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Piucn of the work on relatiurial uLdlbise tnat Jeals witn data

uepenueacies MaKes a uniquenesb tuz universal relation) assumption

tddG] . It has been recuynized that this assumption is

problematic [B8GJ; nevertheless it is neccessary for the

axiomatic approach taken in many papers on the theory of

relational databases. We will describe the problem, investigate

some of the solutions put forward and suggest a new solution.

Many of the problems remain intractable within the realm of

"classical* relational databases and restrictions must be placed

on the use of FDs. An automated method is presented that searches

for violations of the uniqueness assumption.

1. INTHODUCTIUN

much of the work in datababe theory makes use of a universal

relation assumption. This is particularly true for schema design

[cRkN], LbJ, 1613I) (it is also essential to the concept of the

lossless join and other interrelationship concepts). It is

assumed that a universal relation exists that contains all the

attributes of a database and that all the relations of a database

are projections of the universal relation. The assumption is

natural for schema design since it means that attributes have an

invariant meaning over the database and any joins can be taken

without ruining the meaning of the database. The assumption has

two consequences; the uniqueness assumption, i.e. that there can

be at most one dependency from X to Y, where X and Y are sets of
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relations can oe joined on a common attribute [BP'.

We will be concerned with functional dependencies, FDs,

though the uniqueness assumption applies to other lependencies as

well. Armstrong (ARM] presents an axiomatic approach to Frs ancl

uses a set of axiom schema to derive all the FDs that follow from

a given set of FDs. If G is a given set of FDs, G + denotes the

set of derived FDs. Tie uniqueness assumption must extend to the

derivations of FDs and it can be stated as follows:

Uniueness Assumption: Let X be a bet of attributes and A an

attribute. If X-->AEG +  then any derivation of X-->A represents

the same "user intent'.

The uniqueness assumption means that syntactically identical

FDs are semantically equivalent. The uniqueness assumption causes

a fundamental problem in that it prevents the relational databases

from modelling real world situations. We shall see that it is

sometimes possible, and even neccessary, to have more than one Pn

between two attributes (or entities). This has been noticed

([P], [SS]), and the solutions put forth either violate the

atomic nature of attributes (INF) or put artificial restrictions

on the derivation of 'Ds.

There is also the problem of verifying the uniqueness

assumption. Let us examine how Pu s arv originated. If the

tundamental construct in defining a relational database is the

relation, then the users supply keys with the schema (which is
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juit speclfyiw9 sore Ds). Tie users w ou.J then be asked to

find" additional intended Fbs. In fact, Bernstein [BERNJ takes

the view trat Fus are the fundamental construct and that the users

should be asked to supply all "intended" FDs and synthesize the

relations frooa them.

Beeri and Bernstein [BB] have developed a fast algorithm for

synthesizing relational database schema in the 3rd normal form

from a given set of FDs such that the resulting schema embodies

the original FD's. There algorithm uses the uniqueness

assuiipt ion.

When Beeri and Bernstein's algorithm is used to synthesize

relational database schema an attempt should be make to verify the

uniqueness assumption. This would be done in two steps; first by

having the users go over all the initial FDs making sure that all

syntactically identical FDs have the same semantic (user) intent.

The first step may cause the database administrator to rename and

add attributes and only after he "finalizesu the attributes and

FDs could the relations be synthesized. Then, since the first

step does not guarantee that all derived FDs will satisfy the

uniqueness assumption, the users would have to "decide" whether

all derivations (using Armstrong's axioms) of an FD X --- > Y have

the same user intent. Though Beeri and Bernstein's algorithm is

linear any attempt to verify tie uniqueness assumption is doomed

to exponential tine (counting each human decision as one unit).

Il
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assumption is preferable to interactively "sho.'i ng" each

derivation to the user. Such a semantic analyzer is difficult to

find since it is not known how to formalize the "user intent" of

an D. As a partial solution we classify FDs into three tynes,

regular, injective and computable. Armstrong's (ARM] axioms can

oe applied to these types so that every derivation of an FD will

result in classifying tne FD as one of the three types (given the

types ot tne initial FDs). When two derivations of an FD result

in two ditterent classifications then we have a violation. If two

derivations both result in a computable FD it is sometimes

possible to decide that the computations are different and there

is a violation. In other cases it would not be known if there was

a violation.

The usual solution to a violation of uniqueness is to rename

some attributes. This can cause a multiplicity of attribute names

and in addition may lead to "difficulties" so that sometimes

certain derivations must be "outlawed."

