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Abstract

XSim 2.0 - A new framework to control and present
external simulators

Marcus Fröling

The main goal of this project is to evaluate and demonstrate the 
feasibility of a new framework to be used to design and control 
external simulators at SAAB AB. The project explore the possibility 
of developing a web-based framework in a secure environment, based on 
Docker technology and modern application frameworks. In order to 
reach the main goal, a qualitative interview is conducted, which is 
used to design the new framework. An evaluation of the feasibility of 
the new framework is performed. For that a proof of concept has been 
developed, together with a measure of performance and the return of 
investment of the new framework. With the proof of concept together 
with the performance evaluation, it is proved that a new web-based 
framework is suitable to design and control external simulators. 
Furthermore, the return of investment is estimated to be 76.73% per 
year, which suggests that the benefits would succeed the investment 
cost of the new framework, if used for more than 16 months.
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Populärvetenskaplig Sammanfattning

Det huvudsakliga målet med detta projekt är att utvärdera samt demonstrera möjligheten
att utveckla ett nytt ramverk som kan användas för att designa och kontrollera sim-
ulatorer hos SAAB AB. Projektet utforskar möjligheten att utveckla ett webb-baserat
ramverk i en säker miljö, baserad på Docker teknologi och moderna ramverk för app-
likationer. För att nå målet med projektet, en kvalitativ intervju genomförs, som sedan
används till att designa det nya ramverket. En utvärdering av genomförbarheten utförs.
För att utvärdera ramverket utvecklas ett bevis av konceptet, samtidigt som en beräkn-
ing av ramverkets prestanda och avkastningen av en eventuell investering tas fram.
Av utvärderingen kan det visas att det nya webb-baserade ramverket är genomförbart
för att designa och kontrollera externa simulatorer. Vidare estimeras avkastningen av
en eventuell investering till 76, 73% per år, vilket tyder på att fördelarna med det nya
ramverket kommer att överträda kostnaden om det används i mer än 16 månader.
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1 Introduction

1 Introduction

In the military, large systems, e.g a command control system, are integrated with sensors
or subsystems to perform precise measurements. The systems are shipped and installed
on ships, tanks or air-crafts, before engaging in live testing to examine the system re-
quirements. However, live testing could be both difficult and expensive. Thus, before a
system is shipped, it is vital to conduct extensive testing of the system to minimize the
amount of live testing needed. In order to have the system behave as during real scenar-
ios, the sensors and subsystems must be connected to the system. This can be achieved
by simulating the sensors and subsystems to behave as they would during real events. A
simulation is a flexible and cost effective tool which can be used in parallel to a system
being developed, in order to test a system under many different scenarios [1, 2].

As military equipment and systems are confidential, the simulations of the systems must
be performed in secure environments. This means that access to internet is strictly for-
bidden. At SAAB [3], a framework called XSim is used to simulate the behaviour of
sensors and equipment. The XSim framework has been proven to be a helpful aid in
testing, verifying, concept development and training. However, the framework has be-
come outdated and does not comply with the current development environment. Fur-
thermore, as the project grew larger, the code representation has become difficult to
handle as modules have become mixed.

This project hopes to highlight the feasibility of a new framework for external simulators
being developed. The new framework, XSim 2.0, will be used to examine the possibility
of having the framework as a web based application in a secure environment, to allow for
remote data access and automated testing. Furthermore, a solution for creating a better
code representation, with the Model-View-Controller (MVC) pattern [4], together with
the usage of Docker technology to allow for easier integration with the core platform at
SAAB will be evaluated.

In order to demonstrate and evaluate the feasibility of a new framework, the following
goals will be answered and discussed:

1. Design and develop a new web-based framework for XSim 2.0, which

can be integrated with core platform and follows MVC paradigm.

2. Demonstrate and verify, with a proof of concept, the feasibility of the

new framework.

3. Analyze and evaluate the suitability of the new framework, with

regards to return of investment (ROI) and performance.
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2 Background

2 Background

When new systems or equipment are developed, the military must make sure that the
equipment fit their needs and train personnel to use the equipment. This takes both time
and resources. To decrease the spending, simulators can be used.

2.1 Simulations as a tool for success?

Simulations can be used in many scenarios or contexts, and can be defined as an imita-
tion of the operations of a system or process [1]. A simulation can be used in testing,
performance optimization, training, education, healthcare or video games. A simulation
is also flexible, meaning that it can be used when the real system is inaccessible, has not
been built or implemented yet, or when it could be dangerous to use the system. It is
therefore possible to run simulations in parallel to the system being built and integrated,
which could reduce the production time significantly. Furthermore, in 2015 Tim Coo-
ley [2] estimated that the Unites States Marine Corps avoided costs of over $6B in 2014
with simulation-based training as opposed to live training costs.

The benefits of simulators are many. However, simulations also come with some issues.
Before being able to run a simulation, a model of a system or process must be made
and verified. This model is generated from the system specification, where desirable
behavior, function and properties are defined and verified in order to reflect the real
system [5]. If the information of the system is incorrect the simulation will produce un-
accepted outcomes, which could result in large delays with ineffective products. Thus,
it is extremely important to prove the validity and fidelity of a simulation [6]. Unfortu-
nately, with large ever-changing systems it is hard to determine if the validity analysis
is sufficient. Validation of a simulation is therefore an ongoing process.

Even though simulations can test many behaviors and conditions, they cannot com-
pletely imitate a real system. This is due to real systems being complex and can contain
uncertainties or unknowns, which makes it hard to fully predict their behavior. Hence,
predicting behavior with deterministic computer models can be unreliable and mislead-
ing [7]. In an interview published by Dave Majumdar from FlightGlobal [8], the fol-
lowing quote from a senior US Air force pilot was taken:

”You simply cannot replace the sight, sound, smell, g-forces and fear you
experience when actually flying.”

This is also true for XSim simulations. With the XSim it is possible to test multiple use
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2 Background

cases. Although live system testing is still needed to validate and ensure that the system
works as intended when used together with other systems.

2.2 XSim

XSim or External (Interface) Simulator, is a set of standalone applications developed
by Saab AB since 1997. It is used to simulate different types of equipment, sensors,
components or systems for message exchanges through given interfaces. The frame-
work consist of communication and simulation models written in C++, together with a
GUI which was developed by using Microsoft Foundation Class Library (MFC), a C++
library for developing desktop applications for Windows.

In order to create different scenarios and exercises, two other simulators can be con-
nected to the XSim. A Host, or World Simulator (WSim), is used to create and simulate
real world scenarios. Here you can define targets and locations. Together with the
WSim, an Environment Simulator (ESim) is used to simulate the environment around
a ship or platform. This could be weather conditions, speed or angles. With the XSim,
three applicable areas for the simulator exist.

Figure 1: Distribution over applicable areas for XSim.
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Test and Verify (T&V)

The main purpose of the XSim is to test and verify the function of message exchanges
between the main system and connected equipment. With the XSim and simulation
framework it is possible to T&V in three different ways.

1. Module to module, e.g. a XSim radar to CMS or vice versa.

2. System to system for interoperability and requirement testing of a system.

3. Operational, or performance, testing of a system, e.g. behavior, dimensions, fail-
ures, payload, synchronization etc.

With regards to the different levels of T&V, the following use cases can be defined:

• Test and verify the interface for message exchange to/from the target system,
e.g. CMS (Combat Management System) or FCS (Fire Control System) both
in software development and integration.

• Run as a target system, e.g. a simulated CMS, to test and verify the interface
to/from external equipment, sensors or components, e.g. radar or sonar, on the
equipment supplier’s site.

Figure 2: Visualization of the first two use cases in T&V.
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• Test and verify the system behaviors when a simulation framework is created,
where all XSims or other simulators connect to a WSim/ESim. With the simu-
lation framework, all the simulators will obtain a common simulated world con-
sisting of dynamic targets as well as the environment. The dynamic behaviour,
dimensions and performance of the system can thus be simulated and tested.

Figure 3: Visualization of the third use case in T&V.

Train and Simulate (T&S)

Another purpose for the XSim is to train and simulate. With the XSim it is possible
to run on-board training and make tactical rehearsals. This can be done by running the
XSim as a Computer Generated Force (CGF) to provide a simulated unit for training
systems. Thus, increased preparedness and readiness to use the systems in live situations
can be achieved. Furthermore, time and cost savings can be made.

Concept Development and Experiment (CD&E)

The third and final purpose of the XSim is to experiment and develop future concepts.
By changing parameters and characteristics of the XSim models, it is possible to explore
new behaviors and concepts.
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3 Purpose and scope

Much has changed since the XSim first launched. While Windows previously was the
platform used within Saab, the core platform is now a Linux based environment. Since
XSim is a desktop application for Windows, it is currently necessary to run the appli-
cation on a separate Windows machine, or translate all Windows API calls in to Linux
POSIX calls with a compatibility layer called Wine [9]. This layer takes a toll on the
performance of the application. Furthermore, with the constant addition of new func-
tions and systems, development and testing of the framework have become more time-
consuming. Hence, since more time is spent on development of the framework, the
amount of time and resources saved by utilizing a simulator will decrease, i.e the ROI
will be lower. This has also contributed to the representation within the application,
which is based on communication and simulation models, becoming mixed or intercon-
nected. This puts a limit to the possibility of adding or removing certain features.

XSim 2.0

To ease development and increase usability, a new framework is needed, henceforth
called XSim 2.0. This framework should be synchronized with the core platform of
Saab, i.e developed for a Linux-based platform, thus eliminating the need for a compati-
bility layer such as Wine. The framework should also follow the Model-View-Controller
(MVC) pattern, to make the representation and structure of the application easier to
handle, manipulate and reuse. Furthermore, the old XSim require a new simulator to be
launched for each simulator model, meaning that in order to test multiple models at the
same time, multiple XSim applications must be started. To avoid the need of starting
multiple XSim applications, XSim 2.0 should contain every simulation model available.

The current XSim is a desktop application, i.e a stand-alone application. Stand-alone
applications have some benefits, such as high hardware and operating system support,
as well as not requiring any network connection. However, they also have some draw-
backs. A stand-alone application must be manually installed on a system, meaning that
for every new release or update, the application must be reinstalled. This means that
maintenance of a stand-alone application could be cumbersome, since every system us-
ing the application must be updated. Moreover, there is no way of remotely accessing
the data in the application, which restrict usage between different systems.

To allow for easier maintenance and remote data access, a web-application could be
used. However, since the development platform at Saab is secure, meaning that the
platform has no access to the internet, offline support is a requirement. Thus, in order
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for XSim 2.0 to be developed as a web-application, a solution for offline usage must be
derived.

From what has been stated above, a set of goals for the project can be defined. These
goals are the following:

1. Design and develop a new web-based framework for XSim 2.0, which

can be integrated with core platform and follows MVC paradigm.

2. Demonstrate and verify, with a proof of concept, the feasibility of the

new framework.

3. Analyze and evaluate the suitability of the new framework, with

regards to ROI and performance.

3.1 Scope of project

The scope of this project is listed below.

Only focusing on HMI representation
During this thesis, the main focus will be to make a proof of concept over a new frame-
work. While the new framework will have a MVC pattern, thus requiring the separation
of model and controller modules, the visual aspects i.e the interface of the application
will be in focus. The reason behind this is that in order to make a proof of concept,
the HMI representation must be redone since the current XSim is built on MFC and
does not support integration with a Linux based platform. Meanwhile, the functionality
of the communication and simulation modules can remain mostly the same, however
having to be able to integrate with the new interface.

Number of supported simulator models
In the current version of XSim, approximately 250 different simulator models exist.
All models are unique, meaning that the interface must be able to handle a substantial
amount of different functions. Since the purpose of the project is to demonstrate a proof
of concept, only 2 models will be implemented. To support all models, a template will
be used as a foundation. By demonstrating 2 different models, it can be shown that it is
possible to adapt the template with additional parameters and functions.

