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Abstract   Reaching common level of understanding of a problem domain is one 

of the key challenges that stakeholders face during the requirements phase of a 

project.  The stakeholders involved in Requirements Engineering (RE) attempt to 

achieve this goal through communication and knowledge sharing. The process of 

clarifying business problems and arriving at a specification necessitates develop-

ing a common vocabulary, assigning meanings to various business concepts, de-

termining their interrelations and reconciling stakeholders‟ viewpoints. Often-

times, knowledge exists in organizations, but is not maintained in a reusable form. 

To address the knowledge and collaboration needs of RE stakeholders, we have 

developed a Knowledge-assisted Ontology-based Requirements Evolution (K-RE) 

method and toolset. We demonstrate creation of a knowledge repository and its 

reuse in two contexts:  (1) to resolve Change Requests (CR) with better speed and 

accuracy and (2) to jump-start a new project. We combine the social software 

principles and semantic web concepts to achieve this. 

7.1 Introduction  

The aim of Requirements Engineering (RE) is to collaboratively evolve the initial 

uncertain and ambiguous understanding of a business problem into features and 

attributes of a software system.  Reaching a common level of understanding of a 

problem domain is one of the key challenges that the software vendors and cus-

tomers face during requirements definition. The process of articulating and clari-

fying business problems and arriving at a specification based on a shared under-

standing requires exchange and transfer of knowledge. This necessitates 

developing a common vocabulary, assigning meanings to various business con-

cepts, determining their interrelations and reconciling multiple viewpoints from 

stakeholders. It also involves continually accommodating changes in the shared 

understanding by verifying it periodically. The challenge has become even more 

daunting of late because (1) software systems increasingly find applications in ev-



 

er widening diversity of domains; complex and conceptually non-trivial and (2) 

systems are developed by globally distributed teams of stakeholders.  

RE Stakeholders need knowledge from different perspectives. Customers need 

to see a tangible evidence of domain knowledge in an organization so that they 

feel confident that their requirements would be met. Requirement analysts need 

the domain knowledge to deliver good quality requirements efficiently [1]. Sub-

ject Matter Experts (SMEs) would like to optimize the time they spend with Re-

quirement analysts. Oftentimes, knowledge exists in organizations and it is esti-

mated that more than 50% of requirements knowledge for similar systems can be 

reused completely or with minimal modification [2]. But it is not visible and ac-

cessible easily because it may reside in a tacit form with people.  Even if it is ex-

plicit in the form of documents or webpages, it is difficult to refer across the mul-

tiple disparate knowledge fragments and draw useful inferences from them. IDC 

report shows that the Fortune 1000 enterprises waste $5 billion annually due to in-

tellectual rework, and the inability of finding electronic resources within the en-

terprise [3]. In other words, knowledge is not structured to be reusable.  

Due to the distributed nature of projects, there is little or no opportunity for co-

located discussions among the stakeholders. This is a threat to the success of a 

project. Respondents to a survey hold communication as one of the top challenges. 

They express that it is extremely important for the distributed teams to “use the 

same language” while defining requirements [4]. Empirical research reported in 

[5] mentions „Lack of common language/terminology‟ as one of barriers to shar-

ing the understanding of a problem domain. The success of „social software‟ in 

achieving an effective communication has stimulated use of social principles in 

RE [6-8]. As a result, we see various tools weaving in collaboration into the RE 

process [see for example, 9]. However, although the benefits of social platforms 

are valuable, they are necessary and not sufficient in themselves for an effective 

communication. For example, the communication using the same language quoted 

above is not possible with just a support for collaboration, unless Requirement an-

alysts can „see‟ and access domain knowledge easily and use it to discuss re-

quirements of their new projects. They should be able to tailor the knowledge to 

suit their project-specific context as well.  

To address the knowledge and collaboration needs of RE stakeholders, we have 

developed a Knowledge-assisted Ontology-based Requirements Evolution (K-RE) 

method and tool. We combine the social software principles [6-8] and semantic 

web concepts to enable a knowledge-assisted RE [10]. 

The approach involves Knowledge-assisted Requirements Evolution from a 

generic Knowledge Base (KB). The KB consists of requirements knowledge ele-

ments such as business constraints, features, business processes, use cases, and da-

ta models. In collaboration with the customers and domain experts, Requirement 

analysts can modify and enhance the knowledge elements to suit project- specific 

needs. Each new RE exercise thus becomes a guided evolution of a generic KB so 

that it meets project-specific needs. This is characteristically different from the 

traditional „clean slate‟ RE approach; hence the term Knowledge-assisted Re-

quirements Evolution (K-RE). The just-in-time, context-sensitive assistance based 



on semantic web ontologies, knowledge elements and inference rules operating on 

them serves as a guidance and moderation mechanism. This complements the col-

laborative identification, discussion and definition of requirements enabled by the 

underlying social platform. K-RE has three roles- Requirement analysts who con-

sume knowledge, Knowledge contributors who capture and structure domain 

knowledge, and Knowledge curators who review contributions made by other ex-

perts to maintain the currency and correctness of knowledge. 

We have deployed K-RE in three pilots and have evaluated its usefulness. In 

this paper, we present the results of applying K-RE to demonstrate its benefits in 

the context of knowledge reuse in a large distributed Insurance project.  

By weaving in domain knowledge seamlessly into an RE process, we respond 

directly to the call of RE community [11] for a continued research into RE process 

improvement. Both, -the well documented high cost of requirements related prob-

lems [12-15] and the benefits of improvements in RE processes [16] serve as a 

motivation for our work.  

The remainder of this paper is organized as follows. In Section 7.2, we describe 

how social platforms and semantic web influence RE. Section 7.3 details the solu-

tion approach and underlying model. Section 7.4 describes the process of 

knowledge representation and reuse. Section 5 details K-RE tool and illustrates its 

usage. In Section 7.6, we present the results of deploying K-RE in two different 

industrial settings. Section 7.7 presents the conclusion and Section 7.8 talks about 

the future work. 

