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Abstract

A graphical formalized language is proposed for specifying systems of views over database schemas. The language
is based on the notion of arrow (mapping) between data schemas and is suitable for any data model for which schema
mappings are defined. In particular, the constructs of query, query language, view and view integration can be
consistently expressed in this arrow formalism and correspondingly specified. This gives rise to a general graph-based
framework for specifying complex view systems. Basic constructions of the language and the entire framework as
well can be considered as specialization of very general constructs developed in the mathematical category theory.

1 Introduction

The notion of view is one of the central ones in the database (DB) technology. Views make it possible to provide
each application with its own presentation of data and isolate them from inessential (for them) details and changes of
DB schemas. The practical importance of views is commonly recognized and, thus, a complex information system
appears as a system of views over the DB, views over views, views over views over views and so on. In addition,
these views can be somehow related between themsetyasje view can be the intersection of several other views,

or the merge of several views, or both. In other words, the view system is itself a complex data structure subjected
to integrity constraints and carrying certain operations. Hence, there is a practical need in languages specifying view
systems in a compact and comprehensible but precise way.

The problem becomes especially actual in the context of modern information systems which are essentially het-
erogeneous and distributed over a DB net. As a result, the specification language in question should work even when
views in the system are defined in different data modeJsye need a language for specifying heterogeneous view
systems.

The value of the issue is well recognized, however, while almost all is clear in the case of the relational data model,
a proper notion of view against an OODB is still debatable. The situation is even worse in the context of heterogeneity
, in fact, no sufficiently general notion of view was proposed, and each time the construct is managddocaay
(if any).

The goal of the present paper is to describe a specification language which makes it possible to specify heteroge-
neous view systems in a comprehensible yet formalizable way. Namely, we show/ibateainst a DB schemé
is an arrowv: Sy — S which denotes a mapping from thiw schemaby, into some augmentatiofi of S, S O S
with derived items. Of course, it is presupposed that for each given data model the notions of schema, derived schema
and schema mapping are accurately defined, and so quite concrete metadata are hidden behind a view arrow as above.
On the other hand, this allows to use the same arrow pattern for specifying view systems in different data models.
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Thus, a view system in a given data model is described by a directed graph whose nodes are data schemas and
arrows are schema mappings. In addition, constraints imposed on the system can be specified by declaring the corre-
sponding properties for some diagrams in the view graph. So, a view system is normally specifidcetnh@11])
rather than merely a graph, that is, by a graph in which some diagrams are labeled by predicate markers taken from
some predefined signature. Different data models give rise to different marker signatures but this variety is not diver-
sity: sketches in different signatures are nevertheless sketches, and they can be compared and integrated by special
methods. Moreover, signatures are also specified by sketches and signature integration is reduced to sketch integration
described in [8]. Anyway, in many practically interesting cases signature integration is not difficult.

The view-systems-as-sketches framework is polymorphic in its nature, that is, is suitable for any data model: one
must only define what are schemas and their mappings. In particular, the framework can be applied to the sketch data
model itselt, that is, both data and metadata may be specified by sketches. In the present paper sketches are essential
on the metalevel and, simultaneously, are used on the level of data modeling to exemplify and demonstrate the essence
of the approach.

One can see that the proposed framework is based on arrows and needs the corresponding arrow machinery (and
even speciahrrow thinking. Such a machinery (and kind of thinking) were developed in the mathematical category
theory’ and have proven their extreme effectiveness in studying various systems of logic, in particular, logics employed
in computer science and artificial intelligence. In a sense, the present paper can be considered as stating one more
application of category theory in computer science. What we wish to stress in this respect is that abstract categorical
constructs turned out to be unexpectedly close to the real software problem we discuss.

The rest of the paper is organized as follows. In section 2 a brief outline of sketches is presented to make the paper
selfcontained. In section 3 the arrow setting for views is described. In section 4 a general graph-based framework for
specifying federal database environments is presented.

Acknowledgement. We are indebted to Olga Tkacheva for careful TeXing (with Paul Taylor's "Diagrams”) nu-
merous sketches in this paper.

