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ABSTRACT

This thesis addresses the need for inconsistency identification and resolution
techniqgues to assist practitioners employing goal-based requirements analysis.
Several approaches for inconsistency identification exist, however, the techniques
introduced in this thesis are targeted specifically for analyzing goals in conjunction
with the Goal-Based Requirements Analysis Method (GBRAM). Reducing
inconsistency in a requirements specification greatly impacts its quality, as well as the
overall success of a software development effort. Addressing and reducing the
number of inconsistencies before development begins, minimizes the need to
continually revisit what needs to be developed (the requirements), and consequently
reduces development time and costs since inconsistencies are resolved early on (prior
to system design and implementation). This thesis introduces a series of techniques
and associated heuristics for identifying and resolving inconsistency in requirements
specifications. These techniques and heuristics are demonstrated in the analysis of
two case studies, the second of which is further describBeérining Goals from a
Use Case Based Requirements Specification for an Electronic Commerce System
[ADS00]. The main contributions of this thesis include techniques that augment the
GBRAM which provide specific guidance to the identification of inconsistency, and a
structured goal syntax to aid analysts in forming goals for future analysis, and

heuristics to aids in inconsistency identification and resolution.
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Glossary

Communication Goal: A communication goal is associated with the delivery of
information to the user.
Conflict: A relationship between two goals such that one goal always prevents the
achievement of the other in any circumstances.
As an example, consider two goals from a library system: ACHIEVE
fines levied against all borrowers for late returns and ENSURE faculty
not fined. These goals are at odds in all situations.
Construct: A linked set of goal components.
Functional Goal Functional goals describe states that are achieved when an
action is completed within a system [Ant97].
Goal: A goal defines the actions to be achieved or the states to be maintained
during the operation of a proposed system [Ant97].
Goal Class:A goal class is a label that broadly describes a system area for the
purpose of subdividing goals into subgroups.
Goal ComponentA component is one of the four pieces of a goal expression:

keyword, subject, predicate, or modifier.



Goal Hierarchy: An organization of goals classified by system function and
ordered by precedence relations.
Goal Keyword:A keyword identifies the type and class of a goal.
Goal Modifier: A modifier describes a goal subject, and is expressed as a word or
phrase; modifiers lend context to a goal by adding additional information that is
important for future interpretation of the goal.
Goal Predicate A goal predicate defines the completed action that is taken by
some entity (usually the user or the system) with respect to the goal.
Goal Subject The subject of a goal statement defines the system concept that is
described or acted upon in the goal.
Goal StatementThe linking of components to express a goal. A goal statement
is made with respect to a defined syntax.
Goal Syntax:A goal syntaxaffordsa systematic way of arranging the different
parts of a goal statement. A goal syntax defines all legal constructions of goal
statements.
Goal Type:A goal’s type is either functional or non-functional.
Inconsistency:A relationship between two goals such that one goal may thwart
the achievement of the other given some set of circumstances.
For example, consider two goals from a library sysE&N8URE book
loaned as long as needed andENSURE loaned books
returned in two weeks . While books are returned within two

weeks, there is no negation of either goal. However, if a book is



needed by a student for a semester-long project, and keeps the book as
long as it is needed, then the second goal is violated.
Knowledge GoalA knowledge goal is associated with the data that should or
should not be known by the system or by the users.
Non-Functional Goal: Non-functional goals describe states that are maintained
as long as their target condition remains true [Ant97].
Quality Goal: A quality goal describes the system, its data, or its processes in
terms of standards or constraints.
Security Goal:A security goals is associated with access levels in a given system.
System GoalA system goal is associated with the processing actions or ongoing
provision of services by a system.
User. A useris any individual that interacts with the system, including end-users,
system administrators, programmers, etc.
User Goal:A user goal is associated with the actions performed by users while

interacting with a given system.
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Chapter 1

Introduction

A child of five would understand this. Send someone to fetch a child of five.

Groucho Marx

With the increased complexity of software over the past two decades, a need
has arisen for more robust software development methodologies. Requirements
engineering researchers and practitioners alike have searched for ways to standardize
the software development process to reduce the time and cost associated with
development, as well as to improve the quality of the software produced.
Requirements engineering involves forming a comprehensive description of a given
problem so that it may be addressed by a proposed system. Requirements engineers
are responsible for communicating this description in an understandable yet
unambiguous way to stakeholders, designers, developers, etc. As with any activity
requiring human communication, requirements engineering is not a well-defined
science.

One of the greatest challenges facing requirements engineering practitioners

and researchers is the identification and resolution of inconsistencies within a



system’s requirements. Ainconsistencyis defined in this thesis as a relationship
between two goals such that one goal may thwart the achievement of the other given
some set of circumstances. Requirements documents are often plagued with
inconsistencies ranging from an inconsistent use of terms to conflicting requirements.
The results of these inconsistencies can range from an increase in development time
and cost to loss of life due to system failure. For this reason, it is imperative from a
cost, quality, and safety perspective that inconsistencies be identified and resolved (if
possible) in the early stages of a development effort. The research in this thesis
addresses the need for more efficient inconsistency identification and resolution
within the domain of goal-driven requirements engineering by offering techniques
and heuristics that practitioners may use to identify and resolve inconsistency during

goal-driven requirements analysis.

1.1 Goal-Driven Requirements Analysis

Requirements analysis is the study of a proposed system to determine its purpose
and functionality [Ant97, LF91]. During requirements analysis, analysts gather
information concerning the system to be implemented and document this information
in a requirements specification. The requirements specification serves as a contract to
set expectations for stakeholders and designers. Information from the requirements
specification can also be used to aid in the development of a comprehensive test plan
and individual test cases.

One approach to requirements analysis is goal-driven. Goal-driven

requirements analysis advocates the initial identification of stakeholder goals instead



of stakeholder requirements. By identifying goals, an analyst is able to elicit more
than a description of the envisioned implementation of a system from a stakeholder.
Instead, eliciting goals helps an analyst understand the motivations driving a
development effort. This approach avoids implementing a system that simply
automates an existing process, and instead assists designers in providing more
efficient ways of conducting business using technology. The method for
implementing goal-driven requirements analysis, described in the next section, is used
as the basis for the inconsistency identification and resolution techniques and

heuristics presented in this thesis.

1.1.1 Overview of the Goal-Based Requirements Analysis Method

The Goal-Based Requirements Analysis Method (GBRAM) [Ant97] is a
method designed to implement goal-driven requirements analysis. As shown in
Figure 1.1, the GBRAM focuses on two types of activitgesal analysisand goal
refinement Goal analysis concerns the elicitation and documentation of goals,
whereas goal refinement concerns the evolution of those goals from identification to

operationalization. The following paragraphs detail each activity type



Figure 1.1 — GBRAM Activity Diagram
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Goal analysis consists of exploring goal source material, identifying goals,
and organizing goals. Exploring goal source material involves the examination of all
inputs to the goal elicitation process. These source materials may include interview
transcripts, work flow diagrams, corporate goals and policies, and system
requirements. The purpose of this exploration is to identify probable sources of
goals, as well as to establish an order for examining each possible goal source.
Identifying goals involves extracting goals, stakeholders, and agents from this source
material. Each source document is reviewed with the purpose of documenting this
information in a format conducive to the GBRAM analysis. Organizing the goals
consists of classifying the goals by type and arranging them in a goal hierarchy by
dependency relation. Techniques and heuristics for each of these operations are

described in [Ant97].



Goal refinement consists of refining goals, elaborating goals, and
operationalizing goals into a requirements specification. Refining the goal set
consists of eliminating any redundant or synonymous goals identified in the goal
hierarchy. Elaborating the goals consists of considering each goal for the purpose of
documenting goal obstacles, scenarios, constraints, preconditions, postconditions,
questions, and rationales. Finally, during operationalization, goals are restructured
into requirements for placement into the requirements specification.

Note that the activities described above need not be performed sequentially.
Instead, actions such as identifying a new goal may occur during any stage of the
analysis, thereby starting the evolution of a new goal concurrent with the evolutions
of the existing goals. Also, an analyst is capable of addressing the GBRAM activities
in any order. For example, an analyst may decide to pursue goal elaboration prior to

goal organization to facilitate better understanding of each goal.

1.1.2 Inconsistency ldentification and Resolution in the GBRAM

Note from the discussion in Section 1.1.1 that inconsistency identification and
resolution is not explicitly listed as a GBRAM activity. Although [Ant97] speaks to
the use of ViewPoints [Eas91, EN95, FF89, FKG89, LF91, NKF94], it simply
addresses these viewpoints according to the specific stakeholders, providing little
prescriptive guidance for identifying and resolving inconsistencies. The GBRAM

focuses refinement efforts on the organization of goals according to dependency



relationshipd since goals that share the same dependencies are grouped closely in the
GBRAM goal hierarchy. While this grouping does occur, and does facilitate the
identification of synonymous and redundant goals, it falls short of providing a
mechanism for inconsistency management since inconsistency can be based on
relationships other than dependency. Instead, we observe, as discussed throughout
this thesis, that the commonality between the meaning or function of the subject of
each goal provides an additional basis for identifying inconsistency, since for goals to
be inconsistent they must have some common attribute. Once these subjects are
identified, they can be organized in a tree such that paths through the tree facilitate
the identification of inconsistency by linking all related goals. This technique is

discussed in detail in Chapter 3.

1.2 Related Work

This subsection discusses relevant work in inconsistency identification and

resolution, and briefly compares this work with the research in this thesis.

1.2.1 Definitions of Inconsistency and Conflict

As previously stated, amconsistencyexists when there is a relationship
between two goals such that satisfying one goal could, in at least some situations,
result in negating the satisfaction of the other. We further defomglict as a

relationship between two goals such that satisfying one goal results in negating the

1 A contractual relationship exists between gaald goal if goab must be completed if gaab
completed. A precedence relationship exists between godlgoal if goal must be completed
before goal



satisfaction of the other in all situations. Therefore, according to our definition,
conflict is a subset of inconsistency. Unfortunately, there is no common definition of
inconsistency used in research today [vLD98]. This situation creates confusion for
those attempting to survey inconsistency literature and compare methods of
identification and resolution. Due to this situation, the first step for reviewing
inconsistency identification and resolution techniques is to consider the definition of
inconsistency as defined by several active researchers.

Robinson and Pawlowski definecanflict as a requirement that “depletes a
shared resource”, “removes a precondition”, “removes the achieved effect”, or “has
interfering actions with respect to another requirement” [RP98]. Notice that this
definition is similar to our definition of conflict since it implies that a conflict
between two goals represents an opposition in all situatiéusther, Robinson and
Pawlowski do not discuss the existence of conflict in limited circumstances, i.e. what
is termed inconsistency in our research. Ignoring inconsistency is dangerous since
these inconsistencies apply only in certain situations, and these situations may not be
encountered until the system has been released, possibly causing system failure.

