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MISSING REQUIREMENTS AND RELATIONSHIP
DISCOVERY THROUGH PROXY VIEWPOINTS
MODEL

SEOK WON LEE AND DAVID C. RINE

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 miss-
ing, not available, and hard-to-locate requirements. One of the flaws in earlier solutions to this prob-
lem 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 dis-
covery process as well as efficient management.

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

1. Introduction

This paper addresses the problem wissing requirements’ in software require-
ments specification (SRS) expressed in natural language. Due to rapid changes in
technology and business frequently witnessed over time, the original SRS docu-
ments often experience the problems of missing, not available, and hard-to-locate
requirements. Such problems can be further decomposed into the following sub-
problems: 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 provid-
ing links to related requirements); 3) SRS documents with missing requirements
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represent 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 com-
bination of one or more of these problems, and they become even more prevalent
while dealing with legacy status [AS99] SRS. Therefore, there is a strong need to
develop a new methodology that can provide improved solutions to these prob-
lems and lengthen the life span of SRS.

In this paper, a new methodology entitleldroxy Viewpoints Model-based Re-
quirements Discovery (PVRD)” is presented to meet this need. Through the re-
qguirements 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 [KS96, KS98].

The PVRD methodology consists of four models: viewpoints model, enter-
prise model, missing requirements types categorization model, and requirements
discovery and analysis model. Thiewpoints model represents different perspec-
tives or views for coverage of direct and indirect stakeholders that need to be iden-
tified and incorporated into the legacy status software system requirements. The
enterprise model provides a way of categorizing requirements based on systems
engineering design process models. Tiissing requirements types categoriza-
tion model provides a method to project a requirements space that may contain
a specific type of missing requirements. Tiequirements discovery and analy-
sis model provides a method to retrieve requirements of interest by using the re-
guirements term expansion method that automatically generates a list of “potential
guery terms” which could assist analysts in acquiring more knowledge about the
domain of interest by performing a “complete search” of available requirements
resources.
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Based on this integrated framework, the PVRD methodology is able to create a
proxy viewpoints model and provides a new way of discovering missing require-
ments 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 [Yin94, LR04a]
are developed in the finance application system domain and educational informa-
tion 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 [Lee03]. Various
evidence and findings that support the propositions of this study validate that the
PVRD methodology provides an integrated environment that supports a require-
ments discovery and analysis process as well as efficient management. In this
paper, we present some examples from the first case study in the finance applica-
tion system domain.

This paper is organized as follows. The next section deals with related work
and the section 3 presents the proposed methodology with descriptions of each
model in it. Section 4 presents a case study with explanations of each step of the
methodology. We present some concluding remarks with future research.

2. Related Work

Viewpoints approach to requirements engineering [KS96, NKF94, SFE96] pro-
vides many ways of requirements organization and management. From the sys-
tems modeling aspect, some methods such as SADT [RS77] and CORE [Mul79]
only considered viewpoints as sources or sinks of data flows, and VOSE [FKNG92]
as engineering viewpoints. However, these methods can be inappropriate for many
cases in real practice when organizational requirements and concerns need to be
taken into account. For this reason, the PVRD methodology favors the similar
viewpoints concepts of VORD [KS96, KS98] or PREView [SS97], which go be-
yond the sources or sinks of data flows and provide environments for requirements
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elicitation, structuring, and management. While these approaches need to be ap-
plied 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.

[PVB95, KA97] discuss several inspection techniques for detecting, diagnos-
ing, 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. [KS98] 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 [RGSO00], a probabilistic natural language processing (NLP) tool
is applied to free-text documents to retrieve requirements information. It uses sta-
tistical 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 man-
ually 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. ThePVRD Methodology

The following sections describe the framework models incorporated in the PVRD
methodology.
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Figure 3.1: Evolutionary Viewpoints Model Space

3.1. Viewpoints Model

Viewpoints model represents different perspectives or views for coverage of di-
rect and indirect stakeholders that need to be identified and incorporated into the
legacy status software system requirements. We assume that legacy software sys-
tem requirements were initially developed without considering viewpoints con-
cept. 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 3.1, the view-
points 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 engineer-
ing is well studied in [KS98], constructing viewpoints model from the legacy SRS,
that was originally elicited and maintained without viewpoints consideration, re-
main a hard problem. The viewpoints model in PVRD methodology builds a good
approximation of viewpoints and also facilitates the requirements discovery and
analysis process while providing a good requirements management environment.
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A good approximation of the viewpoints’ characteristics can be achieved through
some analysis techniques such as an interviewing process with subject matter ex-
pert/witness, a statistical sampling of viewpoints as strata (i.e. stratified sampling
technique [Coc77]), or a documentary study of viewpoints.

