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ABSTRACT

The technological progress in the areas of the hard-
ware and the software, together with the general expan-
sion of the computers to almost all human activities,
make it easier to realize the integration of many already
existing databases.

Unfortunately the process of the databases integration
can be accompanied by many various difficulties and
problems. One of them is surely the possible occur-
rence of the inconsistencies appearing in this process
of the integration.

These inconsistencies can occur at various levels and
they can be of different types.

In the paper we study the existence conditions for
these inconsistencies and we propose a classification of
certain of these inconsistencies.

database systems integration,
inconsistency

Keywords :

I. Introduction

The technological progress in the areas of the hardware,
specially in the field of the (secondary) memories where
the ever increasing capacities are paradoxally in the last
scveral years available at ever decreasing prices and
smaller physical sizes, and the software, continuously
more and more user friendly, efficient and cheaper, to-
gether with the general expansion of the computers to
almost all human activities, make it easier to realize
the integration of many already existing databases.

*This work was supported by the Grant No. 201/97/1070
of the Grant Agency of the Czech Republic : Inconsistency
Resolution Methods in the Data/Knowledge Base Integration.

The participation at the ICS '98 was supported by the Grant
No. A1030601 of the Grant Agency of the Academy of Sciences
of the Czech Republic : Mathematical Foundations of Inference
under Vagueness and Uncertainty

Every database can be seen, at least from the point of

view of the logic, as a conjunction of different facts (and
depending on the representation of these as data, infor-
mation or knowledge, we can obtain either a classical
database systern, either an information system or even
a kind of fashioned knowledge-base system) which leads
naturally to the idea of representing such a database as
a (formal} logic theory.
The states of such a database and the operations over
such a database obey usually certain rules (so called
integrity constraints in the database approach) which
can again be expressed in the corresponding logic (for
instance in the form of special axioms).

Unfortunately the process of the integration of (ex-
isting) databases (as an example see for instance
the series of psycho-medical studies [Stuller, 1995a] &
[Stuller, 1997a]) can be accompanied by many various
difficulties and problems. One of them is surely the
possible occurrence of the inconsistencies (in sense of
the classical logic — see for instance [Stuller, 1995b] -
[Stuller, 19951) appearing in this process of the inte-
gration of databases. ’

The inconsistencies in the integration of databases can
occur at various levels and they can be of different

types.

In this paper we will study the conditions which
can lead to the existence of the inconsistencies in the
databases integration and we will propose a basic clas-
sification of these inconsistencies.

II. Formulation of the Problem

First we will study the conditions for the existence
of the. inconsistencies in the integration of several
databases under the following natural logical assump-
tion :

Al : Each of the databases to be integrated has no
inconsistencies (when taken alone ).



Furthermore, for reasons of the simplification, and hav-
ing in mind the current situation in the area of the
database technologies where the Codd relational data
model prevails, we will suppose that :

A2 : All the databases to be integrated are relational
ones :

Let B;, i € m, be m relational databases to be
integrated (m > 2 ), each consisting of k; relations

RY; = (A%, D, T% ) .
( See Appendix for notations and definitions )
We want to find the conditions which can lead to

inconsistencies when trying to integrate some of the
databases B; .

III. Relational Operations Leading to
Inconsistencies

We will first suppose there exist (at least two)
databases B;, and B;, each having ( at least ) one
relation R*iqj with one common, simple or compound,
attribute, say C

A3: (3C)(3s > 2) (Vi € 3) (3B,)

(3R, € Bi;) (CCA¥y)
(Otherwise it may be questionable to integrate the
databases B;; ... )

From all the usual relational operations (operators) the
only ones which can lead to possible inconsistencies are:

o the unions of the relations
o the joins

¢ and the corresponding compositions.

