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Abstract-The evolution of the internet has provided the available
access to numer ousitems. Over the past few years, recommender
systems have been more and more effective in helping people
identify their preferred resources from a large number of
candidate objects. RS assesses the preferences of users who have
previously shown an interest in certain items, in order to
recommend items which better match the target user’s interests.
Personalized RS helps people save a considerable amount of
shopping time. Collaborative Filtering is one of the most
frequently used RS techniques. With the increase of users and
items, data sparseness and poor expansibility are the key factors
that affect the quality of recommender. In order to solve these
problems and find the neighbor users accurately, clustering
technology is introduced to optimize collaborative filtering
algorithm. Firstly, user attribute distance is calculated. Secondly,
we fill the rating matrix based on data filling approach.Thirdly,
we use the filled matrix to calculate the similarity of users who
are in the same cluster. Next, the k-nearest neighbors are
generated to predict scores. Finally, the Top- N interested items
are recommended to the target user.we conduct a series of
experiments in the Movie Lens Movie dataset. Experimental
results show the effectiveness of our approach.

Keywords-Data Mining, Recommender System,Clustering,
Collaborative Filtering, Rating Prediction.

|.INTRODUCTION

The rapid development of e-commerce has facilitated
consumers to purchase products from online. Nowadays more
products are introduced in the market. Peoples have more
choices for buying a particular product which also consists of
many types. Most e-commerce web sites like Amazon, flip
kart, snap deal encourage patrons to ratingfor their purchasing
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products. This gives large collections of online customer
ratings on the Web. These comments have become helpful for
both consumers and organization. As of late individuals have
been getting increasingly digitized data from Internet, and
the volume of datais bigger than whatever other point in time,
achieving a state of data over-burden.To tackle this issue, the
recommender framework has been made because of the need
to scatter so much data. It doesn't just channel the commoation,
additionally help to choose appealing and valuable data
Recommender framework has made beginning progress in
view of a study that shows no less than 20 percent of offerson
Amazon's site originated from the recommender framework.
Clustering-based approaches offer an dternative to model-
based methods. Instead of decomposing the rating matrix into
matrices with small ranks, these approaches reduced the
search space by clustering similar users or items together. For
example, Face book, Twitter, Yelp, Douban, Epinions, and so
forth. Recommender systems are emerging as tools of choice

to select online information relevant to a given user. One
simple way of quantifying a user’s like or dislike for an item is
to use arating. This can take a binary form as in the case of
“like” vs “dislike”, or have more shades as found in a 1-to-5
Star rating scale. Regardless of how the metric is obtained, the
underlying assumption is that a rating is a good enough
representation of the true feeling of a user towards a particular
item. And once enough ratings have been collected in a
community of users, a Collaborative Filtering algorithm can
start working to recommend target users other items that
might be of interest to them.Many E-Commerce companies

have already incorporated RS with their services.

Examples for such recommendation systems include Product
and Book recommendation by Amazon, Movie
recommendations by Netflix, Yahoo! Movies and Movie
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Lens, Product advertisements shown by Google based on the
search history.A vast number of ratings and opinions of users
regarding to a particular product in available in internet now-
a-days and these reviews are very much useful for a person to
whether go for a particular service or not, for example if a
person wants to buy a particular product he/she will read the
reviews and watch rating of the product and then he/she will
come to know about the product, people will believe judgment
of trusted users, since there will be avast number of reviews it
had become a tedious task to mine reviews and users relation
in socia networks and it is an important issue in natura
language processing, and web mining. In these days E-
Commerce industry is growing at the exponentia rate. As
theusers are using these systems their changing needs and
variety of products is making business more and more
complex.At the same time, they are providing ease and
flexibility to users. In such environment, customers have
difficulty to find optimal information about products from the
tremendous amount of information. To help the buyers, the
major e-business companies are going to develop their
Recommender System to help their customers to choose items
more efficiently this serves win-win dsrategy in E-
Commerce.Recommendation Systems are becoming tools of
choice to select the online information relevant to a given

user.The remainder of this paper is organized as follows.

In section 1I, we present the related work to our proposed
system, In Section I, the proposed model and its
functionalities is described thoroughly. Results obtained from
the proposed work are given in Section 1V. Finally section V
concludes the proposed work.

