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ABSTRACT 

Nowadays web service Application Programming Interface (API) serves as a 

common method for integrating heterogeneous systems. REST architectural style is 

one of the most used web service implementation technologies. The presence of 

frameworks functional similarity imposes challenges in selecting appropriate 

frameworks for a particular project. This study aimed to evaluate the performance of 

existing REST web service development frameworks and propose a framework for 

assisting the selection of REST web services development frameworks. To achieve 

the objective, design science research methodology was employed. A thorough 

literature review was conducted to identify REST frameworks and evaluate 

performances using Apache JMeter automated software testing tool. Based on 

identified frameworks, similar function web service prototypes were developed and 

evaluated for both stress and load performance testing. In load testing, frameworks 

were tested under database interaction and without database interaction. In stress 

testing, prototypes were overwhelmed with huge requests to oversee their 

performance. Based on the research findings, a framework for assisting the 

appropriate selection of REST web service development frameworks was proposed 

and evaluated using ex-ante Design Science Research Methodology (DSRM) 

evaluation. Generally, the contribution of this study is not only the proposed 

framework but also a methodological contribution on how DSRM can be used to 

devise artifacts, particularly in the software development field. 

 

 

 

 

 

 

 



     vi 

 

TABLE OF CONTENTS 

DECLARATION AND COPYRIGHT ......................................................................... i 

CERTIFICATION ....................................................................................................... ii 

ACKNOWLEDGEMENT .......................................................................................... iii 

DEDICATION ............................................................................................................ iv 

ABSTRACT ................................................................................................................. v 

LIST OF APPENDICES ............................................................................................. ix 

LIST OF TABLES ....................................................................................................... x 

LIST OF FIGURES .................................................................................................... xi 

LIST OF ABBREVIATIONS .................................................................................... xii 

 

CHAPTER ONE ........................................................................................................ 1 

INTRODUCTION ...................................................................................................... 1 

1.1 Background Information ........................................................................................ 1 

1.1.1 CORBA AND DCOM Overview........................................................................ 1 

1.1.2 RMI, RPC AND SOCKETS Overview .............................................................. 2 

1.1.3 Web Services Overview ...................................................................................... 2 

1.2 Statement of the Research Problem ....................................................................... 4 

1.3 Research Objectives ............................................................................................... 5 

1.4Research Questions ................................................................................................. 6 

1.5 Significance of the Research .................................................................................. 6 

1.6 Limitation of the research ...................................................................................... 7 

1.7 Outline of the Dissertation ..................................................................................... 8 

 

CHAPTER TWO ....................................................................................................... 9 

LITERATURE REVIEW .......................................................................................... 9 

2.1 Introduction ............................................................................................................ 9 

2.2 Evolution of Web Services .................................................................................... 9 

2.3 RESTful Service Development Frameworks ....................................................... 10 

2.4 REST and other Web Service API Styles ............................................................ 12 

2.5 REST and other Web Service Realization Technologies ..................................... 14 

2.6 REST on Mobile Web Services ........................................................................... 18 

2.7 Performance Evaluation ....................................................................................... 19 



     vii 

 

2.8 Performance Measuring (Testing) tools ............................................................... 22 

2.9 Research gap ........................................................................................................ 27 

 

CHAPTER THREE ................................................................................................. 29 

RESEARCH METHODOLOGY ........................................................................... 29 

3.1 Research Approach .............................................................................................. 29 

3.2 Research Strategy (Design) .................................................................................. 29 

3.2.1 Problem Analysis (Explication) ........................................................................ 31 

3.2.2 Requirements Definition ................................................................................... 31 

3.2.3 Artifact Design and Development ..................................................................... 32 

3.2.3.1 Implementation of research questions RQ1 and RQ2 .................................... 32 

2.1 Experiment Details and Benchmarking Environment.......................................... 34 

3.2.4 Demonstration and evaluation of the proposed artifact .................................... 46 

3.2.4.1 Implementation of research question RQ3 ..................................................... 46 

3.3 Reliability and Validity ........................................................................................ 48 

3.4 Ethical Consideration ........................................................................................... 49 

 

CHAPTER FOUR .................................................................................................... 51 

RESULTS AND DISCUSSION .............................................................................. 51 

4.1 Performance Metrics (Parameters) ....................................................................... 51 

4.1.1 Response time ................................................................................................... 51 

4.1.2 Throughput ........................................................................................................ 52 

4.1.3 Latency .............................................................................................................. 53 

4.1.4 Level of resource utilization.............................................................................. 53 

4.2 PHP-Based REST Web Service Development Frameworks ............................... 56 

4.3 Load Testing Experiment Results ........................................................................ 62 

4.4 Stress Test Experiment Results ............................................................................ 73 

4.5 A framework for selecting PHP REST web service development frameworks. .. 79 

4.6 Validation of the proposed framework ................................................................ 84 

 

 

 



     viii 

 

CHAPTER FIVE ...................................................................................................... 88 

CONCLUSION AND RECOMMENDATIONS ................................................... 88 

5.1 Achieving Research Objectives ........................................................................... 88 

5.2 Conclusion ........................................................................................................... 89 

5.3 Recommendation and further research................................................................. 89 

 

REFERENCES ......................................................................................................... 90 

APPENDICES .......................................................................................................... 97 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



     ix 

 

LIST OF APPENDICES 

Appendix 1: Questionnaire for Evaluating a Framework for Selecting REST Web 

Service Development Frameworks. ........................................................................... 97 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



     x 

 

LIST OF TABLES 

Table 3.1: Experiment standards ...................................................................................... 45 

Table 3.2 Experiment variables........................................................................................ 46 

Table 3.3: Respondents Demographic ............................................................................. 49 

Table 4.1: Performance metrics with their measuring tools ............................................ 55 

Table 4.2: The frameworks’ performance under 50 GET Requests ................................ 63 

Table 4.3: The frameworks’ performance under 100 GET Requests .............................. 64 

Table 4.4: The frameworks’ performance under 150 GET Requests .............................. 65 

Table 4.5: The frameworks’ performance under 200 GET Requests .............................. 65 

Table 4.6: Performance of the frameworks under bubble sort computation .................... 67 

Table 4.7: Performance of the frameworks under database interaction ........................... 70 

Table 4.8: Performance of the frameworks under stress test ........................................... 73 

Table 4.9: PHP-Based REST web service development frameworks.............................. 80 

Table 4.10: PHP-Based REST web service development frameworks DBMS ............... 81 

Table 4.11: The overall performance of  REST web service development frameworks . 83 

 

 

 

 

 

 

 

 

 

 

 

 



     xi 

 

LIST OF FIGURES 

Figure 2.1 Summary of the main used API styles ............................................................ 14 

Figure 3.1 DSRM proposed by Johannesson and Perjons, 2014 ..................................... 31 

Figure 3.2 The architecture experimental setup ............................................................... 36 

Figure 3.3 Welcome message Source code on Silex framework. .................................... 37 

Figure 3.4 Welcome message source code on Slim web service. .................................... 38 

Figure 3.5 Welcome message source code on Phalcon web service ................................ 39 

Figure 3.6 Bubble implementation source code on CodeIgniter ..................................... 40 

Figure 3.7 Bubble implementation source code on Fat-Free framework ........................ 41 

Figure 3.8 A database table schema used to retrieve data................................................ 42 

Figure 3.9 Fat-Free web service database interaction source code .................................. 43 

Figure 3.10: CodeIgniter web service database interaction source code ......................... 44 

Figure 3.11: Lumen web service database interaction source code ................................. 44 

Figure 3.12 A summary of the overall research methodology ......................................... 50 

Figure 4.1: Average response time under bubble sort computation................................. 67 

Figure 4.2:  Average throughput under bubble sort computation .................................... 69 

Figure 4.3: Average response time under database test ................................................... 71 

Figure 4.4: Average throughput under database test ........................................................ 72 

Figure 4.5: CodeIgniter web service stress test results retrieve from JMeter .................. 74 

Figure 4.6: Lumen web service stress test results retrieve from Apache JMeter ............. 75 

Figure 4.7: Fat-Free web service stress test results retrieved from Apache JMeter ........ 76 

Figure 4.8: Fat-Free web service CPU and memory usage in the stress test ................... 77 

Figure 4.9: Slim web service stress test results retrieve from JMeter .............................. 78 

Figure 4.10:  Slim web service CPU and memory usage under stress test ...................... 78 

Figure 4.11: Answers’ of the first question in the framework evaluation ....................... 85 

Figure 4.12: Answers’ of the second question in the framework evaluation ................... 86 

Figure 4.13:  Answers’ of the fourth question in the framework evaluation ................... 86 

 

 

 

 



     xii 

 

LIST OF ABBREVIATIONS 

API     Application Programming Interface 

PHP    Hypertext Preprocessor 

SOA     Service Oriented Architecture  

CORBA   Common Object Request Broker Architecture 

RMI    Remote Method Invocation 

DCOM    Distributed Component Object Model 

RPC    Remote Procedure Call 

OMG    Object Management Group 

OS    Operating System 

JVMs    Java Virtual Machines 

CRUD    Create, Read, Update, and Delete 

SQL     Structured Query Language 

WWW    World Wide Web 

OOP    Object Oriented Programming  

MVC    Model-View-Controller  

WSDL    Web service description language 

XML    Extensible markup language 

REST    Representational State Transfer 

SOAP    Simple Object Access Protocol 

W3C    World Wide Web Consortium



                                           1 

 

 

CHAPTER ONE 

INTRODUCTION 

1.1 Background Information 

Web services are computer programs that interact with other computer programs 

over a computer network to exchange data or computing functionalities. In software, 

the term service refers to any software function performing a certain business task 

such as access to a database (Daigneau, 2012). Generally, the main purpose of web 

services is to expose the internal operations or resources of computer programs to be 

used by clients over a computer network (Garter 2001; Sunyaev 2020). 

Web service is one of the implementations of Service Oriented Architecture (SOA) 

(Navarro & da Silva, 2016), whereby SOA is a distributed computing architecture 

that is being innovated in the industry as the solution for integrating heterogeneous 

organization's information systems (Bih, 2006). A Common Object Request Broker 

Architecture (CORBA) is the early technology for SOA implementation (Bih, 2006), 

other technologies are Remote Method Invocation (RMI), Distributed Component 

Object Model (DCOM), low-level sockets, and Remote Procedure Call (RPC) (Bih, 

2006; Kuhlins & Schader, 1999; Sunyaev, 2020).  

1.1.1 CORBA AND DCOM Overview 

CORBA is the brokered distributed objects network-based software architecture that 

was innovated by OMG to enable the integration of heterogeneous systems 

(Henning, 2006). CORBA is less used compared to years ago due to emerging of 

Java programming language and Web technologies as alternatives (Henning, 2006).  

Although CORBA succeeded in adapting Java growth, it failed to adapt to the 

rapidly exploding Web, consequently, making developers look for alternative 

technologies (Henning, 2006). Commercial implementation of CORBA is complex, 

time-consuming, and expensive in terms of supporting resources therefore users 

prefer other architectures. (Henning, 2006).  

Microsoft Corporation took advantage of challenges faced by COBRA to introduce 

its own implementation of SOA as DCOM (Henning, 2006). This attracts customers 

to shift from CORBA to DCOM. DCOM lost its popularity because it is Windows 

dependent. Both CORBA and DCOM are brokered-distributed objects technologies 

https://paperpile.com/c/9umOeI/jBR3C
https://paperpile.com/c/9umOeI/pPq82
https://paperpile.com/c/9umOeI/pPq82
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that face lower efficiency and performance due to the extra communication layer 

between objects interaction (Fielding & Taylor, 2000). 

1.1.2 RMI, RPC AND SOCKETS Overview 

RMI, RPC, and Sockets are technologies that support network-based inter-process 

communication for the realization of SOA. RMI is a java based inter-process 

communication. RMI enables Java objects from different JVMs to communicate over 

a computer network.  

RMI is not the best choice for heterogeneous systems' interoperability like Web 

service because it is programming language dependent (Juric et al., 2006). Also, 

Juric et al. (2006) reported that the performance evaluation of RMI and sockets 

conducted by Zeadally et al. (2004) show that sockets have better performance than 

RMI. A socket is a virtual endpoint that links different addressable nodes to 

communicate over a computer network (Kalita, 2014). It originated in Berkeley as 

part of the BSD flavor of UNIX operating systems.  

A socket is composed of IP address and port number, the main types of sockets are 

Stream Socket and Datagram Socket (Kalita, 2014). RPC interface is a better inter-

process communication mechanism than socket-based inter-process communication 

because it provides a higher-level abstraction and solves the challenge of exchanging 

different data formats across heterogeneous computer programs (Ramakrishnan & 

Dadfar, n.d.) 

1.1.3 Web Services Overview 

Client-server architecture is one of the features of web services whereby web service 

providers act as servers while service consumers act as clients. Another feature is 

loosely coupled, whereby software components are delivered over Internet standard 

technologies (Garter 2001; Sunyaev 2020). 

Web services are accessed by other computer programs via API (Sunyaev, 2020). 

API is a computing interface of software that enables interaction between different 

software (Reddy, 2011). The interface defines how a client should interact with the 

software to acquire a certain service. In any software, API is an endpoint developed 

for software developers while the Graphical User Interface (GUI) is an interface for 

end-users (Reddy, 2011). Therefore, API is an important technology to know when 
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dealing with web services because a user-friendly web service must have a well-

defined API (Pautasso, Ivanchikj, & Schreier, 2016). Nowadays one of the 

commonly used web service implementation technology is REST. 

REST is a network-based architectural style for dispersed hypermedia software 

(Fielding & Taylor, 2000). It was first introduced by Dr. Roy Thomas as a hybrid of 

network-based software architectures, and when REST is used for building web 

services, these web services are referred to as RESTful services (Sunyaev 2020).  

REST architectural style consists of six constraints, which are client-server, stateless, 

cache, uniform interface, layered system, and code on demand (Fielding & Taylor, 

2000).  

Moreover, REST API operates on Create, Read, Update and Delete (CRUD) design 

patterns, which correspond to the commonly used database operations INSERT, 

SELECT, UPDATE, and DELETE using query languages such as SQL (Belqasmi, 

Singh, & Melhem, 2012). Although REST is a popular web service implementation 

technology (Helgason, 2017), developing web services that abide by REST 

constraints is not easy therefore software frameworks were innovated as alternatives 

(Zuzak & Schreier, 2012).  

Software frameworks are predefined code that provides a standard way to build and 

launch software, also they are generic in such a way that can be changed into specific 

application software (Edwin, 2014). Application software can be developed from 

scratch or using software frameworks.  In addition, Samra (2015) defines PHP based 

framework as:  

“PHP framework is an implementation layer upon PHP and it 

encapsulates some architectural patterns, principles and other 

implementations solving different problems” (Samra,2015, p.2). 

Software frameworks assist developers to develop standard software with less effort 

and minimal time compared to from scratch (Edwin, 2014). There are various 

software development frameworks, examples of these frameworks are web 

applications development frameworks, mobile application development frameworks, 

and REST service development frameworks. This study focuses on RESTful service 

development frameworks. 

https://paperpile.com/c/9umOeI/UCypB
https://paperpile.com/c/9umOeI/5K1nB
https://paperpile.com/c/9umOeI/5K1nB
https://paperpile.com/c/9umOeI/TfYg1
https://paperpile.com/c/9umOeI/Lz7pa
https://paperpile.com/c/9umOeI/Lz7pa
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Currently, the rapid explosion of REST web service development frameworks is 

coming from different organizations (Pautasso, 2014; Zuzak & Schreier, 2012). Most 

of the frameworks are PHP-based because PHP is the commonly used scripting 

language on the Internet with 82% coverage (Samra, 2015). The explosion of REST 

web service development frameworks triggered the challenge of selecting which 

framework to use for a particular project (Pautasso, 2014; Zuzak & Schreier, 2012).  

For successful software development and implementation, non-functional 

requirements are significant (Berg Hestvedt & Raae Stedje, 2020; Kopczyńska, 

Ochodek, & Nawrocki, 2020). These requirements are categorized into product 

requirements, organizational requirements, and external requirements (Berg Hestvedt 

& Raae Stedje, 2020). Each category is further subdivided into individual non-

functional requirements; whereby non-functional requirements can be used for the 

selection of REST web service development frameworks. However, this research 

focuses on performance which is referred to as: 

“Performance requirements include requirements for how the system 

will perform its tasks. This involves the functions of the system, and 

whether it is running fast enough and whether the customer/user can 

perform the operations needed” (Berg Hestvedt & Raae Stedje, 2020, 

p.19). 

In software engineering, performance is one of the important non-functional software 

requirements (Chung et al., 2012). Performance evaluation of different web service 

technologies has been discussed in (AlShahwan & Moessner, 2010a, 2010b; 

Pautasso et al., 2008). The researchers concluded that REST web service 

implementation technology outperforms SOA. 

1.2 Statement of the Research Problem 

Ideally, software development frameworks emerged as a tool to simplify the software 

development process (Keck, 2014). Nevertheless, due to an increasing number of 

frameworks introduced to simplify the software development process, choosing an 

appropriate framework for a given software development project becomes a 

challenge. Pautasso (2014) explores emerging technologies used to develop REST 

https://paperpile.com/c/9umOeI/fFPkh+YF7aG
https://paperpile.com/c/9umOeI/4tQ3d
https://paperpile.com/c/9umOeI/fFPkh+YF7aG
https://paperpile.com/c/9umOeI/krUsk+7pGQf
https://paperpile.com/c/9umOeI/krUsk+7pGQf
https://paperpile.com/c/9umOeI/7pGQf
https://paperpile.com/c/9umOeI/7pGQf


                                           5 

 

 

web services and points out the challenges associated with selecting the appropriate 

REST development frameworks.  

Furthermore, a survey conducted by (Neumann & Laranjeiro, 2018) showed that 

only 0.8% of publicly available REST web services absolutely comply with REST 

constraints. That means that 99.2% of publicly available REST web services do not 

comply with REST constraints effectively which means they are either developed by 

inappropriate REST web service development frameworks which are influenced by a 

challenge of selecting such frameworks or other factors. In summary, in the recent 

decade, the explosion of frameworks raises a challenge of appropriate selection of 

frameworks for a certain project, particularly, when all the modern REST web 

service development frameworks that are mostly used are unknown, and mostly their 

features (Benmoussa et al., 2019). Meanwhile, if a framework to assist 

appropriate(informed) selection of REST web service development frameworks will 

not be invented, under-utilization and over-utilization of existing frameworks will 

sustain, which causes poor REST web services as reported by Neumann and 

Laranjeiro (2018). Furthermore, some of the frameworks that are not popular or not 

known by the majority of developers will not be used. 

To address this problem, framework that can assist in an appropriate selection of 

these frameworks are required. Therefore, to address the identified research gap, this 

study evaluated the performance of existing REST web services development 

frameworks and proposes a framework that assists the appropriate selection of REST 

web service development frameworks. 

1.3 Research Objectives 

1.3.1 Main Objective 

The main objective of this study was to propose a framework that can assist the 

appropriate selection of REST web service development frameworks based on 

computing performance. 

1.3.2 Specific Objectives 

1) To identify performance metrics that can be used to evaluate REST web service 

development frameworks. 
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2) To devise a framework that can be used to assist the selection of REST web 

service development frameworks. 

3) To evaluate the usability of the framework devised in (2) above in assisting the 

selection of REST web service development frameworks.  

1.4 Research Questions 

1) What are the performance metrics that can be used to evaluate the performance of 

REST web service development frameworks? 

