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M = (S,L,→, A, λ)
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� S ÐvÃ�Î�Ã�Ê�Å�Ñ��lÃ'Å÷Î£Å÷Ê�Ã�	
� L ÐvÃ�Î � *xÐ Å÷Ê�Ã�Ê�Å�Ñ�� �jÎGË�Ê��ßÃ 	
� →⊆ S × L× S

ÐvÃ�Î�ÅKÆ�Î *_Ã.Ð ÅÇÐ8Ñ�*&Æ�Ê
�jÎuÅKÐ8Ñ *C	
� A ÐvÃ�Î � *xÐ Å÷ÊlÃ�Ê�Å�Ñ���Î£Å÷Ñ��3Ð8É &>Æ�Ñ%&_Ñ<Ã.Ð ÅÇÐ8Ñ�*xÃ�	,Î�* �
� λ : S → P(A)
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L
Î�* �
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(M, E)
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E ⊆ S
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�÷hCr�wxi¨r�ij©Ga�kn{p�_mGh_alq�tuh�r�\xijh_À�mu¬
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tGy�r�\_a�y�a�r,mp¬�a:hGr���{�y�r't£r�a6y]mu¬ r�\_al`�mQ�Qa�kÇ³ Ú y]wUy|wxtpkK�x�0a��,inkjk

�,��ijr�a
s

a
−→ t

r�m/�Qa:h_mur�a
(s, a, t) ∈→

³��_mG�gq�mph}©pa:h_ija:hxq�aG�U��a½�_a�ªxh_a
λ∗(p) = {s ∈ S | p ∈ λ(s)}¬­mG�

p ∈ A
��Ð�� Ê���r�\xa3y�a�r�mu¬0tpkjk�y|r�tur�a:ygy�t£r�ivy|¬­{Cinh_o�t£r�mG`�inq½�_��mp�>mGy�i¨r�ijmGh
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s ∈ S

tuhx�
a ∈ L

r�\_a�y�a�r
{t | s

a
−→ t}
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(s, t) ∈ R
ÅKÍ}Ê�*

� Ð �
λ(s) = λ(t)

	]Î�*��
� Ð Ð � Ð �

s
a
−→ s′

ÅKÍ}Ê�*«ÅKÍ}Ê�Æ�Ê�ÐvÃ�Ã�Ñ���Ê
t′ ∈ S

Ã'ÈxÉ�Í�ÅKÍ}ÎuÅ
t

a
−→ t′

Î�* �
(s′, t′) ∈ R
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��Ê�Ã�Î �«Å8ÍQÎ£Å

t
y�ij`½w_kntur�a6y

s
	 %�Æ.Ð ÅÇÅ÷Ê *

s ≤ t
	�Ð ��ÅKÍ}Ê�Æ�Ê�ÐvÃ�ÎOÃ.Ð��3È��jÎ£ÅÇÐ8Ñ�*

R
Ã.ÈxÉ.Í�Å8ÍQÎ£Å

(s, t) ∈ R
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� ÅÂÎuÅÂÊ�Ã
s
Î *��

t
ÎuÆ�Ê�y|in`�wxkntur�inmph�a:�Cw_in©<tpkja:hCr�	+%�Æ.Ð ÅKÅ÷Ê�*

s = t
	IÐ �

s ≤ t
Î *��

t ≤ s
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[]\_a3h_mpr�inmph«mp¬0y|in`�wxkntur�inmph«ivysa�»}r�a�hU�Qa:�«r�m�y��>a:q�ijªUq:t£r�inmphUy
(M, E)

tuhx�
(M, E′)

~}{O�Qa�ªxhxijh_o
(M, E) ≤ (M, E′)

i¨¬(r�\_a���a�ivyst�y�ij`½w_kvt£r�inmph
R
y|wxq'\�r�\xt£r�¬­mp��a6tpq'\

s ∈ E
r�\_a:��a�ivysy�mp`�a

t ∈ E′�,ijr�\
(s, t) ∈ R
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(M1, E1)
tuhx�

(M2, E2)
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M1]M2

mp¬Gr�\_aIw_hx�_a���kj{}inh_o,`�m}�_a�kvyztpy
(S,L,→, A, λ)

�6�,\xa���a
S = (S1×{1})∪(S2×{2})

�
L = L1 ∪ L2

�
A = A1 ∪ A2

�
λ(s, i) = λi(s)

tuhU�
(s, i)

a
−→ (t, j)

i¨¬�tuhx� mph_kn{Áij¬
i = j

tphx�
s

a
−→i t

³,[]\_a:hO�0al��mp��À±�,ijr�\«y�in`�w_kvt£r�ijmGhxy,mph
M1 ]M2

�U~}{��Qa�ªxhxijh_o
(M1, E1) ≤ (M2, E2)

ij¬
(M1 ]M2, E1 × {1}) ≤ (M1 ]M2, E2 × {2})
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V
Ë�Ê&Î¶É'Ñ£È *UÅÂÎCËE� �·Ð *�� *UÐ ÅÂÊOÃ�Ê�Å½Ñ��
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X,Y, Z, . . .

���¾ÍQÊ ��Ñ£ÆE�3È��jÎGÊ�Ñ���~xtGy|ivq�y�in`�w_kvt£r�ijmGh
knmpoGinq�ÑuÏ<Ê�Æ½Î�Ã�Ê�Å

L
Ñ�� �jÎCË�Ê
�ßÃ½Î *���Î�Ã�Ê�Å

A
Ñ���Î£Å÷Ñ��3Ð8É�&>Æ�Ñ%&_Ñ<Ã.Ð ÅÇÐ8Ñ�*xÃ½Î£Æ�Ê�Ð *��uÈxÉ�ÅÇÐ Ï<Ê���� �GÊ � *>Ê ��Ë �

φ ::= p | ¬p | X | φ1 ∧ φ2 | φ1 ∨ φ2 | [a]φ

%(ÍQÊ�Æ�Ê
p ∈ A

Î *��
a ∈ L

���zÍ}Ê±Ã�Ê�ÅgÑ�� �'Æ�Ê�Ê�Ï<ÎuÆ.Ð8ÎGË
�jÊ�Ã
fv(φ) ⊆ V

Ñ���Î ��Ñ£ÆE�3È��jÎ
φ
ÐvÃ7�pÊ � *EÊ��&Î<Ã

È}Ã.ÈxÎ�� ��� Ñ£ÆE�3È��jÎGÊ½Ñ��lÅ8ÍQÊlÃ'ÍQÎ%&_Ê
p
Ñ£Æ

¬p
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M
Ñ£Ï£Ê�Æ

L
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A
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Ê�*xÏ6Ð Æ�Ñ * ��Ê *UÅ
ρ : V → P(S)

ÐvÃ �GÊ � *>Ê ��Ð * �£ÈxÉ�ÅKÐ Ï£Ê�����Ë �

‖p‖ρ = λ∗(p)
‖¬p‖ρ = S − λ∗(p)
‖X‖ρ = ρ(X)
‖φ1 ∧ φ2‖ρ = ‖φ1‖ρ ∩ ‖φ2‖ρ
‖φ1 ∨ φ2‖ρ = ‖φ1‖ρ ∪ ‖φ2‖ρ

‖[a]φ‖ρ = {s ∈ S | ∀t ∈ S . s
a
−→ t

Ð�� &
�çÐ8Ê�Ã
t ∈ ‖φ‖ρ}
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ff
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λ∗(ff) = ∅
ijh²tuknk

`�mQ�Qa:kny:³ ¦ a�r�\xa�h¶�Qa�ªxh_a
tt = ¬ff
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i φitphx� ∨

Φ
¬­mG��t�ªxh_ijr�a±y�a�r

Φ
mu¬]¬­mG��`½w_kntpap³	�xmp�lr�\_a±y��Ua6q�ivtukRq:tpy�a�mu¬,tuh�a�`��Qr�{�y�a�r�mp¬0¬­mG��`½w_kntpap�

��a�`�tuÀGalr�\xa�iv�Qa�hCr�ijªUq:t£r�inmphUy ∨

∅ = ff
tuhx� ∧

∅ = tt
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[K]φ
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K ⊆ L

r�m��Qa:h_mur�alr�\xal¬­mp��`�w_kvt ∧

a∈K [a]φ
³ �÷h«q�mphUq���a�r�a

q:tpy�a:y(��a,�,ijknkxmG`�i¨r�r�\_asq�wx��kn{�~_�'tpq'ÀGa�r'y�tuhx�3�,��i¨r�a
[a, b]φ

inhxy|r�a6tp�3mu¬
[{a, b}]φ
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[−]φ
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[L]φ
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Σ = {Xi = φi | i ∈ I}ÑuÏ<Ê�Æ
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bv(Σ) = {Xi | i ∈ I}
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φX

r�m���a�¬­a���r�m�r�\_a�¬­mp��`�wxknt
φ
inhOtuh�a:�Cwxt£r�ijmGh

(X = φ) ∈ Σ
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Σ = {X1 = X2∧X3, X2 = Y,X3 =

Z}
³+�_mG�]r�\_ivy�y�{Qy�r�a�` ��a�\xt<©pa

bv(Σ) = {X1, X2, X3}
tphx�

fv(Σ) = {Y, Z}
³
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Σ
ivy�tO`�tu�

η : bv(Σ) → P(S)
�

tGy�y�inoph_inh_o,r�m�a6tpq'\�©£tu��ivtu~_kna
X ∈ bv(Σ)

tsy�a�r(mu¬Uy|r�tur�a6y��uy�wxq'\�r�\xt£r�tuknk}a:�Cwxtur�inmphxy ijh
Σ
tu��a0y�t£r�iny|ªxa6�¾³

º«tu�xy
η
tp��a�mG���Qa:��a6�«~}{«�>mpinhCr|¹Â�,iny�a½inhxq�kjwxy�inmphz³ ¦ a�ªx��y|r��Qa�ªUh_a�r�\_a�a:h}©Cin��mph_`�a�hCr�w_�E�_t£r�a

ρ[η]
�

tGy
ρ[η](X) = η(X)

ij¬
X ∈ bv(Σ)

tphx�
ρ[η](X) = ρ(X)

mur�\_a����,iny�ap³�[]\xa�h·�0a��Qa�ªUh_a�r�\_a�`�tu�
ΨΣ,ρ : P(S)bv(Σ) → P(S)bv(Σ) ijhx�_wxq�a6��~}{�r�\_ala:�Cwxtur�inmphxy]inh Σ

~}{
ΨΣ,ρ(η)(X) = ‖φX‖ρ[η]
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Σ
%�Ð ÅKÍ½Æ�Ê�Ã &QÊ'É�Å¯Å÷Ñ�Î ��Ñ5�GÊ
�

M
Î�*���Î */Ê�*xÏ6Ð Æ�Ñ�*
��Ê�*xÅ

ρ
ÐvÃgÎ ��Î &

η : bv(Σ) → P(S)
Ã.ÈxÉ.Í�ÅKÍ}ÎuÅ

ΨΣ,ρ(η) = η
� �zÍ}Ê�y|a:`�tphCr�ivq�y

Ñ��,Î ��Ñ5�GÎ��UÊ���ÈxÎ£ÅÇÐ8Ñ�*�Ã �<Ã.ÅÂÊ��
Σ
%�Ð ÅKÍ�Æ�Ê�Ã�&_Ê'É�Å ÅÂÑ

M
Î�* �

ρ
	@�pÊ�*>ÑuÅÂÊ �

‖Σ‖ρ
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� mur�aRr�\xtur ~}{�r�\_a0�0a:kjkj¹ÇÀ}h_m£�,hl��hxtGy�r�a���¹Â[�tu�'y�ÀCi6ª_»Qa6�l�UmGijhCr r�\_a:mp��a�` � � " �pr�\_aRoG��a6t£r�a6y�r�y|mGkjwQr�ijmGh
mp¬

ΨΣ,ρ

tpkj�]t<{Qy�a�»Qivy�r'y���y�ijhxq�a
ΨΣ,ρ

iny½tO`�mph_mpr�mGh_a�`�tu�Ámph·r�\_a±kvt£r�r�ivq�a
P(S)bv(Σ) mp�'�Qa:��a6�&~}{�>mpinhCr|¹Â�,iny�a�ijhUq�knwxy|inmph¯³
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‖Σ‖ρ = {X1 7→ ρ(Y ) ∩

ρ(Z), X2 7→ ρ(Y ), X3 7→ ρ(Z)}
³

¦ a�wxy�a3`�mQ�_tpkIa:�Cwxtur�inmphXy�{Qy�r�a�`�ygr�m«tG�_�X��a6q�w_�'y|inmph&r�m/~xtGy|ivq�y|in`�w_kvt£r�ijmGhXknmpoGinqp³ Ú ¬­mG��`½w_kvt
φ[Σ]

mu¬�Ã'Ð��3È��jÎuÅKÐ8Ñ * �jÑ��uÐ8É3ivylq�mp`��>mGy�a:�&mu¬0t±¬­mp��`�w_kvt
φ
mu¬�~xtpy�inq3y�ij`½w_kntur�inmphXkjmGopivq½tphx�&t�`�m}�xtuk

a6�Cwxt£r�ijmGh·y�{Qy�r�a�`
Σ
³/[]\_a�¬­��a�a�©£tu��ivtu~_kna:y�mp¬

φ
tu��a�ijhCr�a:���x��a�r�a:�·~}{«r�\_a�oG��a6t£r�a6y�r�y�mpknwQr�inmph�mp¬

Σ
³
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 � -8¢Q 5� Ø � ( Ø�* �­¤ ��� �zÍ}Ê ��Ñ£ÆE�3È��jÎpÊ/Ñ��Òy�in`�w_kvt£r�ijmGh·knmpoGinqXÑ£Ï£Ê�Æ
L
Î�*��

A
ÎuÆ�Ê

�GÊ � *>Ê �&Ë �
φ[Σ]

	3%(Í}Ê�Æ�Ê
φ
ÐvÃ�Î ��Ñ£ÆE�3È��jÎ&Ñ���Ë�Î£Ã.Ð8É�Ã.Ð��3È��jÎ£ÅÇÐ8Ñ�* �nÑ �pÐ8É�Î *��

Σ
ÐvÃ±Î���Ñ5�GÎ��0Ê���ÈxÎ£ÅÇÐ8Ñ�*

Ã �<Ã.Å÷Ê
� � �zÍ}Ê«Ã�Ê�Å½Ñ�� �'Æ�Ê'Ê&Î *��ZË�ÑuÈ *��·Ï£Î£Æ.Ð8ÎGË
�jÊ�ÃXÎ£Æ�Ê
fv(φ[Σ]) = (fv(φ) ∪ fv(Σ)) − bv(Σ)

Î�* �
bv(φ[Σ]) = bv(Σ)

	0Æ�Ê.Ã &_Ê'É�ÅÇÐ Ï<Ê���� �
�zÍ}Ê�y�a�`�tphGr�inq:y½Ñ��

φ[Σ]
%�Ð Å8Í�Æ�Ê.Ã &_Ê'É�Å�ÅÂÑ)��Ñ��pÊ��

M
Î�* �±Ê�*xÏ6Ð Æ�Ñ�*
��Ê�*xÅ

ρ
ÐvÃ �GÊ � *>Ê ��Ë �

‖φ[Σ]‖ρ = ‖φ‖ρ[‖Σ‖ρ].

��ÊsÃ�Î �½ÅKÍ}ÎuÅRÎ�Ã'Å÷Î£Å÷Ê
s
Ñ���Î ��Ñ5�GÊ
�

M
Ã�Î£ÅÇÐvÃ �0Ê�Ã

φ[Σ]
	 %�Æ.Ð ÅÇÅ÷Ê *

(M, s) |= φ[Σ]
	�Ð �

s ∈ ‖φ[Σ]‖ρ
��Ñ£Æ

Î����
ρ
��� Ñ£Æ�Ã &_Ê'É�Ð ��É�ÎuÅKÐ8Ñ *_Ã

(M, E)
%RÊ �pÊ � *>Ê

(M, E) |= φ[Σ]
Ð �

(M, s) |= φ[Σ]
��Ñ£Æ�Î����

s ∈ E
�

¦ a�\xa�hxq�a�¬­mp��r�\Ámp¬ r�a:h mp`�ijr�r�\_a±a6�GwUt£r�inmph¶y�{Qy�r�a�`
Σ
¬­��mp`

φ[Σ]
i¨¬�h_m·q�mGhQ¬­wxy�ijmGh q�tph¶tu��iny�ap³

�xw_��r�\_a:�:�E¬­��mp` h_m£�@mGh_a3�0a3��a6y�r���ivq.r�mpwx�gtur|r�a:hCr�inmph«r�m�É��jÑ£Ã�Ê �«¬­mp��`�w_kvtua½�,i¨r�\Xhxm±¬­��a�a3©£tu��intp~_kja6y��
¬­mG�,�,\_ivq'\±r�\_a�y|a:`�tuhCr�ivq�y]ivy]ijhU�Qa��>a�hx�_a�hCrsmu¬ r�\_ala:h}©Cin��mph_`�a�hCr6³

¦ a3y�t<{�r�\xtur
φ1

iny�t±kjmGopivq�tuk(q�mGhxy�a:�Cw_a�hUq�a�mp¬
φ0
�E�,��i¨r�r�a�h

φ0 |= φ1
�¾i¨¬I¬­mG�gtpkjk�y��Ua6q�ijªUq�tur�inmphxy

S
�
S |= φ0

in`3�xkjina:y
S |= φ1

³I[]\_a�¬­mp��`�wxknt
φ0

iny]knmpoGinq:tuknkj{�a6�Cw_ij©£tpkja:hGr]r�m
φ1
�_�,��i¨r�r�a�h

φ0 ≡ φ1
�Qij¬

φ0 |= φ1
tuhx�

φ1 |= φ0
³

�}in`�wxkntur�inmph·kjmGopivq�ivy�a6�Cwxtuknkj{Oa�»Q�_��a6y�y�in©pa½tGy�r�\_a�`�mQ�_tuk
µ
¹÷q�tukvq�wxkjwxy�� � � ���,ijr�\·~Um<»«`�mQ�_tpkjijr�ina:y

tphx�/op��a:tur�a6y�r]ª_»Qa:�/�>mpinhCr�ysmph_kn{p³,[]\_alr���tphxy�kntur�inmph�¬­��mG` r�\_inys¬­�'tuop`�a:hGr�mp¬(r�\_a�`�mQ�_tpk
µ
¹÷q�tukvq�wxkjwxy

r�m�y|in`�wxkntur�inmph3kjmGopivq]inyIy|r��'tuinop\Cr�¬­mp����tp���¾³ Ú yItuh�a�»Qtp`��_kjaG�£r�\xa,¬­mp��`�w_kvt
νX.p1∧ (νY.X∧ (p2∨Y ))ivysr��'tuhxy�kntur�a6��r�m�r�\_a½a:�Cw_in©<tpkja:hCrgy�ij`½w_kntur�inmph«knmpoGinql¬­mp��`�w_kvt

X [X = p1 ∧ Y, Y = X ∧ (p2 ∨ Y )]
³

[]\xa�r���tphxy�kntur�inmph�inh�r�\_a�mur�\_a��,�Qin��a:q.r�ijmGh�ivy]~xtGy|a6��mph/¿�a�À}i�� � y0�x��inhxq�in�_kna � �Q� � �Ç�Q�,\xinq'\�a�»Q�_��a:y�y|a6y0t
ªx»}a6�±�>mpinhCr�ijhOt3�_��mQ�Qwxq.r�kvt£r�r�ivq�a�inh�r�a���`�y]mu¬�t½©Ga:q�r�mp�]mp¬(q�mp`��UmGh_a�hCr�¹Ç�,ivy|a�ª_»Qa:���>mpinhCr�y:³
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� a�»}r:�C��a,�,ijknkx��a�kvt£r�a�y|in`�w_kvt£r�ijmGh�kjmGopivqRr�m�y�ij`½w_kntur�inmphz³ ¦ a��_��m}q�a�a6�½~}{3�Qa�ªxhxijh_o�r��0mgr��'tuhUy|kvt£r�ijmGhxy��
χ
tuhx�

θ
³@[]\_aO`�tu�

χ
r���tphxy�kntur�a:y�t � *xÐ Å÷Ê&y��>a:q�ijªUq:t£r�inmph²inhCr�m t·¬­mG��`½w_kntx�,q'\xtu�'tpq�r�a���ivy|inh_oXr�\_a

y��>a:q�ijªUq:t£r�inmph¯�_�,\_inkja
θ
r���tphxy�kntur�a:y�¬­mG��`½w_kvtua�ijhCr�m 
 ªxh_ijr�a6��y��Ua6q�ijªUq�tur�inmphxy:³0[]\xalkntur|r�a:��`�tu�Oivy]ªx�'y�r

