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ABSTRACT 

This thesis investigates the possibilities of finding solutions, in order to reduce the total 
time spent for testing and waiting times for running multiple automated test cases in a test 
framework. The “Automated Test Framework”, developed by Axis Communications AB, is 
used to write the functional tests to test both hardware and software of a resource. The 
functional tests that tests the software is considered in this thesis work. In the current 
infrastructure, tests are executed sequentially and resources are allocated using First In 
First Out scheduling algorithm. From the user’s point of view, it is inefficient to wait for 
many hours to run their tests that take few minutes to execute. The thesis consists of two 
main parts: (1) identify a plugin that suits the framework and executes the tests in parallel, 
which reduces the overall execution time of tests and (2) analyze various scheduling 
algorithms in order to address the resource allocation problem, which arose due to limited 
resource availability, while the tests were run in parallel. By distributing multiple tests 
across several resources and executing them in parallel, help in improving the test strategy, 
thereby reducing the overall execution times of test suites. The case studies were created to 
emulate the problematic scenarios in the company and sample tests were written that 
reflect the real tests in the framework. Due to the complexity of the current architecture 
and the limited resources available for running the test in parallel, a simulator was 
developed with the identified plugin in a multi-core computer, with each core simulating a 
resource. Multiple tests were run using the simulator in order to explore, check and assess 
if the overall execution time of the tests can be reduced. While achieving parallelism in 
running the automated tests, resource allocation became a problem, since limited 
resources are available to run parallel tests. In order to address this problem, scheduling 
algorithms were considered. A prototype was developed to mimic the behaviour of a 
scheduling plugin and the scheduling algorithms were implemented in the prototype. The 
set of values were given as input to the prototype and tested with scenarios described 
under case studies. The results from the prototype are used to analyze the impact caused 
by various scheduling algorithms on reducing the waiting times of the tests. The combined 
usage of simulator along with scheduler prototype helped in understanding how to 
minimize the total time spent for testing and improving the resource allocation process. 
 
Keywords: function tests, test automation, resource allocation, multiprocessing, parallel 
testing, scheduling algorithms, evaluation, simulation, prototyping 
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1 INTRODUCTION 
In this chapter, the background of the company where this Master thesis work is carried 
out, is given along with the introduction to the topic and the need for carrying out this 
work. Then the aim of the thesis is presented, followed by research questions that will be 
answered at the end of this Master thesis work. 

1.1 Motivation 

Axis works with agile software development model. Due to the tremendous increase in 
need of testing the incremental code changes every day, Test Automation and Continuous 
Integration have become increasingly more important. Test automation can speed up the 
repetitive but necessary testing of code changes, hence the time and effort spent for testing 
on daily basis is considerably reduced. Tools and software are used in order to create test 
framework that facilitates test automation. The Automated Test Framework, developed by 
Axis, helps the developers to create uniform, maintainable, suites of functional tests with 
very little effort. The functional tests run on a fully developed isolated resource, to test the 
complete integrated software units that are deployed in that resource. The company needs 
to run several tests on daily basis. Because of the growing regression test suite and the fact 
that the tests are currently executed sequentially, huge amount of time is spent on running 
the entire set of tests. When one or multiple tests are scheduled to run on particular time, 
it is referred as Job. The jobs are scheduled to execute once, daily, weekly, or monthly basis 
depending on the requirements of testing the resource functionality. The daily jobs usually 
take up to 6 hours for running their tests. The weekly or monthly jobs might take up to 18 
hours for running their tests. Under such circumstances, even automated testing becomes 
a time consuming process. Hence we need to ensure that the automated tests are designed 
to scale. Good automated tests must be isolated, independent and reproducible so that it 
can run concurrently. The method considered in this thesis work, for reducing the overall 
execution time of the tests, is to distribute the tests across several resources and run them 
in parallel in order to reduce the execution time of tests. 
 
However, aspects such as limited resource availability make it tricky to run the tests in 
parallel. The resource allocation for parallel testing becomes challenging when limited 
resources are available, which is an important aspect to be researched upon, for this thesis 
work. In order to address the resource allocation problem, scheduling algorithms were 
considered. Since the internal architecture was very complex with many interacting 
components, the real functional tests and resources were not used. A simulator was 
developed on a multi-core desktop machine, with each core simulating one resource. 
Sample tests that reflect the real tests in the framework, were created and executed in 
parallel using the simulator. A prototype was created that mimicked the behaviour of a 
scheduler.  Multiple scheduling algorithms were implemented in the prototype. The 
prototype is tested with the resources and sample tests to analyze how the scheduling 
algorithms impact on minimizing the total testing time (average waiting time, maximum 
average time, turnaround time and number of context switches, as explained in section 
2.2). The prototype will schedule the available resources for tests, and the simulator will 
distribute the tests across allocated resources to run them in parallel. Together, they can 
significantly reduce the total time spent for testing. 
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1.2 Purpose & Goals 

The goal of the thesis is to find and implement new solutions for parallel testing and 
resource allocation, with the purpose of reducing the total time spent for testing. Previous 
research resulted in quite an extensive set of scheduling algorithms, from which, few 
algorithms were selected and implemented in a prototype. A simulator was developed to 
run the tests in parallel across multiple resources. 

1.3 Research Questions 

 Can execution times benefit from parallel testing? 

 Do scheduling algorithms affect the total testing time? 

1.4 Methodology 

The thesis work started with an initial meeting held with the supervisors where the current 
setup was explained and the problems were discussed. Following the meeting, there were 
couple of discussions with the development team with the purpose of defining the 
perceived problems better and ask more detailed questions about the framework used and 
the need for parallelization. Together with the meetings and by examining the source code 
of the framework along with internal documentations, an overview of the project was 
established which is explained below. 
 
Jenkins is used as a tool to schedule the resources for tests and run the jobs created by the 
developers every day. The jobs can be scheduled once or daily or weekly or monthly. Each 
job has multiple tests associated with it. The tests inside a job will have the same arrival 
time as the job. The priorities can be assigned for jobs, but not for the tests inside them. 
The total execution time of each job is the sum of the execution times of the tests inside it. 
The main focus of the thesis work is to reduce the overall execution time of tests using 
parallel testing and effectively allocate resources for tests using suitable scheduling 
algorithms. 
 
The literature study was done by reviewing research articles on parallel testing, resource 
allocation problem and scheduling algorithms as it was exigent to know how the 
scheduling algorithms can help in solving the resource allocation problem while running 
the tests in parallel with lesser resources. The two main focus of thesis work were parallel 
testing and resource allocation. Since the real tests and resource were not used in the 
initial phase, sample tests were created. A simulator was developed in a multi-core desktop 
machine in order to run the sample tests in parallel across multiple cores, with each core 
simulating a resource. The plugin with less execution time was selected and used in the 
simulator. The results from the simulator were analyzed to verify the difference in 
execution times when the tests run sequentially and in parallel. The information about 
creating, scheduling, running the tests using Jenkins along with how resources are being 
allocated by Jenkins for those tests, were gathered. A prototype that mimicked Jenkins 
scheduler plugin was implemented with different scheduling algorithms. The prototype is 
tested with resources and sample tests to analyze how the scheduling algorithms affect the 
average waiting time, maximum waiting time and number of context switches of tests. The 
thesis work concluded with the suggestion presented to the development team on 
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integrating the plugin with the test framework and the prototype with Jenkins. This will 
help in significantly reducing the total time spent for testing. 
 
