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Abstract 

 
With todays software development we see huge structures of objects and relationships being 
built up. How these are constructed and designed is important to how we make robust and 
flexible architectures. Developers have to constantly have this overview in mind when 
working with the whole system to prepare for potential changes later on. One object may be 
replaced by another one or removed completely; this is when the relationship going to and 
from them comes into picture. Many decisions on what to change or what to remove from this 
structure needs some way of proving that this wont have any side-effects on anything else. A 
developer could make such a decision by scanning through all files and build a mindset of all 
the dependencies between the objects to make sure that something like this would be okay. 
    This report evaluates the possibilities of making a tool that can ease this task in order to 
gain a better overview of all the dependencies going through the system. By observing 
projects that are built for other similar tasks and how they haven chosen their implementation 
we can build a tool that will inspect the objects specifically to Modelica code. This report also 
discuss how we can elaborate on the number of features in order to gain more interactivity 
and make a more user-friendly experience to the end users. 
    The results of our implementation will show a fully functional and optimized product 
inside the software Eclipse. This product provides all required information by extending upon 
existing functionalities of Modelica to get the perspective and access to data that we need for 
a complete analyze. This report will also show how we effectively make use of graphical 
libraries to provide interactivity, bonds, layout orderings and translation from data to visuals 
objects. All of these together are ingredients to a tool in which a user can gain a fast response 
and move around quickly in his model-structure. 
    In the end we can see that our implementation can reference most things related to 
dependencies in an object-oriented language and explain to the user how these relationships 
play into our object-structure or where their sources are and where they are pointing. Not only 
that but also generating what is most essential to the end user and as quickly as possible. 
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““Most software today is very much like an Egyptian pyramid with millions 
of bricks piled on top of each other, with no structural integrity, but just 

done by brute force and thousands of slaves.” 
  
 

Alan Kay  
Computer Scientist 
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Chapter 1 

Introduction 

 
Developers generally start off with an initial design for a system or software. The size of 
serious ones tends to be large and very detailed. But it’s normal for developers to change this 
design dramatically during the process. There may be some new demands from the customer 
or an update of the API that forces the team to go in a new direction with their work. 
Dependency is a general term describing the relationship between two objects and is a vital 
part of object-oriented programming and architecture. Dependencies could be changed, added 
and removed. All this introduces a lot of new questions about what the system looks like after 
all the changes and can possibly influence degradation. Earlier in the days of system 
development the general thought was that only bad designs gives degrades but today we know 
that even the good designs can eventually leave a bad taste in your mouth [4].  
 
That’s why a good structure of dependencies between all bundles, libraries and classes is 
essential to make secure changes to a project, whether we feel that we need it or not, to keep 
the quality intact and avoid hindering the development process. Today’s development is also 
heavily influenced to be “agile”, meaning that a software starts of in a small portion and 
grows during development which also means that we change a lot of the design choices, 
structures, and to know what is best options a dependency graph can help us a lot. After all, 
the design of a software system is a living thing and to care about it is far more important than 
the initial design itself. 
 
Bugs are something that is unavoidable and not that uncommon from the subject above, 
modifying a projects constructed structure. Debugging is a big part of a developers work and 
is usually performed regularly to ensure quality for systems and software in the means of 
reliability, usability and even security. It could involve anything from a lose pointer to an 
incorrect written syntax, but an important note is that bugs we are referring to are software-
related. Many of today’s software companies have high standards on their products and thus 
consider this phase extremely important for a products development.  
 
There are countless domains where debugging is tricky, especially in object-oriented 
programming where there are a lot of dependencies, most often introduced by pointers, 
inheritances and calls between objects, to keep track of and the error messages are not always 
helpful. There are debugging software out there that helps with specific purposes, i.e. 
Instruments for iOS development, GNU debugger and many others.  
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The idea of this thesis was originally based on an analyzer made by Leonardo Laguna Ruiz1 
who split up the frontend and backend, among other parts, in a graph to get a good overview 
of a developed system. We wanted to do something similar but with a new implementation 
that would have more features behind it. Further ideas were brainstormed back and forth on 
how to capitalize on this graph, which lead to looking at this lack of support related to 
Modelica and that the debugging would be more effectively by visually following the 
dependencies and ease the workload of this debugging in any project that uses development 
with Modelica under Eclipse. There have also been done some theorized concepts by 
implementing small hand-drawn examples. It left the reader with an idea that it would be 
possible to implement a more detailed way and with further purposes behind it [1].  

1.1      Scope 

The primary focus of this subject is to provide a new tool for developers in Modelica to 
visualize their dependencies and assist them in solving problems regarding relationships 
between objects. It would also encourage developers into keeping less dependencies between 
their modules. The aim of this subject is to fully implement such a tool based on previous 
theoretical research on dependencies and debugging, also inspired by others who have 
developed similar tools with the same purposes for their respective language such as Java. 
 
A secondary focus would be to further investigate the possibilities of observing optimizations 
that are usually being performed “behind the scene” of a typical OpenModelica-compiler. 
Most often developers don’t care much about this step because they rely on OpenModelica to 
do everything correctly and only cares about that the end result will be the intended one. 
However, the optimizations are doing various operations that a new tool could keep track of 
after a simulation has been performed. 

1.2      Purpose 

The company Wolfram MathCore2 has expressed a need for a tool through which they can 
easily see the naming conventions, since Modelica is a “living project” that contains a large 
set of functions with regular updates and additions. To keep track of these entire potential 
naming conventions one need get a better overview of what is already there. Also developers 
using Modelica have a great need for getting a better overview of their work and how all the 
components are connected to each other. Therefore this tool won’t be tailored directly to fit 
Wolfram MathCore’s purpose but rather a more general purpose which is open to further 
development for special needs. 
 
In the case of the object-oriented language Modelica, there is no support for user-friendly 
visual presentations of the dependencies and the structure of Modelica-objects. Looking at 

                                                
1 Leonardo Laguna Ruiz. A developer employed by Wolfram MathCore. The company delivers products such as 
MathModelica that brings consultancy solutions based on Modelica. Wolfram MathCore is also a member of  
OSMC (Open Source Modelica Consortium). 
 
2 Wolfram MathCore is a consulting company that has customers with design issues and solves this by providing 
mathematical equations to describe systems and then simulate them to point out faults. Programming is partially 
performed by using Modelica in order to model and simulate this mathematical environment. 
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common languages today such as C++ and Java there are a lot of tools for getting an 
architectural overview of a system without getting into the design. To solve this matter a 
common way is to visualize a cross-reference graph that gives the user not only an 
explanation of how all the objects are related but also where a potential error comes from by 
exploring the source for an object in the graph or by reordering them to get a better overview. 
 
A generated dependency-graph would also be useful for other uses since its main feature is to 
give any person involved in the development an overview of the system. While one purpose is 
to detect errors or unpredicted results it could very well be used to present and give new 
developers or investors a quick introduction to a new large system or even increase the 
understanding of how Modelica operates. Smaller systems may though not be as interesting in 
graphs like these because there won’t be as many dependencies and where it’s probably just 
as easy to trace dependencies using your eyes and pre-knowledge about the code. 
 
The purpose of the other tool, to look at operations that change existing equations during 
compilation, would be to learn more about what’s performed by the compiler, finding 
unpredicted results through these transformations and to possibly find errors in the compiler 
where these steps of optimizations are taking place. 

1.3      Thesis outline 

The following is a short outline of the thesis: 
 
Chapter 2        introduces the reader to the background behind major parts that contributed to 

this thesis’s subject. 

Chapter 3        explains the development in-depth and reasoning why it went in certain 
directions with the design and from an architectural perspective. 

Chapter 4        contains how tests were performed and what they resulted in. 

Chapter 5        has discussions regarding most of the major parts of my development and 
reflects thoughts on it. 

Chapter 6        finish of this thesis by looking at what has been done and what’s ahead of us. 

1.4      Info about Appendences 

This thesis contains the following appendices.  
 

A. Test-cases for object-dependencies 
B. Simulating operations (old) 
C. Simulating operations (new) 
D. Implementation of Shunting-yard algorithm 
 

Appendix A describes the test-cases which the development of the graph-dependencies-
browser was based on throughout the work and also at the end of the project as examples 
during testing. 
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Appendix B describes what the resulting operations that are being processed and optimized 
will look like using a Modelica-file and a dump-flag in the script according old 
implementation. 
 
Appendix C describes what the resulting operations that are being processed and optimized 
will look like using a Modelica-file and a dump-flag in the script according a very recent new 
implementation that also produces an xml of these results. 
 
Appendix D describes what the implementation of the shunting-yard-algorithm that 
transforms a regular mathematical expression into a new format that can be visualized in a 
tree structure. 
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Chapter 2 

Background 

 

2.1      Modelica 

A project with the goal of creating a realistic dynamic behavior of technical systems started 
developing in 1996 in collaboration with members from Europe, USA and Canada. The result 
of that work was the Modelica language, which is an on-going development with many 
environments supporting it. 
 
Modelica [2] is an object-oriented modeling language with a textual definition to describe 
real-life physical systems in a convenient way by differential, algebraic and discrete 
equations. By using this resource anyone can take advantage of Modelica to describe models 
with equations instead of algorithms, assigning relationships instead of declaring values and 
thus create a dynamic flow of data between bindings that is not supported in other languages. 
This makes it more efficient compared to other languages such as C because of the dynamic 
bindings between parts of equations and require less lines of code. Modelica also provides the 
simulation of these equations and can model components from electrical, mechanical and 
biological domains making it a multi-domain modeling language. Modelica is also using a 
general class concept [7]. 
 
A common scenario in Modelica is to structure the system through classes. A class can have a 
subtype of Model, Block, Pin etc. to put some restrictions on it regarding input, output and 
what equations or algorithms it can perform as part of the class’s calculation when processing 
in a simulation. The following is a simple example where we have a model that we can 
simulate, given some parameter-input: 
 
model HelloWorld 
  Real x(start=1); 
equation 
  der(x)=-x; 
end HelloWorld; 

 
Code 2-1: A simple model in Modelica  
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What happens is that a model HelloWorld is created with a local variable x that starts with 
value 1 unless anything else is given. Under the equation block are the operating equations 
that use the variables in order to perform dynamic calculations.  
   When using simulate(HelloWorld, 0) it will start from the value of 0 and x will change over 
time. 
 
To give another example, of what the code may look like and what it can process, it is 
reasonable to present something that can take some simple input, operate on it, and send it to 
output. The following is a common component in a larger Modelica-presented system: 
 
model Resistor "Ideal linear electrical resistor" 
  parameter Modelica.SIunits.Resistance R(start = 1) "Resistance at temperature T_ref"; 
  parameter Modelica.SIunits.Temperature T_ref = 300.15 "Reference temperature"; 
  parameter Modelica.SIunits.LinearTemperatureCoefficient alpha = 0 "Temperature coefficient 
of resistance (R_actual = R*(1 + alpha*(T_heatPort - T_ref))"; 
  extends Modelica.Electrical.Analog.Interfaces.OnePort; 
  extends Modelica.Electrical.Analog.Interfaces.ConditionalHeatPort(T = T_ref); 
  Modelica.SIunits.Resistance R_actual "Actual resistance = R*(1 + alpha*(T_heatPort - 
T_ref))"; 
equation 
  assert(1 + alpha * (T_heatPort - T_ref) >= Modelica.Constants.eps, "Out of bounds!"); 
  R_actual = R * (1 + alpha * (T_heatPort - T_ref)); 
  v = R_actual * i; 
  LossPower = v * i; 
end Resistor; 

Code 2-2: A Resistor-model in Modelica 
 
Evaluations are performed when needed and expressions can be reordered to optimize 
performance. Symbolic transformations [14] are performed for the purpose of optimization 
such as variable aliasing, simplifications of expressions and macro expansions [1]. These 
transformations are very complex in the sense that they can operate on any given equation and 
try to solve it or simplify it in terms of elements of the equations. It is important to note all of 
these possible operations and their effect on an equation since it is a major part of what is to 
become a tool for tracking optimizations of any equation inside a class.  
   The following is a brief description of some of the possible operations: 
 
Substitution:   ab + a + b = 71, ay(a+y) = 880 
  s = a + b, t  = ab → s + t = 71 → st = 880  
 
Variable substitution means that we can collect substitution and record any changes. Then we 
merge equations that eventually give the correct answers. 
 
Solving:  x ÷ y = 1 → x = y   (y ≠ 0) 
 
Solving means that we state that an equation is limited to a range of an input. 
 
Simplification: a + 3 × 2 + a → a + a + 3 × 2 → 2a + 6 
 
The simplification will try to make a compact form of an equation. This is usually done by 
identifying matching types of terms, group and then combining them. 
 
Differentiation: der(x) = der(time) → der(x) = 1.643 
 
This is when an equation performs symbolic differentiation, which means that known 
derivatives are expanded. 
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Index reduction: x2 + y2 = z3 
  der(x2 + y2) → 2 × (der(x) × x + der(y) × y) 
  der(z3) → der(z) × 3z2 
 
Index reduction means that we perform a reduction of the exponent i.e. a derivative algorithm. 
 
The optimizing that takes place during the compile-time before simulation is a combination of 
these operations. A full example of using several of these operations could be the following 
(the order of these operations may differ from the actual processing): 
 
(subst) x2 + (1 + a) * 4 + der(time), a = 6 → x2 + (1 + 6) * 4 + der(time) 
 
(diff) x2 + (1 + 6) * 4 + der(time) → x2 + (1 + 6) * 4 + 3.52 
 
(simply) x2 + (1 + 6) * 4 + 3.52 → x2 + 7 * 4 + 3.52 
 
(simply) x2 + 28 + 3 →  x2 + 31 
 
Modelica has become popular for model based development in the industry, where many 
automotive companies such as Audi, BMW and Toyota use it to deliver energy efficient 
products. Even power plant providers such as ABB and Siemens find use for Modelica. It 
provides large, efficient libraries that contain 1280 model components and 910 functions. 

2.1.1      OpenModelica 

OpenModelica is an open-source Modelica-based modeling tool and simulation environment 
intended for industrial and academic usage. Its long-term development is supported by a non-
profit organization – the Open Source Modelica Consortium (OSMC). 
The goal with the OpenModelica effort is to create a comprehensive Open Source Modelica 
modeling, compilation and simulation environment based on free software distributed in 
binary and source code form for research, teaching, and industrial usage [2]. It consists of 
several subsystems in the environment and inside there are a number of translations taking 
place, from Modelica to a running optimized C-code. 

Each time a user presses a “run”-button or gives a “simulate”-command the following steps of 
figure 2-1 are taken: 

 
1. Modelica Source Code is being translated. Much like the format of the code you saw 

in the examples of previous section 2.1. 
2. Flattens Modelica-code into a set of statements by expanding and replacing definitions 

in the equations and algorithms. 
3. Equations are being sorted. 
4. Operations in order to optimize the equations take place. 
5. Modelica-code is translated into C-Code. 
6. Simulated with given input. 
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What we reference here as flattening and the result in a flat model is a phase in where we 
make a transformation of the symbolic internal representations instead of creating new data 
objects. 

