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ABSTRACT

This paper addresses the problem of “missing requirements” in
software requirements specification (SRS) expressed in natural
language. Due to rapid changes in technology and business frequently
witnessed over time, the original SRS documents often experience the
problems of missing, not available, and hard-to-locate requirements.
One of the flaws in earlier solutions to this problem has no
consideration for missing requirements from multiple viewpoints.
Furthermore, since such SRS documents represent an incomplete
domain model, manual discovery (identification and incorporation) of
missing requirements and relationships is highly labor intensive and
error-prone. Consequently, deriving and improving an efficient
adaptation of SRS changes remain a complex problem. In this paper,
we present a new methodology entitled “Proxy Viewpoints Model-
based Requirements Discovery (PVRD)”. The PVRD methodology
provides an integrated framework to construct proxy viewpoints model
from legacy status requirements and supports requirements discovery
process as well as efficient management.

Categories and Subject Descriptors

D.2.1 [Software Engineering]: Requirements/Specifications —
Methodologies. D. 2.9 [Software Engineering]: Management. H.3.3
[Information Storage and Retrieval]: Information Search and
Retrieval — Query formulation, Relevance feedback.

General Terms
Management, Measurement, Reliability, Theory, Verification

Keywords
Software Requirements Engineering, Proxy Viewpoints, Requirements
Categorization, Missing Requirements Discovery

1. INTRODUCTION

This paper addresses the problem of “missing requirements” in
software requirements specification (SRS) expressed in natural
language. Due to rapid changes in technology and business frequently
witnessed over time, the original SRS documents often experience the
problems of missing, not available, and hard-to-locate requirements.
Such problems can be further decomposed into the following
subproblems: 1) Earlier solutions do not consider missing
requirements from multiple viewpoints; 2) SRS documents with many
missing requirements typically tend to be poorly structured and
maintained as well as hard-to-trace (by not providing links to related
requirements); 3) SRS documents with missing requirements represent

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior
specific permission and/or a fee.

SAC ’04, March 14 - 17, 2004, Nicosia, Cyprus

Copyright 2004 ACM 1-58113-812-1/03/04...$5.00.

David C. Rine
Dept. of Computer Science
George Mason University
Fairfax, VA 22030, USA
NASA NET Research Group, NASA HQ
1-703-993-1546

drine@cs.gmu.edu

an incomplete domain model; and 4) Manual discovery (identification
and incorporation) of missing requirements is highly labor intensive
and error-prone. These inherent rigid subproblems do not allow
efficient adaptation of SRS changes and improvements. Most SRS
documents today are plagued by a combination of one or more of these
problems, and they become even more prevalent while dealing with
legacy status [1] SRS. Therefore, there is a strong need to develop a
new methodology that can provide improved solutions to these
problems and lengthen the life span of SRS.

In this paper, a new methodology entitled “Proxy Viewpoints Model-
based Requirements Discovery (PVRD)” is presented to meet this
need. Through the requirements discovery and analysis process, the
PVRD methodology provides a way to construct proxy viewpoints
models from legacy status natural language SRS documents. “Proxy
viewpoints” is a surrogate and approximation of original viewpoints
that would have been constructed if the requirements of the domain
were well-engineered from the beginning of a software development
life cycle by using one of the viewpoints oriented requirements
engineering methods such as VORD [7, 8].

The PVRD methodology consists of four models: viewpoints model,
enterprise model, missing requirements types categorization model,
and requirements discovery and analysis model. Based on this
integrated framework, the PVRD methodology is able to create a proxy
viewpoints model and provides a new way of discovering missing
requirements while improving the requirements representation space
through the new indexing structure that supports multiple viewpoints
from many stakeholders in a large-scale complex software system.

Well-designed explanatory scenario-based multiple-case studies [19]
are developed in the finance application system domain and
educational information management system domain, not only as a
way to validate the methodology but also to show its uniqueness and
novelty and to provide exemplary guidance for researchers from
academia and real practitioners from industry [9]. Various evidence
and findings that support the propositions of this study validate that the
PVRD methodology provides an integrated environment that supports
a requirements discovery and analysis process as well as efficient
management. In this paper, we present some examples from the first
case study in the finance application system domain.

2. RELATED WORK

Viewpoints approach to requirements engineering [7, 11, 16] provides
many ways of requirements organization and management. For
instance, PREView [15] and VORD provide environments for
requirements elicitation, structuring, and management. While these
approaches need to be applied at the very beginning stage of software
development life cycle, the PVRD methodology provides a way of
constructing proxy viewpoints model from the poorly structured
requirements of legacy status software systems through several
methods in the requirements discovery and analysis model.

