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* SQL is equivalent to Relational Calculus which is
essentially a first order language.

* A Relational Calculus query is a formula of FOL that is
evaluated with respect to a set of database facts.

1. A DB can be viewed as a first order interpretation;

2. The result of a query is the set of values that when
substituted for the free variables of the query make
the query true in the interpretation provided by the
DB.




1. A DB is viewed as a set of FOL formulas, i.e., a first
order Theory

2. Queries are formulas to be proven given the DB as
premises.

3. Reiter’'s Conclusions.
(a) The Model and Proof paradigms can be reconciled;

(b) The Proof view is reacher (Deductive DBs, DBs with
incomplete information, etc...)




Let R be a first order language over an alphabet X, then R is
said a relational language |if:

1. X has a finite number of constants and predicates;
2. X does not have function symbols;

3. One of the predicates in X is the equality binary
predicate (we call R a FOL with equality);

4. Among the predicates there is a distinguished set of
unary predicates called Types (capture the notion of
attribute domains for relations).




Let R be a relational language over an alphabet X, an
interpretation 7 = (A,-") is a relational interpretation for R if:

1. .1 : constants in X — A, is 1-1 and onto
2. (=)' ={(d.,d)|decA}.




A relational database is a triple DB = (R, 1,IC) where:

1. R s a relational language;

2. IC is a set of formulas over R (Integrity Constraints) s.t.
for all P € X (distinct from “=” and types) /C contains:

Vi, ey Xn P(X1, .o, x) — Tr(x) AL AT(X)

where t; are types (said the domains of P);
3. I is a relational interpretation for R satisfying /C.




Queries are defined w.r.t. a relational language R.

* Let DB= (R, 1,IC), then a query over DB is a formula
Q(xy,...,x,) over R with xq,...,x, as the only free
variables.

* The answer set of a query Q(xi,...,x,) is the set:
{cr,...,ch,€X| T EQ(cty...,cn)}

Model Checking Vs. Query Answering. A tuple (ci,...,c,)
belongs to the answer set of a query Q iff we can answer
positively to the Model Checking problem:

I = Q(Cl,...,Cn)




* The Model Checking perspective on DBs can be
reinterpreted in purely Proof Theoretic terms.

* Main Idea: Define a First Order Theory, I', called
relational theory, and show an equivalence between
such theories and relational interpretations, i.e.:

(R, 1,IC)=(R,T,IC)

* Truth in the interpretation 1 will be reformulated in terms
of provability in the theory T.




Let R be a relational language with alphabet ¥ and wff W.
[ C W is a relational theory of R iff:

* Domain Closure. If ¢1,...,c, are all of the constants in X,
then I" contains the axiom:

Vx.(x=c1V...Vx=c,)
* Unigue Name Assumption. I contains the axiom:
—(ci=cj) i,j=1,...,n i<

* Atomic Assertions. Let V C W a set of ground atomic
formulas (equality is not considered here). Then:

Vo




* Completion. Let P € ¥ an m-ary predicate (different from
“=”), we define: Cp = {(Cl, . ,Cm) ’ P(Cl, . ,Cm) = V}
Suppose that Cp = {(c1,...,c}),...(c},...,cE)}. Then T’
contains the axiom for P:

Vxr, .. X [P(X1, . X)) — (X1 =l A A Xy =)
Voo.V(xi=c{A... Axyy =cP)]
If Cp = 0 then the axiom is: Vx,...,x,.7P(x1,...,Xn)

* I" contains each of the following equality axioms:
* Reflexivity. Vx.(x = x)

* Commutativity. Vx,y.(x =y) — (y = x)

* Transitivity. Vx,y,z.(x =y) A (y=2) — (x =2)

* Leibnitz’s principle of substitution. For each P € X:
VX1 ey Xy Vg e o s Vi [P(X1 oy X ) A
(X1 =Y)A . AX=Yn) = Py Vm)]




Theorem. Let R be a relational language. Then:

1. If " is a relational theory of R then I" has a unigue model
which is a relational interpretation for R.

2. It 1 is a relational interpretation for R then there is a
relational theory of R, I'', such that 1 is the only model of

I

Corollary. Let I be a relational theory of a relational
language R, and 1 be the model of I'. Then, for any ¢ of R:

I

— ¢

iff T

— ¢
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