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Particle Concentration Field

Expected Particle Path

Figure  1
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Track Of Particle Through A Computational Grid

L n�D6F-Z�m/DVSTWuaVEev�EGR�R�STXi��Wrm�E<^TWrX]F�XGb�^Tn�D4a9X]m/R+X]F�DVFx^\Ñ,¦ÂÁ6WY[:a9XGm/R�Z�^\D�o8Z+[_WYF�sw^\n�DA[d^TX-atn+EG[_^\Wua�R&S\X]R+D�S_^TWrD
[KXeb^\n&DAo�X]m/EGWrFpWYF8^\n&D4sGSTWuo8}�vrX�atÕ�[!^TSTEiU]DVSt[_D
o�}-�{^\n�D4�&Z�WuopR&EGS_^TWYaVvrD4EGF&o�^\n&DAatn&EGSTE]ac^\D�S\Wu[_^\WuaV[KXeb�^Tn�D4U]DVvYX-aVW�^d��&D�vYo�WYF{^Tn�X][\D~sGSTWYo{}�vYX�atÕ-[�@�O�^1WY[Ks]WrU]DVF�}-�
Ñ´¦ÆÁ ÌYÒdÓ �ÔÕ�Ö ¨ ��� Ò �× ª Õ©Ø � V �É# �Ê ª Õ©Ø � V %|ÙA¤ Õ©Ø � Ô ¦ Ò �× ª Ò V �$# �Ê ª Ò V %GÔ Á �

y!n�D�S\D �× Ì `�× Ó � f ×�hkj � f ×�h Ó � @ L n�D!WYF&o�DV��D�[�WYFAR+EeSTDVFx^\n�D
[_D
[�o�DVF&Xe^\D(^Tn�D1a9X]mwR&Z�^TEe^\WYXGF&EGv�}�vrX�atÕ"F-Z�mA}+D�S�l×�o�DVF�XG^\D�[�^Tn�D!n-�-o�STEGZ�vrWua�aVXGF&o�Z&ac^TWrU-Wr^d�"m�E<^\STWr�"XGFA^\n�DK}�vYX�atÕ�l � f �Ê~h�Wu[�^\n�D!DV�-R�D�a9^\D
o4U]DVvYX-aVW�^d�6X]F"^Tn�D!}�vYX-atÕEeF+o,ÙA¤(WY[K^Tn�D~^\WYm/D~^\n�D6R+EeS\^\Wua9vYD~[\R�DVF&o�[1WrF{^\n�D6}&vrX�atÕ{o�Z�S\WYF�s/Wr^T[(^\StEiUGD�ST[\DG@�E�2Ú ÛqÜÞÝlß\ß\¡R�;�|½Rà��DV^ 3 n s 6!t Ëqp¨ `÷ !¡
j:}�DwE{[_D
�]Z&DVF&aVD4Xeb�^TD�[_^�bkZ&F&ac^TWrX]F&[V@~B n�D�FQ^Tn�Dw[\R&E]a9D Ëqp¨ `� !¡ij1Wu[�D��xZ�WYR�R+D
oQy!Wr^\nÖE[\R+D
a9WuEev�^TXGR�XGvYXGsG�]l Ëqp¨ `\`� !¡ijK}�D�a9X]m/D�[K^Tn�D4[\R&EGaVD6Xeb�^\D
[d^1bkZ&F&ac^TWrX]F&[Vl�o�DVF&Xe^\D
o´á{`� !¡<j9@(?�DVF�XG^\D"}-� i §r¥�§ c^\n&D�o�Z+EevYW�^d��R&EGWrSTWYF�s4X]F0^\n&D�[\R&EGaVD,â'á{`÷ !¡
jCã Í I á{`÷ !¡ijcl�y!n�D�S\D.â2á�`� !¡ijAã Í WY[�^Tn�D�o�Z&Eev.Xeb�á{`� !¡ijcl�[\X"^Tn&E<^!WYF^\n&D"[\a�EevuEeS![_D�F&[\D i §Y¥h§ c ^ â á�`�  ¡ j ã Í I á{`�  ¡ j Ó e   �
L n�D0WYFx^\D�F]^TWrX]F«n�DVSTD0Wu[6^TXªo�D9�+F�D{[\XGm/D9^Tn�WYF�sQ[_WYm/WrvuEeSAWrF¯^Tn�D{|:WrvY}�DVS\^A[_R+EGa9D{[_D�F&[_D]@8O�^AWu[6^\XªWrFx^\STX�o�Z&aVD0E[\R+D
a9WuEevq×]ØVÙ�ØVÚ\ÛeÜÞÝrß
ØTàQÚ\Û<Ù.àGáeâäå�ÚTá�ætØ9çTç�y!n�WYatnÖEGa�a9XGSto�WYF�s0^TX�|:WYo&E&fr­�¬ih�l�ä$@V@9@\WY[~Z�F+o�DVSt[d^TX-X-oQ^\X�}+D�E�b�Eem/WYvr�3 ¢È`2å�¥d¦�j9^�åw�5æ!6~Xeb�StEeF&o�XGmäU<EeSTWYEG}�vYD�[�XGF{EAR�STXG}&EG}�WYvrWr^d��[_R&E]a9D/`�é�¥C+�¥ 0 jqy!Wr^\n{R&EeStEem/D9^TDVSK[_DV^1EAaVDVS\^TEeWYFbkZ�F&a9^\WYXGFp[\R&EGaVDJæ @�@V@_[\Z&atn�^\n&Ee^!bkXGS1EGvrm/X][_^1EevYv.¦1l�¢É`2å�¥_¦�j(WY[!E/aVXGFx^\WYF-Z�XGZ&[KvYWYF�D�EGSKbkZ�F&ac^TWrX]F&Eev�WYF.å{@�@V@çä�@
J WYF&a9Dw^Tn�Dw^d�xR�D/Xeb(mwD
EG[\Z�STDw[\R&EGaVD4^Tn&E<^6Wu[6a9X]F&[_Wuo�D�S\D
opWY[~X]F�DwWrF¯y!n�WuatnQ^Tn�Dw^\Xe^tEev�m/D�E][_Z&S\DwWY[~Z&F�W�^d�]l�^\n&DbkXGvYvYX<y!WrF�s/STD�[\Z�vr^T[!EeSTD~EiUiEGWrvuEe}&vrDS^

