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HCNEGFECGD GPECL C\SECGD EBJRDC]IBN U ^IF PFBHCJECGD FBNIMEN NIQQBNE ERSE ERB LGHBMN RSTB NI_ JCBDE SJJIFSJZ
EG XB INBOIM CD ER CN JGDEB[E ` SDH ERSE NCQDCWJSDE JGLPMB[ CEZ FBHIJECGDN JGIMH XB SJRCBTBH JGLPSFBH EG B[SJE
FSEBYHCNEGFECGD JGLPIESECGD U

a b acdefghidjfc
klmnopqrsot nopmuvqwprnpqrs pmxysqz{mw yo|m nmxmspt} ~ mms {wmv pr q�lnr|m pym l mn�rn�osxm r�

���u~owmv |qvmr xrvmxw ��� � �{xy �mpyrvw wmm� pr vqwpnq~{pm o tq� qpmv s{�~mn r� ~ qpw oxnrww
�{tpql tm xr vqs� {sqpw qs rnvmn pr � qsq� q�m o �q|ms vqwprnpqrs �mpnqx ��� � �rn pym ��� xowm � pym
xrvqs� {sqpw �o} ~ m qsvq| qv{ot �oxnr~ tr x�w � �nr{lw r� � oxnr~ tr x�w � rn mspqnm |qvmr �no�mw � �
xrspnrt lono�mpmn w{xy ow pym z{ospq�mn wpmlwq�m qw {wmv pr wmp pym nopmuvqwprnpqrs pnovmr� �rn
moxy xrvqs� {sqp � �s rlpq� q�opqrs �mpyrv qw pyms m�ltr}mv pr �sv pym wmp r� xrspnrt lono�mpmnw
�yqxy � qsq� q�m pym vqwprnpqrs oxnrww ott xrvqs� {sqpw qs o � qsvr� r� qspmnmwp � �yqtm wq�{tposmr{wt}
�mmpqs� o �q|ms xrswpnoqsp rs pym nopm �
�onqr{w m�o�ltmw r� pyqw pmxysqz{m yo|m ~ mms l{~tqwymv �rn pym ��� xowm �m �� � ��� ��� ��� ���� �

� nm|qm� r� pymwm �mpyrvw �o} ~m �r{sv qs ��� � �oxy {wmw o vq�mnmsp rlpq� q�opqrs �mpyrv pr
wrt|m o vq�mnmsp |onqopqrs r� pym rlpq� ot ~ qp ottr xopqrs lnr~ tm� � �r�m|mn � ott �r{n � mpyrvw ~owm
pymqn rlpq� q�opqrs vmxqwqrsw rs wo�ltmv nopmuv qwprnpqrs lrqspw �� � � �� �ym} py{w �p qspr pym
 �� � � � �on� qs�¡ �no�m�rn� qtt{wpnopmv qs � q�{nm �� �ym  klpq� q�opqrs �rspnrt¡ ~ tr x� qs pym ��{nm
nmlnmwmspw o lonpqx{ton �mpyrv �rn wrt| qs� pym rlpq� ot ~ qp ottr xopqrs lnr~ tm� � �yqw ~ tr x� po�mw
ow qsl{p pym rnq� qsot |qvmr �no�mw otrs� � qpy qs�rn�opqrs o~r{p pym nopm xrswpnoqsp � ¢m oww{�m
pyop moxy �no�m nmlnmwmspw o wqs�tm xrv qs� {sqp � osv pyop pym nopmuv qwprnpqrs pnovmr� �rn �no�m £
qw o �{sxpqrs r� xrspnrt lono�mpmn ¤¥ � �ym lnr~ tm� qw py{w pr xyrrwm pym xrspnrt lono�mpmn wmp
¦§¨ ©ª«§¬­® ¯¬ª°± °²³¨ «¬ ©´³µ¬¯ °¨±¶¨ «§¨ ®ª··¬­« ¬¸ ¹ º» ¶­©µ« ¼¼½¾¿¿ÀÁÁÂÃ Ä



Å
ÆCQ U ÇU ÈSEBYHCNEGFECGD OSFL CDQ OFSL BKGFÉ OGF NGMTCDQ ERB GPECL SM XCEYSMMG JSECGD PFGXMBL U VRB MSFQB XG[

FBPFBNBDEN ERB GPECL C\SECGD LBERGH ` KRCJR FBMCBN GD NSLPMBH FSEBYHCNEGFECGD PGCDEN ÊË Ì Í Î Ì Ï CD GFHBFEG NGMTB OGF GPECL SM JGDEFGM PSFSL BEBFN ÐÑÌ ÒÓÔÕ Ö U VRB NSLPMBN L SZ XB B[SJEMZ JGLPIEBH GF L SZ XB
QBDBFSEBH XZ S FBHIJBH JGLPMB[ CEZ LGHBM U

^
Modeled

(R  , D  )
k k

Exact

fk
o

{o k, opt }

(R  , D  )

Samples

k k
^

(R,D) Generation

Optimization Control
(R,D)-Based

Target
Rate

Source
Frames

Coded
Frames

(R,D)

×¤¥ � £ Ø �ÙÙÙÚ Û �yqxy � qs q� q�mw wr�m vqwprnpqrs �mpnqx �rn pym Ú �no�mw r� qspmnmwp �yqtm �mmpqs�
pym �q|ms nopm xrswpnoqsp � �ott pyqw rlpq� ot wmp ×¤¥ ÜÝÞ ß Û � �ym rlpq� q�opqrs ~tr x� oxxr�ltqwymw py qw
~} xr�l{pqs� pym �� � � � nmtopqrswyql �rn pym |onqr{w �no�mw r|mn �os} xosvqvopm |ot{mw r� xrspnrt
lono� mpmn ¤ � �yqw �{sxpqrs qw l mn�rn�mv ~} pym  ��oxp �� ¥ � � ¥ �¡ ~ tr x� r� pym ��{nm � �yqw ~ tr x�
msxrvmw nmwqv{ot wq�sot àá¥ {wqs� o �q|ms xrspnrt lono�mpmn ¤ � osv nmp{nsw pym nmw{tpqs� �� � � �
lrqsp � �ym rlpq� q�opqrs ~tr x� py{w r~poqsw wo�ltmv �� � � � lrqspw � osv {wmw pym� pr wrt|m �rn
×¤¥ ÜÝÞ ß Û �
âs lnqsxql tm � w{xy rlpq� q�opqrs �mpyrvw onm srp ���uwl mxq� x � osv wr xr{ tv ~ m olltqmv pr pym

�opxyqs� l{nw{ qp |qvmr xrvmx vmwxnq~ mv qs ãonp â r� pyqw onpqxtm �ä� � �ym � oqs r~wpoxtm qw xr�ltm� qp}�
å opxyqs� l{nw{qp msxrvqs� qw ~owmv rs os m�yo{wpq|m tr xot qssmn lnrv{xp wmonxy � �yqxy � o�mw qp
wm|mnot pq� mw �rnm xr�ltm� pyos o xr�lono~tm ���u~owmv msxrvmn �æ� � �ym �� � � � �on� qs� lnr xmww
{wmv qs p}l qxot rlpq� q�opqrs �mpyrvw nmz{qnmw moxy �no�m £ pr ~m xrvmv � qpy � os} |ot{mw r�
xrspnrt lono�mpmn ¤¥ � å rnmr|mn � pym qspmn�no�m vml msvmsx} r� �rpqrs xr�lmswopmv | qvmr xo{wmw
o xr�~qsoprnqot m�l trwqrs qs pym s{�~mn r� nmz{qnmv �no�m msxrvqs�w ��� � �rn pyqw nmowrs � pym
rlpq� q�opqrs xr�ltm� qp} �rn � opxyqs� l{nw{ qp �r{tv ~ m �{xy �nmopmn pyos �rn pym ��� xowm �
ksm �o} pr nmv{xm pyqw xr�ltm� qp} qw pr nml toxm m�oxp �� � � � xr�l{popqrs � qpy nmv{xmv xr� u

ltm� qp} �rvmtw � �yqw qw wyr�s qs � q�{nm � ow o wmxrsv w� qpxyo~tm nopmuvqwprnpqrs �msmnopqrs {sqp
to~ mtmv  årvmtmv � ç� ¥ � ç� ¥ �¡ � �{xy �rvmtw �{wp wopqw�} p�r nmz{qnm� mspw qs rnvmn pr ~ m {wm�{t �
� qnwp � pym} �{wp ~ m tmww xr�ltm� pyos m�oxp �� � � � xr�l{popqrs � �mxrsv � pym �rvmtw �{wp ~ m oxu
x{nopm msr{�y wr pyop r~poqsmv lono� mpmn wmp ×¤¥ ÜÝÞ ß Û l mn�rn� w smont} ow �mtt ow pym wmp r~poqsmv
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pynr{�y m�oxp �� � � � �on� qs� �
âs pyqw lol mn � �m vm|mtrl rlmnopqrsot �� � � � �rvmtw �rn pym � opxyqs� l{nw{qp | qvmr xrvmx �

�yqw qw pym �nwp �rn� pr wyr� w{xy �rvmtw �rn �opxyqs� l{nw{ qp nopm osv vqwprnpqrs � otpyr{�y
|onqr{w �rvmtw yo|m ~ mms wyr�s �rn ���u~owmv w}wpm� w �m �� � �é� ��ê� ���� � �yqw lol mn vrmw srp
ovvnmww pymrnmpqxot �� � � � �{sxpqrsw �rn r|mnxr�ltmpm m�loswqrsw � �{xy �{sxpqrsw onm srp �sr�s
�rn �opxy qs� l{nw{qp � ~{p qspmnmwpqs� nmw{tpw l mnpoqsqs� pr �no�m m�loswqrsw onm lnmwmspmv qs ���� �
¢m vm|mtrl p�r xtowwmw r� �rvmtw � �ym �nwp nmtqmw rs os qsqpqot � opxyqs� l{nw{qp vmxr�lrwqpqrs

{wqs� pym �{ tt v qxpqrson}� osv qw py{w xottmv pym �{tt ãnmu�rvm årvmt � ë q|ms w{xy os osot}wqw loww �
pym �rvmt lnmvqxpw xyos�mw qs �� � � � v{m pr xyos�mw qs pym qsutr rl z{ospq�mn ì �í� osv pym s{�~mn
r� xr vmv �opxyqs� l{nw{qp opr� w î � å os} �� � � � lrqspw onm �msmnopmv mxrsr� qxott} �nr� o wqs�tm
osot}wqw loww � �ym wmxrsv �rvmt xtoww otwr {wmw os qsqpqot osot}wqw loww � ~{p olltqmw o w{~wmp r�
pym �{tt v qxpqrson}� �rn pyqw nmowrs � qp qw xottmv pym ïmv{xmv �r�ltm� qp} ãnmu�rvm årvmt � �ym
nmv{xmv osot}wqw loww qw {wmv pr lnmv qxp pym �� � � � ~ myo|qrn r� pym �{tt v qxpqrson} vmxr�lrwqpqrs �
�ym nmw{tpqs� �rvmtw onm tmww oxx{nopm pyos pym �{tt ãnmu�rvm årvmt � ~{p pym} ottr� o pnovmr�
~ mp�mms xr�ltm� qp} osv lnmv qxpqrs oxx{nox}�
¢m ~ m�qs qs �mxpqrs ââ � qpy o nm| qm� r� lnm| qr{w �rn� � ¢m pyms lnr xmmv pr vm|mtrl pym p�r