Easterbrook and Nuseibeh defimeonsistencyaccording to the ViewPoints
framework; they define inconsistency as the breaking of a consistency rule within the
ViewPoints Framework [EN96]. Consistency rules are defined by an individual
responsible for overseeing the use of ViewPoints framework (calleanéikod
designe) by considering the rationale and operation of the framework, considering
examples of use of the framework, and by reflecting on prior experience with the

framework [EN95]. These rules dictate consistency relationships that should hold



across ViewPoints. Further, they define a conflict as an interference with the goals of
one party caused by the actions of another party, and a mistake as an action that
would be acknowledged as an error by its creator [EN96]. Unlike our definitions for
inconsistency and conflict, this recognition of inconsistencies and conflicts in the
ViewPoints framework is solely based on the effectiveness of the consistency rules.
Should these consistency rules be lacking, inconsistency and conflict as we have
defined them may exist without being identified or addressed. These inconsistencies
and conflicts may persist into latter stages of development, or even into the software
release

Van Lamsweerde, Darimont and Letier broadly defimeonsistencyas a
situation in which there is no way to satisfy all goals in a group [vLD98]. However,
they address seven inconsistency types to refine their definition: process-level
deviation, instance-level deviation, terminology clash, designation clash, structure
clash, conflict, and divergence [vLD98]. Process-level and instance-level deviations
are concerned with the violation of business rules governing the operation of the
system. Terminology clash occurs when multiple real-world concepts are represented
by one term. Structure clash occurs when a single real-world concept is given
multiple designations. A conflict occurs when two or more goals are grouped such
that one goal negates the effect of one or more other goals. A divergence occurs
when there can exist a conflict between two or more goals, but only in limited
circumstances calledhoundary conditions The concept of divergence closely
resembles our definition of inconsistency; divergences are conflicts that occur only

under certain circumstances. Also, our definition of conflict encompasses not only



conflict as these authors define it, but also the other five types of inconsistency as
defined in [vLDM95].

Finally, Liu, Tiao and Yen recognize four types of requirements: conflicting,
cooperative, mutually exclusive, and irrelevant [YL96, YT97]. They define
conflicting requirements as those that are related such that an increase in the degree of
satisfaction of one requirement often results in a decrease in the degree of satisfaction
of another requirement [YL96, YT97]. Further, they define mutually exclusive
requirements as the satisfying of one requirement that negates the satisfying of the
other [YL96]. Their definition of mutually exclusive mirrors our definition of
conflict since our definition of conflict requires a complete negation of a goal or
requirement under all circumstances, i.e. mutual exclusion. Additionally, their
definition of conflict closely resembles our definition of inconsistency since under
their definition of conflict two goals can conflict but still manage to be somewhat
satisfied. One goal does not necessarily negate the other in all situations, thus

allowing both goals to be satisfied in some situations.

1.2.2 Methods for Identifying and Resolving Inconsistency

There are several approaches for inconsistency identification and resolution.
Robinson and Pawlowski propose Root Requirement Analysis (RRA) [RP98, . RP99]
This method attempts to understand the relationships between requirements, and uses
these relationships to identify key concepts of the system. Root requirements are
found by iterating the following process: group requirements with similar concepts,

and prune the set of requirements leaving only the most general requirement. This



process is repeated until groupings are no longer meaningful, leaving general
requirements for the system, mot requirements A pair wise comparison of the

root requirements is then conducted to identify any conflicts. The result of the
comparisons is a matrix listing the degree of potential conflict between each pair
(very conflicting, conflicting, neutral, supportive, very supportive). This matrix
provides information concerning the percentage of requirements with which a given
requirement conflicts. Percentages are ranked, and the goals with the highest
percentages are resolved first.

The observation that system concepts can guide detection of inconsistency in
a number of comparisons less than pair wise is common to both RRA and the
techniques presented in this thesis. Our techniques also resemble RRA by structuring
goals for comparison without using formal methods. However unlike RRA, our
techniqgues and heuristics provides greater coverage of information given that all
goals are included in the comparisons, not just the general goals of the system.
Additionally, we present heuristics for resolving the inconsistencies identified; RRA
concentrates on identification, not resolution.

Easterbrook and Nuseibeh advocate the use of ViewPoints to identify and
resolve inconsistency [Eas92 Eas93a, EFKN94, EN95, EN96, FKN92, FKG89,
NE99, NFK94]. The ViewPoints framework documents multiple perspectives of a
system that are then compared using consistency rules. Therefore, inconsistency
identification is only as good as the rules on which it is based. The richer the set of
consistency rules, the better the inconsistency detection. The ViewPoints are stored

in a tree structure. When inconsistency is found, a ViewPoint is split into multiple

10



ViewPoints that differ only in their resolution of the inconsistency. Each ViewPoint
is developed independently, thereby delaying the resolution of the inconsistency until
all resolution options have been explored. The existence of these fully developed
alternatives provides possible resolution strategies and consequences to an analyst.
The ViewPoints framework can be implemented in a distributed environment,
and provides not only inconsistency identification, but also resolution alternatives.
However, the quality of inconsistency detection is only as good as the inconsistency
rules. Additionally, concepts that are the same across all ViewPoints are not always
identified early in the process, and therefore the ViewPoints structure becomes
difficult to manage. Our techniques are similar to the ViewPoints framework with
respect to the structuring of information. ViewPoints uses a tree of perspective
information, while we build a tree of subject information. Also, both ViewPoints and
our techniques delay resolution of inconsistency until all information has been
elicited and elaborated. However, ViewPoints delays resolution until all conflicts
identified and all resolutions explored. Our techniques prescribe inconsistency
resolution at the time the inconsistencies are found. While the ViewPoints
framework contends that they explore all options by elaborating multiple resolution
alternatives, the management of the information gathered in the ViewPoints
framework is cumbersome. Our techniques address conflicts after goals have been
identified, elaborated and organized. This process makes the handling of information
easier, and includes a process for ensuring that a change to fix one inconsistency will

not produce another.
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Van Lamsweerde, Darimont, and Letier concentrate on the identification and
resolution of divergence in [vLD98]. Specifically, they identify two methods of
identifying divergence: regressing negated assumptions and divergence patterns.
Regressing negated assumptions entails documenting the preconditions of a negated
goal as obstacles to the original goal. In other words, analysts find inconsistency by
asking what is a precondition of the opposite of a goal. These obstacles are potential
boundary condition$or a divergence. Once these obstacles are found, they may be
addressed. Divergence patterns are patterns of goals that have produced divergence
in other studies. While these patterns seem promising, additional research is needed to
build a rich set of patterns before they can be employed.

Van Lamsweerde et.al. recognize the difference between inconsistency and
conflict, as well as the importance of structuring goals to aid in the identification of
inconsistency [vLD98]. However, their use of formal specifications has been
intentionally avoided in this thesis. Although regressing negated assumptions seem
promising since it is efficient, it examines goals in isolation, thereby ignoring the
most logical indicator of inconsistency, the other goals in the goal set. The authors
suggest performing inconsistency detection while elaborating the goals identified.
This identification is done independent of the other goals that have been identified.
However, our techniques advocate the identification of inconsistency after all goals
have been identified. We also advocate testing goals against each other instead of
looking at them independently.

Liu, Tiao, and Yen concentrate on inconsistency resolution [YL96, YT97].

Specifically, they focus on mitigating inconsistency by partially satisfying one or

12



more of the inconsistent requirements and the concept of a marginal rate of
substitution. The marginal rate of substitution quantifies the tradeoff between two
goals, thereby allowing a quantitative assessment of requirement alternatives.

Liu et.al. [YL96, YT97] define the concepts of inconsistency and conflict as
they are defined in this thesis. Additionally, they use a structure for requirements to
assist in their understanding much as our method uses a syntax. However, their work
only addresses inconsistency resolution, specifically inconsistencies that involve
tradeoffs between two requirements. Therefore, our techniques are applicable to a

greater range of inconsistent goals.

1.3 Overview of remaining Chapters

The research in this thesis addresses the need for more efficient inconsistency
identification and resolution during goal-driven requirements engineering by offering
technigues and heuristics by which practitioners may identify and resolve
inconsistencies. Chapter 2 discusses the Employee Benefit System (EBS) case study.
This analysis effort served to formalize our ideas about the identification and
resolution of inconsistency, as well as to identify a portion of the heuristics presented
in Chapter 3. Chapter 3 presents the inconsistency identification and resolution
techniques and heuristics in detail. Chapter 4 discusses the Electronic Commerce
System (ECS) case study, a validation of our techniques and heuristics. Finally,
Chapter 5 reviews the contributions of this work to the field of requirements

engineering, and discusses future research directions.

13



Chapter 2

Employee Benefit System Case Study

Do not seek to follow in the footsteps of the wise. Seek what they sought.

Basho

This chapter discusses the development of a set of techniques and heuristics
for inconsistency identification and resolution during goal-driven requirements
engineering. The techniques and heuristics were developed and validated on real
problems. Our first case study, the Employee Benefit System (EBS), was formative
in that it facilitated the development of a systematic approach to inconsistency
identification and resolution, as discussed in Chapter 3. The approach was
subsequently applied to a second system, discussed in Chapter 4; this subsequent
analysis enabled the evaluation and refinement of the inconsistency identification and
resolution strategies. The research methodology adopted for this thesis was, thus,
marked by evolution and validation while analyzing real systems as advocated in
[Pot93].

The EBS case study involved the analysis and design of an information
system to provide health plan information to North Carolina State University (NCSU)

employees. The analysis effort was conducted under the auspices of an academic
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health care industry project; the objective of this project was to implement the
proposed information system. The Goal-Based Requirements Analysis Method
(GBRAM) [Ant96, Ant97, AP98a] was applied to the problem in an effort to specify

the system requirements. The GBRAM analysis entailed the identification,
elaboration and refinement of goals into operational requirements. Since the
GBRAM provides only limited guidance for conflict identification and resolution, the
EBS goal set was further analyzed in an effort to actively resolve any inconsistencies
among the goals. Section 2.1 provides an overview of the NCSU Employee Benefit
System analysis effort, and the lessons learned during this case study are discussed in

Section 2.2.

