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EMR'¶X:�6D63EMR�R>?MY0:�[DGH:1EMR'?Mº�ºÅ^H=N^L<N:)¶n?F<>ÉAEM<>:�GH[�R>¼�^JR>R>:xG�[DP�R>:x¼�=>[D?MP�àLÂ

+ ,½°.-0/�µ�1¡µ�®32T°Jµ�-04

57698 :0;=<?>A@B>DCFE.GIHKJ�L�;NMPOKQRCSL�T#@BJ.>9C�T�L%J.CFMU>ATVL�W�XYL#T�@ZJ�[\T�>9Q�C]:^[Z_F;=<?;
Ã	:�<N:O¶n:�8L<N[9:�ÆJ¹AR>^LY0Y0EM<>[DU�:B=>ÄJ:OY0?oRe='[9Y0»;?M<>=NEMPF=�GH:#�JPL[9=>[D?MPJR�EMPJGA»L<N?M»;:�<>=>[D:xRX?Mº4=>ÄJ:
R�:xYz[D<N[9PLC%ºÅ<NEMY0:�¶X?M<NÉ�ºÅ?F<)R�?Mº�=�¼�?MPJR�=><jEZ[DPo=NRxÂ;Õ'ÄL:x?M<N:�=N[D¼xEZ6�<>:1R�^L69=NR7ºÅ?M<)EM8JRe=N<NEF¼{=N[9?FP©EZ<N:
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5 �#�#$K��
���&N` [�R)E�=>^L»J69:
(A, +,×,0,1)

¶�ÄL:x<>:
A
[DR)E�R>:�=�EZP�G

0,1 ∈ A
Â
+
Ia=NÄL:

a !b!\���9��cB���ed���
 a �f�B
 [�R'¼�6D?FR>:xG�IH¼�?FY0Y"^H=jE-=>[D¸M:�EZP�G%EMRNR>?i¼�[DEZ=>[D¸M:FÂFÞW?F<>:x?-¸M:�<1IM[9=NRX^LPJ[l=�:�6D:�¾
Yz:xPo='[�R

0
Â
×
Io=>ÄL: $g��hi��� dRhi�D� a ����cB�K�Id.�#
 a �f�B
 IH[�R'E�¼�69?oR�:1G�IHEMRNR�?H¼�[DEZ=>[D¸M:	?F»�:x<NEZ=>[D?MP3IiR�^�¼jÄ

=>ÄJEZ=
1
[�R�[9=NRn^LPL[9= :�6D:�Y0:xPF='EZPJG

a×0 = 0 = 0×a
ÄL?F6DGLRxÂMÈvPAEFGLGH[9=>[D?MP3I

×
GL[DR�=><N[98J^H=>:1R

?-¸M:�<
+
Â�5 �#jk�#��$g��
���&=` [DR�E�R�:xY0[9<N[9PJC%¶�[9=>Ä�R�?FYz:zEMGLGL[l=N[9?FPJEZ6T»L<N?M»;:�<>=>[D:xR��

×
[�R�¼�?FY�¾

Y"^H=jE-=>[D¸M:FI
+
[�R�[�GH:�Y0»;?Z=N:�Po=xIJEMPJG

1
[DR�[9=NR7EZ8JR>?M<N8L[DPLC�:x69:xY0:�Po=xÂJÕ'ÄJ:)[DGH:xY0»�?M=>:�P�¼�¹%?Mº

+
[�RnPL:�:1GH:xG][DPA?F<NGH:x<¤=>?zGH:���PL:BE)»�EZ<>=>[�EZ6J?F<NGL:�<N[9PLC

≤S

?-¸M:x<¤=>ÄJ:BR>:�=
A
IF¶�ÄJ[D¼jÄ%R>:�<N¸M:1R

=>?]¼�?FYz»�EZ<N:BGH[9Ü;:x<>:xPo=':x69:xY0:�Po=NR'?Mº3=>ÄL:)R>:�Y0[D<>[DPLCJÂLÀi^�¼jÄ�Ez»JEM<�=N[DEM6;?F<NGL:�<X[DR�GH:#�JPL:1G�EFR
ºÅ?M6D69?-¶	R��

a ≤S b
[9Ü

a + b = b
Â

5 �I�B&����9
 a ��&��Y��lZ���k�#$ [�RXE�=>^L»J69:
CS = 〈S, D, V 〉

Ii¶�ÄL:x<>:
S
[�RXE�R�:xY0[9<N[9PJCJI

D
[�RnE

�JPL[9=>:"R>:�=7EMPJG
V
[DR	EMP�?M<jGH:�<N:xG�R�:�=	?Zº¤¸-EZ<N[DEM8L6D:xRxÂ�mO[D¸M:xPWE]¼�?MP�Re=N<NEM[9Po=	R�¹HR�=>:xY

CS =
〈S, D, V 〉

I3¶�ÄL:x<>:
S = (A, +,×, 0, 1)

I�E �I�B&.����
 a ��&�� ?-¸F:�<
CS

[DR�E�»JEM[9<
〈def, con〉

I
¶�ÄL:�<N:

con ⊆ V
[�Rz¼xEZ6D69:1G�=>ÄJ: ��led.� ?Mº	=>ÄL:�¼�?FPJR�=><jEZ[DPF=1I�EMPJG

def : D|con| → A
[DR

¼�EZ6D6D:xG]=NÄL: c a hi��� ?Zº4=>ÄL:)¼�?FPJR�=><jEZ[DPF=1ÂMÈvP�=>ÄL[�RX¶XEs¹FIoE �#�n�I�o�I�\&.���9
 a ��&��7dR
��"p�hq�#$ ¿ãÀJV'ÀiSnÁ
P
?-¸M:�<

CS
[�RXGH:��JPJ:xGAEFR E)»JEM[9<

P = 〈C, con〉
Ii¶�ÄL:�<N:

C
[�RnE"R�:�=n?Zº4¼�?MPJR�=><jEZ[DPo=NR¤?-¸F:�<

CS
EMPJG

con
[�R�E0R�^L8�R�:�=	?Zº

V
Â

Vn?MPJR>[DGL:�<WEZPi¹ =N^L»L6D:Ê?Zºz¸sEM69^J:xR
t
EZPJG¥=e¶X?�R>:�=jRW?Zºz¸-EZ<N[DEM8L69:1R

I
EZPJG

I ′
I	¶�[l=NÄ

I ′ ⊆ I
Â
t ↓I

I′

GH:�PL?M=>:1Rz=>ÄL:�=N^L»L6D:W»L<>?bre:x¼�=>[D?MPÙ?Zº
t
¶)Â <xÂ =xÂ¤=NÄL:W¸-EZ<N[DEM8L6D:xR0[DP

I ′
Â Î3:�=

c1 = 〈def1, con1〉
EMPJG

c2 = 〈def2, con2〉
8;:0=e¶n?W¼�?FPJR�=><jEZ[DPF=jRO?-¸M:�<

CS
Â4Õ'ÄL:xP3I3[9=NR

�e�\$�p#��& a �9�D�\&
c1⊗ c2

IF[DR�=>ÄL:O¼�?FPJRe=N<NEM[9Po=
c′ = 〈def ′, con′〉

IF¶�ÄL:�<N:
con′ = con1 ∪ con2EZPJG

def ′(t) = def1(t ↓con′

con1
) × def2(t ↓con′

con2
)
Â	ÞW?M<N:�?-¸F:�<1I CM[D¸M:xP =>ÄJ:�¼�?MPJR�=><jEZ[DPo=

c = 〈def, con〉
EZPJG�E�R>^L8JR>:�=

w
?Zº

con
Ii=>ÄL: dR
e�fs#�I�����D�B& ?Zº

w
?-¸F:�<

c
IH¶�<>[9=�=N:�P

c ⇓w

[DR
=>ÄL:�¼�?MPJR�=><jEZ[DPo=

〈def∗, w〉
I�¶�ÄL:�<N:

def∗(t∗) =
∑

{t|t↓con
w

=t∗} def(t)
Â
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mO[9¸F:�PAEZP�ÀJV'ÀiS
P = 〈C, con〉

