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Abstract 
 
The importance of considering usability when developing software is widely recognized in 
literature. This non-functional system aspect focuses on the ease, effectiveness and efficiency 
of handling a system. However, usability cannot be defined as a specific system aspect since it 
depends on the field of application.  

In this work, the impact of usability for accelerator tools targeting availability and reliability 
analysis is investigated by further developing the already existing software tool Availsim. The 
tool, although proven to be unique by accounting for special accelerator complexities not 
possible to model with commercial software, is not used across facilities due to constraints 
caused by previous modifications.  

The study was conducted in collaboration with the European Spallation Source ERIC, a 
multidisciplinary research center based on the world’s most powerful neutron source, 
currently being built in Lund, Sweden. The work was conducted in the safety group within the 
accelerator division, where the availability and reliability studies were performed. Design 
Science Research was used as research methodology to answer how the proposed tool can 
help improving the usability for the analysis domain, along with to identify existing usability 
issues in the field.  

To obtain an overview of the current field, three questionnaires were sent out and one 
interview was conducted, listing important properties to consider for the tool to be developed 
along with how usability is perceived in the accelerator field of analysis. The developed 
software tool was evaluated with After Scenario Questionnaire and the System Usability 
Scale, two standardized ways of measuring usability along with custom made statements, 
explicitly targeting important attributes found when questioning the researchers.     

The result highlighted issues in the current field, listing multiple tools used for the analysis 
along with their positive and negative aspects, indicating a lengthy and tedious process in 
obtaining the required analysis results. It was also found that the adapted Availsim version 
improves usability of the previous versions, listing specific attributes that could be identified 
as correlating to the improved usability, fulfilling the purpose of the study. However, results 
indicate existing commercial tools obtained higher scores regarding the standardized tests 
targeting usability compared to the new Availsim version, pointing towards room for 
improvements.  

Keywords: Usability, Availsim, Availability and Reliability analysis 
 
 
 
 
 
 



 
 

 

 



 
 

 

Sammanfattning 
 

Vikten av att ta hänsyn till användbarhet vid mjukvaruutveckling är välkänt inom litteraturen. 
Denna icke-funktionella system-aspekt fokuserar på enkelheten och effektiviteten vid 
systemhantering. Användbarheten av ett system kan dock inte definieras som en specifik 
systemaspekt då den beror på tillämpningsområdet.  

Detta arbete undersöker inverkan av användbarheten gällande verktyg som används vid analys 
utav tillgänglighet och tillförlitlighet (Eng. Availability and Reliability) för 
partikelacceleratorer genom att vidareutveckla den befintliga mjukvaran Availsim. Mjukvaran 
är bevisad att på ett unikt sett kunna ta acceleratorspecifika hänsynstaganden som inte är 
möjliga att återskapa med de kommersiella verktyg som finns tillgängliga idag. Trots 
mjukvarans unika egenskaper är den inte använd. Detta, på grund av tidigare modifieringar, 
vars begränsningar endast möjliggör användandet av mjukvaran vid en specifik anläggning. 

Studien utfördes i samarbete med European Spallation Source, ERIC. ESS är en 
multidisciplinär forskningsanläggning baserad på världens kraftfullaste neutronkälla som för 
närvarande byggs i Lund, Sverige. Arbetet utfördes i säkerhetsgruppen inom 
acceleratordivisionen, där analysen utav acceleratorns tillgänglighet och tillförlitlighet utförs. 
Design Science Research användes som forskningsmetodik för att svara på hur den föreslagna 
mjukvaran kan bidra till att förbättra användbarheten vid den angivna analysen, samt definiera 
de befintliga användbarhetsproblemen inom området.  

För att få en överblick av hur analysen bedrivs i dagsläget skickades tre enkäter ut och en 
intervju genomfördes för att sammanställa viktiga egenskaper att ta till hänsyn vid utveckling 
av den nya mjukvaran, tillsammans med hur forskarna uppfattar användbarhet för denna typ 
av analys. Den utvecklade mjukvaran utvärderades med två standardiserade frågeformulär, 
inriktade på att mäta användbarhet för system vid namn ”After Scenario Questionnaire” och 
”System Usability Scale”. En tredje uppsättning av frågor konstruerades också för att explicit 
mäta de viktiga egenskaper som framkommit vid enkätutskicket och intervjun. 

I resultatet lyfts problem i det aktuella området fram där de verktyg som används vid analysen 
listades tillsammans med deras positiva och negativa egenskaper. Dessa egenskaper 
indikerade på en omständig och lång process för att erhålla de analysresultat som önskas. Det 
konstaterades också att den anpassade Availsim-versionen förbättrar användbarheten 
gentemot tidigare versioner genom att lista specifika egenskaper som kunde identifieras till att 
direkt ha en inverkan i hur användbarheten uppfattas. Resultaten visade också på att det 
befintliga, kommersiella verktyget Reliasoft erhöll högre resultat vid de standardiserade 
testerna. Något som tyder på utrymme för förbättringar. 

NYCKELORD: Användbarhet, Availsim, Tillgänglig- och Tillförlitlighetsanalys 
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1 INTRODUCTION 
Availability and reliability analysis started evolving during World War II in order to create 
more reliable radars and rocket missiles [2]. This analysis was not applied for accelerators at 
that time, even though they had been in use for 20 years, this, because the machine users also 
generally were the developers. Now however, when accelerators needs to host a whole 
community of experimental physicists, up to about 60 different experiments at the same time 
can be conducted [2]. The machines therefore need a high level of availability and reliability 
in order to conform to the high amount of users. 
 
Today, although plenty of research exists in various fields regarding of availability and 
reliability, close to no research could be found in the field of accelerator availability and 
reliability analysis [1]. Additionally, since accelerator facilities are businesses, it is of 
importance to perform these availability and reliability analysis as efficient and effective as 
possible, thus, considering usability. 
 
Accelerators are used in different fields such as medicinal radiation therapy, particle physics 
for analysis of materials and to generate X-rays [2][26][17]. The organization responsible for 
the machine usually only represents a small percentage of the actual users, it is therefore 
important to, as early as in the development phase as possible, make sure user needs can be 
satisfied. For this reason, accelerator availability and reliability analysis is an important 
measurement.  
 
Although tools targeting availability and reliability analysis are widely used across fields, the 
accelerator analysis requires tailor made software to account for certain complexities between 
accelerator components [25]. Accelerators are very specific, whose availability and reliability 
is hard to measure with commercial tools today [25][1]. Such complexities include different 
failure types of components, grouping components and how these different failures affect key 
parameters of the machine. This study analyzes software tools for overall availability and 
reliability analysis, looking at what main usability challenges are in existence today and how a 
proposed software tool can help improving the usability in the field. Due to the lack of 
research and literal work, the study attempts to bridge the gap within the field and analytical 
software application.  
 

1.1 Introduction        
According to ISO 9241-11 [20], Usability is defined as “the extent to which a product can be 
used by specified users to achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use.” Usability means “quality in use”, and is highly 
related to user and system performance [37]. It is achieved by design, where the physical and 
psychological characteristic of a user is taken into consideration, as well as the tasks they are 
expected to accomplish and the environment in which they work [37]. To measure and control 
the availability and reliability of large and complex systems such as accelerators, a number of 
software applications exist. Examples of such software applications are Reliasoft, consisting 
of multiple software tools [7], Riskspectrum, using fault tree and event tree modelling and 
analysis [29], and Isograph, analyzing large and complex fault and event trees [22]. The 
reason to use software for this analytical purpose is its unique ability to quickly handle 
complex dependencies and calculations. Because of the importance of these software tools, 
the usability of these applications is of high importance. Enabling users to perform analyses as 
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efficiently, effectively and with as high satisfaction as possible, affecting the business 
positively.  
 
The problem with today’s software solutions is however, that important complexities of 
accelerators are not explicitly considered and are close to impossible to replicate when using 
available commercial software [25]. Mentioned complexities are of great interest in the 
analysis to with the help of software, replicate a scenario as close to reality as possible. 
 
The study will be conducted using the design science research (DSR) methodology and in 
collaboration with the European Spallation Source ERIC (ESS), currently being built in Lund, 
Sweden. Software tools for overall availability and reliability analysis will be analyzed, 
looking at what main usability challenges are in existence today and how a proposed software 
tool can help improving the usability in the mentioned field.  

1.2 Background 
ESS is a multidisciplinary research center based on the world’s most powerful neutron source, 
currently being built in Lund. The research ESS is conducting is based on accelerator-driven 
neutron spallation, creating protons at the ion source, accelerating them to the appropriate 
energy, and steering the protons onto the target to generate neutrons to be analyzed. This 
analysis is of great importance in understanding atomic structures as well as meeting the 
technological challenges of tomorrow.  

The ESS organization is divided into multiple divisions, where each division has a specific 
role in the project. The accelerator division is responsible for building the accelerator, with 
the purpose to accelerate protons to a given energy with the help of special-tailored 
components specifically constructed for ESS. The safety group, within the accelerator 
division, is responsible for analyzing accelerator-related hazards during operation and 
maintenance as well as making sure the machine users will be satisfied in terms of accelerator 
reliability and availability.  
 
Because people from across the globe will conduct experiments using the ESS linear 
accelerator (linac), it is important these experiments conform to the given requirements and 
without interruption. Generally, accelerator users’ needs a pre-defined intensity of the beam 
for a certain duration of time to successfully conduct their experiments [25][2][27]. This 
implies the machine cannot have too many so called “beam trips”, a point in time where beam 
intensity drops [25], caused from e.g. component failure. Additionally, under critical runtime 
conditions, the beam could damage accelerator or target components as well as the beam pipe 
itself. This can lead to potential costs in terms of replacing damaged equipment, repair 
cost/repair time and downtime, where no experiments can be performed.  
It is for this reason important to control reliability and availability of the machinery and its 
surroundings, preventing as much damage (physical and economical) as possible. For ESS, it 
is therefore essential to analyze the whole machine at an early design phase to highlight 
critical parts and to deal with them accordingly. The problem with today’s software solutions 
is troubling for the analysis, and special made software tools are required in order to better 
predict how available and reliable the machine will be with a defined set of components. 

Currently, only one software developed specifically for availability and reliability analysis of 
accelerators exist. The software, named Availsim, is however very limited and unusable as it 
is today and a usability improvement is necessary for it to be used not only at ESS but also 
other facilities conducting availability and reliability studies. 
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The thesis, focusing on the impact of usability for particle accelerator software tools 
analyzing availability and reliability have been conducted in collaboration with ESS. 

 

1.3 Objective 
The thesis, focusing on improving the usability of Availsim, a software tool for analyzing 
availability and reliability of accelerators will provide knowledge for the currently very 
limited literature in the field. Reliability and availability analysis is important since it is used 
to predict future sequence of events, given defined pre-conditions. The information obtained 
from the software analysis can highlight critical system parts and enables decision-takers to 
direct their focus on the most crucial components. It is therefore important for this analysis to 
not be customized for individual facilities or difficult to use. The work will investigate in the 
main usability challenges in existing software tools for analyzing availability and reliability, 
used by accelerator facilities as well as how the proposed tool (updated Availsim) can help 
improving the usability of availability and reliability analysis for accelerators. 

The accelerator, as a main source for ESS, needs to be both available and reliable for the 
conduction of experiments to satisfy the customers as well as business needs. Currently, 
Reliasoft is used for conducting the analysis. The goal is to improve the usability of the 
existing software Availsim, the only tool supporting more detailed analysis, and make it more 
generic since it is currently very limited, making it extremely hard for other facilities to use. 
The work will be conducted in collaboration with ESS. And, together with the help and 
expertise from their employees, not only improve usability in Availsim for the ESS facility, 
but also for future facilities to be developed. 

The foremost objective of thesis was to improve the usability of the current existing tool 
Availsim, along with analyzing the availability and reliability domain to find the major 
usability issues in the field. To achieve this, a new software referred to as “Availsim3.0 will 
be developed. The new software will be a re-development of the Availsim tool, with the aim 
to solve the currently existing usability issues of the software.  

1.4 Delimitations 
In regards of limitations of the research, important to take into account are the construct 
validity threats, where for instance, wrongly constructed questions can potentially yield 
inaccurate results, leading to a software which do not conform to the current needs in the 
field. The study will also be limited to researchers targeting availability and reliability within 
ESS, European Council for Nuclear Research (CERN) and Stanford Linear Accelerator 
Center (SLAC). The study will therefore not directly cover the needs of any other 
organization or accelerator facility. Because of the chosen field of accelerator study, 
important to note is that the found needs might not conform to other domains’ usability 
requirement outside the scope of availability and reliability analysis. The purpose of the study 
is not to provide technical details in how availability and reliability analysis is conducted, but 
to measure the impact of usability in the field. For this reason, technical details and solutions 
will not explicitly be explained, keeping the focus on usability. Lastly, the artifact developed 
will primarily focus on found, unsolved issues. Not prioritizing already solved tasks. 
 

1.5 Thesis questions and/or technical problem 
The thesis work will focus on improving usability of the existing software Availsim, enabling 
broader usage of the tool in availability and reliability analyses for accelerators as well as 
more efficient and effective user management. In combination with the conducted literature 
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review, two research questions can be established to fulfill the purpose of the study. 
 

RQ1: How can the proposed tool help in improving the usability of availability and 
reliability analysis for accelerators? 

RQ2: What main usability challenges exist in the current available software used for 
availability and reliability analysis for accelerators? 

2 THEORETICAL FRAMEWORK 
The advantages of usability for software users have been much highlighted in literature. 
Usability however, when implemented poorly, is the single biggest reason for application 
failure in practice [37]. Although the clear advantages with a usable system, usability is not 
possible to be defined as a specific system aspect. This system aspect, defining usability, vary 
depending on the intended use of the system [35]. An example of this is a bank cashier’s 
system, where efficiency (tasks per minute) is crucial to help reduce customer queuing time. 
Systems for kiosks however, encounters different users who only uses the system once, tasks 
per minute is therefore not as relevant as the ease to learn [35].  
Literature also highlights usability evaluation methods such as Heuristic Evaluation (HE) and 
User Testing (UT), pointing out their advantages and disadvantages along with alternative 
frameworks [4][37]. Several studies argues that binding usability to how users achieve their 
goal efficiently, effectively and with a sufficient degree of satisfaction may not be adequate in 
some context of use. Therefore, new frameworks and methods are continuously proposed and 
evaluated [37][16]. 

This section begins with introducing the literature related to usability along with how its 
impact varies between fields. To end the section, different techniques of analyzing availability 
and reliability are presented. This is important in order to understand the basis of this study, 
where the two fields are treated. 

2.1 Impact of usability 
Software Engineering: 
It is argued in literature that software design and usability are related [37][35]. This means 
usability would need to be addressed early in the development phase of a system, and not only 
when constructing the user interface, due to the tight relationship between the software 
architecture and features that can be perceived as usable. Such features could be e.g. applying 
alternative security mechanisms or displaying status information [37]. The study in [37] 
divides the development phase of a system into four parts; analysis, design, implementation 
and testing, proposing guidelines on how to efficiently include usability into this development 
process of a system. Examples of the introduced guidelines are warning guidelines, dealing 
with the users’ needs to receive different alert-types upon execution of potentially harmful 
actions. A more detailed description can be found in [37]. To consider usability at early stage 
of the software development is argued to be a necessary approach in order to develop an as 
usable software with a reasonable cost [5][37].   
Although the clear advantages with a usable system, applying usability techniques into the 
software development is not straight forward. Xavier Ferré, Natalia Juristo and Helmut Windl 
claims one reason is the different conceptions of software development between software 
engineers and usability engineers, where conflicts arise between the two parts due to different 
terminology and procedures [35].   
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Software are continuously developed and adapted, even after deployment. It is therefore 
important to continuously analyze the usability of software to ensure the software is used to 
its full potential [37]. 