2.1 Employee Benefit Information System

The EBS GBRAM analysis was originally commissioned to document the
requirements for a health care information system in conjunction with research in the
health care industry domain [Pay00, PG00, PLOO]. The proposed system was
designed to support decision making by providing health care plan information to
NCSU employees; for example, the system provides the following types of
information: plan provisions, plan costs, automated enrollment, automated physician
selection, and physician evaluations and professional background information to aid
in decision-making. The system also includes an employee survey questionnaire.
The results from this questionnaire are aggregated according to plan and demographic
group; employees may thus view the choices of other employees with similar health

care preferences to aid their decision making process.
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The requirements engineering efforts for this project entailed interviewing
stakeholders including NCSU faculty members as well as representatives from
various health care providers; the objective was to document not only what the
faculty desired in such a system, but also what the health care providers considered
important to communicate to both prospective and existing plan subscribers. The
gathering of interview data, the subsequent translation of that data into goals, and the
refinement and elaboration of the identified goals took place over the course of six
months (February 1999 through July 1999). During this analysis six interviews were
conducted with NCSU faculty. These interviews were recorded on cassette tape and
later summarized according to the template in Appendix A. Goals were extracted
from the interview summaries and then summarized in a Microsoft Excel spreadsheet
as in [ADS00]. The goals were elaborated with obstacles, constraints, preconditions,
postconditions, scenarios, questions, and rationales associated with each goal
[Ant97]. This elaboration process resulted in both the refinement of 50 existing goals
as well as the identification of 36 new goals. As prescribed in the GBRAM, a goal
hierarchy was then constructed. The goals were grouped according to functionality
similar to the approach taken in [ADS00, AP98a]; the five major goal classes in the
EBS areinput, output systenprocessingandsystem help goals

The captured goals were analyzed to find patterns that may suggest strategies
to improve goal-based requirements analysis by supplementing current goal driven
analysis techniques with strategies for identifying inconsistencies among the goals.
In accordance with other researchers who believe that goal structuring aids in the

identification and/or resolution of inconsistency [Eas93, EN95, EFKN94, YL96], we
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observed that a standard goal syntax for expressing goals aids analysts in expressing
the goals in a manner conducive to inconsistency analysis. Asgoxaffordsa
systematic way of arranging the different parts of a goal statement. To this end, a
goal syntax and a set of general heuristics were constructed based on the lessons
learned during inconsistency resolution in the EBS analysis effort as discussed in the

remainder of this chapter.

2.2 Lessons Learned

This subsection addresses the lessons learned in the EBS case study and
discusses how these lessons were integral in the development of the inconsistency

identification and resolution techniques.

1. The GBRAM does not adequately support conflict and inconsistency identification.

Goals that are inconsistent are often related with respect to some topic or
action. To discover these relationships, we constructed a goal hierarchy based on
precedence relations [Ant97]. We observed that this organizational structure does not
lend itself to identifying goal relationships since it only shows temporal relationships
between groups of goals in the same goal clegsif, output, system processing,
etc). The dependency relationship is not the only relationship that may be associated
with inconsistency.

Analysis of the goal hierarchy constructed for the EBS surfaced inconsistent
goals that were associated with different goal classes. These goals were found while

attempting to build a new goal hierarchy based on a revised set of goal classes.
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Consequently, these goals were placed in different areas of the goal hierarchy. For
example, two goals were identified, and arranged in different subtrees of the EBS
goal hierarchy. Goalg, (MAKE A survey A obtained A from all

faculty) is a user input goal, and Go@&k; (ENSURE A EBS A “user-
friendly”) is a processing goal. There exists a potential inconsistency given that
an EBS user may not be able to complete a survey should the system fail to be “user-
friendly”. Since there is no precedence relationship betweesan® Gg, there exists

no dependency relation between the goals as defined in the GBRAM [Ant97]; for
example, a user may be able to complete a survey even though the EBS is not “user-
friendly”. Given that there is no dependency relationship between the two goals and
that the two goals are classified differently, no relationship is recognized between
these goals in the EBS hierarchy. The lack of recognition of such relationships is a
shortcoming of the GBRAM goal hierarchy in general.

In an effort to provide a richer representation of goal relationships, we also
constructed a goal network. A goal network is similar to a goal hierarchy in that
related goals are connected, but unlike a goal hierarchy, there is no clear
decomposition of goals into discrete subtrees. In a goal network, goals from one
subtree may be connected to goals in another subtree, thereby creating a directed

graph as opposed to a hierarchy.

2. Goal relationships aid in the identification of conflicts and inconsistencies.

The EBS goal network was constructed to surface relationships based on

systems concepts. These concepts include system data items, system services, and
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business rules. The graphical connections in the network (shown in Figure 2.1)
enabled us to test for inconsistency between related goal pairs. However, this
approach proved problematic since the goal network structure does not lend itself to a
textual depiction and therefore a graphical depiction of related goal pairs was
required. This graphical depiction proved to be difficult to read, even for the

experienced analyst. Additionally, the creation of the network proved to be extremely
time intensive, as it required a pair wise comparison of all goals. Consequently, this
process was actually found to be less efficient than a traditional pair wise test for

inconsistency [Kar96, KR96].
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The goal network exercise did prove valuable in that it provided insights into
the goals that were related by their respective system concepts. We observed that
system concept relationships are represented as subsets of one another, or are directly
attributable to one another, and therefore may be used to identify inconsistency.
Since structuring requirements information aids in identifying and resolving
inconsistency [Eas93, EN95, EFKN94, YL96], we constructed a standard goal
structure for expressing goals. The goal structure, called a goal syntax, resembles
natural language and enables goals to be parsed so they may be easily tested for the

existence of system concept relationships.

3. A goal syntax is helpful in structuring goals for comparison, while allowing a
natural expression.

According to Webster’s dictionary, a goal syntax consists of the rules governing
the construction of machine language or a systematic arrangement of words to form
sentences [Web84], and in computing, a goal syntax is a way of arranging symbols in
a language [Fre75]. Similarly, other researchers have structured goals and
requirements for the purposes of inconsistency identification [Eas93, EN95, EFKN94,
YL96]. A goal syntax afforde systematic way of arranging the different parts of a
goal statement as goal components and, for purposes of this thesis, there are four such
goal components: the keyword, subject, predicate, and modifier. To facilitate
inconsistency identification, all goals should thus be expressed according to a goal
syntax; our initial goal syntax was:

{keyword A subject A modifier}.
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Section 3.1.1 discusses our catalog of possible keywords. It also defines a
goal subjectas a word or phrase that defines the system concept that is described or
acted upon in the goal, and a goaddifier as a word or phrase that describes a goal
subject. For example, for a meeting scheduler, a possible goal expregsiPDAS E
A room reservations A immediately). This goal syntax, however, does not
address both functional and non-functional goals. Recall that functional goals
describe states that are achieved when an action is completed [Ant97], whereas non-
functional goals describe states that are maintained as long as their target condition
remains true [Ant97]. Due to the difference between functional and non-functional
goals, it is apparent that two goal syntaxes are needed to consistently express all
goals. Thus two goal formats were provided, one for functional goals and the other
for non-functional goals. Functional goals were expressed as:

{keyword A subject A predicate A modifier},
and non-functional goals as:

{keyword A subject A modifier}.

A goal predicate is defined as the completed action that is taken by some entity
(usually the user or the system) with respect to the goal. For example, consider two
goals for the meeting scheduler [PTA94, vDLMO95JACHIEVE A meeting A
scheduled A without conflict) and (UPDATE A room calendar A
immediately) . These two goals are differentiated as functional and non-functional
by their keywordsACHIEVE andUPDATEespectively. All goals are expressed using
these keywords as there appeared to be no real need to distinguish between goal

classes at this time. @goal classis a label that broadly describes a system area for
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the purpose of subdividing goals into subgroup. This logic differs from previous
research that advocates the association of goal types with various keywords [Ant97,
ADSO00]. While this goal syntax was successful in reducing goal complexity by
reducing the variation across goal keywords, it is more difficult to distinguish
between goal classes, making it consequently more difficult to organize goals
efficiently.

We realized that it would be beneficial to classify goals by system-independent
classes such as Security Goals or Quality Goals to facilitate the customization of the
expression of each goal class to resemble natural language. Several revisions of the
goal syntax were made to define keywords that could be associated with specific goal
classes. Keywords were added to facilitate the recognition of the following goal
classes:User, System, Communication, Knowledge, Security, and Quallitye
distinction between goal classes was also found to aid in the grouping of goals that

leads to defining goal relationships as discussed in Chapter 3.

4. Constructing a goal subject tree helps surface goal inconsistencies.

Creating a goal subject tree gives rise to goal relationships that point to
potential inconsistencies. We assume that two goals that are completely unrelated
cannot create an inconsistency since there is no relationship among them. It follows
that goals must be related to be inconsistent. Therefore, by linking the system
concepts that are described by goals, one can significantly increase the ability to find
possible inconsistencies. If two subjects are related in that one is a subset of another,

then there is a potential inconsistency between the two. For example, consider the

23



goalsG,y (ENSURE A demographic information A confidential) andGy

(system information A CONVEYED A to help make health plan

choices) . The subject of5y, demographic information, is a subset of the
subject ofG,, system information . These goals are inconsistent since one goal
indicates that information should be presented to the user, and the other indicates that
a subset of this information should be kept confidential. It is this logic that led to the
identification of twenty inconsistencies in the case study, whereas only two were

identified in the GBRAM analysis.

5. Pair wise comparison of goals is a thorough method of finding inconsistency so
that it may be resolved. However, the use of goal subject relationships reduces
the work involved in inconsistency identification.

A pair wise comparison was made for all 86 goals in the goal set, yielding 25
inconsistencies. Consider the three examples of inconsistent goals in Table 2.1. The
inconsistency between goals @nd Gg is due to the applicability of two goals that
dictate different actions under the same circumstances. This inconsistency is
mitigated with the addition of the modifierhen not entered to Gg, which
distinguishes the conditions under which each goal is applicable. The inconsistency
between goals Sand Gs is due to the undefined meaning @émographic
information . The information such as name, date of birth or sex that is to be
considered part oflemographic information must be defined before it can be
deemed relevant or irrelevant. Adding subgoals4su@h aA\CHIEVE A date of

birth A entered) further defines the information to be entered. Stakeholders can
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then aid in determining if an inconsistency actually exists, i.e. if information gathered
is irrelevant. A possible inconsistency also exists between gaealan@ Gs. The

system includes a biography for each physician; depending on the biography length,
goals Gg and Gs could be in conflict. We mitigate this inconsistency by adding the
modifier within five lines to goal Gs. The goal subjects for the 25 goals in

this list were directly related and by considering the subjects it becomes quite easy to
surface inconsistencies within the goal set. Assuming that all subjects are not directly
related, the number of comparisons required will be a function of the number of
related subjects, a number less than needed in pair wise comparison. By producing a
goal subject tree, an analyst can define the goal relationships, and therefore the
comparisons needed to find inconsistency. Hence, the strategy defined here is easier
to implement than a goal network given the defined goal syntax and the limited
number of subjects. This strategy produces a map from which to test for
inconsistency with less than pair wise number of comparisons, by accurately
associating goals with related subjects.

Table 2.1 — Sample Goal Inconsistencies Found During Pair Wise Comparison

Goal Goal

G;: ACHIEVE A demographic information A | Gg: MAKEA demographic information A
entered defaulted

G&: ACHIEVE A demographic information A Gss: IGNORE A irrelevant information
entered

Gz9: ENSUREA text blocks A short Gj5: CONVEYA physician biographies

The number of comparisons needed for a true pair wise comparison is
approximatelyN> — N This number reduces substantially given that for every pair of
goals found not to be directly related, the number of comparisons drdps Bhis

drop is significant. Given a group of 100 goals, a pair wise comparison would require
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9,900 ((100 *100) — 100) comparisons. If just one pair of goals was found to be

unrelated, the number would drop to 9,800, thereby saving 100 comparisons.

