
Modular Electrical Simulation 
Framework 

 
By using a component-based simulation 

architecture and dynamic integration 
algorithm 

 
Paul Joakim O. Andreassen 

 
 
 
 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 

Master Thesis  
 Informatics: programming and networks 

60 credits 
 

Department of Informatics 
The Faculty of Mathematics and Natural Sciences 

 
UNIVERSITY OF OSLO  

 
August / 2019 



   
 

 
 

 

 
  



   
 

 
 

 

 

 

 

Modular Electrical Simulation Framework  
By using a component-based simulation architecture and 

dynamic integration algorithm 

 

  



   
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 2019 Paul Joakim O. Andreassen 

Modular Electrical Simulation Framework 

Paul Joakim O. Andreassen  

http://www.duo.uio.no/ 

Print: Reprosentralen, Universitetet i Oslo 

http://www.duo.uio.no/


 

i 
 

Abstract 

With new technological advancements in various fields such as AI, renewable energy, automation, 

material research and 3D printing among others, enabling new designs of hardware that were 

previously unfeasible, complementing these advancements in the digital realm is required to 

successfully develop new and efficient systems. 

In an attempt to meet the simulation requirements of emerging electrical hardware, the ambition of 

this thesis is to research and develop a system to enable the rapid prototyping of new electrical 

systems, reusability of existing simulation models and enable users with little or no programming 

knowledge to create simulation configurations. 

By investigating existing simulation and programming frameworks, as well as existing configuration 

standards. It was possible to design and implement a user configurable dynamic simulation 

framework that is freely adaptable with regards to the used models and optimization algorithms. This 

resulted in the Dynamic Runtime Interface Implementation, or DRII algorithm, which can integrate 

user specified software modules in a simulation setting, while retaining the programmatic syntax of 

the object. As well as the development of an expandable configuration format, which dynamically 

alters the format parameters to fit the software module in question by extracting constructor 

properties.  

The resulting solution is the combination of the DRII algorithm and the configuration format and is a 

simulation framework with a focus on user accessibility and development availability. The evaluation 

was performed by using a realistic simulation configuration consisting of various components and 

running with a chosen optimization algorithm. The conclusion is that the framework performs as 

expected and has a few limitations as a result of the available time and resources but features the 

necessary functionality for future expansions regarding modularity and user accessibility. And with 

more development could serve as a full feature simulation platform. 
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1 Introduction 
In this thesis we will develop an Electrical system simulation framework, where the framework is able 

to integrate modules produced in other programming languages. The developed system focuses on 

user availability and model reusability and utilizes a modular form of framework architecture. The 

user will be able to freely configure the composition of the simulation based on the components that 

are available.   

1.1 Motivation 

Given the rapid rate of technological advancement in various fields such as battery technology, 

combustion engines and fuel efficiencies or photovoltaic panels among others, creates a necessity to 

reflect those changes in the digital realm. This entails the generation of updated simulation models 

to enable engineers to test system configurations before being implemented as physical systems. 

Further, the updated models might need to directly substitute the existing models in current 

simulation models to compare performance. As a result, this creates a need for rapid deployment 

and model replacement to keep pace with technological advancements both on a component but 

correspondingly at system-level simulations.  

Consequently, a need arises to reuse and share models to greatly expediate development progress. 

Current simulation tools can limit the amount of sharing that can occur, given that many tools are 

proprietary or less than ideal to interoperate with other systems. An idea would be to complement 

simulation tools and systems with a standardized model repository for easier sharing in a cooperative 

environment. Many simulation tools and environments require the user to have a certain level of 

knowledge of both the system, as well as some form of programming experience, be it visual coding 

or regular. This creates the situation of professionals unable to leverage their experience and 

knowledge because the threshold for the tool is higher than necessary in their profession without 

retraining. 

Most modern programming languages and frameworks provide the tools necessary for simplifying 

such systems, via the use of abstractions and obfuscation of internal complexity. This can for 

example be applied to the individual hardware components to create abstract representations used 

by model developers, I.e. It is possible to create a representation of a model that hides the internal 

complexity by only exposing parts necessary for system-level integration in a simulation.  

A similar mindset may also be applied to other representations, such as Internal Combustion Engines 

(ICE), Fuel Cells (FC), Photovoltaic (PV), and other physical hardware. Making effective use of this 

abstraction method, models can be reused in different systems and provide an adequate result for 
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rapid prototyping. A similar workflow of component-based modelling exists in many simulation 

frameworks but are frequently restricted to only be used within the system in which it was created, 

i.e. high frequency of proprietary simulation and modelling systems. 

By making these simulation and modelling tools available to larger groups of users, it can spread the 

use of simulation in professional environments where this previously would have been difficult due 

to the high knowledge threshold. As a result of the lower threshold the framework enables users of 

various background to rapidly create and test system configurations. Not necessarily restricted to 

engineers or programmers but can be used in an educational or other commercial setting as well. E.g. 

PV system rapid prototyping for a PV-equipment supplier to roughly estimate the system 

requirements of a client. 

1.2 Goal 

The total scope of the simulation environment described in the motivation chapter encompasses a 

broad area of different user-groups, scenarios and environments. To limit the scope the thesis will 

focus on the development of a fundamental framework that can act as the basis for future 

applications, especially with regards to ease of use and availability, I.e. user applications will utilize 

the framework as a foundation for future development. 

And as such, the primary goal of this thesis is to explore and propose a dynamic simulation 

framework, that provides support for these properties and features, with focus on the interfacing, 

configuration and flexibility of the system with regards to future user accessibility and availability. 

Parts of this foundation can be divided into various sub-goals, including the following: 

To propose a system for the development and integration of new software components, these 

components will adhere to some form of guidelines and general development workflow.  

Further, to propose a format for the dynamic configuration of new components in such a way as to 

support most future component implementations to provide the user with a flexible and robust 

framework. 

The proposed framework will focus on component reusability and availability with regards to the 

user, as well as providing a development environment for continued development of integrate-able 

components. 
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1.3 Approach 

To meet the goals, it is necessary to explore already existing options and their properties. This can be 

achieved by performing a literature review of relevant existing simulation frameworks, simulation 

languages and other similar applications. In addition to investigating completed applications the 

review will also investigate the various forms of programming languages, techniques and concepts 

that can be beneficial to a new framework. Along with investigating simulation techniques that are 

simple enough to be implemented with the time and resources available, and with enough precision 

to determine the feasibility of the framework. Furthermore, determine a foundation for interfaces, 

configuration formats and model loading procedures.  

The literature review will provide additional background for the specifications and requirements for 

the system framework. An important step in determining the foundation of the framework, will be to 

evaluate the abstraction strategy for interfaces that the models implement.  Furthermore, by using 

the information found in the review, the functional and technological requirements will be drafted. 

From these it is possible to create a design document that will determine the architecture and 

functions of the system. However, before these challenges are met there are certain ideas that must 

be considered.  

As the system should retain the possibility for interlanguage cooperation, the technology chosen 

should apply some form of interoperability, perhaps in a specified runtime environment. Based on 

the findings in the literature review a framework should be available. Additionally, the individual 

models would then be interchangeable, independent from the chosen system language, and thus 

would benefit from viewing them as a “Grey Box” mode, I.e. The system has limited knowledge to 

the contents and properties of the module, but given an interface to parse communication and 

values, possible to integrate into the system. 
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1.4 Source Code 
The source code for the thesis is available at https://github.com/pauljoa/Master. 

It consists of several solutions and projects, where the Simulator solution contains the developed 

framework. 

1.5 Structure 

The following shows the structure of the rest of the thesis. 

• Background: An overview of the necessary information for the reader, as well as a literature 

review and technology review. 

• Design and Requirements: Describes the design based on the stated thesis goals and 

requirements. 

• Implementation: Describes the development process, choices and results of the 

implemented design. 

• Evaluation: Demonstrates the use of the implemented solution on a user configured 

simulation.  

• Conclusion: A brief summary of the observations and conclusions of the completed solution, 

as well as its limitations and future possibilities. 

  

https://github.com/pauljoa/Master
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2 Background 

The simulation systems described in this thesis will mainly focus on the simulation of electrical grids 

and the software representations of the physical electrical hardware in them.  The grids in question 

can be of various size from a single building, to cities or industrial areas. Grids typically consist of 

several different components, but can be roughly divided into a few categories, such as Producers, 

Consumers and Storage components. These software representations otherwise known as models, 

are an attempt to mimic the properties and features of a physical object in software.  

These models are then analysed to create insight into how the physical object would behave in 

certain scenarios. The results from these simulations are greatly dependent on the accuracy of both 

the simulation engine, as well as the model. Depending on the purpose of the simulation, the result 

does not have to be extremely accurate to provide some insight into how the system responds to 

stimuli.  

The simulation system in question can also be used to test usage strategies and control systems. E.g. 

a system strategy might attempt to maximize the lifetime of the components, while within expected 

performance parameters, given that the models are able to provide feedback with regards to lifetime 

expectancy.  Other strategies might go for maximizing the delivery security and keep more of the 

available performance in store for critical situations. These strategies can be implemented in a 

software simulation as controllers, feedback loops, optimization algorithms or a combination of the 

above. In a given system with a given scenario, employing different algorithms and shifting the 

simulation focus while retaining the composition might have vastly different results. 

2.1 Literature Review 

The literature review will discuss several technological features and benefits of modern languages, 

existing research relevant to the thesis as well as some basic variations of simulation systems and 

their use cases. We will also present data structures and formats that can be utilized in the thesis. 

Furthermore, an introduction to language specific implementations of programming concepts will be 

included. The chapter will also provide a brief overview of concepts and definitions that might be 

beneficial for a better understanding. 

