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��#A
– finite state machines�labelled transition 

systems�Petri nets, vector addition 
systems, timed automata, hybrid 
automata, process algebra�

• ���
����"�%����
–��a�������"��#
–������Aàa? If not, counterexample
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• �>�F���TH)4
– 2�15(Model Checker)

• M
&Q�8 �8 <���RO�#-8 </�"'A
.(0��!+�6L

– 7B%:(Deductive Verification)
• �M
�9$K��@�SNI����!&Q��:SNI
��,��;�:H*�(theorem provers)"SMT3G�?P
E7B%:�	C(�:+��=
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• ��(Model)
– ���������������	�

• �
(Property)
– ������(Specification)

Model
(System Abstractions/

Requirements)

Specification φ
(System Property)

Model
Checker

Answer:

Yes, if model satisfies 
specification

Counterexample, otherwiseM╞ φ
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• ����Safety Properties
– Invariants, deadlocks, reachability, etc.

• Invariants: “x is always less than 10”
• Deadlock freedom: “the system never reaches a state where 

no moves are possible”
– “something bad never happens”

• ����Liveness Properties
– Termination, response, etc.

• Termination: “the system eventually terminates”
• Response properties: “if action X occurs then eventually 

action Y will occur”
– “something good will eventually happen”
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������(Mutual Exclusion)

N1  ® T1
T1 Ù S0 ® C1 Ù S1     
C1 ® N1 Ù S0

N2  ® T2
T2 Ù S0 ® C2 Ù S1
C2 ® N2 Ù S0

||

• Two process mutual exclusion with shared semaphore
• Each process has three states

• Non-critical (N)
• Trying (T)
• Critical (C)

• Semaphore can be available (S0) or taken (S1) 
• Initially both processes are in the Non-critical state and

the semaphore is available --- N1 N2 S0

Model
(System Requirements)

The Model (Willem Visser, http://ase.arc.nasa.gov/visser/ASE2002TutSoftwareMC-fonts.ppt)
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������(Mutual Exclusion)

N1  ® T1
T1 Ù S0 ® C1 Ù S1     
C1 ® N1 Ù S0

N2  ® T2
T2 Ù S0 ® C2 Ù S1
C2 ® N2 Ù S0

||

•Initially both processes are in the Non-critical state and the semaphore is available --- N1 N2 S0

Model
(System Requirements)

The Model (Willem Visser, http://ase.arc.nasa.gov/visser/ASE2002TutSoftwareMC-fonts.ppt)

N1N2S0

C1N2S1
T1T2S0

N1T2S0T1N2S0

N1C2S1

T1C2S1C1T2S1
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������(Mutual Exclusion)

No matter where you are there is 
always a way to get to the initial state

M╞ φ

CTL (Computation Tree Logic)

Specification
(System Property)

Specification – Desirable Property

State Machine ╞AG EF (N1 ÙN2 Ù S0)
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������(Mutual Exclusion)
N1N2S0

C1N2S1
T1T2S0

N1T2S0T1N2S0

N1C2S1

T1C2S1C1T2S1

Model
(System Requirements)

Model
Checker

M╞ φ

Answer: Yes

Specification
(System Property)

M ╞AG EF (N1 ÙN2 Ù S0)
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������(Mutual Exclusion)

N1N2S0

C1N2S1
T1T2S0

N1T2S0T1N2S0

N1C2S1

T1C2S1C1T2S1

Answer: Yes
A Proof: For All possible behaviors
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������(Mutual Exclusion)
N1N2S0

C1N2S1 T1T2S0

N1T2S0T1N2S0

N1C2S1

T1C2S1C1T2S1

N1N2S0

C1N2S1 T1T2S0

N1T2S0T1N2S0

N1C2S1

T1C2S1C1T2S1
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������(Mutual Exclusion)
N1N2S0

C1N2S1 T1T2S0

N1T2S0T1N2S0

N1C2S1

T1C2S1C1T2S1

N1N2S0

C1N2S1 T1T2S0

N1T2S0T1N2S0

N1C2S1

T1C2S1C1T2S1
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������(Mutual Exclusion)
Specification – Desirable Property

M ╞AG EF (N1 ÙN2 Ù S0)

No matter where you are there is 
no way to get to the initial state

⌐
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������(Mutual Exclusion)

N1N2S0

C1N2S1 T1T2S0

N1T2S0T1N2S0

N1C2S1

T1C2S1C1T2S1

Answer: No

Counterexample

N1N2S0

C1N2S1 T1T2S0

N1T2S0T1N2S0

N1C2S1

T1C2S1C1T2S1
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�
• Kripke Structures
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Kripke Structures��
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•	���(Temporal Logic)
� ����	���

– “Always” �“Eventually” 

vLinear Time
– Every moment has a unique 

successor
– Infinite sequences (words)
– Linear Time Temporal Logic 

(LTL)

vBranching Time
– Every moment has several 

successors
– Infinite tree
– Computation Tree Logic (CTL)



