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Introduction
The purpose of this thesis is to introduce the concept of dynamic content web based applications
for contextual decision making and to prove the utility of it, I built an application that contains
all the characteristics of it. I chose to develop an application that allows users to search for a
photographer that suits their needs and corresponds to the desired criteria. There is an increasing
need for this kind of service as there is an extraordinary request for professionally done
photographs in all the areas of interest. Another target was to promote freelance photographers
that want to find clients through this application.

The thesis is structured in 5 chapters and the outline is the following:

Chapter 1 contains the definition of the dynamic content web based applications for contextual
decision making. It demonstrates that contextual decision making is about taking the wider view
and then reaping the benefits based on the dynamic results that are provided by the application.

Chapter 2 displays the advantages a decision-making web application with dynamic content and
presents such application that are of huge success. The presented existing applications are
Amazon - one of the largest retail online store in the world, and Airbnb - an online marketplace
that enables people to rent or lease lodging, houses or apartments.

Chapter 3 explains the design decision of the application and the technologies that were used.
To create this application the client side was developed using JavaScript, the most used
programming language to develop the front end of a web application, guided by the Backbone
framework. For the back end, Python was chosen as the development language as it has been on
the rise in the past few years, together with the Flask web framework.

Chapter 4 contains the application architecture, the motivation and presents the application
usage. The user manual shows a general presentation of the website, containing a description on
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how it can be used together with some screenshots of the application. Also, the future
improvements are mentioned to show the next steps of the application development path.

Chapter 5 contains the conclusions reached through this study.
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1. Dynamic contents web based applications and
contextual decision making
1.1 Information system
In this modern day and age, information technology plays a crucial role in all human activity
and every day work. Communication, information gathering and decision making all rely on it.
All this usage of technology generates impressive quantities of data, such as user data, product
data, stocks, delivery, and data about almost everything that there is. This information is
becoming more and more important for the modern society. Because of this, it must be collected,
filtered, stored, processed and distributed in an information system such that it can be controlled,
analyzed in a way to support decision making. As presented, the information system is a
collection of components that work towards a common goal: to take an input and transform it
into a more usable output. Its definition focuses on two perspectives: the structure of the
components that make up the information system and the function that those components play.
From a functional perspective, an information system is a technologically implemented medium
for recording, storing, and disseminating linguistic expressions as well as for the supporting of
inference making. From a structural perspective, an information system consists of a collection
of people, processes, data, models, technology and partly formalized language, forming a
cohesive structure which serves some organizational purpose or function. [1] The structural
description of information systems states that it is both a technical and social system and it
consists of human behavior, a set of rules and technical artifacts.
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1.2 Web based application having dynamic content
Starting in 1955, the World Wide Web provided a new platform which extended the capabilities
of computerized decision system. The introduction of HTML 2.0 was the turning point in the
development and evolution of the web based dynamic applications.

Information system discipline extends on the web as it does not require more than a browser
installed to use the application that integrates it. One branch of the information system whose
expansion boosted in the number of transactions by improving processing and organizational
strategies is e-commerce.

Electronic commerce is not simply about the consumption of transactions via the Internet, but
also about supporting the decisions that underlie those transactions – plus online support for
decisions leading to offline transactions. Moreover, Internet-based support of collaborative,
multi participant decision making is increasingly important for implementing electronic
business strategies and operations, such as those dealing with supply chains and customer
relationships. [2]
Today’s generation of web application is built around dynamic content. As it is the largest
communication platform in the world, it must offer perfect user interaction by constantly
changing, being interactive and user driven. Most of the customers get frustrated when shopping
online if the promoted content is not tailored for their interests. The content should adjust
according to the user preferences, personal information and access time.

Dynamic content is generated for the user when they request the page. As it is personalized, all
the responses are crafted by the user activity on the web site, by their requests and according to
their profile type. Reordering items on the search listing pages is also a great way to streamline
the customer journey. This can be done based on personal click and purchase histories, as well
as item popularity. While the former has its obvious benefits, popularity, as a ranking factor is
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not to be sneezed at, despite its simplicity. Just consider, to what extent Pareto’s rule in
marketing, which states that 80% of your sales come from 20% of your products, holds true to
your business. [3]

Another benefit of a dynamic applications is that they are seamless. Combining client side
scripts that run on the browser with server side scripts, the website can load new data on already
loaded pages, without the awareness of the user. This makes the experience more user friendly,
faster and with much less data consumption.

1.3 Contextual decision making
Contextual decision making is about taking the wider view and then reaping the benefits. A
decision is a choice about a course of action reached after consideration. Its purpose is to offer
support in this activity by providing the alternatives, helping to determine their implications and
keep track of them.

Understanding consumer decision-making is becoming more significant due to its inextricable
relationship with shopping behavior. To grow sales, the businesses have developed strategies
that rely on the user preferences. When you provide a personalized experience, visitors remain
on your website longer, download more offers, and ultimately purchase more products.
The concept of personalizing an individual’s marketing experience isn’t new. When it was
applied to email marketing, it revolutionized the way people were targeted. Before
personalization, emails were sent en masse to an entire mailing list and the results were spotty
at best. Segmentation changed all that. Once marketers began segmenting based on interests,
personas, industries, etc. and customized their efforts to a list, performance improved
dramatically. [4] Personalization is the real-time individualization of a site to suit each visitor’s
unique needs and to guide them through a custom conversion funnel. It reduces the amount of
information and options offered to user to guide them through a funnel designed for their
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individual needs. The biggest benefits of personalization are increased visitor engagement,
increase convention rates and improved customer experience.

A dynamic content web application is an interactive software that accesses large volumes of
data and summarizes it to apply certain rules, patterns, exceptions to obtain statistics and
relevant results. The main purpose of these knowledge-based systems is not necessarily to give
a decision but to transform raw data in useful information to help the decision makers. Such an
application can aid human cognitive deficiencies by integrating various sources of information,
providing intelligent access to relevant knowledge, and aiding the process of structuring
decisions. Contextual decision making tools have the purpose to give users information and
allowing them to make optimal choices for planning logistics, investments or expenses.

