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Abstract. User Stories (US) are mostly used as basis for representing
requirements in agile development. Written in a direct manner, US fail
in producing a visual representation of the main system-to-be functions.
A Use-Case Diagram (UCD), on the other hand, intends to provide such
a view. Approaches that map US sets to a UCD have been proposed;
they however consider every US as a Use Case (UC). Nevertheless, a
valid UC should not be an atomic task or a sub-process but enclose an
entire scenario of the system use instead. A unified model of US tem-
plates to tag US sets was previously build. Within functional elements,
it notably distinguishes granularity levels. In this paper, we propose to
transform specific elements of a US set into a UCD using the granularity
information obtained through tagging. In practice, such a transforma-
tion involves continuous round-tripping between the US and UC views;
a CASE-tool supports this.
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1 Introduction

Following [3], User stories are short, simple descriptions of a feature told from the
perspective of the person who desires the new capability, usually a user or cus-
tomer of the system. [19] acknowledged that no unification is provided in User
Story (US) templates. Indeed, the general pattern relates a WHO, a WHAT and
possibly a WHY dimension (examples are provided in Sect.4), but in practice
different keywords are used to describe these dimensions (e.g. Mike Cohn’s As a
< typeof user >, I want < some goal > so that < somereason > [3]). Moreover,
in the literature, no semantics are ever associated to these keywords. This is why,
[19] conducted research to find the majority of templates used in practice, sort
them and associate semantics to each keyword. These semantics were derived from
several sources and frameworks (by order of importance [5,11,17,23]); some of
these are derived from Goal-Oriented Requirements Engineering (GORE, see [8]).
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After performing a redundancy analysis, a first selection of keywords with asso-
ciated semantics was performed. Then, applying them on large test sets led to a
sub-selection of keywords forming a unified model. In the end, most of the seman-
tics adopted for the remaining keywords were selected from the i* framework (i-
star [4,22,24]); this is due to the research design that favored adopting elements of
i* to higher the internal consistency of the unified US templates model (see [19]).
Note that it is not the i* framework that is fully rebuilt for tagging US since con-
cepts like the resource, the agent, etc. are not included in the unified model. The
capability, a concept non-existent in i*, has been included in the unified model
(see [19] and Sect. 3).

One may question the utility of such a model; why should US be “tagged”
to a certain template and not simply be expressed using the WHO/WHAT and
WHY pattern. The main advantage is that, if the tagging respects the semantics
associated to the concepts, it provides information about both the nature and
the granularity of the US element. Such information could possibly be used at
a further stage for software analysis: structuring the problem and its solution,
identifying missing requirements, etc. [9]. Visual GORE models were envisaged
for graphical representation in [20]; the paper showed that GORE models are
very well adapted for the purpose of US sets representation. Nevertheless, since
GORE models are not an industry adopted practice, we explore in this paper an
independent representation with the far more used Unified Modeling Language
(UML [12]), Use Case Model. An instance of the latter produces a Use Case
Diagram (UCD). A Use Case (UC) is a list of actions or event steps, typically
defining the interactions between a role and a system in order to achieve a goal.

Facing the definition of US and UC, we can notice that there is a possible mis-
match between the two concepts - the US can indeed include (very) fine-grained
elements and the UC should be a coarse-grained element describing the software
problem encompassing a set of fine-grained actions. When sorting is applied
within US elements, a transformation process can generate a UCD. This is why,
in this paper, we envisage the representation of problem domain coarse-
grained US elements as UC. To this end, we map the elements defined in the
UCM - i.e. the Actor, the UC and the relationships between use cases — with
the elements defined in the unified US template model of [19].

