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[\ ]\^_`ab\ cdd\efd^ dg bhai] cj cffia_cdagjk
aj]\f\j]\jd eg]\i dg ^hffg`d `\_gj_aiacdagj gl ]ak
m\`n\] `\f ia_c^ gl ^oc`\] gbp \_d^ q [ oai\ `\fia_c^ c`\]a^_gjj\_d\] l`ge gj\ cjgdo\` r c_dagj^ gj do\ ^oc`\]
gbp \_d^ c`\ `\_g`]\] aj c ign q sj c_dagj a^ _gefg^\]
gl c f`\_gj]adagj r cj gf\`cdagj cj] c fg^d_gj]adagj q
[ o\j `\_gjj\_dajn r do\ ^t^d\e cdd\efd^ dg `\_gj_ai\
do\ ]am\`n\jd `\fia_c^ r aj ^\m\`ci foc^\^ q s ^tebgia_
foc^\ e \`n\^ do\ ^\fc`cd\ ign^ r _`\cdajn gj\ g` eg`\
^_o\]hi\^ r ^h_o docd f`\_gj]adagj^ l`ge gj\ ign `\k
e caj d`h\ ]\^fad\ do\ fg^d_gj]adagj^ ajd`g]h_\] bt
do\ gdo\` q uo\j r c ^aehicdagj foc^\ _o\_v^ do\ fg^k
^ab i\ ghd_ge \^ bt c_dhciit cffitajn do\ ^_o\]hi\^ dg
^_`cd_o _gfa\^ gl do\ ^oc`\] gbp \_d^ q w ajciitr c ^\i\_k
dagj foc^\ ciigx ^ h^\`^ g` cffia_cdagj^ dg ^\i\_d gj\
gl do\ _cj]a]cd\ ^_o\]hi\^ q
yh` cff`gc_o ^hffg`d^ ^oc`ajn n\j\`ci gbp \_d^ r

xo\`\ gj\ hf]cd\ e ct `\l\`\j_\ ehidaf i\ gbp \_d^ zjgd
p h^d c ^ajni\ { i\ g` ]cdcbc^\| q }gefc`\] dg f`\makgh^ xg`v gj ignkbc^\] `\_gj_aiacdagj r gh` ign^ _cfdh`\
eg`\ ^\e cjda_ ajlg`e cdagj cj] f`gma]\ do\ cffia_ckdagj x ado eg`\ fgx\`lhi cj] {j\` _gjd`gi gm\` do\ghd_ge \ gl `\_gj_aiacdagj q
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�j egbai\ _gefhdajn do\`\ a^ gld\j do\ j\\] lg` ]a^k
_gjj\_d\] gf\`cdagj q uo\ h^\` xg`v^ gj c ig _ci `\fiak
_c gl ^oc`\] ]cdc � hf]cd\^ _ch^\ `\fia_c^ dg ]am\`n\ rcj] icd\` do\t eh^d b\ `\_gj_ai\] q }ggf\`cdam\ cfkfia_cdagj^ c`\ fc`da_hic`it c�\_d\] b\_ch^\ ehidafi\
h^\`^ ect ^aehidcj\gh^it hf]cd\ do\ ^ce \ ]cdc x ado
jg ehdhci ^tj_o`gja^cdagj q
uo\`\ a^ jg lhiit chdge cda_ ^gihdagj dg `\_gj_aiack

dagj r ^aj_\ ad ]\f\j]^ ^d`gjnit gj cffia_cdagj ^\e cjk
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d a_^ cj] gj h^\`^ ³ ajd\jd^ q ´gx\m\` x\ c`\ ]\^anjajnc e a]]i\xc`\ ficdlg`e dg dcv\ ^ge \ gl do\ bh`]\j
cxct l`ge cffia_cdagj^ q [\ \µd\j] do\ ¶ctgh ·¸¹
e g]\i gl ign^ docd ^dg`\ cffia_cdagjk^f \_a{_ ajlg`e ck
dagj bhd c`\ `\_gj_ai\] c__g`]ajn dg cj cffia_cdagjk
aj]\f\j]\jd f`gdg _gi q yh` eg]\i f`gma]\^ n`\cd\`gffg`dhjadt lg` do\ cffia_cdagj dg \µf`\^^ ad^ ^\ecjk
da_^ cj] dg ajºh\j_\ do\ ghd_ge\ gl do\ `\_gj_aiack
dagj f`g _\^^ q [\ b\ia\m\ doa^ x aii `\]h_\ do\ igc] gjdo\ cffia_cdagj f`gn`cee\` q yh` `\_gj_aiacdagj cingk
`adoe dcv\^ ajdg _gj^a]\`cdagj c ic`n\` ^\d gl fg^^abi\
^_o\]hi\^ r doh^ f`gma]ajn eg`\ º\µ abaiadtq
uo\ e cjcn\e \jd gl ^oc`\] ]cdc g __h`^ aj ^\m\`ci]a^daj_d foc^\^ q �j do\ »¼½¾¿ÀÀÁ¾ÂÁ» foc^\ r do\ h^\`

zdo`ghno cj cffia_cdagj | `\c]^ cj] x`ad\^ ig _ci `\f iak
_c^ gl ^oc`\] gbp \_d^ qÃ Ä ^\` c_dagj^ c`\ ignn\] aj c
ign x ado c n`cfo ^d`h_dh`\ q s jg]\ gl doa^ n`cfo _gjk
dcaj^ cj gf\`cdagj r cigjn x ado c^^\`dagj^ ]\^_`abajn
ad^ e \cjajn q [ o\j dxg ]\ma_\^ e\\d r do\t \µ_ocjn\do\a` ign^ z^dc`dajn l`ge c f`\magh^ _geegj _o\_vkfgajd| q s ½ÅÆ Ç¿È¼¾ foc^\ n\j\`cd\^ c j\x ign r _ge k
fg^ajn do\ dxg ^hbe add\] ign^ hj]\` do\ _gj^d`cajd^
aefg^\] bt do\ c^^\`dagj^ r gl xoa_o ehidafi\ fg^^abi\
^_o\]hi\^ _cj b\ ]\]h_\] q s ½¼ÆÉÈÊÂ¼¿À foc^\ _ge k
fhd\^ do\ fg^^abi\ ghd_ge \^ l`ge doa^ ^_o\]hi\ r cj]
c ½ÁÈÁ¾Â¼¿À foc^\ i\d^ do\ cffia_cdagj ]\_a]\ b\dx\\j
do\e q uo\ `\^d gl doa^ fcf\` lg _h^\^ gj do\ ^tebgia_
foc^\ q
uoa^ fcf\` f`g_\\]^ c^ lg iigx ^ q Ë\_dagj Ì _gefc`\^

