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ABSTRACT

The continued and diversified growth of social natg has changed the way in which users
interact with them. With these changes, what onas kwited to social contact is now used for
exchanging ideas and opinions, creating the neednéw features. Users have so much
information at their fingertips that they are ureatn process it by themselves; hence, the need to
develop new tools. Recommender systems were dealop address this need and many
techniques were used for different approaches te firoblem. To make relevant
recommendations, these systems use large setsapfrad taking the social network of the user
into consideration. Developing a recommender systerntakes into account the social network
of the user is another way of tackling the probléthe purpose of this project is to use the
theory of six degrees of separation (Watts 2003)ragst users of a social network to enhance
existing recommender systems.

Keywords Recommender Systems, Social Networks.

1. INTRODUCTION
1.1. Position and Explanation

In the past, the study of knowledge discoveryatatiases, and more specifically
of recommender systems (systems that filter relevaiormation to a specific user
according to his/her profile), was limited to thatal available to researchers. With the
Internet explosion, new opportunities and challsrugeve arisen in this research field.

More recently, the online social network phenonmehas enabled access to the
user's profile and preferences. This has allowetkrse databases available on the
Internet to be collected and used in experimentgdsgarch (GroupLens Research
2010).

The importance of research on recommender systeises from the wide scope
of the available information, making it difficuldf the user to access relevant items and
raising the need for tools that help perform thiskt
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For this same reason, the generation of good nemdations has been
commercially exploited by large companies. Althoutjfiese recommendations are
acceptable, they still present several problemg ddta used often does not correctly
reflect the client's preferences. The items purebaare not always intended for the
buyers themselves. They may be gifts, and this fadtes the data unreliable (Gupta,
Jain e Song 2008).

Most recommender systems researched and in aperaake recommendations
without taking into consideration any knowledge @bthe recommended items. For
that reason, they must take into account all dagaes known by the system.

However, because of the easy access to largeigesuaf information, usually
beyond processing capacity in a reasonable response recommender systems not
only need to deal with the quality of the recomnagiwhs, but they also must filter the
available base with which they are going to work.

In order to verify a possible solution to this lagdity problem (section 2.4.4.7)
and reduce the volume of information, this artialends to use the concept that people
closer to a person in a social network have mditadnce on his/her opinions (Mendes
2008). This way, the existing data space may bédeilv based on the degree of
separation among the individuals within the sooetwork and still generate relevant
recommendations in a database that would othematbe processed due to its extent.

1.2. Objective

Recommender systems are widely used in seveff@rahit domains for the
recommendation of articles, music, movies, and e&ple. Portals such as Amazon
and Submarino use recommender systems to suggedtgis to their customers.
Meanwhile, social networks such as LinkedIn andeBaok use them to suggest new
contacts.

To accomplish that, the most used techniques gmagldn recommender
systems are (section 2.4.3): The collaborativerfili and content-based systems. The
collaborative filtering does not take into accothd type of items, nor their attributes. It
takes exclusively into account the expressed opiaisout the other items in order to
make recommendations. Meanwhile, content-baseatifiti uses the knowledge it has
of the items and their attributes to make recomragods.

These techniques perform well, but they emplowtelti solutions to solve the
scalability problem (section 2.4.4.7) and be ablprbcess high chunks of data.

This article looks for a new solution, differenbiin the one normally employed.
The objectives of this article are:

* From an assessment database, similar to Groudl@énsupLens Research
2010) initiative, complemented with the relatiomsamg the participants,
in such a way that is possible to draw the grapth@fsocial network;

* Evaluate the benefits to recommender systems atigih from the
knowledge provided by the social network. This Hate has missing

L A cluster is composed by a group of linked compauteat uses a special type of operational system,
called distributed system. It is often built froraditional computers (PCs) connected to a netwbiky
communicate with each other through the systenratipg as a single big machine.
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values that are treated as non-evaluated itemsrReender systems try
to predict the user’s evaluation of an item that hat yet been evaluated.
Based on the concept that people who are morelglosanected have
more influence on each other’s opinions (Mendes320tis article will
try to predict these missing values based on oglatiso as to generate
more relevant results.

. Evaluate the applicability and imputation effictgnof the missing
evaluations with refeeds (section 2.3), using theniified degrees of
separation among participants. Verify, in contr&st the traditional
approach, if there are scenarios in which thisiagpbn is more useful.

At the end of this article, results will be pretsh which indicate whether
dividing the data base by degrees of separatiani¢se2.2) will have a positive effect
on the results.

2. FOUNDATIONSAND TECHNOLOGIES
2.1. Social Networks

Social networks are node structures (individualsrganizations) connected by
social ties. The organization of each network ddpesn the surroundings in which it
was generated and operates. Each network hasieutarorganization of its members
and, especially, of its facilitators’ political ¢ute and shared objectives (Amaral 2004).
The social network represents a set of independentbers joining ideas and resources
based on shared values and interests (Marteletb) 200

It is important to understand the classificatidmetworks, as well as how they
are formed. In “The Small World” model, ties argaddished randomly and some
people are able to transform the network into alswald. In the book “Six Degrees of
Separation — Small World”, Watts (Watts 2003) désms the idea that the average
distance between two people on the planet doesxumded approximately 6 people,
considering there are some random ties among grdins topic will be discussed in
more detail in section 2.2.

2.2. Six degreesof separation theory

Six degrees of separation is related to the idatdne person is only six “steps”
away from any other person on Earth. So, in a saeiavork, in order to connect two
people, six or fewer intermediaries would be neetlet is, it is believed that two
individuals can be connected through a maximumadduaintances (Figure 2.1 Six
Degrees of Separation
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Figure 2.1 Six Degrees of Separation
Source: (Watts 2003)

In his doctorate thesis, Michael Gurevich (Gurbvi®61) produced a seminal
work in his empirical studies of social networlmisture. The Austrian mathematician
Kochen Manfred, involved in an urban statisticsjget extended these empirical
results to a mathematic manuscript (Sola Pool anchkn 1978) and concluded that in
a population as big as the USA, without social cdtie, ‘it's virtually correct to say
that two individuals can get in touch with each esththrough at least two
intermediaries. In a socially structured populatithis is less probable, but it still can
happen, and maybe if we consider the whole worfzhfation, probably only one more
transition individual is needed”

Simulations performed in 1973, using relativelyited computers, produced
more realistic predictions of 3 degrees of sepamatamong the US population,
anticipating the results of the American psychdbdgstanley Milgram, whose study
(Milgram 1967) showed that “people in the US seenbé connected on average by a
chain of three acquaintances. The simulations digdhowever, speculate on the planet
interactions".

In 2001, Duncan Watts (Watts 2003), a Columbiavdrsity professor tried to
recreate Milgram’s experiment on the internet, gsan email message as a "package”
to be delivered. The experiment involved 48,00@sex and 19 intended recipients (in
157 countries). Watts found the average numbentefinediaries remained around 6.
Note that this was not the highest number of inesfiaries.

2.3. Sequential Imputation

Imputation is any automatic or semi-automatic pohre capable of filling in
missing values in data bases (Goldschmidt and B&3@b). Imputation methods, once
restricted to the statistics domain, are now me@ved and present implementations
based on Artificial Intelligence (IA) or even in wyd constructions (Farhangfar,
Kurgan and Pedrycz 2007) (Lakshminarayan, Harp,Sandad 1999).