2) What framework can be used to assist the selection of REST web service 

development frameworks based on performance? 

3) Is the framework devised above (2) assisting the selection of REST web service 

development frameworks? 

1.5 Significance of the Research 

Software managers and practitioners are usually required to make decisions about 

what technologies to be used on their projects based on enough information on a 

particular technology (Dyba, Kitchenham, & Jorgensen, 2005). However, to the best 

of the author’s knowledge, literature that provides solutions in assisting on the 

appropriate selection of REST web service development frameworks based on their 

computing performances is not in place. 

This research aims to answer a question on what artifact can assist the appropriate 

selection of REST web service development frameworks based on their computing 

performances. To fill the existing gap, this study proposed a framework that may 

assist the selection of REST Web service development frameworks based on the 

computing performance to overcome the burdens of inappropriate selection of a 

solution for a particular problem. Examples of the burdens of inappropriate selection 

of a solution for a particular problem are poor utilization of resources or failure of the 

proposed solution (Munns & Bjeirmi, 1996).  

Projects successfully are mostly affected by planning and control of time, cost, and 

quality of products (Munns & Bjeirmi, 1996). Therefore, based on these facts poor 

selection of REST web service development framework may compromise the quality 

of the service, waste development time, increase unnecessary costs, and finally might 

cause project failure. The outputs of this study will be crucial in the domain of Web 

https://paperpile.com/c/9umOeI/gXzud
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services. Existing modern REST web service development frameworks and their 

distinctions were identified which will help Web service developers, and decision-

makers to make an informed decision on selecting a particular REST web service 

development framework based on the framework devised. 

Furthermore, this study does not only produce computing performance metrics, but 

also the tools that can be used to evaluate the performance of REST web service 

development frameworks. This study will motivate other researchers to use design 

science research methodology (DSRM).  DSRM creates and evaluates information 

technology artifacts intended to solve identified problems. Therefore, to solve the 

challenge of which research design to use in information technology research, this 

study provides a clear path of using DSRM in information technology research.  

In addition, the output of this study helps different REST web service development 

frameworks vendors to understand the challenges associated with their product 

compared to each other, eventually, this may motivate them to do more improvement 

on their frameworks to comply with REST architectural constraints as reported in the 

statement of the problem above.  

In summary, this study evaluated the performance of existing REST web service 

development frameworks and proposed a framework to assist the appropriate 

selection of REST web service development frameworks to fill the existing research 

gap. Generally, the contribution of these research findings is not only the proposed 

framework but also a methodological approach that may assist performance 

evaluation of REST web service development frameworks. In addition to that, the 

study brings awareness about REST web services and stimulates further 

opportunities to conduct research on web service technologies and the development 

of the web service industry.  

1.6 Limitation of the research 

This study does not cover everything about REST web services. Nowadays, there are 

various kinds of REST web service development frameworks from different 

programming languages. However, this research is limited to PHP-based REST web 

service development frameworks, which means only PHP-based frameworks were 

included. Although there are various kinds of PHP-based frameworks, this study was 

based on PHP-based REST web service development frameworks and excludes 
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others. This means only PHP-based REST web service development frameworks 

were evaluated for their performance in various scenarios. 

Furthermore, there are various factors associated with PHP-based REST web service 

development frameworks, but this study is limited to the performance of the 

frameworks. This means only PHP-based REST web service development 

frameworks were evaluated for their performance in different scenarios. 

This study used a literature review to achieve an objective one, which focused on 

identifying performance metrics. In the literature review, only studies focused on the 

performance of software were included. That means studies that do not focus on 

software performance were excluded, for example, studies focused on network 

performance and hardware performance. Therefore, performance metrics identified 

are forced on software though they may be used on other technologies.  

1.7 Outline of the Dissertation 

This dissertation is organized into five chapters. The first chapter introduces the 

study by providing introductory information including the research problem, the 

research objectives, the research questions, and the significance of the study.  

The second chapter provides a literature review based on the relevant previous 

research works. The third chapter describes the research methodology on how the 

research was conducted, such as how research questions have been tackled, and the 

fourth chapter provides results and discussion(findings), whereby, these results and 

discussion are based on the research questions. Chapter five as the last chapter 

provides conclusions and recommendations including future research directions and 

limitations of the study.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction 

This chapter discusses issues related to Web services based on previous research 

works. This chapter starts with the evolution of web services followed by REST web 

service development frameworks, followed by REST and web service API, followed 

by REST and web service realization technologies, followed by REST on mobile 

web services, followed by performance evaluation, followed by performance 

measuring tools, and finalizing by research gap.  

2.2 Evolution of Web Services 

Previous research works show that Service Oriented Architecture (SOA) is the origin 

of web services. Over many years computer program's (software) architectures have 

been increasing levels of complexity (Bih, 2006). As the level of complexity 

increases, legacy architectures fail to be capable of dealing with the complex 

problems, thereafter, SOA was introduced to tackle these problems (Bih, 2006; 

Welke, Hirschheim, & Schwarz, 2011).  SOA as an evolution of distributed 

computing has been introduced so as to enable software reusability, agility, 

interoperability, as well as deployment flexibility, thus for the current era of 

interoperability SOA cannot be ignored (Choi, Nazareth, & Jain, 2010; Niknejad & 

Amiri, 2019).  

Realization of SAO can be done by different technologies such as CORBA, DCOM, 

low-level sockets, RMI, RPC, and Web services (Bih, 2006; Kuhlins et al 1999; 

Sunyaev, 2020; Daigneau, 2012; Niknejad & Amiri, 2019). Web services have been 

introduced to solve problems associated with other architectures including distributed 

objects to improve system scalability (Daigneau, 2012).  

“In software development, the term web service describes techniques 

for the integration of software over a network”(Grahl, Bluhm, Grün, 

Hennig, & Holtz, 2017, p.2). 

With regard to web services, sharing computing logic with a diversity of clients such 

as desktop, web application, and mobile is easy (Daigneau, 2012). Web services are 

https://paperpile.com/c/9umOeI/o3prD+AFAVJ
https://paperpile.com/c/9umOeI/o3prD+AFAVJ
https://paperpile.com/c/9umOeI/qfM5N
https://paperpile.com/c/9umOeI/qfM5N


                                           10 

 

 

said to be loosely coupled which means web services implementation technology is 

independent of web service consumer’s technologies (Daigneau, 2012).  Eventually, 

a client of any technology can consume any Web service implemented by different 

technologies. In spite of its name, Web services can not only be deployed in the 

WWW but also in other network infrastructures (Sunyaev, 2020). Therefore, for the 

implementation of systems interoperability web service is the suitable technology to 

use and one of the areas for implementing web service is in inter-organizational 

systems communication. 

Web services state of the art identifies the rapid growth of Web services. The public 

web service repositories are indicating this rapid growth through the statistics of 

registered web services' APIs (Heshmatisafa & Seppänen, 2020; Pautasso et al., 

2016). However, REST is the most used technology for implementing Web services 

(Pautasso et al., 2016; Schreier, 2011). Up to 2016, statistics show that the number of 

registered web service APIs was 14,495 and most of these APIs are REST based 

(Pautasso et al., 2016).  

Besides the successful adoption of REST web services by different organizations in 

the industry, still, adherence to REST principles is not sufficient. A survey conducted 

by Neumann and Laranjeiro in 2018 witnessed this issue (Neumann & Laranjeiro, 

2018). The survey shows that only 0.8% of public available RESTful services 

absolutely comply with all REST constraints. This shows that there is a need for 

further analysis of existing technologies such as software frameworks that are used to 

implement REST web services. 

2.3 RESTful Service Development Frameworks 

Software frameworks are developed in different programming styles. However, the 

commonly used programming styles by most software development frameworks are 

OOP, Procedure programming, and MVC (Olanrewaju, Islam, & Ali, 2015). MVC is 

the popular used web application development design pattern (Hustinawati, 

Hustinawati, Himawan, & Latifah, 2014). In MVC Models representing business 

data, Views representing user interfaces, and controllers representing business logic, 

it is the best design pattern for separating code into different layers (Olanrewaju et 

al., 2015).  

https://paperpile.com/c/9umOeI/UCypB+FH3M7
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Before 2012, the main challenge in developing REST-based web services was the 

lack of software development frameworks that support REST constraints 

(Mihindukulasooriya, García-Castro, Gutiérrez, & Gómez-Pérez, 2016; Zuzak & 

Schreier, 2012). To address that problem in 2012 Zuzak and Schreier gave practical 

guidelines for designing software frameworks for developing RESTful software. To 

come up with these guidelines the authors analyzed existing REST development 

frameworks. The authors analyze the features of Webmachine, Jersey, Restfulie, and 

RESTAgent frameworks. The analysis shows that although these frameworks 

support the implementation of RESTful services, they do not well conform to REST 

constraints. The guidelines proposed in this study are useful for someone who wants 

to develop a software framework that supports REST constraints. 

In addition, Pautasso et al., (2016) proposed a pattern language for modeling basic 

RESTful conversation patterns to simplify the implementation of REST technology 

to solve the challenge of implementing RESTful services. Such patterns give useful 

insight for RESTful API designers, as well as RESTful API consumers, by 

establishing a common conversation. The authors use to create, discover, read, edit, 

delete, and protect methods to model the REST conversation based on the lifecycle 

of resources (Pautasso et al., 2016). The outputs of this study are crucial for RESTful 

API designers, and RESTful API consumers but not for developers.  It is difficult to 

use this conversation pattern to implement a Web service that abides by REST 

principles.  

Emerging solutions that support the implementation of RESTful services impose a 

challenge. Schreier (2011) reported that there is an explosion of frameworks for 

developing RESTful services, but there is a lack of support for the early phases of the 

development of RESTful services, particularly analysis and design. Thus, an 

appropriate metamodel is needed for building formal models of RESTful software 

(Schreier, 2011). To solve that problem, the authors introduced the first version of 

the REST metamodel that is presented and evaluated. The researchers show the 

importance of the planning phase in RESTful service development projects. 

Therefore, the proposed REST metamodel is crucial for every RESTful service 

development project. Regarding the challenge of selecting a framework for a 

particular RESTful service development project, this meta-model is not useful. Still, 

https://paperpile.com/c/9umOeI/fFPkh+75r7f
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there is a need for a tool that shows modern RESTful service developments, and their 

distinctions are required. Moreover, in 2014 a study conducted by Pautasso (2014) to 

identify emerging technologies in REST web services show that selecting an 

appropriate framework to develop a RESTful service is a challenge due to the 

emerging many similar functions frameworks. This study shows that there are many 

frameworks from different vendors which are used for developing RESTful services. 

Also, these frameworks are developed by different programming languages including 

JAVA, PHP, and Python. 

The final phase of web service development is web service publication. However, 

after the development and publication of a particular web service the challenge 

remains is how a web service consumer finds and uses the published service. 

Chakrabarti and Rodriquez (2010) conducted a study on connectedness testing of 

public available RESTful web services. The authors proposed an algorithm for 

testing the connectedness of such services. However, the proposed algorithm is 

useful for web services consumers and not developers (Chakrabarti & Rodriquez, 

2010). Therefore, there is a need for solutions to support developers to make an 

appropriate selection of RESTful service development frameworks in a bunch of 

frameworks.  

2.4 REST and other Web Service API Styles 

Web services API style describes the way clients communicate with web service 

providers. The commonly used web service API styles are RPC API, Message API, 

and Resource API (Daigneau, 2012; Grahl et al., 2017). However, there are other 

sub-styles beneath these styles as it is summarized in Figure 2.1. In addition, 

Daigneau (2012) suggests that when designing a particular API style, the factors that 

should be considered are encapsulation, service contract, autonomy, latency, binary 

message encoding of text-based data. Although there are different API styles, each 

style is suitable in a different environment.   

RPC style focuses on how service consumers execute remote procedures that reside 

on web service providers. The foundation of RPC style is remote procedure call 

where a client invokes a procedure from a remote server (Daigneau, 2012). This is 

the default style for implementing Web services. JAX-WS and WCF are the popular 

frameworks used to generate code in languages like Java or C# (Daigneau, 2012). In 

https://paperpile.com/c/9umOeI/mUNfB
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this style, a client invokes a function residing on a remote system to perform a 

defined function. An example is the Tunnel style, which is a list of functions that can 

be executed remotely. The selection of this kind of style is based on the kind of 

services provided to the clients, whereby RPC is suitable in the context where 

computation is provided as a service.  

Message API focuses on how service consumers send information to remote web 

service providers, these APIs are also referred to as Document APIs. An example of 

Message API is SOAP, whereby a client's application consumes or manipulates text-

based information residing on a service provider. Message API requires a defined 

structure of information to be consumed by clients’ computer programs (Daigneau, 

2012). Message API normally sends or receives standardized message format 

through a standard Universal Resource Identification (URI). The description of the 

style is done by WSDL which is the XML-based standard. The main purpose of 

Message API style is to allow communication between different services, the nature 

of this style is suitable in the context where different services need to communicate 

with each other. 

Resource API focuses on how web service consumers access data managed by 

remote web services (Daigneau, 2012). Resource API style enables access to a 

resource residing on a remote server. Examples of resources are text, images, 

documents, other media files, and a row in a database table (Daigneau, 2012). 

Resource API style can be subdivided into Event-based Style and Hypermedia Style 

since they focus on remote systems’ resource provisions.The event-based Style is 

based on providing real-time events (records) from the event sources, whereby 

communication is usually initiated by remote systems where clients act as 

subscribers, an example is Apache Kafka Event streaming platform. 

Hypermedia style is based on providing a list of interlinked resources. Unlike the 

Event-based style, communication is usually initiated by clients. Furthermore, these 

styles can be subdivided into Query Style and Non-Query style.  In query API styles 

resources are exposed to allow clients to query the resources using a general query 

language, GraphQL API is an example, while non-query API style clients are not 

allowed to query the resources directly, REST API is an example. Generally, the 
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Resource API style is more suitable when dealing with clients that require access to 

databases. 

 

Figure 2.1: Summary of the main used API styles 

2.5 REST and other Web Service Realization Technologies 

Previous research works on web services identify three commonly used web services 

implementation technologies, which are SOAP, REST, and GraphQL (Brito & 

Valente, 2020; Jiang, Lee, & Hu, 2012; Sunyaev, 2020). SOAP is older than REST 

and GraphQL and it was invented in 1998 by Microsoft as a messaging protocol for 

different object intercommunications based on XML technology (Sunyaev, 2020).   

Thereafter, in 2003 its version 1.2 was recommended by W3C, and SOAP is no 

longer an acronym it is the name of the protocol (Sunyaev, 2020).  

GraphQL is a query language for implementing web services (Brito & Valente, 2020; 

Jiang et al., 2012; Sunyaev, 2020). It was invented by Facebook in 2012 and released 

to the public in 2015. Generally, the evolution of these technologies starts from 

SOAP, REST, and GraphQL. So far, GraphQL is a new Web services 

implementation technology. To solve a debate on these web service implementation 

technologies, several studies have been done to compare them on different scenarios 

including both static and mobile(phones) web service hosts. Fielding and Taylor 

(2000) conducted a comparative analysis between several network-based software 

architectures. The output of this study was the REST architectural style for 

distributed hypermedia. The motive of this study was to improve the utilization of 

computer networks associated with existing network-based software architectures. 

Fielding (2000) introduced REST to improve performance, scalability, and simplicity 

https://paperpile.com/c/9umOeI/FPPQI+BXffA+ewNBb
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to solve challenges associated with existing architectures. Regarding the previous 

information, further studies shall be conducted to improve other non-functional 

requirements such as security. 

Cesare Pautasso (2008) conducted a study to compare REST and SOAP technologies 

so as to help users to make the right choice. This study was based on conceptual 

comparison, technological comparison, complexity, measuring effort, and freedom of 

choice. Finally, the output of this study showed that each technology has strengths 

and weaknesses, therefore, this comparison helps to make the right choice. This 

study was succeeded to compare REST and SOAP technologies in different aspects 

excluding security and computing performance. Performance and security are some 

of the important non-functional requirements of the software. In the information age 

and the internet of things, it is important to consider the security and performance of 

network technologies. Performance and security highly affect the reliability and 

availability of a particular Web service. 

Saad et al., (2010) conducted an experimental study to analyze the performance of 

RESTful Web services against SOAP on mobile hosts (device). In methodology, 

Saad et al., (2010) implemented two benchmarks using float data type, and string 

data type as parameters to the web service. This experiment included string 

concatenation and float number addition web services. The findings of the 

experiment showed that RESTful web services perform better than conventional 

SOAP Web services. Therefore,  Saad et al., (2010) recommended the use of REST 

technology on mobile devices (Saad, Abed, & Hamad, 2010). Saad et al., (2010) 

does not expose the design of the Web services under test. Ideally, the design of the 

software has impacts on the performance of the software. Therefore, it is necessary to 

have a better design of particular software. 

Mizouni et al. (2011) conducted a study to evaluate the performance of RESTful and 

conventional SOAP Web Services on a mobile host. In this study, the Web service 

was developed and deployed on a smartphone. The mobile-service client requests 

different services deployed within the Mobile Host. The Mobile Host processes the 

service request and sends the response back to the client. The results of the study 

show that RESTful mobile services are lightweight and they are more suitable to be 

deployed and used via mobile host compared to SOAP mobile services (Mizouni, 

https://paperpile.com/c/9umOeI/sMidW
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Serhani, & Dssouli, 2011). This study demonstrated well the effect of performance 

between REST and SOAP technologies in mobile devices. The experiment 

benchmark of this study is well articulated. However, further studies are required to 

check the effects of other non-functional requirements including security between 

REST and SOAP on a mobile device. Furthermore, in 2010, AlShahwan and 

Moessner (2010) conducted a comparison study to compare the computing 

performance of SOAP Web Services and RESTful Web Services on Mobile Hosts. 

This comparison is undertaken and analyzed using three different test scenarios and 

the output shows that RESTful web services are more convenient for mobile devices 

than SOAP (AlShahwan & Moessner, 2010b). 

Further, Ali et al. (2018) compared both SOAP and REST web services under mobile 

computing, whereby execution time and energy consumption parameters are used. 

The results showed that RESTful Web services are more convenient for mobile 

devices than SOAP. Ali et al. (2018) conducted this experiment using the developed 

prototype of matrix multiplication. The findings showed that REST execution time is 

about 200% faster than SOAP execution time. Energy consumption in REST is about 

250% better than SOAP energy consumption. REST not only possesses better 

performance but also can improve system flexibility and scalability as compared to 

the SOAP-based web services (Upadhyaya, Zou, Xiao, Ng, & Lau, 2011).  

Upadhyaya et al. (2011) conducted a study on how to migrate SOAP-based services 

to RESTful services and proposed a semi-automatic approach for shifting a SOAP-

based service to RESTful services. Upadhyaya et al. (2011) used cluster analysis and 

natural language processing to identify SOAP-based web service resources and their 

equivalent REST methods. Finally, the performance of this semi-automatic approach 

to identify resources provided by SOAP-based service was 84%. Thus, future 

research can be done to improve the performance of this approach. 

