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&('�) *�+-,/.1032546.12�798
e*C0ORQS^iX�T�QSX�U[WjO�Z[����U�� QSU�T�U[WjORQS^\ZpX�W5Qi>AC��mC�>jZ©¨NX�U[^?Up��Z%QS^\ZpWjOSX�QiX�U<W�OSMPOaQiC�Bd�

�� �"!"# | # ±$!�: ' 
5 {0|�} # �[| # ±$! , . ^SC:OaQi^SXYT�QiX�U<WW� �
B = (X, A, G, F )

� '��,)40�
�Q� � � �E�D�����L�#��)C��'
V =

(Ua)a∈Ac

=
B/V

�"���
��)+�*' ) ��� )4�D����'*��)N�L��� '*%('*)+���
B
^iC0ORQS^iX�T�QSC:g��NM

V
7

B/V = (X, A, G′, F )
1 �V���#�������5���V% a ∈ Ac

7
(Ga)′ = Ga ∧ Ua

� 'J)��V� � �D�*'*)N�*�L��)+��� � ��V���#�1� � a
���

B/V
=<;
���R��V���D��'

YZY\[�]V^*_*^O`



o ���('�'*�Q�B�

� �J��
�����V)N�D�����Q�� B�Q�$�"��)N�L���V',�D�B�!����� ��E�������F�"��� =
V

� '!�%gPC:Z[gP��UPT\¥<�;��^iC�C�^iC0ORQS^iX�T�QSX�U[W3� �
G(B/V ) =

G(B)
=

� C�Q
blocked(a) = Ga ∧ ¬(Ga)′

�AZ[Wjg§��C�Q
EA(x) = {a ∈ A | (Ga)′(x)}

�fCHQS>jChOSC�Q?Up��Z[T�QSX�U[WjO
Qi>jZ�QuZ[^SCHC�WfZp�A��C0gdZ�Q(���

c�O_ZhORbmC0T�X�Z[�jT�Z<ORC�Up�4^SC:OaQi^SXYT�QiX�U<W���bA^iX�U<^SX�QSX�C0O�>fZ©¨[C��fC0C�W�OR>jU���W�QiU��fCJ�������V�('B�� B�Q� �����"�F�Q�O����6����D���
�����V)N�D���@���VK����*�L���V)4'JS�qBU;����W"UpQi>AC�^H��U<^igjO��fQS>AC0M.Zp����U�� QiU�C0WjOSVA^SC%OSZp��C�QaMdbA^iU[bmC�^SQSX�C0O�X�W¤Z5B�UPgPVA�YZp^
�?Z©M[�N��>AX���C�bA^SC:ORC0^S¨NX�WAx�gPC0Z<gP��UPT\¥���^iC�C:gPU[Bd�

�� �"!"# | # ±$!��-'�� } # ± } # | ® ,�. bA^iX�U[^iX�QaM ��� � 'B��)R� �1���B)N�L����'
A = Ac ∪ Au

� '	�W�D��� ��)N�L���
≺ ⊆

Ac × A
=

	7± |0~P| # ±$! {<� ��U[^
A′ ⊆ A

�A��C�Q
A′/≺ = {a ∈ A′ | ¬∃a′ ∈ A′ . a ≺ a′}

�mChQS>jC�ORC�Q*Up��B�Zp£PX�B�Zp�
Z<T�QiX�U<WjO?X�W

A′ �9
HX�¨[C0W7ORC�QiO�U[��Z<T�QSX�U[WfO A1
�
A2

��Ch��^SX�QSC
A1 ≺ A2

��U[^
∀a1 ∈ A1 ∀a2 ∈ A2 . a1 ≺

a2
�
c ��%��E��� �L���E�*�L���*��)4%�XYO�ZE��VAWjT�QiX�U<W7Z[OiORUPT�XYZ�QiX�Wjx%Z%bA^iX�U<^SX�QaM���X�QS>7C�¨<C�^iM§OaQ\Z�QiCHU[�

B
�

�� �"!"# | # ±$!�� '*�5®�! ~�� # � � } # ± } # | ® , . gPMNWjZ[B�X�T?bA^iX�U[^iX�QaM8���A�R)N�D���V'*��)4�L���G'*%('*)C�B�
B = (X, A

7
G, F )

� ' �R)40�
�Q� � � �E�D�����L����)C��'"�E�
= (Cij)ai∈Ac,aj∈A

= ;
��� �D��'�)N�*�L�B)4�L���1��� 3 �
�#�J �%��E� 7
V (B,

�E�
) =

(Ua)a∈Ac

� '
Uai =

∧

aj∈A ¬(Cij ∧ Gaj )
=

=?>AC?bA^iC0gAX�T0Z�QSC:O
Cij

OSbfC:T�X���M�bA^iX�U<^SX�QaMh�fC�Qa��C0C�WEZ<T�QiX�U<WjO
ai

ZpWfg
aj

� ���
Cij

XYO QS^iVAC�Z�Q�ORU<B�C�ORQiZ�QiC[�
Qi>AC�W¤X�W�Qi>AC%OSMPOaQiC�BJ^iC0ORQS^iXYT�QSC:g7�NM��E�uQS>AC�Z<T�QSX�U[W

ai

T0ZpWAWjUpQh�fC�C�£PC:T�VPQiC0g.X��
aj

X�OHC�WfZp�A��C0g(�,0"C
��^iX�QSC

Cij 7→ ai ≺ aj

QSU�C�£PbA^iC0OiO?QS>jC�� Z[T�Q*QS>fZ�Q
ai

X�O�gPU[B�X�WjZ�QiC0gd�NM
aj

��>AC0W
Cij

>AU<��gjO���
HX�¨[C0W
Z5gPMNWjZpB�XYT�bA^iX�U<^SX�QaM �
�uZpWfg7Z5ORQiZ�QiC ���4��C�Q��
�

(x) = {ai ≺ aj | Cij(x)}
�mC�Qi>AC�bj^SX�U[^iX�QaMdgPC !jWAC0g

�NM �
��ZpQ���_c«gPMNWjZpB�XYTHbA^SX�U[^iX�QaM�X�O ���*�#��� ������K��?X��
Cij =⇒ ¬Cji

��U<^*Zp���
(ai, aj) ∈ Ac × A

�

�� �"!"# | # ±$!�	 '*) }�~ ! { # | # "f � + ± {� }  , ����K���� ���
�*�L���*��)N%
≺ 1 � ���B�E��)C�  �%

≺+ )��V�W)4�D����'*��)N��K(�
�B�Q��'���#�	� �

≺
= ����K(�B� � ��%��E���,�L� �
�*�L���*��)N% �
�

= (Cij)ai∈Ac,aj∈A 1 �A���B�E��)C�8 B% �
� + ) ���	�Q���('*)
��%��E���,�L���E�*�L���*��)4%$'�V���A) ����)

∀i, j, k . Cij ∧ Cjk =⇒ Cik

=

� } ±��¦± { # | # ±$! %(' y��p| # "�# | ®�� }  {  } " ~P| # ±$! ,�. ��%��E���,�L� �E�*�L���*��)N% �E� ��� 3 �E��' � �����"�F�Q�O����6����D���
�#�*'*)N�*�L��)N�L���W� ���E� + � ' ���*�D�
� ���"��K�� =

�� �"!"# | # ±$!&%� '5�E± � �¦± { # | #�±+!
⊕
±��(� } # ± } # | #� {<, � ��K��B� ) 1 � �E�*�L���*��)N�L�*' ≺1 ���E� ≺2 )��V����������� 6

