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ABSTRACT

Wemuoducenmmchonmdwsmmcdadaubasesdm called the
primary key condition, and show that this condition characterizes independent data-
base schemes when constraints are presented as keys. The prinisry key condition -
povndaaddedmghtinwﬂwmamdmdqmdmm andledstoa.'
gmeraldaxgnmed)odology Wedesuiheahnenrmalgmﬂmfamﬁmg
independent schemes

1. Introduction.

Database theory has been able to iden-
tify certain database schemes as having desir-
able properties. Among these properties is
the independence condition; this provides the
ability to check and meintain integrity con-
straints given by functional dependendies in
an dﬁamt wayt The uniqueness condition
[S], the known characterization of
mdependmtdmbmesdnnes has two draw-
backs. First, the uniqueness condition
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The eistence ua‘%@mm '
key provides new insight into the structure of

independent schemes. In Section 4, we con-



independent scheme without changing its
independence. We also discuss how selecting
primary keys can guide a database design
methodology, and how the methodology
relates to the “classical” entity-assodation
app‘oad:.

2. Preliminaries.

. We assume that the reader understands
the relational concepts atiribute, relation, data-
base, key, and finctional dependency (fd). A
relation scheme is 8 set of attributes with an
candidate set of keys. Let R be a set of attri-

butes with associated keys {K:, . . . . K.}; we
write . the relation scheme
<R, {Ky, .. .,&.}>. When the keys are not

rdevant,wewmeﬂaerdauonsd:mnmﬂy
as R. A database scheme is a finite set of
relation schemes. -

Ardatlm m <R, {xl, a's . DL}>
is said to embody the fd's
Fa={Ki-R, ... ,Ka=R}. The  database
scheme {R;, ...
F=\JFy. The closure of Ri, written
CLOSURE(R,, F), is the set of attributes ‘that
are implied by R, using F. We also write the
closure of R, 8s Ret. R is said to be a data-
base key if RyCRe for each j.

' A database is locally satisfying if each
relation satisfies its embodied keys. A locally
satisfying database may have global con-
sistency problems. We say that a database
n, ...,rs is globally satisfying if there is a
'relat:onldefmedoverallambmmdlthat
I satisfies all embodied fd's, and each r, is
contained in the projection of / on R. We
shall not attempt to justify this formalism
here, which relies on the wniversal relation
scheme assumption [FMU]; the mtercswd
reader should consult [HI, S].

A database scheme is bndepandau if
every locally satisfying ‘database is also glo-
bally satisfying. Thus, changes: to the data-
basecanoomrtordanammchvuhmlly,md
no global constraint checking need be done;
this makes independence a powerful and

property ‘of a database scheme.

R} embodies the fd’s'

important
Sagiv characterized independence using the

uniqueness condition [S]. A database scheme
{R1, . . . R} is said to satisfy the uniqueness
condition. if for all R, and R; there do not
exist attributes KA in R, such that X is a key
of R, A ¢K, and KACCLOSURE(R:, F—F)).
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It has been shown that a database
scheme is independent iff it satisfies the
uniqueness condition [S]. In the next section
wepmdeadﬁmd:mmd
independence. :

3 mm—-qucuuu. -

We begin by assuming that our database -
scheme contains a database key. Later in this
section we shall consider the general case.
Defipition. Let {Ry, .. .,R:} be a database
scheme containing a ‘database ‘key. Then
{Ry, . .. R} satisfies the primary .key condi-
tionnfﬂueuimakay&d‘udn&ndl
total ordering (“<”) of {Ry, . .. R} such
mm&«,mmm&x; &isdledthe
pﬂmarykycf& o
Exainple. Consider the relation schemes
Ri=<ACD, ACD>, Ry=<BCD, {CD, BD}>,
and Rs=<ABC,ABC>. The databese
M{thbkﬂmahmwb
coadmcn,d:ouewnﬂxepmykeyof
Ry, and let Ri<R:<Rs.' O

Example. Omsdutherdmuhunes

R1=<ABC, AB>, Ry=<CDE, CD>,
Ry=<ADE, DE>, and Ry= R BDE>
'Ibedmbmsd:une{k;,k;, H}doanot

satisfy the primary key conditi
nowaymarmgekz,m,mdkapopeﬂym
a total order.
Wenotedmttheﬁxstcuqiesamfm
mdou ‘In general, um’
not, we can :
thatxfadatabaselduiﬁishﬂﬁgmdun,m
it satisfies the primary key condition. This
result follows from the following theorem.

