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Abstract. Testing is one of the most important activities to ensure the
quality of a software system. This paper proposes and discusses the TSL
(Test Specification Language) that adopts a model-based testing app-
roach for both human-readable and computer-executable specifications
of test cases. TSL is strongly inspired on the grammar, nomenclature
and writing style as defined by the RSLingo RSL, which is a rigorous
requirements specification language. Both RSL and TSL are controlled
natural languages that share common concepts such as data entities, use
cases and state machines. However, by applying black-box functional
testing design techniques, TSL includes and supports four complemen-
tary testing strategies, namely: domain analysis testing; use case tests;
state machine testing; and acceptance criteria. This paper focuses on the
first three testing strategies of TSL. Finally, a simple but effective case
study illustrates the overall approach and supports the discussion.
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1 Introduction

One of the most important activities to increase the quality of software systems
is software testing. It is known that up to 50% of the total development costs
are related to testing [3] and that about 30 to 60% of the total effort within a
project is spent on testing [7].

Model-based testing (MBT) is one technique that systematizes and auto-
mates more of the testing process [11,18,27,35–38,42]. Test cases are generated
from a model of a given Software System. These models or specifications vary in
nature: they can be more or less abstract and represented textually [12] and/or
graphically [10]; they can describe the functionalities and other qualities or goals
[16] of the system. However, often these models do not exist, which demand they
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have to be developed from scratch; or, if they exist, they are described in a very
informal way, which does not allow to derivate automatically test cases from
it. Also, write system and acceptance tests manually is ineffective since tests
are hard to write and costly to maintain. Hence, the existence of requirements
specification, defined with controlled natural languages, may enable the deriva-
tion of test cases directly from such specifications. So, leveraging domain specific
languages (DSLs) for functional testing can provide several benefits. For exam-
ple, Robin Buuren recognizes in his work “Domain-Specific Language Testing
Framework” three major quality aspects [2]: (i) Effectiveness, because it reduces
the time of test development, since tests can be generated from a model; (ii)
Usability, because it is easier to produce such test specification, considering the
support provided by the work environment; and (iii) Correctness, because it
makes system tests clearer by giving testers programmatic and strictly defined
rules, leading to fewer errors.

This research proposes and discusses the TSL (Test Specification Language)
that adopts a model-based testing approach for both human-readable and
computer-executable specification of test cases. TSL is strongly inspired on the
grammar, nomenclature and writing style as defined by the RSLingo RSL, which
is a rigorous requirements specification language [24,25]. TSL applies black-box
functional testing design techniques and includes and supports four complemen-
tary testing strategies, namely, (i) domain analysis testing: a testing strategy that
uses techniques such as equivalence partitioning and boundary value analysis for
the definition of structural data values; (ii) use case tests: a testing strategy that
defines tests based on the scenarios defined for each use case; (iii) state machine
testing: a testing strategy that traverses the state machine expressed in RSL
according to different coverage criteria, e.g., cover all states; and (iv) acceptance
criteria: a more general testing strategy based on the BDD (Behavior Driven
Development) approach and very popular with user stories. This paper focus on
the first three testing strategies.

To illustrate the overall TSL approach we use a fictitious information sys-
tem (the “BillingSystem”) that is partially described as a variety of informal
requirements. That description is to some extent deliberately incomplete, vague
and inconsistent as it is common in real-world situations. From that description,
RSL requirements are defined and afterwards some TSL tests are derived and/or
manually defined. The TSL definition of test cases for data entities, use cases
and state machines and the corresponding generated Gherkin specifications are
presented.

This paper updates and extends the one presented in [32] that introduced the
general idea and architecture of the TSL language. This paper restructures that
former paper describing first the overall approach in a more general way, and then
further presenting and discussing the language based on an illustrative exam-
ple. Furthermore this paper describes in more detail the constructs Data Enti-
ties, Use Cases and State Machines, and originally discusses the respective test
strategies, namely the domain analysis testing (based on the construct DataEn-
tityTestCase); use case testing (based on the construct UseCaseTestCase); and
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state machine testing (based on the construct StateMachineTestCase). Finally,
this paper also adds the description of the TSL for specifying tests based on use
cases and it extends the illustrative case study with TSL test cases based on
use cases, and so, showing the strong relation between these three constructs at
both requirement and testing levels.

