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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 (OWA) and the close world assump-
tion (CWA). 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 Q 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 coNP . 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 (x) 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 Q 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 Q satisfy
the restrictions like as those for V . Assume that EDB(Q) ⊆ EDB(V). In the
following definition we give the notion of certain answer.

Definition 1. Let Q 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 (x) as the head of the main rule. Let I = {w1, . . . , wm} 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 ⊆ V(D), and Rel(D) ⊆ Rel(V). The tuple t is a certain answer for I, V,
and Q under CWA, if t ∈ Q(D) for all databases D defined on Dom such that
I = V(D), and Rel(D) ⊆ Rel(V).

Intuitively, a tuple is a certain answer of the query Q, 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 OWA, the relation I ⊆ V(D) is equivalent to wi ∈ 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 π be a
partition on the set C ∪ Y , and Classπ the set of all classes defined by π.
A partition π is called a C − partition, if for two distinct constants c1 and
c2, we have [c1]π �= [c2]π , hence two distinct constants occur in two distinct
classes with respect to π. Through the paper we use only C − partitions, so in
the paper when we write partition, we mean C − partition. For a partition π
defined on C ∪ Y , we consider a mapping from C ∪ Y into Classπ, denoted ηπ

and defined as follows: ηπ(t) = [t]π , where [t]π denote the class that contains t.
The mapping ηπ is naturally extended for a vector w = (t1, . . . , tr) having the
components from C ∪ Y , by ηπ(w) = (ηπ(t1), . . . , ηπ(tr)). For an atom R(w),
we consider ηπ(R(w)) = R(ηπ(w)). For a set S of atoms having the form R(w),
we define ηπ(S) = {ηπ(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|∃R(w) ∈ D, v is a component of w}. The view V is said consistent
with I under OWA if there exists a database D over Dom such that I ⊆ V(D).
Let us denote by f1of2 the composition of the two mappings f1, f2, where
(f1of2)(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) : −S1(z, t1), . . . , Sn(z, tn),¬Sn+1(z, tn+1), . . . ,¬Sn+p(z, tn+p) (1)

The vector z contains all free variables from this definition, the vector tj contains
all existentially quantified variables from Sj(z, tj). Let us denote by yj the vector
of all variables that occur in Sj(z, tj). Let Sn+j(yn+j) be an atom that occurs
in the negated part of f(z). If the symbol Sn+j occurs in the positive part
of f with indexes α1,. . .,αq, then we have: Sn+j=Sαi , for each i, 1 ≤ i ≤ q,



70 V. Felea

and Sn+j �= Sβ , for each β ∈ {1, . . . , n} − {α1, . . . , αq}. We associate to the
atom Sn+j(yn+j) a formula denoted φj , and defined as follows: φj = (yn+j �=
yα1

) ∧ . . . ∧ (yn+j �= yαq
), where the expression (yl �= ys) denotes the following

disjunction: (y1
l �= y1

s) ∨ . . . ∨ (yr
l �= yr

s), the tuples yl and ys having the form:
yl = (y1

l , . . . , yr
l ), ys = (y1

s , . . . , yr
s). In case when Sn+j does not occur in the

positive part of f , then we consider φj = TRUE.

Definition 2. The formula φ corresponding to f , denoted φ(f) is the conjunc-
tion of all formulas φj, 1 ≤ j ≤ p, that means: φ(f) = φ1 ∧ . . . ∧ φp.

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

Definition 3. Let π be a partition defined on C ∪ Y and φ(f) the formula
constructed for f as we mentioned above. The logic value of φ(f) for π, denoted
π(φ(f)) is recursively defined as follows:
(i) If φ ≡ (t �= t′), where t and t′ ∈ C ∪ Y , then π(φ) = TRUE if there is no
class E from Classπ such that t, t′ ∈ E, i.e. [t]π �= [t′]π.
(ii) π(φ1 ∧ φ2) = π(φ1) ∧ π(φ2), π(φ1 ∨ φ2) = π(φ1) ∨ π(φ2).

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 π be a partition, T a database defined on Classπ, 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(zh)} and f(z) : −f1(z, t) the definition of f in V, 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
l we take the existentially quantified variable sets disjoint.
(a) We denote these rules by Ext(f, I ′), i.e.

f(zj) : −f1(zj , tj), 1 ≤ j ≤ h.