2. Definition and Preliminaries

Tnere is much diversity in notation for relational databases

and we will primarily follow Fagin [FAG] not going into too much

detail. our view of relational databases is somewhat similar to

that of Cadiou (CAD) and Nicolas [NIC]. Let X be a finite set of

attributes; an X-tuple is a function with domain X (associating
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wi t:; e4z:~ attr ibuttc a Val ut. I f Y ..X a!. t i~ r X-turle then

t[Y] denotes the Y-tuple obtained by restricting the mapping to Y.

There are two notions of a relationi; intension and tcxtencuon.

The extension of a relation over the Pttributes X, or si-'iply an X-

-relation is a finite set of X- tuples. If H~ is an X- relation and

Y X, then R[Y], the projection of R on~to Y, is defined by:

RJ(t(YI t CR10.

The intention of. a relation includes a set of attributes and

as much of the "user intent"M , in the form of constraints, as

possible. The intention of a relation consists of:

1. A relational form wnade up of a relation name, R, and a

set of attributes X, usually written R(Al. ... A n)i where

X-fA1, .*. ,A)d

2. A set of keys (which is a partial listing of the F~s)

3. Functional dependencies and Other types of dependencies

4. Domain definitions of the attributes

5. other integrity constraints (See Eswarian [ES) and Hammer

Mcleod 1dM] for a taxonomy).

1. and 2. are usually called a relation scheme and in beeri and
Bernstein [ob), while in [FAG) the entire intension is called the
relation scheme.



IK r each intension R there are m.ny extensions. F.ach

extension (or instance) of R is a finite set, R, of X-tuples

*satisfying the constraints of the intention. Thus we

cifterentiate between intension and extension by underscorinq the

intension.

The iliteasion of a database is a finite collection of

rtlational intenbions witth additional integrity constraints (that

include more Loan one relation). by the uniqueness assumption

attributes and their domain definitions are Invariant over the

database so the FDs (and other dependencies) can be considered to

reside in the database as a whole.

The constraints on a database can be stated in any

appropriate language such as: first order predicate logic,

SEQUEL, QUERY BY EXAMPLE. It is possible to discuss the set of

all extensions of a database (which is infinite in qeneral) but

many questions (consistency, derivability) may be undecidable.

For details consult Gallaire and Minker [GMI and Nicolas [NIC].

The constraints for which the above questions are important

are those that affect the structure of the database. FDs and

other dependencies affect the relational database schema since the

normal forms are stated in terms of the FDs. Fortunately, under

tne uniquenesb assumption, questions of consistency and

derivability about E'Os are decidable.
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.. ) is denott , t X-->i , . r. r e:A v r sets of

attributes. Tne only information t.-it the bhovc :station imparts

is that for any relation R whose attrinutes incloAe XYY and for

any instance R of k, it two tuples :(incide on X they must also

coincide on Y. In other words For any instance, R, of a relation

containing the attributes X Y, {<t[X],t[Yj> : tC RI is a finite

partial function £rom doin(A) to dom(Y).

eorma±i y, Vt&H sei((tiXJ=siAj => (t[IiJ=s[Y)). Sometimes f:X-->Y

is written, where f denotes a canonical name for the partial

function from dow,(X) to dom(Y) which is dependent on the extension

(and changes as the extension does). If f:X-->Y and R is an

instance of R then f R, the realization of f in R, is the finite

artial function above. Note that the uniqueness assumption means

that function from dom(X) to dom(Y) is invariant over any relation

containig those attributes in any given instance of the database.

Armstrong [ARM] gave a set of axiom schema for derivinq FDs

from a given set of FDs and shows that the system is sound and

complete. be, ri and Bernstein (BB] use the following equivalent

axioms.

A : (ieflexivity) A-->A

A : (Augmentation) If A--)Z then XU Y-->Z

A3 : (Pseudotransivity) It X-->i and YJ Z-->W then XUZ-->w.

L!
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. -. 3q .i2 Correctino the fl1tr' 'vier

It G is a set of FDs, then G+ is the closure of 3 under the

-love axioms. An important part of Beeri and Bernstein's

al~joritnm is to decide whether a gived FD lies in G If X-->Y

call ue derived from G it can be derived by an infinite number of

utrivations. y th e uiiiqueness assumption Beeri and Bernstein can

assumne any derivation of X-->Y represents a unique "user intent."

rience tney need only search for one such derivation. They only

nave to search derivation trees of height at most the number of

attrioutes among tne G since a derivation with a loop (i.e. one

that goes through an attribute twice) is the same without the loop

since X-->X must be the identity mapping by uniqueness.

