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Abstract

Essential use cases are abstract, lightweight,
technology-free dialogues of user intention and system
responsibility that effectively capture requirements
for user interface design. We describe how essential
use cases can also drive object-oriented development
directly, without any intervening translation, and al-
lowing user interface development and object-oriented
development to proceed in parallel. Working with es-
sential use cases yields some unexpected further ben-
efits: the crucial common vocabulary of responsibili-
ties lets designers trace directly from the essential use
cases to the objects in their design.

Keywords: Use Cases, Object-Oriented Analysis,
Object-Oriented Design, Traceability

1 Introduction

Use cases are now widely accepted for capturing re-
quirements for object-oriented software development,
and are commonly supported in modeling languages
and in development processes, such as the Unified
Modeling Language [19] and the Rational Unified
Process [14]. Constantine and Lockwood’s Usage-
Centered Design [9] introduced essential use cases —
use cases written specially to be abstract, lightweight,
and technology-free — to support user interface de-
sign. Following a conventional process, essential use
cases would be used to produce the user interface
design, then, once that design was complete, essen-
tial use cases could be translated into more conven-
tional use cases — much more concrete and detailed
descriptions of a system and its interface design. Un-
fortunately, translating essential use cases to a more
conventional form requires effort, costs time, and de-
lays work on the object-oriented development until
the user interface design is complete.

In this paper, we explore the application of es-
sential use cases directly to object-oriented software
development. We speculated that essential use cases
would work just as well as conventional use cases as a
starting point for object-oriented design; that tech-
nology independence could better support require-
ments gathering, because there would be less need
to specify details that are only relevant to the design;
and that the brevity of essential use cases would bet-
ter support communication between developers and
stakeholders.

We began using essential use cases as our prime re-
quirements gathering tool, and have now used this ap-
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proach for a number of system development projects
over the last two years. We have found that essen-
tial use cases are suitable for object-oriented software
development in general, and indeed have significant
advantages over conventional use cases.

We have three general results to report. The first is
what we speculated: that essential use cases can drive
object-oriented design directly, without first writing
more concrete conventional use cases. The other re-
sults were unanticipated. One is that essential use
cases provide practical, operational guidance on how
to move to an object-oriented design from the re-
quirements. Another is that responsibilities provides
a common vocabulary that supports seamless trace-
ability forwards and backwards between essential use
cases and objects. A related finding is that, because
essential use cases show only the bare essentials of the
use case, we are able to identify patterns of use cases,
which can be used to make the requirements gath-
ering more efficient. We have addressed this result
elsewhere [5].

This paper is organized as follows. We begin with
an introduction to essential use cases, discussing their
philosophy as developed by Constantine and Lock-
wood and comparing them to conventional use cases.
Then, in section 3, we describe how to write essential
use cases, and use role-play to verify that they are
correct and consistent. Section 4 shows how essen-
tial use cases can be used to design object-oriented
systems, reflecting on the role of responsibilities for
both essential use cases and object-oriented design,
and including a short example. Section 5 then dis-
cusses some practical issues such as using essential
use cases for systems without human users, develop-
ment processes, and business process design. We then
discuss related work in section 6, and finally present
our conclusions.

2 Background

2.1 Use Cases

Jacobson et al. defines a use case in their 1992 book
as “a behaviorally related sequence of transactions
in a dialogue with the system”[15]. A more recent
definition for the Rational Unified Process shows little
real change, saying a use case is “a description of a
set or sequence of actions, including variants, that a
system performs that yields an observable result of
value to a particular actor”[14].

The general idea of a use case is to represent
intended sequences of interaction between a system
(even if not yet implemented) and the world outside
that system. This idea is very powerful, for several
reasons.

In the early stages of development, use cases help
to focus on interactions as a way of eliciting desir-
able system behavior, and so help capture require-



ments and determine specifications. This technique
is effective because interactions can be described in
forms very easy for people to recall or imagine, such
as narratives or dialogues. This is especially useful
when involving a wide range of people in requirements
gathering and analysis, such as end-users, background
stake-holders, and others with no direct experience or
role in actual system development.

In the later stages of development, use cases help
again because of the focus on interactions. The in-
teractions can now be regarded as the embodiment of
specifications that the system must meet. In design
and implementation, a structure must be determined
and created that will meet these specifications. In
review and testing, use cases can be used to drive
system behavior for examination. Their guiding role
in design, implementation, and review also assists in
providing traceability.

Use cases also lead to a useful partitioning of
requirements. This happens naturally, because use
cases are based on sequences of interaction, and de-
sirable interactions typically follow a structure of co-
herent progression, on a limited scale, toward a goal
or sub-goal. This partitioning then allows organiza-
tion by grouping, filtering, prioritizing, and so on, and
is helpful in overall management throughout develop-
ment.

The debate on the true benefits of use cases, and
indeed what a use case really is, is still ongoing. Vari-
ations of the basic concept have been developed, par-
ticularly to support specific aspects of software devel-
opment, such as task scripts [11], and essential use
cases [9]. We have chosen essential use cases as the
focus for our work.

