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R'SUT�VXW�Y[Z \^]_V[`Uacbedf]_gih!W�djgikldm]cVn]_ofbedm]cgph
q W�osr=osdmT�VnW�out�giVnkUa_W
v^W�o

wAxsgeyzW�d{\^]_h?`Uo
|/bekUk}gpxsd q W�xmW�t~SUW�xst~SUW�h9���pY��i��Z �p`U]ca_a_W�d����i�i��Z �i�7k�be�iW�o

���������G���p��� R'SUW7]_h�dfW�xmW�ozd(]_h�`UhUosdmxm`Ut
df`UxsW q VnW�osSUW�ou��gixu�&giVnkU`ldfbedf]_gih�bpa���a_`U] q�� r=h�bpVn]ct�o
� �%� �(� bpkUklac]_t:bedm]cgphUo�bpkUkKW:bexmo�dmgu KW&]_hUt�xsW:bphUos]chl�ia_r[]cVnkKgixsdfbph�d¡]_h¢dfSUW£]ch q `Uosdmxm]cbpalt�giVnV[`Uhl]_d¤rp¥
¦¤h q `losdfxs]§bea�bpkUkUa_]ct�bedf]_gihUo!xmW�¨?`U]cxsW�dfSUW©h?`UVnW�xs]ct�bpa�om]_V[`Uacbedf]_gihªgp��t�giVnkUa_W
v¬«�g�­�o � ]Q¥®We¥¯dfSUW
`Uh q W�xma°r=]chl�±«�g�­�o!W
v^SU]_ U]_d²a_g^t�bpac]_³�W q SU]_�iS¬´ebpxm]cbedf]_gihUo�gp�[kUS�r=om]_t:bpa�¨?`�bph�df]°df]_W�o � bpxsgi`Uh q gix
­�]°dfSU]_h�t�giVnkUacW�v²�iW�giVnW
dfxm]_W�o�¥�µ/hUozdfxs`Ut�dm`UxmW q VnW�omSlW�o(bpxsW�k�bpxsdm]ct�`Uacbpxma°r�­&W�aca"om`l]_dmW q dmgXdmSUW�osW
¶ ]ch q o�ge�^os]cV�`Uacbedf]_gih q `UW¡dfg'dfSlW�]_x�be U]ca_]°d¤r(]ch�bpt�t�`UxmbedfW�a_r q ]cost�xmW
df]_³�]_hU�{t�giVnkUa_W
v�t�giVnkU`ld~b·df]_gih�bpa
q giVXbp]_hUo{bph q¹¸ dfgJdmSUW�]_x/«UW
v^]c l]ca_]_d¤r�]ch q r=h�bpVn]ct�bpa_a_r�xmW�ºUhU]chl�#bph q�q W�xmW
º�hU]_hU� ¸ gpx q W
��gixmVn]_hU� ¸
]_h»gix q W�x¼dmg½VXbedft~S»dmSUW�`Uh q W�xsa_r=]_hU�¾«�g�­���W:bedm`UxmW�o�¥¿�&gihlt�W�xshU]_hU�¾«�g�­Àomgia°´iW�xmo ¸ dfSlW�VXbp]_h
¨?`UW�ozdf]_gihnbpkUkKW:bexmo"dfg{ KWAdfSUW£a§bpt ¶ gp�UW�ÁXt�]_W�hUt
r q W�VngihUosdmxfbedmW q  �r�`UhUozdfxs`Ut�dm`UxmW q VXW�omS7osgia_´pW�xso
t�gpVXkUbpxmW q dmgÂosdfxs`Ut�dm`UxmW q gphUW�o�¥ÄÃ�bph�r»W
ÁXt�]_W�h�d�VnW
dfSUg q o q W
´iW�a_gikKW q ]ch*dfSlW�osdfxs`Ut�dm`UxmW q
t�gph?dmW
v=d(bexmW[hlgpd{W�bpom]_a°r²W�v=dfW�hlom]_ UacW�dfg¼`lhUosdmxm`Ut
df`UxsW q VnW�osSUW�o(beh q V[`lt~S�xmW�omW:bexmt~S�­£gix ¶ S�bpo
riW
d¢dfg� }W q gihUW�]_h½dmSU]co q ]cxsW�t
df]_gih¹¥ � `Uxm]_hU��dfSlW¼acbposd¢dmW�h½rpW:bpxso ¸ osW�´iW�xfbpa&om`Ut~S�­£gix ¶ o¢S�b:´pW
q W�VXgphUosdmxfbedmW q dmS�bed�V[`la_dm]c�ixs] q kUxm]_hUt�]ckUa_W�o�t:bph�r=]cW�a q xmgi U`losd�bph q W�ÁXt�]_W�h�d¡`lhUosdmxm`Ut
df`UxsW q VnW�osS
omgpa_´pW�xmo � omW�W[��gixjW
vlbpVnkUa_W¢Å"bpa_acW�VXbph q±Æ
Ç�ÈpÉ_ÊÌË �G��Í ¸}Î g=gi U`Uo Æ
Ç�ÈpÉ_ÊÌË ���·Í ¸ �%bexmxmÏ Ë ��Í ¸ Ã�b:´=xm]_kUac]_o Æ
Ç
ÈpÉ_ÊÌË ���·Í°Ð Ë �pÑ·Í°Ð Ë �^��Í � ¥(¦¤h�dmSU]_o(xmW�kKgixzd ¸ ­£W q W�omt�xs]c KW7gihU�pgi]chl�#xmW�osW:bpxst~SÒbpt�dm]_´=]°df]_W�o�bp]_Vn]chU��b·dudfSUW
t�gphUosdmxm`Ut
df]_gih#gp�"W�ÁXt�]cW�h?djbeh q xmgp U`Uosd&`UhUozdfxm`lt�df`lxmW q V�`Ua_dm]c�pxm] q omgia°´iW�xmo%��gix5t�giVnkUa_W
v�� � bph q
� � «�g�­Óos]cV�`Ua§b·df]_gihUo�¥£Ô&gpdmS!bpt:b q W�Vn]ct�bph q ]_h q `Uozdfxm]cbpa"bposk}W�t�dmo{bpxsW(t�gihlom] q W�xsW q ¥
Õ²Ö�×EØsÙ¢Ú �·Û��p� �&giVnkUxmW�omom]_ Ua_W¢«�g�­�o{Ð'Ü/b:´^]_W�xÝÐz\=dmg ¶ W�o(W�¨?`�bedm]cgphUo/Ð�µjhUosdmxm`Ut
df`UxsW q VnW�osSUW�o{Ð
Ã²`Ua°df]_�ixs] q VnW�dfSlg q o%Ð&w�bexfbpa_acW�aÞt�giVnkU`^df]_hU�
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� ����� � � Å�� `ldf]_ac]_ofb·df]_gih q WnVXbp]_acacbp�iW�o[hUgih=Ð¤osdmxm`Ut
df`UxsÏ�o�W�h¾Ã²Ï�t�bphU]_¨=`lW q W�o���a_`U] q W�o[Ü/`^Ð
VnÏ�xs]c¨?`UW � Ã��¡Ü � W�ozd�bp`·yzgi`Ux q �®S?`U]�`UhUW©gik^df]_gih�acbpxs�iW�VnW�h�d�b q gik^dfÏ�W©k�bex!acbÂt�giVnV[`lh�bp`ldmÏ
]_h q `Uozdfxm]_W�a_a_Wp¥ � bphUo%t�W q giVXbp]_hUW ¸ acW�o�bpkUkUa_]_t:bedm]cgihlo q �®]_h�dfÏ�x���d�]_h q `losdfxs]cW�a q W�VJbeh q W�h�d�acb¢om]_V[`^Ð
acbedf]_gih½h?`UVnÏ�xm]_¨=`lW q �®Ï�t�gi`lacW�VXW�h�dfoXbp`ldmgi`Ux�gi`��²a�� ]ch�dfÏ�xm]_W�`Ux q W¼�iÏ�giVnÏ�dfxs]cW�o¢t�gpVXklacW�vlW�o��5t�W�o
Ï�t�gi`Ua_W�VnW�h�dmo�osgih�duW�h��iÏ�hUÏ�xfbpa�t:bpxmbpt�dmÏ�xs]cosÏ�o(k�bpx q W���gpxsdfW�o{´ebpxm]cbedm]cgihlo{a_g^t�bpacW�o q W�ou¨?`�bph�df]°dfÏ�o
kUS�r=om]_¨?`UW�o�Vng q Ï�a_]cosÏ�W�o�¥ w�gp`Ux¼t�W�o¼xmbp]_omgihUo ¸ acW�o¼VnÏ�dmSUg q W�o q W q ]_omt�xsÏ�dm]combedf]_gih*omkUbedf]cbpa_W�k�bpx
Ï�a_Ï�VnW�h?dmouº�hU]_ouhUgih=Ð¤osdmxm`Ut
df`UxsÏ�ouosgih�d(k�bpxzdf]_t�`Ua_]_T�xmW�VnW�h�d� U]_W�h©b q bekldfÏ�W�oube`^v�os]cV�`Uacbedf]_gihUouh?`^Ð
VnÏ�xs]c¨?`UW�ojt�]c lacÏ�W�o�¥£Å��®`lh q W�o�bedmgi`ldfo&VJbGyzW�`Uxso q W�o'VXbp]_acacbp�iW�o'hUgih^Ð osdmxm`Ut
df`UxsÏ�o'xmÏ�om] q W q bphUo'a_W�o
kKgiomos]c U]_a_]_dmÏ�o q W�xfbeÁXhUW�VnW�h�d�� q Ï�xfb·ÁJhlW�VnW�h�d q r=h�bpVn]_¨=`lW¢W�d q W q Ï���gixsVJb·df]_gih q behUo{a_W[t�bpo q W
t:beact�`Uaco{]chUozd~bedm]cgphUh�bp]_xmW�o{W�h�VJbe]ca_a§be�iW�o/VXgp U]ca_W�o�¥uw�gi`Ux{t�W[¨?`U]�t�gihlt�W�xshUW¢a_W�o/t:bpxst:bedmÏ�xm]_osdm]c¨?`UW�o
q W'xsÏ�omgpac`ldm]cgph ¸ a§b(t�gihUosdfbed~b·df]_gih7¨?`U]Uo�� ]_VXkKgiosW/be`eyzgi`Ux q �®S?`U]lW�hUt�gixmW'W�osdAa_W'VJbehU¨?`UW q �®W