Imputation processes can be distinguished by #padity of imputing missing
values that occurs in a univariate or multivariagg. The imputation is univariate when
the missing values are present in only one ateibint this scenario, several techniques
are commonly applied, such as:
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* Replacement with a central trend value: The missiaii of quantitative
variables are replaced with the variable’s mearns Thean may be the
average of the observed data or the average afugpgrith more similar
characteristics to the missing data, identifiedomg or more categorical
variables found in the database.

e “Hot deck” The individual whose observed data mdstely resembles
that of the individual with the missing data inatsn to the auxiliary
variables is located. The missing data is then acgud with the
corresponding matched data.

* Regression: The imputed values are predicted througgression by
simply using one or more existing variables to pethe missing value of
another variable similar to the previous one. Twmes of regression may
be used for the imputation: regression and regrassgiith an additive
component of the error variance.

However, due to the increased complexity and d@atalsizes in past years, there
has been an intensification of research and dewetap related to the mechanisms for
multivariate imputation, when missing values arearged in two or more attributes
(Schafer 1997).

There are two ways of approaching the solution rfarltivariate problems
(Vanbuuren, et al. 2006): joint modeling or fullpnditional specification. Joint-
modeling consists of using statistical models (liBayesian network) to stimulate
missing values in all attributes at once.

Conditional specification techniques are geneedliin literature as sequential
imputation (Commission and Europe 2000), in whioh missing values to be imputed
are processed in a sequential manner based obugsi (Lepkowski, et al. 2001)
(Oudshoorn, Buuren, and Rijckevorsel 1999) or meo(Kim, Kim e Yi 2004)
(Verboven, Branden e Goos 2007). The main chafatiteof imputing the missing
values sequentially is the breakdown of a multatariproblem into several univariate
problems, which can be solved by the well-knownlitranal technique of univariate
imputation. (Oudshoorn, Buuren, and Rijckevors&)9Gelman and Hill 2006).

2.4. Recommender Systems
2.4.1. Introduction

The explosive growth of the World Wide Web (wwihe emerging popularity
of e-commerce and social networks have providecesscdo a large quantity of
information, which was previously inaccessible. lgaing data is not a problem
anymore, but the extraction of useful informatiord ats presentation to the user in a
relevant way is. Recommender systems have beenlogedeto help fill the gap
between information collection and analysis, btefihg all available information and
presenting the most relevant items to the user riRese Varian 1997). The
recommender system helps enhance the capacityficiérey of this process. The
biggest challenge of this type of system is findthg perfect match between those
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recommending and those receiving the recommendatibat is, defining and
discovering the relation between their interests.

Information systems that filter relevant informoat for a specific user
based on his/her profile are known as Recommeng&e®s. A recommender system
usually compares the user profile with some refegecharacteristic and attempts to
predict the evaluation a user would provide of dipalar item that has not yet been
considered. E-commerce websites are currently thia mterest group of recommender
system usage, employing different techniques td fimore appropriate products for
their clients and to raise sales volume.

There are two approaches to recommender systeofisbGrative filtering and
content-based systems, which will be explained @taits in section 2.4.3. Some
authors, like Montaner (Montaner, Lopez, and dé&kbaa 2003), highlight the existence
of a third type of information filtering, called wh®graphic filtering. This filtering
method is not part of the scope of this articlewdeer, this method uses a person’s
description to determine the relation between a@ifipatem and the type of individual
who may be interested in the particular item. Tkiisd of approach uses peoples’
descriptions to determine the relations betweenitm and the type of person who
may be interested in that particular item. The psefile is created by grouping users in
stereotype classifications that represent the chenatics of a class of users. Personal
data are usually requested from the user througistration forms used to create a
characterization of the user and his/her interests.

One of the algorithms commonly used in recommerglgtems is K-NN
(section 2.4.5.1). In a social network we may firedghbors of a specific user with the
same tastes or interests. In order to do thisP#eson Correlation coefficient must be
calculated through the selection of top-N neighlunsferred data of a specific user
(weighted similarity) and use specific techniques calculate whether the user’s
preference can be predicted.

2.4.2. Evaluations

The users may make explicit or implicit evaluasioExplicit evaluations are
usually a discrete value that belongs to a limi#et of possible numerical values for
each item (Resnick e Varian 1997), like a Likepdyscale. Implicit evaluations offer
the advantage of reducing the user workload andisually extracted from the buying
history or the behavior while browsing through sitthat require some type of
evaluation.

2.4.2.1Likert SCALE

On a Likert-type scale (Table 2.1 Likert scalebg answers to each item vary
according to an intensity degree. This scale wattiesl, equally spaced categories and
the same number of categories in all items is wideded. It is formed by a set of
phrases or sentences with positive or negativeiamsn The evaluator (user) has to rate
his/her degree of agreement, from “I strongly disatj (level 1) to “I totally agree”
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(level 5, 7 or 11), depending on the number of lewan the scafe(Chisnall 1973)
(Likert 1932).

Table2.1 Likert scales

Value | Graphic representation = Textual representation

5 P ERA A g A e Excellent
4 A e e A Very good
3 A A Good

2 Yo Yo Fair

1 ¥ Poor

2.4.3. Collaborative filtering and content-based filtering

(Balabanovic and Shoham 1997) defined two mainaggihes to recommender
systems: collaborative filtering and content-badétering. For the collaborative
filtering, the recommendation is based on the aglgf similar users to indicate items
of preference. For content-based filtering, theoremendation is made through the
analysis of items which are similar to the onesuber has already seen and evaluated.

2.4.3.1.Collaborative Filtering

In this type of filtering, recommendations are mdésed on predictions of user
preferences resulting in interactions between otisers. This type of filtering usually
offers a higher degree of surprise to the usdn gitod recommendations and, in some
cases, may offer totally irrelevant contents. Gmilative filtering systems are trying to
include people in the filtering systems, since thag better assess documents than any
computer task (Resnick e Varian 1997).

2 Likert previously recommended a scale of 5 poibts,is currently recommending the use of scales of
5, 7 or 11 points based on individual’s lack oftdisinatory capabilities when the scale has many
answer possibilities, or based on the fact that when the scale has many possibilities is it Entio

the continuumof our opinion.
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~__— ltemfor which prediction
i A T is sought

Prediction

/ . Recommendation

P (prediction on
) item jfor the active

user)

J, {Ti Tips oo T Top-N
list of items for the
active user

“ Active user
Input (ratings table) CF-Algorithm Output interface

Figure 2.2 Collaborative Filtering
Source: (Sarwar, et al. 2001)

A first approach to this type of filtering (Reskie Varian 1997) establishes
recommendations based on items consumed by usrsh@isame consumption pattern
as the current user (Figure 2.2 Collaborative Hilte

It is used mainly in e-commerce systems, such mazdn and Submarino. To make
this type of approach easier to understand, let'siclerx a user andt; a set consisting
of the topi users whose buying pattern is more similaz'®(since they bought some
of the same products x has brought). Now considetors £,7), wherep is a product
and= is the number of times this product was purchdmsed X,. If the vector setg,n)
is sorted in s descending order ky the result will be an order for product
recommendation fox. A variation may apply different weights to uséts based on
their relation tox users.

