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PROPERTEES OF CONCEPTUAL AND EXTUERNAL
DATABASE SCHEMAS

M.A, Casanova J.M.V, de Castilho* A.L, Furtado

Pontificia Universidade Catdlica do Rie de Janeiro
Rua Marqués de Sdo Viecente, 22§
22453 - Rio de Janeiro, RJ
Brasil

The design of database applications is investigated by
identifying a number of properties that the conceptual and
external schemas must satisfy, The lisc of properties covers,
among others, basie issues in database design, such as
consistcney of the set of integrity constraints, the design of
schemas with built=in operations, the intcraction between the
conceptual and external schemas and the interplay between several
external schemas. The definition of each property, with some
restrictions, may be expresscd within one af cthe three formalisms:
first-order predicate caleulus, dynamic logic and modal logic,
The relational model is adopted thraughout the development.

INTRODUCTION

This paper addresses the design of darabase applications within the framework
proposed by the ANSI/SPARC Study Group of DBMSs [2]. The ANSI/SPARC propasal divi
the database description into three levels: the gonceptual schema, deseribing the
enterprise as a whole; the internal schema, deseribing the physical organizatien
of the database; and the external schemas, describing the way each group of users
sees the enterprise. {(For alternative structures sece [27, 341).

The basic goal of this paper is to investigate under what conditions the design ¢
the conceptual and external schemas of a database can be considered adequate, Thi
goal is achieved by formally defining & series of properties that the various
schemas must satisfy. As a consequence, the relationship between database design
and database theory is clarified, and results in database theory are assessed fre
the design perspective.

Ineluded in the discussion are schemas that contain a predefined repertoire of uj
dates. This exrtension is both natural and important since it accounts for a large
aumber of “closed" or "menu” database applications, such as airline and hotel
reservation, point-of-sale inventory control, electronic banking, and others. Ew
more important is the fact that it can also be used with "open" database
applications where users are still allowed to write full-fledged programs, excep
that the programs are limited te modify the database only by inveking updates fr¢
the predefined repertoire. This is a convenient strategy to enforce integricy
constraints, quite in the spirit of the encapsulation strategy from the abstract
data type area [29]. In the context of databases, buile-in operations were
considered, for example, in [7].

This paper is based largely on four formalisms. As far as database concepts are
concerned, the relational model of data [14] is adopted. The schema design
properties considered are formalized within Firse-Order Logic, if they do not
involve updates, or Dynamic Logie [10, 11, 261, otherwise. Modal Legic [13] is a

e
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used when dynamic consistency criteria are considered. A survey of the relationship
between these formalisms (except Modal Logic) appears in [22].

The literature on schema design theory 1s reasonably extensive, especially for the
relational model. Therefore, other references te related work are delayed to
Section 2 when eaeh specific property is described.

The paper is organized as follows. Section 2 contains an informal presentation of
the schema design properties discussed. Section 3 formalizes the notions of con-
ceptual and external schemas and their basic properties. Only concepts from First-
Order Logic are used in this section, Section 4 repeats the discussion in Section

3 for schemas containing a predefined set of updates. It depends largely on Dynamic
Logic. Sectien 5 formalizes the concept of dynamic consistency ceriteria using Modal
Logiec. Finally, Section 6 contains conclusions and directions for future research.

2. AN OVERVIEW OF SCHEMA DESIGN CONGEPTS

In chis.section we informally describe the basic schema design conéepts and
properties that will be formalized later. For ease of reference, properties will
be numbered and grouped in Figure 2,1 at the end of the section,

2,1 - Basic Concepts

We discuss in this section how a database is deseribed.

A conceptual schema deseribes the database as a whole. Lt consists of a set of data

structures describing how data is organized in the"database and a set of consistency

cricveria specifying the allowed data values, In the relational model of data, the
basic data structures are flat tables, and the consistency criteria can be described
as first—order formulas. A language used to describe schemas is called a data
definition language.

A ser of data values satisfying the consistency criteria is called a consistent or
valid database state.

An external schema describes those aspects of the database thatr are meaningful toa
group of users. Just like a conceptual schema, it contains data structure des-
criptions and consistency criteria. We may also talk here of consistent or valid
database states.

We now state a basic property any schema {conceptual or external) must satisfy:

Pl: Lo, sistency: The set of consistency criteria must not contain contradictions
,or, equivalently, at least one consistent state must exist.

Property Pl is, in general, very hard to check. However, there are important special
cases where this property is trivially satisfied. In the relational medel, almost
all eclasses of consistency criteria considered in the literature [1, 5, 14, 18, 19,
23, 30, 32, 41, 42, 46, 47] are special cases of the extended embedded implicational
dependencies {XEIDs) {19]. But a set of XEIDs is trivially satisfied by the
"initial" state, that is, by the state where all relations are empty. Therefore,

if all consistency criteria are XEIDs, then Property Pl is trivially satisfied.

The following property would also be desirable (although not necessary):

P2: Logical Independence: no consistency criterion is logically implied by the
others.

%gain, checking this property becomes easy in certain special cases. For example,
if all criteria are functional or multivalued dependencies [18, 47], there is an
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efficient algorithm to check logical independence [38] ([or surveys about other
aspects of the design of relacional databases that have also received considerable
attention sce [4, 15, 441),

We conclude this section by observing that the schema definition may also include
dynamic consistency criteria imposing restrictions directly on the scate transition
that can be brought about by updates. Examples are! (1) employees'salaries never
decrease; (2) once an cmployee is fired, he can never be readmitted, Obviously,
dynamic consistency criteria, such as those above, would be enforced with the help
of auxiliary structures (i.e., names of former employees) summarizing information
about past states of the database.

Regarding dynamic comsistency criteria, we introduce the following property:

P3: dynamic consistency: no state transition (resulting from a sequence of one or
More updates) viclates any dynamic consisteney criteria.

2.2 - Dynamic Aspects of Database Design

By contrast with Section 2.1, we concentrate in this section on the problem of
defining how tha database can be modified. We assume that we ave given a  dota
manipulation language (DML) which can be used to write programs, or updates, for
this purpese. We will be concerned with twe problems:

(1) What updates are allowed?
(2} Is the DML chosen in some sense adequate?

As for the First problem, we consider that an update v is valid, or preserves
consistency, iff u maps the set of consistent database states into itself, This
basic requirement on updates was studied in [10, 11, 20, 247,

The second problem requires a longer discussion. We first obscrve that the data-
base designer may want to specify that certain updates should be available to the
users. The availability of updates may be expressed as pairs of formulas (,0) tha
we call update specifications (P and Q are called pre - and post-conditions ,
respectively).

