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domains. Any such domain can be mapped onto an interval of integers, and 
therefore we will in the sequel treat all attributes as being defined over some 
interval of integers. It will often be necessary to identify exactly from which set 
of attributes a tuple may take its value. Let A = (Al, . . . , Ah) be a set of attributes. 
We will use the phrase, tuple t is defined over set A, to describe a situation where 
t is a tuple defined over the attributes Al, . . . , Ak; or more simply t is over A, if 
no confusion will arise. 

The update operations considered are insertions, deletions, and modifications. 
Each update operation affects only one (conceptual) relation. The following 
notation will be used for update operations: 

INSERT@,, 2’): Insert into relation r, the set of tuples T, where each 
t E T is defined over a(&). 

DELETE@,, go): Delete from relation rU all tuples satisfying condition 
VD where %?e is a selection condition over a(&). 

MODIFY@,, E7M, FM): Modify all tuples in r, that satisfy the condition gM, 
where @?M is a selection condition over a(&). FM is 
a set of expressions, each expression specifying how 
an attribute of r,, is to be modified. 

Note that we make the assumption that all the attributes involved in the 
update expressions are from relation R,. That is, both the attributes modified 
and the attributes from which the new values are computed are from relation R,. 
The set of expressions FM of a MODIFY operation is assumed to contain an 
update expression for each attribute in R,. An update expression is of the form 
Ai := gi(Ai,, A,, . . . , Ai,) where Ai,, Ai27 . . . , Ai, are attributes in R, and gi is a 
function over Ai,, Ai,, . . . , Ai,. This function, gi, is called the update function of 
attribute Ai. Again, the theory developed makes no other assumptions about 
update functions than that they are (computable) functions on the attributes in 
R,. However, in practice, additional restrictions must be placed on them in order 
to be able to actually test the conditions. 

Note that in [5] we considered a more general class of update operations where 
the selection condition of DELETE and MODIFY operations may involve 
attributes in relations other than R,. (Autonomously computable modifications 
were not considered in detail in [5].) Further work revealed that the results 
presented in [5] do not always hold for this more general class. However, the 
results are valid if the selection condition involves only attributes from R,. This 
is the class of update operations considered in this paper. 

Conditions are Boolean expressions built from atomic conditions and logical 
connectives. An atomic condition is a function from the Cartesian product of the 
domains of a set of attributes (variables) to the set (true, false ). However, to be 
able to actually test the conditions stated in the theorems, further restrictions 
must be imposed on the atomic conditions allowed, this is discussed further 
below. The logical connectives will be denoted by “V” for OR, juxtaposition or 
“A” for AND, “1” for NOT, “+” for implication, and “w” for equivalence. To 
indicate that all variables of a condition @? are universally quantified we write 
VZ?, and similarly for existential quantification 3g. If we need to explicitly 

ACM Transactions on Database Systems, Vol. 14, No. 3, September 1989. 

Anduo Wang