In the approach related to collaborative filteringis possible to solve the
problem found in the recommendation approach usimjents (section 2.4.3.2), where
the user only receives items with similar contemtewever, this approach does not
solve other problems, such as the insertion of ibews into the base that will only be
recommended after a certain number of users hae aad assessed them. Another
issue is handling users who do not have similagr@sts in other members of the
population. Thus, this unique user will not havesngein which the collaborative
recommender system can base itself on. This arel edbues are described in section
2.4.4.

2.4.3.2.Content-Based Filtering

The content-based filtering approach (Figure 2&t€nt-based Filtering
) is based on the premise that the user would tikeee similar items as to those
previously seen by him (Balabanovic e Shoham 19%/ih information on a specific
content and data about a specific user that canela¢ed to this information, it is
possible to define the relation between user anatectd. This approach employs
content-based filtering techniques, for exampldterfng by keyword and latent
semantic analysis.
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e
ltem [::> Item
Ontology Attributes

User Ratings
:> Recommender :> Recommended
I System items
User Data Model

Figure 2.3 Content-based Filtering
Source: (Lorenzi 2006)

For example, a book about programming could bermagended to students of
computer related courses. This is the basis ofeoiitased recommendations which, in
contrast to collaborative filtering, does not ulse telations among users to define the
content. For this reason, the recommendation basedontents usually does not
surprise the user, since the relation and the meser by the system to recommend can
be inferred directly by the user, even if unconssiy.

244, RECOMMENDER SYSTEMSISSUES
2.4.4.1.Cold Start

The issue withCold Startis more prevalent in recommender systems. The
problem occurs at the start of the system (no assm#s from other users). A
recommender system usually compares the user erofith some reference
characteristics. These characteristics can be basednformation (content-based
approach) or on the user's social environment gbaltative filtering approach). In
content-based approach, the system should be abieatch the characteristics of an
item to relevant characteristics in the user’s ifgoin order to do that, a model with
sufficient detailed information on the user, inéhgihis/her tastes and preferences must
first be built. This can be done in explicitly (lmpnsulting the user) or implicitly
(observing the user’s behavior). In both casesCible Startissue requires the user to
dedicate to creating his/her profile before thetesys can begin any relevant
recommendation. Because of t@eld Startissue, items not previously assessed
would be ignored in the collaborative filtering apach.
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2.4.4.2. Gray Sheep

If a user has rare tastes, the recommendatiomialye accurate, as there are no
“close neighbors”. This problem is called gray shd®esnick and Varian 1997)
(Lorenzi 2006). In the collaborative filtering sgst, a user with this profile is not easily
related to other users in the system, making fiicdit to recommend items. In the
content-based filtering system, even if the user daare profile, the recommendation
of items related to this profile is not an issuace recommendations are more generic.
For example, if the system identifies that a userinterested in technology and
oceanography, it will easily recommend these itémhe user, even if only unpopular
items have been evaluated.

2.4.4.3.Early-Rater

When a new item emerges, it cannot be recommeitadadiser before a person
assesses it (Resnick and Varian 1997) (Lorenzi 2006s issue is clearly identified in
collaborative filtering. When a new item with noeusssessment or recommendations
is inserted, it cannot be recommended. In contased filtering, knowing the contents
of an item is enough to enable a recommendati@nuser.

2.4.4.4 SPARSE EVALUATIONS

When there are few users and many items, the &i@ahs may become sparse
and it becomes difficult to find similar users (Riek e Varian 1997) (Lorenzi 2006). In
collaborative filtering, this issue is easily id€ied because the filtering is completely
based on the user's assessment of the item. InemBbased filtering, the
recommendation does not depend on the number of ase items, but rather on their
profiles and contents.

2.4.4.5.Super-SPECIALIZATION

Only items that are similar to those previoushalaated by the user will be
recommended. Exploring new item categories is nesipble (Resnick and Varian 1997)
(Lorenzi 2006). In content-based filtering, thisue is clearly identified. A user whose
profile has been defined will always receive iterstated to this profile, and any
personal profile modification (outside the systemil) not be reflected on the system. In
collaborative filtering, item recommendation is ri@sed on the user’s initial profile,
but rather on his/her actions and relation to otisexrs.

2.4.4.6.Serendipity

This is related to the lack of surprise in theoramendation. Products that are
not related to the user’s profile may never be moended (Resnick and Varian 1997)
(Lorenzi 2006). This problem occurs in content-lolaiéering, since the recommended
contents will always belong to the same group iraback to the user profile.
Meanwhile, in collaborative filtering, the surprisecurs more frequently, since similar
users may have evaluated completely different itéhoim those seen by the original
user.
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2.4.4.7.Scalability

When the quantity of users, items and evaluatisrtso large, the system that
executes real-time calculations of the relation®m@gnusers may provide a very long
response time and may need computer resourcesatbahot available. This is a
common problem in both approaches. However, irabolative filtering, this issue is
more evident as the calculations are done usingsalls and all items. In content-based
filtering, calculations are done using only onerus®d all related items, considering all
attributes (Resnick and Varian 1997) (Kajimotoale2007).

2.4.5. RECOMMENDER SYSTEM TECHNIQUES

The objective of recommender systems is to proségemmendations based on
recorded information on the users’ preferencessé&lsystems use information filtering
techniques to process information and provide #er with potentially more relevant
items. This section presents collaborative filtgriachniques based on users and items
(J., et al. 1999) (Sarwar, et al. 2001).

ForK users and/l items, users’ evaluations are represented itktkev
matrix, user-item (Figure 2.4 User x Item Matrix
). Each element, . = r indicates that usek evaluated itemm with r, wherer
€{1,..,Ir[}, that is, this item has been evaluated. Ang, = 0 indicates that the
evaluation is unknown.

i e i, - i,

HI

Uy

Figure2.4 User x Item Matrix
Source (Wang, P. and J.T. 2005)

User-item matrix (Figure 2.4 User x Item Matrix
) may be decomposed into row vectors:

T
X = [y, ..., u,), U, = [zkjl' ...,xkﬁ} Jk=1,.. K

Where T stands for transposition. Each row vectaf, corresponds to a user
profile and represents a particular item evaluatibhis decomposition leads us to
collaborative filtering based on users.

Alternatively, the matrix may also be represeritgadolumn vectors:

, D4, , T
X = [I.i,..._,Lk],I.m = [me,...,LkN} =1, .., M
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Where each column vectai,, corresponds to a specific item, which has been
evaluated by alK users. This representation results in the itenedhascommendation
algorithm.

2.4.5.1.Based On users (k-NN)

The closest k-neighbor algorithm (k-nearest neigh)y originally proposed in
(Cover and P. E. 1974), is based on the similaxitycept to build a group of objects
(the closest users) from where candidates areatattan order to impute the evaluation
of an item. The similarity concept is based on itiea of distance. Perhaps the
Euclidean distance is the most preferred in litemtbecause it was the first to be
proposed or perhaps because of its calculationliity(Ferlin 2008).

Collaborative filtering based on users predicer tisterest in an item based on
evaluations of similar users (J., D. and C. 1998)dt al. 1999). As shown in Figure 2.5
Evaluation prediction based on user similarities
, each user profile is classified based on itsimigarity to the user profile, for which
the prediction is being made. The evaluations peréa by the most similar users have
more influence on the prediction of the item evabarafor the relevant user. The list of
the most similar users may be identified by usimu&factor or by selecting the most
similartop-N users.