6. The use of a goal syntax aids in the identification of synonymous and compound
goals.

Defining terminology and structuring goals assists in identifying and
eliminating synonymous goals. Eliminating synonymous goals reduces the number of
goals in the goal set without a loss of stakeholder information, yielding a reduction in
the complexity and work required to manipulate the goal set, as well as an
improvement in the quality of the goal set. Table 2.2 shows four pairs of EBS goals
that were identified as synonymous or redundant. Although unstructured attempts
were made to reconcile such goals during the construction of the goal hierarchy, the
goal pairs in Table 2.3 were not identified during that process. This suggests that the
defined goal syntax is effective in detecting additional synonymous, redundant and/or
inconsistent goals.

Table 2.2 — Synonymous and Redundant Goals Identified

Original Goals (Original Numbering) Merged Goal

G ENSURE A survey A completed before | G ENSURE A survey A completed before
allowed to inquire exiting or inquiring

Gy3: ENSURE A survey A completed before
exiting

Gy,: ACHIEVE A health plan survey Gy,: UPDATE A health plan survey
information updates A obtained information

Gis: MAINTAIN A health plan survey
information

Gy: ACHIEVE A plan benefits A updated Gyo: UPDATE A plan provisions
Gis: KEEP A plan information A updated

Gyo: ACHIEVE A information A provided A Gyp: CONVEY A system information A to
to faculty member to make health plan make health plan choices

choices

G;: ACHIEVE A information A provided to
user
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A goal syntax also aids analysts in identifying compound goals. A compound
goal is a goal that addresses multiple subjects; compound goals may be problematic
in that they link subjects that may not behave identically in all situations. Therefore,
compound goals should be atomic. Table 2.3 shows six instances where compound
goals were identified and split into distinct goals.

Table 2.3 — Decomposition of Compound Goals

Original Goal (Original Numbering) New Distinct Goals (Revised Numbering)
G: KNOW A plan costs and provisions G: KNOW A plan provisions A for all
A for all plans plans
G;: KNOW A plan costs A for all plans
G;: KNOW A demographic and health G;: KNOW A demographic information A for
plan survey information A for all all plans
plans G;: KNOW A health plan survey
information A for all plans
Gip: CONVEY A demographic and health &: CONVEY A demographic information A
plan survey information A for all by plan
plans Gyo: CONVEY A health plan survey
information A by plan
Gy ENSURE A plan provisions and G ENSURE A plan provisions A formatted
costs A formatted Gy ENSURE A plan costs A formatted)
Gss: ENSURE A survey questions A Gso: ENSURE A survey questions A clear
clear and unambiguous Gyo: ENSURE A survey questions A
unambiguous
Gys: ACHIEVE A plan costs and Gg7: CONVEY A plan costs A to user
provisions A provided A to user Gg: CONVEY A plan provisions A to user)
2.3. Summary

This chapter describes the Employee Benefit System case study. First, the system

and the context in which it was developed is discussed. Subsequently, the lessons

learned from the case study are presented. Chapter 3 presents the techniques and
heuristics for our approach to identifying and resolving inconsistencies during goal

analysis.
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Chapter 3
Techniques and Heuristics for Identifying and Resolving Inconsistency

for the Goal-Based Requirements Analysis Method

Everything should be as simple as possible -- but not simpler.

Albert Einstein

This thesis addresses the need for inconsistency identification and resolution
techniques to assist practitioners employing goal-based requirements analysis.
Several approaches for inconsistency identification exist, as discussed in Chapter 1,
however, the techniques introduced in this thesis are targeted specifically for
analyzing goals. This chapter introduces a series of techniques and associated
heuristics for identifying and resolving inconsistency in requirements specifications.
Reducing inconsistency in a requirements specification greatly impacts its quality, as
well as the overall success of a software development effort. Addressing and
reducing the number of inconsistencies before development begins, minimizes the
need to continually revisit what needs to be developed (the requirements), and
consequently reduces development time and costs since inconsistencies are resolved

early on (prior to system design and implementation).
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The inconsistency identification and resolution techniques, as well as the
associated heuristics, are designed to enhance goal-driven requirements analysis.
Goal-driven requirements analysis attempts to capture system requirements by first
defining, elaborating, and refining stakeholder goals, and subsequently by
operationalizing those goals into requirements.goal represents the actions to be
achieved or the states to be maintained during the operation of a proposed system
[Ant97]. Goals serve as a precursor to system requirements by defining the
objectives of a system instead of the functions that implement it.

Our approach to inconsistency identification and resolution distinguishes between
two goal types: functional and non-function&unctional goals describe states that
are achieved when an action is completed within a system [Ant97], whevaas
functional goals describe states that are maintained as long as their target condition
remains true [Ant97]. The distinction between these two goal types requires no
additional effort by an analyst since the goal syntax of each closely matches natural
language as discussed in Section 3.1.2. In other words, the differentiation of goals as
functional or non-functional should naturally emerge from the expression of the goal
that the analyst chooses, given that he/she is familiar with and consistently applies the
techniques and heuristics discussed in this chapter.

Our approach also distinguishes between goal classes [ADS00, Ant97]. The goal
classes includdJser, System Communication Knowledge Security and Quality.

These classes serve to organize the goals making them more manageable for an

analyst, and provide a goal syntax that approximates the natural language for each
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class, thus easing an analyst's burden of expressing goals. These goal classes are
discussed in detail in Section 3.1.2.

This chapter details techniques and associated heuristics for identifying and
resolving inconsistencies during goal-driven requirements analysis. Applying these
technigues and heuristics enables inconsistencies to be identified after elicitation and
elaboration of goals, but prior to their operationalization into requirements. The goal
elicitation, elaboration, and operationalization processes are not detailed in this
document, since the techniques and heuristics were developed as an extension to a
specific goal-driven analysis method. An analyst wishing to use our techniques and
heuristics may choose any goal-driven method, so long as it either permits the use of
the specified goal syntax (see Section 3.1.2) or it separates the goal statements into
similarly compatible components as detailed later in this chapter. For purposes of this
thesis, the method was employed in conjunction with the Goal-Based Requirements
Analysis Method (GBRAM) [Ant96, Ant97, AP98a]. The main objective of the
GBRAM s to aid analysts in identifying and refining the goals for a desired system
using specific elaboration and refinement techniques (e.g. scenarios and obstacle
analysis). Using the information gathered in GBRAM, we construct a subject tree to
represent goal relationships. These relationships are not dependency relationships
(contractual and precedence) as depicted in GBRAM, but instead relationships based
on similarity of meaning or function. We employ this subject tree to identify
inconsistencies, resulting in the need for fewer goal comparisons than with other

techniqgues such as pair wise comparison [Kar96, KR96]. Our techniques and
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heuristics suggest strategies for resolving identified inconsistencies as discussed in
Sections 3.2 and 3.3.

The discussion is presented in three parts: Section 3.1 details the goal syntax and
goal classes associated with the inconsistency identification and resolution
techniques, Section 3.2 details the inconsistency identification and resolution
techniques, and Section 3.3 presents inconsistency identification and resolution
heuristics. In order to elucidate many of the concepts discussed in the chapter, we
provide examples taken from the case study detailed in Chapter 2: the Employee

Benefit Information System (EBS).

3.1 Goal-Based Inconsistency ldentification and Resolution

Figure 3.1 depicts the activities related to inconsistency identification and
resolution. As shown in the figure, all goals must first be elicited, refined and, most
importantly, expressed in a goal syntax that separates a goal into distinct components;
these components are defined and discussed in the following section. A goal subject
tree, similar to the goal hierarchy in [Ant97, DvL93], is then created to express the
relationships between the goals. Once the goal relationships have been defined, goal
comparisons are made as prescribed in the heuristics in Section 3.3. These techniques
assume that there exists some relationship between goals that can be exploited to
allow an analyst to identify inconsistencies without having to perform a pair wise
comparison of all goals in the goal set. The following sections discuss the

inconsistency identification and resolution techniques in greater detail.
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Figure 3.1 Flowchart of Inconsistency Identification and Resolution Activities
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3.1.1 General Syntax for Expressing Goals

The defined goal syntax for the goal-based inconsistency identification and
resolution techniques allows goals to be expressed as a combination of the goal

components listed in Figure 3leyword subject predicate andmodifier. The goal

32



syntax is designed to ensure that all goals are expressed in a syntactically consistent

form; this goal syntax facilitates the efficient parsing of goals into separate

components that may be used for goal comparison. Both the keyword and subject are

minimally required components for all goals.

The predicate is required for all

functional goals, but is not used with non-functional goals. Finally, the modifier is an

optional component for all goals. We now discuss each of these elements in more

detail.

keyword M

Figure 3.2 — Goal Components
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Thekeyword required for all goals, identifies a goal by type and class. While the
current set of keywords is sufficient to handle the systems that we have analyzed to
date, this list is not exhaustive. Instead, the list is extensible so that analysts may add
keywords while applying the method in different domains. Consider four goals from

the Employee Benefit System from ChapterG:(ACHIEVE A demographic

information A entered), Gz (MAKE A health plan survey

information A associated A with user), Gz (PROVIDE A logon
help), andGg; (ALLOW A inquiry access to survey questions A to
new faculty) . The keywords for the listed goals #&€HIEVE, MAKE PROVIDE
and ALLOWrespectively. Keywords are a salient element of a goal statement since
they are directly associated with a goal type and class as shown in Figure 3.3.

Figure 3.3 — Keywords, Their Types, and Their Classes

. Mrn—
Functional

Functional
Zoals

Goals

e T il Dt

Tser Systen Communication Security User System Enowrledge Security Quality
Goals Goals Goals Goals Goals Goals Goals Goals Goals
¥ ¥ h 4 Y ¥ ¥ Y ¥

CONVETED or GRANT or ENOW or ALLOW ox
ACHIEVE MAKE co TCATED DENY TPDATE PROVIDE IENORE RESTRICT ENSTTRE

A goal statement’subjectdefines the system concept that is described or acted
upon in the goal. It may be expressed as a noun or noun phrase and always denotes
concepts or entities associated with the systensyséem concephay be a data item

(e.g. demographic information in G;), a system service (e.gdgogon help in
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G), Or a system business rule (erguiry access to survey questions in
Gs7). A useris any individual that interacts with the system, including end-users,
system administrators, programmers, etc. Although the user is a catalyst for system
action, the action affects the system concept, not the user; therefore, a user should
never be the goal subject. For example, @avas originally expressed A€HIEVE
faculty surveyed . This goal was restated AS€HIEVE survey completed
by faculty to better express the intention of having a survey completed. The
survey is what is relevant to the system, and thus the goal statement’s subject.

