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Abstract 
Digital services involving large systems with multiple users are ubiquitous in modern society. 

The systems are often complicated and made up of multiple devices and communication 

protocols. A fundamental problem in this context is how the behavior of a system changes 

as the number of users vary. In particular, when do the systems’ resources saturate and how 

does the system behave when close to saturation. Performance testing is key for addressing 

this fundamental problem. Performance testing is the scope of this project. Performance 

tests can be used for inference of, for example, a system's scalability. Furthermore, it can be 

used to provide general guarantees on the services that can be delivered. Performance 

testing at the company Phoniro AB is considered. The platform Phoniro Care is the back-end 

service for the company’s products. The Phoiro 6000 system is one of the products that uses 

Phoniro Care. The system allows for multiple users and offers alarm services. The primary 

focus of this project is to determine the behavior of that system during varying levels of 

simulated load, and furthermore analyze the data extracted from such simulations and 

tests. The open source software JMeter was used as the tool for performance testing. It was 

selected from a set of candidate tools that have been evaluated in the literature based on 

various performance criteria. The results are presented by graphs showing the time 

evolution of different performance indicators. A conclusion from this work is that the 

implemented performance testing framework helps to answer questions about the systems’ 

behavior. Questions that are important for the company’s further development and 

expansion of the system. Furthermore, the proposed framework establishes a foundation 

for further inquiries on the subject. 
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Sammanfattning 
Digitala tjänster som involverar stora system med flera användare är vanligt förekommande 
i det moderna samhället. Systemen är ofta komplicerade och består av flera enheter och 
kommunikationsprotokoll. Ett grundläggande problem i detta sammanhang är hur ett 
systems beteende förändras, när antalet användare varierar. När närmar sig systemets 
resurser och hur uppför sig systemet när det gäller mättnad. Prestandatestning är nyckeln 
för att ta itu med detta grundläggande problem. Prestandatestning är målet av detta 
projekt. Prestandatester kan användas för att påvisa exempelvis ett systems skalbarhet. 
Dessutom kan de användas för att ge generella garantier för de tjänster som kan levereras. 
Att prestandatesta på företaget Phoniro AB övervägs. Phoniro Care är en 
administrationsplattform för företagets produkter. Phoiro 6000-systemet är en av de 
produkter som använder Phoniro Care. Systemet möjliggör flera användare och erbjuder 
larmtjänster. Det primära fokuset på detta projekt är att bestämma systemets beteende 
under varierande nivåer av simulerad belastning och dessutom analysera data som 
extraheras från sådana simuleringar och test. Open source-programvaran JMeter användes 
som verktyg för prestandatestning. Den valdes från en uppsättning kandidatverktyg som har 
utvärderats i litteraturen baserat på olika prestationskriterier. Resultaten presenteras i 
diagram som visar tidsutvecklingen av olika prestationsindikatorer. En slutsats från detta 
arbete är att den implementerade prestandatestramen hjälper till att svara på frågor om 
systemets beteende. Frågor som är viktiga för företagets fortsatta utveckling och expansion 
av systemet. Vidare skapar det föreslagna ramverket en grund för ytterligare 
undersökningar om ämnet. 
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1. Introduction 
Digital services involving large systems with multiple users are ubiquitous in modern society. 
The systems are often complicated and made up of multiple devices and communication 
protocols. A fundamental question for such systems is how the behavior changes as the 
number of users vary. In particular, when do the systems’ resources saturate and how does 
the system behave when close to saturation. Answers to such questions can be used as tools 
for inference of for example the systems’ scalability. Furthermore, addressing these 
questions are important as they provide general guarantees for what services can be 
delivered [1]–[3]. 
 
Testing a product or system should be considered an important part in the Software 
Development Life Cycle, (SDLC) [4, p. 1], [5]. A substantial amount of time and money is 
spent on testing for acceptance and functionality. Performance testing, if done at all, takes 
up a minor part of the resources allocated for overall testing [4, p. 1]. This means that many 
companies despite the importance, due to insufficient or faulty performance testing, cannot 
confidently predict the performance of the systems they deploy [3].  
 
In some fields it is not critical if the latency increases or if a server goes down for a while. In 
other areas however, like banking or healthcare, it is critical that the system performs well, 
and that its behavior is predictable. Any company with digital services will suffer from 
consequences of poor performance. Consider for example a web-based store, it is likely to 
lose revenue if their website is responding slowly. Tests were carried out by Google and Bing 
to put these consequences in a quantifiable context. The tests were ended prematurely 
because they so clearly showed that slower loading times resulted in a loss of users and had 
an impact on key business metrics [6]. Poor performance or downtime can also damage the 
companies’ reputation, or worse, in some situations lead to personal physical damage. See 
[1]–[3], [7]–[9] and references therein for a deeper overview and insight of the necessity of 
performance testing to avoid or reducing problems as those described above. 
 

A pertinent question in this context is what happens to a system when the system leaves a 
steady state and the load rises closer to a level that might cause a crash. This leads to 
supplementary questions, including, what behaviors are manifested during such transition 
periods. Another question that follows would be if the system simply would slow down or if 
there are additional unwanted behaviors such as compromised security [3]. 
  
Phoniro is of the opinion that once equipped with the knowledge of how their system 
behaves in the transition to saturation or a crash, they can take actions to mitigate the 
identified problems. The knowledge about the different types of system loads allows to 
make predictions, which in turn, serve as guidance when augmenting a currently deployed 
system or when introducing a system to a new market. 
 

In this study, we consider performance testing at the company Phoniro AB (referred to as 
Phoniro in what follows). Phoniro started in 2002, they develop and maintain Phoniro Care. 
Phoniro Care is a system that serves as the back-end service for the company’s products. 
The system allows management of the products that Phoniro offer their customers. 
Customers like municipals and elderly care homes. The products include digital door locks, 



 

2 
 

different types of alarms, and tools to make the caretakers work easier and more efficient 
[10]. 
 

1.1 Problem statement 
Rising complexity in modern large-scale systems have made it unsustainable to be focusing 
solely on functionality in software and systems. This affects not only development but also 
the testing portion in the SDLC. Non-functional testing like performance testing can be used 
to give indications on what the software or system can handle. 
 
In terms of functionality and stability Phoniro Care is considered a mature product by the 
Phoniro. To assure the quality of the service, Phoniro has identified testing as an important 
part of the development cycle. Therefor Phoniro has allocated resources to perform 
continuous testing. Phoniro has yet to perform any type of performance testing on their 
system. 
  
