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ph^ecdghc€`SR]rdU�TQ•w\_^VU�~•c€Ut^‚U�a|WJUtƒ„l„cd…�~•U†`_c?ªhUtR]ƒˆ‡m‰Šo�ph`_T‹af^VƒJo�afc€ph`ŒW•Y�ƒJ`qU�`_TVU�~•Ž_rdU†W•Y�R]^eŽ_^VU�T}yF\SRH^eafc€^

W_U�T{uwU�`_x�aV^VUtTq•Daf^Vp]cdTVc€…t~•U‘`_c?ªhU’RHƒˆ‡mI

“QY�U”l„aV^fR]omafc€ph`•R]r€s’RHaVphcd^eUB\–UtƒJa—x�af^eU˜^VstR]rdc€TVs�UBU�`•afcd^VR]`™aQR]r€s’RHaVphcd^eUt~•Ut`™a}y

Nw
^VU�\_^Vc€TVU�TQƒ_`_U

cd~•R]ghUšWJUqr›Y�U�`_TVU�~•Ž_rdUŒW•Y�R]\_\_^eUt`™afc€TVTVR]ghUœUma•U�`Ÿž \_^eUt`SRH`ba‘R]rdstRHafp]cd^VU�~•U�`™a¡ƒ_`_UOuwUt`_xmaf^VUHI•¢‘ƒ

Ž_c€Ut`•‰bph`•\£U�ƒJaB\£phƒJ^Bo¤PSRH¥nƒJU•cd~•R]ghUFp]^Vcdg]cd`SR]r€UXW_Ujr¦Y§Ut`_TeUt~•ŽJrdU¡W•Y�R]\_\_^eUt`™afc€TVTfRHghUjr€ƒ_cˆUmlnaf^VR]cd^eU

ƒ_`¨otU�^ea¤RHcd`¨`_ph~•Ž_^eUŸ•©stghR]rQW•Y§ƒ_`_U•cd~•R]ghU•y r¦Y�R]ƒJaV^VUŠ‡‘W_U•uwU�`_x�aV^VUtTq\£p]ƒ_^ŒRHaVaVUtcd`JW_^VU•r€UªaVp]a¤RHr

Nw
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a¤RHƒ„l�W•Y§Ut^e^VU�ƒ_^¡TVUtr€ph` otU�T{WJc€­£st^VU�`™afUtT¡~•s�aVP_p„WJUtTtI_“®R•Testr€Uto�aVcdph`¯R]r€s’RHaVphcd^eU•W•Y§ƒ_`_UšuwU�`_x�aV^VUOR]ƒ

TVU�cd`•W•Y�ƒJ`_U•c€~«R]g]U{U�TeaX^Vs’RHrdcdTestU¡W_Uj~«R]`Jcd…t^eU{yqUmlnaV^fR]c€^VU{W_UtTvuwUt`_xmaf^VU�T˜W_U{r°Rša¤R]c€rdr€U˜±Jl„stU•TVR]`_T

otp]ƒ_\_ƒ_^eU•R]ƒnl•Ž£ph^eW_TtI„²•Y§UtT‹ae³´yk³µW_c€^VU{¥nƒZY�sma¤R]`™aBW_ph`_`_s�U•rdRšafR]cdr€rdU˜WJUjrdROuwU�`_x�aV^VU]‰bph`•W_s�aVUt^e~•c€`_U

R]r€s’RHaVphcd^eUt~•Ut`™a†r°RO\£p]TVc€aVcdph`ªW_ƒ•otphc€`•Teƒ_\–st^Vc€Utƒ_^Bg™R]ƒ_o¤PJU•W_U{r°RšuwUt`_xmaf^eU•W_U{~«RH`_cd…�^VU{yqo�Uj¥bƒ_U
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Wx � w1 � 1
U�a˜r€UtT

\–phTVc afcdp]`_T’ªhU�^eaVcdo’RHrdUtT)'OUma

Wy � w2 � 1
I™¬{phƒ_T†`_UF~•st~•ph^Vc€TVph`JTz\SR]T†\–phƒ_^—ƒJ`_U¡~•x�~•U˜c€~«RHghU

rdU�Tœ\–phTVc afc€ph`_TœWJs+*VyŸaVcd^Vs�UtT�‰zrdU�TquwU�`_x�aV^VUtT•o¤PJphcdTecdUtTœ\£phƒJ^œƒ_`_U«~•x�~•U•cd~•R]ghUª\£U�ƒ�ªhU�`™a•WJph`_o

TVU�rdph`«otU‘\_^ep„o�UtTeTVƒ_T{R]r€s’RHaVphcd^eU{TeU‘TVƒJ\£U�^V\–phTVU�^tI-,µr£UtTeaXafphƒJaVU�uwphc€TX^VR]cdTeph`_`SR]ŽJrdU{W_U‘\–Ut`_TeUt^˜¥bƒ_U

rdU�TvuwU�`_x�aV^VU�T˜Umlnaf^VR]c€aVUtTBW_U•rdRŒTeph^eaVU•Ut`«`_ph~•Ž_^eU•Teƒ�.•TfR]`™aFo�phƒ�ªn^VU�`ba˜ƒ_`_U•\_R]^eaVcdU{cd~•\£ph^‹a¤R]`™aVU

W_U�Tjc€~«R]g]UtT˜ph^ecdghc€`SR]r€UtTtIJ²XU�aeafUOotp]ƒ�ªhU�^eafƒJ^VUœWJst\–Ut`_WŸR]ƒ_TeTVc|W_UOr°RœafR]cdr€rdU•WJUtTFuwUt`_xmaf^eUtTtI

¬jphƒJT‘^VstR]rdc€TVUt^eph`_TjrdUœo¤PJphc lŸph\JaVcd~•R]r|W_UtT•\SR]^fRH~•…maf^VU�T
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W_st\–Ut`_W s2ª„c€W_Ut~•~•Ut`™a
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W_smafUt^e~•c€`_Ut^‘R]ƒJafp]~«RHaVcd¥bƒ_U�~•U�`ba•otU�TšW_cd~•Ut`_Tecdph`JTt‰–otUtr€rdU�T‹³µo�cz\–Utƒ�ª]Ut`™aŒx�aV^VU•W_smafUt^e~•c€`_stU�TšUt`

s°ªHR]r€ƒSR]`™ajrdUqafR]ƒ„lŸW•Y§Ut^e^VUtƒJ^•^Vs�TVƒ_r a¤R]`™a•W_ƒ ~•pnW_…�rdUOTVƒ_^jr¦Y§Ut`_TeUt~•ŽJrdUœWJUqafU�Teaš\_R]^gªHR]r€cdWSR afcdp]`

ot^ephcdTestUHI}“QY§cd`�2_ƒ_Ut`_o�U•WJU•o�UtTœ\_R]^fR]~•…�aV^VU�TqTeƒ_^qr€U•afUt~•\_TŒW•Y�R]\_\_^eUt`™afc€TVTfRHghU•Umaœr€U•afUt~•\_TŒW_U

\_^estW_c€o�afc€ph`•‰nW_sto�phƒ_rdR]`™a˜W_UšrdRqotp]~•\_r€Uml„c€aVs•W_U�TFR]^eŽ_^VU�Tt‰J`ZY�U�Tea¡\SR]TXs°ªncdW_U�`™a¡U�a˜U�Tea{yœsmafƒ_WJcdUt^�I

3‘R]`_T `_pHaf^VU otR]Tt‰Fr€U ~•p„W_…�rdU o�ph`_T‹af^VƒJc€a TVU�^fR ƒ_` Ut`JTVUt~œŽ_rdU W•Y�R]^VŽJ^VUtT¯R]r€s’RHaVphcd^eUtT�IX“‚U

`_ph~œŽ_^VU•WZY[R]^eŽ_^VU�Tt‰

T
‰£^VU�TeafU•ƒJ` \SR]^fRH~•…maf^VUqW_U•o�U�aVaVU•`_phƒ�ª]Utr€rdU•~•s�aVP_p„WJU]IZ²XU•`_ph~•Ž_^eU•cd`n³

2Sƒ_U�`_otUFWJcd^VU�o�aVUt~•Ut`™aQrdU†afU�~•\JT—W•Y�R]\_\_^eUt`™afc€TVTfRHghU˜U�a—rdUBaVUt~•\_TzWJU˜\_^Vs�W_cdomafc€ph`•I04„ph`•c€`�2Sƒ_U�`_otU

TVƒJ^¯r€U a¤R]ƒ„l W•Y�U�^V^eUtƒ_^¯UtT‹a o�ph~•~•U \_^esto�stW_U�~•~•Ut`™a y smafƒ_W_c€Ut^ \–phƒ_^ o¤PSR]¥bƒ_U¨\_^Vp]Ž_rd…�~•UHI

²Xph~•~•UF`Jphƒ_Tvr¦Y�RJª]ph`_Toªnƒ R]ƒ•o¤PSR]\_c af^eU‘K„‰™rdRšotph~•\_rdU”l„c€afsFWJUjr›Y[R]r€ghph^ec€afPJ~•UvW_U{otph`_T‹af^eƒ_o�aVcdph`

W•Y§ƒ_` R]^eŽ_^VUqR]r€s’RHaVphcd^eUšUtTea•rdc€stUŒR]ƒ `Jph~•Ž_^eUqW•Y§cd~•R]ghU�Tq•©cdo�c|W_UŒuwU�`_x�aV^VU�T¤‡jWSRH`_T•r›Y�s�o¤PSR]`™afc€rdrdp]`

W•Y�R]\_\_^eUt`™afc€TVTVR]ghUªi
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w1 � w2
U�a•\£U�^V~•U�a‘WJph`_o

W_U•otr°RHTVTVU�^œW_U�T•`_phƒVªhUtr€rdU�TquwUt`Jx�af^eUtT•WJU«otUmaVaVU«a¤R]c€rdr€U]I‚N®phƒ_^•rdR¯o�r°R]TeTVc€±_o’RHaVcdph`¨W•Y§ƒ_`_U c€~«R]g]U

otp]~•\_r€…�aVU]‰•c€r}u©R]ƒJaOWJph`_o•rdƒJc—Umlnaf^VR]cd^eU•W_UtTšuwU�`_x�aV^VUtTŒW_U•o�U�aVaVU•a¤R]c€rdrdUH‰£r€UtTš\_^eph\SR]g]Ut^šWSR]`JTŒr€U

~•p„W_…�rdUH‰JU�a{o�ph~•Ž_c€`_Ut^Fr€UtTF\_^estW_c€o�afc€ph`_TFW_U�TjWJc€­£st^VU�`™afUtTFuwU�`_x�aV^VUtT�I

`j`_U¯R]\J\_^Vpno¤P_U W_cd^eUtomafU]‰z¥nƒJcFUtTea•s�g™R]rdU�~•U�`™a•otU�rdrdU«W_U�a�bdc)'�'fe›‰QUtT‹a•W•Y�U”lnaf^fRHcd^VU aVphƒJaVUtT

rdU�T¯uwU�`_x�aV^VU�T \–phTVTecdŽ_r€UtT W_U¨r¦Y§cd~•R]ghU W_U¨afU�TeaŸUt` rdR \_R]^Vo�phƒ_^fRH`baŸW_U¨PSR]ƒJaŸUt` ŽSR]T¯U�aŸW_U

g™R]ƒJo¤P_Uªy W_^Vp]c€afUH‰Z\SRH^‘ƒ_` W_stotR]r°RHghU•W•Y§ƒ_` \_c l„U�rQy r°R•uwp]cdTt‰£W•Y�R]Ž£p]^VW TVƒJ^šƒ_`_U•~•xt~•U•rdc€gh`_U]‰
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\_c lJU�rdT{Umlnaf^VR]c€aVUtTjW_UtT‘c€~«RHghUtT

W_Uša¤RHcdrdr€UtT
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‰_\£p]ƒ_^Yg•o¤P_c€­£^VU�Tt‰ˆyª^fR]c€TVph`�W_UOGªuwUt`_xmaf^eUtT{\SR]^FphŽ *eUma’I

r¦Y§Ut`JTVUt~œŽ_rdU¯W•Y�R]^VŽ_^eUtT�‰Br€U aVUt~•\_T•W_U \_^estW_c€o�aVcdph` UtT‹a�R]ƒ_TeTVc{W_st\–Ut`JWSR]`™a W_UŸr°R otp]~•\_r€Uml„c€aVs

W_ƒ ~•p„WJ…trdUqo]Y§UtT‹ae³´yk³µW_c€^VUœWJƒ¨`Jph~•Ž_^eU•W_UœaVUtTeaVT••›R]ƒnl `��Oƒ_W_T•cd`™afU�^V`_U�TšW_UtTOR]^eŽ_^VU�TšW_U•r›Y�U�`„³

TVU�~•Ž_r€UŠ‡¡R]ƒ„l„¥bƒ_Utr€T•r°R•uwUt`Jx�af^eUœU�Tea‘Tephƒ_~•cdTeU]I–²XPSR]¥bƒ_UqafUtT‹a‘RHƒ `��Oƒ_W WZY�ƒ_` R]^VŽJ^VUœc€~•\Jrdcd¥bƒ_U

r°Ršo�ph~•\_R]^fR]c€TVph`•WZY�ƒ_`JUjo�ph~•\–phTVR]`™afUFW_U{\_c l„U�rSW_U¡r°R•uwUt`Jx�af^eU•yOƒ_`•TVU�ƒ_cdrSW_U¡W_c€TVo�^Vcd~•cd`_RHafc€ph`•I

“‚U•afUt~•\_TŒ^VU�¥nƒJcdTO\£p]ƒ_^Ootph~•ŽJcd`_U�^šrdUtTO\_^estW_c€o�aVcdph`_TOW_U�TqWJc€­£st^VU�`™afUtTOuwUt`Jx�af^eUtTŒUtT‹aœTeƒ_\_\–phTVs

`_s�ghrdc€ghU’R]ŽJrdUF\_ƒ_c€TV¥bƒ•Y§cdrˆTtY�R]ghc avTVcd~•\_r€Ut~•Ut`™a†W•Y�R]W_W_c afcdp]`_`_Ut^†r€U�?]UtomafUtƒJ^˜W_U•\J^VphŽSRHŽ_cdr€c€afs�TQ\£p]ƒ_^

o¤PSR]¥bƒ_U•uwUt`_xmaf^VU •©r°R a¤R]c€rdr€U•W_U«o�U�?hU�o�afU�ƒ_^•sma¤R]`™a•r€U«`_p]~•Ž_^VU

M
W_U•otr°RHTVTVU�T•W_ƒ \J^VphŽ_r€…t~•U

af^VR]c€aVs]‰£WSR]`_TOotUªotR]T�7 '�o¤P_c€­£^VU�T¤‡”I|“|U•g]^fR]\_PJcd¥bƒ_U•~•ph`™af^VU•WJph`_o•¥bƒ_UªrdU•aVUt~•\_TšW_Uª\_^Vs�W_cdo”³

afc€ph`¨UtTeaœ\_^Vc€`_otc€\SR]r€Ut~•Ut`™aŒƒ_`_U•uwp]`_o�aVcdph` W_sto�^Vphc€TVTfRH`baVU«W_U•r°R�a¤R]c€rdr€U•W_UtTŒuwUt`_xmaf^VU�T•U�aœW_U•r°R

otp]~•\_r€Uml„c€aVs˜W_ƒ•~•pnW_…tr€U‘i™\_r€ƒ_TQrdU�T†uwU�`_x�aV^VU�TBTeph`™aBg]^fR]`_WJUtTt‰™~•phc€`_W_^VUFU�TeavrdUF`Jph~•Ž_^eU{WZY�U�`baV^VU

Utr€rdU�T‘y otrdR]TVTeUt^�‰•\_ƒ_c€TV¥bƒ_U•`_p]ƒ_TšŽSR]rdRŠž]ph`_T‘o�ph~•\_rd…mafUt~•Ut`™ašr›Y�c€~«RHghU	�ŠI•N®phƒ_^šr°R•a¤R]c€rdrdUOW_U•uwU”³

`_xmaf^VUŒph\JaVcd~•R]rdUH‰
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\_c l„UtrdT�‰Scdr•u©R]ƒ„a•~•phcd`JTFW_U•K•~•TeUtoŒ\£p]ƒ_^j\J^VstWJcd^VUŒr°R•o�r°R]TeTVUŒW•Y�ƒJ`_U

`_phƒ ?hUtr€rdU˜c€~«RHghU]I 4„U�rdph`•o�UtTQ\SRH^fR]~•…�aV^VUtT�‰]r€UBafU�Tea†W•Y§ƒ_`_UXcd~•R]ghUvcd~•\_rdc€¥nƒJUBrdR•\_^Vp]\SR]g™RHaVcdph`qW_U

7 9•uwUt`Jx�af^eUtT{WSR]`_T¡r›Y�U�`_TVU�~•Ž_rdUOW•Y�R]^eŽ_^VU�Tt‰S\_ƒ_c€T¡r¦Y�R]W_W_c afcdp]` W_UtT
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?]UtomafUtƒJ^VT•WJUŒ\J^VphŽSRHŽ_cdr€c€afs�T

U�a{rdR•W_s�aVUt^V~•cd`_RHafc€ph`�W_ƒ¯~«R l„c€~•ƒ_~ \SR]^V~•cZr€UtT

M = 10
Teph~•~•UtTFp]ŽJafU�`nƒJUtTtI

“‚U aVUt~•\_T W_U otp]`_TeaV^Vƒ_omafcdp]` W_U ~•p„WJ…trdU UtTea¯r€ƒ_cšR]ƒ_TeTVcšW_s�\£U�`_WSR]`™aŸW_U r°R afR]cdr€rdU¯W_UtT

uwUt`Jx�af^eUtTj~«R]c€TFW_UŒ~«R]`Jcd…t^eUO~•phc€`_TFW_c€^VUtomafUHI $+?hU�oœW_U�T{uwU�`_x�aV^VU�T•W_UŒ\£Umafc afUtT¡a¤RHcdrdr€UtT�‰Jotp]~•~•U
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•wcdo�c£RHgh^fR]`JW_cdU�TB\–phƒ_^B\_rdƒ_TvW_U ?nc€TVcdŽJcdrdc afs’‡

\_c lJU�rdTFU”l„aV^fR]c afUš\–phƒ_^¡o¤PSR]o�ƒ_` WJUtT¡o¤P_c€­£^VU�T 'J‰ 9ªU�a��JI

4� 4
\_c l„UtrdT�‰krdU†afUt~•\_T®W_UXo�ph`_T‹af^VƒJo�afc€ph`•U�Teazu©RHcdŽ_r€UvotR]^®rdUv`_ph~•Ž_^eUB~•R l„cd~œƒ_~ W•Y�RHaVaV^Vc€Ž_ƒJafT�‰]y
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o’RH`_W_cdW_RHafT}yjo�ph`_TVc€W_st^eUt^}UtTeazW_UBafR]cdr€rdUQ^estW_ƒ_c afUHIH“QY�R]rdg]ph^Vc afP_~•U]‰ŠR’žhR]`™a—^fRH\_cdW_U�~•U�`™az\SRH^Votp]ƒ_^Vƒ

afp]ƒJafU•r°R�rdc€TeaVU]‰‚^VU�` ?hphc€U«rdUª~•Utc€rdrdU�ƒ_^•aVUtTeaqphŽJaVUt`bƒ•I}“‚U•aVUt~•\_TqWJU•o�ph`_TeaV^Vƒ_omafc€ph` R]ƒJgh~•U�`™afU

R]r€ph^VT(*eƒ_TV¥bƒ•Y�y ƒ_`JU«otU�^eafR]cd`_U•a¤R]c€rdr€U•W_U•uwU�`_x�aV^VUtTœ\_ƒ_cdTe¥bƒ_U«rdR¯r€cdTeaVU•WZY[RHaeaf^ecdŽ_ƒJaVTqT�Y[RHgh^fR]`JW_c€at‰
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\_r€ƒ_T˜u©R]cdŽJrdU]I
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otc€TVc€ph`•~«RHcdTz\–phƒ_^e^fR]c a—W_U ?hU�`_cd^†^Vs�W_P_c€Ž_c€aVphcd^eUBU�`ªaVUt^e~•U�TQW_UFafUt~•\_T—WJU{otR]rdo�ƒ_r¦‰ Ut`ª\SRH^eafc€otƒ_r€cdU�^

\–phƒ_^Xr›Y[RH\_\_^VU�`™afcdTeTfR]g]UjW_ƒ«~•pnW_…tr€U]I��F“‚UjafR]ƒ„l•W•Y§Ut^V^eUtƒ_^X`_U•W_c€~•c€`bƒ_U¡\SR]T˜o�ph`_TVc€W_st^VR]Ž_r€Ut~•Ut`™a

rdp]^VTV¥bƒ•Y§ph` ƒ„afcdr€cdTeU{\Jrdƒ_TBW_U 7 'qR]^VŽJ^VUtT•i :Ocd~•R]ghUtTvTVƒJ\_\_rds�~•U�`™a¤R]c€^VUtTBTVƒ_^.7 '�'�'0'qTVp]`baXotph^e^VU�om³

afU�~•U�`™aqo�r°R]TeTVs�UtT••
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W•Y§Ut^e^VU�ƒ_^¤‡šRY?hU�o
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R]^VŽJ^VUtTO\SRH^š^fR]\_\–ph^‹aŒy r›Y�ƒ„afcdr€cdTVRHafc€ph`ŸWJU

7 'ªR]^eŽ_^VU�Tœ•›K„I39�g�
 WZY�U�^V^VU�ƒ_^¤‡”I

/Q` otph`JotrdƒJTVcdp]`•‰‚`_p]aV^VU•`_phƒ�?]Utrdr€U«RH\_\_^Vpno¤P_U•rdpno’R]r€UªR]~•strdc€ph^VU•r€stgh…�^VU�~•U�`baŒrdR¯\_^esto�cdTVc€ph`

W_U�TzR]^eŽ_^VU�T®R]rdstRHafphc€^VU�T‚TVƒ_^|otUv\_^ephŽ_rd…�~•UQ~•R]c€T‚Utrdr€U—^VU�TeaVUvaVphƒJafUmuwphcdT‚r€stgh…�^VU�~•U�`ba®c€`Juwst^ecdUtƒJ^VU†R]ƒ
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¬jpHaf^VUv~•s�afPJp„W_Uv^VU�TeaVU˜R]ƒ_TeTVcnUt`„³ W_UtTeTVphƒJTQW_UtT}\£U�^euwph^e~«R]`JotUtT®W_U a�� &Œ¬d']G en¥bƒ_c„Rj^Vs�otU�~•~•Ut`™a
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“‚UjafR]ƒ„l«W•Y�U�^V^eUtƒ_^BphŽJafU�`bƒ RM?]Utošo�U�aVaVU‘W_c€~•U�`_TVc€ph`•WJU•uwUt`_xmaf^eUtT˜U�TeaFW_p]`_o•Ž_c€Ut` ~•Utc€rdr€Utƒ_^Q¥bƒ_U

otU�rdƒ_cF^estTeƒ_r€afR]`™a•WJU¯r›Y[RH\_\_rdc€o’RHaVcdph` W_UtT•R]^eŽ_^VU�T•RHrds’R afphc€^VUtT•Teƒ_^ªrdU�T•c€~«RHghUtT•g]rdphŽSRHrdUtTœp�� r€U
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•©U�` ŽSR]TOy g™R]ƒJo¤P_UŠ‡”‰•r°R«o�phƒ_^eŽ£U•W_ƒ aVUt~•\_T‘W•Y�R]\_\_^eUt`™afc€TVTVR]ghU•~•ph`™af^VUqaf^V…�TšotrdR]cd^eUt~•Ut`™a‘¥bƒ_U

r¦Y�R]r€ghph^Vc afP_~•UšW_U•o�ph`_T‹af^VƒJo�afc€ph` W•Y�R]^VŽJ^VUtT‘R]rdstRHafphc€^VU�T•R W_Uœ\_rdƒ_TjUt` \_r€ƒ_T•W_Uœ~«R]r}y•aV^Vphƒ�?]Ut^
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/Q` U�­£U�a’‰–`_phƒJTšRY?hph`_T•^VU�aVUt`bƒ ƒ_` `_p]~•Ž_^VUqW•Y�R]^VŽ_^eUtT

T = 10
\–phƒ_^jo¤PSR]¥bƒ_U•\_^ephŽ_r€…t~•U]I

�‘ƒSR]`™aqR]ƒ `_ph~•ŽJ^VU

Nw
WJUªuwU�`_x�aV^VU�TqW•Y�R]\_\J^VUt`™aVcdTVTVR]ghUH‰‚cdr—U�TeaŒW•Y§ƒ_`_U•otUt`™afR]cd`_UªW_Uª~•cdr€rdcdU�^VT

\–phƒ_^Cg•\_^ephŽ_r€…t~•UtT˜Teƒ_^FG_‰JrdRœa¤R]c€rdr€U{WJUšr¦Y§sto¤PSR]`™aVcdrdr€ph`«WJUšŽSR]TVUšWJƒ¯\J^VphŽ_r€…t~•U $ ¬ , 4+* *eƒJTeafc ³

±ˆR]`™a{ƒ_`_U ?HR]rdU�ƒ_^¡\_rdƒJT{s�rdU ?hstUHI£²XUtT•WJUtƒ„l¯\SRH^fR]~•…�aV^VUtT¡\–Utƒ�?]Ut`™a‘\J^VUt`JW_^VUŒW_UtT�?HR]rdU�ƒ_^VT¡\_r€ƒ_T
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$•ƒ Teƒf*eU�a•W_U«rdR afR]cdr€rdU•W_U�TœuwUt`_xmaf^eUtTt‰}Ž_cdU�` ¥bƒ_U `Jphƒ_Tœ`ZY[R’žhp]`_T•\SR]Tq~•c€TŒU�` \_rdR]otU•ƒ_`_U
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W•Y§Uml„sto�ƒJafU�^j`Jp]af^eUOR]rdghp]^Vc€aVP_~•U•TVU�rdph`�WJc€­£st^VU�`™afUtT¡a¤RHcdrdr€UtTvW_UšuwUt`_xmaf^eUtT¡U�a{W•Y§Ut` s`?HR]r€ƒ_Ut^Fr›Y�c€~ª³
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`_phƒJTBr›Y[RY?hp]`_T†W_c€at‰hcdrS`_U¡TeUt~•Ž_r€U¡\SR]T†s`?ncdWJUt`™aX\–phƒ_^†ƒ_`•Pbƒ_~•R]cd`ªW_U{^VU�otph`_`_R��daV^VU¡W_UtTvo¤P_c ­Z^eUtT

TVƒJ^FŽSR]TVUOW_U‘uwU�`_x�aV^VU�T¡aV^Vph\�\–U�aVc€aVUtTt‰JU�a¡cdr£Ut` UtT‹a{W_Uš~•x�~•U•\£phƒJ^˜`_p]aV^VUš~•s�afPJp„W_UHIP3œY�R]ƒJaV^VU

\SR]^‹a’‰®rdph^eTV¥bƒ_U•rdUtTq~•pHafc€uwTOW•Y§ƒ_`_U«cd~•R]ghUª`_U«TeU ^Vs�\£…mafU�`ba•\SR]T•y¯W_UtTœ\£phTec€aVcdph`_TŒcdWJUt`™afc€¥nƒJUtT

W•Y§ƒ_`_U¯cd~•R]ghU�y r¦Y�R]ƒJaV^VUH‰Qphƒ U�`_otp]^VU¯rdph^eTV¥bƒ_U r¦Y§str€st~•Ut`™a•y¨^eUto�ph`_`SR��€af^eUŸR ƒ_`_U�uwph^e~•U ghs”³

`_s�^fR]r€U«U�a��Hphƒ ƒJ` otph`™aVUt`bƒ 2SUml„c€Ž_rdUH‰}c€rvU�Tea•\J^VphŽSRHŽ_rdU�~•U�`baœ\_rdƒJTqph\J\£ph^‹afƒ_` W•Y�ƒ„afcdr€cdTeUt^Œƒ_`_U

a¤RHcdrdr€UœW_U•uwU�`_x�aV^VUª\£Umafc afU•^VU�r°RHaVc@?]Ut~•Ut`™aŒy�r°R«a¤RHcdrdr€UœW_Uªr›Y�s�rdst~•Ut`™at‰•otUª¥bƒ_Uª`_phƒ_TŒRY?hp]`_Tqp]Ž„³

TVU�^�?]s \£p]ƒ_^ªr°R otr°RHTVTVc ±So’R afcdp]` WJUŸafU”lnafƒ_^eUtTtIBNzRH^«R]c€rdr€Utƒ_^eTt‰—sma¤R]`™a•W_ph`_`_sŸr°R W_c)?hUt^eTVc afs¯W_UtT

phŽ *eUmafT•y¨^eUto�ph`_`SR��€af^eUŸRHƒ TeUtcd` W•Y§ƒ_` ~•xt~•U�\_^ephŽ_rd…�~•UH‰Qcdr˜\–phƒ_^e^fR]c aªx�aV^VU cd`™afs�^VU�TVTfRH`ba«W_U

otp]`_TVc€W_st^eUt^F\_r€ƒ_TVc€Utƒ_^eTXa¤R]c€rdr€UtT†W_U‘uwUt`Jx�af^eUtT�‰SotUt^‹a¤R]c€`_T˜phŽ�*eU�afTFTeUšW_cdT‹afc€`_ghƒSR]`™aX\SR]^˜r€Utƒ_^vuwph^V~•U

ghs�`_st^VR]rdUH‰–WZY[R]ƒ„af^VU�T•\SRH^{r€Utƒ_^¡afU”lnafƒ_^eUœphƒŸ\_rdƒ_T{\–U�afc afU�Tj^estghc€ph`_T¡\SR]^‹afcdo�ƒ_rdc€…t^eUtTtIˆ¬{phƒ_T{W_s`?]Um³

rdp]\_\£U�^Vph`JT˜otUmaVafUšc€W_stUORHƒ�TVUtc€` W_ƒ�o¤PSR]\_c af^eUšTVƒ_c)?]RH`baO•©TVU�o�aVcdph` �„I§G_I 7k‡mI /†`„±S`•‰_c€rZUtT‹a{y•`_p]aVUt^
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otƒJ`_U¡R]WSR]\„a¤RHaVcdph`•`ZY�U�Tea†`_s�otUtTeTfR]c€^VU¡\–phƒ_^—U”l„aV^fR]c€^VU˜WJUtT—uwUt`Jx�af^eUtTQ^eUto�afR]`_ghƒJr°R]c€^VUtT�I�`{`_UFŽ_^V… ?hU

s�aVƒ_W_U a3$ R]PP']G e‚`•Y�R•o�Ut\–Ut`_WSRH`ba{\SRHT{~•cdTXUt`¯s`?ncdW_U�`_otUOr›Y[R]~•str€cdph^VRHafc€ph`ªW_ƒ a¤R]ƒ„l W•Y§Ut^V^eUtƒ_^jy

r¦Y�R]c€W_U‘W_UO¥bƒ_Utr€¥bƒ_UtT¡a¤R]c€rdr€UtTXWJUOuwU�`_x�aV^VU�Tj^eUto�afR]`_ghƒJr°R]c€^VUtT�I

� O�N
S�_ Q	� O�
�U�W
��KYJZG+[

� \_^eph\£p]T«W_ƒ aVUt~•\_T W•Y�R]\_\_^eUt`™afc€TVTVR]ghU Uma�W_U \_^estW_c€o�aVcdph`•‰v`_phT«Uml„\£s�^Vc€Ut`_o�UtT�ph`™a�smafs

^VstR]rdc€TVs�UtT•Teƒ_^•ƒ_` ph^eW_cd`_RHafU�ƒ_^•W_U ghR]~•~•U•\£U�^VTVp]`_`_Utr€rdUH‰zU�a•`_p]af^eU otpnW_U WJU�^VUto¤PJUt^Vo¤PJU¯`ZY[R

\SR]Tqs�aVs ph\JaVcd~•cdTVsHI ,µrB`Jphƒ_T•TeUt~•Ž_r€U«¥bƒ_U r€U•aVUt~•\_TœWJU«\_^estW_c€o�afc€ph` U�Tea•\Jrdƒ_Tqotph`™af^VR]cdg]`SR]`™a

¥bƒ_Uœr€UŒaVUt~•\_T{W•Y[RH\_\_^VU�`™afcdTeTfR]g]U•\£p]ƒ_^jŽ–U’RHƒ_otphƒJ\ W•Y§ƒJafc€rdc€TfRHaVcdph`_TF\J^fRHaVcd¥bƒ_UtTjW_UŒr¦Y�R]\_\_^ep„o¤P_UHI

NzRH^Xotp]`baV^VUH‰JTVc–ƒ_`�T‹ž„T‹af…�~•U‘WJU•otrdR]TVTec€±SotRHafc€ph`•W_phc€aB^VstR]ghc€^XyŒr¦Y�Rh*ephƒJavuw^Vs�¥nƒJUt`™a¡W_U•`Jphƒ�?hU�rdr€UtT

otrdR]TVTeUtT¡W•Y§cd~•R]ghU�Tt‰_r€U‘afUt~•\_T¡W•Y�R]\_\_^eUt`™afc€TVTVR]ghUOW_U`?nc€Ut`™a•WJstotc€TVc u}s�g™R]r€Ut~•Ut`™a’I

“|R¡\J^VstWJcdo�aVcdph`•W•Y�ƒJ`_UQuwUt`_xmaf^VUvRY?hU�o†ƒ_`ŒR]^VŽ_^eUQ^VU�¥nƒJcdUt^‹a|Ut`O~•pkž]Ut`_`JUvTeUtƒ_r€Ut~•Ut`™a

O(logNw)
afU�TeaVT •wo¤PSR]otƒJ` cd~•\_r€cd¥bƒ_UœrdR�otph~•\SR]^VR]cdTeph` W•Y§ƒ_` o�ph~•\£phTVR]`™aŒW_Uª\_c l„UtrQWJU•o�U�aeafUªuwUt`_xmaf^VU•y
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ƒ_`¯TVU�ƒ_cdr°‡BU�a{^VU�TeaVUqW_p]`_oO^fR]\_c€W_Uš~•xt~•Uš\£phƒJ^Fƒ_`Ÿg]^fR]`_W `_p]~•Ž_^VUšWJUOuwU�`_x�aV^VU�TtI

“‚ph^VT{W_Uœ`JphTjU”l„\£s�^VcdU�`_otU�Tt‰£`_phƒ_T•RM?]ph`_T•y•\_r€ƒ_TVc€Utƒ_^eT{^eUt\_^ecdTeUtT•Tephƒ_r€cdgh`_sO¥bƒ_UqrdUO`_ph~•ŽJ^VU

W•Y�R]^VŽJ^VUtT

T = 10
R]TVTeƒ_^fRHc€aqƒ_`_U«o�Ut^‹a¤R]c€`_U«T‹a¤R]Ž_c€rdc afs•W_ƒ afR]ƒ„l¨W•Y§Ut^e^VU�ƒ_^t‰}~«R]c€TOƒ_` `_p]~•Ž_^VU

~•phcd`_TœstrdU ?hs�W•Y�R]^eŽ_^VU�T •�*eƒ_TV¥bƒ•Y�y ƒ_` TVUtƒJr¡R]^VŽ_^eU�\£p]ƒ_^ª¢�`.*0/21O‡•Teƒ�.ªa•\_R]^euwphc€T•\–phƒ_^•RHa‹³

afU�cd`_WJ^VU‘ƒ_`�~•xt~•U•afR]ƒ„l«W•Y�U�^V^eUtƒ_^�IP`{aVcdrdc€TVU�^B~•phcd`JTXW•Y�R]^VŽJ^VUtTF^estW_ƒJc€a˜r€U•afU�~•\JT˜W•Y�R]\_\_^eUt`™afc€T‹³

TfRHghUXUmazr€UvaVUt~•\_TzW_Uv\_^estW_c€o�afc€ph`•Ih,µrbUtT‹a†R]ƒ_TeTVcnUt` ?ncdTfRHghU’R]ŽJrdU]‰k\–phƒ_^®ƒ_`_UFRH\_\_rdc€o’RHaVcdph`šWJph`_`_s�U]‰

W_U¡^VstR]rdc€TVU�^zƒ_`•R]\_\_^eUt`™afc€TVTVR]ghUFcd`Jot^Vs�~•U�`™a¤R]r_oHY�U�Tea‹³´y ³ W_cd^eUFW•Y[R *ephƒJafU�^QW_UtTvR]^eŽ_^VU�T†Ut`ªotphƒJ^VT†W_U

^Vp]ƒJafU•U�` uwp]`_o�aVcdph` W_U�TOUt^V^eUtƒ_^eTOW_U•^VU�otph`_`_R]cdTeTfR]`_o�U]I|“QY�R]rdghp]^Vc€aVP_~•Uqp]­£^VUœW_ph`_oªŽ–U’R]ƒ_o�phƒ_\

W_UO\–phTVTecdŽ_c€rdc€aVstTB\£phƒJ^{WJcd~•cd`bƒ_Ut^XrdUtT˜aVUt~•\_T¡W_UOo’R]r€otƒ_r›I

NzR]^zR]cdr€rdU�ƒ_^VT�‰Šr°R¡~•smafP_pnW_Uv\£U�ƒJa—xmaf^VUvu©R]otc€rdU�~•U�`ba®\SRH^fR]r€rdstr€cdTestU]‰’R]ƒ_TVTecJŽ_c€Ut`q\£phƒJ^}rdR{\_P_R]TVU

W•Y�R]\_\_^eUt`™afc€TVTVR]ghU•¥bƒ_U•\–phƒ_^jr°R«\JPSR]TVUœW_UqaVUtTeatI•N®phƒ_^‘r›Y[R]\J\_^VU�`baVcdTeTfR]ghUH‰£rdR•o�ph`_TeaV^Vƒ_omafc€ph` W_U

o¤PSR]¥bƒ_UqR]^eŽ_^VUšsma¤R]`™a¡cd`JW_st\–Ut`_W_R]`™afUOW_UtT{R]ƒ„af^VU�Tt‰Sc€rdTX\–Utƒ ?hUt`™ajx�aV^VUOotph`JTeaf^eƒ_c€aVTFUt`¯\SR]^VR]rdr€…trdU