Let us start by the union (we will use its generalized
form from [Stuller, 1997b]) :

Definitionl Let B; = ( 4i, D;,T; ) bem (m > 2)
relations. The 7 - union of relations R; is the relation
noted |J, 72, R; (A, D,T) suchthat:

1. D(4) N (_(Z}1 Di(m(A4:))) £ 0

2. T

m

U Ti(mi(Ai))

i=1

Convention I In the case of permutations m; being
identities we will omit the prefix = - and speak shortly

m
only about the union and note it |J R:

i=1
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A. Integration by the Union of the Relations

In order to be able to make the union of the relations
R‘iqj we must first suppose they all have the same
cardinality , say k

( greater or equal to two; if it was equal to one, the cor-
responding relations would be the lists, maybe ordered,
which cannot lead to inconsistencies if the original re-
lations had no inconsistencies ... ) :

Ad: (3k>2)(3s 2 2)(Vj€5)(3B,)
(3RS, € Biy) (| Al = k)

Remark 1 If at least two of databases B;; do not con-
sist of (simple) lists, we can always find, by successive
projections, the corresponding (sub)relations Riiqj
with the required property.

First, for the simplification, we will suppose relations

Ri g; are defined over the same relational scheme:
S=(A,D), thatis: 1. A%, = A

2. Diiqj =D
A5: (Yjed)(Rij;eS=(A4,D))
Example 1
| B [ 7 |
| Name | Position | [ Name | Position |
| Peter | researcher | [ Peter | director |

| R=RUR, |
| Name | Position |
Peter
Peter

researcher
director

Even in this very simple example without any further
supplementary information it is impossible to decide
whether an inconsistency appeared in the process of
the integration of databases. Such a supplementary
information is in general expressed in one or several
integrity constraint(s).

We will suppose that we have such an integrity con-
straint. Let it be the following:

Every value of the atiribute Name is associated with
no more than one value of the attribute Position.
(A particular case of a so called functional dependency)

More formally :
(Vu,v €T)((t(Name) = u( Name))
= (t( Position) = u( Position)))

Let us denote by ¥ the set of all the possible integrity
constraints over the given universe of discourse U :
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U = D(A) where:

m k,’
A= U A’
i=1j=1
and
m ki
u =y UD4(4%)
i=l j=1

and by I a subset of the set < .

Let us further denote by R (I) the set of all the re-
lations over given universe of discourse satisfying I .

It is obvious that the following holds in general :

Lemma 1
(@ > 2)(vi €3)(3B:) AR5, € (B,n R(D)))
# ( _U1 R'i, € R(I))
J:

Remark 2 The union, to be meaningful, should be
done only after a thorough semantical justification and
verification because syntactical equality of atiributes
and of the corresponding domains may be misleading,
especially in the case of the overloaded concepts like
name, number, year etc.

Returning to our simple example they are several
possibilities :

e They are some erroneous descriptions of data:
(3i € M)(3j € k)BRy, = (AB;, Dy, Thy))

(3 Chiy; C A%y;) (CYy; is incorrect” )
( that means some afiribute(s) is (are) wrong :
in our Example it could mean, for instance, that
datum " director” is not a (value of the attribute)

Position but it should be a (value from an another
attribute) Function ... )

They are some erroneous data
(in at least one of the relations R'j . :)

(3 € m)(3j € B)@RS; = (Als,, Di,, T ,.))
(3t € T%,, ) (t is "incorrect” )

(1.e.. this t does not represent correctly a fact
from the reality we are trying to capiure in a
database - relation R',. ; in our Example it
could mean that either Peter is not a researcher
or that he is not a director ... )

They are some
erroneous integrity constraints :

(3i€I)(iis  incorrect” )

(1. e. this i does not correctly reflect the reality
we are trying to model ; in our Example it could
mean that there may be more than one Position
associated with one Name ... )

In all cases the incorrect ” items ” must be removed.
Let us denote by :

all ”incorrect” attributes in A :
A = {a€ A ais ”incorrect’ }

the subset of the set A containing
no "incorrect” attributes :

A=A-A

R the subrelation of the relation R containing

all ”incorrect” data :
R=(A,D,{t:A— D(A) |t ”incorrect’ })

R the subrelation of the relation R containing
no "incorrect” data :

R=R-R

the subset of the set I containing all
"incorrect” integrity constraints :

I = {iel:iis ”incorrect” }

the subset of the set I containing
no "incorrect” integrity constraints :
I=1-1

In the first case by the ” correction of attributes ” one
usually means the replacement (renaming) of the in-
correct attributes .

Such a replacement can be done only after a thorough
(semantical ) analysis of data corresponding to the
appropriate incorrect attributes.

The incorrect attributes should be discovered and their
replacement should be performed at the so called
schema integration siage .

