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ABSTRACT

Collaborative recommendation is widely used in exo@rce personalized service, but due to data $parsi
and cold start, the existing method cannot giveipeeresults. To improve the recommendation precjsi
this paper gives a new collaborative recommendatiethod based on SNA. The proposed method uses
social network analysis( SNA) technical to analtfze trust between the users, expresses it asvailist to

fill the users—items matrix, and the user simijagalculation has been improved. Finally, an experit is
used to verify the validation of the proposed mdtHbis proved that it can better solve the proble data
sparsity and cold start.

Keywords. Social Network; Social Network Analysis (SNA); $&inty; Trust Value; Collaborative
Recommendation

1. INTRODUCTION user-item matrix. This method can solve the data
sparsity and cold start, and the accuracy of user’s
Presently, Internet enterprises mainly ussimilarity calculation is improved. Experiments
collaborative  recommendation to  developshow that the method is helpful to improve the
marketing. Collaborative recommendation uses thgrecision of collaborative recommendation.
history information of users to realize the

personalized service. Its core is the coIIaborativgl\-lr :e ;‘:;t %];)ItIZSOFeiR/Zr I?eggﬁgéﬁgaﬁznfmlzgz
filtering technology [1]. Collaborative :

recommendation technology mainly includes thre@t;ﬁg;gsg Inrcs)ggggnvférghﬁnlrrgz[;\;%d ir:e(tjrgg“a?r?
types: (1) The collaborative recommendation based P

: . , etf‘tion 3. The contrast experiment was conducted
on user mainly uses the neighbor user's assessmgn : :
0 compare the improved method with the

that has similar interests to generate ; .
. ollaborative recommendation based on user and
recommendation to the current user [2]. (2) Th : ; X
e one based on item in section 4. Results show

collaborative recommendation based on itern1 . L X
. o : : at the improved method can significantly improve
mainly analyzes the historical information to

determine the relationships among different iteméhe quallty of Fhe reco_mmendgﬂon. Fmally, the
and then recommends items by these reIationshiggnCIUSIOn of this paper is given in section 5.

[3]. (3)The collaborative recommendation based op. RELEVANT WORK

time-weighted mainly considers the time factor,

generally use Ebbinghaus memory curve to measute SNA overview

the influence of time [4]. Internet enterpriseseaft ~ SNA is considered as a structured methodology
use a technique or a combination of these twaccording to the study on the interaction between
techniques according to actual situation, buocial actors [5]. It is mainly to study relatioish
because all of these techniques have the problembtween the actors on SNA. SNA can analyze the
data sparsity and cold start, so the recommendatisocial network from several different perspectives.
accuracy is not high. This paper focuses on the influence of user

Therefore, this paper presents an accuraPFEhawor of the trust relationship among persons.

collaborative recommendation method based O&ﬁire;ecs:sazgh diffS:rZVr\:tSt tr:‘g o;[hr(ce)rlg easreecgawous
SNA. The method mainly uses SNA technology t yp » €SP Y

analyze the social relationships between users, arecortrzl;?éngggcr)?]e. t*gr;h(ies S;ld(tj)yecct)ifvitconzba;ﬁnlce
then trust degree values are quantized to fill the ;.. ~ ° ' jectivity, -dy ’
unidirectional and other characteristics in users
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trust. These characteristics play a crucial rolthen A. Data Preprocessing

success of the recommendation, therefore the There are two main categories of information

stranger the trust relationship of the user, tiybhdni recorded by system: one is the information of the

the success rate. user; the other is the information of goods. Irs thi

. . . paper, with the help of SNA, recommended method

B. Collaborative recommendations overview . . . :

. : . with the trust relationship between users is to be

Collaborative recommendation is to use the . . :

Lo improved. Its basis is that, in real life, peopfeen

similarity between users to generate . :
. ; . more easily accept recommendation from the

recommendations, through mastering the relat|onI : d friends. Theref d

between individuals to achieve recommendation.. atives and friends. erefore, trust and trust

. .—~.degree have important effect on purchase decision-

The core of the collaborative recommendation IBaking of target users

collaborative filtering technology [1]. Its basideia 9 9 '

is that finding groups of users which have the sam@) Determination of the user trust relationship

or similar interests with target users by comparing Trust is a kind of faith, which is directed to the

the user interest and behavior over the degree ability that an entity can take an action reliably,

similarity, and then predict the target user irgére safely and relying on [5]. It is composed of selera

according to their evaluation of resource, whichattributes, such as integrity, authenticity, religh

achieves the goal to recommend target usedependability, safety, timely and so on. It chooses

information resources. Collaborativethe related properties according to the specific

recommendation is divided into the following threeenvironment. The trust relationship of users is

steps: (1) establishing a user-relationship ma¢flx, mainly determined by the relationship between

finding the user's nearest neighbor, (3) generatingsers; first of all we should make sure that thisre

recommendation result set. Finding the userlationship between users.

nearest neighbor is the key of the realization of

collaborative recommendation.

