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Chapter 1

Due to the increase in size, complexity and variety of the software and communication system nowadays,
Formal Description Techniques (FDTs) which can describe the system in a precise, unambiguos and especially
abstract (implementation independent) way are becoming more necessary and important in order to design and
develop these systems efficiently. Abstract Data Type(ADT)is a powerful tool having a very good mathematical
basis called many-sorted algebra and is also combined into several FDTs. By using ADT, a protocol or a soft-
ware system can be specifiend in a very abstract way. It also facilitates the verification and validation of the
specified system. However, although ADT has been successfully applied in research, practically ADT is rarely
used because is it difficult for a non ADT-expert to specify. As consequence of this, in order to promote a wide
spread use of ADT and also FDT, support method for ADT specification is extremely necessary. Unfortunately,
there is almost no such a support method so far.

We propose new approach to ADT specification support by adopting Case-Based Reasoning (CBR) which is a
kind of problem solving by (i) searching (reusing) solution of the existing similar problem and (ii) modifying
solution of the similar problem to the current problem. CBR has been used in several research projects but there

is no research, which uses this technique for ADT specification support.

Chapter 2

We describe the brief introduction and definition of ADT. First we introduce a simple ADT without other
existing ADTs imported into the definition (a triple of a set of sorts (basic data elements), a set of operations
further divided into constructors and functions, and a set of equations). Then the definition of ADT in general,

where some existing ADTs may be used in the difinitions, is given.




Chapter 3

In this chapter, we propose an ADT Specification Support system (ASS) as a searching support part by asking
the requirement of a new ADT, and then providing a similar ADT (ADT with similar requirement to the
specifier's one) as shown in Fig. 1. ASS can ease the specification and prevent user from spending too much
time and effort in specifying the whole ADT from the beginning. It mainly consists of four parts 1) Case base
of ADTs, 2) Requirement Acquisition Template (Interface) 3) Search mechanism for finding the most similar
casein 1) and 4) Similarity definition for similarity calculation. Among these parts, the core part is the
search mechanism which is designed based on the similarity definition. To design this part, we propose (1) an
ADT specification Model (ADTM) , which classifies four patterns of constructor and describes the constructor
part based on combinations of these patterns, and (2) a similarity definition, which calculates how much two
ADTs look similar. This definition guides specifies in deciding if one ADT can be reused in order to specify
another new ADT or not.

Then we design and implement ASS based on these concepts. By ASS, specifier can easily specify a new ADT

by modifying a similar ADT retrieved from the case base. Therefore, specifier’s load is quite reduced.

Chapter 4

In this chpater, we propose an ADT equation Modification Algorithm (AMA) as the main part of modifi-
cation support. AMA automatically modifies the equatian part of ADT whenever specifier inserts some equa-
tions such that there is no error (incompleteness and inconsistency). Furthermore, it also guarantees that the
modified equation part satisfies the inserted equations. The basic idea of AMA is (1) to search for equations in
equation part which define function over the domain of the inserted equation. These equations are called the
overlapping equations of the inserted equation. Based on this concept, the algorithm (2) deletes the overlapping
equations, (3) incorporates the inserted equation into the equation part and (4) recreates equations with nonover-
lapping domain. Finaly, proof for the algorithm is given.

AMA enables a specifier to easily specify an ADT by only inserting the new semantics (equation). Asa result,
it can both solve the main problem about difficulties in modification and widen the scope of reusable ADTs.

This in turn, improves the productivity and quality of ADT and FDT.

Chapter 5

To solve the remaining problems in ASS and AMA, we first propose other three automatic modification
algorithms to deal with other types of modification which are Algorithms to (1) Delete a Function (ADF), (2)
Delete a Constructor (ADC) and (3) Add a Constructor (AAC). These algorithms including AMA are imple-
mented as ADT Modification Editor (AME).

Then, 1in order to provide a more effective support method, we propose an ADT Specification Support
Environment (ASSE), an extension of ASS by AME as shown in Fig. 1. From ASS, AME will get a similar
ADT and acquire additional information for modification from specifier. As a result, the similar ADT will
be modified automatically and returned to the specifier. We can see that ASSE facilitates the specification, thus
greatly reducing the specifier's load, since he or she can avoid both specifying a required ADT {rom the beginn-

ing and modifying a similar ADT manually.

Chapter 6 gives concluding remarks and suggestions for {uture works.
As a result, by using our systems, a specifier can rasily specify a required ADT by inputting modification
information for each similar ADT retrieved from the case base. Therefore, both of specifier’s workloads in (1)

specifying the whole required ADT from the beginning and (2) modifying the retrieved similar ADT are signifi-
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cantly reduced. Furthermore, in order to evaluate the effectiveness of these systems, we experimented with
data types of services and protocols in data communication field (in Chapter 3, 5). The evaluation confirmed
the effectiveness of the systems.
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Figure 1 : Outline of ASSE
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