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=742 F8A(efficiency), A3 T (effective

size), A2k (constraint), A% (hierarchy)=S E3i
wote & ok A3 e 7 AL 7]—7\]
A= AAHA Y| FollA Aol 7HA AL

AAAA L] 7o BHS AL Fho = 1417}
HAE 21 l*‘: o] & AHEEH A2
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Predicting the focal
user’s preference
using the results of
the 2" step and
collaborative
filtering

Performing K-
means clustering
using the
structural holes

Analyzing structural
holes from the
research data

(Figure 1) The process of the proposed
recommender systems
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oz B AFolA Ajbete 724 3 7
o AR AYIHH S o] 87 FHA2E O
2 SCF(Structural hole-based cluster-indexing CF)
2 FAEGATE B dTelie Y 23
o &= AHEALe] BT o) tisiA F Hj
o AFANE Helshs WA S ol gAY of
= ALw e} go] 2 FRANL 74 A
A7t 259 A97t ome EATHo| A
AA% RS Hoh Bol ¥kgstr] #18l Liu and
Lee (2010), Kim and Ahn (2010) 52] &A7-0llA
AREZE WA o] 83T

2 AT ARE AHEARES AR AR
okl <Figure 2>} o] YEFSTE

(Figure 2) Social network in this study
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YA Y= A9 AFEAF 5o AsfolH, o
AHEAFEC] kT TR 27 7R FAA
O 2 AREHA

(Table 1) The results of the structural hole

analysis
User ID | Efficiency Effseic232ve Constraint | Hierarchy
u76 0.522 18.257 0.090 0.024
ul9 0.508 16.758 0.094 0.021
u66 0.464 16.257 0.095 0.022
u3 0.442 14.576 0.097 0.017
ul?7 0.422 14.353 0.100 0.016

g, B AFollx FHAI2HS FHAARE
B71s7] fl8te] HHAMAES AHE-3H3TE MAE
(mean absolute error)= AHEAFS] A A F 79} o
= 7Y ApolE oujste Zlow FYPE
E& ATolA A5 o] &5 AT} (Breese et al.,
1998; Sarwar et al., 1998; Goldberg et al., 2001).
HTMAEE 2l(1)¥% #2o] HdET

Z(ih’kﬁ%l/n)}/N 2(1)

k=1\i=1

Avg. MAE= {

Aol NE ElelE Aol A o) ALg el 5

oustal, n HoJE Al o) FES] +E, Pu

(Table 2) Recommendation performances of
the comparative models

Standard
Model Average MAE deviation of MAE
CCF 0.826 0.284
RCF 0.853 0.276
KCF 0.852 0.279
SCF 0.825 0.286
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(Table 3) The results of statistical significance
test for recommendation performance (p-value)

RCF KCF SCF
CCF 0.000 0.000 0.206
RCF 0.841 0.000
KCF 0.000

<Table 3>l A| A€ 7]-74;‘ 4R H, SCFY]
d“ﬂrs&} RCF, KCF9| 314342 Apol7h 7}
Oﬂ/ﬁ Eﬁ”x—] (] 9]/R-1£ 7].;(]& Q)
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Abstract

Recommender Systems using Structural Hole
and Collaborative Filtering

Mingun Kim* + Kyoung-jae Kim**

This study proposes a novel recommender system using the structural hole analysis to reflect
qualitative and emotional information in recommendation process. Although collaborative filtering
(CF) is known as the most popular recommendation algorithm, it has some limitations including
scalability and sparsity problems. The scalability problem arises when the volume of users and items
become quite large. It means that CF cannot scale up due to large computation time for finding
neighbors from the user-item matrix as the number of users and items increases in real-world
e-commerce sites. Sparsity is a common problem of most recommender systems due to the fact that
users generally evaluate only a small portion of the whole items. In addition, the cold-start problem
is the special case of the sparsity problem when users or items newly added to the system with no
ratings at all. When the user’s preference evaluation data is sparse, two users or items are unlikely
to have common ratings, and finally, CF will predict ratings using a very limited number of similar
users. Moreover, it may produces biased recommendations because similarity weights may be
estimated using only a small portion of rating data.

In this study, we suggest a novel limitation of the conventional CF. The limitation is that CF
does not consider qualitative and emotional information about users in the recommendation process
because it only utilizes user’s preference scores of the user-item matrix. To address this novel
limitation, this study proposes cluster-indexing CF model with the structural hole analysis for
recommendations. In general, the structural hole means a location which connects two separate actors
without any redundant connections in the network. The actor who occupies the structural hole can
easily access to non-redundant, various and fresh information. Therefore, the actor who occupies the
structural hole may be a important person in the focal network and he or she may be the
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representative person in the focal subgroup in the network. Thus, his or her characteristics may
represent the general characteristics of the users in the focal subgroup. In this sense, we can
distinguish friends and strangers of the focal user utilizing the structural hole analysis.

This study uses the structural hole analysis to select structural holes in subgroups as an initial
seeds for a cluster analysis. First, we gather data about users’ preference ratings for items and their
social network information. For gathering research data, we develop a data collection system. Then,
we perform structural hole analysis and find structural holes of social network. Next, we use these
structural holes as cluster centroids for the clustering algorithm. Finally, this study makes
recommendations using CF within user’s cluster, and compare the recommendation performances of
comparative models.

For implementing experiments of the proposed model, we composite the experimental results
from two experiments. The first experiment is the structural hole analysis. For the first one, this study
employs a software package for the analysis of social network data — UCINET version 6. The second
one is for performing modified clustering, and CF using the result of the cluster analysis. We develop
an experimental system using VBA (Visual Basic for Application) of Microsoft Excel 2007 for the
second one. This study designs to analyzing clustering based on a novel similarity measure — Pearson
correlation between user preference rating vectors for the modified clustering experiment. In addition,
this study uses ‘all-but-one’ approach for the CF experiment.

In order to validate the effectiveness of our proposed model, we apply three comparative types
of CF models to the same dataset. The experimental results show that the proposed model outperforms
the other comparative models. In especial, the proposed model significantly performs better than two
comparative modes with the cluster analysis from the statistical significance test. However, the
difference between the proposed model and the naive model does not have statistical significance.

Key Words : Structural hole; Collaborative filtering; Cluster-indexing; Social network analysis;

Recommender system
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