Another factor that contributes to decision making process are recommendations. The website
suggests, based on the user activity, preferences or any information that it has about them,
products, services or activities that would be suitable. A new study says that up to 31% of ecommerce site revenues were generated from personalized product recommendations during Q4
2014. The Barilliance study analyzed revenue source data from over 300 eCommerce sites
worldwide which utilize the Barilliance product recommendation engine. The worldwide
average of website revenues generated from product recommendations was 12%. [5] Also,
featured products give visitors a quick idea about what kind of products or services are available
on that website. As the customer decides in a matter of seconds if the application is worthy of
interest, the products that are shown first on homepage should be carefully selected.
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2. Existing web solutions for contextual decision
making
As the usage of Internet spread around the globe, it became a common way of trading and
delivering goods, information and services. It leads to a global economy which is fragmented,
where the customer has the buying power, where there are more distribution channels, less items
and different pricing models. The witnessed advantage in the field of context decision making
are: remote data access, the existence of electronic financial markets and the availability to
increase the real-time online information.

As the future of any class of business depends on keeping up with the new opportunities,
commerce found a way to flourish in a web environment, known today as e-commerce.
Companies like Amazon or Airbnb who understood that customer value is critical to their
contemporary business success, provide services that help their clients easily find the
commodities they are searching for.

Amazon, one of the world’s largest retail seller is an example of web-based contextual decision
making systems for customers. This self-service information system that aids in decision making
became widely spread as the customer can choose the kind of commodity or service. The
transactions made online are conducted without a sales agent via a shopping cart software. A
significant advantage of e-commerce is the costs. However, a disadvantage is the big number of
lost transactions that would have been made if conducted person-to-person. Another problem is
the early departure of users from the web-site. The reasons for that may vary from poor inability
to find the desired product, non-competitive prices or the poor quality of service. In the proposed
system, the broker detects customer behavior indicating imminent departure, which triggers an
update of the client’s web page being displayed by the browser to maximize the likelihood of
retaining the customer. This approach was inspired by person-to-person selling practices. In
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person-to-person transactions, a sales agent can detect when a customer is losing interest in the
product and acts to close the sale before the customer leaves. These actions can include price
adjustments, enhancement of product packages, or other incentives to retain the customer. The
sales agent can observe non-verbal signals displayed by the customer before the customer has
consciously decided to leave without making a purchase. Good sales agents act on these nonverbal signals and change tactics to retain the customer. In a nutshell, our work seeks to
incorporate some of the advantageous attributes person to person transactions in online
transactions. [6]

Amazon improved their contextual decision making across the board in the services they offered
by targeting millions of keywords, used personalization to make relevant and pertinent
recommendations, making their user experience more appealing. Investing in this helped them
to improve the process of selling goods online and it get Amazon in the top. Also, they created
‘Weblab’, an internal experimentation platform used to evaluate the improvements to their
products and their website.

Recommendation engines received a lot of attention in recent years, largely in relation to the
practices of Amazon, Netflix, and other giant corporations that make personalized content and
user journeys central elements of their services. Also, Amazon’s “recommendation box” creates
the sense that they, in fact, want to consciously guide users through their buyer’s journeys from
product discovery to checkout by showing them relevant content at each stage along the way.
[7]
Amazon was the first that implemented, back in 1999, the ‘Others who viewed this, also viewed’
section. This way, they were making sure that the provided recommendations were based on
habits and preferences of the users, not on arbitrary hard-coded criteria.

Another such example is Airbnb, an online marketplace that enables people to rent or lease
lodging, including apartments rentals, vacation rentals, hotels or hostels rooms. The company
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acts like a broker that receives a percentage of service fees. This is a collaborative consumption
concept of accommodation where private people are encouraged to share their properties with
tourists to gain money. They rely on user-based rating systems for quality control, ensuring a
level of trust between consumers and service providers who have not previously met. The
website provides featured destination based on the most visited cities in the world, experiences
and events.

A well-known web-based contextual decision making systems is Facebook - the popular social
networking website that allows users to keep in touch with friends, family and colleagues by
creating profiles, uploading photos and video and sending messages. Facebook approaches
personalized sales with dynamic content from a social advertising perspective. Firstly, it delivers
content based on your preferences: the connection of the user, the liked pages and the events in
the near area. The company developed its profits drastically when they started to deliver targeted
and personalized advertisements. Sending the right message to the right people is priceless.
Using information from the user profile such demographics, age, gender or interests it allows
hyper-targeting of its ads, giving advertisers the ability to hone in on a specific persona that is
most likely to convert.

The World Wide Web has created a major opportunity to deliver more quantitative and
qualitative information to decision makers. Web architectures and networks permit Information
System professionals to centralize and control information and yet easily distribute it in a timely
manner to managers who need it. Also, intranets are providing many opportunities for securely
delivering information from data warehouses and external databases to a manager’s desktop in
a format that permits and encourages frequent use and follow-on analysis. [8[] Web applications,
to succeed, must make available relevant information and support tools for the decision makers.
The most important particularity that these two web applications have in common is the
dynamicity of the results obtained. Using the applications, even with the same preferences, in
different moments, the results will differ. Extending to the Amazon example, even if we are
looking for the same product, with the same criteria, the results will be different as the prices
vary, the rating given by the users change or the products become unavailable. The same thing
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is true for Airbnb too. If you search for a property at a certain location at different periods of
time, the results may vary according to the availability.

To sum everything up, contextual decision making application that provide results based on the
user criteria are popular nowadays. As the results are customize the user won’t have to browse
through irrelevant information. Reducing the amount of redundant information delivered to the
web application visitors and presenting users with the next logical step in their discovery process
and customer lifecycle, the experience improves, making visitors to access the website again.
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3. Technologies used
The web has facilitated a creation of web based applications for contextual decision making as
the it has the advantages of running on multiple platforms regardless of operating system, if it
has a compatible browser. It also doesn’t require extra costs for the business as there is less
maintenance and support required and neither for the user, as it does not have higher
requirements for the user’s computer. A web application can be defined as a program that
utilizes a browser and web technologies to perform a task over the Internet. It is a combination
of client side scripts - JavaScript and HTML- to present information to users a server side scripts
- Python - to handle retrieval and storage of data. The web application is coded in JavaScript
and HTML, as it relies on the browser to render the program executable. As it is dynamic, it
requires a web server to get the request from the client, an application server, coded in Python,
to perform the tasks requested and a database to store the data.

