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1. Overview 
1.1. Glossary   
 (In alphabetical order) 

Ad-hoc: Ad hoc is a Latin phrase meaning "for this". It generally signifies a solution designed for a 

specific problem or task, non-generalizable, and not intended to be able to be adapted to other 

purposes. (Wikipedia Free Encyclopedia, 2014) 

Captive Portal: The captive portal technique forces an HTTP client on a network to see a special web 

page (usually for authentication purposes) before using the Internet normally. (Wikipedia Free 

Encylopedia, 2014) 

Clients: In the context of this project refers to the direct customers of the company, i.e. the other 

companies that hire the product.  

CTO: A chief technology officer (CTO), sometimes known as a chief technical officer, is an executive-level 

position in a company or other entity whose occupant is focused on scientific and technological issues 

within an organization. (Wikipedia Free Encylopedia, 2014) 

Device: It is the physical device that the end users use to connect captive portal. E.g. Mobile phone, 

tablet, or desktop computer. 

Domain: It is the connection type of the authentication, which is done by the end user through captive 

portal to have Internet connection. In the project domain can be as following: Facebook domain, 

Pincode domain, Form domain, and Directly domain. 

Interim Update time period: How often to send accounting updates. When received is set, interim-time 

is used from RADIUS server.  

Mission Control: A network management system (Mission Control), which is the tool to manage Social 

Wi-Fi product in multiple locations and to see corresponding statistics for that location. It also allows 

editing the portals, which the location belongs to. 

Network Admin: In the context of this project, personnel of the network who interact with the product 

with the permissions of its network. 

Organization Admin: In the context of this project, personnel of the organization who interact with the 

product with the permissions of its organization. 

Portal: In the context of this project, web portal, which is customizable by the client and used by the end 

user. 

Portal Builder: In the context of this project, section that can be accessed on Mission Control to allows 

you edit the various properties of the target Portal in terms of visually. 

Repository: It is a centralized location where digital information is stored and maintained, usually 

databases or computer files. 

Roadmap: It is a plan that matches short-term and long-term goals with specific technology solutions to 

help meet those goals. 
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Social and Beyond Admin: In the context of this project, company personnel who interact with the 

product with all permissions. 

Start-Up: A startup company or startup is a company, a partnership or temporary organization designed 

to search for a repeatable and scalable business model. (Wikipedia Free Encylopedia, 2014) 

Subscriber: Subscriber is the term used to refer to a person that has an account with a mobile network 

carrier. 

Workers: Workers are scheduled processes that runs (daily, weekly, monthly, hourly or at specific time) 

for reporting, data aggregation (collecting data to be used in historical stats), error handling. These 

services run by a cron.  

 

1.2. Introduction   
 This project aims to make a valuable captive portal that interacts with social networks-mainly 

adding marketing campaigns. Therefore, to make a better captive portal for the sake of Social & Beyond, 

SL Enterprise. It is necessary to restructure and expand the back-end of an existing system and 

functioning. 

 Social&Beyond is a Start-Up startup company. The company entered Telefonica Wayra Academy 

competition in the beginning of 2013. Then the project that was proposed by the company has been 

accepted by the Telefonica Wayra Academy. Because of working under such as big company Telefonica, 

the company would have more resources, support, contacts and access to potential investors during 

their stay of one year. There is also another advantage that, during this period the location of company 

will be inside of the Telefonica building for free which motivates to make very productive outcomes as 

much as possible.  

 Since the business model causes constant changes in the tasks and priorities, and the goals of 

the project are changing. The model is constantly redefined partially or entirely depending on the 

assessment of existing capabilities, exploiting opportunities presented or simply from the emergence of 

an idea with a commercial expectation. This fact has greatly influenced by all elements of the project, 

the methodology to the development and implementation, and in addition to this time has motivated to 

include the new features into project. 

 

1.3. Product 
 The system is designed for a product that takes advantage of a business opportunity by 

combining with the current social trend of being connected to the Internet all the times, with the value 

of giving social networks to the retailers. 

 Basically, the business provides an access point with the captive portal and a firmware gives 

permission to use Wi-Fi network. The client has to connect through this portal using social network and 

should give permissions to the application to make a post to user’s profile with his/her name showing 

the information regarding to the location that offers free Wi-Fi. After this user is able to connect to the 

Internet and by using portal the user surf in the Internet without any restrictions. 
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The product has benefits for both end user and trade:  

 For the End User: Gets free Wi-Fi while in the location of the retailer without any need of asking 
for a network key. Also depending on the mode of the product; it may get some additional 
benefits.  
 

 For Trade: It offers facility to its clients who want to have simple solution in a direct way. The 
system provides limited day of access according to their commercial strategy. In addition to this, 
each connected user post a message on his/her own social networking profile by advertising 
company in the point of sale. (Note that posting on the social networking profile is controlled by 
limiting the number of publications per time period to not to cause spam).  

 

 As well as this basic functionality, the product also can be complemented with other services to 

provide more benefits to its customers and/or users like having discounts, promotions, and 

recommendations. 

 

1.4. System  
The system has two different websites, each for a different functionality: 

 Captive Portal: A captive portal redirects the user once the user connects to the network and 
tries to access any website from any computer. It is required that user needs to be 
authenticated through server with the RADIUS protocol using a social network or providing 
his/her data to navigate through any website. Depending on the device type that user connects, 
appropriate version of the Portal is displayed (mobile, laptop, tablet, and desktop). 
 
 
 

 
      Image 1-Portal 
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 Mission Control: Mission Control is a Web platform that can be used by the system 
administrators or customers. It can be customized in terms of some aspects (how Portal 
background image and text to be displayed in the publications of users, which image should be 
shown, which strings should be placed and languages should be enabled). Mission Control also 
has some available charts that provide information regarding to the usage, type of the users, 
and some campaign statistics that Captive Portal has. The views, functionalities of the charts, 
and the available data depends on whether the user is an administrator or not; if the user is a 
client, besides of having fewer options user can only see the data about his / her Network. For 
the administrator user there are some specific views if it is compared with the client user view. 
 

           

     Image 2-Mission Control 

 

The system can be described as in the following figure. 
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 Schema 1- Accessibility to the Internet and various web portals for the users of the system 
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1.5. Document Structure 
This document is a final report of the work performed during the elaboration of the master project. 

Document is organized as follows: 

 Section 1 presents the introduction about the project and the product. 

 Section 2 presents the initial situation of the project and characteristics of the servers. 

 Section 3 provides general description of the requirements of the project in terms of functional 
and non-functional objectives.  

 Section 4 covers the development and the technological decisions of the project. 

 Section 5 discusses the methodology used in the project. 

 Section 6 presents a detailed analysis of the requirements proposed in the section 3. 

 Section 7 covers the specification part. First it introduces the use cases, which are extracted 
from the requirement analysis, later on presents the main concepts of UML together with the 
Conceptual schema. 

 Section 8 shows how the design of the database is done. It presents the logical and the physical 
data modeling with the integrity constraint is defined more clearly. 

 Section 9 explains development and the testing issues regarding to the project. 

 Section 10 shows the project planning and the cost. 

2. Study of Initial Situation 
 Since we are not going to build a new system, but modifying the existing one, firstly it is 

important to understand how the code is composed of to identify their weaknesses, inconsistencies and 

errors. 

 The original design of the all development in the system is not currently part of the team. For 

this reason, the codebase does not have any explanatory comment, and it is poorly documented. The 

current manager (and director of this project) has a complete picture of the overall system, but he does 

not have any in-depth knowledge of programming principles for the different interdependent functions 

that form the system. 

 Given the current of the system, the initial situation is analyzed. As they have been addressing 

the points that for different functionalities of the system, the significant time study is required. Most of 

the system failures was because of the prior programming errors (mostly because of using too ad-hoc 

methodology too much). 

 The main problem in the project is the existing inconsistencies in the database. The current 

database is incomplete, does not have relations very well defined and does not provide detailed 

information to extract right statistics about the system and the product. The statistics contain numerous 

bugs, redundancies and inefficiencies. The data is being collected does not fit into the business 

requirements that system needs. 

 Current database needs not only refactoring but also expansion. It is important to have reusable 

and extendable database. Since the current database does not allow to have expanded version of the 

current system for the new features that will be implemented, a new data model should be considered 

to provide this functionality for future possible extensions.  
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 Since with the given situation of the company, there is a continuity that needs to expand both 

horizontally business number and types of objective business, how to expand the number of features 

offered by the product and the reliability of it. Therefore, the biggest part of the project focuses on 

repairing these mixture data and restructures the data model to have right data that the system needs 

and to serve possible future extensions. 

 

2.1. Analysis of the Current Database 
 Our system has two environment; one for the “production” and another for the “development”. 

Production data is stored in Oracle whereas the development test data is stored in the SQLite. In order 

to maintain the compatibility between Oracle and SQLite, we use php implemented functions to build 

the custom queries based on the environment that the system running on. 

 Data is grouped in two databases in the server. First database is “radius”, and the second 

database is “stats”. The reason of grouping them in different databases is to differentiate the tables by 

looking their purposes.  

 Radius database is the place that we store the real information gathered from the mission 

control, and portal. Among the tables there are integrity constraints, foreign keys, and relations are 

defined. Data is collected by the workers and php is implemented for services that works as crons in the 

system daily, weekly or monthly, from the radius tables. Then the gathered data is processed and 

inserted into Stats database tables with the information of Date, Location, Network, Organization and 

number of the events happened regarding to the table. Since stats database only represents the number 

of the statistics data, it is considered as log database. For this reason there are no relations defined 

among the tables. 

 

2.2. Organization of the Servers 
 There are two web portals that the product has, one with the DNS "ilikefreewifi.com" and 

another is called as "socialandbeyond.com". The reason for having two servers is to minimize the 

workload on each of them has. 

 “ilikefreewifi.com” contains the Portal which can be accessed by all end users. You can see how 

they interact with the various elements of the system in the following sequence diagram, which 

corresponds to the step of publishing the social network and authorization.  
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  Diagram 1- The sequence diagram of the portal for the authentication process 

              

 The given diagram, it can be observed the responsibilities of each element. The Portal is 

responsible from the managing the user's status; Facebook is responsible from the publication and also 

user data that is given to us. This is done by calling a specific Facebook API through the application of 

the product, which the user is authorized in the registration step with the Facebook domain; both user 

data and the actions that the user has made are stored in the Database and the RADIUS service manages 

user sessions through the database.  

 The second web portal is for the access of the customers and system administrators to use 

Mission Control. Using Facebook authentication, users’ accesses can be controlled.   

 There is an Oracle server with two databases, one for corresponding to the current state of the 

complete system (E.g. portals, registered users, campaigns, routers...), and the another to save the 

historical actions or events that we want to record (E.g. every day: the total number of sessions, their 

distribution by time, the number of impressions of the shares...).   

3. Objectives 
 From the initial situation conclusion, the parameters used in marketing and the web usability we 

can make some general decisions. We can summarize the needs of the system by defining following 

requirements taking into account that assessing affordable changes and the resources. 
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3.1. Functional Objectives 
 

Objective 1- Manage portal users: Portal users are categorized depending on the user’s connection 

type. When the users want to access Wi-Fi, portal that is presented either Facebook connection page, or 

any kind of campaign provided for the specific location where the user connects. So users could connect 

to the portal through two channels; Facebook screen or campaign form screen. Separating users by the 

domain (Facebook, Campaign) that they connect would help the client to measure the business strategy, 

to gather information about their customers, and to see their social impact on the people over social 

networks. 

 

Objective 2- Manage mission control users: There must be mission control users in the system to 

manage the social Wi-Fi product on the Mission Control web page. These users are responsible from the 

managing their networks, locations, routers and seeing the statistics about the product. Users can sign 

up to Mission Control only via an invitation from the administrator users of the Mission Control. 

Therefore the most important role for the users is to set up the nodes (routers, locations, portals, 

networks, users etc.) of the system like creating, updating, deleting or showing data regarding to the 

product.  

 

Objective 3- Manage sessions: When an end user connects to the portal with her/his device by selecting 

any kind of domain provided by the portal, user’s device tries to authenticate itself within the server and 

sessions are created for that device. Sessions can be done per device and there is a time limited per 

session. Users can consume this session time by connecting portal several times as they wish. However, 

session’s time should be managed in a manner to see if the allowed session time is expired (user 

consumed session time to navigate on internet or the allowed time interval to consume session is 

expired for the user) or not by the user. Also, sessions must be location dependent rather than routers.   

 

Objective 4- Manage portal: There is customizable portal in the system. It is important to have a portal 

specific to the customers. Strings, languages, images, colors, and screen positions of the each element 

on the portal should be able to be organized.  

 

Objective 5- Additional services for the portal: It includes various types of promotions and campaigns 

while connecting to the portal. This will increase the value of the product since provides direct service 

for both customers and the end user. 

 

Objective 6- Manage mission control settings: Managing the different elements that form the part of 

the system and their relations. The information can be obtained, and managed regarding to our system 

nodes (routers, locations, networks, users etc.). 
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Objective 7- Manage mission control statistics: It adds more statistics for the Mission Control to make 

the system more understandable and analyzable for the users. By looking these statistics, system 

administrators can identify the concrete customers or the general weaknesses of the system. Also by 

looking and analyzing the statistics of the campaigns that system offers, they can figure it out that how 

to give more value to the product. 

 

Objective 8- Access control for the users: It manages the mission control users’ roles. It is important to 

have an authority to control access to areas and resources in a given system. In other words, roles with 

different privileges and responsibilities should be set for each kind of user within an organization. This is 

important to maintain the security of the system, and how data is managed. 

 

3.2. Non-Functional Objectives 
 

Objective 9- Encapsulate Database Classes to work with both Oracle and SQLite: Since working with 

SQLite database in the development environment, once the release is done on the production 

environment the system was crashing since the queries cannot be executed in terms of compatibility 

problem between the Oracle and SQLite. In order to keep consistency between the code and the 

databases for both development and the production environment, the database class should be 

encapsulated. 

 

Objective 10- Improving current database model: Implies improving current database model. The 

current model includes lots of redundant references and wrong table definitions. It is inaccurate, slow, 

and inefficient, and it does not produce the data that is expected. Therefore, it is important to 

reorganize the contents of the tables, and their definition. 

4. Development Platform and Technological Decisions 
 For the system and its maintenance different technologies are used for different purposes. They 

can be explained by classifying them according to the how they used in this project. 

 

4.1. Mission Control 
 In Mission Control, Ext JS library is used for the front-end of the system with the plugin for 

drawing the charts using Highcharts and Highstock.  
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4.1.1. Ext Js 
 Ext JS is a pure JavaScript application framework for building interactive web applications using 

techniques such as Ajax, DHTML and DOM scripting. It is developed by the Sencha company (Wikipedia 

Free Encyclopedia, 2014) (Sencha Ext Js, 2014). 

