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Abstract

The rapidly expanding volume of information on the web together with its increasing
complexity has led to the emergence of many recommender systems, each targeting a
specific domain. For example, Amazon.com recommends books, movies, and other

products to its users.

This project investigated recommending people on Flickr.com. Flickr is a photo

sharing website. The Flickr Recommender System (Flickr RecSys) is a web
application that semi-automatically recommends Flickr members to each other
based on their interests, behaviours on the website and their profile history. The

main objective of this research project was to integrate symbolic knowledge and
statistical data in doing member -matching.

The requirements of Flickr members were investigated and used to design the
system. In particular the basis that members used to select their contacts was
analysed. Flickr RecSysexamines various methods of recommending people that
employ the Graph Theory and the Term Frequencyi Inverse Document Frequency
(TF-IDF) to evaluate a new member, with the aim of finding a possibly close match
between members Based on this, three methods were designed and implemented for
recommendations, namely based ont he A f av o u fcontaets op & axntawty) ,
and ftag cloud similarity ofeatures of the Flickr website. The system was evaluated by

Flickr members in terms of acceptability of the recommended users.
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Chapter 1 Introduction

1. Introduction

In an era when almost everything is delivered on the internet and the flow of
information is becoming almost inevitably inexorable, individuals, with the

emergence of web 2.0, are becoming a broadcaster of their own work.

Many specialised websites have emerged that provide a platform for individuals not
only to showcase their work but to share their opinions, interests and works with
each other. Photo sharing websites are one of those platforms that provide a great
opportunity for photographers to share their work. One of the most eminent and best
known examples of these kinds of websites is Flickr.com.Flickr is one of the earliest
web 2.0 applications, a photo sharing platform that allows users to upload photos,
tag, comment, and add them to favourite lists and build a personal social network.
Therefore unlike other social networking sites, photos are the basic unit of
information exchange in Flickr . In addition, Flickr is hosting around 3.6 billion
photos [1], all of which are uploaded by its 32 million members [2].

The rapidly expanding volume of information on the web together with its increasing
complexity has led to the emergence of many recommender systems, each targeting a

specific domain.

Recommender systems have been used in many websites in various forms depending

on the services tha the website offers. The aim of these systems is to assist users and
increase the value of the websitebs service
two popular websites that have recommender systems; another welktknown example

is the Netflix movie recommendation Systems.

A recommender system is usually defined as an information filtering system that
uses various methodologies such as collaborative, contentbased filtering, hybrids,
etc [3]. All of which present information on an object that is likely to be of interest to
the user. These methodologies typically involve large data sets applied in many

contexts including e-Commerce and web 2.0 applications.

The Flickr Recommender Systems (Flickr RecSys) which was developed duing this
project, is a web-based application that semi-automatically recommends users to
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Chapter 1 Introduction

other users and aims to support users in their decision-making. The aim is to
research the behaviour of users in the universe of the Flickr website using the
relations hips between them, pictures, tags and groups. The findings of the research
will then be fed into the design and development of the system where it recommends

users who share the same interests to each other.

1.1 Project Overview

The project can be defined asa research project which ultimately produces a third
party featured application on the Flickr website. The requirements of the software
are extracted from real world users of the Flickr website through an open
guestionnaire. The Flickr website has enormous volumes of information and the core
requirement of Flickr RecSys is to remove redundant and unwanted information in

order to recommend users to each other.

As previously mentioned, the most critical part of any recommender systems is to
i dent i fythdl s lik¢lyeto e ofdnterest to the user [4]. The research phase of
the project is conducted through an open questionnaire in order to identify the

properties of those objects. Once the properties are identified the research will be
expanded to optimise the outcome of the recommender system, and resemble how

existing Flickr users stumble upon other users.

As all recommender systems use a large volume of datd5], the Flickr RecSys needs

to pull its data sets through existing functionalities that are available through the

Flickr API. Gai ni ng access to appropriate data bas
to the quality attribute of the outcome.

1.2 Motivations

| have been an active member of Flickr for many years to improve my photography

skills and find a place to showcase myphotos. | have always been looking for good
photographers to learn from and increase my knowledge of photography. | was

always thinking about a system where other members can be recommended to me
based on my activities. These activities include the kind o photos I look at and add to

my favourite photos list, the places | have been based on my tags or might have
photos from, and the groups | most frequently check.

-12-



Chapter 1 Introduction

While the current number of registered users is unknown and has not yet been
officially annou nced, a member of staff at Flickr revealed that Flickr has more than
32 million members [2]. The task of finding good photographers or those whose
photos are likely of interest to the user has always been tedious and proed to be in
many cases unsuccessful. This resulted in many users finding those users through
other means such as trusted friends. The extent of finding such users have sometimes
gone beyond activities in the Flickr website and users find these people usirg other
means for example by reading news sites or by looking at public exhibitions in

galleries.

The idea of designing a system whereby users get their personalised
recommendations was brought to my attention by a Flickr friend. After a few

informal discu ssions to evaluate the possible usage of this service | decided to
develop a service on top of the Flickr website. Many successful applications and
services have been developed in the past which were well adapted by Flickr users and
| am hoping this service becomes one of those successful ones by increasing the

effectiveness of the Flickr website.

Flickr has identified the problem of extracting information and has developed a

couple of systems where photos are ranked. The service which is called
interesting nessis an engine that selects 500 photos based on lots of elements every

day [6]. These elements include where the clickthroughs are coming from; who
comments on a photo and when; who marks it as a favourite; its tags and many nore

things. However there is still a problem with this kind of classification, namely that

all the criteria that the Flickr engine works with are global properties across the
entire Flickr website and therefore they

interests.

My Flickr RecSys is trying to address thi

on many criteria that will be discussed in this report.

1.3 Project Objectives

As already mentioned, the aim of this project was to recommend users to other users.

In order to achieve this objective, the following objectives had to be accomplished:
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Chapter 1 Introduction

T Finding the usersd requirements through ¢
in terms of the feasibility of implementing them in a short time span.

1 Investigating existing technologies and techniques, and examining the best
method used for information retrieval.

1 Building engines, each of which is performing one type of recommendation
and ensuring they are scalable and highly efficient.

1 Building a simple interface and exposing the application to the world so that

existing Flickr users can test and evaluate the system.

1.4 Report Outline

The following section describes the layout of the report, explaining what each section
of the report contains and the relevance of the typographical conventions used
throughout the document.

1.4.1 Document Structure
Chapter 2: represents the requirements for the project. It discusses the method

used to extract userso6 requirements foll owe
requirements. This is combined with an analysis of similar existing systems in order

to identify the system requirements.

Chapter 3: describes both the system designand the decisions made during the
design and architecture stage This section illustrates the purpose of each d the
individual modules of the complete system and how they interact with one another.

It also discusses the recommendation algorithms.

Chapter 4: discussesthe implementation of the design aspects featured in the
design section. This includes looking at the platforms, environments and
technologies used in the development stage.This is followed by a discussion of how

efficiency is ensured during the implementation.

Chapter 5: details the methods used to test the systemand how the system was

evaluated andtested by existing members of Flickr.

Chapter 6: discusses the evaluationof methods used to recommend members to
other members. It also looks at the performance and scalability of the system with

respect to the requirements.

- 14-



Chapter 1 Introduction

Chapter 7 : concludes the project report by reviewing the entire project in terms of
the project objectives. This section also contains a review of the achievements made
by the Flickr RecSysand the problems encountered during the development stage as

well aslooking towards future developments of the Flickr Recommender System.
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Chapter 2. Background Information

2. Background Information

2.1 Recommendation Systems

As previously mentioned a recommender system isusually defined as an information
filtering systemthat usesvarious methodologies such as collaborative, contentbased
filtering, hybrids, etc [3]. For example when you purchase a TV online the

recommendations system recommends stands and tables for the TV

It was necessary to research the benefits and the drawbacks of any recommender
systems in general and to highlight the main considerations when designing a
system.

Benefits of Recommendation  Systems
1 Based on Real Activity

The biggest advantage of recommendation systems is that they record and
then base their recommendations on the actual user behaviour. The
performance of a recommendation system would have been extremely poor if
the recommendations were based on guesswork and not on an objective
reality. This is the holy grail of design: watching people in their natural

environments and making design decisions based directly on the results.
Recommendation systems are not perfect, but because they predict the future

based on the past, they are remarkably good
1 Great for Discovery

Recommendation systems help to discover things that people like. They can
make some pretty surprising recommendations that people probably would

not have found out about otherwise.

1 Personali sation
People often take recommendations from friends and family because they
trust their opinion s. Part of that trust is built on their relationship: they know

each other better than anyone else so they know whatkind of people they like
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Chapter 2. Background Information

T

and what kind they dislike. Friends and family are good at recommending
things for that very reason. This is what recommendation systems try to
model, the intimate knowledge of what people like and do not like.

Always Up -To-Date
Recommendation systems are dynamically updated, and therefore are always
up-to-date. In fact the more up-to-date data we have access to the better the

outcome of the recommendation system is going to be.

Keeping all the above advantages of any recommendation system in mind would give

a really good direction as to what should be considered when capturing

requirements. It would also be useful to know the drawbacks of recommendation

systems.