The goal statementgredicateis the action that is taken by some entity (usually
the user or the system) with respect to the goal. Predicates in software engineering
can be defined as “a generalization of facts” [Jac95, p.152]; given that we are
approximating natural language, we define a predicate as “a verb or verb phrase that
tells or asks something about the subject” [KM92, p.A41] for purposes of this thesis.
Predicates should be expressed as past tense verbs, denoting that the action prescribed
by the predicate must be completed before the goal may be satisfied. Note that not
every goal has a predicate; for example, of the gdals(ACHIEVE A
demographic information A entered) , Gz, (MAKE A health plan
survey information A associated A with user) , Gz (PROVIDE A
logon help) , andG;; (ALLOW A inquiry access to survey questions
A to new faculty) , only G, andG;, have predicates. As previously stated, these
predicatesdntered in G, andassociated in G;;) must be completed before the
goals are satisfied. Generally, non-functional goals do not have a predicate since they

describe the maintenance of a state, not its achievement through some action.
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Consider G, and G;;; both goals are non-functional goals, and neither has an
associated predicate.

The goal statementimodifier describes a goal subject, and is expressed as a word
or phrase; modifiers lend context to a goal by adding additional information that is

important for future goal interpretation. Consider the following EBS gdals:

(ACHIEVE A demographic information A entered), Gz (MAKE A

health plan survey information A associated A with user), Gz
(PROVIDE A 1logon help), and Ge; (ALLOW A inquiry access to

survey questions A to new faculty). A modifier is present in only two
goals of these goalsith user  in G;; andto new faculty in G;. Modifiers are
valuable when identifying inconsistency since they contain information that may
differentiate two goals. For example, go@lsandG; in Table 3.1 would clearly be
inconsistent were it not for the modifier attache@ip

Table 3.1 — Example of a Modifier that Mitigates Inconsistency

Goal Keyword Subject Predicate Modifier
Number
G ACHIEVE Demographic information Entered
Gig MAKE Demographic information Defaylted when not entered

3.1.2 Syntax for Specific Goal Classes

As previously mentioned, there are six broad goal classser system
communication knowledge security and quality goals Each of these classes is
defined and detailed in Sections 3.1.2.1 — 3.1.2.6. Each goal class is associated with
one or more constructs; a construct is a defined way to construct goals for specific
class. The collection of all constructs comprises the goal syntax. Each construct

consists of a keyword and a subject. Additionally, each construct may contain a
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predicate and/or modifier. The following sections define and explain each goal type
and their respective constructs, using examples from the EBS case study discussed in

Chapter 2.

3.1.2.1 User Goals

User goalsare associated with the actions performed by users while interacting
with a given system. There are two constructs for user goals: one for functional goals
and the other for non-functional goals. Recall that functional goals describe states that
are achieved when an action is completed within a system [Ant97], whereas non-
functional goals describe states that are maintained as long as their target condition
remains true [Ant97]. Keywords are employed to distinguish between functional and
non-functional goals. Specifically, goals beginning with the keyws@HIEVE
represent functional goals, while those beginning with the keywBmATErepresent
non-functional goals. The standard construct for functional user goals is:

{ACHIEVE A subject A predicate A modifier?}.

The keywordACHIEVE is associated with functional goals since it implies goal
completion. It is important to note that the predicate is always in the past tense since
a goal is achieved when the action described by the predicate is completed. Consider
the functional goal Go: (ACHIEVE A demographic information A
updated) from the EBS This goal expresses the physical process of the user
changing his/her demographic data in the online questionnaire.

The standard construct used for non-functional user goals is:

{UPDATE A subject A modifier®}.
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The keywordUPDATEHSs associated with non-functional goals since it may, and in this
case is intended to, imply the continual change of information over the life of a
system. For example, consider the following EBS non-functional @oal
(UPDATE A demographic information). This goal corresponds to a policy
that ensures users continually update their personal demographic information during

the system life, or during their tenure as a university system employee.

3.1.2.2 System Goals

System goalare associated with the processing actions or ongoing provision of
services by the system. As with user goals, there are two constructs for system goals:
one for functional goals and the other for non-functional goals. Keywords are
employed to distinguish between functional and non-functional goals. Specifically,
goals beginning with the keywortAKE represent functional goals, while those
beginning with the keywor@ROVIDErepresent non-functional goals. The standard
construct for functional system goals is:

{MAKE A subject A predicate A modifier?}.
The keywordVIAKEis associated with functional goals since it implies the goal. lItis
important to note that the predicate is always in the past tense since a goal is achieved
when the action described by the predicate is completed. Consider the functional goal
Gs (MAKE A status code A changed A upon change from new
faculty to regular faculty) from the EBS  This goal expresses the
physical process of the system changing an employee’s status code within the system.

The standard construct used for non-functional system goals is:

38



{PROVIDE A subject A modifier?}.
The keywordPROVIDE is associated with non-functional goals since it implies the
continual provision of a system service. For example, consider the following EBS
non-functional goats;; (PROVIDE A status codes). This goal corresponds to

the continuous provision of status data for each employee.

3.1.2.3 Communication Goals

Communicatiorgoals are associated with the delivery of information to the user.
All communication goals are functional since they involve goal achievement.
Therefore, there is only one construct for communication goals. Keywords are
employed to distinguish between information display goals and messaging goals.
Specifically, goals beginning with the keywo@DONVEYEDrepresent information
display goals, while those beginning with the keyw@dMMUNICATEDRepresent
messaging goals. That both keywords are stated in the past tense is important.
Unlike other goal classes, the keywords serve as both keywords and predicates in
communication goals. The standard construct for information display goals is:
{CONVEYEDA subject A modifier?}.
The keywordCONVEYEIDs associated with information display goals since it implies
the completion of the presentation of information. Consider the information display
goal G (CONVEYED A demographic information A by plan) from the
EBS  This goal expresses the physical process of presenting data to the user.
The standard construct used for messaging goals is:

{COMMUNICATEDA subject A modifier?’}.

39



The keyword COMMUNICATEI associated with messaging goals since it implies
communication between the system and another entity. For example, consider the
following EBS non-functional goaks (COMMUNICATED A stale web link A

to user) . This goal expresses the physical process of communicating information

to the user.

3.1.2.4 Knowledge Goals

Knowledge goalsire associated with the data that should or should not be known
by the system or by the users. All knowledge goals are non-functional since they
involve the maintenance of a system state. Therefore, there is only one construct for
knowledge goals. Once again, keywords are employed to distinguish between
information that should be known and information that should not be known.
Specifically, goals beginning with the keywokdNOWepresent goals that express
information that must be known to the user or system (perhaps as precondition for
completion of another goal), while those beginning with the keywGMORE
represent those that express information that is unimportant. The standard construct
for knowledge goals is:

{(KNOW Yy IGNORNE) A subject A modifier?’}.
Consider the knowledge go& (KNOW A plan costs A for all plans)
from the EBS  This goal corresponds to the continuous state for the system to
know the plan costs for all plans. Alternatively, consider the following knowledge
goalG;s (IGNORE A irrelevant information). This goal corresponds to the

continuous state of ignoring information that is not needed or is not important.
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3.1.2.5 Security Goals

Security goalsare associated with user access in a given system. There are two
constructs for security goals: one for functional goals and the other for non-functional
goals. Again, keywords are employed to distinguish between functional and non-
functional goals. Goals beginning with the keywo@RRANT and DENY represent
functional goals, while those beginning with the keywottlsOW and RESTRICT
represent non-functional goals. The standard construct for functional user goals is:

{(GRANT v DENY) A subject A predicate A modifier?}.
The keywordsGRANT and DENY are associated with functional goals since they
imply a provision of certain access levels, presumably to system users. The predicate
is always in the past tense since a goal is achieved when the action described by the
predicate is completed. Consider the functional gaal (DENY A survey
change access A to user after survey completion) from the EBS
This goal expresses the physical process of changing a user’s access level.

The standard construct used for non-functional user goals is:

{(ALLOW v RESTRICT) A subject A modifier?}.

The keywordsALLOW andRESTRICT are associated with non-functional goals since
they imply a change in the system’s security policy. For example, consider the
following EBS non-functional goab,, (ALLOW A survey inquiry access A
to new faculty) ; this goal corresponds to a policy which ensures that new faculty

receive a given access level by default.
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3.1.2.6 Quality Goals

Quality goalsdescribe the system, its data, or its processes in terms of standards
or constraints. All quality goals are non-functional since they involve maintenance of
system state. Therefore, there is only one construct for quality goals. A keyword is
employed to distinguish between quality goals and goals of other classes.
Specifically, quality goals begin with the keywdENSURE The standard construct
for knowledge goals is:

{ENSURE A subject A modifier’}.
Consider the knowledge go@ls (ENSURE A demographic information A
confidential) from the EBS This goal expresses a quality of the information
that is to be maintained.

With the completion of goal elicitation, refinement, and statement in the goal
syntax above, an analyst may begin the process of identifying and resolving

inconsistencies. The next section details these techniques.

3.2 Inconsistency Identification and Resolution Techniques

This thesis defines an inconsistency as a situation in which a relationship between
two goals may result in a conflict. Inconsistencies must be identified before they can
be resolved. Thus, this research is mainly focused on finding inconsistency within
sets of goals. Section 3.2.1 presents techniques by which inconsistencies can be
found. These techniques consist of organizing the goal set, creating a subject tree,
performing goal comparisons based on paths within the subject tree, and applying the

heuristics in Section 3.3 to resolve the identified inconsistencies. A subject tree is a
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tree in which there exists a node for each functional subject in the goal set, and each
node contains all goals that share a common subject. Additionally, the goals with
non-functional subjects are appended to the node that contains the functional subject
that they most closely relate in meaning or function. Section 3.3 presents the

heuristics to be applied during the application of the techniques.

3.2.1 Techniques for Inconsistency Identification and Resolution

The techniques for identifying and resolving inconsistency consist of re-
organizing the goal set, creating the subject tree, performing goal comparisons based
on paths within the subject tree, and mitigating inconsistencies according to the

heuristics in Section 3.3.

3.2.1.1 Organize Goals into Subject Groups

Goals are first organized inBubject groups Subject groups are groups of goals
that share the same subject. The subject groups are reviewed individually to
determine if they contain any functional goals. Should a functional goal be detected,
the group is termed fainctional subject group If no functional goal is detected, the
group is termed aon-functional subject group The differentiation between these
two subject group types becomes important when the subject tree is constructed. The
tree construction process is discussed in detail in the following paragraphs. Note that
when multiple analysts are involved in goal elicitation, they should all be involved in
creating the subject tree, since the intense domain knowledge gained during goal

elicitation is crucial during the construction process. The domain knowledge gained
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during elicitation gives the analyst(s) insight into the relationships that are leveraged

to identify inconsistency.

3.2.1.2 Build the Subject Tree

The construction of the subject tree begins by populating the root node of the
subject tree with any goals that have the system itself as the subject. The construction
then continues by allocating nodes for each functional subject group. The answers for
the following questions: Which subjects cover the broadest system concepts?”
“Which subjects are subsets of other subjegtafd ‘Which subjects are similar in
subject matter to other subjectsPuide the placement of tree subject nodes to
produce a tree in which goal subjects are decomposed with the most general at the
root, to the most specific at the leaves. The non-functional subject groups are then
added to the existing nodes by asking the following questiamwhich functional
subject group is this non-functional subject group most similar in subject matter?”
This subject tree is central to the method given that it documents the links between

the nodes that are followed to find inconsistency.

