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Introduction

Model construction

Each entity’s behaviour captured in state table.
Logic minimization extracts fundamental 
behaviour.
Result is multi-valued equations in disjunctive
normal form capturing behaviour of the model.
Example: RRN

RRN{0} = Fis{0,1} + Fis{0,2}
RRN{1} = Fis{3,4,5}

High-level Petri nets
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Graphical notation with mathematical semantics.
Can model choice, synchronization, concurrency.
Expressive framework with data types and 
transition guards.
Wide range of analysis techniques and tools.

 

Lack of data motivates qualitative modelling
approaches.
Multi-valued networks bridge gap between
abstract Boolean and PDE models.
But: tools/techniques for multi-valued networks
need strengthening.

Constructing Petri net

Model analysis

Translate equations into Petri net:
  - single place for each entity in Petri net,
  - single transition (for synchronous semantics)
    encoding equation logic as transition guard,
  - each place X connected to central transition 
    with input arc ‘x and output arc x’.

read in state table
s,

calculate equations using

logic minimization

Model comparison

We acknowledge EPSRC, BBSRC via CISBAN 
and Newcastle Systems Biology Resource Center

construct

petri net

References

Conclusions

F is 0 0 1 1 2 2 3 3 4 4 5 5
R R N 0 1 0 1 0 1 0 1 0 1 0 1
R R N 0 0 0 0 0 0 1 1 1 1 1 1

