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JNÖYMªÚ�H���QVÚ�äYÚ ×ÂØNMrÜNÜNäYØcM2Þ�M3ç	R�Q|JoH�J¹WÂOuÞYM�Ü�ÿ�ë òKóKíYJNOuOpþ4QXWUJcO&HpR�R3OUäYW]J1JNÖYMªÚ·H���QVÚ�QXà�HKJNQXOpW
OKÛ%M�W]JNØcOp×uå�OpØ�Þ�M�Ú·HKWÂÞ$ÜNäY×Y×YTXå¯ØcHKJNQXOÂßYãÖYQXTXMEë òKôKí�HKWÂÞÊë òpõ�í/JNÖYM&Ú�H���QVÚ�QXà�H�JcQVOUW$OKÛ�JNÖÂM
ØNM�TVQSHKÙYQXTXQ|JeåCOpÛFJcÖYM�ÜLå�ÜLJNM�Ú¯î

û Ú&äYTVJNQVê°OpÙ�üeMrR,JNQXápM&M�ápOUTVäYJNQXOpWÂHpØNåEHpTVÝUOpØcQ|JcÖYÚ æjG��	�¹û;èÖÂHUÜoJeã~OCÚ·HKQXW$ÝpOUHpTXÜ&ë òpö�í
�
çÂØcÜLJNTXåpßuJcO4çÂWÂÞ¯H4ÜNM3JOpÛ@ÜNOpTXä�JNQXOpWÂÜoHUÜ~R�TVO]ÜLM�HpÜo×�OUÜcÜNQVÙYTXMªJNO4JNÖYM�é%HpØNM�JNO�Op×�JcQVÚ·HKT�Û©ØcOpW]J�ÿ
ÜLMrR3OpW	Þ�TVåUßâJNO¯çÂWÂÞÁH�ÜNM3J�OKÛoÜLOUTVä�JcQVOUWÂÜ�HpÜ�Þ�QXápM�ØcÜNM�HpÜ�×�OUÜcÜLQXÙYTXMpî��2O�ã~M�áUM�ØrßÂJcÖYM·×�M�ØNÛ©OpØNê
Ú�HpWÂR3M¯OKÛJcÖYM$HKTXÝpOUØNQVJNÖYÚ QSÜ4ñ]äYQVJNM�H�ðâM�R3JNMrÞÀÙuåÊR3ØcOUÜcÜLO�áUM�Ø&HpWÂÞÊÚ&äYJcH�JcQVOUWÀJeåu×�M¯HpWÂÞ
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k�lâ\_[�ge`cbe`-d°g,ÆÂ�©ta�Nq ¦ t3be`cgek;lVbekr[�g�®1\hge§�[Ukr[p¨ynpkr��\_[ut3ge`,n�dfkrx_wUge\_k�[]d1`-^K\|nU`-[�ge\|t�ge`,n��Y��±��NqK�pbe`clS`cbfbe`-n
be`c{r\_kr[�k�l�ge§U`~lXbek�[Kge\_`cb,qp®1\hge§ ¦ t3be`cgek�¨�kr�pge\_��t�xYdfkrx_wUge\_k�[]d1krwpgedf\Vnp`~ge§]` # ¶~�º±�`c\|[U{;[Uk3®�npkr��\h¨
[]t�ge`,nY³
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Õoã)O�þuQVW	ÞYÜoOKÛ�×	M�ØLÛ©OUØNÚ·HpWÂR3M;Ú�M�HpÜNäYØcM�ÜoÖÂHaáUMªÙ�M�M�W$R3OpW	ÜLQSÞ�M�ØcM�Þ��
ìpî~JNÖYM�Öuå]×�M�ØcápOUTVäÂÚ4MUß����ªß	ãÖÂQXR-ÖIñ]äÂHpWUJcQ|ç	M�Ü2ãQVJNÖÈOpWYTXå�OUWYM&ÜcR�HpTXHpØJNÖYM4HKÚ�OpäÂWUJªOKÛ
R3ØcQ|JcM�ØcQVOUW?ÜL×ÂHUR3M$Þ�OUÚ4QXWÂHKJNM�ÞÙuå�JNÖYMÈR�äYØcØNM�WUJCWÂOpW�êfÞ�OpÚ�QXWÂH�JcM�Þ�Û©ØcOpW]J�ß�ë òKöKíyßªë ò]÷rí°ß
ë òpø�í°î�&uQVW	R3M·ã~M�þuWYM�ã JNÖÂM�é%HpØNM�JNOpêyOU×�JNQXÚ·HKT�ÜLOUTVä�JcQVOUWÂÜ�æ�é2� &Yè,ßmQVJ�ã~HUÜ;ÞYM�R3QSÞ�MrÞIJcO
HpÞ�QXÚ�M�W]JNQXOpW	HKTXQVà�MªJcÖYM�Ú�M3JcØNQSR;ãQ|JcÖ¯ØcM�ÜN×�M�R,JJcO�Q|J-ÜÚ·H���QVÚ�äYÚ á�HpTVäYMUî

