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Abstract

This paper looks at a case study in commercial procurement of an IT system to
support learners on short educational courses. It compares the Use Case model created
before the system was built with the Use Case model after the system was delivered.
The original Use Case model was created through the application of a requirements
pattern language designed to be employed during the procurement phase of an IT
system. The final Use Case model was reverse engineered from the working
application. The objective was to discover how accurately the original model
represented the final application to provide a measure of the potential usefulness of
the pattern language during procurement.

K eywor ds. procurement, use case modeling, requirements patterns

Introduction

Use Case modelling is a popular technique for representing requirements and is
normally employed in the analysis phase of the software engineering lifecycle. UML
[1] specifies Use Case modelling as the basis of a development approach where Use
Cases act as the input to design and as the basis of verification, validation and testing.
Use Cases were first introduced by Jacobson [2] and have been accepted as part of the
UML standard. A Use Case is comprised of two elements, a graphical element and a
textual element that serves as a natural language elaboration. In this paper, where
modelling is undertaken for the purpose of procurement, only the graphical
representation is presented. This sub-set of a complete Use Caseiswhat Kulak [3]
refersto asa‘facade’ which can be thought of as a graphical table of contents[4]. A
complete description of Use Case Modelling is beyond the scope of this paper; the
interested reader is directed towards[3, 5, 6]. In addition, consideration is limited to
functional requirements, the ‘what doesit do’ question of system specification that
must invariably be answered before considering the question of ‘how it isdone'. The
scope of the enquiry is limited to a comparison of functional requirements before and
after the system is built.

Use Case modelling is not the only possible approach that might have been employed
to construct a more formal requirements representation to address the perceived
shortcomings of natural language [7]. For some practitioners the objective of
Requirements Engineering (RE) isto trandate informal observations of the real world



into mathematical models [8] through the use of a specialised calculus such as that
employed in the specification language Z [9] or Kaos [10]. This approach may lead to
models that can be proven but which many stakeholders find difficult to verify. It can
be argued that the effectiveness and value of a notation is determined by how well its
users are able to work with it. Use Cases are easy to understand [4] where Z may
inhibit requirements understanding [11] asit is acknowledged that aformal approach
to requirements specification requires appropriate training [12] which customers
generally do not have. Use Cases have become a popular choice for requirements
expression because they allow wider stakeholder participation in the analysis,
primarily because they are expressed in familiar terms [13].

Thefirst step in the process of specification isthe identification of high-level goals
which are refined until a set of requirements can be identified likely to satisfy those
original goals[12]. The UML specification foresees Use Cases as an artefact of the
analysis stage within a“Use Case driven’ [14] approach to software engineering. This
paper seeks to suggest that Use Cases may also have arole to play in procurement
[15], a stage of the devel opmental lifecycle to which they have not typically been put.
Although there is some precedence for patterns that describe well-formed Use Cases
[16], and patterns of fundamental Use Cases[17, 18], the work presented here, to the
authors' knowledge, represents a new perspective on the formation of Use Cases
based on the application of requirements patterns.

This case study was undertaken during procurement or ‘pre-analysis'; the informal
software engineering lifecycle phase for which a specific requirements pattern
language (RPL) has been developed. The burden on commercial organisations
responding to tenders is an act of weighing the likelihood of success against the cost
of producing a comprehensive proposal. The objective of employing patternsto create
Use Cases can be characterised asa‘light weight’ approach that recognises the
constraints inherent in commercial tendering.

The principal question under investigation is whether an accurate Use Case
representation can be constructed from aloosely defined customer requirements
statement. To this end the customer requirements statement was transformed into a set
of pre-implementation Use Case models through the application of the RPL. After the
system was built and delivered, the completed application was captured again in a set
of post-implementation Use Case models. The models are compared in this paper to

test the efficacy of the pattern language in creating models that accurately predict the



form of the final delivered system. It is argued that the degree to which the final
models correspond to the initial models will provide some evidence asto the
usefulness of the pattern language. The research began with an analysis of the high
level requirements contained in the supplier’s tender document.

The remainder of this paper is divided into a description of the project being
investigated followed by an overview and application of the pattern language
including al resulting diagrams both before and after the application was built.
Results follow, along with a section on lessons that were learned and suggestions for

further work.