In practice it is sometimes discouraged to use US and UCD concurrently
because if not kept mutually up to date they can be inconsistent (see e.g. [6]).
We therefore propose keeping US sets and the UCD consistent by auto-updating
each change performed to one in the other through the use of a CASE-tool. They
are considered here as two complementary views. We identify three primary ben-
efits of our transformation approach: (1) a graphical high-level (coarse-grained)
representation of requirements through the UCD; (2) multi-dimensional struc-
turing of requirements and US dependencies at UCD level (not possible with US
Maps); (3) identification of missing requirements (not expressed in the current
US set) and the elimination of redundant US.
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2 Related Work and Positioning

The CASE-Tool Visual Paradigm [13] (VP) already proposes to transform US
into a UCD. In their approach, the actor expressed in the WHO dimension
becomes an actor of the UCD and the element in the WHAT dimension becomes
a UC without any selection based on granularity. The rule is simple - a US with
a WHAT element becomes a UC in the UC diagram. Nevertheless, UML points
to the use of UC as elements representing an entire process rather than fine-
grained (or atomic) elements as US can be. This does not mean that a US
cannot include elements adequately describing UC, but that a sorting process is
required in order to only include relevant elements as UC. The approach of VP
can thus be said to be “naive” because including elements not relevant as UC.
Structuring US is often performed using the User Story Mapping (USM)
technique (see [14]); the latter uses Story Maps which are difficult to maintain
and read. Building a UCD from a set of US could be compared to USM. In
our approach, we split a US in 2 or 3 dimensions and we use the graphical
representation of the UCD for relevant elements. Our aim is to obtain:

— an easy to read graphical representation of requirements. Story Maps remain
limited to post-its on a board or even on the ground;

— an advanced structuring of requirements where we can overview the dependen-
cies of coarse-grained elements to one another with the use of <<include>>
and << extend >> relationships. Fine-grained elements are not part of the
UCD but can be represented under the scope of particular UC for example
in workflows (UML activity diagrams or BPMN Diagrams, etc.). The latter is
outside the present scope;

— an identification of gaps in requirements and elimination of redundant US
elements from the graphical representation. By limiting the graphical UCD
representation to solely coarse-grained elements we can obtain a high-level
representation of the system-to-be. This allows to overview if, at an operational
level, all aspects required to solve the software problem have been taken into
account; if not they can be added to the US set. Similarly, elements appearing
to be redundant because appearing in several US of the US set can lead to
remove US from the set.

AgileModeling [2] emphasizes the usage of models for better understanding
of the system-to-be and argues that it is useful to produce at least some mod-
els including a UML UCD and class diagram for the very first iteration called
iteration zero. No transformation process is nevertheless provided.

3 Unified-Model of User Stories’ Descriptive Concepts

As evoked, [19] propose to build a unified model for designing US templates.
The overall approach is further structured in [20]; this structure is also valid for
the present research. Figure 1 represents the meta-model of US templates in the
form of a class diagram. The instance of one of these classes is a US element in
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itself from a concrete US. A US template can be designed taking an element from
the WHO, WHAT and possibly WHY dimensions. The link between the classes
conceptually represents the link from one dimension to the other. Specifically,
the unidirectional association from the Role to one of the Capability, Task or
Goal classes implies that the target class instantiates an element of the WHAT
dimension (always tagged as wants/wants to/needs/can/would like in the model).
Then, the unidirectional association from one of these classes instantiating the
WHAT dimension to one of the classes instantiating the WHY dimension (always
tagged as so that into the model) implies that the target class can instantiate
an element of the WHY dimension. The following is a US template supported
by our model: As a < Role>, I would like <Task> so that < Hard-goal>.

wants/wants to/needs/can/would like

1.n
Role ik Task 0.n
name : String K8 | hame : String so that

dimension : String = WHO dimension : Enum{WHAT,WHY} |g 0..n

\ 0.n
1.n 0... so that
" 0.n 0.n ZT

wants/wants t¢/needs/can/would like

Capability
name : String : Hard_Goal so that Soft_Goal
o.n dimension : String = WHAT dimension : Enum{WHAT,WHY} dimension : Enum{WHAT,WHY}
name : String o.n 0 name : String

Fig. 1. Unified model for user story descriptive concepts

Each concept is associated with a particular syntax (identical to the name of
the class in Fig. 1) and a semantic. Due to a lack of space we do not depict the
semantic associated to each of the concepts here; it can be found in [19,20].

For granularity evaluation for functional elements, a few more explanations
are required to distinguish the Hard-goal, Task and Capability elements.

The Hard-goal is the most abstract element; there is no defined way to attain
it and several ways could be followed in practice. It is indeed part of the problem
domain. The Task represents an operational way to attain a Hard-goal. It is
thus part of the solution domain. An example of a Hard-goal could be to Be
transported from Brussels to Paris; it can be the Hard-goal of a traveler but
there are several ways to attain this Hard-goal (by train, by car, etc.).

