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• Systems Biology encouraged the modelling of bio-systems 

• detailed mechanistic & kinetic descriptions 

• ignore spatial aspects 

• But space matters: 

• Integration of spatial aspects in existing models is not straightforward 

➡ models have to be rebuild 

Background
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• Extend models with spatial information to keep track of 
position and movement 

• Biomolecule-centred modularisation of models 

➡Biomodelkit Framework
A module describes the functionality and interaction of a 

biomolecule in the form of a Petri net

Our Idea
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BMK-Framework

Modules

Biomodelkit 
Database

Set of
 Modules

Spatial 
Models

Wildtype/ 

Alternative 

Models

Model-based 
Predictions

Gene
Modules

mRNA
Modules

Protein
Modules

Protein
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Modules

Causal 
Influence
Modules
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Influence
Modules

Biomolecular Systems

Experimental 
Data

Boolean 
Networks

Molecular 
Mechanisms

SBML 
Models

<sbml>
...
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Forward 
Engineering
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Engineering
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Upload
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High-Throughput 
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Add Modules to Collection

+ Algorithmic Mutation

+ Space-Attributes
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Running Example 

LBD Y

Protein BProtein A

LBDCD
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Running Example 

LBD Y

Protein BProtein A

LBDCD

LBD YP

Protein BProtein A

LBD

CD
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Running Example 

LBD Y

Protein BProtein A

LBDCD

LBD YP

Protein BProtein A

LBD

CD

SH2

Protein C
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Running Example 

LBD Y

Protein BProtein A

LBDCD

LBD YP

Protein BProtein A

LBD

CD

SH2

Protein C

SH2

Protein C

LBD YP

Protein BProtein A

LBD

CD

SH2

Protein C

LBD YP

Protein B
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Modules of the Running Example

Module of Protein BModule of Protein A

ProteinA LBD ProteinA LBD

ProteinB LBD ProteinB LBD

ProteinA LBD ProteinB LBD ProteinA LBD ProteinB LBD

ProteinA CD active ProteinA CD active

ProteinB TYRp

ProteinB TYRp

ProteinA CD inactive

ProteinB TYRp ProteinC SH2 ProteinC SH2ProteinB TYR ProteinB TYR

AB t3 AB t3

AB t1 AB t1AB t2 AB t2

A t2 A t1

BC t2

BC t1

LBD Y

Protein BProtein A

LBDCD LBD Y

Protein BProtein A

LBDCD
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• Define a grid for each component (1D,2D or 3D) 

• e.g. 2D Grid: xDimA = 10, yDimA = 10 

• Set a local position for each component 

• e.g. A(3,8), B(4,5), C(9,3)

Step 1: Explicit Encoding of Local Positions

LBD Y

Protein B

Protein A

LBDCD

P(XA,YA)

P(Xc,Yc)

P(XB,YB)

SH2

Protein C
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• Define a grid for each component (1D,2D or 3D) 

• e.g. 2D Grid: xDimA = 10, yDimA = 10 

• Set a local position for each component 

• e.g. A(3,8), B(4,5), C(9,3)

Step 1: Explicit Encoding of Local Positions
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• Define a grid for each component (1D,2D or 3D) 

• e.g. 2D Grid: xDimA = 10, yDimA = 10 

• Set a local position for each component 

• e.g. A(3,8), B(4,5), C(9,3)

Step 1: Explicit Encoding of Local Positions

Add a place for each component and axis
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Step 1: Explicit Encoding of Local Positions
Module of Protein BModule of Protein A

ProteinA LBD ProteinA LBD

ProteinB LBD ProteinB LBD

ProteinA LBD ProteinB LBD ProteinA LBD ProteinB LBD

ProteinA CD active ProteinA CD active

ProteinB TYRp

ProteinB TYRp

ProteinA CD inactive

ProteinB TYRp ProteinC SH2 ProteinC SH2ProteinB TYR ProteinB TYR

AB t3 AB t3

AB t1 AB t1AB t2 AB t2

A t2 A t1

BC t2

BC t1

XY-Position of Protein CXY-Position of Protein BXY-Position of Protein A

ProteinB YProteinA YProteinA X ProteinB X

4

ProteinC X

4

ProteinC Y
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• Components can only interact if they fulfil a defined neighbourhood relation 