2.2 Essential Use Cases

Essential use cases are part of Usage-Centered De-
sign, as developed by Larry Constantine and Lucy
Lockwood [9]. Constantine and Lockwood support
use cases, and agree with many claims about their
advantages. They also see limitations: “In particu-
lar, conventional use cases typically contain too many
built-in assumptions, often hidden or implicit, about
the form of the user interface that is yet to be de-
signed.” This is problematic for UI design both be-
cause it forces design decisions to be made very early,
and because it then embeds these decisions in require-
ments, making them difficult to modify or adapt at a
later time.

Essential use cases were designed to overcome
these problems. The term “essential” refers to essen-
tial models that “are intended to capture the essence
of problems through technology-free, idealized, and
abstract descriptions”. Constantine and Lockwood
define an essential use case as follows:

An essential use case is a structured nar-
rative, expressed in the language of the ap-
plication domain and of users, comprising a
simplified, generalized, abstract, technology-
free and implementation independent de-
scription of one task or interaction that is
complete, meaningful, and well-defined from
the point of view of users in some role or
roles in relation to a system and that em-
bodies the purpose or intentions underlying
the interaction.

Essential use cases are documented in a format
representing a dialogue between the user and the sys-
tem. This resembles a two-column format used by
Wirfs-Brock [26]. In Wirfs-Brock’s format, the col-
umn labels refer to the action and the response. Al-
though Wirfs-Brock does discuss a framework for lev-
els of abstraction in use cases, the two-column use

gettingCash
User Action

System Response

insert card
read magnetic stripe
request PIN
enter PIN
verify PIN
display transaction menu
press key
display account menu
press key

prompt for amount
enter amount
display amount

press key

return card
take card

dispense cash
take cash

Figure 1: A conventional use case for getting cash
from an automatic teller system. (From Constantine
and Lockwood.)

gettingCash
User Intention | System Responsibility

identify self

verify identity

offer choices
choose

dispense cash
take cash

Figure 2: An essential use case for getting cash from
an automatic teller system. (From Constantine and
Lockwood.)

cases she presents do comprise concrete steps of in-
teraction between a user and a system.

In contrast, the essential use case format labels
the columns user intention and system responsibil-
ity. These new labels indicate how essential use cases
support abstraction by allowing the interaction to be
documented without describing the details of the user
interface. Note that the abstraction does not really
relate to the use case as a whole, but more to the steps
of the use case. In this way an essential use case does
specify a sequence of interaction, but a sequence with
abstract steps.

Constantine and Lockwood give the examples
shown in figures 1 and 2. The dialogue in figure 1
is for a conventional use case, described in terms of
actions and responses. The dialogue in figure 2 is
for an essential use case, described in terms of inten-
tions and responsibilities. The steps of the essential
use case are more abstract, and permit a variety of
concrete implementations. It is still easy to follow
the dialogue, however, and the essential use case is
shorter.

Jacobson created use cases to support object-
oriented software design; Constantine and Lockwood
introduced essential use cases, and the larger frame-
work of essential modeling, for user interface design
and development. Our observation is that there is ac-
tually nothing about essential use cases that rules out
their use for object-oriented software development,
which means their advantages may also apply in that
area.

3 Essential Use Cases and Requirements

We began our exploration of essential use cases in
object-oriented software development for practical
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Figure 3: An Essential Use Case Card

reasons. We wanted to improve use case understand-
ing and elaboration as a team activity. We were famil-
iar with the CRC (class-responsibility-collaborator)
technique for design [3], and decided to develop a
similar technique for use case analysis and formative
evaluation. Essential use cases brought many charac-
teristics beneficial in our new technique.

Like CRC, our technique involves using index
cards and role-play. Teams work together to deter-
mine candidate use cases, allocate one card per use
case, and write the name of the use case at the top.
Each card is then divided by a vertical line, with the
left hand side for the user and the right hand side for
the system. (See figure 3.) Teams then work in pairs
exploring dialogue, with one person playing the user,
and another playing the system, together writing the
dialogue for the card. Pairs then role-play in front of
the team who review the use case.

Essential use cases are a dialogue between a user
and the system. This facilitates direct use of role-play,
as the players can regard the use case as a script, and
one team member plays the part of the user, and an-
other plays the part of the system. The dialogue also
helps because the interaction is very visible. By con-
trast, textual narrative use case forms can easily suf-
fer from misinterpretation confusing interaction with
other commentary. Wirfs-Brock points out that use
cases can easily be seen as a “conversations”, and this
familiar form of interaction assists in the modeling
process [27]. This has the important effect that the
use case dialogue and role-play really help determine
the boundary of the system, making it clear what is
done outside and what is done inside the system.