2.1.1 Existing Simulation Environments and Frameworks 

As the variations of commercially available and open-source simulation environments are quite 

numerous, this thesis will refer to a couple common examples that can be used to form a comparison 

baseline, with regards to accuracy, designed purpose and user expectance. Given that different 

frameworks are developed for different purposes, this review will investigate the most common use 
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cases, their expected workflows, cooperation possibilities and more. The frameworks will be viewed 

separately in this review, but this does not exclude situations where the different environments can 

cooperate via the use of co-simulation tools. E.g. Co-simulation between Matlab and SystemC 

[Quaglia, et al., 2012]. Other frameworks such as SIMUL8 [SIMUL8, 2019] , AnyLogic [AnyLogic, 2019] 

, VisualSim [Mirabilis, 2019] and other commercial or open source projects are represented by the 

frameworks discussed in this chapter.  

The framework and language examples presented in this chapter is representative of the other 

various forms of simulation frameworks and programming languages, as the difference between 

them is negligible in the scope of this thesis.  
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2.1.1.1 MATLAB & Simulink 

A common, commercially available computing and programming language, together with Simulink 

enables the user to simulate complex models and possibility of including hardware in the loop.  

Simulink is an extension toolbox and provides a GUI based programming interface which can be 

easier to access for users with no knowledge of the Matlab language, and as such find usage within 

both universities and corporations. However, although Matlab can be defined as the de facto 

standard [Poncino, et al., 2014], it is highly proprietary, requires the users of a compiled program to 

have an expensive software license, and therefore it is highly difficult to extend functionality for third 

parties.  

Despite this, the software finds great usage among universities and corporations, and provides a 

point of comparison for the thesis software with regards to workflow and user interface. Among the 

points of interest for this system is the ease of access for new users, with regards to the GUI based 

interface. 

 

Figure 1 Simulink modelling example 

The Power_battery sample in the figure is available to Simulink users and is based on a paper for a 

generic battery model for dynamic simulation of hybrid electric vehicles. [Tremblay, et al., 2007] 
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2.1.1.2 SystemC 

SystemC is designed as a unified design and verification language to express architectural and other 

system-level attributes and enables system level design and verification capabilities. [Accelera, 2019] 

A set of libraries for the C++ language, the framework provides an event-driven simulation interface 

and is usually used for system and hardware design purposes. [Vinco, et al., 2014]. Current 

implementation based on the accepted IEEE 1666-2011 standard, openly available and provides the 

users with greater flexibility with regards to reusability and hardware representation. [IEEE, 2012]. 

SystemC enables users to design both hardware and software components, but at a higher level of 

abstraction. As a result, the focus of SystemC is on system functionality, rather than specific 

implementation details.  Most commonly used for System on chip design, microelectronics, 

electronic system simulation and similar application, SystemC inhabits a feature rich environment 

and extensions have been developed for further feature improvement. E.g. SystemC AMS IEEE 

1666.1-2011 [IEEE, 2016] 

Models in a SystemC system utilize the IP-XACT standard configuration format, to describe meta-data 

of IP designs and interfaces. Used to reuse and integrate IP modules. [IEEE, 2014]   

 

Figure 2 IP-XACT Example of a Digital Port 

Among the points of interest in SystemC that can be relevant for the thesis design is the usage of 

configuration formats and standardized interfaces to integrate modules from other producers. Thus, 

enabling cooperative development and reusability of existing models. This also divides the individual 

components into specific types that the system interacts with. 
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2.1.1.3 Python  

Open-source dynamic programming language, commonly used for general programming, but also 

includes modules for more specialized tasks such Numpy, Scipy, SimPy and similar for scientific 

calculations, simulations and data analysis. [Python Software Foundation, 2019] SimPy here being a 

simulation framework implementation. Python has gained significant popularity in recent years and 

achieved a large assortment of libraries and communities.  

 

Figure 3 Trends on Stack Overflow [Stack Exchange Inc., 2019] 

Python is an interpreted language and several implementations exist, among them the most 

common are CPython, which is the reference implementation based on C, and IronPython a C# 

implementation. Furthermore, python supports a myriad of programming paradigms, including but 

not limited to Object-oriented, reflective, imperative and functional. This enables python 

programmers to implement efficient self-inspecting objects and achieve dynamic property 

assignment in complex cases. Python utilizes an indentation-based syntax and as a result has highly 

readable code. This lowers the threshold for new users to learn the language and concepts. 

As a simulation platform, python features libraries that can be used to perform discrete-event 

simulations. 

With regards to the thesis, important points to note is the dynamic interaction of objects and their 

property assignment. Also, to note is the behaviour of properties that are defined only during 

runtime. This concept can be utilized to dynamically create new objects that are built according to 
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data collected at runtime. However, this concept is not unique to Python, but it will suffice as an 

example for this literature review. 

 

2.1.1.4 Summary of Environments and Frameworks 

Presented was a general overview of a select number of simulation environments, frameworks and 

programming languages. From this overview it is possible to draw a rough sketch regarding the 

features of the new software, these features will be explored in greater detail in a later chapter. 

With the overview as a foundation the new software can be sketched as follows: 

• The software should utilize an accessible user interface, together with a building 

block mindset and workflow. 

• The software should utilize a form of well-defined configuration format, so the 

integration of new modules can be performed efficiently. 

• The software should have the ability to dynamically create new objects and types. 

This can synergize well with the configuration format so new types of objects can be 

inspected, constructed, and utilized in the software environment. 

By combining these features the resulting product will encourage easy cooperation between model 

developers, ease of use for new users without previous programming experience, and the ability to 

expand the available component types via the use of dynamically created objects and interfaces.  
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2.1.2 Concepts and Definitions 

Some of the contents of this chapter will be described in-depth in later chapters. 

2.1.2.1 Types of Simulation Systems 

For the scope of this thesis the types of simulation are divided into two main groups. 

A Discrete Simulation system, also known as Discrete Event Simulation (DES), is a simulation 

technique where the time in the simulation are represented as specific time intervals, and each step 

is an event in the simulation. [Ashouri, 2011]. Usually the components in a discrete simulation are 

represented as entities, where the state-change of the entity is triggered by a step-event. The system 

variables of a discrete system change instantly between steps and remain static when no steps are 

taken. 

A Continuous simulation system works by tracking the system response with respect to time, and is 

often used to represent complex physical systems, e.g. water flowing in pipes, rocket trajectories. 

And overall, usually provide a more detailed and accurate result than a similar discrete 

implementation. 

2.1.2.2 Reflection and Dynamic Objects 

The core of the thesis builds upon the idea of a freely expandable dynamically loaded object, that is 

based upon, but not restricted to, a well-defined interface. This enables the framework to load 

software modules with minimal amount of information about the internal workings and features of 

the module. This is not limited to only hardware model representations but can be expanded for use 

with custom algorithms or interface expansions. By utilizing reflection techniques these custom 

interfaces can be integrated during runtime of the program.  

Reflection 

Much like the human cognition can reflect on past experiences, ideas, actions and the environment 

around us, the programming concept of reflection is the ability of a program to inspect and/or alter 

the data of oneself during runtime  [Smith, 1982] & [Demers & Malenfant, 1997] 

Most modern programming languages implement reflection, and as such offers greater flexibility 

regarding tasks where the objects and their properties might be unknown at compilation time. 

By utilizing reflection in the loading of the software modules one can utilize function and property 

mapping to dynamically construct an instance of a given model, this enables the software to both 

utilize the well-defined interfaces, with known parameters and functions, and the unknown models 

that implement parts of the higher-level interfaces. This also enables the system to inspect an 
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unknown model and determine candidates that can be utilized to interface with the model, based on 

the exposed properties and methods.  

//Create an instance of the Foo class, by locating and running the specified class 
Object FooObject = Activator.CreateInstance("Example.foo.path.and.classname"); 
//Retrieve the type of the object 
Type fooType = FooObject.GetType(); 
//Attempt to retrieve method of name Bar, on type of Foo. Methods can be located 
through arbitrary strings 
MethodInfo barMethod = fooType.GetMethod("Bar"); 
//Invoke the method with the FooObject instance as the calling reference 
barMethod.Invoke(FooObject, null); 

 

Listing 1 Example of Reflection in C# 

Dynamic Objects 

Instead of having properties and methods exposed at compile time, dynamic objects expose 

members at runtime. This enables objects to implement and assign structures and methods that are 

not of a static type or data format or known at compile time. Often used in dynamic languages such 

as JavaScript and Python, dynamic objects often utilize Just-In-Time compilation or dedicated 

runtimes to enable this runtime assignment.  
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2.2 Technology Overview 

This chapter contains an overview of technology specific implementations of various concepts 

discussed in earlier. These implementations will be utilized in the software development. 

2.2.1 Common Language Infrastructure and the .NET Framework 

2.2.1.1 CLI 

The common language infrastructure, or CLI, is a technical standard developed by Microsoft and 

accepted as ISO/IEC 23271 [ISO, 2012] and ECMA-335 [ECMA, 2012]. It defines a runtime 

infrastructure environment that enables applications written in several high-level languages to 

execute without having to be written for specific system environments. This also enables languages 

that implement the CLI to interoperate with each other and communicate by using the framework. 

E.g. by utilizing C++/CLI, a program written in C++ can be compiled and loaded by other users of the 

CLI, such as C#. Further, implications here mean that the CLI is platform agnostic, I.e. The application 

can be run on all systems with the same compiled executable, given that the runtime environment 

exists on the running system. The specification also details a multitude of definitions for components 

in the CLI, such as the Standard Library definition. 

Included in the CLI specification is the description of four aspects to the CLI according to ISO 

definitions: 

Common Language Specification - CLS 

The CLS describes a set of base rules and conventions that must be conformed to by language 

implementations to be interoperable with other CLI languages. These common standards allow 

languages to effectively communicate. The CLS is also a subset of the CTS 

Common Type System - CTS 

The CTS describes rules regarding the handling of types and operations and defines the framework 

that enables cross-language integration, code performance, type data and type safety. 

