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Abstract

Traceability is the ability to determine relationships between different development
artifacts in the software development process. Being able to automatically trace from
the requirements through to the implementation allows questions such as “Are all the
requirements met by the implementation” to be reliably answered. While answers to such
questions are important for managing the quality of both the process and the product,
gathering and managing the relationships that allows such automatic checking can be
expensive, making it less clear that the benefit justifies the cost. The creative nature of
design means that the relationships between requirements and design cannot be derived
automatically, and so their management cost is high. We use a design technique that, with
appropriate tool support, can significantly reduce that cost. It represents the requirements
using a particular kind of use case, and develops an object-oriented design. We present
Ukase, a web-based tool that provides such support.
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Abstract

Traceability is the ability to determine relationships be-
tween different development artifacts in the software devel-
opment process. Being able to automatically trace from the
requirements through to the implementation allows ques-
tions such as “Are all the requirements met by the imple-
mentation” to be reliably answered. While answers to such
questions are important for managing the quality of both
the process and the product, gathering and managing the
relationships that allows such automatic checking can be
expensive, making it less clear that the benefit justifies the
cost. The creative nature of design means that the relation-
ships between requirements and design cannot be derived
automatically, and so their management cost is high. We
use a design technique that, with appropriate tool support,
can significantly reduce that cost. It represents the require-
ments using a particular kind of use case, and develops an
object-oriented design. We present Ukase, a web-based tool
that provides such support.
Keywords: web-based tool support, traceability, use cases,
object-oriented design

1. Introduction

Traceability is the ability to determine relationships be-
tween different development artifacts in the software devel-
opment process. Traceability is used to manage quality. By
knowing the relationship between artifacts, questions such
as “Are all the requirements met by the implementation?”
can be answered by tracing through the relationships. Main-
taining these relationships is expensive without good tool
support. We believe there is a particular problem in main-
taining traceability between requirements and design. In
this paper, we present Ukase1, a web-based tool that sup-

1Ukase: Edict of Tsarist Russian government; any arbitrary order.
(Concise Oxford Dictionary)

ports traceability between the requirements and the design
of a system under development.

Maintaining traceability relationships is a non-trivial
task. Some relationships can be deduced automatically (for
example, implementation stubs can be automatically gener-
ated from the design), which means that the cost associated
with maintaining traceability can be minimised. However,
other relationships, by their very nature, require human in-
tervention. An example of this is the relationship between
requirements and design. The design process requires cre-
ative decisions to be made, and so the relationship between
requirements and design can only be supplied by the de-
signer. If maintaining traceability requires the designer to
manually record those relationships, then it significantly in-
creases the cost of the design process. Furthermore, it in-
troduces the likelihood of inconsistency between the actual
relationships and those that have been recorded. This re-
duces the benefits of maintaining traceability in the first
place. The question then is, how to maintaining traceabil-
ity without increasing the cost of the development process.
Ukase demonstrates that this cost can be reduced almost to
zero.

The most effective use of Ukase requires a subtle, but
significant, change in the design process. The basic thinking
processes are the same, but they are organised in a particular
way. The emphasis is on distributing responsibilities, and so
we call this Distribution of System Responsibilities (DSR).
DSR represents the requirements using a particular kind of
use case, and develops an object-oriented design. Ukase
supports DSR by managing the distribution of responsibili-
ties, and in doing so, automatically records traceability rela-
tionships both between use cases and classes, and between
different classes.

The paper is organised as follows. In the next section we
discuss the background to this work, in particular traceabil-
ity and DSR. In section 3, we present Ukase in detail. We
then discuss our experience using Ukase in section 4, and
following that, we compare Ukase with other work in the
literature. Finally we present our conclusions.
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gettingCash (conventional) gettingCash (essential)
User Action System Response User Intention System Responsibility
insert card identify self

read magnetic stripe verify identity
request PIN offer choices

enter PIN choose
verify PIN dispense cash
display transaction menu take cash

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. On the left, a conventional use case for getting cash from an automatic teller system. On
the right, an essential use case for the same interaction. (From Constantine and Lockwood.)