[12, 6] discuss several inspection techniques for detecting, diagnosing,
and correcting errors in natural language requirements documents.



Among them, checklist technique contains a list of questions that the
analyst may use to assess each requirement. [8] suggests the list should
not normally include more than 10 items and the questions on the
checklist should usually be general than restrictive. Improvement of
requirements quality through defects discovery involves many issues
such as the types of requirements and their representation, types of
defects, and the efficiency of the methods and applicability. Therefore,
there is no single best universal approach for the requirements defects
discovery and should depend upon many factors.

In REVERE [13], a probabilistic natural language processing (NLP)
tool is applied to free-text documents to retrieve requirements
information. It uses statistical likelihood of the words for the
classification purpose. The probabilities are derived from a large
corpora of free-text that have already been analyzed and manually
tagged for each term’s certain set of categories (i.e. syntactic,
semantic, or lexical categorizations). The generated log-likelihood
figure heavily relies on the correctness and compatibility of the pre-
tagged corpora to the application domain. However, the requirements
term expansion technique in the PVRD methodology focus on the
complete search of requirements of interest through the improvement
of quality of query terms.

3. THE PVRD METHODOLOGY
The following sections describe the framework models incorporated in
the PVRD methodology.

3.1 Viewpoints Model

Viewpoints model represents different perspectives or views for
coverage of direct and indirect stakeholders that need to be identified
and incorporated into the legacy status software system requirements.
We assume that legacy software system requirements were initially
developed without considering viewpoints concept. The identification
and conceptualization of initial viewpoints model takes place at the
early stage of PVRD. However, these initial set of perspectives or
views are partial and incomplete descriptions. As shown in Figure 1,
the Viewpoints model should adapt to necessary changes and evolve
towards an optimal number of viewpoints and descriptions through the
PVRD.

Although the need for developing viewpoints model in requirements
engineering is well studied in [8], constructing viewpoints model from
the legacy SRS, that was originally elicited and maintained without
viewpoints consideration, remain a hard problem. The viewpoints
model in PVRD methodology builds a good approximation of
viewpoints and also facilitates the requirements discovery and analysis
providing a good
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Figure 1. Evolutionary Viewpoints Model Space

A good approximation of the viewpoints’ characteristics can be
achieved through some analysis techniques such as an interviewing
process with subject matter expert/witness, a statistical sampling of
viewpoints as strata (i.e. stratified sampling technique [3]), or a
documentary study of viewpoints.

We take the approach of “evolutionary viewpoints model” shown in
Figure 1, which starts with an initial viewpoints model that includes a
minimum set of viewpoints such as “direct viewpoint” and “indirect
viewpoint” in VORD [7, 8]. Alternatively, the model allows for
multiple viewpoints that are partially built from any other available
resources from the specific domain. If any “viewpoints template” of a
particular domain exists, such template can also be used as an initial
viewpoints model as well.

3.2 Enterprise Model

Enterprise model (EM) is a categorization of requirements that are
used to define the design problem at various levels of detail in systems
engineering [2]. Typically EM consists of six sets of requirements
categories such as enterprise policies, mission need statements,
operational concepts, initial requirements, derived requirements, and
actual design requirements in the systems engineering design process.

Each requirement is indexed based on the defined roles/scopes of each
category of EM as well as the identification of the corresponding
viewpoint. The level of abstractness of individual requirement in each
category of EM is also determined based on the granularity of
viewpoints model. Because each requirements category in EM inherits
the characteristics of each viewpoint in viewpoints model, the new
indexing structure facilitates the requirements discovery and analysis
process as well as the characterization of the requirements.
Customization of the categories and their specific roles/scopes depends
on the specific domain application.

3.3 Missing Requirements Types Categorization
Model

The missing requirements types categorization model provides a
method to project a requirements space that may contain a specific
type of missing requirements. [10] describes an explorative study of
possible missing requirements types in SRS. In general, they are: non-
inclusion of all significant requirements; non-conformity to SRS
standard; undesired event handling; omitted non-functional
requirements; missing requirements due to a single point of failure for
a critical system; non-reachable states or operational modes etc. In
PVRD methodology, this ad-hoc classification scheme of missing
requirements types is applied in a systematic way to the projection of
requirements space that is associated with corresponding viewpoint
and category of EM.
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Figure 2. Requirements Search Space Projection through Missing
Requirements Types



Figure 2 shows the projected requirements space from three different
classifications which are: viewpoints, EM category, and missing
requirements categorization. RS(i,j,k) represents all requirements
space that belongs to viewpoint VP;, ith category of EM: EM;, and kth
missing requirements category: MRCy. Theoretically RS(i,j,k) should
satisfy all constraints from all three dimensions. For instance, let’s
assume that MRCy is the “non-conformity to SRS standard”. More
specifically, those standards are “Z39.50 document interface standard”
and “1SO 10160-1 document ordering standard”. VP is the “document
standards” and EM,; is the “actual design requirements”. Therefore, all
requirements in RS(i,j,k) should conform to those standards. Thus,
RS(i,j,k) is assessed for the possibility of missing requirements type
MRCy, and this projection provides a narrow, accurate and effective
search space for discovering various types of missing requirements.

