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Abstract

The weak wnstance model 1s a framework to consider
the relations in a database as a whole, regardless of the
way attributes are grouped in the individual relations
Queries and updates can be performed involving any set
of attributes The management of updates 15 based on a
lattice structure on the set of legal states, and inconsis-
tencies and ambiguities can arise

In the general case, the test for inconsistency and de-
terminism may wnvolve the application of the chase al-
gorithm to the whole database In this paper it 1s
shown how, for the highly significant class of indepen-
dent schemes, updates can be handled efficiently, con-
sidering only the relevant portion of the database
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1 Introduction

In a relational database, the universe of discourse 1s rep-
resented by means of a set of relations The weak n-
stance approach [7,13,17,18,19] provides a framework to
consider a database as a whole, regardless of the way
attributes appear in the various relation schemes The
information content of a database state 1s considered
to be embodied 1 the representative instance, a sort of
relation with variables, obtained by extending all rela-
tions to the global set of attributes (called the universe)
and then by chasing [16] their union Query answering
1s performed by first computing the total projection [21]
of the representative instance on the set of attributes
mvolved in the query, and then executing whatever fur-
ther operations are needed Any subset of the umiverse
can m principle be queried

Example 1 Figures 1, 2, and 38, respectively, show a
conswstent database state, the corresponding representa-
twe instance, and a total projection, which refer to a
database scheme with the relation schemes R (EDP),
R2(DM), Rs(PM), and the functional dependencies
E — D, D— M as constraints

Recently, following a new interest on the theory of
database updates [1], we proposed a formal approach
to updates 1n the weak instance model [9], coherently
with the management of queries, which allows the re-
trieval of tuples over any subset of the universe, in-
sertions and deletions over any subset of the universe
are allowed Problems of consistency and determimism
arise, and have been completely characterized

Example 2 If we want to insert 1n the state in Fig-
ure 1 a tuple defined on EM, with values Jim for E
and Whate for M, we can consistently add a tuple to
the second relation, with values MS for D and White



Employee Dept Project

John CS A

John CS B

Bob EE B

Jim MS C

Dept Manager Project Manager

(of Smith A Smath
IE White B Smith
EE Jones B Jones

Figure 1 A database state

Employee Dept Project Manager
John CS A Smith
John CS B Smith
Bob EE B Jones

Jim MS C v
vy CS vs Smith
vy IE vg Whate
vg EE vy Jones
vg Vo A Smith
10 Vi1 B Smith
Vi V13 B Jones

Figure 2 A representative instance

Employee Manager
John Smith
Bob Jones

Figure 3 A total projection of the representative in-
stance

85

for M because of the dependency D — M, the chase
would combine the tuple < Jim,MS, C >, already 1n ry,
with this tuple, generating a tuple in the representative
instance with values Jim for E and White for M

If we want to wnsert into the same state another tuple
defined on EM, but uith values Dan for E and Moore
for M, we obtain a potential result only 1f we add one
tuple to ry and one tuple to ro, with the same value for
D and a value for P, whichever they be (prowided that
the constraints are not wolated) In this case, some fur-
ther piece of information has to be added, and there are
several possible choices, this 1s a case of nondetermin-
1m

An inconsistency arises if we try to insert a tuple on
EM unth John for E and White for M

In the general case, the characterizations for consis-
tency and determinism of insertions require the con-
struction of the representative instance of the state, by
means of the application of the chase procedure to a set
of data that involves the whole database In this paper,
we restrict our attention to the important class of in-
dependent schemes [12,14,20,21], for which 1t 1s known
that query answering can be performed in an efficient
way [6,14,22], and show that updates can be imple-
mented efficiently