R
R
N
{ 0

}
=

F
is
{ 0

, 1
}
+

F
i

R
R
N
{ 1

}
=

F
is
{

C
rp
{ 1

}
=

C
rp
{ 0

}
+

C
rp
{ 0

, 1
} F

is
{ 2

, 3
, 4
, 5
}
+

C
rp
{ 0

, 2
} F

is
{ 2

, 3
, 4
, 5
}
+

C
rp
{ 0

, 1
} F

is
{

+
C
rp
{ 0

, 2
} F

is
{

C
rp
{ 2

}
=

C
rp
{ 3

} F
is
{ 1

, 2
, 3
, 4
, 5
}
+

C
rp
{ 1

} F
C
r p
{ 3

}
=

C
rp
{ 2

, 3
} F

C
ya

{ 1
}
=

C
C
ya

{ 2
}
=

C
ya

{ 1
}
+

C
rp
{ 3

} C
ya

{ 1
, 3
}
+

S
ig
na

l
C
ya

{ 3
}
=

C
ya

{ 2
, 3
} S

ig
na

l {
0}

+
C
ya

{ 2
}
+

C
rp
{ 0

, 1
} C

ya
{ 2

, 3
}
+

C
rp
{ 0

, 2
} C

ya
F
is
{ 0

}
=

C
rp
{ 1

, 2
, 3
} C

ya
{ 1

, 2
, 3
} F

is
{ 0

, 1
} S

ig
na

l
F
i s
{ 1

}
=

F
is
{ 0

} S
ig
na

l {
0}

+
F
is
{ 0

, 1
} S

ig
na

l {
0}

T
op

A
{ 2

, 3
}
+

F
is
{ 2

} T
op

A
+

F
is
{ 0

, 1
} G

y
rA

B
{ 0

, 1
} S

ig
na

l {
0}

+
F
is
{ 2

} G
y
rA

B
{ 0

, 1
}
+

C
ya

{ 0
} F

+
C
rp
{ 0

} F
is
{ 0

}
+

C
ya

{ 0
} F

is
{ 0

, 1
} T

op
A
{ 2

, 3
}
+

C
rp
{ 0

} F
is
{ 0

, 1
} T

op
A

+
C
ya

{ 0
} F

is
{ 0

, 1
} G

y
rA

B
{ 0

, 1
}
+

C
rp
{ 0

} F
is
{ 0

, 1
} G

y
rA

B
{ 0

, 1
}
+

C
rp
{ 1

, 3
} C

ya
F
is
{ 2

} S
ig
na

l {
1}

+
C
rp
{ 2

, 3
} C

ya
{ 1

, 3
} F

is
{ 2

} S
ig
na

l {
1}

+
C
rp
{ 1

, 3
} C

ya
F
is
{ 2

} S
ig
na

l {
1}

+
C
rp
{ 2

, 3
} C

ya
{ 2

, 3
} F

is
{ 2

} S
ig
na

l
F
i s
{ 2

}
=

F
is
{ 3

} G
y
rA

B
{ 0

, 1
}
+

C
rp
{ 1

, 2
, 3
} C

ya
{ 1

, 2
, 3
} F

is
{ 3

} S
ig
na

l {
1}

+
F

T
op

A
{ 2

, 3
}
+

C
rp
{ 0

} F
is
{ 1

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 1

} G
y
rA

B
T
op

A
{ 0

, 1
}
+

F
is
{ 1

} G
y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
F
is
{ 3

}
=

F
is
{ 4

} G
y
rA

B
{ 0

, 1
}
+

C
rp
{ 1

, 2
, 3
} C

ya
{ 1

, 2
, 3
} F

is
{ 4

} S
ig
na

l {
1}

+
F
i s
{ 4

} T
op

A
+

C
rp
{ 0

} F
is
{ 2

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 2

} G
y
rA

B
{ 2

, 3
} T

op
A

+
F
is
{ 2

} G
y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
F
is
{ 4

}
=

F
is
{ 5

}
+

C
rp
{ 0

} F
is
{ 3

, 5
} G

y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 3

, 5
} G

y
rA

B
T
op

A
{ 0

, 1
}
+

F
is
{ 3

, 5
} G

y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
F
is
{ 5

}
=

C
rp
{ 0

} F
is
{ 4

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 4

} G
y
rA

B
{ 2

, 3
} T

op
A

+
F
is
{ 4

} G
y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