The scenario that Beeri envisages IBP] is that first the

database administrator checks that the uniqueness assumption is

not violated by consulting with the users and then after the

attributes and FDs are finally set the linear algorithm for

creating the relational database schema in 3NF can be used. The

correctness of the uniqueness assumption must be a matter of

belief since any method for verifying the uniqueness assumption

will involve comparing difterent derivations of a single FD. By

tne above method, it X-->Y is not unique there are two derivations

ot x-->i by trees of at most height twice the number of attributes

(since at most one loop is needed). Since we would have to search

all derivations the solution is at best exponential. When a

violation of uniqueness is discovered the usual remedy is to

change attribute names so that two different FDs are produced.
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by the iBeeri and bernstein algorithm.

i'rim~itively the "user" coul,, re usedi a-s an or:!cic to decide

wnetner uerivatioris are unique. if a viola.nt:n is found

attributes can be namied tbut it wou!&. prot~uce inure ;eriat.Lons and

po ss iul y violations. I L i s no t ciear thiat such a process.

terminates Dy some given buund (an exdi;1ple of this will be

*discussed later) . Beeni and 8ernstein suggest an alternative

solution--simply reject somne inferences. We shall see that this

may be necessary.

4. Classification and Discussion of Functional Dependencies

In this section we will classify FDs and discuss the problems

they cause visi vie the uniqueness assumption. We will work

within the universal relation assumption.

4.1 Classification

Regular f7Vs:Regular FDs are those that have no additional semantic

weaniing besides wtnat is dem~anded in the definition of an FD, i.e.

t e realized function ot X-->Y can be any finite partial function

f rum dom (X) to dom (Y) .

Examples: EMP--)DEPT, DEPT-->MGR.

Injective FDs: Injective FDs have the extra restriction that the

realized functions must be one to one, i.e.



V R Us ti(t[X)=s[X) -- > (t[Y] =s[Y1) We denote such an FD by

A, \--> Y.

L::qutaulz tub:

Ali k) f:A-->Y is computable if the trY] can be computed from

t(X] (In the language that the database constraints are stated),

tne database instance and the database constraints. We shall

denote by F:X-->Y, where F is upper case and represents the "real"

function involved (stated in the proper language). We reserve

capitals for computable functions.

Examples:

A. F:SALARY, NUMBER.OF.DEP-->WITHOLDING.TAX

This is an example of direct computation from

t [SALARY,NUMBER.OFDEP].

d. It A and 6 are attributes we may nave A+B=K a constant and

U:A-->d wnere G(=-A

here tne computaole kD is one to one, but the computability is the

more essential property.

C. H: DEPT --- >NUMBER.OF.EMP This FD is dependent on a column

in the particular instance of the database.

The algorithm for H is to count the number of employees in the

departmient for each instance.

Later we will show an example where FDs are computable from other

FDs, the database instance and t[X].
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In inaliy cases th e un i uele ss a sE, :vpt io n i S s 5 1V aqled h\'

"bpiitting" an attrite into two distinct aries. As anx~rpe

(oej consider f :EMP - - -> DE~PT, cj:E14P--> FLOOR ana n:DEP'4-->FLJOR,

Wltn the semantic meanings, g (j~mP) is whiere thie employee wuri~s and

n(JLPT') is wriere tne main department office is located. Uisinc

transitivity, we get h f:EMP. -- > FLOOR which has a different

semantic meaning than g, violating the uniqueness assumption. The

database administrator splits FLOOR into two attributes, EMP.FLOOR

and DEPT.FLOOR. For some purposes it will still remain natural to

treat FLOOR as a single attribute, as in

FLOOR-->VOLUME.OF.FLOOR, FLOOR-->NUMBER.OF.WINDOWS.ON.FLOOR, etc.

