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Abstract. In this article we present a model to compute the degree of inconsis-
tency of a particular event. This situation is described through facts from ob-
servers, where each one of them informs on a fact. Contrary to the theory of
Dempster-Schafer, all the observers are equally believable since if their obser-
vations differ, it will be for those different used observation ways. That is to
say, if somebody has the situation in which he wants to investigate and to de-
termine in which transport traveled Luis, and the informants report on what
they observed, they will say that he traveled by airplane, bus, train, etc.; then
with the model we can specify the most likely fact. We define the way to de-
termine the disagreement of these facts and to determine which will be the
value average that adjusts better. It is adjusted to the reported facts.

Keywords: Confusion, inconsistency, fact, observer, center of gravity.

1 Introduction

In this paper we present the study of situations or circumstances of reality, related to a
particular aspect, where a serie of consistent or inconsistent observations is exposed
as facts that describe the event. For such study we present a model that allows finding
the inconsistency in that set of facts.

The data in those facts are qualitative in nature “Jon's hair is black”; more pre-
cisely, constants (such as “black”) must belong to a hierarchy [6].

The model helps us to determine the degree of inconsistency of each fact in an
event, using a function (confusion) in the hierarchy of facts and another function that
computes the value of the inconsistency.

The facts are obtained through observers call reporters or informants, these facts
can be located over a hierarchy of facts (qualitative values), on this hierarchy, a func-
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tion measures the confusion that arises when we use r instead of s, the intended or
correct value. For example, about the confusion of using “America” instead of “Méx-

1% summary, we study existent facts about an event.

2 Antecedents

Inconsistency is a topic intensely studied in the area of computation: For ex§mple, _in
databases since the integrity is highly appreciated, so that measuring the inconsis-
tency in the data is important.

Also inconsistency in the requirements stage of the development of a system is
required, since it is impossible to design a system with inconsistent requirements [3].

Other investigations on this topic are carried out in the analysis of news using Clas-
sic logic [7], to find the inconsistency of news over a particular event [1]. Also others
have used the Theory of Dempster-Shafer, also known as the Theory of Functions of
Beliefs, which is a generalization of the Bayesian theory of subjective probabilities,
where the idea is to obtain degrees of beliefs (informants are not reliable, they may
lie) for a question and to combine such degrees when they are based on independent
elements of evidences. For example, we want to know the probability rained in Mex-
ico City on May 10, 2006; if Juan said that it rained, and Pedro said that it didn't rain.
A subjective probability is assigned to the reliability of each people, these events are
considered as independent and they combine these degrees of beliefs to determine if it
rained or not. This is another form of finding inconsistency in a particular situation
[10].

In this paper we solve the following:

o Given an event (set of facts) how certain is it? (To measure the certainty).
That is to say, the list of facts will allow us to determine the consistency or
inconsistency of these facts, and we will also find the must likely fact, that
which generates the smallest uncertainty with respect to all facts in the set.

For example, the color of Luis’ hair, an observer says that it is red, others say that
it is light brown, light dark, blond and black respectively; it is required to find this set
of facts, as well as to determine as close as possible the true color of Luis’ hair.

e We want to analyze the consistency or inconsistency of this group of sym-

bolic facts (colors). To denote the degree of inconsistency, we use the sym-
bol ¢ . We want to compute o .
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3 Motivation

You can measure the weight of an object, its length, its volume, etc. For example, to
measure the length of a door, where four workers take the measurement independ-
ently, the measures being of 2m, 2.3m, 3m, and 2mts. The must likely length is ob-
tained by taking the average of all, which is 2.32m in our example.

On the other hand, if the measurements are not numeric, then we have observations
(“facts™) of the particular event. For example, four people said:

“Pedro’s sweater is red”,
“Pedro’s sweater is pink”,
“Pedro’s sweater is clear”,
“Pedro’s sweater is orange”.

What is the color that makes more sense?, how to calculate the “average” of these
facts?, how to combine the observed colors to determine which is the one that more
approaches to the real color?, can we measure the degree of discrepancy among each
one of these facts and the most likely real color?.

To find this “average”, we place the reported colors in a hierarchy of colors. In this
work we present a methodology that will allow to find the average of n qualitative
variables.

These logic types except the diffuse logic have only two truth value, true and false,
with no shades or gradations of truthfulness or falsehood. But the real world is more
complicated. There are events that are not completely true or totally false, such as
“the sky is blue” or “the weather is hot”. Fuzzy logic solves this and provides degrees
of veracity, by requiring a membership function whose range of values is [0,1].