Metadata 

The Metadata provides a common interchange mechanism by specifying the contents of data that 

describes and references the types and methods defined by the CTS. The metadata can be used as 

tools such as compilers and debuggers, as well as between such tools and the VES. 
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Virtual Execution System - VES 

The VES implements and enforces the rules of CTS and as a result, the CLS. The VESs responsibility is 

the loading and running of applications targeting the CLI framework and provides the services for 

executing managed code and data specified by the Metadata, and to connect separately compiled 

modules together at runtime. 

Common Intermediate Language - CIL 

Additionally, the source code for CLI compliant languages is compiled to an intermediate language 

before being executed in the VES. This intermediate language is called Common Intermediate 

Language or CIL. The result after compilation is either a portable executable, PE or .exe, or a library 

assembly. 

 

Figure 4 Common Intermediate Language Example 

This compiled file is then compiled into machine code by utilizing a platform specific runtime 

environment. I.E an implementation of the VES. This compilation occurs at runtime and utilizes a 

Just-in-time compiler. In short this means the Intermediate language is platform agnostic, and the 

runtime environment is platform specific,  
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2.2.1.2 .NET Framework 

The .NET framework is composed of the Common Language Runtime (CLR) and the .NET Framework 

Class Library (.NET FCL). [Microsoft, 2018] Wherein the CLR is Microsoft’s implementation of the VES 

in the CLI specification.  

 

Figure 5  Simplified graphical overview of the .NET framework 

Common Language Runtime – CLR 

The CLR manages the execution and administration of applications targeting the runtime, this 

includes among others memory management, and thread management. [Microsoft CLR, 2018] When 

a language compiler targets the CLR, it includes metadata for the runtime to utilize, this metadata is 

stored with the code and is required for every CIL assembly. Among others this metadata is then 

used by the runtime to locate and load classes, memory layout, method invocations, setup security 

features and set run-time boundaries for the application. 

Developers can exploit these features by being able to write applications in their language of choice 

yet retain the possibility of using libraries and components written in other languages.  

 

Managed and Unmanaged Code 

Managed code is code where the execution is handled by the runtime, with all the responsibilities on 

the runtime that entails. This includes all the memory management, thread handling etc. While 

unmanaged code puts all the responsibility on the developer, e.g. programs written in C/C++. 

However, this does not mean that managed code cannot interact with unmanaged code, but the 

unmanaged code is beyond the boundaries of the runtime and will not be managed by it. This 

feature is called interoperability, and can be achieved by, e.g. creating a managed wrapper to call 
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into the unmanaged library or application. This can be beneficial if one wishes to utilize native 

libraries and COM objects. 

 

 

Figure 6 Example of Managed Wrapper calling unmanaged code 

.NET Framework Class Library 

The Framework Class Library or FCL is .NET Frameworks implementation of the standard library 

defined in the CLI. 

The FCL consists of a collection of reusable types, classes and interfaces that provides developers 

with access to system functionality and the ability to expand defined interfaces and use them in their 

own designs. E.g. by using interface inheritance, defined interfaces can be expanded while still 

retaining the definition given by the FCL. The object-oriented and managed nature of the FCL 

provides developers with an easy to use application programming interface (API). 

As an integral part of the framework, the FCL is tightly interwoven with the CLR, and all classes 

conform to the object model that is used by the CIL. 

DLL 

Dynamic Linked Libraries, or DLLs are Microsoft’s implementation of the shared library concept, and 

one of the forms of CIL that .NET Framework compiles to. It provides access to code, data, functions, 

and other resources. [Hart, 2005] [Microsoft DLL, 2018] This enables the system to utilize the library 

only when required by the program, and the same DLL can be used by multiple different programs 

simultaneously. The DLL specifies two different functions, exported and internal functions. I.E. 
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Exported functions are intended for usage by external callers as well as internal calls and is exposed 

in the DLL, while internal functions are usually intended to be used by other functions within the DLL. 

 

Dynamic Language Runtime 

The Dynamic Language Runtime or DLR runs on top of the CLR and adds services and functions for 

dynamic languages, and dynamic features to statically typed languages. [Microsoft DLR, 2017] This 

also opens the possibility to make use of libraries developed in other dynamic languages in any other 

dynamic language.  

The main purpose of the DLR is to enable dynamic language support on the .NET framework, and 

provide them with .NET interoperability. It also provides developers with more readable code and by 

not being dependent on changing static types enables more efficient code modification and 

refactoring. 

Using dynamic variables syntactically simplifies code where reflection was previously directly needed. 

E.g. compared to the reflection example in Listing 1 

//Create an instance of the Foo class 
dynamic FooObject = Activator.CreateInstance("Example.foo.path.and.classname"); 
//No need to retrieve method, call method directly on object 
FooObject.Bar();  

Listing 2 Example using dynamic variables to replace reflection calls in C# 

Behind the scenes the DLR performs similar actions compared to Listing 1, I.e. the DLR performs a 

check for methods with the name and signature of Bar, implicitly the object assumes the Bar method 

exists, and treats it as such. 
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3 Design and Requirements 

3.1 Requirements 

The requirements and specifications are made according to the expected user types and according to 

the goals for the thesis. For simplicity’s sake the users are divided into two camps, the end-user and 

the developer. The former has little or no programming experience and will only use the system to 

configure and simulate, by using the existing components and algorithms available. The latter may 

also use the system as an end-user but will also be utilizing the framework for development, and as 

such will require support for the creation of new components and algorithms. 

3.1.1 Usability 

In accordance with the stated goals presented earlier in the thesis, the developed system should 

have an underlying theme of usability and accessibility. Additionally, the system should be able to 

facilitate an intuitive and efficient configuration process to accelerate workflow. 

With regards to user interactions there are certain requirements that the system should meet. If time 

allows the system should provide an easy to use GUI for both configuration and visualization of the 

system. Employing abstractions and simplified interfaces, the system should focus on ease of use and 

provide access for non-programmers.  

For further model development the system should develop well-defined interfaces and definitions to 

expediate the development of new software modules to be used in the system. 

3.1.2 Features 

The system should accept a user generated configuration for a simulation composition, load the 

models, execute a specified algorithm against the system configuration, and return, where the result 

consists of the individual model states during the simulation, the demand vs demand met, and other 

results that can be specified by the configuration.  
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Figure 7 Simplified IO Figure 

The demand data consists of timestamped values, where the value represents the demand at a 

specific timestep. The system then runs a specified optimization algorithm to best determine the 

individual model setpoints to meet the demand. 

The configuration file contains the specific parameters for each model that is to be instantiated in the 

simulation.  

3.1.3 Technical Requirements  

The system should incorporate technology that enable the system to be flexible, robust, and 

dynamically accept new software components.  In addition, the software is expected to have an 

adequate performance in relation to the complexity of the task being completed. 

To support dynamic objects the system should utilize a modern programming language, with 

interoperability and reflection capabilities. This is to ensure the greatest level of flexibility and 

opportunities for the framework development. Furthermore, the framework should attempt to 

maintain the language syntax and conventions, in such a way as to provide developers with a familiar 

development environment instead of ad-hoc solutions. 

The system should be able to dynamically interchange both algorithm modules and models. The 

system should act as a facilitator between the models and algorithm, to provide a communication 

interface. This ensures greater flexibility and a plug-and-play mindset. 

The loading of modules from varying programming languages should be performed directly or by 

using program wrappers, preferably through a known programming framework. The modules should 

implement a given interface but retain the possibility of creating custom functions available for ad-

hoc algorithms.  



 

21 
 

3.1.3.1 Configuration Format 

The model configuration format should be human readable, and easily parsed by the simulation 

framework. The format must support custom metadata properties, on a per model basis. The 

configuration should include a list of the given models that are to be loaded for the simulation by the 

framework, and their relevant parameters. 

3.1.3.2 Demand Data 

The demand data should be simple, discrete timeseries, where the resolution decides the common 

time interval in the simulation.  

 

3.1.4 Design Requirements Summary 

Requirements are summarized and numbered and referred to later in the design chapter. 

• R1: The system should allow and support accessible and expandable configuration options. 

• R2: The system should allow or develop well-defined interfaces in a way that supports the 

development of new simulation models. 

• R3: The system should allow the user to specify any configuration of a simulation. 

• R4: The system should utilize technology that promotes system flexibility, robustness and 

willingness to accept new software components. 

• R5: The system should be based on a plug-and-play mentality and be able to interexchange 

the components at will. 

• R6: The system should allow the development of models in several programming languages, 

using wrappers or other interoperability functionality. 
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3.2 System Architecture Overview 

The imagined system consists of several domains that represent the various aspects of a simulation 

system. The most important domain is the Facilitator, as it is responsible for binding all the different 

components together in such a way as to enable simulation.  

The model domain primarily consists of software representations of physical objects, where the 

representations utilize a known interface to enable the facilitator to interact with them. Which 

model to load is determined by the user-configured system configuration. The algorithm domain 

contains the algorithms used by the Facilitator to determine the inputs of the models being used in 

the simulation. The Facilitator is also responsible for the structuring and storing of the simulation 

results for further use in an analysis context. Given the limited time and resources the 

implementation of the simulation engine in the facilitator will be naïve and simple. As a result, the 

focus of the design and implementation of the facilitator will be on the flexibility and futureproofing, 

rather than the accuracy of the simulation engine.  

 

Figure 8 System Architecture 
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3.2.1 The Facilitator  

The facilitator is the core component of the framework, responsible for all handling of models that 

are used in the simulation. This includes but is not limited to: Loading and instancing, parsing 

configuration files, creating system hierarchy, data administration, parsing demand data, state saving 

and logging. In short, the facilitator is responsible for all methods and data not contained within the 

internal complexity of models or algorithms. In contrast with the other domains, all facilitator 

functions and methods are static, and determined at compile time. 