ÁXt:bpt�]_dmÏ
q W�o/osgia_´pW�`UxsouW�h²VXbp]ca_acbp�iW�ojhUgih=Ð¤osdmxm`Ut
df`UxsÏ�ojt�giVnk�bexmÏ�o��Xa_W�`lxmojSUgiVngia_gi�i`UW�o/ozdfxm`lt�df`lxmÏ�o � q ]_ozÐ
t�xsÏ�dm]combedf]_gih�k�bpx q ]��}Ï�xsW�hUt�W�o(º�hU]_ougi`�´pgia_`UVnW�ouº�hU]_o(W�h��pxm]_aca_W¢xmÏ��i`Ua_]cT�xmW � ¥�\^gi`l´pW�h�d ¸Þq W�ouVnÏ
Ð
dfSlg q W�o�W
ÁXt:bpt�W�o q Ï
´iW�acgiklk}Ï�W�o q bphlo�`Uh3t�gih�dmW
v=dfWJosdfxs`Ut�dm`UxmÏJhUW¼o��®Ï
dfW�h q W�h�d7kUbpo��Qbet�]_acW�VXW�h�d
� gp`�k�bpo q `Jdfgi`ld � bp`�t�bpo q WuVXbp]_a_a§bp�pW�o%hUgph^Ð¤ozdfxm`lt�df`lxmÏ�o�¥! {`#t�gp`Uxmo q Wut�W�o q ]°v q W�xshU]_T�xmW�o�bph^Ð
hUÏ�W�o ¸ kUa_`Uos]cW�`UxmoAdfxmb�´ebp`=v7gih�d q Ï�VXgph?dmxmÏ�¨?`UW�acW�oAosdfxmbedfÏ��i]_W�oAV[`Ua°df]_�ixs]ca_acW�kKW�xsVXW
dmdmW�h�d q �®gp ldfW�hU]cx
q W�o�omgia°´iW�`Uxmo5W�h7VXbp]_acacbp�iW�o�hUgih^Ð osdmxm`Ut
df`UxsÏ�oA¨?`U]Uomgph?dAW
ÁXt:bpt�W�oAW�dAxsgi U`UozdfW�o � ´igi]_x�k�bpx�W
v^W�VnkUa_W
Å"bpa_acW�VJbeh qÒÆ
ÇAÈpÉ_ÊÌË �G��Í ¸=Î g=gi U`lo Æ
Ç¡ÈpÉ_ÊÌË ���·Í ¸ �%bpxsxmÏ Ë ��Í ¸ Ã²b�´=xs]ckUa_]_o Æ
ÇAÈpÉ_ÊÌË ���·Í°Ð Ë �pÑGÍ_Ð Ë �^�
Í � ¥ � bphlo&t�W
xfbekUk}gpxsd ¸ hUgp`Uo q Ï�t�xm]°´igihUo[hUgio(dfxmb�´ebp`=v©xmÏ�t�W�h�dmo q bphlo�t�W q gpVJbe]chUW7´=]_ofbph�d"�!t�gihUosdmxm`U]_xmW q W�o
omgpa_´pW�`UxsoXV�`Ua°df]_�ixm]_aca_W�k�bpxmbpaca_T�a_W�onkKgi`Ux¢a��®bpt�t�Ï�a_Ï�xfb·df]_gih q W#t:bpa_t�`laco q � Ï�t�gi`Ua_W�VnW�h�dfoXt�gpVXklacW�vlW�o
� � W�d/� � ¥
# Ú �G� Ø �%$ � �±� & t�gi`lacW�VXW�h�dfo¼t�giVnkUxmW�omos]c Ua_W�oXÐ & ¨?`�b·df]_gihUo q W!Ü{b:´=]cW�xzÐz\?dfg ¶ W�oXÐ[Ã²bp]ca_acbp�iW�o
hUgih=Ð¤osdmxm`Ut
df`UxsÏ�o'Ð&Ã²Ï�dmSUg q W�ojV[`Ua°df]_�ixs]ca_acWuÐ&�%bpa_t�`la�w�bpxfbeaca_T�a_W
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R'SUW!kUxmW�omW�h?dX­£gix ¶ ]_ont�gihUt�W�xshUW q ­�]_dmS±dfSlW q W�´iW�acgpkUVnW�h�d#bph q dmSUW�W�´ebpa_`�bedf]_gih gp�/k�bpxfbeaca_W�a
a_]chUW�bpx�V[`Ua°df]_�ixm] q bpa_�igixs]_dmSUVno���gpx"dmSUW£bpt�t�W�a_W�xfb·df]_gih¢gp�lt�giVnkUxsW�omos]c lacW%ozdfW�b q r�«�g�­�t:beact�`Ua§b·df]_gihUo�¥
¦¤h7dfSUW£º�xmozdAk�bpxsd¡gp�9dfSU]_o�xmW�k}gixzd ¸ ­£W'��g^t�`Uo¡gi`lxAbedmdmW�h�df]_gih7gih¢dmSUW%d¤­&g·Ð q ]_VnW�hUos]cgihUbpa�t:bposWp¥¡R'SlW
osdfbpxsdm]chl�¢k}gp]ch�d%t�gihUos]cozdfo']_h#bph�W�vl]_osdm]chl�¢«�g�­�osgia°´iW�x£­�SU]ct~S�]_o& �beomW q gph#bph#b:´iW�xfbp�pW q ��gixsV ge�
dfSlW¢��`Uaca¡Ü{b:´=]cW�xzÐz\?dfg ¶ W�o�W�¨?`�bedm]cgihlo�t�gi`UkUa_W q dfg!b+*-,/.¼dm`Uxm U`lacW�hUt�WnVng q W�a Ë �:Íÿ¥[R'SUWnosk�bedf]cbpa
q ]_omt�xmW�dm]c³�bedf]_gih¾t�giV[ l]chUW�o[º�hU]°dfWJW�a_W�VnW�h�dnbeh q º�hl]_dmWJ´igpac`UVnWJt�gihUt�W�kldmo7bph q ]co q W�os]c�phUW q gph
`UhUozdfxs`Ut�dm`UxmW q dfxs]§bphl�i`Uacbpx(VnW�omSlW�o�¥#\=dfW�b q r�ozd~bedmWJosgiac`^df]_gihUo�gp�£dmSUWnxmW�om`Ua°df]_hU��osW�Vn] Ð q ]_omt�xmW�dmW
W�¨?`�b·df]_gihUo�bpxsW¢gi ldfbp]chlW q  �r�`Uos]chl��bph & `UacW�xu]_VXklac]_t�]°d(df]_VnW7b q ´ebphUt�]chl�#osdfxmbedfW��pr�­�Sl]ct~S©S�bpo
dfSlW&��gia_acg�­�]_hU�u��W:bedm`UxmW�o10 É����EÆmÈ����32�ÈpÇ��4��� � bpklkUxmg:v^]cVXbedmW'ac]_hUW�bpxm]_³:bedm]cgph7gp��dfSUW't�gih�´iW�t�df]°´iW�«�`^v^W�o
bph q W
vlbpt
d q ] �}W�xmW�h�df]cbedf]_gih½ge�&dfSlWX´=]_omt�gp`Uo�dmW�xmVno �
¸5�!�~Æ������!��� Ç��4���6���7� � dfSlW¼�ibet�gi U]cbph3VJb·dfxm] v
]_oX UbpomW q gih±b�º�xmozdsÐ¤gpx q W�x-8(g q `UhUg�´�ost~SUW�VnW � bph q¬É9�:�mÈpÉ%Ç����¼Æ;�
Ç¤Æ<�=�!���7�¾È��!�?>A@CB É_È�' � b
a_g^t�bpaÞdf]_VXW�osdmW�k�]_o{t�gpVXkl`ldfW q gih�W�bpt~S�t�gph?dmxmgia"´igpac`UVnW � ¥ & bpt~S�kUomW�` q g�df]_VnW[ozdfW�k�xsW�¨?`U]_xmW�o
dfSlWuomgia_`ldm]cgih#ge�Þd¤­&g7osk�bpxmosWua_]chUW�bpx%ozr^ozdfW�VXo � xmW�osk}W�t�dm]_´pW�a°r ¸ ��gixAdfSUWuVnW�bph�«�g�­¬´pbexm]cbp Ua_W�o'bph q
��gix&dmSUW(´ebpxm]cbp Ua_W�ojbposomg=t�]cbedfW q dmg7dfSUWudm`Uxm U`lacW�hUt�W�Vng q W�a � ¥! V[`Ua°df]_�ixm] q osdfxmbedfW��pr� �r�´pgia_`UVnW
bp�i�pacgiVnW�xfbedm]cgih3]co�]ch�dmxmg q `Ut�W q ]ch½gix q W�x�dmg�bpa_acg�­���gix�bph¾W
ÁXt�]_W�h�d¢dfxsW:bedmVnW�h�d7gp�%dmSUW�osW¼d¤­£g
osr=ozdfW�Vno�¥&R'SU]_o'V[`Ua°df]_�ixs] q VnW�dfSlg q ]_o' �bpomW q gph�dfSUW(`UosW�gp��VJbet�xmgnW�acW�VXW�h�dfo � VXbpt�xsg7t�gih�dmxmgia
´igpac`UVnW�o � d¤r=k}W7t�g�bpxsomW q ]_omt�xmW
df]_³:bedm]cgihlo(gp��dfSUW[t�giVnkU`ldfbedf]_gih�bea q gpVJbe]ch�­�SUW�xmW¢dmSUW¢kUxsgi Ua_W�V
]_oJdfgÒ KW�omgpa_´pW q gih dfSUW!º�hUW�osd�VnW�omS¹¥�\=dfbpxsdm]chU�Ò��xmgiV dmSUW�º�hUW�ozd�VnW�osS ¸ bED¤�ixmW�W q r=F�d¤r=kKW
t�gibpxmosW�hU]_hU��bpa_�igixs]_dmSUV�]_o�bpkUklac]_W q dmg½�iW�hUW�xmbedfW�bp`ldfgpVJb·df]_t:bpa_a_rÂdmSUW²t�g�bpxsomW q ]cost�xmW
df]_³:bedm]cgphUo
� osW�W�Å"bpaca_W�VXbph qÂÆ
Ç&ÈpÉ_ÊÌË ���GÍ � ¥

