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Introduction 

 
On October 16 and 17th, 2003, Peter Bunus of Mathcore Engineering came to 

CETC-Varennes to provide an introductory course on the Mathmodelica software 
package. I attended part of this course in order to evaluate what role, if any, this 
software—now available at CETC-Varennes—could play in our PV-Hybrid System 
simulation work. In particular, I was charged with determining the advantages and 
disadvantages of the Mathmodelica package as a replacement for the Matlab/Simulink 
environment of the PVToolbox. In general, the course was useful for my work with the 
PVToolbox since it forced me to think about the way I use Simulink, such that perhaps I 
will now take advantage of certain capabilities that I have previously ignored. 
 
Mathmodelica 

 
Mathmodelica is a Swedish software package for simulating dynamical systems. 

Dynamical systems are those whose behaviour varies as a function of time; the operation 
of a photovoltaic hybrid system changes according to time-varying inputs of solar 
irradiance, load, and temperature as well as the state of the battery and is, therefore, a 
dynamical system. (Many engineering problems do not involve dynamical systems: for 
example, resolving the forces on an array support structure under maximum static snow 
loads would not be a dynamical system problem).  

Mathmodelica is one of a number of software packages that implements a 
simulation tool based on the Modelica language. The Modelica Language is an open 
source standard for describing components in a dynamical system and their inter-
relationships. Modelica itself is just a standard language of description; on its own, it 
does not perform simulation or do any calculations. In other words, it is not software, just 
a set of conventions. Software, generally referred to as a kernel, must build and solve a 
set of equations corresponding to the descriptions expressed in the Modelica language. 

The Mathmodelica package consists of a number of independently available 
software tools “glued” together. The “glue” is actually the only part developed by 
Mathcore Engineering; other companies have developed the other tools. The software 
tools are: 

• Dymola, a Swedish kernel for generating a set of equations out of a Modelica 
description of a dynamical system; Dymola also includes a solver that can find 
solutions for this set of equations. Dymola is a Modelica package that can be used 
on its own, independently of the rest of Mathmodelica—it contains a user 
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interface for graphical assembly of system descriptions from a library of 
predefined and user defined components.  

• Mathematica, a very powerful symbolic and numerical computing package that is 
used in Mathmodelica as a pre- and post-processing tool. 

• Visio, a Microsoft tool for drawing, here used to position and link graphical 
representations of components and thereby assemble a system description. 

• The Mathmodelica interface, used to send Visio descriptions of system models to 
the Dymola kernel and to plot output of different component variables. 

 
Typically the software package is used in the following way. First, the user 

generates component models for those components that cannot be easily assembled from 
pre-defined component blocks. The user opens Mathematica, activates the Mathmodelica 
toolbox into Mathematica and then edits component descriptions textually in 
Mathematica. These descriptions can then be sent to the Dymola kernel from the 
Mathematica notebook, and the results returned to Mathematica notebook variables that 
may then be plotted or processed in Mathematica. Second, the user opens Visio and 
assembles systems out of components by drag and drop operations and connecting inputs 
and outputs with lines. The user simulates these systems by opening the Mathmodelica 
interface and running the simulations and viewing the output from there. 
 
Fundamental Differences between Simulink and MathModelica 

 
Although both Simulink and Mathmodelica are object-oriented systems for the 

simulation of dynamical systems, they differ fundamentally in approach. Simulink uses a 
“causal” approach with control system block flow diagrams as its underlying metaphor. 
Mathmodelica, and all Modelica packages, is “acausal” and based upon graph theoretic 
analysis.  

In Simulink, component outputs are assigned values based on the inputs. As in 
control system block diagrams, a component is viewed as a block that transforms inputs 
into outputs according to some transfer function. Because outputs are “caused” by pre-
existing inputs, the label “causal” has been attached to this approach. 

In Mathmodelica, equations are used to express the relationships between 
terminals on the component. It is not assumed that the input exists before the output, but 
rather whatever the inputs and outputs may be, they must satisfy the relationship 
expressed in the component equation. Hence, the approach is termed “acausal”. The 
kernel is charged with solving for whatever unknowns there may be—regardless of 
whether they are inputs or outputs. It must find the set of equations that permits this, 
based on graph theoretic postulates. These postulates state that 1) variables may express 
flow through a component (e.g., current, water flow, heat) or potential drops across a 
component (e.g., voltage, water pressure, temperature); 2) the sum of all flow variables 
into a node (interconnection of two or more components) must be zero (i.e., Kirchoff’s 
current law for electrical systems) and 3) the sum of all across variables around a circuit 
of interconnected components must be zero (e.g., Kirchoff’s voltage law).  