Because of splitting the extra FDs

EMP.FLOOR --- >VOLUME.OF.FLOOR and DEPT.FLOOR--->VOLUMEOF.FLOOR must

be added. In addition the attribute VOLUME.OF.FLOOR must be split

into VOLUIIE.OF.EMP.FLOOR and VOLUME.OF.DEPT.FLOOR for the same

rvasons as aoove. To show where this can lead take the FDs,

66*-->HUf'1i.AL'RtSS and SS* --- >BUSIr4ESS.ADDRESS and the chain of

natural FL)s ADD)RESS-->ZIPCOJDE-->STATE-->GOVERNOR-->PARTY. This

could lead to an attribute, LIUME.ZI&'.STATE.GOVERNOR.PARTY (though

HJMi..PARTY woulu do out its meaning would be obscure) . This train

can indeed be very long causing an enormous proliferation of

attributes. Note that the split attribute names actually impart

the path taken to them and perhaps this should be a hint as to the

direction research should follow.
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attribute tor auuress,out in doc'1.; ,. twt i'nt thfi rea'"i of

Liat uaLabases" t11tce ajuress i :10 longer at,)nic arid tht.

relation woula not UC in .iNF. The vast majority ol researchers iii

relatiotial uatabases assumie tle It* ano witiout it both the

ti erarc1i cal and networK aataDaseb can ne tormulation in the

relational torm [IA],

We have seen two causes for splitting. In the case of

EMP--->FLOOR and DEPT--->FLOOR the attribute FLOOR plays two roles

and formally must be treated as two distinct attributes. The

functional relationship, SS# --->ADDRESS is no a multivalued

relationship, but rather should be represented as two different

FDs. Since both FDs have different "semantical' ranges which are

subsets of the original meaning of the domain of ADDRESS, the

uniqueness assumption requires that we split ADDRESS into

HUME.ADDHESS and BUSINESS.ADVRESS. Thus we see that the

detinition ot art fl) t:X-->i contains an implicit assumption that

the "semantical" range of I and the dom(Y) are the same. The

Smith and Smith solution (of retainig the generic attribute

ADDRESS) has a drawback (for relational database formalists), in

that we must be able to go from ADDRESS to HOME.ADDRESS and

BUSINESS.ADDRESS and back. Even though the connection between

ADDRESS and HOME.ADDRESS is the identity and hence injective it

clearly violates the uniqueness assumption. We will take up the

question when we discuss injective FDs.

41*'
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Ilij ec tIv 1 ' present a ;.ur "r;er Lous nrubl e; ,  to tile

LI ial 6111. Cunslier tn c I .L i a I ;. -1e L ,f i : L. ... >m'3R and

j :MGi'k<--->EMP, where g (MGH) means the mnuiagjers employe e number.

This gives us two distinct fDS from E;%P-->L:-1P (ofre the identity

tne other 9f:EMP-->EMP). This can ue temporarily solved by

changing g to g:MGR-->MGR. EMP. Unfortunately this leads to

additional problems. Assume we have a hierarchy of managers

(manager of managers, etc.); how would the manager of a manager

be determined. If the manager is treated as a reqular employee in

EMP-->MGR an FD EMP.OF.MGR<-->EMP is needed which again causes a

violation. Otherwise a EMP.OF.MGR--->MGR.O.MG, is needed, and so

on until the highest manager. This is analogous to a geneoloqy

dataoase with a Son, Father relation. In such a case attributes

for GrandLather, Greatgrindtather, etc. until Adam. With such a

procedure it is possiole to create an infinite sequence of

attributes. The only feasible solution is to outlaw problematic

derivations and consider MGH-of-MGR etc. as computable.

If f:X<-->Y is an isomorphism then attributes X and Y

represent different aspects of the same dentity". If f:X<-->Y is

injective and the "semantic' range of f is a subset of dom(Y)

then, if we wish to conform with the above implicit assumption, we

must split the attribute Y so that the resultina PD is onto

(surjective). But we have seen that splittinq does not work for

f:MGR<--->EMP, since it would require and infinite sequence of

splitting. Tne semantic meaning that f:.1GRi<--->FMP is meant to
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SA., ii(;i,, ). '±'.s is true even it t i nut tLne Identity

, , i suj,,orpnru to a suoset of dow(E-P) via 1 iti any

c --. In QrULr tu salvace the formalism, such F~s must tr ,ted in

a pecial 'ay.

4.4 Computable FDs

One may ask if computable attributes should be in a database

altogether. The answer is that in general they should not. If

the computation is cheap it can be recalculated every time there

is a query. Even if not the attribute should be virtual in the

following sense:

1. The attribute shoulo be attached to an appropriate

relatio)- but not be considered in the relational schema

and should not take part in derivations of FDs or

aecisions about the various normal forms.

2. Every time an update is made that affects the value of

the virtual attribute in a tuple, it should be

recalculated.

