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Abstract. In this paper, we study the integration of functional logic
programming and databases by presenting a data model, and a query
and data definition language. The query and data definition language is
based on the use of a set of algebra operators over an extended relational
algebra. The algebra expressions built from the extended algebra are used
for expressing queries and rules. In addition, algebra expressions can be
used for defining functions, typical in a functional logic program.

1 Introduction

Database technology is involved in most software applications. For this reason,
functional logic languages [9] should include database features in order to cover
with ’real world’ applications and increase its application field.

Relational algebra [7] is a formalism for defining and querying relational
databases [6]. Relational algebra is based on the use of the operators, such as
selection, projection, cross product, join, set union and set difference. Database
views and queries can be defined, in an intuitive way, by using these operators.

In order to integrate functional logic programming and databases, our idea
is: (1) to adapt functional logic programming to databases, by considering a
suitable data model ; (2) to adapt the algebra operators in order to handle the
proposed data model ; (3) to propose a data definition language which consists
on expressing conditional rewriting rules by means of the algebra operators and
consider a query language based on algebra operators; and finally, (4) to provide
semantic foundations to this integration.

With respect to (1), the underlying data model of functional logic program-
ming is complex from a database point of view [1]. Firstly, types can be defined
by using recursively defined datatypes, as lists and trees. Therefore, the attribute
values can be multi-valued ; that is, more than one value (for instance, a set of
values enclosed in a list) corresponds to each set of key attributes. In addition, we
have adopted non-deterministic semantics from functional-logic programming,
recently investigated in the framework CRWL [8]. Under non-deterministic se-
mantics, values can be grouped into sets, representing the set of values of the
output of a non-deterministic function. Therefore, our data model is complex in
a double sense, allowing the handling of complex values built from recursively
defined datatypes, and complex values grouped into sets. In addition, functional
logic programming handles partial and non-strict functions, and possibly infinite
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data. Therefore, in our setting, an attribute can be partially defined or, even,
include possibly infinite information.

With respect to (2), and in order to handle recursively defined datatypes,
we generalize the algebra operators in such a way that, for instance, we can
project the elements of a list. In addition, goals and rule conditions in functional
logic programming consist on equality constraints, which have to be solved in
order to solve a goal, or apply a rule. Therefore, we will generalize selection
and projection operators in a double sense: (a) in order to restructure complex
values, by applying data constructors and destructors over the attributes of a
given relation, and (b) in order to select tuples whose totally defined values
satisfy equality constraints.

With respect to (3), we propose a data definition language which basically
consists on database schema definitions, database instance definitions and (lazy)
function definitions. For a given database schema, we can define an instance
(which consists on key and non-key attribute values) by means of rules in the
form of algebra expressions, called algebraic rules. In addition, a set of functions
can be defined by means of algebraic rules in order to be used by queries for
handling recursively defined datatypes. The query language will be also based
on algebra expressions.

Finally, and w.r.t. (4), we will study the semantics of the algebra operators,
and conditions in order to ensure that they have the same expressivity power as
equality constraints. In addition, we have studied a fixed point operator, which
allows computing the least instance induced from a set of algebraic rules. Due
to lack of space, these results will be omitted here, but they will be included in
the full version of this paper.

Extended relational algebras have been studied as alternative query lan-
guages for deductive databases [1], and constraint databases[10, 5]. Our extended
relational algebra is in the line of [1], in which deductive databases handle com-
plex values in the form of set and tuple constructors. In our case, we generalize
the mentioned algebra in order to handle complex values built from arbitrary
recursively defined datatypes. In addition, our algebra is similar to the algebras
for constraint databases in the sense of dealing with (equality) constraints, but
here for comparing sets of complex values.

Finally, remark that this works goes towards the design of a functional logic
deductive language whose operational semantics [2, 4], and an extended relation
calculus [3] have also been studied.

The organization of this paper is as follows. In section 2 we will present a
short introduction to the syntax of algebraic rules; section 3 will show the data
model; section 4 will define the extended relational algebra, and finally, section
5 will show the query and data definition language.

