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�� s�t� ^^O\Oa]� ]bkOO� ]_PO\O[OaQO� QaS]P,
WV`Q]aa]c� ZQZXOWd� UVU� ]brOUXV*� U]X]Pdc
SiaU`Q]aQPiOX�aV�]Za]^O�QZ_][hT]^VaQR�Qa,
S]PWV`QQ�]�Z]bdXQRe*�ZQXiV`QRe*�_P]`OZZVe*
_P]QZe]\RkQe�^aO�Q�'Q[Q)�^aiXPQ�PVZZWVXPQ,
^VOW]c�ZQZXOWd�

	QmaV[d�aV�^e]\O�Q�^de]\O�QaS]PWV`Q]a,
a]c�ZQZXOWd�R^[RjXZR�SiaU`QRWQ�^POWOaQ*�X�O�
]X]bPVqOaQRWQ�Wa]qOZX^V�W]WOaX]^� ^POWOaQ
[� aV� Wa]qOZX^]�y� ^e]\ade� Q� Wa]qOZX^]�`
^de]\ade� ZQmaV[]^���VXOWVXQlOZUVR�W]\O[h
QaS]PWV`Q]aa]c�ZQZXOWd�]_PO\O[ROXZR�]_OPV,
X]P]W�+*� ]X]bPVqVjkQW�Wa]qOZX^]� ^e]\ade
ZQmaV[]^�aV�Wa]qOZX^]�^de]\ade�ZQmaV[]^n

# � �→� '�)

Q[Q

� � � �!  � �!� � � � � � 
& 
 � � 
 � 
 � & 
 �= ∈ ∈ '�)

	]]Xa]gOaQO��'�)�W]qa]�s�t�_PO\ZXV^QXh�^
^Q\O�ZOWOcZX^V�SiaU`Q]aV[]^� 
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m\O� lOPOT� 
�−∞ � ]b]TaVlOa� ]XPOT]U� ^e]\a]m]
ZQmaV[V� � �� 
 �∈ �aV�QaXOP^V[O�̂ POWOaQ�� � �
−∞ �

a\OUZ� ^� ]b]TaVlOaQQ� 
$ � iUVTd^VOX�aV� ^]T,
W]qaij�TV^QZQW]ZXh�^Q\V�SiaU`Q]aV[V�Q[Q
Om]�_VPVWOXP]^�]X�^POWOaQ�

�_QZVaadc�_]\e]\�']_OPVX]P�+�Q[Q�ZOWOc,
ZX^V� SiaU`Q]aV[]^� 
$ )� eVPVUXOPQTiOX� XVU
aVTd^VOWij�W]\O[h�w^e]\y^de]\x�s�t�QaS]P,
WV`Q]aa]c�ZQZXOWd����s�t�XO]PQj�QaS]PWV`Q,
]aade�ZQZXOW*�QZ_][hTijkij�W]\O[h�'�)�Q[Q
'�)�aVTd^VjX�WVUP]XO]PQOc�ZQZXOW�

�P]ZXOcgOc�S]PW]c�]_OPVX]PV�+�^�'�)�R^,
[ROXZR� ]\a]TaVla]O� ]X]bPVqOaQO
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�PO\[]qOa�]bkQc�_]\e]\�U�_P]OUXQP]^VaQj�QaS]PWV`Q]aade�ZQZXOW*�_PO\aVTaVlOa,
ade�\[R�]bPVb]XUQ�ZQmaV[]^���]UVTVa]*�UVU�TV\VlV�_PO]bPVT]^VaQR�U[VZZV�ZQmaV[]^�^�\Pi,
m]c�U[VZZ�ZQmaV[]^�W]qOX�bdXh�POgOaV�Z�_]W]khj�UVZUV\a]�Z]O\QaOaade�^Oc^[OX,ZQZXOWd
Q�aO[QaOca]c�ZXVXQlOZU]c�ZQZXOWd�

U]X]P]O� eVPVUXOPQTiOXZR� XOW*� lX]� TaVlOaQO
^de]\a]m]�ZQmaV[V�C'D)�^�W]WOaX�^POWOaQ�D�]_,
PO\O[ROXZR� TaVlOaQOW��'D)� ^e]\a]m]� ZQmaV[V� ^
X]X�qO�ZVWdc�W]WOaX�^POWOaQ�D*�Q�aO�TV^QZQX
]X�TaVlOaQc�^e]\a]m]�ZQmaV[V�^�\PimQO�W]WOa,
Xd�^POWOaQ���Z[Q�QaS]PWV`Q]aaVR�ZQZXOWV�eV,
PVUXOPQTiOXZR�Z]]Xa]gOaQOW�'0)*�X]�]aV�aVTd,
^VOXZR� s�t� W����V�W�IX� W�W���IX����� b][OO� ]b,
kOW�Z[ilVO�QaS]PWV`Q]aaVR�ZQZXOWV�eVPVUXO,
PQTiOXZR�aO�SiaU`QOc�V

D
*�V�SiaU`Q]aV[VWQ� 
$ *

UVU�^��'�)*�Q�X]m\V�TaVlOaQO�^de]\a]m]�ZQmaV[V
C'D)�]_PO\O[ROXZR�aO�X][hU]�TaVlOaQOW�^e]\a],
m]� ZQmaV[V� ^�W]WOaX� aVb[j\OaQR� D� ^de]\a]m]
ZQmaV[V*� a]� Q� TaVlOaQRWQ� ^e]\a]m]� ZQmaV[V� ^
W]WOaXd� ^POWOaQ*� _PO\gOZX^]^V^gQO�W]WOa,
Xi�^POWOaQ�aVb[j\OaQR�^de]\a]m]�ZQmaV[V���V,
UVR� QaS]PWV`Q]aaVR� ZQZXOWV� aVTd^VOXZR� s�t
����V�W���
�����U��IX���M���V�W�IX� W�W��b
�IX����VWOXQW*�lX]�Qa]m\V�^�UVlOZX^O�Q\OV[Q,
TQP]^Vaade�W]\O[Oc�PVZZWVXPQ^VjX�.���)"*6
+�� !"�"�%��("-�"� \QaVWQlOZUQO� ZQZXOWd*� aO
i\]^[OX^]PRjkQO�_PQa`Q_i�_PQlQaa]ZXQ���P],
ZXdW�_PQWOP]W�XVU]c�ZQZXOWd�Z[iqQX�Q\OV[h,
adc�SQ[hXP�aQqaQe�lVZX]X�Z�PV^a]WOPa]c�VW,
_[QXi\a]lVZX]Xa]c�Q�[QaOca]c�SVT],lVZX]Xa]c
eVPVUXOPQZXQUVWQ�� 	QmaV[� aV� ^de]\O� XVU]m]
SQ[hXPV*�U]m\V�aV�Om]�^e]\�\OcZX^iOX�ZQmaV[�^
^Q\O� O\QaQla]m]� ZUVlUV� s0t

�

�� ��

� � ���� ��

�� ��




� 
 





 <
= =
 >

'�)

��	Qa]aQWVWQ� XOPWQaV� wZXVXQlOZUVR� ZQZXOWVx� R^,
[RjXZR�XOPWQad�waOQaOP`QV[haVR�ZQZXOWVx�Q�wZQZXOWV
bOT�_VWRXQx�

��	Qa]aQWVWQ�XOPWQaV�w\QaVWQlOZUVR�ZQZXOWVx�R^,
[RjXZR�XOPWQad�wQaOP`QV[haVR�ZQZXOWVx�Q�wZQZXOWV�Z
_VWRXhjx�
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_VPVWOXPd� Q\OV[ha]m]�SQ[hXPV*� ]_PO\O[Rj,
kQO�Om]�_][]Zi�_P]_iZUVaQR�Q�im][�aVU[]aV
[QaOca]c�SVT],lVZX]Xa]c�eVPVUXOPQZXQUQ���VU
UVU� $�� � �α ≠ � _PQ� �α < *� X]� QT� � '1)� Z[O\iOX*
lX]� POVU`QR� Q\OV[ha]m]�SQ[hXPV� aVZXi_VOX
PVahgO�W]WOaXV� ^U[jlOaQR� ^e]\a]m]� ZQmaV,
[Vz� Z[O\ZX^QO� ]_OPOqVOX� _PQlQai�

�OXOPWQaQP]^VaaVR�QaS]PWV`Q]aaVR�ZQZ,
XOWV�aVTd^VOXZR�W��c�IM�
MIX�*�OZ[Q�]X]bPV,
qOaQO� '�)� aO� TV^QZQX� ]X� ^db]PV� aVlV[V� ]X,
ZlOXV�^POWOaQ���VPVUXOPQZXQUQ�XVUQe�ZQZXOW
_]ZX]Raad�^]�^POWOaQ�Q*�Z[O\]^VXO[ha]*�aQq,
aQO�Qa\OUZd�^�'�)�Q�'0)�\][qad�bdXh�]_ikO,
ad���de]\a]c�ZQmaV[�C'D)�^�pX]W�Z[ilVO�TV^QZQX
]X�^POWOaQ�D�X][hU]�lOPOT�^e]\a]c�ZQmaV[��'D)�

	]]Xa]gOaQO�̂ e]\y^de]\�\[R�ZXV`Q]aVPade
aO[QaOcade�ZXVXQlOZUQe�ZQZXOW�QWOOX�^Q\�s�t
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�[R� VaV[QTV� TV^QZQW]ZXQ� ^de]\a]m]� ZQm,
aV[V� ]X� ^e]\a]m]� lVZX]� bd^VOX�_][OTadW� s�t
_PO\ZXV^QXh�_P]QT^][haij�aO[QaOcaij�Sia,
U`Qj�V�_]ZPO\ZX^]W�p[OWOaXVPade�SiaU`Qc*
aV_PQWOP� ZXO_Oaade�� �VU*� ^� Z]]X^OXZX^QQ� Z
XO]POW]c� �OcOPgXPVZZV� s�t� [jbVR�SiaU`QR
V'�)*� aO_POPd^aVR� aV� ]mPVaQlOaa]W� TVWUai,
X]W�QaXOP^V[O*�W]qOX�bdXh�Z�[jb]c�X]la]Z,
Xhj� V__P]UZQWQP]^VaV� _][Qa]W]W*� ZXO_Oah
U]X]P]m]� ]_PO\O[ROXZR� X]la]ZXhj� V__P]UZQ,
WV`QQ��
Z_][hTiR�pX]X�SVUX*�Z]]Xa]gOaQO�'5)
W]qa]�_PO\ZXV^QXh�^�^Q\O
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	XPiUXiPaVR�ZeOWV�aO[QaOca]c�ZXVXQlOZ,
U]c�ZQZXOWd*�eVPVUXOPQTiOW]c�Z]]Xa]gOaQOW
'8)*�_PO\ZXV^[OaV�^� s�t�

	]]Xa]gOaQO�^e]\,^de]\�\[R�ZXV`Q]aVPade
aO[QaOcade�\QaVWQlOZUQe�ZQZXOW�QWOOX�^Q\�s�t
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	]m[VZa]� XO]POWO��POgO� [jb]c� aO_PO,
Pd^adc�SiaU`Q]aV[� W]qa]� Z� [jb]c� TV\Va,
a]c�X]la]ZXhj�V__P]UZQWQP]^VXh�PR\]W��][h,
XOPPV�s�*71t
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�V� _PVUXQUO� PR\��][hXOPPV� ]mPVaQlQ^V,
jX� U]aOladW� lQZ[]W� Z[VmVOWde*� ]_PO\O[RO,
WdW� aO]be]\QW]c� X]la]ZXhj� V__P]UZQWV`QQ
SiaU`Q]aV[V� ( )
$ �−∞ �

�[R�%�!",!���\QaVWQlOZUQe�ZQZXOW�iUV,
TVaadc�SiaU`Q]aV[�u�[QaOcadc�� �� _PV^]c
lVZXQ��'� )�^�pX]W�Z[ilVO�]ZXVOXZR�[Qgh�_OP,
^]O� Z[VmVOW]On
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��pX]W�Z[ilVO�SiaU`Qj�>'D)�_PQaRX]�aVTd^VXh
QW_i[hZa]c�eVPVUXOPQZXQU]c�QaS]PWV`Q]aa]c
ZQZXOWd*� V� QaXOmPV[� ^� _PV^]c� lVZXQ� PV^Oa,
ZX^V '��)�u�QaXOmPV[]W��jVWO[R��
W_i[hZaVR
eVPVUXOPQZXQUV�_][a]ZXhj�eVPVUXOPQTiOX�[Q,
aOcaij�\QaVWQlOZUij�ZQZXOWi��
T�'��)�]lO^Q\,
a]*� lX]� QW_i[hZaVR� eVPVUXOPQZXQUV� ZQZXOWd
R^[ROXZR�POVU`QOc�aV� ^e]\a]c� ZQmaV[� ^� ^Q\O
\O[hXV,SiaU`QQ��QPVUV*�X�O�� � � � �� 
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T�'��)�XVUqO�Z[O\iOX*�lX]�[QaOcaij�\Q,
aVWQlOZUij�ZQZXOWi�]\a]TaVla]�W]qa]�]eV,
PVUXOPQT]^VXh�[jb]c�_VP]c�^TVQW]Z^RTVaade
^e]\a]m]� Q� ^de]\a]m]� ZQmaV[]^�� �V_PQWOP*
OZ[Q� ^e]\a]c� ZQmaV[� �'D)� QWOOX� ^Q\� '�)*� X]
^de]\a]c�ZQmaV[�C'D)�aVTd^VOXZR�_OPOe]\a]c
eVPVUXOPQZXQU]c�ZQZXOWd�s�t���VUQW�]bPVT]W*
Q\OV[hadc�SQ[hXP�aQqaQe�lVZX]X�QWOOX�_O,
POe]\aij�eVPVUXOPQZXQUi�^Q\V�'1)�
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�V\VlV� _P]OUXQP]^VaQR� QaS]PWV`Q]aa]c
ZQZXOWd�ZXV^QXZR�Z[O\ijkQW�]bPVT]W���V\V,
ad� ]_PO\O[OaadO� ^]� ^^O\OaQQ� Wa]qOZX^]�y
^e]\ade�Q�Wa]qOZX^]�`� ^de]\ade�ZQmaV[]^�
�mPVaQlQWZR� PVZZW]XPOaQOW� Z[ilVR� ZXV`Q],
aVPade�ZQmaV[]^���]m\V�aVW�XPObiOXZR�ZQaXO,
TQP]^VXh�QaS]PWV`Q]aaij�ZQZXOWi*�POV[QTi,
jkij�SiaU`Q]aV[� ( )
$ �−∞ �XVU*�lX]� � �→ �


T�'��)�]lO^Q\a]*�lX]�^�]bkOW�Z[ilVO�XV,
Uij�TV\Vli�aO^]TW]qa]�POgQXh�^�U[VZZO�[Q,
aOcade�\QaVWQlOZUQe�ZQZXOW����ZVW]W�\O[O*

��	Qa]aQWVWQ�XOPWQaV�wZXV`Q]aVPaVR�ZQZXOWVx�R^,
[RjXZR�XOPWQad�wZQZXOWV*�Qa^VPQVaXaVR�^]�^POWOaQx�Q
wZQZXOWV�Z�_]ZX]RaadWQ�^]�^POWOaQ�_VPVWOXPVWQx�
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_iZXh�Wa]qOZX^]�y�Z]ZX]QX�X][hU]�QT�]\a]m]
ZQmaV[V�Q�Wa]qOZX^]�`�Z]ZX]QX�X][hU]�QT�]\,
a]m]� ZQmaV[V��
� _iZXh� QaXOmPV[ha]O� iPV^aO,
aQO� '��)� _]Z[O� _]\ZXVa]^UQ� ^� aOm]� pXQe� ZQm,
aV[]^�QWOOX0�POgOaQO�]Xa]ZQXO[ha]�>'D)���]m,
\V� Q� X][hU]� X]m\V� TV\Vli� _P]OUXQP]^VaQR
W]qa]� POgQXh� ^� U[VZZO� [QaOcade� \QaVWQ,
lOZUQe�ZQZXOW���\aVU]*�[QaOcadO�\QaVWQlOZ,
UQO�ZQZXOWd�^�]bkOW�Z[ilVO�aO�W]miX�_PO]b,
PVT]^d^VXh� ]\a]�Wa]qOZX^]� ZQmaV[]^�^�\Pi,
m]O*� \VqO� OZ[Q� pXQ� Wa]qOZX^V� Z]ZX]RX� e]XR
bd�QT�\^ie�ZQmaV[]^�UVq\]O�


T�'8)�Z[O\iOX*�lX]�aO[QaOcadO�ZXVXQlOZ,
UQO�ZQZXOWd�QWOjX�UPVcaO�]mPVaQlOaa]O�_PQ,
WOaOaQO�\[R�POgOaQR�TV\VlQ�_PO]bPVT]^VaQR
Wa]qOZX^V� ZQmaV[]^�y� ^� \Pim]O� Wa]qOZX^]
ZQmaV[]^�`n�UVq\dc�^e]\a]c�ZQmaV[� � �� 
 �∈
\][qOa�bdXh�ZXP]m]�W]a]X]aadW�Q�aO�_PQaQ,
WVXh�ai[O^]m]�TaVlOaQR*�V�]b[VZXQ�TaVlOaQc
[jbde� \^ie� ^e]\ade� ZQmaV[]^� aO� \][qad
_OPOUPd^VXhZR�

�VUQW� ]bPVT]W*� aO[QaOcadO� ZXVXQlOZUQO
ZQZXOWd�W]miX� QZ_][hT]^VXhZR� \[R� POgOaQR
TV\VlQ�_P]OUXQP]^VaQR�QaS]PWV`Q]aa]c� ZQ,
ZXOWd*� ]\aVU]� Wa]qOZX^]� ^e]\ade� ZQmaV[]^
y�\][qa]�i\]^[OX^]PRXh�^�pX]W�Z[ilVO�^OZh,
WV�qOZXUQW�XPOb]^VaQRW�

�lO^Q\a]*� lX]� TV\Vli� _P]OUXQP]^VaQR
QaS]PWV`Q]aa]c� ZQZXOWd� W]qa]� ZXP]QXh� ^
\^V� pXV_V�� �V� _OP^]W� pXV_O� Wa]qOZX^]� y
^e]\ade� ZQmaV[]^� _PO]bPVTiOXZR� ^]� ^Z_]W],
mVXO[ha]O� Wa]qOZX^]�y]� ZQmaV[]^*� aO� _PO\,
ZXV^[RjkOO� ZVW]ZX]RXO[ha]m]� QaXOPOZV*� a]
b][OO�i\]ba]O�\[R�]bPVb]XUQ�aO[QaOca]c�ZXV,
XQlOZU]c�ZQZXOW]c����O�*� ^dPVqOaQO� '�)�W]q,
a]� aVWOPOaa]� iZ[]qaQXh

# 
� � �→ →� 	 '��)
�]aRXa]*�lX]�Q�Wa]qOZX^]�`��^de]\ade�ZQm,
aV[]^�aO[QaOca]c�ZXVXQlOZU]c�ZQZXOWd�W]qOX
bdXh� ]X[QladW� ]X� XPObiOW]m]� Wa]qOZX^V�`�
�]m\V

# 
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�VUVR�XPOeZXi_OalVXVR�_P]`O\iPV�_PO]b,
PVT]^VaQR�]\a]m]�Wa]qOZX^V�ZQmaV[]^�^�\Pi,
m]O*� _PQ� iZ[]^QQ*� lX]� _PO]bPVT]^VaQR
� �→ 	 � Q�� �→	 � ^d_][aRjXZR� [QaOca]c
\QaVWQlOZU]c� ZQZXOW]c*� V� _PO]bPVT]^VaQO
� �→	 	 �u�aO[QaOca]c�ZXVXQlOZU]c�ZQZXOW]c*
gQP]U]�QZ_][hTiOXZR�̂ �PV\Q]XOeaQUO���ZXP]c,
ZX^]*� POV[QTijkOO� Z]]X^OXZX^ijkij�_P]`O,
\iPi� ]bPVb]XUQ� ZQmaV[]^� a]ZQX� aVT^VaQO� s5t
wXQ_]^]O�T^Oa]�PV\Q]XOeaQlOZUQe�iZXP]cZX^x�
�m]�ZXPiUXiPaVR�ZeOWV�_]UVTVaV�aV�PQZ����

�� lVZXa]ZXQ*� XQ_]^dW� PV\Q]XOeaQlOZUQW
T^Oa]W�R^[ROXZR�gQP]U]�QT^OZXadc�s8t�paOPmO,
XQlOZUQc�_PQOWaQU*� Z]ZX]RkQc�QT�_]Z[O\]^V,
XO[ha]�Z]O\QaOaade�_][]Z]^]m]�SQ[hXPV*�U^V\,
PVXQla]m]�\OXOUX]PV�Q�QaXOmPVX]PV�'PQZ� �)�

�^ieZXi_OalVXVR�_P]`O\iPV�'��)�_PQWOaR,
OXZR�^�PV\Q]XOeaQUO� m]PVT\]�POqO�

E?D�d'�"'�	�#%'	�?�&"
DB?A��B��"R��
?D

�]� ZQe� _]P� Wd� aOR^a]� _PO\_][VmV[Q� ^ZO
ZQmaV[d� ZUV[RPadWQ���][VmVR� _],_POqaOWi*
lX]� ZQmaV[d*� Z]ZXV^[RjkQO� Wa]qOZX^V�y� Q
`*�u�ZUV[RPad*�ZaQWOW�XVU]O�]mPVaQlOaQO�Z
ZQmaV[]^*� Z]ZXV^[RjkQe�Wa]qOZX^]�y��
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aV�X]c�lVZX]XO*�aV�U]X]P]c�TaVlOaQO�Z_OUXPV�^de]\a],
m]� ZQmaV[V�]X[Qla]�]X�ai[R�

��*��i���Q_]^]O�T^Oa]�PV\Q]XOeaQlOZUQe�iZXP]cZX^

��*������aOPmOXQlOZUQc�_PQOWaQU
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�]ZQaiZ]Q\V[hadO� ZQmaV[d� aV� QaXOP^V[O
^POWOaQ� �
 � �
 � �∈ − � aO� R^[RjXZR�W]a]X]aad,
WQ*�_]pX]Wi�_P]OUXQP]^VXh�aO[QaOcaij�ZXV,
XQlOZUij� QaS]PWV`Q]aaij� ZQZXOWi*� POV[Q,
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_VPVWOXPQlOZU]m]� Wa]qOZX^V� ^de]\ade� ZQm,
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aO� _PO\ZXV^[ROXZR� ^]TW]qadW�� �\aVU]� ^]T,
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TiR�[QaOcaij�\QaVWQlOZUij�ZQZXOWi�aV�_OP,
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= �^�\^iU]W_]aOaXadc�^OU,
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=� �� �VUQW
]bPVT]W*�^�POTi[hXVXO�_PO]bPVT]^VaQR�� �→ 	
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 � � 
= � Z� _]W]khj� XVUQe� QT^OZXade
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TV\Vaade� aV� U]W_VUXO*� Z]ZXV^[ROX� V[mObPi*
PVT\O[ROX�X]lUQ�pX]m]�U]W_VUXV�Q�aO�QZlOTV,
OX� aQ� ^� ]\a]c� X]lUO� pX]m]� U]W_VUXV�� �VPV,
WOXPd�E�Q�S�^� '�8)�]_PO\O[RjXZR�aO]be]\Q,
W]c� X]la]ZXhj� V__P]UZQWV`QQ�� �VUQW� ]bPV,
T]W*�TV\VlV�_P]OUXQP]^VaQR�QaS]PWV`Q]aa]c
ZQZXOWd*� _PO\aVTaVlOaa]c� \[R� ]bPVb]XUQ
Wa]qOZX^V�ZQmaV[]^�'�0)*�Z^]\QXZR�U�]_PO\O,
[OaQj�aVb]PV�U]pSSQ`QOaX]^� �n
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�������pX]W
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��s��t�]_QZVad�Q�\PimQO�^Oc^[OXd*�XVUQO�UVU
^Oc^[OX��]P[OXXV*� ^Oc^[OX��]QS[OXV*� ^Oc^,