w�bpxmbpa_acW�ac]_omV ]co¡]_h�dfxsg q `lt�W q ]_h¢dfSlW&g�´iW�xfbpa_a^«�g�­ omgpa_´pW�x� �r[`lom]_hU��b{osdmxfbedmW��pr�dmS�bed¡t�giV[ l]chUW�o
VnW�osS�k�bpxsdm]_dm]cgphU]chl��dfW�t~SUhU]_¨=`lW�oXbph q b²VXW�omombp�iW�k�beomom]_hU��kUxsgi�ixmbpVnVX]_hU��Vng q W�aQ¥�R'SlW�Ã�w�¦
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Φ

Φ = "plate" function

φ φ φ
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φ =  "hat" function
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b:´ebp]cacbp Ua_WuW�vlkKW�xs]cVnW�h?dfbpaÞVnW:bpos`UxmW�VnW�h�dfo�¥£R'SUW(ozdfW�b q r¼«UgG­ª]_o%gi ldfbp]_hUW q `Uos]chl�ndmSUWuV�`Ua_dm]c�pxm] q
bpa_�igixs]_dmSUV  UbpomW q gih�dmSUW 	 Ð t�r=t�a_W�­�]°dfS ��� � 
 beh q # 
 � # @ � T ��gix7VnW�omS Ã²R(� ¸ bph q
��� �76 bph q # 
 � # @ � 
 ��gpx�VXW�omS¼Ã²Rj�^¥¡¦¤hXW:bet~SJt�bpomW'dfSlW'h=`lV[ KW�x5gp�Et
r=t�a_W�o ��� ]co¡ºlv^W q dfg
�^¥¡R'SlWudf]_VXW/osdmW�k�]co£t:bpa_t�`la§bedmW q `Uos]chU��dfg[dmSUWuacb�­M�%�¡Å ����� � � P O � � + � Y Y � ­�SlW�xmW � � q W�hlgpdfW�odfSlW/hUgph^Ð¤a_]chlW:bpxA]°dfW�xmbedf]_gih¹¥�R'SUW/hlgih^Ð¤a_]_hUW:bpx5t�gph?´pW�xs�iW�hUt�Wu]_o£osSUg�­�h¼gih¼��]c�l¥¡��]chXdfW�xsVno£gp�}dfSUW
dfged~bpa¹W�hUW�xs�pr�hUgixsVXbpac]_³�W q xsW�os] q `Ubpaÿ¥5w�W�xs��gpxmVXbphUt�W�xsW�om`la_dmo{bpxsW��i]_´pW�h!]ch!R�bp ¹¥���Ñl¥
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Ð K � � �i�
K[omW�t �i�pÑnosW�t �i� K=¥ñ�iÑ

à�á�âÞà�ã



� È��sÈpÉ É§Æ
É¹É����EÆmÈ����
	^É Ç��
�������#ÈpÉ�������� Ç������������������ �!�fÆ����"��#�É§Æ%$&��'%� �l�

rae.mesh

��]_�i`UxsWn��Ñ 05\=dmW:b q r�Ã�bpt~S!ac]_hUW�o���gix%dmSUW(df`Uxs U`Ua_W�h�d/«UgG­Óbpxmgp`Uh q dfSUW Q7K7S�P7T�P7P#bp]_xs��gi]_a

-1.5

-1

-0.5

0

0.5

1

1.5

0 0.2 0.4 0.6 0.8 1

’numerical’
’experience’

��]_�i`UxsW��i��0��&giVnk�bpxs]cosgih�gp�Et�giVnkU`^dfW q os`Uxs�Qbet�WjkUxmW�omom`lxmW{­�]°dfS�W�v^k}W�xm]_VXW�h�d~bpa}VXW�bpom`lxmW�VnW�h?dmo

â"âÀþ�Ul÷�ç�ø�å



��� � Ê >AÈ��"�������}Ê B¹È���Ç¤Æ"���AÈ��!� B¡Ê @A��	����6�IÆ"�

� O ���
��

����
�� )e����
��������¹�"��
����Â�� ! !��
�$%�(��
������

� RUT � []\������	�
����
���� ��g d � \ �
R'SUW�­&gpx ¶¾q W�omt�xm]_ }W q SUW�xsW�]cont�gphUt�W�xmhUW q ­�]_dmS dmSUW�]cVnkUa_W�VnW�h?dfbedf]_gih*beh q W
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2
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2�3 Q7t:bphXS�bph q acW/� � bph q � � bpxs U]°dfxfbexsr
t�giVnkUacW�v±�iW�giVnW
dfxm]_W�o�bph q ]_oJbp Ua_W²dfg3t�giVnkU`^dfW� KgpdmS t�gphlº�hUW q bph q W
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R'SU]_o5omgp� d¤­&bpxmWj]_o5kUbpxsdm]ct�`Ua§bexma°r7­&W�aca9om`l]_dmW q dmg�ozdfxsgihU��omSUg=t ¶ o£W
´pbeac`�b·df]_gihJos`Ut~S#bpo�dmSUgiomW
��gi`lh q ]ch3bpW�xsgih�bp`^df]_t�o ¸ bph q  KW�SUb�´pW�o�´iW�xsr�­£W�a_aA��gpx(b�­�] q WnxmbphU�iWngp�&Ã�bpt~S3h?`UV[ KW�xso
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]_hU��k}W�xm]_g q ]ct�]_d¤r© KW�d¤­£W�W�h½k�bpxmbpa_acW�a¡gix(hUgihÒk�bpxmbpa_acW�a��Qbpt�W�o ¸ ­%beaca� Kgi`Uh q bpxsr�t�gih q ]_dm]cgihlo
� oma_]ck�t�gih q ]°df]_gih ¸ ­%bpa_aKa§b:­ ¸ dmSUW�xsVXbpaEW�vlt~SUbphU�iW �
¸ ]_hl«�g�­�bph q gp`ldm«�g�­¬t�gih q ]°df]_gihUo ¸ t�giV¢Ð
k�b·df]_ U]ca_]°d¤r#xmW�a§bedm]cgphUo � ��gix%]_hl«�g�­¿bph q gi`^dm«�g�­ � ¥

B(" �%D%89210 �#B�"%$�F 2K"� <D%0J2)6 0©dfSUW©Ü/b:´^]_W�xÝÐz\=dmg ¶ W�o�W�¨?`�bedm]cgihlo�bpxmW�osgia°´iW q ]_h*t�gihUosW�xz´pb·df]°´iW©��gixmV�¥
R'SUW q ]cost�xmW
df]_³:bedm]cgph±]_hÂomk�bpt�W�xmW�a_]_W�o7gih b�Vn]°v^W q º�hl]_dmW�´igia_`UVnW � ��gix[dmSUW#t�gph?´pW�t
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VnW�osSUW�oXt:beh� }W#S�beh q a_W q dfS�bph ¶ o¢dmgÒbphÂbpkUkUxsgikUxs]§bedmW#t:bpa_t�`la§bedm]cgph ge�jdmSUW#t�gph?´pW�t
df]°´iW

