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K1
«
K2
«
K3

rmo�} y�rmvirmX3Z�gwZIvwpSRIrsgwp�lmo�e	ls®�gwV�Z(j�l�X3y¯lKe�p�gwp�lmo l�y¯ZIvirsgwp�lmo
gl12

«
gl12,3

«
giV�ZYviZ�Z�°fpqehg�y�rmvirmXCZYgwZIvwpSRIrsgwp�lmo�e

gl23
«
gl1,23

ewn�jtV(gwV�rsg

(K1‖gl12K2)‖gl12,3
K3 = K1‖gl1,23

(K2‖gl23K3)

adZIy�rsvtr�gip�l�o�lm®4j�lmo¯j�ZYvio�e&ZIo�rs����ZIeµgwV�pqeºviZ �Kn�p�vwZIX3ZYoKgµls®4rmeie�lfjYp�rsgwp�¬Kp�ghcm«sewp�o�j�Z5}fp�­MZYviZYoKg½rmewyNZIj/gteºjYrmo�j�lmX3yNl�ewZI}3ewZYy�rmvirsgwZY��c
�dc�lmo�Z^ewp�o��m��Z³j�l�X3y¯lKe�p�gwp�lmo(lmyNZYvtr�gwp�lmo�«�p�o(jYlmoKgwvtrme�g-gil�gh #l�o�l�o �¤j�lmX3X�nfgwp�o���l�y¯ZIvirsgwp�lmo�e-®Êlmv%j�l�X3y¯lKe�p�gwp�lmo�rso�}OvwZSehgivwpqj �
gip�l�o�n¯e�ZS}O�dc(ewlmX3Z^®ÊvtrsX3ZY #lmviÍfeY²

U%V�Z�j�lmX3yNlmo�ZIoKgkX3ld}�ZY��´#¶¤u~·T´½ZIV�r�¬dp�l�vI«�¶¤o�giZYvtrmj�gwp�lmo{X3ld}�ZY�¹«¯uºvip�lmvip±ghc�»#y�viZIewZYoKgwZS}{p�o:,��)��«���T1-�V�r�e��NZYZYo�}fZIewp���o�ZI}
gil�ewn�y�yNlmvwg³p�o�j�viZYX3ZIo�gtrs�&j�l�o�ehgivwn¯j/gwp�lmoAlm®-V�ZYgwZYvilm��ZYo�ZIlmn�e5vwZSrmj/gip�¬�Z�ewcde�gwZIX�eY²^¶¾g^ZIo�rs����ZSekV�ZYgwZIvwl��mZYo�ZYlmn¯e�X3ld}�ZY��p�o��(�dc
ewZYy�rmvirsgwp�o��ÌgiV�Z�o�lmgwp�lmo�e^ls®#�¯ZIV�r�¬dp�l�vI«Mp�oKgwZYvtrmj�gwp�lmo�XClf}fZI�T«�rso�}�Z�°fZIjYnfgwp�lmo�X3ld}�ZY�¹²�¿¼Z3y�vwZSe�ZIoKg?V�ZYviZ�giV�Z�}fZIewp���oGgilKl��
À³ÁNÂ�ÃkÄfÅ�Æ4Ä�Ç�È�«N �V�pqjtVAp�X3y���ZYX3ZIo�gte5giV�Z�´#¶¤u jYlmX3yNlmo�ZIo�g³XClf}fZI�T«�rm��l�o��� �p±giV�rÌewZ�g^ls®ºrs���ml�vwp�gwV�X�e%®Êl�v³jYlmX3y¯lKe�p�gwp�lmo¯rs�
¬�ZYvip±Ë¯jIr�gip�l�oOls®µ}fp�­NZIvwZIoKg5y�vwl�y¯ZIv�gip�ZSe#��p�ÍmZ�}fZSrm}f��lfjtÍ��¹®ÊviZYZI}�lmX{«d��p�¬mZIo�ZIeieY«�rmo�}(vwZSrmjtV�rm��p���p�ghcm²

U%V�pqeCy�rsyNZYv3pqe3ehgivwn�j�gwn�viZI} rme�®Êlm����l� 5eI² adZIj�gwp�lmo �Gp�oKgwvild}�n�j�ZSe	giV�ZAj�lmX3yNlmo�ZIoKg�®ÊvtrsX3ZY #lmviÍM²�afZIj/gip�l�oU��Z�°fy��qrsp�o�e
giV�Z(y¯rsvwgClm®�gwV�Z� ½l�vwÍ }fl�o�ZO�dc ÀkÁMÂ�ÃkÄfÅ�Æ4Ä�Ç�ÈÌ �V�p�jtV pqe3j�l�XCX3l�o gwl�rs���½p�X3y���ZYX3ZYoKgwZS} ¬�ZYvip±Ë¯jIr�gip�l�o rso�}!e�cdoKgwV�ZSe�pqe
rm����lmvip±giV�X�eY²µadZIj�gwp�lmoVT�}fpqewjYn�eie�ZSeºgh #l�jIrmewZ³e�gwn�}fp�ZIe#p�od¬mlm��¬dp�o���}fp�­NZIvwZIo�g%X3lf}fZY�qe#ls®�jYlmX3y�nfgtr�gwp�lmo(rso�}(j�lmX3X�n�o�pqjYr�gip�l�o4«
rmo�}AadZIj�gwp�lmo8;�jYlmo�jY��n¯}fZIeI²

WXWZY1[G\^]�_I`
a$bIc$d
eIf
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¶¤oAgiV�Z�®Êl�����l� �p�o���«� #Z	y�viZIewZYoKgkrsoAZIo�V�rmo�j�ZS}(¬�ZYvte�p�lmo{lm®�giV�Z�jYlmX3y¯l�o�ZYoKgkX3lf}fZI��´#¶¤u y�viZIewZYoKgwZS}{p�o:,��)�f«���T�-¾²�?�l�v³r�ewZ�g
lm®�¬�rsvip�rm����ZSe

X
«K��Z�g

V (X)
}fZYo�lsgwZkgwV�Z?ewZ�g½lm®4¬�rs��n�r�gip�l�o�e-lm®

X
«K��ZYg

P(X) = 2V (X) �¯ZkgwV�Z?e�ZYg½lm®�y�viZI}fpqjYrsgwZIe-lmo V (X)
²


���
 �������������������
z �t¦�����¦�¨N¢Y¨�£�p�e�r�gwn�y���Z

K = (B, I, P )
j�l�o�e�pqe�gwp�o���lm®&r8�t¢t¡ 	��^�¸¦�¥

B
«�rso � ¨�£¤¢Y¥#�$	%�t¢

I
«¯rso�}{r3e�ZYg�ls®��i¦s¨�ª/£¹¥O	�� ¨¯£¸ª

P
²
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U%V�Z��¯ZIV�r�¬dp�l�v5ls®µrÌj�l�X3y¯l�o�ZYoKg5pqek}fZYË�o�ZI}{p�o{gwZIvwX�ekls®µrA£T¥�	�¨�ªI� £��¸¦�¨�ª
��ª/£¤¢$�C²%¶¤oGj�l�o�givir�ehg%gil�gwV�Z��mZYo�ZYvtrs��jYlmX3y¯l�o�ZYoKg
®ÊvtrsX3ZY #lmviÍ� �V�p�jtV rm����l� 5e?®Êl�v�rsvi��p�gwvtrsvic�}fl�X�rsp�o�eY«ºÀ³ÁNÂ�ÃkÄfÅ�Æ4Ä�Ç�È�jYn�vwviZYoKgi��c�e�n�y�y¯l�v�gte	l�o���c ´#ldlm��ZIrmo�rmo�} �Nlmn�o¯}fZI}
o�l�o �¾o�ZY�Kr�gwp�¬mZ^p�o�giZY��ZYv�¬�rsvip�rm����ZIeI²

+�Ï-,/. *Ê�0* Ó$. "2143 ��� . �0*Ê�5* Ó6. � Ð �Y� Ï �87:9 givirmo�ewp±gip�l�o�ewcfehgiZYX
S
�qª6	�£¹©^��*�¢

(X, A, G, F ) ; ¡�¢Y¥w¢
• X

�qª6	�ªY¢�£%¦@����	�¥I�Q	��$*�¢�ª=<
• A = Ac∪Au

�qªM	�ªY¢Y£µ¦��M	���£��¸¦�¨�ª?>B	�* ª�¦ �
	�*�*�¢��^yNlmvwgie@> �G	�¥/£�� £��¸¦�¨N¢
�
� ¨�£¤¦³j�lmoKgivwl����qrs����Z(	s¨��kn�o�jYlmoKgwvilm����rm����Z(	%�Y£��¸¦�¨�ª=<
• G : A → P(X)

	�ªiªY¦^�$�Q	s£¾¢�ª ; � £Ê¡�¢���¢Y¥I�F	%�Y£P�¸¦s¨ � £Tª%�mn�rmvi}¼ª���¢���� �
��� ¨K§ ; ¡�¢�¨�£ ¡�¢
	���£��¸¦�¨:�
	�¨�¦^�
��©f¥=<
• A ¦s¥�¢
	%�t¡ 	���£��¸¦�¨

a ∈ A
> *�¢�£

F a : X →
(

V (X) → IB ∪ IN
) �t¢"	 �G	�¥/£��Q	�*D�t©f¨��Y£P�¸¦s¨ ��¢#B-¨G� ¨d§ 	s¨¼r�ewewp��mo�X3ZYoKg

£¾¦ ��	�¥I�Q	��$*�¢�ª=>M�m¢ ��¢Y¨��1� ¨K§�¦�¨�£ ¡�¢'��©f¥/¥i¢�¨¯£½ª/£ 	�£¤¢5CEDN¡�¢F	�ªiªI�±§m¨G��¢�¨¯£0�t©f¨��Y£P�¸¦s¨4�qª�£¤¦�£ 	�*GF ��¢#B-¨N¢
�A¦�¨ 	1*�* ��	�*±©G	�£��¸¦�¨�ª
V (X) H C

+�Ï-,/. *Ê�0* Ó$. �I14J Ó �Y�S� Ó$. Ô/*Ê�0* Ó$. 7 � ����¢Y¨ 	G£T¥�	�¨�ªI� £��¸¦�¨ ª
��ª/£¤¢$�
(X, A, G, F )

	s¨��{ª/£ 	�£¤¢
x ∈ V (X)

>�*�¢Y£
posta(x)

�t¢
£Ê¡�¢^yNl�e�gijYlmo�}fp�gwp�lmo ¦@�LK ©f¨D�m¢Y¥

a ∈ A
>#£Ê¡ 	s£��qª=>

posta(x) = x
′
ª/©G�t¡�£ ¡G	�£

x
′
i = F a(xi)(x)

� �
F a(xi)