�



è �9éTzPa9X]FxU]DVSTsGD�F&a9D m � Å z�aVXGF-UGD�S\s]DVF&aVDGlxW�b|ê c î5ë ­]@è � Å zPa9X]F-UGDVSTsGD�F&a9D m a9X]F-UGDVSTsGD�F&a9D�WrF8R�STXG}+Ee}�WYvrWr^d�G@è N XGF-UGD�S\s]DVF&aVD1WrF�R�STXG}&EG}�WYvrWr^d� m ^\n�D~DV�-Wu[_^\DVF+a9D~Xeb�EeF8EevYmwXx[d^KDVU]DVST�-y!n�DVSTD�aVXGF-UGD�S\s]DVFx^([\Z�}&[\D��xZ�D�F&a9D]@
��DV^:� D `÷é�¥A@�¥ 0 j(STDVR�STD�[\DVFx^K^\n&D"|1WYvr}�DVS\^:[_R+EGa9D~XGb�StEeF&o�X]m�U<EeSTWYEG}�vYD�[(y!W�^Tn8WrF�F&DVS1R�STX�o�Z&a9^Ks]WrU]DVF�}-�

`k¢ª¥C²4j Ì � fìg ¢�²íg h
EeF+o�m/D�EGFp[\�xZ&EGS\D
o0F�X]S\m�s]WrU]DVF�}-�

î ¢ î u O ª�ï V Ì â �]ð g ¢ñg D©ò ã LO Ì �+ë(K g ¢ñg D ï 0 � LO iYk
J WYF&a9D 0 `÷é!j Ì ­]l�W�^!bkX]vrvYX<y1[(^\n+E<^1Wrb(­Jw î i êwEeF&o�¢ ����é<` 0 j9l�^\n&DVF8}-��|oóX]vYo�D�S�� [KWYF�D��xZ&EGvrWr^d�

ë(K g ¢É`k¦�jhg Å ï 0 w � ë(K `çg ¢È`ó¦�jhg Å jSôõ ï 0,ö õ ô � ë(K ­ � Ó ôõ ï 0,ö � Ó õ ô|1D�F&a9D]l
î ¢È`ó¦�j î u õ ª�ï V Ì � ë K g ¢É`k¦�jhg Å ï 0 � Lõ w � ë K g ¢É`k¦�jhg é ï 0 � Lô Ì î ¢É`ó¦�j î u ô ª÷ï V `_­�gxj

L n�D�S\DVbkXGSTDGl-¢É`ó¦�j(�8� Å `�é!j1EeF&o
� é ` 0 jEt � Å ` 0 j

Î�X]SK^\n�D6R&S\D
[_D�F]^1EGR�R�vYWYa�E<^\WYXGF�l�vrDV^\ê Ì ®wEeF&o î Ì ­]@
J WYF&a9DJá�`� !¡ij(WY[:o�DVF&[\D~WrFp� D `� !¡ij9l�y!n�Wuatn{Wu[1a9X]m/R�vrDV^\D]l�EG[T[_Z�m/D�^\n+E<^!bkXGSK�{��� D `� !¡ij

�.`��� j Ì `kÃ D j�vYWrmsS{ p n s `��� j `_­±aGj
bkXGS 3 n&s&6øt�á{`÷ !¡<jc@
?�D9�&F�D Ñ `'ù(jV`k¤c¥d¦�j1[_Z&atn{^\n+E<^

Ñ `'ù(j9`�¤c¥d¦�j Ì ë�ì f Ñ `����Ó �¢/£�`k¤c¥_¦1§x��&¨ ¥_¤ ¨ j_jÊù�`��� j�ï��� Ì ù Ò �¢�£�`k¤c¥d¦1§-��&¨ ¥_¤ ¨ j Ô
y!n�D�S\D|ù�`��� j(�´á�`� !¡ijc@ Ñ `����Ó �¢�£q`k¤c¥_¦1§x��+¨ ¥\¤ ¨ j_j.^\n�D�F6S\D�R�S\D
[_D�Fx^T[�E1×xØ9Ù.Ø9ÚTÛ<ÜÞÝrß
Øtà�Ú\Û<Ù.àGáeâ,ã�ØVÜrà�XGS�E:×]ØVÙ�ØVÚ\ÛeÜÞÝrß
ØTàÚ\ÛeÙ�àGáeâ=å.Ú\á
æTØ9çtçc@ I ������WrF&sÈ�¦è�pé�l�^\n�D/çVÛeâ1å.ÜrØ1å�Û�<ú?

Ñ `'ù(j9`�¤c¥��¦�j Ì ë ì f Ñ `����Ó �¢ £ `k¤c¥��¦1§x�� ¨ ¥_¤ ¨ j_jÊù�`��� j�ï��� Ì ù Ò �¢ £ `k¤c¥��¦1§-�� ¨ ¥_¤ ¨ j_Ô
Wu[KXG}�^tEeWYF�D�o�@ I ���&�-WYF�s �¤(�Öf ¬�¥ k j9l��-WrD�vYo&[(^\n�D�Ú\ÛeÙ�à]á<âüûiÛeÚcÝ�ÛzýVÜrØ

i ¦1¥Cù c Ï Ñ `'ù(j9` �¤9¥d¦�j Ì ë ì f Ñ `
��0Ó �¢ £ ` �¤c¥_¦1§x�� ¨ ¥_¤ ¨ j_jÎù�`��� j�ï��� Ì ù Ò �¢ £ ` �¤c¥_¦1§x�� ¨ ¥_¤ ¨ jdÔ `_­��xj
y!n�D�S\D�¦ÉWu[�Wuo�D�F]^TW��+D�o{y!W�^Tn Ñ `���AÓ �¢ £ ` �¤c¥d¦1§-�� ¨ ¥_¤ ¨ j\j([_XA^\n&Ee^�¦ aVEeF{}+D6aVXGF&[\WYo�DVSTD�o0EGF�DVvYDVm/D�F]^!XGbGþ Í @ L n�WY[o�DV�&F�D�[!^\n&Ee^!E]ac^TWrX]F�XGb�¦ XGF.ù:@