 Ext Js is chosen because its functions and properties include compatibility with multiple 

browsers and it has a clear structuring of visual components (E.g. windows, dialogs, menu...). Every 

application works the same way so the developers only have to learn it once. In addition, a detailed 

documentation is available online where the reviews of the users can be found (Sencha Ext Js, 2014). 

 

4.1.2. Highchart and Highstock 
 Highchart and Highstock are two tools, which are provided by the company High Solutions. 

There are two libraries to create different types of intuitive and interactive graphics using JavaScript 

(Highchart Js, 2014). 

 Both are very similar but Highstock, which is also an extension of Highcharts, allows producing 

graphics with the data in timeline format to easily locate the period that the user want to see, and it is 

suitable for any other type of chart. 

 

4.2. Development 

4.2.1. Git 
 Git is a distributed revision control and source code management (SCM) system with an 

emphasis on speed, data integrity, and support for distributed, non-linear workflows. Git was initially 

designed and developed by Linus Torvalds for Linux kernel development in 2005, and has since become 

the most widely adopted version control system for software development. (Wikipedia Free 

Encylopedia, 2014) 

 Among the most distinctive features of the Git , it can be highlighted the facility of creating 

branches for local development, and disengaging changes made to save since the last version. It is very 

useful since allows to manage multiple parallel workflows at the same time and the creation, merging, 

and deletion of the lines in the development takes seconds (Git, 2014). It has also efficiency about 

taking safe decisions when merging the workflows with different solutions, and minimizing conflicts.  

 In this project, Bitbucket is used as web hosting, SourceTree is used as graphical interface to 

facilitate the use of Git and DiffMerge is used for the resolution of the conflicts in the process of merging 

the parallel lines of development. 

5. Methodology 
 It is important to note that at the beginning of the project there was only one responsible 

person, who is the CTO of the company, from the informatics. We started two new workers at the same 

time. Because of the complex evolution of the project the CTO of the company also was in the 

development team. Since there were no any written source regarding to the project, initially it was hard 
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to adapt project. For this reason we should have used some agile methodology to continue with the 

work. Also the fact that about the product of the company needs urgent changes, have caused to use an 

agile methodology imperatively.  

 The implementation of the product is a software development project. According to the best 
practices in software engineering, it is important for the project to follow some development process 
model, or, more generally, software development methodology - a framework used to structure, plan, 
and control the process of the development. Following a known methodology facilitates the planning, 
makes the process more transparent, which is very important when more than one person is involved in 
the project, makes the project results more predictable, and assists in ensuring the quality of the 
resulting product. There are a variety of software development methodologies, each having its strong 
and weak points. When choosing a methodology, the characteristics of the concrete project must be 
considered in order to find the one, which would suit best in the given case. 

In our project Agile software development is used, which strictly speaking is not a methodology, 
but rather a philosophy, as it doesn’t define exact methods and practices, but describes the general 
principles. 
 

5.1. Agile Software Development 
 The main principles of the Agile software development were published in 2001 as the Manifesto 

for Agile Software development (The agile manifesto, 2001). According to the Manifesto the value is 

given to: 

 Individuals and interactions over processes and tools  

 Working software over comprehensive documentation 

 Customer collaboration over contract negotiation 

 Responding to change over following a plan 
 

 This means that while the things stated on the right are important, the ones from the left side of 

each assertion have the preference. 

Following figure shows the illustration of the agile process method. It can be seen that while 

there are several levels of the process: strategy level, release level, iteration, and daily work – all of 

them are cyclic, and independently of the level, the result is always working software. 
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     Diagram 2-Agile Methodology 

 

  

 There is a number of methodologies which follow these principles, thus they can be called “agile 

methodologies”. The most well-known and widely used methodologies are Scrum and eXtreme 

programming (XP). 

 

5.2. Process Model Chosen for the Project 
 The main principles of Agile development fit perfectly for the project of such kind. Individuals 

and interactions in this case have indeed more value than processes and tools, as, having a small 

number of people involved in the project, complex processes can just complicate the communication. 
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5.2.1. Scrum 
 Some of the techniques proposed in Scrum management (Wikipedia Free Encylopedia, 2014) 

can be used. 

 The head of the project (CTO) assumes the role of Product Owner and the rest is part of the 
development team.  

 

 He assigns iteration (or Sprint in the vocabulary of Scrum) for a week, although there is no 
measurement to evaluate the work that has been done.  

 

 At the beginning of each week, all the partners of the firm do a meeting (including the CTO) to 
make a Sprint Planning Meeting, and on the other hand the CTO and development team make a 
Retrospective Sprint and an assignment is done based on the planning which the partners do. 

 

5.2.2. Extreme Programming (XP) 
 Since the coincidences and trends are clearer with this development methodology, it is 

mentioned one by one. 

 Iterative and incremental development: As discussed in the section of Scrum, small 
improvements are made in short periods. 
 

 Continuing unit testing: Unit tests have not implemented yet, so cannot be done. Still, it is one 
of the objectives in the product development roadmap, and is scheduled to begin to do in a 
short time after the completion of this project. 
 

 Pair programming: Although the CTO has tried to apply on occasion, for now seems like there is 
no enough synergy between the team members. 
 

 Frequent integration of team programming with the user or client: Direct customer of the 
product itself is the CTO; among the other partners of the company there is communication so 
the integration is constant. Direct communication between the company and the customers is 
also done very frequently. 
 

 Correction of the all errors before adding the new functionality. Making frequent releases: Since 
errors in the system have not been corrected before starting the implementation of the new 
features that makes everything harder. Delivery is approximately every 3 weeks, but as far as 
the work is completed integration continue. 
 

 Refactoring the code: In order to improve the readability and maintainability, the code should 
be rearranged by not changing the functionality and the purpose of the code. There are also 
other refactoring have been made to redefine some of the requirements. 
 

 Code sharing property: Although the main tasks are more or less distributed, all team members 
can reach and edit files that the others have developed. 
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 Simplicity in the code: Always should be tended to make the code as simple as possible to be 
self-explanatory.  Also explanatory comments for the implementation must be added. 

 

5.2.3. Evaluation of the Methodology 
 After analyzing Scrum (Wikipedia Free Encylopedia, 2014) and XP (Wikipedia Free Encylopedia, 

2014) agile methodologies, I came to a conclusion that while both approaches can be applied to the 

current project some adaptation is required. I found extreme programming methodology to be more 

easily adaptable. 

 Scrum uses quite specific roles for the team members, such as Scrum master (a role responsible 

for ensuring that the project is carried through according to the Scrum practices) and Product owner 

(responsible for maximizing the value of the product and the work of the development team), for which 

it was difficult to select one person. And also Scrum method has specific events, such as Daily Scrum – a 

short meeting of the development team the purpose of which is to synchronize activities and plan the 

work for the next 24 hours. This practice isn’t well adapted to the project, as while there is just two main 

developers, daily meeting are not applied. In cases when collaboration with the advisers or other 

developers is needed, the meeting is agreed beforehand. 

 Extreme programming is similar in many aspects to Scrum. It also values the customer 

satisfaction, small but frequent releases, iterative development and readiness to changes. Diagrams 3 

and 4 show the flow charts of the XP project in general and of an individual iteration, correspondingly. 

 

    Diagram 3-Extreme Programming Project 
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    Diagram 4-Extreme Programming Iteration 

                      

 As can be observed on the images, the project is elaborated in the following way. The schedule 

of the upcoming released is defined in the release planning. Spikes are the solutions to exact 

architectural, design or technical problems, which help to estimate the difficulty of the features 

implementation and plan the work accordingly. After the release plan has been defined, the project 

enters in the phase of elaboration, where all the work is done in multiple iterations. Each iteration 

should also be planned. If some tasks can’t be finished in one iteration, they can be moved to another 

one. Also, when the need for some new feature (User story) appears, this is also taken into account in 

the release plan. 

 Among the rules of Extreme programming (Wikipedia Free Encylopedia, 2014) there are some 

that are not applied to the current project. For example, daily stand up meetings (analog of Daily 

Scrums), for the reason described above, paired programming and some others. But these practices can 

be omitted, while conserving the other rules, and such tailored methodology covers all the planning 

needs of the development part of this project. 

6. Requirement Analysis 
 The requirement analysis is necessary to accomplish each functional and non-functional 

objective in the project, so the general view of each requirement can be considered as a fulfilled 

objective. 

To provide an overview content of the complete requirement template, Volere (Volere 

Requirements Resources, 2014) standard definition has been selected. These templates provide an 

extensive proposal sections for requirements specification, by intending to be adapted for each case 

according to the specific needs of the project. 
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For the requirements a simplified template proposed in section 9 has been used (Volere 

Requirements Specification Template, 2014). The sections of the template either are included or not 

presented in this project for the following reasons: 

  

 Requirement Number  Unique number which identifies the requirement, so 

the requirement can be referenced. 

 Requirement Type  Represents objective number, which the requirement 

belongs to. It serves as a reminder of which objective 

this requirement relates to. 

 Use Case Number  Represents business event or use case number that 

contains this requirement. Since the methodology used 

has not built the requirements from the use cases, this 

section is omitted. To keep traceability, in the use cases 

(presented in Section 7.2. Use Case Diagrams), all 

corresponding requirements are referred. 

 Description A short description explaining the purpose of the 

requirement. 

 Reason Justification of the requirement. 

 Fit Criterion Useful approach to easily identify if the requirement is 

complete or not. It has mostly included for better 

understanding the intention and objective of the 

requirements that might confuse. Also helps to 

understand when the requirement is fulfilled. 

 Customer 
Satisfaction/Dissatisfaction 

Measuring the impact of the existence or absence of 

this requirement on the client. It is not included 

because it is not used in the process of choosing which 

requirements to implement sooner or later. 

 Dependencies Impact of the requirement on the other requirements. 

In another words, keeping track of other requirements 

that have an impact on the requirement. 

 Conflicts Keeping track of other requirements that disagree with 

this one. In this project there are no such requirements 

that cannot coexist, so it is omitted. 

 Supporting Materials Pointers to the document that can help for 

understanding the requirement. In the current state of 

the project material support is still very low, so it is 

omitted. 
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 History Dates of the creation and the modification of the 

requirement. It is not necessary to consider since the 

methodology does not take into account the dates. 

 

 

 Additionally, a title that allows understanding quickly the purpose of the requirement is 

included.  

 In some requirements, in order to facilitate the contextualization and understanding its 

description and to allow locating the system better, the demonstrative image of the result is added 

following of the Fit Criterion section. Also dependencies section may vary according to circumstance can 

be included or not.  

 

The template has been used to define each requirement is as follows:  

#[Number]([Type])            [Title] 

Description                           [Description] 

Reason                                    [Reason]  

Fit Criterion                          [Fit Criterion] 

Dependencies                      [Dependencies] 

 

6.1. Functional Requirements 

6.1.1. Manage Portal Users 
 

Requirement # 1- Subscriber connects captive portal. 

#1 (1)                                     Subscriber connects captive portal. 

Description                           A subscriber is the user who tries to connect portal by using   

                                                 one of the portal campaigns provided. Portal campaigns  

                                                 includes 4 main type of connection: Facebook, Form,  

                                                 Pincode and Directly. Basic information of the subscriber  

                                                 should be stored.  

Reason                                    As a result of social marketing product, it is essential to  

                                                  have user information in terms of marketing strategy.  
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                                                  According to the basic information of the users, marketing  

                                                  strategy may vary. 

Fit Criterion                          Once user connects through captive portal, promo  

                                                  campaign is shown. Depending on the campaign, user’s   

                                                  basic information is taken from the session and  

                                                  registers user as new subscriber into the system. 

Dependencies                      7,8,9,10 

 

 

Requirement # 2- Connection type of the user must be known. 

#2 (1)                                     Connection type of the user must be known. 

Description                           The connection type (also can be referred as domain) of the        

                                                  user must be known in the system in order to differentiate  

                                                  subscribers by the domain. 

Reason                                    It is important to measure the users by the domain in the  

                                                  system. This gives the idea about which connection  

                                                  channels have more impact on the users. So this  

                                                  information provides clients to change the business  

                                                  strategy considering new channels provided by our system  

                                                  at any time. 

Fit Criterion                          Once the user is connected to portal through any channel  

                                                  (Facebook, Form, Pincode or Directly), Radiator Radius  

                                                  Server (Open System Consultants Pty Ltd., 2014) can be  

                                                  checked to see if the domain of the received accounting  

                                                  information (Open System Consultants Pty. Ltd., 2014) has  

                                                  the domain that the user has connected.  

Dependencies                      7,8,9,10 
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Requirement # 3-Number of Facebook subscribers must be known in the system. 

#3 (1)                                      Number of Facebook subscribers must be known in the  

                                                  system. 

Description                            Every single user that connects to the portal through  

                                                  Facebook domain is counted as Facebook subscriber.  

                                                  Facebook domain can be combined with different portal  

                                                  campaigns. E.g. Facebook Like campaign, Facebook share  

                                                  campaign, etc.. Number of the Facebook subscribers can be  

                                                  found by looking the number of users connected through       

                                                  Facebook domain. 

Reason                                    In terms of marketing strategy, nowadays Facebook has the   

                                                  biggest potential to engage customers with the retailers.  

                                                  Since people tend to enjoy content sharing, it is observed  

                                                  that having Facebook as the domain is the key for retailers  

                                                  to promote themselves. So it is essential to keep tracking  

                                                  the number of the Facebook subscribers. 

Fit Criterion                          Once the user is connected to the portal through Facebook  

                                                  channel, Radiator Radius Server  

                                                  (Open System Consultants Pty Ltd., 2014) can be  

                                                  checked to see if the domain of the received accounting  

                                                  information (Open System Consultants Pty. Ltd., 2014) has  

                                                  the Facebook domain. 

Dependencies                       7 

 

Requirement # 4- Basic information of a Facebook subscriber must be stored. 

#4 (1)                                     Basic information of a Facebook subscriber must be stored. 

Description                           Every Facebook subscriber’s basic information, which can  

                                                  be accessed as much as Facebook gives permission, must be  
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                                                  stored in the database. 

Reason                                    In business, it is essential to define the target market. What  

                                                  the retailers are offering and who else think would be  

                                                  perfect for their product or service, are passing from  

                                                  knowing the target customer. To know the customer more     

                                                 closely, basic information provided by Facebook is used in  

                                                 our system. 

Fit Criterion                          Once the user is connected to the portal through Facebook  

                                                  Channel, by using Facebook API (Facebook, Inc., 2014) the  

                                                  basic information of  the user is retrieved and stored in our  

                                                  system.  

Dependencies                       7 

 

Requirement # 5- Number of Form subscribers (Form, Pincode and Directly connected users) must be known in 
the system. 

#5 (1)                                     Number of Form subscribers (Form, Pincode and Directly  

                                                 connected users) must be known in the system. 

Description                           Every single user that connects to the portal through  

                                                  Form, Pincode or Directly domain is counted as Form  

                                                  subscriber. Form domain can be combined with different    

                                                  portal campaigns. E.g. Pincode campaign, application  

                                                 download campaign, data acquisition campaign, etc.       