2. Background

2.1. Traceability

Traceability refers to the ability to determine relation-
ships between different development artifacts in the soft-
ware development process. Having this ability allows use-
ful questions about the quality of both the process and the
artifacts to be answered. Such questions might include:
“Why is this requirement here?”, “Do the requirements sat-
isfy the needs of the client?”, “What alternative decisions
were considered?”, “Does the implementation satisfy the
requirements?”, “If we change this requirement, how does
that impact the design and implementation?” This makes
traceability a powerful tool for quality control and improve-
ment.

As indicated by the questions above, traceability typi-
cally deals with the requirements of the system under de-
velopment. An important part of requirements engineer-
ing is requirements traceability, which Gotel and Finkel-
stein define as “the ability to describe and follow the life
of a requirement, in both a forwards and backwards direc-
tion” [8]. They also distinguish “pre-RS” traceability —
those aspects of a requirement’s life prior to its inclusion
in the system specification — from “post-RS” traceability
— those aspects of its life after its inclusion. This view of
traceability focuses on relationships between artifacts in dif-
ferent phases of the life-cycle of the system, what Pfleeger
refers to as horizontal traceability [18]. Pfleeger also iden-
tifies vertical traceability as relationships between artifacts
in the same phase of the life-cycle.

Traceability is a form of documentation, as opposed to

an inherent part of the delivered system — it is possible
to deliver a working system without any explicit record of
traceability just as it is possible to deliver a system without
any documentation. Whether this is desirable is still open to
debate. While there is general agreement that using trace-
ability is useful for managing quality, there is evidence that
there can be significant costs involved [12]. Part of the mo-
tivation for our research is to investigate ways to maintain
traceability but at minimal cost. As discussed in the intro-
duction, our goal is to provide support for requirements to
design traceability at minimal cost to the designer.

Traceability is an important consideration in evaluation
of a design, as it can be used by evaluators to check whether
a given design in fact meets the specified requirements.
Specific reading techniques have been developed and val-
idated for evaluation using this approach, and involve both
vertical and horizontal traceability [24].

2.2. Use Cases

Ukase represents the functional requirements as a partic-
ular form of use cases, based on essential use cases (EUCs)
[6, 7]. Jacobson et al. define a use case in their 1992 book
as “a behaviorally related sequence of transactions in a dia-
logue with the system”[10]. A more recent definition for the
Rational Unified Process (RUP) and the Unified Modeling
Language (UML) 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”[9]. The general idea
of a use case is to represent intended sequences of interac-
tion between a system (even if not yet implemented) and the
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world outside that system.
Essential use cases were designed to avoid built-in as-

sumptions, often hidden or implicit, about the form of the
user interface expected by the RUP style use cases. The
term “essential” refers to essential models that “are intended
to capture the essence of problems through technology-free,
idealized, and abstract descriptions”[6]. Essential use cases
are documented in a format representing a dialogue between
the user and the system. This resembles a two-column for-
mat used by Wirfs-Brock [27].

Constantine and Lockwood give the examples shown in
Figure 1. The narrative in the use case on the left is for a
conventional use case, described in terms of actions and re-
sponses. The dialogue in the use case on the right is for an
essential use case, described in terms of user intentions and
system responsibilities. The steps of the essential use case
are more abstract, and permit a variety of concrete imple-
mentations. It is still easy to follow the dialogue, however,
and the essential use case is shorter. The important obser-
vation is that the set of system responsibilities from all es-
sential use cases represent the requirements of the system.

The essential use cases style is better suited to our pur-
poses because it makes it easy to determine what the func-
tionality of the system is, and the abstract nature of the steps
places fewer restrictions on the design process. There is,
however, no reason why DSR could not be applied with
other styles of use case.

2.3. Distribution of System Responsibilities

Distribution of System Responsibilities (DSR) is a tech-
nique to develop an object-oriented design from require-
ments expressed as use cases. DSR assumes the require-
ments describe a set of responsibilities that the system un-
der development must fulfil. An object-oriented design of
a system can also be thought of as sets of responsibilities
(each set belonging to a class) collaborating to meet the
system responsibilities. This is the view presented by the
Class-Responsibility-Collaborator (CRC) design technique
[1]. DSR essentially organises the CRC process to make
the decisions made about which responsibilities go in which
class explicit — these decisions are the traceability links
that Ukase records.