The Theory of Dempster-Shafer takes subjective probabilities for the observers.
That is, for it people have different degrees of trust (some lie more than other).

The figure 1 shows the development of how to find the fact more commendable of
a set of facts over a particular event. The observers inform of facts from a particular
situation, after these facts are represented in a hierarchy and we calculate the incon-
sistency with the Model to measure the inconsistency (MMI).
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Figure 1. Scheme to compute the inconsistency of a particular event.

4 Previous works

Among the theories that have been dedicate to the study of the inconsistency in in-
formation, is the theory of Dempster-Shafter [10], a mathematical theory of the evi-
dence that was introduced in the 70's and developed by Glenn Shafer and later ex-
tended by Arthur Dempster based on belief functions and commendable reasoning,
which is used to combine pieces separated from information (evidences) to calculate
the probability of an event.

The Theory of Dempster-Shafer is based on obtaining degrees of beliefs for a
question from subjective probabilities, and combining such belief degrees when they
are based on independent elements of evidences. In summary, to obtain the degree of
belief, for a question (did a leaf fall in the car?) it assesses the probabilities of another
question (is the testimony reliable?). The rule of Dempster begins with the supposi-
tion that the question for which it has probabilities is independent with regard to trials
of subjective probabilities but this independence is only a priori; this disappears when
the conflict is discerned among the different evidence elements. Contrary to Demp-
ster-Shafer, in our work the observers that report on the facts have the same credibil-
ity (all say the truth) and if their facts (assertions) differ, it is due to errors or impreci-
sions in the observations, and not to a desire or impulse to lie. For instance, an ob-
server saw Pedro at sunset time, so he reports “his sweater is orange”, while other
observer could only ascertain that “his sweater has a clear color” because the light
was him.
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To determine the fact with smaller inconsistency, in this work we use the hierar-

chies and the Coyfusion function [5], [9]. This function evaluates the similarity quali-
tative value s with regard to another r, both being represented in a hierarchy. For
example, what is the confusion of using dog instead of German Shepherd?. We now

give an example and the equations for determine the value of the function of Confu-
sion (see figure 2).

Transport

n

Maritime Land

TN A

Airplane Aerostatic Light  Ship Submarine Canoe Train Car Bus
globe plane

Figure 2. Hierarchy of several types of transports for travel by air, water and land.

The confusion of using r instead of s, for a hierarchy H (in this case the hierarchy
of transports) the calculus is:

Ifr, s € H, then the confusion in using r instead of s, written conf(r, s) , is:

e  conf(r,r)=conf(r,s)=0, whens is any ascendant of r.
o conf(r,s)=1+conf(r, father _of (s))

To determine the confusion between Transport and Air is
conf (Transport, Air) =1+ conf (Air, father _of (Air))=1+0=1. In this case, the
confusion is /, because we are using Transport instead of Aereo. Due to the location
in that, it is in the hierarchy and the rules of confusion, we travel the tree, where the
upward levels the value is 0 and for each descent it will be /. Now then, if we obtain
conf (Air,Transport) =0, due to Air is a Transport.

Exemplifying the way to use hierarchies and confusion we will give a better vision
of what is being carried out in this work, since it is a fundamental part of this.

5 Development

The Model to measure the inconsistency (MMI), finds the inconsistency of a set of
facts. A value is calculated, which is interpreted as the degree of inconsistency, if it is
close to zero means little inconsistency.
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Definitions

Fact (atomic fact): It is a measurement (numeric value) or an observatiop,
(symbolic) of an aspect (characteristic or property) of the reality. For exam.

Obsgnl'%:egﬁ%'}ioq‘féﬁhlthfldgan OgJ_uzn bgggns 1%%8%3? 8‘,5,)3' or more facts com-
ing from particular event.

Center of gravity r' - This term will be used to represent the value that
gives the smallest degree of inconsistency, by minimizing the sum of the

confusion of all the reported facts with respect to r' . Therefore it will pro-
duce a smaller grade of inconsistency. The center of gravity represents the
most acceptable consent among the different observers. We can say that each
observer doesn't disagree (it agrees totally) with his own reported fact (con-
fusion 0). If an observer reports a fact 4 and then its newspaper or boss re-
ports the fact j, then that observer will be in disagreement with the fact j in

a value given by conf(j, h), the confusion originated to use j instead of & (h

was the reported by the observer). r' is the fact j that minimizes the joint
dissatisfaction or disagreement among the observers, or in fact, among the

n
facts reported by the observers. ¢’ is the value j that minimizes Z( Jshi),
i=l
when using each reported value #4; instead of the most likely value r.on
represents the reported observations.
sigma o .- It is the average of the additions of confusions. o gives us idea
of the average of dissatisfaction or disagreement that the observers have
whose facts have you “summarized” reporting a single value r" instead of
{h,,hz,...,h,,}. These observers reported 4; that differ something from the
most likely value r* . Each observer i has a certain dissatisfaction expressed

by conf(r",k;). The average of those dissatisfactions is & . » is the number
of observations made from the event.