Theorem 1. ¥ {Ri, . . . R} contains a data-
base key and satisfies the uniqueness condi-
uon,tlmntumﬁudxeprmylneycon&;

Prod Suppose {Ry, ... ,R.} satisfies the
uniqueness condition and contains a database
key. 'Ihep'ouflhat{kx..._..&.}*nnsﬁu‘
ﬂwpnmmykeymﬁﬁmubymaimm
n. Wewilla'h‘{kl. . .,Ra} 30" that
Ri<R:< - <R. Let R; be ﬂie dmbue
key.

Basis: n=2. l&tusdanebylthe__,
intersection of R; and R;. Since R, is a data-
base key, / must functicnally determine R;.
It follows, then that I contains a key for R;.
We designate this key as X3, the primary key



for R;. All that remains is to show that 7 is
contained in some key of R, i.e., that I is
identical to K;. Suppose otherwise and let A
beanattribummlbutnotmk’z Since KA
is in QOSURE(R, F;), KA violates the
uniqueness condition, violating our initial
assumption. Note that we may pick the pri-
mary key for Ry arbitrarily. This completes
the basis step. :

Induction: Suppose the implication is
true for database schemes with fewer than »
relation schemes, and let {R;, . .. .R.} be a

“some key K; call the scheme for which K is
the key R, and let K be the designated pri-

...mf in wmal we répmcem
and R; by their union, denoted Ry2.

We claim that {Ri2, Ry, . . . R} satis-
fies the uniqueness condmon, for suppose it
does not. Then some KA is contained in
suneR,sudnﬂthuakeyofR,,A €K,
and KACQOSURE(R;, F—F;) for some i. We
assumed that {Ry, ....R.} satisfies the
uniqueness condition, so either R, or R; must
be Ri12.
© Suppose Rz plays the role of R,. Since
R:12CCLOSURE(R,, F—F;), KA and Ry violate
the uniqueness condition. On the other hand,
if R12 plays the role of R), then X must also
»beakeyforadmr&orkz,andagmnﬂw
uniqueness  condition  is vzolamd in
{Rln-'-an} Thm {R12, °-’Rll}
saﬁaﬁesﬂneumqumemxﬁtwnand by the
uu!ucnonhypotm the primary key condi-
tion.

Tomplewtheproof we see from the
above argument that relations Ry, ... .R
satisfy the primary key condition. &xppose
then, that the intersection of R, and some R;
is not contajned in K;. Then Ri2 and R, must
alsovxolameﬂzemmmykeycondmm,
tradicting the proof that {Ri2, Rs, . .. .R:}
satisfies the key condition. Sncethe
same holds for R;, we have shown that
{Ry, .. R.}sausf‘esthemmarykeycondi
tion. D

The converse to this theorem also holds.
Theorem 2. K {R;, . . . ,R.} satisfies the pri-

mary key cmdmcn, thm it satisfies the
umaumcssmndmm
. ,R.} is ardered

Proof. ‘Suppose that {R,, . .

according to the primary key condition, and
that it violates the , condition.
Then there exists R, and R; and attributes X4
in Ry such that X is a key of R; and
KACCLOSURE(R;, F—F;). Chioose j such it is
the largest of all such (i,j) pairs. Now there
must exist some attribute’ B that is in KA but
not in K;. Let ! be the relation scheme that
adds B to the closure of R;. Since B is ot in
K), i<l-by the primary key condition. Since

D-- aﬂ“m.‘n. dievivs of ‘D, thave muet
ulv Vi ‘\" Wi BLIUDL

exist a key X in R; sich that the key dépen-
dency K -B is used to compute the dosure of
R,. Since all dependencies in:F; are key
dependencies, we know that only one of these

