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Abstract

Question answering (Q&A) community sites, such as the MSM @nd Yahoo!
Answers, facilitate question answering by a community arsis However, the
quality of the answers provided by users varies. To detegittia best answer, vote
counts, sometimes with extra weight put on the askers, aremamly used. This
makes the result vulnerable to tainted vote effect as opinfoom “bad” voters
weight the same as those from the “good” ones. We propose amethod to
determine the best answer by the sum of voters’ reliabitityras, which are calcu-
lated based on voters’ behaviors. The more a voter can chibesest answer, the
more reliable he is and the more weight his opinion shouldycaihis is a circular
definition similar to the reputation score evaluation in [2ur method does not re-
quire the identification of anomalous voting behavior taueglthe reliability score.
Instead, we employ the Brouwer Fixed Point Theorem [1] toashie existence
of the assignment for reliability scores which satisfy th@matic description of
the system. Iterative method is used for actual evaluatibm.demonstrate the
robustness, simulations are designed with data that mh&hetl-life situation,
augmented with various forms of anomalous behaviors.



1 Introduction

A sequence of questior@[1],...,Q[Ng] are posed, and for each questiQfj] a

set of answerd\[j, K| is given where O< k < Na[j] andNa[j] is the total number

of answers foiQ|j]. For each such set agents in the community vote to determine
which is the best answer for the corresponding question.reThee in totalN,
distinct voters and the agert voted for the answeA[], Vi, j]] for the question

Qlil-
Task: Given the sequence of votes determine optimally wigabést answer is

for each question, and determine the reliability of eaclewot a robust way that
automatically discount tainted vote effect.

1.1 Examples

Example 1: Assume that in a vote fQ{j] answerA[j, 1] gets the vote of agents
X1, X2 andxz, and answeA|], 2] gets the votes of agenks andxs. However,x,
X2 andxz have a poor voting record, seldom voting for the winning agrsywwhile
X4 andxs have consistently voted for the winning answers. The systhauld
proclaimA[j, 2] thebest winner, despite having gotten only two votes whig, 1|
has gotten three votes.

Example 2: Assume a community of voters that often vote islenly joined by

a group of new voters who collude and vote for a particulamens If the group

of colluders is reasonably small compared to the group afleegoters, then the
newcomers cannot change the outcome of elections and tteersghould identify
the colluding voters.

2 Algorithm

We first discuss what the features of the bootstrapping damddbe, i.e., the case
of the very first questioQ[1]. We assign reliability scorefi] to x; based on the
answer he voted. Assume that an ansiérk] getsu|[1,k| votes, we argue that it
is fair to have

rlia] : vliz) = MLV [iz, 2] ULV iz, 1]]. (2.1)

By symmetry,rfi1] = r[ip] if V[i1,1] = V]iz, 1], i.e., X, andx;, voted for the
same answer. Assume that everyone votes, we can show tti@litkeng function
satisfies the property (2.1):
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with 0 < r[i] <1 for 1<i < N,. Details are as following:
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Similarly we also haveiz] = u[1,V]iz, 1]]/ 5 i<n,r[i] and we get (2.1) as desired.

We take the arithmetic means fblg, questions and the fixed-point of the for-
mula system below is the solution of reliability score focleagent

S{ri] VI i = VI, ji}
{ Z 21§Nv [ }1<i<l\l\,. (2.3)

3 Generalization

In the formula of the previous section, we assumed everyameweting in every
guestion. This can be easily generalized to situations lwiimot the case. If
the voterx; didn’t cast his vote for questio®|j], Vi, j] is not defined. Neither is
the corresponding top sum. For this situation, we assigo asrthe value of the
undefined top sum. With this, we limit the effect of swarmirgjers as described
in example 2. This also encourages participation as caatvgie has a positive
effect.

In addition, the relative reliability score need not be ¢éinas depicted by equa-
tion (2.1). Using a real parametpyr and a modified version of equation (2.2):

rfi] = \/ 2rl] ZV[’Nvll [i:l]v[i’l”, (3.1)
we have
o LV ]
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(r[il])pil : (r[iZ])pil = [.l[l,V[l]_,lH : “[1’\/['2’1]]

where p > 2 makes the relative reliability sub-linear (deemphasidex p < 2
makes it super-linear (emphasis).