2 Data modeling via sketches

2.1 Sketches vs ER-diagrams: an example

The sketch data model was introduced in [11]. We remind that a sketch is a directed multigraph in which some
diagrams are labeled with special markers. The intended semantics is to interpret nodes as sets and arrows as functions
(both evolving in time) while a marker is interpreted as a certain (constant) constraint imposed on the diagram of sets
and functions whose schema is labeled by the marker. In other words, nodes denote classes and value domains, arrows
denote references and attributes, and markers denote integrity-checking procedures (a collection of diagram markers
is presented in Table 1). In this way one obtains a variety of sketch data models by choosing one or another signature
of markers.

Let us consider an example of semantic modeling via sketches. Suppose, the user is interested in information about
men, married couples and married women of some town for, say, the last 50 years. Here "married women” means
women which are or have been married during the last 50 years. A rough view on the universe is described by the
ER-diagram on the top of Fig. 1 in a conventional ER-notation. Semantics of nodes and attributes is hopefully clear
from its namesMDate,DDateare dates of marriage and divorce (the latter is optional). The domain of the optional
attributeCharacteris a set consisting of three valuag,q The classVomanis of weak entity type since users are
assumed to be interested only in women which are or have been married.

The sketch specifying the situation is depicted on the lower figure (see Table 1 for the meaning of the marked
diagrams). Note the arc on the triple of arrovsigb,wife,mdaje It means thaiMarried-objects are identified by
their attributeshusb,wife,mdatehe latter is necessary because a married couple can get divorced and then get married
again. Note also monic markers on the key attritpiteand the cover marker on the arrovife.

Lapplication of sketches for semantic data modeling was described in [11, 10] and developed in [9]
2a standard reference suitable for computer science is [3]
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Figure 1: Semantic modeling via sketches

Rectangle nodes aabstract classewhose extensions should be stored in the DB: this is additionally pointed by
small dots filling-in rectangles. Oval nodes are predefivedde domainsvhose semantics & priori known to the
DBMS. For the sketch approadint and{a,c,q } aremarkers(in our precise sense) hung on corresponding nodes,
that is, constraints imposed on their intended semantic interpretations. For example, if a node is mémkedt®y
intended semantics is the predefined set of integers.

2.2 Derived information via diagram operations

Consider, again, the simple universe described on Fig. 1. An important constraint that should be added to the schema
is the condition of unique identification of any currently married couple by either its husband, or its wife as well.
In other words, the subset of the relation ‘Married’ for which the attribdtéite’ is undefined, is of the one-one
relationship type. To express such a constraint, one should extend the original sketch with derived items as shown
on Fig. 2: in order to distinguish basic items from the derived ones, the former are filled-in with small dots intended
to remind about the extension to be stored. Of course, derived arrows should be also specially distinguished, and we
agree to denote derived items by hanging various superscripts on their namésx(kketc).

Certainly, the derived items of the sketch we consider can be obtained by an evidect: From-WhereSQL-
query. We prefer, however, to specify this query as a composition of elementary diagram operations with sets and
functions: Null, Colmage, Compositigrpresented in the top of Table 2 (as for tNall operation, we assume that
each domain contains a single distinguished null value). Denotational semantics of operations is described in the
corresponding column of the table.

In general, a diagram operatiéhis specified by a sketch denoting its input daﬂgl,, and a sketch denoting the
output dataSg“t. Itis convenient, however, tojoiﬂgl annglt into one sketcly, so that an operatio@ is specified
by an inclusion : Sg‘ —— S, (inthe Table 2 sketche$,’s are called output sketches). The body of operation is
then a proceduré;, which calculates an extension §f, from a given extension 03'5‘.