à�á�âÞà�ã



� È��sÈpÉ É§Æ
É¹É����EÆmÈ����
	^É Ç��
�������#ÈpÉ�������� Ç������������������ �!�fÆ����"��#�É§Æ%$&��'%� �i�

dmW�xmVno�¥ & v^kUac]_t�]°dXgix7a_]chUW�bpxm]_³�W q ]cVnkUa_]ct�]_dndm]cVnW#]_h?dmW��ixmbedf]_gih�dfW�t~SUhU]_¨?`UW�oJbpxmW�b:´ebp]_a§be UacW
­�]°dfS � ��gpx¡W:bpt~Snt�bpomW � dfSUW'kKgiomos]c l]ca_]_d¤r[dfg(t~SUg=giomW� KW�d¤­£W�W�hXº�xsosdAgix�omW�t�gih q gix q W�x¡]_h7df]_VXW
bpt�t�`Uxmbpt�rp¥��ibpt�gi U]¡beh q 8�bp`UomoÝÐz\^W�] q W�a¡xsW�acb·vlbedf]_gihUo(bexmW[]_VnkUa_W�VnW�h�dfW q ��gpxjdmSUW¢omgpac`ldm]cgph
gp��dfSlW�a_]_hUW:bpx�ozr^ozdfW�VXo/xmW�om`Ua°df]_hU�n��xmgiV dfSUW�]_VXklac]_t�]°d/dm]cVnW�]_h?dmW��ixmbedf]_gih!omt~SUW�VnWp¥

R'SUW7k�bpxmbpa_acW�ac]_³:bedm]cgphÒge� J�0���1 J�K
2�3 Q�]_o q W�ost�xm]_ KW q ]ch q W
d~bp]_a_o(]ch©Å"bph�dfW�xm]�beh q ÅÞgixm]_gpd Ë ��K�ÍI¥
R'SUW#b q gikldmW q osdmxfbedmW��pr3t�gpV[ U]_hUW�o7VnW�omSÂk�bpxzdf]°df]_gihU]_hU��dfW�t~SUhU]_¨?`UW�oXbph q b�VXW�omombp�iW
Ð k�bposom]_hU�
kUxsgi�ixfbeVXVn]_hU�¢Vng q W�aQ¥¡R'SUW �,�
0�� Ë ���pÍKdfg=gia9]_o&`UosW q dfg�k�bpxzdf]°df]_gih¼dfSlW{VnW�osS�bph q �iW�hUW�xmbedfWjdfSUW
bpkUklxmgikUxs]§b·dfW(]_hUkU`ld'º�a_W�o � acg=t:bpa q bedfb¢osdfxs`Ut�dm`UxmW�oj��gpx%om`U lVXW�omS!dfgikKgia_gi�pr¼bph q#q bedfb7W
v^t~S�bphU�pW
bed�os`U UVnW�osS¾]ch�dmW�xs�Qbet�W�o � ¥XR'SUWXk�bpxfbeaca_W�a_]c³�bedf]_gihÒgp�5dfSUWnV[`la_dm]c�ixs] q k�bpxzd�]co� �bposW q gih�dfSUWn`UosW
gp��gihlWJdfW
dfxmbpSUW q xfb²­�] q W�k�bexsdf]°df]_gihUo¢bph q W�v^dmW�h q o¢dfSUWX­&gix ¶3q W�omt�xm]_ }W q ]ch¾osW�t
df]_gihÂYU¥²R'SlW
t�gpVXV�`UhU]_t:bedm]cgph�osdmW�kUo/bpxsW(]cVnkUa_W�VnW�h�dmW q `Uos]chl� ��
>�=¥

R'SUW�xsWubpxsW'd¤­&g�kUxfbpt
df]_t:bpa9os]_dm`�bedf]_gihUo5]_hXdmSUW J�0���1 J�K
2�3 Qnomgia°´iW�x£dfSUbed5t:bpa_a���gix¡dfSUWjomgpac`ldm]cgph
gp�Þacbpxs�iW{osk�bpxmosWua_]chUW�bpx&ozr=osdfW�Vno�0�dfSUW{ac]_hUW:bexm]_³�W q ]_VnkUa_]ct�]_d%dm]cVnW/]ch�dfW��ixfb·df]_gih�omt~SlW�VnW � b�VJbGv=Ð
]_V[`UV�gp�¡dmSUxmW�W[ozr^ozdfW�VXo�bexmW�gi ld~be]chUW q ]_h�dfSU]_o{t�bpomW ¸ gihlW���gix�dfSlW[VnW:bph²«�g�­ ´pbexm]cbp Ua_W�o ¸ gihUW
��gix(dfSlWXdm`Uxm U`lacW�h?d�´ebpxm]cbp Ua_W�o[bph q gphUWX��gpx�dmSUWXt~SUW�Vn]_t:bpa5omkKW�t�]cW�o � bph q dfSlWJVnW�osS q W
��gixmVXb·Ð
df]_gih�kUxsg^t�W q `lxmW � b�kUosW�` q g²ozdfxm`lt�df`lxfbpa¡VnW
dfSUg q ]co(`UosW q dfg q W
dfW�xmVn]chlWndmSUW7hUW
­ t�g^gix q ]_h�bedfW
kKgiom]°df]_gihUo&��gpx&]_h?dmW�xsh�bpa}´pW�xzdf]_t�W�o��i]°´iW�h�b¢kUxmW�omt�xm]_ }W q kKgios]_dm]cgih¼gp�ÞdfSUW{ }gi`lh q bpxzrJ´pW�xsdm]ct�W�o � ¥5¦¤h
dfSl]co�osdm` q r ¸ dmSUW�ac]_hUW�bpx'V[`Ua°df]_�ixs] q osdfxmbedfW��pr# �r�´pgiac`lVXW�bp�i�pacgiVnW�xfbedm]cgih q W�omt�xm]_ }W q ]_h!osW�t
df]_gih
��]co�]ch�dmxmg q `Ut�W q ]_h J�0���1�J7K
2�3 QÒ]_h½gpx q W�x�dmg�beaca_g�­¯��gix�bphÒW�ÁXt�]_W�h�d[dmxmW�bedfVnW�h�d�gp�'beaca¡dmSUW�osW
osr=ozdfW�Vno�¥

� R Q � � �Adcacb$WZY�a g	� �
R'SUW�]_VnkUa_W�VnW�h�d~b·df]_gih*gp�udmSUW�a_]chlW:bpxJV[`Ua°df]_�ixm] q bpa_�igixs]_dmSUV ]ch?J�0���1 J7K�2�3 Q SUbpo¼ KW�W�h q gihUW
bph q ´ebpac] q bedmW q ��gpx�ozdfW:b q r½acbpVn]_h�bpx�«�g�­�o��AgihU�igp]chU�²W��}gixsdmo�t�gihUt�W�xmh¾dmSUW¼W�v=dfW�hlom]_gih�gp�%dmSU]co
VnW�dmSUg q giacgp�pr�dfgÒosdmW:b q r±bph q `UhlosdfW�b q rÂdf`lxm U`Ua_W�h�dJ«�g�­�o�¥ k3W²kUxsW�osW�h�d�SUW�xmW!kUxmW�ac]_Vn]chUbpxsr
xmW�om`Ua°dfongp�'dmSUW�bpkUklac]_t:bedm]cgph�gp��dfSU]_o7VnW�dfSlg q gpacgi�er3dmg�dfSUW#t�a§bposom]_t:bpa£dfW�ozdnt:bposW#gp��dfSUW & `Ua_W�x
«�g�­ bpxmgp`Uh q bph � J7S7Q�K���+�­�]_hU�©bednb²��xsW�W#ozdfxmW�bpV Ã�bpt~SÂh?`UV[ KW�x7gp�jÑ^¥ñ�pY©beh q bph�bphl�iacW
gp�jbedsd~bpt ¶ W�¨=`Ubpa£dmg T�� Y	* � ¥²R'SUW�`Uh q W�xma°r=]chl�©dmW�dmxfbpSUW q xfbea£VnW�osS�t�gih�dfbp]chlo��i��Kp��K^�J´pW�xsdm]ct�W�o ¸
�pY��p�i����dmW�dmxfbpSUW q xfb�bph q M�M Y M�M Y²W q �iW�o�¥�R'SlW��%�¡Å*h?`UV[ KW�x7S�beo[ KW�W�h¾º^vlW q dfg � Y�� ¥�R'SlW
t:beact�`Ua§b·df]_gih#]co&osd~bexsdfW q ��xmgiV b¢`Uhl]_��gixsV�«�g�­�¥5R'SlWuom]_hU�ia_W(�ixm] q ]_VnkUac]_t�]°djbpa_�igixs]_dmSUVÄS�bpo% KW�W�h
dfW�osdmW q ��gix£dmSUW{��gia_a_gG­�]_hU�7os]_dm`�bedf]_gihUo�0¡�iÑ � t�bpomW���� ��¸�M Ñ � t:bposW��
	 � bph q M K � t:beomW���� � �ibpt�gi U]
xmW�a§bGvUb·df]_gihUoJbpxmW�kKW�xs��gpxmVnW q bedXW:bpt~S df]_VnW²ozdfW�kE¥»��gix¢dfSlW²V�`Ua_dm]c�pxm] q bpa_�igixs]_dmSUV ¸ �©t�g�bexmomW
a_W�´iW�aco/S�b:´iW� }W�W�h!t�gihlosdfxs`Ut�dmW q � ]ÿ¥ Wp¥ � � � 
 � bph q b7t�gphUosdfbph�d{h?`UV� }W�x/gp� ��� � P ' Ð¤t
r=t�a_W�o ¸
­�]°dfS # 
 � P kUxmW�Ð¤osVXg=gpdmSU]chl��bph q # @ � T kKgiozdsÐ¤osVng^gpdmSU]_hU��ozdfW�klo ¸ SUbpo[ KW�W�h½`UosW q bed�W�bpt~S
df]_VnW¼ozdfW�kE¥�R'SUWJhUgih^Ð ac]_hUW:bex[t�gph?´pW�xs�iW�hUt�W#t�`Uxz´iW�o7t�gixsxmW�osk}gph q ]_hU��dfg!dfSUW�omW¼��gp`Ux[os]_dm`�bedf]_gihUo
bpxsWn´=]_om`�beac]_³�W q gih3��]_�U¥#�G�^¥7R'SUW�omWJt�`Uxz´iW�o�omSlgG­ dfS�bed�dmSUWnom]_hU�ia_WX�pxm] q t�bpomW
���!a_W:b q o�dmg�b