Safety Critical Systems: 
Users of safety-critical systems are expected to effectively control and monitor complex 
systems, and computer-related accidents are often blamed on the operator [24]. Even though 
most commonly, the cause is not operator negligence, but rather the lack of attention 
regarding usability and user limitations by the system designers [24]. Poor usability can lead 
to high error rates, user dissatisfaction and long task times. It is also the main factor affecting 
users’ performance [31][8], unacceptable consequences when operating safety critical systems 
where human behavior is time-critical. Many papers discussing how inadequate design 
practice may lead to poor usability exists. However, papers targeting concrete guidance and 
practice are rear [8][24]. 

Sales and Revenue: 
Usability can have a huge impact on a business sales and revenue if not carefully considered, 
especially when a big part of the business involves end-user interaction with a user interface 
[16]. Throughout literature, this interaction is studied. E.g. by looking at hotel and hospitality 
sites to obtain valuable information in how interface usability difficulties affect the users. 
Along with how this affect ultimately impact on sales and revenue [31]. Found was that, a 
high percentage of users failed to successfully navigate these sites to reserve rooms, showing 
stakeholders failure in achieving a main goal of the business [31][4]. 

2.2 Availability and Reliability Analysis 
Very little literature was found discussing the importance of software availability and 
reliability analysis in the particle accelerator domain. Despite the lack of literature, plenty of 
research targeting specific accelerator hardware components based on lessons learned from 
previous project could be found. These papers only discuss previous accidents and historical 
data for which components tend to fail the most, how these failure-rates could be decreased 
and which fatal consequences might be caused from e.g. burst of a specific pipe. The studies 
are mainly considered when conducting overall risk analysis for accelerators on how to 
prevent fatal accidents, or when looking at what percussions are required to minimize the 
damages. In availability and reliability analysis, such scenarios are irrelevant due to the nature 
of the analysis, only seeking an overall picture, not narrowing down to the extent of which 
percussion’s needs to be implemented in order to build an as safe facility as possible. For this 
reason, articles targeting specific accelerator hardware components, based on lessons learned 
from previous projects have been considered irrelevant, and therefore omitted in this paper. 
However, the fact that no papers found directly discusses the importance of software 
availability and reliability analysis for particle accelerator highlights an important knowledge 
gap in literature. 

Reliability: 

Reliability represents the probability of parts, components and systems to perform their 
required functions for a desired period of time without failure in specified environments with 
a desired confidence.  

Reliability provides information about failure-free intervals and is driven by number of 
failures in a given time interval 

Availability: 
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Availability is the probability that a system is not failed or undergoing a repair action when it 
needs to be used. Below, the availability (A) of a system is defined: 
 

𝐴 =
𝑈𝑝 𝑡𝑖𝑚𝑒

𝑇𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒
           =  

𝑈𝑝 𝑡𝑖𝑚𝑒

(𝑈𝑝 𝑡𝑖𝑚𝑒 + 𝐷𝑜𝑤𝑛 𝑡𝑖𝑚𝑒)
                 (2.1)  

         

Availability provides information about how you use time and is driven by time loss, unlike 
reliability that is driven by number of failures per time interval. 

To measure and control the availability and reliability of accelerator hardware components, a 
number of software applications exist, but none of them are optimized for accelerators, taking 
their flexibility into account. Examples of such software applications are Reliasoft, 
Riskspectrum and Isograph. Even though these software are used for accelerator analysis 
today, they primarily focus on safety critical systems such as airplanes, chemical industries or 
military organizations, where system failure can have fatal consequences.  

For accelerators, these consequences are not as fatal. Additionally, the software available 
today is restricted, as it doesn’t allow flexibilities such as compensating for a failed 
component by changing the parameters of another. For accelerators, this flexibility is 
important to consider when analyzing how available and reliable the hardware-solution is.  

There exists four different approaches used in commercial software, analyzing availability 
and reliability, described below. The examples are only simplifications, whose purpose is to 
introduce these concepts, and describe briefly how they can be used to analyze availability 
and reliability 

Markov Chains: 
The Markov Chains analysis is based on states and transition between these states [23]. The 
analysis is used for systems where the next state only depends on the current state and not the 
sequence of events that preceded it (also called the Markov property). It is used to predict the 
probability of a system, after a number of time steps, appearing in some state [23].  

 

Fig. 2.2 – Markov chain transition diagram example 
 

Fig. 2.1 shows an easy example of a Markov chain diagram of a system. The system can be in 
two states, either available or unavailable. The probability of moving from the available state 
to the unavailable state is 0,1, while staying in the available state is 0,9. From the unavailable 
state, the probability of going to the available state is the same as for remaining in the same 
state. When using Markov chains, it is of interest in knowing how a system will behave after a 
number of time steps.  

Fault Tree or Event Tree Analysis: 
Fault Tree Analysis (FTA) is a top down deductive failure analysis in which an undesired 
state of the system is analyzed using Boolean logic to identify how lower level events could 
combine to produce upper level system states. To visualize this, a tree of components or 
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systems connected with logical gates is used as in Fig. 2.4. Event Tree Analysis (ETA) is an 
inductive based analysis that begins with an initiating event and work towards the top event.  

 

Fig. 2.4 – Fault Tree example 

The strength with this analysis is its ability to define what underlying combination of events 
that triggers an undesired system state. This enlightens components or subsystems that are 
most likely to negatively influence a system, enabling decision-takers to as early as possible 
address these risks. 

The Boolean algebraic representation of the undesired state to happen in Fig. 2.5 can be 
written as follows: 

 

 Fig. 2.5 – Fault Tree and its Boolean Algebraic Representation 
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The Boolean representation for the whole system is written at the top event. This expression 
can be rewritten and a minimal cut set can be found with laws of Boolean algebra. A minimal 
cut set is a list of minimal, necessary conditions for the top event to occur.  

Reliability Block Diagram:  
Reliability Block Diagram (RBD) also called “dependence diagram” uses blocks, representing 
subsystems or system components connected to one other in parallel or in series. Each block 
has a certain failure rate (λ). Parallel paths are redundant, meaning all blocks in parallel have 
to fail in order for the system to fail. In contrast, any failure along the series path will cause 
the entire system to fail. 

This network of components and/or subsystems is analyzed by looking at each block failure 
rate and what the probability is for the network path to break. 
 

 

Fig. 2.6 – RBD example 

To calculate the overall reliability of a RDB, blocks connected in series are multiplied to 
obtain their combined failure rate, while blocks in parallel are calculated by formula 5.1. 

(
𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓

1𝑠𝑡 𝑏𝑙𝑜𝑐𝑘 
𝑤𝑜𝑟𝑘𝑖𝑛𝑔

) +  (
𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓

2𝑛𝑑 𝑏𝑙𝑜𝑐𝑘  
𝑤𝑜𝑟𝑘𝑖𝑛𝑔

   ∗    
𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓

𝑛𝑒𝑒𝑑𝑖𝑛𝑔 𝑡ℎ𝑒
2𝑛𝑑 𝑏𝑙𝑜𝑐𝑘

)   (5.1) 

 

Spreadsheet Calculations:  
Using spreadsheets of component properties and in combination with formulas combine these 
properties in order to estimate the overall system availability. These calculations vary a lot, 
especially in the domain of accelerators since different accelerators have different 
components. However, these spreadsheet calculations only provide a brief overview of the 
system as a whole. 
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RQ1: How can the proposed tool help in improving the usability of availability and 
reliability analysis for accelerators? 

RQ2: What main usability challenges exist in the current available software used for 
availability and reliability analysis for accelerators? 

 

3 METHOD 
When looking for the appropriate research methodology, the objective of the study can be 
used to determine the best suiting approach [10]. The objective of this study was answering 
the research questions established in section 1.5, investigating in usability challenges existing 
in current available software used for availability and reliability analysis for accelerators, as 
well as to improve the usability by developing a new software tool. In boar terms, the study 
seeks to create a software artifact to address unsolved organizational problems. For this 
reason, design science research (DSR) has been chosen as methodology. However, if the main 
objective would focus on exploration, description or explanation, case study or action 
research would be most suiting [10]. The objective of case studies focus on the understanding 
of complex social phenomena, while action research wants to solve or explain problems of a 
given system, generating knowledge for the practice and theory [10]. The reason to why 
experiment has not been chosen is because experiments require a very controlled environment 
and the experiment setup is strict [14]. Experiments are also susceptive for scale-up problems 
[14]. 
 
A research method can either be quantitative, qualitative or a combination of both.  
The quantitative research includes findings, which might be expressed numerically and focus 
on analyzing how something works [10]. The research arrives to conclusions by explaining 
phenomena, using numerical data and further analyzed by using statistics and mathematically 
based methods [10]. The qualitative research originates from social sciences and focuses on 
people’s interpretation and achieving and understanding of a topic, providing more subjective 
results. This research is more concerned with social aspects [14][10]. For further information 
about the two research types and their combinations, see [10]. The methods used for data 
collection in the different part of the DSR will be further explained in the respective section 
and in correlation to the research questions to answer. 
 
Hevner et al. describes DSR as a paradigm that “has its root in engineering and the sciences of 
the artificial” [10]. They continue with explaining that “It is fundamentally a solving 
paradigm. It seeks to create innovations that define the ideas, practices, technical capabilities, 
and products through which the analysis, design, implementation, management and use of 
information systems can be effectively and efficiently accomplished.” [10]. In a more recent 
paper, A. Hevner further elaborates the paradigm, identifying three design science research 
cycles [21]. These research cycles, shown in Fig. 3.1, needs to be present and clearly defined 
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in any DSR project. 

 
Fig. 3.1 – Design science research cycles [21] 

 
 

The relevance cycle bridges the project environment with the DSR activities. It provides an 
application context for the research, initiating the DSR with requirements for the study carried 
out as both inputs and acceptance criteria used as evaluation for the research result 
(problems/opportunities)[10][9].  
 
The rigor cycle connects the research activities with the knowledge base, providing 
experience, expertise and scientific foundation knowledge to the research project [10]. The 
knowledge base contains existing artifacts and process in the application domain. This past 
knowledge, together with the researcher’s skilled selection and application of theories 
contributes to innovation for the research project [10][21].  
 
The design cycle is explained as the heart of the research project [9]. It is described as a cycle 
generating design alternatives and evaluating the alternatives against the requirements. This 
process is continued until a satisfied design is achieved [21]. Requirements are obtained from 
the relevance cycle while the evaluation theories and methods comes from the rigor cycle. 
This cycle is where the “hard work of design science research is done.”[9]. 
 

Additionally to the DSR paradigm, 8 questions, serving as a checklist to ensure quality DSR 
has been created [9]. This checklist was used throughout the study to ensure the key aspects of 
DSR are addressed.  Below, the questions are listed, along with where each one of them is 
answered, followed by a depiction on how these questions corresponds to the three cycles 
previously explained (Fig. 3.2). 

 
Table 3.1: DSR checklist and sections, addressing the answers 
1 What is the research question (design requirements)? 

 
Section 1.5 

2 What is the artifact? How is the artifact represented? 
 

Section 3.3.2 

3 What design processes (search heuristics) will be used to build the 
artifact? 
 

Section 3.3 

4 How are the artifact and the design processes grounded by the Section 3.1 
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knowledge base? What, if any, theories support the artifact design 
and the design process? 
 

5 What evaluations are performed during the internal design cycles? 
What design improvements are identified during each cycle? 
 

Section 3.3 

6 How is the artifact introduced to the application environment and 
how is it field tested? What metrics are used to demonstrate artifact 
utility and improvements over previous artifacts? 
 

Section 3.4 

7 What new knowledge is added to the knowledge base and in what 
form (e.g., peer-reviewed literature, meta-artifacts, new theory, 
method)? 
 

Section 7 

8 Has the research questions been satisfactorily addressed? 
 

Section 6 

 
 
 

 
Fig. 3.2 – Questions mapped to the three DSR cycles, modification of Fig. 3.1 

 
The following subsections will present how the study was carried out according to the DSR 
methodology. Subsection 3.1 presents literature in the field, related to DSR. Further, 
Subsection 3.2 will explain the environment as well as how the requirements/problems were 
elicited and why. The last subsection, 3,3, describes how the tool was developed from the 
requirements gathered, as well as what knowledge has been used from the knowledge base. 
The chapter will end with describing the tools evaluation along with how this evaluation was 
conducted. 
 
3.1 Knowledge Base 
Due to the nature of the analysis, where the accelerator facility is assumed to only undergo 
change when events occur, a simulation is to take place in discrete time. A discrete time 
simulation enables “jumping” between events, not considering the time between these events 
[32], speeding up the discrete simulation in comparison to continuous time [13]. In this study, 
an event will refer to, either a random failure of a hardware component, the start of a 
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maintenance or the time where a component has been repaired. In the second edition of the 
Encyclopedia of Information Science and Technology, over 750 authoritative, research-based 
entries are presented [32]. The artificial intelligence category includes, among others, a 
description of classical simulation approaches and methodologies. The paper presents the 
most familiar methodologies, describing their concepts. This Encyclopedia was used to 
investigate in approaches commonly used for simulation software, where the Three-phase 
approach was chosen as the approach most suiting for the simulation to be implemented. The 
approach, first suggested by Tocher in 1963 [13], supports the artifact methodology and is 
considered to conform best to the needs of ESS. The Three phased approach was discussed by 
Pidd. M and Cassel. RA, where they describe the implementation of a discrete simulation 
library in java, using the approach [32]. Figure 3.3 depicts the different steps, executed by the 
simulation approach. 

. 

Fig. 3.3 – A three-phase executive [32]. 

 

The three-phase approach is based on three event-types named A, B and C events [13]. The 
events are executed during the three different phases in the simulation. 
In the A phase, simulation time is advanced until the next change in the system is bound to 
occur [32], for the artifact, this will be the next failure to occur. Once time is changed, the 
next phase is initiated. 
The B phase executes all “B activities”, meaning all actions that are bound to occur 
unconditionally at this time [13]. Again, this corresponds to all failures, occurring at a given 
time for the accelerator. 
The C phase, as the last phase of the simulation-loop, all C activities are executed [32]. These 
C activities will correspond to all events which conditionally occur at the specified time. 
Examples of such events are consequences, caused by degradation of parameters. The three-
phased approach then, if time allows, begins executing the A phase, repeating the process.  

A phase 

B phase 

C phase 
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Additionally, two generic evaluation methods were found named After Scenario 
Questionnaires (ASQ) and System Usability Scale (SUS) these methods will be used when 
evaluating the final artifact. They why these methods are chosen, as well as how they are used 
is further explained in section 3.4 and section 4. 
 

3.2 Environment 
The environment defines the problem space in which reside the phenomena of interest [10]. In 
the study, ESS will serve as environment, whose business needs are to be met and evaluated 
with the help of the constructed software artifact. ESS is (as described in section 1.2) a 
multidisciplinary research center, whose personnel with previous experience from other 
facilities possess valuable information in current usability issues. Not only does the company 
employees have previous experience from passed projects, ESS also collaborates with other 
facilities (among others, SLAC and CERN) conducting reliability and availability analysis. 
Even though other facilities do not use the same tools as ESS when performing their analysis, 
they possess valuable information and can highlight other issues unknown to ESS. This study 
was conducted with the accelerator division’s safety group. The safety group consists of three 
employees and one intern. The group’s responsibility is to tackle possible hazards related to 
accelerator operation and to analyze accelerator availability and reliability, making sure user 
needs are satisfied. For the availability and reliability analysis, Reliasoft is currently used 
[28], but due to the specific considerations that need to be taken into account, another tool is 
highly required as described in section 1.3. Previous encounters with a tool named Availsim 
has been made. Availsim is, in the current state, not usable because it has not been 
maintained. To run the tool, development work needs to be done. Additionally, the tool, even 
though open sourced, requires a Matlab license to run. 

