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^�_a`cbedefhg,i�jWkldWmonqp%d�rNklsqktru`cbedWk
vVwuxzytdcrN{}|�~OdWwu�cxob

i}mz~�~=xowlr}�qd�wudW��_�dWwu��_�d����	�o�A�o�Tg��Emowuk}�o�o�o��g4fc�e~amo�od;k

���	�c�W�����z�A�N� d}~�wudWkldc�Ir�rl_�wudcd}mo���Axowu|�ru_�b6k& ¡xowV�Adc��dWwumzrl|����hwumo�a�qxob¢~OdWwlb'nqrumzrl|�xo�ak	|��erl_adN��xImzw�k£d¤�ow�mz|���dW�
bex¥��dc�¦�§��©¨aªaxow�d;mo��_%xo ru_�d�~�wuxo~=xAkldW��mz���oxowu|�rl_�b6kW«I¬¤d�ktruna�qs%rl_�d��¥n�b'OdWw�xz &kln�~=dcw�ktrudc~akW«¥rl_ad�k£|�®cd�xz 
rl_�d���xq�cmz��bedcbexAwlsA«¥rl_�d�x�¯odWwumo������xAbeb�n���|°�cmzrl|�xo����xAk£r}mz�a��¬¤dh��_�d;��±6|� 	|�r��A|�¯AdWk�m²~OdWwlb'nqrumzrl|�xo��¬�|�ru_�ru_�d
n���|� ¡xowub³�q|�k£rlwu|��nqrl|�xo�TxowN�axzrW¨�^�_�d'~�wlxA~OxIk£d;�Zmz���oxAwl|�rl_�b6k´mzwud�|��Irudc�a�qd;�Zrux%=d²kl|�be~���d'mo�a�Zxo V~�wumA�9ru|��Wmz�
wldW��dW¯�mz�a�cdo¨�^�_�d��q|�µ6�cn���rtso«�|���rl_�|°k�~amo~OdWwW«q��|�d;k�|��¶~�wux�¯¥|��a��ru_am�r�ru_�dcs�mzwudNru_�d��qdWkl|�wld;�%~�wuxo~=dcwlrl|�dWkW¨
·Z¸I¹�ºl»�¼ ��½�A� wumo�a�qxAb¾~OdWwlb'nqrumzrl|�xo�akW«q~amowumo����dc��bexq�qdc�°kc«�¦�§��
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�� �����  ��� xonOk?~awlj;k£dW�Aruxo�ak rlwuxo|°k�mz���oxAwl|�rl_�bed;k ~=xon�w��°m��Ajc��jWwumzrl|�xo���qd;k�~OdWwlb'nqrumzrl|�xo�ak¤mz��jWmzrlxA|�wudWk¤��mz�Ok
��d�bexq�q`W��d��%�owuxAk��Awumo|��T¦�§��©¨=v	xon�wh��_amo�cn��T�qd;kNmo���Axowu|�ru_�bedWk�~�wuxo~=xAkljWkW«a�axonakNj�rlnO�q|�xA�ak}��d��axob�awld���d
kln�~=dcw��Bjcrumo~Od;kc«O��m%rumo|�����d²�qd²��m%b²jWbexo|�wld'��xq�cmo��dA«O��d'�cx��qr´rlxorumz���qd;k´�cxobeb�na��|��Wm�ru|�xA�ak}dcrh��xAnak´¯ojcwu|��axo�ak´k£|
�°me~=dcwub�nqr�m�rl|�xo�Zd;ktr´xoqrudc�¥n�d�kln�|�¯�mo�Ar´��m6�q|°k£rlwu|��n�rl|�xo�Zn���|� ¡xowubed�xonZ�axo�Æ¨��1dWk´mz���oxowu|�rl_�bedWk�klxo�IrNkl|�be~���dWk
dcr?nqru|���|°klmo���d;k dW��~�w�m�ru|��In�dA¨��m��q|�µ6�cn���rljo«q��mo�ak �cdN~amo~�|�dcw;«Ad;ktr��qdNbexo�IruwldWw �In�dN��dWk¤mz���oxAwl|�rl_ab²d;k�xo�Ir¤�|�dW�
��dWk�~awlxA~�wl|�j�rujWk��qj;k£|�wljWdWkW¨
!*¼ �;� º ��"  ��� ~=dcwub�nqr�m�rl|�xo�Ok�mz��jWm�ruxo|�wld;kc«Ibexq�q`c��dWk�~Omzw�mz����`W��d;kc«a¦�§��
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@ ���oxowu|�rl_�b6k � ¶xz  A¥|�®cd�xz  B´¯Adcw�mz���Ù��xob¶¨ C}�a|� ¡xAwlb
kln�~=dcw�ktrudc~ak ��xq�cmo�Ùbedcbexowus �cxAk£r �q|�k£rlwu|��nqrl|�xo�

D D E*F�GHJI$K _�|��o_�~�wuxoama¨ L E*FNMJI sod;k
O O E*F G H I E*FNMJI �ax
P ORQ2SUT�V�W E*F6GH)I E*FNM$QXS�TJW�I sod;k

^&mz���def�Y,B´¯odWwl¯¥|�dc¬�xA�%ru_�d�~�wuxo~=xAkldW��mz���oxowu|�rl_�b6k

Z [ �'
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v	dcwub�nqr�m�rl|�xo�Ok´xo ÄrldW� �cxo�ak£rl|�rln�rldWkhru_�deamokl|°khrlxZ��xA�aktruwlnO�9r�wumo�a�qxAb ��xob'�|��am�ruxowu|�mo�xAqytdW��ruk K ��|°ktr�kc«1rlwudcdWkW«
�ow�mz~�_Okc«�dcru�>L�|��E��xobe~�n�rldcwhkl�c|�dW�a��d�mo�a��rl_¥nakhmzwud�±odWs���mzrumerux6rld;ktr�mz�a�¶dcpq~OdWwl|�bedc�IrN~�wuxo�Awumobek(\ ]NdW�a�z�O«
ª5^Æ¦¤�z��«O¦�¦¤�A�q«=¦¤ª	�o��_B¨

