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O′ = n′ � O′ = {o′i}1≤i≤n′
@

� D′ ⊆ O′×P(O′) �����
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M D′ = k′ � D′ = {d′i}1≤i≤k′

d′i = (o′i1 ,{o
′
i2

, · · · ,o′ik(i)
}2≤k(i)≤n′) � o′ij
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	'���:M:Y[�:X�� d′i
YF�B�
D�X�HK���
DF�rDF	'��
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γ−1 ¤ D′ → O′

d′i 7→ γ−1(d′i) = (o′i1)
D�� d′i = (o′i1 ,{o

′
ij
}2≤j≤k(i))
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γ ¤ D′ → P(O′)

d′i 7→ γ(d′i) = {o′ij}2≤j≤n′
D�� d′i = (o′i1 ,{o

′
ij
}2≤j≤k(i))

Ç ���C¶V²Zµx²��,¶ 9j} � ^ `��Z\ ��� ^ p \�fMuA^ 	tey\_e � q \cd � eg^-\3dTh�� ey\_^5`O\Vpr\ q � �cbZ\���a ��`_d �)\_f d � ey\�&
∃d′k1

,...,d′kq
∈ D′ × ...×D′ �8��
!HML;Y[��� &

γ−1(dk1) = o′i, γ(dk1) ⊇ {o
′
i+1}

γ−1(dk2) = o′i+1 γ(dk2) ⊇ {o
′
i+2}

... ...

γ−1(dkq ) = o′i+q−1 γ(dkq ) ⊇ {o
′
i+q}Ç ���C¶V²Zµx²��,¶ 9 � % \ 	 ��acb �j\]\_d � d at^Zd `���� ` e � �#�[8cf!^ � \�� � d �)\Ebjatd p \R`��j\ ��� ^ a �.at^ �W( fMa � u � d �A@ � \

u ���
	 � ^-\ \ � �A@ � \ p \cd � ��^5a�� � ut^2�
6 ∃ d′k1

,...,d′kn
∈ D′ × ...×D′ �8��
!HML;Y[��� :

γ−1(dk1) = o′i,

γ(dkn) ⊇ {o′i}

\ � ∀l 1 < l < n

{

γ(dkl
) ⊇ {o′.}

γ−1(dkl+1
) = {o′.}

Ç ���C¶V²Zµx²��,¶ 9 � � �ga � ey\ p h)bZ\_^5prat^5`O\�pr\ prut^y^-h[\_dva eg^�\ � eg^ d \ e fFh � \ � �)\_e ��\ � ate � u � ^yd��
�[h�`O\)b �)\ e ���

∀d′i ∈ D′ K�Y[

M (γ−1(d′i)) = 1 ��� �!a � p (γ(d′i)) ≥ 1

�����
	���
���������� eZat^5p �!a ��p (γ(d′i)) = 1 � d′i
\cd ��eg^ a � ` bju+dOdTh�p.at^ � p.ut^-`]eg^ h � \ � �)\_e � \ �Eeg^

eg^ ��� eZ\ �[h�`O\)b �)\ e ���
� eZat^5p �!a � p (γ(d′i)) > 1 � d′i \cd ��eg^ � �Oby\�� a � `#bju+dcd h�prat^ � eg^qh � \�� �)\_e ��\ �gb5f erd�� \ e �cd ��h�`c\)b �)\_e �Od	�

ut^ p � � � ey\ f�� ut^ aRp \Ff a�M9H *,E:�!HKDF�D�
zÆ�
�
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BY[	ZN:� Gal
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��M�C E��:�NDF	'��
BY[�!HKDF� @
Ç ���C¶V²Zµx²��,¶ 9 � W E:X�X����
�
��E�

�6M�C E��:�NDF	,��
BY[�!HKDF� o′i

Y[E»�
���:� �LDF�:M9
BY[��# YpHI�:DFE ¾ �JUAX	��¤ Γ(o′i)6-u � � Γ(o′i)
�#f � \_^yd \ � �_fQ\ pr\cdEd_ej`[`c\cdOdT\_e �cd p � eg^-\ ucbZh���a�� � ut^ o′i

�
Γ(o′i) = {o′j ∈ O′ / ∃ d′k ∈ D′ avec o′i = γ−1(d′k) et o′j ⊆ γ(d′k)}

% \_d ucbZh���a�� � ut^ZdEd aA^Zd�dceZ`[`O\cdcd \_e � pAe 	 ��acb �j\ Gal
d ut^ � acb.bZ\ f h[\_d fQ\cd��
DF
!�!HK���G�

Sorties(Gal) = {o′i ∈ O′ / Γ(o′i) = ∅}
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Ç ���C¶V²Zµx²��,¶ 9�� �L���
X����:M:Y[���
�ÆM�C E��:�NDF	'��
BY[�!HKDF� o′i
Y[E`�B���:�)�LDF�:M9
BY[��# YpHI�:DFE ¾ �JUAX���¤ Γ̂(o′i)

� ^ dce?b.bju+dT\ � ey\ f � ucbyh�� a�� � ut^ o′i
\cd �Fate � a � ��� e � ( n a ��`_d p � eg^ ^�� ejp<d at^Zd d_ej`[`c\cdOdT\_e ��� 6-u � �

Γ̂(o′i)
� f � \_^Zd \ � � f \ pr\cd pr\cd `O\_^5prat^ ��dRp � e ^ \ ucbZh�� a�� � ut^ o′i

�W� � \cd � fMa � \�� � \ � e ��\ � ��at^Zd � � ��s+\ pr\ f � \_^ 	
d \ � � f \ pr\cdEd_ej`O`O\cdOdT\_e �Od	� ` � \cd ��	U( 	 p � �[\ &

Γ̂(o′i) =

n
⋃

k=1

Γk(o′i)

u%$ Γk(o′i)
prhcd��
	A^-\ f�� \_^ZdT\ � �_fQ\ p \cd ucbZh���a�� � ut^Zd � ey\ o′i

a�� �)\���^ � \_^ve � ��f � d aA^ �>\��.ar`��)\ � \_^ � k a � `_d��
Ç ���C¶V²Zµx²��,¶ 9�� Î 

��M���X����
�
��E�

�6M�C E��:�NDF	'��
BY[�!HKDF� o′i

Y[Ep�
���:�)�LDF�:M9
BY[��#�YpHI�:DFE ¾ �JUAX���¤ Γ−1(o′i)6-u � � Γ−1(o′i)
�6f � \_^yd \ � �_fQ\ pr\cd b �[h�prh�`c\cdOdT\_e �cd p � eg^-\ ucbZh�� a�� � ut^ o′i

�
Γ−1(o′i) = {o′j ∈ O′ / ∃ d′k ∈ D′ avec o′j = γ−1(d′k) et o′i ⊆ γ(d′k)}% \_d ucbZh���a�� � ut^ZdEd aA^Zd b ��h[prh�`O\cdcd \_e � pte 	 ��acb �Z\ Gal

d uA^ �>acbrbZ\_fQh[\cd fQ\cd������!

�����G�
Entr h es(Gal) = {o′i ∈ O′ / Γ−1(o′i) = ∅}

Ç ���C¶V²Zµx²��,¶ 9 � z��:X ���!

���6M�C E��:�NDF	'��
BY[�!HKDF� o′i
Y[E»�B���:�)�LDF�:M9
BY[��# YpHI�:DFE ¾ �JUAX���¤ Γ̂−1(o′i)

� ^ dce?b.bju+dT\ � ey\qf � u_bZh���a�� � uA^ o′i
\cd �K( \ �.a.`��)\ � \_^ � n a ��`_d]p � eg^ ^�� eZp d at^yd�b ��h[prh�`O\cdcd \_e ���W6-u � �

Γ̂−1(o′i)
� f � \ ^Zd \ � �_fQ\ pr\cdiat^5`�@ � �[\cd<p � e ^ \iucbZh�� a�� � ut^ o′i

� � � \_d ��f a �T\�� � \ � e �[\ � ��at^Zd���� ��s+\ip \qf � \_^ 	
d \ � � f \ pr\cd b ��h�p h�`O\cdcd \_e �Od	� ` � \_d ��	U( 	 p ����\ &

Γ̂−1(o′i) =

n
⋃

k=1

(Γ−1)k(o′i)

u%$ (Γ−1)k(o′i)
p hcd � 	t^-\ f � \_^yd \ � �_fQ\�pr\cd ucbyh�� a�� � ut^yd a�� �)\�� 	t^5at^ � o′i \ ^ e � ��f � d at^ ��\��ra.`��)\ � \_^ � k a � ` d?�

�v4%$/*-,.&/�;06(] #4  6" � 4%06 6*�0 �j4%( *�(+(+� �Z&/"%4%(i* 
 � 2.*�� �#4  #4 $�� * $ � � 2r&/, � 	 4
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BY[	ZN:�

M��SJ/C Y[J m8DF
!HI��N�£�� Gal
@

�A@lJK����DF	,��
BY[�!HKDF�:�6M9HI�
���Ff u 	 � � eZ\ � \ ^ � prh)bZ\_^-p.at^ �)\cd �I�TU��)@
Î Y[
!£}H±X����6���:�
��£=G�JK���:DF�pM9HK�!�!HI�Zm�E:�SJK���#DF	'��
BY[�!HKDF�:�#M9HI�
��� prut^y^-h[\_d�	 p h)bZ\_^5prat^ �)\cd#���#JK���#DF	'� �

BY[�!HKDF�:�6M9HI�
��� � ��at^Zd���� ��s+\�	 prh)bZ\_^-p.at^ �)\cd @
Ç � �%¶V² µx²��;¶ 9j�!% � \_^yd \ � �_fQ\ pr\cd�ucbZh���a�� � ut^Zd�p.uA^y^-h[\cd�	 prh'bZ\_^5p.aA^ �)\cdI� ^5u��)h � \_d �Rp h��#^ �
bZa ��&

�= {(o′i,o
′
j) ∈ O′ ×O′ / ∃ d′k ∈ D′ avec o′i = γ−1(d′k) et {o′j} ⊆ γ(d′k)}

�#\[`�� bZ\_e � \_^5`[u ��\Gd
� h�` � ����\ p \Ff a �DaA^ � 
���\Fdce ��s�at^ �)\�&
∀d′i ∈ D′, si o′j ∈ γ(d′i) alors γ−1(d′i) � o′j
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BY[�!HKDF�:�lM�DF���:������� M���	'���:M:Y[���
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�±Y�

��JZY[�!HKDF� � ���!�#JZY�

��JZY[�!HKDF� � ���!�#� ¾ ��X�E��
���=Y���Y[��� �N�!E�
lJ/C ���:�
��£�G�JK�=M����#DF	'��
BY[�!HKDF�:�T@
Ä/Á ��§�¨ � �±Á 9 � % � \_^yd \ � �_fQ\ � prh �#^ � ��e ^-\ ��\ fMa�� � ut^vp � u � p �[\ bja � � � \_f1p � \�� h�` e � � ut^ dce ��f�� \_^
	
dT\ � �_fQ\ pr\cdGucbZh���a�� � ut^Zd O′ �
Ç � �%¶V² µx²��;¶ } � 6-u ��� �∗ �#fMa �T\�� � \ � e �[\ � � at^yd � � � s+\ pr\Gf a �[\_f a�� � ut^ � �
Ä/Á ��§�¨ � �±Á 9 � % a ��\_f a�� � ut^ �∗ prh��#^ � � e ^�u � p �[\ bja � � �/\_f�p � \�� h�` e � � ut^�dce �Gf � \ ^Zd \ � �_fQ\Dpr\_d
u_bZh���a�� � uA^Zd pte 	 ��acb �Z\ pr\Gf�� atf 	.u ������� � \��
Ç � �%¶V² µx²��;¶ }�9�% � \_^yd \ � �_fQ\ �T

pr\cd ucbZh���a�� � ut^Zd�� � aA^Zd � � � st\�	 prh'bZ\_^5p.aA^ �)\cd \cd �Df�� \_^ZdT\ � �_fQ\
p \cdqucbyh�� a�� � ut^yd � e �Eacb.bja � � �/\_^y^-\_^ �'( fMa �T\�� � \ � e �[\ � ��at^Zd���� ��s+\ �∗ p \ fMa �[\_f a�� � ut^ � � a � d
bZa+d ( � � �#\cd ucbZh���a�� � ut^Zd d ut^ ��p.ut^5`qprh'bZ\_^5p.aA^ �)\cd � a � d � f#^ � � a bjatd pr\ prh)bZ\ ^5p.at^5`c\cdqpr\
prut^y^-h[\_d \_^ � �[\D\_f fQ\cd��

�T =�∗ \ �

�T = {(o′i,o
′
j) ∈ O′ ×O′ tq ∃d′k1

,...,d′kn
∈ D′ × ...×D′ �8��
!HML;Y[��� :

γ−1(dk1) = o′i,

γ(dkn) ⊇ {o′j}

γ(dkl
) ⊇ {o.} (1 < l < n)

γ−1(dkl+1
) = o.}

kVHI�(Y[JK��£���������J/C ���:�
��£�G�JK��M�����DF	,��
BY[�!HKDF�:�{JKDtm�HQn�E:��£������tM���	'���:M:Y[���
���t���!�{X�Y[
BYFX��
��
!HK�
����	(Y[
~JZY
� ��
!£����!E�

�N�!
BY[�:�
HI�!HI�8� �∗ M��SJZY�

��JZY[�!HKDF� � @

Ij@lJK����DF	,��
BY[�!HKDF�:�6M9HI�
���Ff u 	 � � eZ\ � \ ^ � � ^5p h)bZ\_^5prat^ �)\cd �I�TU�� DFE»���:X�DF

�R`Out^5` e � �[\_^ �)\_d �J|��	�)@
Ç � �%¶V² µx²��;¶ }5}&% � \_^yd \ � �_fQ\qpr\cd u_bZh���a�� � uA^ZdRf u 	 � � ey\ � \_^ � ��^5prh)bZ\ ^5p.at^ �)\_dq\cd � f � \ ^Zd \ � �_fQ\	�
^-u��)h

≷
� pr\cd ucbZh���a�� � ut^Zd O′ acb.bja � �)\_^-at^ �1ate `[u�� b-f h � \_^ �/a � �[\ pr\ f a �[\_f a�� � uA^ �∗ � % a �[\_f a�� � uA^

≷ \cd � prh��6^ � \ bja ��&
≷ = O′ ×O′ \ �∗

≷= {(o′i,o
′
j) ∈ O′ ×O′ � � (o′i,o

′
j) 6∈�

∗}

Ä/Á ��§�¨ � �±Á 9j� �#\ �6\ ^Zd \ � �_fQ\ ≷ `Oa � ar`��)h���� dT\FfQ\>bZa � aAf fQh_f � d � \ bju��)\_^ � � \_f pr\Ef�� atf 	.u ������� � \ \ �
uA^v`��Z\�� `��j\���a ( f�� \��cb5f u � �)\��Fd���f \ bja ��atf�f h f � d � \ p � d/bjuA^ � � f \ pr\Ff�� a ��`�� � �)\�`�� e ��\Df \ bZ\�� � \ �#�
Í=¨����±¨F² �8µ�� �

≷
\ � �∗ � u � � \_^ ��eg^-\6bja � � � � � uA^<pteFb � uTpAe � �6`[a � �)hcd�� \_^ pr\ f � \_^yd \ � �_fQ\ O′ pr\_d

u_bZh���a�� � uA^Zd?�
≷ ∪ �∗= O′ ×O′ ��� ≷ ∩ �∗= ∅
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Ç ���C¶V²Zµx²��,¶ } � 3 �rh�` e � � ut^
� ^Wacb.bZ\_f�fQ\ \��rh�` e � � ut^3pte 	 � a_b �j\ (O′,D′) �Geg^ u ��p �[\ bja � � � \_f ξ d_e �if � \_^Zd \ � � f \ O′ � � e � � ^-` f e �
f � u ��p �[\ bja � � � \ f �∗ ��^ � � � atf �
6-u � � &

ξ ⊇�∗

� 2r� �62r&)"Z,A"%(] 
 �12.*�� �#4
Gal

ÍN¨+� �V¨[² ��µ�� � % � \ ^Zd \ � �_fQ\ip \cd \��rh�` e � � ut^Zd bju+dcd � �_fQ\cd<pte 	 ��acb �j\ (O′,D′) \cd �Ff � \ ^Zd \ � �_fQ\ Ξ pr\cd
u ��p �[\cd � e � ��^5` f eZ\_^ �#f � u ��p �[\ bja � � � \ f � ^ ��� � atf �∗ �

Ξ = {ξ ∈ O′ ×O′ tq ξ ⊇�∗}

ÍN¨+� �V¨[² ��µ�� � % � \ ^Zd \ � �_fQ\]pr\_dqucbZh�� a�� � ut^Zd d aA^ZdEb �[h�prh�`c\cdOdT\_e � prh��6^ ��� f � \ ^Zd \ � �_fQ\ip \cd]h_fQh � \_^ ��d
��� ^ � � ate ��bZa � ��acb.bju � �=( � pr\ O′ � Î 

��E��8�C¤�E��:�=DF	,��
BY[�!HKDF� o′i

�BY[�:�l	�

��M���X����B�
��E�
#�8��
!HML(�C¤
Γ−1(o′i) = ∅ ⇒6 ∃d′k tq γ(d′k) ⊇ {o′i}

⇒6 ∃o′j = γ−1(d′k) tq o′j � o′i

⇒ ∀o′j ∈ O′ o′j � o′i ⇒ o′j = o′i
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B C D
E F
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��DF	,��
BY[�!HKDF� ���LDF� 

��£�DF���
��Y[HI�:�!H, *E:�[n�E C �rE�� � �LE:M

BYFX�HI�:�A@
ª�¨z§:¶±©F° Á �±Á»©r�;¶;�V² µx²��;¶V¶ Ág� Á ¶,µ

� Y�G�
BY[�:XON:�}M���X�DF�:M9HI�!HKDF���:��£������ B(o′i)
M��=J/C DF	'��
BY[�!HKDF� o′i

���!�ÆJZY/�
� n�E:���:X���M����ÆG,D DFJK�����:�SM��
X�DF�:M9HI�!HKDF���:��£������En�E�HTX�DF�:M9HI�!HKDF���:�NJ/C DF	'��
BY[�!HKDF� o′i

���#�
����Y[�:X ���!

���T@
¯G�;¶±³�µ�¨t� ©8µx² �,¶W�VÁ�É´§ �±¨[§:¶±©[°±Á �VÁ ©.�;¶;�%²Zµx²��,¶±¶±Á ��Á�¶,µ]�6=Q�V¶ Á�� � ��¨z§9µx²��;¶

o′i
¤ �6� �!E�	�	'D��
�

n�E:� n ���!�¢JK�p�:DF£�G�

��M�C Y[

X��]n�E�HLX�DF£}	'D��
�����­JK� X[N:��£}HI�aM�C E��:� M����¢
BYFX�HI�:���­M�� Gh
al
� o′i

@ � Y
X�DF�:�!�!
!E:X��!HKDF��M��LJZY�G�
BY[�:X[N:��M��SX�DF�:M9HI�!HKDF���:��£������SM�� o′i

���
�#M���X�
!HI�
�NM:Y[�:�#JZY��BY[G�JK�GIj@JIj@JUj@

o′i
���!�#X�DF�:M9HI�!HKDF���:���=	(Y[
 φ(o′i)

��£}HK�#	(Y[
 η[φ(o′i)]
@

η[φ(o′i)]
���!�#X�DF�:M9HI�!HKDF���:���N	(Y[
 φ ◦ (η ◦ φ)(o′i)

��£}HK�#	(Y[
 (η ◦ φ)2(o′i)
@

(η ◦ φ)2(o′i)
���!�#X�DF�:M9HI�!HKDF���:���N	(Y[
 φ ◦ (η ◦ φ)2(o′i)

��£}HK�#	(Y[
 (η ◦ φ)3(o′i)
@

@ @ @ ���!�#X�DF�:M9HI�!HKDF���:���=	(Y[
 @ @ @ ��£}HK�#	(Y[
 @ @ @
(η ◦ φ)n−2(o′i)

���!�#X�DF�:M9HI�!HKDF���:���N	(Y[
 φ ◦ (η ◦ φ)n−2(o′i)
��£}HK�#	(Y[
 (η ◦ φ)n−1(o′i)

@
(η ◦ φ)n−1(o′i)

� C ���!�l	(YF�6X�DF�:M9HI�!HKDF���:���
4(576!8 Ij@JIj@JU � �!ut^Zd � �ceZ`�� � ut^vp � eg^-\ ��� aA^5`��j\ pr\ `[uA^5p � � � ut^%^-\ � \_^ �

�#C ���:�B��£=G�JK��M�����G'D�DFJK�����:�/M��»X�DF�:M9HI�!HKDF���:��£������]n�E�H6X�DF�:M9HI�!HKDF���:����� o′i
	(Y[
 N:��
!HI�BY+m8�iLym�E�

�

M:Y[�:�lJZY}X�DFJKDF���:�=X������!
BY[JK�=M9E`�BY[G�JK��Y[E Ij@JIj@JUj@
Ç ���C¶V²Zµx²��,¶ �5} 6-u � � B(o′i)

fMa ��� aA^5`��j\ pr\ `Out^5p � � � uA^y^-\ � \_^ �;pr\ o′i
&%` � \cd ��f � \_^yd \ � �_fQ\ p \cd ��u?utf hO\_^Zd

� e �>`[ut^-p ��� � ut^y^ \_^ � o′i
bja � �jh������/a 	r\��

B(o′i) = {φ ◦ (η ◦ φ)n−2(o′i),φ ◦ (η ◦ φ)n−1(o′i),...,φ ◦ (η ◦ φ)1(o′i),φ ◦ (η ◦ φ)0(o′i)}

\_^ dce?b.bju+d at^ � � ey\ (η ◦ φ)0(o′i) = o′i
�=�#\�`�� bZ\ e � \_^5`[u ��\ d
� h[`�� ���[\�&

B(o′i) =
n−2
⋃

k=0

{φ ◦ (η ◦ φ)k(o′i)}

z6HI�:�!H����!HTDF�»

��	�

���:M»J/C � ¾ ��£}	�JK�NM��NJZY Lym�E�

� Ij@JIj@J| �:DF�`Y�¤
B(A) = B(I) = ∅

B(B) = B(C) = B(D) = {b}

B(E) = B(F ) = {b̄}

B(G) = {b̄,c}

B(H) = {b̄,c̄}

Ç ���C¶V²Zµx²��,¶ � � Î 

��M���X����
�
��E�
ÆM��SX�DF�:M9HI�!HKDF���:��£������SM�C E��:�NDF	'��
BY[�!HKDF� o′i
¤ Γ−1

c (o′i)
� ^ acb.bZ\_f�fQ\Fb ��h[prh�`O\cdcd \_e �<pr\ `[ut^-p ��� � ut^y^ \ � \_^ ��p � eg^-\ ucbZh�� a�� � ut^ o′i

� f�� ucbZh�� a�� � ut^ ^5u��)hO\ Γ−1
c (o′i)

�
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� e �#aRh ��� d fQ\ ��u?utf hO\_^ � e �#`[uA^5p � � � ut^%^-\ o′i
� � � o′i

\cd �6`Out^5p � � � uA^y^-h6bja � φ(o′i)
 MbZa �Fprh��#^ � � � ut^$" � e �

\cd � h ��� d bja � (η ◦ φ)(o′i)
 �/ute � ute �cd bja � prh��#^ � � � ut^$"$� 9 ��^Zd � & Γ−1

c (o′i) = (η ◦ φ)(o′i)
�

o′

i

φ(o′

i)

η ◦ φ(o′

i)

���
	 8 Ij@JIj@ � � o′i
\cd � `Out^5p � � � uA^y^-h[\ bja � φ(o′i)

h ��� d bja � η ◦ φ(o′i)

Kt���!�
�S�:DF�!HKDF�`	,��E������!

�S���
���:M9E:�N���­	�

���(Y[����JZY � ��
!£����!E�

�S�!
BY[�:�!HI�!HI�8�N���
DFE:�lJK���6Y[�:X ���!

����M��
X�DF�:M9HI�!HKDF���:��£������SM�� o′i

@
Ç ���C¶V²Zµx²��,¶ �
� z��:X ���!

���6M��SX�DF�:M9HI�!HKDF���:��£������SM�C E��:�NDF	'��
BY[�!HKDF� o′i

¤ Γ̂−1
c (o′i)

� ^�acb.bZ\ f fQ\ at^-`�@ � �[\cd pr\D`[ut^-p ��� � ut^y^ \ � \_^ � p � e ^-\ ucbZh���a�� � ut^ o′i
^-u��)h Γ̂−1

c (o′i)
�>f � eg^ � ut^�pte b ��h[prh�	

`O\cdcd \_e �]pr\q`[ut^5p ��� � ut^y^-\ � \ ^ �Epr\ o′i
� pAe]b �[h�prh�`c\cdOdT\_e � pr\ `[ut^5p � � � ut^y^-\ � \_^ ��pAe]b �[h�prh�`c\cdOdT\_e �<p \

`[ut^-p ��� � ut^y^ \ � \_^ ��pr\ o′i
� � � �_e d � e � ( `c\ � e � ut^ a ����� s+\ ( eg^-\qpr\_d � ar`�� ^ \cd pr\Rf � a ����u ��\cd `O\_^5`c\	� bja �

\��r\ � b-f \ fMa � ar`�� ^ \ rA
�)� � \cd � p.ut^-`Rh 	.aAf (]f a
� \�� � \ � e ��\ � ��at^Zd � � ��s+\ pr\_d b �[h�prh[`O\cdOdT\_e �Od p \ `[ut^-p � 	

� � ut^y^-\ � \_^ �#�D9 ��^Zd��%& Γ̂−1
c (o′i) =

n
⋃

k=1

{(η ◦ φ)k(o′i)}
u%$ n prhcd � 	t^-\Ff a f ut^ 	tey\_e � pte<`��Z\ ��� ^ pr\ o′i

(
rA
�
W H%DF� 

��	�

���:MpJK���BY[G�JK��Y[E Ij@JIj@JU/�!E�
�JZY/X�DF�:�!�!
!E:X��!HKDF��M���JZYrG�
BY[�:XON:��M���X�DF�:M9HI�!HKDF���:��£�������M��

J/C DF	'��
BY[�!HKDF� o′i
��DF�pX�DF�:�!�BY[�
�Gn�E:�LJK����Y[�:X ���!

���ÆM��SX�DF�:M9HI�!HKDF���:��£������SX�DF
!

���!	'DF�:M������Æ�}JZY}M���
!��HQP�

�

X�DFJKDF���:�NM9E»�BY[G�JK��Y[E @
Ç ���C¶V²Zµx²��,¶ � � W E:X�X����
�
��E�
�M��=X�DF�:M9HI�!HKDF���:��£������LM�C E��:�NDF	,��
BY[�!HKDF� o′i

¤ Γc(o
′
i)

� ^qa_b.bZ\_f�f \ d_ej`O`O\cdOdT\_e �Ep \ `Out^5p � � � uA^y^-\ � \_^ ��p � e ^-\ ucbyh�� a�� � ut^ o′i
� f�� \_^ZdT\ � �_fQ\ p \cd ucbZh���a�� � ut^Zd ^-u��)h

Γc(o
′
i)
� � e �#d ut^ � `[ut^5p � � � ut^y^-h[\_d bja � f \ �[uTutfQh[\_^ � eZ\ o′i

a]h ��� d�� � � o′i
h � \ � fQ\ ��uTutfQh[\_^ pr\ `[ut^-p � 	

� � ut^y^-\ � \_^ � η−1(o′i)
 bja �Dprh��#^ � � � ut^$" \ � `O\ ��uTutfQh[\_^ `[ut^5p ��� � ut^y^-\ (φ−1 ◦ η−1)(o′i)

 �/ute � ute �Od bja �
prh��6^ ��� � ut^$"�� 9 � ^Zd��%& Γc(o

′
i) = (φ−1 ◦ η−1)(o′i)

�

o′

i

η−1(o′

i)
A B C

D E F

φ−1 ◦ η−1(o′

i) = {A,B,C,D,E,F}

���
	H8 Ij@JIj@I�TX � o′i
h � \�� η−1(o′i)

� e � `[ut^5p � � � ut^y^-\Ff�� \_^ZdT\ � �_fQ\ φ−1 ◦ η−1(o′i)
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Ä/Á � §�¨ � �±Á } 9 � ^�ate � a � ��b5e p ���[\�`��)\ � \_^ �W( bja � � ���DpAe b ��h�p h�`O\cdcd \_e �qp \ `[ut^-p ��� � ut^y^ \ � \_^ � prh�	
�#^ ���GfQ\GdceZ`[`O\_dOd \ e �RpAev`[uA^5p � � � ut^%^-\ � \_^ �#� 3 ^�\ @ \ � & Γc(o

′
i) = (Γ−1

c )−1(o′i)
def
= (η ◦ φ)−1(o′i)

def
=

(φ−1 ◦ η−1)(o′i)
�

� Yr�:DF�!HKDF��M��=�!E:X�X����B�
��E�
ÆM���X�DF�:M9HI�!HKDF���:��£������S	'��E�� ���!

�����
���:M9E:�����p	�

���(Y[���LJZY � ��
!£����!E�

�
�!
BY[�:�!HI�!HI�8�=�}�
DFE:�lJK���#M����
X����:M:Y[���
�6M��SX�DF�:M9HI�!HKDF���:��£������LM�� o′i

@
Ç ���C¶V²Zµx²��,¶ � � �L���
X����:M:Y[���
�ÆM��SX�DF�:M9HI�!HKDF���:��£������SM�C E��:�NDF	'��
BY[�!HKDF� o′i

¤ Γ̂c(o
′
i)

� ^ acbrbZ\_f�f \ pr\cd `O\_^5prat^ ��dGpr\ `[ut^5p � � � ut^y^-\ � \_^ �6p � e ^-\GucbZh���a�� � ut^ o′i
^-u��)h Γ̂c(o

′
i)
�!f�� eg^ � uA^ pr\cd�dceZ` 	

`O\cdcd \_e �cd pr\R`[ut^5p � � � ut^y^-\ � \_^ � pr\ o′i
� pr\_dDdceZ`[`O\cdcd \_e �Od]pr\R`[ut^5p � � � ut^y^-\ � \_^ � pr\cd d_ej`[`c\cdOdT\_e �cdqp \

`[ut^-p ��� � ut^y^ \ � \_^ �qpr\ o′i
� � � �_erd � e � ( `O\ � e � ut^ a ��� ��s+\ ( eg^-\ �T\_e ��f�f \ pr\�f � a ����u ��\cd `O\_^5`c\�� � � \_d �

p.ut^-` h 	.atf ( fMa �T\�� � \ � e �[\ � ��at^Zd���� ��s+\ pr\_didceZ`[`O\cdcd \_e �cd p \v`[ut^5p � � � ut^y^-\ � \_^ �#� 9 � ^yd �%& Γ̂c(o
′
i) =

n
⋃

k=1

(φ−1 ◦ η−1)k(o′i)
u%$ n p hcd � 	t^-\<f a�f ut^ 	AeZ\_e � � a � � � atfQ\<p \ �/uAerdifQ\cd `��j\ � ��^Zd<pr\ o′i

(�e ^ \
�T\_e ��f�f \ pr\Gf � a ����u �[\cd `O\_^5`O\:�

�ÆDFE:�NY[JIJKDF�:�N���
���:M9

��JZY��:DF�!HKDF� M��}M����
X����:M:Y[���
�=M��}X�DF�:M9HI�!HKDF���:��£�������M�C E��:�}DF	'��
BY[�!HKDF���/JZY
�:DF�!HKDF��M��rM����
X����:M:Y[���
��M��}X�DF�:M9HI�!HKDF���:��£������}M�C E������:�B��£=G�JK�rM�C DF	'��
BY[�!HKDF�:�=X�Y[
�DF������Y¢G'���
DFHI�
	'DFE�
lJZY}�!E�HI�
�A@
Ç ���C¶V²Zµx²��,¶ ��� �L���
X����:M:Y[���
�ÆM��SX�DF�:M9HI�!HKDF���:��£������SM�C E��`���:�
��£�G�JK�NM�C DF	'��
BY[�!HKDF�:� E ¤ ˆ̂Γc(E)
� ^<prh��#^ ���;f \_d pr\cd `O\_^5p.aA^ ��d�pr\�`Out^5p � � � uA^y^-\ � \_^ �!p � eg^ \_^Zd \ � � f \Ep � ucbyh�� a�� � ut^yd E `[u�� � \ f � eg^ � ut^
pr\ �/ute d fQ\cd pr\cd `O\_^5prat^ ��d pr\q`Out^5p � � � uA^y^-\ � \_^ ��pr\q`��ja � ey\]ucbZh���a�� � ut^ acb.bZa � �)\ ^5at^ � ( f�� \_^ZdT\ � �_fQ\
E � 9 ��^Zd � & ˆ̂

Γc(E) =
⋃

o′i∈E

Γ̂c(o
′
i)

� 2r� �62r&)"Z,A"%(] 
 �12.*�� �#4
Gal

ÍN¨+� �V¨[² ��µ�� � % \cd \_^ZdT\ � �_fQ\cd O′
cond

\ � O′
ncond

� u � � \_^ � eg^-\Ebja � � ��� � ut^ pr\ f�� \_^ZdT\ � �_f \qp \cdRucbZh�	
��a�� � uA^Zd O′ � ½ ����*È������DF��Y���E 	(Y[
¢X�DF�:�
�!
!E:X��!HKDF��n�E:��X[N(Ytn�E:�pDF	'��
BY[�!HKDF��M9E m�
BY[	ZN:� ���!�¢�
DFHI�
X�DF�:M9HI�!HKDF���:�����(�BDFHI�#�:DF�`X�DF�:M9HI�!HKDF���:��� �
ÍN¨+� �V¨[² ��µ�� �

φ \_d � e ^-\ � ut^5`�� � ut^ ^5ut^ ��^��T\�`�� ��s+\]\ � ^5ut^�dce � �T\�`�� ��s+\�� ½ ����*È�����È�
DFE��
��DF	'��
BY[�!HKDF�
X�DF�:M9HI�!HKDF���:���tM9EGm�
BY[	ZN:�{���
� X�DF�:M9HI�!HKDF���:���{	(Y[
 E������TE����
��E�J8G'D�DFJK����� @ � ∀o′i ∈ O′

cond∃!φ(o′i) ∈ B !_@� \ b5f e dI� e ^ ��uTuAf h[\ ^ bZ\_e �D`[ut^5p ��� � ut^y^-\��Db5f erd�� \ e �cd ucbZh�� a�� � ut^Zd��  φ(o′i) = φ(o′j) 6⇒ o′i = o′j
"$�3 ^��6^9�;eg^ ��uTuAf h[\ ^ by\_e �6^-\6bjatdE`[uA^5p � � � ut^%^-\��Ep � u_bZh���a�� � uA^Zd?� % � \_^ZdT\ � �_fQ\ φ(O′) ^ � \cd � � e � e ^id ute d�	

\_^ZdT\ � �_fQ\ pr\ B �  φ(O′) ⊂ B "��
ÍN¨+� �V¨[² ��µ�� �

φ−1 \cd ��e ^-\ � ^ � \�`�� � ut^ � ½ �¢��*'�������
DFE��
�ÆDF	,��
BY[�!HKDF�­X�DF�:M9HI�!HKDF���:���L���!��X�DF�:M9HI�!HKDF���:���
	(Y[
#E��»���#E��»�B��E�JTG,D DFJK����� @ � ∀ b,b′ ∈ φs(O

′)× φs(O
′) [φ−1(b) = φ−1(b′)⇒ b = b′]) @
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ÍN¨+� �V¨[² ��µ�� 9��
η \cd � eg^-\ � ut^-`�� � uA^�^5uA^ ��^��T\�`�� ��s+\]\ � ^5ut^�dce � �T\�`�� ��s+\�� ½ ����*È�����ÈE�� G'D�DFJK�����fM��

X�DF�:M9HI�!HKDF���:��£������C�:�{	,��E�� ���!