3.2.1.3 Compare Goals to Identify Inconsistency

After completing the construction of the subject tree, an analyst proceeds by
comparing goals. Beginning at the leaves of the tree and moving towards the root,
pair wise comparisons are made between every goal in the current node, between
every goal in the current node and every goal in any sibling node, and between every

goal in the current node and every goal in every ancestor node. No node may become
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the current node until all of its descendants have previously been tested thoroughly
for inconsistency. Each comparison entails choosing two goals and asking the
following questions:“Is there any way, including special circumstances, that a
failure of the first goal could cause a failure of the second goali“Is there any

way, including special circumstances, that a failure of the second goal could cause a
failure of the first goal? Should the answer to either of these questions be “yes”, an

inconsistency exists.

3.2.1.4 Resolve Inconsistencies

Should an inconsistency be found, an attempt should be made to mitigate it
immediately using the heuristics in Section 3.3. These heuristics guide the analyst in
seeking the cause of and taking action to resolve the inconsistency. If a solution
cannot be found, the inconsistency should be noted and revisited at a later time. Note
that it is not always possible to immediately mitigate an identified inconsistency.
There exist some instances where two valid goals compete with each other. In these
situations, discussions with the stakeholders must occur to find a balance between the
two goals. Table 3.2 shows an example of two goals that are valid yet inconsistent.
A balance must be found between the two goals such that they can coexist. In the
example, the stakeholders want privacy, but also want to track a user’s survey so that
it may be updated. These two goals are both valid, but inconsistent with the goals of

each other.
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Table 3.2 — An Inconsistency That Can Not Be Resolved

Goal Keyword Subject Predicate Modifier
Number
Gy ENSURE health plan survey confidential
information
G, MAKE Health plan survey Associated with user
information

Any goals modified during the identification and resolution process are revisited,
repeating any comparisons made with goals in descendant nodes, the same node,
sibling nodes, and ancestor nodes. Note that the analyst does not usually make
comparisons between a goal and goals in descendant nodes. However, in the case of
modifying a goal, comparisons previously made must be revisited to prevent the

creation of a new inconsistency from the mitigation of an existing inconsistency.

3.3 Heuristics for Inconsistency Identification and Resolution

A number of observations were made concerning inconsistency identification
and resolution. This section lists the heuristics developed from these observations.
These heuristics are not designed to be exhaustive; analysts are expected to add
heuristics as they address issues not encountered during the research for this thesis.
Section 3.3.1 lists the heuristics for identifying inconsistencies (identifié¢tllpyand

Section 3.3.2 lists the heuristics for resolving inconsistencies (identifieltR)y
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3.3.1 Inconsistency Identification Heuristics

There are six heuristics for identifying inconsistency among goals:

[HII1] Organize subject groups by grouping all goals that have the same
subject. Subject groups containing at least one functional goal are
termed functional subject groups. Subject groups containing no
functional goals are termed non-functional subject groups. If a goal’s
keyword is listed under Non-functional Goals in Figure 3.3, then the
goal is non-functional. If a goal's keyword is listed under Functional
Goals in Figure 3.3, then the goal is functional.

Example 3.1Figure 3.4 shows two subject groups from the EBS case study.
The functional subject group contains functional and non-functional goals.

The non-functional subject group contains only non-functional goals.

Figure 3.4 — Sample Subject Groups

Functional Subject Group Non-Functional Subject Group
Jurvey Questions EE3
G, ACHIEVE survey guestions completed &,, ENSURE EBS readable
G, ENSURE survey gquestions clear ,, ENSURE RBES user—friendly
G, ENSURE survey questions quantitatiwve &,, EN3URE EE3 not boring

&,, ENSURE EBS locatable

[HII2] When building the subject tree, begin construction by populating the
root node of the tree with the subject group for the system regardless if
it is a functional or non-functional subject group.

Example 3.2in Figure 3.5, the root node subject for the Employee Benefit

System is EBS. Further population of the tree begins from this point.
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[HI13] Construct the subject tree from the root by populating nodes with the

functional subject groups corresponding to the most general subjects.
Nodes addressing the most specific system concepts should be placed
closer to the leaves of the tree. Functional subject groups are placed
in the tree by asking the following questions:
a) Which subjects cover the broadest system concepts?
These subjects should be closest to the root node.
b) Which subjects are subsets of other subjects?

If subject x is a subset of subject y, then subject x should
be placed in a leaf node of the node containing subjecty.

¢) Which subjects are similar in subject matter to other subjects?
Subjects that are similar in subject matter to other

subjects should be listed near each other in the subject
tree.

[HII4] Non-functional subject groups are placed in the subject tree after the

placement of functional subject groups. Non-functional subject groups
share the node of the functional group with which they are most
similar. The non-functional subject groups are placed in the subject
tree by answering the following question.

a) To which functional subject group is this non-functional subject group
most similar in subject matter?

The answer to this should be used in conjunction with the
answers to the questions in HII3 to place subject groups.

Example 3.3:Figure 3.5 shows a partial subject tree. All nodes contain a
functional subject group; additionally, one node contains both a functional and
non-functional subject group. Note that the root node is the only node that

may contain only non-functional subject groups.
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Figure 3.5 — Partial Subject Tree

EBS

5, - ENSURE EBS readable

&, ¢ ENSURE EBS user-friendly
G, ¢ ENSURE EBZ not boring

€3 ENSURE EBS locatable

a

Physician Informaticon

5, = CONVEY physician information

Physician Status

&, = KNOW physician status

concerning taking new patients

s 3
Physician Physician Biographies
G, : ACHIEVE physician G, ¢ CONVEY physician
selected bicgraphies

&, ¢ ACHIEVE physician

confirmed

[HII5] To test a given goal for inconsistency, first compare it against other
goals in the same node, then against all goals in all sibling nodes, and
finally against all goals in all ancestor nodes. Ask the following
guestions to test each goal pair for inconsistency.

a) Is there any way, including special circumstances, that a failure of the
first goal could cause a failure of the second goal?

If “yes”, then an inconsistency exists. Apply the

heuristics in Section 3.3.2. Otherwise, continue with
guestion b).
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b) Is there any way, including special circumstances, that a failure of the
second goal could cause a failure of the first goal?

If “yes”, then an inconsistency exists. Apply the
heuristics in Section 3.3.2. Otherwise continue testing.

[HII6] Should a goal be modified during inconsistency identification or

resolution, the analyst must revisit the subject tree, comparing the goal
to goals in the same node, goals in all sibling nodes, goals in all
ancestor nodes, and goals in all descendant nodes to ensure that the
change has not created an inconsistency.

3.3.2 Inconsistency Resolution Heuristics

There are four heuristics for resolving inconsistency among goals:

[HIR1]If two goals are inconsistent, attempt to add a modifier for either goal

that expresses the situations in which the goal is appropriate.

Example 3.4Consider the goals in Table 3.3. Without the modifig®n it
appears that demographic information should be handled in two ways: it
should be entered, and it should be defaulted. Upon examination, the goal-
driven analysis makes it apparent that information is defaulted only when it is
not entered. Therefore, the addition of the modifier mitigates the
inconsistency.

Table 3.3 — Example of a Modifier that Mitigates Inconsistency

Goal Keyword Subject Predicate Modifier
Number
G ACHIEVE Demographic information Entered
Gis MAKE Demographic information Defaylted when not
entered
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[HIR2]If two goals appear inconsistent, review each goal component against
the originally elicited information to ensure that one of the goals has
not been misstated, or ambiguously stated. If misstated or
ambiguously stated, restate the goal as in Example 3.4.
Example 3.5:Consider the goals in Tables 3.4 and 3&; andG;; were
originally stated such that they were ambiguous. Once the goals were

restated, the inconsistency was mitigated.

Table 3.4 — Two Inconsistent EBS Goals

Goal Keyword Subject Modifier

Number

G, RESTRICT access to survey after completion
questions

Gs7 ALLOW survey access to new faculty

Table 3.5 — EBS Goal Restatement to Mitigate Inconsistency

Goal Keyword Subiject Modifier

Number

Gs1 RESTRICT completion access to after completion
survey questions

Gs7 ALLOW inquiry access to survey to new faculty
questions

[HIR3] Given a broad goal that is inconsistent with another goal, attempt to
decompose the goal into subgoals. The decomposition differentiates
the issues addressed in the general goal, and allows the inconsistency
to be directly addressed.
Example 3.6:Table 3.6 shows a situation in which one goal is inconsistent
only in part with another goalG, andG;s are deemed inconsistent since the
types of information gathered for demographic information are not specified.
Age, for example, may be relevant data since people’s health care choices

vary with their age. However, information such as a person’s religion would

not be relevant to a health care information system. By decompasintp
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subgoals such a@®CHIEVE A age A entered), the information to be
gathered as demographic information is defin€, may now be compared
with each subgoal o&,. If no inconsistency exists with the subgoalszip
then no inconsistency exists willy, and the inconsistency is mitigated.

Table 3.6 — Goal Decomposition to Mitigate Inconsistency

Goal Keyword Subject Predicate
Number

G ACHIEVE demographic information Entered

G5 IGNORE Irrelevant information

[HIR4] Given two inconsistent goals that cannot be decomposed, the

introduction of a new goal may be necessary to mitigate the
inconsistency.

Example 3.7: Inconsistency can be mitigated by introducing a new goal, as
shown in Tables 3.7. Whilg, andG,; are not always inconsistent, there is a
situation where the plan population is small enough that respondent’s opinions
can be identified. For example, if only one person in a certain age group had
responded to the survey, a new faculty checking the survey knew that person
had responded, and the survey indicated the number of people that responded
for the group, then the new faculty member would know the respondents
survey opinions, thereby violating;. By creating the new go@ONVEYED

A no number of responses A to user, the inconsistency is mitigated.

The new faculty will now only see an average of all responses, and will not
know how many respondents are included in the average. The inconsistency

is therefore mitigated.
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Table 3.7 — Addition of a Goal to Mitigate Inconsistency

Goal Keyword Subject Modifier
Number

G KNOW health plan survey in relation to each plan
information

Gy ENSURE health plan survey confidential
information

[ NEW | CONVEYED | no number of responses to (ser
3.4 Summary

This chapter presented techniques and heuristics for inconsistency
identification and resolution. Chapter 4 will address how these techniques and

heuristics were validated during the analysis of a commercial e-commerce system.
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Chapter 4

Electronic Commerce System Case Study

Knowledge of the world is only to be acquired in the world, and not in a closet.

Lord Chesterfield

This chapter discusses the validation of the set of techniques and heuristics for
inconsistency identification and resolution during goal-driven requirements
engineering presented in Chapter 3. These techniques and heuristics were developed
and validated on real problems. The first case study, the Employee Benefit System
(EBS) discussed in Chapter 2, was formative in that it facilitated the development of a
systematic approach to inconsistency identification and resolution. This approach
was subsequently applied to a second system, the Electronic Commerce System
(ECS), as described in this chapter; this analysis enabled the evaluation and
refinement of the inconsistency identification and resolution strategies.

