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Abstract. In this paper, we study the problem to compute certain an-
swers in case when view definitions are expressed as non-recursive dat-
alog programs with negation and queries are expressed as semi-positive
non-recursive datalog programs with negation. Two situations are ana-
lyzed: the open world assumption (OW A) and the close world assump-
tion (CW A). Associated to a view, and an extension of the view, a tree
is constructed, which is useful to specify a method to compute certain
answers.
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1 Introduction

View-based query processing is a problem of computing the answer to a query
based on a set of views. This problem is very important in application areas, such
as query optimization, data warehousing, data integration. Two basic approaches
to view-based query processing are known: query-rewriting and query-answering.
These approaches are discussed in [4]. In the second approach, so-called certain
tuples are computed. The problem of query-answering is the following: given a
query on a database schema, and a set of views over the same schema, can we
answer the query using only the answers to the views? This problem was inten-
sively studied in the literature. Thus, in [1] the authors give the complexity of
the problem of answering views using materialized views, where the languages
for view definitions and queries are: conjunctive queries with inequalities, pos-
itive queries, datalog program and first order logic. In [12], some applications
of the problem of answering queries using views, and algorithms are specified.
The problem of view-based query processing in the context where databases are
semistructured and both the query and the view are expressed as regular path
queries, are studied in [6] and [7]. In [4], the authors analyze the complexity of
query answering in the presence of key and inclusion dependencies. The answer-
ing query problem, in case when queries and views are in conjunctive form with
arithmetic comparisons, is studied in [2]. In [13], the authors define so-called
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"relative containment”, which formalizes the notion of query containment rela-
tive to the source that occur to in a data-integration systems. The problem of
answering queries, using materialized views in the presence of negative atoms in
view, is studied in [7]. In [8], the authors give a system that computes consistent
answers to Datalog(disjunctive logic programming) queries with stable models
semantics. A semantic model to compute consistent query answers is given in [9].
In [3], the authors apply logic programming based on answer sets to the retriev-
ing consistent information from a possible inconsistent database. The problem of
answering datalog queries using views is undecidable ([10]). In [14], the problem
of whether a query @) can be answered using a set of views is studied.

Concerning the certain answers, the complexity of finding certain answers is
discussed in [1], considering the case when views and queries are expressed in
languages: conjunctive form, conjunctive form with inequalities, non-recursive
datalog, datalog, first-order formula. In case when the query is expressed in
datalog, and does not contain comparison predicate, and the views are in con-
junctive form, the set of certain answers can be obtained using so-called query
plan, which is a datalog program where extensional relations are the source
relations [10]. The query plan that produces all certain answers is called the
maximally-contained plan, and is defined in [10]. In [11], the authors show that
the problem of computing the certain answers for union of conjunctive queries
with inequalities is in coN P. In the paper [6], the authors study the problem of
answering a query based on precomputed answers (that can be certain answers)
for a set of views, in the context of Description Logic. By our best knowledge,
the problem to compute the certain answer set in case when the negation occurs
in views or query was not considered in literature up to now.

In this paper, we study the problem of computing certain answers in case
when the views are expressed by non-recursive datalog programs with negation
and the query is a non-recursive semi-positive datalog program.

2 Basic Definitions and Notations

Let Dom be a countable infinite domain for databases. The elements of Dom are
called constants. Let V be a view expressed as a non-recursive datalog program
having V(z) as the head of a rule that is called the main rule. Each rule from V
can contain negated literals. Let us denote by EDB(V), IDB(V), and Rel(V)
the set of extensional, intensional symbols, all symbols from V), respectively. A
rule that has f(z) as its head is called a definition of f. Assume that for each
f € IDB(V), there exists a single definition of f. The rules can contain free
variables (these variables are those from the head of rule), existentially quantified
variables (these variables occur in the rule body), constants that appear in the
body of the rule. There are two restrictions about variables or constants that
occur in the definition of an intensional symbol. The first one is: each variable
that occurs in the head of rule it also must appear in the positive part of the
body of rule. This is called the safe property of the view definition. The second
one: each variable or constant that occurs in the negated part of the definition
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of f, must occur in its positive part. This property is called ”safe negation”.
A query @ is considered as a non-recursive semi-positive datalog program (the
semi-positive datalog program is a datalog program where each definition symbol
contains in its negated part only extensional symbols). The rules of @ satisfy
the restrictions like as those for V. Assume that EDB(Q) C EDB(V). In the
following definition we give the notion of certain answer.

