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Database theory is the application of mathe- 
matical techniques to the solution of problems 
related to ths design, implementation, and use of 
database mangement systems. It is not a tightly 
integrated mathematical theory. Rather, it is a' 
collection of.resul!ts on mult.ifarioustopics that 
are,,connected loosely or not at all. Some of 
these topics are data models, views, dependencies, 
power of query lenwages, dynamic&rage struc- 
tures, quip opt@i"xat(on, concurrency control, 
recover.+, security, and,semantic integrity. 

The field began'with Codd's insight that re- 
lations .a&prqdicate cal&ulus provide a,powerful 
and easy to use interface to databases. Codd's 
application of a math&n+ical'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 defined by Codd, 
were the first area of intense mathematical.anal- 
ysis. Dependency structures are still one of the 
most popular topics; Useful application has been 
achieved 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 updatabie. .The theory also gives 
metho& fo? proving that a translation of view 
updates into databases is correct. 

There are a n-r of interesting results com- 
paring ths power af relational-style query l&n- 
guages . For example, it is,known that nestings 
of aggregate queries has the sams expressive power 
as alternations of qua&if&s, and that trensi- 
tive closure is not expressible in relational 
calculus. 

Sow of the,most popular dynamic storage struc- 
tures,'such as 8:trees.and dynamic (extendible) 
hashing,:,&re'deveioped with the help of analyses 
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of the computational complexity of retrievals and 
updates. 

There are severai important theoretical re-‘ 
suits on query optimissjtion: Wang and Youseffi's 
decomposition algorithm;-qireti &ritplifiication 
using tableaux, and,$emijoin theory. -Bowever, 
many open problems r&in, such'as &e*'&&iia- 
tion of queries containing aggregat&, quantifiers, 
or disjunctions. ' ,, ; ', 

Concurrency controlis~+nong~the~wst popular 
topics in'database theory'.*" ft is,difficult to ' 
reason intuitively iiirau~"thd~cc&rectness of con- 
currency control algorithms* '$0 tnathemehcal ' ; 
proofs have accompanied most proposed algorit&d% 
interesting algorithms'have been analyeed fbr 
deadlock handling and synchronir~ng 'access to dis- 
tributed replicated data. 

More recently, there has been a burst of re- 
search.in problems reiated to transaction recovery 
in the face 'of media arid sits *failure. There 
are now correctness prd0fs for thJ4ajor centrali- 
zed recovery algorithm&. In-distributed'recove~, 
analyses have focused-on transaction commilnb& 
(e.g. two-phase co&it) an6 the rilatedproblem 
of reaching agrees&k es&g @voe%ses in.an- un- 
reliable computing envitinment 1e.g. the 
Eyzantine Generals pr&li?m). Work in this area 
is likely to continue f&soms time. 

Other active areas of theo&ical interest are 
security, semantic integrity, and applications of 
logic to databases. 

As long as there,& mathemntically inclined 
researchers working'on 'cc~~uter science problems, 
there will be redeakbh: on database theory.,' It's 
a growing field: her 100 pap&& ‘kere submitted " 
to each of the'firsttwo ACM SIGACT-SIGMOD 
Symposia on Principles of,Database Systems (PODS)'. 
Rota11 of the repor&d results will bs of earth- 
shaking importance. And more than one area of 
inquiry will lead to a dead-end. .liowever, 'as in 
the past, the field will havekits share of major 
successes, some of which we can already classify 
as breakthroughs. 
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