Since it was invented in the year 2000, the REST architectural style has become the 

most used technology for implementing web services (Kus et al., 2020). However, 

over-fetching and under-fetching of data are weaknesses associated with REST web 

services that affect network bandwidth usage (Kus et al., 2020).  GraphQL is an 

emerging technology to complement challenges associated with REST web services 

(Kus et al., 2020). Eventually, the introduction of GraphQL in 2015 brings further 
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research opportunities. For example, Brito and Valente (2020) conducted a 

comparative analysis between REST and GraphQL, whereby Brito and Valente 

(2020) compared GraphQL with REST because REST web services are 

tremendously increasing in use today (Helgason 2017). Moreover, Brito and Valente 

(2020) performed a comparative analysis between REST and GraphQL under a 

controlled experiment with 22 students who were tasked to implement eight queries 

to access a web service, using GraphQL and REST. The output of the study showed 

that GraphQL demands less effort to implement web service queries than REST. This 

means GraphQL helps developers to implement web services using less effort 

compared to REST. However, REST provides a simple uniform interface for service 

consumers. In contrast, in GraphQL web services, RESTful services can be accessed 

easily compared to GraphQL. In GraphQL web services, a service consumer can 

define their own query, while in RESTful services the query is implemented by the 

service provider, and because they both complement each other they are all useful in 

the software development industry. 

RESTful service is built on multiple endpoints for defining the return data, thereafter, 

this design causes many client-server requests to the service provider (Cederlund, 

2016). Consequently, the service provider may be overwhelmed with requests and 

this could probably lower the performance of the service (Cederlund, 2016). To 

check the performance of REST and GraphQL Helgason (2017) conducted based on 

performance comparative analysis between RESTful services and GraphQL services. 

Furthermore, this study used an experimental method to analyze how these 

technologies fetch data relied on server-side databases to save clients’ requests. The 

parameters used to analyze these technologies are latency and data volume. The 

output of the experiment shows that RESTful services performance is more efficient 

compared to GraphQL services when using simple queries like fetching data from a 

single table, but in the case of complex queries, GraphQL services performance is 

more efficient compared to RESTful services. Therefore, REST and GraphQL 

complement each other, further studies are needed to compare the effects of other 

performance metrics as well as other non-functional requirements such as security. 
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2.6 REST on Mobile Web Services 

Mobile Web Services are services hosted and provided by mobile devices. Previous 

research works in mobile web services identify three commonly used types of these 

services, which are service consumer, service provider, and point-to-point 

(AlShahwan & Moessner, 2010a). Mobile Web services are crucial because they act 

as data providers by collecting data remotely and distributing it to different systems. 

Examples of collected information are sensing data in healthcare applications and 

spatial data in geographical information systems (GIS) (AlShahwan & Moessner, 

2010a; Dudhe, Sherekar, & Thakare, 2018). Mobile hosts require a lightweight web 

services development technology due to the limitation of their computing resources 

(AlShahwan & Moessner, 2010a; Dudhe et al., 2018). Mobile devices possess 

limited computing resources such as low processor speed, limited memory, limited 

battery capacity, and slow intermittent wireless connection (Saad et al., 2010). Due 

to the limitation of computing resources possessed by mobile web service hosts, 

cloud computing and offloading technologies were invented to countermeasure this 

resource limitation.  

Offloading is a technique that can be used to countermeasure resource limitation 

problems by distributing the load from a single computing point to multiple. 

AlShahwan and Moessner (2010) conducted a study on the evaluation of distributed 

SOAP and REST mobile web services. Due to the limitation of computing resources 

in mobile hosts, AlShahwan and Moessner (2010) used offloading techniques to 

solve the problems associated with mobile web services. Thereafter, AlShahwan and 

Moessner (2010) evaluated the performance of REST and SOAP on offloading 

techniques and the findings showed that REST outperforms SOAP. This study is 

based on performance, then further studies are required to focus on the other factors 

such as security, scalability, maintainability, operability, and other non-functional 

requirements based on the offloading technique.  Cloud computing was introduced in 

mobile REST web services to solve the problems suffered by mobile phones(Dudhe 

et al., 2018).  Dudhe et al. (2018) conducted a study on critical analysis of 

performance optimization of mobile Web services. To solve the problems suffered 

by mobile phones web services a Mobile Cloud Computing (MCC) architecture was 

proposed. In this architecture, massive processing parts are shifted on the cloud and 
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client parts remain on mobile devices. Since this study focuses on performance, then 

further studies are required to focus on the effect of security, scalability, 

maintainability, operability, and other non-functional requirements.     

2.7 Performance Evaluation 

Performance evaluation or testing is referred to as the technical investigation of a 

product or service to verify or determine the characteristics of the tested product or 

service, and there are three types of performance testing. Such testing is load testing, 

stress testing, and capacity testing (Fayyaz & Munir, 2014). Load testing deals with 

verifying software based on predefined performance objectives. Stress testing deals 

with testing software stability(tolerance) based on different environments and 

capacity testing deals with testing software based on capacity planning. 

In 2014, popular MVC PHP-based web application development frameworks were 

CodeIgniter and CakePHP (Hustinawati et al., 2014).  Hustinawati et al. (2014) 

conducted a comparative study to compare CodeIgniter and CakePHP frameworks 

by considering that many existing websites are built using these frameworks. The 

findings of this comparative study showed that the CodeIgniter framework has a 

faster processing time compared to the CakePHP framework. Therefore, it is 

important to know how these frameworks impact the performance of websites. 

Hustinawati et al. (2014) research was not based on the REST standard, therefore, 

future research shall focus on the comparison of these frameworks based on various 

web standards such as REST, SOAP, JSON, and XML. Furthermore, Samra (2015) 

conducted research on the most used PHP frameworks  which were Laravel, 

Symfony, CodeIgniter, and Phalcon (Samra, 2015). To address the challenge of 

selecting one of the identified frameworks, Samra (2015) conducted a comparative 

analysis study to evaluate the performance of these popular frameworks together 

with the plain PHP. The findings of Samra (2015) showed that Phalcon and Plain 

PHP have higher performance compared to other frameworks. Finally, Samra (2015) 

recommended future research to be done by changing the experimental setup and 

including other new frameworks. In addition, because Samra (2015) focused on 

performance only, thus, future research shall focus on other non-functional 

requirements of software such as security and scalability. Also, future research is 

required to focus on other web standards such as REST and SOAP. In addition to 
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that, Java based frameworks are expected to have higher performance than PHP-

based frameworks due to the capability of multi-threading. Java supports multi-

threading where a single task can be performed parallel by different threads. A 

comparison research is needed to check if Java-based frameworks have higher 

performance than PHP-based frameworks. 

Salas-Zárate et al., (2015) conducted research to analyze best practices on Web 

development frameworks. The researcher stated that  

“Choosing the appropriate Web framework for Web development, 

which best fits the developers’ requirements, is not an easy task since 

there are many frameworks based on different languages” (Salas-Zárate 

et al., 2015, p.2)  

The motive of Salas-Zárate et al. (2015) was a lack of comparative research that 

identifies the best practices for Web frameworks. Thereafter, Salas-Zárate et al. 

(2015) identified a set of best practices for Web frameworks. Afterward, these best 

practices were analyzed and discussed in terms of developing Lift-based Web 

applications. In addition, Salas-Zárate et al., (2015) conducted a comparative 

analysis between web frameworks which were JSF, Struts, CakePHP, Ruby on Rails, 

Lift, Django, and Catalyst. In conclusion, Salas-Zárate et al. (2015) recommended 

future research to be conducted on comparative analysis between Lift and other Web 

development frameworks that include CSS selectors, caching, and performance. 

REST is the popular web service implementation architecture. The risks associated 

with implementing it are failures to effectively implement quality attribute 

requirements such as security, reliability, and performance (Costa, Pires, Delicato, & 

Merson, 2016). To address these risks, Costa et al. (2016) proposed an approach, 

tooling, and guidelines to assist architecture evaluation activities in REST-based 

software. Generally, approach, tooling, and guidelines proposed by Costa et al. 

(2016) can be used to check how much a particular REST-based web service 

complies with REST standards. Since the solution proposed by Costa et al. (2016) is 

based on the production phase of REST web services, then this solution is not 

suitable in the development phase to assist the selection of a particular REST Web 

service development framework. 
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Prokofyeva and Boltunova (2017) conducted research on analysis and practical 

application of PHP frameworks in the development of web applications. In this 

research, Prokofyeva and Boltunova (2017) identified the popularly used frameworks 

as CakePHP2, CodeIgniter, Symfony2, Yii, and Phalcon. The objective of 

Prokofyeva and Boltunova (2017) was to identify performance and effectiveness of 

the frameworks while performing the same task. Prokofyeva and Boltunova (2017) 

conducted performance evaluation on symfony2 and Phalcon frameworks using 

Apache Banchmaker and the findings showed that Phalcon has higher performance 

than Symfony. Since Prokofyeva and Boltunova (2017) comparison was not based 

on open standards and protocols such as SOAP, XML-RPC, and REST, they 

recommend further research to extend such open standards and protocols.(Li, 

Karnan, & Chishti, 2017) 

Li, Karnan, and Chishti (2017) conducted an empirical study of three popular used 

PHP frameworks, such frameworks were CakePHP, Laravel, and CodeIgniter. The 

analysis was based on the performance and reusability of these frameworks. The 

findings of Li, Karnan, and Chishti (2017) showed that in performance CodeIgniter 

has a higher performance than others while in reusability CakePHP is better than 

others. Although the findings of Li, Karnan, and Chishti (2017) showed CodeIgniter 

has higher performance compared to CakePHP and Laravel, Olanrewaju et al. (2015) 

findings showed that Laravel has higher performance compared to CodeIgniter. 

Therefore, the performance comparison between CodeIgniter and Laravel is 

ambiguous, further research is required to address this issue. Li, Karnan, and Chishti 

(2017) study focused on performance and reusability, thus future studies are required 

based on REST, SOAP, RPC-XML and other non-functional requirements including 

security, scalability, and usability of the frameworks.  

Benmoussa et al. (2019) conducted a study on four popular PHP frameworks in web 

application development and proposed a model for the selection of web development 

frameworks to solve the debate of which framework is the best. Benmoussa et al. 

(2019) frameworks were Laravel, Symfony, Zend, and CodeIgniter. Benmoussa et al. 

(2019) study was motivated by the debate about what are the best PHP-based web 

application development frameworks? Practically, not all frameworks meet the same 

needs, and several frameworks can be used together to solve a particular 
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problemBenmoussa et al.,2019). In order to make the selection process easier, 

Benmoussa et al. (2019) proposed a pragmatic and complete model to compare and 

evaluate the main PHP frameworks. The model proposed by Benmoussa et al., 

(2019) is based on intrinsic durability, industrialized solution, technical adaptability, 

strategy, technical architecture, and speed criteria. This model does not fit REST web 

service developers because it does not focus on REST technology. Therefore, to 

support REST web service developers there is a need for studies that assist the 

selection of REST web service development frameworks. 

2.8 Performance Measuring (Testing) tools 

This section discusses performance measuring tools presented from the previous 

research works. Performance of a software can be measured by both automated and 

non-automated tools. Automated performance measuring tools are better than non-

automated tools for measuring performance of software (Dhiman & Sharma, 2016; 

Fayyaz & Munir, 2014; Mizouni et al., 2011; Saad et al., 2010). The following are 

automated performance measuring tools identified from the literature review that 

have the capability of measuring or testing performance of software. 

2.8.1 Apache JMeter 

This tool popularly known as JMeter introduced by Apache Software Foundation 

(ASF) is a free and open-source software written in Java designed to test and 

measure performance of software. JMeter has the capability of measuring the 

performance of both static and dynamic software, such that it loads and measures 

performance of web applications, servers, protocols, and Web services including 

SOAP and REST.JMeter is one of the recommended tools for measuring and testing 

performance of web services (Dhiman & Sharma, 2016; Fayyaz & Munir, 2014; 

Mizouni et al., 2011; Saad et al., 2010). Although JMeter is not a browser, in web 

services JMeter behaves like a browser without possessing all browsers’ 

functionality. In contrast to other tools JMeter is a cross platform that means it can be 

supported by Windows, Linux, Mac and other OS (Dhiman & Sharma, 2016). In 

addition, JMeter supports various plugins to support other functionalities. For 

example, to measure resource utilization during performance tests PerfMon JMeter 

plugin can be used. This plugin has the ability to measure performance using both 

GUI and CLI versions. The installation of this plugin can be done easily using 

https://paperpile.com/c/9umOeI/sMidW+sn1gs+rMK7m+Pw4MW
https://paperpile.com/c/9umOeI/sMidW+sn1gs+rMK7m+Pw4MW
https://paperpile.com/c/9umOeI/rMK7m
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JMeter Plugins Manager. 

2.8.2 Apache Benchmark (Apache Bench) 

Apache Benchmark (ab.exe) is a command line tool designed to load and measure 

performance of Hypertext Transfer Protocol (HTTP) server. That means, it has the 

ability to measure performance of HTTP and HTTPs servers  (Hustinawati et al., 

2014). This tool can be installed automatically with an Apache web server or 

independently as an Apache utility (Saroni and Mulyanti 2020). Although it has 

limited features compared to JMeter, Apache Benchmark can be used to test the 

performance of web services including RESTful services. JMeter is more powerful 

than Apache benchmark and it has a graphical user interface that helps analysis of 

data collected from a performance test.  

2.8.3 Grinder 

This tool is a lightweight free and open source automated tool designed to measure 

and test performance of software. This tool is developed by Java programming 

language and freely available under BSD license. Moreover, this tool has capability 

of measuring performance of both web services including SOAP and REST (Dhiman 

& Sharma, 2016; Sharma, Iyer, Subramanian, & Shetty, 2016). Grinder is supported 

by Windows and Unix operating systems (OS), that means it can only run on 

Windows and Unix OS. It is a simple tool used to measure performance of web 

applications and web services under heavy load before using further sophisticated 

performance measuring tools. 

2.8.4 HttpRider 

This tool is a lightweight open source tool written in c# designed to measure and test 

performance of software particularly web sites(Dhiman & Sharma, 2016). HttpRider 

depends on the .net framework and it is supported only by Windows operating 

systems only. That means it can run on Windows OS only. Unlike JMeter, HttpRider 

can only measure a few performance metrics (parameter), which means it cannot 

measure many performance metrics compared to JMeter, particularly on particular 

web services. Besides its weaknesses, HttpRider can best fit in other circumstances 

where JMeter and Grinder do not(Dhiman & Sharma, 2016). This means each tool is 

important depending on the environment constraints. 

https://paperpile.com/c/9umOeI/wYn0F
https://paperpile.com/c/9umOeI/wYn0F
https://paperpile.com/c/9umOeI/rMK7m+YpPSH
https://paperpile.com/c/9umOeI/rMK7m+YpPSH
https://paperpile.com/c/9umOeI/rMK7m
https://paperpile.com/c/9umOeI/rMK7m
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2.8.5 LoadRunner 

This tool is a commercial proprietary performance measuring tool, which is 

supported by both Windows and Linux OS(Sarojadevi, 2011). Recently, this tool is 

no longer owned by HP; it is owned by Micro Focus. This tool has the ability to load 

and measure performance of various software including web services though it's not 

a free tool (Sadiq, Iqbal, Malip, & Othman, 2015). Although LoadRunner is not a 

free tool, it is still an important performance testing tool in the industry. 

2.8.6 The IBM Rational Performance Tester (RPT) 

This tool is a commercial and proprietary performance measuring tool owned by 

IBM, which is supported by AIX, Mac OS X, and Windows (Sarojadevi, 2011). 

Sarojadevi (2011) is the latest study on “Performance Testing Methodologies and 

Tools”, which discussed RPT. RPTis supported by many browsers including Internet 

explorer, firefox, and chrome, also it has the ability to measure response time and 

throughput of both web applications and web services. RPT generates loads that 

mimic user transactional requests between an application client or web service 

consumer and servers or web service providers. Therefore, it is one of the important 

tools used to measure performance of web based software. 

2.8.7 SilkPerformer 

SilkPerformer is presented by Sarojadevi (2011) which is the latest study on 

“Performance Testing Methodologies and Tools” discussed about SilkPerformer. 

This tool is a powerful commercial and proprietary performance measuring tool 

developed by Segue Software but owned by Borland since 2006. It has the ability to 

test and measure the performance of mobile, web, and enterprise software 

applications (Sarojadevi, 2011). The challenge of this tool is it is platform-

dependent. This tool is only supported by Microsoft Windows OS, which means it 

can operate on Windows OS only. Although it is not cross-platform, it is a powerful 

tool possessing many features and supports many performance metrics. 

2.8.8 QALoad 

This tool developed by Compuware is a commercial and proprietary performance 

measuring tool that has the ability to measure performance of different applications 

such as .NET applications, Web applications, and Java applications(Sarojadevi, 

https://paperpile.com/c/9umOeI/cEJRM
https://paperpile.com/c/9umOeI/SPT1F
https://paperpile.com/c/9umOeI/cEJRM
https://paperpile.com/c/9umOeI/cEJRM
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2011). This tool mimics thousands of users performing a certain business logic 

against an application service provider in order to check the performance of that 

application. 

2.8.9 OpenLoad from Sourceforge 

OpenLoad is a free and open-source automated performance measuring and testing 

tool managed from Sourceforge(Sarojadevi, 2011). This tool is cross platform which 

is supported by both Windows and Linux OS. This tool is designed to measure 

response time of both web applications and web services software. 

2.8.10 SoapUI 

SoapUI is an open-source automated tool designed to test and measure performance 

of web services. This tool is available in both commercial and free versions, where 

the free version is mostly used. In addition to this tool, it is originated by SmartBear 

Software and is licensed freely under the GNU LGPL license(Dhiman & Sharma, 

2016). Generally, this tool is cross platform which is supported by different OS such 

as Windows and Linux OS. 

2.8.11 Storm 

Storm is a free and open-source automated tool designed to measure and test 

performance of web services. Storm has the ability to measure performance of web 

services. It is developed by Erik Araojo using F# programming language and is 

available BSD license(Dhiman & Sharma, 2016)). This tool is easy to acquire since it 

is cost free. 

2.8.12 WAPT 

This is a commercial and proprietary tool developed to measure performance of web 

applications, mobile applications, web API services and IoT platforms. Additionally 

this tool is regarded as the best cost effective tool for measuring and testing web 

services performance(Kaushik & Fageria, 2014; Thakur & Bansal, 2015). The ability 

of this tool to measure performance of various software makes it very useful. This 

tool has the capability of doing load and stress performance testing in both web 

applications and web sites. Although this tool is very useful, it is not easy to acquire 

due to its commercial nature. 

 

https://paperpile.com/c/9umOeI/cEJRM
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https://paperpile.com/c/9umOeI/rMK7m
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2.8.13 LoadUI 

This is a free and open-source automated tool designed to test and measure 

performance of web services. This tool is cross platform supported by Windows, 

Linux and Mac operating systems(OS), which means it can operate on various kinds 

of OS (Kaushik & Fageria, 2014). In addition, this tool has the capability of doing 

both load and stress performance testing in web applications, web sites, and web 

services. In web service this tool has the ability to test different functional and non-

functional software requirements. This means, this tool is useful for both functional 

tests and non-functional tests of software. On top of that, this tool is easy to acquire 

since it is cost free. 

2.8.14 WebLoad 

This is a proprietary tool developed by RadView Software to measure performance 

of web applications. This tool is cross platform supported by both Windows and 

Linux OS (Kaushik & Fageria, 2014; Thakur & Bansal, 2015). This tool has the 

capability of testing and measuring various performance metrics of both web services 

and web applications under test. Besides the strengths of this tool to measure 

performance, the challenge of this tool is it is not easy to access due to its proprietary 

nature. 