Thus, the derived items of the sket6lon Fig. 2 can be presented as follows:
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Table 1: A collection of diagram predicate markers (constraints)

Arity Shape and . .
Name Designation Denotational Semantics
X
Separating f1 Fn (Vz,z’ € X) = # 2’ implies
Source - (39) fi(z) # fi(z)
Y Y,
. f (Vz, 2" € X) x # 2 implies
U X Y ' ,
Monic Arrow —> Flz) # fla))
ISA-Arrow x f v or x Lf> v X CYandf(z) =zforallz € X
Y
Conn f)ﬁﬁ\f (Y € Y)(Ei < m)y € fi(X)
X1 ... Xn
Covert x Loy Y = f(X)
Y
IIDr:WS{J;;Ig; h f2 fi(z1) N fa(z2) = O
X1 X
Y
Disjoint (Vy € YT < n)y € fi(Xy)
Covering Frlmhf7 I and
Flow i # jimplies f;(X;) N f;(X;) =9
X1 ... Xn

define (0, {L'}) asNull (Date)

define (CurrMarried™, cm*, dd*) as Colmage { L}, ddate, (')
define (husb®) as Composition¢m*, husb)

define (wife®) as Composition¢m*, wife)

2.3 Composition of diagram operations (queries)

Queries can be composed by passing a part of the output data of a query (or a set of queries) to the input of another
query operation. The way of passing is specified by the corresponding mappings of sketches. On the other hand, the
composition can be presented as a stepwise augmentation of the initial schema with derived items. In fact, we have
already used this procedure in the process of building the sketch on Fig. 2. A bit more involved example is presented
on Fig. 4(a) text where we omit the fragment specifying derivation of itéms-Married, cm* described in Fig. 2.

| Curr Married” |

(Colm)™

..-.-........égégéég wlfeo
| <=>°l
mdate ddate
Y A\

({Date) ((Date%o——ﬁ(({J_}/D

|
name p%n bdate charvacter edugation

Y Y

(Text)

Figure 2: Sketches with operation markers: Specifying a query to a sketch = Extending it with derived items
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Table 2: A collection of diagram operation markers (queries)

Name Arity Shape Denotational Linear
(marker) Input sketch Output sketch Semantics notation
Null oA Ae—{1} o(L)=1
0
B B'— B R
Coimage b || b f || b /B' ={zcX: freB} B :orfe|se(y)
(Colm) 7 U f U f' =restrictionof fon B B’ = Colm;(B)
X——>Y X — Y
= 1=£(X)
Image ¥ v / I={f(z): z€X} orelse’
(Img) —5 f T f (Vo € X) ['(x) = f(x) L= T (x)
72,y 792,
Composi-
tion 91T ng (Vz € X)f(x) = g2(91(2)) f=gi»g2
=) X !
X X 2 X' X :wﬁ?rzé/ )
Projection rox o
(Proj) Fil Nfn ol Nt PN PR T Ye) X Yol | (XA )=
ol C{l...n} N, , is set by Proj, (X, f1...fn)
1.--Yn 1---Yn 1 Yg P(f):[fg(1)1~-~fg(k)$7]
Y) = Ya( ) [} are projection arrows
A R-e%+a
Pull-back I’ R={(a,b)€AXB:fa=gb} -
(PB) lf f lf P, q are projections R=PB(f,9)
B—> X B— X
g g
A A
Dﬁ ! !
Ierzg;§ ﬂ ﬂi A={zeX:z¢A} AT =X\A
X X A’
S Sq § > S5US, S — der,, S
Py Py
— —= QL
—
e eq =[q](e) e eg =eUeq
w w
w
a) b) c)

Figure 3: Queries via arrows
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Given Table 2, with conventions adopted above the graphical image on Fig. 4(a) specifies a system of queries
against the basic sketch in a unambiguous way. For example, the ni@den)® labeling the the square diagram
around it specifies that the extent of the ndden® consists of those objects of the clags:n for which the value of
the attributeincome is greater thari06. Similarly, the extension of the node an' is the intersection of extensions
of Man® andMan' (note, theColmageoperation applied to two ISA-arrows turns into the ordinary intersection of
sets). The nodé/an’ is produced by the operatidmageapplied to the arroviusb® which is derived, in its turn, by
the composed query presented on Fig. 2. It follows from the semantics of these proceduess tivatextension of
the classMan' consists of those happy/an-objects which are married (at the present time) and rich (witlme
no less thari0%). Certainly, such a query can be expressed by standard SQL-means but the discussion of which of
the languages is better is not relevant for our present considerations. All that we wish to demonstrate in this respect is
how standard SQL-queries can be expressed by diagram operations over sketches.

