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ABSTRACT. This paper aims to describe an extension of the SAREL system (Assistance
System for Writing Software Specification in Natural Language) whose main goal is to im-
prove the specification phase. The initial purpose of SAREL was to assist engineers in the
creation of software specification written in natural language. At present the functionality
of the system is twofold: vertical processing and horizontal processing. In vertical processing
the input is a software specification written in natural language and the output is the con-
ceptual representation associated. In this case the system validates every requirement taking
into account the writing norms and the quality properties. The conceptual representation
can be used to check the software quality factors. Working in horizontal processing the in-
put is two different conceptual representations and the output is the information about the
correspondence between them.

1 INTRODUCTION.

The specification phase is one of the most important and least supported parts of the
software development process. In this stage it is very umportant to control the quality
of the specifications in order to detect possible mistakes as early as possible. The cor-
rection of errors in the development and implementation phases implies spending more
time and effort than in the specification phase. This is the reason why the developers
increasingly try to identify the possible mistakes in the early phases of software develop-
ment. During the initial phase, the software specifications are often written in natural
language. Therefore it is important to control the writing of these documents because
many mistakes can be detected if the writing is clear and concise. In this work frame there
are other systems which tackle the problems associated with the specification phase like
RA [Reubenstein&Waters9l], NATURE [Jarke et al.,93] or with the quality of documents
in general like EasyEnglish [Bernth96], ACE [Fuchs&Schwitter96].



Documentation writing is guided by the norms which define the linguistic restrictions re-
quired to satisfy the specifications. These norms are of two types: those relating to the use
of natural language in general (for example, [ANSI83] and [AECMAR9]), and those that
are based on terminological restrictions related to a particular domain (for example, the
ESA - European Space Agency - norms). Both of them restrict the use of natural language
through a set of rules which limit various irregularities (polysemy, paraphrase, ambiguity,
vaguenesss..) which occur during the interpretation of natural language. In addition to
linguistic restrictions the norms also include Software Engineering constraints related to the
quality factors of the specifications, such as consistency, completeness, traceability, modifia-
bility and verifiability.

In spite of these considerations it is difficult to find software specifications that follow and
respect these writing norms. The documents in general correspond to different styles of
writing and have different structures depending on the document’s goal. From that it seems
difficult to control the writing without taking into account what kind of document the
engineer wants to write.

In section 2 we present briefly the different Modules contained in the SAREL system. In
section 3 we discuss the different types of documents that make up the specification phase.
Section 4 contains a description of the different ways of working of SAREL. The conclusions
are presented 1n section 5.

2 THE SAREL SYSTEM.

The main goal of SAREL is to assist an engineer in the creation of software specifications writ-
ten in natural language. A preliminary version of this system was described in [Hernandez94].
The assistance process, split into several steps, validates every requirement introduced by the
engineer taking into account the writing norms (for instance [ANSI83]), [AECMAS9]) and
the quality properties [Castell et al.,94]. This process incrementally constructs a conceptual
representation of the specification. The controls, shown in figure 1, can be grouped into
three modules: the Style Refinement Module, the Conceptual Refinement Module and the
Software Quality Control Module.

The first module controls the requirement according to the writing norms and it is split
into four steps: (1) the lexical analysis verifies that the words belong to the applica-
tion domain lexicon; (2) the syntactic-semantic analysis is produced using ALVEY tools
[Briscoe et al.,87] a tree-like semantic representation; (3) the ambiguity control helps the
engineer to identify the correct representation between the possible interpretations; (4) the
simplicity control detects whether the structure of the sentence is simple or compound.
The Conceptual Refinement Module validates the requirement in relation to the Require-
ments Base. At first it obtains a conceptual representation using the Knowledge Base and
after that detects duplicated information.

The Software Quality Control Module carries out a series of optional analyses which validate
[Alvarez&Castell9d], [Castell&Slavkova93], [Castell&Slavkova95] the global Requirements
Base incremented with the new requirement. The goal 1s to offer information about the soft-
ware quality properties which have been considered most relevant in LESD [Borillo et al.,91],
[Borillo et al.,92](completeness, traceability, consistency, verifiability and modifiability).
Once a requirement has been checked and seen to be correct, its conceptual representation
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is added to the Requirements Base. This base uses a frame-based formalism [Toussaint92].
A more precise description of this system can be found in [Castell&Hernandez95].