I1.RELATEDWORK

Clustering algorithms are often used in the recommend
systems togroup the users (items) into different clusters. A
two-dimensionalmatrix is often used as connection matrix to
cluster users. Zhang et a[l]clustered users by k-means
algorithm based on the statistics of user behaviors on different
item genres, which improved the quality of
therecommendation. The datistics of users behaviors on
different itemgenres performed well in measuring the users’
interests and clustering them Sarwar et al [2] used the k-means
method to cluster the users, and the cluster of the target user
was taken as the nearest neighbor search space, which reduced
the range of the nearest neighbor search and improved the
expansibility problem.

C.L. Liao et a [3] proposed aclustering based approach which
applied a self-constructing clustering algorithm to reduce the
dimensionality related to the number of products. They
considered both the centers and variances of clusters, result-
ing in a similarity measure better than that proposed in other
methods. Due to dimensionality reduction on the number of
products, the processing time for making recommendations
was much reduced. C. Wang et a [4] provided the detailed
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cluster formation and reputation distribution to illustrate the
dlight difference between the outcomes under three decision
making criterions, in which the choice of learning objects was
governed by their reputations. During the strategy evolution,
the player’s state was updated, that is, each player can only
own a chance to update his strategy once on average within a
full Monte Carlo simulation (MCS) step.

This new line of Recommender Algorithms istermed Model
Based and makes use of matrix factorization techniques to
guess at the values of latent factors, which loosely stated could
be thought as underlying descriptors of the domain.Koohi et al
[5] Fuzzy C-means clustering to user-based CF and showed
that fuzzy clustering outperforms other clustering
techniquesThe idea of using a factoring strategy came up
during the Netflix.com competition when one of the
contenders described the idea in a blog post. Other
participantsquickly saw the potential, and put the proposal to
work. At the end, the winningteam confessed that it relied
heavily on matrix factorization to achieve the 10%
improvement goal set by the judges.While matrix factorization
does currently have an upper hand on Recommender Systems,
its benefits don't come for free. For starters, the algorithm is
based onfactoring an inherently sparse matrix, which can
easlly be proven not to have aunique solution. The
factorization is a time consuming and computationally
expensiveoperation, needing to be recomputed every time a
new rating is entered.On the other hand, the complex model
produced by this technique can be prepared online, and made
ready for almost instantaneous recommendations to be
made.This approach was first taken by Amazon.com which
holds a patent to the Technology from 2003[6].

Most forms of Collaborative Filtering Recommender Systems

work by matching a target user to alarge list of candidates, by
using a similarity function. This approach is termed User
Based.The agorithm[7] takes the list of rated items from the
target user, matches them to the rated items from a candidate
user, and computes the squared error difference another
suitable measure function, where the smaller the result, the
closer the candidate’s taste to the target user. The second
broad category of Recommender Systems that has widespread
use, is termed Content Based [8] The group-based method was
proposed to cluster users. Tian et a [9] presented a statistical
model to estimate worker reliability and task clarity by
characterizing the grouping behavior to form schools of
thought.

Gao et a [10] proposed a group-based ranking method that
evaluates users’ reputations based on their grouping behaviors.
Users were assigned with high reputation scoresif they always
fall into large rating groups. Their method was more accurate
and robust than the correlation-based method in the presence
of spamming attacks. Matrix filling technology has been
widely used in many data mining tasks. In the recommender
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system, the number of users and items is very large. However,
every user just rates a few items, and every item is only rated
by very few users. As a result, the rating data is extremely
sparse leading to a miscalculation of the similarities of users
and items, which then affects the prediction accuracy seriously
Filling the un-known ratings is the most direct way to density
the sparse data thereby boost the performance of clustering.

It is crucial to select an appropriate filling agorithm.A
dynamic evolutionary clustering model based on user
attributes distance to cluster users. The similarity measure
should be normalized and easily combined with other
similarity measures. User-class score matrix, since the number
of item class is far less than the number of items, which
reduced the matrix dimension, increased the matrix data
density and improved the cold start problem.
I11.Proposed System
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This section provides the detailed description of the proposed
system. The system design is shown in Fig.1 and Fig.2. The
dataset contains product rating which arecollected from Movie
lens website.