(b) The set of all existentially quantified variables from Ext(f, I ′) will be denoted
by ExtV ar(f, I ′), i.e. ExtV ar(f, I ′) = ∪1≤j≤htj.
(c) Two databases defined on Classπ, denoted DPos(f, I ′) and DNeg(f, I ′), and
specified as follows:
DPos(f, I ′) = ∪1≤j≤hpos(f(zj)), DNeg(f, I ′) = ∪1≤j≤hneg(f(zj)).

Associated to I and V , we construct a tree denoted TREE(I,V), where its root
is denoted by α0. For each node α 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(α),
(b) A set of constants and variables, denoted OldCV (α),
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(c) A partition defined on OldCV (α), denoted π(α), and
(d) A database defined on Classπ(α), denoted OldD(α). These elements are also
called inherited, because they are calculated for the precedent node.

The “calculated elements” associated to α, using Definition 4 are the following:
(e) For each symbol f from RInt(α) we compute I ′ = OldD(α)[f ], E1 =
Ext(f, I ′), D1 = DPos(f, I ′), D2 = DNeg(f, I ′), E2 = ExtV ar(f, I ′).
(f) A new set of constants and variables NewCV (α) = OldCV (α) ∪ E2,
(g) A new database defined on Classπ(α), NewD(α) = (OldD(α) − I ′) ∪ D1.
(h) A database defined on Classπ(α) containing all atoms from all nodes γ situ-
ated on the path from α0 to α, DTNeg(α) = DTNeg(α′) ∪D2, where α′ is the
immediate predecessor of α.
(i) The set of all partitions defined on NewCV (α), that are extensions of π(α).
This set is denoted Partition(α).
(j) For each partition π1 from Partition(α), we compute the set Mπ1 , specified
in Definition 5.
(k) A variable TERM(α) having the values: 0 when α is not terminal, 1 in case
when α is terminal, but RInt(α) �= ∅, 2 when the node is terminal, but the
database OldD(α) is inconsistent with V , 3 otherwise.

Definition 5. Let π be a partition, T a database defined on Classπ, f ∈
IDB(V), I ′ = T [f ], NewCV a set of constants and variables, π1 a partition
defined on NewCV , that is an extension of π, and Ext(f, I

′
) the datalog pro-

gram specified in Definition 4. We define two databases on Classπ1 denoted T min
π1

and T max
π1

and defined as follows:

T min
π1

= ηπ1DPos(f, I ′), (2)

T max
π1

= {ηπ1R(w), R ∈ Rel(DPos(f, I ′)) and

w has components from NewCV } − ηπ1DTNeg(α) (3)

A set of databases defined on Classπ1 , denoted Mπ1 will be defined as follows:

Mπ1 = {T1|T min
π1

⊆ T1 ⊆ T max
π1

} (4)

Corresponding to the root α0 we take the following: RInt(α0) = {V },
OldCV (α0) = C, π(α0) is the discrete partition on C, OldD(α0) = {V (w1),
. . . , V (wm)}, where I = {w1, . . . , wm}, and DTNeg(α0) = ∅. Now, we spec-
ify some details about the construction of TREE(I,V). Suppose we have con-
structed the node α having the elements described above. For each tuple having
the form (f, π1, T1), where f ∈ RInt(α), π1 ∈ Partition(α), and T1 ∈ Mπ1 ,
we construct an immediate successor of α, denoted β, such that: RInt(β) =
RInt(α) − {f} ∪ IDB(Ext(f, I ′)), OldCV (β) = NewCV (α), π(β) = π1,
OldD(β) = T1, DTNeg(β) = DTNeg(α) ∪ DNeg(f, I ′).