Drawbacks of Recommendation Systems

T

Quite complicated to develop

Recommendation systems are intensive, databasedriven applications that are
not trivial to create and get running. It takes a serious development project to
do this. Moving to a recommendation system takes time, energy, and a long
term commitment. Given the short period of time we have to develop a system

it is important to identify the main functionalities and only focus on them [7].
Spread of mistake

Recommendation systems arenot just a technological challenge. Theyare also

a social one. Sometimes people are unhappy withrecommendations mainly
because they get a bad recommendation In extreme cases recommendations

can be offensive. Wal-Mart is one victim of this kind of online
recommendations when its supposedl y Aismart o i deas
movies recommended movies in an inappropriate way [8]. Similar problems

can crop up in designing the Flickr RecSys in the sense that some contacts

who upload inappropriate photos get recommended to those who are not even

interested in them but are also against their beliefs.
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Chapter 2. Background Information

1 Sabotage
Recommendation systems can repeatedly recommend the same item to a
number of users. This is due to the lack of sufficient investigation in the design
stage. This problem can also be exposed by users in the sense that users find a

way to get them recommended to many other users.

2.2 Examples of Recommendation Systems

Collaborative and Content-based Filtering which are the underlying concept of this
project is the process offiltering for information or patterns using techniques that
can be found in data mining. These methodologies have been applied in different
fields in electronic commerce and web 2.0 applications where the focus is on user

data.

Many successful recommender systems have been developed and used by people in
many websites. Some of these systemshave evolved to a sophisticated service that

utilise machine learning technique.

According to my research the Flickr Recommender System has yet never been
implemented. The interestingness service as explained in sectionl.2ranks photos on

a daily basis but the service has not yet gone further to suggest contacts. Therefore it
was decided to discuss other recommendation systems whose underlying concepts

could be applied to the Flickr Recommender System.

2.2.1 Facebook Suggestion

Facebook, one of the most fashionable social networks has developed a system
whereby other users are suggested to you based on the number of common friends

you have with the suggested user.

The reason that they have applied a simplistic method goes back to the nature of

Facebook and the way people use the service and grow their network of friends.

The reason that they recommend friends goes back to the position of Facebook
amongst other social networking sites and the need to compete with others. When
Facebook accepted membership from all over the world, they had many rivals they
had to compete with. However, due to their

needs, theydominated the social networki ng websites and took overtheir rival social
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Chapter 2. Background Information

networking websites such asMySpaceand Orkut. Although the need to increase and
mai ntain their userso6 base IS necessary,

at this stage.

It is true that partofthei r fAsi mplistico method can be
the underlying theory can get complicated. Ignoring their recent method of
suggesting friends which clearly shows that they are storing imported contacts

t hrough their AFi ndvice[8] pspdakegraghanalyss msdhie kegtos e r
their friend suggestion engine. Social graph analysis will be explained in great detail

in section 4.1.2.

2.2.2 Netflix

Netflix, a popular online DVD rental service and the easyto-use mail-in DVD service
has developed a movie recommendation system. In 2006, they offereda one million

dollar pri ze [10] to anyone who can create a better movie recommendation system
than their current one. According to the NYTi mes, Netflix will offer the priz e to
anyone who can cull through their gigantic data set and come up with a system that
improves the current version by at least 10%([11]. The contest is now closed but no

winner has been found.

They have combined results of statistical analysis and artificial intelligence to
improve their service. Their system is not only based on a simple me&hod of how
people have rated a movie and Click through rate, but other factors such as the

motions and feelings people get from watching a movie are also taken into account.

2.2.3 Amazon Recommendation
When consumers know exactly what they arelooking for, they search for it, but when

they are not looking for anything specific, they browse. It is the browsing that holds
the golden opportunity for a recommendation system; because the users are not

focused on finding a specific thing therefore they are open to sugyestions.

There is not a silver bullet in recommending an item to customers in e-Commerce. A
company such as Amazon that holds colossal data sets about their customers
combines different approaches. The following are some of the statistical approaches

they take to recommend items to users.

-19-
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Chapter 2. Background Information

1 Content-basedrecommendation - recommend things based on the individual's
past behaviour. E.g. how they have rated similar items.

1 Social recommendation - recommend things based on the past behaviour of
similar users

1 Related item recommendation - recommend things based on the thing itself.

E.g. you buy a TV and DVD player and the system recommends a cable to
connect them.

This means the more you will buy and browse, the more refined recommendations

you will get.

There are two main points to take from this kind of recommendation system. Firstly,
combination of different complimentary approaches is likely to give a more robust
performance and a smarter system. Secondly, gathering as much information as you
can possibly gather from the end users is vital to making a better analysis on user
behaviour.
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3. User Requirements

This section explains how the requirements are extracted. The pros and cons of the
requirement extraction methods will also be evaluated. Similar recommender

sysems are also described and evaluated in this section.

3.1 Initial Considerations

In order to design a recommender system, it is vital to understand the underlying
data, its attributes and the intended users of the system. It is imperative that the
requirements are captured correctly because they have direct impact on the design of

the system. Extracting requirements

Being aware of all the issues discussed and highlighted above, it is important how the
requirements are captured. Since | use the Flickr website | started off with my
analysis of what an end user requires and expects from the recommendation system.
Therefore | decided to come up with some questions. It was important that my ideas
and analysis do not infl uence pthearphbughiss
so | tried to be impatrtial in my questions and kept the questions as open as possible.
This way people can discuss whatever they think is relevant to the questions. It
should be noted that ETHICS approvals has already been granted for thisexercisei
SeeAppendix H 1 Ethics Form.

Capturing requirements started off by arranging a formal and prearranged interview
with three of my friends who either are or were active on the Flickr website.
Transcribing interviews after ward was a tedious and a time consuming task,
especially because the interviews were conducted in Persian and had to be translated
afterward. Interviews also included many unrelated discussion and jargons which
needed to be transcribed and it was felt notneeded as they are not as accurate as they
should be.

However a number of lessons were learned from the interview. For instance some of
the terms | was refereeing to were ambiguous and the interviewee could not
understand them and when | explained them in more details they made suggestion

as to what the correct term should be. The example of this was the differentiation

de a:

bet ween t he t er ms Anfriendso and fifcontactso.
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referred to those users who you are interested inyourplot ostr eam wher eas

are people who you have met outside the virtual world.

Due to all the above it was decided to conduct an online open questionnaire where
people can write their ideas, needs and expectations from the system. The other
advantage d conducting an open gquestionnaire was that questionnaires are more

objective than interviews.

3.1.1 Open Questionnaire
The design of the questionnaire benefited from early formal discussion with my

friends and | was pointed to the mistakes | made in designing my questions. This
resulted in all questions to be revised and checked before others were invited to take

part in the questionnaire.

For a number of different reasons it was decided to create a topic in one of the most
frequently used groups by Iranians on Flickr, cal | ed Oifel af the mann o .
reasons was because | have a number of friends from this group and | was pretty
certain that | could persuade them to participate in my open questionnaire. The
other reason was that | knew a little bit of the background of the group members so |
could somehow connect their answers and points of view to their background and
derive more from their background knowledge. The questionnaire was published in

Persian to enable almost all members to participate.

There was apurpose behind each of the questions and | wanted to see in which

direction the answers will go. The following questions were asked:

1 How do you compare finding a contact OR a friend in the Flickr to other social
networking sites such as Facebook and Orkut?Do you essentially use this
website for photography therefore are your contacts all photographers?

2. Do you do any research on the people who have added you in their contact
list? If so, what sort of things would you consider?

3. Can you OR do you refer a userthat you think his/her photos are similar to
one of your contactés interests or skil

4. What percentages of your photos have tags and do they accurately describe the

content of your photos?

-22 -

f

S



Chapter 3. User Requirements

5. Do any of the characteristics of: geographic location, language nationality and
gender influence you in your decision makings as to whether to add a user to
your contact list?

6. Please rank the following criteria on their importance to you (the top one
being the most important element in your decision making)

a. Photostream

b. User 6s personal details

c. Meeting a user in the real world

d. Mutual adding of a user who has added you as a contact
e. Being in the same group

7. If there will be a service that recommends users to you based on your activities

and your interest would you ever use this system?
a. Yes, definitely
b. 1 would prefer the recommended users to those who add me randomly
c. Not at all

8. Keeping the above service in your mind, would you like the system to be
totally automatic or would you rather make customisations yourself?

Looking at the above questions | felt it is necessary to explain some of the jargon
used for readers unfamiliar with the Flickr.

Photostream is where the photos of a user can be viewed.

Contact is a photographer who you would like to follow and every time the

photogr apher uploads a photo, it wild.l be fe
1 Friend is someone you know already from somewhere else and both

happened to be in one place.
1 Contact links the way that the Flickr operates is quite different from other

social networking sites in the sense that they are using bidirectional relation

amongst members. This means when you add a user to your contact list you

wi | | not be added to the user o6s cont act

notification that you have added him/her. At th is time the user will have a

chance to have a look at your profile and if the user is interested in your

profile then he/she will add you back as a contact to his/her contact list.
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The questionnaire was open to all members for more than a week and within the first
week | received 24 replies including the ones | received through email. It should be
noted that the developing political situation in Iran is likely to have reduced the

response at this time. The actual responses are attached electronically to the

accompanying CD.
The questionnaire and its discussion can be found here:

http://www.flickr.com/groups/iranian/discuss/72157621593544568/

3.1.2 Analysis and Evaluation of answers
Generally the result of the evaluation was positive as expected. That is the answers

were long and covering a wide area. This was because some of the questions had the
potential to cover other areas as well. The answers received from users in most cases
were comprehensive and each highlighted a new area to me. The answers to all

guestions in summary are as follow:

1 The consensus amongst all of them were quite clear that they do not use Flickr
in the same way as they use or participate in other social networkingsites such
as Facebook and Orkut.

2. They care about who adds them to their contacts and they conduct research on
the user. There was a user who said that he will use the spam function if the
user does not have any photos in his profile because he felt thathey misuse
their account. The things they looked at in their profile were: their
photostream, method of photography, mutual contacts if there is any and
finally their profile which contains their details such as location, gender etc.