�{��£}HK��n�E:�~	(Y[
 E��:�{���±E��:�{�
��E�JK��DF	,��
BY[�!HKDF� @ �L�~	�JIE:���xE��:�{DF	'��
BY[�!HKDF�
n�E�H'��£�����E��¢G'D�DFJK�����»M��LX�DF�:M9HI�!HKDF���:��£��������;��£������
DFEF *DFE�

�lE��¢G'D�DFJK�����­���l�
DF�­X�DF£}	�JK��£������BY[HI

���
(η(bi) = η(bj) 6⇒ bi = bj)

@ ½ �jL:���:JK���6DF	,��
BY[�!HKDF�:�6M�� Gal
� C ��£����!�
�����6	(YF� �ÊDF

X���£������6�
DFE��
���6M����

G'D�DFJK�����:�#M��=X�DF�:M9HI�!HKDF���:��£������T@
ÍN¨+� �V¨[² ��µ�� 9%9 93e ^ 	 ��acb �Z\Epr\ prh)bZ\ ^5p.at^5`c\cdE`Out^5p � � � uA^y^-h p.ut^y^ h `Ou � �[\cd)bjut^5p eg^qe ^ ��� ey\ 	 ��acb �j\
�[\)b �[hcd \_^ �/at^ � f�� a ����u �[\cd `O\ ^5`O\Wp \ `[uA^5p � � � ut^%^-\ � \_^ �#�3= h�` �Jb ��u � ey\ � \_^ � � ( eg^-\ a ����u �[\cd `c\_^5`O\ p \
`[ut^-p ��� � ut^y^ \ � \_^ � prut^y^-h[\v`Ou � �[\cd)bjut^5p<b5f e d �/\_e �cd 	 ��acb �j\_d pr\ prh)bZ\ ^5p.at^5`c\cdvpr\ p.ut^%^-h[\cd�� ½ � � � �
� ����� 	'DFE�
�	(YF�B�
��
�M�C E�� m�
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γ(d∗n−1) = o′′n−1 = γ−1(d∗n)

γ(d∗n) = o′j ⊆ γ(d′)
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D∆ = D′ ∪ D′′

 kXl)QE�n
D′ = {(o′i,pj) ∈ O′ × P
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Π
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O → U

oi 7→ Π(oi) = uj

)G< Π−1 n U → P(O)

uj 7→ Π−1(uj) = {oi ∈ O/Π(oi) = uj}

� 2568.9%:=*)D+-)�+-HW�*=-%:<7%'25=
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Π−1 n

DΠ−1 = Π(O)
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A 25%:< S(oi)
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FT (oi,Π(oi))��� %:=-%'&7K�"f%:6e)! � Y �!'254�&�n
S(oi) ≥ E(oj) ∀ oj E oi ⇒







S(oi) = max
ojEoi

E(oj)

E(oj) = S(oj) + ∆(oj ,Π(oj))
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R = max
ok∈O

E(ok)
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A 25%:< s̄(oi)
B*!/.@+*.9<�)D+-)1+-HG[-(-<R.9(Mb$?-!:(*&�b$<;.94�+S+-)

oi Y+A 25%:< ē(oi)
B*!/.@+*.9<�)�+-)R�*=�.9(Mb$?-!:(*&�b$<;.94�+S+-)

oi Y  ,!'254�&�n

ē(oi) ≥ s̄(oj) ∀ oi E oj ⇒







ē(oi) = max
oiEoj

s̄(oj)

s̄(oj) = ē(oj) + ∆(oj ,Π(oj))
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oi � F (oi)
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F (oi) = s(oi)− S(oi) = e(oi)−E(oi)
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MR(oi) =
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α1 = Rm ⇒
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∆(o′i,pj) 6= ∆(o′i,pk) pj 6= pk

α2 = H− ⇒
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∆(o′′i ,mj) 6= ∆(o′′i ,mk) mj 6= mk
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7

� ��� ) P %d' � � W

β1 = ∅ ⇒
E�K�.5LF(*)125?PHG4;.9<7%'25=�.�(-=*)1+M(-4�HQ)1+T#U)WV-HQEG(-<7%'25=\LF(*)G!'EQ25=*LA(*) Y

β2 = ∅ ⇒
!')Q&�25?PHG4;.9<7%'25=*&,=�#U25=A<�?�.5&�+-)�+*.9<�)1+-)�4�HGXl)G%:! Y

β3 = ∅ ⇒
!')Q&�25?PHG4;.9<7%'25=*&,=�#U25=A<�?�.5&�+-)�+*.9<�)Q&,+T#UHQE;K*Hd.9=*EQ)Q&�|}25(\)G=*EQ254�)D+-)d.5+�b$!:%:=*)�� Y

β4 = τi ⇒
E;K�.5LA(*)�25?PHG4;.9<7%'25=\)Q&�<i4�HG?PHG<7%:<7%:Xl) Y

β5 = Com⇒
!')Q&,25?PHG4;.9<7%'25=*&�EQ256@6D(-=-%'LF(*)G=A<R)G=A<74�)D)G!:!')Q& Y

β6 =<⇒
!')Q&C25?�HG4;.9<7%'25=*&\+M( NO4;.9?-K*)�+-)�!$#h.9!:Nl2547%:<7K-6e)�&�25=F<C!:%'HQ)Q&C?�.94\+-)Q&CEQ25=A<74;.9%:=F<�)Q&�+-)

?-4�HQEQHQ+-)G=*EQ)Q&�!:%'HQ)Q&,I�!$#U254�+M4�)1?�.947<7%')G!�%:=-%:<7%/.9!�.5&�&�2�EG%'H1I�!$#h.9!:Nl2547%:<7K-6e) Y
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β7 = ∅ ⇒
!')RNO4;.9?-K*)�.�(-=*)1&7<747(*EG<7(-4�)DLA(*)G!'EQ25=*LF(*) Y

β8 = pmtn− ⇒
!$#U)WV-HQEG(-<7%'25=�+-)8E�K�.5LF(*)>25?PHG4;.9<7%'25= &d#U)W�T)QEG<7(*)a&;.9=*&�?-4�HQ)G6@?-<7%'25= Y�� 4;.9<7%'LF(*)Wb6e)G=A<dB-EQ)G!/.�&7%:NO=-%���)�LF(*)J!$#U25=^=*)�?�)G(-<f%:=A<�)G474�256@?-4�)�!$#U)WV-HQEG(-<7%'25=�+T# (-=*)�25?�HG4;.9<7%'25=�+-25=-=*HQ)R?P25(-4i)G=

<74;.9%:<�)G4�(-=*)�?-!:(*&�?-47%'2547%:<;.9%:4�) Y
β9 = ∅ ⇒

%:!p=�# ~`.\?�.5&�+T#U25?PHG4;.9<7%'25=*&@+M(-?-!:%'LF(*HQ)Q&_LA(*)>EQ)a&;25%:<�?�25(-4�!/.�EQ256@6D(-=-%'Ed.9<7%'25= 25(
?�25(-4i!/._<�25!'HG4;.9=*EQ)�.9(MV^?�.9=-=*)Q& Y

β10 = ∅ ⇒
25=�=*)�6e2�+-HG!:%'&�)�?�.5&,!/.aLA(�.9=F<7%:<�H@+-)D6eHG6e25%:4�)�=*HQEQ)Q&�&�.9%:4�)�I8(-=*)_25?PHG4;.9<7%'25=�?�25(-4

&d#U)WV-HQEG(-<�)G4 Y
β11 = ∅ ⇒

%:!�=�# ~�.�?�.5&�+-)a4�)G!/.9<7%'25=m+T#U)WV-EG!:(*&7%'25=�+T#U)WVMHQEG(-<7%'25= )G=A<74�)>!')Q&�25?PHG4;.9<7%'25=*&�B�EO#U)Q&�<�b
I�bs+M%:4�)@+-)�4�)G!/.9<7%'25=�=�#h.9(-<�2547%'&;.9=F<1?�.5&�LA(*)�<�)G!:!')@)G<R<�)G!:!')@25?�HG4;.9<7%'25=*&�=*)_&d#U)WVMHQEG(-<�)G=F<D&7(-4R!')�6ejG6e)
?-4�2�EQ)Q&�&�)G(-4 Y�c )R<�~F?�)1+-)R4�)G!/.9<7%'25=�)Q&�<i(-<7%:!:%'&�H�+*.9=*&�!')�Ed.5&�+-)R!/._<�25!'HG4;.9=*EQ)D.9(MV^?�.9=-=*)Q& Y

β12 = RS ⇒
EQ)G47<;.9%:=*)Q&�25?�HG4;.9<7%'25=*&�&;25=A<,?�.94�0325%'&,EQ25=F<74;.9%:=A<�)Q&�IejG<74�)D)WVMHQEG(-<�HQ)Q&J&7(-4�<�)G!�25(�<�)G!

?-4�2�EQ)Q&�&�)G(-4dB*EO#U)Q&7<i=*25<;.96@6e)G=F<�!')�Ed.5&�?P25(-4�!')Q&,)G=A<74�HQ)Q&�bs&�2547<7%')Q&,?�.94,)WV-)G6@?-!') Y
n =m&7(-?-?P2O&;)8+-)e?-!:(*&�LF(*)e!')e6e2�+-�G!')8+T#h.9!:Nl2547%:<7K-6e)^)Q&7<�+-HG<�)G476@%:=-%'&7<�)OB�.9(-<74�)G6e)G=A<@+M%:<�LF(�#U25=

?�)G(-<i.5&;&�2FEG%')G4iI�E�K�.5LF(*)J25?�HG4;.9<7%'25=C(-=*)R+M(-4�HQ)R+T#U)WVMHQEG(-<7%'25=�&7(-4�(-=^?-4�2FEQ)Q&;&�)G(-4�)G<iEQ)G<7<�)R+M(-4�HQ)R)Q&7<
+-HW�*=-%')1+-)�68.9=-%'�G4�)D)WV-.5EG<�)1)G<,=*25=�)G=�?-4�25[�.9[-%:!:%:<�H Y
� )�#+' PRN % #+'8W@T�W@'�) ���
W S '�%�� T

Z )Q&_<74�25%'&_?-4�)G6@%'�G4�)Q&8EQ25=A<74;.9%:=A<�)Q& γ1,γ2,γ3
?P2547<�)G=F<e&7(-4_!')Q&�EQ25=F<74;.9%:=A<�)Q&>LA(*)a!$#U25= E�K*)G4�E;K*)\I

4�)Q&7?�)QEG<�)G4>LF(�.9=*+�25=�0$.9%:<a+M(�?-!/.5EQ)G6e)G=A<�&;.9=*&>254�+-25=-=�.9=*EQ)G6e)G=A<dB�!:%:6@%:<;.9<7%'25="+-)�!/.`E�K�.947Nl)�&7(-4
E�K�.5LF(*)�?-4�2FEQ)Q&�&;)G(-4dB�HQLF(-%:!:%:[-4;.9Nl)_+-)D!/.8E�K�.947Nl)OB�+-25=*E�EQ)Q&REQ25=F<74;.9%:=A<�)Q&�=�#U)WVM%'&7<�)G=A<J?�.5&�?P25(-4J=*25<74�)
?-4�25[-!'�G6e) Y�� !�)G=e)Q&�<�+-)�6ejG6e)f?�25(-4 γ4

)G<
γ6
Ed.94�%:!'&�EQ25474�)Q&�?P25=*+-)G=F<dBl+T# (-=*)f?�.947<gI�!/.,6@%:=-%:6@%'&�.9<7%'25=

+-)>!/.S&�256@6e)^+-)Q&�EQ2
�-<�&@+T#U)WV-HQEG(-<7%'25= )G<@+-)^EQ256@6D(-=-%'Ed.9<7%'25=�BgEQ)>LF(-%f)Q&�<�+M%��THG4�)G=A<e+-)>!/.S+M(-4�HQ)
+T#U)WV-HQEG(-<7%'25= +M(�&7~M&7<��G6e)OBf)G<CI�!$#U25?-<7%:6@%'&�.9<7%'25= +-)\!/.`XO.947%/.9=*EQ)S+-)S!/.`E�K�.947Nl)�+T#h.9(-<74�)�?�.947<dBf)G<
.9(*EG(-=\+-)1EQ)Q&,+-)G(MV>?-K*HG=*256e�G=*)Q&�=*)�=*25(*&i%:=F<�HG4�)Q&�&�)G=A< Y

γ5 = TE2 ⇒
25=`E;K*)G4�E�K*)^I^6@%:=-%:6@%'&�)G4�!/.C+M(-4�HQ)8+T#U)WV-HQEG(-<7%'25=m+M(`&7~�&�<��G6e) Y�� 25(-4�jG<74�)e?-!:(*&?-4�HQEG%'&dB*EQ256@6e)�25=�XO._!')�Xl25%:4�?�.94�!/.e&7(-%:<�)OB�25=�=*)14�HQ&�25(-<�?�.5&�(-=\?-4�25[-!'�G6e)D+T#U25?-<7%:6@%'&;.9<7%'25=S68.9%'&

(-=8?-4�25[-!'�G6e)R+-),4�)QE�K*)G4�E�K*)OBMEO#U)Q&7<�b�I�bs+M%:4�)RLF(*)i!$#U25=^E�K*)G4�E�K*)J(-=*)�&�25!:(-<7%'25=a4�)Q&�?P)QEG<;.9=F<p!/.DEQ25=A<74;.9%:=A<�)
<�)G6@?*&J4�HQ)G!�+M(S&7~M&7<��G6e)�)G<J+-�Q&RLF(�#U25=�.8<74�25(-XlH�(-=*)_&�25!:(-<7%'25=�X5.9!:%'+-)�25=S&�#h.9474�jG<�)OBP25=S=*)_E�K*)G4�E;K*)
?�.5&,I@25[-<�)G=-%:4,!/._&�25!:(-<7%'25=\25?-<7%:68.9!') Y

γ7 = MP ⇒
!')1=*256D[-4�)D+-)R?-4�2�EQ)Q&�&�)G(-4�&,+-)�!$#h.94�E�K-%:<�)QEG<7(-4�)�)Q&7<�&7(-?-?�2O&�HJ�*=-% Y

Z )�<;.9[-!')d.9( KMYLKMY I 4�HQ&7(-6e)C!')Q&eKA~�?P25<7K*�Q&�)Q&8LA(*)^=*25(*&>.QXl25=*&e?-47%'&;)Q&@?P25(-4@!')�?-4�25[-!'�G6e)�+T#U254�b+-25=-=�.9=*EQ)G6e)G=A< YPc )Q&fKA~�?P25<7K*�Q&�)Q&i&;25=A<i&7?�HQEG%���HQ)Q&�LF(�.9=*+^EQ)G!/.�)Q&7<f?P2O&�&�%:[-!')J.dXl)QER!')�03254768.9!:%'&76e)�+-)
	 4;.9K�.96 )G<�&7%:=*25=�)G!:!')Q&D&;25=A<�.��725(-<�HQ)Q&1<�)G!:!')Q&1LF(�#U)G!:!')Q&�IC!/.C&7(-%:<�)@+M(�03254768.9!:%'&76e)e+-) 	 4;.9K�.96 )G<
&�25=F<�?-4�HQEQHQ+-HQ)Q&,+-)�!/.�6e)G=F<7%'25=S.9(-<74�)Q&,KA~�?P25<7K*�Q&�)Q& Y
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 �!:Nl2547%:<7K-6e)1+T#U254�+-25=-=�.9=*EQ)G6e)G=A<�vWr$�lr}y}zG{*q

 �4�E�K-%:<�)QEG<7(-4�)
α = Rp,H

−,C−,A−

 �(-<74�)Q&iKF~F?�25<7K*�Q&�)Q&�n-6e2�+-�G!')8�A�QrsqW��t_y �*y�vWrsqGB
�5{��7�;qD�G3 q4HA�<6G{�r}y3�5���*{�o�o'qguM�O{F��o'q�v�6;�5t_t�{��*y 6��Or}y3�5�-vRy���r}���e]'u��7�86;q�v�vQqW{��WB
u-�9v;vWy 5Wy o y rs���AqD��q46��5{\Ed��qWt8qW��r,�AqWv�6��5o 6G{Fo v_qGrf�Aq�vO6��Ot�t_{��*y 6��Or}y3�5�-v Y �!:Nl2547%:<7K-6e)
β = τi,Com, < ,RS �(-<74�)Q&iKF~F?�25<7K*�Q&�)Q&�n-6e2�+-�G!')8�A�QrsqW��t_y �*y�vWrsqGB

�
6@?-!/.9=A<;.9<7%'25=

 �(-<74�)Q&iKF~F?�25<7K*�Q&�)Q&�nT�7�5{Mr$� �Aq_�AqWv�6��5t_t_{F�*y 6��Or}y3�5�-vGB
�Oy/vGr}��y 5W{Mr}y}�5��qGrf�5�7�l�5�*���O��6;qWt8qW��rf�Aq�v�6;�5o:6Q{Fo vWB
�Oy/vGr}��y 5W{Mr}y}�5��qGrf�5�7�l�5�*���O��6;qWt8qW��rf�Aq�v�6;�5t_t�{��*y 6��Or}y3�5�-v Y

c 47%:<��G4�)Q&�I_25?-<7%:6@%'&;)G4
γ = TE,MP

�	��
aH KMYLKMY INM�� �Or}��qfuP���@5Go �Wt8q@� 3 �5�7�l�5�����5��6;qGteqG��rfqG��{Mr}y�o y�vG�5��rgo��
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Z )Q&>?-4�25[-!'�G6e)Q&C+-)�?-!/.5EQ)G6e)G=A<�)G<^+T#U254�+-25=-=�.9=*EQ)G6e)G=A<\&;25=A<^+-)Q&a?-4�25[-!'�G6e)Q&C+T#U25?-<7%:6@%'&�.9<7%'25=EQ256D[-%:=�.9<�25%:4�) Y � !'&DEQ25=*&�%'&7<�)G=A<_)G=`!$#U25?-<7%:6@%'&�.9<7%'25= +T# (-=*)80325=*EG<7%'25=`+-)>EQ2
�-<>|})G=mNlHG=*HG4;.9!p!')8<�)G6@?*&
+T#U)WV-HQEG(-<7%'25=�<�25<;.9!��WB�&�25(*&>EQ)G47<;.9%:=*&^EG47%:<��G4�)Q&>EQ256@6e)�!$#UHQLF(-%:!:%:[-4;.9Nl)S+-)�!/.�E;K�.947Nl)�+-)�Ed.9!'EG(-!$B�+-)Q&
EQ256@6D(-=-%'Ed.9<7%'25=*&�B�25(\+-)Q&,EG47%:<��G4�)Q&�?�2547<;.9=A<,&7(-4i!/.e&7<747(*EG<7(-4�)1+M(�NO4;.9?-K*)1+-)R!$#h.9!:Nl2547%:<7K-6e) Y
�"�1Z���� � '^_�% 	@] '&/1'&4aS

Z )g?-!/.5EQ)G6e)G=A<�EQ25=*&7%'&7<�)gI�+M%'&7<747%:[-(*)G4�!')�NO4;.9?-K*)p+-)�!$#h.9!:Nl2547%:<7K-6e)�&7(-4�!')�NO4;.9?-K*)p+-)�!$#h.94�E�K-%:<�)QEG<7(-4�))G=^4�)Q&7?�)QEG<;.9=A<f!')Q&fEQ25=A<74;.9%:=A<�)Q&�+-)�+-HG?�)G=*+*.9=*EQ)Q&�+-)J+-25=-=*HQ)Q&i&7~�6eHG<747%'LA(*)Q&f)G<f!')Q&fEQ25=A<74;.9%:=A<�)Q&,!:%'HQ)Q&
.9(MV�+M(-4�HQ)Q&D+T#U)WV-HQEG(-<7%'25= Y�Z )@NO4;.9?-K*)8+-)@!$#h.9!:Nl2547%:<7K-6e)8)G<1!')eNO4;.9?-K*)e+-)@!$#h.94�E�K-%:<�)QEG<7(-4�)>&�25=F<1<�25(*&+-)G(MV^6e2F+-HG!:%'&�HQ&,?�.94�+-)Q&�NO4;.9?-K*)Q&,=*25=�2547%')G=A<�HQ& Y� W�� NQP U�V W ����� � �A�W�P�W�7�5o 2 o:��uPo {�uM�5�Gr��Fq�v1t8�Gr w��d�AqWv��Aqiu�o��@6;qWt8qW��r�u��7��uM�9vd��q�v@�l�5�-v�o:�eo y r3rs�G���e]r}{��7qD{Mr}y�o y/vdqW��r��Aq�v1te�d�	�Wo'q�v��Aq �5�7��u�w-q����5���5��y$qW��rs�fuM�5{��1te�d�A�Go y�vQqW��o:q �5�7��u�wMq_�Fq1o<3 �5o �A�5��y}r wAt8q_qGr
o'q��O����u�wMq�te�Ors�W�Wy3qWo 7M^kq�v��A�su-qG���l�5��6�q�vR�AqR�A�5�*�P��qWvJqW��r}��qR��u-�W�7�Or}y3�5�-vivG�O��r��A�5��6�u��Wy/vdq�v�qW��6��5t�uPrsq 2qW� ��qFE��5��6GwMqao43 �5�7�5��q1uM�5�Gr}y3qWo��9v;vQ�86Gy$��I�o<3 �Oo �l�O��y}r wAt8q8�Pq@o<3 q�vWr�uM�9v87 ��3 q�vGr�uM�O{F�7zG{-�5y 2 5�q7�5{Q6��5{�u �Fq
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�"�1Z���� � � � U	!$�04$4#	�4k] '&/1'&4aS

Z #U254�+-25=-=�.9=*EQ)G6e)G=F<iEQ25=*&7%'&7<�),I�+M%'&�<747%:[-(*)G4g)G<pIR254�+-25=-=�.9=*EQ)G4�!')iNO4;.9?-K*)�+-)i!$#h.9!:Nl2547%:<7K-6e)�&7(-4�!')NO4;.9?-K*)f+-)g!$#h.94�E;K-%:<�)QEG<7(-4�)�)G=�4�)Q&7?P)QEG<;.9=F<�!')Q&�EQ25=F<74;.9%:=A<�)Q&�+M(�NO4;.9?-K*)f+-)g!$#h.9!:Nl2547%:<7K-6e)f!:%'HQ)Q&�I,!$#U254�+M4�)
?�.947<7%')G!�%:=*+M(-%:<,?�.94�!')Q&i?-4�HQEQHQ+-)G=*EQ)Q&J)G<�!:%'HQ)Q&�.9(MVC+M(-4�HQ)Q&,+T#U)WV-HQEG(-<7%'25=�+-)�<�)G!:!')D&�2547<�)1LF(*)R!/.@+M(-4�HQ)
+T#U)WV-HQEG(-<7%'25=m+-)@!$#h.9?-?-!:%'Ed.9<7%'25=�&�25%:<D%:=M0}HG47%')G(-4�)>25(�HGNA.9!')^I^!/.�EQ25=F<74;.9%:=A<�)><�)G6@?*&D4�HQ)G!p+M(`&7~M&7<��G6e)
HG<7(*+M%'H Y9Z .�03254768.9!:%'&;.9<7%'25=�+-)g!$#U254�+-25=-=�.9=*EQ)G6e)G=A<�.�HG<�Hp+-HW�*=-%')g+*.9=*&k!/.f?-4�)G6@%'�G4�)p?�.947<7%')g+-)�!/.i<7K*�Q&�) Y
Z #h.9!:Nl2547%:<7K-6e)a)Q&7<R6e2F+-HG!:%'&�H�?�.94�(-=�KF~F?�)G47NO4;.9?-K*)@2547%')G=A<�H@%:=M�*=-%:6e)G=F<D%:<�HG4�H@)G<R!$#h.94�E�K-%:<�)QEG<7(-4�)a)Q&7<6e2�+-HG!:%'&�HQ)�?�.94�(-=CKF~F?�)G47NO4;.9?-K*)1=*25=\2547%')G=F<�H Y
� W�� NQP U�V W � � ^�q�6G��y}r��W��q@{Mr}y o y�vQ�@y 6Gy,q�vGrio:�Ct_y���y�t_y�vG�Or}y3�5���Aqeo����5{F����q �5o:�@57�5o'q>�G3 q4HA�46G{Mr}y3�5� �Fq
o<3 ��uAu�o y 6��Or}y3�5�a6��5�_�5��vQq1v�y}r}{-q��l�O�-v1o:qn6��A�5�7qe�Aq�v���uluPo y 6��Or}y3�5�-vDrsqWt�u�v1����qWo�te�5y�v1� 3 �5{Mr}��q�vn6G�Wy r��G�7q�v
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+-H ��I�+M%'&�<747%:[-(*HQ)Q&f?P25(-47X�(CLA(*)J!$#U254�+M4�)R?�.947<7%')G!�+M(^NO4;.9?-K*)R%:=-%:<7%/.9!T&�25%:<iEQ25=*&�)G47XlH Ymn (^[-%')G=�B-25=>?�)G(-<.QXl25%:4�&7(-4�E�K�.5EG(-=�+-)Q&�EG!:(*&7<�)G4�&1(-=�254�+M4�)_?�.947<7%')G!p)G<REQ)G<1254�+M4�)_?�.947<7%')G!p)Q&7<R4�)G=M0}254�EQH@&�)G(-!')G6e)G=F<�I
!$# %'&�&7(*)@+-)_!/.�+M%'&7<747%:[-(-<7%'25=�+-)_<�25(-<1!')_NO4;.9?-K*)e+-)e!$#h.9!:Nl2547%:<7K-6e) Y  �%:=*&7%$B�!$#U254�+-25=-=�.9=*EQ)G6e)G=A<_+T# (-=*)25?�HG4;.9<7%'25=�=�#U)Q&7<�XlHG47%:<;.9[-!')G6e)G=A<�)W��)QEG<7(*H8LA(�#hI>!$# %'&�&�(*)@+M(�?-4�2FEQ)Q&�&�(*&�+T#U254�+-25=-=�.9=*EQ)G6e)G=A<@)G<1EO#U)Q&7<
EQ)�LA(-%�03.9%:<J!/.e?-!:(*&�NO4;.9=*+-)_+M%���HG4�)G=*EQ)@.dXl)QE�!')Q&R.9!:Nl2547%:<7K-6e)Q&�+-)�!:%'&7<�)�+-HW�*=-%'&J?-4�HQEQHQ+-)G6@6e)G=F< YT] =
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)W�T)G<dB�!/.^+*.9<�)_+-)@+-HG[-(-<1+T# (-=*)_25?�HG4;.9<7%'25=�&7(-4R(-=�EG!:(*&7<�)G4R=�#U)Q&7<�?�.5&J�-VMHQ)�<;.9=F<1LA(*)�!')�?-4�2FEQ)Q&;&7(*&
+T#U254�+-25=-=�.9=*EQ)G6e)G=A<^+-)^<�25(-<�)Q&@!')Q&@25?�HG4;.9<7%'25=*&@=�#U)Q&7<@?�.5&8.5E;K*)GXlH Y  !$# %'&;&7(*)^+-)^!$#h.9!:Nl2547%:<7K-6e)\+-)
EG!:(*&7<�)G47%:=-N*B�E�K�.5LF(*)DEG!:(*&7<�)G4J)Q&7<,+M%'&7<747%:[-(*H�)G<,254�+-25=-=�.9=*EQH�&�(-4�(-=�?-4�2�EQ)Q&�&�)G(-4�)G<,!')Q&,+-HG?�)G=*+*.9=*EQ)Q&
)G=A<74�)e!')Q&1EG!:(*&7<�)G4�&1+-)GX�%')G=-=*)G=A<�+-)Q&�EQ256@6D(-=-%'Ed.9<7%'25=*&�%:=A<�)G4�b$?-4�2�EQ)Q&�&�)G(-4D)G<�&�25=A<1+M%'&7<747%:[-(*HQ)Q&D68.9%'&
?�.5&@254�+-25=-=�.9=*EQHQ)Q&e&7(-4�!')Q&_!:%')G=*&_%:=A<�)G4�b$?-4�2�EQ)Q&�&�)G(-4 Y A %f!')>=*256D[-4�)C+-)^EG!:(*&7<�)G4�&@)Q&�<�&7(-?�HG47%')G(-48.9(=*256D[-4�)@+-)�?-4�2�EQ)Q&�&�)G(-4�&�+M%'&7?�25=-%:[-!')Q&dBP(-=�.5&�&�)G6�[-!/.9Nl)@)Q&7<�)W��)QEG<7(*HJ��(*&�LF(�#hIa.dXl25%:4�(-=S=*256�[-4�)e+-)
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�"�����1Z � # 2 %('�� !$'^_kU#i�� U#i	S�Q
� 25%'EG%�+-)Q&,)WVM)G6@?-!')Q&�+-)�4��GNO!')Q&�+-)�?-47%'2547%:<�H�n
� S(oi)

nA+*.9<�)�+-),+-HG[-(-<f.9(Mb$?-!:(*&�b$<�
5<p+-),!$#U25?PHG4;.9<7%'25=
oi
BA)G=*EQ254�)�.9?-?�)G!'HQ)

ASAP (oi)
 J&�b A 2�25=Mb J&�b � 2O&;&7%:[-!') (oi) Y

� s(oi)
n8+*.9<�) +-) +-HG[-(-<".9(Mb$?-!:(*&�b$<;.94�+ +-)

oi
)G=*EQ254�) .9?-?P)G!'HQ)

ALAP (oi)
 J&�b Z .9<�)Wbs J&�b

� 2O&�&7%:[-!') (oi)
25(

LPST (oi) Z .9<�)Q&�<�b � 2O&�&�%:[-!')Wb A <;.947<�b�"f%:6e) (oi) Y9Z .�XO.9!')G(-4�+-)gEQ)G<7<�)f+*.9<�)p)Q&�<�[�2547=*HQ)?�.94�!/.�!'25=-NO(*)G(-4J+M(�E�K*)G6@%:=�EG47%:<7%'LF(*) Y
� static � level(oi)

$�" � %Anl=-%:Xl)d.9(8&7<;.9<7%'LF(*)�+-) oi YAc #U)Q&7<�!/.R!'25=-NO(*)G(-4p68.�V�%:68.9!')�)G=F<74�) oi
)G<�(-=*)

25?�HG4;.9<7%'25=`+-)@&�2547<7%')OB�+M(-4�HQ)a+-)
oi
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�-<�&D+-)Ed.9!'EG(-! Y�c )G<7<�)RXO.9!')G(-4�)Q&7<iHGNA.9!')1I�!/.�+*.9<�)�+-)�+-HG[-(-<,.9(Mb$?-!:(*&7b$<;.94�+�|}+-HW�*=-%')�+-)G?-(-%'&i!/.��*=���)G<f=*25<�HQ)
s̄
LF(*)R!$#U25=�XO.�(-<7%:!:%'&�)G4�.9(�E;K�.9?-%:<74�)D&7(-%:XO.9=A<,&�(-4i!$#U25?-<7%:6@%'&;.9<7%'25=�+-)�!/.�!/.9<�)G=*EQ) Y

� tlevel(oi)
$ ! � %An�=-%:Xl)d.9( t

+-)
oi
)G<

blevel(oi)
nk=-%:Xl)d.9(

b
+-)

oi Y�Z )e=-%:Xl)d.9( t
+-)

oi
)Q&�<D!/.

!'25=-NO(*)G(-4�68.�V�%:68.9!')a)G=A<74�)a(-=*)825?�HG4;.9<7%'25=`+T#U)G=A<74�HQ)>)G<
oi
B�!/.C+M(-4�HQ)a+-)

oi
=�#UHG<;.9=A<�?�.5&1?-47%'&;)8)G=

EQ256@?-<�) Y�Z )�=-%:Xl)d.9( b
+-)

oi
)Q&7<@!/.S!'25=-NO(*)G(-4868.�V�%:68.9!')�)G=F<74�)

oi
)G<@(-=*)�25?PHG4;.9<7%'25= +-)C&�2547<7%')OB

!/.m+M(-4�HQ)�+-)
oi

HG<;.9=F<^?-47%'&�)�)G=�EQ256@?-<�) Y,c )Q&^+-)G(MV =-%:Xl)d.9(MV�?-4�)G=-=*)G=A<�)G= EQ256@?-<�)S!')Q&^+M(-4�HQ)Q&
+-)Q&^25?PHG4;.9<7%'25=*&>68.9%'&C.9(*&�&7%J!')Q&>+M(-4�HQ)Q&>+-)Q&^EQ256@6�(-=-%'Ed.9<7%'25=*& Y�� !:(*&>?-4�HQEG%'&�HG6e)G=F<dBiEQ)Q&8=-%:Xl)d.9(MV&�25=F<�Ed.9!'EG(-!'HQ&�)G=`&7(-?-?�2O&;.9=A<�LA(*)e<�25(-<�)Q&D!')Q&�25?PHG4;.9<7%'25=*&�+-HG?P)G=*+*.9=F<�)Q&_&�25=A<�+M%'&7<747%:[-(*HQ)Q&�&�(-4D+-)Q&
?-4�2�EQ)Q&�&�)G(-4�&e+M%��THG4�)G=A<�&a)G<e+-25=*E�E�K�.5LF(*)�+-HG?�)G=*+*.9=*EQ)�)G=-Nl)G=*+M4�)�(-=*)CEQ256@6�(-=-%'Ed.9<7%'25=�LF(-%,.�(-=
EQ)G47<;.9%:= EQ2
�-<C)G<>EQ)�EQ2
�-<^)Q&7<a?-47%'&C)G="EQ256@?-<�) Y�c )Q&^=-%:Xl)d.9(MV &�25=F<^EQ25=-=F(*&C&7%R25="&�(-?-?P2O&�)\(-=*)
.94�E�K-%:<�)QEG<7(-4�)8EQ256@?-!'�G<�)G6e)G=A<DEQ25=-=*)QEG<�HQ)@)G<J?�.5&R+-)�4�25(-<;.9Nl)OBT)G<REQ)Q&J=-%:Xl)d.9(MV�=*)_&�25=F<J?�.5&REQ25=-=F(*&
&7%�!$# K*)G(-47%'&7<7%'LF(*)@?-4�)G=*+�)G=�EQ256@?-<�)@!')@&�(-4�EQ2
�-<1+ ��.9(�4�25(-<;.9Nl)e+-)Q&1HGXl)G=A<7(*)G!:!')Q&�EQ256@6D(-=-%'Ed.9<7%'25=*&
%:=A<�)G4�b$?-4�2�EQ)Q&�&�)G(-4 Y

� Prio(oi) = (tlevel + blevel)(oi)
nM?-47%'2547%:<�H�+-)

oi Y
� DL(oi,pj) = static � level(oi)− S(oi,pj)

n-=-%:Xl)d.9(\+M~�=�.96@%'LA(*)D+-)
oi
&�(-4

pj

� DL(oi) = (static � level − tlevel)(oi)
nM=-%:Xl)d.9(�+M~�=�.96@%'LA(*)D+-)

oi Y
� σ(oi,pj) = S(oi,pj) + s̄(oi)−R

$ �R>&%An*?-4�)Q&;&7%'25=�+T#U254�+-25=-=�.9=*EQ)G6e)G=F<D+-)
oi
&�(-4

pj
&;.5E�K�.9=F<

LF(*)
R
)Q&7<J!/.e!'25=-NO(*)G(-41+M(�E�K*)G6@%:=�EG47%:<7%'LF(*) Y�c )G!/.a?P)G(-<R)G=*EQ254�)_&d#UHQEG47%:4�)�n σ(oi,pj) = S(oi,pj) +



�B� ��� � ��	 � � � ����� � ����	p�p� � ��� � � .