�_a�ªxh_a6�¶mGhÁ¬­mp��`�w_kvtua±ijhÒy|mp¹Âq:tuknkja6�·y�in`�w_kvt£r�ijmGh¶h_mp��`�tuk0¬­mp��` 
K� � � �½tuhU��r�\_a:h a�»Cr�a�hx�_a:�Ár�mXtpkjk
¬­mG��`½w_kvtua�~}{gy�\_m£�,inh_o]r�\Ut£r�tph}{�¬­mp��`�wxknt�q:tuh�~>aIr��'tuhUy�¬­mG��`�a:�ginhCr�m�� � ��³ ¦ a0y�\_m£�Xr�\xtur

χ
knmpoGinq:tuknkj{

q'\Utu�'tpq.r�a���iny�a:yly�in`�w_kvt£r�ijmGh tuhx�
θ
~Ua:\xt<©}ijmGw_�'tuknkj{�q'\xtu�'tpq�r�a:��ivy|a6y�kjmGopivq�tpk0y�t£r�ivy|¬8tpq.r�ijmGhz³X[]\xa:y�a�r���m

`�tp�xy,¬­mG��` t±d�tuknmpivy�q�mGh_h_a6q.r�inmphO~>a�r���a�a:h/ªxh_ijr�a�y��>a:q�ijªUq:t£r�inmphUystuhU��¬­mp��`�w_kvtpy��
S ≤ θ(φ)

ij¬Rtuhx�
mGh_kn{�i¨¬

S |= φ
i¨¬�tuhx��mphxkj{�ij¬

χ(S) |= φ
³

��in��y|r,�0al�Qa�ªxh_a�r�\xal`�tp�_�_inh_o3¬­��mG` ªxh_ijr�aly��Ua6q�ijªUq�tur�inmphxy�r�m3¬­mp��`�w_kvtuaG³ Ú ªUh_i¨r�aly|�>a:q�i¨ªUq:t£r�ijmGh
(M, E)

iny�r���tphxy|kvt£r�a:�µinhCr�mZi¨r'y�É�Í}ÎuÆ�ÎpÉ�Å÷Ê�Æ.ÐvÃ.ÅÇÐ8É ��Ñ£ÆE�3È��jÎ
χ(M, E) = φE [ΣM]

���,\xa���a
ΣM

iny
�_a�ªxh_a6��~C{�tuh�a:�Cwxt£r�ijmGh

Xs =
∧

a∈L

[a]
∨

s
a
−→t

Xt ∧
∧

p∈λ(s)

p ∧
∧

q 6∈λ(s)

¬q

¬­mG�0a6tpq'\
s ∈ S

�}tphx�
φE =

∨

s∈E Xs

³��,a:q:tuknkUr�\xt£r,��asiv�Qa�hCr�i¨¬­{ ∨

∅
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ff
tuhx� ∧

∅
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tt
�_y|m
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a
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s
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[a] ff
³

?@? ï�ACB�ÿED.ü



� b � &UÆ�Ê�*:�CÊ�Æ 	 � ÈQÆ�Ñ£Ï�����ÈQÐvÃ ��Î�*

a

b
 a

 bb

A = {p, q}
L = {a, b}
E = {s1, s2}

s1(p, q) s2(p)

s3()

��inopw_��a � � �(»_tu`��_kna�y��Ua6q�ijªUq�tur�inmph
S
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S
�Qiny��_kvt<{pa6��inh

��inopw_��a � 
­�,\_a:��agr�\xa�h_mur't£r�ijmGh
s1(p, q)

ivy]wxy�a:��r�m��_a�h_mpr�alt�y�r't£r�a
s1
¬­mG�,�,\_ivq'\

λ(s1) = {p, q}
��³

[]\xa�q�mp����a6y|�>mphU�Qijhxo�¬­mG��`½w_knt�¬­mp��r�\_ivy]`�m}�_a�kzivy
χ(S) = Xs1

∨Xs2
[Σ]

�_�,\_a:��a
Σ
ivy,oGij©Ga�h±~}{

Σ =





Xs1
= [a]Xs2

∧ [b]ff ∧ p ∧ q
Xs2

= [a] ff ∧[b](Xs1
∨Xs3

) ∧ p ∧ ¬q
Xs3

= [a]Xs2
∧ [b]Xs1

∧ ¬p ∧ ¬q





¦ a�q�tuhX�_��m£©pa�r�\xt£rlij¬�y��Ua6q�ijªUq�tur�inmph
S1

ivyly�ij`½w_kntur�a6�«~}{/r�\_a3ªxhxi¨r�a�y��>a:q�ijªUq:t£r�inmph
S2
�Er�\_ivy�iny

a6�Cw_ij©£tpkja:hGr]r�m�y�t<{}ijhxo�r�\xt£r
S1

y�t£r�iny|ªxa:y�r�\_a�q'\xtp��tGq.r�a:��ivy|r�ivq,¬­mp��`�wxknt3mu¬
S2
³I[]\xiny]ivy�t3©£tu��intur�inmph±mp¬

tph�a6tu��kjina��]��a:y�w_kjr]~}{��¯tu�'y�a�h � �  ���p³
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S1
	
S2

Ë�Ê�Ã�&_Ê'É�Ð ��É'Î£ÅÇÐ8Ñ�*_Ã�Î *��«Ã.È &.&_Ñ<Ã�Ê
S2

ÐvÃ � *xÐ Å÷Ê�� �zÍQÊ *
S1 ≤ S2

Ð �±Î *��
Ñ * ����Ð �

S1 |= χ(S2)
�

�]Æ�Ñ:Ñ��9� 
Ktp�_tp�Qr�a6�/¬­��mp` � �  ��(�¾ijhUq�knwx�Qa:�&\_a���a�¬­mG�gq�mp`��_kna�r�a�h_a6y�y����Qw_�_�>mGy�a
Si = (Mi, Ei)

¬­mG�
i =

1, 2
³
�
⇒
���za�r

Ψ
~Ua�r�\_a3`�tu�Omph

P(S)bv(Σ) ijhx�_wxq�a6�«~}{±r�\_a3a:�Cwxt£r�ijmGhxy�inh Σ


ΨΣ

~Ua�¬­mp��a ��a�ªxhxi¨¹
r�ijmGh !/�.³ �÷h�mp�'�Qa���r�mO�_��m£©pa�r�\xtur

(M1, E1) |= (
∨

s∈E2
Xs)[ΣM2

]
ijrlinyly�w ��q�ina�hCr�r�mOy�\_m£�°r�\xt£r

r�\_a�`�tu�
η
�Qa�ªxh_a:��~}{

η(Xs) = {t ∈ S1 | t ≤ s}
ivy,t3�UmCy�r�¹Kª_»Qa6�±�>mpinhCr]mp¬

Ψ
³ �Âr,r�\_a:h±¬­mGkjknm£��y�~}{

ªx»}a6�«�>mpinhCr�inhx�Qwxq�r�inmphXr�\xtur
η ⊆ ‖ΣM2

‖
³ Ú kvy|mU�Ey�inhxq�a

S1 ≤ S2
�¾��a�\xt<©Ga�r�\Ut£rg¬­mp�ga:tpq'\

t ∈ E1r�\_a���a�inysy|mG`3a
s ∈ E2

y�wxq'\�r�\xtur
t ∈ η(Xs)

³R��a:hxq�a
t ∈ ‖Σ‖(Xs)

tphx��r�\_a:��a�¬­mp��a
t |= χ(S2)
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η(Xs) ⊆ Ψ(η)(Xs)
¬­mG�0tpkjk

s ∈ S
³��za�r

t ∈ η(Xs)
�}\_a�hxq�a

t ≤ s
³

¦ al\xt<©Gasr�m�a:y|r�tu~xkjivy|\
t ∈ Ψ(η)(Xs)

�Qr�\xtur�iny:�

­i��

t ∈ ‖[a]
∨

s
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−→s′

Xs′‖ρ[η]
¬­mG��tuknk

a ∈ L
�_tuhx�
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t ∈ ‖

∧

p∈λ(s) p ∧
∧

q 6∈λ(s) ¬q‖ρ[η]
³
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t

a
−→ t′

³X�Qijhxq�a
t ≤ s

�(r�\_a:��a�ivy3t
s′
y�wxq'\�r�\xt£r

s
a
−→ s′

tphx�
t′ ≤ s′

³&�sa�hxq�ap�
t′ ∈ η(Xs′)

³I��mGijhCr�
­ini"�]¬­mpknkjm£��y0¬­��mp`
t ≤ s

tuhx�±r�\_a��_a�ªxh_ijr�inmph/mp¬(y�ij`½w_kvt£r�inmph¯³
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⇐
�R�za�r

χ(S2) = (
∨

X )[Σ]
�,ijr�\

X = {Xs | s ∈ E2}
tuhU��kja�r

η = ‖Σ‖ρ
¬­mG� y�mp`�a3
Ktu��~_i¨r���tp��{ �

a:h}©Cin��mph_`�a�hCr
ρ
³ ¦ a�y|\_m£� r�\Ut£r

R = {(s, t) | s ∈ η(Xt)}
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S1 ≤ S2
r�\_a:hÁa:tGy|inkj{&¬­mpknkjm£��y:³/�za�r

(s, t) ∈ R
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∧
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∧
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s
a
−→ s′

³��}ijhUq�a
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∨
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Ñ��,Ã.Ð��½È��nÎ£ÅÇÐ8Ñ�* �jÑ��uÐ8É�Ñ£Ï£Ê�Æ

L
Î *��

A
ÐvÃ�Ð *&y�ij`½w_kvt£r�inmph±h_mp��`�tukU¬­mp��` 
Ç� � �+��Ð �

φ
Í}Î<Ã�ÅKÍ}Ê ��ÑuÆE� ∨
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[a]
∨

YX,a ∧
∧

p∈BX

p ∧
∧

q∈A−BX

¬q

%(ÍQÊ�Æ�Ê�Ê'ÎpÉ�Í
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�jÊ.Ã½Î *��
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∨
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E = X
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∨
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[aij ]ψij ∧
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c(ψ)
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ψ
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�pÐ Ï£Ê *TË �
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X,Y ∈ bv(Σ)
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[

X = [a]X ∨ (q ∧ Y )
Y = [b] (X ∧ Y ) ∧ p

]
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� ¢Q¡< 5�­¢ -,¤ Ø ¡6¡ Ô ¤u  � Ô �6� �xmp�,�_\xtGy|a �0�0a�a:y|r�tp~_kniny�\�r�\_ag¬­mpknknm£�,ijh_o3r���m�ijh}©£tu��intphCr�y��
� � ³«¬­mp��tuknk

Y ∈ bv(Σ0)
��ag\Ut<©pa

Y ∈ bv(Σi)
tuhx�

Y [Σi] ≡ Y [Σ0]
�xtphx�

�CbQ³&i¨¬
(Ψ, Z) ∈ hi

r�\_a�h
Z ∈ bv(Σi)

tphx�
Z[Σi] ≡ (

∧

Ψ)[Σi]
³

[]\xaR�_��a:y�a���©£t£r�inmphlmp¬_`�a:tuhxijh_o 
­�>mpinhCr � �¾inh��_\xtGy|a �¾iny r�\xa�h�t�q�mphUy|a6�Gwxa�hxq�aRmu¬U� � ¹¾y|inhxq�a
X
��a�`�tpijhxy

wxhxq'\xtuhxopa:�z�p�,\_inkja��Gbgivy�tuh�tuw_»}inknintp��{½ijh}©£tu��intphCrIa�»Q�_��a:y�y|inh_o�tl�_��mp�>a���r�{�mp¬¾a:tpq'\
hi

�}�,\_ivq'\��,inkjk>~Ua
hxa�a:�_a:�±r�m�a:y|r�tp~_kniny�\�inh}©£tu��intphGr�� � ³

¿�mur�\�ijh}©£tu��intphCr�y�\_mGkn�Xr���in©Civtuknkn{O¬­mp�
i = 0

³ ¦ a�\xt<©Ga½r�m«q'\_a:q'À«r�\xturlr�\_a:{·tp��a��_��a:y�a���©pa6�«~}{
y|r�a:�xy �.³ � ¹(�.³  _³3[]\_ivy�ivy�a:tpy�{/r�mOy�a�a3¬­mp��y|r�a:�xy �.³ßb�tphx� �.³  _�z�,\_ivq'\·tp��ag��wxy|r�ijªxa:�·~}{«�_��mp�>mGy�ijr�inmphxtpk
a6�Cw_ij©£tpkja:hxq�a6yltuhx�&r�\_a�¬8tGq.rlr�\xt£r

hi+1 = hi

³±�}ij`�inkntp��kn{p�z¬­mp��y|r�a�� �.³ ���,\_inq'\·ivyl~xtpy�a:�Xmph·`�mQ�_tuk
a6�Cw_ij©£tpkja:hxq�a6y�³ ¦ a��Qiny�q�wUy�y�r�\_al�_��mCmp¬¯¬­mG�]r�\_al��a�`�tuinh_inh_o�y�r�a��xy*�.³ � tuhx� �.³ ��ijh/y|mG`�a��_a�r�tpijkÇ³

dgin©pa:hOa:�Cwxt£r�ijmGh
(X = φ) ∈ Σi

�>ijh&y|r�a:�&�.³ � �0a���a��>a:tur�a6�Qkj{���a��,��i¨r�alw_h_opwUtu�'�Qa:�/mQq�q�w_����a:hxq�a6y
mp¬R©£tu��intp~_kna:ygijh

φ
wxy�inh_o�a6�Cwxt£r�ijmGhxysmp¬

Σ0
³3�}w_�x�UmCy|a���a½��a��,��i¨r�a½a6�Cwxt£r�ijmGh

(Y = ψ) ∈ Σ0
inh
φ
³

¿�{�r�\xa�ª_»Qa:�«�UmGijhCr��_��mG�Ua:�|r�{���a�\xt<©pa
Y [Σ0] ≡ ψ[Σ0]

³��Âr�r�\_a:h«¬­mpknknm£��y�~}{/ijh}©£tu��intphCrg� � tuhx�«t
��mpw_r�inh_a�inhx�Qwxq�r�inmph«mGhOr�\xa3y|r���wxq.r�w_��a�mu¬

ψ
r�\xtur

Y [Σi] ≡ ψ[Σi]
³g�sa�hxq�ap�

X [Σi] ≡ X [Σ′
i]
�¾�,\xa���a

Σ′
i

ivy½mG~Qr�tpijhxa:�Á¬­��mp`
Σi

~}{Á��a:�_kvtpq�inh_o
X = φ

�,ijr�\
X = φ[ψ/Y ]

³¶¿�{Á��a��>a:tur�a:�_kj{¶tp�_�_kn{Cinh_o
r�\_ivygtp��oGw_`�a�hCr���a�oGa�r

X [Σi] ≡ X [Σi+1]
�ztuhx�/r�\}wxy�r�\_a��_��a:y�a���©£t£r�inmphOmp¬�� � ³��}inhxq�a

hi+1 = hi

�
inh}©£tu��intphGr��Cb�ivy,tukvy�m3�x��a6y|a:��©Ga:�¾³
�÷hTy�r�a��,�.³ � ��aXq�mphxy�in�_a���tph a:�Cwxtur�inmph

(X = φ) ∈ Σi

tuhx� tÁr�mG�Q¹Âkja:©pa�k�mQq�q�wx����a�hxq�a«mu¬�t
y�w_~Q¬­mG��`½w_kvt

[a]ψ
inh
φ
y�wxq'\�r�\xt£r

ψ
ivyzhxmur t]©£tu��ivtu~_knap³¯[ ��m�q�tpy�a:y¾tp��aI�_iny|r�inh_opwxiny�\_a:�z³ �Â¬

(c(ψ), Y ) ∈
hi

r�\xa�h
Σ′

i = (Σi−{X = φ})∪{X = φ′}
�p�,\_a���a�r�\_a�oGij©Ga�h3mQq�q�wx����a�hxq�a0mp¬

[a]ψ
inh
φ
inyI��a:�_kntGq�a6�

~}{
[a]Y

ijh
φ′
³�¿�{�inh}©£tu��intphGrR�Cb���a]À}h_m£�¶r�\xt£r

Y [Σi] ≡ ψ[Σi]
�Cy|mg~>mur�\�� � tuhx���Gb�tu��a]�_��a:y�a���©pa:�z³

�Â¬��QmGh�r�\_a�mur�\xa��]\xtuhU�¾�
c(ψ) 6∈ dom(hi)

r�\xa�h��0a�y|a�r
Σ′

i = (Σi −{X = φ}) ∪ {X = φ′, Z = ψ}
�

�,\xa���a�r�\_aOopin©pa:hZmQq:q�w_����a:hxq�a�mu¬
[a]ψ

ijh
φ
ivy���a��_kvtpq�a:� ~C{

[a]Z
inh
φ′

tphx�
Z 6∈ bv(Σi)

iny�t
¬­��a:y�\«©£tu��ivtu~_knap³ ¦ a½tpkny�m±y�a�r

h′i
r�m
hi ∪ {(c(ψ), Z)}

³��÷hC©£tp��ivtuhCrg� � ivys�_��a:y�a���©pa6�¾³ �÷h«�Utu��r�ivq�w_kvtu�6�
X [Σi] ≡ X [Σ′

i]
�_tpy���agtp��aR��wxy|r]inhCr���mQ�Qwxq�inh_o3t�h_a:� hxtp`3a�¬­mp��r�\_aly|w_~_¬­mp��`�w_kvt

ψ
mu¬
φ
³+�÷h}©£tu��intphCr

�Cb/q�a:�|r'tuinh_kn{«\_mpkv�_y�¬­mp�lr�\_a�h_a:� `�tu�x�_ijhxo
(c(ψ), Z) ∈ h′i

tphx�·i¨r�\xmpkv�_yl¬­mG��tuknkIa�kna�`�a:hGr'y�inh
hi~}{«� � ³ Ú oCtuinhz�E~}{O��a:�Ua6t£r�inh_o±r�\_ivyltu��opw_`�a:hGr�mph_a�q�tph&a:tGy|inkn{/y�a�a�r�\xturl~Umpr�\&inh}©£tu��intphGr'ys\xmpkv�/¬­mp�

(Xi+1,Σi+1, hi+1)
³

� Ô ¡ 
1� � ¢_ 5� Ø � �Ârl��a�`�tuinhxysr�m/~Ua��_��m£©pa:hOr�\Ut£r��_\xtpy�a ��r�a:��`�inhxt£r�a:y:³�[]\_a:��a�tu��a�r���m��>mpinhCr�y�r�m
q�mphxy�iv�Qa��6³ ��ij�'y|r:�¾r�\_a���a:�,��ijr�inh_o��_��mQq�a:y�ysinh·y|r�a:� �.³ � `�ijoG\Grg¬8tuink(r�m�r�a���`3inhxtur�ap³3��m£��a�©Ga��6�Ur�\_ivy�iny
�x��a:©pa�hCr�a:�Á~}{�mpw_��tpy�y�w_`��Qr�inmph r�\xtur½r�\_a�inh_ijr�ivtuk]a:�Cwxtur�inmph y�{Qy�r�a�`

Σ0
iny3��a:tpÀCkn{·opwxtp���Qa6�,
8y�a�a

tpkny�mO�za:`3`�tOb ��³ Ú knk�r���tphxy�¬­mG��`�tur�inmphXy|r�a:�xyl�_��a:y�a���©pa½r�\xa��0a6tuÀ«oGwxtu�'�Qa:�_h_a:y�ygmu¬]a:�Cwxt£r�ijmGhxy:³ �÷h
�Utu��r�ivq�w_kvtu�6�Qtuh}{�h_a��Ta:�Cwxtur�inmph�ijhCr���mQ�Qwxq�a:��ijh/y|r�a�� �.³ ��iny]��a:tpÀCkn{�opwUtu�'�Qa:�¾�_y�inhxq�a�ijrsy|in`��_kj{±opin©pa:y
hUtu`�a�r�m�t�y�w_~Q¬­mG��`½w_knt3mp¬�tph/a�»Qiny|r�inh_o�a:�Cwxtur�inmphOtuhU���_mCa6y]r�\xa���a�¬­mp��alh_mprstp�_�/tuh}{�q�{Qq�kna:y�r�m�r�\_a
©£tp��ivtu~_kna��Qa��>a�hx�_a�hxq�{±op�'tu�x\z³