3. They al | othe qdestidnvifeheyknow what their contacts or friends
is into. Some said that they had already introduced other contacts that they
came across to their contacts/friends.

4. They all said that they tag their photos themselves. The reason | asked
whether they do it themselves was because other people can add their tags to
your photos. Also, they all said that tags illustrate the content of the photos
included, the colours used, place the photo was taken and in some cases the
process done during the editing of the photos.

5. Everyone said gender and language do not matter. Some users said that they

might consider more research on those users who live in the same place as
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they live or have been to the same city and got photos from the same place.
That was mainly because they wanted to compare and share their photos with
each other.

6. Table 1was produced after compiling all answers to rank answers. It should
be noted that not everyone ranked all choices and even some people ignored

answering some questions. That is why the numbers do not add up to 24.

a) Photostream

a b c d e b) User ds personal
20 L ¢) Meeting a user in the real world
1 7 7 1 1 .
4 3 4 d) Mutual adding of a user who has
1 2 7 added you as a contact
1 3 4 2 €) Being in the same group
TABLE 1: M ATRIX OF ANSWERS

7. Majority of people said that they will be using the service and some said that
they will pay more attention to its recommendations. There was only one
instance where the user said that he will never use the system.

8. They all said they would like to make their own customisations and are

interested to know how the system works.
Based on the answers four main areas are identified.

3.1.2.1 Target Users

The main target users of this application are those who are either professional or
keen to pursue their interests in photography. There is also another type of user
whose population is not trivial to be ignored but this group of users are not keen to
expand their network and do not exploit the sociability function of the Flickr because
they are mainly using their profile as a place to host their photos.

It should be noted that all of those who participated in the questionnaire are
photographers and their views of Flickr website might be different from the other
group. Professional photographers or those who are keen to improve their
photography skills are using the site as a way of making some publicity. Therefore

finding other photographers is important to them.
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3.1.2.2 Visual Decision Making
Userso6é6 profiles are evaluated basedisuan thei
decision making is done in order to assess a user profile. Some users have gone a step

further and blocked those users who do not have any photos.

There are many criteria that users |l ook fo
These include the coburs used, type of photography, lightening, the quality of
photos, etc. The objects they are mainly interested in are photos therefore the quality

of the photos gives credibility to the photographer.

3.1.2.3 Network of Users
Based on the answers, users are usingtte Flickr website only for photography but
they have also said that they have expanded their relations and become friends in the

real world as well.

Being part of the Flickr website and knowing many users and the relations between
them, | thought it is hard to draw a conclusion at this point so | extended my

research and blended it with my background knowledge about the users.

| realised that users are clustered and have built a virtual community. For instance,

Iranian users have their own community and t heir relations between themselves are

far more than their external relations. This is because many users know each other

and they were influenced by their friends®o
Iranian community but other users especially those who are professional have their

own community of photographers and they do not let other users join their
community. Part of the reason for this is that they do not want their public image to

be influenced or damaged by other users who do not share the sam level of

professionalism.

This finding is also backed implicitly in some of the answers where they mentioned
that they had found friends through the groups they have joined and are checking
them more frequently. Although users join many groups, they contribute in only a
handful of those groups regularly. The rest of the groups are there because they want
to share their photos with them.

It should be noted that you must be a member of a group in order to be able to share
your photos with the group members.
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3.1.2.4 Tagging

Tagging, the act of adding keywords (tags) to objects has become a popular means to
annotate various web resources such as web pages. This becomes even more
important, when dealing with multimedia objects that provide little or no textual

context, such as photos and videod12].

Based on the answers, users tag their photos. Tags represent the contents of a photo,

the place where the photo was captured, in some cases the context and the mood

users get by looking ataplo t o . Recent usersodo studies revee
photos with the motivation to make them better accessible to the general public.

Therefore tags associated with photos essentially represent some characteristics of
the user 6s i ntaghy &d to some extenp theoplaceg they have beero
[13].

3.2 List of Requirements

The system shall be able:

To access Flickr membersd details through
To recommend users based on the owners of the photos they have alredy

added to their favourite photo list. For example, if you have added many

photos from a photographer then it is likely that you might be interested in

other photos that the photographer uploads.

1 To recommend users through their existing contacts. For example, if number
of your friends whom you share some interests are connected to a
photographer then it is likely that the photographer share the same interest as
you.

1 To stumble on other photographers and recommend those whose tag clouds
are similar to yours. For example, if you are interested in Black and White
photography and have had annotated your photos with Black and White tag
then the system should make recommendation based on your interest in Black
and White photography
To enable users to make theirown customisations.

To scale up as the system will be used by real Flickr users.
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3.3 System Context

Based on the requirements identified in section 3.2, Figure 1 outlines the conceptual
end user usage of the Flickr RecSys. A user, Bob connects his Flickr account to the
Flickr RecSys and lets the application read and cache his publc profile. Once his
profile is cached the system is ready to make recommendations based on his profile.

At this stage Bob is allowed to make customisations and to change the default values.

The Flickr RecSys begins by searching for photos that Bob has asik favourites. Then
the system checks Bobbdbs contacts of a
contacts. Finally the system checks the most frequent used groups that Bob belongs
to and performs a similarity checking based on his tag cloud.

The results are then displayed in the same way as the Flickr website displays contacts
to Bob. Bob can then click on the images which will take him to the Flickr website
where he can visually check if he likes to add the recommended contacts to his

contacts list.

Flickr RecSys
4, Perform recommendation

based on f; ite phot
1. Links his Flickr Account asedon favourite pho Di

>

L
-

2.Letthe apptoread
and cache his details 3. Perform recommendation
> based on contacts connections
>
3. Makes the

Bob customisationand runs
; Search
therecommendation 2 Result
- . 6. Perform recommendation
Caching P
7. Recommended basedon similarity oftaﬁclouds
contacts are presented >
€ -

FIGURE 1. SYSTEM CONTEXT
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4. Design

The following chapter will look in detail at the system design of the Flickr RecSys
with a thorough explanation of all the technologies used during its design and
development phase. First, in section 3.1, the design of the system from the top level
will be discussed and subsequently discussiors of a suitable technique for the
implementation are given. The system architecture will be described in terms of its
key components and how each ofthese components communicates with each other.
This chapter then continues the discussion by looking at the design structure of the
data model and finally by looking at the aspects of the user interface design.

4.1 Design Decision

In chapter 3, userd sequirements were identified and evaluated. Also, in chapter 2,
different recommender systems were looked at in terms of the techniques they

employed in their context s and the methodologies they employed

In this context no single silver bullet was identified which the recommender system
could be based on.Hence it was decided to combine complementary methods to
make recommendations. Each of these techniquesfocuseson and tries to address

each of theend usersorequirements.

4.1.1 Recommendation based on Favour ite Photos
The first method of recommendation should be based ona u sfavoudite photos.

This was decided to overcome the problem of visual decision making. The main

reason is that favourite photos are the photos they have already looked at and liked

so means the phot o mat.dldtenty didthey likel theephaiosbuti nt er e
they wanted to flag them up so that they can revisitthem.

There could be other ways of doing this, for instance by processing either us er 6 s
favourite photos or photostream and extracting the important elements. For
example, if the user has many Black and White photos from people in the street then

the user might be interested on those professional photographers who upload Black

and White from elderly people. This method can benefit from a study conducted by a
group of people from the University of Koln about identifying successful
photographers of the Flickr [14].
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Based on the information extracted, the system creates a profile for individual users
about the kind of photos they might be interested in. However doing this required
more time than was available for our project and we were also there asked to see

what could be achieved by simpler mechanism.

Even if the knowledge of the image processing was available the outcome of the
system would not be as good as thehuman image processing and you will never be
sure that a similar photo is going to be liked. The best result can only beachieved

when humans are involved and that is when they explicitly indicate a photo as a

favourite.
4.1.2 Recommendation based on Contact s of a
Contact

Graph-based recommendation systems deliver recommendations based on the
connections between people. The second method of recommendation uses this

method to recommend a contact.

Before this process of recommendation begins the systemrequires a right data set to
work with. The data set in this method is only contacts that my contacts are
connected to. A network of contacts illustrated in Figure 2 shows the connections
amongst my small network of four contacts. If the node M is me, | am connected to
A, B, C, and D. Throughmy contacts, | am also indirectly linked to users E, F, G, H
andJ.It should be noted that because | dasn al r e:

not appear in the data set for this recommendation.

0060

FIGURE 2: NETWORK OF CONTACTS
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Once the data set is produced then the system counts the number oflinks between

the members of the data set and my connections As a result the Table 2 will be

produced.
Node ID Number of Connections
E 1
F 1
G 3
H 2
J 1

TABLE 2: NUMBER OF CONNECTIONS TO MY CONTACTS

Finally the system orders the produced table by the number of connections in
descending order and depending on the number of users requested to be
recommended by the end user, the list will be filtered from the top of the ordered list .
In our example if two users were asked to be recommended thenusers G and H will

be recommended.

The question can be raised as to whyin spite the fact that users have explicitly

expressed that they do not find their contacts through their existing contacts, the

system still makes recommendations on contacts. The answeris hiddenint he user 0s
behaviour and activities in the Flickr website. In the sense that the more the user is

into discovering professional photographers the closer the user is to the community

of the professionals because his/her contacts are connected to other professional
photographers. Therefore recommendations based on the photographers that the

user is already connectal to pushes the discovery of new users and hence the system

makes the user closer to the community of the users that he/she has already

connected to.