?-¸M:x< E�¼�?FPJR�=><jEZ[DPF=XR�¹HR�=>:�Y
CS

IF=>ÄL: �#�Bhi�����D�B& ?Zº
P[DROE%¼�?MPJR�=><jEZ[DPo=BGH:���PL:xG½EMR

Sol(P ) = (
⊗

C) ⇓con

¶�ÄJ:�<N: ⊗
C
[�RB=>ÄL:�:�Çi=>:xPJR�[D?MP©?Zº

×
=>?�E�R>:�=�?Zºn¼�?MPJR�=><jEZ[DPo=NR

C
Â3Þ¨?M<N:�?-¸M:x<xI�EZP �IdR����$ a h �#�Bhi�����D�B& [�ROE%»JEZ[D<

〈t, v〉
R�^J¼jÄ

=>ÄJEZ=
def(t) = v

IiEZPJGz=NÄL:�<N:	[�R�PL?
t′
R�^�¼jÄ0=>ÄJEZ=

v < def(t′)
ÂHÀi?FYz:�=>[DY0:xR�[9=n[�R�:xPL?M^JCMÄ

=>?WÉiPL?-¶Ë=NÄL:]8;:xR�="¸-EZ6D^L:]EMRNR�?H¼�[�E-=N:xG½¶�[l=NÄª=>ÄL:]=N^L»L6D:xR)?Mº'E�R>?M6D^H=>[D?MP4Â4Õ'ÄL[�R)[DR)¼xEZ6D69:1G
=>ÄL: pI����� h ��cB��h �n� �I�B&.��� ���f��&���l�� mO[9¸F:�P�EZP�ÀJV'ÀiS

P = 〈C, con〉
I =>ÄL:�8;:xR�=A69:x¸M:�6'?Mº

¼�?MP�R�[�Re=N:�PJ¼�¹0ºÅ?M<
P
[�R'GH:��JPJ:xG�EMR

blevel(P ) = (
⊗

C) ⇓∅

Â
P
[�R'R>EM[DGA=>?08;:�¼�?MPJR>[�Re=N:�Po=

[lº
0 <S blevel

ÂoÈvP�=NÄL:�¼�EFR�:�¶�ÄL:x<>:
blevel = α

I
P
[DR�RNEZ[�G%=>?]8;:

α
¾v¼�?FPJR�[�R�=>:�Po=1Â

� ¹�^JR>[9PLC�=NÄL:	?F<NGH:x<>[DPLC
≤S

?-¸F:�<T=NÄL:7R>:�Y0[9<N[DPLCJIZ¶X:	¼�EMP]EZ6�R�?�GH:#�JPL:7E)¼�?M<N<>:1R�»;?MP�Gi¾
[9PLC�?M<jGH:�<N[DPLCA?MP½¼�?MP�Re=N<NEM[9Po=NR7¶�[l=NÄ¨=NÄL:zRNEZY0:"=e¹o»;:MÂ3Vn?MP�R�[�GH:�<B=e¶X?�¼�?FPJR�=><jEZ[DPF=jR

c1

I
c2?-¸M:�<TE�¼�?FPJRe=N<NEM[9Po=TR�¹HR�=>:�Y

CS
IZEZPJGzEMRNR>^LY0: =NÄJE-=

con1 = con2

EZPJG
|con1| = k

ÂZÕ'ÄL:xP
c1 vS c2

[lº'EZPJG¨?MPL6D¹W[lºeI;ºÅ?F<OEM696
k
¾ã=>^L»L6D:xR

t
?Mº�¸sEM69^J:xRBºÅ<>?FY

D
I
def1(t) ≤S def2(t)