The rest of this document is organized as follows: 
 

 Chapter 2 explains background information, model used for this thesis work, 
limitations, technical dependencies and methodology. 

 Chapter 3 describes various scheduling algorithms implemented in the prototype 
and the literature study about scheduling algorithms and parallel testing. 

 Chapter 4 summarizes the steps involved in the implementation process. 

 Chapter 5 presents the case studies, tests and results. 

 Chapter 6 discusses the results, applied methodology and alternative approaches. 

 Chapter 7 presents the conclusion of this thesis work and possible future work.  
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2 BACKGROUND 

This chapter presents the internal architecture of the Test and Build environment used by 
the Tools team at Axis Communications AB. The Master thesis work was done at the Tools 
team. The information was gathered through various discussions with the developers 
working within the Tools team. 
 
Axis Communications AB, or simply referred as Axis is the leading Swedish manufacturer 
of network video cameras that are being widely used for security and video surveillance. 
Axis invented the world's first network camera in 1996 and has ever since been providing 
innovative solutions in the field of video surveillance [1]. The company has its 
headquarters in Lund, Sweden. The team “Tools” within the Research and Development 
sector at Axis is responsible for developing and providing efficient platform tools and 
infrastructure for internal usage. They practice agile software development methodology 
where Test Automation and Continuous Integration are the key elements [2]. 
 
Agile development relies on the quick feedback provided by testing the incremental code 
changes [3]. To avoid unnoticed bugs in the code that can happen in manual testing Test 
Automation is introduced to ensure rigorous testing of code. The developers can also have 
the freedom to try and explore new and innovative methods to solve the issues because the 
bugs or defects caused by the new code will be found in the early stages of development. 
The Tools team adhere to Continuous Integration (CI) practices which involve maintaining 
repositories, test automation, testing in clone of production environment, manage build 
automation and automate deployment. 

2.1 Architecture 

In this section, the internal architecture of the Test and Build environment within the 
Tools team is presented. 

2.1.1 Automated Functional Testing and ATF 

A test case is a set of conditions written by Axis developers or testers, in order to check the 
integrated software deployed in the resource. The test cases are grouped together to form a 
Test suite. The resources are tested only after installing the firmware on them. Firmware is 
a software program developed for a resource. It runs on each resource and contains set of 
instructions about all functions of the resource, which decides how the resource should 
behave or work under different circumstances. Each resource type will have its own 
Firmware, even few resource types have a lot in common with each other. The firmware 
also needs to adapt with hardware changes. After installing the firmware, the resource is 
subjected to functional testing. It ensures that the resource works properly according to set 
of instructions written in the firmware. Hence, there is always a need for performing 
functional tests in order to detect faulty resources, in terms of both hardware and software 
and fix the issues in those resources. The functional tests can also be used to test the 
hardware, but the focus of this thesis work is to test the software.  
 
The developers run their tests as a single test or module test or single test suite or several 
test suites in once or daily or weekly or monthly basis. In order to automate testing and 
write tests, Axis developed a framework called Automated Test Framework (ATF), for 
writing functional tests in Python. This framework is customized to fit the needs from the 
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development process or product categories in various departments at Axis. Hence the 
framework can be used to write functional tests, performance tests and stability tests. The 
framework also assists the developers to create uniform, maintainable suites of tests with 
very little effort. The framework uses “Nose” which is an extension of the built-in unit test 
functionality of Python. The functional tests are executed using nosetests. Also, there are 
many built-in packages and plugins available with Nose that can be tailored for the 
developers' needs [4]. 

2.1.2 Jenkins Job 

Jenkins is an open source tool that provides continuous integration services for software 
development [5]. Jenkins operates with a master node handling administrative role and 
number of build slaves doing the actual build or running tests. A Jenkins job refers to the 
set of tasks or tests that can be executed using Jenkins. A build is the result from running a 
job. Axis developers create a Jenkins job using Jenkins User Interface (UI) that defines the 
resource that needs to be tested upon, firmware that has to be installed on the resource, 
the list of the tests that needs to be run upon the resource after installing the firmware. The 
Jenkins system monitors and controls the list of Jenkins jobs created by various developers 
every day. The developers can view the details of the running Jenkins jobs using Jenkins 
UI. A Jenkins job can be customized to run either once or in scheduled order (daily, 
weekly, monthly) or after every new release of firmware. 

2.1.3 Function Test Build 

The Function Test Build contains the name of the resource(s) to be tested and Function 
Test job that has the list of test suites to be run upon that resource(s) along with a weight 
value. This weight value is always set as 1 in the current architecture, but it can be used to 
assign priorities in the future. The Jenkins plugin is used to communicate with the 
resource pool to check the availability of the resources. A developer can request for only 
one resource according to the current architecture. Once the requested resource is 
available for testing, the corresponding Firmware Build will be triggered. 

2.1.4 Firmware Build 

Once the resource is ready, it is flashed so that the previously installed firmware is 
removed. Then, the Firmware Build installs the new firmware on the resource. This is done 
to ensure the resource behaves properly in accordance with the new firmware while being 
tested. After the new firmware is built on the resource, the corresponding Function Test 
job is triggered. 

2.1.5 Function Test Job 

A Jenkins job usually has only one Function Test job. The Function Test Job contains one 
or multiple test suites that need to be executed on a particular resource. All the test suites 
inside a Function Test job will arrive at the same time. They could be used to verify if the 
resource functions as expected after installing the new firmware. An example of actual test 
could be the streaming video quality, audio quality, camera rotation, zooming, thermal 
imaging, network etc., 

2.1.6 Resource Pool 

All the physical resources, in this case, the cameras are stored in the Resource pool or 
camera lab in Axis. It is possible to have more than one resource for a particular model in 
the pool. All the resources are identified by their model name. After identifying the 
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resource that needed to be tested, the Function Test Build will request for the particular 
resource from the resource pool. The request will be placed in the waiting queue. If the 
resource has been taken by another developer for testing, then the Function Test Build will 
have to wait till the resource becomes available. Since the request for a resource expires 
after a certain period of time, the Function Test Build will continue to request for the 
resource at regular intervals until the resource becomes available for allocation. In the 
present architecture, a Function Test Build can request for only one resource. More than 
one Function Test Builds can request the same resource for testing. If multiple Function 
Test Builds request multiple resources that are available, then they are allocated in First In 
First Out order of the requested time in the waiting queue. 