G
y
rA

B
{ 0

}
=

F
is
{ 4

, 5
} G

y
rA

B
G
y
rA

B
{ 1

}
=

F
is
{ 4

, 5
} G

y
rA

B
{ 2

}
+

F
is
{ 0

, 1
, 2
, 3
} G

y
rA

B
G
y
rA

B
{ 2

}
=

G
y
rA

B
{ 3

} T
op

A
{ 0

}
+

F
is
{ 0

, 2
, 3
} G

y
rA

B
{ 1

}
+

F
is
{ 0

, 1
} G

y
rA

B
+

F
is
{ 4

, 5
} G

y
rA

B
G
y
rA

B
{ 3

}
=

F
is
{ 0

, 1
, 2
, 3
} G

y
rA

B
{ 2

}
+

F
is
{ 0

, 1
, 2
, 3
} G

y
rA

B
{ 3

} T
op

A
{ 1

T
op

A
{ 0

}
=

T
op

A
{ 1

}
+

G
y
rA

B
{ 0

, 1
} T

op
A
{ 0

, 1
}
+

G
y
rA

B
{ 0

, 1
} T

op
A
{ 0

, 1
}
+

F
is
{ 0

, 2
, 3
} T

op
A

+
F
is
{ 0

, 1
} T

op
A

T
op

A
{ 1

}
=

F
is
{ 4

, 5
} G

y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 2
}
+

T
op

A
T
op

A
{ 2

}
=

T
op

A
R
R
N
{ 0

}
=

F
is
{ 0

, 1
}
+

F
R
R
N
{ 1

}
=

F
is
{

C
rp
{ 1

}
=

C
rp
{ 0

}
+

C
rp
{ 0

, 1
} F

is
{ 2

, 3
, 4
, 5
}
+

C
rp
{ 0

, 2
} F

is
{ 2

, 3
, 4
, 5
}
+

C
rp
{ 0

, 1
} F

is
{

+
C
rp
{ 0

, 2
} F

is
{

C
rp
{ 2

}
=

C
rp
{ 3

} F
is
{ 1

, 2
, 3
, 4
, 5
}
+

C
rp
{ 1

}
C
rp
{ 3

}
=

C
rp
{ 2

, 3
}

C
ya

{ 1
}
=

C
C
ya

{ 2
}
=

C
ya

{ 1
}
+

C
rp
{ 3

} C
ya

{ 1
, 3
}
+

S
ig

C
ya

{ 3
}
=

C
ya

{ 2
, 3
} S

ig
na

l {
0}

+
C
ya

{ 2
}
+

C
rp
{ 0

, 1
} C

ya
{ 2

, 3
}
+

C
rp
{ 0

, 2
} C

y
F
is
{ 0

}
=

C
rp
{ 1

, 2
, 3
} C

ya
{ 1

, 2
, 3
} F

is
{ 0

, 1
} S

ig
F
is
{ 1

}
=

F
is
{ 0

} S
ig
na

l {
0}

+
F
is
{ 0

, 1
} S

ig
na

l {
0}

T
op

A
{ 2

, 3
}
+

F
is
{ 2

} T
op

A
+

F
is
{ 0

, 1
} G

y
rA

B
{ 0

, 1
} S

ig
na

l {
0}

+
F
is
{ 2

} G
y
rA

B
{ 0

, 1
}
+

C
ya

{ 0
}

+
C
rp
{ 0

} F
i s
{ 0

}
+

C
ya

{ 0
} F

is
{ 0

, 1
} T

op
A
{ 2

, 3
}
+

C
rp
{ 0

} F
is
{ 0

, 1
} T

op
A

+
C
ya

{ 0
} F

is
{ 0

, 1
} G

y
rA

B
{ 0

, 1
}
+

C
rp
{ 0

} F
is
{ 0

, 1
} G

y
rA

B
{ 0

, 1
}
+

C
rp
{ 1

, 3
} C

y
F
is
{ 2

} S
ig
na

l {
1}

+
C
rp
{ 2

, 3
} C

ya
{ 1

, 3
} F

is
{ 2

} S
ig
na

l {
1}

+
C
rp
{ 1

, 3
} C

y
F
is
{ 2

} S
ig
na

l {
1}

+
C
rp
{ 2

, 3
} C

ya
{ 2

, 3
} F

is
{ 2

} S
ig

F
is
{ 2

}
=

F
is
{ 3

} G
y
rA

B
{ 0

, 1
}
+

C
rp
{ 1

, 2
, 3
} C

ya
{ 1

, 2
, 3
} F

is
{ 3

} S
ig
na

l {
1}

+
T
op

A
{ 2

, 3
}
+

C
rp
{ 0

} F
is
{ 1

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 1

} G
y
rA

B
T
op

A
{ 0

, 1
}
+

F
is
{ 1

} G
y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
F
is
{ 3

}
=

F
is
{ 4

} G
y
