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The Overture Initiative
Integrating all VDM tools

David Holst M ller ( david@netling.dk )
and Christian Thillemann ( christian@thillemann.com )

Engineering College of Aarhus, Denmark

Abstract.  For many years academics have agitated for the use of formal
methods in software development, arguing that it is an e ective remedy
for low quality of software and a method for detecting defects earlier,
decreasing rework and automating property checking. The industry in
general however has been reluctant to adopt the use of formal meth-
ods. The lack of adequate tool support has been proposed as one of the
most important reasons for this. While there also may be other reasons,
this paper seeks to accommodate the need for adequate tool support by
investigation of the possibilities for developing an IDE for VDM develop-
ment. VDM is one of the oldest and most mature formal methods avail-
able. IDEs for established programming languages such as Java, C++,
C# etc. provide a comprehensive set of features aiding the developers
in their work. For VDM such functionality is unavailable. Eclipse is a
widely used software development platform that o ers a plug-in system,
allowing extension of existing functionality. Eclipse will be used as the
platform for an IDE comprising editor, parser, type checker and debug-
ger and integration of available VDM tools. Thus providing a common
interface for VDM development. This paper describes the work that has
been done in the master thesis \Using Eclipse for Exploring an Integra-
tion Architecture for VDM" Using Eclipse for Exploring an Integration
Architecture for VDM" [ITO9].

1 Introduction

The Vienna Development Method(VDM) is one of the most mature formal meth-
ods for formal speci cation and subsequent development of functional aspects
of software systems. The language is used during the speci cation and design
phases of software development projects. It supports the production of correct
high quality software [Lar01]. The VDM Speci cation Language (VDM-SL) is
the core of formal language VDM. VDM has an extended notation that pro-
vide support for object oriented structuring and handling of concurrency called
VDM++ [FLM * 05]. Furthermore another notation called VICE is available,
VICE supports modelling of embedded real-time systems [VLO6]. The di erent
notation forms will in this paper be referred to as dialects.

A powerful Integrated Development Environment (IDE) is essential for the
success of any computer based language. An IDE consists of a set of integrated



tools aiding the development process. It is not only the characteristic of a lan-
guage itself that is important for e ective development of software; the availabil-

ity and quality of the whole set of relevant tools for the given language are also
signi cant factors. In order for a tool to qualify as an integrated development

environment the following should be provided [wwwO07]:

{ Source Editor

{ Compiler/Interpreter
{ Build automation tools
{ Debugger

Obviously, even though a tool does in fact provide the above mentioned, this
alone does not provide any guarantee that the tool is agood IDE. The listed
bullets represent the lowest common denominator and an IDE is not necessarily
limited to this. Even the best technology is likely not to achieve widespread use
if the tool support is poor.

While mainly academics has agitated for the use of formal methods for several
years, the industry has been reluctant to adopt it in the development process.
One reason suggested for formal methods not being used more widely by software
developers is the lack of adequate tool support[Kni97][CM97]. While many other
reasons also have been proposed, it is certainly true that VDM developers today
are not provided with an impressive set of tools. Currently, the most feature-
rich tool available is a commercial tool, VDMTools [FLS08]. VDMTools which
includes features like syntax- and type-check, code- and proof obligation gener-
ation and an interpreter with debugging capabilities. There is no source editor
provided as in integrated part of VDMTools, and the use of other interpreters
is not possible. Section 3 will go into detail about qualities and shortcomings
of VDMTools and provide an analysis of what a fully edged VDM IDE should
include. A primary objective of this paper; is to describe the development of
an IDE with an integrated editor with support for running and debugging of a
VDM models. Acknowledging how crucial a well build IDE is for a development
process, and for the success in market penetration for any computing language,
and recognising its inadequacies but also the qualities of VDMTools, will be the
point of departure. The possibilities of developing an e ective and user friendly
IDE that serves as a common platform for VDM development by integrating
existing and future interpreters and tools, will be investigated in this thesis.
Through out this paper, this IDE will be referred to as the Overture IDE.

The open source community overturetool recently got a new tool VDMJ de-
veloped by Nick Battle, which provides syntax- and type-check, proof obligation
generation and an interpreter with debugging capabilities. Besides VDMJ the
overturetool community have additional tools that may help developing VDM
models. The thesis aimed to develop a common platform that supports both the
Overture community's tools and the features available from VDMTools.

The Overture Community, prior to the establishment of this project, already
conducted an assessment of the platform that must be used for the integra-
tion of the Overture Tools, and found the Eclipse platform most suited. Eclipse



is an open source development platform[CRO6], by itself, it is simply a frame-
work and a set of services for building development environments from plug-in
components[Gal02], but by implementing plug-ins, and thus extending the plat-
form, a complex environment can be built.