2.1.7 Running tests using Jenkins 

In Axis, Jenkins is mainly used as a tool to run automated tests. Once the commit triggered 
for a Jenkins job, it spawns the Function Test Build first to request and obtain the 
resource, then the Firmware Build to install the new firmware on the resource. At last, it 
spawns the Function Test Job to run the tests on the resource. After the tests are executed, 
the resource is returned to the pool and the test results such as name of the test class, 
execution time, total test cases inside that class, failed tests, skipped tests and passed tests 
are stored in the database. The Jenkins jobs committed by the developers and the 
respective results of the tests that were executed in the Jenkins jobs can be accessed using 
the Build history in the Jenkins UI. The communication flow between the Resource Pool, 
Function Test Build, Firmware Build, Function Test job and Jenkins is depicted in Figure 1 
below. 
 

 

Figure 1: Current Architecture in the company 
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2.2 Model 

In this section, the model used for test scheduling problem and the relevant metrics for 
this thesis work are presented.  
 
The model considered non-preemptive scheduling. The model has the following 
parameters:  
 
R - set of resource types in the resource pool 
J - set of jobs in the system 
Tj - number of tests in job j 
S(j) - set of tests in job j 
rj - resource type requested/assigned to job j 
nj - number of available resources of the same type requested by job j 
Aj - arrival time of job j 
Ei

j - execution time of test i in job j 
 
A job j consists of a set of tests Tj that are written to test the functionality of resources R. 
The job j requests for the available resources of particular type rj. The scheduler assigns the 
resource rj to the job j and the resource can be assigned to only one test at a time. The tests 
within the job j will have the same arrival time as the arrival time of that job Aj. But, every 
test within the job j will have different execution times Ei

j.  
 
Given the scheduler, the following metric can be deduced: 
Ci

j - time at which the test i in job j, completes execution on a resource 
 
The model generates the following metrics: 
 
Turnaround time is the time interval between the arrival time and completion time of a 
test. In other words, Turnaround time = Completion time - Arrival time. 
 
T i

j = C i
j - Aj 

 
Waiting time is the time interval between the turnaround time and execution time of a 
test. It is the amount of time that a test waits for a resource. In other words, Waiting time 
= Turnaround time - Execution time. 
 
W i

j = T i
j - E i

j  
 
In case of preemptive scheduling, the number of context switches is also considered as a 
metric, which is the number of times that the resource is switched from one test to 
another. 
 
Objective of the model: 
The objective is to analyze how different scheduling algorithms affect the number of 
context switches (in case of preemptive scheduling), average waiting time, and maximum 
waiting time of all tests in all jobs. 
 
In the chapters below, the job is referred as Function Test Job, test is referred as test suite. 
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2.3 Limitations 

In this section, the main limitations in the current architecture and how the above model 
overcame them are listed below: 
 

 The plugin for running the tests in parallel is simulated in a multi-core desktop 
machine. Each core simulates one resource. Hence, the simulation can handle tests 
with several resources. 

 Currently, a function test job can run their tests on only one resource even though 
multiple resources are available. But, the simulated model supports using multiple 
resources at the same time. 

 In the present architecture, there are no priorities assigned for Function Test jobs. 
But in the simulated model, priority is set for Function Test jobs. 

 Preemption is not considered in the current framework since it is not possible to 
stop a currently running Function test job and start executing a new one because of 
two main reasons: (a) the camera has to be flashed before running every Function 
test job which consumes around 5 minutes. (b) saving the state and results of the 
tests consumes lot of memory and time. 

2.4 Technical Dependencies 

2.4.1 Python 

Python is a powerful, high level, general purpose, dynamic and flexible programming 
language. Python supports both object-oriented programming and structured 
programming, uses dynamic typing and built-in high level data types, is easy to develop 
with simple syntax, can implement concepts in few lines of code and has a rich standard 
library [4] [6] [7]. The Automated Test Framework and their functional tests were written 
in Python. Hence, the sample test suites, the plugins and scheduling algorithms 
implemented in the prototype were developed in Python as well. 

2.4.2 Git and Gerrit 

Git is a popular distributed version control system used at Axis which allows the 
developers to manage their source code, create a copy of their source code in repositories 
and allows them to continue developing their own code. Gerrit is a free web based team 
code collaboration tool that closely integrates with Git. Gerrit provides a lightweight 
framework for reviewing every commit before it is accepted into the code base or 
repository. The code changes are uploaded to Gerrit but they don't become a part of the 
project until they have been reviewed and accepted by the reviewer. The code reviewers in 
the development team can review the incremental code changes and they can approve or 
reject the code changes using the Gerrit web user interface. Git was used in this Master 
thesis project for version handling of the source code in the code repository. 
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3 THEORY 
In this chapter, the background information on scheduling, different scheduling 
algorithms and parallel testing are presented. This is followed by the literature study on 
the above topics which helped in making decisions when problems arose in the 
implementation phase. 

3.1 Scheduling and Schedulers 

Scheduling is the method of assigning the resources to the jobs. The scheduler carries out 
the scheduling activity. Schedulers are implemented to keep all the resources busy and to 
allow multiple users to share the limited resources effectively. The scheduler must ensure 
that the jobs will be completed on time which is crucial for keeping the entire system 
stable. The goals of a scheduler might include increase throughput, minimize response 
time, reduce latency and maximize fairness.  
 
The schedulers are of two types: non-preemptive and preemptive. In non-preemptive 
mode, once if the tests in a job start executing on the resource, the scheduler will not stop 
the running tests and allocate that resource to new jobs until all the tests in the first job has 
been executed. In preemptive mode, the scheduler stops the execution of current tests 
upon arrival of a higher priority job. The resource is allocated to the new job and the tests 
in the new job starts running until completion. Then the remaining tests in the first job 
start executing on the resource. The context switch is the process of storing and restoring 
the state, results of the executed tests in that first job so that the tests that were not 
executed, can be resumed later.  
 
According to the model described in section 2.3, the main goal of the scheduler is to 
minimize the overall waiting time. The scheduler decides which test suite of a particular 
Function Test job is scheduled to the requested resource type at a certain point of time. 
The current architecture in the company that allocates resources for jobs uses non-
preemptive scheduling and does not support preemption since the running tests cannot be 
paused in between while execution. But, during the meetings, it was discussed that during 
resource allocation, preemption could be allowed within the tests inside the same job since 
there is no need for context switching. But if preemption is considered between two 
different jobs, then the context switching must be considered. Hence, if the preemptive 
scheduling algorithms can reduce the overall waiting times significantly despite the time 
and memory spent for context switching, the current architecture in the company for 
allocating resources can be modified to support preemption. Hence, both preemptive and 
non-preemptive scheduling algorithms were considered for literature study. 
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3.2 Scheduling algorithms 

Scheduling algorithms will be useful in distributing the limited available resources among 
multiple Function Test jobs. The scheduling algorithms help in minimizing resource 
starvation, ensuring fairness amongst the developers who test the resources and deciding 
the allocation of resources to the Function Test jobs. There are various scheduling 
algorithms that are either preemptive or non-preemptive. The popular scheduling 
algorithms were studied to understand if they can fit into the current architecture and 
solve the resource allocation problem.  
 
Few suitable scheduling algorithms were chosen and listed below [9] [10]. 
 