We have now used this approach working with a
number of development teams, both in industry and
at our university, and have gained experience about
the effects of essential use cases on aspects of the de-
velopment process. Essential use cases are abstract,
and this brings many benefits. The dialogue is brief,
and so able to fit on a card, and the abstraction can
also quicken the analysis process. In discussion and
exploration, many specific ideas for interaction will
arise. However, the benefit of abstraction is that no
particular concrete interaction sequence need be de-
termined at this early point. This allows useful explo-
ration to help determine the essential use case, while
avoiding the need to make time-consuming implemen-
tation decisions.

The abstract nature of an essential use case means
that a direct role-play does not yield “realistic” dia-
logue. However, role-play in early stages of develop-
ment needs to be lightweight, and realism is not crit-
ical. If concrete examples of abstract elements of the
dialogue are needed to clarify issues, it can be use-
ful to explore a concrete scenario, referred to as an
“enactment” of the essential use case, representing a
possible implementation.

3.1 User Intention

In essential use cases, the dialogue specifies not simply
the user actions, but the user intentions. The effect
of this quickly became clear in exploring the dialogue
through role-play.

An important aspect of role-play is that people
identify with the role they are playing, and tend to
think from that point of view. The emphasis on in-
tention seems to intensify this effect, because the role
player must examine their motivation more deeply.
The need to identify user intention requires under-
standing about the kind of person the user is, and
consideration of the situation they are in. With this
encouragement, people playing the user role tend to
make efforts to determine their context, and then re-
ally focus on expressing intent.

Driven by this, the use case role-play becomes
more significant for the other team members or a
wider audience. The strong concern of the user role-
player with user intention makes the role-play evoca-
tive. More importantly, reviewers have more to con-
sider than just the users actions or words: the is-
sue of intent invites deeper consideration and closer
scrutiny. This makes it easier to evaluate coherence,
and determine whether all the critical elements of the
dialogue have been identified.

Concentrating on the issues beyond the use case
is an important advantage. Use cases focus developer
attention on how a system interacts with the world,
and in particular on how the system is used. In most
system development this usage is not precisely pre-
determined, and working out the use cases requires
understanding and creative effort. Essential use cases
do focus on usage, but by requiring the identification
of user intention, they also ensure that usage can be
determined on the basis of understanding the users.
In this way, the term “user intention” acts as a heuris-
tic to guide the specification of the use cases.

In some software development processes, such as
the Rational Unified Process, the user interface pro-
totype is developed early [14]. This allows the user
interface to act as an input to later system design.
This is beneficial because the development of the user
interface will involve work to understand the users
and determine what they need. System development
based on essential use cases will also accomplish this,
because essential use cases require understanding of
the user intentions. In this way, essential use cases ex-
plicitly build a concern for the user into the process.
Moreover, this is done in a lightweight way, without
the need to generate actual user interfaces, so allow-
ing more rapid development.

Essential use cases were created with user inter-
faces in mind, and the term “user” refers to a human
user. When we began using essential use cases, we
accepted this because our use cases were driven by
human users. We later changed from the term “user”
to the more general term “actor”, following Wirfs-
Brock’s terminology, and also UML [19].

3.2 System Responsibility

In essential use cases, the dialogue specifies not just
system response, but system responsibility. Some of
the effects of this arise early, and in a similar but more
complex way to those involving user intention. Other
effects become clear only later in design.

In role-play, the user or actor role often allows
identification with a known kind of person, thereby al-
lowing some inspiration about intention. The system
role involves identification with an unknown entity,
giving less opportunity for motivation. It is known
that the system should correctly interact with the
user. However, this provides little leverage in dis-



covering motivation, allowing identification, or deter-
mining desirable interaction.

To gain insight about any element of dialogue, one
needs to consider the purpose beyond it. For the user,
essential use cases employ the term “intention” to de-
note the purpose. This reflects that nature of the
user as external but understandable, and intention is
something we are able to estimate.

For the system, we must instead describe some-
thing internal to the system which will guide its de-
sign. This is what responsibility is all about: it is
an expression of what needs to be done, without un-
necessary detail of how it will be done. This a more
subtle motivation than “intention”, but when under-
stood it does assist determining the use case, and it
also assists role-play. The motivation for the user is
the intention to accomplish goals; the motivation for
the system is the responsibility to fulfill obligations.

Essential use cases harness abstraction to ensure
the user interface is not designed too early, and can
be designed to be independent of any particular user
interface technology. In the user role, the focus on
intention supports abstraction by avoiding the need
to decide details of how the intention is expressed. In
the system role, the focus on responsibility supports
abstraction by avoiding the need to decide details of
how the responsibility will be implemented.

Essential use cases do have some user interface her-
itage that must be addressed in the context of more
general system development. In examples of essential
use cases employed to develop user interfaces, the sys-
tem responsibilities typically concern presenting some
information to the user. In this way, the system plays
its part in the dialogue. However, in more general sys-
tem development, the system will have responsibili-
ties that go deeper. For example, the banking system
essential use case gettingCash shown in figure 2 clearly
relates to the user interface, but says little about re-
sponsibilities relating to the accounts and money in
the banking system.