To illustrate these differences, consider the component model for a resistor. In 
Simulink, one must decide in advance if one will know the current flowing through the 
resistor and want to output the voltage across it or whether the reverse will be true. If the 
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current is known, then current, I, is the input and voltage, V is the output. The component 
model would be: 
 

RIV ⋅←  
 
where the arrow indicates assignment and R is the resistance of the component. (Simulink 
does not actually use the arrow; it is employed here in place of the equal sign to draw 
attention to the meaning assigned the equal sign in Simulink.) 

In contrast, the Modelica component would have two terminals, with a voltage 

across them, ∆V, and a current, I, flowing through it. The relationship between these two 
terminals could be expressed by: 
 

RIV ⋅=∆  
 
or any mathematically equivalent expression, such as, 
 

V

I

R ∆
=

1
 

 
Thus, in Simulink, the equal sign denotes assignment whereas in Modelica it denotes 
mathematical equivalence of the left hand and right hand sides. 

As with the Simulink model, one terminal of the Modelica resistor component 
could be connected to ground and the other terminal to a current source and the voltage 
across the component would be determined. However, if one then changed the current 
source to a voltage source, the same component would now solve for the current through 
the component, automatically. Simulink would not do this; another component model 
would have to be built, with voltage as the input and current as the output, and this 
component model would have to be substituted for the first component. Both Simulink 
components would be resistor components, but the inputs and outputs would be different. 

Clearly, the Modelica approach is more powerful, more mathematically coherent, 
and facilitates the development of components that can be reused, even when the way 
they are being used has changed. Furthermore, because Modelica includes an assignment 
operator with the same function as the equal sign in Simulink, the component models 
used in Simulink could be used in Modelica, with minor modifications, whereas the 
converse is not true. 
 
Similarities between Simulink and MathModelica 

 
Despite their substantive differences in approach, Simulink and MathModelica are 

very similar in many important ways. Most of what can be done in one tool can also be 
done in the other, albeit with slightly altered methods. Furthermore, things that are 
impossible or difficult in one tool are generally difficult or impossible in the other, too.  
First I will examine the similarities between Modelica, the language standard, and 
Simulink, and then I will look at similarities between Mathmodelica, this particular 
implementation of Modelica, and Simulink. 
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Both Modelica and Simulink are object-oriented tools: blocks of reusable code are 
linked together to create new models. In my opinion, Modelica follows the object 
oriented philosophy further than Simulink. Classes of components can spawn subclasses 
and components that inherit properties from the class; for example, a “two terminal” 
component class could have as subclass “2T electrical component” which could include a 
resistor object, a capacitor object, etc. The two terminal class would have code 1) 
specifying that the value of the across variable for the component would be found from 
subtracting its value at one terminal from its value at another, and 2) specifying that the 
value of the through variable at one terminal had to equal its value at the other terminal. 
The 2T electrical component class would inherit these properties, but might also specify 
that the through variable was of type current and the across variable of type voltage—2T 
mechanical components, for example, would specify these variables different types. 
Finally, the resistor and capacitor objects would inherit the properties of the classes from 
which they were derived, and also include one or more equations relating current to 
voltage. Classes and inheritance are not a part of Simulink. It must be said, however, that 
I have not found this to be a major limitation. 

Both Simulink and MathModelica (and other Modelica packages) end up 
expressing the system model as a system of ordinary first order differential algebraic 
equations that is solved at every time step by standard methods (e.g., Runge Kutta). If the 
system is amenable to expression in such a way, these tools will do a good job of solving 
it. If it is not, they may have difficulty. The tools handle many types of nonlinearities 
well, but have difficulty resolving other types. Singularities bring the simulations to 
abrupt halts. As the makers of the tools point out, this often results when the model is 
physically unrealistic: in the real world, singularities (infinite current, for example) do not 
occur. Nevertheless, this is little consolation to a user whose simulation continually halts 
because the engineering relations he or she uses ignore limit cases of negligible physical 
significance. 