In case when the view definition of f does not contain existentially quan-
tified variables (ExtV ar(f, I ′) = ∅), then the immediate successors of α are
constructed for each vector (f, π1, T1) , where f ∈ RInt(α), π1 = π(α) and
T1 ∈ Mπ1 . In case when the node α is terminal, but RInt(α) �= ∅, then we
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called this node ”failed node”. In case when α is terminal and RInt(α) = ∅,
then it is need to test this node for consistency. Let D = OldD(α). For each
f ∈ IDB(V), we compute the answer of f for D, denoted f(D). The test for
this node α is the following:

(∪f∈IDB(V)f(D))∩DTNeg(α) �= ∅∨DTNeg(α)[EDB(V)]∩OldD(α) �= ∅ (5)

In case when the node α satisfies this condition, then TERM(α) = 2 otherwise
TERM(α) = 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 α constructs all successors of α
in TREE(I,V). The parameters of the procedure CONSTR are α, and those
specified in (a)− (d), and DTNeg. The main program to construct TREE(I,V)
could be the following:

BEGIN
C1 = C; T = {V (w1), . . . , V (wm)}; π0 is the discrete partition on C1;
RInt = {V }; DTNeg = ∅; TERM(α0) = 0;
CALL CONSTR(α0, RInt, C1, π0, T, DTNeg);
END

Example 1. Let us define a view V by the following two rules, and I = (0) an
extension of V :
V (x) : −f(x, z1),¬f(z1, x), f(t1, t2) : −R(t1, z2), R(z2, t2),¬R(t1, t1).
The TREE(I,V) will have three levels (the root is considered on level 1).
For its root α0 we have: RInt(α0) = {V }, OldCV (α0) = {0}, π(α0) = {0},
OldD(α0) = V (0). In this example we denote by t1 . . . th the class that con-
tains the elements t1, . . .,th. We have: f = V , I ′ = V (0), Ext(f, I ′) consists
of the rule: V (0) : −f(0, z1),¬f(z1, 0) , DPos(f, I ′) = f(0, z1), DNeg(f, I ′) =
f(z1, 0),ExtV ar(f, I ′) = {z1}, NewD(α0) = {f(0, z1)}, NewCV (α0) = {0, z1},
DTNeg(α0) = {f(z1, 0)}. There are two partitions defined on NewCV (α0),
namely: π1 = {0, z1} and π2 = {0z1}. The formula φ associated to the exten-
sion Ext(f, I ′) is φ = (z1 �= 0). This formula is satisfied only by π1. For π1,
we compute the set Mπ1 and if we denote by M1 = {f(0, 0), f(z1, z1)}, and by
P(M1) the set of all subsets from M1, then Mπ1 = {{f(0, z1)}∪S|S ∈ P(M1)}.
Thus the node α0 has four immediate successors. For S = ∅, let us denote this
node by β1. This node will be extended with two successors, denoted β11 and
β12, for RInt = f , and the partition π3 = {0, z1z2}. For RInt = {f}, and the
partition π4 = {0, z1, z2}, we obtain 64 successors. For the nodes β11 and β12,
we have TERM(β11) = 3, but TERM(β12) = 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 α be a node from TREE(I,V) having TERM(α) �= 3. Let
τ be an injective mapping from Classπ(α) into Dom, and D′ = τ(OldD(α)). We
have: V(D′) = ∅.
In the following, we consider as mappings τ only those that preserve constants,
i. e. τ([c]π) = c. We remark that the view V is consistent with I iff there exists
a terminal node in TREE(I,V) having TERM(α) = 3. Now, we give a result
about the relation between the answers of a query Q, 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 ⊆ D, and for each atom R(w) ∈ D − D1, 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) ⊆ S, we have
Q(D1) ⊆ Q(D).

Proof. Since the query Q 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.
(ii) If fj, 1 ≤ j ≤ s + t occur in the right part of the definition of f from (1),
and max{level(fj)|1 ≤ j ≤ s + t} = h, then level(f) = h + 1.

We show by induction on level(f) the statement: f(D1) ⊆ f(D). Firstly, let
f be a symbol such that level(f) = 1, then from (ii) we have level(fj) = 0,
hence fj are EDB-symbols. Let w be from f(D1). This implies there exists a
substitution θ from the variables that occur in the definition of f into Dom such
that θfj(zj) ∈ D1, 1 ≤ j ≤ n and θfn+i(zn+i) �∈ D1, 1 ≤ i ≤ p and θz = w. We
must show that: θfn+i(zn+i) �∈ D. Assume the contrary, then there exists i such
that θfn+i(zn+i) ∈ D. Since by the induction hypothesis θfn+i(zn+i) �∈ D1,
we obtain there exists a component v from θzn+i such that v �∈ val(D1). On
the other hand, using the safeness property regarding the negation, we get: all
components of θzn+i belong to θ(∪1≤j≤nzj), therefore all components of θzn+i