Of course, ordinary use cases may also have this
same weakness. If the use case only documents the
dialogue between the user and the system, important
context may not be obvious. For example, the or-
dinary use case in figure 1 also says little about the
system role relating to accounts and money.

With essential use cases, the focus on responsibil-
ity, rather than response, addresses this limitation.
It seems reasonable to extend essential use case prac-
tice, and identify significant responsibilities that are
not directly concerned with communicating with the
user. For example, consider figure 4, where the essen-
tial use case for gettingCash has been augmented to
show system responsibilities beyond communicating
with the user. These do not strictly follow the dia-
logue form, although they resemble dramatic “asides”
that precede communication. Most importantly, they
add to the completeness and coherence of the scene,
and aid system development.

4 Essential Use Cases and Design

In object-oriented design, the term “responsibility”
already holds a special role. In particular, respon-
sibility is the pivotal concept in CRC cards, and in
Responsibility-Driven Design.

In the CRC technique [3], responsibilities are as-
sociated with objects, and identify problems to be
solved. Objects may send messages to other objects
in the course of satisfying responsibilities, and these
other objects are designated as collaborators. The ar-
rangement and delegation of responsibilities and col-
laborators is then iteratively adjusted through differ-
ent versions until a satisfactory structure emerges. In

gettingCash

User Intention | System Responsibility
identify self
verify identity
log transaction start
offer choices
choose
dispense cash
adjust balances
take cash
log transaction finish

Figure 4: An essential use case for getting cash, aug-
mented to show system responsibilities not directing
involved with user communication.

this way, responsibility guides the articulation of a
system by partitioning classes to distribute respon-
sibility. While CRC may have been originally cast
as a pedagogical tool, it is now seen as useful in the
context of practical system development [23, 4].

In responsibility-driven design [24, 25], the idea of
responsibility is used more thoroughly and on a larger
scale. Responsibilities are associated with objects,
and represent knowledge an object maintains, or ac-
tions an object can perform. Responsibilities thus
emphasize abstract behavior while being silent about
possible implementation structure. However, objects
may fulfill responsibilities by collaborating with other
objects through message sending, and responsibilities
may also be factored to higher level abstract classes.
Together, such principles lead to designs where re-
sponsibilities are apportioned at high levels of ab-
straction, without any mention of object implemen-
tation.

The basic idea of “responsibility” seems to be the
same in both CRC and responsibility-driven design,
and the ways in which it is used seem consistent. Both
techniques suggest that every object should have a
coherent and well-understood set of responsibilities,
and involve the concept of distributing responsibility
sensibly as a guide to making design decisions. In
essence, both use responsibility as a design heuris-
tic. A basic principle of object-oriented design is that
objects involve behavior and information that work
together. Responsibility is good heuristic for deter-
mining this, because the word “responsibility” sug-
gests both a duty to do something, and the resources
with which to do it. Responsibility also allows delega-
tion, allowing large responsibilities to be managed by
delegating smaller responsibilities to others. Respon-
sibility involves both abstraction and encapsulation,
as Wirfs-Brock et al.[24] explain:

The responsibility-driven approach empha-
sizes the encapsulation of both the struc-
ture and behavior of objects. By focusing
on the contractual responsibilities of a class,
the designer is able to postpone implementa-
tion considerations until the implementation
phase.

In essential use cases, the idea of a responsibility
is to identify what the system must do to support the
use case, without making commitments as to how it
will actually be done. This resembles object encap-
sulation, where the internals of an object cannot be
directly accessed from outside, and has similar bene-
fits.

This role of responsibility in use cases is entirely
consistent with the role of responsibility in design.
Both describe behavior without describing implemen-
tation. This commonality presents valuable opportu-
nities to link the way we work when determining re-
quirements and the way we work when determining
design.
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Figure 5: A use case diagram, explicitly showing the
boundary around the system object.

4.1 Determining the System Boundary

In our experience, a major issue in determining re-
quirements is distinguishing what the system should
do from what it should not do. It is often difficult to
make decisions about this boundary, but it is also of-
ten difficult to communicate about this issue with all
the people involved, analysts and stakeholders. We
have found that it is very helpful to apply an ap-
proach familiar in design. We present the system as
a “black-box”, with an explicit boundary, describing
the behavior of the system by essential use case re-
sponsibilities.

We can regard the system as a single system ob-
ject, with a set of responsibilities like any object, and
an implementation not yet under consideration. Ja-
cobson et al. [15] propose a similar idea, but takes
it in a different direction. With essential use cases,
we can use the responsibilities to help determine the
boundary of the system. If the system is like a single
object, then the use cases are like methods of this ob-
ject. They allow access to the system behavior, and
no other access is possible. The interaction in a use
case resembles method parameters and return values,
but managed in a sequential way.

