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Abstract. This paper describes two different ways of understanding operation
contracts in conceptual modeling: the strict and the extended interpretations.
The main difference between them lies in the way operation postconditions and
integrity constraints are guaranteed. Understanding an operation contract under
each of these interpretations can result in different semantics for the same speci-
fication. Thus, assuming one or another affects the way operation contracts are
specified.

1. Introduction

An information system maintains a representation of the state of a domain in its in-
formation base. The state of the information base is the set of instances of the entity
and relationship types defined in the conceptual schema. Additionally, a conceptual
schema contains a set of integrity constraints that define conditions that each state of
the information base should satisfy.

The content of the information base changes due to the execution of operations.
The effect of an operation on the information base is usually defined by means of an
operation contract, composed of pre and postconditions.

Several books on conceptual modeling give precise definitions for integrity con-
straints and also for pre and postconditions [3-5, 7, 9-12]. However, they usually pay
little attention to the precise semantics of operation contracts since, in general, they do
not establish an explicit relation between operation postconditions and the integrity
constraints defined in the conceptual schema.

Depending on the way postconditions and integrity constraints are guaranteed, op-
eration contracts can be understood in two different ways, which we call strict and ex-
tended interpretations. Under a strict interpretation, an operation has a passive behav-
iour, since it cannot be applied if some integrity constraint is violated (although its
precondition is satisfied). Instead, an extended interpretation entails a reactive behav-
iour of operations, since it must take care of maintaining integrity constraints satisfac-
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tion, so that the operation will always be applied if its precondition is satisfied (and it
is possible to repair all the violated integrity constraints).

Our work is independent of any specific conceptual modeling language and, thus,
our results can be applied to any of them provided that it allows the definition of op-
erations and explicit integrity constraints. In addition, they can be applied to almost
all current conceptual modeling approaches like the ones in [3-5, 7-10].

2. Basic Concepts

The content of the information base changes due to the execution of operations. A be-
havioural schema contains a set of operations and the definition of their effect on the
information base. This knowledge is usually defined by the preconditions and post-
conditions of the operations. A precondition expresses a condition that must be satis-
fied when the call to the operation is done. A postcondition expresses a condition that
the new state of the information base must satisfy. The execution of an operation re-
sults in a set of one or more structural events to be applied. The application of a set of
structural events to a state /B of the information base results in a new state of the same
information base.

A structural event (SE) is an elementary change (creation or deletion of instances)
in the population of an entity or relationship type. We will only use here one kind of
SE, the relationship insertion: newLink(RelType(part,,...,part,, [attr,,...,attr,])).

Given a state of the information base /B, there are several sets of SEs that lead to
new states satisfying an operation postcondition. From those, we are only interested in
the minimum ones. A set S of SEs is minimum if no proper subset of S is also a set of
SEs that satisfies the postcondition. This is the way in which we deal with the frame
problem [1]. Note that, given a postcondition, several minimum sets of SEs may be
acceptable, but only exceptionally when some kind of non-deterministic behaviour is
desired.

We present a simple conceptual schema that models car rentals, which will serve as
an example throughout the paper. The conceptual schema is specified by means of a
UML class diagram, and the additional constraints needed are defined textually.

oa Integrity constraints
y
day : date ICl: Customers are identified by
id
Customer * | beginning Car

: . IC2: Cars are identified by 1i-
0.1 license : string

id : integer = ) cense
W model : string
IC3: Days are identified by day

Rental

*

IC4: There cannot exist overlap-
ping rentals of the same car

duration : integer

Fig. 1. Class diagram and integrity constraints for car rentals
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3. Strict and Extended Interpretations of a Postcondition

An operation precondition expresses requirements that any call must satisfy in order
to be correct, while its postcondition expresses properties that are ensured in return by
the execution of the call [6].

In addition to pre and postconditions, integrity constraints play an important role in
the definition of the semantics of operation contracts, since they must be preserved by
all the operations. The semantics of operation contracts in conceptual modeling we
identify in this paper differ mainly on the way integrity constraints are guaranteed.