'�&)#(���TLA+

• TLA(Temporal Logic of Actions)
� �/"9LTL�
-53(Specification)

• TLA+: A TLA IDE Model Checking Tool
�'�&)�

���	+�%��"9�;8-� 

��2�!,;8� $��.������2�0�
��

��*�4�1Lamport76
• �:�

https://lamport.azurewebsites.net/tla/tla.html



TLA+��(1)

• Die Hard Problem
��
� 5� �gallons����gallons
��� *�3�� 

� 53��" 

� 5(3��� 

• ')�%#���!��� 5&�	,�4 
gallons �3$��



TLA+��(2)
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• Actions
����

����

����



TLA+��(3)

•�� "�Big4 == big /= 4 
– big4Lalways*��

• ����,�0-���� "
	��(
.A���)#'�!�&�+&L��

	��
+��)#B�!big=4



TLA+��(4)
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•  �����
• ����LTL�CTL�#�
•  "!���$����

• �
��
– SPIN�LTL
– LTSmin� LTL, CTL*(CTL extension)
�����

https://en.wikipedia.org/wiki/List_of_model_check
ing_tools
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• ��#�	��
– "!�
��������$��
– ��%� ����%������
– #��"!�
������%� �
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• ���%$���/�"�

• ,)��
– 
0,)(����, Proposition Logic)) PL
– �-,)(First-order Logic) FOL
– 1-,)(High-order Logic) HOL

• ���'#�!*��(��	��&�+� 
���.�(
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•��.p, q
•.	��p∨¬p, ¬(p∧q)⇔¬p∨¬q

• %�(����&�*.(SAT)
–  ��$%��NP��*.
– ,-P=NP ���"��#
�:��

• �+!���&��
– Davis-Putnam-Loveland-Logemann (DPLL) 
– Stalmarck’s method
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•�/�
�: x, y, f(x)
•&�	��x+1 < 2y, R(f(x),y)
•/+� ∀x∃y(f(x))
• *�-%�FOL3*02

– ����02�����
– �$(�!����& �'�3*�����(�
#)&� ��

– �����"3*& 
• ��/+"�1.,�����3*& SMT
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•��1.,�"��/*�
 	+*�
���
– ∀P. P(0)∧(∀n. P(n)⇒P(n+ 1))⇒∀n. P(n)
�':����	�1.,��%&

• )�-#�HOL3)02
– �(�����!
– �����!3)$�



+�&2(Type Theory)

•+�&2
��*���,-�� +���+��("�

���
0�Calculus of (inductive) constructions 
(CoC, CIC)��typed lambda calculus

• HOL(73��'	43��#
– �)�$+���:8(+�
– CoC�'	!6HOL

• �/1��CoC�HOL(05.�������
9'���%��
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• HOL&+FOL���#�(*��%��
��630�45P=NP����)�(*��% $
– FOL�����
– HOL�&+�"����

• 
	�(�%-!(Interactive Theorem 
Prover)
– ��/�( �1,�2�%
– �:��'�#�(�%-!��
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• Coq���https://coq.inria.fr/
���CoC��)�"4HOL�Typed�#�,+

• HOL���https://hol-theorem-prover.org/
– "4HOL

• Isabelle���https://isabelle.in.tum.de/
– "4HOL

• �'%)*2$����&���%*�!
– 50��3/ ��
– 50��
	��6

• ���1-�.��*��.��



Coq����(1)

• Peano	������
����
– 0 is a natural number. 
– For every natural number n, (S n) is a natural 

number. 
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•�	�3�����	�2

•  ������+�����



Coq����(3)
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� �	��Petri Nets

• Petri Net:
– a collection of directed arcs connecting 

places(��) and transitions(�
)
– Places may hold tokens



u����������BPMN��
u ��Core BPMN Model����
�CBM��

Q,FM�����
Ø Q���BPMN��CBP�!
Ø FM���� ����message Flow�!

u��Core BPMN Process���	
� CBP=(O, 
T, E, G, F)

������������"�

BPMN Model

BPMN Process

Sequence 
Fl ow Event Act i vi t yGat eway

f ork j oi n

deci si on merge

St art
Event

I nt ermedi at e
Event

End
Event Task Sub-

process

Message f l ow



BPMN���Flow Objects Petri net 

event

start

intermediate

end

task

gateway

fork

join

decision

merge
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BPMN���Connecting Objects Petri net 
sequence flow

message flow

 �������
��	����

  
  

u ���	��

• ������������
�������
• ����!�

Ø ����	����� ��

��	�
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Ø \D[)��
������������ �<AGGE4[&

Ø ='2�nP$7P#Y"!1rGE4Ye

u]o/5

Ø $X5

•E:K

Ø BZ

•?8$XEG%+kD�O%+kDGE4@p�,)
1�,�I��GM6��TM6�<i>M6

Ø FV

•]o;C�FV:KJC

AG-=5]o
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