On the other hand, we can augment the system (2.3) with tioterfaSimilar
to trust score evaluation in [2], components of the finalatglity score can be
discounted by a real parametgr> 1. The system of equations will change as

follow:
No t(j) p/SArIVIGiI=VLiT}
{ . zjglq(”\p/ Yi<nw fli }
rlij =
1<i<Ny

‘ (3.2)
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wheret(j) gives the closing time of the voting process for ques@oii.

4 Existence of Fixed Point and Iteration Setting

Consider the mapping derived from equation (3.2).

No t(j) p/ AUV =V T}
Y219 /[il=
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The largest value of the surd expression is 1 when all agaoits for the same
answer. The smallest value is 0 if agentidn’t vote for questiorQ[j]. However,
agentx; must have voted for at least one question in order to méyeised for
fixed-point calculation. Hence, @ r[i] < 1. In order to apply Brouwer fixed point
theorem,F must been continuous amfi] cannot be arbitrarily close to zero. The
smallest value for[i] is whenx; vote for an answer of the first question with no
one agreed with him. Then values of all surd expressions axe€pt that for first

guestion.
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, we have shown thd : [¢,1]™ — [¢,1]™. Hence fixed

Hence:ri]

_ 1
Takes = pf\ll (Z,-hgq‘(i))l\lv
point exists. To find the fixed point of the system, we agpliteratively, starting
with all (r[ij =1:i <N).



5 Data Generation for Simulation

To demonstrate the properties of the reliability score methve conducted simu-
lations with data generated to match characteristics ofghklife data The basic
parameters are the numbers of questions and voters invisivibe "best answer”
evaluation. We notice that the numbers of answers for diffeiquestions with
at least one vote, Afj] for Q[j] follow a geometric distributiorPr (#A[j] = x) =
(1— p)*Ypwherep=0.3.

The numbers of votes, denoted by [#], for a questiorQ[j] must be equal or
larger than A[j]. They are under a negative binomial distributidr(#V —#A =
X) = < W;A#iAl_ 1 ) p*A(1— p)*** andp = 0.3 fits the real data distribution.

The larger the value of# the higher the entropy of the vote distribution. The
probability of getting a vote for thé"-most popular answer can be modeled by
Zipf's law: Pr(i) = z“lv—l with s= 1.5.

=1

About 90% of the total votes are casted only by 10% of voteassh®ower law
characteristic is effectively represented by Zipf-mahda law’s in our discrete
situation. The probability for thé" most active voter to cast a vote is given by

N (+g~° i _ _
Pr(i) = AT withq=13,s=1.8.

All of the above statistical properties describe the vogtritiution as the base
of normal voting behaviors.

6 Results

In addition to the normal voting behaviors, we generateaedtaita to represent two
different forms of behaviors that affect the informatiorashg and community
building. The first one is random voting. We simulate thisetygd behavior by
adding uniformly distributed answer choice instead of thigioal vote-answer-
distribution of Zipf's Law. The simulation results showdtht best answers by
voter’s reliability changed less than that by vote countdtirlevels of random
voting up to 50% of total number of votes. It is because randoter get less
reliability scores as they cannot consistently choose #st dnswer. In this sense,
the effect of random voting is reduced and reliability somethod is more robust.



Random Vote Effect Comparison

No. of Changes in Best Answers

% of Questions Received Random Votes

Another type of behavior we modeled is called ballot stuffiagorm of coor-
dinated voting. An subversion organizer asked his friendsote for the same an-
swer he has already chosen so that answer would get morearatdsence higher
changes of being the best. We simulate this behavior by gddifferent num-
bers of colluding voters for various percentages of questibat the organizer has
voted. Though the organizer managed to increase the beseahi by colluding
votes, the exceptional ability of picking the correct ansmeke all colluders stand
out from the distribution of reliability scores. Hence ouetimod helps to identify
anomalies and gives hints for possible collusion.
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7 Conclusion

The ability of choosing the best answer is represented brettability score which
links the vote distribution to voters’ ability. Evaluatiaf these scores involves
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an iterative process, a computation realizing Brouwer figetht theorem. The
corresponding system to determine the best answer sem@nfaund to be more
robust in simulations against random voting. Moreoveiabglity score provides
a different metrics for user behaviors and it helps to categausers with real
community data. It also hints possible ballot stuffing ditua Preliminary results
are promising. We intend to explore possible synergy of dhid other statistical
methods, e.g. voter/answerer correlation analysis, iectieg coordinated voting
behavior.
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