The paper 1s organmized as follows In Section 2 we
briefly review the needed background In Section 3 we
review defimtions and characterizations about updates
1 the weak mstance model [9] In Section 4 we consider
independent schemes, and present characterizations for
consistency and determinmism, specific for them On the
basis of these results, efficient algorithms are shown
Section 5 Finally, in Section 6, we summarize the con-
clusions Because of space limitations, proofs of theo-
rems are omitted and can be found 1n [8]

2 Background

For the sake of brevity, we only sketch most usual defim-
tions, which can be found 1n detail 1n popular textbooks
[15,23], concentrating on the nonstandard ones

2.1 Basics

Throughout the paper, we consider a generic database
scheme R = {Ry(X1), ,Rn(X,)}, wath a unwverse of
attributes U = X; X, (following common practice,
we denote the union of sets of attributes by means of
the juxtaposition of their names) We assume all the at-
tributes to have a common domain D that 1s the disjomt
union of two countably infinite sets, the set of constants
and the set of variables We consider tuples, tableauz



{fimte sets of tuples over the umiverse), relations (fi-
nite sets of total tuples over a relation scheme), and
(database) states (indicated as sets of relations, one for
each relation scheme r = {r;, ,r.})

The total projection of a tableau T on a set of at-
tributes 1s the set of total tuples that are restrictions of
tuples m T !5 (T) = {t[X]|t € T and t[X] 1s total}
We will also use a generalization of the total projection,
that stil] operates on tableaux, but produces database
states the projection of a tableau T on a database
scheme R (indicated with ! g (T')) 1s the state obtamned
by totally projecting T on the various relation schemes

2.2 Constraints: local satisfaction and
global consistency

Associated with a database scheme there 1s usually a
set of constraints, that 1s, properties that are satisfied
by the legal states There are two notions of satisfac-
tion local satisfaction, defined on individual relations,
and global satisfaction, or consistency, defined on the
database state We introduce the two concepts 1 turn
Various classes of constraints have been defined i the
literature [15,23], here, we himit our attention to func-
tional dependencies

Let YZ C X C U, arelation r over a scheme R(X),
(locally) satisfies the functional dependency (FD)Y —
Z,f, for every pair of tuples t1,t; € r such that ¢;,[Y] =
t2|Y], 1t 1s the case that t1(Z] = t5|Z]

Le¢t R = {Ri(X1), ,Ru(Xn)} be a database
scheme, we associate with R a set of FDs F = U | F,,
where, for every 1 < 1 < n, the FDs 1n F, are defined
on R,(X.)

A stater = {r;, ,r,} globally satisfies [13] a set of
FDs F, if there 1s a relation w on the universe U (called
a weak instance for r with respect to F) that (locally)
satisfies F' and contains the relations of r 1n its projec-
tions over the respective relation schemes =y, (u) 2 r,,
for 1 <2 < n A state that globally satisfies the set
of dependencies associated with the database scheme 1s
also said (globally) consistent

We recall that the closure of a set of FDs F, denoted
by F*, 1s the set of dependencies that are logically im-
phed by F, and the closure of a set of attributes X, de-
noted by X, 1s the set of attnibutes {A/X — Ae F*}

2.3 The Chase Procedure and the Rep-
resentative Instance

The definition of global satisfaction 1s interesting, but
not practical 1n general there may be many weak 1n-
stances (often infinitely many), and there 1s no direct
way to find any of them However, the existence of a
weak mstance (and some other interesting propertes)
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can be studied by means of the notion of representative
instance, a tableau over the universe U of the attributes,
defined, for each database state r, by means of the no-
tions of state tableau and chase

For each database state r, the state tableau for r 1s a
tableau (indicated with Ty) formed taking the union of
all the relations in r extended to U by means of unique
variables

The chase [16] 1s a procedure that receives i mput a
tableau T and generates a tableau « HasER(T) that, if
possible, satisfies the given dependencies F, 1f only func-
tional dependencies are considered, the process modifies
values 1n the tableau, by equating variables and “pro-
motmng” variables to constants If a chase step tries to
equate two constants, then we say that the chase en-
counters a contradiction, and the process stops, gener-
ating a special tableau, which we call the inconsistent
tableau, and indicate with T

