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Abstract The design of an appropriate conceptual database scheme 1s one of the most
difficult tasks 1n usual database applications Especially, the design of a common glo-
bal database scheme for many different user groups requires a great amount of effort
and skill, because the desired scheme should fit a great variety of requirements and
expectations Here, view integration 1s a natural method that should help to manage
the complexity of such a design problem For each user group the requirements and
expectations are separately collected and specified as views, that are subsequently
integrated 1nto a global scheme supporting all those different views

In this paper, we carefully develop a formal model, clanfying many notions and con-
cepts, related to the view integration method This formal model serves as a theoretical
basis of our integration approach that uses equivalence preserving, local scheme
transformations as the main integration operations

1 INTRODUCTION

View integration 1s a method that should help to
cope with problems related to the design of conceptual
database schemes for extensive database apphications
In such an extensive application, there exist a lot of
different user groups, each of them requiring particular
information on the whole application to fulfill their spe-
cial tasks Ie, each user group has its own view of the
whole application which can formally be described by a
small (view) database scheme, representing the infor-
mation needs and rights, associated with that particular
user group

Of course, one of the main goals in database appli-
cations 1s to centralize all information 1n a single global
database that can support all views By this centraliza-
tion, redundancy 1s avoided and the threat of inconsis-
tancies between the views 1s reduced So, several data-
base schemes for the different views and a single, global
database scheme for the centralized global database
have to be designed

According to a common approach, first the global
database scheme 1s designed, and afterwards suitable
portions of 1t are selected to form the view schemes for
the different user groups But this approach bears at
least the following deficiencies
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The immense number of expectations and require-
ments of all user groups can hardly be managed
and overviewed Thus, it is rather difficult to get a
suitable’ global scheme that really can fit all
those requirements

The classical formal design algorithms ([{CoddZ2]
[Fagi], [BDB]) can hardly be used to find a global
scheme of an extensive application These algo-
rithms are based on a specification of the form
(U C), where U is a set of attributes (the umiverse),
and C 1s a set of functional and multivalued
dependencies Usually, such specification means
are not sufficient to capture all the relevant
details of an extensive application Thus, the clas-
sical approaches are rather inadequate to the
design of global schemes, while they are still quite
useful, when designing smaller user views

So, view 1ntegration seems to be a much more
natural approach At first, the requirements and expec-
tations of all user groups are separately collected and
specified as view schemes Thereafter, all those views
are integrated into a global scheme that supports all
Views

This view integration approach can be embedded
into a methodology for the whole database design pro-
cess According to [Lum], [TeFr], [YNW] the design pro-
cess can be divided 1nto five phases

Requirement Analyms The requirements of all user
groups are analyzed, collected and formally specified so
that both the information and processing requirements
are made explicit

View Modelling Using the information requirements of
the first phase, a database scheme for each user group
1s constructed, representing 1its special view of the
application These user views are generally specified on
a more abstract level of a conceptual data model, which
should be 1ndependent of any concrete database
management system



View Integration All the user views are analyzed 1n
order to specify the connections and relationships
between them and to detect possible conflicts Then the
views are integrated into a global scheme for the cen-
trahzed, common database that should be able to sup-
port all views This global scheme 1s also specified on
the abstract level of the chosen data model

Implementation Design The global conceptual database
scheme 1s refined 1n order to get a processible scheme
of the target database management system

Phymical Design On the physical level of the target data-
base management system, an appropriate storage struc-
ture is chosen to get an efficient implementation of the
whole application

The above de51gn phases are snll of such a size and
mteractlve computer support Thus, there 1s a need for
computer-aided design tools for all phases of the whole
design process In order to be useful and acceptable,
such tools should be based on a clear, formal back-
ground Although several work ([Bale,BLM], [CaVi]
[MaW1,WiMa], [NaGa], [YWH]) was directed to the view
integration phase, such a complete formal basis 1s still
mussing At least the following details should be
clarified as a basis for a computer-aided view integra-
tion tool

1) A data model with a clear formal semantics must
be chosen This data model forms a kind of inter-
face to the other phases, since all user views and

the global scheme are specified within this model

2) A formal specification language must be given that
can be used to describe the connections and rela-

tionships of different views

3) The notion of conflicts between several views has

to be formalized

4) There 1s a need for a formal concept of the inclu-
sion of database schemes, describing when a global

database scheme supports a user view

Using the above concepts, a complete formal
description of the view integration problem should
be elaborated

In our research, we try to develop such a theoreti-
cally based view integration method, extending many
concepts and results of a former approach due to
Casanova/Vidal [CaVi]

The paper 1s organized as follows In Section 2 we
carefully develop our formal model clarifying the
notions and concepts, needed for the view integration
phase In Section 3, our integration algornthm 1s
presented that uses equivalence preserving local
scheme transformations as the main integration opera-

tions Section 4 concludes this paper by pointing out
some open problems and directions for further
research

2 A FORMAL MODEL FOR THE VIEW INTEGRATION

2 1 PRELIMINARIES

At first, we briefly present some basic definitions
and notation, used throughout the paper

