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Sharing experiences and opinions:

The route to Trust and reputation

u ::= inform(agent, agent, content, time)
content ::= opinion(agent, agent, [term, |(eval)) |

experience(agent, agent, term, term,)

term 1= @|@| ... (xexpression from ontology Ox)
eval :=e =p|e=p,eval
e ::= good | bad | ... (xqualitative termx)

p ::= a point in [0, 1]
time ::= a pownt in time

agent =« | B | ... (xagent identifiersx)
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Examples

inform(John, me, opinion(John, Carles,wrapping(package),
(ghastly = 0.7)),t)
inform(John, me, opinion(Carles, John,suggesting(wine(Margaret River)),
(excellent = 0.9)),t)
inform(John, me, experience(John, Carles,package(date(Monday)),
package(date(Friday)),t)
inform(John, me, experience(John, Carles,fly(elephant),

—fly(elephant)), t)
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Information-based agency

Agent « receives all messages expressed in C in an in-box X
where they are time-stamped and sourced-stamped.

A message u from agent 3 (or 6 or &) is then moved from X
to a percept repository V! where it is appended with a subjective
belief function RY(a, 3, ) that normally decays with time. « acts
In response to a message that expresses a need.

A need may be exogenous such as a need to trade profitably or
may be triggered by another agent offering to trade, or endogenous
such as a deciding that it owns more wine than it requires.

Each plan contains constructors for a world model M?! that
consists of probability distributions, (X;), in first-order probabilistic
logic L. M is then maintained from percepts received using update
functions that transform percepts into constraints on M!?

http://www.iiia.csic.es/ Sevilla 2009. (©Carles Sierra June 24, 2009 4



Integrity Decay

« may have background knowledge concerning the expected
integrity of a percept as t — oo — the decay limit distribution.

Given a distribution, P(X;), and a decay limit distribution D(X;),
P(X;) decays by:

PHH(X;) = Ay(D(X;), PY(X;))

where A; is the decay function for the X, satisfying the property
that lim; . P*(X;) = D(X;). For example, A; could be linear:
P X)) = (1 — ) x D(X;) + v; x PY(X;), where v; < 1 is the
decay rate for the ¢'th distribution.

Either the decay function or the decay limit distribution could
also be a function of time: A! and D*(Xj).
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Reactive Reasoning

This procedure updates M! for all percepts expressed in C.

Suppose that o receives a message i from agent [ at time
t. Suppose that this message states that something is so with
probability z, and suppose that « attaches an epistemic belief
R(e, B, 1) to p — this probability reflects a's level of personal
caution. Each of o's active plans, s, contains constructors for a
set of distributions {X;} € M" together with associated update
functions, J,(-), such that J=i(u) is a set of linear constraints on
the posterior distribution for X;.

Denote the prior distribution P*(X;) by p, and let p,) be the
distribution with minimum relative entropy with respect to p: p(,,) =
arg ming » . 7; log% that satisfies the constraints Ji( ).

J
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Reactive Reasoning /contd

Then let q"(u) be the distribution:

Q) = R, B, 1) X Py + (1 =R, B, 1)) x p

and then let:

—

X q(p) 1f q(u) 1s more interesting than p
") otherwise

A general measure of whether g(,) is more interesting than p'is:
K(q()[|ID(X;)) > K(p]|D(X;)), where K(Z||y) = > . ; lnz—j s the

j
Kullback-Leibler distance between two probability distributions &

and .
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Reactive Reasoning /contd /contd

Finally merging the above we obtain the method for updating a
distribution X; on receipt of a message u:

Pt+1(Xi) — A’L(D(XZ>7 Pt(Xz(,u)))
This procedure deals with
e integrity decay

e two probabilities:

— the probability z in the percept © that will appear in the
constraints
— the belief R*(a, 3, 1) that « attached to p.
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An Example

In a simple multi-issue contract negotiation o may estimate
P!(acc(B, a, d)), the probability that 3 would accept 6, by observing
(3's responses.

Using shorthand notation, if 3 sends the message Offer(d;)
then o may derive the constraint: J2(8:@9)(Offer(8;)) =
{P*(acc(B, a,61)) = 1}, and if this is a counter offer to a former offer
of a's, &g, then: Jacc(B:2:9)(Offer(6;)) = {P*(acc(B, o, b)) = 0}.