Understanding the environment: 

It is defined that case studies are suitable for evaluating tools applied in an industrial settings, 
since they are not sensitive for scale-up such as experiments [29]. It is an observational study 
used to research projects, activities or assignments. The aim is normally to track a specific 
attribute, or establishing relationship between attributes [14]. A case study can be performed 
directly with observations, interviews or indirectly study organizations through models or 
documentations [14]. For this reason, case study has been chosen to analyze the impact of the 
developed artifact in the field of study. The reasoning to why action research was not chosen 
as a method is because, even though action research and case study are two similar methods 
[14]. Action research focuses on actively participating in the improvements of the system, 
while case study focuses on studying the effects of a change in for example pre- and post-
event studies [14]. 

In order to answer the research questions stated in section 1.5, an overview of the field as well 
as requirement gathering is needed to obtain a better understanding of the situation. For this 
reason, a questionnaire was created with the purpose of obtaining background information 
about the subjects as well as what software (if any) they were using for their analysis, and 
why this software was chosen. The subjects were also asked about their experience, working 
with the software and how the software advantages/disadvantages affected their work. The 
information is expected to elicit requirements to serve as input, developing the artifact to be 
evaluated and to obtain an overview, highlighting main usability challenges for the different 
tools used.  

The questionnaire consists of three parts. The first part was constructed to obtain an 
understanding of the interviewee’s background, expertise and experience in the field. The 
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second part focuses on highlighting what different analytical methods are used, and their 
possible advantages/disadvantages. The third part focuses on usability, explaining the concept 
and asking concrete questions of how the software usability is perceived. Specific questions 
regarding usability issues of Availsim was also asked, along with the best and worst things 
about the tool. The part ends with asking about why some specific software is not used (if 
applicable) as well as if the interviewee has additional information to add on top of the 
already asked questions. A detailed outline of the questionnaire can be found in Appendix A, 
and a total of 4 subjects were questioned. Table 3.2 summarizes the backgrounds for each of 
the subjects participated in the requirement elicitation. The facility abbreviations are also 
explained in the lower part of the table. An empty cell indicates either no data was provided 
or was available. 
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Table 3.2: Subject backgrounds 

Subject 
ID 

Data 
collection 
method 

Accelerator 
facility 

Role Work 
experience from 
other facilities 

Years of 
experience 

1 Interview ESS RAMI analysis 
expert and 
coordinator 

IFMIF, SLAC 
ITER, DEMO 

6 

2 Questionnaire SLAC LCLS 
Availability 
manager 

LCLS, LCLS II, 
FACET II, 
SPEAR, SLC, 
PEP II, FACET, 

24 

3 Questionnaire CERN Post-doc in 
accelerator 
physics 

 5 

4 Questionnaire CERN Ph.D. student ESS, CLIC  1,5 

Facility abbreviations 
ESS European Spallation Source SPEAR Stanford Positron Electron 

Asymmetric Rings 
SLAC Stanford Linear Accelerator Center LCLS Linac Coherent Light Source 
FACET Facility for Advanced Accelerator 

Experimental Tests 
CERN European Council for Nuclear 

Research 
IFMIF International Fusion Materials Irradiation 

Facility 
SLC Stanford Linear Collider 
PEP Positron-Electron Project 

ITER International Thermonuclear Experimental 
Reactor 

CLIC Compact Linear Collider 
DEMO DEMOnstration Power Station 

 
3.3 Design Science Research 
To build the artifact, assuring the requirements are satisfyingly implemented, the software 
was built in close collaboration with the ESS availability and reliability expert. Before 
implementation, the programming paradigm was introduced along with the main 
programming elements and an overview of the simulation, depicted in fig. 3.4 and 3.5. Which 
data to be entered prior to the simulation along with the output was also explained, resulting 
in the Externals attributes listed in the last part of section 3.3.2. The introduction resulted in 
improvements considering:  

 Data specified in the input files 

 Input file format (.csv) 

 Result file format (.xls) 

At the end of the implementation, a presentation was prepared to introduce the new artifact 
and to obtain inputs for final improvements. It was requested to, during simulation, to 
visualize the progress, to know estimated time of the simulation. The need of a graphical 
representation of parameters bound to consequences was also expressed. The discussion 
resulted in the implementation of a: 

 Loading bar to show simulation progress 

 Generated graph for each parameter connected to a consequence, showing how the 
parameters value changed throughout the simulation 

In the upcoming two sections, the software tool is described along with how the previous 
artifact mentioned literature considerations have affected the development. The result from 
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the requirement elicitation for the software is first presented along with the list of 
requirements obtained. The section is ended with presenting the finalized artifact, describing 
its course of action. 

 

3.3.1 Software Requirement 
To structure the data obtained from the interview and questionnaires, a table of the tools used 
by each subject along with the tool advantages, disadvantages, negative impact and usability 
issues has been created for each of the subjects. Along with each table, information about the 
participants interpretation of usability, the best/worst things about Availsim, if there exist any 
special reason to why additional tools have not been used and if additional comments has 
been provided. The reason to why the answers are not put together in one large summarization 
is because multiple comments would not be seen, the quantity of opinions, showing people 
experienced similar problems are important in the elicitation process. An empty field indicates 
either no data was provided or was available. 
 

Table 3.3: Data extraction for subject ID 1 

Software tool: Advantages Disadvantages Negative 
usage impact 

Usability issues 

Excel files  Very flexible  Only analytical 
calculations possible 

 Very specific 
between facilities 

 Very hard 
to change 
small 
things 

 Impossible to 
implement 
needed 
complexities 

 

Reliasoft  Broadly used for 
analysis, well 
developed 

 Handles errors well 
 Analytical 

calculations are 
possible to perform 
(along with 
simulation) 

 Graphical 
representations 

 Not accelerator 
specific 

  Hard to import 
data 

 

Riskspectrum  Handles errors well 
 Analytical 

calculations are 
possible to perform 
(along with 
simulation) 

 Not accelerator 
specific (production 
oriented) 

 Not as detailed as 
Availsim 

 “A worse version of 
Reliasoft” 

 Many 
“tricks” 
are 
necessary 
to 
somewhat 
measure 
accelerator 
specific 
things 

 Long simulation 
time 
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Availsim2.0  Flexibility (modify 
as you please) 

 Consider accelerator 
parameters 

 “Closer to reality” 
 Custom made for 

accelerators 

 No clear idea of 
how it runs 

 Result needs to be 
treated a lot 

 Facility specific 

 Difficult 
to work 
with 

 Not usable since 
too much time 
needs to be 
invested 

 Not good at 
handling errors 

 Much experience 
required to use 

 

Additional questions  
Interpreted 

Usability 
Availsim best things Availsim worst things Reasons 

not using 
new tools 

Extra Comment  

 Easy to use 
 As a user, not a 

nightmare to 
make changes 

 Flexibility 
(possible to 
manipulate) 

 Special made for 
accelerators 

 Impossible to use 
without 
understanding its 
“inside” 

 Not developer 
friendly, needs 
more clear 
structure 

 “The work to be done is 
important for the 
community. If the 
software is well 
developed, easy to use 
and allows to work with 
it easily. It will be 
something many people 
would use and find 
helpful. People often 
jump to things that is 
easier, but not necessary 
better. Important is not 
to have a good solution 
for one specific case, 
but a nice core for 
everyone to use.” 

 

 

 

 

Table 3.4: Data extraction for subject ID 2 

Software 
tool: 

Advantages Disadvantages Negative usage 
impact 

Usability issues 

Isograph  Good for small 
systems 

 User friendly 
 RBD are used to 

define system 
dependencies 

 For large systems, a 
lot of time is wasted 
modelling 

 Copy-paste features 
not available 

 Not accelerator 
specific 
Not possible to define 
accelerator 
parameters 

 Long simulation 
times 

 Not using accelerator 
terminology 

 Incomplete 
documentation 

 More time than 
expected 
performing the 
studies 

 Very 
complicated to 
adapt for 
accelerator 
specific studies 

 Retrieving 
results is not 
straight forward 

 A lot of manual 
work 

 Hard 
understanding 
import systems, 
even with 
support team 
help 
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Additional questions 
Interprete
d Usability 

Availsim best things Availsim worst 
things 

Reasons not 
using new 
tools 

Extra Comment 

     

 

 

 

Table 3.5: Data extraction for subject ID 3 

Software tool: Advantages Disadvantages Negative usage 
impact 

Usability issues 

Matlab scripts  Very flexible 
 Full control of 

functionality 
 Graphical 

representations 

 Long term 
maintainability issues 

  

ELMAS  GUI 
 Possible to 

integrate 
custom java 
code 

   

Isograph  Useful for 
component 
modelling and 
risk assessment  

 Impossible to model 
accelerator relevant 
dependencies such as 
operational modes and 
beam parameters 

 Different tools 
used for 
different 
studies due to 
limitations 

 Difficult to 
manage big 
models, 
copy/paste 
features 
would help 

Additional questions 
Interpreted 
Usability 

Availsim best 
things 

Availsim worst things Reasons not 
using new 
tools 

Extra 
Comment 
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Table 3.6: Data extraction for subject ID 4 

Software tool: Advantages Disadvantages Negative impact 
caused by 

disadvantages 

Usability issues 

Availsim 1  Modify source code 
 Access to authors 
 Shareware 
 Good simulation 

approach 
 Ease of changing inputs 

and outputs 
 Running multiple 

simulations at once 

 Poor 
documentati
on 

 Not widely 
used 

 Efficiency loss 
due to poor 
documentation 

 Understanding 
source code is 
time consuming 

 Only small 
improvements 
done 

 Modifications 
are time 
consuming 

Additional questions 
Interpreted Usability Availsim best 

things 
Availsim worst 
things 

Reasons not 
using new 
tools 

Extra 
Comment 

 Fast Simulation 
 Submit batch jobs 
 Easy analysis of result 
 Ease of modification of 

simulation parameters and 
rules 

 Input files generated by 
script from flat file or 
database 

 Run on multiple platforms 

 Written 
specifically 
for 
accelerator 
RAMI 
problems 

 Open source 

 Documentation 
 Matlab license 

 High learning 
curve 

 License 
requirements 

 

 

Elicited artifact requirements: 

From the answers, it is clear that a number of issues exist when conducting the analysis. With 
regards to the data gathered, 18 design-requirements could be specified, showed as a list 
below. The requirements were formed from inputs regarding the previous version of Availsim 
and how other tools disadvantages negatively impacted the usage as well as how the different 
subjects interpreted usability.   

1. Model accelerator-specific complexities 
1.1. Redundancies 
1.2. Parameters 
1.3. Maintenance 

2. Use accelerator terminology 
3. Possible to handle big models 
4. Easy retrieving results 
5. Easy to modify 
6. Error handling 
7. Detailed documentation 
8. Not facility-specific, but generic for more facilities to use 
9. Well-structured code 
10. Fast simulation 
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11. Formatted input/output 
12. Ease of modifying simulation rules 
13. Run on multiple platforms (Linux/OSX/Windows) 
14. Input files generated from Database/Flat file 
15. Open source 
16. No license 
17. Low learning curve 
18. Graphical representations 
 

3.3.2 Software design 
The artifact will be represented as a software system written in Python 3. To use python as a 
programming language was a requirement from ESS. Python is a high level programming 
language with a design emphasizing code readability [12]. Even though code in python, as a 
high-level programming language, executes slower than C code, it is faster to develop [12]. A 
crucial aspect of the artifact is the ease of which it can be modified and understood, which 
supports the decision of using python even though the execution might be slower. 

In broad terms, the essence of the simulation was to predict how the different failures of 
components affect an accelerator facility. Components, once failed, impact the facility by 
downgrading corresponding parameters. Examples of parameters are beam intensity, pressure 
in pumps or magnetic field power. Parameters can also impact each other, if a pump pressure 
gets downgraded too much, the beam intensity can be affected since the system part belonging 
to the failed pump cannot longer operate. Moreover, component failure may or may not 
impact the accelerator depending on if other component already degraded the facility or not.  

When pre-defined parameters reaches below a threshold, defining its minimum allowed value, 
the accelerator facility needs to be brought down to repair the damages caused (referred to as 
“consequence”). Depending on the parameter, the procedure of repairing the damages is 
different. Some consequences only require small “fixes” by tuning other parts of the system to 
compensate for the degradation while other consequences needs to fully repair the damaged 
component. 

Regularly, the accelerator is required to undergo maintenance, repairing components which 
have not already been repaired. A maintenance period has a start date along with duration. 
During the maintenance period, the facility is not operating and all facility activities are used 
for repairs. When a component is being repaired, the time needed for the repair is dependent 
on where the component is located, how it failed, its repair time and how long that system will 
need to be brought up. For accelerators, the longer a facility has been down, the longer it will 
take to bring up. This is i.e. due to the accelerator needing longer time to ramp-up, since 
system parts need to achieve very high or very low temperatures before starting the operation.   

This description not only provides an overview of how the simulation software works, it also 
highlights the accelerator specific complexities mentioned by questioned researchers, not 
possible to replicate in commercial software. For a detailed outline in why commercial 
software is considered limited when accelerator availability and reliability analysis is 
performed, see [25]. 
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Fig 3.4 – Artifact main elements 

The software artifact consists of three major elements, events, actions and a database. These 
elements build up the fundamental concept of the software. The events symbolize a point in 
time when a change in the system is due to occur. Each event contains a set of actions 
depending on the event type. DowngradeEvents as example consists of one AffectSlot action 
and one Downgrade action. The AffectSlot action makes sure the appropriate slot is affected 
while the Downgrade action affects the correct parameters in the facility. Fig. 3.4 depicts the 
three major elements along with their relation. 

 

Fig 3.5 – Simulation approach 

The three-phase approach mentioned in section 3.1 is adapted for the artifact as shown in Fig. 
3.5. The previous mentioned A and B-events are referred to as “Timed Events”, since they are 
unconditionally occurring at a specific point in time. C-events will be named “Conditioned 
Events”, since they are not depending on a specific time, but on previous executed Timed 
Events. Corresponding to the three-phase approach, time is first advanced to the next Timed 
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Event. Once the Timed Events actions have executed accordingly, the Conditioned Event 
starts executing until no more Conditioned Events are longer being executed. An event does 
not affect the data by itself. Every modification is done through actions, this work-division is 
expected to, not only more intuitively, understand the work flow, but also ease the 
modification process of the software, where events can be removed, added and/or reused more 
easily as pleased.
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Fig. 3.6 – Artifact architecture
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As depicted in Fig. 3.6, the new software artifact consists of 4 packages, containing files 
corresponding to each package definition. Files not placed inside a package do not classify 
into one of the defined packages. The idea with this division is to introduce a more intuitive 
split, enabling easier interpretation of the code structure regarding of programing skills. 

Following, the different classes will be described in terms of their purpose as well as their 
interplay, starting with non-packaged classes. The software overview ends with a section 
briefly describing how the simulation is populated before starting the actual simulation and 
why this is important. 
 
Simulation.py 

The core of the simulation, also referred to as the “main loop”. Although many simulations 
are expected to be conducted simultaneously, one simulation at a time is implemented to start 
off with.  
The main purpose of this class is, in essence, to:  

1. Prepare the software for upcoming simulation by, among others, populating the 
database, seed the randomizer and initiate event creation. 

2. Gather all events and executes them accordingly throughout the simulation. First, A 
and B events are being executed (the events unconditionally occurring in this time). 
Secondly, the C events are executed until no more condition event occurs. 

3. Lastly, once we exceed the simulation hours, the Simulation class will print the results 
consisting of important data gathered throughout the simulation. After generating the 
result file, a graph of every parameter, causing a consequence is plotted, showing how 
the most important parameter values were changed over time. 

ActionType.py 
All possible type of actions a parameter can get affected by (subtraction, addition, 
multiplication). This encourages a uniform way of dealing with different types, preventing 
misspellings. Parameters can to start with only be affected by the event type subtraction or 
addition  

FailTimeDistribution.py 
Class that handles different distributions which are to be used when generating failure times 
for slots. To start with, an exponential distribution is implemented and used. Additional 
distributions such as Gumbel or Weibull can easily be added in the future. 

Time.py 
The Time class stores away the current time with a main purpose to keep track of time. The 
class is also responsible for keeping track of restricted times. Restricted times is times where a 
facility cannot be affected by any event. This is necessary because events, when evaluated 
(without explicitly knowing anything about a certain facility) needs to know if they should 
occur or not. 