The representative instance for a state r, indicated
with Rly, 1s the tableau obtained by chasing the state
tableau Ty of r with respect to the dependencies asso-
ciated with the database state

The main property of the representative instance 1s
that a database state 1s consistent if and only if the cor-
responding representative instance 1s not the inconsis-
tent tableau (that 1s, 1t 1s generated without encounter-
ing contradictions during the chase process) [13] Also,
for every consistent state r and for every X, the X-total
projection of the representative mstance of r 1s equal to
the set of tuples that appear in the projection on X of
every weak mstance of r {18]

The weak instance approach to query answering al-
lows queries to be formulated on databases as if they
were composed of just one relation over the universe
U For every query, being X C U the set of attributes
involved, the evaluation requires a first step that com-
putes the relation over X mmplied by the current state
for the above consideration, 1t follows that the X-total
projection of the representative instance 1s the natural
content of this relation

We say that a tuple t over a set of attributes X z-
belongs (in symbols t€r) to a consistent state r of a
database scheme R with a universe U 2 X if ¢ belongs
to the X-total projection of the representative instance
ofr

2.4 Tableau Containment and Equiva-
lence

Given two tableau Ty, T3, we say that Ty 1s contained
in T2 (1n symbols T} < T3) if there 1s a partial function
¥ (called containment mapping) from D to D that (1)
1s defined on all the symbols appearing mn Ty, (11) 1s
the 1dentity on constants, and (u1) if extended to rows



and tableaux, maps T; into a subset of T, (that 1s, for
each row t; € Ty, there 1s a row t; € T3, such that
Y(t1[A]) = t2[A], for every A € X) Ifboth T} < T, and
T, < T, the two tableau are equivalent! We assume
that the inconsistent tableau properly contains every
other tableau

2.5 Independent schemes

A scheme 1s independent [12,20] of, for all its states, local
satisfaction imphes global satisfaction

Independent schemes are clearly important from the
pratical point of view, because the global consistency
of their states can be verified in a local manner, look-
ing at the individual relations, without having to bmld
and chase the state tableau Graham and Yannakakis
[12] showed an efficient test for independence, later im-
proved by other authors [14,22]

Independent schemes are also important in the weak
instance approach to query answering, because they
guarantee the efficient computation of total projections
of the representative mnstance Atzem and Chan [6] and
Ito et al {14] showed that for every independent scheme,
for every subset X of 1ts universe, there 1s a relational
algebra expression Ex that computes the total projec-
tion of the representative mstance for every state of the
scheme In fact, Ex 1s the umon of simple chase join
ezpression (scje’s), a restricted form of project-jon ex-
pression, defined as follows [5,6,11]

A prehminary concept 1s needed a derwation se-
quence (ds) of some relation scheme R,, 15 a fimite se-
quence of FDs 0 =< Y; — Z1, ,Y,, — Z,, > from F*
such that, forall1 < 3 <m Y, C X, Z, Z,_; and
Z,nX,,Z, Z,., =0 Wesay that o covers a set of
attributes X if X, Z; Z, O X Essentially, ads of R,,
15 a sequence of FDs used in computing (part of) the
closure of X,,

Sumple chase join ezpressions (scje’s) are defined on
the basis of ds’s Given the ds o above, assuming 1t
covers X, the scje for o with target X 1s the expression

WX(R‘IUMWYIZI (RU)M Dd1errnzrn(‘R“vn))

3 Updates in the Weak Instance
model

In this section we review defimtions and charactenza-
tions about updates in the weak mstance model [9]

IDifferent, but equivalent definitions of containment and equiv-
alence of tableaux can be found in the literature [2,3]
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3.1 A lattice on states