A¥xobed mz���oxowu|�rl_�b6k�wud��In�|�wudT�ox¥xq���q|°k£rlwu|��n�rl|�xo�M~awlxA~OdWw£ru|�d;k�xz �rl_�d |��a~�nqrZ|�� xow��qdcw%rlxÛOd d�µ��c|�dW�Ar;¨
^�_�dcwud� ¡xAwld´|�r}|°k¤|��IrudcwudWk£rl|����²rlx²_amR¯odhd�µ���|�dc�Ir}mz���oxAwl|�rl_abek?ru_am�r�w�mz�a�qxAbe��se~=dcwub�nqrudWk¤rl_ad��am�rumemA�c��xAwu��|����
rlx�m��ox¥xq�6�q|�k£rlwu|��nqrl|�xo�1¨	ªaxow?|��ak£rumo�a��dA«Iklxobed}w�mz�O�qxobe|�®cdW�e~Omzw�mz����dW�Omz���oxAwl|�rl_abekV�Inab�=dcwVru_�dNxAqytdW��ruk?mz�a�
mokuk£nab²d;k¤rl_amzrN|��¶mR¯Adcw�mz�AdN ¡xAw�dWmo��_¶xAqytdW��r�rl_�d��¥n�b'OdWwuk}xz 	|�r�k���dc|��o_¥=xow�k�mzwud� îmzw}dW��xona�o_� ¡wlxAb |�ruk}x�¬��
�¥n�b�=dcw;¨ @ ~awldW~�wlxq�cdWkuk£|����¶~�_amAk£deru_am�r�~=dcwub�n�rldWk�wumo�a�qxobe��sEru_�d�|���~�nqr'�am�rum¶awl|����Ak�rl_�|°k�mAklkln�be~qrl|�xo�
��xAwlwudW��r²¬�_amzrldW¯odcweru_�dZ|���~�nqr%b6mRs =do¨ ª�xow�mz�Ûd�p�mzbe~���do«�kldcd`\ Aq|�a��a6_è¨ � xorld¶ru_am�r6rux©~OdWwlb'nqrldE��mzrum
wumo�a�qxAb²��s6|°k�d��In�|�¯�mz��dc�Ir�rlxe�odW��dcw�m�rud�m²w�mz�a��xob ~=dcwub�nqr�m�rl|�xo��xz 	|��Arudc�Adcw�kc¨
ª�dc¬Ûmzwlrl|°����dWk��qd;mz�¥¬�|�rl_²rl_�d�~=dcwub�nqr�m�ru|�xA�'xo O|��Arudc�Adcw�k|��²~amzw�mz����dW�bz�q|°ktruwl|��nqrudW��kld�rlrl|����*\ i}dc|°�Uc¥« @ �a���o�a«

@ Aq�A�d_è¨��Exowudcx�¯odWwW«�mo���Ærl_�d;k£d�mow£ru|��c��d;k�~�wuxo~=xAkld�mz���oxAwl|�rl_�b6k�|��¶rl_�d²���°mokuk£|°�cmo�Ùv i @ � bex¥��dc�,\ e��9y£�A�d_B¨�f¤nqr
rl_�|°k¤bex¥��dc�Ù|°k¤ îmzw¤ ¡wlxAb OdW|��a�'wudWmo��|°ktru|��´=dW�cmonakld´|�r}mokuk£n�bed;k ru_am�r W.gih#FNMJI mz�O��ru_am�r�mz�¥s6~�wuxq��dWkuklxow?�Wmz�
d�p���_amo���odN�am�rum�¬�|�ru_�mo�¥s²xorl_�dWw?~awlxq��d;klklxow¤m�r���xA�aktr�mz�Ir¤�cxAk£rW¨Rjü��ru_�|°k?~Omz~=dcw;«I¬¤d´�cxo�akl|°�qdcw¤bexowudNwudWmz��|°ktru|��
~amzw�mz����dc��bexq�qdc�°k6ru_am�r�mowld¶ru_�dT�cxAmzw�kld��Awumo|��adW� b²xq�qdW��k%��|�±odkf�A¥v	« �ÆxA�ov xow�¦�§��l\ mVmz�°�o��«�¦4n�v,o��A�q«
]´ª	i}¦¤�o��_B¨ ^�_adWkldhbexq�qdW��k}mowld��qdW¯oxorldW�%rlxeru_�d��qd;k£|��o��xz 	~amzw�mz����dc�Æmz���oxAwl|�rl_abek¤¥s�wud�pad;�9ru|������cxo�ak£rlw�mz|��Iruk
xz hwld;mz��b6mo��_�|���dWke¬�|�rl_axonqr�=dc|����©k£~=dW�c| �=��rlx©m ~Od;��n���|�mow6b6mo��_�|���do¨0^�_�dWs _amR¯Ad�=dcdW� ��dc¯odW��xA~�~=dW� rlx
 îmo�c|���|�r�m�rud´ru_�d�|�b²~a��dWb²dW�Irum�ru|�xA�ak�xz �klna��_�mo���Axowu|�ru_�b6k�mz�a����dWmo�%rlxedcµ6�c|�dW�IrNmz�a��~OxAw£r�mz���d���xq�qdA¨