rA

B
{ 0

, 1
}
+

C
rp
{ 1

, 2
, 3
} C

ya
{ 1

, 2
, 3
} F

is
{ 4

} S
ig
na

l {
1}

+
F
is
{ 4

} T
op

A
+

C
rp
{ 0

} F
is
{ 2

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 2

} G
y
rA

B
{ 2

, 3
} T

op
A

+
F
is
{ 2

} G
y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
F
is
{ 4

}
=

F
is
{ 5

}
+

C
rp
{ 0

} F
is
{ 3

, 5
} G

y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 3

, 5
} G

y
rA

B
T
op

A
{ 0

, 1
}
+

F
is
{ 3

, 5
} G

y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
F
is
{ 5

}
=

C
rp
{ 0

} F
is
{ 4

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 4

} G
y
rA

B
{ 2

, 3
} T

op
A

+
F
is
{ 4

} G
y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
G
y
rA

B
{ 0

}
=

F
is
{ 4

, 5
} G

y
rA

B
G
y
rA

B
{ 1

}
=

F
is
{ 4

, 5
} G

y
rA

B
{ 2

}
+

F
is
{ 0

, 1
, 2
, 3
} G

y
r

G
y
rA

B
{ 2

}
=

G
y
rA

B
{ 3

} T
op

A
{ 0

}
+

F
is
{ 0

, 2
, 3
} G

y
rA

B
{ 1

}
+

F
is
{ 0

, 1
} G

y
r

+
F
is
{ 4

, 5
} G

y
r

G
y
rA

B
{ 3

}
=

F
is
{ 0

, 1
, 2
, 3
} G

y
rA

B
{ 2

}
+

F
is
{ 0

, 1
, 2
, 3
} G

y
rA

B
{ 3

} T
op

A
{

T
op

A
{ 0

}
=

T
op

A
{ 1

}
+

G
y
rA

B
{ 0

, 1
} T

op
A
{ 0

, 1
}
+

G
y
rA

B
{ 0

, 1
} T

op
A
{ 0

, 1
}
+

F
is
{ 0

, 2
, 3
} T

op
A

+
F
is
{ 0

, 1
} T

op
A

T
op

A
{ 1

}
=

F
is
{ 4

, 5
} G

y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 2
}
+

T
op

A
T
op

A
{ 2

}
=

T
op

A
R
R
N
{ 0

}
=

F
is
{ 0

, 1
}
+

F
R
R
N
{ 1

}
=

F
is

C
r p
{ 1

}
=

C
rp
{ 0

}
+

C
rp
{ 0

, 1
} F

is
{ 2

, 3
, 4
, 5
}
+

C
rp
{ 0

, 2
} F

is
{ 2

, 3
, 4
, 5
}
+

C
rp
{ 0

, 1
} F

is
+

C
rp
{ 0

, 2
} F

is
C
r p
{ 2

}
=

C
rp
{ 3

} F
is
{ 1

, 2
, 3
, 4
, 5
}
+

C
rp
{ 1

}
C
rp
{ 3

}
=

C
rp
{ 2

, 3
}

C
ya

{ 1
}
=

C
ya

{ 2
}
=

C
ya

{ 1
}
+

C
rp
{ 3

} C
ya

{ 1
, 3
}
+

S
ig

C
ya

{ 3
}
=

C
ya

{ 2
, 3
} S

ig
na

l {
0}

+
C
ya

{ 2
}
+

C
rp
{ 0

, 1
} C

ya
{ 2

, 3
}
+

C
rp
{ 0

, 2
} C

y
F
is
{ 0

}
=

C
rp
{ 1

, 2
, 3
} C

ya
{ 1

, 2
, 3
} F

is
{ 0

, 1
} S

ig
F
is
{ 1

}
=

F
is
{ 0

} S
ig
na

l {
0}

+
F
is
{ 0

, 1
} S

ig
na

l {
0}

T
op

A
{ 2

, 3
}
+

F
is
{ 2

} T
op

A
+

F
is
{ 0

, 1
} G

y
rA

B
{ 0

, 1
} S

ig
na

l {
0}

+
F
is
{ 2

} G
y
rA

B
{ 0

, 1
}
+

C
ya

{ 0
}

+
C
rp
{ 0

} F
is
{ 0

}
+

C
ya

{ 0
} F

is
{ 0

, 1
} T

op
A
{ 2

, 3
}
+

C
rp
{ 0

} F
is
{ 0

, 1
} T

op
A

+
C
