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{Abstracts)

This paper presents the application of the mathematical logic to the design of databases.

The application is for the conventional databases and the deductive databases.

Mathematical logic provides a conceptual framework for the study of databases.

On the first part T concenirale on the interaction between logic and databases.

Logic can be used as a programming language, as a query language,

to do deductive actions,

to maintain the integrity of databases, to provide a formalism for handling negative information.

On the later part, I deserive the evolution of logic databases and the natural language query

system.
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I. Introduction
Mathematical logic provides a conceptual
framework for database system.

This demonstrates how database concepts
can be analyzed in terms of formal logic, and

provides a characierization of the hypothetical
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worlds on which database system works.

This includes also the knowledge representat-
ion and how it relates to the process of
deduction.

Another consideration of logic and database
is how logic may be used to express constraints
on a database integrity.

The fourth topic is that meaning assigned to
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answers when negative questions are posed.

The last topic is how logic provides a unifying
framework for query language.

In this paper we primarily consider relational
type detabase.

Green [1969] wsed the logic for knowledge
representation and manipulation.

His work was the basis of the study aboul a
highly deductive manipulation of a small set of
facts and an inferential mechanism.

Later they studied of database to handle large
sets of facts, negative information and open
and queries.

This has given rise to a deductive databases.
Kuhns[1967]  used
databases.

logic  for conventional

I. Databases and mathematical logie

A databasc is a collection of data that is
stored permanently in a computer.

A database system s a computer-hased
record keeping system,

Therefore, a database can be thought as an
integrated and shared repository for stored data.

By “integrated” we mean that the database is
thought as a unification of several distinct data
files.

By “shared” we mean that individual pieces of
data in the database may be shared among
scveral different users.

There are three types of database models,

They are relational model, network model and
hierarchical modecl.

In this paper I will concentrale on the relati-

onal model.
1. Relational model

A domain is a {inile set of values.

The Cartesian product of domains D1, D2, -,
Dn is D1x D2x+-XDn that is the set of all
tuples (x1,x2,---,x#) such that for any i,
i=1, 2,+, n, xic Di.

a relation is any subset of the Carterian
product of one or more domains.

A databasc inslance is a tinite set of [inite
relations. a finile relation is a relation whose
extension ig finite.

The extension of the relation is the totality
of all tuples that can appear in a relation,

The arity of a relation REDIx D2%---»Dn
18 7.

A relation is a table of valucs.

The columns of this table have names,

I'hese names are called attributes.

Values of the i-th attribute come [rom the
domain D1,

A relation R with attributes Al, A2, -, An
defines a relation scheme denoted as R (A1, -,
An)

Whereas the specific relation R is said to be
an instance or extension of the relation scheme.

2. Mathematical logic

By a formal theory, we mean an artificial
language in which the notions of “meaningful
expression”, axioms, and rules of inference are
precisely described.

The language we are studying is called the
object language, while the language in which
we formulate and prove results about ihe object
language is called the melalanguage,

As the object language we shall use a [irst
order language such as that of the first order
predicate calculus.

Primitive symbols of the [1rst order predicate
calculus are (1) parentheses, (2)
functions, and predicate symbols,

variables,
constants,
(3) the usual logical connectors “T(not), &(and),
V(or), — (implication), < (equivalence), (1)
quantifiers, V(for all), 3J(there exists).

A term is a constant, a variable, and if £ is
an #-ary function and #1,---, fn are terms,
then f(t1,,tn) is a term.

We assume that a2 term in the context of

databases is either a constant or a variable,
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If P 1s an n-ary predicate symbol and #1, -,
{n are terms, then P (#1,---,in) is an atomic
{ormula.

An atorc formula or its negation 18 a literal

An atomic formula is a well-formed formula,

If W1 and W2are wtfs*, then " |[(W1), (W1)
VWa), (WH&W2),(W1D-W2 and (Wi)<»
(W2) arc wifs.

A wif is called a closed wll when it does
not conlain anv free variable.

It contaius only quantified variables and
constants.

A statement form is an expression bwlt up
from the stslemet letters A, B, by appropriate
application of the propositional connectives.

Each statement lorm determines a truth
{unction.

There are two tvpes of normal forms.

They are disjunctive normal {orm and conju-
nctive normal form.

A wif 15 in prenex normal form if all
quantifiers appear in front of the formula.

For every wf{ we can construct an equivalent
wif 1n prenex normal form,

A prenex [ormula 18 in Skolem normal form
when all existential quantifiers are eliminated
by replacing ~ariables they quantify with
arbitrary {uncticns of all universally quantified
variables that precede them in the [ormula.