3. It should be included among the attributes for queries.

Thus conputable attributes would not cause any anomalies and

need not be considered for the construction of normal forms. of

course it i:A--- >o was computable and a user defined an FD H--->C,

tlhe UaLaUatv .ianager would have to include A---)C in the set of

I. N
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i tsei f coiiiutaoile) . Tile obly jjroL~li-m triis woula present is fo r

injective computations k':I.-->t3 ai~d F:63-->A (as is tne casL- for

A+13=K). Then we woulu have to decide which was more "basic" and

this may not be known by the user. Hence in such cases it is

better to leave them in and consider them for the normal forms.

It seems that in practice computable FDs are included among the

attributes of databases even if they are not one-to-one. This is

the case for some of the examples in Beeri and Rernstein (21.

There are computable FDs that depend on other Fns, the

database instance and t[X]. take the FDs H:DEPT --- >NUMBER.OF.EMP

and g:DEPT--->VIGR, where one manager may manage more than one

department. We can define a computable G:IGR --- >NUMBER.OE.EMP

that aepenas on hi and y, by adding up the H(dept) such that

g(dept)=mgr for a given mgr dom(M1GR). Later we develop a syntax

for handling such computations. Giveii the FD f:PERSON-->FATHER,

the grandfather, greatgrandfather etc. of a person becomes

computable from f by f(f(p)), f(f(f(p))) etc. This assumes that

dom(FATHER)L~.dom(PERSON) which causes an intrinsic problem to the

FD formalism.



beeri [81- suqggctcj t'd t "rD"s t n .t represent a subset

constraint, as zt---i> I z', I nI) 1 ., treated as an FD.

Instead we allow this functiona1 relationship to be expressed by a

subset constraint, i.e. MGH Z.P. Note that A B does not

necessarily mean that ori(o\) _ :io (b), because the M-R ID does not

have to be equal to the ranalers EMP ID (the FMPs may six digit

numbers and the MGR s may be five diqit, for instance). AQg

means that the functional relationship between dom(A) and dom(R)

is an injection (which is often the identity) and any attribute

that 8 has A also has, i.e. A and B represent the same type of

entity and they uoth have commorn properties (though A may specific

attributes not related to a).

It is also pussible to have two attributes that represent the

same type of entity but neither is a subset of the other. Beeri

calls these compatible attributes and we denote this constraint by

COMP(A,B). As an example take a parole officer, PO, that

determines a social worker, SW. If we treated PO-->SW as an FD we

would obviously have the same problems as before since both are

subsets of Person and both would have salaries deriving to FDs

from PO--->SALARY. Instead we describe the relationshin hy

PO---JSW and COMP(PO,SW). We need the PO---)SW since COMP(PO,SW)

merely states that the attributes are compatible and does not give

any functional direction. We may think of --- ) as a "dead end"

k.), since it will not play a role in trie uerivations. Note that

PIB implies that CUMP(A,b) and A---1b. In most cases we will



I .,v . ,.v A,ti ,ltr there is a tn ird attr i .Ut2 C su c. tt A c_

and 6 £ C.

The difficulties that develop with injective and compatible

FOS between attributes belonging to the same type of entity can be

solved by using the =dead endu FDs, A---)B. Functional relation

of the forn A---}B must not be used in pseudo-transitivity (which

analogous to the natural join). If A---)B, B may end up in a

relation where A is the key, but will not cause any anomalies

since notning in the relation will be dependent on B. So, for the

relation containing A in a key, nothing is transitively dependent

on J and 8 cannot be an essential part of any Key. If A---JB is

tne identity then B could be left out completely, as in the case

ot computable FDs, and only be used for queries. Later we will

discuss the join on compatible attributes for queries.

The proliferation of attribute names, caused by splitting,

can be alleviated by the above method. We can have

EMP-->EMP.FLOOR, DEPT--->DEPT.FLOOR and

DEPT.FLOOR, EMP.FLOOR5 FLOOR. Since this implies

DEPT.FLOOR--- )FLOOR, there would be no need for continued

splitting as in the case in the section on splitting. Though the

clabsitication of a subset constraint depends on the *judgment" of

the database administrator, in any conceivable case where B must

be split into two attributes, BI and 82, because there are two

distinct FUs trom A--->B, we will have Bl, B2 a.

* ** *,-L-
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being the same type of entity) will not aprear in anv relAtion

with A in a key ai. -vill onl.' hO ac. se: vnO eueries (that will

have extra joining a~i Lit> i tIi co. i,v vi. t 1 crs to distinquish

attributes reached by uitfereit k_:. tiie other hand if A

nas properties specitic tor A (nit for r) tnutn we -.ay have FDs of

tne form A--->C for tnobe attribuLts.