\–phƒ_^{R]ƒJafR]`™a•¥bƒ_UŒo¤PSR]¥bƒ_U•\J^VpnotUtTeTVƒ_T•R]c€a{RHotot…�T‘yªr¦Y§sto¤PSRH`baVcdr€rdph` W•Y�R]\_\_^eUt`™afc€TVTVR]ghU]I–N®phƒ_^{r°R

\_PSRHTVU WJU \_^estW_c€o�afc€ph`•‰Qƒ_` \_^VpnotU�TVTVƒJT \£U�ƒJa�RH\_\_rdc€¥bƒ_Ut^ªr°R ^V…�ghrdU¯W_UŸW_sto�cdTVc€ph` W•Y�ƒJ` R]^VŽJ^VU

yŸr›Y�U�`_TVU�~•Ž_r€U•W_U�TœuwUt`Jx�af^eUtT�II`{`_U R]ƒ„af^VU«R]\_\_^ep„o¤PJU«otp]`_TVc€TeafU«y RHaeaf^ecdŽ_ƒ_U�^œy¯ƒ_` \J^VpnotUtTeTVƒ_T

r¦Y�R]\_\JrdcdotRHafc€ph` W_U r›Y�U�`_TVU�~•Ž_rdU•W_U�TªR]^VŽ_^eUtT•yŸƒ_` TVp]ƒ_T‹³ Ut`_TeUt~•Ž_r€U W_U�TœuwUt`_xmaf^eUtT•W_U r›Y�c€~«RHghU]I

`j`JU•R]\_\_^ep„o¤PJU•PbžnŽ_^ecdW_UœUtTeaOU�` ?„c€TfR]g]U’R]Ž_r€U]I 3‘R]`_T•aVphƒ_T‘r€UtT‘otR]Tt‰£r°R«\J^VstWJcdo�aVcdph` W_U•r¦Y§cd~•R]ghU

TVU{^VstR]rdc€TVU˜U�`«o�ph~•Ž_c€`SR]`™a†rdU�T ?hUtomafU�ƒ_^VTBW_Uj\J^VphŽSRHŽ_cdr€c€afs�TzotR]rdo�ƒ_rds�Tv\_R]^Qo¤PSR]¥bƒ_Uj\_^VpnotU�TVTVƒJTji™c€r

TtY�R]ghc azWZY[R]WJW_c€aVcdph`_`JUt^|rdU�T}s�rdst~•Ut`™aVTzW_U�T

T � (Wx � w1) � (Wy � w2)
?hU�o�afU�ƒ_^VTQWJUXW_c€~•U�`_TVc€ph`

M
\_ƒ_cdT¡W_UO^eUto¤P_U�^Vo¤P_U�^•rdUš~•R l„cd~œƒ_~ oHY�U�Tea‹³´y ³ W_cd^eUšr°R•otrdR]TVTeUOr°R•\_rdƒJTF\_^VphŽ_R]Ž_rdUHI

$ R]c€T˜RY?HR]`™aFW•Y§Ut` ?ncdTfRHghUt^˜rdRœ\SR]^VR]rdr€str€cdTfR afcdp]`•‰]`_p]ƒ_T˜\_^estTVU�`™afUt^eph`_T¡R]ƒ�TeUtc€` W_U‘rdRqTVU�o�aVcdph`

G_I§G W_Utƒ„l R]\_\_^ep„o¤P_U�TO¥nƒJcQ^VstWJƒ_cdTeUt`™aŒotph`_TecdW_s�^fR]ŽJrdUt~•Ut`™aOr€UtT‘afU�~•\JTšW_Uª\_^Vs�W_cdomafcdp]` TVƒ_^Oƒ_`

~•RHafs�^VcdU�r£aVUtr‚¥bƒ_UŒotUtr€ƒ_c•¥bƒ_UŒ`_phƒ_T{RY?hp]`_Tjƒ„afcdr€cdTes]I

�

K G W���^�E�ORQ � N G Q ��CZO

NzR]^Fo�ph`_T‹af^VƒJo�afc€ph`•‰_r€U‘`_ph~œŽ_^VUšW_Uš` �ŒƒJW_T¡WSR]`_TFƒ_`¯R]^eŽ_^VUšWJUšW_sto�cdTVc€ph`�otp]`_TeaV^Vƒ_c aFTVU�rdph`

r¦Y�R]r€ghph^Vc afP_~•UQKnILKFUtT‹azŽ–ph^V`JsB\SRH^

2� Nw � 1
Ih3‘R]`_T}`_phT®Uml„\£s�^Vc€Ut`_o�UtTt‰ \–phƒ_^|o¤PSR]¥bƒ_UB\_^VphŽJrd…t~•U

U�aœ\£p]ƒ_^œo¤PSRH¥nƒJU a¤R]c€rdrdU•p]\Jafc€~«R]r€U•W_U«uwU�`_x�aV^VU]‰}rdU•`_ph~•ŽJ^VU«WJU«`��Oƒ_W_TœWSR]`_T•ƒJ` R]^VŽJ^VU«`ZY[R

\SR]TŒW_s�\SR]TVTes K0'�'0'�'�'JI|²XP_R]¥bƒ_U R]^eŽ_^VU•\–UtƒJaœx�af^eU•^eUt\_^estTeUt`™afs \_R]^qƒJ` a¤RHŽ_rdUtR]ƒ WJU•`��Oƒ_WJTtI

²XPSR]¥bƒ_U{`��Oƒ_W•W•Y§ƒ_`«RH^VŽ_^eU{o�ph`™afc€Ut`™a g ?HR]r€Utƒ_^eTFi™ƒ_`•`bƒ_~•st^epqWZY[RHaeaf^ecdŽ_ƒJa¡•©r¦Y�RHaeaf^Vc€Ž_ƒJaQƒ„afcdr€cdTes

Ut` o�UŒ` �ŒƒJW¯\–phƒ_^Fr€U‘afU�Tea”‡”‰_ƒ_`¯TVU�ƒ_cdr†•wrdU‘TeUtƒ_c€r•W_UOW_c€TVot^es�aVcdTfR afcdp]` W_UOr¦Y�RHaVaV^Vc€Ž_ƒJa”‡”‰„ƒJ`¯c€`_W_U”l

?hU�^VT{rdUO`��Oƒ_W ±SrdT¡g™RHƒ_o¤P_UOphƒ¯ƒ_`Ÿ`bƒ_~•st^ep•WJUqo�r°R]TeTVUOTVc|cdrZTtY�R]ghc€a¡WZY�ƒ_`¯`��Oƒ_W afU�^V~•cd`SR]r›I_“‚U

`_ph~œŽ_^VUjW_U•Ž™žbafU‘`JstotU�TVTVR]cd^eU‘\£p]ƒ_^BU�`_otpnW_U�^˜rdU{`bƒ_~•s�^Vp•WZY�ƒ_` RHaVaV^VcdŽJƒJavW_st\–Ut`_W�WJƒ `_ph~•ŽJ^VU

W•Y�RHaVaV^Vc€Ž_ƒJafT�‰ZoHY�U�Teae³µy ³µWJcd^VUqW_U•r°R•a¤R]c€rdrdUOW_U�T‘uwUt`_xmaf^eUtTOU�ašWJƒ¨`Jph~•Ž_^eU•W_U•otR]`SR]ƒ„l \SR]^‘\Jc l„Utr›I

¬jp]ƒ_T—RY?hp]`_T—ƒJaVcdrdc€TVs†W_U.7FyjG‘Ž™žbafU�TtIh²Xph~•~•Uv`_phƒ_T}^VUt\J^VstTeUt`™afp]`_TQrdU�Tz\_c lJU�rdT®\SR]^}W_UtT ?]RHrdUtƒJ^VT

W•Y§cd`™afU�`_TVc afsšUmaF¥bƒ_UOotUtr€rdU”³µotcH?HR]^Vc€U‘Ut`™aV^VU '•U�a{K1� �„‰Jr€UtTA?HR]r€Utƒ_^eT˜W_UšTVU�ƒ_cdr£\£U�ƒ�?hU�`™a•W_p]`_ošx�aV^VU

^VU�\_^Vs�TVU�`baVstU�T•\SR]^FƒJ`¯TeUtƒ_r‚Ž™žbafUHI

�

afR]`™a¡W_ph`_`JsŒrdRœotp]~•\_r€Uml„c€aVs‘W_U�T{~•pnW_…tr€UtTt‰Jr¦Y§cd`_W_U”l WJUšr°R

af^ephcdTecd…�~•U ?HR]rdU�ƒ_^•W_ƒ `��Oƒ_W WJphc€a•x�af^eU•Ut`JotpnW_s•\SR]^šRHƒ„³µ~•phcd`JT g Ž™žbafUHI *}p]ƒJafUmuwphcdT�‰ZrdUqotpnW_U

¥bƒ_UX`Jphƒ_Tzƒ„afcdr€cdTeph`_T‚Ut`JotpnW_UXƒ_`•R]^VŽ_^eUBTephƒ_T}r°RFuwph^V~•U†W•Y�ƒJ`œa¤R]ŽJrdU’RHƒqW_UG2Sp]aea¤R]`™afT�I 4„c„r›Y�U�TV\SRHotU

~•st~•phcd^eU{U�Tea¡^eUtTeaV^VU�cd`™a’‰„cdrˆUtT‹aFu©R]otc€rdUt~•Ut`™av\–phTVTecdŽ_r€U•W_U‘TVR]ƒ�?]Utg™R]^eW_Ut^FTeƒ_^˜W_c€TV¥bƒ_U‘r€UtTFRH^VŽ_^eUtT
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W_ƒ_^VR]`™aFr°RŒ\_PSR]TeU‘W•Y�R]\_\_^eUt`™afc€TVTVR]ghU]I_N}phƒ_^Br°Rœ\JPSR]TVU•W_U•afU�Teat‰Jph` \–Utƒ„aFo¤PSR]^eghUt^BUt`�~•st~•phcd^eU

ƒ_` R]^VŽJ^VU•y¯rdR uwphcdTšUmaœRH\_\_rdc€¥bƒ_Ut^OTfR ^V…�ghrdUªy r¦Y§Ut`JTVUt~œŽ_rdUªW_U�TŒuwU�`_x�aV^VUtT�‰|\_ƒ_cdTšaVp]a¤R]r€cdTeUt^‘r€UtT

\_^estW_c€o�afc€ph`_T�I

��^�I�JZ^�[�K O _

“|R•~•smafP_pnW_U•¥bƒ_Uš`Jphƒ_TFRY?hp]`_TF\_^Vs�TVU�`baVstUOTVƒJc€aFƒ_`�Teo¤P_st~•R•otrdR]TVTecd¥bƒ_UHI /Qrdr€U•TVU•otph~•\£p]TVU

W•Y§ƒ_`_UO\_PSRHTVUOW_UOW_s�aVUtomafcdp]`ŸW_UO^estghc€ph`_Tt‰„W•Y§ƒ_`_UŒW_UtTeot^Vc€\Jafc€ph`�W_UOotU�rdr€UtT‹³ otc•Uma{W_UOr°R•TeaV^fRHaVstghc€U

W_Uª^VU�otph`J`SR]cdTeTfR]`JotU]I}²XPSRHotƒ_`_U•W_U•otU�TŒsma¤R]\–UtTŒ\–phƒ_^V^VR]c€a‘x�af^eUª~•pnW_c€±_stU•U�aŒsmafƒ_W_c€stUHI|¬jp]aV^VU

W_smafUtomafc€ph` W_Uj^Vstg]cdph`_TvUtT‹a¡R]r€s’RHaVphcd^eU]‰™W_ph`Jojaf^e…tTB^fR]\_c€W_U]‰n~•R]cdT†cdrˆU�Tea˜U�` ?„c€TfR]g]U’R]Ž_r€U•W_U•^Vs’RHrdc ³

TVU�^Qƒ_`_UFsmafƒ_W_U¡o�ph~•\_R]^fRHaVc@?]UXW_UFW_c ­Zs�^VU�`baVTQW_s�aVUtomafUtƒJ^VTt‰b`_pHa¤R]~•~•U�`™a—Ut`•aVUt^V~•UtTzW_UF`_ph~•ŽJ^VU

W_Uª^Vs�ghcdp]`_TšUmlnaf^VR]c€aVUtTOU�aŒr€Utƒ_^šc€`_otc€W_Ut`_o�U•TVƒ_^ŒrdU•afR]ƒ„l W•Y�U�^V^eUtƒ_^�I /Q`_Teƒ_c€aVU]‰‚`_p]ƒ_TOW_sto�^Vc@?]ph`_T

rdU�TŒuwU�`_x�aV^VU�TœUmlnaV^fR]c afUtTqW_cd^eUtomafUt~•Ut`™aœyŸr›Y[R]c€W_UªW_UtT ?HR]rdU�ƒ_^VTŒW•Y§cd`™afU�`_TVc afs•W_UtTq\_c l„Utr€Tq¥bƒ_c†r€UtT

otp]~•\–phTVU�`™a’‰Jc€rˆUtTea˜otph`_o�U`?HR]Ž_r€U‘W•Y§s�aVƒ_W_cdU�^˜r¦Y§cd` 2Sƒ_Ut`JotU•WZY[R]ƒ„af^VU�TF^VU�\_^Vs�TVUt`™afRHafc€ph`_T˜o�phƒ_^fRH`baVUtT

•©o�ph~•~•UŒrdU�T•Nv²	$ phƒ 3š² *{‡m‰£Ut` \SRH^eafc€otƒ_r€cdU�^{Tec}r›Y�U�TV\SRHotU•~•st~•phcd^eUOUtTea•^VU�Teaf^eUtc€`bat‰£UmašW•Y§Ut`

s`?HR]r€ƒ_Ut^}rdU�T}o�ph`_TVs�¥bƒ_Ut`_o�UtTvTVƒ_^}r°R{\_^Vs�otcdTecdph`ZI /Q`J±_`•‰]W•Y�R]ƒJaV^VU�TQR]rdg]ph^Vc afP_~•UtT‚W•Y�R]\_\J^VUt`™aVcdTVTVR]ghU

\–phƒ_^V^VR]cdU�`™aF^VU�~•\_rdR]otU�^Fr°R•~•s�aVP_p„WJU‘W•Y§Ut`_TeUt~•Ž_r€UOW•Y[RH^VŽ_^eUtT{R]rdstRHafp]cd^VU�T˜otp]~•~•U‘rdU 1Bp„phT‹afc€`_g

¥bƒ_cZ\J^VstTeUt`™afU�^fR]c aF\–phTVTecdŽ_r€Ut~•Ut`™aXƒJ`_U‘rds�gh…t^eU‘R]~•str€cdph^VRHafc€ph`•W_ƒ afR]ƒ„l•W•Y§Ut^V^eUtƒ_^�‰JUmaFƒ_`_Ujotph~•³

\_r€Uml„c€aVs¯~•phc€`_W_^VU�WJUtT•~•pnW_…tr€UtT�‰†R]ƒ WJs�af^ecd~•Ut`™a•W•Y§ƒ_` aVUt~•\_TªW•Y[RH\_\_^VU�`™afcdTeTfR]g]U Ž–U’R]ƒ_o�phƒ_\

\_r€ƒ_TFrdph`Jg_I

“‚UtT‘^estTVƒJr€a¤R afT•¥bƒ_U•`Jphƒ_T‘RY?]ph`_TšphŽJaVUt`bƒ_TšRY?]Uto•`_p]aV^VUq~•smafP_pnW_UœWJU•ŽSR]TeU•TVph`™ajaf^V…�T‘\–pH³

TVc afc uwTt‰–~«R]c€Tjr›Y�smafƒ_WJU•W_U•o�UtT�?HR]^VcdR]`™afU�T‘\£p]ƒ_^V^VR]cdU�`ba•otph`JTeafc afƒ_U�^‘ƒ_` U”l„aVUt`_Tecdph` c€`baVst^eUtTVTVR]`™afU

W_UOotUšaV^fRY?HR]cdr›I

� N ^�EHO _ Q$O K ^$J@C@CFO _ Q+J���U�IVO�[�K O _

,µršUtT‹a cd`™afs�^VUtTeTfR]`™aŸW_U `_p]aVUt^�¥bƒ•Y�RY?hUto¨otUmaVaVU RH\_\_^Vpno¤P_U rdpno’RHrdU]‰vph` \–UtƒJa�aV^fR]c afUt^«W_UtT

cd~•R]ghU�T•WJUŸa¤RHcdrdr€UtTªW_c ­Zs�^VUt`™aVUtTt‰Botph`™aV^fR]c€^VUt~•Ut`™a«R]ƒ„l ~•smafP_pnW_U�T«W•Y�R]\_\_^eUt`™afc€TVTVR]ghU Teƒ_^«r€UtT

cd~•R]ghU�Tœghr€phŽSR]r€UtTq¥nƒJcXaf^VRM?HR]c€rdr€Ut`™aœU�` \£phTec€aVcdph`_TœR]Ž_Tephrdƒ_U�T•W_UtT•\Jc l„Utr€T•WSR]`_T•ƒJ`_U ~«RHaV^Vc€otU]I

“|R¯TeUtƒ_r€U•o�ph`™af^VR]cd`™afU•UtT‹a•¥bƒ_U•r°R�a¤R]c€rdr€U•W_UtTŒcd~•R]ghU�TOTVphc aqTeƒ_\–st^Vc€Utƒ_^eU«y¯r°R�W_c€~•U�`_TVc€ph` W_UtT

uwUt`Jx�af^eUtT�I
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“|RŸ\_PSRHTVU«WJU•\_^estW_c€o�aVcdph`¨W•Y§ƒ_`_U•cd~•R]ghU•\SR]^Œ`_p]aV^VU•~•smafP_pnW_U•otph`JTVcdT‹afU•yŸrdR \_R]^Vo�phƒ_^Vc€^

Ut`™aVcd…t^eUt~•Ut`™aŸ\SR]^ ghrdc€TVTeUt~•Ut`™a W•Y§ƒ_`_U uwUt`_xmaf^VU¨TVU�rdph` ƒ_` W_stotR]r°RHghU W•Y�ƒJ` \_c lJU�rOy rdR uwphcdT�I

*®phƒJafU�TOrdUtT‘uwU�`_x�aV^VU�TqW•Y§ƒ_`_U•afR]cdr€rdUœWJph`_`_s�U•Teph`™aŒW_ph`_oªotp]`_TVc€W_st^estUtT�I®NzR]^šo�ph`™af^VUH‰‚r°R \_P_R]TVU

W•Y�R]\_\_^eUt`™afc€TVTVR]ghU«o�ph`_TecdTeaVU«y¯Umlnaf^VR]cd^eU•ƒJ` `_ph~œŽ_^VU•^Vs�W_ƒ_c€aqW_UªuwUt`_xmaf^eUtTœ\_R]^V~•c†r¦Y§Ut`_TeUt~•Ž_r€U

\–phTVTecdŽ_r€UFW_U{aVphƒJaVUtTvrdUtTQuwU�`_x�aV^VUtTvW_U�TBc€~«R]g]UtTtI�`j`_U{cdW_s�U]‰™¥bƒ_cˆROs�aVs ?HR]r€cdW_s�UFWSR]`_Tvƒ_`_U¡s�aVƒ_W_U

\SR]^VR]rdr€…tr€U•y¯o�Utr€rdUm³ otc—Umaœ¥bƒ_U•`_phƒJTœRY?hp]`_TqTeƒ_\–Ut^�?nc€TVstU a%$ŸR]PP']G0e›‰|UtT‹aœW_Uª`_U•\SR]TŒotp]`_TVc€W_st^eUt^
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afp]ƒJafU�TBr€UtTQuwUt`_xmaf^eUtTvW•Y�ƒJ`_U•c€~«R]g]U˜W_U¡afUtT‹aX~•R]c€TQTVUtƒJrdUt~•Ut`™avƒ_`•TVphƒ_T´³µU�`_TVU�~•Ž_rdU{W_U{otU�rdrdU�T‹³ otc¦I

3•U�ƒ„l¯R]\_\J^Vpno¤P_UtTFph`™a¡smafsš\_^eph\£p]TVstU�TtI 3œY§ƒ_`_Uš\_R]^eat‰_r°Rœ~•pnW_c€±SotRHafc€ph`«WJƒ�\SR]TFP_ph^ec&%�ph`™a¤R]r£U�a

W_ƒ \SR]T ?]Ut^eaVcdotR]r•WSR]`JT{r€Uš\SR]^eotphƒ_^eTFTežnTeaVst~•RHafc€¥bƒ_UOW_UOr¦Y§cd~•R]ghU]I 3œY�R]ƒJaV^VUš\SR]^‹a’‰_r›Y�U”lnaf^fRHo�afc€ph`

R]r€s’RHaVphcd^eU]‰•y�r›Y�c€`_TeafR]^‘W_ƒ \_^Vpnots�W_sªƒJafc€rdcdTes•R]ƒ¨W_st\_R]^eaŒW_Uªr°R \JPSR]TVU•W•Y�R]\_\_^eUt`™afc€TVTVR]ghU]‰|W•Y§ƒ_`

`_ph~œŽ_^VUš^estW_ƒ_c a{W_UšuwUt`_xmaf^VU�T•RHƒ¯TeUtc€`ŸW_UOr›Y�c€~«R]g]U]‰notph~•~•U•cdrdr€ƒ_TeaV^Vsšy•rdRœ±Sghƒ_^eUŒGJI 7 :nI
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@BADCFE†G_I 7 : M�4vR]^VcdR]`™afU�\–phƒ_^ªr°R \_P_R]TVU¯W_U¯\_^Vs�W_cdomafcdp]` iQU”lnaf^fRHo�afc€ph` R]rdstRHafphc€^VU WZY�ƒ_` otU�^‹³

a¤RHcd` `Jph~•Ž_^eUœW_UœuwU�`_x�aV^VU�TšR]ƒ TeUtcd` W_U•r¦Y§cd~•R]ghUOy•otr°RHTVTVU�^••w\_^VU�~•c€Ut^{U�ašW_U�ƒ„l„cd…�~•Uq`_c@?]U’R]ƒˆ‡”‰

\_^eph\SR]g™R afcdp]`•W_UjotU�TBuwUt`Jx�af^eUtT˜W_R]`_TXr›Y�U�`_TVU�~•Ž_r€UjW•Y�R]^eŽ_^VU••waf^ephcdTecd…�~•U¡`_c)?hU’RHƒˆ‡m‰„R]W_W_c afc€ph`ªW_UtT

?hU�o�aVUtƒ_^eTXW_U¡\_^ephŽSR]Ž_c€rdc afstTzW_U

M
otrdR]TVTeUtT••©¥bƒSRHaV^Vc€…t~•UF`_c@?]U’R]ƒˆ‡”‰™\_^Vs�W_cdomafc€ph`•W_U{r°R‘otrdR]TVTeU¡\SR]^

^VU�o¤P_Ut^eo¤P_UœWJƒŸ~•R l„cd~•ƒJ~ •wotcd`J¥nƒJcd…t~•Uš`_c)?hU’RHƒˆ‡

,µršR smafs ~•ph`™af^VsŸWSR]`_T a3$ R]P-']G0e‘¥bƒ_U o�UtT�W_U�ƒ„l ~•s�aVP_pnW_UtT \–phƒ�?HR]c€Ut`™a WJcd~•cd`bƒ_Ut^•W_U

~•R]`_cd…�^VU `JU�aVaVUt~•Ut`™a•\£U�^Vo�Ut\JaVcdŽ_r€U rdU aVUt~•\_T•W_U \_^Vs�W_cdomafc€ph` •©\_ƒJcdTV¥bƒ_U ~•phcd`JTœW_U�uwUt`Jx�af^eUtT

TVp]`baŸ\_^eph\SR]ghs�UtTŸWSR]`_T¯rdU ~•p„W_…�rdU’‡«Ut` ~•R]c€`baVUt`SRH`ba¯ƒ_` a¤R]ƒnl W•Y�U�^V^eUtƒ_^ ?hphc€TVc€` W_ƒ a¤R]ƒnl
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W•Y§Ut^e^VUtƒJ^‘phŽJaVUt`bƒ \SR]^jƒ_` \SR]^eotphƒJ^VT‘U”lJP_R]ƒ_TeaVc€u†W_Uœr¦Y§cd~•R]ghU]IS²XU�aVaVU•s�aVƒ_W_U•R•s�afsœ~•U�`_stU•Teƒ_^

rdU�TFG•\J^VphŽ_r€…t~•UtTF¥bƒ_UO`_phƒJTjRY?]ph`_T{otph`_TecdW_s�^VsHI

N}phƒJ^šr°R«\_^eUt~•cd…�^VU•R]\J\_^Vpno¤P_U]‰Zƒ_`_U•~•p„W_c ±So’R afcdp]`Ÿ\_^eph\_^eUªy o¤PSR]¥bƒ_Uª\_^Vp]Ž_rd…�~•UqW_ƒ \SR]T

UtT‹aŒph\Jafc€~«RHrdU]I!,µrQTtY�R]ghc aOW•Y�ƒJ`_Uª~•pnW_c€±_o’RHaVcdph` WJƒ `_ph~œŽ_^VU•W_U•\_c lJU�rdTšW_UªW_s�o’R]rdR]ghUªWSR]`JTŒr€U

\SR]^eotphƒJ^VTšP_ph^ec&%�ph`™a¤R]r®U�a�?]Ut^‹afcdotR]rzU�`™af^VU•o¤P_R]¥bƒ_U•uwUt`_xmaf^VUHI‚“QY[RHrdghph^ec€aVP_~•UOW_U•Ž_R]TVU•\J^VstTeUt`™afs

\_^estots�W_Ut~•~•Ut`™a—R¡ƒ_`q\SR]T®P_ph^VcR%tph`™afR]r™W•Y§ƒ_`œ\_c l„Utr™U�a}ƒ_`q\SR]T+?hUt^‹afc€o’R]r™W•Y§ƒ_`q\_c l„Utr›I /Q`œ^Vs�TVƒ_~•s

W_UŒotUmaVafUŒs�aVƒ_W_UH‰–\–phƒ_^¡ƒ_`¯a¤R]ƒnl¯W•Y�U�^V^eUtƒ_^{TVU�~•Ž_r°RHŽ_rdUH‰_cdr‚U�Teaj\£phTeTVc€Ž_rdUšW_UŒW_c)?„c€TVU�^jRHƒ„³µ~•phcd`JT

\SR]^ g«rdUq`_ph~•ŽJ^VU•W_UquwUt`_xmaf^VU�T‘U�a‘W_ph`_o•r€UqaVUt~•\_T•W_Uœ\_^Vs�W_cdomafcdp]` W_UtT•cd~•R]ghUtT{TVƒJ^ $ ¬d, 46*

U�a•²F¢K,´“Z³�7 '0'J‰_W•Y�R]ƒ„³ ~•phc€`_T˜\SRH^{K �•TVƒ_^j¢�`.*0/21 U�a)*eƒ_Te¥nƒZY[y•G�'•uwphcdT˜Teƒ_^j¢-,j“QI

“|R TVU�otph`JW_U R]\_\_^ep„o¤PJU]‰v\SR]^ªafcd^VR]ghU¯R]r€s’RHaVphcd^eU]‰Q`_s�otUtTeTVc afU s�g™R]rdU�~•U�`™a«ƒ_` Rh*eƒ_T‹afUt~•Ut`™a

\–phƒ_^˜o¤PSRH¥nƒJUq\_^ephŽ_r€…t~•U]‰ncdotcZrdU‘\–phƒ_^eotUt`™afR]ghUšW_U‘uwU�`_x�aV^VUtT¡U”l„aV^fR]c afU�TFWSR]`_TFr›Y�c€~«R]g]UjW_UšaVUtTeatI

3•U�Tj^estTVƒJr€a¤R afTFTVc€~•c€r°R]c€^VU�TXy•r¦Y�R]\_\J^Vpno¤P_Uš\SR]^F~•p„WJc€±SotRHafc€ph` W_Uš\SRHT{Teph`™a{phŽJafU�`bƒ_T¡Ut` afcd^VR]`™a

R]r€s’RHaVphcd^eUt~•Ut`™a•W_R]`_T‘r›Y�c€~«R]g]UŒƒJ` `_ph~•Ž_^eUœW_UquwUt`_xmaf^VU�Tšotph^e^VU�TV\–ph`_WSR]`™aŒR]ƒ `_ph~•Ž_^eU•W_UœuwU”³

`_xmaf^VU�Tq¥bƒ_c†^estTVƒJr€afU•W_U•r°R�~•p„W_c ±So’R afcdp]` ph\JaVcd~•R]rdU•WJƒ \SRHTqW_Uª\SRH^Votp]ƒ_^VT�I $jƒJaf^eUt~•Ut`™aqW_c€at‰

ph`ŸphŽJafc€Ut`™a{ƒ_` afR]ƒ„l¯W•Y§Ut^e^VUtƒJ^•TVU�~•Ž_rdR]Ž_rdUŒRY?hU�oœU�` ?nc€^Vph`ŸG�'�
 W_U�TjuwUt`Jx�af^eUtT{afcd^estU�T•R]r€s’RHaVphc ³

^VU�~•U�`™aO\SR]^šcd~•R]ghUq\£p]ƒ_^�$ ¬d, 46*š‰ g � 
 \–phƒ_^O²F¢K,´“Z³�7 '�'J‰•G 
 \£p]ƒ_^O¢�`.*0/21•‰ g 
 \£p]ƒ_^

¢-,j“QI

²XUtT•^estTVƒJr€a¤R afT•~•ph`™af^eUt`™a•W_ph`Jo ¥bƒ•Y�c€rB`ZY�U�Teaª\SR]Tœ`_sto�UtTVTVR]cd^eU�W_U o�ph`_TVc€W_st^eUt^œaVphƒJaVUtT•r€UtT

uwUt`Jx�af^eUtT†W•Y§ƒ_`_U¡cd~•R]ghUB\£p]ƒ_^—\_^estW_c€^VU¡RY?hU�o{Teƒ_oto�…tTvTfRšotrdR]TVTeU]I�$+?hU�o{o�UtT ?HR]^VcdR]`™afU�Tt‰hc€r„W_U ?ncdUt`™a

\–phTVTecdŽ_r€U•WJU«otrdR]TVTeUt^qrdUtTŒcd~•R]ghU�TOW_U•o¤P_R]¥bƒ_U \_^ephŽ_rd…�~•U•y¯ƒ_` a¤RHƒ„l R]TVTeU"% s�rdU ?hs i|U�` ?nc€^Vph`

7 '�'0'Oc€~«RHghUtTQ\SRH^QTVUto�ph`_W_Uj\£p]ƒ_^ $ ¬d, 4+*š‰„K0'0'Oc€~«RHghUtTQ\–phƒ_^v²F¢K,´“Z³�7 '0'J‰ 7 '�'šcd~•R]ghU�TQ\£p]ƒ_^

¢-,j“Q‰ g�'œc€~«R]g]UtTX\–phƒ_^˜¢�`.*0/21•Iˆ²XUmaVaVU ?HR]^VcdR]`™afU•c€`™af^VpnW_ƒ_c aXWJUtƒ„l `_phƒ�?]U’R]ƒ„l \SR]^VR]~•…maf^eUtT

WSR]`JT•r€U�o’R]T•WJU¯rdR ~•pnW_c ±So’RHaVcdph` W_ƒ \SR]TŸ•©\–phƒ_^•r€U�W_stotR]r°R]g]UP?hUt^‹afc€o’R]r˜Uma•P_ph^VcR%tph`™afR]rD‡OU�a

ƒ_` `_p]ƒ�?hUtR]ƒ \SR]^fRH~•…maf^VU•WSR]`_TœrdU otR]T•W_ƒ aVcd^fRHghU«RHrds’R afphc€^VU •©rdU•\£p]ƒ_^Vo�Ut`™a¤R]g]U�W_U«uwUt`Jx�af^eUtT

UmlnaV^fR]c afUtT¡\SRH^V~•cZafphƒ„afUtT¡r€UtT˜uwUt`Jx�af^eUtT{\£p]TVTVc€Ž_rdU�T¤‡”I

����� � !#" �������0�
! "��

3‘R]`_TjotUŒo¤PSR]\_c af^eU]‰ˆ`_phƒ_TjRY?hph`JTj~•p]afc)?hsOU�aj\_^estTVU�`™afsœƒJ`_Uœ`_p]ƒ�?hU�rdrdUŒR]\J\_^Vpno¤P_UŒW_Uqo�r°R]T´³

TVc ±So’R afcdp]` W•Y�c€~«RHghUtT•\SRH^•r°R otp]~•Ž_cd`_R]cdTeph` W•Y§ƒ_`_U \SR]^‹a•WJU¯r›Y[RHrdghph^ec€aVP_~•UªW•Y�R]\_\J^VUt`™aVcdTVTVR]ghU

R]ƒJaVph~•RHafc€¥nƒJU•W•Y§Ut`JTVUt~œŽ_rdU�T•W•Y[RH^VŽ_^eUtTªR]r€s’RHaVphcd^eUtTt‰|Uma•W•Y�R]ƒJaf^eU \SR]^‹a•r¦Y§UmlnaV^fR]omafcdp]` R]r€s’RHaVphcd^eU

W_U«uwU�`_x�aV^VU�T•WSR]`_TœrdUtTqcd~•R]ghU�TtI}²XU�aeafU�R]\J\_^Vpno¤P_U r€p„otR]rdU•R smafs ~•p]afc)?hs�U•\SRH^œrdU�Tœ^estTVƒJr€a¤R afT

phŽJaVUt`bƒ_T•R]ƒ o¤PSRH\_c€aV^VUŒ\_^Vs�otstWJUt`™ašU�ajTVUqW_cdT‹afc€`_ghƒ_UOW_U�T‘R]ƒJaV^VU�T{aV^fRY?HR]ƒ„l¯W_Uq^VUto¤PJUt^Vo¤PJU•W_ph`™a

`_phƒJT˜RY?hph`JT˜\_^Vs�TVU�`baVs‘ƒ_` sma¤RHaBW_Ujr¦Y�R]^eatI /†r€rdU¡TtY§Ut`�WJc€­£st^VU�`_otc€UjU�TVTeUt`™afc€Utrdr€Ut~•Ut`™aB\SR]^vTfRœTecd~•³

\_r€cdotc afsOotp]`_otU�\Jafƒ_U�rdr€U]I /†r€rdUO`•Y§ƒJafc€rdc€TVUO\SR]T‘WJUœ\_^ep„o�stW_ƒ_^eUœs�r°R]Ž–ph^Vs�UqWJU•W_s�aVUtomafcdp]` W_U•\–phc€`baVT

W•Y§cd`™afs�^VxmafTt‰|rdR WJUtTVo�^Vc€\Jafc€ph` WJUtTOuwUt`_xmaf^VU�TœU�TeaŒaf^Vc)?nc°R]r€U]‰ZUmaŒr°R Teaf^VRHafs�ghcdU•WJU•^eUtotp]`_`SR]c€TVTfRH`_otU

UtT‹ašƒ_`_Uq~•smafP_pnW_Uq^Vsto�Ut`™afUœW_U•otrdR]TVTec€±SotRHafc€ph`¯¥nƒJcz^VU�\£p]TVUœTeƒ_^‘r›Y�ƒJaVcdr€cdTfR afcdp]` W•Y§ƒ_` Ut`_TeUt~•ŽJrdU

W•Y�R]^VŽJ^VUtT¡W_UOW_s�otc€TVcdp]`•I

¬jphƒJT•RY?hph`JTœ^VstR]rdc€TVsªƒ_`_U•s`?HR]r€ƒSRHafc€ph` TežnTeaVst~•RHafc€¥bƒ_U•WJU«otUmaVaVU«`_phƒ ?hUtr€rdU•R]\_\J^Vpno¤P_U«TeUm³

rdp]` TeUtTœWJc€­£st^VU�`™afTœ\_R]^fR]~•…�aV^VU�TŒUmaœo�UtrdRŸTVƒJ^qr€UtTŒ\_^VphŽJrd…t~•UtTŒW_s *Vy¯o�ph`_TVc€W_st^estTœR]ƒ o¤PSRH\_c€aV^VU
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\_^estots�W_Ut`™atI•“‚UtT ^estTVƒJr€a¤R afT phŽJaVUt`bƒ_TŸR]~•s�rdc€ph^VU�`ba `_U�aeafUt~•Ut`™a¯rdU�T a¤R]ƒnl W•Y§Ut^V^eUtƒ_^¯phŽJaVUt`bƒ_T

\_^estots�W_Ut~•~•Ut`™a�\SR]^•r°R¨~•smafP_pnW_U¯W•Y�R]^VŽ_^eUtT�RHrds’R afphc€^VUtTªTeƒ_^ rdU�T•c€~«RHghUtT•ghrdp]ŽSR]rdU�Tª\£phƒJ^�g

\_^ephŽ_rd…�~•U�T‘TVƒJ^šG_‰•U�aOr€stgh…�^VU�~•U�`ba‘\£phƒJ^šrdU•W_U�^V`_c€Ut^�I‚¬jp]aV^VU•~•s�aVP_pnW_U•ghst`Jst^Vc€¥bƒ_U•UtT‹aOotph~•³

\SR]^VR]Ž_r€UœTVƒJ^šotUtTš\J^VphŽ_r€…t~•UtTjŽ_cdU�` ¥nƒJU•rdstg]…t^VU�~•U�`™a‘cd`„uwst^Vc€Utƒ_^eU�•w\£phƒJ^�g \_^Vp]Ž_rd…�~•U�T•TVƒJ^šGb‡

R]ƒ„l•~•Utc€rdr€Utƒ_^eT—~•smafP_pnW_U�TvWJUjrdROr€c€aeafst^VRHafƒJ^VU]Ih¬jphTvUml„\–st^Vc€Ut`_o�UtTB~•ph`™aV^VUt`™av¥bƒ•Y§ƒ_` TVU�ƒ_rˆ\SR]^VR ³

~•…�af^eUOUtTeaj^Vs�Utr€rdUt~•Ut`™a¡W_smafU�^V~•cd`SR]`™a¡Uma•W_s�\£U�`_WSR]`™ajW_ƒ¯\_^VphŽJrd…t~•U•iˆr°RœafR]cdr€rdU‘W_U�T{uwU�`_x�aV^VU�TtI

“‚U�afUt~•\_TªW_U \_^estW_c€o�afc€ph` W•Y§ƒ_`_U¯cd~•R]ghU U�Tea•R]o�otUt\„a¤R]Ž_r€U TVƒ_^ªƒ_`_U ~•R]o¤P_c€`_U�otrdR]TVTecd¥bƒ_U W_U

Ž_ƒ_^eU’R]ƒZI





� ��� �����
	�� 


� �

� ����������� � � � ��� 	�� � ��������� �!� �"�

�$#��$	%�'&(����� � ��� )*�+��,"�
	����

�$	-� ��� )*� 	/. 0��1� ����02���3� ��	��+. �+�4�

5 � 
�!7698a
 ��

�;:J���=<a�9>C

�?>A@ �CBDB ��
�!a�$���
�	�FEC
 �G8C���H: ���$�I698�
/698a
 !#�H8 �J�GJ���!F�-B ���
�<
�!a���


�LK


��.
�!;BF���3�$�NMC8 �@� 
���� �;:J���O<a�9>C
T�GJ�
LM 
QPP�k�6�RM��$� ��!S>C
)� 
�!#"��k��

�LKTB �
�LBa�<�<
�!a�U>C�=VXW;8C!#
��<���Y8C�k� ��!