Neither tool can presently handle partial differential equations (PDEs). Elliptic 
PDEs generally govern the steady state solution of a continuum subject to certain 
boundary or initial conditions (e.g., temperature as a function of position on a plate that 
has different temperature surfaces in contact with each of its edges); since Modelica and 
Simulink are for dynamical system simulation, their inability to solve elliptic PDEs is not 
generally a significant limitation (this is accomplished with finite element methods or 
finite difference methods).  
 On the other hand, parabolic PDEs include the partial derivative of some quantity 
with respect to time, and in some case this may need to be solved in a dynamical system 
simulation. For example, a photovoltaic hybrid system model may include a battery 
model. When modeling electrolyte diffusion in a battery (considering only the gradient 
along a normal to the plate, i.e., in one dimension), one must solve the following equation 
subject to certain initial values and boundary conditions: 
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where C is the electrolyte concentration, t is time, k is a constant related to the rate at 
which SO4

2- ions diffuse through the electrolyte, and x is the distance from the grid. If the 
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initial values and boundary conditions do not permit a closed form solution, there is no 
built-in way to solve this in either tool. On the other hand, a reasonable finite difference 
solution can be implemented, either by in-line code in Modelica or by code in an S-
function in Simulink. It is not ideal, but it can be made to work. The situation when there 
is two or three dimensional diffusion is not clear to me; assuming that each point on the 
finite difference grid is represented by a state variable, at some point the number of state 
variables might become unwieldy. Any time there is a propagation problem that must be 
solved, such as diffusion or heat conduction, these considerations will apply. 
 The role of hyperbolic PDEs in dynamical system simulation is also unclear to 
me. Hyperbolic PDEs include a partial derivative with respect to time; for example, the 
wave equation is a hyperbolic PDE. I cannot presently think of a case where one would 
need to solve for a hyperbolic PDE in a dynamical system simulation of a PV hybrid 
system. 

There are other similarities in the capabilities and limitations of the two tools. 
Both Simulink and Modelica can link in external functions, written in C or Fortran, for 
example. In neither simulation environment can the structure of the simulated system 
change during simulation run time. For example, simulating traffic through a road, where 
vehicles enter and leave the simulation, is not possible (I use this example for lack of an 
analogous example in PV hybrid systems). And in neither environment is a debugger of 
much use, except in special cases: because at each time step the simulation solves a 
system of equations that it has assembled, stepping through user’s blocks or code is of 
limited assistance. 

There are significant similarities between MathModelica and Simulink that go 
beyond the Modelica language. Both provide a graphical interface for assembling system 
models from blocks representing component models. The blocks are dragged and 
dropped, connected by lines and hidden in subsystems as necessary. Furthermore, both 
are closely connected with a general-purpose mathematical package for pre- and post-
processing. Mathematica permits symbolic computation whereas Matlab does not, but the 
latter is nevertheless a powerful and useful tool for numerical analysis. 
 
Utility for PV Hybrid System Simulation 

 
Functionality 

 
The acausal approach used in Modelica is more powerful than the causal approach 

used in Simulink. It is not clear, however, that the additional capabilities are particularly 
useful in photovoltaic hybrid system simulation. The inputs and outputs of most 
components in the system are readily identified, and thus Simulink’s approach is usually 
sufficient. For instance, the PV array is clearly a current source, the battery is a device 
that accepts current and fixes the system voltage, the charge controller accepts available 
current and outputs regulated current, etc. 
 There are a few ways in which an acausal approach would simplify the 
appearance of our system models and permit us to more easily model certain components. 
As an example of the simpler appearance of the system model with an acausal tool, 
consider an autonomous PV-battery system. In Modelica, it would appear as follows: 
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Weather 

generator 
PV array Charge 

Controller 
Battery 

Load 

 
In comparison, the Simulink model would need to add a path back from the 

battery to the PV array and the charge controller in order to convey the system voltage to 
these components. This looks like a feedback loop, but in reality there is no feedback 
loop—just the battery fixing the system voltage. 
 

Weather generator 

PV Array Charge 
Controller 

Battery 

 Current Load 

 Power Load 

Voltage Voltage Voltage 

+ 

+ 

Irradiance Current 

Current 

Current 

 The acausal approach would be preferable for several cases where we have erred 
in our assumptions about which variables will be known and which will need to be solved 
for. For example, arrays made of multiple generators with non-identical current-voltage 
characteristics (e.g., a module with some cells shaded), should be fairly easy to model 
with the acausal approach. In Simulink, however, the existing PVToolbox 
cell/module/array model assumes voltage as an input and current as an output. In a string 
of generators (i.e., cells, modules, or arrays) in series, it is the current through each 
constituent generator that is known, while the voltage must be solved for. Especially 
when the number of generators in the array is large, solving this problem using standard 
Simulink approaches would be challenging. A similar problem would be the modeling of 
a battery composed of a number of non-identical cells. 