In the weak instance approach, two states r;, r, are
equivalent (r; ~ ry) of they have the same set of weak
instances [19], this holds if and only if their representa-
tive mstances are (tableau) equivalent Therefore, two
states are equivalent if and only if, for every X, ther
X-total projections are equal, that 1s if they have 1den-
tical query answering behaviour Therefore, 1t makes
sense to consider equivalence classes of states, as repre-
sentatives of the various classes, we will often use states
that enjoy the interesting property of completeness, as
follows

A consistent state r 1s complete if 1t coincades with the
projection of 1ts representative instance on the database
scheme [19], that 1s f r = 7! g (RIy) It 1s known that
each consistent state 1s equivalent to one and only one
complete state 19, Section 3]

Example 8 The state in Figure 1 1s a complete state,
but 1f we remove, for instance, the tuple < B, Smith >
from rs3, we obtain a state that 1s not complete, since
such a tuple belongs to the projection on PM of its rep-
resentative instance

Now we say that a state r; 15 weaker than a state rj
(r1 < r2) if every weak nstance of rz 1s also a weak n-
stance of r; The relation < 1s a partial order on the set
of the complete states, since 1t 1s reflexive, antisymmet-
ric, and transitive (Note that 1t 1s not antisymmetric
on the set of consistent states) In [9] we showed that
the partial order < extended to the inconsistent state
induces a complete lattice on the set of complete states,
that 1s, every pair of complete states r; and r; has both
a greatest lower bound and a least upper bound

A lower bound of r; and r; 1s a state that 1s weaker
than both r; and ro, the greatest lower bound (glb) of
r; and r2 1s a lower bound of r; and r; such that every
other lower bound 1s weaker than 1t It follows that,
if there 1s a glb, 1t 1s umique The least upper bound
(lub) of r; and r, 1s defined dually an upper bound
1s a state such that both r; and r, are weaker than
1t, the lub i1s an upper bound that 1s weaker than all
other upper bounds A known property of lattices 1s
the associativaity of both the glb and lub operations
therefore, we can speak of glb and lub of finite sets of
states A lattice over a domain D 1s complete [10] if each
(fimte or infimite) subset of D has both a glb and a lub

3.2 Insertions

Let R = {R,, ,Ri} be a database scheme, with U =
X:iX2 Xi; Given a state r of R and a tuple ¢ over a
set of attributes X C U, we consider the 1nsertion of ¢
mto r defined through the following notion of result



A state r,, 15 a potentral result for the nsertion of ¢
mtor ifr <r, and t€r, Various cases for an msertion
of a tuple 1n a consistent state exists the msertion of
a tuple t 1n a state 1s possible if there 1s a consistent
state r’ such that t€r', a possible nsertion 18 consistent
if 1t has a consistent potential result, and a possible
and consistent insertion 1s determunistic if the glb of the
potential results 1s a potential result

In [9] we showed necessary and sufficient conditions
for possibility, consistency, and determinism

Theorem 1 [9, Theorem 1] The wnsertion of t 1n a

state 1s possible 1f and only 1f there 1s a relation scheme
R.(X,) € R such that F implies the FD X, —+ X

Let RIr be the representative instance of r The
characterization of both consistency and determinism
1s based on the construction of a particular tableau ob-
tained by adding to Rly a tuple ¢. obtained by extending
t to the universe U by means of unique variables Let
T: r be such a tableau

Theorem 2 [9, Theorem 2] Let the wnsertion of t in x
be possible It 1s consistent 1f and only 1f +t 1s the case
that « HAHEF(Tt r) # T

Let ry be the state obtamned by (totally) project-
mg ¢HASEp(Tir) on the database scheme
ﬂ’lR((,HA%E‘F(Ttr))

ry =

Lemma 1 /9, Lemma 4] Let the wnsertion of t in T be
possible and consistent Then, v 15 the glb of the po-
tential results