 
Figure 2-1: The steps taken to run a Modelica code 

2.1.2      MDT 

The Modelica Development Tooling (MDT) [7] Eclipse plug-in integrates 
the OpenModelica compiler with Eclipse. MDT, together with the OpenModelica compiler, 
provides an environment for working with Modelica projects using a text-editor, code 
completion, syntax checking and highlighting.  

MDT also generates C code by adding references with line numbers in the code. Then GDB 
(GNU debugger) makes use of these notes for finding errors as part of the debugger in the 
MDT plug-in.  

2.2      Eclipse 

Eclipse [3] is an open source framework to create extensible integrated development 
environments (IDEs). It originated back in mid 1990s where IBM decided to develop a tool 
which would contribute to the open Java platform. The IBM labs were the first to have their 
hands on it, but through later introduce it under an open source license it allowed the 
community to contribute to the project. This constant contributing from individuals outside of 
IBM, and reorganization of the officials behind it, combined with all the foundations from 
other companies has made Eclipse a strong position in the industry. It is now considered as 
one of the major open source software development platforms [9]. 
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The most important feature with Eclipse is that it’s easy to add other extensions as well. 
Therefore plug-ins are very contributing to system development in general when using 
Eclipse. The runtime mostly provides loading of these plug-ins on request. Plug-ins are made 
by extending a part of Eclipse. There are some pre-made extension points in Eclipse but also 
the possibility of providing your own. This very neat architecture allows creation of a plug-in 
for another plug-in. 

2.3      Cross-References 

A definition by Merriam-Webster’s dictionary states “a notation or direction at one place (as 
in a book or filing system) to pertinent information at another place”. Cross-references are 
simply instances in a document that in some way link to related information somewhere else. 
References don’t even have to be physical. Generally speaking we could see references even 
as verbal. When something is referenced it could only mean that we point out something for 
more details i.e. if you would go to a library and look for a book on Modelica you would ask 
a librarian (in case you don’t have any other more advanced support). This librarian would 
reference you directly to what shelf you would find that book or another person who may 
know where you could look for this thing. In conclusion, a reference may not always point 
directly to the information you are looking for and could as well be less reliable due to more 
links between different parts. After all that book you were looking for may not exist at all. 
The later is related to what in object-oriented programming is called a loose pointer, a 
reference inside a code that is pointing to nothing, which ends up as a memory leak for the 
whole system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2-2: Some dependencies of a simple HelloWorldApp.java  

  

class HelloWorldApp { 
 public static void main(String[] args) 
{ 

 System.out.println("Hello World!");  

// Display the string. 

 } 

} 

 
java.lang.System 

java.lang.Object 

PUBLIC_MEMBER 

java.lang.Class 

java.lang.Void 

java.lang.String 
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In computer science the term “cross-reference” would more specifically be used in the context 
of connections, relationships and dependencies between artifacts, also called XR or Xref. 
Artifacts are our building blocks of a code. In classes of Java these artifacts would be methods 
and fields. Classes are packed into packages and packages are further bundled into libraries. 
The libraries make up the application. All in all, these artifacts are just parts of layers in our 
architectural structure [6]. The creators of STAN suggest that these layers would be divided 
into a code layer (members and classes) and a design layer (packages and libraries). The 
structure of a software emphasis: 
 

• how artifacts are bonded to each other through dependencies 
• how artifacts are part of other artifacts on higher levels 

 
 
Dependencies are the relationships between objects. Coupling is a term to define the degree of 
how many dependencies there are between two objects or modules and how much they rely 
on each other. In software design there is talk about “loose coupling” and “tight coupling”, 
obviously referring to how great the dependencies are between. This is one type of measuring 
the dependencies, the second one is cohesion. Cohesion refers to how closely related methods 
and data are [10]. By grouping some things and collect duplications you may spare some 
dependencies from cohesion. So basically what software design strives for is a low coupling 
and high cohesion, but sometimes having strong dependencies is unavoidable and it should be 
kept as understandable as possible under the circumstances. 
 
Any dependency-relationship occurs between two classes A and B when: 
 

• A  B with a type 
• A  B with a method 
• A has a subclass of B 
• A calls to some services of object B 

 
The last case can be judged differently depending on what someone may call a “service” and 
it is also very dependent on what type of operations the corresponding language supports. In 
Modelica’s case it may not be easy to say what that service may be because it’s very 
straightforward in its syntax. One example could be just a regular import of another class, and 
that inside of that code it uses the services from the imported class. 

2.4      Related Work 

To visualize models from Modelica code there are tools like OpenModelica Connection 
Editor [13] who only provide output about if the system is able to run and returns information 
upon requests, but nothing so far can provide an elaborated erroneous message to the user of 
Modelica since there are so many optimizations taking place behind the scenes and what is 
shown to the user is just a simplified description.  
 
Instead we would like to be able to visualize all relevant dependencies and manually scan 
though them as part of our debugging. Even though this may be a specifically focused design 
towards Modelica and MDT there are still other similar projects that has been adapted to other 
IDE and areas with similar ways of debugging using visuals. These tools advantages and 
disadvantages are to be used as inspiration for what we want to accomplish, both in practice 
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and the motivations behind the goals. Even the designs behind the interactive features inside 
of those tools influence a lot on this developments very own graphical cross-reference 
browser. 

2.4.1      Research on visualization of object-architecture 

A research similar to this was performed in China back in 2004 [8]. The purpose of it was to 
generate a visualization of dependencies among ELF3 object-files. The article mentions the 
weight of examine reverse engineering and how it can increase the understanding of a system 
without knowing much about the design. The team behind this research suggests a 
methodology with a “hybrid process” in the means that it combines extracted facts from 
object modules and information from documents mining. The handling of this data is 
performed in a tool called DEREF which consist of four phases: pre-processing, cross-
references resolving, partitioning and visual graph generation (Figure 2-2).  
 
This large process have a big task of processing all files involved to be displayed, even 
though not all of them are displayed in the end after optimizations. The main optimization of 
this straightforward operation is to apply relational algebra deduction which joins connectors 
so that unwanted modules are ignored. The research determines that the layout ordering of 
items may be “meaningful” to different persons in different ways but that the tool of 
interactivity is an important feature. By examining a few cases of generating data they could 
determine the thousands of objects that they required for their graph. The article continues on 
with how to trim the graph in multiple steps which we will discuss later (section 3.3).  
 
 

 
Figure 2-3: Analyzing and generating a dependency-graph using DEREF 

 
 

                                                
3 ELF is a system file format developed by Unix System Libraries and stands for Executable and Linkable 
Format. It supports various file formats such as executable programs, shared libraries etc. 
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Some conclusions that are relevant to this project are that reverse engineering increase the 
understanding of the system, a graphical environment is helpful in development and 
addressing the technical issues effectively is a more daunting task then extracting the 
architectural information. With these wise words our system will use this previous contributed 
research as a guideline in how to make certain design choices, implement some interactivity 
for the user and establish a similar order of translating the data into visual representations. 

2.4.2      Wolfram MathCore solution 

Since this project is based on what MathCore had accomplished with MetaModelica it would 
be worth mentioning how it works because of how its way of analyzing and rendering has 
been inspiring the development of this project. As introduced earlier (in section 1) an 
employee at MathCore, Leonardo Laguna Ruiz made an automated analyzer in F# and 
generation of all dependencies of a MetaModelica-system with the purpose of getting a better 
overview of his work. In these processes he was first able to analyze the given files. This was 
performed by parsing through all files and do simple comparing against some common syntax 
to extract function calls, imports etc. By doing this the dependencies would be identified and 
stored in a database. After that, the visualization used the dependencies and the database to 
create all nodes and connections in an interactive graph plotting. The grouping of nodes is in a 
tree map-ordering of the relevant packages. 
 
 

 
 

Figure 2-4: MathCore’s first attempt to visualize all dependencies 
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Figure 2-5: MathCore’s visualization of all dependencies after trimming 
 
 
According to his first version (figure 2-4) he would generate a lot of objects and discovered 
that many of them were not supposed to be called in certain cases. By trimming down to what 
was “only needed to run” 4and ignore unused imports he would achieve a much more clear 
graph. In the end this graph would be split up in parts, mainly backend and frontend, in order 
to get an overview of the whole Modelica library and avoid any kind of naming conventions 
that may appear. The final result is seen on the next page in figure 2-5. 

2.4.3      PDE Incubator Dependency Visualization 

This is a component of an open-source Eclipse Project Incubator, which intends to help the 
community to experiment and investigate alternative solutions to other projects connected to 
Eclipse, PDE is one of them [11]. PDE was developed back in 2009 and contains a tool for 
visualizing dependencies for plug-in development, bundles, meaning that it is only meant to 
be used with Java code. It has a lot of simple but useful features such as filtering paths and to 
see errors or warnings from the code in the actual graph in the corresponding node. This plug-
in uses Zest and Draw2D to update the GUI with a new view and interactive graphs. 
Unfortunately the development of this plug-in has almost stopped but its use of Zest to handle 
plotting and ordering of the nodes and edges is remarkable. This tool will be discussed later in 
section 3.2. 
 
 

                                                
4 Even though it wasn’t clear what objects Leonardo specifically trimmed by doing this he still indicated that he 
left alone the most basic functionallities in order to run his developed system. 
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Figure 2-6: Tracing a smart path of dependencies with PDE Incubator Dependency Visualizer 

2.4.4      STAN 

STAN is a commercial plug-in to Eclipse that auto-generate an architectural overview of all 
source code input based on a structural analysis and parsing of code. This analyze however is 
only adaptable to Java code. The visualization breaks down the structure into different levels 
and perspectives, which lets the user inspect the artifacts in a more detailed and relevant inner 
environment. By also keeping groups of artifacts in pre-unexpanded packages in the 
generated tree it allows the inspecting user to keep an easier track of all dependencies 
between bundles and classes. There are also options to use filters such as Exclusion Patterns 
that will trim the graph i.e. when we don’t want to display test classes. The development 
group behind STAN also raises the importance of packages having their own tree of sub-
packages. This was the reason to make two optional modes, Flat Packages and Package Trees. 
Not only does it perform a visualization of what has been analyzed, but it also provides 
interactive features so that a user can click to find out more details about values, calls etc. by 
expanding different types of packages and objects. 
 
To tackle the issue of larger generated graphs the team has developed a very smart thumbnail 
that can be used with the mouse to quickly navigate in. In addition to that the tool keeps track 
of the number of dependencies or the number of classes in a package by using a metric, which 
is simply a value connected to what is going to be observed. A user can put thresholds to how 
high metrics should be i.e. we could use this metrics value to limit the number of lines of 
code. STAN will use this user-activated restriction to display warnings, much like colored 
traffic lights, what dependencies are overriding this limit and which are close to doing so. But 
there are no other warnings or error-handlers connected to the source code, only to the 
architectural perspective of the code [6].  
 
In the end this is also considered a role model for the developed dependency-tool to MDT due 
to its performance and user-friendly collections of data, even though there is a need to provide 
more than just a structural analyze. Also the smart grouping by expanding packages is 
cleverly interactive and well structured. 
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Figure 2-7: STAN visualizing all dependencies between packages inside a library  
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Chapter 3 

Methodology 

 

This section is indented to give brief explanations of all decisions regarding implementation 
and design of the developed system and also how each part contribute to the overall result. 
Originally it was supposed to be a stand-alone plug-in, to avoid any indirect issues with the 
development caused by constant development and possible restructurings of changes in the 
future updated versions of MDT. But since it is extended upon some functionality from MDT 
inside Eclipse it has later on in the development been adapted fully to the current version of 
MDT. By only adding a minimum set of classes in the MDT, while not removing anything, 
any issues regarding merging the original developed plug-in with MDT version was also 
avoided. This project’s extension also follows MDT in that it uses Java for programming 
language. 
 
The most crucial demands for this project were to: 
 

• Generate a graph of all necessary Modelica-resources 
• Generate all dependencies as edges between objects 
• Sort the nodes and dependencies to a improved overview 
• Make the graph user-interactive 
• Optimize visualization by grouping, trimming and coloring 
• Identify issues from the execution and compilation and projecting them in our 

structure of nodes and edges 

3.1      Modifications to MDT 

3.1.1      Creation of a plug-in 

Since this was later adopted by the larger MDT project there was no need to generate a new 
base, because it was already supplied in the larger environment that we initially indented to 
expand upon. However, this project started out very early as a stand-alone unit and therefore 
will only be explained from that view-point. 
 
In order to extend Eclipse with a new plug-in a new Plug-in Project can easily be generated 
by Eclipse. It provides a plug-in manifest file called plugin.xml, which explains how the plug-
in should extend the current platform, the functionalities behind it and what extensions it has. 
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The platform will parse through this XML-file when the plug-in is loaded and will provide 
additions to the interface. The auto-generated resources also contain a bundle manifest file 
called MANIFEST.MF. It gives the plug-in an identity along with name, ID and version 
number. This file can set requirements on what other plug-ins it needs.  
 
What was really expanded of this existing plug-in in the end was extension in the form of one 
view for the graph-browser and one view for the optimization-tracker. 
 
<view 
      category="org.modelica.mdt.ModelicaCategory" 
      class="org.modelica.mdt.ui.graph.ModelicaGraphView" 
      icon="icons/obj16/mo_file.gif" 
      id="org.modelica.mdt.ui.graph.ModelicaGraphView" 
      name="Modelica Graph View"/> 
 
<view 
      category="org.modelica.mdt.ModelicaCategory" 
      class="org.modelica.mdt.ui.graph.ModelicaDetailedGraphView" 
      icon="icons/obj16/mo_file.gif" 
      id="org.modelica.mdt.ui.graph.ModelicaDetailedGraphView" 
      name="Modelica Detailed Graph View"/> 
 

Code 3-1: A possible expansion of MANIFEST.MF 
 

3.1.2      Changes to the core 

Besides what has already been mentioned in section 2.2 with an overview of Modelica MDT 
this section will explain what pre-existing functionalities have been crucial for developing 
this extension to the MDT-project. 
 
MDT provides a solid command-forwarding to the OpenModelica compiler which enables 
this project to access useful commands of the OpenModelica API. Modelica MDT has an 
implementation of a Modelica compiler called IModelicaCompiler that can be accessed by 
calling the CompilerProxy. By catching the currently used compiler we can use it to send 
commands through IModelicaCompiler and onto OMCProxy. This OMCProxy-file consist of 
functions that are calling sendExpression along with a string that is the parameter and 
command of what should be logged in the OMC, after being trimmed.  
The sendExpression-function creates an inputstream using CORBA. CORBA will then use an 
IDL-file to specify the interface, which the objects will use, that is sent over. 
 
It will return an ICompilerResult that is simply a string-array with supporting functions to i.e. 
extract errors or get the first result. 
 