Definition 1. Let QQ be a query expressed as a non-recursive semi-positive dat-
alog program and V a view expressed as a non-recursive datalog program, having
V(z) as the head of the main rule. Let I = {w1,...,wn} be an extension of
the view V. The tuple t having arity(t) = arity(x), is a certain answer for I,
V, and Q under OWA, if t € Q(D) for all databases D defined on Dom such
that I CV(D), and Rel(D) C Rel(V). The tuple t is a certain answer for I, V,
and Q under CW A, if t € Q(D) for all databases D defined on Dom such that
I =V(D), and Rel(D) C Rel(V).

Intuitively, a tuple is a certain answer of the query @, if it is an answer for any of
the possible database instances which are consistent with the given extensions of
the view. In the case OW A, the relation I C V(D) is equivalent to w; € V(D),
for each i,1 < i < m. Assume that all values from I belong to Dom. Let us
denote by C' the values from I, and the constants from V. Let Y be the set
of all variables that are existentially quantified in the rules of V. Let 7 be a
partition on the set C UY, and Class, the set of all classes defined by .
A partition 7 is called a C — partition, if for two distinct constants c¢; and
co, we have [c1]r # [co]r, hence two distinct constants occur in two distinct
classes with respect to m. Through the paper we use only C' — partitions, so in
the paper when we write partition, we mean C' — partition. For a partition 7
defined on C'UY, we consider a mapping from C' UY into Class,, denoted 1,
and defined as follows: 7, (t) = [t]x, where [t]; denote the class that contains t.
The mapping 7, is naturally extended for a vector w = (¢1,...,t,) having the
components from C UY, by nz(w) = (nz(t1),...,n=(tr)). For an atom R(w),
we consider 7 (R(w)) = R(nz(w)). For a set S of atoms having the form R(w),
we define 7,(S) = {n:(R(w))|R(w) € S}. For a database D defined on Dom,
we consider val(D) the set of all values that occur in the atoms of D. Formally,
val(D) = {v|3R(w) € D,v is a component of w}. The view V is said consistent
with I under OW A if there exists a database D over Dom such that I C V(D).
Let us denote by fiofs the composition of the two mappings fi, fo, where
(frof2)(t) = f2(f1(t)). Now, we need to define a formula corresponding to a
view definition. Let f be from IDB(V) and its definition having the form:

f(Z) : 751(Zat1)a ceey Sn(Z,tn), - n+1(zatn+1)7 sy nJrP(Z?thrp) (1)

The vector z contains all free variables from this definition, the vector ¢; contains
all existentially quantified variables from S;(z, ;). Let us denote by y; the vector
of all variables that occur in S;(2,t;). Let Sn4;(y, ;) be an atom that occurs
in the negated part of f(z). If the symbol S,; occurs in the positive part
of f with indexes au,...,aq, then we have: S,4;=95,,, for each i,1 < i < g,
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and Sp4; # Ss, for each 8 € {1,...,n} — {a1,...,a,}. We associate to the
atom Sp4;(y,4;) a formula denoted ¢’, and defined as follows: ¢/ = Ynts #
Yar) N A (Ynij # Ya,)» Where the expression (y, # y,) denotes the following
disjunction: (y} # yl) V...V (y] # y), the tuples y;, and y, having the form:
v = (Y} yh), yo = (yl,...,y"). In case when S,,+; does not occur in the
positive part of f, then we consider ¢/ = TRUE.

Definition 2. The formula ¢ corresponding to f, denoted ¢(f) is the conjunc-
tion of all formulas ¢/, 1 < j < p, that means: ¢(f) = ¢* N ... A @P.

Now, we formally define the logic value of a formula for a given partition.

Definition 3. Let © be a partition defined on C UY and ¢(f) the formula
constructed for [ as we mentioned above. The logic value of ¢(f) for m, denoted
w(P(f)) is recursively defined as follows:

(i) Ifp =t #t), wheret andt' € CUY, then n(¢) = TRUE if there is no
class E from Classy such that t,t' € E, i.e. [t]x # [t']x.

(1) w(¢1 A d2) = (1) Am(d2), T(h1V ¢2) = (1) V w(2).

3 The Construction of TREE(I,V)

Firstly, we need to give a definition that precises some notions which will be
used in the construction of a tree corresponding to I and V.

