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ABSTRACT

Whatever technique is used for the requirements elicitation (questionnaires and interviews, observation,
brainstorming, etc.), by the far the largest and most important section of available information consists of natural
language (NL) statements, often described in terms of what the system shall perform, what functionality the system
shall support and what items should exist in the system. This paper argues the case for real Natural Language
Processing (NLP) systems as tools for requirements engineering. Various approaches have been discussed, and the
fundamental common drawbacks pointed out. The discussion focuses on a particular NLP system called LOLITA and
its aspects in supporting the requirements engineering process. The paper is part of the work reported by the author in

[1].
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NATURAL LANGUAGE ENGINEERING

Understanding a text by a computer means translating it into a form that represents its meaning as well as producing a
text from the representation of its meaning [2]. A natural language system is, basically, composed of the following
components:

A semantic representation - a knowledge representation scheme (e.g. semantic network).
A knowledge base composed of syntactic, semantic, and pragmatic knowledge.

« An analysis component to translate a text into a semantic map that represents its meaning.
« A generation component to produce natural language sentences from the knowledge base.

The syntactic knowledge concerns how words can be put together to form sentences that are grammatically correct in
the language. This form of knowledge identifies how one word relates (syntactically) to another. The semantic
knowledge concerns what words mean and how these meanings combine in sentences to form sentence meanings. The
pragmatic knowledge concerns how sentences are used in different contexts and how the context affects the
interpretation of the sentence. There is also the morphological knowledge used to analyze how words are constructed
out of more basic units called morphemes.

An analysis component translates a text into a semantic map that represents its meaning. The translation process,
basically, involves parsing (syntactic processing) , semantic analysis, and pragmatic analysis. Syntactic processing
involves the analysis of a sentence and produces a representation of its structure. The syntactic structure is then used as
input to the semantic analysis phase which produces an intermediate representation. Pragmatic analysis phase produces
a final representation of the sentence. The generation component works in the opposite direction of the analysis
component, i.e. generates natural language sentences from the knowledge base.
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Large-Scale Systems
Ideally, a large-scale natured language engineering system should be able to tackle successfully all the separate
problems involved in natural processing [3]. In engineering terms, a large-scale system has the following characteristics

[4]:

* The size of the system (e.g., vocabulary size, grammar coverage) must be sufficient for large scale applications.
* The system components should be integral parts of the whole. That is, a component should be built so that it can be
used effectively to assist other parts of the system without making unreasonable assumptions about those parts.

The system should be able to adapt easily to various applications in different domains, i.e. flexible.

* The system must be feasible, e.g. hardware requirements must not be too great and the execution speed must be
acceptable.

* The system must be maintainable in the sense of any large software system.

* The system must be able to support the applications the users want.

* The system must be robust. This aspect is critical and concerns not only the linguistic scope of the system but also
how it deals with input which falls outside of this scope.

Computational linguistic oriented NLP (implementation of a particular linguistic theory/solution to show that it can
account for the features it describes) is the other major area in the treatment of NL. Many computational linguistic
systems have concentrated on formulating central ideas, but the expansion of these ideas to large-scale systems with the
properties listed above has proved a major problem. This is reflected in the small number of systems which can claim to
have the properties of a large scale system compared to the abundance of smaller systems which carry out specific tasks
in limited domains.

The traditional computational linguistic view that the movement from core ideas to a working system is just a matter of
software engineering development seems unfounded as fax as NLP is concerned. For example, the execution speed (and
thus the feasibility) in a restricted system may be unimportant and only cause problems when the system is expanded.
Software development practices might be able to improve the efficiency of the algorithms to some extent but this is
unlikely to be sufficient if the complexity of algorithms are high: complexity would not become apparent until the scale
of the system is made larger, when no software engineering development could improve the situation significantly (for
issues of complexity in large-scale NL algorithms (see [5]).

Examples of NL systems are CLARE [6], TEAM , SUNDIAL, KNBL system developed by MCC [7]. CLARE is a
similar system to LOLITA (see next section) in the sense that it performs deep semantic analysis on text in order to
arrive at a deep representation of its meaning. CLARE uses a first order logic representation termed quasi-logical form.
The KNBL system developed by MCC [7] was developed as an interface to the CYC reasoning database. As this
underlying system was not built with NLP in mind, the representation it uses is again different. The size of the grammar
and number of rules employed is larger in LOLITA than in both these systems. What is more, in both cases it seems that
the NLG is a poor relative whereas the LOLITA generator is treated as a crucial component.