�rvmtw vmwxnq~ mv o~ r|m � �ym �{tt ãnmu�rvm �rvmt qw vm|mtrl mv qs �mxpqrs âââ � osv pym ïmv{xmv
�r�ltm� qp} ãnmu�rvm �rvmtw onm vm|mtrl mv qs �mxpqrs â� � âs �mxpqrs � � �m m|ot{opm pym p�r
�opxyqs� l{nw{ qp �rvmt xtowwmw �rn {wm � qpy qs �� � � � ~owmv rlpq� q�opqrs ot�rnqpy� w � k{n nmw{ tpw
wyr� pyop pym �rvmtw onm w{ð xqmspt} oxx{nopm pr ~ m {wmv qs pyqw xrspm�p � osv pyop wq�sq�xosp
xr�ltm� qp} nmv{xpqrsw � o} ~ m oxyqm|mv xr�lonmv pr m�oxp �� � � � �on� qs� �
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åopxyqs� l{nw{ qp | qvmr xr�lnmwwqrs �ow qspnr v{xmv qs ���� �æ� � osv nm|qm�mv montqmn qs ãonp â

r� py qw onpqxtm �ä� � �ym ~owqx ot�rnqpy� {wmw o wq�ltm nopm xrspnrt �mpyrv qs �yqxy pym z{ospq�mn
ì �í� qw ��mv osv pym nopm |onqmw rst} � qpy pym s{�~mn r� xr vmv opr� w î � �wwmspqott}� pym msxrvmn
xrspqs{mw pr �sv opr� w {spqt mqpymn pym nopm � qw m�yo{wpmv � rn wr�m vmwqnmv |ot{m r� vqwprnpqrs �
qw nmoxymv �
å rnm �msmnott}� pym nopmuvqwprnpqrs pnovmr� vml msvw rs ~rpy pym z{ospq�mn osv pym s{�~mn r�

xr vmv opr� w � âp qw py{w l rwwq~ tm pr q�lnr|m xrvqs� mð xqmsx} ~} ú rqspt} ovolpqs� ì �í� osv î pr
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moxy xrvmv �no�m � ��r lnoxpqxot ot�rnqpy� w �yqxy oxyqm|m pyqw �mnm qspnr v{xmv qs ���� � �ym �nwp
{wmw os {sz{ospq�mv �opxyqs� l{nw{qp vmxr�lrwqpqrs r� pym x{nnmsp �no�m pr vmwq�s ì �í� � osv o
wmxrsv z{ospq�mv loww pr vmpmn� qsm î � ¢m nm�mn pr pyqw �mpyrv ow  �uloww ovolpq|m z{ospq�opqrs �¡
�ym wmxrsv ot�rnqpy� o|rqvw pym {sz{ospq�mv osot}wqw loww osv qswpmov {wmw vopo �nr� o lnm| qr{wt}
xrvmv �opxy qs� l{nw{qp �no�m pr vmwq�s ì �í� � �yqw � mpyrv qw xottv  �uloww ovolpq|m z{ospq�opqrs �¡
âp oxyqm|mw smont} pym wo�m xrvqs� mð xqmsx} ow pym �uloww ot�rnqpy� op o~ r{p yot� pym xr�ltm� qp}�9rpy �mpyrvw nmwpnqxp ì �í� pr ~ m o {sq�rn� z{ospq�mn � qpy os m�losvmv vmov�rsm � osv wr ì �í�
qw p}l qxott} wl mxq�mv qs pmn� w r� pym wpmlwq�mupruvmov�rsm nopqr : Ø ;< =>? �ymnm ;< qw pym
z{ospq�mn wpml wq�m osv >? qw pym v qwposxm �nr� �mnr pr pym mv�m r� pym vmov �rsm ���� �
�ym pynmm z{ospq�mn vmwq�s �mpyrvw ���mv � �uloww � osv �uloww� onm wq�sq�xosp pr pym x{nnmsp �rn�

~ mxo{wm pym xr�ltm� qp} r� ~ rpy m�oxp osv �rvmtmv �� � � � �on� qs� vml msvw rs �yqxy z{ospq�mn
vmwq�s �mpyrv qw {wmv � ¢m � qtt py{w po�m z{ospq�mn vmwq�s qspr xrswqvmnopqrs qs �mxpqrs � �yms
�m xr�l{pm pym xr�ltm� qp} nmv{xpqrs oxyqm|mv ~} moxy r� pym p�r �� � � � �rvmt xtowwmw �
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�ww{�m pyop pym x{nnmsp �rpqrs nmwqv{ot �no�m yow ~ mms msxrvmv rsxm � qpy wr�m qsqpqot z{ospq�mn

ì �í� osv s{�~mn r� opr� w î � �yqw qsqpqot msxrvqs� loww lnrv{xmw o pnoxm r� |ot{mw �rn �rv{t{wG H osv �rv{t{w z{ospq�opqrs mnnrn IH JØ G H K ì �G H � � ow �mtt ow x{�{topq|m nopm � H osv vqwprnpqrs
� H JØ LL àáH LLÅ �rn moxy xrvmv opr� M � �yqw qs�rn�opqrs qw w{��onq�mv qs �o~tm â � �ym lnr~ tm� qw
pyms pr lnmvqxp pym nopmuvqwprnpqrs l mn�rn�osxm �rn msxrvqs� pym wo�m �rpqrs nmwqv{ot �no� m � qpy
o vq�mnmsp z{ospq�mn ì N �í� osv s{�~mn r� opr� w î N O î � 9} wrt| qs� pyqw lnr~ tm� � �m mso~tm os}
s{�~mn r� nopmuv qwprnpqrs l rqspw pr ~ m z{qx� t} mwpq� opmv �nr� o wqs�tm osot}wqw msxrvqs� loww � ¢m
~ m�qs qs �mxpqrs â ââu� � qpy o �rvmt �rn v qwprnpqrs � osv xrspqs{m qs �mxpqrs â ââu9 � qpy o �rvmt �rn
nopm � ãnmvqxpqrs nmw{tpw onm lnmwmspmv qs �mxpqrs ââ âu� �
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9owmv rs pym wmp r� �sr�s  ãoww �¡ |ot{mw �nr� �o~tm â � �m wmm� pr lnmvqxp pym r|mnott v qwprnpqrs

×� NH � M Ø ê ÙÙÙî Û �rn o wmxrsv  ãoww �¡ msxrvqs� r� àá {wqs� o vq�mnmsp z{ospq�mn ì N �í� ]Ø ì �í� �
�vvqpqrsot ãoww � lono�mpmnw w{xy ow ×G NH � INH � M Ø �ÙÙÙî Û � qtt ~ m lnmvqxpmv otrs� pym �o}� ¢m
� qtt xrswqwpmspt} {wm lnq�m srpopqrs pr vqwpqs�{qwy ãoww � |ot{mw w{xy ow � NH �nr� pymqn ãoww �
xr{spmnlonpw � ãnmvqxpmv ãoww � |ot{mw � qtt ~ m vqwpqs�{qwymv �nr� pymqn pn{m xr{spmnlonpw pynr{�y
pym {wm r� yop srpopqrs � �rn m�o�ltm � çG NH qw o lnmvqxpqrs �rn G NH �
�m�sm ^_H pr ~ m pym wqs�tmuwpo�m nmv{xpqrs qs v qwprnpqrs v{m pr pym msxrvqs� r� pym Mpy opr� �

�yqw �ow wyr�s qs ���� pr ~ m

^_ H JØ � H` � K � H
Ø G ÅH K IÅH ���

9} w{�� qs� ^_ H r|mn pym �nwp M wpo�mw � rsm �o} xotx{ topm a_ H � pym x{�{topq|m nmv{xpqrs qs
vqwprnpqrs v{m pr pym �nwp M opr� w b

a_ H JØ � c K � H
Ø Hde f �G Åe K Hde f � IÅe ���

�z{opqrs � wyr� w pyop a_ H yow wmlonopm xrspnq~{pqrsw �nr� {sz{ospq�mv �rv{t{w G H osv z{ospq�ou
pqrs mnnrn IH � ¢m � qtt xrswqvmn pymwm wmlonopmt} qs vm|mtrl qs� r{n �rvmt � ïmonnos�qs� �z{opqrs �
�q|mw o {wm�{t m�lnmwwqrs �rn vqwprnpqrs b

� H Ø � c K Hdef �G Åe g Hde f � IÅe ���

¢m ollt} �z{opqrs ��� pr pym ãoww � |ot{mw osv {wm pym �oxp pyop � Nc Ø � c pr r~poqs pym �r ttr� qs�
lnr�nmwwq|m �mpyrv �rn xr�l{pqs� ãoww � vqwprnpqrs b

� NH Ø hijik
� c ×M Ø êÛ
� NH` � K �G NH �Å g �INH �Å ×M Ø �ÙÙÙî Û

�� �

�xx{nopm lnmvqxpqrsw r� G NH osv INH � qtt py{w ottr� {w pr lnmvqxp vqwprnpqrs � NH oxxrnvqs� pr �z{opqrs � �
âs rnvmn pr lnmvqxp G NH osv INH � �m �{wp �nwp xrswqvmn yr� pym �rv{t{w osv z{ospq�opqrs mnnrn xyos�m
�yms pym z{ospq�mn xyos�mw �nr� ì �í� pr ì N �í� �



l
¢m �nwp xrswqvmn yr� �rv{t{w |ot{mw G H xyos�m � qpy pym z{ospq�mn � �ym �oú rnqp} r� pyqw xyos�m

r xx{nw ~ mxo{wm o xyos�m qs pym qsutr rl z{ospq�mn o�mxpw pym oxx{nox} r� pym xrvmv �rv{tq osv
py{w otpmnw pym m�mxpq|msmww r� pym �opxy qs� l{nw{qp lnr xmww � �rn m�o�ltm � q� ì N �í� qspnr v{xmw �rnm
z{ospq�opqrs mnnrn pyos ì �í� � pyms moxy ãoww � opr� qw tmww m�mxpq|m op nm�r|qs� nmwqv{ot msmn�}
pyms pym xrnnmwl rsvqs� ãoww � opr� � �ym vqwprnpqrs nmv{xpqrs lnr xmww qw xrswmz{mspt} wtr�mn �rn
ãoww � pyos �rn ãoww �� �yqw nmw{tpw qs os r|mnott qsxnmowm qs pym �rv{t{w |ot{mw wmms qs ãoww � �
wqsxm op o �q|ms wpo�m M pymnm � qtt p}l qxott} ~ m �rnm msmn�} nm�oqs qs� qs pym lnr�nmwwq|m nmwqv{ot
q� o�m àáH � osv wr pym xr�l{pmv qssmn lnrv{xp �rn pyop wpo�m � qtt p}l qxott} ~ m ton�mn � �srpymn �o}
pr wpopm pyqw qw pyop q� � NH m � H rs pym o|mno�m � pyms LG NH L m LG H L � qtt otwr ~ m pn{m rs o|mno�m �
k{n �rvmt �rn G NH qw py{w ~owmv rs pym xyos�m qs wq�sot msmn�}� osv �rttr� w �nr� pym m�lqnqxot

r~wmn|opqrs pyop ãoww � osv ãoww � �rv{t{w |ot{mw �rn wpo�m M onm ollnr� q�opmt} nmtopmv ow b
G NH n G Ho� NH` �� H` � ���

� w wyr�s qs �o~tm â � G H osv � H` � onm �sr�s �nr� ãoww �� ãoww � v qwprnpqrs |ot{mw � NH` � onm pym
pon�mp |ot{mw pr ~ m lnmvqxpmv � osv wr onm srp �sr�s m�oxpt}� �r�m|mn � �m � o} lnmv qxp pymwm |ot{mw
lnr�nmwwq|mt} oxxrnvqs� pr �z{opqrs �� � � �yqw ottr� w {w pr lnmv qxp G NH ow b

çG NH Ø G H pqqr ç� NH` �� H` � ���

¢m �{wp otwr xrswqvmn pym z{ospq�opqrs mnnrn xr�lrsmsp � ¢m oww{�m pyop �z{opqrs ��� lnr|qvmw
o nmowrso~tm mwpq� opm r� G NH � osv wr �m mwpq� opm INH ~} nmuz{ospq�qs� py qw mwpq� opm {wqs� pym �sr�s
ãoww � z{ospq�mn b

çINH Ø çG NH K ì N � çG NH � �ä�
s wqs� pym ollnr� q� opmv |ot{mw �nr� �z{opqrsw ��� osv �ä� � �m � o} pyms mwpq� opm vqwprnpqrs � NH

oxxrnvqs� pr �z{opqrs �� � ow b
ç� NH Ø ç� NH` � K � çG NH �Å g � çINH �Å �æ�

�z{opqrsw ��� � �ä� � osv �æ� ottr� {w pr lnr�nmwwq|mt} mwpq� opm ãoww � vqwprnpqrs r|mn pym î wpo�mw
�rn �yqxy ãoww � �ow qsqpqott} l mn�rn�mv � �ym ot�rnqpy� qw w{��onq�mv qs � q�{nm � �
âp � qtt ~ m {wm�{t pr m|ot{opm lnmvqxpqrs nmw{tpw qs pmn� w r� pym wmlonopm xrspnq~{pqrsw pr vqwprnpqrs
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nmv{xpqrs vm�smv qs �z{opqrs ��� � �m�sm pym G Å osv IÅ xrspnq~{pqrsw pr a_ H nmwl mxpq|mt} ow b
¦ H JØ Hde f �G Åe �é�

§H JØ Hde f � IÅe ��ê�
¨r� xrswqvmn pym xyos�m qs moxy r� pymwm xrspnq~{pqrsw v{m pr pym xyos�m qs z{ospq�mnw �nr�

ì �í� pr ì N �í� � �m�sm pymwm xrspnq~{pqrs xyos�mw ow b
©¦H JØ ¦ NH K ¦H ����

©§H JØ § NH K §H ����

�ymnm ×¦ NH � § NH Û onm pym mz{q|otmsp xrspnq~{pqrsw pr a_ NH � pym x{�{topq|m msmn�} nmv{xpqrs �rn ãoww
� � 9} nml toxqs� ×¦ NH � § NH Û � qpy × ç¦ NH � ç§ NH Û qs �z{opqrsw �� osv �� � �m r~poqs lnmvqxpmv |ot{mw �rn
xrspnq~{pqrs xyos�mw ©¦H osv ©§H � ¢m {wm pymwm pr m|ot{opm yr� �mtt pym �rvmt lnmvqxpw pym
wmlonopm xrspnq~{pqrsw pr pym z{ospq�mnunmtopmv xyos�m qs vqwprnpqrs � H �
ã nmvqxpqrs nmw{tpw onm qtt{wpnopmv qs � q�{nm � � � wqs�tm �no� m r� pym år~qtm wmz{msxm �ow msxrvmv

pr ollnr� q�opmt} �� �~ qpw � �yqw xrnnmwl rsvw pr � å~qpªw op �ê �no� mªw �yqxy qw pym wposvonv
åã�ëu� pmwp l rqsp �rn år~ qtm � �ym �no� m �ow msxrvmv p� qxm � qpy p�r vq�mnmsp z{ospq�mnw � �ymwm
�mnm �msmnopmv {wqs� pym �uãoww ovolpq|m z{ospq�mn ot�rnqpy� ���� � qpy wpmlwq�mupruvmov�rsm nopqrw
r� ê �� osv ��ê �rn z{ospq�mnw ì �í� osv ì N �í� � nmwl mxpq|mt}� 9} vmwq�s � ì �í� qw o �smn z{ospq�mn pyos
ì N �í� � osv wr �m m�l mxp � H pr ~ m tr�mn pyos � NH �
� q�{nmw �o osv �~ wyr� pym nmot osv lnmvqxpmv |ot{mw r� ©¦H osv ©§H ltrppmv o�oqswp M � ¢m

wmm pyop ©§H qw lnmvqxpmv m�pnm�mt} �mtt ~} pym wq�l tm nmz{ospq�opqrs �rvmt r� �z{opqrs �ä� � �ym



«
xyos�m qs �rv{t{w xr�lrsmsp ¦H qw lnmvqxpmv � qpy tmww oxx{nox}� osv wr�m mnnrn xos ~ m wmms qs pym
l trp � ¢m oppnq~{pm pyqw mnnrn pr os m�mxp �m xott  opr� lopy srqwm �¡ �yqw mwwmspqott} � mosw pyop
pym qsutr rl z{ospq�opqrs r� opr� M o�mxpw pym wmtmxpqrs r� ott topmn opr� w � âs lonpqx{ton � xyos�qs�
pym z{ospq�mn op rsm wpo�m qspnr v{xmw nosvr� xyos�mw pr pym topmn opr� lono�pmnw � � tpyr{�y
pymwm xyos�mw onm vqð x{tp pr �rvmt � �m yo|m wyr�s pym owwr xqopmv xyos�m pr �rv{t{w G H qw w� ott
qs lnoxpqxm ��� � � xr�lonqwrs r� |mnpqxot l trp wxotmw wyr� w pyop pym r|mnott xyos�m qs ¦NH qw tmww pyos
pyop r� § NH ~} o~r{p o �oxprn r� �r{n � � xx{nopm lnmvqxpqrs r� § NH qw py{w �rnm xnqpqxot pr pym msv
lnmv qxpqrs r� � NH �
� q�{nm �x wyr� w pym msv vqwprnpqrs lnmvqxpqrs � m�mxpq|mt} xr�~qs qs� pym nmw{tpw wyr�s qs � q�u

{nmw �o osv �~ � �ym ãoww � vqwprnpqrs x{n|m � H qw wyr�s ow pym wrtqv tqsm � osv pym nmot osv lnmv qxpmv
ãoww � vqwprnpqrs x{n|mw onm wyr�s ~} pym p�r vrppmv tqsmw � �ym lnmvqxpmv vqwprnpqrs qw m�pnm�mt}
xtrwm pr pym pn{m |ot{m � �ym o~wrt{pm lnmvqxpqrs mnnrn qw l trppmv qs � q�{nm �v � osv p�r vq�mnmsp
nmtopq|m mnnrn � mow{nm�mspw onm wyr�s qs � q�{nmw �m osv �� � � q�{nm �m wyr� w pym lnmvqxpqrs mnnrn
nmtopq|m pr pym �ol ~mp�mms � N osv � osv qw vm�smv ow b

¬ ­® � `® ­ Ø L� N K ç� N LL� N K � L ����

� q�{nm �� wyr� w pym lnmvqxpqrs mnnrn nmtopq|m pr ãoww � vqwprnpqrs � N � �yqxy qw pym msv z{ospqp}
~ mqs� lnmv qxpmv � �yqw mnnrn �mow{nm qw vm�smv ow b

¬ ­® � ­ Ø L� N K ç� N LL� N L ��� �

�nr� pymwm p�r ltrpw � �m wmm pyop pym xyos�m qs vqwprnpqrs qw lnmvqxpmv � qpy op �rwp o pms l mnxmsp
nmtopq|m mnnrn � osv pyop pym vqwprnpqrs qpmt� qw lnmvqxpmv � qpy o �{xy tr�mn nmtopq|m mnnrn r� onr{sv
ê �� l mnxmsp � �ymwm nmw{tpw onm p}l qxot �rn rpymn wmz{msxmw osv nopmw � ow wyr�s ~} ovvqpqrsot
m�lmnq�mspw qs ��� � ïmw{tpw �rn o � qvmn nos�m r� wmz{msxmw � qtt ~ m wyr�s qs �mxpqrs âââu� �

¯ R _°U[ Y VZ[\
¢m sr� wyr� o xrnnmwlrsvqs� nopm �rvmt � �yqw �rvmt qw xrsxmlp{ott} wq�ltmn pyos pym xrnnmu

wl rsvqs� vqwprnpqrs �rvmt � osv p}lqxot nopm lnmv qxpqrs mnnrnw r� tmww pyos � l mnxmsp � qtt ~ m wyr�s �
� w wyr�s qs �o~ tm â � |ot{mw �rn r|mnott nopm � H � M Ø �ÙÙÙî onm �sr�s �nr� ãoww �� �yqw nopm � o}
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~ m m�lnmwwmv ow pym w{� r� ~ qpw pr ymovmn � �rpqrs � osv opr� w b
� H Ø � ÅÆÇ g � ÈÉÊ g � ËÊÈ ½Ì ¿ ����

¢m wmm� pr lnmvqxp r|mnott ãoww � nopm � NH � �yqw pow� �ottw mspqnmt} pr lnmvqxpqs� pym ãoww � opr�
~{v�mp � NËÊÈ ½Ì ¿ � wqsxm � NÍÎÏ osv � NÐ Ýß onm qsvml msvmsp r� pym z{ospq�mn osv onm �sr�s op pym wponp
r� opr� xrvqs� � �rn os} wpo�m M � pym ãoww � opr� ~{v�mp � NËÊÈ Ø � NËÊÈ ½Ì¿ �o} ~ m �nqppms ow

� NËÊÈ Ø � NÑ g � NÒ g � NÓ ����

�ymnm � NÑ � � NÒ � osv � NÓ onm nmwl mxpq|mt} pym prpot s{�~mn r� ~ qpw pr �rv{t{w z{ospq�opqrs � opr�
lrwqpqrs � osv ~owqw qsvqxmw � � NÑ �o} ~m lnmv qxpmv qs o wpnoq�yp�rn�onv �ossmn � ïmxott pyop � qpyqs
pym �{ tt v qwprnpqrs �rvmt r� � q�{nm � � pym ãoww � �rv{t{w |ot{mw onm lnmvqxpmv osv nmz{ospq�mv
{wqs� ì N �í� � 9} �Ô� xrvqs� pym �nwp M lnmvqxpmv z{ospq�mn qsv qxmw � �m r~poqs ç� NÑ � o lnmv qxpqrs r�
pym ãoww � z{ospq�mn nopm �
� w wyr�s qs ���� � pym xyos�m qs r|mnott ~ qp nopm v{m pr o xyos�m qs pym z{ospq�mn qw wmms ot�rwp

mspqnmt} qs pym nopm pr z{ospq�opqrs � �yqw �mosw pym nopm |onqopqrs qw ot� rwp mspqnmt} m�lnmwwmv qs
� NÑ � osv wr �m lnmvqxp � NËÊÈ ow