The starting point for DSR is to gather all of the system
responsibilities identified in the use cases together and treat
them as class responsibilities for a (potentially fairly large!)
class. If there were such a class that had such responsibil-
ities, then it would represent an object-oriented design (al-
beit not a very good one) that satisfied the requirements of
the system under development. There would only ever need
to be one instance of this “system” class, and so we refer to
this design as the system object.

The observation on which DSR is based is that, given an

object-oriented design (with more than one class), there has
to be a relationship between the system responsibilities and
the sets of class responsibilities in the design. This means
that the design process is about distributing the system re-
sponsibilities among the classes. DSR advocates thinking
of the design process as making decisions about how to do
the distribution. A consequence of following DSR is that
every decision about why a class has a particular respon-
sibility is explicitly tied to supporting a particular require-
ment (system responsibility). The relationship between the
class responsibility and the system responsibility is exactly
the horizontal traceability between requirements and de-
sign.

As well as relationships between the system responsi-
bilities and class relationships, there are also relationships
between class responsibilities. In order for one class to dis-
charge one of its responsibilities, it may make a request of,
or delegate part of that responsibility to, another class. Es-
tablishing that such delegation should take place can also
be thought of as distributing responsibilities, and so DSR
can be used to flesh out a complete design by specifying
inter-class relationships, or, vertical traceability. The inter-
mediate and final products of the DSR process are an object-
oriented design, typically presented as a set of CRC cards.

DSR is a conceptual model, or frame of reference for
thinking about design, or more particularly, the delegation
relationships between requirements and design. DSR does
not constrain the order of the design process, or restrict the
kinds of final designs that are produced. This means DSR
can accommodate design decisions that depend on the do-
main model, software architecture, the use of design pat-
terns, and/or frameworks. By viewing the design process as
the distribution of responsibilities latent in the requirements
of the system, DSR ensures that the information required to
capture traceability requirements is explicitly generated as
a natural side effect of the design process. Further details
are available elsewhere [2, 3].

Ukase supports DSR by first supporting the capture of
requirements as use cases, and then by supporting the pro-
cess of deciding how to distribute the system responsibili-
ties identified in the use cases among the classes that make
up the design. While the user only has to specify how the
distribution is to take place, Ukase captures each distribu-
tion decision, and so records the traceability relationships
without any extra cost to the user.

3. Ukase

Ukase is a web-based application. That is, one uses the
tool by using a web browser to go to a URL. It is imple-
mented as a Perl [25] CGI script [15], with the information
stored in a MySQL database [14]. It is highly accessible
(anywhere on the Internet), and may be used as groupware
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Figure 2. Entering the details of a use case in Ukase.

Figure 3. Some of the use cases for Sokoban.
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(multiple people can access a model simultaneously). It
is light-weight, that is, requires little effort to learn to use
effectively, and imposes few restrictions on how it can be
used.

We will use a running example to demonstrate the fea-
tures of Ukase. The example is the Sokoban game, which
we have used for a case study of DSR [3].

3.1. Supporting Use Cases

Ukase provides tool support for DSR, and so a significant
part of its functionality is management of use cases. Some
of this functionality has been discussed elsewhere [4], but
we summarise it here.

Ukase provides a mechanism for entering the details of
the essential use cases, and a mechanism for displaying the
results. The input is done using a HTML form laid out the
way that a use case would look in a report (see Figure 2).
As well as the steps of the interaction, users may specify pre
and post conditions, and there is also an area for notes and
comments.

As well as the name of the use case and its interactions,
Ukase also allows users to organise the use cases (by pack-
age, or by primary actor) and some basic support for incre-
mental development (priority). We are also experimenting
with other meta information to help with organisation (sta-
tus and order).

Ukase provides a variety of ways to organise use cases.
Developers will typically use the view shown in Figure 3,
and once development is complete, the resulting model is
available as a report. Use cases can also be listed in a variety
of ways (grouped by package, by actor, and so on).

Any use case model typically uses many terms partic-
ular to the application domain, which can make the intent
difficult to understand. Ukase provides a glossary, where
detailed explanations of such terms can be recorded. Some
of these terms are often concepts that would show up in
an analysis model, and so Ukase allows such terms to be
tagged as “candidate” classes.