7.2 Social Platforms, semantic web and RE 

Social platforms and the semantic web [17, 18] have influenced software engi-

neering significantly [6-8]. The emerging social software engineering discipline is 

about enabling community-driven creation, management and deployment of soft-

ware by applying methods, processes and tools in online environments [6, 19-21]. 

In this section, we highlight some relevant characteristics of the two paradigms in 

the context of knowledge reuse in RE.  We address issues such as self-

organization versus moderation, democratic voting versus weighted voting, bot-

tom-up folksonomies versus top-down taxonomies and semantically enriched, 

hence more meaningful and effective collaboration. 

The social nature of web 2.0 has been credited with democratizing knowledge 

content. The same democratic aspect also assigns ownership and responsibility to 

the content creators. RE stakeholders can use the democracy to identify, debate, 

and define requirements collaboratively and determine what parts of existing do-

main knowledge can be reused. The highly transparent communication that web 

2.0 platforms enable can contribute constructively to exchange of ideas and 

healthy criticisms. A wiki-like platform for entering, editing requirements and for 

deliberating them openly is therefore highly suitable for RE.  



 

However a platform meant for RE is likely to benefit from supervision and 

moderation by requirements experts. Lohmann et al [6] note that supervision and 

moderation by requirements experts remains crucial to a project‟s success. They 

emphasize that the moderation should be unobtrusive This seemingly defeats the 

purpose of a „social‟ platform, but the comments and discussions are for all to see, 

and no single heavy-weight stakeholder can unfairly overrule valid suggestions 

made by even junior stakeholders, or they would face pressure from other experts 

in the community. Such a moderation can be in the form of a context–specific se-

mantic assistance built into the RE process. An underlying knowledge framework 

of semantic web ontologies and inference rules can be employed to select relevant 

parts of domain knowledge for reuse and provide just-in-time context-specific 

suggestions to collectively evolve a requirement specification. 

Social platforms provide for voting mechanisms. A social platform meant for 

RE however should take into account the opinions of stakeholders such as domain 

experts with a higher weight than less experienced stakeholders in an organization. 

Roles that incorporate suitable weights for respective stakeholders can be useful 

for this purpose. For example, a „Knowledge contributor‟ role has a higher weight 

than a „Requirement analyst‟ role, but a lower weight than a „Knowledge curator‟ 

role. We note here that this approach is intended to ensure a meritocratic treatment 

of participants‟ opinion. Hence, it is the responsibility of project managers to as-

sign higher weights to the opinions expressed by knowledgeable participants such 

as domain experts. If instead, the weights are decided based on hierarchy alone 

and without making knowledge the central criterion for a higher weight, the meri-

tocratic purpose will be obviously defeated. 

Folksonomies [22] that result out of free-form tagging have emerged as a way 

of organizing knowledge on social platforms.  RE stakeholders can arrive at a 

shared understanding of a domain using this mechanism. Folksonomies are easy to 

create and hence popular, but they lack structure. Also, if some concepts are not 

tagged using the right term, it is hard to search and detect them. A collaborative 

RE platform however cannot be entirely free of structure. A foundational structure 

in the form of a predefined taxonomy of RE concepts and domain-specific termi-

nology can be valuable to its stakeholders in arriving at a shared understanding of 

a domain. Providing a user interface that lets one use predefined concepts and add 

new concepts easily should strike the right balance between ease of use associated 

with free form tagging and rigor associated with structure, semantic precision and 

synonym control. Semantic web ontologies [26, 27] are a way of rendering such a 

structure to the platform. 

The social software and semantic web complement each other and can enhance 

the effectiveness of knowledge reuse in an RE process. Ankolekar et al [7] empha-

size that in fact both the streams need elements from the other to overcome respec-

tive limitations. They hold that semantic technologies bear a great potential of 

providing a robust and extensible basis for web 2.0 applications. 

The social software platforms, through their democratic spirit serve to connect 

humans (e.g. identifying experts in the RE community), whereas the semantic web 

ontologies provide a mechanism to assign unambiguous meaning to vocabularies 



and link them. Using semantic web ontologies, we can assign distinct, persistent 

URIs to each term and relationship (e.g. Insurance domain specific concepts and 

their relationships). Therefore, linking them with each other and with other web 

resources is easy. Social platforms and semantic web thus provide distinct and yet 

complementary network effects. Combining the two paradigms in the context of 

knowledge reuse in RE is a compelling way to increase their total value signifi-

cantly.  

7.3 Foundations of K-RE 

As discussed earlier, while adopting the social software principles to a highly spe-

cialized field such as RE and requirements knowledge reuse, we need to comple-

ment the social aspects with semantics [6, 7].   

K-RE organizes knowledge along four distinct contexts (1) Environment (2) 

Problem domain (3) Generic Requirements (4) RE Process. The semantic assis-

tance in K-RE comes from the inference rules operating on the four ontologies 

that represent these knowledge contexts. The framework also incorporate abstrac-

tions from various knowledge modeling paradigms like feature models [23], busi-

ness process models [24], data models and use case models [25], to capture and 

organize knowledge elements.  

7.3.1 Solution architecture: Ontologies as an underpinning 

framework for requirements 

The four ontologies in K-RE, - „Environmental Context Ontology‟, „Generic Re-

quirements Ontology‟, „RE Process Ontology‟ and „Problem Domain Ontology‟ 

are created using RDF-OWL schema [26, 27]. Fig. 7.1 shows example instances 

of the ontologies depicted using the UML class diagram notation.  

7.3.1.1 Environmental Context Ontology 

This ontology is designed to capture the environment for which software require-

ments are to be defined. For example, a Requirement analyst may want to capture 

requirements for a Business Process –Member Enrolment of a Pension application 

for a Customer Europe Company1 in the Europe Country1 Geography. The ab-

stractions Actor, Action, Domain, Line of Business‚ Customer, Geography are 

used to capture the information. 



 

 

Fig. 7.1. Example KB instances and bridge classes that enable context-specific recommendations 

7.3.1.2 Problem Domain Ontology 

This ontology provides abstractions to capture the essence of the problem domain. 