A. USER CLUSTERING BASED ON USER ATTRIBUTE
DISTANCE

Usually, everyone has his own attribute, such as age, gender,
native place, ID number, occupation, salary, and so on.Users
of different age, gender, and occupation havedifferent

Interests.According to statistics above, we divide age into
three categoriesWhen age is vectorized to three values,
similar users can be better clustered, and the prediction
results are better.In the dataset used in this paper from
MovieLens, it includes 21 kinds of occupations. We separate
occupations into 3 large categories depending on
professionalism. They are leisure class, culture class and
management class. In this paper, we analyze attribute
characteristic of users to caculate user distance.

| User Clustering
! (Based on Attributes)
I —————————

: Filling the Rating Matrix
[}
1

User Based Collaborative

(Based on data filling approach)

Filtering(Similarity Measured)

Converting Binary Matricesto
Items Lists

| Prediction (Based on Neighbor Set | : Construct aList of Interesting |
| of Users) ! | Items !
Rating value Recommend Top N Items

Fig 1.System Design (Prediction)

Fig 2. System Design (Recommendation)

u;means user u’s characteristic value of age
u= 0,if theadeof <20

1, if 21 < thgage of < 40

2,if theageof u>41

umeans user u’s characteristic value of gender,

U,- O, if thedserismale
1 ,if theuser isfemale
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uzmeans user u’s characteristic value of occupation,
Us=[ O,if theuserisinleisureclass
1, if the user isin culture class

2, if the user isin management class

The user distance duv isgiven asfollows

2 2 2
duv:\/(ul‘\rl) Hupmv? g @
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Here, {uy, Uy, ug} arethree attributes of user u,

{vs, v, v3} arethree attributes of user v.

Clustering rule is generated based on distance of users. The
smaller user distance d,, is, the closer the user’s interests
are.Thus, similar users are divided into one community
accurately.

B. FILLING THE RATING MATRIX BASED ON
DATAFILLING APPROACH

In the recommender system, the number of users and items is
very large. However, every user just rates a few items, and
every item is only rated by very few users. The rating data is
extremely sparse leading to a miscalculation of the similarities
of users and items, which then affects the prediction accuracy
serioudy.Matrix filling technology has been widely used in
many data mining tasks. The data filling was a simple and
efficient way to improve the calculating effect of similarity
and also the sparsity of the matrix isreduced.A RS consists of
aset of M users U which will be indicated for short as the
user-

set, a set of N items Inamed item-set.A collection of rating
values expressing the preference of one user on a
corresponding item. Such collection of preference indicators
can be represented asaM * N rating matrix. Where 1 is
the rating given by the user u on the item i .Ratings can be
integer values within a scale 1 (low interest) to 5 (strong
interest). The rating for the pair (user, item) is unknown
assume % 0 .U (i) the set of users who evaluated the item i.
I(u) is the set of all the itemsfor which the user u has
expressed her preference. Fillingapproach to fill the matrix
from both user and item sides, which overcomes the
Sparseness.

, if user U rated(itep I
=(2)y —
else r

’ ui

C.USER BASED COLLABORATIVE FILTERING

While User based Collaborative Filtering focuses on the
relationship between rows.User-based CF firstly calculates the
similarities between the active user and the other users. Cosine
based Similarity Functionto calculate the similarity between
the users.Users with high similarities are selected as neighbors
of the active user.lt utilizes the neighbors ratings on a specific
item to calculate the weighted average which is used for
predictthe rating for the active user. The taste of items remains
constant or change very dightly similar users build
neighborhoods based on appreciations of items. Afterwards
the system generates recommendations with users in the

neighborhood that an item would prefer.

Cosine Similarity
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Here, isthe average value of nonzero elements of user uin
score matrix R.  is the average value of nonzero elements of
user vinR.
ALGORITHM
Input: Rating
Output: Prediction for User
{

For each two users, do
Measure how similar they are in terms of having received
similar ratings by similar users.
Smilarity between usersis measured as cosine between
their ratings vectors.
Select n active users that have the highest similarity
Compute a prediction, based on an itemfor a user u
is calculated.
Computing weighted sum of different users
rating onitem|
End for

}

D. RECOMMENDATION

Based on the similarity value we predict the user interest and
recommend the TOP-N items recommendation.The
recommender system utilizes data mining methods and
prediction algorithms to prognosticate user’s interest on items
from massive amount of accessible items. Recommender
systems make suggestions automatically for a particular user
on the basis of the user’s browsing history, ratings and
comments given to an item. Recommender systems apply
techniques and improve the recommendation task.
Recommender systems commonly produce a list of
suggestions in one of the two techniques through collaborative
or content-based filtering. Content based agorithm
recommender systems is the recommender system which work
with profiles of usersthat are set up at the beginning. A profile
has details of a user and the user’s interest. Interest depends
upon how user rated items.
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IV. RESULTSAND DISCUSSIONS

This section discusses about the intermediate results of
each component of the system and provides the performance
evaluation of the implemented methodologies.