Let U be a fixed finite set of attributes and let T be
a fixed finite set of basic types 1 e each TeTis a count-
able set of values containing at least 2 elements A
function dom U-->T associates each attribute with a
basic type An ordered subset X={A1l, AnjcU will be
represented as X=A1 An 1e asaword over U Fortwo
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ordered subsets X, YCU the assertions XCY, XnY=¢ will
hold 1if the same assertions hold for the corresponding
unordered sets Furthermore, the function dom 1is
extended to ordered subsets of U by the unique mor-

phism dom Us--> T+

A relatwon scheme R[X] consists of the relation
name R and an ordered set X=A1 AncU of attributes A
tuple t over X 1s an element t€dom(Al)x xdom(An) A
relation r over X1s a finite set of tuples over X A data-
base scheme D=<R|C> consists of the name D, a finite
set R={R1[X1], ,Rn[Xn]} of relation schemes and a
fimte set C of integrity constraints A database
d=(r1, ,rn) over R associates each relation scheme
Ri[X1] with a relation r1 over X1 A database d over R
that additionally satisfies all integrity constaintsin Cis
called an 1.1}s\ta.'n.ce or a valiwd database of D, denoted by
desat(C) =( | _csat{c) The set of all valrd databases of
D1s denoted by I(D)

anmetmmante ara and ag statao

Pnfamandas
CONSTEITLLS ar

Ftegrity e
ments about time-invanable properties of the real world
that must be satisfied by every meaningful database So,
integrity constraints are a formal means to distinguish
between meaningful and meaningless databases with
respect to the real world Here, we concentrate on
functional dependencies (FDs), inclusion dependencies
(INDs) and exclusion dependencies (EXDs) A functional
dependency over R [Codd2] 1s an expression c of the
form c=R1 Y->Z, where Y, ZcX1 A database d=(r1, ,rn)
over R satisfies ¢, denoted by de&sat(c), 1ff for all ¢, t'en
t[Y]=t[Y] ==> t[Z]=t'[Z] An wnclusion dependency
over R [CFP] 1s an expression ¢ of the form
c=Ri[Y]cR)[Z], where YcXi, ZcX) and dom(Y)=dom(Z)
desat(c) 1ff n[Y]cr)[Z] Simlarly, an ezclusion depen-
dency ¢ over R [CaVl] is of the form c=Ri[Y]||R)[Z],
where YcXi, ZcX), dom(Y)=dom(Z) and desat{c) 1ff
r[Y]or(Z]=¢

Remark Note, we use ordered sets of attributes instead
of usual, unordered sets and we define tuples to be
sequences instead of mappings This notation turns out
to be quite useful 1n connection with inclusion and
exclusion dependencies Beyond these basic definitions,
we assume the reader to be famliar with the operations
of the relational algebra, as for instance described 1n
[Maie] [Ullm]

understood as state

22 THE DATA MODEL

Within conceptual database design a data model 1s
used to develop an abstract representation of the
relevant parts of the real world, which should not
depend on the database management system chosen for
the implementation (See [Brod] for an overview of data
models ) As already indicated, our analysis of the view
integration problem 1s based on a relational model of
data [Codd1]

In the following, we adopt some common restric-
tions on the use of integrity constraints to get a proper
subclass of so-called normalized database schemes
This normalization should guarantee that only semanti-
cally meaningful integrity constraints are used

Let D=<R|C> be a database scheme D s called a proper
database scheme, 1ff

for all relation schemes Ri[X1]€R there 1s a pair (K1,P1),
where KinPi=¢ KiP1=X1 and

a) for all Rj[X;leR

the set of all FDs refering to R] 1s equivalent to the
single FD Rj Kj->P),

forall R)[Y]cRI[Z]eC

Rj#Rl and ( (Y=K; and (ZcKl or ZcPl)) or (Z=Kl
and (YcKj or YCP})) ),

b)



for all RJ[Y])RI[Z]eC
R)#Rl, Y=Kj and Z=Kl

c)

a) restricts the use of FDs as intrarelational con-
straints A proper database scheme 1s a collection of
entities and relationships, each 1dentified by a unique
key Attrnibutesin Ki are called wdentifying atéributes of
the objects (entities or relationships) of type Ri,
whereas attributes in P1 are called property attributes

b), ¢) restrict the use of INDs and EXDs as interre-
lational constraints, guaranteeing that they are always
via keys, which make them hkely to be supported by
concrete database management systems An IND of the
form Rj[Kj]JcRI[Z] denotes that 1n any instance
d=(rl, rn) all objects of type R), occuring in rj, are
used either as an 1dentifying or as a property part of
objects in rl An IND of the form R)[Y]CRI[Kl] denotes
that the properties of any object of type Rl occuring
either as 1dentifying or as property part of an object 1n
r), can be found in rl An EXD Rj[K;]||RI[K1] denotes that
the objects 1n r} and rl are distinct, although they
belong to a common general type of objects

Although the above restrictions seem to be techni-
cally rather comphicated we believe that they are usu-
ally satisfied when modelling real world situations All
views and the desired global scheme should be specified
as proper database schemes Thus, 1t 1s the task of the
view modelling phase to supply all views 1n that normal-
1zed form

We fimsh this paragraph with a still rather small
example that will often be reused throughout the paper

Example Suppose that a small trading company 1s
divided 1nto four divisions (personnel, pay-roll, market-
ing and stock division) Of course, each division has its
own special information needs which will be modelled
as a proper database scheme We present these views
Vi=<Ri|C1> 1n the usual tableau-oriented manner with
the 1dentifying attrnibutes underhned and the
corresponding FDs omutted The following abbreviations
are used Employee Division, ldentity, Salary, Account,
Order-date, Delivery-date, Quantity, Product

V1 (personnel division)

Employees Name | Address | Date | Div
V2 (pay-roll division)