Number of supported messages
Each simulator can include between 20-30 kinds of messages, which all have different
parameters and characteristics. As with the simulator models, only a few messages are
needed to make a proof of concept.
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3 Purpose and scope

Number of supported protocols
When sending messages between a XSim and CMS or another XSim, several protocols
can be used for data transfer. To demonstrate the capabilities of XSim 2.0, two different
protocols will be implemented. These are TCP and multicast transmission over UDP.

No new features implemented
During development of XSim 2.0, no new features will be added. Although, existing
features may be altered. This is due to the purpose of this project not being to extend
the current XSim, but to modernize it.
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4 Related work

In this section I will bring forth an alternative to simulators as well as present related
research to the subject of using simulators for testing.

4.1 Emulator

An emulator is a virtual device or software that is designed to be an exact replica of
a system. This means that hardware, software, operating system and CPU are all du-
plicates of the original system, allowing the emulator to run exactly like the real sys-
tem [10]. While a simulator treats a system like a black box, only knowing the expected
outward behavior, an emulator will also include accurate behavior for internal opera-
tions, such as memory, CPU and I/O devices [11].

Since an emulator include an accurate representation of the operations within a system,
it can detect problems such as bottlenecks, timing, priorities and other low-level con-
flicts [11]. This allows for usage in both early and later development stages, where it
can provide the authenticity of the original system. However, the process of creating
an emulator is complex and time consuming, since both internal and external behav-
iors must match the original system. In an article by Shulz et al.[12], metamodels were
used in an attempt to find a fast and cheap alternative to expensive simulation mod-
els with multi-dimensional parameter space. Metamodels are efficient approximation
models that are used to describe the relationship between process requirements and pa-
rameters [13, 14]. Shulz et al. applied metamodeling techniques on laser cutting and
laser drilling applications, to demonstrate that fast and economical emulators can be
generated from metamodels.
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5 Requirements of new framework

A set of requirements for the project can be defined. The new framework must be com-
patible with a Linux environment, where the client can be reached from a web-browser,
thus making XSim 2.0 a web-application. The framework must also be able to inte-
grate with old and new XSim solutions, while following the MVC paradigm. Moreover,
XSim 2.0 must meet requirements of three different roles involved with XSim. These
roles are tester, developer and integrator.

Tester

The main purpose of a tester is to carry out tests against Interface Requirements Specifi-
cation (IRS) or Interface Control Document (ICD), to ensure correct message exchange
between two systems. In order to do this, a tester must be able to perform a number
of actions through a given interface. The actions are displayed below, together with the
requirement of the interface of XSim 2.0.

1. Find and enter the web-application.
The web-application must be possible to enter using a specified URL.

2. Find wanted XSim.
The interface must show all available XSims.

3. Select port and IP-address.
The interface must contain setting status and configuration.

4. Start Xsim.
The interface must show start status of the XSim selected.

5. Do testing.
The interface must show test results and log events. The log must also be
configurable and manageable.
There should be a common GUI for all messages, which include message
selector, parameters, hex view of message and transmission settings.

6. Terminate session.
The interface should exit the session and remove all content.
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Developer

The main purpose of a developer is to implement new features and maintain the code
of the framework. Thus, a number of requirements can be made on the framework of
XSim 2.0 in order for it to be possible to develop correct and reusable code. The actions
performed by a developer, together with requirements on the framework of XSim 2.0
are displayed below.

1. Get framework.
The framework must be possible to fetch from a server or Docker container

2. Start developing tools.
The framework must be compatible with tools and platforms used by devel-
opers.

3. Reuse as much code as possible.
The framework should be separated into independent modules or libraries
that can be reused. This should be done by following the MVC method.

4. Do coding
The framework need to uphold a defined coding convention.

5. Compile code.
The framework must include debug and build support.

6. Run App.
The framework must contain documentation on how to install and deploy
the application.

Integrator

The purpose of an integrator is to integrate new releases into the main system. This
process should be as automated as possible. The actions taken by an integrator, together
with the requirements on the XSim 2.0 framework, are displayed below.

1. Get framework.
The framework must be possible to fetch from a server or Docker container

11
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2. Find configuration files.
The framework must provide a configuration file of the XSim. This file
should also be editable.

3. Reuse as much of the script as possible.
The framework should be separated into modules or libraries that can be
reused.

4. Install release on server with Docker container.
The new framework should be contained in Docker containers.

5. Find and look at log events.
The framework should make and contain a log file displaying the events of
the installation.

12
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6 Method

In this section, all methods used to complete the main goals of the project will be de-
scribed.

6.1 Designing a new HMI

Since the focus during the project is to develop a new interface, a qualitative research
in the form of interviews is conducted. The interviews are carried out to understand the
needs and desires of how the XSim should function, as well as gaining insight on how
they feel about the current XSim solution. A total of seven people involved with XSim
are interviewed. Out of the seven, four are testers, one is a developer, one is a integrator
and one is a user. Thus, at least one person from every role using XSim is interviewed.
More testers are interviewed because the main purpose of the XSim is to test and verify,
hence testers is the largest target group. Furthermore, main focus during this project
is put on the HMI representation, which is used by the testers. It is also necessary to
include current experience with the XSim when conducting the interviews. A person
with more experience will most likely have greater knowledge of the application and
therefore have more insight of the strengths and weaknesses of the system. However,
people with less experience are also needed to evaluate how intuitive the application is.

All interviews are conducted one-to-one, to eliminate biased answers from other sur-
rounding people and to reduce the pressure on the interviewee. An individual interview
is a proven method for collecting data of a person’s perceptions, experiences and knowl-
edge about an application [15]. The interview is structured, meaning that all intervie-
wees are asked a set of predefined questions in the same order. This method is fast since
only the defined topics will be discussed. It is also precise and reliable, since closed
questions are simple to quantify and test.

The questions asked during the interview are described below, while the answers are
presented in section 7.1.

Question 1: For how long have you been using XSim?

Question 2: Which role do you have when using XSim?

Question 3: Do you use the command line to configure an XSim?

Question 4: Would you prefer using command line or interface for con-
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figuring a XSim?

Question 5: Which functions do you think should be easily accessible in a
XSim?

Question 6: Which functions do you use the most as a [role]?

Question 7: Do you believe that an XSim should include logic or only
behave as an interface?

Question 8: Should it be possible to do both, i.e to be able to configure
logic?

Question 9: What is cumbersome to do with the current interface?

Question 10: Do you think the interface should include any function not
currently available in the XSim?

Question 11: What is your view on using a web-based GUI?

A design and prototype of the interface can then be made with regards to the require-
ments of the framework, together with the data received from the interviews. Figma [16],
an online interface tool, will be used for design and prototyping.
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Figure 4: An overview of the new XSim 2.0 framework

6.2 Developing a new framework

Before development can be made, it is imperative that the technology stack chosen fits
the purpose of the project. Hence, much consideration has been given to decide upon
which frameworks and tools should be utilized throughout the project. When choosing
technology stack, the requirements of the application, together with future approaches
and concepts are considered.

Frontend framework

While any of the most popular frontend frameworks would suit the purpose of this
project, React.js was selected because of the flexibility and available documentation
that comes with it. React.js is a declarative and component based Javascript library for
building user interfaces.

Server-side technology

XSim 2.0 must be compatible with the old XSim framework, i.e with C++ modules,
since the computational modules will remain mostly untouched throughout this project.
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It must also be compatible with XSims being developed in other languages. Since this is
necessary, an interface between the server and XSim modules is required to parse data
between XSim modules and the server. This interface will only handle JSON objects,
which is a standard data-interchange language. The interface will in turn be connected
to a Node.js based backend.

Since Node.js and npm packages are required for frontend development, using Node.js
on the server side as well comes with multiple benefits. Utilizing Node.js on both
frontend and backend would mean that development of the application would be made
purely with JavaScript. Thus eliminating the need of additional competence required to
develop the application, as opposed to having different language frontend and backend
, e.g with a Python based Django server. Furthermore, Node.js runs on Google’s V8
JavaScript engine, which is a faster runtime environment than the Django framework.
By using a C++ addon for JavaScript called node-addon-api, the C++ code in the current
XSims can be integrated with the Node.js server.

Since the new application will be a single-page application and have most of the routes
in the server handled by an interface, the need of having a process heavy framework
for Node.js is limited. Thus, to ensure maximum speed and throughput, Fastify [17] is
chosen. Fastify is a Hapi and Express inspired Node.js framework focused on being as
fast as possible, with the least overhead possible. Since performance is requested in the
application, Fastify is selected. Fastify also comes bundled with Pino [18] as the default
logger. Pino is a JSON logger for Node.js with low overhead, where the performance
can be up to 5x faster than other similar alternatives [19].

To communicate with a web-based client, the Node.js server will use HTTP as transfer
protocol. However, while HTTP is standard between a web-based client and server, the
available XSim models require other protocols such as TCP and UDP to communicate
with other simulators and systems such as CMS. Thus, servers and clients handling these
protocols must be provided. This is a challenge since these can not be set up during the
launch of the application. One of the requirements is that a user should be able to select
a wanted XSim in the application and provide suitable IP-address and port of server and
client before launching the XSim.

Transmission Protocols

Node.js comes with the possibility to create servers and client using other protocols than
HTTP. To create a TCP server, Node.js include a module called Net, which is a network
API used to create TCP servers and clients. To create a server using UDP, Node.js pro-
vide a module called Dgram which is used to create and handle UDP/Datagram sockets.
During application launch, only the HTTP Node.js server and the client will be created.
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A user can then, through the client, start specific XSim servers which will be launched
from inside the Node.js server. Upon request, the Node.js server will take setup param-
eters, such as IP address and ports, given from the user and then run a script which will
start the wanted server/client pair.

Communication

To communicate between the client and server in the application, GraphQL [20] will
be used. GraphQL is a query language used to request and send data between endpoint
APIs, hence replacing RESTful APIs. The main advantage of GraphQL is that the client
can determine the data it wants, which means that it is possible to request multiple re-
sources in a single query. Thus removing the need to send multiple queries to the server.
With GraphQL you can perform three types of actions. These are queries for request-
ing data, mutations for updating data, and subscriptions to listen for data changes. All
endpoints in a GraphQL API are defined with statically typed schemas, to ensure that
all data requested actually exist.

The connection between the client and GraphQL is handled by Apollo Client [21],
while Apollo Server [22] is used to handle the connection between GraphQL and server.
Apollo Client is a GraphQL client, which manages the whole request cycle for the fron-
tend framework, in this case React.js. Apollo Client also include pagination, refetching
and data caching. This means that Apollo Client can be used as a state manager.

Apollo Server is a library that connects a GraphQL schema with a HTTP Node.js server.
Apollo Server can be used with most of the popular Node.js frameworks. In this project,
Apollo Server Fastify will be used to easily integrate with the Fastify framework on top
of the Node.js server.

Docker containers

Since it is a requirement to build and deploy the application from a Docker container [23],
both the frontend and backend are developed in Docker containers. There are a num-
ber of reasons for having the whole application run in containers and for separating the
frontend and backend.

No internet access
Since the application will run on a platform without internet access, it is required that
the application can run offline. However, XSim 2.0 will be developed on Node.js and
npm packages. These packages can include useful tools or modules, but will require
internet access. To circumvent this, a Docker image is created on a virtual machine
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having internet access, where the required packages can be installed. This image can
then be transferred to the secure platform, where the image can run with the packages
preinstalled.

Maintainability
XSim 2.0 will be used for multiple use cases, where each use case could require a
unique configuration and setup. With Docker containers, configuration and environment
requirements can be pushed and deployed. This also means that it is possible to push
parts of the application in to different environments, thus decoupling the infrastructure
requirements [24].