BF���3�k� 
�����
 �G8�B �����	�[ZC:J
\>C
.� �]M�� ���
��� ^_M����k� ��!;>A@ �O: �FEC

�LK !#�H8 �`>C�
��������!F� ���I8a>�� 
��1� �bBa�<�
���$�	���@�����

>A@ ��� ���cE�������
C8C�]ML<F�G:dBS>A@ �CBDB �@�NM����k� ��!Tegf���!F�hM

iML<F�CB ���$��
LK_!#�H8 ���CJ����Y8a��!F� � � �����98 ����

�
�<
h>C


�j@ �CBDB ���FML<a
 
�!kB ���
�<
�!�M

l>C
�Ba
��3�c8C���
���k� ��!F� �H8 �k�6��!F��� ���m: ���k� ��!F� !#��!nM
��!a�k�po����


�rqk�<
LM��k� ��!

s

e[t9uGelv]@ 

���cwxWGwx>�����
�698�
 !#�H8 ��M
��!F���I>C������!F� � � ��
LM
��!a! �����
�	��!�M

 �������3>C
 ML<F��!REC
C:J
�!a�y>C


Ba����!a�z>C
]JF8a
LK_>C
 ����� ���k� ��! �H8S>A@ �LML<a
�����
T{'� � ��
LM
��!a! �����
�	��!�M

�
�!rB �
�
�<
�!�M

i>A@ �FMLMC8C�@� ���k� ��!F�

BF���3�k� 
�����

� �H87>A@ 
�!�M
�H: �	��
C:J
�!a� ����!F���d698a
 � � �

LM
��!a! �����
�	��!�M

r>A@ ���cV 
����r:y8C�@�$�|B ��

�9e_} �H8 �

:J��!a�$�
��!F�h698�
 � �/:J���O<a�9>C
��GJ�
LM 
QPP�$���RM��$� ��!�>C
_� 
�!#"��$��

� 

���~B �Y8 � �����98 ����
i698�
 � �/J�
������ ��!

E������
����
/>C
J�
���<
9e_�\B �LZ
�?8C!#
 ��
CJF8�
r>C
 �j@ ��� ���d>C
 �j@ ���3�%>C
;:J���O<a�9>C

� �
���98 ����

�
�<
•qk�<
LM��k� ��!

s

e•€XuFK?!#�H8 �hB ���LBa�<�<��!F�?8 !#
hB ���FM
�j>G8 ��
 ���O:dB ��
k>C
yEC��!#���6���k� ��!‚>C
?� 
�!#"��k��

� �$����!F��� ���m:J�


�

Ba�H8C� �G:J���@� ����
�� 
�!�M
����
T� � �����98 ����

�
�<
i>C
A!#���k��
 �CBDB ���FML<a
lqk�<
LM��$� ��!

s

e|ƒGuGe

���F„ … � !3†��c‡  ��� ��� � !3† ��� �	�������

²Xph~•~•Uj`_phƒ_T˜r›Y[RY?]ph`_TA?nƒ•‰JWJUtTF\_^ephŽ_rd…�~•U�T ?HR]^ecdstTBW_UšotrdR]TVTec€±SotRHafc€ph`«WZY�c€~«R]g]UtTv\£U�ƒ�?hU�`ba

W_s *Vyjx�aV^VU†af^VR]c€aVstT®RY?hUtoBr°R¡~•smafP_pnW_U†¥bƒ_UX`Jphƒ_T}RM?]ph`_T}\_^Vs�TVUt`™aVstU]I /Q`•U�­£U�at‰ U�rdr€UQ\_^Vph\–phTeUBafU�rdr€U

¥bƒ_Utr€rdU•ƒ_`JU•Tephrdƒ„afcdp]` \SR]^eaVcdU�rdrdUœy�r°R�otrdR]TVTec€±SotRHafc€ph` W•Y§cd~•R]ghU�Tt‰•U�` \SRH^eafc€otƒ_r€cdU�^•Ut`¨\_^estTVU�`_otU

W•Y§cd~•R]ghU�T˜W_ph`™a{rdU�TFotph`_WJc€afc€ph`_T˜WZY[R]o�¥bƒ_cdTec€afc€ph`�TVp]`ba¡^eUtrdRHafc)?hUt~•Ut`™a¡Ž_c€Ut` otp]`baV^�
hr€stU�TtI-$jƒJaf^eUm³

~•Ut`™aOW_c€at‰•WSR]`JTšrdU•o’RHTŒp �¨r€UtT�?HR]^ec°RHaVcdph`_TjUt`™af^eUªrdUtTšc€~«RHghUtT‘WJUªaVUtT‹afTOU�aOW•Y�R]\_\J^VUt`™aVcdTVTVR]ghU

`_UOTVp]`ba{\SRHT¡aV^Vph\ c€~•\–ph^eafR]`™afU�TtI

¬jphƒJTQW_stTecd^Vp]`_TQ~«RHcd`™afU�`SR]`™a—s�r°R]^eghcd^®TVph`ªo¤PSRH~•\•W•Y�R]\_\JrdcdotRHafc€ph`•y‘WJUtTQ\_^ephŽ_rd…�~•U�T—p��•r€UtT

otp]`_W_c€aVcdph`JT{WZY[R]o�¥bƒ_cdTec€afc€ph`¯`_UqTeph`™a‘\SRHT{aVphƒJafU�T•o�ph`™af^�
]rdstU�Tt‰ˆo]Y§UtT‹ae³µy ³µW_c€^VUŒs�aVƒ_W_cdU�^¡r°Rª^VphŽ_ƒJT‹³

:1�



�H� ��� �$�����+�!%�&�� �$�-�Z� �!&������ �,��� �	�-������� �!�"�$#��!%�&�� �$�\. � ��1��!�����R�!�"�$��� .0&�� 
R( ���

afU�TVTeUjW_U¡rdR‘~•smafP_pnW_U¡yšW_UtTv\–Ut^eaVƒ_^VŽ_RHafc€ph`_TQphƒ•af^VR]`_T‹uwph^V~•RHafc€ph`_T—¥bƒ_cS\–Utƒ ?hUt`™aBTVU¡\_^estTVU�`™afUt^

Ut`¯TVc afƒSR afcdp]`_T˜^Vs�Utr€rdUtT�I

3‘R]`_T o�U�aeafU TeUto�aVcdph` `_phƒ_T \J^VstTeUt`™afp]`_T Ž_^Vc€…`?hU�~•U�`™a ¥bƒ_Utr€¥nƒJUtT af^VR]`_T‹uwph^V~•RHafc€ph`_T¯¥bƒ_c

\–phƒ_^V^VR]cdU�`™a•R ­ZU�o�afU�^jr€UtT¡`_phƒ ?hUtr€rdU�Tjc€~«R]g]UtTFW_ph`™ajcdr•u©R]ƒ„aj\J^VstWJcd^VUŒr°R•o�r°R]TeTVU]‰ˆ\SRH^j^VR]\_\–ph^eajy

W_U�Tjc€~«R]g]UtT˜W•Y�R]\_\J^VUt`™aVcdTVTVR]ghUŒR]o�¥nƒJcdTVU�TjU�`Ÿo�ph`_W_c afc€ph`_T��µ\_^Vph\J^VUtT	�¤I

� C)C �$NRJ [�^�KYJZG+[

3œY§ƒ_`_U�?nƒ_U«yŸr¦Y�R]ƒJaV^VUH‰‚rdUtTŒcd~•R]ghU�TOW•Y�ƒJ` ~•x�~•UªphŽ�*eU�aq\£U�ƒ�?hU�`ba•\_^Vs�TVUt`™aVUt^•W_c ­Zs�^VU�`baVUtT

cdr€rdƒ_~•cd`_RHafc€ph`_TtI�²XU�T}W_c ­Zs�^VU�`_otU�Tz\–Utƒ�?]Ut`™a—\_^epM?hUt`Jcd^®W_UBrdRF`SRHafƒJ^VU†W_UtT}phŽ *eUmafT®¥nƒJcno�ph~•\£phTeUt`™a

rdU�T•cd~•R]ghU�T •©p]Ž *eU�aVT•^Vs�2_sto¤P_c€TVTfRH`baVTt‰¡ItI�IL‡”‰—W_U�rdR \£p]TVc€aVcdph` W_U�r°R otR]~•st^fR UmaªW_U�r°RŸTVphƒ_^eotU

rdƒJ~•c€`_Utƒ_TeU••©R]ƒJaf^eUt~•Ut`™aFW_c a˜rdRœghstp]~•smaf^Vc€U•W_Ušr›Y�s�otrdR]cd^VR]ghU¡U�aFrdRœotp]ƒ_rdU�ƒ_^˜W_UšrdRœrdƒ_~•cd…�^VU’‡m‰bW_U

r¦Y§Ut` ?ncd^eph`_`_U�~•U�`™aš•wUt`«c€`™afst^ecdU�ƒ_^†phƒ•U”lnafst^ecdU�ƒ_^t‰bph~•ŽJ^VUtT�‰ˆItItI[‡m‰nW_ƒ•~•ph~•Ut`™a†p��•r¦Y�R]ot¥bƒ_c€TVc afcdp]`

UtT‹a ph\–st^Vs�U • *ephƒJ^t‰X`bƒ_c a’‰BTfR]c€TVph`_Tf‡mIF“‚U�T�~•smafP_pnW_UtT«W_U otrdR]TVTec€±SotRHafc€ph` ¥bƒ_c‘TeU ŽSR]TVU�`™aŸTeƒ_^

r¦Y�R]\_\_R]^VU�`_otU\?ncdTVƒJUtrdr€U W_UtTŸphŽ *eU�aVTŸ\–phƒ_^¯rdU�T ^VUto�ph`_`SR �daf^eU \–Utƒ ?hUt`™a WJph`_o¨x�af^eU¨aV^VphƒJŽ_rds�UtT

\SR]^{otU�T•\–Ut^‹afƒ_^eŽSRHafc€ph`_T�I£“QY§U�­£U�a•otph~•ŽJcd`_sOW_UŒafphƒ_T{otU�T‘o¤PSR]`JghUt~•Ut`™afTj`•Y§UtTea•\SR]Tjs`?ncdW_U�`™ašy

~•p„W_s�rdc€TVUt^�I

� I ^�[�_	CZ^ KYJ G [

N}phƒJ^ g W_U�TªG¨\J^VphŽ_r€…t~•UtT•o�ph`_TecdW_s�^VstT *eƒ_Te¥bƒ•Y[y¨\_^Vs�TVU�`bat‰QrdU�T•strds�~•U�`™afT•y ^VUto�ph`_`SR �daf^eU

•©o¤PJc€­£^VUtT�‰ ?ncdTVR]ghU�Tt‰Jp]Ž *eU�aVT¤‡BTeph`™aF\_rdƒJTXphƒ�~•phcd`JTBo�Ut`™af^estT¡R]ƒ TeUtc€`�W_UtT˜c€~«RHghUtTvW•Y�R]\_\_^eUt`™afc€T‹³

TfRHghUªU�aŒW_U•afU�Tea’I�/Q`¨otph`JW_c€aVcdph`_Tš^es’R]r€cdT‹afUtT�‰•rdU�TO~•smafP_pnW_UtTšg]rdphŽSRHrdUtT‘aVUtr€rdUtT•¥nƒJU•o�Utrdr€UtTš¥bƒ_U

`_phƒJT˜RY?hph`JTXƒJaVcdrdc€TVs�UtT†^Vc€TV¥bƒ_Ut`™aXW•Y�xmaf^eU•\–st`SR]r€cdTestUtTv\SR]^†ƒ_`«W_stotR]r°R]g]U{\Jƒ_cdTe¥nƒZY�U�rdrdU�TBTeU•ŽSRHTVUt`™a

TVƒJ^•W_UtTœ\_c l„Utr€T•y W_U�T•\–phTVc afcdp]`_TŒ±„lJU�TªR]ƒ TeUtcd` WJU r¦Y§cd~•R]ghUHI|“®RŸ~•smafP_pnW_U«r€p„otR]rdU•\SR]^qUmlb³

af^VR]o�aVcdph`•W_U¡uwUt`_xmaf^eUtT˜U�TeaBUtrdr€U¡\SR]^v\_^Vc€`_otc€\£U¡~•phcd`_T†R ­ZU�o�afs�U•\SRH^BrdROaV^fR]`_Ter°RHaVcdph`ZI™“‚ph^VTvW_U{r°R

\_PSRHTVU{W•Y[RH\_\_^VU�`™afcdTeTfR]g]UjUmaXW_U¡afU�Teat‰nWJUtT†uwUt`_xmaf^VU�TXTeph`™aBU”lnaf^fRHc€afU�TXRHrds’R afphc€^VUt~•Ut`™a†RHƒ•TeUtcd`•W_U

afp]ƒJafU‘r›Y�c€~«RHghU]I�3jUtT˜uwUt`Jx�af^eUtTFc€TVTVƒJUtT˜W•Y§ƒ_`_Uš`Jphƒ�?hU�rdr€U•cd~•R]ghU{\–Utƒ�?]Ut`™a¡W_ph`_o•otp�
¦`_otc€W_Ut^XRM?]Uto

W_U�T¡uwU�`_x�aV^VU�T{U”lnaf^fRHc€afU�TFrdph^eT˜W_UOr¦Y�R]\_\J^VUt`™aVcdTVTVR]ghUH‰_~•x�~•U•TVc•U�rdrdU�T˜`•Y§ph`™a{\SR]TFs�aVsšUmlnaf^VR]c€aVUtT{y

W_U�Tj\–phTVc afc€ph`_TFR]ŽJTVphr€ƒ_UtTFc€W_Ut`™afc€¥bƒ_UtT�I

�

W W
�$CFK ^ KYJ G [�_

“‚UŒ\JP_st`_p]~•…�`_UqWZY�pnoto�ƒ_r€afRHafc€ph` W_s�`_p]afUŒrdU‘u©RHc€aF¥bƒ•Y§ƒ_`_UŒ\SR]^‹afcdUšWZY�ƒ_`¯phŽ *eUma{\£U�ƒJa{`_UO\SR]T

x�aV^VU ?ncdTecdŽ_r€U]IHNzR]^†Uml„U�~•\_r€UFTVƒ_c afU¡R]ƒª\SRHTVTfRHghU¡W•Y�ƒJ`•p]Ž *eU�avW_U�^V^Vc€…t^eUFƒ_`•R]ƒJaf^eU]Ib“|R‘^Vs�TVc€Tea¤RH`_otU

R]ƒ„l p„o�otƒ_r a¤RHaVcdph`JT«\SR]^‹afc€Utrdr€UtT•UtTea ƒJ`_U uwph`_omafcdp]`_`SR]r€c€afs¯^VU�¥bƒ_cdTeU W•Y�ƒJ` T‹žnTeaf…�~•U ƒJaVcdr€cdTVsŸUt`

otp]`_W_c€aVcdph`JTF^VstU�rdr€UtTtI�,µr‚TtY�R]ghc€a¡WJUŒ\–phƒ�?]phcd^F^eUto�ph`_`SR��€af^eUšƒ_`Ÿp]Ž *eU�a{~•xt~•UšTVc‚TfR ?ncdTecdŽ_c€rdc€aVs•U�Tea

\SR]^‹afc€Utrdr€U]IJ“|U�T•RH\_\_^Vpno¤P_U�Tjr€p„otR]rdU�TFTVph`™a{Ut`Ÿ\_^Vc€`_otc€\£Uš\_r€ƒ_T¡^VphŽJƒ_TeaVUtT‘RHƒ„l pnototƒJr€a¤R afcdp]`_TtI /Q`

U�­£U�at‰h~•xt~•UXTVc„afphƒJaVU˜r¦Y§cd`„uwph^V~•RHafc€ph`OW•Y§ƒ_`ªphŽ *eU�a†`ZY�U�Tea†\SR]TQWJcdTV\–ph`_c€Ž_rdUH‰kph`•\£U�ƒJa†otp]`_TVc€W_st^eUt^

¥bƒ_U¡otU�^ea¤RHcd`_U�Tv\_R]^eaVcdUtTzW_U¡r¦Y§phŽ *eU�a†TeUt^eph`™aBU�`_otp]^VU¡cd`™afs�gh^fRHrdUt~•Ut`™a ?nc€TVcdŽJrdUtT�Ih“|RšotrdR]TVTec€±SotRHafc€ph`

W_UOotU�Tj\_R]^eaVcdUtT¡`•Y§s�afR]`™a•\_R]T{RH­ZU�o�aVstU]‰ˆr€Utƒ_^F^eUtotp]`_`SR]c€TVTfRH`_otUŒ\£U�^V~•U�a{r°R•^eUtotp]`_`SR]c€TVTfRH`_otUŒW_U



��������� �

���

�����7� 


�

���

���

� 
 ����
 

� � �

r¦Y§phŽ *eUma’I!4„c|r¦Y§cd`„uwph^V~•RHafc€ph` W_c€TV\–ph`_c€Ž_rdUšU�TeajTVƒ�.•TfRH`baVU]‰£r¦Y§strds�~•U�`™aj\–phƒ_^e^fR•W_ph`_oŒUt`_o�ph^VUqx�aV^VU

^VU�otph`J`nƒZIB“|R ^Vs�TVc€Tea¤RH`_otU¯R]ƒ„l p„o�otƒ_r a¤RHaVcdph`_TœW_st\–Ut`_W R]ƒ_TeTVcFW_ƒ \_^Vp]Ž_rd…�~•UHII,µrFTVU�~•Ž_r€U�\SR]^

Uml„U�~•\_r€U•\–phTVTecdŽ_r€UjWJU‘^VU�otph`_`_R��daV^VU{ƒ_`P?ncdTfRHghUjTecZTVRœ~•p]c€afc€sFW_^Vp]c€afUjUtT‹a˜o’RHo¤P_stUH‰_otU�r°RqTeUt~•ŽJrdU

~•phcd`_T˜R]cdTesš\£phƒJ^{rdR•^VU�otph`_`_R]cdTeTfR]`_o�UqWJUŒo¤PJc€­£^VUtT�I

� [�W G N
]�IVO�N O�[ K

“QY�U�`_otph~œŽ_^VU�~•U�`ba†\–Utƒ„a†stg™R]r€Ut~•Ut`™azu©RHcd^VUBphŽ_T‹a¤R]o�rdUFy‘rdR•^VU�otph`_`_R]cdTeTfR]`_o�U]I	/Q`ªU�­£U�at‰hr¦Y�R]o”³

otƒJ~•ƒ_r°R afcdp]`«W•Y§phŽ *eUmafT˜phƒ�rdRq\_^estTeUt`_o�UšW•Y�ƒJ` R]^V^ecd…t^eUm³ \_r°R]`•Ut`_g]Ut`_W_^eUšƒ_`_U‘c€`Juwph^e~«RHaVcdph`ªTeƒ_\„³

\_r€st~•Ut`™a¤R]c€^VUŸ¥nƒJcš\£U�ƒJa \£U�^eaVƒ_^VŽ–Ut^�ƒ_`JU ~•smafP_pnW_U W_U o�r°R]TeTVc€±_o’RHaVcdph`•IB“‚U otph~•\–ph^eaVUt~•Ut`™a

TVp]ƒ_PSR]c afsOW_ƒ¯TežnTeaV…t~•UqW_UOo�r°R]TeTVc€±_o’RHaVcdph` \–UtƒJa{W_s�\£U�`_W_^VUŒW_UŒr°R•Tec€afƒ_RHafc€ph`•I-,µr‚\–UtƒJa{xmaf^VUŒcd`n³

afs�^VU�TVTfRH`bajW_UO^VU�otph`J`SR��daV^VUšr€UtTF~•ƒ_r afc€\_rdU�TXphŽ *eUmafT{\_^Vs�TVU�`baVTjW_R]`_T¡r°R•Teot…t`JU]‰ˆphƒ¯R]ƒ¯otph`™af^VR]cd^eU

W•Y§cdgh`Jph^VU�^QrdUtTQs�rds�~•U�`baVT†¥nƒJcS`_U¡TVph`™aB\SR]T†UtTeTVUt`™aVcdUtr€Tj•©U�av¥bƒ•Y§ph`•R]\_\–Utrdr€U˜\SR]^‹uwphcdTQr€U �µuwphƒJcdrdr€cdT	�‹‡

\–phƒ_^Fr°R•a�m]o¤P_UOUt`¯¥bƒ_UtT‹afcdp]`•I

	 I �$JFK

“|R otR]\JaVƒ_^VUªW_Uªr¦Y§cd~•R]ghUŒW•Y§ƒ_`¨phŽ *eU�aŒ\–UtƒJaŒU�`_ghUt`JW_^VU�^ŒƒJ` Ž_^eƒ_c€at‰ZTeUtrdp]`¨r€UtTšo�ph`_W_c afcdp]`_T

W•Y�R]ot¥bƒ_c€TVc afcdp]`•‰zr€U ~«R afst^ecdU�rBƒJaVcdr€cdTVsH‰zrdR \_^Vpnots�W_ƒ_^eU¯WJU�`nƒJ~•s�^VcdTVRHafc€ph`•‰}U�afoHIQ“|R `SRHafƒJ^VU�W_ƒ

Ž_^eƒ_c€aj\£U�ƒJa 2_ƒ_o�aVƒ_Ut^‘WZY�ƒ_`JUœcd~•R]ghUŒy«r›Y[RHƒJaf^eU]I–NzR]^jUml„Ut~•\_r€U]‰ˆr°R•~•c€TVUqR]ƒ \–phcd`™ajcd`_o�ph^V^eUtomafU

W_UOr°R•otR]~•s�^fR•cd`JW_ƒ_c€a¡ƒJ` 2Sp]ƒŸWSRH`_T¡r¦Y§cd~•R]ghU]IJ“‚U � uwphƒ_c€rdrdc€T �¡U�Teajƒ_`_UqR]ƒJaV^VUšuwph^V~•UšW_UOŽ_^eƒ_c€atI

,µrzU�Teaš`Jph`„³µ^eUto�phƒ�?n^fR]`™aOotR]^‘otUœŽ_^Vƒ_c a‘U�TeaOotp]`_TeaVc€afƒJsœ\SR]^•r¦Y�R]^V^ecd…t^eUm³ \_r°R]`¯W_U•r›Y�c€~«RHghUO¥nƒJc—`_U

^VU�otphƒ ?„^eUq\_R]T¡r¦Y§phŽ *eU�a{y•^eUtotp]`_`SR��€af^VUHI


�GHK ^ KYJ G [

“|R�?]RH^Vc°R afcdp]` W_U•r¦Y§ph^ecdUt`™afRHafc€ph` K 3 oHY�U�Tea‹³´y ³ W_cd^eU•r°R«^ep]a¤R afcdp]` WSR]`_Tšr€U•\_rdR]` W_U•r¦Y§cd~•R]ghU

UtT‹aœƒJ`_U•R]ƒJaf^eU•af^fRH`_Teuwph^e~«R afcdp]` TVƒ_TeotUt\„afcdŽJrdUªW•Y§cd`�2SƒJUt`_o�Ut^Œr°R�otrdR]TVTec€±SotRHafc€ph` W•Y§ƒ_`_U•cd~•R]ghU]I

/Q`ŸUm­ZUma’‰_U�rdr€U‘~•pnW_c ±SU‘r°R•\–phTec€afc€ph` W_U�T¡\_c l„Utr€T¡R]ƒ�TVU�cd`¯W_Ušr¦Y§cd~•R]ghUHIJ“‚U�T{~•s�aVP_pnW_UtTFr€p„otR]rdU�T

TVp]`baŒU�` ghs�`_st^VR]rQstghR]rdU�~•U�`ba‘\_rdƒ_Tš^ephŽ_ƒ_T‹afU�TtI®¬jp]afR]~•~•U�`bat‰Z\–phƒ_^šW_U�TŒuwU�`_x�aV^VU�TŒWJU•\–U�aVc€aVUtT

a¤RHcdrdr€UtTjcd`_o�rdƒ_TeUtTšWSR]`JTŒWJUtTO^Vs�ghcdph`JTšP_ph~•phgh…t`JUtTt‰Zr¦Y§U�­£U�aOcd`JW_ƒ_c€a‘\SR]^šr°R ^ep]a¤R afcdp]` \£U�ƒJaŒx�aV^VU

?nƒŸo�ph~•~•Ušƒ_`¯TVc€~•\JrdU‘W_s�o’R]rdR]ghUHI

�

W�L�O�C@CFO

`j` o¤PSR]`JghUt~•Ut`™aŒW•Y§sto¤P_U�rdrdU•U�TeaOrdR otph`_Test¥bƒ_U�`_otU•W_U•r¦Y§str€phcdgh`JUt~•Ut`™a•p]ƒ¨WJƒ¨^VR]\_\_^ep„o¤PJUm³

~•Ut`™a•W•Y§ƒ_` phŽ *eUmaªU�a��Hphƒ W_U�T•^Vstg]r°R]ghU�TœW_U«r°R otR]~•s�^fRJIz²XUtTª\_PJst`_ph~•…t`JUtT•cd~•\_r€cd¥bƒ_Ut`™aqUt`

phƒJaV^VU•ƒ_`_U•uwph^V~•UªW•Y�pnoto�ƒ_r€afRHafc€ph` \SR]^‹afcdU�rdr€U¯•©Ut` o’R]TqW_U•^fR]\_\J^Vpno¤P_Ut~•Ut`™a”‡OU�aqW•Y§Ut`_o�ph~•Ž_^eUm³

~•Ut`™a�•wUt` o’R]TqW•Y�s�rdphc€gh`_U�~•U�`ba¤‡mI|“‚U•o¤PSR]`_ghU�~•U�`™a•W_U•W_cd~•Ut`JTVcdp]`_TOW•Y�ƒJ`_U«c€~«R]g]U•c€~•\Jrdcd¥bƒ_U

stghR]rdU�~•U�`ba¡ƒJ`_Ušuwph^V~•UšW_UOo¤PSR]`_g]Ut~•Ut`™a{W•Y�s�o¤P_Utr€rdUHI



� � ��� �$�����+�!%�&�� �$�-�Z� �!&������ �,��� �	�-������� �!�"�$#��!%�&�� �$�\. � ��1��!�����R�!�"�$��� .0&�� 
R( ���

� G J@[�K Q$O�� ��O

“‚Ušo¤PSR]`_ghU�~•U�`™a¡W_U‘\–phcd`™a˜WJU�?„ƒJUš\£U�ƒJa{RH­£Uto�aVUt^˜rdRœ^VU�otph`J`SR]cdTeTfR]`JotUšW•Y§cd~•R]ghU�T˜y•o’RHƒ_TVU

W_U�TQW_s�uwph^e~«R afcdp]`_TF•ws�afc€^VU�~•U�`bat‰hŽ_cdR]cdTf‡®¥bƒ_c_U�`•WJstotp]ƒ_rdU�`batI™N}p]ƒ_^Qƒ_`ª\_^Vp]Ž_rd…�~•UBW_UFotrdR]TVTec€±SotR ³

afc€ph`•W•Y�p]Ž *eU�aVTXotp]~•~•U{²F¢K,´“•³ 7 '�'J‰br›Y�Um­ZUmaBWJUjo�U�aVaVU•\–Ut^‹afƒ_^eŽSRHafc€ph`•UtTea ?ncdTecdŽ_r€U{U�`«W_s�\_r°R /’R]`™a

rdUŒo’RH\JafU�ƒ_^•Teƒ_^•ƒ_` otUt^eotr€U•R]ƒJaVphƒ_^{W_Uœr›Y�s�rds�~•U�`ba•y•^eUto�ph`_`SR��€af^eU�• ?HR]^ec°RHaVcdph` W_Uqr¦Y�R]`_ghr€UŒR0%tc ³

~•ƒJafR]rD‡”‰Jo�ph~•~•Ušcdr€rdƒ_T‹af^es•\SR]^¡rdRœ±Sghƒ_^eU7g„I%9J‰J\SR]ghU�g 9JI

����� ������������� �
!#" ��� � � � !3† ��� �	�������

¬jphƒJT ?]Ut`_ph`JTzW_U�?hphc€^‚¥bƒ_UBWJUB`_p]~•Ž_^VU�ƒ_TVU�T}aV^fR]`_T‹uwph^V~•RHaVcdph`_TZU�a}\£U�^eafƒJ^VŽSRHaVcdph`JT‚\£U�ƒ�?hU�`ba

~•p„W_c ±SUt^šr›Y[RH\_\SR]^eUt`_o�U•W•Y§ƒ_` phŽ *eU�atI}²XUtTœ\JP_st`_p]~•…�`_UtTq\£U�ƒ�?hU�`baœcd`�2_ƒ_Ut`_o�Ut^qrdUtTO~•s�aVP_p„WJUtT

W_UŒ^VU�otph`_`_R]cdTeTfR]`_o�U]I /Q` \SR]^‹afcdo�ƒ_rdc€Ut^�‰Jotp]~•~•UO`_phƒ_T{`_phƒ_TjŽSR]Teph`_T{TVƒ_^jr¦Y�R]\_\_^eUt`™afc€TVTfRHghUO\SR]^

R]\_\_R]^VU�`_otUBy{\_R]^eaVcd^‚W_U�Tz\_c lJU�rdT�‰Š`_p]af^eUvR]\_\_^ep„o¤P_UvUtT‹azTeƒ_TVo�Ut\JaVcdŽ_r€UBWZY�xmaf^VUvTVU�`_TVc€Ž_rdUBy¡W_c@?]Ut^VTeUtT

af^VR]`_T‹uwph^V~•RHafc€ph`_T�I

“QY�c€W_s’R]rQTeUt^VR]c€aOs ?„c€W_Ut~•~•Ut`™aŒW•Y�xmaf^eU•^ephŽ_ƒ_T‹afU•y afphƒJaVUtTŒrdU�T‘af^fRH`_Teuwph^e~«R afcdp]`_Tš\£p]TVTVc€Ž_rdU�T

otp]~•Ž_cd`JstUtT�I2$ŸR]cdTq`_phƒ_Tq\_^Vph\–phTeph`_TœW_R]`_Tœo�U o¤PSR]\Jc€af^eU«W•Y§s`?HR]r€ƒ_Ut^Œr°R¯TVU�`_TVc€Ž_cdr€c€afsªW_U•`_p]aV^VU

~•s�afPJp„W_U¯y ƒ_`_U¯af^fRH`_Teuwph^e~«R afcdp]` y¨rdR uwphc€TtI8/Q` W_sto�ph~•\–phTVR]`™a«o�U�aVaVUŸsmafƒ_WJU]‰v`_phƒ_T•\£p]ƒ„³

?hp]`_T«~•cdU�ƒ„l otph~•\_^eUt`_W_^eU r€UtTªu©R]cdŽ_r€UtTeTVUtT•W_UŸr¦Y�R]\_\_^ep„o¤P_U¯U�a•s`?]Ut`™afƒJUtrdr€Ut~•Ut`™a�r›Y[R]~•str€cdph^eUt^

\SR]^šsma¤R]\–UtT�IO$•ƒJTVTVc›‰‚otU�^ea¤RHcd`_TšU�` ?nc€^Vph`_`JUt~•Ut`™afTO\–Ut^V~•U�aeafU�`baOWJU•o�ph`_TecdW_s�^VUt^š¥bƒ_Uªo�Ut^eafR]cd`JUtT

\–Ut^eaVƒ_^VŽ_RHafc€ph`_TŒ`•Y[RHƒ_^Vph`™aœ\SR]Tœr€cdU�ƒ •w\SR]^œU”l„Ut~•\_rdU•Ut` ~•cdr€cdU�ƒ¨c€`_W_ƒ_T‹af^ecdUtr°‡mI|NQƒ_c€TV¥bƒ_U rdR¯^epH³

Ž_ƒ_T‹afU�TVTVUŒyœƒJ`_U‘af^VR]`_Teuwp]^V~•RHafc€ph`•U�`™af^fR �°`_Ujghst`_s�^fR]r€Ut~•Ut`™aFW_U�T˜\–Ut^euwp]^V~•R]`_otU�T˜~•phcd`_WJ^VUtTBUt`

TVc afƒSR afcdp]`_T«o�ph`™af^�
]rdstU�Tt‰Bcdr{UtTea Tephƒ_PSRHc€a¤RHŽ_rdU¯W_U \_^eph\£p]TVUt^«ƒ_`_U ~•s�afPJp„W_U 2SUml„c€Ž_rdUHI	$•ƒJTVTVc›‰

r¦Y�R]omafc@?HRHaVcdph` p]ƒ rdR¯W_s�TfR]omafc)?]R afcdp]`¨WJUtTœ\J^VpnotstWJƒ_^VU�Tœ¥bƒ_c†\£U�^V~•U�aeafUt`™aqr°R ^VphŽJƒ_TeaVUtTVTeU y¯ƒ_`_U

af^VR]`_T‹uwph^V~•RHafc€ph` \SR]^eaVcdo�ƒ_rdc€…t^VU W_U ?n^fR]c a x�aV^VUŸ^VUt`JW_ƒ_U \–phTVTecdŽ_r€U]I /Q` U�­£U�at‰XotU�T \_^ep„o�stW_ƒ_^eUtT

^VU�¥bƒ_cd…�^VUt`™aª\SRH^euwphc€TqW_U�T•ph\–st^fR afcdp]`_Tqo�p��JaVUtƒ_TeUtTªUt` aVUt~•\_T•W_U otR]rdo�ƒ_rvphƒ cd~•\_rdc€¥bƒ_Ut`™aqƒ_`_U

\–Ut^eaVU•W_U•\_^estotc€TVc€ph`•IO3jU•\_rdƒ_T�‰Zr€UtT‘af^VR]`_T‹uwph^V~•RHafc€ph`_T{\£U�ƒ�?hU�`™aœxmaf^VU•aµžn\_c€¥bƒ_UtTšW•Y§ƒ_`_Uªo�r°R]TeTVU

y•^VU�otph`_`_R��daV^VU]I��

3‘R]`_TFo�U�aeafUšTVU�o�aVcdph`•‰„`_phƒ_TF\J^Vph\–phTVp]`_T˜W•Y§s�aVƒ_W_cdU�^Fr°RŒ^VphŽ_ƒJTeafU�TVTeUŒWJUš`_p]af^eUšR]\_\J^Vpno¤P_UšUt`

ƒJaVcdrdc€TfR]`™aF\J^Vcd`Jotcd\_R]rdU�~•U�`baXr°R•ŽSR]TeUOW_UOW_ph`_`_s�UtT•²F¢K,´“•³ 7 '�'•otp]~•~•U‘o’RHW_^VUOW•Y§s`?HR]r€ƒSRHafc€ph`•I

��698�6�� � =>FfJ&=[NPJRQKS>? A UXJ9\9\ WY] J�SG=[NPJRQKS

“‚UtT c€~«R]g]UtTªW_UtT«ŽSR]TVU�T W_UŸW_ph`_`_s�UtT ¢�`5*0/81 U�a ²F¢K,´“Z³�7 '�'¨`JU \_^Vs�TVU�`baVUt`™a \SR]T•W_U

gh^VR]`_W_U�T ?HR]^ec°RHaVcdph`_TFWZY�c€rdrdƒJ~•c€`SRHafc€ph`•I *®phƒJafUmuwphcdT�‰SrdU�Tj`_c)?hUtR]ƒ„l¯W_Uqotphƒ_r€Utƒ_^eTj\–Utƒ ?hUt`™a ?]RH^VcdU�^

Ut`™aV^VU«r€UtTŒcd~•R]ghU�TšW_UtTqsto¤PSR]`™aVcdrdr€ph`_TOW•Y�R]\_\_^eUt`™afc€TVTVR]ghU«UmaœWJU•aVUtTeaœ\_ƒ_c€TV¥bƒ•Y§ƒ_` o¤PSRH`_ghUt~•Ut`™a

W_UO\–phcd`™a¡W_U ?nƒ_UOUtT‹aj^es’R]r€cdTesšUt`™af^eUqo¤PSRH¥nƒJUqc€~«R]g]U]I

	�
E� #%��2. W�����

]

�����8*�2���� ��#�#�����'8�\ )�4�I� � � �4�	H�2� W-�S 2�� �$�.-.M��4�	-.� '8���I�"�"�
�%'8�� "����� ���  �#%��*!�(6.���$#��4�

-�S ��-��8�K "�
���8*E-.���=>N���"�

]

���=JK2����"���K �+�� S �8�N>I�8*3�8C



������������� ��� �����

��� �

� ��� �

���

� 
 ����
 

� � �

`j`_UªRH\_\_^Vpno¤P_Uª\–phTVTecdŽ_r€Uœ\–phƒ_^‘af^VR]c€aVUt^jrdUtT�?HR]^ec°RHaVcdph`JTjW•Y§cdr€rdƒ_~•cd`_RHafc€ph` otph`_TecdT‹afUªy `_ph^´³

~•R]rdc€TVUt^Or€UtTœc€~«RHghUtTqRY?]RH`ba•W_U«r€Utƒ_^œR]\_\_r€cd¥bƒ_Ut^Œƒ_` R]r€ghph^ec€afPJ~•U•W_U«otr°RHTVTVc ±So’R afcdp]` \–phƒ_^Œr°R

