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Abstract: Recommendation techniques are very important in the fields of E-commerce and other Web-based
services. One of the main difficulties is dynamically providing high-quality recommendation on sparse data. In this
paper, a novel dynamic personalized recommendation algorithm is proposed, in which information contained in
both ratings and profile contents are utilized by exploring latent relations between ratings, a set of dynamic
features are designed to describe user preferences in multiple phases, and finally a recommendation is made by
adaptively weighting the features. Experimental results on public datasets show that the proposed algorithm has
satisfying performance.
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I. INTRODUCTION

What is Data Mining?

Generally, data mining (sometimes called data or knowledge discovery) is the process of analyzing data from different
perspectives and summarizing it into useful information - information that can be used to increase revenue, cuts costs, or
both. Data mining software is one of a number of analytical tools for analyzing data. It allows users to analyze data from
many different dimensions or angles, categorize it, and summarize the relationships identified. Technically, data mining is
the process of finding correlations or patterns among dozens of fields in large relational databases.
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How Data Mining Works?

While large-scale information technology has been evolving separate transaction and analytical systems, data mining
provides the link between the two. Data mining software analyzes relationships and patterns in stored transaction data
based on open-ended user queries. Several types of analytical software are available: statistical, machine learning, and
neural networks. Generally, any of four types of relationships are sought:

Classes: Stored data is used to locate data in predetermined groups. For example, a restaurant chain could mine
customer purchase data to determine when customers visit and what they typically order. This information could
be used to increase traffic by having daily specials.

Clusters: Data items are grouped according to logical relationships or consumer preferences. For example, data
can be mined to identify market segments or consumer affinities.

Associations: Data can be mined to identify associations. The beer-diaper example is an example of associative
mining.

Sequential patterns: Data is mined to anticipate behavior patterns and trends. For example, an outdoor
equipment retailer could predict the likelihood of a backpack being purchased based on a consumer's purchase of
sleeping bags and hiking shoes.

Data mining consists of five major elements:

1) Extract, transform, and load transaction data onto the data warehouse system.

2) Store and manage the data in a multidimensional database system.

3) Provide data access to business analysts and information technology professionals.
4) Analyze the data by application software.

5) Present the data in a useful format, such as a graph or table.

Characteristics of Data Mining:

Large quantities of data
Noisy, incomplete data
Complex data structure

Heterogeneous data stored in legacy systems.

Advantages of Data Mining:

1.
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Marketing / Retail
Finance / Banking
Manufacturing
Governments

Law enforcement

1.  EXISTING APPROACH

There are mainly three approaches to recommendation engines based on different data analysis methods, i.e., rule-based,
content-based and collaborative filtering. Among them, collaborative filtering (CF) requires only data about past user
behavior like ratings, and its two main approaches are the neighborhood methods and latent factor models. The
neighborhood methods can be user-oriented or item-oriented. They try to find like-minded users or similar items on the
basis of co-ratings, and predict based on ratings of the nearest neighbors.
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2.1 Drawbacks of Existing Approach
= Proper content cannot be delivered quickly to the appropriate customers.
= No accurate prediction Recommendation.

= Involve most ratings to capture the general taste of users, they still have difficulties in catching up with the
drifting signal in dynamic recommendation because of sparsity, and it is hard to physically explain the reason of
the involving.

I11. PROPOSED APPROACH
In this paper, we present a novel hybrid dynamic recommendation approach. Firstly, in order to utilize more information

while keeping data consistency, we use user profile and item content to extend the co-rate relation between ratings
through each attribute, as shown in figure.
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The main contributions of this paper can be summarized as follows:

(a) More information can be used for recommender systems by investigating the similar relation among related user
profile and item content.

(b) A novel set of dynamic features is proposed to describe users’ preferences, which is more flexible and convenient to
model the impacts of preferences indifferent phases of interest compared with dynamic methods used in previous works,
since the features are designed according to periodic characteristics of users’ interest and a linear model of the features
can catch up with changes in user preferences.

(c) An adaptive weighting algorithm is designed to combine the dynamic features for personalized recommendation, in
which time and data density factors are considered to adapt with dynamic recommendation on sparse data.

In most cases, the drifting of users’ preferences or items’ reputations is not too rapid, which makes it possible to describe
temporal state of them by using some features. In this project, firstly we introduce a way to make use of profiles to extend
the co-rating relation, and then we propose a set of dynamic features to reflect users’ preferences or items’ reputations in
multiple phases of interest, and after that we propose an adaptive algorithm for dynamic personalized recommendation.