Update specifications impose a restriction on the DML, which we state as a new
property. We say that a program p achieves (P,Q) iff p maps overy state satisfying
P into some state satisfying Q.

P4: Adequacy of the Schema DML: every update specification must be achievable by
some valid update {written in the DML chosen).

Property P4 should be understood as Eollows. During ai carly stage, the designer
anticipates that certain changes in the databasc will have to be made. He then
describes these changes non-procedurally using pairs of pre - and post-conditions.
Later, he cheases a schema DML, Finally, he checks if the DML chosen ig powerful
enough to achieve every anticipated state transition.

Pairs of formelas may also be used to specify how a (static} consistency eriterion
is to be enforced. For example, consider constraint "every employee must work for
some department” aad the update "delete department d". Then, the update can be
implemented either by deleting d and all employees working in d&, or by deleting d
only if no employee warks in d. Mote that both methods satisfy the criterion, but
they are widely different. The structural model of [45] indeed has two different
types of constraints corresponding to the rwo interpretations above.

Following ‘the spirit of Property P4, we have two other properties. First, it may be
desirable to reach "any consistent database state from any other consistent databas
state. This property is related to the notion of completeness in [391.
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- P5, .Completeness of the Schema DML: given any palr (A B}- ofncOnﬁlatent databese
.atates, there must be some valid update (of the DML) that mapa A into B B

lnltlal state.,Then, we may requlre that.
. Reachablllty glven any conSLStent database state A
- update that maps A, into A, ¢

We close thls section w1th a. few comments on thepeoncepts rntroduced here. Fxrst
the notion of valid update amounts to forcing'a program to satisfy certain pre. -f
and post-conditions, Thus, the techniques develpped for constructing correct sof te-
5-and P6 impose restrictions not

construct updates with certain characterlatle tHence,.they may be very dtfftoult
to check, unless the DML was dealgned s0 that 1t tf1v1a11y aatlsftes these | ..
propertles E39}. : o : - -

and external) with built-in operations to modlfy the database-(written in the basi
DML) that preserve consisteney; (ii) force users to utilize the built-in operatlons.
‘when they modify the database,This strategy +then’ obvrously guarantees that all up-
dates preserve consistency. By the restricted ‘schema DML, we mean the set of pro='y
grams (of the basic DML) that mndlfy the database only through the built=in operathn

nwe:may 1list certain other requlrementa
1th-bullt-1n operations, we' requxre.

In addition te the propertles of Sect1on-2
on a reatricted schema DML, Given a schema

"P7. Cons1steney preservatlon. each bullt-‘n peratlon Ls valld
cons:.s tency S p '

1_e., preseryes,-*

. . NV )
BB, Operatlon 1ndependenee. no bullt in operatlon can, be ellm1nated w1thout aEfectw
ing the set of all p0551b1e datahase state transxtlons.

database,

We close with some observatlons about: the concepts 1ntroduced here. First, although
“buile-in operatlons are an excellent mechanism ‘to assure that every update is valid,)
“they may raise serious problems when one considers propertles P4, P5 and P6, _For.

lexample, ‘it may not be clear if, glven set “of built-in operatiocns and a pair (4,B)
,of consistent database states, lt is po351b1e to write a program in the restricted
‘DML that takes A to B. 'Second,” some of the properties discussed in Sections 2,2

‘and 2,3 may not make sense when we congider external schemas with built-in .op- .,
eratlons, although they all apply in prlnclple;to conceptual ‘and external schemas,

an external’ schema E contains more states than? the set reachable from the 1n1t1a1
state by repeatedly applylng built-in operatlons of E.;This follows because, for ;.
security reasons, some consistent state A of . E may not be reached by applying only
updates availabie through E, bur A can indeed be reached indirectly as a rvesult.of’.

the combined update act1v1ty of other external'schemas of the same database, F1na11y,‘

we observe that sometimes external users may not be able to observe completely the
effect of an update. Consider the case where an external user sees only information

about employees whose salaries do not exceed:a certain amount M, but he is able to @~

3

.One meortant fact eoncernlng external schemaa is thatian‘(external) atate ie B

“raise Balarxea beyond this limity The effact® oE raieing lomeono'l aalnry boyon
limit will look to the external user as a delete operat1on, aince- the employse will

v 'dlaappear from his external achema., It is also interesting to nots.chat. 1f thao ex~
- ternal user had ~among his update operations a "delete employee” updator‘then delet=

vrrtual object with no independent existence, The data an;; external user wants to
see is materrallzed from a (conceptual), database state: v1a‘a funetion whlch is. part
of the external schema definition. leew1se, aach operation of an external schema

Y re

is always translated Lnto a program in the eoneeptual DML,. A AR S

-

Wrth thla .in mxnd two other propertlea beoome lmportant,
“ s v i -

translatmon correctness: the tranaletton t of an operatxon u is correct 1n the
:Jsense that the result of.u coincides Wlth the external atato constructed from

“the result of t, EREENEE o ©ol

vy

Thrs property ig. the ‘minimum we: requlre from t. Further requlrements are dlaoussed
n E3 B 16 21 33 35], wh1eh concentrate speczflcally on the VlEW update proble

. kT .
conoeptual conaxstency preservatlon. the translatlon of each operatzon meps‘
.- :the set of consistent database atates into 1tael£" AP BRER

) 2 allow the tranalatxon of each operatzon to modxfy ‘dath in; che databaae only?
hrough conceptual .gchema-builc-in operations then Property, BT 1mp11ea Property iPLl
this restriction should be adopted as much as p0551ble s1nce lt greatly

fies database design,

e ._‘41 - Xl

All other propert1e5 we conalder 1n thxa aectlon‘depend on. the eaign atrategy one
‘has‘in mind,- Suppose firat that we. adopt the position that’ the,qonceptual schema .
‘must. contain a complete description of the. appllcatlon and\that each externar .
ischema,is just a window through which a group of users geas the database. Thlﬂ B

mplles that .each external: schema does not contain any restriction,that may not be

. deduced . from those in the conceptual schema. {Note that the presence of .consistenc:
"ieriteria in the external schemas is .still necessary so that each-uaer geta an ac-

urate desertptxon oE the data he sees or manlpulates).

'Hore preclsely, each external schema must ! also satlsfy the following property, whi
‘was studLed in [9 28] S

rPlz Ag}cal dependence. each external consxatoncy crrterlon LI a oglecal consequm
‘1'"of the conceptual consistency criteria in .the sense that any external atate,

. constructed from a comsistent. database atate is also conslstent (WLth respect
to the external consistency erlterta) v i .. :

'Therefore; if all external schemas satlafy Pll and ?12 then ‘no- operet;on on one
‘external schema can produce S a slde-effect ‘an 1neonslstent externnl state of

. C e
. . 1 £

another achema. . . - .