This paper is organized in 6 sections. Section 2 introduces and overviews the
RSL language, by introducing its bi-dimensional multi-view architecture, based
on abstraction levels and concerns. Section 3 gives a very short introduction to
the concepts of Cucumber and Gherkin. Section 4 presents and discusses the
TSL constructs and views, namely tests based on data entities use cases and
state machines. Section 5 presents a case study to illustrate the overall approach.
Finally, Sect. 6 presents the conclusion and identifies issues for future work.

2 RSL Overview

It is known that natural language, although the most used notation in the
requirements documents, it is prone to produce ambiguities and inconsisten-
cies that are difficult to validate or transform automatically [9,19]. RSLingo is a
long-term research initiative that proposed an approach to use simplified natural
language processing techniques as well as human-driven techniques for capturing
relevant information from ad-hoc natural language requirements specifications
and then applying lightweight parsing techniques to extract domain knowledge
encoded within them [4]. This was achieved through the use of two original lan-
guages: the RSL-PL (Pattern Language) [5], designed for encoding RE-specific
linguistic patterns, and RSL-IL (Intermediate Language), a domain specific lan-
guage designed to address RE concerns [6]. Based on these two languages and the
mapping between them, it is possible to extract, analyze and convert the initial
written knowledge in natural language into a more structured format, reducing
its original ambiguity and creating a more rigorous SRS (System Requirements
Specification) document [23,28].

Based on the former languages [5,6,14,15,17,18,21,22,29,30], Silva et
al. designed, more recently, a broader and more consistent language, called
“RSLingo’s RSL” (or just “RSL” for the sake of brevity). RSL is a control
natural language to help the production of SRSs in a systematic, rigorous and
consistent way [24,25]. RSL is a process- and tool-independent language, i.e.,
it can be used and adapted by different users and organizations with different
processes/methodologies and supported by multiple types of software tools.

RSL provides several constructs that are logically arranged into views accord-
ing to two viewpoints: the abstraction level (Levels) and the specific RE concerns
(Concerns) they address. These views are organized according to two abstraction
levels: business and system levels; and to five concerns: context, active structure,
behavior, passive structure and requirements (Fig. 1).

At the business level, RSL supports the specification of the following business-
related concerns: (1) the people and organizations that can influence or will be
affected by the system; (2) business processes, events, and flows that might help
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Fig. 1. RSL levels and concerns [24,25,32].

to describe the business behavior; (3) the common terms used in that busi-
ness domain; and (4) the general business goals of stakeholders regarding the
value that the business as well the system will bring. Considering these con-
cerns, RSL business level comprises respectively the following views: Stakeholders
(active structure concern), BusinessProcesses (behavior concern), Glossary (pas-
sive structure concern), and BusinessGoals (requirements concern). In addition,
the references to the systems used by the business, as well as their relationships,
can also be defined at this level (context concern).

On the other hand, at the system level, RSL supports the specification of
multiple RE specific concerns, namely by the adoption of the following con-
structs: (1) to describe the actors that interact with the system; (2) to describe
the behavior of some system’s data entities, namely based on state machines; (3)
to describe the structure of the system, namely based on data entities and data
entity views; and (4) several to specify the requirements of the system accord-
ing different styles. Considering these concerns, the system level respectively
comprises the following views: Actors (active structure concern); StateMachines
(behaviour concern); DataEntities and DataEntityViews (passive structure con-
cern); and multiple types of Requirements such as SystemGoals, QualityRequire-
ments (QRs), Constraints, FunctionalRequirements (FRs), UseCases, and User-
Stories (requirements concern). In addition, all these elements and views should
be defined in the context of a defined System (context concern).

The following subsections give some detail regarding the RSL elements that
are then used (in Sect. 4) to support the TSL tests specifications.

2.1 Data Entities

A DataEntity in RSL (see Spec. 1) denotes an individual structural entity that
might include the specification of attributes, foreign keys and other (check) data
constraints. A DataEntity is classified by a type and an optional subtype.