In a typical web application, the user triggers a request to the web server through a web browser.
The web server which is coded in JavaScript, the native language of the browser forwards the
request to the desired web application server. It performs the requested task and then it generates
the results. Web server responds back to the client with the data and displays it to the user’s
display. For the client side, HTML is used to display content and JavaScript is used to add
interaction, customize, automate and manipulate the web data.
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3.1 Front-end
The Negatives application uses a front end developed in JavaScript as it provides a friendlier
experience for the visitors of the web application. It is compatible with all the modern browsers
and fast to the end user.

3.1.1 JavaScript
JavaScript is a client side programming used to add functionality to a web page and enrich the
web application. The biggest advantages of JavaScript are that it can have the same result in all
the modern browsers and because it is executed on the client side, on the user’s processor saving
bandwidth.
JavaScript was introduced in 1995 to add programs to web pages in the Netscape Navigator
browser. [9] Since then, all the modern browsers such as Google Chrome, Mozilla Firefox,
Internet Explorer, Safari or Opera have started supporting it. With it, the web became more
dynamic and interactive, without needing a page reload for every action. JavaScript is an
interpreted (the instructions are not directly executed by the target machine, but instead read and
executed by some other program, which normally is written in the language of the native
machine) client-side scripting language that gives the ability to insert code into their DOM.

The Document Object Model (DOM) is a programming interface (API) for XML and HTML
documents. It defines the correct structure of documents as well as the way it can be accessed
and manipulated. JavaScript determines the way the HTML is parsed into the Document Object
Model, that represents the loaded web page. The same client-side techniques can then
dynamically update or change the DOM structure, style or content, with results then being
reflected in the view of the document. “With the Document Object Model, programmers can
build documents, navigate their structure, and add, modify, or delete elements and content.
Anything found in an HTML or XML document can be accessed, changed, deleted, or added
using the Document Object Model, with a few exceptions - in particular, the DOM interfaces
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for the XML internal and external subsets have not yet been specified.”[10] The Document
Object Model is a representation of the web page, based on the object-oriented principles, a page
that can be modified by a interpreted client-side scripting language like JavaScript.

3.1.2 Backbone
Backbone is the framework choose for the application implementation as its main advantages
are that it gives a structure to the application, it provides a synchronization of DOM with the
model and the collection and it offers a simple server-side persistence.

Modern JavaScript frameworks and libraries can guarantee a certain organization and structure
of your projects, establishing a maintainable foundation right from the start, which, in long term,
ensures the longevity of your applications. Backbone is dependent only on Underscore.js and
on jQuery (cross-platform JavaScript libraries that provide utility functions).

Models represent the data, which is created, validated, destroyed, received or sent by the server.
Whenever the model is modified, the ‘change’ event is triggered and the View that displays the
model is notified so that it changes accordingly. The interactive data is held in the model which
is created by extending Backbone model.
‘A View is an atomic chunk of user interface. It often renders the data from a specific model, or
number of models — but views can also be data-less chunks of UI that stand alone. Models
should be generally unaware of views. Instead, views listen to the model "change" events, and
react or re-render themselves appropriately.’ [11] The purpose of the view is to reflect how the
data models look like. As any model can have listeners bound to it which detect changes, the
view must react accordingly.
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The Router manages the application state and updates the URL. It detects changes in URL and
instructs the application accordingly. As shown in the example below, the router mixin must
also match the appropriate model with its view and to update the URL.

Fig 1: Router Mixin example

3.1.3 Bootstrap
Bootstrap is a free open-source web framework released in 2011, created by Mark Otto and
Jacob Thornton while they were working at Twitter. Bootstrap is a collection of reusable code
written in Html, CSS and JavaScript which makes the websites responsive, which means it
adapts to various screen sizes such as a desktop, a mobile or a tablet. To the Html elements
certain components which are CSS classes are applied to achieve a certain style - typography,
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forms, icons, buttons, tables, navigation and layout grids. The main benefit of this framework is
that it has a ‘mobile first’ philosophy, the concept is that the content should look awesome for
mobile, and then you scale it up for larger displays. It also adds consistency to the design, it is
easier to prototype new designs and it ensures cross-browser compatibility. Bootstrap is
supported by most modern browser, such as the latest versions of Google Chrome, Safari,
Internet Explorer 8+ and Firefox.
To set it up and have a responsive application, as ‘mobile first’ style is a part of the core
framework, the width of the viewport in Html must be declared. This will ensure proper
rendering - no horizontal scroll will be visible and users won’t have to zoom to see the content
- the following code must be added in the <head> element.

<meta name="viewport" content="width=device-width, initial-scale=1">

Secondly, the Bootstrap files must be included in the <head> element. Additionally, Bootstrap
requires jQuery to function. jQuery is a JavaScript library, that both simplifies and adds cross
browser compatibility to JavaScript.

Fig 2:Bootstrap imports

One of the most essential aspects of the framework is the grid. This responsive, mobile first
fluid grid system that scales up to 12 columns as the device or viewport size increases is the
base on which the whole layout is designed. Predefined grid classes for implementing layouts
options for devices such as desktops, tablets and mobile phones are included in Bootstrap 3. At
first, a container element must be declared to wrap all the rows and columns. The .container
class provides a responsive fixed width container. After that create rows <div class="row">
inside the container by using the row class. To add columns inside the row the class col-xs-*,
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col-sm-*, col-md-* and col-lg-* may be used. The col-xs-* class create grid columns for extra
small devices like mobile phones, col-sm-* class for small screen devices like tablets, the colmd-* class for medium size devices like laptop desktops and the col-lg-* for large desktop
screens. The col-*-* number in a row must add up to 12 for each row.

3.1.4 Ajax
Ajax (Asynchronous JavaScript and XML) is a modern web design technique that provides a
new way of building interactive applications that process the user requests immediately.
Asynchronous” means that multiple events are happening independently of one another. Ajax
is not a programming language or a tool even though it combines several programming tools
including JavaScript, dynamic HTML, CSS, the Document Object Model , and the Microsoft
object, XMLHttpRequest, but a concept. Ajax is a client-side script that communicates to and
from a server, fetching data in the background without the need a complete page refresh. Ajax
term is used for various JavaScript techniques used to connect to a web server dynamically
without necessarily loading multiple pages. This makes a page feel more like an application than
a web page by allowing content to update immediately when a user performs an action, unlike
an HTTP request, during which users must wait for a whole new page to load. The Ajax engine
acts as an intermediary between the Python server which provides the information and the user’s
browser that renders it. After it displays the content, the engine continues to run in the
background, using JavaScript to communicate with the browser. The main benefits of using
Ajax in web applications are: the increase in speed, the asynchronous calls and callbacks and
the fact that it takes the web page more user friendly.