• Define a neighbourhood relation 

• e.g. local positions of components must be identical

Step 2: Local Restriction of Interactions

LBD YP

Protein BProtein A

LBD

CD

SH2

Protein C

LBD YP

Protein BProtein A

LBD

CD

SH2

Protein C

LBD YP

Protein B
X

X
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• Components can only interact if they fulfil a defined neighbourhood relation 

• Define a neighbourhood relation 

• e.g. local positions of components must be identical

Step 2: Local Restriction of Interactions
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• Components can only interact if they fulfil a defined neighbourhood relation 

• Define a neighbourhood relation 

• e.g. local positions of components must be identical

Step 2: Local Restriction of Interactions

For each transition representing an interaction: 

- add coordinate places of interacting components 

- multiply firing-rate with a boolean expression evaluating the distance 
between the interacting components
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Step 2: Local Restriction of Interactions
Module of Protein BModule of Protein A

ProteinA LBD ProteinA LBD

ProteinB LBD ProteinB LBD

ProteinA LBD ProteinB LBD ProteinA LBD ProteinB LBD

ProteinA CD active ProteinA CD active

ProteinB TYRp

ProteinB TYRp

ProteinA CD inactive

ProteinB TYRp ProteinC SH2 ProteinC SH2ProteinB TYR ProteinB TYR

AB t3 AB t3

AB t1 AB t1AB t2 AB t2

A t2 A t1

BC t2

BC t1

Restricted Interaction - Only if ProteinB (X,Y) = ProteinC (X,Y)

Restricted Interaction - Only if ProteinA (X,Y) = ProteinB (X,Y)

ProteinB YProteinB Y

ProteinB Y ProteinB Y ProteinB YProteinA Y ProteinA Y ProteinA Y

ProteinA X ProteinA X ProteinA X

ProteinB XProteinB X

ProteinB X ProteinB X ProteinB X

ProteinC XProteinC X

ProteinC Y ProteinC Y

AB t3AB t1 AB t2

BC t2BC t1
4

4

4

4

(ProteinA_X = ProteinB_X) & (ProteinA_Y = ProteinB_Y)*h(t)
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Step 2: Local Restriction of Interactions
Module of Protein BModule of Protein A

ProteinA LBD ProteinA LBD

ProteinB LBD ProteinB LBD

ProteinA LBD ProteinB LBD ProteinA LBD ProteinB LBD

ProteinA CD active ProteinA CD active

ProteinB TYRp

ProteinB TYRp

ProteinA CD inactive

ProteinB TYRp ProteinC SH2 ProteinC SH2ProteinB TYR ProteinB TYR

AB t3 AB t3

AB t1 AB t1AB t2 AB t2

A t2 A t1

BC t2

BC t1

Restricted Interaction - Only if ProteinB (X,Y) = ProteinC (X,Y)

Restricted Interaction - Only if ProteinA (X,Y) = ProteinB (X,Y)

ProteinB YProteinB Y

ProteinB Y ProteinB Y ProteinB YProteinA Y ProteinA Y ProteinA Y

ProteinA X ProteinA X ProteinA X

ProteinB XProteinB X

ProteinB X ProteinB X ProteinB X

ProteinC XProteinC X

ProteinC Y ProteinC Y

AB t3AB t1 AB t2

BC t2BC t1
4

4

4

4

(ProteinB_X = ProteinC_X) & (ProteinB_Y = ProteinC_Y)*h(t)
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Step 3: Explicit Encoding of Local Position Changes

LBD Y

Protein B

Protein A

LBDCD

P(XA,YA)

P(Xc,Yc)

P(XB,YB)

SH2

Protein C

LBD YP

Protein BProtein A

LBD

CD

SH2

Protein C

LBD YP

Protein BProtein A

LBD

CD

SH2

Protein C

LBD YP

Protein B

Case 1: Movement of components as a single entity

Case 2: Movement of components as complex
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• Movement along the axes in respect to the defined grid size 