�



L n�D~bkX]vrvYX<y!WrF&sAy!WYvrv�S\D
�]Z&WrSTDGl�`�[_D�D I Z�STSTWrvYv÷f ®
hkjcl
ÿ ���������Y
���#x*É*,��� O�b 3 ���S6!Wu[�E�[\D��xZ�D�F&a9D(Xeb�F�XGF&F�DVsxE<^\WYUGD(m/D�E][_Z�StEe}&vrD�bkZ�F&a9^\WYXGF&[�EGF&o4Wrb�`�E�@ DG@ýjPvYWrm WYF�b������ Ì�.l-^\n�D�F

ë
�
�AïzBÞw vrWYmÈWYF�b� ë

�
����ïSB �

Î�W���¤ Ì �¤c@�OPF8XGSto�DVSK^TX�[_WYm/R�vrWrbk��F&Xe^TEe^\WYXGF�l&vrDV^Uþ Ì á{`÷ !¡<jKEeF&oíþ Í Ì `úá�`� !¡<j_j Í @q��D9^F+~`úþ Í j(STDVR�STD�[\DVFx^K^\n&DI XGSTDVv�[\Z�}&[\D9^T[1Xeb�þ Í @
	 ���i	���#x;�
t'=��������
Q "	�#-�&;<#-*�� ��D9^ Ë `'åGj6}�D{EQatn+EeStEGac^TDVSTWY[_^\WuaAbkZ�F&a9^\WYXGF&EGv�X]F þ:@ L n�D�F¯^\n�D�S\D0DV��WY[_^T[AEZ�F�Wu�xZ�D6R�STXG}&EG}�WYvrWr^d��m/D�EG[\Z�STDJB$X]FÖ`2þ Í ¥A+~`úþ Í j_jK[\Z&atn�^\n&Ee^

Ë `'åGj Ì ë 
 Ð � ¦������ ��� ïzBq`k¦�j �
����R�D�a9^TE<^TWrX]F{y!Wr^\n8STD�[\R+D
ac^K^\X/^Tn�D6R�STXG}&EG}�WYvrWr^d��m/D�EG[\Z�STDJB$Wu[!o�DVF&Xe^\D
o�}x� ��� @q��DV^

Ë `2åGj Ì D9��R �ú¥ i Ã$¥Cå c Ó ­® î å î u O ª ì f V � `_­��xj
y!n�D�S\D~Ã Wu[!E/a9XGFx^TWrF-Z�X]Z&[KvrWYF�D
EeSKbkZ�F&a9^\WYXGF&EGv�XGF,þ:l

Ã¾^�þñe�  �
L n�D0atn&EGSTE]ac^TDVSTWY[_^\Wua6bkZ�F+ac^\WYXGF+Eev:f�­
�<h�o�DV^\D�S\m/WYF�D�[~^Tn�D�m/D�E][_Z�STD/[_R&E]a9Dp`úþ Í ¥C+�`2þ(jc¥CB�j�XGF¯y!n�Wuatnª^Tn�DVSTD�Wu[6E[\�-[_^\D�m)XGb��~EGZ&[\[\WuEeFwSTEGF&o�XGm)UiEGS\WuEe}&vrD
[ 3 i ¦1¥Cå c ^�åw�,þF61y!Wr^\n/m/D�EeF i Ã$¥Cå c EeF&owU<EeSTWuEeF&aVD î å î Du O ª ì f V @
L n�D!� D z�aVXGm/R�vYD9^\WYXGFAXeb+^\n�DK[_R+EGa9D~`úþ Í ¥C+�`2þ(jc¥CB�j�WY[�o�D�F�Xe^TD�ow� D `'B�jc@ J WYF&a9D 3 i ¦1¥Aå c ^>å/�íþF6!Wu[�E��~EGZ&[\[\WuEeF[\�-[_^\D�m8l-^\n�D6D�UGDVF8X]STo�D�SKmwX]m/DVFx^T[!EGS\D~sGWYUGD�F�}-�

ë 
 Ð g i ¦1¥Aå c Ó i ÃÖ¥Aå c g D s ïSBq`ó¦�j Ì `�®eÇ�j��® s Ç�� î å î D su O ª ì f V Ç Ì ­G¥t®�¥�§h§h§ `÷®e¬xj
Î�STXGm����xZ&E<^TWrX]F�f�­±a
h�l 3 n&s&6
eê��WYF�� D `� !¡ij�y!n�D�S\D 3 n&s&6øtñá{`� !¡ijcl�EGF&o�bkS\X]m����xZ&E<^TWrX]F�f�®e¬eh.y!Wr^\n�Ç Ì ­Gl

ë

 Ð g i ¦ Ó Ã$¥�n)s Ó n Ò c g D ïSB Ì ë


 Ð g i ¦1¥çn&s Ó n Ò c Ó i Ã$¥�n&s Ó n Ò c g D ïSB
Ì î n s Ó n Ò î Du O ª ì f V e�¬ EG[$ÃÖ¥_Çje ¬

