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` a bcdefc
gh ij klmnl hoph q rhpsj plt horiu vmqwilphimlj vplwr hmx iv hm vruhpil jyrvirj il hor pz{phiv rl|iumlq rlh }~rp|� q rhps vmlvrlhuphimlj pur q rpj{urt pll{pss� il�i|ruymms wp�} �pvo qrhps vmlvrlhuphiml ij pjjm viphrtn iho p �{��� jrh �vmlhpq ilphrt� � tr�lrt m|ru hor jrh m�jihrj norur hor q rpj{urq rlhj op|r w rrl hpkrl } �{���p��ur�phil� myruphmuj pur {jrt hm vmljhu{vh p jrh m�smptil� iltivrj pvvm{lhil� �mu hor m|rupss vmlhpq ilp�himl m� � i|ruymms wp�} �r trji�l plt vmq ypur �� smpt�il� iltivrj hnm m� noivo pur wpjrt ml �{��� ilhr�ups }�m jrsrvh p {jr�{s j{wjrh m� smptil� iltivrj nr vpsv{�sphr hor jiq ispuihirj wrhnrrl horq plt u{l p ursphimlpstphp vs{jhruil� } �or �lps jrh m� iltivrj ij �m{lt w�lmq ilphil� mlr uryurjrlhphi|r m� rpvo vs{jhru } �or�{��� p��ur�phiml myruphimlj vomjrl �mu hor �lps jrhm� smptil� iltivrj pur �q iliq{q � yumt{vh � q pxiq{q �plt puihoq rhiv qrpl � }� ������� � �l|iumlq rlhps qmtrssil� � �{��� p��ur��phiml myruphimlj � �{��� q rpj{urj � �{��� ilhr�ups ��ri�ohrt p|rup�r � �iq ispuih� q rpj{urj � �i|ruymms wp� ��yphips tijhuiw{himl m� orp|� q rhpsj }

� ��cd�   ¡ fc ¢� �
�or t�lpq iv lph{ur m� vmpjhps nphruj yurjrlhj p jr�|rur vopssrl�r hm rl|iumlq rlhps pjjrjjq rlh m� tijymjpspvhi| ihirj il lrpu jomur nphruj } �i|ruymms wp� opj ur�vri|rt spu�r z{plhihirj m� js{t�r�ily{h � w rjh klmnl pj£ilt{jhuips npjhr ¤� ml ur�{spu wpjij jilvr hor sphr �¥¦� ¤j }�m ur�{sphr hor ursrpjr m� horjr vorq ivpsj � tijymj{uryspvrj � ur�ruurt hm pj £t{q yil� jihrj ¤� nrur trji�lphrtil �i|ruymms wp�} ~rp|� q rhps vmlvrlhuphimlj pur q rp�j{urt ur�{spus� ml p �uit m� sm vphimlj §ilvs{til� hort{q yil� jihrj¨ il mutru hm trhrvh plt q mlihmu horvopl�rj il hor rvmsm�ivps jhu{vh{ur m� � i|ruymms wp�}gl m{u vpjr jh{t�� klmn srt�r m� hor jyphips tijhuiw{�himl m� orp|� q rhpsj il j{u�pvr jrtiq rlhj m� �i|ruymmswp� ij urz{iurt �mu ilt{jhuips plt rvmsm�ivps y{uymjrj }�or yumwsrq ij hm �lt pl m|rupss tijhuiw{himl m� qrhps

