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� ¢òÌ º±`bOQdNXZ]f[^]kVW`ba�`g��
³Æ�É� � 
 ����� ����� ¢"¢(¢"¢(¢(¢"¢(¢"¢(¢(¢(¢(¢(¢"¢(¢"¢(¢(¢"¢(¢i¢"¢ �<Ì

� �1Ó �1�#; Ï ��� : �
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K
LNP�d�P�q �«`bqkO�[gaNl	P�`g��O�[ga<j³P�n:VWe_]_V\aN�il	`bOQdNqkP	eke_VW�ZYWPml	` h P�e��<`gq_VW�gV\aN[^YWY¥j³�ZXZVWY¥]Ê�«`bq�]fqf[^aNek`baoV\l�`bqµekXNd�P�qs­
ek`gaZV\lidNq_`b�ZYWP�OQe�� h P	�bqf[ h P�em[ge�]fLNP"�F[^lzLCa�XNO"�yP	qm`g�´]fLZP(l	`bOQdNXZ]kP h ÀN`�� �g[^aZV\e_LNP�e���]fLNP¬YW`��HP�q�]fLZP
�F[glzL"a�XNOT��P�q´V\e	� ]kLNPHOQ`bq_P�]kLNP�[gl�l	XNqf[^l	j(`g�:]fLNP�ek`gYWXZ]_V\`baT[ga h ]fLNP�OQ`bqkP�]kLNP�V¥]fP	qf[^]_VW�gPHl	`ba<�bP	qk�bP	aNl�P
h P	�bqf[ h P�e�¢
	m`��HP	�gP�q�� ]kLNP³aNP	P h `g�£l�`gO�dZXZ]kVWaN��Y\`�� �F[glzL-a�XNO"�yP	qiÀN`���e¬`gqmYW`ol�[^YWY¥j¸l	`bOQdNqkP	eke V\�ZYWP
À�`���e
VWe±OQ`bqkP°[ga h OQ`bqkPc�«qkP	È:XZP�a<]kY¥j�P�aZl�`bXNa<]kP�qkP h V\a�P	aN�gVWaNP�P	q_VWaN�N¢�K
LZVWe±V\eH]fLNP°l�[gekP°�«`gqHl	q_jb`g�bP�aZVWl
qk`:lz§gP�]�P�aN�^V\aNP	e
V\aZl	YWX h VWaN�QekXNd�P�q_ek`baZVWl
rsP	]ke�[ga h e Y\`��HP�q�qkP	l	VWqkl	XZY½[ ]kVW`baNe��N�«`gq±d�`�� h P�q�qk`:lz§gP�]�P�aN�^V\aNP	e
[ga h [ Y\e_`°�«`bqÊdZVWe_]k`baQP�aN�gVWaNP	e�P�ekd�P�l�V½[ YWY¥jQ[^]Ê]kLNP���P��gVWaNaZVWaN�i`g��]fLZP�P�noL�[gXNe ]£e_]kqk`b§^Pc`gqÊ[^]Ê]kLNP
VW�baZV¥]kVW`ba
dNL�[^ekPg¢

K
LNP¤`g����VW`bXNe"dNL<joe V\l�[^Y h V���l	XZYW]¡j%`g�HY\`�� �C[glzL¶a�XNOT��P�q"l�`bOQdNq_P�e_e_VW�ZY\P�À�`��{l�`bOQdNXo]z[^]_V\`baZe(VWe
]fLZP
dNqkP	ekP	aNl�P�`g��]¡�H`¬�bP�q j h V¥»yP�qkP	a<]�]kVWO�P±ekl¨[ Y\P	e£[geke_`ol�V½[^]kP h ��V¥]fLQ[gl	`bXNe_]_V\l	e£[ga h �<[^eÊOQ`g]kVW`ba¦¢µp£q V\`gq
[�Y\`��{�F[glzL¯a�XNO"�yP	q"�b[ge°À�`�� VWeiP�e_]f[g�ZY¥V\e_LNP h ��]fLZP�[^l�`bXNe ]kVWl��±[¨�bP	e(]kqf[¨�bP�YHO�[ga<j¸]_V\OQP	e(]kLNqk`bXZ�bL
]fLZPcl	`bOQdNXZ]f[^]kVW`ba�[^Y h `bO�[^V\a�¢�K
LNPcqkP�dZqkP�e_P�a<]z[ ]kVW`ba�`g��]fLNP	ekP�]fqk[gaNe_V¥]f`gq_jQe_]f[^]fP	e£�yP�V\aN�(`g��aN`¬V\a<]fP	qkP	e_]
�«`bq°e ]fP�[ h j-e ]z[^]kP8l�`bOQdNXZ]f[^]kVW`baNe	�¦]fLNP³�Nqke_]¬�H`bq_§:ei`ba¸]kLZVWe°]f`bdZVWlQ[^VWOQP h [^]¬lzL�[^aN�gVWaN��]kLNP³qk[^]kVW`�`g�
�±[��gPTe_dyP	P h e�

dNqkP	l�`ba h VW]_V\`gaZV\aZ��OQP	]fLZ` h ecL�[¨�bP"�yP	P�a h P	�gP	YW`bdyP h ]f`�[gl	l�P	YWP�qk[^]fP(]fLNPiV¥]fP�qk[^]kV¥�bPi]kVWOQP
l�`ga��gP�q_�bP�aNl	Pg¢¯K
LNP�e_P�OQP�]fLN` h e8P�aN[g�ZYWP�l�`bOQdNXZ]f[^]kVW`baÃ`g�ce ]fP¨[ h j¯À�`���eQ[^]TY\`����F[glzL¼a�XNOT��P�q8VWa
l�`ga h V¥]kVW`baNem[^Y\OQ`be ]c[ge��b`:` h ¾>[gl�l	XNqf[gl�jb�×P���l�V\P	aNl	jZÁm[^e��«`gq
]fqf[^aNek`baoV\l¬À�`���e�¢