belong to val(D1), which is a contradiction. Thus, w ∈ f(D).
For the inductive step, assume that fi(D1) ⊆ fi(D), for each symbol fi, having

level(fi) ≤ 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 fi(D1) ⊆ fi(D). Since
the query Q is semi-positive, we have: fn+i ∈ EDB(Q), 1 ≤ i ≤ p. As in case
when level(f) = 1, we obtain f(D1) ⊆ f(D). �

Lemma 1. Let OldCV be a set of constants and variables, and D a database de-
fined on Dom having Rel(D) ⊆ Rel(V). Let θ be a substitution from OldCV into
Dom. Then, there exist a partition π defined on OldCV , an injective mapping
τθ from Classπ into Dom such that θ = ηπoτθ.

Proof. We define the partition π as follows: t1πt2 iff θ(t1) = θ(t2). The mapping
τθ is as follows: τθ([t]π) = θ(t), for each t ∈ OldCV . The statement θ = ηπoτθ

results immediately. �
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Proposition 3. Let OldCV be a set of constants and variables, θ a substitution
from OldCV into Dom. Let π be the partition of OldCV corresponding to θ (by
Lemma 1). Let OldD be a database defined on Classπ and f ∈ RInt(OldD).
Let I ′ = OldD[f ] = {f(z1), . . . , f(zs)}. Let D be a database defined on Dom,
having Rel(D) ⊆ Rel(V). Let E be the extension of f and I ′, i.e. E = Ext(f, I ′).
Let φ(E) be the associated formula to E, and V1 = ExtV ar(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 θ from OldCV into
Dom such that θf(zj) ∈ f(D), for each j, 1 ≤ j ≤ s. Moreover, assume that
I ⊆ V (τθ(OldD)), where τθ is the injective mapping corresponding to θ (Lemma
1). The the following statements hold:

(i) There exists a substitution θ1 from NewCV = OldCV ∪ V1 into Dom, such
that θ1Sk(zj , 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. (∪1≤l≤ntjl)∩
(∪1≤l≤ntml) = ∅. Let DPos(f, I ′) = ∪1≤k≤n ∪1≤j≤s Sk(zj , tjk). Moreover, the
substitution θ1 is an extension of θ.
(ii) θ1Sn+e(zj , tjn+e) �∈ Sn+e(D), 1 ≤ e ≤ p, 1 ≤ j ≤ s.
(iii) The partition π1 corresponding to the substitution θ1 (Lemma 1) defined on
NewCV is an extension of π, and satisfies π1(φ(E)) = TRUE.
(iv) There exist a database D′ ⊆ D, and a database T on Classπ1 from Mπ1

such that D′ = τθ1(T ).
(v) The database D′ specified above satisfies: I ⊆ 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 ′ = θ1(NewCV ).

Proof. The statements (i) and (ii) follow from the relations θf(zj) ∈ f(D),
1 ≤ j ≤ s and the definition of f . Since the substitution θ1 is an extension
of θ, it results that π1 is an extension of π. Since the substitution θ satisfies
the relations θf(zj) ∈ f(D), we obtain that π1(φ(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 τθ1 is bijective from Classπ1 into V ′. Let T = τ−1

θ1
(D′). Let

us show that T ∈ Mπ1 . From the statement (i), we obtain: θ1DPos(f, I ′) ⊆ D′,
which implies T min

π1
⊆ T , applying the substitution τ−1

θ1
, and using the relation

τ−1
θ1

oθ1 = ηπ1 . By Definition 5, we have: T min
π1

= ηπ1DPos(f, I ′), and
T max

π1
= {S(w)|S ∈ Rel(DPos(f, I ′)), w has components from Classπ1}−

ηπ1DT , where DT is DNeg(f, I ′). We obtain that T ⊆ T max
π1

, hence T ∈ Mπ1 .
To show the statement (v): By the relations specified in (i) and (ii), V ′ =

