A Simple First-Model Using the Berkeley-Madonna Program

For this introduction, we will be creating a model of a simple system with two
compartments analogous to containers of a liquid which can flow between the
containers depending upon the difference in quantity in the two compartments:

Assuming that you have downloaded and installed the Berkeley-Madonna program,
startup the program (selecting the demo mode when asked). We will be creating a

model using the graphical interface and so you can close the default equations view that
appears when the program is started.

Under the file menu, select “New Flowchart Document”. You should have a blank
model like this:
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First we will add the two compartments, called “Reservoirs” in the program. Select the
reservoir tool at the top of the flowchart (third tool from the left) and click in the open
space in the window roughly where you want the reservoir located. You can always
drag it around later. Do this twice to create both reservoirs.

Edit the reservoir names by double-clicking on the default name in the upper left of the
reservoir. Change those names to “A” and “B” as shown in the model diagram above.
Your flowchart should look something like this:
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Next we want to add the flow between the two compartments. Select the flow tool from
the toolbar (looks like an arrow with a dot in the middle). Now click on reservoir A and
drag over to reservoir B to add the flow. If you get the flow wrong (or any other diagram
object), you can always select that object and push the delete button (crossed out circle
symbol) at the end of the toolbar. Also rename that flow to “Jab”. Now your flowchart
should look like this:
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Next we have to add flowchart objects that indicate what parts of the model influence
the flow Jab. Select the “Arc” tool (curved arrow), click on reservoir A and then drag
over to the flow Jab. Again, select the Arc tool and draw an arc from reservoir B to flow
Jab. Now your model should look like this:
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You can bend the arcs around by grabbing the little box that appears when the arc is
selected.

Now there are several question marks in the diagram that we will fix in a moment.
Notice that the model equations above have a parameter called k. Enter that parameter
into the model by selecting the “global” toolbar item. Type in the entry “k = 0.5” followed
by the enter key. You should see that the parameter has appeared in the equation view
on the left under {Globals}.

Now return to the model flowchart, and double-click on the flow Jab. You want to edit
the equation field at the bottom of this dialog box that appears. Notice that A and B are
listed as “Required inputs” — this is because you drew arcs from those two reservoirs



indicating that they will be influences on the flow. Also shown is the “Optional input” of
the parameter k. Enter the equation as shown in the figure at the start of this document.
Make sure you use parentheses to force the subtraction operation to be done before the
multiplication by k. Also, don'’t forget the “*” for multiplication. The dialog for Jab should
now look like this:

Required Inputs

Optional Inputs
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Jab =k * (A -B)
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Once you push “Ok”, the question mark in the flow should now have disappeared
because you have fully specified the equation for that flow.

The reservoirs still have question marks because their initial values have not been set.
Double-click on each reservoir and set these initial values: Ao = 100, Bo = 20. Now your
flowchart should look like this:
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The last item we need to set is the final time for the simulation. Often you can just go
along with the default the program chooses, but let's set the final time. Look at the
parameters for the run over on the right. Select the “STOPTIME” and change the value
from 10 to 5. Push the “Run” button (or pick “Run” from under the “Compute” menu
item). You should see a graph like this:
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Notice that the quantities for A and B are plotted with two separate vertical axes. At
time zero, they start at the initial values as entered. By time = 5, they are both
approaching a quantity of 60. This value should make sense to you given the equation
used for the flow. Also note that conservation of the quantities is maintained: the sum of
the initial A and B values is equal to the sum of the final values.

There are quite a few options for the graph, try out the toolbar items at the top of the
plot. If you double-click by one of the plot axes, you can change the scales and axis
labels, by first unchecking the “Auto” checkbox. Sometimes it is easier to view the
results if you set the same scales for both variables A and B.

Some of the other options for the graph:

e Select the legend button to add a legend to the graph that can be dragged
around to somewhere convenient.

e Try the Line appearance button.

e If you want to see the raw data, pick the “table” button.

e Pick the variables to be graphed by double-clicking in the middle of the graph.
Ordinarily you would not put variables with different units (like compartment
guantities and flow rates) on the same graph.

Lastly, take a look at the equations that were automatically created by the program
based on your flowchart. The entries should make sense to you based on your
understanding of the compartment modeling process.
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didt (A) = - Jab

INIT A =100
d/dt (B) =+ Jab
INITB =20
{Flows}
Jab=k* (A -B)
=| {Globals}
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Although the demo version of the program will not allow you to save your models, there
are some things you can save for your reports.

e You can paste the set of equations into your report (or into an email) by dragging
your mouse in the text view of the equations to select their text and then
selecting “Copy” under the edit menu.

e You can paste the model flowchart into a word processor by making the flowchart
visible (pick the Flowchart tab at the top of the center window) and selecting
“Copy image” from under the Edit menu item at the top.

e You can save graphs for adding to a report by making the graph visible and then
selecting “Copy image” from under the Edit menu item at the top.

Another useful tool is available from under the Parameters menu item as “Define
sliders...” Pick the parameter k and “Add” it to the sliders. Now go back to the graph
and notice there is a slider at the bottom. Drag the slider back and forth: when you
release the slider, the model will be re-run and new results displayed. This can be a
good way to see the effect of the value of model parameters on the solution.