• e.g. 2D-Grid -> 2 direction of movement per axis 

• Movement only if all interaction sites are unused 

• e.g. Protein B is not allowed to interact with Protein A or Protein C

Case 1: Movement of components as a single entity

LBD Y

Protein B

Protein A

LBDCD

P(XA,YA)

P(Xc,Yc)

P(XB,YB)

SH2

Protein C
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• Movement along the axes in respect to the defined grid size 

• e.g. 2D-Grid -> 2 direction of movement per axis 

• Movement only if all interaction sites are unused 

• e.g. Protein B is not allowed to interact with Protein A or Protein C

Case 1: Movement of components as a single entity
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• Movement along the axes in respect to the defined grid size 

• e.g. 2D-Grid -> 2 direction of movement per axis 

• Movement only if all interaction sites are unused 

• e.g. Protein B is not allowed to interact with Protein A or Protein C

Case 1: Movement of components as a single entity

For each component: 

- add two transitions per axis to increase/decrease the value of the coordinate 
places in respect to the grid size 

- connect places representing interaction states of the components via 
inhibitory arcs
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Case 1: Movement of components as a single entity
Movement of Protein CMovement of Protein BMovement of Protein A

ProteinA LBD ProteinB LBD

ProteinA LBD ProteinB LBD

ProteinA LBD ProteinB LBD

ProteinA LBD ProteinB LBD

ProteinB Y

ProteinB TYRp ProteinC SH2

ProteinB TYRp ProteinC SH2

ProteinB TYRp ProteinC SH2

ProteinB TYRp ProteinC SH2

ProteinA Y

ProteinA X ProteinB X ProteinC X

ProteinC Y

XL A XR A

YU AYD A YL B YD B

XR BXL B

YD A YU A

XR AXL A

2

2

2

2 2

2xDimA

yDimA

xDimB

yDimB yDimC

xDimC

4

4
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Step 3: Explicit Encoding of Local Position Changes

LBD Y

Protein B

Protein A

LBDCD

P(XA,YA)

P(Xc,Yc)

P(XB,YB)

SH2

Protein C

LBD YP

Protein BProtein A

LBD

CD

SH2

Protein C

LBD YP

Protein BProtein A

LBD

CD

SH2

Protein C

LBD YP

Protein B

Case 1: Movement of components as a single entity

Case 2: Movement of components as complex
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LBD YP

Protein BProtein A

LBD

CD

SH2

Protein C

LBD YP

Protein BProtein A

LBD

CD

SH2

Protein C

LBD YP

Protein B

• Determine all possible complexes 

• e.g. Protein A + Protein B, Protein B + Protein C, Protein A + Protein B + Protein C  

• Movement only if the corresponding interaction sites of interacting components in a complex are 
used and all other are unused 

• e.g. Protein A + Protein B can only move if they interact with each other, but not with Protein C 

• Update local positions of all components forming a complex simultaneously

Case 2: Movement of components as complex
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• Determine all possible complexes 

• e.g. Protein A + Protein B, Protein B + Protein C, Protein A + Protein B + Protein C  

• Movement only if the corresponding interaction sites of a complex are used and all other are 
unused 

• e.g. Protein A + Protein B can only move if they interact with each other, but not with Protein C 

• Update local positions of all components forming a complex simultaneously

Case 2: Movement of components as complex
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• Determine all possible complexes 

• e.g. Protein A + Protein B, Protein B + Protein C, Protein A + Protein B + Protein C  

• Movement only if the corresponding interaction sites of a complex are used and all other are 
unused 

• e.g. Protein A + Protein B can only move if they interact with each other, but not with Protein C 

• Update local positions of all components forming a complex simultaneously

Case 2: Movement of components as complex

For each complex: 

- add two transitions per axis to increase/decrease the value of the coordinate 
places of the interacting components in respect to the grid size 

- connect places representing the respective interaction via test arcs 

- connect places representing interaction with other components via inhibitory arcs
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Case 2: Movement of components as complex
Movement of complex ProteinA ProteinB ProteinCMovement of complex ProteinB ProteinCMovement of complex ProteinA ProteinB

