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fghi jkjlm nliomhp li k iqirls krho jmt olnuml rt lvjtF
wlwrhkxxq irkphxhyl mlxkrhzl l{uhxhpmhk t| s logkwhokx iqiFrls i } ~l mlzhl� rgl wtrhtw t| mlxkrhzl l{uhxhpmhk kwnrglhm irkphxhrq hw k �hls kwwhkw �lts lrmq otwrlvr } �tFrlwrhkx igkjhw� kwn nhiihjkrhtw kml lsjxtqln rt tprkhw|uxx lvjtwlwrhkx irkphxhykrhtw rt rgl nlihmln rmk� lortmq}
f�t wloliikmq otwnhrhtwi kml rgkr rgl l�lorhzl jtrlwFrhkx p l jtihrhzl nl�whrl tzlm k ij loh�ln iupijkol kwnrgkr rgl iqirls pl xhwlkmxq otwrmtxxkpxl }

� ����c�a � s logkwhokx iqirls i � hrg iqsslrmqJ lvF
jtwlwrhkx irkphxhykrhtw J uwnlm�krlm zlghoxl

� ��bc���eb���
�twrmtx t| uwnlmkorukrln s logkwhokx iqirls i hi k ogkxF
xlw�hw� mlilkmog kmlk t| hwomlkihw� hwrlmlir } �w rgl rglFtmlrhokx ihnl J otwrmtx jmtpxls i |tm s logkwhokx iqirls i
plwl�r |mts rgl �lkxrg t| �lts lrmho s logkwhoi rttxikzkhxkpxl } �w rgl trglm gkwn J irmtw� strhzkrhtw |tm
rglil jmtpxls i ots li |mts kjjxhokrhtwi rt kurtwtstui
zlghoxli nlih�w kwn otwrmtx } �w rghi jkjlm J �l hwzliFrh�krl irkphxhykrhtw rlogwh{uli |tm rgl irlknq strhtwiokxxln mlxkrhzl l{uhxhpmhk } fghi |ks hxq t| rmk� lortmhli hi
t| �mlkr hwrlmlir hw rgltmq kwn kjjxhokrhtwi }
�rkphxhykrhtw t| uwnlmkorukrln �ks hxrtwhkw iqirls i
�ki tmh�hwkxxq hwzlirh�krln pq zkw nlm �ogk|r �BA� } �lF
olwrxqJ �lts lrmho rttxi gkzl p llw lsjxtqln rt knnmlii
rgl oxkii t| s logkwhokx iqirls i � hrg iqsslrmhli } �rkF
phxhrq t| uwnlm�krlm zlghoxli hi irunhln hw �ltwkmn �C�
�glml iqsslrmq pmlk�hw� jtrlwrhkxi �lml lsjxtqln
rt igkjl rgl lwlm�q t| rgl oxtiln xttj iqirls } �kxF
wkjum�km kwn �kminlw �I� jmlilwr k |mks l�tm� |tm
rgl nlih�w t| otwrmtxxlmi |tm uwnlmkorukrln s logkwhFokx iqirls i } �w rglil rmlkrs lwr rgl |ks hxq t| hwjur|tmoli hi kiius ln stslwrus jmlilmzhw� kwn irkphxhrq
hw rgl mlnuoln ijkol hi ogkmkorlmhyln zhk rgl �wlm�qF�tslwrus slrgtn }
�w rghi �tm� �l |t oui tw zlghoxli � hrg �lwlmho ptnq
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|tmoli J hwoxunhw� ptrg hwrlmwkx @l }� J s tslwrus �gllxi
kwn ixhnhw� s kiiliD kwn lvrlmwkx twli @l }� }J jmtj lxxlmiD }fqjhokxxqJ rglil iqirls i stzl tw rmk� lortmhli rgkr nt
wtr p lxtw� rt k otwirkwr stslwrus xlzlx ilr } ± ihs F
jxl hnlkxhyln lvksjxl hi kw uwnlm�krlm j xkwkm ptnqJ
nljhorln hw ²h�uml B} fghi stnlx hi mls hwhiolwr t| rgl³ ´�f�� khmomk|r irunhln pq �kuilm kwn otF�tm�lmi �N� Jt| rgl ium|kol zliilx irunhln pq µtngkzw �E� J kwn t| rgluwnlm�krlm iupslmihpxl irunhln pq �ltwkmn �C J ¶� } fghi
jkmrhouxkm iqirls i hi jmtzlw rt p l nh�lmlwrhkxxq ·kr pq� kmrhw kwn otF�tm�lmi hw �BG� �glw wt gqnmtnqwks ho
|tmoli kml jmlilwr }
fgl s khw otwrmhpurhtw t| rghi jkjlm hi rgl nlih�w t|
k �qkjuwtz |uworhtw kwn t| k otmmlijtwnhw� otwrmtxxlmrgkr irkphxhyl kxx t| rgl zkmhkpxl t| hwrlmlir J h }l }J kxx t| rglzlxt ohrq zkmhkpxli kwn rgl hwrlmwkx otw��umkrhtw zkmhF
kpxli } ~l ml|lm rt rghi wtrhtw ki irkp hxhykrhtw tw rgl
|u xx jgkil ijkol J ki tjjtiln rt irkphxhykrhtw |tm tw xqrgl hwrlmwkx zkmhkpxli tm irkphxhykrhtw tw k stslwrusium|kol }
± ilotwn rgls l hi rgl lsjgkihi tw lvjtwlwrhkx ki tjFjtiln rt kiqsjrtrho otwzlm�lwol J kwn tw rgl |u xx j t�lmt| nhiihjkrhtwFpkiln irkphxhykrhtw rlogwh{uli } �w jkmrhoF
u xkm �l lvjxthr rgl |kor rgkr k nhiihjkrhzl iqirls i gki
lvjtwlwrhkx otwzlm�lwol mkrli uwnlm rgl kiiusjrhtw t|
xhwlkm otwrmtxxkphxhrq kwn rgl lv hirlwol t| k {uknmkrho
�qkjuwtz |uworhtw } fghi |kor hi �lxx �wt�w � hrghw rgl
wtwxhwlkm irkphxhykrhtw xhrlmkruml J ill �H J BB� J pur gki
wtr pllw |uxxq lvjxthrln � hrghw rgl otwrlvr t| s logkwFhokx iqirls i } ²hwkxxqJ k rg hmn |lkruml t| tum kjjmtkog
hi rgkr �l lsjxtq k wtzlx � hls kwwhkw �lts lrmq |tmF
s kxhis hw nliomhp hw� mlxkrhzl l{uhxhpmhk kwn rglhm irkF
p hxhykrhtw } �wl knzkwrk�l t| rghi kjjmtkog hi rgkr hr hi
okjkpxl t| nlkxhw� � hrg �lwlmkx @pur zlxtohrq hwnlj lwFnlwrD otwrmtx |tmoli J xh�l rgl twli jmlilwr hw stnlxi t|
zlghoxli iuog ki rgkr hw ²h�uml B}

�¸� ¹ºd»¼½� d�� a�»»dc� �¾ c�a�½b
~l pmhl·q jmlilwr rgl �lq irlji t| tum nlih�w jmt olnumlpq kjjxqhw� hr rt rgl jxkwkm zlghoxl hw ²h�uml B} �tml
ij loh�okxxqJ �l krrlsjr rt nlih�w its l |llnpko� otwFrmtxi rgkr irkphxhyl k rmk� lortmq otwihirhw� t| k irlknq
strhtw kxtw� rgl ¿ kvhi t| rgl hwlmrhkx ml|lmlwol |mks l }
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&bd` �½�b� �¾ d� �'��½�`c��» ¼���b � ~l irkmr
� hrg its l oxkiiho mliuxri tw irkp hxhrq t| s logkwhokx iqiFrls i kptur k jthwr } �lr ( ) �( * + , , , + ( - �. pl rgl otwF��umkrhtw t| rgl iqirls i kwn xlr rgl �ks hxrtwhkw pl