Log.py 
a global class, storing away a text string at any given time. The log is in charge of storing 
away messages throughout the simulation to enable the user to after the simulation see which 
steps the simulation has taken.  
 

Event 
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Event.py 
Base class for all events, representing their commonalities.  It gives each event an ID and 
keeps track of information such as if the event is completed and at what time it should occur. 
This Event class consists of two functions, evaluate and fire. The evaluate function is used to 
evaluate the event, if it can occur or not. The fire function is what actually triggers the event 
actions. Right before the actions are performed, the simulation time is advanced. 

ConsequenceEvent.py 
Consequence events are condition based events. They trigger when the appropriate parameter 
gets downgraded too much. Depending on the type of consequence, the appropriate actions 
will occur. To start with, only one type of consequence action exists. This consequence 
involves bringing the facility down and repairing the slot last affected by a failure to bring up 
the facility as soon as possible.  

 

UpgradeEvent.py 
UpgradeEvent is the event created by the MaintenanceEvent or ConsequenceAction classes. 
The event contains UpgradeActions to be executed, upgrading the parameters defined upon its 
execution as well as decisions whether to bring the facility up or not (if the facility is not 
already up). 

MaintenanceEvent.py 
The MaintenanceEvent is representing the annual maintenance period on the facilities with a 
start date and duration specified in the “Simulation.csv”. The software considers annual 
maintenance periods. A simplification implemented is that a maintenance repairs all slots 
currently affected by a failure, not considering the maintenance duration. 

TimedDowngradeEvent.py 
Representing when a slot breaks in a certain way. This event is responsible for affecting the 
correct slot, in a correct way (storing away this event in the defined slot, taking into account 
redundancies) and to degrade parameters accordingly. This event consist of an 
AffectSlotAction and a DowngradeAction. If the AffectSlotAction affects a redundant slot, it 
is this events responsibility to not execute the DowngradeAction. 
 

Actions 

Action.py 
The base class Action, consisting of if the action has been completed and what triggered the 
action. This base class also contain a function to evaluate the action, and one to execute it. 

AffectSlotAction.py 
This action is meant to affect slots and it is the first thing to happen once a 
“TimedDowngradeEvent” occurs. The action will find the slot to affect and checks if this slot 
is redundant to another. If this is the case, it will store the event calling this action inside the 
redundant slot, symbolizing that slot has been affected by a failure.   

ConsequenceAction.py 
A ConsequenceAction is the action of a ConsequenceEvent. This action consists of bringing 
the facility down and repairing the slot last affected by a failure. 

DowngradeAction.py 
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A DowngradeAction is a negative effect on a parameter. The downgrade action has four 
attributes, what parameter to affect, how to affect it (add or subtract), how much to affect it 
with and the facility holding that parameter. Once performed, a DowngradeAction will affect 
the defined parameter with the correct value and with the action type provided, inside the 
given facility. 

UpgradeAction.py 
UpgradeAction is in essence a reverse DowngradeAction performed by the UpgradeEvent. 
This represents when something is repaired and parameters are positively affected. Again, 
parameters only needs to be affected from outside and can themselves trigger the appropriate 
cascade effect among each other.  

Database 

 
DataBase.py 
The DataBase class is where all simulation data is stored to be modified. It is important to 
separate data and functinality, the DataBase class serves as an interface between data and 
functionality. As can be seen from the class diagram, the DataBase has access to and uses 
classes representing hardware and events, storing them away in the proper hierarchy. 
This class, on top of what previously is mentioned consists of two major functions named 
“Load” and “getEvents”. The Load function populates the database by reading the input files, 
creating all the different classes and builds up the environment to be modified.  
The getEvents function creates all the event needed before the simulation may start. It uses 
the data obtained when calling the load function and creates TimedDowngradeEvents, 
MaintenanceEvent and ConsequenceEvents along with their actions. The events created here 
are data driven, non-data driven events are expected to be created inside the simulation file as 
needed throughout the simulation. Example of a non-data driven event is the “upgradeEvent, 
continuously created throughout the simulation” 
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Fig. 3.7 depicts the different input files along with the overview of what type of information is 
extracted from each file. 

 

Fig. 3.7 – Input files management  
 

ConsequenceData.py 
Inside the ConsequenceData class, information required to create ConsequenceEvents is 
stored. This information is gathered from the “Consequences.csv”. The reason for storing 
away this type of event data before creating events is that all data should be accessible. Events 
can be tampered and even removed, therefore, it is important that the origin of everything 
should be accessible for future modifications and for consistent management of data, not to 
lose anything throughout the simulation. 

Slot.py 
The slot class represent all information to use for our simulation in terms of facility slots. A 
slot is not a device, but a place in a facility where a certain type of device is located. Each slot 
have a device inside it. A slot also have a list with the failures currently having affected it as 
well as the name of another slot where redundancies should be forwarded.  

 

Device.py 
A devices is a very simple object, consisting only of 1 attribute; device ID. Initially, this 
explicit consideration of defining a device do not affect the simulation in any way in terms of 
outcome. The reason behind this approach is to in the future be able to consider different 
devices, repair/replace them etc.  

EventData.py 
The EventData class is not much unlike the ConsequenceData class. The difference is that the 
EventData class, instead of storing information regarding consequenceEvents stores 
information for TimedDowngradeEvent.  
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Facility.py 
The simulation can take account for multiple facilities. This facility class is meant to represent 
a facility, which consists of slots and parameters. On top of the information obtained from the 
variety of .csv files, the facility class also stores attributes to be filled out throughout the 
simulation which are used when generating the result file. This information is how many 
hours a facility has been operating and number of times accessed. This class also uses 
functions for housekeeping purposes such as returning a parameter, given the parameter 
name, enabling re-usage of code across all classes. 

Location.py 
The location class stores information regarding the different locations and is used when 
calculating the total down time when repairing a slot. Currently this information is the 
location name, followed by the time it takes to access. 

System.py 
This class stores system specific information used to calculate the total down time when 
repairing a slot. The class is very similar to the Location class. This information consists of 
the system name, followed by the time this system takes to restart. 

Parameter.py 
The parameter class is meant to represent the parameters being affected by component failure. 
The parameters automatically handles the “cascade” effect, caused when a parameter is 
degraded too much or upgraded. To describe the concept, a parameter have a maximum value, 
minimum value, a nominal value and a current value. On top of this, it also have up to 4 other 
parameter names, how these will be affected and how. When the parameter gets degraded too 
much (its current value exceeds one of the two thresholds specified), it will automatically 
affect the up to 4 parameters specified. These parameters may additionally affect even more 
parameters if degraded too much.    

ParameterAction.py 
A parameterAction is actions performed by a parameter. To be more precise, it is how a 
parameter should affect other parameters once degraded too much. Every ParameterAction 
knows who to affect, how and with how much. It also have a enabled attribute to keep track of 
if it should occur or not, this attribute is a necessity to enable the “cascade effect” described in 
the previous section. 

Spare.py 
Simple class representing a spare to take into account throughout the simulation. There only 
difference between spares and devices is that a device belongs to a facility, while spares 
(which also are devices) do not belong to any facility, being accessible from all facilities. 

 

Externals 
 
In this section, the input files are described along with the input required for the program to 
work properly. All input files are comma separated value formats, and when opened with an 
editor (e.g. Excel) are expected to be filled out row-wise, with the correct information below 
the correct columns. Each subheading in this section consists of columns along with a 
description the expected input below this column. All time values are to be specified in hours. 

Consequences.csv 
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 Name: The name of the consequence (every consequence name should be unique if the 
consequences belong to the same facility) 

 ConsType: the type of consequence. Currently, “tune”, “delay” and “repair1” is taken 
into consideration. This type is to later know what this consequence means in terms of 
facility impact  

 Time: the time (hours) this consequence needs. Repair1 type is expected to have no 
time since the time is dependent on previous facility impact 

Devices.csv 
 DeviceID: ID for the device. This ID should be unique and correspond to the ID 

defined in the slot .csv file 

Failures.csv 
 Facility: Facility name the event belongs to. Can be numbers, strings etc. as long as 

the facility names across files are consistent 

 System: The name of the system which the event belongs to 

 Name: Event name 

 Location: The location of the Event 

 Slot: The slot to be affected by the event 

 ID: ID of the event 

 MTBF: The events Mean Time Before Failure 

 MTTR: The events Mean Time To Repair 

 Access: Access time  

 Recovery: Recovery time  

 MDT: The Mean Down Time for the event 

 HotSwapp: If the event is a hot swappable fix (y/n) 

 ParamAffected: The parameter to be affected by the event 

 AffectType: How the parameter should be affected (add/subtract) 

 Degradation: With how much to affect the parameter 

 Codegroup: Group of the event 

Locations.csv 
 Location Name: Name of the location 

 AccessTime: The time to access the location (hours) 

OperationDecision.csv 
This file is not used, nor is it completely defined. The purpose of the file is to in a later stage 
define further conditions where the accelerator facility should be brought down or repaired.  

 
Parameters.csv 
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 Facility: The facility of the parameter 

 Name: Parameter name 

 NominalValue: The start value of the parameter 

 MinimumValue: Lowest value a parameter can have before having “degraded too 
much” 

 MaximumValue: Highest value a parameter can have before having “degraded too 
much” 

 Affect1: The name of the first parameter to affect upon exceeding the thresholds 

 AffectType1: How to affect the parameter 

 Degradation1: With how much the parameter should be affected 

 Affect2: The name of the second parameter to affect upon exceeding the thresholds 

 AffectType2: How to affect the parameter 

 Degradation2: With how much the parameter should be affected 

 Affect3: The name of the third parameter to affect upon exceeding the thresholds 

 AffectType3: How to affect the parameter 

 Degradation3: With how much the parameter should be affected 

 Affect4: The name of the fourth parameter to affect upon exceeding the thresholds 

 AffectType4: How to affect the parameter 

 Degradation4: With how much the parameter should be affected 

 Consequence: The name of the consequence caused by this parameter (if any) 

Simulation.csv 
 Seed: With what value to seed the random number generator 

 Maintenance start time: The start time of the first maintenance period 

 SimHours: Number of hours wished to simulate 

Slots.csv 
 Facility: The facility which this slot belongs to 

 Name: Name of the slot 

 Location: The location of the slot 

 System: System of the slot 

 DeviceType: Name of the device type which can be used in this slot 

 RedundantTo: Other devices redundant to 

 DeviceID: The ID of the initial device connected to this slot 



31 
  

Spares.csv 
 ID: ID of the device  

Systems.csv 
 System: System name 

 RestartTime: Time for how long this system needs to restart 

Populate the simulation 
The first thing the software does is to prepare for the upcoming simulation. This is done by 
first populating the database, followed by creating the appropriate events and their actions 
from the data. Together with this, data is also created which is not defined in the input files 
such as attributes for specific classes (e.g. uptime hours for facilities), to throughout the 
simulation have everything we need prepared without creating or deleting anything. The 
outcome from the simulation is completely dependent on the data we put in, which is why this 
data oriented programming approach was chosen. For this reason, separating data and 
functionality is important not to create new data types throughout the simulation, and to be 
consistent. The data driven approach is also found to be more modular and intuitive compared 
to the more imperative algorithmic approach which was used in Availsim2.0 [15]. 
 

 

3.4 Artifact evaluation 
It was decided to evaluate the software only with the ESS organization. The availability and 
reliability expert with experience from previous projects and facilities was expected to 
provide sufficiently reliable and generic result to represent the very specific field of analysis. 
For researchers not familiar with the Availsim tool, it was established with ESS that it was not 
possible to obtain valuable result if the subjects used for the evaluation process was not 
familiar with the in-depth knowledge in how the simulation works. Additionally, all previous 
Availsim versions together have only been used by 3 people worldwide. Even though the 
evaluation was performed on a single subject, the data points obtained accounts for one third 
of all possible obtainable data points by researchers with previous experience from the 
software.  

For evaluation, a personal meeting was arranged. The evaluation process consisted of 4 steps. 
The three first steps were first performed for each of the software before the fourth and last 
step could be performed. Throughout the evaluation process, the subject could at any point in 
time access either of the software in order to more accurately answer the statements.  
The first step presented a scenario of which had to be constructed and simulated using the 
newly constructed artifact, the previous Availsim version, along with the current used Relisoft 
tool. The scenario, represented in Fig. 3.8 depicts the hardware components that might cause 
the accelerator beam parameter to degrade. This parameter is of great importance for ESS as 
the beam intensity values have a direct impact of if the accelerator experiments can be 
performed or not. As described in section 1.3, accelerator users need a pre-defined intensity of 
the beam for a certain duration of time to successfully conduct their experiments [25][2][27]. 
This implies the machine cannot have too many so called “beam trips”, a point in time where 
beam intensity drops [25]. 
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Fig. 3.8 – Evaluation Scenario 

Upon completion of the scenario, three statements were presented. The statements had to be 
answered by defining how well the statements conformed to the test subject on a scale 
between -3 and 3, where 3 was “strongly agree” and -3 “strongly disagree”. Upon completion 
of the first step, the subject was asked to freely explore the software by e.g. changing 
parameters, performing new scenarios or looking at the source code. The survey used for this 
scenario questions was named “After Scenario Questionnaire” (ASQ), developed by IBM [6]. 
This specific survey was chosen due to its availability, since the survey is nonproprietary [6], 
along with its short survey length, yet high reliability. The ASQ uses a Likert scale for 
scoring. The Likert scale is a set of statements offered for a real or hypothetical situation 
under study where the subject shows their level of agreement with the given statement on a 
metric scale [30]. For more information and a comparison of examined usability surveys, see 
[6]. The outline for this first evaluation part can be found in Appendix B. 
The second step consisted of letting the subject perform a survey named the “System 
Usability Scale” (SUS), invented by John Brooke in 1986 [6]. The SUS consists of 10 
questions, with a score ranging on a 5-point scale of strength of agreement [6]. For the 
evaluation, we used the latest modified SUS-statements to minimize the risk of terminology 
misunderstandings [6]. The final SUS-score will solely be used to compare the three software 
evaluated. The possibility to benchmark the score against historical data was considered, but 
omitted due to the irrelevancy of comparing availability and reliability analysis tools for 
particle accelerator with other software such as mobile applications. The SUS-survey was 
chosen with the same reasoning as the ASQ, it is nonproprietary and has a short survey length 
with a high reliability rate comparing to alternative usability surveys [6]. Fig. 3.9 illustrates 
the scale used by the SUS-statements, measuring a software’s usability. An outline of the 
SUS-statements can be found in Appendix C.  
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Fig. 3.9 – SUS 5-point scale [6] 

 
The third step consisted of 17 statements and three questions targeting the requirements 
defined prior to developing the artifact. The statements were structured the same as the 
questions from the first evaluation step. These questions were specifically targeting the 
problems defined in the requirement elicitation process to investigate if any improvements 
can be measured when comparing the different software.  

The three above mentioned steps was repeated for each software used by the ESS 
organization for the availability and reliability analysis, Reliasoft, Availsim2.0 and the 
developed artifact. Upon completion, the last step of the evaluation process could begin.  
The Fourth and final step of the evaluation was an open question, asking about the reason 
behind different values given (if applicable), the values from previous questions were 
summarized. The subject was then presented, for each question, the different values given to 
that specific question depending on the software evaluated. The subject was then expected to 
elaborate on why possible different values were given to the different software. A simple 
format of the statements conformance level is shown in Fig. 3.10. The outline of the third and 
fourth evaluation parts can be found in Appendix D.  

 
Fig. 3.10 – Basic format for artifact statement evaluation 

 

4 RESULTS 
This chapter presents the data obtained throughout the study, and how this data is used to 
answer the established research questions in section 1.5. The first subsection presents the data 
in relation to the first research question, introducing how the data was subtracted and the 
different data representations. The second subsection presents the data elicited in order to 
answer the second research question, followed by a clarification of the data presented. The 
developed artifact will, throughout the evaluation process, be referred to as “Availsim3.0”.  
 