3. THEIMPROVED COLLABORATIVE
RECOMMENDATION METHOD BASED
ON SNA

This paper presents a precise collaborative
recommendation method based on SNA. Firstly,
trust degree is brought in during the process of
forming neighbor set, which not only considers the
direct trust relationship of the target users, &lab

the indirect trust relationship which can be reache Figurel User Trust Relationship Diagram
by multi steps. Then the similarity calculation is A B C D E F G H
improved based on the user's trust degree which can A - 04 06 0 08 0 02 O
make the neighbor set constructing more accurate. B 0O - 0406 0 08 0 @
Finally, the neighbor's score derives predicting C 04 06 - 02 0 04 0 C
score, and get accurate recommended results. D O 0 0 - 0 0 08 0
First, we establish a social network graph to use E 0 0040 - 0 0 O
SNA to carry out analysis. Based on users’ F 0 0 0 002- 00
information we can abstract the relationship G 0 04 006 0 0 - O
H 06 04 0 0 0 0 0 -

between users as a weighted social network
chartG = (V,E, A). Among them, V represents a Figure2 User Trust Matrix UUA

set of nodes, each node represents all the md;i/ldu Between users existence direct relationship and
user of the network, E represents the set of ediges;

. ) o Ilndirect relationship. Direct trust relationship
represents the relationship between two |nd|V|dua§mong users is composed of the relevance of users’
(friends, colleagues, family members etc),

i _ 71 trust relationship. From a large number of studies
represents weight value of an edge, which will b P 9

%NA, it is shown that there is the rank in the trus

defined as the degree of trust in this paper. Trl?egree of user as follows: the trust of family

network diagram is a directed graph because tr?ﬁembers and the kinship is the highest, next is

trusthrre1lat|0|;_|s ?symmetrlc and the edges of th1‘|°‘iends, classmates, colleagues and neighbor®is th
graph have direction. lowest. In this paper, we define trust degree m th

s
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range of [0, 1] according to five score: the

relationships of family and relatives are definad a UUA; = min (UUA )

I<ism
1, classmates, friends and colleagues as 0.8; URj = - _ — (2
neighbor as 0.6, acquaintances as 0.4; other max UA; )= min UUA; )
1<i<m 1<ism

relationships are from 0.2 to 0. Figurel is shown
the information extracted from some part of the After we got the user trust matrix, consider the
diagram of the user’s trust relationships, the nodamount of target users to its common score project
represents the user, the values of the edge defingdmore than a certain threshgldg is gotten by the
as user's trust degree .Figure2 is the user trustperience) other users of the trust value in e u
degree matrix extracted from Figurel. - item matrix. If the number of projects meet the
hcalculation of the number of neighbots (¢ is
Jetermined by situational) that common score
threshold f needs to meet, then we calculate
With constructing the user trust relationshipsimilarity of users with the user trust, get more
diagram, user trust degree matrix is derived asccurate neighbor set. If the number of projects
Figure2 shown. In SNA the transfer of themeeting common scorg of neighbors’ number is
relationship of users can be measured by matrigss tharf, then directly combining with user trust
multiplication. With UU, x UU, operation, the matrix. Users, whose target users’ trust degree is
indirect trust relationship UU' which is reached byhigh, act as its neighbor users directly, and
two steps can be gottebU,xUU xUU, can get recommend calculation is conducted. This is a very
indirect trust relationship matrix by tree steps. | good way to resolve data sparsity and cold start
this paper we just consider two steps. E”tH; of  problem, and then gets more accurate recommend
these elements shows theter andusef can reach results.
credibility by two steps. Trust between users stioul

be direct and indirect confidence of credibility, . .
. In the collaborative recommendation, the user
therefore, the ultimate trust degree betwaser to Lo . . i
similarity calculation is a very crucial step.

the usey should be the sum of the trust whichg. .~ . . S !
Similarity calculation method has 3 kinds: cosine
should be reached by one or two steps, recorded as . . - A
UUA S|m|Iar|.ty, Pez?\rson_ <_:0e.ff|<:|ent similarity ar_ld
’ correction cosine similarity [6]. Because cosine
For concerning trust in the same dimensionsimilarity did not consider the problem of score
firstly, standard deviation change of trust matsx scale, the correction cosine similarity is usethis

conducted. Calculation method is shown in formulpaper. Because we consider the user trust degree