\_PSRHTVU«WZY[R]\J\_^VU�`baVcdTeTfR]ghU«U�a � phƒ W_U•\_^Vs�W_cdomafc€ph`•I 3•U«`Jph~•Ž_^eUtƒ_TeUtTœaVUto¤P_`_c€¥bƒ_UtT•W_U•`_ph^e~«R]r€c ³

TfR afcdp]` Uml„c€TeafU�`™ašWSR]`_T•r°R•r€c€aeafst^VRHafƒJ^VU]I;/Qr€rdUtTj\£U�^V~•U�aeafUt`™a•W_U•TVUqW_s�u©RHcd^VUqW•Y§ƒ_` phƒ \Jrdƒ_TecdUtƒJ^VT

u©R]omafUtƒJ^VT†W•Y§stotrdR]cd^VR]ghUŒ• a�c[4J² �
�fe›‰ a%&�4�� �heD‡QRY?HR]`™avW•Y[RH\_\_rdc€¥bƒ_Ut^QrdR‘~•smafP_pnW_U¡W_U¡otrdR]TVTec€±SotRHafc€ph`

\_^eph\_^VU�~•U�`™a W_c afU •©o�ph`_T‹af^VƒJo�afc€ph` Uma o�ph~•\SR]^fRHcdTVp]` WZY�P_c€TeaVphgh^fRH~•~•UtT W_U¨otphƒJrdUtƒJ^VTt‰{R]`_R ³

r€žnTeUŒU�`Ÿo�ph~•\£phTVR]`™afU�T{\J^Vcd`Jotcd\_R]rdU�Tt‰•I I€I[‡˜yªr°R•^VU�otph`J`SR]cdTeTfR]`JotUŒW•Y�p]Ž *eU�aVTjphƒ W_U ?ncdTVR]ghU�TtI–“‚UtT

W_c ­Zs�^VUt`™aVUtT«smafƒ_WJUtT `_UŸTVU�~•Ž_rdU�`™a \SR]T•\£U�^V~•U�aeaf^VU¯W•Y§str€cd^VU¯ƒ_`_U¯afU�o¤P_`_cd¥bƒ_U ƒ_`_c@?]Ut^eTVUtr€rdU¯W_U

\_^esm³ aV^fR]c afU�~•U�`ba˜W_UqrdR•otphƒJrdUtƒJ^tI

`j`_U R]ƒJaV^VU TeaV^fRHaVstghc€U otph`_TecdT‹afU¨y U”lnaf^fRHcd^VU W_U�TŸotR]^fRHo�afs�^Vc€Teafc€¥bƒ_UtT cd`JW_st\–Ut`_W_R]`™afUtTŸW_U

r¦Y§cdr€rdƒ_~•cd`_RHafc€ph`•Ib²XUmaVafUOU”l„aV^fR]omafc€ph` cd~•\_rdc€¥nƒJUt^fRHc€aB`_s’R]`J~•phc€`_TFƒ_`_UO\–Ut^‹afUOW•Y§cd`Juwph^e~«R afcdp]`•I

`j`_UœR]ƒJaV^VUŒ~•smafP_pnW_UŒotph`_TecdT‹afU•y•R]ƒ_gh~•Ut`™aVUt^{r¦Y§sto¤PSR]`™aVcdrdr€ph` W•Y§cd~•R]ghUtT¡W•Y�R]\_\J^VUt`™aVcdTVTVR]ghU

\SR]^•W_UtT«cd~•R]ghUtTª¥bƒ_cjTVƒ_Ž_c€TVTeUt`™a�ƒ_` s�otr°RHcd^fRHghU W_c€­£st^eUt`™a’‰v\SR]^•Uml„Ut~•\_rdUŸUt` WJst\_rdR0/’R]`™a«r°R

TVp]ƒ_^Vo�U•rdƒJ~•c€`_Utƒ_TeU]In²XU�r°RqWJU•~•R]`_cd…�^VU{yO^VUt`JW_^VUjrdU{~•pnW_…tr€U¡cd`_W_s�\£U�`_WSR]`™aBW_U•rdRŒ\–phTec€afc€ph`ªW_U

r°R•Tephƒ_^eotU]IP,µrZUtTea¡s�g™R]r€Ut~•Ut`™aFUt` ?ncdTVR]ghUtR]Ž_rdUšWJUšghst`_s�^VU�^jRHƒJafph~•RHaVcd¥bƒ_Ut~•Ut`™aFƒJ`¯s�o¤PSR]`™afc€rdr€ph`

W•Y§cd~•R]ghU�T—y•r›Y�c€rdrdƒJ~•c€`SRHafc€ph` ?HR]^ec°R]Ž_r€UBU�`ªR]W_ph\„a¤R]`™aQƒ_`•~•pnW_…tr€UBW•Y§sto�r°R]c€^fR]g]U]I $ R]cdT}rdU˜~•pnW_…tr€U

R]W_p]\Jafs•WJphc€a‘R]rdph^eTjxmaf^eU•TVƒ�.•TfRH~•~•Ut`™ašo�ph~•\JrdUml„Uq\£phƒJ^•afU�`_cd^jotph~•\JafUH‰Z\SRH^•Uml„U�~•\_r€U]‰£W_UtT

\_^eph\_^Vc€s�aVstT¡W_UtT¡phŽ�*eU�afT{^Vs 2Ssto¤PJcdTVTVR]`™afT�I

,µr_`•Y§UtT‹aB\_R]TQWSR]`_TQr›Y�p]Ž *eUtomafc€uˆWJUFotU�aeafUFafPJ…tTVUFWZY�smafƒ_W_c€Ut^Qr€UtTQ`_ph~œŽ_^VU�ƒ_TVU�Tv~•s�aVP_pnW_UtT—WJUFr°R

rdc aVaVst^fR afƒ_^eUq¥bƒ_c®af^fRHc€afU�`™a•W_ƒ \J^VphŽ_r€…t~•UœrdR]^VghUŒW_U�T ?HR]^VcdRHafc€ph`_T¡W•Y§stotrdR]cd^VR]ghUHI!,µr®TtY�R]ghc a•W•Y§x�aV^VU

otp]`_TVo�cdUt`™a¡W_U�T˜u©R]cdŽJrdUtTeTVU�T˜\£p]TVTVc€Ž_rdU•W_Uš`_p]aV^VU‘~•s�aVP_p„WJU‘¥bƒ_cZaf^VRY?]RHcdrdr€U¡W_cd^eUto�aVUt~•Ut`™a{yœ\SRH^eafc€^

W_U�Tš\_c l„Utr€TtI

�

afUt`JW_^VU•`_pHaf^VUœR]\_\_^ep„o¤PJUªy«r¦Y�R]cdWJUqW_UqafUto¤PJ`_cd¥bƒ_U�TšW_U•`_ph^e~«RHrdcdTVRHafc€ph` UtT‹aOƒ_`_U

UmlnaVUt`_Tecdph` \–phTVTecdŽ_r€U]I„“†Y§ƒJaVcdrdc€TfRHaVcdph`•W•Y§ƒ_`_Uš^eUt\_^estTVU�`™a¤RHaVcdph`¨•©R]ƒJaf^eU‘¥bƒ_U , & 1F‡B\_r€ƒ_T˜^ephŽ_ƒ_T‹afU

y�otU•aµžn\£U•W_U ?HR]^VcdRHafc€ph`_Tj\£phƒJ^V^fRHc€ašW_p]`_o•R]\_\–ph^eaVUt^šƒ_`¨g™R]c€` Ut`¨\_^Vs�otcdTecdph` U�` ghs�`_st^VR]r¦‰ZU�a

TVƒJ^•otU�T•ŽSRHTVUtTjW_UœWJph`_`_s�UtT•U�` \SR]^‹afc€otƒ_r€cdUt^�IS“|R•TeUt`_TecdŽ_c€rdc€aVsšW_UœrdR•WJstotp]~•\–phTVc afc€ph` , &�1 W_U

r°R•o�phƒ_r€Utƒ_^¡UtT‹a{Ut`¯U�­£U�a{Ž_cdU�` otph`_`bƒ_U a3&74�� �fe›I

3‘R]`_T•otU�aeafU•TeUtomafcdp]`•‰£`Jphƒ_T•\J^Vph\–phTVU�^Vph`JT•W_ph`Jo•otph~•~•UŒ\J^VUt~•cd…�^VUqR]\_\_^ep„o¤PJU•TVc€~•\_r€UOU�a

ghs�`_st^ecd¥bƒ_U W_U•^VU�~•\_rdR]otU�^œrdRŸ^VU�\_^Vs�TVU�`bafRHafc€ph` , & 1 W_U�T•\_c lJU�rdTq\SR]^œr›Y�U�TV\SRHotU«WJU otphƒJrdUtƒJ^VT

bK4 4 ¥bƒ_cXU�Teaª~•phcd`_TŒTVU�`_TVc€Ž_rdU R]ƒ„lT?]RH^Vc°R afcdp]`_TqWZY�c€rdrdƒJ~•c€`SRHafc€ph`•IZ“®RŸotph` ?hU�^VTecdph` Ut`™aV^VU r€UtT

~•p„W_U�T , &�1 U�a	bK4 4 U�TeaBs�a¤RHŽ_rdc€U a�c�? 3Kc)b ��g e›I„¬{phƒ_Tvr°Rš^VstR]rdc€TVph`JTv\–phƒ_^QaVphƒJafU�TBr€UtTvcd~•R]ghU�T

W_U•rdR«ŽSR]TeU•W_U•WJph`_`_s�UtT••©WZY[R]\J\_^VU�`baVcdTeTfR]ghU•UmašW_UœaVUtT‹a”‡mIZ“‚U•o’R]`_R]r)b •9bjƒ_U’‡jotp]^V^VU�TV\–ph`_W¨y

r°ROafU�cd`™afUHIJ“|R 4JR afƒ_^VRHafc€ph` •wo’R]`SRHrO4_‡v^VUt\J^VstTeUt`™afUšrdRq\_ƒJ^VU�aVs‘W_U‘rdRqo�phƒ_rdU�ƒ_^t‰no]Y§UtT‹ae³µy ³µW_c€^VUjTVph`

o’RH^fR]omaf…t^eUBaVUt^V`JUBphƒ ?nc€u´I /Q`J±S`•‰ rdU†otR]`SR]r	4 • 4vR]r€ƒ_UŠ‡•^VU�\_^Vs�TVU�`baVUFr¦Y§cd`™afU�`_TVc afsH‰Šo]Y§UtTea‹³´y ³ W_cd^eU†TVph`

R]Te\£U�o�a˜Teph~•Ž_^eUjp]ƒ«otrdR]cd^�I�3‘R]`JTX`_phTvUml„\–st^ecdUt`JotUtT�‰J`_p]ƒ_TBƒ„afcdr€cdTeph`_TQrdU¡af^ecd\_r€U�aGbŒ‰ 4£‰ 4•‰n~•R]cdTQc€r

UtT‹aOUt` ?ncdTVR]ghU’RHŽ_rdU•WJU•`•Y�ƒ„afcdr€cdTeUt^•¥bƒ•Y§ƒ_`_U•p]ƒ¨WJUtƒ„l otph~•\£p]TfR]`™afU�TšW_U•o�U�aVaVUª^VUt\J^VstTeUt`™a¤R afcdp]`•I

3‘R]`JTVa�¢�4 , �
�fe›‰ˆTVUtƒJrdUŒr°R ?]RHrdUtƒJ^{WJU b UtT‹a‘ƒJaVcdr€cdTVs�Uš\£p]ƒ_^¡ƒ_` \_^ephŽ_r€…t~•UŒWJUq^eUtotp]`_`SR]c€TVTfRH`_otU

W•Y§phŽ *eUmafTtI£²XUmaVafUOo�ph~•\–phTVR]`™afUO^VU�\_^Vs�TVUt`™aVUœr¦Y§cd`„uwph^V~•RHafc€ph`•otphƒ_r€Utƒ_^�I

“|R afR]Ž_rdU �nI 7 otp]~•\SRH^VU rdU�T�a¤R]ƒ„l W•Y�U�^V^eUtƒ_^ TVƒJ^Ÿr€UtT�ŽSR]TeUtT¯W_U W_ph`_`JstUtT ¢�`.*0/21 U�a

²F¢K,´“Z³�7 '�' TVUtr€ph` rdU�T ^VU�\_^Vs�TVUt`™afRHafc€ph`_T<bK4 4 U�a , & 1•IX“†Y�R]\_\J^Vpno¤P_U ghrdp]ŽSR]rdUŸ\SR]^�RH^VŽ_^eUtT

R]r€s’RHaVphcd^eUtTZUma®r¦Y�R]\_\_^ep„o¤P_Uzrdpno’R]r€Uz\SR]^‚U”lnaf^fRHo�afc€ph`OTVƒ_\J\_rds�~•U�`bafR]cd^eU—W_UQuwUt`Jx�af^eUtT|TVp]`ba®s ?]RHrdƒ_s�UtT

TVU�rdph` rdUtTj\_^VpHafpnotphr€UtT•c€W_Ut`™aVcd¥bƒ_UtT‘y«otU�ƒ„l W_U�T‘o¤PSR]\Jc€af^eUtT‘\J^Vsto�stW_U�`™afTtI®²•Y§UtT‹ae³µy ³µW_c€^VUŒ¥bƒ_U�7 �



��� ��� �$�����+�!%�&�� �$�-�Z� �!&������ �,��� �	�-������� �!�"�$#��!%�&�� �$�\. � ��1��!�����R�!�"�$��� .0&�� 
R( ���

?nƒ_UtT•TVph`™a•ƒJafc€rdc€TVstU�T•\SR]^ªphŽ *eUma«\–phƒ_^ªr›Y[R]\J\_^VU�`baVcdTeTfR]ghU Teƒ_^ ²F¢K,´“Z³�7 '�'J‰QU�a � cd~•R]ghU�T•\SR]^

afU”lnafƒ_^eU•\–phƒ_^šr›Y[RH\_\_^VU�`™afcdTeTfR]g]U•TVƒ_^q¢�`.*0/21•I|“‚U�TŒ\_R]^fR]~•…�aV^VU�TšW_UtTŒ~•smafP_pnW_U�TšTVph`™aŒotU�ƒ„l

¥bƒ_c|W_ph`_`_R]cdU�`ba{r€UtTF^Vs�TVƒ_r a¤RHaVTj^eU�aVUt`bƒ_T{\_^Vs�otstWJUt~•~•U�`batI–N}phƒ_^•¢�`.*0/21 U�a•²F¢K,´“•³ 7 '�'J‰ �0'�'

R]^eŽ_^VU�TqRHrds’R afphc€^VUtTjTVph`™aŒotp]`_TeaV^Vƒ_c afTš\–phƒ_^šr°R ~•s�aVP_pnW_U•ghrdp]ŽSR]rdUHIZN®phƒ_^šrdR ~•smafP_pnW_U•rdpno’RHrdU]‰

TVƒJ^•¢�`.*0/21œ‰

T = 10
R]^VŽ_^eUtTqTVph`™aqotph`_T‹af^eƒ_c€aVTœy¯\SR]^eaVcd^OW_U

N w = 120000
uwU�`_x�aV^VU�TœW_U

W_c€~•U�`_TVc€ph`_T

4 � 4
\_c l„UtrdT�I 4„ƒ_^q²F¢K,´“Z³�7 '�'„‰

T = 10
RH^VŽ_^eUtTŒTVph`™aqotph`_T‹af^eƒ_c€aVTœy \SR]^‹afcd^šWJU

N w = 120000
uwUt`Jx�af^eUtT‘WJUqW_c€~•U�`_TVc€ph`_T

16� 16
\_c l„U�rdTtI£¢‘` o�ph`_T‹a¤RHaVUœƒ_`_UqR]~•str€cdph^VRHafc€ph`

TVU�`_TVc€Ž_rdU•W_U•r°R�\_^estotc€TVc€ph` \–phƒ_^Or€UtTOW_Utƒnl \J^VphŽ_r€…t~•UtTŒRY?hU�o«r°R�^eUt\_^estTVU�`™a¤RHaVcdph` bK464 R]ƒ_TeTVc

Ž_c€Ut` \£p]ƒ_^¡r°R•~•s�afPJp„W_Ušg]rdphŽSRHrdU‘¥bƒ_UO\–phƒ_^Fr¦Y�R]\_\J^Vpno¤P_UOrdpno’R]r€U]I

���������
	�� ��
��
��	�������������� ��
�����	��������������

� � �"!$# % �'&)(+*-,�./.

�����	��

������������������

�1032b5 9]G_I�g�� 
 •›K : ��� G�g™Kh‡ 7hI�� 9�
 • 7 ' 9 � �HG�'�'h‡

�����	��

� ����������������

�1465�7 G 7hI[K0'�
 • 7 : ��� G�g™Kh‡ 7hI�� ��
 • � 9 � �HG�'�'h‡

�����	��

� ����������������

��
���� 
�!#"��k��

�1082b5 K„I%: ��
 • 7kK �HG�g™Kh‡ 'JI�g	: 
 •¦K0' � �HG�'�'h‡

���	�	��

������������������

��
���� 
�!#"��k��

�9465�7 7hI 7 9�
 •)� �HG�g™Kh‡ 'JI[K 9�
 • 7’G�� �HG�'�'h‡

%1&i(zE��„I 7šMŸ²Xph~•\SR]^VR]cdTeph` W_UtT•^VstTeƒ_r€afRHafT{Ut`Ÿ^VU�\_^Vs�TVUt`™afRHafc€ph`#, & 1 UmaKb 464•‰–TVƒ_^jrdU�TjŽSRHTVU

W_UOW_ph`J`_stU�T‘¢‘ƒJaVUml Uma‘²F¢K,´“Z³�7 '�'JI

$•ƒqTVUtc€`qWJUvrdRFTVUtomafc€ph` �nILK„I[K„‰Š`_p]ƒ_T|\_^Vph\–phTeph`_T®W_U†\£phƒJ^VTVƒJc@?n^VU†otUmaVaVUBo�ph~•\_R]^fR]c€TVph`OTeƒ_^|r°R

ŽSR]TeU‘W_U‘WJph`_`_s�UtT{²F¢K,´“Z³�7 '�'qUt` u©R]c€TfR]`™a ?HR]^ecdU�^Br€U•`_ph~œŽ_^VU‘WZY�c€~«R]g]UtTvW•Y[RH\_\_^VU�`™afcdTeTfR]g]U]IS“|R

TVU�o�aVcdph` �„I[K„I[K•otph`_TecdT‹afU{y‘s�aVƒ_W_cdU�^Qr¦Y§U�­£U�a†W_ƒªo¤PSRH`_ghUt~•Ut`™avW_UF\–phcd`™aQWJU�?nƒ_U¡Teƒ_^Qr°R‘\_^esto�cdTVc€ph`

Ut` ƒ„afcdr€cdTVR]`™a•~•phc€`_T•WZY�c€~«R]g]UtT•\£phƒJ^«r¦Y�R]\_\J^VUt`™aVcdTVTVR]ghUHI $ R]c€T•rdR W_c€~•c€`nƒ„afcdp]` WJU r°R a¤R]c€rdrdU

W_U r›Y�s�o¤PSR]`™afc€rdr€ph` WZY[R]\J\_^VU�`baVcdTeTfR]ghU cd~•\_rdc€¥nƒJUŸs�g™R]rdU�~•U�`™a«ƒ_`JU \£phTeTVc€Ž_cdr€c€afs�~•phc€`_W_^VUŸ\£p]ƒ_^

r¦Y�R]r€ghph^Vc afP_~•U•W•Y[RH\_\_^VU�`™afcdTeTfR]g]UŸW•Y�R]\_\J^VUt`JW_^VU¯rdU�T ?HR]^ec°RHaVcdph`JT•W_UtT ?HR]rdU�ƒ_^VTªW_U \_c l„UtrdTªW•Y§ƒ_`

~•xt~•UqphŽ�*eU�a’IZ¢‘` TtY�RHaeafUt`JW W_ph`_oœy«ƒ_`_U•\J^Vsto�cdTecdph`Ÿotph~•\SR]^VRHafc)?hUt~•Ut`™aj~•U�cdr€rdUtƒJ^VUOUt` b 464

U�a®o�UvWJUv~•R]`_c€…t^eUQ\_rdƒ_T‚`JU�aVaVUvR]ƒŒuwƒJ^‚U�a}y{~•UtTeƒ_^VU†¥bƒ_U†rdUQ`Jph~•Ž_^eUvWZY�c€~«R]g]UtT•W•Y�R]\_\J^VUt`™aVcdTVTVR]ghU

W_c€~•c€`nƒJU]I

��698�6�8 � ;>=YS>_(@	]^@ S[N AC@TDYQ J S[N AC@BZ	W>@

²Xph~•~•Uq\£phƒJ^•afphƒ„aš\_^Vp]Ž_rd…�~•UqW•Y[RH\_\_^VU�`™afcdTeTfR]g]U]‰•ƒ_` s�o¤PSR]`™afc€rdr€ph` W•Y�R]\_\_^eUt`™afc€TVTVR]ghU•^VU”³

\_^estTVU�`™a¤RHaVc€uQW_U�T ?HR]^ec°RHaVcdph`_TF\–phTeTVcdŽJrdUtT¡W_U�T•c€`_TeafR]`_otU�T•W•Y§ƒ_`_UŒotrdR]TVTeUœ\–Ut^e~•UmajƒJ`_Uœ~•Utc€rdrdU�ƒ_^VU

ghs�`_st^VR]rdc€TfRHaVcdph`•‰|RHƒJaf^eUt~•Ut`™a•W_c a•ƒ_`_U«~•U�cdrdr€Utƒ_^eUª\_^Vs�otcdTecdph`ZII3‘RH`_T•rdU•o’R]TœW_U r°R¯otrdR]TVTec€±SotR ³

afc€ph`ªW•Y§phŽ *eU�aVTBWJph`™aBr€UtT ?nƒ_UtTvW•Y�R]\_\_^eUt`™afc€TVTVR]ghU{TVph`™aBUtTV\_R]ots�UtTX^estghƒJrdcd…�^VU�~•U�`bat‰hTVcSr€UF`_ph~•ŽJ^VU

W_U ?„ƒJUtT W_c€TV\–ph`_c€Ž_rdU�T•U�Tea•u©R]cdŽ_r€U]‰Qr€UtT ?]RH^Vc°R afcdp]`_TªW_U r›Y[R]\J\SR]^VU�`_otU¯W•Y§ƒ_` phŽ�*eU�a U�`™af^VU ƒ_`_U

cd~•R]ghU•W_U«aVUtT‹a•U�a•r€UtTqcd~•R]ghU•W•Y[RH\_\_^VU�`™afcdTeTfR]g]U�TVUt^eph`™a•gh^VR]`_W_U�TtIQ¢‘` T�Y[RHaeafU�`_W W_ph`_o y otU

¥bƒ_U•rdRŒ^eUto�ph`_`SR]c€TVTVR]`_otU•TVphc aB~•phc€`_TB\J^Vsto�cdTeU•rdp]^VTV¥bƒ_U{rdU{`_ph~œŽ_^VU{W•Y§cd~•R]ghUtT†W•Y�R]\_\J^VUt`™aVcdTVTVR]ghU

W_c€~•c€`nƒJU]I

¬jphƒJTœ\_^eph\£p]TVph`_Tqcdo�cvWZY�s ?]RHrdƒ_U�^œrdU�TqotR]\SR]o�c€aVstTœWJU«ghs�`_st^VR]rdc€TfRHaVcdph` W_U•`_p]af^eU R]\J\_^Vpno¤P_U

Ut`•otph`JTVcdWJst^fRH`bavW_U�TvafR]cdr€rdU�T—W_c€­£st^eUt`™afU�TBWJUjr›Y�s�o¤PSR]`™afc€rdrdp]`•W•Y[RH\_\_^VU�`™afcdTeTfR]g]U]I 4„ƒ_^B²F¢K,´“Z³�7 '�'„‰



������������� ��� �����

��� �

� ��� �

���

� 
 ����
 

� �

�

^Vs�W_ƒ_c€^VUšrdU•`_ph~•Ž_^eUšW•Y§cd~•R]ghUtTXW•Y[RH\_\_^VU�`™afcdTeTfR]g]UŒc€~•\Jrdcd¥bƒ_Uj\£p]ƒ_^˜r°R•\Jrdƒ_\SRH^ea¡W_U�TFphŽ *eU�aVT¡W_UtT

W_smuwph^V~•RHafc€ph`_T‘WJU•\–Ut^eTV\–Uto�aVc@?]U•\_r€ƒ_TOcd~•\£p]^ea¤RH`baVUtTšU�`baV^VU•rdU�T ?nƒ_U�TqWZY[R]\J\_^VU�`baVcdTeTfR]ghU•U�aŒr€UtT

`_phƒ ?hUtr€rdU�T�?nƒ_U�TjWJph`™ajc€r£u©R]ƒ„a¡\_^Vs�W_cd^eUŒrdR•otrdR]TVTeU]I

“|R•afR]Ž_r€U �„I[Kœ\_^Vs�TVUt`™aVUqr€UtT˜a¤RHƒ„l�W•Y§Ut^e^VU�ƒ_^FW_UO`_p]aV^VUOR]\_\J^Vpno¤P_UšTVU�rdph` W_c ­Zs�^VUt`™aVUtTFotp]`J±J³

ghƒ_^VRHafc€ph`_TBW_U‘r¦Y§Ut`JTVUt~œŽ_rdUjW•Y[RH\_\_^VU�`™afcdTeTfR]g]U]I_“|Rœ±Sg]ƒ_^VU,�„I 7šc€rdr€ƒ_TeaV^VU¡otU�TF^VstTeƒ_r€afRHafT�IP4„U�rdph`«otU

\_^ep]afpnotphr€U]‰

nv
WJst`_p]aVUjr€UF`_ph~•ŽJ^VU¡W_U ?nƒ_UtTv\SR]^†phŽ *eUmavTVstr€Utomafcdp]`_`_stU�TB\–phƒ_^Qr›Y[RH\_\_^VU�`™afcdTeTfR]g]U]I

“‚UtT

(72 � nv)
?nƒ_UtT‘^eUtT‹a¤R]`™afU�T‘TVp]`ba•ƒJafc€rdc€TVstU�Tj\–phƒ_^{rdUOafU�Tea•W_Uœo¤PSRH¥nƒJU•phŽ *eUma’I£“|U�TšR]`_g]rdUtT

R0%�cd~•ƒJafR]ƒ„l•¥nƒJc–o�ph^V^eUtTe\£ph`JW_Ut`™aXR]ƒ„l ?nƒ_U�TBW•Y�R]\_\J^VUt`™aVcdTVTVR]ghU{TVph`™aB~•U�`™afcdp]`_`_stTQW_R]`_Tvr°R‘\_^eUm³

~•cd…t^eU¡otphr€ph`_`_U¡W_U{r°R‘a¤RHŽ_rdUF�„I[KOWJU•~•R]`_cd…�^VU¡yO\£U�^V~•U�aeaf^VU{r°Rš^est\–s�afc afc€ph`ªU�aBr°ROotph~•\SR]^VR]cdTeph`

W_U�T•^Vs�TVƒ_r a¤RHaVTtI£“‚UtT•\_R]^fR]~•…�aV^VU�T•W_U�T•~•s�afPJp„W_U�T•^eUtTeaVUt`™ašr€UtT{~•x�~•U�TtI /Q` \SR]^‹afcdo�ƒ_rdc€Ut^�‰ˆRM?]Uto

r¦Y�R]\_\J^Vpno¤P_U•r€p„otR]rdUH‰™rdU•`Jph~•Ž_^eU•W_U•uwU�`_x�aV^VU�TFW_U

16� 16
\_c l„UtrdTBUmlnaf^VR]c€aVUtTB\£phƒJ^Xr¦Y�R]\_\J^VUt`™aVcdT‹³

TfRHghUOUtTeajUt`Jotph^eU 7kK '�'�'�'•¥bƒ_U�r}¥bƒ_UŒTVphc a¡rdUš`_p]~•Ž_^VUOW_U ?nƒ_UtT{W•Y�R]\_\_^eUt`™afc€TVTVR]ghU]I–“‚UO`_ph~•ŽJ^VU

W•Y�R]^VŽJ^VUtT

T
U�Tea¡afp]ƒf*ephƒ_^eT˜±Jl„sœy�7 'JI

�
��������
����	� 
 �
� ��� ���	�	��

� �����	��

� �����	��

�

+
�����	��

�

+
“ $KcST

, & 1 bK464 �i
�!#"��$��

�1032b5 � 
�!#"��k��

�$465�7 a�¢�$ '™KHŽ�e

nv = 36 
 k � 10� 'JI�g�g�
 'JI 7 7 
 'JI�' 9�
 'JI�'�g�
 ³

nv = 18 
 k � 20� 7hI�� 9�
 7hI�� ��
 'JI�g	: 
 'JI[K 9�
 '„I 7 


nv = 8 
 k � 45� :„I�� � 
 9JI��]G 
 7hI��0g�
 'JI��]G 
 '„I%9�


nv = 4 
 45� �����

��' � 7kK„I§G	9�
 7 'JI 7 g�
 G_I��]G 
 K„I%:hK 
 �nI�g�


nv = 2 
 0� ‰ ��' � KHG_I�� 7 
 7 �JI§GhG 
 7kK 
 �JI�' 7 
 7ŠK„ILK�


nv = 1 
 0� g 9JI 7 
 g™K„I39 7 
 KHG_I���g�
 7 �JI�� ��
 KHG 


%1&i(zEG�„I[K•Mª²XPSR]`_g]Ut~•Ut`™aXWJUj\–phcd`™avW_U ?nƒ_U••›²F¢K,´“•³ 7 '�'™‡XihafR]ƒ„l•W•Y§Ut^e^VU�ƒ_^B\–phƒ_^†W_c ­Zs�^VU�`baVUtT

a¤RHcdrdr€UtTqW_U r¦Y§Ut`_TeUt~•Ž_r€U�W•Y�R]\_\_^eUt`™afc€TVTfRHghU RY?]Uto¯rdUtTªRH^VŽ_^eUtT•R]rdstRHafp]cd^VU�Tt‰}U�a•r¦Y�R]\_\_^ep„o¤PJU RM?]Uto

UmlnaV^fR]omafcdp]`ŸW_UOuwUt`Jx�af^eUtT�‰£\–phƒ_^{rdU�T{^eUt\_^estTeUt`™a¤RHaVcdph`JT), & 1 UmaKb 464•I /—ajotph~•\SR]^VR]cdTeph`¯RM?]Uto

r°R•~•s�aVP_pnW_UŒ“ $ cST a[¢ $ '™K Ž�e¦I

²Xph~•~•UŒ\_^Vs ?nƒ•‰£r€UŒafR]ƒ„lŸW•Y§Ut^e^VUtƒJ^‘R]ƒ_g]~•U�`baVUœr€ph^VTe¥nƒJUœr°R•a¤RHcdrdr€UšW_UŒr¦Y§sto¤PSR]`™aVcdrdr€ph`¯W•Y[RH\„³

\_^eUt`™afc€TVTfRHghU¡W_cd~•cd`bƒ_UHIh²•Y§UtT‹aBrdR‘~•smafP_pnW_U˜WZY[R]^eŽ_^VU�TvR]rdstRHafphc€^VU�T—RY?hU�o{U”lnaf^fRHo�afc€ph`ªW_U˜uwUt`Jx�af^eUtT

U�av^eUt\_^estTVU�`™a¤RHaVcdph` bK464 ¥bƒ_cSW_p]`_`_U¡rdU�TQ~•U�cdrdr€Utƒ_^eT—^Vs�TVƒ_r a¤RHaVTtIb²XUmaVaVU•R]\J\_^Vpno¤P_U¡UtT‹avaVphƒf*ephƒJ^VT

~•Utcdr€rdU�ƒ_^VUB¥nƒJU{r›Y[RH\_\_^Vpno¤P_UF\SRH^†R]^VŽ_^eUtTvR]r€s’RHaVphcd^eUtTzTeƒ_^†rdU�TQcd~•R]ghUtTzghrdphŽ_R]rdU�TtIH“®Rš^eUt\_^estTVU�`™a¤R ³

afc€ph` b 464 TVUš~•ph`™af^eUš\_rdƒ_TX^VphŽ_ƒJTeafUš¥bƒ_Ušr€U‘otpnWSR]g]U , &�1 o�ph~•~•Uj`_phƒ_TFr›Y[RY?ncdph`JT˜cd~•R]ghc€`_s]I

“‚U‘a¤R]ƒnl W•Y§Ut^V^eUtƒ_^¡^eUtTeaVUšaf^V…�TFu©R]cdŽ_r€U]‰„Ut` W_U"/ty•WJƒŸ\–phƒ_^´³µotU�`™a’‰f*eƒ_Te¥bƒ•Y[y � ?„ƒJUtT¡W•Y�R]\_\_^eUt`™afc€T‹³

TfRHghU¡\SR]^QphŽ *eUma’In¬jpHaf^VUF~•s�aVP_pnW_U¡UtTeavW_U¡\_r€ƒ_TvR]ƒ„³ ~•phc€`_TQR]ƒJTVTVcS^ephŽ_ƒ_T‹afU{¥bƒ_U�a[¢ $ '™K Ž�eˆW_ph`™a

`_phƒJT{\J^VstTeUt`™afp]`_T•r€UtTF^Vs�TVƒ_r a¤RHaVT��jTeUtrdp]`¯r€UtTF~•xt~•UtT¡\_^ep]afpnotphr€UtT�I

$j±S` W•Y§s`?HR]r€ƒ_Ut^•r€U ^�
hr€U W_U r°RŸotphƒ_r€Utƒ_^•\–phƒ_^•rdR W_cdTeot^ecd~•cd`SRHaVcdph`¨W_U�T•p]Ž *eU�aVT•WJU�otU�aeafU

ŽSR]TeU�W_U�W_ph`J`_stU�Tt‰QrdU•a¤R]ŽJrdU’RHƒ �„I�g WJph`_`_U�r€UtTœafR]ƒ„l WZY�U�^V^VU�ƒ_^•W_U�rdR ~•smafP_pnW_U g]rdphŽSRHrdU•U�a

���
���O'8�����U2�����'��\ "�����U#%��*)�"�������8���4���?>���' � S ��2. )�82�* ����-.��JI2���JK2��=-.�������$
��4����*3�\ )�4�I�����I�K G
( )
���#�#1��*" "
8���G+

���O��
( ����N-�� #�2�H��4��
8��-�������� 
�� �IP�H�� ������ 3�������8�K #1��2�*G���E-.
( )��'( "�����U-.� *"


]

��������C��N���4�I�&'(��� ����
��4����*3�\ )�4�I���8�

'(���O��2. )�82�*3�=��H� "���8�������K �2��L )��2�6F-�S �8*)*"��2�*O-.� 	 	IC ��� #%�I2�*

nv = 2
�8 �	 ��C ����� #%�I2�*

nv = 1
C



��� ��� �$�����+�!%�&�� �$�-�Z� �!&������ �,��� �	�-������� �!�"�$#��!%�&�� �$�\. � ��1��!�����R�!�"�$��� .0&�� 
R( ���

0%
5%

10%
15%
20%
25%
30%
35%

0 5 10 15 20 25 30 35 40

ta
ux

 d
'e

rr
eu

r

nb. vues apprentissage

COIL-100: généralisation

Arbres HSV
Arbres+Fenêtres HSV

LAFs
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angle azimutal de la vue de test

COIL-100: erreur en g�n�ralisation par angle de vue de test

Arbres HSV
Arbres+Fenêtres HSV
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~•Ut`™afT¡W_UOotp]ƒ_rdU�ƒ_^VTF¥bƒ_c‚\–phƒ_^e^fR]c€Ut`™a¡x�aV^VUO~•c€Utƒ„l«\_^ecdTFUt`¯otp]~•\JaVUš\SR]^¡ƒ_`_UO^eUt\_^estTVU�`™a¤RHaVcdph`

bK4 4•I

��698�6�� � L L[WY\ N�=[NPJ&Q SG? DG=GF NPJ&@G\�\R@I?