The ECS case study involved revisiting the analysis and design of a
proprietary system designed to facilitate the quotation and submission of production
orders for a large multi-national corporation. Data from the actual development effort
was analyzed in an attempt to produce better strategies than could have been gathered

from analyzing contrived examples and generalizing their results. The Goal-Based
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Requirements Analysis Method (GBRAM) [Ant96, Ant97, AP98a] was applied to the
problem in an effort to specify the system requirements. This GBRAM-based
analysis entailed the identification, elaboration and refinement of goals into
operational requirements. Since the GBRAM provides only limited guidance for
conflict identification and resolution, the ECS goal set was further analyzed, using the
heuristics presented in Chapter 3 to actively identify and resolve any inconsistencies
among the goals. Section 4.1 provides an overview of the Electronic Commerce
System analysis effort, and the evolution of our techniques and heuristics is discussed

in Section 4.2.

4.1 Electronic Commerce System

The ECS GBRAM-based analysis enabled our team of analysts to specify the
requirements for an electronic commerce, company-wide Intranet system to manage
the quotation and ordering process for product sales. The company with which we
collaborated on this effort has numerous plants throughout Europe that produce a
variety of electrical products. The company maintains its own sales force, whose
members provide quotations for product pricing and place orders for customers.
Existing processes for providing quotations or ordering products were humerous and
ad hoc, with each sales person and/or each plant having a different process, using
various computer programs, printed catalogs or direct sales persons as plant contacts.
A new, more tightly integrated system was needed to facilitate the provision of a
consistent lowest price for each quote or order, as well as to streamline the bidding

process to aid the company’s distributed sales force. Specifically, the new system
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must produce consistent quotations and order prices while tracking statistical
information so that important market trends may be revealed.

The requirements engineering efforts for this project differed from the EBS
case study. In the EBS case study, our process for defining requirements began with
interviewing stakeholders, whereas the ECS case study began with analyzing the
company’s requirements specification (a collection of use cases). The use case
information was supplemented by follow-up questions to the system stakeholders.
Our analysis began as an effort to derive goals from the existing set of use cases. Our
analysis progressed by annotating each goal with relevant auxiliary notes including
agents, constraints, pre- and post-conditions, scenarios and questions as well as
answers provided by various stakeholders during follow-up interviews. Since we
lacked tool support to record analysis artifacts (e.g., goals, agents, constraints, etc.),
we once again employed Microsoft Excel to produce a spreadsheet similar to those
produced in previous case studies [Ant97, AP98a]. The analysis effort lasted
approximately two months. During this period, a team of three analysts met once a
week for sessions ranging from one to three hours in duration. Prior to each weekly
meeting, individual analysts performed a goal analysis of assigned use cases that we
then discussed and revised while collaboratively recording all goals and auxiliary
notes. Our meeting preparations allowed us to concentrate primarily on revising and
extending the original analyses during our meeting sessions. These sessions resulted
in the identification of 292 goals. Of these goals, 96 were found to be redundant, and
8 to be synonymous, and 70 to be implementation-specific, GUI goals (a result of the

quality of the use cases [ADS00]). Additionally, 12 new goals were identified. The
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resulting goal set totaled 130 goals.

Following the heuristics presented in Chapter 3, the captured goals were
translated using the syntax, a subject tree was constructed, and sample goal
comparisons were performed to validate our techniques and heuristics for identifying
and resolving inconsistencies. In addition to our validation efforts, observations were
made during this case study that were not initially observed in the EBS case study.

These observations are detailed in Section 4.2.

4.2 Validation of Lessons, Techniques and Heuristics

This section revisits the lessons and heuristics presented in previous chapters
by discussing their applicability to the Electronic Commerce System case study. Our
motivation was both to validate the heuristics as well as to examine the scalability of
the techniques and heuristics on a larger system analysis effort. Interestingly, while
this case study did serve to validate many of the heuristics (All heuristics were
validated with the exception of HIR3 and HIR4 since these specific types of
inconsistencies were not observed in the ECS case study.) in Chapter 3, scalability
still remains to be more thoroughly investigated as addressed in the future work
discussion in Chapter 5. Section 4.2.1 discusses the observations and examples from

the ECS case study that correspond to our observations in the EBS case study.

4.2.1 Lessons Learned and Heuristics Revisited

The following lessons learned from the EBS case study were also observed in

the ECS case study. The lessons and an explanation of applicability to this work are
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provided below.

A syntax is helpful in structuring goals for comparison, while allowing a natural
expression.

The ECS case study supported the belief that the structuring of goals
according to a syntax both clarifies the meaning of each goal, and simplifies goal
comparisons. Additionally, the use of the syntax defined in Chapter 3 was neither
cumbersome nor cryptic. Consider gaah, originally expressed amAKE
customer identified . This goal seemed unusual given that according to our
limited domain knowledge, it is not the system’s responsibility to identify a
customer, but instead that of the user. Upon reviewing the supporting goal data, it
became apparent that the purpose of the goal was to associate a customer with
each quote. Therefore, the goal was rephrasedMAKE customer
associated with quote , @ more accurate statement of the goal. This is just
one example of many in which the goal syntax presented in Chapter 3 yielded a
more meaningful set of goals, in which each goal was further elaborated and

refined.

Constructing a goal subject tree helps surface goal inconsistencies.

In the ECS, two inconsistencies were identified using the techniques described
in Chapter 3, whereas the GBRAM analysis identified no inconsistency. Consider
goals Gsgs (ACHIEVE duplication notice sent) and Gg; (MAKE

duplication notice mailed) . Since these goals assign the same task (the
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sending of a duplication notice) to two agents, the user and the system, there is an
inconsistent assignment of responsibility. As these goals shared the same node in
the subject tree, the inconsistency was identified during goal comparison, as
prescribed in heuristic HII5. These inconsistencies were overlooked during the
construction of a goal hierarchy in the original goal analysis; these goals would

not have been identified had we not employed a goal subject tree.

Pair wise comparison of goals is a thorough method of finding inconsistency so
that it may be resolved. However, the use of goal subject relationships reduces
the work involved in inconsistency identification.

The reduction in the number of comparisons required to identify
inconsistency, using the techniques and heuristics of Chapter 3, is evident when
calculating the number of comparisons necessary for one goal using a pairwise
comparison technique versus the number of comparisons necessary using the goal
subject tree technique. Consider gGal, (ACHIEVE country of end use
entered) , one of 130 goals in the ECS case study. Using a pairwise comparison
technique, this goal must be compared against 129 other goals; in contrast, only
62 comparisons is required using the approach presented in Chapter 3 -- less than
half the number previously required. Thus, we observe that the use of subject
relationships significantly reduces the work involved in inconsistency

identification.
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The use of a goal syntax aids in the identification of synonymous goals.

Six synonymous goal pairs were identified during the ECS case study. Given
that these six synonymous goals were not initially identified during our prior
GBRAM-based analysis, this finding served to validate the usefulness of our goal
syntax. Thus, the identification of these synonymous goals supports our
contention that the new goal syntax provides enhanced support for the

identification of synonymous and redundant goals for the GBRAM.

The inconsistency identification heuristics discussed in Chapter 3 provide
analysts with prescriptive guidance for constructing a goal subject tree and were
successfully applied in the ECS case study. Since applying the inconsistency
identification heuristics was very straightforward, we instead provide a more
interesting discussion of our experiences with the resolution heuristics. Examples are
provided to demonstrate their applicability in the ECS case study.

[HIR1] If two goals are inconsistent, attempt to add a modifier for either goal

that expresses the situations in which the goal is appropriate.

Example 4.1: The two goalss,s andG;,, listed in Table 4.1, are inconsistent

since they prescribe that the line item status must be marked in two

inconsistent ways. Adding the constraints under which each goal is applicable
to the goal modifier mitigates this inconsistency. For example, adding the
phraseif all line item information has been entered to the

modifier in Gg, and the phrasi all line item information has
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not been entered to the modifierG;, clarifies the situations in which each
goal is applicable as shown in Tall.2 (note that the ~ symbol indicates a
modified goal), thereby resolving the inconsistency.

Table 4.1 — Two Inconsistent ECS Goals

Goal Keyword Subject Predicate Modifier
Number

Gug MAKE line item status marked complete

G, MAKE line item status marked incomplete

Table 4.2 — Example of a Modifier That Mitigates Inconsistency

Goal Keyword | Subject Predicate | Modifier
Number
Gy’ MAKE line item Marked Complete if all line item
status information has been entered
G- MAKE line item Marked Incomplete if all line item
status information has not been entered

[HIR2]If two goals appear inconsistent, review each goal component against
the originally elicited information to ensure that one of the goals has
not been misstated, or ambiguously stated. If misstated or
ambiguously stated, restate the goal as in Example 3.4.
Example 4.2:Consider goal$sy and Gy, in Table 4.3. The two goals are
inconsistent given that a responsibility has been allocated to two agents
simultaneously. We determined from our source material that the duplication
notice was to be initiated by the user, but sent by the system. Therefore, goal
Gis9 Was stated ambiguously. Table 4.3 shows a restatement abgodhat

mitigates the inconsistency by refini@g, to accurately express the actions

of the responsible agent.
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Table 4.3 — Two Inconsistent ECS Goals

Goal Keyword Subject Predicate
Number
Giso ACHIEVE duplication notice sent
Gio1 MAKE duplication notice mailed

Table 4.4 — ECS Goal Restatement to Mitigate Inconsistency
Goal Keyword Subject Predicate
Number
Giso ” ACHIEVE duplication notification initiated
Gis1 MAKE duplication notice mailed

4.2.2 New Lessons Learned and Heuristics

In addition to validating our heuristics, the ECS case study also yielded

additional lessons learned which led to the creation of new heuristics. The three

lessons learned are listed and discussed below.

Lack of contextual information leads to goal misinterpretation.

Lack of contextual information increases the risk that goals may be
misinterpreted. Context makes goals more meaningful and when adequate
context is not provided, valuable information about the goal may be lost.
Consider the goal§&ss (ACHIEVE duplication notice sent) and
Ge: (MAKE duplication notice mailed). These goals appear to be
inconsistent. However, upon examination of the source mat€iglwas
modified to (ACHIEVE duplication notification initiated) to
more accurately reflect the role of the user in the notification process. Here

the importance of a syntax is demonstrated. By stating goals according to the
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syntax, and by defining each term used, the context of the goal is preserved,

thus leading to a correct interpretation of the goal.

It is important to consider multiple viewpoints when analyzing a system.

In the ECS case study, each use case analyzed was written using the
viewpoint of only one stakeholder, that of the use case author. Since the
scenarios were developed by the authors and were not validated by system
users, we suspect the scenarios may be plagued due to assumptions made
about typical and/or expected user and system interactions. This lack of
validation is problematic during product design and development [Dav93].
The fact that the authors only investigated scenarios from one actor’s
viewpoint also introduces risk, since exploring multiple viewpoints yields

more comprehensive coverage of the requirements.

Reusable goal classes help uncover missing goals.