According to Phoniro, as the company grows and expands into larger markets with growing 
number of devices connected to the system, it is essential to know what performance can 
be expected from the current system and what kind of load that will be handled, while still 
performing well enough to fulfill requirements. This includes answering where investments 
would have the largest effect.  
 

1.2 Purpose 
The primary focus of this project is to determine the behavior of a system during varying 
levels of simulated load and analyze the data extracted from such simulations and tests. 
Simulating a change in work shift, including 400 employees is one of the tests. Quantifying 
how well the system handles the load of the shift change of is one of the goals.  
 
The first problem is to pinpoint suitable performance testing methods and to get a general 
overview of the subject. This includes available testing methods, existing software, and 
important measurements and metrics. Such research is required to provide measures of 
accuracy and validity. The system specifically will be a testing environment with similar 
specifications to one of Phoniro’s production environments. This includes devices as alarm 
server, back-end Phoniro Care platform and database. 
 
The primary problem we address is the following one. We want to use the data acquired 
from the simulations and tests to build two-, and three-dimensional models (2D- and 3D-
models hereafter). Models that visually represent the systems’ performance at the varying 
loads. This data will also be used to create a model with the purpose of predicting behavior 
of the system for scenarios where the system has not previously been run. 
 

1.3 Delimitations 
Phoniro has well established test environments that is run on separate hardware from the 
production environments so that one does not have an impact on the other. The 
environments are similar, apart from database contents in form of real data. Real data, 
being mainly personal information, is sensitive in nature. This is worth noting more so after 
the realization of GDPR. See reference [11] for an in-depth understanding of what GDPR 
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include. In short, companies must be more aware about which information is stored and 
how the information is used. 
 
Phoniro would also like the work to utilize software that is free to use for the company so 
that no additional licensing fees must be considered. This will disqualify software, requiring 
a paid license plan, from being selected as the tool to use in this work. 
 
The first task will be to create scripts for testing 400 concurrent users, in a work shift 
change. Due to limitation in time it is a possibility that the other deliverables mentioned in 
1.4 Requirements will not be implemented. Initially for the test report to Phoniro, it was 
also considered an option to include testing techniques and calculations between actual and 
theoretical performance. This would however require significant insight into the structure of 
the hardware and software code on the system used for testing. 
 

1.4 Requirements 
Phoniro has provided a document with a number of general requirements. Following is the 
deliverables that was discussed and can be identified. Simulating work shift changes in a 
workforce of 400, where they log out and log in. This session is during a short span of time, 
for example half an hour. Testing the remaining available Application Programming 
Interface, (API), calls to the system is also considered of interest. Investigating the user 
experience impact of abovementioned API calls was mentioned. Implementing additional 
tests that is found to be of value for Phoniro. Providing Phoniro insight into available 
methodologies and the value, if any, they could provide. 
 
Additionally, Phoniro asks that a test report or protocol is delivered. Such a protocol should 
summarize the testing activities, including: software testing tool used, preferably free of 
charge, configured and with the scripts for testing the scope mentioned in the previous 
paragraph. Instructions on how Phoniro staff can maintain, update and run the scripts. 
Preferably the scripts are to be deployed as part of currently implemented automated 
testing. Recommendations on possible improvements, that could for example reduce login 
time or reduce the load caused by users. 
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2. Background 
2.1 State of knowledge 
Software testing has been widely used for several decades. Testing is important to ensure 
that a computational system works to satisfaction and meet requirements [3], [5], [12], [13]. 
A search at Google Scholar with the query “software testing” returns more than ten 
thousand hits prior to 1970. In comparison a search with the query “software ‘performance 
testing’” for the same time period, results in less than one hundred. An augmented query 
including “performance” does not return ten thousand hits unless the time period includes 
years up until 2005. This provides indication that performance testing, in comparison to 
other testing methodologies, has not been implemented to the same extent in toolboxes 
used by practitioners and researchers. 
 
Including all the work up until 2019, while the body of knowledge has increased to a great 
extent, performance testing does still comprise a small subset of the literature on testing. 
 
When aiming to include performance testing in the SDLC, there are some important 
decisions to be made; decisions briefly described in the following subsections. This includes 
the choice of testing methods, software or tools, and which important measurements and 
metrics to be answered by the testing.  
 

2.1.1 Testing methods 
Several different testing methods are available, and each have their different prerequisites. 
Following is a brief summary of Black, White, and Grey box testing methods. One or more of 
these methods can be used during the SDLC for testing a product, software, or system. 
 
Black box testing is to observe the output of a system given an input. An advantage of Black 
box testing is that the internal structure of the test object or system is regarded as 
unknown. This means that no time has to be spent on modelling the system’s internal 
structure [5], [14]. Another benefit of this test methodology is that it decouples 
development from testing, meaning testing and development are independent. Black box 
testing is done to for example assert that functionality meet requirements, functional 
testing. The method is also used for non-functional testing, such as performance test [14]. A 
drawback is that it is not possible to get the same in-depth view of the results with Black box 
testing as with the methods of testing in the following [12], [15]. 
 
Another method that does provide the insight that Black box testing excludes, is White box 
testing. This can also be called clear box testing, as the box reference in this case is 
transparent or clear. A requirement for White box testing is that the internal structure and 
logic is well known to the tester [5], [14]. Advantages include the possibility to monitor how 
the tested component processes the input. A deeper insight into where and how errors 
occur can be gained from monitoring the entire process. There are however disadvantages 
in comparison to Black box testing. Besides the lack of decoupling between testing and 
development, White box testing comes with a higher computational complexity and it can 
be difficult to deploy on larger systems [12], [15].  
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Combining the two aforementioned methods gives Grey Box testing. This method uses the 
knowledge of the component’s algorithms and structure closer to the White Box level. The 
actual testing is then performed closer to Black Box level, still requiring some knowledge of 
the component being tested [5], [12], [15]. 
 
Each of the described methods has their purpose and are useful for different purposes. 
Budget, test object, testers’ knowledge, existence or quality of requirements, and model 
used in the SDLC are some of the factors influencing the choice of method [12]. 
 