 First in First out 

 Shortest Job First 

 Shortest Remaining Time First 

 Priority scheduling 

 Round Robin 

3.2.1 First In First Out (FIFO) 

FIFO is a non-preemptive scheduling algorithm that is mainly used in the current 
architecture. A process can be a Jenkins job or Function Test Build or Test suites. When a 
process becomes ready for execution, it is stored in the task queue in the order of arrival 
times. Once the current process ceases to execute, the oldest process in the queue is 
selected for execution. The main advantage of FIFO is the minimal scheduling overhead. 
But the average turnaround time, waiting time and response time can be very high and low 
throughput because of no prioritization and the shorter processes that take less time has to 
wait till resource becomes available for allocation until the longer process before them 
finish execution. 

3.2.2 Shortest Job First (SJF) 

SJF is a non-preemptive algorithm that selects the waiting process with the smallest 
execution time in the queue to execute first, and then chooses the next shortest process for 
execution. SJF is non-preemptive and considered to be optimal given the minimum 
average waiting time for a set of processes. But, the processes with longer execution time 
have to wait until the processes with lesser execution times in the queue are executed. Also, 
the total execution time of all the processes must be known before executing them. In 
general, it is possible to make estimations on the execution times, not to predict them 
accurately. 

3.2.3 Shortest Remaining Time First (SRTF) 

SRTF is a preemptive variant of Shortest Job First algorithm where a new process will 
preempt the currently executing process if the execution time of the new process is shorter 
than remaining time left to complete the current process. Though the average waiting time 
is minimum like SJF, the main drawback again is the possibility of starvation and it 
requires correct estimation of execution times of all processes waiting in the queue and the 
new the processes entering the queue. 
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3.2.4 Priority Scheduling 

This is a simple algorithm with support for priorities and is suitable for processes with 
varying requirements of time and resources. Each process is assigned a priority. The 
processes are sorted in the task queue in order of their priority. The process with highest 
priority among all the processes is executed first. After it ceases to execute, the process 
with the next highest priority in the queue is selected for execution. In case of non-
preemptive priority scheduling, the lowest priority processes might starve when large 
number of processes with higher priority are queued. Also in preemptive priority 
scheduling, the newly arrived processes with higher priorities interrupt the execution of 
lower priority process and preempt them. The low priority processes might never be 
executed and enter the starvation mode. This can be avoided by using Aging technique 
which increases the priority of the processes based on their waiting times in the queue. The 
waiting time and response time depend on the priority of the process. 

3.2.5 Round Robin (RR) 

This is a simple, easy to implement, starvation-free algorithm that supports the time 
sharing system. Round robin is the preemptive version of FIFO scheduling. The 
preemption takes place after a fixed interval of time which is called quantum time or time 
slice. If time quantum is set larger than the execution time, then this algorithm behaves 
like FIFO. If the time quantum size is set very small, then the number of context switches 
increases and it slows down the overall execution times. The processes in the queue are 
executed in the FIFO order but the execution cannot go beyond the quantum time which is 
assigned equally to each process in the queue in circular order. The next process in the 
queue is executed in FIFO order without priority. Context switching will take place when 
the first process is preempted. The remaining part of first process that still needs to be 
executed will be added to the tail of the queue and the next process in the queue will be 
taken up for execution. In the end, all processes are executed in equal and fixed interval of 
time. This algorithm provides good average response time, waiting time and the 
performance depends on the size of time quantum and the number of processes, not 
average execution time. In order to improve the algorithm to obtain better performance, 
either choose the large time quantum or optimize the estimation of time quantum. In order 
to choose large time quantum, the average of two highest execution times was computed 
and then the average of two lowest arrival times was taken from that estimated value for 
one time only. Then, the average of arrival time is subtracted for only lowest process. This 
helps in keeping the time quantum as large as possible. While using dynamic quantum 
time, it is possible to optimize the estimation of time quantum. A combination method can 
be used to obtain the median value of all execution times in the queue. Then, the average 
value of the sum of median and the highest execution time in the queue returns the 
optimal time quantum. 
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3.3 Related Work 

A detailed literature study was done at the beginning of the Master thesis in order to get 
theoretical understanding of the thesis goals and analyze the suitable methodology that 
will help in achieving them. The scientific articles on parallel testing, resource allocation 
and scheduling algorithms were chosen for literature study. The books that explain about 
various scheduling algorithms for resource allocation were also used in order to 
understand the logic and implement the algorithms in the prototype [9] [10]. During the 
implementation and testing phases, new problems and limitations arose while using the 
plugin and prototype. The literature study helped in choosing the suitable plugin to achieve 
parallel testing, choosing suitable scheduling algorithms to be implemented in the 
prototype for solving the resolve allocation problem and the limitations of those 
algorithms. The methodology for parallel testing and choice of scheduling algorithms 
implemented in the prototype were decided based on the relevant scientific articles that 
addressed similar problems.  
 
The choice of the plugin for parallel testing was based on a scientific article which talks 
about the investigations on the difficulties that arose while implementing parallel testing in 
their Automatic Test Systems which was built on a serial architecture. The difficulties that 
were addressed are control and sharing of test resources. Their framework, aim and the 
problems addressed were much similar to this thesis work. The solution that was proposed 
in the article was to use the Multiprocessing or Multithreading technologies in their 
software development in order to run the tests in their framework. Their results proved 
that multiprocessing was able to reduce the total test time by 50 percent which helped in 
choosing the parallel test plugin for the Automated Test Framework [11]. 
 
The Shortest Job First and Shortest Remaining Time First scheduling algorithms were 
implemented in the scheduler prototype for allocating resources to parallel tests in a multi-
core machine. The algorithms were selected based on the findings from a research paper 
[12]. During the experiments, the authors have used shortest test time for scheduling the 
parallel test tasks against both single core and multi-core systems. The results from their 
experiments showed that multi-core system has 30 percent more test efficiency and 
parallel tests have significant benefits while using shortest test time scheduling approach. 
 
The choice of large time slice quantum and estimation of optimal quantum time for the 
improved round robin algorithm was done based on the results from a scientific paper [13], 
where their experiments showed that the performance of the round robin algorithm was 
decided by the size of quantum time. Selecting too small time quantum yielded poor 
performance whereas selecting too large time quantum made the algorithm behave like 
FIFO. Their experimental results showed minimized average waiting time, lesser context 
switches and increased throughput compared to traditional round robin algorithm. The 
calculation of selecting time quantum and optimizing the time quantum estimation are 
explained in chapter 3.2.5. The improved algorithm implemented in the prototype was able 
to significantly reduce the average waiting time and the number of context switches to a 
larger extent. 
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The suggestion of integrating both parallel test plugin and scheduler prototype in order to 
reduce the total testing time was derived from the results of a research article [14]. In his 
paper, he proposed two solutions Pipelining and Autoscheduling for implementing and 
scheduling parallel test system for multiple resources. The Pipelining dealt with running 
tests within same test sequences only in parallel and the reduced the total test time by 50 
percent which was similar to the parallel test plugin in this thesis work. Autoscheduling 
was an efficient scheduling method proposed in his paper that reordered the test 
sequences based on available resources and increased the throughput up to 65 percent. 
This was similar to the scheduler prototype in this thesis work. The results and suggestions 
from this article helped in finding ways to integrate both parallel test plugin and scheduler 
plugin into the current architecture. 
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4 IMPLEMENTATION 

This chapter explains the methodology involved in carrying out this thesis work, in detail. 
The approach for implementation is split into smaller tasks and the tasks were bound to 
the scope of the thesis work. 

