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WX YZ[Y[\X ] ^[_X` ]`a[Zbcde f[Z g^hXYX^hX^c i[eY[j
^X^c k^]`l\b\ mgik n cd]c b\ o]\Xh [^ ]^ X`XpcZbp qX`h
e Xc]Yd[Z r k \ s bcd ]`` gik cXpd^btuX\ v cdX ]`a[Zbcde
\X]ZpdX\ f[Z ] hXe bw b^a e[hX` cd]c YZ[hupX\ p[eY[j
^X^c\ sd[\X x [ b^c hb\cZboucb[^ e ]cpdX\ cdX f]pc[Zb]`
hb\cZboucb[^ mb rX rv cdX YZ[hupc [f cdX e ]Zab^]` hb\cZbj
oucb[^\n r ydX x [b^c ]^h f]pc[Zb]` hb\cZboucb[^\ ]ZX ZXYj
ZX\X^cXh ]\ Y[\bcb_X`l ]^h ^Xa]cb_X`l pd]ZaXh Y]Zcbp`X\ v
ZX\Y Xpcb_X`lv ]^h cdX hl^]e bp\ [f cdX \X]Zpd ]ZX o]\Xh
[^ cdX b^cXZ]pcb[^\ ]e[^a Y]Zcbp`X\ r ydX ]`a[Zbcde p]^
hX]` s bcd ]ZobcZ]Zl hb\cZboucb[^\ f[Z cdX \[uZpX\ v ^[^j
`b^X]Z e bwb^a fu^pcb[^\ v ^[b\l [o\XZ_]cb[^\ v ]^h ]^ u^j
Xtu]` ^ueoXZ [f \[uZpX ]^h e bwcuZX p[eY[^X^c\ r ydX
`be bc]cb[^ [f cdX ]`a[Zbcde b\ cd]c bc h[X\ ^[c \p]`X s bcd
cdX ^ueoXZ [f \[uZpX\ r z[^XcdX`X\\ v sX hXe[^\cZ]cX
cd]c cdX ]`a[Zbcde p]^ \[`_X pd]``X^ab^a gik YZ[o`Xe \
cd]c ]ZX oXl[^h cdX p]Y]ob`bcbX\ [f [cdXZ gik eXcd[h\ r
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����� ������ ���� ����� �������� m� ��n b\ ] e Xcd[h
cd]c hb\p[_XZ\ ] ZXYZX\X^c]cb[^ [f eu`cb_]Zb]cX h]c]
b^ sdbpd cdX \c]cb\cbp]` hXY X^hX^pX ]e[^a cdX p[e j
Y[^X^c\ b\ e b^be b�Xh r ydX [o\XZ_Xh h]c] v ] � j
hbeX^\b[^]` Z]^h[e _]Zb]o`X � v b\ ]\\ue Xh c[ d]_X
oXX^ aX^XZ]cXh ol ] � �� ��� YZ[ pX\\ cd]c [YXZ]cX\ [^
] \Xc [f � � b^hXY X^hX^c ������ _]Zb]o`X\ r ydX c]\� [f
gik b\ c[ hXcXZe b^X ] hXe bw b^a cZ]^\f[Ze ]cb[^ cd]c
ZXp[_XZ\ cdX \[uZpX _]Zb]o `X\ r

ydX YZbe ]Zl ]YYZ[]pdX\ c[ gik f]`` b^c[ cs[ p]cj
Xa[ZbX\ � e[hX`jo]\Xh eXcd[h\ ]^h a`[o]` hX^\bclj
]YYZ[w be ]cb[^ e Xcd[h\ r � ���������� � ��� ��� ]\\ue X
] Y]Z]e XcXZb�Xh e[hX` [f cdX e bw b^a fu^pcb[^ v X ra rv
] `b^X]Z cZ]^\f[Ze ]cb[^ v ]^h cdX hb\cZboucb[^ [f cdX
\[uZpX _]Zb]o`X\ v X ra rv  ]u\\b]^ r ¡Z[e b^X^c e[hX`j
o]\Xh ]`a[Zbcde \ b^p`uhX e ]wbeue X^cZ[Yl ]YYZ[]pdX\
¢£ v ¤ £¥ ]^h e]wbeue Y[\cXZb[Zb ]YYZ[]pdX\ ¢£¦ v ¤¦¥ r
§ ]wbeue `b�X`bd[[h X\cbe ]cb[^ b\ u\Xh c[ hXcXZe b^X
cdX e[hX` Y]Z]eXcXZ\ r ¨����� ����������� ��� �� �����

� ��� ��� b^_[`_X pd]Z]pcXZb�b^a h]c] hb\cZboucb[^\ b^
cXZe \ [f ] ZX`]cb_X`l \e ]`` ^ueoXZ [f Y]Z]e XcXZ\ r
ydX\X e Xcd[h\ ZX`l [^ ]^ ��������� © ������� cd]c p]^
p[eYucX cdX hXaZXX [f b^hXY X^hX^pX [f cdX p[eY[j
^X^c\ b^ ] \cZ]badcf[Zs]Zh e ]^^XZ fZ[e Y]Z]e XcXZ\
[f cdX a`[o]` hX^\bcl ]YYZ[w be ]cb[^ r ydX\X e Xcd[h\
\X]Zpd f[Z ] cZ]^\f[Ze ]cb[^ [f cdX [o\XZ_Xh h]c] cd]c
lbX`h\ ] a[[h eX]\uZX [f b^hXYX^hX^pX r § [\c a`[o]`
hX^\bclj]YYZ[w be ]cb[^ eXcd[h\ ZX`l [^ pueu`]^c\ ]^h
iZ]e XZjªhaXs[Zcd [Z  Z]e jid]Z`bXZ XwY]^\b[^ f[Z ]Yj
YZ[w be ]cb^a hX^\bcbX\ ¢« v ¦ v ¤« v ¤¬¥ v ]^h­[Z ucb`b�X ]\ ]
e X]\uZX [f b^hXY X^hX^pX pueu`]^c cX^\[Z\ ¢®¥ v [Z [cdXZ
^[^`b^X]Z fu^pcb[^\ [f cdX Y]Z]e XcXZ\ ¢¯ v ¬ v £¯¥ r §[hX`j
o]\Xh ]^h a`[o]` hX^\bclj]YYZ[wbe ]cb[^ e Xcd[h\ p]^
oX u^bqXh b^ ] � ������ �������� © ������� fZ]e Xs[Z� ¢£°¥ v
sdbpd YXZe bc\ ] qwXhjY[b^c ]`a[Zbcde f[Z e b^be b�b^a
cdX p[^cZ]\c fu^pcb[^ ¢££¥ v cdXZXol X^f[Zpb^a b^hXYX^j
hX^pX [f cdX hXe bw b^a p[eY[^X^c\ r

ydX a[]` [f gik ZX\X]Zpd b\ c[ hb\p[_XZ e Xcd[h\
cd]c � m£n ]``[s f[Z ]ZobcZ]Zl \[uZpX hb\cZboucb[^\ v m¤n
p]^ ]pp[ee[h]cX ^[^`b^X]Z e bw b^a fu^pcb[^\ v m¯n Y XZj
f[Ze sX`` sdX^ cdX ^ueoXZ [f e bw b^a p[eY[^X^c\ b\
\e ]``XZ cd]^ cdX ^ueoXZ [f \[uZpX p[eY[^X^c\ v m® n p]^
d]^h`X ^[b\X b^ cdX [o\XZ_]cb[^\ v m¬n [Y XZ]cX b^ ] p[e j
Yuc]cb[^]``l X± pbX^c e ]^^XZ v ]^h m¬n \p]`X c[ d bad hbj
e X^\b[^]` h]c] r k `` Xwb\cb^a ]`a[Zbcde \ f]b` [^ ]c `X]\c
\X_XZ]` [f cdX\X pZbcXZb] r