One may for example ask the compiler for all classes consisting inside of a file that the user is 
“standing in”. We know for a fact that OpenModelica’s API have that functionality from a 
command calls getClassNames and returns a list of all the names in the current file. This 
would be performed by using a found compiler and then send the command with this 
compiler. Also notice that the second parameter to sendExpression is whether or not this 
action should be shown in the console attached to the Modelica-perspective.  
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From this example our MyModelicaFile.mo would look like this with the following output 
(see Code 3-2). 
 
package mymodelicafile 

package innerclass 
model mymodel 
end mymodel; 

end ; 
package anotherclass 
end anotherclass; 

end mymodelicafile; 
 
>> compiler.sendExpression(“getClassNames(MyModelicaFile))”, true) 
<< {inncerclass, anotherclass} 

Code 3-2: The contents and output of a Modelica-file 
 
For more information on what commands are available in the OMC API it is recommended to 
look at the detailed list on OpenModelica homepage [12]. 
 
This expression should only be sent inside the OMCProxy and therefore these commands 
should be sent inside of an inner function so that an extern file should call the inner function 
instead. MDT already provides a few of these but not the full API. A part of this projects 
development had to use some of these non-existing functions and therefore has been added to 
the OMCProxy.   
 
Explanation for these would be found in the documentation for the OMC API since the names 
and the resulting types are equivalent to the ones originally given [12]. The implementation of 
handling the output of these added functions, when in a situation where no compiler has been 
instantiated, can be found in NoCompiler.java and was already created from MDT excluded 
these new functions. 
 
These additional functions are: 
 
public ICompilerResult getNthInheritedClass(String className, int n) 
public int getInheritanceCount(String className) 
public ICompilerResult getNthAlgorithmItem(String className, int n) 
public int getAlgorithmItemsCount(String className) 
public ICompilerResult getNthEquationItem(String className, int n) 
public int getEquationItemsCount(String className) 
public List getComponents(String className) 
public boolean existClass(String className) 
public boolean isPackage(String className) 
public ICompilerResult getErrorString() 
public ICompilerResult loadFile(String classPath) 
public ICompilerResult getSourceFile(String className)  
public List parseFile(String fileName) 
public ICompilerResult getClassRestriction(String className) 
public ICompilerResult getClassComment(String className) 

Code 3-3: The new additional OMC functions as Java-code 

3.1.3      Changes to the UI 

As previously mentioned, the XML-file was contributed with an additional view in which the 
graph is supposed to be browsed, and another additional view for all the optimizations to be 
viewed with selectable equations presented as radio buttons. This allows the user to get a 
draggable view which can also be separated from the tabs of views inside Eclipse and instead 
become a separate window. 
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The second thing we changed was to add a command by making a menuContribution and then 
make it push-styled to make it trigger from pushing, or selecting, a file in the project wizard. 
Both of these decisions are explained further in-depth into the document design-wise later on 
in section 3.4. 

3.2      Zest 

Zest [6] is a library toolkit based on both Eclipses own open source API called The Standard 
Widget Toolkit (SWT), which provides widgets and user-interaction, and Draw2D that lends 
a more lightweight java object-oriented graphical library. Draw2D makes these components 
simple java objects and have nothing to do directly with resources from the operative system 
while also providing a minimized update to required repainting in figures. Draw2D is also 
based on SWT. The Zest-library consists of widgets called nodes and connections that make 
up graphs. The Graph-type itself is a Composite which acts as a container for these widgets. 
 
The node-type is called a GraphNode and is placed inside a Graph. It extends upon widget 
which enables support for listeners. This also means that these GraphNodes has coordinates 
and sizes, but they also comes with a style and requires extending into a new class in order to 
change form (all GraphNodes are round circles). The GraphNode already supports 
modifications such as recoloring, resizing and relocating the nodes. An example of creating 
and placing a node would be: 
 
GraphNode tempGraphNode = new GraphNode(graph, SWT_NONE,”myFirstNode”); 

 
This will make the GraphNode appear at (x,y) = 0,0 and needs tempGraphNode.setLocation(x, y) 
in order to be placed into a desired position or letting a layout algorithm do it for us. 
 
In order to connect these GraphNodes with a connection we create a GraphConnection that 
requires two GraphNode’s as inparamaters. The first parameter describes which Graph it 
should be added to. The second parameter states what style the connection should have. Zest 
comes with some premade styles of connections but this can be customized. 
 
GraphConnection tempGraphConnection = new GraphConnection(graph,  
ZestStyles.CONNECTIONS_DIRECTED, sourceNode, targetNode); 

 
One of the main features of Zest is that it provides several sorting layout algorithms for the 
connected nodes of Zest. Those are: 
 

• Spring Layout Algorithm – Capacious graph with minimum crossing of connections. 
• Tree Layout Algorithm –    Ordering connections as branches starting from a root  

                                             node and then top-down. 
• Radial Layout Algorithm – Creates a tree layout but instead does it outwards from a  

 centered root instead of top-down. 
• Grid Layout Algorithm –    Order in a grid-layout fashion. 

 
All the GraphNodes that has already been added to the Graph can easily be resorted with each 
new layout (the following example is for Radial Layout Algorithm). 
 
graph.setLayoutAlgorithm(new RadialLayoutAlgorithm(LayoutStyles.NO_LAYOUT_NODE_RESIZING), 
true); 
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Zest is also implemented with a flashy style so that each placed GraphNode, using a pre-made 
layout algorithm, making the node move from x,y = 0,0 to the position it has been set to. In 
order to disable this effect the node style has to be set to ZestStyles.NODES_NO_ANIMATION . 
This also explains the use of LayoutStyles.NO_LAYOUT_NODE_RESIZING because the algorithms are 
usually placed with a resizing of each GraphNode to fit the screen. This results often in that 
the nodes are shrunk, even when they don’t necessarily need it to fit. 
There are other features such as sub-graphs, redesigns of nodes and connection, fancy layouts 
etc. but is not mentioned here since they are not used in this project due to them still being in 
a development-phase, have bugs or just served no purpose to this projects goals. One of the 
examples of a project that has been developed by mainly using the Zest-library is  
PDE Incubator Dependency Visualization that was mentioned in section 2.4.3, which is also 
noticeable from the look of it in comparison to this project. 

3.3      Design 

The user-friendliness was one of the most important aspects of the projects goals. For the user 
to be effective in his or her dependency-tracking and debugging the purpose of the 
environment has to invoke an overview that is easy to observe and quick to track by following 
the connections of dependencies between classes or packages. 
 
[8] Qiming Teng, among others, is stating that some steps that will increase readability of a 
dependency-graph are:  
 

• Coloring the nodes depending on whether the block is declared as a package or a class 
and changing the patterns of the connections depending on what the relationship is.  

• Manually dragging/hiding nodes to make them easier to follow 
• Grouping the components 

 
Modifying the style of the nodes and connections is an easy task which only requires styles 
that don’t get mixed up with each other from choosing too similar colors. Based on this 
statement our design suggests the following look (Figure 3-1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-1: The styles of different visual Modelica entities 
 
 

Dependency to a package Dependency from a 
function call 

Dependency from an 
inheritance or attribute 

A class-node A package-node 
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The interactivity behind manually dragging and hiding nodes or connections is a good thought 
and is possible to implement using either the Zest-library or customized events for special 
purposes. One criticism to the previous work made in sorting out the layout manually is that it 
can be difficult for a user to unwrap an entangled nest of connections and nodes in order to 
give it a better overview. Besides, the more nodes and connections you have the more 
difficult it would be to perform such a task. Therefore this design will try to adopt a layout 
algorithm that priories that connections doesn’t cross each other rather than putting the 
responsibility of that action into the user’s hands.  Though this will still be an available 
feature after the layout algorithm has been adapted so that a user can experiment and interact 
with the graph. All this in order to gain information in his/her own way about certain 
dependencies and relationships. 
 
 
 

 
 

Figure 3-2: Grouping a graph according to nodes (left – before; and right – after)  
 
 
[8] Also, as Teng states, grouping can give some better overview since it either trims down 
the amount of nodes or gives a better overview of the nodes involved by putting relatively-
close nodes close to each other. The result would be like the cluster we see in figure 3-2. 
However, this brings a lot of connection crossing since we prioritize the location of the nodes 
rather than the connections and in a dependency-graph the connections should be more 
prioritized rather than the classes it is connected to. 
 
Grouping components carries other issues as well. The idea behind grouping classes could be 
assumed to work for packages that embrace other classes; this would both point out what 
classes that relates to each other in a good way and acknowledge class types such as a 
package. But we will still have the issue of crossing connections and therefore this will be left 
as an optional ordering-setting to the user even though a dependency-graph should prioritize 
the order of the connections. 
 
A good feature added to the design to develop the interactivity further is that a user should be 
able to not only track down sources of files according to the nodes, but also what sources the 
connections are built from. This would involve the interaction-events to open a file upon a 
selection and get to that specific line in which this dependency was made from. It creates a 
better reflection of the code to the graph. A theorized case in which this would be a valuable 
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tool is when, in case of debugging, we see something is returning an error or something that is 
giving an incorrect result. We can use the connections to gain information if we are using the 
same functionalities as we expected i.e. calling the correct functions, indirectly referencing 
the expected super classes. These line numbers enables the user to move be directed inside of 
the code editor not only to a related class but also to the referenced function in that class so 
that we can inspect further if we got to where we expected. As part of our analyzer it is 
possible to save this type of line number-references so that we may use it for the previous 
stated way to interact.  
 
To generate a new graph the user should select a file in the project wizard to the left inside 
Eclipse. This doesn’t require the file to be run. Whenever we select a new file, with the 
requirement that it is a Modelica-file since the subject of this project is focusing on Modelica, 
the graph should be regenerated along with the selected file as a root. Since we have a root we 
can also set a layout algorithm to be SpringLayoutAlgorithm using Zest and in that way avoid 
connections crossing while also retain the current file as a root after ordering or regenerations. 
 
What Leonardo (see section 2.5.2) missed in his solution or chose to not maintain was an 
optimization of the performance through the design. As we saw earlier in his graph-generation 
it turned out to be a full-scaled of everything Modelica may involve and OMC Message Log 
is doing something similar, which keeps track of how OMEdit invokes all Modelica-resources 
before running a Modelica-file (see section 3.4.1). An alternative solution to this 
performance-issue would be to only generate what is needed from a user’s perspective and 
on-the-spot when needed. When clicking on a node we either open up the file that the node 
we clicked represents, as we mentioned earlier with interactivity, or we should expand it to 
see what dependencies that specific node has that and if there any new classes introduced. If 
we already find some class that is already represented as a node then there should just be a 
new dependency introduced (see figure 3-2). This avoids us to generate anything that the user 
isn’t interested of and it also provides a step-by-step unveiling of the relationships inside the 
graph from the root-file that we are focusing the graphs perspective on. Also, this will only 
generate things that the user is actually relating to, all imports should be avoided since they 
tell us nothing about what is actually used as Leonardo has stated before (see section 2.5.2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-2: Expanding a node two times 
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Another action in the mission of trimming down the number of objects in order to gain 
performance and better overview is to look at the connections. We have to remember that 
several connections may occur in the same path (connections with same destination and 
source) and in opposite directions. With this in mind we should only have one connection 
displayed but still let the system register that there was numerous connections at that point 
and keep track of the different line number in which they occurred from their source-file. As a 
replacement the user will be able to right-click on a connection and get a list of connections to 
select from, this is another “generate when needed”-implementation. To solve two directed 
connections going opposite ways we make two arrows at that path, bending to give room for 
the other direction. 
Of the same motivation to spare the number of generated objects we choose neither to 
generate variables. One can only imagine the enormous amount of nodes representing each 
variable that is included and related to a class. The only thing that can be of value but is 
unreachable in the current state of Modelica are Keywords such as the type Real or the 
function der(), probably because of their nature of restrictions compared to regular classes.  
 
Previously we have shortly mentioned debugging in the sense that it should be easy by just 
using your eyes to scan and notice strange behavior and relationships from the graph. But to 
make display of bugs more obvious however is a more complicated matter since many of the 
existing errors only can be detected after run-time and therefore can’t be displayed as part of 
the node generation which is analyzed without any requirements for compilation or 
simulation. The solution to this would be to display it afterwards with a completed graph-
generation waiting to be configured meaning that analyzes of the results of a debug would be 
performed dynamically.  
    
However this is unnecessary for two reasons, one is that there is missing simulation-support 
in MDT as of now and even so any kind of state-variable indicating that anything at all has 
been simulated besides text in the console when inputting a specific simulation-command. 
This makes it hard to detect dynamically triggered errors even though there is some support in 
the Modelica API using the command getErrors(), though again this is not enough. The other 
reason is that it’s simply ineffective to display an error in a graph when there is a perfectly 
working and detailed error log or error-highlighting in the text-editor as part of MDT. For 
these two reasons displaying errors remains as a “good thought but lacking value”-feature. 
We leave this open in the future to be reevaluated if a proper solution and significant value to 
that feature is ever found. 

3.4      Implementing the Graph-browser 

In order to create analyzes and generating in a few simple steps it was possible to easy 
separate the different processes and features. In figure 3-4 you can see a overview of what 
was developed and the process-map of what is done for each separate input the user does. By 
using a expanded AbstractHandler that is triggered on command from the file wizard of 
Eclipse we can see what has been selected and give the user an option to start 
analyzing/generating data based on that selected file. Inside the graph we use the selection-
feature of Zest to trigger and check if it was a node or connection that was selected, but also 
how. This overall system is also run under a separate thread in order to not interrupt any other 
interactions with Eclipse. 
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getSite().getWorkbenchWindow().getSelectionService().addSelectionListener(listener); 
public void mouseDoubleClick(MouseEvent e) { 
  
if (ModelicaGraphAnalyzer.getModelicaCompiler() != null  
     && !graph.getSelection().isEmpty()) { 

int grab = graph.getSelection().get(0).toString().length(); 
 String select = graph.getSelection().get(0).toString().substring(16, grab); 

try { 
 doubleClickHandler(select); 
 } catch (ConnectException e1) 
 { 
 e1.printStackTrace(); 
      
 } catch (UnexpectedReplyException e1) 
 { 
 e1.printStackTrace(); 
      
 } catch (InvocationError e1) 
 { 
 e1.printStackTrace(); 
      
 } 

} 
} 
 
@Override 
public void mouseUp(MouseEvent e) 
{ 
if (e.button == 3) { // right-click 
 rightClickHandler(e); 
} 
} 

Code 3-4: How mouse-clicks are handled for nodes 
 
In general we always instantiate and generate whenever we have picked a new file through 
the file wizard and the menu (1) but if we instead would double-click inside the graph (2) and 
the system detects that a node was the target it will either remove or expand nodes, depending 
on what state that node is in. Since we can catch the clicked object using this event we can 
also find out by using an array stored with all generated nodes which one was clicked and 
then expand from that or remove from a index i (depending on if it already has been 
expanded). i = 0 if a new graph is instantiated, with a new set of nodes and a new root, when a 
new file was selected. In summaries, this makes a good dynamic solution for both handling 
analyzes/generations from root while also enable to do the same from a certain node without 
doing unnecessary analyzes of uninvolved data. 
 
