




























as a solid arrow with a message name (2:DC_PROF). The function

TriggerSet(Belongs, DELETE,Before) is called again to calculate the

new TG(). In this case, Belongs has one Before trigger which is rep

resented in the sequence diagram as a MessageToSelf with a mes

sage label (3:T1(B/R)). If TG() has an instance of T1(B/R) then a

non termination state is detected and a message is sent to the user.

In any other case, a new instance in TG(1) = {T1(B/R)} is created.

According to the SQL:2003 recommendation Before triggers is

used to read from a database or to correct an error produced in

the processing of data input (see section, Activation Time) there
fore, we do not need to check whether the action of T1(B/R) may

produce new events. The event cascade(DELETE) is applied to Be

longs. Then the function TriggersSet(Belongs,DELETE,After) is called

to calculate the new TG(). There is only one After trigger defined

on Belongs: (4:T2(A/S)) represents this trigger. If TG() has an in

stance of T2(A/S) then a non termination state is detected, other

wise a new instance in TG(2) = T2(A/S) is created. If a new event

is issued from the action of T2 the algorithm should be repeated

again calling the function TMapping with the pair (new event, ta

ble) as parameters. If there is not any cascade event in the trigger

action then the algorithm is finished and the termination is verified

by sending a message to the user.

4.3.2.2. Scenario 2: (Fig. 10B). In this scenario the action of T is mod

ified to incorporate the event DELETE from Professor. In order to

avoid repetition, in this scenario, the sequence of operations is sim

ilar to the previous one until it reaches the message (4:T2(A/S)).

Until now, the trigger set TG() has two instances {T1(B/R), T2(A/

S)}. Because the action of T2 has the new event DELETE from Profes

sor, the function Sub TMapping(Professor,DELETE) is called again

which immediately calls Sub TriggersSet(Professor,DELETE, Before)

to calculate the new instances in TG(). Because there is not any Be

fore trigger applied to Professor the function Sub TriggerSet is fin

ished, and TG() is returned with only the previous instances. At

this point, the algorithm checks again whether there is a cascade

event produced by (5:DELETE) or not. The referential action

(6:DC_PROF) is executed on Belongs. Then the trigger (6:T1(B/R))

is fired and added to the triggers set as TG(3) = T1(B/R). Now, the

TG() has three instances {T1(B/R), T2(A/S),T1(B/R)} this means that

there are two instances which have been applied to the same ob

ject. In this case, a non termination state is detected and a message

is sent to the user to warn him about the existence of this problem.

When a non termination is detected the mapping is finished

immediately.

5. Conclusions

Although the database CASE tools have been developed to re

solve the database modelling problem and to provide automatic

processes to develop all phases supported in a database methodol

ogy, the current state of these tools is that they provide conceptual

models with more abstraction and are concerned with expressing

the semantics of the real world more accurately. However, the

move from the conceptual level to the logical level is not supported

by these tools, and the generated code needs to be modified to

comply with the requirements of the real world.

It is true that various studies have lead to important results

such as the creation of the current commercial CASE tools and

some research prototypes to support maintaining mechanisms to

preserve integrity constraints in the logical models. Nevertheless,

in the context of Relational databases we consider that current

practice is below the needs of the requirements of active technol

ogy. These requirements need to have a verification process which

is considered as important as development.

On the other hand, although the Relational database has been

widely used in the commercial DBMS and the most important

commercial Object Oriented database systems utilize the Rela

tional tables to store objects, we consider that most proposals have

been developed to respond to the needs of Object Oriented dat

abases development.

Therefore, to fill in some of the gaps that the current CASE tools

leave during the development of active Relational Databases, we

present the OCL2Trigger tool as a support to the theoretical ap

proach which follows the phases proposed in the MDA software

development, by completely transforming the OCL constraints into

triggers. These phases are as follows: specifying OCL constraints in

the UML class diagram, transforming the OCL constraints into

SQL:2003 standard triggers, transforming the standard triggers

into target DBMS triggers. In addition, this tool can represent and

verify trigger execution by using UML sequence diagrams. Thus,

this work unites the UML aspects that are widely accepted and is

supported by many CASE tools for aspects of Relational databases

that have wide presence in commercial DBMS.

Our approach has some limitations which are explained as fol

lows: (a) although we believe that applying MDA makes the trans

formation of any type of OCL constraints to triggers easier,

currently the OCL2Trigger tool supports only the OCL invariant

constraints. Specifically, three patters have been proposed: attri

bute value constraints, multiplicity constraints and generalization

constraints. Other types of constraints such as aggregations and

compositions, pre conditions, and post conditions will be included

in future work; (b) Including complex OCL expressions in which

many relations are involved may result a difficult task to generate

triggers. We think that this limitation could be solved by incorpo

rating more patterns to our approach to cover such expressions.

The article presents a first effort to check the viability of this ap

proach through three of the most widely used constraints in the

conceptual model; (c) The triggers execution analysis focuses only

on detecting the non termination problem and the user himself

needs to redefine and reconstruct triggers definition to verify the

termination. We think that this could be a limitation especially

for users without experience in triggers implementation. Thus, a

part of our future work will be apart from detecting the non termi

nation problem trying to provide some alternatives for the solu

tion. (d) The user needs to define the OCL constraints, which can

not be directly specified in the graphical model, manually into

the corresponding class by using the Oclarity editor. This task re

quires experienced users in OCL although the Oclarity editor could

perform syntactic verification. Therefore, we think as future work

incorporating a new module to make easier the transformation of

the CIM (Computation Independent Model) of the constraints spec

ification to PIM.

Our approach makes it easier for the database developer to gen

erate maintaining mechanisms directly from the generation of the

schema in question. Moreover, when the integrity constraints of

this schema are modified, the corresponding triggers are also auto

matically modified. Using this approach, the developers will obtain

both the best system performance because active mechanisms are

implemented as part of the database schema rather than in the

application, as well as the best data independence because the

integrity constraints are also embedded in the database schema

rather than in external applications.

Furthermore, we will design experiments to validate our tool.

These experiments focus on showing the usefulness of using it to

facilitate maintenance and design tasks. Therefore, we propose

two kinds of experiments: the first concerns the usefulness of

checking semantics with triggers. The second is concerned with

the user interface showing triggers and sequence diagrams. We

want to know whether the designer understands the proposed dia

grams and detects what each one does.
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