�qª'�m¢MBº¨N¢
�N>�	s¨��
x
′
i = xi

¦�£Ê¡�¢Y¥ ; �qª�¢0C
+�Ï-,/. *Ê�0* Ó$.IO 1?P Ï � � . �5*¸��� Ó$Q ���Y��� . �5*¸�5* Ó6. � Ð �Y� Ï �87R9 £T¥O	s¨�ªI� £��¸¦�¨ ªI��ª/£¤¢$�

S = (X, A, G, F )
�m¢MBº¨M¢/ªV	Ìgwvtrso�ewp �

gip�l�o�viZY�qr�gip�l�o
→: V (X) × A × V (X)

ªt©G�t¡{£Ê¡ 	s£
∀x,x′ ∈ V (X) ∀a ∈ A . x

a
→ x

′ ⇐⇒ G(a)(x) ∧ x
′ = posta(x)

C
U%V�Z%ewcKoKgtr�°	ls®Mrk�¯rmewp�j#j�l�XCyNlmo�ZYoKgI«� �V�lKe�Z#�NZYV�r�¬dp�lmv�p�eµ}fZYË�o�ZS}��dc	rkgwvtrso�ewp±gip�l�o�ewcfehgiZYX{«sjYrmo��NZ½®Êl�n�o�}�p�o3rsy�y¯ZIo�}fp�°

´^²��m² �d²µ�kZSj��qrsvtr�gwp�lmo¯eºls®�p�oKgwZI�mZIv-¬�rsvip�rm����ZIeºX�n�e�g%ewy¯ZSj�p�®Êcm«dp�oOy�rmvwZIo�giV�ZIewZIeI«�rmoÌn�y�yNZYv%�Nlmn�o¯}�²ºz5odc�rmeie�p��mo�XCZIoKg-�¯ZYgh ½ZIZYo
p�oKgwZY��ZYv5¬�rmvwpqrs����ZIe5p�o�À³ÁNÂ�ÃkÄfÅ�Æ4Ä�Ç�È^viZ �Kn�p�vwZSe%gwV�rsgk�NlsgwVA¬�rmvwpqrs����ZIe5V�r�¬mZ?giV�Z�eirsX3Z�n�y�yNZYv³�¯l�n�o�}�²�z�j/gip�l�o�ekrmvwZ?ghcdyNZI}
r�e%n�o�j�l�oKgwvilm����rm����Z^�dcÌgiV�Z�SUT0V5W#X3ld}�p±Ë�ZIvI²
XYK ���[Z�* Ï "]\ ¢
�m¢MBº¨M¢
	�^U_a`cbedgf@SU_��i¦1����¦�¨M¢�¨¯£ ; ¡+�Q�i¡ �N¥i¦)�s©G�i¢�ª6	�¨ � ¨5Bº¨ � £¾¢	ªY¢=h�©�¢Y¨��t¢�¦���� ¨�£¤¢¾§�¢Y¥tª ..., 41, 42, 0, 1, ...
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i)jgkel�j)men)mco2lcp�j-q)rsi)ntpu j'j'vxwgq�v-nzy

w0mco{wgocngk�|=}'~e��y
�eiNo$wUj)m{w0m�w0o!��wN�{wNq�v-n��)m�q�wgocngk$�-���Iq'j{wNqcv-n����'�'�cv��)nz��wgo�n0kL���c~zy
�eiNo$wUj)m{w0m�w0o���wN�{wNq�v-n��)m�q�wgocngk��)���Iq'j{wNqcv-n����'�'�cv��)nz��wgo�n0k$�'����y
�eiNo$wUj)m��)n)mcq{wg��mej)o�wgq�v-n�qcjxwNq�v-n����-o'p-r�nzy

n)m�q�y
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U%V�Z�� ¨¯£¾¢Y¥#�$	%�t¢&}fZYË�o�ZIe� �V�rsgµy�rsvwg�lm®Nr^j�lmX3yNlmo�ZIoKg�pqe�¬Kpqewp�����Z½®Êvwl�X lmnfgte�pq}fZm«�rso�}�V�l� �gwV�Z�jYlmX3y¯l�o�ZYoKgµjYrmo�p�o�giZYvtrmj�g� �p�gwV
p�gie�ZIod¬Kp�vilmo�X3ZYoKgS²ºz ®Ên�o�}�rmXCZIoKgirs��p�}fZSrCls®µj�lmX3yNlmo�ZIoKg �¾��rmewZI}(}fZIewp���o(pqe%giV�r�gkjYlmX3y¯l�o�ZYoKgte�rsviZ?}�ZIewp���o�ZI}(p�o¯}fZYyNZYo�}�ZYoKg
lm®kgwV�ZGj�lmoKgiZ�°dgCp�o  �V�p�jtV!gwV�ZYc rmvwZ��ml�p�o���gwl��NZA}fZYy���l�cmZS} , �s�.-¾²É[½lmX3y¯l�o�ZYoKgte�e�V�l�n��q} gwV�ZYviZ�®ÊlmviZ{rs����l� *®Êl�v"� ¨��N©f£Tª/«
¬�rsvipqrs����ZIe^giV�r�g	jYrmo��¯Z�n�ewZI}�p�o�giV�ZÌj�l�X3y¯l�o�ZYoKgI«�rso�}¼j�l�o�o�ZSj/gwZS}� �p�gwV�¬dpqe�p�����Z�¬�rmvwpqrs����ZSe³lm®#lmgwV�ZIv	j�l�XCyNlmo�ZYoKgie?l�o�j�Z
giV�Z	j�l�XCyNlmo�ZYoKg5p�e%p�oKgwZI�mvtr�gwZS}�²

?�lmviX3rm����cm«dgiV�Z�p�o�giZYvw®¸rmjYZ^lm®&r3jYlmX3y¯l�o�ZYoKg
K
 �p�gwV{�¯ZIV�r�¬dp�l�v

B = (X, A, G, F )
pqe5r�gwn�y���Z

I = (Xin, Xv, � 3 , � � v)jYlmo�ewp�e�gwp�o��3ls®

���XW����
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	�ªY¢
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�C¢�ª
�±§m¨¼¦�����¢Y£¾¢Y¥w¦i§�¢Y¨N¢t¦s©dª��³¢�	���£�����¢�����ªt£¤¢���ª�� ¨�À³ÁNÂ�ÃkÄfÅ�Æ4Ä�Ç�È ;

•
gwV�Z	ewZ�g�lm® � ¨1�N©f£ ��	�¥I�Q	��$*�¢/ª

Xin

ewn�jtVOgiV�r�g
Xin ∩ X = ∅ �

•
gwV�Z	ewZ�g�lm® �^�qªI�Q�$*�¢
��	�¥I�Q	��$*�¢�ª

Xv ⊆ X �

•
gwV�Z'� ¨¯£¾¢Y¥O	���£��¸¦�¨ �3¦^�m¢�* � 3 = (C, � � +, fC) �

•
gwV�Z	ewZ�g�lm® �^�qªI�Q�$*�¢
� ¨¯£¾¢Y¥O	%�Y£��¸¦�¨�ª � � v ⊆ I(C) = {α | ∃c ∈ C . ∅ 6= α ⊆ c}

²
U%V�Z4� ¨¯£¾¢Y¥O	%�Y£��¸¦�¨ ��¦)��¢$* � 3 ewyNZIj�p�Ë�ZSe3V�l� *gwV�Z{ewn�� �¤j�l�X3y¯l�o�ZYoKgieClm®

K
p�oKgwZIvir�j/g3 �p±giV!ZSrmjtV!lsgwV�ZYvS² ¶¤oKgwn�p�gwp�¬mZI��c�«

C ⊆ 2A
pqe3r�ewZ�g3ls®(�t¦s¨�¨N¢
�Y£¾¦s¥tª/²:&-rmjtV!ls®�gwV�ZYX pqe3rGX�r�°fp�X3rm��e�ZYgClm®kj�lmX3yNlmo�ZIoKg3r�j/gwp�lmo¯e	giV�r�g�jYrmo �NZ(ZY°dZSj�nfgiZI}

xhl�p�oKgw��cm² U%V�Z�ewZ�gOlm®�j�l�o�o�ZIj�gwl�vie
C
n�o�p �Kn�ZI��c }fZYË�o�ZIeOgwV�Z�ewZ�gOlm®	p�oKgwZIvir�j/gip�l�o�e

I(C)
² � � + ⊆ I(C)

pqeÌgiV�Z�ewZ�g(ls®
�t¦�����*�¢�£¤¢
� ¨�£¤¢�¥O	���£��¸¦�¨�ª/²½[½lmX3y���Z�gwZ?l�v#X�rs°dp�X�rs��p�oKgwZYvtrmj�gwp�lmo�e?·ÊgwV�rsg%pqeI«�j�l�o�o�ZIj�gwl�viet»-}�l�o�lmg5o�ZYZS}Ìgil�e�cdo�jtV�vilmo�p RIZ³ �p�gwV
lmgwV�ZIv5rmj/gip�l�o�e#gwlCgtrsÍmZ^y��qrmjYZm«f �V�ZIvwZSrme#o�lmo��¹X�r�°fp�X�rs�Mp�o¯j�lmX3y���Z�giZ�p�oKgiZYvtrmj/gip�l�o�e%jYrmo�o�lsg%lfjYjYn�v5rs��lmo�Z�²-[½lmX3X�n�o�p�jIr�gwp�lmo
�NZ�gh #ZYZIo�jYlmX3y¯l�o�ZYoKg%lmo���c�gtrsÍmZSe-y���r�j�Z^gwV�vilmn��mVOp�oKgwZIvir�j/gwp�lmo¯eY«de�l3rme½gil3ewZYy¯rsvtr�gwZ^j�l�XCX�n�o�pqjYrsgwp�lmoÌ®ÊvilmX j�lmX3y�n�gir�gip�l�o4²
&-r�jtVÌj�l�o�o�ZIj�gwl�v

c ∈ C
X3r�cC}fZ�Ë¯o�Zkr�j�l�X3X�n�o�pqjYrsgwp�lmoC®Ên�o�j�gwp�lmo

fC(c) : X → (V (X) → IB∪ IN)
X�rmÍKp�o��	r�ewewp���o�X3ZYoKgie

gil�¬�rmvwpqrs����ZSe½lm®&jYlmX3yNlmo�ZIo�gte%p�oKgiZYvtrmj/gip�o���p�o
c
²

U%V�Z�p�oKgiZYvtrmj/gip�l�o XClf}fZI�³pqeO®Ên�o�}�rmXCZIoKgirs�³®Êlmv(p�o¯j�viZYX3ZYoKgirm�³jYlmo�e�gwvin�j/gip�l�o0K¼ �V�p���Z�ewyNZIj�p�®Êcdp�o��  �V�pqjtV p�oKgiZYvtrmj/gip�l�o�e
jIrso ldjIj�n�vÌrsgÌrsodc e�girs��Z(lm®?jYlmo�e�gwvin�j�gwp�lmo4«½p±gOrm��ewl�y�vwl�¬dpq}fZIeCp�of®ÊlmviX�r�gwp�lmo rs�Nlmn�g3c�Z�g�p�o�j�l�XCy���ZYgwZAp�o�giZYvtrmj�gwp�lmo�e�gwV¯r�g
viZ �Kn�p�vwZGewcdo�jtV�vilmo�pSRIrsgwp�lmo  �p±giV ®Ên�vwgwV�ZIvOj�l�XCyNlmo�ZYoKgieI² ?�lmvÌp�o�e�girmo�j�Z�«%r o�lmo �¾X�r�°fp�X3rm�5rso�} p�o�j�l�X3y���ZYgwZGp�oKgwZIvir�j/gwp�lmo
α ∈ I(C)r (C ∪ � � +)