3.2.2 Interfaces 

The interface domain is the abstraction for all interfaces available to the framework. These interfaces 

define the exposed properties, methods and specifications that are used by simulation models. The 

interfaces are implemented in the model wrapper or model directly. These definitions are then used 

by the facilitator and algorithm to determine the models function and properties. 

3.2.3 Models 

The model domain is the domain abstraction of all models used by the framework, this includes the 

compiled files, their wrappers and other metadata that might be of relevance. These models are 

tightly linked with the available interface implementations that are used to determine their 

functionality within the framework. Models are loaded from the model domain by the facilitator 

based on what is defined in the configuration file. These models are then used by an optimization 

algorithm to determine setpoints. 

3.2.4 Algorithms 

The algorithm domain is an abstraction for all algorithms used by the framework, and contains all 

algorithms, their metadata, supported interfaces, functions and optimization strategies. E.g. an 

algorithm optimizing the minimization of fossil fuel usage would need to support interfaces defining 

the external behaviour of Internal Combustion Engines, batteries etc. The metadata could include 

bias definitions for prioritizations and could be made modifiable by the algorithm configuration. 
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3.3 Detailed Design 

The imagined system design was created as a result of the requirements and specifications given in 

the previous chapter. To provide a better understanding of the system, the chapter will divide the 

design into specific parts, where each part entails the design of a specific system feature. In addition, 

this division of functionality will also allow the system greater flexibility for future expansion, as there 

is a weak dependency link between the different parts. Not included in the platform overview is the 

configurator and visualizer, as these can be implemented independently and are separated from the 

rest of the framework. Details for these however will be provided in brief later in the chapter. 

 

Figure 9 Software Platform Overview 

The structure of the chapter is based on the imagined dataflow of the system, from the configuration 

of the simulation, to the result. This includes relevant utility classes and their work processes. 

The system utilizes a Discrete Event Simulation model and calculates setpoints for each individual 

component. This form of simulation was chosen as it is easier to implement given the time and 

resources available, while providing a satisfactory result to reach the stated goals of the thesis. The 

models describe a general overview of model contents and developmental process.  
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3.3.1 Configuration 

Before a simulation can be loaded it requires a simulation configuration, this sets the individual 

parameters and interface specification for each model that is to be loaded. This is achieved by using a 

dynamic and expandable format. The configuration file consists of an array of model configurations. 

The imagined configuration format is designed with focus on solving requirement R1 and R3. As the 

format is easily readable and accessible for less-skilled individuals, even for manually modifying the 

configuration. 

3.3.1.1 Configuration Format 

The file uses the JSON format for data structure, as JSON is easily human readable and can be 

expanded on the fly programmatically. This enables users to easily interpret a configuration for 

debugging or manual configuration purposes. For the purposes of this thesis, all storage of interfaces 

and models are assumed to be local. Later implementations can easily utilize a database or other 

forms of storage repositories to better enable distribution, which could enhance the availability of 

the developed system. The structure consists of: 

• Name 

o String 

o Visible name for the model instance, used for visualisation and human readability. 

o Not strictly required to be unique, not used directly by the framework. 

• Type 

o String 

o The full name of the interface used by the model instance 

o Must be identifiable by name from all loaded interface definitions.  

• Id 

o GUID/UUID 

o Identity generated for framework usage 

o Can be used in configuration to setup interconnected model instances 

• Path 

o String 

o Full path and filename for the wrapper/model 

o Used by the facilitator to locate and load the compiled model. 

• Data 

o Dynamic 

o Contains all parameters for the constructor of a specific model. 

o Used by the Facilitator to instance the model. 

o Obtained via reflection of the model constructor. 

o 1 to 1 relation between constructor parameters and Data contents 

o Types, i.e. Double, Boolean, String etc. Are obtained during runtime from the model 

constructor and parsed by the facilitator from the config. 
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3.3.1.2 Model Configuration Process 

The data property of the configuration format is decided by the contents of the model constructor. 

This enables the data property to contain all information for instancing a model. This also enables the 

model property configuration to be decoupled from the interface specification. Implication here 

means that the model configurator expects a single constructor implemented in the wrapper/model.  

However, the model might opt to implement a parameterless constructor for default values. Parts of 

this auto-configuration process contributes to simplify the developmental requirements for model 

makers. 

 

Figure 10 Example of the configuration process for a simplified battery model 

By using the constructor definition to determine the parameters, the configuration format can accept 

parameters of arbitrary size, various types and will be usable by future models. 
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Figure 11 Model Configuration Workflow 

The figure above displays the workflow for a user performing simulation configuration. The user 

starts with an empty configuration and adds the desired components to the configuration from the 

specified model repository by running through the configuration process. In the “Configure Model” 

box in the figure the process displayed in Figure 10 Example of the configuration process for a 

simplified battery model is performed. 
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3.3.2 Algorithms 

The optimization or control algorithm used during runtime is loaded according to user specification. 

An algorithm can be any form of software capable of handling the various components being used by 

the system and calculate control signals for these components. In this thesis the control signals will 

be referred to as setpoints. These algorithms are typically use case specific and utilize various control 

strategies for calculating component setpoints. The algorithm is dynamically loaded during runtime 

of the simulation and is called by the Facilitator. 

Support for new interfaces are dependent on the algorithm implementation, as not all interfaces are 

inherited by known ancestors, but rather defines a new functionality. In the case of inheritance-

based interfaces, the algorithm can use the parent interface to define the model’s functionality 

within the framework. 

3.3.2.1 Interface Support 

For the algorithm to be able to interpret the functionality of the model requesting setpoint 

calculation the algorithm must support either the interface being used directly, or by utilizing 

inheritance. In the following figure a standard interface is inherited by the new advanced interface. 

 Standard  Optimization Algorithm  Advanced  Optimization Algorithm

 Standard  Battery Interface

 Advanced  Battery Interface

Explicit Support

Explicit Support

Implicit Partial Support

 

Figure 12 Inheritance based Implicit support 

By using inheritance on newer interfaces, older algorithms can still be utilized to give a directly 

comparable result, E.g. if the user wants to change models being used without changing optimization 

strategy or use newer models with older algorithms. The more complex interfaces may contain 

advanced properties that are utilized by newer algorithms to optimize component lifetime, like 

temperature and pressure properties, while older algorithms use basic weight calculations to 

determine setpoint usage. This is to ensure future support for both older models and older 
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algorithms. This inheritance mindset can be used to create interface archetypes that future 

interfaces are based on. Thus, creating a structured hierarchy of interfaces. This also relates to the 

reusability of both algorithms and models, as newer algorithms can be backwards compatible, and 

models can inherit interfaces for compatibility purposes.  

 

3.3.2.2 Setpoint Calculation 

As the framework utilizes a Discrete Event simulation type, the individual models must implement 

some form of local control that can impose the setpoints calculated by the algorithm. These 

setpoints are pushed to the components and directly steps the system forward, as the algorithm 

requires feedback, in this case as energy produced by the model. The setpoints are usually, in an 

energy consumption scenario, calculated to be greater or equal than the demand at the given 

timestep, restricted by the properties of the component. 

 

Figure 13 Example algorithm setpoint workflow 
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3.3.3 Interfaces 

The interface definitions utilized in the framework represent the abstract functionality of the models 

being simulated. These definitions are then used by the framework to load, implement, used by 

control algorithms and for visualisation purposes. The interfaces solve requirement R2. 

 

3.3.3.1 Interface Abstraction Process 

The primary goal behind the interface abstraction is to reduce the exposed properties and 

functionality to the bare minimum required by the simulation algorithm. However, these interfaces 

can be as complex as the developer requires. In a typical scenario the properties that are available in 

the model might prove too numerous to effectively utilize in an analysis setting. Therefore, it can be 

beneficial from a development standpoint for the developer to create variations of the same 

interface, with degrees of information, with regards to debugging and data collecting. 

 

Figure 14 Interface Abstraction Process Example 

The abstraction process can be performed by either a small configuration program to interface with 

existing models, or the developer can perform the same actions manually as is commonly done in 

development situations.  The idea is to view the model as an object and determine which properties 

and methods are beneficial to expose to the simulation system and consequently be used by the 

optimization algorithm.  
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3.3.3.2 Interface implementation 

The interfaces are implemented in both the model/wrapper and during runtime in the Facilitator, 

using a dynamically constructed container-class. By using the interface definition, the facilitator 

implements the interface during runtime and assigns methods and properties for access. However, 

the decoupling factor between the models and interfaces enable the interfaces to be implemented 

implicitly, i.e. the model implements the given method and property types to match the interface 

signature but does not require compilation time knowledge of the interface’s existence. 

The source of the interface can either be local, i.e. the model contains the interface definition, 

inheritance is difficult, or global, i.e. the interface belongs to the larger interface system that is part 

of the Facilitator. By utilizing inheritance in a global interface system, it is possible to achieve forms 

of backwards compatibility in existing systems, thereby meeting the requirement for reusability. 
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3.3.4 Models 

Models are usually software representations of hardware components, be it batteries, diesel 

generators, hydrogen fuel cells etc. Given the generic and dynamic nature of the framework these 

models may also represent other functionality that can be implemented in a discrete simulation. 

A few conditions must be met by the implementation for use in this version of the framework. The 

model must implement a local controller that can impose setpoint control over the model and be 

used in a discrete simulation setting, I.e. the models cannot depend on continuous calculation 

processes. All calculation happens on a per step basis. Models solve requirement R6. 

3.3.4.1 Model development 

Models are implemented in a programming language that is compatible with the programming 

framework, the list of which is dependent on the environment the framework is implemented in. The 

number of directly supported model languages depend on the language infrastructure that the 

simulation framework is implemented in, as this requires the languages to contain some form of 

interoperability. However, more languages can be supported with various levels of wrapper 

complexity. 

