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Abstract. In this artcke we present a model to compute the degree ol inconses-
teney of a particular event. This siissbon 15 deserthed through fcts from ob-
servers, where cach one of them mforms on a fact Contrary to the theory of
|JL‘I‘.'IL]'HL|:I"-H-L‘!'IEﬁJ'.. all the ohservers are egqually believable zince i their ohser-
vatioms diller, ® will ke for thos: dillioent used observition wiys, That is b
Gy, al soancbody bas the sfluation m o which be wanls b investipate snd o de=
termane in which transport traveled Luis, and the informants report on what
they ohserved, 1hey will say thal he troveled by airplane, bus, trin, e, then
with the model we can specily the most likely Guct, We define the way to de-
termane the disagreement of these Facts and o determine which will be the
valoe averaee that adyjusts beter. It e adjuested to the reported Bels.

Keywords: Confusion, inconsistency, fact, ehserver, comter of gravity.

1 Introduction

In this paper we present the study of situations or circumstances of reality, related 1o a
particular aspect, where a sere of consistent or iInconsistent observalions s exposed
as facts that describe the event. For such study we present a2 model that allows finding
the inconsistency in that set of facts.

The data in those facts are qualiative m natune “Jon's hair 15 black™; more pre-
cisely, constants {such as “black™) must belong 1o a hierarchy [6].

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

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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16 Adalfo Guzman A, Adrang Jmdnes G

tion measures the confusion that arises when we use r instead of 5, the intended or
carrect value, For example, about the confusion of using “America”™ mstead of M-

- L
S0y summary, we study existent facts about an event.

2  Anteccedents

Inconsistency is a topic infensely studied in the area of computation, For example, in
databases since the integrity is highly appreciated, so thit measuring the inconsis-
tency in the data is irmportant.

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].

Oither investigations on this topic are carried oul in the analysis of news using Clas-
sic logic [7], to find the inconsistency of news over a particular cvent [1]. Also others
have used the Theory of Dempster-Shafer, also known as the Theory of Functions of
Beliefs, which is a gencralization of the Bayesian theory of subjective probabilities,
where the idea is to obtain degrees of beliefs (informants are not reliable, they may
liw) for a question and to combine such degrees when they are based on independent
clements of evidences. For example, we want to know the probability raincd m Mex-
ico City on May 10, 2006; i Juan said thal it raincd, and Pedro said that it didn't ran.
A subjective probability is assigned to the reliability of each people, these events are
comsidered as independent and they combine these degrees of beliets to determine if 1t
rained of not. This is another form of finding inconsistency in @ particular sifuation
[0

In this paper we solve the following:

e Given an event (set of facts) how certain is it? (To measure the certainty).
That is to sy, the list of facts will allow us to determine the conmsislency of
inconsistency of these facts, and we will also find the must likely fact, that
which generates the smallest uncertainty with respoct 0 all facts in the sel.

For example, the color of Luis™ hair, an observer says that it i5 red, others say that
it is light brown, Tight dark, blond and black respectively; it s required 1o find this sel
of facts, as well a5 to determine a3 close as passible the true color of Lues" hair.

= We want 10 analyze the consistency or inconsistency of this group of sym-
halic facts (colors). To denote the degree of inconsistency, we use the symi-
hol o . We want to compule o .
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3 Motivation

You can measure the weight of an object, s length, 115 volume, ¢lc. For example, to
measure the length of a door, where four workers take the measurement mdepend-
ently, the measures being of 2, 2.3m, 3m, and 2mrs. The must likely length is ob-
tained by taking the average of all, which is 2.32m in our example.

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

“Pedro’s sweater is red,
“Pedro’s sweater 1= pink”™,
“Peidro’s sweater is clear™,
“Pedro’s sweater s orange™.

L

What is the color that makes more sense?, how 1o Gilculate the “average”™ of these
[acts?, how to combine the observed colors to determine which 15 the one that more
approaches to the real color?, can we mcasure the degree of discrepancy among cach
o of these facts and the most Likely real color?,

To find this “average”, we place the reported colors m a hierarchy of colors. In this
work we present 2 methodology that will allow to find the average of # qualitative
variables,

These logic types except the diffuse logie have only two truth value, true and false,
with no shades or gradations of truthfulness or falsehood. But the real world iz more
complicated, There are events that are nol completely true or totally false, such as
“the sky 15 Blue™ or “the weather 15 hot”. Fuzey logic solves this and provides degrees
of veracity, by requiring a membership function whose range of values is [0L1].