/ @( + 0( D ) 1 @( D 2 B
A 0( . 3 @( D 0( ) 4 1 @( D 2 B

A 5 0( 567 , @BD
fgl l{ukrhtwi t| s trhtw kml

3 @( D 8( 2 9 @( + 0( D 0( ) : ; 1; ( 2 < + @AD

�glml 9 @( + 0( D hi rgl �tmhtxhi s krmhv kwn �glml rgl mlF
iu xrkwr |tmol < okw pl �mhrrlw ki xhwlkm otsphwkrhtw t|= hwnlj lwnlwr otwrmtx |tmoli <> 4

< ) ?@>A*
< >B > ,

�| = hi irmhorxq xlii rgkw rgl nl�mlli t| |mllnts C J rgl
iqirls hi okxxln uwnlmkorukrln } ²hwkxxqJ (D hi k irkpxl
l{uhxhpmhus jthwr h| rgl �mir zkmhkrhtw t| 1 zkwhiglikwn h| rgl ilotwn zkmhkrhtw hi jtihrhzl nl�whrl kr (D 4

; 1; ( @(D D ) G + kwn ; 61; (; ( @(D D E G ,

&b�d�� bcd�a½db���a �¾ bF� ¼ ½d�dc G�F �e½� �Hlvr J �l lvks hwl rgl j xkwkm zlghoxl hw ²h�uml B} �lr( ) �I + ¿ + J �. K LM nlwtrl rgl jtihrhtw t| rgl zlghoxl }
± iius hw� rgkr �mkzhrq hi kpilwr J rgl �ks hxrtw hkw hi/ @( + 0( D ) 0(. 3 @( D 0( NA J �glml 3 @( D hi
O
P
Q G G
G =R @oti I D6 2 = S @ihw I D6 @=R : =S D oti I ihw I
G @=R : =S D oti I ihw I = S @oti I D6 2 = R @ihw I D6

T
U +

kwn �glml Q + = R += S kml hwlmrhkx jkmks lrlmi rgkr hwFoxunl rgl hw·ulwol t| rgl ·uhn iummtuwnhw� rgl zlghoxl
@l }� }J rglq hwoxunl rgl itFokxxln knnln s kiiliD V ill �C� }
�lr WXY K LM nlwtrl rgl zlxt ohrq t| rgl nlihmln irlknq
strhtw V l }� }J WXY ) �G + B + G�. rt ml{uhml rgl zlghoxl rt
stzl kr uwhr ij lln kxtw� rgl ¿ kvhi t| k ml|lmlwol |mks l }

Htrhol rgkr rgl �ks hxrtwhkw ntli wtr nlj lwn tw rgl
zkmhkp xl ¿ J h }l }J ;/ N; ¿ ) G } ±i hr hi �wt�w hw s logkwFhoi J rghi hwnljlwnlwol hsjxhli rgkr rgl stslwrus hwrgl nhmlorhtw WXY hi k otwilmzln {ukwrhrq kxtw� rgl itF
xurhtw t| rgl l{ukrhtwi t| s trhtw } fgl stslwrus hi 4
ZXY @( + 0( D ) 0(. 3 @( DWXY ) [= R @oti I D6 2 = S @ihw I D6 \ 0¿2 [@=R : = S D ihw I oti I \ 0J ,]lihnl �ks hxrtwhkw kwn stslwrus J kw knnhrhtwkx otwFilmzln {ukwrhrq hi otsjurln zhk its l kx�lpmkho s kwhjFu xkrhtw @^iuss hw� rgl i{ukml_ D ki |txxt� i 4

/ XY @( + 0( D 4) / : ZXY
) B

A 5 0( : WXY 2 WXY 567 : 0(. 3 @( DWXY
) : B

A 5WXY 567 2 B
A 5 0( : WXY 567 ,

~l okxx /XY rgl >` >T=Sa> b L[ S?=Q\ SL\J kwn kootmnhw�xq�l nl�wl rgl >̀ >T=Sa> X Q=>\=SL? ki
1XY @( D ) : B

