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1.1 Background 
-Personalized Recommendation 
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1.1 Background 
-Reviews & Helpfulness 
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1.1 Background 
-Reviews, Helpfulness, & Trust relations 



  3 094 8 0 3A
-5 9 6 1 9 9  . :4 9

8 5 SCPC CR 7 ?J P E P R ST S ? RM TJ 1 ST/. J
9 RCTKP 4HH ETS H :R ET 0TTRKD T S CP 2 PS R VK WS P

E P R : RH R CPE A2B :R E. WWW . ,) -

1.1 Background 
-Recommendation: work or not 

individuals usually form their own opinion by themself 



1.1  Background: Opinion & Reference 

! Two types of opinion 
"  Internal opinion  
"  Expressed opinion 

! Three types of references 
"  Internal opinion 
"  Friends 
"  Public channels
 
How do people form their expressed 
opinions in online systems?
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Factor 
Effects 

Open  
environments 

 
Three Challenges 
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1.2 Motivation 

Incremental Approach
Three types of references

From passive to active



!  Ising model 
" Spin: user opinion;  
" Spin coupling: user interactions 
" Magnetic field external information 

! DeGroot’s averaging model  
"  individuals simultaneously update opinions using the weighted 

average of their own opinion and their neighbors  
! Biased assimilation model  

"  individuals weigh “confirming” evidence more heavily 

! Fluid dynamics model 
" Container: user;  
" fluid: user opinion;  

" fluid exchange: influence  
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2. Related Work



3. Problem 
System setting: Reference network 

!  Nodes 
"  internal opinion  
"  friends  
"  public channels 
"  sink 

!   Edges 
"  Influence relations 
"  can be converted from trust relations  
"  from references to sink 
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3. Active Opinion-Formation Problem (AOFP) 
! Given a reference network G = (V, E) 

! Tasks 
"  identify essential elements  
"  select a proper subset of references  
"  explore the way those channels take effect  
"  incrementally incorporate selected channels  

! Objective 
"  simulate the process with which a forms his expressed 

opinion Oa, and thus, to predict it accurately.  
"  goal: minimize the prediction error with a given budget.  
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3. Problem Hardness 
! Theorem1YTask 2 of the AOFP problem is NP-

complete.  
" Convert the scenario of a’s expressed opinion formation 
to be: the selected references in R0 are trying to answer 
“what is the rating of a?” 
" Simplify the question to be “is a’s expressed opinion a 

positive one?” (Jury selection problem as in Ref. [16]) 
" Reduce to a nth-order Knapsack Problem 
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4. Solution 
- task 1Y elements identification 

! Basic idea 
"  Identify useful empirical evidence to support 

elements identification. 
"  Treat each reference independently 
"  Two elements for each reference 

!  The value of reference's opinion on item i (Oi0i, Ofi, 
Opi)  

!  The influence strength to sink (wi0a, wfa, wpa) 
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4. Solution 
- task 1Y elements identification 

! Empirical evidence 
1. Influence from a friend usually weighs more than 
that from a public channel (two theories of conformity 
and biased assimilation) 

!  .1 Higher interaction frequency indicates more influence 
(“mere-exposure effect” in psychology ) 

!  .2 More common friends indicates more influence  

2. Influence of a negative opinion usually weighs more 
than that of a positive one (the brilliant-but-cruel 
hypothesis ) 
3. Helpfulness indicates confidence.  
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4. Solution 
- task 1Y elements identification  

! Internal Opinion on item i 

! Friends channels 

! Public channels 

 

dai = rai − riOi0i
= ri + daii∈Ia

∑ / | Ia |
wi0a

= 0.5
where 
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1
fa =| I fa | /max{I fa, f ∈ F} wfa

2
fa =| Fa∩Ff | /max{| Fa∩Ff |, f ∈ Fa}

Opi = rpi wpa = r
r
pi / maxH

Self confidence  



4. Solution 
- task 2Y reference selection 

 

! NP-hardness 
! Heuristic solution 

"  Individual‘s prediction error rate decreases when a 
reference having  more close relation 

"  Determine selection order with  
!    Internal opinion first 
!    Friends second 
!   Public channels last 
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4. Solution 
- task 3&4Y incorporate channels 

 ! OpinionFormer: three components 
"  Container: user 
"  Pipe: influence relation 
"  Fluid: recommendation  

! Temperature as rating 
!  Height as persistency 

! Influnece: two micro steps 
"  Compare persistency (fluid height) 
"  Fluid flowing from a reference to sink 

container

fluid pipeheight
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4. Solution 
- task 3Y differentiate effects 

 
! Differentiate 3 types of channels 

"  Internal opinion      reference level 
"  Friends channels   reference level 
"  Public channels      lower than reference level 

!  Differentiate 2 types of opinion 
"  Positive opinion     reference level 
"  Negative opinion    higher than reference level 
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Δh
Height difference 
w.r.t Ref. Level  