By having separated the frontend and backend, you can tweak and configure parts of
the application without affecting the rest of the system. If a new package needs to be
installed, only the affected part needs to be rebuilt, thus reducing the idle time of the
application.

Productivity
Developing using containers would guarantee that every developer uses the same ver-
sions and dependencies of tools and modules [24]. Furthermore, with the help of Docker
volumes, the application code in a container is accessible from the container host OS.
This means that a developer can develop on any OS, where any edits on the source code
from the host would be automatically mirrored in the container. Hence, changes can be
seen right away.

By running the application in separate containers, a developer does not need to know
how the full application works or how to set it up in order to make changes in the area
of interest.

Scalability
Whenever a change in capability is seen, containers can be created or destroyed with-
out having to worry about the cost of doing so [24]. With orchestration tools such as
Kubernetes [25], the allocation process can be automated. This would ensure that the
application load is balanced at all times.
Furthermore, with the application residing inside containers, it is also possible to further
divide the framework. As a foundation, all XSim models will be put together with the
Node.js server. However, to increase performance, every model can be separated in to
their own container, without disturbing the infrastructure of the new framework.

18



6 Method

6.3 Proof of concept

To complete the second goal of the project, to demonstrate and verify, with a proof of

concept, the feasibility of the new framework, a proof of concept is required. The proof
of concept will be a functioning web-application based on the new framework proposed
in this thesis and will be the MVP (Minimal Viable Product) of the requirements derived
in section 5. Thus, when demonstrating the new framework, all requirements must be
shown as fulfilled or not possible. Not possible means that the specific requirement of
the framework is not able to be implemented or in other cases prevented to be demon-
strated or verified.

The process of verification will be the following:

Development �! Integration �! Testing

For each category in the process, verification will be shown for all requirements of the
category, in the order as shown in section 5. In addition to demonstrate each requirement
individually, a table showing the result of the verification process will be compiled.

6.4 Evaluation of suitability

After a proof of concept has been developed, an analysis of the result is needed to
evaluate if the proposed solution is feasible and how well the solution compares to
the current implementation. Thus, to complete the third and final goal of the project,
to analyze and evaluate the suitability of the new framework, with regard to ROI and

performance, the analysis should answer the following questions.

1. How well does XSim 2.0 perform compared to current XSim imple-
mentation?

2. Is XSim 2.0 worth the investment costs, i.e what are the benefits rela-
tive to the costs of XSim 2.0?

6.4.1 Performance analysis

Performance testing is done to determine the speed, throughput, stability, and scalability
of a system under a given workload [26]. The reasons behind performance testing are
many, e.g evaluating against performance criteria, comparing performance of multiple
systems, or finding throughput levels and source of performance problems.
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With the strict performance criteria that exist for the XSim, it is imperative to compare
the performance of the current XSim with XSim 2.0. By doing so, the differences,
strengths and weaknesses in terms of performance between the two frameworks can be
measured, while also test if XSim 2.0 can overcome the performance criteria. However,
since XSim 2.0 is merely a proof of concept, a direct comparison of system and software
performance would be misguided since XSim 2.0 does not include all features of the
current XSim. Instead, when evaluating the performance of XSim 2.0 compared to
the current XSim, a different set of important factors will be taken in to account. The
focus will be toward determining if the users of XSim 2.0 will be satisfied with the
performance characteristics of the application, as well as making sure the framework
passes the requirements defined in section 5.

Developer

The main responsibility for a XSim developer is to develop and maintain software. To
increase the performance of XSim with regard to the developer, the following charac-
teristics are the most important:

• Modularization

• Platform independence

• Tools and methods required

By utilizing modules, the software will be easier to write and maintain. A module
typically contains one feature and is used to divide a program into smaller, reusable
parts. By doing so, duplicates of code can be avoided, which will reduce the amount
of maintenance needed and make debugging easier. Furthermore, by writing modules,
a developer can disregard the internal details of the module and only consider what the
module does. This means that a developer does not need to know everything about the
application when working.

The XSim application must be compatible with both Windows and Linux OS. However,
the application should ideally be platform independent, meaning that it can run on any
hardware or software platform. To test this, both frameworks will be tested on Windows
10 and Debian 9. XSim 2.0 will also be tested across a set of web-browsers. The
browsers included in the test are Chrome, Firefox and Iceweasel. These browsers are
most commonly used at SAAB. If the application can send a message, the test is labeled
as a success.

When developing the XSim, a certain set of tools and methods are used. These tools
and methods should be optimized with regard to effectiveness, ease of use and cost. By
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comparing the tools and methods used with the current XSim and XSim 2.0, a set of
performance metrics can be calculated which can be used when calculating the return
of investment of the system.

Integrator

As an integrator, updates and releases of XSims are the main responsibilities. This pro-
cess will change with XSim 2.0. By analyzing the core characteristics of the release
process, a comparison with the current release process can be made. These characteris-
tics are the following:

• Docker

• Scalability

• Configuration capabilities

Docker is one of the core dependencies of XSim 2.0. Thus, it is important to know
how this affects the XSim during a release or update. By having an integrator perform
the steps required for a new XSim release, for both the current and new framework, an
analysis of the process can be made.

Scalability is very important when handling large amount of data. Since a system should
be able to handle up to 30 different XSim models, it is important that the performance
does not drop or fluctuate. Thus, an analysis of the scalability capabilities of both frame-
works will be conducted. In this analysis, the configuration capabilities of the XSim will
be included.

Tester

As the tester is the end user of the XSim, visual aspects of the GUI, together with
the available features of the application are of high importance. Thus, the following
characteristics should be measured:

• Flexibility

• Test automation

• Verification

• Startup process

• Intuitiveness
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The XSim should be flexible, meaning that a tester should be able to test a system both
on site or remotely. By having a remote possibility of testing the XSim, the time needed
for testing would greatly decrease. To test the flexibility, a user will try to control the
XSim from a different computer than where it was deployed, both on the same network
and on a different network.

While manual testing of XSim is needed, automated testing can increase testing effi-
ciency by reducing testing cycles, improving test coverage and accuracy, and would
ultimately move the product faster to the market [27, 28]. By ensuring that the XSim
framework support automated testing, the cost of testing could decrease.

Verification is the essential part when testing the XSim. The simulator must have a
high fidelity level to represent a real system, hence verification testing is necessary. The
performance of this verification process can be affected by having logic in the GUI of
the XSim. By helping the tester with verification, finding and displaying errors, a large
portion of time spent debugging could be deducted.

The startup process and the intuitiveness, or ease of use, of the application are important
factors to consider. Since a tester will spend the majority of the time in front of the
XSim GUI, intuitiveness should be high and the time taken to perform tasks should be
minimized. By having an intuitive GUI, the tester will be more efficient, spending less
time trying to figure out how to use the software. Testing this will be done by measuring
the average time taken for six users to perform certain actions in both old and new XSim.
When timing the users, the clock will start on a given command, which then stops when
the user has performed the actions and gives a command that the test is completed. In
order to measure ease of use, the users should have no prior knowledge on operating the
current XSim or XSim 2.0. Four tests can be derived from the requirements of a tester
and contain actions performed on a daily basis. Each test will be conducted two times
for each framework. This will allow to measure both intuitiveness on a first time basis,
as well as the speed taken for a more experienced tester to perform actions.

With six different people involved with XSim conducting the tests, an average execution
time can be calculated. For test 1, the following actions are to be completed:

• Open Firefox.

• Enter localhost:3000 as URL.

• Find [XSIM NAME] and start the XSim with IP address 233.255.255.100 and
port 6001 for multicast UDP. Make sure that the XSim will be included as target
for messages sent. Leave TCP as it is.

Test 2 will contain the following steps:
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• After XSim is started, find and add message [MESSAGE NAME] to outgoing
messages.

• Make sure the message mode is on manual and send the message.

• Check that the message has been sent and received in the message log.

Test 3 will be conducted in the following way:

• Exclude message [MESSAGE NAME] from outgoing messages in the log.

• Send a new message.

• Make sure that the message does not appear in outgoing messages.

The final test will include the following:

• In a message, change one of the parameters.

• Confirm that the hex-code of the message updates accordingly.

• Send a new message.

• Compare and confirm that the hex-code in the message matches the hex-code in
the log.

6.4.2 Return of Investment

In order to determine whether XSim 2.0 will be worth the investment costs, the return
of investment (ROI) will be calculated. This calculation will show the benefits relative
to the costs of XSim 2.0.

ROI (%) =
Net Benefits of Simulator

Total Cost of Simulator
⇤ 100

To measure the ROI of XSim 2.0, certain factors need to be taken into account. These
factors can be divided into direct and indirect costs or benefits.

Direct costs include:
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• Hours spent with XSim: This includes work from testers, developers and inte-
grators.

• Where is the work spent: Amount of hours spent on maintenance, new features,
debugging, testing etc.

• Salary: Salary of personnel involved with XSims.

• Tools necessary: Cost of the tools and methods used to operate XSim.

Indirect costs are costs that can not directly be converted into a concise sum but still can
be considered to induce value. These costs include:

• Competence: Cost of finding competent personnel.

• Marketing: Marketing value of the XSim framework toward customers.
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In this section, the reasoning and result of the design will be presented.

7.1 Data gathered from interviews

From the qualitative interviews conducted about the interface of the current XSim, an
understanding of the needs and desires of the user groups could be established. Out of
the seven people interviewed, four are testers, one is a developer, one is an integrator
and one is a user.

Testers

Testers is the largest user group of XSim and are thus the most important group to gain
knowledge from. In order to gain sufficient and accurate insights from the testers point
of view, four testers were interviewed. Out of the four, two had less than two years expe-
rience with XSim, while the other two had more than eight years experience. Although
there were a substantial difference in experience between the testers, the answers were
similar. Answers that were identical are listed below.

• None of the testers use the command-line interface, and they all would prefer to
configure a XSim through an interface.

• Logic should be used by default, but should be configurable.

• The current interface is counter intuitive and it is hard to have clarity over what is
happening.

• There should be a user’s guide or help button available.

• None of the testers have a problem with using a web-based interface.

Moreover, from the questions Which functions do you think should be easily accessible

in a XSim?, Which functions do you use the most as a tester? and Do you think the

interface should include any function currently not available in the XSim?, it was clear
that testers utilize a wide range of the functions available in a XSim. Hence, the testers
had different views on which functions should be easily accessible. The testers with
the least experience wanted better overview of message meaning and usage, as well as
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file management. The testers with more experience wanted a better and more intuitive
startup process, together with easily manageable settings and preferences, release notes
on any changes made on the XSim and a function for generating tracks. Furthermore,
on top of having a user’s guide, a demo-scenario as well as a reset-button for resetting
a XSim to default values, was requested. This would depict that the current way of
starting and managing game-scenarios is hard or not properly intuitive. Lastly, a way of
spotting and displaying errors was requested, such as a log.

Other user groups

Three other user groups were interviewed in the research. These were developers, inte-
grators and users. These groups do not use the XSim as often as testers, however should
still be considered when making a new interface. The data from the interviews can be
summarized to the following.

While the integrator did not leave a response and the user thought both interface and
CLI could be useful, none of the interviewees would prefer using CLI over interface
for configuring a XSim. As with the tester group, the interviewees find that the current
XSim is counter intuitive and hard to understand. Thus, having a better overview of
messages, as well seeing more information when choosing a message, are aspects that
need to be improved according to all interviewees. A more dynamic setup process,
easily accessible preference settings, better function for sending custom messages and
status overview, are also requested.

When it comes to the log, it is characterized as hard to understand and with limited
functionality. Hence, the interviewees requested a pause function, together with the
ability to view more messages in the log. The interviewees would also like to have
logic in the interface by default, which should be configurable. However, the developer
expressed the importance of having indications whenever the logic would override an
action.