ò�îÕoã)O�QVW	Þ�QXR�M�Ü¯ØcM�×YØcM�ÜNM�W]JNQXWYÝ	ß¹ØcM�ÜN×	MrR,JNQXápM�TVåUß¹JcÖYMÁR3OpWuáUM�ØcÝpM�W	R3M�JNO�ãoHKØ-ÞYÜ�JcÖYMÃWYOpW�ê
Þ�OpÚ�QXWÂH�JcM�ÞÀÜNOpTXä�JcQVOUWÂÜ&HpWÂÞÁJNÖÂM�Þ�QSÜeJcØNQXÙYä�JcQVOUWÀOKÛJcÖYMEQXWÂÞ�QXáuQXÞYäÂHKTSÜ&QXWÊJcÖYMEÝUM�WYM�ØNQSR
×	OU×YäYTSH�JcQVOUW�HpTVOUWYÝ�JNÖYM�Û©ØcOpW]J�ë ópôKí°î
ïfW�JcÖYM�Û©OUTVTXO�ãQVWÂÝÂßuJNÖÂM&R3OUW]áUM�ØcÝpM�WÂR3M�HKWÂÞ�ÜN×ÂHKØ-ÜNQ|JeåCQXWÂÞ�QSR3MrÜ2HKØcM�Þ�M�ÜcR3ØcQXÙ	MrÞ�QXW$Ú�OpØcM

Þ�M3J-HKQXTjî
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ØNM�×YØcM�ÜNM�W]JªJcÖYM·WuäYÚ&Ù�M�Ø&OKÛé � &ÈQVWÂÜNQSÞ�M4JNÖYM �?�ªï�Û©OpäYWÂÞÃÙuå$JcÖYMEHKTXÝpOpê
ØNQVJNÖYÚ�ßeT ����� � ópø�æ�JNÖÂM�ÜLQXà�M;OKÛ����Kß�����Ù	M�QVWÂÝ�JcÖYM�ÜLM�J~OpÛ@é%HpØNM�JNOKê°Op×YJNQXÚ�HpT	ÜNOpTXä�JNQXOpW	Ü
ØNM�×	OUØLJcM�ÞÊOUW�ÕºHpÙYTXMÈìrè3ß@HpWÂÞ �$QSÜ&JNÖYM�HaápM�ØcHpÝpM�OKÛJcÖYM¯HUÞ�QXÚ4M�W]JNQXOpWÂHpTVQXà�MrÞ �1äÂR�TVQSÞ�MrHKW
Þ�QXÜLJcHpWÂR3M�á�HKTXäYMrÜ�OKÛ~HpTVT%QXWÂÞ�QXáuQXÞYäÂHKTSÜ�QVW	ÜLQSÞ�M4JNÖYM �?�ªï2Û©ØcOpÚ JNÖYM�QVØ�WYMrHKØcM�ÜLJ�ÜNOpTXä�JcQVOUWÄQXW� � ßYÝUQVáUM�W¯Ùuå��
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ãÖYM�ØcM-T � ���EQXÜ�JcÖYM·WuäYÚ&Ù�M�Ø&OKÛ)QXWÂÞ�QXáuQXÞYäÂHKTSÜ�QXWÂÜLQSÞ�M�JcÖYM �?�ªï,ß � �i& � HKWÂÞ � "�& � HKØcM�ØNM�êÜL×�M�R3JNQXápM�TXåÁJNÖÂM�R�OUÜLJ�HpWÂÞÀ×ÂØNMrÜNÜNäYØcMETXM�ápM�ToOKÛ2JcÖYM cjêyJNÖ�QVW	Þ�QVáuQSÞ�äÂHpTjß ��������i& � HKWÂÞJ�������"�& �JNÖYMEÜcHKÚ�MCñ]äÂHpWUJcQ|JcQVMrÜ�ØcM3Û©M�ØNØcM�ÞÈJNO$JcÖYMEé%HpØNM�JNOKê°Op×YJNQXÚ�HpT%ÜLOUTVä�JcQVOUWÀR3TXOUÜNM�ÜLJ�JNO$JcÖYMScyêjJcÖ
QVWÂÞYQVáuQSÞ�äÂHKTyß ���i& KNQ�R � ô	ì�ùUýpýpýÂß��L�'& KNM O � òpöKôUýUýpýÂßd�#"�& KNQ6R ��ýÂß �#"�& KNM O � .2ópýÃæ�JNÖÂM�ÜNM
TXHUÜeJá�HKTXäYM�Ü�Þ�M�TXQVÚ�QVJNQXWYÝ�JNÖÂM � �ªïLè3îYÕoÖYM�ÜNå]Ú�Ù	OUTXÜoHpØNM�HKTSÜNO4ØcM�×ÂØNMrÜLM�WUJcM�ÞEQVW b@QVÝUäYØcM�õYî