For example, consider the following scenario- ‘In event of death of a pensioner, a 

beneficiary may submit a claim request’. The abstractions such as BusinessEvent, 

BusinessType, Party, and BusinessAction are used to capture this information. 
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7.3.1.3 Generic Requirements Ontology 

The KB that we present to the Requirement analyst is created in terms of require-

ments knowledge elements such as business goals, features, business processes 

and sub-processes, business constraints (laws of the land, organizational poli-

cies), use cases and  business entities. The Generic Requirements Ontology pro-

vides these abstractions [28 and references therein].  

7.3.1.4 RE Process Ontology 

This contains abstractions specific to the RE process, for e.g. Agile Method has 

Requirement Representation in form of User Story, Iteration Mechanism as 

Sprint and Tracking Mechanism as Burndown. 

7.3.2 Examples of mappings between the elements of different 

ontologies 

 The BusinessEvents (e.g. Pension Claim Submission), BusinessActions (e.g. 

Investigate Pension Claim) and BusinessDecisions (e.g. Adjugation) in the 

Problem Domain Ontology are represented as BusinessProcess (e.g. Pension 

Handling) in the Generic Requirements Ontology. 

 BusinessConstraint (e.g. a New legislation#123) in the Problem Domain On-

tology in maps to Validation (e.g. Verify conformance to legislation#123) in 

Generic Requirements Ontology. 

 The BusinessParty (e.g. Member), BusinessObject (e.g. Pension Claim), Busi-

nessDocument (e.g. Pension Policy) from the Problem Domain Ontology 

contribute to DataElement in the Generic Requirements Ontology. 

 Feature (e.g. Validate Member Details) in RE Process Ontology maps to 

SubProcess (Member Enrolment) in Generic Requirements Ontology. 

The semantic assistance is achieved by employing the „Bridge classes‟ and infer-

ence rules written in the Semantic Web Rule Language (SWRL) [29]. The Bridge 

classes specify semantic mappings between the four ontologies.  We define rules 

that refer the ontology-instances and provide recommendations based on the inte-

grated inference.  The recommendations may be specific to a singular ontology or 

may span across the four ontologies when necessary; in response to actions of the 

Requirement analyst. For example, if a Requirement analyst selects Europe Coun-

try1 as the geography for a Pension application to be developed, she would be 

presented with features and user stories relevant to Insurance Pension Processes 

from the KB. As she configures them in the context of her project, she would be 

presented with business rules, in the given geography e.g. Pension rules in Eu-

rope Country1 (Environmental Context Ontology and Problem domain Ontol-



 

ogy). If she selects features that complement each other but decides to associate 

them with different sprints, she would receive a recommendation to preferably re-

arrange them in the same sprint (Problem Domain Ontology and RE Process 

Ontology). If she adds a new feature to the Product backlog upon the Customer‟s 

suggestion, and it happens to conflict with an already selected feature in a given 

domain, she would be alerted about the inconsistency of her selection (singularly 

the Problem Domain Ontology).  Requirement analysts can improve the com-

pleteness, correctness and consistency of requirements using the in-built domain 

knowledge served to them in the form of just-in-time alerts. 

Using the collaboration mechanisms in K-RE, dispersed teams can interact in-

formally. Moreover, K-RE provides for a semantically enriched collaboration that 

would foster meaningful and focused discussions on topics in requirements engi-

neering in general and problem domain such as Insurance in particular. The stake-

holders can even evolve the ontologies collaboratively. A user is at liberty to iden-

tify new concepts as and when necessary.  This constitutes the folksonomy which 

evolves bottom-up in a community-driven way.  If their usage in the community 

of practice (in this case, RE stakeholders) is substantial, the concepts can be ab-

sorbed into the taxonomy. This decision can be made collaboratively and with ad-

vice from domain experts. 

7.4 Process for Knowledge Representation and Reuse 

In this section, we illustrate capturing of knowledge from requirements documents 

and web sites and mapping the knowledge elements onto the K-RE model. 

7.4.1 Knowledge from documents 

Knowledge representation is done in three steps: (1) Identification of structural de-

tails of sources such as requirements documents and web sites (2) Mapping of the 

document structure to the K-RE model (3) Extraction of domain knowledge from 

documents and its representation in K-RE.  

7.4.1.1 Identification of structural details 

Each project has its own set of templates to organize requirements knowledge. In 

this step, we identify the details of the document structure such as headings, sec-

tions and subsections. For example, a document may contain a section to list busi-

ness rules. We note that this section needs to be mapped to BusinessConstraint in 

the K-RE model in the next step. We use the K-RE model as a reference to identi-

fy missing structure details and knowledge elements in the requirements docu-



ment. For example, K-RE model has a notion of SystemUsecase, which may not 

be present in a project‟s requirements specification. 

7.4.1.2 Mapping of document structure to K-RE model 

Knowledge contributor defines the scope of the KB by setting the environment pa-

rameters (e.g. Domain- Insurance, Line of Business- State Pension, Geography 

Europe Country1, Customer- EuopreCompany1).  The Knowledge contributor 

maps the structural details identified in the previous step to various concepts in the 

K-RE model. For instance, Sub-process or Functionality in requirement docu-

ments maps to the concept Feature in K-RE.  This is a semi-automated and se-

mantically-assisted process; points of human intervention are identified explicitly. 

K-RE prompts for inputs from users where necessary. For example, if a sub-

section such as Overrider in a use case cannot be mapped to any concept in the 

model, K-RE detects that it is unmapped and the user is asked to either map it to 

some existing concept or define a new concept that accommodates the detail.  The 

structural details thus extracted correspond to the Generic Requirements Ontology 

(Section 7.3.1). 

7.4.1.3 Domain knowledge extraction and representation 

We have observed the following common problems in requirements documents. 

 Granularity of domain knowledge elements such as business processes and, use 

cases is unspecific. 

 Business constraints are not explicitly documented; they are often embedded 

within the business processes-e.g.in alternate flows.  

 Business process steps are not always associated explicitly with actors who per-

form them. 