�V�('*��)N�L��� � '
≺1 ⊕ ≺2= (≺1 ∪ ≺2)+

= ����K(�B� ) 1 � ��%��E���,�L�/�
�*�L���*��)N�L�*' �
� 1 ���E� �E� 2 1 ��)���
�
k = (Ck

ij)ai∈Ac,aj∈A

7
k = 1, 2

7 ) ���B���J����������'*��)4�L���W� ' �E� 1 ⊕ �E� 2 =
(

(C1
ij ∨ C2

ij)ai∈Ac,aj∈A

)+ =

� } ±��¦± { # | # ±$!�� ;
�V�J�:�V�B�D��)N�L���
⊕
� ' �('�'B�O���L��)4��K��,���E�5����� � �)C��)4��K�� 7 ���
�

∀x . (
�
� 1 ⊕ �E� 2)(x) =�
� 1(x) ⊕

�
� 2(x)
=

>@?@Y�>9A



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

&(' & � 7���� 79, 2�. 2 798

HX�¨[C0W%Qa��U�Z[T�QSX�U[WjO

α1
Z[Wjg

α2
�[��C���^SX�QSC

α1|α2
��U[^�Qi>AC�X�W2QiC�^\Z[T�QiX�U<W%OSMNWjT\>A^iU[WAX� �X�WAxh�mUpQS>�U[�fQi>AC�Bd�

0¤C�^SC:�2VAX�^iC
|
QSU��fC§T�U[B�B�VPQ\Z�QiX�¨<C[��Z[OiOSUNT�X�ZpQSX�¨[C<�4Z[Wjg.XYgPC0B%bmUpQiC�W2Q0�57jU[^hC�£AZpB�bA��C[�

α1|(α2|α1) =
α1|α2

�

�� �"!"# | # ±$!&%+% '5�E± � �¦± { # | #�±+! , � �B)
Bi = (Xi, Ai, Gi, Fi)

7
i = 1, 2

7 1 ��) � X1 ∩ X2 = ∅
���E�

A1 ∩ A2 = ∅
=(�Z��)

A12 ⊆ {a1|a2 | a1 ∈ A1 ∧ a2 ∈ A2}
=
B1‖A12

B2
� 'J��� 3 �
���1��' ) ���J)N�D���V'���)N�L���

'*%('*)+���
(X1 ∪ X2, A, G, F ) 1 ���B�D�

2 A = A1 ∪ A2 ∪ A12 1 ��)�� Ac = Ac
1 ∪ Ac

2 ∪ {a1|a2 | a1 ∈ Ac
1 ∧ a2 ∈ Ac

2}
4

2 G
� ' �"� 3 �E����'*V�#�,) ����)

G(a) = Gi(a)
� �

a ∈ Ai

7Z���
�
G(a) = G1(a1)∧G2(a2)

� �
a = a1|a2

1 ��)�� ai ∈ Ai

7
i = 1, 2

4

2 F (a) = Fi(a)
� �

a ∈ Ai

7 ���
�
F (a) = F1(a1) ∪ F2(a2)

� K��#�B)+���5� �!��� '98B�����&)Z����E�B)N�L����' � � �
a = a1|a2 1 ��)�� ai ∈ Ai

7
i = 1, 2

=
=?>AXYO�XYO(Qi>AC¦ORQiZ[WjgAZp^\gHORMNWjT\>A^iU[WjX� 0C0gHbA^iUNgAVjT�Q���X�QS>�X�W2QSC�^\Z[T�QSX�U[WjO

A12
�)c�>AX�x[>AC0^R����C0¨[C0�pgPC !jWjX�QiX�U<W

U[��T�U<B%bmU<OSX�QSX�U[W§T�Z[W§�mC*��U[VjWjg§X�W S wOU��)��Q�X�O�bjZ[^iZ[B%C�QSC0^SX� �C:g���X�Qi>5ZpW ���&)C�B�D�"��)N�L���8�5�;�"���2gPC0OiT�^iX��AX�Wjx
Qi>AC�OSMNORQSC0B Zp^\T\>AX�QSC:T�QSVj^SC<�

� } ±��¦± { # | # ±$!�� ' y5{:{ ± � # ~A| # "�# | ® ,
(B1‖A12

B2)‖A12,3
B3 = B1‖A1,23

(B2‖A23
B3)

� �
A12∪A12,3

= A1,23 ∪ A23
=

0¤C.T�Z[W�QS>jC�^iC���U[^iC�C�£NQSC0Wjg
‖
QiUªZ[W

n
��Zp^iMªU[bmC�^\Z�QSX�U[W���ZpWfg���^iX�QiC

‖ ��� {B1, . . . , Bn}
��U<^�QS>AC

T�U[B�bmU<OSX�QiX�U<W�U[�
n
T�U[B�bmU[WAC0W2QiO?��X�QS>�QS>AC�OSC�Q�U[�)X�W2QSC�^\Z[T�QSX�U[WjO	��
��

� �������)���� d�����\'m$

0¤C?WAU���T�U[B�C¦QiUuQi>AC?B�ZpX�WE^iC0OSVA��Q0� �?Z<ORC:g�U[W%bA^iC���T�U<B%bjVPQSC:g5��E B�Q�O���������R'B�#�V�#����Q��'\�2ZpW%Zp��x[U[^iX�QS>AB
Z[����U��*O�QiU5C0WjORVj^SCE^SC:Z[T\>jZ[�AX���X�QaM�Z[Wjg7��X�¨<C�WAC:OSO�bA^iU[bmC�^SQSX�C0OuZpQH^iVAW2QSX�B�C[�H��W2QSVAX�QSX�¨[C0��M<�fQi>AC�Zp��x[U[^iX�QS>AB
��U[^i¥PO?Z[O���U[����U��*O��

D�U<WjORXYgPC0^§ORU<B%C7Z<T�QSX�U[W
a
��Z[Wjg OSVAbAbmU<OSC�QS>jZpQ§X�Q§XYO�WAU[Q�C�WjZ[�A��C:g X�W QS>jCdT�VA^i^SC0W<Q§ORQiZpQSC[� ��W

U<^igAC�^_QiUE^iC0Z<T\>5Z�ORQiZpQSCH��>AC�^iC
a
XYO�C�WjZ[�A��C:g(�PT\>AUNU<OSC�Z�bA^SUPgPVfT�Q

c
Up�)T�U[B�bmU[WAC0W2Q?ORQiZpQSC0O�OSVjT\>§Qi>jZ�Q

c =⇒ (Ga)′
�<ZpWjgEZ[OS¥hQS>AC���UPT0Zp�POST\>jC0gPVA��C�^�U[�jC0Z<T\>ET�U<B�bfU<WAC�W2Q���>AX�T\>%Z[T�QSX�U[W�QiU�C�£PC0T�VAQSC?X�WEU[^\gPC�^

QiU5ZpbjbA^SU2Z[T\>
c
� �¦WjZp�A��C0g�Z[T�QiX�U<WjOuZ[^SC�C�£PC0T�VPQSC:g 9f�j��UPT\¥[C:g7Z[T�QSX�U[WjO�Zp^iC�VAWN�A��UNT\¥<C0gd�NM�^SC:T�VA^\ORX�¨[C0��M

Z[bAbA��MNX�WAx�QS>AXYO¦OiZpB�C*bA^iUPT�C:gPVA^iC[��c bA^iX�U<^SX�QaM�^iC��YZ�QiX�U<W�¥[C0C�bjO�Qi^iZ<T\¥EU[��OST\>AC:gPVA��X�Wjx�x[U2Zp�YO_ZpWjg�B�Z[¥[C0O
OSVA^iC�QS>jZpQEWAU"gPC0T�X�OSX�U<WªX�OEB�Z[gPC�Qi>jZ�Q%T�U[WA¢jX�T�QiO���X�Qi>�bA^iC�¨NX�U<VjO$< >AX�x<>AC�^S����C0¨[C���>hOiT\>AC0gPVj��X�WAx.x<U<Zp�YO0�
��W¤bjZ[^RQiX�T�VA��Z[^0�4X�Q�x[VjZ[^iZ[W<QiC�C:O*Qi>jZ�Q�WAU7Z[T�QSX�U[W"X�O !j^iC0g�QS>jZpQ�B%U�¨<C0OuQS>AC§OSMPOaQiC�BJZ©�?Z©M���^SU<B

c
�%c

OSVP¡§T�X�C�W2Q*T�U<WjgPX�QSX�U[WdB�Zp¥<C0O?ORVj^SCHQS>fZ�Q
a
XYO*Z[T�QSVjZ[����M§VAWN�A��UPT\¥[C0g§QS>AXYO��?Z©M[�

��W"QS>AC�OSC0�2VAC0�)��C�T�U[WfORXYgPC�^hZ�ORMPORQSC�B
B = (A, X, G, F ) =

∥

∥ ��� {B1, . . . , Bn}/V
��X�QS>

Bi =
(Ai, Xi, Gi, Fi)

�
i ∈ K = {1, . . . , n}

��ZpWjg
V
Z�^iC0ORQS^iXYT�QSX�U[W��P7jU[^�ZpWNM

a ∈ Ac
����C�Q� .