2.8.15 PHP Xdebug & Webgrind and PHP memory_get_usage 

These are PHP based extensions (libraries) which provide the ability to measure 

performance of both web applications and web services through debugging and 

profiling capabilities provided by them (Fayyaz & Munir, 2014). Generally, these 

tools have the ability to record performance of PHP based scripts during execution 

processes. These tools are not compatible on all platforms, thus, it is necessary to 

check the compatibility of these tools before using them in your projects.  

2.8.16 Loadster 

This tool is issued by Brickyard Technologies, Inc. dba Loadster performance (LP), 

it is an automated commercial and proprietary tool designed for measuring 

performance of dynamic web applications, websites and HTTP web services 

(RESTful services). This tool has the ability to measure various performance metrics 

compared to many tools(Thakur & Bansal, 2015).  This tool is a cross platform tool 

https://paperpile.com/c/9umOeI/0EzGF
https://paperpile.com/c/9umOeI/0EzGF+7JcAS
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supported by Windows, Mac, and Linux OS. This means it can operate on Windows, 

Mac, and Linux OS only. The availability of this tool is affected by its proprietary, 

thus this tool is not easy to acquire compared to other open-source tools. 

2.8.17 OpenSTA 

This tool is developed by CYRANO, furthermore it is a free and open source 

performance measuring tool designed to measure performance of HTTP and HTTPS 

web applications and services(Thakur & Bansal, 2015). This tool has the ability to 

measure various performance metrics of both web applications and services. Besides 

its usefulness this tool is not cross platform it is supported by Microsoft Windows 

OS only, that means it can only operate on Windows OS. 

2.8.19 QTP 

QuickTest Professional is recently known as HPE UFT (Unified Functional Testing). 

It is provided by Micro Focus, and it is a performance measuring tool designed to 

measure performance of web services, mobile, web applications, hybrid, RPA, and 

enterprise applications(Gamido & Gamido, 2019). QTP is not mostly used compared 

to other tools because of its higher license cost and it supports only VB scripts 

testing. 

2.8.20 LoadNinja 

This is an open source cloud-based performance testing platform designed to 

measure and test performance of both web applications and web services(Kołtun & 

Pańczyk, 2020). This tool is easy to acquire because it does not need installation and 

configurations.  

2.8.21 Gatling 

This is an open source performance testing tool issued by Gatling and has a lot of 

features(Kołtun & Pańczyk, 2020). It is designed to measure and test performance of 

both web applications and web services. Compared to JMeter, Gatling has few 

features and is not easier to use compared to JMeter. 

2.9 Research gap 

Previous research works on web services have discussed the emerging and growth of 

web services. These research works have comprehensively identified technologies 

https://paperpile.com/c/9umOeI/7JcAS
https://paperpile.com/c/9umOeI/cQ4mE
https://paperpile.com/c/9umOeI/9oS8f
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                                           28 

 

 

used to implement web services and conducted various comparisons between the 

technologies. Furthermore, previous research works showed that REST is the most 

used web service implementation technology. However, the popularity of REST does 

not mean other technologies are not useful.  

REST has six principles known as constraints, which increases the complexity of 

REST web services development, then REST web service development frameworks 

emerged to reduce this complexity. Consequently, different software vendors 

introduced their REST web service development frameworks. Therefore, previous 

research works show that the introduction of REST web service development 

frameworks trigger the rapid increase of these development frameworks. 

Consequently, the selection of REST web service development frameworks becomes 

a challenging task. In order to address this challenge, research is required to provide 

solutions.  

From the thorough literature review, various research has been done on REST web 

services, but no study has been done to address the challenge of selecting REST web 

service development frameworks based on performance evaluation. Most of the 

previous research has been done on comparative analysis between web services 

realization technologies. On web applications, studies have been done on 

comparative analysis between web application development frameworks. Therefore, 

research on comparative analysis of performance between REST web services 

development frameworks is missing, and this is the research gap, which contributes 

to the challenge of selecting REST web services development frameworks as 

presented by Pautaso (2014).  

Consequently, unsuitable selection of the frameworks might contribute to poor REST 

web services standards abiding as reported by Costa et al. (2016). Therefore, to fill 

this research gap, the objective of this research was to evaluate the performance of 

existing RESTful frameworks and propose a framework for assisting the selection of 

REST web service development frameworks. 
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CHAPTER THREE 

RESEARCH METHODOLOGY 

The aim of this study is to devise and evaluate a framework for assisting the selection 

of REST web service development frameworks. The scope of this research is 

cramped in evaluating the performance of existing REST web service development 

frameworks and proposes a framework for assisting the selection of these 

frameworks. This chapter discusses how the research questions have been addressed 

as is depicted in Figure 3.12. Generally, this chapter is composed of the following 

subsections, research approach, research design, reliability and validity, and ethical 

consideration. 

3.1 Research Approach 

A research approach is a general way of doing research to address a particular 

problem. It consisted of research strategy (Design) and the specific data collection 

methods.  The three main research approaches discussed by Creswell et al (2007) are 

qualitative, quantitative, and mixed approaches. The distinction between qualitative 

research and quantitative research is based on the type of data used, such that 

qualitative is based on words while quantitative is based on numbers (Creswell, 

Hanson, Clark Plano, & Morales, 2007).  

In addition, qualitative research is an approach for exploring and understanding the 

meaning individuals or groups have about a certain problem (Creswell et al., 2007). 

Quantitative research is an approach for examining the relationship of different 

variables that can be measured by a particular instrument (Creswell et al., 2007). In 

this research quantitative research has been used in performance evaluation through 

lab experiments during framework creation and a qualitative research approach has 

been used in framework evaluation to get experts' opinions about the usability of the 

proposed frameworks. 

3.2 Research Strategy (Design) 

The research design used in this study is Design Science research methodology 

(DSRM). DSRM is one the commonly used research methodology in engineering 

and computer science disciplines (Bisandu 2016). DSRM is a good research method 

in the Information Science and Computer Science discipline, because it is a research 
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strategy that allows solving different kinds of problems through artifact development 

(Bisandu 2016). Since this study is based on Computer Science and Information 

Science disciplines, then DSRM has been used as it is depicted in Figure 3.1. 

Peffers et al. (2007) identifies that “Design science creates and evaluates information 

technology artifacts intended to solve identified problems”. Such artifacts are 

constructs, models, methods, instantiations, social innovations, new properties of 

technical, social, and informational resources (Johannesson & Perjons, 2014; Peffers, 

Tuunanen, Rothenberger, & Chatterjee, 2007). In addition, DSRM artifacts 

incorporate but are not restricted to algorithms, human/computer interfaces, and 

system design methodologies or languages (Shao, 2019). DSRM assists design 

researchers to conduct and present their research projects in a logical and easily 

understandable form. 

Generally, DSRM consists of six (6) logically related activities also known as steps. 

However, in some studies they use only five (5) DSRM steps while other studies use 

six (6) steps explained by Shao (2019) and Johannesson and Perjons (2014). 

Although the sixth step is not explained in most studies, it is used in each study 

implicitly. This step is based on publication or reporting of the DSRM output. 

Basically, these activities assist researchers to get answers to a particular research 

question. Such activities are problem identification and motivation, the definition of 

the objectives for a solution, design and development, demonstration, evaluation, and 

communication.   

Based on the nature of research problems, many design science research projects do 

not use all of the activities (Johannesson & Perjons 2014), instead, they focus on 

some of these activities based on the nature of the research problem. The general 

cases of design science research are Problem Focused DSRM, Requirements Focused 

DSRM, Requirements and Development Focused DSRM, Development and 

Evaluation Focused DSRM, and Evaluation Focused DSRM (Johannesson & Perjons 

2014). 
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This study adopted a DSRM framework proposed by Johannesson and Perjons 

(2014). This DSRM framework consisted of five main activities. Such activities are 

Explicate Problems, Define Requirements, Design and Develop Artifacts, 

Demonstration, and Evaluation as depicted in Figure 3.1.  

 

Figure 3.1: DSRM proposed by Johannesson and Perjons, 2014 

3.2.1 Problem Analysis (Explication) 

Generally, this step deals with exploration and analyzing a practical problem. The 

output of this activity is a well formulated research problem. In this study this step is 

done through comprehensive literature review. Based on the practical problem of 

selecting REST web service development frameworks, previous research works on 

web services have been reviewed to identify and gain more insight on this problem. 

Consequently, the output of this step was a research problem which guided the whole 

research process. 

3.2.2 Requirements Definition 

Ideally, this step deals with outlining solutions of the explicated problem based on an 

artifact. The output of this activity was the objectives of the artifact. Based on the 



                                           32 

 

 

clear research problem identified in the problem explication above, previous research 

works on web services have been reviewed to get awareness on what can be done to 

address this problem. Based on the information from the literature, this study came 

up with the main objective of proposing an artifact which may assist appropriate 

selection of REST web service development frameworks based on performance 

factor. Thereafter, the main object is further subdivided into three specific objectives 

explained in the subsection 1.3.2 above. 

3.2.3 Artifact Design and Development 

Generally, this step focuses on designing and developing artifacts to abide the 

proposed requirements above in subsection 3.2.2. In this study this is the step where 

a framework for assisting appropriate selection of REST web service development 

frameworks has been devised. This step focuses on answering two research questions 

which are question one RQ1 and research question two RQ2 explained above. 

Generally, this step was focused on evaluating performance of REST web service 

development frameworks and proposed a framework for assisting appropriate 

selection of REST web service development frameworks. Further implementation of 

this step is elaborated as follows. 

3.2.3.1 Implementation of research questions RQ1 and RQ2 

This subsection discusses how the research questions have been answered. The 

research questions that have been addressed are as follows: 

RQ1: What are the performance metrics that can be used to evaluate the performance 

of REST web service development frameworks? 

RQ2: What framework can be used to assist selection of REST web service 

development frameworks? 

1. The research question one (RQ1) 

In this research question a comprehensive literature review has been used. Literature 

defines literature review as identifying, selecting and critically evaluating research so 

as to answer a clearly formulated research question (Dewey and Drahota 2016).  The 

aim of literature review is to identify performance metrics with their corresponding 

measuring tools that can be used to measure performance of REST web service 
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development frameworks. Therefore, the output of this method is the performance 

metrics and their corresponding measuring tools. 

In this study literature review has been done as follows, the first step searching of 

prior research works was conducted, followed by organizing the outputs, followed by 

analyzing the outputs, and finally summarizing the outputs. In the first step searching 

has been done as follows: - 

1. Searching in the literature using general web search engines.  

The search strings that have been used to answer both Q1 and Q2 are 

“performance testing”, “performance evaluation”, “web service performance 

testing”, “web service performance evaluation”, “software performance”, 

“computer program performance”, “performance testing tools”, “system 

testing” and performance evaluation tools. 

2. To achieve a saturation point as stopping criteria, search has been stopped 

when no new relevant results were emerging from search results. 

2. The research question two (RQ2) 

The objective of this question is to devise a framework that can assist selection of 

REST web services development frameworks based on computing performance. 

Since this study focuses on computing performance, performance evaluation on 

existing REST web service development frameworks was focused.  

This question is subdivided into two parts.  The first part (RQ2.1) is what are the 

RESTful service development frameworks to be evaluated performance and the 

second part (RQ2.2) is what is the effect of the identified performance metrics from 

RQ1 on the selected RESTful frameworks. In part RQ2.1 literature review has been 

used and in part RQ2.2 software prototyping methods have been used. 

RQ2.1: This is the first part of RQ2 and the research method that has been used in 

this part is a literature review. The aim of this method is to find out what REST web 

service development frameworks to be evaluated. In this method what frameworks 

comply with REST architectural style have been identified and selected for the 

performance evaluation process. The identification of the frameworks was limited on 

software frameworks used to develop REST web service only.  
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Therefore, in this study prior research works and other publications focused on REST 

web service developments were selected and analyzed. The main key words used for 

searching process were “REST frameworks”, “software frameworks”, “software 

development frameworks”, “API development frameworks”, “API frameworks”, 

“Web application development frameworks”,” popular frameworks”, “REST 

development frameworks”, “REST API frameworks” and “REST web service 

frameworks. 

RQ2.2: This is the second part of RQ2 which focused on software prototyping and 

performance evaluation. In software prototyping prototypes of similar functions were 

developed using REST web service development frameworks identified in RQ2.1 

above. The aim of software prototyping is to measure the computing performance of 

the selected RESTful service development frameworks. To achieve this, a similar 

function REST web service prototype based on four scenarios was developed with 

respect to a particular REST web service development framework identified in 

RQ2.1 above. Basically, web services operate in various environments such as 

databases (Belqasmi et al., 2012). Also, most small and large organizations use 

databases for data management (Ahmed, Uddin, Azad, & Haseeb, 2010). Thus, 

scenarios that have been used in this study are working with databases, work without 

databases, and stress testing, in order to oversee the performance of the frameworks 

in various environments. 

Before the performance measuring process, such developed prototypes were hosted 

on a computer with similar specifications. After a successful experiment setup, 

performance evaluation was taken using the performance metrics and their 

measuring tools identified from the research question RQ1 above. The study focused 

on how the identified performance metrics are affected by the frameworks. Finally, 

the combination of all results from RQ1 to RQ2 was used to devise a framework that 

can assist the selection of REST web service development frameworks.  

2.1 Experiment Details and Benchmarking Environment 

As it is depicted in Figure 3.2, an experiment is one of the parts of this study. The 

objective of this experiment is to determine the performance of the popular used PHP 

RESTful frameworks while processing the same load. The experiment was 

https://paperpile.com/c/9umOeI/Pqj5b
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configured in the way that the performance between these frameworks can efficiently 

be measured in a well-defined and controlled environment.  

REST API implementation commonly uses HTTP protocol and the common HTTP 

methods used are GET, POST, PUT, and DELETE (Hong, Sik Yang, & Kim, 2018). 

Practically, the RESTful API operates on the principle of Create, Read, Update, and 

Delete (CRUD) actions (Belqasmi et al., 2012). In this experiment, similar function 

web service prototypes have been developed for each framework in order to test the 

performance of identified REST web service development frameworks. Then tests 

were performed on each action of the prototypes. Furthermore, to avoid computer 

network issues both the RESTful service and the service consumer were hosted on 

the same computer, and they use the loop-back network interface of the computer to 

communicate with each other. 

This experiment is based on both load and stress performance testing. In load testing, 

each prototype is tested by various clients’ requests to consume each prototype 

simultaneously as conducted by Hong et al. (2018) to test the performance impact of 

the number of web service consumers. Generally, load testing has been done in three 

scenarios to understand how the prototypes behave. These scenarios are grouped into 

two groups, which are with database interaction and without database interaction. 

The selection of these scenarios is based on the definition of web services, which 

states that web services interact with other computer programs over the network to 

exchange data and other computational functionalities. The first scenario is without a 

database which is under computational functionalities to check connectivity (simple 

workload). In this scenario, each prototype is tested while returning a welcome 

message. The second scenario without a database which is under computational 

functionalities used to check the performance of each prototype while processing a 

bubble sort algorithm. The aim of this scenario is to test the performance of these 

prototypes when providing services that do not have database functionality.  

The last scenario is with a database to check the performance of these prototypes 

while providing data from the databases. In this scenario, one hundred (100) records 

were retrieved from the MYSQL database and provided to consumers as a JSON 

response.  In stress testing, one scenario is used whereby these prototypes are 

https://paperpile.com/c/9umOeI/vkijY
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overwhelmed with consumers’ requests in order to check the stability of the 

prototypes. One hundred thousand (100,000) requests are used simultaneously to 

retrieve one hundred (100) rows of users on each prototype.  

 

Figure 3.2: The architecture experimental setup 

2.2 The steps that were taken to set up the experimental environment are as 

follow: 

First step: Develop similar functions RESTful service prototypes from the selected 

frameworks. In this step, six REST web services prototypes were developed based on 

the above scenarios. Based on the nature of frameworks each framework has its own 

way of implementing web services.  

Thus, in the first scenario, a welcome message response web service was developed 

on each framework. For example, in Figure 3.3 a welcome message response was 

implemented using the Silex framework. Also, in Figure 3.4 a welcome message 

response was implemented using the Slim framework and in Figure 3.5 a welcome 

message response was implemented using the Phalcon framework. Furthermore, in 

the second scenario bubble sort algorithm was implemented on each framework as it 

is depicted in Figures 3.6 and 3.7, and in the third scenario database operation was 

implemented on each framework. 

The first scenario (Simple workload) 

This scenario is used to test the performance of the frameworks under a very simple 

workload. As it is explained in the first step above, each framework has a different 

way of implementing web services. For example, the Silex framework uses the class 

Silex\Application to create instances for web service implementation.  
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Consider Figure 3.3, this figure depicts how a welcome message response was 

implemented using the Silex framework. First, a vendor autoload file was imported 

using the require_once function. Thereafter, in line 5 of Figure 3.3, an instance of the 

class was created, the instance of this class has five (5) common methods for 

implementing web service API, such methods get, post, put, delete, and run. 

 

Figure 3.3: Welcome message Source code on Silex framework. 

Contrary to other frameworks Slim uses the class SIim\Factory\AppFactory class to 

create instances for REST web service API implementation. Consider Figure 3.4, this 

figure depicts how a welcome message response was implemented using the Slim 

framework. First, a vendor autoload file was imported using the require_once 

function.  

Thereafter, in Figure 3.4, in line 8 thereof an instance of the class was created, the 

instance of this class has five (5) common methods for implementing web service 

API, such methods are get, post, put, delete, and run. In addition, Slim implements 
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PSR interfaces to create requests and response to responses shown on lines 2 and 3 in 

Figure 3.4 

 

Figure 3.4: Welcome message source code on Slim web service. 

Contrary to other frameworks Phalcon uses Phalcon\Mvc\Micro class to implement 

REST web service API as depicted in Figure 3.5. First, the class is imported shown 

in line 2, then an instance is created shown in line 3. The same as Silex and Slim, 

Phalcon has five (5) common methods used to implement web services API. Such 

methods are get, post, put, delete, and handle.  

Phalcon has a method called handle to trigger the web service which is different from 

Slim and Silex. Slim and Silex use the same name method to trigger the web service. 

Although Slim and Silex have the same name, the method run implementation is 

different on both frameworks.  
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Figure 3.5: Welcome message source code on Phalcon web service 

Second Scenario (Bubble Sort) implementation 

This scenario is used to test the performance of the frameworks under a moderate 

workload. As it is explained in the first step above, each framework has a different 

way of implementing web services. The bubble sort algorithm was implemented 

similarly on each framework as depicted in Figures 3.6 and 3.7. An unordered array 

of fifteen items was used on each framework.  

Although the bubble sort implementation source code was the same on each 

framework, the method used in CodeIgniter was the index, the method used in Silex 

framework get, the method used in Slim was get, the method used in Phalcon was 

get, the method used in Fat-Free was get and the method used in Lumen was get. 

Basically, the performance of the algorithm was affected by the nature of the 

framework method used to execute it. This means response time, throughput, CPU 
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usage, memory usage, and latency is affected by how the framework is processing 

tasks.  The advantage of understanding the performance of each framework is it 

helps to reduce overheads produced by the frameworks. 

