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Abstract In this paper, we present an ap-
proach for the generation of test scenarios
from use cases. Test scenarios can be used
to validate use cases. They also constitute
a step toward complete test cases. We focus
on use cases described in a restricted form of
natural language. Test scenario generation
proceeds in three steps. We start by extract-
ing a control flow graph from use cases, then
we extract path sequences from the control
flow graph and finally, we derive test sce-
narios based on these path sequences. The
approach is an extension of the UCEd ap-
proach for use cases based requirements en-
gineering.
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1 Introduction

Use cases describe interactions involving sys-
tems and their environments. A use case is the
specification of a sequence of actions, including
variants, that a system can perform, interact-
ing with actors of the system [4]. Use cases
have become one of the favorite approaches
for requirements capture. In our previous
work [7, 8], we developed an approach for use
cases based requirements elaboration. This ap-
proach is supported by a tool called Use Case
Editor (UCEd) that allows use cases capture
and use cases validation based on simulation.
In [9], we introduced scenarios to allow re-
peatability of simulation sessions. A scenario
describes an execution sequence of a system

with input/output events as well as assertions.
This paper presents a further extension of our
approach with automated generation of scenar-
ios. One of our objective is to allow automated
validation of use cases based requirements. An-
other objective is to use generated scenarios as
a basis for test cases development.

This paper is organized as follow. The next
section introduces the UCEd approach as well
as use cases and scenarios. Section 3 presents
our approach for the automated generation of
scenario. In Section 4 we discuss some related
work and finally, section 5 concludes the paper
and presents our ongoing and future work.

2 Background

Figure 1 describes our requirements engineer-
ing process. It is supported by the UCEd tool.
Requirements are captured as use cases from
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Figure 1: Use cases based requirements engi-
neering process.

which we automatically generate executable
state machines using a domain model [7]. The
generated state machines are used as proto-



types for requirements validation by simulation
[8]. Scenarios are used to automate the simu-
lation process [9].

2.1 Use Cases

A use case model consists of use cases, ac-
tors and relationships. A use case diagram is
a graphical depiction of a use case model. It
shows use case names, actors, relationships be-
tween actors and use cases, and relationships
between use cases. A relationship between an
actor and a use case captures the fact that
the actor participates in the use case. Rela-
tionships between use cases include the include
and extend relationships. The include relation-
ship denotes the inclusion of a use case as a
sub-process of another use case (the base use
case). The extend relationship, denotes an ex-
tension of a use case as addition of “chunks”
of behaviors defined in an extension use case.
These chunks of behaviors are included at spe-
cific places in a base use case called extension
points. Figure 2 shows an example of use case
diagram. The system under consideration is a
Patient Monitoring System (PM System).
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Figure 2: Example of Use Case diagram for a
PM System.

Each use case in a use case diagram describes
sequences of interactions between the system
and its actors. In a previous work [7], we de-
fined an abstract syntax and a concrete syn-

tax for use case description. The abstract syn-
tax is based on Cockburn’s template [2] and a
restricted form of natural language is used as
concrete syntax. Figures 3 and 4 show exam-
ples of use case description using our syntax.

Title: Log in
Precondition: System is ON

1: User inserts a Card in the card slot
Extension Point: card inserted

Steps:

2: System asks for Personal Identification
Number (PIN)

3: User types PIN
Extension Point: pin entered

4: System validates User identification

5: System displays a welcome message to
User

6: System ejects Card

Alternatives: 1la: Card is not regular

lal: System emits alarm
la2: System ejects Card

4a: User identification is invalid AND User
number of attempts is less than 4

4al GOTO Step 2

4b: User identification is invalid AND User
number of attempts is equal to 4

4b1: System emits alarm
4b2: System ejects Card

Postcondition: User is logged in

Figure 3: Use case describing a login procedure
in a Patient Monitoring System.

Title: Log in secure

Parts: pl At extension point card inserted
1pl: System logs transaction
p2 At extension point pin entered

1p2: System logs transaction

Figure 4: Extension use case.

The use case is Figure 3 is a normal use case
while the use case in Figure 4 is an extension
use case.