(a) =
{a′ ∈ Ac | ∃a′′ ∈ A . a′ = a|a′′}

�mC�Qi>AC7ORC�Q�Up��T�U[W2QS^iU[����Z[�A��C5X�W<QiC�^\Z[T�QSX�U[WjOEC�WjT�U[B�bjZ<OSOSX�Wjx
a

YZY\[�]V^*_*^O`



� ���('�'*�Q�B�

<�QS>NVjO0�
a ∈

� .
(a)

>��80¤C§C�£NQSC0Wjg � . QSU.OSC�QiO�Up�*Z[T�QSX�U[WjO�X�WªQi>AC§U[�N¨NX�U[VjOh�?Z©M[�A7AU<^
c ∈ P(X)

Z
T�U[W�`aVjWjT�QiX�U<W"U[�¦��X�QSC0^iZ[��OHU<W

X
ZpWjg

k ∈ K
����C�Q

c|k
�fC�Qi>AC�bA^SU[`aC0T�QSX�U[W3< C�£PXYOaQiC�W2QSXYZp��Zp�fOaQi^iZ<T�QSX�U[WE>

U[�
c
U<W

Xk

< Qi>2VfO��
c =

∧

k∈K c|k
>�� 7AU<^

U ∈ P(X)
Z.bA^iC0gPXYT�ZpQSC§U<W

X
����C�Q

U• = {a ∈ A |

∃x .
(

U ∧ Ga(x)
)

∧ ¬U
(

F a(x)
)

}
�fC�Qi>AC�OSC�QuU[��Z<T�QiX�U<WjO���C0Z©¨NX�Wjx

U
�mZpWjg���C�Q

c(U)
�mC�QS>jC�ORC�QuUp�

bj^SX�B�C�X�B�bA��X�T0ZpW2QiO_Up�
U
< QS>NVjO0� ∨

c∈c(U) c = U
>�� 7AU<^

a ∈ Ar

� 
 < Qi>AC�OSC�Q_U[�4T�U[B�bfU<WAC�W2Q¦Z<T�QSX�U[WfO#>��
��C�Q

owner(a) = k
OSVjT\>�QS>jZpQ

a ∈ Ak

�
� C�Q

sk : P(Xk) × P(Xk) → 2Ak
�fC�Zd��UPT�Z[�_OST\>jC0gPVA��C�^�Up�

k
QiC�����X�WAx.��>jX�T\>�Z[T�QSX�U[W¤QSUdQ\Zp¥<C

X�W7U[^\gPC0^�QSU�x<C�Q*��^iU[B ORU<B�C�T�VA^i^SC0W2QuOaQ\Z�QSC�QSU��?Zp^\gAO�Z§gPC:OaQiX�WjZpQSX�U[W7ORQiZ�QiC[��=?>AXYOuOiT\>AC0gAVA��C0^uT�Z[W7�fC
T�U[B�bAVPQiC0g���UNT0Zp����M#$)��U[^*Z[WNM�bA^SC:gPXYT�Z�QiC

U ∈ P(X)
Z[Wjg�OaQ\Z�QSC �ªORVfT\>�Qi>jZ�Q ( �X���

k(U)
)

(x)
�f��C�Q

sk(x, U) =

{

∅
X��

U(x)
{a ∈ Ac

k |
(

prea(pre � cj−1)(U)
)

(x)}
UpQS>jC�^i��X�OSC

��>jC�^iC
j = min{i |

(

pre � ci(U)
)

(x)}
XYO�QS>jC5WNVAB��mC�^EUp�*ORQSC�bfO�QSU"OaQiC�C�^

B
��^iU[B � QSU

U
� � C�Q

dk(x, U) = j
gPC�WAU[QSC�Qi>AXYOEgPXYORQiZpWfT�C[��ZpWfg���C�Q

d(x, U) = Σk∈Kdk(x, U)
�7��W2QiVAX�QiX�¨<C���M[�

sk(x, U)XYO�Qi>AC�OSC�Q%Up�*Z[T�QSX�U[WjO�QS>jZpQ0����>AC0W�C�£PC0T�VPQSC:g�X�W�OaQ\Z�QiC �����A^iX�WAx
Bk

T���U2ORC0^�QSU
U
����>AX���C5¥<C�C0bAX�Wjx

Qi>AC�T�U<B�bfU<WAC�W2Q*��X�QS>AX�WdQS>ACET�U[W2Qi^SU<���YZp�A��ChbA^iC0gPC:T�C0OiOSU[^\O(� � �
k(U)

�¦��W7T�U[B�bAVPQiX�WAx
sk

��C�Z[OiOSVAB�C
Qi>jZ�Q�T�U<B�bfU<WAC�W2QiO%Zp^iC�OSVP¡§T�X�C�W2Qi��M�OSB�Zp���¦QiU¤Z[����U�� ��UPT0Zp�?T�U[W2Qi^SU<����C�^%ORMNW2QS>AC:ORXYO;9�U[QS>AC0^S��XYORC5��Z[^Sx<C
T�U[B�bmU[WAC0W<Q\O5>fZ©¨[C7QiU��mC���VA^SQS>jC�^dgPC0T�U[B�bfU2ORC:g(�uU<^�Z[W�Zp�jORQS^\Z[T�QSX�U[W �mC"VfORC:g QSU T�U<B%bjVPQSC"QS>AC
OiT\>AC:gPVA��C�^\O��
� C�Q

s : P(X) × P(X) → 2A
�fC%Qi>AC��aVAWjX�U<W��EUp��QS>AC���UPT�Zp��OiT\>AC0gAVA��C0^iOhOSVjT\>"QS>jZpQ

s(x,y) =
⋃

k∈K{sk(x|k,y|k)}
� � C�Q

sk(U) =
⋃

x
sk(x, U)

��Z[Wjg
s(U) =

⋃

x
s(x, U)

�mCdQS>AC.OSC�Q�U[�HZp���
Z<T�QiX�U<WjO?VjOSC0g��2M

s
QSU�^iC0Z<T\>

U
�

�� �"!"# | # ±$!&%1� '�� ! z�+ ± ��� # !
	�± }©²  } ,�� ���
a ∈ A

7
c ∈ P(X)

�$����� 8*��E�B)4�L��� ��� ����)+�B�D��� ' ���
X
7

���E�
k ∈ K

7 �Q�B)

�
� a,c,k
sched =

⊕

i>1

(

C 7→ {a ≺ b | a, b ∈
� .