Salaries ﬂ_.;].d.! Name ! Sal ! #Acc

Pay-roll-emps || g#ld | Address

Pay-roll-emps[#Id]cSalaries[#1d]

V3 (marketing division)

Articles Name | Price

C_usim_lmmﬂ Name | Address

Ord-date

Orders Customer Del-date

Order-contents “WLQL!
Marketing-emps " #5100 l Name | Address

Orders[#0rder]cOrder-contents[#0rder],
Orders| #Customer]cCustomers( #Customer],
Order-contents{#0rder]cOrders[ #Order],
Order-contents| #Article]CArticles[#Article]
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V4 (stock division)

Stock Narne t

Stock-emps Name | Address

2 3 INTEGRATION CONSTRAINTS

Let V1, ,Vn be a set of database schemes that
have to be integrated 1nto a single global scheme Asall
these schemes represent overlapping portions of the
same part of the real world, normally, a considerable
amount of data 1s shared These connections between
the different views must be analysed and specified
Siatements describing time-invariable connections
between several views are called wntegraiion con-
strawnts

In our approach, we use integration constraints
with a formal semantics essentially based on the seman-
tics of INDs and EXDs But nevertheless, we stress that 1t
1s 1mportant not to mix up integrity constraints and
integration constraints, as done 1n [CaVi], because of
different intended meanings Integration constraints
describe the connections between different views, and
so they form some kind of structural inter-view con-
straints which have to be considered during integra-
tion On the contrary, integrity constraints specify pro-
perties of the real world, and so they deterrne what
are meaningful databases Thus, throughout the paper
a different syntactical notation 1s used to distinguish
the two types of constraints

In the following, we first present some typical con-
nections between different views using our former exam-
ple again A complete formal definition of the syntax
and semantics of the integration constraints will be
given afterwards

Example (continued) Naturally, all employees (and only
employees) draw a salary So the data seen by the per-
sonnel division and the pay-roll division 1s partly 1dent:-
cal Thisis expressed by the identuly constraint
Employees[#Emp,Name] 1d Salaries[#1d,Name]’

In the personnel division, information about all employ-
ees must be avallable, whereas in the marketing division
this information 1s needed only for exactly those
employees, working in that particular division This s
specified by the selection constraint
Marketing-emps[#Emp,Name,Address] sel
(Div="marketing’ Employees)[#Emp,Name,Address]’

We assume that every employee 1s attached to a unique
division Thus, the data belonging to the Marketing-
emps scheme and the data related to the Stock-emps
scheme are disjoint, although both schemes describe
the same type of information on employees This 1s
expressed by the disjoint constraint
Marketing-emps{#Emp] disj Stock-emps{#Emp]’

Assume, most articles that are sold (and only such arti-
cles) are 1n stock, but sometimes there may be articles
out of stock This is specified by the containment con-
strawnt

Stock[#Prod,Name] con Articles[#Article,Name]’

To summarize all connections and relationships that
belong to our example, we present the following set I of
integration constraints

Employees{#Emp,Name] 1d Salaries{[#1d,Name],

Pay-roll-emps[#1d,Address] sel
(Div="pay-roll’ Employees)[#Emp,Address],



Marketing-emps[#Emp Name,Address] sel
(Div="marketing’ Employees)[#Emp,Name Address]

Stock-emps[#Emp,Name Address] sel

(D1v="stock’ Employees)[#Emp, Name Address],
Pay-roll-emps[#1d] dis) Marketing-emps[#Emp],
Pay-roll-emps[#1d] dis) Stock-emps[#Emp],
Marketing-emps[#Emp] dis) Stock-emps[#Emp],
Stock[#Prod,Name] con Articles[#Article,Name] .

Now, we present the general syntar of the integration
constraints

Let V1, ,Vn be a set of proper database schemes, each
representing a different view An integration constramnt
over V1, ,Vn 1s a statement of one of the following
forms

- wdentity constrawnts (IDs) Ri[Y]1d R)[Z],

where R1 and Rj belong to different views and for some
YcPi, Z°cP) (Y=KiY’, Z=K)Z’, dom(Ki)=dom(K)) and
dom(Y’)=dom(Z")),

- selection constraints (SELs) Ri[Y] sel (b R))[Z],

where R1 and R) belong to different views, b 1s a condi-
tion for a selection on the attributes of R} and for some
Y'cPi, Z°cP) (Y=KiY’, Z=KjZ’, dom(K:)=dom(K)) and
dom(Y’)=dom(Z")),

- disjoint constrawnts (DISIs) Ri[Y] dis} R)[Z],

where R1 and R) belong to different views, Y=Ki, Z=K]
and dom(K1)=dom(K)).