Therefore it is important how this method of recommendatio n is implemented
because the futher the recommended contacts are from the userthe more likely it is
that the contact sharesless interest with the user. Due to this it was decided to only
look at the contacts that are one contact away from the user(nodes in the red box in

Figure 2).
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4.1.3 Recommendation based on Similar Tag

Clouds
Anot her way of f i sigby leakinguasteer mg cloudnTaggingeas &

method of extracting the contents of photos and finding what the user might be more
interested in could be used torecommend contacts based on the similarity of tag

clouds.

An important and crucial part of this method of recommendation is to find a set of
users who are likely to share sone interests with the user. It would be a huge help if
the system could access the individual 6s
identify the set of users they are closeto. Due to the limitation s on the Flickr API,
accessingthis kind of information was impossible therefore it was decided to list the
groups that they had already joined and ask them to choose the ones that they

frequently check and participate in.

Some groups havetens if not thousand s of members and stumbling upon membersis
another important decision that is needed to be taken.The reason being the more
users the system needs to extract from the system the slower the system is going to
be. This is due to the number of API calls that the system needs to make in order to
retrie ve user 0sltwoadhave beemnutlpful if the Flickr APl could return
users around certain tags but due toits limitation s it was decided to selectonly 10%

of the users at random basis.

The Flickr API returns members of a group in a descending order in which they
joined the group so the first member returned from the member list has most
recently joined the group. Due to this ordering it was decided to skip the first 25% of
the total size of the group because thecloser people appearto the top of the list the
more likely that they are new to Flickr, hence they might not have enough tags to

represent their photostream well.

4.1.4 Customisations
As the questionnaire highlighted, users want to make their own customisation

therefore the system shauld allow the end users to make their customisations on

each type of recommendations. These customisations include:
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1 Adjusting the total number of users that they would like to receive from each
method of user recommendations i this adjustment can be done for all
methods of user recommendations.

1 Choosing groups that they most frequently usei this setting is only related to
the recommendation based on Tag Clouds Similarity

1 Adjusting a minimum percentage of similarity between tag clouds of users.

4.2 Enabling Te chniques

This section looks at the algorithm chosen for tag cloud similarity and the reason
behind it.

4.2.1 Vector Space Model (VSM)

Vector Space Model is a model for representing text documents as vectorghat can be
adapted in this project in order to model tag clouds [15]. This technique is used in
information retrieval, indexing and relevancy rankings. There are usually stages
involve in converting any text document into a vector which include s the extraction
of keywords and their weights. The Flickr API provides all of these and returns the

top 10 most frequently used tags along with their occurrences.

Once a vector has beenretrieved from the Flickr APl and stored in the database, in
order to find its similarity it then needs to be compared against the other vectors

already stored in the system.

4.2.2 Similarity Matching Techniques

This project's approach to information retrieval is to employ statistical models. This
was mainly due to the shortage of time to implement more complex Artificial

Intelligent (Al) algorithms. Therefore a statistical model approach had to be taken.

There are various statistical ways in which the similarity between tag clouds can be
measured. Variations of methods are really context based Some applications may
use simplified methods of similarity matching and the outcomes are expected to beat
an acceptance level whereas in some others more sophisticated methods need to be
applied. Due to this it was decided to evaluate these methods and implement theone

that maximises the performance of the system.
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An example of a simple method can be A Mtchingd [16] which measures the
similarity based on the intersection of tags used in each of the tag clouds. An
improved method of Matching, Dice is calculated as follow:

x 2|6, 0
ouNIi Q@A "ao 0,0 = —.‘l - ,,l
Ds+ [0]

Dice is computed by two times the number of tags that appear in both tag clouds

divided by the sum of number of tags in each tag cloud.

Jaccard similarity coefficient is another method of measuring similarity between tag
clouds, and is defined as the size of the intersection divided by the sizeof the union
of the two tag clouds[17]:

6, 9|

(63 QY0 Q3 @D 8,6 = s
16 6]

The most appropriate method which measures the similarity between two vectors of
n dimensions by finding the cosine of the angle between themis cosine. This method
which converts a tag cloud to its vector representation calculates—between the two

vectors.

The TF-IDF weighting scheme is often used in the vector space model together with
cosine similarity to determine the similarity between two documents. Documents in
our example are tag clouds where each tag has weight or frequencyssociated with
each tag.In addition, TF-IDF performs well in the absence of training data[18], this
is particularly important in this system as the system does not have access toany

training data initially .

4.2.3 TF-IDF

Term Frequency-Inverse Document Frequency (TFIDF) is a natural language
processing technique frequently used for information retrieval and text mining. It is

a statistical measure of the importance of a word within a set of corpug[19].

4.2.3.1How to calculate TF  -IDF?
The Term Frequency, TF, for a given word occurring within a given document is
calculated from the number of occurrences of the word, wy, and the number of words

within the document, @y
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0= ‘_Q
Co)
The Inverse Document Frequency, IDF, is a measure of the general importance of the
term which is calculated by dividing the number of documents which contain the
word, Num Doc(w) by the total number of documents, NumDoc and then taking the

logarithm of that quotient and reversing its sign in order to get a positive number:

NumDoc w
NumDoc

Q= log

The TF-IDF can then be calculated by multiplying the two values together:
0= 60X @WQ

In order to calculate the vector size of a document, each word within the document

needs to besquared and summed and the final square root of the sum product will be

the vector size, Q); .

3 — 12 12 =. 12
Qi = 0+ 0j+E+0d

To avoid bias toward large vector size forlonger document, a normalisation process

is applied as follows:

bo Ua , Ve

Ué‘ldu}g"m’r"‘l = T~ 1 i~ s
Qp  Qy Qi

Once the TF-IDF is calculated, the similarity i “Q 3 1], W between a queryfj and a
document Gy, can be defined as the inner produce of the query vector) and the

document vector (g

[Q Oi r'],(bQ = D.Q)Q:
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where A is the number of unique terms in the document collection . Weight of a word
"(h a document ‘Q) pand query weight of a word 7QL‘FQ This gives us avalue of

between 0 and 1, with a higher score indicating a greater similarity.

4.2.3.2How does TF -IDF apply to tag clouds?

Tag clouds and documents are sharing the same properties in the sense that words
appear in documents are the same as tagsippearing in tag clouds. Although a tag can
appear only once on each photo but a tag cloud is a collection of tags that appeared
on a user 6s Thelaurrensetofaevardrwithin a document is the same as

the importance of a tag within a tag cloud.

It should also be noted that query document is the same as a tag cloud which is

needed to be compared.

4.2.3.3How to improve TF  -IDF?

The accuracy of the TRIDF calculation can be improved usually by the introduction
of a stop words list. Stop words, are words which are filtered out prior to, or
sometimes after, the processing of natural language data (text). This is purely due to
the fact that some words are generally more common than others. These include
determinate s, preposition and adverbs, aubject personal pronouns, object personal
pronouns, indefinite pronouns and adjectives, conjunctions, common tenses.
Although tags clouds do not usually contain stop words it was worth checking to
ensure that no common words are added to the database. By looking at the tag clouds
it was felt necessary to take out words that contain non-standard characters or

cannot be properly read through Java library used. Ex amp |l es of 0Ot hios

which were read aslil.

4.3 Use Case Diagrams

4.3.1 Recommendation based on Favourite Photos
This Use Case (outlined inFigure 3) describesthe situation when a userrequests for

recommendations based on his/her favourite photos.

-36 -

ncl



Chapter 4. Design

Check existing
contacts from database

Retrieve favourite
photos' owner

Recommend Users by
Favourite Photos

«uses»
End User
N\ Retrieve end user's

Favourite Photos

FIGURE 3: RECOMMENDATION BASED ON FAVOURITE PHOTOS
Process outlined:

1 End user requestsfor recommendations by his/her favourite photos

2. Flickr RecSys retrieves the list of owners of the favourite photos added to the
end usero6s favourite |ist

3. Flickr RecSys checks if any of the owners have already appeared in the end
user6s contact | 1ist

4. Flickr RecSys completes the process by ordering the list of those users by the

number of favourite photos selected from eachone.

4.3.2 Recommendation based on Contact s of a

Contact
This Use Case (outlined in Figure 4) illustrates how the end user receives

recommendations based on his/her contacts.

Retrieve contacts of
“USESZA an end user's contact

Recommend User by
Contacts of a Contact

Retrieve End
User's Contacts

End User

FIGURE 4: RECOMMENDATION BASED ON CONTACTS OF A CONTACT

Process outline:
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P 0w NP

End User requests for recommendations based on the contacts of a contact

FI'ickr RecSys retrieves end userods contac
Flickr RecSys retrieves contactsofanendu s er 6 s cont act

FI i ckr RecSys searches for those users w
contacts but not to the end user

Flickr RecSys counts the number of contacts between those who are connected

to the end userds contact but not to the
Flickr RecSys sorts the list of the new contacts based on the number of

contacts

Flickr RecSys displays only n number of users from the top of the list

4.3.3 Recommendation based on Tag Cloud s

Similarity

This Use Case (outlined in Figure 5) illustrates how the end user gets his/her

recommendations based on his/her tag cloud similarity to other users who

participate in the same groups as theone the end user uses most frequently.

Retrieve Tag Clouds

Retrieve group
members

«uses»

Get the most

Recommend User by
» frequently used groups

Tag Cloud Similarity
End User

Y\/ Perform Tag Clouds
Similarity Checking

FIGURE 5: RECOMMENDATION BASED ON TAG CLOUDS SIMILARITY

Process outline:

1
2.

