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Abstract. Requirements form the basis of the systems engineering life cycle activities
but creating a good set of requirements is a difficult task. Some difficulties can be
reduced through the application of a context-free grammar for requirements to reduce the
complexity of requirements elicitation. Developing the grammar involved a melding of
computer science and natural language that yielded useful insights into the nature of
requirements. The grammar was originally developed to empower a case-based
assessment system for requirements but the value in using the grammar was such that it
inspired the creation of a requirements writing tool, BADGER.

Introduction

The requirements engineering (RE) process is an important early stage in the systems
engineering life cycle. Poor requirements are often cited as a leading cause of project
failure (Standish Report, 1995). RE encompasses two symbiotic parallel processes, the
RE activities and requirements management processes. The RE process activities,
generically outlined in Figure 1 (Kotonya & Sommerville, 1998), describe the actions
performed by engineers to elicit, analyse, document, store and validate requirements.

The goal of RE is to develop and maintain a good set of requirements. Practice has
shown that this is difficult (Vencel, 1999; Martin, 2000; Kasser, 2001). The difficulties
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Figure 1: Requirements Activities (Kotonya & Sommerville, 1998).
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stem from several sources. Firstly, requirements are commonly written in natural
language. Natural language is inherently ambiguous and misunderstanding will often
result. To some extent this has been addressed through the adoption of stylized
expression (e.g. MIL-STD-490A, MIL-STD-961D) and avoidance of vague words.

Secondly, requirement writers require substantial contextual tacit and explicit
knowledge in order to perform the requirements elicitation and analysis tasks well.
Engineers use a large amount of assumed contextual knowledge when examining a
requirements document drawn from their experience and training. It is through the use of
this knowledge that ‘comprehensibility’, ‘feasibility’, and ‘solution independence’ of
requirements can be assessed. It is difficult for a computer to apply this contextual
information as they lack the ability to implicitly learn and adapt their knowledge.

Thirdly, requirement sets can be large and it is difficult for the author(s) to gain
familiarity with the entire set in order to ensure that the set represents a feasible
proposition and is internally consistent.

Given the importance of the field, significant work has been performed to address
these issues. For example, ontologies have been defined that include the attributes of
good requirements and rules for detecting the attributes (INCOSE, 2000; Kasser, 2001;
Schneider & Buede, 2000).

Current commercially available tools focus on the requirements management
capabilities. Concept demonstrator tools have been developed to assist the RE activities
through the application of artificial intelligence. =~ A summary of the concept
demonstrators can be found in Scott & Cook (2003) and Kasser et al (2003).

What is needed is an automated means to understand individual requirements (and
hence requirement sets) and reason about their quality using a repository of accumulated
wisdom. To attempt this, a concept demonstrator is under development to apply case-
based reasoning (Leake, 1996; Luger & Stubblefield, 1998) to address these issues from a
unique perspective. Solutions are generated by finding previous problems similar to the
current dilemma and adapting their outcomes to the current problem. With respect to RE,
previous requirements sets are compared to the current set to permit associated
information (such as testability and feasibility) to be inferred. More information about
the case-based reasoning concept demonstrator can be found in Scott & Cook (2004).

An integral part of the assessment process is the ability to compare requirement
statements and identify semantic matches. When comparing requirements between
documents it is necessary to be able to compensate for writer style and project specific
information, such as system references. To overcome this challenge, a context-free
grammar was developed to facilitate the parsing of requirements. Once deconstructed,
the components of each requirement can then be readily compared to detect equivalence.

A Grammar for Requirements

When developing a grammar to parse requirements, we can draw on two fields of
knowledge. The first field is formal language practice that one encounters in computer
science that enables automatic parsing of the requirements. The other field is English
grammar structures since the targeted requirements are written in natural language.
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Classes of Grammars

An artificial grammar is a set of production rules that define the production of clauses
in a language. When developing a structure to represent requirements statements, it is
prudent to examine the common types of artificial grammars used. These grammars can
be classed in a hierarchical structure as seen in Figure 2 (Aleksander & Hanna, 1976).
Natural language is difficult to express using a mathematical structure. The grammatical
rules of the language has exceptions too numerous to capture. Subsets of natural
language have been developed which can be expressed using mathematical structures.

A subset of natural language is phase-structure grammars, which facilitates the
definition of a language’s structures. To express the language mathematically, we first
need to define some sets. Let us define a vocabulary V' that can be broken into two
mutually subsets, non-terminal symbols ¥, and terminal symbols V;. We can then define
a set of production rules, P, to relate the symbols in the vocabulary. These relations are
of the form:

o—p
where o and [ are both strings in the total vocabulary V. We can also define a set of start
symbols in the vocabularym. In our case, o is the symbol of a requirement.