«drs��gwV�lmn���VCp�g-X�r�c�o�lsgºlfjYjYn�v-rs��lmo�Zm«mX�r�c	�NZ5¬dpqe�p�����Z5p�o�l�vi}�ZYv&gwl	rm����l� !®Êlmv-rmoCp�oKgwZIvir�j/gwp�lmo
α∪α′

l�o�j�Z^gwV�Z	j�lmX3yNlmo�ZIoKg5p�e%p�oKgwZY��virsgwZS}Op�o�rmo{ZYod¬dp�vilmo�X3ZIo�g%y�vilmyNl�ewp�o��
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α ∈ C ∪ � � + > Uα
�qª6	��N¥w¢
���Q�
	s£¾¢3¦�¨

X ∪ Xin

��	1*�*�¢
��p�oKgwZIvir�j/gip�l�o(j�l�o�e�gwvtrsp�o�gNC
�³e�n�rm����cm«%giV�Z�p�oKgwZIvir�j/gwp�lmo X3lf}fZI�³ZY°dy�vwZSewewZIe�V�l�  jYlmX3yNlmo�ZIo�gte �t¦S¦���¢�¥O	s£¾¢Y«k �V�p���Z�jYlmo�e�gwvtrsp�oKgieÌewy¯ZSj�p�®Êc V�l� +gwV�ZIc

�t¦�¨�ª/£T¥O	1� ¨�ZIr�jtV(lmgwV�ZIvI«d®Êl�v�p�o�e�girmo�j�Z?l�o�ewV�rsviZI}(viZIewlmn�vtj�ZSeY²


�� 
 �����
	z������
��
&-r�jtVAj�lmX3yNlmo�ZIoKg%V¯rme�rCn�o�p �Kn�Z	e�ZIX�rsoKgwpqjYe�}fZYË�o�ZS}(r�e#®Êlm����l� 5eI²

+�Ï-,/. *Ê�0* Ó$.�� 14J � Ï � Ó6. Ô/*Ê�5* Ó6. 7 � ����¢Y¨4	O£T¥�	�¨�ªI� £��¸¦�¨�ªI��ªt£¤¢��
(X, � � , G, F )

F ; ¡�¢Y¥w¢�£T¥O	s¨�ªI� £��¸¦�¨�ª
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α ∈ � � >�£ ¡G	�£
�qª?> ∀x ∈
V (X) . preα(P )(x) ⇐⇒ P

(

postα(x)
) C

+�Ï-,/. *Ê�0* Ó$.�� 1 XLK *T�Y� Ï'. �5*¸�!*½�f�&�I�Y�����s�0* Ó$. 7�� ¢�£
X

	�¨D�
X ′

�t¢^ªY¢Y£¸ª^¦�� �.	s¥I�Q	%��*�¢/ª?ª/©G�t¡Ì£Ê¡ 	s£
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)α∈C∪ � � +
) C

�! O  #" ��Ó �[Z Ó �0*Ê�5* Ó6.
[½l�XCyNl�ewp�gwp�lmoOlm®�j�l�X3y¯l�o�ZYoKgie#pqe%}fZ�Ë�o�ZI}Ì�dcÌrCj�l�XCyNl�ewp�gwp�lmoOl�y¯ZIvirsgwp�lmoÌ �V�p�jtV(p�e#y�rmvirmXCZYgwZIvwpSRYZS}3�KcÌr3§%* ©�¢�� ¨¯£¾¢Y¥O	%�Y£��¸¦�¨
��¦)��¢$* � 3 = (C, � � +, fC)

lmo(gwV�Z	jYlmX3yNlmo�ZIo�gte#gwl3�NZ	j�lmX3yNl�ewZI}�²

+�Ï-,/. *Ê�0* Ó$.�� 1	� * 
 Ï * . � Ï �����m�5* Ó6. � Ó Ô Ï * 7:9 ����n�Z-p�o�giZYvtrmj�gwp�lmo�X3lf}fZY��¦1��¢Y¥�	^ªY¢�£�¦����i¦1����¦�¨M¢�¨¯£¸ª
Ki = (Bi, Ii, Pi)

>
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�C©f¨G�Q�
	�£��¸¦�¨ �t©f¨D��£��¸¦�¨

fC(c) : X → (V (X) → IB ∪ IN)
� 	�
�� ¨d§

	�ªtªI�±§s¨ �3¢Y¨�£Tª�£¾¦2�.	s¥I�Q	%��*�¢/ª�¦��6�t¦�����¦s¨N¢Y¨�£Tª�� ¨�£¤¢�¥O	���£�� ¨K§2� ¨
c
C

• � 	%�t¡'�t¦�����*�¢Y£¤¢-§%* ©�¢ � ¨�£¤¢�¥�	%�Y£P�¸¦s¨ α ∈ � � +
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c1, x, fC(c1, x)
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i)jUm'meneiNocjtp�lcp�jtqtrsi)ntp <=�)n)m�q B4i)jUm$�0r)ksnUpA< pcn�i)n6w @�n <�<�<ty

n)m�qzy
i)jgk�lej)men)m'o�i)j)mco-p�jcv'v-n)p

w0m'o @��'vUren |=}-~6��y
<�<&<

n)m�qzy
i)j)m-meneiNoIlcpcj-q6i)j)m$��<=�glen�icwU�'v ��i)j)mco-p�jcv'v-n)pA<:@��cvNrenzy

n)m�q

+�Ï-,/. *Ê�0* Ó$. "��I1 ��Ó$. �0*¸�I� Ï'. � Ð 7 � ����¢Y¨:	ÌªY¢�£�¦@�(�t¦�����¦s¨N¢Y¨�£Tª
Ki = (Bi, Ii, Pi)

>
i ∈ {1, . . . , n} ; � £ ¡ Bi = (Xi, Ai

>
Gi, Fi)

>
Ii = (Xin,i, Xv,i, � 3 i, � � v,i)

> 	s¨�� � 3 i = (Ci, � � +
i , fC,i)

> 	C§%* ©�¢
� ¨�£¤¢�¥O	���£��¸¦�¨ ��¦)��¢$* � 3 = (C, � � +, fC)
¦�¨

⋃

i=1,...,n � � v,i

�qªºj�l�o�e�pqe�gwZYoKg ; � £Ê¡Ì£ ¡�¢�ªY¢Y£&¦����i¦1����¦�¨M¢�¨¯£¸ª (Ki)i=1,...,n

� �
dom(fC) = ∅

F¾£ ¡�¢M�t¦s¨�¨N¢
�Y£¾¦s¥tª��m¦�¨M¦�£ �m¢MBº¨M¢
	s¨G�F�t¦��(��©f¨ �Q�
	�£��¸¦�¨
�t©f¨D��£��¸¦�¨�ª H >½¦s¥�£ ¡�¢ ��¦1*�*�¦ ; � ¨d§�£ ¡f¥w¢t¢
�t¦s¨���� £��¸¦�¨�ª^¡�¦1* �#


•
� ¦1�
�C©f¨G�Q�
	s£P�¸¦s¨
�t©f¨��Y£��¸¦�¨�ª^©^� ��	�£¤¢�¦s¨G*5� ��	�¥I�Q	%��*�¢�ª�¦@� �G	�¥/£��Q�$� �G	�£�� ¨K§ �t¦�����¦s¨N¢Y¨�£Tª 
X��¦�¥6	s¨G� (

c, x, fC(c, x)
)

∈ fC	�¨��F� ¨�£¤¢Y¥O	%�Y£P�¸¦s¨
α ∈ C ∪ � � + > α ⊆ c

>º£ ¡�¢�¥i¢=�qª?ªY¦���¢
�t¦1����¦�¨M¢�¨¯£
Ki

ª/©G�i¡A£ ¡G	�£
x ∈ Xv,i

	�¨��
Ai ∩ α 6= ∅

C
• A ¦s¥3¢
	%�t¡J� ¨�£¤¢�¥�	%�Y£P�¸¦s¨ α ∈ C ∪ � � + ; � £ ¡ α′ = α ∩ Ai 6= ∅

��¦s¥�ªY¦���¢
i = 1, ..., n

ªt©G�t¡�£ ¡G	�£
α′

�qª��G	�¥/£k¦���£ ; ¦*�¦)�
	1* �i¦s¨�¨M¢��Y£¤¦�¥tª
c1, c2 ∈ Ci

FE�#C ¢5C
α′ ⊆ c1 ∩ c2 H > α′

��©dª/£-¡ 	1��¢V	�©f¨G�#hY©�¢(�t¦1�
�C©f¨G�Q�
	�£��¸¦�¨2�t©f¨D��£��¸¦�¨�
 ��¦�¥'	�¨G�
x ∈ Xi

	s¨�� (

c1, x, fC,i(c1, x)
)

∈ fC,i ; ¢k¡ 	1��¢ (

c2, x, fC,i(c2, x)
)

∈ fC,i ; � £ ¡ fC,i(c1, x) = fC,i(c2, x)
C DM¡d©dª=>

fC,i(c1)
©f¨ �#h�©�¢�*5�F��¢#B-¨N¢�ª

fC,i(α
′)
�$�3ªY¢Y£T£�� ¨K§

fC,i(α
′, x) = fC,i(c1, x)

C
•
� ¦1�
�C©f¨G�Q�
	s£P�¸¦s¨6�t©f¨��Y£P�¸¦s¨�ª^¦�� � 3 	s¥w¢=�t¦�����¦�ª�	%��*�¢ ; � £Ê¡(£T¥�	�¨�ªI� £��¸¦�¨ 	�¨D�'�t¦��(��©f¨ �Q��	s£P�¸¦s¨=�t©f¨��Y£P�¸¦s¨�ª^¦��³£Ê¡�¢��t¦1�
���¦s¨N¢Y¨�£��t¢i¡G	��^�¸¦�¥tª�
 ��¦�¥'	�¨G�

α ∈ C ∪ � � + 	s¨��
a ∈ α ∩ Ai

��¦�¥�ªY¦���¢
i
>#£ ¡�¢�ª�¢Y£Tª

dom
(

fC(α)
) >

dom(F a
i )
>�	s¨��

dom
(

fC,i(α ∩ Ai)
) 	s¥w¢�� 	1� ¥ ; �qª�¢ �1�qª��Y¦1� ¨�£ C

U%V�ZÌjYlmX3X�n�o�p�jIr�gip�l�o�®Ên�o�j/gip�l�o�e�ls®�o�l�o �¾X3rs°fp�X�rs�ºjYlmX3y���Z�giZ��m��n�Z�p�oKgiZYvtrmj/gip�l�o�e
α
rmvwZÌ}�ZYvip�¬�ZI}�®Êvwl�X�gwV�ZOj�l�XCX�n �

o�pqjYrsgwp�lmo�®Ên�o�j�gwp�lmo�e?lm®-gwV�Z3jYlmo�o�ZIj/gilmvte?j�lmoKgtrsp�o�p�o��
α
²CU%V�ZÌe�ZSj�lmo¯}�rso¯}GgiV�p�vt}¼j�lmo¯}fp±gip�l�o�rm�¯l�¬�Z�X�rsÍ�ZCewn�viZCgwV�rsg^giV�Z

jYlmX3X�n�o�p�jIr�gwp�lmo(®Ên�o�j�gwp�lmo{ls®&�m��n�Z?p�o�giZYvtrmj�gwp�lmo�e#pqe� ½ZI���4}�Z�Ë�o�ZS}�²
[½l�o�e�pqe�gwZYo¯j�c�pqeºrmnfgwl�X3rsgwpqjYrm����c�jtV�ZSjtÍmZI}��dc3À³ÁNÂ�ÃkÄ�ÅMÆ�Ä�Ç�Ès²�¶¤o3y�rmv�gip�jYn���rmvI«KÀkÁMÂ�Ã³ÄfÅ�Æ4Ä�Ç�È#pqeie�n�ZSeºrso3ZIvwvilmvµX3ZIeieirs�mZ

p�®&gwvtrso�ewp±gip�l�o�®Ên�o�j/gip�l�o�e5rmo�}{j�lmX3X�n�o�pqjYr�gip�l�o�®Ên�o�j/gip�l�o�ek}�Z�Ë�o�Z	jYlmoKgwvtrm}�p�j�gwlmvicÌrmeiewp���o�X3ZYoKgie#®Êl�vke�l�X3Z���ZI��rs�º·Tj�l�XCy���ZYgwZ
l�v�X3rs°fp�X�rs� »½p�oKgiZYvtrmj/gip�l�o4²

XYK ���[Z�* Ï � � ¦�¨�ª
�Q��¢�¥{£Ê¡�¢ � ¨�£¤¢�¥O	���£��¸¦�¨ ��¦^�m¢�* � 3 =
(

{a1, a2, a3},
{

{a1, a2, a3}, {a1, a2}, {a1, a3}, {a1}
}

, {x2 :=

x1, x3 := x1}
) �m¢MBº¨M¢
�F���

WXWZY1[G\^]�_I`
a$bIc$d
eIf



� �%¥w¢¾§�¦s¥�����ªtª
*�¢�¥

f@`�T-T0S0f W�`'_
a1|a2|a3

f@` � ^&� S W�S
a1|a2|a3, a1|a2, a1|a3, a1

b)`
x2 := x1

>
x3 := x1

2
�t¢Y£ ; ¢t¢Y¨�£Ê¡d¥w¢t¢ �t¦�����¦s¨N¢Y¨�£Tª K1

>
K2
>
K3
>-ª/©G�t¡A£Ê¡ 	s£ � ¨��m¢�Hd¢/ª�¦��=��	�¥I�Q	��$*�¢�ª 	s¨��"	%�Y£��¸¦�¨�ª	¥i¢Q��¢Y¥�£¤¦Ì£Ê¡�¢�� ¥�¦ ; ¨N¢Y¥tª C � 3 �qª

�t¦�¨�ªI�qªt£¤¢Y¨�£ ; � £Ê¡G£Ê¡�¢C£Ê¡d¥i¢i¢'�t¦1����¦�¨M¢�¨¯£¸ª6� ��¨N¦s¨N¢�¦���£Ê¡�¢C£Ê¡d¥w¢t¢'	���£��¸¦�¨�ª�©^� ��	�£¤¢/ª 	�¨G�A¦@��£Ê¡�¢(��	�¥I�Q	%��*�¢�ª x1
>
x2
>
x3
CRDM¡�¢

�t¦�����*�¢�£¤¢
� ¨�£¤¢�¥O	���£��¸¦�¨
{a1, a2}

£Ê¡�¢Y¨�¢Y¨��t¦���� 	�ªtª�¢�ª	£Ê¡�¢(	�ªtªI�±§s¨ �3¢Y¨�£
x2 := x1

C
+�Ï-,/. *Ê�0* Ó$. "$" 1 ��Ó �[Z Ó �5*¸�5* Ó$. Ó$Q ���S�5*�� . � Ï'. �I�N7 � ����¢�¨ £ ; ¦ �G	�¥/£��Q	�*D�t©f¨��Y£P�¸¦s¨�ª f, g : X → (V (X) → IB ∪ IN)ª/©G�t¡ £ ¡G	�£

dom(g) ∩ dom(g) = ∅
>6*�¢Y£

f ∪ g
�t¢A£Ê¡�¢�� ¥J�t¦�����¦�ªI� £P�¸¦s¨Éª/©G�i¡ £ ¡G	�£

dom(f ∪ g) = dom(f) ∪ dom(g)
>

(f ∪ g)(x) = f(x)
� �

x ∈ dom(f)
> 	�¨D�

(f ∪ g)(x) = g(x)
� �

x ∈ dom(g)
C

+�Ï-,/. *Ê�0* Ó$. "���1 ��Ó �[Z Ó �5*¸�5* Ó$.
‖
7 � ¢Y£

Ki = (Bi, Ii, Pi)
>

i ∈ {1, . . . , n}
> �t¢ �t¦�����¦s¨N¢Y¨�£Tª ; � £Ê¡ �G	�� ¥ ; �qªY¢8�1�qª��Y¦1� ¨�£��	�¥I�Q	��$*�¢�ªJ	�¨D�:	%�Y£P�¸¦s¨�ª=>

Bi = (Xi, Ai, Gi, Fi)
>

Ii = (Xin,i, Xv,i, � 3 i, � � v,i)
>(	s¨��

Pi = (Ui, (U
α)α∈Ci∪ � � +i

C � ¢Y£
� 3 glue = (Cglue, � � +

glue, fglue)
�i¢F	8�i¦s¨�ªI�qª/£¾¢Y¨�£º§%* ©�¢ � ¨¯£¾¢Y¥O	%�Y£��¸¦�¨:��¦)��¢$*º¦���¢Y¥

{Ki | i = 1, ..., n}
C A ©f¥/£ ¡�¢�¥I��¦�¥w¢ > *�¢�£

σ :
⋃

i Xin,i →
⋃

i Xv,i

�i¢(	 �G	�¥/£��Q	�*�ª/©G�/ª/£�� £T©f£��¸¦�¨�¦���� ¨��M©f£ ��	�¥I�Q	��$*�¢�ª ; � £Ê¡8�^�qªI�Q�$*�¢
��	�¥I�Q	��$*�¢�ª@CDM¡�¢ �t¦�����¦�ªI� £P�¸¦s¨�¦��?£ ¡�¢
�t¦1����¦�¨M¢�¨¯£¸ª
Ki

©f¨D�m¢Y¥ � 3 glue

	s¨��
σ
�qª�£Ê¡�¢(�t¦�����¦s¨N¢Y¨�£

K = ‖ ��� glue,σ{Ki | i = 1, ..., n} =
(

⋃

i

Bi, (Xin,
⋃

i

Xv,i, � 3 , � � v), P
)

; ¡�¢�¥w¢
•
£ ¡�¢	©f¨ �¸¦�¨¼¦��?£ ¡�¢
�t¢t¡ 	1�)�¸¦s¥tª6�qª6�m¢MBº¨N¢
�V�$�

Bi ∪ Bj = (Xi ∪ Xj , Ai ∪ Aj , Gi ∪ Gj , Fi ∪ Fj)
<

• Xin =
⋃

i Xin,i r dom(σ)
<

• � 3 = (C, � � +, fC)
ª/©G�i¡ £Ê¡ 	�£ � � =

⋃

i I(Ci) ∪ I(Cglue)
>

C = max � � > � � + =
⋃

i � � +
i ∪ � � +

glue

> 	s¨��
fC(α) = fC,i(α)

� �
α ∈ Ci

��¦�¥?ªY¦1�3¢
i
>
fC(α) =

⋃

i fC,i(α ∩ Ai) ∪ fglue(α)
� �

α ∈ Cglue

C
• � � v =

⋃

i � � v,i ∪ � � glue

<
• P =

(

(
∧

i Ui)[σ], (Uα[σ])α∈C∪ ��� +

) ; ¡�¢�¥i¢ Uα =
£¹¥/©�¢B��¦�¥

α ∈ � � glue

C
��Ó Z Ð � Ó$. �Y�I� 
��s� Ó �  U%V�Z�j�l�yKc jYlmo�e�gwvin�j/gilmv	pqe3e�cdoKgir�j/gip�jÌewn��Krsv�n¯e�ZY®Ên��#®Êlmv3j�lmX3y�r�j/g�X3lf}fZI��p�o��¼ls®kewcde�gwZIX�e� �p�gwV
X�rsodcÌpq}fZIo�gip�jIrs��jYlmX3yNlmo�ZIo�gte�K

f ` � ^U`�TgSUT0W������ ��� � ���&���?�
c

2
¶¾g?j�viZIr�giZIeI«�p�oAgwV�Z�j�n�vwviZYoKgkeij�lmyNZm«Mr�o�ZI ~j�l�XCyNlmo�ZYoKgk �p�gwVGo�rmX3Z�; b)S)T5W5r�ekrÌjYlmydc(lm®&gwV�ZCj�lmX3yNlmo�ZIoKg ; btSUT0W

c

²5¶¾gte5n�ewZ
pqe�p�����n�e�gwvtr�gwZS}Op�o{Z�°�rsX3y���Z6C�rso�}�p�oOgiV�Z�Z�°�rsX3y���Z?ls®µe�ZSj/gip�l�oVT¯² �d²

�! O  �� 
OÏ �Y�I�N*¸�s�0* Ó$.
+�Ï-,/. *Ê�0* Ó$. " O 1 
(Ï �I�Y�N*T�s�5* Ó6. 7 � ¢Y£

K = (B, I, P )
�i¢�	 �t¦�����¦s¨N¢Y¨�£ ; � £Ê¡ B = (X, A, G, F )

