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AbstractcWdKegf�h�ijh*k!l�h�lmknf,kno$pmfrq	s�t	u(vwixh*y�z.k!l�fmi�{�ego(|1pmkn}/d(o(e`~$�(k���y	l
� �(��pme���d(y8h�i8��d(y$}Wz�e�lmkn�gknf,f�o(k!p^zWy	lm��f�pmd�i�p�lmk��K�K}nknfEknoKk!lm|	��}ny	oK�f,� � hKpmegy8o�z�e�pmd(y	�Kp�f,eg|8oKeg�(}�i	o$pm�����Ke � ego(egf,d(egoK|�pmdKk=}�ijh�i	}!egp^��y	l}!y8o(oKkn}!pmeg{�e�p6�9y	��pmd(k4o(k!p^zWyjlm�H�K��h�ijo��K�(eg�`�KfWy	o�pmdKk4y	�(f,k!lm{	ijpmegy	opmd(ijp�z�d(kno�i#lmkn|	egy8o9y	��i�f,d�i�lmk�����}/d�i	oKo(kn��z�e�lmkn�gknf,fWo(k+p6zWyjlm�=d(i	fi�f,�K��}negkno$p���kno(f,e�p6��yj�Uo(y���knfnvOy8o(����i�f � ij�`�Eo�� � �*k!l�yj�Wpmd(k �oKknk����*kwy8o�i�p�i	o$�9pme � k4pmy=��yjl,zUijl/��p,l/i���}���yjl4i	}!pmeg{�kw}ny	o(oKkn}!�pmegy	o(fn�
��h�ijo�egf�i��Kegf�p,lmeg�(��pmk���vEl/i	o(�Ky � e`�!k���ij�`|	y	lme�pmd � z�dKk!lmk�o(y���knf
� ij��k��gy$}�ij�U�Kkn}!e`f,egy	o(f�y8o�z�dKk!pmd(k!l�pmy�f,�gknknh�v�yjl�pmy� �y8ego¡i�¢!£	¤!¥¦ t	¤�§	¨�u$©=ªmt�«/¬8ªm£	uH­#ijf.i=«/£�£j¤,§	¨�u�t	®�£	¤/��¯0ij}+d=o(y��Kk��(i	f,knfEe�pmf.��kn}ne��f,egy	o�y8o�ijo=knf�pme � i�pmkUy	�*dKy�z � ijo���yj�*e�pmfEo(kneg|8d��*yjlmfEz�eg�g�(�*k!o(k!�Kp�°lmy � e�p��*knego(|�inzUij��k8v�i	o��9pmd(k�i � y8�(o$pUyj�Ekno(k+lm|	��i�{	i	eg�`i	�K�gk�pmye�p��*±�k�|	eg{�k=i�l/ijo��Ky � eg�nk���i	�g|8yjlme�pmd � z�dKk!lmk�}ny$y	l/��e`o(ijpmyjlmf�lmy	�p/i�pmk�z�e�pmd�pme � k8v���k � y8oKf�p,l/ijpmego(|�d(y�z:�gy$}�i	�geg�nk���o(y���k��Kkn}!e`f,egy	o(f�gk�i	��pmy�i=}!y8o(oKkn}!pmk��Hv(}ni	h�ij}ne�p6����hKlmknf,k+lm{�egoK|�|8�gy8�(i	��pmy8h*y8�gy	|	�$�
² � hKlmy�{�k � k!o�p=ego1f��Kf�pmk � �`e���k!pme � k����(k�pmy³��h�ijo�ego(}!lmkni	f,knf�i	fpmdKk#l/ijpmegy�yj��e`�K�gk!�´pmy	��f,�gknknh?k!o(k!lm|j��}!y8o(f,� � hKpmegy8o�ego(}!lmkni	f,knfnv�i	o��egoK}!lmk�i	f,k!f�ijf9pmdKk��Kk!o(f,e�p6�³y	�#pmd(k?oKk!p6z.y	lm�¡ego(}!lmk�ijf,knfn�UµKy	l�k!¶��i � h(�gk8v�y8��l9f,e � �(�`i�pme`y	o(f�f,dKy�z·pmd(ijp�z�e�pmd¸i�hKl/ij}!pmeg}�i	��kno(k+lm|	�
� y���kn�¹v�f���f�pmk � �ge���k!pme � k�y	��ijo9º8»�¼$�g½8½4o(k!p^zWy	lm��ego�h*y�zWk!l0fmi�{�egoK|� y���k.z�e�pmd9��h(i	o�e`f�i4��i	}!pmyjl.yj��p6z.y��*k!p,pmk!l�pmd(i	o�z�egpmdKy8��p��$��h�i	oego$pmkn|jl/ijpmknfEo(eg}nk!�g��z�e�pmd�º	»�¼$�`½	½+¾rz�d(kno�lm�Ko�ego�}ny8oj ��Ko(}!pmegy8o�z�egpmdpmdKk=º	»�¼$�`½	½�h*y�zWk+lwfmi�{�egoK| � y���k8vH��h�ijo�e � h�lmyj{8knf4}!y ��� �Ko(eg}�i��pmegy	o?�`ijpmknoK}!�$v(}ni	h�ij}ne�p6�$v(i	o(��f���f�pmk � �ge���k!pme � k8�

1. Introduction¿ egoKe � eg�negoK|�k!o(k!lm|j��}ny	o(f,� � h�pmegy8o�egf�ijo�e � h*y	l,p/i	o$p�}+d(i	�g�gkno(|	kego � y8�(eg�gk?oKk!p6z.y	lm��ego(|K�.��e`|	o(e���}ni	o$p9hKlmy	|	lmknf,f9d�ijf��*knkno � i8�Kky	o��gy�zU��h*y�zWk+l�d�i�l/��zUi�lmk��Kknf,eg|8o���y	l � y	�(eg�gk��Kkn{�eg}nknf�pmd�i�p�pmdKk
cWdKegfClmknf,k�ijlm}/d�zUi	fO���(o(�Kk��wego�h�i�l,p��$��À�cUc�Á.y	lmh*y	l/i�pmegy8o��Ko��Kk+lpmdKkwÀ�cUc.� ¿�² c1}ny	�g�°ij�*y	l/i�pme`y	o�i	o����$� ² o$pmkn�OÁ.y	lmh*y	l/i�pmegy8oO�
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Ê�Ë�Ì*Í�Î�Ï9Ð�ÑKÒÔÓ8Õ�ÖCÖ�Ï�Ó8×nÏ�Ø?ÙCÚ(Ó	ÛHÙEÕ*Ö�Ï�Ø�ÕHÏKÜ�Ö�Õ(×4ÖOÏKÓ	ÏKÜ�ÜnÚKÎjË�Ý�Þ
ß Î�Ï�ÜnÏ�Îjà*Ï?Ó8Ú ß Ú(Ó�Ë�×/Þ�áEâ!Ö³×�ãCË�Ü�Ó	Õ*ÖCÖ�Ï�Ó8×nÏ�Ø³×nÕ ß Õ*Ý�Õ�Ì(Þ�äEÙ�Ý�Ú�ÓjÛÖ�Õ�Ø�Ï�Ü1Ú(Î�ÏZÓ8ÕHÕ�ÎjØCË�Ö�ÚK×nÕ�ÎjÜ8á�å�Ú�ÓjÛ�Ï�×nÜ�ÙEÏ�×/æ�Ï�Ï�ÖçÖOÕOØOÏKÜxèÚ�Ö�Ø¸é³ê�Ú�Þ�Ó8Õ�Ö�×nÏ�ÖCØ¸ë�Õ�Î�ÙCÚ�ÖCØOæ�Ë�Ø�×�ã1æ�Ë°×�ã ß Ú�ÓjÛ�Ï�×�Ü�ÙEÏ�ì×/æ�Ï�Ï�Ö1Ö�Õ�Ø�Ï�Ü�Ð�Ú�Ö�Ø�íHá�î�Öx×�ã�Ï�Õ(×�ã�Ï�Î�ã�Ú(ÖCØ0ä.Ë�ë�Ö�Õ�Ø�Ï�ïæ�Ï�Î�Ï�Ú�Ó8ÕHÕ�ÎjØCË�Ö�ÚK×nÕ�Î$äUÖOÕ�Ó8Õ*ÖH×nÏ�ÖH×�Ë�Õ*Ö¸æ�Õ*ÍCÝ�ØrÕOÓ8Ó�Í�Î$á

z�e�lmkn�gknf,f�oKk!p6z.y	lm��ego$pmk!l,��i	}nk�egf�yj��pmkno¡i��Kk!{�eg}nk	ð f�f,ego(|	�`k��`ijlm|	knf�p}ny	o(f,� � k+l�yj��h*y�zWk!l�����ego(}nk�pmdKk�o(k!p^zWyjlm��ego$pmk!l,�¹ij}nk � i���yj��pmkno�*k=e`���`k	v�pmdKegf�h*y�zWk!l�}ny	�(�`���*k�fmi�{�k�������pm�Klmo(egoK|�pmdKk�l/i	�Kegy�yjñz�d(k!o�oKy	p4ego��Kf,k8� ² o�hKl/i	}+pme`}!k8v*d(y�z.kn{�k!l�v�pmdKegf�i	hKhKlmy8i	}/d�egf4o(y	pf�p,l/i	eg|	d�p,��y	l,zWijl/��ò8i�o(y��Kk � �Kf�pCi�l,l/i	oK|8k0pmy�pm�Klmowe�pmf�l/i	�Kegy�y8o�o(y	p ��Kf�p�pmy�lmkn}nkneg{�k=h�i	}/��k!pmf�i	�(��lmk!f,f,k���pmy?e�p�vO�(��p�i	�gf,y?pmy�h(ijl,pmeg}ne��h�i�pmk�ego�ijo���d(eg|8dKk!l,���gkn{�kn��lmy	�Kpmego(|�ijo��?}ny	o�p,lmy	��hKlmyjpmy$}ny8�gfn��cWd(klmk�~$�(e�lmk � k!o�p0y	��}ny$y8h*k+l/ijpmegy8o?�*k+p6zWk!kno�h*y�z.k!lUfmi�{�e`oK|=ijo���lmy8��p,�ego(|�hKlmy	pmy$}!y8�gf�e`f�h(ijl,pmeg}n�(�`i�lm�g��ij}n�Kpmk�ego�pmd(k=}ni	f,k�y	� � �K�gpme���d(y	hi8��d(y$}Wz�e�lmkn�gknf,f�o(k!p^zWy	lm��fnv	z�d(k!lmkUoKy��Kknf � �Kf�pC��yjl,zUi�l/��h�i	}/��k!pmf��yjl�k�ij}+d�y	pmd(k+l��EÁ.y$y	l/��ego�ijpmegy	oryj��h*y�z.k!l�fmi�{�ego(|?z�e�pmd�lmy	�Kpmego(|ego�i8��d(y$}�z�e�lmkn�gknf,f4o(k!p^zWy	lm��f�egfUpmd(k�f,�K�� 6kn}!p�y	��pmdKe`f�h(i	h*k!l��
ó |	y$y���h*y�zWk!l,��fmi�{�e`oK|�}ny$yjl/�Kego�i�pme`y	o�pmkn}/d(o(e`~$�(k���yjl�z�e�lmkn�gknf,f.i8���d(y$}woKk!p6z.y	lm��f�y8�K|8d$p�pmy�d�i�{�k�pmdKk#��y	�`�gy�z�ego(|�}+d(ijl/ij}!pmk!lmegf�pmeg}nfn� ² pf,d(y	�(�`��i	�g�gy�z¡i	f � ijo$�#oKy��Kknf�i	f�h*y	f,f,eg�(�gk0pmyUpm�Klmo�pmdKkne�l�l/i	�Kegy�lmk+�}nkneg{�k+lmf0yjñ � y	f�p�y	�*pmd(kWpme � k8vjf,ego(}!k�k!{�kno�ijo�e`�K�gkUlmkn}nkneg{�kU}ne�lm}n�Ke�p}�ijo�}ny8oKf,� � k�i	� � y8f�p#i	f � �K}+d�kno(k!lm|j��ijf#ijo�i	}!pmeg{�k�p,l/i	oKf � egp,�pmk!l���ô#o�pmd(k�y	pmd(k+l�d�i	o(��v*e�p�f,dKy8�(�`����yjl,zUijl/��h�i	}/��k!pmf#�*k!p6z.knknoi	o$��f,y	�Klm}nk#i	o(����knf�pmego�ijpmegy	o�z�e�pmd � e`oKe � i	�g��� � y	lmk#�Kkn�`in��pmd(i	oe���ij�g��oKy��Kknf�zWk!lmk.inzUi	�8k8�jcWd(egf�e � h(�gegknfOpmd(ijp�kno(y	�(|8d�oKy��Kknf � �(f�pf�p/in��inzUij��k�pmy���y	l � iw}ny8oKo(kn}+pmk�����ij}+���*y8oKk8�$µK�Kl,pmd(k+l � y	lmk8vjpmd(k��ij}+���*y	o(k���yjl � k����$�9pmd(k�inzWi	��k�o(y���knf�f,d(y	�(�`��hKlmy�{�e`�Kk�ij�*y8�Kpi	f � �(}/d�pmyjp/i	��}ni	h�ij}ne�p6��i	fUpmd(k#y	lmeg|8ego�ij�Co(k+p6zWyjlm�*v(f,ego(}!kwy	pmd(k+l,�



z�egf,k�}ny8oK|8knf�pmegy	o � i���ego(}+lmk�i	f,k8��cWd(egf � kni	o(f�pmd(ijp�h�i�pmd(fwpmd�i�p}!y8�(�`��y8h*k+l/ijpmk9z�egpmdKy8��p=ego$pmk!l,��k+lmkno(}nk�ego�pmd(k9y	lmeg|	e`o(i	�UoKk!p6z.y	lm�f,dKy8�K�°���*k9lmknhKlmk!f,kno$pmk���e`o�pmdKk��(i	}/���*y8o(k	�Eµ(y	l=k!¶Ki � hK�`k	v�µCeg|	���lmk�½�eg�g�`�Kf�p,l/ijpmknf9i�pmy8h*y	�gy8|	�¡pmd(ijp�{�egy8�`i�pmknf�pmd(egf=h�lmego(}negh(�gk8� ó|	y$y���}!y$y	l/�Kego(ijpmegy8o9pmkn}/d(o(e`~$�(kUf,dKy8�K�°�9ij�`f,y�o(yjp � ij��k � i	o$�=i	f��f,� � hKpmegy8oKf?ij�*y8�Kp�pmd(k��ge`oK�1�`i���k!l�ð f��¹ij}neg�`e�pmegknf���yjl�f,�gknknhKe`oK| � e�pf,dKy8�K�°��z.y	lm��z�e�pmd¡ijo����gego(�$���°in�$k+l�pmd(ijp�hKlmy�{�e°��knf���y	l=f,�gknknh(egoK|ijo��=h*k+lme`y���eg}�h*y	�g�`egoK|Kv�egoK}n�g���KegoK|wº8»8¼��g½8½	ð fWi8����dKy$}Uh*y�z.k!l�fmi�{�egoK|
� y���k8��µCego(i	�g���$vCh*y�zWk!l�fmi�{�e`oK|�f,d(y	�(�`��ego$pmk!l,��y8h*k!l/i�pmk�}!y	l,lmkn}!pm���z�e�pmd�z�d(ijpmkn{8k!l�lmy8�KpmegoK|�f���f�pmk � pmd(kwi	����d(y$}woKk!p6z.y	lm�9�(f,k!fn�
cWdKk¡i	�g|8yjlme�pmd � hKlmknf,k!o�pmkn��ego�pmdKe`f�h(i	h*k!l�v�q8s�t	u

�
���K�g�(�g�`f�pmdKkij�*y�{�k.lmk�~$�(e�lmk � k!o�pmfn�j¯�i	}/d=oKy��KkWego�pmd(kWoKk!p6z.y	lm��lm�Ko(o(egoK|���h�i	o� ij��knf4h*k!lmegy��Keg}8vO�`y$}ni	���Kkn}!e`f,egy	o(fwy8o�z�d(k+pmd(k!l�pmy�f,�gknknh�y	lwf�p/in�inzWi	��k�i	f�i1«m£�£	¤,§	¨�u*t	®�£	¤�ijo���h(ijl,pmeg}negh�i�pmk�ego¸pmdKk?��y	l,zWijl/��e`oK|�(i	}/���*y8o(kwpmy	h*y8�gy8|j�$�Hc�y�hKlmk!f,k!lm{�kw}�ijh�i	}!egp^�$v*i�o(y���k��Kkn}!e°��knf4pmy{8y8�g�(o$pmknk!l4pmy��*k=i�}!y$y	l/�Kego(ijpmy	l�e��0e�p��Kegf,}ny�{�k!lmf4pmd�ijp4p6z.y�yj�.e�pmfoKkneg|8d��*y	lmf�}�ijo(oKy	p�}ny ��� �(oKeg}�ijpmk�z�egpmd�k�i	}/d�yjpmd(k!l���e�lmkn}!pm����y	lpmd�lmy8�K|8d ijo k!¶�egf�pmego(|¸}!y$y	l/�Kego(ijpmy	l���c�y¸��k!knh:pmdKk�o�� � �*k!l?yj�lmkn�K�(o(�(ijo�p�}ny$yjl/�Kego�i�pmy	lmf?�gy�z i	o(�¸lmy	p/ijpmk�pmd(egf�lmy8�gk�i � y8o(|	f�pij�g�Co(y���knfnv�k�ij}+d�oKy��Kk��Kk!�°in��f4i	o(oKy8�Ko(}nego(|=egpmf�z�eg�`�gego(|	o(knf,f4z�egpmdi¡l/i	o(�Ky � �Kkn�`in�1pmd�i�p?p/i	�8knf�p6z.y³��i	}!pmyjlmf�e`o$pmyri	}n}!y8�(o$p�òUpmdKki � y8�Ko�p�yj��lmk � i	ego(ego(|U�(ijp,pmk!l,�#kno(k+lm|	�$v�ijo��#pmdKk�o�� � �*k!lHyj�Kh(i	e�lmfyj�.oKkneg|8d��*y	lmf#egp#}�i	o�}ny	o(o(k!}!p#pmy	|8k!pmdKk!l���cWd(egf�}ny � �Ke`o(ijpmegy8o�k!oK�f,��lmknfnv�z�e�pmd�dKeg|8d�hKlmy	��i	�Keg�`e�p^�$v�i�}ni	h�ij}ne�p6����hKlmknf,k+lm{�egoK|�}!y8o(oKkn}!pmk���(i	}/���*y8o(k.ijpEijo$��h*y8ego$p�ego�pme � k8v�z�dKk!lmk.oKy��KknfCpmkno(��pmy#}ny	o(f,� � kk!o(k!lm|j�9ijp.i	�*y	�Kp.pmdKk�fmi � kUl/ijpmk8����h�ijo9�Ky$knf0i	�g��pmdKe`f��(f,egoK|�y	o(����gy$}�ij��e`o���yjl � ijpmegy8o�v	}!y8o(f,kn~��Kkno$pm����f,}�ij�`egoK|4zWk!�`�$z�e�pmd�pmd(k�o�� � �*k!lyj�Uo(y���knfn��ô#�Klwf,e � �(�`ijpmegy8o�lmknf,�K�gpmfwf,dKy�z3pmd�ijp�f���f�pmk � �geg��k!pme � kz�e�pmd���h�ijo�egf � y	lmk4pmd�i	o�i���i	}!pmyjl4yj�Cp6z.y=�*k!p,pmk+lUpmd�i	o�z�e�pmd(y8��p��h�ijoOv���y	l�i�l/i	oK|8k�y	�Oo(y���k#��kno(f,e�pmegknfnv$z�e�pmd(y	�Kp � �(}/d=lmk����(}!pmegy8oego?y�{�k+l/i	�g����y	l,zWijl/�KegoK|�}ni	h�ij}ne�p6�$�

cWdKk�lmk!f�pCy	��pmd(kEh(i	h*k!lC�Kknf,}!lmeg�*knf�i	o(��k!{8ij�`�(ijpmknfC��h(i	oO����kn}!pmegy	o�¼lmk!{�egk!z�fUlmkn�`i�pmk���zWyjlm�*�*��kn}!pmegy8o����Kknf,}+lme`�*k!f#��h�ijoOð f�i	�g|8yjlme�pmd � fijo���e�pmf�ego�pmk+l/i	}!pmegy8oKf�z�e�pmd�pmdKk��ge`oK���`in�$k!l��C��k!}!pmegy8o���h�lmknf,kno$pmfy	�Kl#e � hK�gk � kno$p/ijpmegy8o�y	�W��h(i	o?y	o?pmy8h�y	�.i	o ² ¯0¯�¯¸º	»�¼��g½	½��gego(��`in�$k!l4ego�pmd(k#o(f��6¼�o(k+p6zWyjlm��f,e � �(�`ijpmyjl��H��k!}!pmegy8o���h�lmknf,kno$pmf�h*k!l,���y	l � ijo(}nk�lmknf,�K�gpmf�y	��f,kn{8k!l/i	�Wk+¶Kh*k+lme � k!o�pmfn��µCego�ij�`���$v���kn}!pmegy	o	�}!y8o(}!�`�(�Kknfn�

2. Related WorkcWdKk=lmkn}nk!o�p�
 ó µ
� ¼	º��.f,}/d(k � k�yj���#��­+®4t�����d(i	f�f,e � eg�`ijl�|	y�i	�gfpmy�pmd(y8f,k�y	����h�i	o�� ² o�
 ó µ.v.oKy��Kknf��Kf,k?|8k!y8|	l/ijh(dKe`}��gy$}�i�pme`y	oego���y	l � i�pmegy8o�pmy��Keg{�e`�Kk�pmd(k4z.y	lm�`�9e`o$pmy��(¶�k���fm~$��i�lmk#|	lme`��fn��cWdKkf,eg�nk�y	�0k�i	}/d�|	lme`��f�p/i���f4}ny8oKf�p/i	o$p�v*lmkn|�i�l/�K�gknf,fwyj�0oKy��Kk=�KknoKf,egp^�$�À4y��Kknf4z�egpmdKego�i9|	lme`��f�z�egpm}/d��*k!p6z.knkno�f,�`k!knh(ego(|�i	o(���`egf�pmknoKego(|Kvz�e�pmd�pmdKk=|	��ijl/ijo$pmknk�pmd�i�p�y8o(k=o(y��Kk=e`o�k�i	}/d�|jlme`��f�p/in��fw�(h�pmylmy	�Kpmk0h�i	}/��k!pmfn�	��h�ijo���e�ñHk!lmf���lmy � 
 ó µ�ego�p^zWy4ijlmk�ijfn�8µCe�lmf�p�vj�(o���geg��k�
 ó µ.vK��h�i	o9��y$knfWoKy	p.lmkn~��Ke�lmk�pmd(ijp.o(y��Kk!f.��o(y�z�pmdKkne�lW|	kny	�|jl/i	hKd(eg}#h*y	f,egpmegy	o(fn� ² oKf�pmk�i8�Hv���h(i	o9�(f,knf0�Klmy8i8�K}ni	f�p � knf,fmij|8knfWpmy��egf,}ny�{�k!l4i	o(��lmk�ij}!p�pmy�}+d(i	oK|8knf�ego�pmdKkwo(k!p^zWy	lm��pmy	h*y8�gy8|j�$�*��kn}!�y	o��HvK��h�ijo�ego�pmk!|	l/ijpmk!fWz�egpmd�º	»�¼��g½	½wh*y�zWk!lUfmi�{�ego(| � y��Kk�o(eg}nk!�g�HòoKy8o��^}!y$y	l/�Kego(ijpmy	l�oKy��Kknfw}�ijo�f�pmeg�g�Elmkn}nkneg{�k�h(i	}/��k!pmf#z�dKkno�y	h*k!l,�i�pmego(|�ego�h*y�zWk+l4fmi�{�ego(| � y���k8�
² o ó µ�¯0Á ó � ¼����´v�k�i	}/d9o(y���k � ije`o$p/ije`oKf.iw}ny	�(o$pWyj�Hpmd(k�o�� � �*k!lyj�Eo(y���knfUz�egpmdKego�l/i8��e`y�l/ijo(|	k8v�y	�Kp/i	egoKk����$���`egf�pmknoKego(|�pmy=p,l/ijo(f��
� egf,f,egy8oKf�y8o?pmdKk�}/d�ijo(oKkn�¹� ó o(y���k�f�z�e�pm}/d(knf#�*k!p6z.knkno�f,�gknknh(egoK|ijo����ge`f�pmk!o(ego(|�v�z�e�pmd�l/i	o(�Ky � eg�nkn��f,�gknk!h�pme � knf�h�lmy8h*yjl,pme`y	o�ij�EpmypmdKk�o�� � �*k!lEyj��o(k�i�lm���=o(y���knfn��cWd(k�oKk!p.k+ñHkn}!p0e`f�pmd�i�p0pmdKk�o�� � ��*k+l0yj�H�ge`f�pmk!o(ego(|�oKy��KknfEegfElmy8�(|	d(����}ny8oKf�p/i	o$p�v	lmk!|�ijl/���gknf,f0yj�Ho(y���k

�Kk!o(f,e�p6� � i	fWpmdKk#��kno(f,e�p^�9e`oK}!lmk�ijf,knfnv � yjlmk4k!o(k!lm|j�9}�i	o��*k#fmi�{�k��H�ó µ�¯0Á ó ð fW}!y8o(f�p/ijo$pmfUijlmk�}/d(y	f,kno9f,y�pmd(ijp.pmdKk!lmk�e`f�i�d(eg|	d�h�lmy8���i	�Keg�`e�p^�?pmd�i�p#pmd(k��gegf�pmkno(egoK|�oKy��Kknf���y	l � i�}ny8oKo(kn}!pmkn��|jl/i	hKdOv*f,ypmd�i�p�i	��d(y$}9��yjl,zUijl/��ego(|�zWyjlm��fn� ó o ó µ�¯0Á ó o(y���k��Ky$knf�o(y	p��o(y�zZz�d(k!pmdKk!l=e�p�egf�lmk�~$�Keglmkn��pmy��`egf�pmkno�ego�yjl/�Kk!l�pmy � i	ego$p/i	ego}ny	o(o(k!}!pmeg{�e�p^�$v�f,y?pmy?�*k9}ny	o(f,k!lm{	ijpmeg{�k ó µ�¯.Á ó pmkno���f�pmy � ij��ko(y���knf��gegf�pmkno³kn{�kno�z�d(k!o¡pmdKk!��}ny	�(�`���*k?ijf,�`k!knhO�.��h(i	o¡��egñHk+lmf��lmy � ó µ�¯0Á ó e`o�pmd�ijp�z�e�pmd�d(eg|8d=�`eg��k!�`egdKy$y���v���h�i	o=o(kn{�k+l0�8knknh(fi�oKy��Kk#i�zWi	��k#�(o(�gknf,fUe�pUegf�ij�(f,y8�g��pmkn����k!f,f,kno$pme°ij����y	l�}ny	o(oKkn}!pmego(|p6z.y=yj��e�pmfUo(kneg|8d��*yjlmfn��µ(��l,pmd(k!l � yjlmk8vK��h(i	o�k!¶�h(�geg}ne�pm���?i�p,pmk � hKpmfpmywhKlmk!f,k!lm{�kUpmd(kUfmi � k�y�{�k+l/i	�g�(f���f�pmk � }�ijh�i	}!egp^��ijf0pmd(kU�Ko���k!lm�����ego(|9o(k+p6zWyjlm��z�d(k+lmk�i	�g��oKy��Kknf#ijlmk�inzWi	��k8v(z�d(eg}+d�knoKf,�Klmknf�pmd�ijpo(y=e`oK}!lmk�ijf,k�ego�}ny8oK|8knf�pmegy8o�y$}!}n�Klmfn�
cWd(k�� ó ¿ ó ��h*y�zWk!l,��fmi�{�e`oK| � k��Keg� � i	}n}nk!f,f�hKlmyjpmy$}ny8����½���vO¼����pm�KlmoKfUy	ñ�i�o(y���k8ð fUl/i8�Kegy�z�dKkno�e�p�egf4y�{�k!lmdKk�ijlmegoK|�i=h�ij}+�8k!p�o(y	pi8�K��lmknf,f,kn��pmy�e�p��$cWdKe`f�ijh(hKlmy8i	}/d�egf0f,�Ke�p/i	�(�gkW��y	l�l/i8�Kegy	f0ego=z�dKe`}/dhKlmy$}!knf,f,ego(|�i�lmk!}nkneg{�k���h�ij}+�8k!p=egf�k+¶Kh*k!o(f,eg{�k9}ny � h(ijlmk���pmy��gegf��pmknoKe`oK|�pmy�i	o�e`�K�gkwl/i8��e`y � k���eg� � � ��l/i�{8k!pmf�i	o��!��lmegf,dKo�i	o"��½����hKlmk!f,kno$p�i�f���f�pmk � ego�z�dKeg}+d � y	�(eg�gk��(o(e�pmf�zUij��k��(hrh*k!lmegy��Ke��}�ij�`����i	o(��h*y	�g�Oi���ijf,k�f�p/ijpmegy8o���yjl�o(k!z�����ijl,lmeg{�kn��h(i	}/��k!pmfn� #Oeg��k��pmk ��� ijo�����ijpm�$� ¼����´v�pmd(k!��f,d(y�z�pmd�i�p�f,k!p,pmego(|�pmd(k�y8o&%jyjñ9h*k!lme��y��KfO��ijf,k��wy8o�i	hKh(�geg}�ijpmegy	o�dKe`o$pmfHlmk��K�K}nknfO�*y	pmdwh*y�zWk!lCi	o(����kn�`in�$���h(i	o�i	f,f,� � k!fWpmd(k�h�lmknf,kno(}!kwy	�Eijo?i8��d(y$}wh*y8�g�gego(| � k!}+d(i	o(egf �f,�(}/d9i	f0pmd�ijp0hKlmy�{�e`�Kk����$��º8»�¼$�g½8½8vKijo���}ny	�(�`��h*y	pmkno$pme`i	�g����zWyjlm�ego�}ny	o(}nk+l,p�z�e�pmd1ijh(hK�`eg}�i�pmegy8o¸dKe`o$pmf � f,�(}/d�dKego�pmf�z.y8�K�°��i	h(hK���y8oK����pmy�f,�gknknh(egoK|�oKy��KknfnvCo(y	p=}ny$y	l/��ego�ijpmyjlmfn�0� � e�pmdx­+®�t����'��½(���hKlmy	h*y8f,k�i	o³i8��d(y$}�o(k!p^zWyjlm��pmd�i�p�kn�gkn}+pmf�i�{�e�l,pm��ij�W��ijf,k�f�p/i��pmegy8o�pmyw�K�KñHk!l�h�ij}+�8k!pmf���y	l.�gy$}�i	��oKy��Kknfn��cWd(k!���Ky�oKy	p�v8d(y�zWkn{8k!l�vijp,pmk � hKp�pmy � ij��k?f,�Klmk?pmd(ijp�knoKy8�(|	d¸y	�wpmdKknf,k���ijf,k�f�p/ijpmegy8oKfijlmk�h�lmknf,kno$pwpmy�h�lmknf,k!lm{�k=}ny8oKo(kn}!pmeg{�e�p6��ego�i � �(��pme���d(y8h�i	��d(y$}o(k+p6zWyjlm�*�
¿ ego(e � � � ��kno(k!lm|j��lmy8��pmego(|)� ¼�����fmi�{�k!f�h*y�z.k!lE�$��}+dKy$y8f,ego(|wh(ijpmd(fpmdKlmy	�(|	d�i � �K��pmeg��dKy8h�i	�=d(y$}UoKk!p6z.y	lm��pmd�i�p � egoKe � eg�nk0pmd(kWpmy	p/ij�p,l/i	oKf � e�pCknoKk!lm|	�$�jcWdKe`fCi	h(h�lmy�ij}+d�d�ijfC�*knkno�k!¶�pmkno���k����$��Á.d�ijo(|i	o(��cCi	f,f,eg�(�`ijf'� ���$pmy � ij¶�e � e`�!k�y�{�k+l/i	�g�$o(k!p^zWyjlm���geg��k!pme � k.�$�w��egf��p,lmeg�(��pme`oK|=knoKk!lm|	��}ny	o(f,� � hKpmegy8o9�¹ijeglm���$� ² o9pmd(egf�hKlmyjpmy$}ny8�¹vKo(y��Kk!fi8�� ��Kf�p�pmdKkne�l�p,l/i	o(f � egf,f,egy8o�h*y�z.k!l=�gkn{8kn�gf�ijo���f,k!�`k!}!p�lmy	�Kpmknfwpmyy8h�pme � e`�!k�h*k!l,��yjl � i	o(}!k8�+*4i � ijo�i�pmd�i	ori	o(�,*�y8fmi	�gknf��.-#i	ego1�Kk+�f,}!lmeg�*k���egf�p,lme`�K�Kpmk���i	�g|	y	lme�pmd � f#pmd(ijp#{8i�l,�?p,l/i	oKf � e`f,f,egy	o�h*y�zWk+li	o(��ijp,pmk � hKp�pmy � ijego�p/ijego�}ny8oKo(kn}+pmk��KoKknf,f/� ¼j»��´�0*�y��Ky	h(�g��ijo��
¿ knoK|r|	e`{8k�i¡�Kegf�p,lmeg�(��pmk��xi	�g|8yjlme�pmd � pmy¡h�lmy��K�(}!k � ego(e � � � �h*y�zWk!l�lmy8��pmknf.�$��{8i�l,��e`oK|�o(y���kUp,l/i	o(f � egf,f,egy8o�h*y�z.k!l1� ¼�½2�´��±�i�p,�pmknoKd(y	��k!l�­+®�t����'� ¼����#�Kk!f,}!lmeg�*k?i�pmy8h*y8�gy	|	� � i	ego$pmkno�ijo(}nk�i	�g|8yj�lme�pmd � �Kf,ego(|�f,e � eg�`ijl��Ko��Kk+lm�g��ego(|9l/i8��egy�f,�(hKh*y	l,p�v��(��p�pmd(k!eglwi	���|8yjlme�pmd � |	��ijl/ijo$pmknknf�|8�gy	��i	��}ny	o(o(k!}!pmk��KoKknf,f��Kf,e`oK|���e�lmkn}!pmegy8o(i	�egoK��y	l � ijpmegy	oO����h�ijo�}ny	o�p,lmy	�gf�z�dKk!pmd(k!l�yjl�oKy	p9pmd(k?lmkn}!kneg{�k!l�egfh*y�zWk!lmkn��y	oOv+l/ijpmd(k+lOpmd(i	ow}ny	o�p,lmy	�g�`egoK|�pmdKkEp,l/ijo(f � e�p�h*y�zWk!l��`k!{�kn�¹�² p0ij�`f,y�h(i���fE}n�gy8f,k�i�p,pmkno$pme`y	o�pmy�y�{�k!l/ij�`�(f��Kf�pmk � }�i	h(i	}ne�p6�$v8ego�i8����Ke�pmegy8o�pmy � i	ego$p/i	ego(egoK|=}ny	o(o(k!}!pmeg{�e�p^�$�
ó o�ij��pmk!lmo�i�pme`{8k�i	hKhKlmy8i	}/d�egf���knf,}!lmeg�*k����$�!-#k!e`oK�nkn� � i	o³­+®4t����gvz�d(y	f,k3#�¯ ó Á+-�hKlmyjpmy$}ny8��f,kn�gkn}!pmfElmy	p/i�pmego(|�}n�g�Kf�pmk!l,��d(k�i	�KfCpmy#}!y8����gkn}!p��gy$}�i	�OegoK��yjl � ijpmegy8o?i	o��9p,l/i	oKf � egp�e�p�pmy�i=�(i	f,kwf�p/i�pme`y	o?ego?iz�e�lmkn�gknf,f#f,k!o(f,y	l4o(k+p6zWyjlm�4��½n»��´�5#Oeg��k�#O¯ ó Á+-�v ² o�p/ijo�ij|8y8o$z�e�zUi�p­+®=t����`ð f9�Ke�lmkn}!pmkn�¸�Ke�ñH�(f,egy	o � kn}/d�ijo(egf � ��½8½2�4p/ij��knf�i8��{8ijo�p/ij|8ky	��i	f,h*kn}!pmf�y	�Cf,kno(f,yjl4oKk!p6z.y	lm��fnvKh�ijl,pmeg}n�K�`ijlm����pmdKk�h*y8f,f,eg�Ke`�ge�p6��y	�i	|	|	lmkn|8ijpmego(|�ijo���}!y � hKlmk!f,f,e`oK|��(i�p/i�v�pmd�i�p�ijlmk�o(yjp�hKlmknf,kno$p�ego|8k!o(k!l/ij�g��hK�Klmh*y8f,kwoKk!p6z.y	lm��fn�
² o9|	kno(k!l/ij�¹v�pmdKk#�(i	f,eg}#e`�Kkni�pmd�i�pUi�h�i�pmd9z�e�pmd � i	o$��f,dKy	l,pUdKy8h(fegfWf,y � k+pme � k!f � y	lmk�kno(k+lm|	����k!��}negkno$p.pmd(i	o�y8oKk4z�e�pmd�iw��k+zx�`y	o(|
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Ê�Ë�Ì�Í�Î�ÏÔíHÑ � ß Ú(Ö Ë�Ü¸Ú ß Î�Õ�×nÕ�Ó8Õ�Ý?×�ã�Ú(×�Õ ß Ï�Î�ÚK×nÏ�Ü¸ÍCÖCØ�Ï�Î×nã�Ï�Î�Õ*Í�×nË�Ö�ÌrÝ�Ú�Þ*Ï�Î�Ú�Ö�ØxÚKÙEÕKà*Ï�×�ã�Ï�� Ò�� Ú(ÖCØ ß ã�ÞOÜ�Ë�Ó8Ú(ÝÝ°Ú�Þ*Ï�ÎjÜ8á���ã�Ï�Î�Õ*ÍO×�Ë�Ö�Ì�Ý�Ú�Þ*Ï�Î�ÍCÜnÏ�Ü#Ë�Ö�ë^Õ(Î8ê�Ú(×�Ë�Õ�Ö � ß Ú�Ö ß Î�Õ(ìàOË�Ø�Ï�Ü8äHÚ(ÖCØ � ß Ú(Ö�Ý�Ï�à*Ï�ÎjÚKÌ�Ï�Ü�Ú�ÖHÞ ß Õ�æ�Ï�Î�ÜnÚ�à�Ë�Ö�Ì?ë�Ï�ÚK×�Í�Î�Ï�ÜÕ(ë4×�ãOÏ�Í�ÖCØ�Ï�ÎjÝ�Þ�Ë�Ö�Ì�� Ò��·Ý�Ú�Þ*Ï�Î$á
dKy8hKfU}ny8�K�°���*k�ijh(h(�gegk��9pmy�i	o$��i	��d(y$}#o(k!p^zWy	lm��z�e�pmd�{	ijlme`ij�(�gk!�h*y�z.k!l�l/i8��e`y	f�i	o(����oKy�z��gk���|8k0y	��h*y	f,e�pme`y	o(fn�	cWd(egf�pmk!}+dKo(e`~$�(k0i	o����h�ijoOð fUijlmk4y	l,pmdKy8|8y	o�ij�´v�f,y�pmd(kne�lW�*k!o(k!�Kpmf.}ny	�(�`��h*yjpmkno$pme`i	�g���9�*k}!y � �Kego(k��H�

3. Span Design��h�ijo?i8�Ki	h�pme`{8kn����k!�`k!}!pmf	�6}ny$yjl/�Kego�i�pmy	lmf�
���lmy � ij�g�OoKy��Kknf�ego�pmdKkoKk!p6z.y	lm�*�#��h(i	o }!y$y	l/�Kego(ijpmy	lmf�f�p/in��inzUi	�8k�}ny8o$pmego��(y8�Kf,���:i	o��h*k+l,��y	l � � �K��pmeg��dKy8h�h(i	}/��k!p�lmy	�Kpmego(|�z�e�pmd(ego¸pmdKk�i8�¸d(y$}�oKk!p,�z.y	lm�*vHz�d(eg�gk�y	pmdKk!lwo(y���knf�lmk � ije`o�ego�h*y�z.k!l,��fmi�{�ego(| � y��Kk=i	o��h*k+lme`y���eg}�i	�g���?}/d(kn}/��e��Cpmd(k+��f,dKy8�K�°�9zUij��k��(h�i	o(���*kn}!y � kwi=}!y	�yjl/�Kego�i�pmy	l��
��h�ijo�ij}+dKegkn{�knf���y8��lW|	y�i	�gfn�KµCe�lmf�p�v�e�pWknoKf,�Klmknf�pmd�ijp0knoKy8�(|	d9}ny$y	l,���ego�ijpmyjlmfwijlmk�kn�gkn}!pmkn��f,y�pmd�i�p�kn{8k!l,�?oKy��Kk�e`f#e`o�l/i	�Kegy�l/i	o(|	k=yj�i�pU�gk�i	f�pWy8o(k�}ny$yjl/�Kego�i�pmy	l��(��kn}!y8o��Hv�e�p.lmy	p/i�pmknf.pmdKk4}ny$yjl/�Kego�i�pmy	lmfego�yjl/�Kk!l�pmy?k!o(f,�Klmk�pmd�ijp�ij�`��o(y���knf�f,d�i�lmk�pmd(k�p/i	f,��yj��hKlmy�{�e°���egoK|?|8�gy8�(i	��}ny8oKo(kn}+pme`{�e�p6��lmy	�(|8dK����kn~��(i	�g���$�OcWd(e�l/��v�e�p�ijp,pmk � h�pmfpmy � ego(e � eg�nk9pmd(k�o�� � �*k!l�y	�#o(y��Kk!f�kn�gkn}!pmk��³i	f�}!y$y	l/�Kego(ijpmy	lmfnvpmdKk!lmkn�$�9ego(}!lmkni	f,ego(|�oKk!p6z.y	lm���ge���k!pme � k8v��K�KpWz�e�pmd(y	�Kp�f,��ñHk!lmego(|�if,eg|	o(e���}�ijo$pU�gy8f,fUy	�O}�ijh�i	}!egp^�9y	l�ijo9e`oK}!lmk�ijf,k#ego��`i�pmkno(}!�$�$µ(y8��l,pmdOve�p�kn�gkn}!pmf�}ny$yjl/�Kego�i�pmy	lmf��(f,ego(|�y8oK�g���gy$}�ij�.egoK��y	l � ijpmegy	o�ego�i���k!�}!kno$p,l/i	�geg�nk�� � i	oKo(k!l�¾�k�i	}/d=oKy��Kk�y8oK���=}ny	o(f,�K�gpmf0f�p/ijpmk�f�pmy	lmkn��e`o�gy$}�ij��lmy8��pmego(|=p/ij�(�gknf��K��lme`oK|�pmdKkwkn�gkn}!pmegy8o?h�lmy$}nknf,fn�
��h�ijo�egf�h�lmy�ij}!pmeg{�k8ò*k�ij}+d�o(y���k�h*k+lme`y���eg}�i	�g�����Klmy8i8�K}ni	f�pmf
���������
� k!f,fmi	|8k!f�pmd(ijp�}ny8o$p/ije`o�pmd(kUo(y���k8ð f0f�p/i�pm�(f��¹e¹� k8�gv8z�d(k+pmd(k!l�y	l0o(yjppmdKkwo(y���kwe`f�i=}!y$y	l/�Kego(ijpmy	l��+v�egpmf�}n��l,lmkno$p�}ny$y	l/��ego�ijpmyjlmfnvHi	o(��e�pmf}!�Kl,lmkno$pWoKkneg|8d��*y	lmfn�KcWdKknf,k���������� � knf,fmij|8knfnvKijo��9}ny8oKf,k�~$�(kno$pm���pmdKkUf�p/ijpmknf � ije`o$p/ije`oKk����$�=��h(i	o�v8i�lmk�f,e � eg�`ijlEpmy#pmdKy8f,kUyj�HhKlmy�ij}!�pmeg{�k�i8�¡d(y$}�lmy8�KpmegoK|�hKlmyjpmy$}ny8�gf��¹k8� |��`v0|8k!y8|	l/ijh(dKe`}�lmy8�KpmegoK|,� º�v½ �Kv�½�¼(��y	l��w����� �g½nº����+�0¯0ij}+d¡oKy��Kk � ijego�p/ijego(f=y	o(���¡i�f � i	�g�i � y8�Ko�p4y	�0i	�(�Ke�pmegy8o(i	�Cf�p/i�pmk+¾�egpmf#}ny$y	l/��e`o(ijpmyjlmfwi	o(�?}ny$y	l/��e`o(ij�pmyjlmf�y	�*oKkneg|8d��*y	lmf6¾�ego=i	�(��egpmegy	o�pmy�i��ge`f�pEyj��oKkneg|8d��*y	lmf�oKy	l � i	�g�����y8�Ko���ego�pmdKk�lmy8��pme`oK|=p/i	�K�gk8�
ó f�f,d(y�z�o�ego�µCeg|8��lmk ��vO��h�ijo�lm�(o(f�i	�*y�{�k�pmd(k=�gego(�?i	o�� ¿ ó Á�`in�$k!lmf�i	o(��ego$pmk!l/i	}!pmf�z�e�pmd�pmd(k�lmy	�Kpmego(|�h�lmy	pmy$}ny	�´��cWd(egf�f�p,lm�K}!�pm��lmego(|�i	�g�gy�z�f9��h(i	o�pmy?p/ij��k�i8��{8ijo�p/ij|8k9y	��h*y�zWk+l,�^fmi�{�ego(|?��k�ij�pm��lmknf#yj�Epmd(k��ge`oK���`in�$k!l#hKlmy	pmy$}!y8�¹v*z�d(eg�gk�f�pmeg�g���*knego(|�ij�(�gk�pmy9i������kn}!pOpmd(kElmy8�KpmegoK|�h�lmy$}nknf,fn�jµ(yjl�k+¶(i � h(�gk8v!o(y8o���}ny$y	l/��e`o(ijpmyjl�o(y���knf}ni	o�h*k!lmegy��Keg}�ij�g�g��pm�Klmo?y	o?pmd(kne�l�l/i8��e`y	f�ijo��?�gegf�pmkno��¹k8� |K�Hº	»�¼$�`½	½h*y�z.k!l,��fmi�{�ego(| � y��Kk���½ ���0yjlWh*y	�`� �´ijf.ego # � ¿ ó Á ��½���������y	lWpmdKkne�lh(i	}/��k!pmfn�.��h(i	o¡�gkn{�k!l/ij|8knf�i���k�i�pm�Klmk?yj� � y���k!lmo¡h*y�z.k!l,��fmi�{�egoK|¿ ó Á �`in�$k!lmfnv�z�dKk!lmk�eg�#i�o(y��Kk�d�ijf��*knkno³ijf,�`k!knh³��y	l9i�z�d(eg�gk8vh(i	}/��k!pmf��Kknf�pmegoKk�����yjl�e�p�i�lmk�oKy	p��`y	f�p��K�Kp�ijlmk��(��ñHk!lmk���i�p�i	o�Kh(f�p,lmk�i � oKkneg|8d��*y	l���±1dKkno�pmd(k�o(y��Kk#inzUi	�8kno(fnv�e�pU}�ijo�lmk!p,lmegkn{8kpmdKknf,k�h(i	}/��k!pmf.�°lmy � pmdKk#�(��ñHk!lmego(|�o(y���k8v�p6��h(eg}�ij�`����i�}ny$y	l/��e`o(ij�

pmy	l�����h(i	o�ij�`f,y�lmk�~$�Keglmk!f=i � y���eg�(}�ijpmegy	o�pmy?pmd(k�lmy8��pmk9�`y$y	���(hhKlmy$}!knf,f�ijp�k�ij}+d�o(y��Kk/¾1i�p�i	o$��pme � k	vHy8o(����pmd(y	f,k�kno$p,lmegknfwego�io(y���k8ð fUlmy8�KpmegoK|�p/i	�K�gk#pmd�i�p�}ny	l,lmknf,h*y	o��9pmy=}n��l,lmkno$pm�g��ij}!pmeg{�kw}nyj�y	l/��ego�ijpmyjlmf�}�i	o��*k��(f,kn��ijfw{8ij�`e`��o(k!¶�p,��d(y	h(f!�¹�Ko(�gknf,f�pmdKk=o(k+¶�pd(y	h�egf�pmd(kw��knf�pmego�ijpmegy	o?e�pmf,kn���"�+�
ó ��h�ijo�oKy��Kk0f�z�egpm}/d(k!f�f�p/i�pmk.��lmy � pme � k0pmy�pme � k0�*k!p6z.knkno��*knego(|iw}ny$y	l/��ego�ijpmyjl�i	o(���*knego(|�iwo(y	oK��}ny$y	l/��ego�ijpmyjl�� ó o(y���k�egoK}n�g���Kk!fe�pmf=}n��l,lmkno$p�f�p/ijpmk�e`o�e�pmf#��������� � knf,fmij|8knfn�EcWdKk���y8�g�gy�z�e`oK|�f,k!}!�pmegy8oKf��Kknf,}!lmeg�*k�d(y�z i�oKy��Kk=�Kkn}ne`��knf#pmd�i�pwe�pwf,d(y	�(�`��i	o(oKy8�Ko(}nkpmd�i�p�egp�egf=i�}ny$y	l/��e`o(ijpmyjl�vEi	o(��d(y�z egp���kn}ne`�Kknf�pmd�i�p�egp�f,d(y	�(�`�z�e�pmd���l/i�zx�°lmy � �*knego(|�i�}ny$y	l/��e`o(ijpmyjl��

3.1 Coordinator Announcement�Ck!lmegy��Keg}�ij�g�g�$v(i�oKy8o��^}!y$y	l/�Kego(ijpmy	l�oKy��Kk#�Kk!pmk!l � egoKknfWe��Ce�p�f,d(y	�(�`��*kn}ny � k.iU}ny$yjl/�Kego�i�pmy	l�yjlCoKy	p��jcWd(kE��y	�g�`y�z�ego(|=«m£�£	¤,§	¨�u*t	®�£	¤4­ � ¨g©	¨¹¥ª!¨ � ¨�®%$w¤"& �`­�ego9��h�ijo�kno(f,��lmknf�pmd�i�p�pmdKkUkno$pme�lmkUo(k!p^zWy	lm��egf0}!yj{8k!lmk��z�e�pmd?knoKy8�(|	d?}ny$yjl/�Kego�i�pmy	lmfnò
��ÕHÕ�ÎjØCË�ÖOÚ(×nÕ�Î�ÏKÝ�Ë�Ì*Ë�Ù�Ë�Ý�Ë�×/Þ3Î	Í�Ý�Ï*Ñ eg�.p6zWy�o(kneg|8d��*yjlmf�yj��i�oKy8o��}ny$yjl/�Kego�i�pmy	l4o(y��Kkw}ni	o(oKy	p�lmk�ij}+d?kni	}/d?y	pmdKk!l�kne�pmd(k!l���eglmk!}!pm����yjl{�e`i9y	o(k�y	l#p^zWy�}ny$y	l/��ego�ijpmyjlmfnvHpmd(k�o(y���k�f,dKy8�(�`���*kn}ny � k=i9}nyj�y	l/��ego�ijpmyjl��
±1dKe`�gk�pmdKe`f�kn�gkn}+pme`y	o¡i	�g|8yjlme�pmd � �Ky$knf�o(yjpw��e`k!�°��pmd(k � ego(e � � �o�� � �*k!l9y	��}ny$yjl/�Kego�i�pmy	lmf�lmk�~$�(e�lmk��rpmy � k+lmkn��� � ije`o$p/ije`o�}ny8o��o(k!}!pmk��KoKknf,fnv�e�p���yjl � f.i�oKk!p6z.y	lm��pmd(ijp�lmy8�K|8d(����}ny8o$p/ije`oKfWi�}ny$yjl,��Kego(ijpmy	l0ego�kn{�k+l,��h*y	h(�K�°i�pmk���l/i	�Kegywl/i	o(|	kUego�pmd(kWkno$pme�lmk�o(k!p^zWyjlm�pmy8h*y	�gy8|	�$�$��ego(}!kUh�i	}/��k!pmf�z�eg�g���*kWlmy8��pmk���pmd�lmy8�(|	d�}ny$yjl/�Kego�i�pmy	lmfnvpmd(egfUpmy8h*y	�gy8|	��y8�K|8d$pUpmy=��egkn�`��|8y$y��?}ni	h�ij}ne�p6�$�
ó oKo(y	�(o(}!k � kno$p.}!y8o$pmkno$pmegy8o�y$}n}n�KlmfWz�dKk!lmk � �(��pmegh(�gk4oKy��Kknf���egf��}ny�{�k!l0pmd(k��`i	}/��y	�Oi�}ny$y	l/��e`o(ijpmyjl�ijp0pmd(k�fmi � k�pme � k8v�i	o(��i	�g�H�Kk+�}ne`�Kk�pmy=�*kn}ny � k�i=}ny$y	l/��ego�ijpmyjl��(±�k#lmknf,y8�g{�kw}!y8o$pmkno$pmegy8o?�$���Kk+��`in�KegoK|�}!y$y	l/�Kego(ijpmy	lUi	o(oKy8�Ko(}nk � k!o�pmf�z�e�pmd�i�l/i	o���y � eg�nk����(i	}/�$�y	ñr��kn�`i��$�O¯�i	}/d�oKy��Kk�}/d(y$y8f,k!f�i��Kkn�`in��{8ij�`�Kk8vOi	o(���Kk!�°in��fwpmd(k��������� � knf,fmi	|	k�pmd�ijp�ijo(oKy8�(oK}nknfWpmdKk�o(y���k8ð f�{8y8�g�(o$pmknk!lmegoK|�i	f�i}ny$yjl/�Kego�i�pmy	l���yjl�pmd�i�p9i � y	�(o$p�yj�4pme � k8� ² ��i�p�pmd(k�kno���y	�4pmd(k�Kk!�°in�$vHpmd(k=o(y��Kk�d(i	fwoKy	p�lmkn}nkneg{�kn��i	o$�'��������� � knf,fmi	|	knf���lmy �y	pmdKk!l�h*y	pmkno$pme`i	�4}ny$y	l/��e`o(ijpmyjlmfnv�egp�f,kno(�Kf9pmd(k(��������� � knf,fmi	|	k8�ô4pmd(k+l,z�e`f,k	vOe�pwlmknk!{8ij�`�(ijpmknfwe�pmfwkn�geg|8eg�Ke`�ge�p6����ijf,k���y8o�ijo$�(�������)�
� knf,fmij|8knfUlmkn}nk!e`{8k���v�ijo�� � ij��knf0egpmf�ijo(oKy8�(oK}nk � kno$p.eg�Ci	o(��y8oK���e��Cpmd(kwk!�`eg|	e`�Keg�`e�p^��lm�(�gkwf�pmeg�g�OdKy8�`�Kfn�
±�k�}ny	o(f,e`�Kk!l�i�{	ijlmegk!p^��y	���¹ij}!pmy	lmf�ego�y8��l��Kk+lme`{	ijpmegy	o�yj�KpmdKk0�(i	}/�$�y	ñ���kn�`in�$�	Á.y8o(f,e`��k!lE�(lmf�pCpmdKkW}�i	f,k0z�d(kno=i	�g�KoKy��Kknf�d(i�{�k0lmy	�(|8dK���k�~$��ij�CknoKk!lm|	�$vKz�d(eg}+d�e � hK�`egknf�pmd�i�p#y	o(����pmy	h*y8�gy8|j��f,d(y	�(�`��h(�`in�i�lmy	�gk�ego���kn}ne`�Kego(|�z�d(eg}/d�oKy��KknfU�*k!}ny � k4}ny$y	l/��e`o(ijpmyjlmfn�&#�k!p�*,+�*k�pmdKk�o�� � �*k!l�yj��o(k!e`|	d��*y	lmf���yjl9o(y��Kk.-�ijo��¡�gk!p0/1+w�*k�pmd(ko�� � �*k!l�y	��i	�(�Ke�pmegy8o(i	�Oh�i	e�lmf�y	��o(y���knf�i � y	o(|=pmdKknf,k�o(kneg|8d��*yjlmfpmd�i�p4z.y8�K�°���*k�}ny8oKo(kn}+pmk��?e��2-.z.k!lmk�pmy��*k!}ny � k�i�}ny$y	l/��ego�ijpmyjli	o(����y	l,zWijl/��h(i	}/��k!pmfn�OÁ.�gk�i�lm�g�$v�».34/ + 36587:9;=< �*±�k=}ni	�g�?>@9�BA 9C �pmd(k�&�®¹¨ � ¨�®%$�y	�.o(y��KkD-,� ² �WoKy��Kknf#z�e�pmd�d(eg|8d�/ + �*kn}ny � k=}ny$yjl/�Ke��o�i�pmy	lmfnvH��k+zWk!l�}ny$yjl/�Kego�i�pmy	lmfwego�pmy	p/i	� � in���*k�o(k!k��Kk���ego�y	l/�Kk+lpmy � ij��k=f,��lmk�kn{�k!l,��oKy��Kk�}�ijo�p/i	�g��pmy�i�}ny$y	l/��e`o(ijpmyjl � pmd��(fwio(y���kUz�egpmd9i�dKeg|8d�/1+Hf,d(y8�K�`��{�y8�g�(o$pmknk+l � yjlmk�~��Keg}+������pmd�i	o=y8o(kz�e�pmd?f � i	�g�gk!lE/1+��
À#y�zwvKe���pmd(k+lmkwijlmk � �(��pmegh(�gk#oKy��KknfUz�e�pmd(ego�l/i8�Kegy�l/i	o(|	k�pmd�i�p�i	�g�d�i�{�kEpmd(k�fmi � k��Kpmeg�ge�p6�$vnz.k0oKknk���pmy�kno(f,��lmk�pmd(ijpCoKy	pOpmy$y � ijo��#y	�pmd(k � i	�g�C�*kn}ny � kw}ny$y	l/��ego�ijpmyjlmfn��cWd(egf�e`f4�*kn}�ij�(f,k�f,�(}/d?}ny$yjl/�Ke��o�i�pmy	lmfEi�lmk.lmk��K�Ko��Ki	o$p�¾�pmdKk!�#�Ky#oKy	p�egoK}!lmk�i	f,k.f��Kf�pmk � }�ijh�i	}!egp^�$v



�K�Kp�f,e � h(������l/i	ego�h*y�zWk+l�� ² ��pmdKkwh*y	pmkno$pme`i	�O}ny$y	l/��e`o(ijpmyjlmf � i	��kpmdKkne�l��Kkn}!e`f,egy	o(f9f,e � �(��p/ijo(kny	�(f,���$v�pmd(k!� � in�³ij�`�4�Kk!}ne`�Kk�pmy��*k!�}!y � k�}ny$y	l/��ego�ijpmyjlmfn� ² �^v$y8o�pmdKk�yjpmd(k!l0d�ijo��Hv8pmd(k+����kn}ne`�Kk�y8oKk#i�pi�pme � k	v�y8o(���9pmd(k4�(lmf�pU��k+z:z�eg�g���*k!}ny � k4}ny$y	l/��e`o(ijpmyjlmfnv*i	o(��pmdKklmk!f�pwz�e`�g�Eo(yjpmeg}nk=pmd�i�p�pmd(k+lmk�ijlmk=i	��lmk�i	����kno(y	�(|	d�}ny$yjl/�Kego�i�pmy	lmfijo���|8y���ij}+��pmy�f,�gknk!hO�Oc�y9d�ijo��K�gk�pmd(egfnv*zWk��(f,k�i�l/i	o���y � eg�nk���^f,�gy	p,pmego(|j�6ijo����6�Ki � hKe`oK|�
 � k!pmdKy���lmk � ego(egf,}nkno$p0y	��{	ijlmegy8�Kf � �(���pmeg}�ijf�p�hKlmy	pmy$}!y8�gfnv(egoK}n�g���KegoK| �#c'� � ���´v ² 
 ¿ � � ���Oi	o(�?� * ¿ � ����ò}/d(y$y	f,k�pmd(k��Kkn�`in����y	l9k�ij}+d³o(y���k�l/i	o(�Ky � �g��y�{�k!l9ijorego$pmk!lm{	i	�h�lmy8h*yjl,pme`y	o�ij�Opmy�*,+ ��� v�z�d(k!lmk � egfWpmd(k4lmy8�(o(���´p,lmegh?��kn�`i��9��y	li�f � i	�g�Oh(i	}/��k!p�y�{�k!l�pmdKk#z�e�lmkn�gknf,f#�gego(�*�
cWd��Kfnv(z�d(k!o�i	�g�Co(y���knf�d�i�{�kwlmy8�K|8dK�g��k�~$��ij��knoKk!lm|	�$vKpmd(k�ij�*yj{8k��egf,}n�(f,f,egy8o�f,�K|8|	knf�pmf#i���i	}/��yjñ��Kkn�`in��yj�Cpmd(k4��y	l � ò�����	��
�� 
�
 ½�� / +
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cWdKk�l/i	o(�Ky � e`�nijpmegy8o³egf�i	}/d(egkn{�kn�³�$��hKe`}/��ego(| � �Ko(e���yjl � �g�³i�pl/ijo���y � ��lmy � pmd(k�ego$pmk!lm{	i	� � »���½ �´�
À4y�zr}!y8o(f,e`��k!l0pmdKkW}�ijf,k�z�dKkno=oKy��Kknf � in��d�i�{�kW�Ko(k�~$�(i	��kno(k+lm|	��gk!�°p�egowpmd(kne�lC�(ijp,pmk!lmegknfn��±�kEy8�(f,k+lm{�k�pmd(ijpOz�d�ijp � ijp,pmk!lmf�ego�i�dKk!p,�k+lmy8|8k!o(kny	�(f�o(k!p^zWyjlm��e`fwoKy	pwoKkn}nknf,fmi�lmeg�g��pmdKk�i	�Kf,y8�g�Kpmk�i � y8�Ko$pyj��kno(k+lm|	��i�{8ije`�`ij�(�gk�ijp�pmd(k�oKy��Kk8vO�(��p�pmd(k9i � y8�(o$pwyj��kno(k+lm|	�f,}ni	�gk���pmy�pmdKk � ij¶�e � � � i � y8�Ko$p.yj�Ok!o(k!lm|j��pmd�i�p0pmdKk�oKy��Kk�}�i	od(i�{�k8� #Ok+p������Kk!o(y	pmk�pmd(k�i � y	�(o$p�yj�.knoKk!lm|	���¹ego��8y8�K�gknf"�#ijpwioKy��Kk�pmd(ijp�f�pmeg�g�0lmk � ije`oKfnvOi	o����� Z�*k�pmd(k � i�¶Ke � � � i � y8�Ko$pyj�CknoKk!lm|	��i�{	i	eg�`i	�K�gk�ijp.pmd(k�fmi � k�o(y��Kk	� ó lmkni	f,y8o(i	�K�`k!�¹�(�Kp0o(yjppmdKkUy8oK�g�@��oKy	pmegy8o�yj���¹ije�lmo(knf,f�}�i	o=�*kUi	}/d(egkn{�kn�=�$��kno(f,��lme`oK|#pmd�i�pi�o(y���k�z�e�pmd�i9�`ijlm|	k!l�{8ij�`�Kk�yj��� �"! �  egf � yjlmk=�geg��kn����pmy�{�y8����Ko$pmknk!lWpmy��*kn}ny � k#i�}ny$y	l/��ego�ijpmyjl � y	lmk4~��Keg}+������pmd�ijo9y8o(k4z�egpmdi�f � i	�g�gk!l�l/ijpmegyK�(cWd��(fnv�zWk�oKknk���pmy�i8�(��i=��kn}!lmk�ijf,e`oK|����Ko(}!pmegy8oyj���#� ! �# pmd�i�p�lmk%$�k!}!pmf�pmd(egfnv�pmy�¯�~��(ijpmegy8o:½8�.cWd(k!lmk?ijlmk�i	oego���o(e�pmk�o�� � �*k!lwyj�Uf,�(}/d����(oK}!pmegy8o(fnv���lmy � z�d(eg}+d�zWk�}/d(y$y	f,k9if,e � hK�`k��gego(knijl�y8oKk8ò4½&�'�#� ! �# �� ² o�i8�K�Ke�pmegy8o�pmy�e�pmf9f,e � h(�geg}!�e�p^�$v�pmdKegfU}+dKy8eg}nkwegf�ijp,p,l/i	}+pme`{8k��*kn}�ij�(f,kwe�p�kno(f,��lmknfUpmd�i�pUpmd(k4l/i�pmkz�e�pmd?z�dKe`}/d�i=oKy��Kkwlmk��K�K}nknf�e�pmf4h�lmy8h*knoKf,e�p6��pmy9i8�K{8k!l,pmegf,k��´ijf�i���(oK}!pmegy8o³y	��pmd(k�i � y8�Ko$p=yj�#knoKk!lm|	�¡e�p=d�i	f=�`k+��p��+vEegf�}ny	o(f�p/i	o$p����±�k�k!¶�h*k!lme � kno$pmk���z�e�pmd�i=��k+z y	pmdKk!l����(oK}!pmegy8oKfnv*ego(}n�g����ego(|9i	ok+¶Kh*y	o(kno$pme`i	�g�����Kkn}�in��ego(|����(oK}!pmegy8o?yj�(�#� ! �# i	o(��ijo�ego�{�k!lmf,kn�����kn}�in��ego(|����(oK}!pmegy8o�yj�)� �"! �  � pmd(k�f,e � hK�gk��ge`oKk�ijl�y	o(k=z.y	lm��k���*k!f�p�� �
Á.y � �Ke`oKego(|9pmd(egf#z�e�pmd�¯�~$��ijpmegy	o³½��Kegkn�`��f#pmd(k���y8�g�gy�z�ego(|?k�~$�(ij�pmegy	o���yjl4pmdKk���ij}+��yjñ��Kkn�`in��e`o?��h(i	oOò
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ô#�Kf,k!lm{�k�pmd�i�pWpmd(k��(lmf�p0pmk!l � ��y$knfWo(yjpWd(i�{8k#iwl/i	o(�Ky � }ny � h*yj�oKkno$p � pmd��(f.e��Ci�oKy��Kk#egf.lm�Ko(oKe`oK|��`y�zxy	o�knoKk!lm|	�$v�e�pmfWh�lmy8h*knoKf,e�p6�pmy��*k!}ny � k�i={8y8�g�(o$pmknk!l�egf�|8��i�l/i	o$pmknk���pmy��Ke � ego(egf,d�lmkn�`i�pme`{8k�pmyyjpmd(k!l�oKy��Kknf�ego�pmd(k#o(kneg|8d��*yjlmd(y$y���z�e�pmd?f,e � eg�`ijl�o(kneg|	d��*yjlmfn�
² o�i�o(k+p6zWyjlm��z�e�pmd��(oKe���y	l � ��kno(f,e�p6��i	o(�?kno(k+lm|	�$vKy8�Kl4kn�gkn}!pmegy	oij�g|8y	lme�pmd � lmy	p/i�pmknf�}ny$yjl/�Kego�i�pmy	lmf�i � y	o(|�i	�g�Eo(y���knf#yj�.pmdKk�oKk!p,�z.y	lm�*� ² p�ij}+dKe`k!{�knf��¹ije�lmo(knf,f��*kn}�ij�(f,k=pmdKk=�geg��kn�gegd(y$y���yj�U�*kn}ny � �egoK|�i�}ny$yjl/�Kego�i�pmy	l4�¹i	�g�gfwijf�i�}ny$y	l/��ego�ijpmyjl��Kf,knf#�Kh�egpmf���i�p,pmk!l,�$�
² o¡hKl/i	}+pme`}!k8v�d(y�zWkn{8k!l�v�i8�¡d(y$}�o(k!p^zWy	lm��f�i�lmk�l/i�lmkn���¡�(o(e���y	l � �ô#��lwijo(o(y	�(oK}nk � kno$p�lm�(�gk�i8�(ijhKpmf�pmy�oKy8o��^�Ko(e���yjl � pmy	h*y8�gy8|j�Hò�ioKy��Kk�pmd�i�p�}ny	o(o(k!}!pmf�o(k+p6zWyjlm�?h�i�l,pme�pme`y	o(f#pmy	|8k!pmdKk!l#z�eg�g��i	��zUin��f�*k�k!�`k!}!pmk���i�}ny$yjl/�Kego�i�pmy	l��EcWdKegf�h�lmy8h*k!l,p^��h�lmknf,k!lm{�k!f�}�ijh�ij}ne�p6�y�{�k+l�pmdKkU�geg��k!pme � kUy	�*pmdKkUo(k!p^zWy	lm�*�10.kn}�ij�(f,k�y	�O��h�ijoOð fEk � h(d(i	f,egf
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y8o�}ni	h�ij}ne�p6����hKlmknf,k+lm{8i�pme`y	o�pmy?pmd(k�k!¶�pmkno$p�h*y8f,f,eg�K�`k	v�f,�(}/d�}!lme�pme��}�ij�(o(y���knf�z�eg�`�K�(o(i�{8y8e`�(ij�(�����KegkU�*k!��yjlmk�y	pmd(k+l0�gknf,f���}!lme�pmeg}�ij��y8oKknfn�
-#y�z.kn{�k!l�vHego�i � y	�(eg�gk���h(i	o�o(k+p6zWyjlm�*v�i9|8eg{�k!o�oKy��Kk=egf#l/i�lmkn���f�pm�(}/��ego�f,�(}/d�i�h*y8f,e�pmegy8o�v(ijo���pmd(egfWe � h�lmyj{8knf0��i	e�lmo(knf,f���l/i � ijp,�eg}�i	�g���$�

3.2 Coordinator Withdrawal¯�i	}/d�}ny$y	l/��ego�ijpmyjl�h*k!lmegy��Keg}�i	�g����}/d(k!}+��fwe��We�p�f,d(y	�(�`��z�e�pmd���l/inzi	f0i#}ny$yjl/�Kego�i�pmy	l�� ó o(y���kUf,d(y8�K�`��z�e�pmd���l/inzre��Hkn{�k!l,��h�ije�l0yj�He�pmfo(k!e`|	d��*y	lmf�}�i	o�lmk�i	}/d�k�ij}+d�yjpmd(k!l�k!egpmdKk!l��Ke�lmkn}!pm����y	l�{�e`i�f,y � ky	pmdKk!l�}ny$yjl/�Kego�i�pmy	lmfn��-#y�zWk!{�k!l�vjego�yjl/�Kk!lCpmy4i	�gf,y�k!o(f,�Klmk��¹ijeglmoKknf,fnvij�°pmk!lUi�oKy��Kk�d�ijf.�*knk!o�iw}ny$y	l/��e`o(ijpmyjl.��yjlWf,y � k�h*k+lme`y���yj�Hpme � k	ve�p�z�egpmd(��l/inz�f�eg�Ek!{�k!l,��h�i	e�l�y	�EoKkneg|8d��*y	l�oKy��Kknf�}�i	o�lmk�i	}/d?k�ij}+dy	pmdKk!l4{�e`i�f,y � kwy	pmd(k+l#oKkneg|8d��*y	lmfnv*k!{�kno?e��Epmd(y	f,k�oKkneg|8d��*y	lmf4ijlmko(yjpw}n��l,lmkno$pm�g��}!y$y	l/�Kego(ijpmy	lmfn��cWd(egf�lm�K�`k�|8eg{�knfwyjpmd(k!l�o(kneg|8d��*yjlmfi=}/d�ijo(}nk�pmy��*k!}ny � k�}!y$y	l/�Kego(ijpmy	lmfn�
c�ywh�lmkn{�kno$pEpmk � h*y	l/i�l,�=�gy	f,f.y	�H}!y8o(oKkn}!pmeg{�e�p6���*k!p6z.knkno9i�}ny$yjl/�Ke��o�i�pmy	l�ð fwz�e�pmd���l/inzWi	� � k!f,fmi	|8k9ijo���pmd(k�ijo(o(y	�(oK}nk � kno$p#�°lmy � io(k+z1}ny$y	l/��ego�ijpmyjl�v�i�o(y���k4}!y8o$pmego��Kknf.pmy�f,k!lm{�k#i	fUi�}ny$y	l/��ego�ijpmyjl��yjl�i�f,d(yjl,p=h*k+lme`y���yj��pme � k9kn{8kno�ij�°pmk!l�ijo(oKy8�(oK}nego(|�e�pmf�z�e�pmd����l/inzWi	�¹�CcWdKegf �^|	l/ij}nk�h*k!lmegy�� 
�i	�g�gy�z�f�pmd(k�lmy8��pme`oK|�h�lmy	pmy$}ny	��pmy}ny	o�pmego��(k4pmy=�(f,k�pmdKk�y8�`��}ny$y	l/��e`o(ijpmyjl#�Ko�pmeg��i=oKk!zx}ny$y	l/��ego�ijpmyjlegf�kn�gkn}!pmk��H�
µCeg|8��lmk1�wf,d(y�z�f.pmdKk�lmk!f,�(��pWyj��y	�KlWk!�`k!}!pmegy8o�i	�g|8yjlme�pmd � i�pUi�l/i	o���Ky � h*y8ego$p�ego�pme � k�y	o?i�oKk!p6z.y	lm�9y	�.½�»8»�o(y��Kk!f�ego�i�½�»	»8» � k!�pmk!l � ½�»	»8» � k!pmk+l�ijlmkni�vEz�d(k!lmk�k�i	}/d¡l/i8�Kegy�d�ijf�i	o³egf,y	p,lmy8hKeg}}ne�lm}n�K�°i�l4l/ijo(|	k�z�egpmd?i�¼��j» � k!pmk!lUl/i8��eg�(fn�

4. Simulator ImplementationcWd(egf�f,kn}!pmegy8oZ��knf,}!lmeg�*knf�y8�Kl�e � h(�gk � k!o�p/i�pmegy8o yj����h�ijoOv4|8knyj�|	l/ijh(dKe`}W��y	l,zWijl/�KegoK|Kv�pmdKkUº8»8¼��g½8½�h*y�zWk!l0fmi�{�e`oK| � y��KkE��z�egpmd=y8�Kly�z�o�e � hKlmy�{�k � k!o�pmf"�+v�ijo���pmd(k�knoKk!lm|	� � y��Kk!�Ez.k��(f,k���e`o�y8�Klf,e � �K�°i�pmegy8o(fn�O±�k=l/ijo�y8��l=��h�ijo�e � h(�gk � kno$p/i�pme`y	o�ego�pmdKk<;>=1?A@o(k+p6zWyjlm��f,e � �(�`ijpmyjl�kno�{�e�lmy	o � kno$p��

4.1 Span and Geographic Forwarding



ô#��l9e � h(�gk � kno$p/ijpmegy	o��(f,k!f9pmdKk?|8k!y8|	l/ijh(dKe`}���y	l,zUi�l/�Kego(|³ij�`|	y	�lme�pmd � ��±�k�}/d(y	f,k�pmy�e � hK�`k � kno$p�|8k!y8|	l/ijh(dKe`}?��y	l,zWijl/�KegoK|�hKlme��� i�lmeg�g���*k!}�i	�Kf,kWy	�*e�pmf�f,e � h(�geg}ne�p6� � ��h�i	o�}�ijo��*kW�Kf,k��wz�egpmd�y	pmdKk!llmy	�Kpmego(|=hKlmy	pmy$}!y8�gf�ijf�z.kn�g�¹�
��h�ijoOð f0k!�`k!}!pmegy8o�i	�g|8yjlme�pmd � lmk�~$�(e�lmknf�k�i	}/d�o(y���k�pmy�i	�K{�k+l,pme`f,k�e�pmf}!y$y	l/�Kego(ijpmy	lmfnvWegpmf9oKkneg|8d��*y	lmfnv.i	o(�³z�d(k+pmd(k!l�e�p9egf�i�}ny$y	l/��e`o(ij�pmyjlUy	l.o(yjp���c�ywlmk��K�K}nk�hKlmy	pmy$}!y8�*y�{�k!lmdKk�i8�Hv�zWk4h(eg|8|j�K�(i	}/����h�i	o���������9e`o���yjl � ijpmegy8o��¹f,knk=��k!}!pmegy8o����g½ ��y8o$pmy�pmdKk���lmy�i	�K}�ijf�p��(h���KijpmknfUlmk�~$�Keglmkn���$��|8kny	|	l/i	hKd(eg}w��yjl,zUijl/��ego(|K�

#k!y8|	l/ijh(dKe`}U��y	l,zUi�l/�Kego(|wegf�|jlmknk����$�	cWdKkWf,y8��lm}nkUo(y���kUi	oKo(y	p/i�pmknfkni	}/d�h�i	}/��k!pUz�e�pmd�pmdKkw|8kny	|	l/ijh(d(eg}��gy$}�ijpmegy8o�yj�Cpmd(k���knf�pmego�ijpmegy	ooKy��Kk8� � h*y	o=lmkn}nkneg{�ego(|�i�h(i	}/��k!pE��yjlWi�oKy��Kk�o(yjp0ego�l/i	�Kegy�l/i	oK|8k8vi9}ny$yjl/�Kego�i�pmy	lw��yjl,zUi�l/�Kf�pmd(k�h�ij}+�8k!p#pmy�i9o(kneg|8d��*yjlme`oK|�}!y$y	l/�Ke��o(ijpmyjl=pmd�i�p=egf�}n�gy8f,knf�p�pmy�pmdKk��Kknf�pmego�i�pmegy8oO� ² ��o(y�f,�K}+d�}!y$y	l/�Ke��o(ijpmyjl�k!¶�egf�pmfnv�pmdKk�h(i	}/��k!p�egf���y	l,zUi�l/�Kk���pmy�i?o(y	oK��}ny$yjl/�Kego�i�pmy	lpmd(ijp�egf�}!�`y	f,k!l=pmy�pmd(k9�Kk!f�pme`o(ijpmegy8o���ô4pmd(k+l,z�e`f,k	v�zWk9��o(y�z pmd�i�pi�h(i	}/��k!p�d�ijf4knoK}ny8�Ko$pmk!lmk��?i�{�y	e`��v*ijo��?f,y�e�p4e`f#��lmy	h(h*k��H� ��±�k��e`�9oKy	p0e � h(�gk � kno$p+
1�.� * ��½�¼��´v$z�dKe`}/d�i � kn�gegy	l/i�pmknf.pmdKk�k+ñHkn}!pmfyj�E{�y8e`��fn� �
ô#��lUf,e � �K�°i�pmegy8o(fW�Ky=oKy	pU�Kf,k�i��gy$}�ijpmegy8o�f,k!lm{�e`}!k8� ² o(f�pmkni8��v�k�ij}+df,k!o��Kk+lC�(f,k!f�pmd(k�� ��� � y��K�K�`k�y	��;>=.pmy4y	�Kp/ije`owpmdKk0|	kny8|jl/i	h(dKeg}W�gy	�}nijpmegy8o�yj��pmd(kU��knf�pmego�i�pme`y	o�o(y���k8��-#knoK}nk8v	y8�Kl�f,e � �K�`ijpmegy8o�lmknf,�(��pmf� in���*k��*k!p,pmk!l�pmd(i	o�y	o(k � eg|8d$p�k!¶�h*kn}!p�z�e�pmd¡i�lmk�ij�.�gy$}�i�pme`y	of,k+lm{�eg}nk	v�f,�(}/d?ijf$
1#C�4��½����´�
ô#��l |8kny	|	l/i	hKd(eg} ��y	l,zWijl/��e`oK| ij�g|8y	lme�pmd � ij�`f,y e � h(�gk � k!o�pmf¿ ó Á0���`in�$k!l��¹i	eg�g�Klmk���k!k��K�(i	}/��i	o(��ego�pmk+l,�¹i	}!k4~$�Kkn�(kWp,l/i�{�k!lmfmij�0� ¼�v½�¼��´�KcWd(knf,k � kn}/d�i	oKegf � f0ij�g�`y�z1pmdKk�lmy	�Kpmego(|��`in�$k!l.pmy�lmk�i	�Keg����lmk!�� y�{�k��KoKlmknf,h*y	o(f,eg{�k�o(y��Kk!f4��lmy � e�pmf4lmy	�Kpmego(|�p/ij�(�gk�ijo���lmknf,}n�Kkh(i	}/��k!pmf��(f,egoK|=pmd(knf,k#o(y��Kk!f4ijf�pmdKk�o(k+¶�p�dKy8h��

4.2 Coordinator Electionó f,e`�Kk=�°lmy � pmdKk=}ny$yjl/�Kego�i�pmy	l�kn�gkn}!pmegy	o�i	�g|8yjlme�pmd � ��e`f,}!�(f,f,k���e`o��kn}!pmegy8o���v$z.k�e � h(�gk � kno$pmk��=p^zWy�f,h*kn}ne`i	��}�i	f,k!fW��y	l�k!�`k!}!pmego(|=}!y	�yjl/�Kego�i�pmy	lmfn�

� 0.kn}ni	�(f,k4pmd(k#f,y	�Klm}nk�i	o��9��knf�pmego�ijpmegy	o�o(y���knfWyj�Ck�ij}+d�$�y�zo(k!k���pmy?}!y8o(f�p/ijo$pm�g��f,kno(��ijo���lmk!}nkneg{�k�h�ij}+�8k!pmfnvHpmd(k!���Kyo(yjp=y	h*k!l/ijpmk�ego¡h*y�z.k!l�fmi�{�ego(| � y���k8��cWd��(fnvOpmd(k!��i	��pmy	�� ijpmeg}�ij�g�g���*kn}ny � k�}ny$yjl/�Kego�i�pmy	lmfn�

� cWd(k�|8kny	|	l/ijh(d(eg}�lmy8�KpmegoK|�ij�`|	y	lme�pmd � }�i	o�lmk�i	�Keg���³�Kk!pmk!}!ppmd�i�p�i�}ny$yjl/�Kego�i�pmy	l�d(i	f=�gk!�°p�pmd(k�lmkn|	egy8o¡pmdKlmy8�K|8d ¿ ó Á�`in�$k!lw�¹ijeg�`��lmk=��k!k��K�(i	}/�H� -4y�z.kn{�k!l�vHpmdKk���h(i	o�kn�gkn}!pmegy	o�i	���|8yjlme�pmd � � in�woKy	p�lmk�ij}!p��¹ijf�pEkno(y	�(|8d�pmy4k!�`k!}!pEo(k!z¡}!y$y	l/�Ke��o�i�pmy	lmfn� ² owpmd(k0zWy	lmf�pE}ni	f,k8v	o(y���knf � �Kf�p�zUije�pE�(o$pmeg��pmd(k.y	�`�}ny$yjl/�Kego�i�pmy	lEegoK��y	l � ijpmegy	o�d(i	f�k+¶KhKe�lmk��w�*k!��yjlmkWi�o(k!z�}ny$y	l,��Kego(ijpmy	l0}�ijo��*k�k!�`k!}!pmk���� 0.kn}�ij�(f,k�|8kny	|	l/i	hKd(eg}���y	l,zWijl/��e`oK|�¹ij�g�`f���ij}+��pmy?�(f,egoK|�o(y8o���}ny$y	l/��e`o(ijpmyjlmf�pmy?lmy	�Kpmk�h�ij}+�8k!pmfe���}ny$yjl/�Kego�i�pmy	lmf��Ky�o(yjp�k!¶�egf�p�v.i�o(y	oK��}ny$y	l/��ego�ijpmyjl9o(y���ki	oKo(y	�(o(}!knf�e�pmf,kn���#i	f=i�}!y$y	l/�Kego(ijpmy	l�eg��e�p�d�i	f�lmkn}nkneg{�kn��i�`ijlm|	k?o�� � �*k+l=yj�#h(i	}/��k!pmf�pmy�lmy8��pmk�ego¡pmd(k9lmkn}nkno$p�h(i	f�p��² ��pmdKegf4}ny$yjl/�Kego�i�pmy	l4pm�Klmo(f�y	�Kp�pmy��*k�lmkn�K�(o(�(ijo�p�v�pmdKk�}!y	�y	l/��ego�ijpmyjl�z�e�pmd���l/inz i	�g|	y	lme�pmd � z�eg�g����y	lm}!k?pmd(k�oKy��Kk�pmyz�e�pmd���l/i�z:e�pmf,kn���0i	f�i=}ny$yjl/�Kego�i�pmy	l4f,y$y8o�i���pmk!l��

4.3 802.11 Ad Hoc Power-saving Mode��h(i	o��Kk!pmk!l � egoKknfUz�d(kno�pmy=pm�Klmo�i�o(y��Kk	ð fUl/i	�Kegy�y8o?yjl�y	ñ�vK�(�Kp�Kk!h*kno���f4y	o?pmd(k��gy�z �gkn{�kn� ¿ ó Áx�`i���k!l4pmy�f,�Kh(h*yjl,p#h*y�zWk+l�fmi�{$�ego(|����(oK}!pmegy8oKfnvOf,�K}+d�i	f��K�KñHk!lmego(|�h�ij}+�8k!pmf#��yjl�f,�gknknh(egoK|?o(y���knfn�±�kwd(i�{�k�e � h(�gk � kno$pmk�����h(i	o?y	o�pmy8h�y	��pmd(k�º8»�¼$�g½8½ ¿ ó Á1ijo��h(d$��f,eg}�i	���`in�$k!lmfUz�e�pmd�i8��dKy$}�h*y�zWk!l4fmi�{�e`oK|�f,�(hKh*y	l,p���½ �´�
º8»8¼��g½8½�i	��dKy$}�h*y�zWk!l,��fmi�{�e`oK| � y��Kk��(f,knfwh*k+lme`y���eg}�ª+­,t�«m£	u��=pmyf���o(}/dKlmy	o(eg�nk9o(y���knf�e`o�pmdKk�o(k!p^zWyjlm�H� 0.k�ij}ny8o¡h�ij}+�8k!pmf�}ny8o$p/i	egopme � knf�p/i � hKf�pmd�i�p�f���oK}+d�lmy8o(eg�nk�o(y��Kk!fnðW}n�gy$}/��fn� ó �*k�ij}ny8o¸h*k+�lmegy���f�p/ijl,pmf�z�e�pmd�i	o�i8�=dKy$}Wp,l/ij��}�ego���e`}nijpmegy8o � k!f,fmi	|8kUz�ego���y�z�	��

��� ¦ ¨�u*§�£ ¦ �+v��K��lme`oK|�z�dKe`}/d�ij�g�0oKy��Kknf�i�lmk��ge`f�pmk!o(ego(|�vCijo��h*kno(�Kego(|�p,l/i���}�p,l/i	oKf � e`f,f,egy	o(f�ijlmk�i8��{�k!l,pmegf,k���� ó o(y���k�pmd�ijplmkn}nk!e`{8knf=ijo���ij}+��oKy�z��gk���|8knf�i	o�i8�K{8k!l,pmegf,k � kno$pw��yjl=�Ko(eg}�i	f�p�yjl�Klmy8i8��}�i	f�p4p,l/ij��}��Ke�lmkn}+pmk���pmy�e�pmf,kn��� � �(f�p�f�p/in��y	o?��yjl#pmd(k�lmk!f�py	�Opmd(k4�*k�i	}ny	o�h*k!lmegy��H��ô4pmdKk!l,z�egf,k8vKegpW}�i	o�pm�Klmo9e�pmf,kn����y	ñ�i�pUpmd(kkno(��y	�Upmd(k ó c ²,¿ z�ego��Ky�zwv��Ko$pme`��pmd(k��*kn|	ego(o(egoK|�yj��pmd(k�o(k+¶�p�*k�ij}ny8o�h*k!lmegy��H� ó �°pmk!l0pmdKk ó c ²�¿ z�e`o(�Ky�zwv�i	�K{�k!l,pmegf,k��=p,l/i���}�egfp,l/i	oKf � e�p,pmk�������ego(}!k�p,l/ij��}�}�ijo(o(yjp��*k�p,l/i	o(f � e�p,pmk����K�KlmegoK|=pmd(kó c ²,¿ z�ego���y�zwvKpmd(k�i�{	i	eg�`i	�(�gkw}/d�ijo(o(k!�O}�ijh�ij}ne�p6��e`fUlmk����(}nkn���
±1dKkno�pmd(k9º	»�¼��g½	½ ¿ ó Á �`in�$k!l�egf�ijf,��k���pmy�f,kno(��i�h(i	}/��k!p�vOe�p
� in�¡y	l � in�¡o(yjp9�*k�i	�(�gk?pmy�f,kno��³egp�e ��� k���e°i�pmkn���$v��Kknh*k!o����ego(|�y8o�z�dKeg}+d ó c ²,¿ f�d�i�{�k9�*knkno�f,kno$p=i	o(�³ij}+��oKy�z��gk���|8k���egopmd(k�e ��� k��Ke`i�pmkn����hKlmk!}nk��KegoK|�yjlU}n��l,lmkno$p�v ó c ²,¿ z�ego(�Ky�zw� ² �Hpmd(kh�ij}+�8k!p�ijl,lmeg{�knf�ijp9pmd(k ¿ ó Á·�K��lmego(|�pmdKk ó c ²�¿ z�ego(�Ky�zwvWyjle���pmd(k�i8��{�k!l,pmegf,k � kno$p���yjl=pmd(k�h(i	}/��k!p�d�ijf�oKy	p��*k!kno�i	}/��o(y�z����k���|8k��Hv�e�p=oKknk��Kf�pmy��*k��K�KñHk!lmkn��� ² o�y8��l�e � h(�gk � k!o�p/i�pmegy8oOv�zWk�(��ñHk!l�h�i	}/��k!pmf9��yjl�p^zWy��*k�ij}ny8oxh*k!lmegy��Kfn� ��ij}+�8k!pmf�pmd(ijp�d�i�{�ko(yjpW�*knk!o�p,l/i	o(f � e�p,pmk���i���pmk!l.p6zWy��*k�ij}ny8o9h*k!lmegy���fUijlmk4��lmy	h(h*k��H�
cWd(k��*kni	}ny	o1h*k!lmegy��¸i	o(� ó c ²�¿ z�ego��Ky�z f,eg�nk�ijñHkn}!p9lmy	�Kpmego(|h*k!l,��y	l � i	oK}nkW|jlmk�ijpm��� � ¼	¼��´�j±1d(eg�gkU�(f,ego(|#i4f � ij�`� ó c ²,¿ z�ego���y�z
� in��e � hKlmy�{�k�knoKk!lm|	�9fmi�{�ego(|8fnv�pmdKk!lmk � in��oKy	pU�*k4kno(y	�(|	d9pme � k��yjl�i	�g�4�K�KñHk!lmkn�rh�ij}+�8k!pmf=pmy��*k�i	�K{�k+l,pme`f,kn��� � f,ego(|�i	o ó c ²,¿z�ego���y�z�pmd�i�p4egf�pmy$y��`i�lm|8k�o(y	p�y	o(������kn}!lmk�ijf,knf�i�{	i	eg�`i	�(�gk�}+d(i	o��o(k!�C�Kpmeg�geg��ijpmegy8o�v�egp � in��i	�gf,y�o(y	p#�gk�i�{�k�k!o(y8�K|8d�lmy$y � �*k!p6z.knknopmd(k4kno��9y	�Opmd(k ó c ²�¿ z�ego��Ky�z:ijo���pmd(k#�*k!|8ego(oKe`oK|�yj��pmdKk#o(k+¶�p�*k�ij}ny8o�h*k!lmegy��=pmy�p,l/ijo(f � e�p�i	�g�*i	�K{�k!l,pmegf,k���p,l/ij��}8�	±�kUd(i�{8kUk!¶��h*k!lme � kno$p/i	�g�����Kk+pmk!l � ego(k���pmd�i�p�i4�*k�ij}ny8o�h*k!lmegy���yj�H¼	»	» � f�ijo��i	o ó c ²�¿ z�e`o(�Ky�zZf,eg�nk9y	�'�8» � f�lmknf,�(��p�ego�|8y$y���pmd�lmy8�K|8d(hK�Kpi	o(���gy�z �gy	f,f�l/i�pmk8�
ó f,e`��k��°lmy � ��kn}!lmk�ijf,k��9}+d(i	o(oKkn��}�ijh�ij}ne�p6�$v�º8»8¼��g½8½#h*y�zWk!lUfmi�{�ego(|
� y��Kk���z�e�pmdKy8�Kp#��h�i	o �Wi	�gf,y9f,�KñHk!lmfU�°lmy � �gy8o(|�h(i	}/��k!p4�Kk!�`eg{�k+l,��`ijpmknoK}!�Hò*��yjlwk�i	}/d�d(y8h�pmd(ijpwi9h�ij}+�8k!p#p,l/i�{�k!lmf,k!fnv*pmd(k�h�i	}/��k!p#egfk!¶�h*kn}!pmkn��pmy��*k���kn�`i���k�����y	l�d�ij�g��i��*k�i	}ny	o?h*k!lmegy����

4.4 Improving 802.11 using Span
� f,egoK|���h(i	o9y8o9pmy8h�y	�Cº8»8¼��g½8½�i	��dKy$}�h*y�zWk!lUfmi�{�ego(| � y��Kk�}�i	oe � hKlmy�{�kElmy8��pme`oK|�pmd�lmy8�K|8d(hK�Kp�i	o(��h(i	}/��k!pE��kn�geg{�k!l,�w�`ijpmk!o(}!�$��00k!�}�ij�(f,k�}ny$yjl/�Kego�i�pmy	lmf��Ky�o(y	p9y	h*k!l/ijpmk�egorh*y�z.k!l�fmi�{�egoK| � y��Kk	vh�ij}+�8k!pmf�lmy	�Kpmk����*k!p6z.knkno�}ny$yjl/�Kego�i�pmy	lmfw��y�o(y	p4o(k!k���pmy��*k�i8���{�k!l,pmegf,k���y	l��Kkn�`in�$k��H�jc�y����Kl,pmdKk!lCp/i	�8k.i	�K{	i	o$p/i	|	k.y	�Kpmd(k�f���o(k!lm|j��*k!p^zWknkno���h�ijo�i	o(�=º	»�¼��g½	½#h*y�zWk+l0fmi�{�ego(| � y���k8v�zWk�d�i�{�k � i	�Kkpmd(k���y8�g�gy�z�egoK| � y��Ke��(}�ijpmegy8oKfOpmy�y8��l�f,e � �(�`ijpmegy8o�yj�(º	»�¼$�`½	½Wh*y�zWk+lfmi�{�e`oK| � y��Kk	�

��� Õ Ú(Ø�à*Ï�Î�×�Ë�ÜnÏKê�Ï�Ö�×nÜ¡ë�Õ�Î ß Ú�ÓjÛ�Ï�×nÜ¡ÙEÏ�×/æ�Ï�Ï�Ö&Ó8ÕHÕ�Î�ìØCË�Ö�ÚK×nÕ�ÎjÜ8á ��ij}+�8k!pmf�lmy8�Kpmkn� �*k!p6z.knkno�}ny$y	l/��e`o(ijpmyjlmf�ijlmk
� ijlm��k����$����h(i	o��*±1d(eg�gk=pmd(k ¿ ó Á �°in�$k+l�f�pme`�g��o(knkn�Kf#pmy



�(��ñHk!l�pmd(k!f,k?h�ij}+��k+pmf�eg�#pmd(k!�³i�l,lme`{8k��K��lme`oK|�pmdKk ó c ²�¿z�ego���y�zwv#e�p���y$knf�o(yjp�f,k!o��:p,l/i���}¡i8��{�k!l,pmegf,k � kno$pmf?��y	lpmd(k � �(cOy�kno(f,��lmk#pmd�i�p4��h(i	o?��y$knf�o(yjp4h�lmy�{�e`��k�ego(}nyjl,lmkn}!pegoK��y	l � ijpmegy	o��K�Kk#pmy�pmy	h*y8�gy8|j�?}/d�i	oK|8knfnv�pmd(k ¿ ó Á � ije`o��p/i	egoKf�i�f,knh(ijl/ijpmk�oKkneg|8d��*y	lwp/ij�(�gk8��cWd(k ¿ ó Á �`in�$k!lw�Kf,knfi��Ke�p�ego³pmdKk ¿ ó Á d(kni8�Kk+l�y	�#k�i	}/drh(i	}/��k!p�e�p�f,k!o��Kf�pmyo(yjpme�����o(kneg|	d��*yjlmf�y	�.e�pmfwh*y�z.k!l�fmi�{�e`oK|�f�p/i�pm�(fn����egoK}nk�pmdKk
¿ ó ÁÔ�`i���k!l�}�i	orf,o(e�ñ1pmd(k?dKk�i8��k!l9y	��kn{�k!l,�¡h(i	}/��k!p�v�egoK�}n�g����ego(|1*�c���h(i	}/��k!pmfnvjpmd(egfEo(kneg|8d��*yjl0p/ij�(�gkUegf0�geg��kn����pmyw�*k}nyjl,lmkn}!p���±1d(k!o�i�o(y���k4z�e�pmd���l/i�z�f�ijfUi�}ny$y	l/��e`o(ijpmyjl�v�i	���{�k!l,pmegf,k � k!o�pmfO��y	lEp,l/i���}Wpmy4pmd(ijpEo(y���k.z�eg�g�K�*kWf,k!o�p����Klmego(|pmd(k�oKk!¶�p ó c ²,¿ z�ego���y�zw��cWdKegf4y	hKpme � eg��ijpmegy8o�ij�`�gy�z�f#pmdKkó c ²,¿ z�ego���y�z³pmy#�*kWlmkn�K�(}!k���z�e�pmd(y	�Kp�d��Kl,pmego(|�pmdKlmy	�(|8d��h(��p��

� â!Ö�ØCË�àOË�ØCÍ�Ú(Ý�Ý�Þ�Ú(Ø�à*Ï�Î�×�Ë�ÜnÏ?Ï�Ú�ÓjãrÙ�ÎjÕ(Ú�ØCÓ8Ú(Ün×9ê�Ï�Ü�ÜnÚ(Ì(ÏHá±1e�pmd³�(o � y���e���k���º	»�¼��g½	½�h*y�zWk!l9fmi�{�ego(| � y��Kk8v�i�o(y���ky8oK����o(knk���f#pmy�f,kno���y8oKk��Klmy8i8�K}ni	f�p�i8��{�k!l,pmegf,k � kno$p4kn{�knoe���e�p�d(i	f � y	lmk?pmd�ijo¸y8oKk��Klmy�i	�K}�ijf�p � knf,fmij|8k�pmy�f,kno(���cWd(egf�egf��*kn}�ij�(f,k?y	o(}nk�i�oKy��Kk�dKk�ijlmf9ijo�i	�K{�k+l,pme`f,k � kno$p��yjl�i��Klmy�i	�K}�ijf�p � knf,fmi	|	k8v�e�p�f�p/in�KfU�Kh���y	l�pmd(k�kno$pme�lmk��K���l/ijpmegy	o�y	�Opmd(k4�*k�i	}ny	o�h*k!lmegy��H����ego(}nk � y8f�p.p,l/i���}#pmy�o(y8o��}ny$yjl/�Kego�i�pmy	l�oKy��Kknf�ego?y8��l#oKk!p6z.y	lm�9zWy	�(�`�?�*kw�Klmy8i8�K}ni	f�p
� knf,fmij|8knf�f,kno$pE�$����h�i	o�i	o(��pmdKk.|	kny8|jl/i	h(dKeg}.lmy8��pme`oK|#h�lmy	�pmy$}ny	�´v�z.k � y���eg�(k���pmdKk ¿ ó ÁZf,y�k�ij}+d¡��lmy�i8��}�i	f�p � knf��fmi	|	k � �(f�p��*k9k!¶�h(�geg}ne�pm�g��i8��{�k!l,pmegf,k�����µ(y	l�k!¶Ki � hK�`k	vCe��4io(y���k�lmkn}nkneg{�k!f ����lmy�i	�K}�ijf�p�i	�K{�k!l,pmegf,k � k!o�pmfnv�oKy��(o(eg}�ijf�pi8��{�k!l,pmegf,k � kno$pmfnvCi	o���pmdKkno ���Klmy8i8��}�i	f�p � k!f,fmi	|8k!f�ij�°pmk!lpmd(k ó c ²�¿ z�ego(�Ky�zwv�e�p�}�ijo?fmij��kn����pm�Klmo�e�pmf,kn���Ey	ñ��

��� Ï�æçÚ(Ø�à*Ï�Îj×nË�ÜnÏ�Ø¸×nÎ�Ú � Ó�æ�Ë�Ö�Ø�ÕKæ�á ±¸egpmd��Ko � y���eg�(k��º8»8¼��g½8½�h*y�z.k!l9fmi�{�egoK| � y��Kk	vEeg�wi�o(y���k�lmkn}!kneg{�knf�i��Ko(e��}�ijf�p=i	�K{�k+l,pme`f,k � kno$p�vHegp � �(f�p�lmk � ijego�y	o���yjl�pmdKk�lmknf�p�yj�pmd(k#�*k�i	}ny	o�h*k!lmegy���� ² o�i���h(i	o�oKk!p6z.y	lm�*vKh�i	}/��k!pmfWlmy	�Kpmk��{�e`i�oKy8o��^}!y$y	l/�Kego(ijpmy	l.o(y���knfWi�lmk�l/i�lmk8��c�y�p/i	�8k#i	�K{	i	o$p/i	|	ky	��pmd(egfnvKz.kwego�p,lmy����(}nkn��i=oKk!zZt�§��	­+¤/®¹¨ �!­,§�®¹¤,t��r« ¦ ¨�u�§�£ ¦ego?pmd(k ¿ ó Á4�HcWd(k�i	�K{�k!l,pmegf,k���p,l/i���}�z�e`o(�Ky�z egf�f � i	�g�gk!lpmd�ijo�pmdKk=�*k�ij}ny8o�h*k!lmegy���� ² p�f�p/ijl,pmf�i�pwpmd(k��*k!|8ego(oKe`oK|�yj�pmd(k4�*k�i	}!y8o�h*k+lme`y��HvKi	o��9k!¶�pmkno(�Kf.�*k+�$y8o(�9pmdKk4kno(��yj��pmdKk
ó c ²,¿ z�e`o(�Ky�zw�Oô#�Kpmf,e`��k�pmdKk ó c ²�¿ z�ego���y�z3�(��p4egoKf,e°��kpmd(k=i8��{�k!l,pmegf,k���p,l/ij��}�z�e`o(�Ky�zwvOi8��{�k!l,pmegf,k���h�i	}/��k!pmf�i	o��h�ij}+�8k!pmf=pmy�}!y$y	l/�Kego(ijpmy	lmf9}�ijor�*k�p,l/i	oKf � egp,pmkn���0ô#�Kpmf,e`��kpmd(k�i8��{�k!l,pmegf,k��³p,l/i���}�z�ego(�Ky�zwv.dKy�zWkn{�k+l�v0y	o(���¡h�ij}+�8k!pmf�*k!p^zWknkno�}ny$y	l/��e`o(ijpmyjlmf#}�ijo?�*k�p,l/i	oKf � egp,pmkn���(cWd(egf#ij�g�`y�z�fi�oKy��Kk�e`o�h*y�zWk!l�fmi�{�ego(| � y��Kk�pmy�pm�Klmo�e�pmf,kn���Uyjñ³ijp�pmdKkkno(��yj�(pmd(k.i8��{�k!l,pmegf,k��wp,l/ij��}.z�ego(�Ky�z¡�(o$pmeg��pmd(k�o(k!¶�p��*knij�}ny	o?h*k!lmegy����

cWdKknf,k�pmd�lmknk � y��Ke���}�i�pmegy8o(f?i	�g�gy�z kni	}/d:oKy��Kk�pmy³�Kf,k�i¡�gy8oK|�*kni	}ny	o?h*k!lmegy���ijo���i�f,d(yjl,p ó c ²,¿ z�e`o(�Ky�zw�*cWdKk�f,d(yjl,p ó c ²�¿z�ego(�Ky�zxe � hKlmy�{�knfW}/d�ijo(oKkn�*�Kpmeg�geg��ijpmegy8o�vKz�dKeg�`k4pmd(k#�gy	o(|=�*kni	}ny	oh*k+lme`y���egoK}!lmk�i	f,k!f.pmd(kW�°l/i	}!pmegy8o9yj�*pme � k�i�oKy8o��^}!y$y	l/�Kego(ijpmy	l.o(y���k}ni	o9lmk � i	ego9i	f,�gknk!hO� ² o�y	�KlWf,e � �(�`ijpmegy8oKfnv$zWk��(f,k��9i��*k�i	}!y8o9h*k!�lmegy���y	� �8»8» � fnv�i	o ó c ²,¿ z�ego���y�z�y	�*¼	» � fnvji	o���ijo=i	�K{�k!l,pmegf,k��p,l/i���}�z�e`o(�Ky�z¸yj�0½n»8» � fn�8±�k�f,k!p.pmdKk�h�lmy8h(i	|�i�pmegy8o��Kkn�`in� � e`o¯�~$��i�pme`y	o�¼�pmy��*k4pmd(kw�gkno(|jpmd�yj��i=�*k�i	}!y8o?h*k!lmegy��H�
��kn}!pmegy8o
��}ny � h(ijlmknf�h*k!l,��yjl � i	o(}!k�yj����h�i	o1z�e�pmdxpmd(k � y��Ke���(k���º8»8¼��g½8½#h*y�zWk!l0fmi�{�egoK| � y���k8v��Ko � y���eg�(k���º	»�¼��g½	½#ego9i8��dKy$}h*y�z.k!l�fmi�{�ego(| � y��Kk8vOi	o(���Ko � y��Ke��(k���º	»�¼$�`½	½9z�egpmdKy8��p�h*y�z.k!lfmi�{�ego(| � y���k8�

c.¶ *�¶ ² ���`k ���gknknh(egoK|
½���»	» � ± ½n»8»8» � ± º��	» � ± ½��8» � ±
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4.5 Energy Modelc�y�i	}!}n�Kl/i�pmkn��� � y��Kk!�(knoKk!lm|	�=}ny8oKf,� � hKpmegy	oOvjzWk�pmy$y8� � kni	f,�Klmk+�� kno$pmf�y	�#pmdKk?ÁWij�(�gk!p,lmy	o *�y�i � i	�*y8��p�º	»�¼��g½	½���� -#eg|	d *4ijpmko(k+p6zWyjlm��e`o$pmk!l,��i	}nk9}�i�l/� �¹À ² Á �#y8h*k+l/ijpmego(|�i�p�¼ ¿ �(hKf�ego���i	f,kf�p/ijpmegy	o � y��Kk8�Kc�y � k�i	f,��lmk�h*y�zWk!l�}ny	o(f,� � kn���$��pmd(k�}nijl/��v�zWkh*y�zWk!lmkn�:i�h*yjl,p/i	�(�gk�}ny � hK�Kpmk!l�f,y	�`k!�g�1z�e�pmd1e�pmf ó Á&i8�Ki	hKpmk+l��z�e�pmd(y	�Kp�pmdKk���i�p,pmk!l,�@�+v�i	o(� � k�ijf,�Klmk���pmd(k�{�y	�gp/ij|8k�ij}!lmy8f,f9ilmknf,egf�pmy	l=h(�`i	}!k���ego�f,k!lmegknf�z�e�pmd�pmd(k9}�i�l/��y8o�pmdKk9}ny � hK�Kpmk!lwpmyy8��p/i	ego�pmd(k.egoKf�p/i	o$p/i	oKkny8�Kf�}n�Kl,lmkno$pOpmdKlmy8�K|8d�pmd(k0À ² Á4�jcWdKk.{�y	��p,�i	|	k�i	}+lmy8f,f?pmd(k�À ² Á&lmk � ijego(k��1}ny	o(f�p/i	o$p�i�p�i	�g�wpme � knfnvWpmd��(f��lmy � pmdKk#ego(f�p/ijo�p/ijo(kny	�(fW}!�Kl,lmkno$p � kni	f,�Klmk � kno$p�v8zWk4}�i	�g}n�K�`ijpmk��pmd(k�ego(f�p/i	o$p/ijo(kny	�(f�h*y�zWk!l9}!y8o(f,� � k����$��pmd(k�}nijl/���E±�k�f,� � �� ijlmeg�nk�pmd(k�pme � k!�^i�{8k!l/i	|	k���lmk!f,�(��pmf�ego�c�i	�(�gk�½8vOi	o(��oKy	pmk�pmd�ijppmd(k!f,kU}n�gy8f,kn��� � i�pm}+d�pmd(kWlmknf,�K��pmf�y	�Kp/ije`oKk��=�$��µ(knknoKk!�=i	o���À#eg�gf��f,y8o � ���E��yjl�f,e � e`�`i�l�º8»8¼��g½8½�oKk!p6z.y	lm��ego$pmk!l,�¹ij}nk�}�i�l/�Kf�ego�pmd(k=i8�d(y$} � y���k8�
±�k�y8��p/i	ego(k��¡pmd(k � *�¶ 
�f�p/ijpmk � k�i	f,��lmk � kno$p��$��hK�Kp,pmego(|�pmd(k}�i�l/��ego$pmy�o(y8o���h*y�z.k!lWfmi�{�ego(| � y��Kk8v$i	o�� � k�ijf,�Klmego(|wpmdKk4h*y�zWk+llmk�~$�(e�lmk��?pmy��ge`f�pmk!o���y	l�i9h�ij}+��k+p�v��Kkn}ny���k�e�p�v�ijo���h�i	f,f#egpmf#}ny8o��pmkno$pmfW�Kh�pmy�pmd(k4d(y8f�p��KcWdKk(�6e`�K�gk 
�f�p/ijpmk � kni	f,�Klmk � kno$p.zUijfUy8���p/i	egoKk���ego�pmdKk=fmi � k � i	oKo(k!l�v*�K�Kp � kni	f,�KlmegoK|�y8oK����pmdKk=h*y�zWk+llmk�~$�(e�lmk���pmy��gegf�pmkno���y	lWi�h(i	}/��k!p�� ² o�}ny8o$p,l/i	f�p�v$pmdKk0�^f,�gknknh@
�f�p/ijpmk
� k�ijf,�Klmk � kno$p�zUijfwy8�Kp/ijego(k����$��h(��p,pmego(|�pmd(k�}�ijl/��ego$pmy�h*y�zWk+lfmi�{�e`oK| � y���k8vOi	o�� � k�ijf,�Klmego(|�pmd(k�i�{�k+l/i	|8k.�¹�`y�z.k!l�vCijo���o(k�i�l,�}ny	o(f�p/i	o$p���h*y�z.k!l�}!y8o(f,� � hKpmegy8o?�K�KlmegoK|9pmdKk�h�ijl,p4y	��pmd(k�h*y�zWk+lfmi�{�e`oK|�}+�K}!�`k9z�d(k+lmk�pmdKk�}�i�l/��zUi	f=o(y	p=�ge`f�pmk!o(ego(|���yjl�h�ij}+��k+pmfn�cWd(k���k!��h*y	e`o$p�pmy�o(yjpmk�egf�pmd(k��°i�lm|8k���e�ñHk!lmkno(}!k?�*k!p6z.knkno¡pmd(kh*y�zWk!l�}ny	o(f,� � hKpmegy8o�y	��e`�K�gk�ijo���f,�gknknhKego(| � y���knfn�

5. Performance Evaluationc�y � k�i	f,��lmk�pmdKk�k!ñHk!}!pmeg{�kno(k!f,f�y	����h(i	oOv�z.k�f,e � �K�`ijpmk��³��h(i	o�vz�e�pmd�|	kny8|jl/i	hKd(eg}���y	l,zUi�l/�Kego(|�v#y	oxf,kn{�k!l/ij�wf�p/ijpmeg}�ijo�� � y8�Ke`�gkpmy8h*y	�gy8|8egknfn�*��e � �K�`ijpmegy8o9lmknf,�(��pmf�f,d(y�z1pmd(ijp���h�i	o�o(yjp�y8oK�g�9h*k+l,���yjl � f�zWkn�g�����³k!¶�pmkno(�Kego(|�o(k!p^zWyjlm�³�ge���k+pme � k	v.e�p�y8��p,�^h*k+l,��y	l � f�(o � y��Ke���kn��º8»8¼��g½8½�h*y�zWk+l#fmi�{�ego(|�oKk!p6z.y	lm��e`o�d�i	o(�K�gego(|�dKk�i�{$��gy�i	��v�h*k+l,�^h(i	}/��k!p���kn�geg{�k!l,���°i�pmkno(}+�$v(ijo���oKk!p6z.y	lm�9�ge���k!pme � k8�

5.1 Simulation Environment±�kUf,e � �(�`ijpmk�����h�ijo�ego�pmd(k ;>= ?A@ �g½(���*oKk!p6z.y	lm��f,e � �(�`ijpmyjl��(f,ego(|pmd(k�Á ¿ � z�e�lmkn�gknf,f�k+¶�pmk!o(f,egy8oKf ��½(���´�HcWd(k�|8k!y8|	l/ijh(dKe`}���yjl,zUijl/���ego(|�ij�g|8y	lme�pmd � vWijf���knf,}!lmeg�*k���ego¸��kn}!pmegy	o �K�g½8v0lmy8��pmknf9h�i	}/��k!pmf��lmy � f,y8�Klm}!kWpmy��Kk!f�pme`o(ijpmegy8o�����h�i	o�lm�(oKf�y8o=pmy	h=y	�*º8»�¼$�g½8½ ¿ ó Á�`in�$k!lCz�e�pmd�h*y�z.k!lEfmi�{�e`oK|4f,�Kh(h*yjl,pEi	o(� � y���e���}�i�pme`y	o(f���knf,}!lmeg�*k��ego¡��k!}!pmegy8o ��� ��� ² o�pmdKe`fwf,k!}!pmegy8oOvOzWk�}ny � h�i�lmk�h*k!l,��yjl � i	oK}nk�y	���h(i	o³i	|8i	ego(f�p9�*yjpmd¡�(o � y���e���k���º	»�¼��g½	½ ¿ ó ÁZegorh*y�z.k!l�fmi�{$�ego(| � y���kwi	o(���(o � y��Ke���k���º8»8¼��g½8½ ¿ ó Á1o(y	p�ego?h*y�zWk+l4fmi�{�ego(|� y��Kk	�jµ(y	lE}ny	o�{�kno(egknoK}nk8v�z.k.z�eg�`��lmk!��k!l�pmy4pmdKk � ijf���h�ijoOvjº	»�¼��g½	½
�0� ¿ v(i	o���º8»�¼$�g½8½8�
c�y�k!{8ij�`�(ijpmk���h�i	o�e`o��Ke�ñHk!lmkno$p�o(y���k��KknoKf,e�pme`k!fnv0z.k�f,e � �(�`ijpmk½�¼j»j��o(y���kUo(k!p^zWyjlm��fEego=fm~$�(ijlmkWlmkn|	e`y	o(fEy	����e�ñHk!lmkno$p�f,eg�nknfn�8À#y��Kk!f



ego�y8��lUf,e � �(�`i�pme`y	o(fW�Kf,k4l/i	�Kegy8f.z�e�pmd�i=¼ ¿ �(hKfW��ijo���z�e°��pmd�i	o��¼��	» � k!pmk!lmf�o(y � ego�i	��l/i8��egy¡l/ijo(|	k8��c.zWk!o�p^��oKy��Kknf�f,kno���i	o��lmk!}nkneg{�k�p,l/ij��}8��¯0ij}+d�yj�Epmd(knf,k�o(y���knf�f,kno���i9Á 0+* $(y�z�pmy9ijoK�yjpmd(k!l�o(y��Kk	v�i	o���k�ij}+d�Á 0+* $�y�z3f,k!o��Kf�½�¼	º��$��pmk�h�ij}+�8k!pmfn� ² o��kn}!pmegy8o4�$� ¼�zWk�{8i�l,��pmdKk�l/i�pmk�yj�0pmdKk�Á 0 * p,l/ij��}�pmy � k�i	f,��lmkh*k+l,��y	l � ijo(}nk.y	����h�i	o��Ko��Kk+lE�Ke�ñHk!lmkno$pCp,l/i���}W�gy�i	��� ² o�y	pmdKk!lEk!¶��h*k+lme � k!o�pmfnv�k�ij}+d�f,kno���k!l�f,kno(�Kf�pmdKlmk!k�h�ij}+��k+pmf�h*k!l�f,kn}ny	o��HvO��y	li�pmy	p/i	�Oy	� �	» �w�(hKfUy	�Cp,l/i���}8�
cOy4knoKf,�Klmk�pmd�i�p�pmdKk�h(i	}/��k!pmfOy	��k�i	}/d�Á 0+* $�y�z�|8y�pmdKlmy8�K|8d � �(���pmeghK�`k�d(y	h(f��*k!��yjlmk�lmk�ij}+dKego(|�pmd(k��Kk!f�pme`o(ijpmegy8o�oKy��Kk8v.½�»�f,y8��lm}nkijo�����knf�pmego�ijpmegy	o�oKy��Kknf#ijlmk�h(�`i	}!k���v*�Ko(e���yjl � ���?i�p#l/i	o(�Ky � v�y8okni	}/d�yj�0p^zWy �	» � k!pmk!l,�´z�e`�Kk8v(���(�g����d(kneg|	d�p#f�p,lmegh(f��gy$}�i�pmk���i�p#pmdKk�gk!�°p�i	o���lmeg|8d$p�y	�WpmdKk�f,e � �K�°i�pmk���lmk!|8egy8o�� ó f,y8�Klm}!k � �Kf�pwf,kno��h(i	}/��k!pmf.pmy=i���knf�pmego�i�pme`y	o�oKy��Kk#y	o�pmdKk#yjpmd(k!lUf�p,lmegh��(cWdKk�ego(e�pme`i	�h*y	f,e�pme`y	o(f�y	�WpmdKk=lmk � ije`oKego(|�½n»8»�oKy��Kknf�i�lmk�}+dKy8f,kno��(oKeg��y	l � ���i�p#l/ijo��Ky � e`o�pmdKkwkno$pmeglmk�f,e � �K�°i�pmk���lmkn|	e`y	oO�HcWd��Kfnv�pmd(k�fm~$��i�lmklmy$yjpwy	�EpmdKk�i�lmk�i�y	��pmd(k�f,e � �K�°i�pmk���lmkn|	e`y	o�i	o���pmdKk�o�� � �*k!l�yj�dKy8hKf�oKknk���k����$��k�i	}/d=h(i	}/��k!p�i�lmk�i	h(h�lmy�¶Ke � i�pmkn����h�lmy8h*yjl,pme`y	o�ij�´�
��y8��lm}nk�i	o����Kknf�pmego�i�pmegy8o?oKy��Kknf�o(kn{8k!l � yj{8k8� ² o � y	�(eg�gk�k!¶�h*k!l,�e � kno$pmfnvHpmd(k � y	pmegy8o�y	�WpmdKk�lmk � ijego(ego(|�½�»8»�o(y��Kk!f���y8�g�gy�z�f�pmdKk¤�t	u*§8£

� ¦ t $+s�£j¨�u(® � y���kn� � ���´ò�e`oKe�pme°ij�g�g�$v�k�ij}+dro(y���k�}/d(y$y8f,k!f9i��knf�pmego�i�pme`y	o1�(oKeg��y	l � ����ijp9l/i	o(�Ky � ego�pmdKk�f,e � �(�`i�pmk��rlmkn|	e`y	oOv}/d(y$y	f,knf0i#f,h*knk��=�Ko(e���yjl � ���=i�pEl/i	o���y � �*k!p^zWknk!o�»�i	o(��¼j» � %jfnvijo�� � y�{�k!f?pmd(k!lmk�z�e�pmd pmd(k�}+dKy8f,kno3f,h*knkn���#cWd(k�o(y���k�pmd(knoh(i	�Kf,knf.��yjl�i	o�i	�j ��Kf�p/i	�K�`k4h*k!lmegy���y	��pme � k��*k!��y	lmk�lmknh*k�ijpmegoK|�pmdKkfmi � k.h�lmy$}nknf,fn�	cWd(k0�Kkn|jlmknk.yj� � y	�(eg�gegp^�wegf�lmk%$(kn}!pmk��wegowpmd(k.h(i	�Kf,kpme � k8�300���Kk+�¹i	�K��p�v(zWkw�Kf,k���i�h�i	�Kf,k�pme � k�y	� �	»�f,kn}ny	o��Kfn�
µKy	l�f,e � h(�geg}ne�p6�$v�zWk��Ke`��o(y	p��Kf,kwi=�gy$}�ijpmegy	o�f,k+lm{�eg}nkwego?y	�Kl�f,e � ��K�`ijpmegy8oKfn� ² oKf�pmk�i8�HvKi�lmy8��pmk!l�y8��p/i	ego(fUpmd(k4�gy$}�ijpmegy8o�yj�Cpmd(k��Kknf�pme��o(ijpmegy8o�o(y���k��°lmy � pmd(k � ��� � y����(�gk�ego ;�=��O��ego(}!k�pmdKk��gy$}�i�pme`y	o�gy$y	���Kh�e`f4y8oK�g��lmk�~$�(e�lmk��?y	o(}nk�h*k!l#$�y�z3i�p#pmd(k�f,kno(�Kk!l�vKzWk��*k!��gegkn{�k9pmd(k9y�{�k!lmdKk�i8��hKlmy��K�K}nk����$��pmd(k9�gy$}�ijpmegy8o³f,k!lm{�eg}nk9egf=o(yjp�geg��kn����pmy�}/d�ijo(|	k�y8��lwlmknf,�(��pmfn��À#kn{8k!l,pmd(kn�gknf,fnvO�gy$}�ijpmegy	o�f,k!lm{�eg}nknff,�K}+d?i	f$
1#C���g½ ����}�i	o?�*kw�Kf,k���z�e�pmd���h�ijoO�
ó �g�?k!¶�h*k!lme � kno$p/i	�9lmknf,�(��pmfre`o pmdKegfrf,kn}+pme`y	o ijlmk�i�{8k!l/i	|	knf�yj��({�k�lm�(oKf�y8o��Ke�ñHk!lmk!o�p�l/ijo��Ky � ������}/d(y	f,kno�f,}nk!o�ijlmegy	fn��±�k��Kk+��o(ku�£�§$­=§$­+u��m¨�®%$'�´i	f��(f,kn��ego�y8��l�|	l/i	hKd�ij¶�egf��`i	�*kn�gf"��i	fUpmd(k�o�� � ��*k+lwy	�.o(y��Kk!f#pmd�i�pwijlmk�o(yjpwf,y8��lm}nknfwy	lw�Kknf�pmego�i�pmegy8o(f#h*k!l�l/i8��egyl/ijo(|	k8v*ijo�ijlmk�i�y	�0¼��j» ; ��� fm~$��i�lmk � k!pmk!lmfn�
5.2 Capacity Preservationô#oKk�yj�w��h�ijoOð f=|	y�i	�gf�egf=pmy�hKlmk!f,k!lm{�k�pmyjp/i	�UoKk!p6z.y	lm��}�ijh�ij}ne�p6�$v�$� � i	��ego(|wf,��lmk�pmd(ijp0e���pmdKk!lmk�ijlmk�o(y	oK��}ny	o>$�eg}!pmegoK|wh�ijpmdKf0ego�pmdKk�Ko���k!lm���KegoK|�oKk!p6z.y	lm�*v�pmdKk!lmk=i�lmk=f,e � eg�`ijlwoKy8oK��}ny	o>$(e`}+pme`oK|9h�ijpmdKfego�pmdKk�}ny$yjl/�Kego�i�pmy	l4��i	}/���*y8oKk8�KcWd(egf�f,kn}!pmegy8o?}!y � h�i�lmknfUpmd(k�}nij�h(i	}ne�p^� i�{	i	eg�`i	�(�gk�ego3i1��h�ijo o(k+p6zWyjlm�1z�egpmd�pmd(k�}�ijh�ij}ne�p6��e`oijo�yjl/�Kego�i�l,�¸º	»�¼��g½	½�o(k!p^zWy	lm�*�E±�k � k�i	f,��lmk?}�i	h(i	}ne�p^�r�$��pmdKko�� � �*k!l4y	�0h�ij}+��k+pmf4pmd(k�o(k+p6zWyjlm�?}�ijo�f,�K}n}nknf,f����(�g�����Kkn�geg{�k!l#h*k!l�Ko(e�pCpme � k � }�ijh�i	}!egp^��egf�e`o�{�k+lmf,kn����h�lmy8h*yjl,pme`y	o�ij��pmy�pmd(k0o(k!p^zWy	lm�*ð fh(i	}/��k!p=�`y	f,f�l/ijpmk8� ó �(��egpmegy	o�i	�g���$vCz.k�f,d(y�z pmd(ijp��Kknf,hKegpmk��(f,egoK|��k!zWk+l�o(y���knfUpmy=��yjl,zUi�l/��h(i	}/��k!pmfnv���h(i	o���y$knf�o(y	p�f,eg|8oKe���}�ijo�pm���egoK}!lmk�i	f,k?�Kkn�geg{�k!l,���`i�pmkno(}!��i	o��¡o�� � �*k!l�y	�4d(y8hKf�k�ij}+d¡h�ij}+�8k!pp,l/i�{�k+lmf,knfn�
µCeg|	�Klmk ��f,d(y�z�fwh�ij}+��k+p��Kkn�geg{�k!l,��l/ijpmk�ijf�pmd(k=�Ke�p�l/ijpmk�yj�Wk�ij}+dÁ 0 *�$(y�z¡egoK}!lmk�i	f,k!fn�$cWd(k+lmkWegf�o(y � yjpmegy8o�e`o�pmd(k!f,kWf,e � �(�`i�pme`y	o(fn�cWdKk.f,e � �K�`ijpmegy8owlmkn|	e`y	o�d(i	f�i	o�ijlmk�i�y	�H½�»	»8» � k!pmk!lmf � ½�»	»8» � k!�
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pmk!lmfn��ô#o?i�{�k!l/ij|8k8v(k�i	}/d?h(i	}/��k!pUp,l/i�{�k!lmf,knf �=dKy8hKfn�
� o � y��Ke���kn�¸º8»8¼��g½8½	�0� ¿ ��lmy	h(f�f,eg|	o(e���}�ijo$pm�g� � y	lmk�h�i	}/��k!pmfz�d(k!o�pmdKkWÁ 0+* $(y�z�l/ijpmk.egoK}!lmk�i	f,k!f�h�i	f�p �$�w�Kh(fn� ¿ y	f�p�y	��pmd(knf,kh�ij}+�8k!p���lmy	h(f�y$}n}n��l#kne�pmdKk!l��*kn}�i	�Kf,k�pmd(k ó c ²,¿ z�ego���y�z egf�o(y	p�gy8oK|4knoKy8�K|8d�pmy�i	�g�gy�z³i	�g�$�(��ñHk!lmk����(oKeg}�i	f�p�h�i	}/��k!pmf�pmy��*k0i	�K{�k+l,�pmegf,k���vjyjlE�*kn}�i	�Kf,kWi���pmk!lEpmd(k ó c ²�¿ z�ego���y�z³pmdKk!lmk.egf�oKy	p�knoKy8�K|8dpme � k��(o$pmeg�*pmd(k�f�p/i�l,p�y	�CpmdKk�o(k!¶�pU�*kni	}ny	o?h*k!lmegy�����yjl4i	�g��i	�K{�k+l,�pmegf,k���h�ij}+�8k!pmf�pmy��*k�p,l/ijo(f � e�p,pmk���� ó �°pmk!l�p^zWy��*k�ij}ny8o¡h*k!lmegy���fy	�0�(��ñHk!lmego(|�v*i	�g��h(i	}/��k!pmf�i�lmk=��lmy8hKh*k��?�$��pmd(k ¿ ó Á4� 0.k!}�i	�Kf,k��h(i	o=�Ky$knfEo(yjpEo(knkn��pmy�i	�K{�k+l,pme`f,kWp,l/i���}U�*k!p^zWknkno�}ny$y	l/��ego�ijpmyjlmfi	o(���(f,knf.iwf,d(y	l,pmk+l ó c ²,¿ z�ego(�Ky�z1ijo����gy8oK|8k!lU�*kni	}ny	o�h*k+lme`y��Hv��h(i	o��Kkn�geg{�k!lmf � y	lmk#h�i	}/��k!pmfn�
��h(i	o�d�ijfUd(eg|8dKk!l��gy8f,fWl/ijpmk!f�pmd(i	o9lmkn|8�K�`ijl�º8»8¼��g½8½wz�dKkno�pmdKk#�Kegpl/ijpmk�ego(}!lmk�ijf,knf��*k!��y8o������ ���w�Kh(fn�EcWdKe`f=e`oK}!lmk�ijf,k�ego¡�`y	f,f=l/ijpmkegf��`i�lm|8kn���x���(k?pmy�pmd(k?��i	}!p�pmd�i�p���h�ijo¸�(f,k!f�i¡¼j» � f ó c ²,¿z�ego���y�zrh*k!l �8»	» � f��*k�i	}ny	o�h*k!lmegy���v	z�d(eg}+d�lmk��K�K}nknfE�Kpmeg�geg��ijpmegy8o�$� ��� ��
�� ó �K�Ke�pmegy8o�ij�g�g�$v��(f,ego(|w��k+zWk!lUoKy��Kknf�pmy���y	l,zWijl/�9h�i	}/��k!pmf
� in����kn}!lmk�ijf,k=h*y	pmk!o�pme`ij�C}+d(i	oKo(kn�C��pmeg�`eg��i�pmegy8o�kn{�kno � y	lmk	ò�k�ij}+dpme � k�i�o(y��Kk#k!¶�h*y8o(k!o�pme`ij�`������ij}+��fUyjñ�pmy�i�{�y8e`�9}ny8�g�gegf,egy8oOv(pmd(k!lmkegf.i�|jlmk�ijpmk+l.}/d�ijo(}nkUpmd�i�pEpmd(kU}/d�i	oKo(kn���*kn}ny � knf��(o(y$}!}n�(hKe`kn����yjli=�gy8oK|8k!l4h*k!lmegy���yj�Cpme � k8�
cCij�(�gk�¼�f,d(y�z�f#pmdKkwlmy8�KpmegoK|��*knd(i�{�egyjlwi	o(�?�gy8f,f�l/ijpmk!f#y	�W��h(i	o�vº8»8¼��g½8½)�0� ¿ v*ijo��?º	»�¼$�`½	½�z�e�pmd�i � �w�Kh(f�h*k!l#Á 0+* $(y�z�l/i�pmk8�±�k�{	ijl,��pmd(kUf,e � �K�`ijpmegy8o9i�lmk�i�pmyw}+d(i	o(|	k�o(y��Kk���kno(f,e�p6�=i	o(�=pmd(ko�� � �*k!l�yj�Wd(y	h(f�kni	}/d�h�ij}+�8k!pwo(k!k��Kf#pmy�p,l/i�{�k!lmf,k8�OcWd(k+lmk�egfwo(y� y	pmegy	o³ego�pmdKknf,k�f,e � �(�`ijpmegy8oKfn� ��knf,hKegpmk��(f,egoK|���k!zWk+l�o(y���knf�pmy��yjl,zUi�l/�?h�i	}/��k!pmfnv���h(i	o��Kkn�geg{�k!lmfUh(i	}/��k!pmf��(f,ego(|=y8o(����i=f,�geg|8d$pm���d(eg|	d(k!l�o�� � �*k!l�yj�=dKy8h(fn����h�ijoOð f�h(i	}/��k!p?�Kkn�geg{�k!l,���°i�pmkno(}+�1egfd(eg|	d(k!l�pmd(i	o3pmd�i�p�yj�?º	»�¼��g½	½8v��(�Kp�f,eg|8o(e��(}�i	o$pm��� �gy�z.k!l�pmd(i	opmd�i�pwy	�.º8»8¼��g½8½ �.� ¿ �*±1e�pmd�º	»�¼��g½	½/�.� ¿ vHk�i	}/d�d(y8h�ij}n}ny8�Ko$pmf��yjl�lmy8�(|	d(����¼	»8» � fwy	�U�`ijpmk!o(}!�$v�z�d(eg}/d�}nyjl,lmknf,h*y8o(�Kfwz�e�pmd�pmd(k¼	»	» � fU�*k�i	}!y8o?h*k!lmegy����Kf,k����
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5.3 Effects of MobilityµCeg|	�Klmk���f,d(y�z�f�pmdKk�k+ñHkn}!pmf�y	� � y8�Keg�`e�p^��y8o�h(i	}/��k!p��gy8f,f�l/ijpmk8�² o?pmd(knf,k�f,e � �K�°i�pmegy8o(f#i	o�ijlmkni�yj��½n»8»	» � k!pmk+lmf � ½�»8»	» � k+pmk!lmfegfW�Kf,k����$¯0ij}+d�f,e � �(�`i�pme`y	o9�°ijf�pmf'��»	»�f,kn}!y8o���fn��À#y���knf.��y	�g�`y�z1pmdKkl/ijo���y � zWi���h*y	e`o$p � yjpme`y	o � y���kn�¹v	i	o��wpmd(k0�gkno(|jpmd=y	�Kpmd(kWh(i	�Kf,kpme � k#lmk $�kn}!pmfUpmdKkw�Kkn|jlmknk�y	� � y	�(eg�ge�p6�$�
cWdKk=��kn|	lmk!k=y	� � y8�Keg�`e�p^���Ky$k!f#o(yjp�f,eg|8oKe���}�ijo�pm����i�ñHkn}!p4lmy8�KpmegoK|z�e�pmd¡��h�ijo�}ny$yjl/�Kego�i�pmy	lmfn����h�ijo�}ny	o(f,egf�pmkno$pm����h*k+l,��y	l � fw�*k+p,pmk!lpmd(i	or�*y	pmdrº8»�¼$�g½8½4�.� ¿ i	o(�rº	»�¼��g½	½8� ¿ y	f�p�h(i	}/��k!p9��lmy8hKf�e`opmdKknf,k#f,e � �(�`ijpmegy8oKf�ijlmk4}�i	�Kf,k����$��pmk � h*y	l/ijl,��{�y8e`�Kf.}!lmk�ijpmkn���$�� y	�(eg�ge�p6�$��0.k!}�i	�Kf,k#|8k!y8|	l/ijh(dKe`}4��y	l,zWijl/��e`oK|�z�e�pmd���h(i	o9kno(}!y8�(o��pmk+lmf���k!zWk+l#{�y	e`�KfnvKegpmf��gy8f,f�l/ijpmkwegf��gy�zWk!l��

5.4 Coordinator Election² �Kk�ij�g�g�$vK��h�ijo�zWy8�K�`��}/d(y$y	f,k0 ��Kf�pUknoKy8�(|	d9}ny$y	l/��e`o(ijpmyjlmfWpmy�h�lmk!�f,k+lm{�k�}ny	o(oKkn}!pmeg{�egp^��ijo���}�i	h(i	}ne�p^�$vE�(�Kp�o(y � yjlmk � i	o$��}!y$y	l/�Ke��o(ijpmyjlmf�i	�*y�{�k=pmdKe`f � egoKe � � �  ��Kf�pwzUijf�pmk�h*y�zWk!l���cWd(egfwf,kn}!pmegy	o}!y � h�i�lmknfEpmd(kUo�� � �*k!l�y	�H}!y$y	l/�Kego(ijpmy	lmfW��h(i	o�}/d(y$y	f,knf0z�e�pmd=pmdKk
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o�� � �*k!lOpmd(ijpCz.y8�K�°���*k0lmk�~$�Keglmkn�wpmy���yjl � i�dKk!¶Ki	|	y8o�ij��|	lme`���`in���y8��p�v*f,d(y�z�o�ego�µCeg|8�Klmk � � pmd(k�d(k!¶�|	lme`�?�`in�$y8��p�y	��oKy��Kknfnv�z�dKeg�`kh*k!lmd(i	h(f.o(y	p�y	hKpme � i	�¹v�h�lmy��K�(}!knf�i�}ny	o(oKkn}!pmk��9��ij}+���*y8oKk#ego�kn{$�k!l,���Ke�lmkn}+pme`y	o?z�e�pmd?{�k!l,����k!z }!y$y	l/�Kego(ijpmy	lmfn�
cWd(k�d(k!¶Kij|8y8o(i	�U|jlme°���`in�$y8��p�yj��}ny$yjl/�Kego�i�pmy	lmf�hK�°ij}nk?i�}ny$yjl/�Ke��o�i�pmy	l�ijp�k�ij}+d¡{�k+l,pmk!¶�yj��i�d(k+¶(ij|8y	oO��¯E{�k!l,��}!y$y	l/�Kego(ijpmy	l�}�i	o}ny ��� �(oKeg}�ijpmk�z�egpmd�pmd(k�pmd�lmknk�}ny$yjl/�Kego�i�pmy	lmf�pmd�ijp�e�p�egf�}ny8o��o(k!}!pmk���pmy#pmd�lmy8�K|8d�ijo�k��K|	kUy	��i�dKk!¶Ki	|8y	oOvjz�d(eg}/d�egfW¼��	» � k!pmk!lmf�gy8oK| ��pmdKk�l/i	�Kegy�l/ijo(|8k �+��¯0ij}+d�d(k!¶Kij|8y8o�d(i	f�f,e�¶�}ny$yjl/�Kego�i�pmy	lmfnv�(��p�k�i	}/d�}ny$y	l/��ego�ijpmyjlWegf�f,d�ijlmkn������pmd�lmknk�d(k!¶Ki	|	y8oKfn�$cWd(k+lmk!��yjlmkk�ij}+d�d(k!¶Kij|8y8o�egfUy8oK�g�=lmknf,h*y8oKf,e`�K�gk#��yjlUp6zWy�}ny$yjl/�Kego�i�pmy	lmfn�(¯0ij}+dd(k+¶(ij|8y	o=d�ijfEi	o�ijlmk�i4y	��½���¼$v �	º8»
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α: ratio of sleep mode power to idle mode power

node density = 78.5
node density = 54.5
node density = 34.9
node density = 19.6

Ê�Ë�Ì�Í�Î�Ï��HÑ �#Ö�Ï�Î�Ì�Þ ÜnÚ�à�Ë�ÖOÌ*Ü�Ú�Ü�Ú�ë^ÍCÖCÓ8×nË�Õ*Ö Õ�ë � ä�Ó8Õ*ê�ì
ß Í�×nÏ�Ø�ÍCÜ�Ë�Ö�Ì � ��Í�ÚK×�Ë�Õ*Ö�ï�äEÜ�Í�Ù�Ün×nË�×�Í�×�Ë�Ö�Ì / +��


���� Ú�Ö�Ø62�Ú(Üà�Ú�Ý�Í�Ï�Ü�ë^Õ�Î / Ú(ÖCØ � �	� æ�ã�Ï�ÖrÓ8ÕHê ß ÍO×�Ë�Ö�Ì � +�� � 
 á ��ãCË�Ü �CÌ(ìÍOÎjÏ�Ü�ã�Õ�æ�Ü�×nã�Ú(×�Ú�Ü � Ë�ÖCÓ8Î�Ï�Ú�ÜnÏ�Ü8äO×�ã�Ï�Ú*ê�Õ*Í�Ö�×�Õ�ëWÏ�Ö�Ï�Î�Ì�ÞÜnÚ�àOË�Ö�ÌZØ�Ï�Ó8Î�Ï�Ú�ÜnÏ�Ü¡Ü�Ë�Ì*ÖCË��EÓ8Ú�ÖH×�Ý�Þ�á=â!Ö·Õ*ÍOÎ¸Ï � ß Ï�ÎjË¹ê�Ï�Ö�×nÜ8äæ�Ï�ÍCÜnÏ�Ø � � »��g½�� á

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

0 0.2 0.4 0.6 0.8 1

Id
ea

l e
ne

rg
y 

sa
vi

ng
 fa

ct
or

fup

node density = 78.5
node density = 54.5
node density = 34.9
node density = 19.6

Ê�Ë�Ì�Í�Î�Ï�Ð�2OÑ �#Ö�Ï�Î�Ì�Þ¡ÜnÚ�à�Ë�Ö�Ì*Ü�Ú�Ü�Ú�ë^ÍCÖCÓ	×�Ë�Õ*Ö�Õ(ë ����� äCÓ8Õ*ê�ì
ß Í�×nÏ�Ø�ÍCÜ�Ë�Ö�Ì � ��Í�ÚK×�Ë�Õ*Ö�ï�ä(Ü�Í�Ù�Ün×�Ë°×�Í�×�Ë�ÖOÌ / +�� 
���� Ú�ÖCØ 2Oá¹Ð�ï �Ú(Ü�àKÚ(Ý�Í�Ï�Ü�ë^Õ(Î / Ú�Ö�Ø � á ��ã�Ë�Ü ��Ì*Í�Î�Ï�Ü�ã�Õ�æ�Ü�×�ã�ÚK×�Ú�Ü �����Ë�ÖCÓ8Î�Ï�Ú�ÜnÏ�Ü8ä�×�ã�Ï�Ú�ê�Õ*ÍCÖH×�Õ�ë�Ï�Ö�Ï�Î�Ì�Þ³ÜnÚ�à�Ë�ÖOÌ�Ø�Ï�Ó8Î�Ï�Ú�ÜnÏ�Ü�Ú(Üæ�Ï�Ý�Ý^á�â+Ö�Õ*Í�Î�Ï � ß Ï�Î	Ë�ê�Ï�Ö�×�Ü8ä ����� æ�Ú�Ü4Ù�Ï�×/æ�Ï�Ï�Ö�2�á¹Ð�4�ï�Ú�Ö�Ø2�á°í ��è�á

0

50

100

150

200

250

300

350

400

450

500

100 200 300 400 500 600 700 800 900 1000P
ac

ke
ts

 d
el

iv
er

ed
 p

er
 5

 s
ec

on
d 

in
te

rv
al

Simulation time (s)

Span
802.11 PSM

802.11

Ê�Ë�Ì*Í�Î�Ï�Ð�Ð�Ñ�å4Ú�ÓjÛ�Ï�×wØ�Ï�Ý�Ë�à*Ï�Î�Þ�Î�Ú(×!Ï�Ú�ÜwÚ�ë^ÍCÖCÓ8×nË�Õ*Ö¡Õ�ëUÜ�Ë¹ê�ìÍCÝ�ÚK×�Ë�Õ*Öx×�Ë¹ê�ÏHá ��ãCË�Ü�Ü�Ë¹ê�ÍCÝ�Ú(×nË�Õ*ÖxÎjÚ(Ö¸Õ*Ö1Ú¡ï32�2�ê � ï32�2*êÚ(Î�Ï�ÚOá�� Ë�×�ã � ß Ú�Ö0ä(×�ã�Ï�ØOÏKÝ�Ë�à*Ï�ÎjÞ�ÎjÚK×nÏ�Ø�ÕHÏ�Ü�Ö�Õ(×#Ø�Î�Õ ß ÙEÏ�ìÝ�Õ�æ��>2�� ÍCÖH×�Ë�Ý 4�ï�Ð�ÜnÏKÓ	Õ*ÖCØCÜ�Ë�Ö�×!Õ�×�ã�Ï�Ü�Ë¹ê�Í�Ý�Ú(×�Ë°Õ*Ö0ä�Ü�Ë�Ì(ìÖCË ��Ó8Ú�ÖH×�Ý�ÞrÝ�Õ*Ö�Ì(Ï�Î�×nã�Ú�Ö³æ�Ë�×�ã6432*í�á¹Ð�Ð?å � � Ú(ÖCØ 432*í�á¹Ð�Ð(á

0

0.2

0.4

0.6

0.8

1

100 200 300 400 500 600 700 800 900 1000F
ra

ct
io

n 
of

 fo
rw

ar
di

ng
 n

od
es

 r
em

ai
ni

ng

Simulation time (s)

Span
802.11 PSM

802.11

Ê�Ë�Ì*Í�Î�Ï3Ð�í�Ñ�ÊOÎjÚ(Ó8×�Ë�Õ�Ö Õ�ë�ÖOÕOØOÏKÜ�Î�ÏKê�Ú(Ë�ÖCË�Ö�Ì3Ú(Ü�Ú ë^ÍCÖCÓ	ì×�Ë�Õ�Ö¡Õ(ëWÜ�Ë¹ê�ÍCÝ�ÚK×�Ë�Õ*Ö¡×�Ë¹ê�Ï*á:��ãCË�Ü
��Ì*Í�Î�Ï�Ë�ÜwÕ�ÙC×nÚ(Ë�Ö�Ï�Ø�ë^Î�ÕHê×�ã�Ï�ÜnÚ�ê�Ï9Ü�Ë¹ê�ÍCÝ�Ú(×nË�Õ*Ö�Ú�ÜwÊ�Ë�Ì*ÍOÎjÏ�Ð�Ð�á�� Ë�×nã � ß Ú�Ö�ä�Ö�Õ�Ø�Ï�ÜÎ�ÏKê�Ú�Ë�Ö�Ú(Ý�Ë�à*Ï�ë�Õ�Î=Ü�Ë�Ì*ÖCË ��Ó8Ú�ÖH×�Ý�Þ³Ý�Õ*ÖOÌ�Ï�Î ß Ï�ÎjË�Õ�ØCÜ�Õ�ëW×�Ë¹ê�ÏHá



0

0.5

1

1.5

2

2.5

3

3.5

20 30 40 50 60 70 80

N
et

w
or

k 
lif

et
im

e 
(n

or
m

al
iz

ed
)

Node density

Span
802.11 PSM

802.11

Ê�Ë�Ì�Í�Î�ÏxÐ�è�Ñ � Ï�×/æ�Õ�ÎjÛ1Ý�Ë°ë^Ï�×�Ë¹ê�ÏHä�ØOÏ ��Ö�Ï�Ø�Ú�Ü�×�ã�Ï¡×�Ë¹ê�Ï¡Ë�××!Ú�Û�Ï�Ü�ë^Õ(Î ß Ú(Ó	Û�Ï�×wØ�Ï�Ý�Ë°à*Ï�Î�Þ�ÎjÚK×nÏ�×nÕ�Ø�Î�Õ ß Ù�Ï�Ý�Õ�æ �32���äOÚ(ÜÚ�ë^ÍCÖCÓ8×�Ë°Õ*Ö�Õ�ë�Ö�Õ�Ø�Ï�ØOÏKÖ�Ü�Ë�×+Þ�á ��ãOÏ ��Ì*Í�Î�Ï�Ë�Ü�Ö�Õ�Î	ê�Ú(Ý�Ë � Ï�Ø×!Õ�×�ã�Ï�Ý�Ë�ë�Ï�×nË¹ê�Ï�Õ�ëEÚ�432*í�á¹Ð(Ð�Ö�Ï�×/æ�Õ(Î	Û�á � Ï�×/æ�Õ�ÎjÛ?Ý�Ë�ë�Ï�×�Ë¹ê�Ïæ�Ë�×�ã � ß Ú(Ö¸Ë�Ü=Ú�ë^Ú(Ó8×nÕ�Î�Õ�ë4í�ÙEÏ�×n×nÏ�Î�×�ã�Ú�Öræ�Ë�×�ã�Õ�Í�×8á
µCego(i	�g���$v*pmd(k�o�� � �*k!lmf�ego�pmd(k'��¯Eo(k!lm|j��lmk � i	egoKe`oK|�
�}ny8�g� � o�e`oc�i	�(�gk	�³}ny	l,lmknf,h*y	o���pmy³pmd(k��Kijp/i�h*y	ego�pmf�ego µCe`|	�Klmk¡º���cWdKk
² �K�gk�%	���gknknh¡knoKk!lm|	��}!y8�g� � o�f,dKy�z�f�pmd(k�i � y8�Ko$p�yj�#k!o(k!lm|j��lmk!�� ijego(ego(|�}�ij�`}!�(�`ijpmk��¡�(f,egoK|�y	o(����pmd(k�i � y	�(o$p�y	��pme � k�i�o(y���kf,h*k!o��Kf=e`o¡f,�gknknhri	o(��e°���gk � y��Kk	� ² p��Ky$knf�oKy	p�p/i	��kno¡ego$pmy�ij}!�}!y8�(o$pEyj��h�ij}+�8k!pC��yjl,zUi�l/�Kego(|wijo���f,kno���e`oK|#ijo���lmkn}nkneg{�ego(|#��lmy�i	���}ni	f�p � k!f,fmi	|8k!fn�*cWd(kw��i	}!p4pmd�ijp�pmdKkwo�� � �*k!lmfUego�pmdKk ² �K�gk�%	���gknknhk!o(k!lm|j��}ny	�`� � o�ijlmk�{�k+l,�=}n�gy	f,k�pmy�pmdKy8f,k�ego�pmd(k�¯Eo(k!lm|j�=lmk � ije`o��egoK|�}ny	�g� � o�f,�(|	|8knf�p�pmd(ijp�lmy	�Kpmego(|�h�ij}+�8k!pmf���y$knf�o(yjpw}ny	o(f,� � k� �(}/d�k!o(k!lm|j��ego�}!y � h�i�lmegf,y8oO�
*�knf,�K�gpmf�ego³pmd(egf�f,kn}!pmegy8o�f,d(y�z·pmd�i�p���h�ijorfmi�{�k!f�kno(k!lm|j�³����i��i	}!pmyjlUy	� ��� ��yjl � y	lmk�y�{�k!l.º8»8¼��g½8½��0� ¿ ijo���º	»�¼��g½	½8� -#y�zWk!{�k!l�vpmdKk#i � y8�Ko�p0y	�OknoKk!lm|	��fmi�{�ego(|	fU�Ky$knf.o(y	p.ego(}!lmk�ijf,k#f,eg|8oKe���}�ijo�pm���ijf4oKy��Kkw��kno(f,e�p^��egoK}!lmk�i	f,k!fn�

5.6 Network LifetimecWdKegf�f,k!}!pmegy8o�f,d(y�z�f�pmd�i�p0��h(i	o���egf�p,lme`�K�KpmknfCpmdKkW}ny	f�pmf0yj�*�*knego(|#i}!y$y	l/�Kego(ijpmy	l0ego�i4zWin��pmd(ijp�hKlmk!f,k!lm{�knf�oKk!p6z.y	lm��}ny8oKo(kn}+pme`{�e�p6����y	li�lmkn�`i�pme`{8kn���?�gy8oK|9pme � k8��µCeg|8�Klmk!f�½8½�ijo���½�¼�f,dKy�z�lmknf,�K��pmf4��lmy �i�f,ego(|8�gk � y	�(eg�gk=k!¶�h*k!lme � kno$p#y8o�i��j»8» � � �j»8» � ijlmk�i��CcWdKk�¼j»f,y	�Klm}nk�i	o����Kknf�pmego(ijpmegy8o�o(y��Kk!fwf�p/ijl,p�z�e�pmd�¼j»8»	» �8y8�K�gknf�y	�Wk!oK�k+lm|	�$v�ijo���pmd(k�lmk � ijego(ego(|¸½n»8»���y	l,zWijl/��e`oK|roKy��Kknf�f�p/ijl,p�z�egpmd�	»8»*�8y8�K�`k!fUy	�Okno(k!lm|j�$��±1e�pmd(y	�Kp���h�ijoOv$oKy��Kknf0}!lme�pme`}ni	�*pmy � �(��pme��dKy8h9lmy8��pme`oK|���e`k�ijlmy8�Ko���pmd(k4fmi � k4pme � k8v ��� ��f,k!}ny8o(�KfUego$pmy�pmdKkf,e � �(�`ijpmegy8o���±1e�pmd���h(i	o�v8pmd(kU�Klmf�p.oKy��KkU�¹ije`�g��lmk#y$}n}n��lmf���½��wf,kn}!�y	o���f�ego$pmy=pmdKk�f,e � �(�`i�pme`y	oO�(cWd(kwh(i	}/��k!p��Kk!�`eg{�k+l,��l/i�pmk��Ky$knf�o(yjp��lmy8h��*kn�gy�z �	» 
3�(o$pmeg��º �$½#f,k!}ny8o(�Kf.ego$pmy�pmd(k�f,e � �K�`ijpmegy8o�v�z�d(kno½�¼=y8��p�y	��pmd(k�½�»8»=��y	l,zWijl/�KegoK|�o(y��Kk!f4i�lmkwf�pmeg�`��i	�geg{�k8�
µCeg|	�Klmk�½���f,d(y�z�fwdKy�z � �(}/d���h(i	o�k!¶�pmkno���f#oKk!p6z.y	lm���ge���k!pme � k8vijf�i����Ko(}!pmegy	o�yj��o(y���k��Kk!o(f,e�p6�$�$±�kw�Kk!�(o(k�o(k!p^zWyjlm���ge���k+pme � k�i	fpmdKk�pme � k=e�p�p/ij��knf���y	l�i	|	|	lmkn|8ijpmk��Kk!�`eg{�k+l,�?l/ijpmk=pmy���lmy	h��*kn�gy�z�	» 
���cWd(knf,kwf,e � �(�`ijpmegy8oKf�e`o�{�y	�g{�k � y8�Ke`�ge�p6�$�
À4k!p6z.y	lm���geg��k!pme � kWz�e�pmd���h�ijo=egf�i#�¹ij}!pmy	l0y	��¼#�*k+p,pmk!l�pmd�ijo=z�e�pmdK�y	�Kp�����h�ijo��Ky$knf4o(yjp#k!¶�pmkno(��o(k+p6zWyjlm���ge���k!pme � k�i	f � �(}/d?ijf4pmdKkk!o(k!lm|j�9fmi�{�ego(|	fWe�pWyjñHk!lmf �´i��¹i	}+pmy	l�y	�Oy�{�k!l���� ���.�*kn}ni	�(f,k4kno(k+lm|	�

}ny	o(f,� � h�pmegy8o�l/ijpmk�egfWo(yjpU}ny8oKf�p/i	o$p�� ó f0o(y���knfWf�p/ijl,p0pmy=��egk8v$pmd(ko(y���k��KknoKf,egp^�r�Kkn}!lmkni	f,knfn�4Á.y	o(f,k�~$�(k!o�pm���$v�pmd(k���l/i	ego�l/ijpmk�ij�`f,yego(}!lmkni	f,knfn�

6. ConclusioncWd(egf�h�ijh*k!lwh�lmknf,kno$pmf�q8s�t	uKvCi��Kegf�p,lmeg�(��pmk���}!y$y	l/�Kego(ijpmegy8o�pmk!}+d��o(e`~$�(k���y	l � �K�gpme���d(y	h�i	��d(y$}�z�e�lmkn�gknf,f�oKk!p6z.y	lm��fwpmd�ijp�lmk����(}nknfknoKk!lm|	�1}!y8o(f,� � hKpmegy8orz�egpmdKy8��p?f,eg|8oKeg�(}�i	o$pm���:�Ke � ego(egf,dKe`oK|�pmd(k}�ijh�i	}!egp^�xy	l�}!y8o(oKkn}!pmeg{�e�p6�¸yj�=pmdKk�oKk!p6z.y	lm�*����h(i	o:i8�Ki	h�pme`{8kn���kn�gkn}!pmf?«/£�£j¤,§	¨�u�t	®�£	¤ ���°lmy � i	�g�Uo(y���knf=ego�pmd(k�o(k!p^zWyjlm�Hv�i	o���lmyj�p/ijpmk!f4pmd(k � ego?pme � k8�*��h�ijo�}ny$y	l/��ego�ijpmyjlmf�f�p/in��inzUij��k�i	o��?h*k+l,���yjl � � �(��pme���d(y	h�h(i	}/��k!pwlmy8��pmego(|�z�e�pmd(ego�pmdKk�i8��d(y$}�oKk!p6z.y	lm�*vz�d(eg�gkUy	pmdKk!lEo(y���knfClmk � ije`o�ego=h*y�zWk+l,�^fmi�{�ego(| � y���kWijo���h*k!lmegy��Ke��}�ij�`����}+dKkn}/��e���pmdKk!��f,d(y	�(�`��inzUij��kno=i	o����*kn}ny � kUi#}ny$yjl/�Kego�i�pmy	l��
±1e�pmd���h�ijoOv	k�i	}/d�o(y���kW�(f,k!f0i�l/i	o���y � �(i	}/��y	ñ���kn�`i���pmyw��kn}ne`�Kkz�d(k+pmd(k!lwpmy��*kn}ny � k�i�}ny$yjl/�Kego�i�pmy	l���cWdKegf���kn�`in��egf�i9���(oK}!pmegy8oy	��pmdKkwo�� � �*k+lWy	�Eyjpmd(k!l�oKy��Kknf�ego�pmd(kwoKkneg|8d��*y	lmdKy$y���pmd�i�p�}�i	o�*k��Klme`�K|	k����(f,ego(|wpmd(egf0o(y��Kk	v�i	o(��pmdKk#i � y8�Ko�p�yj��knoKk!lm|	��egp.d�ijflmk � ije`oKego(|K�Eô#�Kl�lmknf,�(��pmf�f,d(y�zÔpmd(ijp���h�ijo�o(yjp=y	o(����h�lmknf,k!lm{�k!fo(k+p6zWyjlm�r}!y8o(oKkn}!pmeg{�e�p6�$v0egp�i	�gf,y¡hKlmk!f,k!lm{�knf�}�i	h(i	}ne�p^�$vW��kn}!lmk�ijf,knf�`ijpmknoK}!�$v�i	o(��hKlmy�{�e°��knf#f,eg|	o(e���}�ijo$pwkno(k+lm|	��fmi�{�e`oK|8fn��µ(yjlwk!¶Ki � �h(�gk8v���yjl�i�hKl/i	}+pme`}ni	�0l/ijo(|	k�yj�Uo(y���k9�KknoKf,e�pme`k!f=ijo���i�hKl/i	}+pme`}ni	�knoKk!lm|	� � y��Kkn�¹v	y8��l0f,e � �(�`ijpmegy8oKf0f,dKy�z³pmd(ijpEpmd(kUf���f�pmk � �ge���k+pme � kz�e�pmd���h�i	o�egf � y	lmk#pmd(i	o�i��¹ij}!pmy	l�y	��p6zWy��*k!p,pmk!lUpmd(i	o9z�egpmdKy8��p��h(i	o��
cWd(k=i � y	�(o$p�yj�WknoKk!lm|	��fmi�{�ego(|���h�ijo�h�lmy�{�e`��knf�ego(}!lmkni	f,knf�y8oK���f,�geg|8d$pm����i	f���kno(f,e�p^�?ego(}!lmkni	f,knfn�OcWd(egf4e`f#�°i�lm|8kn�������(kwpmy�pmd(k��¹i	}+ppmd�i�p�pmd(k0}n�Kl,lmkno$p�e � hK�`k � kno$p/ijpmegy8o�y	�H��h�ijo��Kf,knfCpmd(k.h*y�z.k!lEfmi�{$�ego(|���k�i�pm�KlmknfUyj��º	»�¼��g½	½8vKf,e`oK}nk#oKy��Kknf.h*k!lmegy��Keg}�i	�g����zUi	�8k#�(h�ijo���gegf�pmkno���yjl4p,l/i���}�i8��{�k!l,pmegf,k � kno$pmfn�K��kn}!pmegy8o��$� �=f,d(y�z�fUpmd�ijpUpmdKegfi	hKhKlmy8i	}/d�}ni	o��*k�k!¶�p,lmk � kn����k+¶Kh*k!o(f,eg{�k8��cWd(egf4zWijl,l/i	o$pmf4e`o�{�k!f��pmeg|�i�pme`y	o�ego$pmy=i � y	lmk�lmy8�K�(f�pWi	o���k!��}negkno$pUh*y�zWk!lUfmi�{�ego(| ¿ ó Á�`in�$k!l�vHy8oKk�pmd(ijp � ego(e � eg�nknf�pmd(k�i � y8�Ko$p#yj��pme � k�k�i	}/d�o(y���k�egoh*y�zWk!l�fmi�{�ego(| � y���k � �Kf�p�f�p/i����KhO�

7. Acknowledgements±�k�pmd�ijo(� �8y8dKo ó o(��}!y	lmo?��yjlwhKlmy�{�e`�Kego(|9h*y�zWk+l � k�ijf,�Klmk � kno$pd�i�l/��zWijlmk�i	o(�?i8��{�e`}!k8�

8. References
� �������
	���

�������������������
�����! � �������"$#&%(')	�#&
+*,%��.-0/213�)�
 �*,
4�4*�1(��	

536 �� �� 78 �*9'��
#&%��;:<�!��=�>4��?&?&?�>8@BA0ACAED&F&G�>
�&� 5 ')*,%��8*,	��IHJ@BA0ACA
"K#&� 6 ��')��	 5 #2 ��
��'B1L�4���M���N� 5 'O*,%���*,	)���N"$#&�P�P� '�'����9QO>

� G9�SRUT�VXW�Y[ZX\^]_Z�\3V<Y<`Xa�V<`[Z^bc]dZ<e<`<fhgie<j�k8l2Z^bc]8m�/��on!1�%�*,�P�
 
5 #&��	) ���pU#&��')�
%�=c-C	�#,')#2 �#&
�qJ#&	���#&r��


�N�N��s�#3 o����'BtK#&	)u2�;>8@B%
v�w8xBy�z�w<y;xK{&z}|�~�xd�Cv��o�X�����2����� yo�!{c�o�����oy�x��C�&z)�,��w3�h�i�&z)�,��w3�
� z��&�;� HJnN�� &>4��?&?&D(QO>

� �9�SRUT�VXW�Y[ZX\^]_Z�g�e^j�k�l3Z^bc]_Z�\2V^Y<`^a�V<`�Z^bc]_ZX�N�[Z^�S]dZ<e<`<f
\2�2k8W�Y<�2�(e[ZX\^]���-0��	}qJ#&	���*,%� ��o"$#&� 6 *,	)�
��#&%�#,q�����
 ')� ��/�# 6
���
	���

�������!��s�#3 o����'Bt$#&	)u p�#&�3')�
%�=P-0	)#,'�#3 �#&

��>�@B%
¡Uz}�;�)yOyO{&��w3�&¢S��~£x�¤�y£�C� ~Ox�¤��Nw8w8��|&�X�S¥+�P¦�v}�C�0�§v�w8x�y;z�w<|&x����(w<|&�
¥0�&w;~�y;z}y;w<�)yc�&wi�¨�3����� y.¥��&©N�<��x��dw3�L|&w<{c�oy;xJ�C�&z)�&�dw3�
ª ���2���}¥��(©!« H�n�*,


_*,��:�mU¬­:��N��=�>���?&?&D(Q�>

� ®,�P¯KY<e<`^°0ZX\^]_Z<e<`^f�±+e^a�aO²
�<j,e^a,Z�³$]8A0%���	)=,1."$#&%��)��	�´3�
%�=PpU#&��'��
%�=
�
%L�E�
	)��

���)�U�N�Ls!#2 o�!��'BtK#&	�u3��>8@B% ¡Kz����OyOy){(�dw3�(¢­��~Nv}�C�0�
v)����µ£¥UµC� H�m+��
��!´3� ´X:�@B�)	O*,��
�:�G&F&F&F(Q�>

� ¶9�P¯KY<�3a�a�V^`[Z4·P]8¬!m�-$¸ 6 	)#,'�#2 �#&
���%�=&�
%��o�����)�
=&%�>�@B% ¡Uz}���OyOyO{&�dw3�(¢
�)~£x�¤�y£v}�[v�¡¹� �!º&»d¼ ¦ º&» ½ �i�&z)�,¢�¤���� HJp­¾���) O/�

�
u&#&%X:<�i*�1i��?&D&?(QO>

� ¿9�SÀ��2�3`<�(Á�ZX³$]_Z^e<`^f�ÂN²
j,a�a�V^`[Z+gÃ]�@B%(´(����'��
=(*9')�
%�=�'�/��£A0%���	)=,1
"K#&%��)��� 6 '��
#&%.#,q�*o���
	���

�������!��'BtK#&	)u�@B%(')��	}q�*, ��o�
%.*,%L�N�Ls!#2 



�!��'BtK#&	�u3�
%�=PAC%(´��
	�#&%��P��%2'�>�@B% ¡Uz}�;�)yOyO{&��w3�&¢S��~!v��0�C�
v��!��µ£¥UµC� H��N%� O/�#&	O*,=&�&:<� � :8G&F&F��;QO>

� �;�­À[�3`<`<�3T+Z�� ] vOw8xBy�z�w<y;x � z}�&�9�¨��|&w<|9�(y;©Sy;w8x0¡Uz}�&xB���O�&� �
�^y�z�¢O���(w�� :8��#;´¨��?&?��3>^p	�["C� G&G&�&¿�>

� D9�­À[²
`^`[Z4·P]X·c]<pU#&��')�
%�=P*,%��.�!����	������)�
%�=S-C	)#&r�

���P�K�
% �+*,	�=&�
����')	�# 6 #&

� 'O*,%����) �*,

�o@B%2'���	)%���'BtK#&	�u3��><@ 5 @}¸,p!pK� D��;�O��D&F�:<@ 5 @O:<�i*,	;>
��?&D��3>

� ?9�­À[j&V�ÁXf[Z�
�]dZX\(e<W�V���a�V^`[Z�
c]_ZXg¨W8¯Ke<`<`<�XZ�
�]_ZX³4²
�[Z4¯£]�·c]_Z^e<`<f
� Y<e<`^°0Z<³$]8�MpU��

�_*,r�

�£����
 '��
 ;*,�}'	�[	O*,�P��tK#&	)u­qJ#&	K�4�
=&/('BtK���
=&/('
5 ���)���
#&%��!*,%��.� 6�6 

�
 �*9')�
#&%.�4��´(��
���	)*,�P�
%�=�>3@B% ¡Uz}���OyOyO{&�dw3�(¢­��~
x�¤�yo�S¥4����v � ¥�µC�.� H��$#&��'�#&%�:^���­: 5 � 6 '�>+��?&?&¶(Q�:
6�6 >8�,®(G��3�&¶&¿�>

� ��F9�S�N�2²
`^l;�2j��$e<`�Z���]���]dZ4¯$Y^e<`<f<T8e��Xe^aOe<`[Z��S]_ZXe<`<f
RKe<j,e��XT8²_aOY<`<e<`�Z^�S]8A0%���	)=,12�B���P ��
��%2'�"$#&�P�S��%��
 �*9'��
#&%
-C	�#,')#2 �#&

�!q�#&	$���
	���

���������
 �	�#&�)��%���#&	!����'BtK#&	)u2�;>8@B%
¡Uz}���OyOyO{&�dw3�(¢­��~ox�¤�yo�£|&�C|(|&�J|&wiv�w8xBy�z�w<|&x��J�&w<|&�K¥��&w;~�y�z�y�w<�Oyc�&w
���&¢OxBy�©S¢��X���Jy�w<�Oy H! (*,%�><G&F&F&F(QO>

� �&���#" `^k&e<`<e<°�V<`%$o² $Ke2k4ZX¯£]_Z4·oV��^²
`<f8e<`�Z���]_Z^e<`<f'&$aOk�T8²
`[ZXbc]
nN�
	��� �'����inN� (^���)�
#&%*)�� 5  �*,
_*,r�

�o*,%��ipU#&r����}'N"K#&�P�­��%��
 �*9'��
#&%
-$*,	)*,���
=&��q�#&	 5 ��%��)#&	!�!��'BtK#&	�u3��>�@B% ¡Kz}�;�Oy)yO{&��w3�&¢­��~£x�¤�y+�^�-,&x�¤
�Nw8w8��|&�X�S¥4��¦�v��0�C�§vOw8xBy;z�w<|&x����&w<|(�K¥��&w;~�y;z}y;w<�OyS�(w����2����� y
¥��&©N�<��x��dw3�.|&w<{P�£y;x��0�&z)�&�dw3� ª ���2����¥��&©N« H��$#&��'�#&%�:^���­:
�N��=�><G&F&F&F(Q�>

� ��G9�#.£e<T%/XZXR£]dZ<e<`<f'.o�<`^°0Z^�S]^±o]�0N- 5 p1)�0N	�������1 -0��	��
�P��')��	
5 ')*9')��

���)�Np�#&�3')�
%�=cq�#&	K���
	���

�������!��'BtK#&	)u2�;>�@B% ¡Uz}���OyOyO{&�dw3�(¢���~
x�¤�y+�^� ,(x�¤P�Nw8w8��|&�X�S¥4��¦�v��0�C�§vOw8xBy;z�w<|&x����&w<|&�K¥0�&w;~�y;z}y;w<�)yc�&w
���2���d� yL¥0�&©!�^�3x��dw3�L|&w<{��oy�x��0�(z)�,��w3� ª ���2���}¥��&©N« H!�$#&�}')#&%X:
���­:��N��=�>8G&F&F&F(Q�>

� ���9�#.£T8e,�^�3k8a,Z*�­]_Z^e<`^f'.£T8²_aOY<`<e^`[Z�2N]8� 6�6 

�
 �*9'��
#&%��B��	�� ´(��%L-C#�tK��	
�i*,%8*,=&���P��%2'�q�#&	!��#&r��


�o"$#&�P�S��%��
 �*9'��
#&%�>3@B% ¡Uz}���OyOyO{&�dw3�(¢­��~
x�¤�yo�4�&��z�x�¤��Nw8w8��|&�X�S¥4��¦�v��0�C�§vOw8xBy;z�w<|&x����&w<|(�K¥��&w;~�y;z}y;w<�Oy
�&w����2���d� y.¥��&©N�<��xJ��w3�L|&w<{P�oy;xJ�C�&z)�&�dw3� ª ���2���}¥0�&©!« HJn�*,


_*,��:
mU¬­:%3N �'�>4��?&?&D(QO>

� ��®,�S³4²BZ�\^]_ZX\2e<`<`XV<k�k�²BZX\<]dZ�¯KV^�<k8V[ZXbc]�bc]_Z�.£e^T�°X�2T+ZXbc]_Z<e<`<f
giV^T8T8²_a,Z*�­]8� 5  �*,
_*,r�

�o�4#2 �*9')�
#&% 5 ��	�´3�
 ���q�#&	40N��#&=&	O* 6 /��
 
�N�3� s!#2 op�#&�3')�
%�=�>�@B% ¡Uz}���OyOyO{&�dw3�(¢­��~ox�¤�y5�^� ,(xd¤ �Nw8w8��|&�
�S¥4��¦�v��0�C�Mv�w8x�y;z�w<|&x����(w<|&�$¥��&w;~�y;z}y;w<�OyS�(w����2����� y
¥��&©N�<��x��dw3�.|&w<{P�£y;x��0�&z)�&�dw3� ª ���2����¥��&©N« H��N��=�>8G&F&F&F(Q�>

� ��¶9�cg�e<`X°^²_V^`<�768
9�$²
k�Y[Z%� ]_Z+·�Y<e<`X°�Z%2N]�
�]dZ^ÂNe^l�e^T8�2k�Y[Z�
�]dZ
³4�2k�k�²
�2T8²BZ�2N]_ZXR�V<T8²
`^°0Z�� ]_Z^e<`^fh\(e^²
`[Z���]8���4#�t§-C#�tK��	
�N	� O/�� '��� �'���	��oq�#&	K���
	���

����������
 ')�
�P�����_* 5 13��'����P��)��������)#&%��
�4��*,	)%����:�[	)#&�;�$���


���
%�=S*�-0#;tK��	�s!#&=�>�@B% ¼�<�<3º vOw8xBy;z�w<|&x����&w<|&�
���&©N�3�&¢O�d��© �&w>=��&� ¡U�&�Cy�z£�K� yO��x�z}�(w8���;¢o|&w<{@?�y;¢)�
�&wA?o�
�(y;¢Ox
��~ �<yO��¤�w8���O|&�^¡U|��3y;z�¢ HJ��#&%(')��	)��1(:X"$�­:��N��=�>X��?&?&¿(Q�>

� ��¿9�c"K�>BM��#&%8*,	) O/LADC2')��%����
#&%��!'�##EGF2>
H�I�IKJMLON�N�P�P�PMQSR%T E7UKVXW HMQ W�F Q W RXYDQ[ZK\KY9N >

� ���;�­%��!�!#,'����N*,%���nN#3 ����P��%('O*9'��
#&%�>
H�I�IKJMLON�N�P�P�PMQ^] F ]�Q[ZK\KYXN`_9] E I7N E9FaE7U R�N :+G&F&F&F�>

� ��D9�#2C�2T%�X²
`^a,Z4¯£]<s��
=&/�
 1Ln!13%8*,�P�
 £nN����'��
%8*9'��
#&%�� 5 �cb2����%� ����
nN�
�}'O*,%� ����!dN�� �'�#&	NpU#&��'��
%�=LHJn 5 nedoQ0q�#&	U��#&r��


��"K#&� 6 ��')��	��;>2@B%
¡Uz}���OyOyO{&�dw3�(¢­��~ox�¤�y£�S¥4�f��v � ¥�µC�.� H��4#&%���#&%�:%B�> � >
:^��?&?,®2Q�>

� ��?9�#�!e<°^Y<e,�X�2`<f<T8e�ZX¯�]_ZXe<`<fg
�²
`X°^Y[Z*
4]�-X�N��� 5 )�-C#;t$��	��!tK*,	)�
����
 '�� �B�N � ����)�U-C	�#,')#2 �#&
4t�� ')/ 5 �
=&%8*,

�
%�=­qJ#&	K�!��s!#2 o�!��'BtK#&	�u3��>
�S¥4� ¥0�&©!�^�3xBy;z�¥��&©S©­��w8���O|&x��J�&w�hUy�i;�Jy�� H� &��
 1���?&?&D(Q�:<¶��3G&¿�>

� G&F9�#�!e��$e<`<e3k�Y^e<`[Z%��]dZ^e<`<fj�UV^aOe<j,��ak6 �!e^²
`[Z*�­]8mU# 6 #&

#&=,1
"$#&%2'�	)#&
�#,qC����
 ')� �B/�# 6 �E�
	)��

���)���!��'BtK#&	�u3�4B!���
%�=SmU	)*,%��)�P� '
-C#�tK��	!�!�Kl}����'��P��%2'�>�@B% ¡Uz}�;�)yOyO{&��w3�&¢S��~!v��0�C�§v��!��µ£¥UµC�
H�m+��
��!´3� ´X:8@B��	O*,��
�:8�i*,	� O/LG&F&F&F(Q�>

� G����#�UV^f^V�/3j9��Z*
c]_Z<e^`<fhg��3`^°�ZX±o]^�S]<���
%��
�­��� AC%���	�=,1���#&r��


�
�E�
	)��

���)�!�!��'BtK#&	)u2�;>�@B% ¡Kz����OyOy){(�dw3�(¢­��~ox�¤�y�v��0�C�
vOw8xBy;z�w<|&x����&w<|(�K¥��&w;~�y;z}y;w<�OyS�(w ¥��&©S©­��w8���O|&x��J�&w8¢ ª v,¥�¥<«
H��U'�
_*,%('O*�:*0N��:� &��%��c��?&?&D(QO:8´(#&
�>8��: 6�6 >���¿&�&���<��¿&�&?�>

� G&G9�#�UV^Y<j�Z4¯�]dZ�� V^�3aO`<�3T+ZX�S]_Z<e<`^f�� V<j,²_a�l3Z��S]8� 5 /�#&	�'��4#2#&u�#&%
-C#�tK��	 5 *�´3�
%�=����� O/8*,%��
���P�K�
%L'�/������
	���

�����U�4��� 5 ')*,%��8*,	)�
nN	)*9q�'�@BACA0A�D&F&G�>
�&�&>�@B% ¡Uz}���OyOyO{&�dw3�(¢­��~£x�¤�ySxd¤�y º x�¤ ��v���=4��m
���&z)�&¢�¤���� �&w �4¤3�dz}{ � y;w<y�z}|(xJ�J�&w��.��z}y;� y;¢O¢����&¢)xBy;©­¢ HJ�!��t
�$	)��%���t��
 Ou<:8�4 8:8�i*,	;>^��?&?��&Q�>

� G&�9�n
�Y<�7/9e<T8f[Z^±�]8��"$/8*,%�%���
4�! � ������ 5  O/����P�!qJ#&	U�+*,	�=&�onN��%��)�
-$*, Ou&��'£p�*,���
#S�!��'BtK#&	)u2�;>�@B% ¡Uz}���OyOyO{&�dw3�(¢­��~ox�¤�y£�S¥4�
��v � ¥UµC��� H 5 ')*,%�q�#&	)�>B�%�� ´(��	)��� 'B12:8"$�­:��!��=�>���?&?&¿(QO:
6�6 ><G���?��3G&�&F�>

� G,®,�n
�²
`^°^Y�Z*
�]_Z�� VXV[Z+gÃ]_Z<e^`<f'�!e<°^Y<e,�X�2`<f<T8e�Z<¯£]�
�]
-C#;t$��	}�B�!tK*,	)�£pU#&��'��
%�=P�
%.��#&r��


���N�.s!#2 o�!��'BtK#&	)u2�;>�@B%
¡Uz}�;�)yOyO{&��w3�&¢S��~£x�¤�y£�C� ~Ox�¤��Nw8w8��|&�X�S¥+�P¦�v}�C�0�§v�w8x�y;z�w<|&x����(w<|&�
¥0�&w;~�y;z}y;w<�)yc�&wi�¨�3����� y.¥��&©N�<��x��dw3�L|&w<{c�oy;xJ�C�&z)�&�dw3�
ª ���2���}¥��(©!« H�n�*,


_*,��:�mU¬­:X��?&?&D(Q�>

� G&¶9�n
�k��G�e��ZXgÃ]_Z^e<`<f'.£e3k8l2Z��­]<pU������ ��
%�=P-C#�tK��	N"$#&%������ 6 '��
#&%
#,qC����'BtK#&	)u�@B%(')��	�qJ*, ����N�
%LsN*,%�����/���

��nN��´3�
 �����>8@B% ¡Kz����OyOy){(�dw3�(¢
�)~£x�¤�y.��¤3��z}{Ã�i�&z)�,¢�¤����Ã�(w����2����� yo�¨�3� x��d©cyO{&��|
¥0�&©­©S��w8���O|&x����&w8¢ ª �¨�,�i��¥porq�« H�-C	��
%� ���')#&%�:^�4 �:���?&?&¿(QO>

� G&¿9�s�ie3k�k��3`<Y^V�t(�2T+Z��­]_Z�³4²BZX³$]_Z�RKe<Y<j�Z�2N]_ZXe<`<f��ie<`X°�Z<�c] 6}g ]
nN�
��'�	)�
r��3')���.mU# 6 #&

#&=,1�"K#&%('�	)#&
�q�#&	K-C#�tK��	!AM�P ��
��%('
3 6 ��	)*9')�
#&%L�
%�����
 '��
/�# 6 �E�
	)��

���)�U�!�.s�#3 o����'Bt$#&	)u2�;>8@B%
¡Uz}�;�)yOyO{&��w3�&¢S��~!v��0�C�§v��!��µ£¥UµC� H��N%� O/�#&	O*,=&�&:<� � :�G&F&F��;QO>

� G��;�su��[Z^�S]dZX�N�2²
f<�G�$e<`<`[Z�\<]_Z^e<`<f'&$aOk�T8²
`[ZXbc]8�N�8* 6 '�� ´(�
AC%���	)=,12�}"$#&%�����	}´��
%�=Pp�#&�3')�
%�=cq�#&	�����
 '��
/�# 6 �!��s�#3 
�!��'BtK#&	)u2�;>�m+�� )/�><pU� 6 ><¶&G��3:�B 5 "�¸9@ 5 @O:�3N �';><G&F&F&F�>

� G&D9�su��[Z^�S]dZX�N�2²
f<�G�$e<`<`[Z�\<]_Z^e<`<f'&$aOk�T8²
`[ZXbc]
0N��#&=&	)* 6 /(13�B�
%3qJ#&	��P���LAC%���	�=,1�"$#&%�����	�´&*9'��
#&%.q�#&	K�N�.s!#2 
p�#&��'��
%�=�>�@B% ¡Uz}���OyOyO{&�dw3�(¢���~£xd¤�y1�Xy�i9y;w8x�¤c�Nw8w8��|&�^�S¥4��¦�v}�C�C�
v�w8xBy�z�w<|&x��J�&w<|&�K¥��&w;~�y�z�y�w<�Oyc�&w����2���d� y ¥0�&©!�^�3x��dw3�.|(w<{
�oy;xJ�C�&z)�&�dw3� ª �¨�3����¥��&©N« HJpU#&�P�(:�@�'O*,
 1(:� &��
 1 G&F&F��;QO>