 Manual business process steps are not explicitly differentiated from the au-

tomatable ones 

 There is no uniformity in the usage of business terms. 

K-RE aims to reduce these ambiguities by providing well-defined abstractions 

using the underlying ontological model and a semantic assistance to organize do-

main knowledge. 

K-RE detects terms and key phrases specific to a given domain (such as Insur-

ance in our case). The detected key phrases are instances of concepts in the ontol-

ogies. For example, a term such as Pension Policy is a concept- instance of Busi-

nessDocument in the Problem Domain Ontology. The Knowledge contributor is 

presented with the concepts from the Problem Domain Ontology and is required to 

map the concept-instances extracted from the document to the concepts in the on-

tology. The identified concept-instances are then parsed to detect similarity map-

pings. The techniques employed are lexical similarity [30], semantic similarity 



 

[31], direct string matching and ontological structure based mapping [26, 27]. If 

concept- instances that do not exactly correspond to any existing concepts in the 

ontology are identified, the Knowledge contributor can define new concepts or 

reconcile them with the existing concepts if possible.  

The concept-instances are also parsed to detect associations between concept- 

instances (e.g., Member participates in Scheme). Relations like subclass, super 

class, equivalent, part-of, and concepts related with each other by minimum cardi-

nality of one on both sides are considered. The identified concept- instances and 

associations between them are subject to refinements by human intervention.  

If a key phrase is identified as a feature, the Knowledge contributor is asked to 

specify complementary feature(s) and conflicting feature(s) from a list of available 

features in the existing KB. She can also add new complementary/ conflicting fea-

tures to the KB. (e.g. Retirement Benefit Option to Purchase Annuity is followed 

by Decumulation (disinvestment of funds)). The abstractions to capture comple-

mentary and conflicting features take cues from „requires‟ and „excludes‟ relation-

ships in feature modeling [23]. 

If a key phrase is identified as a use case, the Knowledge contributor specifies 

actor(s) from the available list or adds new ones to the KB. She also identified „in-

cludes‟ and „extends‟ use cases for a given use case from the KB or adds new 

ones. Each sentence is processed and all sentences in passive voice are converted 

to active voice. We use triplet extraction to identify part of speech [32] in form of 

Subject-Predicate-Object. The subject refers to the performing actor and the predi-

cate and the object pair in the verb phrase refers to the use case. These abstractions 

are captured as per the use case model [25]. 

Business constraints (e.g. ‘Member’s Benefit Age should be the age notified by 

member to the Scheme Administrator’) typically contain terms such as should, 

must, if, if-else, only-if. Key phrases containing these terms are presented to the 

Knowledge contributor so that she can map them as instances of BusinessCon-

straints.  Whenever a business constraint is identified, the features, the use cases 

that are affected by the constraint are specified. Complementary and conflicting 

constraints are specified. The constraints are then classified into Rules that are 

domain-specific, Laws that are locale-specific and Policies that are company-

specific.  

The domain knowledge elements thus extracted map to the Problem Domain 

Ontology (Section 7.3.1) and other knowledge models. The Knowledge curator 

validates the correctness and currency of the KB created using the process.   

7.4.2 Knowledge from domain-rich web sources 

Organizations sometimes venture into new domains and need to build KBs from 

external sources. One of the prominent external sources today is the web. To ac-

cumulate knowledge from the web, K-RE employs a web crawler developed in-

house to explore various resources. We do a targeted crawling for websites whose 



patterns are known. If the pattern or template of the website is not known (or if the 

web source does not follow a fixed template), we prune the html tags and parse 

only the text to extract concept- instances. The mapping of the web page pattern to 

K-RE model and the process of identifying the concept-instances, associations, 

features, use cases and business constraints, and validation by Knowledge curator 

remains the same as the one described in Section 7.4.1. 

7.4.3 Knowledge Reuse and Upkeep 

The structured KB enables reuse of knowledge while defining requirements of a 

new application in the same domain. A suitable instance of KB is made available 

to Requirement analyst as per the project environment.  

A Requirement analyst who wants to work on a new Pension project starts with 

selecting environmental parameters. Based on the selected environmental parame-

ters she is presented with a core set of features from the KB that matches the pa-

rameter selection (e.g. State Pension). As she proceeds to select the relevant fea-

tures, she is recommended to include the complementary features and avoid the 

conflicting ones. Based on the feature selection she is presented with the relevant 

business rules, business glossary associated with the selected feature.  

If Requirement analysts learn some new information about a domain, they can 

add/edit/remove the knowledge elements from the repository as well. K-RE identi-

fies the usage patterns of the Requirement analysts and makes them visible to the 

Knowledge curator. 

7.5 K-RE - A Tool for Knowledge-assisted collaborative 

Requirements Evolution 

In this section, we describe the tool for knowledge-assisted requirements evolu-

tion. We also illustrate its usage with an example. 

7.5.1 Overview 

The tool provides a wiki-like user interface for Knowledge contributor and 

Knowledge curator to contribute domain knowledge, and for Requirement analyst 

to access and configure the knowledge. 

 Knowledge contributor: An experienced Requirement analyst who contrib-

utes generic and specific domain knowledge to the repository.  



 

 Knowledge curator: A subject matter expert, the curator monitors and ensures 

quality of knowledge. She ensures that the knowledge content is correct and 

current. Curator acts as the reviewer and monitors the contributions made by 

the Knowledge contributor. 

 Requirement analyst: End user of the K-RE who configures available domain 

knowledge as per the Project Environment parameters and scope.  

7.5.2 Architecture 

K-RE is a web-based tool with a centralized application server and database server 

accessible to multiple clients over the internet. To store knowledge models and 

their instances, K-RE uses RDF-OWL [26, 27] ontologies and a relational data-

store [33]. The design incorporates collaborative aspects of web 2.0 for a partici-

patory information sharing and collaboration among the RE stakeholders. The se-

mantic assistance provided by K-RE uses OpenNLP – NLP toolkit [34], WordNet 

lexical database [35] and RDF-OWL ontologies along with SWRL rules. 