‘Faxlure ta satxsfy property P12 can -’ have two 1nterre1ated consequences. First,’ an

;i inconsistent external state may be generated from a congistent database state.’

Second, an update to an externmal schema may produce as a side-effect an inconsiste

W external state of another external schema (thlﬂ is really a. congequence of the

prev1ous remark) i . ] wo

" However, | Property P12 may impose exceasxve'reatr1ctlons on ékternal schemas, 1f we
. Lo L A
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adopt a different design strategy. We may consider the conceptual schema as a com-— \
munitary descriprion of the application, incorporating just those properties that

are stable and common to all users, such as legal restrictions or long-range,

global policies, Each external schema inherits these properties from the conceptual

schema, but it alsoc reflects the peculiarities of a group of users and short-term

policies that are subjected to change. Hence, Property P12 would be too strong in

this case.

. This second design strategy requires a change of attitude towards the role of the

conceptual schema. Instead of considering it as the central concept, we take the
active schema, defined as the conceptual schema auvgmented with all consistency
criteria derived (in a precise sense to be described in Section 3.2) from the
definition of the external schemas. When deriving the active schema it way be easier
to proceed iteratively, starting from the conceptual schema and then adding the ex-
ternal schemas one by ene. Similarly, during the lifetime of 2 database, new ex-

ternal schemas can be added or existing ones dropped. The separate study of a single
external schema together with the conceptual schema may also be useful to isolate
contradictions between characteristics of a group of users and global policies em-
bodied in the conceprual consistency criteria.

All concepts and properties developed previously for conceptual schemas also apply

to active schemas. In particular, a database state is now valid or consiscent iff

ir sarisfies all constraincs of the active schema; likewise, an update is now valid
iff ic maps the set of consistent database states (in the above sense) into itself.
Furthermere, by construction, the constraints of the active schema logically imply
all extersal consistency criteria.Hence, each consistent database state(of the active
schema) generates consistent external states and Propercy P12 is obtained by a fiat.

The two design alternatives compare as Follows. The first design alternative
certainly facilitates the definition of external schemas since all restrictions of
the application are already embodied in the conceptual schema. It also simplifies
ehecking consistency preservation, as compared to the second design alternative,
which requires checking preservation of the potentially redundant criteria of the
active schema. On the ocher hand, a conceptual schema designed according to the
First strategy is less stable and, hence, more difficult te maintain. Or, in dif-
ferent words, if we follow the second design alternative, moderate evolurions in
the application will impact just the external schemas and, hence, the active schema,
while keeping the conceptual schema stable. Evolvability is enhanced if the con—
ceprual schema DML has the completeness property {B5), since no built-in operation
of an external schema will be left untranslated by lack of flexibility of the
schema DML. But ro achieve full evolvability one should closely control the effects
of a change in one external schema over the active schema and, consequently, over
other external schemas. IF a change on the set of comsistency criteria of an ex-
ternal schema E makes the corresponding active schema inconsistent, then consistency

should be restored, either by cenveniently changing the constraints of E again, or |

the constraints of some other external schema, or even the constraints of the con-
ceptual schema.

2.5 - The Interaction between External Schemas '

Ic is worth investigating not only the interactionm between an external schema and
the underlying conceptual schema, but also the interplay between “external schemas
over the same conceptual schema, We already mentioned in Section 2.4 that, if
Properties P11 and P12 are met, then mo operation on one external schema can
produce as a side-effecc an incomsistent external state of another schema. But chis
does not say thac there is no side-effect. 5o, it might be of interest to detect
which, and how, operatioms of an external schema affect other external schemas.

Civen two external schemas E and E', we may classify the effects of an operation o
of E on E' as either an influence on queries or &n imfluence on operations. By an
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influence en queries, we mean that data items visible through E' are changed as a
result of applying 3; by an influence on aperations, we mean that there is an
operation &' of E' whose result depends on whether or not & was applied.

Let us consider Eirst the problem of detecting if an operation & of B influences
some query of E', Mote thar § and E' have no direet relationship and, in fact, dif
ferent languages are in principle used to describe & and E', But both § aad E' are
virtual objects in the sense that & is implemented in terms of n program t at the
conceptual schema level and E' is likewise defined in terms of the conceptual
schema. Hence, the problem of checking if © influences some query of E' reduces to
testing if t affeets the definicion of E' (since this definition can be thought as
the translation of a query that accesses all data In the external schoema).

The problem of detecting if an operacion & of £ influences an operation &' of E'is
again treated by considering the translation t of & and the translatvien ' of a'.
Note that both t and &' are programs at the conceptunl schema level, whieh
facilitates their comparison.

After detecting which influences exist, rhe next step would be to verify if someof
the detected influences are undesirable, But this step invelves an independent
description of the set of allewed influences. Two bit matrices, M and N, can be
used for this purpese, where M has as many rows as there are built-in external
schema operations and as wany columns as there are external sefiomas  and Mi' =1

indicates that the 1™ buile-in operation can influence the jth scheme; N has

as many rows and columns as there are built-in operations and Nij = | indicates

.ch . . .t
that the i operation can influence the j h

operation.
The above discussion then leads to our last property.

P13, influence consigtency: no undesirable influences occur.

Naturally, if the database description in question does not satisfy Property P13,
some external schemas or even the conceptual schema would have to be redefined
and the design process iterated.

2.6 — Summary

Figure 2.1 lists all properties defined in this section, Not all these properties
are compulsory and, in fact, some of them make sense only if built-in oparations
are used, whereas others reflect the design strategy adopted. Specifically,
properties Pl and P3 must be satisfied by all schemas; if the schema definition
includes built~in operations, then properties P7, P10, P11 and P13 must also be
satisfied. (Note that if the translacion of cach externil built-in operation uses
only the conceptual schema built-in operations to modify the database, then P7
implies P11). Independently of the use of built-in operations, property P12 is
required if the conceptual schema completely deseribes the enterprise, but it does
not apply if the strategy of introducing certain constraints only through the ex-
ternal schemasis adopted, Properties P2, P8 and P9 are all desirable, but their
violarion does not create invalid situations from the point of view of the ap-
plications users. Property P6 is also desirable, especially when conceptual schemat
are considered. Property P4 is compulsory in so far as the database design include:
update specifications. Finally, we observe that property P5 can be eaforced only if
all transitions between valid states are valid, that is, if property P3 is vacuous!
sacisfied due to the absence of any dynamic consistency eriteria.

The list of properties now Eollows.
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Pl. consistency; the consisteuncy criteria must not be contradictory.

P?. Tlogical independence: no consistency criterion is implied by the others.