©¯P£e ]fX h j¬[�OQP�]fLN` h ��LZV\lzL(V\e l	`baNe V\e ]fP�a<]´V\a¬]_V\OQPg� L�[¨��V\aZ�cVWaiOQVWa h XNaNe ]fP¨[ h j°À�`��Ã[^dNdZY¥V\l�[^]kVW`baNe	¢
©ªP(e_LN`�� LN`�� [8e V\OQdZYWPTOQ` h VW�Nl¨[^]_V\`ba�`g��]fLNPiXNd<��VWa h e_lzLNP�OQP"P�a�[g�oY\P	emXNe�]k`�`g�Z]z[^VWaC[ga�[gl�l	XNqf[^]kP
ek`^Y\XZ]_V\`ga¦�H��LZV¥YWPFdNq_P�ekP	q_��VWaN�Ã[·�b`o` h �yP	L�[¨��V\`bXZq�`g�c]fLZP�VWOQdZYWVWl	V¥]¤[^Y\�g`bq_V¥]fLNO �«`bq�[gqk�ZV¥]fqk[gq_j¼�F[glzL
a�XNOT��P�qcdNq_`���V h P h VW]�VWe�dy`ge_V¥]kV¥�bPg¢

©¯P�l�`gaNe_V h P�q"[�À�`��{�b`��bP	qkaNP h �<j-]fLZP�l	`bOQdNqkP	eke V\�ZYWP�vm[���VWP�qs­ U:]k`b§gP	e"P	È:XN[^]kVW`baNei�«`bq([�dyP	q_�«P�l�]
�<[ge	¢ � a�XZd���VWa h�h VWekl�q_P	]_V\ek[^]kVW`ba�qkP	Y¥j�V\aZ�(`gaQ]kLNP
À�Xon³ekdZY¥V¥]k]kVWaN�i`g�yx�`oP±VWe�P�OQdZYW`�jbP h �«`bqµ]kLNP
VWa���VWekl�V h
]fP	qkOQe
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À�XonoP	e�¢
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[^YWek`�e ]fX h jC]fLNP"VW]kP�qf[ ]kV¥�bP³l	`ba<�bP�q_�bP�aZl�P�`g��]fLNP"V\OQdZY¥V\l�VW](¹mP	�«P�l�]_­sº±`bqkq_P�l	]_V\`ga%OQP�]fLN` h [^]tYW`�� �F[glzL
a�XNOT��P�q	¢ X�VWa�[^Y¥Y¥jb���HP8P�nZ[gO8VWaNP8]fLNP8[^l�l�XZqf[gl�j¸`g�£]fLZP8qkP�e_XZY¥]fe¬`b�Z]f[^VWaNP h ��V¥]fL¸]fLZP8aNP	�0eklzLNP	OQP�[ ]
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h P	q_V¥�g[ ]kV¥�bPT�«`bq_O$[�]f`^]z[^Y¥YWj�L<j:d�P�qk��`gY¥V\lTe_j:e_]kP�O���V>¢ìP^¢cV¥]mVWet`^��]fLNP"ef[gOQP"]¡j:d�P³[gec]fLNP"e_j:e_]kP�O/`g��]fLZP
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`baNPt`g�1ek`gY¥��V\aZ�³]fLNP°l	`bOQdNqkP	eke V\�ZYWPiP�È�X�[^]_V\`gaNe�[^]±YW`�� �F[glzL�a�XNOT��P�q�OQP	P	]�[ga h l¨[ga���Pte_`gYW�gP h ��V¥]fL
]fLZP¤ef[^O�P�OQP	]fLZ` h ��LNP�a¼[�e_]fP�[ h j%e_]f[^]fP�ek`gYWXZ]_V\`baªV\e(ek`bXZ�bL<]¨¢�u¡a¯]fLZP¤O8V h �ò�b~^e���]kLNP�e_P¤OQP	]kLN` h e
�HP�qkP h P��bP	YW`bd�P h [gOQ`baN��`g]fLZP�qke(�<j 8 V¥��V½[^a h �ï}?H
�>� �«`bq°]fLZP�l	`bOQdNqkP	eke V\�ZYWP���XZYWP�qiP	È:XN[^]kVW`baNeiV\a·]fLZP
VWek`:P�aNP	qk�bP�]kVWlCl�[gekP^¢�X�`bq8OQ`bqkP h P�]z[^V¥YWe¤[g��`bXZ]Q]kLNP�`bq_VW�gVWa `g�c]fLZPCdNe_P�X h `^­¡XNaZe_]fP�[ h j4OQP	]kLN` h e��«`bq
]fLZP �£XoY\P	q�[^a h vt[¨��V\P	q ­¡e ]f`b§^P�e�P�È�X�[^]_V\`gaNe8]fLNP�q_P¨[ h P	qQekLN`bXoY h l�`gaNekXZY¥]Q]fLNP���`:`b§¯�<jÃp´P	j:qkP�]�[^a h
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h V¥]kVW`baNP	qtl¨[^a¸�yP h P	q_V¥�bP h XZe_VWaN� h V¥»�P	qkP�a<]m�g[^q_V\[g�ZYWP�e°[^a h VWa h V¥»�P	qkP	a�]t�
[¨j:e�¢tK
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e_VWOQdZY¥VW��P	em]kLNPiP�È�X�[^]_V\`baZe�¢
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dNq_P�l�`ga h V¥]kVW`baNP h ]kLZVWe�P	VW�bP�a<�^[^YWXNP¸VWe�[gdNdZqk`¨n:V\O�[^]kP	Y¥j P�È�X�[ Ym]k`¯]fLNPCekd�P�P h `^�¬ek`bXZa h ¢ K
LNP	qkP��«`bqkP^�
�bP	q_j�ekO�[^Y¥Y´]kVWO�P(e_]kP�dNemOTXNe ]°��P"XZekP h V\aC`bq h P	q�]f`¤e_P�P(]fLNP"[gl�`gXNe_]_V\li�
[¨�gP³OQ`��gP�e	¢t��`bqkP	`��gP�q	�y]fLZP
O�[^]fP	q_V\[^Y��
[¨�bP	e��N��LZVWlzL�[gq_P°[ h �^[gaZl	VWaN�8OTXNlzL�e Y\`��HP�q	� h `³aN`^]
lzL�[gaZ�bP¬[(YW`g] h XNq_VWaN�³`gaNPm]_V\OQP°e ]fP�d�¢
K
LZVWetVWet��L<j-[��gP�q_jCY½[^qk�bP"a:XZOT��P�q°`g��]_V\OQP³e ]fP	dNe¬l¨[gaF�yP³aZP�l�P	ekek[gq_jC]f`�e_P�P³]fLZPTP	�g`gYWXZ]kVW`ba·`g��]fLZP
O�[^]fP	q_V\[^Y��±[¨�bP	e���LZP�a�]fLZP¬ekd�P�P h `^�´]kLNPt�±[¨�bP�e�VWe
`g� �gP�q_j h V¥»�P	qkP�a<]�`bq h P�q_e
`g�1O�[g�baoVW]kX h Pg¢�K
LZVWe±VWe
V¥YWYWXNe_]kqf[^]kP h VWa X�VW�bXNqkPHRN�^YWP	�è]Êl�`gYWXNOQa¦�b��LNP	qkP±]kLNP�[gl	`bXNe_]_V\lH�
[¨�bP�OQ`��bP	e�È�XZV\lz§<Y¥j³��LZV¥Y\PH]fLNP
O�[^]kP�q V½[^Y
�±[��gP°[^YWOQ`be_] h `:P�e£aN`^]£O�`��gPg¢£u¡a�X´V\�bXZqkP6H°�±P�ekLZ`�� ]fL�[^]H[^�è]kP�q£[il�P	q_]z[ V\aQ]kVWOQPg�<]fLNPm[gl	`bXNe_]_V\l��±[¨�bP
h V h e_P	�gP�qf[ Y�q_`bXNa h ]fq V\dZe���LoVWYWP(]kLNPiO�[^]fP	q_V\[^Y¦�±[��gPT��[^qkP	Y¥j�OQ`��bP h ¢

