DATABASE THEORY:
Where Has ‘It Been?
Where Is It Going?
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Database theory is the application of mathe-
matical techniques to the solution of problems
related to the design, implementation, and use of
database mangement systems. It is not a tightly
integrated mathematical theory. Rather, it is a
collection of results on multifarious topics that
are connected loosely or not at all. Some ot‘
these topics are data models, views, dependencies,
powar of Query languages, dynamic.storage struc-
tures, query optimtzation, concurrency control,
recovery, Security and semantic integrity.

The field heqan with codd's insight that re-
lations and predicate calculus provide a powerful
and easy to use interface to databases. Codd's
appiication of a mathématical language and tech-
niques to database mandgement are the most impor-
‘tant contributions to database theory. . They gave
the mathematical framework for much of the field.

Functional dependencies, also défined by Codd,
were the first area of. intetise mathematical. anal-
ysis. Dependency structures are still one of the
most popular topics. ‘Useful’ application has been
achiéved for database ‘design and universal rela-
tion interfaces and, to a lesser extent, for view
updating and query simplification.

View updating has benefited from a mathemati~
cal treatment that demonstrates that most useful
views are not. updatable. The theory also gives
methods for proving that a translation of view
updates “into databases is correct. )

There are a number of interesting results com~
paring the power of relational style query lan-
guages. For example, it is known that nestings
of aggregate queries has the same expressive power
as alternations of quantifiers, and that transi-
tive closure is not expressible in relational
calculus.

Some of the most popular dynamc storage struc-
tures,’ such as B-trees and dynamic (extendible)

] hashing, were developed with the help of analyses
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of the computational complexity of retrievals and
updates. ‘
There are several important theoretical re-
sults on query optimization' Wong and Youseffi's
decomposition algorithm, query simpIif:.dation
using tableaux, ‘and sem:tjoin theory. However,
many open problems réiain, such'as ‘the optimiga-

tion of queries containing agqregates, quantiﬂers, .

or disjunctions.

 Conmcurrency control -is- ~among - the: most popular
topics in database theory.” It is‘d@ifficult to
reason intuitively hbout the “correctness of com— '
currency control algorithms, So matliematical - -
proofs have accompanied most proposed algori ths,
Interesting algorithms ‘have been analyzed for .
deadlock handling and synchronizing access to- dis-
tributed replicated data. )

More recently, there has been a burst: of ré-"
search in problems reiated to” transaction recovery
in the face of media and site ‘failure. 'There
are now correctness vroofs for the ‘Wajor ventrali+~
zed recovery algorithm! In- distributed’ reoovery,
analyses have focused on transact:lon conimi tment
(e.g. two~phase couilit) and the related Problem
of reaching agreemeht among procéBsseés in ‘an un-
reliable computing environment {e':g. the
Byzantine Generals problem). Work in this area
is likely to continue for'some t’ln‘e.

Other active areas of' theotétical interest are
security, semantic integrity, and applications of
logic to databases.

As long as there are ‘mathematically inclined :
researchers working on ccuputer science problems,
there will be research on database ‘theory. 'It's
a growing field: over 100 papers were submitted
to each of the first-two ACM SIGACT-SIGMOD ~ -
Symposia on Principles of Database Systems (PODSY.
Not all of the reported results will be of earth-
shaking importance. And more than one area of
inquiry will ‘lead to a dead-end. - However, 'as in
the past, the field will have:its share of major
successes, some of which we can already classify
as breakthroughs.