P3, dynamic consistency: no state transitien (resulting from a sequence of oneor
more updates) violates any dynamic consistency criteria.

P4 . adequacy of the Schema DML: every update specification must be achievable by
some valid update (written in the DML chosen).

P5. completeness of the Schema DML: given any pair (I,J) of consistent database
states, there is a valid update cthat maps I into J.

?6, reachability: given any consistent database state I, there is a valid update
that maps the initial state inte I.

P7. consistency preservation: each builc-in operation must be valid.

P8, operation independence: no builr-in operatien can be eliminated without af-—
feeting the set of all possible database state transitions.

P9,  operation applicability: for each built-in operation, there is at least one
COnSiSCEnt state where the operation can be successfully applied to modify
the database.

P10. translation correctness: the translation t of an external operation © is
cortect in the sense chat the result of o coincides with the external state
constructed from the result of t.

P1l. conceptual consistency preservation: the rranslation of each external op-
eration maps the set of consistent database states into itself.

P12. logical dependence: any external state constructed from a consistent database
state is also consistent (with respect to the external consistency criteria}.

P12. influence consistency: no undesirable influences occur.

Figure 2.1

Schema Properties

3. SCHEMAS WITHOUT BUILT-IN OPERATIONS

In the rest of the paper, we formalize the properties listed in Secci?n 2,_but fol-
lowing an’ order dictated by the formalism used. We begin by treating in this sectiecn
all properries that can be formalized within first—order logic.

3.1 - Special Many-Sorted Languages

Concepts pertaining to the relational medel have been formalized in first—order
logie by treating relation names as predicate symbals [11, 251, However, this ap-
proach is not adequate when we have to consider functions from relations inte
relations [10], or when we have to quantify on variables ranging over relatioms,
which is the case in this paper (see Section 4.2), Hence, we are forced to adopt a
certain class ol many-sorted first-order languages that emulates second-order lan-
guages (17 pp. 281, 10] to formalize the relational model.

We say that L is a special many-sorted (first-order)language iff L is a many-sorted
first-order language with sorts: the individual sore, abbreviated ind, with lower=
case letters as variables and, for each n>0, the n-place predicate sort, abbreviated
n-pred, with uppercase letters as varizbles (superscripted with n if necessary). We
Intend the n-pred domain to be a set of n-ary relations over individuals.

| must also include the following special parameters, listed with their intended
interpretations:

(1} the equality = of sorct {ind,ind) and, for each n>0, the n-pred equalicy =,
of sort (n-pred, n-pred);

(2) for each n>0, the membership e" of sort (m-pred, ind,..., ind). The intended
interpretation of e"(X",x,,...,%,) is that the tuple denoted by (%), :.02Xp)is
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in the n-ary relation denoted by x": hence, whenever possible, we abbreviate

0,0
e (X ,xl,...,xn) as xn(xl,...,xn).

A general structure A of L is any structure of L such that:

{i) A has intended domains and assigns to the special parameters their intended
interpretations;

(ii) Let P be a wif of L and let the free variables of P be classified into two
disjoint lists x = (x,. . .,% ) and y = (yl,....yn), mz0, nx0, sueh that %, has

sort s; e {ind} v (i-pred/i <NI} and ¥, has sort ind, lsjsm , lsksn. Then, the

following closed comprehension sentence is erue in Az

v o By Ly G,y )F REKG YD)

It is rhrough the concept of general structure that we can truly say that L emulste:
a second-order language, This point is further discussed in [17 pp 284, 10]. We
write I=AP ro indicate that P is valid in a general structure A of L and P p P

to indicare that P is valid in any general structure {not necessarily ia an
structure) that satisfies all wffs in P. If t is a2 cerm of L ,A(t) indicates the
element associated with t by A, Finally, [4/s]A indicates the structure B of L dif
fering from A only on the value of symbol s, which is 4 in D, -

The second condition om general structures permits us to add new fupetion symbols
to L by definition. Let P[X,¥] be a wff of L with free variables x,y (we follow the
conventions adopted in the deseription of general structures). Then, a funetion '

symbol £ of sort (sl,...,sm,n—Ered) can be added to L by definition with defining
axiom

(3) £ = 2" = vy () = Phx,yD

Note that, by definition of general structure, the uniquencss and existence con~
ditions [40, p.59) for f are satisfied, )

By analogy with set theory, we write E(X) as {y/PiQ,gl}. In each general structure,
£ denores a function mapping a tuple of elements a = (a;,...,8p), 4, from the
domain of sort s:, into the n-ary relation defined by P[&/X, ¥]. “These function
symbols then creﬂte a rieh set of n-pred terms, n>0.

This concludes the definition of special many-sorted languages.

3.2 - Conceptual and External Schemas

Before defining what we mean by a schema,it is worth noting that we classify all
symbols of a schema into two sers. The Eirsc set containg all eymbols, such an

"<, whose intended interpretation is fixed. The second set includes all symbols
whose meaning varies over time, which will be the relation names in the case of the
relational model. Their meaning at a given point in time T comprises what is called
the database state at T (however, for simplicity, our definition of database state
also includes the meaning of all other symbels).

DEFINITION 3,1:

(a) A pair ¢ = (L,P) is a relatiopal schema iff

(i) L is a special many-sorted language with a distinguished set of constant
p= {rl,...,rn}, r; of the ki—Ered sort {i€isn), the relation names of Lj

(ii) P is a set of wffs of L, the consistency eriterin of o,

(b) A database state of 0 is a general structure of L; -
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(¢) A consistent database state of 0 is a database state A of 0 such that FAP, for
Pe P

(d) A database universe U of 0 is a set of database states such that: (i} altl daca-
base states differ only on the values of the relation names; (1i) for every
A € U, for every n-ary relation name r and every n-ary relation R (of the com=-
mon n-pred domain), there is BeU such that B = [Rfela. [

Thus, we view a schema ¢ = (L,P) as a first-order theory and a consistent data-
base state of O as a model of G. The notion that the meaning of all symbols, except
the relation names, is fixed is embodied in the definition of database universe.

We can now readily Formalize the basic schema properties listed in Section 2, Let
o = (L,P) be a schema.

Pl. consistency : there is at least one consistent database state of T or,
equivalently, P ¥ False;

P2. logical indepepdence: P-(P} [# P, for each P e P.

note: the Formalization of Property P3 is deferred to Section 5.

An external schema 7 of a schema ¢ is just another schema whose language is basical
ly the same as d, but which may have its own relation names. As a convenience, we
also require cthat no relation name of O is used in m. In addition, T contains a
function defining its relation names in terms of those of 0.

DEFINITION 3.2:
Lert o = {L,P) be a schema.