4.1 Creating case studies 

After the literature study, the problems and limitations faced by the development team 
while running their tests, were discussed. Various scenarios were created that reflects their 
problematic situations. Those scenarios were improved into case studies after discussing 
with the team. These case studies form the basis for testing the proposed solutions. The 
case studies are explained in chapters 5.1.1, 5.2.1 and 5.2.4. 

4.2 Writing sample tests 

Sample tests were written in Python that reflects the real tests in the Automated Test 
Framework. The source code of the framework was also analyzed to understand the 
function tests written by the developers. The test artifacts involved in the current 
architecture for parallel testing were defined and shown in Figure 2 below. 
 

 

Figure 2: Test artifacts in current architecture 

 
Since the resource and tests in the framework were not considered in the initial phase, it 
was decided to write sample tests that consume same amount of time to execute. The 
created tests were stored in a separate folder called “tests” for easy execution. The tests 
were used to run in parallel across multiple resources using the simulator (section 5.1.2).  

4.3 Selecting plugin for parallel testing 

After creating the sample tests, the next task was to find out how they can be executed in 
parallel. The plugins available in the Python package index website [4] were analyzed, to 
run multiple tests in parallel across several resources, and help in reducing the execution 
time of tests. The plugin with the less execution was therefore selected [16] [17]. The plugin 
was downloaded and installed locally and the source code was studied to understand the 
plugin implementation. 
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4.4 Simulator 

A simulator was developed using the plugin and it was used to execute the created sample 
tests in parallel, on a multi-core desktop machine, with each core simulating one resource. 
The case study created for parallel testing in order to allow the sample tests to run both 
sequentially and in parallel, was discussed and refined. The simulator was tested under the 
scenario described in the case study, as shown in Figure 3 below. 
 

 

Figure 3: Simulator 

 
Later, the simulator was integrated into the framework and tested with multiple resources, 
in order to verify if it can distribute the tests across multiple resources and run them in 
parallel. 

4.5 Running tests using simulator 

The steps involved in running multiple test suites using the simulator are explained below. 
 
The following command is entered in the command prompt to run the test suites using the 
simulator. 
 
nosetests [test suite(s)/folder] -sv --processes=“number” --process-timeout=“seconds” 

 
nosetests [test suite(s)/folder] invokes to run all tests inside one or more test suites or the 
folder that contains tests 
 
-s means any stdout output will be printed immediately 
 
-v denotes for more verbose to provide additional details of the test execution 
 
--processes = “number” spreads the tests among the many processes to enable parallel 
testing. If the variable “number” is set as negative number, the number of processes 
automatically set to the number of cores available in the machine i.e. runs the tests in 
parallel. The variable “number” can also be set to the number of cores in the machine to get 
better results. The default value of “number” is set to 0, which means parallel testing is 
disabled. 
 
--process-timeout = “seconds” sets the timeout for results from each test runner process. 
The default value is 10, but it can be increased to enable the execution of multiple test 
suites over longer period of time. 
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4.6 Analyze the results 

After running the test suites in parallel using the developed simulator, the collected results 
are analyzed to see the difference in the total execution times. The limitations of the plugin 
used in the simulator is also accounted and discussed with the development team. 

4.7 Job scheduling using Jenkins 

During the discussion, resource allocation problem was considered as a main limitation in 
achieving parallel testing. It could be solved using a Jenkins scheduler plugin for allocating 
resources, since the default scheduling algorithm in Jenkins was not effective in solving the 
resource allocation problem. Developing a new Jenkins scheduler plugin and customizing 
it towards the current architecture requires huge amount of time and personnel. Hence it 
was decided to create a prototype that will simulate the behavior of the Jenkins scheduler 
plugin. The information on how the Jenkins jobs are defined, scheduled and managed 
along with how resource allocation is done in the current architecture, was gathered from 
the development team. The artifacts within Jenkins job in the current architecture were 
defined and depicted in Figure 4 below. 
 

 

Figure 4: Artifacts within Jenkins jobs in current architecture 

 
In the current architecture, both Function Test jobs and the test suites within them are 
executed in sequential order. The Function Test jobs requests for a resource type and their 
requests are placed in the waiting queue. The resources are allocated in First In First Out 
order of the requested time from the waiting queue. The Function Test job can request only 
one resource in the current architecture. But, the proposed scheduler prototype allows a 
Function Test job to request more than one resource. If multiple resources of same 
resource type are available in the resource pool, then the scheduler prototype allocates all 
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the available resources of that type to a Function Test job. One scenario was created to 
analyze the resource allocation problem while allocating lesser resources to multiple 
Function Test jobs and other scenario was created to analyze the resource allocation 
problem while allocating lesser resources to multiple test suites within Function Test jobs. 
These two scenarios were refined to form two case studies for testing the prototype that are 
explained in chapters 5.2.1 and 5.2.4. 

4.8 Testing the prototype 

Multiple scheduling algorithms that were considered for analysis were implemented in the 
scheduler prototype. Both non-preemptive and preemptive scheduling algorithms such as 
First In First Out, Shortest Job First, Shortest Remaining Time First, Round Robin, 
Priority scheduling were implemented in the prototype. All algorithms were written in 
Python. The prototype was tested with sample test suites and resources, under the 
scenarios described in the case studies, created for resource allocation of Function Test 
jobs and test suites, as shown in Figure 5 below.  
 

 

Figure 5: Prototype 

 
The number of resources needed, resource type, number of test suites in the Function Test 
job, name of test suites, their arrival time and execution time were given as input to the 
prototype. The developed prototype was used as a tool to analyze the significant changes in 
execution order, waiting times and context switches after applying various scheduling 
algorithms for resource allocation. After testing the prototype under the two case studies, 
the results obtained from the prototype were collected and analyzed. This analysis helped 
in deciding the suitable scheduling algorithms for the current architecture in order to 
effectively allocate resources while running tests in parallel. 
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4.9 Discussing integration into existing architecture 

The final task is to discuss with the development team about the possibilities, benefits and 
limitations of integrating the parallel test plugin used in simulator and scheduler plugin 
into the existing architecture. The integration is illustrated in Figure 6 below. 
 

 

Figure 6: Integrating plugins for parallel testing and scheduler 

 
The parallel test plugin will enable the framework to run the tests in parallel across 
multiple resources whereas scheduler plugin will deal with the resource allocation problem 
that will arise during parallel testing by using scheduling algorithms implemented in it. 
The results and analysis from the prototype helped the developers in choosing the 
scheduling algorithms for effective resource allocation during parallel testing. The chosen 
algorithms are being implemented in the new Jenkins scheduler plugin that is currently 
under development. 
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5 RESULTS 

In this chapter, the case studies were described along with scenarios under which the 
simulator and prototype can be tested.  This is followed by explaining how the simulator 
and prototype were tested. The chapter concludes with presenting the test results obtained 
from the simulator and prototype. 