A 5WXY 567 ) : B
A [= R @oti I D6 2 = S @ihw I D6 \ ,

fgl otwoljri t| l�lorhzl �ks hxrtwhkw kwn jtrlwrhkxxlkn rt kw lxl�kwr jkmkxxlx plr�llw rgl rmlkrs lwr twirkphxhrq t| kw l{uhxhpmhus jthwr kwn irkp hxhrq t| k
irlknq strhtw } ²tm lvksjxl J /XY gki k ^�hwlrho lwlm�q_otsjtwlwr jmtjtmrhtwkx rt rgl zlxt ohrq lmmtm @ 0( : WXY D J
ki tjjtiln rt rgl uiukx �hwlrho lwlm�q plhw� jmtjtmF
rhtwkx rt rgl zlxt ohrq 0( } ±nnhrhtwkxxqJ �l � hxx igt� rgl
|txxt� hw� mliu xri } fgl irlknq strhtw WXY rgmtu�g rgl
jthwr (D hi k itxurhtw rt rgl l{ukrhtwi t| s trhtw h| rgl
�mir zkmhkrhtw t| 1XY zkwhigli kr (D J

; 1XY; ( @(D D ) G +
kwn hr hi k irkp xl strhtw h| rgl ilotwn zkmhkrhtw t| 1XY
mlirmhorln rt rgl iupijkol jlmj lwnhouxkm rt WXY hi j tihF
rhzl nl�whrl 4

; 61XY; (; ( @(D D E G + mlirmhorln rt W cXY ,
�w rgl jxkwkm ptnq lvksjxl J irlknq rmkwixkrhtw kxtw�rgl ¿ kvhi hi k itxurhtw �glwlzlm ihw AI ) G } �t�F
lzlm J �l �wt� wtrghw� kptur rgl irkphxhrq t| rghi s tF
rhtw ihwol 1XY @( D hi hwnlj lwnlwr t| J kwn hri ilotwnzkmhkrhtw hi wtr jtihrhzl nl�whrl �glw mlirmhorln rt W cXY }

d c�¼ �cb���d½ ��c�Gdb�G� e��bc�½ ¾�c ab�d��
bcd�a½db���a � ± jmtjtmrhtwkx korhtw <e hi k otwrmtx|tmol jmtjtmrhtwkx rt rgl �mir zkmhkrhtw t| k |uworhtw f 4

<e ) : ; f @( D; ( ,
gwnlm iuog k |llnpko� J rgl oxtiln xttj iqirls ikrhi�li
kw l{ukrhtw t| strhtw t| rgl |tms @AD J �glml rgl oxtiln
xttj jtrlwrhkx lwlm�q l{ukxi @1 2 f D kwn rgl irkphxhrq t|



rgl l{uhxhpmhus jthwr (D nljlwni tw �glrglm rgl ilotwnzkmhkrhtw t| rg hi wl� jtrlwrhkx hi jtihrhzl nl�whrl } ±
nhiihjkrhzl korhtw <� hi uiukxxq nl�wln ki k otwrmtx|tmol jmtjtmrhtwkx rt rgl zlxt ohrq} �w jkmrhouxkm J |tm kwuwnlmkorukrln iqirls @AD twl �tuxn ilr 4