[]\_a3y|a6q�mGhx�/�Umpr�a:hGr�intpk y�mpw_�'q�almp¬Ih_mph_¹Kr�a���`3inhxtur�inmph/inysr�\xa�inhGr���mQ�QwUq.r�inmphOmp¬�h_a��@a6�GwUt£r�inmphUy�inh
y|r�a:� �.³ �x³ �¯a�r�wxy�q�tpkjk]t&¬­mp��`�w_kvt

ψ
Ë�Ñ��}Ê �·Ð *

φ
ij¬sr�\_a���a�ivy�y|mG`�a

a ∈ L
y�wxq'\ r�\xtur

[a]ψ
iny�t

y�w_~Q¬­mG��`½w_kvt�mp¬
φ
³ � mGhQ¹Çr�a���`�ijhUt£r�inmph�mu¬(y�r�a�� �.³ �3ivy,��w_kna:��mpwQr�~}{�r�\_a�¬­mpknkjm£�,inh_o3ijh}©£tu��ivtuhCr��

�G�_³&�,\_a�h_a:©pa:�
(Ψ, Z) ∈ hi

r�\_a:h²a:tpq'\
ψ ∈ Ψ

tu�_�>a:tp��y½~Um<»Qa6�¶inh r�\_aO��inop\Cr�¹Ç\xtphx�¶y�in�_a�mp¬�tuh
mp��ijoGijhxtpkEa:�Cwxt£r�ijmGh�inh

Σ0
³

ø?>8?zø�@



� Ð��½È��nÎ£ÅÇÐ8Ñ�*�� Ñ��uÐ8É
	��'& &
�jÊ�ÅKÃ�Î *�����Ñ�� &_Ñ<Ã.Ð ÅÇÐ8Ñ�*EÎ����UÊ�Æ.Ð ��É'Î£ÅÇÐ8Ñ�* � �

�Qijhxq�a]r�\_a:��a�tu��a�mGh_kn{½tgªxh_ijr�ashCwx`�~>a��Imp¬E~>m<»Qa:��y�w_~Q¬­mp��`�wxkntpap�£r�\_a�`�tu�
h
a:©pa�hCr�wxtuknkj{�ªxknkny�wx��ijhCr�m

t�r�mur�tpkQ¬­w_hxq�r�inmph�tur(�,\xinq'\��>mpinhGrIhxm�¬­w_�|r�\_a��Ra:�Cwxt£r�ijmGhxy(�,inkjk_~>astG�_�Qa:�z³�[]\_a:h��_\xtpy�a �¯r�a���`�ijhxtur�a6y��
y�inhxq�a�a:tGq'\�mp¬¯r�\_alijhU�Qij©}iv�Qwxtpk¯y�r�a��xy,�_mCa6y�³

[ m&y�a�a�r�\Ut£r3�G�/\_mpkv�_y:� mG~xy�a���©pa3r�\xtur½y|r�a��Uy��.³ � tuhx� �.³ßb/�Qm«h_mpr�t7#Ea:q�r�~Um<»Qa6�&¬­mG��`½w_kvtua�tuhU�
inh²y�r�a�� �.³ �X~Um<»Qa6�¶¬­mG��`½w_kntpa±`�inop\Cr�~UaOq�mG`�~_inh_a6� inhCr�m�q�mphu��w_hxq.r�ijmGhxy:³Z[]\_a:��a�¬­mp��ap��r�\_a:y�aOy�r�a��xy
�x��a6y|a:��©Ga�r�\xal�_��mG�Ua:�|r�{
��³ tpkjk�~Um<»Qa6��¬­mp��`�w_kvtualmp¬RtuhOa:�Cwxtur�inmph

(X = φ) ∈ Σi

tu��a�q�mGh£��w_hxq�r�inmphxysmu¬�~Um<»Qa6�/¬­mp��`�w_kvtualmp¬
Σ0
³

[]\xiny0�_��mp�>a���r�{½r���in©}intpkjkn{3\_mpkv�_y0ijh_ijr�ivtuknkn{�¬­mp�0r�\_aga:�Cwxtur�inmphxyRijh
Σ0
³I¿�wQrRr�\_a�h�i¨r,tukvy�m�\_mGkn�_yR¬­mp�]tuh}{

hxa��!a6�Cwxt£r�ijmGhxygijhCr���mQ�Qwxq�a:�Xijh�y�r�a�� �.³ �x³���a�hUq�ap� tuh}{O�xtuin�
(Ψ, Z)

r�\Ut£rlinyltG�_�Qa6�«r�m
hi

y�t£r�iny|ªxa:y
inh}©£tu��intphGr��G�_³�[]\_ivy�q�mG`3�xkja�r�a:y�r�\_al�_��m}mu¬ mp¬¯r�a���`3inhxtur�inmphz³

¦ a]a�»}r�a:hx��r�\_a]`�tu�_�_inh_o
θ
r�mltuknkG¬­mG��`½w_kvtua�mu¬Uy�ij`½w_kvt£r�inmph½kjmGopivqR~}{��Qa�ªxh_inh_o

θ(φ) = θ(snf(φ))
³

[]\xa�hz��y�ijhUq�a
snf

�_��a:y�a���©pa6y3r�\_a·y|a:`�tphCr�ivq�y�mp¬g¬­mG��`½w_kvtuap�,[]\_a:mp��a�`%b�q�tphµ~UaXa�»}r�a:hx�Qa:�Òr�m tuknk
¬­mG��`½w_kvtuap³
��� Ô}Ø ¡ Ô 
 � � � Ñ£Æ«Î�����Ã�&_Ê'É�Ð ��É'Î£ÅÇÐ8Ñ�*_Ã

S
Î *�� ��ÑuÆE�½È��nÎpÊ

φ
	 %RÊ/ÍQÎ£Ï£Ê

S ≤ θ(φ)
Ð �«Î *��¶Ñ * ���ÁÐ �

S |= φ
�

[]\}wxy:�,¬­mp��tuh}{²y|�>a:q�i¨ªUq:t£r�ijmGh
S
tuhU� tuh}{Ò�_��mG�Ua:�|r�{

φ
��ij¬��0a&��tphGr±r�mZq'\xa:q'ÀÒ�,\_a�r�\_a���r�\_a

y��>a:q�ijªUq:t£r�inmph/y�t£r�ivy|ªxa:y�r�\_al�_��mp�>a���r�{p�}i¨r�ivy�y�w ��q�ina�hCr]r�m�q'\_a6q'À�r�\xtur
S
iny�y�in`�w_kvt£r�a:��~C{

θ(φ)
³

. Ø � � Ô�� � Ô � ¤ Ô � ¦ a�`�a�hCr�inmphXt�¬­a�� q�mphUy|a6�Gwxa�hxq�a:y,mp¬0[]\_a�mG��a:`�y � tphx�O�x³g�za�r
(S,≤)

~>a½r�\_a
�x��a:mp�'�Qa��3mu¬ 
­ivy|mG`3mG���x\_iny�` q�kvtpy�y�a:y3mu¬���� *xÐ Å÷ÊOy|�>a:q�i¨ª>q�t£r�ijmGhxy3m£©pa:�3oGij©Ga�h

L
tphx�

A
mG���Qa:��a6�Á~}{

y�in`�w_kvt£r�ijmGh²tphx�²kna�r
(L, |=)

~>aOr�\_a&�_��a:mp�'�Qa��±mu¬�¬­mp��`�w_kvtua/mp¬ly�in`�w_kvt£r�ijmGhµkjmGopivq/m£©pa��
L
tuhx�

AmG���_a���a:��~}{�r�\_alknmpopivq�tpk¾q�mphUy|a6�Gwxa�hxq�ag��a�kvt£r�ijmGhz³
. Ø ¡ Ø - -8¢Q¡ Õ � �

χ
Î�* �

θ
ÎuÆ�Ê ��Ñ�*EÑ£Å÷Ñ�*EÊ��

�}in`�wxkntur�inmph/�_��a:y�a���©pa:y0knmpopivq�tpkE�_��mG�Ua:�|r�ija6y��
. Ø ¡ Ø - -8¢Q¡ Õ # � �¯ÑuÆ�Î����zÃ &_Ê'É�Ð ��É�ÎuÅKÐ8Ñ *_Ã

S1
Î�*��

S2
%RÊ�Í}ÎuÏ<Ê

S1 ≤ S2
Î *��

S2 |= φ
Ð�� &
� �

S1 |= φ
�

[]\_aO�Utuin�
(χ, θ)

mu¬g`�tp�xy3¬­mp��`�y�tÁd�tuknmpivy�q�mphxh_a:q�r�inmphÒ~Ua�r��0a:a�hZr�\_aO�_��a�mG���_a��'y
(L, |=)

tuhx�
(S,≤)

�

. Ø ¡ Ø - -8¢Q¡ Õ - � � Ñ£Æ � *xÐ Å÷Ê�Ã�&_Ê'É�Ð ��É'Î£ÅÇÐ8Ñ�*_Ã
S
Î�* �/Î���� ��Ñ£ÆE�3È��jÎ<Ã

φ
	 %RÊ½Í}Î£Ï£Ê

S ≤ θ(φ)
Ð �3Î�* ��Ñ * ���

Ð �
χ(S) |= φ

�

� ��� � 
 � � �	� � ����� ����
��
´s¬ r�a�hz�pmph_a]ivy mGh_kn{�ijhCr�a���a:y|r�a:��ijh½r�\xa�ÑGË.Ã�Ê�Æ.Ï£ÎGË
�jÊ�~>a�\Ut<©Cinmpwx� mp¬>y�{}y|r�a:`�y�³([¯m�tpq'\xija:©pa0r�\_ivy��pmph_a]q�tph
iv�Qa:hGr�i¨¬­{Xt��Qivy|r�inh_opw_ivy�\_a:�Xtpq.r�ijmGh

ε ∈ A
�zq�tpkjkna:�«r�\_a�Ã.Ð��jÊ�*xÅgtpq.r�ijmGhz�ztuhU�&�Qa�ªxh_a %RÊ'Î�
/r��'tuhxy�ijr�inmphxy

s
a
⇒ t

ijh�r�a:��`�y mu¬_r�\_aRwxy�wxtpk 
Ky�r���mGh_o/�¾r��'tuhxy�i¨r�ijmGhxy�tpy¾¬­mGkjknm£��y��
s

ε
⇒ t

�,\xa�h_a:©pa��
s(

ε
−→)∗t

�utphx�
s

a
⇒ t
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�,\xa�h_a:©pa��
s

ε
⇒

a
−→

ε
⇒ t

¬­mp��tpkjk
a 6= ε

³ ¦ a6tuÀOy�ij`½w_kntur�inmph
≤w


8�0a6tuÀ�y�in`�w_kvt£r�ijmGhOa:�Cw_in©<tpkja:hxq�a
=w

�
ivy0r�\_a:h��_a�ªxh_a6��tGy]y|in`�w_kvt£r�ijmGh 
Ky|in`�w_kvt£r�ijmGh±a6�Gwxij©£tukna�hUq�a��0�l³ �:³ r:³(��a:tpÀ�r��'tuhxy�i¨r�ijmGhxy:³(�}in`�ijkvtu��kn{p�}�0a
q:tuh�inhCr�a:���_��a�r0r�\_ag~>m<»�`�mQ�_tpkjijr�{�mu¬¯y�ij`½w_kntur�inmph�knmpoGinq�m£©pa��Rr�\_ag��a:tuÀ½r��'tuhUy|ijr�inmphxy0�'t£r�\xa��Ir�\xtuh±r�\_a
y|r���mphxo±r���tphxy|ijr�inmphUy�mp¬0`�mQ�Qa�kvy:³�[ mO�Qivy�r�ijh_oGw_ivy|\·r�\xa½r���m/ijhCr�a����_��a�r�tur�inmphxy:�¾�0a�y�\xtuknk���a:�Qa�ªxh_a3r�\_a
hxmur�inmph�mu¬(y�tur�ivy�¬8tGq.r�ijmGh�tuhU�±�,��i¨r�a

S |=w φ
ijh�r�\xt£r�q�tGy|aG³�[]\CwUy��

s |=w [a]φ
i¨¬�tuknk¾y�r't£r�a6y�r�\xtur�q�tuh

~>ag��a6tpq'\_a6��¬­��mG`
s
~}{�tlr��'tuhUy|ijr�inmph�kntp~Ua:kjkna:�

a
�}�_��a:q�a:�Qa6�±tuhU��¬­mpknknm£�0a6��~}{�tuh±tp��~_ijr��'tu��{3hCwx`�~>a��

mp¬
ε
¹÷y�r�a��xy:�_y�tur�ivy�¬­{

φ.

;=< ¢ 
10�- Ô � � �}w_�_�>mGy�a,�0as\xt<©pa,t�`�mQ�Qa�kU�,i¨r�\±y�r't£r�a:y
S = {s1, s2, s3}

tphx�3r��'tuhxy�ijr�inmphxy
s1

a
−→ s2tphx�

s2
ε
−→ s3

³ �xw_��r�\_a:�:�>y|w_�x�UmCy|a�r�\xt£r
λ(s2) = {p, q}

tphx�
λ(s3) = {p}

³0[]\_a:h
s1 |=w [a] p

�x~_wQr
hxmur

s1 |=w [a] q
�Uy|inhxq�a

s3
�Qm}a6y]h_mursy�t£r�iny|¬­{�r�\xa�t£r�mG`�inqg�_��mp�>mGy�i¨r�ijmGh

q
³

Ú hUt£r�wx��tpk_�Gwxa:y|r�inmph�inyI�,\_a�r�\_a���r�\_a,��a:y�w_k¨r'y�mu¬>r�\xa��_��a�©}ijmGwxy�y�w_~xy�a:q.r�ijmGh3q:tuh�~>a�wxy�a:�½r�ml��a�kvt£r�a
��a:tpÀXy�ij`½w_kvt£r�inmphÁtphx�Áy|in`�wxkntur�inmph�kjmGopivq�ijh¶r�\_a±y�tu`�a��]t<{XtGy�y|in`�wxkntur�inmph¶tuhU�Áy|in`�w_kvt£r�ijmGh�kjmGopivq
tp��a���a�kvt£r�a:�/~}{�r�\_alr��'tuhUy�¬­mG��`�t£r�ijmGh

θ

Ktuhx�/ijr�ysijh}©Ga��'y|a

χ)
³ � mur�a�r�\xtur�tu�_�xkj{}inh_o

θ
mph«t3¬­mG��`½w_knt

mp¬ y�ij`½w_kntur�inmph�knmpoGinq�inhGr�a����_��a�r�a6��m£©pa:�0��a:tpÀ3r��'tuhxy�i¨r�ijmGhxy0�0mGw_kn�±mph_kn{�opin©pagwxy]t�`�mQ�Qa�k¾inh�r�a���`�y0mp¬
��a:tpÀ/r��'tuhxy�ijr�inmphxy:�¾�,i¨r�\_mpw_rgr�\_a�w_hx�_a���kj{}inh_o�y|r���mphxo±r���tphxy|ijr�inmphUy�³3��m£��a�©pa:�:�Er�\_a���a3inylt/y|r�tuhU�_tu�'�
r���tphxy�kntur�inmph�mu¬Q¬­mG��`½w_kntpaIinhGr�a����_��a�r�a6�lm£©pa:�z��a:tuÀ�r��'tuhUy|ijr�inmphxyzijhCr�m�a:�Cw_in©£tukna�hCr¯¬­mG��`½w_kntpaIinhGr�a����_��a�r�a6�
m£©Ga��]y�r���mGh_o½r��'tuhxy�i¨r�ijmGhxy � � ! �Â³I[]\_ivy�r��'tuhxy�kntur�inmphz�}kna�r�wxy,�_a�h_mpr�a�i¨r�~}{

σ
�xiny]a6tpy�ijkn{±tp�xtu�Qr�a:�±r�m�mpw_�

y�a�r�r�inh_ox³ �Âr½\Utpy�r�\_a��_��mp�>a���r�{&r�\xt£r
S |=w φ

a�»_tpq�r�kn{��,\_a�h
S |= σ(φ)

³ ¦ a�y�\_m£��r�\Ut£r
θ ◦ σ�x��m£©}iv�Qa:y0r�\xa��Qa:y�ij��a:�±r��'tuhUy�¬­mG��`�t£r�ijmGh±��a�kvt£r�ijh_o3��a:tuÀ�y|in`�w_kvt£r�ijmGh�tphx��y|in`�w_kvt£r�ijmGh�knmpoGinqp³

[ m�r�\_ivy(a�hU�¾�p��a�ªx��y|rIinhGr���mQ�QwUq�a�r�\_a,hxmur�inmph3mu¬¾y�t£r�wx��tur�a:��`�m}�_a�kÇ�xÐ�� Ê��_tg`�m}�_a�k_inh½�,\xinq'\
s

a
−→ t�,\xa�h_a:©pa��

s
a
⇒ t

³ ¦ a�y|\_m£�°r�\xtur�¬­mG��tpkjk�¬­mG��`½w_kntpa
φ
�
θ (σ (φ))

ivyly|in`�w_kvt£r�ijmGh«a:�Cw_in©£tukna�hCrgr�m/i¨r'y
y�t£r�w_�'t£r�inmph¯�>tphx�/r�\xa���a�¬­mp��a�ijrgivy�y|w ��q�ija:hCrs¬­mp��t�`�mQ�Qa:k r�m±~>a½��a:tpÀ}kj{/y|in`�wxkntur�a:�«~C{

θ (σ (φ))
ijh

mG���_a���r�m�y�t£r�ivy|¬­{
φ
�,\xa�h�ijhCr�a:���x��a�r�a:��m£©pa:�]�0a6tuÀ�r���tphxy|ijr�inmphUy�³

��Ô 4 � �  �� Ø � ��- � �¯Ê�Å
M = (S,L,→, A, λ)

Ë�Ê/Î ��Ñ5�GÊ
� � �zÍ}Ê&y�tur�w_�'t£r�ijmGh Ñ��
M

ÐvÃ±Å8ÍQÊ ��Ñ��pÊ��
sat(M) = (S,L,→s, A, λ)

Ð * %(ÍGÐ8É�Í
s

a
−→s t

Ê �}ÎpÉ�Å � � %(Í}Ê�*
s

a
⇒ t

� �¾ÍQÊ·Ã�Î£ÅÇÈQÆ�Î£ÅÇÐ8Ñ�*@Ñ���Î
Ã &_Ê'É�Ð ��É�ÎuÅKÐ8Ñ *

(M, E)
ÐvÃlÅKÍ}Ê�Ã &QÊ'É�Ð �0É'Î£ÅÇÐ8Ñ�*

sat(M, E) = (sat(M), E)
�

[]\}wxy:�
sat(M)

ivyRr�\_a�kja6tpy|r�y�t£r�w_��tur�a6��`�mQ�Qa�k %'�nÆ��nÅ4�(r�\xa�y�w_~xy�a�r]mp�'�Qa:��inh_o�mGh�r�\_a��>m£��a��'y|a�r0mu¬
S×L×S

�Cq�mphCr'tuinh_ijhxo
M

³ �÷h�r�\_aga�»_tp`3�xkjastp~Um£©Gap�G�0a�\xt<©pa,r�m�tp�x��r�\_asr��'tuhxy�ijr�inmph
s1

a
−→ s3

tuhU�
ε
¹÷y|a:k¨¬ ¹ÂknmCmG�xy�r�m«y�t£r�w_��tur�a3r�\xa�`3mQ�Qa:kK³ ¦ a�\Ut<©pa

s
a
⇒s t

ijh
sat(S)

�,\_a:h_a�©Ga��
s

a
−→s t

ijh
sat(S)�,\xa�h_a:©pa��

s
a
⇒ t

ijh
S
³ Ú y]q�mGhxy�a:�Cw_a�hUq�a:y:�C�0ag\xt<©pa�r�\_ag¬­mpknknm£�,ijh_o½�_��mp�>a���r�ina:y0mu¬¯��a:tpÀ�y�in`�w_kvt£r�ijmGh

tphx��y|in`�w_kvt£r�ijmGh�knmpoGinqp³
� ¡ Ø 0 Ø �5�  �� Ø � � � � Ð �

S1 ≤w S2
Ð �

S1 ≤ sat(S2)
	0Î�* �

� Ð Ð �
S |=w φ

Ð �
sat(S) |=w φ

Ð �
S |= σ(φ)

�
( Ô 
�
�¢ - �

θ (σ (φ)) = sat(θ (σ (φ))).