â"âÀþ�Ul÷�ç�ø�å



�pY � Ê >AÈ��"�������}Ê B¹È���Ç¤Æ"���AÈ��!� B¡Ê @A��	����6�IÆ"�

hUgih=Ð¤a_]chUW�bpx¡t�gih�´iW�xs�iW�hlt�Wjom]_VX]_acbpx¡dfg(dfSlW%gihUW'gi ^d~bp]_hUW q ­�SUW�hn`Uom]_hU��dfSUW%V�`Ua°df]_�ixm] q beac�igpxm]°dfSUV�¥
k3W�­�]_a_a¹dfSUW�xmW���gpxmW�xmW
d~bp]_h!dmSUW�t:bposW �
�7��gix%��`UxzdfSUW�xjt�giVnk�bpxs]cosgihUo�gp��dmSUW(d¤­&gJbpa_�igixs]_dmSUVno�¥

�%bpa_t�`Uacbedf]_gihUo/S�b:´iW¢ KW�W�h�kKW���gixsVnW q gih²b �
	�� � ��#��>#�� P�M7M7M�osr=osdmW�V�¥jw�W�xs��gixsVJbehUt�W¢xsW
Ð
om`la_dmo[bpxsWn�i]_´pW�h3]ch3R�bp E¥²�i�n­�SUW�xmWndfSUWXk�bpxmbpaca_W�a�osk}W�W q Ð `Uk ���
� � � ]co�t�bpact�`UacbedfW q `Uos]chU�!dfSUWdfged~bpa¡W�a§bekUomW q dm]cVnW ¸ xmW�a§b·df]°´iW�a°r�dfg#dmSUW7t:bposW � � � P � ��� � � � q W�hlgpdfW�o�dmSUW7g�´iW�xmbpa_a5�ibp]ch© KW
Ðd¤­£W�W�hÂdfSlW�V[`Ua°df]_�ixs] q bph q dmSUW#om]_hU�ia_W#�ixs] q bpa_�igixs]_dmSUVno�¥Ò��gix � � � � ¸ ­£W#gi UomW�xs´pW²b¾�:Ñ �

q W��ixfb q bedf]_gihÂgp�jdfSUW#k�bexfbpa_acW�a'omkKW�W q Ð¤`Uk � beh q gp�/dmSUW�g�´iW�xmbpa_a'��bp]_h  KW�d¤­£W�W�h±dmSUW#d¤­&g3bpa_�igeÐ
xm]°dfSlVXo � ­�Sl]ct~S±]coXbedsdfxm]_ U`ldmW q dfg�dfSUW�xsW q `Uh q bph�d�bexm]°dfSUVnW�dm]ct!gikKW�xmbedf]_gihUon]_hUt�`UxsxmW q  �r�dfSUW
k�bpxzdf]°df]_gihU]_hU�¼ozdfxmbedfW��pr�omW�acW�t�dfW q SUW�xsWp¥'R'SU]_o{ KW�SUb�´=]_gixj]co/t�gihUos]cozdfW�h?d{­�]_dmS²­�S�bedj­&bpo{W�vlkKW�xs]°Ð
VnW�h�dfW q `Uom]_hU�[b�om]_VnkUa_]_º�W q#¶ W�xmhUW�a}W�v^dmxfbpt
dfW q ��xmgiV J�0���1��
3��=L � ¸ dfSUWjkUxsW�´=]cgp`Uo%�iW�hUW�xmbedf]_gih¼ge�
dfSlW J�0���1 J7K
2
3 Q¢osgp� d¤­&bpxmW � omW�W�Å�beh?dmW�xs] Ë �:YpÍ^��gix�VngixsW q W
d~bp]_aco � ¥ k3W&º�hUbpaca°r¢hlgpdfW5dfS�bed�dfSUW%�ibp]ch
 KW�d¤­£W�W�h¾dmSUWnd¤­&g�beac�igpxm]°dfSUVno�]co�­&W�aca5 KW�a_gG­ ­�S�bed[­&bpo�gi ldfbp]chlW q ]_h3dmSUWXd¤­£geÐ q ]cVnW�hUom]_gih�bpa
t:beomW � �7]chlosdfW�b q ge�&��� � ¥AR'SU]_ojº��p`UxmW�]co�hUW
´iW�xsdfSlW�a_W�omo{ofbedm]coz� r^]_hU� ¶ hlgG­�]_hU�XdfS�bed�dmSUW(«�g�­ `Uh^Ð
q W�x&t�gphUom] q W�xmbedf]_gih#]_o%xmW�a§b·df]°´iW�a°rJom]_VXklacW�bph q dfS�b·d£dmSUW{W�¨=`l]_´ebpa_W�h�d/� � os]c³�Wugp�ÞdmSUW{`Uh q W�xsa_r=]_hU�
VnW�osS�]_o � � 6 T 6 � ���� P T�� Y ´iW�xsdm]ct�W�o�¥

1e-07

1e-06

1e-05

0.0001

0.001

0.01

0.1

1

10

0 5 10 15 20 25 30 35 40 45 50

"Case C1"
"Case C2"
"Case C3"

"Case MG"

��]c�i`lxmWn�G��0AÜjgih^Ð¤a_]_hUW:bpx't�gih�´iW�xm�iW�hUt�W���gix%dfSUW & `Ua_W�x�«�g�­ bpxsgi`Uh q bph � J7S�Q7K���+J­�]_hU�

à�á�âÞà�ã



� È��sÈpÉ É§Æ
É¹É����EÆmÈ����
	^É Ç��
�������#ÈpÉ�������� Ç������������������ �!�fÆ����"��#�É§Æ%$&��'%� �
K

R�bp Ua_Wn�i��0Aw�bpxfbpa_a_W�aÞkKW�xs��gpxmVXbphUt�W�xsW�os`Ua_dmo/gph�b��
	�� � ��#��>#&� P7M7M7M
& `Ua_W�x'«�g�­¿bpxsgi`Uh q bph � J7S7Q�K���+n­�]chU�

� � & acbpkUosW q �%wAµ ��� � � � & a§bpklomW q �%wAµ ��� � � � �K�
� � �
��� ��� ��� Ã 8 Ã 8 Ã 8

� �:Ñ��p�iÑ7omW�t ��Ñi�^��Ñ7omW�t �i¥®ÑiÑ �iÑi���¢osW�t �iÑ M �¢omW�t �i¥®ÑiÑ �l¥®�
Y Y
K�K�K[omW�t Y�Ke�iÑ¢omW�t �^¥ñ��K ��Kp�i�7osW�t ��K M �¢omW�t �i¥®�
K �l¥®Ñ
� �eÑ M �¢omW�t �pÑp�i�¢omW�t K^¥®ÑiÑ �i�iÑ¢osW�t � M K¢omW�t YU¥ K�K �l¥®Ñ

� � ����$%�����"
���� ����� )e�#���#��	 . �����¼�

w�bexfbpa_acW�a"t�giVnkU`ldm]chl�Jg �}W�xsojdmSUW�gikUkKgixsdm`UhU]°d¤r#dfgXom]_V[`UacbedmW�t�giVnkUxmW�omom]_ Ua_W[«�g�­�ojgp��]_hUt�xmW:beom]_hU�
kUS�r=om]_t:bpa�t�giVnkUa_W
v^]_d¤r ¸ bpxmgi`lh q gix�­�]°dfSU]_hU�(t�giVnkUacW�vn�iW�giVnW�dfxs]cW�o�¥�Gjg�­&W
´iW�x ¸^q W�om]_�ihU]_hU��xmgp U`Uosd
bph q W�ÁXt�]cW�h?d�omgpa_´pW�xmo�gih�`UhUozdfxm`lt�df`lxmW q º�hU]°dfWAW�a_W�VnW�h�d�VnW�omSlW�o�]_o"osdm]ca_a?bjt~SUbpaca_W�hl�i]chl�/gi =yzW�t�dm]_´pW
dfSUbeduosSUgi`Ua q hUgpd{ }W�hUW��ia_W�t
dfW q dmg¼dfSlW¢kUxmgeºUdugp�¡om]_VXklacW7osgiac`^df]_gih�VnW�dfSlg q o{W
v^SU]_ U]_dm]chl�#SU]c�pS
a_W�´iW�a"gp��kUbpxfbpa_a_W�aÞW�ÁXt�]cW�hUt�rp¥

R'SUW�gi =yzW�t�dm]_´pW©gp�udfSlW�­&gpx ¶ kUxmW�omW�h�dmW q ]ch dmSU]_o�k�bpkKW�xJ]co¼dmg q W
´iW�a_gikªb3«�g�­Àomgpac`ldm]cgph
dfW�t~SUhU]_¨?`UW�dfS�bed¼g �}W�xmo�b¾�ig^g q t�giVnkUxmgpVX]_omW� KW�d¤­£W�W�h�kUbpxfbpa_a_W�a/bph q h?`UVnW�xs]ct�bpauW�ÁXt�]cW�hUt�rp¥
R'SUW�kUxsgik}gpomW q omgia°´iW�x�]co� U`U]_a°d{bexmgi`Uh q d¤­£gJVXbp]_h!t�giVnkKgihUW�h�dmo 0