'dq:endmuescanbeusedmalaﬂamgdle
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closure. of Ri; 30 it must be XK' ~5, and
K BCCLOSURE(R;, F~Fi). Thus R, and Ri
violate the uniqueness conditien. Sncel>j,
we have a contradiction. O

Theorems 1 and 2 ‘establish the
equivalence of the uniqueness condition and
the primary key condition whenever the data-
base scheme has a database key. We now
show how to extend the primary key condi-
tion to remove this restriction. . -
Definition. - Let {Ry; . . . ,R} be a database
scheme. Then for each: iSu we ddine
S={R,|R,CRr}. O :

Thus for each i, S; is the database
scheme consisting of all relation schemes in
the closure of Ri. R is a database key for S,.
Definition. {Ri, ... ,R.} satisfies the
axtmdadpnmaryk:ywndmm:ffa‘everyi
S satisfies the primary key condition. D

The above definition implies that the
selection of primary keys and choice of order-
ing may vary for each §.. -Also note that we
need to consider only “maximal” 8, since if
R;CRr and S, satisfies the primary key condi-
tion, then the same keys and ordering for 8,
mllworkfors, )

- Consider the relatnon schemes
Ri=<ABD,AD>, R:=<BCE,CE> and
Ry=<ABC, W,BC}>- &={Rls R3} and
8;={R;, R3}. For 8 we must choose K3=AB;
for S; Ks mustbe BC. 0




Theorem 3. The database scheme
{R1, . . ..R.} satisfies the extended primary
key condition iff it satisfies the uniqueness
condition.

Proof. Suppose that {R, ...,R} violates
the uniqueness condition. Then there exist
relation schemes R, and R; as in the proof to
Theorem 2. Since R;CRs, both schemes are
in 8. From Theorem 2, we know that 8 can-
not satisfy the primary key condition; thus
Ry, ... R.}cannotsausfyﬂxeextcndedpn-
mary key condition. :

Now suppose that {R;, . . . ,R.} violates
the extended primary key condition. Then
there is some S, that violates the primary key
condition; by Theorem 1, the uniqueness con-
dition is violated for & and thus for
{Ry, ....R}. O

Since the extended primary key condi-
tion is an extension of the (regular) primary
key.cmdiﬁon,md'ﬂman:’oisasimilar
extension to Theorems 1 and 2, we shall
ignore the distinctions, and refer to both con-
dmonssﬂlepnmwhywndmon.

4. Rwognlﬂu!ndepmdmt&hm.

We begin by considering schemes for
which some scheme is a database key, say Ri.
The test for independence relies on the com-

puting the closure of R;. We will use a naive
algorithm to describe the test.

'Ihestmghtfoxwardwaytocunputeﬂxe
closure is to begin with R: and iteratively
check whether the left side of some depen-
dency X-Y is confained in the closure so far;
if so, the Y is added to the closure. When no
more attributes can be added, the result is
CLOSURE(R,, F).

Conudatheﬁrstdependmcyx-—l’ﬂm
allows us to add attributes to the closure. We
argued in the proof of Theorem 1 that ‘this

arises from the existence of a key
for some scheme, which we call X; and R;

respectively, and furthermore that the inter-

section of R; and R; must be identical to K.

contained in RyUR: and add the attributes of
tbeleftude. To continue to maintain the

ementsdthemdm:uonmpdthe
proof, the left side of the dependency used
must be equal to the intersection of R1UR:
and the scheme from which the dependency
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Ry, ...

was taken.

Thus to  determine  whether

.R»}nsmdependan,wecanputeme '
dosureo(kl,dwchngﬂxateadxumea
dependency is usted, the left side de equal to

e wateeamvy e sun e Sawsw

ﬂwmﬁenechondd:udme&omwhdxﬂw
dependency is derived and the closure of Ry
so far. In addition, we ‘require that every
relation scheme be used in calculating the do-

‘sure. 'Ihefdlowmgdgmthmnnﬂunmun'

indenendence test.

ity

closure - database key;
remaining«{Ry, . . . ,Ra} - fdatahase key},
while remaining is not empty ’
for each R in remaining :
lfda:mnknequalwaakpydR
add R twcloswe; - _
. remove {R} from remaining;
else if closureNR contains a key of R
W{Rls ---:Ra}, A
7 h‘t, .