3.3.4.2 Model Wrapper 

The models are sometimes implemented in a language that do not directly support interop 

functionality with the framework. These wrappers encapsulate the model and provide the 

framework with the necessary access to load and communicate with the model. The wrapper is 

therefore required to be the implementor of the interfaces defined for the model, as the wrapper is 

the point of contact for the framework. However, the model can also directly implement the 

interface and act similarly to a wrapper if the language is interoperable with the framework. As the 

framework does not differentiate with a wrapped model and a directly implemented model, both are 

interchangeable without including custom configuration parameters. 

 

Figure 15 Wrapper Overview 
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3.3.5 Facilitator 

This chapter details the facilitator, its components and procedures as well as the dataflow during 

runtime. The facilitator is based on technology that promotes interoperability and expandability and 

solves requirements R4, R5. 

3.3.5.1 Utilities 

The framework is assumed to contain the necessary utilities that handle parsing, basic structuring 

and other miscellaneous methods that are of little relevance to the thesis. An overview will be 

provided in the implementation chapter. 

3.3.5.2 ISysComponent Interface and SysComponent Class 

The basis of all model loading occurring within the framework, is the use of a base interface and a 

dynamically expandable base class. All class implementations during runtime will inherit the base 

ISysComponent interface, that contains the necessary methods and properties for the framework to 

successfully load a model. Further, this means that all implementations share a common ancestor 

and as such can be queried for basic properties regardless of what their model represents. 

Two variations of this common ancestor can be proposed. The first is the dynamic expansion during 

runtime of the base class. The other is the explicit inheritance in the model source code. The latter 

being far less complex to implement, while the former provides the greatest flexibility and 

futureproofing. Further, given that the base class may change over time the added logistical strain of 

having to distribute assembly updates to all model creators, which in turn must update the compiled 

models pushes the desired design towards a dynamic expansion type. 

An example to better visualize the issue: Given two systems, System A and System B, where A 

implements the dynamic expansion and B implements the inheritance based explicit implementation. 

Both systems develop their first base class, SysComponent 1.0 to be used by the models, A 

dynamically expands the base class to include model specific properties and methods, while model 

creators for B utilize a compiled version of the base class and inherits B’s implementation in their 

source code. 

The simulation system expects the models to contain a specific set of properties and methods as 

defined by the base class. For A this is a non-issue as the base class only exists within the simulation 

system, and as a result will always be in sync with the current framework version. For B the models 

are only compatible if and only if the models were compiled with the same version as the system 

version. Given an updated base class SysComponent 2.0, System A is compatible by design, while B is 

required to notify the model creators and recompile each model with the new version. 
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The LoadComponent method is called by the facilitator during initialization, this method is 

responsible for the loading and instantiating of the model. It uses the parameters specified in the 

configuration file and uses these in the model constructor method. The model instance is then 

integrated into the base SysComponent class, where the SysComponent class performs the runtime 

interface implementation of the interface specified in the configuration file. Upon completion the 

base class performs property binding between the instanced model and the implemented interface. 

This provides the framework with access to the properties of the models via the provided interface. 

 

Figure 16 LoadComponent dataflow 
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3.3.5.3 Initialization 

The Facilitator contains some initialization procedures that the facilitator must complete to setup the 

systems data structures, model Initialization, state tracking, loading the algorithm and the demand 

data.  

Loading the Configuration and model initialization 

The configuration file is defined as a start-up parameter for the simulation framework and contains 

the composition for the system that is to be simulated. This parameter is either given as a command 

line parameter or through a GUI if the implementation contains one. The facilitator parses the 

configuration file according to the provided format and uses this information to initialize the system 

components. The Facilitator creates new component instances as required and calls LoadComponent 

as specified in Figure 16. Each new instance is added to a list of existing components according to the 

ID provided in the configuration file and stored for later use. Upon completed parsing of the 

configuration file the framework loads the demand data and prepares for runtime. The file is 

formatted according to the design in 3.3.1.1. 

Loading Demand Data  

Demand data is simplified as an aggregated value, as the purpose of the simulation is examining both 

the response of individual models, but also the efficiency of various optimization algorithms in a 

system wide context. Which can be observed in the following figure. This can be summarized as not 

focusing on optimizing the consumers in the system, but rather focus on optimizing the individual 

producers.  However, this does not exclude scenarios where, e.g., a user might want to investigate a 

battery charging algorithm, where the load data instead can be interpreted as power input. E.g. of a 

sample system in the following figure. 

 

Figure 17 Abstract Simple System and Aggregated Equivalent 

The demand data file is preferably in a .csv format or similar. The resolution of the demand data 

must be agreeable with the minimum resolution of the configuration. E.g. if the lowest resolution 
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supported by one model is 1 second intervals, the system resolution will be 1 second. The data is 

parsed from the known format, i.e. csv or similar, and prepared for use in the simulation loop. 

Initialization Sequence  

 

Figure 18 Initialization Sequence 
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3.3.5.4 Execution 

The execution of the simulation occurs after initialization is completed and the system is setup. The 

framework iterates through the demand data and calls the algorithm to calculate setpoints and step 

the system forwards. After each setpoint calculation and before the first, the Facilitator performs a 

snapshot of each component’s properties and state. These snapshots are stored in such a way as to 

be identifiable per component after simulation is complete and is used for visualisation purposes. 

The snapshots are taken according to the interface implementation being used by the component.  

Upon completing the simulation by iterating through each demand datapoint, and calculating 

setpoints for each component, the simulation writes the necessary results to disk, database or keeps 

it in memory for analysis and exits. 

Depending on the implementation the facilitator can be integrated in a GUI or run as a standalone 

console application.  
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3.3.6 Design Summary 

The presented design details some system functionality that will not be implemented in the current 

version, i.e. the configuration tool and the analysis tool. These can be considered functionality that is 

independent of the overall framework but provides services that are required for the system to be 

functionally complete in a user setting. The implementation will mainly focus on facilitator and 

framework features and functionality. 

 

Figure 19 Flow Summary 

The figure above illustrates the imagined flow of a complete system in a simple user scenario. The 

user creates the desired simulation configuration, i.e. specifies components, algorithms etc. 

Afterwards the user runs the simulation and analyses the results. 
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4 Implementation 
Implementation describes the various choices made to conform to the specified system 

requirements and design. The individual chapters describing these implementations may contain an 

optional chapter for an in-depth examination for non-trivial issues, that are not necessarily required 

for a general understanding of the thesis but will provide a more thorough comprehension of the 

matter. 

The implementation ran through multiple iterations and parts of the system were redesigned entirely 

based on discoveries made during testing and continued development. This chapter will primarily 

describe the current implementation but will also mention various options that were explored during 

the implementation phase. The chapter is structured in such a way as to describe the more trivial 

parts of the system first, then moving on to the complex. 

Implementation details regarding interfaces, models and optimization algorithms will be limited, as 

these can be considered more as usage scenarios, rather than as a part of the system development. 

4.1 Tools and Development Environment 

This chapter details the tools and development utilities that were utilized to implement the system 

design which was discussed in earlier chapters. All software utilized in the implementation is freely 

available and mostly open source. 

4.1.1 IDE 

The Integrated Development Environment of choice was Visual Studio 2017, with the latest updates. 

The most basic edition, the community edition, is available free of charge and features standard IDE 

functionality in addition to version control systems, a variety of designer functionality and the 

possibility of plugin extensions. 

4.1.2 Programming Languages, Frameworks and Operating Systems 

The primary programming language for the design implementation is C#, while C++/CLI provides the 

necessary features for implementing simple mock-up models. C# was chosen based on personal 

experience, an active community and the available features. 

The primary framework utilized in this implementation was the .NET framework. 

The system was developed on Windows 10. 
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4.1.3 Utilities and 3rd party libraries 

As some of the features and functionality required by the system are based on already established 

standards and methods, the implementation utilizes some 3rd party libraries to solve a few of the 

more trivial requirements that hold little relevance to the thesis. 

Newtonsoft.JSON 

The Newtonsoft.JSON [Newton-King, 2019], also referred to as Json.NET, library is the de facto 

standard for JSON parsing, serialization and general JSON handling in .NET. This library is utilized to 

handle all system requirements concerning JSON formatted files and parsing of configuration setups. 

As well as serializing the results of a finished simulation to a structured format for later analysis. 

CSVHelper 

The CSVHelper [Close, 2019] library provides the required functionality for simple parsing and writing 

of csv files. The CSVHelper will be used to import the structured demand data, as well as synthesising 

new mock-up data. 
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4.2 Overview of Design Improvements and Changes 

During implementation and testing several minor improvements to the design were discovered 

which increased system flexibility and robustness. These were mostly data structure and interaction 

specific. 

4.2.1 Configuration Format Improvement 

Changes made to the format specified in 3.3.1.1, as a result of findings during implementation and 

testing. 

Added the “Interface” property to provide increased compatibility with distributed interface sources, 

is defined as the full name of the interface I.E the inclusion of the namespace in the name identifier 

results in a more explicit identity in a repository storage solution. 

The “Type” property is now specified to include the full name and is used to identify the actual class 

type rather than the interface, for the same reasons as stated above for the “interface” property. 

The “Path” property was removed in favour of utilizing a repository-based system, I.e. a centralized 

assembly storage. The specific model is instead identified by the “Type” property. 