Since the XSim connects with a WSim, the interviewees had some opinions regarding
the current solution. The integrator wished for the possibility to save and select scenar-
ios for WSim, which would save much time compared with the current solution. The
developer had trouble understanding the connections between XSim and WSim. Thus,
a better synergy between the two, as well as the ability to override the WSim from
the XSim were requested. The user also stated that it should be easier to connect and
disconnect to the WSim.
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7.2 Prototype design

A number of requested features in the new user interface could be retrieved from the
requirements of XSim 2.0 together with the data gathered from the interviews. With
the design tool Figma, a prototype design is made. This prototype showcase the most
important features of XSim 2.0. While XSim 2.0 will include many features, the silver
lining of the design is keeping things simple, avoiding clutter and focusing on the core
values of the XSim. A simple design will, compared to a more complex design, ensure
that the target audience is not overwhelmed with the amount of features or distract them
from what the application is intended for. It will also be cheaper to implement and
maintain. In this section, only the most important screenshots of the design will be
included. However, all screenshots can be found in Appendix B.

The requirements of XSim 2.0 state that the interface must show all available XSims,
as well as provide the possibility of selecting ports and IP address for a wanted XSim.
Thus, XSim 2.0 will have a side navigator which will hold the most important compo-
nents of XSim 2.0. These could include XSim, WSim, automated tests, settings, session
exit, about XSim and a help option. As XSim and session termination are required for
this project, only they will be implemented. When pressing the XSim option, a list of all
available XSims will be displayed. An information button next to the XSim will inform
the user which version of the XSim is implemented, together with available documen-
tation. By pressing a XSim, a pop up module will appear. This module will include the
settings for the XSim, where the user can enter wanted ports and IP address for every
transmission protocol, from where a message will be sent and received. This is visible
in figure 25.
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Figure 5: Figure showing the parameter module which pop up when a XSim has been
selected in the side navigator.

If the user press OK, the XSim will start with the selected settings, and appear as a tab
in the top center of the screen. If multiple XSims are added, a user can switch between
them using the tabs. For each XSim, two containers for incoming and outgoing mes-
sages are shown. These containers will hold all messages that are added by a user. To
add a message, the user must click on the Add message button to the left of the container.
Doing this will prompt the user to select a message from all available messages of the
XSim.

28



7 Design

Figure 6: Interface when two messages have been added. One of the messages has been
minimized.

A message include message-specific parameters and transmission settings. The param-
eters will be used to create a message to send to another XSim or CMS. A message
can be removed or minimized to reduce the size of the message content. This can be
seen in figure 6. In addition to what has been covered, a status bar and a message log
are included in the design. The status bar will display any test results of the XSim, as
well as general status and any configuration settings applied. The status bar will not be
implemented in the proof of concept. The message log is expandable, meaning the user
can decide if the log should be visible or not.
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Figure 7: The log of XSim 2.0.

The log will show every message sent and received for every XSim started, which can
be filtered with the filter function. With the filter function, specific XSims or messages
can be selected, for both incoming and outgoing messages. It is also possible to record
and save the content of the log, pause the log and toggle between different log views.
The logs are also scrollable which increases the number of messages that can be viewed.
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In this section, the implementation of the XSim 2.0 framework will be described.

8.1 Docker containers

Before any code can be written, the structure and prerequisites of the framework must
be established. As earlier mentioned, the client and server will be divided into two
docker containers. By doing so, all dependencies will be managed inside the containers,
instead of in the local development environment. Furthermore, if edits are made in the
client container, the server container will not be affected and vice versa.

In the project repository, a client folder and a server folder is created. The client folder
will contain the React app, while the server will contain the Node.js server. Inside the
client and server folders, a separate Dockerfile for each application is created. The two
Dockerfiles are used when building the containers. In listing 1 below, the Dockerfile for
the server is shown.

1 FROM node :8 .15 .0 � a l p i n e
2

3 RUN mkdir �p / s r v / app / s e r v e r
4 WORKDIR / s r v / app / s e r v e r
5

6 COPY package . j s o n / s r v / app / s e r v e r
7 COPY package�l o c k . j s o n / s r v / app / s e r v e r
8

9 RUN apk add vim python make gcc g++
10 COPY . / s r v / app / s e r v e r
11 RUN npm i n s t a l l ��unsa fe�perm
12

13 CMD [ ”npm” , ” run ” , ” dev ” ]

Listing 1: Dockerfile in the server

• FROM node:8.7.0-alpine
Install Node v8.7.0 in an alpine Linux image. An alpine image is a minimal
Docker image based on the Alpine Linux, which makes the size of the image a lot
smaller than a regular Linux image.

• RUN mkdir -p /srv/app/server
Create a directory in the image called /srv/app/server, which will contain the ap-
plication.
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• WORKDIR /srv/app/server
Make the application folder the working directory.

• COPY package.json and COPY package-lock.json to /srv/app/server
Copy package.json and package-lock.json in to the working directory. These files
are used by npm when install node modules.

• RUN apk add vim python make gcc g++
Install Vim, Python, Make, GCC and g++ in the image. Vim is a texteditor, used
to view and edit files in the container. Python, Make, GCC and g++ are needed in
order to build the interface and C++ code that is used in the server.

• COPY . /srv/app/server
Copy code residing in the local server folder in to the container.

• RUN npm install –unsafe-perm
Install all node modules defined in package.json. The –unsafe-perm flag is used
to run the scripts with root privileges.

• CMD [”npm”, ”run”, ”dev”]
CMD executes the command npm run dev in the shell inside the container, which
will start the Node.js server. npm run dev is a npm script which was defined in
package.json, telling Node to use nodemon [29] instead of node. This will trigger
the server to recompiling every time an edit occur in the server code.

The Dockerfile in the client folder is nearly identical, where only line 9 and 13 differ,
apart from the directory names. On line 9, only Vim is needed, since no C++ code will
be compiled in the client. On line 13, the command being run is npm start, which starts
the client application.

Docker Compose

With the Dockerfiles, two containers can be built, holding the applications. However,
the client and server must be able to communicate with each other. To enable this
communication, Docker Compose is used. Docker Compose is a tool used to define
and run multi-container Docker applications [30]. In a YAML file, all applications are
defined as services, which then can be built and started with a single command.

In the root folder of the project, a docker-compose.yml file is created, along with a .env
file which will provide environment variables for both client and server applications.
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1 v e r s i o n : ’ 3 . 4 ’
2

3 s e r v i c e s :
4 s e r v e r :
5 b u i l d : . / s e r v e r
6 expose :
7 � ${APP SERVER PORT}
8 e n v i r o n m e n t :
9 � NODE ENV= deve lopmen t

10 � APP SERVER PORT=${APP SERVER PORT}
11 p o r t s :
12 � ${APP SERVER PORT} : ${APP SERVER PORT}
13 volumes :
14 � . / s e r v e r : / s r v / app / s e r v e r
15 command : npm run dev
16 network mode : h o s t
17

18 c l i e n t :
19 b u i l d : . / c l i e n t
20 expose :
21 � ${REACT APP PORT}
22 e n v i r o n m e n t :
23 � REACT APP ENV= deve lopmen t
24 � REACT APP PORT=${REACT APP PORT}
25 p o r t s :
26 � ${REACT APP PORT} : ${REACT APP PORT}
27 volumes :
28 � . / c l i e n t / s r c : / s r v / app / c l i e n t / s r c
29 � . / c l i e n t / p u b l i c : / s r v / app / c l i e n t / pub l

Listing 2: docker-compose file for the project

In listing 2 above, the YAML file used in the project is displayed. This script does the
following:

• services:
The services specify each service or application that will be used to build the
project. The name of the services, client and server, are important and are used
later in the configuration process.

• build:
Build a Docker image using the Dockerfile found in the path specified.

• expose:
Define which port the container should expose in order to communicate with other

33



8 Implementation

services defined in the docker-compose.yml file. The port is fetched from the
.env file.

• environment:
Set Node and React environment variables to development mode. Using develop-
ment mode will increase the logging level of the application as well as compile
in debug mode. Set port in environment, which are fetched from the .env file.
Doing this enable the possibility to get the port from the application environment
and are used when starting the application inside the container.

• ports:
By mapping a port in the container to a port on the host machine running the
container, the container can be accessed from the outside. Also here environment
variables defined in the .env file are used.

• volumes:
By mounting volumes, local source code will be mapped with the code in the
container. This will help during development, where any change to the local
source code will also occur in the container source code.

• command:
The command issued after the container is up. This command will override the
command defined in the Dockerfile.

• network mode:
Network mode is only used for the server service. Setting the network mode to
host will prevent the container from isolating the container’s network stack from
the host. This means that the container is accessible through the host’s IP address.
This is extremely important in order to be able to send messages from one XSim
2.0 to another, over a local network.

• links:
Links is used for the client service. This links the client and server services to-
gether, enabling communication between the services.

8.2 Client

Before developing the React application, all the tools used by React must be configured.
This include Webpack which bundle your project and Babel which transpile the React
JSX into code understandable by browsers. By using a tool called create-react-app,
the configuration of the application is handled by default and the developer is handed a
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run ready application. The configuration is also not visible in the application structure,
which make the application look more clean.

Application structure

The structure of the application is very important in order to easily find and group dif-
ferent modules in the code. In this project, the client application is divided into a public
and a src folder. The content of the public folder is not read by Webpack, meaning that
it will not be compiled during the build process. Instead, the content is rendered before
the build is ready. Thus, a HTML template file, called index.html, which renders all of
the compiled React files is created. The HTML file also holds information such as the
title of the application, background icons and loading spinners which shows when the
project is being built. After the build is finished, the compiled React components will
be injected into the body of this HTML file.

In the src file, all of the source code of the application reside. In the root of this file, the
index.js file is the entry point of the application. This is the file React will first look at
when running the application. In this file, the App.js file is specified, which is the main
class of the application. It also contains a serviceWorker, which is a script created by
create-react-app to increase performance using a cache-first strategy during offline use.

Figure 8: The application structure of the client.
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In the src file, the folders components, constants, icons, styles and utils are created.
The components folder contains all of the visible components used in the application,
such as side navigators and message log. The constants folder includes static constants
as well as all the queries used by the client. All of the icons used in the application are
put into the icons folder, while the styles folder includes application themes and styled
components that are reused. Utilities and help methods are contained in the utils folder.

Styled components

Styling of React components is an essential part of making the UI of the application
appealing to the users. In this project, styled-components [31] have been utilized to
create the visual aspects of the UI. Styled-components is a library for React that allows
for creating component styles with a mixture of JavaScript and CSS.

Using styled-components removes the mapping between components and styles. In-
stead, regular React components are created, with the custom styling attached. This
means that the least amount of code possible will be loaded, since only the compo-
nents rendered will be injected with styling. As the styling is attached to a specific
component, maintenance of styled-components is simplified since there is no need to
search through a large style sheet to find the styling affecting a component. Further-
more, styled-components enable dynamic styling. With JavaScript, props or themes can
be passed to the component, adapting the component to behave as needed. An example
of a styled component used in the project can be seen in listing 3 below.

1 c o n s t MessageMaxLength = s t y l e d . div ‘
2 wid th : ${ p r o p s => p r o p s . c h i l d ? ’ 66.3% ’ : ’70% ’ } ;
3 &: hove r ${ M e s s a g e T i t l e }{
4 d i s p l a y : b l o c k ;
5 }
6 ‘ ;

Listing 3: Example of a styled div component which accepts props to decide the width
of the component.

GraphQL queries and mutations

As all of the data of the application reside in the server, the client uses GraphQL to
request and send data to the server. To integrate GraphQL with the React client, Apollo
Client is used. With Apollo Client, GraphQL requests can be implemented directly
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into JavaScript to create a complex and reactive UI. These are made with queries and
mutations.