Sdef Sexces sdef sexces static

� level

tlevel blevel Prio DL Mdef Mexces

o1
� � � � KMY � � I KMY � I KMY � KMY � � �

o2
I " �MY � " I Y � " " Y � I KMY � b > Y � KMY � �

o3
I I Y � > Y � I�I Y � � Y � I Y � KMY � > b I �MY � I �

o4
I � I ? Y � � � � � b � � � Y �

o5 KMY � I KMY � � I KMY � � I KMY � � I KMY � b I KMY � KMY � �

�	��
aH KMY " Y " M ���5o 6G{�o��Fq�v�E9�5o:qG{F��vD�Aq�v�uP��y3�5�Wy rs��v��9v;vQ�86Gy$��q�vD�5{ �5�7��u�wMq��Aq�o43 �5o �l�5�Wy r wAt8q��FqRo:�_; �5{��7q
�\7��"7 �

static � level(oi)−R

� M(oi) = (ALAP − ASAP )(oi)
n�6e25[-%:!:%:<�HOB/o�)WV�%:[-%:!:%:<�HOB�25(�)G=*EQ254�)_68.947Nl)e+T#U254�+-25=-=�.9=*EQ)Wb

6e)G=A<�+-)
oi
B*)G=*EQ254�)1=*25<�HQ)

F (oi) Y
� MR(oi) = M(oi)

∆(oi)

nM6e25[-%:!:%:<�H14�)G!/.9<7%:Xl)1+-)
oi Y

� DCP (oi,pj) = s(oi,pj)− S(oi,pj)
n*+M%��THG4�)G=*EQ)1)G=F<74�)1+*.9<�)1+-)�+-HG[-(-<�.9(Mb$?-!:(*&�b$<;.94�+\)G<�+*.9<�)

+-)C+-HG[-(-<8.9(Mb$?-!:(*&�b$<�
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oi
&7(-4

pj Y s(oi,pj)
)Q&7<e)G=*EQ254�)\.9?-?�)G!'HQ)

ALST (oi)
 �[*&�25!:(-<�) Z .9<�)Q&�<

A <;.947< "f%:6e) (oi) Y S(oi,pj)
)Q&7<�)G=*EQ254�)�.9?-?P)G!'HQ)

AEST (oi)
 �[*&�25!:(-<�) ] .947!:%')Q&7< A <;.947< "f%:6e) (oi) Y
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o1
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E*F1G*H KMY " YLK M �f�7��u�wMq��G3 �5o �l�5�Wy r wFteq_�Gr}y3zG{*qGrs�

 �%:=*&7%$B5&7%-25=@+-HQEG%'+-)i+-)f<747%')G4�!')Q&�25?�HG4;.9<7%'25=*&�+M(_NO4;.9?-K*)�+-)�!/.,�*NO(-4�) KMY " YLK ?�.94 static � level
+-HWb
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o1,o2,o3,o4,o5+T#h.9?-4��Q&�!/.�<;.9[-!') KMY " Y " Y � )R6ejG6e)OB*&7%�25=�<747%')1!/.�!:%'&7<�)R?�.94 Prio

+-HQEG4�25%'&�&;.9=A<�)OB�EQ)G!/.@+-25=-=*)�!/._!:%'&�<�)
&7(-%:XO.9=A<�)

o1,o2,o5,o3,o4 Y
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�"�����fe + %�23� U#i S -$/1'�� 20%(� ��S �04#�
 kX5.9=F<�+-)�+-25=-=*)G4\+-)Q&C)WV-)G6@?-!')Q&�+T#h.9!:Nl2547%:<7K-6e)Q&�+T#U254�+-25=-=�.9=*EQ)G6e)G=F<S+-)�!:%'&�<�)OBf=*25(*&�.9!:!'25=*&

+-HW�*=-%:4�+-)Q&�0325=*EG<7%'25=*&kLF(-%A?�)G476e)G<7<�)G=A<�+-)g&;HG!')QEG<7%'25=-=*)G4k!'),teqGy�o o:qG{F��?-4�2�EQ)Q&�&�)G(-4k?P25(-4k(-=*)g25?�HG4;.9<7%'25=
+-25=-=*HQ) Y

� S(oi,pj)
n�+*.9<�)g+-)�+-HG[-(-<�+-)

oi
&�(-4�!')�?-4�2FEQ)Q&;&�)G(-4

pj
BQ)G=*EQ254�)p.9?-?�)G!'HQ)

ST (oi) A <;.947< "f%:6e) (oi) Y
� FT (oi,pj)

n-+*.9<�)1+-)R�*=�+-)
oi
&7(-4

pj
B-)G=*EQ254�)D.9?-?P)G!'HQ)

FT (oi)
� %:=-%'&7K "f%:6e)

(oi) Y
+ %(20� U#i	S -�/ ' � !$' %�i�� S '
����� ���	��
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I Y�] " � | ] .947!:%')Q&7<�"k.5& � � %:4�&7<�� $ > I B I � % Z #U25?�HG4;.9<7%'25=�!/.�?-!:(*&e?-47%'2547%:<;.9%:4�)S)Q&7<8EQ)G!:!')�LA(-%J.�!/.
?-!:(*&p?�)G<7%:<�),+*.9<�),+-)�+-HG[-(-< YMc #U)Q&�<g(-=>.9!:Nl2547%:<7K-6e)J&7<;.9<7%'LF(*) Y � (�.9=*+>+-)G(MV825?PHG4;.9<7%'25=*&�25=A<�!/.6ejG6e)�+*.9<�)OBM25=CE�K*25%'&�%:<�EQ)G!:!')JLF(-%�.1!')

static � level
!')J?-!:(*&fHG!')GXlH Y�A 25%:< RETF

B�!/.D!'25=-NO(*)G(-4
+M(�E;K*)G6@%:=�EG47%:<7%'LA(*)_Ed.9!'EG(-!'HQ)_?�.94�!$#h.9!:Nl2547%:<7K-6e) ] " � Y�A 25%:< ΛG

B�!/.>&�256@6e)�68.�VM%:68.9!')OBT&7(-4
<�25(*&�!')Q&�E�K*)G6@%:=*&p+M(eNO4;.9?-K*)�+-)f!$#h.9!:Nl2547%:<7K-6e)�%:6@?-!/.9=F<�HOBA+-)Q&�+M(-4�HQ)Q&g+-)iEQ256@6D(-=-%'Ed.9<7%'25= Y�Z .!'25=-NO(*)G(-4R+M(�E�K*)G6@%:=�EG47%:<7%'LA(*)�+-)D!$# %:6@?-!/.9=F<;.9<7%'25=�&;25!:(-<7%'25=�B�Ed.9!'EG(-!'HQ)�?�.94 ] " � BP)Q&7<�[�2547=*HQ)?�.94�$ > I %An

RETF ≤ (2−
1

m
)Rmin + ΛG

2#)
m
)Q&�<i!')R=*256D[-4�)D+-)1?-4�2FEQ)Q&�&;)G(-4�& Y

KMY � Z A | � ~�=�.96@%'E Z )GXl)G! A E;K*)Q+M(-!:%:=-NF� Z #h.9!:Nl2547%:<7K-6e) � Z A $ ! � %,)Q&7<@(-=�.9!:Nl2547%:<7K-6e)�+-)^!:%'&7<�)
+M~�=�.96@%'LF(*)8LF(-%�<747%')e!')Q&125?�HG4;.9<7%'25=*&D?�.94D=-%:Xl)d.9(�+M~F=�.96@%'LF(*)�| � Z | Y B Y ��?-4�HQEQHQ+-)G6@6e)G=A<_+-HWb�*=-%��e+-HQEG4�25%'&�&;.9=F< Y  �(-<74�)G6e)G=A<^+M%:<dBpI�E;K�.5LA(*)SHG<;.9?�)�+-)�!$#U254�+-25=-=�.9=*EQ)G6e)G=F<dBf!$#h.9!:Nl2547%:<7K-6e)Ed.9!'EG(-!')�!') � Z +-)DE;K�.5LA(*)�25?PHG4;.9<7%'25=�+-)1!/.e!:%'&7<�)OB�&7(-4,<�25(*&,!')Q&,?-4�2FEQ)Q&�&;)G(-4�& Y�Z .e?�.9%:4�)>|}25?�HWb4;.9<7%'25=�B ?-4�2�EQ)Q&�&�)G(-4��gE�K*25%'&�%')�)Q&7<�EQ)G!:!'),LF(-%�.�!') � Z !')i?-!:(*&�HG!')GXlH YTn =84�)G68.94�LF(*),LF(*)�?�25(-4gEQ)G<.9!:Nl2547%:<7K-6e)�!')�6e)G%:!:!')G(-4p?-4�2FEQ)Q&;&�)G(-4g?�25(-4�(-=*),25?�HG4;.9<7%'25=a+-25=-=*HQ)J)Q&7<gE;K*25%'&7%P.dXl)QE�!/.14��GNO!'),+-)
?-47%'2547%:<�H@)G<J=*25=�.QXl)QE�(-=*)@.9(-<74�)�0}25=*EG<7%'25=�EQ256@6e)_EO#U)Q&7<R!')�Ed.5&J?�25(-4J+T#h.9(-<74�)Q&1.9!:Nl2547%:<7K-6e)Q&
+T#U254�+-25=-=�.9=*EQ)G6e)G=F< Y

) �*� �+�,� "$�-�
���.�-��
/��%(���0��!213%(���4��!2��5�"$�����6��'�����1��

I Y�Z #h.9!:Nl2547%:<7K-6e) � Z A | � ~�=�.96@%'E Z )GXl)G! A E;K*)Q+M(-!:%:=-NF�
c )G<8.9!:Nl2547%:<7K-6e)�.9?-?�.947<7%')G=F<aI�!$#U)G=*&�)G6D[-!') �_f � +-HW�*=-%i?-4�HQEQHQ+-)G6@6e)G=A<e68.9%'&_?�)G(-<@HGNA.9!')Wb
6e)G=F<_.9?-?�.947<�)G=-%:4@ICEQ)G<7<�)aEd.9<�HGNl2547%')a&7%g!')@4�25(-<;.9Nl)8+-)Q&D6e)Q&�&;.9Nl)Q&�?P)G(-<DjG<74�)a&7(-?-?�2547<�H@?�.94
!$# (-<7%:!:%'&�.9<�)G(-4 Y

KMY�Z #h.9!:Nl2547%:<7K-6e) �_= | � 25<7<�256 = ?�� Z #h.9!:Nl2547%:<7K-6e) �_= $�"�� %k+M%'&�<747%:[-(*)1)G<�254�+-25=-=�.9=*EQ)1!')Q&�25?�HWb
4;.9<7%'25=*&pEG47%:<7%'LA(*)Q&g&7(-4�(-=@6ejG6e)i?-4�2�EQ)Q&�&�)G(-4�)G<�+M%'&7<747%:[-(*)�)G<�254�+-25=-=�.9=*EQ),!')Q&�25?�HG4;.9<7%'25=*&�=*25=



�B� ��� � ��	 � � � ����� � ����	p�p� � ��� � � �

EG47%:<7%'LF(*)Q&1&7(-4�!')Q&1.9(-<74�)Q&1?-4�2FEQ)Q&�&;)G(-4�&dBP<�25(-<1)G=�25?-<7%:6@%'&;.9=A<1!$#UHQLF(-%:!:%:[-4;.9Nl)e+-)_!/.^E;K�.947Nl)e&7(-4
E;K�.5EG(-=�+-)1EQ)Q&�?-4�2FEQ)Q&�&;)G(-4�& Y�c #U)Q&7<�(-=\.9!:Nl2547%:<7K-6e)�&7<;.9<7%'LA(*) Y

�MY�Z #h.9!:Nl2547%:<7K-6e) X � |;X�.9?-?-%:=-N �J)G(-47%'&7<7%'E��
c )G<�.9!:Nl2547%:<7K-6e)�$�" � %�.>(-=*)@4��GNO!')8+-)_?-47%'2547%:<�He&7<;.9<7%'LF(*) Y�Z .^!:%'&7<�)@+-)Q&D25?PHG4;.9<7%'25=*&�)Q&7<�<747%'HQ)?�.94J254�+M4�)D+-HQEG4�25%'&�&�.9=A<�+-)

static � level Y�Z #U25?�HG4;.9<7%'25=S!/.@?-!:(*&�?-47%'2547%:<;.9%:4�)�)Q&7<,254�+-25=-=�.9=*EQHQ)&�(-4�!')i?-4�2FEQ)Q&;&�)G(-4�+-25=-=�.9=A<p!/.J?-!:(*&�?�)G<7%:<�)i+*.9<�)�+-)i+-HG[-(-< YAZ )Q&g&7(*EQEQ)Q&�&�)G(-4�&�254�+-25=-=�.9=��d.9[-!')Q&+-)�!$#U25?�HG4;.9<7%'25=�B�254�+-25=-=*HQ&R?�.94�?-47%'2547%:<�H@+-HQEG4�25%'&�&;.9=F<�)OBT&�25=A<1.��725(-<�HQ&1Ia!/.e�*=�+-)_!/.a!:%'&7<�)OB�)G<
!/.�!:%'&7<�)�=�#U)Q&7<8?�.5&a4�)G<747%'HQ)OBpEQ)QEG%J?�25(-48?�25(-Xl25%:484�)Q&7?�)QEG<�)G4a!')Q&a?-4�HQEQHQ+-)G=*EQ)Q&^+M( NO4;.9?-K*)S+-)
!$#h.9!:Nl2547%:<7K-6e)�%:=-%:<7%/.9! Y

> Y�Z #h.9!:Nl2547%:<7K-6e) � A  | � (-[-[-!') A E�K*)Q+M(-!:%:=-NC.9=*+� ,!:!'2�Ed.9<7%'25=��
Z )�?-47%:=*EG%:?P)D+-)�!$#h.9!:Nl2547%:<7K-6e) � A  $ > "-B > ! %�)Q&7<�!')�&7(-%:XO.9=A<�n
|3.l� O � &Qq46dr}y}�5�Svd�W��y$qWo o:q

Z )D?-4�2�EQ)Q&�&7(*&J+T# %:=5��)QEG<7%'25=�&�HG47%')G!:!')�EQ25=*&7%'&7<�)�+*.9=*&J(-=\?-4�)G6@%')G4R<�)G6@?*&�I8&;HQLA(*)G=F<7%/.9!:%'&�)G4<�25(-<�)Q&f!')Q&�25?�HG4;.9<7%'25=*&i&7(-4p!')�6ejG6e)J?-4�2FEQ)Q&;&�)G(-4dB�.9?-?�)G!'H�?-4�2FEQ)Q&�&;)G(-4p?-%:Xl25<��MEO#U)Q&7<fEQ)G!:(-%
LF(-%T?�2O&�&��Q+-)R!')�?-!:(*&�+-)1!:%')G=*&i%:=A<�)G4�b$?-4�2�EQ)Q&�&�)G(-4 Y
� �@!l#&%d'�%*)�# ��� ^kq�vD��u-�W�7�Or}y3�5�-v O �M] � �7�5��6Ww ` O � � b_vG�O��r�o'q�v��Wu-�W�7�Or}y}�O�-vOIRuM�O�Wr}y �1�Aq�vL]
zQ{-qWo o'q�vay o�q4H5y�vWrsqa{��-6WwMqWt_y ��u-qW�WteqQr3r$�5��r��G3 �Or3rsqWy ���5��qa{F�Pq>��u*�W���lr}y}�5� 6Q��y}r}y}zQ{-q 2 qGrJo:qWv�Wu-�W�7�Or}y}�O�-v C {Mr ] � �7�5��6Ww-` C � � b^vG�O��rio'q�v@�Wu-�W�7�Or}y}�O�-v8�5{ �5�7��u�wMqazG{�yi�Pq�vQ�5��ri�*y 6G�Wy*]
r}y3zG{*q�v1�*y O � � 7

Z .a&;HQLA(*)G=F<7%/.9!:%'&;.9<7%'25=�+-)Q&�25?PHG4;.9<7%'25=*&�)Q&�<J)W�T)QEG<7(*HQ)_)G=�+M%'&�<747%:[-(�.9=A<1+T#h.9[�254�+�!')Q&J25?�HWb4;.9<7%'25=*&�EG47%:<7%'LA(*)Q&�B-?-(-%'&i!')Q&�25?�HG4;.9<7%'25=*&
�
�_f )G<�)G=M�*=�!')Q&,25?PHG4;.9<7%'25=*& n � f Y

| [�� 
�y �5�7�Or}y3�5���Aq�vD��u-�G���Or}y3�5�-v
] =*&7(-%:<�)OB�!/.86@%:NO4;.9<7%'25=�+-)�EQ)G47<;.9%:=*)Q&R25?�HG4;.9<7%'25=*&,Xl)G4�&J+T#h.9(-<74�)Q&J?-4�2FEQ)Q&�&;)G(-4�&�)Q&7<J2547NA.�b=-%'&;HQ)D.��*=\+-)�+M%:6@%:=A(*)G4�!/._!'25=-NO(*)G(-4,+-)�!$#U254�+-25=-=�.9=*EQ)G6e)G=F< Y
� �@!l#&%d'�%*)�# � . ^�� � X � ] � �Or$� X �W��y*E��5o��ky t8qF]1�G3 {��Pqa��u-�W�7�Or}y3�5��q�vWr,o��S�l�Orsq
I\o��c]
zQ{-qWo o'q�o'qD�FqW����y3qW�Rt8q�v�vG� �Aq��AqRvQq�v1��u-�W�7�Or}y3�5�-vpuM�5��qW��r v�o {Fy�uM�5�FEdy$qW��r 7 ��qGr3rsqD�l�OrsqpuP�7qW�P�
qG� 6��5t�uPrsq�o'q�v96;�5t_t�{��*y 6��Or}y3�5�-vDy ��rsqW�F]:uP���86�q�v;vdqW{F�8zQ{FygvG�5��r��7�5{Mrs��q�v8qGri�5���A�5�*���5�+6;��q�v
vW{F�Do:q�v1o y$qW�-v
7

Z #U25?PHG4;.9<7%'25=S&�HG!')QEG<7%'25=-=*HQ)�?�25(-4i6@%:NO4�)G4,)Q&7<iEQ)G!:!')1LF(-%T._&�. �  " &7(-?�HG47%')G(-4�)DI_&;.�+*.9<�)
+-)>+-HG[-(-<_&7(-4�!')8?-4�2FEQ)Q&;&�)G(-4�?-%:Xl25< Y�Z )a?-4�2�EQ)Q&�&�)G(-4�E;K*25%'&7%f?P25(-4�EQ)G<7<�)a25?�HG4;.9<7%'25=�)Q&7<
EQ)G!:(-%�LF(-%�4�HQ+M(-%:<J!')�?-!:(*&�&;.a+*.9<�)_+-)_+-HG[-(-< YTZ )�?-4�2FEQ)Q&�&�(*&J&�#h.9474�jG<�)�LF(�.9=*+S<�25(-<�)Q&R!')Q&25?�HG4;.9<7%'25=*&,+M%'&�<747%:[-(*HQ)Q&,&7(-4i!')�?-4�2�EQ)Q&�&�)G(-4i?-%:Xl25<�25=A<�HG<�H�HG<7(*+M%'HQ)Q& Y



��� � ���������
	��
� �/�D��	 ��	 � � ��� ����	

+ %(20� U#i	S -�/ ' � !$'g] % �#� S 'VU#i 4.2
� ���
���	��

� ��� "$!&!#"$
�"&%('��0� %(1��

I Y�Z #h.9!:Nl2547%:<7K-6e) � A-c b � 256@%:=�.9=A< A )QLA(*)G=*EQ) c !:(*&7<�)G47%:=-N
	 HG4;.5&�25(-!:%'&�)G<��p.9=-Ne25=A<�+-HGXl)G!'25?-?�H1+*.9=*& $ ? ! %�!$#h.9!:Nl2547%:<7K-6e) � A-cJY�c )G<,.9!:Nl2547%:<7K-6e)D)Q&7<i%:=*&�b?-%:4�H�+-)SEQ)G!:(-%�+-) A .94 �O.94 ]�� b ] +MNl) � )G4�25%:=-N5beEG%:<�HS+*.9=*& $ K B ? ! % Y�Z .mEQ256@?-!')WV�%:<�H�+-)SEQ)Q&
.9!:Nl2547%:<7K-6e)Q&@)Q&�<�+-)

O(nd(nd + no))
B�2#)

nd
)Q&7<�!')e=*256�[-4�)>+T#h.94�EQ&_+M(`NO4;.9?-K*)a+-)a!$#h.9!:Nl29b

47%:<7K-6e),)G<
no

!')f=*256�[-4�),+-)i&�)Q&g&�256@6e)G<�& YOZ #h.9!:Nl2547%:<7K-6e)JE�K*)G4�E;K*)�IR+M%'&7<747%:[-(*)G4dBF&7(-4�!')f6ejG6e)?-4�2�EQ)Q&�&�)G(-4dB�!')Q&i25?�HG4;.9<7%'25=*&�LF(-%P+-25=-=*)G=F<�!:%')G(�ID!/.�EQ256@6�(-=-%'Ed.9<7%'25=\!/.�?-!:(*&f%:6@?P2547<;.9=F<�)OB*+-)
<�)G!:!')�&�2547<�)1LF(*)�!/._!'25=-NO(*)G(-4�?�.947<7%')G!:!')D+-)�!$#U254�+-25=-=�.9=*EQ)G6e)G=F<�=�#h.9(-NO6e)G=A<�)�?�.5& Y*Z ._!:%'&�<�)1)Q&7<EQ256@?�2O&�HQ)1+-)Q&,25?PHG4;.9<7%'25=*&�o y 5W�7qWvWB*EO#U)Q&7<�b�I�bs+M%:4�)�EQ)G!:!')Q&�+-25=A<,!')Q&i?-4�HQ+-HQEQ)Q&�&�)G(-4�&�&�25=A<�+-H ��I�%:6_b
?-!/.9=F<�HQ& Y�Z )Q&J25?PHG4;.9<7%'25=*&J!:%:[-4�)Q&J&�25=A<R254�+-25=-=*HQ)Q&J?�.94 Prio(.)

|}&�256@6e)�+-)
blevel

)G<
tlevel

�
+-HQEG4�25%'&;&;.9=A< Y�Z .@+-)Q&�EG47%:?-<7%'25=\+-)1!$#h.9!:Nl2547%:<7K-6e)D)Q&7<�+-25=-=*HQ)�+*.9=*&i!/._<;.9[-!') KMY " Y ! Y

f 25<;.9<7%'25=*&
A 25%:< nJ] B-!$#U)G=*&�)G6D[-!')�+-)Q& n ?�HG4;.9<7%'25=*& ] V*.96@%:=*HQ)Q& Y
A 25%:< n f ] B-!$#U)G=*&;)G6D[-!')D+-)Q& n ?PHG4;.9<7%'25=*& f 25=\)G=*EQ254�) ] V-.96@%:=*HQ)Q& Y �!:Nl2547%:<7K-6e)
c .9!'EG(-!�+M( blevel

?P25(-4,<�25(*&i!')Q&i=��R(*+-&,)G<
tlevel = 0

?�25(-4i!')Q&i=��R(*+-&�+T#U)G=A<74�HQ) Y
c K�.5LF(*)�25?PHG4;.9<7%'25= )Q&7<^EQ25=*&7%'+-HG4�HQ)�EQ256@6e)�=*25=")WV-.96@%:=*HQ)�)G<^)Q&7<>XF(*)�EQ256@6e)S(-="<;.5&
(-=-%:<;.9%:4�) Y
� ��� � ��	 � <�25(-<�)Q&�!')Q&,25?PHG4;.9<7%'25=*&,=�#U25=A<,?�.5&,HG<�H1)WV-.96@%:=*HQ)Q&
� 	 ����� � " � �'& � 
 
 ������������

�������R���N

���#)�
#���������-� ������" 
#�������T�("2)������
� � )�)+".���
��" � )+�c
 ��)�)����
�(" ,/"/����" ��
 
 � � ������� ��� ,/���#)+��" � ,/� � ��" �#�����J�
� ��"$,/"2) 

� 
 � 
 ,/"2)�)�" �
� )��" ��" ���("�)�������"����
" ��"

tlevel
��"�,/" � �%�#� �
�(�������#" ��" 
#�(�#)"! � � ��� ����"2)Y��".)Y����)�".) �$#


 ��)�)��%�#�("2)a���
����" ����" ���J��"
tlevel & ���(� ��)J�(" � �%�#� ) 
 ��".,/�������
� 
 �f������"k�
� ,/���#) ��" �a�
�
�(��������"

� � ��)�" � � � �
�a�
".)a

���������(� 
 )J��".)a)+�#,.,/"2)�)�" �
� )@� ����� �
�#���(' �)�
�("2)@��"R�'& � 
 
 ����������� 

� 
 , 
 ��".����"
� � ��)�"���� ���
�R�
"*����� & ���
� ��������� ��� � ��	 �

� ��
 H KMY " Y ! M X o �l�5�Wy r wAt8q��Aqn6Go {AvGrsqW�Wy���� � 0 �

KMY�Z #h.9!:Nl2547%:<7K-6e) � c�� | � ~�=�.96@%'E c 47%:<7%'Ed.9! � .9<7K��
Z #h.9!:Nl2547%:<7K-6e) � c�� $ >@? %f)Q&7<D(-= .9!:Nl2547%:<7K-6e)>+-)8!:%'&7<�)8+M~�=�.96@%'LF(*) YkZ #U254�+-25=-=�.9=*EQ)G6e)G=F<8+-)E;K�.5LA(*)D?-4�2FEQ)Q&;&�)G(-4,HGXl25!:(*)DI@E;K�.5LA(*)DHG<;.9?P)1)G<,!')Q&,+*.9<�)Q&�+-)1+-HG[-(-<J+-)Q&�25?�HG4;.9<7%'25=*&�=*)1&�25=F<
?�.5&��-V-HQ)Q&f<;.9=A<�LF(*)�<�25(-<�)Q&i!')Q&f25?PHG4;.9<7%'25=*&i=�#U25=F<i?�.5&iHG<�HJ%:6@?-!/.9=A<�HQ)Q& Y*Z )Q&i25?PHG4;.9<7%'25=*&i&�25=F<&�%:6@?-!')G6e)G=A<14�)GNO4�25(-?�HQ)Q&1)G=*&�)G6�[-!')@)G= � EG!:(*&�<�)G4  �&�)G!'25=�(-=�254�+M4�)�<�25<;.9!�EQ25=*&7<747(-%:<DI>E�K�.5LF(*)
HG<;.9?�)1+-)R!$#U254�+-25=-=�.9=*EQ)G6e)G=F< Y � )Q&,.94�EQ&�+-)D+-HG?P)G=*+*.9=*EQ)Q&�+T#U254�+-25=-=�.9=*EQ)G6e)G=A<J?P)G(-Xl)G=F<,jG<74�)



�B� ��� � ��	 � � � ����� � ����	p�p� � ��� �����

.��725(-<�HQ&C&7(-4CEQ)G47<;.9%:=*&�EG!:(*&7<�)G4�&^?�25(-4^NA.94;.9=A<7%:4�!/.`!:%:=*Hd.947%:<�H�&�(-4>E;K�.5EG(-= +-)Q&^?-4�2FEQ)Q&;&�)G(-4�& Y
Z )�03.9%:<CLF(*)�!')Q&�+*.9<�)Q&C=*)�&�25%')G=F<�?�.5&^�-V-HQ)Q&^?P)G476e)G<�+T# %:=*&�HG4�)G4C(-=*)�25?�HG4;.9<7%'25= ?-47%'&�)�)G=
EQ25=*&�%'+-HG4;.9<7%'25=�+*.9=*&�(-=*)_HG<;.9?�)D(-!:<�HG47%')G(-4�)OBT+*.9=*&J(-=�%:=A<�)G47XO.9!:!')_+-)�<�)G6@?*&�?-!:(*&R<�
5<R&d# %:!�~�.
� .5&;&�)���+-),?-!/.5EQ)! �)G=A<74�)�!')Q&p25?�HG4;.9<7%'25=*& Y�� 25(-4�4�)Q&7?�)QEG<�)G4g!')Q&�EQ25=A<74;.9%:=F<�)Q&i+-),?-4�HQEQHQ+-)G=*EQ)OBF(-=*)25?�HG4;.9<7%'25=C=*)�?P)G(-<f?�.5&fjG<74�)J%:=*&�HG4�HQ)�+*.9=*&f(-=>%:=A<�)G47XO.9!:!')�+-)J<�)G6@?*&i.9?-4��Q&1| 4�)Q&7? Y .QXO.9=A<��g(-=*)25?�HG4;.9<7%'25=�&7(*EQEQ)Q&�&�)G(-4C| 4�)Q&7? Y ?-4�HQ+-HQEQ)Q&�&�)G(-4���254�+-25=-=�.9=*EQHQ) Y "�25(*&�!')Q&�?-4�2�EQ)Q&�&�)G(-4�&�=*)a&�25=F<?�.5&R&7~M&7<�HG68.9<7%'LF(*)G6e)G=A<1)WV*.96@%:=*HQ&�n�&�)G(-!'&R&�25=A<R4�)GNA.94�+-HQ&�EQ)G(MV�LF(-%�25=A<�+-)Q&R25?PHG4;.9<7%'25=*&�LF(-%
EQ256@6�(-=-%'LA(*)G=F<R.dXl)QE1!$#U25?�HG4;.9<7%'25=�I_%:6@?-!/.9=F<�)G4 Y
Z .^!:%'&7<�)e+-)Q&1Ed.9=*+M%'+*.9<�&�I^!$# %:6@?-!/.9=A<;.9<7%'25= )Q&7<1EQ25=*&7<7%:<7(*HQ)8+-)Q&D25?�HG4;.9<7%'25=*&�.9?-?�.947<�)G=�.9=A<@.9(
� c�� b � ~�=�.96@%'E c 47%:<7%'Ed.9! � .9<7KMb Y�c )@&�25=F<1!')Q&�25?�HG4;.9<7%'25=*&1?�25(-4�!')Q&�LA(*)G!:!')Q& � c�� | Y �@|}+-HW�*=-%?-4�HQEQHQ+-)G6@6e)G=F<���)Q&�<�=F(-! Y�c )Q&i25?�HG4;.9<7%'25=*&i=�#U25=A<�?�.5&i25[-!:%:NA.9<�25%:4�)G6e)G=F<�<�25(*&f!')G(-4�&�?-4�HQ+-HQEQ)Q&�b&;)G(-4�&i%:6@?-!/.9=A<�HQ& Y0 �Wo:q<6Qr}y}�O���5{�u��7�86;q�v�vQqW{��
A 25%:< oi

BP!$#U25?PHG4;.9<7%'25=�LF(*)�!$#U25=�E�K*)G4�E;K*)8Ia%:6@?-!/.9=A<�)G4 Y A 25%:< oe
BP!')_&7(*EQEQ)Q&�&;)G(-41+-)

oi
LA(-%�.>!')

?-!:(*&�?P)G<7%:<�HQEd.947<g)G=F<74�)� ] A "�)G<� Z&A " Y oi
)Q&7<�254�+-25=-=�.9=*EQH,&7(-4�!')f?-4�2FEQ)Q&;&�)G(-4

pj
LF(-%*+-25=-=*)

!/.�&�256@6e)J&7(-%:XO.9=A<�)
S(oi,pj)+S(oe,pj)

!/.D?-!:(*&�0$.9%:[-!') YFZ .D+-)Q&�EG47%:?-<7%'25=C+-)�!$#h.9!:Nl2547%:<7K-6e)R)Q&7<+-25=-=*HQ)�I�!/.�<;.9[-!') KMY " Y ? Y
f 25<;.9<7%'25=*&
A 25%:< nJ] B-!$#U)G=*&�)G6D[-!')�+-)Q& n ?�HG4;.9<7%'25=*& ] V*.96@%:=*HQ)Q&
A 25%:< n f ] B-!$#U)G=*&;)G6D[-!')D+-)Q& n ?PHG4;.9<7%'25=*& f 25=\)G=*EQ254�) ] V-.96@%:=*HQ)Q& �!:Nl2547%:<7K-6e)
c .9!'EG(-!�+-)� ] A " )G<, Z&A ""?P25(-4�<�25(-<�)Q&,!')Q&�25?�HG4;.9<7%'25=*&
� ��� � ��	 � <�25(-<�)Q&�!')Q&,25?PHG4;.9<7%'25=*&,=�#U25=A<,?�.5&,HG<�H1)WV-.96@%:=*HQ)Q&
� 	 ����� � " � �'& � 
 
 ������������

�������R���N

���#)�
#���������-� ������" 
#�������T�("2)������
� ��
 ��".,/�������
�
".���("�� � � 
 
%��� � 

����,/".)�)�" �
�
� � ��)�"���� ���
�R�
".) 