2 Preliminaries

Logic programs and goals can be translated into algebra expressions following
three basic ideas: logic variables are translated into projections, bounded argu-
ments into selections and shared variables into joins. For instance:



(1) p(a, a). (2) p(b, c).
(3) q(b, a). (4) r(X, Y) : −p(X, c), q(X, Y).

can be translated into
(1)′ p = (a, a). (2)′ p = (b, c).
(3)′ q = (b, a). (4)′ r = πp.1,q.2(σp.2=c(p) ./ p.1=q.1 q)

Facts are translated into tuple definitions (see (1)′, (2)′ and (3)′). With respect
to the rules, and assuming that attribute names are p.1, . . . for each p, then in
rule (4), p(X, c) selects the tuples of p with the second attribute equal to c; that
is, σp.2=c(p). Here “=” is intended as the values unifying with c. In addition,
the condition p(X, c), q(X, Y) can be intended as a join operation between p and
q w.r.t the first attribute of p and q (represented by the shared variable X);
that is, σp.2=c(p) ./ p.1=q.1 q. Finally, r projects the first attribute of p (or q)
and the second attribute of q, that is, πp.1,q.2(σp.2=c(p) ./p.1=q.1 q). Now, a goal
: −r(b, X) can be translated into πr.2(σr.1=b(r)), obtaining as answer the tuple
(a). Now, we can consider the following (recursive) program, which succeeds for
each natural number built from 0 and s:

(1) p(0).
(2) p(s(X)) : −p(X).

can be translated into
(1)′ p = (0).
(2)′ p = πs(p.1)(p).

In order to write the original program as an algebra expression, we need to
consider projection operators over complex values, such as the above translation
shows. The meaning of πs(p.1)(p) is to project the “successor” of the first attribute
of p. This projection operation is even recursive and defines the same relation
as the corresponding logic program. Finally, the projection operation also needs
to accomplish the destruction of terms. For instance:

(1) q(s(0)).
(2) p(X) : −q(s(X)).

can be translated into
(1) q = (s(0)).
(2) p = πs.1(q.1)(q)

where πs.1(q.1)(q) projects the destruction of the first attribute of q (i.e.
s.1(q.1)), by obtaining n whenever the first attribute of q is s(n).

In order to generalize this formalism to functional logic programming, we
should assume the following convention. A function f defines a n + 1-tuple,
whenever the arity of f is n (i.e. ar(f) = n). For instance:

(1) append([ ], L) := L.
(2) append([X|L], L1) := [X|append(L, L1)].
(3) member(X, L) := true⇐ append(L1, [X|L2]) == L.

can be translated into
(1)′ append := ([ ], L, L).
(2)′ append := π[X|append.1],append.2,[X|append.3](append).
(3)′ member := π

[|].1(append.2),
==

append.3,true
(π

append.1,[|].1(append.2),[|].2(append.2),
==

append.3
(append)).

As can be seen, we consider the functions append and member as relations,
including non-ground tuples; that is, tuples with variables where: (a) these ones
are universally quantified (and thus representing an infinite relation), and (b)
they can be instantiated. For instance, the tuples ([ ], [0], [0]) and ([1], [0], [1, 0])
are (instantiated) tuples of the relation append.

Finally, functions can be either non-strict or represent possibly infinite values,
where ⊥ is used for representing non-strictness and partial approximations of
infinite values. For instance:



(1) f(X) := 0.
(2) g(X) := s(g(X))

can be translated into
(1)′ f := (X, 0).
(2)′ g := πg.1,s(g.2)(g)

where g represents the tuples (X, {⊥, s(⊥), s(s(⊥)), . . .}). Finally, the equality
constraint f(g(X)) == 0, which can be written as πg.1(f ./ f.1=g.2,f.2==0 g),
defines as answer the tuple (X), where X is universally quantified.

