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�[b_dlv[l	f[ed_[	idb]lv`a[	̂ ab_fcg`a'
_[f^lg	if`kifdsad\adsd	[a[q^\[	]f`g`aano
flkd]	}�
~	de|`gd]	b_dm[	sdfano	f`m�	�m'
_c[qradb_r	if`kg`_[	a[b_dlv`sd	^bbq`kd]['
a^l	 if^def`q[	 dbded	 ][jad`	 wmdadg^u`b'
md`	 \a[u`a^`	idbq`	a[]dka`a^l�	^g`]y`sd
g`b_d	 id	 f`m`	�ce[ar	 ]	 ^ta`	 ����	 sdk[�
cen_m^	 d_	 md_dfdsd	 dx`a^][t_bl	 bcggdh
idflkm[	���	gqfk	kdqq[fd]�

�	 \[mqtu`a^^	 mdg^bb^^	 ���	 sd]df^_bl�
u_d	]	f`\cqr_[_`	q^]a`]no	db[kmd]�	]ni[]'
y^o	̂ g`aad	]	sdfano	f[hda[o	e[bb`ha[	f`m^
�ce[a^	ifd^\dyqd	pdfg^fd][a^`	i[]dkm[�
a`	 ^g`tv`sd	 [a[qds[	 \[	 idu_^	 b_dq`_a^h
i`f^dk	a[eqtk`a^h	m[m	id	 ]`q^u^a`	g[m'
b^g[qrano	f[bodkd]	^	idk|`gc	cfd]a`h�	_[m
^	 id	 cv`fec�	 a[a`b`aadgc	 a[b`q`a^t	 ^
if`kif^l_^lg�	�	f`\cqr_[_`	a[	ts`	
dbb^^
idb_f[k[qd	�-/	a[b`q`aano	icam_d]�	f[\fc'
y`ad	edq``	���	m^qdg`_fd]	s[\difd]dk[�	�/1
gdb_d]�	�-1�	m^qdg`_fd]	[]_dkdfds�	ids^e'
qd	���	u`qd]`m[�	�ev``	j`	u^bqd	idb_f[k[]'
y^o	]	)jadg	p`k`f[qradg	dmfcs`	kdb_^sqd
&-�	_nblu	u`qd]`m�	[	g[_`f^[qranh	cv`fe	if`'
]nb^q	��	gqfk	fceq`h�

"_d	m[b[`_bl	cv`fe[	a`idbf`kb_]`aad	id
f`s^da[g�	 _d	 bq`kc`_	 d_g`_^_r�	 u_d	 cv`fe
�f[badk[fbmdgc	 mf[t�	 a[a`b`aanh	i[]dk'
mdg�	 if`]ny[`_	 g[_`f^[qranh	 cv`fe	�['
f[u[`]d'"`fm`b^^	]	��	f[\	^	bdb_[]ql`_	ed'
q``	 _f`o	 g^qq^[fkd]	 fceq`h�	 �[	 �ce[a^
id]f`jk`ad	,/	gdb_d]	}-/	!	f[\fcy`ad	idq'
adb_rt~�	f[\fcy`ad	edq``	���	_nblu^	kdgd'
]q[k`a^h�	idk_diq`a^t	idk]`fsqdbr	�.	a['
b`q`aano	icam_d]�	�bde`aad	]`q^m	cfda	]

[sfdifdgnyq`aadg	mdgiq`mb`	mf[l�	sk`	idk
]dkdh	dm[\[qdbr	��	_nblu	s`m_[fd]	i[ya^�
ids^eqd	edq``	���	 _nblu	 sdqd]	i_^xn�	 ���
_nblu^	sdqd]	b]^a`h�	]`q^m^	id_`f^	mfci'
adsd	fds[_dsd	bmd_[�	�cgg[	cv`fe[	]	b`qrb'
mdg	od\lhb_]`	bdb_[]ql`_	edq``	��� gqa	fce'
q`h�

�	a[b_dlv`h	f[ed_`	dbad]ad`	]a^g[a^`
[]_df[g^	ck`q`ad	k]cg�	d_adblv^gbl	m	g`'
_dk[g	a`q^a`hadh	k^a[g^m^	^ab_fcg`a_['
f^lg	if`kifdsad\adsd	[a[q^\[	!	w_d	pf[m'
_[qranh	[a[q^\	�
	���	&�	-�	^	p[\d]nh	[a['
q^\	�
	}bg�	]	���	mdgg`a_[f^h	f[ed_n	�-�~�

�_g`_^g�	 u_d	 dbad][_`q`g	pf[m_[qrad'
sd	 [a[q^\[	 l]ql`_bl	 ef^_[abm^h	 s^kfdqds
#� �� #`fb_�	�bbq`kcl	 b_[_^b_^mc	 de|`gd]
b_dmd]	f`m�	da	if`kqdj^q	ad]ct	b_[_^b_^'
u`bmct	g`_dkdqds^t	kql	f[\q^u`a^l	bqcu[h'
ano	 ^	 a`bqcu[hano	 b^b_`g�	 idb_dlab_][
_f`akd]	^	ifdkdqj^_`qradb_^	x^mqd]�	`bq^
_[md]n`	^g`t_bl�	#`fb_	idm[\[q�	u_d	edqr'
y^ab_]d	 `b_`b_]`aano	 l]q`a^h�	 ]mqtu[l
f`uan`	b_dm^�	_`gi`f[_cfn�	db[km^�	bdqa`u'
an`	 il_a[�	 bq`kct_	 zbg`v`aadgc	 bqcu[h'
adgc	eqcjk[a^t{	_�`�	_f`akc	b	ycgdg�	�b'
_dhu^]db_r	 _f`ak[	 ^	 cfd]`ar	ycg[	 gdsc_
en_r	dx`a`an	_`g�	m[m	^\g`al`_bl	adfg^'
fd][aanh	f[\g[o	�
	bd	]f`g`a`g�	^q^�	kfc'
s^g^	bqd][g^�	a[bmdqrmd	]]`k`aa[l	^g	]`'
q^u^a[	 }���~e ∈ �	 a[\n][`g[l	idm[\[_`q`g
#`fb_[�	if`]dbodk^_	\a[u`a^`	����

�bq^	cfd]a^	]f`g`aadsd	flk[	d_f[j[t_
zu^b_d	 bqcu[hanh	 ifdx`bb{	 }l]qlt_bl	 a`'
\[]^b^gng^	bqcu[hang^	]`q^u^a[g^~�	_d	]
bdd_]`_b_]^^	 b	 mq[bb^u`bmdh	 b_[_^b_^mdh
kql	_[mdsd	�
	\a[u`a^l	idm[\[_`ql	#`fb_[

���e ≈ �	�bbq`kd][aan`	#`fb_dg�	[	id\j`
�[ak`qrefd_dg	^	kf�	gadsdu^bq`aang^	[]'
_df[g^	if^fdkan`	]f`g`aan`	flkn	}]ni['
k`a^`	db[kmd]�	il_a[	a[	bdqax`�	sdk^uan`
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mdqrx[	̂ 	_�k�~	deq[k[t_	_[m	a[\n][`gdh	kdq'
sd]f`g`aadh	 i[gl_rt	 ���	 &��	 ]	 b^qc	 u`sd
idm[\[_`qr	#`fb_[	kql	m[jkdsd	^\	w_^o	�

if^a^g[q	 \a[u`a^`�	 if`]dbodklv``	 u^bqd
��,	}bg�	f^b�	-���	]	���~�

�q`kc`_	dbded	d_g`_^_r�	u_d	m	gdg`a_c
]nodk[	]	b]`_	gdadsf[p^h	���	&�	cj`	bqdj^'
qdbr	dev`if^\a[aad`	ga`a^`	d	_dg�	u_d	kql
idk[]qltv`sd	edqry^ab_][	if^fdkano	b^'
b_`g	]`q^u^a[	e 	\a[u^_`qrad	d_mqdal`_bl
d_	���	]	deq[b_r	u`fadsd	ycg[	����

�_d_	p[m_	 \[bqcj^][`_	 dbdedsd	 ]a^g['
a^l	]	b]l\^	b	_`g�	u_d	]	ifdx`bb`	pf[m_[qr'
adsd	[a[q^\[	�
	b_dmd]	sdfano	f`m	�`]`f'
adsd	�[]m[\[	[]_df[g^	]nl]q`a[	if^a[kq`j'
adb_r	idm[\[_`ql	#`fb_[	e 	m	deq[b_^	\a['
u`a^h�	g`ary^o	����	�dqcu`aanh	wgi^f^'
u`bm^h	f`\cqr_[_	gdjad	de|lba^_r	_`g�	u_d
f[bbgd_f`aan`	if^fdkan`	flkn	�
	a`	de'
q[k[t_	kdqsd]f`g`aadh	i[gl_rt�	q^ed	_`g�
u_d	if`kqdj`aanh	#`fb_dg	kql	]nu^bq`a^l
dx`am^	 e 	g`_dk	adfg^fd][aadsd	f[\g[o[
}<�:'[a[q^\~	 a`	 l]ql`_bl	 ca^]`fb[qrang�
_�`�	a`	 l]ql`_bl	 [k`m][_ang	kql	 ]b`o	if^'
fdkano	 ^	 a`if^fdkano	 flkd]�	 �ka^g	 ^\
f`\cqr_[_d]	a[b_dlv`h	f[ed_n	l]ql`_bl	idk'
_]`fjk`a^`	 ]_dfdsd	 bpdfgcq^fd][aadsd
]ny`	if`kidqdj`a^l�	�_btk[	]n_`m[`_	a`'
deodk^gdb_r	idb_fd`a^l	ad]dsd	idkodk[	kql
f`[q^\[x^^	pf[m_[qradsd	 [a[q^\[	 _`o	 ^q^
kfcs^o	�
�
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�	_`u`a^`	edq``	u`g	idqc]`md]dsd	i`f^'
dk[	<�:'[a[q^\	if^fdkano�	wmdadg^u`bm^o
^	kf�	�
	̂ bbq`kd][_`q^	dbcv`b_]qlt_	a[	e[\`
diceq^md][aadsd	 ]	 f[ed_`	 �/�	 [qsdf^_g[�
md_dfnh	]	 [asqdl\nuadh	q^_`f[_cf`	a[\n'
][`_bl	zg`_dk	adfg^fd][aadsd	f[\g[o[	}�
~
#`fb_[{	 }]	 ma�	 ���	 da	 a[\][a	 z<�:'[a[q^\�

cmd]dkb_]d	y[s	 \[	y[sdg{�	 �]^kc	 d_bc_'
b_]^l	idkfdeadsd	di^b[a^l	w_dsd	g`_dk[	]
d_`u`b_]`aano	^\k[a^lo�	if^]`k`g	mf[_md`
^\qdj`a^`	 `sd	 ]nu^bq^_`qradh	 bo`gn�	 ^b'
idqr\cl	kql	a``	a[\][a^`	zg`_dk	�
	#`fb_[{�

�cb_r	f[bbg[_f^][`_bl	�
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lkc	kq^a	}�~	b_[]^g	]d	]\[^g'
addkad\a[uad`	 bdd_]`_b_]^`	 flk	 adfg^fd'
][aano	f[\g[od]	}-~�	�ds[f^pg^fcl	u^bq`a'
an`	 \a[u`a^l	wq`g`a_d]	m[jkdsd	^\	idqc'
u`aano	flkd]	}�~	^	}-~�	idqcu^g	gadj`b_]d
_du`m	b	mddfk^a[_[g^
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�e��� 3+��bidqr\cl	 g`_dk	 a[^g`ary^o
m][kf[_d]�	b_fd^g	q^a`hact	f`sf`bb^t	kql
gadj`b_][	_du`m	b	mddfk^a[_[g^	}�~�

�e��� 4+��ql	idqcu`aadh	 q^a^^	 f`sf`b'
b^^� }_�`�	 q^a`hadsd	 _f`ak[	 kql	gadj`b_][

_du`m	 }�~~	 ]^k[	 K J� d= + 	 \a[u`a^`	 mdwp'
p^x^`a_[	 J 	^bidqr\c`g	]	m[u`b_]`	dx`am^
idm[\[_`ql	#`fb_[	 e �
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�	m[u`b_]`	}�~	f[bbgd_f^g	]f`g`aadh	flk
idg`bluano	de|`gd]	b_dm[	]	]`fod]rlo	f`m^
�ce[ar	}s`dsf[p^u`bm[l	_dum[	a[u[q[	(dqr'
ydsd	�_[]fdidqrbmdsd	m[a[q[~	\[	i`f^dk	b
�1�/	id	���&	sdk	]mqtu^_`qrad�	
f[p^u`b'
md`	 if`kb_[]q`a^`	 u[b_^	 w_dsd	�
	 }b	 �1..
id	���&	s�~	k[ad	a[	f^b�	��	�_g`_^g�	u_d	[a['
qds^uadsd	 ]^k[	 s^b_dsf[ggn	 l]qlt_bl	 o['
f[m_`fang^	 kql	�
	 de|`gd]	 b_dm[	 kfcs^o
sdfano	f`m	 }�`e`fk[�	(�	 �`q`aucm�	�mb[c_�
�[fco[~�

�^\c[q^\[x^l	f^b�	�	k[`_	dbad][a^`	c_'
]`fjk[_r�	 u_d	 f[bbg[_f^][`gng	 flk[g
if^bcv`	b]dhb_]d	i`f^dk^uadb_^�

�ql	]`f^p^m[x^^	g`_dk[	�
	#`fb_[	a[
e[\`	�
�	if`kb_[]q`aadsd	a[	f^b�	��	b_fd^g
u^b_d	i`f^dk^u`bm^h	�
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if`kb_[]qltv^h	bdedh	idbq`kd][_`qradb_r
dkadsd	^	_dsd	j`	x^mq[�	if`kb_[]q`aadsd	a[
f^b�	��	�	k[qra`hy`g	�
	 �S 	a[\n][`g	_`f'
g^adg	zw_[qdaanh	�
{�

�	 cu`_dg	 kq^an	x^mq[	 }_�`�	 mdq^u`b_][
bdb_[]qltv^o	 `sd	 cfd]a`h~	 ,[ = 	 ]	 m[u`'
b_]`	 kq^an	 w_[qdaadsd	�
	 }/~	 if^a^g[`g
\a[u`a^l	 ,��@ = �	_�`�	�
	}/~	bdb_d^_	̂ \	���
bq`kctv^o	 dk^a	 \[	 kfcs^g	 x^mqd]	 kq^an