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

The figure | shows the development of how to find the fact more commendable of
a se1 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 fo compure the inconsistency of @ particular vt

4 Previous works

Among the theorics that have been dedicate to the study of the inconsistency in in-
formation, is the theory of Dempster-Shafler [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 beliet functions and commendable reasoning,
which iz used to combine pieces separated from information (evidences) to calculate
the probability of an event.

The Theory of Dempsier-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
helief, for a question (did a leal 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 15 independent with regard to tals
of subjective probabilities but this independence is only a prion; this disappears when
the conflict is discerned among the different evidence clements. Contrary 1o Demp-
ster-Shafier, 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 sunsel time, so he reports “his sweler 15 orange”, while other
ohserver could only ascertain thit “his sweater has a clear color™ because the light
wixs hiem,
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To determine the fact with smaller inconsistency, in this work we use the hierar-
chies and the Confusion function [5], [9]. This function evaluates the similarity quali-
tative value 5 with regard to another r, both being represented in a hierarchy. For
example, what is the confusion of using deg instead of German Shepherd?, We now
give an example and the equations for determine the value of the function of Confu-
siorr (see figure ).

Transpart

/ fl \
Air Maritime: Land
Airplane Aerostatic Light  Ship Submarine Canoe Train Car Bus
globe  plane

Figure 2. Hierarchy of several types of tramsports for travel by air, weter and land,

The conflsion of using r instead of s, for a hierarchy H (in this case the hierarchy
of transports) the caleulus 1s:

ITr, 5 = ff, then the confision in using r instead of 5, written conf(r, 1) , is:

«  covyf{r.r)= conf(r,5) =0, when 5 is any ascendant of r.
o conf(r,8)=1+conf(r, father af(s))

To  determine  the confusion  betwesn  Tramsporr  and  Afr is
conf (Tramsport, Air) =1+ canf( Air, father  of (Air)) =14+ 0=1_ In this case, the
confusion is [, because we are using Tromsport mstead of deren. Due to the location
in that, it is in the hierarchy and the rules of comflsion, we travel the tree, where the
upward levels the value s 0 and for each descent it will be J. Mow then, if we obtain
conf { Air, Transport) =0, due to Air is a Tramsport,

Exemplifying the way to use hicrarchies and confusion we will give a betier vision
of what s 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 valoe s calculated, which is interpeeted as the degree of inconsistency, if it is
close to zero means litthe inconsistency,
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Drefimitions

L

Fact (atomic facty It is a mexsurement (numenc value) or an observation
(symbolic) of an aspect (characteristic or property) of the reality. For exam-

ObsBr el (i phts L TTm ) U ugn, hair's colorblack): or more facts com-

ing from particular event.

Center of gravity r .- This term will be used to represent the value that
givis 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 o smaller grade of inconsistency. The center of gravity represents the
muost acceptable consent among the different observers. We can say that each
observer doesn't disagree (it agrees tolally) with his own reported fact (con-
fusion J). If an ebserver reports a fact & and then its newspaper or boss re-
ports the fact 7, then that observer will be in disagresment with the fact j

a value given by conf( 1, F), the confusion orgmated (o use § instead of & (4

wis the reported by the observer), v is the fact J that mimmizes the jomt
dissatisfaction or disagreement among the observers, or in fact, among the

facts reported by the observers. r is the value j that minimizes E‘II:_,r',.FrI ¥,

ral
when wsing each reported value & instead of the most likely value »" . »
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 vou “summarized” reporting a single value r instead of
VP b b, These observers reported A, that differ something from the

most likely value »#* . Fach observer i has 2 cerlain dissatisfaction expressed
by conf(r . ). The average of those dissatisfactions is & . n is the number
of observations made from the event.

i{r',h,]
p g N—
A

Confusion. It has been defined in page 5 [3].
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5.1 The Model to measure the inconsistency (MMI)
Let a model defined by a fourthtuple

[.'I:-;}rvr*-"{[l:-':r:l ]
where

(7, is a set of facts O =k m R, ).