J WYF&a9D i ¦ Ó ÃÖ¥çn&s Ó n Ò c Ì ` i ¦1¥çn&s c Ó i ÃÖ¥çn&s c j Ó ` i ¦1¥çn Ò c ÓWi ÃÖ¥çn Ò c jcl�Wr^1bkXGvYvrX<y1[!^\n&Ee^3 i ¦1¥çn&s c Ó i ÃÖ¥çn&s c 6 ps Ö � Wu[6E N EGZ&atn-�8[\D��xZ�D�F&a9DwWYF `2þ Í ¥A+~`úþ Í jc¥CB�jc@4��D9^��Rs�`k¦�j Ì i ¦1¥çn&s c Ó iÃÖ¥çn&s c l-^\n�D�F B 3 ¦ñ^Pg �)s�`ó¦�j Ó � Ò `ó¦�j�g ë � 6øw ­
� D ë 
 Ð g �Rs�`k¦�j Ó � Ò `ó¦�jhg D ïSBJ X+l 3 �)s�`ó¦�j�66Wu[1E N EeZ&atn-�0[\D��xZ�D�F&a9D6WYF{m/D
EG[\Z�S\D]@�|1DVF+a9DGl�^\n�D�S\D~Wu[1E/[_Z�}+[_D
�]Z&DVF&aVD 3 �RsSyS66[\Z&atn�^\n+E<^

vrWYmÕ { p �RsSy-`ó¦�j Ì i ¦1¥�� c EQ} Dz}�¦ �,þ Í
m vrWYmÕ { p g � s y-`k¦�jhg D Ì g i ¦1¥!� c g D EQ} Dz}�¦ �´þ Í

­�¬



I ��Î&Ee^\X]Z�� [KvYDVm/m�E�l
ë

 Ð g i ¦1¥�� c g D ïSB w vrWYm WrF�bszy�{ p ë


 Ð g �Rszy-`k¦�jhg D ïzBÌ [_Z&Rszy WYF�b�#"&sSy ë 
 Ð g ����`k¦�jhg D ïzB `÷®�­ij
H [T[\Z�m/WrF�sw^Tn&E<^ Ï 
 Ð g �RsSy-`ó¦�jhg D ïSB i_k l�¹äÇ Õ l&EGF&o�sGWYUGDVF � c ¬�lRr%$ ¨ [_Z+atn�^Tn&E<^

ë

 Ð g �RsSy-`ó¦�j Ó ���'&G`k¦�jhg D ïzB i � Ç Õ c $ ¨·:[\WYF�sw^\n�D6WYF�D��xZ&EGvrWr^d�

g � s y�`ó¦�j�g D Ì g � s y-`k¦�j Ó � � &G`k¦�j ­ � � &]`ó¦�j�g Dw 1dg �Rszy�`ó¦�j Ó ���'&G`k¦�jhg D ­ 1
g ���(&]`ó¦�jhg DWr^!bkXGvYvrX<y1[(^Tn&E<^
ë

 Ð g �)szy-`ó¦�j�g D ïSB�wñ1 � ­ 1 ë 
 Ð g ���(&]`ó¦�j�g D ïSB Ì*) ilk bkXGSÖÇ Õ c $ ¨

J WYF&a9D ) Wu[!EeF8Z�R�R�DVS!}�XGZ&F&o{bkXGS!^Tn�D�[\D~WrFx^\D�sGStEevu[Vl
[_Z�RsSy ë 
 Ð g �)szy�`k¦�jhg D ïSB ilk m [\Z�Rszy WYF�b�#"Ps y ë 
 Ð g �RsSy�`ó¦�j�g D ïSB i_k���xZ&Ee^\WYXGF�f�®�­9h.^\n&DVFpsGWYUGD
[

ë 
 Ð g i ¦1¥!� c g D ïSB iYk `÷®G®]j
[\X/^\n&Ee^4g i ¦1¥!� c g D Wu[!WYFx^\DVs]STEG}�vYDG@ L n�D4[\D��xZ�DVF+a9D 3 � s `ó¦�j©64Wu[:E N EeZ+atnx��[_D
�xZ�DVF&aVD6WrFpm/D
EeFQ[T�]Z+EeSTDGl&EGF&obkXGS!D
EGatn�Ç

vYWrmÕ { p g �)s�`ó¦�j Ó �Rszy�`ó¦�jhg D Ì g �)s�`ó¦�j Ó i ¦1¥!� c g D EQ} Dz}�¦ �´þ�Í
EesxEeWYF�}-�{Î+E<^TXGZ�� [KvrD�m/m/E&l

ë

 Ð g �Rs�`k¦�j Ó i ¦1¥�� c g D ïSB�wÈvrWYm WrF�bs y { p ë


 Ð g �Rs�`k¦�j Ó �)szy-`k¦�jhg D ïzBH vu[\X&l-bkXGS � c ¬&lRr+$ ¨ [_Z+atn�^Tn&E<^ ë

 Ð g �Rs�`k¦�j Ó �)szy�`k¦�jhg D ïzB i �bkXGS!Ç ë $ ¨ EeF&o{Ç Õ ë $ ¨ l�y!n�Wuatn8�xWYDVvuo�[

ë

 Ð g �)s�`ó¦�j Ó i ¦1¥!� c g D ïzBÞw [\Z�Rszy WrF�b�,"&s y ë 
 Ð g �)s�`ó¦�j Ó ���&`ó¦�j�g D ïSBI Z�^�l�bkXGS-$ ë Ç Õ ë $ ¨ l

WYF�b�,"&szy ë 
 Ð g �)s�`ó¦�j Ó ����`ó¦�j�g D ïSB i � m ë

 Ð g �Rs�`k¦�j Ó i ¦1¥�� c g D ïSB�w �

|1D�F&a9D]l
­G­



3 � s `ó¦�j�6 Ò OÓ e i ¦1¥!� c `÷®�"xjÎ�STXGm ���xZ&E<^TWrX]F�f.­±aih÷l-bkX]SK�.`
�� j(WYFp� D `÷ !¡ij��`��� j Ì `�Ã D j�vrWYmsz{ p n s `
�� jbkXGS 3 n s 6!tYþ:@ J WYF&aVDw 1�~Wu[�a9XGm/R�vYD9^TD"WYFp^\n�D.g�§-g�m/DV^\STWYaGl�EGF&opÃ Wu[�E0a9X]F]^TWrF-Z�X]Z&[1vYWYF�D�EGS!bkZ�F&a9^\WYXGF&EGv�l�^\n&Dm/D�EGF{XGb��0Wu[1o�DV�&F�D�o8E][
i Ã$¥_� c Ì vYWrmsS{ p i ÃÖ¥çn s c `÷®>1-j