Z":(r‘,h,-)
o1

n

Confusion. It has been defined in page 5 [5].
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5.1 The Model to measure the inconsistency (MMI
Let a model defined by a fourthtuple ¥ )

(Q, J’ qO ’ 0-) >
where

Q,isasetof facts O ={hy,h,..,h,}.

J is the hierarchical relation of concepts, where the elements that belong to the
relation are (h,,h,) and fulfill A, is the immediate ascendant /,. J' is the that
fulfills the condition 4, is the immediate descendant of /,. We will use the operator

¢ to denote the relation immediate ascendant and = to denote the immediate de-
scendant.

Let JT =J U J', it defines the function of confusion conf:JT > {01} like:

Osih, d h,
h,,hy)= 1
conf (s ) {lsihanh,,} 0
The function asc:Q — {h, | (h,,h,) e J} is defined like:
j 2
asc(h,) = hy :ﬂ ha & hy @
gsih, §h,

Let conf,:0xQ— N the function of confusion' for anyone elements that be-
long to O x Q is defined like:

Osih,=h,
O0sih,=¢
by h.)= :
COan( a .) OSihz nhyﬂ.’...ﬂhb,ha (3)

1+ conf ,(h,,asc(h.))

Let Q'c O the set contains the facts of interest and Q', the set contains the facts

of interest with more than one observation. That’'s to say
Q,= {(h, p)|heQ', pisthe number of observations over h dacr)}:

! conf, is analogous to the function conf that is presented in the articles with references [6],

(7}
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Osih, =h,
Osih.=¢
L'Oﬂpr((ha,pa),(h:,p:))= 0sih, n hy T.T hh T ha (4)

] + conf,, (ha ) asc(h: ))[p:]

@ is the empty set,
P. represents the weight of /.,
q, represents the highest node in the hierarchy and the beginning of this,

r" defines the hierarchical value (fact) that minimizes the addition of the function
of confusion:

mianonf r',h) (5)
i=1

o is the value that represents the inconsistency. If o = 0 then the inconsistency

. * . .
does not exist in the facts /;, that they are contained in 7, and o is calculated like:

min(iconf r',h)) (6)

o=

n

. . . . *
o in equation (6) can be interpreted as the confusion average that minimizes r .

5.2 Measuring the inconsistency of a set of facts and finding the most acceptable
value

We show the way to find the degree of inconsistency of a group of facts that describe
a particular event, which were provided by observers. We analyze these facts with a
confusion function, which helps us to compute the center of gravity of the set of facts.

That is, the fact that generates the smallest average inconsistency or which is the
most believable, could be call it also the less lying or the less erroneous.

Example

We want to determine which animal is the pet of John, when the observers reported
the following facts:

John has a siamese cat
John has a siamese cat
John has a feline
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John has a chihuahuefio
John has a dog

John has a dog

John has a Xoloitzcuintle
John has a domestic cat
John has a eagle

Once we have the list of facts, locate them in a hierarchy (the hierarchy is designed
specialized according to the knowledge of some external source, it is “general knowl-

edge”). The figure? 3 shows a hierarchy J , that includes the qualitative variables that
were obtained of the facts, where the observations are represented by an * (asterisk):

/n'm\
Venél 'mle\ Invenebrate

Mamn‘nl\ Bird Mon{ ;n\hmpod
Ca< Herbivore Ralld/v v}lmas Insecl/ }tlmiﬂ

Felme Camne Giraffe Gnu Ostrich Nandu Eaglc VuJule Duck BuﬂerﬂyJee\Nadel Tarantula Scorpion

dog|
Domeﬁm'ese w'lmer Fdﬁ: Xolofl cumlle cmhunnueﬁ\o

Figure 3.Hierarchy of animals, where appear the facts from the above list.

