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− �
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� = ��� → � := � , � :=
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Σ ����� � �
����	��
	���������	���� �!�"� ��	�#$	���� � �&% ��� � � ���(')#����*� �,+"- 	��./� �0���1� #,� �3254��6	 � � ������	87�90:

σ ∈ ;=<�> (R,=,+,×) � 	(�?�0	��@�(A0	B4 � ������+,- 		(# � -DC��1� � � ��� �(A0	E� � ���1���,C � C��F�����0�
	@GEA��H- 	@�(A0	E��20���
	�IJ� �K��� � � �
����	��
	K�����0�
	 σ. �1���,����� �L� � �M4��6	 � � ������	5:ON*7�P0Q
σ→σ ′ ∈ ;R<�> (R,=,+,×) � 	(�!�0	��ES)C$��� ��"� � 	(T?	���� ��� �1���,����� �L� � � � � � I � � �
���6	���	������0��	 σ � �B� � �
����	��
	���������	 σ ′. 4$���(A � �@�U�
	�V)C$	��0��	 〈(σ W , XYW ), (σ Z , X=Z ), . . .〉 ∈ (Σ× R [ )?|ω 	������"��-D����S�"�8�"- �
	��\�����1� � � ��� �1�]�"����� �L� � ���K�"� � �0���1� #,� �1� 	���^

(
↼_

:= `ba , _ := `ba + c ) |= d]e6f0g�h σ i →σ i + j k l m!k n�o�p�p
(
↼_

:= `ba , _ := `ba + c ) |= f0q(d σ i r�s p σ a = σ a + c k l m?k n�t
u�t s
(
_

:= `)v ) |= m g m d m f0w σ x
yz	���� � �"+"��-{� �32 ���R;=<�> (R,=,+,×)

2"� 	�- � � � 	���� ��� � �B4$� � ��	 � C,�6	�� �*� �|��	�I}4 � ���,-4�� � 4�	��~�1� 	�� ��� 4$���(A�� ���K� P,�H:O��� � �0� ���5����P��!:O�
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	 σ ′ � � � IJ�"�B�H��� �1� �,- � � �
���6	��
	���������	 σ �"� � �(A"� � C�S)A8�"�
	���	���C0�L� � � � � �������H�����0S PM�(���,����� �1� � �0� ���,�5+�	 �*� �\I��"-D� ��	 � �1A,� � C�S)A}�(A0	�H� � C0���1� #$	�- 2 � 	(�?�0	 � 4$�6	 � � ���0�
	 φ �σ→σ ′

��GEA0	��6	

φ
W
σ→σ ′ =

{ �������! 
, " � σ 6= σ ′ ,7�90:

σ , "
�
σ = σ ′ ,

φ � + Zσ→σ ′ =
∨
#
σ∈Σ

∃ % Z , %%$ .


φ �σ→ #

σ[
% Z / % ]∧:\N*7�P0Q #

σ→σ ′ [
% Z , %%$ / ↼% , % ]∧7�90:

σ ′ [
%&$
/
↼%

]



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⇒
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	 � ���6	��$��A$�,+"- 	 G@� �(A����5P ����	�4�� � T

�=P0Q(7��6�
� =

∨

σ ′∈Σ

�=��7�9�� ≤ �
σ ′ ∧ ¬

Q(7����
σ ′

� �/�L���1� ��� �,+"- 	 � GEA0	���	
�=��7�9�� ≤ �

σ ′ =
∨
�
∈N≤ �

∨

σ∈Σ

φ
�
σ→σ ′ ∧

��P"�H:O�{7��
σ[
↼%
/
%
]

��A$�����$���
	��*� ��	��F�(A0	 � � ���1���,C � C��K��������	�� ��	��0��A$�,+"- 	M���}�0�EI � ���EP}����	�4��FG@� �(A����
� � �
���6	���	������0��	 σ ′ '