In the not-atypical special case of multi-issue bargaining where
the agents’ preferences over the individual issues only are known and
are complementary to each other's, maximum entropy reasoning can
be applied to estimate the probability that any multi-issue 0 will be
acceptable to 5 by enumerating the possible worlds that represent
B's “limit of acceptability”.
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Empirical estimate of R'(«, 3, )

Suppose that u is received from agent 5 at time u and is verified
by £ as u' at some later time t. Denote the prior P*(X;) by p. Let
P(,) be the posterior minimum relative entropy distribution subject

to the constraints JZ'i(1), and let p(,/ be that distribution subject
to (i),

The observed reliability for 1 and distribution X;:
R (o, B, p)|p' = arg min K(k - piy + (1 = k) - 9[| Plr)

If X () is the set of distributions that p affects, then the observed
reliability of (5 on the basis of the verification of u with p’ is:

R (e, 3, 1) ' =% ‘ZRt (v, B, 1)
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Commitment, Enactment, and Semantics

Denote P*(Observe(¢’)|Commit(y)) simply as P!(¢'|p) € M?
Set of possible enactments be ® = {1, po,...,0m} with prior
distribution p'= P*(¢'|). We estimate the posterior ).

First, if © = (k, ) is observed estimate the posterior Do) =
(p(gpk)j);-”:l satisfying the single constraint: J(‘P/W)(gpk) = {P(o )k =

d}.

Second, we consider the effect that the enactment ¢’ of another
commitment ¢, also by agent 3, has on p. Given the observation
1= (¢, ¢), define the vector ¢ by

t; = P*(pile) + (1— | Sim(¢', ¢) — Sim(ips, ) |) - Sim(¢’, ¢)

for i =1,...,m. t is not a probability distribution. The posterior
P(¢,¢) I defined to be the normalisation of t
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Trust based on lIdeal enactments

A distribution of enactments that represent a’s “ideal”. This
distribution will be a function of 3, a's history with 3, anything
else that o believes about 3, and general environmental information
including time — denote all of this by e, then we have P%(¢|p, e).
For example, if o considers that it is unacceptable for the enactment
¢’ to be less preferred than the commitment ¢ then P%('|p, €) will
only be non-zero for those ¢’ that a prefers to . Trust is the
relative entropy between this ideal distribution, P%(¢’|p, €), and the
distribution of expected enactments, P*(¢’|p). That is:

P7 (¢’ |, €)
T(o, B,0) =1 =) Pi(¢|p,€)log ét(s&’\s&)
%

where the “1" Is an arbitrarily chosen constant being the maximum
value that trust may have.
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Trust based on Preferred enactments

Given a predicate Prefer(ci, co,e) meaning that « prefers ¢; to
co in environment e. An evaluation of P*(Prefer(cy, ca,€)) may be
defined using Sim(-) and the evaluation function w(-) — but we do
not detail it here. Then if © < o:

T(o, B,0) = ) _P(Prefer(¢’, 0,0))P (¢’ | )
o'

and:
T(a,B,0) =

Y oo P5() | L PE(Prefer(i, , 0))P (' | o)
ng:gpﬁo Ptg(sﬁ)
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Trust based on Certainty in enactment

The idea here is that o will trust 5 more if variations, ¢/, from
expectation, ¢, are not random. The trust that an agent o has on
agent 3 with respect to the enactment of a commitment ¢ is:

1
= 2. Pi¢le)logP ()
QO/ECI)-F(QDvO’K’)

T(a,f,0) =1+
where P* (¢'|¢) is the normalisation of P(¢'|p) for ¢ €
(I)—F(SOaO?’%)'

B* — 1 it ’(I)-F(SO?O? ’%)’ =1
log |®. (p,0,k)| otherwise
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Ontology