Implemented Configuration Format with short description: 

• Name 

o Visible name for visualization, e.g. Battery Bank Warehouse 

• Type 

o Full name for the type, e.g. Batteries.LithiumIonBatteryV3 

• Interface 

o Full interface name, e.g. Interfaces.IStorage 

• Id 

o GUID identifier, ID of the component for system reference and logging/Visualization 

• Data 

o Model parameters, extracted from constructor as described in 3.3.1.2 
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4.2.2 Changes to assembly loading 

Rather than using a load-by-demand system with explicit file paths and loading only what is specified 

in the configuration file, the framework can more efficiently integrate with a repository-based 

assembly solution, I.e. algorithms, interfaces and models have their respective repositories. As well 

as simplifying the storage process, a centralized repository solution would greatly aid in locating 

specific models and mapping all available assemblies that the system has access to. 

The facilitator loads all available assemblies from their respective repositories and stores them in 

separate runtime caches. This form of preloading assemblies ensures that the system is resistant to 

dependency issues that otherwise had a higher chance to occur in a load-by-demand system. When a 

specific model, algorithm or interface is required it is easily accessible by the full name in the runtime 

cache. 

4.3 Repository Implementations and Alternatives 

This chapter describes the general steps for implementation of varied forms of persistent 

repositories, the in-memory storage is discussed in the Cache implementation chapter. 

4.3.1 Local Repository 

To expediate the development process on features that are non-essential to the overall thesis, the 

easiest form of persistent storage is a regular directory based local repository with standard file 

handling provided by the OS. The structure applied here is easily ported over to other 

implementations, such as a database implementation discussed in the next chapter.  For the 

purposes of this thesis a local repository is more than adequate as the software will only be 

executing on a limited number of machines for the thesis duration. And as a result, is the one 

implemented in the current system. 

4.3.2 Alternative Database Repository 

For easier integration on bigger projects and future expansion with access to more infrastructure, a 

database repository is preferred for a centralized storage solution. The database can be implemented 

as using the assembly name as the identifier and storing the assembly as Base64 encoded binary, I.e. 

reading the assembly as binary and encoding it as Base64 String representation. Additional benefits 

to using a database repository is the possibility of adding metadata, versioning, Descriptions etc. 

Which would provide a more tightly integrated development and end-user experience. 
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4.4 Overview of Implemented System 

The facilitator is implemented as a composition of several sub-systems and utilities that together 

provide the framework with the features required by the design and goals. The figure below shows 

the main components of the facilitator with a detailed description of the individual component in the 

following chapters and sections. 

 

Figure 20 Implemented System – Facilitator 
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4.5 Utility and Container Classes 

This chapter summarizes the minor functionality utility classes and containers that are required for 

the system to work as intended. These include among others snapshot algorithms, cache 

implementations, loading algorithms and logging functionality. The functionality described here is 

not explicitly set in the design description but rather as an implicit design requirement. 

As the functionality implemented here is of minor relevance to the thesis, the depth of this summary 

is limited. For a more in-depth explanation it is possible to view the source code at the GitHub 

repository. 

4.5.1 CSVParser 

The CSVParser is responsible for the handling of demand data, the parser reads and outputs a 

timeseries of timestamps and values. The timeseries is then utilized as the demand data that is used 

by the simulation algorithm. 

4.5.2 Configuration Parser 

The configuration parser is responsible for the loading and parsing of the configuration file, 

initializing models, calling interface implementation algorithms and constructing the list of system 

components that is to be used by the simulation framework. 

4.5.3 Cache Implementation 

Caches are implemented in a container class that serves as a static reference for the system to 

extract type information during runtime. The individual caches within the container class are 

implemented as dictionaries, conceptually like hashtables. The caches contain a specific domain, i.e. 

Interface, Algorithm or Model domain. These specific caches are populated by the system during 

initialization by loading all assembly files at specified repositories. During the assembly loading the 

loading algorithm uses reflection to extract the exposed type definitions that exists in the assembly. 

Each type is then stored in the cache specified by the loading algorithm and uses the full name of the 

type as hash key. After initialization these caches are globally available for use by the system. 

The caches utilize the repository implementation described in 4.3, with minimal changes required for 

other variations. 
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        foreach repository in Repository Implementation 
         foreach assembly in repository 
          foreach type in assembly 
           switch(type of Cache): 
            case Interface 
                              add type to Interface cache 
            case Model 
                              add type to Model cache 
            case Algorithm 
                              add type to Algorithm cache 

 

Listing 3 Pseudocode Cache populating algorithm 

4.5.4 Algorithm Loader 

The Algorithm loader is responsible for the loading and initialization of the algorithm that the 

simulation uses and is loaded according to the system configuration. The loader utilizes the initialized 

global cache and loads a specified algorithm from the algorithm cache. The algorithm interfaces used 

are known to the simulation framework before runtime as the system is required to know how and 

what to communicate to the algorithm. This creates a hard dependency for the algorithm and 

system, which results in the requirement that new algorithm interfaces must be supported in the 

simulation framework. This is directly opposite of the model interfaces as there are no dependency 

concerns between the frameworks and model domains. Rather, the algorithm implementation must 

support model interfaces instead. 

4.5.5 Snapshot Class and Algorithm 

The Snapshot class contains properties detailing the properties and values of a component at a given 

point in simulation time. After every simulation step the snapshot algorithm iterates through all 

components used in the system configuration. Every component is then inspected using reflection to 

examine the properties of the model. Each property value is then logged in a dynamic object 

container, according to the property names. This created snapshot is added to a list of snapshots, 

belonging to a specific component. A potential advantage to using reflection instead of the interface 

definition is the possibility of tracing internal parameters if required, e.g. in a debugging situation 

where the hidden properties can contain clues to if a specific issue is contained in the system or the 

model. 

This provides the system with a complete overview of the model states for the entire runtime. The 

results after simulation completion is a list of snapshots, sorted by time, and organized by the Id of 

the components. The results are written to disk for further analysis, each file named with the Id of 

the component the snapshots belong to. 
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4.6 System Component 

The System Component or Component, hereby referred to as the SysComponent class is the primary 

interaction class for use in the simulation framework. It also serves as the foundation for all dynamic 

runtime interface implementations.  The SysComponent class contains the necessary properties that 

are used by the system for data organization and structuring, as well as model loading methods and 

other utility functions. 

4.6.1 Explored Options and Current Implementation 

The first explored option for the SysComponent class was the explicit implementation in inherited 

model representations, I.e. the SysComponent itself were never instanced, instead the 

SysComponent class was inherited by a model implementation directly. This explicit design was 

described in 3.3.5.2. The upsides were greatly simplified loading procedures and system 

communication, as the model itself directly supported the SysComponent methods and properties to 

enable system integration.  

The downsides however were that new implementations of the SysComponent would have to be 

updated in every model implementation. Given that one of the core requirements of the system 

were to be easily scalable, expandable and available, having to patch every model ever created for 

every new SysComponent version created a logistical nightmare. 

 

Figure 21 SysComponent Explicitly implemented in model 
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The second explored option were to leverage the DLR of .NET by using a dynamic variable to contain 

the actual model instance, while using the interface definition to create proxy model 

implementations. I.e. the model implementation was kept separate, with a proxy implementation in 

the system to interface with the model. These proxy implementations were ad-hoc generated with 

specific interfaces in mind. This pushed the dependency issue down to system level, where for every 

new interface that needed to be supported by the system, a proxy had to be implemented.  The 

variations between the different proxy implementations were very minor and consisted of 

redirecting interface methods to route via the Instance property containing the model reference.  

This implementation removed the need to update existing models but is dependent on system 

updates to integrate new interfaces. This moves the logistical issues to the system level, where only 

the system is required to update when new versions of either the SysComponent or interfaces are 

developed. 

 

Figure 22 SysComponent explicit Proxy Implementation 
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The third and chosen option was to further explore the DLR capabilities from the second option. 

Instead of developing specific proxy implementations the idea was to develop an algorithm to 

dynamically implement interfaces on the SysComponent object. This is possible by creating a virtual 

class definition that is based on the SysComponent during runtime, and uses both the DLR, CTS and 

Metadata to dynamically generate new definitions. This option removes the need to develop proxy 

implementations, and completely decouples model development from system development. 

 

Figure 23 Dynamic Proxy Implementation 
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4.6.2 Model Loader 

The model loading algorithm implemented in the SysComponent class uses the previously defined 

configuration format for model parameters and follows a similar cache utilization as the algorithm 

loader. The model loader locates and retrieves the type information and constructor signature for 

the specified type by using reflection. The algorithm then generates a list of parameters in the order 

specified by the constructor signature and performs matching of the parameter names with the 

values in the configuration formats “Data” property.  

These values are cast to the correct data type that is specified by the parameter to match the 

constructor signature. This parameter extraction is also used in the configuration process, to 

generate the “Data” property as described in 3.3.1.2. The model is then instantiated and stored in 

the “Instance” property of the SysComponent by calling the constructor with the generated 

parameters. This concludes the initial setup process for a system component, the component can 

then proceed to interface implementation. 

 

Figure 24 Model Loader workflow visualization 
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4.7 Dynamic Runtime Interface Implementation, 

The Dynamic Runtime Interface Implementation algorithm, also referred to as Dynamic Proxy 

Implementor, Dynamic Implementation, or DRII for short, implements interfaces and binds 

properties and methods to a provided source object, in this case the SysComponent object. This 

object is referred to as the source in the scope of this algorithm, as the component is both the 

foundation on which the algorithm builds the new definition, but also contains the instanced and 

loaded model. 

The algorithm is constrained by some requirements and specifications, these can be summarized in 

the following points: 

• Preserving the syntax and conventions 

o The generated object definition should behave in a manner that conforms to already 

established syntax and conventions in the given programming language, e.g. the 

generated object supports the standard methods for checking if an object 

implements a given interface. In the case of C# this can be checked with the “as” and 

“is” operators. Other languages might incorporate similar functionality, e.g. Java uses 

the “instanceof” operator for the same purpose. 

• The Generated object should provide the system with access to all methods and properties 

specified in the interface definition, i.e. the full interface implementation. 