ç� NËÊÈ Ø � ËÊÈ K �Ñ g ç� NÑ ��ä�
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�ymnm � èßÐ osv �Ñ onm pym ãoww � mz{q|otmspw r� � NèßÐ osv � NÑ � nmwl mxpq|mt}� �ym lnmvqxpmv ãoww
� ~ qp nopm ç� NH �rn os} wpo�m M �o} py{w ~ m xr�l{pmv �nr� pym xrnnmwl rsvqs� |ot{m r� ç� NËÊÈ osv
pym �sr�s ~{v�mpw pr ymovmn osv �rpqrs |mxprnw � �yqw �r ttr� w �nr� �z{opqrs ���� � � w{��on}
r� pyqw nopm lnmvqxpqrs �rvmt qw wyr�s qs � q�{nm � � ��l mnq�mspot nmw{tpw onm wyr�s pr�mpymn � qpy
nmw{ tpw �nr� pym vqwprnpqrs �rvmt qs pym sm�p w{~wmxpqrs �

aR < W[ZSéUSVX _[Tê\UT
¢m sr� wyr� lnmvqxpqrs nmw{tpw �rn pym vqwprnpqrs osv nopm �rvmtw vmwxnq~ mv qs � q�{nmw � osv � �

�o�ltm �no�mw �nr� pym åã�ëu� pmwp wmz{msxmw onm msxrvmv {wqs� os qsqpqot z{ospq�mn ì �í� � osv
vqwprnpqrs osv nopm �rn rsm rn �rnm ovvqpqrsot z{ospq�mnw onm pyms lnmvqxpmv {wqs� pym �rvmtw �
¢m vmwq�s moxy wo�ltm z{ospq�mn {wqs� pym ovolpq|m �uloww z{ospq�mn ot�rnqpy� qs ���� � �oxy
z{ospq�mn qw wl mxq�mv ~} wpmlwq�mupruvmov�rsm nopqr : � � qpy ton�mn |ot{mw xrnnmwlrsvqs� pr xronwmn
z{ospq�opqrs �
�o~tm ââ wyr� w vqwprnpqrs lnmvqxpqrs mnnrn �rn o � qvm nos�m r� wmz{msxmw osv wo�ltm z{ospq�mnw �

�ym �nwp pynmm lnmvqxpqrs mnnrn xrt{�sw �mnm lnrv{xmv ~} msxrvqs� o wo�ltm �no�m �nr� moxy r�
pym wposvonv åã�ëu� wmz{msxmw pr pym s{�~mn r� opr� w wyr�s qs pym po~ tm � �oxy �no�m �ow
xrvmv {wqs� pynmm vq�mnmsp loqnw r� z{ospq�mnw ×ì �í� � ì N �í�Û � � qpy moxy loqn wyr� qs� o lnr�nmwwq|mt}
ton�mn xyos�m qs : � �ym �{tt ãnmu�rvm �rvmt �ow {wmv pr lnmvqxp pym vqwprnpqrs {wqs� ì N �í� �nr�
pym �sr�s ì �í� nmw{ tp � � qpy pym nmw{tpqs� lnmvqxpqrs mnnrn wyr�s qs pym ollnrlnqopm xrt{�s r� pym
po~ tm � �rn pyqw po~ tm � �m xrs|mnp moxy oxp{ot osv lnmvqxpmv vqwprnpqrs |ot{m pr pym xrnnmwlrsvqs�
ãmo� �q�sotupru¨rqwm ïopqr |ot{m �ã�¨ï � ow b

ë ìî � Ø �ê tr� �c ����Å =� �
ãnmvqxpqrs mnnrn qw pyms wyr�s qs pym po~ tm ow os mnnrn qs lnmv qxpmv ã�¨ï �v9 � �
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« � � 
Å c 
l � � 
û c 
û � � 
l c 
c � � 
c� �úûù
 �c Pû c �ccèÅ c �ccûè c �ccPÅ c �ccPcÅ � ¾��
 �c Pû 
c �ccc± 
c �cc±Å 
c �c ��l c �cc ��è � ú	
 �c P � 
c �ccûc 
c �cclè 
c �c �cè c �cccûû �úûù
Åû ��û 
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Åû �cl c �cc �c 
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c �c �èl 
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 ��Å Å �t 
c �cc �è c �cccè c �cccc 
c �cccÅ�� �ú÷Ã
 ��Å lû c �ccèè c �cc �c c �ccÅc 
c �ccP«�Å ýÃ��
 ��Å Åè« c �cc«± c �c �«± c �c �±P c �c �ût�è � úÀ
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�ym w�ottmwp m�l mnq�mspot xyos�m qs : qw ê Ùæ � �Ù� ow wyr�s ~} pym �nwp r� pym ã�¨ï mnnrn
xrt{�sw � �ym �rnwp xowm mnnrn �rn pyqw xowm qw Ùê �� v9 �rn �rspoqsmn op �� �~qpªw � � tt rpymn
wmz{msxmw yo|m lnmv qxpqrs mnnrnw r� tmww pyos Ùê � v9 � �rn pym ton�mwp z{ospq�mn xyos�m r� ê Ù� � �Ù� �
pym �o� q�{� lnmvqxpqrs mnnrn qw ê Ùê�ê� v9 � osv mq�yp r� pym �r{npmms wmz{msxmw yo|m mnnrnw ~ mtr�
Ùê � v9 � �|mno�m o~wrt{pm mnnrnw po�ms oxnrww ott wmz{msxmw onm wyr�s op pym ~ rppr� r� pym po~ tm �
�ymwm nos�m �nr� Ùêê� pr Ùê � v9 � vml msvqs� rs pym wq�m r� pym z{ospq�mn xyos�m �
�ym �sot xrt{�s r� �o~ tm ââ wyr� w pyop oxx{nopm lnmvqxpqrs r� v qwprnpqrs xos ~ m �ovm �nr� os

{sz{ospq�mv �nwp loww � pyop qw ì �í� � qpy : Ø ê Ùê � �yqw qw o |otqv xowm � wqsxm pym �rvmt oww{�mw sr
nmwpnqxpqrsw rs ì �í� � �yqw wl mxqot xowm qw {wm�{ t �rn wr�m r� pym �rvmt olltqxopqrsw �yqxy � qtt ~ m
vqwx{wwmv qs �mxpqrs � u� �¨{�mnqxot nmw{tpw �rn pym �{tt ãnmu�rvm nopm �rvmt onm wyr�s qs �o~tm ââ â � �mwp xrsvqpqrsw onm
qvmspqxot pr pyrwm r� �o~ tm ââ � � qpy lnmvqxpqrs mnnrn m�lnmwwmv ow o l mnxmspo�m r� pym oxp{ot ãoww
� nopm � �ym po~ tm wyr� w m�pnm�mt} w�ott nopm lnmvqxpqrs mnnrnw � k � pym �� nml rnpmv pnqotw � rst}
pynmm xowmw wyr� mnnrnw o~ r|m �� � �ym ton�mwp w{xy mnnrn qw �Ù��� �rn �rspoqsmn op �ê �~qpªw � qpy
pym ton�mwp xyos�m qs z{ospq�mn nopqr : � ê Ù� � �Ù� � �|ms �rn py qw z{ospq�mn loqn � rst} p�r r� ��
wmz{msxmw wyr� �nmopmn pyos o �� mnnrn qs lnmvqxpmv nopm � �ym o|mno�m mnnrn oxnrww ott wmz{msxmw
nos�mw �nr� Ù�æ pr Ùäê l mnxmsp � vml msvqs� rs pym z{ospq�mn xyos�m � �ym lnmv qxpqrs mnnrn �rn pym
�{tt ãnmu�rvm nopm �rvmt qw py{w p}l qxott} ~ mtr� �� � m|ms �rn ton�m xyos�mw qs z{ospq�mn �
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�r�~qsmv nmw{ tpw �rn r|mnott nopm � osv vqwprnpqrs � onm wyr�s qs � q�{nm � � � �no�m �nr� moxy r�
pynmm wo�ltm åã�ëu� wmz{msxmw qw xr vmv {wqs� o nm�mnmsxm z{ospq�mn ì �í� � osv pym nmw{tpqs� ãoww
� vopo qw {wmv pr lnmv qxp �� � � � �rn �r{npmms rpymn z{ospq�mnw r|mn o � qvm nos�m r� : � ï m�mnmsxm
z{ospq�mn ì �í� qw vm�smv {wqs� : Ø �Ùê � osv qw wyr�s ow os owpmnqw� w}�~rt ��� rs moxy ltrp � � tt
nmw{ tpw �rn o wqs�tm wmz{msxm onm xrvmv pr o xr��rs s{�~mn r� opr� w î xyrwms pr ~ m p}l qxot �rn
pym �q|ms wmz{msxm osv ~ qp nopm �
�ym �nwp xrt{�s r� l trpw wyr� w � ltrppmv o�oqswp : � �ym lnmv qxpqrs oll monw pr ~ m l rrn op

pym tr�mwp ~ qp nopm � ~{p wpmov qt} q�lnr|mw ow pym nopm qsxnmowmw � �trwmn qswl mxpqrs nm|motw pyop pym
l rrn l mn�rn�osxm �rn �qtmsp op �� �~qpªw qw nmott} os onpq�oxp r� wxotm � �p tr� nopmw � � qw nmtopq|mt}
qswmswqpq|m pr pym z{ospq�mn xyos�m � �yqw qw nm�mxpmv ~} pym smont} �op � |w � : x{n|m lnmv qxpmv
�rn �qtmsp op �� �~qpªw � �pr� lopy m�mxpw lnrv{xm w�ott vm| qopqrsw �nr� pym lnmv qxpmv nopm rs pym
rnvmn r� pms pr p�msp} ~qpw � rn o~r{p pym xrwp r� o wqs�tm opr� � �ym o~wrt{pm mnnrn qw py{w w� ott �
~{p oll monw wq�s q�xosp v{m pr pym w�ott |mnpqxot wxotm r� pym �noly � �ym xrnnmwl rsvqs� mnnrn ow o
l mnxmspo�m r� prpot ~ qp nopm qw op �rwp �� �
�ym wmxrsv xrt{�s r� l trpw qs �q�{nm � wyr� w vqwprnpqrs � ltrppmv o�oqswp : � �n{m vqwprnpqrs

qw oxx{nopmt} lnmvqxpmv ~} pym �rvmt � �r� m lnmvqxpqrs mnnrn wmms op pym tr� msv r� ¨m� w op ���
�~qpªw � ~{p o �rrv �opxy qw wmms op smont} m|mn} l rqsp r� pym nm�oqs qs� pynmm wo�ltm wmz{msxmw �
� qsott}� � qw l trppmv vqnmxpt} o�oqswp � qs pym nq�yp�rwp xrt{�s r� l trpw qs � q�{nm � � �ym nopm
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lnmv qxpqrs m�mxpw srpmv montqmn xos ~m wmms pr xo{wm wr� m � qw�opxy qs pym p�r tr�mn nopm wmz{msxmw �
mwl mxqott} �rn �qtmsp op �� �~ qpªw � �p y q�ymn nopmw � yr�m|mn � pym oxx{nox} q�lnr|mw � ow qtt{wpnopmv
~} pym nmw{tp wyr�s �rn å r~qtm op � å~qpªw � �ymwm nmw{tpw qtt{wpnopm yr� pym �{tt ãnmu�rvm �rvmt
�o} ~ m {wmv pr lnmvqxp pym �� � � � l mn�rn�osxm r� �opxyqs� l{nw{qp �rn �os} |onqopqrsw r� ì N �í�
~owmv rs pym vopo �nr� o wqs�tm osot}wqw loww � ¢m sr� lnr xmmv pr vm|mtrl r{n wmxrsv �rvmt xtoww �
�yqxy � qtt nmv{xm pym osot}wqw xr�ltm� qp} ~ mtr� pyop r� o wqs�tm � opxyqs� l{nw{qp loww �

a# b ñòghiòg Ef$ %Cò& jd' öeòDEfgò F fgòC÷
�ym xr�ltm� qp} r� pym �{tt ãnmu�rvm �rvmt qw xrsxmspnopmv qs os qsqpqot lnmuosot}wqw loww � �yqw

loww nmtqmw rs pym �opxyqs� l{nw{ qp tr xot qssmn lnrv{xp wmonxy � osv wr yow o xr�ltm� qp} �{xy
�nmopmn pyos pym �m� onqpy�mpqx rl mnopqrsw l mn opr� {wmv pr �msmnopm moxy lnmvqxpmv �� � � � lrqsp
�nr� pym nmw{tpqs� �rvmt � �r nmv{xm pym �rvmt xr�ltm� qp}� �m �{wp vmxnmowm pym xr�ltm� qp} r� pym