5.1 Simulator 

The considered scenario was developed into a case study, which was used for testing the 
simulator. The execution of test suites using the simulator is explained along with the 
results obtained from running multiple test suites using the simulator. 

5.1.1 Case Study 1 

A Function Test job is created with 10 test suites in it. Each test suite has multiple test 
cases within it. The total number of test cases within the Function Test job is 158. Each test 
case will have different execution time. The total execution time of a test suite is the sum of 
execution times of all test cases within it. The total execution time of the Function test job 
is the sum of execution time of all test suites within it. All the test suites have same arrival 
times, since all test suites are inside the same Function Test job. Table 1 below shows the 
test suites with their arrival and execution times. 
 

Test suite Arrival Time Execution Time 

TS1 0 5 

TS2 0 10 

TS3 0 3 

TS4 0 4 

TS5 0 23 

TS6 0 15 

TS7 0 8 

TS8 0 27 

TS9 0 5 

TS10 0 10 

Table 1: Scenario for parallel testing in test suite level 

 
The created test suites were saved in “tests” folder. In the current architecture, all the test 
suites run sequentially.  
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5.1.2 Test 1 

The above test suites were executed sequentially and in parallel using the simulator. 
 
Sequential Test: 
If run sequentially, the overall execution times of the Function Test job is 110 seconds i.e. 
the sum of execution times of all test suites. In order to run the entire test suites in “tests” 
folder sequentially, the following command is entered in the command prompt. 
 
nosetests -sv tests/ 

 
Parallel Test: 
In order to execute the entire test suites in “tests” folder in parallel, using scheduler, the 
following command is entered in the command prompt. 
 
nosetests -sv --processes=-1 --process-timeout=1000 tests/ 

 

5.1.3 Results 

The overall execution times of running all test suites sequentially and in parallel are 
presented in Table 2 below.  
 

Executing order of test suites Overall Execution Time 

Run sequentially 110.164 

Run in parallel 30.155 

Table 2: Results from simulator 
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5.2 Prototype 

The scenarios for allocating resources to jobs and tests were developed into two case 
studies. They were used for testing the prototype and evaluating the metrics of scheduling 
algorithms. The granularity is explored by testing the prototype for allocating resources to 
multiple Function Test jobs and Test suites. The results obtained from the above 
experiments using the prototype are presented. 

5.2.1 Case Study 2 

4 Function Test jobs having a total of 10 test suites inside them were created. Every 
Function Test job will have different arrival times and the execution time of a Function 
Test job is the sum of the execution time of test suites within them. If run sequentially, 
total execution time needed to run all the Function Test jobs is 199 seconds i.e. the sum of 
execution times of all Function Test jobs. In this case study, priority is assumed and it is set 
for all Function Test jobs. Table 3 below shows the Function Test jobs with their priority, 
test suites, arrival and execution times. 
 

Function Test Job Priority Test Suites Arrival Time Execution Time 

FT1 3 3 30 43 

FT2 1 2 5 105 

FT3 2 3 0 33 

FT4 4 2 24 18 

Table 3: Scenario for Function Test job resource allocation 

 
It is also assumed that all 4 Function Test jobs request the same resource type and only 
one resource of that particular type is available in the resource pool. 

5.2.2 Test 2 

The input parameters were given to the developed prototype to decide which scheduling 
algorithms provide optimal solutions for the scenario described in section 5.2.1. 
 
The “resource_scheduler.py” has First In First Out, Shortest Job First, Shortest Remaining 
Time, Round Robin and Priority scheduling algorithms implemented in it. The inputs will 
be read from a file called “input.txt” which will have the Function Test job name, number 
of test suites in every Function Test job, priority value, arrival and execution times. The 
following command is entered to read the input values from the file. 
 
python resource_scheduler.py input.txt 
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5.2.3 Results 

The average waiting time and turnaround time along with context switches for SRTF and 
Round robin algorithms with different time quantum are presented along with other 
scheduling algorithms in Table 5 below. 
 

Scheduling Algorithm Waiting Time Turnaround Time Context 
Switches 

FIFO 67.0 116.75 - 

SJF 29.75 79.5 - 

SRTF 29.75 63.6 3 

Round robin (5) 69.75 119.5 41 

Round robin (10) 71.0 120.75 22 

Round robin (42) 61.25 110.0 7 

Round robin (43) 51.25 101.0 6 

Round robin (44) 51.75 101.5 6 

Round robin (75) 67.25 117.0 5 

Priority scheduling 96.25 146 - 

Table 4: Results of scheduling algorithms for resource allocation 
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5.2.4 Case Study 3 

The same 4 Function Test jobs and 10 test suites inside them were used in this case study. 
In this case study, preemption is considered only within the test suites that belonged to the 
same Function Test job. Because preemption between test suites that belonged to different 
Function Test jobs can result in consuming more memory in saving the test state and test 
results. Every context switch also takes about 5 minutes which involves flashing the 
resource and installing new firmware. Since test suites cannot have priorities associated 
with them in the current architecture, priority algorithm is not assumed in this case study. 
Table 4 below shows the Test suites, associated Function Test jobs, requested resource 
type, arrival and execution times. 
 

Test Suite Function Test Job Resource Type Arrival 
Time 

Execution 
Time 

T1 FT1 A 15 11 

T2 FT1 A 15 12 

T3 FT1 A 15 20 

T4 FT2 B 5 100 

T5 FT2 B 5 5 

T6 FT3 A 0 12 

T7 FT3 A 0 3 

T8 FT3 A 0 18 

T9 FT4 C 24 8 

T10 FT4 C 24 10 

Table 5: Scenario for deciding the execution order of test suites 

 
It is also assumed that Function Test jobs 1 and 3 request six resources of type A, Function 
Test jobs 2 request two resources of type B and Function Test job 4 request two resource of 
type C. The number of available resources in the resource pool is listed below. 
 
Type A - 2 
Type B - 2 
Type C – 3 
  



28 
 

5.2.5 Test 3 

The “test_scheduler.py” has First In First Out, Shortest Job First, Shortest Remaining 
Time, Round Robin algorithms implemented in it. The user will be given the option to 
manually enter the values since it could be tested with dynamic values. In order to run this 
scheduler, the following command is entered. 
 
python test_scheduler.py 

 
It will ask for the type of resource, number of resources available in each type, list of test 
suites, the Function Test jobs associated with each test suite along with their arrival and 
execution times. All these details are manually entered by the user in the command 
prompt. After entering the details, they will be displayed for the user to verify before 
choosing the scheduling algorithm. Then the list of scheduling algorithms implemented in 
the prototype will be displayed and the user can choose any one of them to display the 
results of the chosen scheduling algorithm. 
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5.2.6 Results 

The average waiting time and turnaround time along with context switches for SRTF and 
Round robin algorithms with different time quantum are presented along with other 
scheduling algorithms in Table 6 below. 
 