� b�­�] q W�a°rÂb q gpkldfW q ozdfxmbedfW��pr¾��gix[dmSUW²\lw5Ã � k�bpxfbeaca_W�a_]c³�bedf]_gih gp��º�hU]°dfW�W�a_W�VnW�h?dnd¤r=kKW
t�bpact�`Uacbedf]_gihUo�¥�R'SU]_o�ozdfxfb·dfW��er�VJbGvl]_Vn]c³�W�o�dfSUW5k�bpxmbpaca_W�a�W
ÁXt�]_W�hUt
r[gp�^dfSUW5xmW�om`Ua°df]_hU�/omgia°´iW�x
 �rJW
v^kUa_]ct�]_dma_r#W�hl��gixst�]_hU� q bedfb[acg=t:beac]°d¤rJdmSUxmgp`U�iS q gpVJbe]ch#k�bexsdf]°df]_gihU]_hU�[dmW�t~SUhl]c¨?`UW�o � omW�W
��gix�W
vlbpVnkUa_W Ë ��YeÍ � ¥ÒÃ²gixsW�g�´iW�x ¸  �r½`lom]_hU��osdfbph q bpx q VnW�omombp�iW#k�beomom]_hU�©W�h�´=]_xmgihUVnW�h?dmo
os`Ut~S�bpojw ��Ã gixjÃ�w�¦ ¸ dfSlW�kKgixzd~bp U]_a_]_d¤r¼gp��dmSUW�omgia°´iW�xj]_ojbpa_omgX�i`�bpxmbph�dfW�W q �

� bnV[`Ua°df]_�ixs] q bpt�t�W�a_W�xfb·df]_gih²dmW�t~SUhU]_¨?`UW���gpx�dmSUW�omgia_`ldm]cgih²gp��a§bpxs�iW�omk�bexmomW�ac]_hUW�bpx�osr=osdmW�Vno
bpxs]cos]chl�n��xsgiV ac]_hUW:bexm]_³�W q ]_VnkUac]_t�]°d�df]_VnW(]ch�dfW��ixfb·df]_gih#dfW�t~SlhU]c¨?`UW�o/gpx q r=h�bpVn]_t�VnW�omS q W
Ð
��gixsVXbedf]_gih©kUxmg=t�W q `UxsW�o�¥  ÄV[`Ua°df]_�ixs] q  ?r�´igia_`UVnW¼be�i�ia_giVnW�xfb·df]_gih©osdfxmbedfW��pr©S�bpo� KW�W�h
osW�a_W�t�dmW q ­�SU]_t~SÒSUbpo(bpa_xmW�b q r²kUxmg�´iW�h3]°dfo{W�ÁXt�]_W�hUt
r�gih�osW�´iW�xfbpa�kUxmgi lacW�VXo � omW�W¢��gix{W�v=Ð
bpVnkUa_W¢Å"bpa_a_W�VXbph q±Æ
Ç%ÈpÉ_ÊÌË ���GÍ ¸EÎ g^gi l`Uo Æ
Ç%ÈpÉ_ÊÌË ���GÍ ¸ �%bpxsxmÏ Ë �:Í ¸ Ã²b�´=xs]ckUa_]_o Æ
Ç�ÈpÉ_ÊÌË �^��Í � ¥�¦ dfo
VXbp]_h�b q ´ebph�dfbp�iW[xsW�a_]cW�o(]ch²dfSUW��Qbpt�d/dfS�bed/dfSUW[V[`Ua°df]_�ixm] q SU]_W�xmbpxmt~S�r�t�bph� KW¢bp`^dfgiVXbedm]°Ð
t�bpaca°r#�iW�hUW�xmbedfW q `Uos]chl�XdmSUW�omgia_W q bed~bn�i]°´iW�h� �r�dfSlW�ºUhUW�ozd q ]_omt�xmW
df]_³:bedm]cgih²gp��dfSUW�t�giV¢Ð
kU`^d~bedm]cgihUbpa q gpVJbe]ch¹¥AR'SU]_ojbpomkKW�t
d�]co�gp��k�bexsdf]_t�`la§bpx']_Vnk}gpxsd~behUt�W(]_h#dfSUW�t�gph?dmW
v=djgp�"dfSUW
\lw5Ã � k�bpxfbeaca_W�a_]c³�bedf]_gih�ozdfxmbedfW��prnt�gihlom] q W�xsW q ]_h¼dfSU]_o&ozdf` q r 0�dfSUWjkUxmgp UacW�VÄgp�Þ�iW�hUW�xmbedsÐ
]_hU��acg=t:bea q bedfb(osdfxs`Ut�dm`UxmW�o5��gpx¡t�g�bexmomW��ixs] q dmgik}gpacgi�p]cW�o�bph qnq bedfb(W
v^t~S�bphU�pW{bed¡om`U UVnW�omS

â"âÀþ�Ul÷�ç�ø�å



�i� � Ê >AÈ��"�������}Ê B¹È���Ç¤Æ"���AÈ��!� B¡Ê @A��	����6�IÆ"�

]_h�dfW�xz�Qbpt�W�o�]co%dmxmW:b·dfW q ]_h�k�bpxmbpaca_W�a}­�]_dmSUgi`ld'xsW�osgixsdm]chU�7dmgnbph!bpkUkUxsgikUxm]cbedmW � V�`Ua_dm]°Ð VnW�omS �
k�bexsdf]°df]_gihU]_hU�7dfW�t~SUhU]_¨?`UWp¥

R'SUW[xsW�os`Ua_dm]chl�#k�bpxfbeaca_W�aÞ«�g�­¿omgpa_´pW�xuS�beo/ KW�W�h�W
v=dfW�hUom]°´iW�a_r�dfW�ozdfW q bph q W
´ebpac`UbedfW q ]_h�dfSUW
d¤­£geÐ q ]_VnW�hUos]cgph�bpa�t:bposWp¥%¦ dmo{bpklkUac]_t:b·df]_gih!dmgXdmSUxmW�W
Ð q ]cVnW�hUom]_gih�bpa�kUxsgi Ua_W�Vno{]_o/t�`UxmxsW�h�dfa°r q gihUW
]_hndmSUW't�gph?dmW
v=d£gp�9dfSUW1J�0���1�J7K
2�3 Q7]ch q `Uosdmxm]cbpaK�%� � k�bpt ¶ bp�iW �=klxmW�a_]_VX]_h�bpxzr7xmW�om`Ua°dfoAS�b:´pW/ KW�W�h
kUxsW�omW�h�dfW q SUW�xsWj��gix�ozdfW�b q r & `Ua_W�xA«�g�­�o�¥�¦¤hJb qUq ]°df]_gihndfg�dfSUW�W
v=dmW�hUos]cgih¼gp�EdmSU]coAVnW�dmSUg q gia_gi�pr
dfg#ozdfW�b q r�beh q `UhUozdfW:b q r�dm`Uxm U`lacW�h?d(«UgG­�o�beh q ]_dmo�bpkUkUa_]_t:bedm]cgih�dmg#kUxmgp UacW�Vno(gp�A]ch�dmW�xmW�osd�dfg
dfSlW�]_h�´igia°´iW q W�h q Ð `UomW�xmo ¸ bph²gihU�igi]_hU�XxmW�omW:bexmt~S�­£gix ¶ ]_o/t�gihUt�W�xmhUW q ­�]°dfS�dmSUW[beh�bpa°r^os]co/gp��beh
b qUq ]_dm]_´pW¼V[`la_dm]c�ixs] q ´pbexm]cbph�d�­�Sl]ct~S�]_o� UbpomW q gih3b²xmW�om] q `�bpa �et�gixmxsW�t�dm]cgph½º�a°dfW�xs]chl�²dfW�t~SUhU]_¨?`UW
]_hUomkU]_xmW q ��xsgiV0dfSlW�­£gix ¶ gp�¡R�`UVn]chUbpxmg Ë � M Í ¸ ­�SU]_t~S�bp]_Vno{bed�Vn]_hU]_VX]_³�]_hU�¼dmSUW q W��pxfb q b·df]_gih²ge�
dfSlW�kUbpxfbpa_a_W�aÞW�ÁXt�]cW�hUt�r�­�SUW�h²oz­�]_dmt~SU]chl�¼dfSUW�t�bpact�`Uacbedf]_gih�dfg7dfSUW�t�g�bpxmosW�ozd/a_W�´pW�a_o�¥