A Description of the Project Under Examination

The project under consideration in this case study was undertaken in Norfolk,
England, where the local Learning and Skills Council (LSC) went out to tender for the
supply of aweb-enabled database with end-user and call centre operator interfaces.
The Request for Proposal (RFP) was advertised widely in the regional press. There
were three separate tender documents in total for the supply of an IT system, the
provision of acall centre facility and the undertaking of a marketing exercise. The
customer adapted an earlier document which had previously served to secure funding
from the national body to produce their requirements statement. Potential bidders
were invited to respond to the tender within the deadline with proposals and costs for
undertaking the work. One potential supplier, Accent Design, aweb-design and
programming company approached the authors to enquire whether a response could
be written employing UML and Use Cases without entering into detailed analysis.
Historically, when invited to tender for IT projects, Accent had relied on building
what they termed a ‘ site skeleton’ which is a map of the screens with which the
customer would interface to the system. Although this had been successful for smaller
projects, the limitations of this approach were identified as being time consuming to
produce and difficult to verify as representing a functionally coherent system. To
represent the customer’ s requirements without detailed analysis it was suggested that
the requirements pattern language (RPL ), already under development, could be
employed. The customer’ s original requirements, as described in their RFP, were
taken as inputs to the pattern language. The customer received thirty-eight responses



offering to construct the web-site and database. The Accent submission, featuring the
application of the RPL won the tender and they were appointed the supplier.

This paper presents the Use Case models created both before the construction of the
system and after the system was delivered.

The Customer Requirements

According to the RFP the proposed system should allow learners to search for and
book short courses being run in their area. The LSC sponsors one day *taster’ courses
in awide range of subjects that are open to the genera public. The objective of the
LSC isto attract as many attendees as possible with aview of supporting the UK
Government’ s stated aim of encouraging the goal of ‘lifelong learning’ within the
wider community. Courses are run by arange of providers who may themselves have
avested interest in ‘showcasing’ the educational opportunities they provide. The
objective of the course providersis primarily to encourage students who attend the
one day event to sign-up to alonger period of instruction which may lead to the
achievement of arecognised qualification. Special attention is paid to fostering the
involvement of individuals who may not have achieved widely in the past, and who
may therefore have a negative association with learning.

Accordingly, the RFP specified that the system would hold course information to
include the content of the course, the level of instruction and equipment necessary. A
course would be described by the maximum and minimum numbers that could attend
along with the current number booked on the course to derive the number of available
places. A course is described by the time and date it will run and the location at which
it will be held. Course provider details will be represented in the system. The system
will be delivered over the internet and will be connected to an email and text
messaging engine. Letters will be produced giving course details, for those without
internet access, confirming attendance.

The system must provide a comprehensive range of reporting. Reporting should
include information on targeting and attendance by attributes such as postcode, course
provider, course type, gender and previous learning experience. Reports should be
available that represent bookings over different periods of time (day, week, month).
Current course numbers should be reported. Information on student personal details

should be held for use either by the individual themselves or viaacall centre operator.



The above description of the customer’s requirementsis a précis of the original
documentation contained in the RFP and has been written in summary with the

intention of preserving its essential meaning.
An Application of the Pattern Language

Patterns capture best practice and facilitate reuse. The history of the pattern
movement in software can be traced from Alexander [1] where it was applied
originally in the architecture of buildings. According to Alexander, a pattern describes
areoccuring problem in an environment to which a core solution has been proposed
which may be applied repeatedly without resulting in the same outcome.

Although the association between non-functional requirements [19] and design
patterns [20, 21] is established, that between functional requirements and patternsis
less so. The distinction has been made between softwar e patterns that are used for
implementation and business patterns employed in specification. Applying business
patterns capable of capturing requirementsin a notation that is accessible to users yet
rich enough to be interpreted by developers offers a potential way forward [22]. As
Use Cases have found favour to express specific requirements, there is reason to
believe they will be effective in expressing generalised requirements such as those
captured by the pattern language employed in this case study.

A pattern language (or catalogue) is a collection of related patterns that can be used in
anon-prescriptive way to achieve some given process.