Scheduling Algorithm Waiting Time Turnaround Time Context 
Switches 

FIFO 19.17 31.83  

SJF 15.5 28.16  

SRTF 15.4 28.11 7 

Round robin (5) 33.5 53.6 43 

Round robin (10) 32.8 54.2 21 

Round robin (19) 31.2 52.9 14 

Round robin (20) 28.7 41.3 12 

Round robin (21) 29.6 42.4 12 

Round robin (25) 34.7 54.6 11 

Round robin (50) 49.4 59.6 9 

Table 6: Results of scheduling algorithms for scheduling test execution 

 
The context switch, average waiting and turnaround times are best when the time quantum 
is set as 20, which is considered as optimal. The context switch for SRTF algorithm is 11. 
Hence it is concluded that SRTF and SJF algorithms has the least average waiting time and 
turnaround time followed by Round Robin and FIFO Scheduling algorithms. 
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6 DISCUSSION 
In this chapter, the model, results and methodology used in the thesis work will be 
discussed. The discussion concludes with some discussion on ethical and societal aspects 
related to this work. 

6.1 Model 

In the initial phase of the thesis work, the model represented the current architecture of 
the company that supported non-preemptive scheduling. But when resource allocation 
problem and scheduling algorithms were considered, discussions with the development 
team was made to ensure that if preemption can be allowed into the existing architecture, 
since the tests cannot be paused while execution in the current situation. The model was 
then modified to support preemption, which introduced a new metric, context switching, 
that is used only for preemptive scheduling. The other metrics, such as average waiting 
time and maximum waiting time were also considered for evaluating the performance of 
non-preemptive and preemptive scheduling algorithms. 

6.2 Results 

6.2.1 Simulator 

The case study, explained in the section 5.1.1, was considered to test the simulator. The 
simulator was tested with 10 test suites in a multi-core desktop machine, with each core 
simulating a resource. The 10 test suites had 158 test cases within them. The goal of the 
simulator is to distribute the test suites across resource for running the test suites in 
parallel. The test results shown in Table 2 at section 5.1.3, clearly shows that the total 
execution time of all 10 test suites while they are executed sequentially and in parallel. 
 
When the test suites are executed sequentially and in parallel using the simulator, the 
results were promising and the overall execution time of test suites was reduced to large 
extent. The results from the simulation proved that the overall execution time has reduced 
by 63 percent, while running the test suites in parallel. Hence, it was concluded that the 
simulator was able to run parallel tests across several resources. The simulator was not 
tested with individual test cases, since multiple resources can be allocated only to the test 
suites inside a Function Test job, not test cases.  
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6.2.2 Prototype 

The case studies, explained in sections 5.2.1 and 5.2.4, were considered to test the 
prototype. 4 Function Test jobs with 10 test suites inside them were created to test the 
prototype. Scheduling algorithms such as First In First Out, Shortest Job First, Shortest 
Remaining Time First, Priority scheduling and Round-Robin algorithm with dynamic time 
quantum were implemented in the prototype. The metrics such as waiting time, 
turnaround time and number of context switches were considered for generating results 
from the prototype. The purpose is to analyze how the scheduling algorithms affect the 
number of context switches, average waiting time, maximum waiting time, average 
turnaround time of all 10 test suites within the 4 Function Test jobs.  
 
The context switch was considered during preemptive scheduling. When context switch 
occurred, the resource was flashed or reset and the new firmware was installed after a 
Function Test job got the resource, which took about 5 minutes. After the firmware was 
installed on the resource, the test suites belonging to that Function Test job, were 
executed. If number of context switches was higher, it caused a significant time delay, 
which made an impact in the total testing time. 
 
The prototype was tested with the Function Test jobs and only one resource. Though, 
priorities were not assigned to the Function Test jobs in the current architecture, in this 
scenario, priority was assumed for Function Test jobs. The priorities were assigned to 
Function Test jobs, in order to observe the behaviour of priority and SRTF scheduling 
algorithms. The arrival time, execution time, number of test suites associated and priority 
for all Function Test jobs, as shown in Table 3 at section 5.2.1, were given as input to the 
prototype. The Round Robin algorithm is tested with dynamic time quantum values. The 
test results, as shown in Table 4 at section 5.2.3, explains the difference in average waiting 
time, average turnaround time and number of context switches (only for preemptive 
scheduling) between different scheduling algorithms. The maximum waiting time is 
calculated and derived by theoretical analysis. 
 
While considering non-preemptive scheduling for this scenario, SJF provides the best 
results in terms of less average waiting and turnaround times compared to FIFO 
algorithm. But, if preemption is considered, then SRTF provides the best results in terms 
of the lesser number of context switches and lowest average waiting and turnaround times 
than Round Robin and priority scheduling algorithms. The Round Robin algorithm gave 
less context switches, good average waiting and turnaround times, when the time quantum 
was 43, which was considered as the optimal time quantum in this scenario. From the 
results, it was concluded that if preemption was not considered for this scenario, SJF 
algorithm can help in reducing the total testing time, having lesser waiting times. But, if 
preemption was allowed in this scenario, then SRTF algorithm proved to be useful in 
reducing the total testing time with lowest waiting times, whereas Round Robin round 
robin ensures fairness of resource allocation among all Function test jobs compared to 
other scheduling algorithms. 
 
The prototype was also tested with 10 test suites belonging to 4 Function Test jobs and 9 
resources of different type. Since priorities cannot be assigned to the test suites in the 
current architecture, priorities were not considered and priority algorithm was not used in 
this scenario. The test suites, associated Function Test jobs, requested resource type, 
arrival and execution times, as shown in Table 5 at section 5.2.4, were given as input to the 
prototype. The Round Robin algorithm is tested with dynamic time quantum values in this 
scenario also. The test results, as shown in Table 6 at section 5.2.6, explains the difference 
in average waiting time, average turnaround time and number of context switches (only for 
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preemptive scheduling) between different scheduling algorithms. The maximum waiting 
time is again calculated and derived by theoretical analysis. 
 
While considering non-preemptive scheduling for this scenario, SJF provides the best 
results in terms of less average waiting and turnaround times compared to FIFO 
algorithm. But, if preemption is considered, then SRTF provides the best results in terms 
of the lesser number of context switches and lowest average waiting and turnaround times 
compared to Round robin algorithm. The Round Robin algorithm gave less context 
switches, good average waiting and turnaround times, when the time quantum was 20, 
which was considered as the optimal time quantum in this scenario. From the results, it 
was concluded that if preemption was not considered for this scenario, SJF algorithm can 
help in reducing the total testing time, having lesser waiting times. But, if preemption was 
allowed in this scenario, then SRTF algorithm proved to be useful in reducing the total 
testing time with lowest waiting times, whereas Round Robin round robin ensures fairness 
of resource allocation among all test suites compared to other scheduling algorithms. 
 