2.6 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4 4.1

x 10
5

−30

−28

−26

−24

−22

−20

−18

−16

−14

−12

−10

−8

−6

−4

−2

0

Cost ($)

Pr
es

su
re

 le
ve

l (
m

)

δ
i

f 2,
i

PO
S −

f 2,
i

f
1,i
POS−f

1,i

Pareto Front
Population

����� ¥��Â¥ zmÅUt����Ux|`�k�l@t�{r`-[U`cbe\_v;��k��]w]x|t3ge\|k�[�k�l ����\|[]nU\_^K\|nUwut�x_d;������k�lF®1§]\_vL§Et�be`;\_[Udf\Vnp`�ge§U`
# ¶~�)§]`cbe`�\_x_x_w]d°gfbLt3ge`,nu�t�[]n�ge§]` ¦ t�be`cgek�lVbekr[�g,Æ�dfk�x_\Vn�x_\_[]`cdªv-k�[][U`-vcg�`,t�vL§�\_[unp\_^p\|npwut�xmgek�\hged
vcx|k�df`-d°g)[]kr[p¨jnUkr��\_[]t�ge`,n�dfkrx_wUge\_k�[	q�t�[un�be`-�Ube`-df`c[Kg1ge§U`nU\_d°gLt�[Uv-`! #"/\_[�`���wut3ge\|k�[¯�°�-�a�N³
��K"J $�wTNQ]�v W P'z W`a*y S��
ÕoÖYM�ÜL×	HKØ-ÜLQVJeå·QVW	Þ�M#�mß	%�
2ßYQXÜ2M#��×YØcM�ÜcÜLMrÞEHpÜ��
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ãÖYM�ØcMbT������1 ØcM�×ÂØNMrÜLM�WUJ-Ü)JNÖYM�WuäYÚ�Ù	M�ØOKÛ@é2� &·QXW � � ãÖYQXR-Ö¯ÖÂHaáUMªÙ�M�M�W�Hp×Y×YØcOUHUR-ÖYM�Þ
æ	� � ��
� � � è/ÙuåªH�JºTVMrHpÜLJ/OpWYM%QXWÂÞ�QXáuQXÞ�ä	HKTpQXW�JNÖÂM1×	OU×YäYTSH�JcQVOUW�æ�OKÛYR3OUäYØ-ÜLMUß,M�ápM�ØNå;é � &�Û©OpäÂWÂÞ
QXÜªHKTSÜLOCØcM�HUR-ÖYM�Þ/ßYÙYä�JªJNÖYM4R3OpW]JcØcHpØNåCQSÜ2WÂOKJªWÂM�R3MrÜNÜcHKØcQXTVåEJNØcäYMrè3ß � KNQ6R�QSÜJNÖÂM&Ú·H���QXÚ&äYÚ
W]äÂÚ&Ù�M�Ø2OpÛ�R�OpWÂÜNM�R�ä�JNQXápM·æ�HUÞaüLHpR�M�W]J-è2é � &EQVW�� � WÂOKJ2ØcM�HpR-ÖÂM�ÞmßYHpWÂÞ������ � = J-HKþpMrÜoQVW]JcO
HpR�R�OpäYW]JoJNÖÂM�HpR,JcäÂHKT/ÞYQXÜLJNØcQVÙÂä�JNQXOpW�OKÛ@QVW	Þ�QVáuQSÞ�äÂHpTXÜ2HpØNOUäYWÂÞCJNÖYM�é2� &CØcM�HUR-ÖYM�Þmî