3.4 Requirements Discovery and Analysis Model

3.4.1 Requirements Term Expansion

One of the fundamental problems of the complete search in
information retrieval is “word mismatch” [18]. Similarly, SRS often
contains different terms and descriptions that carry the same contextual
information of the domain. Therefore, lack of requirements query
terms or non-availability of domain knowledge can result in an
incomplete search for specific requirements of interest. The
requirements discovery and analysis model provides a method to
retrieve requirements of interest by using the requirements term
expansion method [14, 4] that automatically generates a list of
“potential query terms” which could assist analysts in acquiring more
knowledge about the domain of interest by performing a “complete
search” of available requirements resources.

Figure 3 shows how this technique can be applied to the requirements
search space. U represents the entire requirements space available for
searching. T (shaded area) represents a target requirements space that
is most relevant to the user’s interests. | represents a set of
requirements retrieved through the initial query. Our goal is to find and
retrieve the set of requirements A that spans the remaining part of the
target requirements space T, which was not retrieved in the space I,
using the query expansion technique. In order to do that, query
expansion technique automatically generates a list of terms in space R
that can potentially characterize the set of requirements A. These
terms are the key domain words that are actually relevant to the
requirements that only belong to A. Depending on the granularity of
rectangular boxes in the requirements space, it is possible to
approximate proxy viewpoints based on the actual original viewpoints
that should have been constructed.
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Figure 3. Requirements Search Space

3.4.2 Requirements Relationship Chain Discovery

Some of requirements often establish certain relationships between
them and create relation chains across the categories in EM. For
example, these relations include causal, is-a membership, general,
special, any feature relationships etc. with many-to-one, one-to-one, or
one-to-many correspondences as shown in Figure 4. ry ([Rij-i, Rirj-1],
Ri.ij) represents many-to-one relationships. ry (Ri-sj-1m, Ri-1jx) represents
one-to-one relationship. rc (Riajk [Rij+, Rij+1k]) represents one-to-
many relationships. Relation chains such as rarc and rypre can also be
discovered. These relationships represent not only relationships
between requirements but also relationships of viewpoints and
categories of EM.

. .
Rwé the ith requirsment in jth category of EM that belongs to sewpoint

Figure 4. Requirements Relationship Chain Discovery

4. CASE STUDY IN A FINANCE
APPLICATION SYSTEM DOMAIN

A case study design, as an evaluation research approach and a
generalization from it, builds a basis for valid inferences from the case
study events and evidence collected. For an effective case study as an
empirical method applied as a validation exercise — applied to an
‘invented software (systems) engineering methodology’, it is necessary
for the validation exercise to first have designed a case study
methodology specific to the characteristics of this invented software
engineering methodology to be validated using the case study. Case
study evaluation research method in [19] is used to validate the PVRD
methodology and more detailed case study designed methodology
including its components, execution, and results are described in [9].
The following subsections describe each step of the methodology by
using some examples from a case study performed in a finance
application system domain in a real project environment.

4.1 Stepl: Set goals for the requirements search

and investigation

Any requirements search or investigation process should have a goal or
a set of goals. For example, business, organization policy or
technology changes may impact the existing software systems, and
those change requests need to be adapted within a reasonable response
time. In general, such requests need to be consolidated by a team of
Subject Matter Experts (SMEs) that usually consists of domain
experts, requirements engineers/analysts, and software engineers.

A goal can be represented as a set of investigative questions by using
key domain terms. SMEs can use one of seven facets of defining a
‘complete requirement’: 1) What is it named?; 2) Who uses it?; 3)
How is it used?; 4) When is it used?; 5) Where is it used?; 6) Why is it
used?; and 7) How well is it used? SMEs can also use the general
investigative question reduction logic together in order to clarify their
goals and questions more specifically. In this Stepl, it is important for
SMEs to acquire and use the key domain terms that best describe the



concept of the goals in the investigative questions. Since these key
domain terms play an important role in narrowing requirements search
space.