Theorem 8 [9, Theorem 3] Let the insertion of t wn r
be possible and consistent It 1s determainistic 1f and only
’Lf( HA\EF(Tt r) = R1r+

Corollary 1 [9, Corollary 1] Let the insertion of t in
r be possible and consistent, it 1s deterministic of and
only 1f t € n! x(Rly,)

Corollary 1 gives an effective characterization of in-
seribility given r and ¢, we can build T; r, chase 1t with
respect to the given constraints, then generate r, and
compute 1ts representative instance Rlr,, and finally
check whether the total projection 7! x (Rly +) contans
t

Example 4 Consider the first insertion in Ezample 2
Following the definitions, we could burld the tableau
Ty r, chase 1t and project the result on the database
scheme we obtain the state we suggested as a result
We just note that beside the tuple < MS, White > that
15 added to ry, the tuple < C, White > 1s also added to
ra, and the state remawns complete
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3.3 Deletions

The defimtions are somehow symmetric with respect to
those concerning insertions However, the case 1s eas-
ier, because no problem arises regarding consistency and
possibility

A state r, 18 a potential result for the deletion of a
tuple ¢t from a state r if r, < r and tér,, A deletion
18 determimistic if the lub of the potential results 1s a
potential result

It turns out that deletions are determimstic only
very restricted cases

Lemma 2 [9, Lemma 5] Letr be a consistent state and
t be a tuple on X that z-belong tor The deletron of ¢
from T 1s deterministic only 1f there 1s a relation scheme

R.(X.) such that X C X,

Let r_ be the state obtained by removing, from each
relation r, such that X C X,, each tuple ¢’ such that
t[X] = t[X]

Theorem 4 [9, Theorem 4] Let r be a consistent state
and t be a tuple on X that z-belong tor The deletion
of t from r 1s determinastic of and only +f (1) there 15 a
relation scheme R,(X,) such that X C X, and (u) t
does not z-belong to r_

4 Efficient Insertions for Inde-
pendent Schemes

In the same way as query answering can be efficiently
performed for independent schemes, we want to show
that, for this meaningful class of schemes, updates can
be managed efficiently

With regard to deletions, Theorem 4 already gives an
efficient way of checking for determimism and for per-
forming the update With respect to insertions, things
are more complex 1n general, because the chase of a
tableau involving the whole database state 1s needed

In this section, we show that, for independent
schemes, there 1s an efficient method for checking the
possibility, consistency, and determimism of the mser-
tions

With respect to possibility, Theorem 1 gives a com-
plete characterization at the scheme level, which can be
verified very efficiently, by using known algonithms for
the imphcation of FDs [15,23]

4.1 Consistency

Throughout this section we consider a consistent state
r for an independent scheme R and the msertion of a
tuple t over X C U in r, assuming 1t 1s possible



Algorithm 1

begin
W =X,
tw =1,

do begin
W =WuUA4,
tw[A] = t'[A]
end;
t = tw,
X =W
end

while emists V — A€ F, for some 1 < 3 <n such thatV CW AgW
and ensts t' € r, such that t'[V] = tw V]

Figure 4 Algorithm 1

Let t be the “extension” of t generated by Algorithm
1 (shown 1n Figure 4)

It turns out that ¢ has interesting properties, which
make 1t fundamental 1n the efficient check of both con-
sistency and determimism Let us mntroduce a property
to be used shortly

Condition 1 There 1s no V — A€ F, such that

e VACX and

o there emsts t' € r, such that t'[V] = t[V] and
t'[A] # £[4]

Condition 1 1s clearly sufficient to guarantee that ¢
1s uniquely defined The next theorem shows that 1t
characterizes consistency

Theorem 5 The insertion of t 1n r 13 consistent if and
only 1f condition 1 holds

This theorem gives an effective and efficient method
to check for consistency of insertions in independent
schemes 1nstead of performing the chase of Tyy (as
required by Theorem 2), 1t 1s sufficient to apply Algo-
rithm 1 and to check for violations of FD’s mvolving
t