In the second case the result of the -”correction of data”
should be new relations ( without incorrect data )

~ 3 -
4 ; i
R, and the new union 'U1 Ry .
1=

The incorrect data should be discovered and corrected
at the so called data integration stage .

And finally, in the third case, as the result of the

” correction of the inlegrity constraints ”, one should
obtain a new set of the integrity constraints [
(without incorrect constraints ).

(At least some of ) the incorrect constraints should be
discovered and their correction should be performed
again at the schema integration stage .

B. Integration by the 7 - Unions

Next we will suppose the relations Riiqj are defined

over such different relational schemata
Shy = <Aijqj * Dijqj )
that there exist appropriate permutations s g; ID

| A%y, | that the following holds :



A6 : ﬂl Dij'lj(wiij(Aiij)).?é 0
]=
Example 2
| R, 1L R,
[ Name [ Position | [ Name | Function |
[ Peter | researcher | | Peter | director B

| R =R U, R, |
I

| Name Post |
Peter researcher
Peter director

The necessary prerequisite is the exist/egce of the
” appropriate” permutations riiqj in | A%, | which
must be semantically justifiable for the concrete
databases — relations :
In our Fzample 2 we presuppose that the (names of
the) attributes Position and Function are synonyms

(i.e. they are semantically equivalent).

If this is the case similar reasoning we used to the union
of relations applies also to the - union of the relations
giving the same sources of the possible inconsistencies:

( Let us denote by :
.Rm-'-1 = (Am+1 H Dm+l ’ Tm+l ) = Uw}:l Ri;‘h’
km+1 = 1 )

¢ erroneous descriptions of data:
(3iem+1)(Fjek)
(IR, = (A, Dly;, THy;))
(3 Chy; C Alig,) (Cy, is “incorrect” )
{ in our Example 2 it could mean, for instance,
that the attribute Post is not a semantically
equivalent synonym of the attributes Position
and Function ... )

e erroneous data ‘
(in at least one of the relations R'7g; : )
(Fiem)(Bjek)
(IRYy; = (Atq;, DYy, s T”q,—))
(3t € T%,,) (t is "incorrect” )
( in our Example 2 it could mean that either Peter
is not a researcher or that he is not a director ...)

e erroneous integrity constraints :
(3¢ € I)(iis "incorrect” )

(in our Example 2 it could mean that there may
be more than one Post associated with one Name

-)
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C. Generalization

Relaxing the condition A5 ( about the relations one
wants to make an union over being defined over the
same relational scheme) into weaker condition A6
requiring the existence of permutations 7% q; such that
there exists the m - union of relations Rfi g¢; » One can
obtain the corresponding lemma for the 7 - union :

Lemma 2

((Fs22)(Vi€3)(3Bi,;) 3RY; € (B;,nR(])))
# (Ur iz R, € R(I))

Remark 3 In the case of the 7 - union, to obtain

meaningful results, one should be even more careful

to semantically justify the meaning of performing the
operation of the = - union .

D. Integration by the (Equi-)Joins

In the following we will study the properties of the joins
in the process of the integration of the (relational)
databases .

Let us start by giving the definition of the simplest
join (the so called equi-join) from [Stuller, 1997b] :

Definition2 Let R; = ( A;, D;, T; ) bem (m>2)
relations and B; be m sets of attributes such-that :

((Bic4i) (¥ €M) A (1) Di(m:(B:)) # 0)

The join of the relations R;, according to the

attributes sets B;, with respect to the equality , is the
relation noted :  *.,(8,)=r;3) Bi = (A, D, T)

m
where: 1. A = |J A;
1

i

Ca i

2. D = D;

1

..
[

3.T = *x (B y=m,(B) I}

Convention 2 In case of permutations =; being the
identities, the equality of B; and such that they are
mazimal (in set inclusion sense) with such a prop-
erty, we will omit the indez . (p,)=xr,5;) by the *

and call the join the natural join of R; .