The main purpose of Ajax is to improve the speed, performance and usability of the web
application. A great example of Ajax is the photograph rating feature on our app. The user rates
a photographer and it provides a comment and their opinion for that photographer will be saved
to the database without waiting for the page to refresh or reload, only by clicking a button.
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Callbacks: Ajax is used to perform a callback, making a quick round trip to and from the server
to retrieve and/or save data without reloading the entire page. By not performing a full reload,
network utilization is minimized and quicker operations occur. In sites and locations with
restricted bandwidth, this can greatly improve network performance. Most of the time, the data
being sent to and from the server is minimal. By using callbacks, the server is not required to
process all form elements. By sending only the necessary data, there is limited processing on
the server. There is no need to process all form elements, process the ViewState, send images
back to the client, or send a full page back to the client. [12]

Ajax is used everywhere in this web application where small amounts of information could be
saved or retrieved from the server without posting back the entire pages. All the ajax calls are
done in the backbone models page where the data is stored on the client side. A good example
of this is the following function with an ajax call that provides all the details required for a
photographer profile.

Fig 3: Ajax call example
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Once an Ajax callback to the server, can continue to use the web application while his request
is being processed. Once done, the server will send a response back to the client and the client
will change according to the received data.

3.1.5 jQuery
jQuery is a fast, small, and feature-rich JavaScript library. It makes things like HTML document
traversal and manipulation, event handling, animation, and Ajax much simpler with an easy-touse API that works across a multitude of browsers. With a combination of versatility and
extensibility, jQuery has changed the way that millions of people write JavaScript. [13] This
free, open-source library is like a wrapper around JavaScript. jQuery is used to easily write
client-side JavaScript to navigate and manipulate a page and make asynchronous Ajax callbacks.
The advantages of using jQuery are: it improves the performance of the application, it is
compatible with most the modern browsers and it is very fast and flexible. The main features of
the jQuery library are: HTML, DOM and CSS manipulation, Effects and Animations, AJAX,
HTML event methods and JSON Parsing.

The following example shows how two views change their visibility, complement each other
and how the corresponding titles in the navigation bar for the visible view receives the active
class.

Fig 4: jQuery example
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3.1.6 FullCalendar
FullCalendar is a jQuery plugin that provides a full-sized calendar which uses AJAX to fetch
events on-the-fly for each month and is easily configured.

Firstly, the right JavaScript and CSS files should be embedded, including the FullCalendar
stylesheet, as well as the FullCalendar and jQuery JS files, in the <head> section of your page.
After that, one element with the id ‘calendar’ that is placed inside a div should be added in the
body of the page, in the section where the calendar is shown.

Inside the calendar view, firstly the render attribute should be set when the section becomes
visible.

Fig 5: FullCalendar render

Once you have your dependencies and the calendar defined in Html, you need to write the
JavaScript code that initializes and customize the calendar. The structure of the header is defined
with the buttons: ‘prev’, ‘next’ and today, the title, which is the day, on the agendaDay view,
the dates of the beginning and the end of the week on the agendaWeek view or the name of the
month on the month view and the main four views from which the user may choose. The
attributes navLinks and eventLimit are set to true so that if you click on the event it will open
the customer’s profile page and to allow more than 2 events per day.
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Fig 6: Setting calendar interface options
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3.2 Back-end
The project uses a backend to handle storing and serving of all relevant information that is
needed in the frontend. Because the project is meant to be scalable and future-proof, Python was
chosen as the language to build upon. It is easy to use, fast and very well supported with a
plethora of community built modules to use.

3.2.1 Python 3
Python is a high-level programming language, that is widely used today, seeing a great rise in
the past years. It is a programming language designed to be used for writing and creating a wide
variety of software applications.

Created and first released by Guido van Rossum in 1991, Python was designed from the very
beginning to emphasize code readability and to have syntax that allows programmers to create
complex algorithms in fewer lines of code than was possible in other languages such as C++ or
Java. It provides constructs that enable writing programs of any scale, from small to large.

It features a dynamic type system, meaning that variable types are checked during runtime,
allowing for easier implementation of code. It also has automatic memory management, it
supports multiple programming paradigms such as OOP, imperative, functional and procedural
programming. One of its best-selling points is its large and comprehensive standard library, that
includes everything one would need to write any type of application from the ground up with
ease.

Python interpreters are available on all major operating systems, allowing it to run on almost
any machine.
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3.2.2 Flask Web Framework
Flask is a micro web framework, written in Python and based on the Werkzeug toolkit and Jinja2
template engine.

It is called a micro framework as it does not require any specific tools or libraries. No form
validation or database abstraction layer, or any other components. However, what Flask does
best is supporting extensions that can add application features as if they were implemented in
Flask itself. There are extensions available for pretty much anything, from form validation,
upload handling, object-relational mappers, various security and authentication technologies
and other framework related tools. The interesting thing is that these extensions receive updates
far more regularly than even the core Flask program.
The Flask framework is being used by some big companies in the business, including Pinterest
and LinkedIn, and the community website for Flask itself.

Some of the other features available that helped when making the choice to use Flask include:
integrated development server and debugger, RESTful request dispatching, it is Unicode based
and has extensive documentation.

3.2.3 JWT Security
JSON Web Token (JWT) is an open standard (RFC 7519) that defines a compact and selfcontained way for securely transmitting information between parties as a JSON object. This
information can be verified and trusted because it is digitally signed. JWTs can be signed using
a secret (with the HMAC algorithm) or a public/private key pair using RSA. [14]

It is compact because of its smaller size. It can be sent through a URL, POST parameter or inside
an HTTP header. It is self-contained because the payload contains all the required information

26

about the user, meaning that we don’t need to query information, about a user for example,
twice.

The most common scenario for using JWT, and the reason this project also has it implemented,
is authentication. Once a user has been logged in and a token has been generated, all subsequent
requests will just include and use the JWT, allowing access to routes, services or resources that
are open with that token. Single Sign On is a feature that widely uses JWT, because of the small
overhead and ability to be easily used across multiple domains.

JSON Web Tokens consist of three parts separated by dots, which are Header, Payload and
Signature.