jü��rl_�|°k~amz~=dcw;«R¬?d¤mo���qwudWkuk�ru_�d?~awlxA���dWb xo qrl_�d?wumo�a�qxAb ~=dcwub�nqr�m�ru|�xA��xz �|��Arudc�Adcw�kÆ|���rl_�d  ¡wumobedc¬¤xowu±Nxz 
~amzw�mz����dc�q��xImzw�k£d¤bex¥��dc�°kc¨,B´n�wVmo|�b¢|�k&rux��o|�¯od�mz���oxAwl|�rl_�b6k	¬�|�rl_6m�klbemo���q�¥n�b'OdWwVxz Ùkln�~OdWwuk£rldW~ak K kln�~=dcw�ktrudc~
|�k��qd �a��d;�%|��qA¥d;�9ru|�xA����L¤mo�a�%m²k£b6mo����x�¯odWwl_adWmo�e|��¶��xobeb'n���|°�cm�ru|�xA�%��xIktr�¬�|�rl_�xAnqr�x�¯odcwu��xAmo��|�����ru_�d���xq�Wmz�
bedcbexowu|�d;k'mo�a� ¬�|�ru_Ûm k£~=dW�c| �OdW� wumo�a�qxob���|�k£rlwu|�anqrl|�xo�Ûxo� rl_�d¶xon�rl~�nqr;¨ � d¶~�wuxo~=xAkld%ru_�wldWd���|sr�dcwudc�Ir
mz���oxAwl|�rl_�b6kW¨´ªaxowhdWmo��_ mz���oxowu|�rl_�b¶«=¬?de��xA�ak£|°�qdWw}rl_ad'�¥n�b'OdWwhxo  k£na~OdWwuk£rldW~akc«=ru_�d²kl|�®cd�xo Vrl_ad'nakldW�T��xq�Wmz�
bedcbexowus�xo  dWmA��_E~�wuxq��dWkuklxow;«�rl_ad'x�¯Adcw�mz�����xAbeb�n���|°�cmzrl|�xo�T�cxAk£rhmo�a�Z¬¤d²��_�d;��±�|�  ru_�demz���oxowu|�rl_�b��o|�¯od;kNm
~OdWwlb'nqrumzrl|�xo��¬�|�ru_%ru_�d�n���|� ¡xowub �q|°ktruwl|��nqru|�xA�%xAw¤�axzrW¨V^&mza��def�k£_�x�¬}k?ru_�dWkldh ¡dWm�run�wudWk? ¡xow�dWmA��_%~�wuxo~=xAkldW�
mz���oxAwl|�rl_�b¶¨

jü�tA¥dW��rl|�xo���q«;¬?d �In�|°��±¥��sh�qdWku��wu|�Od	ru_�d ��xImzw�k£d	�Awumo|���d;�Nbexq�qdW��kmz�a�hdWkl~=dW��|°mz����s�¦�§�� K ¦?xImzw�k£dV§hw�mz|���dW�
�Zn���rl|°��xAb²~anqrldWw7L�¨ujü�*A¥dW��rl|�xo�'�a«z¬¤d ~�wudWkldc�Ir @ ���oxowu|�rl_�b f?¬�_�|���_²|°kOmokldW��xA��rl_ad���_axo|°��d xo axo�ad?~�wuxq��d;klklxow
 ¡xowVd;mo��_edc��dcbedW�Ar;¨&^�_adc�6¬¤d}�o|�¯od @ ���Axowu|�ru_�b �´ru_am�r nOk£d;k�rl_adN�q|�¯I|°kl|�xA�²¥s²~amo��±Ad�r�k	xz Ùd��Inamo�ak£|�®cdA¨&ª&|��amz����s
¬?d�kl_�x�¬ @ ���Axowu|�ru_�b �'rl_Om�r}wud��In�|�wld;k?xA����s�~OxA|��Ir��Crux �è~OxA|��Ir}��xAb²b'n���|°�cmzrl|�xo�akW¨

� xzrudo«Rru_am�r�mz���oru_�d�mz���oxowu|�rl_�b6kÙru_am�r�mzwudV~�wudWkldc�IrudW��mowldV|��IrldW�a�qdW��rlx´Od�k£|�be~���do«��nqr&rl_Om�r&rl_�d��q|�µ6�cn���rts
��|�dWk�|��¶~�wux�¯I|����'rl_amzr�rl_�dWs�_amR¯Ad´ru_�d��qd;k£|�wld;�%~awlxA~OdWw£ru|�d;kc¨
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^�_ad´��xImzw�k£d��Awumo|��adW�ebexq�qdc�°k?mAklkln�bed�ru_am�r W rl_ad´�¥n�b'OdWw xz Æ~awlxq��d;klklxow�k�|°k?klb6mz���O�cxobe~amzwudW�²rux�ru_�dN|���~�nqr
kl|�®cd M ¨ ^�_�|°k'mAk£n�be~qru|�xA�©|��O����na�qdWk'b6mz�¥s d�pq|°ktru|����TbemA��_�|���dWkW¨=mVmo��|°mz�Ir�|°k�ru_�d��awuk£r�ruxE_amR¯Ad�~�wuxo~=xAkldW�
klna��_ m bexq�qdc��¬�|�rl_ f9Aqv \ mVmz�°�o�d_è¨ A¥xAb²d�¯�mzwu|�mzrl|�xo�ak'xz �f�A¥v¢_amR¯od�OdWdc� �qdc¯Adc��xo~�~=dW� ��|�±od �ÆxA�ov*mo�a�
¦�§�� \ï¦4n�v,o��o�q« ]´ª	i}¦¤�o�d_è¨ jü��rl_�|°k�~amo~OdWwW«¥¬¤d���_axAkldNrux²¬¤xowu±6xo��rl_ad�kl|�b²~a��d;ktr}bexq�qdc� K rl_amzr}|�kN¦�§��%L
=dW�Wmznakld�¬¤d´ru_�|���±%ru_am�r´|�r}|°k}klnqµ���|�dc�Ir}rlx���dWkl|��A��dcµ���|�dc�IrNmz���oxAwl|�rl_�b6k¤ ¡xAw�rl_�d�w�mz�O�qxob¾~=dcwub�n�rum�ru|�xA�¶xz 
|��IrldW�odcw�kW¨¶�Exowudcx�¯odWwW«1|�r²_amok�=d�kl_�x�¬��©|�� \ § ��o�d_¤rl_Om�r'mo���Axowu|�ru_�b6k�¬�wl|�r£rudc� |�� ¦�§��(run�wl�©xAnqr�ruxE=d
 ¡d;mokl|�a��dA«qd�µ���|�dc�IrW«a~�wld;�q|°�9rumo���d�mo�a��~OxAw£r�mz���d�|��¶bexAk£r}�cmokldWkW¨
¦�§�� mokukln�bedWk¤rl_Om�r6Y