Fig. 7.2 shows the tool architecture. The presentation layer serves as the inter-

face between the tool and the user. The logic layer incorporates a Guidance Ena-

bler and Content Processor. The user requests, sent using the presentation layer, 

are processed by the logic layer. The data layer includes the knowledge reference 

module to represent knowledge in form of ontology concepts and instances. 

 

Fig. 7.2. K-RE Architecture 
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7.5.3 Usage Illustration 

Table 7.1 shows K-RE activities and knowledge assistance with examples. 

Table 7.1. K-RE activities and knowledge assistance 

K-RE Activi-

ties 

Knowledge assis-

tance from ‘State 

Pension’ KB 

Example(s) Formalized/ 

Human In-

tervention 

Select environ-

mental parame-

ter 

A KB relevant to the 

selected parameters 

is presented 

Parameters: Domain (e.g. Insurance), Line of 

business (e.g. State Pension), Geography 

(e.g. Europe Country1) and Customer (e.g. 

EuropeCompany1),  

KB including Processes such as Member En-

rolment, Contribution, Alterations, Settlement 

& Exits presented. 

Formalized 

Select Feature Domain specific rec-

ommendation of 

complementary and 

conflicting nature of 

the features 

Selected Feature: (1) Early Retirement due 

to serious ill health, (2) Over Maximum Re-

tirement Age Processing. 

Recommendation to reconsider the selection 

due to conflicting nature of features. 

Underlying Business Rule: A member is eli-

gible for early retirement due to serious ill-

health before the Maximum Retirement Age. 

Formalized 

Edit  Feature Domain and geogra-

phy specific recom-

mendation to include 

relevant Business 

Rules/Policies, Busi-

ness Terms 

Selected Feature: Early Retirement due to 

serious ill health 

Business Term: Deferred Retirement 

Rule: Laws of land related to Early Retire-

ment 

Formalized 

Edit Feature 

Step 

Domain/ Geograph-

ic/ Context specific 

recommendation for 

most agreed upon 

Business Term 

Altering Feature Step: Check if retirement 

age is less than Normal Benefit Age 

Most Agreed Upon Term: Normal Retirement 

Age 

Synonymous Term: Normal Pension Age, 

Normal Benefit Age 

Formalized+ 

Human In-

tervention 

Specify interac-

tions with ex-

ternal do-

main(s) 

Possible interactions 

with other domains 

are presented 

Requirement analyst can view possible inter-

actions with other domains and identify entry 

points into relevant processes. 

Feature: Early Retirement due to ill health  

Possible Interfaces with External Domain(s): 

Healthcare Domain (e.g. Reviewing Mem-

ber’s Medical Evidences submitted for Seri-

ous ill health to confirm life expectancy of 

member is less than a year.) 

Banking Domain (e.g. Payout Processing af-

ter Early retirement claim is approved) 

Formalized+ 

Human In-

tervention 



 

In addition to those illustrated in Table 7.1, K-RE enables the following: 

7.5.3.1 Semantically enabled collaboration 

While carrying out any of the activities in Table 7.1, a Requirement analyst can 

start discussions in the form of informal chats on the selected knowledge elements 

with her colleagues, experts and seek opinion on selections from the KB and re-

finements to be made. She can post topics for discussions on semantically enabled 

forums and subscribe to alerts when others post their opinions on topic of her in-

terest.  

For example, if she selects the following rule to be included in her specifica-

tion: „Member’s Benefit Age should be the age notified by member to the Scheme 

Administrator‟ and is not sure if this is valid in Europe Country2, she can start a 

forum to discuss this with experts. Upon initiating a forum, she will be presented 

with a set of relevant posts available on the topic. For example, she can view posts 

related to validity of rules for Pension, rules for Europe Company1, rules for Eu-

rope Country2, posts by other experts who contributed Pension rules, rules regard-

ing related terms such as date of commencement premium and select the most 

suitable thread of discussions in terms of topic, author geography and so on.  

7.5.3.2 Generating and refining artifacts iteratively 

The Requirement analyst can generate structured requirements specification doc-

uments intermittently. If project follows an agile method, she can view Sprints, 

Product backlogs and Burndown charts. She can also populate data models using 

modeling tools. The analyst can either work on the „text‟ or „diagram‟ and import/ 

export to /from either format. This helps in refining artifacts incrementally.  

Starting with the KB for business process Member Enrolment, the Requirement 

analyst can thus evolve a specification that suits a given project. The evolution is 

an assisted exercise that helps in adding to or modifying the KB by providing con-

text-sensitive help to a Requirement analyst.  

It is relevant here to add that not all of the domain knowledge is formalizable in 

terms of ontologies and the semantic web rule language (SWRL). We therefore 

use a combination of formalization and human intervention to represent 

knowledge and enable its reuse in RE. The example presented in Table 7.1 indi-

cates points of human intervention. 



7.6 Evaluation in Industrial settings 

In this section we present results of deploying K-RE in a large Insurance project. 

The project under discussion is a large Europe Country1 workplace pension 

scheme. It involves providing scheme administration services to the client.  

We illustrate reuse of the structured knowledge in two contexts: (1) Change 

impact analysis in the same project (Europe Country1) and (2) while starting a 

new project (Europe Country2) in the same domain.  

We created a State Pension KB using K-RE from existing requirement specifi-

cations. Table 7.2 lists the tasks and effort involved in creating the KB. 

Table 7.2. Tasks and effort involved in creating knowledge base 

Task Effort 

Analysis and standardization of requirement specification documents 10 person days 

Uploading in K-RE 1 person day 

Review of extracted knowledge elements 8 person days 

The details pertaining to the size and content of the KB are given in Table 7.3. 

In parentheses against the knowledge elements, we indicate the number of the re-

spective knowledge elements identified in the documents.  