An Attribute denotes a particular structural property of the respective
DataEntity. An attribute has an id, name, type (e.g., Integer, Double, String,
Date) and optionally the specification of its multiplicity, default value (i.e., the
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value assigned by default in its creation time), values (i.e., a list of possible
values, e.g., enumeration values separately by semicolons), and is not null and
is unique constraints.

2.2 Use Cases

UseCases view in RSL defines the uses cases of a system under study (see Spec.
2). Traditionally a use case means a sequence of actions that one or more actors
perform in a system to obtain a particular result [33]. However, the RSL’s Use-
Case construct extends such general and vague definition considering some addi-
tional aspects, namely [20,25]:

– A use case shall be classified by a set of use case types;
– A use case can be applicable to a cluster of data entities, called DataEnti-
tyView ;

– A use case shall define at least the actor that initiates it and, optionally, other
actors that might participate; these actors can be end-users, external systems
or even timers;

– A use case can define pre-conditions and post-conditions;
– A use case can define several actions that may occur in its context;
– A use case can define “includes” relations to other use cases;
– A use case can define several extensions points available in its context;
– A use case can extend the behavior of other use case (the target use case) in

its specific extension point;
– The behavior of a use case can be detailed by a set of scenarios that are also

classified as main, alternative or exception scenario; by definition a use case
can only have one main scenario and zero or more alternative and exception
scenarios;

– A use case scenario is defined by a set of sequential or parallel steps;
– A use case step is classified by a set of types and defined as simple or complex

step;
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2.3 State Machines

The StateMachines view in RSL defines the behavior of DataEntities in their
relationships with use cases (see Spec. 3). A StateMachine is necessarily assigned
to just one DataEntity and classified as simple or complex depending on the
number of states and transitions involved (e.g., a StateMachine with more than
4 states might be classified as Complex). A StateMachine includes several states
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corresponding to the situations that a DataEntity may be find itself during its
life cycle (e.g., as shown in Spec. 11 states like Pending, Approved, Rejected). In
addition, a state can be defined as initial (isInitial) or final (isFinal). Several
actions can be defined when a DataEntity enters (onEntry) or exits (onExit) the
respective state. Moreover, several use case’s actions (actions) can occur on the
DataEntity when it is in a given state, and the occurrence of these actions can
optionally imply a state transition (nextState).

3 Gherkin and Cucumber Overview

Behavior-Driven Development (BDD) is a software development methodology in
which a software application is specified and designed describing how its behavior
should appear to an external observer [26]. In BDD, acceptance tests are first
written describing the behavior of the system from a user’s point of view, and
then these acceptance tests are reviewed and approved so that code development
can begin.

Acceptance tests written in a behavior-driven style can be executed by the
testing tool Cucumber [39]. Cucumber reads the acceptance tests and validates
that the software does what is expected. Because tests are automatically exe-
cuted by Cucumber, it is easy to maintain the specifications up-to-date.

Gherkin [40] is a simple language that Cucumber is able to understand.
Gherkin allows to define tests in an easily readable format. Gherkin tests are
organized into features. Each feature is made up of a collection of scenarios
defined by a sequence of steps and following a Given-When-Then (GWT) rule.
A simple example is illustrated in Spec. 4, more information can be obtained,
for example, in [40].

4 TSL Approach and Language

The original goal of this research is to develop an approach to support the
specification and generation (whenever relevant) of software tests defined in TSL,
directly from requirements specifications originally defined in RSL. It is intended
to achieve the following goals: (i) extend the RSLingo approach with the support
for testing activities; (ii) define a set of strategies that would allow generating
test cases from the RSL constructs; and (iii) automate the test case generation
process.
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Fig. 2. TSL based approach [32].

Figure 2 suggests the proposed approach. First, RSL requirements specifi-
cations are the input for the RSL-to-TSL transformation that generates TSL
specifications. Second, based on predefined strategies, these TSL specs can be
expanded and generated into other TSL specs (e.g., for increasing the system
testing domain with more test cases). Third, the TSL specs are the input for the
TSL-to-Gherkin transformation that generates Gherkin specifications, and ulti-
mately these specs can be used for documentation purposes or even for testing
execution.