The Task and the Capability represent more concrete and operational ele-
ments but these two need to be distinguished. The Capability does in fact rep-
resent a Task but the Capability has more properties than the former since it
is expressed as a direct intention from a role. In order to avoid ambiguities in
interpretation, we point to the use of the Capability element only for an atomic
Task (i.e., a task that is not refined into other elements but is located at the
lowest level of hierarchy). A Task could then be Move from Brussels to Paris by
car and a Capability would be Sit in the car.
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4 Running Example

Our proposal will be illustrated using a running example about carpooling. Car-
pooling deals with sharing car journeys so that more than one person travels
within a car. In this context, it becomes increasingly important to save gas,
reduce traffic, save driving time and control pollution. ClubCar [15] is a multi-
channel application available as an Android application, SMS service and IVR
system. Users of ClubCar are riders and/or drivers that can register by SMS,
voice or through an Android app. Roughly speaking, the software allows drivers
to propose rides and submit their details with dates, times, sources and destina-
tions while riders can search for available rides.

As shown in Table1, we have taken a sample of the US of the ClubCar
application to illustrate the research developed in this paper. Some of these US
contain elements to be transformed in UC and elements that are not relevant
as UC (see Sect.5). The first column depicts the Dimension of US Descrip-
tive_Concept (D_C), the second column describes the element itself and the last
column provides the type of the D_C*.

Table 1. US sample of the ClubCar application development

Dimension | Element D_C Type

WHO As a DRIVER Role

WHAT I want to register to the service Task

WHY So that I can propose a ride to go from A | Hard-goal
to B

WHO As a DRIVER Role

WHAT I want to propose a ride from A to B Task
with the price location and time of
departure, and number of seats available

WHO As a DRIVER Role
WHAT I want to log in to the platform Capability
WHY So that I can register to the service Task
WHO As a RIDER Role
WHAT I want to be transported from A to B Hard-goal
WHO As a DRIVER Role
WHAT I want to confirm the proposal Capability
WHO As a DRIVER Role

WHAT I want the RIDER to be satisfied of my | Soft-goal

service

! Note that, when there were several possibilities, a choice ensuring the consistency of
the entire set has been made.
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5 User Stories Integration Through a Use-Case Diagram

5.1 The Role

A Role within a US can be forwarded to an Actor in the UCD. The UCD Actor is
indeed the only structure defined to represent the WHO dimension (see Fig. 2).

5.2 Hard-Goal, Task and Capability

Three functional elements — the Hard-goal, the Task and the Capability — can be
found in the unified model. The Capability is located on a fine level of granular-
ity and thus non relevant for inclusion in the UCD. The Hard-goal and the Task
elements are aimed to contain coarse-grained elements thus relevant for inclusion
as UC.

Hard-goal and Task elements can be distinguished by their nature (i.e. their
formulation) rather than by their grain level. Both are indeed intended to rep-
resent coarse-grained elements. The Hard-goal is the most abstract element and
the Task is its counterpart expressed in an operational manner. This means that
the Task represents a way of fulfilling the Hard-goal (entirely or parts of it); the
Task is thus the counterpart of the Hard-goal in the solution domain while the
Hard-goal belongs to the problem domain.