Table 7.3. Knowledge Elements from project documents and their mappings to the K-RE model 

Requirement 

Artifacts identi-

fied from Pro-

ject Documents 

Problem Area Mapping details 

Corresponding 

Knowledge El-

ements in K-

RE 

Group (5) Multiple Busi-

ness Processes 

within a group 

Individual processes (e.g. Settlement and Ex-

its, Fund Administration) from a group (e.g. 

Group 4) were extracted and mapped to a 

Process in K-RE  

 

Process (16) 

Sub Group (13) Multiple Busi-

ness Sub-

Processes within 

a sub group  

Individual sub-processes (e.g. Retirement, 

Transfers, Death and Cessation) from a sub 

group (e.g. Settlement and Exits) were ex-

tracted and mapped to a Sub Process in K-RE. 

 

Sub Process 

(52) 

Functional Use 

case (48) 

Multiple func-

tionalities within 

a Use case 

Piece of Business Functionality (e.g. Early 

Retirement due to ill health, Early Retirement 

due to Incapacity) that can execute separately 

were extracted from the Use cases and Busi-

ness Flows, and mapped to a Feature in K-

RE. 

(Pieces of Functionalities from 48 Functional 

use cases and 333 Business Flows were 

mapped as 220 Features) 

Feature (220) 

Business Flows 

(333) 



 

The KB was found to be useful in two ways- (1) For resolution of change re-

quests in the same project and (2) As a point of departure for a new Pension pro-

ject.  

7.6.1 Change Request resolution in the same project 

For each proposed requirement change request, the Requirement analysts carry out 

the change impact analysis and discuss with other stakeholders, the effort involved 

in implementing the change. Changes in requirements always have a ripple effect 

[36]. Bohner [37] defines Change Impact Analysis (CIA) as “the activity of identi-

fying the potential consequences, including side effects and ripple effects, of a 

change, or estimating what needs to be modified to accomplish a change before it 

has been made”. The effort involved in implementing a change is proportional to 

the impact and has a direct bearing on cost of the project. The process of change 

resolution thus benefits from the (1) A visible knowledge about impacted re-

quirements elements as a result of the change in a given element and (2) Collabo-

ration mechanisms that allow for discussions among Requirement analysts, devel-

opers, project managers and customers. K-RE incorporates both these aspects. 

To evaluate the usefulness of K-RE, we conducted an experiment to compare 

the manual change request implementation routinely practiced by the project and 

one carried out using K-RE. Two separate groups of Requirement analysts imple-

mented 30 change requests for the project. (1) Group 1 consisting of seven Re-

quirement analysts followed the traditional approach of analyzing the requirement 

specification documents to identify impacted elements and (2) Group 2 consisting 

eight Requirement analysts implemented the changes using K-RE. The change re-

quest implementation was reviewed by five domain experts. 

7.6.1.1Change Request Analysis 

Table 7.4 shows an example of the original requirement and the change request.  

Business flow 

step 

Actors not asso-

ciated with each 

business flow 

step 

Each feature step was associated with a per-

forming actor. 

Feature Step 

Business 

Rules(218) 

Many business 

rules embedded 

in the Business 

flows 

128 additional business rules were identified 

from the business flows through domain 

analysis. 

Business Rule 

(346) 

Glossary Terms 

(517) 

Inconsistency in 

the usage of 

business terms 

Additional business terms detected from doc-

uments. Business terms and the relation be-

tween them were identified. 

Business Terms 

(1210) 



Table 7.4. Requirement Change Request details 

Requirement Details 

Original Re-

quirement 

Introduction of a Default Retirement Age: Member‟s Benefit Age should default 

to Nominal Benefit Age/State Pension Age. 

Change Re-

quest 

Introduction of two Default Retirements Age: 

1(a): Revise the rule of Nominal Benefit Age to automatically adjust the Benefit 

Age of member. Member‟s Benefit Age should default to Nominal Benefit 

Age/State Pension Age. Incase member does not take their benefit and do not tell 

when they intend to take their benefit, then after the expiration of Nominal Bene-

fit Age/State Pension Age, the nominal benefit age should automatically default 

to one day before the Maximum Retirement Age (i.e. 75) 

1(b): Change the current definition of „Nominal Benefit Age‟ and replace the 

term with „Benefit Age 

The proposed requirement change implicitly includes change in Nominal Bene-

fit Age related business rules and change in the use of some business terms. 

7.6.1.2 Traditional Change Request Resolution 

Requirement analysts in Group 1 performed the change impact analysis and de-

termined the related requirement artifacts. They used the traceability information 

available in requirement specification documents.  

We noted the following: 

 Total number of impacted knowledge elements identified by Domain Expert 

(IKE Total): These are the total number of knowledge elements impacted by the 

proposed change assuming all knowledge elements have been captured. 

 Total number of impacted knowledge elements identified by Requirement ana-

lyst manually (IKE Manual): These are actual number of impacted knowledge el-

ements identified by the Requirement analyst manually from requirement spec-

ification documents. 

7.6.1.3 Change Request Resolution using K-RE 

Analysts in Group 2 used K-RE to handle change requests. Using K-RE, they 

modified the business rules corresponding to Nominal Benefit Age in the business 

process Settlements & Exits and sub process Retirement. Upon making these mod-

ifications, they received alerts to also update associated knowledge elements such 

as complementary rules, and validations. When the validations were updated, K-

RE prompted the analysts to review corresponding task and feature step. For each 

feature step altered, K-RE presented all the knowledge elements associated with 

it. Table 7.5 illustrates some examples for change request under consideration. 



 

Table 7.5. Illustration of Requirement Change Resolution using K-RE 

We noted the following:  

 Total number of impacted knowledge elements identified by K-RE (IKE K-RE): 

These are the total number knowledge elements identified by K-RE as impact 

of the proposed change. 

 Total number relevant impacted knowledge elements identified by K-RE (IKE K-

RE Rel): These are the impacted knowledge elements that were identified by K-

RE and considered relevant by the domain expert. 

7.6.1.4 Effectiveness Parameters 

In order to measure the effectiveness of requirement change resolution using K-

RE and compare it with to the traditional approach, we computed Precision and 

Recall values based on the data obtained from the experiment. 