3 The Data Model
Let’s consider job bonus as an attribute, represented by a complex value of the
form j&b(job name, bonus). Now, the attribute can include the following kinds
of information:
⊥ undefined information (ni) expressing that both person’s job name and

salary bonus are unknown
j&b(lecturer, 100) totally defined information (tdi) expressing that a person’s job name is lec-

turer and his(her) salary bonus is 100 C
j&b(associate,⊥) partially undefined information (pni) expressing that we know the job name,

but not the salary bonus

Over these kinds of information, the following equality relations can be de-
fined: (1) = (syntactic equality); for instance, j&b(associate,⊥) = j&b(asso-
ciate,⊥) holds; and (2) == (strict equality), expressing that two values are syn-
tactically equal and totally defined ; for instance, j&b(associate, 250) == j&b
(associate, 250) holds, and j&b(associate,⊥) == j&b(associate, 250) does
not satisfy.

Assuming a set of data constructors c, d, . . . DC = ∪n≥0DC
n each one with

a given arity, the special symbol ⊥ with arity 0 (not included in DC), and a set
V of variables X,Y, . . ., we can build the set of partial c-terms CTermDC,⊥(V).
In particular, CTermDC(V) represents the set of totally defined c-terms. We can
build substitutions Subst⊥ = {θ : V → CTermDC,⊥(V)} in the usual way.

A partial ordering ≤ on CTermDC,⊥(V) can be defined as the least one
satisfying: ⊥ ≤ t, X ≤ X, and c(t1, ..., tn) ≤ c(t′1, ..., t

′
n) if ti ≤ t′i for all i ∈

{1, ..., n} and c ∈ DCn. The intended meaning of t ≤ t′ is that t is less defined
or has less information than t′. In particular ⊥ is the bottom element. Now,
we can build the set of (possibly infinite) cones of c-terms C(CTermDC,⊥ (V)),
and the set of (possibly infinite) ideals of c-terms I(CTermDC,⊥(V)). Cones and
ideals can also be partially ordered under the set-inclusion ordering (i.e ⊆).

Over cones and ideals, we can define an equality relation, C == C′, which
holds whenever any value in C and C′ is strictly equal. Finally, we need to consider
the greatest subcone containing the totally defined values of a cone C, denoted
by Total(C), and defined as Total(C) = {⊥} ∪t∈C∩CTermDC(V) < t >

Definition 1 (Database Schemas). Assuming a Milner’s style polymorphic
type system, a database schema S is a finite set of relation schemas R1, . . . , Rp
of the form: R(A1 : T1, . . . , Ak : Tk, Ak+1 : Tk+1, . . . , An : Tn), wherein the
relation names are a pairwise disjoint set, and the schemas R1, . . . , Rp include
a pairwise disjoint set of typed attributes1 (A1 : T1, . . . , An : Tn).

In the relation schema R, A1 . . . Ak are key attributes and Ak+1 . . . An repre-
sent non-key attributes, denoted by the sets Key(R) and NonKey(R), respec-
tively. We denote by Att(R) the attributes of R, nAtt(R) = n and nKey(R) = k.
1 We can suppose attributes qualified with the relation name when the names coincide.



Definition 2 (Databases). A database D is a triple (S,DC, IF ), where S is
a database schema, DC is a set of data constructors, and IF represents a set of
(interpreted) function symbols f, g, . . ., each one with an associated arity.

We denote by DS(D) the set of defined symbols of D, which contains relation
names, non-key attributes and interpreted function symbols. Interpreted func-
tions can be considered as relations, assuming the following convention. For
each f : T1 × . . . × Tn → T0 ∈ IF , we can include in S a relation schema
f(f.1 : T1, . . . , f.n : Tn, f.n + 1 : T0). As an example of database, we can con-
sider the following one:

S

{
person job(name : people, age : nat, address : dir, job id : job, boss : people)
job information(job name : job, salary : nat, bonus : nat)

person boss job(name : people, boss age : cbossage, job bonus : cjobbonus)
peter workers(name : people, work : job)

DC


john : people, mary : people, peter : people
lecturer : job, associate : job, professor : job
add : string× nat→ dir
b&a : people× nat→ cbossage
j&b : job× nat→ cjobbonus