- contamnment constraints (CONs) Ri[Y] con Rj[Z],
where Ri1 and R} belong to different views and one of the
following conditions holds

a) for some ¢#Y'CP1, ¢p#Z°CP)
(Y=KiY", Z=K)Z’, dom(K1)=dom(K)) and
dom(Y")=dom(Z")),

b) (Y=Ki and (ZcK) or ZcCP})) or (Z=Kj and (YCKi or

YcP1)),

In order to give the semantics of these integration
constraints we need the notion of an extended database
scheme

An ezxtended database scheme D 1s a triple D=<R|C|I>,
where <R|C> 1s a proper database scheme which 1s
extended by a finite set of integration constraints I
A database d over R 1s an wnstance of the extended
scheme D, 1ff desat(C)nsat(l), where
sat(Ri[Y] 1d Ry{Z]) =sat(Ri[Y]cR)[Z])nsat(R}[Z]cRi[ Y]},
sat(Ri[Y] con R)[Z]) =sat(Ri[Y]cR)[Z]),
sat(Ri[Y] dis) R)[Z)) =sat(Ri[Y]IR)[Z]).
d=(r1, .rm)esat(Ri[Y] sel (b R))[Z])
<==> nY]=(oy, n){Z]
sat(l) = nmsat(l)
Again, the set of all instances of D1s denoted by I(D)

Remarks

- Sometimes we will regard a proper database
scheme D=<R|C> as an extended database scheme
D=<R|C|I> with I=¢, and vice versa

- We note that we do not assume any implicit con-
nections and relationships through names of attri-
butes or relations Although equal names surely
indicate possible connections, they should ezpla-
citly be specified

- Besides the possibilities to specify connections
and relationships between the views through
integration constraints, there 1s the additional
possibility to add several manager views' to the
set of all iews These manager views can then be
connected with the other normal views through
additional 1ntegration constraints In our
approach, we will not distinguish the different
types of views
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Note, that for some integration constraints,
namely DISJs and CONs of the form b), there exist
corresponding integrity constraints which conform
to the restrictions, required for proper database
schemes These are called simple integration con-
straints, whereas the others are called pure
wntegration constrawnts So, pure integration con-
straints are more powerful than the integrity con-
straints that are used 1n proper database schemes
They are needed to describe situations in which
even properties of objects are redundantly seen 1n
different views, whereas these situations should be
avoided within a single, proper database scheme

2 4 CONFLICTFREE VIEWS

Now, we are able to give a precise definition of
what we understand by the confiictfree combination of
several views to describe all vahd global situations

Let V1=<R1|C1>, ,Vn=<Rn|Cn> be a set of proper data-
base schemes with pairwise disjoint sets of relation
schemes Furthermore, let I be a finite set of integra-
tion constraints over V1, ,Vn

The combination of Vi, ,Vn wrth respect to I 1s the
extended database scheme Comb(V1, ,Vn,I) =<R|C[I>,
where R=U, Riand C= U, .G

We often write '‘Comb’ instead of Comb(V1 Vnl)'
whenever V1 ,Vn and I are understood Instances of
Comb are also called valid global situations Thus, a
valid global situation 1s a combination of vahd view-
instances which additionally satisfies all integration
constraints

i=l n

Naturally, a user of a specific view expects that
every 1nstance of his own view 1s represented by at least
one valid global situation If there exists an instance of
a view that cannot be combined with others to form a
valid global situation, then we argue for assurmng at
least one of the views is not correctly specified For it
allows a view database that 1s meaningless with respect
to the whole application Or, much more harmfully,
there exist conflicts between the views However, both
cases should be avoided This motivates the following
definitions

Let Comb=<R|C|I> be the combination of V1, ,Vn with
respect to 1 Furthermore let d=(rll, .rlll, .
rnl rnln) be an instance of Comb, where n1, il are
assoclated to the relation schemes of V1
For 1=i1=n, the projection of d to V2 1s defined by
d{vi] =(n1, .nl)
Similarly, the projection of I{Comb) to Vi 1s defined by
I{Comb)[V1] ={d[V1] | d€I(Comb)]
The views VI, ,Vn are conflicifree urth respect to I, 1ff
for all1€{1, ,n} I(Comb)[V1]=I(V1)

In the known lhterature, conflicts between the
views are often informally described and simply reduced
to be naming conflicts We note that our formal notion
of conflictfreeness only depends on structural connec-
tions between the views, while different user groups are
still allowed to choose their own appropriate names

Example (continued) It 1s easily shown that the views of
our example are conflictfree with respect to the given
set I of integration constraints Any instance of any
view can obviously be extended according to I, in order
to form a valhd global situation, so that
I(Comb)[V1]=I(V1) 1s satisfied for all views V1 .



25 INCLUSION AND EQUIVALENCE OF DATABASF
SCHEMES

Next, we motivate our notion of inclusion and
equivalence of database schemes which we believe to be
suitable 1in the field of view integration In the litera-
ture, one finds several approaches to this problem, for
instance [AABM], [Conn], [Hull], [Riss] We use a slightly
modified version of weakly included’ as defined by
Atzeni/Austello/Batim/Moscarim [AABM]

Intuitively, a database scheme G supports another
database scheme V, 1if there exists a mapping f which
assoclates every instance g€I(G) with an instance
f(g)€Il(V) Additionally, £(I(G))=I(V) 1s required, so every
instance of V 1s supported by at least one 1nstance of G
In the field of view integration only instances of a global
scheme G are physically stored, while the corresponding
view-instances should easily be computed via f Thus,
we further require that f 1s given by an expression of the
relational algebra More precisely, f 1s an n-tupel of
quertes f=(f1, ,fn), where f(g) =(f1(g), .In(g)) This
leads to the following definitions

Let V=<{R1[X1], ,Rn[Xn]}|C> and G=<{R1[X1’], .
Rm’[Xm’]}|C’> be two database schemes

G supports V (or Vis included in G), denoted by V=G, 1ff
there exists a relational query {=(f1, ,fn) f(I(G))=I(V)