>
I = (Xin, Xv, (C, � � + >

fC), � � v)
> 	s¨��

P =
(

U, (Uα)α∈C∪ � � +
) C DM¡�¢ÌviZIe�gwvip�j�gwp�lmo~¦@�

K ; � £Ê¡ 	 �i¦s¨�ª/£¹¥O	�� ¨¯£
P1 =

(

U1, (U
α
1 )α∈ � � v

) ; � £Ê¡
U ∈ P(Xv)

�qª5£Ê¡�¢��t¦�����¦s¨N¢Y¨�£
K/P1 =

(

B, I,
(

U ∧U1, (U
α∧Uα

1 )α∈C∪ � � +
)) > ; ¡�¢Y¥w¢ ; ¢kª�¢Y£ Uα

1 =
£¹¥/©�¢0��¦s¥

α /∈ � � v

C
U%V�Z�jYlmo�jYvwZYgwZ�e�cdoKgirs°Ols®&ehgtr�giZ	rso�}(p�oKgiZYvtrmj/gip�l�o�jYlmo�e�gwvtrsp�oKgieI«dvwZSe�yNZIj�gwp�¬mZY��cm«dpqe

�$9 9�SU_aW � ��� �&���,!&���$2b�; 9 ����� S����?����� !#����� %���� ; �
|
dtT&� S�9+9	� � ��� �&���,!&����2

XYK ���[Z�* Ï � � ¦��(� ¨K§ �
	%� 
 £¤¦ ¢�H 	1���D*�¢�
N>�ª/©^����¦�ª�¢�£Ê¡ 	�£
� £¾¢���ª ; ¡�¦�ªY¢ ��	�*±©�¢ �qªG¢=h�©G	1*5£¾¦ 9 ^US5f$; �&� >(	�¥i¢A©dªY¢
��£¾¦ ¥w¢$�
ªI��¨��t¡d¥i¦�¨G�65S¢��N¥i¦)�s©G�i¢Y¥
	s¨��F�t¦s¨�ª/©+�3¢Y¥=> 	�¨D�2�'	���¨M¦�£��t¢
�1�qª$�
	s¥O�m¢
�{¢$��¢Y¨J� ��£Ê¡�¢(�t¦�¨�ª/©+��¢�¥��qª�¨M¦�£#¥w¢
	%���)C DM¡+�qª=�qª=��¦�¨M¢
���Ì¥w¢�ª/£T¥I�Q�Y£P� ¨d§ ^U_�`cb�dNf S)_87 94S)Tgb ; � £ ¡J	�¨ � ¨�£¤¢�¥O	���£��¸¦�¨4�t¦�¨�ª/£¹¥O	�� ¨¯£ ��¢E��¢�¨D��� ¨d§�¦s¨ 9@^US5f�; �&�6


���$�Nocngk lcp�j-qei)j)ms��|@w0mco��glenei'wU�cv/|=}-~6�N�c~6�
i)jgk�lej)men)m'o�lcp�j-q)rsi)ntp <&<�< n)m�q�y
i)jgk�lej)men)m'o�i)j)ms�0r)ksntp <&<�< n)m�q�y
i)j)m-meneiNo�j)p�lcp�j-q)rsi)ntpA<?�)n)m�qCB�iUj)m6�gr)k$n)p < p�nci)new�@cn <�<�<ty
q$w-�U� u v-n8lcpcj-qtrsi)n)pA<=�)n)mcq wN�Ilcpcj-qtrsi)n)pA< wgo�n0k$�6���-m6i y

n)m�q�y

���XW����



� ¦�����¦�¨N¢Y¨�£����
	�ªY¢
�
�C¢�ª
�±§m¨¼¦�����¢Y£¾¢Y¥w¦i§�¢Y¨N¢t¦s©dª��³¢�	���£�����¢�����ªt£¤¢���ª�� ¨�À³ÁNÂ�ÃkÄfÅ�Æ4Ä�Ç�È >

item item

send receive

consumer.item:=producer.item
send|receive

producer consumer controller

value

special

item=special prodcons

?�p��mn�viZ	�+K&¶¤oKgwZIvir�j/gwp�lmo{j�l�o�e�gwvtrsp�o�g%lmoE^U_�`cb�dNf S)_87 94S)Tgb¯²

�%¥O	
��¡ �Q�
	1*�*5�g>�£ ¡�¢?ªI��ª/£¾¢�� �t¦1����¦�ªY¢
�(¦�� ^U_�`'b-f `eT�9(	�¨�� f `eT5W _�` ��� S)_ �qª�¥w¢ �N¥w¢�ªY¢�¨¯£¾¢
�2	�ª^ªw¡�¦ ; ¨ � ¨ A �±§s©f¥i¢ �'C
/#¥I�¸¦s¥I� £P�¸¢�ª^rmvwZCr(ewyNZIj�pqrs�&jYr�e�ZCls®½vwZSehgivwpqj/gip�l�o4«M �V�ZYviZ�p�oKgwZYvtrmj�gwp�lmo�e^rsviZ�}�p�eirs����ZI}�}fZYyNZYo¯}fp�o��(l�o� �V�pqjtV�r�j/gwp�lmo¯e³rmvwZ

ZIo�rs����ZI}4²µuºvwp�lmvip�gwp�ZIe#rsviZ³rCj�lmod¬�ZYo�p�ZYoKg% #r�cCgwlCX3lf}fZY��j�ldl�vi}fp�o�rsgwp�lmoOrmo�}OV¯r�¬mZ³ewlmX3Z³p�oKgwZIvwZSehgip�o���y�vilmyNZYvwgwp�ZIeI«f}fpqewjYn�ewewZI}
p�o4,��)T�-¹²

+�Ï-,/. *Ê�0* Ó$. " � 1�J �N* Ó �N*Ê� Ð 7 � ����¢Y¨J	�¨"� ¨¯£¾¢Y¥O	%�Y£��¸¦�¨"�3¦^�m¢�* � 3 = (C, � � +, fC)
¦1��¢Y¥�	�ªY¢Y£-¦@��	%�Y£P�¸¦s¨�ª

A
> 	^y�vwp�lmvip±ghc8�qª

	Ì¥w¢$*S	�£��¸¦�¨
≺⊆ (C ∪ � � +) × 2A

C
+�Ï-,/. *Ê�0* Ó$. " � 1 � * Ó ��
�� Ï 7 � ¢Y£

≺
�t¢V	 �N¥I�¸¦s¥I� £P�)C DM¡�¢�jY��lKe�n�vwZ�¦��

≺
�qª3£Ê¡�¢F*�¢
	�ª/£ �N¥I�¸¦s¥I� £P�

≺+ �i¦s¨�£ 	�� ¨ � ¨K§
≺
ªt©G�t¡

£Ê¡ 	s£ � �
α1 ≺+ A1

	s¨��
α2 ≺+ A2

>º£ ¡�¢�¨
α1 ≺+ (A1 ∪ A2) r α2

C
XYK ���[Z�* Ï � A ¦�¥�£Ê¡�¢Ìª$	�
m¢{¦���¥w¢
	%��	%����*5� £P�g> ; ¢ ; ¥I� £¾¢ ��¥i¦��É£ ¡�¢�ªY¢Y£ 	����t¦1* 	%��¢/ªM��¦s¥Ì£Ê¡�¢F� ¨�£¤¢�¥O	���£��¸¦�¨�ª(¦�¨!£ ¡�¢2*�¢P�t£��T¡ 	�¨D�ªI�Q�m¢V	�¨D�{£ ¡�¢CªY¢�£Tª3¦��'	%�Y£P�¸¦s¨�ªÌ¦�¨ £Ê¡�¢3¥I�±§�¡d£��T¡ 	s¨��{ªI�Q��¢5C A ¦�¥ ≺= {a ≺ bc, b ≺ ad}

>
≺+= {a ≺+ bc, b ≺+ ad, a ≺+

acd, a ≺+ cd, b ≺+ bcd, b ≺+ cd}
C

z=y�vip�lmvip±ghc
≺
p�e5rmnfgwl�X�r�gwpqjYrm����c3gwvtrso¯e��qr�giZI}(p�oKgwlCgiV�Z	j�l�o�ehgivirmp�oKg
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, (Uα)α∈C∪ � � +)
 �V�ZYviZ

Uα = ¬
∨

α≺+A′

∧

ai∈A′

G(ai)
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i)jgkel�j)men)mco i)���{ie�sy
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ie� < lx��i)�D<:@�� i��D<:@�y
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i��D< lx��ie� <:@�� i)�D<:@�y
i��D< lx��i)�D< l�y:i)�D< lx��ie� < l�y�	�	��6w�
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+�Ï-,/. *Ê�0* Ó$. " � 1 � *TÔ * . ��7 A ¦�¥�	'�t¦�����¦s¨N¢Y¨�£ K = (B, I, P ) ; � £Ê¡ B = (X, A, G, F )
>
I = (Xin, Xv , � 3 , � � v)