• Provide flexibility and robustness and limit new interfaces as little as possible. 

o In effect this means the algorithm should support most if not all native data 

structures and datatypes, with future expansions regarding custom objects defined 

in interfaces. 

o Given that the interfaces contain the type definitions for these custom types there 

should be some form of implicit support. 

o Support various forms of interface inheritance 
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4.7.1 Explored Variations 

The development process explored several different variations of the algorithm that fit the criteria in 

question, resulting in two variations that can be divided into the trivial and complex 

implementations.  

The trivial implementation would make use of the DLR (See 2.2.1.2) and utilize the DynamicObject 

class definition existing in the .NET framework. This definition is inheritable and provides the object 

with the features required to dynamically add new properties and methods during runtime. Behind 

the scenes a DynamicObject implementation consists of a dictionary to store and access the defined 

properties. The dictionary uses the property name as the access key, with the stored value being any 

type of reference-type or value-type object. This type of implementation is easy to develop but lacks 

some of the functionality required, such as preserving the syntax or conventions. Other downsides 

are when reusability can be beneficial, e.g. in a configuration with many components using the same 

interface, this implementation would be required to reimplement the interface on every component 

resulting in extra overhead. This variation can be considered as the ad-hoc variant with custom query 

methods for interface checking. 

The chosen, and more complex implementation made use of the CIL specification to generate an 

object during runtime which provide developers with the same functionality as actual direct 

implementations, similar to first SysComponent option discussed in 4.6.1. This implementation 

defines new type definitions using the available functionality for Intermediate Language generation 

available in .NET. The resulting definition would be added to a cache of available implementations 

and be available for reuse, e.g. in a configuration with many duplicate objects the implementation 

algorithm only runs once for the given object.  This variation was chosen based on the factors 

determining flexibility, expandability and general behaviour compared to the first option. The 

development of this algorithm variation is described in the following chapters. 

4.7.2 Preserving the Syntax 

One of the main challenges were that the dynamically generated object should exhibit similar 

behaviour as an explicit implementation of a given interface. This can be achieved by combining the 

IL generation briefly described in the previous chapter, with the concept of using the SysComponent 

as the base class for all runtime interface implementations, similar to the first implementation 

described in 0. but opposite. E.g. the methods and properties of the SysComponent are not 

implemented in the model, rather, the model’s methods and properties are implemented in the 

component. I.e. the component behaves as an adaptable wrapper for the underlying model and as a 

result exposes the model for use by the system. 
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4.7.3 Interface Inheritance and Multi Interface Support 

To ensure a complete implementation of a given interface, the algorithm must contain the necessary 

functionality to handle interface inheritance. This means that the algorithm must perform some sort 

of inheritance tree navigation and implement every ancestral interface, as well as the specified 

interface. This inheritance hierarchy can be obtained simply by using the available reflection 

functionality for determining interface inheritance. It is assumed that the relevant interfaces do not 

contain duplicate properties or methods, even though the algorithm implements property tracking to 

prevent this.  

In cases where a model would want to support two or more independent interfaces, i.e. not in an 

inheritance hierarchy with each other, the present system and configuration format limits this 

possibility. As the current format does not support multiple interface specifications. In such scenarios 

a possible solution is to create an empty dummy interface that only acts as a container interface 

where the algorithm will view the dummy interface as being the inheritor of both or all interfaces in 

question. This is a trivial issue that is negligible in thesis context.  

4.7.4 Proxy methods and Delegates 

The challenge of using instance references is that the actual object, i.e. model that implements the 

interface is not the SysComponent object, as the properties and methods do not exist in the 

component itself. Rather, the component behaves as a structuring container for the system to use, 

with references to the actual properties and methods. The algorithm works by redirecting property 

and method calls to the instance that the component is containing. 

This results in the component containing no interface specific properties, but rather implements a 

given interface by using delegate representations. Delegates in C# can be viewed similarly to function 

pointers in C/C++ but is fully object oriented and encapsulates both the object and method instance. 

Delegates in C# can also be called Func<T> or Action<>, where Func has a return value, given by the 

last parameter in the declaration, while Action<> is of return type void. 

This allows for the implementation algorithm to dynamically locate and bind specified properties and 

methods to delegates. Further, in a setting where the model implementations name, or type differs 

from the specified interface definition the algorithm can utilize various search-algorithms combined 

with reflection to locate the desired property.  

The figure below illustrates the dataflow of the DRII implementation with an example of an interface 

being implemented, an in-depth description of the inner workings of the implementation algorithm is 

included in the following chapter. 
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Figure 25 Dynamic Runtime Interface Implementation Flow 
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4.7.5 In-depth Description of DRII 

This chapter provides an in-depth walkthrough of the internal functionality of the DRII algorithm, the 

usage of Intermediate Language generation, type-builders, reflection methods and how the result 

compares to an explicit implementation. The walkthrough will mostly follow the same flow as the 

figure in the previous chapter, although some more details might be included that were previously 

excluded.  The walkthrough will demonstrate the inner workings of the DRII algorithm on one of the 

properties of the IStorage interface, as well as the completed implementation and instancing. For the 

sake of brevity, properties and functions included in the SysComponent class is already implemented 

and will not be shown in the demonstration, but still be part of the resulting class. 

4.7.5.1 Type-Builder 

The first order of business is to declare the new type to be created, including the containing assembly 

and module. This is achieved through mostly built-in functionality of the .NET framework, and done 

by specifying names, namespace, assembly and other parameters in a type-builder. The assembly is a 

uniquely named virtual shared library consisting of one or more modules, which again contains the 

generated type. The new type is named as a combination of the source and interface to be 

implemented, I.e. in this example SysComponent is the former and IStorage the latter.  

The type-builder is responsible for constructing and generating the new type definition. This includes 

adding new properties and fields, methods, and constructors. The type-builder and some other 

builder functions have corresponding Intermediate Language generators, or ILGenerators, that 

perform the IL generation for the various properties and methods. These generators will be referred 

to in the walkthrough. 

4.7.5.2 Generating the Constructor Parameters 

The constructor for this new type is generated by utilizing the interface definition to create a list of 

the different parameter types that the constructor will use. This parameter list is generated by 

inspecting the interface definition and including delegate definitions for every property and method 

being implemented, this also includes any inherited interfaces. In the case of this Interface, the 

generated parameter list consists of two delegates of return type double, i.e. signature of 

(Func<double>, Func<double>).  
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4.7.5.3 Defining Properties, Fields and their methods 

The next step in the DRII algorithm is to implement the properties and methods stated in the 

interface. The first property to implement in the case of IStorage is the Capacity property, of type 

double. The type-builder adds “Capacity” to the type definition with the specified type double. For 

the property to be able to return a value the DRII algorithm implements the getter. The DRII 

algorithm generates a delegate of type Func<double>, and a private field to store the delegate in the 

type definition named “del_Capacity”.  

The constructor then defines the first parameter of the constructor as the property name and type. 

For the constructor to generate the required method calls and parameter loading the constructor 

uses its assigned ILGenerator. The emitted IL code is what determines the functionality of the 

dynamically created methods. In the case of the constructor parameter, the IL emitted is for the 

parameter to be stored in the private delegate field of the new type. 

ctrGenerator.Emit(OpCodes.Ldarg_0); 
ctrGenerator.Emit(OpCodes.Ldarg_S, index + 1); 
ctrGenerator.Emit(OpCodes.Stfld, delegateField); 

 

Listing 4 DRII Constructor ILGeneration 

First the generator loads the “This” reference to the evaluation stack with “Ldarg_0”, as the first 

parameter of the method references its own instance. The “Ldarg_S” references the indexed 

parameters in the construction method, here position 1 contains the Capacity delegate. The «Stfld» 

code is the action of storing the loaded parameter in the specified field, here being the generated 

delegate field. 

The next step is linking the delegate to the getter function of the property. This is achieved by a 

similar process as the constructor by using the method-builders corresponding ILGenerator. 

mGen.Emit(OpCodes.Ldarg_0); 
mGen.Emit(OpCodes.Ldfld, delegateField); 
mGen.EmitCall(OpCodes.Callvirt, del.GetMethod("Invoke"), null); 
mGen.Emit(OpCodes.Ret); 

 

Listing 5 DRII Getter ILGeneration 

Same as before the function loads its containing instance, then it loads the value located at the 

specified field with the “Ldfld” code, here being the delegate field containing “del_Capacity”. The 

next method is a virtual method call to the method “Invoke” contained by the delegate field. The 

getter then returns the value obtained from the Invoke function with the “Ret” code. The figure 

below illustrates the current state of the generated type. 
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//Equivalent explicit implementation 
    public class SysComponent_IStorage : IStorage 
    { 
        //Private delegate field 
        private Func<double> del_Capacity; 
        //Public property with getter method implemented 
        public double Capacity { get => del_Capacity(); } 
        //Constructor 
        public SysComponent_IStorage(Func<double> Capacity) 
        { 
            del_Capacity = Capacity; 
        } 
    } 

 

Listing 6 Representation of generated type after implementing the first property 

The same set of procedures are repeated for all other properties and methods specified in the 

interface. 

    //Equivalent explicit implementation 
    public class SysComponent_IStorage : IStorage 
    { 
        //Private delegate fields 
        private Func<double> del_Capacity; 
        private Func<double> del_SoC; 
        private Func<double, double> del_Setpoint; 
        //Public property with getter method implemented 
        public double Capacity { get => del_Capacity(); } 
        public double SoC { get => del_SoC(); } 
        public double Setpoint(double value) => del_Setpoint(value); 
        //Constructor 
        public SysComponent_IStorage(Func<double> Capacity,  
                   Func<double> SoC, 

   Func<double,double> Setpoint) 
        { 
            del_Capacity = Capacity; 
            del_SoC = SoC; 
            del_Setpoint = Setpoint; 
        } 
    } 

 

Listing 7 Completed implementation with properties and methods 
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4.7.5.4 Instantiating the new type 

After all properties and methods specified are included in the new type and all ILGeneration has 

taken place the type-builder can complete the building process and the type is ready for 

instantiation. Instantiation for the generated types are in this case a method of binding the 

properties and methods of the dynamic proxy implementation to the underlying model instance. 