�]Æ�Ñ:Ñ��9� �0kna:tp��kn{p�
θ (σ (φ)) ≤ sat(θ (σ (φ)))

\_mGkn�_y��Ci¨rI��a�`�tuinhxy(r�m�y|\xm£�¶r�\xa�mur�\_a��R�_ij��a:q�r�inmphz³ �_��mp`
��a�®Ua�»Qij©}ijr�{�mu¬

≤
tuhx�/[]\_a:mp��a�`Ì����alÀ}h_m£� r�\xt£r

θ (σ (φ)) |= σ(φ)
³�[]\_a:hz�x~}{�����mG�UmCy|ijr�inmph � 
­ini"���

sat(θ (σ (φ))) |= σ(φ)
�>tuhx�/tuoCtuinh±~}{±[]\_a:mp��a�` �U�

sat(θ (σ (φ))) ≤ θ (σ (φ))
³

ø?>8?zø�@



� Ð��½È��nÎ£ÅÇÐ8Ñ�*�� Ñ��uÐ8É
	��'& &
�jÊ�ÅKÃ�Î *�����Ñ�� &_Ñ<Ã.Ð ÅÇÐ8Ñ�*EÎ����UÊ�Æ.Ð ��É'Î£ÅÇÐ8Ñ�* b �

[]\_a6y|aX��a6y|wxk¨r'y±tuknknm£�Är�\_a«¬­mGkjknm£�,inh_o q'\xtp��tGq.r�a:��ivy�t£r�inmphÒmu¬�y�in`�w_kvt£r�ijmGh kjmGopivqu�,inhµr�\xaXy|r�{Ckna&mp¬
[]\xa�mp��a�` �U³
��� Ô}Ø ¡ Ô 
 > �

S ≤w θ (σ (φ))
Ð ��Î *��±Ñ * ���±Ð �

S |=w φ
�

�]Æ�Ñ:Ñ��9�
S ≤w θ (σ (φ))

\_mpkv�_y�~}{/�I��mG�UmCy|ijr�inmph � 
­i��,a�»QtGq.r�kj{/�,\_a:h
S ≤ sat(θ (σ (φ)))

�E�,\_ivq'\«~}{
�¯a�`�`�t��l\xmpkv�_yRa�»_tpq.r�kj{3�,\_a:h

S ≤ θ (σ (φ))
³([]\xa�mp��a�`���r�mpoGa�r�\xa��R�,ijr�\�����mp�>mGy�i¨r�ijmGh � 
­ini��(r�\xa�h

a6y�r'tu~_knivy|\�r�\_al��a:y�w_kjr:³

� #!
��%�X
�� �.
���
���	��«)T�,+(�.-/�0	l
���
�� 
��²� ���/����
 �

�Qm�¬8tu�6�utuknkCmpw_����a6y|wxk¨r'y \Ut<©paI~>a�a:h½�Qa:©pa�knmp�>a:��¬­mp�(tu��~_ijr��'tu��{gy��Ua6q�ijªUq�tur�inmphxy:³ �x��mG`*h_m£�Ámphz�£��a0y�\xtpkjk
q�mphxq�a�hCr��'t£r�aImph3t��xtp�|r�inq�w_kvtu�(tu�_�_knivq�t£r�ijmGhz�<hxtu`�a:kj{�r�\_a0��a��x��a6y|a:hGr't£r�ijmGhlmu¬xtu�x�_kja�r�y 
�Ð�� Ê��Gy|`�tu��r�q:tu�'�
tp�_�_kninq:t£r�ijmGhxy��sinhXmGw_��opa�hxa��'tuk�h_mur�ijmGhXmp¬�y��Ua6q�ijªUq�tur�inmphz³ ¦ a�y|r�wx�Q{Xy|a6�Gwxa�hCr�ivtuk*
8y�inh_opkna�¹Çr�\_��a:tG�Qa:� �
tp�_�_kna�r'y�tuhx�µy�t£¬­a�r�{ �_��mp�>a���r�ina:y�mu¬�r�\_a:ij��ijhCr�a����_��mQq�a:�Qw_�'tuk�q�mphCr���mpk�®xm£�l³ Ú y�a�»}�xkntpijh_a6�²tu~>m£©pap�
��altu��a�inhCr�a:��a6y�r�a:��ijh�r�\xa��Qa:q�mp`��UmCy|ijr�inmph�mu¬��_��mp�>a���r�ina:y:�Qijh/mp�'�Qa:�0r�m�opwxtp��tphGr�a�a�r�\_a�y�a:q�w_��a��>mGy|r|¹
ivy�y|wxtphxq�a(knmGtG�Qijhxo,mu¬Qtu�_�_kna�r'y�³ ¦ a0�Qm]r�\_ivyz~}{�ijhxy|r�tphCr�ivt£r�inh_o]r�\_aIopa:h_a��'tuk<¬­�'tu`�a:�0mG��À�mp¬Gr�\_aI�_��a�©}inmpwxy
y�a:q�r�inmph�mph�r��0m��Qi #Ea���a�hCr�kja:©pa:kny��

­i��±r�\_a�y�r���wUq.r�wx��tpkpkna�©pa:kK�6�,\_a:��aRtsy|�>a:q�i¨ªUq:t£r�ijmGhl��a:�_��a6y|a:hCr�yEr�\_a0q�mphCr���mpk£®Um£�·oG��tp�_\�mu¬_t,`�a�r�\_mQ�¾�

tuhx�/tp�_�_kna�r�y,tp��a�©}ina���a:��tpy,q�mGkjkna:q�r�inmphxy�mp¬�`�a�r�\_mQ�_y:�_�,i¨r�\Otuh/tu�_�_��mp�x��ivt£r�a�inhCr�a���¬8tpq�a �

8iji��±r�\_al~>a�\Ut<©Cinmpwx��tpk>kna�©Ga�kÇ�Q�,\_a���alt�y|�>a:q�i¨ªUq:t£r�ijmGh���a��x��a6y|a:hGr'y0r�\_a�~>a�\xt<©}inmpw_�,mp¬�tuhOtp�_�_kna�r:³

[]\xiny�{}ina�kv�_y�t�©pa:��y�inmph�mp¬Ey�in`�w_kvt£r�ijmGh½knmpoGinq0¬­mp�Ra:tpq'\3kna�©pa:kK³�[]\_a�q�mG`��UmCy|ijr�inmphxtpkQ©pa:��ijªUq�tur�inmph½�_��inhxq�i¨¹
�xkja]r�\xt£rI��a,�Qa�©Ga�knmp��tuknkjm£��y�wxy(r�mly�r't£r�a�tGy�y�w_`��Qr�ijmGhxy�tu~>mpwQr�inhx�Qin©}in�QwUtukxtp�_�_kna�r�yIijh3r�\xa�y�r���wxq�r�w_�'tuk
y�in`�w_kvt£r�ijmGh«kjmGopivqu�¾inh&mG���Qa:�sr�m�a6y�r'tu~_knivy|\X~Ua:\xt<©}ijmGw_��tpk�y�in`�w_kvt£r�ijmGh&knmpopivq��x��mG�Ua:�|r�ija6y�¬­mG��r�\_a�q�mG`½¹
�>mGy�a:�Áy�{Qy�r�a�`/³ �_mG��r�\_iny½tuhx�·r�\_a±hxa�»}r3y�a:q�r�inmphz��i¨r3�,ijknk�~Ua±q�mph}©pa:h_ina�hCr�r�m&`�tpÀpa�r�\_a�¬­mGkjknm£�,ijhxo
tGy�y�w_`��Qr�ijmGhz³
���:� ��
10¯ �� Ø � � � �±Ô ¢_¤ � ¢_�@� - �   Õ ����� *OÎ����UÃ &QÊ'É�Ð �0É'Î£ÅÇÐ8Ñ�*xÃ

(M, E)
	�Ê'ÎpÉ�Í�Ã'Å÷Î£Å÷Ê�Ñ��

M
ÐvÃsÆ�Ê'ÎpÉ�Í}ÎCËE�nÊ

�'Æ�Ñ�� Î�Ã.ÅÂÎuÅÂÊ�Ð *
E
�

� mur�a�r�\xt£rstpkjk¾��a:y�w_kjr�y]mp¬��}a6q.r�ijmGh/b3q�tp����{�m£©pa:��r�m3r�\_ivy,��a:y|r���inq�r�a6��y�a�r�r�inh_ox³

� ��� 	
����� 
 ���
Ú �_�_kna�r'yItu��a,�Qa�ªxhxa:��tpyIt�q�mpknkja6q.r�inmph3mu¬E`�a�r�\_mQ�_y��G�,\_a���a,a:tGq'\½`�a�r�\_mQ�3inyRtuh�ijhUy�r'tuhxq�a�mp¬Et�`�mQ�Qa:kK³
�sm£�0a:©pa:�:�>¬­mp�lt���a:tuknivy�r�inq½�_��mpop�'tu`�`�mQ�Qa�k�mp¬�tp�_�_kna�r�y:�zijrliny�h_a6q�a6y�y�tu��{�r�m/À}h_m£�°�,\_ivq'\X`�a�r�\_mQ�_y
a�»Qiny|r½tuhU���<mG��tu��a�wxy|a6�¾³O[]\_a���a�¬­mG��aG� ��a�ªx�'y�r3�Qa�ªxhxa�r�\_a�h_mur�ijmGh�mu¬�tuh¶tp�_�_kna�r�inhCr�a���¬8tpq�ap���,\_ivq'\
y��>a:q�ijªxa6y]�,\_inq'\/`�a�r�\_mQ�_y,tu��a��_��m£©Civ�Qa6�±tuhU����a:�Cw_in��a:��~}{�tuh/tu�_�_kna�r6³

�¯a�r
Meth

~Ua�t�q�mGw_hCr�tp~_kj{±ijhQªUh_i¨r�a�y|a�r�mu¬�`3a�r�\_mQ��hxtp`3a6y�³
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bGb � &UÆ�Ê�*:�CÊ�Æ 	 � ÈQÆ�Ñ£Ï�����ÈQÐvÃ ��Î�*

��Ô 4 � �  �� Ø � �:� � �7080 - Ô   � �   Ô ¡ 6 ¢_¤ Ô ��� � *Ttu�_�xkja�r�inhCr�a:�|¬8tGq�aÁÐvÃ«Î &QÎuÐ Æ
I = (I+, I−)

	 %(Í}Ê�Æ�Ê
I+, I− ⊆ Meth

ÎuÆ�Ê � *UÐ ÅÂÊ�Ã�Ê�Å8Ã�Ñ�� *EÎ���Ê.ÃOÑ��²�_��m£©}in�Qa6�¼Î *�� ��a6�Gwxij��a:� ��Ê�Å8ÍQÑ5�£Ã 	�Æ�Ê.Ã &_Ê'É�ÅÇÐ Ï<Ê���� �
�zÍQÊ�q�mG`��UmCy|ijr�inmph²Ñ���Å %RÑ�Ð *xÅ÷Ê�Æ ��ÎGÉ'Ê.Ã

I1 = (I+
1 , I

−
1 )

Î�* �
I2 = (I+

2 , I
−
2 )

ÐvÃ �GÊ � *>Ê �OË �
I1 ∪ I2 =

(I+
1 ∪ I+

2 , I
−
1 ∪ I−2 )

�
Ú y,`�a�hCr�inmph_a6��tp~Um£©Gap�Q`�a�r�\_mQ�_y,tu��altuh�ijhUy�r'tuhxq�almu¬¯r�\_alopa:h_a��'tukEh_mpr�inmph�mu¬�y|�>a:q�i¨ª>q�t£r�ijmGhz³

��Ô 4 � �  �� Ø � ��> � ,°Ô   � Ø Ù¶��0 Ô ¤ � 4�¤G¢Q 5� Ø � ��� � `�a�r�\_mQ��op�'tu�x\ ��Ñ£Æ
m ∈ Meth

ÑuÏ<Ê�Æ�Î½Ã�Ê�Å
M

Ñ��
��Ê�Å8ÍQÑ5� *>Î���Ê�Ã�ÐvÃ�Î � *xÐ Å÷Ê ��Ñ��pÊ��

Mm = (Vm, Lm,→m, Am, λm)

%(ÍQÊ�Æ�Ê
Vm

ÐvÃ�Å8ÍQÊ�Ã�Ê�Å�Ñ���É'Ñ�*UÅKÆ�Ñ�� *>Ñ��pÊ�Ã±Ñ��
m
	
Lm = M ∪ {ε}

	
Am = {m, r}

	
λ∗m(m) = Vm

	
iÇ³ ap³¯Ê'ÎpÉ�Í *>Ñ��pÊgÐvÃgÅÂÎ5�5�CÊ � %�Ð Å8Í�ÅKÍ}Ê ��Ê�ÅKÍ}Ñ��
*>Î���Ê
	�Î *��

λ∗m(r) ⊆ Vm

ÐvÃlÎ�Ã�Ê�ÅRÑ��/��a�r�w_��h±�UmGijhCr�y6�3�
`�a�r�\_mQ��y|�>a:q�i¨ª>q�t£r�ijmGh ��ÑuÆ

m ∈ Meth
Ñ£Ï£Ê�Æ

M
ÐvÃ�Î &_Î£Ð Æ

(Mm, Em)
	 %(Í}Ê�Æ�Ê

Mm

ÐvÃ�Î ��Ê�Å8ÍQÑ5�
�pÆ�Î &xÍ ��Ñ£Æ

m
Ñ£Ï£Ê�Æ

M
Î *��

Em ⊆ Vm

ÐvÃ�Î *>Ñ * (|Ê�� &>Å���Ã�Ê�Å�Ñ��Xa�hCr���{��>mpinhCr�y�Ñ��
m
�

Ú h�tp�_�_kna�r]iny�~xtGy|ivq�tpkjkn{�t�q�mGkjkna:q�r�inmph�mu¬¯`�a�r�\_mQ�±y��Ua6q�ijªUq�tur�inmphxy:³+�_mG�Rr�\_ag¬­mp��`�tpk>�_a�ªxh_ijr�inmph��0a
a�»}r�a�hU��r�\_a�h_mur�ijmGh�mp¬��Qivy­��mGijhCr,w_h_inmph�¬­��mp` `�mQ�Qa�kvy�
8tGy,�Qa�ªUh_a:�±¬­mp��y�ij`½w_kvt£r�inmph�~Ua�r��0a:a�h�`�m}�_a�kvy��
~>a�knm£� �sa�ªxh_ijr�inmph b �½r�m¶y|�>a:q�i¨ª>q�t£r�ijmGhxy��«opin©pa:h²y��>a:q�ijªUq:t£r�inmphUy

(M1, E1)
tuhx�

(M2, E2)
�_a�ªxh_a

(M1, E1)] (M2, E2) = (M1]M2, in1(E1)∪ in2(E2))
�,\_a���a

in1
tuhx�

in2
tu��a]ijh£��a6q.r�ijmGhxy(¬­��mp`

y|r�tur�a6y]mu¬
M1

tphx�
M2

r�m�y�r't£r�a:y,mp¬
M1 ]M2

�_��a:y��>a:q.r�ij©Ga�kn{p³
��Ô 4 � �  �� Ø � � � � � 0@0�- Ô  �� � � *�tu�x�_kja�r

A
%�Ð Å8Í�Ð *UÅÂÊ�Æ ��ÎpÉ'Ê

I
	 %�Æ.Ð ÅKÅ÷Ê *

A : I
	¾ÐvÃ �GÊ � *>Ê ��Ð *��uÈxÉ�ÅÇÐ Ï<Ê����

Ë �
�

∅M : (∅,M)
	�%(ÍQÊ�Æ�Ê

∅M = ((∅,M ∪ {ε},∅, {r},∅),∅)
ÐvÃ�ÅKÍ}Ê½a:`3�_r�{�tu�x�_kja�r3Ñ£Ï£Ê�Æ

M
	

� (Mm, Em) : ({m},M)
Ð �

(Mm, Em)
ÐvÃ�Î)��Ê�ÅKÍ}Ñ���Ã &_Ê'É�Ð ��É�ÎuÅKÐ8Ñ * ��ÑuÆ

m ∈ Meth
Ñ£Ï£Ê�Æ

M
	

Î�* �
� A1 ] A2 : I1 ∪ I2

Ð �
A1 : I1

Î�* �
A2 : I2

�
� *·Î%&.&��jÊ�Å

A : (I+, I−)
ÐvÃ½q�kjmCy|a6��Ð �

I− ⊆ I+ �
� mur�a±r�\xtur:�Iwx�Ár�mXiny�mp`�mp���_\_ivy�`��

]
ivy½tGy�y�mQq�ivt£r�ij©Ga�tuhx�¶q�mp`�`�w_r�t£r�ij©Ga�tphx��\xtpy�r�\xa±h_a:wQr��'tuk

a:kja:`�a�hCr
∅M

³+�xmp�Ituh�tp��~_ijr��'tu��{�y��Ua6q�ijªUq�tur�inmph
(M, E)

�0a�y�t<{lr�\xt£rIijrRivyItuh�tu�x�_kja�rI�,i¨r�\�ijhCr�a���¬8tpq�a
I
i¨¬ztuhU�½mGh_kn{�i¨¬¾��a�q�tph��_a:q�mG`��UmCy|a

(M, E)
¬­mpknkjm£�,inh_ogr�\xiny0�Qa�ªxhxi¨r�ijmGhz³ � mur�inq�a]r�\xturIi¨¬

A : I
�ur�\xa�h

¬­mG��a:tpq'\X`�a�r�\xm}�
m ∈ I+ r�\_a�tu�_�xkja�r�\Utpy�r�mOq�mGhCr�tuinhXt�q�mG����a:y��>mphx�Qinh_o�`�a�r�\_mQ�Xop�'tu�_\z³½[]\CwUy��

tph�tp�_�_kna�rsq:tuh�mph_kn{��_��m£©}in�Qag`�a�r�\_mQ�_y]r�\Ut£r�ijrstpq.r�wxtuknkn{�ij`��_kna�`�a:hGr'y�³
( Ô 
�
�¢ � � � È & &QÑ£Ã�Ê

A = (M, E)
ÐvÃ�Î *XÎ%& &
�jÊ�Å %�Ð Å8Í

M = (V, L,→, A, λ)
� �zÍ}Ê�*&Ð ÅKÃgÐ *UÅÂÊ�Æ ��ÎpÉ'Ê

ÐvÃ
(A− {r}, L− {ε})

�
�]Æ�Ñ:Ñ��9�s¿�{�inhx�QwUq.r�inmph/mGh±r�\_a�y�r���wUq.r�wx��a�mu¬�r�\xa�tu�_�_kna�r6³
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� Ð��½È��nÎ£ÅÇÐ8Ñ�*�� Ñ��uÐ8É
	��'& &
�jÊ�ÅKÃ�Î *�����Ñ�� &_Ñ<Ã.Ð ÅÇÐ8Ñ�*EÎ����UÊ�Æ.Ð ��É'Î£ÅÇÐ8Ñ�* bp�

� ��� � � � ��� ��� � � � � 
�� 
 �
Ú yl`�a�hCr�inmphxa:�Átu~>m£©paG�¯��a�a�»Q�_��a:y�y��_��mp�>a���r�ina:ylm£©Ga���tu�x�_kja�r�y�tur�r���mOkja:©pa�kvy���y�r���wUq.r�wx��tpkItuhx��~>a�¹
\Ut<©Cinmpwx��tpkK³�[]\_a�h_a�»}rly|wx~xy|a6q.r�ijmGhXq�mGhxy�in�Qa:��y�~>a�\xt<©}inmpw_�'tuk �_��mG�Ua:�|r�ija6y��E\_a:��a3��a3y|r�wx�_{«y�r���wxq�r�w_�'tuk
mGh_a:y:�¾Ð�� Ê��x�x��mG�Ua:�|r�ija6y�r�\xtur,tpkjknm£� mGh_agr�m���a:y|r���inq�r�r�\_al�>mGy�y|in~_knag`�a�r�\_mQ��op�'tu�_\Uy]ijh/tuhOtu�x�_kja�r:³

$ � 
 � -­¢_ 5� Ø � Ú h tu�x�_kja�r
A1

y|r���wxq.r�w_�'tuknkj{�y|in`�wxkntur�a:y½tuh_mpr�\_a:�3tp�_�_kna�r
A2

ij¬sa6tpq'\Áa�hCr���{��>mpinhGr
¬­mG�st�`�a�r�\_mQ�

m
mu¬

A1
iny�y|in`�w_kvt£r�a:��~}{�y�mp`�ala�hCr���{��UmGijhCr�¬­mG�,r�\_a3y�tp`�al`3a�r�\_mQ�/mp¬