doa^ x ado f`\magh^ xg`v q Ë\_dagj Í ]a^_h^^\^ ^ge \
\µf\`ae \jd^ docd b`ghnod h^ dg gh` _h``\jd ]\^anj r
xoa_o a^ \µficaj\] aj ]\dcai aj Ë\_dagj Î q �j Ë\_dagj Ï
cj \µcefi\ ^ogx ^ do\ fgx\` gl doa^ j\x cff`gc_o q
w ajciit Ë\_dagj ¸ _gj_ih]\^ x ado gf\j a^^h\^ q
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�gdh^ �gd\^ ·Í¹ a^ x\iikvjgxj c^ f`gma]ajn ^hffg`dlg` _giicbg`cdam\ _gefhdajn xoai\ ]a^_gjj\_d\] q �d
]\d\_d^ cj] `\^gim\^ hf]cd\ _gjºa_d^ q ´gx\m\` r ad gjkit ^hffg`d^ c {µ\] ^\d gl cffia_cdagj^ q �d^ `\^gihdagj
fgia_a\^ c`\ oc`] x a`\] � lg` aj^dcj_\ r cj hf]cd\�]\i\d\
_gjºa_d cixct^ nam\^ f`ag`adt dg do\ ]\i\d\ gf \`cdagj quo\ }� Ë ·Ì¹ a^ c ^gh`_\ _g]\ m\`^agjajn dggi q � \k
m\igf \`^ ecjcn\ do\a` gxj `\fia_c^ r cj] c `\fg^adg`togi]^ do\ e c^d\` _gft gl \c_o { i\ q }go\`\j_\ a^ e cjk
cn\] bt ]\m\igf\`^ do\e ^\im\^ r ^g xo\j do\t x a^odg ^tj_o`gja^\ x ado do\ `\fg^adg`tr do\t `\d`a\m\ do\e c^d\` l`ge do\ `\fg^adg`t cj] cdd\efd dg ajd\n`cd\
do\a` e g]a{_cdagj^ q }� Ë ]\d\_d^ _gjºa_d^ zdo\ ^ce \
fc`d gl do\ { i\ oc^ b \\j hf]cd\] bt dxg ]a�\`\jd h^\`k
^| bhd do\j `\	ha`\^ do\ h^\` dg ^gim\ do\e q¶ctgh ·¸¹ f`gma]\^ cj cffia_cdagjkaj]\f \j]\jd `\_kgj_aiacdagj f`gdg _gi lg` c ^ajni\ `\fia_cd\] ]cdcbc^\
^hffg`dajn egbai\ h^\`^ q 
\fia_c^ \m\jdhciit _gjk
m\`n\ dgxc`]^ do\ ^ce \ mcih\ q �c_o x`ad\ gf \`cdagj a^ignn\] cj] dae \^dcef\] q �h`ajn `\_gj_aiacdagj r do\
dae \^dcef a^ h^\] dg n\j\`cd\ cj g`]\` aj xoa_o do\
hf]cd\^ c`\ cffia\] dg do\ `\fia_cd\] ]cdcbc^\^ q ¶ctk
gh ciigx ^ cj cffia_cdagj dg _ogg^\ x ado aj c _cdcignh\
gl _go\`\j_\ _gj^d`cajd^ r _cii\] ^\^^agj nhc`cjd\\^ r
cj] dg cffit ]\f \j]\j_t _o\_v^ r _cii\] f`\_gj]adagj^ r
cd `\_gj_aiacdagj dae \ q s f`\_gj]adagj a^ c f`g _\]h`\
docd do\ cffia_cdagj ^dg`\^ aj do\ ign q ´gx\m\` r doa^a^ jgd ^h� _a\jd dg _cfdh`\ cffia_cdagj ^\e cjda_^ q
`\f ·Ò¹ e cjcn\^ do\ `\fia_cdagj gl c`bad`c`t cmcgbp \_d^ lg` c^tj_o`gjgh^ _giicbg`cdam\ cffia_cdagj^ q

`\f a^ bc^\] gj c ign gl x `ad\ gf\`cdagj^ z_`\cd\ r
]\i\d\ r hf]cd\| q � hidafi\ hf]cd\^ gj c ^ajni\ gbp \_d
c`\ _gci\^_\] ajdg c ^ajni\ \	hamci\jd gf \`cdagj q �ce kfg`d _ig _v^ ·Î¹ c`\ h^\] cd `\_gj_aiacdagj dae \ dg f`gk
ma]\ c _ch^ciitk_gj^a^d\jd e\`najn gl do\ ign^ q }gjkº a_d^ gj c ^ce \ gbp \_d c`\ ]\d\_d\] cj] ^gim\] c_k_g`]ajn dg c cffia_cdagjk]\{j\] ^d`cd\ntq ´gx\m\` rdo\ ^ce \ ^d`cd\nt a^ cffia\] lg` cii ^oc`\] gbp \_d^ gl
cj cffia_cdagj q �jd\`kgbp \_d _gjºa_d^ c`\ ]\d\_d\] bhd
do\a` `\^gihdagj `\	ha`\^ do\ c^^a^dcj_\ gl do\ cffia_ck
dagj q
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�j g`]\` dg hj]\`^dcj] do\ ]\^anj ^fc_\ b \dd\` lg`
ignkbc^\] `\_gj_aiacdagj r x\ {`^d ]\m\igf\] c ^aefi\f`gdgdtf \ ^t^d\e q Ëge \ gl do\ a^^h\^ x\ x a^o\] dg
\mcihcd\ x\`\ xocd ajlg`e cdagj do\ ign j\\]^ dg _cfkdh`\ r cj] xocd cff`gc_o\^ dg g`]\`ajn do\ e \`n\]
ign^ _cj b\ h^\] q �j doa^ ^\_dagj r x\ ghdiaj\ ^ge\ gl
gh` \µf\`a\j_\^ r cj] xocd aefc_d do\^\ ocm\ oc] gjgh` _h``\jd ]\^anj q

uoa^ ajadaci f`gdgdtf \ h^\^ c ign ^ae aic` dg ¶ctk
gh q �c_o ign `\_g`] `\f`\^\jd^ cj hf]cd\ dg c ^oc`\]
`\f ia_cd\] gbp \_d q s `\_g`] a^ _gefg^\] gl c f`\_gjk
]adagj r cj gf\`cdagj cj] c lcaih`\ ocj]i\` q s ii do`\\
c`\ gfc	h\ cmc f`g_\]h`\^ r a q\ qr do\a` ^\e cjda_^ c`\jgd vjgxj dg do\ ^t^d\e q �l do\ f`\_gj]adagj \mcihkcd\^ dg d`h\ do\ hf]cd\ _cj b\ cffia\] r gdo\`x a^\ ad
_cjjgd b \ f\`lg`e \] cj] do\ \``g` ocj]i\` a^ _cii\] q