Each normal use case includes a primary




scenario (or main course of events) and 0 or
more secondary scenarios that are alternative
courses of events to the primary scenario [6].
The primary scenario is described in the sec-
tion titled Steps while the secondary scenarios
consist of interactions in the primary scenario
followed by behaviors defined in the section ti-
tled Alternatives.

Formally, we define a normal use case as
a tuple [Title, Precondition, Steps, Postcondi-
tion] with: Title a label that uniquely identi-
fies the use case, Precondition a condition that
must be true before an instance of the use case
can be executed, Steps a sequence of steps, and
Postcondition a condition that must be true at
the end of the normal execution of an instance
of the use case. FEach step in Steps is a tu-
ple [SCond, Oper, Alt, ExPoint] with SCond a
condition, Oper a use case operation, Alt a set
of alternatives starting at this point and FEz-
Point a possibly null extension point. The con-
dition SCond if present, is an additional condi-
tion that must hold for the step to be possible.
A step can have one or more alternatives spec-
ifying exceptional behaviors that are possible
following the step. The set of use case opera-
tions includes triggers (actors actions), system
reactions, branching statements (GOTO) and
use case inclusion statements.

Formally an alternative is a tuple [AltCond,
AltSteps] with AltCond a condition that must
be true for the alternative to be possible, and
AltSteps a sequence of alternative steps.

An extension use case includes one or more
parts that are to be inserted at specific exten-
sion points in a base use case. An extension use
case is a tuple [T'itle, Parts| with: Title as de-
fined previously and Parts a set of parts. Each
part is a tuple [EztPoint, Steps] with ExtPoint
a reference to an extension point (defined in
the UML specification) and Steps a sequence of
steps. Extension points are defined in the use
case diagram and each extension point refers
to a step in a base use case. As an example,
use case Log in secure shown in Figure 4 is an
extension of use case Log in (a base use case)
such that any information provided by a user
logging in is recorded.

The use case diagram specifies the extend
relations between extension use cases and base
use cases. Formally an extend relation be-
tween a base use case U(Cbase and an exten-
sion use case UCezt is a tuple [UCbase, UCext,
EztCond, ExtPoints| where ExtCond is an ez-
tend condition under which the extension can
take place, and FxtPoints are a set of exten-
sion points referred to in the extension use case.
For instance, the relation between use case Log
in and use case Log in secure formally corre-
sponds to tuple [Log in, Log in secure, “System
security is high”, {card inserted, pin entered}].

2.2 Scenarios

A scenario is a sequence of triggers, system re-
actions, guard realizations and assertions. We
define a guard realization as a condition set to
hold at a certain point in a scenario, and an
assertion as a condition that needs to be true
at a certain point in a scenario. Figure 5 shows
a scenario related to the PMSystem.

Scenario: successful login high security

1. Assertion:System is ON

2. Trigger: User inserts a Card in the
card slot

Guard: Security is high

Reaction:log transaction

Guard: Card is regular

Reaction:asks for Personal
Identification Number

7. Trigger: User types PIN

8. Guard: Security is high

9. Reaction:log transaction

10. Reaction:validate User identification

11. Guard: User identification is valid

12. Reaction:displays a welcome message

to User
13. Reaction:eject Card
14. Assertion:User is logged in

o T W

Figure 5: Example of scenario in the PMSys-
tem.

Scenarios are used as input for simulation.
An assertion must be valid according to the
system’s state when evaluated, triggers are
provided as input events to the system, reac-
tions specify operations that need to be pro-
duced by the system and guards are conditions



that must be enabled for a scenario to proceed.
A scenario execution fails when an assertion is
not verified or the system doesn’t produce a
specified reaction.

3 Automated generation of
scenarios

In this paper, we extend UCEd simulation ca-
pabilities with automated generation of scenar-
10s. One objective is automatic validation of
use case based requirements. Given a use case,
scenario generation is performed in the follow-
ing three steps: We start by generating a use
case control flow graph from the use case, then
we extract path sequences from the control flow
graph, and finally we generate scenarios from
path sequences.