000 SRM
File Analyse Data Help
ONTOLOGY
order
item guality delivery day

o " # %

wWriting instrument I o 35

opague

/N

pen  pencil

Similarity Weights

Product 10 @
Quality 3 @
Delivery Day 1 @

transparent
/ \ i References:
marker highlighter Part-of relation

Is-A relation

Save Weights
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Contracts

OO0 SRM
File Analyse Help
.
Elements of the contract histo
CONTRACT ry
Supplier I Supplierl :] D | Time |Supplier |Preferences |
( ~ 0 1.0 supplierl <<pen,0.0,1.0,1.0,1.0>,<1,0.0,2.0,1.0,1.0>,<1,0.0,2.0,1.0,1.0>,<0.1,0.0,1.0,1.0,1.0...
Product pen - 1 1.0 Supplier2 <<pen,0.0,1.0,7.0.7.0>,<1,0.0,2.0,7.0,7.0>,<1,0.0,2.0,7.0,7.0>,<1.0,0.0,2.0,7.0,7.0...
li 1 .] 3 1.0 Supplier3 <<pen,0.0,1.0,7.0.7.0>,<1,0.0,2.0,7.0,7.0>,<1,0.0,2.0,7.0,7.0>,<0.8,0.0,2.0,7.0,7.0...
Quality - 5 1.0 supplier4 <<pen,0.0,1.0,7.0,7.0>,<1,0.0,2.0,7.0,7.0>,<1,0.0,2.0,7.0,7.0>,<0.9,0.0,2.0,7.0,7.0...
Delivery Day [1 3]
Price 1 @
)
. Product Preferences
Contract Time na
= Min tolerance E@
Max tolerance 1 E]
=
@« W
G2 7 B‘

Save Contract

(" Delete Selected )

Quality Preferences

Min tolerance 4] E]
)
Max tolerance 2 @

Gl 7 B‘
G2 7 B‘

Delivery Day Preferences

Min tolerance o @
Max tolerance 2 E]
)

Gl 7 B‘
G2 7 B‘

VA
—l 4
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Experiences

w‘

File Analyse Data Help

Elements of the experience history

CONTRACT
Contract Number 0 @
ORDER
Supplier | Supplier1 =
Product | pen |
Quality (1
Delivery Day [t b ]
Price 0.1 ;
Current Time 101 ;
OBSERVATION
Observation
Product [ pen B
Quality [1 B
Delivery Day | L =
Price 0.1 @

Save Experience

{ Delete Selacted )

N | Contract ID | Time
100 o 1.0
101 0 2.0
102 o 3.0
103 o 4.0
104 1 1.0
105 1 2.0
106 1 3.0
107 1 4.0
108 3 1.0
109 3 2.0
110 3 3.0
111 3 4.0
112 5 1.0
113 5 2.0
114 5 3.0
115 5 4.0

| Supplier

Supplierl
Supplierl
Supplierl
Supplierl
Supplierz
Supplier2
Supplier2
Supplier2
Supplier3
Supplier3
Supplier3
Supplier3
Supplierd
Supplierd
Supplierd
Supplierd

| Commited
<pen:1:1:0.1>
<pen:1:1:0.1>
<pen:1:1:0.1>
<pen:1:1:0.
<pen:1:1:1.0>
<pen:1:1:1.0>

<pen:1:1:1.0>
<pen:1:1:0.8>
<pen:1:1:0.8>

<pen:1:1:0.9>
<pen:1:1:0.9>
<pen:1:1:0.9>
<pen:1:1:0.9>

| Observed I
<pen:3:4:0.1>
<pen2:2:0.1>
<pen:l:2:0.1>
<pen:3:1:0.1>
<pen:1:1:1.0>
<pen:1l:1:1.0>

<pen:l:1:1.0>
<pen:2:1:0.8>
<pen:2:1:0.8>
<pen:2:1:

<pen:Z:1:0.8>
<pen:1:2:0.9>
<pen:1:2:0.9>
<pen:l:2:0.9>
<pen:1:2:0.9>
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. .

