JKSCI

SH27 BE Y B5t =237

Journal of The Korea Society of Computer and Information

Vol. 27 No. 9, pp. 149-155, September 2022
https://doi.org/10.9708/jksci.2022.27.09.149

Time-aware Collaborative Filtering with User- and Item-based

Similarity Integration

Soojung Lee*

*Professor, Dept. of Computer Education, Gyeongin National University of Education, Anyang, Korea

[Abstract]

The popularity of e-commerce systems on the Internet is increasing day by day, and the

recommendation system, as a core function of these systems, greatly reduces the effort to search for

desired products by recommending products that customers may prefer. The collaborative filtering

technique is a recommendation algorithm that has been successfully implemented in many commercial

systems, but despite its popularity and usefulness in academia, the memory-based implementation has

inaccuracies in its reference neighbor. To solve this problem, this study proposes a new time-aware

collaborative filtering technique that integrates and utilizes the neighbors of each item and each user,

weighting the recent similarity more than the past similarity with them, and reflecting it in the

recommendation list decision. Through the experimental evaluation, it was confirmed that the proposed

method showed superior performance in terms of prediction accuracy than other existing methods.

» Key words: Collaborative Filtering, Memory-based Collaborative Filtering,

Time-aware Recommender System, Similarity Measure
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I. Introduction
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II. Background
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III. Proposed Methodology

1. Overall Idea
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Table 1. Description of symbols used by the proposed
method

Symbol Description
U The set of users
I The set of items
Tun The rating of user u for item x
Ui The set of users who rated item i
- The predicted rating for item x unrated by
Tue user u
Ty The average rating of user u
T, The average rating for item x

IV. Performance Experiments

1. Design of Experiments
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Fig. 1. Prediction accuracy of the collaborative filtering methods
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Table 2. Recommender system models used for
performance experiments

model Description
COR_UB User-based model .usmg Pearson
correlation
COR_IB Item-based model }Jsmg Pearson
correlation
PROP_UB Proposed time-aware user-based model
PROP_IB Proposed time-aware item-based model
PROP_UIB Proposgd time-aware user- and
item-based model
DL Time-aware model by [16]

2. Performance Results
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2.2 Recommendation Accuracy

7% 2% 7 uhgold AHE £ 2laEd] tigt ALg
Ao} SHEE S UERACE o] AREAR & 607O] of| &3t
WL £ 20 P2 22 wald] wet Aol
&0 Mol Hal2 MAlstITE MAP A5 TolA ks
o2 AR} 78] ¥HET UmA] S| & 20

2 Ured), ARt o] Yoz e Zag vy
ok oz i) RS $2 7]8 el CORIB
LOjS e NS WO, AR AR J1EE Mg
PHET A9 ST H5S UEhd ¥ 4 rk ol
o% g5 AES MARSHE 2] AFgAIYl 9HE ofvg
Sop] hRol] ekt 23] Rfolg theA ] TRl

2 915:1] 7% 20 A 34 2|AE 37)7} A
o xsln, 277 ARAE T iﬂ}% a4
sholth. 4 d=0l W 3% PROP_UBZ} 7%

MAP9] Zuto} U}WWE A}o

PHSuC A5

V. Conclusions

2 AP E A2 ARE AIA] wrgel @ ey
uF 24 AJAHIS xﬂo}s}oﬂq Aot "ol EXlo AMg,
7] iate]

— a2 1=}

o) 48 F7HP7]

= 20l 371 L}Kﬂ 12, 3¥30] S42 nsiel H7t A
2l ozt 7134 44 T

78 71 clolElo] o AIZF 842
of g A% 4 Blol ojzigo] Qonz, ol 3
B3 4 ol Weto] nRRis|ojof & Zolc}

REFERENCES

[1] J. Bobadilla, F. Ortega, A. Hernando, and A. QGutierrez,
“Recommender Systems Survey,” Knowledge-based Systems,
Vol. 46, pp. 109-132, 2013. DOI: 10.1016/j.knosys.2013.03.012

[2] Z. Batmaz, A. Yurekli, A. Bilge, and C. Kaleli, “A Review on
Deep Learning for Recommender Systems: Challenges and
Remedies,” Attificial Intelligence Review, Vol. 52, No. 1, pp. 1-37,
2019. DOI: 10.1007/s10462-018-9654-y

[3] B. Shao, X. Li, G. Bian, “A Survey of Research Hotspots and
Frontier Trends of Recommendation Systems from the Perspective
of Knowledge Graph”, Expert Systems with Applications, Vol.
165, 2021. DOL: 10.1016/j.eswa.2020.113764

[4] R. J. Ziarani and R. Ravanmehr, “Deep Neural Network Approach

for a Serendipity-Oriented Recommendation System,” Expert



Time-aware Collaborative Filtering with User- and Item-based Similarity Integration 155

Systems with Applications, Vol. 185, No. 15, 115660. 2021. DOL
10.1016/j.eswa.2021.115660

[5] M. Jalili, S. Ahmadian, M. Izadi, P. Moradi, and M. Salehi,
“Evaluating Collaborative Filtering Recommender Algorithms: A
Survey,” IEEE Access, Vol. 6, pp. 74003-74024, 2018. DOL:
10.1109/ACCESS.2018.2883742