ya

{ 0
} F

is
{ 0

, 1
} G

y
rA

B
{ 0

, 1
}
+

C
rp
{ 0

} F
is
{ 0

, 1
} G

y
rA

B
{ 0

, 1
}
+

C
rp
{ 1

, 3
} C

y
F
is
{ 2

} S
ig
na

l {
1}

+
C
rp
{ 2

, 3
} C

ya
{ 1

, 3
} F

is
{ 2

} S
ig
na

l {
1}

+
C
rp
{ 1

, 3
} C

y
F
is
{ 2

} S
ig
na

l {
1}

+
C
rp
{ 2

, 3
} C

ya
{ 2

, 3
} F

is
{ 2

} S
ig

F
is
{ 2

}
=

F
is
{ 3

} G
y
rA

B
{ 0

, 1
}
+

C
rp
{ 1

, 2
, 3
} C

ya
{ 1

, 2
, 3
} F

is
{ 3

} S
ig
na

l {
1}

+
T
op

A
{ 2

, 3
}
+

C
rp
{ 0

} F
is
{ 1

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 1

} G
y
rA

B
T
op

A
{ 0

, 1
}
+

F
is
{ 1

} G
y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
F
is
{ 3

}
=

F
is
{ 4

} G
y
rA

B
{ 0

, 1
}
+

C
rp
{ 1

, 2
, 3
} C

ya
{ 1

, 2
, 3
} F

is
{ 4

} S
ig
na

l {
1}

+
F
is
{ 4

} T
op

A
+

C
rp
{ 0

} F
i s
{ 2

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 2

} G
y
rA

B
{ 2

, 3
} T

op
A

+
F
is
{ 2

} G
y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
F
is
{ 4

}
=

F
is
{ 5

}
+

C
rp
{ 0

} F
is
{ 3

, 5
} G

y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 3

, 5
} G

y
rA

B
T
op

A
{ 0

, 1
}
+

F
is
{ 3

, 5
} G

y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
F
is
{ 5

}
=

C
rp
{ 0

} F
is
{ 4

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 4

} G
y
rA

B
{ 2

, 3
} T

op
A

+
F
is
{ 4

} G
y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
G
y
rA

B
{ 0

}
=

F
is
{ 4

, 5
} G

y
rA

B
G
y
rA

B
{ 1

}
=

F
is
{ 4

, 5
} G

y
rA

B
{ 2

}
+

F
is
{ 0

, 1
, 2
, 3
} G

y
r

G
y
rA

B
{ 2

}
=

G
y
rA

B
{ 3

} T
op

A
{ 0

}
+

F
is
{ 0

, 2
, 3
} G

y
rA

B
{ 1

}
+

F
is
{ 0

, 1
} G

y
r

+
F
is
{ 4

, 5
} G

y
r

G
y
rA

B
{ 3

}
=

F
is
{ 0

, 1
, 2
, 3
} G

y
rA

B
{ 2

}
+

F
is
{ 0

, 1
, 2
, 3
} G

y
rA

B
{ 3

} T
op

A
{

T
op

A
{ 0

}
=

T
op

A
{ 1

}
+

G
y
rA

B
{ 0

, 1
} T

op
A
{ 0

, 1
}
+

G
y
rA

B
{ 0

, 1
} T

op
A
{ 0

, 1
}
+

F
is
{ 0

, 2
, 3
} T

op
A

+
F
is
{ 0

, 1
} T

op
A

T
op

A
{ 1

}
=

F
is
{ 4

, 5
} G

y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 2
}
+

T
T
op

A
{ 2

}
=

T
R
R
N
{ 0

}
=

F
is
{ 0

, 1
}
+

F
is
{ 0

, 2
R
R
N
{ 1

}
=

F
is
{ 3

, 4
, 5

C
rp
{ 1

}
=

C
rp
{ 0

}
+

C
rp
{ 0

, 1
} F

is
{ 2

, 3
, 4
, 5
}
+

C
rp
{ 0

, 2
} F

is
{ 2

, 3
, 4
, 5
}
+

C
rp
{ 0

, 1
} F

is
{ 1

, 4
, 5

+
C
rp
{ 0

, 2
} F

is
{ 1

, 4
, 5
}

C
rp
{ 2