                                                 Number of the Form subscribers can be  

                                                 found by looking the number of users connected through       

                                                 Form, Pincode or Directly domain. 

Reason                                    In order to present more option to the clients, it is needed  

                                                  to provide other channels alongside Facebook channel. The  

                                                  needs of providing more channels came from negotiations  

                                                  with the customers. These channels are the key to promote  
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                                                  retailers by giving customer another options rather than   

                                                  social networks. So it is essential to keep tracking  

                                                  the number of the Form subscribers. 

Fit Criterion                          Once the user is connected to the portal through any 

                                                  Channel that is not Facebook, Radiator Radius Server  

                                                  (Open System Consultants Pty Ltd., 2014) can be  

                                                  checked to see if the domain of the received accounting  

                                                  information (Open System Consultants Pty. Ltd., 2014) has  

                                                  the same domain that user connects through. 

Dependencies                      8,9,10 

 

Requirement # 6- Basic information of a Form (Form, Pincode and Directly connected users) subscriber must be 
stored. 

#6 (1)                                     Basic information of a Form(Form, Pincode and Directly  

                                                 connected users) subscriber must be stored. 

Description                           Every Form subscriber’s basic information, which can  

                                                  be accessed by getting information directly from the user  

                                                  via Form, must be stored in the database. 

Reason                                    In business, it is essential to define the target market. What  

                                                  the retailers are offering and who else think would be  

                                                  perfect for their product or service, are passing from  

                                                  knowing the target customer. To know the customer more     

                                                 closely, basic information provided by the user via Form is  

                                                 used in our system. 

Fit Criterion                          Once the user is connected to the portal through Form,  

                                                  Pincode or Directly channel, user provided information  

                                                  is retrieved and stored in our system. 

Dependencies                      8,9,10 
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Requirement # 7- Facebook connection must be established through captive portal. 

#7 (1)                                     Facebook connection must be established through captive  

                                                 portal. 

Description                           During the connection of the user through captive portal,  

                                                 there must be Facebook connection channel, and user must  

                                                 login with Facebook to get the Wi-Fi. 

Reason                                    Instead of distributing a shared password or leaving the   

                                                  connection available for everyone all the time, users do the  

                                                  authentication themselves by logging with Facebook. So  

                                                  they access Internet connection of the retailers with the  

                                                 simple authentication. 

Fit Criterion                          Following picture shows Facebook connection through  

                                                  captive portal. 

                   

                             Image 3- Requirement #7(1)- Portal Welcome page for the Facebook connection                   

Dependencies                      - 

 

 

Requirement # 8- Form connection must be established through captive portal. 

#8 (1)                                    Form connection must be established through captive  
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                                                portal. 

Description                           During the connection of the user through captive portal,  

                                                 there must be Form connection channel, and user must  

                                                 fill Form data to get the Wi-Fi. 

Reason                                    Instead of distributing a shared password or leaving the   

                                                  connection available for everyone all the time, users do the  

                                                  authentication themselves by filling the simple Form. So  

                                                  they access Internet connection of the retailers with the  

                                                 simple authentication. 

Fit Criterion                          Following picture shows Form connection through  

                                                  captive portal. 

 

                

                             Image 4-Requirement #8(1) -Portal welcome page for the Form connection 

Dependencies                      - 
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Requirement # 9- Pincode connection must be established through captive portal. 

#9 (1)                                    Pincode connection must be established through captive  

                                                portal. 

Description                           During the connection of the user through captive portal,  

                                                 there must be Pincode connection channel, and user may fill   

                                                 the Form data to get the Wi-Fi. 

Reason                                    Instead of distributing a shared password or leaving the   

                                                  connection available for everyone all the time, users do the  

                                                  authentication themselves by getting a Pincode provided by  

                                                  the retailer. So they access Internet connection of the         

                                                  retailers with the simple authentication. 

Fit Criterion                          Following picture shows Pincode connection through  

                                                  captive portal. 

 

 

                                                  

                                   Image 5-Requirement #9(1)-Portal welcome page for the Pincode connection 
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Dependencies                      - 

 

Requirement # 10- Directly  connection must be established through captive portal. 

#10 (1)                                   Directly  connection must be established through captive  

                                                  portal. 

Description                           During the connection of the user through captive portal,  

                                                 there must be Directly connection channel, and user does  

                                                 not need to do anything to get the wifi.  

Reason                                    Instead of distributing a shared password or leaving the   

                                                  connection available for everyone all the time, users only  

                                                  presses connect directly button. So they simply access  

                                                  Internet connection of the retailers without any requisites. 

Fit Criterion                          Following picture shows Directly connection through  

                                                  captive portal. 

 

                 

                               Image 6-Requirement #10(1)-Portal welcome page for the Directly connection 

Dependencies                      - 
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6.1.2. Manage Mission Control Users 
 

Requirement # 11- Social and Beyond Admin users can use Mission Control 

#11(2)                                    Social and Beyond Admin users can use Mission Control. 

Description                           Social and Beyond admin users can access all features of the  

                                                 mission control. This type of user has all permissions to  

                                                 perform actions on the mission control. 

Reason                                    Social and Beyond admin is needed to set up the nodes of  

                                                  the system, and connect the nodes with each other.   

Fit Criterion                          Social and Beyond admin can access all features on Mission  

                                                 Control. 

                          

Image 7- Requirement #11(2) – General view of the Mission Control for the Social and Beyond admin user 

Dependencies                      - 
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Requirement # 12- Network Admin users can use Mission Control. 

#12(2)                                    Network Admin users can use Mission Control. 

Description                           Network admin users can access some of the features of the  

                                                  mission control. Their network restricts their scope, so they  

                                                  can only access features of their network, and perform  

                                                  actions regarding to their network. 

Reason                                    Network admin is needed to set up the nodes of  

                                                  their network, and connect the nodes with each other.   

Fit Criterion                         Network admin can access all features of its network on  

                                                 Mission Control. 



32 
 

                                                           

            Image 8- Requirement #12(2) – General view of the Mission Control for the Network admin user 

Dependencies                      - 

 

Requirement # 13- Organization Admin users can use Mission Control. 

#13(2)                                   Organization Admin users can use Mission Control. 

Description                          Organization admin users can access some of the features of  

                                                 the mission control. Their organization restricts their scope,  

                                                 so they can only access features of the networks connected  

                                                 to their organization and perform actions regarding to their  

                                                 organization. 

Reason                                   Organization admin is needed to set up the nodes of  
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                                                 their networks, and connect the nodes with each other.   

Fit Criterion                         Organization admin can access all features of its networks  

                                                 on Mission Control. 

                        

         Image 9-Requirement #13(2) – General view of the Mission Control for the Organization admin user 

Dependencies                      - 

 

Requirement # 14- Users can signup Mission Control by an invitation. 

#14(2)                                    Users can signup Mission Control by an invitation. 

Description                           A new user signups Mission Control via an invitation. A  

                                                  Social and Beyond Admin can send an invitation to anyone  
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                                                  from any network and organization, and an Organization  

                                                  Admin can send an invitation to the users who is from any  

                                                  networks which belongs to the same organization. 

Reason                                    By inviting users, we can allow them to choose their own  

                                                  usernames and passwords during account creation. 

Fit Criterion                          The user receives an email with an invitation code and a  

                                                  link to the registration form is given, which the user must  

                                                 enter this code. Then it goes to a window for signing up the  

                                                 email specified, password and user can edit its name. 

 

         

                                    Image 10- Requirement #14(2) – Register Form for the new users 

Dependencies                      - 

 

 

6.1.3. Manage Sessions 
 

Requirement # 15- A session is done per Device. 

#15(3)                                    A session is done per Device. 

Description                           Once the device is connected to the portal, after the  

                                                  authentication in Radius server, session is started for that  

                                                 device.  

Reason                                    Before sessions were being calculated per user, however  
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                                                  we were mixing data regarding to the domains and   

                                                  statistics were not being calculated well enough. That is  

                                                  why with the refactoring of the database sessions will be  

                                                 done per Device. 

Fit Criterion                          This requirement is fulfilled once two different users login  

                                                 with the same device. Then in radius server, their sessions  

                                                 must be checked to see that they are consuming same  

                                                 session, which is done by the same device.  

Dependencies                      - 

 

Requirement # 16- There are four different domains per Device. 

#16(3)                                   There are four different domains per Device. 

Description                           Domain types are: Facebook, Form, Pincode and Directly.  

                                                  The same device could have 4 different sessions by  

                                                  connecting portal through different domain. 

Reason                                    We would like to provide users more options in the  

                                                  connecting phase. Since some campaigns supports more  

                                                  than one domain at the same time, each domain connection  

                                                  should be counted as different session is done by that  

                                                 device.  

Fit Criterion                          Four sessions are done by the same device having different  

                                                 domain connections. 

Dependencies                      7, 8,9, 10 

 

Requirement # 17- Several subscribers can use the same device. 

#17(3)                                    Several subscribers can use the same device. 

Description                           Two or more users can connect captive portal by using  

                                                 same device, so they share the same session. 
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Reason                                    Since sessions are based on device rather then users, it is  

                                                 allowed to connect through captive portal by using the same  

                                                 device. The reason why we allowed is to not reduce the  

                                                 amount of session if the users switch the accounts with  

                                                 someone else. Before the refactoring of the database  

                                                 sessions were being done per users, so the same device  

                                                 were causing double sessions and this was creating  

                                                 problems once we calculate the statistics. 

Fit Criterion                          Connecting two different or more users through portal by  

                                                  using same device causes to share the same session, which  

                                                  is the time allowed to have by the unique device. 

Dependencies                      - 

 

Requirement # 18- A device must have a device model. 

#18(3)                                    A device must have a device model. 

Description                           The device model of the device must be identified and  

                                                  stored in database by using handset detection library 

                                                 (Teleport Corp Pty Ltd, 2014). 

Reason                                    For some reasons we may want to analyze devices by the  

                                                  device model to see and check the how many different  

                                                  device model we have and we can measure the  

                                                  performance of our system depending on the device models  

                                                 of the devices. 

Fit Criterion                          Once device connects through captive portal, device model  

                                                  is detected by the handset detection library is saved in  

                                                 database. 

Dependencies                      - 
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Requirement # 19- A device must have a device operating system. 

#19(3)                                    A device must have a device operating system. 

Description                           The device operating system of the device must be  

                                                  identified and stored in database by using handset  

                                                  detection library (Teleport Corp Pty Ltd, 2014). 

Reason                                    For some reasons we may want to analyze devices by the  

                                                  device operating system to see and check the how many  

                                                  different device operating system we have and we can  

                                                  measure the performance of our system depending on the  

                                                 device operating system of the devices. 

Fit Criterion                          Once device connects through captive portal, device  

                                                  operating system is detected by the handset detection  

                                                  library is saved in database. 

Dependencies                      - 

 

Requirement # 20- A device must have a password for the authentication. 

#20(3)                                    A device must have a password for the authentication. 

Description                           In radius authentication, it is checked that if the device have  

                                                  sessions and device's password matches or not. So each  

                                                 device mush have password defined in the database. 

Reason                                    Access Request message to the Radius server, requesting  

                                                  authorization to grant access via the Radius protocol   

                                                (Remote Authentication Dial In User Service (RADIUS), 2000).  

                                                  This request includes access credentials, typically in the  

                                                  form of username and password or security certificate  

                                                  provided by the user. 

Fit Criterion                          Once device connects through captive portal, if device’s  

                                                 password matches this means that user is authenticated  
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                                                 successfully.  

Dependencies                      - 

 

 

Requirement # 21- Sessions per domain, location and date. 

#21(3)                                   Sessions per domain, location and date.  

Description                           A device can have sessions for each kind of domain  

                                                 connection at a given location and date. 

Reason                                    The data regarding to the sessions will be used to construct  

                                                  some statistics for the specific locations and date. This  

                                                  helps to analyze number of sessions done in a location per  

                                                 daily and monthly. 

Fit Criterion                          Once device connects through captive portal, the location,  

                                                 date and the domain are saved in database for that device. 

Dependencies                      - 

 

 

Requirement # 22- Loyal devices must be known in the system. 

#22(3)                                   Loyal devices must be known in the system. 

Description                           If the device has been in a location more than once after 24  

                                                 hours time interval, then should be counted as loyal device  

                                                 in the system. 

Reason                                    In terms of marketing strategy, one of the biggest successes  

                                                  is to make the customers loyal in the business. If the user  

                                                 comes to the retailer more than once, this shows how much  

                                                 successful retailer is.  Therefore, loyalty is one of the key  

                                                 point to show the achievement of the business strategy. 

Fit Criterion                          Once device connects through captive portal through any  
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                                                  kind of domain, if the device has been in the same location  

                                                 with the more than 24 hours time interval then it is counted  

                                                 as loyal device in the system. 

Dependencies                      - 

 

 

Requirement # 23- Session time must be computed. 

#23(3)                                    Session time must be computed. 

Description                           Session time is the number of allowed time given to the  

                                                 device within the portal connection. The session time may  

                                                 vary depending on the domain connection type. 

Reason                                    Session time should be defined. Otherwise devices will stay  

                                                  logged in until they log out. Since we would like to avoid  

                                                  from this situation, a time interval for each kind of domain  

                                                  is defined. 

Fit Criterion                          Once device connects to captive portal through any  

                                                  kind of domain, if the amount of the allowed session time is  

                                                  expired, then device automatically will be logged out from   

                                                  the server. 

Dependencies                      - 

 

Requirement # 24- Session time is shared by the routers which belongs to the same location. 

#24(3)                                    Session time is shared by the routers which belongs to the  

                                                  same location. 

Description                           If the device connects through several routers assigned to  

                                                 the same location, then the session time that the device has  

                                                 can be consumed by connecting any routers from that  

                                                 location. (All router that belong to a location consumes the  
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                                                 same session time) 

Reason                                    If the session is not shared by the routers, this causes  

                                                  having double sessions once the device switches from one  

                                                  router to the another (both routers are belongs to same  

                                                  location). However, we would like to avoid from this  

                                                  problem. Having double sessions problem should be  

                                                  pretended by sharing session from the routers, which  

                                                  belongs to the same location. By doing this, device  

                                                  consumes the allowed session time by connecting any  

                                                  routers in the location. 

Fit Criterion                          If the location is big enough, once device connects to  

                                                 captive portal through any kind of domain, the session time  

                                                 of the device will be shared by the routers in the location. 

Dependencies                      - 

 

Requirement # 25- Consumed time must be calculated once the device has session. 

#25(3)                                   Consumed time must be calculated once the device has  

                                                 session. 