3 THE SOFTWARE SPECIFICATIONS.

The first question is what kind of preliminary specifications can be found in the software
specification phase. At present we have identified two different situations depending on the
participants in the specifications phase.
In the first situation the set of software specifications belongs to a unique work frame. In
most cases they correspond to complex systems software specifications (such as those in the
aerospace, nuclear and telecommunications fields). They result in bulky documents that may
also serve during later phases, and during the functioning and maintenance of the developed
computer system.
Due to the complexity of these software specifications normally they are written by several
engineers that cooperate during the specification phase. This means 1t 1s important that the
information introduced by different people would not be contradictory. In order to control
the writing of these documents the different engineers should take into account the writing
norms (they are not followed completely) and the issue of this specification process has to
accomplish the software quality properties mentioned above.
In the second situation during the specification phase it is possible to find different documents
that contain in theory the same software specification belonging to different work frames.
In this case the supply-demand system leads to at least two different kind of documents:
one corresponding to the user company that needs to develop a computer system and the
other one corresponding to the software company that will do this. The first document
corresponds to a description of the user’s requirements, and the latter has to contain all
the information needed for the design phase. Frequently in this situation there are a lot of
misunderstandings so on one hand the writing norms do not exist and on the other hand
there are different views of the same problem.
An example of that situation occurs in telecommunications companies, where the specifi-
cation phase starts with a preliminary software specification made by the client. This first
document reflects the client’s requirements and after an analysis of it, the telecommunica-
tions company makes another one describing how these requirements can be accomplished
with its technology. This second document is shown to the client in order to get his acknow-
ledgment about the conformity to his needs.
The main problem here is to clarify or resolve as early as possible the misunderstandings
between the company software engineers and the client in order to get this revision process
as short as possible.
Another example of the second situation is the case when the specification phase is divided
in fixed steps. For instance in public institutions the usual steps are :

e Publication of the Technical Conditions Description

e Presentation of offers

¢ Awarding
In the first step the public institution makes one document that can be of two types: Tech-
nical Conditions Description to develop a new computer system (TCDD), or Technical Con-
ditions Description to maintain a developed computer system (TCDM). During the second



step the public institution receives many documents corresponding to the different offers
(OF), and in the third the public institution generates only one, the Awarding Report (AR).
Every document is composed of a set of sections, many of which are obligatory. Focusing
our attention on the Technical Conditions Description Document it can be structured in the
follow sections:
e Purpose
General Description
Functional Characteristics of Software
Immplementation
Integration with other applications
Security
Documentation
Technical Management
Deadlines
Guarantee and maintenance
Start up
Experience
Deliberation Criteria

In a similar way, as with the telecommunications area, it is necessary to control how the offer
documents correspond with the original Technical Conditions Description. This information
about the correspondence between them also could be used during the awarding phase.

4 THE TWO FUNCTIONALITIES OF SAREL.

In this section we present the different ways that SAREL can work depending on the user’s
goal. There are two principal ways of working showed in figure 2: vertical processing and
horizontal processing.

4.1 Vertical Processing

In vertical processing the input is a software specification written in natural language and
the output is the Conceptual Representation associated that optionally can be manipulated
by the engineer using the Software Quality Control Module.

If only one document is used in the specification phase (the first situation described in section
3) the SAREL system will assist the engineers in the creation of this software specification.
This process validates every requirement introduced by the engineer using the Style Re-
finement Module and the Conceptual Refinement Module. Once a requirement has been
checked and it is correct, its conceptual representation is added to the Requirements Base.
At the end the issue is the Conceptual Representation corresponding to all the information
contained in the software specification. Using the SAREL system the information contained
in the Knowledge-Base and in the Requirements Base can be shared by the engineers in a
more reliable format.

If the specification phase is composed of several documents (the second situation described
in section 3), the SAREL system first has to identify what kind of document the input
is. At this point it is necessary to know the information associated with the structure
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of these documents. For this reason the system will use a Document-Knowledge Base.
In case the system does not find any structure matching with the document there is the
possibility to label the document as unknown or to ask the engineer what kind 1t 1s. If the
document 1s 1dentified with one type on the Document-Knowledge Base, the SAREL system
has to make sure that every section required is present on the document. Even so, as the
document has been labeled as unknown or with a specific structure it will be processed by
the Style Refinement Module and in the Conceptual Refinement Module in order to obtain
the Conceptual Representation.

In both cases, once the conceptual representation has been obtained it can be globally
validated using the optional analysis contained in the Software Quality Control Module.