Precision: We define Precision as, „Percentage ratio of relevant impacted 

knowledge elements identified that require change to the total impacted 

knowledge elements identified‟. 

Precision (PM) is the percentage ratio of impacted knowledge elements identi-

fied by the Requirement analysts in Group 1 that were considered relevant by the 

Requirement 

Change Resolu-

tion Activities 

Guidance from K-RE 
Identifying Impacted Knowledge Ele-

ment 

Update Business 

Rule 

Domain specific recommendation 

to update Complementary Busi-

ness Rule 

 

Rule#1: “Member‟s Benefit Age should 

be the age notified by member to the 

Scheme” 

Complementary Rules 

Rule#2 “In the absence of Member notifi-

cation, Member‟s Benefit Age should be 

State Pension Age” 

Rule#3 “In the absence of Member notifi-

cation, if member has already attained rel-

evant age then Member‟s Benefit Age 

should be immediately before the Member 

attains age 65.” 

Generic recommendation for re-

quirements completeness to update 

Corresponding Validations 

Validation#1: Check if Member Age is 

less than 65 

Update Validation Generic recommendation for re-

quirements completeness to update 

corresponding Task 

Task#1: Validate member age with Nor-

mal Minimum Retirement Age 

Update Task & 

Feature Step 

Generic recommendation for re-

quirements completeness about 

possible impacted knowledge ele-

ments associated with Feature step 

Associated Actor , Associated Triggering 

Feature Step,Associated Nested Feature 

Step,Associated System Use case 



domain expert (to the total number of impacted knowledge elements identified by 

the Requirement analyst.) 

Precision (PK-RE) is the percentage ratio of impacted knowledge elements iden-

tified by the Requirement analysts using K-RE that were considered relevant by 

the domain expert (to the total knowledge elements identified by K-RE). 

 

 
Here, we have assumed that Precision (PM) is 100% because all the elements 

that the Requirement analysts identify are correct. However, Requirement analyst 

may or may not identify all the impacted knowledge elements that require change. 

We have verified this logical assumption with domain experts. 

Recall: We define Recall as, „Percentage ratio of impacted knowledge ele-

ments identified to the total actual impacted knowledge elements‟. 

Recall (RM) is the percentage ratio of the relevant knowledge elements, identi-

fied by the Requirement analyst, to the total actual impacted knowledge elements.  

Recall (RK-RE) is the percentage ratio of the relevant knowledge elements, iden-

tified by K-RE to the total actual impacted knowledge elements.  

 

 

7.6.1.5 Results 

Table 7.6 lists the parameters discussed earlier. 

Table 7.6. Impact analysis of Change Requests 

 

The plot in Fig. 7.3 depicts the Precision and Recall value computed for each of 

the CR handled manually and using K-RE. 

 

Change Request IKE Total IKE K-RE IKE K-RE Rel IKE Manual 

CR 1 4 5 4 2 

CR 2 6  7 6 6 

CR 3 11 12 11 5 

CR 4 10 10 9 4 

CR 5 10 10 9 4 

CR 6 13 11 11 7 

CR 7 12 11 9 6 

Total ∑ IKE Total = 154 ∑ IKE K-RE = 152 ∑ IKE K-RE Rel = 138 ∑ IKE manual = 80 

PK-RE = (IKE K-RE Rel / IKE K-RE) x 100 

 

RM = (IKE Manual   / IKE Total   ) x 100 

RK-RE = (IKE K-RE Rel / IKE Total) x 100 

 

 



 

Precision - 

Average Precision of the K-RE was computed as 90.79%.  

PK-RE = (∑ IKE K-RE Rel / ∑ IKE K-RE) x 100 

PK-RE = 90.79%. 

Recall - 

Average Recall of the K-RE was computed as 89.61%.  

RK-RE = (∑ IKE K-RE Rel / ∑ IKE Total) x 100 

RK-RE = 89.61%. 

Average Recall of the traditional manual requirement traceability approach was 

computed as 51.94 %.  

RM = (∑ IKE Manual / ∑ IKE Total) x 100 

RM = 51.94%. 

 

 

Fig. 7.3. Precision and Recall: Manual and K-RE based 

7.6.1.6 Analysis 

Average Precision of identifying knowledge elements impacted by the change re-

quests when using K-RE was found to be 90.79%. If a knowledge element is being 

changed, K-RE uses the underlying domain knowledge ontology to identify all the 

related knowledge elements. For example, if it is required to change a feature, the 

related rules, complementary features, use cases, test cases will be highlighted as 

impacted elements. Only human intervention can discern if all need to be corre-

spondingly updated. For example, not all test cases will need to be changed if a 

use case is being modified. As discussed earlier we have involved domain experts 

to review the results of manual identification and identification done by K-RE.  

Average Recall of the K-RE was computed 89.61%. Recall using manual ap-

proach was found to be 51.94%. K-RE thus has an inherent ability to make 

knowledge visible using the domain knowledge ontology it incorporates. The 

business analysts could not identify as many impacted elements in the absence of 

such a mechanism. Some of the impacted elements such as tasks and validations 

associated with use cases, complementary features were not obvious to them. K-
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RE makes the impact easily visible to all stakeholders, and hence easy to discuss 

the effort involved. 

7.6.2 Starting a new project using the Knowledge base 

A Pension application for an insurance company in Europe Country2 was to be 

developed. The KB created for Europe Country1 was reviewed for reuse. From 

the repository, the knowledge elements mentioned in Table 7.7 were found to be 

closest to the new project for Europe Country2. These were imported into the new 

project workspace from the repository. 

Table 7.7. Knowledge elements reuse in project for Europe Country2 

Knowledge ele-

ments in 

knowledge base 

from Europe 

Country 1 

Knowledge ele-

ments imported 

from Europe Coun-

try 1 for reuse in 

Europe Country 2 

project 

Remark(s) Example 

52 Sub process All of 52 State Pen-

sion sub processes 

and BPMN process 

maps.  