�û
lnmuosot}wqw wpml � ¢m y}lrpymwq�m pyop {wm�{t lnmv qxpqrs �o} ~ m vrsm � qpyr{p pym �{ tt msxrv qs�
loww {wmv qs pym �{tt ãnmu�rvm �rvmt � �r�m|mn � r{n nmw{tpw wyr�s qs ��� w{��mwp pyop oxx{nopm
lnmv qxpqrs r� � H nmz{qnmw wr�m srsupnq| qot osot}wqw loww pr ~ m lmn�rn� mv �
Q R _[Zêé[Z > SéUSVX°W( QX°\(TST
¢m lnrlrwm o sm� �� � � � �rvmt ~owmv rs os osot}wqw loww {wqs� o nmv{xmv wmp r� v qxpqrson}

mtm�mspw � �ymnm onm p�r xnqpmnqo �rn pym vmwq�s r� w{xy o nmv{xmv wmp � � qnwp � pym ~owqw �{sxpqrsw qs
pym nmv{xmv wmp wyr{tv ~m nmlnmwmspopq|m r� pyrwm qs pym �{tt v qxpqrson}� wr pyop pym p�r vqxpqrson}
wmpw � qtt yo|m wq� qton v qwprnpqrs xyonoxpmnqwpqxw � � wmxrsv vmwq�s xnqpmnqrs qw pym xr�ltm� qp} r� pym
nmv{xmv vqxpqrson}� �r�ltm� qp} qw vmpmn� qsmv ~} pym s{�~mn r� ~owqw �{sxpqrsw qs pym nmv{xmv
wmp osv pym wlopqot m�pmsp r� pyrwm �{sxpqrsw � ïmv{xqs� pymwm �oxprnw � qtt qs p{ns nmv{xm pym
qssmnulnr v{xp wmonxy xr�ltm� qp}�
¢m xrswqvmn �r{n nmv{xmvuxr�ltm� qp} v qxpqrson} wmpw � qs rnvmn r� vmxnmowqs� xr�ltm� qp} b

×� ¬Iê � � ¬I �� � ¬I� � � ¬I�Û
� |qw{otq�opqrs r� moxy nmv{xmv wmp qw lnr| qvmv qs �q�{nm � � �oxy qw o w{~wmp r� pym �{tt �êêumtm�msp
ëo~rn vqxpqrson} wyr�s qs ãonp â r� pyqw onpqxtm �ä� � ¨r rlpq� q�opqrs �mpyrv �ow m�ltr}mv pr
xyrrwm moxy w{~wmp � �r�m|mn � v{nqs� pym �os{ot wmtmxpqrs lnr xmww � os oppm�lp �ow �ovm pr
�oqspoqs pym |onqmp} r� pym �{tt ëo~rn wmp pr pym ~ mwp vm�nmm l rwwq~ tm qs pym nmv{xmv wmp � �yqw
xos ~m wmms ~} xr�lonqs� pym q�o�mw qs � q�{nm � pr � q�{nm �x r� �ä� � ¨rpm pyop pym ton�mn wmpw
� ¬Iê osv � ¬I � wmm� pr nmpoqs pym r|mnott �r{nuz{ovnosp wpn{xp{nm r� pym rnq� qsot vqxpqrson}� �ymwm
z{ovnospw � q�yp ~ m to~ mtmv xtr x�� qwm �nr� {ll mn tm�p ow w�rrpy ëo{wwqos � |mnpqxot �mop{nmw � y q�y
�nmz{msx} �mop{nmw � osv yrnq�rspot �mop{nmw � �r�m|mn � pym � ¬I� osv � ¬I� wmpw xrswqwp � oqst} r� pym
w�rrpy ëo{wwqos �{sxpqrsw � �yqw tox� r� |onqmp} qw nmz{qnmv qs rnvmn pr nmv{xm pym xr�l{popqrsot
xr�ltm� qp}� ¢m xotx{topm pym l mnuopr� qssmn lnrv{xp wmonxy xr�ltm� qp} owwr xqopmv � qpy moxy
nmv{xmv vqxpqrson} {wqs� o wmlono~ tm qssmn lnrv{xp wmonxy �æ� � �ym nmw{tpqs� xr�ltm� qp} s{�~mnw
onm lnmwmspmv qs �o~tm â� � �r w{��onq�m pym po~ tm � pym �r{n nmv{xmv vqxpqrson} wmpw nmwl mxpq|mt}
yo|m l mnuopr� xr�ltm� qpqmw r� �� Ùä � ��Ù� � � Ùé osv � Ù� l mnxmsp r� pym �{tt v qxpqrson}�
�ym nmv{xmv xr�ltm� qp} vqwprnpqrs �rvmt �nwp l mn�rn� w �opxy qs� l{nw{qp vmxr�lrwqpqrs rs pym

x{nnmsp �no�m {wqs� rsm r� pym nmv{xmv vqxpqrsonqmw � �opo �nr� pyqw osot}wqw loww qw {wmv pr lnmvqxp
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pym l mn�rn�osxm r� pym �{ tt v qxpqrson}� �m�sm � 8H osv � ,H ow pym vqwprnpqrs �rn pym x{nnmsp �no�m
xrvmv pr M opr� w {wqs� pym �{tt osv nmv{xmv vqxpqrsonqmw � nmwl mxpq|mt}� �ym mz{q|otmsp x{n|mw
�nr� pym lnm| qr{w �no�m onm 9� 8H osv 9� ,H � �ym lnr~ tm� qw py{w pr lnmv qxp � 8H �nr� �sr�s lnm|qr{w
�no�m x{n|mw 9� 8H osv 9� ,H � osv x{nnmsp �no�m lnmuosot}wqw x{n|m � ,H � �m�sm o wq�ltm nopqr �ollqs�
�{sxpqrs ow b 9Ú �M� JØ 9� 8H9� ,H ��æ�
�yqw qw pmn�mv o �ollqs� �{sxpqrs ~mxo{wm qp xos ~ m {wmv pr �ol pym nmv{xmv osot}wqw vqwprnpqrs
x{n|m rspr lnmvqxpqrs wloxm �rn pym �{tt v qxpqrson} x{n|m � �rn pym lnm| qr{w �no�m � �m yo|m b

9� 8H Ø 9Ú �M� 9� ,H ��é�

9} {wqs� pym �sr�s lnm| qr{w �no� m �oll qs� �{sxpqrs � �m lnrl rwm pr lnmvqxp pym x{nnmsp �no�m
vqwprnpqrs nmw{ tp ow b

� 8H n 9Ú �M�� ,H ��ê�
�ym oxx{nox} r� pym o~ r|m ollnr� q�opqrs vml msvw ~ rpy rs yr�  vq�mnmsp¡ pym �{tt osv nmv{xmv

vqxpqrsonqmw onm � osv rs yr� z{qx� t} 9Ú �M� xyos�mw �nr� �no�m pr �no�m � â� pym nmv{xmv vqxpqrson}
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qw |mn} xtrwm qs l mn�rn�osxm pr pym �{tt v qxpqrson}� pyms �z{opqrs ��æ� � qtt wmp 9Ú �M� n �� osv �z{ou
pqrs ��ê� m�mxpq|mt} nm|mnpw pr � 8H n � ,H � ¢m m�lmxp lnmv qxpqrs pr �rn� |mn} �mtt �rn w{xy xowmw �
ow � qtt ~ m |mnq�mv wyrnpt} �rn pym � ¬Iê vqxpqrson}� �{llrwm qswpmov pyop pym nmv{xmv vqxpqrson}
l mn�rn�osxm qw wq�sq�xospt} �rnwm pyos pyop r� pym �{tt v qxpqrson}� �yqw qw pn{m �rn pym w�ottmn
nmv{xmv vqxpqrson} wmpw w{xy ow � ¬I� osv � ¬I� � �rswqwpmsx} r� pym �ollqs� �{sxpqrs �nr� �no�m
pr �no� m qw �rnm xnqpqxot qs pyqw xowm � â� pym �oll qs� �{sxpqrs |onqmw wtr� t} �nr� �no�m pr �no�m �
pyms Ú �M� n 9Ú �M� � qtt ~ m �msmnott} pn{m � osv lnmvqxpqrs � qtt wpqtt �rn� �mtt � �r�m|mn � pym �rvmt
� qtt ~nmo� vr�s �ymsm|mn Ú �M� osv 9Ú �M� onm � qw�opxymv �
¢m sr� qtt{wpnopm pym � mpyrv {wqs� wo�ltm vqwprnpqrs x{n|mw �nr� o �m� �no�mw r� pym årpymn

�� �~ qpªw wmz{msxm � ¢m �nwp wyr� pym �ollqs� �{sxpqrs r� �z{opqrs ��æ� ow o �{sxpqrs r� M �
� q�{nm äo r|mnto}w pym �oll qs� �{sxpqrsw �yqxy nmtopm � ¬Iê pr pym �{tt v qxpqrson} �rn �no�mw � �
� osv ä � ¨rpm pyop pym �ollqs� �{sxpqrs qw xrswqwpmsp �nr� �no�m pr �no� m � osv pyop Ú �M� n ��
�ym � ¬Iê vqxpqrson} xr� mw xtrwm qs l mn�rn� osxm pr pym �{tt v qxpqrson}� m|ms pyr{�y qp yow rst}
o~ r{p o py qnv r� pym xr�ltm� qp}� � q�{nm ä~ wyr� w pym �oll qs� �{sxpqrsw �yqxy nmtopm � ¬I� pr
pym �{tt v qxpqrson}� �ym � ollqs�w onm sr trs�mn xtrwm pr �� qsvqxopqs� pyop pym tmww xr�ltm� � ¬I�
vqxpqrson} to�w ~ myqsv pym �{tt v qxpqrson} qs xrvqs� l mn�rn�osxm � �r�m|mn � pym �ollqs� �{sxpqrsw
onm xrswqwpmsp �nr� �no�m pr �no�m � �yqw w{��mwpw pyop lnmuosot}wqw {wqs� � ¬I� vqxpqrson} � q�yp
wpqtt ~ m {wmv pr lnmv qxp �{tt v qxpqrson} l mn�rn�osxm �
� wo�ltm lnmv qxpqrs nmw{tp qw wyr�s qs �q�{nm æ � �mnm pym � H x{n|m r� pym �{tt v qxpqrson} �rn

