Tutorial Manual for Bifurcation Discovery Tool
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How to optimize the parameter values of a model to obtain oscillations?
1. Load the SBML model, whose parameter values you want to optimize into JDesigner. The picture below shows the Kholodenko’s MAP kinase model (BorisEJB.xml) loaded into JDesigner. (Please download the Models.zip file from the Bifurcation Discovery Tool Software site; it contains all the sbml models that are used in this tutorial).
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Figure 1: BorisEJB.xml loaded into JDesigner

2. Now, click on Bifurcation Discovery Tool in the SBW Menu.
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Figure 2: Selecting Bifurcation Discovery Tool in SBW drop down menu

3. Your desktop taskbar will now contain a new window – Biospice Bifurcation Discovery Tool.
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Figure 3: Bifurcation Discovery Tool window minimized in the Desktop taskbar

4. Click on the window to maximize it.
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Figure 4: Bifurcation Discovery Tool Graphical User Interface
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5. Click on button. That will bring up a dialog box, which allows to 

set values for different parameters of Genetic Algorithm (Note the distinction, these are not model parameters, rather they are program parameters). 
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Figure 5: Configuration Dialog box

Note: The default values in the dialog box works for most models, for some models you need to tweak these parameter values to optimize the model. 

6. Now you can use the check boxes in the enabled column to select/deselect the parameters you want to optimize. By default all the parameters of the model will be selected, you can deselect the parameters you do not want to fit by clicking twice on the check box. 

· - Indicates that the parameter will be optimized.
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 - Indicates that the parameter will not be optimized.
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7. Click on the button to start the optimization process.

8. The plotter on the left hand side gets updated after each iteration of Genetic Algorithm.
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Figure 6: Fitness value of the objective function vs. Iteration

The plotter also contains a label for Real (Eigen value with lowest real part).

9. The eigen values after each iteration are displayed in the lower right hand corner of the window pane. The user needs to monitor these eigen values constantly. If you notice an eigen value with the absolute value of real part less than 10-3 and the difference between the real part and imaginary part is of three orders of magnitude (i.e., Img(eigenVal) > 10+3 x Re(eigenVal) )  then you might be in the oscillatory region. 
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Figure 7: Eigen values after one complete iteration

11. The user can stop the optimization process at any time by clicking on the 
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button.
10. If you think you are in the oscillatory region you can stop the optimization process and check whether you get oscillations with those parameters are not, by selecting the tab ‘Test parameters for Oscillator’ on the top left hand corner.
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Figure 8: Test Parameters for oscillator Tab
11.  You can then select the parameters to be tested for oscillatory behavior by enabling the check boxes in the new window pane. Once you are done with the selecting/deselecting the parameters you can press the start button to carry out the test process. The results will be displayed in isHopf? column. See the figure below.
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Figure 9: Test results for Hopf Bifurcation.

12. You can get back to the configuration pane by clicking on the tab ‘Configuration’ on the top right hand corner.
13. You can now export the optimized values to JDesigner by clicking on the [image: image15.png]Export



 button in the configuration pane or you can use the current optimization results as the initial seed for a new optimization run by clicking on the [image: image16.png]


 button in configuration pane.
How to optimize the parameter values of a model to find a turning point?

1. Load the SBML model, whose parameter values you want to optimize into JDesigner. The picture below shows the mutual inhibition model of John Tyson† (Fig1f.xml) loaded into JDesigner.
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Figure 10: Mutual Inhibition model of Tyson et.al.

2. Now, click on Bifurcation Discovery Tool in the SBW Menu.
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Figure 11: Selecting Bifurcation Discovery Tool in SBW drop down menu
3. Your desktop taskbar will now contain a new window – Biospice Bifurcation Discovery Tool.
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Figure 12: Bifurcation Discovery Tool window minimized in the Desktop taskbar

4. Click on the window to maximize it. Now select Turning point from the drop down list box on the top left hand corner.
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Figure 13: Selecting Turning Point from the list box

5-8. Follow steps 5-8 listed in finding the oscillator.
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9.  The eigen values after each iteration are displayed in the lower right hand corner of the window pane. The user needs to monitor these eigen values constantly. If you notice an eigen value with the absolute value less than 10-3 and the difference between the lowest eigen value and the remaining eigen values is 3 orders of magnitude (i.e., min(eigenValues) > 10+3 x {eigenVal/minEigenVal} )  then you are close to a Turning point. You can either stop the optimization process by pressing the button or you can proceed with the
optimization process until the tolerance/maximum number of generations is reached.
10. Now to check whether the model behaves as a switch with respect to any of the optimized parameter values, you need to select the tab ‘Test parameters for Switch’ on the top left hand corner.
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Figure 14: Test Parameters for Switch Tab
11.  You can then select the parameters to be tested for switch behavior by enabling the check boxes in the new window pane. To select the floating species use the drop down list box at the bottom of the window pane. Once you are done with the selecting/deselecting the parameters and the floating species against which you want to check the switch behavior, you can press the start button to carry out the test process. The results will be displayed in isSwitch? column. See the figure below.
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Figure 15: Test results for Switch like behavior.

Limitations of the current software:

1.

2.

3.

Known Bugs:

1.

2.
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Click on this tab





Click on this tab





Exports the optimized parameter values to JDesigner





Copies the optimized parameter values to initial values column





Brings up the configure dialog box for algorithm parameters





Stops the optimization Process





Starts the optimization Process





Scale down the Y-axis





Scale up the Y-axis





Clears the plotter





Scales axis automatically





Load a new model





A Quick Overview of the Bifurcation Discovery Tool Graphical User Interface
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