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Abstract

It is the most important way to improve recommendation precise by catching the
interests of users. It is easy to find current interests of users; however, a good
recommendation should provide potential interests to uses. In this work, the inner
and outer factors are combined to analyze the changes of interests. The inner
factor addresses the changes from the innate characteristics of people relevant
with interests. The friendship in the social network as the outer factor plays role in
generating novel interests. Since the work exactly describes the changes of

interests; it is useful to improve the satisfaction of user to recommendation.

Keywords: Dynamic interest; complex network, inner and outer factors; link
prediction.

Introduction

The precise of recommendation becomes the most important factor deciding the
success of E-business [1]. A good recommendation system should understand
what provides the satisfaction to user. Now, most recommendation systems focus
on the interesting of customers [2, 3]. However, the interests of users do not keep
the same. Thus, it is very important to know the ruless affecting the changes of
interests.

Link Prediction in complex network is used to research the changes of interests.
First, the performance of Link Prediction of complex network has been verified in
the field of personal recommendation systems [4, 5]. Second, social network goes

deep into every corner of people. A large amount of information exchanges are
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carried out in everyday. As a result, the information exchanges in the social
network affect the interests of users. Social network is a novel, interesting, and
typical complex network.

In recommendation systems, Link Prediction is used to find potential friendship;
then, one node will receive a massage which describes the potential friends related
to the node [4]. Classical Link Prediction gets the conclusion by employing
Markov Chain. This kind of methods considers the characteristics of nods to
obtain well performance; however, the computational cost is high, and perfect
parameter is hard to find. Probabilistic Relational Model [6] and Directed Acyclic
Probabilistic Relational Model [7] can also be used in Link Prediction methods,
which use different format to describe the objects. Among the methods of Link
Prediction, it can be concluded by the experiments of real networks that those
based on graph theory have very well performance. Those methods produce
different indicators employing the similarity of network topology [8].

We find that the factors playing role in the changes of interests are not from the
same directions. First, the variation of the own characteristic of users affects their
interests, which has been discussed in our last work [9]. Since there are so many
observed characteristics of people; a tool is necessary to give the exact ones
related to the interests. In that work, we proposed a novel feature selection method,
RSMI-FS with multi-labels, to find the set of characteristics reflecting the interests.
Then, according to the clustering algorithm SOM, the similar variation of interests
among people is described. That is to say that the interests coming from inner
characteristics had been expressed. However, it is just one aspect playing role in
the changes of interest. Social network has been an important communication
way .When one person receives a topic belonging to a novel interest, it is possible
to take this new interest. In this work, we define social network is the outer factor
of dynamic interests. In order to combine the inner and outer factors, we firstly
build a network based on social network. Then, interests and their relation with the

person nodes are inserted into the network to generate a complete description
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system. At last, Link Prediction is employed to foresee the future interests of
person nodes.

The rest of paper is organized as follows. Section 2 gives the generation of
initial network. The brief content of inner factor affecting the changes of interests
is in Section 3. The process of adding novel interests using the idea of Link

Prediction is presented in Section 4. Finally, the conclusion is drawn in Section 5.

Generation of Initial Network

An initial network can be built based on the real social network as following:
° Every person is set as a node of the initial network;
[ ) If person A follows person B or person A is a friend of person B,
there is a direct link from A to B.
The example graph in Fig. 2.1(a) is translated into the network in Fig. 2.1(b) as
this method. Every circle denotes a person in the social network; the edge
describes the relationship, and arrow goes from node A to node B when person A
follows person B. For node A and node B, there are three kinds of friendships
explained in Fig. 2.2. Then, interests expressed by bucket are inserted in the
network. If a person is interested in one topic, an edge will be added between the

person node and the related interest. The complete network is shown in Fig. 2.3.

(a)

1609



AN
Y,

(b)
Fig.2.1 Translation of social network. (a) real social network; (b) simulated
network.
(a) (b) (c)

Fig.2.2 Friendship of nodes.
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Fig. 2.3 Complete network.
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Inner factors of dynamic network

Innate characteristics of people are the most direct factor affecting the changes
of interests, so we discuss the complete mechanism of the inner factors in [9].
However, inner factor is just one aspect in the process of dynamic interests. Thus,
in this work, the outer and inner factors are combined to research the changes of
interest. In order to shown complete theory, a brief description of inner factor is
shown.

The dynamic interest is very special application, where there are more than one
label features. Current feature selection method cannot deal with this question. A
novel feature selection method, RSMI-FS with multi-labels, is proposed to mine
the relevant characteristics with interests. After that, clustering algorithm
estimates the similarity among the people with temporal interests and a stranger to

obtain the future interests of the stranger.