I, Ko !

@

5

: §

& ?

i

o A

i 3

o

3

]

= E SUR M

I:l Unknown Rating

Figure 2.5 Evaluation prediction based on user similarities
Source (Wang, P. and J.T. 2005)

The Euclidean distance and the Pearson cormelaice common
similarity measures in collaborative filtering (fet, al. 1994) and will be discussed in
sections 2.4.6.1 and 2.4.6.2, respectively. Thetiegj methods differ in the way they
handle unknown evaluations. Unknown evaluations beynterpreted as a zero value
evaluation (P., et al. 1994), or by interpolafiai the mean of the user's evaluations
and the mean of the evaluations of similar useraluations (Xue, et al. 2005).

After defining the most similar users, using oklyown evaluations of these
users, the evaluation of the specific user is edtoh (P., et al. 1994).

3 Through interpolation, we can create a functicat #omewhat “fits” this specific data, thus giyin
them the desired continuity.
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The user based recommendation algorithm (RetyriNt@ms from list A, sorted by
the average of the evaluations in descending order

) can be described as the process of recommertdimg for a user this way:

for each user v (that is not u)
compute the similarities between u and v
add the most similar users to the list L of u gidiors”
for each item i evaluated by a user in L but natleated by u
for each user v in L that has evaluated i
compute the similarity s between u and v
Multiply the evaluation of v for item i by weigbt(g, =&, *s)
incorporate the weighted evaluation into the mefaihe evaluations for item i
add the mean of the evaluations of item i toAist

Return top-N items from list A, sorted by the averagthe evaluations in descending order

Algorithm 1 Recommendation algorithm based on user
Source: (Owen, et al. 2010)

First of all, the most similar users are identlfi@ order to know which items
they find interesting. These items are considesedamdidates for recommendation to
intended users.

2.4.5.2Slope-One

This approach pre-computes the average differbst@een the evaluations of
each pair of items previously evaluated by the .u¥Be Slope-One system is being
recommended as the new reference system for recndensystems in production by
(Lemire e Maclachlan 2005) for the following reason

» Supports dynamic updates: The addition of new exmns to the system
changes all predictions instantaneously;

» Efficient when consulted: The searches are fastndliough the system
requires larger storage capacity than other appesac

* A user with few evaluations should receive relevasbmmendations;

» Reasonably precise: Several approaches “competeghéomost accurate
prediction. However, even the smallest gain in igien is not always
worth the sacrifice in simplicity or scalability.

As an example, let's suppose that people who edjahe movie “Carlito’s
Way” apparently also liked another movie starreddbyacino, “Scarface”. However
they seem to like “Scarface” more. Let's supposat #tn a five star scale (section
2.4.2.1), most people who watched “Carlito’s waydvg the movie 4 starts and
“Scarface” 5 stars. According to this reasonifgniother person gave “Carlito’'s Way”
3 stars, it would be possible to assume that @uisesperson would give “Scarface” 4
starts, one more star. Furthermore, people whouated “Scarface” gave “The
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Godfather” the same rating. Subsequently, a useravialuated “Carlito’s Way” with 2
stars and “The Godfather” with 4 stars would haisghler evaluation estimation for
“Scarface” calculated the following way: Based e tvaluation of “Carlito’s Way”,
2.0 + 1.0 = 3.0. Based on the evaluation of “Thalfatner”, 4,0 + 0,0 = 4,0. By
calculating a simple average of these two evalnatithe estimated evaluation equals
(3,0+4,0)/2=3,5. This is the essence of the Slope-&pproach.

The name Slope-One originates from the fact timtécommendation algorithm
is based on the assumption that there is a lirdation between the evaluation values
of two items, and that it is usually possible tdireate the evaluations of an item Y
based on the evaluations of an item X, using atifienction similar to Y = mX + b.
Slope-One further simplifies this assumption by Igipg value 1 to m. Therefore,
simply find value b = Y — X, and calculate the agw difference of the evaluation
value for each pair of items.

This represents a significant preprocessing pbase addthe average difference
di,j, to list D
), in which all differences are computed:

for each itemi
for each item j (not i)
for each user u that evaluated i and j
adds the difference (b ga a,)) to an average

add the average differencg, do list D

Algorithm 2 Slope-One pre-processing

Source: (Owen, et al. 2010)

After the preprocessing phase, the recommendeersysiat uses Slope-One is able to
make recommendations.

for each item i not evaluated by user u
for each item j not evaluated by user u
find the average difference between i and jsh
adds this difference to u’s evaluation ofj;(ad;)
adds this value to an average

returns top-N items sorted by these averages

Algorithm 3 Slope-One processing
Source: (Owen, et al. 2010)

Slope-Ongoerformance does not depend on the number of usete matrixkK
x M (Figure 2.4 User x Item Matrix
). It depends exclusively on the average differende/den every pair of items, which
can be pre-computed. Further, this structure caeaffi@ently updated. Simply update
the average difference whenever there is a newiatrah or a change in an existing
preference. (Owen, et al. 2010).
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However, please note that the memory requiremegtsssary to store all these
differences grow exponentially according to the bemof items (itenf (Owen, et al.
2010).

2.4.6. Similarity metrics

Similarity metrics are functions that numericatheasure the similarity degree
between two entities. As far as recommender systmsoncerned: items or users.
Metrics are usually needed in recommender systeméich entities are compared one
by one, and the similarity measure is the instrunuged to distinguish, among entities,
the similar and non-similar candidates (Webber 1998

The similarity metrics summarize, by a measuramgfortance, the similarity of
each attribute level and are used to model theaat® among them. Consequently, any
math-oriented calculation is valid, such as theghvieid average. However, it is still
possible to perceive the similarity evaluation aprablem of recognizing standards
within the entity space (Cover and P. E. 1974).

2.4.6.1.EUCLIDEAN DISTANCE

In mathematics, Euclidean distance (or metricatist) is the distance between
two points, which can be proved by the repeatediagmn of the Pythagorean
Theorem. If this formula is applied as distance, Buclidean space becomes a metric
space.

The idea makes sense for recommender systerhs, ifsers were represented as
points in a space with several dimensions, on@#&gh item, where the coordinates are
the evaluation value. This metric computes the iBaah distance between these two
points (users). This value by itself is not a valihilarity metrics because higher values
would mean bigger distance and lower level of snties. The values have to be lower
when the users are more similar. For that, in @aesysmplementation, the similarity
measure is calculated this way (Table 2.2 Eucliddiastance and similarity measure
calculated in relation to user 1): 1 / (1 + d),ttlg when the distance equals to zero
(meaning identical evaluations by both users), dalkeulated similarity measure is 1,
lowering up to zero, according to distance incrg@seen, et al. 2010).

Table 2.2 Euclidean distance and similarity measure calculated in relation to user 1

User 1 5.0 3.0 2.5 0.000 1.000
User 2 2.0 2.5 5.0 3.937 0.203
User 3 2.5 - - 2.500 0.286
User 4 5.0 - 3.0 0.500 0.667
User 5 4.0 3.0 2.0 1.118 0.472

source: (Owen, et al. 2010)
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The formula for calculating the Euclidean distarscpresented below:

d(a,b) = /27 (a; — b;)? = |la — bll,, consideringz andb as data vectors.

