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1. Introduction and M otivation nal system, the system under test (SUT), is an hand-coded
In this paper, we present an extension of our model- implementation of this detailed model. The left hand-side

based testing approach based on formal models and userf the Fig.1 graphically presents this process.  Since the
provided testing scenarios. In this approach, the user pro-
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refined to incorporate these changes. Often, due to the ab-  r—---—
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vides a testing scenario on the level of an abstract model. § Requirements 3
When the abstract model is refined to add or modify fea- Modeling : Modeling
tures, the corresponding testing scenarios are autortiatica

straction gap between a formal model and the implemen-
tation, it is not always feasible to generate implementatio
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the correctness of the implementation, testing is perfdrme A
using user-provided scenarios. The testing scenariogiare u

folded into test-cases containing the required inputs and e
pected outputs. To automate this test-case generation pro-
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cess, we provide guidelines for the formal development of meememmn Testcase implementation
system models. We use Event-B [4, 3] as our formal frame- Festoase application

. . . . System Under Tes
work. The main contributions of this work are: T G

- We provide guidelines for stepwise development of Figure 1. Overview of our Model-based testing approach

testableEvent-B models. . S .

i . implementation is no longerorrect-by-constructionthere
- We show how requirements (scenarios) are transformed . ) .
. ! is need totestthe implementation. In this paper, we use
into the corresponding test-cases.

- We show how inputs and expected outputs for a test-cas scenar?o-based te_sting [9]_to generate the tests. The right
are derived from Event-B models hand side of the F|_g.1 depicts a parallel process, where we
. . ' start from the requirements and construct scenarios. A sce-
2. Scenario Based Testing nario is a description of possible actions and events [1]. In
Our model-based testing approach [10, 9] is based onother words, it is one of the expected functionalities of the
stepwise system development [5] using behavioral modelssystem. We use the tertast scenarido emphasize the in-
of the system. In such models, the system behavior is mod-tended use of these scenarios.
eled as system states together with operations (or evants) 0 The challenge is now how to refine a test scenatio
the states. In the stepwise development process, an dbstraito a concrete test scenariy such thatSc covers the
model is first constructed and then further refined to include same behavior aS4 does. The user-provided scenafig
more details (e.g., functionalities) of the system. Gelfera is an abstract scenario formally satisfiabe) by specifi-
these models can be either formal, informal or both. In this cation modelM 4. In the next refinement step, whéi 4
work we only consider formal models. is refined intoM;, the scenarid; is constructed automati-
In the development process, we start with an abstractcally from M 4, M; andS 4 in such a way tha$; is formally
modelM 4 and gradually, by a number of refinement steps, satisfied by the modél/;. The automatically generated sce-
obtain a sufficiently detailed concrete modél.. The fi- nario S; represents functionalities, in part or whole, of the



modelM;. can automatically refine scenari into S;.1. To check
3 Modeling in Event-B whether a scenaris; is a valid scenario of its mod&i/;,

The Event-B [4, 3] is a recent variation of the classical B- We use the ProB [8] model checker.
method [2] formalism. Event-B is particularly well-suited A Scenario can be seen as finite sequence of one or more
for modeling event-based systems. An Event-B specifica-NPut-outputunits. Where each such unit consists of fi-
tion encapsulates state (variables) of the machine and delité sequence of events with the restriction that eapht-
scribes operations (events) on the state. Event-B statsmen OUtputunit starts with aninputevent and ends with aout-
are formally defined using the weakest precondition seman-Put eévent. Atest case,twhen translated from a scenario,
tics [6]. We use Event-B as our formal framework. consists of a finite sequenceinput-outputunits
3.1 Controlled Refinement t= <Uy,Us...,U,>

In order to automatically refine a scenario from its previ- where each unit specifies the input and expected output of
ous level, we need to use a controlled and structured apthat unit. The motivation for this structure is the followgin
proach for the refinement of Event-B models. The sup- The developer(s) of the system under test (SUT) may decide
ported refinement types, for the Event-B, for our testing ap- to implement the system independent of the structure of a
proach are: Event-B model. Indeed, it is sometimes hard to follow the
- Atomicity RefinementWhere one event operation is re- Sstrict one to one mapping between events of the model and
placed by several operations. Intuitively, it correspaiods ~ Programming language. For example, two events in a model
branching in the control flow of the system as shown in Fig. can be merged to form one operation or the functionality of
2(a). an event in the model may get divided across multiple oper-
- Superposition RefinemenwWhere new implementation ations or classes. However, for successful execution of the
details are introduced into the system in the the form of new System, the interface of the model and its implementation,
non-looping or looping events as depicted in Fig. 2(b) and i.€., the sequence of the inputs and outputs, should remain

(c) respectively. the same.
o 5. Conclusions
o—F— 30 = o<:j> This work is under progress as doctoral research. In
- e this paper, we presented an abstract view of our scenario-
@ based testing methodology which has successfully been ap-
o—EF 3o [ E1 E plied on few case study examples. The future directions
= O >0—>0 include: identification of implementation patterns that ca
® o aid in automatic testing, the mapping of test cases onte test
E - e ing frameworks like JUnit, and providing the tool support
- to automate this testing process.
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