Description                           Consumed time is the session time that the device  

                                                  consumes by connecting captive portal through any  

                                                 domain. It cannot be equal or smaller than the session time  

                                                 value for a given location, date and domain. Consumed time  

                                                 is calculated by checking the session time consumed when  

                                                 the device has done some traffic as a result of the some  

                                                 threshold calculations is being done from interim update  to  

                                                 Stop Accounting request 

                                               (Remote Authentication Dial In User Service (RADIUS), 2000). 

Reason                                    Consumed time must be known during the connection of a  



41 
 

                                                 device through portal since we need to log out device once  

                                                 the session time out occurs. 

Fit Criterion                          Once device connects to captive portal through any kind of  

                                                  domain, every time the interim interval time passes, the  

                                                  consumed time of the device is updated by the amount of  

                                                 the interim interval value. 

Dependencies                      - 

 

Requirement # 26- Maximum session time must be calculated once the device had session. 

#26(3)                                     Maximum session time must be calculated once the device  

                                                   had session. 

Description                           Maximum session time is the summation of the session time  

                                                  duration allowed for the different domain connections that  

                                                   device has. Once the device connects to portal, it can  

                                                  consume at most the summation of the sessions allowed 

Reason                                    In order to keep track of the sessions consumed by the  

                                                  device, we need to know what is the maximum session time  

                                                  value for the device in a given location, date and domain. 

Fit Criterion                          Once device connects to captive portal, all related domain's  

                                                 allowed session times are summed, and this value is used as  

                                                 maximum session time for the device. 

Dependencies                        - 

 

Requirement # 27- Sessions expiration date time must be calculated, and it may last longer than 24 hours 
depending on the location and connection type. 

#27(3)                                    Sessions expiration date time must be calculated, and it  

                                                 may last longer than 24 hours depending on the location  

                                                 and connection type. 

Description                           The session time allowed for the domain can be more than  
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                                                 24 hours depending on the portal of the location and the  

                                                 domain type. The expiration time of the session must be  

                                                 calculated by adding the session time allowed with the  

                                                 starting time of the session, the summation date time will  

                                                 give the expiration date time. 

Reason                                    As a default creation of the session time for the domain, 24  

                                                  hours is set. However in some cases we need more than 24  

                                                  hours, especially for the pincode connections. Pincode  

                                                  connections may last longer than 24 hours if the client  

                                                  desires it. So the system must be compatible with each kind  

                                                  of customization regarding to the session time. 

Fit Criterion                          Each time a session time for a domain is defined, the  

                                                  expiration date time for that entry also is calculated by  

                                                  summing up the creation date time with the session time  

                                                  interval allowed for a given location, date and domain. 

Dependencies                      - 

 

Requirement # 28- If a session has started at 23:59, then that session should not expire at 00::00. 

#28(3)                                    If a session has started at 23:59, then that session should  

                                                 not expire at 00::00. 

Description                           If the device connects portal at 23:59, then the session must  

                                                  be reserved until it expires. In other words, at 00::00 the  

                                                  sessions, which is not expired yet, should not be removed  

                                                  from the system. 

Reason                                    Depending on the client, the insensitivity of the connection  

                                                  times in a location may vary. In the case that having a  

                                                  location, which mostly has connections around the  

                                                 midnight, requires this functionality. E.g. Restaurants' and  
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                                                 bars' are having connections mostly around midnight. 

Fit Criterion                          Once device connects to captive portal through any kind of  

                                                 domain just before the midnight, the system lets the session  

                                                 continue until it expires. 

Dependencies                      - 

 

Requirement # 29- Sessions must be calculated depending on the time zone that the location belongs to. 

#29(3)                                     Sessions must be calculated depending on the time zone  

                                                  that the location belongs to. 

Description                           Sessions’ creation date time and the sessions’ expiration  

                                                  date time must be calculated specifically per the time zone  

                                                  that the location belongs to. 

Reason                                    Since date time may vary from one the time zone to another  

                                                  when the country changes, our system must be compatible  

                                                  with all kind of the time zone that the location might be in. 

Fit Criterion                          By doing calculations based on the Unix date time 

                                                  (Wikipedia, 2014), we always work with  

                                                  the time difference in seconds between the creation date  

                                                  time and the expiration date time of the session for a given  

                                                 date, domain and location per device. 

Dependencies                      - 

 

Requirement # 30- Session time out occurs if there is no session time left for the device in a given location, date 
and domain. 

#30(3)                                    Session time out occurs if there is no session time left for  

                                                 the device in a given location, date and domain. 

Description                           Once the device consumes the absolute amount of the  

                                                 maximum session time for the location, then session time- 

                                                 out occurs. If there is a session time-out occurred, next time  
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                                                 connection cannot be established for that device unless user  

                                                 is going to have a different connection type. 

Reason                                   If the device consumes all allowed amount of the session  

                                                 time given, then system should prevent device to not  

                                                 connect portal again unless there is no another type of  

                                                domain connection. We would like to restrict the system by  

                                                the session time out because, otherwise devices will stay  

                                                 logged in until they log out. 

Fit Criterion                          Once device connects to captive portal through any kind of  

                                                domain, if the amount of the allowed session time is expired,  

                                                then device automatically will be logged out from the server  

                                                by throwing an error. 

Dependencies                      - 

 

Requirement # 31- Session time left must be computed once the device has session. 

#31(3)                                    Session time left must be computed once the device has  

                                                 session. 

Description                           Difference between maximum sessions & consumed  

                                                 sessions, gives how much session left for the next  

                                                 connection of the user. Once the device reconnects portal, it  

                                                 can consume at most (the summation of the sessions  

                                                 allowed) - (what the device has consumed before). 

Reason                                    In order to keep track of the next connection of the device,  

                                                 the amount of session time left must be known for the given  

                                                 domain, location and date. 

Fit Criterion                          Once device connects to captive portal, all related domain's  

                                                 allowed session times are summed, and this value is used as  

                                                  maximum session time for the device. Likewise all the  
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                                                 consumed times for each domain are summed as consumed  

                                                 time and the difference between the maximum time &  

                                                consumed time gives the amount of the session left for the  

                                                device in a given domain, location and date. 

Dependencies                      25,26 

 

 

6.1.4. Manage Portal 
 

Requirement # 32- A portal can have several languages. All the enabled languages for the portal must be stored in 
database. 

#32(4)                                    A portal can have several languages. All the enabled  

                                                 languages for the portal must be stored in database. 

Description                           For each language, there is a list of all screens that the  

                                                  mission control users can see, and they can adjust each  

                                                  screen according to their preference. Each screen can be  

                                                 configured for both the smartphone to tablet / notebook /  

                                                 desktop, with the aim that perfectly suits with the end user  

                                                 device and so users find most enjoyable experience. 

Reason                                    By customizing portal with the languages, retailers can set  

                                                  up campaigns with all the options they want to leverage the  

                                                  capabilities of wireless and Social product they fit in line  

                                                 with the brand design. 

Fit Criterion                          Following picture shows the language options provided by  

                                                  the portal builder. Languages can be enabled and disabled  

                                                  at any time by pressing on the flags. 
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                                          Image 11- Requirement #32(4) – Portal Builder/Language settings 

Dependencies                      41 

 

Requirement # 33- A portal can be customized by several images. Also names of the images must be stored in the 
database. 

#33(4)                                    A portal can be customized by several images. Also names  

                                                 of the images must be stored in the database. 

Description                           The functionality for the both desktop and mobile screens  

                                                 are the same. An image should be uploaded for each active  

                                                  screen (depending on the campaigns, which is selected). 

Reason                                    By customizing portal with the images, retailers can set up  

                                                  campaigns with all the options they want to leverage the  

                                                  capabilities of wireless and Social product they fit in line  

                                                  with the brand design. 

Fit Criterion                          Following picture shows how to customize images on 

                                                  the portal builder. Images can be uploaded and changed 

                                                  at any time by clicking in upload image. 
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                                            Image 12- Requirement #33(4) – Portal Builder /Image Upload 

Dependencies                      41 

 

Requirement # 34- A portal can be customized by several strings. All the customized strings for the portal must 
be stored in database. 

#34(4)                                    A portal can be customized by several strings. All the  

                                                 customized strings for the portal must be stored in  

                                                 database. 

Description                           The functionality for the both desktop and mobile screens  

                                                 are the same. For each active screen (depending on the  

                                                 campaigns, which is selected), the texts of the elements  

                                                can be customized. 

Reason                                    By customizing portal with the strings, retailers can set up  

                                                  campaigns with all the options they want to leverage the  

                                                  capabilities of wireless and Social product they fit in line  

                                                 with the brand design. 

Fit Criterion                          Following picture shows the Facebook share string  

                                                  customization by the portal builder. Strings can be set and  
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                                                  changed at any time by clicking on the text boxes. 

                   

                          Image 13- Requirement #34(4) – Portal Builder/Facebook Share String Settings 

Dependencies                      41 

 

Requirement # 35- A portal can be customized by setting screen positions. All the customized screen positions for 
the portal must be stored in database. 

#35(4)                                    A portal can be customized by setting screen positions. All  

                                                 the customized screen positions for the portal must be  

                                                 stored in database. 

Description                           The functionality for the both desktop and mobile screens  

                                                 are the same. For each active screen (depending on the  

                                                 campaigns, which is selected), the layout of the elements  

                                                can be customized. 

Reason                                    By customizing portal with the screen positions, retailers  

                                                  can set up campaigns with all the options they want to      

                                                  leverage the capabilities of wireless and Social product they   

                                                 fit in line with the brand design. 

Fit Criterion                          Following picture shows the screen position customization  

                                                  provided by the portal builder. The positions of the items  
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                                                  can be changed at any time by dragging on the screen. 

                    

                               Image 14- Requirement #35(4) – Portal Builder/Screen Positions Settings 

Dependencies                      41 

 

Requirement # 36- A portal can be customized by several campaigns. All the  enabled campaigns for the portal 
must be stored in database. 

#36(4)                                     A portal can be customized by several campaigns. All the   

                                                   enabled campaigns for the portal must be stored in  

                                                  database. 

Description                           Portal can be customized by clicking on the connection  

                                                 modes, which is preferred to be seen on the home page.  

                                                 Also, simply clicking on the campaign items can activate the  

                                                 desired campaigns. 

Reason                                    By customizing portal with the campaigns, retailers can  

                                                  select campaigns with all the options they want to leverage  

                                                  the capabilities of wireless and Social product they fit in  

                                                 line with the brand design. 

Fit Criterion                          Following picture shows the campaigns options provided            

                                                  by the portal builder. Campaigns can be enabled and  
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                                                 disabled at any time by pressing on the campaign items. 

              

                                Image 15- Requirement #36(4) – Portal Builder/ Campaigns Selector 

Dependencies                      41,38 

 

Requirement # 37- A portal can be customized by the colors. All the selected colors for the portal must be stored 
in database. 

#37(4)                                     A portal can be customized by the colors. All the selected  

                                                 colors for the portal must be stored in database. 

Description                           The functionality for the both desktop and mobile screens  

                                                 are the same. For all active screens, the colors of the  

                                                background and foreground of the portal can be customized. 

Reason                                    By customizing portal with the languages, retailers can set  

                                                  up campaigns with all the options they want to leverage the  

                                                 capabilities of wireless and Social product they fit in line  

                                                with the brand design. 

Fit Criterion                          Following picture shows the color options provided by  

                                                  the portal builder. Colors can be selected and changed  

                                                  at any time by pressing on the color item. 
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                                          Image 16- Requirement #37(4) – Portal Builder/Color Settings 

Dependencies                      41 

 

6.1.5. Additional Services for the Portal 
 

Requirement # 38- A portal can have several Campaigns. 

#38(5)                                    A portal can have several Campaigns.  

Description                           Following campaigns should be created in the database for  

                                                 the Portal:  

                                                         - Promo Prescription Options 

                                                         - Promo Data Acquisition 

                                                         - Promo Facebook Like 

Reason                                    Including various types of promotions during the portal  

                                                  connection will give more value to the product by providing  

                                                  more direct service to both the customer and the end user. 

Fit Criterion                          Once the device connects through captive portal, during the  

                                                  connection, activated campaigns for that portal will be  

                                                  shown to the user. 

Dependencies                      41 
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6.1.6. Manage Mission Control Settings 
 

Requirement # 39- There can be one or more Routers belong to same Location. 

#39(6)                                    There can be one or more Routers belong to same Location. 

Description                           Routers are the smallest nodes of the system. Users connect  

                                                 routers to have session with the captive portal. Many   

                                                  routers can be defined for the same location, however the  

                                                  same router cannot be assigned to the different locations.  

                                                  Routers must be saved into database with the its location  

                                                 which is assigned to. 

Reason                                    In order to access Internet, routers must be set up in the  

                                                  system.  

Fit Criterion                          The following image shows the routers on the Mission  

                                                  Control. 

                   

                                                 Image 17- Requirement #39(6) – Mission Control/Routers 

Dependencies                      40 
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Requirement # 40- There can be one or more Locations belong to same Portal. 

#40(6)                                    There can be one or more Locations belong to same Portal. 

Description                           Locations are the places, which routers has been  

                                                  installed in. Many locations can be defined for the same   

                                                  portal, however the same location cannot be assigned to  

                                                 the different portals. Locations must be saved into database  

                                                 with the its portal which is assigned to. 

Reason                                    Routers must be set up in a place, which is concrete 

                                                  location.  

Fit Criterion                          The following image shows the locations on the Mission  

                                                  Control. 

                        

                                               Image 18- Requirement #40(6) – Mission Control/Locations 

Dependencies                      41 

 

Requirement # 41- There can be one or more Portals belong to same Network. 

#41(6)                                   There can be one or more Portals belong to same Network. 

Description                           Many portals can be defined for the same   

                                                  network, however the same portal cannot be assigned to  

                                                 the different networks. Portals must be saved into database  
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                                                 with the its network which is assigned to. 

Reason                                    Portal is the technique forces an HTTP client on a network  

                                                  to see a special web page (usually for authentication  

                                                 purposes) before using the Internet normally. 

Fit Criterion                          The following image shows the captive portals on the   

                                                  Mission Control. 

                

                                     Image 19- Requirement #41(6) – Mission Control/Captive Portals 

Dependencies                      42 

 

Requirement # 42- There can be several Networks belongs to the same Organization. 

#42(6)                                    There can be several Networks belongs to the same  

                                                  Organization.  

Description                           Many networks can be defined for the same   

                                                  organization, however the same network cannot be  

                                                 assigned to the different organizations. Networks must be  

                                                  saved into database with the its organization, which is  

                                                  assigned to. 

Reason                                    In order to combine and manage the nodes of the  
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                                                 system(routers, locations and portals), a network is needed. 

Fit Criterion                          The following image shows the networks on the   

                                                  Mission Control. 

                           

                                                   Image 20- Requirement #42(6) – Mission Control/Networks 

Dependencies                      43 

 

 

Requirement # 43- An Organization can have set of Networks. 

#43(6)                                    An Organization can have set of Networks. 

Description                           Organizations must be saved into database . 

Reason                                    Organizations are the biggest node of the system. In order  

                                                  to manage networks, organization is needed.  