2.4.6.2.The Pearson CORRELATION COEFFICIENT

The Pearson correlation coefficient is a measutbetlegree of linear relation between
two variables. This coefficient varies between nil 4. Zero (0) value means that there
is no linear relation; value 1 indicates a perfliaear relation; and value -1 also

indicates another perfect linear relation, but regethat is, when one of the variables
increases the other decreases. The closest to -1, cothe strongest is the linear

association between the two variables.

The calculation formula of Pearson correlationfitcient g is:

_ E(xg_i:](}ji_}_’j
VG — 1)) (E(y; - 9)7)
o =1 It means a perfect positive correlation betweentwo variables.

P

p ==1 It means a perfect negative correlation betweentwo variables — that is, if
one increases, the other always decreases.

2 =10 In terms of linearity, it means both variables miat depend on each other.
However, another kind of dependency (non-lineary resist. Thus, the resufft = 0
must be investigated by other means.

The Pearson correlation coefficient measuresrédmatof two series of numbers,
paired one by one, in moving together (Owen, e2@&L10).

Table 2.3 The Pear son correlation related to user 1

- Item 101 | Item 102 | Item 103
Userl| 5.0 3.0 25 1.000
User2 | 2.0 25 5.0 -0.764
User 3| 25 - - -
User 4| 5.0 - 3.0 1.000
User 5| 4.0 3.0 2.0 0.945

source: (Owen, et al. 2010)

2.4.6.3.Log-Likelihood

Log-Likelihood similarity metrics is similar to ¢hTanimoto Coefficient, since
evaluations done by the users are not taken imsideration, but it is more difficult to
understand it intuitively. Mathematics involvedtinis metric processing is beyond this
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paper’s scope. Although it is also based on thebeuraf common items between two
users, this measure takes into consideration hoevthe intersection of the evaluated
items is (Owen, et al. 2010).

To illustrate this, let's consider two movie faihst evaluated the movies “Star
Wars” and “Casablanca”. If they evaluate hundrefismovies, the fact that they
evaluated these two is not relevant, because maagl® have watched them. If both
have evaluated a few movies, the fact that theye haatched these two movies is
considered relevant, because it is not usual thianaof “Star Wars” is also fan of
“Casablanca”.

Table 2.4 Similaritiesusing Log-Likelihood related to user 1

Item | Item | Item | Item | Item | Item | Item ESIWIERIIES
101 102 103 104 105 106 107 with user 1
Userl| X X X 0.90
User2 | X X X X 0.84
User 3| X X X X 0.55
User4 | X X 0.16
User5| X X X X X 0.55

source: (Owen, et al. 2010)

For the purpose of experiments, the Log-Likelihaat be used as the metric
that does not take into consideration the evalnatipne by the users.

2.4.7. Evaluation of recommender systems

In characterizing recommender systems as a siientisearch, it is vital to
understand the methodologies for system evaluatton.efficient way to evaluate
recommender systems is through the comparisoneofjéimerated predictions and the
real evaluations made by the user. This is achiéyesuppressing a certain evaluation,
after this, the recommender system is used to @rehiis suppressed evaluation, and
finally both values are compared.

The attainment of metrics to evaluate the perforwceaof a recommender system
before a wide commercial usage is vital to checkh# predictions made will be
appropriate for the specific purpose. The most usettics used in the literature for the
evaluation of recommender systems will be presenédoiv.

It is important to highlight that, for eadfatasetor business domain, a specific
recommender system may be more appropriate thamsoth is only possible to define
which recommender system is best applied to a dotmaough experimentations and
the analysis of the results.
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2.4.7.1.Root Mean Square (RMS) and Mean Absolute BVIAE)

In statistics, the Root Mean Square (RMS) is dith® several ways to measure
the difference between one estimated value andciisal value. RMS measures the
mean square to quantify the difference of estimatddes.

The RMS value calculated for a set of valfies x,, ..., x,.} is the square root of
the arithmetic mean of the squares of the valug¢senfet added.

In statistics, Mean Absolute Error (MAE) is anathgay to quantify the
difference between an estimated value and the laclige. As the name suggests, MAE
is the Mean Absolute Error.

1 n 1 n
MAE= — Z |f1 - yi'l == Z |€1'
ni= n

i=1

Table 2.5 Difference between MAE x RMS exemplifie tdifferences between
RMS and MAE.

Table 2.5 Difference between MAE x RM'S

5.0

Current 3.0

Estimated 3.5 2.0 5.0

Difference 0.5 3.0 1.0

MAE =(0.5+3.0+1.0)/3=15

RMS =J((0.5° + 3.0 + 1.0) / 3) = 1.8484

2.4.7.2.Precision, Recall, and Fall-Out

Precisionmeasures the precision of the recommendations fmade
recommender systems and it is measured by theiguahtecommended items that are
actually interesting to the user in comparison ligh set of all recommended items
(Figure 2.6 Precision
). The precision of a system shows how close tledigtion is to the actual evaluation
done by the user.
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Precision

Releyant
items All items

Figure 2.6 Precision

source: (Owen, et al. 2010)

Hrelevant items} N {recommended items}|

recision =
P [{recommended items}|

Recall indicates the quantity of interesting itetdghe user that appear in the
recommendation list in comparison with all relevaeimns.

Recall

Relevant
items All tems

Figure 2.7 Recall

[{relevant iterns} N {recommended items}|

recall =
[{relevant items}|

Fall-Out is the proportion of non-relevant itenfsatt are recommended in
comparison to all non-relevant items.

Fall-Out

Relevant
items All items

Figure 2.8 Fall-Out
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Fallout |{irrelevant itemns} N {recommended items}|
aLlour =

Hirrelevant items}|

3. SUGGESTED SOLUTION
3.1. Introduction

One of the aims of a recommender system is torgeneslevant
recommendations. In order to accomplish that, bolative filtering uses massive
datasets, no matter the item types. The recommiengaire calculated based on this
data (Figure 3.1 Top-Down view of traditional reqoender systems
). But working with massive data volume representcalability problem that should
not be underestimated. This project intends todesty to decrease user x item matrix
space and check if, this way, the recommender my&eable to improve the relevance
of the recommended items and minimize sparsityeissauper-specialization and lack
of surprise (section 2.6.4).

Recommender ~l
System =
-y
C?j =
cg’%b
> o
P
&gt

Figure 3.1 Top-Down view of traditional recommender systems

3.2. Separation Degree

As mentioned in the social networks basics, saogtlvork members and the
relationship established among them form a graper&vit is possible to extract their
separation degree or, according to graph theoey, tlstance.

In this paper, the separation degree is takendotmunt as a natural grouping
factor, defined by the members themselves, as pdepl to get closer to others who
have interests in common (Mendes 2008). Followtinig reasoning, the smallest is
the distance among the network members, and thgestigs the similarity of their
interests.