We take the approach of “evolutionary viewpoints model” shown in Figure 3.1,
which starts with an initial viewpoints model that includes a minimum set of
viewpoints such as “direct viewpoint” and “indirect viewpoint” in VORD [KS96,
KS98]. Alternatively, the model allows for multiple viewpoints that are partially
built from any other available resources from the specific domain. If any “view-
points 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 [Bue99]. As
shown in Figure 3.2, 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.

In PVRD methodology, EM provides a way of organizing and managing re-
guirements from the systems engineering design process point of view. Each re-
guirement 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 abstract-
ness 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.
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Figure 3.2: Requirements Categories in Enterprise Model

3.3. Missing Requirements Types Categorization M odel

The missing requirements types categorization model provides a method to project

a requirements space that may contain a specific type of missing requirements.
[Mer01] 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 PVYRD 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.

Figure 3.3 shows the projected requirements space from three different clas-
sifications which are: viewpoints, EM category, and missing requirements cate-
gorization. RS(i,j,k) represents all requirements space that belongs to viewpoint
VP;, ith category of EM: EM andkth missing requirements category: MRC
Theoretically RS(i,j,k) should satisfy all constraints from all three dimensions.
For instance, let's assume that MR(S the “non-conformity to SRS standard”.
More specifically, those standards are “Z39.50 document interface standard” and
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Figure 3.3: Requirements Search Space Projection through Missing
Requirements Types

“ISO 10160-1 document ordering standard”. ;\l¢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 possibil-
ity of missing requirements type MRCand this projection provides a narrow,
accurate and effective search space for discovering various types of missing re-
guirements.

3.4. Requirements Discovery and Analysis M odel
3.4.1. Requirements Term Expansion

One of the fundamental problems of the complete search in information retrieval
is “word mismatch” [XC00]. 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 require-
ments discovery and analysis model provides a method to retrieve requirements
of interest by using the requirements term expansion method [Sal71, FO95] that
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automatically generates a list of “potential query terms” which could assist ana-
lysts in acquiring more knowledge about the domain of interest by performing a
“complete search” of available requirements resources.

U: Requirements Specification Documents Space

o
o

| :
JOR @
:

T: Target Requirements Set

I Initially Searched Requirements Set . . A
o o Viewpoints (Stratification)
A: Additional New Requirements Set

R: Relevant Requirements Set that Overlaps between | and A "o ) Proxy Viewpoints

Figure 3.4. Requirements Search Space

Figure 3.4 shows how this technique can be applied to the requirements search
space. U represents the entire requirements space available for searchiing.
(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 requireméntisat spans the
remaining part of the target requirements spacevhich was not retrieved in the
spacd , using the query expansion technique. In order to do that, query expansion
technique automatically generates a list of terms in spatteat can potentially
characterize the set of requiremeAtsThese terms are they domain words that
are actually relevant to the requirements that only belorny @epending on the
granularity of rectangular boxes in the requirements space, it is possible to ap-
proximate proxy viewpoints based on the actual original viewpoints that should
have been constructed.
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3.4.2. Requirements Relationship Chain Discovery

Some of requirements often establish certain relationships between them and cre-
ate relation chains across the categories in EM. For example, these relations in-
clude 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 Fig-
ure 3.5. f ([Rij—1k» Ri+1j—1x], Ri—1;%) represents many-to-one relationships.

My (Ri—1j—1m,» Ri—1j) represents one-to-one relationship. (R;— 1%, [Rij+1x,
Ri+1j+1%]) represents one-to-many relationships. Relation chains suchr.as r
and gr. can also be discovered. These relationships represent not only relation-
ships between requirements but also relationships of viewpoints and categories of
EM.