Fig. 3. Metamodel of the TSL general architecture (partial view) [32].

As illustrated in Fig. 3, a TSL specification is a combination of two different
types of elements. First, the TestSupportSpecs package includes TestSupportSpec
elements such as DataEntities, or StateMachines. These elements are a simplified
version of the equivalent elements supported by the RSL language (e.g., the
TSL DataEntity element is a simplified version of the RSL DataEntity). These
TSL TestSupportSpec elements can be authored manually but usually shall be
generated from the RSL specs.
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Second, the TestSuite package includes TestCase elements such as DataEn-
tityTestCase, UseCaseTestCase or StateMachineTestCase. Each TestCase shall
be defined as Valid or Invalid and shall have a dependency to a respective Test-
SupportSpec, e.g., a StateMachineTestCase has a dependency to the respective
StateMachine. These TestCase elements can be generated by the RSL-to-TSL
and TSL-to-TSL transformations, but usually shall be also authored and refined
by the software testers.

TSL allows specifying various black-box test cases in a syntactic manner sim-
ilar to that expressed by RSL. In addition, TSL allows to systematize the test
developing process with both Xtext-based and Excel RSL formats. Xtext based
format is handled with the integration of the Eclipse IDE [1]. This environment
provides an editor for test construction, covering most important features con-
cerning IDE, granting TSL a semi-automated way to formally specify test cases.
This Eclipse-based tool provides great assist for composing tests, namely com-
prehends a syntax-aware editor with features like immediate feedback, incremen-
tal syntax checking, suggested corrections, and auto-completion. On the other
hand, the RSL/TSL Excel template [34] is extended with the creation of some
Excel sheets, arranged in a tabular way, for each of the provided test types. This
grants a broader usage, since testers with no IT background can specify tests
using a general tool as MS-Excel. On the other hand, it loses part of the rigor
and formality inherent to formal grammar defined in Xtext.

TSL supports the specification of the following tests:

– DataEntityTestCases can be defined by applying equivalence class partition-
ing and boundary value analysis [31] over RSL DataEntities;

– UseCaseTestCase can be defined by exploring multiple sequences of steps
defined in RSL use cases’ scenarios, and also by associating data values to
the involved data entities;

– StateMachineTestCases can be defined by applying different algorithms to
traverse the state machine defined in RSL, so that it shall be possible to
build different test cases that correspond to different paths through the state
machine.

4.1 Data Entity Test Cases

Data Entity test cases are based on classic input domain analysis test design
techniques known as “equivalence class partitioning” and “boundary value
analysis” [31].

Since most of the times it is unfeasible to test all possible values of an input
domain, equivalent class partitioning divides the input domain into classes (or
data entities in the RSL/TSL terminology) assuming that the behavior of the
software is the same for any value inside a class. Hence, the test cases are designed
so as to test one randomly chosen value of each class.

Knowing that the probability of finding failures is higher for boundary values,
boundary value analysis chooses the boundaries of the classes for test input data
instead of randomly chosen values.
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Fig. 4. Metamodel of the TSL DataEntityTestCase definition (partial view) [32].

As shown in Fig. 4, a DataEntity keeps information about a specific data
entity and its attributes; for each attribute it keeps information about its type,
size, among others. Based on this information, it is possible to define equivalence
classes and test input data. For example, consider an entity with an attribute A of
type real and with one decimal place within [2.3, 25.4], according to equivalence
class partitioning, the tester should test valid and invalid input values. So, for
this particular case, the tester could define a valid input inside the interval, e.g.,
15.2, and invalid inputs outside the interval, e.g., 1.2 and 30.3.

The benefit of the TSL is that it builds a view with all the entities and
attributes for which the tester should define test input data. In case of sequential
attribute values (such has numbers), it is also possible to apply boundary value
analysis to define test input data. For instance, considering the same attribute
A between [2.3, 25.4] the tester should define test input data for the boundaries:
2.2, 2.3, 2.4 (for one boundary) and 25.3, 25.4, 25.5 (for the other boundary).