(Ac
k) ∧ prea(¬C ′) ∧ preb(C

′) 6=
����� 'B�

}
)

1 �V���#� C = blocked(a) ∧ pre � ci
k(c|k)

���E�
C ′ = pre � ci−1

k (c|k)
=

=?>AC�VjW2�j��UPT\¥NX�WjxEU<^igPC0^ �E� a,c,k
sched

^SC:ORU<��¨<C0O�T�U<WP¢jXYT�QiO?��X�QS>jX�W.T�U[B�bfU<WAC�W2Q
Bk

�P�NM5x[X�¨NX�WjxEbA^iX�U[^iX�QaM
QiU�Z[T�QiX�U<WjO?��C0Z[gAX�WAx%QiU���Z[^igAO

c
U�¨[C0^?Z<T�QiX�U<WjO?��C:Z[gPX�WAx�Z©��Z©M���^iU[B

c
�AX�WdU<^igPC0^�QSU�VAWN�A��UNT\¥

a
�

�� �"!"# | # ±$!&% � '�� ! z�+ ± ��� # !
	 {:��  ²���+  , ����K(�B�
a ∈ Ac 1 ��)�� (Ga)′ 6= Ga

7 1 � �������

unblock(a) =
{(

c,
(

blocked(a) 7→ c • ∪{a} ≺
� .

(s(c))
)

⊕
⊕

k∈K

�E� a,c,k
sched

)

| c ∈ c
(

(Ga)′
)

∧ c• ⊆ Ac
}

) ���R'B��)�� ��VjW2�j��UPT\¥NX�Wjx%OiT\>AC0gAVA��C:O,� �
a
=
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cuW�VAWN�A��UPT\¥NX�WAx�OST\>AC:gPVA��C���U[^¦OSU[B�C�Z[T�QSX�U[W
a
XYO�QS>NVjO_Z�QiVAbA��C*Up�(Z!< T�U<WN¨[C�£V> bA^iC0gPXYT�ZpQSC�X�W���>AX�T\>

a
X�O¦C�WjZ[�A��C0g(�2ZpWjg�Z�gPMNWjZ[B%XYT?bA^iX�U<^SX�QaM[�)=?>AC*�YZ�QSQSC�^¦X�O�T�U[B�bmU<OSC0g%Up�(ZpW�VjW2�j��UPT\¥NX�WjxHU<^igAC�^���U<^_C0Z<T\>

T�U[B�bmU[WAC0W<Q:� Z[WjgªZ7gPMNWjZpB�XYT�bA^SX�U[^iX�QaM.x[X�¨NX�WAx7bj^SX�U[^iX�QaM.QSU.OiT\>AC0gPVj��C0^�Z[T�QiX�U<WjO���C0Z<gPX�WjxdQSU��?Zp^\gAO
cU�¨<C�^�Z[T�QSX�U[WjO���C0Z©¨NX�WAx

c
�

cuW ��
 �� �;� �����F�1�"���5�����5OSbmC0T�X�!jC:O?QS>AC�ORQiZpQSC:O���U[^���>AXYT\>�VjW2�j��UPT\¥NX�Wjx�OiT\>AC:gPVA��C0O�Zp^iChgPC !jWjC0g $
�� �"!"# | # ±$!&% � '�� ! z�+ ± ��� # !
	 ² ± ��~ # ! , ����K(�B� �1����� 8*��
��)N�L���

c
���

X
7 �Q�B)

reach(c) =
∧

k∈K

�X� �
k(c|k)

 #�J) ���uVAWN�A��UPT\¥NX�WAx�gPU[B�ZpX�WI� �
c
=

y	+ 	m± } # | �� %5c*��x[U<^SX�QS>AB C�WjZ[�A��X�WAx�Z[T�QSX�U[W
a
�

��>jX���C
¬(Ga)′(x)

gPU
a′ $ � T\>AU<X�T�C ( � .

(s∗(x, a)A)
) 9

� $ � F a′

(x)UPg

D�U<WjORXYgPC0^HOSU[B�CEZ<T�QiX�U<W
a ∈ Ac

r

� 
���= U5C�:4C0T�QSX�¨[C0��M7^iC0Z<T\>�Z5ORQiZpQSC%��>AC�^iC
a
XYO�C0WjZp�j��C:g(�4��C

T�U[B�bAVPQiC[����U[^�Z7T�VA^i^iC�W2QhORQiZpQSC ����Z�OSC0�2VAC0WjT�C%Up��OiT\>AC0gPVj��X�WAx7gPC0T�X�OSX�U[WjO�QS>fZ�Q�T�U<WN¨[C�^ix[C:O*QiU���Z[^igjO
Qi>AC*T\>AU<X�T�C�U[�4Z[W%Z<T�QSX�U[WEQS>fZ�Q_�A^iX�Wjx<O)QS>jC*ORMPORQSC�B T���U<OSC�^)QSU�ZhORQiZ�QiC�C�WjZ[�A��X�WAx

a
�)=?>fZ�Q�X�O0�[X��

a
X�O_WAUpQ

C0WjZp�j��C:g(� !j^iC*ORU<B�C?Z<T�QiX�U<W
a′ B�U�¨NX�Wjx�Qi>AC*OSMNORQSC0B«QSU��?Zp^\gAO�ZhOaQ\Z�QiC���>AC�^iC a

X�O�C0WjZp�j��C:g 9<X��4WAU�ORVjT\>
a′ X�O�C0WjZp�j��C:g(�%!j^iC*OSU[B�C a′′ �A^iX�WAx<X�WjxhQS>ACuOSMPOaQiC�B T���U<OSC�^�QSU

a′ �<Z[Wjg�OSUHU<W�����W�gPU[X�WAxhQS>jX�O0�<��C�>jZ©¨<C
QiU�gPX�OiZp�j��C�Z[T�QSX�U[WjO)X�WjT�^iC0Z<ORX�WAx�QS>AC*gAX�ORQiZ[WjT�C?Up�4ZpWNM�T�U[B�bfU<WAC�W2Q���^iU[B

c
��=?>AXYO�X�O���>fZ�Q_Zp��x[U<^SX�QS>AB q

gAU2C:O��
s∗(x, a)A

X�O�QS>AC !A£PC:gN�;bmU[X�W2Q_Up�(ZhORC:�<VjC�WjT�C
[si(x, a)A]i>0

�<��>AC�^iC*ZpWNM�C0��C0B�C�W2Q
si(x, a)

X�O�Z
'B����������2�����J�"����� '*�L���f����Q)XYO�Z�QiVAbA��C

(ci,≺i, Ai)
T�U[WjOSXYOaQiX�WAx�Up�fZubA^iC0gPXYT�ZpQSC�QSUu�mC?^SC:Z[T\>AC:g(��Z*bA^iX�U[^iX�QaM

QiU7T�UNU[^\gPX�WjZ�QiC�OSMPOaQiC�BJC�£PC0T�VAQSX�U[WªORU7Z[OHQiU.Z©¨[U<X�g"T�U[WA¢jX�T�QiOh��X�QS>ªbA^iC�¨NX�U[VjO�OiT\>AC0gAVA��X�WAx7gPC:T�XYORX�U[WjO
sj(x, a)

��X�QS>
j < i

��ZpWjg�ZuOSC�Q�Up�jZ[T�QSX�U[WjO�QSU��fC?OST\>jC0gPVA��C0g�X�W�U<^igAC�^�QiU�Z[bAbA^iU<Z[T\>
ci
�)=?>AC?ORC:�<VjC�WjT�C

U[��OiT\>AC0gPVj��X�WAxªgPC0T�X�OSX�U<WjO%X�O�gPC !jWAC:g Z<O���U<����U��*O0�
s0(x, a) =

(

c,
�
�

(x),
� .