G and V are equwalent, denoted by V=G 1iff V=G and
GsV

These definitions are obviously extended to include
extended database schemes

Now suppose, a global scheme G supports a view V
via f and only the instance g of G 1s physically stored A
query q agamnst V can be evaluated by first using f to
compute the corresponding view instance v =f(g) and
thereafter, the desired answer q(v) i1s computed But
much more efficiently, we will first take the complete
query qof and optimize 1t to get an equivalent query q°
against G which 1s then evaluated to the answer

q’(g)=alv)

2 6 THE FORMALIZED VIEW INTEGRATION PROBLEM

Now, we motivate our formal description of the
view Integration problem Let V1 ,Vn be the set of
views that have to be integrated and let 1 be the
corresponding set of integration constraints, specifying
the connections between the views A global database
scheme G 1s sought which describes all valid global
situations and simultaneously supports all views

Obviously, Comb(V1l ,VnI) 1s such a database
scheme, but 1t 1s rather useless as a global scheme
because of several deficiencies Comb includes many
complicated integration constraints On the one hand,
these constraints cause avoidable redundancy in the
instances of Comb which makes them rather inefficient
to be stored On the other hand, in case of updates,
additionally all integration constraints have to be
checked which 1s rather difficult and tnefficient, too

To avoid these difficulties, we demand G to be a
proper database scheme without i1ntegration con-
straints, simultaneously supporting all wviews, 1e,
Comb<G This requirement 1mplies the existence of a
query f agamnst G such that {(I(G))=1(Comb) Moreover f
1s also ezplicitly needed for the transformation of
queries against the views, as described above

Finally, we believe G=Comb to be another
appropriate property of the desired global scheme G,
because instances of G should only represent such
information, that 1s really used 1n valid global situations
and nothing else So, this requirement assures a kind of
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munimality of G To sum up, we have the following
definition

Let V1, ,Vn be a set of proper database schemes and let
1 be a set of corresponding integration constraints
A solution to the view wntegration problem (given by
V1, ,Vnand]I)isa pair (G,f), where

a) G 1s a proper database scheme,

b) Comb=gG,

¢) I 1s a relational query such that f(I1{G))=I(Comb)

We finish this section with a simple result, showing
that 1n case the views are conflictfree, a solution to the
view Integration problem can really be used to support
all views

Proposition 21 Let V1, ,Vn be a set of conflictiree,
proper views with respect to a set I of integration con-
straints Furthermore, let (G,f) be a solution to the
given view integration problem

Then G supports every view, 1 e , V1=G, fori1=1, ,n

Proof straightforward by showing VisComb 1n case the
views are conflictiree .

3 THE INTEGRATION METHOD

3 1 INTRODUCTION

In this paragraph, we develop our method to solve
view integration problems which 1s based on a more gen-
eral philosophy for database design [Bisk]

The required properties of a solution are split into
a basic' property I’ that 1s easy to achieve and an add:-
tional’ property Q which 1s much more difficult to
achieve In a first step, an imtial design satifying the
basic property 1s produced In a second step, this ini-
tial design 1s improved step-by-step by local transfor-
mations which eliminate forbidden substructures’ until
the additional property is satisfied, while the basic pro-
perty 1s still preserved

In our particular case, we have a set V1, Vn of
proper database schemes and a set I of corresponding
integration constraints A solution to the given view
integration problemis a pair (G,f), and we use
- as basic property T({G,f)) <==>
G=<R|C|I> 1s an extended database scheme such
that G=Comb and
f 1s a relational
£(1(G))=1(Comb),

- as additional property Q((G,f)) <==>
G 1s a proper database scheme,

query against G such that

- as forbidden substructure
an integration constraint 1€l

In this particular case, the first step of the above
design philosophy 1s rather trivial Obwviously, (Comb,1d)
already satisfies the basic property, where 1d’ denotes
the 1dentity query against Comb So, we will use
(Comb,1d) as the imit1al design which has to be improved
by the second step The basic notions, needed for the
formal defimtion of the desired local transformations,
are shortly described by using our former example

Example (continued) The following relation schemes
and the corresponding integration constraint form a
local part of the extended database scheme Comb
Employees[#Emp,Name,Address,Date,Div]
Salaries{#1d, Name Sal,#Acc] and
Employees[#Emp Name] 1d Salaries[#1d Name]



This 1dentity constraint, formming a forbidden substruc-
ture, can simply be ehiminated by merging both relation
schemes together to get a new one representing both
old schemes

Emp-Sal[#Emp,Name Address,Date,Div Sal #Acc]

This transformation not only ehminates the undesired
1dentity constraint, but simultaneously avoids the
redundancy induced by it .

There are simuliar transformations for all other
kinds of integration constraints For instance, a selec-
tion constraint Ri[KiPi] sel (b R))[KjZ]’ will be ehm-
inated by removing the redundant relation scheme Ri
A containment constraint Ri{KiY] con R)[K)Z]' will be
simplified by removing the redundant attributes Y in R:
Finally, a simple 1ntegration constraint 1s eliminated by
replacing it by 1ts equivalent integrity constraint

But we are still faced with another problem,
because whenever a relation scheme 1s changed by such
a transformation, we have to guarantee that all other
constraints, belonging to this scheme, can be
transformed correspondingly That 1s, in general the
relevant local part of an extended database scheme,
changed by a transformation, 1s sornewhat larger than it
1s indicated by the above example

So, 1n general a transformation 1s divided into the fol-
lowing steps

- choose an integration constraint that should be
eliminated,

- compute the set of all constraints (1 e, integrity
and integration constraints), forming the relevant
local part for the intended transformation,

