eÿ õ ½8Î � ñD÷!¾ � ô�ø�¾Eó � �`÷&ñ:ò õ ¾aÿ � ��½B÷Aþ � � ¾ � d é(ü ¨+ý �eö � ÿ�¾uÎ � ó6Î�½#¼�¾Eò � ñ:ó<ó��^öbñ:ò7óHôw¾aó�¼?ó&ÿ�%uÎ�¾^ö�ø � ò�¾§
bô ¾
+Ö9�+%9�U��
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X1

X2

Y1M

Y2M

ports destinataires

Machine 1

Machine 2

Reseau

�7�o�$� � � � 9 +´½?ö�%Eô ¾3ö�¾ õ ½dÎ'Î � ò7þ õ ñ:ÿ&þ ½Dò
�rôa¾Eó&ÿ õ ½Dò7ò � � � ¾ 9

d é!þ�¥�ÿ 6 �ÒÖ��Ñ � � ��U��

. �d� �`÷Aþ�Î�¾EòBÿ{ñ:ô ¾uÎ�¾EòBÿ¸ýDþ;ô	¾Eó<ÿ õ ñ�ô õ�� ô �aö�¾3ôTñ'ÎLñ:ò7þ %`÷!¾^ó � þw�:ñ:ò?ÿ�¾ 9

d ¥�� 2 6 öbñ:ÿ�¾Uñ:ô;ô ¾`÷���öbñ:ÿ�¾3÷!¾Eÿ�½ � ÷7�,ÿ�¾uÎ � óKñ õ � � þ;ÿ&ÿ�¾uÎ�¾EòBÿò�½dÎ,Íb÷!¾Kÿ�½ � ÷Aó � � ���1�

Ï4¾ ��� ÎLñ õ�� þ;ò�¾Eó\ó�½DòBÿ�ö�½Dò õ �uÎt¾Eÿ&ÿ�÷Aþ õ ¾Eó$¾Eÿ � ò�¾TÎLñ õ�� þ;ò�¾)¾Eó&ÿ)÷!� õ ¾ � ÿ{÷Aþ õ ¾ õ ¾,� � þ � ¾`÷�Î�¾Eÿ�ö�¾ õ ÷!��¾`÷
� ò¡ã�½ � ô ½DÿHö�ø��Eÿ�÷<ñ:ò�ãDô ¾uÎ�¾Eò?ÿF¾Eÿ^ö�¾'���`÷Aþ<
/¾`÷�� � ¾4ôw¾'Î�½?ö�%Eô ¾'Íbñ:ó��$ó � ÷ � ò�¾�
bô ¾B+%9�+Ö9�U � ñ'÷6ÎLñ õ�� þ;ò�¾ö�¾Eó&ÿ&þ;òbñ:ÿ�ñ�þ[÷5¾�¾Eó<ÿ õ ½B÷&÷5¾ õ ÿu�=�ÿ¾Ló õ�� �uÎLñLö�¾Eó õ ½dÎ'Î � ò7þ õ ñ:ÿ&þ ½Dò7ó)¾Eò�ã�¾Eò7öb÷5��¾Eó)¾Eó&ÿ^ö�½Dò7ò���
/ã � ÷5¾ � ���/����ñõ ½ � ÷!ÍR¾ � � S$� ÷!�Eó�¾Eò?ÿ�¾oôw¾EóZ÷5�Eó � ô;ÿ�ñ:ÿ&óa½1Í7ÿ�¾Eò � ó � ½ � ÷�ö7þ<;=�`÷5¾EòBÿ&ó/ÿ{ñ ��� ö�ø � ÿ&þ;ôIþ;ó�ñ�ÿ&þ ½Dò$ö � ÷5�Eó�¾`ñ �B9 ô ¾Eó/ÿ�¾uÎ � óÿ � ��½B÷Aþ � � ¾EóF¾EÿF¾ �8� �`÷Aþ�Î�¾Eò?ÿ�ñ ��� ó�½Dò?ÿ õ ½8Î � ñD÷!�Eóu�üL½ � ÷�ö�¾EóZÿ{ñ ��� ö�ø � ÿ<þIô;þ;ó�ñ:ÿ<þw½'òLö�¾�ô[ñ:
bô ¾F2hñ:þ Í7ô ¾Eó`ý:ô ¾EóZÿ�¾uÎ � ó0Ît½�¼1¾Eò7ó�ÿ � ��½?÷Aþ � � ¾Eó7¾Eÿf¾ �d� �`÷Aþ�Î�¾EòBÿ{ñ ���ó�½Dò?ÿ � ÷!½ õ�� ¾Eó`ýoô ¾_Î�½?ö�%Eô ¾V÷!¾ � ÷!�Eó�¾Eò?ÿ�¾fö�½Dò õ Í7þw¾Eò�ô[ñj÷!�`ñ:ô;þ;ÿ����KüL½ � ÷4ö�¾Eó#ÿ�ñ ��� ö�ø � ÿ&þ;ô;þIó{ñ:ÿ&þ ½Dò*ö�¾,ôTñ