Definition 4. Let 7 be a partition, T o database defined on Class,, and f an
intensional symbol from V. Let I' be the projection of T on f, i. e. I' = T[f].
Let I' = {f(z1),..., f(zn)} and f(2) : —f1(z,t) the definition of f inV, where t
contains all existentially quantified variables from the right-hand part of the defi-
nition of f. We denote by pos(f(z)), (neg(f(z))), the set of all positive (negated)
atoms from the definition of f(z). We consider the substitutions of the vector z
with zj, 1 < j < h in the view definition of f and for two distinct indexes j and
I we take the existentially quantified variable sets disjoint.

(a) We denote these rules by Ext(f,1'), i.e.

f(zj) : 7f1(zjatj)a 1 S] S h.
(b) The set of all existentially quantified variables from Ext(f,I") will be denoted
by ExtVar(f,I'), i.e. ExtVar(f,I') = Ui<<nt;.
(¢) Two databases defined on Class,, denoted DPos(f,I') and DNeg(f,I'), and

specified as follows:
DPos(f,I') = Ui<j<npos(f(z;)), DNeg(f, I') = Ui<j<nneg(f(z;)).

Associated to I and V, we construct a tree denoted TREE(I,V), where its root
is denoted by «gp. For each node « of the tree, we associate so-called ”basic
elements” and so-called ”calculated elements”. The ”basic elements” are:

(a) A set of intensional symbols from V, denoted RInt(«),
(b) A set of constants and variables, denoted OldC'V («),
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(¢) A partition defined on OldCV («), denoted m(«), and
(d) A database defined on Class (), denoted OldD(cx). These elements are also
called inherited, because they are calculated for the precedent node.

The “calculated elements” associated to «, using Definition 4 are the following;:
(e) For each symbol f from RInt(a) we compute I’ = OldD(a)[f], E1 =
Ext(f,I'), D1 = DPos(f,I'), D2 = DNeg(f,I'), E2 = ExtVar(f,I').

(f) A new set of constants and variables NewCV («a) = OldCV («) U E2,

(9) A new database defined on Classy (), NewD(a) = (OldD(a) — I') U D1.
(h) A database defined on Class () containing all atoms from all nodes ~ situ-
ated on the path from g to a, DT Neg(a) = DT Neg(a') U D2, where o is the
immediate predecessor of a.

(i) The set of all partitions defined on NewCV (), that are extensions of m(«).
This set is denoted Partition(a).

(j) For each partition 7y from Partition(a), we compute the set M., , specified
in Definition 5.

(k) A variable TERM (o) having the values: 0 when « is not terminal, 1 in case
when « is terminal, but RInt(a) # 0, 2 when the node is terminal, but the
database OldD(«) is inconsistent with V), 3 otherwise.

Definition 5. Let m be a partition, T a database defined on Class,, f €
IDB(V), I' = T[f], NewCV a set of constants and variables, m a partition
defined on NewCV, that is an extension of w, and Ext(f, I/) the datalog pro-
gram specified in Definition 4. We define two databases on Classy, denoted T]ffm
and T7* and defined as follows:

T:}zn :777r1DP05(f>I/)3 (2)
T = {nz, R(w), R € Rel(DPos(f,1")) and
w has components from NewCV'} — 0., DT Neg(c) (3)

A set of databases defined on Classy,, denoted M, will be defined as follows:
Mz, = {T|T7™ C Ty C T} (4)

Corresponding to the root ap we take the following: RInt(ag) = {V},
OldCV (ag) = C, w(ay) is the discrete partition on C, OldD(ag) = {V(w1),
..oy, V(wm)}, where I = {wy,...,wy,}, and DT Neg(ag) = 0. Now, we spec-
ify some details about the construction of TREE(I,V). Suppose we have con-
structed the node o having the elements described above. For each tuple having
the form (f,71,7T1), where f € RInt(«), m1 € Partition(a), and T3 € My,
we construct an immediate successor of «, denoted [, such that: RInt(3) =
RInt(a) — {f}UIDB(Ext(f,1')), OldCV(8) = NewCV («), 7(5) = 71,
OldD(B) =Ty, DT Neg(8) = DT Neg(a) U DNeg(f,I").