}
=

C
rp
{ 3

} F
is
{ 1

, 2
, 3
, 4
, 5
}
+

C
rp
{ 1

} F
is
{ 0

}
C
rp
{ 3

}
=

C
rp
{ 2

, 3
} F

is
{ 0

}
C
ya

{ 1
}
=

C
ya

{ 0
}

C
ya

{ 2
}
=

C
ya

{ 1
}
+

C
rp
{ 3

} C
ya

{ 1
, 3
}
+

S
ig
na

l {
1}

C
ya

{ 3
}
=

C
ya

{ 2
, 3
} S

ig
na

l {
0}

+
C
ya

{ 2
}
+

C
rp
{ 0

, 1
} C

ya
{ 2

, 3
}
+

C
rp
{ 0

, 2
} C

ya
{ 2

, 3
}

F
is
{ 0

}
=

C
rp
{ 1

, 2
, 3
} C

ya
{ 1

, 2
, 3
} F

is
{ 0

, 1
} S

ig
na

l {
1}

F
is
{ 1

}
=

F
is
{ 0

} S
ig
na

l {
0}

+
F
is
{ 0

, 1
} S

ig
na

l {
0}

T
op

A
{ 2

, 3
}
+

F
is
{ 2

} T
op

A
{ 2

, 3
}

+
F
is
{ 0

, 1
} G

y
rA

B
{ 0

, 1
} S

ig
na

l {
0}

+
F
is
{ 2

} G
y
rA

B
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 0

}
+

C
rp
{ 0

} F
is
{ 0

}
+

C
ya

{ 0
} F

is
{ 0

, 1
} T

op
A
{ 2

, 3
}
+

C
rp
{ 0

} F
is
{ 0

, 1
} T

op
A
{ 2

, 3
}

+
C
ya

{ 0
} F

is
{ 0

, 1
} G

y
rA

B
{ 0

, 1
}
+

C
rp
{ 0

} F
is
{ 0

, 1
} G

y
rA

B
{ 0

, 1
}
+

C
rp
{ 1

, 3
} C

ya
{ 1

, 3
}

F
is
{ 2

} S
ig
na

l {
1}

+
C
rp
{ 2

, 3
} C

ya
{ 1

, 3
} F

is
{ 2

} S
ig
na

l {
1}

+
C
rp
{ 1

, 3
} C

ya
{ 2

, 3
}

F
is
{ 2

} S
ig
na

l {
1}

+
C
rp
{ 2

, 3
} C

ya
{ 2

, 3
} F

is
{ 2

} S
ig
na

l {
1}

F
is
{ 2

}
=

F
is
{ 3

} G
y
rA

B
{ 0

, 1
}
+

C
rp
{ 1

, 2
, 3
} C

ya
{ 1

, 2
, 3
} F

is
{ 3

} S
ig
na

l {
1}

+
F
is
{ 3

}
T
op

A
{ 2

, 3
}
+

C
rp
{ 0

} F
is
{ 1

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 1

} G
y
rA

B
{ 2

, 3
}

T
op

A
{ 0

, 1
}
+

F
is
{ 1

} G
y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
{ 0

, 1
}

F
is
{ 3

}
=

F
is
{ 4

} G
y
rA

B
{ 0

, 1
}
+

C
rp
{ 1

, 2
, 3
} C

ya
{ 1

, 2
, 3
} F

is
{ 4

} S
ig
na

l {
1}

+
F
is
{ 4

} T
op

A
{ 2

, 3
}

+
C
rp
{ 0

} F
is
{ 2

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 2

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}

+
F
is
{ 2

} G
y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
{ 0

, 1
}

F
is
{ 4

}
=

F
is
{ 5

}
+

C
rp
{ 0

} F
is
{ 3

, 5
} G

y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 3

, 5
} G

y
rA

B
{ 2

, 3
}

T
op

A
{ 0

, 1
}
+

F
is
{ 3

, 5
} G

y
rA

B
{ 2

, 3
} S

ig
na

l {
0}

T
op

A
{ 0

, 1
}

F
is
{ 5

}
=

C
rp
{ 0

} F
is
{ 4

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}
+

C
ya

{ 0
} F

is
{ 4

} G
y
rA

B
{ 2

, 3
} T

op
A
{ 0

, 1
}

RRN
{0..2}

Fis
{0..5}‘rrn

rrn’