IF
{
retention : nat→ nat

where S includes the relation schemas person job (storing information about
people and their jobs) and job information (storing generic information about
jobs), and the “views” person boss job, and peter workers, which will take
key values from the relation person job. The first view includes, for each per-
son, pairs in the form of records constituted by: (a) his/her boss and boss’ age,
by using the complex c-term b&a(people, nat), and (b) his/her job and job
bonus, by using the complex c-term j&b(job, nat). The second view includes
workers whose boss is peter. In addition, DC includes data constructors for the
types people, job, dir, cbossage and cjobbonus, and IF the interpreted func-
tion symbol retention which computes the salary without tax. The function
retention can be considered as a relation of the form retention(retention.1 :
nat, retention.2 : nat). In addition, we can consider database schemas involv-
ing (possibly) infinite databases as follows:

S

{
2Dpoint(coord : cpoint, color : nat)
2Dline(origin : cpoint, dir : orientation, next : cpoint, points : cpoint,

list of points : list(cpoint))

DC

{
north : orientation, south : orientation, east : orientation,

west : orientation, northeast : orientation...
[ ] : list A, [ | ] : A× list A→ list A
p : nat× nat→ cpoint

IF
{
select : (list A) → A

wherein the relation schemas 2Dpoint and 2Dline are defined for representing
bidimensional points and lines, respectively. The attribute points stores the
(infinite) set of points of the line, and list of points the (infinite) list of
points of the line. Here, we can see the double use of complex values: as a set
(which can be implicitly assumed), and a list.

Definition 3 (Schema Instances). A schema instance S of a database schema
S is a set of relation instances R1, . . .Rp, where each relation instance Rj

1 ≤ j ≤ p, is a (possibly infinite) set of tuples of the form (V1, . . . , Vn) for the



relation R, with n = nAtt(R) and Vi ∈ C(CTermDC,⊥(V)). In particular, each
Vj (j ≤ nKey(R)) satisfies Vj ∈ CTermDC(V)2.

The last condition forces the key values to be one-valued and totally defined.
Values can be non-ground where variables are implicitly universally quantified.

Definition 4 (Database Instances). A database instance D of a database
D = (S,DC, IF ) is a triple (S,DC, IF), where S is a schema instance, DC =
CTermDC,⊥(V), and IF is a set of function interpretations fD, gD, . . . satisfying
fD : CTermDC,⊥(V)n → C(CTermDC,⊥,F (V)) is monotone for each f ∈ IFn ,
that is, fD t1, . . . , tn ⊆ fD t′1, . . . , t

′
n if ti ≤ t′i, with 1 ≤ i ≤ n.

If we consider interpreted functions as relations, IF defines a set of tuples
for each fD ∈ IF as follows: (t1, . . . , tn, V ) ∈ f if V = {t | fDt1, . . . , tn =
t, and ti ∈ CTermDC(V)}3. Next, we show an example of instance for the
example of people and jobs:

person job

{
(john, {⊥}, {add(′6th Avenue′, 5)}, {lecturer}, {mary, peter})
(mary, {⊥}, {add(′7th Avenue′, 2)}, {associate}, {peter})
(peter, {⊥}, {add(′5th Avenue′, 5)}, {professor}, {⊥})

job information

{
(lecturer, {1200}, {⊥})
(associate, {2000}, {⊥})
(professor, {3200}, {1500})

person boss job

{
(john, {b&a(mary,⊥), b&a(peter,⊥)}, {j&b(lecturer,⊥)})
(mary, {b&a(peter,⊥)}, {j&b(associate,⊥)})
(peter, {b&a(⊥,⊥)}, {j&b(professor, 1500)})

peter workers

{
(john, {lecturer})
(mary, {associate})

retention
{

(0, {0}) . . . ..(10, {8}), . . .

As can be seen, each tuple instance includes key and non-key attribute values
grouped by sets4. Firstly, in the instance of the relation person job, all tuples
include the value ⊥ for the attribute age, indicating undefined information (ni).
Secondly, the instance of the view person boss job includes partially undefined
(pni), b&a(mary,⊥), expressing that john’s boss is known (i.e. mary), but mary’s
age is undefined. With respect to the modeling of a (possibly) infinite database,
we can consider the following approximation to the instance for the relation
schema 2Dline with (possibly infinite) values in their defined attributes:

2Dline

{
(p(0, 0), north, {p(0, 1)}, {p(0, 1), p(0, 2),⊥}, {[p(0, 0), p(0, 1), p(0, 2)|⊥]}), . . .
(p(1, 1), east, {p(2, 1)}, {p(2, 1), p(3, 1),⊥}, {[p(1, 1), p(2, 1), p(3, 1)|⊥]}), . . .