 

Figure 3.6: Bubble implementation source code on CodeIgniter 

As explained above, Figure 3.6 and 3.7 are some of the sample source code used to 

implement the algorithm on each framework. In Figure 3.6 CodeIgniter was 

implemented as depicted while in Figure 3.7 Fat-Free was implemented. The purpose 

of this sample source code is to understand the differences and similarities of the 

frameworks though they implement similar business logic (Bubble sort Algorithm). 
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Figure 3.7: Bubble implementation source code on Fat-Free framework 

Generally, Figure 3.6 and Figure 3.7 are sample source code used to show how 

bubble sort algorithms were implemented as explained above. That means other 

frameworks source code are not shown because their the same though the only 

difference is the method used to implement this algorithm, whereby CodeIgniter used 

index method, Silex used get method, Slim used get method, Phalcon used get 

method, Fat-Free used get method and Lumen used get method.  
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Third Scenario (Work with database) 

This is the scenario where web services interact with the MYSQL database to 

retrieve data and provide it to clients. MYSQL is the most used open-source database 

management system when trying to reduce costs (Ahmed et al., 2010). In this 

scenario a relational database with one table is used, the table used has four (4) 

columns as shown in Figure 3.8. 

 

Figure 3.8: A database table schema used to retrieve data. 

Normally, interaction with databases starts with a database connection followed by 

other database operations. The common database interactions are 

INSERT(CREATE), SELECT(RETRIEVE), UPDATE(MODIFY),  and 

DELETE(REMOVE) data (Belqasmi et al., 2012).  

Basically, each framework has a different way to interact with databases, therefore, 

in this study Fat-Free framework used class DB\SQL to create an instance for 

interacting with the table depicted in Figure 3.8. CodeIgniter used method 

Config\Database::connect(), Lumen used facade DB::select(), Phalcon used 

PdoMysql, Slim used class Mysqli and Silex used class 

Silex\Provider\SilexDocrineProvider. 

As it has been explained above, Lumen is a Laravel based microframework for web 

service APIs development, therefore, Lumen is Laravel web service APIs 

development. Although in this study Lumen used facades DB to interact with 

databases, eloquent is another way of Lumen (Laravel) to interact with databases. 

One advantage of facade DB is it enables writing of core Structured Query Language 

(SQL) which eloquent does not.  

https://paperpile.com/c/9umOeI/Pqj5b
https://paperpile.com/c/9umOeI/5K1nB
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Figure 3.9: Fat-Free web service database interaction source code 

Figure 3.9 depicts one of the web service API implemented by the Fat-Free 

framework for retrieving data from the table depicted in Figure 3.8 and provided to 

web service clients. As shown in this figure database connection is established by 

class DB\SQL, then the method exec was used to execute a query command contrary 

to CodeIgniter depicted in Figure 3.10. As depicted in Figure 3.10 Codeigniter used 

method Config\Database::connect() for database connection and method query to 

execute a query command.  

In addition, CodeIgniter has a special class for implementing REST web service API 

called CodeIgniter\RESTful\ResourceController. This class acts as a controller used 

to create and respond to RESTful requests and responses. In this study, a student 

controller inherits ResourceController by extending it. After the student controller 

extended Resource Controller eventually the student controller became a REST 

controller. 
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Figure 3.10: CodeIgniter web service database interaction source code 

 

Figure 3.11: Lumen web service database interaction source code 

Second step: Install and configure the Ubuntu Linux Operating system. In this step, 

Ubuntu 20.04.2 64-Bit was installed on an 8-GB RAM, and Core i5 computer.  

Third step: Install and configure a web server that will host the developed RESTful 

API prototypes. In this step, APACHE 2 web server was installed and configured on 

Ubuntu. 

Fourth step: Host the developed RESTful prototypes. 

Fifth step: Setup testing endpoints where the performance analysis can be done. 
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Seventh step: Setup the identified performance testing tool. In this step, the Apache 

JMeter performance testing tool was installed and configured. 

Eighth step: Start the performance analysis based on the testing tool. In this step, 

performance testing was conducted using Apache JMeter. 

Controlled Environment 

The performance of a web service can be affected by a hosting device capability 

(specifications) and computer network issues. Thus, in this experiment, a hosting 

device and computer network were kept constant in order to get the actual 

performance of each prototype. The experimental setup is based on both hardware 

and software issues as is depicted in Table 3.1. 

Table 3.1: Experiment standards 

Item category Item name 

Operating System Ubuntu 20.04.2 

64-Bit 

Web server (HTTP Server) Apache 2 

Memory (RAM) 8 GB RAM 

The OS used is Ubuntu 20.04.2 64 Bit. Nowadays Linux based OS is commonly used 

by developers as production hosting servers (Saeki, Nishiwaki, Shinagawa, & 

Honiden, 2017). Furthermore, Ubuntu Linux OS is one of the OS used in the various 

experimental setup (Ahmed et al., 2010; Narayan, Shang, & Fan, 2009; Vasa, 2010). 

Apache 2 is a web server that is supported by various OS including Windows and 

Linux. Starting from 1 GB RAM size, 8 GB RAM is a moderate RAM size that can 

be used by small servers, thus in this study, 8 GB RAM has been used to measure the 

performance of REST web service development frameworks. 

In summary, this experiment deals with three variables and one constant. Such 

variables are web service prototypes, client requests, and performance (performance 

metrics). The constant represents hosting device capability and computer network. 

Performance is the dependent variable that is affected by the web service prototypes 

and the client requests as is depicted in Table 3.2. Thus, this experiment will be 

conducted to determine the effect of developed REST web service prototypes and 

client requests on the identified performance metrics from RQ1. 

https://paperpile.com/c/9umOeI/i0G1x
https://paperpile.com/c/9umOeI/i0G1x
https://paperpile.com/c/9umOeI/ZDrUC+Vdgdb+Pqj5b
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Table 3.2: Experiment variables 

Variable Name Description 

Performance (Performance 

metrics) 

This is the list of metrics identified in RQ1 

Web service prototypes These are REST web service prototypes developed 

from the list of identified REST web service 

development frameworks in RQ2.1  

Client requests Client requests used were {50,100,150,200,300} on 

each GET, POST, PUT, and DELETE methods on 

each prototype 

3.2.4 Demonstration and evaluation of the proposed artifact 

Demonstration and evaluation of an artifact are the steps of DSRM that deal with the 

demonstration and evaluation of the developed artifact. These are steps used to find 

out if the developed artifact solves the identified problem. DSRM artifact evaluation 

has two main strategies which are categorized into further subcategories. Such 

strategies are ex-ante evaluation and ex-post evaluation, whereas ex-ante evaluation 

means that an artifact is evaluated without being used or even being fully developed, 

and the ex-post evaluation requires the artifact to be fully developed and deployed 

(Shao, 2019). Further sub-categories of these strategies are naturalistic evaluation, in 

which an artifact is evaluated in real practice, and artificial evaluation, in which an 

artifact is evaluated in an artificial setting (Shao, 2019). Due to the nature of this 

study, ex-ante artificial through lab experiment and ex-ante naturalistic through 

expert judgment (questionnaire) have been used. Subsection 3.2.4.1 explains more 

about the implementation of this step. 

3.2.4.1 Implementation of research question RQ3 

RQ3: Is the proposed framework above (RQ2) assisting the selection of REST Web 

service development frameworks? 

This question is based on evaluating the usability of the proposed framework. 

Basically, usability as the aspect of Human-Computer Interaction is composed of 

ease of use, productivity, efficiency, effectiveness, learnability, usefulness, 

retainability, and satisfaction of users (Hartson & Pyla, 2012). Usability is one of the 

commonly used factors for evaluating artifacts and the majority of users evaluate the 

https://paperpile.com/c/9umOeI/RACKz
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usability of their artifacts using  Usefulness, Ease of Use, and Satisfaction (Lund, 

2001),  wherefore this study focused on usefulness and satisfaction.   

A method that has been used to validate the usefulness and satisfaction of the 

framework was expert judgment through software prototyping and questionnaire. 

Shao (2019) discussed four (4) types of software prototyping and each type has 

distinct features. Based on the nature and time limit, this study used Evolutionary 

Prototyping, whereby a prototype is developed with few functionalities and evolves 

to more functionalities in the production phase. In this step, a prototype of the 

proposed framework was developed and presented to the stakeholders. Software 

prototyping is used to develop a prototype representing the developed framework for 

the validation process. After the framework is prototyped, it is first evaluated in the 

lab settings and later evaluated by the identified experts. 

The framework is demonstrated to the experts and evaluated using the questionnaire 

presented in Appendix 1. A questionnaire is a research data collection tool consisting 

of a series of questions. This tool has the ability to collect both qualitative and 

quantitative data.  To validate the proposed framework several experts from different 

institutions that deal with software development in Tanzania were used. The experts 

were selected from the Tanzania Electronic Government Agency (EGA) software 

development team, the University of Dodoma (UDOM) software development team, 

and the Ministry of Finance (MOF) software development team.  

EGA is a public institution mandated to coordinate, oversee and promote e-

government initiatives as well as enforce e-Government related policies, laws, 

regulations, standards, and guidelines in public institutions. Among the core 

functions of this institution are to develop and assess government computer systems 

(software). EGA experts have been recommended because we believe that they are 

very competent based on the nature of their responsibilities in the software industry. 

UDOM has the College of Informatics and Virtual Education (CIVE) which is one of 

the important stakeholders in the software development industry. In addition, UDOM 

has a software development team that has good experience in software development. 

The team developed various software including UDOM-SR, Mipango-SR, Hombolo-

SR, and TMDA. UDOM experts have been recommended due to their experiences in 

https://paperpile.com/c/9umOeI/edHE1
https://paperpile.com/c/9umOeI/edHE1
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the software development industry. In addition, MOF experts have been 

recommended due to their experiences in software development. MOF has a good 

software development team, which developed popular software such as Government 

Electronic Payment Gateway (GePG) and MUSE.  

Due to the busyness of these experts, it was difficult to get all experts to validate the 

framework. Therefore, this study used a convenient non-probability sampling 

technique to acquire the experts. Non-probability sampling is one of the sampling 

methods suitable in qualitative research (Taherdoost, 2016). Convenience sampling 

focused on selecting samples based on their availability and readiness (Taherdoost, 

2016). Meanwhile, in convenience sampling, only participants who are readily and 

easily available are selected (Taherdoost, 2016). Thus, in this study, only experts 

who are available in their office and ready to validate the framework were selected. 

After successful sample selection in all institutions explained above a total of six 

experts depicted in Table 3.3 were able to validate the framework. In the validation 

process, the experts have demonstrated the framework followed by validation. 

3.3 Reliability and Validity 

Normally, researchers focus on collecting and analyzing data. Eventually, the 

conclusions made by these researchers are based on the collected data. Validity and 

reliability focus on the accuracy and credibility of collected data (Creswell, 2014). 

This subsection elaborates how validity and reliability have been taken in this study.  

In order to ensure the accuracy and reliability of results, performance testing has 

been done using automated software testing tools known as Apache JMeter. As it is 

explained in the literature review above JMeter is one of the recommended tools for 

measuring the performance of the software. Thus, JMeter is a valid tool for 

measuring and testing the performance of the software. One of the strengths of this 

tool is the ability to generate average values, thus, in this study in order to ensure 

validity and reliability tests were repeated five times, and average values were taken 

as shown in the results and discussion chapter below.  

 

 

https://paperpile.com/c/9umOeI/lTAMo
https://paperpile.com/c/9umOeI/lTAMo
https://paperpile.com/c/9umOeI/lTAMo
https://paperpile.com/c/9umOeI/lTAMo
https://paperpile.com/c/9umOeI/fYO8n
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3.4 Ethical Consideration 

Ethics (or morals) defines good and right actions to guide a person's behavior in a 

society. Ethical issues in research are issues that are believed to be right and in 

conformity with the principles of doing research study in a particular discipline 

(Kumar, 2011).  

Research involves a set of interrelated activities that deal with the collection and 

publication of data from different sources, therefore, research ethics is crucial. 

Research ethics may be referred to as following the moral principles in research 

(Fouka & Mantzorou, 2011). The literature identifies the major ethical issues in 

conducting research as informed consent, beneficence (Do not harm), respect for 

anonymity and confidentiality, and respect for privacy (Fouka & Mantzorou, 2011). 

In this study, the research ethical issues were taken care of throughout the research 

lifecycle. This study abided by all guidelines and rules established by the directorate 

of graduate studies of the University of Dodoma (UDOM).  

Since this study was conducted mainly in the College of Informatics and Virtual 

Education (CIVE) computer laboratory, then the researcher obtained permission 

from UDOM, and the obtained permission was presented to all participants involved 

in this research. Before doing this research, the purpose and benefits of this research 

were presented to all participants before they engaged in this study. The study 

guaranteed the privacy of all research participants engaged in this study. Finally, all 

data in this study was collected, stored, analyzed, and published ethically. 

Table 3.3: Respondents Demographic 

Roles of Respondents Participating 

Institution 

Experience Respondents 

Developer (1) 

System Designer (1) 

UDOM 

UDOM 

7 years of experience.  

5 years of experience. 

2 

Developer (1) 

System Analyst (1) 

EGA 

EGA 

10 years of 

experience.  

 4 years of 

experience. 

2 

ICT Officer (1) 

Database 

Administrator (1) 

MOF 

MOF 

6 years of experience.  

2 years of experience. 

2 

Total Respondents   6 

https://paperpile.com/c/9umOeI/Z0EJd
https://paperpile.com/c/9umOeI/Z0EJd
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Figure 3.12: A summary of the overall research methodology 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

After successful data collection explained in Chapter 3, this chapter discusses the 

results of the three defined research questions. Therefore, the following are the 

findings of this research work: - 

4.1Performance Metrics (Parameters) 

This section of results and discussion discusses performance metrics as results of 

research question one (RQ1). Performance testing is categorized into load testing, 

stress testing, and capacity testing as explained in the literature review above. Prior 

research works identify metrics that are also referred to as parameters or key 

performance indicators (KPIs) that are used to measure or test the performance of 

software, which are response time, throughput, latency, and resource utilization. 

Each performance metric can be measured by automated tools as presented in Table 

4.1. 

4.1.1 Response time 

Response time is the time between a request and its response. The relationship 

between performance and response time of software is an inverse relationship which 

means performance is inversely proportional to response time. This means a decrease 

in response time leads to an increase in the level of performance of the software. In 

software, response time helps to get the actual execution time (processing time) of 

software under a particular load. Thorough literature review showed that response 

time is a metric used to measure the performance of software including web 

services(Al-Sarayreh, Meridji, Abran, & Trudel, 2020; Dhiman & Sharma, 2016; 

Fayyaz & Munir, 2014; Mizouni et al., 2011; Saad et al., 2010; Suffian & Fahrurazi, 

2012). 

Response time is a good metric to measure the performance of web services because 

it provides the actual execution capability or speed of web services. In fact, response 

time is influenced by network capability, web service provider’s hardware capability, 

and actual web service processing capability. This means that response time consists 

of a time taken by a request from a web service consumer to reach a web service 

https://paperpile.com/c/9umOeI/sMidW+sn1gs+rMK7m+Pw4MW+r4kKj+fTplt
https://paperpile.com/c/9umOeI/sMidW+sn1gs+rMK7m+Pw4MW+r4kKj+fTplt
https://paperpile.com/c/9umOeI/sMidW+sn1gs+rMK7m+Pw4MW+r4kKj+fTplt
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provider, an execution time of a web service provider to process the request, and the 

time for a response to return to the service consumer from the web service provider. 

The best practice of doing a comparative analysis of response time between web 

services is to maintain the same network capability and the same web server 

specification to get the actual processing capabilities. Moreover, response time 

appears to be a crucial metric used to measure the performance of software and two 

seconds (2s) is referred to as a better response time for web applications (Molyneaux, 

2014). That means a good-performing web application has a response time less than 

or equal to two seconds. 

4.1.2 Throughput 

Throughput is the number of requests (workload) that can be processed by software 

in a given time unit, such time units can be second, minute, and hour. Generally, 

throughput can be measured by loading software to get the average number of 

processed requests by software in a given time unit such as requests per second(Al-

Sarayreh et al., 2020; Dhiman & Sharma, 2016; Fayyaz & Munir, 2014; Mizouni et 

al., 2011; Saad et al., 2010). Throughput as a performance metric is the significant 

metrics for assessing the quality of service (QoS) of web services (Mohanty, Ravi, & 

Patra, 2010; Zheng, Zhang, & Lyu, 2010). Most of the time throughput is confused 

by the performance evaluators, but throughput is just a capability of a web service to 

process requests (workload) per second. For example, if a web service has a 

throughput of 1500 per second that means, the web service has the capability of 

handling not more than 1500 requests in one second. 

Throughput can be influenced by multi-threading technology (multi-tasking). This 

means throughput is directly proportional to multi-threading technology. In multi-

threading, multiple clients’ requests are executed simultaneously. Therefore, 

software that supports multi-threading has bigger throughput compared to software 

that does not support it. Based on this concept, Java-based web services will have 

higher throughput compared to PHP-based web services since Java supports multi-

threading technology. However, to test this hypothesis, a comparison analysis of 

throughput between multi-threading-based software and single-threading-based 

software can be done. 

 

https://paperpile.com/c/9umOeI/PF5uJ
https://paperpile.com/c/9umOeI/PF5uJ
https://paperpile.com/c/9umOeI/sMidW+sn1gs+rMK7m+Pw4MW+r4kKj
https://paperpile.com/c/9umOeI/sMidW+sn1gs+rMK7m+Pw4MW+r4kKj
https://paperpile.com/c/9umOeI/sMidW+sn1gs+rMK7m+Pw4MW+r4kKj
https://paperpile.com/c/9umOeI/ICjKa+W5Vd3
https://paperpile.com/c/9umOeI/ICjKa+W5Vd3
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4.1.3 Latency 

Latency and response time are sometimes confusing, but latency is the amount of 

time taken by a request before getting its response (Dhiman & Sharma, 2016). Thus, 

latency is a waiting time before responses, therefore, response time and latency are 

not the same. Latency can be affected by transport time and processing time. 

Generally, latency is a measured delay between requests and responses and is 

commonly measured by seconds and milliseconds.  In a network, latency measures 

the delay of packets to reach their destination over the network, but in software 

latency measures the time software takes to accomplish its processing task. 

Consequently, in network-based software latency is affected by both network and 

software capabilities. 

4.1.4 Level of resource utilization 

Resource utilization is referred as resource consumption, is the metrics used to 

measure and test the performance of a software. Examples of resources are processor 

usage, main memory usage (RAM), disk usage, and network bandwidth usage. In 

fact, software that has low consumption of these resources to achieve its desired 

objective has better performance than the one that has a high consumption of these 

resources to achieve the same objectives (Kaushik & Fageria, 2014). 

In summary, prior research works identified the commonly used performance metrics 

as response time, throughput, resource utilization, and latency. The challenge 

associated with the performance metrics is how they can be measured or tested. 

There are varieties of performance measuring tools presented by previous research as 

shown in Table 4.1 which are useful. Besides the usefulness of these tools, there are 

challenges associated with them and among the challenges is that not all tools have 

the ability to measure all performance metrics. 

Normally, after successfully identifying performance metrics, the next step is to find 

out what tool can be used to measure them. Thus, it is very important to understand 

the strengths and weaknesses of various tools. All tools discussed in the literature 

review subsection 2.8 above have the ability to measure the performance of both web 

services and web applications but LoadUI, NeoLoad, and WAPT were found to be 

focused more on Web services performance testing. Although LoadUI, NeoLoad, 

and WAPT can only measure web services, the WAPT tool is best compared to 

https://paperpile.com/c/9umOeI/rMK7m
https://paperpile.com/c/9umOeI/0EzGF
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others (Dhiman & Sharma, 2016). Generally, for web application performance 

testing LoadUI, NeoLoad, and WAPT tools are not suitable, but they can be used on 

web service performance testing. 