2.4 Query languages: an abstract formulation

2.4.1 The crucial observation is that semantic extensions of view schemas can be also described by arrows. If one
thinks of a schema as a graph endowed with special marking, an extension of the schema is a mapping sending nodes
to sets and arrows to functions (built over some predefined universe (world) of data objgdtssuch a way that
intended semantics of the markers is respected. One can consider the collektiesets andV-functions as a graph
whose nodeare sets and arroware functions. In addition, given a marker (predicate) those diagrams ofV-sets
and functions that possess the property denoted lopn be thought of amiarked by m. In this way the universe can
be converted into a (monstrous) scheWiaof the same type as semantic schemas we consider, and then an extension
of S is nothing but a schema morphism (mappiag)S — W. The set of all possible semantic extensions ofill
be denoted bfExt(S5).
As it was said above, a quegyis specified by its schem, together with a mapping

P, =[q]: Ext(S) — Ext(S,)

as shown on Fig. 3(a). One can add (derived) items of the scl$gnba the initial schema so that the queyyis
depicted by diagram Fig. 3(b). Thus, a query appears as an operation while the semanticl$clienedfect, the
database in question) is a domain carrying this operation. This pattern is well known for the relational data model and
can be generalized for semantic graph-based data models as well.

2.4.2 In many considerations it would be convenient to introduce a monstrous closure of a given sthehieh
contains all possible derived items produced by QL-queries,

der,, S = J{S% ¢ € QL}.

Clearly, der,, S O S since any reasonable query language should contain trivial queries returning basic data
without any operations on them. Certainly, for particular questions one needs only finite pdets$phowever, the
concept of the full closure can be very useful.

In addition, any semantic schema (database) should be endowed with a mapping

pw: derg, W — W

corresponding to computing extents of derived items. Indeed, if an Xebelongs tader,,, S\ S, then itis a
derived item and hence presents a (part of) query specification against the sehéifteenS = W € Sem the
mappingy,, is available and then the item,, (X) is the result of computing the quefy over the databas@’. In
fact, the mapping:,, makes the schemi& closed under operations fro@.L.

So, in the abstract framework we suggest, a query mechanism is specified by a closure oleeratoover
the collection of all possible schem&shema such that databases can be considereddes g -closed objects of

3This is quite similar to the usefulness of the notion of the set of natural numbers which is nothihey pi} for the signature of operations
consisting of a single operaticiuccessor
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Schema. This is visualized by diagram Fig. 3(c) where the arrows in the bold brackets denote instances of schemas
S andder,,, S respectively. &

The considerations above can be formulated in abstract categorical terms by saying that the collection of all
schemas is a catego8chemaandder,, is a monad ovechema while databases are algebras of this monad.

2.4.3 Definition. An abstract data modés a triple M = (Schemader, Sem) with Schemaa categoryder a monad
(closure operator) over it, arfema collection ofder-algebrasder-closed schemas). &

Then a database instance ogeis an arrowe: S — W with W € Semwhich can be extended in a unique way
to the arrowe: der,,, S — W such that the restriction @fon S equalse.

3 Views via schema morphisms

3.1 Getting definition. There was a considerable debate in the database theory literature about the general notion
of view against a semantic or logical database schema, in particular, in the object-orientation framework. Despite
the large body of work done in the area ([1, 20, 19, 16] if to mention only a few recent publications), the notion of
view was not precisely formulated (as we will show) and even the terminology is still somewhat confusing. Indeed,
in the majority of works (like that just mentioned) the tewiewis used to denote derived items (as a rule, classes or
relations), according to the patterdéefine viewnameas query specificatioh In some works, however ([22, 13]3
viewto a schema is a subschema of the schema. An evident integrated formulation is to consider a view to a schema
S as a subschema of some augmentafioof S with derived itemsje, Syv;.., C S D S. This is an almost good
definition but it forces one to consider the name space of view scli$gmas a subspace of that of the schefha
However, for the view user its schenSg should be totally autonomous with its own name space.

Thus, a more correct consideration is to defingewover S as a pai’ = (Sy, v) with Sy a schema (of the same
kind that is) andv a mapping (schema morphism) Sy — S sending items 06y, into those ofS (one may think
of the items as names of nodes (classes) and arrows (attributes or references) ).