�no� muä qw lnmvqxpmv �nr� pym ïmv{xmv �r�ltm� qp} ãnmu�rvm �rvmt {wqs� pym � ollqs� �{sxpqrs
�nr� �no�mu� � � q�{nm æo {wmw pym � ¬Iê vqxpqrson} �rn lnmuosot}wqw � �yqtm �q�{nm æ~ {wmw pym xymol mn
� ¬I� vqxpqrson}� âs pymwm p�r ltrpw � pym wrtqv tqsm nmlnmwmspw pym pn{m � H �rn pym x{nnmsp �no�m �
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�yqtm pym �sm vrppmv tqsm wyr� w pym lnmvqxpmv x{n|m � �ym l trpw wyr� pyop lnmvqxpqrs {wqs� � ¬Iê
qw �rnm oxx{nopm pyos pyop r� � ¬I� � �yqw qw xrs�n�mv qs �q�{nm æx � �yqxy xr�lonmw pym o~wrt{pm
lnmv qxpqrs mnnrn � �yqw qtt{wpnopmw os qsymnmsp pnovmr� ~ mp�mms osot}wqw xr�ltm� qp} osv lnmv qxpqrs
oxx{nox}�

¯ R ? ( @WSZ Y VZ[\ ^A U[XTSVX
âs pym nmv{xmv xr�ltm� qp} �rvmt r� pym lnm| qr{w wmxpqrs � pym pnovmr� ~ mp�mms xr�ltm� qp} osv

oxx{nox} qw wmp ~} pym vmwq�s r� pym nmv{xmv osot}wqw vqxpqrson}� �ym � ¬Iê vqxpqrson}� �rn m�o�ltm �
{wmw o~ r{p rsm pyqnv r� pym �{ tt v qxpqrson} xr�ltm� qp} pr oxy qm|m o lonpqx{ton tm|mt r� oxx{nox}�
�r�m oll tqxopqrsw �o} nmz{qnm o xrspqs{{� r� xr�ltm� qp} |w � oxx{nox} pnovmr� w � �{llrwm �rn
m�o�ltm pyop pym o|oqto~ tm xr�l{popqrsot nmwr{nxmw onm pq�m |on} qs� � âp qw py{w vmwqno~ tm pr qsxnmowm
lnmv qxpqrs oxx{nox} �yms �rnm lnr xmwwrn x}xtmw onm o|oqto~ tm pr vr wr � osv nmv{xm pym oxx{nox}
�yms x}xtmw onm wxonxm � �ym �rvmt r� pym lnm|qr{w wmxpqrs qw qsxrs|msqmsp �rn pyqw xowm � wqsxm moxy
lrwwq~ tm xr�ltm� qp}uoxx{nox} pnovmr� lrqsp nmz{qnmw o vq�mnmsp nmv{xmvuxr�ltm� qp} vqxpqrson}� osv
vmwq�s �mpyrvw �rn w{xy vqxpqrsonqmw onm wpqtt ovuyr x ��� �
¢m qspnr v{xm o y}~nqv xr�~qsopqrs ~ mp�mms pym �{tt ãnmu�rvm osv ïmv{xmv �r�ltm� qp} ãnmu

�rvm �rvmtw �yqxy ovvnmwwmw pyqw lnr~ tm� osv lnrv{xmw o xrspqs{r{w wmp r� xr�ltm� qp}uoxx{nox}
pnovmr� w � �s osot}wqw loww {wqs� o nmv{xmv vqxpqrson} qw � nwp l mn�rn� mv � �yqw ottr� w pym lnm|qr{w
�no�m �oll qs� pmxysqz{m r� �z{opqrs ��ê� pr ~ m {wmv � ksm rn �rnm �{tt v qxpqrson} opr� w onm
pyms xr�l{pmv osv {wmv pr q�lnr|m pym lnmvqxpqrs ~} m�mxpq|mt} xrnnmxpqs� pym �ollqs� � �oxy
ovvqpqrsot �{ttuv qxpqrson} opr� qsxnmowmw pym osot}wqw xr�ltm� qp} osv q�lnr|mw pym m�l mxpmv lnmu
vqxpqrs oxx{nox}� ottr� qs� o �rnm xrspqs{r{w wmp r� pnovmr� w pr ~ m oxyqm|mv � �qsxm pymwm pnovmr�w



�«
onm | qwqpmv lnr�nmwwq|mt}� qp qw l rwwq~ tm pr wprl op os} pq�m � py{w pym vmwqnmv xr�ltm� qp} l rqsp smmv
srp ~ m �sr�s qs ov|osxm �
¢m sr� vm�sm pym wl mxq�xw r� pym y}~nqv �rvmt � �m�sm pym osxyrn l rqsp B ow pym s{�~mn

r� �{tt v qxpqrson} opr� w �yqxy yo|m ~ mms xr�l{pmv �rn pym x{nnmsp �no� m osv onm o|oqto~ tm �rn
pym lnmvqxpqrs � �qsxm pym msv �rvmt � o} ~ m {wmv pr lnmvqxp � os} �� � � � lrqspw � qpy |on} qs�
z{ospq�mnw � �m vr srp xr�� qp pr o lonpqx{ton z{ospq�mn �rn xr�l{pqs� pym osxyrn opr� w � âswpmov
�m xr�l{pm pym� � qpyr{p qsutrrl z{ospq�opqrs � osv �m m�ltr} pym �{tt ãnmu�rvm �rvmt r� pym
lnm| qr{w wmxpqrs pr mwpq� opm z{ospq�opqrs m�mxpw � �s m�o�ltm r� {wqs� �{tt ãnmu�rvm � qpy os
{sz{ospq�mv �nwp loww �ow lnm|qr{wt} wyr�s qs pym �sot xrt{�s r� �o~tm ââ � �ym wo� m pmxysqz{m
qw {wmv ymnm pr lnrv{xm o tq� qpmv s{�~mn r� �{tt ãnmu�rvm vqwprnpqrs l rqspw pr ~ m {wmv � qpyqs pym
�}~nqv �rvmt � �msrpm pymwm ow ×� Ò CH � M Ø �ÙÙÙB Û� ¨ m�p vm�sm o �ollqs� xrnnmxpqrs �oxprn D è ow b

D è JØ � Ò CH� ,H 9Ú �M� EEEEEHfè
�yqw �oxprn qw vm�smv qs w{xy o �o} pyop qp xrnnmxpw pym lnm| qr{w �no�m �ollqs� op pym osu

xyrn lrqsp � �rswqvmn �rvq�} qs� pym lnmvqxpqrs r� �z{opqrs ��ê� ~} �{tpql t}qs� pym nq�yp wqvm ~}
xrnnmxpqrs �oxprn D è � �ym xrnnmxpmv lnmvqxpqrs qw b

� 8H n D è 9Ú �M�� ,H
�|ot{opqs� pym nmw{ tpqs� ollnr� q�opqrs op pym osxyrn l rqsp } qmtvw b

� 8è n D è F 9Ú �M�� ,H G EEEHfè Ø � Ò Cè
�ym �{tt ãnmu�rvm nmw{tp qw py{w nmxr|mnmv � ¢m �{npymn xtoq� pyop pym xrnnmxpmv lnmvqxpqrs �rn
pym nm�oqsqs� l rqspw ×� 8H � B O M H î Û qw m�lmxpmv pr q�lnr|m ~ mxo{wm �no�mupru�no�m �ollqs�
qsxrswqwpmsxqmw v{m pr montqmn xrvmv opr� w yo|m ~ mms xrnnmxpmv � âs lonpqx{ton � pym �nwp �m� opr� w
onm p}l qxott} r� y q�y msmn�} osv pym m�mxp rs vqwprnpqrs v{m pr xrv qs� pymwm opr� w qw vqð x{tp pr
lnmv qxp � �rnnmxpqrs �oxprn D qw {wmv pr ovú {wp pym lnm|qr{w �no�m �ollqs� qs o �o} pyop r|mnxr�mw
pymwm mont} qsxrswqwpmsxqmw � ��mxpq|mt}� pym xrnnmxpqrs �oxprn ottr� w {w pr  oppoxy¡ pym lnm|qr{w
�no�m �oll qs� pr pym x{nnmsp �no� m �ollqs� op pym osxyrn l rqsp �
�s qtt{wpnopqrs r� pyqw qw wyr�s qs �q�{nm é � � tt pynmm l trpw {wm r{n montqmn å rpymn �� �~ qpªw

m�o�ltm � osv pym  x{nnmsp¡ �no� m nm�mnw pr �no�muä � � q�{nm éo wyr� w pym rnq� qsot {sxrnnmxpmv
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�oll qs�w � � q�{nm é~ wyr� w pym m�mxp r� xrnnmxpqs� pym lnm|qr{w �no�m �ollqs� {wqs� os osxyrn
l rqsp r� B Ø � � ¨rpm pyop pym xrnnmxpmv �ol �opxymw pym x{nnmsp �no�m �ol l mn�mxpt} op pym osxyrn
l rqsp � osv pym �olw onm �{xy xtrwmn pr�mpymn �rn pym l rqspw ~ m}rsv pym osxyrn lrqsp �M m �� � �ym
xrswqwpmsx} q�lnr|m� msp qw m|ms �nmopmn �rn os osxyrn l rqsp r� �ê � ow wyr�s qs � q�{nm éx � �qsxm
lnmv qxpqrs oxx{nox} nmtqmw rs �no�mupru�no�m �ollqs� xrswqwpmsx}� py qw q�ltqmw pyop lnmvqxpqrs r�
pym v qwprnpqrs l rqspw �rn �M m B � onm q�lnr|mv �
aR aVLM \[A SU( NT R QééêW°é(
¢m sr� xrswqvmn pym xr�ltm� qp} osv oxx{nox} pnovmr� w �yqxy �o} ~ m oxyqm|mv ~} pym ïmv{xmv

�r�ltm� qp} ãnmu�rvm osv �}~nqv ��pmswqrs �rvmtw � �r pyqw msv � �m xrvm osv xr�lqtm lnmv qxpqrs
nmw{ tpw {wqs� pms �opxyqs�ul{nw{qp xr vmv �no�mw �nr� moxy r� pym �r{npmms wposvonv åã�ëu�
wmz{msxmw � �ym �no�mw onm xrvmv {wqs� pym �uloww z{ospq�mn vmwq�s ot�rnqpy� �nr� ���� � �rn moxy
xrvmv �no� m � pym vqwprnpqrs oxyqm|mv op pym oxp{ot wprllqs� lrqsp î qw lnmvqxpmv {wqs� ~ rpy pym �{tt
ãnmu�rvm �rvmt osv pym ïmv{xmv �r�ltm� qp} ãnmu�rvm �rvmtw � qpy ott �r{n nmv{xmv vqxpqrsonqmw �
ãnmvqxpqrs oxx{nox} qw pyms m|ot{opmv qs pmn� w r� nmtopq|m mnnrn qs lnmvqxpmv vqwprnpqrs b

¬ ­®O ­ Ø L ç�P K �P LL�P L
�ym oxyqm|mv nmtopq|m lnmv qxpqrs mnnrnw onm wyr�s qs �o~tm � � �ym  �{ttåã¡ xrt{�s wyr� w pym