\_gj_aiacdagj _gebaj\^ dxg ign^ dg f`g]h_\ c

e \`n\] ign q uo\ e \`n\] ign a^ `\f ict\] l`ge c _ge k
egj aj adaci ^dcd\ gl do\ ^oc`\] gbp \_d^ r dg ta\i] c j\x
_geegj ^dcd\ q [\ ajm\^dancd\] ]a�\`\jd ^d`cd\na\^lg` ign e \`najn q �jadaciitr x\ ajm\^dancd\] h^ajn x\iik]\{j\] g`]\`ajn^ gl do\ ign^ r ^h_o c^ _gj_cd\jcdagj r
g` h^ajn dae \ dg g`]\` q

� �� ������� !"� #$ %
wg` c nam\j ^\d gl hf]cd\^ dg ^oc`\] ajlg`e cdagj r do\`\x aii b \ gj\ g` eg`\ g`]\`ajn^ gl do\^\ hf]cd\^ docd
e ajae a^\ do\ jheb\` gl dog^\ docd _cj jgd b \ cfk
f ia\] q ´gx\m\` r doa^ g`]\`ajn e ct jgd b\ do\ n\j\`kcd\] bt _gj_cd\jcdagj gl do\ ign^ r g` do\ dae \ g`k
]\`ajn gl do\ `\_g`]^ x adoaj ign^ q �\d h^ _gj^a]k
\` cj \µcefi\ q wg` aj^dcj_\ r _gj^a]\` dxg ^oc`\]
mc`acbi\^ & cj] ' r cj] ign^ s ()*¼ÂÁz& | � »ÁÈÁÂÁz' |+
cj] ¶ ()*¼ÂÁz' | � »ÁÈÁÂÁz& |+ q s ^^he ajn docd )*¼ÂÁ
oc^ c f`\_gj]adagj docd do\ ^oc`\] mc`acbi\ \µ a^dk^ r do\j do\^\ dxg ign^ j\\] dg b\ ajd\`i\cm\] c^
()*¼ÂÁz& | � )*¼ÂÁz' | � »ÁÈÁÂÁz& | � »ÁÈÁÂÁz' |+ g` r ^ge \ f\`k
ehdcdagj gl doa^ ^h_o docd do\ )*¼ÂÁ gf \`cdagj^
c`\ f \`lg`e\] b\lg`\ do\ »ÁÈÁÂÁ gf \`cdagj^ r ^h_o c^
()*¼ÂÁz& | � »ÁÈÁÂÁz& | � )*¼ÂÁz' | � »ÁÈÁÂÁz' |+ q uoa^ e \cj^
docd cii do\ hf]cd\^ c`\ f \`lg`e \] r cj] do\`\ a^ jg
_gjº a_d b\dx\\j cjt gl do\e q
�j _gjd`c^d r cj cff`gc_o docd _gj_cd\jcd\^ ign^ s

cj] ign ¶ xghi] ta\i] c ign xo\`\ gj\ gl do\ )*¼ÂÁ
gf\`cdagj^ _cjjgd b \ f\`lg`e \] r b \_ch^\ do\ mc`acb i\b \ajn c__\^^\] oc^ b \\j `\egm\] q sj cff`gc_o bc^\]gj `\ci dae \ g` �cefg`d _ig _v^ ·Î¹ n am\^ hjf`\]a_dcbi\`\^hid^ q �\_dg` _ig _v^ ·Ï¹ _cfdh`\ do\ d`h\ _ch^ci g`k
]\`ajn r bhd c`\ jgd c]cfd\] dg ^t^d\e ^ x ado ic`n\ g`
hjvjgxj jheb\`^ gl `\f ia_c^ q
[\ _gj_ih]\ docd do\ ^aefi\ cff`gc_o\^ dg g`]\`ajn

do\ ign^ e a^^ fgd\jdaci g`]\`ajn^ gl do\ ign docd `\]h_\
_gjº a_d^ q ´gx\m\` r al x\ ciigx ign e \`najn dg _gj^a]\`c`b ad`c`t g`]\`ajn^ gl do\ `\_g`]^ r ^\c`_o ajn lg` do\
b \^d gj\ ^h�\`^ _gebajcdg`aci \µfig^agj q ¶`hd\klg`_\
cing`adoe ^ c`\ hjd`c_dcbi\ q

� �, -./!0��� %�1.�!�2%
uo\ ^\_gj] _gj_ih^agj a^ do\ j\\] dg _cfdh`\ do\ cfk
f ia_cdagj \µf\_dcdagj^ `\nc`]ajn do\ ghd_ge \ gl do\
`\_gj_aiacdagj foc^\ q �j do\ ic^d \µcefi\ r c eg`\
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^cda^lc_dg`t ^_o\]hi\ e anod b \ ()*¼ÂÁz& | � )*¼ÂÁz' |+
zge addajn do\ ]\i\d\^| q uo\ h^\` ^oghi] b\ cbi\ dg
^f\_alt xoa_o ghd_ge \ a^ do\ _g``\_d gj\ q �j g`]\`
dg ciigx do\ cffia_cdagj dg _gjd`gi do\ b \ocmagh` gldo\ `\_gj_aiacdagj foc^\ r e g`\ ^\e cjda_ ajlg`e cdagj
a^ `\	ha`\] docj _cj b\ _cfdh`\] x ado cj gfc	h\ f`\k
_gj]adagj q
�j ^heec`tr gh` ecaj _gj_ih^agj^ c`\ docd � za| ^ae k

fi\ g`]\`ajn^ gld\j lcai hjj\_\^^c`aitr zaa| do\ cffiak
_cdagj ^oghi] b \ cbi\ dg _gjd`gi do\ ghd_ge \ gl do\
`\_gj_aiacdagj f`g_\^^ r cj] zaaa| do\ fgd\jdaci _gebak
jcdg`aci \µfig^agj j\\]^ dg b \ _gjd`gii\] q