4 Extended Relational Algebra
The projection operator is based on the so-called projection c-terms, wherein a
projection c-term is a (labeled) algebra c-term. Now, we will define both concepts,
although, firstly, we need to define the notion of data destructors.
2 Each key value Vj can be considered as an ideal by means of the mapping Vj →<

Vj >.
3 Functions can define partially defined values, but we can lift to totally defined values,

by using variables instead of ⊥ without losing generality.
4 These sets can be ideals or cones but, here, in the examples we will summarize their

contents with the maximal elements.



Definition 5 (Data Destructors). Given a set of data constructors DC, we
define the set of data destructors DD induced from DC as the set c.idx : T0 →
Tidx, whenever c : T1 × . . .× Tn → T0 ∈ DC and 1 ≤ idx ≤ n. The semantics of
each c.idx is defined as follows: c.idx(c(t1, . . . , tn)) =def tidx, and ⊥ otherwise.

Now, the set of algebra c-terms is defined as the set of c-terms built from DC,
DD, attributes of D, and variables of V. The projection operator projects two
kinds of elements: (a) algebra c-terms, and (b) totally defined algebra c-terms.

Definition 6 (Projection C-Terms). A projection c-term p, q, . . . has the

form tA and
==
tA , where tA is an algebra c-term.

==
tA is a labeled algebra c-term, representing the set of totally defined c-terms

represented by tA. A projection c-term denotes a cone or ideal w.r.t. a tuple,
depending on whether it combines one-valued or multi-valued attributes.

Definition 7 (Denotation of Projection C-Terms). The denotation of a
projection c-term p in a tuple V = (V1, . . . , Vn) ∈ R (R ∈ S), w.r.t. a database
D = (S,DC, IF ) and instance D = (S,DC, IF), denoted by [|p|]DV , is defined as
follows:
[|X|]DV =def< X >, if X ∈ V; [|Ai|]DV =def ∪ψ∈Subst⊥Viψ, for all Ai ∈ Key(R) ∪
NonKey(R), and < ⊥ >, otherwise; [|c(tA1 , . . . , tAn )|]DV =def< c([|tA1 |]DV , . . . ,
[|tAn |]DV ) >5, for all c ∈ DC n ; [|c.idx(tA)|]DV =def c.idx([|tA|]DV ), for all c.idx ∈ DD;

and [|
==
tA |]DV =def Total([|tA|]DV ).

We denote by Att(p) (resp. var(p)) the attribute names (resp. variables) oc-
curring in a projection c-term p. For instance π

name,
==

b&a(boss,age)
(person job) con-

tains the tuples (john, {⊥}), (mary, {⊥}) and (peter, {⊥}), given that b&a(boss,
age) represents a partially defined value in the original relation person job.

With respect to selection operator, we need to define when a tuple satisfies two
kinds of equality relations: (1) syntactic equality (i.e. =) and (2) strict equality
(i.e. ==).

Definition 8 (Selection Formulas). A selection formula F has the form A =
tA, where A ∈ Key(R), R ∈ S, and tA is an algebra c-term, and tA == t′A,
where tA and t′A are algebra c-terms

Definition 9 (Satisfiability). A tuple V ∈ R (R ∈ S) satisfies a selection
formula F w.r.t. a database D = (S,DC, IF ) and instance D = (S,DC, IF) if
V |=A F , where |=A is defined as follows: V |=A A = tA, if [|tA|]DV ∈ [|A|]DV ; and
V |=A tA == t ′A, if [|tA|]DV == [|t′A|]DV

For instance, let’s consider the tuple (john, {⊥}, {add(′6th Avenue′, 5)}, {lec
turer}, {mary, peter}) in the instance of the relation schema person job. Now,
the selection formulas name = john, add.2(address) == 5, and boss == mary
are satisfied, but age == 35, and job id == associate are not.
5 To simplify denotation, we write {c(tA

1 , . . . , tA
n ) | tA

i ∈ Ci} as c(C1, . . . , Cn) where
C′

is are certain cones.