These types of problems can be dealt with in Simulink, however, by non-standard 
approaches. Data can be passed to a Matlab routine that solves the problem and passes its 
result back to Simulink. In fact, a logical approach to solving these problems would be to 
use a graph theoretic approach in Matlab, i.e., to duplicate Dymola’s formulation of the 
system description. Evidently this is more challenging and less evident than using 
Mathmodelica’s built in capabilities, but should we wish to address these types of 
problems, this possibility exists, especially when the component relations are linear and 
do not include derivatives. 

For many problems, modeling a component in MathModelica will be more 
intuitive and closer to the mathematical models found in the literature. As demonstrated 
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in the course, the equalities traditionally used to express engineering models of 
components and systems can be used directly in Mathmodelica, because it interprets the 
equal sign as mathematical equivalence. In contrast, Simulink requires the recasting of 
these equations as a series of assignments, and determining a logical way to do this is not 
always trivial. 

MathModelica appears to incorporate algorithmic code more cleanly than 
Simulink. For example, a component model that was best expressed in an algorithm that 
included loops, comparisons and branches, could be included as a section of code, 
resembling C, directly in the textual description of the component model. To do this in 
Simulink, execution must be passed to Matlab or C, thus creating code in two places: 
some of the model is found in the Simulink code, the rest of it in Matlab1. For the code to 
run quickly, the external code must be compiled C or Fortran, and there is a rather 
involved suite of functions that must be written to handle the interactions between Matlab 
and C.  

MathModelica permits the interconnection of components to be defined by code 
at the time of the model build. This means, for example, that a section of code can alter 
the interconnection of components based on supplied parameters. The interconnection 
must be established at the time of model formulation, before simulation, and cannot be 
altered during simulation, but this may facilitate some intriguing possibilities. For 
example, if one wished to simulate the effects of module mismatch due to slightly 
different operational characteristics, one could pass parameters indicating the desired 
number of modules and the probability distribution for the operation characteristics of the 
modules, and the array could be automatically assembled at build time. In contrast, in 
Simulink the user would probably have to manually link together the number of 
components required and enter the characteristics for each one. Every time the number 
changed, the user would have to manually alter the structure of their simulation. It is 
conceivable that a work-around could be cobbled together by writing a script that 
generated Simulink code, but it would not be as seamless as in MathModelica2. 
 

MathModelica enforces type checking at the interconnection of terminals. One 
can, for example, define variables to be of type “voltage” or “current”. This is helpful in 
that it can prevent the user from attaching, say, a power terminal to a current terminal. 
Simulink does not perform type checking, and I have personally connected power outputs 
to current inputs and wondered why the simulation gave bizarre results. 

Peter Bunus claims that Mathmodelica gives fewer spurious results than 
Simulink. Having seen strange Simulink behaviour (e.g., negative values at the output of 
an absolute value), I find his claim credible. 
 
Stability 

 
A major weakness of Mathmodelica appears to be the stability of the development 

environment. While Simulink may give strange and spurious results or halt simulations 
due to its inability to find solutions, the Simulink environment is very stable. In three 

                                                 
1 In fact, this may no longer be the case in the more recent versions of Simulink, which appear to facilitate 
loops and branches within the Simulink description. 
2 Actually, it appears that Matlab code can assemble a Simulink model. 
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years of use, I have yet to experience aberrant behaviour, let alone crashing of the tool, 
while building or running simulations. In contrast, the Mathmodelica environment had to 
be rebooted several times, and frequently gave out of memory errors (despite being run 
on a machine with 1 GB of memory). Bunus readily admitted that the Simulink 
environment is much more stable than the Mathmodelica environment: having Dymola, 
Visio, Mathematica, and the Mathmodelica interface interacting with one another on an 
on-going basis opens the door for glitches and bugs. Building big simulations on a buggy 
platform would be a rather frightening prospect and certainly slow down the development 
cycle. 
 