These two analyzes are running in a separate thread away from the UI (GUI). When these are 
complete the real generation starts along with a layout of the new set of nodes and Eclipse’s 
UI-thread is called (3). This is an important technical solution in order to let the UI update 
while the generation is working parallel to the user’s interactivity. I.e. the user may want to 
want to write code in the text editor or browse between files right after starting analyzes of a 
Modelica-file. Another common example would be that the user simply wants to analyze 
some other file than the previous demanded one, and by enabling interactivity in parallel this 
will be possible and the current analyze will stop so that another request will be started. 
So far we have mentioned that we can analyze data based on a given file and generate a 
compact starting tree, which later on can be expanded and collapsed using the nodes. But the 
project also involved other good features that further improves the user-experience in order to 
widen analyzes. In section 1.2 we declared that one tool would also be able to show the 
simulation-operations that have taken place in order to come to the conclusions of a result that 
the user is predicting. This may even not be the predicted results and therefore this tool acts as 
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a debugging-tool. The tool is presented in a window separated from the graph-browser so that 
both can be compared simultaneously or easy to switch between (5). 
 
Note that this detailed analyze of operations being performed has been implemented to focus 
on a single class, meaning that it won’t show all operations in the whole system and is easier 
for the user to study specific parts of the system and the results of that part. Another small 
functionality is that a user can right-click on a node and get referenced to the file and line-of-
code in which this node was created from, most likely the line that declare the class.  
 
There were also other nice features that could make its way into the system, such as letting the 
user mark nodes with colors or integrate other already-implemented tools with this one, and 
that’s the reason why we have a list for all of the optional deeper analyzes of a selected node 
(4). With this design-choice the system is open to further development. 
 
 
 
 
 
 
 
 

 

 

 

 

 
 

Figure 3-4: The call-order of the implementation 
 
 

But this selection may not have been a node; it could even have been a connection 
(dependency) between two nodes. The imagined possible features of this were limited during 
the project’s development and therefore the current version only shows a list of all the  
lines-of-code, numbered with the line-numbers next to each snippet, which specifies what line 
or lines that created this dependency between the classes. A user can also click on one of 
those lines and be referenced to the file and specific line-of-code this came from, much like 
how it would react when a reference was sought based on a node with the difference that a 
dependency more likely will reference almost any line inside a class or function where a node 
would probably on reference the top-line declaration of the class (6). Regardless in both cases 
the line is also highlighted in the text editor. 
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3.4.1      Analyzes 

Static analyzes are performed whenever a file of type IModelicaFile is selected in the 
Modelica Project Wizard of the Modelica Perspective. The first step, after completing the 
basic extensions of a pre-existing plug-in in Eclipse, was to find all possible classes, packages 
and dependencies between them that we could find from a very easy analyze of the source 
code and directories. This analyze-approach is loosely based on the iteration that the OMC 
Message Log perform when providing a log for a “compile & run” of something created in 
OMEdit.  
 
The OMC Message Log usually starts with initiating the Modelica using 
loadModel(Modelica,{"default"}). Notice that when we reach this part of the processing we have 
already done some basic preparations by adding the graph-object in which nodes and objects 
will be placed and analyzed later on. Also notice that we need to load a file every time we 
want to perform commands on it given a path to the file, but this should only happened one 
time for each new clicked file meaning that it shouldn’t be loaded again when the graph is 
being analyzed further following an expansion or collapse. During this initiation we also 
declare the roots, and by roots we mean that a file can contain many classes, which will 
behave like roots and possibly create multiple trees in the graph. So we store these classes in a 
list and iterate over them. This makes the initial analyze, combined with the deeper analyzes, 
to become a depth-first tree traversal with pre-order (see Figure 3-5). And because we have 
multiple trees each tree will be handled one-by-one starting from the top-class of the file. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3-5: An example of a pre-ordering in a tree 
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Then we continue on by finding all relevant information for those classes, and those classes’ 
classes etc., recursive iteration. The iteration would look very much like this (taken from an 
OMC Message Log example): 
 
getClassRestriction(ModelicaServices) 
"package" 
 
getIconAnnotation(ModelicaReference) 
{} 
 
isConnector(ModelicaReference) 
false 
 
getInheritanceCount(ModelicaReference) 
1 
 
getNthInheritedClass(ModelicaReference, 1) 
ModelicaReference.Icons.Information 

Code 3-5: The results of some helpful OMC functions 
 
And then by iterating through the class ModelicaReference.Icons.Information. The effect of 
this is that we will load all of the core classes and packages but we really won’t use all of 
them or there are simply too much to handle for a single user that only wants to look at a part 
of all the dependencies or rather the ones that are most relevant for that persons workspace. 
 
	  
currentCompiler.loadFile(classPath); 
 
// Find the underlying classes of a package 
if(currentCompiler.isPackage(className)) { 

List classList = currentCompiler.getClassNames(className); 
 for (int j = 0; j < classList.size(); j++) { 
  String nam = classList.elementAt(j).toString(); 
  addToPackage(className, nam); 

createBond(className, recursive, className + "." + nam, prevID, 
SWT.LINE_DASH, SWT.COLOR_MAGENTA); 

 } 
} 
 
// Find inheritance-dependencies 
int num =  currentCompiler.getInheritanceCount(className); 
for (int i = 0; i < num; i++) { 

ICompilerResult res = currentCompiler.getNthInheritedClass(className, i+1); 
createBond(className, recursive, res.getFirstResult(), prevID, SWT.LINE_SOLID, 
SWT.COLOR_GREEN); 

} 
 
// Find component-dependencies 
List componentList = currentCompiler.getComponents(className); 
for (int j = 0; j < componentList.size(); j++) { 
 String nam = componentList.elementAt(j).toString(); 

createBond(className, recursive, nam, prevID, SWT.LINE_SOLID, SWT.COLOR_GREEN); 
} 

Code 3-6: The steps that are iterated to find all dependencies 
	  
Implementation of analyzes could be performed similar to what Leonardo at Wolfram 
MathCore had done for his dependency graph using MetaModelica (see section 2.5.2). 
However this was inaccessible due to it being a property of the Wolfram MathCore company 
that Leonardo was employed under. Besides, it can be considered an unnecessary 
implementation in our case since it performs a weak identification through parsing by 
comparing the most common syntaxes of Modelica and emphasis nothing on optimization. 
The reason for this being unnecessary is because MDT, which this project is based around, 
already provides support for tracking down classes, inheritances, packages etc. by parsing the 
code on its own.  
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By doing a similar recursive iteration as OMC Message Log and declare a dependency 
whenever we find something that has a relationship to another class we can cover most cases 
(see section 2.4) using the predefined functions from MDT. 	  
 
There were still some missing features that the OMC API doesn’t support such as finding 
function calls. But still to include a second parser felt a bit overkill, both in regards of the 
workload in creating a parser and that it was ignoring all previous solid work on adapting 
Modelica to Eclipse by developers of PELAB. In this case there was either the option to 
expand the OMC API for something that would find all calls, but that would be time 
consuming since the Modelica system is a totally new environment than the one of MDT. 
 
The other option was to use an idea by Leonardo as part of the simple solution in where we 
identify a function call whenever we find a start-parenthesis on that row, since there is no 
other supported way of identifying a function from a line either in Java, Modelica or MDT. 
Then we take whatever we find in front of that and track down if it has a definition that is 
relevant using MDT. This is then performed under each algorithm- or equation-block. 
 
public static void checkExist(String className, String trimRes, boolean recursive, int prevID) 
throws ConnectException, UnexpectedReplyException, InvocationError{ 
   
// Find the function-calls from a line of code 
int lastIndex = 0; 
int count = 0; 
while (lastIndex != -1) { 
 lastIndex = trimRes.indexOf("(", lastIndex); 
 if (lastIndex != -1) { 
  count++; 
  lastIndex ++; 
 } 
} 
while (count > 0){ 
 String tempRes = trimRes.substring(0, trimRes.indexOf('(')); 
 trimRes = trimRes.substring(tempRes.length()); 
 tempRes = tempRes.substring(tempRes.lastIndexOf('"') + 1); 
 tempRes.replaceAll("\\s",""); 
   

if (tempRes.length() != 0 && currentCompiler.classExist(tempRes)) 
createBond(className, recursive, tempRes, prevID, SWT.LINE_SOLID, 
SWT.COLOR_GREEN); 

  count -=1; 
} 
} 
 
// Find function-call-dependencies among algorithms 
num =  currentCompiler.getAlgorithmItemsCount(className); 
for (int i = 0; i < num; i++) { 

ICompilerResult res = currentCompiler.getNthAlgorithmItem(className, i+1); 
 String trimRes = res.getFirstResult(); 
 checkExist(className, trimRes, recursive, prevID); 
} 
 
// Find function-call-dependencies among equations 
num =  currentCompiler.getEquationItemsCount(className); 
for (int i = 0; i < num; i++) { 

ICompilerResult res = currentCompiler.getNthEquationItem(className, i+1); 
 String trimRes = res.getFirstResult(); 
 checkExist(className, trimRes, recursive, prevID); 
} 
 

Code 3-7: The steps that inspect dependencies introduced by function-calls 
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And the last step of this repeated analyze includes checking if the current processed class has 
a parent which is a package. This is the only used way of finding related packages of a certain 
node’s perspective. 
 
public static void analyzeParent(int prevID, String fullName, boolean recursive)  
  throws ConnectException, UnexpectedReplyException, InvocationError 
{ 
 if (fullName.contains(".") &&  

   currentCompiler.isPackage(fullName.substring(0, fullName.lastIndexOf(".")))){ 
  String packageName =.substring(0, fullName.lastIndexOf(".")); 
  createBond(fullName,  

           packageName,  
           recursive,  
           prevID,  
           SWT.LINE_DASH,  
           SWT.COLOR_GRAY); 

 } 
} 

Code 3-8: How we find out if a parent-object is a package 
 
When creating a dependency we make sure that these are not duplicated to avoid loops in the 
graph-analyzes, meaning that two dependencies both share the same source and same 
destination. The line numbers should be stored all together in a connection if they share the 
same source and destination but it still shouldn’t display multiple connections from one 
source node to one target node.  
 
Also, one of the features of the graph-browser is that a user should be able to get back to the 
source of a file or a line by clicking on the corresponding node or connection. This means that 
the system must also support a function to look for a line number in a file with a given String 
to match with. There are no currently existing functions part of Modelica or MDT that can 
provide that support and therefore this function had to be created. Since a String may appear 
multiple times (we may call a function multiple times or multiple instances of a class) these 
have to be saved for each of those occurrences so that a user can use that line number to get to 
a specific line inside of a file and get that line highlighted, all from a single interaction with a 
connection or a node. The following referenced code only states on how to extract the line 
numbers. 
 
 
private static ArrayList<Integer> findLineNumber(String file, String text) throws 
ConnectException, UnexpectedReplyException { 
 
Scanner fileScanner = null; 
try { 
 fileScanner = new Scanner(new File(file)); 
} catch (FileNotFoundException e) { 

e.printStackTrace(); 
}   
int lineID = 0;   
ArrayList<Integer> lineNumbers = new ArrayList<Integer>();   
Pattern pattern =  Pattern.compile(text); 
Matcher matcher = null;   
while(fileScanner.hasNextLine()){   

String line = fileScanner.nextLine();   
 lineID++;   
 matcher = pattern.matcher(line);   
 if(matcher.find()){   
  lineNumbers.add(lineID); 
 }      
}   
return lineNumbers; 
} 
 

Code 3-9: Storing what line number a dependency comes from 
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Earlier as part of the design choices (see section 3.3) we stated that a special case that arise is 
when two nodes create dependencies towards each other but not in the same direction and that 
it would create two parallel bended lines, meaning that a connection share it’s source with the 
other connections destination and vice versa. This is actually not part of the true data analyze 
even though it is stored along with other information that is used in the visual generation. 
Instead the graph generator will acknowledge this and handle that case if needed. We will 
explain this further in the next section. 

3.4.2      Expanding and Destructing 

Part of our aims of the project was to implement ways to optimize the graph, meaning that 
what is processed, analyzed and visualized is only the maximum of what is needed in order to 
find the relevant information of a structure of dependencies. To do this we only handled the 
dependencies going from the root node in which we made by selecting a file for analyze. But 
what if this isn’t enough? What if we want to explore a path going from the root and the first 
level isn’t enough? We still don’t want all of the dependencies to be shown if it’s not 
necessary. This is when an expanding-feature is practical.  
 
What this functionality includes is that it analyzes the dependencies from a certain point of 
the tree and expands it into a new sub-tree, which may as well point back at some node 
already visualized. In that case a new connection will only be placed between the two already 
rendered nodes. For a visual example of this see Figure 3-6 where the solid lines represent 
already visualized connections and nodes while the dotted ones are the ones that are 
discovered from expanding node D. So in this case, why isn’t the connection between the root 
node A and node D discovered already when A has been analyzed? The answer to this is 
because A doesn’t have the dependency to D. Instead it’s the D that has a dependency to A 
based on the code of class D. So A has no awareness of D when it was analyzed and that’s 
why D points a connection to A. E and F here hasn’t been discovered before and hence are 
introduced as completely new nodes into the graph-structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-6: An example of the expanding functionality 
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First we have to check if something is expandable, which is toggled between expansions and 
destructions (we explain this feature later on), using a boolean variable. 
 
The implementation of this analyze is that we reuse the same code as we used for processing 
from the root, with the exception that we have no need for the initiating step since we both 
already loaded the required libraries from the root-analyze and don’t need to create the node 
on which we clicked on. To keep track of what should be expanded we have an index-
parameter i that is sent along with the function-call to the class-analyze function. We get this 
index by checking from the graph what has been selected and then comparing it with the 
stored list of nodes that we gained from the root-analyze. This index is used for telling created 
nodes and connections what the source-index is. 
 
private void doubleClickHandler(String select)  
 throws ConnectException, UnexpectedReplyException, InvocationError { 
 for (int i = 0; i < ModelicaGraphGenerator.nodes.size(); i++) { 
  if (ModelicaGraphGenerator.nodes.get(i).getName().equals(select)) { 

 
           … 
 
         if(ModelicaGraphGenerator.nodes.get(i).isExpandable()) { 

   // Expand node dependencies 
 
… 
 
ModelicaGraphAnalyzer.analyzeClasses(i, select, 
false); 
ModelicaGraphGenerator.nodes.get(i).expandable = 
false; 
ModelicaGraphGenerator.generateExpanding(graph, 
ModelicaGraphGenerator.nodes.get(i).getName()); 

      
   } else { 
    

… 
 

Code 3-10: How we decide if we should expand 
 
 
 
public static boolean nodesContains(String comparingString) { 
 for (int i = 0; i < ModelicaGraphGenerator.nodes.size(); i++) { 

ModelicaNode currentNode = ModelicaGraphGenerator.nodes.get(i); 
  if (currentNode.getName().equals(comparingString)) { 
   return true; 
  } 
 } 
 return false; 
} 
 
 
public static boolean connectionsContains(String comparingSource, String comparingDestination) 
{ 
 for (int i = 0; i < ModelicaGraphGenerator.connections.size(); i++) { 

ModelicaConnection currentConnection =  
    ModelicaGraphGenerator.connections.get(i); 
if (currentConnection.getSource().getName().equals(comparingSource)     
     && 

      currentConnection.getDestination().getName().equals( 
comparingDestination))  

      return true; 
 } 
 return false; 
} 
 

Code 3-11: How we avoid duplication during generation 
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To be sure that we don’t create duplicates we have two functions that can check for them 
through the stored lists. If a node already exist we have no reason to create it, but if a 
connection already exist we store information about it along with the others that share the 
same source and target, and possibly even create two pointers between two nodes (as we 
mentioned at the end of the previous section 3.4.1). See Code 3-11 for an example of how this 
is handled in our implementation. 
 