There have been successful methods and formulations which can be classed as generic or general purpose NL
generation components as they have been used for different tasks and applications by people other than their creators.
Functional unification grammars (FUG) [8] have been used in the generation systems TEXT [8] and TELEGRAM [10].
PENMAN [80] and COMMUNAL [9] both use systemic grammars [23].

Many other NL systems have been built to solve particular problems. They are restricted by the particular task they
perform (for example database interface) or by the domain in which they work (for example medical diagnosis).
INTELLECT is a domain independent query system, supplied with basic root vocabulary of 500 common English
words. When it detects ambiguities or spelling mistakes, it requests user assistance.

Its grammar analysis is rudimentary: verbs and nouns are not distinguished [10].
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The LOLITA System
LOLITA (Large scale, Object-based, Linguistic Interactor, Translator and Analyzer) is a general natural language
(English) tool was developed at the University of Durham. A block diagram of LOLITA's components is shown in
Figure 1 [11]. LOLITA is a large, working system which effectively parses, analyses and generates natural language in
an interactive environment. It is modularized, abstracted and very readable allowing various parts of the system to be
altered without affecting the rest.
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Figure 1: Block diagram of LOLITA's components

* The Semantic Network: - LOLITA is built around a semantic network that holds the system's world information and
data as well as some of its linguistic information. The network consists of a set of nodes connected together with arcs.
There are three types of entries in the network: entities, relations, and events. Each node is associated with some, from
out of about fifty, control variable which holds a rich amount of information about the node. For example, the variable
rank gives the node's quantification and can have the following values: individual, prototype, general, universal,
bounded, named individual, framed universal or class. The semantic network comprises about 100,000 nodes, capable
of over 100,000 inflected word forms. The functions of Lolita system can be summarized as follows:

1. Syntactic Parsing: -combined with some morphological analysis, parsing produces the best parse tree or a list
of possible parses representing the deep grammatical structure of a piece of text. Morphological analysis
produces a surface representation of the text. The punctuations in the input are used to separate i t into
grammatical units and the spaces to separate it into individual words. Short hand words are replaced by their
longer versions and when a word could relate to more than one node in the network, all possibilities are
included in the intermediate representation (e.g. 'bow' for a ship's bow or a violin bow). Other functions of the
morphological analysis include the extraction and the labelling of the roots of the input words. For example
morphological analysis on the word ‘unworthiness' will extract and label the word 'worth' by separating out the
components 'ness' which makes an adjective into a noun, 'un' which indicates a negative. The prepared input
representing the surface representation of the text is then ready for parsing where the words and constructs of
the natural language input are grouped and labelled in to a tree. This is achieved using a 'determirustic
grammar and parser' model. A deterministic parser is one that operates on the input in a left to right manner
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and is able to correctly classify every word and construct every syntactic category once enough information
has been accumulated. Each parse tree has all the word features extracted, errors printed out, missing parts
inferred and un-parsable parts isolated. LOLITA has over 1500 English grammar rules and is designed to deal
with full and serious text such as newspaper articles. LOLITA produces the following parse tree for the
sentence:

2. Semantic Parsing and Pragmatic Analysis: - maps the deep grammatical representation of the input onto
nodes in the network. The semantics must determine whether a node already exists, if and how to build a new
node and how to connect these existing and new portions of the network. An existing node must be identified
or a new node built for each object and event involved in the input text. A first step is to make the references
absolute. A second stage is to disambiguate the grammatical parse tree in order to decide on one of many
interpretations. Pragmatic and more semantic analysis then check that the new portion of the semantic network
can fit into the existing network. For example, the sentence " | saw a pig flying" has a correct syntax and its
semantic might also be considered well formed. Pragmatic analysis must be able to conclude that there is a
problem with the acceptability of this sentence. Alternatively, this sentence may be incorrect under the
semantic point of view if there is some definition explicit in the semantic network (via controls) saying that
pigs do not fly.

3. Generation:- LOLITA produces natural language expressions for nodes in the network, whether they are
objects or complex events. LOLITA meets most of the properties of a large-scale engineering systems [4]:

* Scale: As mentioned above LOLITA, operates on a large semantic network and a large number of grammar
rules and is able to deal with real-world pieces of text (e.g. newspaper articles).

* Integration: The properties of factors such as code length and development time dedicated to the various
applications compared with the core LOLITA system is low (e.g. the prototype template filling module
consists of about 0.5% of the total code). During development, feedback from specific components affected the
development of others (e.g. as the NL generator developed, feedback guided the development of the semantic
representation). This procedure is typical of NLE compared to more traditional computational linguistic
approaches where isolated development is often practiced.