�{tt ãnmu�rvm nmw{tp � osv pym nm�oqsqs� xrt{�sw wyr� pym ïmv{xmv ãnmu�rvm nmw{tpw � � w m�lmxpmv �
�{tt ãnmu�rvm oxy qm|mw pym w�ottmwp mnnrn � � qpy os o|mno�m r� ê ��� l mnxmsp � �ym � ¬Iê �rvmt qw srp
�on ~ myqsv � � qpy os ê ��ä lmnxmsp o|mno�m mnnrn � �ym nm� oqsqs� �rvmtw wyr� lnr�nmwwq|mt} l rrnmn
lnmv qxpqrs � qpy o|mno�m nmtopq|m mnnrnw r� ��� � � �ê osv � �ê l mnxmsp �
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�ym xr�ltm� qp} |w � oxx{nox} pnovmr�w onm xr�lonmv �rn ott pynmm �rvmt xtowwmw qs � q�{nm �ê � âs
moxy ltrp � nmtopq|m lnmv qxpqrs mnnrn qw wyr�s rs pym yrnq�rspot o� qw osv nmtopq|m xr�ltm� qp} qw wyr�s
rs pym |mnpqxot o� qw � �r�ltm� qp} qw � mow{nmv nmtopq|m pr pyop r� �{tt ãnmu�rvm � �oxy ltrp wyr� w
nmw{ tpw o|mno�mv oxnrww pms xrvmv �no�mw �nr� moxy r� pym wmz{msxmw qs pym �q|ms wposvonv åã�ëu
� ~qp nopm xopm�rn}� �rn m�o�ltm � pym {ll mn tm�p l trp o|mno�mw pym nmw{tpw �nr� pym �rspoqsmn �
�ott osv årpymn wmz{msxmw op �ê �~ qpªw � �ym pnovmr� lnr| qvmv ~} pym �{tt ãnmu�rvm �rvmt qw
nmlnmwmspmv ~} os owpmnqw� � �yqw l rqsp oxyqm|mw y q�y oxx{nox} op o nmtopq|m xr�ltm� qp} xrwp r� ��
�ym ~owqx ïmv{xmv �r�ltm� qp} ãnmu�rvm �rvmtw onm nmlnmwmspmv ~} �r{n w}�~rtw wlnmov otrs� pym
~ rppr� o�qw r� moxy ltrp � âs �msmnot pymwm onm ~ rpy tmww xr�ltm� osv tmww oxx{nopm pyos pym �{tt
ãnmu�rvm �rvmt �
�ym xrssmxpqs� x{n|mw wyr�s qs moxy ltrp nmlnmwmsp pym �}~nqv årvmt pnovmr� w ow osxyrn l rqspB |onqmw �nr� ê pr î � ¢ qpy B Ø ê � sr �{tt vqxpqrson} opr� w yo|m ~mms ovvmv � osv pym ïmv{xmv

�r�ltm� qp} �rvmtw nmw{ tp � ¢ qpy B Ø î � pym oxx{nox} r� pym �{tt ãnmu�rvm �rvmt qw oxyqm|mv � ~{p
� qpy pym ovvmv xrwp r� pym ïmv{xmv �r�ltm� qp} ãnmuxr vqs� wpml � �rn qspmn�mvqopm osxyrn l rqspw �
�m wmm o w�rrpy x{n|m pyop pnoxmw r{p o xrspqs{{� r� xr�ltm� qp} |w � oxx{nox} l rqspw �

> R _[Zêé[Z aVLM \[A SU( _°U[ Y VZ[\
¢m sr� qspnrv{xm o nopm �rvmt xr�lopq~ tm � qpy pym ïmv{xmv ãnmu�rvm vqwprnpqrs �rvmt � 9mu

xo{wm pym vqwprnpqrs �rvmt qw ~owmv rs �sr�s lnm| qr{w �no� m �oll qs� 9Ú �M� � �m lnrl rwm pr ~owm
nopm lnmv qxpqrs rs lnm| qr{w �no�m vopo ow �mtt � â� pym x{�{topq|m nopm x{n|m xyos�mw wtr� t} �nr�
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�no�m pr �no�m � pyms pym x{nnmsp �no�m x{n|m � H �o} ~ m lnmvqxpmv ow
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 �cÅû �PPû �t« �± ��« �èè �± � c �ûP��Ã÷¾�Ã � Å � ��t û � �tÅ � ��±
nopm xrswpnoqsp � �ym wrt{pqrs �{tt} m�losvw ott l rwwq~ tm �� � � � lrqspw �rn o wtqv qs� � qsvr� r� pynmm
�no�mw � �yqxy onm s{�~mnmv ×£ � £ g �� £ g �Û� �no�m £ qw xr vmv � qpy moxy r� Y xosvqvopm xrspnrt
lono� mpmnw � �yqw lnrv{xmw Y xosvqvopm �rpqrs lnmvqxprnw �rn �no� m £ g �� �yqxy onm otwr xrvmv
{wqs� Y xosvqvopm xrspnrt lono�mpmnw � �yqw qs p{ns lnrv{xmw Y Å xosvqvopm �rpqrs lnmvqxprnw �rn
�no�m £g � � moxy r� �yqxy qw xrvmv {wqs� ott Y lrwwq~ tm xrspnrt lono�mpmnw � ¢ qpy ott Y è l rwwq~ qtqpqmw
m�losvmv � pym ot�rnqpy� wmtmxpw pym pynmm xrspnrt lono� mpmnw �yqxy � qsq� q�m � � qpyr{p |qr topqs�
pym xrswpnoqsp rs � �
�{llrwm pyqw �mpyrv �mnm olltqmv pr �opxyqs� l{nw{ qp {wqs� o ��mv rn �uãoww z{ospq�mn ���� � âs

mqpymn xowm � z{ospq�mn ì �í� qw �sr�s op pym wponp r� xrvqs� � osv wr nopm xrspnrt vml msvw wrtmt} rs
wprll qs� l rqsp î � �rn �no�m £ � o wqs�tm �opxyqs� l{nw{qp loww pr wr�m îÐèZ opr� w qw nmz{ qnmv
pr �msmnopm pym Y lrwwq~ tm �rpqrs lnmvqxprnw �rn �no�m £ g �� �yqw wo� m loww qw w{ð xqmsp pr pnoxm
r{p pym Y vmwqnmv m�oxp �� � � � lrqspw �rn �no�m £ � osv wr �rvmtu~owmv xr�ltm� qp} nmv{xpqrs qw srp
smxmwwon} �rn �no�m £ � âs o wq� qton �owyqrs � pym Y lrwwq~ tm lnmvqxprnw �rn �no�m £ g � moxy nmz{qnm
o wqs�tm �opxyqs� l{nw{qp loww qs rnvmn pr �msmnopm pym Y Å lrwwq~ tm �rpqrs lnmvqxprnw �rn �no�m
£ g �� �ymwm lowwmw pnoxm r{p ott vmwqnmv m�oxp �� � � � lrqspw �rn �no�m £ g �� osv wr pym �rvmtw onm
o�oqs srp smmvmv � �ym wqp{opqrs vq�mnw �rn pym xrvqs� r� �no�m £ g � � ¢m xott pyqw o U[WL SX°\ [ W°L [
� qpy nmwl mxp pr pym x{nnmsp � qsvr� � wqsxm rst} pym �� � � � lrqspw onm smmvmv � osv sr �{p{nm �rpqrs
lnmv qxprnw onm nmz{qnmv � �rn pyqw nmowrs � �rvmtw � o} ~ m {wmv pr xr�l{pm �� � � � �rn �no� m £ g � �
��oxp xr�l{popqrs r� pym Y è vmwqnmv nopmuvqwprnpqrs l rqspw nmz{qnmw Y Å xr�ltmpm �opxyqs� l{nw{qp
lowwmw � �{llrwm �m qswpmov {wm o ïmv{xmv ãnmu�rvm �rvmt � qpy o nmtopq|m xr�ltm� qp} r� \ � �ym
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�rvmtmv �� � � � xr�ltm� qp} �rn �no�m £ g � qw pyms \ Y Å xr�ltmpm �opxyqs� l{nw{qp lowwmw � � qpy
os ovvqpqrsot xr�ltm� qp} r� \ Y lowwmw nmz{ qnmv qs rnvmn pr xr�l{pm 9Ú �M� �rn  lnm| qr{w �no�m¡
£ g �� �{�� qs� pym o~r|m m�lnmwwqrsw � m�oxp �� � � � xr�l{popqrs nmz{qnmw �g Y g Y Å lowwmw � � yqtm
�rvmtu~owmv xr�l{popqrs nmz{qnmw � g Y g \ �Y g Y Å � �
�{llrwm qswpmov pyop pym �uãoww ovolpq|m z{ospq�mn qw {wmv ���� � �ym xrvqs� r� �no�m £ nmz{qnmw

� {sz{ospq�mv osot}wqw loww pr wr�m îÐèZ opr� w qs rnvmn pr vmwq�s Y ovolpq|m z{ospq�mnw � Y
z{ospq�mv xr�ltmpqrs lowwmw onm pyms nmz{qnmv pr �msmnopm pym Y �rpqrs lnmvqxprnw �rn �no�m £ g ��
�yqw prpot r� � g Y nmz{ qnmv lowwmw } qmtvw pym m�oxp �� � � � lrqspw �rn �no�m £ � osv wr pym �rvmtw
�r{tv } qmtv sr xr�ltm� qp} ov|ospo�m � �q� qtont}� �no�m £ g � nmz{qnmw Y g Y Å lowwmw pr xr�l{pm pymY Å lnmvqxprnw �rn �no�m £ g � � � qpy pym m�oxp nopmuvqwprnpqrs lrqspw �rn �no�m £ g � nm|motmv qs pym
lnr xmww � å rvmtw onm �rnm {wm�{t �rn pym pmn� qsot �no� m wqsxm sr �{p{nm �rpqrs lnmvqxprnw smmv ~ m
�msmnopmv � ksm {sz{ospq�mv osot}wqw loww qw smmvmv �rn moxy r� pym Y Å xosvqvopm �rpqrs nmwqv{otw
qs rnvmn pr vmwq�s ott Y è l rwwq~ tm z{ospq�mnw � ��oxp �� � � � xr�l{popqrs �r{tv pyms nmz{qnm Y è
xr�ltmpqrs lowwmw � âswpmov � �m xr{tv {wm pym �{tt ãnmu�rvm �rvmt pr lnmvqxp pymwm Y è nopmu
vqwprnpqrs l rqspw � �ym owwr xqopmv xrwp qw sm�tq� q~ tm � wqsxm pym Y Å osot}wqw lowwmw nmz{qnmv �rn �{tt
ãnmu�rvm �mnm xr�ltmpmv v{nqs� pym z{ospq�mn vmwq�s wpml � �ym prpot xrwp qw py{w �g �Y g �Y Å g Y è
lowwmw �rn m�oxp �� � � � �on� qs� � osv � g �Y g �Y Å lowwmw �rn pym �rvmtu~owmv ollnroxy �
�o~tm � ââ w{��onq�mw pym m�oxp osv �rvmtmv �� � � � xr�ltm� qp} xrwpw �rn pym rlpq� q�opqrs