[OX��]bOgQ*� lVZX]Xadc�9,Z_[Vca]^dc� ^Oc^,
[OX*�mViZZ]^ZUQc�^Oc^[OX*�^Oc^[OX�wWOUZQUVa,
ZUVR�g[R_Vx*�^Oc^[OX��OcOPV*�]bPVXadc�bQ,
]PX]mVaV[hadc� ^Oc^[OX*� ^Oc^[OX�4Oaa]aV*
^Oc^[OX�	QW[OXV�Q�\PimQO�

�VUQW� ]bPVT]W*� ZXPiUXiPV� Z]^POWOaa]c
QaS]PWV`Q]aa]c�ZQZXOWd�]bPVb]XUQ�ZQmaV[]^
Z^]\QXZR�U�^Q\i*�_]UVTVaa]Wi�aV�PQZ����

�O]POXQlOZUQ�^de]\a]O�Wa]qOZX^]�ZQmaV,
[]^�^Oc^[OX,_PO]bPVT]^VaQR�^Q\V�'��)�bOZU],
aOla]���V� PQZ�� �� U][QlOZX^]� XVUQe� ZQmaV[]^
PV^a]� E�� �lO^Q\a]*� E� \][qa]� bdXh� XVUQW*
lX]bd�^�[jb]c�W]WOaX�^POWOaQ� D� ^OUX]Padc
ZQmaV[�e'D)�_PQaQWV[�iaQUV[ha]O�TaVlOaQO�

?K
�����M���fG��iZXh�Wa]qOZX^]�y�� ^OU,
X]Pade�ZQmaV[]^� � �
 �∈� 	 �XQ_V�'� )�_][ilOa]
Z� _]W]khj� ^Oc^[OX,_PO]bPVT]^VaQR� '��)� QT
Wa]qOZX^V�y� ZUV[RPade� ZQmaV[]^� � �� 
 �∈ �
�QaQWV[ha]O� TaVlOaQO� _VPVWOXPV� E� ^� '� )*
_PQ�U]X]P]W�\[R�[jbde� �
 �∈ �Q� �
 �∈ �PV^Oa,
ZX^]� e'D
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) }e'D

�
)� \]ZXQmVOXZR� X]m\V� Q� X][hU]

X]m\V*� U]m\V� D
�
} D

�
*� Q� \[R� [jb]m]� 
 �∈ � ^d,

_][aROXZR�aOPV^OaZX^]� � �
 ≠� � *� bi\OW�aVTd,
^VXh�]_XQWV[ha]c�PVTWOPa]ZXhj�_P]ZXPVaZX^V
^OUX]Pade�ZQmaV[]^�Q�]b]TaVlVXh��Ψ �

��*��w���^V\PVXQladc�\OXOUX]P�U]ZQaiZ]Q\V[hade�ZQmaV[]^

��*��f��	]^POWOaaVR�QaS]PWV`Q]aaVR�ZQZXOWV
]bPVb]XUQ�ZQmaV[]^
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?K
�����M����G�
i\OW�aVTd^VXh�Wa]qOZX^]
ZUV[RPade�ZQmaV[]^�y�Q�^Oc^[OX� � �
ψ ∈ Ψ�Z],
m[VZ]^VaadWQ� aV� TV\Vaa]W�Wa]qOZX^O� ^Oc^,
[OX]^� Ψ*� OZ[Q� � �ψ φ≤ � \[R� [jb]m]� ^Oc^[OXV
� �
φ ∈ Ψ �
�VUQW� ]bPVT]W*� _P]`O\iPV� _P]OUXQP]^V,

aQR�Z]^POWOaa]c�ZQZXOWd�]bPVb]XUQ�ZQmaV[]^
Z]ZX]QX�^�Z[O\ijkOW�

�� �dbPVXh�Wa]qOZX^]�^Oc^[OX]^� Ψ *�_PO,
]bPVT]^VaQR�_]�U]X]PdW�W]miX�bdXh�POV[QT],
^Vad�^�_P]OUXQPiOW]c�ZQZXOWO�

�� �]� TV\Vaa]Wi�Wa]qOZX^i� ^e]\ade� ZQm,
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�� �]�TV\Vaa]Wi�Wa]qOZX^i�^de]\ade�ZQm,
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