* Flexibility: Although it cannot be used for every task in every domain, LOLITA is not restricted to a single
task type (e.g. machine translation) or to a particular domain (e.g. weather reports). This is reflected in the
generality of the semantic network representation.

» Maintainability: Because the system was built with maintainability in mind the changes made at various
stages of the development were easily incorporated.

* Robustness: This area is receiving a particular attention to increase, for example, the number and coverage
of grammatical rules.

» Usability: The prototypes which have been already developed are for applications which are in demand from
end users although the user interface still need further improvements.

NATURAL LANGUAGE FOR REQUIREMENTS ENGINEERING
Whatever technique is used for the requirements elicitation (questionnaires and interviews, work observation,
brainstorming, etc.), by the far the largest and most important section of available information consists of natural
language (NL) statements, often described in terms of what the system shall perform, what functionality the system
shall support and what items should exist in the system. It is clear from recent advances of Natural Language
Engineering that major inroads are now possible in the interpretation of natural language descriptions. Tools are needed
to guide the analyst in the gathering and interpretation of key messages, while keeping track of the interactions with a
number of users/experts, during which the analyst's point of view contributes as much as anybody else's to determine
the universe of discourse of the problem under discussion.
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In recent years a certain number of NLP-based tools have been realized to support the development of Information
Systems and the construction of conceptual schemes for Databases. As far as the linguistic theories adopted are
concerned, they range from the syntactic linguistic criteria proposed by Abbot [4] to works that attempt to realize a
more sophisticated text analysis using variants of the Case Grammar by Fillmore [13]; however, even in the early work
by Abbot the importance of a semantic analysis and of a real-world knowledge is recognized (under the general heading
of 'understanding of the problem domain'). The basic approach by Abbot is developed further in a paper by Booch [14]
which - together with the one by Abbot - is most quoted with regard to the use of 'linguistic criteria’ for the development
of models of the external world in terms of interconnected objects. A process of incremental construction of software
modules starting from 0 0 specifications obtained from informal NL specification is described in [15], in which the
transformation process takes place interactively and the analyst's role is very important, since the system is able to
extract verbs and nouns from an informal specification automatically, but not to determine which words are important
for the construction of a formal specification. With respect to the approach by Abbot, the role of verbal patterns are
underlined. The NL specifications are analyzed separately using two dictionaries, one for nouns and another for verbs,
which are classified in a way related to the model used for formal specifications. The authors accept that the
correspondence between the lexical, and semantical, structures of words and the structure of software components does
not always hold. Thus, attention should be paid to the semantical roles of nouns and verbs. Furthermore, the rules for
extracting information from the informal description are ad-hoc and are specific to an object-oriented model. In order to
limit this problem, Bailin [13] proposes a different solution, based on ‘filtering' the requirements text to build a
requirements Database, so as to simplify the search for nouns and noun-phrases. However, no details are given on how
to achieve this simplification. LOLITA can constitutes a strong support tool in the initial phase thanks to its ‘text
normalization' capabilities. Another significant aspect in Balini's work is the proposal to use Data Flow Diagram
(DFDs) in order to identify entities in the problem domain (although the author maintains that DFDs are not really part
of the specifications, and can only be used as an intermediate representation).

A well-known method for the construction of conceptual schemas for relational Database development is NIAM [17].
In order to obtain a domain-independent system, NIAM uses the result of the context-based NLP disambiguation. The
analyst interacts with the system on a particular universe of discourse, utilizing a subset of the NL which is similar to
that produced by the LOLITA normalizer: just like other similar NLP approaches, this one lacks in generality, as it was
built with that particular application in mind.

The Requirements Apprentice (RA) [18] is among the systems devoted to the early stages development support for
systems based on Al-style knowledge acquisition. RA makes an extensive use of domain knowledge in the form of
clichés and requires input from an analyst to assist resolving ambiguities and contradictions, and filling in details. To
avoid the problems related to the complexity of the free language which the user is likely to employ, RA imposes a
more restricted command language: this is an approach that may help the analyst, but not the requirement provider. The
expert system ALECSI-OICSI [19] allows the user to express the requirements both in NL (French) and in graphic
form, and the system builds conceptual structures. ALECSI uses a semantic network to represent the domain
knowledge. The NL interpretation is based on the case semantic approach [13], according to which the meaning of a
sentence can be extracted from the meaning of the verb and the recognition of the connected cases. By applying the
‘case’ concept to the sentence level too, it is possible to obtain a top-down approach to the interpretation of complex
phrases. Furthermore, since the linguistic patterns are independent from any particular model building technique, they
can be used with any development methodology. OICSI is based upon the REMORA methodology, which identifies
four basic concepts: objects, actions, events, and constraints, and four corresponding types of nodes in the semantic net
used to implement the conceptual scheme needed. There are five types of arcs, representing respectively: a relationship
between two objects, an action modifying an object, an event triggering an action, an object changing state, and a
constraint on a node. An extension of the case grammar is used also in the requirements analysis support described in
[20].