Interest 2
Interest 1 |

By

Fig. 4.1 Result of Like Prediction.

Methodology 3.1 Add novel interests of a user node by link prediction
Case 1) Check the time trigger. If a new time slice starts,

I. Get the rank of the possible interests according to the result of
Algorithm Getting Future Interests[9].
II. Add a future-link between user node-and the related

interest-node.
Case 2) Node A and node B are both user node. Node A send a message.
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I. Collect the interests of node B. And Judge whether the content
belongs to the set of interests. If it is not a new interest, break;
otherwise, locate the new interest.

II. Check the friendship of A and B. If they follow each other, go to
IIT of Case 2; If B follows A, go to IV of Case2; otherwise, break.

I1I. Add a future-link between B and the interest with the possibility
of 6.

V. Add a future-link between B and the interest with the possibility
of 5.

Add Novel Interests Using Link Prediction

The communication style has been both on-line and off-line, and the user has
put more and more attention to on-line, especially social network. This is the outer
factor affecting the interests. According to the analysis in Fig. 2.2, we know that
there are three kinds of friendship in social network. It is reasonable that the
friendship is the strongest when two nodes follow each other. In this case, the
acceptance of a new interest recommended by his friend is easier. If node A
follows B, we can believe that A is very interested in the content from B. It is
possible that A accept the new interest from B. However, it is very rare that B get
the information from A.

On the basis of the inner and outer factors, the networks of persons and interests
can be reconstructs. Methodology 3.1 shows the mechanism of interest changes.
Case 1 describes the mechanism of inner factors. In order to find the novel
interests from inner factor, RSMI-FS with multi-labels is firstly used to decide the
relevant characteristics with interests [9]. After that, the algorithm, Getting Future
Interests, provides a rank of interests which has large possibility to be the future
interests of a person node in the network. In this work, we use time slice to check
the interest updating. The setting of time slice can be got by domain experts. Links
between a person node and its possible interests are inserted into the network
according to the idea of Link Prediction. Beside the inner factors, the above
analysis of social network is shown in the Methodology 3.1. Since the close levels
of friendship are different; the message including a novel topic plays different role

in the generating a new interest. It is reasonable to add a new link between a
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person node and an interest node with variable possibility which is decided by the
close level of friendship.

Here, we import future link between the user node and the interest node. That is
because that, in the current state, the user just receives the novel interest. It is
different from the real interests of the user, so we use a new type link to predict
this, showing in Fig. 4.1. A new link between node C and node Interest 2 is
inserted into the network according to the rule of additional interests. Thus, the
link is expressed with question make to denote it is a possible relationship which

need be verified.

Conclusion

In this work, a network of uses and interest is built to analyze the factors
affecting the changes of interests. The topology of the network describes the
complex relation among persons and interests. Using Link Prediction, the
topology is revised to provide reasonable option for recommendation system. The
basis of Link Prediction is the innate characteristics relevant with the interests and

information exchanges in social network.

Acknowledgement

This work is supported by “the Fundamental Research Funds for the Central
Universities (WUT: 2014-IV-026)" and “The National Scientific and
Technological Support Project (2013BAHI13F01)”.

References

[1] J. A. Konstan, J Riedl, Recommender systems: from algorithms to user
experience. User Modeling and User-adapted Interaction, Vol.22(2012),
p-101-123.

[2] M Gao, Zhong Fu, F Jiang, Userrank for item-based collaborative filtering
recommendation, Information Processing Letters, Vol,111(2011),
p-440-446.

1613



[3] S. J. Yu,The dynamic competitive recommendation algorithm in social
network services, information Science, Vol.187 (2012),p1-14.

[4]L. Schafer, J. W. Graham, Missing data: our view of the state of the art. Psychol
Methods, Vol.7(2) (2002), p.147-177.

[5] G. Kossinets, Effects of missing data in social networks, Social Networks, Vol.
28(3) (2006),p, 247-268.

[6] P. H. Wuillemin, L Torti, Structured probabilistic inference, International
Journal of Approximate Reasoning, Vol.53(7)( 2012),p. 946-968.

[7]1 H. Li, D. Jiang, New model and heuristics for safety stock placement in
general acyclic supply chain networks, Computers & Operations Research,
Vol.39(7)(2012), p.1333-1344.

[8] E. A. Leicht, P. Holme, M. E. J. Newman, Vertex similarity in networks,
Physical Review E,Vol. 3(2)(2006), 026120.

[9] B. Li, H. Zheng, Y. Gui, The study of dynamic interest changes based on
feature selection, submitted.

1614




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




