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INTRODUCTION

Dne of the main concerns of the theory of relational
databases has been the study of data dependencies and
their effect on schema construction. The types of depen-
dencies that were studied include functional, multivalued
and join dependencies (abbr. fd, mvd and jd, respec-—
tively), and recently even more genral types of dependen-—
cies. A central idea of schema construction has been the
notion of a decomposition; i.e., a schema is decomposed.
veing its dependencies, into @ collection of smaller

"independent" schemes. The dependencies are used ¢to
ensure that no information is lost in the decomposition
process. A formalization of the desirable properties of

decompositions led to the definition of the normal +forms,
in particular the 4*th normal form (4NF) and the progject-
Join normal form (PUNF), which are the ultimate decomposi-
tions when mvds or jds, respectively., are given.

However, these normal forms do not solve the problems
of schema design. It is known in the folklore of database
theory that for saome dependency structures no 4NF (or
PJUNF) decomposition can be constructed without loss of
information. Put another way. there are structures that
have several 4NF decompositions; choosing any one of these
may result in the loss of the information related ¢to the
others. This and similar problems motivated some recent
reasearch concerned with the application of database
theory to practical situations. E.g., several researchers
have tried to characterize database schemas that have a
"good" 4NF decomposition. The characterization is that
the specified set of mvd’s is equivalent to exactly one ;d
CBFMMUY, BG, FMU, L.i2,Sc2]. Furthermore. it has been claimed
([Sc2]1) that all "real world" database schemas have this
property. Other directions of research include the intro-
duction of concepts 1like objects ([Sc3]) and maximal
objects (L[MU]) which can be used to bridge the gap between
real world semantics and formal database schemes.

The purpose of this note is to present a "real world"
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database schema that has three 4NF decompositions, and in
our opinion there is no sense in decomposing this schema.
except possibly for space considerations. It is also
shown that the customary method of normalization by step-
wise decomposition ([Fa,Lill) misses some 4NF decomposi-
tions, at least, when applied naively. We intend our
example to be for 4NF theory what the example
{{CITY. ADDRESSY->Z1IP, ZIP->CITY} is for BCNF theory.

THE EXAMPLE

Consider the relation defined on the attributes
{E,P,L} with the intended meaning of employee, project and
location, respectively, where a tuple <e,p,1> means that
employee e works in location 1 for project p. Assume that
an employee should be associated with all locations asso-
ciated with a project for which he works, and a project
should be associated with all locations associated with an
employee that works for it. That is, the schema consist
of the attribute set {E,P.L} and the set of mvd’s <{E-D-
>PiIL, P->-DEIL}.

Now this schema has three 4NF decompositions:
{EP,ELY, {EP,PL}, and {EP.EL.,PL} (any other 4NF decomposi-
tion is equivalent to one of those). However, it is
easily verified that there is no single yd equivalent to
the given set of mvd’s, which means that, no matter which
decomposition we <choose, we must add an interrelational
dependency to ensure the semantic integrity of the data-
base. This renders meaningless the essential rationale of
decomposition, which is the ability to maintain the
integrity of the database by maintaining separately the
integrity of each of the relations resulting from the
decomposition. (This problem is called the ‘Split Key~’
problem in [Li2], but it has nothing to do with split keys
as is demonstrated by our example).

If we add a fourth attribute C; for children, then
the above semantics is captured by the mvd’s <L{E-D-
JPILC, P=D>-3>LIEC). Consider now the normalization process
for this example. We start with the relation scheme
{EPLCY. We can apply first the mvd E-D-DPILC to get the
4NF decomposition <{EP,ELC) or we can apply first the mvd
P-><-OLIEC and then the mvd E~->~-DPILC to get the 4NF decom-
position <{EP,EC,PL). In no way can we obtain <{EP.EL,EC)
which is also a 4NF decomposition, by using only the given
mvd ‘s. A better approach is probably that of [Li2) which
takes into account the dependency basis of each of ¢the
left hands sides of the given mvd's. In this case, the
mvd E-2-2PiLIC is derivable from the given mvd’s. How—-
ever, even this approach misses the 4NF decomposition
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{EP.EL, EC, PL).

As an aside, this example also shows that the claim
in (Sc2] that ‘transitivity of mvd’s is meaningless' is
,at best, misleading. It is possible that we need the
transitivity rule only to compute the dependency bases for
the given left sides and after that it is not needed any
more. This still has to be jJjustified and proved. How-
ever, we cannot do without using this rule.

Let us consider what might be the ‘objects* in ¢this
example. One possibility is that the sets EP, EL, PL are
the objects. However, the jd #[EP.EL.PL] fails to capture
the semantics of the situvation. Another possibility
(which we feel is preferable) is to consider EPL as an
ob ject. In this case, we have an object with non trivial
dependencies. This is not to say that concepts like
‘ob jects' are useless. On the contrary, this direction of
research is very promising. However, one should consider
carefully (and perhaps suspiciously?) assumptions like
"there are no dependencies on objects"”.

One proposed method for trouble-shooting faulty data-
base designs is the splitting of attributes [Be,FMU,Sc1l.
Thus, one may claim that the attribute L is overloaded
with meaning, and that it should be split to L_OF_E and
L._OF_P (meaning obviously, location of employee and loca-
tion of project, respectively). A possible decomposition
would be <{R(E,L_OF_E),S(P,.L_OF _P),T(E,P)J}. However, we
still have to express and enforce the same semantic con-
straints. These constraints now take the form of non-typed
tuple generating dependencies [BV] as follows:

(1) T(e,p)/\S(p,1)=>R(e: 1),

(2) T(e,p)/\R(e, 1)=>8(p, 1).

It is not at all clear that that makes the problem of
maintaining the integrity of the database easier. (Not to
mention the recursive unsolvability of the implication
problem for binary non-typed dependencies [BV1).

CONCLUSIONS

The history of normalization theory is abundant with
naive assumptions that, basically, claim that the world is
nice and well behaved. It has taken a series of coun-
terexamples and negative results to uproot some of these
assumptions. In this note we presented one more example
with the purpose of casting some doubts on a few more of
these assumptions. In particular, this example presents
additional evidence against the simplistic approach that
normailzation solves database design problems by “normal-
izing", i.e., decomposing. It would perhaps be best to



replace “normalization theory"” with "database design
theory” since the goal of the theory is not to tell us how
to normalize but rather to develop tTules and directives
for the proper design and use of database schemes.

New directions of research, e.g.. the development of
concepts 1like objects and maximal objects seem to be a
step in the right direction, namely, a development of a
general theory of schema design. However, since ‘the true
test of the theory is demonstrating its effectiveness 1in
solving day to day database design problems’ (LBBG1),
non-well-behaved cases can not be avoided. and the theory
should supply effective solutions. possibly not so elegant
as 4NF, to those cases
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