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then give necessary and sufficient conditions for each type of update-insert, 
delete, and modify. In a similar fashion, we deal with autonomously computable 
updates in Section 4. We conclude the paper with a discussion in Section 5. The 
satisfiability algorithm we use is given as an Appendix. 

2. NOTATION AND BASIC ASSUMPTIONS 
A database scheme D = (D, S) consists of a set of (base) relation schemes D = 
I&, Ra, . . . , R, ), and a set of derived relation definitions S = {El, EZ, . . . , E,], 
where each Ei E S is a relational algebra expression over some subset of D. 
A database instance d, consists of a set of relation instances rl, r,, . . . , r,, one for 
each Ri E D. We impose no constraints (e.g., keys or functional dependencies) 
on the relation instances allowed. A derived relation v (Ei, d) is a relation instance 
resulting from the evaluation of a relational algebra expression Ei against the 
database d. We consider a restricted but important class of derived relations, 
namely those defined by a relational algebra expression constructed from any 
combination of project, select and join operations, called a PSJ-expression. In 
addition, we impose a restriction that no relation occurs as an operand more 
than once in the expression. In other words, a relation cannot be joined with 
itself (a self-join). We often identify a derived relation with its defining expression 
even though, strictly speaking, the derived relation is the result of evaluating 
that expression. 

We state the following without proof: every valid PSJ-expression without self- 
joins can be transformed into an equivalent expression in a standard form 
consisting of a Cartesian product, followed by a selection, followed by a projec- 
tion. It is easy to see this by considering the operator tree corresponsing to a 
PSJ-expression. The standard form is obtained by first pushing all projections 
to the root of the tree and thereafter all selection and join conditions. 
From this it follows that any PSJ-expression can be written in the form E = 
rAu~(Ri, X Ri, X * * * X Ri,), where Ri,, Ri,, . . . , R, are relation schemes, 
% is a selection condition, and A = (Al, A2, . . . , Al ) are the attributes of 
the projection. We can therefore represent any PSJ-expression by a triple 
E = (A, R, ‘Z), where A = (A,, A2, . . . , Al] is called the attribute set, R = 
I&, 3 Ri2p * * * 3 Ri,] is the relation set or base, and g is a selection condition composed 
from the conditions of all the select and join operations of the relational algebra 
expression defining E. The attributes in A will often be referred to as the visible 
attributes of the derived relation. A selection condition is a Boolean combination 
of atomic (selection) conditions. We also use the notation 

the set of all attributes appearing on condition 8, 
the set of all attributes of relation R, 
the set of all attributes mentioned in the set of relation schemes 
R (i.e., tJ~,~~cz(Ri)), and 
the projection of the tuple t onto the attributes in set X. 

For simplicity, all attribute names are taken to be unique (over the set of base 
relations). Current systems are capable of handling only discrete and finite 
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