4.1 Usability improvements (RQ1) 
To answer RQ1 of how the proposed tool can help improving the usability of availability and 
reliability analysis tools for accelerators, the final artifact evaluation was performed. The 
evaluation, consisting of the 4 steps briefly described in section 3.4 was performed. The 
evaluation was expected to not only provide information regarding the new artifacts usability, 
but also compare values given to the three tools, benchmarking them against each other and to 
opening up for discussions regarding their weaknesses and strengths 
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4.1.1 After Scenario Questionnaire 
In the first evaluation step, the subject had to perform a pre-defined scenario as previously 
depicted in Fig. 3.8. The three statements asked for each of the software tools are summarized 
in table 4.1, showing the different scores received by the three tools. The statements, 
belonging to the score represented in the graph, are written below each graph along with the 
provided comment from the subject. The different statements used for the evaluation will be 
referred to as ‘Sx’, where ‘x’ represents the statement number. The first statement will e.g. be 
referred to as ‘S1’.  

Graph 4.1 – ASQ score 

 

S1:  Overall, I am satisfied with the ease of completing the task in this scenario 

Comment: “In Availsim2.0 and Availsim3.0 it was possible to more precisely model reality, 
while in Reliasoft, accelerator parameters cannot be as easily modeled because of additional 
functionality which is not necessary for accelerator modelling.” 

S2: Overall, I am satisfied with the amount of time it took to complete the tasks in this 
scenario 

Comment: “Modeling the scenario in both Availsim versions was not as straight forward as 
in Reliasoft because of the very intuitive drag and drop GUI.  Although Reliasoft was faster, it 
was not possible to model the reality as accurately as with the Availsim versions”.  

S3: Overall, I am satisfied with the support information (online-line help, messages, 
documentation) when completing the tasks 

Comment: “Availsim2.0 did not provide sufficient error descriptions or help messages as 
Availsim3.0 and Reliasoft. When wrong input was entered, the software did not provide any 
feedback on why an error occurred, delaying the process to resolve the issue”. 

 

4.1.2 Software Usability Scale 
To calculate the final SUS-score for each of the software, the method used consists of three 
steps [30].  
First, for each of the odd numbered question, subtract 1 from the score. 
Secondly, for each evenly numbered question, subtract their value from 5. 
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Lastly, take the new values and summarize them for their total score and multiply the sum 
with 2,5.  

Table 4.1, 4.2 and 4.3 shows the score obtained for each of the software evaluated. The most 
left column holds the number of the statements asked. For each statements, the given score is 
showed in the most center column titled “Received score”. The modified values for each 
statement is presented in the most right column. Below each table, the sum of the modified 
score is presented along with the final SUS-score. Although the final SUS-score is a value 
between 0 and 100, it is important to remember the score should not be interpreted as 
percentages [30]. 

 

Table 4.2: Availsim3.0 SUS-Score 

Availsim3.0 
Statement Received 

score 
Modified score 

1 3 2 

2 4 1 

3 2 1 

4 2 3 

5 3 2 

6 2 3 

7 1 0 

8 3 2 

9 3 2 

10 4 1 

Sum of the modified score: 17 
Total SUS-score: 42,5 

Table 4.1 shows the received and modified score of Availsim3.0 along with the statement 
corresponding to each score. The sum of the modified score, yielding a total SUS-score of 
42,5 out of 100 indicates a higher perceived usability than the previous Availsim version. 
However, the Reliasoft software measured a higher usability perception.  
 

Table 4.2: Availsim2.0 SUS-Score 

Availsim2.0 
Statement Received 

score 
Modified score 

1 2 1 

2 2 3 

3 1 0 

4 5 0 

5 2 1 

6 5 0 

7 1 0 

8 4 1 

9 2 1 

10 4 1 
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Sum of the modified score: 8 
Total SUS-score: 20 

Table 4.2 presents the received and modified score of Availsim2.0 together with the 
statements corresponding the each score. The calculated SUS-score of 20 out of 100 indicates 
a much lower usability comparing to the other two software tools.  

 

Table 4.3: Reliasoft SUS-Score 

Reliasoft 
Statement Received 

score 
Modified score 

1 4 3 

2 2 3 

3 3 2 

4 2 3 

5 4 3 

6 2 3 

7 3 2 

8 2 3 

9 3 2 

10 2 3 

Sum of the modified score: 27 
Total SUS-score: 67.5 

Table 4.3 presents the received and modified score of Reliasoft together with the statements 
corresponding the each score. The calculated SUS-score of 67,5 out of 100 indicates a higher 
perceived usability in comparison to the two Availsim versions. Considering this higher 
usability perception, it is important to remember that Availsim2.0 and Availsim3.0 lacks a 
GUI, assisting in accessing the software functionality and users therefore might perceive the 
usability as lower when comparing the two different interfaces [24]. 

 

4.1.3 Requirement statements 
The data from the third part of the evaluation process was summarized using five categories; 
Maintainability, Input/Output, Accelerator specific, Performance and Polar questions. The 
categories were created by looking at the different types of requirements statement. And from 
there, find similarities of the statements asked. The summarization is done using 4 bar graphs. 
The graphs, similarly to section 4.1.1 depicts the score obtained for each software tool, along 
with the statement behind each score. Below each table, the different statements, 
corresponding to the graph are written, along with the comment provided by the questioned 
subject. The different statements used for the evaluation will be referred to as ‘Sx’, where ‘x’ 
represents the statement number. E.g. statement number 18 will be referred to as ‘S18’. The 
statement number increment is continued from section 4.1.1 to avoid duplicates. 
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Graph 4.1 – Maintainability evaluation 

 

 

S20: I find it easy to modify the code to fit my simulation 

Comment: “The modularity of the Availsim3.0 code makes it easier to modify simulation 
functionality, the previous Availsim version however, because of its imperative code 
implementation is not as friendly for modification. Reliasoft code is not accessible.”   

S21: I am happy with how the system handles and detects errors 

Comment: “Availsim2.0 did not provide any error descriptions at all. Availsim3.0 and 
Reliasoft provided good feedback to enable backtracking to resolve errors” 

S22: I found the documentation for the software to be helpful 

Comment: “The three software documentations was equally satisfactory and easy to use to 
resolve issues” 

S24: I find the code to be well structured and easy to maintain 

Comment: “Availsim3.0 had the easiest code to modify and maintain thanks to the 
modularity. Availsim2.0 was much harder to follow. Reliasoft did not have accessible code.” 

S27: I find it easy to modify simulation rules 

Comment: “Availsim2.0 was very hard to adapt to suit simulation requirements, Availsim3.0 
and Reliasoft had more intuitive adaption of simulation rules.” 

S29: I consider the system to have a low learning curve 

Comment: “Availsim2.0 was unintuitive and hard to work with, heightening its learning 
curve, while Availsim3.0 was more intuitive due to its constructed input requirements. 
Reliasoft obtained the highest values due to its drag and drop GUI.” 
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Graph 4.2 – Input/Output score 

 

 

S18: I find it easy to input big models when using the software 

Comment: “Availsim3.0 has a better input-structure that makes it easier to input higher 
amount of simulation data compared to Availsim2.0. Reliasoft required more manual data 
inputs, resulting in a redundant, monotone and time-consuming process.”  

S19: I find it easy to retrieve relevant results from my simulation 

Comment: “Both versions of Availsim output data in a similar format, Reliasoft enables a 
more flexible generation of results.”  

S26: I find it easy to modify input and outputs 

Comment: “It was equally easy to modify all three software input and outputs, once the data 
is inserted, modifications could be performed with similar efficiency.”  

S28: I can generate input files from database or flat file 

Comment: “Reliasoft requires manual input and can only perform automatic imports from 
pre-defined file formats. The both Availsim versions offer a more flexible range of options due 
to the existence of external scripts.”  
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Graph 4.3 – Performance score 

 

S25: I find the simulation to be fast 

Comment: “Availsim2.0 seems much slower than Availsim3.0, where Reliasoft only seem 
slightly faster to use” 

S30: I am happy with the graphical representations, generated by the software 

Comment: “Availsim2.0 only enabled graphical representations through the generated result 
file while Availsim3.0 and Reliasoft explicitly generates graphical representation upon 
simulation completion.” 

 Graph 4.4 – Accelerator specific 

 

 
S14: I find it easy to model accelerator redundancies 

Comment: “Both Availsim versions were able to take account for the redundancies required 
in this specific simulation. Reliasoft was much harder to adapt for modelling accelerator 
redundancies.” 

S15: I find it easy to model accelerator beam parameters 
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Comment: “With the same reasoning as S14, the Availsim software enabled modeling 
accelerator specific complexities, including beam parameters with greater ease than Reliasoft 
since these parameters can explicitly be defined in the input fields.” 

S16: I find it easy to model accelerator maintenance periods 

Comment: “In the two Availsim versions, it was equally easy to specify maintenance period 
in the input files. Reliasoft provided a not as straight-forward solution.” 

S17: I find it easy to understand the system from how it uses accelerator terminology 

Comment: “Availsim3.0 has very well established terminology where code comments as well 
as input fields are precisely defined. Availsim2.0 and Reliasoft are deficient or lacks such a 
specific use of terminology.” 

S23: I think the system is generic, enabling it to be used across multiple facilities 

Comment: “Availsim2.0 was specifically adapted for IFMIF where the simulation accounted 
for very IFMIF-specific calculations. Although previous accelerator specific attributes could 
be modelled with ease, the result provided by the software is not of use due to the above 
mentioned IFMIF-specific calculations. Availsim3.0 does not suffer from such drawback and 
is therefore considered more generic and adaptable across facilities. Reliasoft, not 
specifically developed for accelerators, have issues being adapted for this specific type of 
simulation.” 

 

Table 4.4: Polar question answers 

 
Table 4.4 summarizes the information regarding the three polar questions. As can be seen, 
Availsim3.0 is the only software not constrained to any license, where Reliasoft is the only 
software without access to source code. 

 

4.2 Main usability challenges (RQ2) 
To define the current usability problems in software tools used for availability and reliability 
analysis, one interview and three questionnaires were answered among researchers in the 
accelerator availability and reliability community. The questions asked consisted of three 
parts, where the first part focused on obtaining an overview of the subjects’ background in the 
field. The second part targeted the different tools used for availability and reliability analysis 
across facilities, listing researchers experience and different tools used together with their 
advantages/disadvantages and how they impacted the user. The third and last part had 
emphasis on usability, asking the different subject about their interpretation of usability along 
specific usability questions regarding the Availsim tool. Availsim specific questions were 
asked due to the nature of this study, where the Availsim tool was remodeled to increase the 
software’s usability.  

The questioned subjects’ perceived issues in the field, together with the specific tools that 
have been used are meant to provide input for the artifact to be developed, knowing which 

Question Availsim2.0 Availsim3.0 Reliasoft 

Can the software run on multiple platforms? 
(Linux/OSX/Windows). 

Yes Yes Yes 

Is the software Open source? Yes Yes No 

Do you need a license to run the software? Yes No Yes 
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problems should be targeted, along with providing an overview of the usability issues in the 
field, answering RQ2. An overview of the backgrounds from the subjects questioned can be 
seen in table 3.2. 

4.2.1 Requirement Elicitation 
From the questioned subject, an overview of the current field can be obtained. As seen in 
table 4.5, a list of tools used by the community along with their advantages, disadvantages 
and how the disadvantages impact the tool usage is shown. Empty cells indicate either no data 
was provided or was available.  

Table 4.5: Summary of analysis tools  
Software 
tool 

Advantages Disadvantages Negative user 
impact 

Usability issues 

Excel files  Very flexible  Only 
analytical 
calculations 
possible 

 Very specific 
between 
facilities 

 Very hard to 
change small 
things 

 Impossible to 
implement 
needed 
complexities 

Reliasoft  Broadly used 
for analysis, 
well 
developed 

 Handles errors 
well 

 Analytical 
calculations 
are possible to 
perform (along 
with 
simulation) 

 Graphical 
representations 

 Not 
accelerator 
specific 

  Hard to 
import data 

Riskspectrum  Handles errors 
well 

 Analytical 
calculations 
are possible to 
perform (along 
with 
simulation) 

 Not 
accelerator 
specific 
(production 
oriented) 

 Not as detailed 
as Availsim 

 “A worse 
version of 
Reliasoft” 

 Many “tricks” 
are necessary 
to somewhat 
measure 
accelerator 
specific things 

 Long 
simulation 
time 

Availsim2.0  Flexibility 
(modify as 
you please) 

 Consider 
accelerator 
parameters 

 “Closer to 
reality” 

 Custom made 

 No clear idea 
of how it runs 

 Result needs 
to be treated a 
lot 

 Facility 
specific 

 Difficult to 
work with 

 Not usable 
since too 
much time 
needs to be 
invested 

 Not good at 
handling 
errors 

 Much 
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for 
accelerators 

experience 
required to 
use 

Isograph  Good for 
small systems 

 User friendly 
 RBD are used 

to define 
system 
dependencies 

 Useful for 
component 
modelling and 
risk 
assessment 

 For large 
systems, a lot 
of time is 
wasted 
modelling 

 Copy-paste 
features not 
available 

 Long 
simulation 
times 

 Not using 
accelerator 
terminology 

 Incomplete 
documentation 

 Impossible to 
model 
accelerator 
relevant 
dependencies 
such as 
operational 
modes and 
beam 
parameters 

 More time 
than expected 
performing 
the studies 

 Very 
complicated to 
adapt for 
accelerator 
specific 
studies 

 Different tools 
used for 
different 
studies due to 
limitations 

 Retrieving 
results is not 
straight 
forward 

 A lot of 
manual work 

 Hard 
understanding 
import 
systems, even 
with support 
team help 

 Difficult to 
manage big 
models, 
copy/paste 
features 
would help 

Matlab 
scripts 

 Very flexible 
 Full control of 

functionality 
 Graphical 

representations 

 Long term 
maintainability 
issues 

  

ELMAS  GUI 
 Possible to 

integrate 
custom java 
code 

   

Availsim 1  Modify source 
code 

 Access to 
authors 

 Shareware 
 Good 

simulation 
approach 

 Ease of 
changing 
inputs and 
outputs 

 Running 
multiple 
simulations at 

 Poor 
documentation 

 Not widely 
used 

 Efficiency 
loss due to 
poor 
documentation 

 Understanding 
source code is 
time 
consuming 

 Only small 
improvements 
done 

 Modifications 
are time 
consuming 
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once 
 

From the subjects interviewed, only Isograph had been used by multiple subjects. It was also 
noted that researchers often use multiple tools when performing the analysis due to the 
limitations in the tools available, in need to obtain different results from different tools. 

Table 4.6 depicts the additional questions, referred to as the third part in section 3.2. Although 
only two of the subjects questioned provided information for this part, it provides information 
regarding how usability is interpreted in the accelerator community when analyzing 
availability and reliability, along with concrete information regarding why new tools are not 
considered, together with a list of the best and worst things with the previous Availsim 
versions.  

Table 4.6: Summary of Additional questions  

Interpreted Usability Availsim best things Availsim worst things Reasons not using 
new tools 

 Easy to use 
 Not a nightmare to 

make changes 
 Fast Simulation 
 Submit batch jobs 
 Easy analysis of 

result 
 Ease of 

modification of 
simulation 
parameters and 
rules 

 Input files 
generated by script 
from flat file or 
database 

 Run on multiple 
platforms 

 Flexibility 
(possible to 
manipulate) 

 Special made for 
accelerators 

 Written 
specifically for 
accelerator RAMI 
problems 

 Open source 

 Impossible to use 
without 
understanding its 
“inside” 

 Not developer 
friendly, needs 
more clear 
structure 

 Documentation 
 Matlab license 

 High learning 
 curve 
 License 

requirements 

Additional comments 
“The work to be done is important for the community. If the software is well developed, easy to use 

and allows to work with it easily. It will be something many people would use and find helpful. 
People often jump to things that is easier, but not necessary better. Important is not to have a good 

solution for one specific case, but a nice core for everyone to use.” 