& triple m = (M,0,J) is an external schema of O iff
(i) w, = (M,0) is a schema such that all symbels of M, except the relation names,
are also symbols of L and no relation name of L is a symbol of M.

. . J
(ii) J is a function assigning to each n-ary relation name r of H a term v~ of L
of the same sort as r . [

We can extend J to am interpretation of M inte o [17, pp 156] as follows: J considers
the domains of M and L to be idemntical; J is the identity on each symbol of M, except
the relation names; and J assigns to each relation name r of M the wff y = rJ (chis

is just to conform with the definition of interpretation).

The function J can be used for two different purposes. First, given a wif P of M,
we can construct a wEf PJ of L by replacing each relation name t of M by its
definition rJ, as explained in [17, pp 1601.

Second, given a general s&ructure A of L, we can construct a structure AJ for M as
follows. The domains of AJ are those of &; for each relation name T of M, al(ey is
the relation A(r-); ad agrees with A on every other.symbol. A is called the
structure of M induced from A by J.

We can relate the two constructions by the following lemma.

. . I
LEMMA 3.1: For amy structure A of L and any wEf P of M, | P iff F RAERE
A

Lemma 3.1 has several interesting consequences. We begin by showing that Lemma 3.1
implies that the induced structure of M is indeed a general structure of M.

COROLLARY 3.1: If A is a general structure of L, then A~ is a general structure of M,
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Proof

Let A be a general structure of L. Since A has the intended domuinﬁ and assigns
to the special parameters their intended interpretatians, so does A<, Tet P be a
closed camprehension sentence of M, Then, P- is a closed cﬁmprchenaio sentenee of
L and, hence, true in A. By Lemma 3.1, D is then true in A”. llence, A7 also
satisfies the second condition of general structures. []

We now use Lemma 3.1 to formalize Property P12, Let w = (M,Q,J) be an external
schema of @ =_(L,P}. 7 and o satisfy Property P}Z iff, for any model A of P, for
any Q ¢ @ , &7 sacisfies Q. But, by Lemma 3.1 A satisfies Q Lff A savisfies Q7 .
Hence, Property P12 is equivalent to saying that @ is a logicul censequence of
P, which is a much more convenient characterization of Property P12.

P12. Logical dependence: P [ Q'J , For each Qe@,

We now define what we mean by active schema. Given a conceptual schema g =_(L,P) |
with a set of externazl schemas m, = (M,,0.,7,), i = 1,...,n , we say thac o = (L,P)
i A R

I3 * - . B n I v
is the corresponding active schema iff P = P u U {QJL/QGQi}. As already discussed,
i=1

this concept is important for the second design strategy mentioned inm Seetion 2
since U incorporates all consistency criteria defined for the application, all
expressed in the language of the conceptual schema, Using_the formalization given
in this section for Property P12, it is now obvious that ¢ and %,, i = 1,...,n.
satisfy Propercy PL2. '

This concludes the list of properties that we formalize using first-order logic.

4, SCHEMAS WITH BUILT-IN OPERATIONS

In this section, we discuss schemas with built-in operations. The formalism we use
is a variant of Dynamic Logic (DL), quite similar to the one described in (10, 111,
We first briefly describe the DL variant and then address schema properties.

4.1 - Regular Many-Sorted Dynamic Logic

Before defining the DL variant, we need a new concept. Let L be a special many-sorted
language with a set of distinguished constants, henceforth called program variables,

A universe U for L is a set of general structures of L satisfying two conditions:

(i) any two structures in U differ enly on the values of the program variables;

(ii) for amy Ael, any program variable x and any element e of the appropriate domain,
there is BeU such that B = [e/xJA. These conditions guarantee that, for cxample, if

x is assigned e as value, the resulting structure is in U. That is, the universe

is closed under assignment, so to speak.

The programming language the DL variant uses is the set of regular programs over L,
RP[L], defined inductively as follows:

antﬂx

(1) for any program variable x of L and any term t of L such that x and t are of
the same sort, x:i=t is in RP[L] and is called an assignment;

(2) for any wEf P of L, P? is in RP[L] and is called a test;
(3) for any a,b ¢ RP[L], aub, a;b and a* are also in RP(L] and are called the union
of a and b, the composition of a and b and the iteration of a, respectively.

semantics: for a fixed universe U of L, the meaning of programs in RP[L] is given
by a function m assigning to each acRP[L] a binary relation mia) ¢ U? g5 follows:
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(4) mix:i=t) = {(A,B)eU?/ B = [A(c)/x]A}

(5) m(®?) = {(A,A)el?/ =, P!

(6) m{aub) = m{a)u m(b) (union of both binary relations)

(7Y m(a;b) = m{a) o m(b) (composition of both binary relations)

(8) m{a*) = (m{a))*

{reflexive and transitive closure of m{a))
The language DL of the DL variant (based on L) is defined as follows:
syntax: the syntax of UL is the same as that of L, with one additional formation

rule:

(1) if b is a wEE of L or DL and beRP[L], then [bIP is a wEE of DL (read "box of
bL,B").

-

semantics: for a fixed universe U of L, the notien of validity is extended to [b]P
as follows:

)] |=A[b]P iff VB((A,B)em(b) = g P)

In words,[bJP is valid in A iff either b does not halt starting in A (that is, for
no B in U, (&,B)em(b)) or, for any state B that can be reached from A via b, P is
valid in B.

We also introduce by definition <b>P {read "diamond of b,P"} as - [bl-P. Hence, we
have

() |r,0>P iff IB((A,B)em(b) A [=Bp)
In words, <b>P is valid in A iff program b takes state A to some state B where P is
valid. Finally, we define |=UQ iff |=AQ, for any AeU, where Q is a wff of DL,

The .language of the DL variant permits us to express three properties of programs
that are central to formalize certain schema properties. Let U be a universe of [,
P be a wEf of L, t;,...,t, be terms of L, a and b be two programs in RP[L} and

Xy,... %, be variables of L not occurring im b, where x; is of the same sort as

iy i=1],...,k. Then, we say that:

(1) P is an invariant of b iff |- P = [bIP

(2) the Vﬁlues of T ,er.,ty are unaffected by b iff FU Vxl...ka (Q = [b]Q),where
Q = A xi.—. t]'.

i=1
(3) programs a aad b are equivalent for YRR L iff %UVx ...ka(<a>Q z <b>Q) ,
where @ = A x,= £y

i=1 t
4.2 - Conceptual and External Schemas Revised
We are now ready to define schemas with built-in operatioms.
DEFINITION 4.1:

{a) A schema with built-in operations is a triple o = (L,P,0) such that

(i) (L,) is a schema such that L contains a distinguished set of constants
ealled program variables, which include the relation names;

(ii) 0 is a set of programs in RP[L]
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(b} An external schema with operations of ¢ is a four-tuple 1 = (M, 2,7 ,N) such that

(i) {(M,8,N) is a schema with operations such that all symbols of M, cxcept the
relation names, are also symbols of L and no relation nawme of L is a symbol
of M,

. . . . . J
(ii) J is a funetion assigning to each n—ary relation name r of 1 g term r” of
L of the same sort as r and to each operation aeN a program e” of RP[L].O

The notions of database state and consistent database state are as in Definition

3.1. However, we adopt the comcept of universe defined in Section 4.1, rather than
rhat of Definition 3.1. This follows because not only the relation names, but certain
other constants (i.e., the other program variables) may change value from state ta
state.