In case when the view definition of f does not contain existentially quan-
tified variables (ExtVar(f,I') = (), then the immediate successors of « are
constructed for each vector (f,71,T1) , where f € RInt(a), m1 = 7(«) and
T1 € My,. In case when the node « is terminal, but RInt(a) # 0, then we
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called this node "failed node”. In case when « is terminal and RInt(a) = 0,
then it is need to test this node for consistency. Let D = OldD(«). For each
f € IDB(V), we compute the answer of f for D, denoted f(D). The test for
this node « is the following;:

In case when the node « satisfies this condition, then TERM («) = 2 otherwise
TERM (a)) = 3. We remark that the answer of f for D is computable because
the datalog program V is non-recursive. One can specify a recursive procedure
denoted CONSTR, which for a given node a constructs all successors of «
in TREE(I,V). The parameters of the procedure CONSTR are a, and those
specified in (a) — (d), and DT Neg. The main program to construct TREE(I,V)
could be the following:

BEGIN

Cl=C; T ={V(w1),...,V(wm)}; mo is the discrete partition on C'1;
RiInt ={V}; DT Neg = 0; TERM (o) = 0;

CALL CONSTR(ag, RInt,C1, 7y, T, DT Neg);

END

Ezample 1. Let us define a view V by the following two rules, and I = (0) an
extension of V:

V(ﬂ?) : —f(.’l?, 2:1), _|f(Z1, a)‘), f(t1, tg) : —R(t1, 22), R(227 tg), _|R(1517 tl).

The TREE(I,V) will have three levels (the root is considered on level 1).
For its root o we have: RInt(ag) = {V}, OldCV(ag) = {0}, m(ao) = {0},
OldD(ap) = V(0). In this example we denote by t; ...t the class that con-
tains the elements ¢, ...,t,. We have: f = V, I’ = V(0), Ext(f,I’') consists
of the rule: V(0) : —f(0,21),~f(21,0) , DPos(f,I') = f(0,z1), DNeg(f,I') =
f(z1,0),ExtVar(f,I') = {z1}, NewD(ag) = {f(0,21)}, NewCV (ap) = {0, 21},
DT Neg(ag) = {f(21,0)}. There are two partitions defined on NewCV (),
namely: m; = {0,21} and m2 = {0z1}. The formula ¢ associated to the exten-
sion Ext(f,I') is ¢ = (21 # 0). This formula is satisfied only by ;. For 7y,
we compute the set M, and if we denote by M; = {f(0,0), f(z1,21)}, and by
P (M) the set of all subsets from My, then M, = {{f(0,21)}US|S € P(M1)}.
Thus the node ag has four immediate successors. For S = 0, let us denote this
node by ;. This node will be extended with two successors, denoted 311 and
(12, for RInt = f, and the partition w3 = {0, z122}. For RInt = {f}, and the
partition w4 = {0, 21, 22}, we obtain 64 successors. For the nodes 11 and (12,
we have TERM (11) = 3, but TERM ($12) = 2. In a similar manner, we obtain
the elements associated to other nodes from TREE(I, V).

4 Some Properties of Nodes from TREE(I,V)

In the following, we point out some properties of databases associated to the
nodes from TREE(I,V).
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Proposition 1. Let a be a node from TREE(I,V) having TERM () # 3. Let
7 be an injective mapping from Classy(qy into Dom, and D' = 7(OldD(c)). We
have: V(D') = (.

In the following, we consider as mappings 7 only those that preserve constants,
i. e. 7([¢]z) = c¢. We remark that the view V is consistent with I iff there exists
a terminal node in TREE(I,V) having TERM («) = 3. Now, we give a result
about the relation between the answers of a query @), expressed by a semi-positive
non-recursive datalog program, for two databases defined on Dom.

Proposition 2. Let D1 and D be two databases defined on the schema S =
EDB(V) such that D1 C D, and for each atom R(w) € D — Dy, there is a
component v from w such that v & val(D1). Then, for each query Q expressed
as a semi-positive non-recursive datalog program having EDB(Q) C S, we have

Q(D1) € Q(D).

Proof. Since the query @ is non-recursive, we can define for each relational
symbol S from Q a level, denoted level(Q), and define as follows:

(i) For each S € EDB(Q), we take level(S) = 0.
(1) If f;, 1 < j < s+t occur in the right part of the definition of f from (1),
and maz{level(f;)|1 < j < s+t} = h, then level(f) = h+ 1.

We show by induction on level(f) the statement: f(D;) C f(D). Firstly, let
f be a symbol such that level(f) = 1, then from (i7) we have level(f;) = 0,
hence f; are EDB-symbols. Let w be from f(D;). This implies there exists a
substitution € from the variables that occur in the definition of f into Dom such
that 0f;(z;) € D1, 1 <j<nand 0fn,1i(znti) € D1, 1 <i<pandfz=w We
must show that: 0f,+i(2n4:) € D. Assume the contrary, then there exists i such
that 6f,+i(zn+:) € D. Since by the induction hypothesis 0 f,;(zn+i) & D1,
we obtain there exists a component v from 60z,; such that v € val(D;). On
the other hand, using the safeness property regarding the negation, we get: all
components of 0z,4; belong to 8(Ui<;<nz;), therefore all components of 6z,
belong to val(D1), which is a contradiction. Thus, w € f(D).