(s(x, c))
) ��U[^�ORU<B�C

(c,
�
�

) ∈ unblock(a)
OSVjT\>�QS>jZpQ

reach(c)(x)
ZpWfg

∀(c′,
�
� ′) ∈ unblock(a)

��X�QS>
reach(c′)(x)

�
d(x, c) 6 d(x, c′)

< Qi>jZ�Q�X�O0�AT\>AUNU<OSCHOSU[B�ChU[bAQSX�B�Z[��VAWN�A��UPT\¥2X�WAx�OST\>jC0gPVA��CO>�� 7AU<^*ZpWNM
i > 0

�P��C�Q

si+1(x, a) =

{

si(x, a)
X��

legal � enabled(a, i,x) 6= ∅
(

s0(x, a′)c,≺, s0(x, a′)A
) UpQi>AC�^i��X�OSC

��>jC�^iC
legal � enabled(a, i,x) = EA(x)/si(x, a)≺ ∩

� .
(si(x, a)A)

�(X�OuQS>AC�OSC�Q�U[��Z[T�QSX�U[WjO*QSU��fC
OiT\>AC:gPVA��C0g�Qi>jZ�Q*Z[^SC�C�WjZ[�A��C:g(�

a′ = choice(A/si(x, a)≺ ∩ si(x, a)A)
�
≺= si(x, a)≺ ⊕ s0(x, a′)≺

�
Z[Wjg

choice
XYO�ZpW7Zp^i�AX�QS^\Zp^iM8<��AVPQHgPC�QiC�^iB%X�WAXYOaQiX�TO>?T\>AU[XYT�C<�

)  N± }  � % ' 
5 ~A� )~Pz # + # | ® , . ���Z�"��)N�L���V' ���
Ac

r

��
 ���D�J�D���������" �� �J���
B = (X, A, G, F )

� �

� =
∀a ∈ Ac

r

� 

. Ga =⇒

∨

(c, ��� )∈unblock(a) reach(c)
7H���
�

� = �E�
consist =

⊕

a∈Ac
r � �

⊕

(c, ��� )∈unblock(a)

�
� � ' ���*�D��� ���"��K(�0=

YZY\[�]V^*_*^O`



q:v ���('�'*�Q�B�

��W2QSVjX�QiX�¨<C���M[�m^SC:Z[T\>jZ[�AX���X�QaM5XYO*x[VfZp^\ZpW2QSC0C0g�X��¦Z[���)T�U[B�bmU[WAC0W2QiOuZ[^SC�T�U[W2QS^iU[���YZp�A��Ch��X�Qi>.^SC:ORbmC0T�Q*QSU
Z[WNM§Up� QS>AC0X�^uZ<T�QiX�U<W�x<VjZp^\gAO0�NZ[Wjg�QS>AC�T�U[B�bmU<OSC0g�VAWN�A��UPT\¥NX�WAxEU<^igAC�^\O�Zp^iCHT�U[WjOSX�ORQSC0W2Q?X�W�QS>AC���U[^\ORQ
T0Z[OSC[�

���D�;� � = D�U<WjOSX�gPC0^�ORU<B%C�T�U[W2QS^iU[����Z[�A��C%T�U[B�bfU<WAC�W2Q�Z[T�QSX�U[W
a ∈ Ac

r

� 
 ZpWjgªORQiZ�QiC ���50"C§OS>AU��
Qi>jZ�Q

(Ga)′
X�O?^iC0Z<T\>AC0g§��^SU<B �¤�2M�ZpbAbA��MNX�Wjx�Z[��x<U[^iX�Qi>AB�q[�

0¤C§��^iX�QiC
s̄(x, a)

��U[^hQS>jC���XYOaQ
[s0(x, a), s1(x, a), . . . ]

� ZpWfg
s̄(x, a)c

��U[^�Qi>AC���X�ORQ
[c0, c1, . . . ]

�
� C�Q

a0 = a
ZpWjg

ai+1 = choice(A/si(x, a)≺ ∩ si(x, a)A)
�
i > 0

�
7)X�^iORQ���CEOS>AU�� QS>jZpQ���U<^�Z[W2M

i > 0
ZpWjg�ZpWNM7Z[T�QiX�U<W

b
QS>fZ�QhX�O�WAU[WA�;B�Z�£PX�B�Zp��X�W

≺i
�
b ≺i Ai

�
=?>jX�O%XYO%QS>AC7T�Z<ORC5��U[^

i = 0
�NM�gPC !jWAX�QSX�U[W Up�uVjW2�j��UPT\¥NX�Wjx¤OiT\>AC0gAVA��C:O�� KNVAbAbmU<OSC5Qi>jZ�Q

b ≺i Ai
�

KPX�WjT�C
ai+1 ∈ Ai � b ≺i ai+1 ≺i+1 Ai+1 �NM�gPC !fWAX�QiX�U<WªUp� unblock(ai+1)

�)Z[Wjg"��X�Qi>
≺i⊆≺i+1 �

b ≺i+1 Ai+1 � ��M5T�U<WjORXYORQSC�WfT�M <;t�>�X�Q���U<����U��*O�QS>fZ�QuZp����Z[T�QSX�U[WjO?X�W Ai
Z[^SChB�Z�£PX�B�Z[�(X�W

≺i
�

si
XYO?��C0������gPC !jWjC0g5��U[^*ZpWNM

i > 0
�jX�W�QS>AC�OSC�WfORCHQS>fZ�Q

� reach(c)(x)
��U[^�Z[���)VjOSC0g7VjW2�j��UPT\¥NX�Wjx5OST\>jC0gPVA��C0O

(c,
�E�

)
�mQi>jZ�QhX�O0�4Zp���)T�U[B�bfU<WAC�W2Q\O*WAU[Q�X�W

cZp^iC�T�U[W2Qi^SU<���YZp�A��CH��X�Qi>�^iC0OSbmC0T�Q?QiU
c
�

� Ai 6= ∅
�2M§QS>ACh� Z<T�Q�QS>fZ�Q

≺i
XYO?X�^i^iC�¢jC�£NX�¨[ChZ[T0T�U<^igPX�WAxEQSU�>NMNbfU[QS>AC:ORXYO <�t">��jZ[Wjg

� A/si(x, a)≺ ∩ si(x, a)A 6= ∅
�NM�Z[T�QSX�¨2X�QaM�bA^iC0OSC�^i¨�Z�QSX�U[W ZpWjg B�Z�£PX�B�Z[��X�QaMªUp�uQi>AC7Z[T�QSX�U[WjO

si(x, a)A
X�W

si(x, a)≺
�

=?>AC�OSC0�2VAC0WjT�C
[si]i

C�¨<C�W2QSVjZ[����M§T�U<WN¨[C�^ix[C:O��<QS>fZ�Q*XYO��PQi>AC�^iChX�OuORU<B%C
i
OSVjT\>�QS>jZpQ

legal � enabled(a, i,x) 6= ∅
$ OSVAbAbmU<OSC"U<W Qi>AC�T�U[W2Qi^iZ[^SM QS>jZpQ

∀j . legal � enabled(a, i,x) =
∅
� ��M <aq(>dZpWjg gPC !jWAX�QSX�U[W«U[� �E�

consist

�
x 7→ ai ≺consist ai+1 ��U[^.Z[W2M i > 0

ORVjT\> Qi>jZ�Q
legal � enabled(a, i,x) = ∅

�W7)X�WjX�QiC�WAC:OSO%Up�
A
X�B�bA��X�C0O�QS>AC�C�£PXYOaQiC�WjT�C5Up�uZ�T�X�^iT�VAX�Q%X�W �E�

consist

�
��>jX�T\>�X�O�X�W�T�U<W2QS^\Z[gPXYT�QiX�U<W�QSU%>NM2bmUpQi>AC0OSXYO�<;t�>��_=?>2VfO��

[si]i
T�U[WN¨[C0^Sx<C0O0�pQS>fZ�Q�X�O0�PORU<B�CHZ<T�QSX�U[W§QSU��fC

OiT\>AC:gPVA��C0ghXYO�C�WfZp�A��C0ghX�W ��� � C�Q
s∗(x, a) = sj(x, a)

OSVjT\>hQS>jZpQ
j = min{i | legal � enabled(a, i,x)