Definition 10 (Algebra Operators). Let D = (S,DC, IF ) and D = (S,DC,
IF) be a database and an instance, and let R,Q be relation names of S (or IF ),
then the algebra operators are defined as follows:

Selection (σ):
R′ = σF1,...,Fn

(R) =def {V ∈ R | V |=A F1, . . . , Fn} where Key(R′) = Key(R)
and NonKey(R′) = NonKey(R).
Projection (π):

R′ = π
tA1 ,...,t

A
k
,

==

tA
k+1,...,

==
tAn

(R) =def{([|tA1 |]DV , . . . , [|tAk |]DV , [|
==

tAk+1|]DV , . . . , [|
==

tAn |]DV )|V ∈ R}

where tA1 , . . . , t
A
k are all (possibly destructed) key attributes of R and tAk+1, . . . , t

A
n

are algebra c-terms, and Key(R′) = {tA1 , . . . , tAk } and NonKey(R′) = {
==

tAk+1

, . . . ,
==

tAn }.
Cross Product (×):
P = R × Q =def {(V1, . . . , Vk,W1, . . . ,Wk′ , Vk+1, . . . , Vn,Wk′+1, . . . ,Wm) | (V1,

. . . , Vk, Vk+1, . . . , Vn) ∈ R, (W1, . . . ,Wk′ ,Wk′+1, . . . ,Wm) ∈ Q}
where k = nKey(R), k′ = nKey(Q), n = nAtt(R) and m = nAtt(Q), Key(P ) =
Key(R) ∪Key(Q), and NonKey(P ) = NonKey(R) ∪NonKey(Q).
Join (./):
R ./F1,...,Fn

Q =def σF1,...,Fn
(R × Q) with the same conditions as the selection

operator.
Renaming (δρ):
R′ = δρ(R) where ρ : A1A2 . . . An → B1B2 . . . Bn, n = nAtt(R), and Bi 6= Bj if
i 6= j. R′ contains the same tuples as R and its schema is R′(ρ(A1), . . . , ρ(Ak),
ρ(Ak+1), . . . , ρ(An)), whenever the schema of R is R(A1, . . . , Ak, Ak+1, . . . , An).

Definition 11 (Algebra Expressions). Given a database D = (S,DC, IF )
and instance D = (S,DC, IF), then the algebra expressions Ψ(D)D are defined
as expressions built from a composition of algebra operators over a subset of
relation names {R1, . . . , Rp} of S (and a subset {f1, . . . , fr} of IF ). In addition,
the following conditions must be satisfied:
(a) Ψ must be closed w.r.t. key values; that is, Key(Ψ) = ∪R∈Rel(Ψ) Key(R)
(b) Ψ must be closed w.r.t. data destructors; that is,

(b.1) data destructors c.idx(tA) occurs in the form: πc.idx(tA), πc.idx(tA)=sA
,

π ==
c.idx(tA)

, and πc.idx(tA)==sA
;

(b.2) whenever πc.idx(tA) (or σsA
idx

=c.idx(tA)) occurs in Ψ , then πc.i(tA) or σsA
i

=

c.i(tA) must occur in Ψ for each 1 ≤ i ≤ n, where c ∈ DCn; and
(b.3) whenever π ==

c.idx(tA)
(or σsA

idx
==c.idx(tA)) occurs in Ψ , then π ==

c.i(tA)
or

σsA
i

==c.i(tA) must occur in Ψ for each 1 ≤ i ≤ n, where c ∈ DCn

where Key(Ψ) (resp. Rel(Ψ)) are the key attribute (resp. relation) names occur-
ring in Ψ .

Algebra expressions are used for expressing queries and algebraic rules. For
instance, the table 1 shows several algebra expressions representing queries against
the instances of person job and person boss job.