File Analyse

Data

Help

Probabilities

ORDER

~Com

Supplier
Product
Quality
Delivery Day

Price

Current Time

[ su pplierl

e—

(1

(1

Evaluate Trust

CHARTS

[*Probability | Trust Evolution |
(“Similarity = Bar

0,42
0,41
0,40
0,39
0,38
0,37
0,36
0,35
0,34
0,33
0,32
0,31
0,30
0,29
028
0,27
0,26
0,25
0,24
0,23
0,22
0,21
0,20
0,19
018
017
0,16
0,15
0,14
0,13
0,12

probability value

Time:

— . s
Probability of terms given the current contract

<pen:l:1lany>

<pen:3:lanys

2i2any>

h

. <pen:lZany>

<penl:lany>

0,725 0,750 0,775 0,800 0,825 0,850 0,875 0,300 0,925 0,950
Similarity degree of potentially observable contract

0,575

Term of the History (commited|observed): <pen:1:1:0.1> | <pen:3:1:0.1>

0 +

Looo

(4.0)
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Probabilities

fO® SRM
File Analyse Data Help
ORDER CHARTS
rCommitment [ Probability | Trust Evolution |
. f 3 . )
Supplier Supplierl \.l (Similarity WBar
Product " pen M- M= P - R .
robability distribution for the focus current contract
Quality f 1 ] : l r_ | : l <pen:l:1l:any>
) ) 0,550
Delivery Day | 1 M- = 0,525
Price o [* [ any I:] 0,500
0,475
Current Time 1 [:] 0450
- 0,425
0,400
0,350
[ Similarities w g,325
g o300
=
S
[}
a 0,
o
«

.
a3t
Fay

Time: = 0+ «o
Term of the History (commited|observed): <pen:1:1:0.1> | <pen:3:1:0.1>
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Trust

Delivery Day [1

o000 SRM
File Analyse Data Help
ORDER CHARTS
rC itment [ Probability ~ Trust Evolution 1
i [ Supplier2 O .
ST e ] Trust vs Entropy Evolution
Product | pen :] [- &
Quality 1 H
]

Price

Current Time

Evaluate Trust

Similarities

Trust vs Entropy

Density: [1,30]

Minimum overall similarity: [0,1] D.‘D

on Parameters

Selected Values

Decay rate: [0.95,1.00] 9‘5 96 97

MNumber of experiences: [1,20]

Y
I : s % 100 (1.00)
‘IIII‘IIIDIS‘YIII“‘IL‘D 06
=3
AN @
1 11 21 (8)

| N

0,25

0,20

0,15

0,10

0,05

D'DDD n k=] 'd n o ' E=1 v o n o w (=] 'd Q
=3 ~ 3 ™~ ™ n ™~ =3 N ] = a N el ~ =)
= o o o - ~ ~ N ~ ~ i # B - " +

Time

-o=Trust O Entropy
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Suppliers

File Analyse Data Help

ANALYSIS

Analyse by [ Similarity

® General O Specifying an order

COMPONENTS

™ Item [ Supplierl

4 Quality ( Supplier2

2 &

™ Delivery Day

SUPPLIERS RANKING

Pasition |Supplier

1 Supplier2
2 Supplierd
3 Supplier3
4 Supplierl

Contract Performance

0,085
0,080
0,075
0,070
0,065
0,060
0,055
0,050
0,045
0,040
0,035
0,030
0,025
0,020
0,015

0,010
0,005

Deviation

0,000

Average (%)

|.Supp|ier1 @ Supplier2 @ Supplier3 OSuppIier4|

Spider Chart

ltem
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Suppliers Analysis Charts

Spider Chart Item
1,0 B u! u! =]
Item
0,9
0,8
0,7
=06
=
=
Eos
s
04
0,3
Delivery Day Quality 02
0,1
D'u (=3 [ (=] n (= [ (=3 g (= [ (=3 g (=
a N =3 ~ = B . P = N n P =
— — — — ~ ~ ~N ~ m m " ~m -
Time
@ Supplierl @ Supplier2 |—0—5upplier1 o Supplier2 |
Quality Delivery Day
1,0 [ = 0 1,0 [m; it T %]
0,9 0,9
0,8 / 08 L.
0,7 / 0.7
\
Z 06 3 =06 .
e =
= = /
E 05 E OS5
0,4 04
0,3 0,3
0,2 0,2
01 RS 0.1 . o
— \ o
0,0 0,0 —
=3 v =3 v = v =] v =] v =] v =] (= m (=3 g (=] w (=3 m (=] w (=3 m (=]
=] N o (N =] ~N wn P =1 N n P~ =] =1 N n Y =1 N i P =1 ~ o Py =1
b i .~ i i ri ri i i i o v T — - — — ri i ni ri i i i ™ =
Time Time
—o Supplierl O Supplier2 —o- Supplierl O Supplier2
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Critical Order