<� ) : ?@>A*
<> @< .> 0( D ,

ft mlwnlm rgl irlknq rmkwixkrhtwi t| rgl jxkwkm zlghoxl�mir irkpxl kwn rglw kiqsjrtrhokxxq irkp xl J �l knkjr
jmtjtmrhtwkx nlmhzkrhzl otwrmtx rt rgl oummlwr ilrrhw� }�w jkmrhouxkm J �l gkzl r�t |uwnkslwrkx otwirmkhwri hwrgl nlih�w t| rgl jmtjtmrhtwkx korhtw } fgl xkrrlm {ukwFrhrq suir jmlilmzl rgl lv hirlwol t| rgl irlknq itxuF
rhtw J kwn suir xhl hw rgl ijkw t| rgl kzkhxkp xl |tmoli�< * + < 6 � V ill ²h�uml B} �w trglm �tmni J �l lsjxtq k
|llnpko� ; f N; ( �glml rgl |uworhtw f hi ml{u hmln rt
ikrhi|q ; f N;¿ ) G kwn ; f N; ( K ijkw�< * + < 6 � } �w�lorhtw E }B �l jmtzhnl k s lrgtntxt�q rt nlih�w iuog
|uworhtwi } ²tm wt� J hr iu� oli rt wtrl rgkr f @( D )
@J : � ihw I D6 ikrhi�li rglil otwirmkhwri hw rgl jxkwkmzlghoxl lvksjxl } ²tm =R E =S rgl ilotwn zkmhkrhtw t|
f 2 1XY ) @J : � ihw I D6 : �� [= R @oti I D6 2= S @ihw I D6 \
hi j tihrhzl nl�whrl �glw mlirmhorln rt WcXY } fgl irlknq
rmkwixkrhtw WXY rgmtu�g @ID + ¿D + JD D ) @G + G + GD hi rglmlF
|tml irkphxhyln pq rgl jmtjtmrhtwkx |llnpko� :; f N; ( }
² hwkxxqJ �l lsjxtq nhiihjkrhtw rt mlwnlm rgl irlknq
rmkwixkrhtw lvjtwlwrhkxxq irkp xl } �hwol rgl wts hwkx zlFxt ohrq hi 0( ) WXY J �l lvjlor rgl otmmlorhtw igtuxn p l
jmtjtmrhtwkx rt rgl zlxt ohrq lmmtm 0( : WXY } �w |kor J hw�lorhtw E }A J �l igt� gt� rgl |llnpko� otwrmtxi

B > ) :< .> @ 0( : WXY D ,
xlkn rt rgl nlihmln lvjtwlwrhkx otwzlm�lwol mkrli }

� � �eFd��ed½ a�ab�» a � �bF a�»»�bc��a

~l jmlilwr k ottmnhwkrl |mll nl�whrhtw t| s logkwhokxotwrmtx iqirls i pkiln tw �lts lrmho hnlki } ]lokuil t|
ijkol xhs hrkrhtwi J rghi ilorhtw hi k zlmq igtmr iusskmq
t| rgl rmlkrs lwr hw �B� }

� ¸� 	 db�cd½ �¼ �cdb���a �� »d��¾�½�a
~l mlzhl� its l nl�whrhtwi hw tmnlm rt �v its l wtrkFrhtw V ill �A� |tm k otsjmlglwihzl rmlkrs lwr } �lr 
 pl
k isttrg s kwh|txn J ( pl k jthwr tw hr J W� pl k jthwr tw� 
 J Q  L pl k mlkx hwrlmzkx kwn � 4 Q � 
 pl k oumzl
tw 
 } �w rgl s kwh|txn 
 J �l okw nl�wl isttrg |uwoFrhtwi ( �� f @( D K L J zlortm �lxni ( �� � � K ��
 J kwnstml �lwlmkx @� + �D rlw itmi �lxni J rgkr hi J mlkx zkxuln
suxrhFxhwlkm s kji tw @��
 � D� � @��
 D� } ~l xlr 9 @
 D
kwn � @
 D nlwtrl rgl ilr t| |uworhtwi kwn zlortm �lxni
tw 
 }

± �hls kwwhkw s lrmho tw k s kwh|txn 
 hi k @G + AD jtihF
rhzl nl�whrl rlwitm �lxn J rgkr hi k s kj rgkr kiit ohkrli
rt lkog ( K 
 kw hwwlm jmtnuor ��� + ���� tw ��
 } ±
s kwh|txn lwnt�ln � hrg k �hls kwwhkw s lrmho hi ikhn rt
p l k �hls kwwhkw s kwh|txn } ±w k� wl otwwlorhtw tw 