J WYF&a9D Ï 
 Ð i ¦1¥Aå c ïzB Ì ��� f i ¦1¥Cå c h Ì i Ã$¥Cå c l�^Tn�Wu[KmwD
EeF&[!^\n&Ee^
�.� f i ¦1¥_� c h Ì vYWYmsz{ p �.� f i ¦1¥�n&s c h `÷®G�]j

Î�Z&S_^Tn�DVSTm/XGSTDGl
ë

 Ð g i ¦1¥çn&s c Ó ` i ¦1¥�� c ­ i ÃÖ¥d� c j�g D ïSB Ì ë


 Ð g i ¦1¥�n&s c Ó ` i ¦1¥!� c ­]i Ã$¥_� c jÓWi ÃÖ¥çn&s c ­ i ÃÖ¥çn&s c g D ïSBw ë

 Ð gr` i ¦1¥çn&s c Ó i ÃÖ¥çn&s c j ÓWi ¦1¥!� cÓ ` i Ã$¥_� c Ó i ÃÖ¥çn s c jhg D ïzBw 1 ë 
 Ð gr` i ¦1¥çn&s c Ó i ÃÖ¥çn&s c j Ó i ¦1¥!� c g D ïzB­ 1 ë 
 Ð g i ÃÖ¥d� c Ó i ÃÖ¥çn&s c g D ïzBbkSTXGm����]Z+E<^\WYXGF�f�®�"<h�EGF&o����xZ&E<^TWrX]F�f�®>1Gh�}+XG^\n8Xeb�^\n�D6WYFx^\D�sGStEevu[�X]F�^\n�D~STWrs]n]^!s]XA^TX7TVD�S\X/EG[KÇje k @ 1DV�-^:o�D9�&F&D

i ¦1¥_� c Ì i ¦1¥�� c ­ i ÃÖ¥d� c Ì `kÃ D j�vYWrmsS{ p i ¦1¥�n s c WrF�� D `2B�j `÷®egxj
I Z�^�l+[_WYF&a9Døn&s��íá�`� !¡<jcl&W�^!bkX]vrvYX<y1[�bkS\X]m ���xZ&Ee^\WYXGF�f�­
�<h�^\n+E<^i ¦1¥çn&s c Ì ë ì f Ñ `����Ó �¢ £ ` �¤c¥d¦1§x�� ¨ ¥\¤ ¨ j_jCn&s�`��� j�ï��� Ì n&s�` �¢ £ ` �¤c¥_¦1§x�� ¨ ¥_¤ ¨ j_j
|1D�F&a9D]l�bkSTXGm����]Z+E<^\WYXGF�f�®G�ih�l

� ��f i ¦1¥_� c h Ì vYWrmsz{ p � �.#ún s ` �¢�£�` �¤c¥d¦1§x��&¨ ¥\¤ ¨ j\j % `÷®SaGj
Î�STXGm ���xZ&E<^TWrX]F�f�®G®<h�EeF&o����xZ&Ee^\WYXGF�f�®�1eh�l�EeF&o�[\WrF&aVDJB$Wu[1EA�&F�Wr^\D6m/D�E][_Z&S\D]l

ë

 Ð g i ¦1¥_� c g D ïSB Ì ë


 Ð g i ¦1¥!� c ­ i Ã$¥_� c g D ïSBw 1 ë 
 Ð g i ¦1¥!� c g D ïSB ­ 1 ë 
 Ð g i Ã$¥_� c g D ïSBi k
­
®



O�^!^\n&DVF�bkXGvYvrX<y1[(bkSTXGm ���xZ&E<^TWrX]F�f.­�geh.^\n&Ee^î i ¦1¥_� c î u L ª � V w î i ¦1¥_� c î u O ª � V9iYkJ WYF&a9D6Ã Å z�aVXGF-UGD�S\s]DVF&aVD:WYmwR&vrWYD�[1aVXGF-UGD�S\s]DVF&aVD:WYF8mwD
EG[\Z�STDGl-W�^!bkX]vrvYX<y1[(bkSTXGm����]Z+E<^\WYXGF�f�®eg<h�^Tn&E<^i ¦1¥_� c Ì `2B�jpvrWYmsz{ p i ¦1¥çn&s c
y!n�Wuatn8mwD
EeF&[(^Tn&E<^!^Tn�DVSTD~WY[!E�[\Z�}&[\D��xZ�D�F&a9D 3 n)sSyS6 pÕ©Ö � t�á{`÷  ¡ jK[_Z&atn{^\n+E<^i ¦1¥_� c Ì vrWYmÕ { p i ¦1¥�n s y c Ì vYWrmÕ { p n s y�` �¢�£�` �¤c¥d¦1§x��+¨ ¥\¤ ¨ j_j EQ} EQ}�¦è�íþ Í
O�b�^\n�D"[\D9^1XGb�D9��aVDVR�^TWrX]F&Eev�U<EevYZ�D
[KXeb�¦ÈWu[1o�DVF&Xe^\D
o0/,l1/ t�þ Í y!W�^Tn,Bq`2/ªj Ì ¬�l-^\n&DVFi ¦1¥d� c Ì vYWrmÕ { p i ¦1¥çn&szy c Ì vrWYmÕ { p n&szy-` �¢ £ ` �¤c¥_¦1§x�� ¨ ¥_¤ ¨ j_j XGF4þ9Í435/
Î�X]S � c ¬�l)r6/87 c ¬/[_Z&atn{^\n+E<^!bkXGS!Ç Õ c /87

gRg i ¦1¥çn&szy c g Ó g i ¦1¥_� c gQg¿w g i ¦1¥çn&szy c Ó i ¦1¥d� c g i �
m g i ¦1¥çn&szy c g i g i ¦1¥d� c g ­ � XGF þ�Í435/