The set of facts is:

Q'= {F eline, Domestic cat, Siamese cat, Dog, Xoloitzcuintle, Eagle, Chihuahueﬁo} 2

but there are two observations that represented that John has a Siamese cat and a
dog, where the highest node in the hierarchy is:

qo = Animal

To determine the possible center of gravity, we must to calculate the confusions of
Feline with each value in the set O':

2The conf (Feline,Siamese cat) is counted in one unit by each level that goes down
in the tree from the node Feline to the node Siamese cat, the levels that ascend they don't

count.
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conf (Feline, Feline) = 0 (using Feline instead of Feline),

conf (Feline, Domestic cat) =1 (using Feline instead of Domestic cat),
conf (Feline, Siamese cat) =2 (using Feline instead of Siamese cat),
conf (Feline, Dog) =2 (using Feline instead of Dog),
conf (Feline, Xoloitzcuintle) =2 (using Feline instead of Xoloitzcuintle),
conf (Feline, Eagle) =3 (using Feline instead of Eagle),
conf (Feline, Chihuahueiio) = 2 (using Feline instead of Chihuahuefio).

The sum of confusions of FelinexQ' is (For the others facts, the sum of confu-

sions is obtained like Feline):

9

conf (Feline,h)=0+14+2+2+2+3+2=12
=1

I

Now we want to find 7, the center of gravity of Q'. Thus, we test each possible

value for 7" in turn (see table 1).

> .
> conf(r',hy)
i=]

conf (Feline,h;)=12

M.

conf (Domestic cat,h;)=11

W Me

Me

conf (Siamese cat,h;) =10

T

<

conf(Dog, h;) =12

b
Z conf (Xoloitzcuintle,h;) =11

9

Z conf(Eagle,h;)=29

)
Z conf (Chihuahueiio, h;) =11

i=]

Table 1. Candidates for gravity center of the facts Q"

Now, we find the value that fulfills:

9
min(z conf (r' ) (a)

i=1
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The value that fulfills equation (a) is ' = Siamese car with o =1.11. This means
that the most pl
ausible value for the pet of John is Siamese cat, it is the value that
minimizes the discomfort (measured by the confusion) of all the observers, which

and he real » o
repﬁ] t%e tan ,are s?lowreeg the ]ilrllzgrlllg?tsel})%%/ &Ig?egs fo'rg”ﬁntfne é:lléments 0.

mm(z confr* h,)]

=]
9

9
I min[z conf (Feline, h, )]
o= = S I
3 9 133

9
min[z conf (Domestic cat, )]

o=

=1
o= . =—=122

o
9

9
min[anf Siamese cat, h,)

g=—"! _—_111

9

min[z conf(Dog, h, )J

PR - MMM 5 1)
9 9.4 i

9
min[z conf(Xoloitzcuintle, h, )J
1

i= 1
o= ! =

9 9

9
min[z conf (Eagle, )J
sl v
9

=122

9

9
mi Z conf(Chihuahuefio, )]
e i=1 _h

9 9

Table 2. Inconsistency degrees for the elements of Q'

In our example, r~ turned out to be the most specific fact (the fact deepest inside
the hierarchy the fact furthest away from the root). This is not always the case. If five
observations (facts) reporting Dog would have made r' =Dog with

12
Zconf (Dog,h;)=12 and o = % =1. For the rest of facts, the degrees of inconsis-
i=1
tency are the following:
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{fta)

12
min| Y conf(Feline, h, )]
P

.;r:—————-12 --E— 2

12
mi Z conf (Domestic cat, ;)
e 116

iel
12

12
min[z conf (Siamv.w cat, by )J
=—=1.08

o

o=

=1

i 12

min[i conf(Dog, h, )]

_— L =-—=]
- 12 12

12
min[z conf (Xoloitzcuintle, b )}
=—=1.16

. 12
12
min[ conf (Eagle, h,)
isl 2
—_— =266
v 12 12

12
min(z conf (Chihuahuefio, h )]
=—=116

=1

o=

12

Table 3. Inconsistency degrees for the elements of Q".

Conclusions

This model allows us, (1) to find the inconsistency in a set of facts; (2) to compute the
degree of inconsistency of a set of facts. In (1) and (2) are carried out using hierar-
chies, instead of assigning subjective probabilities to the truth (reliability) of the ob-
servers, as Dempster-Schafer does or values that in some given moment they take us
away from the reality of the facts.

Therefore, we can find the most commendable fact of a particular situation and a
serie of inconsistency degrees. We no longer assert “these facts are inconsistent” or
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«these facts are consistent”, as classic logic does. Now, we can say “these facts are
consistent in degree x”, where x> 0.

An obstacle can be that more complex facts are not managed, but that will be a
future work.
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