� mz���Æ~�wuxq��dWkuklxow�k dcp¥d;��nqrudhrl_�d�kumzbed�~�wuxo�ow�mzb¶«

� dWmA��_�~�wuxq��d;klklxow¤_�xo�°��k E*F6GH I ��mzrum�«

� mz��mz���oxowu|�rl_�b |�k¤mz��mz��rldcwu�amzrl|�xo��xo Æ��xq�cmo�=�cxobe~�nqr�m�ru|�xA�ak?mo�a�6�A��xAamz�=��xobeb'n���|°�cm�ru|�xA�akW¨ @ ~�_amAk£d´xz 
��xq�Wmz�Æ��xAbe~�nqrumzrl|�xo�ak¤ ¡xA����x�¬¤dW��Is�m'�A��xAamz�Æ�cxobeb�na��|��Wm�ru|�xA�%|°k}�cmo����dW��mek£n�~=dcw�k£rldc~1¨

� _�dW� �qd;k£|��o�a|�����mz�Tmo���Axowu|�ru_�b |��Eru_�|�k´bexq�qdc�B«aru_�d²�oxAmo�Æ|°k}rux%_amR¯Ad�m�klbemo���&�¥n�b�=dcwhxz ���xq�cmz�	��xAb �
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ª|��onawldef�Y @ ��dcp�mzbe~���dhxo &�ad�rt¬¤xowu±�mokuk£xq��|°m�rudW��rlx6m6k£dcr�xz &rumzwu�odcr¤~Omo��±odcruk
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mz�a�Ûmz����rl_adEk£n�b6kexo ´ru_�d¶¬?dW|��A_Ar�kexz ´rl_�dZd;�q�od;kedc�a�q|����©m�rer�mzwu�od�r6~amA��±odcrukemzwud¶d��Inamz� K rlx G H L�¨ @ k6m
��xA�ak£d �In�dc�a�cdo«&mqpax�¬¢xo ¤¬¤dc|��o_Ir W mA�9runamz����s d�pq|°ktr�k�Y�¬¤d6nakld6rl_ad�be|�� �èb6m�p rl_�dWxowudcb ¬�_a|���_©kl_�x�¬}k�rl_Om�r
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rl_�d�mo����d�p6 ¡xAw¤rl_�d��qdcrumz|��°k?xo 1ru_�d���xobe~�n�rum�ru|�xA� L \Ó¦ �i}�o�d_è¨V^�_¥nak¤¬?d���_�x¥xIk£dhm pax�¬Mxz ¬¤dc|��o_Ir W mo�a�% ¡xow
dWmA��_EdW�q�Ad'=d�rt¬¤dcdW� m�k£xAn�wu�cd�~amA��±odcrhmz�O�Tm%rumzwu�odcr´~amA��±odcr´¬�_�xIk£d�pax�¬�|°k'fA«Ù¬?d²mzwu�|�rlw�mzwu|���sZ��_�x¥xAkld�mz�
dc��dcbedc�Ir�=dc��xo���A|����²rux'ru_�d�klxon�w���d�~amA��±od�r�mz�O��ru_�d�rumowl�Ad�r�~amo��±Ad�r;¨ � d�±odWdc~�rl_�|°k�kld�r}xz  W dc��dcbedc�Ir�k�mz�a�
wldWbex�¯od}ru_�dWkld�dc��dcbedW�Ar�k¤ ¡wlxAb¾ru_�d�k£xAn�w���d�mz�a�%rumowl�Ad�r�~amo��±Ad�r�kc¨
� |�ru_Erl_ad�wudcb6mz|���|����6dc��dcbedc�Ir�kc«=¬?d²�cmo�Z�n�|����¶ru_�d'kumzbed��ad�rt¬¤xowu±�mok´mz=x�¯odA¨}^�_�|�kN��d�rt¬¤xowu±%¯Adcwu| �OdWk

rl_�d�kumzbed�~�wuxo~=dcwlrts���xA�a��dWwl��|����'rl_�d�kln�b6k�xz 	¬¤dc|��o_IrukW¨�^�_InOk�¬?d��cmo��wudcbex�¯Adhmo�Amz|��¶m²kld�r�xo  W dc��dcbedW�Ar�k
dc¯Adc����s �q|°k£rlwu|��n�rldW�©mobexo���¶ru_�d W klxon�w���d6~Omo��±odcruk�mo�a�©mzbexA���¶rl_�d W rumowl�Ad�r�~amA��±od�r�kc¨ � d�wldW~Od;m�r�ru_�d
~�wux¥�cdWkuk¤n��Irl|��Ùrl_�dWwld�|°k���xedc��dcbedW�Ar}��d� Är}|���rl_�d�~Omo��±odcrukW¨