3.1 Relation mining of rating data

For the sparsity of recommendation data, the main difficulty of capturing users’ dynamic preferences is the lack of useful
information, which may come from three sources - user profiles, item profiles and historical rating records. Traditional
algorithms heavily rely on the co-rate relation (to the same item by different users or to different items by the same user),
which is rare when the data is sparse. Useful ratings are discovered using the co-rate relation, which is simple, intuitional
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and physically significant when we go one or two steps along, but it strongly limits the amount of data used in each
prediction.

Instead of searching neighbouring nodes along co-rate edges in the U x | plane, we try to find a different way to find
useful ratings. We notice that when considering the factors which affect a rating r(u,i), we may focus more on some
attributes of u and i in their profiles, instead of the user himself or the item itself. For example, if the movie “Gone with
the Wind” is given high ratings by middle-aged people and lower ratings by teenagers with no doubt, we would primarily
check on the age attribute in a user’s profile when predicting probable rating the user would give to the movie, instead of
other descriptions of the user or how the user has rated other movies. As is evident, it may not be necessary to stick only
to the co-rate relation, and we introduce the semi-co-rate relation between ratings whose corresponding user profiles or
item contents have similar or identical content in one or more attributes. Since semi-co-rate is much less constrained, we
extend the co-rate relation to it using user profile and item content, and propose a new way of finding useful ratings for
dynamic personalized recommendation.

Candidate
Rating -_—————— Same/Close
R_i, K s

Fig.1 Finding neighboring ratings in the new relation

3.2 Dynamic feature extraction

Users’ preferences or items’ reputations are drifting, thus we have to deal with the dynamic nature of data to enhance the
precision of recommendation algorithms, and recent ratings and remote ratings should have different weights in the
prediction. Three kinds of methods were proposed in concept drift to deal with the drifting problem as instance selection,
time-window (usually time decay function) and ensemble learning. Koren also proposed an algorithm to isolate transient
noise in data using temporal dynamics to help recommendation. These methods help to make progress in precision of
dynamic recommendation, but they also have their weaknesses: decay functions cannot precisely describe the evolution of
user preferences and only isolating transient noise cannot catch up with the change in data.

So we propose a set of dynamic features to describe users’ multi-phase preferences in consideration of computation,
flexibility and accuracy. It is impossible to learn weights of all ratings for each user, but it is possible to learn the general
weights of ratings in the user’s different phases of interest if the phases include ranges of time that are long enough.

In the theory of time series analysis, earlier ratings should impact the predictive features less, and thus they should have
lower weights. So if we perform TSA algorithm on a secondary subset of R (i.e. R.Y) to get a feature feasq, there would be
an uniform formulation as:

o
w
feas q = Z ?f}?f‘,, 1)
=1

where #R? = o, R?,(I = 1,2,...,0) are the rating values which are from the subset R4 and listed in reversed time
order. And positive weight parameters w;, (I = 1,2,...,0) and normalization factor w should satisfy
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w = wy,
2 @

wy, = wy, if I <lo

Since the subsets are updated frequently, index smoothing [16], which is a classic TSA algorithms, is chosen as the basic
TSA algorithm:;

R{ = {Rj 1| Rjr i € Ry and Ty, — Tjr jo > Ty},

(o] 3
feana =3 nl1 - R, v
=1

where R (d = 1,2,...) are the secondary subsets, T (d =

1,2,...) are a sequence of time differences manually set, R?, (I = 1,2,..., 0)are the rating values listed in reversed order

in the subset, u is the forgetting factor for index smoothing. We have tested different values for mu in the experiments
and set u = 0.95 empirically.

All feagq (d = 1,2,...) and the sizes of R? (d = 1,2,...)are recorded as dynamic features. With the dynamic features, we
only have to optimize their weights to get the best estimation of the candidate rating, and in this way we have
transformed the training of a recommendation model into weight learning across different secondary rating subsets. Now
that the features are related to phases of interest and latent relations between ratings, we would see how the preferences
differ with each other in impacting the candidate rating by analyzing optimal weights of the features. We can also see in
Eq(3) that the feature extraction does not need heavy computation. Finding all R’ needs only comparison in time one by
one, and the computation of feasq is very efficient. In this way we have proposed a flexible way of feature extraction,
where weights in TSA can be different for different rating subsets and the weights for different phases of interest can be
variable and learned from the data. The proposed algorithm is termed as Multiple Phase Division ( MPD ).