By considering a goal with respect to different goal classes, an analyst
may uncover hidden goals. In the ECS case study, each goal was considered
from the viewpoint of both the user and the system, resulting in the
identification of new goals. The notion of reusable goal classes that occur in
various types of software systems is discussed in [Ant97]. Of particular
relevance to this case study are the goals for an electronic commerce

application, classified according to subject matter, as reported in [AP98a].
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These electronic commerce goal classes are:

* process support goals;
« electronic commerce goals;
* information display and organization goals; and

* security and access control.

Process support goals describe goals that pertain to system processes
enacted by the user or the system. Electronic commerce goals deal with the
base functionality of the system. Information display and organization goals
describe the organization and presentation of information by the system.
Finally, security and access control goals describe those goals involved in
limiting access to authorized users [AP98a]. It should be noted that these
categories are not mutually exclusive. The same goal can be, and often is,
classified according to more than of these goal classes.

As reported in [ADS00], one should expect to have all four of these
goal classes represented in the goal set for any electronic commerce
application. In this study, 120 process support goals were identified. Since the
authors focused heavily on the system’'s GUI during requirements
specification, the large number of process goals is not surprising. The process
goals are natural products of this type of problem decomposition. Each goal
from a user action translated into a process goal. Additionally, each system
response from a user action translated into a different process goal. We also
identified 34 information and organization goals that were, typically, buried in

the pre- and post-conditions of certain scenarios. As expected, we identified a
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fair number of electronic commerce goals; the 73 electronic commerce goals
emphasized such items as quotes, shopping carts, product ordering,
notifications and confirmations. The non-electronic commerce goals described
generic system functions that would be expected in any system.

During this analysis effort, consideration of reusable goal classes aided
us in determining which types of users have what kinds of access to the
system. There were only 8 security and access goals identified and these
solely considered the mechanism for user login. This observation suggests
that the availability of goal classes can indeed be very beneficial when
developing the requirements for systems since the goal classes can help ensure
that all expected behaviors have been considered for the given system. Upon
realizing that we had not derived a sufficient number of security and access
control goals, we were able to further analyze the various kinds of system

users so that the access levels could be defined.

These lessons learned contributed to the specification of three additional
heuristics during the ECS case study. One of these heuristics concerns inconsistency
identification (HII), while the other two concern requirements coverage (HRC).
Requirements coverage aids analysts in estimating the current level of requirements

coverage for the system. These heuristics are listed and discussed below.

[HII7] The greater the number of stakeholders involved in a project, the
greater the number of viewpoints represented, and therefore the
greater the potential for inconsistency.
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Fewer inconsistencies were observed in the ECS case study than in the
EBS case study; this is perhaps due to several factors. Since the use
case authors did not consult stakeholders during the creation of the use
cases, only a small number of stakeholders were represented in the
ECS. Effectively only one stakeholder was represented in connection
with each use case. In contrast, we were able to gather the viewpoints
of multiple stakeholders for each issue addressed in the EBS, yielding
a proportionally larger number of inconsistencies. Analysts should
thus proactively seek to gather multiple viewpoints to ensure broader
viewpoint coverage during the requirements process. While this may
seem to contradict our efforts to reduce inconsistency, it is clearly
more dangerous to be lazy and ignore the viewpoints of all
stakeholders simply to avoid the potential for inconsistency, since

inconsistency surfaces possible implementation alternatives.

[HRC1] A severe imbalance in the branches of a subject tree may indicate

poor requirements coverage. Branches that appear underdeveloped

should be reviewed to ensure that the subjects contained in those

branches have been fully elaborated.
Example 4.3 Consider the subject tree in Figure 4.1. It is clear that
the “quote operations” (levels 7-13 of the tree) have been thoroughly
analyzed as evidenced by the number of subjects listed under the
quote subject. However, the few subjects listed under the “security”

subject (see leftmost subtree), clearly a critical aspect of any system,

signals that little attention has been given the system’s security
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concerns. The imbalance in the subject tree is indicative of the need
for further elaboration of security issues. Analysts should thus look
for such indications of poor requirements coverage and further

elaborate the corresponding goal set.

Figure 4.1 — Subject Tree for the ECS Case Study
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[HRC2] If an analyst encounters difficulty placing a subject in the subject tree,
it may be an indicator that a higher-level concept is missing from the
tree. Add this missing subject to the tree. The following two questions
may be asked to assist an analyst in identifying the higher-level
concept:

b) Is there a goal class that should be represented as a subject in the

subject tree?
If so, insert the goal class into the subject tree.

Is there another system concept that should be represented as a
subject in the subject tree?

If so, insert the new subject into the subject tree.

Example 4.4 The leftmost subtree in Figure 4.4e€urity ) shows

only three subject “children”. During construction of this tree, we
were troubled by the placement of the following three “orphaned”
subjects: login , logout , and shopping cart access . These
subjects were all related to security, and security as a high level
subject was not represented in the subject tree. By appiRog, we
added security to the tree. After a subject is added to the tree, the
following two steps should be followed:

1. An analyst should revisit the GBRAM goal elaboration
heuristics to determine if there are goals relating to this
new subject.

2. An analyst should review the subject tree to determine
if any of the reusable goal classes not represented in the

tree should be added.
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4.3 Summary

This chapter describes the Electronic Commerce System (ECS) case study.
First the system and the context in which it was developed was discussed.
Subsequently, validation of the lessons learned in Chapter 2 and the heuristics in
Chapter 3 was discussed. Finally, new heuristics developed from the ECS case study
were presented. Chapter 5 discusses the conclusions we have drawn from our

research.
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Chapter 5

Conclusions and Future Work

Nothing great was ever achieved without enthusiasm.

Ralph Waldo Emerson

This thesis describes a set of techniques and heuristics to identify and resolve
inconsistency during goal-driven requirements analysis. Chapter 1 introduces the
motivation of our thesis, and discusses related research concerning inconsistency
identification and resolution. Chapter 2 discusses the analysis of the Employee
Benefit System (EBS) case study; the EBS case study served as the basis for the
definition of our techniques and heuristics. Chapter 3 defines a goal syntax, and
presents inconsistency identification and resolution techniques and heuristics in
detail. Chapter 4 discusses the analysis of the Electronic Commerce System (ECS)
case study; this case study serves as validation of our research, and led to the
evolution of our set of heuristics.

Section 5.1 lists the demonstrated experiences and primary contributions of the

thesis. Section 5.2 discusses future work that may be pursued from our research.
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5.1 Summary of Demonstrated Experiences and Contributions

The experiences reported in this thesis demonstrate that:

it is possible to identify and resolve inconsistencies among goals using the
heuristics and techniques presented in this thesis;

using the subject tree approach, goal inconsistencies may be identified
more efficiently than with pairwise comparisons which are both
cumbersome and time consuming;

the heuristics and associated recurring questions can be applied in
conjunction with those in the Goal-Based Requirements Analysis Method,
offering guidance to analysts as they apply the approach; and

a structured goal syntax offers an effective structure for imposing an initial
level of consistency within a goal set for further goal elaboration and
refinement.

The primary contributions of this thesis are:

a structured goal syntax to aid analysts in forming goals for future
analysis;

three sets of heuristics (inconsistency identification, inconsistency
resolution, and requirements coverage) to aid analysts in identifying and
resolving goal inconsistencies;

a predefined, extensible set of goal keywords;

a comparison strategy for identifying inconsistency; and

techniques that augment those in the Goal-Based Requirements Analysis

Method which provide additional prescriptive guidance to analysts for the
initial identification and resolution of conflicts and inconsistencies.

5.2 Future Work

Recall that goals must be identified prior to the application of our techniques

and heuristics. Some researchers [EN96] see this precondition as an opportunity to
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identify implementation alternatives within the requirements; other researchers see
this precondition as a limitation. Additionally, subject matter relationships are
subjective, and therefore the process of placing subjects in the subject tree may not
result in the same subject tree for every analyst. These two examples demonstrate
that there are issues surrounding our research that must be addressed in the future.
The following paragraphs discuss research opportunities born from this research.

Future plans include further application of these heuristics to a large
industrial-sized analysis effort. Our research to date has been conducted in an
academic setting, which provided a stable environment for concepts to be identified
and proven. However, the increased complexity of an industrial environment would
serve to further validate the usefulness of our techniques and heuristics. Additionally,
information concerning the scalability of our techniques and heuristics will be
guantified on an actual development effort once the SMaRT (Scenario Management
and Requirements Tool) is fully implemented.

Unrecognized relationships exist between inconsistent goals that warrant
further exploration. The concept of similarity measures defined in [AAB99] is used
to calculate the similarity between scenarios. Similarly, this logic can apply to goals.
As we have stated earlier in this thesis, goals that are inconsistent must be related by
at least one goal component, the goal subject. Similarly, goals that are redundant
have four common goal components. Considering the examples we have shown that
deal with inconsistency contained in the modifier portion of a goal (see HIR1), it
reasons that there is a threshold in the range [.25 <= X < 1] that identifies goals that

are likely inconsistent.
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The following formulas define a similarity measure for goals stated according
to our syntax. Consider the list of components for two goal types (functional and
non-functional):

G1: {keyword, subject, predicate, modifier};
Gg: {keyword, subject, modifier}.
Further, define G as either a goal of typeds of type G. A similarity measure is

calculated for two goals of type G, and g, as:

2* (lgi_N o)
(lal + lgl)

Currently this concept of similarity measures for scenarios is being implemented in
SMaRT. Analogous measures for analyzing goal inconsistencies are planned for the
tool as well.

Finally, the techniques and heuristics in this thesis have been designed such
that they lend themselves to automation as is currently planned. The syntax described
in Chapter 3 decomposes goals into distinct components (keyword, subject, predicate,
and modifier). The implementation of a tool to track the set of instances of each
component, and to associate each component instance with a definition is not a
difficult task. Additionally, links could be provided for related subjects such that the
subject tree is created during goal elicitation and elaboration. With such a tool,
GBRAM information could be stored such that it could be reviewed immediately

should an inconsistency be found.
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5.3 Summary

Our research addresses subject matter relationships between goal subjects.
These subjects translate directly to operational requirements as prescribed in the
GBRAM. Thus, it follows that the techniques and heuristics presented herein are
easily modifiable such that they could be used in any requirements engineering effort
that is not goal-driven; the subject matter relationships could be derived from
requirements instead of goals, thus becoming generalizable to various requirements
engineering methodologies. This research demonstrates a more efficient approach for
identifying and resolving inconsistency than previously offered during the early

stages of goal analysis for requirements specification.
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Appendix A

Interview Summary Template

INTERVIEW
<Name of Interviewee>

<Date and Time of Interview>
Interviewer: <Name>
<Document File Name>

| interviewed <interviewee> in <his/her> office (<office location>). The <interviewee>’s comments
are summarized below. Observations concerning similar subjects have been grouped together.

<Comment>
<Comment>
<Comment>
<Comment>

| drew the following conclusions from <interviewee>'s statements, although they were not specifically expressed in the
interview.

<Observation>
<Observation>
<Observation>
<Observation>

e o o o o
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