Let us examine a small database as at example. Let us assume

tlat we are dealing witn a compalay that has employees, managers

anu only managers nave assistants and company cars and the FDs

concerning FLOORs that we discussed earlier. The following FDs

are evident: EMP --->MGR, EMP--->DEPT, EMP--->SALARY. As

mentioned above the relationship between EMP and the FLOOR he

works on must be of the form, EMP---)>EMP.FLOOR, since we also have

DEPT--->DEPT.FLOOR. We thus get EMP.FLOOR, DEPT.FLOOR&FLOOR and

the FD FLOOR--->VOLUME. We also have MGR EMP and ASST EMP,

hence COMP(MGR,ASST) and we must write MGR---}ASST. On the other

hand we can use the FD MGR--->CAR as a regular FD, since they are

not compatible and only managers have cars. For the purposes of

insert,delete and update you could not have SALARY in relation

that contained r.H in its Key. only a query could construct the

necessary joins.

The practicai outcome of such an approach would be to shorten

the derivation paths used for FDs, since paths are cut off by

---is. But tnis is realistic since long derivations are probably

'T~ i



r:: i ri :.tr intuitive zof . . . '' : iiir re,-t

paths are now put onto the query language and there must he some

uniform system to name attributes on joins over corinatiblo tv es.

Let us examine how the abuve solution would behave with a

formal treatment of relational databases. Let us assume that the

schema are syntnesized usiny Bernstein's method. With the help of

tne users the database administrator nas to decide which

attrioutes are subsets of other attributes or compatible

attrioutes. In particular he will nave to decide which functional

relationships are of the form A---IB. Then under the Obelief"

that the remaining FDs (i.e. without the --- I type) are cleansed

from inconsistencies, the synthesizing algorithm can be preformed

on the FDs. Next each A--- B should be examined; If the

relationship is the identity, then it need not appear in the

schema and must only be known by the query language (since it is

computable). On the other hand if A---JB is not the identity, P

must appear in a relation where A is the key. Note that we are

assuming that A is a single attribute, since we do not consider a

pair of attributes forming a compatible entity. If A already is a

Key i the synthesized schem a, B may be added to the appropriate

relation (this must be wremembered =  for the query language).

Utnerwise a special relation of the form R(A,B) is formed. B

cannot appear in a relation where A is part of a key since B would

not be fully dependent on the Key causing the common anomalies.

F... ' .
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priority Lo attrio)utes A, where A---)!3, ,:Ihen mer-iinq eouivalent

keys in the synthiesis algorithm. This saveS Uneccessar ilv add ino.

relations (in [Bb) the number of relations are ~~~)

beeri [3P) suggests that the query language be allowed to

join on coiiidtible attributes. in such joins, ne~w attributes are

crear-ea ana Lhey must be nailea inr a convention that somehow

specifies the query path. It we have A--- 1b, R(A,b,....) and

S(ts,C,....) the query language may preform a join on B. But the

attributes appearing in S must be renamed to reflect that they

came from A, i.e. the joined relation should look something like

RS(A,B,A.C,...). Of course the B in R must somehow be singled out

so that the query language knows how to preform the joins and

renaming. This procedure creates a potential infinite sequence of

attributes (as in father, grandfather, greatqrandfather etc.).

6. Diferentiating Between FD Derivations

The above solution terminates many derivation paths (i.e.

join paths) for Fi)s by changing many to the form of A---I s. The

resulting system still could (and probably does if it is large)

contain violations of tne uniqueness assumption. Derivation paths

come~ into full view in the query language. Under any circumstance

detection of different functional relations between the same same

entities (if not attributes) is of importance. It would also be

of interest to see which derivations can be equated (see (RUN)).
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Cia-yiig FDs into reaular, injective ari:- ccputable can he

usec, as a first step, in oetectina different FDs between the same

3ttriLutes. The program would be as follows:

liv database ad :inistratcr classifies the FDs and compatible

attriilutes to tiie best of nis knowledge. Regular FDs are written

A--->b, 113tkutIve k'L)s A<--->3 and computable F:A--->B, where F is

a polmter LO L CoQj)ULcztion. Armstrong's axiomjas are adapted to

incluae tne kiD c.assitications. Using the axioms FDs can be

ueriveo and when wore tnan one derivation for a FD from A to B is

found they can be compared. If they are of different types then

there is a definite violation (which can be amended). Otherwise

if they are both computable then in most cases it will be possible

to see if the computations are equivalent (in general the question

of equivalence of two computations is undecided for a

sophisticated enough language). If both are either reqular of

injective then the question of uniqueness remains unanswered. In

the future it may be possible to make finer classifications

combined with equivalence classes of derivations, improving the

detection process.