¬jphƒJTBsmafƒ_W_c€ph`_T†r°R‘TeUt`_TecdŽ_c€rdc afs¡R]ƒ„l•p„o�otƒ_r a¤RHaVcdph`_TzUt`«Um­•R /’R]`™avW_UtTG%tp]`_UtTvW_UFa¤R]c€rdr€UXot^ephcdT´³

TfRH`baVU•RHƒ•TeUtc€`•W_U�TBc€~«RHghUtTQW_UFaVUtTeatI�`j`•Uml„Ut~•\_r€U{p � �0' 
 W_U{r°R‘\SRH^eafc€UFW_^Vp]c€afUFWZY�ƒ_`JUjc€~«R]g]U

UtT‹a‘Um­•R]o�stUqUtTea•~•p]`baV^Vsqy•rdRª±Sg]ƒ_^VU �„I�:nI£N®phƒ_^j`_phT¡afUtT‹afT�‰Z`_phƒJT•^VU�~•\Jr°R0/�ph`_T¡ƒ_`_UqotUt^‹a¤R]c€`_U

\–ph^eaVcdph` W_UªrdR \SR]^eaVcdU•W_^ephc€aVU•W_Uªr¦Y§cd~•R]ghUq\SR]^šW_U�T ?HR]r€Utƒ_^eTšW_Uª\_c l„U�rdTš`_phc€^VT�‰•otph~•~•U•r¦Y§ph`™a
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%1&i(zER�„I��«M¨²XP_R]`_ghU�~•U�`baœW•Y§ph^Vc€Ut`™a¤RHaVcdph` K03 •¦²F¢K,´“Z³�7 '�'h‡•i‚afR]ƒ„l¨W•Y§Ut^e^VUtƒJ^•RY?hU�o cd~•R]ghU�T

W_UšafU�Tea{\_c)?hp]aVstUtT{W_U
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angle de rotation (�)

COIL�100: rotation 2D

Arbres al�atoires
Arbres+Fenêtres

@BADCFE��„I39¡Mœ²XP_R]`_ghU�~•U�`bazW•Y§ph^Vc€Ut`™a¤RHaVcdph`•K03 •›²F¢�,´“Z³ 7 '�'™‡Qi afR]ƒ„lœW•Y§Ut^V^eUtƒ_^z\£phƒJ^zW_U�T—cd~•R]ghU�T

W_UšafU�TeajRY?hU�oœR]`JghrdUšW_UO^ep]a¤RHaVcdph`¯K 3œI

u©R]c aVa�¢ $ '™KHŽ�e›I �µp]u��jl 
 �ŒTecdgh`Jc€±SUq¥nƒJUql 
 W_U�Tš\_c l„U�rdT•WJU•r°R•\SR]^eaVcdUqW_^Vphc afUŒW_UtTšc€~«RHghUtT{W_U

afU�Tea†Teph`™a†^VUt~•\_rdR]ots�UtTtI]¬jphTQ^estTeƒ_r€afRHafT—Teph`™a†^Vs�TVƒ_~•stT†y‘rdRja¤R]ŽJrdU!�nI%9‘Uma†cdrdr€ƒ_TeaV^Vsv\SR]^—rdRj±SghƒJ^VU

�„I��JIh“‚U�TBRH^VŽ_^eUtT†R]r€s’RHaVphcd^eUtTQRY?hU�o¡Umlnaf^VR]o�aVcdph`•W_UFuwU�`_x�aV^VUtT†TeUFotph~•\£p]^eafU�`™avy‘`_phƒ�?]U’R]ƒ•~•c€Utƒ„l

¥bƒ_UšrdU�TFR]^eŽ_^VU�T˜TVƒ_^Fc€~«RHghUtTvghrdp]ŽSR]rdU�TtI `j`�o�Ut^eafR]cd`«`_ph~•Ž_^eU‘W_U•uwU�`_x�aV^VU�T{^eUtT‹afUt`™a ?ncdTecdŽ_r€UtTBU�a

TVp]`ba—otph^e^VUtomafU�~•U�`ba†o�r°R]TeTVs�UtTtIh“®R‘\J^Vsto�cdTecdph`•WJU˜r¦Y�R]\_\_^ep„o¤PJU˜rdpno’R]r€UB^eUtT‹afUFR]o�otU�\Ja¤R]ŽJrdU *eƒ_Te¥bƒ•Y[y

Ut` ?ncd^eph`•G�'�
 W•Y§pnototƒJr€a¤R afcdp]`•I™²XU�TB^estTVƒJr€a¤R afT†TVph`™a†afp]ƒJafUmuwphcdTQc€`Juwst^ecdUtƒJ^VT†yOotUtƒnl•W_U�a[¢ $ '™K Ž�e

¥bƒ_c–phŽJafc€Ut`™a˜ƒJ`•a¤RHƒ„l•W•Y�U�^V^eUtƒ_^˜WJU-:„I§G 
 \–phƒ_^!� '�
 W•Y§p„o�otƒ_r a¤RHaVcdph`•‰™o�U•¥bƒ_c–UtT‹aFotph~•\SR]^VR]Ž_r€U

y•`_p]aV^VUO^Vs�TVƒ_r a¤RHa¡phŽ„afUt`bƒ¯\£p]ƒ_^¡G�'�
 WZY�pnoto�ƒ_r€afRHafc€ph`•I

@BADCFEG�„I�:{Mª¢‘ototƒJr€a¤R afcdp]`_TQ\SR]^‹afcdU�rdr€UtT¡•›²F¢�,´“Z³ 7 '�'™‡Xi™pnoto�ƒ_r€afRHafc€ph`•W_U¡r°Rš~•phc€aVcdsXWJ^Vphc afUFW•Y§ƒ_`_U

cd~•R]ghU•\SR]^F^VU�~•\Jr°R]o�Ut~•Ut`™a¡`_phc€^tI
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%1&i(zE �nI%9OM•¢šo�otƒ_r a¤RHaVcdph`JTB\SRH^eafc€Utr€rdUtT••¦²F¢K,´“Z³�7 '�'™‡Fi
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COIL�100: occultations

Arbres
Arbres+Fenêtres

@BADCFE=�nI �•M ¢‘ototƒJr€a¤R afcdp]`_T¡\SR]^eaVcdU�rdrdU�Tq•¦²F¢K,´“Z³�7 '�'h‡šiˆa¤RHƒ„l¯W•Y§Ut^V^eUtƒ_^•\£phƒJ^jƒ_`JUœ\–ph^eaVcdph`¯p„o”³

otƒJr€afs�UOot^Vp]cdTVTVR]`™afUOW_U�T{c€~«RHghUtTFW_UšaVUtTeatI

��698�6kj � SGL Q ]�� F�@	]^@ S>N�@ N Q�����@ N�? ] WC\ NPJ�DY\R@I?

N}phƒJ^šrdU•\_PJst`_ph~•…t`JU•W•Y�U�`_otp]~•Ž_^VU�~•U�`™aOU�aOW•Y§phŽ *eUmafTš~•ƒ_r afc€\_rdU�T•R]ƒ TeUtc€`¨WZY�ƒ_`JU•cd~•R]ghU]‰

`_phƒJTj`_UŒ^VstR]rdc€TVph`JTF\SR]T{W_UŒaVUtT‹a•T‹ž„T‹afs�~«RHaVcd¥bƒ_UŒo’R]^¡r€UtT¡W_Utg]^VstTjW_UŒrdcdŽ–Ut^‹afsšTeph`™a•`_p]~•Ž_^VU�ƒ„l£I

¬jp]ƒ_TQs`?HR]r€ƒ_Ut^eph`_TQr°R‘~•s�aVP_pnW_U˜TVƒJ^Q¥nƒJUtrd¥bƒ_U�TBU”l„Ut~•\_rdU�TQotph`_T‹af^eƒ_c€aVTQ~«R]`bƒ_U�rdr€Ut~•Ut`™aQy‘\SRH^eafc€^

W_U‘rdRqŽSRHTVU•WJU‘W_ph`_`JstUtT{²F¢K,´“Z³�7 '�'JI�$j±S`�WZY�smafƒ_W_c€Ut^B\SR]^eaVcdo�ƒ_rdc€…t^VU�~•U�`™aBrdRq^ephŽ_ƒ_T‹afUtTeTVUOyœo�UtT

\–Ut^eaVƒ_^VŽ_RHafc€ph`_Tt‰]rdUtT†c€~«R]g]UtT—W_UFaVUtTeaBƒJaVcdrdc€TVs�UtT—\_^estTeUt`™afU�`ba˜ƒ_`•o¤P_R]`_ghU�~•U�`bavW_U¡\–phcd`™a†W_U ?nƒ_U

~•cd`_c€~•UOW_U � � \SR]^‘^VR]\_\–ph^ea‘R]ƒ„l c€~«RHghUtT{W•Y�R]\_\_^eUt`™afc€TVTfRHghU]I‚“‚U�Tš~•pnW_…tr€UtTjTVph`™ašc€otc®Ut`_o�ph^VU

otp]`_TeaV^Vƒ_c afTqyŸ\SR]^‹afc€^ŒWZY�ƒ_` Ut`_TeUt~•Ž_r€U«W•Y�R]\_\J^VUt`™aVcdTVTVR]ghU•otph`_T‹afc afƒ_s•W_U 7 � ?nƒ_UtTœ\SR]^Œotr°RHTVTVUH‰

TVU�rdph` W_U�Tª\SR]^fRH~•…maf^VU�T•cdW_U�`™afcd¥bƒ_U�T•R]ƒ„l U”l„\£s�^VcdU�`_otU�T•\J^Vsto�stW_U�`™afUtTŸi

120000
uwUt`_xmaf^VU�T•WJU

a¤RHcdrdr€UtT

16� 16
‰

T = 10
R]^VŽ_^eUtT�I
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N}phƒJ^zr¦Y§Ut`Jotph~•ŽJ^VUt~•Ut`™at‰ `Jphƒ_T®\_^Vph\–phTeph`_TzWJUBo�ph`_TeaV^Vƒ_c€^VUvrdUv~•pnW_…�rdU†yj\_R]^eaVcd^|W_UtT}cd~•R]ghU�T

ph^ecdghc€`SR]rdU�Tq•©TVƒJ^•uwph`_W `Jphcd^f‡¡W_U•²F¢�,´“Z³ 7 '�'«~•R]cdT{W•Y�Rh*ephƒJaVUt^‘ƒJ` uwph`_W •wƒ_`_UœaVUmlnafƒ_^eU•W•Y[¢ `F³

*0/21O‡‘y«¥bƒ_U�rd¥bƒ_U�TŒc€~«RHghUtT{W_U•r›Y�s�o¤PSR]`™afc€rdrdp]` W_UœaVUtT‹aOW_Uª²F¢K,´“Z³�7 '�'„I � “‚U•Ž_ƒ„ašUtT‹aOW_Uœafp]ƒ„³

*ephƒ_^eTF^VU�otph`_`_R��daV^VUšrdU�T˜phŽ *eUmafT¡W_Ušo�UtT¡cd~•R]ghU�T˜~«RHrdgh^es•rdU�T˜\–Ut^eaVƒ_^VŽ_RHafc€ph`_TFcd`™aV^VpnW_ƒ_c€aVUtT˜W_R]`_T

rdU�TBc€~«RHghUtTQW_U{afU�Tea’In“|RŒ±_ghƒ_^VUL�„I��Œc€rdr€ƒ_TeaV^VUFrdU�T��OUml„Ut~•\_r€UtTv¥nƒJU•`_phƒJTXRY?hp]`_TXo�^Vsts�T˜~•R]`bƒ_Utr ³

rdU�~•U�`™a’I]²XUX\_^ep]afpnotphr€UBU�Tea†RHTVTVU�%˜cd^e^VstR]rdc€TeafUvWSR]`JTzr°R{~•U�TVƒ_^eU˜p��•r€UtT}cd~•R]ghUtT|W•Y�R]\_\J^VUt`™aVcdTVTVR]ghU

ph`™aFsmafs‘TeUtgh~•Ut`™afs�UtT�I /Q`�¥nƒJUtrd¥bƒ_UšTeph^eaVU]‰„`_phƒ_TFRY?]ph`_T˜r›Y�c€~•\_^eUtTeTVcdp]`«W_U‘o�^Vs�Ut^˜ƒ_`�\J^VphŽ_r€…t~•U

\_r€ƒ_Tjo�ph~•\_rdc€¥nƒJsš¥nƒJUœr°R•^es’R]r€c€afsšp � rdU�Tjc€~«RHghUtTFW•Y�R]\_\J^VUt`™aVcdTVTVR]ghUq\£phƒJ^V^fRHcdUt`™a{otp]`baVUt`_c€^¡W_UtT

cd~•R]ghU�TœW•Y§ƒ_` phŽ *eUmaªTVƒ_^ªW_c ­Zs�^VU�`baVT•uwph`_W_T�IQ“QY[RHrdghph^ec€aVP_~•U•W•Y�R]\_\_^eUt`™afc€TVTVR]ghU�W_U ?„^VR]c€a•R]rdph^eT

\–phƒ�?hp]cd^ju©RHcd^VUœR]Ž_T‹af^fRHo�afc€ph` W_ƒ uwph`JW ¥nƒJc—`•Y§UtTeaO\_R]TšW_cdTeot^ecd~•cd`SR]`™a{W•Y§ƒ_`_UªotrdR]TVTeU•y r¦Y�R]ƒJaV^VUHI

¬jp]ƒ_T˜otp]`_TeafRHafU�^Vph`_T{R]ƒ«TVUtc€`�W_ƒ o¤PSR]\_c af^eU‘TVƒ_c)?HR]`™aŒ•©TeUto�aVcdph` 9„I�g™‡†¥bƒ_Ušr°Rœ~•s�aVP_pnW_U‘TVU•otph~•³

\–ph^eaVUFUt`ªU�­£U�aQaV^V…tT†Ž_c€Ut`•Teƒ_^†ƒ_`ª\_^VphŽJrd…t~•U˜^es’R]r€cdTeaVU˜W_UF^eUtotp]`_`SR]c€TVTfRH`_otU¡W_U¡ŽamHaVcd~•Ut`™afT—RM?]Uto

Ut`Jotph~•ŽJ^VUt~•Ut`™a{R]ƒ TeUtcd`�WJUtT¡cd~•R]ghU�TXW•Y�R]\_\_^eUt`™afc€TVTVR]ghUšU�a¡WJU‘afUtT‹aq•©r€U‘otc€Utr¦‰„W_UtT¡RH^VŽ_^eUtTt‰JW_UtT

?hs�P_cdo�ƒ_rdU�Tt‰‚I I€I[‡mI

@BADCFE �„I��•M /Q`_o�ph~•Ž_^eUt~•Ut`™a••¦²F¢K,´“Z³�7 '0'™‡Bihc€~«R]g]UtT—W_U˜aVUtT‹aBo�ph`™afU�`SR]`™avƒ_`ªphŽ *eU�avW_U{²F¢K,´“Z³

7 '�'ªRY?hU�oqƒJ`¯uwph`JW¯U�`_otp]~•Ž_^VsHI

$ R]r€gh^Vsªr°R�\_^estTeUt`_o�U«W•Y§ƒ_` uwp]`_W<*VR]~•R]c€T‘\_^Vs�TVU�`baVs«r€ph^VTOW_U•r°R�\_PSRHTVU•W•Y[RH\_\_^VU�`™afcdTeTfR]g]U]‰

r°R•~•smafP_pnW_U•RY?]UtoªR]^eŽ_^VU�TšR]rdstRHafp]cd^VU�TjTeƒ_^‘c€~«R]g]UtT{ghrdphŽ_R]rdU�TjTeU•af^Vp]~•\–UœTeUtƒ_r€Ut~•Ut`™aš\–phƒ_^•r€U

\_^eUt~•cdUt^šUmaOrdU•W_U�^V`_c€Ut^OUml„U�~•\_r€U•U�aŒ^VU�otph`J`SR��daOo�ph^V^eUtomafUt~•Ut`™aŒrdU�T gŸRHƒJaf^eUtTOUml„Ut~•\_r€UtTtI�/Q`

ƒJaVcdrdc€TfR]`™aŒr°R¯~•smafP_pnW_U•W•Y[RH^VŽ_^eUtT•R]r€s’RHaVphcd^eUtTŒRY?hU�o�Umlnaf^VR]o�aVcdph` W_U«uwUt`Jx�af^eUtT�‰zrdU�TœphŽ�*eU�afTœW_UtT

¥bƒSRHaV^VU{\_^VU�~•c€…t^VU�TBc€~«RHghUtTQW_U¡afU�TeaBTVph`™aBŽ_cdU�`•^eUto�ph`_`bƒ_TtIJ“|RŒ\_^estTeUt`_o�U•W•Y§ƒ_`«uwph`JW•c€`baV^VpnW_ƒ_c a

ƒ_` ?hUtomafU�ƒ_^ W_U¨\_^ephŽSR]Ž_c€rdc afstT�WJU o�r°R]TeTVU¨\_rdƒ_T¯ƒ_`_c uwph^V~•U ¥bƒ•Y�RM?]Uto r€U uwph`_W ph^Vc€ghcd`SRHr•`_phc€^

otp]~•~•Uj\–phƒ_^BrdU�TXcd~•R]ghU�TBWZY[R]\J\_^VU�`baVcdTeTfR]ghUH‰J~•R]cdTvr°RŒotrdR]TVTeU•W_U‘r›Y�p]Ž *eU�a˜yq^VU�otph`J`SR��daV^VUj^VUtT‹afU

r°ROotrdR]TVTeUj~•Rh*eph^ec€afR]cd^eU]Ih“QY§phŽ *eUma˜W_U{r°ROotc€`_¥bƒ_cd…�~•U¡cd~•R]ghU¡`•Y§UtT‹a˜\SRHTBo�ph^V^eUto�aVUt~•Ut`™a˜^eUto�ph`_`bƒ•I

N}p]ƒ_^Xo�U�aVaVU•c€~«R]g]U]‰hr€U{uwph`JW«UtT‹aFR]TeTVU�%‘otph~•\_r€Uml„UjUmaXo�phrdp]^Vs]I 3•Uj\_rdƒJTt‰br¦Y§phŽ *eUmaX`•Y§pnototƒJ\£Uj\SR]T

ƒ_`_U•gh^fR]`JW_U‘\SR]^‹afc€U•W_Ušr›Y�c€~«R]g]U]I�,µrZ`ZY�U�Tea¡W•Y�R]cdr€rdU�ƒ_^VTv\SR]T˜TecZs ?„c€W_Ut`™a¡¥bƒ_Ušo�Utr°RqW_U‘W_c€Teafc€`_ghƒ_U�^

otUma{phŽ *eU�a{W_ƒ uwph`_W¯yªr¦Y7�Ocdr–`nƒZI

�
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N}phƒJ^qrdR \J^VstTeUt`_o�U W•Y§phŽ *eUmafTŒ~•ƒ_r€aVcd\_r€UtT�‰Z`_phƒJTœRY?hp]`_Tœo�^Vsts•~•R]`bƒ_Utr€rdUt~•Ut`™a ��Uml„Ut~•\_r€UtT

W•Y§cd~•R]ghU�T—R]ƒ•TeUtcd`ªW_U�TV¥bƒ_U�rdrdU�TQ\_rdƒJTVcdU�ƒ_^VTzphŽ *eU�aVTQW_UFr°RjŽSR]TVUFWJUFW_ph`_`_s�UtT†TVUFo¤PJU`?HR]ƒ_o¤P_U�`™a’‰bW_U

~•R]`_cd…�^VUOy•\_^Vs�TVUt`™aVUt^•r€UtT¡W_c ­Zs�^VUt`™aVTjotR]Tj\J^VphŽ_r€st~•RHafc€¥bƒ_UtT�IP,µrdT¡TVph`™ajcdr€rdƒ_T‹af^Vs�TF\SR]^{r°R•±SghƒJ^VU
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�„I 7 'JI]²XUt^‹a¤R]c€`_T—cd~•\_r€cd¥bƒ_Ut`™a}Ut`•phƒ„af^VUXW_UtTQpnoto�ƒ_r€afRHafc€ph`_Tz\_R]^eaVcdUtr€rdU�Tt‰kU�aQo�ph~•~•UB`_phƒ_T—r›Y[RY?]ph`_T

W_c azƒ_`œrdstg]Ut^®o¤PSR]`_ghU�~•U�`™aQW_UX\–phc€`ba}W_U ?„ƒJUO•)� � ‡®\SR]^}^fR]\J\£ph^‹a—RHƒ„lqcd~•R]ghUtT|W•Y�R]\_\J^VUt`™aVcdTVTVR]ghU

W_UªotU�TœphŽ�*eU�afT�I|“‚U•^estTVƒJr€a¤R aO¥nƒJU•`_p]ƒ_TqU�TV\–st^eph`_TŒphŽJafU�`_cd^šU�Teaqr°R�\_^estTVU�`_otU•W_UtTŒotrdR]TVTeUtTŒW_U

otU�Tjp]Ž *eU�aVT{\_R]^V~•c•rdU�TF\_^VU�~•c€…t^eUtT¡otrdR]TVTeUtT¡\_^Vs�W_c€aVUtT¡\SR]^Fr€Uš~•pnW_…�rdU]I

@BADCFEQ�„I 7 'œM�$ŸƒJr€afc€\_rdU�TFphŽ *eUmafTq•¦²F¢K,´“Z³�7 '0'™‡•iScd~•R]ghUjW_UŒaVUtT‹ajo�ph`™afU�`SR]`™a•\Jrdƒ_TecdUtƒJ^VTFphŽ *eUmafT

y•^VU�otph`_`_R��daV^VUOW_UOr°R•ŽSRHTVUOW_UOW_ph`_`JstUtT�I

$ ?]Uto•rdR•~•s�afPJp„W_UŒW•Y�R]^VŽJ^VUtT‘R]rdstRHafphc€^VU�T{Teƒ_^‘c€~«R]g]UtT{ghrdphŽ_R]rdU�Tt‰Sƒ_` WJUtT‘W_U�ƒ„l phŽ *eU�aVT‘W_ƒ

\_^eUt~•cdUt^•Uml„Ut~•\_r€U UtTea ^eUto�ph`_`bƒ •©r°R Ž–p �€afU�*VRHƒ_`_UŠ‡ªa¤R]`_WJcdT ¥bƒ_U rdUŸTVU�otph`_W phŽ *eUma `_U u©R]c a

\SR]TF\_R]^eaVcdUšW_U�TL�•\_^eUt~•cd…�^VUtTFo�r°R]TeTVU�T{\J^VstWJc€afU�TF\SR]^Fr€Uš~•pnW_…tr€U]I ,µr‚Ut` UtT‹a{W_UO~•x�~•U‘\–phƒ_^Fr€U

otc€`_¥bƒ_cd…�~•UvUml„U�~•\_r€U‘•wo]Y§UtT‹ae³´yk³µW_c€^VU†rdU†uw^Vƒ_c a®Ut`•\_rdR]TeaVcd¥bƒ_UvUtT‹az^eUtotp]`_`bƒ•~«R]c€T|r¦Y�R]ƒJaf^eU†phŽ *eU�az`_U

u©R]c a}\_R]Tz\SRH^eafc€U†W_UtT&�¡\_^VU�~•c€…t^eUtT®otr°RHTVTVU�T¤‡”IhN}p]ƒ_^zr€UvWJUtƒ„l„cd…�~•UH‰Hr€UvaV^Vphc€TVc€…t~•UQU�a—r€UB¥bƒSR af^Vc€…t~•U

Uml„U�~•\_r€U]‰„R]ƒ_o�ƒ_` W_U�TXW_U�ƒ„l p]Ž *eU�aVTX`_U{u©R]c€av\SR]^‹afc€UjW_U�T5�Œ\J^VUt~•cd…�^VU�TBo�r°R]TeTVUtTX\_^Vs�W_c€aVUtTX\_R]^Br€U

~•p„W_…�rdUHI

$ ?]Uto‘rdRš~•smafP_pnW_U¡W•Y�R]^VŽ_^eUtTXR]rdstRHafphc€^VU�TQU�aBUmlnaf^VR]o�aVcdph`•W_U¡uwUt`_xmaf^VU�Tt‰nrdU�TBW_U�ƒ„l•phŽ *eUmafTvW_UtT

af^ephcdT•\_^VU�~•c€Ut^VTšU”l„Ut~•\_rdU�TšTVph`™aŒŽ_cdU�` ^VUto�ph`_`bƒ_T�I /Q`¨U�­£U�at‰•\£p]ƒ_^šo¤PSR]¥bƒ_U•cd~•R]ghUH‰£r€UtTšW_U�ƒ„l

\_^eUt~•cd…t^eUtTšo�r°R]TeTVUtTŒ^VU�otU ?]RH`baqrdU•\Jrdƒ_TšW_U ?]p]afU�TqTeph`™aqo�Utr€rdUtTšWJUtTŒphŽ *eU�aVTO\_^Vs�TVUt`™aVTœWSR]`JTŒo�UtT

cd~•R]ghU�TQN}p]ƒ_^†rdU˜¥bƒSRHaV^Vc€…t~•UFUml„Ut~•\_rdUH‰hƒ_`•W_UtT†W_U�ƒ„lªphŽ�*eU�afT�‰br°R‘o’RH`_U�aeafU¡^VphƒJghU]‰hU�Teav^VU�otph`J`nƒ

otp]~•~•U•\_^eUt~•cd…�^VU‘o�r°R]TeTVU]IS²•Y�U�Tea{ƒ_`_UšotR]`_U�aeafUš^ephƒ_ghUšW•Y§ƒ_`_UORHƒJaf^eUš~«R]^e¥bƒ_U‘¥bƒ_c•U�Tea¡\_^estW_c afU

Ut` W_U�ƒ„l„cd…�~•U�\–phTVc afc€ph`•‰®U�aªrdU«TVUto�ph`_W phŽ *eUmaªUtTeaª\J^VstWJc€a•o�ph~•~•U«aV^Vphc€TVcd…�~•U•otrdR]TVTeU]IQN®phƒ_^

rdU o�cd`_¥bƒ_c€…t~•U¯U”l„Ut~•\_rdUH‰Qƒ_` W_U�T•WJUtƒ„l phŽ *eUmafT•W_U¯r¦Y§cd~•R]ghU U�Tea•Ž_cdU�` ^eUtotp]`_`bƒ otph~•~•U�r°R

\_^eUt~•cd…t^eU‘otrdR]TVTeU••©r€Ujuw^VƒJc€a˜U�` \_r°R]T‹afc€¥nƒJUG*VR]ƒ_`_U’‡m‰JafR]`_W_c€T˜¥bƒ_Ušr°Rqotr°RHTVTVUšWJUšr¦Y�R]ƒJaf^eU•phŽ�*eU�aq•©r€U

^Vs�otc€\_cdU�`ba¤‡XUtT‹ajU�` o�cd`_¥bƒ_c€…t~•U‘\£p]TVc€aVcdph`�W_R]`_T¡r°R•rdc€TeaVU‘W_UtT{otrdR]TVTeUtT¡\_^estW_c afUtT¡\SRH^{r€Uš~•pnW_…�rdU]I

¬jpHa¤R]~•~•U�`™a’‰nW_Utƒ„l R]ƒJaV^VU�TFphŽ *eU�aVT˜W_U‘o�phƒ_r€Utƒ_^ *VRHƒ_`_U•T�Y�c€`™afUt^eo’R]r€Ut`™aFU�`baV^VUšo�UtTF\_^estW_c€o�afc€ph`_T�I

4„ƒ_c afUšyœo�UtTF¥bƒ_U�rd¥bƒ_UtT¡U”lJ\–st^ecdU�`_otU�Tt‰_c€r£T�Y[RY?h…�^VUO¥bƒ_Ušr¦Y§ƒJaVcdrdc€TfRHaVcdph`•WJcd^VU�o�aVU‘W_U‘r›Y[R]\J\_^Vpno¤P_U

\–phƒ_^Œr°R�W_s�aVUtomafcdp]` U�aqr°R otrdR]TVTec€±SotRHafc€ph`¨W_U•\Jrdƒ_TecdUtƒJ^VTŒphŽ *eU�aVT•R]ƒ¨TVU�cd` W•Y�ƒJ`_U«c€~«R]g]U•`•Y�U�Tea

\SR]T¡U .•otR]otUHI /Q`¯U�­£U�at‰–rdR•~•smafP_pnW_U‘afU�rdr€Uš¥nƒJUtrdr€Uš`_UŒ\£U�^V~•U�a{\SR]T¡W_UOW_smafUt^e~•c€`_Ut^¡o�ph~•Ž_c€Ut`

W•Y§phŽ *eUmafTšTVU•aV^Vphƒ ?hUt`™aŒR]ƒ TeUtc€` W_U•r¦Y§cd~•R]ghUHI ,µrzUtT‹aOUt` ?ncdTVR]ghU’RHŽ_rdU•WZY�sma¤R]Ž_r€cd^{ƒ_` TVU�ƒ_cdr}TVƒ_^šr€U

`_ph~œŽ_^VUFW_U�?hpHafUtT†^eU"/tƒJTB\SRH^Qo¤PSR]¥bƒ_U•o�r°R]TeTVU¡U�a†WJU{`JU{^eU�aVUt`_c€^v¥bƒ_U¡r€UtT†otrdR]TVTeUtT†¥bƒ_cS^VU�/tphc)?hUt`™a

ƒ_`•`Jph~•Ž_^eUXW_U ?hp]aVUtT—Teƒ_\£s�^Vc€Utƒ_^zyjotUBTVU�ƒ_cdr›I $ŸR]cdT}otU�aeafUXR]\_\_^ep„o¤P_UX`_UXTeUt~•Ž_r€UB\_R]TzTeƒ�.•TfR]`™afU

o’RH^‘r¦Y�R]`SR]r žnTVUœWJUtT�?hpHafUtTš\–phƒ_^jotU�Tš¥nƒJUtrd¥bƒ_U�TšUml„Ut~•\_r€UtTš~•ph`™af^VUq¥bƒ_U•rdUqTežnTeaV…t~•UªRHaVaV^VcdŽJƒ_U

ƒ_`_U¯\_^ephŽSR]Ž_c€rdc afs Tecd~•cdr°RHcd^VU•y \_rdƒ_TecdU�ƒ_^VT •©\_r€ƒ_TªW_U Kh‡•otr°RHTVTVU�TtI /Q` phƒ„af^VUH‰Qr¦Y�R]\_\_^ep„o¤PJUŸU�Tea

cd`Jo’R]\SRHŽ_rdU•W_U•TVU•^VU�`_W_^VU•otp]~•\JaVUªW_U•rdR¯\J^VstTeUt`_o�U«~•ƒJr€afc€\_rdUœs`?hU�`™afƒ_U�rdrdU•W•Y§ƒ_` phŽ�*eU�aŒW_U•r°R

~•xt~•Ušotr°RHTVTVUHI

N}phƒJ^˜ƒ_`�\_^ephŽ_rd…�~•U{W_Uj^VUto�ph`_`SRHcdTVTVR]`_o�UšW•Y�p]Ž *eU�aVT˜~•ƒJaVcd\_r€UtTBR]ƒ TVU�cd` WZY�ƒ_`JUšcd~•R]ghU¡W_ph`™a

r°R•TeUtgh~•Ut`™a¤R afcdp]`Ÿ`•Y§UtT‹a‘\SRHTjRHcdTVs�U]‰ˆcdr‚\–phƒ_^e^fR]c a¡x�aV^VUŒƒJafc€rdU]‰Jotph~•~•Ušr€UO\_^Vph\–phTeU a 3 �ON + '�gfe›‰

W_UOW_smafUtomafU�^jWSRH`_T¡r¦Y§cd~•R]ghU•WJUtT{\£phTec€aVcdph`_T ?hphc€TVcd`JUtTF¥bƒ_c|otph^e^VU�TV\–ph`_W_U�`ba•y•W_UtT¡uwUt`Jx�af^eUtT{¥bƒ_c

TVp]`baOo�r°R]TeTVs�UtTšW_U•~•R]`_c€…t^eUœTVc€~•c€r°R]c€^VUš\SRH^‘rdUq~•pnW_…tr€U]I£NzR]^•^VUtg]^Vphƒ_\–Ut~•Ut`™ašWJU•otUtTš^estghc€ph`_T�‰

ph` \–phƒ_^e^fR]c a‘RHrdph^eTjW_smafU�^V~•cd`_U�^jrdR•\_^estTVU�`_otU•WZY�ƒ_` p]Ž *eU�atI•“QY�s ?HR]rdƒSR afcdp]`ŸT‹ž„T‹afs�~«RHaVcd¥bƒ_U•Teƒ_^
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ƒ_`_UšŽ_R]TVUšW_UšWJph`_`_s�UtT¡\_rdƒJT˜cd~•\£p]^ea¤RH`baVU•W•Y§phŽ *eUmafTF~•ƒJr€afc€\_rdU�TXUmaFW•Y§cd~•R]ghUtTXUt`_o�ph~•Ž_^estUtT¡U�Tea

ƒ_`_UŒR]ƒ„af^VUOU”l„aVUt`_Tecdph`¯W_UOotUšaV^fRY?HR]cdr›I

��698�6�� l JR?-L[W>?�? J&QKS

3‘R]`_Tªo�U�aVaVU�TVU�o�afc€ph`•‰—`Jphƒ_T•RY?hph`_Tª^es’R]r€cdTVs•W_UtT•aVUtTeaVTªTežnTeaVst~•RHafc€¥nƒJUtTª\£p]ƒ_^•s`?HR]r€ƒ_Ut^œr°R

^Vp]Ž_ƒ_TeaVUtTeTVU«WJU•rdR ~•s�aVP_pnW_UªghrdphŽ_R]rdU•W•Y�R]^eŽ_^VU�TœR]r€s’RHaVphcd^eUtTOR]c€`_TVcQ¥bƒ_U•otU�rdr€U•WJU•rdR¯~•s�aVP_pnW_U

rdpno’RHrdU‘\SRH^FUmlnaf^VR]o�aVcdph` W_UšuwUt`Jx�af^eUtT�I

¬jphƒJTqRY?]ph`_TOphŽ_TeUt^�?]sª¥nƒJU•r€UtT�?HR]^ec°RHaVcdph`_T{W•Y§cdr€rdƒ_~•cd`SR afcdp]`¯\–Utƒ ?hUt`™aqx�aV^VUªRHaeafst`bƒ_s�UtTŒUt`

ƒJaVcdrdc€TfR]`™aFƒJ`_UO^VUt\J^VstTeUt`™a¤R afcdp]` b 464 R]ƒ rdcdU�ƒ W_ƒ ~•pnW_U , & 1•I

“|R ~•s�aVP_pnW_U�rdpno’R]r€U«T�Y�U�Tea•~•ph`™aV^VstU�\Jrdƒ_T•^ephŽ_ƒ_T‹afU ¥bƒ_U r°R ~•s�afPJp„W_U�g]rdphŽSRHrdU•u©RHotU R]ƒ

o¤PSR]`JghUt~•Ut`™a•WJU«\–phcd`™aqW_U�?nƒ_UH‰zW•Y§sto¤P_U�rdr€U]‰|W•Y§ph^Vc€Ut`™a¤RHaVcdph` K03 Uma•U�` \_^Vs�TVU�`_otU WZY�pnoto�ƒ_r€afR ³

afc€ph`_Tv\SR]^‹afcdU�rdr€UtTtI 3•U�TXafU�TeaVT˜ph`™a˜s�g™R]rdU�~•U�`™a˜~•ph`™af^Vs{ƒ_`_U•~•U�cdrdr€Utƒ_^eU¡^VphŽ_ƒJTeafU�TVTeUOyœr¦Y§Ut`_o�ph~•³

Ž_^eUt~•Ut`™ašU�a‘y«r°R•\_^Vs�TVUt`JotU•W•Y§phŽ *eUmafT‘~•ƒJr€afc€\_rdU�Tj~•R]c€Tjo�UtT•aVUtTeaVT‘s�afR]cdU�`™aš~•p]cd`_T{`_ph~•ŽJ^VUtƒnl

U�a{~•phcd`JT˜TežnTeaVst~•RHafc€¥bƒ_UtT�IZ²Xp]~•~•UšrdU�T{c€~«RHghUtT˜o�ph`™afc€Ut`_`_U�`™a•ƒ_`JUŒo�Ut^‹a¤R]c€`_UO^VUtWJph`_WSR]`JotUŒU�a

\_^estTVU�`™afUt`™a¯W_U�T ^Vs�ghcdph`JT«P_ph~•phgh…�`_UtT�‰Bo�Ut^‹a¤R]c€`_UtT«aV^fR]`JTeuwph^e~«RHaVcdph`JT•Te\SRHafcdR]rdU�T•c€~•\Jrdcd¥bƒ_U�`™a

¥bƒ_U r€U•o�ph`™afUt`bƒ W_U�T•cd~•R]ghU�TŒTephc€aœTVc€~•\_r€Ut~•Ut`™aŒW_stotR]rdsHI—²XU�r°R \–Ut^‹afƒ_^eŽ£U•W_U ~•R]`_c€…t^VUª\_r€ƒ_T

cd~•\–ph^eafR]`™afU•r›Y[R]r€ghph^ec€afPJ~•UŒghrdp]ŽSR]rz¥bƒ_cQaV^fRY?HR]cdr€rdUœWJcd^VU�o�aVUt~•Ut`™aqR]ƒ„l \–phTVc afc€ph`_TšR]ŽJTVphr€ƒ_UtTOW_ƒ

?hU�o�aVUtƒ_^•W_U \_c l„U�rdTtI8&Or€phŽSR]r€Ut~•Ut`™a’‰®rdU�TªaV^fR]`JTeuwph^e~«RHaVcdph`JTœo’RHƒ_TVU�`ba•Ž–U’R]ƒ_o�phƒ_\ W_U o¤PSR]`_g]Um³

~•Ut`™afT•R]ƒ TVUtc€` WZY�ƒ_`JUŸc€~«R]g]U]I[3•U¯`_ph~œŽ_^VU�ƒ„l \_c lJU�rdTªTVp]`ba•W_s�\_r°R]o�stT•phƒ ~•pnW_c€±_stT•U�a•r€UtT

?HR]^VcdRHafc€ph`_T‘U�`™af^VUªr€UtTša¤R]ŽJrdU’RHƒ„l W_Uª\_c lJU�rdTšW•Y�R]\_\J^VUt`™aVcdTVTVR]ghU•U�aŒW_U•afU�TeaŒTVp]`baq`_ph~œŽ_^VU�ƒ_TVU�TtI

$•ƒ o�ph`™af^fRHcd^VUH‰Jr›Y[R]\J\_^Vpno¤P_U‘r€p„otR]rdU¡ž U�Tea¡~•phcd`_TXTVUt`JTVcdŽJrdU]I�`j` otU�^eafR]cd`�`_p]~•Ž_^VU•W_U�?hU�o�afU�ƒ_^VT

W_U•\_c l„U�rdTOW_UtTŒuwUt`_xmaf^eUtTŒ^VUtT‹afU�`baœUt` U�­£U�aq\_rdƒ_TŒphƒ¨~•p]cd`_TOTVU�~•Ž_rdR]Ž_rdU�TOTVƒ_c afU•y¯ƒJ`_U•aV^fR]`_T´³

uwph^e~«RHaVcdph`«W_ph`_`_s�U]I£²XUtrdR•Uml„\_rdc€¥bƒ_UOW_ph`_oOr°R•^ephŽ_ƒ_T‹afUtTeTVUq\_rdƒ_TFg]^fR]`_WJU•iSo�Ut^‹a¤R]c€`_UtTFuwUt`Jx�af^eUtT

cd`™afR]o�aVUtT˜Teph`™a˜afphƒh*ephƒ_^VTBŽ_cdU�` otrdR]TVTestU�TF\SR]^Xr€U•~•p„WJ…trdUHIn“®Rq~•U�cdrdr€Utƒ_^eUFafphr€st^fRH`_otU•R]ƒ„l•p„o�otƒ_r ³

a¤R afcdp]`_TX\SRH^eafc€Utr€rdUtTv^Vs�TVƒ_r afU‘s�g™R]r€Ut~•Ut`™a˜W_ƒ u©RHc€a˜¥bƒ•Y§ƒ_`�o�Ut^eafR]cd`�`Jph~•Ž_^eU•W_U‘uwU�`_x�aV^VUtTF^eUtT‹afUt`™a

afpHa¤R]r€Ut~•Ut`™a�?„c€TVc€Ž_rdU�TFU�ajcdr‚`•Y§UtT‹a‘\SR]T{^VU�¥bƒ_cdT{¥bƒ_UqaVphƒJafU�Tjr€UtT¡uwUt`_xmaf^eUtT•TephcdU�`™ajo�ph^V^eUtomafUt~•Ut`™a

otrdR]TVTestU�TtI

“QY[R]\J\_^Vpno¤P_U•r€p„otR]rdUFU�TeaBTVƒ�.•TVR]~•~•Ut`™aX^VphŽ_ƒJTeafUjyqWJUtTX\–U�aVc€aVUtTv^Vp]afRHafc€ph`_TQU�a˜yŒWJUtTXo¤P_R]`„³

ghU�~•U�`baVTXW•Y§sto¤PJUtrdr€Uj~•pnW_st^estTv\£phƒJ^B\–Ut^e~•UmaVaf^eUjƒJ`«af^VR]c€aVUt~•Ut`™aByqsto¤PJUtrdr€UjUma �Hp]ƒ«ph^ecdUt`™afRHafc€ph`