���(� ���(� 
 )���"$��� ����"2)��("2) ��
 
 � � ���(� �#)
� � ��)�"���� ���
�R�
"*����� & ���
� ��������� ��� � ��	 �

� ��
 H KMY " Y ? M X o �l�5�Wy r wAt8q��Aqn6Go {AvGrsqW�Wy���� � � �

�MY�Z #h.9!:Nl2547%:<7K-6e) Zkc | Z %:=*)d.94 c !:(*&7<�)G47%:=-NF�
c )G<,.9!:Nl2547%:<7K-6e)D)Q&7<f(-=C.9!:Nl2547%:<7K-6e)D+M~F=�.96@%'LF(*)'$ > � % Y � !�.5&�&�)G6�[-!')�+-)J68.9=-%'�G4�)�%:<�HG4;.9<7%:Xl)R!')Q&25?�HG4;.9<7%'25=*&�?�25(-4,0325476e)G4R(-=�&�)G(-!�<;.5&J&�(-4J!')_E;K*)G6@%:=�EG47%:<7%'LA(*) Y�Z )Q&�25?�HG4;.9<7%'25=*&1.5&�&�)G6�[-!'HQ)Q&&;25=A<,&7(-?-?-47%:6eHQ)Q&�+-)�!/.�!:%'&7<�)1)G<i!')R?-4�2�EQ)Q&�&7(*&,+T#h.5&�&�)G6D[-!/.9Nl)�)Q&7<i4�HG?�HG<�H Y> Y�Z #h.9!:Nl2547%:<7K-6e) X � |;X�25[-%:!:%:<�~ � %:4�)QEG<�)Q+��



���Q� ���������
	��
� �/�D��	 ��	 � � ��� ����	

Z #h.9!:Nl2547%:<7K-6e)NX � $ ?�� %�)Q&7<g(-=>.9!:Nl2547%:<7K-6e)R.Q~A.9=A<�(-=*)i4��GNO!')�+-)�?-47%'2547%:<�H,+M~�=�.96@%'LF(*) YAZ #U25?�HWb4;.9<7%'25= LF(-%�.�!/.`?-!:(*&^?�)G<7%:<�)S6e25[-%:!:%:<�H�4�)G!/.9<7%:Xl)S)Q&�<^&;HG!')QEG<7%'25=-=*HQ)�)G<^EQ)G<7<�)�25?�HG4;.9<7%'25= )Q&7<
254�+-25=-=�.9=*EQHQ)_&7(-4,!')�?-4�2FEQ)Q&;&�)G(-4,LF(-%�._(-=�%:=F<�)G47X5.9!:!')�+-)1<�)G6@?*&,!:%:[-4�)D&7( �8&�.9=A<,?�25(-4,EQ25=F<�)Wb
=-%:4p!/.1+M(-4�HQ)�+T#U)WVMHQEG(-<7%'25=^+-)�EQ)G<7<�),25?�HG4;.9<7%'25= YTn =aEQ25=*&7<;.9<�)�LA(*)�EQ)G<f.9!:Nl2547%:<7K-6e),=*)�E�K*)G4�E;K*)?�.5&>I�6@%:=-%:6@%'&�)G4a!/.�+*.9<�)\+-)�+-HG[-(-<8+-)Q&a25?PHG4;.9<7%'25=*& Y�c )G<7<�)�&7<74;.9<�HGNO%')\?P)G(-<a+-HGNO4;.5+-)G4a+-)68.9=-%'�G4�)�&7%:NO=-%���Ed.9<7%:Xl)1!/.@!'25=-NO(*)G(-4��*=�.9!')D+-)1!$#U254�+-25=-=�.9=*EQ)G6e)G=A< Y = =*)�0}25%'&�LF(*)�!$#U25?�HG4;.9<7%'25=)Q&�<R254�+-25=-=�.9=*EQHQ)OB�<�25(-<�)Q&R!')Q&R6e25[-%:!:%:<�HQ&�4�)G!/.9<7%:Xl)Q&�+-)Q&�25?PHG4;.9<7%'25=*&J�*NO(-4;.9=F<D)G=*EQ254�)@+*.9=*&R!/.
!:%'&�<�)1&�25=A<,6@%'&�)Q&,I��725(-4 Y

�"������� ��� 	�%�� 	 S
i(� 4 !$'*%�	 ��� 	�%+i S�Q !.' % �8i�/`_�%�	�4JS
	 S
i(�04 � � %���S
i��04 ] � 4#� S�U �ki S
'

�
!*)WV�%'&�<�)i?-!:(*&7%')G(-4�&�0$. �Q25=*&g+T#UHGXO.9!:(*)G4�(-=*)i%:6@?-!/.9=F<;.9<7%'25= YFZ # %:6@?-!/.9=F<;.9<7%'25=CEQ25=*&7<747(-%:<�)�?�)G(-<�jG<74�)HGXO.9!:(*HQ)>EQ256@6e)>%:6@?-!/.9=F<;.9<7%'25=�25?-<7%:68.9!')C25(m)G=*EQ254�)CEQ256@6e)^HG<;.9=F<8I�(-=*)^EQ)G47<;.9%:=*)^+M%'&7<;.9=*EQ)C+-)

!$# %:6@?-!/.9=A<;.9<7%'25=�25?-<7%:68.9!')DEd.9!'EG(-!'HQ)D)WV-.5EG<�)G6e)G=F<�25(\)G6@?-%:47%'LF(*)G6e)G=A< Y
�-
/��!21���%(1�% " ���.����% "&
 1�!2�

= =*)@?-4�)G6@%'�G4�)8HGXO.9!:(�.9<7%'25=�4�)G?�2O&�)e&�(-4�!$#U25?-<7%:68.9!:%:<�Ha+-)eEQ)G47<;.9%:=*&�.9!:Nl2547%:<7K-6e)Q&_+T#U254�+-25=-=�.9=*EQ)Wb
6e)G=A<,?P25(-4,EQ)G47<;.9%:=*)Q&�&7<747(*EG<7(-4�)Q&,+T#h.9!:Nl2547%:<7K-6e)�+T#h.9?-?-!:%'Ed.9<7%'25=S25(�+T#h.94�E;K-%:<�)QEG<7(-4�) Y
	 � �@) P�� �aW � � �\v�{�uluM�9vQ�5��rgzG{*q1o:q�v1��u-�G���Or}y3�5�-vRvQ�5��r�r$�5{Mrsq�vD�Aq1�O{F����qD{F��y r$�5y ��qDqGrgzQ{-q1o:qWv 6��Otn]
t_{F��y 6��lr}y}�5�*v��5��rk�Fq�v��5{��7��qWv��*{�o�o'q�v 2 y�o�q4H5y�vWrsq,{F��q�y�t�u�o:�5��r$�Or}y3�5�C�AqJ�5{��7��qRt�y �*y te�5o:q � ��� �,�@5GrsqG�*{-quM�5��{F��q,wMqW{���y�vWr}y3zG{*q1�Aq�o y/vGrsq 2 vWy�o:q �5���Wu�wMq��G3 �5o �l�5�Wy r wFteq�qWvWr�{F��qR�5��r}y*] �5�857�5��q�v 6�qW��6;q 2 qGrkv�y�o:��� �(�5o:q�Aqiu��Wy}�O��y}rs�O6;�5�-v�y�vWrsqnI>�5�7�l�5�*�PqG�1o:qWv���u-�W�7�Or}y3�5�-vfuM�5�

blevel
�A�<6G���Oy/v�vG�5��r 7

	 � �@) P�� �aW � 0 y�o'q �5�7��u�wMq\�Aqao<3 �5o �l�5�Wy}r wAt8q^�\{��PqavGr}��{Q6Qr}{��7q�zG{-qGo:6��O��zG{*q�qGr�zG{*q>o'q �5�7��u�wMqC�Fq
o<3 �5�46WwAy}rsq46Qr}{���q`q�vGrp6��5t�uM�9vd���Aq��AqG{eH�u�����6;q�v;vdqW{��;v 2 �Oo��5��v\y oRq4HOy/vGrsq�{F� �5o �l�5�Wy}r wAt8q��G3 �5���A�5�*���5��]
6;qWt8qW��r���uPr}y te�5o � � � ��zG{FyR{Mr}y�o y�vQq�6;�5t_teq���� �5o'q��Aq�u��Wy3�5��y}rs�^o'q

blevel
qGrDzQ{FyO6Go:�9v�vQqSqW�-v�{�y}rsqCo'q�v

��u-�G���Or}y3�5�-v���zG{Fy*E��5o'qW��rsqWv@qW�_�Q�5��6Qr}y3�5�S�Fq�v�v�{Q6<6;q�v�vQqW{���v
7
	 � �@) P�� �aW � � �5�-v@o:q�6��9va�
��o'q �5���Wu�wMq>�Aqeo43 �5o �l�5�Wy r wAt8q>q�vWr�{F�Pqa�5��r}y*] �O�
57�O�7q�v
6;qW��6�q\qGrJ�
��o:qWv
6����Mr vf�Fq 6��5o 6G{�o*qQr��Fq_6��5t_t_{F�*y 6��Or}y3�5�@vQ�5��r�v�{�uluM�5vQ��q�v��Aqf�5{�����qf{��*y}r$�5y���q 2 y�o-q4H5y�vWrsqi�AqWv��5o �l�5�Wy r wAt8q�v�G3 �5�7�l�5�*���O��6;qWt8qW��r ��� � �DzG{�yp�l�5���PqW��rgo��evG�5o {Mr}y}�5����u�r}y�te�5o'q87

Z # %:=*EQ25=FXlHG=-%')G=A<�+-)�EQ)G<7<�)�HGXO.9!:(�.9<7%'25=�B*EQ256@6e)125=CX�%')G=A<�+-)R!')RXl25%:4,+*.9=*&i!')Q&f<7K*HQ254��G6e)Q&,?-4�HQEQHWb+-)G=A<�&�BA)Q&7<gLF(�# %:!*0$.9(-<g&7(-?-?�2O&�)G4g+-)Q&p&7<747(*EG<7(-4�)Q&p?�.947<7%'EG(-!:%'�G4�)Q&�+-)�NO4;.9?-K*)Q&p+T#h.9!:Nl2547%:<7K-6e)R)G<g+T#h.94�E;K-%�b
<�)QEG<7(-4�)_)G<�(-=�HG<7%'LF(*)G<;.9Nl)�+M(SNO4;.9?-K*)_+-)D!$#h.9!:Nl2547%:<7K-6e)@HGNA.9!')G6e)G=F<�?�.947<7%'EG(-!:%')G4 Y  ,%:=*&7%$BP&7%�25=�.8(-=NO4;.9?-K*)e.QXl)QE_(-=*)_&7<747(*EG<7(-4�)_LF(*)G!'EQ25=*LA(*)@)G<�&7%�25=�(-<7%:!:%'&�)�(-=*)@+-)_EQ)Q&�K*)G(-47%'&�<7%'LA(*)Q&�LF(-%�EQ25=*&7<747(-%:<
(-=*)J&�25!:(-<7%'25=>25?-<7%:68.9!')J?�25(-4p(-=>NO4;.9?-K*)R+T#h.9!:Nl2547%:<7K-6e)J?�.947<7%'EG(-!:%')G4dB-25=a=*)�?P25(-474;.D47%')G=^+M%:4�)�&7(-4�!/.
LF(�.9!:%:<�H1+-)R!$# %:6@?-!/.9=A<;.9<7%'25=�.5&�&�2�EG%'HQ)DI_EQ)RNO4;.9?-K*) Y



�B� ��� � ��	 � � � ����� � ����	p�p� � ��� ��� �

��"&�-%(1��	�-������10��%(���41�� ��1���� ��� %�� !�� "&
/��!21���%(1�% " ���.����% "&
 1�!2�

] =�&�(-?-?P2O&;.9=F<f(-=C6e2F+-�G!')R+T#h.9!:Nl2547%:<7K-6e)D.dXl)QE1+-)Q&fEQ2
�-<�&�+-)REd.9!'EG(-!�LA(*)G!'EQ25=*LF(*)Q&i)G<�+-)Q&iEQ2
�-<�&+-)1EQ256@6�(-=-%'Ed.9<7%'25=�=F(-!'&dB c 29��68.9= $ I ! %�.�6e25=A<74�HD!')R<7K*HQ254��G6e)D&7(-%:XO.9=A<�n	 � �@) P�� �aW , ���5{�r��Oo �l�O��y}r wAt8q��AqJo y�vWrsq 6��O�-vWr}�W{Fy}r�{��PqJy t,uPo��5��r$�Or}y}�O�^vG�5o {�r}y3�5�\zG{�ykvQq�vWy r}{*q I_{��
�Q�"6QrsqW{��ey �d�Q�G��y$qW{��@�O{`� �l�5o I

2 − 1
nP

�Aq@o:�^vQ�5o {�r}y3�5����uPr}y t@�Oo:q8�l�5�-v@o'q�6��5ve� ��o43 �5�46WwAy}rsq46Qr}{��7q�qWvWr
6��5t�uM�5vQ��q@�Fq

nP
uP���86�q�v;vdqW{F��v
7

R ≤ (2−
1

nP
)R∗

R∗ �7q�u��7�WvQqW��r$�O��r�o��8o��O���5{*qW{F�_�5{ 6Ww-qWt_y�� 6G�Wy r}y3zG{*q_�l�5�-v�o'q�6;�9v��G3 {F���5�7�l�5�*���O��6;qWt8qW��ri��u�r}y�te�5o 7
c )G!/.84�)GXF%')G=F<1Ie+M%:4�)�LA(*)�<�25(-<R.9!:Nl2547%:<7K-6e)_+T#U254�+-25=-=�.9=*EQ)G6e)G=F<D+-)1!:%'&7<�)�LF(-%�=*)�?-4�)G=*+\?�.5&R)G=EQ256@?-<�)�!')Q&pEQ256@6D(-=-%'Ed.9<7%'25=*&f%:=F<�)G4�b$?-4�2FEQ)Q&�&;)G(-4�&�),&7%:<7(*),I ����� +-)i!$# %:6@?-!/.9=A<;.9<7%'25=C25?-<7%:68.9!')J+*.9=*&

!')C?-%:4�)�+-)Q&8Ed.5& Ygc )C<s~�?�)�+-)^68.���254;.9<7%'25= =�#U)Q&7<e?-!:(*&@XO.9!/.9[-!')�LF(�.9=*+ 25= ?-4�)G=*+ )G= EQ256@?-<�)C!')Q&
+M(-4�HQ)Q&,+-)Q&,EQ256@6D(-=-%'Ed.9<7%'25=*& Y
	 � �@) P�� �aW � � �_uP�7��vdqW��6;q��AqO6����Mr vR�AqO6��5o 6G{FokqQr��Aq 6��5t_t_{��*y 6;�Or}y}�O��{F��y r$�5y ��q�v 2 o��@o��5� �5{-qG{F�1�5{6WwMqGt�y �J6Q��y}r}y}zQ{-q

R
6��5o 6G{�o:��q1u-�5�_{F�Pq_wMqW{���y�vWr}y3zG{*q8�Fq_o y/vGrsqeq�vWr�t@� &G�5����qRuM�5�_o:��E��5o'qW{��_v�{�ydE��O��rsq0


` 63�
7 � � � � b
R ≤ (3−

2

nP
)R∗ − (1−

1

nP
)

R∗ ��qsu�����vQqG��r$�5��r�o:�_o:�5���5{*qW{��R�5{ 6WwMqGt�y � 6G�Wy r}y3zG{*q��l�5�*v,o:q�6��9vR� 3 {����5���A�5�*���5�+6;qWt8qW��rg�WuPr}y�te�5oTqGr
nP

�Gr$�5��r�o:q����5t�5W��q��Aq�uP���86�q�v;vdqW{F��vJzG{�yG6��5t�uM�5vQqW��r�o43 �5�46WwAy}rsq46Qr}{��7qDqGr
nP

�Gr$�5��rTv�{�uluM�5vQ�iv�{�u-�W�Wy3qW{��
�5{S�(�l�5o&I � 7

 �%:=*&7%$B�&�%k25=�.@(-=SNO4;.9=*+\=*256�[-4�)�+-)�?-4�2�EQ)Q&�&�)G(-4�&dB�!/.@!'25=-NO(*)G(-4�+M(SE;K*)G6@%:=�EG47%:<7%'LA(*)�Ed.9!'EG(-!'HQ)
?�.941(-=*)@K*)G(-47%'&�<7%'LA(*)a)Q&7<D+*.9=*&1!')_?-%:4�)a+-)Q&1Ed.5&DHGNA.9!')>I><74�25%'&�0325%'&1!/.^!'25=-NO(*)G(-4�25?-<7%:68.9!')OB�EQ)eLF(-%
=�#U)Q&7<�?�.5&g(-=*)�<74��Q&�[P25=-=*)�?�)G4�0}254768.9=*EQ) Y�Z )Q&�%:=*EQ25=AXlHG=-%')G=F<�&�+-)�EQ)�<s~�?�)�+T#UHGXO.9!:(�.9<7%'25=C&�25=A<dB�+T# (-=*)?�.947<DLF(*)�!$#U25=�&7(-?-?�2O&�)_(-=�HG<7%'LA(*)G<;.9Nl)e?�.947<7%'EG(-!:%')G4�+M(�NO4;.9?-K*)e+-)_!$#h.9!:Nl2547%:<7K-6e)a)G<dBT+T#h.9(-<74�)@?�.947<
LF(*)�!$#U25=CHGXO.9!:(*)J<�25(5��25(-4�&f!/.D?-!:(*&f68.9(-X5.9%'&;)�%:6@?-!/.9=F<;.9<7%'25=\LF(*)�!$# K*)G(-47%'&�<7%'LA(*)J?�25(-474;.9%:<�EQ25=*&7<747(-%:4�)
?�25(-4J(-=�NO4;.9?-K*)@+-25=-=*H_?�.94�4;.9?-?�2547<1I>!$# %:6@?-!/.9=A<;.9<7%'25=m25?-<7%:68.9!') Y � !�&�)�?�)G(-<J<74��Q&R[-%')G=�)G=�)W�T)G<dBLF(*)R!$# K*)G(-47%'&7<7%'LA(*)D=*)�EQ25=*&7<747(-%'&�)f��.968.9%'&�+-)�<�)G!:!')Q&�68.9(-X5.9%'&�)Q&�&�25!:(-<7%'25=*& Y
��"&�-%(1��	�-����
/��"&� "
	�� ���41�� ��1���� ��� %�� !�� "&
/��!21���%(1�% " ���.����% "&
 1�!2�

� 25(-484�)G6eHQ+M%')G4^I�EQ)C?-4�25[-!'�G6e)OBg i+*.96 )G<8.9! Y +*.9=*&�$ I %,EQ256@?�.94�)G=A<^+-)C68.9=-%'�G4�)\)G6@?-%:47%'LF(*)!')Q&>!'25=-NO(*)G(-4�&C+T#U254�+-25=-=�.9=*EQ)G6e)G=A<\25[-<�)G=F(*)Q&\.QXl)QES<�)G!:!')�25(�<�)G!:!')�K*)G(-47%'&�<7%'LA(*)�?P25(-4^(-=�NO4;.9?-K*)
+T#h.9!:Nl2547%:<7K-6e)>+T#h.9?-?-!:%'Ed.9<7%'25= +-25=-=*H Y�] =�&�(-?-?P2O&;.9=F<�+-)Q&�EQ2
�-<�&�+-)8EQ256@6D(-=-%'Ed.9<7%'25=�=A(-!'&�B�%:!'&D25=F<
6e25=A<74�H>+-)@68.9=-%'�G4�)a)G6@?-%:47%'LA(*)OBkLA(*)@!$#h.9!:Nl2547%:<7K-6e)>+T#U254�+-25=-=�.9=*EQ)G6e)G=A<e+-)e!:%'&7<�)@4�)G?�2O&;.9=A<�&7(-41!')
E�K*)G6@%:=SEG47%:<7%'LA(*)D&�)�&7%:<7(*)1I ��� +-)�!/._&;25!:(-<7%'25=\25?-<7%:68.9!')D+*.9=*& � ��� +-)Q&,Ed.5& Y



��� , ���������
	��
� �/�D��	 ��	 � � ��� ����	

c )G<7<�)C<�)QE;K-=-%'LA(*)�)G6@?-%:47%'LA(*)�?P)G476e)G<8+T#UHGXO.9!:(*)G4e(-=*)C%:6@?-!/.9=F<;.9<7%'25= +T# (-= NO4;.9?-K*)�.Q~A.9=A<a(-=*)
&7<747(*EG<7(-4�)C)G<@+-)Q&@EQ2
�-<�&@+-)^Ed.9!'EG(-!�LA(*)G!'EQ25=*LF(*)Q& Y  �%:=*&7%$B�?-!:(-<�
5<eLA(*)^+T#UHGXO.9!:(*)G4@!/.�LF(�.9!:%:<�H^+T# (-=*)K*)G(-47%'&7<7%'LF(*)�)G= HGXO.9!:(�.9=A<�I EQ256�[-%')G= &�)S<74�25(-Xl)�!/. &�25!:(-<7%'25= Ed.9!'EG(-!'HQ)�?�.94�!$# K*)G(-47%'&7<7%'LF(*)�+-)�!/.
&�25!:(-<7%'25=�25?-<7%:68.9!')\+*.9=*&@!')^?-%:4�)C+-)Q&eEd.5&dB�25=�?�)G(-<@<�)Q&7<�)G4@!$# K*)G(-47%'&7<7%'LF(*)�&7(-4_(-= NO4;.9=*+ =*256�[-4�)
+T#U)WV-)G6@?-!')Q&gNlHG=*HG4�HQ&�.9(eK�.5&;.94�+8)G<g4�)GNA.94�+-)G4g!')Q&�?�)G4�0}254768.9=*EQ)Q&�+-)i!$# K*)G(-47%'&7<7%'LF(*),&�(-4gEQ)Q&�)WV-)G6@?-!')Q& Y
gR
�� � i����������$m � �������<m��;��� � �
�"��� ��� � QTS -.��!.'�� !.'gU 'm]�-.'VU ]	-.' %�� ] 	�%�'
� W P W@'8)�V P�� NQPRP % � P W

Z )84�)G<�25(-4�b�.94747%'�G4�)OB�)G=*EQ254�)>.9?-?�)G!'H 57�@6 � ]�r}�7�"6 � y�����)Q&7<1(-=*)e6eHG<7K*2�+-)8+-)84�)QE�K*)G4�E;K*)a!'2�Ed.9!')8LF(-%?�.947<g+T# (-=*)�&�25!:(-<7%'25=8EQ256@?-!'�G<�),)G<pLA(-%*E;K*)G4�E�K*)RI1.96eHG!:%'254�)G4pEQ)G<7<�)�&;25!:(-<7%'25=8EQ256@?-!'�G<�) YAZ .1?-4�)G6@%'�G4�)%:6@?-!/.9=A<;.9<7%'25=�)Q&7<e)G= NlHG=*HG4;.9!,Ed.9!'EG(-!'HQ)C?�.94@(-=*)^6eHG<7K*2�+-)^NO!'25(-<�25=-=*)\LF(-%f?P)G(-<ejG<74�)^%:6@?-!/.9=F<�HQ)
&�25(*&80}25476e)�+T#h.9!:Nl2547%:<7K-6e)�+-)�!:%'&7<�) Y A %$Bf.9( EQ25(-4�&^+T# (-=*)�+-)Q&>HG<;.9?�)Q&a+-)�!$# K*)G(-47%'&7<7%'LF(*)�+-)�!:%'&7<�)OB
!/.�0}25=*EG<7%'25= +-)>EQ2
�-<_(-<7%:!:%'&�HQ)>?P25(-4_254�+-25=-=*)G4@!/.�!:%'&7<�)8=�#h.�?�.5&�?-(�+-HG?�.947<;.9Nl)G4e+-)G(MV`25?�HG4;.9<7%'25=*&
|}EW0 Y +-HW�*=-%:<7%'25=��c?l�WBT!$# K*)G(-47%'&7<7%'LF(*)eHG<;.9=A<DNO!'25(-<�25=-=*)OBT(-=�E�K*25%�V�?�.9476@%gEQ)Q&125?�HG4;.9<7%'25=*&1)Q&7<R0$.9%:<1+-)
68.9=-%'�G4�)D.947[-%:<74;.9%:4�) Y
� �"!$#&%('�%*)+# �*� 0 �5y}r

f
{��Pqg�G�5�+6Qr}y}�O�S�Aq�6����Mr 7 C �S�5y}rpzQ{-q��AqW{cH^��u-�W�7�Or}y3�5�-v

o′i
qGr

o′j
�Pqfu-qW{\E9qW��r

[Gr}��q_�A�suM�O�Wr$� �F��q�v�u-�5�1o:���Q�5��6Qr}y3�5���Aqn6����Mr
f
v�ypqGrgvQqW{�o'qWt8qW��rgv�y 


|f(o′i)− f(o′j)| ≤ ε

ε
�Gr$�5��rf�l�5�*����uM�O�1o43 {Mr}y�o y/vQ�OrsqW{���qGrTu�����6WwMq@�Aq	���W��� 7

Z )R4�)G<�25(-4�b�.94747%'�G4�)D?P)G476e)G<�+-)R4�)GXl)G=-%:4,&�(-4�+-)R<�)G!:!')Q&�HG<;.9?P)Q&�B�+-)J0$.9%:4�)R(-=\.9(-<74�)1E;K*25%�V^)G<�+T#UHGXO.9!:(*)G4(-=*)�=*25(-Xl)G!:!'),%:6@?-!/.9=A<;.9<7%'25=C&�25!:(-<7%'25= YF] =a)W�T)G<dBO(-=*),25?�HG4;.9<7%'25=868.9!P+M%'&7<747%:[-(*HQ)�?�)G(-<p+-HG<�HG47%'254�)G4�!/.LF(�.9!:%:<�H,+-)�!$# %:6@?-!/.9=F<;.9<7%'25=C25[-<�)G=A(*)OBM)G<�(-=84�)G<�25(-4�b�.94747%'�G4�)J?�)G476e)G<p+T#UHGX�%:<�)G4pEQ)G<7<�)�+-HG<�HG47%'254;.9<7%'25= Y � !)WVM%'&7<�)�?-!:(*&7%')G(-4�&�=-%:Xl)d.9(MV_+-)�[�.5E �Ab$<74;.5E �F%:=-N Y "k25(-<�+T#h.9[P254�+TB5%:!M&�)�?�)G(-<�LF(�# %:!M~�.9%:<�?-!:(*&7%')G(-4�&�HG<;.9?�)Q&!'254�&�+-)e!/.�EQ25=*&�<747(*EG<7%'25= +-)8!/.C?-4�)G6@%'�G4�)>%:6@?-!/.9=A<;.9<7%'25= ?�25(-4D!')Q&�LF(*)G!:!')Q&�%:!g~�.9%:<�+-)Q&�25?�HG4;.9<7%'25=*&
HQLF(-%:X5.9!')G=F<�)Q&dBi+-)\?-!:(*&C)G="4�)QEd.9!'EG(-!/.9=F<�(-=*)S=*25(-Xl)G!:!')�&�25!:(-<7%'25=�Bf25=�?�)G(-<�I�=*25(-Xl)d.9( .dXl25%:4�+-)Q&
25?�HG4;.9<7%'25=*&�HQLA(-%:XO.9!')G=A<�)Q& Y:Y:YO� 25(-4�HGX�%:<�)G4�!$#U)WV�?-!'2O&�%'25=_EQ256�[-%:=�.9<�25%:4�)OBA+M%��THG4�)G=A<�)Q&�&�<74;.9<�HGNO%')Q&�?P)G(-Xl)G=F<jG<74�)R4�)G<�)G=A(*)Q&�n-25(C[-%')G=^25=C?�)G(-<i+-HQEG%'+-)G4�+T#U)WV�?-!'254�)G4i!$#U)G=*&;)G6D[-!')1+-)J<�25(-<�)Q&i!')Q&i&�25!:(-<7%'25=*&iLF(*)J!$#U25=
?�)G(-<^EQ25=*&�<747(-%:4�)�)G= 4�)G<�25(-47=�.9=A<\)G= .94747%'�G4�)>��(*&�LF(�#hI`(-=*)�?-4�290}25=*+-)G(-4�+-25=-=*HQ)OB�25( [-%')G=�BiHG<;.9=F<
+-25=-=*HQ)a!$# %:6@?-!/.9=A<;.9<7%'25=�%:=-%:<7%/.9!')OB�25=�?�)G(-<�Ed.9!'EG(-!')G4�(-=*)8&�)G(-!')a&�25!:(-<7%'25=m&�.9=*&14�)G<�25(-4�b�.94747%'�G4�)OB�?�.94
25?�HG4;.9<7%'25=aHQLF(-%:X5.9!')G=F<�)�+-HG<�)QEG<�HQ)�&7(-4�!/.�?-4�)G6@%'�G4�)�&�25!:(-<7%'25= Y�c )G<7<�)�+-)G47=-%'�G4�),&7<74;.9<�HGNO%')R.R!$#h.dX5.9=F<;.9Nl)+-)�?�25(-Xl25%:4�+-HG=*256D[-4�)G4�)WV-.5EG<�)G6e)G=F<�!')�=*256D[-4�)f+-)�&�25!:(-<7%'25=*&k%:6@?-!/.9=A<�HQ)Q&�)G<kHGX�%:<�)g+-25=*Ep!$#U)WVM?-!'2O&7%'25=
EQ256D[-%:=�.9<�25%:4�)�)G<�&7%T(-=*)1&;)G(-!')125?PHG4;.9<7%'25=�)Q&7<i68.9!�+M%'&7<747%:[-(*HQ)1EQ)1<s~�?P)�+-)�4�)G<�25(-4�b�.94747%'�G4�)�&7( �e< Y



�B� . � � ��	 � � � ��� � �����9���/� � � �
� ��� �

f 25(*&@Xl)G474�25=*&e+*.9=*&@!')CE;K�.9?-%:<74�)�&7(-%:XO.9=A<@!/.�&7<74;.9<�HGNO%')\LA(*)^=*25(*&e.dXl25=*&e(-<7%:!:%'&�HQ)^?�25(-4@=*25<74�)
K*)G(-47%'&7<7%'LF(*)1)G<�=*25(*&�+-25=-=*)G4�25=*&,!')Q&,.9!:Nl2547%:<7K-6e)Q&R.5&�&�2�EG%'HQ& Y
�+� ��	

Z )Q&g25?PHG4;.9<7%'25=*&p+M(eE�K*)G6@%:=8EG47%:<7%'LF(*)�25=A<g!/.J?-!:(*&�K�.9(-<�)i?-47%'2547%:<�H YFc )G?�)G=*+*.9=A<dBl)G!:!')Q&�=*)i?P)G(-Xl)G=F<jG<74�)�%:6@?-!/.9=A<�HQ)Q&R<;.9=A<�LF(*)D!')G(-4�&�?-4�HQ+-HQEQ)Q&�&�)G(-4�&R=*)�!$#U25=A<J?�.5&RHG<�H Y�� 25(-4R4�)G6eHQ+M%')G41I8EQ)D?-4�25[-!'�G6e)
����2��PBA ,K-68.5+e)G< 	 (�?-4�25?�2O&�)G=F<g+*.9=*& $ > � %*+-)i&�HG?�.94�)G4�!')Q&�25?�HG4;.9<7%'25=*&g+M(@NO4;.9?-K*),+-)f!$#h.9!:Nl2547%:<7K-6e))G=�+-)G(MV�Ed.9<�HGNl2547%')Q&�n�!')Q&R25?�HG4;.9<7%'25=*&

�
�_f )G<J!')Q&R25?PHG4;.9<7%'25=*& n �_f +-HW�*=-%')Q&�?�.9Nl) I � �MY�Z )Q& �

� f &
+T# (-=*)�25?�HG4;.9<7%'25= EG47%:<7%'LA(*)�+-25=-=*HQ)�Xl25=F<\jG<74�)�%:6@?-!/.9=A<�HQ)Q&�+*.9=*&C!/.`!:%'&7<�)�.QXO.9=A<�EQ)G!:!')WbsEG%$Bf<;.9=*+M%'&
LF(*)_!')Q& n � f &RXl25=A<1�*NO(-4�)G4D)G=�[P25(-<1+-)_!:%'&7<�)@Ed.941EQ)@&;25=A<�!')Q&�25?�HG4;.9<7%'25=*&�!')Q&�6e25%:=*&�(-47Nl)G=F<�)Q&�I
%:6@?-!/.9=A<�)G4 Y � )�?-!:(*&dB�?P25(-4R254�+-25=-=*)G4�!')Q& �

�_f &,)G=A<74�)@)G!:!')Q&�B�!')Q&R25?�HG4;.9<7%'25=*&J&;25=A<�254�+-25=-=*HQ)Q&�+*.9=*&
!$#U254�+M4�)1+-HQEG4�25%'&�&�.9=A<�+-)R!')G(-4

blevel Y= =*)>0}25%'&_!/.S!:%'&�<�)C25[-<�)G=A(*)OB�!$#U25?�HG4;.9<7%'25= ?-4�jG<�)�)Q&7<@254�+-25=-=�.9=*EQHQ)�&7(-4@!')^?-4�)G6@%')G4e?-4�2�EQ)Q&�&�)G(-4
+M%'&7?�25=-%:[-!') Y� .9=*&�(-=�?-4�25[-!'�G6e)_+T#U254�+-25=-=�.9=*EQ)G6e)G=A<dB�(-=*)16eHG<7K*2�+-)D?�25(-4R.96eHG!:%'254�)G4R!/.e!'25=-NO(*)G(-4R+-)D!$#U254�b
+-25=-=�.9=*EQ)G6e)G=A<R)Q&7<�+-)�<74;.9=*&70}HG4�)G4�(-=*)�25?�HG4;.9<7%'25=�+M%:<�5Go��dzQ{M�5��rsq,+T# (-=\?-4�2FEQ)Q&�&;)G(-4,I�(-=�.9(-<74�) Y
� �"!$#&%('�%*)+# � ��� �Pq\��u-�W�7�Or}y3�5� q�vWr��5y rsq 5Wo:�dzG{-�5��rsq�v�yJo��O�;vQzG{$3 �5��o43 qW�*o �FE9q��G3 {F��u��7�86;q�v�vQqW{�� 2 o:qWv��u-�G���Or}y3�5�-v�zQ{Fy�o {�y�v�{Q6<66�7�AqG��rfv�{���6;qDt�[Wt8qiu��7�86;q�v�vQqW{���u*qW{ E5qW��r 6��5t_t8qW��6�qW�iu�o {FvDr
�Or 7

] =`?�.947<7%'EG(-!:%')G4dB�%:!�)Q&7<1%:=F<�HG4�)Q&�&;.9=A<_+-)8+-HG<�)QEG<�)G4�!')Q&D25?�HG4;.9<7%'25=*&�LA(-%p[-!'2FLF(*)G=A<�!')Q&D25?�HG4;.9<7%'25=*&EG47%:<7%'LF(*)Q& Y � .9=*&iEQ)G<7<�)1.9?-?-4�2FE;K*)OB-(-=*)J!:%'&7<�)R+T#U25?PHG4;.9<7%'25=*&�&7(*&�EQ)G?-<7%:[-!')Q&i+-)R[-!'2�LA(*)G4f!')Q&i25?�HG4;.9<7%'25=*&EG47%:<7%'LF(*)Q&�)Q&7<JHG!/.9[P254�HQ)�+-)168.9=-%'�G4�)�&7<;.9<7%'LF(*)OB�.9(-<74�)G6e)G=F<R+M%:<�.QXO.9=A<J!')D+-HG[-(-<R+M(\?-4�2�EQ)Q&�&7(*&�+T#U254�b
+-25=-=�.9=*EQ)G6e)G=A< Y�c )G<7<�)D!:%'&7<�)DEQ25474�)Q&�?P25=*+�.9(MV�25?PHG4;.9<7%'25=*& �

� f )G< n � f ?-4�HQEQHQ+-)G6@6e)G=F<1+-HW�*=-%')Q& Y �%:=*&7%$B�EQ)Q&�25?�HG4;.9<7%'25=*&R[-!'2�LA(�.9=F<�)Q&RXl25=A<1EQ25=*&7<7%:<7(*)G4�!')�Xl25%'&7%:=�.9Nl)_LF(*)�!')�?-4�2�EQ)Q&�&7(*&�+-)�4�)QE�K*)G4�E�K*)
XO._)WV�?-!'254�)G4 Y
�"��� ��� � QTS -.��!.'�� !.'gU 'm]�-.'VU ]	-.'*20%�� �#	�%�'

� .9476@%f!')Q&16eHG<7K*2�+-)Q&�+-)84�)QE�K*)G4�E;K*)aNO!'25[�.9!')>EG!/.5&�&7%'LF(*)Q&�25=`+M%'&7<7%:=-NO(*)a!/.C6eHG<7K*2�+-)a+M(`4�)QEG(-%:<&7%:6�(-!'H�$ I � B " ! %sB�!/.S6eHG<7K*2�+-) "k.9[�25( $�" ! %,)G<@!')Q&e6eHG<7K*2F+-)Q&84�)G?P2O&;.9=F<8&7(-4e+-)Q&8.9!:Nl2547%:<7K-6e)Q&8NlHWb
=*HG<7%'LF(*)Q& $�" !MB K�K % Y f 25(*&�.9!:!'25=*&D?-4�HQ&�)G=A<�)G4�4;.9?-%'+-)G6e)G=A<�!')Q&1?-47%:=*EG%:?�)Q&D+M(�4�)QEG(-%:<�&7%:6D(-!'Ha)G<D+-)@!/.6eHG<7K*2�+-) "k.9[�25( Y
� W P W S V&%('�T�% � V � �

Z )R4�)QEG(-%:<�&�%:6D(-!'H1)Q&7<f(-=*)R6eHG<7K*2�+-)�&7<�2�E�K�.5&7<7%'LF(*)R%:=AXl)G=F<�HQ)D)G= I � ? � ?�.94i!')Q&i?-KA~M&7%'EG%')G=*&��R%:4 �Fb?�.9<747%'E���B 	 )G!/.9<7<�)G< � )QEQE;K-% Y*] !:!')R4�)G?�2O&�)R&7(-4i!')J?-47%:=*EG%:?P)1?-KA~M&7%'LA(*)�+M(^4�)QEG(-%:<�n��D(-=C6eHG<;.9!�LF(-%T)Q&7<



��� � ���������
	��
� �/�D��	 ��	 � � ��� ����	

4�)W0}4�25%'+M%�!')G=F<�)G6e)G=A<,.9(-4;.D(-=*)�&7<747(*EG<7(-4�)J<74��Q&�254�+-25=-=*HQ)R)G<�EQ)G<7<�)J&7<747(*EG<7(-4�)REQ25474�)Q&7?�25=*+>ID!$#UHG=*)G47NO%')
6@%:=-%:68.9!')D+M(\6eHG<;.9!�� Y � =AXl)G4�&�)G6e)G=F<dB�(-=\6eHG<;.9!kLF(*)�!$#U25=�4�)W0}4�25%'+M%:<,<74�25?�X�%:<�)D.9(-4;.@(-=*)D&7<747(*EG<7(-4�)?�)G(�254�+-25=-=*HQ)OB�.9(-<74�)G6e)G=A<D+M%:<�?-4�HQ&;)G=A<�)G4;.�+-)Q&�+-HW0$.9(-<�& YTZ .>6eHG<7K*2�+-)@+M(�4�)QEG(-%:<D&7%:6�(-!'H $�" !MB I � %EQ25=*&7%'&7<�)�ID<74;.9=*&7?�2O&�)G4�EQ)J?-4�2�EQHQ+-H�I1!/.�4�HQ&�25!:(-<7%'25=C+T# (-=^?-4�25[-!'�G6e)�+T#U25?-<7%:6@%'&;.9<7%'25=�EQ256D[-%:=�.9<�25%:4�) Y
] !:!')C?�.947<>+T# (-=*)�&�25!:(-<7%'25= 4�Hd.9!:%'&�.9[-!') Y  �E�K�.5LF(*)�%:<�HG4;.9<7%'25=�Bg25=�<7%:4�)\.9(�&�2547<e(-=*)\EQ25=M�*NO(-4;.9<7%'25=
Xl25%'&7%:=*)>)G<�25= HGXO.9!:(*)a&�25= EQ2
�-< Y A # %:!�)Q&�<D6e)G%:!:!')G(-4@LA(*)>EQ)G!:(-%i+-)8!/.\&�25!:(-<7%'25=�EQ25(-4;.9=A<�)OB�.9!'254�&_25=
NA.94�+-)>EQ)G<7<�)>&;25!:(-<7%'25=�Bk&7%:=*25= 25= Ed.9!'EG(-!')a(-=*)a?-4�25[�.9[-%:!:%:<�H^+T#h.5EQEQ)G?-<;.9<7%'25= Ykn =mE;K*25%'&7%:<@+-)e4�) �7)G<�)G4
25(�+T#h.5EQEQ)G?-<�)G4i!/.�=*25(-Xl)G!:!')�EQ25=M�*NO(-4;.9<7%'25=m| 6ejG6e)�&�%�)G!:!')�+-HGNO4;.5+-)R!')REQ2
�-<���)G=C4�Hd.9!:%'&;.9=F<i(-=C<7%:4;.9Nl)
.9!'Hd.9<�25%:4�) Y-Z #h.9!:Nl2547%:<7K-6e)1+M(^4�)QEG(-%:<i&7%:6�(-!'H�)Q&7<�+-25=-=*H1ID!/.�<;.9[-!') KMY ! Y �MY  ,%:=*&7%�EQ)G<7<�)J6eHG<7K*2F+-)R?�)G4�b6e)G<1+-)@&�2547<7%:4D+T# (-=�6@%:=-%:6�(-6 !'2�Ed.9!g.��*=�+T#h.9<7<�)G%:=*+M4�)8HGXl)G=F<7(*)G!:!')G6e)G=A<�!')_6@%:=-%:6D(-6 NO!'25[�.9! Y�Z )Q&4�HQ&7(-!:<;.9<�&�25[-<�)G=F(*&p.dXl)QEiEQ)f<s~�?P)i+-)iEd.9!'EG(-!*&�25=F<g&;.9<7%'&�0$.9%'&;.9=F<�&�6ejG6e)�&7%M!$#U)WVMHQEG(-<7%'25=a)Q&7<�Nl25(-4768.9=*+-)
)G=�<�)G6@?*&�+-)eEd.9!'EG(-! Y�Z #h.dX5.9=F<;.9Nl)a+M(�4�)QEG(-%:<�&7%:6D(-!'Ha)Q&7<1LA(�# %:!g?P)G(-<DjG<74�)a.9?-?-!:%'LA(*H8IC(-=*)@NO4;.9=*+-)XO.947%'HG<�H1+-)R?-4�25[-!'�G6e)Q&�+T#U25?-<7%:6@%'&�.9<7%'25=�EQ256D[-%:=�.9<�25%:4�) Y
� N � �"' � ) � W 	 N � )�V

c 25=F<74;.9%:4�)G6e)G=A<DI_!/._6eHG<7K*2�+-)D+M(�4�)QEG(-%:<�&7%:6�(-!'HOB*!/.e6eHG<7K*2F+-)�"k.9[�25( $�" ! %k=*)1?P2O&�&;�Q+-)D.9(*EG(-=
Ed.94;.5EG<��G4�)@.9!'Hd.9<�25%:4�) Y  E�K�.5LF(*)D%:<�HG4;.9<7%'25=�BP!')1Xl25%'&�%:=�.9Nl)�+-)D!/.8&;25!:(-<7%'25=S)WV*.96@%:=*HQ)�)Q&�<�<�25<;.9!')G6e)G=F<
X�%'&7%:<�H@)G<D25=�E;K*25%'&7%:<D?�.9476@%�EQ)_Xl25%'&7%:=�.9Nl)e(-=*)e&;25!:(-<7%'25=�6e)G%:!:!')G(-4�) Y�� 25(-4�HGX�%:<�)G4D+-)@<�256�[P)G4�+*.9=*&+-)Q&1?-%'�GNl)Q&�EQ25474�)Q&7?�25=*+*.9=A<@I�+-)Q&D6@%:=-%:68.�!'2�Ed.9(MV�B�25=�(-<7%:!:%'&�)@(-=*)8!:%'&7<�)e<;.9[�25(�?�25(-4D&7<�2�E��l)G4�!')Q&
XO.9!')G(-4�&i?-%'�GNl)Q& Y
gR
�� ������� ���nm��;���

Z )Q&,K*)G(-47%'&7<7%'LF(*)Q&�+-)�!:%'&7<�)R[�.5&�HQ)Q&,&7(-4�!')�Ed.9!'EG(-!�+M(\E;K*)G6@%:=\EG47%:<7%'LF(*)1&�25=A<,!')Q&i6@%')G(MV\.5+*.9?-<�HQ)Q&?�25(-4�!')�?-4�25<�25<�~F?�.9Nl)e4;.9?-%'+-)e25?-<7%:6@%'&�H_<�25(-<1)G=�?�)G476e)G<7<;.9=A<D+-)_4;.5EQEQ25(-4�EG%:41!')_EG~MEG!')@+-)@+-HGXl)G!'25?Mb
?�)G6e)G=A<D+*.9=*&�!')QLF(*)G!�%:!�)Q&7<�%:=*EQ25=A<�25(-47=�.9[-!')>+T#U)Q&�&;.d~l)G4�?-!:(*&7%')G(-4�&�Xl)G4�&7%'25=*&D+-)_!$#h.9!:Nl2547%:<7K-6e)8)G<1+-)
!$#h.94�E�K-%:<�)QEG<7(-4�) Y�Z # %:=*EQ25=FXlHG=-%')G=A<@+-)@EQ)Q&�6eHG<7K*2�+-)Q&D)Q&7<1LF(�#U)G!:!')Q&R0325=A<D+-)Q&125?-<7%:6@%'&�.9<7%'25=*&D!'2�Ed.9!')Q&DIE�K�.5LF(*)J%:<�HG4;.9<7%'25=C+-),!$#h.9!:Nl2547%:<7K-6e)R+T#U254�+-25=-=�.9=*EQ)G6e)G=A<�)G<�25=>=�#U)Q&7<�?�.5&�EQ)G47<;.9%:=^&;.9(M0k+*.9=*&�+-)Q&fEd.5&
?�.947<7%'EG(-!:%')G4�&^|}&7<747(*EG<7(-4�)Q&�+-)eNO4;.9?-K*)Q&1?�.947<7%'EG(-!:%'�G4�)Q&dBkHG<7%'LA(*)G<;.9Nl)8?�.947<7%'EG(-!:%')G4��1+T#U25[-<�)G=-%:4�(-=�6@%:=-%�b
6D(-6 NO!'25[�.9! Y�] =`4�)GXO.9=*E�K*)a!')Q&�6eHG<7K*2F+-)Q&�+-)eXl25%'&7%:=�.9Nl)>+-)e<�~F?�)e<;.9[�25( 25(�4�)QEG(-%:<_&7%:6D(-!'HOBk?-!:(*&
+M%��8EG%:!')Q&pI�6e)G<7<74�)�)G= �R(-X�4�)OBO)G=@?�.947<7%'EG(-!:%')G4�IREd.9(*&;)i+M(@4�HGNO!/.9Nl)�+-)Q&�?�.94;.96e�G<74�)Q&dB50325(-47=-%'&�&�)G=F<g+-)Q&
6e)G%:!:!')G(-4�&14�HQ&�(-!:<;.9<�&D.9(�?-47%�VS+T# (-=�<�)G6@?*&D+T#U)WVMHQEG(-<7%'25=�+-)_!$#h.9!:Nl2547%:<7K-6e)a+T#U254�+-25=-=�.9=*EQ)G6e)G=A<�?-!:(*&
!'25=-N Y = =*)JHG<7(*+-)1.�HG<�HJ6e)G=*HQ)�?�.94 Z�Y-� K*)G!:%:?-?�)d.9(Mb 	 )G!:%:=*)d.9(S+*.9=*&i&;.�<7K*�Q&�) $�" ! %�&7(-4f!')Q&p4�HQ&�(-!:<;.9<�&25[-<�)G=A(*&1?�.941+-)Q&R6eHG<7K*2F+-)Q&�+-)_!:%'&7<�)_)G<R<;.9[�25( YT] !:!')e.>EQ256@?�.94�H@EQ)Q&R6eHG<7K*2F+-)Q&1)G=�NlHG=*HG4;.9=F<D+-)Q&NO4;.9?-K*)Q&�+M%'&7?P2O&�.9=A<g+-)�&�<747(*EG<7(-4�)Q&g?�.947<7%'EG(-!:%'�G4�)Q&�25(8LF(*)G!'EQ25=*LA(*)Q& Y A )Q&�EQ25=*EG!:(*&7%'25=*&fIR!$# %'&�&7(*),+-)�EQ)Q&)WVM?PHG47%:6e)G=F<;.9<7%'25=*&�&�25=F<�LF(*)_!')Q&1K*)G(-47%'&7<7%'LF(*)Q&D+-)e!:%'&7<�)@[�.5&�HQ)Q&1&�(-41!')@Ed.9!'EG(-!p+M(�E;K*)G6@%:=`EG47%:<7%'LF(*)



�B�'��� �p��� ��� � �B����� ��� .

f 25<;.9<7%'25=*&
A 25%:< s

BM(-=*)D&�25!:(-<7%'25=\)G<
V (s)

BM!')�Xl25%'&7%:=�.9Nl)D+-)1EQ)G<7<�)1&�25!:(-<7%'25= Y
A 25%:< T

BM!/._<�)G6@?�HG4;.9<7(-4�) Y
A 25%:< f(s)

BM!')1EQ2
�-<�+-)R!/.@&�25!:(-<7%'25=
s Y

A 25%:< ∆(f)
B�!/.�X5.947%/.9<7%'25=@+-)�EQ2
�-<�)G=A<74�)i+-)G(MV�&�25!:(-<7%'25=*&

s
)G<
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� 25(-4,<�25(-<�NO4;.9?-K*)1?�.947<7%')G!:!')G6e)G=A<J%:6@?-!/.9=A<�HD25=S.fn

E(oj) ≤ S(oi) ∀ oj l oi ⇒







S(oi) = max
ojloi

E(oj)

E(oj) = S(oj) + ∆(oj)

ē(oi) ≥ s̄(oj) ∀ oi l oj ⇒







ē(oi) = max
oiloj

s̄(oj)

s̄(oj) = ē(oj) + ∆(oj)
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l
)G<_!')Q&@+*.9<�)Q&

.5&�&�2�EG%'HQ)Q&i?�25(-4i!')Q&�25?�HG4;.9<7%'25=*&,Ed.9=*+M%'+*.9<�)Q&RI�!$#UHG<;.9?P)
n Y

� �"!$#&%('�%*)+# �%� � �PqJ��u*�W���lr}y}�5�\q�vGr�Ed.9=*+M%'+*.9<�)�IJ!$# %:6@?-!/.9=A<;.9<7%'25=`�5{aqG��6��5��q�%:6@?-!/.9=A<;.9[-!') 2 o:�5�;vQzG{*qr$�5{Fv�vdq�vpu��7���A�46;q�v�vQqW{���v_�5��rg�Qrs��y t�u�o��O��rs��v
7 0 y$6;qGr3rsq���u-�W�7�Or}y3�5��q�vWr�{��Pq���u-�W�7�Or}y3�5�S�Aq1r}x�u-q���qGr$�5�7� 2�5o:�5��v1vQq�vDv�{Q6<6;q�v�vQqW{��;va�A�5ydE5qW��ri�5{Fv;v�yf�eE��5y �_�Qrs��y�t�u�o:�5��rs�Wv 2 6�q46Gy��K;����Aq���q�vsu-q46QrsqW�@o<3 �5���O�7q,u-�5�Wr}y$qWo�AqDo<3 �5o �l�5�Wy}r wAt8q87



� ��� ��� �����
	O��� �/� � � � ������	���� � ��� � �*�p�O	���� ���/��	������ � � � � � ��	���� �O�

Z"������� [ Q � 4 i	S
i(�04��
� 1�%(����1���� ��!#����� %���% ��� ����"&��! ����' ����%

A 25%:< (Γ−1)∗(oi)
B�!$#U)G=*&�)G6D[-!')8+-)Q&�?-4�HQ+-HQEQ)Q&�&�)G(-4�&1+-)_!$#U25?�HG4;.9<7%'25=

oi
EQ256@?-4�)G=�.9=A<�Ia!/.a0325%'&R!')Q&

25?�HG4;.9<7%'25=*&,+-)R<s~�?�)1Ed.9!'EG(-!�)G<�!')Q&�25?�HG4;.9<7%'25=*&,+-)R<74;.9=*&70})G47< Y
A 25%:< S(n)(oi,uj)

B�!/.>+*.9<�)@+-)�+-HG[-(-<D.9(Mb$?-!:(*&7b$<�
5<a|}+-)G?-(-%'&�!')_+-HG[-(-<��J+-)_!$#U25?PHG4;.9<7%'25=
oi
&7(-4R!/.

4�)Q&�&�25(-4�EQ)
uj

IS!$#UHG<;.9?P)
n
+-)�!$# K*)G(-47%'&7<7%'LA(*) Yp� 25(-4^LF(*)^!$#U25?PHG4;.9<7%'25= oi

BgEd.9=*+M%'+*.9<�)�I�!$#UHG<;.9?�)
n
B

?-(-%'&�&�)�+-HG[-(-<�)G4J&7(-4i!/.�4�)Q&�&�25(-4�EQ)
uj
BM%:!�0$.9(-<,LF(*)R!')Q&�+-)G(MVCEQ25=*+M%:<7%'25=*&�&7(-%:XO.9=A<�)Q&�&�25%')G=A<,4�HG(-=-%')Q&�n

I Y � {*q>o'q�v>qW��r}����q�vC�Aqao43 ��u-�G���Or}y3�5�
oi
vQ�5y$qW��rR�5y/vsuM�5�*y 5Wo'q�v�I 6;qGr3rsq\�Gr$��u-qGB�EO#U)Q&7<�b�I�bs+M%:4�)>LA(*)8!')Q&

?-4�HQ+-HQEQ)Q&;&�)G(-4�&f+-),!$#U25?�HG4;.9<7%'25=CEQ25474�)Q&7?P25=*+*.9=F<�I1!$#U)G=*&�)G6�[-!')
(Γ−1)∗(oi)

BM.9%')G=A<f<�)G476@%:=*H�!')G(-4
)WV-HQEG(-<7%'25= Y
� W�� NQP U�V W ��� 0 y�o'q �5�7��u�w-q��FqRo<3 �5o �l�5�Wy}r wAt8qD�G3 ��uluPo y 6��Or}y3�5��qWvWr��P�5� 6��5�P�5y r}y3�5�*��� 2 o:q�v�qW��]r}����q�v��G3 {F�PqJ��u*�W���lr}y}�5�>vQ�5��rk�FqJr}x;u*q��A�5�*�P��qWv�{F�*y3zG{*qWt8qW��r��5o:�5��v�zG{-q 2 �l�5�*vfo'q�6��9v�6;�5��r}�7�5y���q 2o'q�v�qW��r}�7��qWviu-qW{\E9qW��r [Gr}��qD���5��vQqW{�o'qWt8qW��ri�AqDr}x;u*q��A�5�*�P��qWv1t@�Oy/v�� �l�Oo:qWt8qW��rf�Fq1r}x�u-qn6��5�P�5yd]
r}y3�5�*��qWt8qW��r 7 � �PqCqW��r}����q��Aq^r}x�u-q 6;�5���5y}r}y}�O�*�PqWt8qW��r1q�vGrR{F� 5��d�5o'��qW� �Aq 6��5�P�5y r}y3�5�*��qWt8qW��r
zQ{Fy 6;�5���5y}r}y}�O�*�Pq8o43 q4HA�<6G{�r}y3�5���Aq8o<3 �Wu-�W�7�Or}y}�O���A�5��r�y opq�vGr,o<3 qG��r}�7�;q^�G3 �@6Qr}ydE9�Or}y}�O� 2 6��5t_t8q>�5�o<3 ��Ed{��l�5�-v�o'q�te�d���Wo:q_� 3 �5o �l�5�Wy}r wAt8q87

KMY � {*qDo��a��q�v;vQ�5{F�46;q
uj

vQ�5y}rp�5y�v$uM�O�*y 5Go:q�`srsqG��t8q��A�*;���y$6Qyd]���u�����v b
I8o<3 �Gr$�Wu-q
n
uM�5{��1o<3 ��u*�W���lr}y}�5�

oi Y A 25%:< X
(n)
2 (oi,uj)

Bp!$#U)G=*&;)G6D[-!')�+-)Q&C25?�HG4;.9<7%'25=*&C%:6@?-!/.9=A<�HQ)Q&e� (*&;LA(�#hI�!$#UHG<;.9?P)
n
&7(-4

uj)G<C+-25=F<C!$#U)WVMHQEG(-<7%'25= +-25%:<CjG<74�)�.5E�K*)GXlHQ)�.dX5.9=F<�LA(*)SEQ)G!:!')�+-)
oi

EQ256@6e)G=*EQ) YiZ .m+*.9<�)�+-)
+M%'&�?P25=-%:[-%:!:%:<�HS+T# (-=*)�4�)Q&�&;25(-4�EQ)

uj
?�25(-4e!$#U25?PHG4;.9<7%'25=

oi
I�!$#UHG<;.9?�)

n
+-)�!$# K*)G(-47%'&�<7%'LA(*)�)Q&7<

HGNA.9!')�I_!/.�?-!:(*&iNO4;.9=*+-)D+-)Q&,+*.9<�)Q&�+-)R�*=\+-)Q&�25?�HG4;.9<7%'25=*&,+-)R!$#U)G=*&;)G6D[-!')
X

(n)
2 (oi,uj) Y

� W�� NQP U�V W � . ^�q�vSqG�-vQqWt�5Wo'q�v
(Γ−1)∗(oi)

qGr
X

(n)
2 (oi,uj)

u-qW{\E9qW��r�[Gr}�7qa6��5�d�Q�5���5{Fv��O{��eE��Oy��
{��Pq�y���rsqW�;vdq46Qr}y3�5�C���5�
Edy3�Aq87 � �\q ��qGr 2 vWy�o<3 �5�46WwAy}rsq46Qr}{���qDq�vGrk{��PqJ�5�46WwAy}rsq46Qr}{��7q1te�5����uP���86�q�v;vdqW{F� 2 o:qWv�AqW{cH�qW�-vdqWt�5Wo'q�v�vG�5��r 6��5���G�5�P�5{Av87

A 25%:< l
(n) (oi,uj)

B�!$#U)G=*&�)G6�[-!')�+-)Q&p?-4�HQ+-HQEQ)Q&;&�)G(-4�&�I�!$#UHG<;.9?P)
n
+-)J!/.�Ed.9=*+M%'+*.9<�)

oi
LF(�.9=*+^25=><�)G=F<�)

+-)�!$# %:6@?-!/.9=F<�)G4�&7(-4i!/._4�)Q&;&�25(-4�EQ)
uj

n
l

(n) (oi,uj) = {oj ∈ O/oj l oi} Y� #h.9?-4��Q&,EQ)�LF(-%�?-4�HQEQ�Q+-)OB*25=S.fn
l

(n) (oi,uj) = (Γ−1)∗(oi) ∪X
(n)
2 (oi,uj) Y

��P )%$ P %*�@'8��,/. � �Pq��G�Oy/v�zG{-q
oi
q�vWr�y�t�u�o:�5��rs��q 2 o43 qW�-vdqWt�5Wo:q l

(n) (oi,uj)
�Pq E9�5��y$qfu�o {Fv 2 y oTqG��q�vGr�Aqat�[Wt8q1uM�5{��

S(n)(oi,uj)
qGr

S(n)(oi,uj) = S(oi,Π(oi))
7 ] =m)W�T)G<dB�+-�Q&�LA(*)

oi
)Q&7<D%:6@?-!/.9=F<�HQ)

+-HW�*=-%:<7%:Xl)G6e)G=A<dB�!$#U)G=*&�)G6�[-!')D+-)�&�)Q&f?-4�HQ+-HQEQ)Q&�&;)G(-4�&�=*)RXO.947%')�?-!:(*&dB-EQ)�LF(-%T=�#U)Q&7<i?�.5&i!')1Ed.5&�.dX5.9=F<JI
Ed.9(*&�)1+-)R!$#UHGXl)G=F<7(*)G!�.��725(-<,+T#U25?�HG4;.9<7%'25=*&,+-)�<74;.9=*&�03)G47< Y



�/�(�/� � ��	��O� � ���B�O� �����/� � � ��� ��� ��� � � � ������	������ �O� � �&�

� 1�%(����1���� ��!#����� %(1���� �0� �,��"$��!21�� �

A 25%:< s̄(oi,uj)
!/.�+*.9<�)p+-)p+-HG[-(-<�.9(Mb$?-!:(*&7b$<;.94�+^|}+-)G?-(-%'&�!/.i�*=���+-)p!$#U25?PHG4;.9<7%'25=

oi
&7(-4�!/.i4�)Q&;&�25(-4�EQ)

uj Y+A 25%:< m
(n) (oi)

B�!$#U)G=*&�)G6D[-!')_+-)Q&J&7(*EQEQ)Q&�&�)G(-4�&RIe!$#UHG<;.9?�)
n
+-)D!/.8Ed.9=*+M%'+*.9<�)

oi
LA(�.9=*+S25=�<�)G=F<�)

+-)�!$# %:6@?-!/.9=F<�)G4�&7(-4i!/._4�)Q&;&�25(-4�EQ)
uj

n
m

(n) (oi) = {oj ∈ O/oi l oj} Y
� (�.9=*+>25=>E;K*)G4�E�K*)�I�%:6@?-!/.9=F<�)G4f(-=*)�25?�HG4;.9<7%'25=>Ed.9=*+M%'+*.9<�)OBM&�)Q&p&7(*EQEQ)Q&�&�)G(-4�&p=�#U25=A<f?�.5&�)G=*EQ254�)

HG<�H�%:6@?-!/.9=F<�HQ&f?�.94p+-HW�*=-%:<7%'25= Y  �%:=*&7%$Bl!$#U)G=*&�)G6�[-!')R+-)Q&p&7(*EQEQ)Q&;&�)G(-4�&p+T# (-=*)�25?PHG4;.9<7%'25=^Ed.9=*+M%'+*.9<�)R)Q&7<%:=*+-HG?�)G=*+*.9=A<8+-)>!/.\4�)Q&�&�25(-4�EQ)^&7(-4_!/.5LA(*)G!:!')^25= <�)G=A<�)C+-)>!$# %:6@?-!/.9=F<�)G4���EQ)G<@)G=*&�)G6D[-!')C)Q&7<@HGNA.9!�I
!$#U)G=*&�)G6�[-!')e+-)@&�)Q&�&7(*EQEQ)Q&�&;)G(-4�&1+M(�NO4;.9?-K*)e+-)_!$#h.9!:Nl2547%:<7K-6e)e%:=-%:<7%/.9! Y � #h.9?-4��Q&1EQ)@LF(-%�?-4�HQEQ�Q+-)OB�25=.fn

m
(n) (oi) = Γ(oi) Y n =�4�)G68.94�LF(*)D+-25=*E�LA(*)1!$#U)G=*&�)G6D[-!') Γ(oi)

)Q&7<�%:=*+-HG?�)G=*+*.9=A<R+-)
n
)G<�%:!k)Q&7<

+-)�?-!:(*&�EQ256@?�2O&�HR(-=-%'LF(*)G6e)G=A<R+T#U25?PHG4;.9<7%'25=*&�+-)�Ed.9!'EG(-! Y
��P )%$ P %*�@'8��, �

s̄(oi,pj)
qGr
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M  ?�.947<7%:4,+M(�6e256e)G=A<J2#)�!/._68.947Nl)D+T#U254�+-25=-=�.9=*EQ)G6e)G=F<�)Q&7<�=A(-!:!')OB�!$#U25?PHG4;.9<7%'25=S)Q&7<,EG47%:<7%'LF(*)
|}&�.�+*.9<�)�.9(Mb$?-!:(*&�b$<�
5<f)Q&7<gHGNA.9!')JI1&;.1+*.9<�)�.9(Mb$?-!:(*&�b$<;.94�+��g)G<�!/.�!'25=-NO(*)G(-4f+M(8E;K*)G6@%:=>EG47%:<7%'LF(*)
.9(-NO6e)G=F<�) Y
F (n)(o′i,pj) ≡ 0⇒ P (n)(o′i,pj) ≥ 0⇒ σ(n)(o′i,pj) = P (n)(o′i,pj) ≥ 0

A %k!/._?-4�)Q&�&7%'25=S+T#U254�+-25=-=�.9=*EQ)G6e)G=A<�)Q&7<�?�2O&7%:<7%:Xl)OB�!$#U25?PHG4;.9<7%'25=S)Q&7<,EG47%:<7%'LF(*)D)G<�)G=-Nl)G=*+M4�)D(-=*)?�HG=�.9!:%:<�H1+T#U254�+-25=-=�.9=*EQ)G6e)G=F<RHGNA.9!')�I�!/._?-4�)Q&�&7%'25=�+T#U254�+-25=-=�.9=*EQ)G6e)G=F< Y
 �%:=*&7%$Bg?-!:(*&>!/.�?-4�)Q&�&7%'25="+T#U254�+-25=-=�.9=*EQ)G6e)G=A<�.9(-NO6e)G=A<�)OBf?-!:(*&>%:!J)Q&�<8(-47Nl)G=A<�+T# %:6@?-!/.9=F<�)G4�EQ)G<7<�)
25?�HG4;.9<7%'25= Y
� % � $ � %d! S"N '�%*)�# �&W �*N � ) P � V � W � W

σ

� 25(-4�Ed.9!'EG(-!')G4�!/.,?-4�)Q&;&7%'25=�+T#U254�+-25=-=�.9=*EQ)G6e)G=F<p+-)fE�K�.5LF(*)fEd.9=*+M%'+*.9<dBO+-)Q&�Ed.9!'EG(-!'&�+-)�+*.9<�)Q&�&�25=F<=*HQEQ)Q&�&;.9%:4�)Q& Y-Z )Q&i+*.9<�)Q&�&�25=F<�Ed.9!'EG(-!'HQ)Q&i?P25(-4iE;K�.5LA(*)�<�)G=F<;.9<7%:Xl)1+T# %:6@?-!/.9=A<;.9<7%'25=S+-)�E�K�.5LF(*)�Ed.9=*+M%�b+*.9<R&7(-4JE;K�.5LA(*)�?-4�2�EQ)Q&�&�)G(-4R)G<J+-25=*E�EQ)Q&�+*.9<�)Q&J?-4�)G=-=*)G=F<1)G=SEQ256@?-<�)�!')Q&RHGXl)G=A<7(*)G!:!')Q&�25?�HG4;.9<7%'25=*&
+-)�<74;.9=*&�03)G47<�EG4�HQHQ)Q&�I_EQ)G<7<�)D2FEQEd.5&7%'25=�)G<,254�+-25=-=�.9=*EQHQ)Q&J.9(Mb$?-!:(*&7b$<�
5<,&7(-4i!')Q&i6eHQ+M%/.8+M(CNO4;.9?-K*)D+-)
!$#h.94�E�K-%:<�)QEG<7(-4�) Y

s̄(o′i,pj)
)Q&7<a!/.�+*.9<�)S+-)S+-HG[-(-<C.9(Mb$?-!:(*&7b$<;.94�+ |}+-)G?-(-%'&>!/.��*=��e+-)

o′i
&7(-4

pj Y R(n−1) )Q&7<>!/.
!'25=-NO(*)G(-4�+M(�E;K*)G6@%:=�EG47%:<7%'LF(*)DI�!$#UHG<;.9?�)

n− 1 Y
σ(n)(o′i,pj) = P (n)(o′i,pj)− F (n)(o′i,pj))G=�4�)G6@?-!/. �d.9=F<

P (n)(o′i,pj)
)G<

F (n)(o′i,pj)
?�.94i!')G(-4�X5.9!')G(-4dB�25=�.fn

σ(n)(o′i,pj) = R
(n)
i −R(n−1) − (s(n)(o′i,pj)− S(n)(o′i,pj))� #h.9?-4��Q&�!$#UHQLF(�.9<7%'25= �MYLKMY I +-HW�*=-%')f?�.9Nl) I K � n s(n)(o′i,pj) = R

(n)
i − s̄(n)(o′i,pj) YO] =_4�)G6@?-!/. �d.9=A<dB25=\25[-<7%')G=F<dB

σ(n)(o′i,pj) = S(n)(o′i,pj) + s̄(n)(o′i,pj)−R
(n−1)

] =\(-<7%:!:%'&;.9=A<�!/.�?-4�25?-47%'HG<�H�>@?�?�.9Nl) I K � B*25=S.fn

σ(n)(o′i,pj) = S(n)(o′i,pj) + s̄(o′i)−R
(n−1)

 �%:=*&7%$B
σ(n)(o′i,pj) = S(n)(o′i,pj) +

EQ25=*&�<;.9=A<�)8B�)G<�+-25=*E�!/.@?-4�)Q&�&�%'25=�+T#U254�+-25=-=�.9=*EQ)G6e)G=A<�)Q&7<
(-=*)R0325=*EG<7%'25=�. �e=*)1+-)

S Y
� )�� $ NQPRN %*T8)�# �&W S )�� $ � W 	G%('8� W\#+' P W � ) �l% � %d'8�����lW
	G%��l% � %d'8���pW"' $ P W T8T�%*)�# � � ) P � )+# # N # �
S W �aW #+'

� .9=*&�!/.J?-4;.9<7%'LF(*)OB5!/.J!'25=-NO(*)G(-4�+M(eE�K*)G6@%:=8EG47%:<7%'LF(*)
R
=�#U)Q&7<���.968.9%'&�Ed.9!'EG(-!'HQ)f!'254�&�+M(@Ed.9!'EG(-!�+-)

!/.i?-4�)Q&;&7%'25=�+T#U254�+-25=-=�.9=*EQ)G6e)G=F< YO] =_)W��)G<dB�LA(�.9=*+�25=�EQ256@?�.94�)�+-)G(MV1?-4�)Q&�&7%'25=*&�+T#U254�+-25=-=�.9=*EQ)G6e)G=A<