,[ = 	]ny`cm[\[aadsd	]^k[�
�f^g`a^g	m	w_[qdaadgc	�
	}/~	[qsdf^_g

adfg^fd][aadsd	f[\g[o[	#`fb_[	kql	idbq`'
kd][_`qradb_^	kq^a	d_f`\md]
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�	 f`\cqr_[_`	 f`[q^\[x^^	 di^b[aano
]ny`	 w_[id]	 �!/	 idqcu^g	gadj`b_]d	 _d'
u`m�	 dif`k`ql`gno	 qds[f^pg^u`bm^g^	 md'
dfk^a[_[g^	]^k[	}�~�	
f[p^u`bmd`	if`kb_[]'
q`a^`	w_^o	_du`m�	[	_[mj`	q^a`hadsd	_f`ak[
kql	a^o	k[ad	a[	f^b�	&�	sk`	kql	a[sqlkadb_^
gadj`b_]d	}�~	if`kb_[]q`ad	]	]^k`	<�:'_f['
`m_df^^�	 md_df[l	 idqcu[`_bl	 ic_`g	 bd`k^'
a`a^l	d_f`\md]	m[jkdh	i[fn	bdb`ka^o	 _d'
u`m	 ( )�W W� K �	 ( )� ��W W� K+ + � �� �W T= 	 &-�T = �

�\	]^\c[q^\[x^^	f^b�	&	b	du`]^kadb_rt
]n_`m[`_	if^ax^i^[qrad	][janh	p[m_�	d\'
a[u[tv^h�	 u_d	 idqcu`aa[l	 q^a^l	 f`sf`b'
b^^	l]ql`_bl	if[m_^u`bm^	i[f[qq`qradh	db^
[ebx^bb�	 _�`�	 csdq	 a[mqda[	 iflgdh	 f`sf`b'
b^^ K J� d= + 	eq^\dm	m	��	�	b^qc	w_dsd	id'
qcu[`g	a^\mct	dx`amc	idm[\[_`ql	#`fb_[	e�
\a[u`a^`	md_dfdh	a[odk^_bl	]	\da`	fd\d]d'
sd	ycg[	 ����	 _�`�	 bcv`b_]`aad	g`ary`	 ����
�dbq`ka``	l]ql`_bl	ifd_^]df`u^`g	_`df^^
<�:'[a[q^\[	 ���	 ���	 bdsq[bad	 md_dfdh	 kql
i`f^dk^u`bm^o	�
	idm[\[_`qr	#`fb_[	a[od'
k^_bl	]	deq[b_^	u`fadsd	ycg[�	_�`��	m[m	cm['
\[ad	]	����	`sd	\a[u`a^l	denuad	if`]dbod'
kl_	��,�

�_f^x[_`qranh�	 _�`�	 ifd_^]df`u^]nh	f`'
\cqr_[_�	 [a[qds^uanh	 bpdfgcq^fd][aadgc�
]ny`	idqcu`a�	̂ 	]	bqcu[`�	̀ bq^	[qsdf^_g	#`f'
b_[	if^g`a^_r	^	m	kfcsdgc	^bmcbb_]`aad	bd'
\k[aadgc	 w_[qdaadgc	�
�	 a[if^g`f�	 m	�
�
md_dfnh	if`kb_[]ql`_	 bdedh	idbq`kd][_`qr'
adb_r	 bq`kctv^o	 kfcs	 \[	 kfcsdg	 x^mqd]
����&�-���/�,�.�.�,�/���-�&���� �	�[m^g	def['

\dg�	]d\a^m[`_	de|`m_^]a[l	a`deodk^gdb_r	]
f[\f[ed_m`	ad]dh	]nu^bq^_`qradh	bo`gn	kql
_[mdh	f`[q^\[x^^	<�:'[a[q^\[�	md_df[l	de`b'
i`u^][`_	]nl]q`a^`	x^mqd]	]	f[bbg[_f^][`gno
�
	̂ 	idqcu`a^^	u^bq`aadh	dx`am^	sqce^an	i['
gl_^�	md_df[l�	]ddev`	sd]dfl�	l]ql`_bl	f[\q^u'
adh	kql	f[\q^uano	d_f`\md]	�
�	
`[q^\ctv^h
w_c	bo`gc	[qsdf^_g	^\q[s[`_bl	a^j`�

�� $���	
^b_dsf[gg[	x^mq[	w_[qdaadsd	]f`'
g`aadsd	flk[	} � � � � �

� � & - ��� �� &� -� &�] ] ] ] ]= = = = =
� �

/ ,�� �] ]= = ~
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�i^b[a^`	]nu^bq^_`qradh	bo`gn	if`kq['
s[`gdsd	[qsdf^_g[	idbq`kd][_`qradsd	<�:'[a['
q^\[	kql	dx`am^	 sqce^an	i[gl_^	d	a[u[q`
�
	if`kb_[]^g	a[	if^g`f`	�
	}�~�

�a[u[q[	 ]	 f[bbg[_f^][`gdg	�
S 	 idb'
q`kd][_`qrad	pdfg^fc`g	`sd	a[u[qran`	d_'
f`\m^	 � �� �����S ] ] ]τ

τ= �	 &�-�����Rτ = �	kql	m[j'
kdsd	^\	 md_dfno	 ]nu^bql`g	 _`mcv``	 bf`k'

a``	
�

�
G

G

] ]
τ

τ τ =

= ∑ �	�[q``	kql	m[jkdsd	p^mb^'

fd][aadsd	S τ � &�-�����Rτ = 	]nu^bql`g	a[mdi'
q`aad`	d_mqda`a^`	kql	̀ sd	d_f`\md]	kq^an	Q �

( )�
�

Q

Q G
G

y V Vττ
=

= −∑ �	 ��Q τ= �	�dbq`	u`sd	]nu^bql'

`g	 f[\g[o	 ( ) ( ) ( )� �� �
�K� �WNQ Q

Q Q
< < y yτ ττ τ

τ
≤ ≤ ≤ ≤

= = − �

md_dfnh	adfg^fc`_bl�	_�`�	if`kb_[]ql`_bl	]
]^k`	 kfde^	 < : �	 sk` ( ): : τ= 	 �	 b_[ak[f_'
ad`	d_mqda`a^`	kql	d_f`\m[	�
	� τ �	& Rτ≤ ≤ �

�	d_q^u^`	d_	w_[i[	,	[qsdf^_g[	�
	#`f'
b_[	 ]	 a[b_dlv`h	 ]nu^bq^_`qradh	 bo`g`
dx`amc	 idm[\[_`ql	 #`fb_[	 ]nu^bql`g	 a[
dbad][a^^	zwgi^f^u`bmdsd	\[mda[	#`fb_[{�
md_dfnh	]	���	,�	if`kb_[]q`a	pdfgcqdh

( ) ( ) ( )( )
( )

PIO
�

PIO �

< :
e e

τ τ
τ

τ
= = }.~

�[	dbad][a^^	pdfgcqn	}.~	b_fd^g	]	k`'
m[f_d]no	qds[f^pg^u`bm^o	mddfk^a[_[o	k]`

_f[`m_df^^�	 �ka[	 ^\	 a^o�	 a[\n][`g[l	�n
����'�����.�	bdb_d^_	^\	_du`m	b	mddfk^a['
_[g^	( )�� Kτ τ �	sk`	 PIO�τ τ= �	 &�-�����Rτ = �	[ Kτ
]nu^bql`_bl	bdsq[bad	}.~�	 ( )K eτ τ= �

�_df[l�	 a[\n][`g[l	<�:n����'�����.�
bdb_d^_	 ^\	 _du`m	 b	 mddfk^a[_[g^	 ( )� O� Kτ τ �
sk`	 PIO�τ τ= �	 [	 ( ) ( )( )PIOOK < :τ τ τ= �	 �ql
a[sqlkadb_^	 ]	 sf[p^u`bmdg	if`kb_[]q`a^^
w_^o	_f[`m_df^h	]blmct	i[fc	bdb`ka^o	_d'
u`m	bd`k^al`g	d_f`\mdg�

�[	f^b�	-	if`kb_[]q`an	<�:'	^	�'_f[`m_d'
f^^�	 idqcu`aan`	 ]	 f`\cqr_[_`	 if^g`a`a^l
[qsdf^_g[	idbq`kd][_`qradsd	<�:'[a[q^\[	 m
�
	b_dm[	f`m^	�ce[ar	}sf[p^u`bmd`	if`kb_[]'
q`a^`	w_dsd	�
	bg�	a[	f^b�	�~�	�bq^	f[bbg[_'
f^][`gnh	�
	deq[k[`_	kdqsd]f`g`aadh	i[gl'
_rt�	_d	`sd	<�:'_f[`m_df^l	p[m_	^bu`fi[a^l
i[gl_^	d	a[u[q`	flk[	k`gdab_f^fc`_	_[m	a['
\n][`gng	bfn]dg	b	_f`ak[	^q^�	]	kfcsdh	_`f'
g^adqds^^�	bg`adh	a[if[]q`a^l	_f`ak[	]kdqr
md_dfdsd	 bq`kc`_	 dif`k`q`aad`	 mdq^u`b_]d
a[u[qrano	_du`m	<�:'_f[`m_df^^	 ���	���	�n'
y`cm[\[aanh	_`fg^a	zbg`a[	_f`ak[{	idkf['
\cg`][`_�	u_d	_dum^	<�:'_f[`m_df^^�	bq`kct'
v^`	idbq`	_dum^	bg`an	_f`ak[�	cj`	za`	]d\'
]f[v[t_bl{	 m	 i`f]da[u[qradgc	 _f`akc�	�[
dbad][a^^	g[bbd]dsd	mdgirt_`fadsd	wmbi`f^'
g`a_[	kql	gadsdu^bq`aano	�
	[]_df[g^	bpdf'
gcq^fd][ad	bq`kctv``	dif`k`q`a^`	_f`akd'
cb_dhu^]dsd	a[u[qradsd	d_f`\m[	�
�	\[m[au^'
][tv`sdbl	_dumdh	^bu`fi[a^l	w_dsd	_f`ak[�

�I�	�if`k`q`aad`	mdq^u`b_]d �P ≥ 	_du`m�
d_adblv^obl	m	a[u[qc	<�:'_f[`m_df^^�	bq`'
kct_	]kdqr	q^a`hadsd	_f`ak[�

�I�	�dbq`	_dum^	 P 	<�:'_f[`m_df^l	g`al'
`_	_f`ak�	if^u`g	idbq`kctv^`	_dum^	w_dh

�� $�h�	<�:'_f[`m_df^l	^	�'_f[`m_df^l	�
	b_dm[	f`m^	�ce[ar	\[	i`f^dk	�1�/!���&	ss�
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_f[`m_df^^	 za`	 ]d\]f[v[t_bl{	 m	 i`f]da['
u[qradgc	_f`akc�

&I�	�f`g`aadh	flk	dfk^a[_	 �Kτ 	 �������L =
_du`m	�'_f[`m_df^^	if^	i`f`odk`	d_ PK 	m �PK +
idqcu[`_	 d_f^x[_`qrad`	 if^f[v`a^`�	 if^
w_dg	_dum[	P 	�'_f[`m_df^^	a[odk^_bl	]	\da`
u`fadsd	ycg[�	_�`�	\a[u`a^`	idm[\[_`ql	#`f'
b_[	 } ~ ���PK e P= > �

0
���i����� � � 	 �f^	 ]^\c[q^\[x^^
<�:'_f[`m_df^^	^	�'_f[`m_df^^	a`deodk^'
gd	cu^_n][_r�	u_d	<�:'[a[q^\	]	b^qc	[qsd'
f^_g^u`bmdh	dbde`aadb_^	a`	]nu^bql`_	md'
dfk^a[_n	 } � ~� Kτ τ �	 bdd_]`_b_]ctv^`	 k]cg
i`f]ng	 cfd]alg	 ^bbq`kc`gdsd	 �
�	 _�`�
kql �τ = 	^	 �τ = �	�dw_dgc	if`kq[s[`_bl	ac'
g`fd][_r	_dum^	cm[\[aano	_f[`m_df^h�	a['
u^a[l	b	adg`f[	&	}bg�	f^b�	-~�

0
���i�����/�	�	dev`g	bqcu[`	_dum[	bg`'
an	_f`ak[	<�:'_f[`m_df^^	idl]ql`_bl	b	q['
sdg�	]	b^qc	u`sd	adg`f	_dum^	bg`an	_f`ak[
w_dh	_f[`m_df^^	l]ql`_bl	]`foa`h	dx`amdh
sqce^an	i[gl_^	d	a[u[q`	f[bbg[_f^][`gd'
sd �
�

�dsq[bad	 ]ny`cm[\[aang	icam_[g	 �I!
&I	 ^	 if^g`u[a^lg	 �	 ^	 &	 ^\	 ]^\c[q^\[x^^
f^b� -	]n_`m[`_�	u_d	sqce^a[	i[gl_^	d	a[u['
q`	 f[bbg[_f^][`gdsd	 �
	 S 	 dx`a^][`_bl
b]`foc	u^bqdg	�/�

�[ja`hy^h	 ]n]dk�	 ]n_`m[tv^h	^\	 cb'
_[ad]q`aadsd	p[m_[	a[q^u^l	 kdqsd]f`g`a'
adh	i[gl_^	]d	]f`g`aano	flk[o	b_dm[	sdf'
ano	f`m�	bdb_d^_	]	_dg�	u_d	idl]qlt_bl	db'
ad][a^l	kql	f[\f[ed_m^	b^b_`gn	mf[_md'	^
bf`ka`bfduadsd	ifdsad\[	de|`gd]	b_dm[	w_^o
sdfano	 f`m�	 �f`kqdj`aan`	 ]	 a[b_dlv`h
f[ed_`	^ab_fcg`a_[qran`	g`_dkn	kql	w_dh
b^b_`gn	e[\^fct_bl	a[	g[_`g[_^u`bmdg	[i'
i[f[_`	 _`df^^	mq`_duano	[]_dg[_d]	^	 _`d'
f^^	a`u`_m^o	gadj`b_]	�.��

�e|`g	i[gl_^	^bidqr\c`gdsd	mq`_duad'
sd	[]_dg[_[	^�	]	mda`uadg	bu`_`�	_fckd`g'
mdb_r	 ]nu^bq^_`qradh	 bo`gn	 ifdsad\^fd'
][a^l	 bcv`b_]`aang	 def[\dg	 \[]^bl_	 d_
sqce^an	 i[gl_^	 ifdsad\^fc`gno	�
�	�d'
w_dgc	 ]	 a[b_dlv`h	 f[ed_`	 b	 kdb_[_duadh
idqad_dh	 f`[q^\d][an	 u^bq`aan`	 f[bu`_n
b	x`qrt	dedbad][_r	]`foatt	dx`amc	sqce^'
an	i[gl_^	 f[bbg[_f^][`gno	�
�	�_^	 f[b'
u`_n	 ]	 a[b_dlv`g	^bbq`kd][a^^	 ]nidqa`'
an	b	idgdvrt	if`kb_[]q`aadsd	a^j`	[qsd'
f^_g[	 �α ��md_dfnh	dif`k`ql`_	a[q^u^`	_['
mdh	i[gl_^	^	dx`a^][`_	``	sqce^ac	u^bq`a'

ad�	if`kb_[]qll	]	]^k`	a`u`_mdsd	gadj`b_][�

[ed_[	[qsdf^_g[

�α 	bdb_d^_	^\	k]co	w_[id]�
�e��� ��$dfg^fd][a^`	a[	e[\`	�
	}�~	b`'

g`hb_][� ( ) { }L: S S= � L L
GS ]= �� ���� � LG R= � �

���� �L T= � �	 bdb_dlv`sd	 ^\T 	 ]f`g`aano
flkd]��sk`	̂ ak`mbdg G 	\[acg`fd][an	wq`g`a'
_n	 L 'sd	flk[�	idqcu[`gdsd	^\	 } �~L − 'sd	�


�LS − 	ic_`g	ck[q`a^l	`sd	i`f]dsd	wq`g`a_[
�

�
L] − �	�k`brT 	dif`k`ql`_bl	m[m	a[^edqry``

\a[u`a^`	̂ ak`mb[ L 	_[md`�	u_d	flk	 T T
GS ]= �

�������� TG R= 	`v`	^g``_	_dumc	bg`an	_f`ak[
]	`sd	<�:'_f[`m_df^^�	^bodkanh	�
	}�~	_[m'
j`	 if^a[kq`j^_	 b`g`hb_]c	 } ~: S �	 ]	 md_d'
fdg	`gc	if^b]d`ad	\a[u`a^`	^ak`mb[	 �L = �

�e������
`[q^\[x^l	<�:'[a[q^\[	]f`g`a'
ano	flkd]	^\	b`g`hb_][	 ( ): S 	^	pdfg^fd'
][a^`	a`u`_mdsd	gadj`b_][	\a[u`a^h	]`fo'
a^o	dx`adm	sqce^an	i[gl_^	d	a[u[q`	flk[
kql	m[jkdsd	�
	w_dsd	b`g`hb_][�

�cb_r	kql	m[jkdsd	�
	 LS �	 ��L T= 	]	f`'
\cqr_[_`	̀ sd	<�:'[a[q^\[	idb_fd`an	 �< : '_f['
`m_df^l	 ^	 e '_f[`m_df^l�	 dif`k`qltv^`
bdedh	adg`f	 LP 	_[mdh	_dum^�	]	md_dfdh	ifd'
^\dyq[	 bg`a[	 _f`ak[�	 _�`�	 LP 	!	w_d	adg`f
a[odklv`hbl	z]ny`{	\dan	e`qdsd	ycg[	i`f'
]dh	id	idflkmc	_dum^�	]	md_dfdh	e '_f[`m'
_df^l	idqcu^q[	d_f^x[_`qrad`	if^f[v`a^`�
[	<�:	'_f[`m_df^l	bg`a^q[	_f`ak�

�f^]`k`g	di^b[a^`	]nu^bq^_`qradh	bo`'
gn	 w_[i[	 ��	 md_dfnh	 f`[q^\c`_	pf[m_[qr'
anh	[a[q^\	�
	b	idgdvrt	z[qsdf^_g[	idb'
q`kd][_`qradsd	<�:'[a[q^\[{�	�ql	w_dsd	]]`'
k`g	 bq`kctv^`	 ded\a[u`a^l�	 ( )@ P 	!	 md'
q^u`b_]d	 ]b`o	 flkd]	 L L

GS ]= � �� LG R= 	 ^\
b`g`hb_][	 ( ): S �	c	m[jkdsd	^\	md_dfno	ad'
g`f	_dum^	bg`an	_f`ak[	 LP 	f[]`a	u^bqc	 P �

�
�WNO L

L T
P P

≤ ≤
= �	

�
�K�O L

L T
[ P

≤ ≤
= � ( )

�

-

[

P

T @ P
=

= ∑ 	�	u^bqd

flkd]	b`g`hb_][	 ( ): S � ( ) ( )@ P
\ P

T
= 	!	kdql

_[m^o	flkd]	]	 ( ): S �	c	m[jkdsd	^\	md_dfno
id_`fl	 i[gl_^	 ifd^\dyq[	 a[	 sqce^a`	 P �
( ) ¡ ¢[ S P= 	!	gadj`b_]d	\a[u`a^h	adg`fd]

wq`g`a_d]	bg`an	_f`ak[	]	flk[o	^\	b`g`h'
b_][	 ( ): S � ( ){ }} ~ � } ~A S P Pµ= 	 �	 a`u`_md`
gadj`b_]d	}��~	sqce^an	i[gl_^	kql	�
	}�~
]	 x`qdg�	 �	 _[eq^x`	 if`kb_[]q`a	 f`\cqr_[_
f[ed_n	[qsdf^_g[	 �α 	kql	�
	 S �

�f`kb_[]q`aan`	]	idbq`ka`h	b_fdm`	_[e'
q^xn	\a[u`a^l } ~Pµ 	pcamx^^	if^a[kq`jad'
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b_^	wq`g`a_d]	P 	a`u`_mdgc	gadj`b_]c ( )A S
ifdidfx^da[qran	 u^bq[g	 ( )\ P �	 ( )P [ S∈ �
da^	 idqcu[t_bl	 ic_`g	 adfg^fd][a^l	 \a['
u`a^h	kdq`h	 ( )\ P 	_[m�	u_d	 ( )Pµ ��	kql	]bl'
mdsd	 ( )P [ :∈ �	
`\cqr_[_	f[ed_n	w_[i[	�	kql
�
	S 	if`kb_[]q`a	]	_[eq�	�a[u`a^l	wq`g`a'
_d]	 ( )Pµ 	idbq`ka`h	b_fdm^	]	_[eq�	]nu^bql'
t_bl	bq`kctv^g	def[\dg�	�a[u[q[	a[odk^g

g[mb^g[qract	kdqt	
( )

( )�K�
P [ S

\ \ P∗

∈
= 	}a[if^'

g`f�	 ]	 _[eq�	 \a[u`a^`	 \ ∗����/~	 ^	 bdd_]`_'
b_]ctvct	`h	sqce^ac P ∗ 	 } ( )\ P P∗ ∗= �	]	_[eq�
\a[u`a^`	 P ∗��/~�

�[q``	kql	w_dh	sqce^an	 P ∗ 	wmbi`f_ang
ic_`g	 cb_[a[]q^][`_bl	 \a[u`a^`	 pcamx^^
if^a[kq`jadb_^	 ( )Pµ µ∗ ∗= 	 }]	 _[eq�	 \a[u`'
a^`�	 ( )�/ ��1µ µ∗ = = ~�	�dbq`	 u`sd	 kql	 db'
_[qrano	wq`g`a_d]	 ( )P [ S∈ 	bdd_]`_b_]ctv^`
^g	\a[u`a^l	pcamx^^	if^a[kq`jadb_^	 ( )Pµ

]nu^bqlt_bl	 id	 pdfgcq`	 ( ) ( )P \ P
\

µµ
∗

∗= �

$dfg^fd][a^`	��	 ( )A S 	dbcv`b_]ql`_bl
ic_`g	 idi[fadsd	 de|`k^a`a^l	 wq`g`a_d]
i`f]dh	^	idbq`ka`h	b_fdm	_[eq^xn�	�dqc'
u`aa[l	kql	�
S 	dx`am[	sqce^an	`sd	i[gl'
_^	if`kb_[]ql`_bl	]	]^k`	bq`kctv`sd	a`u`_'
mdsd	gadj`b_][

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

( ) ( )

¡ �&���-� � �-���.- � �����1 �

�/���1 � �,���,& � �.���� � �1���� �

�����-� � �����&& ¢�

A S =

}1~

�ql	a[sqlkadb_^	a[	f^b�	�	if`kb_[]q`ad
s`dg`_f^u`bmd`	 ^\def[j`a^`	��	f[bbg[_'
f^][`gdsd	�
	 S �
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��	 
qce^a[	 i[gl_^	 mdamf`_adsd	 �
	 a`
l]ql`_bl	p^mb^fd][aang	u^bqdg�	``	]`q^'
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�
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��	�ql	u^bq`aadsd	if`kb_[]q`a^l	sqce^'
an	i[gl_^	f[bbg[_f^][`gdsd	�
	}�~	S 	a[^'
edq``	 x`q`bddef[\ang	 l]ql`_bl	g[_`g[_^'
u`bm^h	[ii[f[_	_`df^^	a`u`_m^o	gadj`b_]�
_�`�	 dx`a^][`g[l	 sqce^a[	 if`kb_[]ql`_	 bd'
edh	a`u`_md`	gadj`b_]d	 ( ) ( )( ){ }�A S P Pµ= �
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kql	w_dh	sqce^an�
�[m	d_g`u`ad	]	����	<�:'[a[q^\	if`kb_[]'

ql`_	bdedh	^ab_fcg`a_	kql	]nl]q`a^l	x^m'
qd]�	m[m	i`f^dk^u`bm^o�	 _[m	^	a`i`f^dk^'
u`bm^o�	�[	 f^b�	 /	 if`kb_[]q`ad	 ^\def[j`'
a^`	 ]	 ]^k`	 s^b_dsf[ggn	 k^a[g^m^	 _du`m
bg`an	 _f`ak[	<�:'_f[`m_df^h	 ]f`g`aano
flkd]	 } ~LS : S∈ 	 kql	 ^ak`mbd]	 L �	 idb_[]'
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bf[]a`a^t	b	z[qsdf^_gdg	adfg^fd][aadsd
f[\g[o[	#`fb_[{�
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f^b� /	k[ad	sf[p^u`bmd`	if`kb_[]q`a^`	]f`'
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s[`_bl	kql	[a[q^\[	x^mq^u`bm^o	o[f[m_`f^'
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	b_dm[	sdfano	f`m�
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][_`qradsd	<�:'[a[q^\[	]	bcv`b_]`aadh	g`f`
ba^g[`_	 w_d	 cbqd]^`�	 _�m�	 if`kb_[]ql`_bl
]d\gdjang	`sd	^bidqr\d][a^`	kql	idqcu`'
a^l	dx`adm	pf[m_[qrano	o[f[m_`f^b_^m	ds'
f[a^u`aadsd	d_f`\m[	f[bbg[_f^][`gdsd	�
�
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