���N]����
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K
LNPTP�»�P	l	]t`g�µ]kLNP(V¥]fP	qf[^]_VW�gPTdNq_P�l	`ba h V¥]kVW`baZVWaN�¤VWemV¥YWYWXNe ]fqf[ ]fP h V\a X�VW�bXNqkP(R�VWaC]kLNP(q_VW�bL<]tl	`gY\XZO�a�¢
©ªP¤aN`g]kP�]kL�[^](]fLNP�VW]kP�qk[^]kV¥�bP�dNqkP	l�`ba h VW]_V\`baoV\aN�Fe_YW`���e h `���a¯]fLNP¤[gl�`gXNe_]_V\l��
[¨�bP^¢ � �è]fP	qT[�l�P�q ]z[^VWa
]kVWOQPg�N�HP"e_P�P¬]fLN[^]�]fLNPiO�[^]fP	q_V\[^Y¦�±[¨�bPTOQ`��bP h �«q_`bO � � Å Z � ]k` � � Å Z�� ¾>e_P�P X�V\�gXNqkP�HbÁ®¢

Q�� Y�� Q � � Z ����� 8 = � ;@� @ÂÓ ; &
©ªP�[gqkP
aZ`��¼VWa<]fP�q_P�e ]fP h V\a³]kLNP�Ìg¹�e ]fP¨[ h j³dNq_`b�ZYWP�O0`g�y[mY\`�� �F[glzLQa�XNOT��P�q�À�`�� [gq_`bXNa h [gaQ[ V\q �«`gVWY
��V¥]fL�aN`�VWaNl�V h P	aNl�P^¢

X�`bq(]kLZVWeT]fP	e_]³l�[gekP��±P�lzLZ`bekP�[Cl�`<[gq_ekP�O�P	ekLÃ`g�c�g~b~CaN` h P	e�¾ � �gP�q_]_V\l	P�efÁTl�`bOQd�`bekP h `g��aN`ba:­
e_]kqkXNl�]fXNq_P h ]fq_V\[gaN�^Y\P	e�¢

©�VW]kL¸]fLZVWe°dNq_`b�ZYWP�O��y�HP³]fP	e_]t`ba¸]fLNP"`baNP³LN[ga h ]kLNP8[gdNdZqk`¨n:V\O�[^]_V\`ba��¦[ga h `gaF]fLNP"`g]fLZP�q°L�[^a h
]fLZP(P ��l	VWP�aNl�jC`^��]kLNPiP�nodZY¥V\l�VW]t[^YW�b`bq_V¥]fLZO �«`bq
]kLNP¬�«`bXNq
�«`bq_OTXZY\[^]kVW`baNe�dNq_P�e_P�a<]fP h [g��`��gPg¢