�/� ��� � � � �9�
�
	 � � � � � � � ��� � �
���/	O� � � � � �_� ��	9����� � � � �

+-)1+-)G(MVC25?PHG4;.9<7%'25=*&�+M%���HG4�)G=F<�)Q&dB*!')Q&,E�K*)G6@%:=*&,EG47%:<7%'LF(*)Q&,&�#U)G=CXl25=A< Y
σ(n)(oi) = S(n)(oi) + s̄(oi)−R

(n−1)

− σ(n)(oj) = S(n)(oj) + s̄(oj)−R
(n−1)

δσ(oi,oj) = (S(n)(oi)− S(n)(oj)) + (s̄(oi)− s̄(oj))− (R(n−1) −R(n−1))

] =�4�)GXO.9=*E�K*)OB�+*.9=*&i!')1Ed.5&�+-)R!/.@6e25[-%:!:%:<�HD+-HW�*=-%')1+*.9=*&i!')DE�K�.9?-%:<74�)1?-4�HQEQHQ+-)G=F<JI_!/.�?�.9Nl) I � !�B-!')Q&
E�K*)G6@%:=*&JEG47%:<7%'LF(*)Q&i=*)1&d#h.9=-=F(-!')G=A<,?�.5& Y*Z .�XO.947%/.9<7%'25=�+-)R6e25[-%:!:%:<�H�0$.9%:<i%:=A<�)G47Xl)G=-%:4J+-)G(MVC!'25=-NO(*)G(-4�&+-)RE�K*)G6@%:=�EG47%:<7%'LF(*)Q&i+M%���HG4�)G=F<�)Q&dB-+-25=*ER)G!:!')Q&f=*)R&d#h.9=-=A(-!')G=F<�?�.5&dB�EQ)JLF(-%�=*HQEQ)Q&�&7%:<�)J!')G(-4�&iEd.9!'EG(-!'&i)G<
+-25=*ED.9(-NO6e)G=F<�)DEQ25=*&7%'+-HG4;.9[-!')G6e)G=F<�!/.@EQ256@?-!')WVM%:<�H1+-)�!$#h.9!:Nl2547%:<7K-6e) Y

M (n)(oi) = R
(n)
i − S(n)(oi)− s̄(oi)

− M (n)(oj) = R
(n)
j − S(n)(oj)− s̄(oj)

δM(oi,oj) = (R
(n)
i −R

(n)
j )− (S(n)(oi)− S(n)(oj))− (s̄(oi)− s̄(oj))

Z .�6e25[-%:!:%:<�HDID!$#UHG<;.9?�) n
0$.9%:<�%:=F<�)G47Xl)G=-%:4�!/.�!'25=-NO(*)G(-4�+M(CE�K*)G6@%:=�EG47%:<7%'LF(*)�+-)�!$#UHG<;.9?�)

n
BMEO#U)Q&7<�b

I�bs+M%:4�)�!$#UHG<;.9?�)DEQ25(-4;.9=F<�)OB�EQ25=A<74;.9%:4�)G6e)G=F<1I�!/._?-4�)Q&�&7%'25=\+T#U254�+-25=-=�.9=*EQ)G6e)G=F<�LA(-%T0$.9%:<i%:=A<�)G47Xl)G=-%:4J!/.
!'25=-NO(*)G(-4�+M(CE�K*)G6@%:=\EG47%:<7%'LF(*)R+-)J!$#UHG<;.9?P)R?-4�HQEQHQ+-)G=F<�) Y  ,%:=*&�%$BA!/.�!'25=-NO(*)G(-4,+M(CE�K*)G6@%:=�EG47%:<7%'LF(*)�+-)!$#UHG<;.9?�)

n
Ed.9!'EG(-!'HQ)RI�!$#UHG<;.9?�)

n
+-HG?P)G=*+a+-)�!$#U25?�HG4;.9<7%'25=>LF(*)�!$#U25=^)Q&�&;.9%')�+T# %:6@?-!/.9=F<�)G4�)G<p+-25=*E�EQ)G<7<�)

!'25=-NO(*)G(-4�)Q&�<iX5.947%/.9[-!')1+T# (-=�)Q&�&;.9%�+T# %:6@?-!/.9=A<;.9<7%'25=�I�(-=�.9(-<74�) Y
� '�% � %dT N '�%d)+# �&W �*N $ P W T8T�%*)�# $ )�V P � � � W\V P %*T
'�%*U�VGW

� 25(-4DE�K�.5LF(*)eEd.9=*+M%'+*.9<dB�25=�Ed.9!'EG(-!')e!/.>6e)G%:!:!')G(-4�)@?-4�)Q&�&7%'25=�+T#U254�+-25=-=�.9=*EQ)G6e)G=F<�LF(-%�)Q&7<�+-25=*EEQ)G!:!')eLF(-%�%:=*+M(-%:<D!/.C?-!:(*&�NO4;.9=*+-)po�)WVM%:[-%:!:%:<�H8+T#U254�+-25=-=�.9=*EQ)G6e)G=F<_)G<D!/.^?-!:(*&�0$.9%:[-!')@?�HG=�.9!:%:<�He+T#U254�b
+-25=-=�.9=*EQ)G6e)G=A<dB�.9(-<74�)G6e)G=A<R+M%:<i!/._?-!:(*&f0$.9%:[-!')1+-)Q&i?-4�)Q&;&7%'25=*&i?�.9476@%�EQ)G!:!')Q&�Ed.9!'EG(-!'HQ)Q& Y

� 25(-4JE;K�.5LA(*) o′i
B�25=\4�)QE�K*)G4�E;K*)�!')16e)G%:!:!')G(-4,?-4�2�EQ)Q&�&�)G(-4

pbest
i

n
∀o′i ∈ O

(n)
cand σ

(n)
opt(o

′
i,p

best
i ) =

min
pk∈P

σ(oi,pk) Ymn =\25[-<7%')G=F<J.9!'254�&i(-=�EQ25(-?-!') = (oi,p
best
i ) Y

c )1LF(-%�&d#UHQEG47%:<�?�25(-4i!$#UHG<;.9?�) n
+-)R!$# K*)G(-47%'&7<7%'LA(*)�n

∀o′j ∈ O(n)
cand

σ(n)
opt

(o′j) = min
pk∈P

σ(n)(o′j ,pk)
| �MY��MYLK �

 EQ)G<7<�)`?-4�)Q&�&7%'25=
σopt(o

′
i)
EQ25474�)Q&7?P25=*+ (-=*)m+*.9<�)�+-)m+-HG[-(-<�.9(Mb$?-!:(*&�b$<�
5<�LF(*)�!$#U25= =*25<�)G4;.

S(n)(o′i)
Bf(-="?-4�2FEQ)Q&�&;)G(-4^LF(*)S!$#U25= =*25<�)G4;.

Π(o′i)
Bi)G<C+-)Q&C25?PHG4;.9<7%'25=*&�+-)S<74;.9=*&�03)G47<^%:6@?-!/.9=A<�HQ)Q&

&7(-4�+-)Q&i6eHQ+M%/.5& Y

S(n)(o′i) = S(n)(o′i,Π(o′i)) tq σ(n)(o′i,Π(o′i)) = σ
(n)
opt(o

′
i)

� W�� NQP U�V W �%� 0 �5y}r
c 2 o:qJ�P�5t�5W�7qD�G3 ��u-�W�7�Or}y3�5�-v�6;�5���5y3�l�Orsq�v I_o<3 y t�u�o��O��r$�Or}y3�5�>v�{�� p

u��7�86;qWv;vQqG{F��v
I�o<3 �Gr$��u-q

n
�Aqfo<3 w-qW{F�Wy�vWr}y3zG{-q�7 X o:�5��v 2 y oFx1�D�O{,uPo {Fv (c∗p)

rsqW��r$�Or}y*E9q�v��G3 y�t�u�o:�5��r$�Or}y3�5�-vf�G3 �Wu-�W�7�Or}y}�O�-v
�Aqn6��5o 6G{�o&I�6;qGr3rsq@�Qr$��u-q87
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Z"�1Z��1Z �,'�� S�U#i�]cS�i��04 !$' % � '&4�� '&/ ��%�' !$'�� ] 	�4$! i�!#	bS �

� .9476@%f!$#U)G=*&�)G6D[-!')^+-)Q&�Ed.9=*+M%'+*.9<�&_I\!$#UHG<;.9?�) n
B�&�)G(-!'&�EQ)G47<;.9%:=*&_Ed.9=*+M%'+*.9<�&@&�25=A<�+-HQEG!/.94�HQ&�%:6_b

?-!/.9=A<;.9[-!')Q&�n�25=�+-HQ&7%:NO=*)�?�.94
O

(n)
candI

BM!')1&�25(*&�bs)G=*&;)G6D[-!')1+-)Q&O6;�5���G%'+*.9<�&�y 6@?-!/.9=F<;.9[-!')Q&�I_!$#UHG<;.9?�)
n Y

� 25%'EG%�EQ256@6e)G=F<�&�)�EQ25=*&7<747(-%:<�EQ)1&�25(*&�bs)G=*&�)G6�[-!')DI_!$#UHG<;.9?�)
n
+-)�!$# K*)G(-47%'&7<7%'LF(*) Y

A 25%:< S
(n)
min

BM!/._?-!:(*&�?P)G<7%:<�)1+*.9<�)D+-)�+-HG[-(-<,+-)Q&,25?�HG4;.9<7%'25=*&,+-)R!$#U)G=*&�)G6�[-!')
O

(n)
cand

I�!$#UHG<;.9?�)
n Y

S
(n)
min = min

o′i∈O
(n)
cand

S(n)(o′i)

n =�=*25<�)1!$#U25?PHG4;.9<7%'25= o′min

BM!$#U25?�HG4;.9<7%'25=\+-25=A<�!/._+*.9<�)1+-)1+-HG[-(-<,)Q&7<
S

(n)
min Y

A 25%:< E
(n)
min

B*!/._+*.9<�)1+-)R�*=\.9(Mb$?-!:(*&�b$<�
5<J+-)
o′min Y

E
(n)
min = S

(n)
min + ∆(o′min)

.dXl)QE
∆(o′min) = 1

nP

nP
∑

j=1
∆(o′min,pj)

.dXl)QE
pj ∈ P

)G< c .94�+ P = nP

Z )Q&f25?�HG4;.9<7%'25=*&�4�)G<�)G=A(*)Q&f+*.9=*&�!'),&�25(*&�bs)G=*&;)G6D[-!') O
(n)
candI

&�25=A<p!')Q&�25?�HG4;.9<7%'25=*&f+-25=A<�!/.D+*.9<�)J+-)
+-HG[-(-<�.9(Mb$?-!:(*&�b$<�
5<i)Q&7<i&7<747%'EG<�)G6e)G=A<i%:=M03HG47%')G(-4�)�I1!/.�+*.9<�)R+-)��*=^.9(Mb$?-!:(*&�b$<�
5<

Emin
?-4�HQEQHQ+-)G6@6e)G=A<

+-HW�*=-%') Y

O
(n)
candI = {o′i ∈ O

(n)
cand / S(n)(o′i) < E

(n)
min}

| �MY��MY�� �

Z # %:=F<�HG4�jG<,+-)J4�)Q&7<74�)G%:=*+M4�)R!$#U)G=*&�)G6�[-!')1+-)Q&fEd.9=*+M%'+*.9<�&,I�(-=*)JHG<;.9?�)R+-25=-=*HQ)�)Q&7<i+T#UHGXF%:<�)G4i+T#h.dXl25%:4(-=C254�+-25=-=�.9=*EQ)G6e)G=A<R.QXl)QE�+-)Q&�.9<7<�)G=A<�)Q&,&7(-4f!')Q&f?-4�2FEQ)Q&�&;)G(-4�&�+*.9=*&�!')Q&�LA(*)G!:!')Q&f25=C?�25(-474;.9%:<f%:=*&�HG4�)G4
+-)Q&�25?�HG4;.9<7%'25=*&dB*EQ)1LF(-%�)Q&7<i%:!:!:(*&7<74�H1?�.94�!$#U)WVM)G6@?-!')D&7(-%:X5.9=F< Y

n =@&7(-?-?�2O&�)�?P25(-4�&7%:6@?-!:%���)G4�!$#U)WV-)G6@?-!')iLF(*)p!')Q&�+M(-4�HQ)Q&�+-)Q&�EQ256@6�(-=-%'Ed.9<7%'25=*&�%:=F<�)G4�b$?-4�2FEQ)Q&�&;)G(-4&�25=F<i=A(-!:!')Q& Y�A 25%')G=F< I,J,A,B
LF(�.9<74�)�25?PHG4;.9<7%'25=*&�+-)�Ed.9!'EG(-!�I�%:6@?-!/.9=A<�)G4�&�(-4f+-)G(MV^?-4�2�EQ)Q&�&�)G(-4�&

p0)G<
p1

EQ25=-=*)QEG<�HQ&C?�.94^(-= 6eHQ+M%/.
m

|}EW0 Y �*NO(-4�) �MY��MY I � Y I
)G<

J
&�25=A<^%:6@?-!/.9=F<�HQ)Q&\&7(-4

p0
)G<

p14�)Q&7?�)QEG<7%:Xl)G6e)G=A<,)G<
A
)G<

B
=*)J?�)G(-Xl)G=A<�jG<74�)J%:6@?-!/.9=A<�HQ)Q&�LA(*)J&7(-4

p0 YVn =C&7(-?-?�2O&�)�LF(*)J!')Q&f+M(-4�HQ)Q&+-)Q&^25?PHG4;.9<7%'25=*&
I,A,B

&�25=F<^(-=-%:<;.9%:4�)Q&>)G<CLF(*)
J
.�(-=*)S+M(-4�HQ)�+-) K B I Yfc .9!'EG(-!'25=*&^!/.`?-4�)Q&�&7%'25=.5&�&�2�EG%'HQ)RIDE;K�.5EG(-=*)�+-)Q&�25?�HG4;.9<7%'25=*&

A
)G<

B Y σ(A) = S(A) + s̄(A)−R
B�.dXl)QE

S(A) = E(I) = 1
B

s̄(A) = 1
B
R = 3,1

&�25%:<
σ(A) = −1,1 Y

σ(B) = S(B) + s̄(B)−R
.QXl)QE

S(B) = max(E(I),E(J)) = E(J) = 2,1
)G<

s̄(B) = 1
&�25%:<

σ(B) = O

Z #U25?�HG4;.9<7%'25=�!/.>?-!:(*&�(-47Nl)G=F<�)8I^254�+-25=-=�.9=*EQ)G4D)Q&7<1EQ)G!:!')@LF(-%g.a!/.>?-4�)Q&�&7%'25=�!/.>?-!:(*&�HG!')GXlHQ)\|}EW0 YHQLF(�.9<7%'25= �MY��MY >F�D&;25%:<�%'EG% B YkZ #U25?PHG4;.9<7%'25= B
)Q&7<_254�+-25=-=�.9=*EQHQ)�&7(-4

p0
I\!/.S+*.9<�) K B I )G<@)G=*&7(-%:<�)!$#U25?�HG4;.9<7%'25=

A
)Q&7<,254�+-25=-=�.9=*EQHQ)�I@!/.@+*.9<�) � B I Ybn =\Xl25%:<,LA(*)1!')�?-4�2FEQ)Q&;&�)G(-4 p0
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σ(2)(oi,pj) Y

σ(2)(o2,p2)

σ(2)(o3,p2)

σ(2)(o3,p1)

σ(2)(o2,p1)

σ(2)(o2) σ(2)(o3)

� ���

σ

S

min

min

max

E*F1G*H �MY > Y�� M � �7qWv;v�y3�5�`� 3 �5�7�l�5�����5��6;qGteqG��r,�Aq�v@��u-�W�7�Or}y3�5�-v
o2

qQr
o3
I^o<3 �Gr$��u-q��\�Aq_o<3 �Oo �l�O��y}r wAt8q

�G3 �5�7�l�5�*���O��6;qWt8qW��r

=⇒

{

σ
(2)
opt(o2) = min(σ(2)(o2,p1),σ

(2)(o2,p2)) = σ(2)(o2,p1)

σ
(2)
opt(o3) = min(σ(2)(o3,p1),σ

(2)(o3,p2)) = σ(2)(o3,p1)

� W�� NQP U�V W �T� C � 6��5�-vGr$�Orsqe�l�O�-vDo'q_r$�@5Wo'q7�5{ � 7 ��zG{*q_o'q�v_�FqW{eH���u-�W�7�Or}y3�5�-ve�Aq_r}�7�5�-v �QqW�Gr��5��r�o:�
t�[Wt8qJ�l�OrsqJ�AqR�A�85G{�rkv�{���o'q,te���5y}�

m
7Q^�qWv��AqW{cH@��u-�W�7�Or}y3�5�-v��AqJr}�7�5�-v �QqW�Gr���qivdqW�7�5��r*uM�9v�u�����vdqW��rsq�v
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∆ S(3)(.,p1) S(3)(.,p2) S(3)(.,m)

o3
� K � I�I

×

o′′13
"

× ×
�

�	��
aH �MY > Y > M � �OrsqWv��7��qGo�o'q�vR�FqR�A�85W{Mr��5{ ]'u�o {AvF]�r
�Or��Aq�o<3 �Wu-�W�7�Or}y}�O�
o3

qGr��Aq�o43 ��u-�G���Or}y3�5���AqJr}�7�5�-v �QqW�Gr
�9v�vG�86Gy$��q
v�y t_{Fo�r$�5�P�GteqG��r 6;�5�nI�6Ww��AzG{-q8�Gr$��u-q�{��Pq_qGr�{��Pq1vQqW{�o:q_�Wu-�W�7�Or}y}�O���Aq96��5o 6G{�o�q�vGr��O���l�O�*���5��6���q 2 y 6GyvG�Oy r

o2
vG�Oy r

o3
qGr��l�5��6�6��Ot�t8q�{��PqR��u-�G���Or}y3�5�\�Aq�r}�7�5�-v �QqW�Gr�q�vWr��9v�vG�86Gy$��q�I

o2
qQr�o<3 �O{�r}��q�I

o3
qWo o:q�v

�Pq�vQqW�7�5��r�uM�9vDr$�O{�rsq�v1o'q�v��AqG{eHDu�����vdqW��rsq�v��l�O�-v�o:q �5�7��u�wMq ;g���5oTy t,uPo��5��rs�87

c .9=*+M%'+*.9<JHG!:(1n σ(2)(oelue) = max
O

(2)
cand

(σ(o2,p1),σ(o3,p1)) = σ(o2,p1)

n ="%:6@?-!/.9=A<�)
o2

&7(-4
p1
Bp%:!J=�# ~ .�?�.5&^+T#U25?�HG4;.9<7%'25=*&C+-)\<74;.9=*&70})G47<�.��725(-<�HQ)Q&dBg!')SNO4;.9?-K*)�+-)

!$#h.9!:Nl2547%:<7K-6e)J+T#h.9?-?-!:%'Ed.9<7%'25=a)Q&7<g+-25=*E�%:=*E�K�.9=-NlHJ)G<�!/.R!'25=-NO(*)G(-4
R(2) +M(8E�K*)G6@%:=>EG47%:<7%'LA(*)�)Q&7<�HGNA.9!')

I K � Y
�*���5y�v�y(�Wt8q��Gr$��u-q
= =*)�&�)G(-!')125?�HG4;.9<7%'25=\)Q&7<�Ed.9=*+M%'+*.9<�)�I@EQ)G<7<�)1HG<;.9?�)�n

O(3)
cand

= {o3} Y
σ(3)(o3,pj) = S(3)(o3,pj) + s̄(o3)−R

(2) ?�25(-4 j = 1,2 Y
S(3)(o3,p1) = E(2)(o2)

S(3)(o3,p2) = E(3)(o′′13)
2#)

o′′13
)Q&7<g!$#U25?PHG4;.9<7%'25=>+-)�<74;.9=*&�03)G47<�%:6@?-!/.9=A<�HQ)J&7(-4�!'),6eHQ+M%/.

m
?�25(-4

6e2�+-HG!:%'&�)G4�!')R<74;.9=*&�03)G47<,+-)�+-25=-=*HQ)Q&,)G=F<74�)
o1
)G<

o3 Y
S(3)(o′′13,m) = E(1)(o1)

Z )Q&�X5.9!')G(-4�&k+-)�EQ)Q&�+*.9<�)Q&k&�25=A<�+-25=-=*HQ)Q&k+*.9=*&�!')�<;.9[-!')d.9( �MY > Y > Y�Z .f?-4�)Q&�&�%'25=D+T#U254�+-25=-=�.9=*EQ)G6e)G=A<.5&�&�2�EG%'HQ)1I
o3
)Q&7<�+-25=-=*HQ)R�*NO(-4�) �MY > Y > Y

σ(3)(o3)

� ���

σ

σ(3)(o3,p2)

σ(3)(o3,p1)

S

min

E*F1G*H �MY > Y > M � ��q�v;vWy}�5� �G3 �5���A�5�*���5�+6;qWt8qW��rR�Aqeo43 ��u-�W�7�Or}y3�5�
o3
ICo<3 �Gr$�Wu-q ���Aqeo43 �5o �l�5�Wy r wFteqa�G3 �5�F]

�l�5�����5��6;qGteqG��r
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∆ S(4)(.,p1) S(4)(.,p2) S(4)(.,m)

o4
� K�K K " ×

o′′14
"

× ×
I�I

o′′24
"

× × K �
o′′34

"
× ×

I "

�	��
aH �MY > Y � M � �Orsq�v,����qWo o'q�v��FqR�A�85W{Mrg�5{\]:u�o {FvL]�r
�lr��Aq�o43 ��u-�G���Or}y3�5�
o4

qGr��Aq�v���u-�W�7�Or}y3�5�\�AqRr}�7�5�-v �QqW�Gr
�9v�vG�86Gy$��q�v

=⇒ σ
(3)
opt(o3) = min(σ(3)(o3,p1),σ

(3)(o3,p2)) = σ(3)(o3,p2)

c .9=*+M%'+*.9<1HG!:(1n σ(3)(oelue) = σ
(3)
opt(o3)

?-(-%'&�LF(�# %:!�=�# ~�.>LA(�# (-=�Ed.9=*+M%'+*.9<dBT25=�%:6@?-!/.9=A<�)
o3

&7(-4
p2

)G<e25=�%:6@?-!/.9=A<�)\!$#U25?PHG4;.9<7%'25= +-)^<74;.9=*&�0})G47<
o′′13

&7(-4@!')^6eHQ+M%/.
m

IS!/.�+*.9<�) � Y�Z )�NO4;.9?-K*)�+-)!$#h.9!:Nl2547%:<7K-6e)D)Q&�<�+-25=*E�6e2F+M%���HD)G<�!/.�!'25=-NO(*)G(-4
R(3) +M(�E�K*)G6@%:=�EG47%:<7%'LF(*)1)Q&7<�HGNA.9!')�I K � Y

� {M�lr}��y(�Wt8q_�Gr$��u-q
�
!T=�# ~^.@?-!:(*&�LA(�# (-=*)D&�)G(-!')�25?PHG4;.9<7%'25=SI_%:6@?-!/.9=A<�)G4�n

O(4)
cand

= {o4} Y
σ(4)(o4,pj) = S(4)(o4,pj) + s̄(o4)−R

(3) ?�25(-4 j = 1,2 Y
S(4)(o4,p1) = max(E(1)(o1),E

(2)(o2),E
(4)(o′′34)) = E(2)(o2)

S(4)(o4,p2) = max(E(3)(o3),E
(4)(o′′14),E

(4)(o′′24)) = E(4)(o′′24))

S(4)(o′′14,m) = E(1)(o1)

S(4)(o′′24,m) = E(2)(o2)

S(4)(o′′34,m) = E(3)(o3)

Z )Q&�X5.9!')G(-4�&k+-)�EQ)Q&�+*.9<�)Q&k&�25=A<�+-25=-=*HQ)Q&k+*.9=*&�!')�<;.9[-!')d.9( �MY > Y � Y�Z .f?-4�)Q&�&�%'25=D+T#U254�+-25=-=�.9=*EQ)G6e)G=A<+-)�!$#U25?�HG4;.9<7%'25=
o4
)Q&7<�+-25=-=*HQ)R�*NO(-4�) �MY > Y � Y

σ

�
S

σ(4)(o4)

σ(4)(o4,p2)

σ(4)(o4,p1)min

E*F'G$H �MY > Y � M � �7q�v�v�y3�5���G3 �O���l�O�*���5��6�qWt8qW��r

=⇒ σ
(4)
opt(o4) = min(σ(4)(o4,p1),σ

(4)(o4,p2)) = σ(4)(o4,p1)
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c .9=*+M%'+*.9<iHG!:(1n σ(4)(oelue) = σ
(4)
opt(o4)

?-(-%'&;LA(�# %:!P=�# ~8.DLF(�# (-=aEd.9=*+M%'+*.9<i)G<�25=a%:6@?-!/.9=F<�)
o4
&7(-4

p1
)G<�!$#�25?PHG4;.9<7%'25=S+-)�<74;.9=*&�03)G47<

o′′34
&7(-4�!')�6eHQ+M%/.

m
I_!/.e+*.9<�) I " ��!/._!'25=-NO(*)G(-4

R(4) +M(\E;K*)G6@%:=
EG47%:<7%'LF(*)1)Q&7<�HGNA.9!')DI K ! Y

Z .\�*NO(-4�) �MY > Y "S+-25=-=*)>!')>NO4;.9?-K*)C+-)a!$#h.9!:Nl2547%:<7K-6e)^%:6@?-!/.9=F<�H�25[-<�)G=A(�?�.94_!$# K*)G(-47%'&7<7%'LF(*) Ygc )NO4;.9?-K*)_EQ25=A<7%')G=F<1+-)G(MVS25?�HG4;.9<7%'25=*&J+-)�<74;.9=*&�03)G47<
o′′13

)G<
o′′34

.��725(-<�HQ)Q&R.9(SNO4;.9?-K*)@+-)�!$#h.9!:Nl2547%:<7K-6e)
%:=-%:<7%/.9!k)G<,%:6@?-!/.9=A<�HQ)Q&R&7(-4�!')�6eHQ+M%/.

m Y�c )�NO4;.9?-K*)DEQ25474�)Q&�?P25=*+S.9(�NO4;.9?-K*)1%:6@?-!/.9=F<�H�+-HQEG47%:<J+*.9=*&!/.D?-4�)G6@%'�G4�)R?�.947<7%')�+-)J!/.D<7K*�Q&�) Y A (-4iE;K�.5EG(-=*)J+-)Q&�4�)Q&�&;25(-4�EQ)Q& po,m,p1
EQ256@?�2O&;.9=A<f!$#h.94�E�K-%:<�)QEG<7(-4�)OB

!$#U254�+M4�)�+T#U)WVMHQEG(-<7%'25= )Q&7<><�25<;.9!R)G<>EQ25=F<7%')G=A<C!$#U254�+M4�)S?�.947<7%')G!R%:=-%:<7%/.9! Y�Z )\NO4;.9?-K*)�+-)�!$#h.9!:Nl2547%:<7K-6e)%:6@?-!/.9=A<�H\HG<7%'LA(*)G<�HCEQ25474�)Q&7?�25=*+ I�!$#UHG<7%'LA(*)G<;.9Nl)C+M( NO4;.9?-K*)C+-)^!$#h.9!:Nl2547%:<7K-6e)C%:6@?-!/.9=F<�H�+-HW�*=-%,.9(
E�K�.9?-%:<74�) c .94;.5EG<�HG47%'&;.9<7%'25= Y
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E*F'G*H �MY > Y " M �f����u�wMq�v��G3 �5o �l�5�Wy r wAt8q�v1y t�u�o:�5��rs��v


1
�� � � ���i��������� � ��� �������������<m-��� �J� � � � ��� � ��������� 
 �i�P�P� ���	�

Z"������� ) U#i�4 ]Ti _ '��

Z #h.9!:Nl2547%:<7K-6e)a+T#U254�+-25=-=�.9=*EQ)G6e)G=A<�NO!'25(-<�25=`.>4�Hd.9!:%'&�H_(-=*)_?-4�)G6@%'�G4�)@%:6@?-!/.9=F<;.9<7%'25=`LF(�#U25=�.9?Mb?�)G!:!')g&�25!:(-<7%'25=�%:=-%:<7%/.9!') Y  (-=*)pHG<;.9?�)g+-25=-=*HQ)f+-)�!$# K*)G(-47%'&�<7%'LA(*)pNO!'25(-<�25=-=*)OB9%:!F?�)G(-<k)WVM%'&7<�)G4�?-!:(*&�%')G(-4�&
&�25!:(-<7%'25=*&f?�.947<7%')G!:!')Q&iHQLF(-%:X5.9!')G=F<�)Q&iLA(*)�!/.D0}25=*EG<7%'25=C+-)JEQ2
�-<dBMEO#U)Q&7<�b�I�bs+M%:4�)R!/.1?-4�)Q&;&7%'25=C+T#U254�+-25=-=�.9=Mb
EQ)G6e)G=A<dBP=�#h.a?�.5&�?P)G476@%'&R+-)�+-HG?�.947<;.9Nl)G4 Y = =SE�K*25%�V�.9!'Hd.9<�25%:4�)_)Q&7<�.9!'254�&J)W��)QEG<7(*H@IaE�K�.5LF(*)�HG<;.9?�)EQ25=A<�)G=�.9=F<,+-)Q&�25?PHG4;.9<7%'25=*&iHQLF(-%:X5.9!')G=F<�)Q&i)G<�EQ)J&�25=F<fEQ)Q&fE;K*25%�V>LF(-%�EQ25=*+M(-%'&�)G=F<,I1(-=*)R&�25!:(-<7%'25=>%:=-%�b
<7%/.9!') Y�Z # %:6@?-!/.9=A<;.9<7%'25=�&�25!:(-<7%'25=�+-)D!$#h.9!:Nl2547%:<7K-6e)�+T#h.9?-?-!:%'Ed.9<7%'25=S%:=-%:<7%/.9!k)Q&�<,)G=*&7(-%:<�)�.96eHG!:%'254�HQ)D?�.94(-=*)�6eHG<7K*2�+-)1+-)�4�)G<�25(-4�b�.94747%'�G4�)OBPLA(-%�)Q&�<�(-=*)�6eHG<7K*2�+-)1+-)�Xl25%'&7%:=�.9Nl)1+-)14�)QE�K*)G4�E�K*)�!'2�Ed.9!') Y�c )G<7<�)6eHG<7K*2�+-)�EQ25=*&�%'&7<�)@Ia+-HQ&;254�+-25=-=�.9=*EQ)G4�!')Q&�25?PHG4;.9<7%'25=*&�254�+-25=-=�.9=*EQHQ)Q&1)G=F<74�)_!/.>+-)G47=-%'�G4�)@HG<;.9?P)_+-)
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!$# K*)G(-47%'&7<7%'LF(*),)G<p(-=*),HG<;.9?�),2#)e(-=>E�K*25%�Va.9!'Hd.9<�25%:4�)R.�HG<�Hi0$.9%:<dBO?-(-%'&fI�254�+-25=-=�.9=*EQ)G4f(-=*)�.9(-<74�),25?�HWb
4;.9<7%'25=�?�.9476@%�!')Q&R25?PHG4;.9<7%'25=*&�HQLF(-%:X5.9!')G=F<�)Q&dB�)G<�)G=M�*=�IaEQ25=*&7<747(-%:4�)_(-=*)@.9(-<74�)�%:6@?-!/.9=A<;.9<7%'25=`.dXl)QE
!/._6ejG6e)D6eHG<7K*2F+-)�LA(*)1?-4�HQEQHQ+-)G6@6e)G=A< Y�Z )14�)G<�25(-4R.94747%'�G4�)1?�)G476e)G<�+-)1&�(-?-?-47%:6e)G4�(-=*)�?�.947<7%')�+-)!$#h.9!'Hd.9<�25%:4�),+*.9=*&�!$#h.9!:Nl2547%:<7K-6e),+T# %:6@?-!/.9=A<;.9<7%'25=^)G=eHGXO.9!:(�.9=A<dBA)G=@<�)G476e)Q&g+-)�+M(-4�HQ)i+T#U)WVMHQEG(-<7%'25=�BF+-)Q&
&�25!:(-<7%'25=*&f%:=-%:<7%/.9!')Q&iEQ25=*&7<747(-%:<�)Q&�I1?�.947<7%:4�+-)RE�K�.5EG(-=*)�+-)Q&f25?�HG4;.9<7%'25=*&�HQLF(-%:X5.9!')G=F<�)Q& Y*c )Q&i+-)G47=-%'�G4�)Q&Xl25=A<�EQ25=*&�<7%:<7(*)G4�!')pXl25%'&�%:=�.9Nl)iLA(*)�!')�?-4�2FEQ)Q&;&7(*&�+-)�4�)G<�25(-4�b�.94747%'�G4�)iX5.J)WVM?-!'254�)G4 Y5Z )fXl25%'&7%:=�.9Nl)i)Q&7<�%'EG%+-HG<�)G476@%:=*H_.9(�0}(-4,)G<�I@6e)Q&�(-4�)D+M(\+-HG4�25(-!')G6e)G=F<R+M(�?-4�2FEQ)Q&;&7(*&,+T#U254�+-25=-=�.9=*EQ)G6e)G=F<dBTEQ)1LA(-%k=�#U)Q&7<
?�.5&�!')1Ed.5&�+-)D!$#h.9!:Nl2547%:<7K-6e) �  A " +-HQEG47%:<R+*.9=*&�$ > � %�LA(-%�+-HG<�)G476@%:=*)�.dX5.9=F<�!$#U254�+-25=-=�.9=*EQ)G6e)G=F<�!')Q&=��R(*+-&,&�(-4i!')Q&�LA(*)G!'&�%:!TX5.�0$.9!:!'25%:4�4�)GXl)G=-%:4 Y

Z .�6eHG<7K*2F+-)^.QXl)QE84�)G<�25(-4�b�.94747%'�G4�)C.C!$#h.QXO.9=A<;.9Nl)>+-)e?�25(-Xl25%:4�+M%��THG4�)G=*EG%')G4_+-)Q&�25?�HG4;.9<7%'25=*&�LF(-%=�#h.QXO.9%')G=A<�?�.5&�?-(�!$#UjG<74�)@?�.94�!$# K*)G(-47%'&7<7%'LF(*)@NO!'25(-<�25=-=*)aEd.941)G!:!')Q&D.QXO.9%')G=A<�+-)Q&RX5.9!')G(-4�&�Xl25%'&�%:=*)Q&D+-)
0325=*EG<7%'25=�+-)�EQ2
�-< Yd� 25(-4�EQ)G<7<�)�6eHG<7K*2F+-)OB�)G!:!')Q&�25=F<�<�25(5�725(-4�&�6ejG6e)�XO.9!')G(-4k+-)�0325=*EG<7%'25=D+-)�EQ2
�-<k68.9%'&EQ),LF(-%�E�K�.9=-Nl)OB�EO#U)Q&7<p!/.1!'25=-NO(*)G(-4i+M(aE�K*)G6@%:=CEG47%:<7%'LF(*)�LF(�#U)G!:!')Q&�)G=-Nl)G=*+M4�)G=A< Y  �%:=*&7%$Bl!/.10}25=*EG<7%'25=^+-)EQ2
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?i3
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/1032 46587:9<;>=?7@=BADCE5>FG7@5>H@H:9>H@IJ=LK�=�H<MNIJ5>H@7:OPMGOQ5>H@H:R
SUTWVUXYV[Z]\Y^ 1 ZQV[Z]XYV`_[a ^ \Ybdc 1fe bgahTi_[ahTWZjbgZ e V l �lk T knm V mpo Tqa m XYahTYT 1 TW_[V ^ VnT e _[ahTWXrb e bgahTYT ktsru a oYm