We now discuss the role of the set ¢ of built-in operations of a schema g. Reeall
Erom Seccion 2.3 that we considered as che DML of ¢ the set of regular programs
that used only operations in 0 to update the database. In the abstract daca type
jargon, this strategy is called "encapsulation".

More precisely, we define the set RPg[L] of restricted regular programs for a schema
g with a set O of built-in operations as follows:

(1) if ael, cthen aeRPo[L];

(2) if b is an assigoment of RP[L] such that the left~hand side is not a relation
name of ¢, then beRPG[L].

(3) if P is a wff of L, then P? ¢ RPc[L];

(4) if a,beRPo[L], then ajb, aub and a* are in RPU[L].

The relevance of eneapsulation by means of built-in operations lies in that we can
prove that, if each built-in operation preserves consistency, then so does each
program in RP[L]. Therefore, uscrs cannot violate the consistency of the database,
To prove this result, we start with a basic lemma.

LEMMA 4,1: Let 0 = (L,P,0) be a schema with a set O = ful,...,on} of built-in
operations, and beRP LL]. Construct the regular program p = (o u...u on)*. Then,
for any (A,B)em(b), there is (A,C)em(p) such thar B and C are equal on the relation
names of 4.

Proof

Let beRP[L] and (A,BYem(b). Since b uses only operations in ¢ to modify the data-
base, there is a sequence q = (oil,..., oik) of operations in 0, generated by the

executrion of b that takes A to B, such that q takes A to C and B and C are equal
on the relation names of o, But, by definition of p, {oj ""’oik) is also a
possible execution of p. Hence, (A,Clem(p). D !

COROLLARY 4,2: Let ¢ = (L,P,0) be a schema and assume that no program variazble,
other than the database relation names of o, oceurs in wifs of P, Then, if each
operation in U preserves consistency, then every program in RPU[L] preserves
consistency.

Proof

Let beRP _[L], Let (A,B)em(b) and assume that A is consistent. By Lemma 4.1, there.

is CeU such that (A,Clem{p), where p= (olu...uon}*, and B and C are equal on the
relation names of 0. But, by assumption, each 95 i=1,...,n, preserves consistency.

So, p also preserves consistency., Therefore, since A is consistent, C is also con-
siscent. Thus, by the assumption on P, B is also consistent. Tlence, we may conclude
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that every beRP [L1 preserves consistency. []
To summarize, in the case of encapsulacion through built-in operations, users can-
not violate consistency of the database since every possible DML program preserves
consistency. .

v

‘: B Formallza:1on of Propertles Related ‘to Bullt in Operatlona. b & ;_

"Within the framework developed here, we can completely formalize all propertlesm,a

" related to“built—in operations., Properties P7, P9 and Pll follow directly: usxngpn

.the concepts lntroduced at rhe end of Section 4 .1, Let d = (L P, 0) be a,schema. and
U be a universe for L. . o . TR

L (For U) ‘ . e _ : . ;
.P9. operation app11cab111ty. for each bsO 1t Ls not the ease thet all relatxo
- _names of ¢ are unaffected by b‘ R 3 - \ S : E

Let @ and U be as. above and ¥ = (4,0, J N3 be an external schema of a.

P11, conceptual consistency preservarlon. for ach BeN for ~each PeP

invariant of bJ (for U).

- Consider now Property P8, operatlon lndependence, whlch requires that no'operatlon

0; is snperfluous. To formallze Property P8, awe,recall from Lemma 4.1 that the set;

. of all database transitionms that can be performed by finite sequences of, operatlona

v coincides with the set of database cran51tlons ‘that can be brought about by‘the e

.f t. regular program p = (o BTN )‘. Let p;= (oly',.u 0 U0 4qYs U O )* Then,-.
' captures all database transxtlons that: canjbe executed without the help of ON‘
Therefore, we can cencisely state’ Property PB,as follows.‘ " v"”n, :
P8, operation independence: for any 15[1 n],~ 8 not equlvalent to p.‘for'thélllyg

relation names of 0.‘ )
ﬂ,, . .
Property P10, nranslatxon correctness, so~eaSy to formallze,|though..
us then try to precisely define it flrst..Let*ﬂ,- .(M,8,7,N) be an external: -schema:
ool of-o = (L,P,0), Assume that Ty,.,.,Ty.arer {the relation pames of 7, Let U he the
'+, " universe of L in question, Then, Property.Pl0'says the followxng.(Let el Apply

.h; -agree on rl,...,r (informally B r\JC) Conyersely; ‘let AclU, Apply b- to A obtalnlng«|

. ." some state C.of T. Then, there must he some ‘state B atta1nab1e by b from A ‘such ‘
that € and -B” agree on rl,...,rm. Thls can be‘expressed eonelsely by che dlagram

Ain Figure 4.1,

v

, J
“recell-from section 4.2 that L7} is a term of -the sama. sort a8 ri. Then, we hnve'

s ] .
~.are unaffected by bJ . The dxagram of Flgure 4, Z(a) mey help understand this =

to A, obtaining some state BeU. Now apply’.b to.AJ obtaining .C. Then, .B and C must- *M
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Now we.ooserve that J can be emulated by a program q in the set of regular programs
RP[LuM],if we adopt the universe V of LuM conscructed from U by using J to extend
each AeU to the relation names of 7., Let LSERRETE . be the relation names of T and

translatlon correctness: bJ,
equ:.valem: for rl,...,r v

“To lnvestlgate Propercy P13, influence comsistency, we ffrEE“have to formalize the v

notion of operation 1nfluence. Let 1t = (M 2,J,8) and w' - (M',07, T N") be two ex- o

".ternal, schemas of o = (L,P ,0), An operation beN'-. d 0g4. not Lnfluence any quer}

., iff,-given any two states A and B of o such that b -maps A Into B, then- and . ;
agree on, the relation names e Ty of m, Using the concepts ac the end:. ,of . fr,;_l

Sectxon 4, 1, we then say that beN' does not influence. nny query of w-lff rl,...,r R

definition.