Use Cases created through the application of the pattern language are constrained to
represent user goals at different levels of hierarchical abstraction. A hierarchical
approach to the requirements modelling process is found elsewhere in the literature
such asin [23]. The process of moving from goal to requirement is described in [10]
through the recognition that there exists a metalevel of domain specific higher goals
that are decomposed into lower level goals which themselves are decomposed into
sub-goals. By this approach, a goal that cannot be sub-divided is a candiate
reguirement (or an assumption) that can be assigned as the responsibility of an
individual agent. Equally, the accurate application of the RPL depends on the
complexities of Use Case abstraction being understood as they are described
according to different axes of both detail and goal [3, 6, 24].



This requirements pattern language (RPL) is comprised of the following patterns:
Minimal Representation, the Usual Suspects, NewSear chM odify (NSM),
Informed Management, Role Based Assignment, and Coher ent Whole to produce
aninitial Use Case model. The constituent patterns of the RPL are not presented in
their entirety due to space restrictions, however an overview is given that introduces
the principles governing the construction of each model. A prerequisite to using this
pattern language is that a sufficient requirements specification exists. This must state
the intended purpose of the system, although how well requirements are captured,
written and understood will vary from document to document. The quality of the
original specification statement will have an impact on the quality of the results, an
issue to which the pattern Coherent Whole is devoted. The most important
prerequisite for successis that the original specification should include a description
that includes the nouns that will form the basis of an analysis that will lead to the
identification of entities as described by Abbott [25]. Thefirst patternis Minimal
Representation which requires the construction of alogica minimal model sufficient
to support the business. The process of applying the pattern language relies on the
expertise of the practitioner in being able to construct such aminimal datamodel. To
accomplish thistask, noun analysis was applied, with the intent of identifying
candidate nouns as entities (potential database tables). Care was taken to select only
nouns that would represent entities as opposed to nouns that represented attributes of
entities [26]. From this analysis the following nouns were identified as candidates for
persistent representation; course provider, course, student and booking. One
additional entity, course_instance, was included in the representation. This was done
to accommodate the fact that a course may run on many occasions and on each

occasion it has a unique time, date and location.
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Fig. 1: The output from the Minimal Representation patternisa
set of logical entities for the storage of data sufficient to support
the business.

Once a candidate data model had been constructed, the next pattern of the RPL can be
applied, known as the Usual Suspects. The objective of this patternisto alow for
quick identification of roles (known as actors [1, 2]) that have a high likelihood of
occurring in a 'transactionally-driven' software application that offers a serviceto an
end-user whose needs are supported by a call centre. The customer’s tender
conformed to this prerequisite. After the application of the Usual Suspects, it is
appropriate to apply the Informed M anagement pattern which generates reporting
Use Cases, often thought of as providing the functionality associated with a
Management Information System (M1S). The pattern Role Based Assignment
provides away of grouping Use Cases and representing them in a manner that is
logically coherent from the perspective of presentation. The final pattern, Coher ent
Whole provides a check to ensure that the system model generated represents a

logical unit whose sum provides recognisable value to its cast of users (actors).

Figures 2 through 11 represent a before and after model of the system that was
developed. All the before models were generated at the same time according to the
RPL prior to the system being built. All the after models were generated through an
inspection of the resulting system.
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Fig. 2: Diagramiillustrating an application of The Usual Suspects pattern and the actors that resulted.
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Fig.3: Diagram of actors who appeared in the final system shows strong similarity to those predicted.
All the actorsidentified in Fig. 2 also appear in Fig. 3. In Fig. 3 the primary actor Call
Centre Supervisor has been added, and more detail is available with respect to the
Communications Engine. Fig. 3 shows the Communications Engine as an abstract
actor implemented by a Small Messaging Service (SMS) and email engine. The Call
Centre Supervisor is an actor that appears in the Usual Suspects pattern, and should
have been accounted for in Fig. 2 but was omitted due to uncertainty in the original

specification as to the sophistication required in the call centre handling functionality.