� ��VW�� � ����

uo\ ^t^d\e eg]\i _gj^a]\`^ ^\m\`ci foc^\^ q �j do\»¼½¾¿ÀÀÁ¾ÂÁ» foc^\ cffia_cdagj^ cd c ^ad\ `\_g`] do\a`
c_dagj^ aj docd ^ad\ ³^ ign q uo\ gdo\` foc^\^ _gjk
_\`j `\_gjj\_dagj cj] `\_gj_aiacdagj q uo\ ½ÅÆ Ç¿È�
¼¾ � � Ê½Á _gebaj\^ dxg ign^ ^tebgia_ciitr ]\d\_dajn
_gj^d`cajd^ b \dx\\j ^\fc`cd\ ign^ r xoa_o f`hj\ do\
^_o\]hi\ ^fc_\ q uo\ ½¼ÆÉÈÊÂ¼¿À � � Ê½Á ng\^ do`ghno
do\ fg^^abi\ ^_o\]hi\^ l`ge do\ _gebaj\] ign r _ge k
fhdajn do\a` c_dhci ghd_ge \ q wajciitr aj do\ ½ÁÈÁ¾Â¼¿À
� � Ê½Ár do\ cffia_cdagj zcj] hidae cd\it do\ ohe cj h^k
\`| _ogg^\^ cegjn do\ ghd_ge \^ `\e cajajn l`ge do\
^tebgia_ foc^\ � `\egmajn ^_o\]hi\^ xog^\ `\^hid^ c`\]\\e \] hj^cda^lc_dg`t � \]adajn do\ ign^ cj] `\^hbe adk
dajn do\e dg `\_gj_aiacdagj � g` ^\i\_dajn gj\ gl do\
ghd_ge \^ c^ ]\{jadam\ q
�d a^ f g^^abi\ dg ^f\_alt c fgia_t dg f`ag`ada^\ _oga_\^ q

�d a^ cffia\] ]h`ajn bgdo do\ ^tebgia_ cj] ^aehicdagj
foc^\ q �d ^f \_a{\^ _`ad\`ac dg `\]h_\ do\ jheb\` gl
fg^^abi\ ghd_ge \^ r fgd\jdaciit `\]h_ajn do\ ^\c`_o ^k
fc_\ q �µcefi\ fgia_a\^ e anod b \ �� xcjd ^_o\]hi\^
xoa_o e cµae a^\ do\ jheb\` gl `\_g`]^ aj c ign� r g`
�� f`\l\` ^_o\]hi\^ docd e cµae a^\ do\ jheb\` gl \jk
d`a\^ e c]\ bt sjdgjt gm\` � c`_� q
�j xocd lg iigx ^ r x\ lg _h^ \µ_ih ^am\it gj do\ ^te kbgia_ foc^\ q

	 �� 
2"��0#�%
yh` ign a^ c n`cfo ^d`h_dh`\ docd _cj b\ d`cm\`^\] c_k_g`]ajn dg gj\ g` eg`\ ^_o\]hi\^ q s ^_o\]hi\ a^ c f`gk
n`ce lg` b`ajnajn do\ ^oc`\] gbp \_d^ l`ge do\a` aj adaci
^dcd\ zjge ajciitr cd ]a^_gjj\_dagj dae \| dg do\a` {jci
^dcd\ zjge ajciitr p h^d b\lg`\ `\_gjj\_dagj | q y`]\`k
ajn^ b \dx\\j `\_g`]^ c`\ ^_o\]hiajn _gj^d`cajd^ q uo\
ajadaci cj] {jci ^dcd\^ c`\ c^^he \] _g``\_d q
�j do\ ^tebgia_ foc^\ r do\ ^t^d\e _gebaj\^ dxg

ign^ q uo\ _gebaj\] ign _gjdcaj^ cii do\ `\_g`]^ gl do\
g`anajci dxg r _gjj\_d\] bt _gefg^adagj gf\`cdg`^ zdg

b \ f`\^\jd\] aj Ë\_dagj Î qÍ| q �d^ ^_o\]hi\^ c`\ _ge k
fcdabi\ x ado do\ g`an ajci ^_o\]hi\^ cj] ^cda^{\^ ajd\`k
ign ]\f\j]\j_a\^ r c^ x aii b \ \µficaj\] aj Ë\_dagj Î qÎ q
s ^_o\]hi\ gl do\ _gebaj\] ign a^ c f`gn`ce docd _cj
b\ \µ\_hd\] zcd \ado\` ^ad\ | dg b`ajn do\ ^oc`\] gbk
p \_d^ r l`ge do\a` _geegj ajadaci ^dcd\ r dg c {jci ^dcd\
docd aj_g`fg`cd\^ do\ hf]cd\^ e c]\ aj]\f \j]\jdit cd
\c_o ^ad\ q
uo\ ^tebgia_ foc^\ ^h__\\]^ al gj\ g` eg`\ ^cda^k

lc_dg`t ^_o\]hi\^ _cj b\ lghj] q s _gjºa_d b\dx\\j
do\ dxg ign^ e ct _ch^\ ad dg lcai q �j doa^ _c^\ do\ ^t^k
d\e f`\^\jd^ do\ cffia_cdagj x ado cj \µficjcdagj gl
do\ _gjºa_d q uo\ cffia_cdagj e ct do\j \]ad do\ ajfhd
ign^ dg `\egm\ do\ _gjºa_d cj] ^hbe ad dg `\_gj_aiackdagj cncaj q

	 �, � 2!�$�%
s ign a^ _gefg^\] gl c ^\d gl `\_g`]^ _gjj\_d\] bt c
]\f\j]\j_t n`cfo r xog^\ gf\`cdg`^ x aii b \ ]\{j\] aj
Ë\_dagj Î qÍ q
�c_o ign `\_g`] ]\^_`ab \^ cj c_dagj f\`lg`e \] bt

do\ h^\` xoai\ ]a^_gjj\_d\] q s ign `\_g`] a^ _gefg^\]
gl �

����������� � cj c^^\`dagj cbghd do\ \µf\_d\]
^dcd\ gl do\ gbp \_d^ b \lg`\ \µ\_hdajn do\ gf\`cdagj q