Tne auove prucess is unfortunately exponential (though we

nave mentioned that a derivation tree of at most height two times

tne number ot attributes would be needed to check for violations),

but it is at least an automated process to search for violations.

The adapted Armstrong axioms can be written as follows:

A a. X<-->X

Hence the identity is not considered computable.

Q M 4L: kAt.a, -A.



bo if X<-->Y then Y<--,'

A a. if X-->Z (or X<-->Z) then XOJY-->Z
2

b. if F':X-->Z tnen k :xA)Y-->Z .iere k (X,Y)=F(X)

A a. it [(X-->Y anu 1 L)Z-->X) or

J

(A<-->i aid Yu, Z-->W) or

(X-->Y anU Y UZ<-->W)J then

x z-->I

b. if X<-->Y and Y u Z<-->W then XL) Z<-->W

C. if F:X-->Y and (Y¥j Z-->W or YtJZ<-->W) then F :XOZ-->w

where if f is the canonical name for YQ Z-->W (Y Z<-->W)

then F (X,Z)=f(F(X),Z).

d. if (X-->Y or X<-->Y) and F:Y OZ-->W then F :XJ Z-->W

wnere if f is the canonical name for X-->Y (X<-->Y) then

F (X,Z)=F(f(X),Z)

e. it FI :X--)Y and F2:Y Z-->W then F :XtJZ-->W where

F (X,Z)-F 2 (F(X), Z) ,unless Z=U and F is the identity

function in which case we have X<--->X.

Notes:
*

1. In A3 c. and d. F is computable in f, which is regular (or

injective). F is not fully computable, since it depends on f
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t, cutipuabie EDs, is to equatt or jifferentiFte bt weor, then ;n

t. ; aitferentiaLe tle., zrom ccn- L q)..p~ahlc i I':i_  'o l can

s Iitl-leb be accompl shea 0 ujr 1, 1 11,J a . w . ;a e stiall

se.e later.

2. The identity function is not considereu computable, since

oterwise any 'D would be computable by A3 C.

3. In A3 we did not want F to be declared computable if it was

the identity function. We shall assume that it is possible to

decide that F is the identity, though theoretrically there are

pathological cases where this could not be decided. The detection

of the identity would normally occur where F:A--->B is an

injection and we also have F (and the computable attributes were

retained as mentioned above).

We shall illustrate how the above classification of FDs can

be used to automatically aetect violations (that may be missed by

the database administrator) by using the some examples given in

Beeri and Bernstein [BB]. In order to define computable functions

we need a function manipulation language (we cannot use relations

since we are only given FDs). We will develop only sufficient

tools to illustrate our examples intuitively.

! t
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Lreateu a s a Ltoi s e allow ccoi:.position of functions (this was

a' rea.; I ai. tne a~japteo c&xioms) .Let o( :A-->83 (Greek letteris

rere~eiit Lutw L u Iuto I and non-cofmputable kDs) .Let Oom(A)

rep~re&~rlt tne tinite suoset realizea in a database extension. Let

o,(A) represent the set {o<,Ia) :a e -om(A) 1. For b~dom(B)

detineuL ovs dom() ihaaceriti functionb dof(Athe pre}defied by:A)

-d+ti)=V ove tneA) ch e.ractersi functio dof the preI}dicated (b

(a= i if (a) =b

0otherwise

We allow taking the sum of a set hence if f:EMP-->DEPT then we can

define a computable function F, F:DEPT-->NUMBER.OF.EMPS by:

F (d) ()for d& dom(DEPT).
_______f (EMP)=d

aorn(EMP)

Thus F would count the number of employees in a department.

Let 9:DEPT-->MGR,we can define a computable

G:pGR-->NUMBER.OF.EMPS by:
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~j(JL"-J- •J= ,,,
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Whii Corn[putes tn~e nuh~Lber ol . iuye s for a particular Iz~ana.;er.

Th~e above is just the informal embryo of a language but it is

enough for our own purposes.

Example 1. We are given fI:DEPT-->MGR, f2:EMP-->DEPT, FLOOR,

F 3:DEPT, FLOOR-->NUMBER.OF.EMPS, and

F4 :MGR, FLOOR-->NUMBER.OF.EMPS.