L3 . E

We now d1scuss Pb P5 and Pﬁ All these: propertxes are related to che existence of .

‘programs satrsfyzng certain restrictions. But this cannot be expressed in (First-
> Order) DL since we cannot quantify over programs. For example, Property P4 would
have to be expressed as follows. st :

o R

' . 'ﬂ_ ! )



.3u -~ that 0 is a schema with just ome binary: relatron ‘name EMP. We interpret EMP(m 8} !

,; . ’ P4 Adequacg of the Schema DML. F Eb(PAP # EbJPAQ) for\eaeh update
S, (%, Q), where U is the uurverse in questron and P is the conJunet1on of, alL
P consxsteney crlterla. ' . B A B . :

Py et

Note that-we used a varxable b rang1ng over the-set of allowed programs. Hence
wif above; 15 phragsed within what we may eall Second Oxder Dynemlc Logrc.('

'*.‘5

- However, when we congider;a schema O with a sec 0 -‘{o ,o } of burlt—ln operatlons
A'Lf we can formallze Properties P5 and P6, We assume that’ no}program varrable,‘other R

than the relation names of ¢, occurs in any. consistengy. ‘ériteria of 0. We'also. need
.. additional notation. If P is a consisteney g¢riterion of o, let P[%] denote the wEE
obtalned by replacrng eech relation name 1 ;varlable X, 'of the same, sort as r.,"

1sigm. Let P[x] be the ooujunctlon of the wffk thus formed, Then, for example, the- En
Jwif HxP[x] ‘'says that there is. a consratent database state of g,

" Consider .now Property P53, whlch says tha lyen any pair’, (A, B) of consrstent detaw'

““base states.‘there must be some yalid update that maps A'into B, By Lemma. 4,1, this
s equlvalent to requrrzng that/p = Ao u...u}o )* takes any con51stent database .
_state into any other con518tent ] . s .

Assumlng‘that P

PB Reeehabllltz . :
N ‘FUVx(P[x]APja <p>/\x=r'

: Sk : : . ¥ :

. The schemas consrdered thus far contalned@only consrstency orlterxa restrrctrug*

v data values. In this sectron, we rnvestlgate SchemaS/Wlth dynamic consistency
criteria imposing restrictions directly on: state transi.tipns, For example,’ suppose

~ as saying that the employee whose social. securlty number 1g m has salary Sa Then,=
D: and D, are dynamrc oon51steney criteria,!’ where D, "is M"an employee's salary ﬂﬁ
-should never decrease" and D, is "an. employee .that is .fired (i.e., deleted Erom |
".EMP) can never he readmitted again (i. e.,.lnserted into EMP aga1u)" . .,v—;

. We frrst observe that Dynamic Logic is not qulte approprxate to descrlbe dynamlc
. wconsrstency eriteria because these crlterla lmpose restrictions on a state
'*"transrtron, no matter what update ot sequence of updates performed the transmtlon
“{by an update we understand any program of the schema DML) For example, the .
“crlterlon D would be expressed as! ; . .

o (1) for any two sequences p and q of update ; ‘
. P ) iy ; i |

ST R TS <p>({ EME (1,8 ). PRI

s

However, note that-p and q act- as varlableskranglng over  sequences of updates. ‘Hence
(1) is not a wif of (FLrst-Order) DL, But .in such cases, ‘untike the. case of propertyﬂ
P4, we do not really want to refer explicitly to. SPECLflt sequences of updates; ae-
cordrngly, we .are led to consider some formallsm wherexn we' could rewrlte Eormula

- (1) above omitting.somehow variables p\and Qu“: e . : St b

So we now brlefly discuss how we can ‘use Modal Loglc [13] to express dyuamxc i f_ﬁ
consistency criteria. Given a special many—sorted language L we flrst define the =

L ' ' ' N A3

(l) If P.isg! ‘a wif' of L or ML,

;language ML of the Modal Logrc haeed on - L by addrng one more

then e

We also Lntroduce by defrmtxon QP

Lgtructure - I for ML is a palr.(U R), where U "1s
lcalled a universe of state transitions). We’ extend the notron

0w

16 alao a wff oE ML.?
aSﬁﬂﬂP

,1( -

. A

- “. i

sistency. criteria, We show im
51mpler to achieve than 1t 8e

"hen R consists of. all parrs

T+

ias follows. Let T = (U,R) be a structure oE ML and’ AGU'

DP) '

“We..then deflne ‘a. schema w1th dynamlc consrstency crlterle
X hers . (L,P) is as in Section 3 and D-is a set,of wifs, of- ML
nﬂ“d D would be deELned reapectlvely as. 1!_-5 14

ﬂ81nce th;s new property is. almosr umpossrble to guarante
.we -are again led. to consider ‘'schemas with beilt-in operationa
wburlt—ln operations in this context is
sggrams that modify the database through

ems, -’

sequence p = (pl,...,pn) of programs i
the design.of the built-in operetlons
through the programs in RP EL]..“

3

\:‘ KAt It

EMP(m s“)

‘be,a schema and I be an adequnte structure for‘ML Property P3,

‘then to guarantes that:
these operatlons viola

Ve S s ‘,..;

Let\o =) (L P.0,0 be a sehema where L and P are as uaual.,ﬂ A
consrsteney crlterla and 0.is.a set of burlt-rn'operatrona' R
.of regular programs., that modrfy the

P Let I = (U R) be an ad

as a trrple

_‘))

VA ‘ L= (U R) for’ HL is V&lld 1ff I satlsfles all’ crlterla Ln v
‘adequete L1ff R contains exactly all pairs (A, B)EU2 such ‘that S
"empty) Finite sequence of updates that maps A .into B, A Vﬂlld structure’ is, thew' | ¢
one - .that .conforms with all dynamic conaxstency crttetia, and ‘an’' ‘adequate- atrutture ;
is .one that provides. the intended ‘interpretation. of -thesa- oriterra. Leg d = (L, P

of'valrdrty to

;- (E P.ﬁ)

I our: runnxng exampla, T

there iis, aj(pOﬂSlbly

D)

thenﬁreads-

“The . deelgn goal of *
no,saquence.of pro= ?‘ ’,
tes .the, dynamrc con-, i’

the rest, of this seetron that thra{goal is, Bomewhat .

&8 setnof‘dynamrc‘
geall from Saction &4

equate structure of L.

uch that there is a (poseibly-empty) Finite ..’
n RPgCL] that ‘tukes A into B, We observe that ,

rnfluences the valldrty

of'I only Lndrrectly

FWe now show ‘that there is a structure I‘ whose defrnltlon ig: much‘more Lntlmately" .

value of the relatlon names.

has a much-sxmpler descrlptlon than R 'We claxm that. ;
I S : .