1 <M u t a t i o n
2 m u t a t i o n ={ADD OR REMOVE MESSAGE}
3 r e f e t c h Q u e r i e s ={ ( ) => {
4 r e t u r n [{
5 que ry : GET MESSAGES ,
6 v a r i a b l e s : {
7 xsimID : xsimID
8 }
9 } ] ;

10 }}
11 >
12 { ( addOrRemoveMessage , { e r r o r } ) => {
13 i f ( e r r o r ) r e t u r n e r r o r ;
14 r e t u r n (
15 <MessageImage s r c ={ c l o s e I c o n } a l t ={” ”} o n C l i c k ={ ( ) =>

addOrRemoveMessage ({ v a r i a b l e s : { xsimID : xsimID , s e l e c t e d
: message . msgID , i s I n : isIncomming , i sAdded : f a l s e } } ) }
/>

16 )
17 }}
18 </ Muta t ion>

Listing 4: Example of a Mutation request, which will add or remove a message, and
then refetch the query GET MESSAGES.

In listing 4 above, an example of a mutation is shown. The mutation is written directly
in the React code. With the variable mutation a gql-mutation is defined. By using
gql, the user can describe the schema of the mutation as a GraphQL type language
string, which then is parsed into a query document. An example of such a schema
can be seen in listing 5. Together with the mutation variable is a refetchQueries
variable. By adding refetchQueries, the mutation will refetch every instance of the
GET MESSAGES query. This means that data does not need to be passed between Re-
act components. Instead the data will be passed as props through the query, which will
be refetched on certain triggers. In this case the mutation returns a clickable image.
When a user click on the image in the UI, the mutation will trigger, telling the server
to update the requested data, which then sends back a response to the client. If the
response is successful, Apollo updates the Apollo cache and the refetchQueries is
triggered. When GET MESSAGES fires, the query will first try to load the result from
the Apollo cache, if it is not there, the request is sent to the server. This means that if the
result remains the same between two requests, the result will be fetched from the cache
instead from the server, which make the request almost instantaneous.
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1 e x p o r t c o n s t GET MESSAGES = gql ‘
2 que ry GET MESSAGES( $xsimID : I n t ! ) {
3 ge tMessages ( xsimID : $xsimID ) {
4 . . . Messages
5 }
6 }
7 ${MessageFragment }
8 ‘ ;

Listing 5: Example of a gql-query. The query return all messages matching the
xsimID, where a message is defined with the MessageFragment variable.

Refetch is great when a query should reload on a certain user action. However, it is
not always the user that needs to trigger a refetch. When a message is received in the
server, the server will update the data. When this occurs, the client must be notified of
the change. This is solved by adding polling to the queries needed. Polling is a feature
in Apollo Client, where the query will be refetched on a certain interval. Thus, near-
realtime data can be achieved. Since the query will load from the Apollo cache if no
update has occurred, the polling feature is not very computationally heavy.

Test and verification

Verification is important when working with user input. A verification template has
therefore been added in the client, where the client will check whether the user input
is valid before conducting a mutation or query to the server. In listing 6, a verification
function is displayed, where the verification process is done with map reduce filter.

Testing is another important aspect. Hence, a framework for testing has been created.
Testing of the React application is done by adding [filename].test.js files to the src
folder of the client. To make the relative imports shorter to the code from which the test
is executing, the test file is put in the same folder as the code file. The tests can then be
executed with the script npm run test, which will execute all tests in the client appli-
cation. Since XSim 2.0 is a proof of concept, only basic tests have been implemented
during this project.

1 c o n s t p r o t o c o l s = p r o t o c o l K e y s . map ( key => O b j e c t . v a l u e s ( t h i s . s t a t e [
key ] ) ) ;

2 i f ( p r o t o c o l s . l e n g t h > 0) {
3 c o n s t f i l t e r e d P r o t o c o l s = p r o t o c o l s
4 . r e d u c e ( ( acc , p r o t o c o l ) => acc . c o n c a t ( p r o t o c o l ) )
5 . f i l t e r ( param => t y p e o f param === ’ o b j e c t ’ )
6 . f i l t e r ( param => param . i n v a l i d ) ;
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7 i f ( f i l t e r e d P r o t o c o l s . l e n g t h > 0) {
8 a l e r t ( ”Form c o n t a i n i n v a l i d p a r a m e t e r s ” ) ;
9 r e t u r n n u l l ;

10 }
11 }

Listing 6: Verification of user input in a form.

8.3 Server

The Node.js server is the core of the server side. This server handles all of the com-
putation and requests from the client, as well as routing of any incoming and outgoing
messages. Since this project is a proof of concept, with only a small amount of data
stored, the server also acts as a database. The data is stored locally in the server as
JSON objects.

Structure

As the server application contains several separate modules, the structure of the server
is divided into these modules. In the root of the server, the index.js file is created.
This file is the entrypoint of the Node.js server and is read directly when starting the
server application. The index.js file handles the startup of the application, routing and
imports of other modules to include functionality.

Figure 9: Structure of the server application.
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The modules included in the server are protocols, resolvers, typedefs, utils and
xsims. The protocols folder includes all of the available protocols used by the server.
In this project, TCP and multicast UDP have been implemented. The resolvers and
typedefs folders include resolver functions and type definitions used to create a GraphQL
schema. Utilities used by the server, such as time functions, are put in the utils folder.
Every XSim, i.e C++ code, as well as the interface between the Node.js server and
XSims are put in the xsims folder.

GraphQL and Apollo Server

All of the communication with the client is made through GraphQL and the Apollo
Server Fastify library. To allow the client to send requests, a definition of the GraphQL
schema is established. When setting up a GrapqhQL schema, Apollo Server is used to
connect the GraphQL schema with the Node.js server. The schema can then be defined
in the Node.js server, as a GraphQL type language string, using gql. Queries, mutations,
objects and query inputs are then defined, which are used to request and update data
in the server. As GraphQL requires that the type requested matches the result of the
query exactly, queries are always validated by GraphQL. However, since no message
in a XSim is equal, validation of a general message type will fail. Thus, to allow for a
general message type, a custom JSON scalar is implemented. By setting the message to
be of type JSON, the validation will clear as long as the message type is a JSON object.

After the schema is defined, resolvers are created. Resolvers are functions necessary to
respond to any query or mutation. It is the resolver that does the action requested by the
query or mutation, and returns the result back to the client.

Interface

In order to communicate between the Node.js server and the XSims, an interface has
been implemented. The interface is based on the node-addon-api module. For every
XSim function that needs to be accessible from the Node.js server, a wrapper has been
created. The wrapper function has input and output values in the Napi namespace,
which makes it possible to export the function to JavaScript. To enable the possibility
to add additional XSims based on other languages, the interface will only handle JSON
objects. Thus, the Node.js server endpoints will remain the same even if new XSims are
created.

After the functions have been exported, the Node.js server can import the functions
to be used by the server. Before any edits in the interface is visible in the server, the
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interface must be compiled and built. This is done with node-gyp, a cross-platform
command-line tool used to compile native addon modules for Node.js. In the root of the
server application, a binding.gyp configuration file is created. This file define how the
module will be built. Thus, by only adding the XSims wanted for a certain project to
the configuration file, project-specific builds can be made.

Since there are multiple XSims in a project, where every XSim is based on the same
interface with the same functions, the functions need unique export names. However,
since XSim models can differ between projects, having uniquely named exports would
require the integrator to manually import all XSims in the Node.js server. Instead, all
exported functions have identical names. In addition, every XSim exports a ID unique
for the XSim. Then, in the Node.js server, all the exported functions from every XSim
is fetched with a function, seen in listing 7. This function maps every .node file in the
build folder of the server and imports the exports as an array of objects, where every
object contains the exports for a specific XSim. A specific XSim can then be found by
finding the object with the ID matching the wanted XSim.

1 c o n s t r o u t e s = g lob . sync ( ’ . / b u i l d / R e l e a s e / ⇤ . node ’ ) . map ( f i l e =>
r e q u i r e ( p a t h . r e s o l v e ( f i l e ) ) ) ;

Listing 7: Function to retrieve all the exported functions from every XSim.

Transmission protocols

When sending a message from a XSim, the message is sent by a transmission protocol.
The protocol used can differ between messages. Since users must be able to determine
the ports and IP addresses where a message should be sent and received, the protocol
can not be created upon application startup. Instead, when a user start a XSim, the user
is prompted to enter protocol parameters, which then are passed to the Node.js server.
The server then creates a protocol client and server with the user defined parameters.

In this project, TCP and multicast UDP are the transmission protocols implemented.
The TCP protocol is implemented with the Node.js net module, and is divided into a
client and server. The TCP client receives the message from the Node.js server and sends
the message to the destination IP and port. The client then waits for an acknowledge-
ment that the message was received, before sending the response back to the Node.js
server. The TCP server listens for messages. When a message is received, a response is
sent back to the sender, before the server makes a callback to the Node.js server, telling
Node.js that a message has been received. The IP address of the TCP server is 0.0.0.0,
which tells the server to listen on all IPv4 addresses of the local host machine. This
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means that if a host have two addresses 10.34.172.1 and 192.168.2.4, the TCP server
will be reachable on both addresses.

The UDP protocol is implemented with the Node.js module dgram. UDP does not
require any acknowledgement from the receiver of a message. Moreover, the protocol
is bound to the multicast address space, e.g 233.255.255.255. An instance of the UDP
protocol will send a message to this address, on a user specified port, where any other
instance listening on this address and port will receive the message and make a callback
to the Node.js server with the received message.

Message encoding

When a message is sent from a XSim, the Node.js server receives the message param-
eters from the client. The server then converts the parameters to a message ready to be
sent and encodes the message with a time-stamp and a checksum. The encoded message
is then passed to the message specific protocol, where it is sent to the IP address and
port specified by the user.

The process when receiving a message is the opposite to the process when sending a
message. When a message is received by a transmission protocol, the message is passed
to the Node.js server. The server then decode the message and updates the message
data, which is retrieved by the client through query polling, to be displayed in the user
interface.
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9 Proof of concept

In this section, a demonstration of the proof of concept derived from the project is pre-
sented and explained. The proof of concept is a web-based application used to simulate
message exchanges between external equipment. The application is accessed through
a specified URL in the browser. The URL is an IP-address from a host, from where
the server was deployed, inside the local network. In this section, images have been
cropped and magnified in order to present certain aspects of the application. An un-
touched version of each image can be found in appendix C.

Figure 10: Home screen when first starting the application.

When a user enters the application for the first time after being deployed, a load-
ing screen is rendered, telling the user that the application is loading necessary data.
The data is fetched from every XSim, which was specified in a build script called
bindings.gyp, and thereafter stored in the server. When all data have been loaded, a
home screen welcomes the user. The home screen contains three important modules.
A side navigator from which a user can start and manipulate XSims, a status bar which
presents status information of the application and a message log which displays every
message being sent and received between XSims.
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In the scope of this project, three different XSims was implemented. These are Gyro,
Navigator and NavRadar. However, NavRadar is a copy of Navigator. The XSims
can be found in the side navigator where a user can start or change settings of a specific
XSim. The side navigator can be expanded, which presents additional information of
the application, as well as extra information for each option in the navigator. In the
expanded navigator, a user can find information such as which version of release is used
in the application.

(a) Default side navigator. (b) Expanded side navigator

Figure 11: Overview of the side navigator, showing both default and expanded view.

If a user presses one of the available XSims, a startup module as seen in figure 12 is pre-
sented to the user. This module contains specific information about the selected XSim,
such as version and which specification document the XSim is built on. In the module,
properties for each protocol used by the XSim can be set by the user. The properties will
be used to create new instances of the specified protocols, from which messages will be
sent and received. In this project, multicast UDP and TCP have been implemented. If
a user changes any parameters, verification will ensure that the input is valid. If the
user attempts to proceed with the creation of a XSim with invalid parameters, an alert
module will appear. An example of this can be seen in figure 13.
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If the creation of a XSim is successful, the XSim will appear in the centre of the ap-
plication window. The only XSim specific items added are containers for outgoing and
incoming messages. These containers will only be shown for the XSim currently in fo-
cus. Any messages added to the XSim are put as either outgoing or incoming. Outgoing
messages are for messages sent by the XSim, while incoming are messages received by
the XSim.