The RPL specifies that after the application of the Usual Suspects pattern, the New,
Sear ch, Modify (NSM) requirements pattern is applied. This pattern is based on the
Create, Read, Update, Delete functionality more commonly known as CRUD [17]. In
NSM, the concept of ‘Delete’ functionality is subsumed within the concept of
modification. According to this pattern, NSM functionality is defined over every
logical dataentity specified in Fig 1. The complete available set of Use Cases
generated by this pattern isgiven in Table 1.



Data Entity New <<entity>> Sear ch <<entity>> Modify <<entity>>
course_provider new course_provider search course_provider modify course_provider
course new course search course modify course
course_instance new course_instance search course_instance modify course _instance
booking new booking search booking modify booking
customer new customer search customer modify customer

Table 1: Application of the NewSear chM odify (NSM) pattern over the identified candidate tables
generated from the prior application of the Minimal Representation pattern.

The fourth pattern, Informed M anagement, is designed to generate management
information Use Cases that allow for reporting to take place. According to this
pattern, reporting will be based on the entities identified by Minimal Representation
(see Fig. 1). The bulk of the reports will centre around entities that resolve

many: many [26] relationships, in this instance, bookings.

With the application of the first four constituent patterns specified by the RPL, the
fifth pattern can be utilised to draw relationships between the identified actors and the
identified Use Cases. This pattern is termed Role Based Assignment. It defines Use
Cases on the basis of identified roles. To facilitate this, an abstract actor, User is
introduced to aid the representation. The pattern is completed by assigning the Use
Casesidentified by NSM and I nformed M anagement to the actors identified and
specialised by the Usual Suspects. The complete results of applying the Role Based
Assignment pattern is presented over the following pagesin Fig. 4 — 11.
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Fig. 5: General functionality after the system
was built. No System Administrator was required
as this functionality was performed without an

end user interface.

The differences between Fig. 4 and Fig. 5 are, apart from the representation of the
Call Centre Supervisor (accounted for in Fig. 3), the loss of the Use Cases Search
course_providers and Search courses. These Use Cases are still availablein the
implemented system confined to Learners and Call Centre Operators (see Fig. 7 and
Fig. 9). All the functionality identified in Fig. 4 was implemented in the final system,
however the functionality to Login_Logoff was the only functionality shared by all

users.
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Fig. 6: Learner functionality is one of the categories for collecting Use Cases according to
the Role Based Assignment pattern.
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Fig. 7: Learner functionality after the system was built. The diagram features three new user-

goa Use Cases[New enquiry, New reservation, Convert reservation to booking]

All the Use Cases defined in Fig. 6 appear in Fig. 7 apart from the ability of a Learner

to Evaluate course, which now appearsin Fig. 11. The delivered functionality of a

Learner came to include the provision of being able to make reservations which

necessitated the addition of New reservation and Convert reservation to booking.

Additionally, Call Centre Operator gained the ability to respond to enquiries.
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All of the Use Casesin Fig. 8 appear in Fig. 9 however they are not necessarily
triggered by the same actor. Assumptions were made as to who would trigger certain
Use Cases that were later shown to be incorrect. The functionality itself is the same,
but the *owner’ of the functionality differs. Much more responsibility is associated
with the Management Administrator than originally thought. Fig. 9 isamore detailed
diagram that also introduces new user-goal Use Cases. Where originaly it was
assumed that either Learnerswould input their course evaluations directly into the
system, or Course Providerswould input details on the Learner’s behalf, in the event
both these assumptions were proved false. In the implemented system Course
Providers are required to send completed paper evaluation forms back to the
Management administrator who enters the details onto the system instead. Thiswas a
business rule required to ensure attendance and cal cul ate funding.
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Fig. 10: The Use Cases that appear in this Fig. 11: Management administration functionality
diagram were generated through the application  after the system was built. The diagram features
of the Informed M anagement pattern. four new user-goal Use Cases [Manage Media,
Management Administration is one of the Report Callbacks, Calculate Provider Funding

categories for collecting Use Cases accordingto  Report, Report Search Satistics]. New Evaluation
the Role Based Assignment pattern. The Use was originally thought to be an action associated
Case Send mail shot was not implemented. with adifferent actor (Learner or Management