 
The questioned researchers indicates that the usability in the field of availability and 
reliability analysis of accelerators are viewed as an easily used and modified software, 
performing fast simulations and possible to use on multiple operating systems. The result also 
highlights the importance of accounting for accelerator specific complexities, showing no 
software tool apart from Availsim enables such considerations.   
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5 DISCUSSION 
 

5.1 Usability improvements (RQ1) 
The following sections aims to ellaborate on the results provided from the three evaluation 
methods defined in section 4. To measure the improvement of the constructed tool (the 
artifact), the different software tools’ evaluations will be compared against each other in terms 
of the extent to which each tool resolves the issues defined in section 3.3.1 and what the 
differences depend upon. Although the Reliasoft software was included in the evaluation, it is 
important to remember the purpose of the study was to develop an improved version of 
Availsim2.0, since Availsim2.0 was the only software found capable of modelling accelerator 
specific complexities [25]. To easily refer to the statements behind each evaluation score, the 
same abbreviation will be used as in the result subsections, referring to the different 
statements as ‘Sx’, where ‘x’ represents the statement number. The first statement will e.g. be 
referred to as ‘S1’. 
 

5.1.1 After Scenario Questionnaire 
In order to obtain a comparable result, a standardized method of measuring usability was 
used. When choosing the method, ASQ was chosen due to its free availability being 
nonproprietary and its high reliability of 0,93 [6]. The ASQ statements are also adapted to 
measure any type of interface [6], contributing to obtaining values possible for comparison 
between usability scores received by other products, not only bound to software systems. The 
standardized way, along with the measured reliability of the method contributes to showing 
overall usability results which indicates to which extent the user perceived software usability 
of the tool.   
 
The result, as seen in section 4.1.1 indicates that Availsim3.0 performed sufficiently, 
indicating a slight overall satisfaction in all three statements (S1, S2 and S3). Availsim3.0 
obtained equal score to Availsim2.0 on the first two statements. However, a slight 
dissatisfaction was shown in S3. Reliasoft outperformed both Availsim versions in S2 and S3, 
but a lower performance in S1 was observed.  

S1, focusing on the ease of completing the given scenario tasks, shows that custom tailored 
software enables slightly easier task completion. The provided comment shows that, the 
reason to why the two Availsim versions obtained a higher score was because they more 
precisely could model reality since such specific requirements are explicitly considered when 
the two tools were constructed. However, Reliasoft, that accounts for other fields’ needs, as a 
more all-around tool, does not lend itself well when it comes to accelerator specific modeling. 

S2, focusing on the amount of time needed to complete the scenario tasks shows that the both 
Availsim versions obtained an equal score. However, Reliasoft, although receiving a much 
higher score due to its very user friendly GUI, could not model reality as accurately. This 
shows custom solutions for the accelerator field enables easier accelerator specific modelling, 
but a user friendly GUI speeds up the task-process by providing an intuitive and fast interface 
for each scenario-task. However, a GUI accounting for a large amount of different modelling 
types will in turn yield a more complex interface which limits the ease of completing specific 
tasks.  

The result obtained from S3 further describes the perceived satisfaction of help information, 
showing dissatisfaction towards Availsim2.0 due to the lack of helpful feedback when an 
error occurred. Software aiming to help the user correct an error once it occurred was proven 
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to be more appreciated as it contributes to solving the issue faster and to complete the 
scenario.  

For this first evaluation, the scores received by the software tools were summarized, showing 
their individual total score of:  

Availsim2.0: -1.  
The score indicates an overall slight disagreement towards the evaluation statements, 
obtaining the lowest usability score of all three software in the first scenario. 

Availsim3.0: 3.  
The score shows a slight agreement towards all three statements, Availsim3.0 was the most 
consistent of the software evaluated in terms of received score. Not receiving any points 
indicating disagreement on any of the three evaluation statements.  

Reliasoft: 4.  
The received score was the highest usability score on the first evaluation step, showing the 
subjects’ strongly perceived positive user experience regarding the time taken to complete the 
different simulation tasks. The comments shows the Reliasoft GUI served a key role for 
obtaining the high score.  

It is important to note that, although the summarized score could indicate an overall negative, 
neutral or positive user experience, the overall distribution of scores should be considered 
when measuring usability of the three software tools, since it provides insight in the number 
of statements which were positively experienced, along with the ones negatively experience. 

Although the overall score is hard to compare on its own, the very low received score of 
Availsim2.0 indicates this software has the lowest measured usability of all three. This may 
be considered an issue as usability, when implemented insufficiently, is proven to be one of 
the biggest reasons for application failure in practice [37]. It is also stated that, what is 
perceived as usability for a system vary between systems, meaning certain software are 
considered usable when they are fast while others need an easy understandable GUI. [35]. The 
result from each software obtained from the ASQ should therefore be considered in relation to 
each other and not as absolute, i.e. where a positive value indicates an overall high usability. 

In order to answer RQ1 regarding if Availsim3.0 provides an improvement of usability 
compared to the alternative software tools, the ASQ scores of each statements indicate two 
aspects where availsim3.0 shows to have an advantage over Availsim2.0. Reliasoft on the 
other hand, obtained a higher score than the both Availsim versions indicates an even higher 
usability. By observing the differences between the software scores and the provided 
comments, the two most significant improvements were shown to be: 

1. Help messages and helpful error handling for resolving issues 
In order to increase usability, it was shown that, when using the accelerator modelling 
tools, the software should be able to help the users through the simulation process by 
guiding with help messages and help resolving issues once they occur with specific 
error messages. 

2. Accelerator specific data input workflow 
It was also shown that, tailor-made software such as the two Availsim versions have 
an advantage regarding data-input due to an non-obstructive input workflow. Software 
tools such as Reliasoft, suffers from having an overly complex software interface with 
unnecessary functionality, hindering the user from effectively completing scenario 
tasks. 
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As described by R. AlRoobaea and P.J. Mayhew, poor usability can lead to high error rates, 
user dissatisfaction and long task [31]. This finding correlates with improvement 1, targeting 
user friendly error and help messages in systems. The lack of such features indicates by the 
result of especially Availsim2.0 to be of high significance in order to ensure usability and 
satisfaction. Optimally, to lower the time spent on correcting errors for a system, such errors 
should not occur. However, for complex and specific tools, very sensitive of the input 
provided, error and help message handling cannot be omitted. 

The quality of such improvement can be measured by observing the amount of errors accruing 
during usage of the tool and the total time to which the errors take to resolve, with the purpose 
to achieve shorter task times to improve overall usability as mentioned by [8], where air 
traffic control systems task time execution was analyzed. 

As seen in table 4.1, Availsim2.0 obtained the lowest score due to no feedback at all during in 
the case of error events, which delayed the time taken to resolve the issues. However, it can 
be seen from the difference of obtained score in Table 4.1, where a low error handling score 
(S3) correlates with the time taken to complete the task (S2). This indicates that better error 
handling decreases task times. 

Laura et.al [37] noted that software design and usability are related, meaning the system core 
has an impact on usability, and not only the user interface [37][35]. This conforms to the 
second finding in the study where Reliasoft, as software in need to account for more than one 
specific type of analysis showed a dissatisfaction when it comes to the users software 
interface interaction, since some functionality is not used, therefore redundant. 

5.1.2 Software Usability Scale 
In addition to the ASQ, The Software Usability Scale (SUS) was used.  
As ASQ, the SUS score received by the tools should be considered only in relation to each 
other, not accounting for the historical data stored by SUS studies, used to compare different 
kind of software.  

As indicated by the overall SUS-score for each individual tool, the differences observed 
which yielded a high score outcome due to the fact that a GUI was explicitly developed 
within a specific tool. Therefore, the result indicates that a GUI is highly prevalent in order to 
improve usability. Especially GUI features such as drag and drop which in this evaluation, is 
specific only to Reliasoft. It is important to note that the score for all the SUS-evaluated tools 
can be categorized by different user interfaces, enabling comparison between scores for 
similar products [6]. The three software tools evaluated in this evaluation step all fall into the 
same category, named GUI. Even though they fall into the same category, they are vastly 
different when it comes to the GUI presentation. Both Availsim versions lack a direct GUI 
implementation, and instead uses external software GUIs in order to manipulate data files and 
run the simulation, while Reliasoft offers a direct GUI implementation, yielding an all in one 
solution packages which does not require additional tools for completing the accelerator 
specific modeling tasks. Therefore, the scores should be viewed with these differences in 
mind. 

The SUS-score was originally developed to give a single score, depicting the overall 
interpretation of usability, not looking at individual statement. Analyses to confirm this has 
been performed, showing that there is not much differentiation among the statements given 
values, it was noted that differences found may have had more to do with the use of positive 
and negative wording of the statements rather than their actual meaning [6]. The study, 
performing a statement-by-statement analysis in [6] included a factor analysis, strongly 
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indicating that the first statement within the evaluation was of the highest significance for 
users. The statements ask the users if they want to use the software frequently, and 
summarizes the overall desire of using the software in the future. Due to the high significance, 
it is important to take this statement into account when evaluating if a software performed 
satisfactory or not, not merely looking at the summarized score yielded by the SUS 
evaluation. However, the received SUS score for the different software indicates that there 
were no significant deviation of score between the first statement and the rest, instead scoring 
similarly to all of the provided statements. 

Looking at Availsim3.0, it is clear that, when comparing to its previous version, a more than 
twice as high SUS-score was achieved. This difference point in a clear overall improvement 
of usability in the new software version. Although this usability increase was found, Reliasoft 
outperformed both Availsim versions, indicating a perceived higher usability compared to the 
two Availsim software. It is important to note that, the external software required in order to 
use Availsim2.0 and Availsim3.0 might not explicitly have taken usability into account when 
developed, most certainly not considering the Availsim tool and the accelerator community. 
This importance is justified from multiple studies, pointing out that usability is interpreted 
differently depending on the system and a clear relationship between the user interface and 
software functionality is of importance [37] [35] [4]. Therefore, the usability of both Availsim 
versions may vary or be inconsistent, however, it is reasonable to say that an overall well 
integrated GUI as in Reliasoft creates a clear improvement in usability. 

5.1.3 Requirement statements 
The requirements elicited from the environment in section 3.2 serves as a foundation for the 
third part of the evaluation, where the software requirements are explicitly treated to measure 
the extent to which the new developed software fulfills the pre-defined requirements, and 
compare these to the alternative software used in the specific field of analysis. Statements 
were constructed for each of the defined requirements based on their ability to be measured. 
E.g. requirement 15, implying an open sourced software could only be answered with yes or 
no answers, while the ease of retrieving result had a 7-point Likert scale.   

Maintainability 

As seen in the diagram 4.1, and judging by the provided comment in S20, it is clear that a 
software with access to its source code such as the two Availsim versions allows for easier 
adaptation of simulation rules. However, an open source software is not enough since, if the 
code is not easily interpreted and modifiable, the advantages of open source are wasted, which 
is the case of Availsim2.0. Further, S21, targeting the software ability to detect and managing 
errors shows consistency with section 5.1.1, where errors providing guidelines of how to 
resolve the issue are much appreciated, while software not taking this aspect into account such 
as Availsim2.0 obtained a lower score that might increase task times [16].  
S22 shows an indication of an equally sufficient documentation across all three software, 
followed by a comment confirming the observation, not further elaboration on the matter. 
S24 shows similarities to S20, targeting the software code with emphasis on modifications, 
while S24 with emphasis on maintaining the code. The both results indicates modularity is a 
key factor. As stated by the comment and the score for S24, a high modularity, as with 
Avilsim3.0, enables a higher maintainability than Avilsim2.0. The main difference between 
the software is the modular approach of Avilsim3.0, having adopted a more event driven 
design, a design, proven to increase maintainability for systems, showing that system usability 
should be taken into consideration as early as in the development phase [37].  
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As noted previously in section 5.1.1, and in S29, GUI play a key role improving the user 
experience and in turn decreasing negative factors such as a high learning curve, the effect of 
the lack of a GUI is more prevalent in Avilsim2.0 but not as negative in Avilsim3.0. While 
suffering from a similar problem, a higher score was obtained due to the more efficient input 
format.  

As such, GUI is highly recommended through further iteration of Availsim3.0 in order to 
close the visible gap and improve maintainability even further. However, in combination with 
GUI, modularity of the software code itself and its open event driven design shows to be one 
of the most significant factors which contribute to improving overall maintainability. 

Input/Output 

The input and output evaluation, showed in graph 4.2 depicts the requirement questions 
targeting management of input and output for the three software. The score received by 
Availsim3.0 in S18 and S26. Depicts of with what ease the user can input large data models 
and, once inputted, modify the models as pleased. The result shows in S18 that Availsim3.0, 
receiving a top score due to its better input structure, followed by Availsim, following a 
similar format, scored secondly. S28 depicts the Availsim versions advantages in the matter, 
taking use of external scripts to generate the model, providing a more flexible range of 
options for input than the restricted standard followed by Reliasoft.   

When overviewing the obtained result, a clear deficiency could be identified in Reliasoft in 
the lack of flexibility to read input data from databases or other accelerator modeling files. A 
problem, both version of Avilsim do not suffer from due to the custom format design 
regarding input. Therefore, as pointed out previously in section 5.1.1, complexities throughout 
the input interface has a negative impact on the input process. In the case of Reliasoft, this 
negative impact is the result of having an overly complex GUI in relation to the type of data 
required to be used for accelerator simulations. Overall, the result indicates that custom 
tailored input workflow for the task at hand, streamlines and increases the usability of the 
software. 

Performance 

When overlooking the results seen in Graph 4.3, no direct parallel could be drawn between 
the answers/scores obtained by S25 and S30. However the different in algorithmic design 
indicates a slight improvement in computational speed between both versions of Avilsim. 
Avilsim2.0 using an imperative, linear and repetitive approach suffers in execution speed 
compared to Avilsim 3.0 who uses a data-oriented and event driven algorithmic approach. 
Therefore, it can be presumed that the algorithmic design difference have a noticeable per-
formance impact on simulation executions [15]. Regarding S30, explicitly asking about the 
graphical presentations obtainable with the software, Availsim3.0 and Reliasoft received a 
higher score, due to the fact the software explicitly generates graphical representations upon 
simulation completion, while Availsim2.0 needs to manually use the result file to plot graph-
ical representations.  
Accelerator specific 

Graph 4.4, targeting the elicited requirement of having an accelerator specific simulation, and 
to which extent these specific requirements are fulfilled across the software tools evaluated. 
S14, S15 and S16 targets accelerator specific software functionality, showing both Availsim 
versions, specifically developed for accelerator analysis, obtained a higher score, proving 
them more usable due to their specific functionalities considered throughout the simulation 
process. Reliasoft, a broader tool not considering every accelerator aspect, obtained a 
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noticeable lower result. However, although specific tools are needed to tackle specific needs 
in a certain field, the result from S23 shows a tool cannot be too specific without restraining 
itself from being modified and additionally adapted as Availsim2.0. S17 highlights the 
importance of using terminology, targeting the user group of a software. Different 
terminology can cause misunderstanding among practitioners and issues of understanding 
may arise, causing confusion which may lead to lower usability do to the limitations of which 
the software can be understood [35]. 

Polar questions 

Table 4.4 summarizes the questions not plausible to measure to which degree they had been 
accounted for. To elaborate on the obtained result in correlation to usability, the both 
Availsim versions, as open sourced, enables freely modifications of code, positively 
impacting the usability as shown in the maintainability category depicted in diagram 4.1. The 
open source question, targeting code availability, indicates a software aspect that enables a 
flexible code modification. 

Availsim3.0, as the only software not bound to a license indicates an advantage over the 
alternatives due to the fact that, having a software not restricted to licenses, was from the 
elicitation process showed as a positive attribute. 