J WYF&a9D i ¦1¥d� c �8�(�<`2B�j!EGF&oíBq`2þ Í j Ì ­]l�}-�0^\n&D"?:X]mwWYF&Ee^\D�o N XGF-U]DVSTsGDVF+a9D L n�DVX]S\D�m�l
vrWYmsSy�{ p ë 
 Ð ¨!9 n s y�` �¢/£�` �¤9¥_¦1§x��+¨ ¥_¤ ¨ j_j�ïSB Ì�ë 
 Ð ¨!9 i ¦1¥_� c ïSB

H F+o�l&[\WrF&aVDqBq`:/ªj Ì ¬�l�Wr^!bkXGvYvYX<y1[(^\n&Ee^
vYWrmszy�{ p � �´#ún szy ` �¢�£�` �¤c¥d¦1§x��+¨ ¥\¤ ¨ j_j % Ì � ��f i ¦1¥_� c h `÷®e�xj 1X<y6l-bkSTXGm ���xZ&E<^TWrX]F�f.­±aih÷lRr�E/[\Z�}&[\D��xZ�DVF+a9D 3 n szy 6 pÕ©Ö � [\Z&atn{^\n&Ee^n&szy-`��� jve �.`��� j `2;�jdEQ} Dz}�<7e ky!n�D�S\D�;8STDVR�STD�[\DVFx^t[(��DV}�D�[T�xZ�D6m/D�EG[\Z�STDG@ L n�Wu[Km/D�EeF+[(^\n&Ee^!bkXGS � c ¬�lRr=/87 c ¬w[\Z&atn�^\n+E<^!bkXGS!Ç Õ c /87clgQg n)sSy�`��� jhg Ó g �.`��� j�gQg(w]g n&szy�`
�� j Ó ��`��� jhg i � `2;�j$ER} DS}

O�b?> tÍ !¡AWu[�^\n�DwD9��a9D�R�^\WYXGF$[_DV^�l@;�`2>"j Ì ¬�l�EeF&oªW�b�^\n�D/o�Wu[d^TS\WY}�Z�^TWrX]FpbkZ�F&a9^\WYXGFQbkX]S�^\n�DASTEGF&o�XGm�U<EeSTWuEe}�vYD�¢�£�`k¦�jcl(³ µ¶ ¸ lxWY[�Ee}&[\XGvYZ�^TDVvY�waVXGFx^\WYF-Z�XGZ&[�le^Tn�DVF/^Tn�D:WYF&o�Z+a9D�o/m/D
EG[\Z�S\D]lzB µ¶ ¸ Wu[�Ee}+[_X]vrZ�^TDVvY�AaVXGFx^\WYF-Z�XGZ&[�y!W�^TnSTD�[\R+D
ac^K^\X0��DV}�D�[T�]Z&D�m/D
EG[\Z�S\D]l-B µ¶ ¸BA ;�l&n&DVF&aVDGlg n s y�`
�� j�g-w g ��`��� jhg ­ � `2B µ¶|¸ jdER} DS}H F+o�l n szy `��� j;eê�.`
�� j `2B µ¶ ¸ j_EQ} Dz}N XGF+[_D
�]Z&DVFx^\vY�Gl�W�b Ï ì f `çg �.`
�� j�g ­ � j{ïSB µ¶�¸ i k l�^\n�D/?�XGm/WrF+E<^\D
o N XGF-U]DVSTsGDVF+a9D L n�D�XGSTDVm aVEGFp}+DwZ&[\D�o8^TXa9X]F&a9vYZ&o�D�^Tn&E<^
ë ì f®n)sSy�`��� j�ïzB µ¶|¸ e ë ì f��.`��� j�ïSB µ¶|¸ `÷®e�xj

­�"



OPF¯XGSto�DVS~^TXpa9XGm/R�vYD9^TD/^\n�Wu["o�Wu[Ta9Z&[T[_WYXGF�l�^\n&D/bkXGvYvrX<y!WYF�sp?:DV�&F�Wr^\WYXGF«EeF+o L n&DVXGSTDVm bkS\X]m I Z�S\STWYvrv�f ®ih�EeSTD/S\DVz�xZ�WYS\D
o
^
Ñ #�C����k�����+�?� H m�EeR�R�WYF�s0D WY[�Epâ/ØtÛ<ç�E�ÚTÛzýVÜrØ!<÷Ú\Û<Ù&çGF9áeÚcâ/Û�<�Ý�áeÙ�Wrb�^\n�DwWYFxU]DVSt[_D6WYm�Ees]D"XebqE0m/D
EG[\Z�STEG}�vYD"[_DV^Wu[KmwD
EG[\Z�StEe}�vYDG@
��WYUGDVF4^dy�X�m/D�EG[\Z�STD�[\R&EGaVD�[(`�é � ¥(H � ¥CB � j�EeF&o{`�é D ¥(H D ¥CB D jcl]E�[\D9^�bkZ�F&a9^\WYXGFAa�EeFA}+DKo�D9�+F�D�oAXGF6^Tn�DUH�z�EGvrs]DV}�StEH D EG[ n�`�æ4j Ì B � â D Ó � `�æ4j ã æ½�0H D
L n�D~bkX]vrvYX<y!WrF&s4^Tn�DVX]S\D�mä^\n�D�F8n�XGvuo�[�^
 "	�#-�&;<#-*�� ��D9^�DÉ}+D"Ewm/D�E][_Z&STEG}�vrD�^TSTEGF&[dbkX]S\m�Ee^\WYXGF0bkSTXGmê`�é � ¥'H � ¥AB � j(WrFx^TXQ`�é D ¥'H D ¥AB D jc@ L n&DVF{bkXGS1EeF-�

�.^]é D e3 JI
ë KPL �LKMDÖïSB � Ì�ë K)O ��ï(n

Wrb��8Wu[KF�X]F�z÷F&DVs]Ee^\WYUGD�XGS-��Wu[!WYF]^TDVs]STEG}�vrD�y!Wr^\n8S\D
[_R�D�a9^!^\X`n�@
L n�D6StEeF&o�XGmäU<EeSTWYEG}�vYD �¢ £ `ó¦�j(R�DVS\bkXGSTm/[(^Tn�D~bkXGvYvYX<y!WrF�swm/D�E][_Z�StEe}&vrD�^\StEeF&[_bkXGSTm�E<^TWrX]FG^

�¢ £ ^&`2þ9Í÷¥A+~`úþ9Íujc¥CB�jve â   ¡ ¥A+~`�  ¡ j9¥!; ã
EeF+o0^Tn�D6m/D�EG[\Z�STDJB´µ¶ ¸ Wu[1o�D9�+F�D�o8EG[B´µ¶ ¸ `'æ4j Ì B Ò �¢ Ó �£ `�æ4jdÔ æ tè  ¡
L n�D�R�S\X]}&Ee}&WrvYW�^d�Am/D�EG[\Z�STDFB,µ¶ ¸ o�DV^\DVSTm/WrF&D�[�^Tn�D:R&S\X]}&Ee}�WYvYW�^d�wXeb�EGvrv+DVUGD�Fx^T[qWYF-UGX]vrU-WYF�s~^\n�D�STEGF&o�X]mÐU<EeSTWuEe}�vYD�¢ £ `k¦�jc@
|1D�F&a9D]l�Wrb�N�^] !¡\e   I EeF&oONpWu[KWYF]^TDVs]STEG}�vrD~y!Wr^\n8STD�[\R+D
ac^K^\X7B,µ¶ ¸ l�^Tn�DVF

ë

 Ð N�` �¢ £ `ó¦�j\j�ïSB Ì ë ì fPN�`��� j�ïSB´µ¶ ¸ `�"G¬xj

O�b�^\n�D~bkZ�F+ac^\WYXGF+[\n&szywEeF&o���EeSTD~WrFx^\D�sGStEe}�vYD�y!W�^Tn�STD�[\R�D�ac^!^TX!B´µ¶ ¸ l-^\n�D�F{bkSTXGm ���xZ&Ee^\WYXGF�f�®e�eh÷l
�.� f i ¦1¥d� c h Ì vrWYms y { p ���,# n&szy�` �¢ £ `ó¦�j\j�%

Ì vrWYmszy�{ p ë 
 Ð n&szy�` �¢ £ `ó¦�j\j�ïzB bkSTXGm ���xZ&Ee^\WYXGF�f-"]¬<hÌ vrWYmszy�{ p ë ì&f�n szy `
�� j�ïSB µ¶ ¸ bkSTXGm ���xZ&Ee^\WYXGF�f�®G�<hÌ ë ì f��.`��� j�ïSB µ¶�¸ bkSTXGm ���xZ&Ee^\WYXGF�f-"]¬<hÌ ë

 Ð ��` �¢ £ `ó¦�j_jqïzB ­h1



Î�STXGm�y!n�WYatn8Wr^!bkXGvYvrX<y1[�^Tn&E<^
� ��f i ¦1¥d� c h Ì � � # ��` �¢�£�` �¤c¥d¦1§x��&¨ ¥_¤ ¨ j\j�% `�"�­ij

Q@RTSPR:U  (�+�����K'=��


H sxEeWYF�l�vYD9^4*ê}�D�EQaVXGm/R&E]ac^w[\D9^A^\n&Ee^/aVXGFx^TEGWrF+[6^\n&D{D�F]^TWrSTD�R&vrZ�m/D]lqEeF&o«vYD9^7[ Ì 3 ¦��Yþ Í ^ �¢ £ ` �¤9¥d¦Ã^�� ¨ ¥_¤ ¨ �.*76xl�^\n&DVF8y!W�^Tn��.`��� j ÌY� / `
�� j(Wr^!bkXGvYvYX<y1[(bkS\X]m����xZ&Ee^\WYXGF�f-"&­9h
�.� f i ¦1¥d� c h Ì ��� # � / ` �¢ £ `k¦�j_j %

Ì ��� f � � `ó¦�j�h
Ì Bq`'[�j

Q@RTSPRVQ 2A#-�.�V;<����>��DV^!�.`
�� j Ì � ¦ � / `��� jcl�^Tn�DVF
� ��f i ¦1¥d� c h Ì � �,# �¢�£ ° � / ` �¢�£�`ó¦�j\j %

Ì � �,# �¢�£ ° ��� `ó¦�j %
Ì ��� # �¢ £N° %

y!n�Wuatn8WY[(^Tn�D"[\EGm/D~E][!���xZ&Ee^\WYXGF�f.­N"<h�@
Q@RTSPRXW ��#-�G����> ')�+*,#-�.���DV^!�.`
�� j Ì ` � ¦ Ó ��� f �¢ £±° hkj9` � Á Ó ��� f �¢ £NÅ hkj � / `��� j9l�^\n�D�F