@ r´ru_�dedc�a�Ù«�¬¤d'_OmR¯od W�� kld�rukhxo  W dW��dWb²dW�Iruk�k£nO��_Zrl_amzrhd;mo��_Tkld�r�|°kh�cxobe~=xAkldW�Zxo  xo��d'dc��dcbedc�Ir�~OdWw
k£xAn�w���dN~Omo��±odcr¤mo�a�%|°k�mz�°k£x²dc¯Adc����s��q|°ktruwl|��nqrudW��mzbexo�a��rl_ad´r�mzwu�odcr¤~amA��±odcrukW¨&^�_�dW�%¬¤d�mzwu�|�ruwumowl|���s'�Im�rl_adcw
rl_�d;k£d¤k£dcruk1Is��AwlxAn�~akÙxo  � k£dcruk1|��'xow��qdcwÙruxNxAqrumo|�� W rlw�mz�akl|�ru|�xA��~amo��±Ad�r�kÆxz  W�� dc��dcbedc�Ir�kc¨&^�_�dWkldVruwumo�ak£|�rl|�xo�
~amo��±Ad�r�k�¯odWwl|� ¡s�ru_�dN~�wuxo~=dcwlrl|�dWk ¬?dNd�pq~Od;�9rudW� Yrl_�dWsewld;��dc|�¯od�dcp�mo�9ru��s � dc��dcbedW�Ar�k� ¡wuxob dWmA��_�k£xAn�wu�cd�~amo��±Ad�r
mz�a�%rl_adcs�kldc�O�%dcpqmA�9ru��s � dc��dcbedW�Ar�k�rlx�¬�mzw���k?dWmA��_%r�mzwu�od�r�~amA��±od�r;¨5A¥xe|�r}|°k�~=xAkuk£|����d´ruxewld;mo��_�ru_�d�rumowl�Ad�r
~amo��±Ad�r�k  ¡wuxob¾rl_�d�klxon�w���dh~amA��±od�r�k�m� Ärudcw�rt¬¤x²|�rldWwumzrl|�xo�ak¤xo  @ ���Axowu|�ru_�b �q¨
ª|��onawld?�Nk£_ax�¬}kÆmz��dcp�mzbe~���dVxz ���dcrt¬?xAwl±�«Rm}kld��In�dc�O��dVxo �pax�¬}kc«Wrl_ad¤mAklklxq��|°m�rld;��k£dcruk1mo�a��rt¬¤x}|�rldcw�m�ru|�xA�ak
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source packets
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1 2 3 4 5 6 7 8 9 source packets

1 3 5 2 4 7 6 8 9 target packets

Two iterations of
Algorithm 2

the network

Third flow -> the set {2,5,9}First flow -> the set {1,4,8} Second flow -> the set {3,6,7}

transition packets1 4 8 3 6 7

ª&|��on�wudE��YE^�_�dE�cxo�ak£rlwuna��rl|�xo�Ûxz hrlw�mz�akl|�ru|�xA� ~Omo��±odcrukW« |�� xow��qdcwerux©wlxAnqrld�rl_adZdc��dcbedc�Iruk6rlx rl_ad¶rumzwu�odcr
~Omo��±odcrukW¨

� � ¼Æ¼ :u� @ ���oxAwl|�rl_�b³�²ruwumo�akt ¡xAwlb6k}mo�¥s%|���|�ru|�mo�1~=dcwub�nqr�m�ru|�xA�Zxz  M dc��dcbedc�IrukN|��Irux%mz��xorl_�dWw}xo�ad�¬�|�ru_Zrl_ad
 ¡xA����x�¬�|����'~awlxA~OdWw£ru|�d;k�Y

� �o|�¯odW��ru_�d�|��a|�ru|�mo�q~OdWwlb'nqrumzrl|�xo�Æ«ort¬?x��q|2r=dWwldW�Ar kld��In�dW�a��d;k&xz �wumo�a�qxob kumzbe~���dWk	��dWmA��ruxhrt¬?x��q|2r=dWwldW�Ir
~OdWwlb'nqrumzrl|�xo�akW«

� rl_�dWwldc ¡xowud�mok�ru_�d�w�mz�O�qxob kumzbe~���dWkN_amR¯odhru_�d�kumzbed�~�wuxoamo�|���|�rtso«amo���Ærl_�d'~OdWwlb'nqrumzrl|�xo�ak�¬�_a|���_E�Wmz�
Od �Adc��dWwumzrldW�Û ¡wuxob�mo��|���|�ru|�mo��~OdWwlb'nqrumzrl|�xo�M_OmR¯odZru_�d©klmob²d ~�wuxoamo�|���|�rtsÛxo �mz~�~=dWmowumo�a��dA¨ f¤s
k£s¥bebed�ruwlsA«qrl_�|°k�~�wuxoamo�|���|�rts�|°k¤rl_�d�kumzbedh ¡xow}mo�Is%|���|�rl|°mz�1~OdWwlb'nqrumzrl|�xo�Æ«

� |� em ~=dcwub�n�rum�ru|�xA� �Wmz�M=d rlw�mz�ak£ ¡xowubedW�0|��Irlx0mz��xorl_�dWw�xA��do«Nrl_�d©kldW�cxo�a�0xA��d �cmz� Od |��¥¯odcw�kldc��s
rlw�mz�ak£ ¡xowubedW��|��Irux'ru_�d �aw�ktr�xA��do¨
^�_�d¤w�mz�a�qxAb rlw�mz�ak£ ¡xowub6m�rl|�xo��xo a~=dcwub�nqr�m�rl|�xo�Ok�Wmz��=d�k£dWdc��mAkmh�Emzwu±ox�¯´~�wux¥�cdWkuk�Y�ru_�d�ktr�m�rudWk&mzwudVrl_ad