Moreover, the existence of varieties of tools evolved the challenge of selecting a 

particular tool. To solve this problem studies have been done to compare popularly 

used tools. Example Dhiman and Sharma (2016) compared SoapUI, JMeter, and 

Storm where the output of this study shows that soapUI performs better than JMeter, 

and Storm. That means with respect to response time, soapUI is recommended as the 

most accurate tool (Dhiman & Sharma, 2016)) compared to others. Furthermore, 

current literature shows that open-source-based tools were used most compared to 

proprietary tools. Examples JMeter and Apache Benchmark appeared in most 

performance evaluation and testing studies compared to other proprietary tools. 

Regarding performance metrics, there are very few tools that support the 

measurement of throughput as compared to response time. Besides this fewness, 

JMeter is among the open-source tools that have the ability to measure many 

performance metrics compared to other tools. For example, JMeter is recommended 

as the best accurate tool for measuring throughput (Dhiman & Sharma, 2016). 

Although SoapUI is the most accurate tool for measuring response time (Dhiman & 

Sharma, 2016), LoadRunner and JMeter are the most used tools accessible in the 

market (Srivastava, Kumar, & Singh, 2021). JMeter shows the capability to measure 

and test the performance of many performance metrics, also it is cross-platform. 

Furthermore, JMeter has not only an accurate response time compared to 

LoadRunner, but also it is easy to install and easy to use (Khan, 2016). In addition, 

JMeter is among the recommended tools for measuring the performance of software 

(Dhiman & Sharma, 2016; Fayyaz & Munir, 2014; Mizouni et al., 2011; Saad et al., 

2010), therefore, based on the strengths of JMeter this study decided to use JMeter 

on REST Web service development frameworks performance measuring in order to 

improve the validity and accuracy of the data collected. 

 

 

https://paperpile.com/c/9umOeI/rMK7m
https://paperpile.com/c/9umOeI/rMK7m
https://paperpile.com/c/9umOeI/85M10
https://paperpile.com/c/9umOeI/Qjryz
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Table 4.1: Performance metrics with their measuring tools 

Performance Metrics Tools & Libraries Authors 

Response time 1. JMeter 

2. PHP Xdebug & Webgrind 

3. Apache benchmark 

4. HttpRider 

5. SoapUI 

6. Storm 

7. WAPT  

8. NeoLoad 

9. LoadSter 

10. Grinder 

11. LoadRunner 

12. IBM rational Performance 

13. OpenSTA 

14. Gatling 

15. LoadNinja 

 

1. (Saad et al., 

2010) 

2. (Fayyaz & 

Munir, 2014) 

3. (Al-Sarayreh et 

al., 2020) 

4. (Mizouni et al., 

2011) 

5. Potti et al. 2012 

6. (Dhiman & 

Sharma, 2016) 

7. (Suffian & 

Fahrurazi, 2012) 

8. (Molyneaux, 

2014) 

9. (Sharma et al., 

2016) 

10. (Sadiq et al., 

2015) 

11. (Thakur and 

Bansal 2015) 

12. (Khan, 2016) 

13. (Kołtun and 

Pańczyk 2020). 

Throughput 1. JMeter  

2. SoapUI 

3. NeoLoad 

4. Loadster 

5. Grinder 

6. LoadRunn

er 

7. OpenSTA 

8. IBM 

rational Performance 

9. HttpRider 

10. LoadNinja 

11. Gatling 

1. (Fayyaz & 

Munir, 2014) 

2. (Hustinawati et 

al., 2014) 

3. Potti et al. 2012 

4. (Saroni and  

Mulyanti 2020) 

5. (Samra, 2015) 

6. (Molyneaux, 

2014) 

7. (Dhiman & 

Sharma, 2016) 

8. (Sharma et al., 

2016) 

9. (Thakur and 

Bansal 2015) 

10. (Khan, 2016) 

11. (Kołtun and 

Pańczyk 2020). 

https://paperpile.com/c/9umOeI/sMidW
https://paperpile.com/c/9umOeI/sMidW
https://paperpile.com/c/9umOeI/sn1gs
https://paperpile.com/c/9umOeI/sn1gs
https://paperpile.com/c/9umOeI/r4kKj
https://paperpile.com/c/9umOeI/r4kKj
https://paperpile.com/c/9umOeI/Pw4MW
https://paperpile.com/c/9umOeI/Pw4MW
https://paperpile.com/c/9umOeI/rMK7m
https://paperpile.com/c/9umOeI/rMK7m
https://paperpile.com/c/9umOeI/fTplt
https://paperpile.com/c/9umOeI/fTplt
https://paperpile.com/c/9umOeI/PF5uJ
https://paperpile.com/c/9umOeI/PF5uJ
https://paperpile.com/c/9umOeI/YpPSH
https://paperpile.com/c/9umOeI/YpPSH
https://paperpile.com/c/9umOeI/SPT1F
https://paperpile.com/c/9umOeI/SPT1F
https://paperpile.com/c/9umOeI/Qjryz
https://paperpile.com/c/9umOeI/sn1gs
https://paperpile.com/c/9umOeI/sn1gs
https://paperpile.com/c/9umOeI/wYn0F
https://paperpile.com/c/9umOeI/wYn0F
https://paperpile.com/c/9umOeI/4tQ3d
https://paperpile.com/c/9umOeI/PF5uJ
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Resource utilization 1. PHP 

Xdebug & Webgrind 

2. PHP 

memory_get_usage 

3. Apache 

Benchmark 

4. NeoLoad 

5. JMeter 

plugin  

6. Loadster 

7. Grinder 

8. LoadRunn

er 

9. IBM 

rational Performance 

10. HttpRider 

1. (Fayyaz & 

Munir, 2014) 

2. (Kaushik & 

Fageria, 2014) 

3. (Sharma et al., 

2016) 

4. ((Thakur & 

Bansal, 2015)) 

5. (Sadiq et al., 

2015) 

6. (Khan, 2016) 

4.2 PHP-Based REST Web Service Development Frameworks 

This section discusses PHP-based REST Web service development frameworks as 

the results of the research question two (RQ2) part one (R2.1). Recently there are 

various programming languages that support both Web application and Web services 

implementation. Examples of commonly used server-side languages are PHP, Java, 

JavaScript, Python, C#, and Perl (Stefanova & Draganov, 2019). Basically, each 

programming language is useful depending on the context. 

This research focused on PHP-based frameworks due to the popularity of PHP. 

Statistics on Web applications showed that 82% of published Web applications were 

developed by PHP programming language (Samra, 2015). Furthermore, in April 

2021 W3Techs reported that 79.2% of all publicly available websites whose server-

side implementing language are known are developed by PHP1. This means recently 

PHP is the popular used server-side scripting language for web development. 

Another strength of PHP that increases its popularity is it is easy to learn compared 

to other languages (Muzyka, 2015). Frameworks are categorized into general-

purpose and microframeworks. General-purpose frameworks can be used to develop 

various kinds of web applications, while micro-frameworks are very specific. There 

are many PHP-based frameworks, but in the recent decade, the popular used general-

purpose frameworks are Laravel, Symfony, CodeIgniter, and Phalcon (Samra, 2015). 

                                                 
1
 https://w3techs.com/technologies/details/pl-php 
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Furthermore, Lumen, Slim, Guzzle, Leaf PHP, Swort, Ubiquity, Fast Free, Wave 

Framework, Silex, Frapi, and Recess are the most used web service development 

frameworks (micro frameworks) as explained by information from Stackoverflow, 

Github, and RapidAPI2 websites. The following information discusses the 

frameworks mentioned above. 

4.2.1 Lumen 

Lumen is a micro-framework developed by Laravel for implementing Laravel based 

web services API. This framework is totally separate from Laravel, which means it is 

an independent framework. The latest Lumen release is 8.0.0. Based on installation 

requirements, server-side requirements for installation of Lumen are PHP version 7.3 

or higher, PHP OpenSSL extension, PHP PDO extension, and PHP Mbstring 

extension. Lumen is installed in a local machine using PHP Composer.  

Although Lumen is among the reported frameworks for implementing REST web 

services API, its documentation does not explain REST implementation. That means, 

nowhere in this documentation illustrates REST implementation. Besides this 

weakness, Lumen API has REST principles. More information about this framework 

is available on the website https://lumen.laravel.com. 

4.2.2 Slim 

Slim is a lightweight micro-framework designed to implement web services APIs. It 

supports PSR-7 implementation and the latest release is 4.7.0. A Slim web service 

contains predefined routes that respond to specific HTTP requests, and after a request 

arrives each route invokes a callback which returns an HTTP response. This 

framework is supported by PHP 7.2 or higher and its installation is recommended 

using Composer. 

Slim has clear comprehensive documentation, but its documentation does not 

describe if this framework implements REST web service API. That means, nowhere 

in this documentation explains REST implementation. Besides this weakness, Slim 

has features conforming to REST principles. Every Slim web service route is given 

the incoming Request and Response objects as arguments to its callback function 

while these objects implement the popular PSR-7 interfaces. PSR-7 describes a set of 

                                                 
2
 https://rapidapi.com/blog/php-api-frameworks/ 

https://lumen.laravel.com/
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standard predefined interfaces for representing HTTP messages. More information 

about this framework is available on https://www.slimframework.com/. 

4.2.3 Guzzle 

Guzzle is a micro-framework introduced to consume web service APIs easily. It is a 

web service consumer (client) that makes it easy to invoke web services by sending 

HTTP requests, in addition, through this framework it is not necessary to integrate 

with web services. Nowadays, Guzzle is one of the popular frameworks used for 

REST web service consumption that supports PSR-7 interfaces implementation. 

Using the same interface this framework can send both synchronous and 

asynchronous requests. Based on its design, this framework cannot be used for 

implementing REST web services. Furthermore, this framework is supported by a 

minimum of PHP 7.2 and Composer is the recommended way to install it. More 

information about it is available on https://docs.guzzlephp.org/en/stable/index.html 

website. 

4.2.4 Leaf PHP 

Leaf is a lightweight MVC-based framework used for the development of web 

services APIs easily. It has a command-line interface (CLI) for developing and 

managing Leaf Web services. This framework can be installed easily using 

Composer or Leaf CLI. This framework not only has the ability to create web 

services, but also web applications, and websites.One of the advantages of this 

framework is it has clear documentation available on https://leafphp.netlify.app/#/. 

Although Leaf is reported as a web services API development framework, its 

documentation does not describe if this framework supports REST web services 

implementation. That means, nowhere in this documentation discussed REST 

technology. But this framework API has REST principles. 

4.2.5 Swift PHP 

Swift is a framework introduced and managed by Derek Skeb. It is a PHP 5 based 

framework designed for creating web services and web applications. Installation of 

this framework is very easy. Download this framework and unzip it into your root 

directory and make sure '.htaccess' and 'index.php' files are within the same public 

directory. It is available under the MIT public license. This framework has several 
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weaknesses. First, this framework does not have clear documentation, consequently 

to use it is very difficult compared to other well-documented frameworks. Second, 

this framework is supported by older PHP versions. So far, information about this 

framework is available on https://github.com/dskeba/Swift-PHP website. 

4.2.6 Ubiquity 

Ubiquity is a MVC-based framework designed to implement REST web services 

APIs and other web applications. This framework is supported by PHP 7.4 or higher 

and 2.4.3 is the available stable version.  This framework can be installed quickly 

using Composer. Ubiquity has a REST module used to implement RESTful web 

services. Since this framework supports both web applications and web services 

development different configurations should be allowed based on development 

purpose. For RESTful web service development, REST routes must be activated, and 

to activate only Rest services Router:startRest() must be initialized in a configuration 

file. One of the advantages of this framework is it has clear comprehensive 

documentation available on https://ubiquity.kobject.net/ website. 

4.2.7 Fat-Free Framework (F3) 

Fat-Free is a framework designed for implementing REST web services APIs and 

web applications. It is not supported by PHP versions less than 5.4 and 3.7 is the 

current release.  This framework can be installed using Composer or downloaded and 

unzipped into a root directory. This framework is not MVC-based, but it does not 

restrict implementation of MVC and Resource Method Representation pattern 

(RMR). This framework is available under the GPL license, and one of the 

advantages of this framework is it has a comprehensive documentation and REST 

users’ guide available on https://fatfreeframework.com/3.7/user-guide. 

4.2.8 Wave Framework 

Wave is the MVC-based micro-framework designed for developing web applications 

and REST web services APIs. This framework is supported by PHP 5.3 and above. 

Also, it can return XML, CSV, JSON, HTML, native PHP and other message 

formats. In database connection, it uses PDO-based database connections. For 

installation unpack the downloaded file into a web server root directory. One of the 

challenges of this framework is it does not have clear documentation. However, more 
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information about this framework is available on kristovaher/Wave-Framework and 

waveframework.com websites. 

4.2.9 Silex 

Silex is developed by Fabien Potencier who is the founder of the Symfony 

framework. Silex is the MVC-based micro-framework designed for developing 

REST web service APIs. This framework can be installed using PHP composer and 

its latest release is 2.0.  There are different configurations based on the kind of web 

servers (Apache, Nginx, and IIS) used. The aims of this framework are concise, 

extensible, and testable. It has clear documentation, but since June 2018 this 

framework is no longer maintained. Thus, it's risky to use it. More information about 

this framework is available on https://silex.symfony.com/. 

4.2.10 Frapi 

Unlike other general-purpose frameworks, Frapi is a framework designed 

specifically for developing REST web service API, which means this framework is 

special for developing REST web service APIs. This framework is composed of 

administration interfaces and public API parts. The administration interface allows 

developers to implement web service calls while the public part allows public API 

consumption. The challenge of this framework is it does not have clear 

documentation. Consequently, it is not easy to use it, particularly for beginners to 

implement REST API. In addition, more information is available on 

https://frapi.github.io/what/index.html website. 

4.2.11 Recess PHP Framework 

Recess is a micro-framework designed for developing REST web service API. That 

means this framework is special for developing REST web service APIs and not web 

applications. It is supported by PHP 5.2.3 or greater, and for installation, download 

the Recess file and unzip its contents into the web documents path. Recess is a 

lightweight MVC framework that is designed specifically for PHP version 5. That 

means it is not suitable on PHP higher than 5. Another challenge is that it does not 

support Ajax technology and it lacks clear documentation. More information is 

available on https://github.com/recess/recess. 

 

https://github.com/recess/recess
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4.2.12 CodeIgniter 

CodeIgniter is the MVC general-purpose framework designed for developing web 

applications, websites, and REST web services. So far, CodeIgniter 4 is the latest 

release. This framework is supported by PHP version 7.3 or higher and it has special 

libraries for implementing REST web services. For example, Chriskacerguis 

CodeIgniter -Restserver is one of the REST libraries supported by CodeIgniter 

3.1.11.  

Unlike CodeIgniter 3, the latest CodeIgniter 4 has a built-in REST web service 

implementation through RESTful Resource Handling.  It simplifies the 

implementation of REST web services using a class known as ResourceController. 

This framework has a well-documented user guide for implementing REST web 

services. That means it is very easy to implement REST web services API using 

CodeIgniter. More information is available on https://CodeIgniter 

.com/user_guide/intro/index.html website. 

4.2.13 Phalcon 

Phalcon is a community-based general-purpose web application development 

framework developed by C language under the new BSD License. The current 

version is 4.0 which is only supported by PHP versions higher than 7.1. The 

operation of this framework depends on the PSR extension. In database connectivity 

and access, it requires php_pdo, php_mysqlnd, and php_pgsql extensions. Phalcon 

has a built-in REST web services implementation as explained in its official 

documentation using Micro and PHQL classes. Unlike other frameworks, Phalcon is 

installed as a PHP module and is loaded as a module on a web server. This 

framework has a well-documented user guide. Therefore, it is not difficult to 

implement REST web services API using this framework. More information about 

this framework is available on https://phalcon.io/en-us website. 

In summary, prior research works point out various PHP-based frameworks used to 

implement both REST web service APIs and web applications. These frameworks 

have different features, strengths, and weaknesses. Although these frameworks are 

used to develop similar function software, they have built-in distinctions in such a 

way that each framework has its own way of developing software. Furthermore, in 

the mentioned frameworks, some support PSR-7 and some do not. PSR stands for 
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PHP Standard Recommendation which is raised to support PHP framework 

interoperability. Examples of frameworks that support PSR are Slim, Guzzle, and 

Phalcon. Although all of the frameworks have features that support REST principles, 

some of the frameworks lack a clear REST implementation users' manual, and some 

frameworks do not have built-in REST implementation. Basically, it is difficult to 

implement REST web service API without a clear user’s manual of a framework. 

Therefore, a clear user manual (documentation) should be among the factors used to 

select a particular framework. Most of the frameworks have clear documentation, but 

their documentation does not guide REST implementation. 

In this research, not all of the mentioned frameworks have been evaluated 

performance. The selection of the frameworks was based on PHP support, 

availability of REST user’s manual, REST features, and the framework’s popularity. 

Recently the highest PHP version is 8, but PHP3 version 7 is the latest stable. 

Recently the highest PHP version is 8, but PHP version 7 is the latest stable. 

Therefore, this study focuses on frameworks that support PHP version 7 or higher. 

Slim and Lumen have been included because they are popular and have REST 

features. In addition, Lumen was included because it is a Laravel based framework, 

which is very popular. Thus, based on those factors, not all frameworks evaluated 

their performance, the frameworks that have been evaluated are Slim, Lumen, Fat-

Free, CodeIgniter, Phalcon, and Silex. 

4.3 Load Testing Experiment Results 

This subsection discusses load performance testing experiment results, which is the 

results of research question two (RQ2). 

4.3.1 First Scenario (Simple workload) 

In this scenario, the performance of the frameworks is depicted in Table 4.2, Table 

4.3, Table 4.4, and Table 4.5. In this scenario, average scores of response time, 

throughput, CPU usage, and memory usage were recorded as depicted in these tables. 

Starting with CodeIgniter, response times were 181s, 290s, 495s, and 604s under 

different workloads. In these scores, the overall average response time is 392.5s. This 

means it may take 392.5s to process 200 clients’ requests simultaneously, equivalent 
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to 1.96s to process a single request. This does not mean CodeIgniter has low 

response time because the recommended average response time for web applications 

is 2s per request (Molyneaux, 2014). In terms of throughput, CodeIgniter throughput 

are 98.8/s, 104.2/s, 122.1/s, and 122/s.  In these scores, the overall average 

throughput is 111.78/s, which means it has the ability to process 111.78 requests per 

second. Although this framework shows low response time and throughput compared 

to others, it is efficient in CPU and memory usage when requests are not greater than 

or equal to 200. Based on these results this framework is more suitable for low 

performance web services.  

Table 4.2: The frameworks’ performance under 50 GET Requests 

Frameworks Average 

Response time   

(Second) 

Average 

throughput /  Sec 

CPU 

usage

%  

Memory 

usage% 

CodeIgniter  181 98.8 1 1 

Fat-Free 1 724.6 1 1 

Lumen  17 438.6 1 1 

Phalcon 1 714.33 1 1 

Slim  3 223.2 1 1 

Silex  75 312.5 1 1 

Fat-Free response time was 1s, 3s, 2s, and 15s and throughput 724.6/s, 552.5/s, 

597.6/s, and 225.2/s as shown in Table 4.2, Table 4.3, Table 4.4, and Table 4.5.  In 

these scores the overall average response time is 5.25s, and the overall average 

throughput is 524.98. This means it may take 5.25s to process 200 clients’ requests 

simultaneously, equivalent to 0.026s to process a single request. Based on these 

results Fat-Free has a higher response time and throughput compared to other 

frameworks excluding Phalcon for small load web services. It is explained in the 

literature that the recommended average response time for web applications is 2s per 

request (Molyneaux, 2014), since this framework manifested 0.026s per request, it is 

one of the fastest REST web services development frameworks. 