An essential advantage of this definition is that the mappiisgnot bound to be one-one, that is, it can well be the
case when two different itemis, M in Sy are glued into one iterk in Sy, v(N) = v(M) = K. Then the presence
of two different names irby, could seem a trick that just misleads the view user, but note that the database schema
S may evolve and later the itelid may diverge into two different item&’;, K5 such that according to the new view
semantics the view morphismhas to mapV to K; and M to Ks, v(N) = K; # Ko = v(M). Or, vice versa,
initially there were two different nodeks;, K» with v(N) = K;,v(M) = K, but thenS has evolved to a state when
K, should be merged witik>. Thus, by means of a suitable changing the view mappihgt without changing the
view scheméby,, the DBA can conform an application built over the view with evolving database so that there is no
need to rebuild the application. &

3.2 Examples.Let us again consider a simple conceptual schema, sisetmh Fig. 1. Two simple view®7, V5 on this
sketch are presented on Fig. 4(b) on the left. Each of the views is specified by the view schema and a mapping which is
set by the corresponding table; an augmentatighrefquired to set up these views is specified on Fig. 4(a). From these
specifications it is seen, for example, that extension of the Rétlesbandn the viewV; consists of thos&.Man
objects whoséncomeis more thanl0% and, simultaneously, they are not present in the reladiagturrMarried™®.
Indeed, the markerdm)’ and(Dif )~ on Fig. 4(a) denote operations of taking the image of function and set difference
respectively. Then the clasgan”™ consists of thoséan-objects which do not occur int@urrMarried™-pairs.
Further, the markefColm)’ defines the clasifan’ as the intersection dffan™ andMan®. The latter class is defined

by the marker(Colm)?¥, that is, it consists oMan-objects withincomegreater thari0¢ (so, extension of the node
Man” consists of rich unmarried men). According to thieview mapping, the extension of the nofg, .PHusband

is as was described above.

4Due to space limitations we omit explanation of the notions of monad and its algebras over a category which (unfortunately) do not belong
to the collection of common use mathematical concepts. Note, however, that last time there were published several DB theory paper employing
monadseg [4, 5].

5we will qualify sketch items by names of sketches if necessary
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Similarly, extension of the noddarr in the viewV, consists of thosé. CurrMarried *-pairs(w, h) for which

w.character = a andh.income > 10°.

Some delicate points associated with our definition of view are demonstrated in the right half of Fig. 4(b). A view
mappingv must be aschema morphismsThat is, for the sketch data modeljs not merely a graph morphism but
a sketch morphism: if a diagra in Sy is labeled by a markek/ then its imagey(D) in S must be also labeled
by M. For example, in the specificatidry on Fig. 4(b) the corresponding mapping is not a sketch morphism since
the pair(Sy, .husb, Sy, .wife) is marked by an arc while its image, the p@t.husb, S.wi fe) in the sketchS is not
labeled (well, the tripléS.husb, S.wife, S.mdate] is separating but it does not imply that the pair is). Semantically,
this means that according to the view sche$ha, any M arried-object is identified by the pair of objectwife,hush
whereas the data which the view extracts from.$hextension do not necessarily satisfy this condition. Hehgés
not a view onS in the technical sense.

The viewV is a somewhat artificial example of view where the view mapping is not one-one (as for the arrow
idperson, We assume that any node in a sketch has the identity arrow into itself which is not depicted). <

3.3 View metasketch. The system of views we have just considered can be presented by a graph on Fig. 4(c). More-
over, this graph carries a sketch structure since view mappings and their diagrams are subjected to certain constraints.
For example, the arc with brackets hung on the arrews, reflects the constraint that views, V5 are disjoint. Also,

views V7, V, are denoted to be one-one (see Table 1). One can see that specifying the sketch structure in the graph of
views is important for capturing data semantics. &

3.4 SemanticsIf S is an augmentation of with derived items, anys-extensiore: S — W can be extended to an
extension of the augmented schema,S — )V, in a unique way as follows. If an itedV from S actually occurs into
S, N € S, theng(N) = e(N); however, if N € S\ S thenN occurs into the schema of some querggainstS and
soe(NV) is the answer tg extractable from the set of dafa(M) | M € S'}.