L] L]
Rjj the ith requirement in jth category of EM that belongs to viewpoint k

Figure 3.5: Requirements Relationship Chain Discovery

The relation chains can be also applied to Software Product Line (PL) or Soft-
ware Family (SF) concepts. A set of verified requirements relation chains can be
the “requirements feature template”. This template plays a key role in require-
ments verification of similar module/component in the PL or SF.

3.4.3. ThePVRD Architecture

In order to provide a framework to reason about missing requirements problems,
four models in the PVRD methodology are presented in the previous sections.
The PVRD methodology is applicable in the use of existing natural language SRS
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Figure 3.6: The PVRD Architecture

in further development of legacy systems by discovering missing requirements,
especially, when it is necessary to reconstruct the original SRS, to elicit new re-
guirements for system changes that will take place or to create a new system
from a similar legacy system. In addition, the PVRD methodology creates an
environment for comprehending, fixing and maintaining complex requirements
interdependencies in software intensive systems. Figure 3.6 shows the PVRD ar-
chitecture and each step of the methodology is described in the following section
(see Figure 4.7).

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 col-
lected. For an effective case study as an empirical method applied as a valida-
tion exercise — applied to an ‘invented software (systems) engineering methodol-
ogy’, it is necessary for the validation exercise to first have designed a case study
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methodology specific to the characteristics of this invented software engineering
methodology to be validated using the case study. Case study evaluation research
method in [Yin94] is used to validate the PVRD methodology and more detailed
case study designed methodology including its components, execution, and re-
sults are described in [Lee03, LR04a]. The following subsections describe each
step of the methodology (as shown in Figure 4.7) by using some examples from a
case study performed in a finance application system domain from a real project
environment. The last two steps in Figure 4.7 are beyond the scope of the PVRD
methodology.

4.1. Stepl: Set goalsfor 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 im-
pact the existing software systems, and those change requests need to be adapted
within a reasonable response time. In general, such requests need to be consoli-
dated by a team of Subject Matter Experts (SMESs) that usually consists of domain
experts, requirements engineers/analysts, and software engineers.

A goal can be represented as a setrwéstigative questions by usingkey do-
main terms. SMEs can use one of seven facets of defining a ‘complete require-
ment’: 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 (as shown in
Figure 4.8) 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 requirementsterms

From the requirements search or investigation point of view, having a set of spe-
cific goals with key domain terms is critically related to the creation of an initial
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Figure 4.7: Steps of the PVRD Methodology

target requirements space. In other words, the target requirements concept (that
can be described by using key domain terms) becomes the basi®aiing do-

main requirements terms that will be used to create an initial requirements search
space.
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Figure 4.8: Step 1: Investigation Goals

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 envi-
ronment; 4) A domain term(s) from the consensus of different stakeholders across
the organization. For instance, this can be achieved through the regular stakehold-
ers 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 dif-
ferent 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 require-
ments where the set of domain terms appeared in the given actual requirements
document.
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4.4. Step4: Viewpointsidentification and creation of viewpointsmodel
(VP)

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

SMESs 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 cor-
responding viewpoints of each requirement as shown in Figure 4.9.

w1 |- w4 - omEE

| Viewpoints Template )
| (System/Organization) [
= Initial Viewpoints rem—

r m— [ Viewpoints Identification
~ | - Expansion
1 t - Contraction

3.2[3] This will allow TE/GE to achieve the following business 311
case objectives for Release 1: TE/GE
- Allow different processes based on type of requirements

. received, including "rules-based" automated processing
(partial functionality provide for Form 5307 (Rev. 9/2001) 2. TEDS
automatic closures) System

- Provide electronic review of cases (partial for Form 5307
[Rev. 9/2001])
- Establish a single authoritative system that i the primary
repository of data and supports the process (Form 5307
. [Rev. 9/2001] only)
| niti al - Continue to support paper submission (all releases)
- Provide paper-based notifications (all releases)

