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C

CF o Collaborative Filtering

D

ddCRP ................. distance dependent Chienece Restaurant Process
DPMM.......cceuee. Dirichlet Process Mixture Model

E

EM ... Expectation Maximization

I

IBP ..o Indian buffet process

L

LDA ..., Latent Dirichlet Allocation

N

nDCG.....cccoeeennne normalized Discounted Cumulative Gain
NMF ..., Non-negative matrix factorization

P

PLSA ... Probabilistic Latent Semantic Analysis

S

SVD .. Singular Value Decomposition
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- Trust

- Collaborative Filtering (CF)

- Content-based Filtering

- http://www.amazon.com

- http://www.atutor.ca
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- Sparsity(Lack of Data)

- Changing User Interest
- Unpredictable Items

- Implicit/Explicit Rating
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Algorithm 1: Gibbs sampling algorithm for approximating parameters

Input: A", ¥ = {0, B, D(.), GO}.
Output: model parameter ® as user preferences distribution and latent clusters
(tables) T with their members.
Initialization:
N= size(A").
Initialize the latent clusters (tables) T.
Randomly place activities on initial tables.
While not converged do
Fori=1toNdo
Select ith activity and ignore its table assignment.
dist_vector = {}
Fork=1to|T|do
pik = Compute the probability of assigning the ith activity
to the k™ table with Eq. 3-8.
dist_vector = dist_vector U pix
EndFor
t;= Choose the destination table of the ith activity according to dist vector.
If t; is a new table then
T=TuU {t/}
EndIf
Compute model parameter 0 using Eq. 3-11.
Update hyper-parameter a.
EndFor
EndWhile
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Algorithm 2: Prediction process to provide the recommendations.

Input: parameters that specify user model, such as latent clusters (T), preference
distribution (®) and the resource candidate list.
Output: An ordered list for recommendation.
Initialization:
N = size(candidate list).
Priority list = {}
Forj=1toNdo
1j = Select jth resource from candidate list.
tj = Choose the destination table of resource rj using Eq. 8.
pj = Calculate the likelihood of activity rj given destination table tj using Eq. 16.
Priority list = priority list U {1j, pj}
EndFor
Return Descending sort of priority list.
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Algorithm 3: The recommendation algorithm.

Input: preference vector, similarity matrix, active user u, and candidate items.
Output: an ordered list for recommendation.
Initialization:
Similar users = select top-N most similar user to u.
Prefs = collect preference vectors of Similar users and u.
Priority list = {}
For each item in candidate items
p= Calculate the likelihood of item using Eq. 3-13.
Priority list = Priority list U {item, p}.
EndFor
Return Priority list in descending order of likelihood.
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Preference-based user modeling

. usmg Preference-based
Dirichlet Process Mixture Model Similarity measure
v >
Preference vectors of all users: User-based
E [< e oM >, .., < t::ﬁ:‘l >]'“_} /Similarity Matrix

|

v
Hybrid Recommendation Algorithm

Collaborative Approach

- Similar-users = {top-N most similar users to the active user}.
- Prefs = {preference vectors of Similar-users and active user }.

Y

Content Approach

- Ranking the candidate items based on preference vectors in Prefs.

- Providing recommendations based on item ranking.
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Datasets
Properties MovieLens NewsTweet
Number of users 4743 2018
Number of resources 8787 46936
Number of feedbacks IM 376085

- https://grouplens.org/datasets/movielens
- http://ipdm.shahroodut.ac.ir/downloads/link
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- Discounted Cumulative Gain (DCG)

- https://www.librec.net/

- http://surprise.readthedocs.io/en/stable
- http://lenskit.grouplens.org/
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LOGO 2,65 5 soleiiny (b, sl @l ¥-F Jounr

top@N method precision recall FI1 + Variance | nDCG
5 LOGO 0.35 0.10 0.14 0.37
RS 0.87 0.14 0.24 £+ 0.0003 0.87
10 LOGO 0.32 0.16 0.19 0.44
RS 0.88 0.29 0.43 £ 0.0009 0.87
15 LOGO 0.31 0.22 0.23 0.47
RS 0.80 0.40 0.53 £ 0.0015 0.82
20 LOGO 0.31 0.28 0.27 0.49
RS 0.75 0.50 0.59 £ 0.0025 0.78