3.1 Use Case Control Flow Graph

Figure 6 shows a Use Case Control Flow Graph
(UCCFG) corresponding to use case Log in
augmented with extension use case Log in se-
cure. A UCCFG is a abstract representation
of a use case. It is a directed graph with a
root node corresponding to the beginning of
the use case. The graph might include one
or more leaf nodes corresponding to the use
case ending. For instance node 0 is the root
node in Figure 6. The UCCFG includes three
leaves corresponding to the end of the use case
primary scenario (node 12) and secondary sce-
narios (nodes 15 and 19).

Control flow graphs are obtained from pars-
ing use cases [7, 8]. The parsing process con-
siders <<include>> and <<eztends>> relations.
For instance, the UCCFG in Figure 6 consid-
ers the extend relation between extension use
case Log in secure and use case Log in. cl is
the extend condition “System security is high”.
The control flow graph incorporates behaviors
defined by use case Log in secure under condi-
tion c¢I. Similarly the control flow graph of an
included use case would be integrated to the
including use case control flow graph.
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Figure 6: Use Case Control Flow Graph corre-
sponding to use case “Log in” extended by use
case “Log in secure”. Edges are labeled accord-
ing to their corresponding trigger, reaction or
condition in the use case.



Table 1: Path sequences extracted from the UCCFG in Figure 6

Path Type

1 051 noﬁfl) 319139 14915 alternative path

2 lob19 2™ g3t 14195 alternative path

3 |0 1 gmetfaly 2 5 3 g mollel) o 4 g mollaldb) 4 B gy 61 ain path

4 (1)2—1> 1S g3l g 25 3 g g2 g 4 g molllalhh) 4o 5 in path
11 %12

5 |0h1 Sl gy 2 58 gl qlezg 4 g8 g7 194 19 | liernative path
0 L 1 ") g meflQa) 4 2 5 3, gmotlel) g 4 g 48 47 400 g 402 4 alternative path

7 0L 1" gnotlie) 4 25 3 e melel) o 4 g g 16 2 5 36 MOHED | in path
8 A o mo1ak) 14 5 11 6 19

8 (051 253 gl lp2g 4 g% 962 53 6k | ain path
718 g 4 o moMIAI) g 5 gy 6 g9

9 |01 gnote) g 2 g 3 g meleh) g 4 g 49 46 2 5 3 6D | ative path
84 gM 17118189

10 |05 1o gmia, 253 gelpm2g 4 4996253 6| jiernative path
7P gt g% 74 1819 g

3.2 Path sequences generation

A path sequence is a sequence of nodes and

edges ng ey ny--- % n; starting from the root
of a use case control flow graph. We define a
complete path sequence as one that ends in a
leaf node. Path sequences are generated by a
depth first traversal of a use case control flow
graph. Figure 7 shows the basic traversal algo-
rithm. Path sequences are generated according
to a repetition limit /, such that a node does not
appear in a path more than ! times. Table 1
shows the path sequences generated from the
UCCFG in Figure 6, with repetition limit 2.
Notice that some paths are prevented because
of conditions. For instance a path with condi-
tion ¢! true can not be such that ¢ is subse-
quently false because extend conditions are set
for a whole use case execution according to use
cases semantics.

3.3 Scenario inference from path se-
quences

Scenarios are generated from a selection of
path sequences according to a given coverage
objective. We distinguish the following three
coverage objectives.

e All-nodes coverage achieved with a set of
complete path sequences such that each
node in the UCCFG appears at least once.
For instance, the set of paths {2, 4, 5, 8}
satisfies all-nodes coverage.

All-edges coverage achieved with a set of
complete path sequences such that each
edge in the UCCFG appears at least once.
For instance, the set of paths {1, 4, 6, 7}
satisfies all-edges coverage.

All-complete-paths with repetition limit n
coverage. For instance all paths in Table
1 are needed to satisfy all-complete-paths
with repetition limit 2 coverage.

Selected paths are directly mapped to scenarios
according to the following.