E.EXPERIMENTAL SETUP

In clustering firstwe given a set of users and then cluster the
users based on attributes such as age, gender, occupation.
Then apply the Euclidean distance.Based on the distance we
form the cluster.

Tablel
Clustering Results
Id Age Gender Occupation
1 1 0 1
2 1 1 0
3 1 0 1
4 1 0 1
5 1 1 0

Management Class
<20
Male

Cluster -1

Management Class
21-40
Male

ID|1|2]|3|4|5(6|7]|8]|9]10
1 (251413313 [3]2]1
2 1113|3|2|1(4(3|3]|3] 3
3214|5321 (2|3]|4] 2
4 (5432|1133 |3] 2
5121213352 ]1|3]| 2
6 [113]|2|3|3[1(3|5]|4] 2
7 151333114331
8 |[213|1|3|5[4(3|3]|3] 2
9 1123|331 (3|4]3] 2

10(2(3(3|12|5]4[3[3(3] 2
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Similarly we form the cluster for remaining category.Totally
18 clusters are formed.

Table 1 show that the result clustered user.

Tablell
Filling the Rating Matrix Results Based on Data Filling
Approach

Table Il show the result of filled rating matrix.In that rows
represent the userid and column represent the columnid.Userl
rated 2 to the Moviel.Similarly all the users rated the movies.

Tablelll

User Based Collaborative Filtering Results

User-User similarity computation between user 3 and other
users

lid/ 112 (3|4 |56 Cosine(i,5)
uid (user-user)
1 5 4 5 4 5 4 0.889

2 4 |5 12|43 |4 |0938

3 1 3 2 2 2 3 0.465

4 1 2 2 3 2 4 0.372

5 03 |3 (1|10 |10

The top-2 closest usersto user 5 are users 1 and 2 according to
both measures. Predictions are obtained for user 5 with respect
to the unrated item.

lid/ 1 2 3 4 5 6
uid

1 5 4 5 4 5 4
2 4 5 2 4 3 4
3 1 3 2 2 2 3
4 1 2 2 3 2 4
5 5 3 3 1 1 4

Table 11l shows sample result of User Based Collaborative

filtering.
TableV
Recommendation Results
Userid Movieid Rating
1 7 -1
2 1029 -1
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3 4 1
4 1172 1
5 3 -1

A recommendation is a list of items that the user will like the
most. This interface is known as Top- N
recommendation.Sothat mapped the value of rating 5 to 1 and
below 5 are mappedto -1

User 1ismostly interested on Drama category.So recommend
the drama movie to the user 1

No MovielD Title
1 131 Breakfast at Tiffany’s
2150 Weekend at Bernie’s
3175 Brazil
4244 Smilla’s Sense of Snow
5416 Fish Tank
6524 Temple Grandin

Table V shows sample results of recommendation.
F. PERFORMANCE ANALYSIS

To evaluate the performance of rating prediction we take on
the widely used. Root Mean Squared Error and Mean
Absolute Error for calculating the errorbetween actual ratings
and predicted rating value.The RMSE and MAE can be
calculated as,

1 2
RMSE = _|— L (5)
\/N P i)
.Z I P ri, j |
mag - i "0 (6)
n
Where n isthe number of total ratings

p_ Isthe prediction for user | for item J
i

I Istheactual rating.

TheProposed MethodRMSE  and MAEVaues are
0.978and0.782

1V CONCLUSION AND FUTUTRE WORK

Recommender systems play an important role in the providing

of user-specific services by filtering the large variety of
available data to draw out information on user
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preferences.Nowadays, = recommendation  systems  are
increasingly gaining due to their large number of applications.
The users cannot manage al the information available on
Internet because of this is necessary some kind of filtering
technique is needed.

Clustering technology can improve the scaability of
collaborative filtering by reducing the nearest neighbor search
space .User based CF techniques make great contributions to
the rating prediction and recommendation. RS algorithms to
mine user-item interaction data (such as rating) and provide
useful recommendation lists for any target user.In our future
work, a hybrid approach which consists of both model based
and memorybased algorithms in order to increase the
performance of the system.A similar recommender system can
be incorporated for Music or Book recommendation systems.|t
is vital that precise recommendations are provided to the
users.
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