6= ∅}
�AZ[Wjg���C�Q

(c∗,≺∗, A∗) = s∗(x, a)
�

#uC�£NQ*��C�OS>AU�� Qi>jZ�Q
a
X�O�CB:mC:T�QiX�¨<C���M§^SC:Z[T\>AC:g§�NM5^iC�bmC0ZpQSC:gP��M !j^SX�WAx�OSU[B�C�Z[T�QiX�U<W�X�W

A∗ �_=)Zp¥<C
OSU[B�C

κ
OSVjT\> Qi>jZ�Q

κ > Σk∈K maxa∈Ak
max(c, ��� )∈unblock(a) maxx dk(x, c)

� 0¤C"bA^iUPT�C0C0g �NM
X�WjgPVfT�QSX�U[W"U[W�QS>AC�gPXYOaQ\ZpWjT�C	< X�W"QS>jC%WNVABE�fC0^hUp��ORQSC0bjO#>uUp� ����^iU[B

c0 VAWjgAC�^HQS>AC�Z[��x<U[^iX�Qi>ABd� � C�Q
dist0(x, a) = κ|A| × d(x, c0)

�
disti+1(x, a) = disti(x, a) + κ|A|−(i+1) × d

(

x, ci+1
)

(i > 0)
�

Z[Wjg
dist∗(x, a) = distj(x, a)

��>jC�^iC
j = min{i | legal � enabled(a, i,x) 6= ∅}

� 0 X�QS> C�¨[C0^SM
C�£PC0T�VAQSX�U[W5U[��Qi>ACh��UNU[b��mUNgAM[�

dist∗(x, a)
ORQS^iX�T�QS��M§gPC0T�^SC:Z[OSC0O%$ �NM5gAC !jWAX�QSX�U[W�Up�

≺∗ �A��U[^�ZpWNM i > 0
�

k ∈ K
��X�QS>

¬(ci|k)(x)
��ZpWjgªZ[T�QSX�U[W

a1 ∈
� .

(Ac
k)
ORVjT\>¤Qi>jZ�Q

prea1

(

¬
∨

j6i−1 pre � cj(U)
)

(x)
Qi>AC�^iC�XYOuOSU[B�C�Z[T�QSX�U[W

a2 ∈
� .

(Ac
k)
ORVjT\>�Qi>jZ�Q

prea2

(

pre � ci−1(U)
)

(x)
ZpWjg

a1 ≺ai,ci,k
sched a2

�fZpWfg
Qi>NVjO

a1 ≺∗ A∗ �&��M gPC !jWAX�QSX�U[W Up� ��� ����WAU�Z<T�QiX�U<W X�WjT�^SC:Z[OSX�WAx¤Qi>AC�gPXYOaQ\ZpWjT�Cd��^SU<B Z[W2M�Up�hQS>AC
bj^SC:gPX�T0Z�QiC0O�X�W

s̄(x, a)
XYO*C0¨[C0^*QiZ[¥[C0W��uKNX�B%X��YZp^i��M<�j�NM�T�U[WjORQS^iVjT�QSX�U[W7Up�

≺∗ �mWAU§bA^iC0gAX�T0Z�QSC ci
XYO*C0¨[C�^

��C�� Q§�NM Z¤T�U[B�bmU[WAC0W<Q:�?VAWA��C0OiO�ORU<B%C7>jX�x<>AC�^S�;^\ZpWj¥[C0g
cj (j < i)

XYO§ZpbjbA^SU2Z[T\>AC:g(� =?>NVjO���C�X�QS>jC�^
s̄(x, a)c = s̄(x′, a)c

ZpWjg
x′ X�O�T���U<OSC�^�QSU c∗

ZpWjg�Z�Q���C0Z<OaQ�Z[O�T���U<OSC*QiUEZ[���4UpQi>AC�^
ci
<
i > 0

>��NU[^?ORU<B%C
ci
XYO�^SC:Z[T\>AC:g(����W5�mUpQi>�T0Z[OSC0O0�

dist∗(x′, a) < dist∗(x, a)
�_��Q?��U[����U��*O¦QS>jZpQ

dist∗(x, a) = 0
Z�� QiC�^�Z

!fWAX�QiC�WNVAB��mC�^�U[��ORQSC0bjO��AZ[Wjg�QS>NVjO
G′

a(x)
�

>@?@Y�>9A



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

=?>AXYO�XYO�Z%^SC0B�Z[^S¥�Z[�A��CH^iC0OSVA��Q?��U<^?Qa��U�^iC0Z[OSU[WfO�� 7)X�^\OaQ:�PX�Q*XYO�WAU[Q�bjZp^\ZpB�C�QiC�^iX� 0C0g5�2M�ZEbj^SU<bfC0^RQaM
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Z<T�QiX�U<W.QS>fZ�Q�X�OhU<WA��M.¥NWAU���W"ZpQh^iVAW2QSX�B�C[��KNC0T�U[Wjg���X�Q�T�U[WjORQS^iVjT�Q\OhZ�OSC�Q�U[��VAWN�A��UPT\¥2X�WAxdOST\>jC0gPVA��C0O
��>jU<OSC�VAWN�A��UNT\¥NX�WAx5U<^igAC�^\OuZp^iC���UPT�Zp� QSU5QS>AC�T�U<B�bfU<WAC�W2QiO0�"�¦Z[T\>.U[��QS>AC%VAWN�A��UPT\¥2X�WAx5OiT\>AC:gPVA��C0O�X�O
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�E± } ± + + ~P} ® % ' 
5 ~A�  ~Az # + # | ® , �Z��)
U ∈ P(X)

 �� � �E�D�����L�#��)C� ��� � =
U

� '8�D���������" �� � � �W���
�" *'B�B�*K(�B� �����������E�B�V)

o(U) = (∅, {alive}, {Galive =
)N�*V�

}, {F alive = id∅}) 1 ��) � �#�*'*)N�*�L��)N�L���
Ualive = U

� 'J�����"�F�Q�O����6����D��� ���
B‖∅o(U)/Ualive

=�� ���D����K����57 �!'B����������Q�B�,�����V'*)4�*V�B)C���$��',�� ���K��
�����V)N�D��� ' ) ���R'�%('*)+��� 'B�5) ����)

U
� 'J��� ����)N��K(�B��%$�#�#�"�#�V��� =

#uUpQSXYT�C�QS>fZ�Q�T�U[B�bmU<OSX�WAxE��X�Qi>5U<�jORC0^S¨<C�^
o(U)

Z[Wjg�^iC0ORQS^iX�T�QSX�WAx���X�QS>
Ualive

gPU�WAU[Q�T\>jZ[WAx[CuQS>AC
�mC�>fZ©¨2X�U[^¦Up�4QS>ACuUpQS>jC�^�T�U[B�bmU[WAC0W<Q\O��_Fu��T�U<VA^iOSC[�<X���OSU[B�CuZ<T�QSX�U[W

a
Zp��^SC:Z[gPM�>jZ[O¦x[VjZ[^ig

(Ga)′ = U
�

WjU%U<�jOSC�^i¨[C�^�WAC0C0gAO?QiU��fC�Z<gAgPC0g�QiU�T\>jC0T\¥���U<^�^SC:Z[T\>jZ[�AX���X�QaM�Up�
U
ZpWfg�T�U[WjORQS^iVjT�Q�Z�OiT\>AC0gAVA��C0^0�

� � ~�� � + �% 7)X�x<VA^iCHq*OS>AU��*O QS>j^SC0C*T�U[B�bmU[WAC0W2QiO�B�UPgPC���X�WjxhZ�OiT\>AC:gPVA��C�^���X�QS>%Qa��UhbA^iUPT�C:OSOSC0O0��c*���
Z<T�QiX�U<WjOuZ[^SC�T�U[W2QS^iU[����Z[�A��C�ZpWjgdQi>AC�^iC�XYOuWjU5ORMNWjT\>j^SU<WAX� :Z�QiX�U<W��mC�Qa��C�C0W.Z[T�QSX�U[WjO0�f�jVPQuQi>AC���U<����U���X�Wjx
T�U[WjORQS^\ZpX�W2QiO)WAC0C0gEQSU��mC�C�WjOSVA^iC0g $����
	�����uZ[Wjg�����	�����uZ[^SC?U<WA��MEC�WjZ[�A��C0gEX�������������X�O�X�W§ORQiZ�QiC������
�� ���
Z[Wjg!�"�#�
�
 �$�j�<^iC0OSbmC0T�QiX�¨<C���M
9
�%���#�$�&	 ����'('��)�"��ZpWjg*�����#�$�&	 ���#'
'��)����Zp^iC�gPXYOiZp�A��C0g�Z[O���U<WAxEZ<O�QS>AChUpQi>AC�^
bj^SUPT�C:OSOSC0O?XYO*^iVAWAWjX�WAxf�fZ[Wjg+����������	 �"',���hXYOugPXYOiZp�A��C0gd��>AX���C�WAU§bA^iUPT�C:OSO?XYO*^iVAWAWAX�WAxf� 0¤C�Qi>2VfO*>jZ©¨<C
Qi>AC�^iC0ORQS^iXYT�QSX�U[W

U c1.run = sched.enable1
�
U c2.run = sched.enable2

�
U sched.choose1 = ¬c2.running

�
U sched.choose2 = ¬c1.running

�
U sched.done = c1.running∨ c2.running

�NZpWfg
Ua =

)4�*V����U[^�Z[���mUpQi>AC�^
Z<T�QiX�U<WjO

a
�

c�T0T�U[^\gPX�WAxHQSU�gPC !jWAX�QSX�U[Wdq;-�Qi>AC�^iC*Zp^iC�ORX�£EVAWN�A��UPT\¥NX�WAx�OiT\>AC0gAVA��C:O <���C�U[B�X�Q�QS>AC�bA^iC���T�U<WjgPX�QSX�U[WjO
U[��QS>ACdgPMNWjZ[B%XYT§bj^SX�U[^iX�QiX�C:O���U<^�QS>jC�OiZp¥<C§Up�*^iC0Z<gAZp�AX���X�QaM�> $

unblock(c1.run) =
{(

¬c1.running ∧
sched.enabled1, {sched.choose2 ≺ sched.choose1, c1.run ≺ sched.choose1, c1.run ≺
sched.enable1, c1.run ≺ sched.enable2, c1.run ≺ sched.done}

)} ��QS>jZpQ�XYO0��X�W�U<^igPC0^5QiU ^iC0Z<T\>
¬c1.running ∧ sched.enabled1

ZpWfg�VjW2�j��UPT\¥!���
	���
�2�Ax<X�¨<C�bj^SX�U[^iX�QaM§QSU�����������	 ���#'('"�)���uU�¨<C�^
�%���#�$�&	 ����'('��)�$�j�)KNX�B�X��YZp^i��M[�

unblock(c2.run) =
{(

¬c2.running ∧ sched.enabled2, {sched.choose1

≺ sched.choose2, c2.run ≺ sched.choose2, c2.run ≺ sched.enable1, c2.run ≺ sched.enable2,
c2.run ≺ sched.done}

)} � 7AVA^SQS>AC0^SB�U<^SC<�
unblock(sched.choose1) =

{(

¬c2.running ∧ sched.idle,

{sched.choose1 ≺ c2.stop}
)} �

unblock(sched.choose2) =
{(

¬c1.running ∧ sched.idle,

{sched.choose2 ≺ c1.stop}
)} �jZpWfg

unblock(sched.done) =
{(

c1.running ∧ sched.enabled,

{sched.done ≺ c1.run}
)

,
(

c2.running ∧ sched.enabled, {sched.done ≺ c2.run}
)} ��=?>AC0^SC���U[^iC

Qi>AC�^iC�XYOuZ�Q���C:Z[ORQ*U[WAC�VjWA��UPT\¥NX�WAx�U[^\gPC�^?��U<^uC:Z[T\>d^SC:OaQi^SXYT�QiC0gdZ[T�QSX�U[W��?=?>AC�VjW2�j��UPT\¥NX�Wjx§gPU[B�ZpX�WjO�U[�
Z[���(VjW2�j��UPT\¥NX�Wjx�OiT\>AC:gPVA��C0O�Zp^iC )4�*V���PQS>jZpQ*X�O0�PQi>AC�M5Z[bAbA��M§QiU�Z[����ORQiZpQSC:O��
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enabled1 enabled2 running

not running not running

idle

stop stop runrun enable2
enable1

chosen1 chosen2

choose1 choose2

donedone

running

c1 sched c2
7)X�x[VA^iCEq/$¦KPT\>AC:gPVA��C�^���X�QS>�Qa��U�bA^iUPT�C:OSOSC0O0�

� C�Q�VjO�>fZ©¨[C§Qi>ACdZp��x[U[^iX�QS>AB�VAWN�A��UNT\¥ �$�,	 ��
����^iU[B
x = sched.idle ∧ c1.running

��=?>ACdT�U<WP�
ORQS^iVjT�QSC0g�OSC0�2VAC�WfT�ChUp��OST\>jC0gPVA��X�WAx�gPC0T�X�OSX�U<WjO�X�O%$
q[�

s0(x, c2.run) =
(

c, {sched.choose1 ≺ sched.choose2, c2.run ≺ sched.choose2},

s(x, c2.run)
)

=
(

c, {sched.choose1 ≺ sched.choose2, c2.run ≺ sched.choose2},

{sched.choose2}
) ��>AC�^iC

c = sched.enabled2 ∧ ¬c2.running
� cuO�QS>AC7^iC0�2VAC:OaQiC0g Z[T�QiX�U<W

����������	 ���#'('"�)����XYO?WAU[Q*C�WjZ[�A��C:g(�NQS>jC�x[U<Z[�4Up�)QS>AC�WAC�£NQuOST\>AC:gPVA��X�Wjx%gPC:T�XYORX�U[W�XYO?QSU�C�WfZp�A��C�X�Q $
tP�

s1(x, c2.run) = s0(x, sched.choose2) =
(

c′, {sched.choose1 ≺ sched.choose2, c2.run ≺

sched.choose2} ⊕ {sched.choose2 ≺ c1.stop}, s(x, sched.choose2)
)

=
(

c′,
{sched.choose1 ≺ sched.choose2, c2.run ≺ sched.choose2, sched.choose2 ≺ c1.stop,
c2.run ≺ c1.stop, sched.choose1 ≺ c1.stop}, {c1.stop}

) ��>AC0^SC
c′ = sched.idle ∧

¬c1.running
��c�T�QiX�U<W!����	 � � '��uXYO¦C0WjZp�A��C0g�Z[Wjg$!j^iC0g��)=?>ACHOST\>jC0gPVA��X�WAx�gPC:T�XYORX�U[W

s1(x, c2.run)>jZ[O?WjU�����C0g�QS>AC�OSMPOaQiC�B QiU§OaQ\Z�QiC
x′ = sched.idle ∧ ¬c1.running

�
-A�

s0(x′, c2.run) =
(

c, {sched.choose1 ≺ sched.choose2, c2.run ≺ sched.choose2},

{sched.choose2}
) � ����������	 ���#'('"�)����XYO !j^iC0g��(��C:Z[gPX�WAx�Qi>AC�ORMPORQSC�B�QiU

x′′ = sched.chosen2 ∧
¬c1.running

�
Tj�

s0(x′′, c2.run) =
(

c, {c2.run ≺ sched.enable2}, {sched.enable2}
) �*����������	 �����
�
 �$��X�O !f^SC:g