In counter to this feature it is also necessary to have destructing feature that can collapse sub-
trees so that the overall structure becomes more compact or so that the user can change his 
focus of the total system. What the functionality behind this is meant to do is that when a user 
double-clicks on some node that has already been expanded previously the connections going 
from that node and the nodes on the end of those connections should be removed. Also we 
have to remove those nodes connections and parents etc. So this eventually becomes a 
repeated process for all underlying expanded nodes. An example of this occurs in Figure 3-7 
where a user has a tree with a sub-tree consisting of the nodes A-E. The user double-clicks on 
node A and it will first check for a connection, remove it and then remove B. It checks if B 
was pointing to something and repeats this process until it reaches the end of each branch 
where it can’t find any more connecting connections or nodes. 
 
 
 
 
 
 
 
 
 
 

Figure 3-7: An example of the repeated destruction 
 
 
This eventually raises an issue in practice. Since our tree has a very open structure that allows 
nodes to be directed to any node on any level of that tree it is important to be aware that loops 
may occur. Why is this important? Simply because we may remove more than we originally 
intended. In the example from Figure 3-8 a user has previously generated root-node A with 
the connecting nodes B and G. So far we have a tree of A-B-G.  
   Next the user clicks to expand B, he gains D and the tree A-B-D-G, then clicks on D to gain 
E and F with the tree A-B-D-E-F-G, then expands E to gain C and tree A-B-C-D-E-F-G, and 
last expands C to find a connection to the already found node B. The user may now want to 
collapse D because he is not interested in E, F and C. But by double-clicking on D with a 
repeated destruction we will of course destroy F and E with the connection between D and 
them, but also continue on to C, then B and back to D. This means that we with intensions of 
destroying E, F and C also destroy a parent to D and the clicked node D. 
  

A B C D 

E 
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Figure 3-8: The order of destructions in a loop 

 
One may argue with various ideas that maybe if there were levels of nodes or we kept track of 
who are parents to each node this would avoid the problem. But this doesn’t change the 
matter that a parent may have become a child as part of the expansion and created the loop. 
The simplest solution would be to ignore the repeated process and just say that it should 
remove each connection that goes from the clicked node and then remove the node at the end 
of that connection if that node doesn’t connect to anything else. In the case of Figure 3-8 and 
we would click destruct from D, this simple solution would mean that F disappears but not E 
since E has a connection to another node (the node C).  
 
public static ArrayList<Integer> destructClasses(int sourceID, String className) { 
 ArrayList<Integer> destroyedConnections = new ArrayList<Integer>(); 
 for(int i = 0; i < ModelicaGraphGenerator.connections.size(); i++) { 
       if(ModelicaGraphGenerator.connections.get(i).getSource().getName().equals( 

            className)) { 
      …     

destroyedConnections.add(i); 
      } 
 } 
 
 for(int i = destroyedConnections.size()-1; i >= 0; i--) { 
      if(ModelicaGraphGenerator.connections.get( 
                         destroyedConnections.get(i)).getDestination().isExpandable()){  
  
                       ModelicaGraphGenerator.nodes.remove( 

ModelicaGraphGenerator.connections.get( 
   destroyedConnections.get(i)).getDestination().getId()); 

 
          for(int j = ModelicaGraphGenerator.connections.get( 

      destroyedConnections.get(i)).getDestination().getId();  
j < ModelicaGraphGenerator.nodes.size();  
j++) 

      
              ModelicaGraphGenerator.nodes.get(j).setId( 
                              ModelicaGraphGenerator.nodes.get(j).getId()-1); 
  nid -= 1; 
          }  
    

         int resulting = destroyedConnections.get(i); 
          ModelicaGraphGenerator.connections.remove(resulting); 
          cid -= 1; 
 } 
 return destroyedConnections; 
} 

Code 3-12: The destruction-operation 
 

A 

B 

D 

E F 

G 

C 
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An even smarter solution to this based on, that parent nodes can become children, an idea 
would be to keep track of children and parents and when we repeat the process we make sure 
that we don’t remove any node that is a parent and a child to the node D. This also means that 
each node has to store its personal record of parents and children. That’s where it becomes 
very costly in performance because of all the records of branches kept in each node and why 
the current version of the project only supports the simplest eliminations of connections, as 
mentioned earlier. 
 
private void doubleClickHandler(String select)  
 throws ConnectException, UnexpectedReplyException, InvocationError { 
 for (int i = 0; i < ModelicaGraphGenerator.nodes.size(); i++) { 
  if (ModelicaGraphGenerator.nodes.get(i).getName().equals(select)) { 

 
        … 
 
        if(ModelicaGraphGenerator.nodes.get(i).isExpandable()) { 

    
          … 
      
          } else { 
          
                                   … 

        
             ModelicaGraphGenerator.nodes.get(i).expandable = true; 

ArrayList<Integer> destructedConnections = 
ModelicaGraphAnalyzer.destructClasses(i, select); 

                            ModelicaGraphGenerator.removeDependencies(graph,   
                                                     destructedConnections, i); 
 

Code 3-12: How we decide if we should destruct 
 
As we see from the code desctructClasses on the previous page it will return a list with a set of 
index of destroyed nodes. The reason for this is because the destructed data will only be 
erased as part of the lists that are used for analyzes for various functionalities, but the 
graphical representation will remain unchanged from this modification to the lists. Therefore 
we have to save information about what has been erased and then tell the graphical processes 
about this, which will then result in a graphical update to the tree which is synchronized with 
the stored data for further analyzes. 

3.4.3      Generating visuals 

From earlier dependency-analyzes arrays of connections and nodes were declared. With the 
support of Zest to generate things visually in the view these referenced array-contents could 
be taken out and visualized inside the graph. Since Zest has its own GraphNode- and 
GraphConnection-types this will also be saved for quicker access to them after performing a 
generation. Accessing GraphNodes and GraphConnections makes it easier to receive visual 
information such as coordinates but also data that we have passed on from the original nodes 
and connections, such references to the source and destination of a connection. The last 
mentioned example would enable us to get a list of the line numbers to a dependency’s 
original file from its source, because this type of information was saved during the earlier 
analyzes. 
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private static void generateNodesOriginal(Graph graph, String fileName) throws 
ConnectException, UnexpectedReplyException{ 
System.out.println("[Graph Generation] Generating graph according to Original"); 
 
   
// Create visuals for the nodes 
graphNodes = new ArrayList<GraphNode>(); 
for(int index = 0; index < nodes.size(); index++) { 

GraphNode tempGraphNode = new GraphNode(graph, SWT.NONE,  
nodes.get(index).getName()); 

  
 tempGraphNode.setBackgroundColor(graph.getDisplay().getSystemColor( 

nodes.get(index).getColor())); 
  
 graphNodes.add(tempGraphNode); 
}   
 
// Create visuals for the connections (can only be made after  
graphConnections = new ArrayList<GraphConnection>(); 
for(int i = 0; i < connections.size(); i++) { 
 int tempSource = Integer.parseInt(connections.get(i).getSource().getId()); 
 int tempDestination = Integer.parseInt( 

connections.get(i).getDestination().getId()); 
 int tempStyle = connections.get(i).getStyle(); 
 GraphConnection tempGraphConnection =  

new GraphConnection(graph,  ZestStyles.CONNECTIONS_DIRECTED, 
graphNodes.get(tempSource), graphNodes.get(tempDestination)); 

 tempGraphConnection.setLineStyle(tempStyle); 
 graphConnections.add(tempGraphConnection); 
 } 
} 

Code 3-13: How visuals for nodes and connections are being generated 
 
Between each selection of a file we have to regenerate all of the nodes and perform a new full 
analyze. This also goes for whenever an extension of a node is performed meaning that nodes 
and connections already generated has to be regenerated as well. The layout of the nodes and 
connections are performed with a slow sweeping animation. The reason for this is because 
Zest forces the layout-classes to be used with a standard animation, which in the current 
version doesn’t support changes unless custom layouts (with custom layout algorithms) are 
being made. The graph and arrays was also ensured to be cleaned in each new selection of the 
file-wizard. 
 
Because we only choose to generate what is closest relative to the root node we already trim a 
lot of things that have been suggested many times before, with the long loading times in mind 
from having a full scale graph. With the support of also only extending what is required by 
the user of the tool, from an index i of the list of nodes, the performance value is greatly 
increased because of the minimum amount of objects. 

3.4.3      Grouping  

An interest in the project was to acknowledge the larger architectural sections of the whole 
code, such as backEnd and frontEnd. A company like MathCore which Leonardo worked for, 
as previously mentioned, attach importance to the separation of frontEnd and components 
“behind-the-scenes”. This is because when a developer usually works with an environment he 
or she often has to keep track of naming conventions. A huge contribution of resources, like 
the Modelica libraries, are hard to keep track of and the changes of updates may provide more 
hidden naming conventions for the developer who is only focusing on his own contribution. 
By grouping and separating the backEnd from the frontEnd, a developer can easily keep track 
of these types of changes that the original developers behind the libraries have created that 
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would also affect the contributing developer’s environment. This involves grouping each 
package according to a suitable layout-ordering. 
 
In theory users may have different preferences in choosing what to prioritize for a more 
complex grouping, either connections or nodes. There are now three different suggested 
ordering algorithms constructed to give the user as much control as possible. 
These layout orderings are:  
 

• “Original”, which is using Zest’s SpringLayoutAlgorithm with minimal amount of 
connections crossing in the graph and it’s the one currently implemented. 

• “MathCore”, a layout that invokes grouping based on each node’s (class) package in 
where it is contained in. All possible classes and packages are generated. This was 
important to MathCore so that backend and frontend could be separated as mentioned 
in section 2.5.2. 

• “Packages”, this is a hybrid of the two previous ones in which grouping of packages 
are being made but try to avoid crossing of connections. 

 
Currently this lacks implementation in order to investigate the possibilities of this further in 
practice, but the current interactive generation of tree-structures is a very good tool to get 
some idea of what the structure looks like. There is also some automatic grouping going on as 
part of each extension because the layout implicit makes groups of directly connected 
neighbors. This means that two classes, that are not closely dependent on each other, neither 
will be necessary close to each other and they certainly won’t be having a direct connecting 
between them. 

3.4.4      Error handling 

 
Error handling as a visual feature inside the graph generation was mentioned in section 3.3 
but was discarded for various mentioned reasons and replaced with a browser that can observe 
transformations of operations through the execution. This will be discussed further in the 
following section 3.5. We still mention this as a potential feature if it can be found of good 
use and when a more stable simulation-support exists in MDT.  
 
[16] What this catches are exceptions in Modelica that are triggered by some error, a bug of 
the system created by a human. In order to catch these from code-side it can be obtained by 
using try…catch statement or expression, or by using a throw call to raise an exception. This 
style of exception handling is very close to the languages C++ and Java. 
 
Error handling from a system perspective is a complicated matter, especially in a language 
like Modelica because of how it optimizes portions of the given code, as mentioned in section 
2.1. To simply track a dynamically triggered error is already performed by MDT and can 
easily be picked up using the API with getErrorString(). [1] But in order to find deeper errors, 
due to optimization, all transformations have to be recorded for a system to be able to display 
the origin of an error. Earlier suggestions have indicated a use of a static transformation 
debugging (compile time) and a dynamic transformation debugging (run-time). The 
combination of these two would help the dynamic debugging to reference what was 
performed in the static debugging, and in that way relate where errors comes from in the 
original model sources.  
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Mathematical oriented errors may be caused in Modelica-syntax by: 
 
Evaluation of expressions; division by zero, evaluation of non-integer powers with negative 
argument, functions called outside their domain, i.e. log(-3), wrong values are computed from 
a variable(s) either manually by a user or automatically from being outside its bounds. 
 
Assertions are violated; a condition being asserted is false, either during simulation or 
initialization. 
 
Solution of equations; in the initialization or simulation implicit equations have to be solved. 
Errors caused by failing solvers will be raised. 
 
Integration of ODEs; OpenModelica makes differential-algebraic equations into an index-1 
form by various transformations to these equations. Then they are solved by an ODE solver, 
which will iterate over each state using Euler, Runge-Kutta or a BDF algorithm the previous 
mentioned errors may come along from any state. 

3.5      Implementing the Optimization-browser 

Earlier in 3.3 we have said that the current version of MDT is lacking support for simulation5. 
This is necessary for printing out all the changes that are being made when Modelica-files are 
being compiled and simulated. A workaround for this is to create a .mos-file (Modelica 
Script-file) that does several things. First it will load the Modelica standard library, and then it 
will load the file that is being simulated, and finally simulate it in the correct directory. 
 
loadModel(Modelica); 
getErrorString(); 
loadFile("tester.mo"); 
getErrorString(); 
cd("C:/Users/magsj467/AppData/Local/Temp/OpenModelica"); 
simulate(tester); 
getErrorString(); 

 
Code 3-14: A Modelica-script-file 

 
And then in order to run this we have to run from a console this script-file using a flag 
+simCodeTarget=Dump. It shows all the operations of the equations in a model and the result is 
a structured text-output which would still require some parsing in order to be analyzed 
further. To know how to parse it we first observe the output using the Appendix C. 
 
For example we can observe from the resulting output that. The first line describes what is 
being operated on and the second line describes the line number and file name: 
 
x   
  [tester.mo:2:3-2:9] 
  partOfLst: within Real; 
  instanceOptLst:  
  connectEquationOptLst:  
  typeLst: tester,Real 

Code 3-15: An example of an analyzed transformation 
 

                                                
5 The simulation-feature is currently in process of the making as of now (2013-01-16) by a master student at 
PELAB department as part of a thesis work. The current state of that work is also unknown. 
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The following code-snippet is the most important part of the output because here we describe 
how some operations are being performed on the equation but also what each operation does. 
 
 
  operations (4):  
    simple equation: x = 24.0 
    solve: 
      x = 24.0 
      => 
      x = 24.0 
    added assertions: 
   
    simplify: 
      2.0 + 22.0 
      => 
      24.0 
     
    subst: 
      2.0 + y 
      => 
      2.0 + 22.0 

 
Code 3-16: The operations of the transformation  

 
 
[14] Unfortunately not all possible operations are supported in OpenModelica, but still the 
previous mentioned operations do exist and can be more detailed described: 
 
Simple equation (simple equation); this means that we simply bind a variable to a value, 
which could have been described from some initiation inside the code where variables may 
have been declared or perhaps by the user as some input parameter to the system. 
 