4.2 Step2: Selection of domain requirements terms
From the requirements search or investigation point of view, having a
set of specific goals with key domain terms is critically related to the
creation of an initial target requirements space. In other words, the
target requirements concept (that can be described by using key
domain terms) becomes the basis of selecting domain requirements
terms that will be used to create an initial requirements search space.

There are four ways for SMEs to select domain requirements terms: 1)
A term or a set of terms used in the description of the investigative
questions; 2) A term or a set of terms that can characterize the
categories of ‘missing requirements types’; 3) A term or a set of terms
from the thesaurus if it is available in the project environment; 4) A
domain term(s) from the consensus of different stakeholders across the
organization. For instance, this can be achieved through the regular
stakeholders meeting, discussions, collecting terms that carry out the
same investigative goals but from the different stakeholders
perspectives or views (i.e. ‘automatic closure’, ‘automatic closing’,
and ‘automated processing’ are terms used by different stakeholders
but mean the same concept).

4.3 Step3: Creation of initial requirements search

space by querying domain requirements terms

Once a set of key domain terms are collected from Step2, SMEs use it
to create an initial requirements search space. This initial set of
requirements is the requirements where the set of domain terms
appeared in the given actual requirements document.

4.4 Step4: Viewpoints identification and creation

of viewpoints model (VP)

Among SMEs, requirements engineers/analysts should have access to
the requirements domain (through the domain experts) and technical
requirements knowledge (through the software engineers) to identify
an initial set of viewpoints of stakeholders in the initial requirements
space created in Step3.

SMEs take general viewpoints templates and create an initial
viewpoints model under categories ‘direct’ and ‘indirect’ viewpoints.
This is a typical practice in general viewpoints oriented requirements
engineering. Then, SMEs need to read and assess each requirement
from the initial requirements space and identify corresponding
viewpoints of each requirement as shown in Figure 5.
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Figure 5. Step 4: Viewpoints Identification

This initially created viewpoints model expands whenever new
viewpoints are identified and contracts whenever multiple viewpoints
need to merge to a single viewpoint. The creation of viewpoints model
is an iterative and incremental process.

4.5 Step5: Requirements category identification in

enterprise model (EM)

SMEs define the requirements categories in the enterprise model that
are appropriate for the project. SMEs need to read and assess each
requirement from the initial requirements space and identify an
appropriate requirements category of EM for each requirement as
shown in Figure 6. As a result, appropriate allocation of requirements
to the corresponding systems engineering process in EM can be
achieved.
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Figure 6. Step 5: EM Categorization

Each requirements category in EM (that now has its corresponding
requirements in its category) is expanded to inherit and include the
characteristics of a viewpoints model and creates a new indexing
structure, which is the proxy viewpoints model.

4.6 Step6 & Step7: Creation of proxy viewpoints
model & Requirements analysis based on the

defined properties of proxy viewpoints model

At this stage, each requirement from the initial requirements space
maintains memberships (or indexes) to corresponding viewpoints
model and enterprise model. For instance, from Figure 7, requirement
3.2[3] belongs to viewpoints ‘TE/GE’ and ‘TEDs system’, which are
under ‘Organization’ and ‘System’ viewpoints, respectively. Also
requirement 3.2[3] belongs to the requirements category of ‘Mission
Need Statements’ in EM. This indexing scheme can be rewritten
formally, R«(VPi,EM;) in which means the kth requirement Ry has a
viewpoint \VVP; and belongs to EM; category.

SMEs create a proxy viewpoints model and its conceptual PVRD
layout can be drawn as shown in Figure 7. The links between
requirements represent ‘part-of’ relationships. Based on this, each
requirement that is consistent to the roles and scopes of each
requirements category in EM can be organized and managed
throughout the viewpoints model.

Theoretically, the level of abstraction of requirements descriptions in
EM should be adjusted and determined by the granularity of the
viewpoints model. In other words, there should be a balance between
the viewpoints model and enterprise model in terms of their level of
abstraction. For example, if the level of granularity of viewpoints is
very fine level, one may want to introduce a more detail engineering
process in EM by adjusting the abstraction granularity of requirements



categories of EM. However, this is very hard to achieve in a real
project environment and no practical research solutions exit.
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Figure 7. Steps 6 & 7: The PVRD Model with Missing Requirements
Analysis

SMEs analyze the potential patterns of PVRD properties by assessing
the indexes and associated links of requirements. The following factors
should guide SMEs’ analysis process: 1) The defined PVRD properties
[9]: Checking any pattern of PVRD properties of requirements
incompleteness, inconsistency, redundancy, ambiguity, relationship
chain, and workflow process relationship chain; and 2) Use of domain
and technical requirements knowledge in understanding and analysis
of any potential patterns.