File Analyse Data Help

CRITICAL ORDER

Importance
Product [ pen M- ™ 1003
Quality (1 M- = 3(3)
Delivery Day | 1 (- = 1_@
Price o3 [any RIE!
RANKING
Position | Supplier
1 Supplier2
2 Supplierd
3 Supplier3
4 Supplierl

SUPPLIERS CHART
SUPPLIER ANALYSIS

1,60
1,58
1,50
1,45
1,40
1,35
1,30
1,25
1,20
1,15
1,10
1,0
1,00
0,95
0,90
0,85
0,80
0,75
0,70
0,65
0,60
0,55
0,50
0,45
0,40
0,35
0,30

Entropy

0,64
0,65
0,66
0,67
0,68
0,69
0,70
0,71
0,72
0,73
0,74
0,75
0,76
0,77
0,78

~ 0,79
0,80
0,81
0,82
0,83

=
o,
=4
g

0,84
0.85
0,86
0,87
0,88
0,89
0,90
0,91
0,92

@ Supplierl @ Supplier2 @ Supplier3 © Supplier4
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Cost Minimization

File Analyse Data Help

ORDER TO MINIMIZE

Order
Product [pen ”
Quality (1 ]
Delivery Day [ 1 H
Satisfactions
|'|'|'|'|'$'I'I'I'\'I

Product 0 10 20 30 40 50 60 70 80 90 100 (50%)
Quali |'|'|'|'|'|'|'$'|'\'|

v 0 10 20 30 40 50 60 70 &0 90 100 (70%)
Delivery Da |'|'|'|'|'|'§|'|'\'|

R 0 10 20 30 40 50 60 70 80 90 100 (62%)

SUPPLIER ORDERS PERCENTAGE

Supplierl]

@ Supplier4 @ Supplierl © Supplier2 © Supplier3

| Percentage of orders

Supplier

Supplier4 21.0123

Supplierl 46.189400000000006
Supplier2 32.798300000000005
Supplier3 0.0
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A Reputation example: Liquid publishing (1)

The [JCAI conference uses a reputation-enhanced Conference
Management system. The following happens:

e Luigi Bamboozel, the famous professor of sociology at the
University of Torino submits a paper “The Logic of Social
Networks” to |JCAI. Mike is the senior PC member in charge
of the paper, the reviewers are: Cristiano, Stephen and Paul.

e At the review stage they rate the paper as:

— Cristiano —Accept on the grounds that it opens up a new area

— Stephen —Reject on the grounds that the typography is poor
and ambiguous (Microsoft Word again) and so is the grammar
and spelling

— Paul —Strong Accept on the grounds that he was most
impressed by Bamboozels latest book
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Liquid publishing (11)

Then follows the discussion phase (directed by Mike) and after it
the scores are:

e Cristiano —Weak Accept
e Stephen —Weak Reject

e Paul —Weak Accept

and the paper is accepted as a poster.
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Liquid publishing (111)

Our model should help in determining the reputation of:

e Bamboozel as an author and as a MAS author
e The ideas in the paper

e Cristiano as a reviewer and as a scholar

e Stephen as a reviewer and as a scholar

e Paul as a reviewer as as a scholar

e Mike as a senior PC member

e The |JCAI Conference
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Reputation

e Reputation = Group opinion on someone or something.
e Opinions use a shared evaluation space E.

e An opinion is an agents evaluation of a particular aspect of a thing
in context. A representation will contain: the thing, its aspect,
its context, and a probability distribution on E representing the
evaluation of the thing.

e Difference in opinion = distance between distributions.

e We will model reputation in the Information-based agency
framework.

e Fundamental for e.g. recommender systems, trading sites,
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Opinions

e Verifiable opinions. “tomorrow’s maximum temperature will be
over 30°". We can establish the relationship between opinion
and fact, P*(Observe(y’)|Commit(y)) simply as P*(¢’|p) € M?.
This allows to compute R*(«, 3, 1).

e Unverifiable opinions. “the Earth will exist in 100,000 years time" .
If an opinion can not be verified then one way in which it may
be evaluated is to compare it with the corresponding individual
opinions of a group of agents. See next.
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Forming group opinions