Given a state of an information base /B and an operation Op, the semantics of Op
defines the conditions under which Op can be applied, and the new state of the infor-
mation base we obtain as a result of applying Op to IB.

Let Pre and Post be the precondition and the postcondition of Op. Let S be the
minimum set of SEs that satisfies Post when applied to /B. Let IC be the set of integ-
rity constraints defined in the conceptual schema.

Definition 1: Strict Interpretation of an Operation Postcondition

Under a strict interpretation, an operation Op is applied to /B iff the following two
conditions hold:

a) Pre and IC hold before applying S to /B
b) Post and IC hold after applying S to /B

Intuitively, the first condition states that there is a transition from an information
base /B to a new state as a result of applying Op only if IB satisfies Pre and it is con-
sistent (i.e. it satisfies all integrity constraints). Moreover, according to the second
condition, the new state of the information base is obtained exactly as a result of ap-
plying to /B the minimum set .S of SEs that satisfies Post, as long as it is consistent. If
any of the conditions does not hold, then Op is not applied to /B.

Definition 2: Extended Interpretation of an Operation Postcondition

Under an extended interpretation, an operation Op is applied to /B iff the follow-
ing two conditions hold:

a) Pre and IC hold before applying S to /B
b) Post and IC hold after applying either S or a minimal superset of S to /B

The first condition states, as before, that the transition is only possible if /B satis-
fies Pre and it is consistent. The second condition asserts now that to obtain the new
state of the information base at least the SEs in S must be applied. However, it does
not discard the application of additional SEs in order to restore consistency when
needed.

From previous proposals, [3, 7, 8] follow an extended interpretation to define the
semantics of operation contracts.

As we said before, the main difference between both interpretations relies on how
integrity constraints are handled. As stated in Definition 1, a strict interpretation de-
fines a set S of SEs, determined only by the postcondition, to perform the transition
from /B to the new state according to Op. S may only be applied to /B if it does not
lead to a violation of any integrity constraint. Otherwise, Op must be rejected.
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On the contrary, an extended interpretation allows for several different sets of SEs
to be applied to /B, provided that all of them include at least the SEs in S. The addi-
tional SEs must be such that they guarantee that no constraint is violated in the result-
ing state, even though some of them were violated by the events in S. Clearly, if S it-
self does not violate any constraint there is no need for considering additional SEs.

To illustrate the previous definitions, assume the following contract for an opera-
tion rent, aimed at registering the rental of a car for a period of time starting in the
current date:

Operation: rent (cust:Customer, car: Car, num-days:Integer)

Pre:
- The car is not assigned to an overlapping rental

Post: - A new rental of the car car, for a duration of

num-days, made by the customer cust and starting at
the current date is created

Fig. 2. Contract for the operation rent

Note that, in this example, we have that S={newLink(Rental(cust, car, currentDate,
num-days))} suffices to satisfy the postcondition of rent(cust, car, num-days).

Let us start by assuming a strict interpretation of the contract in Figure 2. We are
going to show the conditions under which rent can be applied to /B and the state of
the information base resulting of applying rent according to this semantics. We dis-
tinguish two different situations depending on the contents of /B:

1. IB already contains an overlapping rental of the same car. In this case, the op-
eration may not be applied since condition a) of Definition 1 is not satisfied.

2. IB does not contain an overlapping rental of the same car. Then, condition a) is
guaranteed, since Pre is satisfied and /B is consistent. This time the operation
can be applied, and the new state of the information base is obtained by apply-
ing S to /B, that is by creating a new link between the customer cust, the car
car and the current date. This new state satisfies b) since S necessarily satisfies
the postcondition and applying S to /B never violates any integrity constraint.
Note that the only integrity constraint that rent may violate is IC4, but this will
never happen when /B does not contain any overlapping rental of the same car.

Summarizing, we have that according to a strict interpretation the semantics of the
operation rent is the following. If /B does not contain any overlapping rental of the
same car then the operation results on the application of the SE newLink(Rental(cust,
car, currentDate, num-days)). Otherwise, the operation may not be applied.