Defrne I',- (u, R ) where R' = (m(o )U...um(o ))* and O =- {°1""’° }..Note that .R!

‘related to 0. Moreover, althrough I' is not an adequate - structure. It in 8.t
precise ‘sense equivalent to I, We assume in the rest of this N
cgranm variable, except the relacron names of O, oceurs .in any
wvalidity of each ‘Delt depends only on symbols whose meanxng is f1xed and on the

‘section.that’ no pro-
wEE of D, Hence, the . .

P ‘.l‘
iy v



L completed all: credlts "an emplnyee can nnly have hlB aalery ralsed
Lafter being hired", end Mgt .a gspecified date,. a fineis ‘added;to , tha amount in
if the debt is not pald" Such sentences driseyquite maturally.when one
"active'. databases [31]. (a concept we. have not covered), wﬁxch are. capable"‘
of, 1n1t1atlng act1on rather than merely acting in’ reaponse Lot usar, requests,:

Although these sentences are somewhat similar to. dynumxc cnns;stency crzterin, they
iare best dlscussed uslng formallsms such asa thosehdescrxhed 1n E12 37]. . )

Taken together;
base desxgn. w1th respect to conceptual and external schemas.FWi: o

* ! IR « LT ' . ..

e '9 i

the propertlea deElned conscltutetour notlon oE“correctneas nf data

h" ' i‘ . ;

.

We have found.thet. although there has been considerable research ’on- the sub;ect. n v

it;has ‘been racher fragmentary, Moreover, very,often too ;much effort is spent on ‘' o,
problems that are-not relevant-to properties.that we. ‘consider fundamental, For v ..
xample, most;research on dependency theory; would help only, check if some da= . "
pendeney is loglcally independent from the ochere'(Property P2). But . very faw: - T
papers in this area address the other (certalnly more 1mportanc) propartles we

g R, by def1n1t10n¢3

y teklng "the' poLnt of view of one who is' developxng a database ddsxgn mechodology!
'we strived for breadth and comprehensrveness.nln some cases, the -Formal language.
(-used to cheracterlze a praperty was part ‘of v ‘formal. syatem . ‘that “alse provided #

k Now, 1t is’ easy Lo prove that (3) xmplles'thet

-t . . W ‘,-1

ytools to verify if .a’ given database’ de91gn gatisfied ithe property, In' other O
itvations, we relied on the expresslve power, of.a: formal language only to convey o,

-

.our Ldeas more preclsely.

1
‘1 DP 1mp11es_|=;
i We used first

-and moved , to dynam1c logic w
this was not an essential move,. since we can describe properties; Huvolving buile=in™e

operations in first-order’ ‘logic 431, However, we.believe that dynem1c logxc, which ..
ives special attention LO PrOgrams,. prov;des a much more’ convenient notation to

.describe these propertles.
at the.end of Section 5 that dynamlc constralnts can be formulated thhxn dynamic

ogic when builet=in operations are used. Ag:
odal-logic superfluous because the latter
Lo descrlbe these/ constralnts.

< and that (4), together w1th our assumptlon
- (5) and che converse of (6), -

1rst, conslder the task of de91gn1ng
ms that usé them to modify. the
By Theorem 5,1, it ‘suffices to deSLgn<
are vplid in I' = .(U, R‘),.where .
1n;nperatlons. But sln e RY
nQt sequences af, programs?
he reason for Lntrpducﬁng &

Theorem 5 1 has twn 1mportant consequences‘
" built~in operatlons so that no sequence
".. database yiglates the dynamlc 4::1:xter1.a,l
ions so that all dynamic crlterxa
R' - (m(ol)u...um(o ))*% and °1""
‘ terms of sequences of; bui gl
the second task is much e1mp1er tha

40 are the;. buxlt-
peretlons (and
n the. firat.This was t

ae several polnt the convenience_o,

Vo shes been demonstrated In part1cu
ivaripus schemas. 1nteraet if) .at" both the conceptial and external levels, 'only

'burlt-Ln operatxons are con51dere ‘and.‘xn eddxtxon, the externnl uperations are
deflned \ising the conceptual ones -

':?k‘ i DP 1EE %U n Ep]P._
L The:eoncept of, act;ve schema def1ned

-order logic to formallze the bESIC de51gn concepts aﬁd properties,
hen, cnnsxderlng builtrin, operetlons. Strletly,epeekxng,

Similar, remerka apply to modal :logic, In fact, ve showed o
ain, this observation does not’ render . '
provides a much more convenient. notatlun

v

t'i- g
e51gn‘strateglea xnvolv1ng bu11t-in operations N
lar.elt 15 much simpler to characterize how, the -

A N. | . L

from the conceptual and excernel achemaa _k,f' .

‘also.proved very- ‘useful. Consider, a. deeign strategy where the conceptual schema Y

wa wff Q of TJL suth that |=- Q"- :
’ ..contains, only .stable consistency, crrterxe,.whereea t

T ericeria that, descrlbe less permanent Festrictioms. Such strategy suits betzer an |
evolving® envxronment,.and theislngle collective desc ;
.of the whole enterprlse ls'prov1ded.by the, actlve scheme..,-; .

CThe underlylngraseumptlcn ‘that no pro

‘as wffs ‘of D
are, used in dynemxc conSLSteney$L
W

.bu11t-1n updates ol,...,o
- ‘gram variables other’ than the ;welation, name

crxterla should not be forgutten).

Flnally, we Sbserve that,
thetarea se that- future research may .protceead. in an
property in turn.. For example,.:ools may be develo
operatlons from non-procedural ‘specifications that take
.eriteria. The derivation of translations for the built-in operations of external
schemas may also be partly sutomated, perhaps requirzng the xnCerventlon of some-

an best beéd1scussed wlthln the’freme

in. operatxons are, c0n51de:ed
-constraints., Waturally,:
bout the past states of the-.~~
1oyees) would probably be needed to construc

dynamlt con515tency Ctlt&r

To summarlze,
en sehemAwa1th buxlt-

.- work of Modal Loglc. However, .wh
' we have the option to .use Dynamlc Loglc tol express
auxiliary data structures sumarizi
databases -{e.g. names of -former emp

ng 1nformat10n a

he external schemas contain-

ription, that cutrent}y holds,

y‘lletxng baa;c schema de51gn propertles we tr{ed'to map

orderly fashion, attacking each
ped to help synthesize built-in : -
into account, the congigtency

edmxnlstrator to resolve trenslatlon emb;gultles. ) ; o . :

the built=in operatlons. .

we observe that there are. eentences ahou
"two years after admlsslon,

t. databases thet expllcltly refer

‘to time. Examples are any graduete student muet have
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