As illustrated in Fig. 4, a DataEntityTestCase refers to just one DataEn-
tity and defines a combination of values that are associated to its respective
attributes. These values can be defined individually at an attribute basis (using
the TestAttribute object) or as a table of values associated to multiple attributes
(using the Values object). Each DataEntityTestCase shall be defined as Valid or
Invalid type depending on the validity of such values.

4.2 Use Case Test Cases

A use case is a description of a particular use of the system by an actor (a user
of the system). It helps defining the functional system software requirements by
illustrating a process flow of the actual real use of the system. For each use case
there is, usually, at least one basic scenario (or main scenario) and zero or more
alternative/exceptional flows.

Use Case tests (Fig. 5) are derived from the various process flows expressed
by a RSL Use Case. TSL defines Use Cases Tests from the RSL System-level view
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Actors and UseCases. Each test contains multiple scenarios, which are derived
from the various flows of each RSL Use Case. A scenario encompasses of a group
of steps and must be executed by an actor, which are also derived from the RSL
System-level view.

Fig. 5. Metamodel of the TSL UseCaseTests definition (partial view).

This construct begins by defining the test set, including ID, name and the use
case type. Then it encompasses the references keys [UseCase] indicating the Use
Case in which the test is proceeding, background [UseCase] in the circumstances
of prevailing event flow that take place before the current Use Case, [DataEntity]
referring to a possible data entity that is managed throughout the action flow.
For each test case multiple scenarios can be defined. For each of these scenarios
it is specified a name, the scenario Type (Main, Alternative or Exception flow),
and the set of steps needed to be performed. For each step, it shall be indicated
the actor who performs it [Actor], or alternatively the system responsible for it
and a step definition, informally describing the action step executed.

4.3 State Machine Test Cases

A state machine is a model that describes the behavior of a system as a whole
or more commonly of a given data entity (or object) throughout its life-cycle. A
RSL state machine allows to represent the behavior of a data entity as a set of
event-driven actions from a state to another when triggered by a given use case
action. In addition, from a state machine defined in RSL, it is possible to apply
different algorithms that traverse the state machine according to different test
coverage criteria, such as, all states or all transitions or others [41].
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Fig. 6. Metamodel of the TSL StateMachineTestCase definition (partial view) [32].

As illustrated in Fig. 6, a StateMachineTestCase specifies the State Machine
to which is applied and an ordered sequence of states to traverse (i.e., a StateSe-
quence). Finally, this StateMachine TestCase shall be defined as Valid or Invalid
type depending if that sequence of states are semantically valid or not.

5 Case Study: Billing System

To illustrate the use of the TSL language, we introduce an informal description
of the fictions Billing System.

Informal Requirements of the Billing System
BillingSystem is a system that allows users to manage customers, products and
invoices. A user of the system is someone that has a user account and is assigned
to one or more user roles, such as user, user-operator, user-manager and user-
administrator [...].

User-operator is responsible for managing customers and invoices. System
shall allow user-operator to create/update information related to customers and
invoices [...].

The creation of invoices is a shared task performed by the user-operator and
the user-manager. System shall allow user-operator to create new invoices (with
respective invoice details). Before sending an invoice to a customer, the invoice
shall be formally approved by a user-manager. Only after such approval, the user-
operator shall issue and send that invoice electronically by e-mail and by regular
post. In addition, for each invoice, the user-operator needs to keep track if it is
paid or not [...].

User-manager shall be responsible for approving invoices before they are
issued and sent to their customers. User-manager shall allow monitoring the pro-
cess of creating, approving and payments invoices. User-manager shall approve
or reject invoices [...].
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5.1 TSL: Data Entity Tests

An invoice is a commercial document related to a sale transaction between a
seller and a buyer (customer). For each invoice the system shall indicate the
products, quantities, agreed prices for products or services the seller had pro-
vided to the buyer. Each product has a price with and without the respective
VAT. The VAT (value-added tax) is a type of general consumption tax that is
collected incrementally, based on the surplus value, added to the price on the
work or the product at each stage of production. Specification in Spec. 5 shows
a TSL specification of some of these entities, namely the e VAT, e Product and
e Customer data entities.