3.2. Supporting Responsibilities

In order to support DSR, Ukase has to manage the re-
quirements at the level of responsibilities. This is done by
the requirements engineer following the convention of us-
ing “--” at the beginning of a line to indicate a responsi-
bility (see Figure 2). We chose to do it this way because it
provided a lightweight mechanism for specifying responsi-
bilities.

The responsibilities on the system side of a use case are
what are used to create the system object. Figure 4 shows
the system object for the requirements for the Sokoban sys-
tem. On the left are the system responsibilities that come

from the use cases, and on the right are links to the use cases
the responsibilities come from. Note that some responsibil-
ities may come from more than one use case.

Ukase represents a design essentially as a set of CRC
cards [1]. Each class in the design is represented as a card,
showing the class name, responsibilities, and collaborators
(other classes with which it cooperates). Figure 5 shows
one such “card” for the Level class. This is part of a web
page that lists all of the classes currently in the design (the
GameDescription class can be seen beginning at the bot-
tom of the figure). It provides controls (beside the class
name) for managing details of the class as a whole.

There are also controls for managing details of individ-
ual responsibilities. These operations include changing or
deleting responsibilities from a class, as well as distributing
responsibilities and tracing between responsibilities (see be-
low).

3.3. Supporting DSR

Ukase directly supports DSR by including mechanisms
for distributing responsibilities. This control (labelled
[Del] in figure 5) is used to allow the delegator class to
delegate part (or all) of the specified responsibility to an-
other class. Clicking the [Del] control produces a form
for specifying the responsibility to be delegated to, and the
class that responsibility belongs to (see the left side of Fig-
ure 6). If the other class already has the needed respon-
sibility (typically because of an earlier design step) an ex-
isting responsibility can be chosen (right side of Figure 6).
Whichever distribution choice is made, the traceability rela-
tionship between the delegating and delegatee responsibili-
ties is automatically recorded.

3.4. Supporting Traceability

The view of a class, in particular the view of a responsi-
bility within a class, shows what is currently known about
relationships between responsibilities. Immediately above
the controls for a responsibility is a summary of the rela-
tionships. For example, in Figure 5, for the LEV4 respon-
sibility, “From GC3. To LOC4, LOC9.” indicates
which responsibilities delegate to it (GC3 in this case), and
which it delegates to (LOC4 and LOC9). The labels are used
as short-hand for the responsibilities and are user-specified
(the number is automatically generated, but can be changed
by the user). The arrows (<== and ==>) show the details
of the relationships. Figure 7 shows the result of following
the ==> link for LEV4 in Figure 5. The user can navigate
through the design, following the chain of delegation for-
ward or backward to the originating use case.
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Figure 4. The System object for Sokoban

Figure 5. The Level class in a design for Sokoban.
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Figure 6. Two forms for delegating responsibilities to the Level class.

Figure 7. The responsibilities that LEV4 dele-
gates to.

3.5. Other support

As discussed in section 2, the design process consists of
making decisions about where to distribute responsibilities.
It is crucial that good support be provided to help with this
decision making process. Text analysis is a technique that
is advocated by many as a way to identify classes [5]. A
primitive, but surprisingly effective form of text analysis is
to compute a permuted index (also known as key word in
context) of the responsibilities. Figure 9 shows part of the
permuted index for all the responsibilities in the system ob-
ject for Sokoban. Each entry in the index links back to the
originating use case. Ukase can also show the permuted in-
dex for responsibilities in a specified class. The permuted
index can present the user with more information than can
be usefully managed, and so Ukase also provides a simple
“filter” facility, which shows only those responsibilities that
match the filter.

Ukase supports the design process by considering a de-

sign as a sequence of “iterations”. An iteration is whatever
the designer wants it to be, but the intent is that each iter-
ation is a more refined design than the previous iteration.
An iteration represents a checkpoint in the design process,
from which different design choices can be explored. The
first iteration is the system object.

4. Discussion

The first version of Ukase was in use about August 2000.
This version only provided management of use cases. This
aspect of Ukase been used in several research projects, a
commercial case study, and in several courses (final year
undergraduate and graduate). It has also undergone heuris-
tic evaluations [16] for usability, and the students in one
of the graduate courses critiqued its usefulness as part of a
course report. These evaluations confirm its usefulness, in
that it makes the development and management of use case
models much easier than doing so manually, and its usabil-
ity, in that it most of its functionality is easy to learn and
use.