> 	�ªY¢Y£
¦��M��	�¥I�Q	��$*�¢/ª

X ′ ⊆ Xv

> 	s¨��2	�ªY¢Y£½¦@� � ¨�£¤¢Y¥O	%�Y£P�¸¦s¨ � � ′ ⊆ � � v

>µ£ ¡�¢=�t¦�����¦s¨N¢Y¨�£½¦���£ 	�� ¨M¢
�2�$��¡+�Q��� ¨K§
X ′

	s¨�� � � ′ � ¨ K
�qª

(B, I, P )/(X ′, � � ′) = (B, I ′, P ) ; � £ ¡ I ′ = (Xin, Xv r X ′, � 3 , � � v r � � ′) C
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¨M¢��t¢�ªtª$	s¥I�"�t¦s¨���� £��¸¦�¨�ª�®Êlmv³gwV�ZCviZ �Kn�p�vwZS}{y�vwl�y¯ZIv�gip�ZSe�gilOV�l���}�²^¶¤o�r(e�ZSj�l�o�}AehgiZYy4«�À³ÁNÂ�ÃkÄ�ÅMÆ�Ä�Ç�È�jtV�ZIjtÍfe�®Êl�v³Z	��jYp�ZIoKgw��c
¬�ZYvip±Ë¯rm����Z�ª/©�
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�O���I�Y�����m�5* Ó$.  adX�rs����p�oKgwZY��ZYv³¬�rmvwpqrs����ZSe5rsviZ	p�o�giZYvio�rs����c(viZYy�viZIewZYoKgiZI}��dc�¬�ZIj�gwlmvte�lm®µ´#ldlm��ZIrmo�eI²�?�lmvkgwV�ZCewrmÍmZ	lm®µZ�� �
jYp�ZIo�j�c�«���rmvw��Z³p�oKgwZI�mZYv%¬�rsvipqrs����ZIe-_ ¬�rsvipqrs����ZIe# �V�lKe�Z^n�y�yNZYv5�Nlmn�o�}�p�e%��vwZSr�gwZIv-giV�rso{l�v#Z��Kn�rs�Mgil3r3jYlmo�e�girmo�g��������������
���� �!#"#$ ����� "&% ��_=«mrmvwZ#viZYy�viZIewZYoKgwZS}�lmo���c	�dc	rmo�rs�¯ehgivir�j/gwp�lmo�²�zkeiewp���o�X3ZYoKgie&rso¯}�j�l�X3y�rsvip�ewlmo¯e� �p�gwV3e�n¯jtV�¬�rsvipqrs����ZIe
rmvwZµp�oKgwZYviy�viZ�giZI}?lmo?giV�Z-rm��ehgivir�j/gip�l�o4²�adp�o�j�ZºgwV�Z#j�lmX3yNl�ewp±gip�l�o�rs�m¬mZYvip�Ë¯jYrsgwp�lmo?rs���mlmvip�gwV�X�e�p�X3y���ZIX3ZYoKgwZS}?p�o�À³ÁNÂ�ÃkÄ�ÅMÆ�Ä�Ç�È
n�ewZ5ewn'�Ìj�p�ZYoKg½j�l�o�}fp�gwp�lmo�e&l�o3�¯lmgwV�n�o�}�ZYv ��rso�}Cl�¬mZIv �¤rsy�y�vwl�°fp�X�r�gwp�lmo¯e4ls®NgwV�Z5�¯ZIV�r�¬dp�l�vI«srm��e�gwvtrmj/gip�l�o�pqeµviZ �Kn�p�vwZS}	gil�y�vil �
¬dpq}fZm«f®Êl�v�ZIr�jtV�jYlmo�jYvwZYgwZ^y�vwZS}fpqjYr�giZm«�r6�G	�� ¥%ls®µrs��e�gwvtrmj�g#y�vwZS}fp�jIr�giZIe%��vtrmjtÍ�Z�gwp�o���gwV�Z	jYlmo�jYvwZYgwZ^y�viZI}fpqjYrsgwZm²

zk��ehgivir�j/g�y�vwZS}fp�jIr�giZIe�rmvwZ½}fZYvip�¬�ZI}�rmnfgwl�X3rsgwpqjYrm����ck®ÊvilmX giV�Z-n�ewZ-lm®�p�oKgiZY�mZIv�¬�rsvipqrs����ZIeI²�[½lmo�ewpq}fZYv�rkj�l�o�j�viZ�giZºy�viZI}fpqjYrsgwZ
lm®½giV�Z�®ÊlmviX

x#c
l�v�rso�rmeiewp���o�X3ZYoKg�ls®#gwV�Z�®Êl�vwX

x := c
·¸Z�°fy���p�jYp±g�l�v��dc�¬�rs��n�Z�y�r�ewewp�o����NZ�gh #ZYZIo�p�oKgwZIvir�j/gip�o��AjYlmX��

yNlmo�ZIoKgiet»/«N �V�ZYviZ
x
pqekrso{p�oKgwZY��ZYv5¬�rmvwpqrs����Z� �p�gwVGrsoAn�y�y¯ZIv5�Nlmn�o�}

b >
����������� ���� �!#"#$ �'��� "(% ��«

c
pqekr�jYlmo�e�girmo�gS«

rmo�}
# ∈ {<, 6, =, >, >}

²�À³ÁNÂ�ÃkÄfÅ�Æ4Ä�Ç�ÈCrsnfgilmX�r�gip�jIrs����cG}�Z�Ë�o�ZSe�r(gwn�y���Z�ls®%rs��e�gwvtrmj�g^¬�rmvwpqrs����ZIe (

(x#c)u, (x#c)o
)

ewn�jtV gwV¯r�g
(x#c)u =⇒ x#c =⇒ (x#c)o

²�adp�X3p���rmvw��cm«5jYlmo�ewpq}fZYvOr j�lmo¯j�viZ�gwZ�y�vwZS}fpqjYr�giZAls®�giV�ZA®ÊlmviX
x#y

l�v
rmo rmeiewp���o�X3ZYoKgOls®�gwV�Z�®ÊlmviX

x := y
«k �V�ZYviZ

x
rso�}

y
rmvwZ�p�oKgwZI�mZIv(¬�rsvipqrs����ZIeO �p±giVÉgwV�Z¼eirsX3Z�n�y�y¯ZIv(�Nlmn�o�}

b >����������� ���� �!#"#$ �'��� "(% ��²%¶¾®	�¯lmgwV ¬�rmvwpqrs����ZIeO�¯ZI��l�o�� gil gwV�Z¼eirsX3ZG��r�e�pqjGjYlmX3y¯l�o�ZYoKgS«�gwV�ZIo À³ÁNÂ�ÃkÄfÅ�Æ4Ä�Ç�ÈA}fZ �
Ë�o�ZIe�r�gwn�y���Z{ls®?rs��e�gwvtrmj�gC¬�rmvwpqrs����ZIe (

(x#y)u, (x#y)o
) r�eCrm�¯l�¬�Zm²!¶¾®³�NlsgwV ¬�rsvipqrs����ZIe��¯ZI��l�o��¼gwl }fp�­NZIvwZIoKg�jYlmX3yNl �

o�ZIoKgieI«½giV�ZYo À³ÁNÂ�ÃkÄ�ÅMÆ�Ä�Ç�È{}fZYË�o�ZSeÌr¼gwn�y���ZGlm®?rm��e�gwvtrmj/g�¬�rsvipqrs����ZIe (

(x#y)u
1 , (x#y)u

2 , (x#y)o
1, (x#y)o

2

) ewn�jtV gwV¯r�g
(x#y)u

1 ∧ (x#y)u
2 =⇒ x#y =⇒ (x#y)o

1 ∨ (x#y)o
2

²
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P
ewy¯ZSj�p�®Êcdp�o�� r¼e�ZYg�ls®kp�o�p�gwpqrs�5e�gir�giZIe3jYrmo!�NZA}fZ�Ë¯o�ZI}

 �p�gwV�gwV�ZCehgtr�gwZIX3ZYoKg ; T#; W	; �&��� )
P
²^U%V�Z���lfjYrm��e�girsgwZ�ewy�rmjYZ�lm®µgwV�ZCj�lmX3yNlmo�ZIoKg³pqe5giV�ZYo�Z�°fy���lmviZI}�®ÊvilmX

P
²^U%V�Z�Z�­MZIj�g³ls®

giV�ZÌehgtr�giZYX3ZYoKg�p�e?Z��Kn�p�¬�rm��ZIo�g?gil�viZIe�gwvipqj/gwp�o��(gwV�Z�ewcfehgiZYX� �p�gwV�gwV�ZÌe�girsgwZ�j�l�o�e�gwvtrsp�o�g�jtV�rmvir�j/gwZIvwpSRYp�o��Orm���ºe�girsgwZSe?ls®-giV�Z
jYlmX3y¯l�o�ZYoKg�viZIr�jtV�rs����ZC®ÊvilmX

P
² "5lmgwpqj�Z�giV�r�g�gwV�ZOe�girsgwZIXCZIoKg�}fldZIe�¨M¦�£#}fZ�Ë�o�Z3gwV�Z(p�o�p�gwpqrs�½ehgtr�gwZSe	lm®½giV�Z(jYlmX3y¯l�o�ZYoKg

r�e
P
p�o�gwV�Z�����l���rs�µewcde�gwZIX{«4rme^X3l�e�g^lm®-gwV�Z3rm����lmvip±giV�X�ekp�X3y���ZYX3ZYoKgwZS}�p�o ÀkÁMÂ�Ã³ÄfÅ�Æ4Ä�Ç�È�}fl�o�lsg�}fpqehgip�o��mn�pqe�V¼p�o�p±gip�rm�

e�girsgwZIeI²
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n)m�q�y
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®Êl�v#ZSrmjtV(��rmewp�j^j�l�X3y¯l�o�ZYoKg

k
gwV�Z^X3lKehg%�mZIo�ZYvtrs�M}fZIr�}f��ldjtÍ �¹®ÊvwZIZ³jYlmoKgwvilm�Np�od¬�rsvip�rmoKg^·¸� � ?&[½¶�»#ls®

k
²�u-vwl�y¯ZIv�gip�ZSe#rmvwZ³gwV�ZYo
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UX 6=

�$	1* ªY¢ �qª 	�}fZIr�}f��lfjtÍ �¹®ÊvwZIZ�j�l�o�givwl��5p�o �
¬�rsvipqrsoKg¼¦@� 	 �
	�ªI�Q�4�t¦�����¦s¨N¢Y¨�£

(B, I, P ) ; � £Ê¡ B = (X, A, G, F )
	s¨��

A = Ac ∪ Au
� ¨ 	�ªI��ª/£¾¢�� ; � £ ¡ ª�¢��'	�¨G�£��Q�/ª

B′ = (X ′, � � , G′, F ′)
� ��F 3 H UX =⇒

(
∨

α∈ ���
α∩A6=∅

G′(α) ∧ preα(UX )
)

|∃X
> 	�¨D�IF � H ��¦�¥ ∀α ∈ � � ª/©G�i¡ £Ê¡ 	s£

α ∩ Au 6= ∅ . UX ∧ G′(α) =⇒ preα(UX)
C

¶¤oKgwn�p±gip�¬�ZY��cm«�gwV�Z�Ë¯vie�g-j�l�o�}fp�gwp�lmo�ZYo¯e�n�viZIeµgwV�rsgº®Êlmv#rsodc�e�girsgwZ�ls®MgiV�Zk��r�e�pqj�j�l�X3y¯l�o�ZYoKg-eir�gwpqe�®ÊcKp�o��
UX

«mgwV�ZIvwZ5pqe-ewlmX3Z
����l���rs�Mehgtr�giZ³ZIo�rs����p�o���ewlmX3Zkp�oKgwZIvir�j/gwp�lmo

α
p�od¬ml���¬dp�o���gwV�Z^jYlmX3y¯l�o�ZYoKg�rso�}Ì �V�l�ewZ³yNl�e�g �¤j�l�o�}fp�gwp�lmoOrm��rmp�oÌeir�gip�e�Ë�ZIe

UX
²

U%V�Z³e�ZSj�lmo¯}CjYlmo�}�p±gip�l�o�ZYo�ewn�viZIe&giV�r�g
UX

pqeµp�od¬�rsvipqrsoKgºn�o�}fZIvºp�o�giZYvtrmj�gwp�lmo�eµZIo�j�l�X3y�rmeie�p�o���ewlmX3Z�n�o�jYlmoKgwvilm����rm����Z5rmj/gip�l�o4²
?�lmvkrmoKc{j�l�o�o�ZSj/gwl�v

c ∈ C
rso¯}{p�oKgwZIvir�j/gip�l�o

α ⊆ c
«�gwV�ZCj�lmX3X�n�o�pqjYr�gip�l�o�®Ên�o�j/gip�l�o

fC(α)
X�r�cOX�rsÍ�Z�rmeie�p��mo�XCZIoKgie
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⋃
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{α1 ≺ α2 | α1 ∈ ST ∧ α2 ∈ EX}