�s’

‘�s

Transition guard logic for RRN:

Wide range of analysis techniques for model:
  - simulation: does model behave as expected?,
  - dynamic properties, e.g. reachability, model
    checking, mutual exclusion,
  - mutant analysis: investigate knocking out and
    overexpressing key entities.

adapted from [2]

Compare with Boolean model [1] of same data.
Some differences noted, e.g.  mutant analysis.

How much detail does model need?
Is multi-valued model representable in Boolean
domain? -> Refinement
Refinement produces simpler models, which
are easier to understand and analyse.
But: some details are abstracted away - trade off!
This work will be reported elsewhere.

En tit y K O OE K O (s) OE (s)
CRP Yes Yes Yes (Y es)
Cy a Yes Yes Yes (Y es)

Gyr AB No Yes No (Y es)
TopA Yes No (Y es) No

Strengthened tools and techniques for multi-
valued models:
  - high-level Petri net semantics,
  - investigated applying Petri net analysis 
    techniques to case study.
Approach automated using GNaPN tool.
Initial investigation into formal relationship 
between Boolean and multi-valued models.
Future work: 
  - automatic construction of refinements,
  - compositional model construction and analysis,
  - investigate application of temporal logics.

[1] L.J.Steggles et.al. Modelling and analysing genetic regulatory networks: From Boolean networks to Petri nets. CMSB’06, LNCS 4210, pp 127-141, Springer, 2006.
[2] D. Ropers et.al. Qualitative simulation of the carbon starvation response in Escherichia coli. Bio. Systems, 84(2): 124-152, 2006.

     A high-level Petri net framework for
multi-valued genetic regulatory networks

    Richard Banks and L. Jason Steggles
School of Computing Science, Newcastle University, UK

Dynamic properties
Q: can RRN turn on when Signal is active?
Solution: 
  - initialise model with RRN off and
    Signal active,
  - use reachability analysis to check whether
    following constraint holds: RRN > 0,
  - result shows that constraint does not hold.
 

 

bioinf.ncl.ac.uk/gnapn

Simulation
Q: does model switch from exponential to 
stationary growth phase with carbon stress?
Solution: Start in exponential growth state and 
turn Signal on.

R R N 1 1 1 0 0 0 0 0 0
C rp 1 1 1 1 1 2 3 3 3
C ya 3 3 3 3 3 3 3 3 3
T opA 0 0 0 0 0 0 0 0 0
F is 4 3 2 1 0 0 0 0 0

S ignal 1 1 1 1 1 1 1 1 1
Gy rAB 2 3 2 3 2 3 2 3 2

Attractor cycle (last 2 cols.) reached representing
physiological conditions of stationary phase. 

Solution: apply high-level Petri net techniques 
                 to multi-valued networks

(rrn’ = 0 & (’fis=0 | ‘fis=1) | (’fis=0 | ‘fis=2)) |
            (rrn’ = 1 & (’fis=3 | ‘fis=4 | ’fis=5))

Mutant analysis

En tit y K O OE K O (s) OE (s)
CRP Yes Yes Yes No
Cy a Yes Yes Yes No

Gyr AB No Yes No No
TopA Yes No No No

Q: what affect does knock out and 
overexpression of crp, cya, gyrAB and topA on
production of Fis?
Solution: consider two cases:
  - no carbon stress (Signal inactive): is Fis 
    prevented from being active?,
  - carbon stress (Signal active): can Fis be
    active?

Results appear consistent with literature.