2 oad (gilwesly slopi oSl 5 eoleian s, sl @S s e Salesl o

ools oL 51 iulesl cpl jo owsloais (s uSoslail Lenskit o Surprise Librec sl

Jgaz (pl Billae 028 oo lis | Sinbesl ol o Y-F Jsoo ol oslatu! MovieLens

DCG Lo 1o (RS) solgaion (59, (1op@N = 5) Jol slpaion o ;0 diged (lgie 4

D13 (6 0, ee 5250 (lahs ) dr Camd

Sy e slalnl g golprinn by, 1! mls anlio ¥-F Joax

top@N Method Precision nDCG
Lenskit: item-item 0.304 0.318
Lenskit: funk-SVD 0.293 0.305
Lenskit: contentbased 0.234 0.251

5 Surprise: SVD 0.177 0.230
Surprise: NMF 0.163 0.210

Librec: timeSVD 0.234 0.251

RS 0.753 0.461
Lenskit: item-item 0.462 0.492
Lenskit: funk-SVD 0.454 0.481
Lenskit: contentbased 0.399 0.423

10 Surprise: SVD 0.347 0.409
Surprise: NMF 0.328 0.383

Librec: timeSVD 0.40 0.422

RS 0.771 0.595
Lenskit: item-item 0.572 0.610
Lenskit: funk-SVD 0.565 0.601
Lenskit: contentbased 0.510 0.550

15 Surprise: SVD 0.473 0.535
Surprise: NMF 0.455 0.509

Librec: timeSVD 0.510 0.550

RS 0.689 0.656
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top@N Method Precision nDCG
Lenskit: item-item 0.149 0.154

3 Lenskit: funk-SVD 0.142 0.141
Surprise: NMF 0.046 0.071

RS 0.615 0.398
Lenskit: item-item 0.234 0.274

6 Lenskit: funk-SVD 0.230 0.239
Surprise: NMF 0.120 0.151

RS 0.607 0.503
Lenskit: item-item 0.298 0.320

9 Lenskit: funk-SVD 0.292 0.311
Surprise: NMF 0.177 0.211

RS 0.616 0.586
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top@N Method Precision nDCG
Lenskit: item-item 0.212 0.219
Lenskit: funk-SVD 0.202 0.204
Lenskit: contentbased 0.167 0.172

3 Surprise: SVD 0.088 0.133
Surprise: NMF 0.076 0.210
Librec: timeSVD 0.142 0.158

RS 0.746 0.521
Lenskit: item-item 0.342 0.360
Lenskit: funk-SVD 0.331 0.346
Lenskit: contentbased 0.267 0.285

6 Surprise: SVD 0.217 0.274
Surprise: NMF 0.203 0.253
Librec: timeSVD 0.213 0.233

RS 0.747 0.664
Lenskit: item-item 0.436 0.464
Lenskit: funk-SVD 0.427 0.452
Lenskit: contentbased 0.360 0.385

9 Surprise: SVD 0.317 0.377
Surprise: NMF 0.301 0.355
Librec: timeSVD 0.280 0.300

RS 0.751 0.775
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Abstract:

Recommender systems, which are systems to help users in choosing favourite
resources, have been emerged recently, and are being developed rapidly. These systems
provide a customized environment via incorporating the past interactions of users and
recognizing their interest to choose appropriate resources. Modeling user’s behavior and
the mechanism of presenting a recommendation are considered as the main issues in
developing recommender systems.

Existing methods utilize users’ interests as a latent factor in modeling their behavior.
The “interest” represents a set of resources with the same characteristics that is chosen
by the user in the past. It is inferred from the user’s profile. Ignoring the dynamic of a
user’s interests and missing to prioritize between the different interests in various times
are considered as the main challenges in the current methods.

In this research, the “preference”, which shows the priority of an interest in a certain
time, is considered along with the “interest” to model a user’s behavior. The number,
time and score of the chosen resources are the main factors in computing a user’s
preferences. In the proposed method, the behavior of each user is modeled by using the
paired < interest,preference >. We utilize the user’s profile in a Bayesian network
framework named as Dirichlet Process Mixture Model to create user model. Then,
similar (neighbor) users are gathered based on the generated behavior model to provide
recommendations. Dynamism of the number of interests and adaptive preferences are
the main contribution of the proposed method. Also, the proposed model has one hyper
parameter which is initialized heuristically.

We used a news and movie recommender system as a case study to evaluate the
proposed model. The news dataset was collected from Twitter (news channels). Also,
the MovieLens was employed as a movie database. The performance of the proposed
model was compared with the state-of-the-art methods such as TimeSVD, Content-
based, non-Negative Matrix Factorization, Item-Item Collaborative Filtering. The

results of the comparison indicate the efficiency of the proposed model.

Keywords: Recommender System, User Modeling, Hybrid Recommender System,

News Recommender System.
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