~=dcwub�n�rum�ru|�xA�akÆmo�a�´rl_�d ��|�wudW��rldW�h�Awumo~�_�xz Irlw�mz�akl|�ru|�xA�akÆ�cxowuwld;k£~=xo�a�akarux�rl_adV~OxIklkl|����d	ruwumo�ak£ ¡xowubemzrl|�xo�ak= ¡wuxob
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mz���Æru_�d�dW���odWkN_amR¯od�ru_�d'kumzbed�¬¤dc|��o_Ir K D�� !
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 n g�� D�� ! |� 	mo�a��xo����s�|�  QR"�
 n g D� xzru_�dcwu¬�|°k£d

jè �����|°k�m��q|°ktruwl|��nqru|�xA�%xA�6rl_�d M�� ~OdWwlb'nqrumzrl|�xo�ak K m'¯od;�9rlxAw ¬�|�rl_ M�� �axo� �è��dc�Im�ru|�¯Ad}��x¥d�µ���|�dc�Ir�k xo k£nab
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��xAn��Ir�rl_�d��¥n�b'OdWw�� $�� T xz 	dc��dcbedc�Ir�k�xz &rl_�|°k}kln�akld�r
kldc�a����$�� T rlx6~awlxq��d;klklxow M�� 	 0 O "Y7 2
kldc�a�%rl_�d���_axAkldc�¶k£n�Ok£dcr�xo + rlxe~�wuxq��d;klklxow M�� 	 0 O "Y7 2
wudW��dW|�¯AdNru_�d���mzrumek£dW�Ir�¥s%rl_�d�~�wuxq��d;klklxow M�� 	 0 O "Y7 2

¸ "C� ¸
wudW��dW|�¯AdNru_�d�¯�mz��n�d���$�� T kldc�Ir�¥s6rl_�d�~awlxq��d;klklxow M�� 	 #`O "Y7 2

/ ��_�x¥xAkld�m'w�mz�O�qxob kln�akld�r�xo &|�ruk�dW��dWbedc�Iruk�xo 	kl|�®Wd�� $�� T ¬�|�ru_¶d��In�|�~�wlxAamza|���|�rts
kldc�a�%rl_�|°k}��_�xIk£dW��kln�akld�r�xo + rlxe~�wuxq��dWkuklxow M�� 	 # O "�7 2
wudW��dW|�¯AdNru_�d���mzrumek£dW�Ir�¥s%rl_�d�~�wuxq��d;klklxow M�� 	 #`O "Y7 2

^�_�dZmowlwux�¬}k�xA�Ûª&|��on�wud�� kl_�x�¬¾¬�_�|°��_ ~amo|�w�k²xz h~�wlxq�cdWkuk£xAwuk�d�p���_amz�a�od��am�rum m�r6d;mo��_ wuxona�a� ¬�_�dW�
W.g�� ¨

1 2 3 4 5 6 7 8

Loop 1

Loop 2

Loop 3

ª&|��on�wud�� Y���p�mzbe~���d�xz &rl_�d�dcp¥d;��nqru|�xA�¶xz  @ ���Axowu|�ru_�b �a¨

� � ¼ � ¼ ���î��� ¼ ��� 
 1 �U�
���	&���� < ��������	���"q���
�:�U��� 1 � 	N& � �� < ��	*����	�� ���_�7�����
�� � 	&#�k��� � /������ ��� "�	������� �
	 �!��� �� E*F6GH I 1X���7��1��7��� < ��	���	 �!��� " < ���8"7� < ���7"7	�� < ����� �� ORQ2SUTUV�W �7��� ����� ��� �
	��!�
� "�	�� < " � ��& � � �d������11
�7�
��� ���#���7��	 �!��� �7�d"�	,� " �� E*F!M$Q2SUTJW:I �
� � ¼Æ¼ :u� @ r9AIrldW~�fA«zxo�ed;mo��_²|���|�rl|°m�ruxow�~�wuxq��d;klklxow K ~�wuxq��d;klklxow	_amR¯¥|����"! O ! � d��Inamz�¥rux ! ! � T L9«AdWmA��_'dW��dWb²dW�Ir
xo + |°k}��_�xAkldc�¶¬�|�rl_¶~�wuxoamo�|���|�rts 2V ¨ ^�_amzr´��xA�aktru|�runqrld;k}mew�mz�a�qxAb kln�akld�r}xz 6 �¨ A¥rldc~T�e�Wmz�¶=d�wld;mz��|�®WdW�
¬�|�rl_Zm²��x¥�Wmz�Ù~=dcwub�nqr�m�ru|�xA��xA�%ru_�d�dc��dcbedc�Ir�k�xz + mo�a��ru_�dc�¶¥s�r�mz±¥|����²rl_�d#��$�� T �Owuk£r�dc��dcbedc�Iruk�xo + �¨

jèr�|�k¤k£rlw�mz|��o_Ir£ ¡xAwl¬�mzw���rux²kl_�x�¬Ûrl_Om�r @ ���oxowu|�rl_�b ��wud��In�|�wld;k ORQXS�T V W �cxobeb�na��|��Wm�ru|�xA�%ktrudc~ak¤mz�O� E*F G H I
��xq�cmo�=�cxobe~�nqr�m�rl|�xo�Ok?~=dcw�kln�~=dcw�ktrudc~Æ¨�� mA��_�k£rldW~���xAbeb�n���|°�cmzrld;k E*F!MJI ��m�r�m�«Irl_�dW�%ru_�d�x�¯odWwumo���=��xobeb'n���|��
�Wm�ru|�xA���cxAk£r�|°k�|�� E*F!M$Q2SUTJW:I ¨