18 out of the 52 im-

ported State Pension 

sub processes were 

modified 

Some of the modified sub pro-

cesses are: Contribution, Joiner, 

Risk Management, Customer 

Management 

220 Features All of 220 features Feature steps modi-

fied to accommodate 

country-specific vari-

ations. 

Original Step: Perform contribu-

tion limit check as dictated by 

Europe country 1 

Modified step: Perform contribu-

tion limit check as dictated by 

Europe country 2 

346 Business rules 250 business rules  50 new country-

specific variants to 

business rules includ-

ed. 

New Business rule such as In 

case of Europe Country 2, the 

member must hold a valid debit 

card were added 

1210 Business 

terms and relation-

ships 

All of 1210 business 

terms and relation-

ships 

Two hundred busi-

ness entities and rela-

tions added afresh to 

the 1210 borrowed 

from repository. 

Example: New terms such as 

Growth rate, contribution were 

added 

Eighteen of the selected State Pension processes were modified. Two hundred 

business entities and relations were added afresh to the ones borrowed from re-

pository. Fifty new country-specific variants to business rules had to be included. 

The resultant KB was reorganized, modified and refined in consultation with cus-

tomers and domain experts, using the web 2.0 enabled communication in addition 

to the assistance that K-RE provides. For example, the analyst selected the process 

Contribution to work with from the list of available process in the KB. She re-

ceived a recommendation to add the processes Customer management, Finance 



 

and Accounting; as these   processes are complimentary to the process Contribu-

tion. The analyst was also presented a list of features specific to selected process. 

For example, features such as Member regular contribution by new direct debit, 

Member adhoc contribution by new direct debit, Member adhoc contribution by 

debit card and Member contribution correction were presented to the analyst from 

the process Contribution. She selected the features - member regular contribution 

by new direct debit and member adhoc contribution by new direct debit to add to 

her project. K-RE prompted her to add feature - Member contribution correction 

as well (as feature - member contribution correction is complimentary to the other 

selected features). The Requirement analyst made changes to one of the features – 

Member regular contribution by new direct debit. She entered a new feature step – 

‘Verify member contribution details with respect to present growth rate and send 

notification to the scheme holder’; K-RE provided an alert that scheme holder and 

member are synonymous terms, but member is the commonly accepted term. In 

addition to this, K-RE also parsed the text to identify new business terms and 

concepts (e.g. growth rate, contribution) and recommended the analyst to add 

them to the glossary. She was also prompted to add relevant business rules such 

as ‘Growth rate must be within the range of 8% to 10%’, validations such as 

‘Check if the growth rate is within the range of 8% to 10%’. Corresponding use 

cases as well as screens were made visible to her to select from.  

The final requirement specification for the new project consisted of 239 State 

Pension processes, 3269 business entities and relations, 822 business rules along 

with exceptions and over-rider scenarios. A review by domain experts reveals that 

60% of the knowledge needed to arrive at the baseline specification was reused 

from the repository created originally for the Europe Country1 Pension project. 

In subsequent phases 20-30% of time savings was observed. 

The projects teams consider this to be a significant contribution to the require-

ments definition exercise; which otherwise starts from a clean slate for want of 

visible, accessible and configurable knowledge. The availability of a structured 

KB also serves as a „thinking aid‟ for all RE stakeholders to brainstorm and arrive 

at a consensus. It is a easier to review and modify (if necessary) an existing feature 

or a process, than to come up with one afresh. Customers find it simpler to suggest 

changes and additions to an existing process or a rule than to narrate one from 

memory. Requirement analysts can leverage the domain vocabulary to have mean-

ingful discussions with customers and optimize the time spent with SMEs. 

7.7 Discussions and Conclusion 

RE predominantly involves establishing a shared understanding of problem do-

main. It is estimated that more than 50% of requirements knowledge for similar 

projects can be reused completely or with minimal modification [2]. However, 

knowledge present in tacit form is not amenable to reuse.  Even explicit 

knowledge in the form of disparate documents may not serve the purpose of reuse 



because it is not structured in a way that makes it visible, accessible and configu-

rable.  We address this need by developing a method and toolset to create, curate, 

and reuse knowledge for evolving requirements of large projects. K-RE facilitates 

extracting domain knowledge from semi structured and unstructured knowledge 

sources to create a structured KB consisting of generic requirement elements that 

can be reused in the same project as well as while starting new projects. We envis-

age a monitored environment where in a community of stakeholders create and 

evolve the generic KB to suit project specific needs. The just-in-time alerts to 

guide knowledge reuse in an RE process help achieve an improved completeness, 

consistency and richness of the resulting specification. We have used a combina-

tion of the social software principles and semantic web concepts.  

We have demonstrated creation of knowledge repositories and its reuse in large 

projects. 

In addition to knowledge reuse in RE, the concept of using active knowledge 

repositories can be extended to any exercise that draws on intensive knowledge 

services. We find that the foundation of our method and toolset is generic enough 

to cater to the knowledge reuse needs of stakeholders in very interesting emergent 

disciplines such as Nano technology based agriculture/food research [38, 39].  

We realize however that the success of K-RE will depend largely on the quality 

of KB that we are able to create. Also, adopting K-RE would require a mindset 

change difficult to achieve in any organization. The upfront investment in creating 

a KB can also be a hindrance to adopting this approach. 

7.8 Future work 

The work presented here attempts to combine benefits of the inference and reason-

ing possibilities associated with the use of semantic web and the social aspects as-

sociated with web 2.0 for achieving knowledge reuse in RE.  

Semantic web presents the additional possibility to link resources across the 

web by assigning persistent URIs to domain concepts and their relationships. We 

have recently attempted to explore this possibility for understanding and visualiz-

ing the multi-domain span of requirements in a given domain [40]. Our approach 

tested on a few sample user stories brings out that the approach can help in explic-

itly visualizing the multi-domain scope of requirements and improve their com-

pleteness at the stage of specification itself [40]. We are aware that the complete-

ness of ontologies is a precursor to this method and hence a limiting factor to its 

successful application. We seek opportunities to further test the applicability and 

scalability of the method and tool in large projects. 
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