Example 5 The scheme in Ezample 1 1s clearly inde-
pendent Now consider the first insertions in Ezample 2
We have t =< Jim,MS, White >, so the insertion 18
consistent, since such a tuple does not violate the FDs
that involves On the contrary, if we want to insert the
tuple < John, White >, we would have an inconsistent
wnsertion since ¢ =< John,CS, White >, and Conds-
tion 1 does not hold for the FD D — M and the tuple
< CS,Smith > of rp
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4.2 Determinism

The charactenzation of determimstic msertions (Theo-
rem 3) 1s based on the generation of r; by means of
the chase of a tableau involving the whole database In
this section, we present a simpler method for generat-
ing the minimum result for an insertion 1n independent
schemes, which does not require the generation of r

Throughout this section we consider a consistent state
r for an independent scheme R and the insertion of a
tuple t over X C U n r, assuming 1t 1s possible and
consistent Moreover let ¢ be the tuple obtamned from r
by means of Algorithm 1 and ¥ be the state obtained by
adding the tuple ¢|X,] to each relation r, € r such that
X, € X We will show that F 1s strongly related to r

By definition, r, 1s obtamed by (totally) projecting
« HA~Ef(T; r) on the database scheme Then, as the
next step 1n finding the relationship between ¥ and r,,
using Algorithm 2 (in Figure 5) we show that, for inde-
pendent schemes, the chase of Tt p = RIp U {t.} can be
performed 1n a particular way

It 15 1immediate that cHASEFR(T;) = «HASEF(Tir)
because both phase 1 and phase 2 consists 1n chase
steps, and the order 1n which they are apphed 1s not
relevant |15]

Now, we note that phase 1 essential coincides with
the construction of ¢ (Algorithm 1) Then let r; =
mlR (T7), 1t 15 easy to show that F~r;

The next lemma states a fundamental property of
phase 3

Lemma 8 Let the insertion of t in r be deterministic
and consider chasing Ty ¢ using Algorithm 2 In phase

$ of Algorithm, only variables are equated

Let rp = ﬂlR(Tf;), from the above lemma 1t follows



Algorithm 2

begin
/~phase 1%/
tw =t
W =X,

do begin
W =WUA,
tw|A] =t'[A]

/*phase 2x/

/*phase 3%/
Apply the chase to Tj
end

while ezists V. — A€ F, for some 1 <3 <n such thatV CW, Ag W
and exmsts t' € r, such that t'[V] = tw[V]

end, /et Tt = Tyr U{tw}*/

while ezists V — A€ F, for some 1 < 3 <n and
emst ty,ty € Ty such that t1[Y A] 15 total and t,[V] = t2[V]
do t3[A] = t,[A], /*let T5 the obtained tableau™/

Figure 5 Algorithm 2

directly that if the insertion 1s determimistic then ro =
Ty

Now, 1t 1s possible to prove that r; and r; are equiv-
alent, this 1s a major step 1n the proof of the following
result

Lemima 4 If the insertion 1s deterministic thenT ~r

Example 6 Consider again the first insertron in Ez-
ample 2, we stated that 1t 1s a deterministic insertion
Now we have t =< Jim, MS, White >, so T 1s obtained
from r by symply adding to rz the tuple < MS, White >
Such a state does not coincrde with v but 1t 1s equiva-
lent to 1t, since the tuple < C, White >, that 15 not wn
T, belongs to the projection on PM of its representative
instance

As a consequence of Lemma 4, we have that if the
msertion 1s deterministic, then t€F The converse of
this claim 1s simple to prove, and therefore we obtain
the following main theorem

Theorem 6 The insertion of t in r 15 deterministic of
and only of tEF

Theorem 6 gives an alternative method to check for
determinism that does not involve a chase of a state
tableau In the next section we present an Algorithm
to verify efficiently whether ter
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5 Check for determinism