�� ������ �� ��� ���� ���� ��� ��� ��! � c
^hbf`gn`ce docd c__\^^\^ do\ ^oc`\] gbp \_d^ aj ^ge \
xctq

������������� � cj c^^\`dagj cbghd do\ \�\_d gj
do\ ^dcd\ gl do\ gbp \_d^ cld\` do\ e\dog] oc^ {ja^o\]
\µ\_hdajn q
s ^^\`dagj^ c`\ x`add\j aj c {`^dkg`]\` igna_ icjk

nhcn\ q Ëtebgia_ c^^\`dagj^ c`\ \mcihcd\] ^tebgia_cikit cncaj^d c eg]\i gl do\ ^t^d\e � do\ _g]\ a^ hjh^\] q
�j do\ ^aehicdagj foc^\ r do\ c^^\`dagj^ c`\ _o\_v\] ck
ncaj^d r cj] do\ _g]\ a^ \µ\_hd\] gj r ^_`cd_o _gfa\^ gl
do\ c_dhci ^oc`\] gbp \_d^ q �j _gjd`c^d dg f`\magh^ ^t^kd\e ^ r gh` c^^\`dagj^ c`\ jgd gfc	h\ f`g _\]h`\^ r bhd
aj^d\c] f`gma]\ ajfhd dg do\ ^tebgia_ foc^\ qËge\ \µcefi\^ gl c^^\`dagj^ c`\ & " Ï g` Ê# ÂÁ* z$ | r
xo\`\ $ a^ cjgdo\` c_dagj q �j c _ci\j]c` f`gn`ce r
% Ê*¾ &# *ÁÁ z' (�ÆÊ*�')))�**+))| c^^\`d^ docd do\ ÒÒ �,,
^igd gj Ì- � c`_o Ì,,, a^ l`\\ aj � c`_ ³^ _ci\j]c` q

	 �� . �/�����2��%
s ign a^ cj c_t_ia_ ]a`\_d\] n`cfo q �g]\^ `\f`\^\jd
c_dagj^ q sj \]n\ `\f`\^\jd^ c _gj^d`cajd � ^\	h\jdaciak
dt zjgd\] �/ � o\`\cld\`| r aj]\f\j]\j_\ zjgd\] �0�|
g` _oga_\ zjgd\] �1� | q �l $ / 2 do\j $ cff\c`^ b \lg`\
2 aj cjt ^_o\]hi\ q �l $ 0 2 do\j bgdo $ cj] 2 eh^d
cff\c` aj cjt ^_o\]hi\ r bhd do\`\ a^ jg g`]\`ajn _gjk
^d`cajd b \dx\\j do\e q �l $12 do\j cjt ^_o\]hi\ eh^d
_gjdcaj \ado\` $ g` 2 q
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�l ^ge\ c_dagj 2 aj c ign ]\f \j]^ gj do\ `\^hid^ g`
^a]\ \�\_d^ gl c_dagj $ gl do\ ^ce \ ign r c^^\`dagj^ f`gk
ma]\ do\ xct dg \µf`\^^ do a^ ]\f\j]\j_tq wg` aj^dcj_\
2 e anod _gjdcaj f`\_gj]adagj Ê# ÂÁ* z$ | � g` $ _ghi] _gjk
dcaj fg^d_gj]adagj & � Ò, cj] 2 f`\_gj]adagj & � Ï
zc^^he ajn jg ajd\`m\j ajn fg^d_gj]adagj _ocjn\^ & | qs idoghno dxg ign^ `\f`\^\jd xg`v ]gj\ aj]\f \jk
]\jditr ]\f \j]\j_a\^ e ct cff\c` b \dx\\j do\e q wg`
aj^dcj_\ al ign s _gjdcaj^ cj c_dagj $ xado f`\_gjk
]adagj & " Ò, cj] ign ¶ _gjdcaj^ cj c_dagj 2 xado
fg^d_gj]adagj & � Ì, r do\j aj do\ _gebaj\] ign 2 ect
jgd b \ ^_o\]hi\] b\lg`\ $ zc^^he ajn jg gdo\` c_dagj^
eg]alt & | q
uo\ _ich^\ ÈÊ½Âz| aj c f`\_gj]adagj lg`_\^ docd c_k

dagj dg g __h` ic^d aj cjt ^_o\]hi\ q uoa^ _cj lg`_\ c
fc`da_hic` ghd_ge \ bt c^^\`dajn ad aj do\ fg^d_gj]ak
dagj q wg` aj ^dcj_\ r ^hffg^\ c h^\` x`ad\^ c _o\	h\ lg`
�Ï, gj c ^oc`\] bcjv c__ghjd & q ydo\` h^\`^ gl do\
c__ghjd ^oghi] jgd _ch^\ do\ _o\	h\ dg bghj_\ r a q\ qr
o\ xcjd^ dg \j^h`\ & `\e caj^ fg^adam\ ]\^f ad\ xocdgdo\` h^\`^ ]g q uo\ lgiigx ajn ign x aii ]g do\ d`a_v �
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s ign e ct _gjdcaj ehidafi\ ÈÊ½Âz| c_dagj^ _gjj\_d\]
bt do\ �0� gf\`cdg` q

	 �	 ' �2$�2�#�.!�$�
[\ jgx \µce aj\ do\ cing`adoe lg` _gebajajn ign^ q
uxg ign^ ( cj] ) c`\ aj]\f \j]\jd al �

* �g f`\_gj]adagj gl gj\ _gjd`c]a_d^ c fg^d_gj]ak
dagj gl do\ gdo\` r cj]