The header typically consists of two parts: the type of the token, which is always JWT and the
hashing algorithm that was used, like HMAC or RSA.

The second part, the payload, contains the claims. Claims are metadata and statements about an
entity (in our case a logged user). Claims can be: reserved, public and private.

Reserved claims are a set of predefined claims that are not mandatory, but highly recommended
as they can prove very useful in some cases. Some of them are: iss (issuer), exp (expiration
time), sub (subject).

Public claims can be defined by the application creating the JWT and can contain any
information we would need, such as an email or username.

Private claims are custom claims created to share information between the parties that agree on
using them.

Finally, the signature is created by taking the encoded header, encoded payload, a secret, the
hashing algorithm specified in the header and we sign that. The signature is used to verify that
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the sender of the JWT is who it says it is and to ensure that the message wasn’t changed along
the way.

The output is three BASE64 strings separated by dots that can be easily passed in HTML and
HTTP environments, while being more compact when compared to XML based standards such
as SAML.

The following diagram shows exactly how a JWT process works:

Fig. 7: JWT creation and usage [14]

3.2.4 MySQL + SQLAlchemy
MySQL is an open-source relational database management system (RDBMS). The name is a
combination between My, the name of co-founder Michael Widenius’ daughter, and SQL, the
abbreviation of Structured Query Language. It has been chosen as the main storage of data for
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the backend, due to it being open-source, high speed, and the fact that it offers all needed
functionality for the project to work as expected.
A storage engine is the underlying software component that a database management system
(DBMS) uses to create, read, update and delete (CRUD) data from a database. MyISAM and
InnoDB are the two most popular storage engines. There are other engines available, namely
CSV,

MRGMYISAM,

BLACKHOLE,

MEMORY,

ARCHIVE

and

PERFORMANCESCHEMA, each are more suited in certain situations more than others - there
is no one engine that is best at everything. [11] For the purposes of this project, MyISAM was
chosen. Even though it is missing some features that other engines like InnoDB have, such as
transactions or foreign keys, the project has been implemented in a way that does not require
them, making better use of the higher read speeds that MyISAM offers.

SQLAlchemy is an open-source SQL toolkit and object-relational mapper (ORM) for Python.
It provides a full suite of well-known enterprise-level persistence patterns, designed for efficient
and high performance database access, adapted into a simple to use API.

Object-relational mapping is a programming technique, used to convert data between
incompatible type systems, in OOP languages. This effectively creates a virtual object database
that can be used within the programming language.

SQL databases behave less like object collections the more size and performance start to matter;
object collections behave less like tables and rows the more abstraction starts to matter.
SQLAlchemy aims to accommodate both principles.

SQLAlchemy considers the database to be a relational algebra engine, not just a collection of
tables. Rows can be selected from not only tables but also joins and other select statements; any
of these units can be composed into a larger structure. SQLAlchemy's expression language
builds on this concept from its core.
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SQLAlchemy is most famous for its object-relational mapper (ORM), an optional component
that provides the data mapper pattern, where classes can be mapped to the database in open
ended, multiple ways - allowing the object model and database schema to develop in a cleanly
decoupled way from the beginning.

SQLAlchemy's overall approach to these problems is entirely different from that of most other
SQL / ORM tools, rooted in a so-called complementarity - oriented approach; instead of hiding
away SQL and object relational details behind a wall of automation, all processes are fully
exposed within a series of composable, transparent tools. The library takes on the job of
automating redundant tasks while the developer remains in control of how the database is
organized and how SQL is constructed. [15]

Multiple high profile companies have implemented the functionality of SQLAlchemy in their
public applications, such as: Yelp, The OpenStack Project, Mozilla, reddit and many more.

The project implements SQLAlchemy by creating parameterized classes that fully relate to the
DB structure, it’s types, rules and restrictions. Each class represents a table in the DB, while
each parameter of the classes represents a column from that table. An automated system is also
implemented within the project to make sure that on any new deploy, it will take care of the DB
creation itself, to make sure that consistency is not broken.

An example ORM implementation for the `users` table is as follows:

Fig 8: DB table ORM representation

30

In the above image, we can see that we create a `User` class that defines the table. In it, we set
the required `__tablename__` parameter to the name we want for the table, as well as the
`__table_args__` parameter for extra settings of the table, in this case, the storage engine we
want to use.

All following parameters represent the column we require. In them, we set the data type we
want, if this type is to be unsigned or not in case of scalar types, primary keys, unique, indexed
and nullable columns. Many other settings are also available to be used, in the specific cases
that require them.

3.2.5 RESTful API Implementation
Representational state transfer (REST) or RESTful web services is a method of providing
interoperability between different computer systems using the internet. REST-compliant Web
services allow requesting systems to access and manipulate textual representations of Web
resources using a uniform and predefined set of stateless operations.

"Web resources" were first defined on the World Wide Web as documents or files identified by
their URLs, but today they have a much more generic and abstract definition encompassing
everything or entity that can be identified, named, addressed or handled, in any way whatsoever,
on the Web. In a RESTful Web service, requests made to a resource's URI will elicit a response
that may be in XML, HTML, JSON or some other defined format. The response may confirm
that some alteration has been made to the stored resource, and it may provide hypertext links to
other related resources or collections of resources. Using HTTP, as is most common, the kind
of operations available include those predefined by the HTTP verbs GET, POST, PUT,
DELETE and so on.
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By making use of a stateless protocol and standard operations, REST systems aim for fast
performance, reliability, and the ability to grow, by re-using components that can be managed
and updated without affecting the system even while it is running. [17]

The architectural properties affected by the constraints of the REST architectural style are [17]:
•

Performance - component interactions can be the dominant factor in user-perceived
performance and network efficiency

•

Scalability to support large numbers of components and interactions among components.
Roy Fielding, one of the principal authors of the HTTP specification, describes REST's
effect on scalability as follows: REST's client–server separation of concerns simplifies
component implementation, reduces the complexity of connector semantics, improves
the effectiveness of performance tuning, and increases the scalability of pure server
components. Layered system constraints allow intermediaries—proxies, gateways, and
firewalls—to be introduced at various points in the communication without changing the
interfaces between components, thus allowing them to assist in communication
translation or improve performance via large-scale, shared caching. REST enables
intermediate processing by constraining messages to be self-descriptive: interaction is
stateless between requests, standard methods and media types are used to indicate
semantics and exchange information, and responses explicitly indicate cache ability.