ÕFOCäÂWÂÞ�M�Ø-ÜLJcHKW	Þ¯JNÖYM�Ú4MrHKWYQXWYÝCOpÛ � KNQ�R·HKWÂÞ������ � = ß�R3OpW	ÜLQSÞ�M�Ø�JNÖYM&M#�YHKÚ�×YTXM&OpÛ�Ù�M3êÛ©OpØcMpßpQXW·ãÖYQSR-ÖCôUù�QXWÂÞ�QXáuQXÞYäÂHKTSÜ¹HpØNMQXWÂÜNQXÞ�M�JNÖYM � �ªï,ß]HKWÂÞCòpù�é � &�ÖÂHaáUMÙ	M�M�WCØcM�HUR-ÖYM�Þ��
JNÖYM�HpR3JNäÂHpT�ÞYQXÜLJNØcQVÙÂä�JNQXOpW¯Ú·Haå4Ù�M�Þ�M�ÞYäÂR3MrÞ·Û©ØcOpÚ b@QVÝUäYØcM�õ�æ�R�OpäYW]JNQXWYÝ�JNÖYM;QXWÂÞ�QXá]QSÞ�äÂHpTXÜ
HKØcOpäYWÂÞÈM�HUR-ÖÄé � &Âè,ßmHKWÂÞÈQXÜ�ÜcR-ÖYM�Ú�HKJNQXà�MrÞIQXW:b@QXÝpäYØcM4öÃæ�H]è,î/ûªR,JNä	HKTXTVåUßâJNÖYM�QXWÂÞ�QXá]QSÞ�ä�ê
HKTSÜ�QXWÂÜNQXÞ�M&JNÖYM �?�ªïÚ·Haå�Ù�M4ÞYQXÜLJNØcQVÙÂä�JNMrÞIQXWÈÚ·HKWuå�Þ�Q|ðâM�ØcM�W]J�ã~Haå�ÜªHKØcOpäYWÂÞ¯JcÖYM�é � &
ØNMrHpR-ÖYMrÞI��QXW�×ÂHpØLJcQXR�äYTXHpØ�ß3JNÖYM�ØNM1ãQXTXTUÙ�Mªæ�Ù	MrÜeJ,èFÞ�QSÜLJNØcQVÙYäYJNQXOpWÂÜ@R-ÖÂHKØ-HpR3JNM�ØNQXà�MrÞ�Ùuå;JNÖYM)Ú�QVW�ê
QVÚ�äYÚ ÜLJcHKW	ÞYHKØ-ÞCÞ�M�á]QSH�JcQVOUW/ß�HpÜ~QXW b@QVÝUäYØcM;ö¯æ©Ù	è3ßYHKWÂÞÃæ©ã~OpØ-ÜLJ-è1ÞYQXÜLJNØcQVÙÂä�JNQXOpWÂÜoãQVJNÖ�JNÖÂM
Ú�H���QVÚ�äYÚ ÜLJcHpWÂÞYHKØ-Þ�Þ�M�áuQSH�JcQVOUW/ßÂHpÜ2QVW(b@QXÝpäYØcM�ö$æ�Rrè,î������ � = QSÜJNÖÂM&HpÞ�QXÚ�M�W]JNQXOpW	HKTXQVà�M�Þ
ÜeJ-HKWÂÞYHpØcÞ¯Þ�M�á]QSH�JcQVOUW�Ù�M3Jeã~M�M�WEJcÖYM�ÜNM�Jeã~O4M��uJNØcM�Ú�M�ÜLQVJNäÂHKJNQXOpWÂÜ�î