A2
³][]\CwUy��

y|r���wxq�r�w_�'tukIy�ij`½w_kvt£r�inmphÁq�mpinhxq�iv�Qa:y��Qij��a:q�r�kn{&�,ijr�\¶y�ij`½w_kvt£r�inmph�mGhÁ`3mQ�Qa:kny:�(tpyl�Qa�ªxh_a:�Átp~Um£©Gap³ �_mp�
q�mph}©pa:h_ina�hxq�ap�C�0a��,��ijr�a

A1 ≤s A2
ijhUy�r�a:tp�±mu¬

A1 ≤ A2
r�m��Qa:h_mur�a�Ã.ÅÇÆ.ÈxÉ�ÅÇÈQÆ�Î��UÃ.Ð��½È��nÎ£ÅÇÐ8Ñ�*x³R�}r���wxq.¹

r�w_�'tukzy�ij`½w_kntur�inmph�iny]�x��a6y|a:��©Ga:��~}{±tp�_�_kna�rsq�mp`��UmCy|ijr�inmph¯³
��� Ô}Ø ¡ Ô 
 � ��$  :¡ �¯¤p  Ö�,!Ø � ��� � �

A1 ≤s B1
Î *��

A2 ≤s B2
ÅKÍ}Ê�*

A1 ] A2 ≤s B1 ] B2
�

�]Æ�Ñ:Ñ��9���Qw_�_�>mGy�a
R1

tphx�
R2

tu��a��,i¨r�h_a:y�y|a6y�mp¬
A1 ≤s B1

tphx�
A2 ≤s B2

�(��a6y|�>a:q�r�in©pa:kj{G³�[]\_a:h
R = {((s, i), (t, i)) | i ∈ {1, 2}∧ (s, t) ∈ Ri}

inyRtly|in`�w_kvt£r�ijmGh�~Ua�r��0a:a�h
A1]A2

tphx�
B1]B2

³

( Ø
* �­¤ ¦ aOtukvy|m·inhxy�r'tuhCr�ivt£r�a�r�\_aOh_mpr�inmphÒmu¬�y�tur�ivy�¬8tGq.r�inmphZr�m·r�\_aOy�r���wxq�r�w_�'tuk,kna�©Ga�kÇ³ Ú hµtu�_�_kna�r
y�t£r�iny|ªxa6y�t�¬­mp��`�wxknt�mp¬�y�in`�w_kvt£r�ijmGhOkjmGopivq�i¨¬Rtpkjk i¨r'y�a�hCr���{��UmGijhCr�y�y�tur�ivy�¬­{�r�\xa�¬­mp��`�wxkntx³ �xmp��q�kntp��ijr�{p�
��al�Qa�ªUh_a�Ã.ÅKÆ.ÈxÉ�ÅKÈQÆ�Î��>Ã�Î£ÅÇÐvÃ ��ÎGÉ�ÅÇÐ8Ñ�*

A |=s φ
tpy

A |= φ
�

, ¢ < � 
�¢ -]¢C080 - Ô  6� �¯a�r
I = (I+, I−)

~>a�tuh/tu�_�_kna�r�inhCr�a:�|¬8tGq�ap³���a�ªxhxa
φI [ΣI ]

�Qr�\_a±É.ÍQÎ£Æ�ÎGÉ�Å÷Ê�Æ (
ÐvÃ.ÅÇÐ8É���ÑuÆE�½È��nÎ ��ÑuÆlÐ *xÅ÷Ê�Æ ��ÎGÉ�Ê

I
�_~}{

φI =
∨

m∈I+ Xm

ΣI = {Xm = φm | m ∈ I+}
φm = [I−, ε]Xm ∧ pm

pm = m ∧
∧

{¬m′ | m′ ∈ I+,m′ 6= m}

[]\xa�¬­mp��`�w_kvt
φI [ΣI ]

t£»Qinmp`�t£r�iny�a:y�r�\xa�~xtpy�ivq�y�r���wxq�r�w_��a�mu¬�tuhÁtp�_�_kna�r��,ijr�\ÁinhGr�a���¬8tpq�a
I
��hxtu`�a�kn{

r�\xt£r]a:tGq'\±inh_ijr�ivtukEh_mQ�Qa�~Ua:kjmGh_oGyRr�m�t½w_h_iv�Gwxag`�a�r�\_mQ�
m
tphx��hxm�r���tphxy|ijr�inmph±kja6t<©pa:y

m
³ � mur�a�r�\xt£r

ΣI

ivy,inh *>Ñ£Å�inhO� � ��
8�_��mp�>mGy�i¨r�ijmGh
r
iny,`�ivy�y�inh_o/��³

;=< ¢ 
10�- Ô � � dgin©pa:h�ijhCr�a���¬8tpq�a
I = ({m1,m2}, {m1,m3})

�Gr�\_as~xtpy�inq,y|r���wxq�r�w_��a,mu¬¾tu�_�xkja�r�y��,ijr�\
inhCr�a:�|¬8tGq�a

I
inysq'\xtu�'tpq�r�a���ivy|a6��~}{�r�\_a�¬­mG��`½w_kvt

φI [ΣI ]
�_�,\_a���a

φI = Xm1
∨Xm2

tphx�

ΣI =

[

Xm1
= [m1,m3, ε]Xm1

∧m1 ∧ ¬m2

Xm2
= [m1,m3, ε]Xm2

∧m2 ∧ ¬m1

]

[]\_a±¬­mpknkjm£�,inh_oO�_��mp�>mGy�ijr�inmphÁq'\xtu�'tpq�r�a:��ivy|a6y�tu�_�_kna�r'y�inhCr�a���¬8tpq�a
I
tGy�r�\xmGy�a±y|�>a:q�i¨ª>q�t£r�ijmGhxylr�\xt£r

y�t£r�iny|¬­{�r�\_a�q'\xtu�'tpq�r�a:��ivy�r�inq�¬­mp��`�w_kvt
φI

¬­mp�,inhCr�a���¬8tpq�a
I
³

� ¡ Ø 0 Ø �5�  �� Ø � # � � Ê�Å
I = (I+, I−)

Ë�ÊOÎ�* Î%& &
�jÊ�Å�Ð *UÅÂÊ�Æ ��ÎpÉ'Ê
	 �nÊ�Å
(M, E)

Ë�ÊOÎ * �&Ã�&_Ê'É�Ð ��É'Î£ÅÇÐ8Ñ�*
ÑuÏ<Ê�Æ

L = I− ∪ {ε}
Î�* �

A = I+ ∪ {r}
� �3Ê�Í}ÎuÏ<Ê

(M, E) |=s φI [ΣI ]
Ð �½Î *���Ñ�*
����Ð �

(M, E)
ÐvÃ

Î *·Î &.&
�nÊ�Å %�Ð Å8Í/Ð *xÅ÷Ê�Æ ��ÎpÉ'Ê
I
	¯iÇ³ aG³

(M, E) : I
�

?@? ï�ACB�ÿED.ü



bu� � &UÆ�Ê�*:�CÊ�Æ 	 � ÈQÆ�Ñ£Ï�����ÈQÐvÃ ��Î�*

�]Æ�Ñ:Ñ��9� �
⇒
���}w_�_�>mGy�a

(M, E) |=s φI [ΣI ]
³ ¦ a�wxy�asinhx�Qwxq�r�inmph�mGh�r�\_agy|i ��a�mp¬

I+ ³ � mpr�asr�\xtur0a:tGq'\mp¬¯r�\_a�q�tGy|a6y]~Ua:kjm£�T�Qa��>a�hx�xy,mph Ú y�y|wx`3�_r�inmph � ³
�IÎ<Ã�Ê

I+ = ∅
� �÷h�r�\_ivy]q�tpy�a

φI ≡ ff
�_y�m�r�\_a�mGh_kn{�y|�>a:q�i¨ªUq:t£r�ijmGh±�,\_ivq'\�y�t£r�iny|ªxa:y0r�\_iny��_��mp�>a���r�{

ivy�r�\xala�`��Qr�{�tp�_�_kna�r
∅M

³
�IÎ<Ã�Ê

I+ = {m}
�R�sa���a

φI [ΣI ] = Xm[Xm = [I−, ε]Xm ∧m]
³ Ú h}{�y��>a:q�ijªUq:t£r�inmph«y�t£r�iny|¬­{}ijhxo

r�\_ivy]�_��mG�Ua:�|r�{�ivy,t�y|inh_opknag`3a�r�\_mQ��op�'tu�_\¯³�[]\}wxy
(M, E)

iny,tph�tp�_�_kna�r,�,i¨r�\�inhCr�a:�|¬8tGq�a
({m}, I−)

³
�IÎ<Ã�Ê

I+ = I1 ] I2
���}inhxq�a

(M, E) |=s φI [ΣI ]
����a±À}h_m£��r�\xt£r3a�©pa:��{�y|r�t£r�a�inh¶r�\xa±`�mQ�Qa�k

y�t£r�iny|ªxa6y a�»_tpq.r�kj{lmGh_a]mu¬Ur�\_a,t£r�mp`�ivqR�_��a:�_inq:t£r�a6y
m ∈ I+ ³ ¦ a,q:tuh��Qa�ªxhxa (M1, E1)

tphx�
(M2, E2)tGy�r�\_al��a:y|r���ivq.r�inmphUy]mu¬

(M, E)
%'�nÆ��nÅ4�

I1
tphx�

I2
³ � mpr�ivq�a�r�\Ut£r

(M1, E1) ] (M2, E2) = (M, E)
³

¦ a�q�tphO�Qa:q�mp`��UmCy|a
φI [ΣI ] = φ(I1,I−) ∧ φ(I2,I−)[Σ(I1,I−),Σ(I2,I−)]

³�¿�{±inhx�QwUq.r�inmph¯�
(M1, E1) :

(I1, I
−)

tuhx�
(M2, E2) : (I2, I

−)
�Qr�\CwUy,~}{ �sa�ªxh_ijr�inmph � !

(M, E) : I
³

�
⇐
�±¿0{Á[]\_a:mp��a�` �x�(ijr3ivy½y�w ��q�ina�hCr�r�mXy�\_m£�

(M, E) ≤s θ(φI [ΣI ])
³ ��in��y|r:�(��a�q:tukvq�w_kvt£r�a

θ(φI [ΣI ])
�E�,\_inq'\&opin©pa:y�¬­mp��a:tpq'\O`�a�r�\_mQ�«hUtu`�a

m ∈ I+ r�\_a�`�a�r�\_mQ�&y��Ua6q�ijªUq�tur�inmph
((Vm, I

− ∪
{ε},→m, {m, r}, λm), Vm)

�x�,\_a���a

Vm = {Xm,r, Xm,¬r}
→m = Vm × (I− ∪ {ε})× Vm

λm = {(Xm,r, {m, r}), (Xm,¬r, {m})}

��y|inh_o�r�\_a���a:kntur�inmph
R = {(s, t) | λ(s) = λ(t)}

�Cijr]iny0a:tGy|{½r�m3y|\_m£�²r�\xt£r]tuh}{�tu�_�xkja�r
(M, E)

�,ijr�\
inhCr�a:�|¬8tGq�a

I
inysy|in`�w_kvt£r�a:��~}{�r�\_ivy�tp�_�_kna�r:³

��inhxtuknkj{G�(wxy|inh_oOr�\_a±q'\xtp��tGq.r�a���iny|r�ivq½¬­mp��`�w_kvt�¬­mp�½ijhCr�a:�|¬8tGq�a
I
�(�0a±�_a�ªxh_a�r�\_a�`�tu»}in`�tuk�tu�_�_kna�r

�,ijr�\/inhCr�a���¬8tpq�a
I
%'�nÆ��nÅ(�0t3¬­mp��`�w_kvt

φ[Σ]
tpy�r�\_a�q�mGh£��w_hxq�r�inmph/mu¬

φ[Σ]
tphx�

φI [ΣI ]
³

��Ô 4 � �  �� Ø � � � � , ¢ < � 
�¢ -]¢C080 - Ô   ��� �zÍ}Ê3`�t£»Qin`�tukztu�x�_kja�r %'�nÆ��nÅ4�(Ð *xÅ÷Ê�Æ ��ÎGÉ'Ê
I
Ã�Î£ÅÇÐvÃ � �£Ð * �

φ[Σ]ÐvÃ �pÊ � *EÊ �lÎ<Ã
θI(φ[Σ]) = θ(φ∧φI [Σ,ΣI ])

� %(Í}Ê�Æ�Ê,Ð ÅzÐvÃ�Î<Ã'Ã.È���Ê���%'� � � Ñ � �/�EÅKÍ}Î£Å Å8ÍQÊsË�Ñ£È * ��Ï<ÎuÆ.Ð8ÎGË
�jÊ�Ã
Ñ��

Σ
Î�* �

ΣI

Î£Æ�Ê �£ÐvÃ ��Ñ£Ð *UÅ � �
� mur�ivq�agr�\xt£r]~}{�����mG�UmCy|ijr�inmph/b

θI(φ) : I
�¾Ð�� Ê��Ir�\xa�`�t£»Qin`�tuk¾tu�_�xkja�r�\xtGy�ijhCr�a:�|¬8tGq�a

I
³ Ú kny�mx�}~}{

�_a�ªxh_ijr�inmph
θI(φ[Σ]) |=s φ[Σ]

�Uy|inhxq�a
φ ∧ φI [Σ,ΣI ] |= φ[Σ]

³���ijhUtuknkj{G�Q�0a�y|\xm£�µr�\xtur0r�m��_��m£©Ga�r�\xt£r
tphOtu�_�_kna�rsy�t£r�iny|ªxa6y�¬­mp��`�w_kvt

φ[Σ]
�Ui¨r�ivy�y�w ��q�ina�hCr,r�m�y�\_m£� r�\xtur�i¨rsivy�y�ij`½w_kvt£r�a6�±~}{±r�\_a�`�tu»}in`�tuk

tp�_�_kna�r�%'�nÆ��nÅ4�
φ[Σ]

³
��� Ô}Ø ¡ Ô 
 � ��$  :¡�� ¤u  Ö�, ¢ < ��� � Ê�Å

A : I
Ë�Ê�Î�* Î &.&
�nÊ�Å4� �zÍ}Ê�*

A ≤s θI(φ[Σ])
Ð ��Î�*��&Ñ�* � ��Ð �

A |=s φ[Σ]
�

�]Æ�Ñ:Ñ��9�s¿�{�����mp�>mGy�i¨r�ijmGh�bQ�C¬­mG��tp�_�_kna�r
A : I

�
A |=s φ[Σ]

i¨¬�tuhx��mGh_kn{�i¨¬
A |=s φ∧ φI [Σ,ΣI ]

³�[]\_a
��a:y�w_kjr]r�\_a:h�¬­mGkjknm£��y�¬­��mp`Ì[]\_a:mp��a�` �U³

� ��� � 
 � � � � 
 � ��� � � 
 � 
 �
� a�»}r:�(��a±q'\xtph_opa�mGw_�l¬­mQq�wxy�r�m«�x��mG�Ua:�|r�ija6ylmph�r�\_a±~>a�\xt<©}inmpw_�'tuk�kna�©Ga�kÇ³O[]\_a±tp�_©<tphCr�tuoGa�mu¬�tukvy�m
\Ut<©Cinh_o3r�\xiny,kna�©Ga�k¾¬­mG�sy��Ua6q�ijªUq�tur�inmphxy]ivy,r�\xt£r�ijr�tuknknm£��y]wxy]r�m��,��ijr�al`�mp��altu~xy|r��'tpq�rsy|�>a:q�i¨ªUq:t£r�ijmGhxy�³
[]\xa�ªU��y|rsy�r�a���iny,r�m��Qa�ªUh_a�r�\_al~>a�\Ut<©Cinmpwx��mp¬(tph�tp�_�_kna�r6³
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� Ð��½È��nÎ£ÅÇÐ8Ñ�*�� Ñ��uÐ8É
	��'& &
�jÊ�ÅKÃ�Î *�����Ñ�� &_Ñ<Ã.Ð ÅÇÐ8Ñ�*EÎ����UÊ�Æ.Ð ��É'Î£ÅÇÐ8Ñ�* b, 


 r���tphxy�¬­a:��� m ∈ I+ v →m v′ v |= ¬r

(v, σ)
ε
−→ (v′, σ)


8q:tuknk"� m1,m2 ∈ I+ v1
m2−−→m1

v′1 v2 |= m2 v2 ∈ E

(v1, σ)
m1call m2−−−−−−→ (v2, v′1 · σ)


­��a�r�w_��h � m1,m2 ∈ I+ v2 |= m2 ∧ r v1 |= m1

(v2, v1 · σ)
m2 ret m1−−−−−−→ (v1, σ)

[�tu~_kna � � Ú �_�_kna�rs[ ��tphxy�i¨r�ijmGh��,wxkja6y

��Ô 4 � �  �� Ø � � + ��� Ô � ¢ & � Ø �¯¡ � � � Ê�Å
A = (M, E) : (I+, I−)

Ë�Ê¶Îµq�kjmCy|a6� Î &.&
�nÊ�Å/Î�*�� �nÊ�Å
M = (V, L,→, A, λ)

� �¾ÍQÊ�~>a�\Ut<©Cinmpwx�lÑ��
A
ÐvÃ �GÊ.Ã�É�Æ.ÐKË�Ê ��Ë �½ÅKÍ}Ê�Ã &_Ê'É�Ð ��É�ÎuÅKÐ8Ñ *

b(A) = (Mb, Eb)
	

%(ÍQÊ�Æ�Ê
Mb = (Sb, Lb,→b, Ab, λb)

ÐvÃ �pÊ � *EÊ���Î<Ã ��Ñ����nÑ7%(Ã��
� Sb = V × V ∗

	ziK³ ap³¾Ã.Å÷Î£Å÷Ê.Ã�Î£Æ�Ê &_Î£Ð Æ'Ã½Ñ���É�Ñ *xÅÇÆ�Ñ�� &QÑuÐ *xÅKÃ�Î *���Ã'Å÷ÎpÉ 
6Ã��
� Lb = {m1 l m2 | l ∈ {call, ret}, m1,m2 ∈ I+} ∪ {ε}

�

� →b

ÐvÃ �pÊ � *EÊ���Ë �±Å8ÍQÊ�Æ.È��jÊ�Ã�Ñ�� �UÎGË
�jÊ����
� Ab = A

�0Î *��
� p ∈ λb((v, σ))

Ð �
p ∈ λ(v)

��Ñ£Æ
p ∈ A

�
�zÍQÊlÃ�Ê�Å]Ñ���Ð *xÐ ÅÇÐ8Î��zÃ.Å÷Î£Å÷Ê.Ã

Eb

ÐvÃ �pÊ � *EÊ���Ë �
Eb = E × {ε}

�
� mur�a�r�\xturgtp�_�_kna�rs~>a�\xt<©}inmpw_���Qa�ªxhxa:ygt�q�mGhGr�a�»}r|¹Ç¬­��a�al�_��mQq�a:y�y�
Ky|a:ap�>ap³ ox³n� � ! ��¬­mp��tph«y|wx��©Ga�{±mp¬

inhQªxhxi¨r�al�_��mQq�a:y�y�y|r���wxq�r�w_��a:y��.³

$ � 
 � -­¢_ 5� Ø � Ú kny�m�mph«r�\_a�~Ua:\xt<©}ijmGw_�'tuk�kja:©pa�kÇ�¾��a½inhxy|r�tuhCr�intur�a3r�\_a�oGa�h_a:��tpk��Qa�ªxh_ijr�inmph·mu¬0y�in`�wQ¹
kvt£r�ijmGhz³ Ú �_�_kna�r

A1
Ë�Ê�Í}Î£Ï6Ð8Ñ£ÈQÆ�Î�������Ã.Ð��3È��jÎ£Å÷Ê.Ã3tu�_�_kna�r

A2
�U�,��i¨r�r�a:h

A1 ≤b A2
�>ij¬

b(A1) ≤ b(A2)
³

Ú h}{/r��0m�tu�_�_kna�r'y�r�\xtur�tp��a½��a:kntur�a:�«~C{«y|r���wxq�r�w_�'tuk(y|in`�wxkntur�inmphz�ztp��a3tukvy|m���a:kntur�a:�«~C{O~>a�\Ut<©Cinmpwx��tpk
y�in`�w_kvt£r�ijmGhz³
��� Ô}Ø ¡ Ô 
 + ��$ �)
 � -­¢Q 5� Ø � . Ø ¡<¡ Ô ��0 Ø � Ù Ô � ¤ Ô � � � �

A1 ≤s A2
ÅKÍ}Ê�*

A1 ≤b A2
�

�]Æ�Ñ:Ñ��9�s�¯a�r
R
~>a�t±y|r���wxq.r�w_��tpk y�ij`½w_kvt£r�inmph&~Ua�r��0a:a�h

A1 = (M1, E1)
tphx�

A2 = (M2, E2)
³ ¦ a

knij¬ r
R
mph�r�\xa�y�r���wxq�r�w_�'tukEkna�©Ga�kEr�m

Rb

mGh±r�\_al~Ua:\xt<©}ijmGw_�'tukEkja:©pa:k¾~C{��Qa�ªxhxijh_o

Rb = {(v, σ), (v′, σ′) | (v, v′) ∈ R, |σ| = |σ′|
tuhU�

(σ(i), σ′(i)) ∈ R
¬­mp��tuknk

0 ≤ i < |σ|}

?@? ï�ACB�ÿED.ü



b ! � &UÆ�Ê�*:�CÊ�Æ 	 � ÈQÆ�Ñ£Ï�����ÈQÐvÃ ��Î�*

I = ({m1}, {m1})
E = {s1}

I = ({m1}, {m1})
E = {s1}

m1

s1 (m1)

s2 (m1)

b
m1

s1 (m1)

s2 (m1, r)

��inopw_��a�b � �0mpw_hCr�a:��a�»_tu`��_knap�}��a:©pa:��y�a�mp¬�[]\_a:mp��a�`Ì�

¦ a�y�\_m£�µr�\Ut£r
Rb

inyst½~>a�\Ut<©Cinmpwx��tpkEy�in`�w_kvt£r�ijmGh�~>a�r���a�a:h
A1

tphx�
A2

³
�}inhxq�a�¬­mp�sa:tpq'\Oa:hCr���{��>mpinhCr

v1 ∈ E1
r�\_a���a�ivystphOa�hCr���{±�>mpinhCr

v2 ∈ E2
�>y�wxq'\/r�\Ut£r

(v1, v2) ∈
R
����a&\Ut<©paOr�\xt£r�¬­mp��a:tpq'\µinh_ijr�ivtukly|r�t£r�a

(v1, ε)
�,r�\_a:��aXiny�tuh ijh_ijr�ivtukly|r�tur�a

(v2, ε)
��y�wxq'\µr�\xt£r

((v1, ε), (v2, ε)) ∈ Rb

³
� m£�Òy�w_�_�>mGy�a�r�\xtur

((v1, σ1), (v2, σ2)) ∈ Rb

³(¿0mpr�\�y|r�t£r�a:y�`½wxy|rI~Ua:kjmGh_ogr�m�r�\xa�y�tp`3a]`�a�r�\_mQ�¾�
y�t<{

m
³ ¦ al�_��mQq�a:a:��~C{�q�tpy�altuhxtpkj{Qy�iny�mGh±r�\_al�UmCy�y�in~_kjagr���tphxy|ijr�inmphUy�¬­��mG`

(v1, σ1)
³

. ¢_� Ô � � � �_Æ�Î�*xÃ ��Ê�Æ � � È & &QÑ£Ã�Ê
(v1, σ1)

ε
−→ (v′1, σ1)

� � Ð *>É'Ê
(v1, v2) ∈ R

Î�*��
v1 →m v2

	 Ð Å ��Ñ����jÑ %(Ã
ÅKÍ}ÎuÅRÅKÍ}Ê�Æ�Ê�ÐvÃ�Î�ÅKÆ�Î�*_Ã.Ð ÅÇÐ8Ñ�*

(v2, σ2)
ε
−→ (v′2, σ2)

Ð *
A2

Ã.ÈxÉ�Í±Å8ÍQÎ£Å
((v′1, σ1), (v

′
2, σ2)) ∈ Rb

�

. ¢_� Ô # � � �IÎ���� � � È &.&_Ñ<Ã�Ê
(v1, σ1)

m call m′

−−−−−−→ (u1, v
′
1·σ

′
1)
� ��Ê�
	*EÑ7%XÅ8ÍQÎ£Å

v1
m′

−−→ v′1
	
u1 |= m′

Î *��

u1 ∈ E1
� � Ð *EÉ�Ê

(v1, v2) ∈ R
%RÊ 
	*EÑ7%ZÅ8ÍQÊ�Æ�Ê�ÐvÃgÎ�É'Î����zÊ ���CÊ

v2
m′

−−→ v′2
Ð *

A2
Ã.ÈxÉ�Í3ÅKÍ}ÎuÅ

(v′1, v
′
2) ∈

R
� �¾ÈQÆ.ÅKÍ}Ê�ÆE��Ñ£Æ�Ê
	(Ã'Ð *EÉ'Ê

u1
ÐvÃlÎ *XÊ�*xÅÇÆ � &_Ñ£Ð *UÅ�Ñ��

m
Ð *

A1
	�Å8ÍQÊ�Æ�ÊlÐvÃ�Î�Ê�*xÅÇÆ � &_Ñ£Ð *UÅ

u2 ∈ E2
Ã.ÈxÉ.Í

ÅKÍ}ÎuÅ
(u1, u2) ∈ R

Î�*��
u2 |= m′

� �zÍ}Ê�Æ�Ê���Ñ£Æ�Ê
	�Å8ÍQÊ�Æ�Ê�ÐvÃ�Î�ÅKÆ�Î�*_Ã.Ð ÅÇÐ8Ñ�*
(v2, σ2)

m call m′

−−−−−−→ (u2, v
′
2 ·σ

′
2)Ð *

A2
Ã.ÈxÉ�Í�ÅKÍ}ÎuÅ

((u1, v
′
1 · σ1), (u2, v

′
2 · σ2)) ∈ Rb

�

. ¢_� Ô - � ��� Ê�ÅÇÈQÆ * � � È &.&_Ñ<Ã�Ê
(v1, σ1)

m ret m′

−−−−−→ (w1, σ
′
1)
� �3Ê=�pÊ�Æ.Ð Ï<ÊsÅKÍ}Î£Å

v1 |= m∧r
	
σ1 = w1 ·σ

′
1Î *��

w1 |= m′ � � Ð *EÉ�Ê ((v1, σ1), (v2, σ2)) ∈ Rb

%RÊ3Í}ÎuÏ<Ê
σ2 = w2 · σ′

2

Î�* �
(w1, w2) ∈ R

	]Å8ÍCÈ}Ã
w2 |= m

� �¾ÈQÆ.ÅKÍ}Ê�Æ 	(Ã'Ð *EÉ'Ê
(v1, v2) ∈ R

	+%RÊ 
 *>Ñ %²Å8ÍQÎ£Å
v2 |= m∧ r

� �½Ê *EÉ'ÊE	�ÅKÍ}Ê�Æ�Ê�ÐvÃ�Î�ÅKÆ�Î�*_Ã.Ð ÅÇÐ8Ñ�*

(v2, w2 · σ
′
2)

m ret m′

−−−−−→ (w2, σ
′
2)

Î *��
((w1, σ

′
1), (w2, σ

′
2)) ∈ Rb

[]\_ivy�y�\_m£��y0r�\xtur
A1 ≤b A2

³
[]\_a/��a�©Ga��'y|a�ivy3h_mur3r�\xa/q:tpy�ap³ �0mGhxy|iv�Qa:��¬­mG�3a�»_tu`��_kna�r�\xa�r���mXtp�_�_kna�r'y½inh � inopwx��a/bQ³ []\_a

kna�¬ r�tu�_�xkja�r�iny�~Ua:\xt<©}ijmGw_�'tuknkj{·y|in`�w_kvt£r�a:��~}{Xr�\_a���inop\Cr½tu�x�_kja�r 
­inhÁ¬8tGq.r:��r�\_a�{Átu��a�~>a�\xt<©}inmpw_�'tuknkj{
a6�Cw_ij©£tpkja:hGr1�.�_~xwQr,r�\_a:��alivy,h_m�y|r���wxq.r�w_�'tukzy�ij`½w_kntur�inmph/~>a�r���a�a�h�r�\xa:y�a�tu�_�_kna�r'y]¹RinhOtuh}{±�Qin��a6q.r�ijmGh±¹
y�inhxq�a�ijh�r�\_agkja�¬ r]tp�_�_kna�rRr�\_a�y�r't£r�a

s2
y�t£r�ivy|ªxa:yIr�\_a�t£r�mp`�inqs�_��a:�Qivq�tur�a

r
�Q�,\_inkja�ijh±r�\_a���inop\Cr]tu�_�_kna�r

ijrs�Qm}a:y]hxmur:³

( Ø
* �­¤ ��inhxtuknkn{p����a&inhxy|r�tuhCr�intur�aXy�in`�w_kvt£r�ijmGhµkjmGopivq«mph r�\_aX~Ua:\xt<©}ijmGw_��tpkskna�©Ga�kg~C{µ�Qa�ªxh_inh_o*Ë�Ê�(
ÍQÎ£Ï6Ð8Ñ£ÈQÆ�Î��zÃ�Î£ÅÇÐvÃ ��ÎpÉ�ÅKÐ8Ñ *

A |=b ψ
tGy
b(A) |= ψ

³

ø?>8?zø�@



� Ð��½È��nÎ£ÅÇÐ8Ñ�*�� Ñ��uÐ8É
	��'& &
�jÊ�ÅKÃ�Î *�����Ñ�� &_Ñ<Ã.Ð ÅÇÐ8Ñ�*EÎ����UÊ�Æ.Ð ��É'Î£ÅÇÐ8Ñ�* b:"

� ��� � 
 � � 
 � ���
� 
���� � � 
 � � 
�� � � 

��t<©}ijh_olinhxy|r�tphGr�intur�a6��r�\_as��a:y�w_kjr�y(¬­��mp` �}a6q.r�inmph±bg~>mur�\±t£r�r�\_a�y|r���wxq�r�w_�'tukxtphx��t£r�r�\_as~>a�\Ut<©Cinmpwx��tpk
kna�©Ga�kÇ� ��a�tu��a�h_m£����a6tp�Q{&r�m«��a�kvt£r�a�r�\_a�r��0mU³�[]\_a±`�tpijh���a:y�w_kjr�mu¬]r�\xiny��xtu�>a���ivylr�\_a�¬­mGkjknm£�,ijhxo
É'Ñ�� &_Ñ<Ã.Ð ÅÇÐ8Ñ�*>Î��lÆ�Ê'Î<Ã�Ñ�*UÐ *:� &UÆ.Ð *EÉ�Ð &��jÊ�³/�¯a�r

A : I
tphx�

B : J
~>a±tu�x�_kja�r�y:�¯kna�r

φ
~>a±t�¬­mp��`�w_kvt/ijh

y|r���wxq�r�w_�'tukIy�ij`½w_kvt£r�inmph·knmpopivqu��tuhx�
ψ
~>a±t�¬­mp��`�w_kvt�ijhÁ~>a�\xt<©}inmpw_�'tuk�y�ij`½w_kvt£r�inmph·knmpopivqu³�[]\xa�h��0a

\Ut<©pa

A |=s φ θI (φ) ] B |=b ψ

A ] B |=b ψ
( �������	��
���
 )

[]\xiny0�_��ijhxq�ij�xkja�y�t<{QyIr�\xtur�inh�mG���_a��Ir�m3y�\_m£�Òr�\Ut£r,t½t½q�mp`��>mGy�a:��tp�_�_kna�r
A]B

\Utpy�t�~>a�\xt<©}inmpw_�'tuk
�x��mG�Ua:�|r�{

ψ
�_i¨r�ivy�y�w ��q�ina�hCr,r�m3ªxhU��t�y|r���wxq.r�w_�'tuk¾�_��mp�>a���r�{

φ
�xy�t£r�ivy|ªxa:��~}{

A
�xy�wxq'\�r�\xtur

θI(φ) ]
B |=b ψ

³g¿�{/wxy�ijh_o±r�\_a�q'\xtp��tGq.r�a:��ivy|r�ivqg¬­mp��`�w_kvt
χ(A)

tGysinhxy|r�tphGr�intur�inmph/¬­mG�
φ
��a½q:tuh&tpkny�m±y�\_m£�

r�\xt£r,r�\_ivy]�_��inhxq�ij�_knalivy,q�mp`��_kna�r�ap³
��� Ô}Ø ¡ Ô 
 � � 
Ç�}mpw_hU�Qh_a:y�y(tuhx� �0mp`��_kna�r�a�h_a6y�y�� � È & &QÑ£Ã�Ê

A : I
�3� Ê�Å

ψ
Ë�Ê�Î�Ë�Ê�Í}ÎuÏ:Ð8ÑuÈQÆ�Î�� ��Ñ£ÆE�3È��jÎ �

�zÍQÊ *¶ÅKÍ}Ê�Æ�Ê�ÐvÃ�Î�Ã.ÅÇÆ.ÈxÉ�ÅÇÈQÆ�Î�� ��Ñ£ÆE�3È��jÎ
φ
Ã.ÈxÉ.Í«ÅKÍ}ÎuÅ

A |=s φ
Î�*��

θI(φ) ] B |=b ψ
Ð ��Î�* �«Ñ�*
���/Ð �

A ] B |=b ψ
�

�]Æ�Ñ:Ñ��9� �
⇒
�0�}w_�_�>mGy�a

A |=s φ
tuhx�

θI(φ)]B |=b ψ
³�¿�{l[]\_a:mp��a�` ",tuhU��r�\_aRªx�'y�r(tpy�y|w_`��Qr�ijmGhz�<�0a

\Ut<©pa
A ≤s θI(φ)

³ �Âr(¬­mGkjknm£��yzr�\xt£r
A]B ≤b θI(φ)]B

~}{�[]\_a�mG��a:`�y@!gtuhx�½�_³���a�hUq�ap�
A]B |=b ψ~}{ �0mG��mGkjkvtu��{�b 
­inhxy�r'tuhCr�ivt£r�a:��r�m3r�\_al~Ua:\xt<©}ijmGw_�'tukEkja:©pa:k"��tuhU�±r�\_a�y�a:q�mGhx��tpy�y|w_`��Qr�ijmGhz³

�
⇐
���Qw_�_�>mGy�a

A ] B |=b ψ
tuhx��y�a�r

φ = χ(A)
³ ¦ a�\xt<©Ga3r�m«y�\_m£�°r�\xt£r

A |=s χ(A)
tuhx�

θI(χ(A)) ] B |=b ψ
³ []\_a/¬­mG��`�a���¬­mGkjknm£��y3¬­��mp` []\_a:mp��a�` � 
­¬­mp�

S1 = S2
��inhxy�r'tuhCr�ivt£r�a:�Zr�m

y|r���wxq�r�w_�'tuk_kna�©Ga�k��.³�[ m�y|a:a,r�\xaskvt£r|r�a��6�G��asy|r�tp�|rR~}{½r�\_a�mp~xy�a���©£t£r�ijmGh½r�\xt£r
χ(A)∧φI [ΣI ] |=s χ(A)

³
¿�{�r�\xa�`�mph_mpr�mGh_inq�i¨r�{�mu¬

θ

��0mp��mpknkvtu��{ � ���E�0a½opa�r

θI(χ(A)) ≤ θ(χ(A))
³l�za:`3`�t � y�r't£r�a:ysr�\xtur

θ(χ(A)) ∼= A
³(��a:hxq�aG�uwxy�ijhxo�r�\xa]�_a�ªxh_ijr�inmph½mu¬Uy|r���wxq.r�w_�'tuk}y|in`�w_kvt£r�ijmGhz�

θI(χ(A)) ≤s A
³ �Âr�¬­mpknkjm£��y

~}{�[]\_a:mp��a�`�y !½tphx����r�\xt£r
θI(χ(A)) ] B ≤b A]B

³+��inhxtuknkj{G� �0mp��mpknkntp��{�b3tuhx��r�\_a�tGy�y�w_`��Qr�ijmGh
in`��_kn{�r�\Ut£r

θI (χ(A)) ] B |=b ψ
³

� mur�a�r�\xt£r�~}{�r�tpÀCinh_o
B
r�m�~Ua0r�\_a]a:`3�_r�{�tu�_�xkja�r

∅J−

�£r�\_a,q�mG`3�>mGy�ijr�inmphxtpkC��a:tGy|mGh_inh_o��_��ijhUq�in�_kja
tp~Um£©Gas��a�kvt£r�a:y�~Ua:\xt<©}ijmGw_�'tuk>�_��mG�Ua:�|r�ija6yIr�m�y�r���wxq�r�w_�'tuk>mphxa:y:³�dgin©pa:h�tp�_�_kna�r

A : I
�}r�\_aly�tur�ivy�¬8tGq.r�ijmGh

mp¬¯~>a�\xt<©}inmpw_�'tukU�_��mG�Ua:�|r�{
ψ
q�tph�~>ag��a:�_wxq�a6��r�m½r�\xagy�t£r�iny|¬8tpq�r�inmph�mp¬�y|r���wxq.r�w_��tpkU�x��mG�Ua:�|r�{

φ
ij¬�tuhU�

mGh_kn{�i¨¬�r�\xal`�tu»Qij`�tukztp�_�_kna�r�%'�nÆ��nÅ4�
I
tphx�

φ

8~Ua:\xt<©}ijmGw_��tpkjkn{ �Ry�t£r�iny|ªxa6y]�_��mG�Ua:�|r�{

ψ
³

A |=s φ θI(φ) |=b ψ

A |=b ψ
( ������������������� )

�÷h�r�\_as��w_kna ����������
���
 �Gy�r���wxq�r�w_�'tukx�_��mG�Ua:�|r�{ φ q�tuh��xknt<{½r�\_as���Gkja�mp¬zt�y|�>a:q�i¨ª>q�t£r�ijmGh�¬­mp��tu�_�_kna�r
A
³�[]\xa½q�mG`��_kja�r�a:h_a:y�ys��a:y�w_kjr�opwUtu�'tuhCr�a:a:y]r�\_a½wUy|a�¬­w_kjhxa:y�y�mp¬�r�\_a3��w_kja½mph_kn{/�,\_a�h

φ
iny�`�a:tphGr�r�m

y�a���©pa�tpy�t²É'Ñ�� &
�jÊ�ÅÂÊ&y|�>a:q�i¨ª>q�t£r�ijmGh ¬­mG�
A
³²�sm£�0a:©pa:�:��inh r�\_a«q�tGy|a�mu¬�t&{Ga�r�w_h_À}h_m£�,h 
­mG��h_mur

{Ga�r�ij`��_kna�`�a:hGr�a:���gtp�_�_kna�r:�¯�_��mQ�QwUq�inh_o�t�q�mG`��_kja�r�a�y��Ua6q�ijªUq�tur�inmph&`�inop\Cr�~Ua3r�m}m�`�wxq'\Xr�m/tpy�ÀOinh
�x��tGq.r�ivq�aG³ �÷h�r�\_ivy0q:tpy�ap�Cmph_as�0mGw_kn����tur�\_a:�IkjinÀpasr�m½wxy|a�r�\_ag�0a6tuÀGa:y|r3
 r�\Ut£r0ivy:�C`�mCy�r0tp~xy|r��'tpq.r1��knmQq�tuk
y|r���wxq�r�w_�'tuk�y|�>a:q�i¨ªUq:t£r�ijmGh

φ
ij`��_kn{}ijhxo«r�\xa��Qa6y|in��a:�ÁoGkjmG~xtuk0~Ua:\xt<©}ijmGw_��tpkR�_��mp�>a���r�{

ψ
³ Ú hxtur�w_�'tuk
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bp� � &UÆ�Ê�*:�CÊ�Æ 	 � ÈQÆ�Ñ£Ï�����ÈQÐvÃ ��Î�*

�Cw_a6y�r�ijmGh«ivy�r�\CwUys�,\_a�r�\_a:�gy�wxq'\&t±�0a6tuÀGa:y|r�y|�>a:q�i¨ª>q�t£r�ijmGh«tukn��t<{Qysa�»Qiny|r�y:³��¯a�r
φ
~Ua�q�tpkjkna:�«t·É�ÈQÅ�(

��ÑuÆE�½È��nÎ�¬­mp�
I
�
B
tuhx�

ψ
�,\_a:h_a�©Ga��

θI(φ) ] B |=b ψ
�¯tuhx�·kna�r�r�\xa���w_kna�~Ua�y�tuiv�«r�m/�UmCy�y�a:y�ygr�\_a

%RÊ'Î 
£Ê�Ã.Å)(|É�ÈQÅ�&UÆ�Ñ%&_Ê�Æ.Å ��ij¬¯¬­mp��tph}{
I
�
B
tuhU�

ψ
r�\xa���agivy]t3�0a6tuÀpa6y�r,q�w_r|¹Ç¬­mp��`�w_kvt_³ ��hQ¬­mG�|r�w_hxtur�a�kn{p�xi¨r

ivy�a6tpy�{�r�m±y|\xm£� r�\xt£r�r�\_a���w_kna�tu~>m£©pa��Qm}a6y�h_mprs�UmCy�y�a:y�y]r�\_iny��Qa:y�in��tp~_kjal�x��mG�Ua:�|r�{G³ �xmp�smpr�\_a:���,ivy�a
φ1 ∨ φ2