We have found use case diagrams useful in rein-
forcing this idea. We use a form of the use case di-
agram that shows actors (as stick figures) and their
involvement with use cases (as ellipses). This follows
the diagrams shown in typical presentations of the
Unified Modeling Language (UML) [22], and used,
for example, in the Rational Unified Process [14]. We
also explicitly show the system boundary, depicted
as a box surrounding the use cases, with the lines be-
tween the actors and the use cases crossing the bound-
ary, as shown in figure 5. This clearly separates the
actor’s intention from the system’s responsibility.

This convention of showing the system boundary
in use case diagrams was used by Jacobsen et al. [15],
and the UML specification does allow it: “The use
cases may optionally be enclosed by a rectangle that
represents the boundary of the containing system or
classifier” [19]. The convention is consistent with the
idea of the system as an object, and we have found
it helpful. Most especially, it is a useful device to
help facilitate discussion and resolve issues when de-
termining the system boundary.

4.2 Use Case Responsibilities and Design

For any particular system, the responsibilities in the
essential use cases must be strongly related to the re-
sponsibilities of the objects internal to the system.
Essential use case responsibilities must reflect the be-
havior of the overall system, and the object responsi-
bilities must together reflect the same behavior.
This focus on responsibility in both essential use
cases and in design suggests a way in which to

strongly link system requirements and system design.
The responsibilities from the essential use cases can
be used as a starting-point for system design. This
provides positive operational guidance when begin-
ning design, and later leads to explicit traceability
from the design back to the use cases.

To begin design we can start with a set of essential
use cases, and the responsibilities they describe for
the system object. We can then consolidate these
where possible by using consistent language. Design
work can then begin, which will determine a set of
collaborating objects that will together meet these
same responsibilities.

A strict approach to design might begin just with
the system object and work from there by identify-
ing related responsibilities and creating classes with
those responsibilities. This approach could then be
continued carefully, distributing responsibilities and
eventually determining a design. This approach is es-
sentially the same as refactoring, primarily discussed
as a technique for improving the design of existing
code. Some of the refactoring techniques that have
been identified can easily be applied just to designs:
for example Extract Class [10] is a common tech-
nique applied in the early stages of the design process.

We do not advocate such a strict approach. One
reason is that it does not harness any domain model.
This will likely lead to difficulty in creating a corre-
spondence between the domain model and the design,
and thus fail to deliver the advantages of understand-
ability and maintainability that are associated with
that correspondence. Another reason is that a com-
plete system may have many use cases and responsi-
bilities, making a strict decomposition very difficult.
Finally, a strict approach would make it difficult to al-
low consideration of design structures that arise from
elsewhere.

In CRC or responsibility-driven design, design be-
gins with finding a set of key candidate objects and
classes, on the basis of a model of the application
domain. Initial responsibilities are then assigned
to these objects and classes, typically informed by
knowledge of the domain and by design heuristics.
This yields an initial design which can be explored
and improved iteratively with a small set of focal use
cases.

Essential use cases do not impose any change in
the process for either CRC or responsibility-driven
design. However, the responsibilities from essential
use cases can play a helpful role. In both CRC and
responsibility-driven design, there is a significant el-
ement of rapid exploratory design consideration. At
significant points in the design process, the ability
to check object responsibilities with use case respon-
sibilities presents a valuable way of checking to see
whether a design still meets the requirements.

One such significant point is at the beginning of
the design. When assigning initial responsibilities,
consideration can be given to the responsibilities re-
quired by the use cases. Alternatively, the initial de-
sign responsibilities might still be created from do-
main knowledge. These can then be compared with
those from the essential use cases, and can give us
valuable early feedback, and allow us to avoid future
difficulties that may otherwise result. This approach
provides better guidance for designers at a critical
point in system development.

Design is rarely undertaken in a void, and there
are typically many existing design assets that can
be reused as part of any new design. For example,
there may well be legacy components, component li-
braries, frameworks, or design patterns. Even where
these are themselves already implemented, harness-
ing them may well affect the system design. As with
the alternatives that arise in exploration, the respon-



sibilities from essential use cases provide a valuable
way to check how the resulting design matches the
requirements.

Unlike alternatives from CRC or responsibility-
driven design, however, other design structures may
not come with responsibilities already identified. The
comparison is then more arduous, and will involve
careful examination of components and other struc-
tures. Even where the assets are actually imple-
mented already, it is not the implementation that
must be examined, but more the behavior: in fact
the responsibilities. We believe such care and exami-
nation is valuable, and ultimately unavoidable to fa-
cilitate successful reuse.

When a discrepancy between use case and design
responsibilities is detected, there are several avenues
of resolution. The design may have gaps, either unin-
tended or simply a reflection of temporary priorities
in design activity. In either case, the design should
be improved. On the other hand, there are sometimes
important advantages to designs even if they fail to
meet some requirements. For example, the design
may be based on valuable existing artifacts that fall
slightly short of requirements. In such cases, it may
be reasonable to revisit to the use cases, and explore
whether they should be changed in order to allow use
of the design assets.