bô ¾¹þ�Î � ½?÷Aÿ�ñ:ò?ÿ&ó`ý � ò�¾�¾`÷&÷!¾ � ÷,¾Eó&ÿ�½�Í7ó�¾`÷!����¾DýXöbñ:ò7ó õ ¾ õ ñ:ó$ô ¾ Ît½Bö�%Eô ¾¹ò�øúþIò?ÿ���ãB÷5¾¡ö�½Dò õ´� ñ�ó�ÿ�½ � óLô ¾Eó
� ñD÷&ñ�Ît%Eÿ�÷!¾Eóu�8�a½ � ÿ�¾�2l½Dþ;ó`ý'ó&þ�ö�¾Eó)ñ ��� ôIþ õ ñ:ÿ<þw½'ò7óFãB÷!½Dó$ãB÷<ñ:þ;ò¡ó�½'òBÿ õ ½Dò7ó&þ;ö��`÷!��¾Eó¸ý7ô ¾^ÿ�ñ ��� ö�ø � ÿ<þIô;þ;ó�ñ:ÿ<þw½'ò¹ö �÷!�Eó�¾`ñ � ó�¾`÷&ñ§2rñ:þ Í7ô ¾3ö�½'ò õ ôw¾�Î�½?ö�%Eôw¾ õ ½'òd�?þ ¾EòBÿ � ½ � ÷oô ¾EóUñ ��� ô;þ õ ñ:ÿ&þ ½Dò7ó õ ½Dò7ó&þ;ö��`÷!��¾Eóu�
��¾Eó6Î�½?ö�%Eô ¾Eó � ÷!�Eó�¾Eò?ÿ��Eó0¾Eÿf�·ñ:ô;þ;ö��EóKó�½Dò?ÿZö�¾EóFÎ�½?ö�%Eô ¾Eó � ÷!½ õ�� ¾Eó�ö�¾)ôTñ$÷!�`ñ:ô;þ;ÿ�� � ½ � ÷oô�ø�ñ õEõ %Eó�ñ � ÷!�Eó�¾`ñ � �
�a½ � ÿ�¾�2l½'þIó¸ýbþ;ô;ó3ò�¾Ló�¾`÷!½Dò?ÿ � ñ:ó � ÿ&þ;ô;þ;ó��Eó � ½ � ÷Hô ¾ � ôTñ õ ¾uÎ�¾Eò?ÿ6ãB÷=þIô;ô ¾BÎLñ�þIó^ó<þìÎ � ôIþ<
/�Eóaöbñ:ò7ó � ò,ó�½ �7õ þXö�¾÷&ñ � þ;ö7þ;ÿ��3ö�¾3÷5�Eó�½Dô � ÿ&þ ½Dò#ö�¾^ô�ø�ñ:ô ã�½B÷=þIÿ � Î�¾t� � ñD÷&ñ#ãB÷<ñ ��� ¾ � ���R�������
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Taux d’utilisation de la file

Verification du modele reseau

theorique
experimental
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'� ½8Î)(��� �������½*�+��¾uÎ)(�����,�!�½' -�/.0��¾)¾��F¾�10(�!� "��Î�¾��0�2��34(����5��!6���7���83 ¾9��:0����;uÎ�¾

ä=<?> õA@CBED*LGF)HIF)HIJ4@�K)L8JMBÆQ5BÆQtL�Ð O=P)JNK*R�P*O=QOH-P9JMOPF*L8QRLhQ�ÐSH-O
÷�T�UVT�X W Ê�X�ÈfÅZY\[ZYçÃ�]Mn�ÅZYM^