3.3 Adaptive weighting algorithm

As features like feagsq (s = 1,2,..., d = 1,2,...) gained by applying Multiple Phase Division are all normalized rating values,
in other words, as content of user and item profiles have been quantified in the feature extraction, it is convenient for us to
organize them for accurate rating estimation by adaptive weighting. Sizes of the relevant subsets are also recorded in
MPD and could reflect data density.

We incorporate these features for recommendation with a linear model since they are homogeneous and it is efficient
to learn their weights. R"j is used to note the estimated rating that user u;could give to item iy at time point T, and the
adaptive linear model can be formulated as:

IA?._.}-‘;f = Z Z (og,a + ;’5’(#1?_‘:!))?)?,3. (s)bi, (s)feas q, "
E d

with : as4>0, >0,

where sizes of relevant subsets are used as prior information in weighting the features to improve recommendation
accuracy, feasq (s = 1,2,..., d = 1,2,...) are the features calculated in Eq.(3), R? (s = 1,2,...,d = 1,2,...) denote their
relevant secondary rating subsets, by; and by are binary functions denoting the relating state of candidate rating and
relevant subset and asq and £ are weighting parameters which should balance the weights of features and data density, or,
balance the affection of data consistency and quantity of information. In detail, by(s) = 1 if R;x is semi-co-rate related with
all ratings in secondary subset R, through attribute of the user ujdenoted by s, else by(s) = 0, bi(s) = 1 if R; is semi-corate
related with all ratings in secondary subset Rsthrough attribute of the item i, also denoted by s, else bj(s) = 0.

It is difficult to solve all parameters in Eq.(4) at once, hence we use sequential optimization. Let
o = o+ B#HRY, (5

in Eqg.(4) and we first solve for the combined weights dsq (s = 1,2,..., d = 1,2,...) by minimizing the differences between
prediction results of the recommendation algorithm and the real rating values in the training set, where RLS algorithm
[17] could be used for optimization, i.e.,
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E = Z (Rix — Rix))? (6)

R kERTrain

where Ry, is the training set or known rating set. But we notice that a user’s preferences or an item’s reputations are
commonly affected by only a few principle factors, indicating that using more features might also bring noise into the
recommendation. So we changed the destination of the optimization and limited the quantity of the features by
regularization, and the training problem can be formulated as:

- . - . _ . 2 N . . . . .
min: Y (R = Ri))” + Ao, () with 1 0< 6,4 < Tand 33 d.a=1
R k€ERTrain s d
This is a typical LASSO optimization problem which can be solved via ADMM [18].
Provided the os are solved, we turn to the second step of the sequential optimization: to solve as and 5. To deal with
the uncertainty in solving as and g from Eq.(5), we introduce the generalization error like in SVM . Here the
generalization error is max (3", >, 02 ;. .3, B32(#R%)?), and we minimize it to gain satisfying performance as:

s,d?

mi? : 1‘1‘1ax(z Z (}.Eﬂ" Z Z .(3’2(#]??)2)’ (8)Wlth 1 Vs.d, Osgt ﬁ(#de) = 5s,d; Osd > 0, ﬂ > 0.
o s d s d

This optimization problem has explicit solution as:

p Z.—Zids-d

B= _Ssied 50 9
SEE) S SRE TN ©
g = 05 g — B(F#RY) for all s,d.

Now we have a practical way of solving all the parameters. Firstly we solve Js from Eq.(7) using Lasso algorithm, then
use Eq.(8) and Eq.(9) to compute as and S.
3.4 Advantages of Proposed Approach:

v Hybrid dynamic recommendation approach.

v’ Effective with dynamic data and significantly outperforms previous algorithms.
v Accurate predication and Recommendation.
v

More information can be used for recommender systems by investigating the similar relation among related user
profile and item content.

IV. CONCLUSION

In this paper, we proposed a novel dynamic personalized recommendation algorithm for sparse data, in which more rating
data is utilized in one prediction by involving more neighboring ratings through each attribute in user and item profiles. A
set of dynamic features are designed to describe the preference information based on TSA technique, and finally a
recommendation is made by adaptively weighting the features using information in multiple phases of interest.
Experimental results on public MovieLens 100k and Netflix Competition data indicate that the proposed algorithm is
effective, and its computational cost is also acceptable.
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