These functions are called Skolem functions.

A Skolem function of 0 argument is called a
Skolem constant.

A clause is a disjunction of literals, all of
whose variahles are implicitly universally quan-
tified.

when a wif is in Skolem normal form, all
the quantificrs may be eliminated since all
variables are universally quantified.

TIALY - TV AmABIV - ABn

wherc Ar and Bj are positive lIiterals,

15 a clausc.

It followes that

* wit means v ell-ormad formula

Al&---& Am—B1\--\/Bn is a clausc.
Whenever #z is equal to 0 or 1, the clause is
said to be a Horn clause.

When m=n=0, the clause is called empty.

3. Databases viewed through logic

A relation can be detined intensionally as a
set of general laws cxpressed as well-formed
formulac in the [irst order predicate calculus.

The sct of relational tuples is referred to as
the extensional database (EDB) whereas the
set ol general laws is called the intensional
data base (IDB).

The set of elementary facls that consist of
the extensjonal data as an interpretlation of a
tirst order theory whose proper axioms arc the
general laws.

There are three assumptions that govern
query evaluation and integrity constraint of
data bases

(1) The closed world assumption (CWA)

facts not known to be true are assumed to
be false,

(2) The unique name assumption

individuals with different names are different.

(3) The domain closure assumption

there are no other individuals than those in
the database.

Queries involving negation are obiained by
using the above hypotheses.

we consider as acceptable queries and integrity
constraints only expressions that restrict their
own reference domain,

A database can be considered from the
viewpoint of logic in two different ways: an
interpretation of a first-order theory and a
first-order theory.

The interpretation view point and the theory
viewpoint respectively formalize the concepts
of conventional and deductive databases.

In the interpretation view point querics are
considered to be formulas that are to be

—_27 —



4 Koh, Jac-Jin

evaluated using the semantic definition of truth,
In the theory view point queries are consid-
ered to be theorems that are to be proved.

Il. Query languages

The reason for considering the language of
logic as a basis for defining query languages
is that a relational database (instance) can be
viewed as an interpretation of a first-order
language.

If we consider the formula F(x1, -, x7),
where #1,---,xr are the free variables in F,
as a query, the answer to this formula is the
set of r-tuples <el,--,er> < Dr such that F
(el, -+, er) is true.

A semantic characterization of formulas that
can be considered to be reasonable queries led
to the notion of definite formulas and safe
formulas.

Such formulas are domain independent since
they self-restrict the range of the variables
that they contain.

Using many-sorted logic as a basis for defin-
ing query languages while considering elements
of domains as primitive objects was exploited
by Pirotte [1978].

Each sort is assigned to a data base domain,
and the well formedness of formulas is checked
with regard to sort requirements.

Logic supports powerful extensions to basic
query languages in two direction: natural
languages and programming languages. Query-
ing databases using natural language has been
a subject of active research.

When restricted to finite relations, the
relational calculus and the rclational algebra
are hoth complete in the sense that for a given
database they can express all relations whose
extension is definable over the set of =all
domains of that database.

Many authors proposed that the relational

calculus or relational algebra be embedded in a

host language [Aho and Ullman 1979],

Such an cmbedding will allow a simple
expression to define an operator, for cxample,
transitive closure, from the primitive constructs
of the host language. In some cases, all
computable {unctions can be expressed: this is
the ultimate notion of query language comple-
teness.

Logic offers an alternative way to provide
extensions such as those that molivate the
embeding of the query language(logic) in a
host programming language.

This extends the representation and manipu-
lation capabilities of the database system itself.

This is precisely the idea of the deductive
database system, where the databasc system is
with nopunit

a theory, usually first order,

axioms.

V. Integrity Contraints

Database consistency is enforced by integrily
constraints, which are asseriions that database
instapces (states) are compelled Lo obey.

There are two ilypes of consiraintis: state
constraints and transition constraints.

In the state constraints, there are two types
of consiraints: type constraints and dependency
constraints.

Query language can be used to express
integrity constraints.

In the integrity checking of deductive datab-
ases we use the general laws in databases.

A database can be considered to be =zn
interpretation of a first order theory, where
the nonlogical axioms are general laws
perceived on the world.

The state laws deal with information in a
single state of the world.

The transition laws deal with world ¢volution.

The state laws are interpreted as integrity
rules by restricting valid states of the databasc
to models of a first order theory which has
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these laws, expressed by logical formulas, as
proper axioms.