Bl_cl_Ol_
62_02_01_
B, — 0, —

Argumentative
Discussion

A

We propose next:

e some distances between opinions

E%_CG
L 0,14 e, 1A

e three methods to aggregate opinions
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Distances between distributions: Kullback

Given two probability distributions P and () over a random
variable X = {x1,...,z,} the Kullback-Leibler divergence is:

DIST(P,Q) = D 1(P||Q) = ZP log( 8)
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Distances between distributions: EMD

Given two probability distributions P and () over a random
variable X = {z1,...,x,} and a distance matrix D = |d;;| between
any two values z;, z; € X, we want the flow F' = [f;;] with f;; the
flow from z; to z; that minimises the overall cost

DIST(P,Q) = EMD(P,Q) = WORK(P,Q, F) ZZ fijdij

=1 5=1

Jii >0 1<2,7<m Zfij <pl<i<n
Y fi<ey  1<ji<n )Y fy =1
i=1 i=1 j=1

NOTE: If the space is not ordered, the distance can be the
probability of that change during dialogues.
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Method 1: Joint Distribution Method

Given two opinions: P(X = x) and P(Y = y) where opinion X is
correct c¢% of the time and Y d%. Construct the joint distribution

W = (X,Y,Z) and impose the constraints:

then the joint opinion is P(Z = z).
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Method 2: Yager Method.

Given a prior distribution P(W = z;), a pair of opinions, P(X; =
xj) 1 = 1,2, with their respective certainties c¢;, assuming that the
agents are independent, let w; ; = ¢; x P(X; = z;), ¢ = 1,2, and

let
11 wiy

- ILwiy + LA —ws )

Yj

then the posterior is:
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Method 3: Maximum Uninorm

P(a,d) as the probability that an opinion expressed by « is at
distance d of the true (or of a's group) distribution. This can be
learned from past cases.

Given a group G, a set of independent opinions {O;};cq the
Maximum Uninorm group opinion, O¢ is the distribution that
maximizes the uninorm value of the probabilities of the agents being

at the corresponding distance: P(i, DIST(O;,O¢g). That is,

Og = mélx Y({P(i, DIST(0;,Q)) }ica)

where

Pi1P2 . . .DPn
pip2---Pn+ (1 =p1)(1 =p2)...(1—py)
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Examples

Prior 1 0.1000 0.5000 0.2000 0.1000 0.1000 Strength = 0.9 P = (0.9,0.05,0.03,0.01,0.01)
Prior 2 0.0500 0.8000 0.0500 0.0500 0.0500 Strength = 0.7 P =(0.7,0.2,0.05,0.03,0.02)
Joint 0.0919 0.5590 0.1653 0.0919 0.0919
Yager 0.0978 0.6044 0.1022 0.0978 0.0978
MaxUni 0.0700 0.7000 0.1700 0.0700 0.0700 Strength = 0.95
Prior 1 0.1000 0.6000 0.1000 0.1000 0.1000 Strength = 0.8 P =(0.8,0.1,0.04,0.01,0.01)
Prior 2 0.0500 0.8000 0.0500 0.0500 0.0500 Strength = 0.9 P = (0.9,0.06,0.03,0.01,0.01)
Joint 0.0683 0.7266 0.0683 0.0683 0.0683
Yager 0.0601 0.7596 0.0601 0.0601 0.0601
MaxUni 0.08 0.63 0.08 0.08 0.08 Strength = 0.97
Prior 1 0.0500 0.8000 0.0500 0.0500 0.0500 Strength = 0.8 P =(0.8,0.1,0.04,0.01,0.01)
Prior 2 0.0500 0.8000 0.0500 0.0500 0.0500 Strength = 0.9 P = (0.9,0.06,0.03,0.01,0.01)
Joint 0.0573 0.7707 0.0573 0.0573 0.0573
Yager 0.0363 0.8548 0.0363 0.0363 0.0363
MaxUni 0.05 0.8 0.05 0.05 0.05 Strength = 0.97
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Reputation labels

Inexorable. If agent 3; is such that: Dist(O;, O;|A) < Dist(O;, O;|A), Vg # 4
consistently holds then [3; is inexorable.