�X��� �"Ú^Ù $ Ö Û �9Ö � Ö � �G� 0�k�bexsd£gp�¹dfSlW{t:beact�`Ua§b·df]_gihUo&klxmW�osW�h�dfW q ]chJdfSU]_o&k�bek}W�x£S�b:´pWu }W�W�h�t�gih^Ð
q `Ut
dfW q gih²dmSUW.�
	���
�������� L��>�������!����� K����,�*��bph q �
	>� � �>#��>#&� P7M7M�M�ozr^ozdfW�VXo(]_hUozd~bpa_acW q
bed�dfSUW >£Æ"��Ç �fÆI>A�lÈ���É§Æ�����Æ"���
� ÇÝÆ a_g=t:bedmW q ]_h7Ü/bphUt�rp¥�R'SUW 
,�!��")#&%
' 
��,�/t�a_`UozdfW�x�]co�bph[W�vlkKW�xs]°Ð
VnW�h�d~bea^kUacbeds��gixmVÓa_g=t:bedmW q b·d ���fB���� \^gpkUSU]cb  {h�dm]ckKgia_]co�¥�R'SUW&bp`ldfSlgixmo�bpt ¶ hUg�­�acW q �iW%os`UkUkKgixsd
��gixAdfSUWj­&gpx ¶ kUxmW�omW�h?dmW q SUW�xmWj��xmgiV � ���fÆ��
Ç��4��� �=ÆuÉ_È � Æ�����Æ"� ����Æ gp� BD<>;:@5E:FHG¡¸ � ���fÆ��
Ç��4��� �=Æ��
� Ç 	 �=Æ���Æ
Ç � Æ�����Æ"� ����Æ�� gp�:476.8�bph q � ���:�9�"�4��� � Æ�����Æ"������Æ��(Æ
Ç � Ç�	 �=Æ���� �·È����*��Æ�� gp� 9>; <>=5?A@
`Uh q W�x&�pxfbph�d
	 � ��� 7 � � � , � P Y � Y Y8
W�5* Y	* Y � ����
������������ � ��������� �4��� ����� B! �� �"�"	�� � �#� ��� 4 9
$ ����%&�('���
��*) 	 �5��� 7 *	* Y � Y Y8
�� * Y	* YW� ��+
,.-�/�-�01-(2435-(6

798&:<; +>=

#�?��@#�BAC�EDF�HG�IJDJK&D9)L� $ IJ)?DF'#�?DJ�M�H%N)?O����MPRQE
#'#'�IF�#�S%N��
�)?DF�#�M
�G�G�IJDF%N�T)?�U) $ �?P $ IF%N�R)
V �XW(Y&��ZB[�\C]_^ �`��a�bdcfehg ^jilk b�m�npo 8rq�qRs�t�u#q#qwvjxRu#y +

7zu�:|{ +}=5O~
#��'#Q��~�������w���R�����  �� !�� ��%N��%N�?%&��K&%<
#��� $ Y?%N���S
#� $ 
�IFYN�!�_�����1����� o 8Xq#q��Rt +
7�x�: =C+~��
#��O~
�)�
������}+���
#�R)?%&�?Dl���jDJ� $ I�
�)?DF�#������K&���HG���%&Y?Y�DFP�IF%���DFY�K&� $ Y V �wW(Y��#�4
��#
��?DJ%N) Q¡���

¢¤£>£ YH¥¦K&���HG $ )"
�)?DF����
#Ih
#IJ'�����DJ)?O��HYC����� $ ��Y�)�� $ KN) $ �?%N�§�jQj��
#�HDFKH�H%&Y�O�%&Y<
#���¨G_%&��������©
�S
#��KN%<��%&Y $ IJ)?Y&��ZB[�\C]�ª¬« ����­ ª®i�¯4°5]R] g ª1« �"±"­ ª  ¯_kS²B¯*³*ª¬´�´�µ o 8Xq�q#¶*t
x�·Xvj¸�y +

7¹¶#: �h+5�~%Nº&� $ D�
#���»A�+ { %&���jDJ% $�¼ �C�®DJ��DJ)?%¾½hIJ%&�H%&�R)�¿��#�j©�À¦Y?KNDFIJIF
�)�����Q»�jK"O�%&�H%NY¡�����¡=5�#�d©
G���%&Y?Y�DFP�IF%��1IF�XW(Y&��Á a [ ±"�"� k#i�¯*³ b [`Â ��­~� ²Bi9³ ­���­He!a� ¯ ±"��ÃwÄ ªFÅ}ªFÅ}ªJÆ�ª ÃÈÇ��É #gËÊ|Ì [�i�¯ � Å Ê \C]~[ b i�^�\
[�¯EZB[�\C]_^ �É #� iÈ[�¯  #g «  #��­~� \  #� i ±"b< ¯_kÍ°5]R] g i ±? #� iÈ[�¯ b ��Î A¦¿<��Ï�Ð~Ñ o £ 
r��DF%��_ÎÉ)�
#I9Q�� 8Xq��#qRt +

7z·�: �h+��~%&ºN� $ D�
#���4ÒC+���)�� $jÓ %�)r��AÔ=5I�
#Y�Y��#��Î �HG�IJDFKNDJ)ÖÕÖG*W(DJ���¤�jK"O�%N�S%NY������
½ $ IJ%&�Ö�jDJ� $ I�
�©
)�DJ����Y�W(D9)�O¤Õ���Y�)�� $ KN) $ �?%&� ¢ %&Y�O�%&YN� Ì ª>[`ÂSZB[�\C]_^ � ª�Á ­�Êwb ª}×~Ø o 8Xq#��qRtC8ws�¶wv�u#y�¸ +

Ù�Ú1ÛÜÙ�Ý



Á  #a� #g�g���g!g i�¯ �? #a \d^ gË� i9³ a ilk  #g ³j[ a i ��­ \ b Âr[ a�± [�\C] a��"b"b i�� g���� [�� b xRs

7�¸�:�� + ; $ DJIJI�
#���!�M¿�����%�©É��%&Y�)�%&� � $ IJ)?DF'#�?DJ� W(D9)�O { %NI�
 $ �~
rQ K&��
#�?Y�%&��DJ��'��	��
�G�G}�#��)Ô��%
�(%&K"O�%N�?K"O�%�

������� ¿Ö��+ 8X��q#� � o 8Xq�q�xRt +

7zs�:�� + � 
#K��*P $ Y�K"O!��«¤^ gË� i9³ a ilk4\ ����­ [&k bd ¯_k  ]R] g i ±? #� iÈ[�¯ b ���jG���DF��'�%&�¦�j%&��DF%NY�DF�U=5�#�SG $ )"
�©
)�DJ���~
�I ¢ 
�)�O�%&�S
�)�DJK&YÖØ�� o ��G��?DJ��'�%N���>%N�?IF
#'���Ò5%N�?IJDF� 8Xq���·�t +

7���: £ + © � + � %&���#%N�&�}À¦� )�O�%�������%&���#�¬G�����IJ����'R
�)?DF�#��Y(
#�����?%NY�)���DFK�)�DJ����Y(DJ� � $ IJ)?DF'#�?DJ� G����jKN%�©
� $ ��%&YN� Ì ª
ZB[�\C]_^ � ª�°
]R] g ª1«  #��­ ª}Ð mpo 8rq�q�yRt5¶*u�xwv�¶*u#q +

7�q�: ¢ +���
#%N'�%&�(
���� { + { O~
�)�)r��A��4% ¼ )�%N����%&����� ��!~��D9)�%�%&IJ%&�H%&�R)��H�j��%NI � Ç ¯ � ª Ì ª#"¦^�\ ��a ª
« ����­ [&k b�e>g ^�ilk b ´*Ø o 8Xq#qRu�tC8XxRu#·Xv_8Xx#¶R· +

798Xy�: ÒC+�$�����P $ Y&� ¢ + © � +_��
#IJIF%N�S
#���¾
����¤A<+ { %&���jDJ% $�¼ ��AC'�'�IJ���H%&�?
�)�DJ����� $ I9)�DJ'���DF��������) W5��©
��DJ�H%&��Y�DF����
#IÜ�jDJY?KN� $ Y V �XW(Y&� Ç ¯ � ª Ì ª%"¦^�\ ��a ª1« ����­ ª e>g ^�ilk b ´�× o 8Xq�q�¶*t�u�sXv�¶Ru +

798�8&: ¢ + © � +~��
#IFIJ%&�S
#���!���jK"O�@N�S
#Y���@&KN%&�R)���@&YÖ� $ I9)�DJ'���DFIJIF%NY�G}� $ �
IF
Í�?@&Y���I $ )�DJ��� ��%NY�@'& $ 
�)?DF����Y
�)(z½ $ IF%N��%N� @NIF@N�H%&�R)�Y*!~��DJY&�,+�O.-NY?%���%|I�(zÕ���D9��%N�?Y?D9)�@<��% £ �?�X��%N��K&%�� o 8Xq����Rt +

798wu�: ¢ + © � +®��
#IJIF%N�S
#���!� � +1��)�%���% 
#��� A�+ { %N����DF% $j¼ A<+F�®Õ���Y�)�� $ KN) $ �?%N� � $ I9)�DJ'��?DJ����DJ��'¾PRQ
���#I $ �H%<
#'�'�IJ���H%&�?
�)�DJ���U¥>K $ ���?%N�*)ÖY�)"
�) $ Y&��ZB[�\C]_^ �`��a�bdcfe>g ^�ilk b
m ´ o 8Xq#qRu�t5x�q�sXv�¶Rx�x +

798Xx�: ÒC+/$Ö�j�#P $ Y&� ¢ +¹© � +R��
#IJIF%N�S
#���!� � +R��)�%���%Ö
#���HA�+ { %&���jDJ% $�¼ A�+J�*Õ���Y�)�� $ KN) $ �?%&�H���#I $ �H% ©

#'�'#IF���H%N��
�)?DF��� ¢ ; ¥�Y?��I $ )�DJ��� ���5)�O�% £ �#DFY�Y?��� %0& $ 
�)�DJ���!� Ç ¯ � ª Ì ª1"C^j\ ��a ª e>g ^�ilk b ´�×
o 8rq�q#¶*t�u�srv�¶*u +