Fit Criterion                          The following image shows the organizations on the   

                                                  Mission Control. 
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                                        Image 21- Requirement #43(6) – Mission Control/Organizations 

Dependencies                      - 

 

 

6.1.7. Manage Mission Control Statistics 
 

Requirement # 44- There must be statistics for each type of campaign. 

#44(7)                                   There must be statistics for each type of campaign 

Description                           The following statistics must be calculated per date,  

                                                  location, network and organization in the database: 

 

  - Daily New Visitors: Number of new visitors entering our location every day. 

 

  - Total Visitors: Total cumulative users. For each day, number of new users and number of user 

who have been lost is also shown (i.e. users who uninstalled the Facebook app). 

 

  - Daily Exposed Friends: The cumulative number of Facebook friends of users who have logged 

daily.  

 

- Daily Shares: The number of posts the user has made in his/her personal Facebook wall every 

day. 
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 - Daily Impressions: Number of impressions on the Facebook share done, which corresponds to 

how often people have seen the share. 

                                                      

 - Visitor Profiles: Number of visitors distributed by their age and gender. 

                                                       

- Daily Sessions: Number that users have connected to the internet through the Captive Portal 

every day. A single user can connect more than once on the same day (e.g. morning and evening). 

                                                      

 - Visit Times: Traffic of the user visits distributed by the hour they connect. 

                                                       

- Share Clicks: Number of clicks has been made on the share by the friends of the end users. 

                                                       

- Raffles Entries: Daily number of the visitors who has attended the lottery. 

                                                      

 - Visitor Loyalty: Percentage of the users who had come before to the same location. 

                                                       

- Facebook Likes: Number of visitors who have made a "Like" during the connection process. 

                                                       

- Facebook Likes Ratios: Proportion of visitors who have connected and already liked the page 

before the connection, and the percentage of the visitors who had not made a "Like" before the 

connection but did the like during connection first time. 

                                                      

 - Visitors: Daily number of unique visitors who see the portal. 

                                                      

 - Daily Data Acquisition: Number of end users whose email were obtained daily. These emails can 

be used to subscribe the user to a newsletter. 

                                                      

 - Daily Landing: Number of users who have connected through captive portal, and how many of 

them have clicked to go to the landing page, and how many of them have been automatically 

redirected, and how many of them have not done any of those things. 
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 - Daily Prescription Options: From campaign recommendation, the options which have been 

chosen by the users. 

 

Reason                                    From the each particular graph, we can obtain information  

                                                  about our portal, and the impact of the campaign with the  

                                                  different ways. With the graphs it is easier to observe  

                                                 changing trends.  

Fit Criterion                          Following image shows the data obtained from the  

                                                  Statistics as an example. 

 

                                  Image 22- Requirement #44(7) – Mission Control/Statistics example 

Dependencies                      41,38,15 

 

Requirement # 45- Number of the users that have session must be known in the system as online users. 

#45(7)                                    Number of the users that have session must be known in  

                                                  the system as online users. 

Description                           Graph shows the cumulative unique users who have used  
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                                                  the system overall. For each day, it also indicates that the  

                                                  number of users who have used it for the first time as new  

                                                  user, as well as those who have uninstalled the Facebook  

                                                  app as lost users.  

Reason                                    With a cumulative graph it is easier to observe changing  

                                                  trends.  

Fit Criterion                          The following graph shows the data regarding to the  

                                                  number of online users. 

                

 

         

                                       Image 23 -Requirement #45(7) – Mission Control/Online users 

Dependencies                      41,15 

 

6.1.8. Access Control for the Users 
 

Requirement # 46- Each user has a role and reference type which corresponds one of the following: network, 
organization or social and beyond admin. 

#46(8)                                   Each user has a role and reference type which corresponds  

                                                one of the following: network, organization or social and  
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                                                beyond admin. 

Description     

                       

- Social and Beyond admin user can access all information on the Mission Control.  

- Organization admin user can only access all networks, which belong to the same organization, 

information on the Mission Control.  

- Network admin user can only access its network information on the Mission Control. 

Reason                                    Each user must have a reference type, which corresponds,  

                                                  to the scope of the user. 

Fit Criterion                          Mission control restricts data by the scope of the user, and        

                                                 shows the related scope information. 

Dependencies                      11,12,13 

 

6.2. Non-Functional Requirements 
 

Requirement # 47- Database class must be encapsulated to be compatible with both Oracle and SQLite databases. 

#47(9)                                   Database class must be encapsulated to be compatible with  

                                                 both Oracle and SQLite databases. 

Description                          By using the right pattern database class must be  

                                                  encapsulated to work with both environments properly.  

Reason                                    In order to keep consistency of the code execution between  

                                                  environment and the databases, it is needed to create  

                                                  encapsulated database classes to require the right database  

                                                 depending on the environment during the execution. 

Fit Criterion                          The code should be executed properly once the  

                                                  environment switched from development to production, or  

                                                 vice versa. 

Dependencies                      - 
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Requirement # 48- Improve database. 

#48(9)                                   Improve database. 

Description                           Database should be improved as much as possible by  

                                                 considering fixing the current issues. 

Reason                                    The current database has lots of redundancies and tables  

                                                 are missing some integrity checking. The database should  

                                                 be correlated by fixing these issues. 

Fit Criterion                          Improved database model should be obtained. 

Dependencies                      - 

 

7. Specification 
 From the analysis of the requirements, the necessary specifications can be extracted to fulfill the 

requirements. The use cases can be organized according to the Portal and the Mission Control 

functionalities. Use cases may relate to more than one requirement and they are focused on mainly 

functional requirements. The requirements relating to the non-functional objectives do not require 

specification as a rule, however they are mentioned which are inherently related to any use case if the 

case-given. 

 In order to document the project better and facilitate understanding, these functionalities have 

been developed in parallel depending on the state of the system. 

7.1. Actors of the System 
The four types of actors interacting with the system are: 

 Social and Beyond Administrator: A member of the company. The member has access to the 
administrator version of the Mission Control, which lets her/him to view and edit the properties 
of all the nodes available on the system, likewise this member can see all graphs. 
 

 Organization Administrator: This user is the direct customer of the company, which has one or 
more networks already in our system. Having an access to Mission Control as organization 
admin client version, which lets the user view and edit the properties of its organization’s nodes. 
Also this member can see the graphs regarding to organization’s networks. 
 

 Network Administrator: This user is the direct customer of the company, which has a network 
in our system. Having an access to Mission Control as network admin client version, which lets 
the user view and edit the properties of its network’s nodes. Also this member can see the 
graphs regarding to its networks. 
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 End user: A user of the application, consumer of the services, which belongs to the clients of the 
social and beyond. This user interacts with portal for having an Internet connection. 

 

Following diagram shows the actors of the system: 

 

 

                                                                              Diagram 5-Actors of the System 

     

7.2. Use Case Diagrams 
Two use case diagrams will be drawn, one for the Portal and one for the Mission Control. 

  

                                                                          Diagram 6- Use Case Diagram for the Portal 

 



63 
 

 

 

                                                     Diagram 7- Use Case Diagram for the Mission Control 

 The format of the use cases diagrams has been defined based on the specifications of the UML 

(Object Management Group, 2014), and the guidelines and recommendations of Alistair Cockburn 

(Cockburn, 2000). It was decided to use a reduced version of the template, including a number to 

identify the use case, its name, an actor or actors, which is done the action, and a general description of 

the flow and its extensions. 

 As it was noted at the beginning of the Section 6, additionally the number and type of the each 

requirements, which concern the use cases, will be added in the same schema lists with the format 

"[number] ([Type]) ", separated by hyphen icons between them-e.g. "3(1) - 15(2)”. The purpose of 

adding the requirements is for better understanding the correspondence between the requirements and 

the specifications.  

The template, which is used to describe each use cases as follows: 

#Use Case Number (Portal or Mission Control)           [Title] 

Actor                                                   [Actor/s] 

Description of the 

Flow  

[Main Scenario] +[Extensions] 

Corresponding 

Requirements  

[#[Number]([Type]) of the Requirement/s] 
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7.2.1. Portal Use Cases 
 

Use Case # 1 -Get connection through Internet 

#1 (Portal)                  Get connection through Internet 

Actor                                                   End User 

Description of the 

Flow  

When the user tries to access any URL, the user is redirected to the 

captive portal.  

If available, the Portal is displayed in the language settings of the user’s 

mobile, if not, the priority of the portal languages is English.  

The user can authenticate portal via Facebook [Use Case # 4], Pincode 

[Use Case #3], Directly [Use Case #5] or by filling out a form with his/her 

information [Use Case # 2].  

During the process the user can also see one or more campaigns [Use 

Case # 6].  

After this process, by authorizing this user in the RADIUS protocol [Use 

Case #10], user can navigate freely through the internet and she/he can 

enjoy the connection during the determined session time decided by the 

retailer. 

Corresponding 

Requirements  

1(1) 

 

Use Case # 2- Authenticate via Form 

#2 (Portal)                   Authenticate via Form 

Actor                                                   End User 

Description of the 

Flow  

If the user chooses to authenticate portal with Form, the user must fill out 

the required fields and some other fields, which are optional. 

Corresponding 

Requirements  

2(1)- 5(1)-6(1)-8(1)-16(3) 
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Use Case # 3- Authenticate via Pincode 

#3 (Portal)                   Authenticate via Pincode 

Actor                                                   End User 

Description of the 

Flow  

If the user chooses to authenticate portal with Pincode, the user is 

prompted to enter the access code and access key given by the location, 

which belongs to the portal that user tries to connect.  

Corresponding 

Requirements  

2(1)- 5(1)-6(1)-9(1)-16(3) 

 

Use Case # 4- Authenticate via Facebook 

#4 (Portal)                   Authenticate via Facebook 

Actor                                                   End User 

Description of the 

Flow  

If the user chooses to authenticate portal with Facebook, user is 

prompted to install the Facebook application product, unless she/he 

already has it installed with the required permissions.  

In the case that Facebook share is activated, during the connection 

process if the user is a new user or it has been more than a week since 

he/she has published his/her wall on Facebook through the application, a 

publication is made on his/her wall by promoting the retailer. 

Corresponding 

Requirements  

2(1)-3(1)-4(1)-7(1)-16(3) 

 

Use Case # 5- Authenticate via Directly 

#5 (Portal)                   Authenticate via Directly 

Actor                                                   End User 

Description of the 

Flow  

If the user chooses to authenticate portal with Directly, then the user does 

not take any actions. Once he/she presses connect it takes him/her 

directly the radius protocol. 

Corresponding 

Requirements  

2(1)-5(1)-6(1)-10(1)-16(3) 
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Use Case # 6- Show campaign 

#6 (Portal)                   Show campaign 

Actor                                                   End User 

Description of the 

Flow  

User sees list of the activated campaigns [Use Case #7] , [Use Case #8] , 

[Use Case #9] as long as he/she authenticated with the domain, which is 

required by the campaigns (E.g. if the user does not log in with domain 

Facebook, even if the Facebook like campaign is activated user cannot see 

this campaign since the campaign is not supported by the domain.) 

Corresponding 

Requirements  

36(4)-38(5) 

 

Use Case # 7- Prescription Options 

#7 (Portal)                   Prescription Options 

Actor                                                   End User 

Description of the 

Flow  

The campaign "Prescription" allows interacts with the user to recommend 

a product. It incorporates login with the Facebook domain. It includes the 

request to choose one of the product/service recommendations from 

three options by the user. Finally publishing the post related to the 

recommendation on the Facebook wall of the user. This campaign also 

requires activating Facebook share option.  

   

Corresponding 

Requirements  

36(4)-38(5) 

 

Use Case # 8- Facebook Like 

#8 (Portal)                  Facebook Like 

Actor                                                   End User 

Description of the 

Flow  

The campaign Facebook Like offers the opportunity of making the user 

Fan of the Facebook page. It includes the request of making like for the 

Facebook page of the retailer. In the case of user has already liked the 

page, the request doesn't appear and it gives Internet access to the user 

independently from the response. 

Corresponding 

Requirements  

36(4)-38(5) 
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Use Case # 9- Data Acquisition 

#9 (Portal)                  Data Acquisition 

Actor                                                   End User 

Description of the 

Flow  

The campaign Data acquisition offers the opportunity of signing up the 

user for a raffle, a newsletter or a general way to accept giving own data 

via mail. The user is requested to fill a form data , which has some fields as 

mandatory and some fields as optional. 

Corresponding 

Requirements  

36(4)-38(5) 

 

Use Case # 10- Have Radius session 

#10 (Portal)                Have Radius session 

Actor                                                   End User 

Description of the 

Flow  

User is redirected internally to the Radius protocol to start session, after 

the authentication [Use Case #12] and the campaign pages. 

Corresponding 

Requirements  

15(3) 

 

Use Case # 11- Session timeout 

#11 (Portal)                Session timeout 

Actor                                                   End User 

Description of the 

Flow  

Once the device tries to authenticate in Radius server, if the user has 

already consumed his/her session or the user does not have any session 

time left after the connection through the portal, then the session time 

out page is shown with the explanation of the error.  In this page there 

can be try again button which redirects user to see other domain 

connections to have session through portal. 

Corresponding 

Requirements  

25(3)-30(3) 
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Use Case # 12- Authenticate device 

#12 (Portal)                Authenticate device 

Actor                                                   End User 

Description of the 

Flow  

Once the user sees the campaign and has done the all actions in campaign 

page, then the authentication in Radius server is requested. By 

authenticating the device through Radius, user starts to have session and 

access to the Internet connection. This entire authentication is done in the 

backend of the system. The only interaction with the user is the cases that 

the authentication fails. 

Corresponding 

Requirements  

26(3) 

 

Use Case # 13- Interim update 

#13 (Portal)                Interim update 

Actor                                                   End User 

Description of the 

Flow  

Once the user starts to have session, in each interim update time period 

(which is customizable) the consumed session time is updated by the 

amount of the interim update time period. This interim update is 

continuing to be updated until the session time out occurs [Use Case #11], 

or the user disconnects by himself/herself [Use Case #14]. 

Corresponding 

Requirements  

23(3)-25(3)-31(3) 

 

Use Case # 14- Calculate session time when disconnect 

#14 (Portal)               Calculate session time when disconnect 

Actor                                                   End User 

Description of the 

Flow  

Once the user starts to have session[Use Case #10], in each interim 

update time period the consumed session time is updated by the amount 

of the interim update time period. This interim update is continuing to be 

updated until the session time out occurs[Use Case #11], or the user 

disconnects by himself/herself. Either session time out is occurred or user 

disconnected, in both cases it is needed to be calculated the session time 

between the last interim update time and the session time 

out/disconnection time. That difference gives the session time when the 

user disconnects, and this value is also added as consumed session time. 
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Corresponding 

Requirements  

23(3)-25(3)-31(3) 

 

Use Case # 15- Check device traffic 

#15 (Portal)                Check device traffic 

Actor                                                   End User 

Description of the 

Flow  

During the session is being done in radius, the session time consumed is 

calculated for the cases interim update [Use Case #13] and the calculation 

of the session time when the user disconnects [Use Case #14]. This 

calculation is done based on the device traffic that the user does. If user 

does not uploads/downloads any data on the internet, then it is thought 

that user is on the idle mode. In this case, even the interim update or 

session time for disconnection is calculated, the calculation of the 

consumed session time for this period changes based on the traffic. So the 

user can consume his/her session time totally as long as she/he has traffic 

with his/her device.  