F is computable by:
3 *

F3 (a,f): , (1 )

f2 (EMP)=a,fdora( EMP )

k4 is computable by;

F 4 (m,f)= )F (DEPT f)].
4 ) (DEPT)=m 3

Using A 3 (d) on fI:DEPT-->MGR and F 4MGR, FLOOR-->NUMBER.OF.EMPS we

derive

G:DEPT,FLOOR-->NUMBER.OF.EMPS where

G(d,f)F 4 1(f1 d),f)= [ )*F (DEPT,f)].
------ i(DEPT) =f (d?
dom(DE PT

" it
. ---- .-.-------. . - -..

._ ." .... ' -' . -- v , a, ' -... . . . . -- , . .... -,. " . ... , , . . . . ; , , ; .. ' . ".' . .



Sis eqivalent to I. HtUI ce there z~re two derivationis of

u~i1',FLU~->Nu~o~x~J±~ Lt. witt; dii zei ent user Intents. Beer i

anu bernstein' s soiutioni tu trii.: vi citl'jlj .: r-, Coarge F 4 to:

k :i~R, k LOUti--X%4U'aOLk-. .k l-, PD Ur' *i'

Hema r K. if we diu nut have t (as is tne ca.- in the seer and

bernstein [6b] example, k would revert to a nuii-coiputable f 3 but

F 4 would remain computable. G would be computable also and a

violation would be detected because there were two derivations of

DEPT, FLOOR-->NUMBER.OF.EMPS one regular and the other computable.

The above discussion contains only enough detail to see that

such a program is feasible and that some of the database

administrators work can be done automatically. We shall continue

with some more examples.

Example 2. We shall see how the violation caused by MGR EMP

could be discovered. Let f 5 :EMP-->MGR and f 6 :MGR<-->EMP. By

A I(b) applied to f 6 we derive ql:LzMP<-->IvIGR a nu this gives two

derivations of EftP-->MGR, one reyular and the other injective.

m~ere there is a violation. (We could have used transitivity on

f'f6 to get 92 :EMP-->EMP as opposed to the derivation of

EMP<-->EMwP by A 1 (a).)

A more likely example would be EMP<-->SS# and

EMP-->ASST<-->SS#, giving two derivations from EMP to SS#, one

regular and one injective.
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r XcLLIuH ). Lt L t7:,TJCih,-->STUt E and f :S'I'CK , S'Oi<L -- >QVX.

Ine "user intent" ot f 7 is to map the STOCK# onto STORE of the

store that is in charge of ordering that item and f8 maps STOCK#

and STORE of the store in which it is being sold into the quantity

on nand. Using A3 (a) we derive g3 :STOCK#-->QTY . Then A2 (a)

gives 94 :STOCK#, STORE -->QTY. f8 and g4 represent two different

intents of STOCK#, STORE -->QTY both classified regular. Hence

tney could not be distinguished by the classification method. The

above violation is corrected by splitting STORE and with the

present state of the art must be done by the Nusers'.

7. Conclusion

After having investigated the difficulties arising from the

uniqueness assumption, we conclude that the assumption hampers the

ability of a relational database to represent real world

situations. In particular it natural to allow more than one

dependency between the same entities. On the other hand the

universal relation assumption is needed schema design algorithms

and other interrelational concepts. We presented a solution to

the problem which splits attributes when neccessary and restricts

the use of FDs when violations may occur. One drawback of the

above solution is that it severely shortens the derivation paths

for FDs, increases the number of attribute names. As a result the

nuiauer of synthesized relations will, in general, be greater and

the database will be more cumbersome.
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I, aj tUc Li L (t ri ULt1':, oz JIt .iL L C t L,et e:ii attributeS

is tirust up to the query language. An infinite ainount of

possible attributes nay maKe it difficult for the aesigner arid

user. Tne problem of differentiating or equating between

different functional paths seems central (with anv database

model). Lastly verification of the assumptions is very time

consuming at best and a database administrator embarking on desiqn

of the relational schema will have to accept them as a matter of

(possibly unjustified) belief. In our classification of FDs we

nave taken a step in the direction of automatically detecting

violations of the uniqueness assumption (i.e. differentiating

between paths).



Ttirougn privatt co-rim.unication with Catriel. Eeeri, I have

discovered that fie n~ab been cons;ider ing tte problems caused by the

universal relation assumption. In particular the concepts of

compatible and potential attributes originiated with EBeeri.
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