Predetermination. If: Dist(O;, Rg) < Dist(O;, Rg),Vj # @ consistently, then
(; is a good ‘predeterminer’. Such an agent will have a high ¢; value.

Persuasiveness. If §; is such that: Dist(O;, O;|A) < Dist(O;, O;|A), V5 # @
consistently then (3; is persuasive.

Compliance. If 3; is such that: O;|A & argminy ), Dist(O;|A, X), then 5;
is compliant.

Dogmatic. If §; is such that: O; = O;|A consistently then (; is dogmatic. A
dogmatic agent is highly inexorable.

Adherence. If 3; is such that O;|A = O; where j = arg maxy, x; ci consistently
then (3; is adherent (in this round adherent to agent [3;).
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Social Network Measures

Given a matrix R(n,n) that represents in r;; € |0, 1] the intensity
of the relation R from ¢ to 5 we define:

e Normalised Degree Centrality. Cy(7) = Z;Zz_llmj

e Normalised Closeness Centrality. C.(¢) = Z;?/:l_dl(@j) where d(i, 7)
Is the minimum distance between 7 and j in the graph

e Normalised Betweenness Centrality.  Cy(i) = (n_1>2(n_2) :
Zj’k;éi’#k%fj) where s,5(¢) is the number of shortest paths

between j and k£ including i, and s;; is the total number of
shortest paths between 5 and k.

> i=1Tji

n—1

e Prestige Degree. P(i) =
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Information based social measures

There are three relevant information-based measures among
agents:

e Information = avg(AH) The average increase/decrease in
entropy of the distributions of an agent due to information
received. How well informed and informative an agent is.

e Persuasion = avg(AQO) The average change in opinion due to
dialogues with an agent. How persuasive is an agent.

e Closeness = awvg(dist) The average distance in opinions between
both agents. The smaller value, the closer the way both agents
see things.
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More relationships. LiquidPub case

A LiquidPub Network is defined as LPN = (V, R, o)

o V =V,UV,UVj is the set of nodes, union of individuals, publications, and
keywords.

o R = {Authorship, Citation, Version, Part, Review, Area, College, Affiliation}
is a set of relationships on the nodes of the network.

— Authorship C Vou X Vp. (i, p) € Authorship = 4 is author of p.

- Citation C Vp X Vp. (p,p/) € Citation = p cites p’.

— Version C Vp x Vp. (p,p/) € Version = p/ is an improved version of p.
— Part C Vp X Vp. (p,p/) € Part = p is part of p’.

— Review C Vo X Vp. (i, p) € Review = i is a reviewer of p.

— Area C Vp x Vi.. (p, k) € Area = p is about keyword k.

— College C Vo X V. (1,75) € College =i is a colleague of j.

— Affiliation C Vo X V. (4, 7) € Affiliation = ¢ and j belong to the same organisation.

e 0 ={0,},cr is a labeling function.
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Measures

It is possible to define what is the relative certainty (expertise) of
the opinion of agent ¢ on a paper on topic X, ¢;(X). For instance,
an individual is expert in an area (keyword) if it is author of highly
cited papers on the topic, has reviewed prestigious papers on the
area, and has a central role in the college.

( )

C; (X) = f Z pCitation (p)’ Z pCitation (p)’ CbCOZZege(z)
(i,p) € Authorship, (i,p) € Review,
\ (p,X)€Area (p,X)EArea )

Currently used measures (and perhaps alternatives to the previous
one) are easy to compute, e.g. the h index is simply:

h(i) = arg max {p| (i,p) € Authorship, pCitation(yy > kY >k
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Group Opinion: SNA modulating dependence

The persuasion relationship should modify (flattens, increases the
entropy) P(a,d). Makes the agents more uncertain of their opinion
in the particular case.

The information and closeness relationships could be used as a
heuristic on the possible dependency among opinions. But, how to
factor it in is unclear.

Overall, the SNA analysis should help in determining the reliability
of an opinion.

When opinions are fully dependent the max operator over the
reliability is to be used. When they are fully independent the Yager
operator is the adequate one. SNA dependency measures may
determine a point between both extremes.
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Future work

e Study the role of SNA in the equations.
e (ongoing) Implement the reputation model.
e Test with real data. Conference data in project LiquidPub.

e Apply it to Supplier Relationship Management.
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