* �g � ¿½Â_gj]adagj gl gj\ _gjd`c]a_d^ c fg^d_gj]ak
dagj gl do\ gdo\` q

�l aj]\f \j]\jd r do\ _gebaj\] ign a^ ( 0 ) q �l
do\t c`\ jgd aj]\f \j]\jd r do\j fg^^abit gj\ e ct b\
^_o\]hi\] b\lg`\ do\ gdo\` z\ qn q ( / ) al s ³^ fg^dk
_gj]adagj^ c`\ _gefcdabi\ x ado ¶ ³^ f`\_gj]adagj^| q
ydo\`x a^\ ectb\ ( cj] ) _cj b\ ajd\`i\cm\] z\ qn q
$ Ã / 2Ã / &&& / $+ / 2, | q ug cmga] _gj^a]\`ajn cii

do\ fg^^abi\ _gebajcdagj^ gl jg]\^ l`ge ( cj] ) r x\
`\f \cd do\ d\^d lg` aj]\f\j]\j_\ dg ^h__\^^am\it {j\`n`cjhic`ada\^ zbajc`t ^\c`_o | ]gxj dg aj]ama]hci c_kdagj^ q �j do\ \µf\_d\] _geegj _c^\ zl\x _gjº a_d^| ad
^oghi] _gjm\`n\ `cf a]itr bhd aj do\ xg`^\ _c^\ r xo\je cjt jg]\^ gl ( _gjºa_d x ado e cjt jg]\^ gl ) doa^
f`g _\^^ ^h�\`^ _gebajcdg`aci \µfig^agj q

	 �- -$11 �!1��!
s ]a^_gjj\_d\] hf]cd\ a^ d\jdcdam\ r c^ ad e ct b\ lghj]icd\` docd ad _cjjgd b \ cffia\] ]h\ dg c _gjºa_d q sj
cffia_cdagj _cj _gee ad cj c_dagj bt e c`vajn ad c^
»Á. À¼Â¼/Ár e \cjajn docd cjt lhdh`\ ^_o\]hi\ eh^d
_gjdcaj docd c_dagj q wg` aj^dcj_\ r c h^\` f`\^\jd\]
x ado c ^\d gl fg^^abi\ ghd_ge \^ aj do\ ^\i\_dagj foc^\
e anod ]\_a]\ dg _gee ad gj\ gl do\e r bt e c`vajn do\
_g``\^fgj]ajn c_dagj^ ]\{jadam\ q sj c_dagj docd _cjkjgd b \ hj]gj\ z^h_o c^ do\ fot^a_ci a^^hajn gl c _o\_v |
a^ ci^g e c`v\] c^ ]\{jadam\ q wh`do\`eg`\ do\ g`]\`kajn b\dx\\j ]\{jadam\ c_dagj^ a^ ad^\il ]\{jadam\ q �jc ]\{jadam\ c_dagj r c^^\`dagj ÈÊ½Âz| \mcihcd\^ dg d`h\za q\ qr ]g\^ jgd ajºh\j_\ lhdh`\ ^_o\]hiajn ]\_a^agj^| q
�j doa^ xg`v x\ ]g jgd e cv\ do\ fgia_t ]\_a^agj

c^ dg xog oc^ do\ chdog`adt dg e c`v cj c_dagj c^
]\{jadam\ q uoa^ e anod c fc`da_hic` chdog`a^\] h^\`
zc^ aj �gdh^ �gd\^| g` c fc`da_h ic` ^ad\ zc^ aj ¶ctgh | q
[ ocd\m\` fgia_t a^ _og^\j r do\ fg^^abaiadt \µ a^d^ docddxg _gjºa_dajn c_dagj^ c`\ aj]\f \j]\jdit e c`v\] c^
]\{jadam\ q s idoghno doa^ a^ c ^\`agh^ \``g` r x\ ]g jgdcdd\efd dg f`gma]\ c ^gihdagj aj gh` l`ce \xg`v r b\k_ch^\ x\ _gj^a]\` do a^ a^ cj hjlg`dhjcd\ bhd ajo\`\jd
_oc`c_d\`a^da_ gl ]a^_gjj\_d\] xg`v q

	 �0 1.�2�#% .�� !�.�%.2!�$�%
uo\ fc`_\i _gj^d`h_d iajv^ cj ^\d gl c_dagj^ dgn\do\`
aj]ama^ab itq }gj^a]\` c `\^\`mcdagj cffia_cdagj r xo\`\c h^\` `\^\`m\^ d`cj^fg`dcdagj dg c _adtr c ogd\i r cj] c_c` `\jdci q �l cjt gl do\ do`\\ lcai r do\ d`af _cjjgd dcv\
f ic_\ q s fc`_\i _cfdh`\^ doa^ ciikg`kjgdo ajn f`gf\`dtq
s fc`_\i a^ _gefg^\] gl c ÇÁ2 ¼À z3 | gf\`cdagj zxo\`\
3 a^ cj c`bad`c`t jce \| r c ^\d gl c_dagj^ x ado f`\k
_gj]adagj � Ê*¾ÁÈz3 | r cj] cj ÁÀ»z3 | gf \`cdagj q uo\
lgiigx ajn f`gf\`da\^ ogi] lg` c fc`_\i � za| c � Ê*¾ÁÈz3 |
c_dagj $ a^ ^_o\]hi\] cld\` do\ ÇÁ2 ¼À z3 | cj] b\lg`\do\ ÁÀ»z3 | za q\ qr ÇÁ2 ¼À / $ 4 $ / \j]| � zaa| aj cjt
^_o\]hi\ r \ado\` cii c_dagj^ $ 5 gl do\ fc`_\i cff\c` r g`
jgj\ za q\ qr zÇÁ2 ¼À 0 $ Ã 0 $6 0 & & & 0 ÁÀ» |1À¼È | � zaaa| al
cjt c_dagj aj c fc`_\i a^ e c`v\] c^ ]\{jadam\ do\j ciieh^d b\ q
�gd\ docd fc`_\i^ c`\ ^d`a_dit eg`\ fgx\`lhi docj

d`c]adagjci s}�� d`cj^c_dagj^ q Ñc`_\i^ f`gma]\ do\ sf`gf\`dt zciikg`kjgdoajn| r do\ ]\{jadam\ e c`v do\ �
f`gf\`dt z]h`cbaiadt| q s__g`]ajn dg wggdjgd\ Ò do\ }
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f`gf\`dt z_gj^a^d\j_t| a^ c^^he \] q ug f`gma]\ do\ �f`gf \`dt za^gicdagj | c jheb\` gl cff`gc_o\^ c`\ fg^k
^ab i\ q [\ _cj \ehicd\ d`c]adagjci ^\`acia^cb aiadt bt
aefi\e \jdajn ig_v^ c^ c^^\`dagj^ q wg` \m\`t mcih\ &`\c] cj] jgd eg]a{\] bt cj c_dagj r do\ c_dagj oc^ do\
f`\_gj]adagj �&� � & � & � cj] fg^d_gj]adagj & � & � q
wg` \m\`t mcih\ ' x`add\j bt cj c_dagj r do\ c_dagj oc^c^^\`d^ do\ fg^d_gj]adagj ' � /ÊÈÉÁ�)*¼ÂÂÁÀ �Â¿�' q �l
cj c_dagj h^\^ c mcih\ ^h_o c^ &� r `\c] g` x`add\j aj c
f`\magh^ c_dagj r do\j ad^ f`\_gj]adagj xghi] _gjdcajdo\ _ich^\ & � & � q