Figure 12: Module appearing when attempting to start a specific XSim.
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Figure 13: Popup alerting that verification of parameters was not successful.

46



9 Proof of concept

Figure 14: Interface when a XSim has been started.

Figure 15: Tab-layout when multiple XSims have been started.

To allow for multiple XSims to be started in the same application, additional XSims
will be presented as tabs at the top of the application. A user can then switch between
XSims without any interference of having to manage several windows.
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Figure 16: Module showing all available messages for specific XSim.

To add a message, the Add Message button is pressed. When pressing the button,
a module will appear, presenting every message which is available for the XSim. In
this project, three messages have been implemented. Two of the messages, Wind
Direction and Speed and True Heading and Status, are implemented for the
Navigator XSim. The last message, 11x0HDLC, is implemented for the Gyro XSim.
By pressing the wanted message, the message is added to the container.

In figure 17, the message Wind Direction and Speed has been added to outgoing
messages. The message is divided into three sections, the parameter section, the trans-
mission section, and the condition section. The layout of the transmission section and
condition section are the same for every message. At the top of the transmission section,
status of the message is displayed. In addition, the user can change the default trans-
mission settings for the message. This include changing between manual or automatic
transmission, choosing send rate and if the message should be perceived as out of range.
The send rate is disabled when manual is selected as mode. At the bottom of the trans-
mission section, the user can send the message or start/stop the automatic transmission.
In the condition section, the user can add conditions to the message, or add the message
to a test suite. These options are outside of the scope of this project and are thus not
implemented.
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Figure 17: Message container with one message added.

The parameter section is specific for each message. It is here the message that should
be sent is defined. At the top of the section, a button for removing the message from
the container, together with the name of the message is visible. Since each message is
unique, population of the parameter section is dynamic, meaning that the application
will try to map parameters to fit within the height and width limitations of the section.
While the height is static, the width of the section can change depending on the param-
eters. The function for populating the section will use two columns by default, meaning
two parameters can fit in every row. If the height of a parameter is larger than the height
of the section, a new column is created and the parameter is put at the top of the new
column.

At the bottom of each outgoing message, the user can inspect the ascii or hex code of the
message that will be sent. This code includes every parameter in the parameter section,
as well as a checksum created from the parameters.
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Figure 18: Message container with two messages added.

If a new message is added while a message exists in the container, the message will
be added to the bottom of the container. This allows for more flexibility since multiple
messages can be manipulated in the same session. However, additional messages also
make the container bigger, forcing the user to scroll the page to locate messages. To
prevent scrolling, messages and containers can be minimized by pressing the minimize
icon in the top right corner of a message or container. Doing this will hide all the
parameters of the message. Instead, only the message name, together with the message
status and send button are available.

Figure 19: Display of a message that has been minimized.
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Figure 20: An outgoing message after being sent. The status and time of the message
can be read.

Whenever a message is sent or received, the status of the affected message will change
appearance. If the transmission was successful the icon will change color to green,
together with when the message was sent. If the transmission is unsuccessful, the icon
will turn red and the error code will be displayed.

Figure 21: View of an incoming message when a message has been received. The
message is decrypted and all parameters are populated with the information from the
message, together with the status being updated.

The status bar to the right of the application contains information about the application
and the running XSims. The status bar is divided into a global status section, where
information about the application is shown, such as how many XSims are running and
how many errors have occurred across all XSims. In the second section, specific XSim
information is displayed. This section is based on which XSim is in focus, i.e which
XSim tab is active. Here information such as XSim preferences, error count, configura-
tion and logic is displayed.
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Figure 22: Status of the application is shown in the status bar.

The message log at the bottom of the application is the log which capture and show
each message sent and received in the application. This means that the log is shared
between every XSim. The log is separated into a incoming and outgoing containers,
where every message being sent by a XSim is shown in outgoing and every message
received is shown in the incoming section. Each message has a timestamp, together
with the message body which contains the parameters of the message. The log can be
recorded and stored into a file with the record button at the top of the log. The log can
also be paused, meaning that any new message will not appear in the log until after the
pause option is cancelled. There is also an option to toggle between different data types.
The data types are text, ascii and hex. When a user toggle between these options, every
message in the log will be converted to the data type specified.
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Figure 23: Message log which displays all incoming and outgoing messages.

Figure 24: Filter function for filtering the message log.
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Since the message log is combined for every XSim, the amount of messages being
shown in the log could become overwhelming. Thus, a filter function enable the user
to filter XSims, or messages. By pressing on the XSim name, specific messages can
be filtered. By hovering over a message, additional information is shown about the
message.

When a session is over and the user wishes to reset the application, a stop option is
available in the side navigator. By using this option, every XSim is terminated and
all stored information is reset. Furthermore, all instances of transmission protocols are
terminated, to then notify each endpoint of the termination.

Figure 25: Module appearing when pressing the stop option in the side navigator. This
will terminate the session.
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10 Evaluation

Two questions need to be answered in order to complete the third and final goal of the
project, which is to analyze and evaluate the suitability of the new framework, with

regard to ROI and performance. To answer the first question, how well does XSim 2.0

perform compared to current XSim implementation?, a number of measurements have
been collected for both the current XSim framework and XSim 2.0.

In table 1, it is noticeable that XSim 2.0 is modularized, platform independent and flex-
ible, whereas the current XSim framework offer UI testing as well as verification for a
quarter of all XSims. However, the UI testing and verification must be implemented for
each XSim separately, which means that there will be duplicates of tests and functions.
While XSim 2.0 currently only offer simple verification for the client, the verification
will only need to be implemented once. Equally, automated tests will only need to be
implemented once. Furthermore, XSim 2.0 offers the possibility for more extensive
testing of functionality and logic, whereas the current XSim framework can only test
the interface of the application.
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XSim 2.0 XSim

Modularized Yes - The application follow
the MVC paradigm, where
every module/component act
as a sub-program.

No - In the current XSim
framework, dependencies in-
tertwine between modules,
making it very hard to edit a
module without affecting the
rest of the application.

Platform
Independent

Yes - XSim 2.0 can run on
both Windows* and Linux

No - Current XSim can only
run independently on Win-
dows. Wine is needed to able
to run on Linux.

Flexibility Yes - XSim 2.0 can be con-
trolled from any computer
within a secure network.

No/Semi - A CLI has been
implemented for one XSim,
which can be used to control
the XSim from within a se-
cure network.

Automated Tests Possible - With a shared
database between XSims,
XSim 2.0 can compare mes-
sages. Automated UI testing
can be implemented with
tools such as Selenium [32].

Semi - Eggplant [33] is used
to test the UI. No option to
automate message testing.

Verification Semi - Simple verification in
client implemented.

Semi - Around 25% of the
XSims have verification.
Verification must be im-
plemented for each XSim
separately.

*Windows 10 Pro/Enterprise is needed to run Docker.

Table 1: Measurements of the performance of XSim 2.0 and current XSim framework.

10.1 Task speed comparison

A comparison between the current XSim solution and XSim 2.0 has been made in regard
to intuitiveness and time taken to perform certain tasks. The comparison was made by
measuring the time required to perform a set of actions in both the current XSim and
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XSim 2.0. The set of actions were derived from the requirements of the testers and
are actions performed on a daily basis. Six different testers participated in the tests.
The testers are SAAB employees, with no prior experience with XSim or XSim 2.0.
To minimize a biased result because of knowledge gained during the tests, three testers
started with testing the current XSim, while three testers started with XSim 2.0.

1. Time taken to start wanted XSim with given ports and IP-addresses.

2. Time taken to find and add wanted message, send the message and thereafter
verify that the message has been sent and received in the message log.

3. Time taken to exclude message from being shown in outgoing messages in the
log.

4. Time taken to compare the hex-code of a message before being sent, with the
hex-code of the message after being sent.

The result of the comparison can be seen in table 2. Here the average time taken to per-
form each task is displayed, together with the total amount of time required to perform
all tasks. From the comparison it is noticeable that, when performing the given task for
the very first time, each task was executed much faster in XSim 2.0 than the current
XSim. This was also true when the same task was executed a second time. For the
current XSim, the third task could not be conducted due to the functionality not being
implemented in the XSim specified. The total amount of time needed to accomplish all
tasks in XSim 2.0 for the first time, with task three removed, was 172.12s. The sec-
ond time the tasks took 67.878s combined. This can be compared to the current XSim
which took 368.415s for the first time and 112.5875s the second time. Thus, XSim
2.0 is 114% faster than current XSim when performing daily actions for the first time.
When performing the same actions a second time, XSim 2.0 is 65.9% faster.

The maximum interval between the fastest and slowest completion time for a test, when
doing the tests the first time with XSim 2.0, was 14.245 seconds. This can be compared
to 28.575 seconds with the current XSim interface. When doing the tests a second time,
the maximum interval was 6.2325s with XSim 2.0 and 13.415s with the current XSim.
The first test returned the largest spread of completion times for both frameworks. No
tester completed a test faster on the current XSim than on XSim 2.0.
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Test
Nr.

XSim 2.0
(1st time)

XSim 2.0
(2nd time)

XSim
(1st time)

XSim
(2nd time)

1 65.375s 28.335s 124.915s 36.845s

2 42.8075s 12.4705s 135.975s 27.6975s

3 24.7175s 10.765s None None

4 63.9375s 27.0725s 107.525s 48.045s

Total 196.8375s
(172.12s)

78.643s
(67.878s)

368.415s 112.5875s

Table 2: Comparison of time taken to perform certain tasks between current XSim and
XSim 2.0. Time in parentheses with task 3 removed.

10.2 Scalability and Configuration

In the current XSim framework, every XSim is put into a Docker container, which will
be deployed when setting up a project. This means that the current framework is fully
scalable, since XSims can be added or removed at will. In addition, plans of introducing
Kubernetes to manage and orchestrate the containers are in motion.

In a configuration file, the wanted XSims are defined, which will download all the spec-
ified XSim source code, along with other necessary artifacts. In another configuration
file every wanted XSim is specified, which will determine the XSims to be built and de-
ployed. A third configuration file is used to configure every specific XSim, with regard
to things such as IP address and automatic startup.

As XSim 2.0 will include every XSim, the third configuration file is not needed as only
a single IP address and port will be used. Wanted XSims are in XSim 2.0 put in the
server Dockerfile, while XSims to be built are put in the bindings.gyp file.

In this project, all XSims are put in the server container. This means that scaling of
XSims is not optimal if many large and complex XSims are put as available in a project.
However, since much of the computation is made in the server, the size and computa-
tional usage of XSims have been heavily reduced. As the application reside in Docker
containers, the plan of introducing Kubernetes would be applied to XSim 2.0 as well.
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10.3 Return of Investment

By calculating the ROI of XSim 2.0, the second question, is XSim 2.0 worth the invest-

ment costs, i.e what are the benefits relative to the costs of XSim 2.0?, can be answered.
In order to do this, the costs of the current XSim framework have been measured, to-
gether with an estimate of the costs of XSim 2.0. All values presented in this section
originate from within SAAB, through interviews with SAAB employees, and are rough
estimates.

ROI (%) =
Net Benefits of Simulator

Total Cost of Simulator
⇤ 100

According to the product manager in the marine division at SAAB, 2.7 � 2.8% of a
project, or a total of around 1000 hours is spent working with XSims. In addition, in the
marine division at SAAB, 10� 15% of a certain task is regarding XSims, where a task
could be to implement a new radar. Out of this, 45� 50% is spent on developing, 45�
50% is testing and 5% is integrating. These numbers could be fetched from JIRA, where
the amount of tasks, together with the type of each task is displayed. Thus, with the
amount of tasks created in a year, it can be concluded that, at any time, roughly 5 people
are working full time developing XSims, 5 people testing and 0.5 people integrating.