•

Simplicity of a uniform Interface

•

Modifiability of components to meet changing needs (even while the application is
running)

•

Visibility of communication between components by service agents

•

Portability of components by moving program code with the data

•

Reliability is the resistance to failure at the system level in the presence of failures within
components, connectors, or data

The project makes use of the four most common HTTP verbs, namely GET, POST, PUT and
DELETE. GET is used to get any kind of information, POST is used to add new information or
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files, PUT is used to update them, and DELETE is used exactly as its name says, to delete
information or files.

Unique URIs are provided for every kind of data that it offers. These URIs are bound to a
resource. Resources can be thought of as request handlers, for each individual type of request.
All have the same basic structure and use all mentioned HTTP verbs.

Going deeper, resources are linked to providers. They are like data models, used to add, update,
delete or get requested data/files. Again, these extend another basic structure.

Because the project code is built using this structure, it is fully modular, almost all parts of the
code being reusable, making it extremely easy to add new features.

All URIs, except for login and register, require an authenticated session, achieved through JWT.
This is to make sure sensitive data is not revealed to the wrong people. To get a authenticated
session, a user must first login, and using the generated JWT, make all future requests using it,
as a header for the request. This way, we know who is making the request for what resource and
we can make sure they can see it.

Most requests require that data be sent in a raw JSON format - for example when we want to
add/update some user details like their full name, location, gender and so on - but there are some
cases when we need to have data in a FormData format. The FormData interface provides a way
to easily construct a set of key/value pairs representing form fields and their values. [18] They
are very useful when data of non-string format is required, mainly files (photos). A good
example for this project is the section for creating new albums with photos in them. The data
required is a string with the name of the album, and one or more files that are the photos of the
new album. FormData allows us to send both in a single request.

The responses from the backend for these requests are always in a JSON format and have the
correctly assigned HTTP status codes to go with them. Anytime there is an issue, the appropriate
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HTTP status code will be returned - as an example, if there is an issue while communicating
with the database, a 500 (INTERNAL SERVER ERROR) code will be returned.

The backend also makes use of an implementation of CORS. Cross-origin resource sharing
(CORS) is a mechanism that allows restricted resources (e.g. fonts) on a web page to be
requested from another domain outside the domain from which the first resource was served. A
web page may freely embed cross-origin images, stylesheets, scripts, iframes, and videos.
Certain "cross-domain" requests, notably Ajax requests, however are forbidden by default by
the same-origin security policy.

CORS defines a way in which a browser and server can interact to determine whether it is safe
to allow the cross-origin request. It allows for more freedom and functionality than purely sameorigin requests, but is more secure than simply allowing all cross-origin requests. It is a
recommended standard of the W3C (World Wide Web Consortium). [19]

3.2.6 Deployment
The backend of the project is made to be deployable on any type of operating system, including
Linux, MacOS and Windows, by anyone.

The whole process is done in a few easy steps. You can see below how to go through each of
them, and a description of why they are implemented and how they work.
First off, we must have a clean and up-to-date installation of Python 3, specifically version 3.6.1,
as the project uses some of the newest features of it, like the improved JSON decoder.

Next up, a step that is not necessary but highly recommended is creating a virtual environment
or virtualenv. Virtualenv is a tool used to create isolated Python environments. The basic
problem being addressed is one of dependencies and versions, and indirectly permissions.
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Imagine you have an application that needs version 1 of LibFoo, but another application requires
version 2. How can you use both these applications? If you install everything into your
platform’s standard Python location, it’s easy to end up in a situation where you unintentionally
upgrade an application that shouldn’t be upgraded. Or more generally, what if you want to install
an application and leave it be? If an application works, any change in its libraries or the versions
of those libraries can break the application. Also, what if you can’t install packages into the
global site-packages directory? For instance, on a shared host.

In all these cases, virtualenv can help you. It creates an environment that has its own installation
directories, that doesn’t share libraries with other virtualenv environments (and optionally
doesn’t access the globally installed libraries either). [20]

All project dependencies must be installed using PIP. PIP is a package management system used
to install and manage software packages written in Python. [21] It makes use of the Python
Package Index (PyPI) to get the required package and version required. PIP is a recursive
acronym that can stand for “PIP installs package” or “PIP installs Python”. The project has a
“requirements.txt” file, a standard naming schema, that holds the names and versions of all
dependencies that need to be installed. To install them, all we need to do is run the command
“pip install -r requirements.txt”. This means that PIP will read the file and install everything
from within.

Flask web framework allows the coder to implement configuration files. The backend makes
use of this, having a configuration file that sets-up many required configurations, such as the
port on which to server the application, connection settings for the database, the secret key for
the authentication sections, mail server settings and more. These settings are made to be
variable, meaning that they can be changed at any point, without having to change any of the
code. This is done using environment variables. Environment variables are a set of dynamic
named values that can affect the way running processes will behave on a computer.
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They are part of the environment in which a process runs. For example, a running process can
query the value of the TEMP environment variable to discover a suitable location to store
temporary files, or the HOME or USERPROFILE variable to find the directory structure owned
by the user running the process.

They were introduced in their modern form in 1979 with Version 7 Unix, so are included in all
Unix operating system flavours and variants from that point onward including Linux and
macOS. From PC DOS 2.0 in 1982, all succeeding Microsoft operating systems including
Microsoft Windows, and OS/2 also have included them as a feature, although with somewhat
different syntax, usage and standard variable names. [22]

Finally, to make all the above work, we need to start the application and serve the functionality.
This will be done using a WSGI server. The Web Server Gateway Interface (WSGI) is a
specification for simple and universal interface between web servers and web applications or
frameworks for the Python programming language. It was originally specified in PEP 333
authored by Phillip J. Eby, and published on 7 December 2003. It has since been adopted as a
standard for Python web application development.

Python web frameworks had been a problem for new Python users since the choice of web
framework would limit the choice of usable web servers, and vice versa. Python applications
were often designed for only one of CGI, FastCGI, mod_python, or some other custom API of
a specific web server.