In line with UML, the use case does not necessarily explicit HOW the problem
should be solved (this can be documented within on a workflow containing fine-
grained elements) but rather WHAT should be achieved. US elements tagged
as Hard-goals should thus necessarily be represented as use cases since
they depict WHAT problem should be solved. The tricky question is then to deter-
mine if Task elements must also be represented as UC. Since Tasks are part of
the solution domain, if they are represented as UC they should be linked to the
Hard-goals they furnish part of a solution to; this means that we can make their
relationship explicit. This is something useful when different US elements repre-
sented as Hard-goals make use of the same US elements represented as Tasks. It
indeed allows to show that some behavior can be reused in several situations. This
is what <<include >> and << extend >> dependency relationships are intended
to model in a UCD. We can then link the UC corresponding to a Hard-goal ele-
ment with the one corresponding to a Task element using an <<include >> and
<< extend >> dependency in function of the particular situation. If no behav-
ior is recycled, we do not point to the representation of the US element tagged as
Task in the UCD because this would lead to several UC that do not need to be
externalized (leading to lots of <<include >> and << extend>> dependencies)
and are only sub-processes of the UC. Moreover, we want to make clear that we
do not point to use these dependencies to depict means-end relationships between
Hard-goals and Tasks. We point to keep the UCD as simple as possible and leave
the description of solutions to the Hard-goal in other views (e.g. workflows). In a
phrase, only decompositions of Hard-goals in Tasks where the Tasks are used in
multiple Hard-goals are represented as UC in the UCD.
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There is thus no universal answer to the representation of US elements tagged
as Tasks in the UCD; as evoked it may be interesting to highlight the reuse
of more special behavior but some Tasks are just subprocesses of the Hard-
goal elements and should then not be represented as UC. These need to be
documented for example in workflows depicting the realization scenario(s) of
the Hard-goal (thus UC).

Let’s finally note that UC transformed from Hard-goal elements can also
be linked with other UC transformed from Hard-goal elements through an
<< include >> relationship. In our context this shows that some Hard-goals
are possibly needed for the realization of other Hard-goals. We do not consider
<< extend>> relationships among Hard-goals because such elements do have a
possible stand-alone realization.

Concretely, in Fig. 2, the Task is linked with the UC representing the Hard-
goal with an << include >> dependency relationship from the Hard-goal to
the Task. This is illustrated in the left side of Fig.2 in a canonical form and
instantiated on the Carpooling example in the right side of the same figure.

Representing both elements in the UCD is thus in some cases a way of explic-
itly linking the problem and solution domains where system behavior can be
recycled in multiple use cases (thus Hard-goals).

5.3 The Soft-Goal

A Soft-goal is a condition or state of affairs in the world that the actor would
like to achieve [22]. For a Soft-goal there are no clear-cut criteria for whether
the condition is achieved; it cannot be represented as such into an element of a
standard UCD. In a standard UML UCD there is no element for the representa-
tion of softgoals but a refinement of the UCD is included in the Rational Unified
Process (RUP, see [7]) and known as the RUP/UML Business Use Case Model
(see [16]). A representation in the UCD would allow us to trace which functional
requirement (in the form of a Hard-goal or a Task) supports the realization of a
Soft-goal. [21] suggests to map the Soft-goal with the RUP/UML Goal because
a semantic analysis of both definitions concludes that those represent the same
type (or at least closely related) elements. This solution is relevant for us since it
allows a graphical representation of Soft-goals in the UCD as well as a potential
support analysis (by highlighting which UC contributes to the satisfaction of the
represented Soft-goal). Consequently and even though it is not standard UML,
we map the Soft-goal elements from the US set to the graphical representation
of the business Goal element. As shown in Fig. 2, we can have:

— The Soft-goal in the WHAT dimension. Then, in the UCD, we immediately
relate the Actor (Role in the US WHO dimension) to a Business Goal (Soft-
goal in the US WHAT dimension) and a simple link is used;

— The Soft-goal in the WHY dimension. Then, in the UCD, if the element in
the WHAT dimension leads to a UC (Hard-goal or a Task in the US), it can
be linked to the Business Goal (Soft-goal in the US WHAT dimension) using
a << support >> dependency relationship. This link visually expresses that
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Fig. 2. Use case diagram: Canonical Form and Carpooling Example

the functional element contributes to the realization of the Soft-goal within
the software implementation.

6 Automating the Approach and Round-Tripping
Between Views

In order to support the approach, we have built an add-on to the cloud version
of the Descartes Architect CASE-Tool [1] that, for the present purpose, allows
multiple views:

— the User Story View (USV) to edit US through virtual US cards. Each US
element in a dimension must be tagged with a concept of the unified model;

— the Use-Case View (UCV) to edit a UCD. The UCD is automatically trans-
formed from the US set defined in the USV. When changes are made to UC or
Actors in the UCV, the corresponding elements are automatically updated in
the USV and vice-versa. These indeed are the same logical element represented
in multiple views;

— the Class, Sequence and Activity Diagram Views (outside the scope of this

paper).

The CASE-Tool immediately build elements in the UCV, when elements are
built in the USV following the rules given in this paper and summarized in
Table 2.