2.1.2 Software 
There are numerous tools available for implementation automation of performance testing. 
Simply put, without using automated testing in some form, there is no practical way of 
providing consequent, repeatable performance testing [4]. The tools are differently 
licensed, which is important to understand. Some of these licenses are similar but not equal. 
Covering the different licensing models are out of the scope of this project. In what follows, 
we enlist tools on the market. While the list is, by no means complete, it aims to capture the 
most relevant and promising tools available. The tools are Apache JMeter(Further called 
JMeter) [1], [2], [5], [13], [16]–[19], IBM Rational Performance Tester [19], [20], LoadRunner 
[1], [2], [5], [13], [15], [19], [20], Mercury Load Runner [21], Siege [5], TFS [5], WebLoad [2], 
[13], [18], and several others. Narrowing down the selection of tools to those mentioned 
more frequently in the literature results in the following shortlist: JMeter, LoadRunner, IBM 
Rational Performance Tester, and WebLoad. The selection serves as an indication for which 
tools are used in industry. Note that newer tools available on the market have not yet made 
a frequent appearance in literature and research. One such tool is Gatling FrontLine [22] 
that was released in 2016. 
 
JMeter [23] is a pure Java application used for testing performance and functionality. JMeter 
is open source and free to use without any restriction [24]. Several protocols can be tested 
by JMeter, including HTTP and HTTPS [25] and REST [26]. Response formats accepted are 
text, data exchange format JSON [27] and others. For scripting, JavaScript [28] and 
BeanShell [29] can be used. 
 
IBM Rational Performance Tester [30] is not free and requires a customer to contact IBM for 
a price plan. The tool supports testing of many protocols. It is possible to run IBM Rational 
Performance Tester in the cloud. The software also includes an analysis toolbox that can 
help with pinpointing root causes for bottlenecks. 
 
LoadRunner [31] has a licensing model that allows up to 50 Virtual User Days, (VUD), for 
free. Adding more VUDs requires a paid license plan. LoadRunner can handle more than fifty 
different protocols. Java [32] and .Net [33] are two out of several scripting languages 
available. 
 
WebLoad [34] is another software with a limited no cost alternative. The paid licenses have 
the availability of executing tests and getting results in a web interface. WebLoad has 
dedicated resources to helping customers that are moving from LoadRunner, into using 
WebLoad. Scripting the test scenarios is done in JavaScript. WebLoad has 80 different types 
of reports that can be used to analyze and understand the results from testing. 
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Gatling Frontline [22] is the enterprise version of Gatling. They are not mentioned in the 
literature available. According to their website they have millions of downloads and their 
tools are well-equipped for continuous load testing. Gatling use a script language that was 
developed by the company Gatling Corp. 
 
A deeper analysis of the results can be done using tools like MATLAB [35]. MATLAB can be 
used for many purposes including signal processing, modelling, development of algorithms, 
and for this scope more importantly as mentioned, analyzing data. All the testing tools 
mentioned have different ways of presenting results and allowing the tester to analyze that 
data. MATLAB can be used to create 2D- and 3D-models of that data to provide a 
visualization and greater understanding of the system. 
 

2.1.3 Measurements and Metrics 
Which measurements to monitor and look for while performance testing is one of the 
important decisions. Validating results of the System Under Test, (SUT), means analyzing 
and deciding if the SUT met the requirements [2]. This chapter will focus on which 
performance measurements and metrics can be considered relevant and important. To 
answer this, values used in previous work will be presented and provide an indication of 
which measurements are used and valuable. Measurements made over time can be 
consolidated and presented in a variety of ways, including, maximum, minimum, average, 
median, mean, or 90-percentile [2]. These give a quick value but lack detail.  
 
Measurements that can be of interest when performance testing are many. These are 
including, but not exclusively, Bytes Processed [13], Deadlocks [2], Memory leaks [2], 
Number of requests [36], [37], Packets dropped [2], Resource utilization [2], Response time 
[2], [13], [19]–[21], [36]–[38], Time between failures [15], and Transaction errors [21]. 
 
Metrics are calculated using measurements. The metrics that are presented are Availability 
[21], Demand size divided by Response time [8], Elasticity [8], Failure frequency [15], 
Reliability [2], [15], [18], [21], Request or Object size [36], Robustness [2], [15], Scalability 
[8], [21], [36], [38], Speed [36], Stability [2], [36], Success rate [15], and Throughput [2], 
[19]–[21], [38]. 
 

2.2 Related work 
The survey [2], with the aim to provide insight for practitioners and researchers alike, 
looked into the current state of research and practice for large-scale software system, more 
precisely the load testing thereof. It is concluded that load testing must be conducted in 
order to ensure system quality. However, the survey also points out that the 
implementation of good quality testing can be a difficult task. 
 
It is imperative to generate a useful load, to retrieve useful data from performance testing. 
An important part of generating quality load is covered in [19] by considering realistic “think 
times”. The concept of “think times” refers to the fact that a person does not perform acts 
as quickly and accurately as a computer system can. It is the time between user actions, 
when the user is either considering next actions or reading the information currently 
displayed [2]. Pointed out is that many companies do their performance testing as a one-
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time execution, before the system goes into production, and does not account for reduced 
performance over time [19]. 
 
The ability to analyze and evaluate the results after running the tests is what provides value, 
as explained and discussed in [38]. Bottlenecks are investigated, both with relation to 
hardware and software. Such bottlenecks could include methods being locked while waiting 
for a reply. 
 
Taking another approach to a similar problem is done in [39], where the authors provide an 
approach combining analytical modeling and statistical methods. This is done to predict 
performance at the source code level in certain application software. The approach shows 
some promise as their results in average are within 20% of the actual measured tests. This 
work in particular was however, limited to digital signal processors, DSP rather than a large-
scale system. 
 
An investigation in difference between performance testing in virtual or physical 
environments is made in [3]. Their findings show that there is a, sometimes large, 
discrepancy between the results from testing on a Virtual Machine, VM, and a physical 
machine. This was done because often performance tests are run on a VM, rather than a 
physical machine. The investigation shows that practitioners need to be aware of said 
discrepancy and proposes methods to mitigate, albeit not completely remove, those 
differences. 
 