This way, we could represent this closeness arttengiembers in a distance
matrix (Figure 3.2 Distance matrix
) and group people who are more similar to each use
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Distance matrix and heat map

ulju2u3ju4|us5fu6ju7|u8u9jull

ul je 6 3 3
u2 i 3 4 |5 6 4
ud |6 |3 K. 4 4
u4 0 & 5 |3
us 4 |4 |3 (‘M5 4
ué |3 5 5 6 3

u7 5 14 0 6
u8 3 0

u9 5 3 |3 N 5
ulo|3 |4 (4 |3 |4 5 8

Figure 3.2 Distance matrix

These groups are naturally formed by the separategree and are used for
massive data partitioning, thus, decreasing itsespa

With the combination of these two ideas, we haweatrix representation of
item x user U x 1), for theul, partitioned this way (Figure 3.3 Top-Down matdx I,
with evaluations, partitioned taking into accoufitagparation degre

Partitioned Ux| matrix

ul

u2 1st separation degree
us 2nd separation degree
u7 3rd separation degree
ud 4th separation degree
ud 5th separation degree
u6 6th separation degree
ulo

u9

ud |4 |5 |1 |4 |4 |4 |3

Figure 3.3 Top-Down matrix U x |, with evaluations, partitioned taking into account ul separation
degre

But the exclusion of items that have been evatubtemore distant users could
lead to super-specialization issues or lack of rsseprelated to the generated
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recommendations (section 2.4.4). In an attempbheeshese problems, we have to add
another concept used in this solution, that wilelkplained in the next section.

3.3.Sequential Imputation

Another problem of recommender systems (sectigh4p.derives from the
sparsity of the evaluation in matrix x I. Among possible solutions (Soares 2007), the
use of missing values imputation may create noisg ends up compromising the
recommendations instead of improving them.

But if the imputation is done — in a reduced spacamong grouped users that
allegedly have high similarity, it may be possibdeinput values with a reduced noise
level.

In order to ease sparsity problems, super-speatain and lack of surprise
(section 2.4.4), this solution suggests the ugbefinderlying idea in partitioning
through the separation degree of the social netwmkbers, plus the underlying idea
in sequential imputation as follows (Figure 3.4 T@@vn view of the recommender
system based on separation degree to do sequemtiaiation
)(Figure 3.5 Process of SocialBased Recommendation

):

1. One of the studied collaborative filtering is chos®e be used for the
estimate for user evaluation values of an itemnfFreow on, it will be
called the auxiliary collaborative filtering of theystem.

2. Every time the system finds a separation degreegsg to input the user
missing evaluations at the same distance to thetasevhom the system
is recommending. For the imputation, only the eattns in this space
and the auxiliary collaborative filtering are used.

3. The system is thus reefed with new users of thieviahg degree, their

evaluations and previous degree imputed evaluations

Steps 2 and 3 are repeated until the desired sepadegree.

With the resulting matrix, the actual evaluatiomsl ahe ones imputed by
the system, the auxiliary collaborative filtering used to create the
recommendations for the user.

ok
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Sequential
= Imputation
Dataset Auxiliary
Partitioning Recommender
based an

System
separation Q) %
degree

Figure 3.4 Top-Down view of the recommender system based on separation degree to do sequential
imputation

With the suggested solution, we move forward te ifimplementation phase,
tests and result analysis.

Database

Selects user ratings
— according to
separation degree

<—

User ratings
+ Friends' ratings
up to degree d

LT

Estimates missing
evaluations from all user's
friends using the auxiliary

Recommender system

Processes
next
separation
degree

Estimates user’s missing
ratings using the auxiliary ~f¢———
Recommender system

Selects the estimated
Top-N ratings and makes
recommendations to the
user

Figure 3.5 Process of SocialBased Recommendation
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4. TESTSAND RESULTS
4.1. DATA SUMMARY

From the massive volume of data, 100 users haee bendomly selected to
form the group of root users of the social network.

Table4.1 User set

Total of Users

Groups edges nodes

Root - 85

1st degree 3,156 3,140

2nd degree 9,427 6,557

Total 12,583 9,782
Total of books: 441,311
Total of evaluations: 2,128,782
Average quantity of books/evaluations per user: 218

To enable experiment processing, the data spadéohbe reduced. Only
the 500 most popular books have been selected h@kiglefined the data space that will
be used for tests as follows:

Table 4.2 Reduced user set

4.2.Summary of experiments

Total of Filtered Users
Groups edges nodes
Country - 85
1st degree 2,927 2,911
2nd degree 8,587 5,914
Total 11,514 8,910
Total of books: 500
Total of evaluations: 338,690
Average guantity of
books/evaluations per user: 38

4.2.1. Tests Using RMS and MAE

For each recommender system to be tested, thewialj parameters are

alternated as follows:

 The recommender system itself: GenericltemBasedefieserBased,

KnnltemBased, SlopeOne, SVD, SocialBased;
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. Database percentages that will be used for trgirand test:
60%-40% and 70%-30%;

. The quantity of root users, using the followindues: 10, 25, 40,
55, 70, 85 users;

. The quantity of books, using the following valué§; 100, 150 e

200 books. The used books were the most evaluated by root users
and their descendents, therefore, the most popalaks;
» Three rounds of tests have been made for each patrin.

The used values have been chosen because theythgemeost common ones
found in literature, following our advisor suggesis.

4.2.2. Tests USING Precision, Recall AND Fall-Out

These tests try to find a relation between reletaoks for the user and the ones
recommended by the system.

The calculated measures are precision, recall fatebut, which have been
explained in this paper basics (section 0). Fosdltests, each recommender system has
been used to recommend 10 books to each of theiseos. The quantity of books and
users were varied. The quantity of books and ugaiation were the same as previous
tests.

The list of items, which is considered as relewan¢ach tested user, is formed
by books that have an evaluation value greater themefined threshold, calculated by
the average plus a standard deviation.

The chosen quantity, to be recommended to eatddtaser, was 10 books. This
guantity has been chosen because it is the mognoonone found in several different
sources (newspaper, radio, television, internet).efherefore, Top-10 is the easily
understandable measure for the tests that haverbeen

It is worth clarifying that the training percenesgare not taken into
account in this type of test since the evaluat®rdaone as if the system were fully
operational. Therefore, all other user evaluatiand all tested user evaluations are
used, except for the evaluations of books consitibrethe system as relevant to the
user and books that have been separated for sesi@omation.

4.2.3. Summary of test result analysis

In addition to analyzing all general results of t@sted recommender
systems, we compared separately UserBased (k-NM)nstg SocialBased (using
UsedBased itself (k-NN) as an auxiliary recommerslatem), since this is the most
frequently used implementation (Ferlin 2008), teah the benefits brought by the
suggested solution to traditional implementations.

4.3.Generic User Based (K-NN) x Social Based

With just a few users, the SocialBased recommesgstem, implemented in
this project, suffers a drawback if compared adathg basic implementation of
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USerBased (K-NN). In all other experiments, Socil& has been able to enhance the
precision of recommendations. The result of the2®9xcombination is contradictory to
other results and needs to be checked with a higlmaber of rounds.

4.3.1. Root Mean Square

Euclidean Distance
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1,84893
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1,83099
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Figure 4.1 RM S measure with Euclidean distance (a)
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Figure 4.2 RM S measure with Euclidean distance (b)
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4 .4.Performance evaluation

As we can check in Figure 4.3 Response time foln &commender system
, the implementations done with Slope-One and UsszB (k-NN) have shown to be
more efficient than other Recommender systems. Mexy¢he response time of other
Recommender systems would not preclude its usaggioduction environment.