End user requests for recommendation by tag clouds similarity

Flickr RecSys gets the most frequently used groups fromthe database

3. Flickr RecSys retrieves group members
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4. Fl i ckr RecSys retrieves group m@onheer 6s
database

5. Flickr RecSysperforms similarity checking on tag clouds

6. Flickr RecSys completes the task by filtering those tag cloudswhose similarit y

value is below the value of the threshold set by the end user

4.3.4 Other Use Cases

There are also other, fairly trivial, Use Cases forthe end users such as those to each
of the recommendation methods, granting the Flickr RecSys a read permission to
read public details of the end user andfetching the end userd public details. As these
tasks do not represent core functionality and are simplistic no Use Cases have been

developed.

4.4 Performance Requirements

It is imperative that the system is quick to recommend users especially becausean
early evaluation study of the Flickr APl suggests that the API is slow in returning
results. Thus it is a requirement that the system must take no longer than a secondto
process its internal processes. Due to the slowness of the Flickr API, it is a
requirement to cache the details of the user in order to speed up the processand at

the same time minimise the number of requests to the Flickr API.

In order to measure the performance of caching, a timer must be set to record the
time it takes for a user to cache his/her details every time the user tries to access
his/her profile.

Taking into consideration that the service is going to be used bymany Flickr users, it
is important that the system scales up well. However, the scalability of the system

heavily relies on the accessibility of the Flickr API.

4.5 Quality Attributes

Unlike its performance, the quality of the system is measured by the extent of the
relevance of the recommended users to the usesbinterests. The more knowledge can
be captured from the user the better the sysiem can perform its recommendations. It

can clearly be observed that the quality and the performance of the system clash with
each other therefore it is imperative to create a balance between the two.
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The quality of the system must be measured by the end user. This is becae human
visual decision making must be taken into account. In order to capture their

feedback, an evaluation form needs to be designed and filledin by the users.

The most reliable source of measuring the success of the system is to compile and
evaluateuser s6 feedback

4.6 System Architecture

Model-View-Controller (MVC) is a classic architectural design pattern often used by
applications that need the ability to maint ain multiple views of the same data. This
design pattern (outlined Figure 6) has been found anappropriate architecture for
this application because of its efficiency in the design of the system This is due to the
separation of objects into one of the three categories of modd, view and controller

which allow multiple views and controllers can interface with the same model.

Since the Flickr RecSys needs to be accessibe to all Flickr members the software
should be delivered as a web application. There are advantages in making the service
online, for example users need not have any special hardware or software
equipments and for this reason the application is likely to b e used by a wide range of
users. It is imperative that the system has a separate centralised controller to
monitor processes handling different methods of recommendation, recording and
updating usersodetails, and perform ing tag cloud similarity . Perhaps the main reason
for employing this design pattern is to enable the View which is usually referred to as
the User Interface (Ul) to only retrieve data from the database, if necessary,instead
of deploying a pattern like a multitier architecture which would not let the view
access theModel bypassing the middleware (Controller) .

The MVC framework allows us to separate the underlying data structure and
contents that are represented and accessed by the model components. The
framework user interface is partitioned from the processing code, allowing the reuse
of the underlying control code, by the view component. It enables us to organise the
whole of the application by the controller.

~40 -



Chapter 4. Design
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FIGURE 6: M ODEL -VIEW -CONTROLLER (MVC) DESIGN PATTERN

1 COAC Engine : Contacts Of A ContactEngine
1 FAVO Engine : Favourite Photos Engine

4.6.1 The Model

The model, which is used mainly to manage the database contains two core aspects

Database Interaction Components and JavaBean Data Representations.

The Database Interaction Components consist of a connection to the database and

the queries which are sent to the database server for execution

The JavaBean Data Representations are reusable software components that are
written to conform to a particular convention. These classes are passed to the
controller for processing and may be passed tathe view to display the information to
the end user. There is at least one of them for te table of a database, but in some
cases due to the usage ofhe stored procedures (See Sectim 5.8.2) these classes have

been modified.

4.6.2 The View

The view, which renders the model into a form that is suitable for interaction is
commonly referred to asthe User Interface (Ul). In this project Ul consists of a few
different web pages which enable the interaction of the end user with the system. The
user interface due to its importance in this project is given a sectionand is discussed
later in this chapter ( See sectiord.7).
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4.6.3 The Controller

The controller processes and responds to events, typically user actions, and it may
invoke changes on the model. It is comprised of many parts, some of which are
displayed in Figure 6 but all of them mainly control aspects of the Flickr RecSys

system.

The Navigation and Process controller controls the entire navigation and the

processing of the entire website. This approach was taken in order:

1 To simplify future developments as it centralises the entire navigation and
processing of the application.

To easethe capturing of broken links.

To help pass objects and parameters taJavaServer PagegJSP).

To reduce the creation o dynamic links in JSP pages.

= =/ =2 =

To improve the security of applications and to manage the accessibility of end
users to restricted areas.

An example of the process controller can be creating sessios for the end user,
creating an authentication file per user, calculating caching duration per user or

processing evaluation and the contact pages.

In order to avoid unnecessary delay in response to some of the processes in the

system, it was decided to utilise threads to cache usesdpublic details. A thread is

executed for processeswhich are thought to be a potentially long processand where

the process should not interfere with the user activities in the system. This decision

was made whenl found out that retrieving auser 6 s public detlmil s t
minutes. One of the main important tasks of the process controller is to keeparecord

of the threads that completed their execution.

The Caching Public Details is a controller which extractsauser 6 s detail s f
Flickr APl and stores them in the database. This controller contains a mechanism
where it avoids unnecessary updates which resultsin unnecessary request to the

Flickr API. This mechanism is designed to optimise the performance of the system.
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The recommendation engine refers to the three methods of recommending a user to
other users each of which is responsible for a particular task. It should be noted that

entire computation and selection of users are done in the database server.

1 FAVO Engine
This engine makes user recommendations based on the favourite photosé
owner. The engine requests a list of recommended users from the database
and as the database returns user IDs, the system subsequentlynakes a call to
the Flickr API to retrieve their details such as their real name and profile
picture in order to display them to the end user. This engine is described more

in details in section 5.

1 COAC Engine
This engine performs recommendations bas
contacts. Similar to the FAVO Engine it sends a request to the database and in
return gets the list of recommended users. Again as the database only knows
user IDs the system needs tomake a call to the Flickr API to extract their
details such as real name and profile picture in order to display them to the

end user.

1 Tag Clouds Similarity Engine

The tasks of this engine are quite broad in the sense that it deals with different

stages of preparing a list of users whose tag clouds need to be compared.

These tasks include extracting the list of the most frequently used groups,
retrieving the tag clouds for each user and recording them into the database.

The engine at the end passes the 8t of users to the database server in order to

get their tag cloud similarity with the
returns a list of those users whose similarities are above the value of threshold

defined by the user.
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4.7 User Interface Architecture

As the final product of the project will be used by a wide range of people, the best way
of delivering the final product will be through a web interface for the following

reasons:

1 Flickr is a website and all its users are using the Flickr webste only through
their browser so it would be more convenient for the end user to use any extra
third party featured application through the same mean.

1 People tend to use a webbased application rather than a stand-alone
application because it eases the gage of the application and its accessibility
with minimal requirements.

1 A web-based application scales up well becauset usesModel-View-Controller

architecture pattern.

Commonly, s ome i ni ti al adjustments are needed fo
through the administration section which is usually accessed by those who
administrate a system. However, because the nature of this project is not like other
applications that need to be implemented in different environments , a single file is

setup in order to make all the initial adjustments.

Due to the above reasonsthe application will only have the front end view which is
accessed by the users. The front end contains activities such as linking the service to
the FIlickr website, talg ecndkingh gustomigatidns for eack er 0 s

method of recommendation.

There wil/l al so be a section in the website

The evaluation form will be discussed in more details in the evaluation section.
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5. Implementation

This sedion discusses the implementation of the design aspects featured in section4.

5.1Development Environment, Platform

and Language

The choice of the programming language and the environment was totally up to the

developer, however there were someconsiderations when the language was chosen.

Programming languages such as ASP, ASP.NET are good and are quite powerful
however they would both limit the usage of the end product on platforms such as

Linux L.

Taking into consideration the growing trend in the uptake of Linux in business

environments, especially the technical ones, it gives weight to the idea of developing
the product for cross platform environments. The other consideration was the cost of
runni ng and hosting such applications. Therefore it was decided to move towards
cross platform languages such aslJavaServer PageqJSP)2 or PHP3 which are widely

used and can also be easily hosted on Linux machines.

Although both JSP and recently PHP take advartage of Object Oriented
programming which would fulfil the minimum requirements of programming the
development, the amount of available Java libraries and the scalability that JSP
brings to medium size web applications gave weight to developing the systemusing
JSP.

There are many different Java development environments available, the two most
popular being Eclipse4and NetBeans. Whilst Eclipse provides strong support for
developing a Java application, due to the needs of the Apache Tomcédtserver for

testing the environment and its integration with the recent versions of NetBeans

1Linux is the registered trademark of Linus Torvalds.

2 JSPis a registered trademark of Sun Microsystems, Inc.

3 PHP is a registered trademark of The PHP Group.

4 Eclipse is a registered trademark of the Eclipse Foundation

5 NetBeans is a registered trademark of Sun Microsystems, Inc
6 Tomcat is a registered trademark of Apache, Inc
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6.5.1 and more importantly the ease of running the Tomcat application server,

NetBeans was found an appropriate tool to develop the Java code.