Now, given a viewv: Sy, — S over a schemd and an extension of S, the corresponding extensieq of the
view schema is the composition of two arrows:

_ v = €
ey =vpe: Sy — S — W

(the symbob- denotes the operation of arrow composition). Moreover, if Sy, — Sy is a view overSy,, then
the extensiomy, of Sy, is the composition

Sy 25 W

ol

V1

ey, =vipoume: Sy

wherez: Sy — ?, z: S — Warethe corresponding augmented mappings. &

Thus, a system of views over a given schema is specified by a graph of view schemas and view mappings, and
the well known mechanism of calculating view extension is specified by the arrow composition. In this way the view
architecture can be described in a graph-based algebraic arrow framework.

4 DB architecture schemas in the arrow formalism

4.1 In the framework developed above, a centralized DB-system with a system of views over it can be specified
by the diagram presented on Fig. 5 (we remind that the arrows in the bold brackets denote instances of$chemas
andder,, S respectively). Note, the graphical image on the figure is not merely a picture convenient for heuristic
discussion but also a precise formalized specification where each item (node or arrow) has its own semantic extent to
be supported by the DBMS. One can think of the schema on Fig. 5 as displayed on the monitor’'s screen (of course,
only a finite partS c der,,, S can and actually need be shown) and clicking an item will display the semantic content
denoted by the item.

One can think of the nodger,, S as a sufficiently large augmentation®fvith derived items such that all view
schemasS; can be mapped into it (example of such an augmentation is presented on Fig. 4a). Areoevsoupled
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a) Composition of queries against the sketch S on Fig. 1
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Int Int age m’ S m age® is set implicity
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View schemaSy View morphismuy: Sy — S
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. "> i m income Person Person
mnmcome m'» -
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View schemasSy View morphismup: Sy — S l idperson
Specification of viewHappy family”, Va Specification of non-(1-1) viewi/y

b) Several simple views to the sketSton Fig. 1

Svy Svy

¢) Meta-sketch of views

Figure 4: Specifying views over a sketch = Setting sketch morphisms into its augmentations with derived items
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Sl G derQLJ Sy
QL
= U1 Un
vy
S o

der,, S

QL

—_—

S; andQL; are the schema and the query language ofttheiew
vy : S; —dergp,Si;,i=1,...,n.

Figure 5: Meta-schema of a centralized DB with a system of views

with schema mappings stored in the view catalog (one can think of these mappings as tables similar to those presented
on Fig. 4b). Arrowsy; can be thought of as consisting of lists of procedures translating queries against view schemas
into queries against the global central schema. All these data are metadata which form the syntactical side of the view
system supported by DBMS.

On the semantic side, the arr@\_. consists of the list of proceduré? (see section 2.4) calculatifgL-queries.
Let e be an extent of' (a database instance) ajds a query agains$;. First,g; is translated into a query= v;(q;)
againstS and then the procedur, returns the answe,, that is, a partially defined mappinigr,,, S — W. Itis
then restructured into an answergicaccording to the rules coupled with the translatign

The architecture and the view mechanism we have just described are well known and our formal treatment may
seem superfluous detail. However, the benefits are in the clear separation of syntax and semantics, and in a compact
transparent yet formalizable notation which gives rise to an easy-to-manipulate specification of the view system. In
addition, the arrow presentation of the view mechanism makes easier the management of some of its subtle components
by reducing them to compositions of arrows. %

4.2 The same framework allows to specify formally the general architecture of federal DB systems substantially
described in [21, 18] as shown on Fig. 6. The result is presented by the meta-schema (actually, a sketch!) depicted on
Fig. 7: there are shown two federal superviewandb with integrated schema3!, S/ respectively, and a system of
external views against thesuperview (a similar system féris not shown).

Correspondence information schens§s’, S¢'7 specify data about correspondence between component schemas.
Federal superview schem&$, S! are obtained by integration of component schemas with the correspondence infor-
mation schemas (an automated procedure of sketch integration in the presence of inter-schema conflicts was proposed
in [6, 8]). The arcs hung on arrows coming inf@, S{ denote the cover constraint (Table 1). They show that each
item of the integrated schema can be found in either one of the component schemas or in the correspondence schema.