By analyzing the results, it was deduced that the best possible scenario to introduce 
preemption only when the test suites belonged to the same Function Test job. Since the 
firmware for that Function Test job is installed already, the context switching will not 
install the firmware again on the resource. When preemption was allowed between test 
suites belonging to different Function Test jobs, then the respective firmware was installed 
during every context switches. Also, SJF and SRTF algorithms were proved to be useful in 
terms of minimizing the number of context switches (preemptive scheduling), average 
waiting time and maximum waiting time for every test suite, while considering non-
preemptive and preemptive scheduling algorithms for resource allocation. Hence, it was 
concluded that the prototype was helpful in analyzing how the scheduling algorithms 
affects the average and maximum waiting times of the test suites.  

6.3 Methodology 

The time consuming part of this thesis work was to understand the complex internal 
architecture with many interacting components and the limitations in the architecture that 
stood as a major roadblock in achieving parallel testing. Developing the simulator and 
implementing the prototype also took more time after multiple revisions and 
improvements. The method applied in this thesis work can be replicated for parallel testing 
and scheduling resource allocation, providing that the developer or researcher work with 
similar architecture and framework. They will more likely arrive to the same results, since 
the limitations in the architecture, parallel testing and scheduling resource allocation are 
similar among most organizations that adopt Continuous Integration practice. The results 
of parallel testing from the simulator, as mentioned in section 5.1.3, might vary depending 
on the number of available resources that were running the multiple set of jobs in parallel. 
But, the results from the prototype, in terms of waiting time and context switches, closely 
matches with the mathematical calculations with the same set of data considered in the 
case studies for different scheduling algorithms. Hence the applied method has 
replicability and validity. 
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The applied method is not perfect, in terms of implementing the final solution for the 
problems addressed in the thesis work. A simulator was used to run the tests in parallel in 
a multi-core desktop machine, with each core simulating a resource. Also, the simulator 
was using FIFO scheduling on available resources, while running parallel tests on them. 
The alternative approach would be to develop a plugin with different scheduling algorithm 
and integrate it with the framework to run multiple test suites in parallel across the 
multiple real resources. Running the parallel tests on the test case level was not 
considered, since the resources are allocated to the test suites in a Function Test jobs, not 
to the test cases. The alternative approach would be exploring the granularity to the test 
case level too, which could have reduced the execution time to some more extent.  
 
A prototype was developed with scheduling algorithms implemented in them and used for 
testing the scheduling algorithm impact on waiting times. The alternative approach is to 
develop a new Jenkins scheduler plugin implemented with suitable scheduling algorithm 
that meets the needs of the development team. The scheduler plugin could have been 
tested with the real tests and resources in order to verify if the scheduler plugin can 
increase resource scheduling efficiency and reduce total testing time. 
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6.3.1 Assumptions 

 The execution times of Function Test jobs and test suites can be obtained from the 
information stored in the database. This overcomes the limitation of using Shortest 
Job First and Shortest Remaining Time First algorithms for scheduling. 

 The scheduling of resource allocation has not become too complex in the current 
architecture and it needs to be addressed at the basic level. Hence, the higher level 
parallel scheduling algorithms such as genetic algorithm, work stealing algorithm 
were not considered. 

 Function Test jobs or Test suites do not have priorities in the current architecture. 
But in the case study that was explained in section 5.2.1, priorities were assumed 
and assigned for Function Test jobs in order to verify the efficiency of Priority and 
SRTF scheduling algorithms. 

6.3.2 Limitations 

 The functional tests that validate the software can be run in parallel across several 
resources. But few tests among the functional tests written for testing the hardware, 
cannot be executed in parallel. That will cause damage to the hardware of the 
resources. 

 The plugin that was used in the simulator, did not generate any test reports for the 
executed tests. But, Automated Test Framework uses in-built report plugin for 
generating the test reports for the executed tests. The plugin in the simulator was 
not able to work coherently with the report plugin of the framework. Hence the test 
reports were not generated, when the tests were run in parallel across multiple 
resources. 

 Preemption is not considered in the current architecture, since the tests cannot be 
paused during execution. This does not allow the preemptive scheduling in the 
current architecture. 

 Every context switch takes about 5 minutes to flash the resource and install new 
firmware on the resource. If the total execution time of multiple Function test jobs 
or test suites is less than or equal to 5 minutes, then preemptive scheduling cannot 
be considered in this scenario. 
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7 CONCLUSION 

In this chapter, the conclusions derived from evaluating the results are presented along 
with exploring the ideas to continue this thesis work in the future. 

7.1 Conclusion 

It was concluded that the simulator could run multiple test suites in parallel across several 
resources and the overall execution time of all test suites reduced by 63 percent. But the 
plugin used in the simulator had some practical limitations in terms of generating the test 
report in compliance with the current test report generated by the framework. Also, 
running the test suites that verify the hardware functionality across multiple resources in 
parallel, can result in damaging the hardware of the resources. The plugin should be 
modified in such a way that it should be able to execute the tests in parallel without 
damaging the resource functionality in terms of both hardware and software. 
 
The prototype was useful in analyzing how the scheduling algorithms affect the total 
testing time and address the resource allocation problem during limited resource 
availability. It was concluded SJF and SRTF algorithms can be used for effective resource 
allocation while using non-preemptive and preemptive scheduling respectively. Since the 
prototype mimics the behaviour of the proposed Jenkins scheduler plugin, the results from 
the prototype could be used to create, test and integrate the plugin into the current 
architecture. Since huge number of jobs and tests are scheduled and executed using 
Jenkins every day, creating and integrating the new scheduler plugin will be a tedious and 
time consuming process. 
 
To summarize, integrating the benefits of simulator and prototype can provide a good 
scope for scheduling the available resources effectively for parallel testing. Both parallel 
testing and scheduling algorithms prove to be deployable solution for minimizing the total 
time spent for testing. The advantages of implementing parallel testing and scheduling 
resource allocation and the practical limitations are presented along with the results in the 
report. 
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7.2 Future Work 

The development team integrated the simulator with the test framework and used to run 
parallel tests across multiple resources. Their results also proved that the overall execution 
time were reduced using the simulator. The plugin used in the simulator needs to be 
improved in order to generate the test reports in accordance with the ATF reports. The 
prototype that was developed and used in this thesis work could be useful while creating, 
testing and integrating the new scheduler plugin with Jenkins in the future. The improved 
plugin used for parallel testing, integrated with the Jenkins plugin will effectively allocate 
multiple available resource to the several tests and those tests will be executed in parallel 
across the resources. The Jenkins plugin could also implement scheduling algorithms 
other than the ones considered for this thesis work. This will help in allocating the 
resources effectively when large number of tests request for the resources that are either 
allocated to some tests for a longer period or if the resources available in the resource pool 
is less. Developing and integrating new scheduling approaches in the scheduler plugin 
could provide better solutions for various problematic situations that will arise in the 
future. If all the above mentioned features are implemented in the Jenkins plugin and 
Parallel test plugin, it will help the tests to run faster, reduce total time spent for testing 
and improve the parallel test resource scheduling. 
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