ZpWjg���C0Z<gAO�QSU
x′′′ = sched.enabled2∧ ¬c1.running

�
�"��	 ��
�HC0WjZp�j��C:g�X�W

x′′′ �2QS>jC�x<U<Zp�f>jZ[O¦�fC0C�W�^SC:Z[T\>AC:g(� ��������	 � � '���>jZ<g��mC�C�W�gPXYOSZ[�A��C:g�X�W5OaQ\Z�QiC����
Qi>ACHbA^SX�U[^iX�QaM

{sched.choose1 ≺ sched.choose2, sched.choose1 ≺ c1.stop}
Up�)OST\>AC:gPVA��X�Wjx%gPC:T�XYORX�U[W

s1(x, c2.run)
��U[Vj��g¤>jZ©¨<C%bj^SC0¨[C�W2QiC0g�QS>AC !f^SX�WAxdUp�

sched.choose1
� ��>jX�T\>ª��U[VA�Yg¤�fC�Qi>AC���^iU[WAx

gAC0T�XYOSX�U<W���X�QS>d^iC0OSbfC:T�Q?QSU�Qi>AC�x[U2Zp�4Up�)C�WjZ[�A��X�WAx ����	���
�2�
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T�U[B�bmU[WAC0W<Q:�fZ[Wjg7Z�x[��U[�jZ[��OiT\>AC0gPVj��C0^0��=?>AC��YZ�QSQSC0^�Z[T�QSX�¨�Z�QSC:O��fgPC�bmC�WjgAX�WAx�U[W7X�QiO�OST\>AC:gPVA��X�Wjx§gPC0T�X��
OSX�U[WjO0�2ZpQ¦B�U<ORQ�U<WACu��UPT�Zp�mOST\>jC0gPVA��C�^\O���U<^¦C:Z[T\>§T�U<B�bfU<WAC�W2Q0�X7jU[^�OSX�B%bj��XYT�X�QaM�Up��X�B%bj��C0B%C0W2QiZ�QiX�U<W��NX�Q
B�Z©M��fC%B�U[^iC�T�U<WN¨[C�WjX�C0W<Q�QSU�VjORCEx[C0WAC�^\Zp��X� 0C0g7ORQiZpQSXYT�bA^iX�U<^SX�QSX�C0O�Z[OubA^SU<bfU2ORC:gdX�W3S o�U;�4^\Z�Qi>AC�^uQS>jZ[W
gAM2WfZpB�X�T*bA^SX�U[^iX�QSX�C0O0�)=?>ACu��U[^iB�C�^�Z[^SC�gPC !jWjC0g�U<W�QS>ACHORC�Q�Up��C0WjZp�j��C:g§Z[T�QSX�U[WjO0�<Z[Wjg§gPU�WjUpQ�^iC0�2VAX�^iC
U<�jOSC�^i¨©Z[�AX���X�QaM7Up��QS>AC§T�VA^S^iC�W2Q�ORMPORQSC0B OaQ\Z�QiC[�57)X�x<VA^SC�t�X�����VjOaQi^iZpQSC:O�Z�bmU<OiOSX��A��C�Zp^\T\>AX�QiC0T�QSVA^iCE��X�QS>
X�QiO�X�W2QiC�^\Z[T�QiX�U<WjO��mC�Qa��C�C0W�OST\>jC0gPVA��C�^\O0�d=?>jC5Z[T�QSVjZ[�¦X�B%bj��C0B%C0W2QiZ�QiX�U<W���X����?gPC�bmC�Wjg�U[WªQS>jC5x[X�¨[C0W
bj��ZpQR��U[^iBd�

C1 C2 Cn

enabled
actions

sch2

choice of
local
scheduler

choice
of action

sch1 sch n

global scheduler G

goal

7)X�x[VA^iC�t1$���W2QSC0^iZ<T�QiX�U<W5�mC�Qa��C�C�W7OiT\>AC0gAVA��C0^iO
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cu��x<U[^iX�Qi>AB q?>jZ<O��fC0C�W�X�B%bj��C0B%C0W2QSC0g%X�W%QS>AC������
	��������� �¦QSUNU[�;�@0"C�X�����VjORQS^\Z�QiC?QS>AC*T�U[WjORQS^iVjT�QiX�U<W
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G.X�T�^SUNC���C0T�QS^iU[WAXYT�O0� 0"C�>jZ©¨[C.^iC���^iX�QRQSC0W X�Q�X�W Qi>AC�X�WAbAVAQ��YZpWAx<VjZpx<C7Up�������
	��������� ���*OS��X�x[>2Qi��M
OSX�B%bj��X���MNX�WAx�X�Q*�AVPQubj^SC:ORC0^S¨NX�WAx�Qi>AC�KNMPOaQiC�B5D�ORC0B�Z[W2QSXYT�O0�

=?>AC%C�£AZ[B%bj��C�ORMPORQSC0B T�U[WjOSXYOaQ\O�U[� !j¨[C�T�U<B�bfU<WAC�W2QiO%$�Qa��U5bA^iUPT�C:OSOSC0O�� � � � #����� �#� � ����ZpWjg ��� ���
���
 ���� �#� � �����)Zd�AVfO�Zp^i�AX�QSC0^ � ����� ���! f�)Z[Wjg"Qa��U�OS�YZ©¨[C�bA^iUNT�C0OiORC:O � � � � #��� �� �#"��§Z[Wjg ��� �,�#�
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�jVjO�Z[^S�jX�QiC�^:�<Zp��U[Wjx���X�Qi>�QS>AChZ[gjgP^SC:OSO_Up�(QS>jC�OS��Z©¨<C�bA^SUPT�C0OiO�QSUE�fCHT�Zp����C0g(�NZpWjg�OSU[B�C�U[bPQiX�U<WjZp�jgjZ�QiZ
QiU��fChQi^iZ[WjOSB%X�QRQiC0g(��=?>AC��AVjOuZp^i�AX�QiC�^*T0Zp����O�Qi>AC�OR�YZ©¨[ChbA^iUPT�C:OSO?B�ZpbjbfC:g5QiU�QS>AC�Z<gAgP^iC0OiO��PU<^uOSC�QiO�Z
ORQiZpQSVjO_¢fZpx�X��4QS>ACHZ[gAgA^SC:OSO�gPUNC:O_WAU[Q�T�U<^S^iC0OSbfU<Wjg�QSU�Z[W2MEUp�4QS>jC�OS��Z©¨<C�bj^SUPT�C:OSOSC0O0�[Z[Wjg%QS>AC0W§^iC�QSVj^SWjO
T�U[W2QS^iU[�)QiU�Qi>AC�X�W2¨<U[¥NX�WAx�bj^SUPT�C:OSO0����� �,�#�
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bool active;
int data;

action WriteAccess if not active do data:=tac_seq.data, active:=true;

component status_slave

bool active, signal;

action WriteAccess if not active do 
       signal:=signal_master.signal, active:=true;

component signal_slave

action check_ok if active and not signal do active:=false;

action check_err if active and signal do active:=false;

bool status;
int q, address, data;

action write1 if q=0 do 
       address:=status_master.address, data:=status_master.data, q:=1;

component tac_seq

action write2 if q=0 do address:=signal_master.address, q:=1;

action call1 if q=1 and address=0 do q:=2;

action call2 if q=1 and address=8 do q:=2;

action no_response if q=1 and not (address=0 or address=8) do 
       status:=true, q:=2;

action done if q>=2 do status:=false, q:=0;

write | write1 return | done write_port | write2 return | done

call1 | WriteAccess call2 | WriteAccess

bool waiting, status;

component status_master

action write if not waiting do waiting:=true;

action return if waiting do status:=tac_seq.status, waiting:=false;

const address=0, data=4321;

action wait_sc_zero_time if false do signal:=new_signal;

action write_false if q=0 do new_signal:=false, q:=1;

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

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

const address=8;

int q;
bool waiting, signal, new_signal;

component signal_master

action check_ok if active and data=4321 do active:=false;

action check_err if active and data!=4321 do active:=false;
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