Response time for each Recommender system

5VD

SocialBased+SlopeOne
SocialBased+GenericUserBased+PearsonCorrelation
SocialBased+GenericUserBased+LogLikelihood
SocialBased+GenericUserBased+EuclideanDistance
SlopeCne

GenericlserBased+PearsonCorrelation
GenericUserBased+Loglikelihood
GenericUserBased+EuclideanDistance
GenericltemBased+PearsonCorrelation
GenericltemBased+LogLikelihood 686,09

GenericltemBased+EuclideanDistance 220,12

0,00 100,00 200,00 300,00 400,00 500,00 600,00 700,00 800,00

ms

Figure 4.3 Response time for each Recommender system

In Figure 4.4 Average time for the recommendatibh0 books (a)
and Figure 4.5 Average time for the recommendatfatD books (b)
are presented the measured average times fotesteld user-book combination.
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Average time for the recommendation of 10 books

800,00

700,00 //

600,00 \\ /A\ /

500,00 \ //\\ / \ /
n
: - v S\ \ / A

300,00

200,00 j E\/; / \ \/ -

100,00

0,00 S —— =
10x50 | 10x100 | 10x150 | 10x200 | 25x50 | 25x100 | 25x150 | 25%200 | 40x50 | 40x100 | 40x150 | 40x200

== GenericltemBased+EuclideanDistance 38,97 | 57,19 | 84,51 | 105,51 | 41,18 | 90,79 | 146,55 | 296,95 | 80,83 | 111,19 | 162,52 | 218,72
— GenericltemBased+LogLikelihood 90,93 | 161,56 | 341,22 | 341,41 | 107,18 | 281,61 | 420,25 | 623,91 | 123,35 | 310,88 | 653,98 | 688,09
——GenericltemBased+PearsonCorrelation 34,93 | 56,66 | 8522 | 104,45 | 41,39 | 94,42 | 137,02 | 183,43 | 51,08 | 110,33 | 162,12 | 214,09
= GenericUserBased+EuclideanDistance 2,06 2,07 3,08 3,43 2,06 3,02 3,80 5,01 2,33 3,53 3,96 5,22
== GenericUserBased+LogLikelihood 8,35 | 12,54 | 13,49 | 1540 | 10,00 | 1516 | 18,42 | 22,39 | 11,54 @ 18,51 | 24,81 | 26,06
——GenericUserBased+PearsonCorrelation 1,34 | 2,06 | 235 | 2,8 | 249 | 2,58 | 3,53 | 3,83 | 2,37 | 3,47 | 3,70 | 4,01
——SlopeOne 2,83 | 059 | 1,05 | 1,67 | 002 | 056 | 1,01 | 1,68 | 007 | 070 | 097 | 1,83
—SocialBased+GenericUserBased+EuclideanDistance | 277,09 | 227,22 | 274,21 | 268,93 | 262,54 | 249,15 | 278,91 | 301,42 | 248,73 | 305,34 | 339,39 | 350,56
= SocialBased+GenericUserBased+LogLikelihood 675,74 | 359,33 | 537,09 | 494,37 | 404,96 | 262,38 | 281,42 | 394,19 | 250,56 | 295,96 | 347,19 | 369,53
—SocialBased+GenericUserBased+PearsonCorrelation| 273,13 | 225,07 | 275,09 | 263,15 | 257,86 | 243,62 | 275,68 | 297,01 | 248,98 | 289,46 | 319,26 | 350,60
=== SocialBased+SlopeOne 199,81 | 206,68 | 228,29 | 241,10 | 245,08 | 253,39 | 278,99 | 298,17 | 255,27 | 301,19 | 346,86 | 367,66
—SVD 28,35 | 40,61 | 58,77 | 84,27 | 31,98 | 71,06 | 9504 | 124,56 | 44,97 | 90,11 | 127,52 | 162,42

Figure 4.4 Averagetime for the recommendation of 10 books (a)

Average time for the recommendation of 10 books
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= GenericltemBased+EuclideanDistance 88,52 | 94,57 | 184,51 | 220,76 | 106,88 | 746,79 | 453,42 | 454,79 | 250,45 | 477,14 | 671,67 | 648,34
——GenericltemBased+Loglikslihood 168,78 | 289,79 | 578,21 |1700,51 | 238,63 | 582,36 | 1156,88 | 2218,47 | 675,49 |1032,66 | 1587,28 | 1992,72
——GenericltemBased+PeersonCorrelation 69,95 95,09 | 141,79 | 205,14 | 103,57 | 235,50 | 363,21 | 815,90 | 310,77 | 399,0G | 368,52 | 662,95
=GenericUserBased+EuclideanDistance 3,2/ 3,84 5,88 6,21 5,20 20,70 8,10 8,00 4,62 b,11 1,51 8,/6
—GenericUserBased+Loglikelihood 14,78 | 31,51 | 23,72 | 26,97 | 2001 | 93,66 | 40,48 | 42,57 | 23,54 | 30,39 | 32,23 | 59,35
==GenericUserBased+PeersonCorrelation 3,37 4,08 4,59 536 8,78 7,27 7,42 8,18 4,84 6,52 7,33 14,73
—SlopeOne 0,04 | 065 | 1,02 126 | 013 | 09 | 1,52 | 1,86 | 000 | 0,25 | 1,08 | 1,27
—SaocialBaszd+GenericUserBasad+EuclideanDistance 341,32 | 423,35 | 467,78 | 501,64 | 468,55 | 591,47 | 671,70 | 726,16 | 579,03 | 757,37 | 854,93 | 933,64
——=SocialBasad+GenericUserBased+ ogLikelihood 352,80 | 441,25 | 488,03 | 540,07 | 483,70 | 533,31 | 719,64 | 772,08 | €53,96 | 046,91 |1137,08 1385,15
‘—SocialBaszd1GenericUserBased IPcarsonCorrelation 347,36 | 422,16 | 459,17 | 503,28 | 480,78 | 595,00 | 671,70 | 717,30 | 573,60 | 734,87 | 829,48 | 933,87
===30cialBased+SlupeOne 352,55 | 449,73 | 495,79 | 538,78 | 474,15 | 601,60 | 680,70 740,54 | 581,36 | 776,70 | 891,91 |1012,12
=S5V 64,78 69,82 | 105,34 | 140,91 | 99,66 | 189,41 | 279,89 | 264,84 | 96,71 | 149,62 | 183,85 | 218,60

Figure 4.5 Average time for the recommendation of 10 books (b)
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Slope-One and UserBased (k-NN) performance cheickEiyure 4.6 Used
memory by each Recommender system
has been undermined. Recommender systems withesstepbrformances are the ones
which consume more memory. In this item, the S8eaéd memory savings were
greater than the traditional implementation.