In all these situations, the ultimate aim is the
same: consistency between requirements and design.
By using responsibilities in requirements and in de-
sign, our approach also leads to a significant improve-
ment in traceability.

4.3 Example

In this section, we present a small example to illus-
trate how our approach works. Although this example
is kept small to make the process clear, we have also
applied the approach to larger systems. This can be
easily done for high level exploratory design, but we
have also applied the approach in case studies of de-
tail design [6]. For application of our approach with
detail design, we have been exploring suitable tool
support [7].

Our example design is for a small part of a library
system. The domain model consists of two classes of
objects: books and borrowers. Figure 6 shows the
sequence of steps. At the top, we have identified the
two focal use cases: borrowing and returning a book.

Consolidating the system responsibilities of just
these two essential use cases results in a system ob-
ject, which we show as a CRC card (marked “Iter-
ation 17). It is important to be aware that not all
responsibilities of the system object will be explicit
at this point. For example, in order that the system
verify that the book may be borrowed, the system
has the implicit responsibility to record what books
are borrowed. Implicit responsibilities will typically
be identified when they are distributed to the collab-
orating objects.

While the system object must clearly be able to
enact the two use cases, if we had more use cases the
resulting object would be large and unwieldy to im-
plement. Considering the domain model, we could
construct a design using three classes, a singleton Li-
brary System class, a Book class (one instance per
book) and a Borrower class (one instance per bor-
rower). We now need to decide how the responsibili-
ties are distributed between the classes.

Tteration 2 shows the CRC cards for this design.
There are several points we should note. For exam-
ple, the implicit responsibility of recording whether
or not a book has been borrowed has now been made
explicit, and delegated to the Book class. Further-
more, the responsibility of updating whether or not

the book has been borrowed has also been moved to
the Book class. Note however that the Library Sys-
tem still has the responsibility of initiating the check
and record update, which together may be regarded
as the responsibility to issue the book.

The Library System has also acquired another re-
sponsibility that was not apparent in the original sys-
tem object, that of “knowing all books”, that is, be-
ing able to locate a Book instance given its identity
(such as call mark). This responsibility has become
important because we have created the Book class,
and so the Library System must now become respon-
sible for managing the Book instances. The situation
with Borrower is similar.

Further consideration of the design could see the
“knowing all books” responsibility moved into a sepa-
rate singleton Catalogue class, perhaps implemented
with a standard Collection object (Iteration 3, with
the Book and Borrower classes unchanged).

One final point to make with this example is that
we have only listed responsibilities as identified by
the use cases. In reality, when we develop the domain
model we will usually identify other responsibilities
that the classes are likely to have. This information
would also feed into the process described above. For
example, recording whether or not a book is borrowed
is a responsibility very likely to be identified from the
domain analysis.

As the figure shows, tracing the responsibilities
from the requirements through to the different de-
signs is not only straightforward, but naturally falls
out of the design decision making process. This is
useful for communicating with stakeholders, and in
particular when carrying out reviews.

5 Discussion

In this section we discuss a number of issues related
to essential use cases and responsibilities in object-
oriented design: applications to systems without user
interfaces (such as embedded or real-time systems);
to systems with set, predefined user interfaces; itera-
tive and incremental processes; parallel development
of user interfaces and applications; and the object-
oriented design of business processes.

5.1 Systems without User Interfaces

The approach we have outlined, based on essential
use cases and object responsibilities, is quite applica-
ble even to those systems without a traditional user
interface, such as embedded systems, or software en-
gines that interact only with system actors.

The key point here is that any system has to in-
teract with the “outside world”. For any system, it
is important to determine the boundaries between
the interior and exterior of the system; to determine
the principal interactions between the system’s ac-
tors (human or machine); and to characterize those
interactions in a way that facilitates later design. We
have found that essential use cases retain most of the
same benefits for these kind of systems (or rather,
these kind of interfaces to systems) as they do when
used to describe user interfaces: by working at the
right level of abstraction, they capture the essence of
the actors intentions and system responsibilities while
eliding the accidental details of syntax and implemen-
tation. As we have described, essential use cases are
smaller (and thus quicker to write, review, and mod-
ify) than longer, more detailed use cases, and facil-
itate system responsibilities flowing seamlessly from
analysis to design: all these benefits apply equally to
interactions with system actors as well as with human
users.
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Systems must often accommodate non-functional
constraints (such as response time, transaction rate,
information volume, reliability) upon their use cases.
Because of their focus on interaction, use cases are
not ideal for detecting non-functional requirements,
but they can still be used to help record and manage
such requirements. When using more conventional
use cases, such constraints can be associated with the
use cases narratives, and managed along with them.
Managing these constraints is orthogonal to the way
use cases are structured, and this information can be
handled in much the same way when using essential
use cases. Usage-Centered Design [9], for example,
has always associated this kind of property with es-
sential use cases, since they are crucial to the design
of high-performance user interfaces.