ProteinA LBD ProteinB LBD

ProteinA LBD ProteinB LBD ProteinA LBD ProteinB LBD

ProteinA LBD ProteinB LBD ProteinA LBD ProteinB LBD

ProteinA LBD ProteinB LBD

ProteinB Y ProteinB Y ProteinB Y

ProteinB TYRp ProteinC SH2

ProteinB TYRp ProteinC SH2 ProteinB TYRp ProteinC SH2

ProteinB TYRp ProteinC SH2 ProteinB TYRp ProteinC SH2

ProteinB TYRp ProteinC SH2

ProteinA Y

ProteinA Y

ProteinA X

ProteinA X

ProteinB X ProteinB X ProteinB X

ProteinC X ProteinC X

ProteinC Y ProteinC Y

YL AB YD AB

XR ABXL AB XL BC XR BC

YU BCYD BC YD ABC YU ABC

XR ABCXL ABC

2

2

2

2 2

2

2

2 2

2

2

2

yDimA

xDimA

yDimB

xDimB xDimB

yDimB

xDimC

yDimC yDimC

xDimC

yDimB

xDimB

xDimA

yDimA

4 4

4 4
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• Define a number of instances for each component 

• e.g. numA = 3, numB= 3, numC = 3 

•  Duplicate the previously defined networks according to the number of 
instances

Explicit Encoding of Component Instances

LBD Y

Protein B

Protein A

LBDCD

P(XA,YA)

P(Xc,Yc)

P(XB,YB)

SH2

Protein C

numA x

numB x

x numC
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• Define a number of instances for each component 

• e.g. numA = 3, numB= 3, numC = 3 

•  Duplicate the previously defined networks according to the number of 
instances

Explicit Encoding of Component Instances
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• Define a number of instances for each component 

• e.g. numA = 3, numB= 3, numC = 3 

•  Duplicate the previously defined networks according to the number of 
instances

Explicit Encoding of Component Instances

- For each component define a simple colour-set and variable,  
- Add simple colour-sets to places representing non-interaction states 

- For each interaction define a product colour-set based on the respective 
simple colour-sets

- Add product colour-sets to all places representing the respective interaction

Application of coloured Petri nets:



Mary-Ann Blätke, Christian Rohr - BioPPN 2015

• Define a simple colour-set and a variable for each component  

• Protein A -> csProteinA:= int, 1-numA; csProteinA A 

• Protein B -> csProteinB:= int, 1-numB; csProteinB B 

• Protein C -> csProteinC:= int, 1-numC; csProteinC C

Applying Coloured Petri Nets

Restricted Interaction - Only if ProteinB (X,Y) = ProteinC (X,Y)

XY-Position of Protein C

Restricted Interaction - Only if ProteinA (X,Y) = ProteinB (X,Y)

XY-Position of Protein BXY-Position of Protein A

Module of Protein BModule of Protein A

csProteinA
1‘all()ProteinA LBD

csProteinA
1‘all()ProteinA LBD

csProteinB 1‘all()ProteinB LBD csProteinB 1‘all()ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA
ProteinA CD active

csProteinA
ProteinA CD active

csProteinB
ProteinB TYRp

csProteinB
ProteinB TYRp

csProteinBcsProteinB

csProteinB

3‘all()3‘all()

3‘all()
9

ProteinB YProteinB Y

ProteinB Y

csProteinB

3‘all()

9

ProteinB Y

csProteinB

3‘all()
9 ProteinB Y

csProteinB

3‘all()
9 ProteinB Y

csProteinA
1‘all()ProteinA CD inactive

csProteinB ProteinC
ProteinB TYRp ProteinC SH2

csProteinC

1‘all()
ProteinC SH2

csProteinA

1‘all()
ProteinA Y

csProteinA

1‘all()
ProteinA Y

csProteinA

1‘all()
ProteinA Y

csProteinA

1‘all()
ProteinA Y

csProteinA

1‘all()
ProteinA X

csProteinA

1‘all()
ProteinA X

csProteinA

1‘all()
ProteinA X

csProteinA

1‘all()
ProteinA X

csProteinBcsProteinB

csProteinB

3‘all()3‘all()

3‘all()
9

ProteinB XProteinB X

ProteinB X

csProteinB

3‘all()