X�VW�bXNqkP���ekLN`���e´]fLNP£V\e_`��g[ Y\XNP	e�`^�Z]fLZP��gP	YW`ol�VW]¡j"[^]��F[^lzL8Å Z Äb����VW]kL³[ga h ��V¥]fLN`bXo]µdNq_P�l	`ba h V¥]kVW`baZVWaN�
`g��]fLZP�e_]f[g�ZV¥YWVWef[^]_V\`ga¼]kP�q_O�¢ªK
LNP�eklzLZP�OQP�V\e8e_P�l�`ga h ­¡`gq h P	qQ[gl�l	XNqf[^]kPg¢ X�qk`bO+]fLNP�[gdNdNq_`�n:VWO�[^]kVW`ba
d�`gV\a<]m`g�Ê��VWP	�i��`baZY¥j�]kLNP(O�` h V¥��l¨[ ]kVW`ba¸`g��]fLNP"XNd<��V\a h À�XonoP�e°P	a�[g�ZYWP�emXNem]k`�`g�Z]z[^VWa¸[�ek`gYWXZ]_V\`baC`g�
[gl	l�P�do]z[g�ZYWPQ[gl	l�XNqk[gl	j¯¾@]f[g§<V\aN��VWa<]f`�[^l�l�`gXNa<]°]fLNP"�@[gl	]m]fL�[^]t]fLNP"O�P	ekL-VWet�bP	q_j¸l	`<[gq_ekP�Á®¢¬K
LNP8dZYW`g]ke
`g�H]fLNP h P	aNe_V¥]¡j%l�`ba<�bP	qk�bP	aNl�P�[gqkPQdNq_P�ekP	a<]fP h V\a X�VW�bXNqkP����«`bq¬P¨[^lzL¯`baNP�`g��]fLNPQ�«`bXNq°�«`gqkOTXoY½[^]_V\`gaNe
�gV¥�bP	a¯P¨[^q_Y¥V\P	q�¢�K
LZP�º X#� a�XNO"�yP	q(VWeTÌo¢¤K
LZP�]kVWOQP�e ]fP	dªVWeiYW`:l¨[^Y�]k`F[gl	l�P�Y\P	qf[^]kP�]fLZP�l	`ba<�bP	qk�bP	aNl�P
]f`-]kLNP�e_]kP¨[ h j¶e_]z[ ]fPg¢ X×q_`bO+]fLNP�[^YW�b`bq VW]kLNO8V\l�d�`gVWa<]Q`g�m��VWP	�i�£]fLNP�e ]z[ga h [gq h P�nodZY¥VWl	V¥]¤[ Y\�b`gq_V¥]fLNO
¾
X�`bq_OTXZY\[^]_V\`ba¯��Á h `oP	e°aN`g]ml�`ba<�gP�qk�gPg�1[ga h `baF]fLZPTl�`ga�]kqf[gq jFdZqkP�e_P�a<]fei[�l	j:l	YWP³Y¥V\O8V¥]¨¢°K
LZPT]f`g]f[^Y¥YWj
dNq_P�l�`ga h V¥]kVW`baNP h P	È:XN[^]kVW`baNe�¾
X�`bq_OTXZY\[^]_V\`ba¸}<ÁmP�aN[g�ZYWP8XNet]f`�q_P¨[glzL%[¤q_P�e V h XN[^Y h P	l�qkP�[gekP h �<jFekP	�gP�a
`bq h P�q_ec`^�µO�[g�baoVW]kX h P([^Y¥]fLN`bXZ�bL�VWaF�g~b~b~TV¥]fP	qf[^]_V\`baZe���LoV\lzL�V\e�e_]_VWY¥Y1dNq_`bLZVW�ZVW]_VW�gPg¢

�E��� � "%F� 0�DE+>-/"%F
uÂ]iL�[gei��P�P	aª`b�ZekP�q �bP h �<j¸�^[ga � P�P�q([ga h �HPQekLN`��HP h VW]([g�b[^V\a-VWa-]fLZVWeiekP�l�]kVW`ba·]fL�[^]¬��LZP�a¶[�x�`:P
eklzLZP�OQPtVWeHXNe_P h ]fLNP�]f`g]f[^Y×dNq_P�l�`ga h V¥]kVW`baZVWaN�³`g�y]fLNP ��XZY\P	qHP	È�X�[^]kVW`baNet¾
X�`bq_OTXZY\[^]kVW`ba�}<Á�[glzLZVWP	�gP�e
aN`^]
`baZY¥jTV¥]feÊ�Nqke_]�[ V\O��bVWO�dZqk`���V\aN�i]fLZP�l�`ba<�bP	qk�bP	aNl�P�]f`��±[gq h e£]kLNP�e_]kP¨[ h j³e_]f[^]fP�e_`gYWXZ]kVW`ba¦���NXZ]£OQ`bq_P�`��bP	q
V¥]°V\OQdNq_`��bP�ei]fLZPQ[gl�l	XNqf[gl�j¸`g�£]kLNP8ek`gYWXZ]_V\`ba-]kL�[gaN§�e¬]f`�]kLNP8OQ` h V¥��l�[^]kVW`ba-`g� � � � GLI � � � GLK � VWa�]k`
 Æ�É� � 
 � : � � GJI � � � GLK ? � ¢