Some of the tools mentioned in 2.1.2 Software have been compared and evaluated in [5], 
[13]. In [5] the tools selected to be evaluated are JMeter, LoadRunner, Microsoft Visual 
Studio Team Foundation Server (TFS), and Siege. A conclusion in this study is that all serves 
as good choices to work with. In [13] several tools for software testing are briefly described. 
A selection process is used to reduce the number of tools that will be compared in greater 
detail. The process used to reduce the number of tools included that the tools should be 
used for performance testing, they should also be widely used in the industry [13]. After the 
selection, two tools were left; JMeter and LoadRunner. Those were evaluated in a small 
survey with two control groups. In both abovementioned works it is concluded that, while 
all the tools have their benefits and drawbacks, JMeter is the better tool. One of the reasons 
for this, is that it was found that JMeter provided better results than the other tools. Other 
positive points were that it is easy to learn and has a well-established online documentation 
[23] and community. 
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3. Method 
Identifying test methodologies, suitable software tools, important data measurements, and 
metrics is of great importance in order to meet the requirements set in 1.4 Requirements. 
To achieve this identification, a preliminary study was done, see 2. Background. Based on 
the results from this study, Black box testing was identified as the most suitable testing 
methodology for this project. Performance testing is a type of non-functional testing, 
particularly suitable for the Black box approach. For testing large-scale or distributed 
systems, White box and Grey box methodologies, unlike Black box methodology may induce 
unnecessary complexity to implementation [12], reflecting negatively on the clarity of the 
results. White and Grey box testing also requires further analysis and insight of the systems’ 
structure. Such additional complexity, analysis and insight added to the implementation of 
the performance testing would require more extensive and time-consuming work than 
accounted for in this project. Due to these reasons, Black box testing has been chosen as the 
test methodology to use within this project. 
 
A short list of software testing tools was compiled in 2.1.2 Software. The list is indicative of 
the most relevant tools that are available and also used in industry. As previously mentioned 
in 1.4 Requirements, a requirement from Phoniro is that a software tool without paid 
license should be used. JMeter is the only tool in the compiled list that fulfill this 
requirement, while also being widely used. JMeter also supports several communication 
protocols and data-interchange formats, including those formats used by Phoniro’s API to 
the system subject to testing. This makes it compatible for use in the prospective setting. A 
further advantage with JMeter is that the tool is well-documented. JMeter has a well-
established community and many developed plugins for further augmentation of the tool. In 
[13], JMeter is selected as the better tool to use. Even though all the tools included in that 
study was considered good tools, JMeter was found to provide the best results over all. 
JMeter will be the testing tool used in the implementation of this project. As a final remark 
it should be mentioned that Gatling, which is also free and potentially capable for the 
intended purposes was not to the best of the author’s knowledge yet mentioned in any 
comparative literature study, and was hence not considered as an option for this project. 
 

3.1 System model for testing 
What follows is a description of the Phoniro 6000 alarm system on which the performance 
testing was done. A basic overview of the system can be found below in Figure 1. The 
Phoniro 6000 alarm system is made up of several different components. The local alarm 
server, called PLAS, comprises the core of the Phoniro 6000 system. The PLAS has an 
internal database which makes it possible for the system to work and handle alarms without 
constant internet access.  
 
The clients have one or more alarm devices. Safety alarm, door alarm, and fire alarm are a 
few of the available devices. These devices communicate with radio-bases. The radio-bases 
then relay the triggered alarms to the PLAS. The personnel have mobile devices, usually 
smartphones, with the Phoniro 6000 application installed. To these devices are where the 
alarm signals are sent after the PLAS has done its internal work such as decision making on 
client positioning.  
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All of this, and more, is reported to the Phoniro Care service, the web administration 
platform in which everything can be configured, from personnel to clients to alarm devices. 
 
The PLAS, Phoniro Care, and mobile devices communicate between each other through an 
API. The scenario is to simulate large quantities of personnel and thereby adding additional 
load on the system through the API. To accomplish such simulations, scripting 
communication through the API with both the PLAS and the Phoniro Care platform was 
necessary. 

 
Figure 1. An overview of a Phoniro 6000 alarm system. 

 

3.2 Implementation 
The JMeter version used for this project was 5.1.1 r1855137. It was downloaded from 
JMeter’s homepage [40]. Several plugins are available and can be installed to augment the 
default testing functionality of JMeter. Such plugins are installed with the JMeter Plugins 
Manager. The Plugins Manager was installed which made the process of adding and 
maintaining plugins possible directly in JMeter [41]. A plugin that was installed is Dummy 
Sampler. The plugin can act as an endpoint and respond to a request without the need for 
access to internet or the real endpoint. Dummy Sampler was used throughout the 
development of the tests. 
 
In JMeter, the first object is Test Plan. Within the Test Plan object, one or more tests can be 
created. It is possible to add User Defined Variables within the Test Plan but that was not 
used for this implementation. A Test Plan is structured by several different types of 
elements, of which only a handful were used and only the used ones will be described in 
detail. Other settings in the Test Plan that can be altered is the ability to run Thread Groups 
consecutively or not. This Test Plan had one Thread Group so it would not make a difference 
and was left set to off.  
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Thread Group is the head object used in a Test Plan. Thread Groups are responsible for 
creating and managing the threads to execute the created scenario. There are several 
different settings that can be applied to a thread group: behavior after errors, Thread 
Properties, and a scheduler. Within the Thread Properties, Number of Threads is set to 1 
during implementation and debugging. When the test is running live, Number of Threads is 
how many users to run the scenario. It is possible to set a Ramp-Up Period in seconds which 
is also set to 1 while creating the tests. When set higher, the number of threads will increase 
over time until Ramp-Up Period is reached. For, Action to be taken after a Sampler error, 
the setting Continue was used. 
 
There are two types on Controller elements: Samplers and Logic Controllers. The controllers 
are like statements and operators of the JMeter scenario. Samplers and Logic Controllers 
can only be added in the scope of a Thread Group. The scope where they operate is where 
they are defined. 
 
The Logic Controllers element can be a loop or a switch deciding which threads executes 
what. Throughput Controller was used for the section to register the simulated mobile 
devices to Phoniro Care. Setting used was to allow each thread exactly once to run the 
request. Several Simple Controllers were used through the test script. Simple Controllers 
have no settings but were used to keep other elements sorted. 
 
Samplers are responsible for creating requests and receiving the generated response. There 
are several different Samplers but for this implementation the HTTP Request was the only 
one used, in testing a RESTful API. Each of the Samplers have different properties that can 
be used to configure and create the requests to be sent. The HTTP Request requires 
protocol type, server name, port number, type of request, optional path, and it is possible to 
send parameters along with the request. The type of requests that were used are PUT and 
GET, but there are several others available. For the request to register the devices and to 
login, a body of JSON code had to be sent for authorization. Subsequent HTTP Requests did 
not need a body but the correct headers and paths.  
 