(b) Relationship between the establishments of t
matrix

B. Users similarity calculation

(2): can affect the target user’'s behavior, and we
. improved calculation formulate based on the trust
. UUA; -UUA of users similarity, shown as fi)rmula (3).
UU%‘ = (1) Z(R.C_R)(Rj,c_Rj)
S sim(i, j) = U x ——=—— —
\/Z(R.C—R)Z > (R ~R)*
- 1 n clUj; cUj
Among them, uuA; = —‘ZlUUAij ) ?3)
n =
- — Among them, the Ri,c and Rj,c respectively
5, = ooy -y’ represents the represents the ratings of usend userto mark

) , project c. URij defined as the credibility of user
transformation of the user’s trust . After

transformation, each value of the variabld’
is 0, standard deviation is 1. But right now€Presents the average score of e usgr

we can't guarante@uA; in the interval [0, C. Predicting commodity score of users

1], so we need carry on the range The user similarity is sorted descending,

: . electing the former n users as the neighbors of
transformation to get the final trust degre arget users [7]. Get neighbor set NL, then cateula

as shown in formula (2): prediction score for all candidate items by target
users, as shown in formula(4):

at user makes. Thereﬁ And EJ respectively
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. . ~ = |p, - a
o i§1|:5|m(u, ')(F\),c R|):| wag o 17t i i ©)
Re = Re? n (4) N
2 si i .
2, Simeu ) In the experiment, the user's common score

amountp is given by experts for 3. is a variable,
Among them,Sim(U,i) is the similarity of the with the amount ofé changing, the proposed
user, and userafter optimization,R _ represents method'’s precision can be further i_nspected. In the
' proposed method, the greater thes, the more
accurate results can be recommended.
ﬁ respectively represent the average score that tge_ The results analysis

use;, and usermake to the items. Through the Compare the method proposed here and the
formula (4) we could predict the score of the nanethods from reference [2] and reference [3] is thi
graded items of target users, the item of the fodnt paper. Use MAE as the recommended quality
the prediction score will be recommend to thewvaluation criteria, the comparison results are
target users. shown in Figure3. We can see from Figure3, with
4. EXPERIMENTAL ANALYSES the increase of the number of user neighbors, the
given method in this paper has smaller MAE value
A. Experimental processing which is always better than the_ method in refere_nce
Background of the experiment is the digital[z] and [3]. The methoc_i of this paper h".’ls a high
library of school. The digital library in the scHoo accuracy recom_mendatlon. The reason |s_that the
system not only includes books information, pufarget user neighbor Sets construction Is more
also contains user information. The reason tgccurate, and score _predl_cts are more accurately
choose digital library as experiment background igfterjommg trust relationship between users.
the relationship between the users in school :
environment is simple which can better verify the
effectiveness of the proposed method.

the grade that usermade to itery R and

The school library users including staff, teachers,
students and so on, the relationship between the
users can be divided into: colleague relations,
teacher relations, students’ relations, classmates,
friends and other common lending relations, the
relationship between strangers. The trust value of =
student to teacher is 1, colleagues and students is
0.8 friends is 0.6, teacher to students is 0.4, .,
common lending relationship is 0.2, and the other i ’ " the number of neighbors
0. Then contrast into [0, 1] range. Firstly, trust
relationship diagram is set up based on the trus
relationship between the users. The point is the The experimental results show that with the
individual user, and the value on the edge is thiacrease of 8, the proposed method greatly
trust value between users. improved recommend quality, and solve the

. sparsity data and cold start problem effectively.
There are many evaluation standards forp y P y

recommending quality; this paper mainly uses the. CONCLUSIONS

mean absolute error (MAE) to recommend quality

evaluation. The MAE measures the accuracy of the Based on the analysis of trust relationship
prediction through calculating the user's predittiobetween users can influence recommendation
score and users' actual deviation between the scoedfectiveness, SNA technology will mix the trust
the smaller the MAE recommendation, the higherelationship between users into the collaborative
the quality is. The average absolute deviation MAkecommendation = method. A  collaborative
calculation is shown as formula (5), among thentecommendation method based on SNA is proposed.
the predicted results by the user rating set esptes Experiments show that the proposed method can
as{ p;, P, - P,} , actual user rating for collection solve the data sparsity and cold start problem, and
is {ql,qz’__.qn} _ considerably improve the quality of the

mean absolute error(MAE)

tFigure3 MAE Compared Of Recommendation Method
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recommendation, which has high application value.
But the premise to use this method is to determine
the trust relationship between users, and the
complex relationship between users is very hard to
gain. This is also the later research emphasis.
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