: Ifﬂnereunodmbnsekey,weapplyw
ﬂ:emstweadnmnnmal&,&deﬁnedm&c-
tion 3. Since we. can compute closures ‘in
linear time [BB], the time complexity for test-
:;mdepmdmummudxmml

5. Semsntic Issues. , « :,
The primary key condition has two

- aspects: ead:rdaﬁmschanemmhavea;ﬁ
mary key declared for it, and ‘the relation

schemes must have an appropriate-total order.
Since this ordes depends ‘only. on the primary
keys, it follows that the existence.of any other
keys is irrelevant. . That.is, onee a scheme is
determined to be independent, the addition of
other secondary keys will. not .change things.
Thus secondary keys do not provide any
mwmmlmformanm,tharmlypwpowum
serve as integrity constraints. This result mir-
mﬂnmhmembdnnd[!MU] ,in_ which

mdmodu“stmc-

”’““ﬁ.ﬂilﬂ e

Whenﬂxemmnrykqmndmmhdds
every attribute in & relation’ scheme has-‘a
specific role. ‘lhemeﬁxepnmﬁy
key serve to identify the relation scheme; all
references to the scheme will be through these
attn’bum Any attribute not in the primary
key of a relation -scheme either appears
nowhere else or refers to the primary key of




another (“higher”) relation scheme. Thus
there are three possible kinds of attributes in
a database scheme: identifying (pri key)
attributes, property (unique) attributes, and
foreign key (referencing) attributes.

In the context of the entity/association
design methodology, this classification
appears as follows. An entity relation con-

tains only identifying and property attributes;

attributes in entity relations are disjoint from
one another. Attributes are related via asso-
cations. A (many- many) association is a
relatwn containing primary keys of entities,

and perhaps some property attributes. The
p:mykeyofﬁxemodaﬁmxsﬂleummof
the component entity keys.

Every database scheme composed of
entities and many-many associations trivially
satisfies the primary key condition; since com-
mon attributes will always appear in primary
keys. The construct that complicates things is
the many-one association. A many-one asso-
ciation differs from a many-many association
mﬂntsanedtheeompmmtkeysarenotm
the primary key of the -association. ' Thus
some non-primary key attributes are fareign
keys,- and appear in other: relations. Consider
‘one such attribute-A in relation R. The pri-
mary key condition requires that A appear as
a non-primary key attribute only in R; more-
over, there must exist an ordering on the rela-
tions such that R is the first relation contain-
ing A. As Jong as we design schemes with
. this constraint in mind, we are guaranteed

A similar approach appears in the
methodology of RM/T [C]. Central to RM/T
is the notion of -a swrogate, which is a
system-defined entity identifier that serves as
the primary key of every relation. In our
approach, itunmpleenmghtoreqmredmt
‘all entities and associations contain surro-
gates. However, in order for the primary key
condition to hold, we cannot assume that a
mogaﬁewnllbeﬂwmm‘ykeyofﬂnerda—
tion. This separation of surrogates as entity
identifiers from their role as primary keys
appears to be the only crudal distinction
between independent schemes and RM/T
schemes. Of course, the primary key condi-
tion (and independence) is based on a univer-
sal relation assumption, whereas RM/T is not.
Nevertheless, it is interesting to see how close
the methodologies are.
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'Ihcnouonotapnmarykeyxsnotnew
The argument for primary keys has always
centered on implementation concerns; a pri-
mary key was necessary as an identifier that
could not contain null values. Theoretically,
it never has been clear how necessary primary
keys are. The results of this paper show that
ﬂm'eunolouctmerahtymmmngﬂw
existence of a primary key; mare to the point,
schemes without them are poorly designed.
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