The transition laws constrain the consecutive
states of the the database,

The databasc constituted by the set of

elementany information is viewed as an
interpretation of a {irst order theory whose
proper axioms are the general laws, whenever
a conflict belween general laws and elementary
detected, the

informations are to be suspected [irst.

informations is elementary

A formal system can be provided whose
objects are the trupsactions., A syntax, seman-
tics, and prooi theory for reasoning about
objects are needed.

A transaction is expressible in a programming
language, including expressions used to define
sets of data upon which the transaction acts.

The data definition language, viewed through
its logic perspective, includes the integrity
copstraints as axioms of a first-order theory.

The transaction language then is embedded in
regular programs, supported by a [ormal
system, first-order dynamic logic.

Regulur first-order dynamic logic is extended
to a system called modal dynamic logic to

reason about such programs.

V. Dependencies

Data dependencies arc special cases  of

integrity constraints thal express structural
properiies of relations and permit relations to
be decomposed, and retain certain properties.

An equivalence exists between some dependen-

ncies and a f[ragment of the propositional
logic.
Functional dependencies and multivalued

dependencies can be associated with propositional
logic statements.

Functional dependencies behave precisely the
well-studied subset of

same as a certain

propositional logic.

R: a database relation. If Al, -+, Am, B1, -,
By are among the column names of R, Al, -,
Am determine Bl, ---, Br if whenever two tuples
of R agree in columns Al, -, Am, then they
also agree in columns Bl, -, Br.

Al, -, Am—B1, -, Br
we call each such statement a dependency
statement with each column name A, we
associate a distinct propositional variable A.

If the dependency statement is Al,., Am—
Bi1,---,Br, the
statemcnt is

ALA-ANAm=B1A---\Br

t: a truth assignment

corresponding  propositional

It is a mapping that assigns to cach propos-
itional variable cither the value 0O(false) or
1(trued.

ALN--- NAm=>B1A--+ABr has truth value 0
if each of Al,-, Am has the truth value 1 and
at least one of BIl,--, Br has truth value 0,
otherwise it has truth value 1.

DEP: a set of dependency statements

x: a single dependency statement

« is a conscquence of DEP if « holds for
every rclation that obeys cach dependency
statement in DEP

ex. DEP: AB—C, AC—D

a: AB—-D
DEP: a set of implicational statements of
propositional logic
«: a single implicational statemcnt

« is a logical consequence of DEP if a has
truth value 1 for every truth assignment that
gives truth value 1 to each implicational
stetement in DEP

ex. DEP: AAB-C, ANCD

a: ANB=D

V. Ineomplete information

Null values are a special case of the incom-
plete information. null values mean that attribute

is applicable but values are unknown or value

— 29 —
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docs not caist.

An unknown value can be represented readily
in a database, but problems arise wilh respect
to 1ty mampulation and interpretation in a
query language.

A model-theorelic approach is to define a
three-valued logic, based on the truth values
[1979] defines

information which can be extracted from a

true. ialse, undefined. 1.ipski

databasc m the presence ot unknown values.

Data ate saild to be indelinite 1l they are of
the form P(a)VQ(L), and 1t 18 unknown
whether P(a) s true, Q(B) 15 true, or both
are true,

There are two types of null values: value at
present unknown and property inapplicable,

There are two different interpretations of the
query language. The external one, which refers
the queries directly to the real world modeled
in an incomplete way by the system and the
internal one, under which the queties refer to
the system’s information about this world.

A mathematical model of a database with
incomplete information is the information
systern which stores information concerning
propertics of some ohjects.

The information may be incomplete in that
1t may be known whether or not an object
has a property.

A knowledge base is incompletc when it
does not have all the information necessary to

answer some question of interesl to the system.

VI. Deductive databases

A deductive database is a database in which
new facls may be derived from [acts that were
explicitly introduced. indcfinite data are data
in which one knows, say

P(a)V P(b) is true, but one does not know
if P(a) is true, P(b) is true, or both are true.

A deductive database is defined formally to

be a database to consist of a [inite set of

constants, say {c¢l,---,¢x} and a sel ol lirst-
order clauses withoul function symbols.
Functions are excluded in order to have
finite and cxplicit answers to queries.
The general torm of clauses that will repr-
esent facts and deductive laws s
P1&FP2---&Pk—R1\/ - \/ Rg

equivalent to

whenever any variable that occurs in the
right-hand side of a clause also occurs in the

left-hand side, the clauses is said to be range

restricted.
(Type 1: k=0, g-=1)
—P(H, e, tm)

(a) if the #z are constants, Cil, - ,Cim

—P(C21, -, Cam)

which represents an assertion or a [act in
the database. The set ol all such assertions {for
the predicate letter P corresponds to a “table”
in a relational database.