We will start by ¢llustrate the difference between the
tntegration by performing:

o oneofthe joins ( the naturalone) of the relations
and

e one of the unions (the m - union ) of the same
relations :-
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Example 3
| Ry ] | R _
[ Mother | Son | [ Mother | Daughter |
[ Eve JJohn | [ Eve | Anne |
r R = R1 * R2 I
[ Mother | Son | Daughter |

[ John |  Anne |

[ Eve

[ R = R, Uy Ry I

[ Mother | Child |
Eve John
Eve Anne

Nevertheless, depending on the every concrete situa-
tion, one must choose the best appropriate operation
to perform the integration of the databases.

We will illustrate the occurrence of the inconsistencies
in the integration by joining the relations in the follow-
ing example :

Example 4
e S
[Husband | Wife | [ Mother | Child |

[ Mary | |

r R = Rj *Wife= Mother R, J
[ Husband | Wife | Child |

r Joseph

[ Joseph Mary | Jesus |

| Mary | Jesus |

Again, as in the case of the union, even in this very
simple example without any further supplementary in-
formation it is impossible to decide whether an incon-
sistency appeared in the process of the integration of
databases.

The comparison of this join with the 7 - union of the
(same) relations :

Example 5
[7R = R ’ Uy R, ]
[ Man | Woman |
Jesus Mary
Joseph Mary

shows that the integration by joins against the integra-
tion by unions :

_10_

e allows mnew relationships between
(entities or their attributes) which

objects

e can be the source of new inconsistencies
( having for arguments some of such new relation-
ships ) in addition to the inconsistencies known
from the unions .

Remark 4 What was said about the importance of
the semantical justification for the = - union holds
even more for the joins as the only condition on p
relations R*,, to be joinable is :

P ) )
AT: (] D*y (7 (B™g)) # 0 where:

k=1
(Vk€P) (B*, C 4%,)

which is equal to the condition A6 with the unique
difference that B**,, C A'*,, and so one can have in
principle up to :

m=

p |B* ;
ooz (M
k=1 n
possibilities of performing the join of p relations.

E. Other Operations of the Relational Algebra

All the other (usual) relational operations (and oper-
ators), except the (equi-) compositions, do not con-
tribute to the process of the integrations of databases.
We will not need to study the properties of the com-
positions as they are expressible in the corresponding
joins (and projections).

IV. Inconsistencies classification

Definition 3 The following relational operations :
unions, (equi-) joins and (equi-) compositions
will be called the integration operations.

Definition 4 Let Ry be m (m > 2) relations
one wants to make an integration operation over, Ix
be m corresponding sets of integrity constraints and
I+1 be the set of integrity constraints corresponding
to the result of the integration operation such that :

m+1
I = |J I is (logically) consistent .
k=1

We will call the inconsistencies in the result of the
integration operation over the relations R; the:

universe of discourse inconsistencies

S (Fkem) (A # Ar)
data inconsistencies

& (3kem) (R # Re)
inlegrity constrainis inconsistencies

© (3kem+1) (L # Ii)
semantical inconsistencies

& (Fk € m) (m # Identity)



Definition 5 Universe of discourse inconsistencies
and integrity constraints inconsistencies will be called
the conceptual inconsistencies.

Remark 5 Every type of databases integration incon-
sistencies, according to our classification, originates
from different sources and can be best eliminated,
or at least minimized, at various stages of the in-
tegration of the concerned databases :

e the conceptual inconsistencies at the stage of the
schema integration

o the semantical inconsistencies by well-considered
choice of the attribute(s) over which one wanis to in-
tegrate the databases

o the data inconsistencies by thorough verification
and validation, at the data entry stage

Convention 3 In the following we will use the following
notation :

u - inconsistencies :

universe of discourse inconsistencies
d - inconsistencies : data inconsistencies
i - inconsistencies :

integrity constraints inconsistencies
semantical tnconsistencies
conceptual inconsistencies .

s - inconsistencies :
¢ - inconsistencies :

V. Existence Conditions for the
Inconsistencies in the Database Integration

We have seen in the section III that the integration
of (therelational ) databases by integration operations
may lead to inconsistencies .