In spite of the great help of NetBeans in developing the core functionalities,
NetBeans still requires a good visual editor for web interface developments. As the
Flickr RecSys needs a powerful tool to visually edit the web interface, it was decided

to use Adobe Dreamweaver CS4to develop the User Interface.

Therefore the Flickr RecSys project was setup in NetBeans but the web pages that
contain forms, images, etc. (located in the ./ Flickr /web folder) were accessed by a
project that was setup in Dreamweaver. Combinations of these two tools were

extremely helpful in developing the Flickr RecSys System.

5.2 System Class Structure & Operations

In order to fully understand the system architecture described in section 4.6 we must
examine the structure of each of the individual classes within the system and observe
how each class communicates with the other system classes during certain
operations.

5.2.1 System Class Structure

The Flickr RecSys class structure contains 33 stand-alone classes divided amongst

three layers. See

7 Dreamweaver is a registered trademark of Macromedia, Inc.
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Appendix DT Class Diagramfor the complete system class diagram.

5.2.2

Fetching public account details
Upon a request from the end user to cache public details of the user, the system

spawns five different threads each of which is responsible for retrieving some details

from the Flickr API. However, they all follow the same sequence of steps but in

parallel in order to retrieve their required details.

The sequence diagram described inFigure 71 | | ustr at es

t he

process

public details. As explained above, the reason that there is a big loop around the

whole process is that, a loop represents the sequence of steps for amsgle thread.

Elickr RecSys : Ul

Elickr RecSys : Caching

AJAX Engine

Check if update is |

required

FIGURE 7: CACHE PuBLIC ACCOUNT DETAILS (SEQUENCE DIAGRAM )

It should be noted that in order to notify the end user about the process of their

caching it was decided to notify the end user when each thread completes its

execut

det ai

S

on. For
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exampl e
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end user and as soon as ethlecompietedctimeiusegwillof us e

be shown a tick box next to the name of the process.

The end user only sees a single button on the screen but as soon as the button clicked
the browser sends five different requests to the Flickr RecSys. The Ul make requests
for caching of the following details:

1 Public User Profile : To store details such as user id, real name and
username, number of photos, etc.

T 10 most used tags fr om :théHickrlABleetuls10t ag c |
top most popular tags for each user. These &gs form the tag cloud for the user.
The tag cloud of the user is later used to perform tag cloud similarity
checkings.

1 Favourite Photos To keep a | ocal copy of favou
records are used later to recommend users based on favouritgphotos.

9 Public Groups : To store the groups that the user has subscribed to. These
records are used later when the user is asked to select the most frequently
used groups.

1 Public Contacts : To store contacts of the user and also contacts of the end
u s e coidtacts. These records are later used to recommend users based on the

contacts of a contact.

5.2.3 Recommending based on Favourite Photos
The sequence diagram described inFigure 8 illustrates how the system interacts and

receives the recommendations from the database server. The diagram also shows
how the Flickr APl was involved to extract complementary information about the

users.
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Elickr RecSys : Ul Elickr RecS_ys : FAVO
Engine

] |

| |

| |
| |

| |

| |
Request recommendation : :
N |
|

|

. |

Request recommendation |

|

Recommended Users

Request user details of recommended users

Return user details

e

Return Recommendations

FIGURE 8: RECOMMENDATION BASED ON FAVOURITE PHOTOS (SEQUENCE DIAGRAM )

During the caching of the user details, part of pre-processing of this method of

recommendation was done. In the sense that when favourite photos were retrieved

fromthe Flick r APl , the photosé ownerdéds | D was

Flickr RecSys is not interest in the details of the favourite photo, they are stored
based on their owner. Therefore the favourite photos list is viewed as an owner ID
along with the number photos added to the favourite list from a single photographer.

When a recommendation by a favourite photo is requested, the system requests the
list of users who have the most photos selected. Subsequently the database server
ensures that the list does not contain anyone who has already connected to the user

based on the public contacts cached in the database.

Once the 1i st I's ready to be displayed
system has to request the Flickr API to provide other information of the users. This
way the number of API calls minimised and is limited to only the number of users the
system want to return. It should also be noted that the maximum number of users

the end user can receive is only 10.
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5.2.4 Recommendation based on Co ntacts of a

Contact
The sequence diagram, outlined inFigure 9 illustrates how the system returns the list

of recommendation based on the end user os

Similar to the recommendation based on favourite photos, part of the pre-processing

of this task was done during caching. I n
were retrieved, up to 70 contacts of their contacts were also retrieved and stored in

the database. This way the system knows the possible users that the end user might

want to be connected to.

Once the end user requested for recommendation, the system passes the request to
the database server. The database server searches for contacts of the endswe r 6 s
contacts.

The important thing is to find how many contacts a possible user is connected
through to me (see section 4.1.2 for detailed design). Therefore users who are
connected to the end wuserdés contacts are
user is connected through (seeTable 2). The more a user is connected to the end
userb6s existing contact |ist the higher hi
of possible users is then filtered from the top by the number of users the end user
requested to be displayed.
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Engine

HRequest recommendation
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Recommended Users

Request user details of recommended users

Return user details
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|
|
|
|
|
|
|
|
|
|
|
|
|
|
:Return Recommendations

T
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FIGURE 9: RECOMMENDATION BASED ON CONTACTS OF A CONTACT

5.2.5 Recommendation based on Tag cloud
similarity
The sequence diagram outlined in Figure 10 shows how the system returns the list of

recommendation based on the end userdés tag c

There are two prerequisites for this process to begin. The first one is the end ugr
must have joined at least a group and is cached in the system. The second one is the
end user must have selected at least one group as the most frequently used.

Otherwise the system will not be able to make any recommendations.

When the end user requess this method of recommendation, the system gets the list
of most frequently used groups. The system requests the Flickr API to provide the
size of the group. As described in section 4.1.3 the system requests the group

member 6s details and subsequently their tag

If they have any tags in their tag clouds, their user ID will be added to the list of users
whose tag cloud needs to be compared with and their tag cloud will be stored in the

database.
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This process will be iterated for all the groups that the end user chosen as the most
frequently used groups. The system passes the list of users to the database where the
entire TF-IDF calculation will be performed. The main reason that the entire
calculation is done in the database server is to maximise the speed of internal
process. This method was compared against the other methods of calculating the TF
IDF and has proved to be the best possible method. The evalution of this method is

described in the evaluation section.

The database server then returns the list of users along with their percentage of
similarity. The list is then ordered by the similarity percentage and filtered by the
threshold set in the customisation control panel by the end user.

The system completes its process by requesting from the Flickr API the details of the

recommended users. The list is then returned to the end user.

-52-



Chapter 5. Implementation

Elickr RecSys : Ul Elickr RecSy. s : COAC
e Engine

I
I
I
I
I
I
Request recommendation | :
I
I
I
I
I
I

Request the most frequently used groups

Return groups

‘Return group member:

et a user Tag Cloud

If a tag cloud was
found then add the :Return tag clouds (if found
user ID to the list of

users whose tag
cloud needs to be

compared with

Pass the list of users for comparison :

Pass the percentage of similarity

Request details of recommended users

[}
| Return user details ‘
e

Return Recommendation

FIGURE 10: RECOMMENDATION BASED ON TAG CLOUD SIMILARITY (SEQUENCE DIAGRAM )

5.2.6 Other operations

There are also many other sequence diagrams that would illustrate fairly trivial
processes such as linking the Flickr RecSys to the Flickr website, and customising
each of the recommendation methods. Since these tasks do not represent core

functionalit ies and are simple, no sequence diagramshave beenproduced for them.
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5.3 Caching

5.3.1 Reasons for Caching

Once the Flickr RecSys i s gr anthegystemoeedss s

to cache the public details before making any recommendations. There are various

reasons as to why the public details need to be cached.

The most important reason is to speed up the whole process when data is locally
available. It was possiblethat the system makes recommendations based on live data
from the Flickr website. However due its extremely time consuming process it is

vital to cache the most important information required from the users.

The Yahoo! Developer Network (YDN) which offers Flickr APl has no pre
determined rate limit on the usage of the APl However, irresponsible use may result
in the application key being temporarily suspended. The responsibility is defined as
keeping a local cache of the information that is unlikely to change between a query

when doing large series of API calls[20] .

5.3.2 How caching was implemented?
As mentioned in 5.2.2 five important pieces of information need to be gathered.

Retrieving information requires time to prepare the call to the API, receive the
responses back and thenprocess and store them locally. For this reason it was
decided to utilise threads for each of the processes. The biggest advantage of doing it
this way is to ensure that even if the user gets disconnected from the network for any
reason the system still performs its caching. The other advantage is that users can do
other things. For example, they can browse through other parts of the website before
they get to the user recommendation section. Indeed this is a problem of many users,
because during user testing and evaluation (see sectior.4), | realise the importance
of this feature. Because some users were connected through dialip connection and it
was difficult for them to keep the telephone line engaged while the system is caching

so | instructed them to discount from the internet and return.

As the process of retrieving public user details is quite a lengthy process, it is
important to keep the user informed about the stage of caching. This is to ensure that

the system is still processing and has not cashed. To do this, it was decided to create
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a listener for each of the threads so that when each thread completes its execution

the listener records the thread ID in the database as a completed task.

At the same time utilise the browser through Ajax calls to keep asking the system
which processes have completed their tasks. The system then retrieves the list of
completed tasks and informs the user. It should be noted that the browser is using a

timer to keep asking the system about the completed tasks.

5.3.3 H ow to access the Flickr API?
The Flickr APl accepts REST, XML-RPC and SOAP requests and in return its

responses are captured in REST, XML:RPC, SOAP, JSON or PHP format. A simple
and the most common method of extracting information is REST where the system
creates a URL and submits it to the Flickr APl. For example, to request the

flickr.test.echo service, invoke like this [21]:

http://api.flickr.com/services/rest/? method=flickr.test.echo&
name=value

In return processes the responses inthe same format to the model object described
[22] .