Administrator)
The Use Casesidentified in Fig. 10 are all contained in Fig. 11 apart from Send Mail
Shot which was not implemented after further consideration by the client. Fig. 11
demonstrates that the task of performing the input of course evaluation formsfallsto
the Management Administrator. Additionally, Fig. 11 introduces Use Cases that the
pattern language did not foresee; Manage Media, Report Callbacks, Calculate
Provider Funding Report, Report Search Satistics. The Use Case Manage Media is



an aggregate that represents the collective functionality of new, search and modify
over the Media entity. Media became atable in the physical database over which the
Administrator required direct control (as opposed to an essentially static list). Report
Callbacks hints at enhanced call centre functionality that escaped representation by
the pattern language. Unlike any of the other Use Case models, Fig. 11 was further
decomposed to reveal sub-goa Use Cases aggregated by Report Bookings and Report
Attendance and Evaluation. These Use Cases, at the level of user-goals, decomposed
to represent available reports that conform to the general description but which offer
many specific variations, such as reporting bookings by date range, or by course

provider etc.

Results

The results of this case study are based on a comparison of the Use Case models
produced before and after the building of the application. It is reasonable to assume
that as a project progresses more user requirements will be discovered and those that
have been identified will gain more detail. On first inspection of the diagramsitis
evident that the ‘after’ diagrams contain alarger number of Use Cases which might
lead the observer to a conclusion that the patterns employed to generate the intial
diagrams were of only marginal benefit. Instead, before any conclusion isdrawn, it is
necessary to define the basis of the comparison more rigourougly.

Use Cases can be represented at different levels of abstracted goals, thereforeit is
necessary to agree on the levels being employed to enable the comparison of like with
like. According to Cockburn [6], Use Cases exist on agoal centred scale, ranging
from ‘very high level’ to ‘too low’ (very high summary, summary, user-goal, sub-
function, too low). The choice of sub-function as a possible classification option
might better be termed sub-goal [24]. All of the Use Cases defined in the first
modelling iteration feature Use Cases at the level of user-goal. In the second
modelling iteration, where there are differences, Use Cases have been introduced at
both the user-goal and the sub-goal level. The comparison of the models between the
first iteration and the second confines itself to a comparison of user-goa Use Cases
and omits sub-goa Use Cases which are treated as an example of greater detail being
added to a parent Use Case, as evidenced by their association via an aggregation
relationship.



According to Jacobson [2], Use Cases are expressed in the language of the user. One
way of interpreting this premiseisin the sense that there is one dominant level, and
that level isthe user goal level. Other levels are greater or lesser abstractions of the
same Use Case which should contain the degree of detail consistent with the current
level of abstraction. Therefore the comparison presented in this case study is made on
two accounts. The first comparison is on the basis of whether Use Cases defined in
the first iteration remain in the second iteration. The second comparison looks at the
models from the perspective of the built system, and compares the number of new
user-goal Use Cases that were not predicted in the initial model.

The Use Case models generated before the system was built are a good reflection of
the final Use Case models as measured by their ability to predict functionality that
would be implemented in the final system. A comparison of Use Cases at the user-
goal level of abstraction indicates that only one Use Case predicted from the initial
diagrams was not implemented in the final system (Send Mail Shot — Fig. 10).

The final system contained more Use Cases than those predicted by the output from
the pattern language. In the final system, there were 30 Use Cases delivered, of which
21 were predicted, or 70%.

Assumptions lead to the mis-assignment of Use Cases to particular actorsin the first
modelling iteration. This was due to ignorance of business rules that were later
clarified. The assignment of functionality to the wrong actors was arelatively minor
problem to rectify because of the flexibility inherent in the software architecture
which kept permissions isolated from functionality. Of all identified Use Cases, fully

23% were assigned to the wrong actor in the first modelling iteration.

Lessons Learned

The application of the RPL is an effective procedure for generating a model quickly,
at an early stage in the process, from a non-structured requirements statement. In this
case study the resulting models were useful in clarifying assumptions made in the
procurement process with respect to business rules, being the subject of conversation
and informal negotiation between the supplier and the customer prior to the award of
the contract. There was nothing extraordinary about this case study to suggest the
method is not more generally applicable.