HTTP Request Defaults, an element that can be placed directly in the Test Plan, or in a 
Thread Group, was used. It is called a Configuration element. The element allows specifying 
the several of the same input as in the HTTP Requests: protocol type, server name, port 
number, path and parameters or body. When used, all the following HTTP Requests will use 
the information from the HTTP Request Defaults unless overwritten, either in the HTTP 
Request itself or in another HTTP Request Defaults. It is always the latest value that is used if 
there are elements with the same parameters. 
 
HTTP Header Manager allows specifying headers that are sent with each subsequent 
request. As with the HTTP Request Defaults, this is also a Configuration element and can be 
placed outside of Thread Groups and will then apply to all of the Thread Groups. Several 
managers will also mean the latest value is used. Several headers have to be sent with each 
request for authorization purposes when communicating through the Phoniro API.  
 
Having configured a Sampler, HTTP Request to send a request, the response should be 
handled as well. This was done with JSON Extractors. The element allows for extracting data 
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out of JSON responses. Important data that was extracted was headers, permissions and 
other data that has to be sent with the subsequent requests to be allowed communication. 
 
Debug Sampler was useful because it allows to view all the parameters and variables that 
was extracted during the test. Debug Sampler was used during implementation. Because it 
behaves like other Samplers, the Debug Sampler also provides data which is unwanted. It 
caused overhead and unwanted results and was there for disabled during the real testing. 
 
To view the results of a test there is a great selection of Listeners to choose from. The one 
used for debugging was View Results Tree, because it provides all information available for 
each request sent. During live testing that can cause too much overhead and was disabled. 
For creating the data used for visualization, at first a Simple Data Writer was used to save to 
file. When running live tests this also was disabled because of overhead and better options. 
 
When configuring all the Elements, it was practical that any field accepting text can also 
accept User Defined Variables, Constants, User Parameters, Property, and Functions. There 
is a Function Helper Dialog assisting with displaying the output from the function before 
running the test and saved debugging time. Property is the only one of those that can be 
used to pass data between Thread Groups. 
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Below is Figure 2 and Figure 3, giving an overview of how the implemented script is 
outlined. The figures show the general structure, and logic behind the script. 

 
 

3.3 Testing 
Once implementation and debugging were done, the actual test scenario was to be 
executed. To produce different levels of load the test scenario was run several times. Some 
settings were changed in the scenario when going from debugging to testing. The Debug 
Sampler was disabled, as well as all the Listeners. They were all tools used only during 
debugging and implementation.  
 
In the Test Plan three new User Defined Variables were added. Referring to variables is done 
by using ${}, like 

${__𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦(𝑛𝑎𝑚𝑒, ,1)} 

The functions that are available in JMeter by default all begin with __, double underscore. 
The function __property takes three parameters. First is the name of the property to 
configure. The second value, left empty in this case, is the name of a variable of which to 

Figure 2. First half of script Figure 3. Second half of script 
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store the result in. The last value is the default value if the property does not get set. The 
first User Defined Variable was named THREADS and were given the value 

${__𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦(𝑡ℎ𝑟𝑒𝑎𝑑𝑠, ,1)} 

Second variable added was named RAMPUP with the value 

${__𝑝𝑟𝑜𝑝𝑒𝑟𝑡𝑦(𝑟𝑎𝑚𝑝𝑢𝑝, ,1)} 

Last was named LOOPS and assigned the value 

${__𝑃(𝑙𝑜𝑜𝑝𝑠, 1)} 

The function __P is shorthand for the function __property but they are not equal. The 
second argument that __property takes, variable to store result, is not allowed in __P. 
 
In Thread Group the above was used by changing the settings to call the User Defined 
Variables rather than hardcode values. Number of Threads, Ramp-Up Period, and Loop 
Count was called respectively by 

${THREADS}, ${RAMPUP}, ${LOOPS} 

respectively. They were added to add more dynamic usage when running test scenarios 
from the non-GUI mode. 
 
These changes allowed to specify the number of threads, ramp-up period, and loop count 
directly from the console when launching the test scenario rather than having to change in 
the test plan between each test. Triggering the test plan from the console is done by 
navigating to the JMeter folder and using the command with the following arguments: 

jmeter − Jthreads = X − Jrampup = Y − Jloops = Z  
−n − t JMeterProjects\Thesis − TestPh6000. jmx 

 −l JMeterProjects\JMeterReport\JMeterResultsTX − RY − LZ. jtl 

In the above command are several parameters: X is the number of threads or users to run, Y 
is the time on which to spread out the threads, Z is the number of times to loop the entire 
Thread Group. The next group of parameters are: -n which means to start in non-graphical 
mode, to reduce overhead and allow more max threads, the next parameter, -t is the 
location of the test script file, and the parameter -l is the location of where to store the 
results.  
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Table 1 holds a summary of the 
parameters that were used for 
the different test runs. The 
parameters that were used are 
number of threads, ramp-up 
time in seconds, and the 
number of data records that 
were collected from the 
respective executed test 
scenarios. All the tests used 
one loop. Experiments were 
made to run longer tests with 
loops but the hard drive space 
on the PLAS ran out due to 
excessive logging that ruined 
test. To remedy the problem, a 
decision to keep loops at one 
and increase the number of 
threads instead, were made. 
 
 
 
 
 
 

3.4 Visualization 
When the tests were run in non-graphical mode, the saved data had to be analyzed and 
represented in some way. The testing that was conducted were not running for any 
extended amount of time, the longest took five minutes. Yet some of the tests resulted in 
over 30 000 records of data. As an example, Figure 4 shows the last rows from one of the 
tests, which ended at 33 321 records. In addition to these records that are compiled from 
only one listener which provides a limited number of labels, the data records would at least 
double to add further listeners to extract additional data. 

Such large amounts of data are not particularly perspicuous. Furthermore, it can be time-
consuming and difficult to analyze. The proposed solution to remedy these potential 
problems for the current testing, but also for future, more demanding tests is to compile the 
data into different models. The models would consist of 2D- and 3D-graphs.  
 