The editing process is continuous over the requirements analysis stage and
over the entire project life cycle. In practice, US elements are re-tagged several
times when they analyzed and structured. Consistency among views is ensured
by separating the conceptual element in the CASE-tool memory from its repre-
sentation in a view (Fig. 3).
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Table 2. Mapping a US set with the UCD

US Set Element | UCD Element

Role Actor

Hard-goal Use Case; several Use Cases transformed from Hard-goals can be
linked through <<include>> dependencies

Task (Possible) Use Case; the Use Case transformed form a Task

should be linked through <<include>> or <<extend>>
dependencies with Use Cases transformed from Hard-goals

Capability No possible transformation
Soft-goal RUP/UML Business Goal

[ P

(a) User Story View (b) Use-Case View (c) Class Diagram View

Fig. 3. The supporting CASE-Tool.

7 Impact on Produced Software: Future Work

Two types of impacts will be evaluated in future work:

— What is the impact on the software design of using our approach versus using
another one? Since we aim to transform coarse-grained US elements in UC,
the produced UC are likely to become the scope elements for which realization
scenarios will be build. Also, sets of US are expressed in a fined-grained way
only or parts of the requirements are not expressed. In order to fill the gap,
one or more UC can then be added; US are then automatically generated
accordingly. Fine-grained elements can also be omitted from the US set and
be identified through the approach. Finally, identifying and representing soft-
goals in the UCD may lead to better take them into account in the design.
These aspects need further investigation;

— What will be the variability in the UCD produced from the same US set by
different modelers? Various modelers applying the transformation will not
produce exactly the same model. They are indeed likely to interpret elements
differently and consequently tag them differently. Analysis activities occurring
after the initial transformation often lead to reconsider some of the associated
tags (granularity of US elements is thus not set once and for all but refined
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through the requirements elicitation). This variability needs to be studied and
evaluated.

8 Validity and Threats to the Validity: Future Work

As already evoked, the prerequisite to the use of our approach is to tag the US
when setting them up. In terms of time, the investment for disposing of first
input models is limited to the tagging and encoding in the CASE-tool. A few
threats to the validity will also be highlighted; these should be clarified in later
validation of the work:

— The accuracy in US tags. [18] studies the perception of US elements’ granular-
ity using the unified model. The study distinguished different groups of users
from students to software development professionals. The models produced
by experienced modelers where more accurate, but identifying granularity did
not lead to major issues in any group with the condition that the set of US
was taken as a consistent whole. A new experiment with the UML UCD will
be performed;

— The accuracy of the UCD with respect to the system-to-be. In order to asses
the validity of the UCD, we will proceed to the following experience. At first,
subjects (part of 3 groups: researchers, students and business analysts) will
be informed about a case and asked to carefully read and tag a set of US.
Secondly, these same subjects will be asked to rank their perceived relevancy
of 3 UCD: (UCD1) generated from their own US set tagging (from the first
part); (UCD2) generated from an internally validated solution; and (UCD3)
randomly generated out of the US set. The perceived relevancy of the UCD
will then be evaluated by the subjects.

Future work also includes the application of the full validation of the tech-
nique on real-life projects. We will notably proceed to a statistical analysis of
the stakeholders perception of the relevancy of the UC model for a project they
have worked on in the past. Moreover, they will be interviewed about the value
of a consistent UCD complimentary to the US sets. Finally, the application of
the technique on large sets of US will allow us to precisely determine the contri-
bution of the method in terms of scalability. Other metrics for the evaluation of
UCD will also be envisaged in line with quality elements for US defined by [10].

9 Conclusion

Agile methods use very simple requirements descriptions in the form of US. These
are easy to read but difficult to structure leading to the need of visual require-
ments representations to sort them, understand the system-to-be, dialogue with
stakeholders, etc. We have consequently suggested to structure coarse-grained
elements found in US sets in a UML UCD. The UCD view is aimed to remain
consistent with the set of US, encompassing changing requirements to furnish
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the possibility of UC driven development in methods where US sets are the
firstly expressed requirement artifact. This work is complementary to previous
work focusing on the representation of US sets with GORE models; further
work includes the evaluation of the benefits of the integrated use of the UCD
and GORE views.
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