��mpw_kv�«~>a�t�q�wQr�¹K¬­mG��`½w_knt±¬­mp�
I
�
B
tuhU�

ψ
�,\_a:h_a�©Ga��

φ1
tuhx�

φ2
tu��a3y�m��¯\_m£�0a:©pa:�:�¾ijrliny

a6tpy�{±r�m��_��m£©}in�Qa½q�mphUq���a�r�a
I
�
B
�
ψ
�
φ1

tphx�
φ2

y�wxq'\/r�\Ut£r
φ1

tuhx�
φ2

tu��a�q�w_r|¹Ç¬­mp��`�w_kvtua�¬­mG�
I
�
Btphx�

ψ
�z~_wQr

φ1 ∨ φ2
iny�hxmur:³3[]\_a½¬­w_hx�_tp`3a:hCr�tuk���a:tGy|mGhO¬­mp�gr�\_iny:�z��a½~>a�knina�©paG�zivysr�\xt£r�r�\_a�y|a�r�mp¬

tp�_�_kna�r'y]~Ua:\xt<©}ijmGw_��tpkjkn{�y�t£r�ivy|¬­{Cinh_o�t3�_��mp�>a���r�{
ψ
iny]inh/opa�hxa��'tukEh_mursq�kjmCy|a6�±wxhx�Qa����_iny8��mpinhCr�w_h_inmphz³

[]\_a�tu~>m£©pa�mG~xy�a���©<tur�inmphÁy�w_opoGa:y|r�y�r�\xt£r�\xt<©}ijhxo/r�mXy|r���wxq�r�w_�'tuknkj{�y��Ua6q�ij¬­{�t&q�mp`��>mph_a:hCr½~}{·t
y�inh_opkna�¬­mp��`�wxknt,`�inop\Cr inh�q�a���r�tuinh�q�tGy|a6y¾¬­mG��q�a�r�\_a�y|�>a:q�i¨ª>q�t£r�ijmGh�r�m�~Ua6q�mp`�a0w_h_h_a6q�a:y�y�tu��ijkn{�q�mphxq���a�r�ap³
[ m²tpq'\_ina�©Ga«r�\xa·�Qa6y|in��a:� kna�©Ga�k�mu¬3tu~xy|r��'tpq�r�h_a6y�y:�s��aX�x��mG�UmCy|a&r�\_a·wxy�a·mp¬½y�a�r�y�mp¬�¬­mp��`�w_kvtua�tpy
y��>a:q�ijªUq:t£r�inmphUy��}~}{±�Qa�ªxh_inh_ox�}¬­mG�]t�y�a�r,mu¬ ¬­mp��`�w_kvtua

F
�
S |= F

r�m�\_mpkv�±ij¬
S |= φ

¬­mp��y�mp`�a
φ ∈ F

³
´sr�\_a���wxy|a�¬­w_k�q�mG`3�>mGy�ijr�inmphxtpkz��a6tpy�mph_inh_o��_��inhxq�in�_kna:ystp��a½tukvy|m�r�\_ijhxÀ<tp~_knap³��xmp��a�»_tu`��_knap�Et���w_kja

mp¬(r�\_a3y|\xtp�Ua½mu¬(r�\xa½tu~>m£©pal��w_knap�>~_wQrgijh}©pmGkj©}inh_o�y|r���wxq.r�w_��tpk¯�_��mp�>a���r�ina:ysmph_kn{p�Uiny�a:tGy|inkn{���wxy|r�ijªUtp~_kja
�,ijr�\�r�\_al��a6y|wxk¨r'y]�_��a6y|a:hCr�a:��tu~>m£©paG³

A |=s φ θI(φ) ] B |=s ψ

A ] B |=s ψ
( ����������������
 ��
 )

Ú �xtu��rR¬­��mp` ~>a�inh_o½tp~_kna�r�m3y|\xm£� y|mGw_hx�Qh_a6y�y�tuhU��q�mG`3�xkja�r�a�hxa:y�yI¬­mG�Rr�\_iny0��w_kja 
­wxy�inh_o3t½y|in`�ijkvtu�
�x��m}mu¬¾tpy�¬­mp��r�\_a���w_kja �������	��
���
 �.�p�0a�q:tuh�tukvy�m�y�\_m£�Zr�\xturRijrR�UmCy�y�a:y�y�a:y(r�\_a���a:tuÀGa:y|r|¹÷q�wQr��_��mp�>a���r�{p³

� ��� 	��%�/���

��inhxtuknkn{p�6r�mg�Qa�`�mphUy�r���tur�a�r�\_a0wUy|a0mu¬_mpwx� tu�x�_��mCtpq'\�inh��_�'tpq.r�inq�ap�<��aR�_��a:y�a�hCr t�y|`�tuknkpa�»_tu`��_knap³ []\xiny
a�»_tu`��_kna½ivylt�y�`�tuknkja:�:�z�_iny|r�inkjkna:�X©pa:��y�inmph«mp¬�t�kntp��oGa���q�tpy�a�y�r�wx�Q{Omph·©pa:��ijªUq:t£r�inmph&mu¬0~>a�\Ut<©Cinmpwx��tpk
y�t£¬­a�r�{��_��mG�Ua:�|r�ija6yl¬­mG�3tph¶a�kna:q�r���mph_ivq��_w_�'y�ap³�[]\_iny3q�tGy|a�y�r�wx�Q{�ivy3�_a:y�q���ij~>a:�Áa:kny�a��,\xa���a�ijhZ`�mp��a
�_a�r�tpijk � � � �Â�utuhU����a0��a�¬­a:�¯r�msr�\_iny��xtp�Ua:��¬­mp�(ts`�mp��a0�_a�r�tpijkna:��`�mur�in©£t£r�ijmGh��,\}{gr�\_ivy(À}ijhx��mu¬Uy�a:q�w_��i¨r�{
�x��mG�Ua:�|r�ija6y�tp��a�in`��UmG�|r'tuhCr]¬­mp��y�`�tp�|r�q:tu�'��tp�_�_kninq:t£r�inmphUy�tphx��\_m£� r�\_a�{�y|\_mGw_kv��~>a�¬­mp��`�tukniny�a:�z³

�}wx�_�UmCy|a��0a�\xt<©pa�t�y�`�tp�|r]q�tp���¾�Gmph��,\xinq'\���a�tpkjknm£�²ijhUy�r'tuhxq�a:y0mu¬¯tu�x�_kja�r�y
A
tuhU�

B
�,ijr�\±r�\_a

¬­mGkjknm£�,inh_oOijhCr�a���¬8tpq�a6y��
A : ({m1,m2}, {m1,m2,m3})

tphx�
B : ({m3}, {m1,m2,m3})

�(��a:y��Ua6q.¹
r�ij©Ga�kn{p³ � m£�l�Ey|w_�x�UmCy|a�r�\xtur�r�\_a�`�a�r�\_mQ�

m1
ivy�t±`�a�r�\xm}�«r�\xtur�ivy�q:tuknkja6�O~}{Otuh«inhxy|r�tuhUq�a�mp¬Ir�\_a

tp�_�_kna�r
B
�,\_a�h·i¨rlivy�ijh�t��xtu��r�ivq�w_kvtu�ly|r�tur�ap³3��m£��a�©Ga��6�>ijrl`�ijoG\Gr�~>a½r�\_a�q�tGy|a�r�\xturlmph_kn{&q�a:�|r'tuinh

inhxy|r�tphxq�a6yImu¬�tu�_�_kna�r
A
tu��a�y�w_�_�>mGy�a:��r�m�À}h_m£�Òr�\Ut£rRr�\_ivy0inhxy|r�tphxq�a�mu¬

B
ivy0ijh±r�\_ivy0y|r�tur�as¹��>mGy�y|in~_kn{

~>a:q:tuwxy�a�r�\_a�{�\xt<©Ga��xtpin��r�m&oGa�r�r�\_ivy½inhQ¬­mG��`�t£r�ijmGh��£³�[]\}wxy��ItGy�t&opknmp~xtpk0y�a:q�wx��ijr�{X�x��mG�Ua:�|r�{·�0a
��a:�Cw_in��asr�\xt£r��,\_a:h/`3a�r�\_mQ�

m1
iny�q:tuknkja6�¾�}r�\xiny��_mCa6y,h_mpr�r���inopoGa��,tuh}{�mpr�\_a:��q�tpkjkvy�r�m�inhxy|r�tuhUq�a:y]mp¬

A

­w_hCr�ink>r�\_a�`�a�r�\xm}�±\xtpyIªxh_ivy|\xa:����³ ¦ a�y��>a:q�ij¬­{3r�\_ivy]tpyIr�\_as¬­mpknkjm£�,inh_o�oGkjmG~xtuk>y|a6q�w_��i¨r�{3�_��mp�>a���r�{p³

(ϕ) ¬m1 ∨ Z [Z = (m1 ∧ r) ∨ ([K] � ∧ [−]Z)]
� ø ï�æÇÜ<ë�ö|å'ÞÇë,Þ8æÇê6ì6é3á.ï�à¯Ü<ÝßöÂÜ½æKÜ<ÝßÞRë48<å�2,ä<èßë�ÝßÞ0í£å'ÞKë�ì �QæÇÜ6ÝßÞ0ÝßÞ�æKÜ<ë�ö�å'ÞKë]ñná.âRå 2,ë÷æKÜ<á�ì½à¯Ü<ÝßöÂÜ½ÞÇÝ 5.ï£å'èßÞIæÇÜ<å�æ]å

ö|ë�â­æÂå'ÝßïlæÇå'í<èßëRÝßÞ¯ñjê<èßè �
	 æKÜ<ë�â�å'ä<ä<èßë÷æKÞ(ö|å'ïlâKë�5.ÝßÞKæKë�â�æKá35.ë÷æ æÇÜ<ëRÝßï6ñjá.â=2�å�æKÝßá.ïgæKÜ£å�æ(æKÜ<ÝßÞ æÇå'í<èßëRÝßÞ ñjê<èßè �uå'ï<ì�æKÜ�ê<Þ�æKÜ£å�æ
æÇÜ<ë÷égípë÷æ8æÇë�â(â8ë|å'ìlÝ æÇÞ ö�á.ï�æKë�ï�æKÞ�íuë�ñjá.â8ë�Ý æ¯à ÝßèßèGíuë0ë�2,ä6æKÝßë�ì � 	 á|à¾ë4;�ë|â �uæÇÜ6ÝßÞ(Ýßï6ñjá.â=2�å�æKÝßá.ïgÞKÜ<á.ê<èßì�ï<á'æ�íuë0ä£å'ÞKÞÇë�ì�á.ï
æÇá�æKÜ<Ýßâ8ìgä£å'â­æ élå'ä6ä<èßë÷æÇÞzà¯Ü<á]ì<Ýßìsï<á'æ ä£å|é�ñjá.âzæKÜ<ÝßÞ¯Ýßï6ñjá.â=2�å�æKÝßá.ï �

ø?>8?zø�@
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�,\xa���a
K = { m1 ���

� �
m1,m1 ���

� �
m2,m2 ���

� �
m1,m2 ���

� �
m2, m3 ���

� �
m1,m3 ���

� �
m2 }

³ � mur�ivq�a
r�\xt£r]r�\_inysq�tuh�~>a�q�mphxy�iv�Qa���a:��tpy,t�q�mGhQªU�Qa:hGr�intpkjijr�{��_��mp�>a���r�{ � ijr��_��a�©pa:hCr�y]q�a:�|r'tuinh�inhQ¬­mp��`�t£r�ijmGh�r�m
®Um£� r�m�w_hUtuwQr�\_mp��iny�a:��tu�x�_kjivq�tur�inmphxy � ���Â³

[]\_ivy�¬­mp��`�w_kvtÁa�»}�x��a6y�y�a:y�r�\xtur��,ijr�\_inh `�a�r�\_mQ�
m1

�½Ð�� Ê�� w_hCr�inkgr�\_aX`3mQ�Qa:kl�Qa:y�q���ij~xijh_o r�\_a
~>a�\Ut<©Cinmpwx�0mp¬zr�\_altp�_�_kna�r]��a6tpq'\_a6y0t3y�r't£r�agy�t£r�iny|¬­{}ijh_o

m1 ∧ r
�}r�\xa���a�q:tuh_hxmur0~>altuh}{�q�tpkjkvyRr�m�mur�\_a��

`�a�r�\_mQ�_y��_a:q�kvtu��a:��inh�r�\_a�inhCr�a:�|¬8tGq�almu¬
A
³ � mur�inq�a�r�\xtur,r�\_ivystpkny�m���a6y�r���ivq.r'y]r�\xa�q�tuknkvy]r�\xtur�q�tph/~Ua

`�tG�Qag¬­��mG` tuh�ijhxy|r�tphxq�a�mp¬�tu�x�_kja�r
B
�EÐ�� Ê��

m3
iny,tpkny�m3h_mur�tuknknm£�0a6��r�m�q:tuknkEt3`�a�r�\_mQ�/�Qa:q�kntp��a6��inh

r�\_a3ijhCr�a:�|¬8tGq�a½mu¬
A
³½[¯m�`�tpÀpa3i¨r�a:tGy|ina���r�m�a�»Q�_��a:y�y,r�\_iny�À}inhx�«mp¬R�_��mp�>a���r�ina:y:�E�0a3tu��a½�Qa:©pa�knmp�xijh_o

t·q�mG`�`3mGhZy�a�r�mu¬gy|�>a:q�i¨ªUq:t£r�ijmGh �xtur|r�a:��hUy��0�,i¨r�\Òtp�_�_��mp�_��intur�a��Qa�ªxhxi¨r�ijmGhxy�tpy3`�m}�xtuk
µ
¹÷q�tukvq�wxkjwxy

¬­mG��`½w_kvtuap³
[]\_a:��a�tu��a�y|a:©pa��'tuk��]t<{QylinhÁ�,\_inq'\¶r�\_ivy��_��mp�>a���r�{Xq:tuhÁ~>a�a:y|r�tp~_kniny�\_a:�z³ Ú r���ij©}ivtukImGh_a�ivy�~}{

y��>a:q�ij¬­{}ijhxo�r�\Ut£r0`�a�r�\_mQ�
m1

y�\_mpwxkn��hxmur0`�tpÀpastphC{3`�a�r�\_mQ��q�tpkjkvy�³(��m£��a�©Ga��6�ur�\_iny0��mpw_kv��a�»_q�knwx�Qa
`�tphC{Òy|a:hxy�ij~_knaOin`3�xkja:`3a:hCr�t£r�ijmGhxy�mp¬

m1
�]r�\_a:��a�¬­mp��a���a«�_��a�¬­a:��r�m ~Ua«kna:y�y���a:y|r���inq�r�in©paG�]tphx�Ò�0a

�x��mG�UmCy|a�r�\_a�¬­mGkjknm£�,inh_o�y�r���wxq�r�w_�'tuk¾y��Ua6q�ijªUq�tur�inmphxy�¬­mG�
A
tphx�

B �
³

(σA) ¬m1 ∨ (X ∧m1)[X = [m1,m2] � ∧ [ε,m3]X ]
(σB) ¬m3 ∨ (Y ∧m3)[Y = [m1,m2] � ∧ [ε,m3]Y ]

[]\_a�y��>a:q�ijªUq:t£r�inmph�¬­mp�
A
a�»}�x��a6y�y�a:y0r�\xtur,r�\_al`�a�r�\_mQ��op�'tu�_\�¬­mp�

m1
y�\_mpwxkn��h_mursq�mphCr�tpijh/tuh}{

q:tuknkRa6�Qopa�kvtu~>a�knkja6�
m1

mp�
m2

³«[]\xa±y|�>a:q�i¨ª>q�t£r�ijmGh�¬­mp�
B
a�»Q�_��a:y�y|a6y�t«y�ij`�inkntp���_��mp�>a���r�{«¬­mp��r�\_a

`�a�r�\_mQ��op�'tu�_\�mu¬
m3

³
Ú �_�_kn{Cinh_o/r�\_a±q�mG`��UmCy|ijr�inmphxtpk���a6tpy�mph_inh_o��_��inhxq�ij�_kna ����������
���
 r��,inq�ap�¯��a�À}h_m£�°r�\xt£rl¬­mG��tuh}{

inhxy|r�tphxq�a6ysmp¬Rtu�_�_kna�r'y
A
tuhU�

B
�Einh«mp�'�Qa���r�m��_��m£©palr�\xt£rgr�\_a:ij��q�mG`��UmCy|ijr�inmph

A ] B
��a:y��>a:q.r'y�r�\_a

�x��mG�Ua:�|r�{
ϕ
�(ijr�ivy�y�w ��q�ina�hCr�r�m&�_��m£©Ga�¬­mp�lr�\_a:y�a�inhxy|r�tuhUq�a:y�r�\xtur

A |=s σA
tphx�

B |=s σB
��tuhU�

ªUhxtuknkj{G��r�\xtur
θIA(σA) ] θIB (σB) |=b ϕ

³T[]\xa«�_��mp�>a���r�ina:y3¬­mp��r�\_a«inhx�Qin©}in�_wxtukgtu�_�_kna�r'y�q�tphµ~Ua
q'\xa:q'Àpa6�±wUy|inh_o�a�»Qivy�r�ijhxo3`�mQ�Qa:k q'\_a6q'ÀCinh_o½r�a6q'\_h_iv�Gwxa:y:�xy|m�\xa���al�0ag¬­mQq�wxysmph�r�\xal�_��m}mp¬�mp¬ r�\_alkntGy�r
y�a:�Cw_a:hCr:�Ewxy�ijh_o±r�\_a�`�t£»Qin`�tuk�`3mQ�Qa:k�q�mphUy�r���wxq�r�inmph«�x��a6y|a:hGr�a:�Oa6tu��kjina��6³ �_mpknknm£�,ijh_o �sa�ªxh_ijr�inmph � "}�
r�\_al`�t£»Qin`�tpkztu�_�xkja�r]ivy�q�mphxy|r���wxq.r�a:��tpy�¬­mGkjknm£��y��

 � ��r�tpÀpa�r�\xa½q�mGh£��w_hxq�r�inmphOmp¬ r�\_a½y|r���wxq.r�w_�'tuk¯y��Ua6q�ijªUq�tur�inmphOtuhU��r�\_a�q'\Utu�'tpq.r�a���iny|r�ivq�¬­mp��`�w_kvt½¬­mp�

r�\_aloGij©Ga�h�ijhCr�a���¬8tpq�a �

Çb ��r��'tuhxy|¬­mp��` r�\_al��a6y|wxk¨r�ijh_o3¬­mG��`½w_knt½inhGr�m�y|in`�w_kvt£r�ijmGh�hxmp��`�tpkE¬­mp��` �_tuhx�

K� �±wxy�a�r�\_al`�tu�x�_ijhxo

θ
r�m�q�mphxy|r���wxq�r�r�\_a�tu�x�_kja�rsq�mG����a:y��UmGhx�Qinh_o�r�m�r�\_ivy]¬­mG��`½w_knt½inhO� � ��³

¦ a,�_��a:y�a�hCr�ijh�y�mp`�a��Qa�r�tuinkQr�\_a�q�mGhxy�r���wUq.r�inmph3mu¬>r�\xa,`�tu»Qij`�tuk_tp�_�_kna�r�¬­mG�
σB
�Gr�\_a�q�mphxy|r���wxq.r�ijmGh½mp¬

r�\_as`�tu»}in`�tukEtu�_�xkja�rR¬­mp�
σA

ivy�y�in`3inkvtu�6³ Ú y0t�ªx��y|r�y|r�a:�z�Cr�\_a�q'\xtp��tGq.r�a:��ivy|r�ivq�¬­mp��`�w_kvt�¬­mp��inhGr�a���¬8tpq�a
IB

ivy]r�\_a�¬­mGkjknm£�,inh_ox³

(φIB ) Xm3
[Xm3

= [m1,m2,m3, ε]Xm3
∧m3]

� ø ï�æÇÜ<ë,ñjá.â=20ê<èçå
¬m1 ∨ (X ∧ m1)