The implemented test scenario was relatively short in runtime compared to performance 
tests. Because of this, changes needed to be made to properties so that useful data could be 
extracted. In the JMeter file, user.properties, changes were made to the line  

#𝑗𝑚𝑒𝑡𝑒𝑟. 𝑟𝑒𝑝𝑜𝑟𝑡𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟. 𝑜𝑣𝑒𝑟𝑎𝑙𝑙_𝑔𝑟𝑎𝑛𝑢𝑙𝑎𝑟𝑖𝑡𝑦 = 60 000 

Table 1. A summary of the test scenarios that were run and their 
differences in number of threads, ramp-up time and number of data 
records collected from the tests 

Figure 4. A lot of samples reported from a JMeter test with the available labels. 
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The default setting was to provide a granularity for one minute, or 60 000 ms. This meant 
that there were only few points of data, start and end. The parameter can not be set to 
1 000 ms or less because of an internal limitation and 2 000 ms was chosen to get detailed 
data across the short runtime. In another file, reportgenerator.properties, changes had to 
be made to the parameter 

𝑗𝑚𝑒𝑡𝑒𝑟. 𝑟𝑒𝑝𝑜𝑟𝑡𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟. 𝑜𝑣𝑒𝑟𝑎𝑙𝐿_𝑔𝑟𝑎𝑛𝑢𝑙𝑎𝑟𝑖𝑡𝑦 =  60 000 

This default value also represents 60 000 ms and were not properly overwritten by the 
user.properties. Due to this problem, the value had to be changed to 2 000 ms as well. 
 
Results from the tests are stored in .jtl-files which are JMeters default result files. They are 
not equal, but similar to .csv-files, comma-separated values. There are numerous ways of 
displaying results within JMeter. And there are several plugins to augment this functionality. 
Using JMeter function Generate HTML Report, a dashboard report that can be shared is 
created, it does however, not cover all the interesting information available. 
 
Many measurements were recorded with the goal of using them in the results. These are 
listed below in no specific order. The number of samples are simply a counter of how many 
requests that were performed, this is the same as # of data records, in Table 1. Min, and 
Max response times in milliseconds are the shortest and longest times respectively 
measured for the time it took to receive a reply once request was sent. Average response 
times are 

𝑆𝑢𝑚 𝑜𝑓 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑡𝑖𝑚𝑒𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 𝑡ℎ𝑎𝑡 𝑟𝑒𝑝𝑜𝑟𝑡 𝑂𝐾

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠 𝑡ℎ𝑎𝑡 𝑟𝑒𝑝𝑜𝑟𝑡 𝑂𝐾
, 

this too is in milliseconds. The error percentage shows which percentage of requests that 
resulted in an error and is 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑟𝑟𝑜𝑟𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒𝑠
∗ 100, 

results in a value between zero and one. Throughput is the number of requests per second 
that were serviced 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑞𝑢𝑒𝑠𝑡𝑠

𝑡𝑜𝑡𝑎𝑙 𝑡𝑖𝑚𝑒
. 

Received and sent Kilobytes per second. Average sample response size in bytes were also 
measured. Standard deviation is the deviation around the response time average of all 
samples, the population, in milliseconds. Population standard deviation is calculated as 

𝜎 = √𝜎2, 

where 𝜎2 is the variance, calculated as 

𝜎2 =
∑(𝑥𝑖−�̅�)2

𝑛
. 
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Here xi is each response time in the population, the �̅� is the average of the population 
response times. n is the number of samples in the population. Put together, this gives the 
equation 

𝜎 = √∑(𝑥𝑖−�̅�)2

𝑛
. 

The median is the sample with a value such that half of the samples are lower, and half of 
the samples are higher than the median. When there is an even number of samples, the two 
samples closest to the median are added and divided by two. It is the same as the 50th 
percentile. A percentile is a value such that a certain number of samples are lower. Saved 
were also the 90th, 95th, and 99th percentiles. All of the above was saved for both individual 
API requests, as well as for the total population. 
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4. Results 
For clarity of the presented performance testing framework only one of the tests was 
selected as a proof of concept demonstration. The measurements for the whole population 
will be presented. The test selected, was one that ran for several minutes and produced at 
least one error. Specifically, the test was the one that simulated 2 000 users distributed over 
a period of 60 seconds. 
 
The number of samples collected from the test was 33 321. Within those samples the 
following statistical properties were found or calculated. The minimum response time 
recorded was two ms. Maximum sample response time was 10 849 ms. Median response 
time was calculated to 523 ms, whilst the average was 985 ms. 251.76 KB were sent per 
second and 820.93 KB was received. Average sample response size was 1 859.4 bytes. 
Across all the samples, there was an error percentage of 0.94 %. The total throughput was 
452.1 requests per second. Population standard deviation was 1 022.39 ms. A lower 
standard deviation means that the data is more consistent. Three different percentiles were 
used, 90th, 95th, and 99th. They were 2 237 ms, 2 338 ms, 2 791 ms respectively. 
 
From the collected data a number of graphs were produced. In Figure 5 the average 
response times are plotted. The figure shows only the API requests made to the webserver 
of Phoniro Care, comprising merely a selection of all requests. It shows that almost all 
response times were below 500 ms. The requests that took a longer time to respond were 
to register new devices. 
 

 
 
 
 
 
 

Figure 5. Average response times for the Phoniro Care API requests over time. 
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In contrast to the above, Figure 6 shows the average response times of all the API requests 
directed to the PLAS. The figure shows that all the request response times started out below 
500 ms but increased to somewhere between 2 000 ms and 2 500 ms. 
 

 
 
Combining Figure 5 and Figure 6 results in Figure 7 below. The figure shows the average 
response times for all the individual API requests made over time. The combined figure 
shows that requests to PLAS, on average, took longer than those to Phoniro Care. 
 

 

Figure 6. Average response times for the PLAS API requests over time. 

Figure 7. Combining figure 5 and 6. Average response time for all individual API requests over time. 
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Figure 8 shows the area which are below the 90th percentile for the response times of all API 
requests over time. Meaning 90 percent of the requests had a response time within the 
marked area. In Figure 9 is the 95th percentile marked up and Figure 10 contains the area for 
the 99th percentile. 

 
Combining the three figures results in Figure 11. 

 
 
 
 

Figure 8. 90th percentile of response 
times for all API requests over time. 

Figure 9. 95th percentile of response 
times for all API requests over time. 

Figure 10. 99th percentile of response 
times for all API requests over time. 

Figure 11. A combined graph of the 90th, 95th, and 99th percentile over time. 
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The number of active threads over time is displayed in Figure 12. It shows that the test 
started out at around 300 active threads and peaked at almost 900. 
 

 
 
Plotted in Figure 13 is the number of transactions made per second. The figure includes 
both the transactions that were successful and those with errors. The number of 
transactions piqued at over 500 per second. All the errors were produced at the end of the 
test. 
 

 

Figure 12. The number of active threads over time. 