Let r be a consistent state for an independent scheme
R, and consider the insertion of a tuple t over X C U 1n
r, assuming that 1t 1s possible and consistent Moreover,
let ¢ be the tuple obtained from r by Algorithm 1
Atzen1 and Chan [6] proved that total projections of
representative instances can be computed by means of
unions of scje’s and proposed an algorithm to compute
and optimize this expression in polynomial time Let
Ex = UE, be the expression obtained for X Algorithm
3 (shown 1n Figure 6) checks if tEF making use of Ex
Before arguing for the correctness of the algorithm we
informally describe 1t by means of an example

Example 7 Algorithm 3 tries to produce the tuple of
RIg that, for determanistic insertions, contains t (The-
orem 6) The expression Ex gives us the relations in-
volved 1n the construction of the total projection on X of
the representative instance The tuple 1s generated join-
ing tuples of r, from relations r,  for schemes R, such
that X 2 X.,, and  for schemes R,, such that X D X,,,
selecting the tuples that corncide witht on the attributes
of X If we want to insert in the state of Figure 1 the
tuple < Jim, White >, we have t =< Jim, MS, White >
and Ex = npp(Rixnprm(R2)) the algorithm returns
true with g3 =< Jim,MS,C, White > This tuple be-
longs to Rlg, and, since st contains t, by Theorem 6, 1t
confirms the determinism of the insertion

The proof of correctness of Algorithm 3 1s based on
the following lemma



Algorithm 3
Input r, {(X) and Ex as above,
Output true or false,
begin
repeat
select a scje E, = nx (R, M7y, 7, (R,,) wmy, 7 (R, )) from Ex,
deterministic = true,
if X 2 X,
then g0 = E[)(w]
else begin
Xy =X, 07,
90 = r,”M{Z[Xo]}, /*‘IO =1y, for Xo =@*/
if g0 = {} then deterministic = false,
end,
7 =0,
while deterministic and 3 <m
do begin
] =1+1,
if X2 X,
then ¢, = g¢;_1x{t[Y,; 7]}
else begin
X, =Y,Z nX, )
9 = g1y, z,(n, )= {t{X;]},
/Y = 417y, z,(r,,) for X; =07/
if g, = {} then deterministic = false
end
end
until deterministic or the scye are finished,
return deterministic
end.

Figure 6 Algornithm 3
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Lemma 5 If the insertion of t inx 15 deterministac then
there enists a tuple t in Rlg such thatt <t <%

Algorithm 3 tries to construct the tuple £ mentioned
m Lemma 5, that 1s the tuple of RIg that, if the mnser-
tion 1s deterministic, contains t This 1s shown by next
lemma

Lemma 6 Let Ey andt as above and q, be the relation
produced wn step ;3 of Algorithm 8 If the insertion 1s
deterministic 1t 1s the case that, for some E, € Ey, for
each0<3<m t|R,Z, Z)]e€q,

The final theorem follows as a consequence

Theorem 7 Algorithm 8 1s correct

6 Conclusions

The results 1n Sections 4 and 5 can be used to obtain
an efficient implementation of insertions for indepen-
dent schemes Possibility can be tested efficiently at the
scheme level, by Theorem 1 As regards consistency, Al-
gorithm 1 constructs ¢ in time polynomial in the size of
the database scheme and the size of the set of FDs F,
provided that the time needed to search for tuples given
a value on the left hand side of an FD 1s constant {this
can be guaranteed by an index), for the same reason,
Condition 1 can be tested efficiently As regards de-
terminism, for any given X, there are at most as many
scje’s 1n Ex as relation schemes in R [4,6], therefore the
test can be reconducted to the execution of a bounded
number of relational algebra expressions (which can be
optimized efficiently [5]) Finally, the result of the in-
sertion 1s obtained by simply adding to the state the
projections of t on the schemes on which 1t 1s total
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