Requirements
fro m Ste 3 33[6] A TEDS case number will be created for each validated case 2. TEDS
p within the DSA during Release 1. Subsequently, data will Syst
be transferred from the DSA to TEDS, LINUS and EDS as ystem
required. Business rules for automatic closure of Form
5307 (Rev. 9/2001) cases will be applied. During this 22DSA
staging/business rules process, data for all cases will be DB
transferred to EDS, so that EDS may fetain its status as the
case management system of record for these Form 5307 24TEDS
(Rev. 9/2001) application packages during Release 1. DB
25 LINUS
26 EDS

Figure 4.9: 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 sin-

gle viewpoint. The creation of viewpoints model is an iterative and incremental
process.
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4.5. Step5: Requirements category identification in enter prise model
(EM)

SMEs define the requirements categories in the enterprise model that are appro-
priate 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 4.10. As a result, appropriate alloca-
tion of requirements to the corresponding systems engineering process in EM can
be achieved.

= | s == |iaa/Scopes/Roles

Enterprise

| £ Requirements
Model i Category of EM
T
32(3] This will allow TE/GE to achieve the following business case objectives 311 Mission
for Release 1: TEIGE Need
e - Allow different processes based on type of requirements received,

| n |t|a| including "rules-based" automated processing (partial functionality 2. TEDS System Statements

provide for Form 5307 (Rev. 9/2001) automatic closures) (MNS)
. ~ Provide electronic review of cases (partial for Form 5307 [Rev. 9/2001])

Req uirements - Establish a single authoritative system that is the primary repository of
data and supports the process (Form 5307 [Rev. 9/2001] only)

from Step3 - Continue to support paper submission (all releases)

p - Provide paper-based notifications (all releases)
331[6] A TEDS case number will be created for each validated case within the 2. TEDS System Operational

DSA during Release 1. Subsequently, data will be transferred from the ¢ "
DSA to TEDS, LINUS and EDS as required. Business rules for automatic 22 DSA DB oncepts
closure of Form 5307 (Rev. 9/2001) cases will be applied. During this 2.4 TEDS DB (0C)
staging/business rules process, data for all cases will be transferred to 25 LINUS
EDS, 5o that EDS may retain its status as the case management system of
record for these Form 5307 (Rev. 9/2001) application packages during 26EDS

Release 1.

Figure 4.10: Step 5: EM Categorization

Each requirements category in EM (that now has its corresponding require-
ments 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 view-
points model.
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4.6. Step6 & Step7: Creation of proxy viewpoints model & Require-
ments analysis based on the defined properties of proxy view-
points 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 4.11, requirement 3.2[3] belongs to viewpoints ‘TE/GE’
and ‘TEDs system’, which are under ‘Organization’ and ‘System’ viewpoints, re-
spectively. Also requirement 3.2[3] belongs to the requirements category of ‘Mis-
sion Need Statements’ in EM. This indexing scheme can be rewritten formally,
Ri:(VP;,EM;) in which means the kth requiremenj, Ras a viewpoint VPand
belongs to EM category.

SMES create a proxy viewpoints model and its conceptual PVRD layout can be
drawn as shown in Figure 4.11. 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 granu-
larity of viewpoints is very fine level, one may want to introduce a more detail
engineering process in EM by adjusting the abstraction granularity of require-
ments categories of EM. However, this is very hard to achieve in a real project
environment and no practical research solutions exist yet.

SMEs analyze the potential patterns of PVRD properties by assessing the in-
dexes and associated links of requirements. The following factors should guide
SMESs’ analysis process: 1) The defined PVRD properties [Lee03]: Checking any
pattern of PVRD properties of requirements incompleteness, inconsistency, re-
dundancy, 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.
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Figure 4.11: Steps 6 & 7: The PVRD Model with Missing Require-
ments Analysis

For example, in Figure 4.11, SMEs foumadpattern of ‘reguirements incom-
pleteness. More specifically, a set of system functional requirements under De-
rived 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 requirementsand other requirements
defects of varioustypes

Based on the analysis from Step7, SMEs can discover missing requirements, other
requirements defects of various types, requirements relationship chains and work-
flow process relationship chains.

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
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Categories in EM

Figure 4.12: Step 8-1: Requirements Term Expansion

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 4.11, 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 do-
main specific requirements terms that can be used in the consecutive requirements
search process as shown in Figure 4.12.