! OpinionFormer 
"  From reference network to fluid dynamics system 

fluid dynamics system reference network 

4. Solution 
- task 3&4Y incorporate channels 
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! OpinionFormer: 3 steps  

"  Fluid Updating Preparation (from a ref. to sink) 

!  Calculate the fluid volume that will flow 

"  Fluid Updating Execution (from a ref. to sink) 

!  Let fluid flow and mix  

"  Confidence Refinement (sink) 

!  When meeting different opinions 

!  Decrease confidence/fluid height 

4. Solution 
- task 3&4Y incorporate channels 

 

  3 094 8 0 3A
-5 9 6 1 9 9  . :4 9



! Step 1: Fluid Updating Preparation 

"  The speed of efflux: Torricelli’s law 

 ��������������� 

"  The volume of fluid that will flow 

 

"  The temperature of fluid that will flow 
  

4. Solution 
- task 3&4Y incorporate channels 
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Δ⋅⋅= vavva wghs 2

vva OO =

container

fluid pipeheight



! Step 2: Fluid Updating Execution 

"   The updated volume 

 

"  The updated temperature 

 

4. Solution 
- task 3&4Y incorporate channels 
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! Step 3: Confidence Refinement 

"  When meeting different opinions 

 

4. Solution 
- task 3&4Y incorporate channels 
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Confidence  
decreasing ratio 



! (Sink) Iteratively considers several references 
until he reaches his confidence threshold or no 
more references. 

! Possible extensions and variances 
"  Different orders 
"  Non-uniform time slots 
"  Multiple considerations on one reference  
 

4. Solution 
- task 3&4Y incorporate channels 
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The quantitative change  
and the qualitative change 
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4. Solution 
- AnalysisY convergence 

 
! Theorem 2:  ha ≤ hmax.   

"  In OpinionFormer, a’s fluid height, ha, will not be larger 
than the upper-bound hmax in a reference set.  

! Theorem 3: ha -> hmax.   
"  In OpinionFormer, suppose sink a continuously listens 

to the references’ opinions. Then, after a sufficient 
time period of opinion refinement, a’s fluid height will 
be equal to the upper-bound hmax in the reference set. 
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4. Solution 
- AnalysisY advantages & desirable properties 

 
! Advantages 

"  OpinionFormer comprehensively incorporates three 
types of channels into a fluid system.  

"  OpinionFormer simulates the opinion formation  
process naturally and flexibly  

! Desirable properties 
" Evolution compatibility.  
" Incremental treatment.  



5. Experimental Evaluation 
 - basic settings 

!  Data set: Epinions and Ciao! 
!  Test method: Leave-one-out 
!  Metrics: Precision, Recall, Fscore, and RMSE 
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! Data set: Epinions and Ciao! 

  3 094 8 0 3A
-5 9 6 1 9 9  . :4 9

5. Experimental Evaluation 
 - data set statistics 



! The effects of each type of channels 

!  Each type of channel has its impact. 
!  The public channel has the largest impact, the internal opinion has 

the second, and the friend channel has the last. (a bit surprising) 
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5. Experimental Evaluation 
 - results (1) 



! The effects of each type of channels (reason) 

!  Observation 1: There do exist trust relations among users who 
have rated the same item, but it is quite sparse. 

!  Observation 2: Ratings of a user and their trustee on the same 
item are close to each other’s; however, users’ ratings are not 
always consistent with those of their trustees 

!  Moreover, if a user gives the same rating as their trustee, the two 
users usually have higher interaction frequency and share more 
common friends. 
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5. Experimental Evaluation 
 - results (1) 



! The effects of impact factors 

!  A larger wi0a leads to a better performance. (internal opinion is 
important!) 

!  There is a turning point of hΔ. (weaken public channel and enhance 
negative opinion) 

!  ɳ (the confidence decrease ratio) cannot be too large. (even meeting 
different opinions, people will still hold most of their current ones) 
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5. Experimental Evaluation 
 - results (2) 



! Comparison of Multiple Methods 

Findings: OpinionFormer beats others;  w.r.t. Dyfluid, 
•  In Epinions, RMSE is 6.09% less,  
                      Fh &Fl is 2.33% & 3.46% higher; 
•  In Ciao, RMSE is 7.34% less,  
                     Fh &Fl is 2.38% & 4.8% higher. 
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5. Experimental Evaluation 
 - results (3) 



Summary of Experiments 

! Validate the effects of each type of channels 

! Test the effects of three key parameters 
"  The influence strength of internal opinion 

"  The height difference with reference level 

"  The confidence decrease ratio when meeting 
inconsistent opinions 

! Comparison study 
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Conclusion & Future Work 
! Conclusion 

"  Study active opinion formation at the individual level 

"  Consider three types of channels and differentiate 
their effects 

"  Incrementally incorperate those channels 

! Future work 
"   Comprehensive study on reference selection order 

"   Deep study on opinion refinements (especially when 
different opinion occurs) 
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