For the inductive step, assume that f;(D1) C f;(D), for each symbol f;, having
level(f;) < h. Let f be a symbol having level(f) = h+1, and f has the definition
specified in (1). By the hypothesis of induction, we have f;(D1) C f;(D). Since
the query @ is semi-positive, we have: f,+;, € EDB(Q), 1 < i < p. As in case
when level(f) = 1, we obtain f(D;) C f(D). ]

Lemma 1. Let OldCV be a set of constants and variables, and D a database de-
fined on Dom having Rel(D) C Rel(V). Let 0 be a substitution from OldCV into
Dom. Then, there exist a partition 7 defined on OldCV , an injective mapping
19 from Class; into Dom such that 0 = nroty.

Proof. We define the partition 7 as follows: ¢;7t2 iff 6(¢1) = 6(t2). The mapping
79 is as follows: m([t]x) = 6(t), for each ¢ € OldCV. The statement 6 = nroy
results immediately. a
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Proposition 3. Let OldC'V be a set of constants and variables, 0 a substitution
from OldCV into Dom. Let m be the partition of OldCV corresponding to 6 (by
Lemma ). Let OldD be a database defined on Class, and f € RInt(OldD).
Let I' = OldD|[f] = {f(#1),..., f(zs)}. Let D be a database defined on Dom,
having Rel(D) C Rel(V). Let E be the extension of f and I', i.e. E = Ext(f,I’).
Let ¢(FE) be the associated formula to E, and Vi = ExtVar(f,I'), the set of
all existentially quantified variables from E. We consider the definition of f
expressed as in (1). Assume that there exists a substitution 6 from OldCV into
Dom such that 0f(z;) € f(D), for each j, 1 < j < s. Moreover, assume that
I C V(19(0ldD)), where 1y is the injective mapping corresponding to 6 (Lemma
). The the following statements hold:

(i) There exists a substitution 01 from NewCV = OldCV U V; into Dom, such
that 61Sk(z;,tjk) € Sk(D), 1 <k <n, 1< j <s. For two different indexes j
and m the sets of existentially quantified variables are disjoint, i.e. (Ui<i<nt;i)N
(Ui<i<ntmi) = 0. Let DPos(f,I') = Ui<g<n Ui<j<s Sk(zj,t;k). Moreover, the
substitution 61 is an extension of 6.

(i1) 018n+e(2jstjnte) & Snte(D), 1<e<p, 1<j <s.

(ii1) The partition 1 corresponding to the substitution 61 (Lemmal[ll) defined on
NewCV is an extension of w, and satisfies m1($(E)) = TRUE.

(iv) There exist a database D' C D, and a database T on Class,, from Mg,
such that D" = 19, (T).

(v) The database D' specified above satisfies: I C V(D'), and for each atom S(w)
from D — D’ the vector w contains at least a component that does not belong to
V', where V' = 01 (NewCV).

Proof. The statements (i) and (ii) follow from the relations 0f(z;) € f(D),
1 < j < s and the definition of f. Since the substitution #; is an extension
of 6, it results that 7 is an extension of w. Since the substitution 6 satisfies
the relations 6f(z;) € f(D), we obtain that m (¢(E)) = TRUE (the statement
(iii)). For the statements (iv) and (v) we consider a database defined on Dom as
follows: D’ = {S(v)|S(v) € D, S € Rel(NewD) and v contains only values from
V’}. The mapping 7y, is bijective from Classy, into V'. Let T' = 7'9_11(D/). Let
us show that T € M, . From the statement (i), we obtain: 8; DPos(f,I') C D',
which implies T,?}”‘ C T', applying the substitution 7, ! and using the relation
79_11001 = N)x, . By Definition 5, we have: T/ = ., DPos(f,I'), and
Tner = {S(w)|S € Rel(DPos(f,I')), w has components from Classy, }—
Ny, DT, where DT is DNeg(f,I'). We obtain that T' C 7%, hence T' € Mo,
To show the statement (v): By the relations specified in (i) and (ii), V' =
01(NewCV') and by the definition of the database D', we obtain: 61 Sk(z;,tx) €
Sk(D,)7 1 S k S n, 1 S ] S S, 015n+e(zj,tjn+e) ¢ SnJre(D,)a 1 S € S D, 1 S
j < s. These statements imply 6, f(z;) € f(D’), 1 < j < s. Thus, using the
hypothesis I C V (79(OldD)), we get I C V(1p,(T)), i.e. I CV(D’). The second
part of the statement (v) results from the definition of D’. |