<?xml version="1.0" encoding="utf -8" 7>
<rsp stat="ok">

[xml - payload - here]

</rsp>

The main problem is processing different types of responses and the difficulty of

sending the request and processing the responses.

A more convenient and robust method of extracting information is through available
libraries that Flickr APl recommends. Flickrj is a Java API which wraps the REST
based Flickr API[23]. This Java library makes requests and subsequently processes
responses and stores them in its model[24] . This library is used in this project to

retrieve the underlying data for this applicatio n.
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5.3.4 How to improve performance?
To improve the performance of the system and to avoid the unnecessary and lengthy

process of caching it was decided to utilise the application with the date and time of

the caching. The date and time had to be recorded for each individual process
described in section 5.2.2. This can help in finding out when the last time of caching

was and whether the data that we are holding is up to date or not.

Depending on the importance of having access to the more up to date data together
with the cost associated with each of the processes, the following decisionsad to be

taken for each of the processes:

9 Public User Profile : Cos't of updating wusero6s publi
However, users do not frequently change their real name or username.
Therefore it was decided to updradateist he u:
four days old.

T 10 most used tags from :tusees add sagsrtddtseir t ag ¢
photos frequently and this can change the importance of their tags within the
tag cloud. Also, the cost associated with obtaining the most up to date
information is one. So it was decided to get the most up to date tags every time
the user wants to receive recommendations.

1 Favourite Photos : Users add photos to their favourite photos list but they
may not add favourite photos frequently. The cost associated to obtan the
most up to date information is low so it was decided to let the system update
the data stored in the database every three days.

1 Public Groups : Users do not often subscribe to groups. Also, the cost of
caching the groups is low. Due to this it was decided to update the list of
groups every two days.

1 Public Contacts : Some users utilise the social networking function of the
Flickr website, others do not appreciate it. Therefore it was difficult to make a
judgment as to how often users add other users totheir groups. The cost
associated with caching contacts and also contacts of a contact is quite high.

Coming up with the cost is also hard because it depends on the number of
contacts that a user is connected to. The way the cost is calculated is as folie:

6L 08" DO'QTRN= 1+ (U £'Qrd ¢ o)
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There is only one call to get the userods

retrieve the contactsof t he us®ro6s contact

An extra piece of information which was extracted while extracti ng t he
public profile is the number of contacts. Therefore the number of contacts
could be used to determine if the data held in the database requires an update.
Therefore it was decided to add a new mechanism for updating contacts and
thatistolook at the number of the useros
decided to give a tolerance value ott 5 so if the number of contacts previously
cached is within £5 contacts then no update is needed otherwise an update is
required. Al t hough a actssstay thessane dut ttheir contacts may
update their contact regularly in which case the system still need to update
contacts of a userods contacts. Due 't

four days.

It should be noted that all of the valuesse¢ f or caching user s

through the properties file created for initial configurations of the whole application.

5.4 Favourite Photos Engine

For this method of user recommendations, Java code makes a request to the
database for owners whom | have added the most number of favourite photos from
in my favourite photos. The list of users is filtered by my existing contacts.

It was decided to display the recommended usersin the same way as they are
presented on the Flickr website. On the Flickr website users have profile pictures
and are mostly recognised by their profile picture. Therefore the system needs to
make API calls for the returned list of users which only contains user ids in order to

get their profile pictures.

Once the URL to the profile picture is acquired users will be displayed to the end

user.

5.5 Contacts of a Contact Engine

The main and most important part of the underlying process of receiving
recommendations from this method is done in the database through the use of stored

procedures (see sectim 5.8.2)
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Similar to the favourite photos engine, Java code requests for the list of
recommended users and the database performs the calculation. The calculation as
described in section 4.1.2is counting the num ber of contacts to whom contacts of my

contacts are connected to.

As the return results is just a list of user ids, their profile picture s need to be retrieved
from the Flickr API. Once the profile pictures are located on the Flickr website, the

system then returns the results.

5.6 Tag Cloud Similarity Engine

The core part of this method of user recommendations is to perform the tag cloud
similarity. As it was previously discussed in section 4.2.2, the most appropriate
method of calculating the similarity between two tag clouds is TF-IDF. The following
section explains in details how the TF-IDF was calculated.

5.6.1 TF-IDF Calculation

While TF-IDF is a popular topic, there do not appear to be many existing libraries

which calculate it.

R is alanguage and environment for statistical computing and graphics in the public
domain [25]. R 6 T&-IDF is one of the many functions which could be used in order
to calculate the TFIDF. However, because of the lack of proer documentations and

tutorials, it was decided to develop the TFIDF engine from scratch.

Furthermore, the use of such a library would add complexity to the development of
the project. This was due to the customisation required to adopt the library in such a
way that it usesthe database and also the time required to understand how to work

with the library.

5.6.2 Tag Clouds Similarity Matching

Calculating TF-IDF can be quite a long and time consuming process, so it was
important to perform the calculation quickly. There were two options available. One
was to perform the whole calculation with Java and the other was to shift the whole

computation to the database server.
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Since | have already implemented TF-IDF in the past and have experiencewith the
performance of the TF-IDF using Java code, | tried to experiment another approach.
This would allow me to make a better judgment as to which method performs best.

In order to perform the calculation in the dat abase | decided to useTransact-SQL (T-
SQL) 1 see section5.8.2. Coding in T-SQL can get really difficult to debug and looks
very messyso it was important to create the entire query gradually in order to test

small queries as they are created
The TF-IDF stored procedure takes three parameters:

1 A user id from a list of users whose tag cloud needs to be compared with the
tag cloud of the end user, see sections.2.5 for how the list was created. To

simplify | ater explanations this user

1 A user id of the end user for calculating a query vector size. To simplify later

explanations,t hi s user is referred to as wuser

1 The total number of usersin a list of users that their tag cloud needs to be
compared with the end user, this is required to calculate the IDF for an
individual tag

The entire code can be divided into three fairly big sub-queries each of which is
calculating one thing towards the final result. Two of them calculate a vector size tag
cloud for both users, A and Q. The last onecomputes the sum of the product of the

corresponding tags from the tag cloud vectors of both users, Aand Q.

In order to calculate the tag cloud vector size for both users, A and Q, both a TF and
an IDF representations are required. A representation of the TF can be retrieved
from the database for both users, A and Q. A representation of the IDF can be
calculated using the LOG) mathematical function in SQL. Similarly SQRT() (Square
root) and SQUARE() (Square) mathematical functions are used to calculate the

vector size for both users, A and Q tag clouds.

It should be noted that because the tag cloud of the user Q is already in the database,
it must be taken out when retrieving the TF representation from the database - See
Appendix F1 TF-IDF Stored Procedure.
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Due to good performance of the system, it was decided to calculate the THDF in the

database. The performance of database is discussed in sectiof.3.2.

5.7 Java Servlet

The Java Servlet allows a software developer to add dynamic conterd to a Web
server using the Java platform. It was decided in this project to have one servlet
which deals with both navigation and processes.

This servlet which is located in com.flickrrecsys.servlet package controls the
entire navigation and processing of the Flickr RecSys. This would help the system
maintain the links between the pages in a centralised fashion and more importantly

enables the system to pass parameters required for the dynamic contents.

The other advantage of this method of handling the navigation is the ease of
authentication. Therefore, if for example the page requires the user to grant a
permission before caching its public details, then the user can easily be redirected to

another page.

The operation controller is at the heart of the Flickr RecSys. It is responsible for all
the operations within the servlet and responds to both page requests and alsdo Ajax
calls. These operations include, spawning threads to retrieve data from the Flickr
API , updating userds customisation, creatin

detail in section 5.7.1.1and making recommendations.

The servlet also implements a ThreadListner to update the database about the

threads that have completed their execution.

5.7.1.1 User Authentication

Every Flickr APl application needs to obtain an APl fkeyo . The key can o
created by the existing members of the Flickr website and is free to use. | applied for

the non-commercial API key.

Once the API Key and API Sign were created, the applicationcan construct a login
URL. When users follow the login URL, they are directed to a page on flickr.com
which asks them if they want to authori se the Flickr RecSys This page displaysthe
Flickr RecSysdescription.
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There are many advantages in letting the Flickr login to handle the user
authentication one of which is that the application shifts the liability of hosting and

securing the username and password. Also, Ineed not create multiple interfaces for
user registration, login, and resetting password. Using the account that users have
already created on the Flickr website would bring convenience to the application and

encourages users to use the application more easily.

Upon successful authentication, the user is returned back to the application along
with a parameter. The controller then takes the parameter and makes a regular API
method call through the Flickrj library to the flickr.auth.getToken method. The
Flickr website then returns with a token as the final step to successfully connect the
Flickr RecSys to the Flickr website for a user. The Flickrj also creates a local profile
for the user. The .auth files are created and formatted specifically to be read later by
the Flickrj library. The file is required for certain API calls as some calls to the API

require appropriate permission.

The other important role of the controller is in the creation of a session upon
successful creation of the authentication file. The session is created to keep track of a
user. Every time a request is made from the browser, the servlet checks the session.
The session is also used to link the recommendations to the user ID.Table 3 outlines
the contents of a session created for a user irthe servlet along with an example of its
possible content.