Identified improvements 

To extend the already listed answers of RQ1 in how Availsim3.0 provides usability 
improvements comparing to the alternative software tools stated in ASQ, the performed 
evaluation in this section further extends this list by identifying 2 additional aspects: 

1. Source code modularity 
Source code modification and modularity is shown to increase usability by allowing 
further development of the software to extend its functionality, alternatively, 
modifying existing functionality to adapt the software in question to a specific type of 
model.  

2. Source code maintenance 
Code maintenance, highlighting the importance of code that enables easier 
maintainability, thus, targeting to the extent of which a software, continuously 
developed can be maintained. Availsim3.0 showed an advantage towards the other 
software tools due to its event and data driven structure, proven to be a sustainable 
solution. 

As elaborated by [37] and [35], software design and usability are related, showing usability is 
required to be considered as early as in the design process. Although a well implemented and 
intuitive GUI is proven to improve usability to a certain extent [4], usability may vastly vary 
between systems, meaning different software aspects needs to be considered depending on the 
system [35]. For accelerator availability and reliability analysis, results points toward users in 
need of certain types of code for it to be flexible, yet easily maintained, indicating the 
programming approach taken needs to be accounted for. Results indicate that the Event driven 
approach used for Availsim3.0 facilitates the software modularity, a correlation also 
elaborated by comparing different software paradigms in [15]. 

 



50 
  

5.2 Main usability challenges (RQ2) 
To answer RQ2 regarding what main usability challenges exist in the current available 
software used for availability and reliability analysis for accelerators, a requirement elicitation 
was conducted. The elicitation process consisted of 3 questionnaires and one interview, 
targeting availability and reliability researchers across the environment defined in section 3.2. 
The questions used, as can be seen in appendix A, did not only provide an overview of the 
issues in the current field, but also highlights attributes that are considered having a positive 
impact of the interpreted usability. Additionally, due to the purpose of the study, specific 
questions regarding user background and previous versions of the Availsim software tool was 
asked to obtain a better understanding of the credibility behind the answers received and to 
obtain guidelines in how to best adapt Availsim2.0 to increase the software usability. As 
stated by [37], poorly implemented usability is the main cause for application failure in 
practice. RQ2, targeting the usability challenges in existence may provide an insight for not 
only which usability issues can be identified, but also, due to the very limited field. 
Pinpointing specific attributes defining usability for future work to consider. 

5.2.1 Requirement elicitation 
The result obtained from the requirement elicitation described in section 3.2 pointed out 20 
different software properties that were either considered problematic and caused issues when 
performing the analysis, or perceived as correlating to usability.  
Table 4.5 provides an overview of the summarized data in correlation to each software tool 
found in the current field. 
 
1. Model accelerator-specific complexities 

As mentioned by all of the subjects for the elicitation process, the software found in the 
field today are not explicitly considering accelerator specific complexities unless the 
software is specifically developed for this type of accelerator analysis. Currently, only one 
software was found, able to account for redundancies, parameters and maintenance, 
further elaborated in [25]. However, the software, named Availsim, in its current state, is 
not possible to use due to previous restricted modifications. Flexibility is  

2. Use accelerator terminology 
It was also shown that the terminology vary between fields, where researchers in the 
accelerator community use specific wording when referring to E.g. maintenance. It was 
therefore required to, throughout the software, make sure correct terminology was used to 
not cause confusions. As mentioned by X. Ferré, N. Juristo and H. Windl, conflicts 
between domains may arise due to their difference in terminology [35].  

3. Possible to handle big models 
Due to answers indicating a hampered way of handling big data models was provided 
throughout the subjects, pointing out inefficiency when large models for simulation were 
input due to redundant tasks. Indicating room for improvements. 

4. Easy retrieving results 
Ease of which valuable results could be retrieved were also highlighted as a necessity. To 
easily retrieve specific data upon simulation completion also correlates to a general 
usability description, defining usability as, inter alia, the extent to which a product can be 
used with satisfaction and ease [31][35].  

5. Easy to modify 
A software is in need to be easily modified in order to be used across multiple facilities. 
By looking at Availsim2.0, it is clear that a restricted software in terms of its modifiability 
may restrain the software to the extent that it is barely used, although the clear software 
potential.  
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6. Error handling 
Task execution is considered as an important software aspect [8]. To handle errors and 
present them to the software user enables them to backtrack the issue, resolving it faster 
and in a faster manner, complete the simulation.  

7. Detailed documentation 
Researchers questioned, also pointed out the lack of sufficiently detail documentation, 
where some software users, even after continuously in contact with the provided 
documentation along with support personnel were not possible to resolve the issue.  

8. Not facility-specific, but generic for more facilities to use 
As pointed out in [25], a specific developed software is required in order to improve the 
field analysis. However, the software cannot be too specifically developed due to 
restrictions in software rules, not enabling it to be used more widely.  

9. Well-structured code 
The elicitation process also pointed out the lack of well-structured code when performing 
the analysis. The open sourced software, taking accelerator specific attributes as pointed 
out in requirement 1 into account, are in need to be understood more easily.   

10. Fast simulation 
Although no direct statements targeting the slow simulations in the analysis, 
interpretations regarding usability were often seen to correlate to a fast simulation.  

11. Formatted input/output 
Flexible solutions for handling input as well as output was considered positive. Although 
no explicit input/output formatting issues were found, the positive aspects of this attribute 
resulted in considering it through development as a requirement. 

12. Ease of modifying simulation rules 
Due to the nature of the analysis, where different scenarios are to be analyzed, to tweak or 
change small segments of simulation rules are required in order to, through the obtained 
results, see how small system changes affects the outcome of the simulation. An as easy 
modifiable software is therefore considered important. To conform to the needs, intuitive 
code approaches with the ability to be modified as easy as possible were considered 
during development. 

13. Run on multiple platforms (Linux/OSX/Windows) 
Due to the fact that multiple facilities perform their analysis on multiple platforms, it was 
pointed out that a flexible software, able to run on multiple platforms would be preferable. 
Not only does this account for a broader use, it correlates to ethical and social aspects 
mentioned in section 5.3. 

14. Input files generated from Database/Flat file 
To develop an as usable software tool possible, the ease to generating input files from a 
pre-defined format was shown to be important. Correlating to requirement 3, targeting the 
input of large models, this requirement investigates the possibility in auto generating the 
process.   

15. Open source 
An open source software, able to be modified freely, was seen as important. It correlates 
to requirements 16, not restraining itself to any license and extend the software flexibility 
to be tampered with as pleased. 

16. No license 
To not have any license restrictions on the software was also pointed out as important. 
Organizations preforming availability and reliability analysis on accelerators are 
essentially businesses in need of managing their economy. Lowering the costs is therefore 
of interest.   



52 
  

17. Low learning curve 
Software tools performing the analysis was interpreted to have a high learning curve, 
which also was the reasoning to why some software have not been considered, nor used.  

18. Graphical representations 
Although not explicitly stated as current usability issues, comments provided indicated 
that graphical representation would be a software feature worth implementing. Due to the 
ease of implementing such feature, depicting the possible graphs obtainable. It was 
decided to state this last requirement.  

 
Regarding to RQ2, targeting the main usability challenges, existing in the current available 
software used for availability and reliability analysis for accelerators, from the above 
elaborations in correlation to the different software, Table 5.1 summarizes the usability issues 
in existence for the tools in use. 
 
Table 5.1: Main usability challenges for availability and reliability software tools, used for 
accelerator facilities. 

Software tool: Main usability issues 
Availsim2.0  Too specific, not enabling it to be used 

across facilities 
 Difficult to work with 
 No errors or help messages 
 High learning curve 

Availsim1.0  Time consuming modifications 
 Poor documentation 
 Hard to understand 

Excel calculations  Very hard to make small modifications 
 Very specific, not usable between 

facilities 
Reliasoft  Hard to import data 

 Not accelerator specific 
Riskspectrum  Not accelerator specific 

 Slow execution time 
Isograph  Hard to retrieve results 

 Hard to understand  
 Not accelerator specific 

Matlab Scripts  Long term maintainability issues 
 Specific 

 
It is important to note that the results are based on answers obtained from the 3 questionnaires 
and the one interview conducted, resulting in a total of 4 subjects questioned. Although the 4 
subjects represent the majority of the users conducting availability and reliability analysis in 
the defined environment, the lack of answers obtained from questions left blank may indicate 
important data are missing, increasing the probability of drawing wrong conclusions. E.g. no 
negative comments were received regarding the ELMAS tool, resulting in no conclusions 
regarding the tool could be made. Multiple researcher also omitted to specify their 
interpretation of usability. However, the stated usability challenges indicates room for 
improvements, justifying the study objective. 
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5.3 Sustainable development and ethical social aspects 
D. Gotterbarn and K. Miller elaborates how to consider ethical risks when developing 
software, presenting suggestions to consider the ethical constraints during a software 
development project [34]. They elaborate that it is of essence to think early and often of the 
people your system affects, both directly related to the development and those affected by its 
use [34]. For this study, the users directly affected are a very narrow range of availability and 
reliability researchers in the accelerator community. However, this narrow range of 
researchers have all different backgrounds and comes from different cultures, to have intuitive 
software was therefore of essence during development, conforming to the considerations in 
[34]. Although the software was to some extent constrained to ESS regarding e.g. 
programming language, aspects considered can correlate to developing a software easy to use 
for any researcher. This, since an overview of the environment was obtained by interview and 
questionnaires, concerning as many developers as possible before the development work 
started. Developing open source software without the need of any particular license also 
contributes to flexible software that can freely be changed, enabling user adaptations to 
whichever need they want to fulfill.   
 
Although very limited guidelines exist on how software engineering can contribute to 
improving sustainability [19], the definition of sustainable software in software engineering 
is, according to [19] as follows: 
“software engineering aims to create reliable, long-lasting software that meets the needs of 
users while reducing environmental impacts; its goal is to create better software so we will not 
have to compromise future generations’ opportunities”. The definition given to some extent 
corresponds to the purpose of the study, where the Availsim software tool is to be further 
developed with emphasis on usability. The tool is in need to be easily maintained and to run 
on multiple hardware platforms. Throughout time, hardware tends to change [19]. To have an 
easily maintained and flexible software is therefore of essence, not relying on a hardware 
platform but to have a flexible and independent software to be used no matter the underlying 
platform, possible to use with the technology of tomorrow. The way to achieve more 
sustainable software is, in principle, by lowering the power consumption of the product [19].  
 
Extensive work has been conducted to improve energy efficiency of hardware. However, this 
is not the case for software development where tools and methodologies used rarely consider 
energy efficiency [19]. Due to the nature of this work, where the development of the new 
Availsim software tool was conducted by the author, external development processes were 
deemed uncalled-for. Therefore, sustainability in software development has not been 
considered throughout this work.  
 
The essence of the software, to analyze the availability and reliability of accelerators can have 
a significant indirect impact on both people and environment due to the risks in existence 
when developing and operating a machine of this magnitude. However, the tool developed, 
without extensive testing and comparison with alternative tools, will not singlehandedly, 
impact the accelerator facility, leading to potential hazards. This, due to the strict regulations 
in existence. For this reason, such considerations has not been taken when conducting the 
work. 
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6 CONCLUSIONS 
This thesis, focusing on improving the usability of Availsim and to investigate the current 
usability issues in the field of availability and reliability analysis for accelerators was 
conducted using the design science research methodology. As input for the development 
process, a questionnaire was used in order to understand the needs in the field. The artifact 
was in the end evaluated with three different questionnaires targeting the perceived usability 
of the tool. When answering the first research question of “How can the proposed tool help 
in improving the usability of availability and reliability analysis for accelerators?”, it 
was found that the developed artifact referred to as Availsim3.0, when evaluated against its 
previous version and Reliasoft, was proven to improve four aspects of usability in the 
accelerator field of analysis. Two from which were obtained from the first evaluation step, 
using After Scenario Evaluation, and two from the third evaluation step, explicitly targeting 
the constructed requirements from the elicitation process explained in section 3.2.   

Help messages and helpful error handling for resolving issues 
It was elaborated that Availsim3.0 showed great improvements in terms of error messages 
over the previous Availsim version. Reliasoft, although obtaining a slightly higher score than 
Availsim3.0. The slightly higher score can be correlated to the software GUI and its history of 
being a commercial software tool developed and tested to a higher extent than Availsim3.0.  

Accelerator specific data input workflow 
It was also shown that tailor-made software, such as the two Availsim versions, have an 
advantage regarding data-input due to an explicit consideration of simulation functionality to 
fit the specific field of analysis. Reliasoft however, targeting a broader community, presents 
functionality not required in accelerator analysis, causing redundant tasks. Although the two 
Availsim versions received the same score regarding S1, it was in s18 stated that Availsim3.0 
had a better input structure to easier auto generate data models for input.   

Source code modularity 
Availsim3.0 outperformed its previous version along with Reliasoft in the modularity of 
source code, mainly due to the fact that Reliasoft do not have a public code, only allowing 
controlled functionality modifications through its GUI. Availsim3.0, developed using a data 
oriented and event driven programming was perceived as easier to understand and more 
usable than Availsim2.0 with an imperative code structure [15]. 

Source code maintenance 
Code maintenance, highlighting the importance of code that enables easier maintainability, 
thus, targeting to the extent of which a software, continuously developed can be maintained. 
Availsim3.0 showed an advantage towards the other software tools due to its event and data 
driven structure, proven to be a sustainable solution. Reliasoft, implicitly being maintained 
and updated through its organization, does not account for as flexible modifications as 
Availsim3.0. Ultimately, the software should be easily maintained and further developed to fit 
specific accelerator facility needs, where every facility, with slight modification of the 
Availsim3.0 core, could obtain an analysis specific for their needs. An attribute fulfilled by 
Availsim3.0 to a higher extent. 

Availsim3.0 received the highest score regarding the requirements obtained from the 
elicitation process.  However, both ASQ and SUS indicated that Reliasoft has the highest 
usability of the three evaluated software. Conclusions regarding GUI can be made, where 
Reliasoft, having an integrated GUI for the specific functionality provided by the software do 
not have to rely on external applications such as Availsim3.0 when structuring input. From a 
usability point of view, the integrated GUI is indicated to have an advantage. Regarding 
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flexibility however, Availsim3.0 do not have to rely on specific file structures, enabling a 
broader options of auto-generating input models.  

Although Availsim3.0 did not measure the highest overall usability, is shown to be much 
more usable than its previous version, indicating improvement that might lead to a broader 
use of the tool due to the modifications. Fulfilling the objective of this study. Additionally, 
table 4.6 summarizes, among others, the found disadvantage with the Availsim tool. 
Comparing the column listing negative aspect of the tool in correlation to the findings 
discussed in section 5.1.3, a clear indication of improvement on all four negative aspects 
listed can be seen. This further indicates that the objective of this study has been achieved and 
which impact on the field is yet to be seen.  

The second research question of “What main usability challenges exist in the current 
available software used for reliability and availability analysis for accelerators?”, the 
questionnaire and interview conducted before software development shows that multiple tools 
are used across facilities. This indicates challenges, since multiple tools are used to perform 
the analysis, no tool seems optimal for the task.  

Since multiple tools are used when performing the analysis, the usability issues found can be 
linked to the different tools. Availsim1.0 was found to be too time consuming when 
modifying inputs, as well as difficult to work with, having a high learning curve and 
displaying no errors to help the user with the inputs. Availsim2.0 was also perceived as 
difficult to work with and to have a high learning curve as well as to have no errors, helping 
the user. Additionally, the software was stated to be too specific for a special accelerator 
facility and therefore, impossible to use at other facilities. Excel calculations are also very 
specific, not possible to be used across facilities as well as very hard to make small 
modifications and very complex calculations. Reliasoft is not accelerator specific and users 
found it hard to import data in the tool. Riskspectrum is not accelerator specific and was 
stated to have a slow execution time when running simulations. Isograph is, as Reliasoft and 
Riskspectrum not accelerator specific. Additionally, it is hard to understand the tool and to 
retrieve the results. Lastly, Matlab Scripts have long term maintainability issues, and as 
Availsim2.0 and Excel calculations, too specific to individual accelerator facilities. 
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7 RECOMMENDATIONS AND FUTURE WORK 
The study, focusing on a very specific domain of analysis, shows close to no research has 
been conducted in the field regarding software usability, introducing the field of study for 
future researchers. The results obtained indicate usability aspects which were improved by 
introducing the new artifact. However, the study did not follow up on the long term impact of 
the improvements, along with if the improvements obtained were enough to enable Availsim 
to be used across multiple facilities or not.   