@ ���Axowu|�ru_�b �T�Adc��dWwumzrldWk�rl_�d�~=dcwub�nqr�m�rl|�xo�Ok�¬�|�rl_ rl_�d�n���|� ¡xowub �q|�k£rlwu|��nqrl|�xo�JY%mz��� ru_�d¶k£d �Anadc�a�cdWk'xz 
dcp���_amz���AdWk�xo 1k£dcruk _amR¯od�ru_�d´kumzbed}~awlxAamz�|���|�rts'rlx'x¥�W��n�w¤mz�a���o|�¯odc��m�~OdWwlb'nqrumzrl|�xo�6ru_�dcwud}d�pq|°ktr�k xA��dNmo�a�
xA����s�xo��d�kld��In�dW�a��d�xz 	d�p���_amo���od;k ¬�_a|���_¶��dWmo�ak¤rlx²rl_�|°k�~=dcwub�nqr�m�ru|�xA�Æ¨
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� xzrudhrl_amzrW«q|�  WV& GH «qrl_adc� @ ���oxowu|�rl_�b¾�²wud��In�|�wld;k?mzr���dWmAktr QXS�T V�W k£n�~=dcw�k£rldc~Ok K mok�kl_�x�¬��%|���vVwlxA~OxIk£|��
rl|�xo�kc�L�¨¤^x�mokukln�bed�rl_amzr W1& G H |�kNmenak£nOmz�1_¥s¥~=xzrl_adWkl|�k�|���rl_�d'��xAmowukld��ow�mz|���dW��bexq�qdc�°k}¬�_�dWwld�¬¤d�xz Ärudc�
mokuk£nab²d´rl_Om�r}dWmA��_�~awlxq��d;klklxow��cmo�Zm�r���d;mok£r�_�xo�°��rl_�d�r�mz���d�xz �mz����rl_�d�~�wuxq��d;klklxow�kc¨
� � ¼ � ¼ �>�¡��� ¼ ����� / WV& G H � ���=��1 �U�
���	&�� +u&���� & �U���:������	���" �
11)	&#� < ����� ��	 �
	��!�
� "$+ �	& 	&#�("����<� < � ��7� �
��1s�	 ���
�:� ����" < �_��	�"�	&#������12�(�0/ < ���� 	 ��	�� � < ���� 	6�7�
��� ���#���7��	 �!���#",�
� ����� < � � �>�!����"�1 � � � ���������" ��	 12�7�d"�	 QXS�T V�W
�7��� ����� ��� �
	��!�
�k"�	�� < " �
� � ¼Æ¼ :u� ¦?xA�ak£|°�qdWw W dc��dcbedW�Ar�k�xo��rl_�d �aw�k£r�~awlxq��d;klklxow;¨ @ k¤rl_ad�mo���Axowu|�ru_�b |°k�k£n�~a~OxIk£d;�6rlxe�Adc��dWwumzrld�mz�¥s
~OdWwlb'nqrumzrl|�xo�Æ«a|�rNkl_�xona����=d�mz���d�rlx6�Adc��dWwumzrld�me~OdWwlb'nqrumzrl|�xo��¬�_�dcwud�dWmA��_�xo ru_�dWkld�dc��dcbedW�Ar�k�|°k�_�dc�°��xo�
me�q|sr�dcwudc�Ir�~�wuxq��dWkuklxow;¨ ]´n�d�rlx²ru_�d�wlna��d;k�¬?dh ¡xo����x�¬Mm�r}d;mo��_%wuxona�a�%xo &�cxobeb�n��a|��Wm�rl|�xo�1«¥rl_�d�dW��dWb²dW�Iruk�xz 
m�~�wuxq��d;klklxow mowld´dc|�rl_�dWw?��d� Är�xo�%rl_�|°k¤~�wux¥�cdWkuk£xAwVxow�kldc�Ir rux'm'n���| �AnadNxzru_�dcw¤~�wuxq��dWkuklxow;¨ @ k�m'��xo�Ok£d �Anadc�a�cdo«
m� Ärudcw � k£rldW~akrl_�d�dW��dWbedc�Iruk&xz =xo��d¤~�wuxq��dWkuklxow	mzwud¤kl~�wudWmo��x�¯odWw&mzr&bexAk£r O � �q|sr�dcwudc�Ir�~�wuxq��dWkuklxow�kc¨ jèrVbedWmo�ak
rl_amzr�rl_�d�mo���Axowu|�ru_�b¾��dWdW��kNm�r���d;mok£r Q2SUTUV�W k£rldW~ak�xo &��xAbeb�n���|°�cmzrl|�xo��rlx�kldc�a��ru_�d W dc��dcbedc�Ir�k�x�¯odWw?ru_�d W
~�wux¥�cdWkuk£xAwukW¨

� /*��� �¤.���������

� d%_amR¯od6~�wudWkldc�IrudW� rl_�wudcd%~amzw�mz����dW�bz�q|°ktruwl|��nqrudW� mz���oxAwl|�rl_�b6kh ¡xAw��odW��dcw�m�ru|��a��w�mz�O�qxob ~OdWwlb'nqrumzrl|�xo�ak�|��
rl_�d��cxAmzw�kldN�ow�mz|���d;��bexq�qdc�°k�k£dcr£ru|����O¨ � xorldhrl_amzr���xo��d�xo 1rl_adWkld�mo���Axowu|�ru_�b6k?klna�W��dcd;��k�|����Adc��dWwumzrl|�����~=dcw��
b�nqr�m�ru|�xA��¬�|�ru_6rl_ad´n��a|� ¡xAwlb �q|°ktruwl|��nqru|�xA��|���m��cxo�ak£rumo�Ar¤�¥n�b�=dcw?xz kln�~=dcw�ktrudc~ak?mz�a�6¬�|�rl_axonqr�d�p���dWdW�q|����
E*F G H I ��m�r�m'~=dcw�~awlxq��d;klklxow;¨