����� ¥��Â¥ ÉKvN§U`-��t�ge\_v2be`-�Ube`-df`c[KgLt3ge\_kr[Ek�lFge§]`ªnU\_d°gfbe\_±]wUge\_k�[�k�lºge§U`ª���&\_[unp\_^p\|npwut�x_dok�lºge§U`ª��k��U¨
wUx|t�ge\_kr[Ãt�bekrwU[unIge§]`��������� � ���Cbe`,t�vL§]`-nÂ³º�y[��©ta�Nq/ge§]`4t�vcgew]t�x)nU\_d°gfbe\_±]wUge\_k�[Ä\_d�be`-��k�bfge`-n
��vNlXb,³psâ\_{rwpbe` �r�Nq�®1§U\|x_`)\|[E��±��Ft�[]n�\_[C��v3�Nq�gj®�k�`cÅUt����]x_`-dºk�l�nU\_d°gfbe\_±]wpge\|k�[]d�vL§ut3bLt�vcge`Nbe\|¬c`,nÂqKbe`c¨
df��`cvcge\_^a`-xhi�qu±�i4ge§U`2��\|[U\_�;w]� d°gLt�[unUt�bLn·np`-^K\Vt3ge\_kr[I��±�`-d°g~nU\_d°gfbe\_±]wUge\_k�[��1t�[un4ge§U`2��t�Åp\_�;w]�
d°gLt�[unUt�bLn4np`-^K\|t�ge\_kr[��S®�k�bed°g)np\|d°gfbe\_±UwUge\_kr[u�N³ ��� \|d%ge§U`~[Kw]�ª±�`cb�k�lm\_[unU\_^K\|nUw]t�x_d�ge§ut3g1§ut,^a`ot��U¨
�pbekat�vN§U`,nEge§U` � ¨©ge§ ¦ ¶ÉYq�®1§Ukrdf`��Ubek�{�be`-dfdf\_^a`�[KwU�;±�`cb)\_ddf§]k,®1[¯±�`-x_k,®��©t�v-vck�bLnU\_[U{�gek�ge§U`
[KwU��`cbLt�ge\_kr[�{r\_^a`-[�kr[·��t�±]x_`��2t�[un�be`-�Ube`-df`c[Kge`-n4\_[�sâ\_{rwpbe`ª�r�N³
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ÕoÖYM�Ú�M3JcÖYO�Þ�OpTXOpÝUå�R3OUWÂÜNQXÜLJcÜOpÛ1H·×	OU×YäYTSH�JcQVOUW¯OpÛ%QVWYWÂM�Ø�Ú�äYTVJNQVêyOUÙ�üeM�R3JNQXápM&ú�û�ÜªHKWÂÞ$HpW
Opä�JcM�ØFÜNQVÚ�×YTXM¹ú�û�ßrHpÞYHp×�JNQXWYÝ2R�ØNO]ÜNÜNO�ápM�Ø�HpWÂÞ;Ú&ä�J-H�JNQXOpW�×ÂØNOUÙÂHKÙYQXTXQ|JcQVMrÜâOKÛ]JNÖYM1QXWYWYM�Ø/TXM�ápM�Tjî



bºQXÝpäÂØNM�÷ªÜLÖÂO�ã2Ü%H;ÜcR-ÖYM�Ú�HKJNQSR~ØNM�×YØNMrÜLM�W]JcH�JcQVOUW&OpÛ	JcÖYMQVWÂWYM�Ø¹HpWÂÞ�Opä�JcM�Ø%×�Op×YäYTSH�JcQVOUWÂÜ�îKïfW
JNÖYM&çÂÝpäYØcMpß%T � 9 HKWÂÞ T�� ��� HKØcM�JNÖYM�QVWÂWYM�Ø;HKWÂÞ�OUä�JNM�Ø�×�Op×YäYTSH�JcQVOUWIÜLQXà�MrÜ�ß	ØNMrÜL×�M�R3JNQXápM�TVåUßãÖYQVTXM>a = HpWÂÞGa��~JcÖYM�Ú&äYJcH�JcQVOUW¯HpWÂÞ�R3ØcOUÜcÜLO�áUM�Ø)×YØNOUÙÂHKÙÂQVTXQ|JcQVMrÜ�î

����� ¥��Y¥ # `c�Ube`-df`-[�gLt3ge\|k�[�k�lâ\|[U[]`cb)t�[un�k�wUge`cb~�o¸¹d1lXk�b1ge§]`)gy®�k�¨�x|k�k��·[]`cgj®�k�be²Y³