If we assume now an extended interpretation of the operation in Figure 2, we have
that when /B contains a user identified by email the operation will not be executed. If
this does not happen, the application of S={insert(Registered(email,creditCard))} suf-
fices also to satisfy the four conditions of Definition 2, following the same reasoning
as for the strict interpretation. Hence, we have in this particular example that the se-
mantics of strict and extended interpretations coincide. The main reason for that coin-
cidence is that no integrity constraint is violated by S and, thus, the application of S is
enough to obtain /B’ in both cases.

However, according to [2], the previous contract presents an important drawback
regarding desirable properties of software specifications. The problem lies in the fact
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that the operation precondition is redundant, since the same aspect of the specified
system (there cannot exist overlapping rentals of the same car) is already guaranteed
by an integrity constraint.

To avoid redundancy in the specification of the operation rent we should define an
operation contract like the one in Figure 2 but with an empty precondition. The set S
will be the same (S={newLink(Rental(cust, car, currentDate, num-days))}). However,
we have now that the semantics of both interpretations does not coincide anymore.

In a strict interpretation, the semantics of rent is the same as the one of the redun-
dant contract. We show it by distinguishing again the same situations:

1. IB contains an overlapping rental of the same car. Then, condition a) is guar-
anteed, since Pre is empty. However, if we apply S to /B, a new link between
the customer, the car and the current date will be created, and this new state
will always violate IC4. We have then that rent cannot be applied to /B, since
it is impossible to satisfy all conditions required by a strict interpretation.

2. IB does not contain any overlapping rental of the same car. In this case, condi-
tion a) is guaranteed and the new state of /B satisfies b), since S necessarily
satisfies the postcondition and applying S to /B never violates IC4. Therefore,
the operation is applied in this situation.

In an extended interpretation, we must distinguish also the same two situations:

1. IB contains an overlapping rental » of the same car. Then a) is guaranteed.
Condition b) states that the new state of /B must satisfy both Post (this is al-
ways true since S necessarily satisfies it) and /C. Since S itself violates the first
integrity constraint, the set of SEs to be applied must be a superset of S. In par-
ticular, it must contain additional SEs to repair this violation. This can be done
adding SEs that either delete the overlapping rental r, change its beginning,
change its duration or change its car.

2. IB does not contain any overlapping rental of the same car. The behaviour in
this case is the same as the one of the strict interpretation.

Summarizing, the semantics of the non-redundant operation contract for rent ac-
cording to an extended interpretation is the following. If /B does not contain an over-
lapping rental of the same car, the operation results in the application of the SE
newLink(Rental(cust, car, currentDate, num-days)). Otherwise, i.e. IB contains an-
other rental of the same car that overlaps with the new one, it results on the applica-
tion of § plus additional SEs that delete or modify the existing rental in such a way
that IC4 is not violated.

As we have seen, the main differences between strict and extended interpretations
lie in the way they enforce the integrity constraints. When there is no violation of in-
tegrity constraints, the semantics of a given contract is equivalent in both interpreta-
tions. In this case, the operation always results in the state described in the postcondi-
tion. On the contrary, when some integrity constraint is violated, in a strict
interpretation the operation is not applied, whereas in an extended one the operation is
executed and the constraint violation is repaired.
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4. Conclusions and Further Work

The main goal of this paper has been to analyze the semantics of operation contracts
in conceptual modeling. In this sense, we have discussed two different interpretations
of operation contracts, a strict and an extended one, which differ on the way to under-
stand the relationship between operation postconditions and integrity constraints.

Roughly speaking, a strict interpretation prevents an operation from being applied
if some integrity constraint is violated. On the contrary, an extended interpretation as-
sumes that the operation must take care of maintaining integrity constraints when they
are violated as a consequence of applying the events that satisfy the postcondition.

We have provided definitions for the strict and the extended interpretations, inde-
pendently of any particular modeling language. Thus, our results can be applied to
any of them provided that it allows the definition of operations and explicit integrity
constraints in the conceptual schema.

Further work may be devoted to formalize the proposed approaches and also to
study their application to different kinds of operations, in order to evaluate which one
does better in most cases. Also, it would be interesting to apply them to case studies,
to see which one is more advantageous in practice.
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