vmlvrlhuphimlj §mu vmlhpq ilphiml ¨ �i|rl hoph hor q rh�psj op|r ti©rurlh vmlvrlhuphiml jvpsrj plt hor np� m�vmqwilil� hor vmlvrlhuphimlj ij lmh yurjvuiw rt } ªuilvi�yps vmqymlrlh plps�jij §ª«¬ ¨ mu vs{jhru plps�jij op|rwrrl h�yivps vomivrj �mu ho ij kilt m� yumwsrq j ­®¯ � w{hurj{ shj m� wmho q rhomtj pur ti° v{sh hm ilhruyurh � {l�srjj hor tphp opj �p|m{upwsr jhu{vh{ur plt vopupvhruij�hivj } �or ti° v{sh� il tr|ijil� mlr jil�sr smptil� iltrxvmqrj �umq hor �pvh hoph horur ij lm ±²³´ vmlhpq ilphimltijhuiw{himl noivo nr jom{st hu� hm q phvo }
�{��� jrhj op|r w rrl pyysirt hm |puim{j purpj m� rl�|iumlq rlhps jvirlvrj µ jmis � �murjh plt piu ymss{himl � q r�hrmumsm��� nphru urjm{uvrj � rhv } ­¶ � ¦¯ } gl m{u yur|im{jjh{t� ml �{��� q mtrssil� m� � i|ruymms wp� tphp ­·¯ �nr plps�jrt hor m|rupss vmlhpq ilphiml n iho ® orp|�q rhpsj {jil� ¦ p��ur�phil� myruphmuj }
gl hoij ypyru nr {jr �{��� trljihirj hm pvvm{lh �muhor qrhps �iq ymuhplvr� � rxhrltil� hor jrh m� smptil�iltivrj n iho �m{u pttihimlps q mtrsj } �iq ispuih� q rp�j{urj pur {jrt hm z{plhi�� hor jiq ispuihirj w rhnrrl horiltivrj } ~ irupuvo ivps vs{jhruil� ij {jrt hm trhruq ilr�um{yj m� jiq ispu iltivrj � jm hoph p jrh m� uryurjrlhp�hi|rj ij jrsrvhrt pj m{u �lps vomivr }

¸ ¹ ¢º»d¼ � � ½ ¾ e¿   ece
�i|ruymms wp� urvri|rj orp|� q rhps tijvopu�rj �umq
vmlhil{m{j jm{uvrj §À rujr� plt Árr �jh{puirj¨ � ilt{j�huips m© jomur tijymjps �um{ltj � pj nrss pj lph{ups q il�rups wpvk�um{lt vmlvrlhuphimlj houm{�o rumjiml ­�¯ }�or r©rvh m� q rhps vmlhpq ilphiml ml wimhp il jrti�q rlhj ij vmq ysrx � rxymj{ur m� mu�plijq j hm oi�o sr|�rsj m� q mur hopl mlr q rhps ilhumt{vrj �{uhoru rl|i�umlq rlhps jhurjj } gh ij horur�mur pyyumyuiphr hoph plpyyumpvo hm tr|rsmyil� yphhrulj m� vmlhpq ilplh tijhui�w{himl jom{st ilvs{tr pss q rhpsj } �or yumwsrq �umqhor ymilh m� |irn m� rl|iumlq rlhps q plp�rq rlh ij hmtr|rsmy yphhrulj �umq q rhps tphp noivo urÂrvh hor v{u�urlh jhph{j m� jrtiq rlhj }

�l|iumlq rlhps q mlihmuil� m� js{t�r ily{h il �i|ru�ymms wp� ij vmlt{vhrt pll{pss�} �mu hor yurjrlh ur�jrpuvo � plps�jij opj w rrl vpuuirt m{h ml ® q rhps vmlvrl�



huphimlj � vmssrvhrt il �¥�� �umq �i|ruymms wp� � } �orjrq rhpsj pur µ �� � À ruv{u� §~�¨ � �� � «ptq i{q §«t¨ ��� � «oumq i{q §«u¨ � �� � «myyru §«{¨ � �� � � ivkrs§� i¨ � �	 � �rpt §ªw¨ plt �
 � � ilv §�l¨ }
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�rh � � ��� � �� � ���� �
� � wr hor jrh m� ®� jihrj il �i|ru�ymms wp�� plt srh �� §�� ¨ wr hor vmlvrlhuphiml m� qrhps�� q rpj{urt ph jihr �� } �mu rpvo � � � tr�lr p �{��� jrh�� m|ru � � vmuurjymltil� hm £vmlhpq ilphiml n iho �� ¤n iho q rqwrujoiy �{lvhiml

��� §�� ¨ � �� §�� ¨ � qil � ��� §�� ¨�
q px � ��� §�� ¨� � q il � �� � §�� ¨� � §�¨