�EK%L u RTS(W%a aTS4]
	��
Õoã)O$M�TVQVJNQSÜeJ4Ú&äYTVJNQVê°OpÙ�üeMrR,JNQXápM·M�ápOUTVä�JcQVOUWÂHKØcåÈHpTVÝUOpØcQ|JcÖYÚ·Ü�ÖÂHaápM·Ù�M�M�WÀQVÚ�×YTXM�Ú�M�WUJcM�ÞÊHKJ
JNÖYMCQXWYWYM�Ø&TXM�áUM�T1ãQVJNÖÁJcÖYMEHKQSÞÃOKÛ�ú�û2TXQXÙÊTVQXÙYØ-HKØcå�ë ópö�í°ß/ãÖYQSR-ÖÁÖÂHpÜ&Ù	M�M�WÊÚ�O�Þ�QVçÂM�ÞÁQXW
OpØ-Þ�M�Ø~JNO·Ö	HKWÂÞ�TXM�Ú&äYTVJNQVêfR3ØcQ|JcM�ØcQVOUW�OU×�JNQXÚ�QVàrH�JNQXOpW¯×YØcOpÙYTXM�Ú·Ü��
ìpî~JNÖYM2P	&Yú�ûê°ïLïoë ó]÷rí°ßKH;×ÂHKØ-HKÚ�M�JNM�ØNêyÛ©ØNM�M)P@&Âú�ûÙÂHpÜNM�Þ�OpW�JNÖYM2R�ØNO�ã2ÞYQVWYÝ�Þ�QSÜeJ-HKWÂR�MoOKÛ
QVW	Þ�QVáuQSÞ�äÂHpTXÜ�ÿKOpWÂM×YØNOUÙYTXM�Ú�OpÛâP	&Yú�ûê°ïLï�ØcM�ÜNQXÞYM�Ü�QXW�JcÖYM2ãoHaå�M�TXQVJNQSÜLÚ QXÜ%×�M�ØNÛ©OpØcÚ�M�Þmß
ÜLQXWÂR�M¹QVJ�Þ�M�JNM�ØNÚ�QXWYM�Ü@H�Þ�M�TVM�JNQXOpW�OpÛÂÜLOUTVäYJNQXOpWÂÜºOKÛYWYOUW�ê°M�TXQ|JcQXÜLJFÛ©ØcOpW]JcÜ@HKW	ÞmßrHUÜFH�ØNMrÜLäYTVJ�ß
JNÖYM�ÜNM�HpØcR-Ö�×YØcOuR�M�ÜcÜoÚ·HaåEÜLäYð�M�ØoÛ©ØNOUÚ ÜeJ-HKÝUWÂH�JcQVOUW�OUØ~×ÂØNM�Ú�HKJNäYØcM�R3OUW]áUM�ØcÝpM�WÂR3MUî