Session Fields Example Content
realName Hossein Ghodsi
Username Hossein Ghodsi
Nsid 87856278@N00
userToken 72157622044364576

170b500a6b53f93e

TABLE 3: SESSION FIELDS

tshoul d be noted thaddouenrr shei Bl ackrcwbkbsedt
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5.8 Database

5.8.1 Table Structure

The database is a key aspect of the project as it is used to store the entirdata:

1 User : User profile details

|

UserGroups : Groups that users have subscribedto and the ones that the

user uses most frequently

Group : Flickr groups along with their group ids taken from the Flickr website

Tag: Individual tags from tag cloud

TagCloud : Individual tags from the tag table along with their occurrences

which form a tag cloud for a user

LoadingDuration  : Logs of the times taken to cache user details

Settings : Contains settings of users

FavouritePhotos Li st of favourite photosodo owl
occurrences for owner ids

f Contacts :User 6s cont actacodactd contacts of

The final structure of the database is shown in Table 4.
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Tag Group UserGroups Settings
PK |tid PK | gid PK | nsqid PK |sid
ud gid ¢ nsaid sid
text name FK1 | nsid FK1 | nsid
grouplD FK2 | gid infolastupdate
freqUsed contactlastupdate
favolastupdate
grouplastupdate
taglastupdate
tagsimilarity
User nocoac
TagCloud PK | nsid performedtasks
= — limitfavo
PK |tcid ealname limitcoac
EK1 | nsid username fimitts
FK2 | tid Token
freq Location LoadingDuration
FirstPhotoUploaded |«
—P> NoPhotos PK |Idid
T starttime
endtime
FavouritePhotos duration
Contacts FK1 | nsid
PK |cid PK_|feid
ownerid
FK1 | nsid oce
contactNsid FK1 | nsid

TABLE 4: DATABASE STRUCTURE

The pr o ] edath @was initially hosted in a MySQL database however because of a
problem discovered half way through the development stage (see section8.2), it was
decided to migrate to the Enterprise evaluation version of Microsoft SQL Server

2008. The package was free to use for 180 days.

5.8.2 Stored procedures

T-SQL (TransactSQL) is a set of programming extensions from Sybaseé and
Microsoft that adds several features to the Strudured Query Language (SQL)
including transaction control, exception and error handling, row processing, and

declared variables[26] .

There are many advantages to using stored procedures:

1 They are much easier to codein the Java application than to build a query
within Java source code.

1 They eliminate the need to modify the Java ource code to improve a query's
performance. Changes can be made to the stored procedures

8 Sybase Inc. is an enterprise software and services company.
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T

Stored procedures are modular. This holds a good point from the maintenance
point of view.

They are secure as they do not reveal the structure of a query and only accept
parameters.

There are many mathematical functions which can be used for calculations.
They usually join many tables in order to return res ults. Doing such process in
the T-SQL is much faster than doing the same thing with the Java source code.
The reason being that the Java source code adds communication overhead
between the database server and the Java code.

For all the above reasons it was decided to utilise the application with stored

procedures. There are nine stored procedures in total:

T

sp_chosenGroupsByNsid : Returns the list of groups chosen asthe most
frequently used to be displayed for the dropdown list in the customisation
panel for recommendations based on tag clouds similarity
sp_chosenGroupsByNsidForList : Returns the list of the groups chosen
as the most frequently used to be displayed as bullet points in the
customisation panel for recommendations based on tag clouds similarity
sp_getCoacRec : Returns a list of users recommended based on Contacts of
a Contact

sp_getFavoRec : Returns a list of users recommended based on favourite
photos

sp_getNumberOfGroups . Returns the total number of groups that a user
has joined

sp_getTFIDF : Performs the calculation of TF-IDF, it gets the user id of a
guery person and the user id of the end user and returns the percentage of the
tag clouds similarity

sp_groupsbynsid : Returns the list of groups that a user hassubscribed to
sp_notChosenGroupsByNsid . Returns the list of groups for a user that
have not yet been selected as the most frequently used.

sp_UpdateFreqUsedGroups : Updates the table of UserGroups.
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Figure 11is an example of one of the stored procedures used in the application The

guery returns a list of users recommended based on favourite photos.

USE [FlickrRecSys]

GO

[x**==* Qbject: StoredProcedure [dbo].[sp_getFavoRec] Script

Date: 09/02/2009 10:44:14 *****%|

SET ANSI_NULLS ON

GO

SET QUOTED_IDENTIFIER ON

GO

ALTER PROCEDURHdbo] . [sp_getFavoRec] (@nsid nvarchar (255),
@limit int ) as

SELECT DISTINCT top (@limit ) ownerid , occ

FROM dbo . favoritephotos INNER JOIN

dbo. Contacts ON dbo. favoritephotos . ownerid
<> dbo. Contacts . contactNsid
WHERE ( dbo. favoritephotos .nsid = @nsid) and (ownerid not in
(select contactNsid from contacts where nsid = @nsid))
ORDERBY dbo. favoritephotos .occ DESC

FIGURE 11. SAMPLE STORED PROCEDURE

5.9 User Interface

This section looks into the detailed design and implementation of the Flickr RecSys

graphical user interface as well as the navigation structure.

The User Interface plays a significant role in this project as the user friendliness
aspect and the simplicity in using the system makes the whole system more
functional. This will include a look at each of the individual interface designs along

with a detailed description of the operational functionality of each interfa ce

component.

5.9.1 Top -Level Architecture

There are three very simple steps to using the system.

1 Users need to connect the Flickr RecSys by authorising the application to use
their personal details.

2. Users need to allow the application to cache their public details locally and
temporarily

3. Users may make customisations for each method of recommendation of the

systems and click on the Start button to receive their user recommendations.
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There are al so oAbbutr,Howidwoeks? O sHyafuatioraFormfdoand
fiContactd whi ch can be viewed from anywhere

5.9.2 Front -End User Interface

It was decided to create a template for the front-end design. This was due to the
simplicity of maintaining the general framework and the replication it can make to

the other pages that use the front end template.

A general principle across the website wa to avoid unnecessary page loads to
prevent the excessive transfer of data and improve the performance of the system.
Therefore the website uses AJAX (sometimes called Asynchronous JavaScript and
XML). AJAX is a group of interrelated web development techniques used on the

client-side to create interactive web applications[27].

jQuery is a JavaScript library for developing different type s of web-based
applications[28] . It can be used to handle events, perform animations and add the
AJAX support into your web applications. The most important thing about jQuery is
that it is tested in terms of its compatibility with different browser s. Due to the above
reasons it was decidedto utilise the application with jQuery libraries. jQuery is used

in customisation panels.

Figure 12 illustrates the general template. The main section which is highlighted in
the middle shows the area in which dynamic contents appear. In order to save space

in the other sections of the User Interface, only the main area is illustrated.
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FIiC kr Recsys Top NaVIgatlon e HOME | ABOUT | HOW THINGS WORK? | EVALUATION FORM | CONWIRCT

Copyright @ 2009 Hossein Chodsi. 411 rights reserved. NSc project by Hossein Ghodsi

FIGURE 12: GENERAL TEMPLATE

At the top of the page there are links to the following pages:

1 About : Just a brief overview about the whole project to the end user,
especially those who will be testing the system.

1 How Things Work? . A brief explanation of the system and how it works.
This includes the explanation of the three methods of recommending users.

1 Evaluation Form : This page is designed temporarily with the purpose of
recei ving usersbo evaluations of t he Sys
explained in more detail in section 7.1

1 Contact : This page is designed in case anyone wanted to contact the
administrators.

5.9.2.1 Step 1: Link the Flickr RecSys to Flickr website

The purpose of this page (illustrated in Figure 13) is to direct the users to the Flickr
website where they need to use their existing username and password from theFlickr
website and authorise the website to read their public details.

2 67-



Chapter 5. Implementation

3 Simple Steps to get User(s) Recommendations
based on your Flickr Account

Get User(s)
Recommendation

wWelcome to Flickr RecSys

After clicking the link below, you will be sent aver to Flickr where they will explain how vou can give your permission
for this website to temporarily access your public account,

The process is very simple and it is very secure since yvour password remains private, You can resvoke wour
permission at any time from your Flickr account page, After vou give permission, you will be returned to this site
where wau can continue using the service,

Link Flickr RecSys to your Flickr

FIGURE 13: STEP 1: LINKING THE FLICKR RECSYS TO FLICKR WEBSITE

5.9.2.2Step2: Cache wuserds public details
Upon successful authentication and then authorisation of th e application, users will
return to the application and land in the page illustrated in Figure 14.

Profile

Your Flickr account is linked.

Tag Cloud

Click on the button below to start reading your account details.
Favourite Photos

v START v
Groups

Contacts

Are you leaving
the website?
Can you fill the

evaluation form
please?

FIGURE 14: CACHE USER'S PuBLIC DETAILS

Users have two options in this page, they can either allow the application to read and
cache their details or they can leave the websitelf they decide to leave | ask them to
fill out an evaluation form where they can express their reasons for leaving.
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Upon clicking the Start button, the page illustrated in Figure 15 be displayed. Soon
after each of the processesis completed a tick box will appear beside each of the
processes. This way users get a notification as to which processes have completed

their tasks.

It should be noted that during this stage users can close the browser and return at a

|l ater time. The system retrieves userso

FIGURE 15: CACHING USER's PuBLIC DETAILS

5.9.2.3 Step 3: Get Recommendations
Once caching is completed the user will be automatically directed to the page
illustrated in Figure 16 where they can customise each of the recommendation

methods and click on the Start button in order to get their recommended users.

The first box at the top shows recommended users based on lte favourite photos.
The box in the middle shows recommended users based on the contacts of a contact
and the last box at the bottom shows recommended users based on tag cloud

similarity.
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