WSGI was created as a low-level interface between web servers and web applications or
frameworks to promote common ground for portable web application development. [23]

The implementation used for the backend is with Waitress. Waitress is meant to be a productionquality pure-Python WSGI server with very acceptable performance. It has no dependencies
except ones which live in the Python standard library. It runs on CPython on Unix and Windows
under Python 2.7+ and Python 3.3+. It supports HTTP/1.0 and HTTP/1.1. [24]
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3.2.7 Unit Testing
In computer programming, unit testing is a software testing method by which individual units
of source code, sets of one or more computer program modules together with associated control
data, usage procedures and operating procedures, are tested to determine whether they are fit for
use. [25]

Code testing is a very important part of the development process, as it can lead to the discovery
of many issues, small and large, that might have not been found before releasing the build. As
such, unit tests have been implemented in the backend to make sure that we get a final product
that is close to perfect when it comes to not having bugs and not crashing.

To test our code, we make use of the Python built-in module, called unit test, as well as an
external one, called Coverage. The first is used for writing the code for the tests, while the
second is useful for running all tests in one go and generating coverage reports. These reports
can be then used to see what parts of the code have been tested, passed, as well as the parts that
still need testing or that have failed.

Fig 9: Unit test implementation example

In the above example taken from the project code, we can see how a unit test needs to be created.
For Python testing, generally we create a unique test file and class for each source code file.
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This way, we can keep things clean and understandable for everyone, creating a one to one
relationship between the source and the test.

Here, we are testing the two possible states or outcomes of the json_format_parser function.
This function has the sole purpose of telling us whether any given JSON is valid or not, in
format. We have two functions, one for each outcome, named in such a way that makes it very
clear what we are testing and hoping to get as a response. In the first one, we test that the function
gives the proper error response when receiving an invalid JSON; in the second, we test that the
function returns an OK message and the parsed JSON object. In both cases, we set an expected
result and compare it to what is returned by the function, to make sure it works as intended.

Fig 10: Monkey patching example

Another important and useful element when it comes to unit testing in Python, as seen above, is
monkey patching. A monkey patch is a way for a program to extend or modify supporting
system software locally (affecting only the running instance of the program). [26]

It is especially useful when it comes to unit testing bits of code that imply communication to a
database. By using patches, we can tell the code that, during runtime, when a certain block of
code is hit, the normal executed code should be ignored and instead it should run whatever we
tell it instead. When it comes to a DB session, we will instead use a mocked session. A mock is
a simulated object that mimics the behaviour of real objects in controlled ways, for us to achieve
the goal we have set. For example, we want to test that in case of a DB connection failure (or
something similar), our application doesn’t crash. To make this as easy as possible, instead of
connecting to a real database and somehow crashing that to achieve our test case, we just create
a Mock that can automatically act as a DB connection that will crash when it is run.
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Building unit tests from the start, and running them often during development whenever changes
to the component, dependent code, or toolchain changes occur can go a long way to helping
ensure the quality of the software that uses them, and help to identify problems before they reach
QA or end users.
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4. The “Negatives” application
4.1 The motivation for application usage
You only get one chance to make a good first impression and the same holds true for your
business, for your house, for your brand or for your website. Branding matters either for
companies and individuals. The way you present yourself has a profound impact on your future
(career). The Internet has presented countless new ways to improve personal branding like
LinkedIn, Facebook or Instagram. Your social media network is just like a new channel for your
brand voice and content. Social media marketing increases your brand’s awareness, tells
consumers that their brand is active and focused on thriving communication with consumers
and provides a targeted way to promote your brand to potential customers. It can boost traffic
to your website, grow a community of fans and followers for your brand and generate new
business. It may also help with your search ranking (on Google, Yahoo, Bing.) and provide
market insights for your area.

Having a social media presence without an appropriate strategy or without a plan can be
damaging for your business. Humans are incredibly conditioned to make impulse judgements
only on a glimpse. Using professional, high-quality, and relevant photos will help your product
or service stand out among the competition, and will impress current and potential clients.

While anyone can capture a photo nowadays with the large availability of equipment, that
doesn’t necessarily mean you should use those photos on the homepage of your website, on
advertisement or on commercials. Professional photography ensures the absolute best quality, a
marketing must. Using imagery to reach your consumer and create trust makes photos and
illustrations important tools. If potential buyers can clearly gauge the features of the product
you are offering, they feel more confident that the product you are selling lives up to the
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advertisement. High-quality images demonstrate that you do not cut corners when it comes to
product, service, vision or company values.

Most products are sold nowadays on the internet. E-commerce relies heavily on photos to give
an accurate representation of the product and to make it appeal to the consumer. The giant
retailing chain Amazon is proof of this concept and it opened the way for many more online
retailing websites. Low quality photos do not exude confidence in the quality of the products.
Whichever product or service you sell, consider whether your imagery is consistent with your
branding and how it will resonate with customers. Hire a photographer who can display your
products in the best way possible or who can purchase stock images relating to your
business/products. Customer exposure to professional marketing materials, especially
photography, is integral to influencing the buying process.

A major source of improving traffic on your website is through Google search image results.
Studies have shown that a significant amount of web traffic can occur from internet uses finding
your images first. The method to increase your search engine optimization is having images that
captivate potential visitors while they browse through thousands of results.

The search for a photographer that suits your needs is challenging because you must keep in
mind multiple aspects. Firstly, you must find someone who is specialized in your area of interest
(there are multiple types of photography specializations: natural light, studio, wildlife,
weddings). Secondly, you must see previous work of that person and a rating accompanied by
comments to see how easy it is to collaborate with them. Thirdly, you must be able to schedule
him and see a price offer for your request. Lastly, you must be able to communicate with him
and make your needs clear. All this hassle can be avoided by using a single app that takes care
of these for you - Negatives.

Using Negatives, you can easily find the best photographers in your area sorted by your needs,
see their profiles, schedule a photoshoot, make the payment arrangements and finally receive
the photos that you always wanted, all in one single app.
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If a picture is worth a 1000 words, make sure you tell the right story.

4.2 Database model

Fig 11: Database schema model
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The database structure contains the following tables:
•

users - stores all the users and the encrypted passwords

•

user_details - stores all the extra information about the user (e.g.: gender, phone,
location)

•

recover_token - contains a token and its expiration date for changing password

•

events - stores all the events created by the companies

•

bookings - stores the bookings made by the clients, and their confirmations

•

comments - contains the rating and the text made by the user to a photographer

4.3 Use case diagram
The use case diagram which is a behavioral UML diagram enable to visualize the different
roles in a system and how they interact with the system. As shown above, there are 3 types of
users: regular user, photographer and company. They have access to some common
functionality such as updating and improving their profile, but there are some important
differences between those three types of users.
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Fig 12: Application use case diagram
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4.4 Application presentation
This manual explains the many ways in which to use the site to get the most out of ‘Negatives’
vast resources.