In the explanation column on the right of Fig. 7, "data model” means a tfple- (Schemader, Sem) as above,
and ordinary arrows in the diagrams are morphisms in the corresponding caap@ya. In contrast, curly arrows

in the "translation” rows are mappings between data mod‘eis,T (cf. data model transformations studied by
Kalinichenko in [15]). Conceptually, they are similar to the so caitesitution morphismsvhich have been studied

in the institution theory, see [2] for references. Precise categorical description of data model mappings goes out the
scope of the present paper and we restrict ourselves with a rough outline.

4.3 Let M; = (Schema, der;, Sem),: = 1,2 be two data models. Their mappidty M; — M consists of two
componentsF’ = (¢,0). The first one maps data schemas and their morphisms in the thédéito those ofM:

if S € Schema then¢S € Schema and ifh: S — S’ is a morphism irSchema then¢h: ¢S — ¢S’ is a
morphism inSchema. In addition, if W € Sem, thenpWW € Sem.
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External Schema
Any Data Model

External Schema
Any Data Model
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Any Data Model
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Common D@a Model

Federated(Global) Schema
Common Data Model

Export Schema
Common Data Model

Export Schema
Common Data Model

Export Schema
Common Data Model

Component Schema

Component Schema

Common Data Model Common Data M odel

Local Schema
Native Data M odel

Local Schema
Native Data M odel

Component
pre-existing
database systen

Component
pre-existing
database systerp

Figure 6: General architecture of a federal DB system (from [18])

These conditions provide that a database instance
e: S—W,W e Sem,
in the first data model is transformed into a database instance
pe: ¢S — oW € Semy

in the second model.

The second component 6T, 4, is intended to explicate translation.®, -queries intaM,-queries. That is, infor-
mally, if ¢ is an.M;-query against a schentac Schema thendq is a Ms-query againsS € Schema. Since this
holds for any query, the entider, -closure ofS should be mappable into thiers-closure ofp.S. More formally,é is
a mapping which sends any schefa Schema to aSchema-morphisméS: ¢(der;S) — dera(¢S). O

As a justification for theabstract nonsensee have just displayed, one can observe the nice similarity of Fig. 6
and Fig. 7 but the latter is a precise specification while the former is an informal picture.

5 Conclusion

On the technical side, the main result of the paper consists in abstract polymorphic definitions of data model (sec-
tion 2.4) and view (section 3.1). They allow to specify architecture of view systems in a way possessing the advantages
of being (i) graph-based, (ii) precisely formalized, (iii) polymorphic, that is, independent of any specific data model
but capable to capture a wide class of them. The last property allows to manage specifications of heterogeneous view
systems

Speaking in a broader context, the paper initiates building a data-model-independent framework for the DB theory.
It seems to be a new research direction though important initial steps were made in a series of works by Kalinichenko
([14, 15]). The cause of the novelty is not that the issue was considered useless — contrariwise, its importance has
been recognized for at least a few years, especially for the CooplS area ([12]). One can guess that the actual cause
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External e e e e External data
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Export * *
Schemas E \ | \ |
Component * * * *
Schemas S; & derQL* S R derQL* S
Translation
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Schemas S > derg,, 51 Sn dergp,, Sn models, M ;

Figure 7: Meta-schema of a federal DB
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is rooted in unfamiliarity of the community with appropriate specification tools. The present paper hopefully shows
that the arrow machinery (and the style of thinking underlying it) developed in the mathematical category theory can
be extremely suitable for stating the specification foundations of the problem. This gives rise to a difficult task of
incorporating the arrow machinery into the IS design methodologies and techniques and, in a broader context, of
inculcating the arrow style of thinking in the area of software engineering (cf.[7]).

Of course, the arrow thinking cannot be universally good for the entire field of information technologies. Itis clear
that in many situations string-based specifications are preferable, and often the common practice of using graphical
schemas as a high-level informal language is quite relevant so that there is no need to employ graphical images as
logical schemas (see a discussion in [17]). Actually, it is a question of experience and cognitive science research:
when, where and to what extent employment of graphical schemas as formal logical specifications is effective and
convenient for a human.
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