Used memory by each Recommender system

SVD

SocialBased+SlopeOne

SocialBased+GenericUserBased+PearsonCorrelation

SocialBased+GenericUserBased+Loglikelihood

SocialBased+GenericUserBased+EuclideanDistance

Slope0ne

GenericUserBased+PearsonCorrelation 205,13

GenericUserBased+LogLikelihood 204,58
GenericUserBased+EuclideanDistance 201,71

GenericltemBased+PearsonCorrelation

GenericltemBased+LogLikelihood

GenericltemBased+EuclideanDistance

150,00 160,00 170,00 180,00 190,00 200,00 210,00

Mb

Figure 4.6 Used memory by each Recommender system

In Figure 4.7 Memory consumption (a)
and Figure 4.8 Memory consumption (b)
The average memory consumption can be seen witth dasted user-book
combination. The average memory consumption ofmegender systems was around
185 Mbytes. The values varied between 100 Mbytd225 Mbytes.
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Memory consumption

250
-]
2
50
0
10x50 | 10x100 | 10x150 | 10x200 | 25x50 | 25x100 | 25x150 | 25x200 | 40x50 | 40x100 | 40x150 | 40x200
=== GenericltemBased+EuclideanDistance 128 193 170 198 171 181 173 134 172 165 168 183
===GenericltemBased+LogLikelihood 186 174 121 136 183 203 146 88 194 78 106 57
|==GenericltemBased+PearsonCorrelation 189 156 164 179 197 200 197 150 201 154 148 136
== GenericUserBased+EuclideanDistance 118 200 198 174 178 158 196 220 214 210 215 217
==GenericUserBased+LogLikelihood 171 195 193 177 175 186 201 213 211 220 219 218
|===GenericUserBased+PearsonCorrelation 187 194 197 181 174 187 210 215 207 217 216 216
|==5lopeCOne 127 188 186 192 195 171 182 149 190 213 179 190
== SocialBased+GenericUserBased+EuclideanDistance 187 112 204 119 202 205 129 146 209 202 184 170
—=SocialBased+GenericUserBased+LogLikelihood 76 142 187 140 163 171 162 136 189 185 211 196
|==SocialBased+GenericUserBased+PearsonCorrelation| 192 205 124 130 171 163 17 151 154 154 136 212
|==SocialBased+SlopeOne 186 145 110 179 205 201 151 135 191 144 159 199
—=SVD 128 187 171 115 159 205 154 161 168 117 205 212

Figure 4.7 M emory consumption (a)

Memory consumption

250
@
=
100
50
0
55x50 | 55x100 | 55x150 | 55x200 | 70x50 | 70x100 | 70x150 | 70x200 | 85x50 | 85x100 | 85x150 | 85x200
=== GenericltemBased+EuclideanDistance 153 199 195 194 198 186 191 208 212 217 201 203
== GenericltemBased+Loglikelihood 190 187 194 207 199 203 210 21 215 183 217 218
== GenericltemBased+PearsonCorrelation 196 200 198 196 195 196 208 208 208 200 209 157
= GenericUserBased+EuclideanDistance 220 219 216 215 210 212 209 207 209 212 210 204
=== GenericUserBased+Loglikelihood 222 218 217 204 212 211 212 207 214 206 202 206
== GenericUserBased+PearsonCorrelation 222 216 211 207 218 206 210 207 217 204 203 201
|==SlopeOne 172 153 198 213 215 213 201 146 158 197 179 139
== SocialBased+GenericUserBased+EuclideanDistance 187 158 198 175 145 149 208 164 179 133 147 207
===SocialBased+GenericUserBased+LogLikelihood 162 186 184 158 171 196 198 174 184 206 229 213
== SocialBased+GenericUserBased+PearsonCorrelation| 216 204 156 206 194 135 127 183 193 207 215 187
|===SocialBased+SlopeOne 198 194 181 158 178 202 181 198 198 177 181 193
~==SVD 214 212 209 204 201 214 205 208 210 214 209 176

Figure 4.8 M emory consumption (b)

4.5.Discussions about the results

After analyzing the data, we concluded that thggér the number of users and
books is, the bigger the drop in the quality of taeommendations is; this result does
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not depend neither on the recommender system ntireotype of evaluation done. This
behavior is caused by the increase in data sparsity

While matrixU x L (user x book) increases, the results related @gision and
Recall drop. However, the recommended items are@ogssarily irrelevant to the user.
The evaluation algorithm, used by Precision andaReneeds to select the relevant
items already evaluated by the user (section 4.Zi83% reduces the quantity of relevant
items to a small number. If the recommender systeggests items in this list, it means
it is working perfectly. However, if it does notcammend items in this list, it does not
mean that they are not interesting to the useroblyt that they were not among the
selected test data used to evaluate the system.

In several combinations of users and books, S8atdd managed to improve
the results of traditional implementation, using teequential imputation and the
partitioning of the social network through the sgpian degree up to the second degree.

Although SocialBased response time has been hidpagr the majority of the
tested system, it does not disable its use. Owttier hand, the gains derived from low
memory consumption are encouraging, something dr@érb% in comparison with the
traditional implementation (k-NN).

It also has been possible to conclude that théatien on the user
guantity does not influence the quality of the tessas significantly as the increase in
the quantity of item does.

The results achieved by RMS and MAE measure tleeketd mistake between
the actual evaluations and the evaluations imphyececommender systems. However,
the goal of a recommender system is not to implaigec values to the actual value, but
it is to recommend the more relevant items to @ifipaiser (section 2.4). What matters
for the final quality of a recommender system it tine results of Precision, Recall and
Fall-out are always the best possible ones.

In run tests, it was found that SocialBased impbldserBased (k-NN) results
using the Log-Likelihood similarity metrics. ForNN-based recommender systems that
use this metrics, the use of SocialBased couldebefirial.

5. FINAL CONSIDERATIONS

The focus of this paper was the study of Recommer®ystems in social
networks. There is a need for tools to help thesusandle the great deal of information
they receive.

Based on this context, Recommender Systems temjjieslhave been presented
and discussed, in addition to the way they are emginted and evaluated and other
needed knowledge for its use, such as several asitieb metrics and evaluation
metrics.

Some studies about the way social networks amaddrand their organization
also have been discussed. We also presented tHeveonia theory and the idea that
people who are closer to an individual have mofftuémce over this individual’s
opinions. At last, we presented the idea of setgleimputation, the reuse of
previously imputed value in a new iteration.

Based on this researched knowledge, we built &-ek” solution combining
these isolated ideas, in an attempt to add valueuteent Recommender systems.
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Through the implementation of a testing environmamd the analysis of the obtained
results, we could conclude their advantages araddantages. These conclusions are
found in section 4.5.

With this paper, we noticed how data related tanimers of social networks
influence Recommender Systems. It is a new diftevesty of partitioning users and
defining who the closest people to an individual iarRecommender Systems context.

One of the contributions of this paper is a réataset which can be used for
the continuation of this line of research. Diffaitgrfrom other availablalatasets this
one has information on the relationships amongsutbert can be used to create a graph
of a social network.

The natural evolution of this paper would be ¢éxpansion of the database so
that we could reach a third degree of separatiowdsn the users. This way, we could
check the behavior of the suggested solution whiilgher number of iterations.

There is also the possibility of changing the ssggd proposition so that the
distribution of processing in several computers loardone, even if they are in a cloud
computing environment. This is possible becausaustieel Mahout framework is ready
for its future interconnection with Apache Hadooamnfiework (Apache Software
Foundation 2008).

This paper has focused on the use of collabordiliezing. For future papers,
we recommend implementations of Recommender Sysbarssd on contents and that
can take into account other data, such as agarsklocation of the participants.
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