The traceability between the system responsibili-
ties of the essential use cases, the consequent respon-
sibilities of the system object, and the resulting re-
sponsibilities of the internal objects making up the
system design, is also beneficial in ensuring the sys-
tem does meet such non-functional constraints. For
example, the system-level constraints (on use cases)
can be propagated forwards with their responsibilities
to objects during design, and objects’ non-functional
performance can be tracked backwards via their re-
sponsibilities to the use cases. Either way, the ex-
plicit traceability gained by using a common notion
of responsibility can be used to verify that such non-
functional constraints can be met in a final design.

5.2 Systems with Set Interfaces

Although originally developed to design user inter-
faces, we have found that essential use cases can be
used for the object-oriented design of systems even
when the interface is fixed in advance — either be-
cause the user interface design has been completed, or
because the only interfaces are to other system actors
via existing protocols. To design new systems with
these already specified interfaces, we begin by ana-
lyzing the interfaces and writing essential use cases
to describe their interactions, and then we develop
the object-oriented design from these use cases. This
allows us to capture most of the benefits we have
outlined — in particular, we can design the system
focusing on the essential parts of the interactions, es-
pecially the system responsibilities — and also gives
some confidence that the internal system design will
be stable in the face of changes to the details of these
interfaces.

5.3 Designing Business Processes

Conventional use cases have long been advocated for
business process design as well as software design [13].
Such designs typically begin with use cases specially
written to describe business process interactions —
that is interactions between people or business units
rather than people interacting with computer sys-
tems.

Essential use cases are technology free: they de-
scribe the abstract intentions and responsibilities in
a use case, and so any given use case can be imple-
mented in a range of interface technologies. This is
practically useful: exactly the same essential use cases
can be reused where one system has more than one
interface (for example, as a desktop application for
a call center, a web site, and an interactive voice-
response system). This also means, however, that
they can characterize designs using no technology —
that is, business processes — as well as designs based
on intensive computational support.

We have had some experience with applying essen-
tial use cases and system responsibilities to business

processes design and have been successful: the same
advantages of abstraction, dialogues, and common re-
sponsibilities accrue to business process design as to
software design.

5.4 Development Processes

In this paper, we have primarily described the mod-
els that we build for software design, and have made
only passing references to the process by which those
models are constructed. It is important to understand
that although information conceptually flows through
the models from essential use cases to the system ob-
ject and then into the internal object-oriented design,
we are describing a philosophical view of the relation-
ships between these design models, and not a tempo-
ral or process view of the way the models should be
constructed. In particular, we do not practice or ad-
vocate a waterfall approach, beginning with essential
use cases for “analysis”, then making sure they are
“complete” and “correct” before proceeding onto the
next phase of “design”, and so on.

Rather, we expect that the design process will be
incremental and iterative: starting by coming up with
a list of candidate use cases, and developing a rough
domain model in parallel. Then, some focal use cases
could be elaborated, identifying user intentions and
system responsibilities and writing them onto use case
cards. An initial design could be developed for these
use cases, resulting in responsibilities being tracked
backwards from objects and the wording of the use
cases being refined. Then more use cases could be
elaborated, more object modeling attempted, existing
work revisited in the light of later developments, and
So on, as is accepted good practice.

We have found that using essential use cases and
responsibilities throughout the whole design helps it-
erative development rather than hindering it. Com-
mon levels of abstraction and a common vocabu-
lary between use cases and objects make it easier to
work either forwards or backwards during an itera-
tion, tracing use cases to objects or vice versa. This
also makes it easier to answer the frequently-asked
question about when a design is complete [18]: the
design is done when all the use cases and objects use
the same vocabulary, when all the system responsi-
bilities have been delegated to internal objects within
the design, and when every use case can be executed
by the object model.

5.5 Parallel Development

Basing a system’s internal object-oriented design
upon essential use cases has several advantages when
a user interface is also being designed using essen-
tial use cases, typically via Usage-Centered Design.
Duplication of work can be avoided: the essential
use cases developed for the user interface design can
be reused directly by the software designers, without
having to be recast into other, more detailed forms of
use case. This allows user interface design and soft-
ware design to proceed in parallel, both working from
the same essential use cases. Although developed in
parallel, the user interface and the software design will
both support the essential use cases, and so should be
consistent with each other.

This is in contrast to the serial approach taken in
many formal processes (RUP in particular [14]) where
user interface design is performed early, in the in-
ception phase, and that user interface design is then
input into a later software design phase. Followed
strictly, the serial approach delays software design un-
til the user interface design is complete: for large,
user interface intensive projects this can add several
months to the time frame of the whole project.



Parallel design is particularly useful for web de-
velopment, as the front-end interface can be designed
separately from the back-end server software: each
could be outsourced to different vendors with suit-
able expertise. Such parallel development does re-
quire some kind of iterative project management to
coordinate changes and elaborations to the use cases
as each design proceeds.

6 Related Work

Improving software development is ongoing research
by many people. Here, we concentrate on how
these various efforts deal with the requirements-
design nexus.