� T ��� Y��Z V�YX�� W��W ���W�X
�j do a^ ^\_dagj r cj \µcefi\ a^ f`\^\jd\] docd a^ `\fk
`\^\jdcdam\ gl `\ci _ggf \`cdam\ xg`vajn r cj] docd a^fgg`it ^hffg`d\] bt d`c]adagjci e \`n\ f`g _\]h`\^ q
[\ \^f\_aciit xcjd dg ]\egj^d`cd\ docd do\ fg^d_gjk
]adagj^ h^\] aj gh` cff`gc_o ciigx do\ _cfdh`\ gl do\
cffia_cdagj ^\e cjda_^ q
}gj^a]\` dxg ]a^_gjj\_d\] h^\`^ ( cj] ) \]adajn

c ^oc`\] � Ë [g`] ]g_he \jd q ( `\fic_\^ cii g __h`k
`\j_\^ gl �`\]� xado �xoad\� q � \cjxoai\ r h^\` ) ajk
^\`d^ do\ ^ce\ xg`] �`\]� aj do\ ]g _he \jd q uo\`\ c`\
dxg `\c^gjcbi\ ghd_ge \^ gl `\_gj_aiajn do\^\ c_dagj^ �
z¶k
\]| aj^\`d ) ³^ �`\]� aj do\ d\µd r g` z¶k[ oad\|
`\fic_\ ) ³^ �`\]� xado �xoad\� q }� Ë aefi\e \jd^ do\
¶k
\] ^\e cjda_^ q ¶ctgh xghi] hjf`\]a_dcbit _ogg^\
¶k
\] g` ¶k[ oad\ ]\f \j]ajn gj do\ dae ajn gl do\ gfk
\`cdagj^ bt do\ h^\`^ q �j^d\c] x\ xcjd do\ ghd_ge \ dg
b\ f`\]a_dcbi\ cj] cffia_cdagjk^\i\_dcbi\ q s ^^he ajn
docd do\ xg`] �`\]� aj do\ g`anajci ]g _he\jd ]\^ank
jcd\^ ^ge \ _gj_\fd docd a^ jgx ]\jgd\] bt �xoad\�
cj] docd ) a^ anjg`cjd gl ( ³^ c_dagj^ r do\j ¶k[ oad\
a^ do\ _g``\_d ghd_ge \ q ´gx\m\` al ) `\ciit e \cj^
^ge \doajn ]a�\`\jd r do\j ¶k
\] a^ ]\^a`cbi\ q
s ^^he\ docd ( ³^ ign a^ _gefg^\] gl c ^\c`_okcj]k

`\fic_\ gf\`cdagj cj] ign ) _gjdcaj ^ c ^ajni\ c_dagj
�aj^\`d `\]� q uo\ dxg fg^^abi\ ghd_ge \^ r ¶k`\] g` ¶k
xoad\ r c`\ lg`_\] bt do\ h^\ gl ]a�\`\jd fg^d_gj]adagj^
aj do\ ÈÊ½Âz| c_dagj^ q
s ^^he\ . À»z�| `\dh`j^ do\ ^\d gl ig _cdagj^ gl ^d`ajn

� aj do\ ]g _he \jd q uo\ `\^f \_dam\ ign^ gl ( cj] )
xghi] b\ �
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� \`najn do\ dxg ign^ x ado jg lh`do\` _gj^d`cajd^
x aii ta\i] hjf`\]a_dcbi\ `\^hid^ z\ado\` ¶k
\] g` ¶k
[ oad\| q
�l h^\` ) xcjd^ dg \jlg`_\ ¶k
\] ^\e cjda_^ r fhddajn

do\ lg iigx ajn c]]adagjci c_dagj cd do\ \j] gl oa^ ign
\j^h`\^ docd oa^ aj ^\`dagj a^ ^_o\]hi\] cld\` do\ `\k
f ic_\e \jd^ �
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uo\ fg^d_gj]adagj \j^h`\^ docd do\ ���� � aj^\`d\]
bt ) xaii ^h`mam\ c_dagj ( q uo\ gj it fg^^abi\ ajd\`k
i\cmajn a^ doh^ ( Ã / ) Ã qËae aic`itr lg` h^\` ( dg \jlg`_\ ¶k[ oad\ ^\e cjda_^ c
ÈÊ½Âz| c_dagj x aii ]g do\ d`a_v q ( ³^ ign ^oghi] _gjdcaj �
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uo\ fg^d_gj]adagj gl c_dagj �¶kxoad\� \j^h`\^ docd
jg ���� � g__h``\j_\ ^h`mam\^ c_dagj ( q uo\ gjit xct
dg `\^f \_d doa^ fg^d_gj]adagj a^ dg ^_o\]hi\ ) / ( q
�l bgdo ( cj] ) c]] do\^\  $�! c_dagj^ ajdg do\a`

ign^ r do\a` fg^d_gj]adagj^ _gjd`c]a_d \c_o gdo\` cj]
do\t _cjjgd b\ bgdo ^_o\]hi\] " do\`\ a^ cj hj`\^gimkcbi\ _gjºa_d q uoa^ a^ c d`h\ _gjºa_d b \dx\\j do\ h^\`^ ³
ajd\jd^ r jgd cj c`da{_aci iae adcdagj gl do\ `\_gj_aiack
dagj \jnaj\ q
yh` cff`gc_o ciigx ^ ign^ dg b \ e\`n\] c__g`]ajn dg

igna_ci _gj^d`cajd^ r jgd gj it aj dae \ g`]\` q }gj^a]\`
jgx do\ lgiigx ajn \µcefi\ q �gn s a^ _gefg^\] gl dxg
aj]\f\j]\jd c_dagj^ �

* yf\`cdagj ( Ã � ½ÁÊ*¾� �# �*Á� ÈÊ¾Áz���� � r�$% &'� �|
* yf\`cdagj (6 � ½ÁÊ*¾� �# �*Á� ÈÊ¾Áz�( &)* �r�+���) �|
�gn ¶ a^ _gefg^\] gl dxg aj]\f \j]\jd c_dagj^ c^

x\ii �
* yf\`cdagj ) Ã � ¼À½Á*Â�ÊÂz�( &)* � r Ã|
* yf\`cdagj )6 � ¼À½Á*Â�ÊÂz���� �r 6 |
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s^^he\ docd do\ h^\` ( oc^ do\ ^ce \ \µf\_dcdagj^
c^ aj do\ {`^d \µcefi\ cj] `\	ha`\^ ¶kxoad\ ^\e cjda_^
xo\`\c^ do\ h^\` ) \µf\_d^ o a^ aj^\`dagj gl �( &)* � dg
cff\c` aj do\ `\_gj_ai\] ^dcd\ q uo\ ghd_ge \ gl do\
`\_gj_aiacdagj ^oghi] _gjdcaj do\ �( &)* � aj^\`d\] bt
) bhd jgd oa^ ���� � q uoh^ r (6 ^oghi] b \ ^_o\]hi\]
b\lg`\ ) Ã cj] )6 b\lg`\ ( Ã qug \jlg`_\ do a^ ^_o\]hiajn r ( cj] ) ^oghi] c]] do\
lgiigx ajn ÈÊ½Âz| c_dagj^ ajdg do\a` ign^ �
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uoa^ x aii t a\i] do\ _g``\_d e \`n\] ign z(6 / ) Ã | 0
z)6 / ( Ã | q uoh^ gh` cff`gc_o ^hffg`d^ h^\lhi ^_o\]khi\^ jgd ciigx\] bt cff`gc_o\^ `\it ajn gj c dae \ g`k
]\`ajn q

� ���Z ��V���

[g`vajn xoai\ ]a^_gjj\_d\] a^ e cvajn c b\d gj do\
lhdh`\ r ^g ad a^ jgd ^h`f`a^ajn docd `\_gj_aiacdagj a^ c
]a� _hid f`gbi\e q uo\ ajd\j]\] `\^hid gl `\_gj_aiack
dagj ]\f\j]^ gj ^hbdi\ ]\dcai^ gl cffia_cdagj ^\e cjk
da_^ cj] gj h^\`^ ³ ajd\jd^ q yh` ngci a^ dg \c^\ do\
bh`]\j lg` cffia_cdagj^ r fhddajn c^ eh_o c^ fg^^abi\
gj do\ ^t^d\e aj^d\c] r bhd f`gma]ajn lg` cffia_cdagj^\e cjda_^ cj] h^\` fgia_a\^ q sj cffia_cdagj \µf`\^^\^
ad^ ^\e cjda_^ cj] h^\` ajd\jd^ bt cddc_oajn cff`gf`ak
cd\ c^^\`dagj^ dg \c_o c_dagj q yh` ign^ c`\ `a_o\` cj]
eg`\ \µf`\^^am\ docj ign^ f`\magh^it h^\] lg` `\_gjk_aiacdagj q
ug cii\macd\ _gebajcdg`aci \µfig^agj gl do\ ^\c`_o^fc_\ x\ _ce \ hf x ado do\ do`\\kfoc^\ cff`gc_o q
uoa^ xg`v a^ ^daii cd cj ajadaci foc^\ cj] x\ ]gj ³d

_icae dg ocm\ ^gim\] cii f`gbi\e ^ q }gebajcdg`aci \µkfig^agj a^ cj a^^h\ � ogx\m\` gh` bajc`tk^\c`_o cingk`adoe lg` _gebajajn ign^ oc^ _gefi\µ adt _gebajcdgk
`aci aj do\ jheb\` gl _gjºa_d^ zc^^he \] igx | r jgd aj
do\ jheb\` gl jg]\^ q wh`do\`eg`\ do\ ^\c`_o _cj b\
^dgff\] cd cjt i\m\i q �l do\ jheb\` gl fg^^ab aiad a\^ a^dgg ic`n\ lg` do\ ^aehicdagj foc^\ c `cjvajn bc^\] gj
^ge \ fgia_t _ghi] o\if q ug v\\f do\ jheb\` gl _gjk
º a_d^ igx r x\ _cj ^hnn\^d e cvajn ajlg`e \] ]\_a^agj^
z_gjºa_d cmga]cj_\| cj] `\_gj_aiajn gld\j q

yj\ f`gbi\e jgd c]]`\^^\] o\`\ a^ docd \m\j al
\c_o h^\` ³^ c_dagj^ c`\ _g``\_d r do\a` _gebaj\] c_dam akdt e anod jgd b \ q uoa^ e anod b \ c]]`\^^\] bt _o\_vajn
nigbci ajd\n`adt _gj^d`cajd^ gj do\ ^oc`\] gbp \_d^ cd
do\ \j] gl \m\`t ^_o\]hi\ qyj\ ban f`gbi\e a^ n\ddajn cffia_cdagj^ dg \jd\`
lcadolhi cj] e \cjajnlhi `\_g`]^ aj do\ ign q sjgdok
\` a^ do\ ^tebgia_ eg]\iiajn gl do\ ^dcd\ ^fc_\ lg`
do\ ^tebgia_ foc^\ q Ëge\ gl do\ igna_ a^ cffia_cdagjk
aj]\f\j]\jd z\ qn qr docd xocd\m\` � r �� _gjd`c]a_dk
^ c^^\`dagj � | q ´gx\m\` ^ge \ a^ cffia_cdagjk^f \_a{_zlg` aj^dcj_\ r aj Ë\_dagj Ï r docd È¿¿� ¼À2 �ÊÂz���� �	  |
_gjd`c]a_d^ È¿¿� ¼À2 �ÊÂz�$% &'� �	  || q s idoghno \µk
d`\e \it fgx\`lhi r ^h_o c n\j\`ci cffia_cdagjk^f \_a{_
igna_ a^ f`gbcbit dgg _gefi\µ lg` do\ cm\`cn\ cffia_ckdagj f`gn`cee\` q [\ c`\ do\`\lg`\ jgx lg _h^ajn gj
c eg`\ `\^d`a_d\] cffia_cdagjk^f\_a{_ igna_ icjnhcn\ r
`\icd\] dg Ë_oxc`d
 ³^ _gefcdabaiadt e cd`aµ ·-¹ q
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