«f �V�pqjtV� ½Z?o�lmgwZ�V�ZIvwZ
ST ≺ EX
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st_m.status:=bus.status
done|return

write_port|write
bus.addr:=sig_m.addr

signal.new:=false
write_false|write

read_signal|read
sig_sl.signal:=signal.old

bus.data:=st_m.data

write_port|write
bus.addr:=st_m.addr,

st_sl.data:=bus.data
call1|WriteAccess

action WriteAccess if q=0 do q:=1;
action read_signal if q=1 do q:=2;
action check_ok if q=2 and not signal do q:=0;

component signal_slave

call2|WriteAccess

bool signal;
int q(2);

action write if q=0 do q:=1;

action no_response if q=2 and not 

action done if q=3 do status:=false, q:=0;

component bus

action translate if q=1 do addr+=8, q:=2;
action call1 if q=2 and addr=9 do q:=3;
action call2 if q=2 and addr=12345678 do q:=3;

    (addr=9 or addr=12345678) do q:=3, status:=true;

bool status;
int q(3), addr(12345678), data(4321);

action write if true do;
action read if true do;

component signal

action wait_tick if q=0 do q:=1;
action write_false if q=1 do q:=2;
action write_port if q=2 do q:=3;
action return if q=3 do q:=0;

component signal_master

int q(3), addr(12345678);
initially addr=12345670;

done|return

bool current, new;

    if current != new do current:=new;
action wait_sc_zero_time

action WriteAccess if not active do active:=true;
action check_ok if active and data=4321 do active:=false;

component status_slave

bool active;
int data(4321);

    active:=false;
action check_err if active and not data=4321 do

action wait_tick if q=0 do q:=1;

action return if q=2 do q:=0;

component status_master

action write_port if q=1 do q:=2;

bool status;
int q(2), addr(12345678), data(4321);
initially addr=1 and data=4321; wait_tick|wait_tick

action check_err if q=2 and signal do q:=0;

?�p��mn�viZ�� K ?�l�n�v�y�vildjYZIeie�ZSe%j�lmX3X�n�o�pqjYr�gip�o���giV�vilmn���V�r3ewV�rsviZI}O��n�e5rmo�}(r�ewp��mo�rm�T²

P Ð �Y� Ï � � �I� &�Ï Ô�
�* Ï �  ad��p��mVKgi��cOewp�XCy���p�®Êcdp�o��¯«fgwV�Z�adcfehgiZYXO[Éewp�X�n��qr�gip�l�o(ewZYX�rsoKgwpqjYe�rmvwZ�r�e#®Êlm����l� 5e)K
�m²�zke���lmo��Cr�e#gwV�ZIvwZ	rmvwZ^ZY��p���p�����Z?y�vilfj�ZIeiewZIeI«fvwn�o�lmo�Z^lm®�giV�ZYX n�oKgwp���j�l�X3y���ZYgwp�lmo4²
�f²%¶¾®�o�lCX3l�vwZ?y�vilfj�ZIeie#p�e5ZY��p���p�����Zm«dgiV�Z	j�n�vwviZYoKg5}fZY��gir �¾jYcfj���Z³ZIo�}�eI² �5yM}�r�giZ	e�p��mo�rm��e�rmo�}(o�lsgip±®Êc(ZY¬mZIoKgieI²
��²%¶¾®�giV�ZYviZ�rsviZ?y�vwlfjYZIeie�ZSe½ %rsp�gwp�o��C®Êlmv���lm��p�jIrs�Ngwp�X3Z�y�vilm�mviZIeieI«�X�rsÍ�Z?lmo�Z�e�gwZYy{lm®���lm�mpqjYrm�Ngwp�XCZ�«¯rmo�}OviZ�gin�vioOgilA�m²
T�²k\kgwV�ZIvw �pqewZm«fp�®&ewlmX3Z?y�vildjYZIeie#p�e% %rsp�gwp�o��C®Êlmv�y�Vdcfewp�jIrs�Mgwp�X3Z�y�vilm�mviZIeieI«Kr�}f¬�rso�jYZ^y�VKcfewp�jIrs�Mgip�X3Z	rso¯}OviZ�gin�vwo(gwlA��²
¿¼Z�X3lf}fZY�&��lm��p�jIrs�4gip�X3ZCy�vilm�mviZIeie%�dcArsoGp�oKgwZYvtrmj�gwp�lmoG�NZ�gh #ZYZIoAgwV�Z 9�f ! � �#; W !�� SU_�` ! W	; �YS	rmj/gip�l�o�e5lm®-rs����jYlmo�jYZYvio�ZI}

jYlmX3y¯l�o�ZYoKgte-·Êp�o	l�n�v�ZY°frmX3y���Z�«SgwV�Z 9,; ��T��&��j�lmX3yNlmo�ZIoKgt»/²�uºVdcfe�pqjYrm�sgwp�X3Z-y�vilm��vwZSeweMpqe4X3lf}fZI��ZS}��dc^r � �#; W ! W	; f���p�oKgwZIvir�j/gwp�lmo
�NZ�gh #ZYZIo{rm���4jYlmo�jYZYvio�ZI}�j�l�X3y¯l�o�ZYoKgieI²

z³e�gwV�Z�rs���ml�vwp�gwV�X1rs�Nl�¬mZG}�ZIeij�vip��NZIe(r y�vip�l�vwp�ghc �NZ�gh #ZYZIo gwV�Z¼}fp±­MZYviZYoKg(e�girm�mZSe�ls®	ewp�X�n���rsgwp�lmo4«� #ZGV�r�¬�ZGjtV�l�ewZYo
gil X3lf}fZY�^y�rsvwgOlm®�gwV�Z¼ewjtV�ZS}fn���ZYv�rmeÌy�vwp�lmvip±gip�ZSe�K

wait � tick ≺ sc � wait � zero � time ≺ ST ≺ EX
² �kl� ½ZI¬mZYvS«�rme

o�lmgwp�Ë¯jYrsgwp�lmo�eClm®^}fp�­NZIvwZIoKg3ZI¬mZIo�gteCX�n�e�g��¯ZGrsgwlmX3pqj�·TehgiZYy �f² »/«#p±g� #lmn��q} �NZAp�o�j�l�vwviZIj�g�gwl�vin�o r�y�vilfj�ZSeweC �V�pqjtV!V¯rme
�NZYZIo  #rmp±gip�o���®Êl�v	r{o�lsgip±Ë�ZS}¼ZY¬mZIoKgI«4�NZ�®Êl�vwZJ	1*�*�ZY¬mZIoKgie?V�r�¬�ZC�NZYZIo�o�lsgip±Ë�ZS}�²OU%V�pqe�pqe?girmÍmZIo�p�oKgwlGrmjIj�l�n�oKg?�dc�r{�¯rmewp�j
jYlmX3y¯l�o�ZYoKg�p�XCy���ZIXCZIoKgwp�o��Ìr�ewp�XCy���Z	rmnfgwl�X3rsgwl�oO �V�pqjtV(viZYy�vwZSe�ZIo�gteºgiV�Z	rs��gwZIvwo¯r�gwp�lmo(ls®&ehgiZYyA��rmo�}OgwV�Z�lmgwV�ZIv%e�gwZIy�e%ls®

WXWZY1[G\^]�_I`
a$bIc$d
eIf



�)T �%¥w¢¾§�¦s¥�����ªtª
*�¢�¥

giV�Z^eijtV�ZS}fn���ZYvS²�¶¤o�giV�Z³jIrmewZ5ls®4l�n�v-ZY°�rsX3y���Zm«�gwV�ZIvwZ^rsviZ5o�l	ZI¬mZYoKgteY«de�n¯jtV�gwV�rsg½ #Zk}fl�o�lsg#o�ZYZS}Ìr�eijtV�ZI}�n���ZIv½jYlmX3y¯l�o�ZYoKg
V�ZIvwZ�²

J � Ó Z Ï �S�0* Ï �  u-vwl�y¯ZIv�gip�ZSe%ls®&afcde�gwZIXO[ X3lf}fZY�qe%lmo�Z�X3r�c��NZ�p�o�giZYviZIe�gwZS}(p�o4«fp�o�j���n�}fZ�K

•
�kZSrm}f��lfjtÍ �T®ÊviZYZS}flmX{«KgwV�rsg5p�eI«�rs�¯e�ZIo�j�Z?ls®µe�gir�giZIe% �V�ZIvwZ^giV�Z�y�vildjYZIeie�ZSe#X�nfgin�rs����c(r� #rmp±g%ZY¬�ZYoKgie#®ÊvilmX7ZSrmjtV�lsgiV�ZYv

�

•
U%p�X3Z3y�vilm��vwZSewe)K^}�lKZSe?y�Vdcfe�pqjYrm��gip�X3ZÌrm�� %r�cfe³}fp�¬mZIvw��ZS�=U%V�pqe?X�r�cGo�lmg?�NZ3gwV�ZÌjYrmewZCp±®�r{e�ZYg?lm®#y�vwlfj�ZSewewZIe^ÍmZIZYy
rmj�gwp�¬�rsgwp�o��3ZIr�jtV(lmgwV�ZIv%gwV�vilmn���VOZI¬mZYoKgteY²

•
� p�¬mZIo�ZIeie�KµrmvwZ?rs����ls®�gwV�Z�y�vwlfj�ZSewewZIe#��n�rsvtrsoKgwZIZI}Ìgwl3y�vilm�mviZIeiet�

•
|�ZIr�jtV�rs��p���p±ghc�lm® L���r�} N^e�gir�giZIe�p�X3y���cKp�o���rso�ZYvivilmv%p�o�giV�Z	e�yNZIjYp±ËNjYr�gip�l�o(l�v%XClf}fZI�T²

zk���?ls®�giV�ZIewZ�y�vwl�y¯ZIv�gip�ZSe(jIrsoÉ�NZ¼jtV�ZIjtÍmZS}  �p±giV À³ÁNÂ�ÃkÄfÅ�Æ4Ä�Ç�È�² ¶¤oÉgiV�Z¼jIrmewZGls®�lmn�v(Z�°�rsX3y���Zm«�giV�Z�e�cfe�gwZYX6pqe
}fZSrm}f��lfjtÍ �T®ÊviZYZ�«�gip�X3Z	}fp�¬mZIvw��ZIeI«frso�}{rs���4j�l�X3y¯l�o�ZYoKgie�rmvwZ^��p�¬�Zm²