Table 1. Examples of Algebra Expressions

Query Algebra Expression

To obtain lecturer people
and their boss’s address
whenever it is defined

π
name,

==
address′

(σname′=boss, job id== lecturer(δ(ρ1)(person job×person job)))

To obtain associate-people’s
name, and salary bonus
whenever it is defined

π
name,

==
j&b.2(job bonus)

(σj&b.1(job bonus)==associate(person boss job))

ρ1 ≡ {name age . . . name age . . .→ name age . . . name′ age′ . . .}

5 The Query and Data Definition Language

Definition 12 (Queries and Query Answers). A query is an algebra expres-
sion Ψ(D)D, and (V1, . . . , Vn) is an answer of Ψ(D)D if (V1, . . . , Vn) ∈ Ψ(D)D

and Vi 6=< ⊥ > for all Vi.

Instances (key and non-key attribute values, and interpreted functions) are
defined by means of algebraic rules.

Definition 13 (Algebraic Rules). An algebraic rule AR w.r.t. a database
D, for a symbol H ∈ DS(D) of arity n, has the form H := πp1,...,pn,p(Ψ(D)),
indicating that H represents the tuple (p1, . . . , pn, p) obtained from Ψ(D). In
this rule, Ψ(D) is an algebra expression, and (p1, . . . , pn, p) can be any kind
of projection c-terms; in addition, (p1, . . . , pn) is a linear tuple of projection
c-terms (each variable and attribute symbol occurs only once), and extra vari-
ables and attributes are not allowed, i.e. var(p) ⊆ ∪1≤i≤nvar(pi) and (Att(p)∩
Att(Ψ(D)))\ ∪1≤i≤n Att(pi) = ∅.

Projection operator has been defined for the case π
tA1 ,....t

A
k
,

==

tA
k+1,...

==
tAn

, where

each tAi is (destructed) key attributes. However in algebraic rules, p1, . . . , pn, p
can be any kind of projection c-terms, given they can build new tuples. When-
ever the tuple is explicitly declared, we can write rules of the form H :=
(p1, . . . , pn, p) where pi are c-terms. In particular, assuming R of arity k, the
rules R := πp1,...,pk

(Ψ(D)) (R := (p1, . . . , pk)) allow the setting of p1, . . . , pk as
key values of the relation R. Analogously, assuming A of arity k + 1, the rules
A := πp1,...,pk,p(Ψ(D)) (resp. A := (p1, . . . , pk, p)), where A ∈ NonKey(R), set
p as value of A for the tuple of R with key values p1, . . . , pk. Finally, inter-
preted function symbols are represented by rules f := πp1,...,pn,p(Ψ(D)), when-
ever f ∈ IF is of arity n, where p1, . . . , pn are the arguments of the function,
and p is the result. For instance, the instances for the relations person job, job
information, and views person boss job and peter workers, can be defined
by the following rules:

person job



person job := (john). person job := (mary).
person job := (peter).
address := (john, add(′6th Avenue′, 5)). address := (mary, add(′7th Avenue′, 2)).
address := (peter, add(′5th Avenue′, 5)).
job id := (john, lecturer). job id := (mary, associate).
job id := (peter, professor).
boss := (john, mary). boss := (john, peter).
boss := (mary, peter).



job information


job information := (lecturer). job information := (associate).
job information := (professor).
salary := πlecturer,retention.2(σretention.1=1500(retention)).
salary := πassociate,retention.2(σretention.1=2500(retention)).
salary := πprofessor,retention.2(σretention.1=4000(retention)).
bonus := (professor, 1500).

person boss job


person boss job := πname(person job).
boss age := πname,b&a(boss,age′)(σboss=name′ (δname...name...→name...name′...(person job

×person job))).
job bonus := πname,j&b(job name,bonus)(σjob id=job name(person job

×job information)).

peter workers

{
peter workers := πname(σboss==peter(person job)).
work := πname,job id(person job).

6 Conclusions and Future Work

We have shown how to integrate functional logic programming and databases
by means of a unified syntax and semantics. However, this framework opens
new research topics, such as to provide a suitable operational mechanism (and
the study of evaluation strategies) in order to efficiently solve queries against
a database. On the other hand, we would like to study the extension of our
framework for the handling of negative information in the line of [11].
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