Â
Õ'ÄL[DR�PL?Z=N[9?FP3IFEMPJG�=>ÄL:�º«EF¼{=¤=NÄJE-=�=NÄL:7R>?M6D^H=>[D?MP0[�R�E�¼�?MPJR�=><jEZ[DPo=xÂ-[�R�EZ6�R�?)^�R�:�ºÅ^L6H=>?�GH:��JPJ:
EZP�?F<NGH:x<>[DPLC�?FP�»L<N?M8L6D:�Y]RxÂsVn?MP�R�[�GH:�<4=e¶n?�ÀJV'ÀiS R

P1 = 〈C1, con〉
EZP�G

P2 = 〈C2, con〉?-¸M:�<
CS

ÂLÕ'ÄJ:�P
P1 vP P2

[lº
Sol(P1) vS Sol(P2)

Â
V ¾�R>:�Y0[D<>[DPLCFRn=NÄJE-=	¼�EFRe=	Y0?oRe=�ÉiPL?-¶�P�¸sEM<>[�EZPo=jRn?Mº�V'ÀHS R�EZ<N:�69[�Re=N:xG�8;:�6D?-¶ �

	 Vn6DEFR>R>[�¼)V'ÀHS3�
〈{false, true},∨,∧, false, true〉

	 ÛL^LUxU�¹WV'ÀiS3�
〈{x | x ∈ [0, 1]}, max, min, 0, 1〉

	 Ý :x[9CFÄo=>:xG¨V'ÀiS �
〈<+, min, +, +∞, 0〉


 p�����
 a �#�9�D�\& ���B
 �#��$g��
���&=`bj�p a �#�I!U�e�\&.����
 a ��&��D� Õ'ÄL:�[DGL:xEÖ?ZºzEM8JR�=><jEM¼{=N[9?FPÚÄJEFR�8;:�:xP
EMGLEM»H=>:1G ºÅ?M<WR>:�Y0[D<>[DPLCZ¾�8JEFR�:1G ¼�?MP�Re=N<NEM[9Po=NR�[DP¥?M<jGH:x<%=N?Ö<N:�6�E-=N:¨=e¶X?Ö¸F:�<jR�[D?MPJR%?Zº�EMP
ÀJV'ÀiSTÂ�Õ'ÄL[�R'<N:�6�E-=>[D?MP�R�ÄL[D»�[DRXºÅ?F<>Y]EZ6D6D¹ACM[D¸M:xP%8i¹�E%m�EZ6D?M[�R�¼�?FPLPL:1¼{=>[D?MP4Â

Î3:�=
(C,v)

EMPJG
(A,≤)

8;:	=e¶X?�»;?FR>:�=jRB¿Å=>ÄL:�¼�?FPJ¼�<N:�=N:7EZPJG]=>ÄL:OEZ8JR�=><jEM¼�=nGH?MY]EM[9P�Á�Â
5�� a h �B� � �I�B&�&��I�����D�B&

〈α, γ〉 : (C,v) ⇀↽ (A,≤)
[DR�E%»JEZ[D<�?Zº�Y]EZ»JR

α : C → A
EZPJG

γ : A → C
R>^J¼jÄ�=NÄJE-=�ßsÁ

α
EMPJG

γ
EZ<N:�Yz?FPL?Z=N?MPL[�¼ZI;ÒMÁXºÅ?F<	:xEF¼jÄ

x ∈ C, x v γ(α(x))EZPJGªÓFÁ	ºÅ?M<�:xEF¼jÄ
y ∈ A, α(γ(y)) ≤ y

ÂaÞ¨?M<N:�?-¸M:x<xI;E
� a hq�B� �%��&����#
����D�B& ¿Å?Mº
A
[9P

C
Á

〈α, γ〉 : (C,v) ⇀↽ (A,≤)
[�R7E�m�EZ6D?M[�R�¼�?FPLPL:1¼{=>[D?MP�¶�ÄL:x<>:

γ · α = IdA
ÂJÈ�=7[�R�»;?FRNR�[D8L6D:

=>?0:xR�=NEM8L69[�R>Ä�Ez<N:�6�E-=>[D?MP�R�ÄL[D»%8;:�=e¶X:�:xP�?F»�:x<NEZ=>?F<NRn[9P�EZ8�Re=N<NEF¼{=�EZPJG�¼�?FPJ¼�<N:�=N:�GL?MY]EZ[DPJRxÂ
Õ'ÄL[DR	<>:x6DEZ=>[D?MPJR>ÄL[D»�[�R	¼�EM696D:xG hq�V� a hY�e�\
�
��I����&R���I� ÂJÎ3:�=

f : Cn → C
8�:�EZP�?M»;:�<jE-=N?M<'?-¸M:x<

=>ÄL:]¼�?FPJ¼�<N:�=N:zGL?MY]EZ[DP©¶�[9=>Ä�EZPªEZ8JR�=><jEM¼�=�¼�?M^LPo=>:x<>»�EZ<>=
f̄
Â3Õ'ÄL:�P

f̄
[�R�69?H¼xEZ6D69¹W¼�?F<><N:x¼�=

¶)Â <1Â =1Â
f
[9º
∃x1, . . . , xn ∈ C, f(x1, . . . , xn) v γ(f̄(α(x1), . . . , α(xn)))

Â
� R>[9PLC7=>ÄL[�RTGH:���PL[l=N[9?FPJRxIsEMP�EM8JRe=N<NEF¼{=N[9?FP�ºÅ<>?FYËEZP�ÀJV'ÀHS

P
?-¸F:�<�EO¼�:x<�=jEZ[DP"R>:�Y0[9<N[DPLC

S
=N?¨EZPL?M=>ÄL:x<)À�V'ÀiS

P̄
?-¸F:�<O=>ÄL:AR>:�Y0[D<>[DPLC

S̄
¼�EZPª8;:AGH:��JPJ:xG�I�[DP¦R�^J¼jÄ�E�¶'Es¹�=>ÄJEZ=

6DEZ=�=>[�¼�:1R	EMRNR>?i¼�[DEZ=>:1GA=N?
S
EMPJG

S̄
EM<>:)<N:�6�E-=N:xG�8i¹�E�m�EZ6D?M[�R'[DPJR�:x<�=N[9?FP3ÂJÀi»;:x¼�[	��¼xEZ6D69¹FIL¶X:

¶�[DR>Ä0=>?"GL:��JPL:BEZPAEZ8�Re=N<NEF¼{=>[D?MPz=NÄJE-= »J<>:1R�:x<>¸F:xR�=>ÄJ:7Re=N<>^�¼{=>^J<>:	?Mºa=>ÄL:BÀ�V'ÀiSTÂHVn?FPJR�[�GH:x<
=>ÄL:�ºÅ?F696D?-¶�[9PJCz¼�?MPJ¼�<>:�=>:�ÀJV'ÀiS

P = 〈C, con〉
?-¸M:x< =NÄL:�R>:�Y0[9<N[DPLC

S
IL¶�ÄL:x<>:

	 S = 〈A, +,×,0,1〉
EZPJG

	 C = {c0, . . . , cn}
¶�[9=>Ä

ci = 〈coni, defi〉
EMPJG

defi : D|coni| → A
Â

È�=NR a p����9
 a ��� �I�\��&��f��
�d a 
�� [�R�GH:���PL:xG©8o¹WEMPªÀJV'ÀiS
P = 〈C, con〉

?-¸F:�<	=NÄL:0R�:xYz[D<N[9PLC
S
¶�ÄL:x<>:"�

	 S = 〈A, +,×,0,1〉 �
	 C = {c0, . . . , cn}

¶�[9=>Ä
ci = 〈coni, defi〉

EMPJG
defi : D|coni| → A �

	 [lº
L = 〈A,≤〉

[�R%=NÄL:©6�E-=>=>[�¼�:�EMRNR�?H¼�[DEZ=>:xGÙ=N?
S
EZPJG

L = 〈A,≤〉
=>ÄL:ª6�E-=�=N[D¼�:

EMRNR�?H¼�[DEZ=>:xGA=>?
S
IH=NÄL:�P�=NÄL:�<N:)[DR�E%m�EM69?F[DR'[DPJR>:�<>=>[D?MP

〈α, γ〉
R>^J¼jÄ�=>ÄJEZ=

α : L → L �
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	 ×
[�R�6D?i¼xEZ6D69¹�¼�?M<N<N:x¼{='¶)Â <xÂ =xÂ

×
Â

� :�Çi=7¶X:�6D[DR�=BR>?MY0:)[DPF=N:�<N:xR�=>[DPLCA»L<N?M»;:�<>=>[D:xR	?ZºT=>ÄL[�R7EM8JR�=><jEM¼{=N[9?FPWR>¼jÄL:xY0:MÂ Ý :"¶�[D696
ÄL:xEs¸i[D69¹W^JR>:z=>ÄL:xY/?FP©=NÄL:0<>:1Re=)?Zºn=>ÄL[�R)»JEM»�:x<xÂaÈvPª=>ÄJ:�ºÅ?F696D?-¶�[DPLC�¶X:0¶�[96D6�¼�?FPJR>[DGH:x<)E
m�EZ6D?M[�R'[9PJR>:�<>=>[D?MP

〈α, γ〉 : 〈A,≤S〉 ⇀↽ 〈A,≤S〉ßMÂ�Õ'ÄL:�EZ8JR�=><jEM¼�=>[D?MP]?Zº
P
[DRn=>ÄJ:B»L<N?M8J69:xY

P = α(P )
ÂL57»L»L6D¹i[9PLC"=>ÄL:�¼�?FPJ¼�<N:�=N[9U1E-=N[9?FP

ºÅ^LPJ¼�=>[D?MP =>?Ê=NÄL[�RWEZ8JR�=><jEM¼�=>[D?MP3In¶n:ª?M8H=jEZ[DP =>ÄJ:ª»J<>?F8L69:xY
γ(α(P ))

Â	Õ'ÄL:1R�:½=e¶n?
»L<N?M8L6D:�Y]R�EZ<N:O<>:x6DEZ=>:xG�8i¹�Ez»L<N:x¼�[DR>:�»L<>?F»�:x<�=e¹��

P vS γ(α(P )).

Õ'ÄL[�R�CF^JEZ<jEZPo=N:�:xR�=>ÄJEZ=�¶�ÄL:xP"»JEFR>R>[DPLC	ºÅ<N?MY
P
=>?

γ(α(P ))
PL?7PJ:�¶Ê[DPJ¼�?FPJR>[DR�=>:xPJ¼�[D:xR

EZ<N:�[9Po=><N?HGH^J¼�:xG�Â
ÒHÂ'È�ºJEZ»L»J69¹i[DPLC'=>ÄL:nEZ8JR�=><jEM¼�=>[D?MPOºÅ^LPJ¼�=>[D?MP"EMPJGO=>ÄL:xP�¼�?FY"8L[DPL[DPLC�CM[D¸M:1R�:�6D:�Y0:�Po=jR3¶�ÄL[�¼jÄ
EZ<N:A[DP¦=>ÄL:�R>EMY0:A?M<jGH:�<N[DPLC¨EMR�=NÄL:%:x69:xY0:�Po=NR�?M8H=jEZ[DPL:xG�8i¹ re^JR�=0¼�?MY"8J[9PL[DPLC�I3=>ÄJ:
EZ8JR�=><jEM¼�=>[D?MPA[�R'R>EM[DGA=>?z8�: �B
e!b�#
�j dR
����#��
�cV��&=` ÂJÕ'ÄL[�Rnº«EM¼{=�:xPJR�^J<>:1R�=NÄJE-=�EZP�?M»H=N[9Y]EZ6
R�?F69^L=>[D?MP©[DP½=>ÄL:0?M<N[DCM[DPJEZ6�»L<N?M8L6D:�YÏ[�R�EZ6�R�?�EZPª?M»H=N[9Y]EZ6¤R>?M6D^H=>[D?MP½?Zº�=NÄL:]EZ8JR�=><jEM¼�=
?MPL:FÂ