Ease of Use of the Development Environment 

 
Another shortcoming of Mathmodelica is the clunky nature of its development 

environment, in stark contrast to the simple, powerful, and highly functional environment 
provided in Simulink. In Mathmodelica, component models are written as text in 
Mathematica, linked together visually in Visio, compiled and run by Dymola, while in 
the background the Mathmodelica program coordinates things. Visio, the tool used to 
draw a system model, is not the same as the tool used to build and run a system model, so 
the user must switch back and forth between the two. When the model has been run, the 
user must go through a list and check the variables that he or she wishes to plot; if the 
user needs to make even a minor change to the model, the user must return to Visio, 
make the change, come back to the Mathmodelica interface, rebuild and rerun the model, 
and then go back and reselect all the variables that need to be plotted. Even saving a 
system model is challenging: data has to be transferred from Visio to Mathematica and 
saved as workbook there. Thus, saving or loading becomes a four step process, and a few 
times I got a bit lost in the process and ended up saving the wrong notebook, thus losing 
my most recent work. And it is not merely a novice that gets stumped at times: Peter 
Bunus, the instructor, had to switch examples after he could not figure out why a 
component he built as a course demonstration did not function. 
 Part of the reason for this clumsy environment is the need to rebuild (that is, 
compile) the model before running it. Thus, getting results is inherently a two-step 
process. From the user’s point of view, running Simulink is a one-step process: press the 
run button and the simulation starts immediately. Given that debugging tools are not very 
helpful in these types of simulation environments, the need to quickly cycle between 
changing the model and then testing the changes demands an environment that is more 
streamlined than the one offered by Mathmodelica. 
 Dymola, the simulation kernel that comes with Mathmodelica, also includes a 
development environment. The user could choose to ignore Mathmodelica entirely and 
simply operate in the Dymola environment. This environment appears to be closer to the 
Simulink environment in terms of ease-of-use. Unfortunately, it appears to lack the pre- 
and post-processing capabilities offered by Matlab in Simulink and Mathematica in 
Mathmodelica. 
 
Execution Speed 
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 Peter Bunus claims that simulations run significantly faster under Mathmodelica 
than Simulink, despite the two using very similar equation solvers. Because 
Mathmodelica/Dymola eliminates unnecessary equations through symbolic 
manipulations during compilation, the system of equations that is passed to the solver is 
quite compact. In contrast, Simulink performs no symbolic manipulation (an inevitable 
consequence of its causal approach) and the solver must deal with a large set of 
equations. The speed increase is not compelling, however: it appears to be much less than 
an order of magnitude. 
 
Availabilty and Acceptance 

 
 Peter Bunus admitted that Mathmodelica is little used in North America, having 
more of a following in Sweden and Germany. From our point-of-view—wanting to be 
able to share our tool with other groups here in Canada—this is a liability. Furthermore, 
the software appears to be in a state of significant flux. Peter Bunus hinted that then next 
version of the software might totally abandon the Mathemetica, Dymola, and Visio tools 
for an integrated environment based on a new kernel. This is a significant change, and 
while the Modelica standard assures some continuity, it raises the risk of developing a 
tool that must be significantly altered due to changes in the modeling environment. Also, 
with Mathmodelica being a fairly small effort (around 5 programmers) compared with 
Simulink, there is some question about how long it will be around and remain supported. 
 
Support 

 
 Although a small company, Mathmodelica demonstrated an openness and 
willingness to share information that, at first glance at least, contrasted The Mathworks 
parasitic approach to user support. In short, Mathmodelica’s user support could be no 
worse than Simulink’s, and most likely a whole lot better3. 
 
Modelica as a Universal Language for Dynamical Systems Simulation 

 
Prior to this course there existed a perception in the PV group that Modelica was a 

language that could be used for describing dynamical systems models for a multitude of 
simulation packages: that it was an open source standard for simulation not tied to any 
one implementation. There is some truth to this: converters exist to translate Simulink 
models to Modelica, and, surprisingly, the reverse. But there is some question as to the 
usability of a causal implementation (i.e., a Simulink model) of an acausal description 
(i.e., Modelica). The model may run, but will it will understandable and maintainable? Or 
will it look like the code generated by disassemblers? Peter Bunus did not have much to 
say on this topic, and did not claim this role for Modelica as one of its selling points. 
Besides, it is easier for translators to go from Simulink to Modelica, and such translators 

                                                 
3 It is not merely the amateurish and unhelpful responses we have had from The Mathworks that lead to this 
comment; it is their reply to our letter telling them of a serious bug (a negative value at the output of an 
absolute value element). They informed us that if we wanted support we would have to pay for it—back to 
the point in time when our last support contract expired. That is unacceptable treatment for a $10,000 piece 
of software with bugs in it. 
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do exist, so perhaps Simulink has as much as a claim to being a universal language for 
dynamical systems simulation. 
 
Conclusions 

 
The acausal approach found in Mathmodelica is very interesting and more 

powerful than the causal approach taken by Simulink. The advantages it offers for PV 
hybrid system simulation are not especially significant, however, and are not compelling 
in the face of the disadvantages of Mathmodelica—a clunky interface, an unstable 
platform, and lack of acceptance among potential Canadian partners. If the group had not 
already spent three years developing Simulink models, perhaps Mathmodelica would 
merit closer examination, but given that the Simulink models now exist, a switch to 
Mathmodelica cannot be justified. 