�mpyrv r� �yms osv Ô qs ��� osv �rn p�r ovvqpqrsot rlpq� q�opqrs �mpyrvw �nr� tqpmnop{nm ��� ��� �
�sot}wqw �rn pym p�r toppmn xowmw qw � q|ms qs ��� � osv qw wq� qton pr pym �yms osv Ô qs vmnq|opqrs
wyr�s o~r|m � â� �m oww{�m Y Ø �� xrspnrt lono� mpmn xyrqxmw l mn �no� m osv {wm pym \ |ot{mw �nr�
�o~tm â� � �m r~poqs pym xr�ltm� qp} nmv{xpqrs �oxprnw wyr�s qs �o~tm � âââ � �ym �rvmtw onm py{w
wyr�s pr lnr|qvm xr�ltm� qp} nmv{xpqrs �rn moxy xr�~qsopqrs r� rlpq� q�opqrs �mpyrv osv z{ospq�mn
vmwq�s � � qpy p}lqxot xr�ltm� qp} nmv{xpqrs �oxprnw ~ mp�mms p�r osv p�msp}�
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wl tqsm qspmnl rtopqrs �mpyrv vqwx{wwmv qs Ô qs osv knpm�o ��� � �yqw �rvmt m�oxpt} xr�l{pmw pym
vqwprnpqrs op î ] xrspnrt l rqspw ¤e � moxy r� �yqxy nmlnmwmspw o xosvqvopm nopm � âspmnl rtopqrs qw pyms
{wmv pr lnmvqxp v qwprnpqrs ~ mp�mms pymwm l rqspw � �ym �mpyrv nmz{qnmw o � qsq�{� r� �r{n xrspnrt
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lrqspw � ~{p �|m rn wq� onm p}l qxott} {wmv ��� �
�ymnm onm wm|mnot nmowrsw �m xrswqvmn pyqw vqwprnpqrs �rvmt pr lnr| qvm o w{qpo~ tm xr�lonqwrs �

� qnwp pym wl tqsm �rvmt �ow wyr�s pr ~ m �rnm oxx{nopm pyos pynmm rpymn �rvmtw �yms {wmv pr
lnmv qxp vqwprnpqrs �rn pym ��� xowm ��� � �mxrsv � pym wl tqsm �rvmt yow ~ mms {wmv w{xxmww�{ tt} � qpyqs
o �novqmspu~owmv �� � � � rlpq� q�opqrs �mpyrv ��� ���� � osv wr yow oxx{nox} w{ð xqmsp �rn �rvmtu~owmv
rlpq� q�opqrs � � qsott}� pym �rvmt qw �msmnqx osv mowqt} m�pmsvw pr pym �opxyqs� l{nw{qp xowm �
¢m sr� xr�lonm pym oxx{nox} r� r{n vqwprnpqrs �rvmtw pr pyop r� pym x{~qx wl tqsm � � ww{�m

�rpqrs xr�lmswopqrs yow ~ mms l mn�rn�mv rs wr�m �no�m £ pr lnrv{xm nmwqv{ot àá¥ � � qwprnpqrs
� �¤ � xrnnmwl rsvqs� pr Y xosvqvopm |ot{mw r� nopm ¤ onm pr ~ m lnmvqxpmv {wqs� pym �rvmtw � ¢m
xyrrwm xosvqvopm nopm lrqspw {sq�rn� t} vqwpnq~{pmv ~ mp�mms �Å � ßs ß osv �� ßs ß �rn wr�m pon�mp s{�~mn
r� ~ qpw � ßs ß � �ym xr�~qsopqrs ×î � ì �í�Ût �yqxy oxy qm|mw pon�mp nopm ¤ qw vmnq|mv {wqs� pym �uãoww
z{ospq�mn vmwq�s ���� � �oxy r� pym pynmm �rvmtw qw pyms {wmv pr lnmvqxp pym vqwprnpqrs �yqxy �r{tv
nmw{ tp �nr� msxrvqs� àá¥ � qpy moxy xr�~qsopqrs ×î � ì �í�Ût � �rn pym wl tqsm �rvmt � pym oxx{nox}
vml msvw rs pym s{�~mn r� xrspnrt l rqspw � wr �m �msmnopm pynmm wmlonopm nmw{tpw xrnnmwl rsvqs� pr
î ] u ×� � � � �Û� �rspnrt l rqspw ¤e onm wmtmxpmv pr ~ m o w{~wmp r� pym Y xosvqvopm nopm lrqspw rs
�yqxy pym �rvmtw onm pmwpmv � �yqw �q|mw pym wl tqsm �rvmt os ov|ospo�m � wqsxm î ] r� pym Y vqwprnpqrs
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lrqspw onm �sr�s [A °éU\( pr pym �rvmt osv py{w onm lnmvqxpmv � qpyr{p mnnrn �
��l mnq� mspot nmw{ tpw onm �msmnopmv {wqs� o wqs�tm �no�m �nr� moxy r� pym �� åã�ëu� pmwp

wmz{msxmw �wmm ãonp â �ä� � �o~tm â ââu� �� �oxy �no�m qw xrvmv pr Y Ø �� xosvqvopm nopm l rqspw
vqwpnq~{pmv ow o~ r|m � qpy �ßs ß mz{ot pr pym o|mno�m ~ qp nopm l mn �no�m �rn pym �q|ms pmwp wmz{msxm �
ïmw{tpw onm wyr�s qs � q�{nm ��� �ym �{tt ãnmu�rvm �rvmt wyr� w o~ r{p pym wo�m nmtopq|m mnnrn
ow pym �ul rqsp x{~qx wl tqsm � �ym �rwp oxx{nopm nmv{xmv ãnmu�rvm �rvmt � � ¬Iê � yow oxx{nox}
wr�m�ymnm ~ mp�mms pyop r� pym � osv �ul rqsp wl tqsm �rvmtw � �ym nm�oqsqs� nmv{xmv ãnmu�rvm
�rvmtw onm lnr�nmwwq|mt} tmww oxx{nopm � �r�m|mn � m|ms pym �rnwp r� pym nmv{xmv xr�ltm� qp} �rvmtw
yow os o|mno�m nmtopq|m mnnrn ~ mtr� �Ù� l mnxmsp �
¢m xrsxt{vm �{tt ãnmu�rvm osv pym � ¬Iê osv � ¬I � nmv{xmv ãnmu�rvm �rvmtw yo|m xr�lono~ tm

oxx{nox} pr pym x{~qx wl tqsm � osv py{w onm oxx{nopm msr{�y pr ~m xrswqvmnmv �rn {wm qs �� � � � ~owmv
rlpq� q�opqrs �mpyrvw � ïmw{tpw onm srp xrsxt{wq|m �rn pym tmww m�l mswq|m � ¬I� osv � ¬I� �rvmtw �
�yqxy onm wtq�ypt} tmww oxx{nopm � �r�m|mn � rsm � q�yp �rsvmn �y} �m vrs vp wq�lt} {wm pym wl tqsm qs
l toxm r� r{n �rvmtw � � q|ms pym wq� qton oxx{nox}� �ym osw�mn wpm� w �nr� xr�ltm� qp} xrswqvmnopqrsw �
�yqxy �m xrswqvmn wmlonopmt} �rn moxy �opxyqs� l{nw{qp z{ospq�mn vmwq�s � �rn � q�mv rn �uãoww
z{ospq�mn vmwq�s � z{ospq�mn ì �í� qw �sr�s op pym wponp r� nmwqv{ot xrv qs� � �ym wl tqsm �rvmt py{w
nmz{qnmw o wqs�tm msxrvqs� loww qs rnvmn pr m�oxpt} xr�l{pm pym î ] xrspnrt l rqspw rs �yqxy pym
�rvmt qw ~owmv � �r�m|mn � pyqw wo� m msxrvqs� loww pnoxmw r{p pym pym m�oxp �� � � � pnovmr�w �rn
msxrvqs� pym �q|ms �no� m � py{w nm�r|qs� pym smmv �rn o �rvmt ��� � �rn �uãoww z{ospq�mn vmwq�s � o
wqs�tm {sz{ospq�mv �opxyqs� l{nw{qp loww qw nmz{qnmv pr vm�sm pym z{ospq�mnw �rn moxy nopm pr ~ m
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xrswqvmnmv � �oxy wl tqsm xrspnrt l rqsp nmz{ qnmw os ovvqpqrsot xr�ltmpqrs loww � qpy o nopmuwl mxq�x
z{ospq�mn qs rnvmn pr xr�l{pm pym m�oxp vqwprnpqrs lrqspw rs �yqxy pym �rvmt qw ~owmv � �ym wl tqsm
�rvmt py{w nmz{qnmw o prpot r� �� g î ] � �{tt � opxyqs� l{nw{qp lowwmw � �r�m|mn � pym �{tt ãnmu�rvm
�rvmt r~poqsw wq� qton oxx{nox} osv qw xr�ltmpmt} wl mxq�mv ~} pym wqs�tm osot}wqw loww �yqxy �ow
{wmv pr vm�sm pym z{ospq�mnw � �{tt ãnmu�rvm qw py{w o~ r{p �� g î ] � pq� mw tmww xr�ltm� pyos pym
wl tqsm � osv wr qw o ~ mppmn �rvmtqs� xyrqxm �

# a b EfciCh÷jfc
âs pyqw lol mn � �m vm|mtrl mv rlmnopqrsot nopmuvqwprnpqrs �rvmtw �rn �opxyqs� l{nw{qp � ��r �rvmt

xtowwmw �mnm wyr�s � �ym �nwp � �{tt ãnmu�rvm � qw os osot}pqxot �rvmt ~owmv rs o �{ tt � opxyqs�
l{nw{qp msxrv qs� loww � âp �rvmtw pym m�mxpw r� o xyos�qs� z{ospq�mn � k{n xr�ltm� qp} osot}wqw
wyr� w pyqw �rvmt qw mwl mxqott} {wm�{t qs xr�~qsopqrs � qpy �uãoww ovolpq|m z{ospq�opqrs ���� � qs
�yqxy pym z{ospq�mn |onqmw � qpy pym pon�mp nopm � �ym wmxrsv xtoww � ïmv{xmv �r�ltm� qp} ãnmu�rvm �
qw os m�lqnqxot �rvmt ~owmv rs o �opxyqs� l{nw{qp loww � qpy o nmv{xmv xr�ltm� qp} vqxpqrson}�
k{n osot}wqw wyr�mv py qw �rvmt pr ~ m {wm�{t �rn ��mv rn �uãoww z{ospq�opqrs �ymnm pym z{ospq�mn
vr mw srp vml msv rs pym nopm � � y}~nqv xnrww ~ mp�mms pym p�r �rvmt xtowwmw �ow wyr�s pr ottr� o
xrspqs{r{w wmp r� xr�ltm� qp} |w � oxx{nox} pnovmr� w �
¢m m|ot{opmv pym xr�ltm� qp} osv oxx{nox} r� r{n �rvmtw qs pym xrspm�p r� �rvmt ~owmv �� � � �

�on� qs� olltqxopqrsw � �r�ltm� qp} osot}wqw wyr�mv pyop wq�sq�xosp �rvmt ~owmv xr�ltm� qp} nmv{xu
pqrsw xr{tv ~m oxyqm|mv � � xx{nox} osot}wqw wyr�mv ~rpy �rvmt xtowwmw pr ~ m xr�lono~ tm qs oxx{nox}
pr pym x{~ qx wl tqsm � �yqxy yow ~ mms w{xxmww�{ tt} {wmv qs o �rvmtu~owmv �� � � � olltqxopqrs � �ymwm
nmw{ tpw w{��mwp pyop r{n �rvmtw lnr| qvm w{ð xqmsp xr�ltm� qp} nmv{xpqrs osv oxx{nox} pr ~m {wmv
� qpy qs wq� qton rlpq� q�opqrs �mpyrvw � �vvqpqrsot �rn� qw nmz{qnmv pr ovolp rsm rn �rnm r� pym
�� � � � rlpq� q�opqrs pmxysqz{mw pr pym � opxyqs� l{nw{qp xowm ~ m�rnm pym �rvmtw �o} ~ m {wm�{tt}
olltqmv � wxyxzx{|x}
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