Object-Oriented Software Engineering (OOSE)
provides some advice on how to relate objects in an
object model to use cases [15]. Specifically Jacobson
et al. describe how to develop an analysis model by
identifying the Interface (now generally referred to as
Boundary), Control, and Entity objects needed to re-
alize the use case. While this is useful advice, it does
require some interpretation to follow, particularly in
assigning behavior to the resulting classes. Our ap-
proach is more operational in this regard.

As others before us have have observed, use cases
are a convenient way to organize the requirements to
better match an object-oriented design [16]. As we
discussed in section 2, Jacobson et al. introduced
the use case concept [15] and Constantine and Lock-
wood developed essential use cases as a modification
of this original idea for use in user interface design [9].
There has been much more written about use cases
and their use in software development. Cockburn’s
recent book provides a detailed account of how to
write use cases, and includes a good summary of the
different styles of use cases [§8]. Armour and Miller
discuss how use cases can be discovered and man-
aged as part of the requirements gathering process[1].
However, these works say little on how the use cases
are then fed into the analysis and design phases. Dis-
cussions that do relate use cases to design generally
advocate the development of domain models (for ex-
ample [21]). The domain model then provides the first
step in the development of the design. We believe the
development of a domain model is important, as we
have discussed above. But, we believe there is still a
large step between identifying the requirements and
determining how the domain model satisfies those re-
quirements.

The importance of traceability is widely discussed
in the literature. Pfleeger identifies both vertical and
horizontal forms of traceability [20]. Vertical trace-
ability refers to identifying relationships within mod-
els in the development process, whereas horizontal
traceability refers to relationships between models.
There is practical evidence to show that emphasiz-
ing traceability does improve the quality of aspects of
the software development process and reduces main-
tenance costs [17].

Our work addresses the horizontal traceability be-
tween requirements and design artifacts. In our ap-
proach, the relationships between the requirements
and the design correspond directly to the decisions
on how to distribute the responsibilities. This means
that the traceability is ensured as part of the design
process.

Any software development effort follows some kind
of overall process. One of the most talked about pro-
cesses of late is the Rational Unified Process (RUP)
[14]. RUP is a use case driven process, meaning use
cases impact each phase of the process. Use cases are
as important to our approach as they are to RUP.
We differ in the choice of form of use case. Our use
of essential use cases is not inconsistent with any of

the RUP descriptions, and in fact can be regarded
as a refinement of the Analysis and Design work-flow.
This work-flow is based on OOSE, which we addressed
above.

Another software development process is OPEN
(more accurately, a framework for software develop-
ment methods, but we concentrate on the process part
of it). Of particular interest is the OPEN Toolbox
of Techniques [12], which provides a comprehensive
survey of techniques that can be used to accomplish
various tasks needed for software development. There
are several techniques the can be used to produce a
design model from the initial requirements, includ-
ing: Collaborations Analysis, CRC card modeling,
Delegation Analysis, Domain analysis, Generalization
and inheritance identification, and Transformations
of the object model. Any of these techniques can be
used in conjunction with our approach, and again, the
key contribution of our approach is more operational
guidance and the direct provision of traceability.

Recently there has been a lot of interest in
lightweight processes such as Extreme Programming
(XP) [2]. XP’s rules on design include keeping the
design as simple as possible for the required function-
ality, and not adding functionality before it is needed.
XP is a strongly incremental process that takes indi-
vidual “user stories” (like use cases but written com-
pletely concretely) and then incrementally refactor-
ing an extant program to implement those use cases.
Some parts of the underlying dynamic of our ap-
proach and XP are similar, such as the idea that all
design can be seen as refactoring. In XP, design hap-
pens when the minimal program is extended to sup-
port a new use case, then refactored so that it is well
designed. In our approach, the design begins with a
complete system object that is imagined to implement
the entire program, and all refactorings preserve the
responsibilities of this object and simply redistribute
them amongst its internal components.

7 Conclusions

Use cases are seen as beneficial in many aspects of
system development, and the refinement of essential
use cases was originally made to address needs in user
interface design. We have explored the application of
essential use cases in object-oriented system develop-
ment, and in this paper have reported on our findings.

Essential use cases strike the right level of abstrac-
tion to facilitate simple and rapid progress in deter-
mining requirements. They support communication
well through role-play, and help to determine system
boundaries. They are brief, easy to learn, and can be
developed quickly because they avoid unnecessary de-
bate about implementation details. They also make
it easy to detect use case patterns. The level of ab-
straction works well for both user interface and sys-
tem design, and allows the two to proceed in parallel.

Essential use cases identify system responsibilities,
and these responsibilities can play an empowering role
in linking requirements to object-oriented design. In
design, responsibility is often used as a heuristic to
apportion abstract behavior among collaborating ob-
jects. Using essential use cases to identify require-
ments, together with a responsibility-driven approach
to design, leads both to better operational guidance in
design, and explicit traceability between design and
requirements.
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