Variable substitution (subst); by using variable aliasing and known values of variables we can 
eliminate parts of equations and merge facts together. 
 
Equation Solving (solve); we can solve simple equations in the means that we can solve them 
if we can assure that it won’t have an error or that has a valid result, for example eliminating 
an equation that is true as long as it’s non-zero and by asserting that it isn’t zero. This 
assertion may be removed if assertions overlaps or that this condition always holds. 
 
Expression Simplification (simplify); in this way we can point out with an algorithm that 
instead of letting 2*x => x*2 => 2*x loop without stopping we can point out that  
 
 
With this in mind we can parse through the text output and mark it up using XML-like tags. 
The previous code snippet would be translated into this, where each block represents a 
sequence of operations being performed. That makes it easier to iterate over once it is being 
processed and displayed. 
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<block>x   
<path>[tester.mo:2:3-2:9]</path> 
<partOfLst>partOfLst: within Real;</partOfLst> 
<instanceOptLst>instanceOptLst: </instanceOptLst> 
<connectEquationOptLst>connectEquationOptLst: </connectEquationOptLst> 
<typeLst>typeLst: tester,Real</typeLst> 
<operationNumber>operations (4):  
<simple> 
simple equation: x = 24.0 
</simple> 
<solve> 
solve: 
x = 24.0 
=> 
x = 24.0 
</solve> 
<simplify> 
simplify: 
2.0 + 22.0 
=> 
24.0 
</simplify> 
<subst> 
subst: 
2.0 + y 
=> 
2.0 + 22.0 
</subst> 
</operationNumber> 
</block> 

 
Code 3-17: The result after the transformation has been tagged 

 
However this dump-flag was further developed by Martin Sjölund6 in parallel to this system’s 
development which changed many things regarding the generation of the XML-file, parsing 
this format and sending a request to do so. In OpenModelica it is now possible to generate a 
brand new XML along with other files that was previously created with these simcodedump-
files7 as part of the compiler. Before this we had to create our own xml-parser in MDT in 
order to generate something similar to that. By using the buildModel() command of the OMC-
API it will result in generating the transformations plus an xml-file which tags all the steps 
taken in order to transform the equations of the submitted model. This XML-file will be 
named _info.xml and an example of it can be seen in Appendix D. The operations however 
still work in the same way. 
 
So far we have understood what each operation does, what the output of a simulation in 
Modelica looks like using these available operations and marked them up for further process. 
We continue on with the processing of these. 

3.5.1      Analyzing the operations 

The current version only supports a few operations but still showcase the great possibilities of 
tracking all the changes done to the pre-simulated code. Supporting the rest of the operations 
are more complex because it involves more storing of values and may have several steps 
before they get solved. Though the most recent XML-format that is provided by generating 
                                                
6 Martin Sjölund has previously been mentioned here and in “Debugging Symbolic Transformations in Equation 
Systems” from 2011 as one of the developers who originally implemented this dump-flag for presentation of the 
transformations taking place. He is also still an employee of the PELAB department in Linköpings University. 
7 These can be found in the open source repository of OpenModelica under 
OpenModelica/trunk/Compiler/scripts along with other cooperating files under 
OpenModelica/trunk/Compiler/Template 
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these operations is inconsequent and is still in a too unstable state for it to be possible to 
analyze and build any kind of information around. 

3.5.2      GUI 

The interface for this browser is much simpler than the Graph-Browser view because this will 
mostly just present text and button. It consists of a button to the left, presenting each equation. 
When an equation is clicked it will create a small graph that just shows a brief overview in a 
small graph to the right. [15] In order to create a tree based on a selected equation we are 
using a Shunting-yard-algorithm which uses a stack in order to push it into a different order 
that easier can represent a tree with an operator as the parent or root, and the children the 
values being operated on. This algorithm is commonly used for translating mathematical 
expressions with infix notation into abstract syntax trees. The output is in the format of RPN8. 
An example of this can be seen in Figure 3-9. 
 
 
Input: (5+2)*7 
 
Parse Action  Stack Output 
 
( push (  ( 
5 push 5  ( 5 
+ push +  (, + 5 
2 push 2  (, + 5, 2 
) evaluate until (  5, 2, + 
* push *  * 5, 2, + 
7 push 7  * 5, 2, +, 7 
eof evaluate until top  5, 2, +, 7, * 
 
Final output: 5 2 + 7 * 
 
 
 
 
 
 
 
 
 

Figure 3-9: An overview of the algorithm 
 
 
  

                                                
8 RPN; Reverse Polish Notation, means that the operator follows all of its operands in a mathematical 
expression. 

Output Input 

Translator stack 
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if (!operationStack.isEmpty()) { 
 rightSide = operationStack.pop(); 
 rightNode = createEquationNode(currentGraph, rightSide); 
 } 
 
if (!operationStack.isEmpty()) { 
 operator = operationStack.pop(); 
 operatorNode = createEquationNode(currentGraph, operator); 
 if (rightNode != null) { 
      new GraphConnection(currentGraph, SWT.NONE, operatorNode, rightNode); 

} 
} 
 
if (!operationStack.isEmpty()) { 
 leftSide = operationStack.pop(); 
 leftNode = createEquationNode(currentGraph, leftSide); 
 if (operatorNode != null) { 
     new GraphConnection(currentGraph, SWT.NONE, operatorNode, leftNode); 

} 
} 
 

Code 3-18: Generating a operational tree from an equation 
 
This algorithm is based on having precedence. We hand the possible operators different 
precedence-values. Each token is read. If the token (x) is an operator and followed by that we 
encounter a token (y) with a larger precedence than the one before we pop (y) from the stack 
one time onto the output and then place the new operator (y) onto the stack. But if we would 
encounter a right parenthesis we pop/push the stack onto the output until we reach the 
matching left parenthesis. If it has a lower precedence we just continue on reading and 
comparing. Integer values are moved directly to the output. 
The implementation of this in our system is described in Appendix E. From this attached code 
we can observe a few things. Each sub-tree is built up by one operand, one operand and one 
operator, or two operands and one operator. If an operator exists on the stack the operands 
will be placed under the operator as the children to it. This means that the current tree only 
supports two leafs from each parent node. 
 
Currently this runs relative well in the system but has some issues with handling function 
calls that can occur in Modelica-code with parentheses. The reason for this is because our 
algorithms and tree-generator performs on part of equations where we have one operator and 
two values, while a function may take any number of values as parameters into the function. 
This would also require us to rewrite the implementation. 
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Chapter 4 

Testing 

 

4.1      Test Cases 

Development of the project was test-driven mostly because the created system was supposed 
to cover most cases, and because we have some sense of what may occur due to the language 
being limited to a certain amount of possible syntax-choices we feel we cover most of the 
general alternatives by following different cases. 
 
The first test case that was rich in code and covered different types of dependencies, while 
also producing a minor graph-tree because it’s only one class in the file, was the famous 
DCMotor-example (see Code 3-17). 
 
model DCMotor "This is the description of the DCMotor" 
import Modelica.Electrical.Analog.Basic.Resistor; 
 
Resistor r1(R=10); 
Modelica.Electrical.Analog.Basic.Inductor i1; 
Modelica.Electrical.Analog.Basic.HeatingResistor hr; 
Modelica.Electrical.Analog.Basic.EMF emf1; 
Modelica.Mechanics.Rotational.Components.Inertia load; 
Modelica.Electrical.Analog.Basic.Ground g; 
Modelica.Electrical.Analog.Sources.ConstantVoltage v; 
equation 
  connect(step1.y,signalvoltage1.v); 
  connect(emf1.n,ground1.p); 
  connect(ground1.p,signalvoltage1.p); 
  connect(emf1.flange,inertia1.flange_a); 
  connect(inductor1.n,emf1.p); 
  connect(signalvoltage1.n,resistor1.p); 
end DCMotor; 
 

Code 4-1: A DCMotor-example in Modelica-code 
 
 
[5] Based on the book on Modelica we can evaluate that the example of the DCMotor covers: 
 

• Dependency to a class through import 
• Dependency directly to a specific class without import 
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The result of this becomes a graph which is perfectly correct and illustrated in Figure 4-1. 
 
 
 
 

 
 
 

Figure 4-1: DCMotor analyzed and generated 
 
 
 
Further on we expand with other cases of what may occur, i.e. two classes pointing at each 
other, two sub-trees or two root-nodes that share the same class, packages occurring in the 
graph. We showcase some possible graphs that can be generated from code and prove how 
efficient analyzes and graph visualizations are in current state of the system (see Figure 4-2). 
Even the most essential ones that we covered in section 2.3 that defines the basics of 
dependencies are described in Appendix A with the resulting graph, which have a correct 
output. 
 
 

 
 
 
 
 
 

Figure 4-2: A couple of different possible outcomes 
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Some test cases can also be made for other features, such as the expansion (see figure 4-3) in 
which we show a part of DCMotor and expand Modelica.Blocks.Sources.Step. By doing this we 
find that Modelica.Blocks.Sources.Step has a dependency to a class 
Modelica.Blocks.Interfaces.SignalSource but also to the package Modelica.Block.Sources because 
Step is defined within that package. 
 
 

 
 
 

Figure 4-3: Expansion of the node Modelica.Blocks.Sources.Step in graph 
 
 
Another test that can instead showcase the destructing feature of this system (see Figure 4-4) 
where we want to collapse the node from the previous example (see Figure 4-3). This will 
process by starting from the index that corresponds to this node and analyze the branches 
from that node. The result is that the two previously expanded nodes will now instead be 
destructed along with the connections going to the selected node. Note that the yellow color 
indicates a selection. 
 
 

 
Figure 4-4: Collapsing of the node Modelica.Blocks.Sources.Step in graph 
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4.2      Valuation 

4.2.1      Usability 

Once of the most important parts of software quality is the usability. This system was 
developed with the goal to be finished enough to be usable for developers in Modelica and 
MDT, therefore a valuation from the usability aspect makes it more important than if it would 
merely just be a prototype of a complete system. Also, this development is very UI-heavy in 
the means that its purpose is to build a visual tool that lets the user interact with a graphical 
analyzer in the best way. Based on this the user-friendliness needs great emphasis to fully be 
accepted as a system with good quality. 
 
Because usability is based on a users experience with the system and how well it satisfies the 
effectiveness in the work process of a user it is important that this is tested by users, in order 
to get a glimpse of how well constructed the design and implementation is. 
 
This was performed by picking four random programmers, two of which had previous 
experience of working with Modelica and MDT, and two others who had been working with 
Modelica before but never used MDT. The decision to pick these testers was based on the 
need for qualities that proves that they can work with Modelica beforehand, and the intended 
target users of this system are Modelica programmers. Experience with MDT however wasn’t 
necessary but all of them can get around in Eclipse without any issues. The experience of 
MDT is not so important because not all users of Modelica may have tried MDT before and it 
differs a lot from other Modelica-related tools even though it uses the same language. 
 
These testers had to perform a test in which they would get two assignments while being 
instructed to speak loudly about their direct thoughts and critic: 
 
The first assignment was to analyze a tree and find out which packages it had dependencies 
to. They were instructed what two of the interactive features was to expand and collapse sub-
trees, but not how this was performed. This specific tree consisted of a root and 6 other nodes 
directly connected to it. Thereafter the testers would have to expand them in order to find out 
which one of them was connected to a package. Some of the branches of dependencies 
weren’t even connected to a package and that could only be discovered by fully expanding it. 
There was no requirement on collapsing explored nodes. 
 
Results of the first assignment showed that all of the testers eventually got around. Most of 
the testers struggled with this assignment because they wouldn’t explore how to use the 
collapsing-feature. So whenever they expanded a branch the whole tree would be resorted on 
the layout and the nodes would be shattered around in a different structure than before, even 
though they had the same dependencies. This made it confusing for the testers who lost focus 
on what branch they were expanding or just forgot that a branch of nodes wasn’t fully 
expanded. One of the experienced MDT testers used this advantage and collapsed nodes who 
was fully explored, the tester noted though that he ran into one issue in where he would have 
two branches of nodes going out and wanted to only remove one of them, but the 
functionality forced him to remove all of the branches going from a node instead of just the 
one he had just explored.  
  



Linköping University 
Department of Computer and Information Science 

	   Page	  46	  
 

In summary all of testers showed that it took longer than expected to analyze deeper branches 
because of some confusion in layout by Zest being reordered each time something was 
generated, and the collapsing-feature helped to some degree but was still not very flexible. 
 
The second assignment was to do anything with a DCMotor-example for 5 minutes and give 
direct feedback on the system based on that tester’s user-experience. This time they were 
informed with additional features of the system such as the right-clicking of nodes and 
connections inside the graph and asked to explore all the functionalities as much as possible. 
 
The last assignment showed they were quick in testing everything out because of small 
generation times and the tools having high availability and good response. Some of the testers 
though ran into some bugs regarding how the optimization-browser crashed when going to 
that view with multiple files. Other bugs were that some dependency-lists, after right-clicking 
on a connection, didn’t display any data at all for the origin of this dependency. Also there 
was a lot of confusion about what the optimization-browser really was meant for. Two of the 
testers, one experienced and one inexperienced, understood what the different transformations 
meant but didn’t see the purpose of it and what the connection was to the tree being displayed 
next to the equations. The later could be excused with that this part of the system is in a very 
early development stage and that most of the presented data has to be reviewed by the user in 
order to find anything of value, there isn’t a tool yet for debugging the presented 
transformations. 
 
Magnus Sjöstrand, who developed this system, was available during all tests as support in 
case a tester would run into problem with the system or stress some confusion about the 
assignments. 

4.2.2      Performance 

The performance is a part of the usability of the system and should be quick on generations 
and responsive to interactions so that it becomes available enough to a user that it won’t slow 
down other workflows. 

The system was evaluated by manually generating tree of nodes, starting from one root node 
and going up to a total of 8 nodes. The test-results were the following (see Figure 4-5). 
 
 

Nodes Connections Time Elapsed (s) 
1 0 6.634 
2 1 6.892 
3 2 6.381 
4 3 6.738 
5 4 6.894 
6 5 7.382 
7 6 7.236 
8 7 9.497 

 
 

Figure 4-5: Results from testing performance in time execution 
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What can be noted from this is that the processes takes around 6 seconds and up in order to 
full analyze and display them in a new graph. A major part of that time comes from loading a 
very large set of data coming from Modelica standard library through MDT and OMC. That 
means that the real processes of this system takes around 0.5 seconds and onwards. The tests 
were performed with Eclipse being closed between each testing and a new initiating taking 
place for each test. 
 