The support for distribution of responsibilities has been
developed since August of 2001. This aspect of Ukase
has only been used by the authors, but has been used to
develop implementations for Sokoban (about 600 lines of
Java) as well as two other applications of about 3000 lines
of Java each (and 3000-4000 lines of Java generated from
JavaServer Pages files). This experience indicates that, al-
though the tool is still being developed, it does provide ef-
fective support for the design process.

Ukase supports both horizontal and vertical traceability.
Horizontal, because it links the use cases (requirements) to
the design, and vertical, because it shows the relationships
between different parts of the design. Having the ability to
quickly navigate around the relationships within the design
and back to the requirements gives confidence in the design
being developed.

We believe that Ukase could also prove useful in de-
sign evaluation using design reading techniques that have
already been developed [24]. Ukase would make these tech-
niques easier to apply by having many of the critical el-
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ements already identified and linked together. The web-
based nature of the tool also supports this by allowing eval-
uation using access available anywhere.

The main addition we are making to Ukase is to pro-
vide visual support for DSR. As with any other design tech-
nique, it is difficult to keep track of the current status of the
overall design. Much of the information needed to generate
UML diagrams such as sequence diagrams, collaboration
diagrams, and class diagrams is already available to Ukase.
We also want to use the development of such diagrams to
drive the design within Ukase. We already have a prototype
web-based tool for drawing sequence diagrams [11]. The
standard actions in that tool are to indicate that a message
is sent from one object to another — in many cases, this is
just specifying that delegation is to take place.

We have also been developing a new kind of diagram,
the delegation diagram. This shows the delegation relation-
ship between responsibilities (as opposed to relationships
between classes). This diagram provides a view of the de-
sign that shows the static aspects of a class diagram and the
dynamic aspects of a sequence diagram.

Figure 8 shows what a delegation diagram might look
like for one design resulting from using DSR to build a
Sokoban system. It shows classes as columns of as different
shapes (and colours), with each instance of a shape corre-
sponding to a responsibility in the class. The triangles on
the left hand side are the system responsibilities (actually,
responsibilities of the system object), GD identify responsi-
bilities for the GameDescription class, LEV for the Level
class, LOC for the Location class, SH for the Shelf class,
and DIR for the Direction class. The labels used to iden-
tify the responsibilities are the same as those used in Ukase
(see also Figures 4 and 5). Edges between two shapes in-
dicate that one responsibility is being (possibly partially)
delegated to another.

One can determine how a particular system responsibil-
ity is met by looking at the subgraph associated with that
system responsibility. For example, SO8 is the system re-
sponsibility “Set the current Level to its initial configura-
tion”. In this particular design, this responsibility is met
by asking a Level object to be created (LEV7). The Level
class meets this responsibility by asking (several) Loca-
tion objects to create themselves (LOC10), and also to re-
port whether they contain the worker (LOC11) or a shelf
(LOC5). In order for a Location object to create itself, it
has to ask a Shelf object to create itself (SH3).

One can also determine how a class responsibility is met.
For example, the responsibility of the Level class “Change
location of worker to specified location” (LEV4) is partially
met by the Location class responsibilities “Record that now
empty” (LOC4) and “Record that now contains worker”
(LOC9) (see also Figure 7). There are of course other ways
that these responsibilities could be met, which would result

Figure 8. A delegation diagram, showing how
the responsibilities are distributed in a design

in different delegation diagrams.
The simplest form of support Ukase could provide for

delegation diagrams is to generate them for a given design.
It could also allow the designer to use the diagram to navi-
gate the design. Further support would include allowing the
designer to use the diagram itself to specify the distribution
of responsibilities as a form of visual programming.

Other additions we want to consider include better sup-
port for iterative and incremental design, and version con-
trol. We also want to improve the reporting facility for such
things as impact analysis (“If this requirement is changed,
what parts of the design will be affected”) and quality
control (“Are all the requirements implemented?”, “Are
there parts of the design that don’t come from the require-
ments?”). While Ukase currently allows these questions to
be answered in principle, we would prefer directly support.

As with other design support tools, Ukase records
enough of the design that it could automatically generate
parts of the implementation. This is considered a long-term
goal.