Figure 13. The total number of transactions made per second. Successful and errors. 
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To provide a more detailed graph, Figure 14 was cut at the 15th percentile and at 3 000 ms. 
The 100th percentile is at 10 849 ms. Each plot shows the percentage of the total requests 
which are below the corresponding response time in ms, for all the individual API requests. 
The figure shows that the majority of response times are above 500 ms for the requests 
made to the PLAS, while the requests made to Phoniro Care the majority is below 500 ms. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14. Response time and percentiles relationship. 
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The number of requests with response times within defined ranges of time are pictured in 
Figure 15. There were 16 207 requests with a response time lower or equal to 500 ms. 
Between 500 ms and 1 500 ms were 3 771 requests. There were 13 031 requests with a 
response time higher than 1 500 ms. Requests with errors are not included in the ranges 
and there were 312 requests with errors. 48.63 % of the requests had a response time 
below 500 ms. 
 

 
The 312 requests that had errors all occurred at the end of the test and had the same cause 

𝑁𝑜𝑛 𝐻𝑇𝑇𝑃 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑐𝑜𝑑𝑒: 𝑗𝑎𝑣𝑎. 𝑛𝑒𝑡. 𝐵𝑖𝑛𝑑𝐸𝑥𝑐𝑒𝑝𝑡𝑖𝑜𝑛 
𝑁𝑜𝑛 𝐻𝑇𝑇𝑃 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑚𝑒𝑠𝑠𝑎𝑔𝑒: 𝐴𝑑𝑑𝑟𝑒𝑠𝑠 𝑎𝑙𝑟𝑒𝑎𝑑𝑦 𝑖𝑛 𝑢𝑠𝑒: 𝑐𝑜𝑛𝑛𝑒𝑐𝑡 

This error is caused when either the server or the load generator runs out of available ports 
to allocate for the requests. The errors were spread out on API requests both towards the 
PLAS and to Phoniro Care. 
  

Figure 15. The number of responses within the defined ranges of time in milliseconds. 



 

25 
 

5. Discussion 
5.1 Study of performance testing 
The state of practice in performance testing has not kept up with the growing complexity of 
systems and number of users. Focus has largely been placed at functional testing. This 
means there is a great need for companies to implement routines for performance testing 
their systems and services they provide. The companies that do keep testing up to standard 
are not always open to sharing. It is partly a matter of competition and not sharing secrets 
that can provide benefits that the competition does not have. Because of this it has been 
difficult to find sufficient satisfactory information on the state of practice. The field of 
performance testing has gained a lot of traction in recent years and it is a matter of time 
before the practice catches up. There are several free and paid software to choose from 
when adding performance testing to the company repertoire of product quality assurances. 
 

5.2 Method 
Using the black box software testing method was a clear choice mainly because of the 
deadline for the project. It has a low requirement of knowledge of the SUT. While this 
provides benefits to allow diversifying work so that developers are not the chokepoint in the 
SDLC but allow other members in team to perform the testing. Black box testing can be 
enough to provide indications on performance. It is important to remember that white box 
testing requires much more knowledge and insight to the SUT. However, white box testing 
can also provide much more detailed information, such as which functions are actually 
causing the delays. Using black box testing it is likely the delays would seem like the 
responsibility of a larger piece of the software. 
 
JMeter is a very powerful tool which is easy to start working with and has a lot of potential 
for expansion in the testing of web systems. However, it is still an additional tool to be 
learned by the staff and the best way to implement performance testing will be different for 
each company. 
 
The test that was implemented has limited real use. Simulating users logging into the 
Phoniro 6000 APP. The testing allows the company to provide indications on performance of 
their servers. To provide any assurances there would however have to be more extensive 
testing. More scenarios implemented to simulate users during their work-shift, for example 
performing visits and handling alarms. 
 
The possibilities of JMeter to be useful for Phoniro is deducted to be good because it is 
versatile and easy to get going. While implementing the test there were several types of 
Elements that were never used because of the test-case limitations and delimitations made 
during the project. Some of the Elements that was considered to be of importance but not 
used in this test-case is Assertions and Timers. Assertions allow to check for anything in a 
reply to a request and can be used to verify that the scenario behaves as expected during 
runtime. Configurations include testing patterns and would have been implemented if there 
was more time. It was a goal to implement the Timers to get a more realistic test script. 
Timers are not used to calculate elapsed time but to create delays between requests to 
simulate human behavior. It is possible to create several Timers: Constant, Uniform 
Random, Gaussian, and more. After review of the HTTP Requests it was decided that there 
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was no need for Timers because there was no area in which a human action needed to be 
simulated during the login process of the application. All the API-requests take place only 
after the user presses the login button. 
 

5.3 Results 
How fast is fast enough, is one obvious question that is brought up when it comes to testing 
performance of software or systems. The answer is not an easy one. But a couple of 
important notes to keep in mind is that the goal changes with: time, complexity, context, 
competition, cost, and customers. Technology capabilities changes with time, and more can 
be expected from it. A higher complexity of a task or software can be allowed longer time to 
complete. Context of usage is an important consideration to decide how fast does a product 
need to be. If the competition has a product performing the same task in a shorter span of 
time it can result in lost customers. The perceived user experience is also one to consider. 
All of these can help the decision on how fast is fast enough. 
 
The number of samples that is recorded increases greatly with how long the tests run and 
how many requests each thread will execute. Too few samples will not provide a good 
representation, but more is not always better as it can get difficult to examine the data and 
find the interesting pieces of information. The error percentage is one to aim for a low value 
but can be useful to find out if it is one section of the system that is representative in the 
total amount of errors. This could help to prioritize improvements to the system. Size of 
responses and requests will not only be different between systems but also between 
different API requests. The standard deviation alone is not necessarily valuable, it means the 
data is consistent around the mean or average, but if the average is too high to begin with 
there is still a problem. As well as a standard deviation across a number of different API 
requests will differ if the requests are not similar in size and response times. Consistency 
measured across singular API requests is positive.  
 
It is a reasonable conclusion, considering Figure 7 that it is the PLAS that is the limiting 
factor when adding high load to the system. This due to the fact that the request response 
times to PLAS were several times higher than those to Phoniro Care when the load was 
increased. The conclusion is reinforced considering the percentile graphs in Figure 11 and 
Figure 14, showing that to include higher percentiles, higher response times has to be 
included due almost fully to the PLAS requests. The Phoniro Care request to register device 
is the slowest of the requests that is directed to the web service. It is still noticeably quicker 
than those to the PLAS when the number of active threads is increased to above 700. 
Considering the information in all the figures together, it is clear that the response times are 
increased as the number of active threads increases. Limiting the threshold on response 
times to 500 ms per request would put the Phoniro system capable of handling around 600 
devices logging in to the APP simultaneously.  
 