ò�îÕoÖYM �)OpW]JNØcOpTXTXM�Þ�P	&Yú�ûê°ïLï�æ
�~P	&Yú�ûê°ïLïLè3ß1QXWUJcØNO�Þ�ä	R3M�Þ�Ùuå ë ópø�í°ß�ãÖYQSR-Ö/ß%Q|Û�R3OUÚ4ê
×ÂHKØcM�ÞEJNO·P	&Yú�ûê°ïLï,ßY×�M�ØNÛ©OpØcÚ·ÜoM�TXQ|JcQXÜNÚ QXW�H4R�OpW]JNØcOpTXTXM�ÞCÚ·HpWYWYM�ØrßuJNÖ	H�J2QSÜ�ß�QXWÂÜLJNM�HUÞ
OKÛ2×YØcM�ÜNM�ØcáuQVWÂÝÈHKTXT)QXWÂÞ�QXáuQXÞYäÂHKTSÜ&OpÛ2ØcHpWYþÃOpWYMUßºMrHpR-ÖÁÛ©ØcOpW]J�QSÜ�HpTVTXO�ã~M�ÞÄJNOÄÖÂHaápMEHpW
M#��×�OpWYM�WUJcQXHpTVTXåÈÞ�MrR3ØcM�HUÜLQXWYÝ¯W]äÂÚ&Ù�M�Ø�OpÛoÜNOpTXä�JNQXOpW	Ü�ßâJcÖ]ä	Ü;Û©OpØ-R3QXWYÝ�×ÂHKØNJ�OKÛHKTXT%WYOpW�ê
Þ�OpÚ�QXWÂH�JcM�Þ�Û©ØcOpW]JcÜ~JcO�R�OuM#��QXÜLJQVW¯JcÖYM�WYM�ã ÝpM�WYM�Ø-H�JcQVOUW/î
�1ápM�ØNå�QXWÂÞ�QXáuQXÞ�ä	HKT/ÖÂHUÜH�Þ�QVØcM�R3J2R3O�Þ�QXWYÝ�OKÛ%R3OpÚ�Ú�M�Ø-R3QSHKTmÞ�QSHKÚ�M�JNM�Øá�HpTVäYMrÜ~Û©OpØMrHpR-Ö
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ÕoÖYM�Ú�M3J-HEú�û QSÜ�H·ÜNQVÚ�×YTXM�ú�û ãQVJNÖIM�TVQVJNQSÜNÚ¯ß	WYOCR3ØcOUÜcÜNO�ápM�ØoOU×	M�ØcHKJNOpØrßYH�×�Op×YäYTSH�JcQVOUW
ÜLQXà�MoOKÛ T � ��� � õ�ßKHKW	Þ4H;ÙYQXWÂHpØNåCæ�ÝpØ-Haå�è@R�OuÞYQVWYÝ	ß�Ú·HK×Y×YQXWYÝ�Ù�OKJNÖ�Ú�ä�JcHKJNQXOpW�HKWÂÞ�×YØcOpÙÂHKê
ÙYQVTXQVJNQXM�Ü�Û©ØcOpÚ0ý�JcO·ìãQ|JcÖ·ó�êfÞ�QVÝUQ|J%×YØcM�R�QXÜNQXOpW�æ�JNÖuäÂÜ1ØNMrñUäÂQVØcQVWÂÝ4ìrý;ÙYQ|J-Ü%M�HUR-Ö	è,ßaÛ©OUØ¹HªJNOpJcHKT
OKÛ�òKý�ÙYQVJcÜ4R-ÖYØcOpÚ�OUÜNOpÚ�M�ØcM�×YØcM�ÜNM�W]JcHKJNQXOpW/î�bÂOpØ�M�ápM�ØNåÄQVWÂÞYQVáuQSÞ�äÂHKToH�J�JcÖYMEOUä�JNM�Ø�TXM�ápM�Tjß
HKWÈQXWYWYM�Ø�Ú&äYTVJNQVêyOUÙ�üeM�R3JNQXápM�M�ápOUTVäYJNQXOpWÂHpØNå�HKTXÝpOUØNQVJNÖYÚ QSÜ;×	M�ØLÛ©OUØNÚ�M�Þ/ßâHpWÂÞIQVJcÜªçYJcWYM�ÜcÜ;QXÜ
ØNM�×YØNMrÜLM�W]JNM�ÞÈÙuå$JNÖYMIæ�Ú·H���QVÚ�äYÚCèªÖ]åu×�M�ØcápOUTVäYÚ�M ��� ØcM�HpR-ÖÂM�ÞÈÞYäYØNQXWYÝ¯JNÖÂM·M�ápOUTVäYJNQXOpW
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� � 3E<uÒ AeÎQ<

P2äYÚ�M�ØcQSR�HKTFM#��×	M�ØNQXÚ�M�W]JcÜ2ÖÂHaápM�Ù�M�M�WIÞ�QVáuQSÞ�M�Þ¯QXW�Jeã)O·×ÂÖÂHpÜNM�Ü��YQXW�JcÖYM�çÂØ-ÜLJ�ß	HpW$HpÜcÜLMrÜNÜLê
Ú4M�W]J4OpÛJNÖYM¯Öuå]×�M�ØcápOUTVäÂÚ4M�Ú�M3JNØcQSRCÖÂHUÜ&Ù�M�M�W�×�M�ØNÛ©OpØcÚ4MrÞmßºJNÖYØcOpäYÝUÖÀQVJcÜ�R3OUÚ4×	HKØcQXÜNOpW
ãQ|JcÖ�JNÖYM&R�OpWuápM�ØNÝUM�WÂR�M;HpWÂÞ�ÜL×	HKØ-ÜLQVJeåCQXWÂÞ�QSR3M�Ü2×YØNM�áuQVOUäÂÜLTXåCQXW]JNØcOuÞYäÂR3MrÞmÿYQXW�JNÖYM&ÜNM�R�OpWÂÞ/ß
JNÖYM�Jeã~OKê°TVM�ápM�TâHp×Y×YØcOUHUR-ÖEÖÂHUÜoÙ	M�M�W¯JNMrÜeJcM�Þmî