- check, whether the above set of constraints can be
transformed correspondingly,

- finally, perform the complete transformation

Most of those constraints that form the relevant
local part of an intended transformation can easily be
transformed correspondingly However, sometimes
there are some so-called disturbing' constraints, that
cannot be changed Having the above proposed
transformations 1n mind, we can give a simple syntacti-
cal characterization of those disturbing constraints

Let B be a set of constraints (1 e, integnity or integra-
tion constraints), and let 1 be an integration constraint
disturbing(B)) =
fbeB | b#1, b refers to both R and R,

1f 1=R){KjY] 1d RI[K1IZ],

{beB | b#1, b refers to Ry},
if 1=R)[K)P] sel (b’ RI)[KIZ],

{beB| b#1, b refers to both R; and to an attribut of Y},
1f 1=R)[K)Y] con RI[KIZ] and Y, Z#¢

[ otherwise

.
not_disturbing(B,1) =B\disturbing(B.1)

In case there exist disturbing constraints, an
intended transformation is performable only if those
constraints are redundant

More formally, let D=<R|C|I> be an extended database
scheme and let 1 be an integration constraint, according
to an intended transformation
performable(D1) <==>
1€] and not_disturbing(Cul1) |= disturbing(Culi),
where |=' denotes finite logical imphcation [FaVa]

3 2 THE SCHEME TRANSFORMATIONS

Now, we will give a precise defimtion of the local
transformations that are used to solve view integration
problems

Let EDBS be the set of all extended database schemes
which are denoted by D=<R|C|I> or D’=<R’|C’|I">

1) =---- > a € EDBSxEDBS, where D ----- > D <==>

there exists an integration constraint
1=R)[K)Y] 1d RI[KIZ], such that
KiP)n(PI\Z)=¢,
performable(D,1),
R°=R\{R},Ri} v {RI[KjP)(PINZ}]i,
C={b’|there exists an benot_disturbing(C.1) and
b’ results from b after the renaming according
to (RI[KIZ] ==> R)[K)Y])},
I’={b |there exists an benot..disturbing(I,1)\{1} and
b’ results from b after the renaming according
to (RI[KIZ] ==> R)[K)Y])}.
n) ----- >e1 © EDBSXEDBS, where D ----- > D7 <==>

sel
there exists an integration constraint
1=R)[K)P)] sel (b RI)[KIZ], such that
performable(D,1),
R°=R\[R}},
C’=not_disturbing(C,),
I’=not_disturbing(L,1)\ {1},

1) ----- >.on € EDBSXEDBS, where D ----- >eon DT <==>

there exists an integration constraint

1=Rj[K)Y] con RI[KIZ], such that
Y, Z#4,
performable(D,1),
R'=R\[R}} u {R)[K)(P)\Y)],
C’=not_disturbing(C,1),
I’=not_disturbing(I1)\ 1} v {R}[Kj] con RI[K1}},

1) ----- >.m € EDBSXEDBS, where D ----- >am D’ <==>

there exists a simple integration constraint 1, such that
performable(D,1),
R°=R
C’=Cufc,}, where c,1s the integrity constraint
equivalent to1,

F=I\{1},
v) --> c EDBSXEDBS, where
"> = >V set Y 77" Zeon Y T >sim
Remarks
- For simplicity of notation, we choose the above
naming conventions n the  ---—-- >a

transformations Sometimes other names may be
more suitable for the new relation scheme, but of
course, later renamings are still possible

- Note, that a selection constraint can only be elim-
inated, if a complete relation scheme stands on
the left hand side of the selection constraint
Hence often, one first has to remove some attn-
butes by transformations of ----- > before a

----- >, transformation can be used

con

- Kent also studies scheme transformations [Kent]
but with another aimin mund His transformations
should help covering a wide range of possible
different design options whereas the above
transformations can only be used to simplify data-
base schemes by eliminating complicated integra-
tion constraints



Now, we are able to show that the above scheme
transformations have all those properties that are
demanded by our proposed design approach

Theorem 31 Let D and D’ be two extended database
schemes such that D-->D*

Then D=D’ and a query f against D’ with f(I{D*))=1(D) can
effectively be computed from the ehminated integration
constraint

Proof see Appendix .

This important result shows that the transforma-
tions can be used to simphfy the mmtial design
{(Comb,1d) until the additional property {1 i1s achieved,
while the basic property I"1s preserved

Corollary 32 Let V1, ,Vn be a set of proper database
schemes and let 1 be a set of corresponding integration
constraints Furthermore, let Comb=Go--> -->Gn=G be
a sequence of scheme transformations, where G 1s a
proper database scheme For1=1, ,nlet fi be a query
aganst Gi, where f(I{(G1))=1(G(1-1)) according to the last
theorem

Then (G.f) 18 a solution to the given view integration
problem, where f =flo ofn

Proof by induction and the above theorem .