In order to save this slowdown time between the generations of multiple graphs that may be 
created under one single session the Modelica standard library is ensured to only be loaded 
once for the first graph generation and analyze and never again in that session if another file 
was to be generated and analyzed. This also includes that extensions and collapses are very 
quick compared to this first generation because they don’t need to load anything external and 
only iterates over the few connections and nodes directly connected to the node operated on. 
But because it stores a list of nodes and connections that has to be iterated in the search of the 
right data to operate on it is obvious that the execution time of these processes are exponential 
to the number of classes or dependencies we have. 
 
Therefore this works rather quickly on a smaller system and has a great performance which is 
dragged down by the loading of Modelica. Would we test this on a larger system which may 
have a large set of outgoing relationships from a single node we can expect the time to be 
very large (20 nodes takes 16.246 seconds, including the loading time of Modelica library 
which is around 6 seconds). 
 
However, one can argue that it is not very recommended to have a system either which such a 
large set of dependencies going from a single file since it creates a very hard-bounded system 
that is not very flexible for changes to it. 
 
Other minor things that may affect the performance is the number of dependencies between 
nodes, not because of the amount of data it takes to store them but because the layout ordering 
of it may be take a longer time if the web of dependencies are many or maybe even too 
complex to untangle in the finished generation of the graph structure. 

4.3      Requirement 

There are some things that have been untested. One of the major things that have been 
overlooked is the cross-platforming of the expansion to MDT. The reason for this is that even 
though Modelica MDT is officially supported in a Mac environment there are still 
unexplainable bugs that are hard to overcome when developing extensions to it, mainly issues 
with running or compiling Modelica code, but also from the interface. Other developers have 
also vocally expressed this troublesome experience in other projects associated to Modelica 
MDT in Eclipse. Therefore the development had to be done under Windows to avoid further 
obstacles in the developing process and is recommended for the use of these tools. The Linux-
version also seems to be a stable platform for usage of this environment. 
 
Another thing that is required for it to run with the previous MDT plug-in-dependencies is the 
Zest-libraries. The most recent versions of MDT now includes this and should only be cared 
about in the case of any update to Zest or if a developer wants to further develop this system 
past the current state of it. 
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Chapter 5 

Discussion 

 

5.1      Understanding Modelica  

Modelica contains a great deal of resources for many purposes in the area of mathematics and 
model design. In our opinion Modelica is a very flexible and necessary tool that surprisingly 
isn’t better known on the market. However developments come with a challenge of learning 
the implementation of Modelica and know how everything works in order to add new 
functionalities to the libraries. Because of its nature of being object-oriented and similar to 
Java or C++ it becomes easier to adapt to it with previous experience in an object-oriented 
language. The enormous amount of tools that are Modelica related also proves how easy it is 
to extend upon it. 

5.1.1      Modelica API 

Restrictions to getting definitions of keywords is an issue that, as mentioned before, may be 
available in the future. This would serve no other purpose than to look for naming 
conventions since those predefined types are not editable. [5] And in the case of naming 
conventions one would assume that someone worrying about this issue would easily find it 
mentioned in most documentations of Modelica since its part of the core. 
 
It would also be highly praised if there was better information regarding scripts and how to 
use the dump-flag which has been a major part of the optimization-browser. The script has a 
two year old document from when it was created but no manual that describes in more detail 
how to use it. Nowadays this feature has started up its gears again and features an xml-
generation, which by the way also lacks documentation. 

5.1.2      MDT 

MDT is a great tool for Eclipse. Even though it is still regarded as unfinished in the means 
that it lacks support of simulation or that it isn’t regularly used by Modelica developers, it still 
functions very well as a development tool. The system was built to expand MDT and it hasn’t 
been very complicated because it was mostly taking place in the UI-part of MDT and that 
MDT already has set up a base for contacting OMC so that commands can be sent over to 
receive important information. This also proves that the structure of MDT and all different 
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projects going on separately in different parts of MDT without interrupting each other is a 
very good asset to the development. 
 
One complaint however is the lack of documentation or that it has outdated documentation. 
Most descriptions regarding files and functionalities come from each revision by the 
developers on SVN where you can follow updates with comments. But the documentation 
that already is there hasn’t been updated in a while and it shows because not all functions are 
mentioned there. However, it works as a good basic knowledge for someone who simply 
wants an overview of what MDT was when it started a couple of years ago. 

5.2      The pros and cons of Zest 

The motivation behind using Zest and why it is a good adaption to this project is because of 
the previously mentioned sorting algorithms (see section 3.2). It is simply a good way of 
sorting out clustering nodes that may have its connections entangled in a big mess that makes 
it difficult for the user to track down dependencies and follow their sources. Unfortunately the 
grouping-support isn’t featured yet in the development of Zest and therefore is lacking 
something that would be very beneficial to this project i.e. when nodes should be grouped into 
packages. 
 
Another reason why Zest is a great library is that it already has some interactivity, moving 
nodes makes connections update to follow while selecting nodes or connections make them 
highlighted. In other words Zest is giving us redraws when needed and a nice interface. 
 
The drawbacks are mostly from Zest still being in a development-phase even though it has 
several released non-beta versions and that Zest is an open-source project that isn’t assigned 
to any large development team and isn’t progressing much in further development. 
 
Also the lack of documentation makes it difficult for developers using this library for the first 
time since a lot of the existing features are complex and makes it frustrating to adapt it to the 
developed project. For example when placing a layout-algorithm all nodes and connections 
would be placed with a long animation effect of being moved from (x,y) = 0,0 to their 
positions. In the case of this Modelica-project this layout-animation would be played out 
every time we update the graph, which is every time a new file has been selected! Predicting 
that this will happen quite often for someone using Eclipse the performance will be frustrating 
even for a user. There are some support to create your own layout-algorithms using Zest but 
they are complicated. Creating widgets on top of the graph also seems to have some issues 
related to how the graph is being redrawn by Zest and thus only allow the user to create nodes 
or connections. 

5.3      Integrating with Eclipse 

From a point of view when creating a stand-alone plug-in from a blank page Eclipse gives a 
good start with its tutorials on the Eclipse homepage, but also their templates. In this case this 
project could already extend MDT which solved a lot of issues regarding how to make it fully 
adaptable with the existing Modelica perspective for future use. This was also one of the 
motivations on why the project wasn’t a stand-alone plug-in in the final version. 
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5.4      The perfect interface 

First off, there is no perfect interface but by following many previous similar works and 
determine a purpose of the design so that new features would be enabled is a great step in that 
direction. Colorings may be different, buttons could have been added, but preferences may 
differ between users which in the end will never satisfy fully all users of this tool. The 
purpose of the interface was never detailed and mostly just serves as a base to bring out the 
features of a functional graph-browser with dependencies. That’s what it does. 
 
The interface can be regarded as an easy-to-use tool with support for interactivity and editing. 
It also integrates well with the current interface of MDT and Eclipse because it uses previous 
code to base on and expand, with the exception of the included Zest. Zest is a great 
component for graph-based development and supports most of things a developer may need in 
the case of interactivity, connecting and displaying. 
 
The reason for previously discussing different orderings was because the project originally 
was based on finding “dependencies”, and according to pre-existing definitions of what a 
dependency is it states that a dependency would be what we in the project display as a 
connection. Wolfram MathCore however is only interested in the files origin, meaning what 
packages they come from. The later has some relation to dependencies because we need to 
find dependencies in order to find their packages, but the goal is to find the groupings of 
packages. 
 
Most of the grouping-implementations are possible but they are rather complex in the current 
graphical library called Zest that this project make use of. For one reason, since you can move 
around nodes it would easily destroy the purpose of grouping them, and another reason 
because it may simply be impossible to group them without crossing multiple connections 
which would decrease the overview of the system. Zest should still be regarded as a very 
good resource in this project. 
 
There is also a suggestion to make the views involved in this project detached from the main 
window. The implementation of this works differently in the versions Eclipse 3.x and Eclipse 
4.x and is mentioned in the code as comments but the main issue is that, at least to our 
experience, Eclipse 3.x seems to have issues with finding a detached view internally within 
Eclipse. It is not confirmed if this issue is solved in Eclipse 4.x. 

5.5      Testing 

The reason why performance tests wasn’t auto-generated, by building up generated models of 
different sizes, is that it was very time consuming and wasn’t shown as much importance as 
the completing of the functionalities. Developing a testing session like this could also become 
very complex if we would have chosen to study different types of dependencies which are 
occurring early or deeper inside of longer files. Those are all things that may affect the test 
results. Besides, the development included a test-driven development that took small steps in 
implementation based test-cases, as mentioned in section 4.1, which could be considered a 
very highly effective way of ensuring that the system runs like it was supposed to. 
 
The test-results, both in performance and usability, can be regarded as very promising. The 
time it takes to process a set of classes in steps based on if they are directly connected or not 
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makes it a very effective way of traversing the tree in the directions a user choose when he is 
inspecting it. As also mentioned as part of the testing generating 20 nodes takes around 16 
seconds to perform, where 6 seconds goes to loading the Modelica library. That means that 
generating a node which has 19 dependencies to other classes takes 10 seconds. This could be 
regarded as very good and a developer shouldn’t have too many dependencies going from a 
single class if it’s supposed to be a flexible and dynamic architecture with easy-to-replace 
components. That’s what this tool also is supposed to prevent developers from inflicting to a 
current project. 
 
The usability-tests had a good response because the testers mostly succeeded in performing 
given tasks and that the system had low processing times, but at the same time it suffered 
from drawbacks such as bugs which may be fixed further in the future. Also the optimization-
browser needs a better design and purpose. It started off as a spin-off to the previous graph 
generation-system in order to investigate transformations but it may be too complex and not 
informative enough to give the regular developer what he needs or what he didn’t think he 
needed. Though there can be some great potential in it for developers of the compiler or 
someone else interested in developing the background performance of Modelica. 
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Chapter 6 

Conclusions 

 

6.1      Accomplishments 

Looking at what the purpose and goals were initially in this projects lifecycle we have 
provided solutions for all of them, mostly in practice through a extension of MDT but also 
some explanations to what could be solved or couldn’t by discussions throughout this report. 
The project became less targeted towards the company Wolfram MathCore’s needs and 
instead focused on an overall Modelica-developer experience. This not only made it a more 
rich system with many different kinds of features but also is easy to expand by any developer 
from any organization.  
 
The biggest accomplishment is that we now have a fully working system, regardless of 
potential bugs, that is interactive and has proved of having a good usability for the target 
users. Even the performance evaluations were surprisingly quick even though it uses third-
party libraries and that it has been used for larger systems. [1] In the end it reminds us about 
how other prototypes of this visualization-tool has been theorized but never implemented 
until now even though it is wide open for further improvements or adding more debugging 
features. 
 
Analyses of this system were possible because we could assume most possible cases based on 
the provided syntax from the Modelica language combined with previous knowledge from 
typical object-oriented dependencies. 
 
Previous work by others in the form of the environments and supporting features, in MDT 
and OMC, while also other projects has been inspirational and provided well-thought 
suggestion on a more theoretical level regarding the areas design and architecture. 

6.2      What we deliver 

Currently we have not only this report, which extensively explains most of the 
implementation and theories that has been major parts of this project, but also a fully working 
system with a main part and spin-off part. Even though the spin-off part, or better named 
optimization-browser, is in a very early development it still lays the basic functionality for 
future development along with motivations in the report on why it should be made. 
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6.2.1      The extension 

We created an extension to the already implemented Eclipse plug-in called MDT, based on 
knowledge about the existing system and how to communicate with the OMC in order to 
extract useful information. This extension provides us with two new views, one for the visual 
dependency-browser and one optimization-browser.  
 
The visual dependency-browser is able to analyze a given file, extract all the classes in that 
file, analyze each class’s variables and functions, and generate a tree structure for the selected 
object as a root and then each object that is directly bounded to the root. Then the user can 
operate on the nodes by expanding and collapsing each object to observe deeper levels of 
dependencies of that larger tree. The open-source graphical framework Zest supports the 
project by building the connection and nodes in a graph which has interactive features in it 
like moving the nodes around or being able to highlight them from selections. This selection-
trigger motivated us not only in the expanding/collapsing-features but also that we could build 
menus around the different types of representations. Connection-lines can register multiple 
dependencies between a source and a target using only one visual line, while both nodes and 
connections can refer to their origin by moving and highlighting lines of code that created 
their representations initially. 
 
The optimization-browser can also be referenced from a menu of a node. This view picks out 
all the equations of a Modelica-object and gives the user information about how these 
equations will change over time during compilation and simulation. By using scripts all of 
these transformations that are regularly performed in purposes for optimization will be 
logged, iterated and shown to the user. A small tree also shows off how the operational tree 
looks like based on an equation before operations have been performed. The current open 
development-stage of this a very interesting and potential tool. It could be used for many 
great things in the future when more development and design has been acted out. But for now 
it has a solid platform for others to improve further. 

6.2.2      Documentation 

We provide various resources of documentation for both developers and users to take part of 
in order to solve issues in development or user-experiences. Note that all of the following 
mentioned resources can be found on the official Modelica-repository under the 
/docs/Dependency and Optimization-folder. One part of this documentation is this report that 
has given us rich information about everything from purpose and history to design, 
implementation, testing and results. By using this extensive report any reader with some 
technical skills in Java or/and Modelica will get a better overview of the whole projects 
lifecycle and system. 
 
Another much smaller documentation is the DepdencyBrowserExtension.txt which provides a 
quick summary of the project for developers and what requirements are needed for this 
extension to run in its current version as of this writing. 
 
A more detailed documentation on how to use the whole system after setting it up has been 
provided in our user guide that is also in the repository. It is more focused on the users and 
doesn’t provide any technical comments of the implementation. Instead it has some 
background notes, explains how the different features are available and a short FAQ.  
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Finally we also have a few minutes short introduction video that gives a walkthrough of all 
the features explained in the user guide through interaction with the system and some narrated 
commentary of these actions in spoken English. The video is self-explainable which means 
that watching it without sound doesn’t have much effect on the provided information. 
Because of the enormous file size of this resource it cannot be uploaded in the repository 
unlike the other resources and instead is posted on the video storage of the homepage 
YouTube. This may be a temporary solution for now but can be reached through a url-adress 
which is posted in the user guide. 

6.2.3      Source code 

[2] The source code is, just like the documentation, placed under the official Modelica-
repository and can be reached by following the Modelica-homepage. Because it’s open source 
it is highly available to any developer who wants to continue this work. 
 