Corresponding 

Requirements  

23(3)-25(3)-31(3) 

 

 

 

7.2.2. Mission Control Use Cases 
 

Use Case # 16- Send invitation 

#16 (Mission Control)           Send invitation 

Actor                                                   Social and Beyond Administrator, 

Organization Administrator 

Description of the Flow  [Main Scenario] +[Extensions] 

Corresponding 

Requirements  

11(2) 
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Use Case # 17- Signup to Mission Control 

#17 (Mission Control)           Signup to Mission Control 

Actor                                                   Social and Beyond Administrator, 

Organization Administrator, 

Network Administrator 

Description of the Flow  The administrator adds a new user of Mission Control by 

specifying an email of the person who will be added; it essential to 

assign role [Use Case #19] to newly created person as network, 

organization or social and beyond. By doing that the new user will 

have permission and scope to consult and manage mission 

control.  

An email to the address with a registration link and an access 

invitation code is sent to the user for registering on mission 

control 

Corresponding 

Requirements  

11(2)-12(2)-13(2)-14(2) 

 

Use Case # 18- Visualize statistics 

#18 (Mission Control)           Visualize statistics 

Actor                                                   Social and Beyond Administrator, 

Organization Administrator, 

Network Administrator 

Description of the Flow  The Mission Control users can view the graphs, which show the 

various statistics for the product. Additionally, in some graphics, 

the user can change the view to the pie chart view to see the 

some percentages regarding to the product statistics. 

Corresponding 

Requirements  

11(2)-12(2) -13(2)-44(7)-45(7) 

 

Use Case # 19- Manage accounts and roles 

#19 (Mission Control)           Manage accounts and roles 

Actor                                                   Social and Beyond Administrator, 

Organization Administrator, 
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Network Administrator 

Description of the Flow  The mission control users can manage the accounts regarding to 

the users, who are allowed to be seen in the scope of the mission 

control user. New users can be added to the system, and the ones 

already exist can be modified in the system. This is the view that 

mission control users can set the user scope and roles. 

Corresponding 

Requirements  

11(2) -13(2)-46(8) 

 

Use Case # 20- Manage nodes 

#20 (Mission Control)           Manage nodes 

Actor                                                   Social and Beyond Administrator, 

Organization Administrator, 

Network Administrator 

Description of the Flow  The Mission Control user can view and modify editable by adding, 

deleting, or updating the properties of all nodes, which are 

forming the biggest part of the system. E.g. Organizations, 

Networks, Portals, Locations, Routers, etc. The user can also edit 

how they are interrelated. In order to perform the actions, the 

user should have the necessary permissions in his/her scope [Use 

Case #19]. 

Corresponding 

Requirements  

11(2)-12(2) -13(2)-39(6)-40(6)-41(6)-42(6)-43(6) 

 

Use Case # 21- Manage Portal 

#21 (Mission Control)           Manage Portal 

Actor                                                   Social and Beyond Administrator, 

Organization Administrator, 

Network Administrator 

Description of the Flow  The Mission Control user can manage all the properties of any 

Portal within his/her scope. These properties include the 

management of the languages, campaigns [Use Case #23], and 

elements [Use Case #22].  
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After the portal modification mission control user submits the 

changes. Then, the portal must be approved by an administrator 

to apply the changes are done by the mission control user. 

Corresponding 

Requirements  

11(2)-12(2) -13(2)-32(4)-33(4)-34(4)-35(4)-37(4) 

 

Use Case # 22- Manage elements 

#22 (Mission Control)           Manage elements 

Actor                                                   Social and Beyond Administrator, 

Organization Administrator, 

Network Administrator 

Description of the Flow  The mission control user can reposition all visible elements of the 

Portal to give versatility for the design of the portal. Also, portals 

can be changed by uploading images or setting the color, strings. 

Corresponding 

Requirements  

11(2)-12(2) -13(2) 

 

Use Case # 23- Manage campaigns 

#23 (Mission Control)           Manage campaigns 

Actor                                                   Social and Beyond Administrator, 

Organization Administrator, 

Network Administrator 

Description of the Flow  The mission control users can choose and manage the campaigns 

available for the Portal. They can activate or deactivate any 

campaign by just fulfilling the requirements of the each relevant 

configuration items and their properties. 

Corresponding 

Requirements  

11(2)-12(2) -13(2)-36(4)-38(5) 

 

7.3. Data Conceptual Model 
 A Data Conceptual Model (DCM) represents the overall logical structure of a database, which is 

independent of any software or data storage structure. A conceptual model often contains data objects 

not yet implemented in the physical database. It gives a formal representation of the data needed to run 

an enterprise or a business activity. 
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The CDM makes it possible: 

 Represent the organization of data in a graphical format to create Entity Relationship Diagrams 
(ERD). 

 

 Verify the validity of data design. 
 

 Generate a Physical Data Model (PDM), which specifies the physical implementation of the 
database. 

 

 Generate an Object-Oriented Model (OOM), which specifies an object representation of the 
CDM using the UML standard. 

 

 Generate a Conceptual Data Model (CDM), to create another model version in order to 
represent different design stages. 

 

 The Conceptual Data Model for the project is divided into three parts since it has big schema. 

The first part concerns Mission Control (Diagram 8). The second part concerns the Portal (Diagram 9). 

The third part concerns the Sessions (Diagram 10). The output of the data model is an entity- 

relationship diagram, which represents the data structures in a pictorial form (Diagrams 8, 9,10).  

 Associations between classes may be binary or n-ary. The number of objects involved in the 

relationship, referred to as multiplicity, an asterisk indicates that many objects take part in the 

association at that end of the relationship. The ternary relationship is an association that relates three or 

more classes. All classes that take part in the association are connected to a hollow diamond. 

Multiplicity can be a range of integers, written with the minimum and maximum values separated by 

two periods. The asterisk by itself carries the same meaning as the range [0 .. *]. Generalization is 

another type of relationship; a superclass is a generalization of a subclass. The generalization relation- 

ship in UML is written with a hollow arrow pointing from the subclass to the generalized superclass 

(Teorey, Lightstone, & Nadeau, 2006). 
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                                         Diagram 8- Conceptual Data Model Representation (Mission Control) 

 Mission control users can send an invitation to the other users, in order to do so the user must 

have the role either Social and Beyond administrator, or Organization administrator.  

 Also the relations from the nodes are important and they make possible to manage the product 

on different locations.  
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                                                  Diagram 9- Conceptual Data Model Representation (Portal) 

 It can be observed that everything turns around the Portal, which is the basis of the product. 

Also it can be highlighted that there are different types of campaigns that can be consisted by the Portal. 

An inheritance from the objects is preferred to make the system open for the future extensions of the 

campaigns.  

 Another relations are regarding to the customization of the Portal. These customizations are 

based on the Portal, and they are available as long as the Portal exists. 

 Ternary relations represent the user activities for the campaigns, and its relations regarding to 

the location, promoid, and user. 
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                                                       Diagram 10- Conceptual Data Model Representation (Sessions) 

 The device object is the basis table to have sessions. As it can be seen from the diagram as well, 

sessions are done per device. There can be different domain types: Facebook connection, Form 

connection, Pincode connection or Directly connection. By using any domain connection type, device 

could have session in Radius server.  

Online sessions correspond to devices, which have sessions, since the project requires seeing 

the number of online users.  

8. Design 
8.1. Data Modeling 

8.1.1. Logical Data Modelling 
 In the Logical database design phase, the data model mapping of the system, which is defined in 

the conceptual database design (See7.3. Data Conceptual Model), is used. SQLite database has been 

chosen for the system setup. Diagram 11, 12, and 13 shows logical design of the system, with relations 

and keys. 

 The Logical Data Model for the project is divided into four parts since it has big schema. The first 

part concerns Mission Control (Diagram 11). The second part concerns the Portal (Diagram 12). The third 

part concerns the Sessions (Diagram 13). The fourth part concerns Stats (Diagram 18). 
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 We can group the design parts inside two different databases: “radius” and “stats” (See 2.1. 

Analysis of the Current Database). Radius database includes Mission Control (Diagram 11), Portal 

(Diagram 12) and Sessions (Diagram 13), and stats database includes Stats (Diagram 18). The reason of 

the dividing databases into two is to keep the historical data independently the dynamic data that we 

are gathering in radius database. The aim is to have the information about the campaigns even if the 

references of the entry are removed from the database in radius. Stats database is only to keep the daily 

statistics regarding to the campaigns and the references. It is important to note that, in stats there will 

be no foreign keys, no associations and relations among the table. It will act as log tables. 

 

                                                          Diagram 11-Logical Data Model for Mission Control 
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                                                                Diagram 12-Logical Data Model for Portal 
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                                                               Diagram 13-Logical Data Model for Sessions 

Transformation of the logical data model to Physical model will be done based on a categorization of 

data modeling constructs and a set of mapping rules, each relationship and its associated entities are 

transformed into a set of DBMS-specific candidate relational tables. 

 When both entities are mandatory (Diagram 14), each entity becomes a table, and the 
key of either entity can appear in the other entity’s table as a foreign key.  

      

                                                                       Diagram 14- Device-Form Subscriber 
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 When both entities are optional (Diagram 15), either entity can contain the embedded 
foreign key of the other entity, with nulls allowed in the foreign keys. 

       

                                                                                         Diagram 15-Invite-User 

 

 The one-to-many relationship can be shown as either mandatory or optional on the 
“many” side, without affecting the transformation. On the “one” side it may be either 
mandatory (Diagram 16) or optional. In all cases the foreign key must appear on the 
“many” side, which represents the child entity, with nulls allowed for foreign keys only 
in the optional “one” case. 

      

                                                                                   Diagram 16-Router-Location 
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 The relationship table, which already extracted from the conceptual data modeling 
transformation, as shown in Diagram 17 as optional for both entities, requires a new 
table containing the primary keys of both entities. 

 

      

    Diagram 17- Device-Facebook Subscriber 
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    Diagram 18-Logical Data Model for Stats 

 

8.1.2. Physical Data Modelling 
 Physical database design is the process of developing an efficient and implementable physical 

database structure from a given logical database structure that has been shown to satisfy user 

information requirements. In parallel with these activities, application programs are implemented as 

database transactions corresponding to the high-level transaction specifications. In this project the 

application program will be implemented with PHP programming language. 
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As it was mentioned before, this part involves the actual design of a database according to the 

requirements that were established during logical modeling. The conversion of the logical, or business 

model, into a relational database model will be done. Objects are being defined at the schema level. A 

schema is a group of related objects in a database. 

 In this phase of the modeling, objects such as tables and columns are created based on entities 

and attributes that were defined during logical modeling. Constraints are also defined, including primary 

keys, foreign keys, other unique keys, and check constraints. 

 The Logical Data Model for the project is divided into four parts since it has big schema. The first 

part concerns Mission Control (Diagram 19). The second part concerns the Portal (Diagram 20). The third 

part concerns the Sessions (Diagram 21).The fourth part concerns Stats (Diagram 22). 

 

 

                                                           Diagram 19-Physical Data Model for Mission Control 
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                                                              Diagram 20- Physical Data Model for Portal 
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                                                              Diagram 21- Physical Data Model for Sessions 
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    Diagram 22-Physical Data Model for Stats 

Transformation of the logical data model to the SQLite tables model were done based on a 

categorization of data modeling constructs and a set of mapping rules, each relationship and its 

associated entities are transformed into a set of DBMS-specific candidate relational tables. 

 

An example of the translations for the Diagrams 14,15,16,and 17 as following: 

 

 SQLite Translation -Diagram 14 
 
{DEVICES} 1 to 0..1{FORM_SUBSCRIBERS } 
 
CREATE TABLE "DEVICES" ( 

          MAC                             TEXT PRIMARY KEY, 

   DEVICEMODEL         INTEGER NOT NULL, 

         DEVICEOS                  INTEGER NOT NULL, 

          PASSWORD               TEXT NOT NULL, 

                LOCALE                       TEXT DEFAULT NULL, 

          CREATED                   INTEGER DEFAULT (strftime('%s', 'now')), 
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          MODIFIED                 INTEGER,     

         FOREIGN KEY("DEVICEMODEL") REFERENCES      
     DEVICE_MODEL("ID"), 

          FOREIGN KEY("DEVICEOS") REFERENCES DEVICE_OS("ID") 

             ); 

 

  CREATE TABLE FORM_SUBSCRIBERS ( 

          USERID                 TEXT PRIMARY KEY, 

          NAME                    TEXT, 

          EMAIL                   TEXT, 

          CREATED             INTEGER DEFAULT (strftime('%s', 'now')), 

         MODIFIED            INTEGER, 

          FOREIGN KEY("USERID") REFERENCES DEVICES("MAC") 

     ); 

 

 

 SQLite Translation -Diagram 15 
 
{INVITES} 0..1 to 0..1{USERS} 
 
CREATE TABLE "INVITES"( 

                 CODE                TEXT PRIMARY KEY,  

          USED                INTEGER NOT NULL DEFAULT 0, 

          NETWORK            INTEGER NOT NULL DEFAULT -1,  

         ROLE                INTEGER NOT NULL DEFAULT 0,  

         EMAILUSER          TEXT NOT NULL,  

          SENT                INTEGER NOT NULL DEFAULT 0,  

          CREATED            INTEGER DEFAULT (strftime('%s', 'now')), 

          REFERENCEID     INTEGEGER, 

          REFERENCETYPE  TEXT, 

         FOREIGN KEY("ROLE") REFERENCES ROLES("ROLEVALUE") 

   ); 
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  CREATE TABLE " USERS " ( 

         EMAIL             TEXT PRIMARY KEY, 

          EMAILFACEBOOK TEXT, 

          USERNAME  TEXT, 

          NAME                TEXT NOT NULL,  

          FBTOKEN          TEXT, 

          ROLE                 TEXT NOT NULL, 

          CREATED           INTEGER NOT NULL DEFAULT     

      (strftime('%s', 'now')), 

          LASTLOGIN         TEXT, 

          LASTLOGINIP  TEXT, 

                 LANG                              TEXT, 

                 REFERENCEID  INT, 

                 REFERENCETYPE  TEXT               

  ); 

 