J is the hicrarchical relation of concepts, where the clements that belong to the
relation are (k&) and fulfill &, is the immediate ascendant . J is the that
fulfills the condition & is the immediate descendant of A, . We will use the operator
4 1o dencde the relation immediate ascendant and = 1o denote the immediate de-
scendant.

Let J7 = s | it defines the funclion of confusion conf :J0’ —» {01} like:

mmfm,,.m={"’”" ¢ F"'} (N

lsih, why

The function asc: Qe {h, | (k. By ) e J) s defmed like:

b Y hy, sih, Iy, {2)
“ARDgsin, g b,

Lel conf 0% Q— N the function of confusion' for anyone elements that be-
bong to (= (2 is defined like:

Osih, =h,
g Osih, =g
conf 4 (g 1) = Osik, b, ®_ .1 hy b, {3

| + confy (h, . ascih. )

Let (o (b the set contains the facts of inferest and ¥, the set contains the facts

of  interest with  mose  tham  one  observation.  That's

o say
.= bk, py| e @, pis the number of ehservations over b (faet)]:

' conf ; is analogeus to the function conf” that is presented in the articles with references [G],
7l
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Oxihy, =h,
Osih, =¢
.I"' = _
conf (h,, oy 2B, e ) Osih, mh, T..T by W

1+ L-,-mf‘ ihu,a.:c'l:-'!:]l]'i P: ]-

¢ is the empty i,
. represents the weight of h_,
g, represents the highest node in the hicrarchy and the beginning of this,

¢ defines the hierarchical value (Fect) thit minimizes the addition of the function
of confusion:

mini::ﬁnf{r' ) (5}
i=1

g is the value that represents the INCONSISIENCY. If «r =0 then the inconsistency
does mot exist in the facts J, that they are contained in y_and o is calculsted like:

min[i{:ﬂnf (r.h)) (&)
=1

F

iT =

o in eguation (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 <how the way to find the degres of inconsistency of a group of facts that describe
a particular event, which were provided by ehservers, We analyze these facis with a
confusion function, which helps us to compute the center of gravity of the set of facts,

That is, the fact that genérales the smallest average INCONSISENCY o which 15 the
most belicvable, could be call it also the less lying or the less efmoneous.

Fxample
We want to determine which animal 15 the pet of John, when the observers reported
the following Facts:

John has a siamese cal
John has a siamese cal
John has a feline
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John has a chihusibusesio
John has a dog

John has a dog
John has a Xoloitzenintle

John has a domesthc cat
John has a eagle

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

edae™). The figure’ 3 shows a hicrarchy .J | that includes the qualitative variables that

were obtained of the facts, where the observations are represented by an = (asterisk):
gy

wlrIE'rn______ --::-l_l'ln:ll
e o e e S L T
P e N s vy A S A B N 1 W R

" B %
mﬁ&ﬂ“m.,. T Palix Asiincemis Cilmebeels
P — akeruin

Figure 3. Higrarchy of animals. where appear the facts from the above list.
The set of cts is:
= {J-'.E-.f.u'm-, Diowmmestic col, Stamese cat, Do, Xoloitzewintle, Eagle, Chihualuefio) .

hat there are two observations that represented that Johm fus o Sicmese car and a
iz, where the highest node i the higrarchy is:

iy = Amimal

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

? Tha ,_uﬂmf'{Fgfjn.g+Sjammu cal) is eounted in one unit by exch level that goes down
in the tree from the node Fefine to the nade Siemese cgf, the levels that ascend they don'l

L= LH]
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mn_.l"{ Fr:']'r.r:I-E Feling1 =0 (using Feline istead of Feline),

comnf { Feline, Domestic cat) =1 {using Feline instead of Domesiic cat),
comf (| Feline, Siamese cat) = 2 (using Feline instead of Siammese caf),
comnf({ Feline, Dog) =2 {using Feline instead of Doeg),
confl ( Feline, Xoloitzcwintle) = 2 {using Feline insteoad of Xoloizeuimile),
conf { Feline, Eagle) = 3 (using Feline instead af Eagle),
conyf { Feline, Chifwahuefio) = 1 {using Feline insfead af ChifmeahueRio).

