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Correspondence

A Note on “Incomplete Relational Database
Models Based on Intervals”

Jui-Shang Chiu and Arbee L. P. Chen

Abstract—In [5], a family of relational database models (M-1 to M-5)
were proposed to represent unknown values by intervals. Relational
operators were extended for evaluating queries on these models. in
this note, we stultify the theorems claiming that query evaluation in
models M-2, M-3, and M-5 is sound.

Index Terms—incomplete information, disjunctive information, null
values, extended relational model, extended relational algebra.
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1 INTRODUCTION

IN [5], relations were extended to represent unknown values by
intervals. Each unknown value (or tuple) may have a unique
identifier. Four tuple types were defined to specify existence and
uniqueness relationships among tuples of the same table (ie.,
extended relation). In addition, tuples of different tables are
distinguished between the cases where incompleteness is intro-
duced at the relation level, tuple level, or attribute value level.
Based on these relationships among tuples in different tables,
Ola and Ozsoyoglu presented a family of incomplete relational
database models (M-1 to M-5).

For each of the models (M-1 to M-4), Ola and Ozsoyoglu
showed that query evaluation is sound (i.e., no invalid results are
derivable) but is not complete (i.e., all valid results are derivable) in
the Imielinski-Lipski sense [1] when only fully defined and defi-
nite (i.e., fotal) tuples are concerned. They also claimed that query
evaluation in model M-5 is sound and complete. In this note, we
point out several flaws in [5]:

e The definition of the correctness conditions is not correct in
the sense that it does not match the statements “no invalid
total results are derivable” and “all valid total results are
derivable.”

s The theorems claiming that query evaluation in models M-2
and M-3 are sound, and in model M-5 is sound and com-
plete, are incorrect.

e The statement about maintaining the COUNT (i.e., the
bounds of the number of tuples in the unknown relation) to
avoid information loss has no warrant.

2 THE MoODELS

In the following, we briefly review the characteristics of the mod-
els in [5], in particular, models M-2, M-3, and M-5.

The partial knowledge about an unknown value is specified as
possible values in a set of intervals. In addition, four tuple types
are allowed in a table.

1) A type 0 (total) tuple is the usual relation tuple without un-
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2) A type 1 partial tuple represents an unknown tuple which
exists, and is uniguely represented.

3) A type 2 partial tuple represents an unknown tuple which
exists, but may already be represented by other tuples.

4) A type 3 partial tuple represents an unknown tuple which
may or may not exist.

2.1 Assumptions for Model M-2
Each unknown value has a unique identifier. Different occurrences
of the same unknown value in the database have the same identi-
fier and the same range value. If two identifiers for two unknown
value 7 and 7, are the same then 7, = 7; otherwise 7; may or may
not be equal to 7.

Also note that the identifier for a known value is the value
itself. :

2,2 Assumptions for Model M-3

Two identifiers for two unknown values 7, and 7, are the same
iff 7, = 7,

2.3 Assumptions for Model M-5

Model M-5 is a restricted model of M-2, with additional assump-
tions and restricted operators described as follows. Every table has
key attributes which uniquely determine tuples in the table. Un-
known values are not allowed on key attributes. Moreover, the
projection is restricted such that the projection attributes always
contain the key attributes, and the join' is restricted such that the
key attributes of each join table are always contained in the join
attributes. Also note that type 2 tuples will not be introduced in
model M-5 since every tuple is uniquely determined by its key
attributes. As an example, table U shown in Table 1 is in model M-
5 where the key attribute is A,, and the unknown value repre-
sented by interval [3, 4] has an identifier i. Both r, and r,, also
shown in Table 1, are possible relations for the unknown relation
represented by U.

TABLE 1
A TABLE IN MODEL M-5 AND ITS POSSIBLE RELATIONS

U | A1l A2 | TYPE ry AL | A2} re | AL AL‘
1 3 0 1 (3 173
[3,4);- 1 213 214

3 THE CORRECTNESS NOTION

The information content of a table is defined by the mapping rep
which maps a table U to a set of possible relations for the un-
known relation represented by U [1]. In defining the rep, a general-
ized version of Reiter’s closed world assumption was adopted [3],
[6]: a tuple ¢ is not in the unknown relation represented by U if
there is no relation r in rep(L) such that tisin r.