~•ƒ_r afc€\_rdU�Tt‰Jr€ph^VT¡W_UOr›Y[R]\J\_^VU�`baVcdTeTfR]ghUOphƒ¯W_UŒr°R•\_PSRHTVUŒW_UŒaVUtT‹a’‰STVU�rdph`¯W_U�Tjs�o¤P_Utr€rdUtT{U�a{ph^ecdU�`„³

a¤R afcdp]`_TFW_cdTeot^e…�afU�TtI

$ R]c€TQTVcSƒ_`_U{R]\J\_rdc€o’RHaVcdph`qW_U¡otr°RHTVTVc ±So’R afcdp]`•W•Y§cd~•R]ghUtTzUtTeavTeƒ_TVo�Ut\JaVcdŽ_r€U{WJUF\_^Vs�TVUt`™aVUt^vW_UtT
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acO�i’{|O$	m}�ZwMWOVi“amODZ]\xRododUO‘{mu•O~akj”‘�	cODRoQS\_p�OxI _•d•iWOVMw\xRUZ’sVy�–mZPOV‘•uYacODMPXV\_doRUiPOVM—\_‘•Z]\�	nZ“amO~^h\_MWsVy�‘mMPi

acO˜d�j”RoQS\_p�Oš™J‘›jlRUd�Wœ\•amO˜Zw\_RodUdoOVižacOŸ{|O$	c}[ZwMPO�iz^`y�iPiWRo„cdUOVi�I}m—q_OVs˜acOVi {|O$	c}[ZwMPO�išamO˜Zw\_RodUdoOVi

Qt‘cd¡ZwRU^cdoO�iV¢‘	cy_‘ciž^cMWy�^`y�iPy"	mižakj”‘mZwRUdoRUiPOVMfdo\£qx\_MWRe\�	nZwO¤acOšde\£^cgh\_iWO¥acO¤ZwO�iWZ£ˆ|s�{|M�I:gcIYg>r¦™§‘cR

sVy�	ciPRUiWZwOwy�Ovu•ZPMw\_RUMPOt‘�	 	cy_Qt„cMPObMPXVam‘cRUZ¨acOt{|O;	c}�ZPMPO�iY\x‘˜iWOVR2	˜amO¦d�j”RoQS\_p�O_y�ZPOVi‡ZwOVML^mdo‘mZQP_Z

™§‘cO‰de\tZwy_Zw\_doR¡ZwX…a›jlO;	§ZPMPOYOVdodUOVi�I`©~O�ZPZPO‰qx\_MWRe\�	nZPO‰O�iWZªiPRUQSRUde\_RUMPO
y•do\f^mMPyJsVXVam‘cMPO‰akj”O[uJZwMP\_s�ZPRoy"	

MPXV\_doRUiPX�O…doy�MWiHacOLde\t^mgh\_iPO¨akjl\_^c^mMPO$	nZPRoiPiP\_p�OxI«‚—\5{hp_‘cMPO$O•I Z¬‹tRodUdo‘ci‡ZwMWO†™§‘cOVdU™§‘cOViH{|O$	m}�ZwMWOVi­acO

Z]\xRododUOVi~\_doXV\xZwy�RUMPO�i€O�Z­MPO�acRoQ•O$	miPRoy�	�	cXVO�iV¢h^`y�‘cMH‘�	mO‰RUQž\xp�O…ac‘ ^cMPy_„cdoT�QSO‰©H®�_¯‚›° Zr±_±mI

BDCFEHG O•I Z¬‹¨K8�
	mO¨qJ‘cOLa›jl‘�	¤y�„>•WO�Z•acO‰©H®�_¯‚›° Zr±_±¤ˆGytpn\_‘ms]gcO r€\•q�O�s¨™J‘mOVdo™§‘cO�i•O[u•OVQ•^cdoO�iHacO

{|O$	m}�ZwMWOVi­acOLZ]\_RUdodUOVi€\xdoX•\²Zwy�RUMPOVi~MPOVamRoQ•O$	ciWRoy"	�	mXVOVi•O;	š‘�	mO¨Zw\_RodUdoOª‘�	cRo™§‘cO

³ª´cµ›¶m·`¸h¹�¸h¶•ºb»½¼Œ¾•¿m´m¸hÀUÀl¸

[•OVdUy"	˜‘�	Á^cMWy_ZwyJsVy_doO¦iPRUQSRUde\_RUMPO_y s�OVdU‘cR•acOSdo\�iPOVs[ZwRUy"	 OJIŒ‹•I'•m¢q	cy_‘ciYy_„ciPO�MWq�y�	cibah\�	ciYdUO

Z]\x„cdoOV\_‘ O•IŽÂL™§‘cOHs�O�ZWZwOHqx\_MPRo\�	nZwO€^`OVMWQSO[Z•de\†MWy�„c‘ci‡ZwOViWiPOª\_‘•ufs]gc\�	cp�O�QSO;	§ZPi•akjlX�s]gcOVdUdoOHs�y"	ciPRÃ°

acX�MPXVi�Im‚ÄO­QSyJacT�doOHOVi‡Z€s�y"	ciWZPMP‘cR¡Z.y‰^h\xMWZwRUM•akjl‘�	žXVs]gc\�	nZwRodUdoy"	fakjl\_^c^mMPO$	nZPRoiPiP\_p�OªsVy"	ci‡ZwR¡Zw‘cX­acO

N w = 120000
{|O$	m}�ZwMWOViSacO�Z]\_RUdodoO�i¦\_dUX•\xZPy�RoMWOVi¦O[uJZPMw\_R¡ZwOVifacO�i O�gn±�±ŸRoQS\_p�O�i¦O$	

32 � 32
^cRÃumO�doi�¢~O$	ÅQ•yJacO XQk¨Æ†I~‚ƒO�iž{|O$	m}�ZwMWOVi¤iPy�	§ZÇMPOVamRoQ•O$	ciWRoy"	�	mXVOViWÈ�q�OVMWi�de\ÉZw\_RodUdoO¤™§‘cR…acy�	•°

	h\_R¡Z€dUOVi~Q•OVRUdodUOV‘cMWiDMWXViP‘mdUZ]\²Zwi€ah\�	ci€de\¨q�O�MPiPRUy"	¤acO…dÊjŽ\_dUp�y�MWRUZwgmQSOH‘mZPRodURoiw\�	§ZD‘�	cO†iPOV‘mdoO†Zw\_RodUdoOi•
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16� 16
^mR¡u•OVdUiVI`©~O��nZ­{|O��c}[ZwMWOVi­acO‰Zw\_RodUdoO�iH\_doXV\xZwy_RoMPO�i€iPy��§ZªO[uJZPMw\_R¡ZwOVi•acO‰s]gh\_™§‘cO‰RoQS\_p�OLamO

ZwO�iWZV¢`^m‘cRoi•MPO�acRoQ•O��miPRoy����cXVO�i†\•qx\��nZ­acO‰doOVi•^cMWy�^h\_p_OVM•ah\��ci­d�j”O��miPOVQb„cdoO¨acO

T = 10
\_MW„cMPO�iVI

‚ÄO¦Z]\_‘•uŸakjlO�MPMWOV‘cM‰acOfde\Çqx\_MPRo\��nZwO¦acOf„h\xiPOf^êy_‘cM¨acOVi‰RoQS\_p�O�i…acO¦ZwO�iWZYacO¦Z]\_RUdodoO�i

48 � 48
X�Zw\_RUZ~acO¨Â•I Z�O�� ˆ|s�{|MVIJZ]\_„mdoO•\x‘<O•IYg>r[I:m—q_OVsLs�O�ZPZPO��cy�‘•q�OVdUdoO†qx\_MWRe\��nZPO_¢JdoOªZw\_‘•užakj”OVMPMWOV‘cM~MPOVi‡ZwO

iPO�Qt„cdo\_„cdoO•^`y�‘cM¨Zwy�‘mZPOViYdoOVi‰Z]\_RUdodUOViLakj”RoQS\_p�O�iYs�y��ciPRUacXVMWXVO�iVI‘‰ªOž^cdU‘ciV¢—d�j”O[uJZwMP\_s�ZPRoy��ÉacOS{|Ov°

�c}[ZwMPO�i€acO­Z]\_RUdodoO�i \_doXV\xZwy�RUMPO�i	�mO…acXVp_Mw\_acOª^h\_iDdoO•Z]\_‘•užakj”OVMWMPOV‘mM~^h\_MDMw\_^m^êy�M‡ZeyYde\YQ•X�ZPgcyJacO

acO€„c\_iPOH\x^c^cdoRU™§‘cXVO~\_‘¦s•\_i½^h\_MWZPRos�‘cdoRUOVMƒakj”RoQS\_p�OVi—acO~ZPOVi‡ZNacO€do\ªQ•}VQ•ODZ]\xRododUO•™J‘mO€doO�i“RoQS\_p�O�i

akjl\_^c^cMWO��nZwRUiPiP\_p�O_I�_•d•OVi‡ZDR
�nZwXVMWOViWiw\��nZ•acOHiWy�‘cdoRUp��cO�M“™§‘cOHde\†Zw\_RodUdoO acOHd�j”XVs]gh\��§ZPRodUdoy��YakjŽ\x^c^cMPO��•°

ZwRUiPiP\_p�ObO�iWZ¨RUacO��nZwRU™§‘cO5yžs�OVdUdoObamOtde\fq�OVMWiPRUy��
�cy��ŸMWy�„c‘ci‡ZwO_¢

N w = 120000
{|O��c}�ZPMPO�iVI����cO

Q•OVRodUdoO�‘cMPO€MWy�„c‘ci‡ZwO�iPiPOªOVi‡Z~acy��csªy_„mZwO��J‘mOªiP\��ci€\x‘cp�Q•O��nZ]\xZPRoy��¦amOªdo\LZw\_RodUdoO€amOªdÊjlX�s]gh\��nZwRUdodoy��

akjl\_^c^cMWO��nZwRUiPiP\_p�O_I

�������������������! #"%$�&�����'(')� *,+.-/+1032�4#5�076�8.9(+1032;:=<?>
@)@%072A<?@%B1<C9EDF>
+G032IH�J#K

LNM�OPLNM Q�R S?SUT

V?W�O�V?W Q�RYX?QZT

S\[�O�S\[ Q�RYX?MZT

LNW?[�OPLNW?[ Q�R S?SUT

],^`_½G OJIŒÂ¨Kž©~gc\��cp�O�QSO��§Z€akjlX�s]gcOVdUdoOfˆÊ©H®�_¯‚k°`Zr±�±+r}••Zw\_‘•užakj”OVMPMWOV‘cM~iP‘cM€amOVi€RUQž\_p_OVi~amO†ZwO�iWZ

MPO�acRoQ•O��miPRoy����cXVO�i¦\•q�O�s�de\ qx\_MWRe\��nZPOÇ\•q�O�sÇ{|O��c}[ZwMPO�itacOžZw\_RodUdoO�ib\_dUX•\xZPy�RoMWOVi�I’‚ÄOSQSyJacTVdUOžO�iWZ

sVy��ciWZPMP‘cR¡Z•iP‘cM•acO�iªRUQž\_p_OVi€akjl\_^c^mMPO��nZPRoiPiP\_p�O‰acOLZ]\_RUdodUO

32� 32
^cR¡u•O�doiV¢mO�� QSyJacO XQk¨Æ†I

³ª´cµ›¶m·`¸h¹�¸h¶•ºb»`¸ba�cedo¶•ºY»ê¸gf�hm¸

Æ~RoO�� ™§‘cO¤s�O�ZPZPO qx\_MWRe\��nZPO�\•q�OVs {|O��c}[ZwMWOVifacO¤Z]\_RUdodoO�it\_dUX•\xZPy�RoMWOVi¦\xRUZ¦s�y�QSQ•O�^cMWOVQ•RoTVMWO

Q•y_ZwR¡q_\²ZwRoy�� de\ MPy_„c‘ciWZPOViWiPO \x‘ s]gh\��cp�OVQ•O��nZšakj”XVs]gcO�dodoOx¢•Rod…O�iWZšR)�nZwX�MPOViWiw\��nZšakj”X�qx\_do‘mOVM¤iw\

MPy_„c‘ciWZPOViWiPO•\_‘£s]gh\��cp_OVQ•O��nZ¨acO¦^`y�R)�nZ…amOtq•‘mO_Iq„i�£O;ƒêO�ZV¢ksVO�MWZ]\xR)�cO�i…{|O��c}[ZwMPO�iLacO¦^cdU‘ciL^êOv°

ZwR¡ZwO�i€Z]\_RUdodoO�iDiWy��nZ•iP‘ciWsVO�^mZwRU„cdoO�i­a›jl}[ZwMPO¨Q•RoO�‘•uÇMWOVs�y����§‘cOVi­™§‘cO¨acOVi€{|O��c}�ZPMPO�iªacO…Zw\_RodUdoO�iD^cdU‘ci

p�MP\��cacO�i€doy�MWiDa›jl‘���s]gc\��cp�O�QSO��§Z•amO†^`y�R)�nZ€amO†qJ‘cO_I�„j��OJƒ›O[Z•¢•sVOVM‡Z]\_R
�cOVi~MPXVp_Roy��ci acO…^`O�ZPRUZPOVi

Z]\xRododUOViª^êO�‘mq�O��§ZYiPOfMWXV^`X�ZwO�M¨Qž\_dUp�MPXY‘��£s]gh\��cp_OVQ•O��nZ‰acOf^êy�R
�nZLacO¦qJ‘cO_I[‰bjl\_‘mZPMPOf^h\_M‡Z•¢kdUO

MPO�acRoQ•O��miPRoy����cOVQ•O��nZ½acOHp�Mw\��cacOVi’{|O��c}[ZwMPO�iNO��¦{|O��m}�ZwMWOViN^cdU‘ci½^`O�ZPRUZPOViN\xZWZwX��J‘mOHsVOVM‡Z]\_R
�cOVi½acOVi

acX[{|y�MPQS\xZwRUy��ci€am‘cOViª\_‘¤s]gh\��cp_OVQ•O��nZ†amO‰^`y�R
�§Z€acOLq•‘mO_I

‚ªy�‘mi•\rq_y��ci•X�qx\_dU‘cXLsVO[Z•O;ƒêO�ZVyt^h\xMWZwRUM€ac‘¤s•\xiHdoO…^cdU‘ciHacRlkSs�RodUO†acOLdo\b„h\_iWO‰amOLacy����cX�OVi

©H®�_¯‚›° Zr±�±¦™§‘cRÄs�y��ciPRUiWZPO_y¦‘mZPRodURoiPO�M~‘��mO‰iWOV‘cdUOLq•‘mOY^`y�‘cMHs]gh\x™J‘mOYy�„>•WO�Z­ah\��ci•dÊjlX�s]gh\��nZwRUdodoy��

akjl\_^c^cMWO��nZwRUiPiP\_p�O_I Ž—y�‘cMƒMw\x^c^êO�d«ˆŠs[{|MVIVZw\_„cdUO•\_‘'O•IŽ‹"r[¢�doO“Zw\_‘•uLa›jlO�MPMPO�‘cMƒy�„mZPO��§‘b\•q_OVs de\~q�O�MPiWRoy��

acO•„h\_iWOSX[Z]\_R¡ZYamOž‹�gcInm�•o� O��ÉMPO�^cMPX�iPO��nZw\xZwRUy���XQk¨Æ O�Z Z?pmI�O�mo� O��ÁMPO�^cMPX�iPO��§Zw\xZwRUy��rqb[^]

^`y�‘cM doOVi€Â&Zr±�±‰RoQS\_p�O�i amOªZwO�iWZHO��

32� 32
^cR¡u•OVdUiVI>mƒq�OVs†sVO�ZWZwO��my�‘mq�O�dodUO­qx\_MWRe\��nZwO­‘mZPRodoRUiw\��nZ

acO�iY{|O��m}�ZwMWOViYacO•Zw\_RodUdoO�i¨\_doXV\xZwy�RUMPO�iV¢e�cy_‘ciYy_„mZwO��cy��cit‹_±mIts"•o� O��ÁMPO�^cMPX�iPO��§Zw\xZwRUy���XQk¨Æ O�Z

Z •mI�O�mo� O��¥MPO�^cMPX�iPO��nZw\xZwRUy��uq�[^]bIwvx�cy_ZwMWOtsVy����h\_RUiPiw\��csVOx¢›Rodƒi�jŽ\_p_RUZ…am‘¥QSO�RodUdoOV‘mM­MWXViW‘cdUZw\xZ

y�„mZPO��§‘•^êy�‘mMNsVOH^cMWy_ZwyJsVy�dUO€iP‘mM s�O�ZWZwO•„h\_iWO­amOHacy����cX�OVi�I•‚ƒ\^{hp_‘cMPO O•I Z •…MPO�^cMPX�iPO��§ZPO†dUO~Z]\_‘Ju

akj”OVMWMPOV‘mM iW‘cM d�j”O��ciWOVQt„cdUOHacOViGZr±_±¨y_„�•WO�ZPiDacO•do\…„h\_iPO•acO­acy����cXVO�iD^`y�‘cMNs]gh\x™J‘mO­qJ‘cO­acOHZwO�iWZ

ˆŠamO†de\‰QS}�QSO­QS\��cRoT�MPO•™§‘cO…do\i{hp_‘cMPO�O•IŒ‹J¢•^h\xp�Oym�•+r[I•‚ƒ\YQ•X�Zwgmy•acO­™§‘cR›MWX•\_dURoiWO­dÊjlOvuJZwMw\xs�ZwRUy��



���������	���%��

������������������

��
�����
 �"!�����
#�$�������%�����%��&'�(
#� )C)

acO­{|O��c}[ZwMPO�i€acO­Z]\_RUdodoO�i•\_doXV\xZwy_RoMPO�i•iPO†Q•y��nZwMWO†^cdU‘ci MPy�„c‘miWZwO†\_‘•uSs]gh\��mp�OVQ•O��nZwi~acO†^`y�R)�nZDacO

qJ‘cOH™§‘cOHde\ªQSX[ZwgcyJacO€™§‘cRcOvuJZwMw\xRUZNacO�i“{|O��c}[ZwMWOVi•acO€Z]\xRododUOVi[{mu•OVi�In‚ÄO �cy�Qt„cMWO€akj”OVMWMPOV‘mMPi•^êy_‘cM

doO�i½qJ‘cOVi \_‘•Zwy�‘cM½acO

�
ZFm�± � OVi‡Z•iPRUQSRUde\_RUMPON^`y�‘cM“dUOVi“acO�‘•ufQ•X�ZPgcy•amOViV¢xQž\xRoi½do\†Q•X�Zwgmy•acO€\rq_OVs

{|O��m}�ZwMWOVi­acOLZ]\_RUdodUOVi€\xdoX•\²Zwy�RUMPOVi~iPO¨sVy�Q•^`y�MWZPOLQSRUOV‘•uÇ^êy�‘mMHdoOViHqJ‘cO�iª^cMWy•s]gmOVi•acO
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angle azimutal de la vue de test

COIL�100: erreur en g�n�ralisation par angle de vue de test

Arbres+Fenêtres HSV
Arbres+Fenêtres tailles al�atoires HSV

BDCFEHG OJI Z •ªK•©~gh\��cp�O�QSO��nZ~acO­^`y�R)�nZ•acO•qJ‘cO¦ˆÊ©H®4_¯‚›°`Zr±�±+rQ•��cy�Qb„cMPO•akj”OVMWMPOV‘mMPi~O��S{|y��ms�ZwRUy��

acO…dÊjŽ\��cp�doO­acO­q•‘mOLacO†ZwO�iWZH^`y�‘cMDde\‰QSX[ZwgcyJacO…\•q_OVsLO[uJZPMw\_s[ZwRoy��ÇacO†{|O��c}�ZPMPOViHamO†Z]\_RUdodUOVi@{mu•OVi

O�ZÇde\ÁQ•X�ZPgcy•amO¥\•q�O�s˜OvuJZwMw\xs�ZwRUy�� acO¥{|O��c}�ZPMPO�i�acOzZ]\xRododUOViS\_doXV\xZwy_RoMPO�iV¢•O�� MWOV^cMWXViPO��nZ]\xZPRoy��

q�[/]tI4m†^m^cMPO��§ZPRoiWiw\_p�OY\•q�O�s

nv = 1
ˆFqJ‘cO‰± � rvI

³ª´cµ›¶m·`¸h¹�¸h¶•ºb»½¼ c

�

dŽ¸h¶mºvµmºFdncÄ¶����

‚ªy�‘mi¦\•q�y��ci¦X�pn\_dUOVQ•O��nZtX[q_\xdo‘cXSsVO�ZWZwO �my�‘mq�O�dodUOSqx\_MPRo\��nZwOž\_‘ s•\_ibdoOž^mdo‘ciYacR
k•sVRUdoO•acO

�cy_ZPMPOš^cMPy_ZPy•s�y�doO¤akj”X�qx\_dU‘h\xZPRoy�� acOzdo\ÉMWy�„c‘ci‡ZwOViWiPOŸ\x‘ s]gh\��cp_OVQ•O��nZÇakj”y�MWRoO��nZw\xZwRUy��k¢•s_j”OVi‡ZW°

y²°ÎacRoMWOŸah\��cišdoO£s•\_i akj”RoQS\_p�O�i amO˜ZPOViWZz\ Wn\��nZziP‘c„cR¨‘��mOÁMPyxZ]\xZPRoy�� acO g�O � ^h\_M Mw\_^m^êy�M‡Z

\_‘•uÁRoQS\_p�O�ibakjl\_^c^mMPO��nZPRoiPiP\_p�OxI•©~O�ZWZwOÇqx\_MPRo\��nZwO �cO�QSy��§ZPMPO �mR~‘��cOÇ\_QSX�doRUy�Mw\xZPRoy��u�cR~‘��cO

acX�p�Mw\_ac\xZwRUy��fiPO��miPRo„mdoOVi•acO•do\¨MWy�„c‘ci‡ZwO�iPiPOxIm‚ÄOHZ]\x‘•ufakj”OVMWMPOV‘mMDy�„•ZwO��§‘SOViWZ acOV•�±•Inm�s�� sVy��nZPMPO

•�Z�Its�po� y�„mZPO��§‘š^mMPXVs�XVacO�QSQ•O��nZtˆŠs[{|MVImZw\_„cdoOV\_‘ O•I�O"r[¢cO��šMWOV^cMWXViWO��nZ]\xZPRoy���XQk¨Æ†I

021TS 1�� VcHI=�9<;dK =�? @	� B�
 W�

�ZYN=�9�
�� B�
 =/;Q?+M5M�
���
 = B��V@ 9�?�
��>=/;>=�?A@���� ;QMA7N;��

=/@b?+9�
��

‰…\��ci†sVO�ZWZwOtiWOVs[ZwRoy�� �cy�‘mi…^cMPX�iPO��§ZPy��ciL‘��mObO[uJZPO��ciWRoy��ŸacOYd�j”O[uJZwMP\_s�ZPRoy�� acOb{|O��c}�ZPMPO�i…acO

Z]\xRododUOVi \_dUX•\xZPy�RoMWOViVI:„NdodUO†\_^m^cdoRU™J‘mO†‘��cOªZwMw\��ciW{|y�MWQž\²ZwRoy��žacO…MWy_Z]\²ZwRoy��Ç\_dUX•\xZPy�RoMWO^yYZPy�‘mZPOVi€dUOVi

{|O��m}�ZwMWOVi­O[uJZwMP\_RUZPOVi­\�{P�¤akjl\_Q•XVdURoy�MWOVM€do\tMPy�„c‘miWZwO�iPiWO5y¦sVO[ZPZwOLZPMw\��ci‡{|y�MPQS\xZPRoy��kI

‚ªy�‘mi‰^mMPy�^`y�iPy��ciV¢Ä^`y�‘cMLs]gh\x™J‘mO•{|O��c}�ZPMPOfacOtZ]\xRododUOt\_dUX•\xZPy�RoMWObOvu•ZPMw\_R¡ZwOwy�‘��cOf^`y�iPR¡ZwRUy��

\_dUX•\xZPy�RoMWO_¢mO[Zª\rqx\��nZ­acO‰de\¦MPO�acRoQ•O��miPRoy����cOVM�¢cacO¨do‘mRƒ\_^c^cdURo™§‘cOVMH‘��cO¨MPy_Zw\xZwRUy��¤akjŽ\��cp�doO¨\xdoX•\¬°
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Zwy_RoMPOYˆ|O��nZwMWO†± � R)�cs�do‘ciNO[Ze•�s�± � rvI>‚ªy�‘ci de\¨MPO�acRoQ•O��miPRoy����cy��ci•O��ciP‘cR¡ZwO•q�O�MPi~do\…Z]\_RUdodoO~‘��cRo™§‘cOxI

‚ƒ\5{hp�‘cMWOJOJI Z gfRUdodo‘miWZwMWO…sVO[ZPZPO¨qx\_MWRe\��nZPO_Ih‚Njl\_dop�y_MPRUZPgcQ•O†akjl\_^c^cMWO��nZwRUiPiP\_p�O¨acO�qJRUO��nZ­acy��csw•

�
®��¦O[uJZPMw\_R¡ZN\_dUX•\xZPy�RoMWOVQ•O��nZ½‘��•s�OVM‡Z]\_R
� �cy�Qt„mMPO

Nw
acO€{|O��m}�ZwMWOVi�y…^h\xMWZwRUM½acO�iNRoQS\_p�O�i

acOSd�j”O��ciWOVQt„mdoOža›jŽ\_^m^cMPO��§ZPRoiWiw\_p�OxI“‚ƒ\ Zw\_RodUdoO

w0
1 = w0

2
acOžs]gh\_™§‘cOž{|O��c}�ZPMPOÇO�iWZtZPRoMPX�O

\_dUX•\xZPy�RoMWOVQ•O��nZƒO��nZPMPO

1� 1
O�Z

min (Wx ; Wy) � min (Wx ; Wy)
^cRÃumO�doi�Ih[•\ª^`y�iPR¡ZwRoy��YO�iWZ

O��ciP‘cR¡ZwO­acX�ZPOVMWQSR
�cXVO­\_dUX•\xZPy�RoMWOVQ•O��nZN^`y�‘cM•}�ZPMPO­sVy��nZwO��§‘cO†O��§ZPRoT�MPOVQ•O��nZDah\��ci d�j”RoQS\_p�O

ˆ|O��nZwMWO�±šO[Z

Wx � w0
1 � 1

akj”‘��cOÇ^h\xMWZ•¢—O�Zt±šO[Z

Wy � w0
2 � 1

akjl\_‘mZPMPOV^c\_MWZ�r[I`���cO

MWy_Z]\xZPRoy��zakjŽ\��cp�doOt\_doXV\xZwy�RUMPOžˆŠO��§ZPMPOf± � R
�csVdU‘ci…O�ZY•�s�± � r†O�iWZ‰\_^m^cdoRU™J‘mXVOuyÇdo\S{|O��c}[ZwMWO_I

©~O�dodoOv°•s�RhOViWZ~O��ciW‘cRUZPOªMWOVacRUQSO��ciPRUy����cX�OªO��

w1 � w2
^cRÃu•OVdoi�I•® �ž\_iPiWy•s�RoOVyYs]gc\_sV‘��mO…acO

s�OVi•{|O��c}[ZwMPO�i•de\¦sVdo\_iPiWO‰amO‰dÊjlRUQž\xp�O†acy��§Z­O�dodoO†OViWZ­Ovu•ZPMw\_R¡ZwOxI

�
®��zs�y��ci‡ZwMP‘mRUZª‘��zO��ciPO�Qt„cdoO‰acO

T
\_MP„cMWOViª\_doXV\xZwy_RoMPO�iVy•^h\xMWZwRUM•ac‘ �cy_‘mq�O�d½O��miPOVQb„cdoO

akjl\_^c^mMPO��nZPRoiPiP\_p�O¨sVy��ciWZPRUZw‘mX…acOVi

Nw
{|O��c}[ZwMWOVi•acXVs�MPR¡ZwOViH^c\_MHdoO�i~qx\_doO�‘cMPiHacO�i

w1 � w2
^cRÃu•OVdoiH™§‘cRÄdUOVi•sVy_QS^`y�iPO��nZ•I

C1 C2 C3

C1 C1 C1 C1 C1 C2 C2 C2 C2 C2 C3 C3 C3 C3 C3
BDCFEHG OJI Z g¦KAŽNMPO�QSRUTVMWOYX[Z]\_^`ObacOYde\f^cgh\_iWObakjl\_^c^mMPO��nZPRoiPiP\_p�Ob\rq_OVstOvuJZwMw\xs�ZwRUy��zamOY{|O��m}�ZwMWOVi

acOLZ]\xRododUOViDO�Z­akj”y�MPRUO��nZ]\xZPRoy��mi•\_doXV\xZwy�RUMPO�i}y¦^h\_MWZPRoM€amOVi­RoQS\_p�OVi~y�MPRUp�R)�h\xdoOVi�I

BDCFEHGZO•I Z�O¤K ���mOÇq•‘mO a›jl‘��•y�„>•WO�Z¦acO ©H®�_¯‚›° Z•±�±•ˆGy¥pn\x‘cs]gcO rt\•q_OVs¤™§‘cOVdU™J‘mOVifO[u•OVQ•^cdUOVi

acO¦{|O��m}�ZwMWOVi‰acO¦Z]\_RUdodUOViL\_dUX•\xZPy�RoMWOVi…O[Z¨akj”y�MPRUO��nZ]\xZPRoy��˜\_dUX•\xZPy�RoMWOVi�¢›MPO�acRoQ•O��miPRoy����cXVO�iLO��É‘��cO

Z]\xRododUO†‘��mRo™§‘cO_I

‚ƒ\¨^mgh\_iPOHamO•ZPOVi‡Z•akjl‘��cOA�cy�‘mq_OVdodUO€RoQS\_p�ODRoQ•^cdoRU™§‘cO~dUO€QS}�QSO~^cMPyJsVO�iPiP‘miDacO€ZPRoMP\_p�O€akj”‘��
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�cy�Qb„cMPOSMPXVam‘cRUZbacOS{|O��c}�ZPMPOVibacOžZ]\xRododUOVi‰\_dUX•\xZPy�RoMWOVibyzacO�it^êy_iPRUZPRoy��miY\xdoX•\²Zwy�RUMPOVi�¢ÄZwMw\��ciW{|y�M¯°

Q•XVOViH^c\_MH‘��cOLMWy_Z]\xZPRoy��Ç\_doXV\xZwy�RUMPOx¢•^c‘mRoi€MWOVacRUQSO��ciPRUy����cX�OViHO��¤‘��mO‰Q•}VQ•OªZw\_RodUdoO­^êy_‘cMH}�ZPMPO

^cMWy�^h\_p�X�OVi’ah\��ci’doO QSyJacTVdUO•acO~s�de\_iWiPR2{cs•\xZPRoy��kI¬‚ƒ\~{hp�‘cMWO O•I Z�O­RUdodU‘ciWZPMPON™§‘cOVdU™§‘cOVi½{|O��c}�ZPMPO�i“acO

Z]\xRododUOVi€O[Z†a›jly�MWRoO��§Zw\xZwRUy��ci•\_dUX•\xZPy�RoMWOViHO[ZªMWOVacRUQSO��ciPRUy����cX�OVi�¢`^`y�‘cM•‘��mOYRUQž\_p_OLac‘š^mMPy�„cdUTVQ•O

©H®�_¯‚›° Zr±�±•I

³ª´cµ›¶m·`¸h¹�¸h¶•ºb»½¼ c

�

dŽ¸h¶mºvµmºFdncÄ¶����

[•OVdUy��˜‘��Á^cMWy_ZwyJsVy_doO¦iPRUQSRUde\_RUMPO_y s�OVdU‘cR•acOSdo\�iPOVs[ZwRUy�� OJIŒ‹•I'•m¢��cy_‘ciYy_„ciPO�MWq�y��cibah\��ciYdUO

Z]\x„cdoOV\_‘ O•Itm¨™§‘cO•s�O�ZPZPOHq_\xMPRe\��§ZPO•\_Q•XVdoRUy�MPO de\…MWy�„c‘ci‡ZwO�iPiPO†\_‘•uts]gh\��cp�O�QSO��nZwi akjly_MPRoO��nZ]\xZPRoy��kI

‚ÄOHQSyJacT�doO€O�iWZ•sVy��ciWZPMP‘cR¡Zny…^h\_MWZPRoM“a›jl‘��fX�s]gh\��nZwRUdodoy��¦akjŽ\x^c^cMPO��nZwRoiWiw\_p_OHsVy��ci‡ZwR¡Zw‘cX•acO

N w =
120000

{|O��c}[ZwMPO�iªamO…Z]\_RUdodoO�i~O[Zªa›jly�MWRoO��§Zw\xZwRUy��ciH\xdoX•\²Zwy�RUMPOVi��­O[uJZwMP\_RUZPOViHacO�i�O�gn±�±¦RoQS\_p�O�i€O��

32� 32
^cR¡u•O�doiVI«‚ÄO�i•{|O��c}�ZPMPO�iªiWy��nZªMWOVacRUQSO��ciPRUy����cX�OVi•O��

16� 16
^cR¡u•OVdUiVI

©~O��nZ“{|O��c}�ZPMPOVi½acODZw\_RodUdoOViÄO[Z“akj”y�MWRoO��nZw\xZwRUy��ci’\_doXV\xZwy�RUMPO�i—iWy��nZ“Ovu•ZPMw\_R¡ZwO�i½acODs]gh\_™§‘cO€RUQž\_p_O

acONZwO�iWZV¢r^c‘cRoiƒMWOVacRUQSO��ciPRUy����cX�OVi—\•q_\��§ZƒamO dUOViƒ^cMWy�^h\_p�O�MÄah\��ciƒdÊjlO��ciPO�Qt„cdoO•acO

T = 10
\_MW„cMPO�iVI

‚ÄOªZw\_‘•užakjlO�MPMWOV‘cM€amO†de\¨qx\_MPRo\��nZwO­acO…„h\_iWO†^`y�‘cMDacOVi€RUQž\xp�OVi acOªZPOVi‡Z•\•q�OVsLMWy_Z]\²ZwRoy��SacOfg�O �
X�Zw\_RUZ•amOt•�Z_Ins�p�� O��šQSyJacO XQk¨Æ ˆŠs�{|M�IcZ]\_„mdoO•\x‘ OJI O"rvI«‚ƒ\fMWy�„c‘ci‡ZwO�iPiPOYOVi‡Z†acy��cs �mO�ZPZPOVQ•O��nZ

\_Q•XVdURoy�MWXVO“^c‘mRoiP™§‘cO,�cy�‘ci—y�„mZPO��cy��ci’QS\_R
�§ZPO��h\��§ZMO•ItmnÂ��œO��bQ•yJacOdXQk‰Æ£O�Z:Z�I�O�so� O��bMWOV^cMWX[°

iPO��nZ]\xZPRoy�� q�[/]tIƒ‚ÄOfQSyJacO qb[^] OViWZ‰^cdU‘ci¨MPy�„m‘ciWZPO•™§‘cOfdUO¦QSyJacO XQk¨Æ†I—©~O�de\�iVj”O[u•^cdURo™§‘cO

iw\��ciSamy�‘mZwO ^h\_MfdUOVifQSyJacRX{hs•\xZPRoy��mitacOVi•qx\_doO�‘cMPifacO ^cR¡u•O�doifac‘cO�i8y£de\£sVy�Qb„cR)�h\xRoiPy�� acOVi

MPO�acRoQ•O��miPRoy����cOVQ•O��nZPiSO[ZÇMPyxZ]\xZPRoy�� acOVi•{|O��c}[ZwMWOViVI€©~OVižZPMw\��miW{|y�MWQž\xZPRoy��mi•RUQS^mdoRo™§‘cO��nZfacOVi

R)�nZPOVMP^`y�do\xZwRUy��ci¨O�ZbXVs]gh\��nZPRododUy����h\xp�OVi‰acOVib^cR¡u•OVdUiVI½©~OVitQ•yJacR2{hsV\xZwRUy��ci¨\�ƒêOVs[ZwO��§Ztacy��csÇac\²°

qx\��nZ]\_p_OtdoOYQSyJacO X k‰Æ†I›‚ÄObZ]\_‘Ju¥akj”OVMWMPO�‘cMLah\��ciLdUObsV\_i…^h\_M‡ZwRUsV‘cdURoOVMbˆÊ± � rªOVi‡ZLdoX�p�TVMWOVQ•O��nZ

Q•y�R)�ciª„êy��£\rq_OVs¦s�O�ZPZPOtqx\_MPRo\��nZwOb™§‘kjl\•q�O�sSdo\Sq�O�MPiPRUy��ŸacO¦„h\xiPOtO[Z¨de\Sqx\_MWRe\��nZwOb\•q�OVs¦Zw\_RodUdoOVi

acOb{|O��c}�ZPMPO�iL\_doXV\xZwy_RoMPO�iVI Œz\_RUi†s�Ots•\_i��cOtiWOtMPO��csVy��nZPMPOt™§‘cO¦ah\��ci†‘��ŸO��nq•RUMPy����cOVQ•O��nZ¨\_‘Ju

sVy��cacRUZPRoy��mi€sVy��nZPMQP�dUXVOVi�I|„i�šiWRUZw‘c\xZwRUy��ciHMPX�OVdUdoOVi�¢cde\tQ•OVRUdodUOV‘cMWO†MPy_„c‘ciWZPOViWiPOby_„mZwO��J‘mO‰O�iWZ­^cMWX[°