9

ProteinB X

csProteinB

3‘all()
9 ProteinB X

csProteinB

3‘all()
9 ProteinB X

csProteinB csProteinB
1‘all()1‘all()ProteinB TYR ProteinB TYR

csProteinCcsProteinC

csProteinC

4‘all()4‘all()

4‘all()

12

ProteinC XProteinC X

ProteinC X

csProteinC csProteinC

csProteinC

4‘all() 4‘all()

4‘all()

12

ProteinC Y ProteinC Y

ProteinC Y

AB t3 AB t3

AB t3AB t1

AB t1 AB t1

AB t2

AB t2 AB t2

A t2 A t1

BC t2

BC t2BC t1

BC t1

AA

B B

(A,B)

(A,B)

(A,B)(A,B)

A A

B

B

B

B

AA

AA

(B,C)
C B

BC
(B,C)

B B

(A,B)

(A,B)

A A

A

A

A

A

A

A B

B

B

B

B

B

CC BB

BB CC
9

9

9

9

12

12

12

12
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• Define a product colour-set for each interaction 

• Protein A + Protein B -> csProteinA__ProteinB := product csProteinA, csProteinB 

• Protein B + Protein C -> csProteinB__ProteinC := product csProteinB, csProteinC

Applying Coloured Petri Nets

Restricted Interaction - Only if ProteinB (X,Y) = ProteinC (X,Y)

XY-Position of Protein C

Restricted Interaction - Only if ProteinA (X,Y) = ProteinB (X,Y)

XY-Position of Protein BXY-Position of Protein A

Module of Protein BModule of Protein A

csProteinA
1‘all()ProteinA LBD

csProteinA
1‘all()ProteinA LBD

csProteinB 1‘all()ProteinB LBD csProteinB 1‘all()ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA
ProteinA CD active

csProteinA
ProteinA CD active

csProteinB
ProteinB TYRp

csProteinB
ProteinB TYRp

csProteinBcsProteinB

csProteinB

3‘all()3‘all()

3‘all()
9

ProteinB YProteinB Y

ProteinB Y

csProteinB

3‘all()

9

ProteinB Y

csProteinB

3‘all()
9 ProteinB Y

csProteinB

3‘all()
9 ProteinB Y

csProteinA
1‘all()ProteinA CD inactive

csProteinB ProteinC
ProteinB TYRp ProteinC SH2

csProteinC

1‘all()
ProteinC SH2

csProteinA

1‘all()
ProteinA Y

csProteinA

1‘all()
ProteinA Y

csProteinA

1‘all()
ProteinA Y

csProteinA

1‘all()
ProteinA Y

csProteinA

1‘all()
ProteinA X

csProteinA

1‘all()
ProteinA X

csProteinA

1‘all()
ProteinA X

csProteinA

1‘all()
ProteinA X

csProteinBcsProteinB

csProteinB

3‘all()3‘all()

3‘all()
9

ProteinB XProteinB X

ProteinB X

csProteinB

3‘all()

9

ProteinB X

csProteinB

3‘all()
9 ProteinB X

csProteinB

3‘all()
9 ProteinB X

csProteinB csProteinB
1‘all()1‘all()ProteinB TYR ProteinB TYR

csProteinCcsProteinC

csProteinC

4‘all()4‘all()

4‘all()

12

ProteinC XProteinC X

ProteinC X

csProteinC csProteinC

csProteinC

4‘all() 4‘all()

4‘all()

12

ProteinC Y ProteinC Y

ProteinC Y

AB t3 AB t3

AB t3AB t1

AB t1 AB t1

AB t2

AB t2 AB t2

A t2 A t1

BC t2

BC t2BC t1

BC t1

AA

B B

(A,B)

(A,B)

(A,B)(A,B)

A A

B

B

B

B

AA

AA

(B,C)
C B

BC
(B,C)

B B

(A,B)

(A,B)

A A

A

A

A

A

A

A B

B

B

B

B

B

CC BB

BB CC
9

9

9

9

12

12

12

12
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Applying Coloured Petri Nets

Restricted Interaction - Only if ProteinB (X,Y) = ProteinC (X,Y)

XY-Position of Protein C

Restricted Interaction - Only if ProteinA (X,Y) = ProteinB (X,Y)