[6] F. Horasan, “Latent Semantic Indexing-Based Hybrid Collaborative
Filtering for Recommender Systems,” Arab J Sci Eng, 2022. DOL:
10.1007/513369-022-06704-w

[71 R Xiong, J. Wang, N. Zhang, and Y. Ma, “Deep Hybrid
Collaborative Filtering for Web Service Recommendation,” Expert
Syst. Appl.,, Vol. 110, pp. 191-205, 2018. DOIL: 10.1016/j.eswa.
2018.05.039

[8] A. Livne, E. S. Tov, A. Solomon, A. Elyasaf, B. Shapira, and
L. Rokach, “Evolving Context-aware Recommender Systems with
Users in Mind,” Expert Systems with Applications, Vol. 189, No.
1, 116042, 2022. DOL: 10.1016/j.eswa.2021.116042

[9] N. Mohammadi and A. Rasoolzadegan,

Location-sensitive and User Preference-aware Recommendation

“A Two-stage

System,” Expert Systems with Applications, Vol. 191, No. 1,
116188, 2022. DOIL: 10.1016/j.eswa.2021.116188
[10] G. Xu, Z. Tang, C. Ma, Y. Liu, and M. Daneshmand, “A
Collaborative Filtering Recommendation Algorithm Based on
User Confidence and Time Context,” Journal of Electrical and
Computer Engineering, Vol. 2019, Article ID 7070487, 2019.
DOIL: 10.1155/2019/7070487
A. Jain, N. Surendra, P. K. Singh and J. Dhar, “EMUCF:
Enhanced Multistage User-based Collaborative Filtering through
Non-linear Similarity for Recommendation Systems,” Expert
Systems with Applications, Vol. 161, 113724, 2020. DOIL:
10.1016/j.eswa.2020.113724
[12] H. Khojamli and J. Razmara, “Survey of Similarity Functions

[1

[a—

on Neighborhood-based Collaborative Filtering,” Expert Systems
with Applications, Vol. 185, No. 15, 115482, 2021. DOL: 10.1016
/j.eswa.2021.115482

[13] F. Hao, and R. Blair, “A Comparative Study: Classification vs.
User-based Collaborative Filtering for Clinical Prediction,” BMC
Med Res Methodol 16, 172, 2016. DOIL: 10.1186/s12874-016-
0261-9

[14] S. Ahmadian, N. Joorabloo, M. Jalili and M. Ahmadian,
“Alleviating Data  Sparsity Problem in  Time-aware
Recommender Systems using a Reliable Rating Profile
Enrichment Approach,” Expert Systems with Applications, Vol.
187, 115849, 2022. DOI: 10.1016/j.eswa.2021.115849

[15] C. Wangwatcharakul and S. Wongthanavasu, “A Novel Temporal
Recommender System based on Multiple Transitions in User
Preference Drift and Topic Review Evolution,” Expert Systems
with Applications, Vol. 185, No. 15, 115626, 2021. DOL: 10.1016

/j.eswa.2021.115626

[16] Y. Ding and X. Li, “Time Weight Collaborative Filtering,”
Fourteenth ACM international Conference on Information and
Knowledge Management, pp. 485-492, 2005. DOIL: 10.1145/109
9554.1099689

[17] B. Sun and L. Dong, Dynamic Model Adaptive to User Interest
Drift based on Cluster and Nearest Neighbors. IEEE Access, Vol.
5, pp. 1682-1691, 2017. DOI: 10.1109/ACCESS.2017.2669243

[18] S. Ding, Y. Li, D. Wu, Y. Zhang, and S. Yang, “Time-aware
Cloud Service Recommendation using Similarity-enhanced
Collaborative Filtering and ARIMA Model,” Decision Support
Systems, Vol. 107, pp. 103-115, 2018. DOIL: 10.1016/j.dss.2017.
12.012.

[19] Y. Wan, Y. Chen, and C. Yan, “An Integrated Time-Aware
Collaborative Filtering Algorithm,” Knowledge Management in
Organizations. pp. 369-379, 2021. DOIL: 10.1007/978-3-030-816
35-3 30

[20] H. Li and D. Han, “A Time-aware Hybrid Recommendation
Scheme Combining Content-based and Collaborative Filtering,”
Frontiers of Computer Science. Vol. 15, 154613, 2021. DOL:
10.1007/s11704-020-0028-7

[21] L. He and F. Wu, “A Time-Context-Based Collaborative Filtering
Algorithm,” IEEE International Conference on Granular
Computing, pp. 209-213, 2009. DOI: 10.1109/GRC.2009.52551
30

[22] S. Lee, “The Effect of an Integrated Rating Prediction Method
on Performance Improvement of Collaborative Filtering,” The
Journal of the Institute of Internet, Broadcasting and
Communication, Vol. 21, No. 5, pp. 221-226, 2021. DOL: 10.7236
/JIIBC.2021.21.5.

Authors

Soojung Lee received the B.S. degree in
Mathematics Education from Ewha Woman’s

- University, Korea in 1985. She received M.S.

g

respectively. Dr. Lee joined the faculty of the Department of

and Ph.D. degrees in Computer Science from

Texas A&M University in 1990 and 1994,

Computer Education at Gyeongin National University of
Education, Gyunggi-do, Korea, in 1998, as a professor. She
is interested in recommender systems, information filtering,

data mining techniques, and computer education.