This is achieved through a reflection algorithm that inspects the methods and properties available in 

the model instance of the provided source, I.e. the Instance property of SysComponent. The 

algorithm uses the method name, return type and parameter signature to locate the Instance 

methods. The binding occurs by creating delegates pointing to the specified Instance methods, the 

created delegates are then compiled to a list and used in instantiating the implemented type. The 

DRII algorithm then merges the source with the new implemented type and returns the new 

instance. The definition is added to a local implementation cache and made available for reuse, as 

instances of the same interface would only have to perform the reflection and binding. 

 

Figure 26 Flow example of retrieving a property value 
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5 Evaluation 

A simplified summary on the goals being evaluated.  

1. To develop a dynamic simulation framework capable of accepting user-made system 

configurations. 

2. To develop a system for the integration and development of simulation components, with 

focus on availability and simplifying development requirements. 

3. To develop a format for the configuration of simulation components and simulation system, 

with focus on future expandability and ease of access. 

The Evaluation is performed by considering the stated goals with the implemented system. This is 

done by utilizing a completed simulation configuration to better illustrate parts of the system that 

are important parts in completing the goals. The models and algorithms being used in this 

configuration is not evaluated, as the implementation of these are of little relevance. 

5.1 System Configuration and Snapshot Results 

The evaluation configuration consists of 5 components, 4 batteries with different properties, and 1 

ICE Generator. For the sake of simplicity, the evaluation will focus on the battery3 component, as the 

usage of this component happens early in the simulation. 

 

Figure 27 Evaluation System Configuration 
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This simulation was run with a synthetically generated demand file, consisting of 36 000 samples 

which corresponds to 36 000 individual steps in the discrete simulation engine.  The goal of the 

simulation was to see if the loading occurred correctly, if all components were successfully 

implemented and the configured components responded as expected, as well as showing the 

configuration capabilities of the developed framework. 

 

Figure 28 Snippet of Configuration for Battery3 

The figure above shows the full configuration of a single component, with the properties of the 

model specified in the data field. With regards to goal 3 stated above, the format can expand the 

data property in practical infinity, i.e. no restrictions in the JSON specification. Such that every new 

model that is developed with a parameter-based initialization procedure will be configurable without 

changes. In addition, the format is human-readable and modifiable without requiring specialized 

software, thus solving goal 3. 
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Figure 29 Snapshots of model state during simulation 

The snapshot figure shows the states of the battery3 component during simulation at time 1-3. The 

simulation performed as expected and all models used loaded and executed correctly. The sum of 

the configuration process, model integration, and simulation solves goal 1. 
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5.2 Interface Integration and Model Development 

To evaluate if the implementation solves goal 2, it is necessary to discuss the interactions between 

the various system domains, especially concerning the connection between interfaces and models. 

One of the advantages of the implemented system being that the interface that the model 

implements is not required to exist in the development environment of the developer. In practice the 

only requirements that a model must meet to be able to be integrated is that the interface being 

used exists in the simulation’s interface repository before running the simulation, i.e. either already 

existing or uploaded with the model. The developer can implement the interface with as little 

information as a printout of the interface definition. As long as the model completes the interface 

implementation it can be configured and integrated into a simulation configuration. This is a result of 

the decoupling between the interface and model domains, more detailed description in 3.3.3.2, as 

well as the method search functionality of the DRII algorithm. This “free-form” style of development 

can also be utilized in implementing inherited interfaces. Additionally, new interfaces that can be 

based on existing definitions benefit from being able to use existing algorithms, as the new interface 

is then partially supported.  

Currently, one of the limitations to this system are that the model-side implemented interface must 

conform to the same naming schemes and conventions as the framework, i.e. setters/getters and 

other property handling specifics. This will be discussed in more detail in the Future work section. 

The implemented system has the bare minimum of requirements for development, as only 

simulation engine specific features are required in the model. This results in an open and available 

development environment, thus solving goal 2. 

5.3 The Implemented framework - a complementary tool 

As the developed system is a framework for future development, it is difficult comparing the 

performance and features of the implemented system compared to existing simulation tools. Rather, 

the developed system can be compared as an additional tool in the engineer’s toolbox, a supplement 

to existing simulation tools. As the models used in their primary simulation framework can be used in 

the developed framework in a rapid-prototyping setting.  A potential side-effect here is that users 

that previously were unable to utilize the primary simulation system as a result of the knowledge 

threshold would be able to use the developed framework instead. 
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6 Conclusions 

In this thesis we developed a system for dynamically integrating software modules in a simulation 

framework, with goals being the reuse of models, the availability and ease of access to users and 

future expandability and usage. Throughout the thesis work, system development and consequent 

reiterations, some observations and conclusions were made that might benefit a similar thesis in the 

future.  

Due to lack of complex examples and thorough documentation with regards to some elements of 

runtime type generation in .NET, a lot of effort went into experimenting with the built-in 

functionality, to complete the intended design goals. This resulted in numerous iterations of the 

system with various degrees of goal conformity, ending in the delegate-based runtime 

implementation algorithm. A common occurrence was that the more complex documentation and 

information were buried in the underlying classes and method pages. The experiences here were 

that if the functionality in question were not thoroughly explained at the top, dig deeper. From the 

thesis there are certain key results that should be noted, with regards to relevance to the thesis goals 

and motivation, as well as the out of scope use possibilities.  

The developed dynamic simulation framework is designed to be based on interchangeability and 

extending functionality using modular software modules decided by the user, I.e. models, interfaces 

and algorithms. Besides the scope of the thesis, parts of the system can be utilized in other scenarios. 

With a few changes the DRII algorithm can be used in other systems and scenarios where the 

runtime integration of software modules is necessary, both in the proxy variant and the direct 

implementation variant, I.e. making the algorithm generic.  As well as using the developed 

configuration concept in other systems if an expandable configuration format is required. Overall the 

dynamic simulation framework’s capabilities greatly depend on the modules being used in the given 

situation, but the framework for expanding these capabilities are implemented. 

A scenario that the developed system can be used in is in an open-source project, where greater 

amounts of independent but collaborative users in an existing simulation community. Where the 

users are both the developers of new models and the consumers. Other scenarios might be 

hardware-suppliers rapid-prototyping new systems for their client presentations, based on models 

received by the hardware producers. 
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6.1 Limitations 

As a result of the time and resources available the scope did not encompass all parts of a fully 

developed user application, rather, the focus was on the underlying foundation framework. Besides 

these restrictions the developed system exhibits some limitations that need correction in future 

expansions. Some of these are classified as limitations as the specific feature has not been tested 

extensively.  

6.1.1 System Limitations 

As some features of the simulation framework is of limited relevance to the overall thesis, there are 

some limitations to the current system, with regards to the non-interchangeable parts. Among them 

is the simulation engine itself, the engine is a bare-bones naïve implementation of a discrete 

simulation system. This is as a result of one of the primary foci of the thesis to be the dynamic 

integration and utilization of user-defined software modules.  

6.1.1.1 Limitations on Property Types 

The current implementation may have some restrictions for complex data objects, composite types 

and similar types in the interface definitions, as these have not been tested. Theoretically since the 

complex data types are based in the same type system as other types, this should not be an issue. 

Other limitations might be with regards to user made datatypes, especially in a dependency issue 

setting. However, the built-in functionality for dependency resolving in .NET should solve most of the 

possible issues. 

6.1.1.2 Dependencies on programming frameworks 

Another limitation of the system that might be of concern, is the dependency and interactions 

between various versions of the .NET framework, including future versions. Given that previous 

experiences with the .NET framework and the stated goal of the .NET developers being backwards 

compatibility, this should be a non-issue. 

  



 

65 
 

6.2 Future Work 

As a result of the limitations on time and resources, the following proposals briefly describe 

improvements and additions that might benefit the functionality and usability of the developed 

solution. 

6.2.1 Interface Distribution 

The interface definition can be made easily and directly available in the simulation framework, but 

the features for an automatic and user-friendly integration into the development environment 

requires additional infrastructure improvements. This can be achieved by using already established 

integrated delivery methods in the development environment for code sharing, such as NuGet. This 

can be further enhanced by linking the global interface repository to an automatic uploading service 

to sync the development and simulation environment. Thus, providing a more complete total 

experience. 

6.2.2 Infrastructure Development and Configuration Changes 

Many infrastructure improvements can be performed to increase the system robustness and security 

elements. Such as the implementation of the database repository. As a result of these improvements 

the configuration format can be extended to include more metadata and expanding the user 

configuration possibilities. Such as including a version property in the configuration format as 

described below.  

• Version 

o Version metadata concerning the model version 

o Expansion for both model and interface versions 

o Necessary with proper database infrastructure 

6.2.3 Full Feature GUI Application 

A continuation of the thesis is the development of a fully featured GUI application, be it desktop or 

web based. The application will greatly enhance the availability factor of the framework, especially 

with moving the application to a web-based service. A possible extension is leveraging available 

identity services for increased security and management. This creates the possibility for a more 

tightly integrated user-base and community. As well as enabling a role-based security policy, with 

uploading privileges and similar, to prevent malicious attempts at uploading harmful software. 
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6.2.4 Exchangeable Simulation Engine 

By viewing the simulation engine similarly to an algorithm or model, the modularity concept can be 

extended to include the engine as well. This will enable developers to create new simulation engines 

and future-proof the framework further. E.g. developing a new engine to support continuous 

simulation.  
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