It is well-accepted that the correctness condition for query
evaluation on the extended model is defined as follows:

DEFINITION 2.1. [1], [2] Let U,, U,, ..., U, be tables. Let f be a rela-
tional algebra (RA) expression and f ~ be the extended
version of f. Query evaluation is sound and complete if

rep(f (U, Uy, ..., UY) =f (rep(ULL,), rep(LL), ..., rep(LL)).
£ (rep(Ul), rep(U), ..., rep(U))
is understood to be
{flryry...r) trerepll),j=1,2, .., k).
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However, this ideal condition is hard to achieve. Practically, it
is desirable to define the extended relational operators in a se-
mantically meariingful way in which rep( f (U, U, ..., U)) ap-
proximates the information given by f (rep(U), rep(LL,), ..., rep(UL,)).
Therefore, the f-information concept [1] was adopted in [5].

DEFINITION 2.2. Let a database instance D be a sequence of rela-
tions <ry, 7, ..., 1> with scheme <R, R,, ..., R,>, and f be an
RA express1on involving the relations in D. Let X be a set of
database instances D. The f-information. in X, denoted by X/,
is defined as

X250

where f (D) denotes the relation obtained by substituting r; for
every occurrence of R inf, j=1,2, ..., k. Thatis, X /is the larg-
est relation s such that s ¢ (D), forall Din X.

In essence, the f-information of an expression f consists of fully
defined and definite _tuples (i.e., total tuples) that can be derived
when f is evaluated against the database. It is desirable, for any
RA expression f, that Nrep( f (X)) = Nf (rep(X)). Hence, the sound-
ness (i.e., no incorrect total tuples are derivable) and completeness
(i.e., all valid total tuples are derivable) conditions can be defined
as follows.

DEFINITION 2.3. Query evaluation is sound if Nrep( f (X)) < N
frep(X)). Itis complete if Nrep( f XN Nf (rep(X)).

In [5], the soundness and completeness conditions were given
as follows.

DEFINITION 2.4. [5] Let U, and U, be two tables. Let o and &be
unary and binary operators, respectively, i.e., @€ {7 0} and
fe {-, U, pa}. Let o and 6 be the extended versions of &
and 6, respectively.

1) An extended model is sound if, for every relaton r in
(rep(UL) @ rep(U,)) or oArep(U,)), there is a relation s in
rep(U, 8" U,) or (rep(a(U)), respectively, such that s = r.
That is, rep((U,)) o oArep(l)) and rep(l; 6 U,) 2
rep(U;) Grep(U,).

2) An extended model is complete if, for every relation s in
rep(U, s U,) or rep(a'(ul)), there is a relation 7 in (rep(U,) €
rep(U,)) or ofrep(LL)), respectively, such that r < s.

Note that Definition 2.4 is not correct in the sense that it does
not match the statements “no invalid total tuples are derivable”
and “all valid total tuples are derivable.” In fact, the two condi-
tions together in Definition 2.4 do not conclude that ~ rep (f (X))
= A (rep(X).

In the next section, we shall show that models M-2, M-3 do not
satisfy the soundness conditions in Definition 2.4.

4 THE CORRECTNESS THEOREM

A theorem in [5] claimed that query evaluation of RA expression
f"in model M-5 is sound and complete where f " consists of ex-
tended operators in {7, &, U’, ><’, ). We give a counter-example
in the following to stultify the theorem. Consider table U, shown

in Table 2 and query 7, (UAFZ(UI)U* 0';2:3(U1)) where the key
attribute is A,. It is easy to see that any valid result contains ex-
actly one tuple. However, according to the extended algebra de-
fined in [5}, both o7, ,(U,) and o7, ,(U;) resultin a type 3 tu-
ple. So do the union of two type 3 tuples and the projection of a
type 3 tuple, which may then produce an empty result. Unfortu-

nately, the empty result violates the “completeness” condition of
both definitions.