XY-Position of Protein BXY-Position of Protein A

Module of Protein BModule of Protein A

csProteinA
1‘all()ProteinA LBD

csProteinA
1‘all()ProteinA LBD

csProteinB 1‘all()ProteinB LBD csProteinB 1‘all()ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA
ProteinA CD active

csProteinA
ProteinA CD active

csProteinB
ProteinB TYRp

csProteinB
ProteinB TYRp

csProteinBcsProteinB

csProteinB

3‘all()3‘all()

3‘all()
9

ProteinB YProteinB Y

ProteinB Y

csProteinB

3‘all()

9

ProteinB Y

csProteinB

3‘all()
9 ProteinB Y

csProteinB

3‘all()
9 ProteinB Y

csProteinA
1‘all()ProteinA CD inactive

csProteinB ProteinC
ProteinB TYRp ProteinC SH2

csProteinC

1‘all()
ProteinC SH2

csProteinA

1‘all()
ProteinA Y

csProteinA

1‘all()
ProteinA Y

csProteinA

1‘all()
ProteinA Y

csProteinA

1‘all()
ProteinA Y

csProteinA

1‘all()
ProteinA X

csProteinA

1‘all()
ProteinA X

csProteinA

1‘all()
ProteinA X

csProteinA

1‘all()
ProteinA X

csProteinBcsProteinB

csProteinB

3‘all()3‘all()

3‘all()
9

ProteinB XProteinB X

ProteinB X

csProteinB

3‘all()

9

ProteinB X

csProteinB

3‘all()
9 ProteinB X

csProteinB

3‘all()
9 ProteinB X

csProteinB csProteinB
1‘all()1‘all()ProteinB TYR ProteinB TYR

csProteinCcsProteinC

csProteinC

4‘all()4‘all()

4‘all()

12

ProteinC XProteinC X

ProteinC X

csProteinC csProteinC

csProteinC

4‘all() 4‘all()

4‘all()

12

ProteinC Y ProteinC Y

ProteinC Y

AB t3 AB t3

AB t3AB t1

AB t1 AB t1

AB t2

AB t2 AB t2

A t2 A t1

BC t2

BC t2BC t1

BC t1

AA

B B

(A,B)

(A,B)

(A,B)(A,B)

A A

B

B

B

B

AA

AA

(B,C)
C B

BC
(B,C)

B B

(A,B)

(A,B)

A A

A

A

A

A

A

A B

B

B

B

B

B

CC BB

BB CC
9

9

9

9

12

12

12

12

Movement of complex ProteinAProteinB ProteinCMovement of complex ProteinB ProteinC

Movement of Protein CMovement of Protein BMovement of Protein A

Movement of complex ProteinAProteinB

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinA ProteinB
ProteinA LBD ProteinB LBD

csProteinB

3‘all()
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• Model parameter: 

• 5x5 2D-Grid for each component 

• 3 instances per component 

• Model size: 

• |P|=57, |T|=267, |A|=1992

Stochastic Simulation
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Stochastic Simulation
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• Spatial Transformation Algorithm 

1. Explicit encoding of local positions 

2. Local restriction of interactions 

3. Explicit encoding of local position changes 

4. Explicit encoding of component instances using coloured Petri nets 

• No interference with the model structure 

➡ Transformation is reversible 

• Not restricted to discrete space 

➡ Representation of continuous space by the use of continuous places

Summary
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Summary
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Automatable: Feature in the next release of the BMKdb

Versatile, unifying framework for  
multi-scale biomodel engineering
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• The unfolded model scales with: 

• number of axes (1D, 2D, 3D) 

• number of instances and the resulting number of complexes among the 
components

Scaling Properties

Number of 
Instances n = 1 n =5 n = 10 n = 50 n = 100

Places 15 115 330 5650 21300

Transitions 31 895 5440 533200 4131400

Arcs 160 6880 42760 4253800 33007600

Unfolding 
Time (s) 0.124 0.305 1.536 180.763 1608.802

CPU: 2 x 2.66 GHz 6-Core Intel Xeon, RAM: 24 GB 1333 MHz DDR3 ECC, OS: MacOS X 10.10, Software: Snoopy (IDD-based unfolding) 
 