Although Fat-Free Web services are fast, Phalcon Web services are faster than Fat-

Free web services. Phalcon Web service response times were 1s, 2s, 1s, and 2s. Also, 

Phalcon Web service throughputs are 714.33/s, 628.9/s, 663.7/s, and 647.2/s as 

https://paperpile.com/c/9umOeI/PF5uJ
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shown in Table 4.2, Table 4.3, Table 4.4, and Table 4.5. In these scores, the overall 

average response time is 1.5 and the average throughput is 663.53/s. This means it 

may take 1.5s to process 200 clients’ requests simultaneously, equivalent to 0.0075s 

to process a single request. Also, the capability of Phalcon is to process 663.53/s 

requests per second. Based on these results Phalcon does not only develop fast web 

applications as shown by Samra (2015) but also develops fast REST web services 

based on first scenario results. Also, the Phalcon web service has better throughput 

compared to other frameworks, which means it has the ability to process many 

requests per second compared to other frameworks. 

Table 4.3: The frameworks’ performance under 100 GET Requests 

Frameworks Average 

Response time   

(Second) 

Average 

throughput 

/  Second 

CPU 

usage%  

Memory 

usage% 

CodeIgniter  290 104.2 1 1 

Fat-Free 3 552.5 1 1 

Lumen  27 446.4 1 1 

Phalcon 2 628.9 1 1 

Slim  4 408.2 1 1 

Silex  4 184.8 1 1 

In addition, Phalcon Web service has good CPU and Memory usage. When the 

workload is less than 200 requests it has consumed 1% of both CPU and Memory, 

but when the load increases to 200 requests it consumes 65% of CPU and 35% of 

Memory. As the workload increases memory and CPU usage increases efficiently 

and the performance increases. Therefore, in an environment where there are limited 

resources such as CPU and Memory, Phalcon web services are suitable for the 

development of small and medium web services in order to achieve good 

performance under efficient utilization of CPU and memory.  
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Table 4.4: The frameworks’ performance under 150 GET Requests 

Frameworks Average Response 

time   (Second) 

Average 

throughput /  

Second 

CPU 

usage

%  

Memory 

usage% 

CodeIgniter  495 122.1 1 1 

Fat-Free 2 597.6 1 1 

Lumen  88 269.8 1 1 

Phalcon 1 663.7 1 1 

Slim  5 350.5 1 1 

Silex  18 319.8 1 1 

Table 4.5: The frameworks’ performance under 200 GET Requests 

Framework

s 

Average Response 

time   (Second) 

Average 

throughput /  

Second 

CPU 

usage% 

Memory 

usage% 

CodeIgniter  604 122 90 30 

Fat-Free 15 225.2 95 20 

Lumen  22 414.1 90 40 

Phalcon 2 647.2 65 35 

Slim  4 393.7 84 36 

Silex  26 292.8 90 29 

Another framework that manifested high performance in this scenario is Slim. This 

framework Web service manifested response times of 3s, 4s, 5s, and 4s. Also, 

throughputs are 223.2/s, 408.2/s, 350.5, and 393.7 as depicted in Table 4.2, Table 

4.3, Table 4.4, and Table 4.5. Based on these scores the overall average response 

time is 4s and the overall average throughput is 343.9/s. which means Slim web 

services are very fast, it may take 4s to process 200 requests simultaneously and 

0.02s a single request. Thus, for the environments where fast web services are 

required Slim can accommodate.  

Another framework is Silex, Silex Web service throughputs were 312.5/s, 184.8/s, 

319.8/s, and 292.8/s. Response time was 75s, 4s, 15s, and 26s.  The overall average 

throughput is 277.48/s, and 30s is the overall average response time. This means 

Silex Web service has the ability to process 277.48 requests per second, and it may 

take the 30s to process 200 requests simultaneously equivalent to 0.15s per request. 
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Generally, the performance of the Silex Web service is well regarded to the 

recommendation from Molyneaux (2014). 

In summary, in this scenario, a simple workload has been used to oversee the 

performances of these selected frameworks. Generally, all frameworks performed 

well, because all frameworks have a response time of less than 2s as recommended 

by Molyneaux (2014). However, there are individual frameworks that have shown an 

outstanding performance compared to others. One of these frameworks is Phalcon, 

which has a response time of 1.5s to process 200 clients’ requests simultaneously, 

equivalent to 0.0075s to process a single request. This response time is higher than 

other frameworks’ web services. Therefore, for the fastest small web services, 

Phalcon is more suitable for the development of such web services. 

Based on throughput, all frameworks perform well in simple workload REST web 

services regarding 2s response time, though Phalcon web service has higher 

throughput compared to other frameworks web services followed by Fat-Free. These 

frameworks have higher throughput compared to other frameworks. Although it is 

very rare, these frameworks are more suitable for the development of the fastest 

simple workload REST web services. 

In all cases, CPU and Memory usage was increased as the workload increased as 

shown in Table 4.2, Table 4.3, Table 4.4, and Table 4.5. But in all cases, the 

percentage of CPU usage has increased more than Memory usage. The highest CPU 

usage is 95% manifested by the Fat-Free web service prototype as shown in Table 

4.5. Also, the maximum memory usage is 36% manifested by Slim web service 

prototype, followed by Phalcon 35%, followed by Lumen 40%, followed by 30% 

CodeIgniter, then 29% Silex, and 20% Fat-Free web service prototype. Based on 

these results, each framework is important regarding environments, which means you 

can use any framework to develop REST web services based on web service 

interests. For example, Phalcon is faster than CodeIgniter and Silex, but CodeIgniter 

and Silex are very efficient in memory usage compared to Phalcon. Thus, for limited 

memory REST web service development CodeIgniter and Silex frameworks are the 

best fit compared to Phalcon which is the framework for the fastest REST web 

service development. 
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4.3.2 Second Scenario (Bubble Sort computation) results: 

This subsection discusses load performance testing experiment results of research 

question two (RQ2). In this scenario, a moderate workload has been used to test the 

performance of the frameworks in order to oversee the performance of the 

frameworks. 

Table 4.6: Performance of the frameworks under bubble sort computation 

Frameworks Average 

Response time   

(Second) 

Average 

throughput /  

Second 

CPU 

usage% 

Memory 

usage% 

CodeIgniter  402 108.7 10 50 

Fat-Free 6 228.8 27 2 

Lumen  22 400 40 80 

Phalcon 2 103.99 1 1 

Slim  16 253.8 1 1 

Silex  54 362.3 1 1 

 

Figure 4.1: Average response time under bubble sort computation 
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In this workload, each framework has demonstrated its own performance as depicted 

in Table 4.6. The higher the response time the lower the performance of a web 

service. In this workload the highest average response time is 402s manifested by 

CodeIgniter REST web service prototype for processing 200 clients bubble sort 

computation, equivalent to 2.01s per request as depicted in Figure 4.1. As shown in 

the study conducted by Samra (2015) CodeIgniter web applications performed lower 

than other frameworks, also in this scenario CodeIgniter REST web services 

performed lower than other frameworks under test. Generally, the CodeIgniter REST 

web service does not only perform lower than other frameworks but also performs 

lower than the recommendations of Molyneaux (2014). Thus, for complex workload 

web services, CodeIgniter is not suitable compared to Fat-Free, Lumen, Phalcon, 

Slim, and Silex, because all these have a response time less than 2s as recommended 

by Molyneaux (2014) as depicted in Figure 4.1. 

Except for the CodeIgniter REST web service, all the frameworks are fast in this 

scenario, because they have the ability to process not greater than 2s as 

recommended by Molyneaux (2014). Phalcon, Fat-Free, and Slim, and Lumen REST 

web services are faster compared to other frameworks, they use less than 0.5s to 

process a single request. Nevertheless, Phalcon is faster than all because it uses 0.01s 

to process a single bubble sort request. In fact, 0.01s is very small, therefore, the 

ability to use 0.01s to accomplish a bubble sort request shows that it is the fastest 

framework. Generally, you can use any of these frameworks except CodeIgniter for 

large computation tasks to achieve the performance recommended by Molyneaux 

(2014). 

Lumen demonstrated different performances in the first scenario performance test 

and second scenario performance test. Lumen performance in the second scenario is 

higher than in the first scenario as shown in figure Figure 4.2 and Table 4.6. 

Although Lumen demonstrated low performance under simple workload tests, under 

the second scenario the Lumen REST web service prototype demonstrated a higher 

throughput than other frameworks, which means only Lumen has the ability to 

process 400 requests per second as shown in Figure 4.2. 
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Figure 4.2:  Average throughput under bubble sort computation 

As depicted in Figure 4.2, Phalcon and Fat-Free REST web services demonstrated 

higher performance than other frameworks under the simple workload above and 

failed to demonstrate that performance under bubble sort computation (Second 

Scenario). Nevertheless, this does not mean they showed bad throughput, that means 

in this scenario Phalcon and Fat-Free REST web services performed lower 

throughput than Lumen, Silex, and Slim REST web services. Thus, the selection of 

which framework to use is based on the purpose of the particular web service and all 

frameworks are useful. 

In bubble sort computation CPU and Memory usage were better than in a simple 

workload (first scenario) although the workload increased. This showed that the 

frameworks have the ability to use CPU and Memory efficiently although the 

computational task increases as shown in Table 4.6. Nevertheless, Lumen and 

CodeIgniter web services do not utilize better CPU and memory compared to others. 

In summary, each framework is important depending on the purpose of the REST 

web service to be developed. Also, it is very important to understand the response 

time, throughput, CPU, and memory usage of a particular framework before deciding 

to use it in a particular project. 
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4.3.3 Third Scenario (Interaction with database) Results: 

This subsection discusses the load performance testing results of research question 

two (RQ2). This is another workload where frameworks were interacted with the 

database and measured their performances while retrieving records from the 

database. The overall performance of the frameworks is depicted in Table 4.7. 

Table 4.7: Performance of the frameworks under database interaction 

 

In this workload, the average response time was 1062s, 9s, 569s, 812s, 180s, and 

196s as shown in Table 4.7. Generally, the response time was increased compared to 

the previous workloads. In fact, the increase in response time is caused by additional 

time for retrieving records from the database. Starting with CodeIgniter web service 

the average response time for 200 requests was 1062s, equivalent to 5.31s. This 

means it took 5.31s to retrieve 100 records from the database, and regarding 

recommendations by Molyneaux (2014), this is not a suitable response time, though 

the workload increased. Fat-Free web service average response time for 200 requests 

was 9s, equivalent to 0.045s per request which is very fast regarding 

recommendations by Molyneaux (2014). Lumen web service average response time 

for 200 requests was 569s, equivalent to 2.845s which is not suitable based on 

recommendations by Molyneaux (2014), though the workload was increased. 

Phalcon web service average response time for 200 requests was 812, equivalent to 

4.06s which is not suitable regarding recommendations by Molyneaux (2014), 

though the workload was increased. Slim web service average response time for 200 

requests was 180, equivalent to 0.9s which is a very good performance regarding 

recommendations by Molyneaux (2014). Silex web service average response time for 

200 requests was 169, equivalent to 0.85 which is a very good performance regarding 
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recommendations by Molyneaux (2014), and compared to CodeIgniter, Lumen, and 

Phalcon web services as depicted in Figure 4.3. 

 

Figure 4.3: Average response time under database test 

Basically, performance increases when response time decreases. Under database 

interaction Fat-Free was the fastest web service, it took 0.05s to retrieve 100 records 

from the database and give them to a client as depicted in Figure 4.3. Generally, Fat-

Free performed higher under database interaction than other frameworks.  

Although Phalcon performed higher than other frameworks in the previous 

workloads, under this workload (database interaction) it under performed. In this 

scenario, not only response time but also throughput (158.1/s) of Phalcon web 

service is lower than in previous scenarios. Other frameworks that manifested high 

performance under database interaction were Slim and Silex, these frameworks have 

a very good response time under database interaction regarding recommendations by 

Molyneaux (2014), and therefore they are suitable for the development of database-

based REST web services. 
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Figure 4.4: Average throughput under database test 

Throughput is the number of requests processed per unit time. Under database 

interaction, Slim web service manifested higher throughput compared to other 

frameworks’ web services, followed by Silex and Fat-Free as depicted in Figure 4.4. 

Slim web service was able to process 390.6 requests per second while Phalcon used 

158.1 per second. Normally, each framework is useful depending on the purpose of 

the web services, however, Slim, Fat-Free, Silex, and Lumen are the best choices for 

large Web services development based on these results.  These frameworks can be 

used to develop database-based web services which provide data to various clients 

under recommended performance. 

CPU usage is the percentage amount of CPU taken by a process. Under this 

workload each framework utilized CPU and memory differently. Phalcon, Slim, and 

Silex Web services used 1% of the overall CPU while processing the requests, 

whereby Fat-Free Web service used 27% for the same load, also, CodeIgniter Web 

service 10% and Lumen Web service 40% for the same load as shown in Table 4.7. 

Although the Fat-Free web service prototype was the fastest under database 

interaction, its CPU usage is greater than the Slim web service prototype. In this 

workload, Fat-Free web service consumed 27% of CPU to process a request in 

0.045s, while Slim Web service consumed 1% of CPU to process a request in 0.9s. 

These results show that both Slim and Fat-Free Web services are better frameworks 

for developing database-based web services for efficient utilization of CPU while 

archiving suitable throughput and speed. 
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In summary, this subsection was focused on analyzing the performance of the 

frameworks under database interaction. The performance of the framework varies 

from each other, whereby some frameworks perform higher in this scenario than the 

previous scenario while others underperform. Based on these results each framework 

is useful depending on the purpose of the web service to be developed. However, 

before selecting a particular framework it is necessary to understand the strengths 

and weaknesses of the framework. Eventually, this will help you to make the right 

decision about the framework. 

4.4 Stress Test Experiment Results 

This subsection discusses stress performance testing results of research question two 

(RQ2), whereby frameworks were overloaded to oversee their performances. In this 

test, the performance of the frameworks was analyzed using percentage error 

produced by the frameworks under test as depicted in Table 4.8. Basically, stable 

frameworks are the frameworks that produce zero error while processing huge 

workloads as supported by Apache JMeter 5.4.2. Therefore, all frameworks which 

produced zero error in this test are stable frameworks, this means they have the 

ability to handle huge workloads and maintain their performances. 

Table 4.8: Performance of the frameworks under stress test 

 

In this stress test, not all of the frameworks were capable of handling huge loads 

effectively. The frameworks which have been able to handle huge loads effectively 

were Fat-Free Web services and Slim Web services. These frameworks produced 

0.00% errors while processing 100,000 traffics retrieving 100 records simultaneously 

as shown in Table 4.8. In this test, CodeIgniter, Phalcon, Silex, and Lumen Web 
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services failed to handle this workload. Although these frameworks failed, their 

errors produced were not the same as shown in Table 4.8. 

In a stress test, CodeIgniter Web service produced 28.18% of error as shown in 

Figure 4.5, which is a sample screenshot taken from Apache JMeter, Lumen We 

service produced 5.88% as shown in Figure 4.6 which is a sample screenshot taken 

from Apache JMeter, Phalcon Web service produced 17.01%, and Silex Web service 

produced 0.47%. Silex and Lumen Web services were more stable than Phalcon and 

CodeIgniter Web services because Silex Web service produced 0.47% errors and 

Lumen Web service 5.88% errors.  

Based on these results, the frameworks which are more stable than others are Fat-

Free, Slim, and Silex, though the best choices are Fat-Free and Slim Web services. 

The ability of Fat-Free and Slim is very useful for developing huge traffic web 

services such as e-commerce. E-commerce sites are systems that process a huge 

amount of traffic worldwide particularly during the price discount season. 

 

Figure 4.5: CodeIgniter web service stress test results retrieve from JMeter 
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Figure 4.6: Lumen web service stress test results retrieve from Apache JMeter 

Fat-Free web service is one of the frameworks that has been able to handle 100,000 

requests simultaneously. Apache JMeter shows percentage errors for those 

frameworks which failed to do so as depicted in Figure 4.7, which is a screenshot 

taken from Apache JMeter to display the performance of Fat-Free Web service. In 

this screenshot, the average response time is 850s, which means it took 850s to 

process 100000 requests, equivalent to 0.0085s per request. This is a very high 

performance based on the response time recommended by Molyneaux (2014).  

Furthermore, from Figure 4.7, the average throughput of the Fat-Free Web service is 

425.9/s, which means this framework showed the ability to process 425.9 requests 

per second when the load increases. In comparison to the third scenario (database 

interaction) performance testing, there is a difference in throughput and response 

time though the framework is the same but different workloads. In the third scenario, 

the workload requests were 200 and the throughput of the framework was 248.6/s 

and the response time was 0.045s, but in the stress test the workload requests were 

100000 and the throughput of the framework was 425.9/s, and response time was 

0.0085s. Based on these results, the Fat-Free Web service seems to adjust itself to 

accommodate a given workload, and the response time shows that speed increases as 

workload increases. 
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Figure 4.7: Fat-Free web service stress test results retrieved from Apache 

JMeter 

Moreover, Fat-Free Web service CPU and memory usages were 90% and 30% 

respectively as displayed in Figure 4.8, which is a screenshot taken from Apache 

JMeter displaying Fat-Free Web service resource utilization. Under stress tests, Fat-

Free Web service consumed 90% of the CPU and left 10% for other processes. That 

means in a huge workload more CPU is consumed than in a low workload, but this is 

an efficient CPU usage based on the workload provided. In addition, Fat-Free Web 

service memory usage under stress tests was 30%, which is efficient memory usage 

compared to the workload provided. Based on these results Fat-Free REST web 

service has efficient resource consumption. 

Normally, a web service is hosted on a particular computer running a web server. 

Based on stress tests results, it is a good decision to dedicate the whole computer 

running a web server to a single web service for managing huge workloads. This will 

help to increase web service availability (up-time) by preventing downtime caused 

by either CPU or memory overrunning.  
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Figure 4.8: Fat-Free web service CPU and memory usage in the stress test 

In concluding with Slim, this is among the frameworks that have been able to handle 

100,000 requests simultaneously without any failure. Apache JMeter is a 

performance measuring tool used in this performance test and shows errors for those 

frameworks which failed to do so as depicted in Figure 4.8. The average response 

time of Fat-Free web service was 4886s, which means it took 4886s to process 

100000 requests, equivalent to 0.049s per request. This is a very high performance 

regarding the recommendation provided by Molyneaux (2014). According to stress 

testing results, Fat-Free Web service is faster than Slim in a huge processing load, 

because under this workload the response time of Fat-Free Web service was 0.0085s 

while Slim was 0.049s.  