As the people working with XSims differ throughout a year, making an exact measure-
ment of the cost of an employee is difficult. However, the average salary within the
marine division is 45, 000� 50, 000kr, according to HR at SAAB. With taxes and other
costs for the company, this cost can be multiplied by a template of 1.65, which equals to
50, 000 ⇤ 1.65 = 82, 500kr/month. Hence, the total labor cost directed toward XSims
is 82, 500 ⇤ 12 ⇤ 10.5 = 10, 395, 000kr/year. The only tool that will change with XSim
2.0 is Visual Studio. Visual Studio is necessary in order to develop with MFC, the Mi-
crosoft Foundation Class, which is used in the current XSim framework. As MFC is
not used in XSim 2.0, Visual Studio can be replaced with an open source text editor or
IDE. The cost of a Visual Studio license is 2, 496kr/year, where the number of people
having a license in order to work with XSim is 8. Thus, the total cost of Visual Studio
licensing is 19, 968kr/year.

XSim cost = 10, 395, 000 + 19, 968 = 10, 414, 968kr/year

Calculation of the cost of XSim 2.0 is done in a similar fashion. However, the initial
cost of creating the finished product of XSim 2.0 is also added. In order to calculate the
cost of XSim 2.0, an estimate of the total number of hours per year spent working on
XSim 2.0 is calculated.
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By interviewing five XSim developers it could be estimated that a XSim developer
spends 1/3 of their time understanding the specifications of the XSim. This time will
not change with XSim 2.0. In addition, 1/3 is spent developing features and the last
1/3 is spent debugging, maintaining, etc. Since XSim 2.0 is modularized and divided
into a client and server application, a number of aspects should improve compared to
the current XSim framework.

1. Readability increases. As modularized code is highly structured and is focused to
complete a single task, a developer will know exactly what the module is intended
for and where to find it.

2. Debugging is easier. As XSim 2.0 is divided into a client and server, a developer
can easier find where the problem originated from. Together with the modularized
structure, a developer will know in which module the fault occurs.

3. Reusable code. A modularized framework ensure that a developer can reuse mod-
ules in other parts of the application, or to use the module in other programs.

4. In XSim 2.0, the client as well as the Node.js server are used by every XSim.
Thus, from interviews with XSim developers, an estimated 50 � 70% of coding
needed when implementing new XSims can be removed when using XSim 2.0,
since only XSim specific data is required to be implemented.

While it is very hard to measure the amount of reduced work needed for developing
XSim 2.0, a rough estimate is needed. The amount of coding needed should be reduced
by minimum 50%. A modularized framework together with the removal of Wine should
reduce time spent on maintenance and debugging, whereas additional features such as
automated testing will increase the maintenance. Together, it is more than likely that
the time spent developing will be at least halved. This would mean that 1/3 of the
work spent as a developer can be deducted. Thus, the estimate labor cost for developers

working with XSim 2.0 would be 5 ⇤ 82, 500 ⇤ 12 ⇤ 2

3
= 3, 300, 000kr/year.

Since there is no major impact to the work of the integrator, the cost of integrating
will remain mostly the same with XSim 2.0, with the biggest difference being the in-
troduction of docker-compose as well as removing one configuration file, which re-
duce the workload slightly. Thus, the labor cost of integrating would remain around
0.5 ⇤ 12 ⇤ 82, 500 = 495, 000kr/year.

With 5 testers working full time with XSims, the amount of time testing would equal to
5 ⇤ 40 ⇤ 52 = 10, 400hr/year, excluding breaks, vacations etc. If automated tests are
implemented, the labor cost of the testers would remain the same, 82.500 ⇤ 12 ⇤ 5 =
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4, 950, 000kr/year. However, testing could then, theoretically, be conducted for 16
more hours per day. If 20% of the testing would be automated, i.e 1 tester is tasked with
running and supervising the automated tests, the amount of automated testing would be
16 ⇤ 5 ⇤ 52 ⇤ 5 = 20, 800hr/year, assuming automated testing is around 5x faster than
manual testing.

Another aspect is the fact that the amount of time to perform certain actions in XSim 2.0
is 65.9% faster than the current XSim for moderately experienced testers. This means
that by using XSim 2.0 a tester can accomplish 2080 ⇤ 1.659 = 3450.72hr/year worth
of testing in the same time frame as the current XSim. Thus, if the remaining 4 testers
conducting manual tests are added to the automated testing sum, the total amount of
testing would be 20, 800 + 3450.72 ⇤ 4 = 34602.88hr/year. The cost per hour would
then be reduced from 475.96kr/hr to 143.05kr/hr, which result in 692, 452.8kr worth
of testing gained per year.

The cost of creating a fully functional XSim 2.0 can be divided into:

• Client: The client would need around 2 additional months of full time work to be
ready for production.

• Logic: To fully implement all logic required, 2 months of work is needed.

• Communication: Around 2 months of work is necessary to implement all of the
communication.

• Integration: To integrate XSim 2.0 to the core platform, 3 months of work would
be required.

• XSims: In order to integrate all current XSims to the new framework, around 6
months of work is needed.

• Automation: To set up an automated environment for XSim 2.0, 3 months of
work would be required.

• Node and npm compatability: In order for XSim 2.0 to work as intended, npm
packages are required. These packages must be integrated to the development
environment. An estimated 2, 000hr of implementing a general solution for npm,
together with 1, 000hr/year for maintenance is necessary to create a viable solu-
tion.

Therefore, it would take 29.5 months of full time work to create a production ready
XSim 2.0, which would mean a labor cost of 29.5⇤82, 500 = 2, 433, 750kr. In addition,
XSim 2.0 would require a yearly cost of 3, 300, 000+495, 000+4, 950, 000+495, 000 =
9, 240, 000kr/year. With the costs of XSim 2.0 estimated, the ROI can be calculated.
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ROI =
10, 414, 968� 9, 240, 000 + 692, 452.8

2, 433, 750
⇤ 100 = 76.73%/year

This means that XSim 2.0 would start to pay of after approximately 16 months.
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11 Discussion

In this section, the project as a whole will be discussed.

Interview

In the qualitative research only seven interviews were made. This was due to the limited
amount of people involved with XSims and the fact that the scope of the project was not
to conduct interviews. However, in order to create a quantifiable result, more interviews
would be needed. Furthermore, only one interviewee from each targeted role, except
tester, was interviewed. Even though the result from the interviews were unified, there
is a risk that this data would deviate from a general perspective of the current XSim
framework.

Framework

With React as frontend framework and Node.js as server, JavaScript can be used through-
out the application. However, JavaScript is not a typed language, meaning it can be hard
to understand and debug. TypeScript could be used to create static declarations of data
types, instead of the dynamic declaration used in JavaScript. This would mean that type
checks would be performed during compilation rather than during execution. Having
statically declared data types increase security and improve performance since verifica-
tion during compilation would guarantee that the program satisfies type security for all
incoming data. Frameworks for both Node and React exist to write code using Type-
Script.

With the current XSim framework, it is necessary to re-install every XSim after an
update has occurred. This is due to the current XSim being an desktop-application,
which does not receive updates automatically. With XSim 2.0, nothing is installed on
any specific computer. Instead, to update XSim 2.0, only the Docker images need to
be fetched and rebuilt. This saves time and reduces the error margin which could occur
with the current XSim. Furthermore, with the client being separated from the server
and XSims, any updates to the client will be made visible directly, without the need to
rebuild the server. With XSim 2.0, the client will be shared between all XSims, while in
the current XSim framework every XSim needs a separate UI.

Verification is another aspect which will be improved with a single client and server. To
test and verify the current XSim framework, every test must be implemented separately.
Hence, many test cases will be duplicates, which increase the time needed to update

63



11 Discussion

and run a test case. In XSim 2.0, verification is done by sending JSON objects with
verification attributes from the XSims to the server, which then can use the attributes to
run different test cases.

In XSim 2.0, the Node.js server will create and terminate transmission protocol in-
stances. This means that the server can fetch all the needed XSim information upon
application launch and put the information in a database. By doing so, the server can
limit the communication needed with the XSims, which in turn would decrease the
amount of interface connections between the server and XSims. Protocol instances cre-
ated by the server are also easier to communicate with and manipulate. Since the server
directly handle any incoming or outgoing messages, the server can decrypt a message
and thereafter send the information to the client which will render the message to the
user, i.e the server does not need to fetch the information from the XSim beforehand.

Even though the server often only needs to send the information to the client, in some
cases a new message should be sent based on the message received. This could be the
case if a XSim sends a message which is received by the server. The server should
then create a new message based on the specifications of the XSim. This means that
the server must either request the information from the XSim, or send the message
parameters to the XSim which then creates a message and sends it back to the server
in order to be sent. In either case, information must be passed between the server and
XSim. To circumvent the need of passing such information, the information could be
stored in a database in the server instead. That way, information passing would be fast
and reliable.

With the scope of this project, there is a possibility that every XSim from the current
framework can not be adapted to be used in XSim 2.0. This is due to the fact that a XSim
could have custom settings or transmission protocols not supported by Node.js. These
protocols or settings must then be redone in the Node.js server. For the same reason,
scalability of XSim 2.0 might be an issue due to every XSim residing inside the same
Docker container. Since focus during the project has been put on the client, the XSims
used have been slim versions of the original. Thus, it is hard to estimate how large and
complex each XSim would become. However, a solution if a XSim would become to
complex would be to put every XSim in their own container. Doing so would mean that
the Dockerfile in the server needs to include the wanted XSims. The configuration
build file must also be edited to include wanted XSims. However, even with the extra
steps, XSim 2.0 would contain one file less than current XSim solution when building
the application.
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Return of investment

When calculating the return of investment (ROI) of XSim 2.0, many values were esti-
mated due to information being confidential or unknown, i.e there is a possibility that
they were not 100% accurate. For the same reason, a number of measurements were left
out of the calculation. Thus, a question could be asked on how reliable the ROI is.

When calculating ROI, only direct costs were measured. However, the focus were on la-
bor costs. The reason why many other costs were omitted is that there are no employees
tasked with solely XSim. Thus, costs such as equipment, facilities, etc. would remain
the same since the employee would be handed other tasks.

Indirect costs should also be accounted for when looking at the ROI. These costs could
be product competitiveness compared to other similar products, working morale, or
costs of finding competence. Since XSim 2.0 is modularized, employees can be tasked
with different parts of the framework. A developer can focus on only frontend or back-
end, hence not requiring full knowledge of the framework.

When calculating the effects and costs of automated testing, only the labor cost was
measured. However, automated testing would also increase coverage, which in turn
lead to finding bugs earlier in the development cycle. Finding bugs early is, according
to G. Tassey [34], up to 5x less expensive to fix than bugs found after release. Although
an actual estimate of how much this would benefit XSim 2.0 is hard to derive, it should
definitely be taken into consideration. Moreover, an increased amount of automated
tests would further decrease the cost per hour when testing.

Performance testing

While the performance in terms of throughput and CPU usage of the application is
imperative, the data received from such tests would not depict the true performance of a
finished product. Furthermore, since little focus was put on logic or performance during
the project, XSim 2.0 is not ready for production, meaning it would be challenging
to define a fair comparison between the two frameworks. Thus, no such tests were
performed during the project. However, testing was performed to ensure that XSim 2.0
does fulfill all requirements of the project.
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12 Conclusion

In this project it has been proven, with a proof of concept, that a web-based application
called XSim 2.0 can be used to control and present external simulators in a secure envi-
ronment. During the project, a set of goals have been accomplished. The goals for the
project were, 1. Design and develop a new web-based framework for XSim 2.0, which

can be integrated with core platform and follows MVC paradigm., 2. Demonstrate and

verify, with a proof of concept, the feasibility of the new framework., and 3. Analyze and

evaluate the suitability of the new framework, with regard to ROI and performance..