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 re-
guirements, or conceptuthowledge 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.
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Figure 4.13 shows an example of the results of missing requirements discovery. In
this example, a set of requirements was missing because of the ‘language gap’ be-
tween the stakeholders’ language and the systems’ language in the requirements.

Viewpoint
Viewpoints Viewpoint 4. Regulatory|
Model

"

Viewpoint 3. Organization

Enterprise Model Viewpoint 2. System
Requirements
Categories

1. Operator|

EP MNS OoC IR

Discovered
Requirements &
Relationships

‘Automatic
Closure’

‘Automatic
Closing’

‘Automated
Processing’

Overlap
Selected

Domain
Terms

Validation

Figure 4.13: Step 8-2: Missing Requirements and Relationship Chain Discovery

SMESs can also discover requirements defects of other various types (i.e. incon-
sistency, redundancy, and ambiguity), relationship chain between requirements,
and workflow process relationship chain, based on the defined PVRD model prop-
erties. The workflow process relationship chain (inside of the ‘DSA Case Valida-
tion’ box) in Figure 4.13 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 4.14 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.
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Figure 4.14: Step 8-3: Requirements Defects Discovery

From Figure 4.14, SMEs can identify a ‘Many-to-One’ requirements relation-
ship that the seven sets of requirements (under Initial Requirements, including
missing requirements) depend on a set of requirements under Derived Require-
ments, which is related to the ‘security grant permission module’ in the system.
In fact, SMEs found a set of inconsistent requirements from this model.

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 [JDMO1], which is
recognized as a hard-to-solve problem in software requirements engineering that
cannot be handled though a traditional inspection technique, by discovering miss-
ing requirements from far distant sets of requirements or different resources.
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‘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 mea-
sures (i.e. whether the discovered requirements are defining, mandatory or op-
tional requirements) in evaluating the results of the discovery [Lee03].

5. Conclusion and Future Work

Wiegers addresses the importance and difficulty of “missing requirements” as fol-
lows: “Missing reguirements are among the hardest errors to detect. They are
invisible.” in his practical discussion of inspecting requirements [Wie01, Wie03].

The PVRD methodology is unique in its systematic “integrated” architecture
that facilitates both discovery and organization/management of natural language
SRS documents in software systems resources (SSR). It transforms the static
legacy status natural language SRS to active models such as proxy viewpoints
models. These models discover not ordystontinued knowledge’ (i.e. missing
requirements and relationships) but also creater'knowledge’ (i.e. interdepen-
dent link connections between requirements through viewpoints model and en-
terprise model) in SSR and make them available to all other aspects of software
development environment.

For example, individual pieces of information finally become valuable when
they establish Iinks’ with each other from various aspects/dimensions based on
a certain set of goals. Such dimensions (i.e. viewpoints and enterprise model),
goals (i.e. target requirements concepts), patterns (i.e. interdependencies between
requirements in the proxy viewpoints model) are all valuable assets that can be
a basis for reusing and sharing by other software development activities such as
software design, architecture, product line [BOS00, O%l, PMZ03] etc.

The flexible architecture of the PVRD also allows applying other techniques
to the steps in the PVRD methodology to achieve various goals of natural lan-
guage requirements engineering research. For example, by relating to the clas-
sical traceability problems, many of steps in the PVRD could be performed in a
requirements management tool such as DOORS [DOO].
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A part of future work includes a development of requirements engineering
workbench that can capture the knowledge generated from various stages of the
software process through: 1) Software implementation of the PVRD methodology
in a proactive way (wizard type smart interface with the combination of automatic
natural language requirements engineering technique for text summarization) that
guides the SMEs and minimize their manual process in multi-dimensional link
analysis; 2) Enhancement of the PVRD methodology by considering aspects from
enterprise modeling, business modeling [NRO3, Zac87] and their interdependen-
cies to natural language SRS in SSR as ways of organizing and managing busi-
ness processes and associated requirements; and 3) Bridging the results from the
PVRD research to other aspects of software development.

Theoretical background of models and methods in the PVRD methodology,
case study design and results from multiple (real) case studies carried out for the
validation of the methodology are not presented in this paper but can be found in
[Lee03, LR0O4a]. This paper is an extended version of the paper in [LR04b].
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