In order to eliminale, as much as possible, the occur-
rences of these inconsistencies, one should try to, es-
pecially in the case of the validity of the conditions :

( A1 : Each of the considered databases to be
integrated has mo inconsistencies
( when taken alone ) .
&
A2 : All the databases to be integrated are relational
ones . )

e L AS: ((VjEF)(Riy €S=(4,D)))
clear the databases to be integrated from :
— incorrect attributes which can lead to

the u-nconsistencies

— incorrect data which can lead to the
d - inconsistencies '

— incorrect integrity constraints which
can lead to 1-inconsistencies
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3 - . I3
¢ & A6 ([N Dy, (mhiy (Ahy;)) #0)
ji=1
semantically deeply analyze the corresponding
attributes in the relations to be integrated by
7 - unions to eliminate the s - inconsistencies

p . . .
e & AT : D, (ﬂ'”‘qk(B”‘qk)) # 0

( B*g, C A%, ) (VkE€D)

semantically deeply analyze the correspond-
ing atiributes in the relations to be integrated
by joins to eliminate the s-inconsistencies .

VI. Related work

The process of the integration of databases has been
studied from mid-eighties, with the emphasis on the
schema integration (see e. i. [Batini et al., 1986] as
one of the first papers and [Ramesh & Ram, 1997],
[Santucci, 1998] and [Tseng et al., 1998] as ones of
the last ones) and with less attention on the
integration of data themselves (see for instance
[Orlowska et al., 1997] ) .

To our knowledge none of them proposed any kind
of classification of the inconsistencies in the process of
databases integration neither any existence conditions
for these inconsistencies to appear .

V1I. Conclusion

By analyzing some simple ezamples we have arrived
at the sources of possible inconsistencies when in-
tegrating databases and we have proposed certain
classification of these inconsistencies based on the
their sources.

We have find four conditions A4, A5, A6 and A7
under which can occur different types of inconsistencies
in the process of the integration of databases.

The conditions A4, A5, A6 apply to the integra-
tion by unions while the condition A7 applies to the
integrations by joins .

In the future we would like to further develop our
classification of the inconsistencies in databases inte-
gration with the focus on the possibilities of designing
some kind of support for the resolution of these incon-
sistencies.

_‘I]_
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VIII. Appendix

Definition A relation in the RMD will be any-

triple ( A, D,T ) with:
1. A being a finite set of attribute names .

2. D being a mapping which maps every attribute
name a € A to a domain , noted D(a) .

Let us : denote by D(A) the union of all D(a)
and call it the universe of discourse .

3. T being a finite set of mappings ¢ from A to
the universe of discourse D (A) such that :

t(a)eD(a) forallac A.

Notation! m = {1,2,---,m} (6=0)

Notation 2 The cardinality of the set A will be
denoted by | A |.

Notation 3 Let A; = {ai; | j€ 1A |}, i€{1,2},
(Vi€l4i]) (Di(a1;) N Dy(ang)) #0)

( v being an appropriate permutation in | A; | )

13
Di(A1) N Da(w(A2)) # 0

(D1(A1) N D2(w(Az)) # 0)
= (| A1|=]42])

Lemma

Notation 4 C} T;(mi(Ai)) = {t:A—>D(A4)]
= (Jiem)(3u € Ty)
(ui(mi(A:i)) = t(A))}

Definition Let R = ( A, D,T ) be arelation and
Ay C A . The projection of the relation R over A;

isthe relationnoted R [A1] = (4, D, T1) such
that :
1. D1 = D/A]_
( the restriction of the mapping D
on the subset A4; of A )

2. Ty = T [A]

Notation § T[A] = {t:4A — Di(A)]
(FueT)

(t(41) = u(A1))}

_"2_

Definition Let R; = (A, D;, Ti), i€ {1,2},
be two relations such that :

L(3An C A2) | A |=|4a))

2. D1 (A1) N (D2 /An)(7(A21)) # 0)
( 7 being an appropriate permutation )

3. i (A1) C T2[An](w(42n))

Then we will say that the relation R; is a subrelation
of the relation R — what we will note by By C R,

m —
Notation 6 D(a;) = |J Di(a;) , Vje|A|
i=1

.

lw]

]
iCs
o

Notation 7

{t: A= D(A)|

((Viem) (3w € Ty))
((t(45) = u;(4;)) A

(u(m(B1)) = wi(m(B:))))}

*r (B )=m(B) i =

Convention

We will call a set of attributes a compound attribute
or even, shortly, only an attribute .

When such a set will have ezactly one element, we will
call it, whenever necessary, a simple attribute .
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