Fig 13: Welcome page

Firstly, when the users come to the website, they are welcomed with the choice to login or to
register with a new account. According to that they will be redirected to the login page or to the
register page.
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Fig 14: Login page

To login, the user must provide a valid username and password.

Fig 15: Register page

To register as a new user, some basic information is needed: email, username and password are
mandatory. The registration is possible only if the username and email do not already belong to
someone else, if the email address is valid and the two passwords are the same.
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Fig 16: Type of user page
Next step is to choose a type of user. According to that, they will be redirect to ‘user_details’
page where the information what will be visible on the profile will be collected. The
‘user_details’ page differs conforming to the user type.

Fig 17: Account details 1
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Fig 18: Account details 2

The basic information is required, and to proceed further, the user must compete all the fields.
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Fig 19: Menu

The user will be redirected to the home page, and on the top of the page a menu will appear.
The username is visible in the main menu and a navigation menu with options to choose from
and logout button is provided to end the session by deleting the cookie.

Fig 20: Home page suggested photographers
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At first, the most popular photographers will be shown on the page along with a search bar. The
‘most popular photographers’ are sorted by the server, according to their ratings.

Fig 21: Search panel

The Photographers Search allows you to narrow the focus of the search by including details
such as: location, photography type, date and to arrange them by price or by rating. After this
search is performed, the section with ‘Most popular photographers’ will be updated with the
given results. By clicking on one of the results, the profile page of the photographer will be
opened in a new tab.

A profile is composed by the profile and cover photos that have been chosen, and it has 4
different sections: About, Photos, Videos and Book a photoshoot. About section contains the
basic information about the photographer, the preferred photography types, the price for a
photoshoot and the reviews of the clients.
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Fig 21: Profile photography types

Fig 21: Personal info panel profile
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Fig 22: Comment

A user can review the photographer profile and interactions, and he also can view the reviews
of other users and an average of the stars received by the photographer.

The Photos section contains the albums uploaded by the photographer, and if the user click on
the album cover, the photo album will open, and the user will be able to view the photos that
belong to that album.

The Videos section contains the videos uploaded by the photographer.

Fig 23: Book photoshoot
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The Book a Photoshoot section allows the user to choose the date of the photoshoot, the hours
of the photoshoot, the type of the photography and to send a message to the photographer.

Fig 23: Add a new album
By clicking the ‘Add a photo album’ from the menu, the user will be sent to this page, where
they can upload a new album to their collection. Multiple images can be selected, either all at
once, or one by one. As a validation is performed, the user can upload only images with the
jpeg, gif or png format. Also, the cover photo of the album may be chosen if the user prefers
another one than the first one, which is the default.
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Fig 24: Add a video
By clicking the ‘Add a video’ from the menu, an overlay window will open and the user will
insert only the YouTube link for the video. The server is responsible to get the appropriate cover,
the name of the video and the duration from YouTube.

Fig 25: Photoshoot requests

By clicking the calendar section in the menu, the photographer will be sent to the page where
all the requested photoshoots can be seen and where they can choose to add them to the itinerary
or deny them. After confirmation, the events will be available in the calendar, and at the
scheduled day they will appear highlighted on the side.
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Fig 26: Calendar section

Fig 27: Send photos

After the photoshoot was completed, in the history section the clients will appear so that the
photographer can send them the photos.

Also, the photographer can visualize statistics about their activity, to improve it, they also
receive suggestions, based on the activity of the users in the application and by booking requests.

Fig 28: Photographer statistics
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The total number of comments and the additions of this month will be displayed, the amount of
bookings for this month in comparison to the last one, the most booked category and the ranking
in the region will be displayed at first. A chart with the bookings of the previous 12 months will
be displayed, so that the photographer can analyze their business, suggestions about how they
can improve their bookings and a report about the number of clients that reviewed their profile
after they had a photoshoot together.

Fig 29: Events page

By clicking on the navigation bar Events title, the photographer will be able to see all the events
that are available, and to register as a volunteer, and those will be added to the photographer
calendar.

Fig 30: Created events

The company can verify the progress of the registration for the event and cancel it.
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4.5 Future improvements
Even with all these features mentioned before there is still a lot of improvements to be made.
There are many features that can be implemented to make the user experience even better. The
future version of the application will implement instant messaging between users, companies
and photographer to speed up the process and make it easier for the parties to communicate.

Another improvement that is a must for the future version of the application is online payment.
It will increase the trust between the client and seller as the client will pay when he books the
photoshoot and the money will be sent to the photographer only when the photographer will
send the photos to the user.

A mobile application could be the next step, to improve the experience for the people who want
to use the Negatives application on their mobile phones. It would improve the notification
system for the instant messages and for the booking requests.
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5. Conclusions
The purpose of this thesis is to present the concept of dynamic contents web based application
for contextual decision making and to provide an extended analysis over the best design
decisions and the appropriate technologies for developing an application that is part of this
category.

A contextual decision making application provides information that respects the criteria
requested by the user. As there are a multitude of variables that contribute to the result sent to
the user, the application has a huge dynamic potential and large flexibility.

To create this application the client side was developed using JavaScript, guided by the
Backbone framework. As the JavaScript is the native language of the browsers and is the most
used programming language to develop the front end of a web application, it was the ideal
choice. For the back end, Python was chosen as the development language as it has been on the
rise in the past few years, and together with the Flask web framework, they make for one of the
best choices when it comes to back end development, being easy to use, fast and reliable.

The application created to illustrate the concept of dynamic contents web based application for
contextual decision maxing is called ‘Negatives’. It allows users to find photographer on certain
locations and to filter them based on criteria as price, rating, date or type of photography. The
results change as the users add reviews for the photographers or the user improve their profile
based on the suggestions received from the website statistics.

In conclusion, the presented application can help people decide on the photographers that they
want to hire and to book them from the application. This tool improves the contextual decision
making by offering suggestions and multiple options. As the application is dedicated to
travellers that want to have professionally done photos wherever they are in the world, I am sure
that the ‘Negatives’ application will be great success.
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