Generate_path_sequences(g: UCCFG,!: in-
teger) returns a set of path sequences

Al. Allpaths = 0, path = 0, let R be graph g
root node

A2. Traverse(R,l, path, Allpaths)
A3. return Allpaths

Traverse(n: node, l: integer, p: path, All:
set of paths)

B1. IF n is a leaf node, All = AllU {p}
B2. FOR EACH edge n % n; starting from n

B2.1. IF n; doesn’t appear in p at least [ times
B2.1.1. p=pSn;
B2.1.2. Traverse(n;, /, p, All)

Figure 7: Path sequence generation algorithm.

1. Each scenario starts with an assertion cor-
responding to the use case pre-condition.

2. Each trigger, system reaction or condi-
tion in a path sequence corresponds re-
spectively to a trigger, system reaction or
guard realization in the resulting scenario.

3. A scenario for an alternative path is com-
pleted with an assertion corresponding
to the negation of the use case post-
condition.

4. A scenario for a main course path is com-
pleted with an assertion corresponding to
the use case post-condition.

The scenario in Figure 5 is obtained from the
main path sequence 8. Generated scenarios are
used in our use cases based requirements en-
gineering approach to automate specification
simulation and validation.

3.4 From scenario to test cases

Scenarios can be used as basis for test cases
construction. For instance the partial test case
in Figure 8 is obtained from the scenario in
Figure 5. A partial test case is created by pro-
viding a setup such that the initial assertion

Test setup: System is ON, Security is high,
Card is regular, User identification is
valid

Test sequence

Input: insert Card

Expected Output: log transac-
tion, asks for Personal Identifica-
tion Number

Input: type PIN

Expected Output: log transaction,
validate User identification, display
welcome message, eject Card

Expected end outcome: User is logged in

Figure 8: Partial test case corresponding to the
scenario in Figure 5.

as well as all guards are verified. Inputs corre-
spond to trigger events. Expected outputs cor-
respond to system reactions and the test case
final expected end outcome corresponds to the
last assertion of the scenario. Prior to execu-
tion, partial test cases need to be completed by
providing concrete values for the setup. As an
example, a complete test case corresponding to
the partial test case in Figure 8 would specify
a concrete Card and corresponding PIN.

4 Related work

In [5], Ryser and Glinz propose a method for
Scenario-Based Validation and Test of Soft-
ware (SCENT). In this approach, use cases
are first formalized into state machines. These
state machines are then annotated with infor-
mation such as pre-conditions, data and non-
functional requirements. Finally test cases
are generated by path traversal of the state
machines. The SCENT approach introduces
dependency charts to capture dependencies
among use cases and generate system wide test
cases. Another approach where use cases are
transformed to state machines and then test
cases are generated from these state machines



is presented in [3]. In this approach, test case
generation is seen as a planning problem and a
planning tool is used for test generation from
state machines. In [1], Briand and Labiche
present a methodology for system testing based
on UML models such as use case models, in-
teraction diagrams, class diagrams, and OCL.
Use cases are refined as UML interaction dia-
grams and UML activity diagrams are used to
capture use case sequential dependencies.

A key difference between our approach and
the above approaches is that we propose au-
tomated generation of test scenarios from the
original use cases in text form. In [5, 3] state
machines are first derived from use cases while
in [1], scenarios represented as UML interac-
tion diagrams need to be derived from the use
cases. The derivation of state machines or
interaction diagrams from use cases involves
some design decision. Our objective is to de-
rive system level tests as much as possible from
requirements models. In fact, a primary goal is
to test state machines derived from use cases.

5 Conclusions

In this paper, we presented an approach for
the generation of test scenarios from use cases.
Our primary objective is to automatically pro-
duce test scenarios for the validation of state
machines derived from use cases [9]. Test sce-
narios produced can also be used as a basis for
the production of complete test cases by pro-
viding details such as concrete data values. We
use three basic coverage criteria for test sce-
nario generation. We are exploring other cov-
erage criteria and looking for ways to automate
scenario selection based on these criteria.

A limitation of the current approach is that
we only generate positive scenarios. While pos-
itive scenarios give a good indication on how
well an implementation conforms to require-
ments, negative scenarios may be needed to
check constraints violation [9]. We are look-
ing for a way to enhance our approach with
negative scenarios generation. Another of our
current work involves test cases finalization.
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