In determining a sequence of scheme transforma-
tions to simplify an extended database scheme to a
proper one, ----- >,m-transformations can be 1gnored
until only simple integration constraints are left This
is a speclal case of the next theorem

Theorem 33 For1=0, ,n, n>0, let D1 be some extended
database schemes such that Do-->D1--> -->Dn
Then there exist ], meNo and some extended database
schemes D1’, where

0slsm<n,

Do’~->D1’--> -->Dm’,

Do’=Do, Dm’=Dn,

(D", D(1+1)") € -=>\----- >gm  for 0=i<l,

(D1, D(1+1)") € ~-~-- > for I<i<m

Proof see the full paper [BiCo}

3 3 THE INTEGRATION METHOD

Now, we sketch our integration method, as developed
above

In the first step, (Comb,1d) 1s taken to be the 1m-
tial design satisfying the basic property I' In the
second step, we try to achieve the additional property Q
by ehminating all integration constraints with our local
scheme transformations According to the last theorem,
we first try to ehminate all pure integration constraints
and thereafter, the remainding simple ones are
transformed

In this second step, there 1s a kind of nondeter-
mimistic choice, when selecting any performable
transformation We propose, that this choice should be
gwided interactively by the designer Often, 1t 1s useful
to select those transformations, which result in the
most  significant  simphifications le, ----- > el
transformations should have the highest prionty, fol-
lowed by ----- > g transformations, which are followed by

transformations belonging to ----- >con

Whenever there are still pure integration con-
straints left, although no corresponding transformation
1s performable, an interactive exception handling must
be started to solve the situation manually or to stop the
integration for a more detalled investigation of the
problem
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The whole method 1s presented again as a frame of a
program

PROGRAM integrate,

INPUT (*a view integration problem?®)
V1, ,Vn proper database schemes,
1 set of integration constraints,
OUTPUT (*a solution to the view integration problem®)
G proper database scheme,
f query against G,

VAR
stop BOOLEAN,
BEGIN
stop = FALSE,
READ(V1, ,Vn,l),
G =Comb(V1i, ,Vn1I),
f=1d,

WHILE there are still pure integration constraints left
AND (NOT stop) DO
BEGIN
SELECT ANY pure integration constraint 1
such that performable(G,),
IF any such pure integration constraint could be
selected
THEN
perform the corresponding transformation on G
and update f accordingly
ELSE
exection_handling(stop),
(*stop 1s possibly changed to TRUE *)
END, (*WHILE®)

IF stop
THEN
WRITE('Stopped during exception handling ')
ELSE
BEGIN
transform the remainding simple integration
constraints,
WRITE(G.1),
END,

END
The View Integration Algorithm

Example (continued) At first, all selection constraints

can be eliminated by the corresponding
----- >,e-transformations because the disturbing disjoint
constraints are all redundant Thereafter, an

----- >4 transformation can be used to elimnate the
identity constraint Simularly, the containment con-
straint 1S simplified by the associlated
----- > on-transformation At least, the remainding sim-
ple integration constraint 1s transformed to its
equivalent 1ntegrity constraint and we get the following
solution (G.f)

[



(2]

Employees Name | Address | Date | Div
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Articles iim_:[ Name_irPrlce
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LOCK

Customers | 4Customer | Name | Address
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Stock[#Prod]cArticles[ #Article],

Orders| #0rder]cOrder-contents{#0rder],
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va Articles <-- Articles,
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Orders <-- Orders
Crder-contents <--
Marketing-emps <-~
Employees)[#Emp,Name,Address]

0Dw= marketing’
Stock <--
(Stock b, yProd=fArticle Articles)[#Prod Name,Qty],

Stock- emps <--

V4

Employees)[#Emp,Name,Address)

( Dlv— stock
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usSec as a
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G

porting the views of all dlﬂ'erent divisions and with the
help of f quenes against any of these views can easily

aA n
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4 CONCLUSIONS AND DIRECTIONS FOR FURTHER
RESEARCH

The main goal of our work has been to develop a
computer-aided view integration tool, based on a
strictly formal background Therefore in Section 2, we
have chosen a data model with a clear formal semantics,
to specify both the user views and the global database
scheme Then we have 1ntroduced integration con-
straints as a formal means for specifying the connec-
tions and relationships between the views These
integration constraints are strictly distinguished from
simple 1integrity constraints, because of a different
intended meaning Then we have given a formahzed
notion of confiictfreeness of a set of views with respect
to a specification of their connections and relation-
ships After introducing a formalized concept of inclu-
sion and equivalence of database schemes, we have
presented a complete formal description of the view
integration problem Particularly, this clarifies the
details 1) - 5), as mentioned 1n Section 1
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On this formal basis, we have deveioped our
integration approach, which starts with the combina-
tion of all views and the specified connections and rela-
tionships This imtial design 1s simplified step-by-step
by local scheme transformations until a solution to the
given integration problem 1s found In Section 3, we
have presented those local, equivalence preserving
scheme transformations and proved their basic proper-

Tinally we have sketched our algorithm for a

tiaa
Jinany, we Nave SXEeLcned Oour a.gorniam Ior a

viES

computer-aided view integration

There are still varous problems left open, which
should be investigated in some further research

Decision of Conflictfreeness When using our approach in
real world applications, one surely wishes for am
automated decision algorithm for the conflictfreeness of
the specified views with respect to the corresponding
set of Integration constraints Uniortunately, conflict-
freeness in general 1s undecidable [Conv2], so that we
have to look for a decidable subclass which 1s still of
great practical relevance In all other cases
conflictfreeness must still be proved manually We note
that the decision of conflictfreeness 1s closely related to
the following problem

