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CIS 842: 
Specification and Verification 
of Reactive Systems
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Objectives
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Outline
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What is a Sequencing Specification?
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Paths (Traces)
Recall that the system’s executions can be viewed 
as a tree.  We want to determine the set of paths in 
that tree that match a given pattern.
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Paths (Traces)

Consider the pattern:
a 1.*  is followed by a *.1
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Paths (Traces)

Here are all the states that immediately 
follow a 1.*
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Paths (Traces)

Here are all the states that immediately 
follow a *.1
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Paths (Traces)

Here are both 1.* and *.1 successor 
states (with black indicating both)
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Paths (Traces)

Do all paths conform to the pattern:
a 1.* is followed by a *.1 
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Paths (Traces)

Some paths obviously match the pattern
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Paths (Traces)
For others it is more interesting

can the 1.* follow a *.1?
what if the 1.* and *.1 coincide?
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Paths (Traces)

For still others we can’t tell yet
will we ever see a 1.*?
if not, then does the property hold?
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Paths (Traces)

For still others we can’t tell yet
will we ever see a subsequent *.1?
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We need …
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A classic distinction …
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Examples
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For You To Do
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Expressing Safety Properties
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thread MAIN()  {
loc open: live {}

do { … } goto run;

loc run: live {}
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Regular Expressions
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Example
thread MAIN() {

loc open: live {} do {
// open

} goto run;

loc run: live {} do {
// run, call close

} goto close;
loc close: live {} do {

// close
} goto open;

}
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A property
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(MAIN:open; MAIN:close)*

� :����
����	��
�
���

��C
,�,-��

���

�D
MAIN:close; .* |

.*; Main:open; Main:open; .* |

.*; Main:close; Main:close; .*
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Example 
system TwoDiningPhilosophers {

boolean fork1;
boolean fork2;
thread Philosopher1() {

loc pickup1: live {} when !fork1 
do { fork1 := true; } goto pickup2;

loc pickup2: live {} when !fork2 
do { fork2 := true; } goto eating;

loc eating: live {} do {}  goto drop2;
loc drop2: live {} 

do { fork2 := false; }  goto drop1;
loc drop1: live {} 

do { fork1 := false; }  goto pickup1;
}
thread Philosopher2() {…}

}
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A property
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[- P1:eating]*;

(P1:eating; [- P2:eating]*; P1:drop1)*
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.*; P1:eating; [- P1:drop1]; P2.eating; .*
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For You To Do
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Checking Safety Properties
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Checking Safety Properties
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Instrumentation
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Example 
boolean fork1, fork2;
thread Philosopher1() {

loc pickup1: live {} when !fork1 
do { fork1 := true; } goto pickup2;

loc pickup2: live {} when !fork2 
do { fork2 := true; } goto eating;

loc eating: live {} do {} goto drop2;
loc drop2: live {} 

do { fork2 := false; } goto drop1;
loc drop1: live {} 

do { fork1 := false; } goto pickup1;
}

Consider the property:
a philosopher must pickup a fork before dropping it
e.g.,   [- P1.pickup1]*; P1:drop1; .*
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Example 
boolean fork1, fork2;
thread Philosopher1() {

loc pickup1: live {} when !fork1 
do { 

// record that a pickup of 1 happened
fork1 := true; 

} goto pickup2;
loc pickup2: live {} when !fork2 

do { fork2 := true; } goto eating;
loc eating: live {} do {} goto drop2;
loc drop2: live {} 

do { fork2 := false; } goto drop1;
loc drop1: live {} 

do { 
// check that a pickup of 1 happened
fork1 := false; 

} goto pickup1;
}
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Example 
boolean fork1, fork2, sawpickup;
thread Philosopher1() {

loc pickup1: live {} when !fork1 
do { 

sawpickup := true;
fork1 := true; 

} goto pickup2;
loc pickup2: live {} when !fork2 

do { fork2 := true; } goto eating;
loc eating: live {} do {} goto drop2;
loc drop2: live {} 

do { fork2 := false; } goto drop1;
loc drop1: live {} 

do { 
assert(sawpickup);
fork1 := false; 

} goto pickup1;
}

Does this capture the 
correctness property?
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Instrumentation Approach
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[- P1:eating]*;

(P1:eating; [- P2:eating]*; P1:drop1)*
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Example 
boolean fork1, fork2, p1eating;
thread Philosopher1() {

loc pickup1: live {} when !fork1 
do { fork1 := true; } goto pickup2;

loc pickup2: live {} when !fork2 
do { fork2 := true; } goto eating;

loc eating: live {} 
do {

p1eating := true;
} goto drop2;

loc drop2: live {} 
do { fork2 := false; } goto drop1;

loc drop1: live {} 
do { 

fork1 := false; 
p1eating := false;

} goto pickup1;
}

Same instrumentation for Philosopher2

Check invariant:

p1eating -> !p2eating
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Instrumentation Approach
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Automate it!!
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For You To Do

� �
�#�!
������
�
�� ��><�
�� 	�
���"

� /����
	��(
������!�	�
	���
����
��
�

� ������"����� ��	�
���"�(
� �� 
���
	�
	���
��

� � ��#�� �"�(
� ��
�
�

����������	������
������������������ $�

Product Reachability

� :�*���
"��


