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Abstract: As per the requirements specification, SaaS (Software as a Service) has to be running twenty four 

hours a day.  Keeping this in mind, updating the related test cases is difficult. Managing requirements in this 

context has additional challenges. When requirements change, related test cases need to be updated 

accordingly. We claim that extracting and analyzing the usage of the SaaS can help to maintain requirements 

and test cases updated and contribute to improve the overall quality of the services provided. This paper 

presents an extension to REQAnalytics. The evolution involves extending the analysis performed over the 

sequences of functionalities and refining the data provided for Software Requirements Specification (SRS). This 

paper also tries to help the requirements engineers in the requirement maintenance activities, and to improve 

the overall quality of the services. 
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I. Introduction 

The recent studies about internet users [1][2], there are four and a half billion Internet users in the 

world,representing62%of the world population, that have access to more than 192 million active websites. By 

using specialized tools, website owners can capture data related to all the users’ interactions with their website. 

In the context of electronic services, by analyzing this data, relevant knowledge is gathered  that can 

help the service providers in improving the user experience with the service, identifying new development 

opportunities, observing user navigation patterns, predicting user behavior, or getting better understanding of the 

service usage. 

However, in the context of requirements engineering, this data can provide useful knowledge necessary 

for assisting the requirements management activities and improve the overall quality of the service provided [6]. 

Nowadays, in Software Engineering, one of the biggest concerns has to do with software quality, i.e., 

ensure that software is built systematically, rigorously, measurably, on time, on budget, and within specification. 

As software evolves along time, there is the need to define new requirements, update existing ones and 

implement changes accordingly. Change requests may originate from different stakeholders, such as developers, 

systems engineers, users and service integrators. 

Changes in requirements, their uncontrolled evolution throughout the project and a weak requirements 

elicitation are the main causes for software project failures [2]. Also, whenever requirements change, related test 

cases must be updated accordingly. 

Managing requirements helps to prevent the negative impacts of the uncontrolled requirements changes 

and assure that the stakeholder's needs are fulfilled. Also, ensuring the traceability between requirements and the 

system’s artifacts contributes to the development of reliable software [18], especially in the context of a 

distributed development environment with multiple collaborating stakeholders [19]. 

By analyzing the effect of change and auditing, appropriate requirements management can be performed [3]. 

However, keeping the Software Requirements Specification documentation and related test cases 

updated is difficult, particularly on cases where the software project is a website/service that evolves during its 

lifetime. 

This happens, despite of software organizations are trying to improve their processes used to collect, 

analyze, document and maintain their requirements in a structured requirements specification written in natural 

language [4]. As times goes by, a deficient requirements and test case management process leads to obsolete 

requirements and tests that do not express the actual state of development of websites, therefore becoming 

useless. 

REQAnalytics extracts data about the usage of the software services and analyzes that data in order to 

provide recommendations. Among others, these recommendations help to maintain requirements updated and, 

ultimately, contribute to improve the overall quality of the software services provided. 

Data gathered by web analytic tools together with a proper analysis of that data may produce 

recommendations to improve the overall software service. 

This paper presents an extension to REQAnalytics. It uses the data gathered about the usage of the 

software service and generates functional tests that can be used in the regression testing context and contribute 

to improve, even further, the software service provided along the time. 
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II. The REQ Analytics System 

REQAnalytics is a novel approach/tool that aims to improve the requirements maintenance based on the usage 

of a website gathered by a web analytics tool and generating recommendations reports that may help the 

requirements maintenance and increase the overall quality of the software. 

REQAnalytics, should not be labeled as a Requirements Management tool, despite having some features 

commonly available on such tools, since its goal is to complement and support the task of requirements 

maintenance providing several recommendations. A fully functional demo of REQAnalytics system is available 

at http://web.fe.up.pt/~reqanalytics. 

 

 
Fig.1. Deployment Diagram of REQAnalytics. 

 

REQAnalytics Architecture 

 

REQAnalytics was designed to be used through a web browser. It uses a web analytics tool, OWA -Open Web 

Analytics - in order to extract the web usage information from the web service under analysis. REQAnalytics is 

developed in PHP and uses MySQL databases as support. The Deployment Diagram of REQAnalytics is shown 

in figure 1. 

 

The main components of REQ Analytics include: 

 Mapping Tool. This component allows to relate functional requirements (provided as an XML file 

FunctionalRequirements.xml in Figure 1) with the web pages and UI (User Interface) elements of the website as 

described in[5]and based on a point and click process similar to the one presented in [8].The web elements 

related to a functionality are the ones that implement that functionality from the point of view of the user. The 

mapping information between functional requirements and UI elements is saved in REQAnalytics Database 

inFigure1.This web tool can work with any web application or websites in ceit was developed inside a 

bookmark let that works in any web browser. 

 Web analytics tool. At this moment REQ Analytics uses OWA to collect data from the usage of the 

software service; however, another tool may be used. The data collected by OWA is saved in the Web Usage 

Database in Figure 1. 

 Recommendation Engine. This component reads the mapping information saved in REQ Analytics 

Database and the usage information saved in Web Usage Database and performs different analysis in order to 

produce different recommendations. 

 

 

 

 

 

 

 

 

 

http://web.fe.up.pt/~reqanalytics
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REQAnalytics process 

 

Aspresentedin[6][7],theREQAnalyticssystemisdividedinfourdifferentphases: 

 

 Requirements mapping 

 Collect Web usage data 

 Analysis of the data collected 

 Generation of recommendation reports 

 

 Mapping of requirements: The functional requirements of the website under analysis are mapped with 

the implementation artifacts like the URL of the web pages and HTML elements of the website. The mapping is 

established by a point and click process similar to the one presented in [8]. 

The information captured by this process is saved in a database. This mapping is a very important task in the 

process, since it will allow to establish correlations between the functional requirements and the implementation 

in order to allow REQAnalytics analyze and then generate recommendations in an abstract level closer to the 

analysts (at the functional level). 

 

 Collect Web usage data: The purpose of this phase is to collect the web usage data using the OWA [9]. 

It gathers different data like pages visited, DOM elements clicked, click paths, entry pages, exit pages and 

duration of session. This data is stored in a database for further analysis. 

 

 Analysis of the data collected: The REQAnalytics lists and analyzes the web usage data collected by the 

web analytics tool, with the mapping information stored in the first phase. The goal is to identify possible 

improvements for the website. So, it analyzes the paths taken by users while visiting the website to be able to 

identify, among other improvements, work flow changes [7],which are the most and least used functionalities, 

change the priority of the requirements, detect navigation paths' patterns [10]and detect new dependencies 

among requirements [11], among others [6]. 

 

 Generation of recommendation report: After the analysis made in the previous phase, REQAnalytics 

generates several reports with recommendations and the results of the analysis performed,  such as, Traceability 

Matrix Report [5]; Requirements Analytics (Statistics And Main Metrics) [6]; Recommendations to the 

Requirements Specification, among others [6] [7]. 

 

III. REQAnalytics Extension 

 

Web analytics tools provide information about the sequence of actions performed by the users when interacting 

with the system. 

These reports are difficult to read because they are based on the codes of the UI (User Interface) elements. 

REQAnalytics produces a report in a language closer to the analysts. It analyzes the data provided by web 

analytic tools and transforms the sequences of interaction on sequences of functionalities performed during the 

user sessions. Based on the mapping information gathered during the tool checks the subsequences of 

interactionthatcorrespondtofunctionalitiesandgeneratesnewsequencesbasedonfunctionalitiesperformedinstead of 

UI elements interacted with by the user. The algorithm used to perform this transformation is presented in[11]. 

A simplified version of this process is illustrated in Figure2. 

 

 
 

Fig.2. User actions transformed into functionalities. 
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The information about the way users use a software system may be useful to generate test cases for systems that 

evolve over time and for which there is the need for regression testing. 

The REQAnalytics extension that we present in this paper is able to generate functional tests that can be 

continuously updated along time and adapted to the new functionalities of the Software Service provided. This 

extension can help in prioritizing and selecting the test cases, which is an important aspect of the overall 

software testing process [20] [21]. 

The test cases are generated according to three different criteria: 

 Most frequent sequences of functionalities; 

 Most frequent sequences of functionalities of a specific size; 

 Most frequent sequences of functionalities to achieve a specific goal. 

 

Most frequent sequences of functionalities 

The tool lists the most traversed sequences of functionalities performed by the users. It starts by sorting 

the sessions by size and then it calculates iteratively the number of times each sequence is performed. At the 

end, it presents the listsorteddescendingbyfrequency.AsmaybeseeninFigure3, the tool shows the sequences 

performed, the number of times they were performed, and the percentage of times they were performed when 

considering all sequences of interactions. Also, when you move the mouse on top of a specific requirement, it 

shows a label with its description. 

 

Fig.3. Most frequent sequences of functionalities. 
 

Most frequent sequences of functionalities of a specific size 

When selecting this test case generation criterion, the user needs to input the size of the sequences he wants to 

analyze. After that, the tool presents, in a descending order by frequency, the sequences of functionalities (of the 

size defined) performed by the users. It shows the sequences performed and the number of times each one was 

performed (see Figure 4). 

Fig.4.Mostfrequentsequencesoffunctionalitiesofaspecificsize. 
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Most frequent sequences of functionalities to achieve a specific goal 

 

When choosing this criterion, the tool generates sequences of interactions performed by the users to achieve a 

specific goal: the smallest; the largest; and the most frequent sequences of functionalities performed to achieve 

the goal defined (see Figure 5). As can be seen, all sequences contain the goal specified (in this case, RQ03). 

 

 

Fig.5.Most frequent sequences of functionalities performed to achieve a goal. 

 

IV. Related Work 

There are different approaches and techniques to build test cases, either manually or automatically.  

The problem with manual generation is the difficulty to build a set suite that is able to achieve a high level of 

coverage. Regarding automatic test case generation, the most common are the generation of random tests and 

Model-Based Testing (MBT) [12]. 

Random testing may be useful to detect crashes, but it may be difficult to achieve high level of coverage. If we 

have 100 events, each event has a 1/100 probability of occurring. 

The main problem with Model-Based Testing is the need for a model which, most of the times, 

becomes useless because it is not updated continuously to describe the changes the software services require 

along the time. 

To overcome these problems there are approaches which combine reverse engineering with testing [13] 

[14].The goal may be to extract automatically part of the model that needs to be analyzed/completed/validated 

before being used as a base for test case generation. Even diminishing the modeling effort, this approach may 

require too much effort in a context where the software system under analysis is constantly changing. 

Another, not so common, way to generate test cases that may fit better for software services in 

continuous adaptation is to generate test cases from web usage data. 

In [15] the authors present an approach for Android that follows a Record - Mine -Generate - Validate 

approach to generate scenarios or test cases. They record the actions performed by the users when interacting 

with the apps; then they apply data mining techniques to Web click stream data in order to extract usage patterns 

and, afterwards, theyanalyzetheresultsproduced.Regardingtheapplicationofdataminingtechniquestoanalyze Web 

data, there are also different approaches [16]. 

However, none of these approaches link web usage data with functionalities as REQAnalytics does and 

so, are not able to generate test cases at a functional level, i.e., sequences of functionalities to perform. 

In a context of a software service that must be updated according to change requests and being working 

24 hours per day and 7 days per week, maintaining specifications and test cases updated is of utmost importance 

to guarantee high levels of quality. 

REQAnalytics generates recommendations to improve the software services and test cases (with the 

extension presented in this paper) that may be generated automatically and adapted when updates are 

implemented. 
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V. Conclusions 

This paper presents an extension to REQAnalytics, a recommender system that maps the functional 

requirements of a software service with the features elements of the GUI that implements them in the point of 

view of the user. By relating this information with the web usage data, REQAnalytics is able to generate 

recommendations to improve the software service provided. These test cases may be generated according to 

different criteria, such as, most frequent, most frequent of a specific size and most frequent to achieve a goal. At 

the end of the test case generation process, the tester can get the sequences of interactions according to these 

criteria and save them as high level test cases for reproducing whenever some change request is implemented in 

the system. 

In the future, the test cases generated by this approach may be executed automatically. For that, it is 

necessary to perform the inverse process, i.e., transform the functionalities into sequence of user actions. That is 

possible because we save them aping in formation in a database. By transforming the high-level functionalities 

into atomic user actions it is possible to build test scripts (for instance, using Selenium) that can be executed 

automatically. 
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