To accomplish the first goal, a qualitative interview was conducted to understand the
needs and desires of the new framework. Together with the requirements of the frame-
work, a new framework could be defined. The framework is divided into a client and a
server, which both reside in Docker containers in order to integrate with the core plat-
form. The server hosts instances of transmission protocols, which are used to send and
receive messages in a closed network. The server is also connected to an interface,
which is needed to communicate with every XSim. All of the code written during the
project have been modularized and follows the MVC paradigm.

For the second goal, a proof of concept was developed. The proof of concept was used
to demonstrate the feasibility of the new framework. In the proof of concept, two XSims
were integrated, Navigator and Gyro. The Navigator includes two messages, while
Gyro includes one. The messages have different amount of parameters and character-
istics, which were used to demonstrate the dynamic flexibility of a message. Each mes-
sage utilizes certain transmission protocols to send the message parameters out through
a closed network. In the proof of concept, multicast UDP and TCP were implemented.
Two messages used multicast UDP and one message used TCP as protocol. In the proof
of concept, existing features in the current XSim were altered to satisfy the user requests
gained through the qualitative interview, as well as the requirements of XSim 2.0. Great
consideration was taken toward possible new features, both in terms of functionality, as
well as design and positioning. However, no new large features were implemented in
the proof of concept.

To complete the third and final goal, an evaluation of XSim 2.0 was performed. The
evaluation consisted of a performance comparison between XSim 2.0 and current XSim,
together with a measurement of the return of investment for XSim 2.0. In the perfor-
mance comparison, XSim 2.0 came out on top with regard to modularization, platform
independence, flexibility and automated testing. In addition, XSim 2.0 is more intuitive
when performing actions through the UI for the first time, as well as when performing
the same action a second time, where XSim 2.0 is 65.9% faster than the current XSim.
The current XSim framework includes more extensive verification. There is also an

66



12 Conclusion

uncertainty regarding the scalability of XSim 2.0, where too large and complex XSims
could provide a problem. However, this was not proven.

Return of investment for XSim 2.0 could be calculated by estimated the remaining time
needed to complete the XSim 2.0 framework, together with the labor cost of working
with both XSim 2.0 and the current XSim framework. In the calculation, the results
from the performance tests conducted during the project were used as measurements.
The return of investment is estimated to be 76.73% per year, meaning that XSim 2.0
would start to pay of after approximately 16 months. Thus, it can be concluded that
XSim 2.0 would be a suitable framework to replace the current XSim framework.
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13 Future work

XSim 2.0 rely heavily on Docker. In order to increase performance, container orches-
tration tools such as Kubernetes could be used. Kubernetes is an open source tool for
automating deployment, scaling and management of containers [25].

During this project, the Node.js server also acted as a local database. During an ac-
tual implementation, with much more data being handled, a database would be needed.
Apart from storing message data, the database could store information such as XSim
configuration and properties, tests, logs and scenarios for the WSim. This could greatly
increase the efficiency during use, since the user would not need to reconfigure the ap-
plication upon every restart.

With the proof of concept created in this project, XSim was integrated in the application.
While XSim is the core of the application, many other features could help the application
becoming more automated and faster to operate.

• Automated testing: Since the core purpose of XSim 2.0 is testing, implement-
ing automated tests would greatly increase productivity and efficiency. XSim 2.0
include all available XSims, which means that the data would be stored in the
same database, as opposed to the current solution with separate XSim applica-
tions. With the data stored in one database, implementing automated tests is much
easier, since a message sent from one XSim can be compared with the message
received in another XSim trough the joint database.

• Integrate WSim into XSim: Currently, the WSim and XSim are separated. With
a browser-based application for XSim, integrating WSim directly into XSim is
easier than the current MFC based XSim, since XSim 2.0 is cross-platform com-
patible.

• Logic: Logic in the interface has been requested by many users of the current
XSim, according to the interview data gathered in the project. By implementing
logic into the client, the user could easier operate XSim 2.0.

• Error handling: With the Pino logging tool, a developer can see detailed logging
directly in the terminal. However, if errors occurring in Pino would be displayed
in the UI of the client as well, a user would better understand why an error oc-
curred and could better pin-point the location of the error.

• Visible IP address: By displaying the IP address of the host running XSim 2.0,
a user would not need to find the IP on their own. If a script is created, where the
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IP address is set in the .env file, which then run docker-compose, the IP address
can be fetched from inside the application.

• Status bar: In XSim 2.0, the status bar is not fully implemented. By implement-
ing the status bar, general and specific XSim information can be viewed to the
user, together with other features such as Pino error messages, application logic
settings, configuration etc.

Apart from new features, XSim 2.0 also needs better validation. As of now, there is
no PropTypes validation in the client, meaning that the data received in functions is not
validated. With PropTypes, which is a type checking method in React, validation of data
can be ensured.

Before starting an instance of a certain protocol, the Node.js server should make sure
that the IP address and ports are not already taken. If a timeout is implemented in the
server, the startup process could be cancelled and the client could be notified that the
startup was a failure.
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Question < 2 year > 2 year
Do you use the command line

for configuration? No No, or as little as possible

Would you prefer using
command line or interface
for configuring a XSim? Interface Interface is better

Which functions do you think
should be easily accessible

in a XSim?

File management.
Message meaning and usage.
Seeing something happening

when you do something.

Generation of tracks
Settings and preferences.

Startup-process.
Release-notes about changes.

Which functions do you use
the most as a tester? Most functions.

Looking at log. Track-handling.

Do you believe that an XSim
should include logic or only

behave as an interface? Both, logic by default. Logic is good.

Should it be possible to do both,
i.e to be able to configure logic? Yes

Configurable logic nice
in some cases.
Default logic

What is cumbersome to do
with the current interface? Understanding things.

Currently counterintuitive.

Having clarity over
what’s happening.
Counterintuitive.

XSim’s inconsistent.
Do you think the interface

should include any function
not currently available

in the XSim?

Users guide, based on target group.
Reset-button that resets

to default values.
Demo-scenario.

Debug meny.
Easier spotting errors,

e.g with a log.
Users guide or help button

What is your view on using
a web-based GUI? No oppinion No problem with web-based.

Table 3: Summarized answers from interviews with 4 different testers,
divided by current experience with XSim.
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Question Answer
For how long have you been using XSim? 1.5 years

Do you use the command line
for configuration? No

Would you prefer using
command line or interface
for configuring a XSim? Interface

Which functions do you think
should be easily accessible

in a XSim?
Seeing all indexes in an array for messages,

currently only latest index is shown.

Which functions do you use
the most as a developer?

In- and out-messages.
Mostly manual, sometimes automatic.

Often multiple XSim’s at once, with WSim and ESim.
Setting parameters.

Do you believe that an XSim
should include logic or only

behave as an interface? Logic is fine as long as it indicates.

Should it be possible to do both,
i.e to be able to configure logic? Should be configurable.

What is cumbersome to do
with the current interface?

Not very clean,
hard to understand what’s happening.

Synergy between XSim and WSim is bad.
Do you think the interface

should include any function
not currently available

in the XSim?

Ability to override WSim.
Pause function for messages.

What is your view on using
a web-based GUI? Web GUI is good.

Table 4: Summarized answers from a XSim developer.
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Question Answer
For how long have you been using XSim? 1.5 years

Do you use the command line
for configuration? No

Would you prefer using
command line or interface
for configuring a XSim?

Which functions do you think
should be easily accessible

in a XSim?

Better overview of messages.
Fast logs, like wireshark.
Switching IP-addresses.

More dynamic setup.
Manipulating data in messages

(If it is possible).
Which functions do you use

the most as a integrator? In- and out-going messages.

Do you believe that an XSim
should include logic or only

behave as an interface?
Should reflect real system,

so logic should exist.

Should it be possible to do both,
i.e to be able to configure logic? Seems reasonable,

but logic as default.

What is cumbersome to do
with the current interface?

Takes long time to send custom messages.
If you get a socket-error,
all you can do is restart
and hope for the best.

Do you think the interface
should include any function

not currently available
in the XSim?

Save scenarios, that then can be uploaded.

What is your view on using
a web-based GUI? As long as it works and is fast.

Table 5: Summarized answers from a XSim integrator.
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Question Answer
For how long have you been using XSim? 8-10 years

Do you use the command line
for configuration? Yes

Would you prefer using
command line or interface
for configuring a XSim? Both could be good.

Which functions do you think
should be easily accessible

in a XSim?

Overview of messages.
More info about the messages when choosing them.

Easy to check preferences and status.

Which functions do you use
the most as a user? Mostly output, sometimes input messages.

Do you believe that an XSim
should include logic or only

behave as an interface? Good with logic.

Should it be possible to do both,
i.e to be able to configure logic? Configurable, should be possible to choose.

What is cumbersome to do
with the current interface?

Current log-function hard to understand.
Understanding messages.

Rarely you turn on or off all messages.
Do you think the interface

should include any function
not currently available

in the XSim?

Pause button for messages being sent.
More logic that makes it possible

to simulate like the real thing.
Easier to connect and disconnect with the game.

What is your view on using
a web-based GUI? Good with web.

Table 6: Summarized answers from a XSim user.
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B Prototype design

Figure 26: Home screen of XSim 2.0, displaying a side navigator to the left, a status bar
to the right and a log at the bottom.
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B Prototype design

Figure 27: A selected item from the side navigator, together with an expanded status
bar.
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B Prototype design

Figure 28: Figure showing the parameter module which pop up when a XSim has been
selected.

Figure 29: Interface when a XSim has been started.
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B Prototype design

Figure 30: When pressing ”Add message” a module appear displaying the available
messages that can be selected for specific XSim.
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B Prototype design

Figure 31: Interface when two messages have been added. One of the messages has
been minimized.
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B Prototype design

Figure 32: The log of XSim 2.0. All messages will appear here, which can be filtered
with the filter function. It is also possible to record and save the content of the log, pause
the log and toggle between different log views.
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C Resulting interface

Figure 33: Home screen of XSim 2.0. The application contains a side navigator to the
left, a status bar to the right and a message log at the bottom.
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C Resulting interface

Figure 34: Using the default side navigator to navigate through the available XSims in
XSim 2.0.

Figure 35: Using the expanded side navigator to navigate through available XSims.
Provides more information about XSim 2.0 and each options, compared to default side
navigator.
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C Resulting interface

Figure 36: Startup module appearing when a XSim is selected from the side navigator.

Figure 37: Alert popup appearing when a user attempts to start a XSim with invalid
parameters.
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C Resulting interface

Figure 38: Screen when a XSim has been started, in this case Navigator.

Figure 39: Status bar expanded. The status bar contains status information for the
application as a whole, together with specific information about the XSim currently
viewing.
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C Resulting interface

Figure 40: Additional XSims will be put as tabs in XSim 2.0, where a user can navigate
through different XSims.

Figure 41: Message module showing when Add message has been pressed, displaying
all available messages for a specific XSim.
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C Resulting interface

Figure 42: Added messages are put in the outgoing and incoming messages containers,
respectively.

Figure 43: Outgoing messages with two messages added.
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C Resulting interface

Figure 44: Minimize function for a message demonstrated. This can be done for each
individual message or for all messages.

Figure 45: When a message is sent, the client will notify the user if the action was
successful with a green light, together with when the message was sent. A red light
indicate that something went wrong, while a gray light indicate that no message has
been sent.
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C Resulting interface

Figure 46: Incoming message displaying the message parameters, as well as status and
last received.

Figure 47: Message log of XSim 2.0.
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C Resulting interface

Figure 48: Filtering function displayed, where each XSim or specific messages for each
XSim can be filtered in the log.

Figure 49: Stop module displayed after a user has pressed the stop option from the side
navigator. This will terminate all sessions and reset all values.
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