~p|il� trji�lrt hor ® �{��� jrhj � jix �{��� p��ur�phimlmyruphimlj nrur {jrt il ­·¯ hm tr�lr m|rupss smptil� il�tivrj pj �{��� jrhj ml � } �orjr myruphimlj pur � hor À il�iq{q � ªumt{vh � �rmq rhuiv qrpl � À pxiq{q � ¬uiho�q rhiv qrpl � plt «mq yrhihiml �{u� §tumy hor oi�orjhplt hor smnrjh tr�urrj m� q rqwrujoiy plt p|rup�r horurjh¨ } � i�{ur � yurjrlhj hor joptrt vmlhm{u�ysmhj { jil�horjr iltivrj } ~ i�o �up� sr|rs ilhrljih� vmuurjymltj hmoi�o vmlhpq ilphiml � noisr wui�ohru ur�imlj vmuurjymlthm smn vmlhpq ilphiml }
~rur nr ptt hm horjr jix iltivrj �m{u lrn mlrj µ hnmwpjrt ml �{��� ilhr�upsj plt hnm � vpsv{sphrt pj hornri�ohrt p|rup�r } �mu pss horjr iltivrj nr lrrt horjm vpssrt � ³���  ´!"#±#´" � mlr |ps{r �mu rpvo q rhps � rx�yurjjil� hor �iq ymuhplvr� m� hor q rhps �mu hor m|ru�pss vmlhpq ilphiml yphhrul } �or �{��� ilhr�ups q mtrsij uivoru hopl hoph } gh vpl ilvmuymuphr lmh mls� horilti|it{ps trljihirj w{h psjm hor iq ymuhplvr m� rpvoj{wjrh m� q rhpsj } ~mnr|ru � trhruq il il� or{uijhivpss�vmr° virlhj �mu pss y mjjiwsr $
 � � vmqwilphimlj m� q rh�psj ij il�rpjiwsr � r|rl �mu hor srptil� rxyruhj } �oijjmq romn tr|ps{rj hor �{��� ilhr�ups q mtrsj plt horz{rjhiml puijrj norhoru p jiqysr nri�ohrt p|rup�r {j�il� hor ilti|it{ps trljihirj nm{st lmh srpt hm hor jpq rmu p jiq ispus� {jr�{s urj{sh pj hor �{��� ilhr�ups } �ophij no� nr ptmyhrt il hoij plps�jij wmho �{��� ilhr�upsplt nri�ohru p|rup�r }
�m tr�lr hor ® �{��� trljihirj �mu ~� � «t � «u � «{ �

� i � ªw � plt �l � hor jm vpssrt �±%²& ´± '%(³´"� nrur {jrt }�orjr nrur hor {yyru �{ itrsilr siq ihj m� q rhps vmlhpq �ilplhj il pz{phiv jy rvirj yum|itrt il hor tmv{q rlhp�himl � y{wsijort w� hor À ilijhu� m� ¬�uiv{sh{ur � �ijo�ruirj plt �mmt §À ¬��¨� )* } +r�mlt horjr vmlvrlhup�himlj � hor q rhpsj pur vmljitrurt hmxiv §ilti|it{pss� ¨ hmjyrvirj } ¬lmhoru ymjjiwsr wrlvoq puk pur hor �", %(´'%(³´"� } �orjr pur wpvk�um{lt qrhps vmlvrlhuphimlj
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hoph pur lph{upss� yurjrlh il jrtiq rlhj } gl ho ij jh{t�nr {jrt wmho hm tr�lr $ jrhj m� �{��� trljihirj }�r pjj{q rt hoph hor �{��� trljihirj jom{st urÂrvhhor tr�urr il noivo p q rhps vmlvrlhuphiml rxvrrtj pwrlvoq puk |ps{r §hpu�rh mu jopsr |ps{rj¨ } �or q r�tipl npj hpkrl hm uryurjrlh hor qrhps vmlvrlhuphimlm|ru pss jihrj plt hm w r vmq ypurt n iho hor w rlvo�q pukj } �r vomjr hor qrtipl hm urt{vr hor r©rvh m�m{hsiruj q pli�rjhrt w� {lurpsijhivpss� oi�o vmlvrlhup�himlj } �xpq ysr m� hoij � pur hor t{q yil� m� vmyyrun iurj mu srpt wphhruirj il hor wp�} �ilpss�� hnm �{���trljih� |rvhmuj � J � ­JK L � J M N � J M O � J M P � JQ � � J R S ¯ nrurvmqy{hrt pj ��� §TUV� ¨ � ��� §WUXYZT [\]� ¨ } �orjrti©rurlvrj nrur jvpsrt � jm hoph hor jq pssrjh trljih�ij � ��· plt hor spu�rjh ij � �¥· } �or urj{shj pur J � �­� �� � � �¥¶ � � �^ � � ��¦ � � ��· � � �¥ � � �¥·¯ �mu jopsr |ps{rj � pltJ $ � ­� �� � � � �¶¶ � � �¥$ � � �¥� � � ��· � � ��® � � �¥·¯ �mu hpu�rh|ps{rj } �o{j � �m{u iltivrj nrur vpsv{sphrt µ �{��� il�hr�ups n iho J � plt J $ plt nri�ohrt p|rup�r n iho J �plt J $ }�or hrl smptil� iltivrj pur trlmhrt pj
_`� µ À iliq{q_`� µ ªumt{vh_`� µ �rmq rhuiv q rpl_`� µ À pxiq{q_`� µ ¬uihoq rhiv q rpl_`	 µ «mq yrhihiml �{u�_`
 µ �{��� ilhr�ups §J �¨_`a µ �ri�ohrt p|rup�r §J �¨_`b µ �{��� ilhr�ups §J $¨_`�� µ �ri�ohrt p|rup�r §J $¨