§[hX`jo]\Xh eXcd[h\ aX^XZ]``l ]\\ueX `b^X]Z e bwj
b^a fu^pcb[^\ ]^h u^be[h]` hb\cZboucXh \[uZpX\ m]`j
cd[uad \[e X s[Z� d]\ o XX^ h[^X c[ [_XZp[e X cdX
\[uZpX ZX\cZbpcb[^ v X ra rv ¢£¬¥n r ydX \cZX^acd [f e [hX`j
o]\Xh eXcd[h\ b\ cd]c cdXl ]ZX f]\c ]^h b^ e[\c p]\X\
Z[ou\c c[ _]Zb]cb[^ b^ b^bcb]` p[^hbcb[^\ ]^h `X]Z^ b^a Y]j
Z]e XcXZ\ r   `[o]` hX^\bclj]YYZ[w be ]cb[^ e Xcd[h\ f]pX
] cZ]hX [² � hX\pZbob^a cdX x [b^c hb\cZboucb[^ [f cdX [oj
\XZ_Xh h]c] s bcd ] `]ZaX ^ueoXZ [f Y]Z]e XcXZ\ ]``[s \
cdX e Xcd[h c[ ZXYZX\X^c ]Zo bcZ]Zl hb\cZboucb[^\ v ouc
b\ p[eYuc]cb[^ b^cX^\b_X ¢¦¥ ³ s bcd ] \e ]`` ^ueoXZ [f
Y]Z]eXcXZ\ v cdX e Xcd[h p]^ ZXYZX\X^c [^`l `be bcXh hb\j
cZboucb[^\ ¢« v ¤¬¥ ouc b\ p[eYuc]cb[^]``l X± pbX^c r
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ªwb\cb^a gik eXcd[h\ ]ccXeYc c[ ]hhZX\\ cdX qZ\c
cs[ pZbcXZb] ol ]``[s b^a f[Z _]Zb[u\ \[uZpX hb\cZboucb[^\
]^h e bw b^a fu^pcb[^\ r �[sX_XZ v cdXl ]ZX `be bcXh c[ �� ��
��� � hb\cZboucb[^\ ]^h e bw b^a fu^pcb[^\ r ª ra rv e Xcd[h\
d]_X oXX^ hX\ba^Xh f[Z u^ bf[Ze ¢¤° v £� v £�¥ ]^h ob^]Zl
¢¤¯ v �¥ hb\cZboucb[^\ v ]^h f[Z \Y Xpbq p e bw b^a ^[^`b^X]Zj
bc bX\ ¢¤ v ¤« v £« v ¤®¥ r � Xp[ ¢¦¥ d]\ hX_X`[Y Xh ] e Xcd[h
cd]c p]^ oX ]YY`bXh c[ ]ZobcZ]Zl \[uZpX hb\cZboucb[^\
]^h ^[^`b^X]ZbcbX\ v ouc bc b\ \`[s ]^h ZXtubZX\ ]^ Xtu]`
^ueoXZ [f \[uZpX\ ]^h e bwcuZX\ v ]^h YZb[Z �^[s `XhaX
]o[uc cdX e bwcuZX fu^pcb[^ p]^^[c oX XwY `[bcXh r

WX YZ[Y[\X ]^ gik eXcd[h cd]c ]``[s \ f[Z ]Zobj
cZ]Zl \[uZpX hb\cZboucb[^\ ]^h ]Zo bcZ]Zl e bw b^a ^[^`b^j
X]ZbcbX\ r �uZ e Xcd[h b\ p[eYuc]cb[^]``l X± pbX^c v Y XZj
f[Ze \ sX`` X_X^ bf cdX ^ueoXZ [f e bw b^a p[eY[^X^c\
b\ \e ]``XZ cd]^ cdX ^ueoXZ [f \[uZpX p[eY[^X^c\ v ]^h
p]^ d]^h`X [o\XZ_]cb[^ ^[b\X r ydX `be bc]cb[^ [f [uZ
e Xcd[h b\ cd]c bc b\ cZ]pc]o`X [^`l f[Z `[s hbe X^\b[^]`
h]c] mZ[uad`lv � � «n r

�uZ eXcd[h h[X\ ^[c \]cb\fl �� � [f cdX pZbcXZb] `b\cXh
]o[_X v ouc \d[u`h [^X XwYXpc [cdXZs b\X� gc \XXe \
dbad`l u^`b�X`l cd]c ] e Xcd[h s b`` Xw b\c cd]c b\ Xwj
cZXe X`l aX^XZ]` ��� f]\c r ª]pd e Xcd[h b^ cdX `bcXZ]j
cuZX d]^h`X\ \Y Xpb]` p]\X\ [f cdX aX^XZ]` gik YZ[o`Xe r
ydX \Y Xpb]` p]\X sX d]_X f[ pu\Xh [^� `[s hbe X^\b[^]`
[o\XZ_]cb[^\� \XXe \ Y]Zcbpu`]Z`l b^cXZX\cb^a ]^h u\Xj
fu` v ]\ e ]^l h[e ]b^\ [f ]YY`bp]cb[^ b^_[`_X `[s hbe X^j
\b[^]` h]c] r ªw]eY`X\ b^p`uhX bhX^cbqp]cb[^ [f u\XZ\
X^cXZb^a ] oub`hb^a ¢�¥ v \XY]Z]cb^a ] \ba^]` fZ[e ^[b\X
¢£®¥ v ]^h \leo[` \XY]Z]cb[^ b^ p[hXjhb_b\b[^ eu`cbY`X
]ppX\\ mi�§kn cX`Xp[eeu^bp]cb[^\ \l\cXe \ ¢¤¤¥ r
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�uZ ]YYZ[]pd b^_[`_X\ dlY[cdX\b�b^a ]^ ]ZobcZ]Zl ^[^j
`b^X]Z fu^pcb[^ ]YYZ[wbe ]c[Z v \upd ]\ ] ^XuZ]` ^Xcs[Z� v
]\ ] hXe bw b^a e[hX` r kfcXZ cdX [o\XZ_Xh h]c] d]\ oXX^
Y]\\Xh cdZ[uad cd b\ e [hX` v sX p[^\cZupc ] x [b^c hX^\bcl
X\cbe ]cX [f cdX cZ]^\f[Ze Xh h]c] r WX p]^ ]`\[ u\X cdX
cZ]^\f[Ze Xh h]c] c[ p[^\cZupc ] f]pc[Zb]` hX^\bcl X\cbj
e ]cX � cdX YZ[hupc [f e ]Zab^]` hX^\bcl X\cbe ]cX\ r ydX
tu]`bcl [f cdX hXe bw b^a e[hX` b\ X_]`u]cXh ol hXcXZj
e b^b^a cdX hb\pZXY]^pl oXcsXX^ cdX x [b^c ]^h f]pc[Zb]`
hX^\bcl X\cbe ]cX\ v ]^h ] \X]Zpd b\ YXZf[Ze Xh c[ bhX^cbfl
cdX e[hX` cd]c e b^be b�X\ cdX hb\pZXY]^plr