_�`&��(�(�3��/���7��� ½��a��¾� ���Î�½0��!�3�����!�¾b(��* G���¡ã' 5��(�,�¾+��¾c�2d��O,�¾��)½�ïa3 ¾��)��½dÎ�Î�¾����G !¾�(� "!���¾��0��¾� !½��0�G3 ¾���2d��O,�¾��6ee¾��C3w¾��� -����¾uÎ)(�����¾�����3�����3gf7¾��C3w¾����� "���C3g�h.'�����0������!��i`����0j�½' �Î+���5�w½*�G!uÎ)����¾9ee¾���½'����¾��Ofk����������.0��¾3g��S����g !¾������ ½��7S+e#���� l3g��m/ã��� 5¾ ��	�� 3g�)�2d��O,�¾GnT¾��0o�½�� ¾G���c��½��2��34���c��½��� "����¾G3�`�¾�1'!������5�w½*�qp�r�ß#½0����¾�����s3g�+�2d7�2,�¾Gp�f 	
÷�T�UVT�¿ t¡Â=n�uaÇfÈ8Yv[fÇ Y	Ê�X�È0ÅlY

_�`£½�Í'w�¾������&j	¾����8��¾9 "!�(��* "���g �3g�x�2,��� 5ã�¾8���� ����&y4!� !¾��'�5�8��½dÎ+������¾��Cz'��`£¾����8s9���g !¾) "!�(��� "�5�{ V3 ¾��6�2d7�2,�¾����¾��S��(�(�3���������� ½����)���� h(�3������ ¾��� "�)��½dÎx������¾��G���Z3�`�¾�10!�������� ½��¡¾��¡¾��5�9������!�3�!� "!�¾ 	k| ½��� h3�`}�73wã1½' "����,/Î�¾)��¾(�3g����¾uÎ�¾��0�$���)����o�¾����'ã0 "��3/3 ¾�~*��¾Fã' ���(�,�¾���¾8�Od��2,�¾�����¾� ��h��!���½���(�!�¾��+��½����"��ã0 ���(�,�¾��C��½' � !¾���(R½����+sh��¾��
¾�����¾uÎ,Í�3 ¾��6��¾G�2d7�2,�¾�����½��0��3w¾�(�3g����¾uÎ�¾��0�8��¾� ���!���������!G���� ����&y4!� !¾��'�5�8��½dÎ+������¾�� 	
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Tache3Tache4

Tache5
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Tache2

20 ko

���#�$�M� 	 � 
��  ��7(�,��G���G���'�+�������������������������'�O "�6���&y4!� "���'�5���6�2d7�2,����
| ���� �����3g��~M�����S�)!��5,��'����(� "�'�O,��G���)����3�3/�)���)�G "����ß��73Z� � r����k���5�6������3�����!�� 	 _i�b��!���,��'�������S�G "����ß���3(��� ������$���9 -!������{ l������1+�5�'�+�)�����Ge#���+������1c�������-���' ���(�,����2fC������w5�����0����(��� l���q�� -�6���h����à��8�)�����g�+��3�~3g���)���)�)��(M!� ��������������� ��c�Oy4��������!��)���� h3����S�� "���h���+���'�x�9�����������5�/�*� �+��10�g�+����1 	�� ��������3����9�2d7�2,������`�!��O,������������0�C3/��(�3/���l������������!��������� "���0�� "���' "����(M!���� 	 _4�6 "���' -����(����)���0�i��`&�� � "������3��' -��.'����3��8���'��¡� "��+��10�g�9���¢�����2d��O,����$(M����o£�7�'�����2 "�G(�3g����!��������� ����¤���'�+�7�/���G���5�¥�7���������'� 	
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Echange

Boucle

Recherche tache a placer

Emission Info tache a placer

Initialisation (Simulateur, declaration de la topologie reseau....)

Creation Socket

Association adresse IP+Port au socket (bind)

Attente connexion

Boucle

Attente Reception

Placement de la (des) tache(s) 

Calcul CPU consomme

Attente Reception

Calcul temps de simulation

Emission Temps de simulation Attente Reception

Lancement Simulation

Test de fin de simulation

Liberation espace memoire

Emission Info tache(s) terminee(s)

Fin Boucle

Fermeture Socket

Attente Reception

Interface (client Java) SimGrid (serveur C)
d’informations

Fin du Thread

Emission

Fermeture Socket

Demande de connexion

Declaration buffer de communication

Creation Socket

Lancement Thread

Fin Boucle

Emission Temps CPU consomme

+ Temps Cpu consomme

+ WatchDate
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Domaine1

8 machines 8 machines

Cluster 0 Cluster 1

8 machines 8 machines 8 machines 8 machines 8 machines 8 machines

Domaine2 Domaine3 Domaine4

Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7

Grille 

Debit  Cl 0 Debit  Cl 1 Debit  Cl 2 Debit  Cl 3 Debit  Cl 4 Debit  Cl 5 Debit  Cl 6 Debit  Cl 7 

Debit inD1 

Debit outD1 

Debit outD2 Debit outD3 

Debit outD4 

Debit inD2 Debit inD3 Debit inD4 
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