Although the authors applied the patterns to the original requirements specification on
behalf of the prospective supplier, he reported finding the process clear and
understandable and expressed the intention of using it again should the occasion arise.
When interviewed, the individua responsible for the selection of the successful
supplier volunteered that she believed the models contained in the bid demonstrated
the supplier had afirm grasp of the problem to hand, had done a large amount of work
in preparation and would therefore make faster progressif chosen to do the work. The
winning bid was not selected on the basis of offering the lowest price and was, in fact,
the second most expensive bid from afield of thirty-eight who competed for the
contract. The reasons the customer cited for selecting the supplier demonstrated an
application of value for money principles such as those recommended by the Office of
Government Commerce (OGC) for the evaluation of competitive bids [27, 28].
Certain Use Cases, such as those that represent reporting functionality, may be too
coarsely grained in their current representation at the abstraction level of user-goal
and may be capable of prediction at the lower level of sub user-goal.

Although Use Cases are strongly associated with the Rational Unified Method (RUP)
[29] and object oriented methods, this project suggests Use Cases are useful without
adopting these technologies as the project was built by the supplier without any prior
experience of UML .

The Use Cases that were not predicted by the pattern language point to the
opportunity for the constituent patterns to be improved, although how and where that
improvement should be made will not become clear until they have been used more

often.

Threats to Validity

This case study can do no more than suggest the method presented has merit. The size
of the project undertaken is small compared with many. The programming team was
also small, made up of two programmers, which made the need for extensive
modelling beyond facade Use Cases unnecessary. The method is dependent on the
initial construction of aminimal logical data representation which is dependent on the
skill of the practitioner. Also, the entire method has been applied by the authors, and it
remains to be seen if other practitioners will find it so successful. The modelling

depends on Use Cases being captured at the same level of abstraction. If aUse Caseis



decomposed to alevel that is closer to implementation, and then included in a
comparison, the results will be misleading.

At present too much ambiguity exists with respect to the management of requirements
change. The distinction between adding a new Use Case that describes additional
functionality or ssmply adding detail to an existing Use Case is captured in the
hierarchy of Use Case abstraction but is capable of misinterpretation.

Directions for Future Work

Encouraged by the results to date, work has been undertaken to employ the RPL in a
reverse engineering exercise for the Health and Safety Executive (HSE) whereby a
model is created from a specification that refersto arecently built application. The
model was constructed from patterns in isolation from the existing software and then
compared with the final product. The results of this research were similar to those
presented here. It would be desirable to assemble a body of evidence where the RPL
had been applied to qualify the results that have been reported so far. As many
opportunities as possible for the application of the RPL should be pursued to add to
the body of evidence. To facilitate thisit is necessary that the RPL be sufficiently well
articulated to allow other practitioners the opportunity of applying it. In thisway the
usefulness of the RPL to awider user base can be tested. Work is ongoing with
suppliers to the HSE, on anew project’ s specification employing the RPL which will
go some way to satisfy the objective of testing the method when applied by others.

It is generally agreed that requirements change as a project progresses [30]. Itis
instructive to study the role of Use Casesin wider project management, such asthe
reporting of progress, and the management of requirements that change.

An interesting enquiry will be the exploration of the relationship between the ability
to predict the model of a finished application and the estimation of effort. This work
will follow on from that explored in applications of the Use Case Points Method [31-
34], an emerging effort estimation algorithm that takes Use Cases as an input. Thisis
an area of top-down effort estimation that could be very useful as existing algorithms
for effort estimation [35, 36] are not widely employed [30, 37].

An instructive application of the approach would be to employ the RPL to express
functional requirementsin arequest for proposal that was sent out to a range of

prospective suppliers, to understand how supplier organisations respond to a



specification expressed through an application of the RPL, with its attendant effect on
assumptions, ambiguity and cost over-runs. The guestion of whether requirements can
be expressed finely enough to avoid ambiguity, yet coarsely enough to allow for
evolving detail to be added as the devel opment process proceedsisintriguing. The
purpose of attempting to put in place a complete requirements ‘table of contents’ isto
address the problem of scope creep used to justify cost increases and schedule delays.
Berry [38] describes this phenomenon as being commonplace in other industries and
alludes to the practice taking place in software development whereby a contractor
depends on requirements changes to make a profit against an otherwise unrealistic
bid.
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