798r¶#: �}+���
#�R)?%&�?Dl� £ 
#�?
#IJIF%NI¦Y?��I $ )?DF����Y �#��K&���HG���%&Y�Y?DJP�IF% V �XW(Y $ Y�DF��'T�X�#%&�?IF
#G�G�DF��'T
#��� �����j©
�X��%N�?IF
#G�G�DJ��'p�H%NY?O»G�
#��)?DJ)?DF����DF��' Y�)?��
�)?%&'�DJ%&YN�ÖÁ  #a� #g�g���g ZB[�\C]_^ � ª�� m�mfo 8rq�q�¸Rt G�G!+ q#¶Rxwv
q�¸�� +

798w·�: �}+���
#�R)�%N�?D�
#��� ¢ +��Ü����DF��)r�~��
#��'�%�©ÉY?Kr
�IF%�Y���I $ )�DJ����YÖ�#�1)?O��?%N%�©É��DF�H%N��Y?DJ���~
#I�KN���HG��?%NY?Y?DJP�IJ%
V �XW(Y $ Y?DJ��'�)�O�%(G~
���
#IJIF%NI������~�32��~�/465ÍY���I9��%&�N�®ZB[�¯ ± ^ a a�� ¯ ±�Ê87 Á a� �±�� ª_²�9N]�ª*× o 8Xq�q�¸�t�s#¸�qwv
s#q�� +

798X¸�: ÒC+B��
#�?��� $ ) $ �?� $ � � �XW )��pG��?%&Y�%&����%¾)�O�%¤�S
#Y?YS����
#K�)�DJ��� G_��Y?D9)�D9��DJ) QTW(O�%N� K&���HG $ )?DF��'
K&�#�SG��?%&Y�Y?DJP�IJ%�� $ IJ)?D9©ÉK&���HG_����%&�R) V �XW(Y&� Ì ª
ZB[�\C]_^ � ª�Á ­�ÊXb ª�µ;: o 8Xq�q�8wt�·�qwvj�#¶ +

798ws�: ÒC+ ©`½�+*��
 $ ����%&�B
#��� { + ©`ÒC+��jG�
#IF��DF��'��_«  #��­~� \  #� i ±? #g \L[&k ��g b [`Â � ^ a �&^ g�� ¯ ±"� � o A�Kr
���%&�HDJK
£ �?%NY?Y&�}�Ü�������#� 
����¤¿Ö%NW=<����>��� 8XqRs#u�t +

798X��: ¢ +��Ü����DF�#)&� ¢ %NY?O¨��G�IFD9)?)?%&� x�{@? �1A � $ Y�%&�(�S
#� $ 
#Il�!�_�����¬�j��� o 8rq�q��Rt +
798Xq�:|{ + ©B��+ ¢ 
r���?DJG�IJDFY�
#��� A�+���
#�H%&Y����!� ¢ $ I9)�DJ'���DF��Y?��I $ )?DF��� �#�¬)�O�%�) W5��© ��DJ�H%&��Y�DF����
#I®½ $ IJ%&�

%'& $ 
�)�DJ����YÖ��� $ ��Y�)?� $ K�) $ ��%&�¤�H%NY?O�%NY&�_ACÎ ACA G~
�G}%N� �Rs © y#xR·#x o 8rq��Rs�t +

Û�ÛDCFEHGJI'K0L



x�� � ª
Z  #a�a���7 Å}ª��  ¯ � ��a i  ¯_k���ª e [�^ a ¯~i ��a

7zu#y�:|{ + ©B��+ ¢ 
r���?DJG�IJDFY1
#����A<+���
#�H%&Y?�#�!��A�KNK $ �?
�)�%>� $ IJ)?DF'#�?DJ�<Y���I $ )�DJ���<���j)?O�%>½ $ IF%N��%'& $ 
�)?DF����Y
��� $ ��Y�)�� $ KN) $ �?%&�¤
#��� 
#�~
#Gj)�D9��%��H%&Y?O�%&Y&�_ACÎ A�A G~
#G_%&� ��� © xRs#yRs o 8Xq�����t +

7zuj8&:|{ + ©B��+ ¢ 
X����DFG�IJDJY 
���� �Í+ �>%&�.��
�)�
F�*�?DJY?O��~
��!�»A�'�'�IJ���H%&��
�)�DJ��� � $ I9)�DJ'���DF� ���#) ) W5��©
��DJ�H%&��Y�DF����
#IÜ�jDJY?KN� $ Y V �XW(Y&� Ì ª
ZB[�\C]_^ � ª¬Á ­�Êwb ª m Ø o 8rq�qR·�t
·#·#xwv�·�s�y +

7zu�u�: $d+ ¢ %N�&� ��
#��D�
�)?DF�#�~
#IB
#�~
#I9Q�Y?DJYS���Ö
¾�SD ¼ %&� !~��D9)�% %NIF%N�H%&�R)���!���DJ)?% ����I $ �H% Y?K"O�%N�H%��#�
'�%N��%&�?
#I!)���D�
#��' $ IF
�)�DJ����YN�~Î`¿ �(Î A +¬%&K"O���DFK&
#I%�Ö%NG}�#��) u�uj8Xx � o 8rq�q#¶*t +

7zu#x�: A�+ © � + ¢ $ IJ��%N�&�(A ��%�W � $ I9)�DJ'��?DJ� 
#G�G��?�R
#K"OM)�� KN���R��%&K�)�DJ��� G�����P�IJ%&�HY&� Ì ªHZB[�\C]_^ � ª
Á ­�Êwb ª}×�Ð o 8rq���qRt
x�y#xwvjxRu#x +

7zu�¶#: ÒC+}¿ ������'R
�
#��� � +¹© ; + ; $ DJIFIF
#�?��� ; ��� $ ���X� ) Q�G}%<�H%N)�O��j� ���¤���#�j© Y�)�� $ KN) $ �?%&�¤�S%NY?O�%NY
������)?O��?%N%�©É��DF�H%N��Y?DJ���~
#I5�S�X��DJ��'UP}� $ ���~
#��QpG�����P�IJ%&�HY&�<ZB[�\C]�ª5« ����­ ªÖi�¯p°5]R] g ª(« �"±"­ ª
 ¯_kS²B¯*³*ª¬´�´�Ð o 8Xq�q#¶RtC8X��xwv�u�y#¶ +

7zu�·�: £ +z�h+ �Ö��%#�EA�G�G��?� ¼ DJ��
�)�% �?DJ%&�S
#��� Y?�#IJ�#%&�?YN� G~
#�?
#�H%N)?%&�?YÔ�#%&KN)?���?Y 
#��� ��D	�}%&��%&��KN%
Y?K"O�%&�H%&YN� Ì ª
ZB[�\C]_^ � ª�Á ­�ÊXb ª�Ø}Ð o 8Xq���8wtBxR·�sXvjx�sj8 +

7zu#¸�: ��+ ©`�h+_��)�%N'�%&�Ö
#��� ��+¹© �5+ � 
#�?�HDJ��'��_�®I $j¼ �#%&KN)?���ÖY?G�IJDJ)�)�DJ��'S�#�®)?O�%�DF�R��DFY�K&DJ�¾'R
#Y���Q��~
#�HDJK
%'& $ 
�)�DJ����YUW(DJ)?O 
#G�G�IFDJKr
�)�DJ��� )?� !~��D9)�%�©É��D
��%N�?%&��K&%»�H%�)�O�����Y&� Ì ª�ZB[�\C]_^ � ªdÁ ­�ÊXb ª�Ø_Ñ
o 8rq���8wt�u#¸#xwv�u#q�x +

7zu�s�: ��+¹©`�}+ + $ �HDF�~
��?���>A O�DJ'�O�I9Q G~
���
#IJIF%NI
� $ IJ)?DF'���DF��© IJD ��%��H%�)�O���� �����Í)�O�% Y���I $ )�DJ���E�#�()�O�%
½ $ IJ%&�Ö%'& $ 
�)?DF����Y&�ÜÅ Ç °¦« Ì ª¬Å ± ilª1Å �È #� ª
ZB[�\C]_^ � ª¬´�Ð o 8Xt o 8Xq�q�u�t5���wv�8Xy�y +

7zu#��: ÒC+Ü��
#� �Ü%N%&�&��+1�XW5
#�?��Y�)�O�% $ I9)�DJ�S
�)�%�K&����Y�%&���#
�)�D9��%L��D	�}%&��%&��KN%¡Y?K"O�%N�H% � ¥¬
�Y?%&KN�����j©
������%&�(Y?%0& $ %&I�)�� ; �j� $ ���X� (�Y(�H%N)�O��j�!� Ì ª
ZB[�\C]_^ � ªÜÁ ­�ÊXb ª�Ð m§o 8XqRs�qRt
x�¸�8�v�xRs#y +

7zu#q�: £ + � %&Y�Y?%&IJDJ��'��(°C¯ i�¯ �la [&k#^ ±�� iÈ[�¯ � [ \d^ gË� i9³ a ilk§\ ����­ [&k b �5��G��?DJ��'�%N�¡�j%N�?DJ%&YSDF�»=5���HG $ ©
)"
�)�DJ���~
#I ¢ 
�)�O�%&�S
�)�DJK&Y Ø�� o £ $ ��%U
#��� 
#G�G�IFDJ%&� �S
�)�O�%&�S
�)�DJK&YN� �#�#O�� � DFIJ%NQ�� �j�#��Y&�
8Xq�qj8wt +

Ù�Ú1ÛÜÙ�Ý



Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)

Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)

Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�


���������� ��� ���

ISSN 0249-6399