_[V-s 1 b m VtvhahT@bdT ejm awX o b eJo TWV]TWa oYx VncdcgVp_nc 1 ZQZQVzyz{8{|X~}�ah\ knm�1fe bgahTWZ�X 1 TWZJcgVp_[� oYm XYV ��� TW�1���~v 1 \Y\�Vnc k V
?Q�H.�Ah�������H.1.#2�����2 v�\�a oYm Z o \Y\�a mje V m cE}�a m XYahTYT 1 TW_[Vn��VnT e _[ahTWXrb e bgahTYT kts y]V eje V�_nc 1 Z�ZQVqTWVi_[a mjm V[Zj\�ahTWX
\ 1 Z�v�_[ahT ejm�1 b m Vn��VnT e@� c 1 _nc 1 ZQZQV�� u �L�U���z�P�`�@v ��o TWV�ah\ knm�1fe bgahT x bgZjbd�YcgV@\ 1fm cE} oYe bdcdbgZ 1fe V oYm X 1 TWZ
cE} bdT e V mP�y1 _[V � m�1 \Y^Yb 2¡o V s y¢^ 1	2¡o V _[ahTWXrb e bgahTYTWVncdcgV£\GatZQZ�¤[XYV o TWV mQk���knm VnTW_[V �¥o T6\�a mje

p
XYV ZQa mje bgV

��a�ahc k VnT¦XYV1_[ahTWXrb e bgahTYTWVn��VnT e vWV e XYV o �§� m�1 TW_Q^WV[Z>X~}�a m XYahTYT 1 TW_[Vn��VnT e Z k!2�o VnT e bgVnc¨V��Y_nc o Zjb x V[Z�v o TWV
\�a oYm cgV[Z8ah\ knm�1fe bgahTWZ©_[ahTWXrb e bgahTYT k V[Zª\ 1fm

p
V e XYahT e cgV«\�a mje X~} 1 _ e b x�1fe bgahT �§o TWV@\�ahc 1fm b eQk�k � 1 cgV �

� ¬ m V[ZQ\ s®­l¯ v�Xrb e V±°�²j³ .B?�´!2Dµ ¬ �Gawahc k VnT�XYV�_[ahTWXrb e bgahTYTWVn��VnT e�xwm�1 b ¯ v ¬ m V[Zj\ s °�²P³ .B?�´!2�¶ ¬ ��awahc k VnT�XYV
_[ahTWXrb e bgahTYTWVn��VnT e`�y1fo � ¯j¯�s

�`a o Z 1[x ahTWZ¦_ mQk[k±o TWV£TWa oYx VncdcgV·ZQa o Zj¸¹_nc 1 ZQZQV£XYV c 1 _nc 1 Z�ZQV±� u �L�<���z�j�`� 2�o b8_[ahT e bgVnT e cgV[Z
ah\ knm�1fe bgahTWZLXYVz_ 1 cg_ o cWV e XYV ejm�1 TWZ � V mje X o � m�1 \Y^WVzXYVpcE} 1 cd�la m b e ^Y��V s y]V eje VzTWa oYx VncdcgVz_nc 1 ZQZQVpZ�} 1 \Y\�VncdcgV
c 1 _nc 1 ZQZQV§� u>º yz�`�U� ¬ _ �Ps�» � oYm V¦¼ s � s � ¯�s y¢^ 1	2�o V§bdTWZ e�1 TW_[V§XYV�_[V eje Vq_nc 1 ZQZQV�V[Z e@o TWV�ah\ knm�1fe bgahT
Xrb e V ?Q� .BAh�������H.�.�2���� 2 v 2�o b�ZQV m�1 Z�a oYx VnT e TWa eQk V8\ 1fm c 1 Z o b e V8XYV8� 1 TYbg¤ m V 1 � mQk � k V ?Q�H.BA�½ s

¾�¿fÀhÁf¾¡ÂtÃ

¾¡¿�ÄDÅÇÆ[ÈhÉÊ¾�Â

Áf¾¡ÂtËÌÈ ÅhÄ[È�ÆlÅfÃ Í�Í3Í¾�¿�Â�ÀhÁf¾¡Î
$&% '/)Ï¼ sdÐtsdÐ ,qÑ �hÒ 0H2�����2 ?n� ³ C C 2�ÓÕÔ�Öq×]Ó Ñ 9

�®a oYe V�ah\ knm�1fe bgahT¥_[ahTWXrb e bgahTYTWVncdcgV�V[Z e`o TWV«ah\ knm�1fe bgahT 2�o b®\�atZQZQ¤[XYV@XYV o � _Q^ 1 ��\WZªZ o \Y\Yc k ��VnTr¸
e�1 b m V[Z¨ØWÙ¡ÚrÛÇÜYÝhÜ¡Þ�ßràWv�XYV m TYbg¤ m V1ah\ knm�1fe bgahTqa m XYahTYT 1 TW_ k VªZ oYm c 1 � m�1 TW_Q^WV Ð V e Ù�ÚwÛÇÜYÝtárÚ¡ÙwÛlàYvwXYV m TYbg¤ m V
ah\ knm�1fe bgahT@a m XYahTYT 1 TW_ k V]Z oYm c 1 � m�1 TW_Q^WV ­rshâ }�ah\ knm�1fe bgahT�Ù�ÚwÛfÜrÝhÜ�Þ¡ßYà ¬ m V[Zj\ s Ù¡ÚrÛÇÜrÝláwÚ�ÙwÛtà ¯ V[Z e 1 _[_[V[ZP¸
Zjbd�YcgV:\ 1fm c 1 � kne ^WawXYV�ãtäwàtÜrÝ�Ù¡ÚwÛfÜ�åDælç ¬ m V[Zj\ s ãläwàhÜYÝ¡Ù�ÚwÛÇÜ�åQè�ç ¯�s y]V[Z1ah\ knm�1fe bgahTWZ1ZQahT e ��bgZQV[Z �8é a oYm
\ 1fm c 1 � kne ^WawXYVªêQÛtàhÜYÝ¡Ù�ÚwÛÇÜ�åPëYì¡Ù¡ÚtÞ�íÇÜràJî�ìhëYïhÞYÚhÜ�ítìhðGç¡v¢\Gahc 1fm b eQk£kne�1 T eik � 1 c �·o T ¬ m V[Zj\ s¢ñ�knm a ¯
Zjb<_t}�V[Z e Ù¡ÚrÛÇÜYÝhÜ¡Þ�ßrà ¬ m V[Zj\ s Ù�ÚwÛfÜrÝtárÚ¡ÙrÛtà ¯_2¡o b`V[Z e ��bgZ �¦é a oYm�s y¢^ 1	2¡o V ah\ knm�1fe bgahT mQk \GahTWX6\ 1fm
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1 bdcdcgV oYm Z 1fo � � kne ^Wa�XYV[ZÏãläwàtÜrÝhë�Þrà"!rÝwÛ�#�$Yà"%lßYÙ¡à&%Jå[ç�V e êjÛlàhÜrÝtë¡ÞYà'!rÝrÛ(#)$rà"%¡ßrÙ�à"%Jå3ìhëYïhÞrÚtÜ�ítìhðÏç 2�o b
\�V m ��V eje VnT epm V[Zj\�V[_ e b x Vn��VnT e X~}�ah� e VnTYb m V e XYVU_Q^ 1 TY�lV m cE}�ah\ knm�1fe bgahT 2�o b�\ mQk _[¤[XYV1X 1 TWZ¢cE}�a m XYahTYT 1 Tr¸
_[Vn��VnT e _[VncdcgV � c 1	2�o VncdcgV©Z�} 1 \Y\Ycdb 2�o V8c 1 � kne ^Wa�XYV s

â�1 X 1fe V©XYV » T 1fo ¸E\Yc o ZP¸ e+*he X~} o TWV:ah\ knm�1fe bgahT ?Q�H.BA¡½ V[Z eUk � 1 cgV � c 1 \Yc o Z<� m�1 TWXYVªXYV[Z>X 1fe V[Z`XYV
» T�XYV[Z>ah\ knm�1fe bgahTWZ`Ù�ÚwÛfÜrÝhÜ�Þ¡ßYà�V e Ù¡ÚrÛÇÜYÝtáwÚ�ÙwÛlà�XYV©_[V eje V ?��H.BA¡½ s
/10P/ , O+-/.@9>AQO+-Ï9pMÏOQ5<H 7@= ADCE5zF�7@5>H:H@9>H@I®=LK�=�HUM IJ5>H@7:OPMGOQ5>H@H:R

u a oYm cE} bdTWZ e�1 T e ahT 1 _Q^WahbgZjb�XYV@TWV x bgZ o�1 cdbgZQV m \�a oYm _Q^ 1	2�o V«ah\ knm�1fe bgahT·_[ahTWXrb e bgahTYTWVncdcgV 2�o } o TWV
XYV[Z`XYV o ��� m�1 TW_Q^WV[Z8V e \Yc o Z`\ mQk _nbgZ k ��VnT e _[VncdcgV@XYahT e c 1 X 1fe V@XYV » T£_[a mjm V[Zj\�ahTWX � c 1 X 1fe V:XYV » T
XYV8c 1 _[ahTWXrb e bgahTYTWVncdcgVtvG_[V 2¡o b m V x bgVnT e1�@x bgZ o�1 cdbgZQV m10 c 1 \Yc o ZzcgahTY� o V:XYV[Z>XYV o �§� m�1 TW_�^WV[Z32 s
/1054 687©=LK:9@A�=
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Graphe de l’algorithme Etape 1 Etape 2
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 : pointeur NULL

$&%('&)G¼ s+*rs ¼ ,<; ; 2 3>=G� 2
â�1 cdbgZ e VªXYV[ZUah\ knm�1fe bgahTWZ1a m XYahTYT 1 TW_ k V[Z1Z oYm _�^ 1	2¡o V m V[ZQZQa oYm _[V:XYV e � \�V8\ m aw_[V[ZQZQV oYm a o � k Xrb 1

V[Z e � k ��a m bgZ k Vq\ 1fm«o TWV¦_[ahTWXrb e bgahTYTWVncdcgV 1 _[_[V[ZQZQbd�YcgVq\ 1fm c 1 � kne ^WawXYV�ãläwàtÜrÝ¡ì'?�ðYàhÞ�å�ç sA@ ahb e _ ­ c 1
_[ahTWXrb e bgahTYTWVncdcgV@X o \ m a�_[V[ZQZ�V oYm<u�m aw_ s

, � e�1 \GV Ð Ø â }�ah\ knm�1fe bgahT
A
V[Z e bd��\Yc 1 T eQk VªX o _ *heQk XYV1c 1 \Gahc 1fm b eQk Ð XYV©_ ­ Ø

#hè
←
ãläwàhÜYÝ¡ì'?�ðràtÞ�å+BlÞrìC#�ç

êQÛtàtÜrÝ¡Ù�ÚwÛfÜ�å�#hè�î�æ�î�DGç
êQÛtàtÜrÝhë�Þrà"!rÝwÛ�#�$Yà"%lßYÙ¡à&%Jå3DÕî�E&F�G(G�ç

, � e�1 \GV1¼pØry mQk�1fe bgahT¦X~} o TWV1ah\ knm�1fe bgahT§_[ahTWXrb e bgahTYTWVncdcgV8_ Ð ¬ m Vn\ mQk ZQVnT eQk V8Z oYm c 1©» � oYm V<\ 1fm]o TWV
��aIH e V ¯�sWâ }�ah\ knm�1fe bgahT

C
V[Z e bd��\Yc 1 T eQk V:X o _ *heQk XYV8c 1 \�ahc 1fm b eQk�Ð XYV8_ Ð Ø
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êQÛtàtÜrÝ¡Ù�ÚwÛfÜ�å�#hè�î�æ�î #rælç
êQÛtàtÜrÝ¡Ù�ÚwÛfÜ�å�#ræ�î�æ�î���ç
êQÛtàtÜrÝhë�Þrà"!rÝwÛ�#�$Yà"%lßYÙ¡à&%Jå���î�E&F�G(G�ç

, � e�1 \GV * Ø â }�ah\ knm�1fe bgahT
E
V[Z e bd��\Yc 1 T eQk V:X o _ *heQk XYV©c 1 \Gahc 1fm b eQkª­ XYVª_ Ð Ø

êQÛtàtÜrÝ¡Ù�ÚwÛfÜ�å�#ræ�î�è�î��Ïç
êQÛtàtÜrÝhë�Þrà"!rÝwÛ�#�$Yà"%lßYÙ¡à&%Jå��Lî�E&F�G(G�ç

, � e�1 \GV	�>Ø â }�ah\ knm�1fe bgahT
D
V[Z e bd��\Yc 1 T eQk V:X o _ *heQk XYV1c 1 \�ahc 1fm b eQk�Ð XYV8_ Ð�1 \ m ¤[Z>cE}�ah\ knm�1fe bgahT

C
Ø

êQÛtàtÜrÝ¡Ù�ÚwÛfÜ�å�#ræ�î�æ�î�
Gç
êQÛtàtÜrÝhë�Þrà"!rÝwÛ�#�$Yà"%lßYÙ¡à&%Jå�
Õî��Wç

, � e�1 \GV�
pØ â }�ah\ knm�1fe bgahT
F
V[Z e bd��\Yc 1 T eQk V:X o _ *heQk XYV1c 1 \�ahc 1fm b eQk�Ð XYV©_ ­_1 \ m ¤[Z

c1
Ø

êQÛtàtÜrÝ¡Ù�ÚwÛfÜ�å�#hè�î�æ�î��Ïç
êQÛtàtÜrÝhë�Þrà"!rÝwÛ�#�$Yà"%lßYÙ¡à&%Jå��Lî #wælç

/10�� �?= .:F�O+-YMÏO���.@= ;>A�5 .©MG5>H:H@=
��������� �����! !"$#&%('�)+*-,.*0/1 32546%7"98�/:%(#& 32;,.*0��<>=5"(<?2�/9'.*@,�*@/1 325,�#&%A#� 32�2�*B)+*B2C%D,FEG8�2�*

 3HJIK"(<L%(#& 32

â } 1 cd�la m b e ^Y��Vtv 1 \Y\GVnc k�1 cd�la m b e ^Y��V«²j³(M �ONLP vY_[ahTWZjbgZ e V � _[ahTWZ ejmjo b m V1c 1 � m�1 TW_�^WV©XYV1_[ahTWXrb e bgahTYTWV�¸
��VnT e X~} o TWV©ah\ knm�1fe bgahT�VnT m Vn��ahT e�1 T e cE} 1fm ��a m V[ZQ_[VnTW_[V©XYVª_[ahTWXrb e bgahTYTWVn��VnT e`e a oYe VnTi� k ��a m bgZ 1 T e
cgV[Z`\Ga mje Z`X~} 1 _ e b x�1fe bgahT£\ 1fm cgV[Z 2�o VncgZ1ahT \�a oYmjm�1�m V[XYV[Z�_[VnTWX m V@VnT±Z o b x�1 T e c 1 �RQn��V:� m�1 TW_Q^WVtv~V e8�
m V e a oYm TWV m cgV©\Yc o Zz^ 1foYe \�a mje X~} 1 _ e b x	1fe bgahT£XYV8cE} 1fm ��a m V[ZQ_[VnTW_[V s�â�1�m Vn��ahT eQk V@X 1 TWZ>cE} 1fm ��a m V[ZQ_[VnTW_[V
� \ 1fmje b m X~} o TWV8ah\ knm�1fe bgahTiXYahTYT k V8V[Z e]o TYb 2�o V`\ 1fm _[ahTWZ ejmjo _ e bgahTiXYV1cE} 1fm ��a m V[ZQ_[VnTW_[VtvYVnT m V x	1 TW_�^WVtv
c 1 XYV[ZQ_[VnT e V1TWVUcE}�V[Z e \ 1 Z�v�_t}�V[Z e \�a oYm&2�o ahbÏcgV[Z]\�a mje Z]X~} 1 _ e b x�1fe bgahT m VnTW_[ahT ejmQk Z>X 1 TWZ]c 1 ��ahT eQk V1ZQahT e
� 1fm&2�oWk Z>\�a oYm \Ga oYx ahb m>m V[XYV[Z�_[VnTWX m V©\ 1fm c 1 �RQn��V8� m�1 TW_�^WVªV e[1feje VnbdTWX m V � TWa oYx V 1fo cE}�ah\ knm�1fe bgahT
knejo Xrb k V s�â V1\ m bdTW_nbd\GV©XYV©cE} 1 cd�la m b e ^Y��VªV[Z e bdcdc o Z ejmQk8» � oYm Vª¼ s � sTSrs

@ bzcE}�ah\ knm�1fe bgahT T¨}�V[Z e \ 1 Z�_[ahTWXrb e bgahTYT k VtvLZQahT \�a mje X~} 1 _ e b x	1fe bgahT T¨}�V[Z e \ 1 Z�_[ahTYTWV[_ eQk v�cE} 1 cd�laf¸
m b e ^Y��V m V e a oYm TWV�cgV@\�ahbdT e V oYm �`S â¨âÕs @ bJcE}�ah\ knm�1fe bgahT�V[Z e _[ahTWXrb e bgahTYT k V�\ 1fm1o T o TYb 2�o V«�Gawahc k VnT¨v
cE} 1 cd�la m b e ^Y��V m�1 _nbdTWV m V e a oYm TWV]cgV]\Ga mje X~} 1 _ e b x	1fe bgahT�XYV]cE}�ah\ knm�1fe bgahT stâ V]\ m bdTW_nbd\GVpXYV]_[V e 1 cd�la m b e ^Y��V
V[Z e XYahTYT k X 1 TWZ<c 1@e�1 �YcgVª¼ s � sdÐts

â }�ah� é V e>m V e a oYm T k \ 1fm cE} 1 cd�la m b e ^Y��V m�1 _nbdTWV©_[a mjm V[Zj\�ahTWX 1fo \Yc o Zz^ 1foYe \�a mje X~} 1 _ e b x�1fe bgahT¨vW_[a m ¸
m V[Zj\�ahTWX 1 T eÕ�Uo TWVpah\ knm�1fe bgahT�_[ahTWXrb e bgahTYT k Vtv¡XYV¢cE} 1fm ��a m V[ZQ_[VnTW_[V � c 1	2�o VncdcgV 1 \Y\ 1fmje bgVnT e cE}�ah\ knm�1fe bgahT s

� 1 TWZJc 1z» � oYm Vp¼ s � sTS vhahT:_�^WV m _Q^WV � _[ahTWZ ejmjo b m V]c 1 � m�1 TW_�^WV]XYV]_[ahTWXrb e bgahTYTWVn��VnT e XYVÕcE}�ah\ knm�1fe bgahT
� s �UT�\ 1fmje XYVp�·V e ahT«bdTYb e b 1 cdbgZQV>Z�ahT@\�a mje Z o b x�1 T eÕ� �`S â¨â ¬ uzº @-U �US â¨â®¯ V e ahT m Vn��ahT e V � ZQahT
o TYb 2�o V©\ mQk X k _[V[ZQZQV oYm XYVª_[ahTWXrb e bgahTYTWVn��VnT e � ¬ uzº>uVU � ¯�s S<TWV � ahbgZ 1fmjm b xlk:� �«vWcgVª_Q^ 1 ��\ uzº @
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VXW�YXZÏ¼ s � sTS�[ ×��7N�\n� ² Ò M �����7N�]9P©� ³¦°�²j³ N M ´1P^]9P M �7N_]h�������ANKNLPA`0P N��a]cb Ò9NLP@� =ed ²P³ �����7N
� TYb e b 1 cdbgZ 1fe bgahT�X o ëYìhÞ¡ÜYÝ #tìhß¡ÞYÚhð�Ü 1[x V[_ªcgV1\Ga mje X~} 1 _ e b x�1fe bgahT�XYV8cE}�ah\ knm�1fe bgahT
� TYb e b 1 cdbgZ 1fe bgahT�X o _�^ 1 ��\iërìtÞ¡ÜrÝrÛÇßÏí�!rÚtð¡Ü§X o ërìtÞ¡ÜrÝC#hìtß¡ÞrÚtð¡Ü � �US â¨â
f Útð¡Ü�ghßrà©cgV>ëYìhÞ�ÜrÝ"%rà¡ÝrÛtìhÞ�Ü�ítà 1fo�2�o VncÏV[Z e _[ahTYTWV[_ eQk cgV<ëYìhÞ¡ÜYÝ #tìhß¡ÞYÚhð�Ü@V[Z e Xrb!h knm VnT e
XYV8�`S â¨â
� i bgZQV �Ué a oYm X o ërìhÞ�ÜrÝtë¡ÞrïC#hï&%wàhð�Ü 1�x V[_8cgV1\Ga mje X~} 1 _ e b x�1fe bgahT 1 \Y\ 1fmje VnT 1 T e1�cE}�ah\ knm�1fe bgahT 2�o b~\GatZ�ZQ¤[XYV8_[V1ërìtÞ¡ÜrÝ&%wà�ÝwÛtìtÞ¡ÜÏíhà
� i bgZQV � é a oYm X o _�^ 1 ��\!ërìtÞ¡ÜrÝrÛÇßÏí�!rÚtð¡Ü X o ëYìhÞ¡ÜYÝhë�Þrï #tï"%ràhð¡Ü 1[x V[_ cgV

ëYìhÞ¡ÜYÝ #tìhß¡ÞYÚhð�Ü
� i bgZQV �`é a oYm X o ërìtÞ¡ÜrÝC#hìtß¡ÞrÚtð¡Ü 1[x V[_©cgV1ëYìhÞ�ÜrÝhë�ÞrïC#hï"%ràhð�Ü
�WíÇð(%rà f Útð¡Ü�ghßrà
�<V e a oYm TWV m cgV8_Q^ 1 ��\�ëYìhÞ�ÜrÝwÛfß�í)!rÚhð�Ü�X o ëYìhÞ¡ÜYÝ #tìhß¡ÞYÚhð�Ü s

jlknmnZ�¼ s � sdÐ�[po �rql� ² ����´-`0P�]$P M �7N�\n� ² Ò M �����7N�]9P8� ³�°�²j³ N M ´1P�]9P M �7N�]h�������7NKN PA`0P N��s]cb Ò:NLP©� =ed ²P³ �����7N
XYVz� V[Z e ��bgZ � �>vl_[V[_nbY\�a oYm \�a oYx ahb mLm V[XYV[ZQ_[VnTWX m V>V e-1 bdTWZjbWXYVzZ o b e V éÌo Z 2�o } � _[V 2�o V¢cE}�ahT TWVp\ o bgZQZQV
\Yc o Z m Vn��ahT e V m�s � V[Z e cE}�ah\ knm�1fe bgahTic 1 \Yc o Zz^ 1foYe V©X 1 TWZ>c 1 � m�1 TW_Q^WV:XYV8_[ahTWXrb e bgahTYTWVn��VnT e XYV8�>vW�
V[Z e cE}�ah\ knm�1fe bgahT·_[ahTWXrb e bgahTYT k V«c 1 \Yc o Z`^ 1foYe V«X 1 TWZ1cE} 1fm �Ga m V[Z�_[VnTW_[Vtv~V e XYahTW_@cgV@\Ga mje X~} 1 _ e b x�1fe bgahT
XYV©��_[ahTWZ e b ejo V8c 1@m�1 _nbdTWV:XYV8� s
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u c o Zp\ mQk _nbgZ k ��VnT e vrcE} 1 cd�la m b e ^Y��V©X~}�a m XYahTYT 1 TW_[Vn��VnT e _[ahTWXrb e bgahTYT k V[Z e X k _ m b e>� c 1:e�1 �YcgV8¼ s � s ¼ s
� TYb e b 1 cdbgZ 1fe bgahT XYV1c 1 ërì¡Ù�ÚhÞÏíDÜrï �qÐ
� TYb e b 1 cdbgZ 1fe bgahT XYV1c 1 #hìhð�%WíÇÜ�íhìtð¡ðYà¡Ù¡Ù�à¡ÝC#hìhß�ÞrÚtð¡Ürà 1[x V[_©c 1 _[ahTWXrb e bgahTYTWVncdcgV@XYV1cE}�ah\ knm�1fe V oYm
y]ahTWZ ejmjo _ e bgahT£XYV8c 1 � m�1 TW_Q^WV:X~} 1 _ e b x	1fe bgahT � c 1	2¡o VncdcgV 1 \Y\ 1fmje bgVnT e cE}�ah\ knm�1fe bgahT ¬ _ �jsYe�1 �YcgVª¼ s � sdÐD¯
� TYb e b 1 cdbgZ 1fe bgahT X o ëYìhÞ�ÜrÝ¡ÚC#DÜÏíhÝ #tìhß�ÞrÚhð�Ü 1�x V[_©cgV1\Yc o Zz^ 1foYe \�a mje X~} 1 _ e b x�1fe bgahT�XYV8c 1 � m�1 TW_�^WV
f Úhð¡Ü�ghßYà�cgV©ërìtÞ¡ÜYÝ¡Ú #ÇÜ�ítÝ #hìtß¡ÞYÚhð¡Ü¦V[Z e TWahT£�`S â¨â ¬ _t}�V[Z e ¸ � ¸¹Xrb m V e�1 T e62¡o V:cE}�VnTWZQVn�ª�YcgV«XYV[ZU\Ga mje Z`X~} 1 _�¸
e b x�1fe bgahT�_[ah��\�atZ 1 T e c 1 � m�1 TW_Q^WVªX~} 1 _ e b x�1fe bgahT�T¨} 1 \ 1 Z kneQk V�� 1 ��bdT kD¯
�

@ ahb e ìhë¡ð c 1 XYV m TYbg¤ m V ah\ knm�1fe bgahT!a m XYahTYT 1 TW_ k V X o _ *heQk XYV	c 1 ërì�Ù¡ÚtÞ�íDÜYïBX 1 TWZ c 1
#hìhð�%WíÇÜ�íhìtð¡ðYà¡Ù¡Ù�à¡ÝC#hìhß�ÞrÚtð¡Ürà

� � í«ìtë¡ð§V[Z e �US â¨â �hÒ
� í«ìtë¡ð�T¨}�V[Z e \ 1 Z o TWV©_[ahTWXrb e bgahTYTWVncdcgV �hÒ
� í@ìtë¡ð�V[Z epo TWV1_[ahTWXrb e bgahTYTWVncdcgV8� 1 bgZ 2¡o V1ZQahTq\�a mje XYV1_[ahTWXrb e bgahTYTWVn��VnT e V[Z e Xrb!h knm VnT e X o\Ga mje XYV©Z�a mje bgV 1fo�2¡o Vnc¨V[Z e _[ahTYTWV[_ eQk cgV8ëYìhÞ¡ÜYÝ¡ÚC#DÜ�ítÝ #tìhß¡ÞYÚhð�ÜÏv�Ú¡Ù�ìhÞ�Û
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�
â�1 #hìtð(%�íDÜ�ítìhð�ðrà¡Ù�Ù¡à�Ý #hìtß¡ÞYÚhð¡ÜYà�XYV x bgVnT e ìtë¡ð

�
â�1 ërì�Ù¡ÚtÞ�íDÜYï�XYV x bgVnT e _[VncdcgVªX o ërìtÞ¡ÜrÝ�Ú #ÇÜ�íhÝC#hìtß¡ÞrÚtð¡Ü

�
â V�ëYìhÞ¡ÜYÝ¡ÚC#DÜ�ítÝ #tìhß¡ÞYÚhð�Ü XYV x bgVnT e cgV \Ga mje X~} 1 _ e b x	1fe bgahT
Z o b x	1 T e X 1 TWZªcE} 1fm �Ga m V[ZQ_[VnTW_[V§XYV
_[ahTWXrb e bgahTYTWVn��VnT e

��íDð(%rà f Úhð¡Ü�ghßYà
� é a oYe XYV1cE}�ah\ knm�1fe bgahT knejo Xrb k V©X 1 TWZzc 1 #tìhð(%�íDÜÏíhìhð�ðrà�Ù¡Ù¡à�Ý #tìhß¡ÞYÚhð�Ürà«X o _ *heQk XYV1c 1 ërì�Ù¡ÚhÞÏíDÜYï
y mQk�1fe bgahT£XYV[Z>ah\ knm�1fe bgahTWZUXYV ejm�1 TWZ � V mje XYV8cE}�ah\ knm�1fe bgahT knejo Xrb k V x V m Z>Z�V[Zz\ mQk X k _[V[ZQZQV oYm Z
� T x�1 cdbgX 1fe bgahT XYV[Z>X 1fe V[ZUXYV[Z>Z o _[_[V[ZQZ�V oYm Z>XYV8cE}�ah\ knm�1fe bgahT knejo Xrb k V
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â } 1 cd�la m b e ^Y��V@XYV8X k ZQa m XYahTYT 1 TW_[Vn��VnT e _[ahTWXrb e bgahTYT k V[Z e X k _ m b eU� c 1@e�1 �YcgV:¼ s � sTSrs
� TYb e b 1 cdbgZ 1fe bgahT XYV1c 1 ërì¡Ù�ÚhÞÏíDÜrï �qÐ
� í:cE}ÊìtërïhÞYÚhÜÏíhìhðYÝ¡ïtÜ¡ß(%�íhï�à�V[Z e _[ahTWXrb e bgahTYT k V«Ú¡Ù¡ìtÞWÛ
� GH��$"�\JYLN
��������5��� ;�<!R�A�=DC->�SX�-���	�Y��� ;�<!R�A�=DC->�S ���%� � 
�)*�#�+��
"��
��� TYb e b 1 cdbgZ 1fe bgahT XYV1c 1 #hìhð�%��PÝ #hìtß¡ÞYÚhð¡ÜYà 1�x V[_8c 1 _[ahTWX sÏ� c 1	2�o VncdcgV 1 \Y\ 1fmje bgVnT e ìhëYïhÞrÚtÜ�ítìhðrÝ�ïhÜ�ß(%Wítï¡à
@�o \Y\ m V[ZQZQbgahT XYV[Z>ah\ knm�1fe bgahTWZ<XYV ejm�1 TWZ � V mje[1fmjm b x�1 T e Z oYm ìhëYïhÞrÚtÜ�ítìhðrÝ�ïhÜ�ß(%Wítï¡à
� TYb e b 1 cdbgZ 1fe bgahT XYVªìtërïtÞrÚhÜÏíhìtðrÝhë�ÞrïC#hï"%rÚhð�ÜrÝ¡ìtërïtÞrÚhÜÏíhìtðrÝ¡ïtÜ¡ß�%Wíhï�à � �`S â�â
� TYb e b 1 cdbgZ 1fe bgahT XYV
ìhërïtÞrÚtÜ�íhìtðrÝC#hìhß�ÞrÚtð¡Ürà 1[x V[_�c 1 XYV m TYbg¤ m V·ah\ knm�1fe bgahT a m XYahTYT 1 TW_ k V
X o _ *heQk XYV¥c 1
ëYì¡Ù¡ÚtÞ�íÇÜrï�Z oYm c 1 #hìtð(%��PÝ #tìhß¡ÞYÚhð�Ürà
f Úhð¡Ü�ghßYà ìhëYïhÞYÚhÜ�ítìhðYÝ #hìtß¡ÞYÚhð¡ÜYà�V[Z e Xrb!h knm VnT e V:XYV:ìhëYïhÞYÚhÜ�ítìhðYÝ¡ïhÜ�ß(%�íhï¡à
� GH��$"�\JYLN
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� C9F�a!b���C

��íDð(%rà � í
i bgZQV � �`S â�â X o _Q^ 1 ��\£_[ahTWXrb e bgahTYTWVncdcgV©\ m ah\ m b kne�1 b m V:XYV:ìhëYïhÞrÚtÜ�ítìhðrÝ�ïhÜ�ß(%Wítï¡à
i bgZQV � �`S â�â X o _Q^ 1 ��\£ah\ knm�1fe bgahT�\ mQk _ k XYVnT e VªXYV@ìhërïtÞrÚtÜ�íhìtðrÝ�ïhÜ¡ß�%Wítï¡à
i bgZQV � �`S â�â X o _Q^ 1 ��\ \ m a�_[V[Z�ZQV oYm XYV:ìhëYïhÞYÚhÜ�ítìhðYÝ¡ïhÜ�ß(%�íhï¡à� T x�1 cdbgX 1fe bgahT XYV[Z>X 1fe V[ZUXYVªìhëYïhÞrÚtÜ�ítìhðrÝ�ïhÜ�ß(%Wítï¡à
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â } ^WV oYm bgZ e b 2¡o V:XYV x ahbgZjbdT 1 �lV 1�x V[_ m V e a oYm ¸ 1fmjm bg¤ m V:_[ahTWZjbgZ e VtvW_[ah����V:ahTicE} 1«xwo�1fo _Q^ 1 \Yb ejm V:Z oYm
cE}�ah\ e bd��bgZ 1fe bgahT·XYV@c 1 c 1fe VnTW_[Vtv � _[ahTWZ ejmjo b m V o TWV@ZQahc oYe bgahT±bdTYb e b 1 cgV�VnT£TWa e�1 T eª� _Q^ 1	2�o V kne�1 \GV«XYV
cE} ^WV oYm bgZ e b 2�o VpcgV[Z�_ 1 TWXrbgX 1fe Z k!2�o b x	1 cgVnT e Z�vh\ o bgZ �Um V x VnTYb m Z oYm _Q^ 1 _ o T�XYVp_[V[Z�_ 1 TWXrbgX 1fe Z k!2�o b x	1 cgVnT e Z
V e`� _[ahTWZ ejmjo b m V o TWV:TWa oYx VncdcgV©bd��\Yc 1 T e�1fe bgahT s~â�1�e�1 �YcgV«¼ s 
 s ��X kne�1 bdcdcgV:cE} 1 cd�la m b e ^Y��V 2¡o bJ_[ahTWZ ejmjo b e
c 1 cdbgZ e V:XYV[Z`ah\ knm�1fe bgahTWZ 2�o b�T¨}�ahT e \ 1 ZU\ o Q ejm V@X k \ 1fmje�1 � k V[Z1\ 1fm c 1 \ m V[ZQZjbgahT£X~}�a m XYahTYT 1 TW_[Vn��VnT e
�@o TWV kne�1 \�V©XYahTYT k V©XYV8cE} ^WV oYm bgZ e b 2¡o V8�tcga oYe ahTYTWV s

� TYb e b 1 cdbgZ 1fe bgahT XYV
ε
2¡o b x�1 X kne V m ��bdTWV m c 1@e�1 bdcdcgVªX oix ahbgZjbdT 1 �lV

� TYb e b 1 cdbgZ 1fe bgahT XYV1c 1 cdbgZ e VªÙrí¡ÛÇÜrà�Ý¡à�� XYV[Z>_ 1 TWXrbgX 1fe Z k!2¡o b x�1 cgVnT e Z 1[x V[_8c 1 cdbgZ e V x bgXYV
� TYb e b 1 cdbgZ 1fe bgahT XYV1c 1 \ m V[ZQZjbgahTiX~}�a m XYahTYT 1 TW_[Vn��VnT e � 1 �rbd� 1 cgV � BrÝ���Ú�� � −∞�UV[Z ejm bg_ e bgahT�XYV8cE}�VnTWZQVn�:�YcgVªXYV[Z>_ 1 TWXrbgX 1fe ZUVnT oYe bdcdbgZ 1 T e c 1«m ¤n�tcgV©XYahTYT k V8\ 1 �lV Ð St­
Brìhß¡Þ e a o ZzcgV[Z>_ 1 TWXrbgX 1fe ZUX o ZQa o ZP¸¹VnTWZ�Vn�ª�YcgV
� �,�6�I� ���V�!�5�I�2)����	$�$&��
��Z��� 
��+�!
����8�6���#�#/0�#�3
.� 
���������
�� ����@�B�=3>
� ��C ����@�B�=?> > ����@��DA�� A!R�<�=! 