Implication of Constraints When checking whether a
transformation according to a given integration con-
straint 1 1s applicable, we have to decide whether
performable(D,1), 1 e, to decide the implication problem
not_disturbing(Cul) |= disturbing(Cul)’ (see 31)
These implication problems are known to be rather
difficult [CaVh], [CFP], [ChVa], [FaVal], [Mitc] Indeed, in
[Conv2] fimte logical implication for the used class of
integnity and integration constraints i1s shown to be
undecidable 1n general So, for practical reasons, we

propose to use an efficiently 1mplementable, incomplete

version weakly_performable(D,1) with ‘weakly_per-
formable(D.:) ==> performable!D.:). which should be
(D,1) > performable(D,1)’, which should be

able to show the logical implications at least for simple,
often occuring special cases, using suitable heuristics
Prelimunary results to these impiication probiems can
be found i1n [Conv1]

Updates through Views In our
sidered static as aspects of databa
real world applications, dynarmc aspects, especially

nnmdatas thrannash viaws hauva ta ha imvactioatsad tAn
updaies inrougn vIiews, nave 18 o€ 1nvesiigaieda, 160

This problem alone 1s known to be rather complicated
and 1s still a topic of current research [CoPa), [FuCa],
[Keil], [Stie]

Currently, we are involved 1n 1mplementing a pro-
totype design tool for both view modelling and view
integration
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APPENDIX

Proof of Theorem 3 1

Let D=<R|[C|I> and D’'=<R’|C’|I"> be two extended data-
base schemes such that D-->D’ According to the ehm-
nated 1ntegration constraint, there are several cases

Case 1 D----- > 4D’ according to 1=R)[K)Y] 1d RI[KIZ]

Wlo g, we assume that R, R°, j and I are of the following
forms
R={R1[K1P1], ,R(n-1)[K(n-1)P(n-1)},Rn[KnPn]},
R°={R1[K1°P1’], ,R(n-1)’[K(n-1)’P(n-1)"}i,
J=n-1 and l=n
Then we have
Rk’=Rk, for k=1,
K}’=Kj and
Py'=P)(PI\Z)
Now, define quertes f and f* as follows

f Rk <-- Rk’, for k=1,
R} <-- Ry’[K)P;] and
Rl <- R} [Y(PI\Z)]
f Rk’ <-- Rk, for k=1, ,n-2,
Ry <-- (R} Dy v=raz RD[KjP}(PI\Z)]

At first, we prove a) f/(I(D))=I(D")

n-2,

,n-2,

¢’ For d=(rl, ,r(n-2),r),r1)el(D) and
d =(rt*, r(n-2)",ry’) =f’(d) we have to show that
del(D")

Since d satisfies 1 r) and rl are consistent, 1¢e,
they join completely So, we have

r} [K}P;]or; and

r)’ [KyY(PI\Z)]orl
Moreover d satisfies the FDs RjK)->P) and
Rl KI->P! and r)” 1s the result of the equijoin of rj
and rl on the superkeys Kj)Y and KIZ Thus, d°
satisfies the FD R)” K}->P)(PI\Z) and we have

r)’ [K)P}]=r) and

r’[K)Y(PI\Z)]=r]

((*) Note this implies f(i’(d))=d, for all d€I(D)’)

Since r)’ contains r} and rl as projections, and

since d satisfies C and 1, 1t follows that d” satisfies

the inherited’ constraints C° and I°,1 e d’€l(D’)
>  For d’=(r1 .r(n-2)’ ry’)el(D) we define

d=(r1, ,r(n-2),rjrl) =f(d°) We have to show that

del(D) and f/(d)=d’

((**) Note, this imphes £'(f(d))=d’, for all d°€Il(D")!)

Since d’ satisfies the 1nherited’ constraints C* and
I, and since r} and rl are suitable projections of
r}’, d satisfies not_disturbing(Culi)\{1} Moreover,
1 1s obviously satisfied by d, and hence all con-
straints 1n Cul, since not_disturbing(Cul1) |=
disturbing(Cul,1) le, del(D)
Since both projections rj and rl include the key
attributes, r)’ 1s losslessly decomposed into r) and
rl, 1e, r}=(n Py iv=iiz )[KPy(PI\Z)] Thus
f (d)=d’
Now, we prove b) {(I(D))=1(D)
From a) 1t follows that f(f (I(D)))=f(1(D)) and using
(*) we get I{D)=£(1{D"))
To summarize a) and b), we have D=D’ which completes
Case 1
Case 2 according to 1=Rj{K)P;] sel (b
RI)[KIZ]
Define f and {’ as follows
f Rk <-- Rk” for k#],
R) <-- (o, RI)[KIZ]
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i Rk <-- Rk, for k#;

Again, 1t 1s easily shown that the queries have the
required properties

Case 3 D----- >.onD” according to 1=Rj[K)Y] con RI[KIZ]
Define f and {* as follows
f Rk <-- Rk’, for k#},

R <-- (Ry” ><K]=K1Rl')[KJZ(PJ\Y)]
f Rk’ <-- Rk, for k#),

Ry <-- R)[K)(P)\Y)]
Again, 1t 1s easily shown that f and f' have the required
properties

Case 4 D----- >,.mD’ according to a simple integration
constraint

In this case D and D’ are obviously equivalent, where f
and {’ are the 1dentity queries .

Remarks

- In all cases, f and {° are inverses of one another
Hence, D and D’ are equivalent even according to
some stronger notions of equivalence, as for
instance presented 1n [AABM] and [Hull]

- Only a subset of the relational operations are used
to define the quenies f and {f’ f 1s defined using
projections, equyomns and selections and f° 1s
defined using only projections and equijoins This
will be important when considering the view
update problem!'
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