u¡a�]fLNPmekP	È:XZP	Y>�Z�±PtdNqk`bd�`be_Pm]f`TXNekP X�`bq_OTXZY\[^]_V\`ba�R³��P�l¨[^XNekPt]kLZVWe
OQP	]fLZ` h VWe±l	`baNe V\e ]fP�a<]�VWa¤]kVWOQP
[ga h ]kL�XNe£[gdNdZY¥VWl¨[g�ZYWP±]k`¬XNaNe_]kP¨[ h j³l¨[^ekP�e	¢Ê©¯PH��VWY¥YNq_P	�«P�q�]f`°]fLZP�xc`:P±e_lzLNP�OQP���V¥]fL8]fLNP±O�` h V¥��l¨[ ]kVW`ba
`g�1K1XNq_§gP	Y�[ge�]fLNPmxc`:P�­¡K´XZqk§gP�Y�e_lzLNP�OQP^¢HuÂ]HL�[ge��yP	P�a�`g�NekP	q_�bP h V\a�]fLNPma�XNOQP�q_VWl¨[ Y¦P�nod�P�q V\OQP�a<]ke±]fL�[ ]
]fLoV\e³e_lzLNP�OQP�VWe³OQ`bqkP¤[gl�l	XNqf[^]kP¤]fLN[ga¶]fLNP¤xc`:P¤e_lzLNP�OQP�[^]"Y\`����F[glzLÃa�XNO"�yP	q�¢ � e ]fX h j¯`g��]fLZP
l�`gaNe_VWe_]kP�aNl�j¤`g�y]fLNPmx�`oP�eklzLZP�OQP¬[ga h ]fLNPmx�`oP®­sK1XNqk§^P	Y�eklzLNP	OQPt��VWY¥Y�P�a�[^�ZY\PcXNe�]f`(XNa h P	qke_]f[ga h ��L<jg¢

]^] ü`_�acb�dfe
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X�VW�bXNq_P¬� 
Êu¡e_`��^[^YWXNP	e�`g�1]fLNPt�gP	YW`ol�VW]¡j�[gqk`gXNa h [8v � º � ~b~Z��Ì"[^] !�� � Å Z Äb¢Ê©�V¥]fLN`bXo]�dNqkP	l�`ba h VW]_V\` ­
aZVWaN��`g�£]fLZP8e_]z[^�ZVWY¥VWef[^]_V\`ba-]kP�qkO ¾@YWP	�è]��^X×`gqkOTXoY½[^]_V\`gaNe8�Q[ga h ÌbÁm[ga h ��V¥]fL4¾>q V\�bL<]��%X�`bq_OTXZY\[^]_V\`baZe¬}
[ga h R�Á�¢ÊUoP�l	`ba h ­Â`bq h P�qÊ[^l�l�XZqf[^]kPg�g��V¥]fLN`gXZ]�Y¥VWOQV¥]fP	qke	¢Êu¡a<]fP�q �^[^YN��P	]¡�HP�P	a³V\e_`��^[^YWXNP	e�
Ê~o¢ò~?H:¢Ê��VWa �b�C[ n 
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’formulation 1: without preconditioning
                                                                   ’
’formulation 2: iterative preconditioning
                                                                  ’
’formulation 3: iterative preconditioning + preconditioning of
the stabilisation term ’
’formulation 4: preconditioning of the stabilisation
                                                  ’

X�VW�bXNq_P°� 
�º±`ba<�bP�q_�bP�aZl�Pi[^]HekP	l�`ba h ­¡`bq h P�q±[gl�l	XNqf[gl�j¤`^�¦]fLNP h P�aZe_V¥]¡j�[gl	l�`bq h VWaN�T]f`(]fLNPmdNqkP	l�`ba h VW]_V\` ­
aZVWaN��`g��]kLNPiP�È�X�[^]_V\`gaNe�� !�� � Å Z Äb�NP®nZdoYWVWl	V¥]tl�[gekP^¢
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� .0� ���´�	�¦�1����� � �¦�´*����
u h P�[^YWY¥jb�µ`baNP��H`bXZY h ��VWekL¶]k`FekLZ`��{]kL�[^](]fLNP h VWekl�q_P	]_V\²	P h ek`gYWXZ]_V\`baªl�`ba<�gP�qk�gP�e³]f`��±[gq h e"]fLZP¤P�nZ[gl�]
ek`^Y\XZ]_V\`ga¦� '�� � ' ¢ � a¸V\a<]kP�qkOQP h V½[ ]fPQe_]kP�d·l�`baZe_VWe_]fe¬`^�He_LN`���V\aZ��]kLNP³l	`baNe_VWe_]kP�aNl�j·`g��]fLZP8eklzLNP	O�P^�
]fLN[^]
VWe � �>' � � �oVWa�]fLNPtl¨[ge_P¬`g��[TXNaZV¥�«`bqkO OQP�e_L¦¢HuÂ]±V\e±��V¥]fL�]kLZV\e±§�VWa h `g��[gdNdZqk`<[glzL��Z�bP	q_j�e ]z[ga:­
h [gq h �<]fL�[ ]��±PcdNqk`gdy`be_P�]f`(P	YWXNl	V h [^]kPc]kLNP��yP	L�[¨�:VW`bXNq�`g��]fLNPcx�`oP�XZd���VWa h e_lzLNP�OQPt[gdNdNq_`�n:VWO�[^]kVW`baNe	�
��V¥]fLC[ga h ��VW]kLN`bXZ]cOQ` h VW��l�[^]kVW`ba�`g�µK´XNq_§gP�Y¿¢