jèrh¬�|����	=d'|��IrldWwld;ktru|�����dc|�rl_�dWwhrlx¶�qdWkl|��A�Tklna��_Tmz� mz���oxAwl|�rl_�b�¬�|�rl_Eru_�dWkld²~�wlxA~OdWw£ru|�d;kc«�dW|�ru_�dcw´rlx¶k£_ax�¬
rl_amzr}|�r}|°k�|�b²~=xAkukl|����dhrlx6xAqrumo|��¶k£nO��_�mo�¶mo���Axowu|�ru_�b ¬�|�rl_�rl_�d;k£d��cxo�ak£rlw�mz|��IrukW¨
� dhmzwud}��n�wuwldW�Irl��s'¬¤xowu±¥|�����xA�erl_�d´|�be~���dcbedc�Ir�m�rl|�xo��k£|°�qd}xo =ru_�dWkld´mo���Axowu|�ru_�b6k	|��%xow��qdcw�rux�kl_�x�¬Ûrl_�dWs

mzwud´~awumA�9rl|°�cmo����s�wudc��dc¯�mz�Ir;¨
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)�(%�����&�ed�f�g�E�C�g�hjijF#k�lDmnE�oRp�q3hAg�CrH�F0isg�t6F#g�Q�U"S�	3uvU"w�x%U"S&T3Vy3Q!U;	�	�[X�

� z{z|y�["� }��XzD*� �> ����,~��3YK�PzD*��������K�! "�# �$%$%�&$6'��&���0�# )�(%�����-K46�0��+.73)# )�(%�����n �����?0��+.��(%�� �(%�������&���|��dIQPV�[Xx V����&T
Vy��XQ�U;	�y�[X�

� z|�!y�	"� ~���zD������ �#�� ��������3���0�����&(`�# 3���R�&���0�# ")�(%��'.46����+.7�)# ")�(%�����D���� 8�Z\�Y3@���7�(`)# ��$%�Z$%(%���; "�����0)��D�����6�Zd�f�g
mnEoRp�qXhAg�C��XE�qXC#t6k�l Q��PV3u�[�w�x S��XU#T3S����3Q�U&	�y�	X�

� zD������	���,�8��zD7�$%$%�0�;QI���K�� ��4�Q��8���! ")�)��0��������QI����Y� �*� &=WQK��� �{��Y3?#*� 7����0�;Q��^��Y3 ��W)����&Q��e��YX7��3�# �+,����(1 ���Q� ���
� ���P������(1?#�P�&����\���'��^x � �;�{ �#�3�. ����; $%(1�v)�(%?�~��X���0$D��-��n �# $%$1�0$^zD��+,4�7�)# )�(%�����>@��<B|CvE;F#g#g���ibtX��Ev�
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U&	�	��3�

� z|\���	�
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X�
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P�WQ
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� �Z�I��z|	�[���D���Z�0*�����Q������� �����(jQ� ������e���R 7�c�zD*� 4�$%(%���DY3?; $1 ���$%��4� "�# �$%$%�&$�?0��+,4�73)# )�(%���� �$�'��&��+,�0)���=�-/����?&�� �����
'��# (1���;�]+.7�$`)�(1?0��+,4�73)��0���&�|@A�W)��0���� ")�(1���� $ � ��7����� $I���2zD��+,4�73)# )�(%���� �$��R�&��+,�0)���=KQ��n��$j�K[3u��R�3�6�Pw�x 4�4
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XQIU;	�	�[3�

� ����z|	�§� �I�|�I$1 ��v��$%�0);QR�I���K(%+,+,�0��+> ����QD ���� }��D�8�DzD7��v)��0+]� � ?; $1?07�$%7��>-/���)�*��]�# �������+ '��&�����# )�(%���¯�-
?&��+8��(%�� ")�����(1 �$��v)���7�?�)�7����&�&��d�f�g�E�C�g�hji�F�k�lDmnE�o�p�qXhAg�C�H6F0isg�t�F�g�Q�U;��VXx%U�TW�PSXQ!U&	�	§��
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	]q3t6g�k�pPp�C�E;F#f�g]�k�¦0©;g�¦�qXC
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� �� ��	�V"� � � �� �  �{J�tM�#t�hjC�E;��q�F0hji�Et�hsE.B^kC�k�l/l1g0l�JZl �PE�C�ibhbfXo.���^���3(1���������&��$%�0=WQ�U&	�	�VX�
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H�¥oRp3E�¦�i/qXo E�t�B{k�C�k�l/l1g0lKJ�l �PE�C#i/hbfXo8¦�k�t���J�CvF#fXi/hAg�F0hjqXC�g�¦���H3BKJ�J]L N�� �"Q�4� '��&�RV�VWU�T3V��
XQIU;	�	P�X�
� �� �$1	�
� \n���� �$%(1 ��W);�«� ����(1��'�(%��'2+,�X���&$D-b���,4� �# $1$%�&$�?&��+,4�7�)# ")�(%����� mnE�o.o8qXt�i�F�k�hji�Et�¦�Ev��hbf�g�Jem� :Q��n��$j�

���3u�yPw�x%U;
��"T�U�U�U�QnU&	�	�
3�

À¡Á&ÂÆÀÄÃ



�����������
	����������������������������	���	 �!���#"$��%	&#�(')���
�*��+,����-.�0/��������
112��1435�6�
�7"��8�9���
��:�7�<;=�>����1?" fW�

�����������
	��

 �4� ��3 �$� ���  �� ��9:� � �2���!�73 �$��6�� 3��$�4� � � 
 
 ����� �  4�>���!����� �  4��# �
�R(%�P�&�� ���´3�;��43���W?&�&������;Q�-b���|(%���v)# ���?0�R4����W?0�&�������rU�QW-/���{ ��W=��&$%�&+,�0�X);Q�)�*���4������� ���(1$%(`)�=.)��8�6�����&�W)D)���4����W?0�&�������rU
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