4.2 Horizontal Processing

In horizontal processing the input is two different conceptual representations (associated to
two software specification documents), and the goal here is to offer information about the
correspondence between them. So the work frame here is the second situation described in
section 3.

At this point it is necessary to fix the conceptual representation corresponding to the client’s
requirements (document;), the one corresponding to the software company (document;) and
which of the two conceptual representations is of more value.

Now we must define the correspondence relationship at different levels: entity, relation,
requirement and document. Let us take the case in which document, should be more relevant.

e Entity correspondence: an entitys corresponds with an entity; if the values associated
to the mandatory attributes on the entity; are the same or compatible with entitys,.
Taking into account the taxonomy structure if an entity, corresponds with an entity;,
it also corresponds with the more general entities than the entity;. Sometimes the
correspondence between two entities requires a preliminar transformation depending
on the entity’s role.

e Relation correspondence: a relationy corresponds with a relation, if they are the same
or if it is more specific than the relation;. Taking into account the taxonomy structure
if a relationy corresponds with a relation, it also corresponds with the more general
relations than the relation;.

e Requirement correspondence: a requirement, has a total correspondence with a re-
quirement, if all the entities in requirement, correspond with entities in requirement,
and they are linked with correspondence relations. In any case the system will give a
correspondence measure based on similarity analyses [Romesburg84] applied over the
components (entities and relations) of the requirements.

e Document correspondence: the correspondence between documents will be defined in
terms of the correspondence between the requirements contained into the documents.

The correspondence analysis search for every requirement; in the document; its correspon-
dent requirement, in the document,. The result can be as follows:

o Correct correspondence: all the entities and all the relations in requirements; have
correspondence with entities and relations in requirement, and vice-versa.

o Excess correspondence: all the entities and all the relations in requirements; have
correspondence with entities and relations in requirement, but there are entities or
relations in requirement, that have no correspondence. The following exemple corres-



ponds with this situation where we have considered the entity communications-server
has correspondence with communications-server-software (a more specific element) and
where requirementy adds the modality component.

(define-node requerimentl

(instance mandatory-requeriment)
(agent server-transfer-system)
(activity transfer)

(object clock-in)

(destination communications-server))

(define-node requeriment?2
(instance mandatory-requeriment)
(agent server-transfer-system)
(activity transfer)
(modality point-to-point)

(object clock-in)

(destination communications-server-software))

Insufficient correspondence: all the entities and all the relations in requirements, have
correspondence with entities and relations in requirement; but there are entities or
relations in requirement; that have no correspondence. In this exemple requirementss
does not contain the agent component.

(define-node requerimentl

(instance mandatory-requeriment)
(agent server-transfer-system)
(activity transfer)

(object clock-in)

(destination communications-server))

(define-node requeriment?2

(instance mandatory-requeriment)

(activity transfer)

(object clock-in)

(destination communications-server-software))

Excess-Insufficient correspondence: a set of entities and relations in requirements;
have correspondence with entities and relations in requirement,. But there are enti-
ties or relations in requirement; that have no correspondence and there are entities or
relations in requirement, that have no correspondence. In this exemple,requirement,
contains the object component, not present in requirementy, and requirement, con-
tains the modality component, not present in requirement,

(define-node requerimentl
(instance mandatory-requeriment)



(agent server-transfer-system)
(activity transfer)
(object clock-in)

(destination communications-server))

define-node requeriment?2

instance mandatory-requeriment)

agent server-transfer-system)

activity transfer)

modality point-to-point)

destination communications-server-software))

Taking into account this information the engineer can identify if the excess correspondence 1s
caused by a document that adds more details/restrictions to the original document. On the
other hand the insufficient correspondence could be the result of a more general document
than that of original.

5 CONCLUSIONS.

At the begining, the SAREL system was conceived to assist engineers in the creation of
software specifications using a knowledge-based approach. Due to the complexity of the
specification phase we have found in many situations there are more than one document
used in this phase. In this sense the system has been extended for helping engineers in two
ways. On one hand in vertical processing only one document at time is considered, and
the system assists the engineer in the creation of this document (taking into account the
linguistics controls and software quality controls). In this case the main goal is to improve
the quality of the preliminary specification. And on the other hand in horizontal processing
the system analyses the correspondence between two software specifications to evaluate if the
client’s requirements will be satisfied by the software developed according to the engineer’s
requirements.
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