 SQLite Translation -Diagram 16 
 
{LOCATIONS} AGGREGATES 1 to 0..*{ROUTERS} 
 
CREATE TABLE " LOCATIONS "( 

                 ID                   INTEGER PRIMARY KEY, 

      CREATED              INTEGER NOT NULL DEFAULT (strftime('%s', 'now')),  

      UPDATED             INTEGER DEFAULT (strftime('%s', 'now')),  

      NAME                 TEXT NOT NULL,  

      LAT                  REAL NOT NULL DEFAULT 0,  

      LON                  REAL NOT NULL DEFAULT 0,  

      ADDRESS             TEXT,  

     PORTAL               INTEGER NOT NULL DEFAULT 0,  

      SESSIONTIMEOUT     INTEGER NOT NULL DEFAULT 2700,  
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      BANDWIDTHUP        INTEGER NOT NULL DEFAULT 500,  

     BANDWIDTHDOWN      INTEGER NOT NULL DEFAULT 800, 

     IDLETIMEOUT                 INTEGER NOT NULL DEFAULT 900    

  ); 

 

  CREATE TABLE " ROUTERS " ( 

         NASID            TEXT PRIMARY KEY, 

   LOCATION        INTEGER NOT NULL DEFAULT -1, 

   ADDED            INTEGER NOT NULL DEFAULT     

      (strftime('%s', 'now')), 

   MODIFIED         INTEGER DEFAULT (strftime('%s', 'now')),  

   TYPE             TEXT,  

   COMMENTS        TEXT, 

   ENVIRONMENT   TEXT NOT NULL DEFAULT "Test", 

   PASSWORD     TEXT, 

   FOREIGN KEY("LOCATION") REFERENCES LOCATIONS("ID")               

  ); 

 

 SQLite Translation -Diagram 17 
 
{DEVICES} * to *{FACEBOOK_SUBSCRIBERS}  
->  
{DEVICES} COMPOSITION 1 to 0..* {DEVICE_FACEBOOK_SUBSCRIBERS }  
 AND 

      {FACEBOOK_SUBSCRIBERS} COMPOSITION 1 to 0..*  

      {DEVICE_FACEBOOK_SUBSCRIBERS } 

 

CREATE TABLE " DEVICES "( 

                 MAC                             TEXT PRIMARY KEY, 

   DEVICEMODEL         INTEGER NOT NULL, 

         DEVICEOS                  INTEGER NOT NULL, 

          PASSWORD               TEXT NOT NULL, 
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                LOCALE                       TEXT DEFAULT NULL, 

                      CREATED                   INTEGER DEFAULT (strftime('%s', 'now')), 

          MODIFIED                 INTEGER,     

         FOREIGN KEY("DEVICEMODEL") REFERENCES      

     DEVICE_MODEL("ID"), 

          FOREIGN KEY("DEVICEOS") REFERENCES DEVICE_OS("ID") 

   ); 

 

  CREATE TABLE " FACEBOOK_SUBSCRIBERS " ( 

         USERID                TEXT PRIMARY KEY, 

          NAME                   TEXT, 

          EMAIL                   TEXT, 

          GENDER               TEXT, 

          BIRTHDAY             INTEGER, 

          FRIENDS               INTEGER NOT NULL DEFAULT -1, 

          TOKEN                 TEXT, 

          FRIENDSCHECKED       INTEGER NOT NULL DEFAULT 0, 

          LOCALE                TEXT DEFAULT "en", 

          DEAUTH               INTEGER NOT NULL DEFAULT 0, 

          CREATED              INTEGER DEFAULT (strftime('%s', 'now')), 

          MODIFIED             INTEGER               

  ); 

 

  CREATE TABLE " DEVICE_FACEBOOK_SUBSCRIBERS " ( 

         MAC                   TEXT, 

          USERID                TEXT, 

          CREATED              INTEGER DEFAULT (strftime('%s', 'now')), 

          MODIFIED             INTEGER, 

          PRIMARY KEY("MAC","USERID"), 



91 
 

          FOREIGN KEY("MAC") REFERENCES DEVICES("MAC"), 

          FOREIGN KEY("USERID") REFERENCES       

   FACEBOOK_SUBSCRIBERS("USERID")               

  ); 

 

8.1.3. Main Points of the Database Improvement 
 Many database refactoring, such as adding a column, can be done without having to update all 

the code that accesses the system. If code uses the new schema without being aware of it, the column 

will just go unused. Many changes however don't have this property. We call these destructive changes, 

an example of which is making an existing nullable column not null. (Fowler, Evolutionary Database 

Design, 2003) 

 Once we compare the old database design with the new one, it can be easily observed that 

there have been destructive changes. The following list shows the concrete improvements that the new 

database has with respect to the old one. 

 Extendable database model is obtained for the future needs:  
In the future the database model can be extended within the needs of the system. New 
campaigns can be included into model; new user roles can be added into Mission 
Control. 
 

 Data inconsistency problems were solved: Data inconsistency, which exists when 
different and conflicting versions of the same data appear in different places, problem 
was solved with the new design. 
 
An example to this situation could be the table definitions from the old design. The 
following tables are the definitions of the “ROUTERS” and “PORTALS” tables. 
 
CREATE TABLE "RADIUS"."ROUTERS"  

   (    "NASID"               VARCHAR2(50 BYTE),  

        "NETWORK"        NUMBER DEFAULT -1,  

        "LOCATION"        NUMBER DEFAULT -1,  

        "PORTAL"            NUMBER DEFAULT -1,  

        "SSID"                  VARCHAR2(64 BYTE) DEFAULT 'I_LIKE_FREE_WIFI',  

        "ADDED"              TIMESTAMP (6),  

        "PROVISIONED"  NUMBER(*,0) DEFAULT 0,  

        "MODIFIED"         TIMESTAMP (6) DEFAULT NULL,  

        "TYPE"                  VARCHAR2(50 BYTE),  

        "COMMENTS"       VARCHAR2(250 BYTE),  
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        "PROCESSED"      NUMBER DEFAULT 1,  

        "SESSIONTIMEOUT"      NUMBER DEFAULT 2700,  

        "BANDWIDTHUP"           NUMBER DEFAULT 100,  

        "BANDWIDTHDOWN"     NUMBER DEFAULT 800,  

        "IDLETIMEOUT"              NUMBER DEFAULT 900 

   )  

 

CREATE TABLE "RADIUS"."PORTALS"  

   (    "ID"                      NUMBER(*,0),  

        "NETWORK"       NUMBER DEFAULT 0,  

        "NAME"               VARCHAR2(120 BYTE),  

        "DIRECTORY"    VARCHAR2(68 BYTE),  

        "CREATED"        DATE,  

        "IMAGE"             VARCHAR2(250 BYTE),  

        "TYPE"               NUMBER DEFAULT 0,  

        "VALIDFROM"   DATE,  

        "VALIDTO"         DATE,  

        "APPROVED"    NUMBER DEFAULT 0,  

        "PROCESSED" NUMBER DEFAULT 0 

   ) 

  

It can be easily observed that the columns “PORTAL” and “NETWORK” in “ROUTERS” table was 

causing inconsistency problem since the “PORTAL” and “NETWORK” columns are not foreign key for the 

table “ROUTERS”. Assuming a given entry from the “PORTALS” table and “ROUTERS” table, which has 

the same portal id, “NETWORK” column was not matching and this was raising an error in the 

production, since the corresponding router not belongs to the network id defined in the “PORTALS” 

table.  

Another example for the tables “ROUTERS” and “PORTALS” could be having undefined 

“PORTAL” ids in the “ROUTERS” table. If a portal is deleted from the “PORTALS” table, in “ROUTERS” 

table there were portals assigned which are no longer exists. 

In order to solve these inconsistency problems, in the new model foreign keys are defined. With 

the new database model, it is not possible to assign a portal, which is no longer exists in the table 
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portals, to a router. By having defined constraints and keys we pretend to have such an inconsistency 

problems that might occur in the database. 

The following tables are the definitions of the “ROUTERS” and “PORTALS” tables. Note that 

“PORTAL” column is eliminated from the routers. In the new design a router can be assigned to a portal 

as long as its location is assigned to the portal. That is why also definition of the “LOCATIONS” table is 

introduced in the example. 

 

       CREATE TABLE " ROUTERS " ( 

                        NASID                         TEXT PRIMARY KEY, 

                        LOCATION                  INTEGER NOT NULL DEFAULT -1, 

                        ADDED                       INTEGER NOT NULL DEFAULT     

   (strftime('%s', 'now')), 

                        MODIFIED                  INTEGER DEFAULT (strftime('%s', 'now')), 

                        TYPE                           TEXT, 

                        COMMENTS               TEXT, 

                        ENVIRONMENT         TEXT NOT NULL DEFAULT "Test", 

                        PASSWORD                TEXT, 

                        FOREIGN KEY("LOCATION") REFERENCES LOCATIONS("ID")               

            );     

 

            CREATE TABLE " LOCATIONS "( 

                        ID                                INTEGER PRIMARY KEY, 

                        CREATED                   INTEGER NOT NULL DEFAULT     

   (strftime('%s', 'now')), 

                        UPDATED                   INTEGER DEFAULT (strftime('%s', 'now')), 

                        NAME                         TEXT NOT NULL, 

                        LAT                              REAL NOT NULL DEFAULT 0, 

                        LON                             REAL NOT NULL DEFAULT 0, 

                        ADDRESS                   TEXT, 

                        PORTAL                      INTEGER NOT NULL DEFAULT 0, 

                        SESSIONTIMEOUT    INTEGER NOT NULL DEFAULT 2700, 

                        BANDWIDTHUP          INTEGER NOT NULL DEFAULT 500, 
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                        BANDWIDTHDOWN   INTEGER NOT NULL DEFAULT 800, 

                        IDLETIMEOUT            INTEGER NOT NULL DEFAULT 900,   

  FOREIGN KEY("PORTAL") REFERENCES PORTALS("ID")      

            ); 

 

    CREATE TABLE "PORTALS" ( 

      ID              INTEGER PRIMARY KEY,  

      NETWORK         INTEGER NOT NULL DEFAULT 0,  

      NAME            TEXT NOT NULL,  

      DIRECTORY       TEXT,  

      CREATED         INTEGER NOT NULL DEFAULT  

     (strftime('%s', 'now')),  

      IMAGE           TEXT,  

      TYPE            INTEGER NOT NULL DEFAULT 0,  

      APPROVED       INTEGER NOT NULL DEFAULT 0, 

      LASTAPPROVED   INTEGER DEFAULT NULL, 

      REDIRECTSTO    TEXT DEFAULT NULL, 

      REDIRECTTIME   INTEGER DEFAULT 0, 

      DUPLICATIONID  INTEGER DEFAULT NULL, 

     FOREIGN KEY("NETWORK") REFERENCES NETWORKS("ID") 

 ); 

 

 Complexity of the queries has been reduced: In the old design because of not 
having relations well defined among the tables, we were doing sub queries inside a 
query in many places, however with the new model this problem is solved by joining 
the tables when it is needed since we have the relations well defined. A concrete 
example to this situation can be as following: 
 
Old query sample:  
 
SELECT r.NASID AS NASID, r.LOCATION AS LOCATIONID, (SELECT l.NAME FROM 
LOCATIONS l WHERE l.ID = r.LOCATION) AS LOCATIONNAME, r.COMMENTS AS 
COMMENTS, r.TYPE FROM ROUTERS r; 
 



95 
 

New query sample: 
 
 SELECT r.NASID AS NASID, r.LOCATION AS LOCATIONID,l.NAME AS LOCATIONNAME, 
r.COMMENTS AS COMMENTS, r.TYPE FROM ROUTERS r JOIN LOCATIONS l ON l.ID = 
r.LOCATION; 
  

8.2. Design Patterns 
 Since we would like to have both organizing domain logic with one class per table in the 

database by having a single instance of a class and in some cases having one object per each entry in the 

table, we decided to apply both Domain Model and Table Module patterns. 

 

8.2.1. Domain Model 
 At its worst business logic can be very complex. Rules and logic describe many different cases 

and slants of behavior, and it's this complexity that objects were designed to work with. A Domain 

Model creates a web of interconnected objects, where each object represents some meaningful 

individual, whether as large as a corporation or as small as a single line on an order form. (Fowler, Rice, 

Foemmel, Hieatt, Mee, & Stafford, 2002) 

 Domain Model will be used for operations that act on a specific item. E.g., getting specific data 

regarding to the nodes like router, location, portal, network etc. 

                               

Diagram 23-Domain Model Pattern 

     

 

8.2.2. Table Module 
 A Table Module organizes domain logic with one class per table in the database, and a single 

instance of a class contains the various procedures that will act on the data. The primary distinction with 

Domain Model is that, if we have to operate with many elements, a Domain Model will have one object 
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per each element while a Table Module will have one object to handle all elements. (Fowler, Rice, 

Foemmel, Hieatt, Mee, & Stafford, 2002) 

 Table Module will be used for the operations that affect many items at one time. E.g., obtaining 

statistics data. 

                                   

Diagram 24-Table Module Pattern 

     

 

8.3. Encapsulation of Database Model Class 
 In order to database access “radius” and “stats” databases both for the production and 

development environment, it is necessary to encapsulate the database model class. The class must be 

implemented as static to assure that at most one connection to each database is opened at each 

request. Therefore it is not necessary to close the connections since they are automatically closed at the 

end of the script.  

 In UML modeling, a generalization relationship is a relationship in which one model element 

(the child) is based on another model element (the parent).The following diagram shows the 

generalization of the database model class to access both environment within the execution of the 

system. 
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Diagram 25- Generalization of Database Model Class 

As it can be observer from the Diagram 25, both DatabaseLite and DatabaseOra classes extends 

DatabaseBase class, which is the base class. In the case of the environment is development, then 

DatabaseLite class model will be the one to process data, otherwise DatabaseOra class model is used for 

the production environment. 

 Both subclasses extends the functions of the DatabaseBase class. In addition to these methods, 

there are some special conversion functions were implemented to make the query work with both 

Oracle and SQLite syntax. 

9. Development 
9.1. Implementation  
 Each one of the iteration in the implementation was involving the development part of the 

specified requirements. Since the needs of the company changes day by day there has been needs for 

minor modifications regarding to the requirements as long as they do not violate consistency with the 

rest of the code. The best example for the changing requirements were regarding to the "Portal". At first 

the specification were simple, Portal were requiring more than one domain connection type. Day by day 

from the feedbacks that have been obtained from the clients desired to propose an option to have 

customizable Portal. After receiving customer reviews, in the each iteration of the development phase, 

colors, strings, images, languages, campaigns customization has been added as requirement, and in 

parallel to these requirements implementation has been done. 

 To synchronize the code between different developers at the same time, backup software Git 

version control has been used as explained in section 4.2.1. In the repository there is a branch with the 

code that is currently in production and another code which is being developed for the future versions; 

every time if a developer want to make a release to production (every 3 weeks), the production is 

synchronized with the development with all changes done in development environment. Note that 

currently the production and development server are using different technology; in production 

environment Oracle database is being used whereas SQLite is used in development environment. 
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 This situation was causing some problematic incompatibilities between the environments. In 

this point, the need of the requirement (see requirement #47) has been raised. By implementing 

encapsulation of the database, we resolved incompatibilities between the two technologies that might 

come up while releasing to the production. 