{|XVMP\_„cdUO­QS\_dUp�MPX•sVO[ZPZPOªdUXVp�T�MPO­^êO�MWZwOxI&_•s�R«O��cs�y�MPOx¢•do\¨Zw\_RodUdoO€acOªd�j”XVs]gh\��§ZPRodUdoy��¦akjl\_^c^mMPO��nZPRoiPiP\_p�O

OVi‡Z­RoacO��§ZPRo™§‘cOby¦sVO�dodoOLamO‰do\bq�O�MPiPRUy�� �cy�� MPy�„c‘miWZwOx¢

N w = 120000
{|O��m}�ZwMWOVi�I

³ª´cµ›¶m·`¸h¹�¸h¶•ºb»½¼Œ¾•¿m´m¸hÀUÀl¸

©~y�Q•QSO“dÊjlOvuJZwO��miPRoy��‰amO do\€QSX[ZwgcyJacO“^`y�‘cMÄdo\€MPy�„m‘ciWZPOViPiWO~\x‘‰s]gc\��cp�O�QSO��§Z—akj”y�MWRoO��nZw\xZwRUy��

R)�mac‘cRUZ‰‘��mOÇdoX�p�TVMWOSacRUQSR
�§‘mZwRUy��£acOÇde\¤^cMWXVsVRUiPRUy��Á^`y�‘cMYdoO•s]gh\��cp�O�QSO��nZ¦acOž^`y�R
�§ZYacO•q•‘mO_¢

�cy�‘mi‰X[qx\_do‘cy��ci¨XVpn\_dUOVQ•O��nZ¨iPy��ÁO;ƒêO�Z‰O��É^cMWXViWO��cs�OžacO•s]gh\��cp_OVQ•O��nZba›jlX�s]gcOVdUdoOfiPO�‘cd�I[‚­y�‘ci

ZwO�iWZPy��ci•acy��cs¤doO¤Q•y•amTVdoOžsVy��ci‡ZwMW‘cRUZhyŸ^h\_M‡ZwRoM¦amOVi Z?m�±�±ŸRoQS\_p�O�itO��

32 � 32
^cR¡u•O�doi•\_‘•u

O�gn±_±¤RUQž\xp�OViLacO¦ZPOViWZYO��

48 � 48
^cRÃumO�doi�I—©~OS^cMWy_ZwyJsVy_doO¦Q•O��h\_R¡Ziy¤‘��˜Zw\_‘•u˜akj”OVMWMPO�‘cMYamO

Â•I Z�O�� \•q�OVsfdo\ÇQSX[ZwgcyJacOtacO¦„c\_iPOfO�ZL±mI O�so� \•q�O�sfde\žQ•X�ZPgcy•amO¦‘mZwRUdoRoiP\��nZ†amOViL{|O��c}[ZwMWOVi¨acO

Z]\xRododUOVi~\_doXV\xZwy�RUMPO�iV¢JO�� MPOV^mMPXViWO��nZ]\²ZwRoy��)XQk¨Æ†Ih‚ÄO…Zw\_‘•u�a›jlO�MPMPO�‘cM•y�„mZPO��§‘z\•q_OVs‰acOViH{|O��m}�ZwMWOVi

acOtZw\_RodUdoOVi­O�Z…akjly_MPRoO��nZ]\xZPRoy��ci†\_doXV\xZwy_RoMPO�i†O�iWZ¨acOu••I O�Â���Ik©~O¦MPX�iP‘cd¡Z]\xZLO�iWZ¨iWRoQ•Rode\xRoMPOiyÇs�OVdU‘cR

�
���! F��05$&���>�3�
�%�2 -:?� ��� :?�
,��!�2 "�����2�'�&,��&�+�9�&���3�.���>�3�
�%�  ����+�9�3$!��4
�) �$&�! ���4 ; ����:?�E:?� 4 ; *?����4
�
�3���
�3�ªÌÎÍ]ÏxÐwÑ‡Ò•Ó

:?� Ô¯Õ€ÖW×�Ñ¯Ø‰Ö‡×[Ù¡Ì�Ú.G
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��� �N����� � ����� *,+N-7+1072

+
5�0/6�8/9(+G032 *,+N-7+G032

+
5�076�8/9(+G032

:�<F>)@
@ 032

+ 	

+7> 0/6=9E<?9(> DF6o2A<F@%BG<?9EDF>)+1032 H�J#K :�<F>)@
@ 032

+ 	

+3>E076=9E<?9(> DF6o2A<F@ B1<?9EDF>)+G032�

���

r a = 0� V�R��FWCT Q�RY[��?T

r a = 45� X�RY[��?T L?RYX?MCT

r a = 90� S�RYV��CT L?RYW�S�T

r a = 135� [�R%L��CT W�RYX?MCT

],^`_½GMO•InmÇK˜©~gc\��cp�O�QSO��§Zbakj”y�MPRUO��nZ]\xZPRoy��Á‹�‰ ˆ�©H®�_¯‚›° Zr±�±"ru•ÄZw\_‘•u˜akj”OVMWMPOV‘mMt\•q�O�sÇRoQS\_p�O�i

acO ZwOVi‡Zž^mRUq�yxZwXVO�ižacO

r a
acOVp�MWXVi�¢~\•q�O�szdo\£qx\_MWRe\��nZwO¤‘mZPRodURoiw\��§ZfamOViS{|O��c}�ZPMPO�iÇacO¤Z]\_RUdodoO�i¦O�Z

y�MWRoO��nZw\xZwRUy��ciY\_doXV\xZwy�RUMPO�iVI—‚ÄOžQ•y•acT�doO•OVi‡Z¦sVy��miWZwMW‘cRUZbiP‘cMbacOVi¦RUQž\_p_OVi‰akjŽ\x^c^cMPO��nZwRoiWiw\_p_OÇacO

Z]\xRododUO

32� 32
^cRÃumO�doi�¢cO�� QSyJacO XQk¨ÆÅO�Z�q�[/]tI

y�„mZPO��§‘tdUy�MPiW™J‘mO~doO�i’RUQž\xp�OViƒacO•ZwO�iWZwi½iPy��nZ“amO~Q•}VQ•O•Zw\_RodUdoONO[Z½acODQS}�QSO•y�MWRoO��§Zw\xZwRUy��b‹�‰ ™§‘cO

doO�i“RoQS\_p�O�i½akjl\_^c^mMPO��nZPRoiPiP\_p�O‰ˆ|s�{|MVI

r a = 0� ah\��ciNdoO~Zw\_„cdUO•\_‘5OJInm+rvI�‚Nj”‘mZwRUdoRoiP\xZwRUy��¨acO€{|O��m}�ZwMWOVi

akj”y�MPRUO��nZ]\²ZwRoy��ci­\_doXV\xZwy�RUMPO�i �kjlO�iWZ†acy��cs‰^h\_i­iPO��ciPRU„cdoO�QSO��§ZªQ•y�R)�ci•MWy�„c‘ci‡ZwOt\x‘šs]gh\��cp�OVQ•O��nZ

akj”XVs]gcO�dodUO‰™§‘cO¨dUOVi­\_‘mZPMPOViHqx\_MWRe\��nZwO�iVI

³ª´cµ›¶m·`¸h¹�¸h¶•ºb»`¸ba�cedo¶•ºY»ê¸gf�hm¸

©~y�Q•QSOL^`y�‘cM€do\bqx\_MPRo\��nZwO¨\•q�O�s‰OvuJZwMw\xs�ZwRUy��¤acOL{|O��c}[ZwMWOVi•acOLZ]\_RUdodUOVi€\xdoX•\²Zwy�RUMPOViD‘��cRU™J‘mO[°

Q•O��nZ•¢��cy�‘mi~X�qx\_dU‘cy��ci de\LMWy�„c‘ci‡ZwOViWiPOL\x‘žs]gh\��mp�OVQ•O��nZ€a›jlX�s]gcOVdUdoO†amOªs�O�ZPZPOy�cy_‘mq�O�dodoO•q�O�MPiWRoy��

yt^h\_M‡ZwRUM~ac‘¤s•\xiHdoO…^cdU‘ci€acRlk•sVRodUO†acOLdo\b„h\_iWOLacOLacy����cXVO�i†©H®�_¯‚›° Z•±�±mIh©~O�de\ts�y��ciPRUiWZPOYy¦‘mZwRÃ°

doRUiPO�MD‘��mO…iPO�‘cdoO­q•‘mO…^êy_‘cM~s]gh\x™J‘mO…y�„�•WO[ZHah\��ci~d�j”XVs]gh\��nZPRododUy��fakjl\_^c^cMWO��nZwRUiPiw\xp�O…O�Z}yY^cMWXVacRUMPO

de\SsVde\xiPiPO¦amOViYÂ&Zr±�±ÇRUQž\xp�OViªMPOVi‡Z]\��nZPOViVI[‚­y�‘ciLy�„•ZwO��my��ciL‘��ŸZ]\x‘•uŸakj”OVMWMPO�‘cM¨acO•‹�‹•Itpn‹�� O��

MPO�^cMPX�iPO��§Zw\xZwRUy��\XQk¨Æ†¢`O�Z Z?smIts�mo� O��uqb[^]tI›©~ObMWXViW‘cdUZw\xZ…O�iWZ…Q•y�R
�ciª„`y��¥™§‘cOYde\fq_\xMPRe\��§ZPO

\•q�O�sšZ]\xRododUOViYacO {|O��c}�ZPMPO�iž\_dUX•\xZPy�RoMWOVi¦‘��mRo™§‘cOVQ•O��nZ¥ˆ�‹_±•Ins"•�� O�Z Z ••I O�m�� MPO�iP^`OVs�ZPRUq_OVQ•O��nZIr

QS\_RoiLQ•OVRUdodoO�‘cML™§‘cO•de\�q�OVMWiPRUy��ÁacOS„h\_iWO¥ˆÊ‹�gcItm"•o� O[Z Z?pmI�O�mo�wrvIƒ‚—\¤MPy_„c‘ciWZPOViWiPO�\_‘Ju˜MPy_Zw\²°

ZwRUy��citR
�nZwMPyJac‘cR¡Z¦acy��ms�‘��cO¤doX�p�TVMWO�^êO�MWZwO�amO ^mMPXVs�RoiWRoy�� ^h\xM¦Mw\_^c^`y�M‡Zf\_‘•s•\_ify��•iWOV‘cdUO�de\

^cMWy•s�XVac‘cMWOLacO…MWy�„c‘ci‡ZwOViWiPO‰\_‘�s]gh\��cp�OVQ•O��nZ•akj”XVs]gmOVdodUO…OVi‡Z•‘mZwRUdoRUiPXVOx¢•^`y�‘cMDdoO…sV\_i€^h\xMWZwRUsV‘cdURoO�M

y��¤doO�i•RoQS\_p�OVi~acOLZwOVi‡Z­y��nZªdo\tQS}�QSOLy_MPRoO��nZ]\xZPRoy���™§‘cO¨doO�i•RoQS\_p�OVi~akjŽ\x^c^cMPO��nZwRoiWiw\_p_O_I

021TS 153 � ?���K>D � �
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‰…\��ci•s�O�ZPZPOHiPO�s�ZwRUy��k¢��my�‘ci \•q�y��ciN^mMPy�^`y�iPXH‘��cO•O[uJZwO��ciPRUy��facOHde\…Q•X�ZPgcy•amO€akj”O[uJZwMP\_s�ZPRoy��

acO‰{|O��c}[ZwMPO�iRy•acOViª^êy�iWRUZPRoy��ci­\_dUX•\xZPy�RoMWOVi�I4„NdodoO¨s�y��ciPRUiWZPO5ySOvuJZwMw\xRoMPO¨acO�i†{|O��m}�ZwMWOViªacOYZw\_RodUdoOVi

O�ZSakj”y�MPRUO��nZ]\²ZwRoy��cif\_doXV\xZwy_RoMPO�iVI@‚­y�‘ci•d�jl\•q�y��ci•X�qx\_dU‘cXVO ^`y�‘cMfdoO�i•sV\_i•acO ZPMw\��miW{|y�MWQž\xZPRoy��mi

\_‘•u•™§‘cO�dodoO�ibdo\ Q•X�ZPgcy•amOSacOS„h\_iWOžX�Zw\_RUZ‰do\ ^cdU‘cibiWO��ciWRo„cdUO_I#���mOžQ•OVRodUdoO�‘cMPO¦MWy�„c‘ci‡ZwOViWiPO�O�iWZ

y�„mZPO��§‘cO¨iw\��ci­\_‘cp�Q•O��nZ]\²ZwRoy��ÇacOLd�j”XVs]gc\��nZwRodUdoy��Sakjl\_^c^cMWO��nZwRUiPiw\xp�O¨Qž\_RUi~^h\xMHiPRoQ•^cdUOVi~ZPMw\��ci¯°

{|y�MWQž\xZPRoy��mi½\_^m^cdoRU™J‘mXVOVi�y†ZPy�‘mZPOViNdoO�i½{|O��m}�ZwMWOVi•O[uJZPMw\_R¡ZwOVi�¢_dUy�MPi“amOHde\†^cgc\_iPOHakjl\_^c^mMPO��nZPRoiPiP\_p�O

O�Z‰dUy�MPiLacOfdo\Ç^cgh\_iWO•amOfZPOVi‡Z•Ip‰bjl\_‘mZwMWOVi¨X�ZP‘cacO�iV¢ƒ^cMPX�iPO��§ZPXVO�i¦\_‘£iPO�R)�˜acOfde\ÇiPO�s�ZPRoy��-O•I'•mI\••¢

y��nZDQSy��nZPMPX_¢ns�y�Q•QSOA�cy�‘miV¢§™§‘cOªdÊjŽ\x^c^cMPO��nZwRoiWiw\_p_O^y¨^h\_M‡ZwRoM•akj”RoQS\_p�O�iNp�X��mXVMPX�OViD^êO�MPQ•O�ZD‘��cO
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Q•OVRodUdoO�‘cMPOLMWy�„c‘ci‡ZwOViWiPOxIq‰…\��ciªdoO‰s•\_iªacObs�OViªX�Zw‘macOVi�¢›Rodƒi�jŽ\_p_RoiPiP\_RUZ­acOYde\fMPy�„m‘ciWZPOViPiWOwySdÊjlO��•°

sVy_Qt„cMPO�QSO��nZ��YX��D„ ±&Z��Ê¢«\_‘•u�ZPMw\��ciWde\xZPRoy��mi��'‰�[m±n‹	�ƒO[Z­\_‘šs]gc\��cp�O�QSO��§Z­acO¨^`y�iPO
�”‚[Žno½±hg��ÊI

���cOzO[uJZwO��ciPRUy��Å^êy_iPiPRU„cdoO acOg�cy_ZwMWOzX[Zw‘cacOzOViWZÇakjlX[qx\_do‘cO�MždÊjl‘mZPRodURoiw\²ZwRoy�� akjl‘�� �cy�Qt„mMPO

„`O•\_‘cs�y�‘c^�^cdU‘ci~p_Mw\��caSacO†{|O��c}�ZPMPOVi~akjŽ\x^c^cMPO��nZwRoiWiw\_p_O_I�‚­y�‘ciH\•q_y��ci€MWX•\_dURoiPX­™§‘cOVdU™§‘cOViHO�iPiw\xRoi

ah\��mi s�O•iPO��miDQS\_Roi �cy_ZwMWO•RoQ•^cdoX�QSO��§Zw\xZwRUy��t\xs�Zw‘mOVdodUOHac‘•iWZwyJs
�²\_p�O•O��•Q•XVQ•y�RoMWO~acO­d�j”XVs]gh\��•°

ZwRUdodUy��Áakjl\_^c^mMPO��nZPRoiPiP\_p�O�dURoQ•RUZwOfdUO �cy�Qt„mMPOÇacOÇ{|O��c}�ZPMPO�i•‘•ZwRodURoiP\_„cdoO�iVI[mƒq�OVs

Nw = 200000
{|O��m}�ZwMWOVi�¢��my�‘ciA�kjl\rq_y��ci­^h\_i•y�„ciWOVM‡q�X‰‘��cOY\_QSX�doRUy�Mw\xZPRoy��•acO¨de\tMWy�„c‘ci‡ZwO�iPiPOxI

�

¸h¹ a��¦»ê¸z¿�µ›ÀŽ¿�h›À

‚ÄOVi¤O[uJZwO��ciPRUy��ci \_^c^`y�M‡ZwXVO�i�y d�jl\_^c^cMWy•s]gcOŸamOŸ„h\_iPO£^`y�‘cMÇ‘��cO£QSO�RododUOV‘cMWOšMWy�„c‘ci‡ZwO�iPiPO

�kj”RoQ•^cdoRU™§‘cO��nZ¦^h\xi¦akjŽ\x‘cp�Q•O��nZ]\xZPRoy��•acO�do\¥Z]\_RUdodoO•acO¤d�j”XVs]gc\��nZwRodUdoy��ÁakjŽ\x^c^cMPO��nZwRoiWiw\_p_O_I ‚ÄOVi

ZwO�QS^mi…akjl\_^c^cMWO��nZwRUiPiw\xp�O_¢kdo\žsVy_QS^cdUO[u•RUZPXYamOViLQ•y•acT�doO�i†O�Z…doOViªZwOVQ•^ci…amOt^cMPX�acRos[ZwRUy��¥akj”‘��cO

{|O��m}�ZwMWO¨^h\_M•‘�� QSyJacTVdUO…iPy��§Z­s�y�QS^c\_Mw\_„mdoOVi~y¦do\tQSX[ZwgcyJacOLacO‰„h\_iWO_I

Ž½\_M¤s�y��nZwMPOx¢Hd�j”O[uJZwMP\_s�ZPRoy��ÅamO£{|O��c}�ZPMPO�i RUQS^mdoRo™§‘cOšah\•qx\��nZ]\_p�O£akj”y�^`XVMP\xZwRUy��ci�\•q�O�sÉs�OVi

qx\_MPRo\��nZwO�iVIÄ©~y_QSQ•O �my�‘ci¨\•q�y��miL‘mZwRUdoRoiWXY‘��Ÿ‘mZwRUdoRUZw\_RoMWOLO[uJZwO�M7�cOwy �cy_ZwMWOtsVyJacOx¢›‘��cO¦RUQS^mdoX[°

Q•O��nZ]\xZPRoy��Y™§‘cR•R
�nZwTVp_MPO~amRoMPO�s�ZPOVQ•O��nZ“s�OVi“y�^`XVMP\xZwRUy��ci—^êO�MPQ•O�ZWZwMw\xRUZ’acO~MWXVac‘cRUMPODdoOVi—ZwO�QS^ci’acO

s•\xdosV‘md›O�Z•dUOVi€X�s]gh\��cp_OVi•acOLacy����cXVO�iVI|„i�¤^cMw\xZPRo™§‘cOx¢miPR›Rod›O�iWZA�cX�sVO�iPiw\xRoMPOLamOLMPXVam‘cRoMWOLah\•q_\��•°

Z]\xp�O…doO�iDZPOVQ•^ciHacO…sV\_dos�‘cd›^`y�‘cMDde\b^cMWXVacRUs�ZPRoy��Ça›jl‘��mO �cy�‘mq_OVdodUO†RUQž\_p_O_¢JRod`OViWZ€O��nqJRoiw\xp�O•\_„mdoO

akjl\_^c^cdURo™§‘cO�MHdoOViHZPMw\��ci‡{|y�MPQS\xZPRoy��ciD‘��cRU™J‘mOVQ•O��nZª\_‘•u¤RUQž\_p_OViHakjl\_^c^cMWO��nZwRUiPiP\_p�O_I«‚ƒ\f^cMPX�acRosv°

ZwRUy��¤akj”‘��cOZ�cy�‘mq_OVdodUO¨RoQS\_p�O �kj”RoQ•^cdoRU™§‘cOVMP\_RUZ€\_doy�MWiH^h\_i•doO�i•y�^êX�Mw\xZPRoy��mi­amO‰MWy_Z]\²ZwRoy��ciHO�ZªacO

MPO�acRoQ•O��miPRoy����cOVQ•O��nZPif\_^c^cdURo™§‘cXVO�i3y£iWOVif{|O��c}[ZwMWOViVI�mª^c^cdoRU™§‘cOVMfde\¥Q•X�ZPgcyJacO�akj”O[uJZwMP\_s�ZPRoy��

acO¨{|O��c}[ZwMWOVi†amOYZ]\xRododUOVi€O[Z†y_MPRoO��nZ]\xZPRoy��ci­\_dUX•\xZPy�RoMWOViH‘��mRo™§‘cOVQ•O��nZ†\_‘•ušRoQS\_p�O�iHakjl\_^c^cMWO��nZwRUi‡°

iw\xp�O¨^êy�‘mM­dÊjlX[qx\_do‘h\²ZwRoy��ÇacO¨de\¦MPy_„c‘ciWZPOViWiPOt\x‘ s]gc\��cp�O�QSO��§Zªakj”y�MPRUO��nZ]\²ZwRoy���acy����cO‰‘��¤Z]\_‘Ju

akj”OVMWMPOV‘mM~acOysmInm�� ^êy�‘mMDdUOVi RoQS\_p�OVi•acO•ZwO�iWZPiH\•q�OVs†± � acOªMPy_Zw\xZwRUy��zˆŠsVy��§ZPMPO
•mIŽÂ�‹�� iPR`de\¨^cMWyx°

sVX�ac‘cMWOYO�iWZª\_^c^cdURo™§‘cX�OY\x‘•u¤RoQS\_p�O�i€acOLZwO�iWZªXVpn\xdoOVQ•O��nZ�r~O�Z2Zr±mItmnÂ�� ^êy�‘mMQg�O � acO¨MPy_Zw\xZwRUy��

ˆŠs�y��nZwMWO5O•ItmnÂ��wr[¢êO��ŸQ•y•acO XQk¨Æ†Ik©~ObMPXViW‘cdUZw\xZLO�iWZ¨\_‘miPiPR‘yžsVy�Q•^h\_MWOVM†\rq_OVsw•�Z_Ins�p�� a›jlO�M‡°

MPO�‘cM†y_„mZwO��J‘miL\•q�OVsbde\SQ•X�ZPgcyJacOYamOb„h\_iWO¤ˆ|{|O��c}�ZPMPO�i…acOYZw\_RodUdoOLO[Z…akj”y�MPRUO��nZ]\²ZwRoy��A{mu•O6rª^êy_‘cM

g�O � acObMWy_Z]\xZPRoy��›I`©~OVi†qx\_MWRe\��nZwO�i†y�ƒêMPO��nZ…‘��¥s�y�Q•^cMPy�Q•RoiHO��nZwMPObdoO¨ZwOVQ•^ciªacOb^cMWXVacRUs�ZPRoy��šO�Z

de\t^mMPXVs�RoiWRoy��kIm‚ÄOV‘cM•‘mZPRodoR¡ZwXª^êO�‘mZ•}�ZPMPO¨acX�ZPOVMWQSR
�cXVOLO�� ^mMw\xZPRo™§‘cOL^`y�‘cMHs]gh\_™§‘cOY\_^c^mdoRosV\xZwRUy��kI

���

ºv¸h¶��\dncƒ¶��

‚ªy_ZPMPODQSX[ZwgcyJacO iPRoQ•^cdUO y�ƒ›MWODacOD„êy��ci½MWXViP‘mdUZ]\²ZwiVIUŽNdo‘miPRoO�‘cMPi’O[uJZwO��ciPRUy��ci’iPy��nZ“^`y�iWiPRo„mdoOVi�I

���mOÇZwMw\��ciW{|y�MWQž\²ZwRoy�� iP‘c^m^cdoX�QSO��§Zw\_RoMWOÇ^`y�‘cMPMP\_RUZb}�ZPMPO \_^c^cdURo™§‘cX�O�\_‘•uÁ{|O��c}[ZwMPO�ifO[uJZwMP\_RUZPOVi

^`y�‘cM€i	W��nZPgcX�ZPRoiPO�M•‘���O;ƒêO�Z•akj”X�ZPRoMWOVQ•O��nZHy�‘�acOL„mRe\_RUi~™§‘cRk^`OV‘mZ€MPXViW‘cdUZPOVMHakj”‘���s]gh\��cp�OVQ•O��nZ

acO˜^êy_R)�nZ¤acO£q•‘mO ˆ|R)�cs�doR)�c\_RoiWy��k¢­IUI¡I rvI­‚ƒO�išMWXViW‘cdUZw\xZwi¤™§‘cO �cy�‘ciš\•q�y��ci y�„mZPO��§‘ciš^êy�‘mM�de\

MPy_„c‘ciWZPOViWiPO�\_‘Ás]gh\��cp�O�QSO��nZtacOS^êy�R
�nZbacOfqJ‘cOÇiW‘cMbdo\ „h\xiPOžamOžacy����cXVO�if©H®�_¯‚k°`Zr±�± iPy��nZ

Zwy_‘mZwO[{|y�RoiHacXz•�y¦iw\xZPRoiW{Š\xRoiw\��§ZPiVI

���cO¨\x‘mZwMWOLO[uJZwO��ciPRUy��¤sVy��ciWRoi‡ZwObyt‘mZwRUdoRUiPOVM doO�i€{|O��c}[ZwMWOVi•doyJs•\_dUOVi~\�k �cOViHs�y��ciWZPMP‘cR¡ZwO�iH^h\_M

de\LQ•X�ZPgcy•amO��Ž®iŒz±n‹²„��«^cMPX�iPO��§ZPXVOL\x‘SiWOVR)�•acO•de\LiWOVs�ZPRoy�� O•I'•mIŽ‹•Io���mO­{Š\���y��•acRoMWOVs�ZPO•acO•sVy�Q¦°
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„cR
�cOVM	�cy_ZPMPOª\_^c^cMWy•s]gcO^yYs�O�ZPZPO…Q•X�Zwgmy•acO­OVi‡Z€acOªMPO�QS^cdo\_sVO�Mj�cy_ZwMWOªOvuJZwMw\xs�ZwRUy��Ç\xdoX•\²Zwy�RUMPO•acO

{|O��m}�ZwMWOVi…^c\_Mªdo\SacX[ZwO�s�ZwRUy��zamObMPX�p�Roy��ciªO[Z…do\•s�y��ciWZPMP‘cs[ZwRUy��¥acO‰{|O��c}[ZwMPO�i…^cMWXViPO��nZwXViL^c\_Mªs�OVi

\_‘mZPOV‘cMWiVIsŽ’y�‘mMYdo\ ^cgc\_iPOSakjŽ\x^c^cMPO��nZwRoiWiw\_p_O_¢—doOV‘mM‰^mMPy�p�MP\_Q•QSO¦acO•p�X��cXVMP\xZwRUy��ÁacOf{|O��m}�ZwMWOVi

�cy�MWQž\xdoRoiWXVO�i€^êO�‘mZª}�ZwMWO‰\_^c^cdURo™§‘cX¨\_‘•u�RoQS\_p�OVi~akjŽ\x^c^cMPO��nZwRoiWiw\_p_O_I`‚ÄOVi•{|O��c}[ZwMPO�i†\xR)�ciWRkp�X��mX[°

MPX�OViªsVy��ci‡ZwR¡Zw‘cO��§Z†d�j”O��ciWOVQt„mdoO‰akjŽ\x^c^cMPO��nZwRoiWiw\_p_ObO�Zª‘��¥O��ciPO�Qt„cdUOYakjl\_MW„cMPO�i…\_dUX•\xZPy�RoMWOVi•^êO�‘mZ

}�ZPMPOts�y��ci‡ZwMP‘mRUZiyÇ^h\xMWZwRUMªamO¦sVOVdUdoO�i‡°•s�R�IEŽ’y_‘cMLde\•^cgh\_iWO¦acObZwO�iWZV¢kdoOYQS}�QSOY^cMPyJsVX�acX¦OVi‡Z¨‘mZwRÃ°

doRUiPXL^`y�‘cM­doO�i­RUQž\xp�OVi~y•sVde\xiPiPO�MVIê©~gh\_™§‘cO¨{|O��m}�ZwMWObp�X��cXVMWXVOYOViWZª^cMWy�^h\_p�X�OYac\��ci­d�j”O��ciWOVQt„cdUO

akjl\_MP„mMPOVi’O�Z’doO�i—^mMPXVamRos�ZPRoy��mi½\xZWZwMWRo„c‘cX�OVipy­ZPy�‘mZPOVi—sVOVi—{|O��c}[ZwMWOVi½iWy��nZN\_amacRUZPRoy����mXVOViƒO[Z½s�y�Qt„cRÃ°

�cX�OViVI§‚ƒ\†s�y��ci‡ZwMP‘ms�ZwRUy��fO�ZNdÊjl‘•ZwRodURoiP\xZwRUy��¨akjl‘��•Q•yJacTVdUO~akj”O��ciWOVQt„mdoO€akjl\_MW„cMPO�iNMPOVQ•^cdo\_sVO€amy��cs

doOf^cMWy•s�XVacX•akjl\_^c^h\xMPRoO�QSO��nZ¨^h\_M¨MPOz•WO�Zwi‰acO•sVy�MWMPO�iP^`y��cah\��msVOViYRoQ•^cMPy_„h\_„cdUOViLO�Z‰Q•OViW‘cMPO•acO

acRUiWZ]\��csVO‰acO¨de\fQSX[ZwgcyJacO¨y�MWRop�R
�h\_doO��Ž®iŒz±�‹x„��ÊI��L‘mOVdo™§‘cO�i†OvumO�QS^mdoOVi­acOL{|O��m}�ZwMWOViªO[uJZwMP\_RUZPOVi

^h\_M sVO[ZPZPO†Q•X�Zwgmy•acO­iPy��§Z~acy����mXVi~^`y�‘cM ‘��cOªRoQS\_p�OHacOªde\¨„h\_iWO†acO­acy����mXVOViH©H®4_¯‚›°`Zr±�±¨^h\_M

de\t{cp�‘cMPO'O•I Z?smI

BDCFEHG O•I Z?s‰K ���mO¨qJ‘cOLa›jl‘��¤y�„>•WO�Z•acO‰©H®�_¯‚›° Zr±_±¤ˆGytpn\_‘ms]gcO r€\•q�O�s¨™J‘mOVdo™§‘cO�i•O[u•OVQ•^cdoO�iHacO

{|O��m}�ZwMWOVi­O[uJZwMP\_RUZPOVi•^h\_MHdo\tQSX[ZwgcyJacO
�l®bŒš±n‹x„��ÊI

‚ªy�‘mi•\rq_y��ciHMWX•\_dURoiPXª™§‘cOVdU™J‘mOVi•O[u•^`XVMPRUO��cs�OVi•iP‘mM­©H®4_¯‚›°`Zr±�±mI•‚ƒ\tQSX[ZwgcyJacO…acO �Ž®iŒz±n‹²„��

�kjl\b•P\_QS\_Roi­X�ZPXf\_^c^cdURo™§‘cXVOtyÇacOViL^mMPy�„cdUTVQ•OVi…amOtMPO�sVy����c\_RoiWiw\��cs�O¦acO¦s]gcRXƒ›MWOViV¢êacOtqJRoiP\_p�OVi�¢

acO…ZPO[uJZw‘cMWOVi�I [•‘cM­©H®�_¯‚›° Zr±_±m¢��my�‘ciHy�„mZPO��cy��ciH‘��ÇZ]\x‘•u�akj”OVMWMPO�‘cMHacO¨±mI'•nÂ�� O��¤s�y�Qt„cR
�h\��nZ

doO�i‰\_MP„cMWOVib\_doXV\xZwy�RUMPO�iLO�ZYdoOViL{|O��c}�ZPMPOVib\�k �cOViY^êy_‘cM¨doOVieZ?m�±_±¤RUQž\xp�OViLakjl\_^c^mMPO��nZPRoiPiP\_p�OSO�Z

doO�i'O�gn±�±�RoQS\_p�O�i…acOfZwO�iWZ‰O��ÉMPXViWy�do‘•ZwRoy��

32 � 32
^cR¡u•OVdUiVIƒ©~O•MPX�iP‘cd¡Z]\xZ¨O�iWZYsVy�Q•^h\_MP\_„cdUOwy

�cy_ZPMPO \_^c^mMPyJs]gcO_I�‚­y_Zwy��mi•™§‘cO �cy�i¦ZPOVQ•^cifacO¤s•\_dUsV‘cd€iWy��nZžR
�m{|XVMWRoO�‘cMPiwyŸsVO[ZPZPOz\_^m^cMPyJs]gcO

p�M�’_sVO^yU�cy_ZPMPO…Ovu•ZPMw\_s[ZwRUy���\_dUX•\xZPy�RoMWO­amOª{|O��m}�ZwMWOViHO[Z€sVO�de\bO�� �cy�Qt„mMPO†MWOVdo\xZwR¡q�OVQ•O��nZ~MPXVam‘cRUZVI

Ž½\xM~O[u•O�QS^cdUO_¢§d�jl\_^c^mdoRosV\xZwRUy��¦ac‘Ç^mMPy�p�MP\_Q•QSOHacOªp�X��mXVMw\²ZwRoy��žacO­{|O��c}[ZwMPO�i€\�k �cO�iH\_‘•u ZFm�±�±

RoQS\_p�O�i•akjŽ\x^c^cMPO��nZwRoiWiw\_p_ObacOt©H®4_¯‚›°`Zr±�±facObacRUQSO��ciPRUy��ci

32� 32
^cR¡u•O�doiV¢h^mMPyJac‘cRUZª^cdU‘ciªamO

•�p�±_±�±�±b{|O��m}�ZwMWOVi�I����

Ž’y�‘mM“de\­MPy�„c‘miWZwO�iPiWO•\_‘ts]gh\��mp�OVQ•O��nZNakj”XVs]gmOVdodUO_¢xsVO�ZWZwO€s�y�Qt„cR
�h\_RUiPy��‰acy����mO pmI�O�Â�� ^êy_‘cM

doO�iHRoQS\_p�O�i~acO…ZPOViWZ•O��¤acRoQ•O��ciWRoy��

16� 16
^cRÃumO�doi�¢ Z�I Z •o� O��

48� 48
^mR¡u•OVdUiHO�Z­‹•Itm"O�� O��
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�cy�‘miN‘mZwRUdoRoiWy��ci

T = 10
\_MP„mMPOVi�¢
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{|O��c}�ZPMPO�i O[Z•de\ªZw\_RodUdoO y�^mZPRoQS\_doO acOViN{|O��c}�ZPMPOVi
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O[uJZPMw\_s[ZwRoy��tacO~{|O��c}�ZPMPOVi½^cMPyrqJRoO����cO��nZ•acODde\­sVy��m{|‘miPRoy��tacOVi½™J‘c\_acMP‘m^êT�acOVi­ˆ|s]gcO�qx\_‘•uê¢�s]gmRoO��miV¢

qx\_s]gcO�i&šNO��nZwMWOªO�‘•uêI•‚ÄO�iDO�MPMPO�‘cMPi doRUXVO�i•\_‘•ufq�y_RUZw‘mMPOVi•O[Z Zw\_iPiWOViDiPy��nZ acRUq_OVMWiPOVi�Im‚ÄO�i	OLOVMWMPO�‘cMPi

^`y�‘cMtdUOVib{|MW‘cRUZPitMPX�iP‘cd¡ZwO��nZfacO�do\zsVy��m{|‘ciPRUy�� acO�^`y�Q•QSO�i�ˆŠMWy�‘cp�O�i&št\•q�O�s¤acOVitZPy�Qž\²ZwOVibO�Z

akj”‘��cO¨^`y�RoMWO¨\rq_OVs‰‘��cO¨^`y�QSQ•O_I

‚ÄOViLQ•X�Zwgmy•acO�i…‘mZPRodoRUiPX�OVi†ac\��ci �”‚�K•± ¢	�½^cMPX�iPO��nZPO��nZbX�pn\_dUOVQ•O��nZ…acO�iLacRž˜êXVMWO��cs�OViLRUQS^`y�M‡°

Z]\��§ZPOViªakjl‘��cOYs�de\_iWiPO‡Ÿ•dÊjŽ\_‘•ZwMPOxI

¨

dUy�„h\_dUOVQ•O��nZ•¢mde\fQSX[ZwgcyJacO¨„h\_iWXVObiW‘cM­acOViªgcRoi‡Zwy�p�MP\_Q•QSO�i

acO sVy�‘mdoOV‘mMPižO�iWZSde\£QSy_R)�cifiw\²ZwRoi‡{Š\_RoiP\��nZwOÉˆ/¢CO•Iž¡ O�� akj”OVMWMPOV‘mMPi&šv¢~O[Zždo\˜Q•X�ZPgcy•amO ‘•ZwRodURoiP\��nZ

acO�i€sVy��nZPy�‘cMPiDdoyJs•\_‘Ju•OViWZ€de\Y^mdo‘ci ^cMPX�sVRUiPOfˆp¡H¢mItso� akj”OVMPMWOV‘cMWi&švIc‚ÄOV‘cMD^cMPX�sVRUiPRoy��ÇOVi‡Z~qx\_MPRo\_„cdUO

akj”‘��cOSsVde\xiPiPO\ŸšdÊjŽ\x‘mZwMWO_I�H½\xMYOvumO�QS^mdoO_¢ƒ‘��mOžQ•X�Zwgmy•acOf„h\xiPXVOSiP‘cMYdoO�i‰s�y��nZwy�‘mMPibamRoiWZPR)�cp_‘cO

acRlkSs�RodUOVQ•O��nZ­doOViª^êy_QSQ•OVi­acOViªZwy�QS\xZwO�iVI
H½\_MªsVy��nZPMPO_¢ê‘��cOtQ•X�ZPgcyJacOY‘•ZwRodURoiP\��nZªamOVi…gcRUiWZPyx°

p�MP\_QSQ•OViƒacO sVy_‘cdoO�‘cMPi’^êO�MPQ•O�Z—acO~MWOVs�y����h\��UZwMWODdUOViƒZwy�QS\xZwO�iV¢rQS\_RoiƒQ•y�R)�mi—„mRoO��‰doO�i’^`y�Q•QSO�i