hi k isttrg s kj rgkr kiih�wi rt k jkhm t| zlortm �lxni� + � k zlortm �lxn �� � iuog rgkr |tm kxx f K 9 @
 D
kwn |tm kxx � + � + � K � @
 D J
@BD � � !" � ) f�� � 2 �" � J kwn
@AD �� @f � 2 � D ) @#� f D� 2 f�� � 2 �� � }
~l kxit ikq rgkr �� � hi rgl otzkmhkwr nlmhzkrhzl t| �
�hrg mlij lor rt � } ± �hls kwwhkw s lrmho tw 
 hwnuolnkw k� wl otwwlorhtw otwwlorhtw okxxln � hls kwwhkw pq
slkwi t| rgl �lzhF�hzhrk rgltmls J ill �A� }
H lvr J �l hwrmtnuol rgl wtrhtw t| otzkmhkwr nlmhzkrhzlkxtw� k oumzl } �twihnlm k isttrg oumzl � ) �� @$D K
 + $ K �G + B�� J kwn k zlortm �lxn �W @$D K �% &'(
 + $ K
�G + B�� nl�wln kxtw� � } fgl otzkmhkwr nlmhzkrhzl t| rgl
zlortm �lxn W kxtw� � hi nlwtrln pq ) W @$D

*$ }

fgl wtrhtw t| �mir kwn ilotwn zkmhkrhtw t| k |uworhtwkml hwrmtnuoln ki |txxt� i } µ hzlw k |uworhtw f K 9 @
 D J
hri �mknhlwr hi rgl zlortm �lxn nl�wln pq

+� f ) ���mkn f + � �� +
kwn hri �liihkw hi rgl @G + AD rlwitm �lxn nl�wln pq

�lii f @� + � D ) @+" +� : +,- � Df , @ED
Htrhol rgkr �lii f skji ��
 � ��
 rt rgl mlkx xhwlkwn hr hi rglml|tml k r�t |tms V �l � hxx t|rlw hwzlirh�krl�glrglm rghi r�t |tms hi jtihrhzl nl�whrl tzlm olmrkhwiupFpuwnxli t| ��
 }

� ¸� � �eFd��ed½ e��bc�½ a�ab�» a
± [ >TW L\STL? TQ\=.Q? ]/]=>[ hi nl�wln pq rgl |txxt�F
hw� tp� lori 4 @BD kw C Fnhs lwihtwkx otw��umkrhtw s kwhF|t xn 
 J � hrg xtokx ottmnhwkrli �( * + , , , + ( - � J @AD k �hlF
s kwwhkw s lrmho 3 � tw 
 @rgl �hwlrho lwlm�qD J kxit nlF
wtrln pq ��� + ��� J @ED k |uworhtw 1 tw 
 nliomhphw� rgl
jtrlwrhkx lwlm�qJ kwn @ND kw = Fnhs lwihtwkx otnhirmhpuFrhtw 0 ) ijkw�< * + , , , + < ? � nl�whw� rgl hwjur |tmoli }
�lr ( K 
 pl rgl otw��umkrhtw t| rgl iqirls kwn W� K�� 
 hri zlxt ohrq} fgl rtrkx lwlm�qJ b L[ S?=Q\ SL\J / hi

/ @W� D ) B
A ��W� + W� �� 2 1 @( D ) B

A 5W� 56 2 1 @( D ,
�lr rgl hwjur zlortm �lxni p l � > ) 3 1*� < > J kwn xlr2 ) ijkw3 &4( �� * + , , , + �? � pl rgl hwjur nhirmhpurhtw }fgl �uxlmF�k�mkw�l l{ukrhtwi kml

) W�
*$ ) : �mkn 1 2 ?@>A*

� >B > + @N D

�glml rgl hwjur |uworhtwi �B> @$D + $ K L!
� kml ptuwnlnslkiumkpxl }



µhzlw k s lrmho rlwitm 3 tw rgl s kwh|txn 
 J k zlortm
�lxn � hi ikhn rt pl kw S\� \S=>]S[ L? S]Q[ >=./ h| rgl
rlwitm �lxn �� 4 � � �" � hi i�l� iqsslrmho � hrg
mlij lor rt rgl s lrmho rlwitm 3 J rgkr hi J

��� + ��� �� 2 ��� + �" � �� ) G , @ID
~l okxx � kw S\� \S=>]S[ L? ]/[[ >=./ |tm rgl s logkwhFokx otwrmtx iqirls @
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