A grammar G can be defined as the quadruple:

G=<Vy Vi P, »>

So our grammar has a set of start symbols, ®, that can be changed using a series of
production rules (:>*) into a terminal symbol s where s € V;. Thus we define the
languages using phase-structure grammars as the set L expressed as:

L(G)={s|s € Viand ® = s}

A subset of the phase-structure grammars is a context-sensitive grammar that restricts

the transitions so they are non-expansive. The restriction on the set P is:

lo| < |B| where o—f € P
This creates a calculable upper bound on the number of possible substitutions for any
given string.

Context-free grammars are a subset of the context-sensitive grammars that allow
substitutions independent of the rest of the structure. The additional restriction for
context-free grammars is that the left-hand side of transitions consist of a single symbol
and the right-hand side is a non-empty string over the total vocabulary. We can express
the resultant set as:

A—a, A € Vy, a € V— {A} where A is the empty string. Context-free grammars are
commonly encountered as
they are used to define
the syntax for
programming languages Phase-Structure Grammars
and enables parsing to
extract the semantics.

Finite-state grammars
are the ultimate
restriction ~ when  an
explicitly defined set of

states can be reached Figure 2: Classes of Grammars (Aleksander & Hanna, 1976)
through a limited set of

All Grammars

Context-Sensitive Grammars

Context-Free Grammars

Finite-State Grammars
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transitions. The productions are of the form
A —oB or A —>o where A,B € Vy,and a € V..

It is unrealistic to define a finite-state grammar for even heavily stylised natural
language. However, it is possible to construct a context-free grammar specifically for
requirements given the restrictions placed upon writing requirements supplemented by
common writing habits.

English Grammar Constructs

Sentences are made up of one or more clauses. Identification of the clause type and
subsequent semantic analysis of the clause reveals the information contained within.

Clauses are classified as either independent or subordinate. Independent clauses can
stand alone syntactically as a full sentence and contain at least one subject and verb.
Whereas an independent clause forms the core of the requirement giving the subject,
action and targeted object or attribute. Every sentence has an independent clause.

Subordinate clauses are dependent on the information in the rest of the sentence to
extract the meaning and thus cannot be viewed entirely separately. Subordinate clauses
are also called dependent clauses. There are many subtypes of subordinate clauses and
some commonly encountered types are:

Temporal Clause: This clause refers to the time an action occurs. When used
in requirements, a temporal clause specifies when the action occurs (e.g. When the user
presses the button, the system shall... ).

Conditional Clause: Clauses of this type make the proposed action dependant on
the fulfilment of the subordinate clause. These clauses are typically introduced with the
conjunctions “if” or “unless” (e.g. Unless otherwise specified, the system shall...).

Relative Clause: These clauses give additional detail to a particular noun. These
can be either restrictive or non-restrictive. A non-restrictive relative clause is a relative
clause that does not aid in the identification of the referent of the preceding noun (e.g. the
student record in the database). These can also be referred to as descriptive clauses. The
use of non-restrictive relative clauses in requirements adds redundant information that
should be trimmed. A restrictive relative clause helps identify the referent of the word
modified (e.g. the row of tables at the front of the room). In requirements, restrictive
relative clauses are often used to define the response and operational envelope criterion.

Other types of subordinate clauses exist but are rarely encountered in requirements.

A Context-free Grammar for Requirements

Thus we use formal language theory to represent the semantics of the English
grammar constructs. In developing the grammar it was necessary to balance the
language’s expressive power against the proving capabilities. The language was
designed to apply requirements engineering best practice. As such, restrictions were
placed on the grammatical constructs permitted. A restriction was the omission of
pronouns from the vocabulary. It is recognised that the use of pronouns introduces
ambiguity into requirements and should be inhibited (INCOSE, 2000). Another
restriction is the focus on active voice. Using requirements written in active voice allows
identification of the relationships captured within the requirement.

The grammar also needed to apply to previous manually written requirements. The
grammar had to be designed to compensate for minor mistakes made in writing
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requirements. A collection of requirements documents were examined and parsed to
determine the applicability of the grammar. The grammar was then adapted to expand
the coverage to include common requirement patterns. The result on the grammar was
multiple structures for similar semantics to capture variations in writing style. The
grammar wasn’t adjusted for requirements found to be extremely poor, as it would have a
degrading effect on the abilities of the grammar when evaluating good requirements.

Figure 3 summarizes the grammar in Backus Naur Form (Naur, 1960) to an intuitive
level. In the figure, TC Clause are Temporal Conditional Clause.

An Example of the Grammar’s Application

An example can better explain the use of the grammar. This example was taken from
a communication specification. Consider the requirement:

“Organisational Message Traffic shall be transferred with no greater than 1 in 10> BER”
The grammar identifies the requirement as containing an independent clause followed by
a restrictive relative clause. The independent clause, “Organisational Message Traffic
shall be transferred”, identifies the

. Subject as “Organisational Message Traffic”;

. Auxiliary Verb as “shall”;

. Verb as “be”’; and

. Target as “transferred”.