O�Z~doO�iD^`y�RoMWOViDacy��nZ~dUOVi Zwy��ciDiPy��nZ~iPy�‘mq_O��nZ•^cMWy•s]gcO�iVI
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‘cs�‘��cO…Q•X�ZPgcy•amOª‘mZPRodURoiPX�OA�kjlO�iWZHamy��cs

iP‘m^êX�MPRoO�‘cMPO ^`y�‘cMtZwy_‘mZwO�iSdUOVifsVdo\_iPiWOViVI ‚ÄOViS\_‘mZPOV‘cMWifiP‘cp�p_TVMPO��nZÇ\_dUy�MPi¦amOšs�y�Qt„cR
�cOVM¦acR[˜›Xv°

MPO��nZwOVi‰ZwO�s]g��cRo™§‘cO�ib^`y�‘cM¨‘��cO•^cMWXVsVRUiPRUy��Ép_doy�„h\xdoOVQ•O��nZLQ•OVRUdodUOV‘cMWO_I

§

y_ZwMWOfQSX[ZwgcyJacO_¢ƒ™§‘cR \

X�ZPXbX[q_\xdo‘cX�OY^cMWXVs�XVacO�QSQ•O��nZLiW‘cM†acO�i†^cMWy�„cdUTVQ•OVi­acRUq_OVMPiªRoQ•^cdoRU™§‘h\��nZ•acOVi­{|y�MPQ•OVi�¢«acOVi…y_„•°

›WO�ZPiDs�y�doy_MPXVi•™§‘cO�dosVy��c™§‘cOVi€O[Z~amOVi•ZwO[uJZP‘cMPO�iV¢=�kjlO�iWZ}›P\_Qž\xRoiNde\LQ•y�R)�miN^cMPX�sVRoiWOª™§‘cO�dodUOª™§‘cO­iPy�R¡Z

de\SsVde\xiPiPObsVy��ciWRoacX�MPX�O_I` •d“O�iWZLMP\_RoiWy����h\x„cdoOYacOt^`O��ciWOVM¨™§‘cO¦doOYQSyJacTVdUObs�y��ciWZPMP‘cR¡Z…^h\xM��cy_ZPMPO

\_^c^mMPyJs]gcO¨sVy�Qt„mR)�cOLRUQS^cdURos�RUZwO�QSO��nZ~dUOViA�cy_ZPRoy��ci~acO¨sVy�‘cdUOV‘cMWiV¢hacOL{|y�MWQSO�i•O�Z•acOLZwOvuJZw‘cMWOViVI
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],^`_½G s•Iž¡•K£Æ€\_iWOÇacOÇacy����cXVO�ig™¤£Aq•°1m�± AƒZ]\_‘•uÉakj”OVMWMPO�‘cMtp�dUy�„h\_d•O�Zb^h\_MYsVde\xiPiPOž^êy�‘mMYdUOVi

\_MW„cMPO�i†\_dUX•\xZPy�RoMWOVi¨ˆ

T = 100
š[¢cdUOVi­\_MW„cMPO�i†\•q�O�sY{|O��c}�ZPMPOVibˆ

w1 = w2 = 108
š[¢hO[Z­acRž˜êXVMWO��nZwO�i
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acO¦qx\_MPRo\xZwRUy��ci…RUQS^`y�M‡Z]\��nZwO�i•ˆŠ^h\xM‰Ovu•OVQ•^cdoOfakj”XVs]gcO�dodUOHšL\_‘mZPMPOVi¨™§‘cO•sVO�dodoO�i¨MPXViW‘cdUZw\��nZ‰acOfde\

qx\_MPRo\_„cRUdoRUZPXHacOVi~y�„E›WO�ZPi€MPO�p�MPy_‘c^êX�iH\_‘ÇiWOVR
�ÇacOVi~sVde\xiPiPO�iVI«©~O�i~ZwMP\��ci‡{|y�MPQS\xZwRUy��ci iP‘c^m^cdoX�QSO��•°

Z]\xRoMPO�i•MPO��macMw\_RUO��nZªde\¦Z�0_s]gcO‰O��msVy�MWOb^cdU‘ciªamR
k•sVRUdoO_Ih©~y�QSQ•O!�cy�‘ci­d�jl\•q�y��mi­qJ‘k¢`d�j”‘mZwRUdoRUiw\xZPRoy��

^h\_M—O[u•O�QS^cdUO•acOD{|O��c}�ZPMPOVi’acO•Z]\_RUdodoO�iÄ\_dUX•\xZPy�RoMWOViÄ^`OVMPQ•O�ZWZwMP\_RUZƒakj”}�ZPMPOD^cdo‘ci—MPy_„c‘ciWZPO~\x‘•u‰X�q_O��•°

Zw‘mOVdoi•s]gh\��cp�OVQ•O��nZPi­a›jlX�s]gcOVdUdoO_I«‚Nj”X�qx\_dU‘h\xZwRUy���acO¨sVO[ZPZPO¨qx\_MWRe\��nZPOLacy����cOY‹COJI Cop�� akj”OVMWMPOV‘mMVI
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ETH�80, Nw=120000, T=10, 0.01

Cup

55%
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dimension fen�tres (pixels)

ETH�80, Nw=120000, T=10, 0.01

Dog

50%

55%

60%

65%

70%

75%

80%

85%

90%
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r

dimension fen�tres (pixels)

ETH�80, Nw=120000, T=10, 0.01

Horse

15%

20%

25%

30%

35%

40%
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dimension fen�tres (pixels)

ETH�80, Nw=120000, T=10, 0.01
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0%

5%
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r

dimension fen�tres (pixels)

ETH�80, Nw=120000, T=10, 0.01

Tomato
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MPO�^cMPX�iPO��§ZPXVi…s]gc\_sV‘��š^h\_M O¦RoQS\_p�O�iVIc‚Nj”O��ciWOVQt„mdoO‰acOLZwOVi‡Z†s�y�Q•^cMPO��caz\x‘¤ZPy_Z]\xd¤¡ ¡�OtRoQS\_p�O�i
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RoQS\_p�O�i¦iPy��nZf{|y�‘cM3�cRoO�i¦O�� y�MPRUO��nZ]\xZPRoy�� ^c\HœJiP\_p�O_¢•s�O ™§‘cR•RUQS^cdURo™§‘cOS‘��cO MPy_Zw\xZwRUy�� acO p�± �
^`y�‘cM~s�OVM‡Z]\_R
�cOViDakjlO��nZwMPOLO�dodUOVi†ˆ|q�y_RoM~dÊjlRUQž\xp�O‚ŸbacMPy_RUZwO­acO…do\]•hp_‘cMPOysmI†¢ š[I•‚—\YacRoi‡Z]\��cs�O†O��§ZPMPO

doOH^mgcy_Zwy_p�Mw\_^mgcO•O�Z doO•„ 0xZPRoQ•O��nZ•OVi‡ZrŸ‰dÊjly�MWRop�R
�cO~amOªs]gh\��cp�OVQ•O��nZPiDakj”XVs]gmOVdodUO•O�ZDsVO�Z O)˜›O[Z~O�iWZ

\_‘cp_QSO��§ZPX¦^h\_MLacO�i¨MPXViWy�do‘•ZwRoy��ci…akj”RoQS\_p�O�i…acRž˜êXVMWO��nZwO�iYO��nZwMPOfdUOViLRoQS\_p�O�i†akjl\_^c^mMPO��nZPRoiPiP\_p�O

ˆŠO��

640� 480
^cRÃu•OVdoi0š•O[ZLdoO�i†RUQž\_p_OVi•acObZPOViWZ¦ˆŠO��

320� 240
^cR¡u•O�doi&švI4—ªOVi…s]gh\��cp�OVQ•O��nZPi

akj”RodUdo‘cQ•R)�h\²ZwRoy�� iWy��nZ XVpn\_dUOVQ•O��nZ¤^cMWXViPO��nZwiz^m‘cRoiW™J‘mO˜dUOVi�^cgmy_Zwy�i¤y��nZ¤X[ZwX£^cMPRUiPO�i Ÿ acR[˜›Xv°

MPO��nZwOViD^êX�MPRUy•acO�iDamOªdo\ ›Wy�‘mM7�cX�O†O�ZDO��SacRž˜êXVMWO��nZwO�i~iP\_RoiWy��ci acO†dÊjŽ\����cXVOxIm®��S^êO�‘mZ~X�pn\_dUOVQ•O��nZ

sVy��ciWZw\xZwO�M½‘��tdUXVp�O�M �cy�‘b^`y�‘cM’sVOVM‡Z]\_R
�cOVi’RoQS\_p�O�iV¢rsVOD™§‘cR•O�iWZ½‘��cO~{|y�MWQSO•acOD„cMP‘mRUZ•I6™i�"•P�›¢xdUOVi

RoQS\_p�O�iƒakjŽ\x^c^cMPO��nZwRoiWiw\_p_O€O�Z½acODZPOViWZ �kjly��§Z½^h\_i’X�ZwXD^cMPRUiPO�i“\•q�O�s€doODQS}�QSO \_^c^c\_MPO�Rod§^cgcy_ZPyc¢²O�Z

doO•{|y�MWQž\xZDacO�i€RoQS\_p�O�i,�kj”OVi‡ZH^h\_iDRoacO��nZwRo™§‘cOtˆ H

§K¨

^`y�‘cM~dÊjlX�s]gh\��nZwRUdodUy��Sa›jŽ\_^m^cMPO��§ZPRoiWiw\_p�O†O�Z

	 H

¨

^êy_‘cMNd�j”XVs]gh\��§ZPRodUdoy��¦acOHZPOViWZ&š[I§‚ƒ\F•hp�‘cMWO�s•I C¨RodUdo‘ci‡ZwMWO€™§‘cOVdU™J‘mOVi ‘��cOVi acO•sVO�i qx\_MWRe\xZPRoy��mi

^`y�‘cM­‘��¥Q•}VQ•OYRUQSQ•OV‘c„mdoO_¢��cy_Z]\xQSQ•O��nZªacOViªs]gh\��cp�O�QSO��nZwi…akj”RodUdo‘cQ•R)�c\xZwRUy��k¢JacOb^`y�R)�nZªacO

qJ‘cO_¢«akj”XVs]gmOVdodUO_¢hO[Z•acOVi­y•s�sV‘cd¡Z]\xZPRoy��mi€^h\_M‡ZwRoO�dodUOViVI
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ZwR¡q�O�QSO��§Z‚¡r±�p…O�Z,pnÂ…RoQS\_p�O�iVI��“Zw\��nZDamy����cX•doOHp_Mw\��ca;�cy_Qt„cMPOHamO­s�de\_iWiPO�i…ˆÊ‹_±"¡HRoQ•Q•OV‘c„cdUOVi0š

^`y�‘cMHsVO¨^cMWy�„cdUTVQ•O_¢cs�O�ZPZPO‰ZPy�doX�Mw\��msVOLOVi‡Z­sVy��ciWRoacX�MPX�OYs�y�QSQ•OL\_s�sVO�^mZ]\_„mdoO_I

§

y�‘mib\•q�y��ciYX[qx\_do‘cXf^cdU‘ciPRUOV‘cMWiLq_\xMPRe\��§ZPOVi¨acO;�cy_ZPMPO•\_^c^mMPyJs]gcO_I—‚ƒ\ Q•X�ZPgcyJacO¦akjl\_MP„cMWOVi

\_dUX•\xZPy�RoMWOVi—sVy�Qt„mR)�cX�i¤Ÿ†d�j”O[uJZPMw\_s[ZwRoy��bacO~{|O��c}�ZPMPO�iNacO~Z]\xRododUO¤•mu•OHMPOVs�y����h\ �oZis�p†RoQS\_p�O�i’^h\xMPQ•R

doO�iS¡ ¡�OJ¢½O�� MWOV^cMWXViWO��nZ]\xZPRoy�� 1

¨

Æ†I½‚ƒO�i¦^h\_MP\_QST[ZwMWOVi

T = 10
¢
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w2 = 16
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16� 16
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16� 16
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sVO�iª^`OVM‡Zw‘cMW„h\xZPRoy��ci�I

BDCFEHG�s•I OªK �…‘cO�do™§‘cOViDO[u•OVQ•^cdUOVi acO­{|O��c}�ZPMPO�i~acO­Z]\_RUdodoO�iN\_dUX•\xZPy�RoMWOViNMPO�acRoQ•O��miPRoy����cXVO�iV¢J^êy_‘cM

‘��cO¦RUQž\xp�OYamOtZwOVi‡Z¨acO¦de\S„h\_iPO¦amOtacy����mXVOVi �›‘hÆD‘<—bIÄ‚ÄOVi…{|O��c}�ZPMPO�iLacO¦de\ž^mMPOVQ•RoT�MPOtdURop��mO

iPy��§Z­R
�cacRUqJRUac‘cOVdUdoO�QSO��§Z~sVy�MWMPO�s�ZwO�QSO��nZªs�de\_iWiPX�OVi­sVy��nZwMP\_RoMWOVQ•O��nZ‚ŸfsVOVdUdoO�iHacO¨de\tiPO�sVy��macO_I

K•‘cM€dÊjlO��ciPO�Qt„cdUO†acO†ZPOVi‡Z•¢cdUOVi ObRUQž\xp�OVi Qž\xd`s�de\_iWiPX�OViH^h\_M~doO†Q•yJacTVdUOªiWy��nZHacy����mXVOViiŸYde\

^cMWOVQ•RoTVMWOLdoRUp��cO…acO‰de\‡•cp�‘cMPO smItsmIh‚ƒ\facOV‘•u•RUTVQ•O‰dURop��mO…acO¨sVO[ZPZwO$•hp�‘mMPO¨QSy��§ZPMPO¨‘��cO¨RUQž\_p_O

acO¨de\YsVde\xiPiPO¨O�MPy����mXVQ•O��nZ­^cMPX�acRUZPOL^êy�‘mM€sVO�iªRUQž\_p_OViVI•‚ÄOViHZwMWy�Roi~^cMPO�QSRUTVMPO�iHRoQS\_p�O�i€acOLZwO�iWZ
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RoQS\_p�O�i•acOYZPOViWZV¢›\xdoy�MWi­™§‘cObdoOVi­RoQS\_p�O�i•‘mZwRUdoRoiWXVO�i­^`y�‘cM­d�jl\_^c^mMPO��nZPRoiPiP\_p�OÇˆ|q�y_RoM­‘��zOvumO�QS^mdoO
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‚ÄObMWXViP‘mdUZ]\²Z†O�iWZLacy��csb‘��šZ]\_‘•ušakj”OVMWMPO�‘cM…O��zQSyJacO>L¯doOV\•q�O[°Îy��cOv°•y�‘mZ�N]I �l©r¦œ±IC��’^cMPy�^`y�iWOb‘��

\_‘mZPMPON^cMWy_ZwyJsVy_doON™§‘cRnsVy��ciPRUiWZwO ŸHiWXV^h\_MWOVM—doO�iÄRoQS\_p�OVi›acO•de\€„h\_iWO•acO•acy����cX�OViƒO��‰‘��‰O��ciWOVQt„mdoO

akjl\_^c^cMWO��nZwRUiPiP\_p�Ots�y�QS^`y�iWXbacO O_±�±žRUQž\_p_OVibˆ�O_±•RoQS\_p�OVi­^h\_MªsVdo\_iPiWOHš•ZPRoMWXVOVi†\_doXV\xZwy_RoMPO�QSO��nZ

^h\_MWQSRndUOVi>¡r±�±�±•¢rdoOViƒRUQž\_p_OViƒMPO�iWZ]\��§ZPOVi’X�Z]\��§Z’‘mZPRodoRUiPX�OViƒ^êy_‘cM’dÊjlO��ciPO�Qt„cdUO amODZwO�iWZVI_©~O[ZPZPO~^cMWyx°

sVX�ac‘cMWO¨\tX�ZwX†MPX•\xdoRoiWXVO�OY{|y�RoiDO�ZHdUOVi~MWXViW‘cdUZw\xZwi€y��§Z€X�ZwX†QSyHœ�O����cX�iVI`©~O…^cMWy_ZwyJsVy_doO†O�iWZ•Q•y�R)�mi

{Š\_i‡ZwRoamRoOV‘Juž^`y�‘cMDdoO�i€\_^c^mMPyJs]gcOViH™§‘cR��cXVs�OViPiWRUZPO��nZ•‘��cO…^mgh\_iPO†akjŽ\x^c^cMPO��nZwRoiWiw\_p_OLsVy�–mZPOV‘ciWOLO��

ZwO�QS^miVI}™i�ÉO)˜›O[Z•¢ÄdUO¦^cMPy_ZPy•s�y�doObacO L¯doOV\•q�O[°Îy��cOv°•y�‘mZ�N �cX�sVO�iPiPR¡ZwO•Ros�R ¡r±�±�±�s�y��ciWZPMP‘cs[ZwRUy��ci¨acO



����� ���	��

�

�


����������

���

��


�


������������������ �!�������	�

�����

Q•y•acT�doO�iVI’‚—\š^cgh\_iWOÇakjl\_^c^cMWO��nZwRUiPiw\xp�OÇacO �my_ZwMWO�\_^c^cMWy•s]gmOÇX�Zw\��nZ¦Mw\_^mRoacO ��� ¢ �cy_‘cit\_^m^cdoRÃ°

™§‘cOVMWy��ci­sVO¨^cMWy_ZwyJsVy�dUO_I

)+*

S

*

� -
/��/. ?�143 1 �

‚ÄOYZwMP\•q_\xRodkacO � — 


§

±ICn\ �—s�y�QS^c\_MPOZpSQ•X�ZPgcyJacOVi­acObdo\•dURUZWZwXVMP\xZw‘mMPOLiPO�doy��šdoO¨^cMWy_ZwyJsVy�dUO

L¯dUO•\•q�Ov°•y��mO[°•y_‘mZ�NwI~‚ÄOVižMPXViW‘cdUZw\xZwiSq_\xMPRoO��nZÇacO
s�‹•I O�� Ÿ ¡ O•Inp�� akj”OVMWMPO�‘cMPi�IH‚ÄOViÇacR[˜›X�MPO��§ZPOVi

Q•X�Zwgmy•acO�i…‘mZPRodoRUiPO��§Z†acOVi¨gcRUiWZPy�p�Mw\xQSQ•OVi­doyJs•\_‘Ju¥y�‘Ÿp_doy�„h\x‘•u¥s�y��ci‡ZwMP‘mRUZwiKŸÇ^h\_MWZPRoMªacOVi¨R)�J°

ZwO��ciPR¡ZwX�iYacO•^cRÃumO�doi�¢2Ÿ¤^h\_M‡ZwRUMLacOViYMPXV^`y��ciWOViYacOB•cdUZwMWOViSˆŠamO

¨

\_„`y�M¨O�Z‰acOB£½\_Qb‘cMw\Gš…y�‘ÉacO

s•\xMw\_s[ZwXVMWRoi‡ZwRo™§‘cO�i½R
�§qx\_MWRe\��nZPOViV¢rdo\­s�y�Q•^h\_Mw\xRoiPy��YacODMPX�p�Roy��mi’acX[ZwO�s�ZwX�OViN\x^cMPT�i“\_^c^mdoRosV\xZwRUy��¨acO

ZwO�s]g��cRU™J‘mOViLacOtiWOVp�Q•O��nZw\xZwRUy��k¢«de\•acRoi‡Z]\��cs�OtOV‘msVdoRUacRoO����cO‰O��nZwMWOtdoO�i†RUQž\_p_OVi­p�doy�„c\_doO�itˆŠ\rq_OVs

y�‘¦iP\��ciNQ•y•acT�doODacOHacRoi‡Zwy�M‡ZwRUy��fš[¢¬O��§ZPMPO•acO�i“{|O��c}[ZwMPO�i•doyJs•\_dUOVi—y�‘¦O��nZwMWO•acOViNsV\_Mw\_s[ZwX�MPRoi‡ZwRU™J‘mOVi

acO �hy�‘cMWRoO�M+EšO�dodoR
�kIê‚ƒObQSO�RododUOV‘cM­MPX�iP‘cd¡Z]\xZ…OViWZ¨y_„mZwO��J‘£^h\xM…d�jl\_^c^cdURosV\xZwRUy��ša›jl‘��mO•Q•X�ZPgcyJacO

akj”gcRoi‡Zwy�p_Mw\_Q•QSO�i¨^êy��macXVMWXVibs�y��ci‡ZwMP‘mRUZwi‡Ÿš^h\xMWZwRUM¨acOS{|y��ms�ZwRUy��ci‰™§‘cRDMWOV^cMWXViWO��nZwO��§ZfamOVitsV\²°

Mw\xs�ZwX�MPRUiWZwRU™§‘cOVi¨R)�nqx\_MWRe\��nZwO�iVIÄ‚Nj”‘mZwRUdoRUiw\xZPRoy��šakjlgmRoiWZPy�p�MP\_QSQ•OVi†p�doy�„c\_‘•uzsVy��ci‡ZwMW‘cRUZPi�Ÿ�^h\xMWZwRUM

acO�i¨qx\_dUOV‘cMWiLacO¦^cRÃumO�doiLacy����cOP¡¬Â•Itpo� akjlO�MPMWOV‘cM�Iƒ‚•j”‘mZPRodoRUiw\xZPRoy��šakj”‘��cOfQSO�iP‘cMWO¦acOfacRoi‡Z]\��msVO

OV‘msVdoRUacRoO����cO¨O��nZPMPObdUOVi•qx\_doO�‘cMPi­acOb^mR¡u•OVdUi­amOVi†RUQž\xp�OVi•acy����cO OCOJIž¡C� akjlO�MPMWOV‘cMWiVI4£—MPy_Roi•QSXv°

Zwgmy•acO�i…iPy��§Z…sVy�Q•^h\_MWXVOViªah\��ci �Ž©r¦œ±IC��Ê¢`OVdodUOViªsVy�Qt„mR)�cO��§Z†doO�i+K��+E ŸžacOVi†gcRoi‡Zwy�p�MP\_Q•QSO�i

y�‘PŸtdo\bacOViWsVMWRo^mZPRoy���acOLMWXVp�RUy��ciDO[uJZwMP\_RUZPOViH^h\_M~iPOVp_QSO��§Zw\xZwRUy��kIm‚ƒO�i€Z]\_‘JuÇakj”OVMWMPO�‘cMHQSyHœ_O��ci

^cMWXViPO��nZwXVitqx\_MWRoO��§ZbacOS¢�¢mI†¢�� Ÿ€¡?pmI�O��ÇI H’\_MPQ•R de\¤acy�‘�FV\_R)�cOSacOžQ•X�ZPgcyJacOVi¦\x^c^cdoRU™§‘cXVO�idŸ

sVO[ZPZPO•„c\_iPO¦acOfacy����cXVO�iV¢Äs�OVMWZw\_R)�mOVi…ZwMP\•q_\xRododUO��nZFŸ�^h\xMWZwRUM†akj”‘��cOfMWOV^cMWXViPO��nZ]\xZPRoy�� 1

¨

Æ acOVi

RoQS\_p�O�iV¢•akjŽ\x‘mZwMWOVi­O��š‚#� � y�‘ O��gq>K��bI

K•OVdUy�� doOS^cMPyxZwyJsVy�dUO L•doO•\•q_O[°•y��cO[°Îy�‘mZ�Nw¢ƒd�jl\_^c^cdURos•\²ZwRoy��ÉacO �cy_ZwMWOÇQ•X�Zwgmy•acOž\•q�OVs�OvuJZwMw\xs[°

ZwRUy��žamOª{|O��m}�ZwMWOViDacO†Z]\xRododUOViNO[Z€akj”y�MPRUO��nZ]\²ZwRoy��ci \_doXV\xZwy�RUMPO�iV¢nO��žMPOV^mMPXViWO��nZ]\²ZwRoy���q>K��b¢•acy����cO

‹J¡�I C�� akj”OVMPMWOV‘cM�¢�\•q�O�s

T = 10
\_MW„cMPO�iV¢

N w = 120000
{|O��m}�ZwMWOVi•O�Z“‘��¦MPO�acRoQ•O��ciWRoy����cOVQ•O��nZ

acO…ZPy�‘mZwO�iHdoO�i~{|O��c}[ZwMWOVi•O��

16� 16
^cRÃu•OVdoi�I K•RêiPOV‘mdoOLde\‰Z]\_RUdodoO­OVi‡Z­\_doXV\xZwy_RoMPOx¢§doO…MWXViP‘mdUZ]\²ZHOVi‡Z

acOj¡�O•Itpo�Ç¢cdUOLQS}�QSO…Zw\_‘•u¤akj”OVMWMPO�‘cM•™J‘mOYdUOLQSO�RododUOV‘cMD^cMPX�iPO��§ZPXYac\��ci � — 


§

±ICn\ �ÊI

‚ÄO•Zw\_„cdoOV\_‘ smIŽ‹¤Q•y��nZwMWO¦de\�MPX�^h\_MWZPRUZPRoy��ŸacO�iYO�MPMWOV‘cMWiY^h\xM‰s�de\_iWiPO�iYO[ZbdUOtZ]\_‘•uŸakjlO�MPMWOV‘cM

p�dUy�„h\_dÊI½‚ƒ\¥iPy_QSQ•OÇacO�i•X�doX�QSO��§ZPi¦akj”‘��cO�doRUp��cOÇO�iWZfX�pn\_doOSŸ–¡•±�±¥s_j”OVi‡ZW°pŸ¬°•acRUMPOÇdUO �cy�Qt„mMPO

akj”RoQS\_p�O�iSah\��cižs�O�ZPZPO¥sVdo\_iPiWO_I~©~gh\_™§‘cO¥dURop��mO MWOV^cMWXViWO��nZwOŸdUO �cy�Qb„cMPO akj”RoQS\_p�OVi•acOšsVO�ZWZwO

sVdo\_iPiWO…™§‘cR›iWy��nZ•sVdo\_iPiWXVOViH^c\_M �cyxZwMPO†QSyJacTVdUOªac\��ci€do\bsVdo\_iPiWO…acO…s]gh\x™J‘mOLsVy�dUy����cOxIc‚ÄOVi€s�de\_i¯°

iPR[•hs•\²ZwRoy��ci•sVy�MWMPOVs[ZwO�i†iPy��§Z†sVO�dodoO�i•™J‘mR’iWO‰ZPMPy�‘mq_O��nZ…iW‘cM†do\¦acRe\_p_y��h\_dUO_I«®��zy_„ciPO�MWq�Ob™J‘mOYdUOVi

RoQS\_p�O�iYamOVi¦sVdo\_iPiWOViMLÎq•RUdodo\_p�OVi¨O[Z¦gh\_„cR¡Z]\��nZPibakj

�

{|MWRo™§‘cOSNžO�Z L¯^cdo\_p�OWN•iPy��nZfdoO�ibQ•y�R)�mib„cRUO��

sVdo\_iPiWXVO�iV¢ƒsVO•™§‘cR•OViWZYXVp�\_doO�QSO��§Z¨dUOfs•\_i¨^`y�‘cM
�Ž©r¦œ±�C��•™J‘mR•\ ‘mZPRodURoiPX¦‘��cO•\_‘mZwMWOSQ•X�ZPgcyJacO

O�Zt‘��•\_‘mZPMPOž^mMPy_ZPy•s�y�doO•iP‘cM¦s�O�ZWZwOÇ„h\xiPOÇacOžacy����cX�OVi�I v ZwR¡ZwMWOSakj”O[u•O�QS^cdUO_¢’doOVibacOV‘•uÁ^cMWO[°

Q•RoTVMWOVi…RUQž\xp�OVi…amO¦de\O•hp�‘mMPO;smItm �cO¦iPy��nZ‰^h\_iLMWOVs�y����§‘cOVi‰^h\_M �my_ZwMWO¦QSyJacTVdUO_¢`Z]\��camRoi…™§‘cO

doO�iªiW‘cRUqx\��nZPOVi†dUOYiWy��nZ•Iê‚ÄOVi…RUQž\_p_OVi•acOViªsVdo\_iPiWOVi Lp—†R)�my�iw\_‘mMPOVi NYO�Z LW©~gcO[q_\x‘•u4NbiWy��nZ…^h\xMW{Š\_RÃ°

ZwO�QSO��nZfsVde\xiPiPX�OVi�I•‚—\¥s�de\_iWiPODL �½doO�‘cMPi NžO�iWZfdo\¥sVde\xiPiPO�™§‘cR~^cMPX�iPO��nZPO dUOžZwMWy�RoiWRoT�QSOSQSO�RododUOV‘cM

Z]\x‘•uŸakj”OVMWMPO�‘cMVI—®��£sVy��miWZ]\²ZwOf‘��£„êy��
�cy�Qt„cMWO¦akj”OVMPMWOV‘cMWiYO��nZwMPO¦dUOViLs�de\_iWiPOVi@L H•do\_p�OWN�ˆÊ©D¡ š

��� 4��E02�.�����)��*'4����&� /!�'�%*2 � �����6 *?�3�
4��� �$�4�� �>�.�3�����%�3� � ������� 4��F "� � ������� �?G �'G �'/!02�.#%� � � � :?�  �.�3C'���  ��4
$ �>���%�
�3�! 

(+*'� � �'�%�� ��
��*2� �3�! "�-�.4�$!�>�3��������02����,��<*'� �'�%, C'�3�

�

�?$ : ; �.�"���3��C'*?�3 9� �'���) "�) ��.4�$!�.�������3�&,��&�+�!G
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������������������������� ©€± ©D¡ ©H‹ © ¢ ©<C © O ©Is ©HÂ ©Im ©Ip £½\x‘•u OVMWMPOV‘mM

©€±

�

{|MWRo™§‘cO � � ¢ s ‹ ¡ C ± ¢ ± ¡H¢ ¢n‹��

©D¡MHNde\_p_O ! �#" Â ¡ ± C ± ‹ ¡H¢ ¡ ¢ ¢��

©H‹fÆ 0xZPRoQ•O��nZwi C ! ��$ ± ± ! ± ± ¢ ¢ ‹_±��

© ¢•Æ~‘ci s ¡ ¡ �&% ± ± ± ¡ ¢ ! ¡¬Â��

©<C\—†R
�cy�iw\x‘cMPO�i ± ± ± ± '�$ $ ± ± ± ± ± ±��

©(! �NdoX�^cgh\��nZwi ¡ ± ‹ ± ± � � ± s ‹ ¢ ¡ZCo�

©Is �½dUOV‘cMWi ± ± ¡ ‹ ± ± )�* ‹ ± ¡ s��

©HÂ•©~gcO[q_\x‘•u ± ± ± ± ± ± ± '�$ $ ± ± ±��

©ImDEšy��nZw\_p��cO�i­O[Z­p�de\_s�RoO�MPi ¡ ¡r± s ¢ ± ¡ ¡ ¡ "&" ± ‹�¢��

©Ip

§

y_‘cMPMWRUZw‘mMPO C ‹ ± C ± ± ¢ ¡ ± � � ¡ZCo�

£—y_Zw\_d ¡�!•Itpo�

ˆ ¡�!�p,+J¡r±_±�±Gš

],^`_½GjsmIŽ‹¤K Æ€\_iPO�amO amy����cX�OVig¦

�K§D¨

A½Zw\_‘•u a›jlO�MPMPO�‘cMfp�doy_„h\_d~O[Zf^h\_Mts�de\_iWiPO¤^`y�‘cMtdUOVi

\_MW„cMPO�iª\xdoX•\²Zwy�RUMPOVi€\rq_OVs¨{|O��c}[ZwMWOVi­acOLZ]\_RUdodoO�i€\_dUX•\xZPy�RoMWOVi�I

O�Z L�Ešy��§Zw\_p��cO�i€O�Z€p�de\_s�RoO�MPi�N‰ˆ�©ImGšv¢•s�O…™§‘cR›O�iWZHX�pn\_doO�QSO��nZ€y�„ciWOVM‡q�X…^h\xM �l©r¦œ±IC���I•‚ƒ\�•hp�‘mMPO

smItp‰^`OVMWQSO[Z akjly_„ciPO�MWq�O�M~dUOVi‚¡r±LRoQS\_p�OViNamOªdo\¨s�de\_iWiPO L�Ešy��§Zw\_p��cO�iDO[Z~p_de\_s�RoOVMWi�N€Qž\_dmsVde\xiPiPX�OVi

O�� L H•do\_p�OWN]Ih®����cy_ZPOLde\t^cMWXViWO��cs�OYakj”‘��¤sVRUOVdk„mdoOV‘›¢cacOLde\xsViHy�‘¤MPR¡qJRoTVMWOVi�¢makj”g§‘cQž\xR)�ci�¢cy�‘¤acO

MPyJs]gcO�MPiH\_‘JužZPy��ci}›P\x‘��cOViLˆŠsVy_QSQ•OªdUO†iP\_„cdoOªakj”‘��cO…^cdo\_p�O�š•y�‘ž„cdoO�‘ciVIm©~OVM‡Z]\_R
�cOVi€RUQž\xp�OVi acO

sVO[ZPZPO…sVdo\_iPiWO…sVy��nZPO��h\��nZ•acO�i€MPR¡qJRoTVMWOViDy�‘�de\_s�i~iWy��nZ€Zwy�‘•ZwO�{|y_Roi „cRoO���sVde\xiPiPX�OVi€^c\_M€doOªQSyJacT�doO_I

‚ÄOVid¡H¢•RoQS\_p�O�i­amObde\•sVdo\_iPiWO L�HNdo\_p�OSNLOVMPMWy��cX�QSO��§Z†MPO�sVy����§‘cO�iLsVy�Q•Q•O+L�Ešy��nZ]\_p��cOViªO�Z

p�do\_sVRUOVMPi N­iPy��nZ•^cMWy�^`y�iPX�OVi€^h\xM€de\�•cp�‘cMPO�smIž¡•±mIc©~O�MWZw\_R)�cO�i€^cMWXViPO��nZwO��nZ­acO�iHMPyJs]gcOVMWiV¢cacO�iH^êOv°

ZwR¡Zwi‰s•\_RUdodUy�‘•uê¢kacO�ibsVy_dodoR
�cOVi¨O[ZbQ•y��nZ]\_p��cOVi�ŸšdÊjlgcy_MPR8F�y��kI—®��ÁMWOVQS\_MP™§‘cOž\_‘ciWiPR d�j”XVsV‘mQSO•acO

Q•OVMD\_iPiWOGF…RUQS^`y�MWZw\��nZwO•iP‘mM~sVO�MWZw\_R)�cO�i~akj”O��nZPMPO†O�dodUOViV¢J\_R
�ciPR«™§‘cO…amOVi �§‘h\xp�OVi€„mde\��cs�iVIJ‚ÄOVi~{|Ov°

�c}[ZwMPO�iªamO‰^`O�ZPRUZPOViHZ]\_RUdodUOVi€™§‘cRÄiWy��nZªOvuJZwMw\xRUZwO�i•ah\��ci­sVO�iªMWXVp�RUy��ciH^`OV‘mq_O��nZ…}[ZwMPO¨s�y��m{|y��cam‘cOVi

\•q�O�s¦acOVi…{|O��c}�ZPMPOViLs�y��nZwO��h\��nZLacO¦do\ �cO�Rop�OxI›‚Nj”‘��cO¦acO�i…RoQS\_p�O�i†QS\_dƒsVde\xiPiPX�OViL^cMWXViWO��nZwOf‘��

s]g 0xZPO•\_‘�amO†iw\x„cdoOªO��Ç{|y�MWQSO­acO†Q•y��nZ]\xp��cO†y_‘Ç^Gœ•MP\_Q•RoacOx¢JdUO†iP\_„cdoOªiP‘cMDsVO[ZPZwO†^cgcy_ZPytOVi‡ZHO��

y�‘mZPMPO¦ZwMWTVi¨sVdo\_RoM�Ik‚ƒ\S•hp�‘cMWO smIž¡�¡•Q•y��nZwMWO¦‘��cO•RoQS\_p�OYacOfde\�sVdo\_iPiWO L HNde\_p�OWNt™§‘cRN^mMPXViWO��nZwO

acO�i,�§‘h\_p_OVi „cde\��msViNO�Z ‘��mOªX�sV‘cQ•O•acOªQ•OVM•\xiPiPO0FªRUQS^`y�M‡Z]\��nZwOxI �…‘cO�do™§‘cOVi•{|O��m}�ZwMWOVi ™§‘cR«iPy��nZ

do‘mR€O[uJZwMP\_RUZPOVi¦O[ZS™§‘cRHiWy��nZ•R)�cacR¡qJRoac‘cO�dodUOVQ•O��nZbQS\_d€s�de\_iWiPX�OVifsVy�Q•Q•ODL�Ešy��nZw\_p��cO�i•O[Zfp�de\¬°

sVRUOVMWi�N†iPy��nZ•XVp�\_doO�QSO��§Z€RododU‘ciWZPMPX�OViVI�H’y�‘mMHsVO�ZWZwOLRUQž\_p_O_¢m‹�pb{|O��c}[ZwMWOVi•iPy��nZ•R
�cacRUqJRUac‘cOVdUdoO�QSO��§Z

„cRUO��¥s�de\_iWiPXVO�iV¢êQž\_RUi­ZPy�‘mZPOVi†dUOVi†\_‘mZwMWOVi…iWy��nZ…MWOVsVy����§‘cOViLs�y�QSQ•OY\_^c^h\_M‡ZwO��h\��nZFŸždo\Ss�de\_iWiPO

L�E y��nZ]\_p��mOVi•O�Z­p�do\_sVRUOVMPi N]I

‚ÄOVi ¡H¢ªRoQS\_p�OVi—acODde\ªs�de\_iWiPO;L

�

{|MWRo™§‘cOSN ™§‘cR•iPy��nZ½Qž\_dJsVdo\_iPiWXVO�i“sVy�Q•Q•O {Š\_RUiw\��nZ’^h\_M‡ZwRoODacO

de\¦s�de\_iWiPO>L

§

y_‘cMPMWRUZw‘mMPOSN…iPy��nZ­RodUdo‘ci‡ZwMWXVOVi‚Ÿfde\d•hp�‘mMPOZsmI[¡¬‹•If™NdodUOVi•iPy��nZ•Zwy_‘mZwO�i­ZPMPTVi­sVy_doy�MWXVOVi�¢

sVO~™J‘mRmX�Zw\_RUZ½doODs•\_iN\x‘ciPiWRcakj”‘��¦„êy�� �cy�Qt„mMPO€akj”RoQS\_p�O�i’amO€^cde\²Zwi½amOI�cy�‘cMWMPR¡Zw‘cMWO~sVy_QS^`y�MWZw\��nZ
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