ÓLÂ�ÛL?F<�EZPi¹¨EZ8JR�=><jEM¼�=>[D?MP3Ia[9=)[DR�»;?FRNR�[D8L6D:z=>?W¼�?FYz»J^H=>:]EZ»J»L<>?sÇH[DY]E-=>:z8;?M^LPJGJROºÅ?M<�=>ÄJ:
¸-EZ6D^JE-=N[9?FP¦?Zº7EZP¦?F»H=>[DY]EZ6'R�?F69^L=>[D?MP¦[DP¦=>ÄL:�¼�?FPJ¼�<N:�=N:%GH?MY]EM[9P¦^JR>[DPLC½EMP¦?M»H=N[9Y]EZ6
R�?F69^L=>[D?MPª?ZºX=>ÄL:%EM8JR�=><jEM¼{=�»L<N?M8L6D:�Y�Â4Õ'ÄJ[DR�[�R�I4CM[D¸M:�P�EZP�?F»H=>[DY]EZ6 R>?M6D^H=>[D?MPª?ZºX=>ÄJ:
EZ8JR�=><jEM¼�=B»L<N?M8J69:xY ¿åR>Es¹

t
Á7¶�[l=NÄ½¸-EZ6D^JEZ=>[D?MP

v
I;¶X:�¼xEZP ��PJG©EMP¨^L»L»;:�<)EZP�G¨6D?-¶n:x<

8�?F^LPJG�?Zº¤EZP�?M»L=>[DY0EM64R>?M6D^H=>[D?MP�ºÅ?M<'=NÄL:�¼�?FPJ¼�<N:�=N:O»J<>?F8L69:xY
P
Â�Ài^�¼jÄ�8;?M^JPJGLR�¶�[D696

8�:
γ(v)

EZPJG�=NÄL:)¸-EZ6D^L:�?Zº
t
[DP

P
Â

ÛL?M<�=>ÄJ:�EZ8�Re=N<NEF¼{=>[D?MP�=NÄJE-=0Y]EZ»JR"ºÅ^LUxU�¹ª=>?ª¼�6�EMRNR�[�¼�EM6'V'ÀiS(=>ÄL:x<>:�EZ<N:%EZ6�R�?©?Z=>ÄJ:�<z[9PH¾
=>:�<N:xR�=>[DPLC½<>:1R�^L69=NRxÂTÈvPÊ=NÄL[DR0¼xEMR>:MI�=>ÄL:WEZ8�Re=N<NEF¼{=>[D?MP�ºÅ^JPJ¼{=N[9?FPÖ[�R0GH:��JPJ:xGÊ8i¹Ê¼jÄL?i?oR�[DPLC
E%=NÄL<N:xR>ÄL?M6�G

θ
¶�[9=>ÄL[DPª=>ÄL:][DPo=>:x<>¸-EZ6

[0, 1]
I3EZPJGªY]EZ»L»J[9PLCWEM696¤:x69:xYz:xPo=NR)[DP

[0, θ]
=>?��

EZPJG�EZ6D6 :x69:xY0:�Po=NR)[DP
(θ, 1]

=N?ÊßMÂ�Õ'ÄL[DR"EZ8JR�=><jEM¼�=>[D?MPª[DR"?M<jGH:�<>¾ã»J<>:1R�:x<>¸i[DPLCJI;R�?W¶X:A¼�EMP
:�PJR>^L<N:"=NÄJE-=)=NÄL:]R�:�=�?Mºn?F»H=>[DY]EZ6�R>?M6D^H=>[D?MPJRO?Mº =>ÄJ:A¼�?MP�¼�<N:�=>:z»L<N?M8L6D:�YÏ[�R)E�R�^J8JR�:�=)?Zº
=>ÄL:)?F»H=>[DY]EZ63R>?M6D^H=>[D?MPJR'?Mº�=NÄL:�EZ8�Re=N<NEF¼{='?MPL:FÂ
ßMÂ'[lº