c d»½»fc¢�
 d» ¼ d»b» �cec ¢º»b
�or yumw srq lmn ij hm jrsrvh p �urpjmlpwsr� j{wjrh m�smptil� iltivrj noivo vpyh{ur pss ilhrurjhil� �rph{urjm� hor vmlhpq ilphiml tijhuiw{himl } �m wpjr hoij jrsrv�himl ml p �muq ps vuihruiml � nr vomjr hm {jr jiq ispuih�q rpj{urj w rhnrrl �{��� jrhj }�rh � plt e wr �{��� jrhj ml f � �g� � � � � � gh � } ¬jiq ispuih� qrpj{ur i §� � e ¨ j ­� � �¯ iltivphrj hor tr�urrhm noivo � plt e pur rz{ps mu jiq ispu } �or spu�ru hor|ps{r m� i §� � e ¨ � hor qmur jiq ispu � plt e pur } À pl�q rpj{urj m� jiq ispuih� op|r w rrl yumymjrt il hor sihru�ph{ur ­$ � ^¯ } �or krvhmu�yumt{vh q rpj{ur ­$¯ npj rq �ysm�rt hm z{plhi�� hor jiq ispuih� w rhnrrl hor �� smptil�iltivrj

i� §� � e ¨ � l
h�m� �� §g� ¨ n �o §g � ¨

q px §l
h�m� �� §g� ¨� � l

h�m � �o §g� ¨� ¨
�iq ispuihirj w rhnrrl pss ypiuj m� smptil� iltivrj nrurvpsv{sphrt � jomnl il �pwsr �} �or �mssmn il� mwjru|p�himlj vpl wr q ptr
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�i�{ur �µ �optrt «mlhm{u ysmhj m� hor jix �mptil� iltivrj }

�} �or oi�orjh q rpj{urj m� jiq ispuih� nrur �m{lt wr�hnrrl hor q rpl p��ur�phil� myruphmuj � §rjyrvipss��_`� plt _`	 ¨ plt hor nri�ohrt p|rup�r vmllrv�hi|rj §_`a plt _`�� ¨ �mu wmho jopsr plt hpu�rh�{��� trljihirj } �orjr |ps{rj pur jomnl il wmst��pvr il �pwsr �}
$ } �iq ispuihirj w rhnrrl _`�� §�ri�ohrt p|rup�r n ihoJ $¨ plt pss mhoru smptil� iltivrj � pur rz{i|p�srlh hm hor jiq ispuihirj wrhnrrl _`	 §«mq yrhihiml�{u�¨ plt pss mhoru iltivrj � i }r }� �� §_`�� � _`� ¨ ��� §_`	 � _`� ¨ }
^ } �mptil� iltivrj yumt{vrt w� hor À iliq{q plt

ªumt{vh myruphmuj urÂrvh {lq phvort il�muq phiml§lm jiq ispuih� n iho pl� m� hor mhoru iltivrj¨ }
~ irupuvoivps ursphimlps tphp vs{jhruil� � wpjrt ml hor�il�sr � ilkp�r qrhomt npj pyysirt hm itrlhi�� vs{jhrujm� smptil� iltivrj } �oij q rhomt �um{yj mw � rvhj jhpuh�il� n iho hor jrh m� iltivrj pj �� jrypuphr vs{jhruj plt�milil� hor �q mjh jiq ispu� $ vs{jhruj ph rpvo jhry } �orps�muihoq rltj n iho mlr vs{jhru vmlhpil il� pss �� il�tivrj } �r vomjr hm vspjji�� hor �� smptil� iltivrj ilhm$ � ^ � ¶ plt · vs{jhruj plt mwjru|r hor m{hvmq r } �mq pkr pl m|rupss �{t�rq rlh m� hor urj{shj � hor «mq �ysrhr plt ¬|rup�r �ilkp�r qrhomtj nrur psjm {jrt }¬ ss hourr o irupuvoivps vs{jhruil� q rhomtj yumt{vrt horjpq r �um{yil� il m{u rxyruiq rlhj }