Based on this data entities’ specification it is possible to define and also to gen-
erate some data entity test cases. Spec. 6 shows some of these tests defined for the
e VAT data entity. First, detVAT1 is defined as a valid test case and defines two
testAttributes, which both define a partition class check, valid values, and for the
e VAT.VATCode attribute a uniqueness constraint. Second, detVAT2 is defined
as a valid test case but shows a set of relevant attributes with valid values in a table
format; this representation is usually the most practical and convenient approach
to define such values. In addition, detVAT2 also defines three testAttributes. Third,
detVAT3 is defined as an invalid test case and involves the definition of two testAt-
tributes, both with problems referred by their respective messages (i.e., “Incorrect
VAT values” and “Incorrect VATValue PartitionClass”).

Spec. 7 shows the equivalent data entity test case in the Gherkin language.
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5.2 TSL: Use Case Tests

Use case tests are derived from various use cases (Spec. 8) expressed by RSL. TSL
defines Use Cases Test Cases (Spec. 9) from the RSL system-level view Actors
and UseCases. Each test contains multiple test scenarios, which are derived from
the various flows of each use case. A test scenario encompasses of a group of test
steps and shall be executed by an actor, which are also derived from the RSL.
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The UseCaseTestCase construct begins by defining the test set, including ID,
name and the use case type. Then it encompasses the references keys [UseCase]
indicating the Use Case in which the test is proceeding, background [UseCase]
in the circumstances of prevailing event flow that take place before the current
Use Case, [DataEntity] referring to a possible data entity that is managed.

For each scenario, it is specified a name, the scenario Type (Main, Alternative
or Exception flow, respectively), and the set of steps involved. For each test
step, it must be indicated the actor who performs it [Actor], a reference to the
equivalent use case step [Step] if relevant, and an informal step definition, that
describes the action executed. The equivalent Gherkin specification of the TSL
Use Case tests is illustrated in Spec. 10.

5.3 TSL: State Machines Tests

Spec. 12 shows some examples of StateMachineTestCase associated to the
e Invoice’s s m e invoice state machine (see Spec. 11).
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The first (i.e., tsm1 SME Invoice) is an invalid test case because it defines
an invalid sequence of states (namely, Initial, Pending, Paid). The second (i.e.,
tsm2 SME Invoice) is a valid test case because it defines a valid sequence
of states related with a reject situation (namely involving the following
sequence of states: Initial, Pending, Rejected, Deleted, Archive); the third (i.e.,
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tsm3 SM E Invoice) is also a valid test case but it defines a valid sequence of
states related with an approved and paid situation.

Spec. 13 shows the equivalent specification of these state machine test cases
in the Gherkin language.

6 Conclusion

This paper describes the TSL language and the companion model-based test-
ing approach where test cases are derived from RSL constructs that describe
the system behavior, such as Actor view, DataEntity view, UseCase view and
StateMachine view. Based on a black-box approach and from these views, it is
possible to define three main test constructs: data entity tests, state machine
tests and use case tests.

The approach is illustrated based on a fictitious informal specification of an
invoice management application, the “Billing System”. It shows how the test
cases constructs may be represented and demonstrates that by using executable
requirements specifications, functional tests can be easy to “read, write, execute,
debug, validate, and maintain” [8].

As future work, we intend to explore and implement test case input data gen-
eration techniques (e.g., through domain analysis and resolution of constraints
on attribute values) and implement other algorithms for generating test cases
from state machines based on other coverage criteria, for example, Switch-1 or
Switch-2. Also, we aim to extract test scenarios based on the varies flows
expressed by Use Cases and extend the language to also support user story
test cases. In addition, we aim to automate the TSL test case generation pro-
cesses that may be based on the following transformations: generate TSL test
cases from equivalent RSL requirements specifications; and directly from exis-
tent systems and databases, namely adopting model-driven reverse engineering
techniques like we researched recently [13].

Finally, we aim to automate even further the whole process by using test
frameworks like Cucumber or Specflow which enable to execute automatically
test cases written in Gherkin.
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