ÕºHpÙYTVMrÜCòaêeõIØcM�×�OpØNJ�JNÖYMÈØNMrÜLäYTVJcÜ�OUÙ�JcHpQVWÂM�Þ�ãQ|JcÖJNÖYMIP	&Yú�ûê°ïLï·HKW	Þ �~P	&Yú�ûê°ïLï,ß
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ÝpM�WÂR3M1HpWÂÞ�ÜL×	HKØ-ÜLQVJeå2QXWÂÞ�QSR3M�Ü�ß�HpTXÜNOM�áuQSÞ�M�W]JcQXHKJNM�Þ�Ùuå�JNÖYM1WuäYÚ�Ù	M�ØFOpÛ�é%HpØNM�JNOpêyOU×�JNQXÚ·HKT
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JNÖYM4Jeã~O¯G:��ú�û�Ü�ßmQ|J�Ú·Haå$Ù	M�OUÙÂÜLM�ØNáUM�Þ�JcÖÂH�J �~P@&Âú�ûê°ïLï;M#��ÖYQXÙYQ|J-Ü�Ù	OpJNÖÃÖYQXÝpÖYM�Ø
ØcHp×YQSÞ�Q|Jeå¯QXWIØNMrHpR-ÖYQXWYÝ�çÂW	HKT@áaHpTVäÂM�Ü2OpÛ1×	M�ØLÛ©OUØNÚ·HpWÂR3M�Ú�M�HUÜLäÂØNMrÜ�ß	Ù	OpJNÖITXO�ã)M�Ø2OUÜcR3QXTVê
TXHKJNQXWYÝEM�ápOUTVä�JcQVOUWÂÜ�ß�HUÜ�R3OUW�çÂØcÚ�M�Þ$Ùuå¯JNÖYM�R3OUÚ�×ÂHKØcQXÜNOpW$Ù�M3Jeã~M�M�WÈÕ@HKÙYTXM�Üªô�HpWÂÞÈõ�ÿ
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ôÂîÕoÖYM�ØcM�QXÜ�H�Þ�M�×	M�WÂÞYHKW	R3M�OKÛ)JNÖYM4Jeã~O�G:��ú�û�Ü;ãQ|JcÖÁØNMrÜL×�M�R3J;JcO¯R�ØNO]ÜNÜNO�ápM�Ø�×YØcOpÙYê
HKÙYQXTXQ|JeåUî@û�T|JcÖYOpäYÝUÖÀÚ&äYJcH�JcQVOUWÀ×YØcOpÙÂHpÙYQXTVQVJeåÈÖÂHUÜ&Ù�M�M�WÀþpM�×�J4R�OpWÂÜLJcHpW]J�ßºÜNOpÚ�MCØcäYWÂÜ
×	M�ØLÛ©OUØNÚ�MrÞÄR�OpW�çÂØcÚ�M�ÞÈJNÖYMCÜcHKÚ�M4Ù	M�ÖÂHaáuQVOUäYØrß	JcÖuäÂÜ�QXWUJcØNO�Þ�ä	R3QXWYÝ¯JNÖYM�×YØcOpÙYTXM�Ú#OKÛ
JNÖYM�OU×�JNQXÚ·HKTFR-ÖÂOpQSR3M;OKÛ%ÜLäÂR-Ö¯á�HKTXäYM�Ü��uJNÖÂQXÜÚ�OpJNQXáaHKJNMrÞEJcÖYM�Jeã~OKê°TVM�ápM�TmHp×Y×YØcOUHpR-ÖFî
ÕºHpÙYTVMrÜªö�HKWÂÞÁ÷·ØcM�×�OpØNJ�JcÖYM4ØNMrÜLäYTVJcÜªOpÙYJcHKQXWYMrÞIãQVJNÖIJcÖYM4Jeã)OpêyTXM�áUM�TºÚ4M�JNÖYO�Þ�OUTVOUÝpåUß

ØNMrÜL×�M�R3JNQXápM�TXå&HUÞ�Op×�JcQVWÂÝ�ØNOUäYTVM�JLJcMãÖYM�M�TÂHKWÂÞ4JcOpäYØcWÂHpÚ4M�W]J%ÜNM�TXM�R3JNQXOpW4Û©OpØ1JNÖYM2OUä�JNM�Ø¹ú�û�î
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