♦ ����@"�DA����!�#�?���#�3
�����@�B�=?>
�

� C9F$#�b���C��íDð$
Yà"Brìhß¡Þ
Brìhß¡Þ e a o ZzcgV[Z>_ 1 TWXrbgX 1fe ZUX o ZQa o ZP¸¹VnTWZ�Vn�ª�YcgV
� ��C | ����@�B�=3> − ����@��DA%� | < ε A!R3<�=& 

♦ ]^LN
��!
��!�H�#�����!�I����
��#
����+�6�3
.J_R�C' �>�b!@�b'(
�

� C9F$#�b���C��íDð$
Yà"Brìhß¡Þ
�UV e a oYm TWV m Ùrí¡ÛÇÜYà¡Ý¡à��

jsknm Z�¼ s 
 s � [ o �rql� ² ����´1`RP ]$P ² P M ´1P ²�M ´1P�]$PE\ MQ³ N_]h��] ³ � \ d*)nÒw�,+ ³ ��P N�� \
â } ^WV oYm bgZ e b 2¡o V§�tcga oYe ahTYTWV 1foYm�1 b e Zjbd��\YcgVn��VnT e�m V e a oYm T k cgV�\ m Vn��bgV m _ 1 TWXrbgX 1fe«m VnTW_[ahT ejmQk�2�o b

1 b e>o TWV1\ m V[ZQZQbgahT k � 1 cgV � c 1 \ m V[ZQZQbgahT¦� 1 �wbd� 1 cgV � BwÝ'�WÚ$� s
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y]V eje V e ^W¤[ZQVqZQV�Zjb ejo VqX 1 TWZ:cgV§_ 1 X m VqXYV[Z m V[_Q^WV m _�^WV[Z���VnT k V[Z«\ 1fm cE} k!2�o bd\�V§�`�`� X o \ m a é V e
@ atZQZQa�XYV�cE}��Ì�`�<�Ì�>¸¹�Ua�_ 2�o VnTW_[a oYmje Z oYm cgV[Z � kne ^WawXYV[ZqX~}��zX k!2¡o�1fe bgahT��Ucd�la m b e ^Y��V±� m _�^Yb e V[_ ejoYm V
\�a oYm cgV[Z`Z � Z e ¤n��V[Z e Vn��\WZ mQk VncJXrbgZ ejm bd� oWk Z`Vn�ª� 1fm&2�oWk Z s �Ua ejm V ejm�1[x�1 bdcJXYV e ^W¤[ZQVªZD} bdTWZQ_ m b e X 1 TWZ o T
_[ahT e V�� e V¦Z�} kne VnTWX 1 T e XYV c 1 Zj\ k _nb » _ 1fe bgahT XYV[Z�Z � Z e ¤n��V[Z@XrbgZ ejm bd� oWk Z e Vn��\WZ mQk Vnc � c 1 � k T knm�1fe bgahT
_[a mjm V[Zj\�ahTWX 1 T e V1XYV[ZÕV�� k _ oYe b � Z¢XrbgZ ejm bd� oWk Z e Vn��\WZ mQk Vnc s¡â V[Z]ah� é V[_ e b � ZÕXYVU_[V eje V e ^W¤[ZQV kne�1 bgVnT e X~} o TWV
\ 1fmje c 1:� a m � 1 cdbgZ 1fe bgahT V e X~} 1foYejm Vª\ 1fmje cE}�ah\ e bd��bgZ 1fe bgahT£XYV8_[V[Z>Z � Z e ¤n��V[Z s

�`a o Z 1�x ahTWZ e a oYe X~} 1 ��a m Xi��awX k cdbgZ k©» TWVn��VnT e1� c 1«� ahbgZ<cE} 1 cd�la m b e ^Y��VtvGcE} 1fm _�^Yb e V[_ ejoYm V@V e cE}�VnTr¸
ZQVn�:�YcgViXYV[Z�bd��\Yc 1 T e�1fe bgahTWZ x�1 cdbgXYV[Z�XYVqcE} 1 cd�la m b e ^Y��V�Z oYm cE} 1fm _�^Yb e V[_ ejoYm V s¢â�1 _ 1fm�1 _ eQknm bgZ 1fe bgahT|X o
� m�1 \Y^WViXYVqcE} 1 cd�la m b e ^Y��V�bd��\Yc 1 T eQk VnT oYe bdcdbgZ 1 T e cgV[Z�_ 1fm�1 _ eQknm bgZ e b 2¡o V[Z§XYVqcE} 1fm _Q^Yb e V[_ ejoYm Vtv¢TWa o Z 1
\�V m ��bgZ�v � cE} 1 bgXYV¦X~} ^WV oYm bgZ e b 2�o V[Z�X~}�ah\ e bd��bgZ 1fe bgahT¨vLXYV§_Q^WahbgZQb m v�\ 1fm ��bzcgV[Z:bd��\Yc 1 T e�1fe bgahTWZ x�1 cdbgXYV[Z�v
o TWV�bd��\Yc 1 T e�1fe bgahT ah\ e bd��bgZ k V xlknm b »�1 T e c 1 _[ahT ejm�1 bdT e V e Vn��\WZ mQk Vnc¢XYV�TWa ejm V�Z � Z e ¤n��V s y]V eje V bd�«¸
\Yc 1 T e�1fe bgahTiah\ e bd��bgZ k V x�1 Q ejm VUVnTWZ o b e V oYe bdcdbgZ k V`_[ah����V`� 1 ZQVU\Ga oYm c 1 � k T knm�1fe bgahT 1foYe ah� 1fe b 2�o V8XYV
_[awXYV s�� bgVnT 2�o V>TWa o Z¢TWV ejm�1 b e bgahTWZ]\ 1 Z]_[V[Z 1 Zj\�V[_ e ZÕX 1 TWZ]_[V eje V e ^W¤[ZQVtvlbdcGV[Z eL�y1 _nbdcgV<XYVU_[ah��\ m VnTWX m V
2�o Vtv¨\Yc o Z:c 1 XYV[ZQ_ m bd\ e bgahT XYV�cE} bd��\Yc 1 T e�1fe bgahT V[Z e©» TWVtv�_t}�V[Z e ¸ � ¸¹Xrb m V \ m aw_Q^WV§X o _[awXYV V�� k _ oYe�1 �YcgVtv
\Yc o Zzbdc�Z�V m�1 Zjbd��\YcgV©XYV1� k T knm V m _[V8_[awXYV s

�`a o Z 1 cdcgahTWZ m Vn\ m VnTWX m VUcgV[Z ejm ahbgZ¢\ 1fmje bgV[Z¢XYV<c 18e ^W¤[ZQVUVnT�bdTWXrb 2�o�1 T e cgV[Z¢\ m bdTW_nbd\ 1fo � 1 \Y\Ga mje Z]XYV
_Q^ 1 _ o TWV:X~}�VncdcgV[Z<V e cgV[Zz\�V m Zj\�V[_ e b x V[Z 1 ZQZ�a�_nb k V[Z�� �A��v SAS��¹s

� 587:R�AQO -�9pMÏO�5>H
� "9#�2�/ #�H�<?8�� < H5HJ !"A%(4

u a oYm¢oYe bdcdbgZ�V m 1fo ��bgV o ��cgV<\ 1fm�1 cdc k cdbgZj��V`XrbgZj\�ahTYbd�YcgV<XYV[Z 1fm _Q^Yb e V[_ ejoYm V[Zp� o c e bd\ m a�_[V[ZQZ�V oYm v�bdcGV[Z e
bdT eQknm V[Z�Z 1 T e XYVq�YbgVnT cgV¦X k _ m b m V sLu a oYm _[V � 1 b m Vtv�TWa o Z 1[x ahTWZ�_�^WahbgZjb o T ��awXY¤ncgV¦XYV¦� m�1 \Y^WVqTWahT
a m bgVnT eQkts �`a o Z 1�x ahTWZ¢X k _ m b e cE} 1fm _Q^Yb e V[_ ejoYm V8_[ah����V o T§^ � \GV m � m�1 \Y^WVUTWahT§a m bgVnT eQk a��§cgV[Z]ZQah����V e Z
ZQahT e cgV[Z o TYb eQk ZzXYV1_ 1 cg_ o c~V e XYV1_[ah��� o TYbg_ 1fe bgahT¨vWV e cgV[Z 1fm Q e V[ZzZQahT e cgV[Z]cdb 1 bgZQahTWZzVnT ejm V8_[V[Z o TYb eQk Z s
�`a o Z 1[x ahTWZ���awX k cdbgZ k cgV[Z«cdb 1 bgZQahTWZ�VnT ejm V o TYb eQk Z�XYV¦_[ah��� o TYbg_ 1fe bgahT XYVq\ m a�_[V[ZQZ�V oYm Z�Xrb!h knm VnT e Z
_[ah����V kne�1 T e XYV[Zzcdb 1 bgZQahTWZ @ � i 1[��1 T e<o TWV©_ 1 \ 1 _nb eQk©» TYbgV s

� c¡V[Z e bdT eQknm V[ZQZ 1 T e X~} oYe bdcdbgZ�V m®o T:��a�XY¤ncgV¢XYVL� m�1 \Y^WV]a m bgVnT eQk \Ga oYm X k _ m b m VLcgVL\ 1fm�1 cdc k cdbgZQ��VÕ\�a e VnTr¸
e bgVnc~V e cgV[ZzX k \GVnTWX 1 TW_[V[Z<XYV`XYahTYT k V[Z<VnT ejm V1cgV[Zzah\ knm�1fe bgahTWZzZQah����V e Z>X o � m�1 \Y^WV s �UTiX k�» TYb ec1 bdTWZjb
o T·a m X m V«\ 1fmje bgVncLX~}�V�� k _ oYe bgahT�Z oYm _[V[Z8ah\ knm�1fe bgahTWZ s �`V«\Yc o ZDvÏTWa o Z 1[x ahTWZ8\ m bgZ1\Yc oYe+*he©o T±^ � \�V m ¸
� m�1 \Y^WVtvW_[V 2�o b~\GV m ��V e XYV1��a�X k cdbgZQV m c 1 Xrb!h o ZjbgahT XYV8XYahTYT k V[Z s y]V e ^ � \�V m � m�1 \Y^WVªV[Z e bdT » TYbd��VnT e
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b eQknmQk V e _[ahTWXrb e bgahTYT k \�a oYm \ m VnTWX m VqVnT�_[ah��\ e V§cgV[Z 1 Zj\GV[_ e Z mQk�1 _ e b � Z e Vn��\WZ mQk VncpV e cE}�V�� k _ oYe bgahT
V��Y_nc o Zjb x V©XYV8_[V mje�1 bdTWV[Z<ah\ knm�1fe bgahTWZ<X o � m�1 \Y^WV s

� cLV[Z e bdT eQknm V[ZQZ 1 T e XYV«��awX k cdbgZQV m cE} bd��\Yc 1 T e�1fe bgahT k � 1 cgVn��VnT e \ 1fm8o T¥� m�1 \Y^WV�a m bgVnT eQk � \ 1fmje b m
XYV[ZL� m�1 \Y^WV[ZpX~} 1 cd�la m b e ^Y��V`V e X~} 1fm _�^Yb e V[_ ejoYm V s �`a o Z¢\ m ah\GatZQahTWZ o T ��awXY¤ncgV m Vnc 1fe bgahTYTWVnc 2�o b�X k _ m b e
cE}�VnTWZQVn�:�YcgVzXYV[Z®bd��\Yc 1 T e�1fe bgahTWZ x�1 cdbgXYV[Z 1 ZQZQaw_nb k V[Z �Uo T«_[a o \YcgV ¬ 1 cd�la m b e ^Y��Vtv 1fm _Q^Yb e V[_ ejoYm V ¯�s y]V¢��af¸
XY¤ncgV>V[Z e cgV mQk Z o c e�1fe XYV>c 1 _[ah��\GatZQb e bgahT XYV ejm ahbgZ m Vnc 1fe bgahTWZ]Z oYm XYV[ZÕ� m�1 \Y^WV[ZÕXYV e � \�V[ZÕXrb!h knm VnT e Z�ØlcgV
m a oYe�1 �lVtvwc 1 XrbgZ ejm bd� oYe bgahTqV e cE}�a m XYahTYT 1 TW_[Vn��VnT e�s�â V[Zp_[ah��� o TYbg_ 1fe bgahTWZzbdT e V m ¸E\ m a�_[V[ZQZ�V oYm ZQahT e XrbgZP¸
ejm bd� oWk V[ZzV e]m a oYeQk V[ZzZ oYm cgV[Z]cdb 1 bgZQahTWZ]bdT e V m ¸E\ m a�_[V[ZQZ�V oYm � m�� _[V � cE} 1Çé a oYeP1fo � m�1 \Y^WV1XYV`cE} 1 cd�la m b e ^Y��V
X~}�ah\ knm�1fe bgahTWZ¢XYV ejm�1 TWZ � V mje02¡o b x ahT e Q ejm VUa m XYahTYT 1 TW_ k V[Z]Z oYm cgV[ZL� k Xrb 1 ¬ VnTWZQVn�ª�YcgV`_[ah��\GatZ k X~} o TWV
cdb 1 bgZQahT¦V e XYV`Z�V[Z o TYb eQk ZzXYV`_[ah��� o TYbg_ 1fe bgahT 1 Z�ZQa�_nb k V[Z ¯ X o � m�1 \Y^WV1XYV<cE} 1fm _�^Yb e V[_ ejoYm V m a oYeQkts y¢^ 1 ¸
_ o TWVªXYV[ZUbd��\Yc 1 T e�1fe bgahTWZ x�1 cdbgXYV[Z<V[Z e<o T�^ � \�V m � m�1 \Y^WV@a m bgVnT eQk _[ahTWXrb e bgahTYT k vÏXYahT e cE}�a m X m V:\ 1fmje bgVnc
1 ZQZQaw_nb k bdTW_nc oYe cE}�a m X m V@\ 1fmje bgVnc�bdTYb e b 1 c�X o � m�1 \Y^WV«XYV@cE} 1 cd�la m b e ^Y��V s~u a oYm _Q^ 1	2�o V o TYb eQk XYV@_ 1 cg_ o c
XYV§_Q^ 1	2�o V�\ m aw_[V[ZQZQV oYm vJahT 1io TWV§Z k!2�o VnTW_[V�X~}�ah\ knm�1fe bgahTWZ�XYVq_ 1 cg_ o cEv�V e \�a oYm _�^ 1	2¡o V o TYb eQk XYV
_[ah��� o TYbg_ 1fe bgahT¨v®ahT 1�o TWV«Z k!2�o VnTW_[V:X~}�ah\ knm�1fe bgahTWZ©XYV@_[ah��� o TYbg_ 1fe bgahT s®â�1 � k T knm�1fe bgahT·XYV@_[awXYV
TWV§_[ahTWZjbgZ e V�\Yc o Z 1 cga m Z 2¡o } � Z � TW_Q^ m ahTYbgZQV m _[V[Z@Z k!2¡o VnTW_[V[Z � cE} 1 bgXYV�XYV§Z k � 1 \Y^Wa m V[Z sJu c o Z@\ mQk _nb ¸
Z k ��VnT e v~bdc�Z�} 1 �tb e X~} o TWV�\ 1fmje XYV�Z � TW_Q^ m ahTYbgZQV m c 1 Z k!2¡o VnTW_[V�XYV�_ 1 cg_ o cLX~} o T¥\ m aw_[V[ZQZQV oYm|1�x V[_�ZQV[Z
Z k!2�o VnTW_[V[Z�XYVq_[ah��� o TYbg_ 1fe bgahT¨v]V e X~} 1foYejm Vq\ 1fmje XYVqZ � TW_Q^ m ahTYbgZ�V m VnT ejm V¦VncdcgV[Z�cgV[Z�Z k!2�o VnTW_[V[Z�XYV
_[ah��� o TYbg_ 1fe bgahT±XYV8\ m aw_[V[ZQZQV oYm Z>Xrb!h knm VnT e Z s
� *K"$4 HJ*B/:%(#��C*B4

u a oYm Q ejm V«\Yc o Z mQk�1 cdbgZ e Vtv�cgV«��awXY¤ncgV�X~} 1fm _Q^Yb e V[_ ejoYm V�XYV x�m�1 b e Q ejm V kne VnTWX o \Ga oYm Z o \Y\�a mje V m VnT
\Yc o Z>XYV[Z<cdb 1 bgZQahTWZ @ � i vYXYV[Zzcdb 1 bgZ�ahTWZ<�<� i sy]V mje�1 bdTWV[Zz\ 1fmje bgV[ZzX o � m�1 \Y^WV8XYVUcE} 1 cd�la m b e ^Y��V8\�V oYx VnT e Q ejm V mQk \ kne b e b x V[Z ¬ cgV[ZpTYbgXYZzXYV`��a o _ncgV[Z
\ 1fm V��YVn��\YcgV ¯ vhbdcrZ�V m�1 b e XYahTW_pbdT eQknm V[ZQZ 1 T e XYV]cgV[Z � 1 _ e a m bgZ�V mÕ� c 1U� ahbgZ�\�a oYm ZQbd��\Ycdb » V m c 1 XYV[ZQ_ m bd\ e bgahT
\ 1fm cE} oYe bdcdbgZ 1fe V oYm v~V e8� c 1�� ahbgZU\�a oYm VnT£X k X o b m V«cgV[Z1ah\ e bd��bgZ 1fe bgahTWZ 1fo TYb x V 1fo XYV@c 1 XrbgZ ejm bd� oYe bgahT
V e XYV8cE}�a m XYahTYT 1 TW_[Vn��VnT e�s

�1VL\Yc o ZDvDcE} 1 cd�la m b e ^Y��VpV[Z e Z�a oYx VnT e X k _ m b e \ 1fm cgV[Z 1foYe ah� 1fe bg_nbgVnTWZ�_[ah����V o T:VnTWZ�Vn�ª�YcgVpX~} 1foYe af¸
� 1fe V[Z�v m Vn\ mQk Z�VnT eQk \ 1fmLo T�� m�1 \Y^WV���a e XYV>_[ahT ejm+* cgVtv 1 _ e b x	1 T e XYV[Z�cgahbgZLXYV<_[ah��� 1 TWXYV m Vn\ mQk ZQVnT eQk V[Z
\ 1fm XYV[Zp� m�1 \Y^WV[Z���a e XYV1XYahTYT k V[Z sWâ V[ZzZQah����V e Z>X o � m�1 \Y^WV©XYV1_[ahT ejm+* cgV©_[a mjm V[ZQ\GahTWXYVnT eA1fo �§Xrb � ¸
��knm VnT e Z kne�1fe Z�X o Z � Z e ¤n��V m Vn\ mQk ZQVnT e�1 T e _Q^ 1 _ o T o TWV§cgahbzXYVq_[ah��� 1 TWXYViXrb!h knm VnT e Vtv�V e cgV[Z 1fm _[Z
bdTWXrb 2�o VnT e ZQa o Z 2�o VncdcgV[Z<_[ahTWXrb e bgahTWZ o T£Z � Z e ¤n��V ejm�1 TWZjb e V:X~} o T kne�1fe8��o T 1foYejm V sÏâ�1 XrbgZ ejm bd� oYe bgahT
V e cE}�a m XYahTYT 1 TW_[Vn��VnT e X~} o T e Vnc 1 cd�la m b e ^Y��V8Z�}�VnT ejm a oYx V m�1 bgVnT ep� 1 _nbdcdb eQk ZpZ�} bdc kne�1 b e \GatZQZQbd�YcgVUXYV`X k�» ¸
TYb mLo TWV ejm�1 TWZ � a m � 1fe bgahTqXYVzc 1 \ 1fmje bgV���a e XYV>_[ahT ejm+* cgVUVnT o T�� m�1 \Y^WV���a e XYV>XYahTYT k V[Z]_[ahTWXrb e bgahTYT k
2�o b]ZQahb e _[ahTYTWV[_ eQkM1fo ��Xrb!h knm VnT e Z«� m�1 \Y^WV[Z���a e XYV�XYahTYT k V[Z�V�� k _ oYeQk V[Z�X 1 TWZ«_Q^ 1	2�o V kne�1fe�s SUTWV
knejo XYV©V[Z e VnT _[a oYm Z>X 1 TWZ�� �A� �¹s

��T » T¨vwbdc�ZQV m�1 b e bdT eQknm V[ZQZ 1 T e XYV<��awXrb » V m cgV<��awXY¤ncgV`X~} bd��\Yc 1 T e�1fe bgahTi\�a oYm \ m VnTWX m V1VnTq_[ah��\ e V
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cgV[Z>V�� e VnTWZjbgahTWZ<XYV[Z>��a�XY¤ncgV[Zz\ mQk _ k XYVnT e Z s

� 9ªMGO�K�O+-�9zMÏOQ5>H
� "9#�2�/ #�H�<?8�� < H5HJ !"A%(4

â�1 _ 1fm�1 _ eQknm bgZ 1fe bgahT 2¡o b8_[ahTWZjbgZ e V �
kne b 2�o V e V m cgV � m�1 \Y^WV¥XYV£cE} 1 cd�la m b e ^Y��V·VnT � ahTW_ e bgahTNXYV[Z
_ 1fm�1 _ eQknm bgZ e b 2�o V[ZªXYV@cE} 1fm _Q^Yb e V[_ ejoYm V 1qkneQk X k�» TYbgV�Z oYm cgV@� m�1 \Y^WV�XYV@cE} 1 cd�la m b e ^Y��V�bd��\Yc 1 T eQk _[ah�«¸
\ m VnT 1 T e cgV[Zpah\ knm�1fe bgahTWZ]XYV`_ 1 cg_ o c�V e cgV[Z]ah\ knm�1fe bgahTWZpXYV ejm�1 TWZ � V mje�s SUT kne�1fe XYV>cE} 1fmje�1ªkneQk VAh~V[_ ejoWk
Z oYm cgV[Zª� kne ^WawXYV[Z«XYV mQk ZQahc oYe bgahT XYV[Zª\ m ah�Ycg¤n��V[Z«X~}�a m XYahTYT 1 TW_[Vn��VnT e V e _[V§_Q^ 1 \Yb ejm V 1ikneQk \ 1fm ¸
e bgVncdcgVn��VnT e bdT eQk � mQk X 1 TWZ o T kne�1fe XYVªcE} 1fmje X o \ m a é V e T 1fe bgahT 1 c��U�Õ� ¬ � m _Q^Yb e V[_ ejoYm V@��cgV[_ ejm ahTYb 2�o V
���:� 1fm&2¡oWk V ¯ XYVicE}��Ì�U�U� � s SUTWV¦^WV oYm bgZ e b 2�o V�XYV¦cdbgZ e VtvÕ\ m VnT 1 T e VnT6_[ah��\ e V o T|��a�XY¤ncgV X~} 1 cd�laf¸
m b e ^Y��V�_[ahTWXrb e bgahTYT k v®V e8o TWV«^WV oYm bgZ e b 2¡o V XYV x ahbgZjbdT 1 �lV�XYV m V[_Q^WV m _�^WV�cgaw_ 1 cgV 1[x V[_ m V e a oYm ¸ 1fmjm bg¤ m V
oYe bdcdbgZ 1 T e _[ah����VªZ�ahc oYe bgahTibdTYb e b 1 cgV©cE} bd��\Yc 1 T e�1fe bgahT±_[ahTWZ ejmjo b e V 1[x V[_ªcE} ^WV oYm bgZ e b 2�o V8�tcga oYe ahTYTWVtvÏahT e
kneQk X k�» TYbgV[Z s S<TWV«_[ah��\ 1fm�1 bgZQahT 1�x V[_�X~} 1foYejm V[Z1^WV oYm bgZ e b 2�o V[Z©X o �RQn��V e � \�V 1 kneQk VAh~V[_ ejoWk V�Z oYm
2�o Vnc 2¡o V[Z`V��rVn��\YcgV[Z`X~} 1 \Y\Ycdbg_ 1fe bgahTWZ�v�_[V eje V@_[ah��\ 1fm�1 bgZQahT 1 ��ahT ejmQku2�o V©cgV[Z mQk Z o c e�1fe Z � a oYm TYbgZU\ 1fm
cgV[Z«^WV oYm bgZ e b 2�o V[Z�X k�» TYbgV[Z�ZQahT e XYV���ahTYTWV 2�o�1 cdb eQk \ 1fm�m�1 \Y\�a mje�� _[V o �
ah� e VnT o Z�\ 1fm cgV[Z 1foYejm V[Z
^WV oYm bgZ e b 2�o V[Z s
� *K"$4 HJ*B/:%(#��C*B4

â�1 _ 1fm�1 _ eQknm bgZ 1fe bgahT·XYahb e Q ejm Vª��awXrb »�k V@\Ga oYm \ m VnTWX m V«VnT£_[ah��\ e V@cgV[ZUbdT e V mP��knm VnTW_[V[Z8VnT ejm V@cgV[Z
_ 1 cg_ o cgZ>V e cgV[Z>_[ah��� o TYbg_ 1fe bgahTWZ s �LT�VAh�V e vYX 1 TWZ>TWa ejm V1��a�XY¤ncgV8TWa o Z 1[x ahTWZ �y1 b e cE} ^ � \Ga e ^W¤[Z�V©Zjbd�«¸
\Ycdb » _ 1fejm bg_[V 2¡o V1cE} o TYb eQk XYV©_ 1 cg_ o c®V e cgV[Z o TYb eQk ZUXYV©_[ah��� o TYbg_ 1fe bgahT£X~} o T �RQn��V8\ m aw_[V[ZQZQV oYm ZQahT e
e a e�1 cgVn��VnT e bdTWX k \�VnTWX 1 T e V[Z s ��T �y1 b e vY_[V8T¨}�V[Z e \ 1 Z mQk VncdcgVn��VnT e cgV©_ 1 Z<_ 1fm cgV[Z o TYb eQk Z>\ 1fmje�1 �lVnT e cgV
�RQn��V�� o Zª� k ��ahb m V V e cgV Z k!2¡o VnTW_[V oYm X~} bdTWZ ejmjo _ e bgahT s�â V �y1 b e XYV�\ 1fmje�1 �lV mªo T�� o Z©bd��\Ycdb 2�o V�c 1
\ mQk ZQVnTW_[V1X~} o T 1fm �Yb ejm VU\�a oYm � knm V m cgV[Zp_[ahT �Wb e ZpV e¢o TqZQV o c�Z k!2�o VnTW_[V oYm X~} bdTWZ ejmjo _ e bgahTWZp\ 1fm \ m aw_[V[ZP¸
ZQV oYm bd��\Ycdb 2�o V 2�o Vtvw\Ga oYm X k � oYe V mzo TWV1_[ah��� o TYbg_ 1fe bgahT¨v�cgV[Zz_ 1 cg_ o cgZzXYahb x VnT e Q ejm V`bdT e V mjm ah��\ o Z>cgV
e Vn��\WZ 2¡o V:c 1 _[ah��� o TYbg_ 1fe bgahT�X k � oYe VtvGcgV@_ 1 cg_ o c m Vn\ m VnTWX m�1 VnTWZ o b e V:TWa m � 1 cgVn��VnT ezéPo Z 2¡o } � cE} bdTr¸
e V mjmjo \ e bgahT¦Z o b x�1 T e V s �<bdTWZjbÏcgV<_ 1 cg_ o c�V[Z eÕm�1 cgVnT e bÏ\ 1fm cgV[Z]_[ah��� o TYbg_ 1fe bgahTWZ¨ØYahT§Xrb e02�o V>cgV[Z]_ 1 cg_ o cgZ
V e cgV[Zp_[ah��� o TYbg_ 1fe bgahTWZpbdT e V mP� ¤ m VnT e�s � bgVnT 2�o V>cgVU_[a�� e XYVUcE} 1fm �Yb ejm�1 �lV`ZQahb eÕ�y1 bd�YcgV<XYV x�1 T e cgV[Z]_[a�� e Z
XYV8_[ah��� o TYbg_ 1fe bgahT±V e cE} bdT e V mjmjo \ e bgahT±ZQahb e XYV8_[a oYmje V©X oYmQk VtvYZQb~c 1 ��a�X k cdbgZ 1fe bgahT XYV1cE} 1fm �Yb ejm�1 �lVªV e
XYV8cE} bdT e V mP��knm VnTW_[V:V[Z e VAh�V[_ ejoWk VtvWcE} bd��\Yc 1 T e�1fe bgahT 1 ZQZQaw_nb k V8ZQV m�1 \Yc o Zz\ mQk _nbgZQV s

â�1 _[ah��\ 1fm�1 bgZQahTiXYV[Z]^WV oYm bgZ e b 2�o V[Z 2¡o V`TWa o Z 1[x ahTWZp\ m ah\�atZ k V[Z�v 1[x V[_8X~} 1foYejm V[ZzXYahb e Q ejm V kne VnTr¸
X o V s �1V[Z knejo XYV[Z:Z e�1fe bgZ e b 2¡o V[Z:XYahb x VnT e Q ejm V���VnT k V[Z@Z oYm©o T�� m�1 TWX�TWah�ª� m V§XYV�� m�1 \Y^WV[Z@X~} 1 cd�laf¸
m b e ^Y��V�V e X~} 1fm _�^Yb e V[_ ejoYm V \�a oYm8xlknm b » V m c 1�2�o�1 cdb eQk XYV[Z8^WV oYm bgZ e b 2�o V[Z©�tcga oYe ahTYTWV�V e XYV x ahbgZjbdT 1 �lV
\ m ah\�atZ k V[Z s
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�1V knejo XYV[Z`Z oYm XYVªTWa oYx VncdcgV[Z x�1fm b 1 T e V[Z`X~} ^WV oYm bgZ e b 2�o V[ZUah\ e bd��bgZ 1 T eUo TWVªZQV o cgV©c 1fe VnTW_[V:V e \ m V�¸
T 1 T e VnT _[ah��\ e VqcgV[Z«V�� e VnTWZQbgahTWZ�XYV[Z:��awXY¤ncgV[Z�X~} 1fm _Q^Yb e V[_ ejoYm V ¬ cdb 1 bgZQahTWZ��<� i v�bdT e V mP��knm VnTW_[V ¯ V eX~} 1 cd�la m b e ^Y��V ¬ � 1 _ e a m bgZ 1fe bgahT
\ 1fmje bgVncdcgVtv�_[ahTWXrb e bgahTYTWVn��VnT e XYV[Zªah\ knm�1fe bgahTWZª\ 1fm XYV[ZªVnT e bgV m Z ¯ ZQahT e
VnT�_[a oYm Z � �A�Ïv SAS��¹s

� R �>=�A�5 9 9§=LK�=�HUM AQ5>;>OQIJOQ=�A
� "9#�2�/ #�H�<?8�� < H5HJ !"A%(4

�`a o Z 1�x ahTWZ`��a�Xrb »�k cE} bdT e V mP�y1 _[V:� m�1 \Y^Yb 2�o V@XYV @�� TW�`���i\Ga oYm Z 1 bgZjb m XYV[ZU� m�1 \Y^WV[Z`_[ahTWXrb e bgahTr¸
T k Z1V e TWa o Z 1[x ahTWZ1bd��\Yc 1 T eQk cE} ^WV oYm bgZ e b 2¡o V«\ m VnT 1 T e VnT±_[ah��\ e V@cE}�V��Y_nc o Zjb x b eQk XYV[Z1ah\ knm�1fe bgahTWZ©VnT
��awXrb »�1 T e cE} ^WV oYm bgZ e b 2¡o V©V��rbgZ e�1 T e V s
� *K"$4 HJ*B/:%(#��C*B4

� cÏZQV m�1 b e bdT eQknm V[Z�Z 1 T e XYV>��awXrb » V m cE} bdT e V mP�y1 _[V`XYV @�� TW�1����\Ga oYm X~} o TWV<\ 1fmje \Ga oYx ahb m Z 1 bgZjb m XYV[Z
� m�1 \Y^WV[Z ��a e XYV`_[ahT ejm+* cgV8V e cgV[Z ejm�1 TWZ � a m ��V m VnT�� m�1 \Y^WV[Z ��a e XYV`XYahTYT k V[Zp\ o bgZ]cgV[Z]_[ahTYTWV[_ e V mc1fo �
� m�1 \Y^WV[Z1XYVª_ 1 cg_ o cEv�V e X~} 1foYejm V@\ 1fmje \Ga oYx ahb m Z 1 bgZjb m XYV[Z<� m�1 \Y^WV[Z1_[ahTWXrb e bgahTYT k Z1TWahT£\Yc o Z<\ 1fm XYV[Z
��a�ahc k VnTWZz� 1 bgZ<\ 1fm XYV[Z>VnT e bgV m Z s

SUTWVÕZj\ k _nb » _ 1fe bgahT«X~} o TWVLTWa oYx VncdcgV¢^WV oYm bgZ e b 2¡o V]Z e�1fe b 2�o VÕV[Z e VnT:_[a oYm Z®\Ga oYm \ m VnTWX m V¢VnT@_[ah��\ e V
cgV[Z>_ 1fm�1 _ eQknm bgZ e b 2�o V[Z<XYV[Z<TWa oYx V 1fo �¦��a�XY¤ncgV[Z>X~} 1fm _�^Yb e V[_ ejoYm V«V e X~} 1 cd�la m b e ^Y��V s
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