k aZ]hbX^cjo]\Xh e Xcd[h b\ ]YY`bXh c[ [Ycbe b�X cdX
Y]Z]e XcXZ\ [f cdX hXe bw b^a e[hX` \[ ]\ c[ e b^be b�X cdX
hb\pZXY]^pl mb rX rv c[ ]pdbX_X b^hXY X^hX^pX [f cdX ZXp[_j
XZXh \[uZpX p[eY[^X^c\n r   b_X^ ]^ [ox Xpcb_X fu^pcb[^
cd]c tu]^cbqX\ cdX hb\pZXY]^plv [^X p]^ p[eYucX cdX
hXZb_]cb_X [f cdb\ fu^pcb[^ s bcd ZX\Y Xpc c[ X]pd cZ]^\j
f[Ze Xh h]c] _]`uX r gf [^X p]^ ]`\[ p[eYucX cdX hXZb_]j
cb_X [f cdX hXe bw b^a e[hX` [ucYuc s bcd ZX\Y Xpc c[ cdX

hXe bw b^a e[hX` Y]Z]e XcXZ\ v cdX cs[ hXZb_]cX\ p]^ oX
pd]b^Xh c[ [oc]b^ ] hXZb_]cb_X [f cdX [ox Xpcb_X fu^pcb[^
s bcd ZX\YXpc c[ cdX hXe bwb^a e[hX` Y]Z]e XcXZ\ r

WX p]`` [uZ ]YYZ[]pd ]^ ���������� ��� � ��� ��v o Xj
p]u\X cdX gik YZ[o`Xe b\ pd]Z]pcXZb�Xh ]\ ]^ X`XpcZbp
qX`h r WX cZX]c cdX x [b^c hX^\bcl X\cbe ]cX ]\ ] hb\cZbouj
cb[^ [f Y[\bcb_X pd]ZaX\ v cZX]c cdX f]pc[Zb]` hX^\bcl X\j
cbe ]cX ]\ ] hb\cZboucb[^ [f ^Xa]cb_X pd]ZaX\ v ]^h cZX]c
cdX \X]Zpd ]\ ]Zb\b^a fZ[e cdX X`XpcZbp qX`h aX^XZ]cXh
ol \uYXZbeY[\b^a cdX cs[ hb\cZboucb[^\ [f pd]ZaX\ r

�]cdXZ cd]^ hX\pZbob^a cdX ]`a[Zbcde b^ cXZe \ [f
p[^cb^u[u\ pd]ZaX hb\cZboucb[^\ v sX b^\cX]h hX\pZboX
cdX ]`a[Zbcde b^ cXZe \ [f \]eY`X\ fZ[e cdX hb\cZbouj
cb[^\ v b rX rv Y]Zcbp`X\ r y[ u^hXZ\c]^h cdX ]`a[Zbcde v
p[^\bhXZ X]pd h]c] Y[b^c v sdbpd d]\ oXX^ cZ]^\f[Ze Xh
ol cdX hXe bwb^a e[hX` v ]\ ] � ��������� �� ��� �� � �����
��� b^ cdX hXe bwXh \Y]pX m� bauZX £n r �^hXZ cdX ]\j
\ueYcb[^ [f b^hXY X^hX^pX [f cdX hXe bwXh p[eY[^X^c\ v
sX p[u`h Z]^h[e `l ZXp[eob^X p[eY[^X^c\ mb rX rv _]`uX\
]`[^a X]pd hbe X^\b[^ [f cdX \Y]pXn [f cdX Y[\bcb_X`l
pd]ZaXh Y]Zcbp`X\ c[ aX^XZ]cX ��� ������� �� ��� �� � ���
������r ydX Y[\bcb_X ]^h ^Xa]cb_X Y]Zcbp`X\ ZXYZX\X^c
\]eY`X\ fZ[e cdX x [b^c ]^h f]pc[Zb]` hb\cZboucb[^\ v ZXj
\YXpcb_X`lr ydX b^cXZ]pcb[^\ o XcsXX^ cdX\X Y]Zcbp`X\ ZXj
\u`c b^ ] \[`ucb[^ c[ cdX gik YZ[o`Xe r �YXpbq p]``lv
cdX Y[\bcb_X Y]Zcbp`X\ eu\c ZXY X` [^X ]^[cdXZ [Z ] hXj
aX^XZ]cX \[`ucb[^ s b`` o X [oc]b^Xh b^ sdbpd cdX hXe bwj
b^a fu^pcb[^ p[``]Y\X\ cdX h]c] c[ ] \b^a`X Y[b^c r ydX
Y[\bcb_X ]^h ^Xa]cb_X Y]Zcbp`X\ eu\c ]ccZ]pc [^X ]^j
[cdXZ c[ oZb^a cdX x [b^c ]^h cdX f]pc[Zb]` hb\cZboucb[^\
b^c[ ]`ba^eX^c r ydX ZXYX``b^a ]^h ]ccZ]pcb_X f[ZpX\ o Xj
csXX^ Y]Zcbp`X\ ]ZX YZ[Y[Zcb[^]` c[ ��� �� v sdXZX � b\
cdX hb\c]^pX o XcsXX^ Y]Zcbp`X\ r ydX X`XpcZbp f[ZpX\ [^
cdX Y]Zcbp`X\ ]ZX cZ]^\`]cXh b^c[ f[ZpX\ [^ cdX Y]Z]e j
XcXZ\ [f cdX hXe bw b^a fu^pcb[^ v ]^h ] \[`ucb[^ p[ZZXj
\Y[^h\ c[ cdX \c]cX b^ sdbpd cdX f[ZpX\ [^ Y]Zcbp`X\
p]^pX` r yXpd^bp]``lv cdX b^cXaZ]` [f cdX X`XpcZbp qX`h v
p]``Xh cdX � �������� © �� ����� v \XZ_X\ ]\ cdX [ox Xpcb_X
fu^pcb[^ f[Z cdX \X]Zpd r i[^\XtuX^c`lv cdX X`XpcZbp qX`h
\XZ_X\ ]\ cdX aZ]hbX^c [f cdX [ox Xpcb_X fu^pcb[^ s bcd
ZX\YXpc c[ X]pd h]c] Y[b^c v ]^h aZ]hbX^cjo]\Xh e Xcdj
[h\ p]^ oX ]YY`bXh c[ \dbfc cdX h]c] Y[b^c\� _b] cdX
hXe bw b^a e[hX` Y]Z]e XcXZ\� h[s^db`` r gf ] a[[h \[`uj
cb[^ b\ f[u^h f[Z cdX hXe bw b^a e[hX` Y]Z]e XcXZ\ v cdX
Y[\bcb_X pd]ZaX\ s b`` X^h uY \uYXZbeY[\Xh [^ cdX ^Xaj
]cb_X pd]ZaX\ v ]^h cdX ^Xc pd]ZaX hb\cZboucb[^ s b`` o X
u^bf[Ze `l �XZ[ cdZ[uad[uc cdX e bwb^a \Y]pX r