Moreover, the throughput of Fat Free Web service is higher than the throughput of 

Slim Web service as depicted on Figure 4.6 and Figure 4.8. In fact, throughput is 

inversely proportional to response time that means as the response time increases 

throughput decreases. That is why the response time of Slim Web service was 4886s 

and its throughput was 377.5/sec as depicted in Figure 4.8, whereas the response 

time of Fat-Free Web service was 850s and its throughput was 425.9/sec as depicted 

in Figure 4.6. In addition, Slim Web service consumed more CPU and memory than 

Fat-Free, because Slim used 95% of the CPU as depicted in Figure 4.9 below to 

accomplish the task which Fat-Free used 90%, also Slim used 50% of the memory to 

accomplish the task which Fat-Free used 30% of the memory. 
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Figure 4.9: Slim web service stress test results retrieve from JMeter 

 

Figure 4.10:  Slim web service CPU and memory usage under stress test 

In conclusion, this study conducted both load and stress performance testing. Load 

performance testing was divided into three scenarios, whereby the first scenario is a 

simple workload, the second scenario is bubble sort computation (moderate 

workload), and the last scenario is interacting with a database, whereas, the stress test 

was not divided into scenarios. In the first and the second scenarios, CodeIgniter 

REST web service performed lower than other frameworks, meanwhile, PhalconEST 

web service performed higher than other frameworks. Although Phalcon Web service 

performed higher than other frameworks in the first scenario, in the third scenario it 

performed lower, which means Phalcon is better than other frameworks in 

computations that do not involve database interaction. Furthermore, in the scenario 

where there is a database based web service, Fat-Free, Silex, and Slim REST web 

services are more suitable than other frameworks based on the thirst scenario 

(Interacting with a database) results. 

 



                                           79 

 

 

Generally, in each workload performance of the frameworks was different. The 

performance of the frameworks varies according to the given workload. However, 

the general performance of the frameworks is suitable depending on the purpose of 

the frameworks. Despite the good performance demonstrated by all frameworks, 

there are some frameworks that manifested outstanding performance in various 

workloads.  

Although there are differences in performances manifested by frameworks under 

performance testing, each framework is useful based on the performance testing 

results above. The important question to note before selecting a particular framework 

is when to use a particular framework in order to explore its maximum effectiveness? 

In fact, it will be good if web services developers get to understand the strengths and 

weaknesses of each framework before using it, which will assist appropriate 

selection of the frameworks. Based on this fact, there is a need for an artifact that 

may inform Web services developers to make appropriate selection of web service 

development frameworks. Therefore, the following subsection proposes a framework 

that can be used for the selection of REST web service development frameworks. 

4.5 A framework for selecting PHP REST web service development 

frameworks. 

This subsection presents a framework that can be used to assist the selection of PHP-

based REST web service development frameworks based on the performance 

evaluation results. This framework is based on selecting frameworks based on 

frameworks’ basic information and performance testing results. This framework is 

divided into three parts, the first part presents frameworks' basic information, the 

second part provides the framework’s database support, and finally the performance 

of the frameworks under various performance testing scenarios. 

The first part of this framework provides basic information about the existing 

frameworks used for developing REST web services as depicted in Table 4.9. 

Basically, it is very important for web service developers to understand what 

frameworks can be used to develop REST web services including their basic 

information. The aspects of basic information provided by this framework are 

supported PHP, user guide, REST user guide, REST features, support forum 

(community), stable release, license, and official website. 
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Basic information about the framework is crucial.  PHP support helps to inform web 

service developers which PHP version is supported by the framework. Recently, the 

highest PHP version is 8, but the stable release is version 7; therefore, it is a good 

decision to use frameworks that support higher PHP versions than those which do 

not.  In addition, a user guide is very crucial, a framework without a clear user guide 

is difficult to use, thus, this framework points out frameworks that have clear user 

guides only. The REST user guide is another component of basic information; in 

which it directs how REST is implemented. Many frameworks have a general user 

manual that does not show how to implement REST. Therefore, the framework 

should have a clear user manual about REST implementation. Furthermore, the 

support forum in this framework represents any special platform used to provide 

support to developers when facing challenges. Nowadays, Stack Overflow is one of 

the commonly used questions and answers websites by many developers, but this is 

general for any technology. Thus, in the support forum Stack Overflow is not 

included in this framework. The stable release describes the latest stable version of 

the framework supported by the vendors. This means frameworks have various 

versions, but which version is recommended and supported by the vendor is 

suggested by this framework. License discusses what legal rules and principles are 

surrounded by the frameworks before acquiring it, and this will help developers to 

above laws and regulations. The website presents the official website of the 

framework which provides more information about the framework. This will help 

developers to get further information about the frameworks, and any communication 

with vendors. 

Table 4.9: PHP-Based REST web service development frameworks 

Framewor

k 

Support

ed PHP  

User 

Guide 

REST 

guide  

REST 

featur

es 

Supp

ort 

forum 

Stable 

Relea

se 

License Website 

Lumen 7.3 or 

higher 
√ X Yes Yes 5.2.0 MIT https://lumen.larav

el.com/. 

Slim 7.2 or 

higher 
√ X Yes Yes 4.8.0 MIT https://www.slimf

ramework.com/. 

Guzzle 7.2 or 

higher 
√ X Yes  7.3.0 MIT https://docs.guzzle

php.org/en/stable/i

ndex.html# 

Leaf PHP 5 √ X Yes  2.5.0 MIT https://leafphp.netl

ify.app/#/ 
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Swift PHP 5 x X Yes Yes  MIT https://github.com

/dskeba/Swift-

PHP 

Ubiquity 7.4 or 

higher 
√ √ Yes Yes 2.4.6 Apache-

2.0  

https://ubiquity.ko

bject.net/ 

Fat-Free 

Framework  

 

5.4 or 

higher 
√ √ Yes Yes 3.7.3 GNU https://fatfreefram

ework.com/3.7/us

er-guide 

Wave 

Framework 

5.3 or 

higher 

x X Yes  3.7.3 MIT https://sourceforge

.net/projects/www

-php/ 

Silex 7.1.3  or 

higher 
√ X Yes No 2.3.0 MIT https://silex.symfo

ny.com/ 

Frapi 5.2.4 or 

higher 

x X Yes    https://frapi.github

.io/what/index.htm

l 

Recess 

PHP 

Framework 

5.2.3 or 

higher 

x x Yes No  MIT https://github.com

/recess/recess 

CodeIgnite

r  

7.2 or 

higher 
√ √ Yes Yes 4.1.1 MIT https://CodeIgniter 

.com/userguide4/i

ntro/index.html 

Phalcon 7.2 or 

higher 
√ √ Yes Yes 4.0.6 BSD https://phalcon.io/

en-us 

Yii 5.4 or 

higher 
√ √ Yes Yes 2.0 BSD-3 

Clause 

https://www.yiifra

mework.com/doc/

guide/2.0/en 

Another part of this framework is about frameworks and database support. Normally, 

there is a variety of Database Management Systems (DBMS), and not all are 

supported by each framework. Thus, it is crucial to understand what DBMS is 

supported by a framework before selecting it. Therefore, this framework mentioned a 

list of DBMS supported by PHP REST web service development frameworks so far 

as depicted in Table 4.10. 

Table 4.10: PHP-Based REST web service development frameworks DBMS 

Framework Supported DBMS 

Lumen MySQL 5.7+, MariaDB, PostgreSQL 9.6+, SQLite 3.8. 8+ and MS SQL Server 

2017+ 

Slim MySQL, CUBRID (PDO), MS SQL Server (PDO), Firebird (PDO), PostgreSQL 

(PDO),SQLite (PDO), Oracle (PDO), IBM (PDO), MariaDB 

Guzzle - 

Leaf PHP MySQL, CUBRID (PDO), MS SQL Server (PDO), Firebird (PDO), PostgreSQL 

(PDO),SQLite (PDO), Oracle (PDO), IBM (PDO), MariaDB 

Swift PHP MySQL 
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Ubiquity MySQL, CUBRID, MS SQL Server, Firebird, PostgreSQL,SQLite, Oracle, IBM 

(PDO), MariaDB 

Fat-Free 

Framework  

 

MySQL, CUBRID, MS SQL Server, Firebird, PostgreSQL,SQLite, Oracle, Sybase, 

MariaDB 

Wave 

Framework 

MySQL, CUBRID (PDO), MS SQL Server (PDO), Firebird (PDO), PostgreSQL 

(PDO),SQLite (PDO), Oracle (PDO), IBM (PDO). 

Silex MySQL, SQLite, Oracle, PostgreSQL, MariaDB  

Frapi - 

Recess PHP 

Framework 

- 

CodeIgniter  MySQL, CUBRID (PDO), MS SQL Server (PDO), Firebird (PDO), PostgreSQL 

(PDO),SQLite (PDO), Oracle (PDO), IBM (PDO), MariaDB 

Phalcon MySQL, CUBRID (PDO), MS SQL Server (PDO), Firebird (PDO), PostgreSQL 

(PDO),SQLite (PDO), Oracle (PDO), IBM (PDO). 

Yii SQLite, MySQL, PostgreSQL, MS SQL Server, Oracle, and MariaDB 

The final part of this framework discusses the performance of the frameworks as 

demonstrated in the performance testing results. Basically, the performance of the 

frameworks used to develop REST web services should be known so as to assist the 

appropriate selection of REST web service development based on performance 

analysis. Performance of frameworks should be provided on both load and stress 

tests. Further, the performance of the frameworks on different workloads should be 

analyzed in different scenarios such as when interacting with databases and when not 

interacting with databases as explained below. 

4.5.1 Load test 

Load testing focuses on analyzing the performance of frameworks under a particular 

workload. In this study, load testing is divided into two categories, which are work 

with database and work without database. In work without a database, performance 

of the frameworks when they do not interact with databases should be known, also in 

work with databases performance of the frameworks when they interact with 

databases should be known. Based on load testing results, when developing REST 

web services that do not interact with a database the best options frameworks are 

Phalcon, Slim, Fat Free, Lumen, Silex, and CodeIgniter as it is listed.  
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4.5.2 Stress test 

Stress testing focuses on analyzing the performance of frameworks under abnormal 

or over workloads. As it is explained in the methodology part above, the stress test 

has been done by overwhelming each framework by 100,000 requests 

simultaneously. Based on the results above, Fat Free and Slim are the best options 

when developing REST web services that aim to serve a large number of web service 

consumers based on performance. For example, these frameworks are suitable for 

developing public web service API that aims to provide data worldwide or e-

commerce sites.  

Generally, Table 4.11 summarizes performance capability of the frameworks based 

on the performance testing results. Table 4.11, frameworks are ranked from 1 to 6, 

whereby the highest performance is 1 and the least performance is 6. The 

frameworks are ranked based on response time, throughput, CPU usage, and memory 

usage. Despite the differences in performances manifested by frameworks under 

performance testing, each framework is useful based on the performance testing 

results above as depicted in Table 4.10. Basically, the performance of a REST web 

service is dependent on the framework used to develop it. Therefore, it is important 

to understand the performance of the framework before using it. 

Table 4.11: The overall performance of REST web service development 

frameworks 

Framework Response 

time 

Throughput CPU Usage Memory 

Usage 

Frameworks performance without database interaction 

Lumen 4 4 4 4 

Slim 2 2 2 2 

Fat Free 

 

3 3 3 3 

Silex 5 5 5 5 

CodeIgniter   6 6 6 6 

Phalcon 1 1 1 1 

Frameworks performance under database interaction 

Lumen 4 4 4 4 

Slim 3 3 3 3 
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Fat-Free  1 1 1 1 

Silex 2 2 2 2 

CodeIgniter   6 6 6 6 

Phalcon 5 5 5 5 

Frameworks ability to handle overload 

Lumen 4 4 4 4 

Slim 2 2 2 2 

Fat-Free 1 1 1 1 

Silex 3 3 3 3 

CodeIgniter   6 6 6 6 

Phalcon 5 5 5 5 

4.6 Validation of the proposed framework 

This subsection discusses the results of research question three (RQ3) which is based 

on the framework validation. Basically, the aim of this question is to assess if the 

proposed framework can assist the selection of PHP-based REST web service 

development frameworks. As it has been explained in chapter three, a simple 

prototype representing this framework was developed, thereafter, the prototype was 

tested in the lab, and then it presented to the experts. After the presentation of the 

framework, then the questionnaire (Appendix 1) of four questions was used to get 

experts' concerns. The first question is based on usefulness, the second question is 

based on satisfaction, the third question is performance metrics, and the last question 

is based on experts’ comments.  

4.6.1 Usefulness 

The first question was “Is the framework assisting selection of PHP-based REST API 

development frameworks”? The main target of this question is to check if this 

framework is useful. To limit answers experts were allowed to answer yes or no 

only. Therefore, in this question 100% of respondents said yes and 0% said no as 

depicted in Figure 4.11. Despites the flaws which might be possessed by this 

framework, this framework is surely assisting selection of REST web service 

development frameworks. 
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Figure 4.11: Answers’ of the first question in the framework evaluation 

4.6.2 Satisfaction  

The second question was “How satisfied are you with the model for selecting PHP-

based REST API development framework”? The target of this question is to 

understand how this framework satisfied the targeted user. As depicted in Figure 

4.12, the level of satisfaction was as follows, 71.4% of experts were very satisfied 

and 28.6% were somewhat satisfied. Since 71.4% of the respondents were very 

satisfied, this means this framework is very useful despite the challenges it might 

have. 

Different views and perceptions are always useful for improving solutions, thus 

28.6% of the respondents were somewhat satisfied. This means they have something 

in their minds about the frameworks. Question four in the questionnaire is targeted to 

get respondents' concerns that is why, in order to understand why 28.6% of the 

respondents were somewhat satisfied, question four in the questionnaire provides that 

answer. Generally, all experts have been satisfied by this framework. 

4.6.3 Performance metrics 

The third question was “From the matrix, what was the most important performance 

metric for you?”  There are various performance metrics reported from the literature, 

the target of this question is to understand what metrics are preferred most by the 

respondents. 

The results of this question are depicted in Figure 4.13, whereby 71.4% of the 

developers preferred response time, 14.3% preferred throughput, and 14.3% CPU 

usage. Therefore, this identifies that most of the developers prefer response time, 

throughput, and CPU usage. In these results, the response time has a higher score 
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than others as it is reported in the prior research works. Although the response time is 

the most preferred, it is very important to consider all metrics while designing 

frameworks for developing software. 

 

Figure 4.12: Answers’ of the second question in the framework evaluation 

 

Figure 4.13:  Answers’ of the fourth question in the framework evaluation 

4.6.4 Respondents’ Comments and Recommendations 

In this question, respondents were asked to provide their opinions regarding the 

framework. Basically, this is the initial version of the framework, therefore the target 

of this question is to understand what is missing in the framework so as to motivate 

further studies. Also, to understand what can be added to the framework so as to 

improve the framework. Generally, in software engineering, this is known as 

requirements eliciting (Linde, 1992). 

In this question various opinions were collected from the respondents. Some of the 

respondents (developers) recommended this framework to be publicly available so as 

to assist selection of PHP based REST frameworks. Example of the respondents’ 

https://paperpile.com/c/9umOeI/Nn3UK


                                           87 

 

 

comments is “I like the model! It should be public to programmer’s platforms as an 

assessment tool before choosing frameworks”. 

Furthermore, other developers said that this framework excludes some of the PHP-

based web service development frameworks in performance evaluation, then they 

recommended this framework to include the remaining PHP-based frameworks. The 

frameworks which has been proposed are Laravel and Yii. Example of comment 

from the respondents is “additional of other framework such as Laravel, Yii2”.  

As explained in the methodology chapter, not all of the frameworks were evaluated 

for performance in this study. In this study, the selection of frameworks was based 

on the literature review. From the literature, only recent frameworks used for 

developing REST API were selected, furthermore, frameworks with clear 

documentation and support for higher PHP versions were selected. For example, 

Laravel is not included because Laravel is not listed as a micro-framework for 

developing REST API. Laravel is a general-purpose web application development 

framework that has a micro-framework called Lumen for REST web services 

development.  

In addition, the Yii2 framework was not focused on this study. This framework is not 

reported in the literature as one of the popular frameworks for developing REST web 

service API. Also, it is not reported from the list of popular used REST API 

development frameworks in both Stack Overflow and Rapid API websites. Although 

Yii2 is not popular like other frameworks, it is very useful, it can develop web 

applications and REST web services. One of the great advantages of Yii2 is that it is 

the best choice for rapid web application development (Keck, 2014). 

 

 

 

 

 

https://paperpile.com/c/9umOeI/lNoEM
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

In this study, chapter one through chapter four manifested the overall process taken 

to achieve the research objectives. The objective of this chapter is to provide 

conclusions, limitations of the study, and further research recommendations based on 

the collected findings. 

5.1 Achieving Research Objectives 

Objective One: To identify performance metrics that can be used to evaluate REST 

web service development frameworks.  

This objective was achieved through literature review. A literature review has been 

used to find out what metrics can be used to evaluate performance of REST web 

service development frameworks. The output of this objective was performance 

metrics and an automated performance measuring tool that can be able to measure 

them effectively. 

Objective Two: To devise a framework that can be used to assist selection of REST 

web service development frameworks. 

This objective was achieved through literature review and software prototyping. In 

this objective frameworks were identified, thereafter prototypes were developed 

based on the identified frameworks, then performance of the prototypes was 

measured and finally the framework was devised.   

Objective Three: To evaluate the framework devised in above (2) if it assists 

selection of REST web service development frameworks.  

This objective is achieved through ex-ante semi artificial and naturalistic. In this 

objective the framework was prototyped and then tested in the lab, thereafter, the 

framework was presented and evaluated by the selected experts. The output of this 

objective was the evaluated framework. 
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5.2 Conclusion 

In the recent decade, REST has been a popular technology for developing web 

services. REST is an architectural style for implementing loosely coupled 

hypermedia, it has six principles. The implementation of web services that conform 

to REST principles is somewhat complex, therefore frameworks were introduced to 

reduce that complexity. 

Thereafter, various frameworks were invented to support the implementation of 

REST web services. The invention of various frameworks emerges the challenge of 

what framework to use in a particular project. Based on this challenge, this study 

decided to evaluate the performance of PHP-based REST web service development 

frameworks and propose a framework that can be used in framework selection. 

Generally, the contribution of this study is not only the framework for selecting 

REST web service development frameworks but also a methodological contribution 

to how design science research methodology can be used in evaluating the 

performance of frameworks and devising an artifact. Therefore, the benefit of this 

study can not only be judged by the proposed framework but also methodological 

contributions, further study opportunities, and web service awareness. 

5.3 Recommendation and further research 

This study focused on PHP REST web service development frameworks. Therefore, 

further research is recommended to include the remaining frameworks. Also, further 

research is recommended to include other frameworks from other programming 

languages such as Java, Ruby, JavaScript, and Python. 

In addition, this study focused on performance factors only, therefore, further 

research works are recommended to include other factors such as usability, security, 

maintainability, scalability, capacity, serviceability, recoverability, and availability. 

Furthermore, further studies are required to analyze the performance of such 

frameworks by changing the experimental setup used in this research. 
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APPENDICES 

Appendix 1: Questionnaire for Evaluating a Framework for Selecting REST 

Web Service Development Frameworks. 

The objective of this questionnaire is to evaluate a framework that is proposed to 

assist the selection of PHP-based REST web service development frameworks. The 

responses to this survey will assist us in determining the proposed framework if it 

assists the selection of PHP-based REST web service development frameworks. This 

survey does not collect your personal identity. Before you fill our questions, we 

request you to pass through the proposed framework and help us to answer the 

following questions. 

Questions 

1. Is the proposed framework assisting the selection of PHP-based REST web service 

development frameworks? (Please tick one box only)  

YES □ 

 NO □ 

2. How satisfied are you with the proposed framework for assisting the selection of 

PHP-based REST web service development frameworks? (Please tick one box only)  

Very satisfied □ 

Somewhat satisfied □  

Neutral □  

Somewhat unsatisfied □ 

 Very unsatisfied □  

3. From the proposed framework, what was the most important performance metric 

for you? Response time □ Throughput □ Memory usage□ CPU usage□ Latency □ 

4. Write any comments/recommendation about the proposed framework. 