�or iltivrj pyyrpu hm wr lph{upss� �um{yrt � r }� }�q rpl h�yr p��ur�phiml vmllrvhi|rj pur y spvrt il horjpq r �um{y } �or urj{ shj �umq hor ursphimlps vs{jhruil�pur tijysp�rt il �pwsr $ norur hor vs{ jhruj pur rlvsmjrtil wupvkrhj } �or yumt{vh §_� ¨ plt hor q il iq{q §_� ¨pur ji�l i�vplhs� ti©rurlh plt wmho jom{st w r urhpilrtil hor �lps jrh m� smptil� iltivrj } �umq hor �q rpl��um{y nr vpl yivk hor p|rup�r w rvp{jr ih ij q mjh ilh{�ih i|r plt jiq ysr } �{��� ilhr�ups plt nri�ohrt p|rup�rtit lmh ilhumt{vr p lrn vs{jhru � plt ih jrrq j hoph horjy rvhu{q opj w rrl vm|rurt w� _ � � � � � � _	 } �orur�mur �hor �lps jrh vpl wr �_`� §q iliq{q ¨ � _`� §yumt{vh¨ �_`� §q pxiq{q ¨ plt _`� §puihoq rhiv q rpl¨�}

�or q pil ti° v{sh� il ho ij h�yr m� plps�jij ij hophhorur ij lm �mstrl jhpltput mu hpu�rh n iho noivo nrvpl vmlhupjh m{u urj{shj } �oij �i|rj {j hor �urrtmq hmvommjr �umq p spu�r hmmswmx m� itrpj plt q rhomtj w{hpsjm ymjrj hor z{rjhimlj m� ysp{jiwisih� mu {jr�{slrjjm� hor urj{shj } �orur�mur � il hor vm{ujr m� hor nmuk �nr vmljhplhs� jm{�oh �rrtwpvk �umq m{u rxyruh {jru }¬l iq ymuhplh qrjjp�r ur�vmq�uqrt il hoij jh{t� ijhoph hor jiq ysrjh �muq{spj plt hrvoliz{rj jom{st w rhor �ujh vomivr pj hor� q pl� hiq rj j{° vr �mu jms|il�hor yumwsrq }



�pwsr �µ À rpj{urj m� jiq ispuih� m� pss �� ypiurt smptil� iltivrj }§� $¨ _`� _`� _`� _`� _`	 _`
 _`a _`b _`��_`� � }�$ � }$^ � }�� � }�¦ � }�¦ � }�¥ � }�� � }�� � }�®_`� � }� � � }�� � }� � � }� � � }�� � }� � � }�� � }� �_`� � }^^ � }®� � }®¶ � }¶ � � }�$ � }^¦ � }®^_`� � }¶® � }¶¶ � }®® � }¶� � }¥ � � }¶·_`� � ��� � }·� � ��� � }·� � ���_`	 � }·¦ � ��� � }¶� � ���_`
 � }· � � }�¶ � }·®_`a � }¶^ � ���_`b � }¶¥

�pwsr $ µ ~ irupuvoivps vs{ jhruil� m� hor �� smptil� iltivrj
�{qwru m� «s{jhruj � um{yil�$ §_`� ¨ � §_`� � _`� � _`� � _ `� � _`	 � _`
 � _`a � _`b � _ `�� ¨^ §_`� ¨ � §_`� ¨ � §_`� � _`� � _`� � _ `	 � _`
 � _ `a � _`b � _`�� ¨¶ §_`� ¨ � §_`� ¨ � §_`� � _`� � _`	 � _ `a � _`�� ¨ � §_`� � _`
 � _ `b ¨· §_`� ¨ � §_`� ¨ � §_`� ¨ � §_`� � _`	 � _`a � _ `�� ¨ � §_`� � _`
 � _`b ¨

� ` f�� �� ½» 
»� »�cb
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