�uZ ]YYZ[]pd b\ ZX`]cXh c[ cdX bhX] [f ]^ b^f[Ze ]j
cb[^ f[ZpX ¢£� ¥ v sdXZX X]pd h]c] Y[b^c b\ \XX^ ]\ ZXj
Y X``b^a X]pd [cdXZ v `X]hb^a c[ ] u^bf[Ze x[b^c hb\cZbouj
cb[^ r �[sX_XZ v [uZ e Xcd[h b\ ^[c ZX\cZbpcXh c[ q^hb^a
u^bf[Ze hb\cZboucb[^\ r

k `cd[uad [uZ ]YYZ[]pd \XXe \ X`Xa]^c v cdX p[eYuj
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� bauZX £� ¡[b^c\ \]eY`Xh fZ[e cdX x [b^c hX^\bcl
]ZX Y[\bcb_X Y]Zcbp`X\ ]^h Y[b^c\ \]eY`Xh fZ[e cdX
e ]Zab^]` YZ[hupc ]ZX ^Xa]cb_X Y]Zcbp`X\ r

c]cb[^]` p[\c b\ dbad r   b_X^ � h]c] Y[b^c\ p[ZZX\Y[^hj
b^a c[ Y[\bcb_X Y]Zcbp`X\ v ]^h ]\\ue b^a sX aX^XZ]cX ]^
Xtu]` ^ueoXZ [f ^Xa]cb_X Y]Zcbp`X\ v cdX ^ueoXZ [f b^j
cXZ]pcb[^\ oXcsXX^ Y]Zcbp`X\ b\ � m� � n r

y[ e]�X cdX p[eYuc]cb[^ cZ]pc]o`X v sX b^cZ[hupX
\X_XZ]` ]YYZ[w be ]cb[^\ c[ hXpZX]\X cdX ^ueoXZ [f b^j
cXZ]pcb[^\ r ydX ]YYZ[w be ]cb[^\ ]ZX o]\Xh [^ ] q^bcXj
hb²XZX^pX eXcd[h b^ sdbpd sX hXq^X � Xtu]` \b�Xh b^j
cXZ_]`\ [^ X]pd hbe X^\b[^\ [f cdX hXe bwXh \Y]pX v sdbpd
hb_bhX\ cdX \Y]pX b^c[ � � dlYXZpuoX\ r ydX ]YYZ[wbj
e ]cb[^\ sX e ]�X ]ZX ]\ f[``[s \ r � bZ\c v sX ZXhupX cdX
^ueoXZ [f Y]Zcbp`X\ ol p]^pX`b^a [uc Y[\bcb_X ]^h ^Xaj
]cb_X Y]Zcbp`X\ mZ]^h[e `ln s bcdb^ X]pd dlYXZpuoX r ydX
ZX\u `c b\ cd]c X]pd dlYXZpuoX p[^c]b^ \ [^`l Y[\bcb_X [Z
^Xa]cb_X Y]Zcbp`X\ v [Z ^[^X ]c ]`` r �Xp[^h v Z]cdXZ cd]^
p[^\bhXZb^a cdX b^cXZ]pcb[^ oXcsXX^ Y]bZ\ [f b^hb_bhu]`
Y]Zcbp`X\ v sX p[^\bhXZ cdX b^cXZ]pcb[^ oXcsXX^ ]^ b^hbj
_bhu]` Y]Zcbp`X ]^h cdX e ]\\ X²Xpc [f ]`` Y]Zcbp`X\ b^
] dlYXZpuoX r ydbZh v Z]cdXZ cd]^ p[^\bhXZb^a cdX b^j
cXZ]pcb[^ oXcsXX^ ] Y]Zcbp`X ]^h cdX Y]Zcbp`X\ b^ X_XZl
dlYXZpuoX v sX p[^\bhXZ [^`l cdX b^cXZ]pcb[^\ s bcd cdX
^Xbado[Zb^a dlYXZpuoX\ r ydb\ ]YYZ[wbe ]cb[^ b\ x u\cbj
qXh oXp]u\X cdX X`XpcZbp qX`h hXpZX]\X\ dlYXZo[`bp]``l
s bcd cdX hb\c]^pX ³ p[^\XtuX^c`lv cdX ^Xbado[Zb^a dlj
YXZpuoX\ d]_X ] eupd aZX]cXZ X²Xpc [^ cdX qX`h cd]^
e[ZX hb\c]^c dlYXZpuoX\ r WX [^`l p[eYucX cdX f[ZpX
[f cdX ¤ � � ^X]ZX\c dlYXZpuoX\ [^ ] Y]Zcbp`X r

�����	
 
	
�� 	
���	 �� ��	 
 	����

ydX X`XpcZbpjqX`h e Xcd[h sX ]ZX YZ[Y[\b^a p[u`h ]`\[
oX _bXsXh fZ[e ] \[e Xsd]c hb²XZX^c YXZ\Y Xpcb_X ]\
p[^\cZupcb^a `[ p]` hX^\bcl ]YYZ[w be ]cb[^\ f[Z cdX x [b^c
]^h f]pc[Zb]` hb\cZboucb[^\ r ydX `[ p]` hX^\bcl ]YYZ[wj
be ]cb[^ b\ ] d b\c[aZ]e v [Z ] u^bf[Ze o[u^hXh �XZ^X` v

X\cbe ]cX r yd]c b\ v sX X\cbe ]cX cdX x [b^c hX^\bcl ol
hXcXZe b^ b^a ZX`]cb_X fZXtuX^pl [f cdX hXe bwXh h]c] b^
X]pd dlYXZpuoX r �l p[eY]Zb^a cdX x [b^c hX^\bcl mcdX
Y[\bcb_X Y]Zcbp`X\n s bcd cdX f]pc[Zb]` hX^\bcl mcdX ^Xa]j
cb_X Y]Zcbp`X\n v sX p]^ oZb^a cdX cs[ hb\cZboucb[^\ b^c[
]aZXXe X^c r � \b^a ] `[ p]`jhX^\bcl ]YYZ[w be ]cb[^ d]\
\X_XZ]` Y[cX^cb]` YZ[o`Xe \ r WX oZbX�l hb\pu\\ cdX\X
YZ[o`Xe \ ]^h d[s [uZ ]YYZ[]pd e b^be b�X\ cdX YZ[oj
`Xe \ r
T�� V���� �� � �� ���������� 

ydX eXe[Zlv p[eYuc]cb[^]` v ]^h­[Z \]eY`X ZXj
tubZXeX^c\ [f ] `[ p]`jhX^\bcl ]YYZ[w be ]cb[^ aZ[s Xwj
Y[^X^cb]``l b^ � v cdX ^ueoXZ [f e bwcuZX p[eY[^X^c\ r
ydX ^ueoXZ [f dlYXZpuoX\ ZXtubZXh b^ [uZ ]YYZ[]pd b\
� ! v ]^h cdX ]e[u^c [f h]c] ZXtubZXh c[ Y[Yu`]cX cdX
dlYXZpuoX\ s b`` ]`\[ aZ[s s bcd � ! r�

k`cd[uad sX p]^^[c ]`c[aXcdXZ ]_[bh cdX puZ\X [f
hbe X^\b[^]`bclv sX p]^ ]``X_b]cX bc c[ \[e X hXaZXX o]\Xh
[^ cs[ [o\XZ_]cb[^\ r � bZ\c v sX d]_X f[u^h XeYbZbp]``l
cd]c \e]`` � cX^h c[ s[Z� \uZYZb\b^a`l sX`` r �Xp[^h v
sX ]h[Yc ] eu`cbZX\[`ucb[^ ]YYZ[]pd b^ sdbpd sX \c]Zc
s bcd ] \e ]`` � ]^h cdX^ \Y`bc b^c[ ] `]ZaXZ ^ueoXZ [f
b^cXZ_]`\ ]\ ^XpX\\]Zlr
�� "�� �#��� �

$[ p]`jhX^\bcl ]YYZ[wbe ]cb[^\ d]_X cs[ pd]Z]pcXZj
b\cbp\ cd]c [fcX^ ZX\u`c b^ `[ p]` [Ycbe ] b^ ] \X]Zpd
\Y]pX r � bZ\c v `[ p]` hX^\bcl ]YYZ[w be ]cb[^\ [fcX^ YZ[j
hupX ZXab[^\ [f u^bf[Ze hX^\bcl ³ f[Z Xw]eY`X v s bcd
cdX db\c[aZ]e ]YYZ[w be ]cb[^ v ]`` Y [b^c\ s bcdb^ ] dlj
Y XZpuoX ]ZX ]\\ba^Xh cdX \]e X hX^\bclr �Xp[^h v X]pd
h]c] Y[b^c ]²Xpc\ cdX hX^\bcl X\cbe ]cX b^ [^`l ] `be j
bcXh ZXab[^ [f cdX \Y]pX r k \ ] ZX\u `c [f cdX\X cs[
pd]Z]pcXZb\cbp\ v aZ]hbX^cjo]\Xh cXpd^btuX\ cX^h c[ o Xj
p[e X \cup� b^ `[ p]` [Ycbe ] v o Xp]u\X \dbfcb^a ] h]c]
Y[b^c ] \e ]`` ]e[u^c mZX\u`cb^a fZ[e ] \e ]`` ]hx u\cj
e X^c cdX hXe bwb^a e[hX` Y]Z]e XcXZ\n s b`` ^[c ]²Xpc
cdX hX^\bcl ]YYZ[w be ]cb[^ v XbcdXZ `[ p]``l� huX c[ cdX
qZ\c pd]Z]pcXZb\cbp� [Z ^[^`[ p]``l� huX c[ cdX \Xp[^h
pd]Z]pcXZb\cbp r WX e bcba]cX cdX\X YZ[o`Xe \ c[ ] hXj
aZXX s bcd cdX X`XpcZbpjqX`h ]YYZ[]pd oXp]u\X cdX b^j
cXZ]pcb[^\ ]ZX ^[c dlYXZpuoXjc[jdlYXZpuoX v ouc Z]cdXZ v
dlYXZpuoXjc[jY]Zcbp`X r

% | �
TQ}�S �
 T�
 Q&&U�QV�

ydX Y]Z]e XcXZ � v cdX ^ueoXZ [f b^cXZ_]`\ b^c[ sdbpd
X]pd hbe X^\b[^ b\ Y]Zcbcb[^Xh v p[^cZ[`\ ] ob]\j_]Zb]^pX

'()* + ,-./0 12 3/- -., /345 /3, -.6- 7/)40 2)8,* 9*/+ -.,
7)*2, /9 0 1+ ,321/3641-5: ;/* ,<6+=4, > 13 ?@A > 63 B -. /*0,* 6=C
=*/<1+ 6-1/3 /9 6 D C01+ ,321/364 012-*1E)-1/3 *,F)1*,2 -.6- B G
7)+)463-2 E , 7647)46-,0 > *,2)4-13H 13 63 ,<=/3,3-164 24/I 13H /9
-., 64H/*1-.+ I 1-. -., 01+ ,321/3641-5 /9 -., + 1<-)*, 2=67, :
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cZ]hX [² r gf � b\ `]ZaX v cdX _]Zb]^pX s b`` o X dbad ]^h
cdX gik \[`ucb[^ s b`` hXYX^h [^ cdX Y]Zcbpu`]Z h]c]
\]eY`X ]_]b`]o`X ³ bf � b\ \e ]`` v cdX ob]\ s b`` o X d bad v
]^h cdX ]`a[Zbcde s b`` d]_X hb± pu`cl ]ppuZ]cX`l e[hX`j
b^a cdX YZ[o]ob`bcbX\ hX^\bcbX\ r ydXZXf[ZX v sX oXab^ cdX
\X]Zpd f[Z cdX hXe bw b^a e[hX` u\b^a ] \e ]`` � v � � ¤ v
]^h h[uo`X � ]fcXZ ] qwXh ^ueoXZ [f bcXZ]cb[^\ u^cb`
� ZX]pdX\ ] qwXh uYYXZ `be bc \YXpbqXh ol cdX [Ycbj
e ]` o]^hs bhcd �� [f cdX db\c[aZ]e X\cbe ]c[Z v sdbpd
e b^be b�X\ cdX e X]^ b^cXaZ]cXh \tu]ZXh XZZ[Z r �� b\ [oj
c]b^Xh fZ[e ] ob]\j_]Zb]^pX ]^]`l\b\ f[Z �XZ^X` hX^\bcl
X\cbe ]c[Z\ r

�[Z X]pd bcXZ]cb[^ [f cdX X`XpcZbpjqX`h e Xcd[h v cdX
� jhbe X^\b[^]` aZbh cd]c hXq^X\ cdX dlYXZpuoX\ b\
\d bfcXh [^ X]pd hbe X^\b[^ � ol ] Z]^h[e _]`uX b^
¢� ��

� � ��� ¥ v sdXZX �� b\ cdX dlYXZpuoX XhaX `X^acd [^
hbeX^\b[^ � r ydb\ Z]^h[e b�]cb[^ d]\ cdX beY[Zc]^c Xfj
fXpc [f \e[[cdb^a X\cbe ]cXh _]`uX\ [f ^Xbado[Zb^a dlj
YXZpuoX\ r

g^ p[eYucb^a cdX hb\c]^pX o XcsXX^ ]^ b^hb_bhu]`
Y]Zcbp`X 	 ]^h cdX \Xc [f Y]Zcbp`X\ b^ ] dlYXZpuoX v sX
cZX]c ]`` Y]Zcbp`X\ b^ cdX dlYXZpuoX ]\ o Xb^a `[ p]cXh b^
cdX \]e X Y[\bcb[^� ]`[^a cdX XhaX [f cdX dlYXZpuoX ]c
cdX Y[b^c ^X]ZX\c c[ Y]Zcbp`X 	 r

k \ ] hXe bw b^a e[hX` sX u\Xh ] [^Xjd bhhX^j`]lXZ
^XuZ]` ^Xcs[Z� cZ]b^Xh ol o]p� YZ[Y]a]cb[^ r y[ YZXj
_X^c cdX hXaX^XZ]cX \[`ucb[^ b^ sdbpd cdX hXe bw b^a
fu^pcb[^ e ]Y\ ]`` h]c] c[ ] \b^a`X Y[b^c v ]^h c[ e ]�X
cdX fu`` aZbh v sX ZX\p]`X cdX aZbh c[ cdX Z]^aX [f e bw b^a
e[hX` [ucYuc\ r

ydX p[eYuc]cb[^]` p[eY`Xw bcl [f [uZ ]`a[Zbcde b\
� m`[a m� n 
 � n Y XZ h]c] Y[b^c v sdXZX � m� n � � m� � n
b\ cdX ^ueoXZ [f Y]Z]e XcXZ\ b^ [uZ hXe bw b^a fu^pcb[^ r
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 |{| S�# ���������� S���"� � �����������
WX oXab^ s bcd ]^ XwYXZbe X^c u\b^a q_X \uYXZa]u\\b]^
\[uZpX\ r �X^[cb^a cdX  ]u\\b]^ hX^\bcl s bcd e X]^ �
]^h \c]^h]Zh hX_b]cb[^ � ol � m� ³ � � � n v cdX \[uZpX hX^j
\bcbX\ ]ZX ab_X^ ol
�

�� �� � �� �� � � �� � � � ! � �
�� �� � �� �� � � �� � �! � �

�� �� � �� �� � "� �� � � ��! �
�

�� �� � �� �� � "� � � � �#! � �
�� �� � �� �� � � �� � � �$! �

WX u\Xh ]\ ] hXe bw b^a e[hX` ] `b^X]Z ^XuZ]` ^Xc
cZ]b^Xh s bcd £°°° qwXh Xw]eY`X\ ]^h ] `X]Z^b^a Z]cX
[f ° r°°°° £r � s]\ qwXh ]c ¤ ³ cdXZX s]\ ^[ h[uo`b^a [f
� r ydX ^Xcs[Z� s]\ cZ]b^Xh f[Z £°°°°° XY[ pd\ v sdbpd
c[[� ]o[uc ]^ d[uZ [^ ] ¡i r W bcd ] `]ZaXZ `X]Z^b^a
Z]cX v ZX\u`c\ ]ZX [oc]b^Xh f]\cXZ ouc cdXl ]ZX ^[c ]\
Xw]pc r

ydX e bwb^a e ]cZbw eu`cbY `bXh ol cdX hXe bwb^a b\ �
%� &��#' � &���$ %� &���� ( )*+(, %� &� ��$-( )+.+/ � &���0 � &�'�# %� &��#� � &��0�
%� &��10 %� &� �� ( )*2// � &��� � &��0�
%� &�#1� -( )+344 %� &��'1 � &��#1 %� &�#��%� &�'1� %� &��#� %� &���� %� &���� ( )*55,¡XZfXpc b^_XZ\b[^ [f cdX e bw b^a YZ[pX\\ b\ b^hbp]cXh ol

]^ bhX^cbcl e ]cZbw v \uox Xpc c[ ] YXZeuc]cb[^ ]^h \p]`j
b^a cZ]^\f[Ze ]cb[^ r g^ \upd ] e ]cZbw v X]pd Z[s s b``
p[^c]b^ [^X ^[^�XZ[ _]`uX ]^h cdX ZXe]b^hXZ [f _]`uX\
s b`` ]`` o X �XZ[ r k \ [^X p]^ \XX v [uZ ZX\u`c b^hbp]cX\
^X]Z bhX]` YXZf[Ze ]^pX r
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g^ cdb\ XwY XZbe X^c v sX u\Xh cdZXX \[uZpX\ v cs[ [f sdbpd
d]h cs[ \uYXZa]u\\b]^ e[hX\ v ]^h [^X [f sdbpd d]h
[^X \uYXZa]u\\b]^ e[hX mc[Y Z[s [f � bauZX ¤n r ydX
e[hX\ sXZX hXq^Xh ]\ �8 9 �� � m� �� ³ � � � n r ydX Y]Z]e Xj
cXZ\ sXZX cdX \]e X ]\ b^ cdX YZX_b[u\ XwYXZbe X^c ouc
sX \c]ZcXh s bcd � � � v sdbpd s]\ h[uo`Xh X_XZl ¬°°°°
XY[ pd\ huZb^a cdX ¤°°°°° cZ]b^b^a XY[pd\ r � bauZX ¤
\d[s \ cdX ZX\u`c\ r
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Recovered sources 2 and 3

Sources

Mixtures

Recovered Sources

� bauZX ¤ � �[Z ] cdZXXjhbeX^\b[^]` `b^X]Z e bwcuZX
YZ[x Xpcb[^\ [f \[uZpX\ m£\c `b^Xn v e bwcuZX\ m¤^h `b^Xn
]^h \[uZpX\ ZXp[_XZXh ol [uZ ]YYZ[]pd m¯Zh `b^Xn [^
] cs[jhbeX^\b[^]` Y`]^X ]ZX \d[s^ r
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g^ cdb\ XwY XZbe X^c v sX u\Xh f[uZ \[uZpX\ v cdZXX s bcd
cs[ e[hX\ ]^h [^X s bcd [^X e[hX v sdXZX X]pd e[hX
s]\  ]u\\b]^ r ydX \[uZpX hX^\bcbX\ sXZX �

£
¤ � m� ³ ° �® � ° �¤n 
 £

¤ � m� ³ �° �� � ° �¤n �£
¯ � m� ³ ° �® � ° �£n 
 ¤

¯ � m� ³ �° �¯ � ° �£n �£
® � m� ³ £ �¬ � ° �¯n 
 ¯

® � m� ³ ° � £n �
£

¯� �� � m� �� ³ ° � £n �

k`` Y]Z]e XcXZ\ sXZX ]\ b^ cdX YZX_b[u\ XwYXZbe X^c ouc
cdX `X]Z^b^a Z]cX u\Xh s]\ ° r° £v ]^h cdX \beu`]cb[^
s]\ \c]ZcXh s bcd � � ¤ ]^h � s]\ h[uo`Xh X_XZl ¯°°°
XY[ pd\ r WX cZ]b^Xh f[Z £°°°° XY[ pd\ r ydX YZ[hupc [f
cdX e bw b^a ]^h hXe bwb^a e ]cZbpX\ b\ �

( )2234 � &��## � &���� � &��'$
%� &��00 %� &��0 -( )+2,/ %� &��'1� &���� ( ).+2* � &��'� � &����
%� &��� � � &���' %� &���1 ( )+4(3


 |
 | ~ �������� � �� ���
g^ cd b\ q^]` XwY XZbe X^c v sX cZbXh c[ ZXp[_XZ \[uZpX\
fZ[e cs[ ^[^`b^X]Z e bwcuZX\ r ydX cs[jhbe X^\b[^]`
e bw b^a fu^pcb[^ sX u\Xh s]\ � �� m� n � m� 
 � n� ]^h
�� m� n � �� 
 � v sdXZX � b\ ] p[eY`Xw _]Zb]o`X hX^[cj
b^a cdX \[uZpX h]cue v ]^h � b\ cdX p[eY`Xw p[^\c]^c
¯ 
 ¯� r ydX \]eX hX^\bcl s]\ u\Xh f[Z o[cd \[uZpX\ �

£
®� �� � m� �� ³ ° � ° �®n 
 £

�� m� ³ ¤ � ° �°¯n 
 £
�� m� ³ �¤ � ° �°¯n

WX u\Xh ] [^XjdbhhX^j`]lXZ \bae[bh]` ^XuZ]` ^Xc s bcd
¬° dbhhX^ u^bc\ ]\ cdX hXe bw b^a e[hX` r k \Xc [f £°°°°°
cZ]b^b^a Y[b^c\ s]\ aX^XZ]cXh v [f sdbpd £°°° s]\ u\Xh
[^ X]pd XY[ pd [f cZ]b^b^a r ydX `X]Z^b^a Z]cX s]\ ° r° £r
ydX \beu`]cb[^ s]\ \c]ZcXh s bcd � � ¤ ]^h � s]\
h[uo`Xh X_XZl £°°°°° XY[ pd\ r WX cZ]b^Xh f[Z ¬°°°°°
XY[ pd\ r � bauZX ¯ \d[s \ cdX \[uZpX\ v e bwcuZX\ v ]^h ZXj
p[_XZXh \[uZpX\ r �^X p]^^[c XwYXpc ]^ Xw]pc b^_XZ\b[^
[f cdX e bwb^a fu^pcb[^ v oXp]u\X ^[^`b^X]Z b^hXY X^hX^c
p[eY[^X^c ]^]`l\b\ d]\ ^[ u^btuX \[`ucb[^ u^`X\\ cdX
f[Ze [f cdX hXe bwb^a fu^pcb[^ b\ ZX\cZbpcXh ¢£¤¥ r

� | V�~ V�� S}�~
g^ cd b\ Y]YXZ v sX b^cZ[hupXh ] ^[_X` ]`a[Zbcde f[Z gik
cd]c b\ o]\Xh [^ ]^ X`XpcZbp qX`h ]^]`[alr ydX ]`a[j
Zbcde p]^ b^ YZb^pbY`X d]^h`X ]ZobcZ]Zl hb\cZboucb[^\ f[Z
cdX \[uZpX\ v ^[^`b^X]Z e bw b^a fu^pcb[^\ v ^[b\l [o\XZ_]j
cb[^\ v ]^h ]^ u^Xtu]` ^ueoXZ [f \[uZpX ]^h e bwcuZX
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Sources Mixtures Recovered Sources

� bauZX ¯ � �[Z cs[ cs[jhbe X^\b[^]` ^[^`b^X]Z e bw b^a
fu^pcb[^\ mqZ\c `b^X m� 
 � n� \Xp[^h `b^X �� 
 �n cdX
\[uZpX\ v e bwcuZX\ ]^h ZXp[_XZXh \[uZpX\ ]ZX \d[s^ r
ydX e bw b^a fu^pcb[^ b\ ^[c p[eY`XcX`l b^_XZcXh ouc
cdX \[uZpX\ ]ZX ZXp[_XZXh ZXp[a^b�]o`X r

p[eY[^X^c\ r ydX XwYXZbe X^c\ \d[sXh cd]c [uZ ]`a[j
Zbcde b\ ^[c `be bcXh c[ \Y Xpb]` hb\cZboucb[^\ ]^h p]^
ZXp[_XZ ^[^`b^X]Z e bwXh \[uZpX\ r

�uZ ]`a[Zbcde h[X\ ^[c \p]`X sX`` s bcd cdX hbeX^j
\b[^]`bcl [f cdX \[uZpX \Y]pX v ]^h dX^pX bc b\ e [\c u\Xj
fu` f[Z `[sjhbe X^\b[^]` YZ[o`Xe \ r gf cdX \XY]Z]cb[^ p]^
oX h[^X \cXYs b\X v b rX rv ol cZX]cb^a ]`` ouc [^X \[uZpX
]\ ^[b\X [Z ]\ ] \b^a`X \Xp[^h \[uZpX v cd b\ `be bc]cb[^
b\ ^[c ] \XZb[u\ YZ[o`Xe r §[ZX[_XZ v e ]^l ZX]` s[Z`h
]YY`bp]cb[^\ ]ZX b^ f]pc `[s hbe X^\b[^]` v X ra rv \XY]Z]j
cb[^ [f ] \ba^]` fZ[e ^[b\X v u \XZ­\leo[`­pd]^^X` bhX^j
cbqp]cb[^ b^ cX`Xp[eeu^bp]cb[^\ v [Z eu`cbjc]a Z]hb[j
fZXtuX^pl ]ucd[Zb�]cb[^ f[Z X^cXZb^a ] oub`hb^a r
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e ]wbe b�]cb[^ ]YYZ[]pd c[ o`b^h \XY]Z]cb[^ ]^h
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 ����� ���� ������� v
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¢¤¥   r �uZX` r � `b^h \XY]Z]cb[^ [f \[uZpX\ � k ^[^`b^X]Z
^XuZ]` ]`a[Zbcde r 
 ����� 
 ��� ��
�v ¬ m«n ��¯¦��®¦ v
£��¤ r

¢¯¥ 	 rj� r i]Zh[\[ ]^h � r $]dX`h r ªtub_]Zb]^c ]h]Ycb_X
\[uZpX \XY]Z]cb[^ r ���� ������������ �� � �����
� ��������� v ®® �¯° £¦�¯°¯° v £��« r

¢®¥ 	 rj� r i]Zh[\[ ]^h k r �[u`[ue b]p r � `b^h
oX]ef[Ze b^a f[Z ^[^  ]u\\b]^ \ba^]`\ r ���
� ��������� ��� v £®° m«n �¯«¤�¯¦° v £��¯ r
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¢¬¥ k r ibpd[ p�b v � r �^oXd]uX^ v $ r § [\�p�l^\�b v ]^h
ª r �ueeXZc r k ^Xs [^j`b^X ]h]Ycb_X ]`a[Zbcde
f[Z o`b^h \XY]Z]cb[^ [f \[uZpX \ba^]`\ r g^ � ����
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¢«¥ ¡r i[e[^ r g^hXY X^hX^c p[eY[^X^c ]^]`l\b\ � ]
^Xs p[^pXYc� � �� � � ����v ¯« m¯n �¤�¦�¯ £® v £��® r

¢¦¥   r � Xp[ ]^h W r � Z]uXZ r z[^`b^X]Z dbadXZj[ZhXZ
\c]cb\cbp]` hXp[ZZX`]cb[^ ol _[`ue Xjp[^\XZ_b^a
^XuZ]` ]ZpdbcXpcuZX\ r 
 ����� 
 ��� ��
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¬¯¬ v £��¬ r

¢�¥ � r � X_b``X r geYZ[_Xh eu`cbjc]a Z]hb[jfZXtuX^pl
bhX^cbqp]cb[^ \l\cXe \ o]\Xh [^ ^Xs \[uZpX \XYj
]Z]cb[^ ^XuZ]` ^Xcs[Z�\ r g^ gik ��� � £�� ¤® v £��� r

¢�¥ � r �[ pdZXbcXZ ]^h 	 r �pde bhduoXZ r �X]cuZX XwcZ]pj
cb[^ cdZ[uad $�i�i��ª r 
 ����� ���� �������v
££m¯n �«¦�� ¦£® v £��� r

¢£°¥ k r �l_ �]Zb^X^ r �uZ_Xl [^ b^hXY X^hX^c p[eY[^X^c
]^]`l\b\ r 
 ����� ���� � �������v ¤ ��®� £¤� v £��� r

¢££¥ k r �l_ �]Zb^X^ ]^h ª r �x ] r k f]\c qwXhjY[b^c ]`a[j
Zbcde f[Z b^hXY X^hX^c p[eY[^X^c ]^]`l\b\ r 
 �����
���� ������� v � m¦n �£®�¯� £®�¤ v £��� r