For example, in Figure 7, SMEs found a pattern of ‘requirements
incompleteness’. More specifically, a set of system functional
requirements under Derived Requirements (DR) category of EM is
missing. Once any such a potential pattern is identified in the PVRD
layout, SMEs continue to start the discovery process, which is the most
important step but hard to achieve without having a supporting
knowledge model, such as PVRD model.

4.7 Step8: Discovery of missing requirements and

other requirements defects of various types

Based on the analysis from Step7, SMEs can discover missing
requirements, other requirements defects of various types,
requirements relationship chains and workflow process relationship
chains.
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For ‘missing requirements’ discovery, SMEs can use ‘term expansion
method’ to retrieve additional specific requirements of interest (i.e.
potentially missing requirements). The rational of this method is to
automatically generate a list of domain terms that can potentially be
used as ‘queries’ to retrieve a set of additional requirements from the
remaining requirements documents or external resources.

For example, as shown in Figure 7, SMEs need to categorize the initial
set of requirements into two sets, ‘relevant’ and ‘less-relevant’ sets of
requirements, to the target concept described in Stepsl&2. Then,
SMEs take these two sets of requirements as an input to the term
expansion method to generate a list of domain specific requirements
terms that can be used in the consecutive requirements search process
as shown in Figure 8.

SMEs need to assess the generated list of terms (with associated
frequency-based weights) and make associations to the target
requirements concept in the PVRD model. The goal is to find an
additional set of requirements that were missed in the previous search
because of the inconsistent use of terms in the requirements, or
conceptual knowledge gaps between the set of domain terms (i.e.
‘automatic closure’) that were used in the creation of initial
requirements space and the terms (i.e. ‘DSA Case Validation’)
generated through the term expansion method. In other words, the
conceptual links between these terms were missing. Figure 9 shows an
example of the results of missing requirements discovery. In this
example, a set of requirements was missing because of the ‘language
gap’ between the stakeholders’ language and the systems’ language in
the requirements.

‘Automatic
Closure’

‘Automatic
Closing’
“Automated
Processing’

Validation

Figure 9. Step 8-3: Missing Requirements and Relationship Chain
Discovery

SMEs can also discover requirements defects of other various types
(i.e. inconsistency, redundancy, and ambiguity), relationship chain
between requirements, and workflow process relationship chain, based
on the defined PVRD model properties. The workflow process
relationship chain (inside of the ‘DSA Case Validation’ box) in
Figure 9 shows an example of such a relationship chain. The three sub-
processes that compose the ‘DSA Case Validation’ process are
discovered and represented with the data and control flows.

Figure 10 shows how to discover requirements defects of other various
types. Based on the viewpoints identified from each requirement,
SMEs can also identify a set of missing requirements and their
viewpoints-to-be. SMEs need to assess requirements that are
connected to each other (or requirements in the same EM category) in
the adjacent EM category, to check whether there exist any defects of
other various types.



From Figure 10, SMEs can identify a ‘Many-to-One’ requirements
relationship that the seven sets of requirements (under Initial
Requirements, including missing requirements) depend on a set of
requirements under Derived Requirements, which is related to the
‘security grant permission module’ in the system. In fact, SMEs found
a set of inconsistent requirements from this model.
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Figure 10. Step 8-4: Requirements Defects Discovery

Discovery of this type of requirements relationship and the
understanding of its characteristics can provide SMEs more focused
area to look for requirements defects.

It is important to note that this missing requirements discovery process
in PVRD also concerns the ‘requirements distance’ problem [5],
which is recognized as a hard-to-solve problem in software
requirements engineering that cannot be handled though a traditional
inspection technique, by discovering missing requirements from far
distant sets of requirements or different resources.

“Stopping condition’ of the discovery process is closely related to the
defined evaluation criteria such as metric (i.e. the significance of the
discovery) and measures (i.e. whether the discovered requirements are
defining, mandatory or optional requirements) in evaluating the results
of the discovery [9].

5. CONCLUSION AND FUTURE WORK

Wiegers addresses the importance and difficulty of “missing
requirements” as follows: “Missing requirements are among the
hardest errors to detect. They are invisible.” in his practical
discussion of inspecting requirements [17].

The PVRD methodology is unique in its architecture in that it provides
an integrated environment for requirements discovery as well as
requirements organization and management through the proxy
viewpoints model. Based on this research, well-designed explanatory
scenario-based case studies are developed as a way of the PVRD
methodology validation [9].

A requirements engineering workbench that implements PVRD
methodology that can capture the knowledge in various stages in a
software process with the combination of automatic NL requirements
engineering technique (i.e. text summarization) will be developed in
the near future.
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