The prototype automatically performs a 'semantic case analysis' on a sentence based on a subset of English (Analyst
Constrained Language: ACL). It uses a form of Predicate Calculus, rather than a semantic net formalism. Its system
architecture is based on four modules: three of which constitute the NLP system, while the fourth is the Object-Oriented
Analysis System (OOAS). The OOAS takes as input from the NLP modules an annotated tree and case frames. From
these two structures, roles, relationships and inheritance rules are derived, which are represented in relational tables.
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These tables are then used for requirements elicitation. In order to identify which noun phrases from the input text
represent candidate objects, heuristics are proposed for the analyst to apply. It is also claimed that, as a by-product, the
prototype allows the automatic identification of ambiguities, inconsistencies, etc. Compared with ALECSI-OICSI
system, this is a less sophisticated system: rather than use a robust NLP system, it restricts the range of possible input
texts, and takes advantage of the fact that the style in technical documents is simpler.

Among other support tools for the reorganization and normalization of NL input is the Fact Gathering and Analysis
Tool [21] which aims to assist the analyst in collecting and digesting facts from end-users. This is, however, only a tool
for the orderly classification of documents for automatic controls (such as aliases, homonyms, etc.). In Easterbrook's
model [22] interview transcripts (from dialogue between analyst and the client) are interpreted into some formal
language (first order predicate calculus). The process starts with breaking the textual information into chunks, where
each chunk focuses on a particular area of knowledge (or a topic). Each chunk is identified by its source, where a source
could be a person or a group of people, and then interpreted into a set of propositions (statements) which act as a formal
representation of the information contained in that chunk. The model concentrates on the analysis of questionnaire
responses rather than on how to obtain them and relies on the analyst's skill at interpretation. In addition, the model does
not allow any automated reasoning with the information it captures.

APPLICATION OF LOLITA TO REQUIREMENT ENGINEERING
LOLITA can intervene in the initial phases of requirements engineering by analyzing input texts at several levels in
order to correct, select and normalize them, so as to generate a problem statement which in turn would be the starting
point for requirements modelling. There are functionalities in LOLITA which allow text correction, and completion,
style differences elimination (eventually even differences in the actual language used), ambiguity resolution, (at the
grammatical, semantic, pragmatical, discourse and dialogue levels): all these are phenomena which occur very
frequently in real and serious text. They are also features that require a real general Natural Language system, which is
why so many other problem specific systems use a pseudo-natural language.

Real NL text also brings problems of redundancy, inconsistency and omission management; as already pointed out,
these are not problems connected to the automation of the process: they are intimately connected to the user-analyst
relationship, in the requirements elicitation process itself, and have to be faced no matter what method, tool or system is
used. Furthermore, the possibility of interacting with the user through ‘query’ and 'dialogue’ modules, and of generating
pieces of text allows the requirements elicitation to be run interactively via a NL interface. Finally, it is also possible to
interact with the system with a graphical interface (developed by Siemens Plessey), which allow exploration and
manipulation of the semantic net. Once redundancies and inconsistencies in the semantic net, have been resolved or
flagged for user's attention, conceptual modelling can begin using a particular modeling technique (e.g. Object-
Oriented). Other applications, outside the software engineering field, including:

* Context scanning for security operations.

* NL language interface for SQL (DEAC project, funded by ESPRC).

* Dialogue training for educational purposes.

* Chinese language tutoring.

CONCLUSION
In this paper the case has been argued for real NLP systems as a tool for requirements engineering. Various approaches
have been discussed, and the fundamental common drawbacks pointed out: these may manifest themselves as the need
for a pseudo-language, or heavy domain dependency, or excessive reliance on user interaction, but the drawbacks are
due to the lack of proper NL facilities (at the analysis, reasoning, and generation stages). The Natural Language
Engineering paradigm has been briefly presented, and a claim made that is the way forward for real NLP. The
LOLITA system has been presented, in relation to this paradigm, and shown to have the range of functionality needed for
many aspects of requirements engineering, requirements elicitation in particular.
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