The sum of confusions of Feline= (F s (For the others facts, the sum of confu-
sions 15 obtained like Feline):

U
Zm_,l"{ﬁ:ﬁne,j:,} O+1+24+24+2+3+2=12

i=]

Mow we want to find F , the center of gravity of (F . Thus, we test cach possible

walue for ¥ in tum (see table 1)

3 el k)

L]
Erqr.: Fielive, &, 1= 12
i=l

L
E‘n:.uq.l'[l'hﬂfm'f caf b =11
sl

i

Er-:-rg"[ﬁu-rrlm car, & =1
i=l

iﬁn'g"liﬂdzg'...ﬁ,]flE

" canf{ Nofnstzcwentle, B, )= 10
=

B
T cony| Eiggle. 4,1 = 29
.l

o

E.-..grct-ﬂmn'mh.h,:--ll
gal

Table |. Candidmtes for gravily center of the facts

Mow, we find the value that fulfills:

g
min{l‘ﬁmrﬂ’{r.ﬁhﬁl} (a)

.la.l
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The value that fulfills equation (a) is F = Sigmese car with o =1.11_ This means
that the most pl
ausible value for the pet of John is Siamese cat, it 15 the value that
minimizes the discomfort {messured by the confusion) of all the observers, which

'I ¥ = " = _ = ! . .
'upﬁ'lnﬁudl: [l.u ::: I ,ﬂaﬂrg :H::E.m: H;'f:' liun'f, ﬁ;sl}lsl'rfil-:iﬁ ﬁu{s fui? ‘ill:[ﬂﬁlﬁfﬁ' ements OF

)

ra = |
3 |
||
L&)
min[z conf | Feline, &, ]]
I <y
e L - w113
e E;.'u.l!,l'[.lhwrm“'..w |'|_'|I:
ra— - —"..'—r: 3 |
[ o i i
inl ™ v | Somese cur i )
min L STk E e
= o
', = = |0

ks

r s ,
m-ni l.'m-:_-.l'iﬂnﬁ.h. :IJI
, dal

=
I o = = e | 33
i G ':i'
||mi.-llz¢mf{_1um7mw_hltl I .
o — l:l--— -qT- 21
i B b
mlnlz:ﬂwj{fm ||r|:| |
Tt - =133

mu{?._-.—.-n_l"l:-\! ki, &, |
- o,

g )

oT =

Table 2. Inconsistency degrees for the elements of (2

In our example, r tumed out 1o be the most specific fact {the fact deepest inside
the hicrarchy the fact furthest away from the root). This is not always the case. It five

observations (facts) reporting Deg would have made r =Dog  with
1z N

Lmqr’{ﬂu;i;.&} =12 and o = ::—; =1. For the rest of facts, the degrees of mconsis-
r=f

tency are the following,
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o
e M
1z
it }
rrd],l‘E.g'lll'!.'l:ll'.i'.ll.'.h.'_J.'l};
_— ...'_. 14 . _I_]ﬁ I.l_=
12 ="
I il ) i
mlEﬂlfl.hMUTm_ﬁl_‘l -
AT — —————=_ =1k
12 iz
mn[Enl.l:.'|.'|'m‘l.'.ll.'-|-‘-ﬁ'.-'?,].| -
- — a—m | B8
12 12
T
sl E-:mﬂ'{f}u;;;-ﬁ,}]
L =
o T 2 _E =]
mir{ i.-.n.q"l_.l.'ul-.ur.-m-u.l.'-:'.n_'lll
L1 514
pin ' iz v, T
mrlli-:-'-'\' [Eapte. & '|']
I o = } ik
[ |
1x
|11||1[E|,-{|,|,!I¢::'_I1I.II|J_'.J:“T.W.I h :l
N 1. E ——:—'1—nb

Table 3. Inconsistency degrees fow the elemems of €7

Conclusions

This model allows us, {17 to find the inconsistency i a set of facts; (2} 10 compute the
degree of inconsistency of a set of facts. In (1) and (2} are carried oul using hierar-
chies, instead of assigning subjective probabilities to the truth (reliability) of the ob-
servers. as Dempster-Schafier 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 inconsisient™ or
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“these facts are consistent™, as classic logic does. Mow, we can say “these facts are
consistent in degree x7, where x=10.

An obstacle can be that more complex facts are not managed, but that will be 2

future work.
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