For future work, a more broad study could be performed regarding the usability interpretation 
in the field for less subjective answers due to the limitations of the performed study where a 
very restricted amount of subjects was questioned. Additional evaluation methods could also 
be considered, e.g. by monitoring the physiological values from the users interacting with the 
software, which may yield more objective results. Due to the flexibility of Availsim, 
alternative software solutions could also be introduced to obtain understanding in how 
software with no explicit GUI could be implemented in the best way possible. 

Another approach to obtain objective data regarding the software implementation would be to 
use code review modules such as Pylint to check if the implementation corresponds to 
Python’s PEP8 style guide and to look for further improvements in the code. The results from 
the code review could then be compared to the more objective data. 

 



57 
  

 

8 REFERENCES 
[1]S. Suhring, ‘Accelerator availability and reliability issues’, in Particle Accelerator Conference, 2003. 
PAC 2003. Proceedings of the, 2003, vol. 1, p. 625–629 Vol.1. 

[2]L. Hardy, ‘Accelerator Reliability-Availability’, KEK PROCEEDINGS, 2003. 

[3]D. Bargal, ‘Action Research A Paradigm for Achieving Social Change’, Small Group Research, vol. 
39, no. 1, pp. 17–27, Jan. 2008. 

[4]R. S. AlRoobaea, A. H. Al-Badi, and P. J. Mayhew, ‘A framework for generating a domain specific 
inspection evaluation method: A comparative study on social networking websites’, in Science and 
Information Conference (SAI), 2013, 2013, pp. 757–767. 

[5]N. Juristo, A. M. Moreno, and M.-I. Sanchez-Segura, ‘Analysing the impact of usability on software 
design’, Journal of Systems and Software, vol. 80, no. 9, pp. 1506–1516, Sep. 2007. 

[6]A. Bangor, P. T. Kortum, and J. T. Miller, ‘An Empirical Evaluation of the System Usability Scale’, 
International Journal of Human–Computer Interaction, vol. 24, no. 6, pp. 574–594, Jul. 2008. 

[7]G. Kumar, V. Jain, and O. P. Gandhi, ‘Availability Analysis of Repairable Mechanical Systems Using 
Analytical Semi-Markov Approach’, Quality Engineering, vol. 25, no. 2, pp. 97–107, Apr. 2013. 

[8]J. Nabukenya, ‘Combining Case Study, Design Science and Action Research Methods for Effective 
Collaboration Engineering Research Efforts’, in 2012 45th Hawaii International Conference on System 
Science (HICSS), 2012, pp. 343–352. 

[9]A. R. Hevner, S. T. March, J. Park, and S. Ram, ‘Design Science in Information Systems Research’, 
MIS Quarterly, vol. 28, no. 1, pp. 75–105, Mar. 2004. 

[10]A. Dresch, D. P. Lacerda, and J. A. V. Antunes Jr, ‘Design Science Research’, in Design Science 
Research, Cham: Springer International Publishing, 2015, pp. 67–97. 

[11]A. Hevner and S. Chatterjee, ‘Design Science Research in Information Systems’, in Design 
Research in Information Systems, vol. 22, Boston, MA: Springer US, 2010, pp. 9–22. 

[12]J. Payne, ‘Dipping Your Toe into Python’, in Beginning Python®: Using Python 2.6 and Python 3.1, 
Wrox, 2010. 

[13]S. Brailsford, L. Churilov, and B. Dangerfield, ‘Discrete-event simulation: A primer’, in Wiley Series 
in Operations Research and Management Science : Discrete-Event Simulation and System Dynamics 
for Management Decision Making (1), Somerset, GB: Wiley, 2014, pp. 10–25. 

[14]C. Wohlin, P. Runeson, M. Höst, M. C. Ohlsson, B. Regnell, and A. Wesslén, ‘Empirical Strategies’, 
in Experimentation in Software Engineering, Berlin, Heidelberg: Springer Berlin Heidelberg, 2012, pp. 
9–20. 

[15]P. V. Roy and S. Haridi, ‘Explicit State’, in Concepts, Techniques, and Models of Computer 
Programming, 1st edition., Cambridge, Mass: The MIT Press, 2004. 

[16]A. S. Badashian, M. Mahdavi, A. Pourshirmohammadi, and M. M. nejad, ‘Fundamental Usability 
Guidelines for User Interface Design’, in International Conference on Computational Sciences and Its 
Applications, 2008. ICCSA ’08, 2008, pp. 106–113. 

[17]R. Maier, I. Kernphysik, and F. J. Gmbh, ‘HIGH POWER PROTON LINACS , APPLICATIONS AND 
DESIGN CONCEPTS’, pp. 174–178, 2002. 



58 
  

[18]M. Khosrow-Pour, Ed., ‘History of simulation’, in Encyclopedia of Information Science and 
Technology, Second Edition:, IGI Global, 2009, pp. 1769–1776. 

[19]C. Calero and M. Piattini, ‘Introduction to Green in Software Engineering’, in Green in Software 
Engineering, C. Calero and M. Piattini, Eds. Springer International Publishing, 2015, pp. 3–27. 

[20]‘ISO 9241-11:1998(en), Ergonomic requirements for office work with visual display terminals 
(VDTs) — Part 11: Guidance on usability’. [Online]. Available: 
https://www.iso.org/obp/ui/#iso:std:iso:9241:-11:ed-1:v1:en. [Accessed: 15-Sep-2016]. 

[21]S. Adikari, C. McDonald, and J. Campbell, ‘Little Design Up-Front: A Design Science Approach to 
Integrating Usability into Agile Requirements Engineering’, in Human-Computer Interaction. New 
Trends, J. A. Jacko, Ed. Springer Berlin Heidelberg, 2009, pp. 549–558. 

[22]R. Ferdous, F. I. Khan, B. Veitch, and P. R. Amyotte, ‘Methodology for Computer-Aided Fault Tree 
Analysis’, Process Safety and Environmental Protection, vol. 85, no. 1, pp. 70–80, 2007. 

[23]C. Graham, ‘Past, present and future’, in Markov Chains: Analytic and Monte Carlo Computations, 
1 edition., Wiley, 2014. 

[24]M. Mahemoff, A. Hussey, and L. Johnston, ‘Pattern-based reuse of successful designs: usability of 
safety-critical systems’, in Software Engineering Conference, 2001. Proceedings. 2001 Australian, 
2001, pp. 31–39. 

[25]E. Bargallo, G. Martinez, J. M. Arroyo, J. Abal, P.-Y. Beauvais, F. Orsini, R. Gobin, M. Weber, I. 
Podadera, D. Regidor, J. Calvo, A. Giralt, J. Dies, C. Tapia, A. De Blas, A. Ibarra, and J. Molla, ‘RAMI 
analyses of the IFMIF accelerator facility and first availability allocation between systems’, Fusion 
Engineering and Design, vol. 88, no. 9–10, pp. 2728–2731, Oct. 2013. 

[26]M. Eriksson, ‘Reliability assessment of the LANSCE accelerator system’, Royal Institute of 
Technology, Stockholm, Sweden, 1998. 

[27]R. Pasquinelli, C. Adolphsen, Y. H. Chin, H. Edwards, K. Hübner, M. Ross, T. Shintake, N. Toge, H. 
Weise, R. Assmann, W. Kozanecki, D. Schulte, P. Tenenbaum, and N. Walker, ‘Reliability , Availability , 
and Operability’, pp. 429–464. 

[28]‘Reliability Software, Training, Consulting and Related Reliability Engineering Analysis Services 
from ReliaSoft Corporation’. [Online]. Available: http://www.reliasoft.com/. [Accessed: 14-Sep-2016]. 

[29]Manorma, ‘RiskSpectrum: Emerging software for Nuclear Power Industry’, in Nuclear Renewable 
Energy Conference (INREC), 2010 1st International, 2010, pp. 1–6. 

[30]P. W. Jordan, B. Thomas, I. L. McClelland, and B. Weerdmeester, ‘SUS: a “quick and dirty” 
usability scale’, in Usability Evaluation In Industry, CRC Press, 1996, pp. 189–196. 

[31]R. Alroobaea and P. J. Mayhew, ‘The impact of usability on e-marketing strategy in international 
tourism industry’, in Science and Information Conference (SAI), 2014, 2014, pp. 961–966. 

[32]M. Pidd and R. A. Cassel, ‘Three Phase Simulation in Java’, in Proceedings of the 30th Conference 
on Winter Simulation, Los Alamitos, CA, USA, 1998, pp. 367–372. 

[33]B. Fields, P. Wright, and M. Harrison, ‘Time, Tasks and Errors’, SIGCHI Bull., vol. 28, no. 2, pp. 53–
56, Apr. 1996. 

[34]D. Gotterbarn and K. W. Miller, ‘Unmasking Your Software’s Ethical Risks’, IEEE Software, vol. 27, 
no. 1, pp. 12–13, Jan. 2010. 

[35]X. Ferre, N. Juristo, H. Windl, and L. Constantine, ‘Usability basics for software developers’, IEEE 
Software, vol. 18, no. 1, pp. 22–29, Jan. 2001. 



59 
  

[36]S. Earley, ‘Usability for Internal Systems: What’s the Payoff?’, IT Professional, vol. 16, no. 5, pp. 
66–69, Sep. 2014. 

[37]L. Carvajal, A. M. Moreno, M. I. Sánchez-Segura, and A. Seffah, ‘Usability through Software 
Design’, IEEE Transactions on Software Engineering, vol. 39, no. 11, pp. 1582–1596, Nov. 2013. [20]L.  
 
 

  



60 
  

APPENDIX A: Interview Questions 

 
BQ1: What is your current role, working with accelerators? 
BQ2: How many years of experience do you have in reliability and availability analysis of accelerator / working 
with accelerators? 
BQ3: What facility are you currently working at, and have you worked at any other accelerator facility before? (If 
yes, which ones) 

Q1: Which availability and reliability analysis tools for accelerators have you been in contact with/used? 
        Q1.1: What were the advantages with the tools you mentioned? Explain, why were these considered 
advantages? 
        Q1.2: What were the disadvantages with the tools you mentioned? Explain, why were these considered 
disadvantages? 
        Q1.3: Considering the disadvantages, did these have any impact on your usage of the tools? Explain, what 
were the impacts and why? 
Q2: Have you been in contact with, or used Availsim? 
        Q2.1: In what way have you been in contact with Availsim? (Developer/user/tried it…) Please also specify 
the Availsim version(s) (Availsim/Availsim2.0)  
        Q2.2: What were the advantages with Availsim? Explain, why were these considered advantages? 
        Q2.3: What were the disadvantages with Availsim? Explain, why were these considered disadvantages? 
        Q2.4: Did you have any main/major problems with Availsim? Why? 
        Q2.5: If you had any main problems with Availsim, did these problems affect your usage of the software? 
Why, how? 
Q3: If you have been in contact with Availsim and other tools, what were the differences? Explain, why? 
Q4: What is usability for you?  

 

Usability means “quality in use” and is defined by ISO  9241-11  as “the extent to which a product can be used by 

specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use.” 

Usability is highly related to user and system performance and is achieved by design where the psychological and 

physical characteristics of a user is taken into consideration, as well as the tasks they are expected to accomplish and the 

environment they work in. 

 
Q4.1: Considering the definition of usability, did you experience any usability issues with any software tool that 
you have used?(Consider the answer in Q1)? Explain, how, why. Did this have any impact on your usage of the 
tool? 
 
Q4.2: Considering the definition of usability, did you experience any usability issues with Availsim? Explain, how, 
why. Did this 
have any impact on your usage of Availsim? 
 
Q5: Can you name two (can only answer two and must answer two) of the best things with using Availsim (or any 
of the other tools if they have not used Availsim)? 
 
Q6:  Can you name two (can only answer two and must answer two) of the worst things with using Availsim (or 
any of the other tools if they have not used Availsim)? 
 
Q8: If you have not used any tools (including Availsim), why have you not used these tools? Explain 
Q9: Is there anything else that you would like to add on top of what we have already discussed? 
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APPENDIX B: Scenario Evaluation 

Software Scenario Evaluation (Availsim, Artifact, Reliasoft) 
  

Please simulate the following given scenario 

 
1. Overall, I am satisfied with the ease of completing the tasks in this scenario 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
2. Overall, I am satisfied with the amount of time it took to complete the tasks in this 

scenario 
 

Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 
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3. Overall, I am satisfied with the support information (online-line help, messages, 
documentation) when completing the tasks 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 
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APPENDIX C: Software Evaluation – System Usability Scale 

Software evaluation (according to the “System Usability Scale” (SUS)) 

 
4. I think that I would like to use this product frequently. 

 
    Strongly                         Strongly 
   Disagree                Agree 
          1                      2                     3                     4                       5                                             

     

 
5. I found the product unnecessarily complex. 

 
                  Strongly                         Strongly 
                 Disagree                Agree 
                        1                      2                     3                     4                       5                                             

     

 
6. I thought the product was easy to use. 

 
                   Strongly                         Strongly 
                  Disagree                Agree 
                        1                      2                     3                     4                       5                                             

     

 
7. I think that I would need the support of a technical person to be able to use this 

product. 
 
                   Strongly                         Strongly 
                  Disagree                Agree 
                        1                      2                     3                     4                       5                                             

     

 
8. I found that the various functions in this product were well integrated 

 
                   Strongly                         Strongly 
                  Disagree                Agree 
                        1                      2                     3                     4                       5                                             

     

 
9. I thought that there was too much inconsistency in this product 

 
                   Strongly                         Strongly 
                  Disagree                Agree 
                        1                      2                     3                     4                       5                                             
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10. I would imagine that most people would learn to use this product very quickly 

 
                   Strongly                         Strongly 
                  Disagree                Agree 
                        1                      2                     3                     4                       5                                             

     

 
11. I found the product very awkward to use. 

 
                   Strongly                         Strongly 
                  Disagree                Agree 
                        1                      2                     3                     4                       5                                             

     

 
12. I felt very confident using the product. 

 
                   Strongly                         Strongly 
                  Disagree                Agree 
                        1                      2                     3                     4                       5                                             

     

 
13. I needed to learn a lot of things before I could get going with this product. 

 
                   Strongly                         Strongly 
                  Disagree                Agree 
                        1                      2                     3                     4                       5                                             
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APPENDIX D: Software Evaluation – System Requirements 

Software specific questions (according to elicited requirements from 
interview/questionnaires) 

 
14. I find it easy to model accelerator redundancies 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
15. I find it easy to model accelerator beam parameters 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
16. I find it easy to model accelerator maintenance periods 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
17. I find it easy to understand the system from how it uses correct accelerator 

terminology 
 

Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
18. I find it easy to input big models when using the software 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
19. I find it easy to retrieve relevant results from my simulation 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
20. I find it easy to modify the code to fit my simulation 
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Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
21. I am happy with how the system handles and detects errors 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
22. I found the documentation for the software to be helpful 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
23. I think the system is generic, enabling it to be used across multiple facilities 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
24. I find the code to be well structured and easy to maintain 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
25. I find the simulation to be fast 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
26. I find it easy to modify input and outputs 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 
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27. I find it easy to modify simulation rules 
 

Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
28. I can generate input files from database or flat files 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
29. I consider the system to have a low learning curve 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
30. I am happy with the graphical representations, generated by the software 

 
Strongly              Neutral                Strongly 
Disagree            Agree 
          -3                   -2                     -1                     0                       1                     2                       3 

       

 
 

31. Can the software run on multiple platforms? (Linux/OSX/Windows). 
     No               Yes 

  

 

32. Is the software Open source? 
     No               Yes 

  

 
 
33. Do you need a license to run the software? 

     No               Yes 
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