The relevant files that have been created specifically for this system are: 
 
org.modelica.mdt.ui.actions.GraphHandler.java 
org.modelica.mdt.ui.actions.DetailedGraphHandler.java 
org.modelica.mdt.ui.graph.ModelicaConnection.java 
org.modelica.mdt.ui.graph.ModelicaNode.java 
org.modelica.mdt.ui.graph.ModelicaNodeInfo.java 
org.modelica.mdt.ui.graph.ModelicaGraphView.java 
org.modelica.mdt.ui.graph.ModelicaGraphAnalyzer.java 
org.modelica.mdt.ui.graph.ModelicaGraphGenerator.java 
org.modelica.mdt.ui.graph.ModelicaEquation.java 
org.modelica.mdt.ui.graph.ModelicaDetailedGraphView.java 
org.modelica.mdt.ui.graph.ModelicaDetailedAnalyzer.java 
org.modelica.mdt.ui.graph.XMLParser.java 

6.3      Future work 

Because this system was made from scratch, only with some support of MDT, it can be seen 
as a basic platform for many more tools than the ones provided. The most basic component of 
that is the display in which graphs can be generated, interacted with and further analyzed. The 
other view, the optimization-browser, is just an example of the potentiality behind these 
generated graphs. 
 
Even though the display is the backbone-component for the visualization, provided by the 
framework Zest, there can still be more investigations into what other frameworks are 
available that can visualize the data that is stored from all of the analyzes. Zest has proven to 
be a good support in the project but so can other frameworks be as well. This could possibly 
instead free us from restrictions regarding how reordering regenerate the structure of the tree 
and other disadvantages behind this open-source project. It would also possibly enable us to 
improve this system even easier and in more innovating solutions. 
 
Another interesting aspect for this system is the performance. While it already is fairly quick 
for small groups of dependencies and that higher amount of newly generated dependencies 
from each expansion of an object or node is unlikely, there can still be some minor tweaks 
done to the process behind it. Analyzes and generations doesn’t necessarily have to be 
performed one after the other. By using multi-threading where the analyze may be running 
and processed in one thread while the generation can be performed parallel to this it would 
theoretically result in a somewhat quick processing for each action in the display. This would 
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of course require a smarter processing so that there is some concurrency between classes that 
are being analyzed and the completely analyzed ones that is ready to be generated in the graph 
tree. This could also introduce conflicts from analyzing and generating the same data. 
 
One other thing we noted, especially from the user’s testing-session, was that the feature that 
would collapse a previously expanded node was a bit unsophisticated meaning that it would 
do less or do more than we expected. Branches of nodes wasn’t fully collapsed and some 
branches that was wanted to be left alone would also be destroyed along with the branch that 
the user intentionally wanted to destroy, because they were from the same source. Also the 
design of this brings up the issues behind solving such analyzes when we want to fully 
destroy a branch on all underlying levels. But because we can’t assure that the destruction-
iteration is going in the direction of the structure that we want it is regarded for now as a 
dangerous performance until better algorithms to this matter exist. 
 
We have also mentioned in theory on how to group objects that were generated by observing 
their connections and packages. This could be implemented by expanding the previous system 
but perhaps even easier by using a different graphical framework to the developers support. 
 
So in the end we can say that regarding the transformation-browser it has resulted in a 
completed level of system that supports its purpose while also running on high performance 
through smart design and useful resources from MDT and Zest. The optimization-browser 
however needs more work, not only in implementations to support equations being 
transformed through each step of operations, but also by finding better purposes for it that can 
be based around when designing new tools to interact with the extracted data. 
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Appendix A - Test-cases for object-dependencies 
 
Here we describe how the different characteristics of object-dependencies are covered using 
code to implement some test cases and study the visual output.  
 
 

• A  B with a type 
 

model	  referenceTestA	  
	  	  Modelica.Blocks.Continuous.CriticalDamping	  criticaldamping1;	  
equation	  

end	  referenceTestA;	  
	  

 
 
 
 
• A  B with a method 

 
model	  referenceTestB	  
	  	  Real	  x1;	  
equation	  
	  	  x1	  =	  adder(3);	  
end	  referenceTestB;	  
	  
function	  adder	  
	  	  input	  Real	  a;	  
algorithm	  
	  	  a	  :=	  a	  +	  10;	  
end	  adder;	  
 

 
 
 
 

• A has a subclass of B 
 

model	  referenceTestC	  
	  	  extends	  Modelica.Electrical.Analog.Basic.Ground;	  	  
	  	  parameter	  Real	  R(unit="Ohm")	  "Resistance";	  
end	  referenceTestC;	  
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• A calls to some services of object B 

	  
model	  referenceTestD 
	  	  import	  Modelica.Electrical.Machines.BasicMachines.Components.AirGapDC;	  	  
	  	  parameter	  Real	  R(unit="Ohm")	  "Resistance";	  
end	  referenceTestD;	  
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Appendix B – Simulating operations (old) 
 
The first part describes the input in the form of a file called tester.mo and the second part 
shows what the resulting operations will look like. 
 
 
tester.mo 
 
model tester 
  Real x; 
  Real y; 
equation 
  x = 1 * (2 + y); 
  y = 10 + 12; 
end tester; 

 
 
resultingText.txt 
 
true 
"" 
true 
"" 
"C:/Users/magsj467/AppData/Local/Temp/OpenModelica" 
SimCode: tester 
$dummy   
  [:0:0-0:0] 
  partOfLst:  
  instanceOptLst:  
  connectEquationOptLst:  
  typeLst:  
  operations (0):  
 
der($dummy)   
  [:0:0-0:0] 
  partOfLst:  
  instanceOptLst:  
  connectEquationOptLst:  
  typeLst:  
  operations (0):  
 
x   
  [tester.mo:2:3-2:9] 
  partOfLst: within Real; 
  instanceOptLst:  
  connectEquationOptLst:  
  typeLst: tester,Real 
  operations (4):  
    simple equation: x = 24.0 
    solve: 
      x = 24.0 
      => 
      x = 24.0 
    added assertions: 
   
    simplify: 
      2.0 + 22.0 
      => 
      24.0 
    subst: 
      2.0 + y 
      => 
      2.0 + 22.0 
 
y   
  [tester.mo:3:3-3:9] 
  partOfLst: within Real; 
  instanceOptLst:  
  connectEquationOptLst:  
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  typeLst: tester,Real 
  operations (2):  
    simple equation: y = 22.0 
    solve: 
      y = 22.0 
      => 
      y = 22.0 
    added assertions: 
 
eq: der($dummy) = 0.0; 
  [:0:0-0:0] 
  partOfLst:  
  instanceOptLst:  
  connectEquationOptLst:  
  typeLst:  
  operations (2):  
    solve: 
      der($dummy) = 0.0 
      => 
      der($dummy) = 0.0 
    added assertions: 
   
    derive: 
      d/dtime der($dummy) 
      => 
      der($dummy) 
record SimulationResult 
    resultFile = "C:/Users/magsj467/AppData/Local/Temp/OpenModelica/tester_res.mat", 
    simulationOptions = "startTime = 0.0, stopTime = 1.0, numberOfIntervals = 500, tolerance = 
1e-006, method = 'dassl', fileNamePrefix = 'tester', storeInTemp = false, noClean = false, 
options = '', outputFormat = 'mat', variableFilter = '.*', measureTime = false, cflags = '', 
simflags = ''", 
    messages = "", 
    timeFrontend = 0.685525422731327, 
    timeBackend = 0.213424267260072, 
    timeSimCode = 0.0210853123023704, 
    timeTemplates = 0.00809838075800033, 
    timeCompile = 4.40402323774112, 
    timeSimulation = 0.147574031346734, 
    timeTotal = 5.48178177883625 
end SimulationResult; 
"" 
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Appendix C – Simulating operations (new) 
 
The first part describes the input in the form of a file called tester.mo and the second part 
shows what the resulting operations will look like with the new xml generation. 
 

tester.mo 
 
model tester 
  Real y; 
equation 
  y = 5 + 12; 
end tester; 
 
 

tester_info.xml 
 
 
<?xml version="1.0" encoding="UTF-8"?> 
<?xml-stylesheet type="application/xml" href="simcodedump.xsl"?> 
<simcodedump model="tester"> 
<variables> 
  <variable name="$dummy" comment=""> 
    <source> 
      <info file="" lineStart="0" lineEnd="0" colStart="0" colEnd="0"/> 
    </source> 
    <operations> 
    </operations> 
  </variable> 
  <variable name="der($dummy)" comment=""> 
    <source> 
      <info file="" lineStart="0" lineEnd="0" colStart="0" colEnd="0"/> 
    </source> 
    <operations> 
    </operations> 
  </variable> 
  <variable name="y" comment=""> 
    <source> 
      <info file="C:\runtime-EclipseApplication\test\DCMotor.mo" lineStart="2" lineEnd="2" 
colStart="3" colEnd="9"/> 
      <part-of>within Real;</part-of> 
      <type>tester</type> 
      <type>Real</type> 
    </source> 
    <operations> 
      <solved> 
        <lhs>y</lhs> 
        <rhs>17.0</rhs> 
      </solved> 
    </operations> 
  </variable> 
</variables> 
<equations> 
  <equation index="1"> 
    <assign> 
      <lhs>y</lhs> 
      <rhs>17.0</rhs> 
    </assign> 
    <source> 
      <info file="C:\runtime-EclipseApplication\test\DCMotor.mo" lineStart="2" lineEnd="2" 
colStart="3" colEnd="9"/> 
      <part-of>within Real;</part-of> 
      <type>tester</type> 
      <type>Real</type> 
    </source> 
    <operations> 
      <solved> 
        <lhs>y</lhs> 
        <rhs>17.0</rhs> 
      </solved> 
    </operations> 
  </equation> 
  <equation index="2"> 
    <assign> 
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      <lhs>der($dummy)</lhs> 
      <rhs>0.0</rhs> 
    </assign> 
    <source> 
      <info file="" lineStart="0" lineEnd="0" colStart="0" colEnd="0"/> 
    </source> 
    <operations> 
      <solved> 
        <lhs>der($dummy)</lhs> 
        <rhs>0.0</rhs> 
      </solved> 
    </operations> 
  </equation> 
  <equation index="3"> 
    <assign> 
      <lhs>y</lhs> 
      <rhs>17.0</rhs> 
    </assign> 
    <source> 
      <info file="C:\runtime-EclipseApplication\test\DCMotor.mo" lineStart="2" lineEnd="2" 
colStart="3" colEnd="9"/> 
      <part-of>within Real;</part-of> 
      <type>tester</type> 
      <type>Real</type> 
    </source> 
    <operations> 
      <solved> 
        <lhs>y</lhs> 
        <rhs>17.0</rhs> 
      </solved> 
      <solved> 
        <lhs>y</lhs> 
        <rhs>17.0</rhs> 
      </solved> 
    </operations> 
  </equation> 
</equations> 
<literals> 
</literals> 
<functions> 
</functions> 
</simcodedump>  
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Appendix D – Implementation of Shunting-yard algorithm 
 
This showcase our implementation of the Shunting-yard algorithm that has been adapted to 
the system in order to get a format that can easily be translated from a mathematical 
expression into a tree representation. The second function describes how the nodes are created 
based on the translated expressions. 
 
 
private static void deepEquationAnalyze(ArrayList<String> line, Graph g){ 

int prevPrecedence = 0; 
 int currPrecedence = 0; 
 
 for(int i = 0; i < line.size(); i++) 
 { 
  prevPrecedence = currPrecedence; 
  String c = line.get(i); 
  if (c.equals(")")) { 

for(int j = 0; j <= i; j+=1) { 
        String inner_c = line.get(i-j); 

     if (inner_c.equals("(")) { 
               line.remove(i-j); 
               i--; 
               break; 
        } else if (inner_c.equals(")")) { 
               continue; 
        } 
 
        String resultOfSub = createSubTree((i-j), g); 
        if (resultOfSub.length() == 0) 
               break; 
        operationStack.push(resultOfSub); 
 
        Pattern p =  
Pattern.compile("(\\w+((\\.\\w+)?)*)|([<|>|=][=|>]|[+|-|*|/|(|)|,|=|^|<|>])"); 
        Matcher m = p.matcher(resultOfSub); 
        int inner_push_backwards = 0; 
        while(m.find()) { 
               inner_push_backwards++; 
        } 
 
        j = inner_push_backwards; 
   } 
  } else if (c.equals("^")) { 
   currPrecedence = 6; 
   if (prevPrecedence >= currPrecedence) { 
        operationStack.push(createSubTree(i, g)); 

     continue; 
   } 
   operationStack.push(c); 
 
  } else if (c.equals("*") || c.equals("/")) { 
   currPrecedence = 5; 
   if (prevPrecedence >= currPrecedence) { 
       operationStack.push(createSubTree(i, g)); 
       continue; 
   } 
   operationStack.push(c); 
 
  } else if (c.equals("+") || c.equals("-")) { 
   currPrecedence = 4; 
   if (prevPrecedence >= currPrecedence) { 
       operationStack.push(createSubTree(i, g)); 
   continue; 
   } 
   operationStack.push(c); 
    

} else if (c.equals("=") || c.equals("<=") || c.equals(">=") || 
c.equals("<>") || c.equals("==")) { 

   currPrecedence = 3; 
   if (prevPrecedence >= currPrecedence) { 
    
       operationStack.push(createSubTree(i, g)); 
       continue; 
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   } 
   operationStack.push(c); 
  } else if (c.equals("(")) { 
   continue; 
  } else { 
   currPrecedence = 1; 
   operationStack.push(c); 
  } 
 } 
} 
 
  
private static String createSubTree(int endIndex, Graph currentGraph) { 
 String newEq = ""; 
 String leftSide = ""; 
 String rightSide = ""; 
 String operator = ""; 
 GraphNode leftNode = null; 
 GraphNode rightNode = null; 
 GraphNode operatorNode = null; 
 
 if (!operationStack.isEmpty()) { 
  rightSide = operationStack.pop(); 
  rightNode = createEquationNode(currentGraph, rightSide); 
  } 
 
 if (!operationStack.isEmpty()) { 
  operator = operationStack.pop(); 
  operatorNode = createEquationNode(currentGraph, operator); 
  if (rightNode != null) { 
       new GraphConnection(currentGraph, SWT.NONE,  
                                                    operatorNode, rightNode); 
  } 
 } 
 
 if (!operationStack.isEmpty()) { 
  leftSide = operationStack.pop(); 
  leftNode = createEquationNode(currentGraph, leftSide); 
       if (operatorNode != null) { 
   new GraphConnection(currentGraph, SWT.NONE,  

                    operatorNode, leftNode); 
       } 
 } 
 
 if (operator != "") { 
  newEq = operator + "[" + leftSide + " " + rightSide +"]"; 
 } 
 
 if (operatorNode != null) { 
  subEquations.add(new ModelicaEquation(operatorNode, newEq)); 
 } else if (leftNode != null) { 
  subEquations.add(new ModelicaEquation(leftNode, newEq)); 
 } else if (rightNode != null) { 
  subEquations.add(new ModelicaEquation(rightNode, newEq)); 
 } 
 
 return newEq; 
} 
 