K±�±`�l�Y½[ge_ekP	e¬`g�£XNd<��V\a h e_lzLNP�OQP	e"l�[ga¸��P h VWe_]kVWaN�bXoV\e_LNP h �1`baZPTV\et��[gekP h `ba-[�x�V\P	O�[^aNa-ek`gY¥�bP	q
[gdNdZqk`<[glzL¯¾>`bq�XÊ¹¬U��×ÀNXon h VW»yP�q_P�aNl	PTe_dZYWV¥]k]_V\aZ��Ám[ga h ]kLNPT`g]kLNP�q�VWem��[^ekP h `ba¸[8À�Xon h P	l�`bOQd�`be_V¥]kVW`ba
¾
X 8 Uy�¦À�X:n·�bP�l�]f`bq(ekdoYWV¥]k]_V\aN�<Á�¢�©ªP�[gqkP8VWa<]fP�q_P�e ]fP h LNP�q_P�VWaª]kLNP�xc`:PQeklzLNP	O�P���LZVWlzL¶qkP�YWVWP�e(`baª[ga
[gdNdZqk`¨n:V\O�[^]kP(e_`gYWXZ]kVW`ba�`g�µ]kLNP(x�VWP�O�[gaNa�dNq_`b�ZYWP�O�¢

����� ����� � "�� +  �E�7$'�

K
LNP(��qke ]tXNd<��VWa h e_lzLNP�OQP h P��bP�Y\`bd�P h ]f`�ek`gY¥�bPT[�L<j:dyP	qk��`gYWVWl"Y¥VWaNP¨[gqcP�È�X�[ ]kVW`baC�±[gem]kLNP(eklzLNP	O�P"`g�
º±`bXNqk[ga<]_­Âu¡ef[b[gl	ek`ba:­sx�P�P�e"¾Âº±usxmÁ
dNqk`gdy`be_P h V\a·���[HbÌ �ìÌg}
�¿¢

K
LNPcxc`:P±e_lzLNP�OQP �ìÌ H
�ZVWe£[°�bP�aZP�qf[ YWVWef[^]_V\`ga�`^��]kLNP�º±usx e_lzLNP�OQP�]f`i[°aZ`bao­ÂY¥VWaNP¨[gq�l	`bXNdZYWP h e joe ]fP	O
`g��L<jod�P�q_�y`^YWVWl"P	È�X�[^]kVW`baNe	¢HuÂ]�l	`baNe V\e ]fec`g�µe_`gY¥�:VWaN��]fLNP¬�«`gY¥Y\`���VWaN��P�È�X�[^]_V\`ba

	 �	 � �

� � 	 �	 � � Å Z ¾¿�<ÌbÁ

K
LNP h V\e_l�qkP�]kVWekP h e_`gYWXZ]kVW`baCVWetdoV\P	l�P	��VWekPTl�`baNe ]z[ga<]t`baFP�[glzL¸l�`ga�]kqk`gY´�b`^Y\XNOQP^¢ � ]c]fLZPTl�P�YWY´VWa�]kP�qs­
�@[gl	P�e��×[8x�VWP�O�[gaNa�dNqk`g�ZY\P	O�O"XNe_]c��P¬ek`gY¥�bP h ¢ � ]�]kLNP¬l�P�YWY VWa<]fP	q_�@[gl	P F � Ä W6� �o]kLNP¬O�[^]fq V¥n 
� � OTXNe ]
ef[ ]kVWe_�èj�]fLZP°�«`gYWYW`���V\aZ��dNq_`bd�P�q_]_V\P	e

� � 
 � 
� � : ��� = ��� ? � � `�� � � : ? � � : ? �
� 
� � : � = � ? � � � : � ?
� 
� � L�[^em[8e_P	]m`g�µq_P¨[^Y¦P	VW�bP�a<�^[^YWXNP�et[ga h YWVWaNP�[gq_Y¥j�V\a h P�d�P�a h P�a<]°P�V\�bP	a<�bP�l�]f`bq_e�¢
K
LNP(a:XZO�P	q_VWl¨[^Y1À�X:nZP	eml�[ga��yP°��q VW]_]fP�aF[ge
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K
LNP"`baZY¥j h VW»yP�q_P�aNl	P8`g�Ê]fLZP � x�`:P�­sK1XNq_§gP	Y �(eklzLZP�OQPQ[ge��±P h P	��aNP"VW]cV\aFl�`bOQd�[gq V\e_`baF��V¥]fLF]kLNP³x�`:P
eklzLZP�OQP�VWe¬]fL�[ ]¬]fLNPQe_]f[g�ZV¥YWVWef[ ]kVW`ba%]kP�q_O � : 
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1-VÏs{e�ewg�y¾]h&�V��>`�V��!%x(�W��{V"g�*�\v&wV�tuVÏ]�`Äs�*_&�V7sbW!�9i�W4^��bV�[Ñ\�s7��^�]9y � ` U X %'&�V ��s7�)^aV"W4�4c)]h`|�{V�*l^�[�\"`|t��e�W_V�*�*4^a��gaV>V�Ò)(Qs@]�^�`|[�*�sbW�Vp\"`|tutu`|[wg�y�*�`{g��bV�iuYZ`|W ]h&�^a*�tu`�i�V"gQewW�`|�wg�V�t X %'&)(�* � ]h&w^�* ]hV"*_]�\7s{*�V>V�[Qs{�wgaV"*(�*�]h`D\�`|tueQs{W�V>`|(�W�W�V"*�(wg�]h*�]h`j]h&�`b*�V�nb^��bV�[�^a[�]h&�Vpg�^�]�V�Whs@]h(�W_V�sb[wiÏeQs{W_]�^�\�(�g�sbW4g�y U ^�]h&�]h&�`b*�V�`bY � &w^as
���6(J�326<HoM9"?�s{[�i U ^�]�&¾]h&�`b*�V�`bY���`{]hV"g�gas�sb[�i m V"y�W�V<] <=� ? X � &�^�s ���6(J�32j(�*�V"i�s�\�V"[)]�W�V"i��Q[�^�]�V�iw^34£V��W�V"[�\�V�iw^�*�\"W�V"]_^a*�s{]�^�`|[�sb[�iu]h&�V<^aW�\�`bt�ew(w]vs{]_^a`b[�* U V"W�V�eµV"W_YZ`|W_t�V"iÏ`b[Ïs��|V"W_y�]�&w^a[�tuV�*_&�`bY S2�,%�5�S2�"%[�`�i�V�* X �Ä`|W�V�W�V"\�V"[)]_g�y � ��`b]�V"g�g�sÄsb[�i m V"y�W�V<]�`|�w]hs{^�[�V�iÑtu`|W_V�s{\�\�(wWhs{]�V�W�V"*�(wg�]h*d�)y-s�¹�&�V���y�*�&�V<�\�`{g�g�`�\�s{]�^�`|[�tuV"]�&�`�iÀ`|[Äs�t�V"*�&Ä`bY O %65 O % YZ`|W�798 , S7Õ|Õ sb[�i�`bY % � 5 % � YZ`|W�798 , SrÕ|Õ|Õ X