θ1(NewCV ) and by the definition of the database D′, we obtain: θ1Sk(zj , tjk) ∈
Sk(D′), 1 ≤ k ≤ n, 1 ≤ j ≤ s, θ1Sn+e(zj , tjn+e) �∈ Sn+e(D′), 1 ≤ e ≤ p, 1 ≤
j ≤ s. These statements imply θ1f(zj) ∈ f(D′), 1 ≤ j ≤ s. Thus, using the
hypothesis I ⊆ V (τθ(OldD)), we get I ⊆ V (τθ1(T )), i.e. I ⊆ V (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 ⊆ V (D), and
Rel(D) ⊆ EDB(V). Then, there exist a terminal node α in TREE(I,V)
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having TERM(α) = 3, a substitution θ from OldCV (α) into Dom, an injective
mapping τθ defined on Classπ(α) and having its values in Dom such that the
following assertions are true:

(a) I ⊆ V (D′), where D′ = τθ(OldD(α)).
(b) For each atom R(w) from D − D′, the vector w has at least a component

that does not belong to V ′ = θ(NewCV (α)).

Proof. Firstly, we assign the elements to the root α0 of TREE(I,V). We take
OldCV = C, the set of all constants from I, θ the unit substitution: θ(c) = c,
for each c ∈ C. It results that the partition π corresponding to θ (Lemma
1) is the discrete partition, OldD = {ηπV (w1), ..., ηπV (wm)}. Let f = V and
I ′ = OldD. The substitution θ satisfies: θV (wi) ∈ V (D), because I ⊆ V (D).
Since τθ(OldD) = I, we have I ⊆ V (τθ(OldD)). Thus, we can use Proposition
3, because the necessary conditions are satisfied. Applying Proposition 3 for the
node α0, we pass from the node α0 to a successor β of α0 from TREE(I,V),
and for the node β the hypothesis of Proposition 3 are again satisfied. Let
α0, α1, ..., αq = α be the path from the root α0 to α. Let θ(αi) be the sub-
stitution computed for the node αi, using Proposition 3. Since θ(αj+1) is an
extension of θ(αj), 0 ≤ j < q, and the statements (a) and (b) from Proposition
3 are true for each node αj , 0 ≤ j ≤ q, we obtain that TERM(α) = 3. �
Theorem 2. Let α be a node terminal from TREE(I,V) having TERM(α) =
3. Let τ be an injective mapping from Classπ(α) into Dom. Let D′ be the database
defined on Dom such that D′ = τ(OldD(α)). Then we have: I ⊆ V(D′).

Proposition 4. Let NewCV be a set of constants and variables and π a parti-
tion defined on NewCV . Let T be a database defined on Classπ, and τ an in-
jective mapping from Classπ into Dom. Then we have: τ(Q(T )) = Q(τ(T )), for
each query Q expressed as non-recursive datalog program and having EDB(Q) ⊆
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, π a partition
defined on OldCV , and w a tuple on Classπ. The tuple w is called a C − tuple,
if each of its components contains a constant.

Proposition 5. Let α be a terminal node from TREE(I,V), with TERM(α) =
3, π(α) the partition corresponding to α, T = OldD(α) the database associated
to α, with elements from Classπ(α). Let Ta = Q(T ) be the answer of Q for T
and a tuple wa from Ta.
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(a) If the tuple wa is not a C − tuple, then for each injective mapping τ from
Classπ(α) into Dom, that preserves the constants, the tuple τ(wa) is not a certain
answer under OWA for I, V and Q.
(b) If all tuples from Ta are not C − tuples, then there are not certain answers
under OWA.

We remark that for a C − tuple wa from Ta, there exists only one injective
mapping that preserves constants, denoted τ0, and defined by: τ0(t) = c if c ∈
[t]π(α). Moreover, the tuple τ0(wa) is a candidate for the set of certain answers.

We can specify a procedure called CertAnsO that computes the set of certain
answers. To compute certain answers under CWA, we consider only the terminal
nodes α from TREE(I,V) having TERM(α) = 3 and satisfying the restrictions:
V (T ) only contains C − tuples and τ0V (T ) = I, where T = OldD(α). Thus one
can obtain easily a procedure, that computes the certain answers under CWA.

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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