The requests that resulted in errors were all at the end and exclusively a port allocation 
problem. Because those were distributed among PLAS and Phoniro Care request alike, it was 
likely caused due to the limitations of the load generator, the laptop. This would not have 
been resolved by another laptop or PC because the number of ports available would still be 
the same. Rather using JMeters possibility of distributed load generation. Where one device 



 

27 
 

act as master controller and the others as slave systems. Another way to potentially resolve 
the issue would be to enable fast recycling of sockets which allows them to be reused faster. 
 
First of all, the database was never filled with enough data for keylocks, clients, alarm 
devices, mobile devices, and staff to justify having a so large number of personnel. Possibly 
resulting in that database calls were quicker than they would have been. The script, while 
aimed at being implemented as close as possible to mimic the APP also has some flaws. 
Currently the script repeats registering device, logins and logouts, with all the requests 
needed to carry out that task. The real APP does polling, additional requests while logged in 
to update current information. This would have resulted in additional requests and 
subsequent higher load. A delimitation was to not implement that a realistic workforce 
would not only continuously login and logout but perform other tasks while logged in. This 
would have been a good time to use the Timers element in JMeter. Size of the requests 
performed is potentially different by a few bytes but should not have a considerable impact 
on the results. Available time for implementation was also a limiting factor. 
 
Many different tests were executed but most of those produced no or low representative 
data. Reasons for this were several: Tests finished to quickly, resulting in too few 
measurements. Too low load to have any stressing effect on the system. During some tests 
the PLAS hard drive space reached capacity due to internal logging causing a lot of errors. 
This should not happen during normal usage but was caused when experimenting with 
looping the test scenario rather than increasing threads. 
 
There were some unexpected but interesting side-effects as a result from the 
implementation and test execution even though the system was considered at large as a 
black box. More information could be extracted from the results than was initially expected. 
As an example it can be seen in the figures in 4. Results, mainly Figure 7 that it is possible to 
find out which of the API requests were cause for the largest delays. It was possible to find 
out that the PLAS was the limiting factor during login requests considering that the API 
requests to Phoniro Care they were mainly below 500 ms, while the requests for the PLAS 
climbed above 2 500 ms. This gives indications on the system capabilities, but further and 
more extensive testing would be required to provide any guarantees considering script 
limitations versus real use; namely the script does logins and logouts and no tasks 
inbetween. A flaw in the API was found and has since been corrected by Phoniro. 
 
Other interesting findings were a new metric, Apdex [42]. It is a way of interpreting 
measurements on a scale from excellent to unacceptable. It is not used only for response 
times but also food, repair times, surgical outcomes, and more. The reason for this scale 
being that usually normal distribution is used but that has its own problems; assuming that 
the most important values are those that are most dominant being one. The threshold 
levels were set by default in JMeter and were not changed. The estimated percieved user 
experience can be seen in Figure 15. The threshold for satisfied response time were set to 
less than or equal to 500 ms. Dissatisfied users were at 500 ms to 1 500 ms. Frustrated users 
were at anything above 1 500 ms. Errors are unacceptable. Some consideration resulted in 
realizing that the metric also has its flaws. One being that the threshold values are set 
arbitrary. This means that they could for example change between instances of testing, 
making comparison of the two tests difficult. 
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5.4 Ethical aspects 
Several ethical aspects need to be considered. Integrity and GDPR is one of the important 
things to keep in mind, especially when working with healthcare or any other field which 
includes personal data. Phoniro has done extensive work on anonymizing the test 
environments and exchanging any personal data for made up data. The testing that were 
conducted in this project was aimed at one of those test environments and therefore 
contain no or little personal data. One of the points made in the introduction was that it is 
important to find out system behavior during load because of several reasons. One of them 
being that the system could have memory leaks and potentially leak personal information. 
During testing no memory leaks or such problems were identified, the system took longer to 
reply or stopped replying altogether when the load was increased above the systems 
capabilities.  
 
The development of software and scripts does not necessarily have any considerable impact 
on the environment. It could be more important to consider the impact of the intended use 
for the finished product. For example, the Phoniro APP with digital keys can save both time 
and reduce impact on environment. As for the implementation of this project, there is no 
currently known environmental impacts. 
 
Regarding economics, as with all projects in business the cost efficiency has to be 
considered. Testing is useful for providing a better product to customers. Automatic testing 
can have great cost efficiency if implemented correctly. When it comes to performance 
testing it can be a great preemptive tool when done right. This project serves more as a 
proof of concept with potentials for future development, rather than a finished full product. 
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6. Conclusion and Future work 
In cooperation with Phoniro, a set of requirements were defined to cover performance 
testing on their back end servers as this has not been done before. An extensive preliminary 
study on general performance testing, testing methods, testing software, and interesting 
metrics were carried out. The decision to use black box testing methodology and implement 
scripts with JMeter were made. Scripts to partially simulate personnel behavior was 
implemented and executed. Measurements from the executed tests were used to create 
graphs over the systems behavior. The result included finding out that the PLAS is a limiting 
factor rather than Phoniro Care. Ethical aspects of the work were considered. 
 
There are many interesting areas of future work and improvements that can branch from 
this project. A study on specifically testing metrics and measurements could provide insight 
when implementing future scripts. Many metrics are simply a value. This can be good 
enough and interesting to present for potential customers during procurements. A single 
value are however, not necessarily valuable for the development team that needs more 
insight to be able to improve the performance. Several other types of plots could also be 
useful to better visualize the health and behavior of a system. Box plot and surface plot are 
two examples. The implementation of more test cases for the system, to better simulate 
real user behavior. Testcases that would include handling of alarms and performing visits to 
clients. Using more data in database to further the closeness to the production 
environment. Data such as unique personnel and mobile devices. This would also be 
implemented dynamically in the scripts rather than static. Other dynamically additions to 
the test suite could be user authentications and personnel working on different wards. 
Improving on the logic in the test script and suite overall, using logic controllers, because 
not all users have identical behavior. Adding the polling requests to apply that load 
alongside the current load. Extracting data from the JSON responses and saving on file to 
simulate the device cache, that could be used for future test cases that might require such 
data, like personnel permissions. Adding automatization so that the test suite can be 
triggered on schedule instead of manually. Fully automating the test suite so that activating 
newly registered devices does not have to be made manually outside of the script. 
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