The current Ukase implementation is proof-of-concept.
Aspects of it are somewhat crude (witness the “ascii ar-
rows”). There are also a number of places where hyperlinks
could be used to better advantage. It has also outgrown the
implementation technology, making the additions proposed
above difficult to do. There is a reimplementation effort
currently underway using JavaServer Pages[23]. The cur-
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Figure 9. Part of the permuted index for the system responsibilities for Sokoban

rent version of Ukase is being used for the design of the
new version. Once the new version is ready, we will carry
out usability studies.

5. Related Work

There has been much work on traceability, particularly
in the requirements engineering community. A number of
traceability models have been proposed emphasising dif-
ferent uses of traceability, typically with different sets of
objects that the models can describe, and different types
of links between the objects. This work is well charac-
terised by the work by Gotel and Finkelstein, who discuss
the issues involved in the “requirements traceability prob-
lem” [8], and that of Ramesh and Jarke, who summarise the
important variations in their work on a requirements trace-
ability reference model [20].

Work on requirements traceability has primarily been
concerned with capturing rationale for decisions made
about requirements. For example, REMAP is a concep-
tual model for capturing the deliberations involved on alter-
native requirements decisions [19], Gotel and Finkelstein
determine that traceability of artifacts that are used to de-
velop requirements [8] (so called “pre-RS” traceability) is
as important as traceability from requirements to the design
and implementation artifacts (“post-RS” traceability), and
Ramesh and Jarke’s reference model is largely motivated
by similar concerns. Many of the issues raised in these dis-
cussions do apply to the relationships between requirements
and design, but there has been little discussion of the issues
that apply specifically to these relationships.

Lindvall and Sandahl have been involved in a long-term
industry-scale commercial project studying the use of, ben-
efits of, and issues with post-RS traceability [12, 13]. Their
earlier work concludes that “traceability-focused develop-
ment will increase documentation clarity and focusing, thus
also providing benefits to earlier life-cycle phases”. Their
later work finds that, at least in the project they are study-
ing, that developers tend not to use documented traces, pre-
ferring to interview the relevant experts. We speculate that
this may be due to the fact that documentation is expensive
to produce, and difficult to keep up to date. Their study is
in an environment where the requirements are recorded as
use-cases, and so is very relevant to our work.

There are a number of products available that support
post-RS traceability. We believe that RequisitePro [22] is
representative of many of them. It also maintains the re-
quirements as use cases, but it uses the RUP-style use cases.
It allows the requirements engineer to identify relationships
between documents that are used to develop the require-
ments (such as the vision document) and the use cases. It
also can be integrated with other tools in the Rational family
such as Rational Rose [21], and relationships between the
requirements and the design can be manually established. It
can provide reports on the status of the relationships, allow-
ing quality questions to be answered.

In contrast to Ukase, establishment of the relationships
is done as an explicit separate step. That is, a decision is
made about (for example) a design choice, and the resulting
relationship is then recorded using RequisitePro separately.
The fact that it is a separate step means that it is possible
for the RequisitePro database to become inconsistent with
the true state of the design process. With Ukase, the rela-
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tionships are a direct byproduct of the design process, and
so there is never any inconsistency.

We are not the first to recommend focusing on respon-
sibilities for design. As mentioned above, responsibilities
play a key role in CRC [1], and Wirfs-Brock et al argue
that basing design on responsibilities improve encapsula-
tion [26]. What we have done with Ukase is to provide
explicit support for managing responsibilities.

As mentioned in the previous section, there is a clear
relationship between the responsibility “graph” created by
DSR, and UML sequence diagrams [17]. We speculate that
using a “responsibility mindset” when creating sequence di-
agrams may provide the same benefits we have seen with
Ukase.

6. Conclusions

In this paper, we have presented Ukase, a web-based tool
that supports traceability between the requirements, main-
tained as use cases, and an object-oriented design. Un-
like other requirements engineering and CASE tools, Ukase
maintains traceability between requirements and design au-
tomatically as part of its support for the Distribution of Sys-
tem Responsibilities design technique.

Our experience with Ukase so far suggests that it does
provide effective support for DSR and for traceability be-
tween requirements and design. It demonstrates that trace-
ability between requirements and design can be achieved
for almost no cost.
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