Recall from Section 3 we pointed out that the correctness con-
ditions in 5], i.e., Definition 2.4 are too restricted. Consider query
O'ZFZ(UI)U* 0‘22=3(U 1). The query results in no total tuples.

When only total tuples are concerned, the empty result of this
query should be regarded as sound and complete. It satisfies
Definition 2.3. However, it.does not satisfy Definition 2:4.

TABLE 2 ;,
TABLES INVOLVED IN COUNTER-EXAMPLES

o wE] 1
dlzo

Now we show that both models M-2 and M-3 are not sound by
another counter-example. Consider tables U, and .U, shown in
Table 2 and query U, p< U, Again, any valid result contains ex-
actly one tuple. However, in both models M-2 and M-3, two tuples
are joinable only if all of the identifiers in join attributes are identi-
cal. The query will, therefore, yield an empty table. Since r, b<t 7, #
s =@ for any r, € rep(U,), 1, € rep(U,) and s € rep(U, >’ U), it
violates the “soundness” condition in Definition 2.4.

We also note that

1) The example in Fig. 11 in [5] is incorrect, which showed that"

there are no relations 7, € rep(U) and r, € rep(V) such that
r; b< 1, € s. In that example, the reader can easily find 7,
and r, such that r, b< 7, ¢ 5. A correct example is given in
Table 3.

" 2) The example in Fig. 15 in [5] does not follow the assump-
tion in model M-5 that unknown values are not allowed in
key attributes.

TABLE 3
A COUNTER-EXAMPLE FOR THE “COMPLETENESS” OF JOIN IN M-1

v v (] A [ieE]
s[2] o 2 [A] 1
2 2 0 2 6 0

Use vV | AL Az ]| 4s [TYPE] 5 [A [4s ] 4s |

3s[2Ral 1 3272
2224 1 21213
3{21] s 0 3 (26
2121 6 0 21216

In the following, comments on tuple types and identifiers of
unknown values are given. One of the emphases in [5] is the in-
troduction of tuple types for a tuple’s existence and uniqueness
relationships. However, under the assumption that every tuple has
a unique key, as in model M-5, the indication of the uniqueness is
actually unnecessary. Moreover, the existence-and-uniqueness
(type 1) relationship may often be lost (arid the migration of tuples
is then required) in the query evaluation involving projection,
selection, union, join, or difference. Furthermore, the tuple type is
not-enough to prevent information loss. For example, in the selec-
tion operator, there is no way in [5) to distinguish which part of an
interval is satisfiable and which part is not. Hence, the keeping of
the type 1.information may often be useless, which also comph—
cates the query processing.

On the other hand, identifiers are introduced to indicate differ-
ent occurrences of the same unknown value in the database. The

§
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definition of join in [5] considering the identifiers is, however,
inadequate. For example, it is possible to join two intervals [1, 2],,]

and [2, 3]i2 , even though their identifiers are different, as long as

both intervals turn out to represent the same value, i.e., 2.

5 THE COUNT INFORMATION

A statement in Section VIII of [5] claimed that the models can be
extended to avoid information loss caused by the union and dif-
ference operations. They suggested to maintain explicit bounds on
the COUNT of the number of tuples in the unknown relation rep-
resented by a table. An extension with the COUNT range attached
to tables was given in [4]. In the extension, they showed that query
evaluation is sound and.complete (with respect to Definition 2.1)
for expressions consisting of only selection, difference, projection
and Cartesian product.

In the following, we give an example to show that the COUNT
is not enough to prevent information loss in the difference opera-
tion, which stultifies the aforementioned statement. Consider the
tables U, and U, shown in Table 4 and query U, -’ U,. The number
of tuples in the resulting relation represented by LI, based on [5] is
between 0 and 2. However, the COUNT is not enough to prevent
relation r = {2, 3} from being in rep(ll,). Moreover, the COUNT
information is derived from the results evaluated on all the possi-
ble relations represented by a table. Since the number of possible
relations can be extremely huge, it is simply impractical.

TABLE 4
AN EXAMPLE OF DIFFERENCE
u@» [4 | TYPE v [ A | TYPE v®® | A | TYPE
,2) 1 [2,3] 1 w2l s
m3)| 1 4] 1 3| 3
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