α(P )
ÄJEFR'PL?]R�?F69^H=N[9?FP3IH»L<N?M8L6D:�Y

P
ÄJEFR�EZP�?M»H=N[9Y]EM63R�?F69^H=N[9?FP�¶�[9=>ÄWEFR>R>?H¼�[�E-=>:1G

R�:xY0[9<N[9PJC�ºÅ^JU�U�¹�¸-EZ6D^L:�¶n?F<NR>:7=NÄJEZP�?F<X:��o^JEZ6a=NÄJEZP
θ
Â

ÒHÂ'[lº
P
ÄJEMRXE"R>?M6D^H=>[D?MPA=>^L»L6D:

t
¶�[l=NÄ%EMRNR�?H¼�[DEZ=>:xG]R>:�Y0[D<>[DPLC�69:x¸M:�6

θ
IiEZPJG

α(P )
ÄJEFR�PL?

R�?F69^L=>[D?MP3Ii=N^L»L6D:
t
[�R�EZP�?M»L=>[DY0EM63R�?F69^L=>[D?MP�ºÅ?M<

P
Â

576�5 OKQ�CFL�T#@BJ.>DC�T���@BQRE�@BJ.< <?>DCFE >DC	� Q�
"J�@ZT

ÞW?MU1EZ<>=7Ñ9ß1àsÔa[DRXE�¼�?FPJ¼�^J<><N:�Po=n¼�?MPJR�=><jEZ[DPo=�»L<>?FCM<jEZY0Y0[9PJC)6DEMPLCM^JEMCM:'=NÄJE-=X»L<>?-¸i[�GH:xRnR�:x¸o¾
:�<jEZ6¤ºÅ^LP�¼{=>[D?MP�EZ6D[l=N[9:1R�I�[9PJ¼�69^�GH[9PJC¨R�^L»J»�?F<�=�ºÅ?F<"GH[�Re=N<>[D8L^H=N:xG�»L<N?MCF<NEMY0Yz[DPLC�Ia¼�?MPJR�=><jEZ[DPo=
R�?F69¸i[DPLCJI4EFR�¶X:�6D6nEFR"R>^L»L»;?M<>=>[DPLC�=>?i?M6�R)ºÅ?F<"»L<N?MCF<NEMY0Yz[DPLC�Â3Þ¨EZPi¹©<N:xEM6l¾�6D[lºÅ:A»J<>?F8L69:xY]R
ÄJEs¸M:�8;:�:xP�R>^J¼�¼�:xRNReºÅ^J696D¹)R�?F69¸F:xG)¶�[9=>Ä"Þ¨?MUxEM<�='¿«R>:�: ºÅ?M<�[9PJR�=NEMPJ¼�:BÑ
�HI �-Ô�Á�Â1È�=¤EZ6�R>?7»L<N?-¸i[DGH:1R
:�âA¼�[D:�Po='8L^L[D6l=�[DP�¼�?FPJR�=><jEZ[DPF=jR ?-¸F:�< �JPL[9=>:)GH?MY]EM[9PJRn?Zº�[9Po=N:�CM:x<NRnEMRX¶X:�6D6aEFRn¼�?MPi¸M:xPL[D:�Po=
Yz:1¼jÄJEZPJ[DR>Y]R	ºÅ?F<O¼�<>:1E-=>[DPLC%R>^L[9=NEM8L69:z»L<N?M»JEMCFEZ=>?M<jR�EZP�G¨PL:x¶Ë¼�?MP�Re=N<NEM[9Po=OR>¹HRe=N:�Y]R�Ñ9ßFß{ÔãÂ
� :�Çi=	¶X:�»L<>?-¸i[�GH:�E]¼�?MP�¼�[�R�:O[9Po=N<>?HGH^J¼�=>[D?MP�=>?]ÞW?FUxEM<�=�Ñ9ß1ÓLIDß��HIDßV)sÔãÂ

ÞW?MU1EZ<>=%¼�?MP�R�[�GH:�<jR]8JEFR�[�¼WEZP�G PL?MPL¾ã8JEFR�[�¼W¼�?FPJR�=><jEZ[DPF=jR�Â�5 p a ���D� �I�B&.����
 a ��&�� [DR�E
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