(b) When some, or all ol Lhe {2 are variables,
the clause corresponds to a general stalement
in the databasc

—ancestor (adam, x)

adam is an ancestor of all individuals in the
databasc.

(Type2t k=1, g-0)

P (t1,--,tm)—

(a) When all of the # are constants

P(Cil, -, Cam)—

which stands for 4 negative lacl.

(b) some of the #2 are varijables

€

An integrity constraint or “valuc docs not
exist” meanming for null values.

(Type3: k>1, ¢g=0)

P1&---&Pk—

integrity constraints

“no individual can be both a father and a
mother of another individaal”

means

Father (x,9) & mother (x, ) »

(Typed 1 k=1, g -1)

— 30 —
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P1&P2---&Pk—R1

an integrity constraint or

a definition of the predicate R, in terms of
the predicate P1,---, Pk, Such a definition is a
deductive law.

(Types: k=0, ¢>1)

—R1\/ R2...-\/ Rq

The indefinite assertion

(Typeb: k=1, g>1)

P1&P2.--&PE—RI1V R2---\V Rq

an integaity constraint or

the definition of indefinite data.

“Each individual has at most two parents”

means

Parent(x, y)-»mother(x, y)V Father(x, ¥)

The empty clause, whete k=0, ¢ =0, should
not be part of database. We shall call a clause
delinite 1f its right-handside consists ol exactly
one atom.

all the types of clauses, except ground facts,
are ticated as integrity constiaints in conven-
tional datubases.,

In a deductive database some of them may
be treated as deduclive laws.

There are two classes of databases: definite
detabases m which no clauses of either Type
5 or Type 6 apppear and indefinite databases

i whiclr such clauses do appear.

Wl. Logic databases

Inttoducing functions into DB Horn clauses
takes the deductive database ficld closer to the
field of logic programming,

Horn clauses augmented with negation as
{arlures led to the PROLOG language.

A PROLOG program is quite similar to a
definite deductive database up to functions.

A logic database system wauld be obtained
by combining query facilities and tunctions for
integitly and maintenance of deduced facts
with an effidieni access method to a large

number of facts,

A logic database language could be continu-
ously extended, by providing extensions to
negation as failures, incorporating metalang-

uage capabilities.

K. Natural language query system

The natural language query system is a user
oricnted database quety systern.

There is a mismatch between the user's
conceplualization of the data and its actual
structure.

The use of natural language instead of an
artificial query language is the only means to
solve the mismatch,

Actual dialogs and end user experience are
used to show the resulting increase in end user
orientation,

The natural language query system accepts
the user's natural language-English, French,
or Korean, whatever the case may be.

The system translates the natural language
to formal DBMS commands.

(Tive types of information)

(1) The meaning of individual English words

(2) The syntactic structure of Fnglish

(3) Advice from the DBA

(4) The information contained within the
database itsclf

(5) the user himself

The meaning of English words is represented
within the system by actual program code.

The dictionary entry for one of these words
contains its syntactic category and a pointer
to this procedural definition.

The words with [ixed built-in definitions are
the common English words such as “is”, “are”,
“not”, “grealer”, ect.

The meaning of these words js independent
of the contents of the databasc,

Other words are defined within the advice
from the DBA or within the database itself.

The syntactic structure of English is used to
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assemble the meanings of individual words into
an appropriate semantic representation.

This syntax structure is represented as an
augmented transition network.

An ATN is basically a set of finite siate
machines that can activate each other much
like a subroutine call.

The transition from state to state in cach
machine is based on the syntactic category of
the current word being analyzed.

The syntax is deflined by constructing a finite

state machine to parse each syntactic structure.

X. Conclusion

Logic is a powerful tool for the study of
database.

It can be used as a query language, a
programming language, 10 prove the correctness
of programs, perform deductive searches,
maintain the integrity of a database, provide
a formalism for handling negation, generalize
the concept of semantic network, and represent
and manipulate data structures.

It also applies to query evaluation, database
design through dependenices, representation and
manipulation of deduced facts, and incomplete
information.

The field “logic and databases” constitute

the core of the work in the knowledge bases of

the fifth generation computer,

There are many research areas that remain
to be investigated.

In the near future, logic databases may be
made practical and efficient.
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