Theorem 1. Let D be a database defined on Dom such that I C V (D), and
Rel(D) C EDB(V). Then, there exist a terminal node o in TREE(I,V)
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having TERM () = 3, a substitution 6 from OldCV («) into Dom, an injective
mapping ¢ defined on Classy ) and having its values in Dom such that the
following assertions are true:

(a) I CV(D'), where D' = 179(0OldD(v)).
(b) For each atom R(w) from D — D', the vector w has at least a component
that does not belong to V' = (NewCV (a)).

Proof. Firstly, we assign the elements to the root ag of TREE(I,V). We take
OldCV = C, the set of all constants from I, 6 the unit substitution: 6(c) = ¢,
for each ¢ € C. It results that the partition 7 corresponding to 6 (Lemma
) is the discrete partition, OldD = {0V (w1),...;n=V (wm)}. Let f = V and
I' = OldD. The substitution 6 satisfies: 0V (w;) € V(D), because I C V(D).
Since 79(0OldD) = I, we have I C V(19(OldD)). Thus, we can use Proposition
Bl because the necessary conditions are satisfied. Applying Proposition B for the
node g, we pass from the node ag to a successor  of ag from TREE(I,V),
and for the node 3 the hypothesis of Proposition Bl are again satisfied. Let
Qp, a1, ...,y = « be the path from the root ag to a. Let 6(a;) be the sub-
stitution computed for the node «;, using Proposition [l Since 6(cj+1) is an
extension of §(c;), 0 < j < ¢, and the statements (a) and (b) from Proposition
Bl are true for each node «j, 0 < j < ¢, we obtain that TERM («) = 3. O

Theorem 2. Let a be a node terminal from TREE(I,V) having TERM (o) =
3. Let T be an injective mapping from Class (q) into Dom. Let D" be the database
defined on Dom such that D' = 7(OldD(c)). Then we have: I CV(D').

Proposition 4. Let NewCV be a set of constants and variables and © a parti-
tion defined on NewCV . Let T be a database defined on Class,, and T an in-
jective mapping from Class, into Dom. Then we have: 7(Q(T)) = Q(7(T)), for
each query Q expressed as non-recursive datalog program and having EDB(Q) C
EDB(V).

5 Computing of Certain Answers

In this section, we give some results necessary to compute all certain answers
corresponding to I, V and Q. Firstly, we need to give a definition that points
out a class of tuples, called C — tuples.

Definition 6. Let OldCV be a set of constants and variables, ™ a partition
defined on OldC'V, and w a tuple on Class;. The tuple w is called a C' — tuple,
if each of its components contains a constant.

Proposition 5. Let « be a terminal node from TREE(I,V), with TERM () =
3, () the partition corresponding to o, T = OldD(«x) the database associated
to a, with elements from Classy(q). Let T, = Q(T') be the answer of Q for T
and a tuple wq from Ty,.



76 V. Felea

(a) If the tuple w, is not a C — tuple, then for each injective mapping T from
Classy(a) tnto Dom, that preserves the constants, the tuple T(wq) s not a certain
answer under OW A for I,V and Q.

(b) If all tuples from T, are not C' — tuples, then there are not certain answers
under OW A.

We remark that for a C' — tuple w, from T,, there exists only one injective
mapping that preserves constants, denoted 79, and defined by: 74(t) = c if ¢ €
[t](a)- Moreover, the tuple 7o(w,) is a candidate for the set of certain answers.

We can specify a procedure called Cert AnsO that computes the set of certain
answers. To compute certain answers under CW A, we consider only the terminal
nodes o from TREFE(I,V) having TERM (o) = 3 and satisfying the restrictions:
V(T) only contains C — tuples and 70V (T') = I, where T' = OldD(«a). Thus one
can obtain easily a procedure, that computes the certain answers under CW A.

6 Conclusion

In this paper, we have presented a method to compute the certain answers in case
when views are expressed as non-recursive datalog programs with negation and
queries as non-recursive semi-positive datalog programs with negation. For the
future work, it is interesting to analyze whether our method can be extended in
cases when views and queries are expressed by other types of datalog programs.
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