¢£¤¥ k r �l_ �]Zb^X^ ]^h ¡r ¡]xu^X^ r z[^`b^X]Z b^hXY X^j
hX^c p[eY[^X^c ]^]`l\b\ � ªw b\cX^pX ]^h u^btuXj
^X\\ ZX\u`c\ r 
 ����� 
 ��� �v £¤ m¯n �®¤��®¯� v £��� r

¢£¯¥ i r 	uccX^ ]^h 	 r �XZ]u `c r � `b^h \XY]Z]cb[^ [f
\[uZpX\ v Y]Zc g � k^ ]h]Ycb_X ]`a[Zbcde o]\Xh
[^ ^XuZ[e be Xcbp ]ZpdbcXpcuZX r � �� ��� � ��������� v
¤® m£n �£� £° v £�� £r

¢£®¥ y rjW r $XX v k r 	 r �X`` v ]^h � r � r $]eoXZc r � `b^h
\XY]Z]cb[^ [f hX`]lXh ]^h p[^_[`_Xh \[uZpX\ r g^
zg¡� �� v Y]aX\ ¦¬�� ¦«® v £��¦ r

¢£¬¥ y rjW r $XX v § r  bZ[`]e b v ]^h y r 	 r �Xx ^[s \�b r
g^hXYX^hX^c p[eY[^X^c ]^]`l\b\ u \b^a ]^ Xwj
cX^hXh b^f[e ]w ]`a[Zbcde f[Z e bwXh \uoa]u\\b]^
]^h \uYXZa]u\\b]^ \[uZpX\ r 
 ����� ���� �������v
££m¤n �® £¦�®® £v £��� r

¢£«¥ y rjW r $XX v � rj� r � �[d`XZ v ]^h � r � Za`e Xb\cXZ r
� `b^h \[uZpX \XY]Z]cb[^ [f ^[^`b^X]Z e bw b^a e[hj
X`\ r g^ ���� � ��� � � �

 � � ������v Y]aX\ ®°«�® £¬ v
£��¦ r

¢£¦¥ y rjW r $XX v § r � r $Xs bp�b v § r  bZ[`]e b v ]^h y r 	 r
�Xx ^[s \�b r � `b^h \[uZpX \XY]Z]cb[^ [f e [ZX \[uZpX\
cd]^ e bwcuZX\ u\b^a [_XZp[eY`XcX ZXYZX\X^c]cb[^\ r
���� � �� ��� � ��������� 	������v £��� r b^ YZX\\ r

¢£�¥   r i r § ]ZtuX\ ]^h $ r � r k `e Xbh] r �XY]Z]cb[^
[f ^[^`b^X]Z e bwcuZX\ u\b^a Y]ccXZ^ ZXYu`\b[^ r g^
gik ��� � ¤¦¦�¤�¤ v £��� r

¢£�¥ ¡r ¡]xu^X^ v k r �l_ �]Zb^X^ v ]^h 	 r � ]Zdu^X^ r z[^j
`b^X]Z o`b^h \[uZpX \XY]Z]cb[^ ol \X`fj[Za]^b�b^a
e ]Y\ r g^ � r ke ]Zb Xc ]` rv Xhbc[Z v � ��� ���� �� 
 ���
��� ��© ��� ����� � ��������� v _[`ue X ¤ v Y]aX\ £¤°¦�
£¤£° r �YZb^aXZ v £��¦ r

¢¤°¥ ¡r ¡]xu^X^ ]^h 	 r � ]Zdu^X^ r k e]wbeue `b�Xj
`bd[[h ]YYZ[]pd c[ ^[^`b^X]Z o`b^h \[uZpX \XY]Z]j
cb[^ r g^ W r  XZ\c^XZ v k r  XZe[^h v § r �]\`XZ v ]^h
	 rj� r z bp[uh v Xhbc[Z\ v � ��������� � �© �� � ��������
������ ���© ������ �� ����� ���� 
 ����� 
 ��� ��
��	�������� �� ��
 ������v Y]aX\ ¬® £� ¬®« r £��¦ r

¢¤ £¥ � r k r ¡X]Z`euccXZ ]^h $ r i r ¡]ZZ] r § ]wbeue
`b�X`bd[[h o`b^h \[uZpX \XY]Z]cb[^ � k p[^cXwcj
\X^\bcb_X aX^XZ]`b�]cb[^ [f gik r g^ zg¡� �� v Y]aX\
« £¯�« £� v £��¦ r

¢¤¤¥ y r � b\c]^bXe b ]^h 	 r 	[uc\X^\]`[ r �^ cdX YXZf[Zj
e ]^pX [f o `b^h \[uZpX \XY]Z]cb[^ b^ i�§k h[s^j
`b^� r g^ gik ��� � ®¯¦�®®¤ v £��� r

¢¤¯¥ 	 r �pde bhduoXZ r $X]Z^b^a f]pc[Zb]` p[hX\ ol YZXj
hbpc]ob`bcl e b^ be b�]cb[^ r 
 ����� ���� ������� v
® m«n ��«¯��¦� v £��¤ r

¢¤®¥ k r y]`Xo ]^h i r 	uccX^ r �]cpd ]`a[Zbce f[Z \[uZpX
\XY]Z]cb[^ b^ Y[\c^[^`b^X]Z e bwcuZX\ r g^ gik ��� �
£¬¬� £«° v £��� r

¢¤¬¥   r �]^a ]^h � r ke ]Zb r kh]Ycb_X [^`b^X `X]Z^ b^a
]`a[Zbcde \ f[Z o`b^h \[uZpX \XY]Z]cb[^ � § ]wbeue
X^cZ[Yl ]^h e b^beue eucu]` b^f[Ze ]cb[^ r 
 �����
���� ������� v � m¦n �£®¬¦� £®�¤ v £��¦ r

¢¤«¥ � r � r �]^a v � r ke ]Zb v ]^h k r ibpd[ p�b r g^f[Zj
e ]cb[^ o]p�jYZ[Y]a]cb[^ f[Z o`b^h \XY]Z]cb[^ [f
\[uZpX\ fZ[e ^[^j`b^X]Z e bwcuZX\ r g^ � ��������� �
�© �� � ������������� ���© ������ �� 
 ����� 
 ���
� ��
�v Y]aX\ ¤£® £� ¤£®« r �[u\c[^ v ��k v £��« r

¢¤¦¥ § r � bou`X_\�l ]^h � r k r ¡X]Z`euccXZ r � `b^h
\[uZpX \XY]Z]cb[^ ol \Y]Z\X hXp[eY[\bcb[^ r yXpdj
^bp]` �XY[Zc i���j £ v i[eYucXZ �pbX^pX � XY]Zcj
e X^c v �^b_ r [f zXs §Xwbp[ v k `outuXZtuX v £��� r
kooZX_b]cb[^\ �
m£n � gik ��� � 	 rj� r i]Zh[\[ v i r 	uccX^ v ]^h
¡r $[uo]c[^ v Xhbc[Z\ v � ���������� �© �� � � ���� ���
����������� ���
�� �� �� ����� ������ ���� �����
�������� ��� � ����� � �� ������� � �������� ������r
m¤n � zg¡� �� � § r i r §[�XZ v § r g r 	[Zh]^ v ]^h
y r ¡Xc\pdX v Xh rv � ������� �� 
 ����� ��© ��� �����
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