The restrictive relative clause contains the acceptance criteria of the requirement.

This clause identifies the:

. Preposition as with”;

. Criterion Indicator as “no greater than”;

. Value’s Number as “1 in 10*”; and

. Value’s Units as “BER”
Thus the constituent components of the requirement have been extracted for individual
examination. With our decomposed requirements, we can better compare requirements
with different writing conventions. For example we can equate “less than” with “no
greater than” or “10°” with “1000”. The grammar can be adapted to reflect the practices
of the company in this way. Thus we have a mechanism to semantically compare

<Requirement> ::= [<TC Clause> “,”] <Independent Clause> [<Restrictive Relative Clause>] |
<Independent Clause> [<Restrictive Relative Clause>] [<TC Clause> ]
<Independent Clause> ::= <Subject> <Auxiliary Verb> <Verb> <Noun Phrase>
<Restrictive Relative Clause> ::= [<Preposition>] <Criterion Indicator> <Value>
<TC Clause> ::= <TC Indicator> <Noun Phrase> [<Verb> <Noun Phrase>]
<TC Indicator> ::= <Preposition> | <Condition>
<Value> ::= <Number> <Units>
<Noun Phrase>::= [<determinant>] {<Adjective>} <Noun> [<Preposition> <Noun Phrase>]
[<Conjunction> <Noun Phrase>] |
[<determinant>] < Adjective > {<Adjective>} [<Preposition> <Noun
Phrase>] [<Conjunction> <Noun Phrase>]
<Subject> ::= [<determinant>] {<Adjective>} <Noun>
<Auxiliary Verb> ::= “shall” [“not”]
<Criterion Indicator> ::= “no greater than’ | “no less than” | “within”

”‘“

Figure 3: Context-free Grammar for Requirements
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requirements that compensates for writer style. This is crucial for the application of case-
based reasoning.

Grammar Application for Requirements Elicitation

While developing and testing the case-based assessment tool, it was observed we
could benefit from using the context-free grammar to generate requirements. The
grammar was used as the basis for a tool to generate requirements. The tool was
implemented as a wizard named BADGER (Built-in Agent using Deterministic Grammar
for the Engineering of Requirements) within the tool TIGER (Tool to InGest and
Elucidate Requirements), a part of the “Prototype Educational Tools for Systems and
Software Engineering” (PETS) project (Kasser et al, 2003). PETS is a suite of concept
demonstrator tools to perform SE activities. Each tool is named to facilitate an acronym
based on an animal.

BADGER acts by prompting the user for the information relevant to each clause of
the requirement grammar. By prompting the user for specific information, the user must
make a conscious decision not to add the information concerning conditions and
performance criterion into a requirement. In traditional free form requirements writing,
the converse applies where the writer must actively specify the information.

BADGER ensures that adequate information is obtained for a specific clause before
entering the clause into the structure. This reduces ambiguity in the requirement while
ensures completeness of the requitement.

With the information for the various clauses, BADGER constructs the requirement
for the user using the predefined format. The automatic formatting of the requirement
standardises the requirement’s structure by removing the author’s style.  This
standardisation can benefit large projects where multiple authors contribute to the
requirements.

Through pull-down menus that retain previous entries, the user can enter
requirements faster then manually writing the document.

BADGER was also seen as useful in conjunction with the case-based assessment tool
as it would enforce structures that may be parsed for the assessment tool to work upon.
This improves the efficiency of the case-based assessment.

The tool was introduced to several classes of students being introduced to systems
engineering. It was seen that the resulting requirements from the groups with the tool
were of a higher quality when compared to previous classes denied the tool. An
unexpected consequence of the tool was the focus of discussion in the class. Previous
classes focused on the difficulty in expressing the statements but the classes with
BADGER focused on the content.

Future Activities

Through the research into the application of the grammar for case-based reasoning
and requirements elicitation the grammar is evolving to improve its capability to capture
and construct information. The grammar is undergoing refinement for a broader
spectrum of requirements as documents become available. The symbiosis of the tools
through the grammar is resulting in the tool set becoming better aligned and increasingly
practical as each are developed.
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Conclusion

To enable automated reasoning of requirements, a grammar is needed to enable
parsing. A context-free grammar has been developed to enable the semantic comparison
of requirements. This ability facilitates the application of case-based reasoning to
requirements. In creating a context-free grammar to structure requirements we have
gained a better understanding of the constituent components of a requirement. The
process of requirements elicitation can also be improved through an application of the
context-free grammar to guide the writer. BADGER provides a mechanism that allows
relatively inexperienced requirements writers to generate better requirements.
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