�.� f i ¦1¥d� c h Ì ��� #�` �¢ £±° Ó �.� f �¢ £±° hkj9` �¢ £NÅ Ó �.� f �¢ £NÅ hkj � / `��� j %
Ì ë � ` �¢�£ ° Ó � �.f �¢�£ ° hkj9` �¢�£ Å Ó � �.f �¢�£ Å hkj�ïzB
Ì ��� #�` �¢ £±° Ó �.� f �¢ £±° hkj9` �¢ £NÅ Ó �.� f �¢ £NÅ hkj %

y!n�Wuatn8WY[(^Tn�D"[\EGm/D~E][!���xZ&Ee^\WYXGF�f.­i�ih�@
Y ¹JZe¹:´�¹:¾8·!¹F�
fr­9h H o�Eem�[�l M XG}�DVS\^ H @Yl�[.áSýtá<ÜrØhû6[eå&ÛGætØcçcl H aVE]o�DVm/Wua�Æ�S\D
[\[�l-OPF&ae@Yl�­
��a<�f ®ih I Z�STS\WYvYv�l N vuEeZ&o�D�BC@Yl�\ªØtÛiç�E�Ú\Ø^]P_cÙ)<�Ø�×GÚ\Û><÷Ý�á<Ù¯Û<Ù�à4=(Ú\áSýTÛSý9ÝóÜ�Ýú<2`<l.�Qa���StEiyKzP|1WYvrv÷l�­��(ae®f "<h ?�EesxEeF�l��w@&EGF&o´ :DVZ�m�EGF�l J @ Æ�@rl�a4á<Ù.Ûiç�`<â:å&<Pá><÷Ý�æ.b�Øç?&Û>û
Ý�á<Ú/ácF4Ûed�áeâAâ�á<Ù585E�ÜrØVÚcÝ�Û<Ùef�å]å�Ú\á�:GÝóâ�Û><÷Ý�á<Ù
F9áeÚ0g�Ú\ÛeÙ�ç÷å&á<Ú©<(ÝóÙBh:ÛeÙ�à]á<âji+Ø9ÜYá�æVÝú<2`8k�Ý�ØVÜràiçcl+BÖEe^\DVS M D�[\XGZ�Sta9D
[ M D�[\D�EGSTatn�l�®�a�`d­i®Gj9l("x®>1x�<zÊ"]®G�Gg�l+­��G�&­f 1eh ?�D�EGF�l]?A@eBC@Yllf�Ùmf�Ù�Û<Ün`içtÝuç�o�F8gP?&ØJ[&<�á
æ�?�Ûiç©<÷Ý�æpf�åGå.Ú\á
ÛGæ�?�Ø9çmg+áBgP?�ØU=(ÚTázýVÜrØ9âAçLo�F?k�Ürárqsf�Ù�àBg�Ú\ÛeÙ�ç�tå&á<Ú©<�_cÙ,=1á<Ú\árE-ç.\ªØtà<Ý�Ûel�Æ�n�@�?A@ L n�D�[\Wu[Vl�­
�G�Ggf �ih ?�D�EGF�l&?A@�BC@rl@[)<Pá�æ�?�Û<ç�<÷Ý�ævu"Ý w�Ø9Ú\ØVÙR<÷Ý�Û<Ü
8px�E&Û><÷Ý�á<Ù�ç6ÝóÙ�g�Ú\ÛeÙ�ç÷å&á<Ú©<÷lR· N ?zy N!N � M D�R+X]S_^\ :X&@�­�1]g�l1{�a9^­
�G�G�

­
�



f g<h ?�D�EGF�l&?A@&BC@Yl�[)<Pá�æ�?�Û<ç©<�Ý�ævu4Ý w:Ø9ÚTØ9Ù)<�Ý�ÛeÜP8px�E&Û><÷Ý�á<Ù&ç~ÝóÙ|\ªá<â�Ø9Ù)<|8Jx^E&Û�<�Ý�áeÙ�çcl)· N ?vy N!N � M DVR�XGS\^\ 1X&@­i�eg�l��QEi��®e¬G¬]¬fÂa
h ?�D�EGF�l�?4@-BC@�EeF+o L @ Î M Z&[T[_D�vrv÷l1f�Ù}f�Ù.Û<Ü~`içcÝuç+o�F+gP?�Øz[)<Pá�æ�?�Û<ç©<�Ý�æ.f�åGå.Ú\á
ÛGæ�?�Ø9ç�g+á�gP?�Ø
=(Ú\áSý9ÜrØVâAç6o�F
k�Ürárq�f�Ù�à�g�Ú\Û<Ù&ç÷å�áeÚ©<�_cÙ.=!á<Ú\árE-çv\QØtàeÝ�Û��0��å�çVæTÛeÜÞÝóÙx×�o�Fpu"Ýuç÷å&Ø9ÚtçcÝúû
Ýú<2`<l&· N ?zy N!N � M DVR�XGS\^F 1X&@�­N"�a�l
{�a9^~­
�G�]�f �<h ��StEen&EGm8l(BC@KEeF+oÁ�QaV��EeZ�s]n�vYWrF�l1?A@Yl J ^\X�atn&E][d^TWYa H F&EGvr��[\WY[�{:bq :XGF&[_^TEe^\WYXGF&EGS\� J Z�}&[\Z�S\b�EGaVD J XGvYZ�^TDL STEGF&[\R+X]S_^
l�­]@Q·1F&aVXGF&o�W�^TWrX]F&Eev��QXGm/DVFx^T[�lp�pÛ><PØ9Ú-h�ØcçVá,E�Ú���h�Øcç��Yl+®]��`�®]jcl&®�­
�izd®�"x®�l+­��G�]�f �<h |:DVy!Wr^_^�l+��o�y!WYFpEeF&o J ^\STXGmA}+D�S\s+ll�6EeSTv�l1h�ØTÛeÜ�Û<Ù.à6fJý9ç©<�Ú\Û]æ�<�f�Ù�ÛeÜ~`içcÝuçtl J R�STWrF�s]DVS\z���D�S\vuEes+l+­
�Ggx�fr­�¬<h"|:WYo�E&l L @rl�b!Ú\árq�Ù&Ý�ÛeÙ�\ªá><÷Ý�á<Ù+l J R&S\WYF�sGD�S_z���DVSTvuEes&l( 1D�y��qX]S\Õ.l.­��]�G¬

­�g