��� 
 �����L����� 
��I� � � ��	/�c� � ��� ����� � �����
uºvilsgiZYp�o�e&®Ên���Ë����¯r^Vdn��mZ�odn�X��¯ZIvµls®N®Ên�o�j�gwp�lmo�e-p�o�rsodc	��p�¬Kp�o���l�vw�Krso�pqe�X{²�zkodc�y�vilsgiZYp�oCpqeµZIo�j�lf}fZS}��dc�r?��ZYo�Z�²�¶¤o3l�vi}fZIv�gwl
y�vilf}fn�jYZ�gwV�Zky�vwlmgwZIp�o4«�gwV�Zkj�l�vwviZIewy¯l�o�}fp�o��?�mZIo�Z5V�r�e&gwl	�NZ�£¹¥O	s¨�ª���¥I�Q�t¢
�%p�oKgwl	X3ZIeiewZYo���ZYv-| "³z	«K �V�pqjtV�p�eºgwV�ZIoA£T¥O	s¨�ªI* 	s£¾¢
�
gil^l��fgirmp�o�gwV�Z#y�vwlmgwZYp�o4²&U%V�pqe&y�vwlf}fn¯j/gwp�lmo�X3ZIjtV�rmo�p�ewX~pqe&vwZI�mn��qr�giZI}��dc�giV�Z5j�l�o�j�ZIoKgwvtr�gwp�lmo�ls®¯lmgwV�ZIv&y�vwlmgwZIp�o�eI«s �V�pqjtV3jYrso
	���£����.	s£¾¢³l�v=� ¨d¡+�Q�$� £�gwV�Z�y�vild}�n�j/gip�l�o4²�U%V�Z�}fcdo�rmXCpqjYekls®&gwV�Z�y�vilsgiZYp�oGj�lmo¯j�ZYoKgivirsgwp�lmo�e%pqe�giVKn¯ek}fZYË�o�ZI}G�Kc{r3viZY�mn���rsgwlmvic
o�ZYgh ½l�vwÍ� �V�p�jtV�n�ewn�rm����c�ZIo�j�l�XCy¯rmeie�ZSe^r{X�n���gwp�gwn�}fZOls®%V�p���V���c�j�l�X3y���ZY°G®ÊZYZS}f��r�jtÍ���lKl�y�eI²O´#ZYp�o��Ars����Z3gwlGrmo�rs��c RYZ3p±gte
e�gwvin�j/gin�viZ?rmo�}��¯ZIV�r�¬dp�l�v%p�e�jYvwn�jYp�rm�M®Êlmv�n�o¯}fZYvtehgtrso�}�p�o��CgiV�Z?®Ên�o�j�gwp�lmo�e�lm®�giV�Z�y�vilsgwZIp�o¯e�rso�}OgwV�ZIp�vkp�oKgwZIvir�j/gip�l�o�eY²

¿¼Z5p�����n�e�gwvtr�gwZkXClf}fZI��p�o��	lm®��mZYo�Z�gwpqj%o�ZYgh ½l�vwÍfeµp�oOÀkÁMÂ�Ã³ÄfÅ�Æ4Ä�Ç�È% �p±giVOr? ½ZI��� �¤ehgin�}fp�ZI}3Z�°�rmXCy���Z�K�jYZY���¯}fp�­NZIvwZIoKgwpqr�gwp�lmo
�dcG}fZI�±gtr �¾o�lsgtjtV��qr�gwZIvirm��p�o�V�p���p�gwp�lmo ,���CK«&�I�.-¾²3[½ZI���µ}fp�­MZYviZYoKgwpqr�gip�l�o�pqe^rmo�p�X3y¯l�v�gtrsoKg?e�gwZIy�p�o�ZIX���vicml�o�pqj�}fZI¬mZY��lmy�XCZIoKgI«
r�e½p�g5jYrmn�e�ZSe-p�o�p�gwpqrs����cOn�o�p�®ÊlmviX7j�ZY���qe-gil�rmeie�n�X3Z^}fp±­MZYviZYoKg%®Ên�o�j�gwp�lmo�eI²B?�l�v½ZSrmjtV�j�ZY���M ½Z?j�l�o�ewp�}fZIv#gwV�Z�j�l�o�j�ZIoKgwvtr�gwp�lmo¯eºls®
gh #l3gwvtrso�e �¾XCZIX���vtrso�Z³y�vilsgiZYp�o�eI«X�m¢�* £ 		rso¯}�¨M¦�£ �i¡f² �kp���VAj�lmo¯j�ZYoKgivirsgwp�lmo�e%lm®#¨M¦�£ �i¡Cp�o�V�p���p�gky�vilf}fn�j/gip�l�o{ls®��m¢�* £ 	?p�o{giV�Z
eirsX3Z�j�ZI���¹² �5p��mV �m¢�* £ 	^��ZI¬mZI��e�r�j/gwp�¬�r�giZC¨M¦�£ �i¡�y�vwlf}fn�j�gwp�lmo�p�o�giV�Z�o�ZYp��mVd�Nlmvip�o��CjYZY����eI²

?�p��mn�viZ T?ewV�l� 5eµr?j�l�X3y¯l�o�ZYoKgºX3lf}fZY�f �p�gwV3®Êl�n�vµp�}�ZYoKgwpqjYrm��j�ZY���qeY² &-rmjtV�jYZY����p�e&X3lf}fZI��ZS}��dcCr^jYlmX3yNlmn�o�}3jYlmX3y¯l�o�ZYoKg
jYlmo�ewp�e�gwp�o��(ls®µgh #lO��r�e�pqj�jYlmX3y¯l�o�ZYoKgteY«MZIr�jtVGls®µgiV�ZYX �NZYp�o��{rOjYlmn�oKgwZIv5®Êl�vkgiV�ZCjYlmo�jYZYoKgwvtr�gip�l�oAls®-l�o�Z�y�vwlmgwZYp�o4«M �V�ZIvwZ
jYlmo�jYZYoKgwvtr�gip�l�o���ZY¬�ZY�qeµrsviZ%}�p�eij�viZ�gip RIZI}�gwl^gwV�Zke�ZYg

{0, 1, 2}
²�U%V�Z�XClf}fZI��X�rsÍ�ZIe&Z�°dgiZYo�ewp�¬�Z%n�e�Z�lm®Np�oKgwZIvir�j/gwp�lmo3j�l�o�e�gwvtrsp�o�gte

gil�vwZIy�vwZSe�ZIoKg½giV�Z�p�o 7�n�ZYo¯j�Z�ls®�y�vilsgwZIp�oAjYlmo�jYZYoKgwvtr�gip�l�o�e-l�o{ZIrmjtV(lsgiV�ZYvS²
U%V�Z�jYlmX3y¯l�o�ZYoKg5X3lf}fZY�4ewV�l� �o�p�o8?�p��mn�viZ�TCpqe�l��fgirmp�o�ZS}O�dc�giV�Z?®Êlm����l� �p�o���ÀkÁMÂ�ÃkÄfÅ�Æ4Ä�Ç�È³y�vwl��mvtrsX"K

	�
�	�
�����������
���������
����
	�
�	�
������������� �!#"���
$"��% %!#&�'�()"*��
$"���&+!#&�'�'

�,�*��-���������
.������
��
"���
0/1!2&�'�3
����
�",����"��4�0"�50/�6,74 8���9/�:�7� %3
����
�",���;�����0"�50/�<,74 8���9/4=�7� %3

�����>3

�,�*��-���������
?����
����
"���
0/1!2&�'�3
����
�",����"��4�0"�50/�6,74 8���9/�:�7� %3
����
�",���;�����0"�50/�<,74 8���9/4=�7� %3

�����>3

�,�,
A@;7;"��% �7�&0��B;"���&,7�&+3

��"�	���C��,�0������
��1D#"*�4�."�59����
����EDF/�<,74 %3
��"�	���C��,�0������
��1DF�����."�59����
����EDF/�6,74 %3
��"�	���C��,�9����
����ED#"*�4�."�59����
;G�@H3
��"�	���C��,�9����
����EDF�����."�5;G�@I3

�����13

���*��-���������
J�����,��&07.�������� %3
���*��-���������
J�����,�,K.7.�������� %3
���*��-���������
J�����,��L;7.�������� %3

���XW����



� ¦�����¦�¨N¢Y¨�£����
	�ªY¢
�
�C¢�ª
�±§m¨¼¦�����¢Y£¾¢Y¥w¦i§�¢Y¨N¢t¦s©dª��³¢�	���£�����¢�����ªt£¤¢���ª�� ¨�À³ÁNÂ�ÃkÄfÅ�Æ4Ä�Ç�È �^;

component delta
  int x(2);

  action dec if x>=1 do x−=1;
  action inc if x<=1 do x+=1;

x

  int x(2);

  action dec if x>=1 do x−=1;
  action inc if x<=1 do x+=1;

component notch

inc

dec

inc

dec

x

component delta
  int x(2);

  action dec if x>=1 do x−=1;
  action inc if x<=1 do x+=1;

x

  int x(2);

  action dec if x>=1 do x−=1;
  action inc if x<=1 do x+=1;

component notch

inc

dec

inc

dec

x

component delta
  int x(2);

  action dec if x>=1 do x−=1;
  action inc if x<=1 do x+=1;

x

  int x(2);

  action dec if x>=1 do x−=1;
  action inc if x<=1 do x+=1;

component notch

inc

dec

inc

dec

x

component delta
  int x(2);

  action dec if x>=1 do x−=1;
  action inc if x<=1 do x+=1;

x

  int x(2);

  action dec if x>=1 do x−=1;
  action inc if x<=1 do x+=1;

component notch

inc

dec

inc

dec

x

end;

end;

end;

end;

end; end;

end; end;

x 6 1 x > 1

δ1 > 1 δ1 > 1

δ1 6 1
∧δ2 6 1

x 6 1 x > 1

δ1 > 1 δ1 > 1

δ1 6 1
∧δ2 6 1

x 6 1 x > 1

δ1 > 1 δ1 > 1

δ1 6 1
∧δ2 6 1

x 6 1 x > 1

δ1 > 1 δ1 > 1

δ1 6 1
∧δ2 6 1
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cell1.delta.x = 0; �

cell1.notch.x = 2
}fZYË�o�ZIe^r�e�ZYg^lm®ºp�oKgwZIvir�j/gip�l�o�j�l�o�ehgivirmp�oKgte5X3lf}fZY��p�o��OgiV�Z�®¸r�j/g^gwV�rsg^y�vwl�¬dpq}fZI}

cell1.notch.x = 2
«

cell1.delta.x
jYlmod¬mZIvw��ZIe-gwl� %rsvt}�e RIZYvil�²µU%V�Z	}fZYË�o�p�gwp�lmo{rso�}(®Ên�vwgwV�ZYv�Z�°fy��qrso¯r�gwp�lmo{jYrmo(�NZ?®Êlmn�o�}�p�o4,����I-¹²
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