⇒
./� C"���L� � 	 �����0�
	 � ���6	��$��A$�,+"- 	 � T �(A0	��6	B� �/� � I 	MP ∈ N �3� �|GEA�� ��A��=P0Q(7���� �� �/�L���1� ��� �,+"- 	�'
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 ;=<�> (R,=,+,×)
� � � 	���� � �,+"- 	�'���
|���~���������������� �&P0Q(7��6�

�
� �@� �3� �\I}C,- � ���z;=<�> (R,=,+,×)

'
⇒

� � �����\+�� �1�����~25P ∈ N
� �@� � �"��9�����7��"�D���R�,�0:\�"��N 7�P! �P0Q(7��6�@Q�:\7�:O��� Q�N\��7�9���7��,�D�

�R�H:O�"�DPBPBQ�:O�#""Q�'
$ % 2}��C0����	������ #�	�- 2}��	����L�H��S ���0����	������H��S P � �(A�� � 2,� 	�- � �K�MQ���& � '­�"��9�� Q��)(�P",N*( 9����+ �NO� �,($N N\��7�9���7��"�D���H:D�-( �. �P0Q(7��6� Q�:*7":\�
Q�^
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 � � �&S�� #�	��5� ∈ N
��A0	���� �*� �&�L���1� ��� �"+"��-{� �32 ���

¬

( ��P"�H:
( � W ) ∧

:ON*7�P0Q
( � W , � Z ) ∧ . . . ∧

:\N\7�P0Q
( � � − Z , � � )

⇒ φ( � W ) ∧ . . . ∧ φ( � � )
) '

� � ��	���� ��C0����	�	 � �E�1A0	�� �6	�4 � �~� #"� � - �0�L� � � ��� S � �,- '� � �(A0	�� G@� �
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Parallel composition corresponds to conjunction of formulae

constraints over the reals

Quantifier−free Boolean combinations of linear arithmetic

No need to build product automaton
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σ � � ∧ ¬σ �� ∧  �� = ! . !

σ "� ∧ σ " + �� → (  #" ≥ $�% ) ∧ ( #" + � = ! . & ·  #" ) ∧ '(" = !
)*
�+-,.���

σ "� ∧ σ " + �� →






(  " + %/' " ) ≤  " + � ≤ ( " + 0/' " )
∧ (  " + � ≤ $�% )
∧ ( ' " > ! )

− % ≤ 1  
1 '

≤ − $

 ′ = − 2
 ≤ ! /

% ≤ 1  
1 '

≤ 0

 = !
σ �

σ �
 ′ =

�� ·  
 ≥ $
% /

 ≤ $�%

 ≥ !
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reasoner
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explanation:
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subsystem

consistent:
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Wandering
around

t := 0; cookies := 0; toilet := false; chats := 0

t <= 15 &
cookies >= 7
toilet
chats >= 2t > 15

toilet := true
t := t+2;

0.3 0.3 0.4

t := t+1

~toi
let

t := t+1

chats++
t’ < t+1

t := (16 + 2t) / 3

0.3 0.7

t := (16 + 2t)  / 3

chats++

remaining =
c * exp(−t)

t’ < t+1
chats++

cookies := cookies +
min(4,remaining/100)

0.6 0.4

t := t+1

t := t + 0.5;
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Wandering
around

t := 0; cookies := 0; toilet := false; chats := 0

t <= 15 &
cookies >= 7
toilet
chats >= 2t > 15

toilet := true
t := t+2;

0.3 0.3 0.4

t := t+1

~toi
let

t := t+1

chats++
t’ < t+1

t := (16 + 2t) / 3

0.3 0.7

t := (16 + 2t)  / 3

chats++

t’ < t+1
chats++

cookies := cookies +
min(4,remaining/100)

0.6 0.4

t := t+1

t := t + 0.5;

remaining =
c * exp(−t)

probabilist. choice

non−det. choice
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