%'&�V�\�`bt�ew(w]vs{]_^a`b[Qs{gmi�`|t�s{^�[¾^a*�s¸*�Ò)(QsbW_V�i�V"��[�V�iÓ`|[;: ,0< Õ>=7S�? � X %'&wV�(�e�e�V�W U s{g�g ^�*�i�W4^��bV�[s{]ls�\�`|[w*_]vs{[)]l&�`|W4^ 8"`|[�]vs{g��bV"g�`�\<^�]9y U &w^�g�V�]�&�Vu`b]h&�V"W U s{g�g�*dsbW_Vut�`{]�^�`|[wg�V�*�* X %'&�Vu^�[w^�]_^�s@g��|V"g�`�\"^�]9y�QV<gaiÑ^�*�(�[w^�YZ`|W_t ^�[
s{g�g�]h&�V¸iw`|t�s{^a[ X %'&�V���s{\v&
[�(wtd��V�Wd^�*�V�Ò)(Qs@g�]h` SrÕ 3A@ ^�[
s{g�gR]�&�V¸i�`btÏs@^a[ X%'&�V U s@g�g�*R��V"^�[�ndsbiw^asb�Qs{]_^a\ � ]�&�V>*_y�*_]�V�t \�V"W_]hs{^a[�g�y�W�V"\�V<^��bV�*�}���^a[�V<]�^�\ � V�[�V"W�nby U ^�]h&�`b(w]�ga`|*_*�V"* � ]�&)(�*^�]j*�&�`|(�gai�[�`b]�&�sr�bV�s�*4]hV�sbiwy³*4]vs{]�V�*�`bg�(w]�^�`|[ X ·9[�ewWhsb\<]�^�\�V � &�` U V"�bV�W � U V U ^�g�g�*hs7y¾]h&�s{]js�*_]�V7sbiwy*_]hs{]hV�*_`bg�(w]�^�`|[¸^�*>s�*�`bg�(w]�^�`|[�YZ`|W U &w^a\v&�]h&wV�[�`|W�t�s{g�^�*�V�i�W_V�*_^�i�(Qs@g�`bYx]h&�V�tu`|tuV"[)]�(�t iwV�\�W_V7sb*_V�iÀ`bYs�Y�sb\"]�`|W SrÕ 
 G X
1ÉVdeµV"W_YZ`|W_t�V"i�] U `¸]hV�*4]h*�\"`|W�W_V�*_eµ`|[wiw^a[wn¸]h`¸iw^34µV�W�V"[�]j��V<y�[�`bg�i�*�[)(�td��V�W_*�Ô�`|[�V�s{]B798 , SrÕbÕsb[�i�]h&�Vz`b]h&wV�W's@]�798 , SrÕ|ÕbÕ X 1-V�(�*_V�i¸\�sbW_]�V�*_^asb[¸tuV"*�&�V"* U &�V�W_V�V7s{\v&�*�Ò)(QsbW_V U sb*'*�e�g�^�]�^�[�]h`l] U `]hW4^�s{[�nbg�V�* X %'&�Vj*_eQs{]�^as{gfsbewe�W�` ��^at�s{]_^a`b[À^�*z*_V�\"`|[�i�� `|W�i�V"W�sb\�\"(�Whs{]�V X
kQ`|W�sl��V<y�[�`bg�i�*'[)(�td��V�W�`bY�orq|q � sD\�`�sbW_*�Vzt�V"*�&�`bY O|O S , ��S�5���S [�`�i�V"*R^�*�V�[w`|(�n|&�]�`d`|��]vs{^�[s�*�`bg�(w]�^�`|[És{gatu`|*4]l^�i�V"[)]_^a\�s{g�]h`�]h&�V�`|[�V�nb^��|V"[É��y � &w^as ���V(J�32�sb[�i���y ��`b]hV<g�gasÀsb[�i m V"y�W_V"]�YZ`|W]h&wVd&�`|W4^ 8"`|[�]vs{gf�|V<ga`�\"^�]9y¾ewW�`b��g�Vl^�[�]�&�V�tuV�iw^asb[��bV�W4]�^�\7s{g s ��^a*�`{Y ]h&�Vd\7s7�)^�]9yÉ}Jkm^�n|(�W_V�oM9 �<� sb[�i�YZ`|W]h&wV��bV�W4]�^�\7s{g>�|V<ga`�\"^�]9y#e�W_`b��g�VÀ^�[�]�&�V�tuV�iw^asb[�&�`|W_^98�`b[)]hs{g�s ��^�*Ï`bY�]h&wVÀ\�s7��^�]9yÍ}Jkf^an|(wW�VÓo!8 ��X %'&�VW�V"*_^�i�(Qs{gm`bYm]h&�VD&�`|W4^ 8"`|[�]vs{gftu`|tuV�[�]h(wt `{Y ]h&wVD^�tuewg�^�\"^�]���Vr¹ tuV"]�&�`�i�i�V"\�W�V�sb*�V"*���yÓorqu`|W�i�V"W�*�`bYt�sbn|[w^�]h(wi�V�^a[ >bq�]�^�t�Vd*_]hV"e�*�}Jkm^�n|(�W_V¸o 2|��X %'&�V�¹ mDC ]�^�tuV�]h`¸\"`|tue�(w]hV�]�&�V�*_V�>|qÏ]�^�tuV�*_]�V�e�*�^�*2 �D*�V�\"`|[�i�*R`|[¸sl��V�\�izg�e�&Qs >|q|qFE �,>&>d�Ä& 8 U `bW��)*_]hs{]�^�`|[ X i']RV7sb\v&�]_^atuVz*_]hV"e � ]h&�V�g�^�[�V7s{WR*4y�*4]hV"tU sb*j\�`|[��|V"W�n|V"i�]�`Às¸[�`|W�t�s{g�^�*�V�i�W�V"*_^�i�(Qs{g�`{Y S7Õ 3A@ U &w^a\v&Ó^�*jsbi�V�Ò)(Qs@]hVu*_^�[�\�Vu[�`ÀsbtuV<g�^�`|Whs@]�^�`|[³`bY]h&wVj]_^atuV�^�]hV�W�s{]�^��|VD\�`b[)�bV�W_n|V�[�\"Vl^�*>`|�w]vs@^a[�V"iÀ^�Yf]h&�V�g�^a[�V�sbW>*_y�*_]�V�t ^�*>]�`b]vs@g�g�y¸\"`|[��|V�W_n|V�i X
kQ`|W�sÄ��V<y�[w`bgaiw*�[�(wtd��V�W�`bYjo7q|q|q � ]h&�VÏe�W�`b�wgaV¸`{Y']h&�VÏ�|V"g�`�\"^�]9y-^�[Ñ]h&�VÏtuV�iw^asb[Ñ�|V"W_]_^a\�s{gps ��^�*`bY ]�&�VD\7s7�)^�]9y U s{*�\�`bt�ew(w]hV"i¾`|[�*_V"�bV�Whs@g tuV�*_&�V�*u}Bkm^�n|(�W�Vuo > �<X 1Â&Qs{]�V"�bV�Wz]�&�VdtuV"*�& � ]h&�Vl*_]�V7sbiwy*_]hs{]hVÀ^a*�W�V�sb\v&�V"i ^a[L`|[wg�y � 2 q|q³]�^�t�VÀ^�]�V�W�s{]�^�`|[�*��µV"\7sb(w*�V�gasbW�nbVÀ]_^atuVÀ*_]hV"e�*¸\"`|(wg�i [�`b]���V�(�*_V�iU ^�]h&�`|(�]�`|�w]hs{^�[w^a[wn�[�V"n�s{]�^��|Vdi�V�[�*4^�]_^aV"* X %'&�V ( SG5 ( S tuV�*_&�^�*do X32 ]_^atuV�*z�Q[�V�W�]h&Qs{[�]h&�V O S%5 O StuV�*_& X %'&�V�W_V"YZ`|W_V � ]h&wV�iw^�*_]vs{[�\�V���V"] U V�V"[�]�&�V�*�`{ga(w]_^a`b[�`b�w]vs{^�[�V"i U ^�]�&Ós ( SF5 ( S tuV�*_&�sb[�i¾]h&wVW�V<YZV�W_V�[�\"V�*�`bg�(w]_^a`|[Ä*�&�`b(wgai��µV S $lkIH } U &wV�W�VFJ
^�*z]�&�Vd`bW�i�V"Wz`bY�sb\�\"(�Whsb\<y � ]�^�tuV�*z*�t�s{g�gaV"Wz]h&�sb[�]h&wViw^�*_]hsb[�\�V��µV<] U V"V�[u]h&�VR*�`bg�(w]�^�`|[�`|��]vs{^�[�V�i U ^�]h&�s O S�5 O S tuV"*�&�sb[�id]�&�V'W_V"YZV�W_V�[�\"Vp*�`bg�(w]_^a`|[ X ·9[�]h&wV*hs{t�V U s7y � ]h&�VLK SL5 K S tuV�*�&�^�*+�d]_^atuV�*p�Q[wV�Wp]h&Qs{[À]�&�V O SL5 O S tuV�*_& X %'&�V�W_V"YZ`|W_V � ]h&wVDi�^a*4]vsb[�\"V��V"] U V�V�[�]h&�V�*_`bga(�]�^�`|[#`|�w]vs@^a[�V"i U ^�]h&Ls;K SM5 K S t�V"*�&Ðsb[�i
]h&�V�W_V"YZV�W_V�[�\"V�*�`bg�(w]�^�`|[�*�&�`b(wgai���V� H ]�^�t�V"*�*_tÏs@g�g�V�W�]h&Qsb[À]h&�Vliw^�*_]vs{[�\�Vl�µV<] U V"V�[¾]h&wVd*�`{ga(w]_^a`b[�`|�w]hs{^�[�V�i U ^�]�&³s O S�5 O S t�V"*�&³s{[�i
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