�xæKÜ<ë,ö�á.ï'õ8ê<ï<ö÷æ
m1

ÝßÞRâ8ë|ì6ê<ï<ì£å'ï�æ]Ýßï�æÇÜ6ësÞKë�ö|á.ï6ì�ì<ÝßÞnõ8ê<ï<ö÷æ � 	 á�à¾ë4;�ë�â �Uà¾ë
ñná.ê<ï6ìgæÇÜ<å�æ�å'ì<ì<Ýßï�5sÝ æ å'èßèßá|à Þ¯æÇá,ë�èßÝ 2,Ýßï£å�æKë 	�ê<ÝßöÂã�è é�Ýßï<ö�á.ï<ÞKÝßÞKæKë|ï�æ(á.â¯â8ë|ì6ê<ï<ì£å'ï�æIö|å'ÞÇë�Þ�ì<ê6âKÝßï65,æKÜ<ëIæÇâKå'ï<ÞKñjá.â�2�å�æÇÝßá.ï
Ýßï�æKá�ù�>�� �6> á'æ å'ì<ì<Ýßï�5�æÇÜ6ëRö�á.ï'õ8ê<ï<ö÷æ ä<â8á:ì<ê6ö|ë�Þ¯æÇÜ<ëIÞÇå�2,ë(âKë�ÞKê<è æ��<í<ê6æ¯âKë
	�ê<Ýßâ8ë|Þ 2,á.âKë�èßá15.Ýßö�å'èCÞÇÝ 2,ä<èßÝ ó£ö|å�æKÝßá.ï<Þ �

?@? ï�ACB�ÿED.ü
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[]\}wxy:�Qr�\xa�q�mphu��w_hxq.r�ijmGh��,ijr�\
σB

oGij©Ga:y0r�\_a�¬­mGkjknm£�,inh_o�¬­mG��`½w_kvt_�_t£¬ r�a����Qa6y|wxoGtu��inh_ox³

Z





Z = (¬m3 ∨ Y ) ∧Xm3

Y = [m1,m2] � ∧ [m3, ε]Y
Xm3

= [m1,m2,m3, ε]Xm3
∧m3





[]\_a�h_a�»}r]y�r�a���ivyIr�mlr��'tuhxy|¬­mp��` r�\_ivy�¬­mG��`½w_knt�ijhCr�m3� � ��³�� in�'y�r6�Cinh��_\xtGy|a � mu¬Er�\_a�r���tphxy�¬­mG��`�tu¹
r�ijmGhz�¾a:tGq'\&a6�GwUt£r�inmph&iny�r��'tuhUy�¬­mG��`�a:�&ijhCr�m�t��Qivy­��w_hUq.r�inmphXmu¬]y�r't£r�a3h_mG��`�tuk ¬­mp��`�y�³��Qw_�_�>mGy�a½r�\xt£r
��aly�r'tu��r,�,i¨r�\�r�\_ala:�Cwxtur�inmph/�Qa�ªUh_ijhxo

Z
³


 � ��ºOtuÀGagr�\_ala6�GwUt£r�inmph/y|r���mph_oGkj{�oGwxtu�'�Qa:�z�C~}{���a:�,��ijr�inh_o3�,i¨r�\�r�\_almp��inopinhxtukEa:�Cwxtur�inmph/y|{Qy|r�a:`�³

Z = (¬m3 ∨ [m1,m2] � ∧ [m3, ε]Y )∧
[m1,m2,m3, ε]Xm3

∧m3


Çb ����wQr�r�\_ala:�Cwxtur�inmph�ijhCr�m � � �

Z = (¬m3 ∧ [m1,m2,m3, ε]Xm3
∧m3) ∨

([m1,m2] � ∧ [m3, ε]Y ∧ [m1,m2,m3, ε]Xm3
∧m3)

tuhx�/y�ij`��_knij¬­{

Z = [m1,m2] � ∧ [m3, ε]Y ∧ [m1,m2,m3, ε]Xm3
∧m3


K� ��dg��mGw_�½tphx��q�mp`��_kna�r�aR~>m<»}a6y�³���a:��a�h_mg~Um<»Qa:y�tu��aR`�ivy�y�inh_ox�<r�\_a���a�¬­mG��a0�0a0mph_kn{lop��mpw_��~Um<»Qa:y��£³

Z = [m1,m2] � ∧ [m3, ε](Y ∧Xm3
) ∧m3


8�/�	�÷hCr���m}�_wxq�a½h_a��*a:�Cwxtur�inmphxy�¬­mp��¬­mp��`�w_kvt�w_hx�_a��g~Um<»Qa:y:³��}inhxq�a�r�\xa�`�tu�
h
�Qm}a:y�h_mur�q�mGhGr'tuinh

t&`�tp�_�_inh_o&¬­mG�
{Y,Xm3

}
{pa�r:�I��a�ijhCr���mQ�Qwxq�a�t&h_a�� ©£tp��ivtu~_kna

U
tuhx�Ztp�_�¶r�\_a�`�tu�_�_inh_o

({Y,Xm3
}, U)

r�m
h
³�[]\_ala:�Cwxtur�inmph/�Qa�ªUh_ijhxo

Z
r�\_a:h�~>a:q�mp`�a:y

Z = [m1,m2] � ∧ [m3, ε]U ∧m3

�,\_inkjal��a�ijhCr���mQ�Qwxq�a�r�\_ala:�Cwxtur�inmph

U = Y ∧Xm3

� øvñ¾à¾ë0ñná.èßèßá|à�æÇÜ6ë�å'è 5.á.âKÝ æKÜ62Tä6âKë�ö�ÝßÞÇë�è é �Qà¾ë�à¾á.ê6èßì 5.ë÷æ
[m1, m2]( � ∧ Xm3

� �Qñjá.â(à Ü6ÝßöÂÜ�æKÜ<ë,ï<ë48�æ�Þ8æÇë�ä�à¾á.ê<èßì
Ýßï�æKâKá�ì<ê<ö�ë�å'ï�ë
	:ê£å�æKÝßá.ï

F = � ∧ Xm3

�£à¯Ü<ÝßöÂÜ��¨à¯Ü<ë�ï�æÇâKå'ï<Þ8ñná.â�2,Ýßï65,Ý æ Ýßï�æKá�� > � � à¾á.ê<èßì�ÞKÝ 2,ä<èßÝ ñjé�æÇá
F = � �zø ï	UÜ£å'ÞKë(û �:å'èßèuá:ö�ö�ê<â8âKë�ï<ö�ë�Þ á'ñGæÇÜ6ë ;.å'â8Ýçå'í<èßë àEá.ê<èßì*5.ë÷æzâKë�ä<èçå'ö�ë�ìgå�5�å'Ýßï�í�é � �:æKÜ�ê<ÞEñná.âUÞÇÝ 2,ä<èßÝßö�Ý æ é0á'ñ}ä<â8ë�ÞÇë�ï�æÂå�æKÝßá.ï�à¾ëÝ 5.ï<á.âKëRæÇÜ6ÝßÞ(Ýßï�æÇÜ6ÝßÞ(ë48<å�2,ä<èßë � 	 á�àEë�;�ë�â �}Ý æ�ÝßÞ�Ý 2,äuá.â8æÇå'ï�æ(æÇá�ï<á'æKÝßö�ë�æKÜ£å�æ�á.ê<â�å'è 5.á.â8Ý æKÜ62 ÝßÞ 5.ë�ï<ë�âÇå'è>å'ï<ì�æKÜ:ê<Þ�ö|å'ï

Ü£å'ï<ì<èßë(æKÜ<ë�ÞÇëIö|å'ÞÇë�Þ å'Þ¯à¾ë�èßè �
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  � ��ijhxtpkjkn{p����a�q�mp`��_kna�r�a�r�\xa�a6�GwUt£r�inmph¶¬­mp�
Z
~}{Átp�_�Qinh_oX`3ivy�y|inh_o«kni¨r�a��'tukvy½tphx�Á�_w_r|r�inh_oXr�\_a

¬­mp��`�w_kvt�inhCr�m � � �ÁtuoGtpijh¯³ �÷h±r�\_ivy0q:tpy�ap�Gr�\_agmphxkj{�kni¨r�a��'tukUr�\xtur�ivyR`�ivy�y�inh_o�ivy
r
³ Ú �_�_ijh_o½r�\xiny

kjijr�a:��tpk¾opin©pa6y]wxy�r�\_a�¬­mGkjknm£�,inh_o���a6y|w_kjr:³

Z = ([m1,m2] � ∧ [m3, ε]U ∧m3 ∧ r) ∨

([m1,m2] � ∧ [m3, ε]U ∧m3 ∧ ¬r)

[]\xa3a6�Cwxt£r�ijmGhxyl�Qa�ªUh_ijhxo
Y
tphx�

Xm3

tu��a�\xtuhU�Qkja6�·ijh�tOy|in`�ijkvtu���]t<{p³�[]\_a�mGh_kj{Xy�r�a��·r�\xtur�\xtpy
y�mp`�a�a9#Ea:q.r,ivy]y�r�a��  _�}�,\_inq'\�ijhCr���mQ�Qwxq�a:yRr�\_a�`�ivy�y�ijhxo�kni¨r�a��'tuk

r
³Rº/mp��asinhCr�a���a:y|r�inh_o½iny0r�m3knmCmGÀ�\_m£�

�x\xtpy�a � ivy,tu�x�_kjina:��r�m½r�\_alh_a:�¼a6�GwUt£r�inmph
U = Y ∧Xm3

³

 � ���,a��,��ijr�inh_o�ijhCr�m�y|r���mphxopkn{�opwxtp���Qa6��¬­mG��`Äopin©pa:y

U = [m1,m2] � ∧ [m3, ε]Y ∧
[m1,m2,m3, ε]Xm3

∧m3


Çb ��[]\_a�¬­mp��`�wxknt3ivy,tukn��a6tp�Q{�inh � � �0�Utuhx�/q�tph_h_mpr]~>a�y�ij`��_kni¨ªUa:�¾³

K� ��dg��mGw_�_inh_o�~Um<»Qa6y]��a6y|w_kjr�y]inh�r�\_a�¬­mGkjknm£�,inh_ox³

U = [m1,m2] � ∧ [m3, ε](Y ∧Xm3
) ∧m3


8�/��[]\_al`�tu�_�xijh_o
h
q�mphCr�tpijhUy�t3`�tu�

({Y,Xm3
}, U)

³�[]\_a���a�¬­mG��aG�}�0al��a��_kvtpq�a
Y ∧Xm3

~}{
U
³

U = [m1,m2] � ∧ [m3, ε]U ∧m3


  ���zijr�a:��tpkzq�mp`��_kna�r�ijmGh�tpoGtpijh�ijhCr���mQ�Qwxq�a:y
r
³

U = ([m1,m2] � ∧ [m3, ε]U ∧m3 ∧ r) ∨

([m1,m2] � ∧ [m3, ε]U ∧m3 ∧ ¬r)

� m£�l�z�_\xtGy|a �g\xtpyg~>a�a�hÁq�mp`��_kna�r�a6�«¬­mG��tuknk(a:�Cwxt£r�ijmGhxy:³3��\Utpy�a � ��inhCr���mQ�Qwxq�a6y�t�y�inh_opkna�a:�Cwxt£r�ijmGh
¬­mG��a:tpq'\Z�Qiny8��w_hxq�r�inmphz��tuhx� i¨r���a��_kvtpq�a:y�r�\_a�©£tu��intp~_kna:y½~C{�r�\_aO�Qivy­��w_hUq.r�inmphUy�³ �xmp��a�»_tp`3�xkjaG��r�\_a
a6�Cwxt£r�ijmGh��Qa�ªxh_inh_o

U
opa�r'y]��a:�_kvtpq�a6��~}{�r�\_a�r���m�¬­mGkjknm£�,ijhxo3a6�Cwxt£r�ijmGhxy�³

U1 = [m1,m2] � ∧ [m3, ε](U1 ∨ U2) ∧m3 ∧ r,

U2 = [m1,m2] � ∧ [m3, ε](U1 ∨ U2) ∧m3 ∧ ¬r

[]\xa���a:`�tuinh_ijhxoOa:�Cwxt£r�ijmGhxy�tp��a�r���a6t£r�a:�Áy�ij`�inkntp��kn{p³ � mpr�ivq�a±r�\xtur½tukvy|m
Z
inh

X
opa�r'y���a��_kvtpq�a:�·~}{

{Z1, Z2}
�Q�,\_a:��a

Z1
tphx�

Z2
tu��a�r�\_ala6�GwUt£r�inmphUy]��a:�_kntGq�inh_o

Z
³

��inhxtuknkj{G�}�0agtu��as��a:tp�_{�¬­mG�Rr�\_agq�kja6tuh}w_��inh��_\Utpy�a3�<� �.³ ¦ a�ªxhx��r�\xtur0r�\_asa6�GwUt£r�inmphUyI¬­mG�
Z1

tuhU�
U1
�_tphx�

Z2
tuhx�

U2
tu��al�Qw_�_knivq�t£r�a:y]mp¬ a:tGq'\±mpr�\_a:�:³�[]\_a:��a�¬­mp��ap�}�0a���a�`�m£©pasr�\_ala6�Cwxt£r�ijmGhxy0¬­mp�

Z1tphx�
Z2
�>tuhx����al��a:�_kntGq�a

{Z1, Z2}
inh

X
~}{

{U1, U2}
³ ¦ a�tukvy�m½ªUhx��r�\xtur,r�\_a�a6�Cwxt£r�ijmGhxy

Y1
�
Y2
�
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m3,
ε

m3,
ε

m3,
ε

m3,
ε

U2(m3)

U1(m3, r)

E = {U1, U2}
A = {m3, r}

m3,
ε

m3,
ε

m3,
ε

m3,
ε

m1,m2,m3
   ε

m1,m2,m3
   ε

m1,m2,m3
   ε

X12(m1)

X11(m1,r)

E = {X11,X12,X21,X22}

X21(m2)

m1,m2,m3
               ε

X21(m2,r)

A = {m1,m2,r}

θIB (σB
�

θIA(σA)

��ijoGw_��al����º«t£»Qij`�tpkztu�_�_kna�r'y�¬­mp�
σB

tphx�
σA

Xm31
tphx�

Xm32

­��a��_kvtpq�ijh_o

Y
tuhx�

Xm3

inh���\xtGy|a �<�.�p��a6y|�>a:q�r�in©pa�kn{ �.�utp��a]h_mpr(��a:tGq'\xtu~xkja0¬­��mG`!tuh}{
©£tp��ivtu~_knalinh

X = {U1, U2}
³�[]\_a���a�¬­mG��aG�_r�\xa�ªxhxtpk ��a:y�w_kjrsmu¬�r�\_a�r���tphxy|¬­mp��`�tur�inmph/ivy�r�\_a�¬­mGkjknm£�,ijhxo

¬­mG��`½w_kvt_³
U1 ∨ U2

[

U1 = [m1,m2] � ∧ [m3, ε](U1 ∨ U2) ∧m3 ∧ r
U2 = [m1,m2] � ∧ [m3, ε](U1 ∨ U2) ∧m3 ∧ ¬r

]

��inopw_��a��±�_iny��_kvt<{}y,r�\_a½`�tu»Qij`�tuk(tu�x�_kja�r�q�mG����a:y��>mphx�Qinh_o�r�m�r�\xiny�a:�Cwxtur�inmph«y�{}y|r�a:` 
8ijh&i¨r'yskna�¬ r
q�mpknw_`�h �.³ Ú kny�mx�}ijr��Qiny��_kvt<{QyRr�\_a�`�t£»Qij`�tpkEtp�_�_kna�r]¬­mpwxhx��¬­mG��r�\_a��_��mp�>a���r�{

σA
�Q�,\_inq'\�ivy�¬­mpw_hx��inh

t�y�ij`�inkntp�]��t<{G³ ��y|inh_o�t3`3mQ�Qa:kzq'\_a:q'À}inh_o�tuknopmp��ijr�\_` ¬­mG��q�mphCr�a�»}r|¹Ç¬­��a:a��x��mQq�a6y�y�a:y�� "��Â�Qi¨rsq:tuh�a:tpy�inkj{
~>a±©Ga���i¨ªUa:��r�\xt£r½r�\_a/q�mG`3�>mGy�ijr�inmphÁmu¬sr�\_a6y|a±r��0m«`�tu»}in`�tuk]tu�_�xkja�r�y½ijhx�_a�a:� y�tur�ivy�ªxa6y�r�\_a±oGkjmG~xtuk
~>a�\Ut<©Cinmpwx��tpkEy��>a:q�ijªUq:t£r�inmph

φ
�xtuhU��r�\CwUy]r�\xtur,r�\_al�x��mG�Ua:�|r�{��Qa6q�mG`3�>mGy�ijr�inmph�iny,q�mp����a6q.r:³

� #!
������:�±����
����

¦ a��x��mG�UmCy|a�t�q�mp`��>mGy�i¨r�ijmGhxtukz©Ga���i¨ª>q�t£r�ijmGh/`3a�r�\_mQ�/¬­mG��q�mphCr���mpk¾®Um£�T~Utpy�a:�Oy�t£¬­a�r�{��_��mp�>a���r�ina:y,mp¬
y�`�tu��r�q:tu�'��tu�_�xkja�r�y:³(´�w_��`�a�r�\xm}�½y|wx�_�UmG�|r'y(�Qi$#Ea���a�hCr�y�q�a�hxtp��inmGy¾¬­mp��y|a6q�w_��aR�>mGy|r|¹Âivy�y�wxtuhUq�aIknmGtG�Qijhxo
mp¬Utu�x�_kja�r�y:³��¯mQq�tukQtp�_�_kna�rItpy�y|wx`3�_r�inmphxy(tu��a0y|r���wxq�r�w_�'tukÇ�£�,\_inkja]opknmp~UtukCopwxtp��tphGr�a�a6y tp��a�~Ua:\xt<©}ijmGw_�'tukÇ�
~>mur�\/�,��ijr|r�a�h�ijhOt3`�m}�xtukzknmpoGinq��,i¨r�\Oop��a:tur�a:y|r�ª_»Qa:���UmGijhCr���a:q�wx��y�ijmGhz³
�÷h t�oGa�h_a:��tpk�y|a�r|r�inh_oU����aOa:y|r�tp~_kniny�\²r�\_a«q�mp����a6y|�>mphU�Qa�hxq�a/~Ua�r��0a:a�h²`�m}�_a�kvy 
­�,\xinq'\µq�tphµ~Ua

y|r���wxq�r�w_��a:y]tpy���a�knk¾tpy]~>a�\xt<©}inmpw_�'y��Rtuhx���_��mp�>a���r�ina:y�~}{�`�a:tuhUy]mu¬ t�d�tuknmpivy]q�mGh_h_a:q�r�inmphz³IºOtu»Qij`�tuk

8mp�]q'\xtu�'tpq�r�a:��ivy�r�inq��(`�mQ�Qa�kvy]tu��a�wxy�a:��r�m3tpkjoGmp��i¨r�\_`�inq:tuknkj{��Qa6q�iv�Qa�q�mp����a6q.r�hxa:y�yImu¬ �_��mG�Ua:�|r�{��Qa6q�mG`½¹
�>mGy�ijr�inmphxy�~}{&��a:�_wxq�inh_o�r�\_a±�_��mG~_kna�` r�m«t�y|r�tphx�_tp���X`�m}�_a�kRq'\_a6q'À}ijh_o/�_��mp~xkja:` ¬­mp��q�mphCr�a�»}r|¹Ç¬­��a:a
�x��mQq�a6y�y�a:y:³ Ú �Qiny|r�inknkja6�«©pa:��y�inmphOmu¬Rt±��a6tukniny|r�ivq�q:tpy�a�y�r�wx�Q{/inkjknwxy|r��'t£r�a6y�r�\_a��x��tGq.r�ivq�tpk�tp�_�_kninq:tu~_inkni¨r�{
mp¬¯r�\_a�tu�_�x��mCtpq'\z³
�xwQr�w_��a���mp��ÀO�,ijknk�¬­mQq�wxy�mGhXa�»}r�a�hU�QijhxoOmpw_����a:y�w_k¨r'y�ijh·r���m��_ij��a:q�r�inmphxy�� 
­i���tp�_�Qinh_oO�Qivtu`�mphU�

`�mQ�_tpkjijr�ina:y¯r�msr�\_a]y|in`�wxkntur�inmphlknmpopivqu�£tphx��
­ini��zinh}©pa:y|r�inoGtur�inh_o�w_hU�Qa����,\xt£r���a6y�r���ivq.r�ijmGhxy¾r�\_a��_��mG�UmCy|a6�
`�a�r�\_mQ�/q�tph�~>a�tp�_tp�Qr�a6��r�m�~Ua:\xt<©}ijmGw_�'tukEtpy�y|w_`��Qr�ijmGhxy:³
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