There is a middle branch on the Git, which is hotfix. This branch aims to solve some critical or 

highly important problems that may occur in the production environment. 

 

9.2. Testing  
 It is important to test the database performance after the refactoring to see if we have 

advanced in terms of performance and have fulfilled all the requirements that the database should 

meet. However because of the time limitations database performance tests was not performed. The 

following tests only cover the average response time and the query execution time. 

 

9.2.1. Database Response Time Testing 
 In general this refactoring was aimed to extend system and correct the data that we were 

gathering. However it must be also proofed that the improvements were done in the database did not 

break anything, and should be showed that database works faster than before in terms of the average 

response time and the query execution time. 

Following table shows the properties of the old and the new environment: 

 Old Environment New Environment 

Hardware   

Resource 

Linux socialandbeyond 2.6.32-

220.7.1.el6.x86_64 #1 SMP Wed Mar 

7 00:52:02 GMT 2012 x86_64 x86_64 

x86_64 GNU/Linux 

SunOS moria.local 5.11 

joyent_20130418T230855Z i86pc 

i386 i86pc Solaris 

 CPU Intel(R) Core(TM) i7-3770 CPU @ 

3.40GHz 

x86 (GenuineIntel 206C2 family 6 

model 44 step 2 clock 2400 MHz) 

Intel(r) Xeon(r) CPU           E5645  @ 

2.40GHz (2 virtual CPU cores is 

allowed) 

 Database Oracle SQLite 

    Schema 2-Machine Information 

 The environment has changed from dedicating hosting machine to the cloud virtual machine. 

The main reason of changing the environment was to reduce the cost. Once we compare dedicating 

hosting machine and cloud virtual machine, the cloud virtual machine is much cheaper and cost 

effective. Another reason was to simplify solving the problem issues that might happen regarding to the 

machine. Since the dedicating hosting machine requires involving the technical support, this was 

increasing the complexity about solving the issues regarding to the machine. In contrast to the 
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dedicating machine, cloud virtual machine provides tool to the administrator for solving issues 

automatically without the need of the technical support.  

 On the other hand, dedicating hosting machine was much faster than the virtual cloud machine. 

Even though it is faster, by considering the pros and cons of the two environments, it was decided to 

switch to the cloud virtual machine. 

 The following average response time test has been done for the old and the new machine with 

the corresponding databases Oracle and SQLite. 

1. Average Response Time Testing:  
 

 Old Environment-Oracle New Environment-SQLite 

Request echo "User-

Name=100002289302499,Password=1

00002289302499,Acct-Status-

Type=Start,NAS-Identifier=00-27-22-

C4-2A-F6" | sudo radclient 

78.46.53.26 status ********** 

echo "User-

Name=100002289302499,Password=10000

2289302499,Acct-Status-Type=Start,NAS-

Identifier=00-27-22-C4-2A-F6" | sudo 

radclient socialandbeyond.com status 

********* 
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Response Received response ID 163, code 2, 

length = 788 

    Reply-Message = "Radiator Radius 

server version 4.9" 

    Reply-Message = "Running on 

socialandbeyond since Thu Jan  2 

13:32:16 2014" 

    Reply-Message = "0 Requests in the 

last second" 

    Reply-Message = "2901 Access 

accepts" 

    Reply-Message = "0 Access 

challenges" 

    Reply-Message = "291 Access 

rejects" 

    Reply-Message = "3203 Access 

requests" 

    Reply-Message = "28413 Accounting 

requests" 

    Reply-Message = "28365 Accounting 

responses" 

    Reply-Message = "0 Bad 

authenticators in authentication 

requests" 

    Reply-Message = "0 Bad 

authenticators in accounting requests" 

    Reply-Message = "0 Total Bad 

authenticators in requests" 

    Reply-Message = "0 Dropped access 

requests" 

    Reply-Message = "0 Dropped 

accounting requests" 

    Reply-Message = "0 Total dropped 

requests" 

Received response ID 74, code 2, length = 

800 

    Reply-Message = "Radiator Radius server 

version 4.12.1" 

    Reply-Message = "Running on 

moria.local since Wed Aug 27 09:43:36 

2014" 

    Reply-Message = "3 Requests in the last 

second" 

    Reply-Message = "16768 Access accepts" 

    Reply-Message = "0 Access challenges" 

    Reply-Message = "708 Access rejects" 

    Reply-Message = "18491 Access 

requests" 

    Reply-Message = "370998 Accounting 

requests" 

    Reply-Message = "352509 Accounting 

responses" 

    Reply-Message = "0 Bad authenticators 

in authentication requests" 

    Reply-Message = "0 Bad authenticators 

in accounting requests" 

    Reply-Message = "0 Total Bad 

authenticators in requests" 

    Reply-Message = "0 Dropped access 

requests" 

    Reply-Message = "0 Dropped accounting 

requests" 

    Reply-Message = "0 Total dropped 

requests" 

    Reply-Message = "1015 Duplicate access 

requests" 

    Reply-Message = "18489 Duplicate 

accounting requests" 
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    Reply-Message = "11 Duplicate 

access requests" 

    Reply-Message = "48 Duplicate 

accounting requests" 

    Reply-Message = "59 Total duplicate 

requests" 

    Reply-Message = "0 Malformed 

access requests" 

    Reply-Message = "0 Malformed 

accounting requests" 

    Reply-Message = "0 Total proxied 

requests with no reply" 

    Reply-Message = "0 Total proxied 

requests" 

    Reply-Message = "31616 Total 

requests" 

    Reply-Message = 

"0.0372144533956008 Average 

response time" 

    Reply-Message = "19504 Total duplicate 

requests" 

    Reply-Message = "0 Malformed access 

requests" 

    Reply-Message = "0 Malformed 

accounting requests" 

    Reply-Message = "0 Total proxied 

requests with no reply" 

    Reply-Message = "0 Total proxied 

requests" 

    Reply-Message = "389489 Total 

requests" 

    Reply-Message = "0.0228213017683986 

Average response time" 

    Schema 3-Average Response Time Test Results 

 It can be observed from the tests were done for both environment; SQLite database with the 

new environment gives us a better average response time. Since we consider that the old machine 

was much more powerful than the new machine, this results shows the success of the refactoring 

done in the database since it gives better average response time.  
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2. Execution Time of the Example Query Testing: 
 

 Old Environment-Oracle New Environment-SQLite 

Table 

Definitions 

 

 

Query SELECT r.NASID AS NASID, 

r.LOCATION AS LOCATIONID, (SELECT 

l.NAME FROM LOCATIONS l WHERE 

l.ID = r.LOCATION) AS 

LOCATIONNAME, r.COMMENTS AS 

COMMENTS, r.TYPE FROM ROUTERS 

r; 

SELECT r.NASID AS NASID, r.LOCATION AS 

LOCATIONID,l.NAME AS LOCATIONNAME, 

r.COMMENTS AS COMMENTS, r.TYPE FROM 

ROUTERS r JOIN LOCATIONS l ON l.ID = 

r.LOCATION; 

Response 171 rows selected. 

 

Elapsed: 00:00:00.14 

171 rows selected. 

 

CPU Time: user 0.004392 sys 0.015323 

    Schema 4- Query Execution Time Test Results 

This test results also supports that the refactoring done in the database was successful since the 

execution time of the query in SQLite is less than the execution query in the Oracle. By defining foreign 

keys we reduced the execution time.  

 

9.2.2. System Testing 
 Unfortunately current project have neither integration testing nor unit testing. It is needed to 

have testing in the project; it is included in the roadmap of the project. However, testing was done as 

following: 

 Verifying functional objectives: Developer tests various possible flows of the each 
implemented functional objective to verify that what parts has been implemented and 
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completed, which parts work as expected, and in the case of having an error correcting 
them in a way to fulfill the requirements.   

 

 Release for Production: Each feature that have been developed since the previous 
release should work as expected, and if some errors are found they must be fixed. Also 
for detecting the possible errors during the execution of the code, an error log file has 
been generated. In parallel to the production environment, in the error log, which the 
server generates it, possible errors can be observed and managed. 

 

 Customer feedback: Customers are also doing the role of testers since they see 
sometimes system failures. They are reporting the bugs that they faced in the system. 
So, their feedback also helps us to detect and fix the bugs that were not observed during 
the release in the production. It is also important to get feedback from customers, 
however it would be desirable to rely less on it. 

10. Project Planning and Cost  
10.1. Initial Planning 
 As discussed in previous section (see 5.1. Agile Software Development) agile approach was 

chosen for the elaboration of the project, which means that the development process is iterative and 

incremental. The development is split into several iterations, and new features are added to the 

software incrementally. In order to make the planning of the project the key milestones were defined in 

such a way that each iterations of the software adds some important features. In the beginning of each 

iteration the analysis is performed and requirements are defined in more detail. The initial planning of 

the project is shown in Schema 5. 

 

                                     Schema 5-Initial Planning 

 

10.2. Final Planning 
 During the process of the elaboration the project system properties, the requirements 

sometimes were changed or redefined, but the development mostly followed the original plan 

consisting of the iterations.  
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 Since I have been working as full time during the project period, because of other priorities in 

the development, database refactoring has taken much more time than I expected. The reason was, this 

refactoring has been done in a different branch on Git. Since I have been developing on both branches 

sometimes it was hard for me to catch the schedule proposed to complete the refactoring. Luckily I 

completed the refactoring two weeks later than the expected date. It took two more week more 

because of testing the system and applying the refactoring as release on the production.  

 

10.3. Project Cost 
In this section the cost of the project is estimated. In order to complete the project in company 

working hours have been fixed according to the company rules and University agreement. In addition to 

this, in the company I am not only focused on my master thesis, but also implemented some other parts 

that are necessary for company side. For that reason the estimation of cost will be performed using the 

initial planning, with the length of the project. 

 The cost of the project in terms of expenses is calculated by using the following aspects; 

 

10.3.1. Hardware Resources 
As a hardware requirement, what is needed for the project is a computer to manage database 

and a server. For developing new database implementation, the company needs a server in the system. 

In addition to this, to manage servers there should be at least one computer. These two could be basic 

requirements. For developing the project I used the PC which is currently used by the company. One PC 

is enough to do everything. In the following schema, the cost of hardware part can be seen. 

NAME COST 

IMAC             1,899€ 

Server             985€/year 

 

10.3.2. Software Resources 
During the developing of the project there are some software that have been used: PHP was used 

to implement web services and backend of the system. It was open source software, that’s why for the 

PHP there is no expense. JavaScript, which is used for the frontend of the system, is also open source 

software. So, also has no expense as for the development phase. Lastly as database, Oracle had been used 

until February, 2014. After February we switched to the SQLite database. For Oracle Express Edition free 

version was used, and the SQLite itself is also free. 

The non-free software which was used in the project included Microsoft Word, which also 

required Microsoft Windows operating system installed. This could lead to significant expenses, but in 

my case being a student of UPC I could get this software free of charge for the period of the 

development of the thesis. 
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10.3.3. Office Resources 
This category covers the equipment of the working place, which includes a desk and a chair, 

electricity and internet connection. Because of doing the project in a company, there is no needed to 

rent a room or office in somewhere else. However according to my experiences of living cost in 

Barcelona. The calculation of the each for one person would be; 

 

Electric 25€ 
Internet 25€ 
Printing 5€ 
Chair and Desk 200€/8  = 25€ per month 
TOTAL 80 € 

Schema 6-Office Recources 

If we think about 8 months the equation would be: 640€. 

 

10.3.4. Human Resources 
In order to estimate the costs of human resources the initial estimation of the length of the 

project is taken as a base. 

 

TASK Task Description Estimated Time 

1 Analysis of current DB Design 140 hours 

2 Requirement gathering 80 hours 

3  Specification 40 hours 

4 Data Modeling 190 hours 

5 New DB Design Implementation 350 hours 

6 Final Report Elaboration 160 hours 

 TOTAL 960 hours 
Schema 7-Human Recources 

If we hire a person, and propose a wage 9€/hour the following figure would explains total cost; 

 

        RESOURCES                             RATE TIME/PERIOD                        COST 

Office Resources             80€/month 8 months 640€ 

Hardware Resources             1899€+55€/month 8 months 2399€ 

Human Resources             9€/hour 960 hours 8640€ 

  TOTAL COST 11619€ 

Schema 8-Project Total Cost 
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11. Future Works 
 In the future, the product can be evaluated in multiple lines to provide higher marketing value 

for the product. Among the lines which have more priority can be listed as below:  

 Creating unit testing: In order to be followed by continuous integration development 
environment in production, basically unit testing have to be adapted for the Front-End 
and Back-End of the system. 

 

 Adding new campaigns: Given the roadmap of the company we will be adding new 
campaigns. In order to measure how profitable campaign is for both direct customers 
and end users pilot phase will be applied for the product. Specific campaigns are 
proposed by the marketing team is recommended to be applied. 

 

 Adding social networks: So far we have not been integrated another social network 
rather tan Facebook as an option to connect, or campaigns targeted. It is recommended 
to add multiple options both for connecting and participating for the new campaigns. 
The first target is to integrate Twitter option to connect Portal as an alternative of the 
Facebook. Having Twitter connection, some campaigns can be also implemented like 
making the end user as the follower of the company page etc. Also according to the 
clients, it might be more interesting to use the product in a business event to give the 
connection using the LinkedIn social network, rather than through Facebook can be 
considered ordinary in by the community surroundings of the event.  

12. Conclusions 
 The general evaluation myself in this project is fine since I'm happy with the results as a 

designer. I believe that I have met all the objectives as it was expected in the period of time that the 

project has encompassed. 

 Since the code was complicated and messy at the beginning, and there were no initial clear 

image in the project, it was challenging to make decisions of how to approach each part of the analysis. 

That is why I had to apply the theory what I have learned during the master, for both analysis and 

implementation to define the best solution for the project design. Especially the part of refactoring of 

the database has been grateful for me, as it allowed me to see and recognize the benefits of applying 

the database design steps with the corroboration of CTO of the company to transform a totally static 

and stable database into a versatile and extendable for the future needs. I was quite lucky, because in 

this master I have specialized in Software Engineering field, and this project is also about Software 

Engineering. Also thanks to the MIT master, I already taken Software Engineering I and Software 

Engineering II courses. By taking those courses, I had enough knowledge about UML and the design 

phases of the database (requirement analysis, specification, design, implementation and testing). 

 Thanks to this project I improved my problem solving and analysis skills by looking the solution 

way in the document or in an academic paper or in journal. 
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Lastly, I am really happy to work with very helpful lecturer and my thesis director Maria Dolors Costal 

Costa in UPC, and also I am very pleased with by collaborating and meeting with the professionals that 

we have been working together in the company. 
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