This paper starts o with introduction to Eclipse and its plug-in architecture
in presented in section 2. Then a quick description of the vision for the nal IDE
in section 3. Afterwards section 4 provides information of the debugger and the
decoupling of the IDE and the debugger. Finally Section?? rounds o the paper
with a few concluding remarks about the future development plans the Overture
IDE.

2 Eclipse

Eclipse is intended to serve as a platform for a whole variety of di erent tools.
In the Eclipse Documentation in the \Platform Plug-in Guide" the challenge
Eclipse should take on is described:

\What we all want is a level of integration that magically blends sepa-
rately developed tools into a well designed suite. And it should be simple
enough that existing tools can be moved to the platform without using a
shoehorn or a crowbar. The platform should be open, so that users can
select tools from the best source and know that their supplier has a voice
in the development of the underlying platform."[Ecl08]

While Eclipse does provide a good Java IDE, this is only a small part of
Eclipse, and to some extend meant as an example of what is possible using this
platform. The details about how Eclipse serves as a platform for tools developed
by di erent independent software vendors is described in section 2.1.

The Eclipse platform user interface is based on editors, views, and perspec-
tives. From the user's point of view, a Workbench window visually consists of
several views and editors. A perspective de nes an appropriate collection of
views, their layout, and applicable actions for a given user task. A view is a
workbench part that can navigate a hierarchy of information or display prop-
erties for an object. Figure 1 shows a screenshot of the Overture IDE build on
top of Eclipse, the editor is the area under the tab \atmcard.vpp" with syntax
highlighting, where the user edits the model. Examples of view is the Problems
view (bottom of the gure) and outline-view (right of the gure).

2.1 Plug-in Architecture

Essentially Eclipse is an extensible platform that supports a plug-in architecture,
the basic platform does not provide much functionality by itself. In other words,
what Eclipse o ers is a common, platform independent, user interface that allows
developers to create plug-ins supplying tools for di erent tasks.

The platform consists of layers of plug-ins, each layer de ning extensions to
extension points of lower layers. Plug-ins are components that provide a certain
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type of service within the context of the Eclipse workbench. Extensions are
the central mechanism for contributing behaviour to the platform. Plug-ins can
de ne their own extension points for further customisation.

Except for a small kernel known as the Platform Runtime, all of the Eclipse
Platform's functionality is located in plug-ins (see gure 2), di erent plug-ins
can be installed depending on the functionality desired.

A project developed for the Eclipse platform consists of a set of one or more
plug-ins, where each plug-in represents a logical module of that project, which
in turn can depend on other plug-ins.

Fig. 2. The Plug-in Architecture of Eclipse

The box on the right hand side of gure 2 with the caption Overture Plug-
ins represents the plug-ins that make out the implementation of the Overture
IDE. DLTK is the abbreviation for Dynamic Language Toolkit(described in 2.2)
and the Other Plug-ins box represents other plug-ins that might be installed in
Eclipse.

2.2 Dynamic Language Toolkit (DLTK)

The Dynamic Language Toolkit has generalised the Eclipse JDT's code and
follows the architecture of the JDT.

































Challenges in Inheriting Test Cases
Con gurations from VDM to Implementation

Fuyuki Ishikawa® and Yumiko Murakami?

! GRACE Center,
National Institute of Informatics
2-1-2 Hitotsubashi, Chiyoda-ku, Tokyo, Japan
2 Mitsubishi Electric Corporation
5-1-1 Ofuna, Kamakura, Kanagawa, Japan

Abstract. VDM and its dominant tools, VDM Toolbox, provide sup-
port for lightweight usage of formal methods to verify and va lidate re-
quirements and designs in early phases of system developmen Speci -
cally, testing based on the executable subset of the formal languages and
the interpreter has played the primary role. However, it is n ot clear how
the correctness and validity ensured at the VDM level are con rmed also
at the implementation level. In terms of testing, test cases at the VDM
level should be inherited and targeted for veri cation and v alidation at
the implementation level. This study presents an initial ap proach to a
general testing framework to support inheritance of test ca ses from the
VDM level to the implementation level. Apart from syntactic  issues, this
study especially focuses on the fact VDM models are typically abstracted
compared with the implementation codes. It implies that tes t cases at
the VDM level can be abstracted compared with the corresponding test
cases, or the test cases with the equivalent intentions, at the implemen-
tation level. The proposed approach aims at dealing with thi s point,
facilitating inheritance of test case con gurations at the VDM level to
the implementation level, even with abstraction at the VDM | evel.

1 Introduction

Formal methods are attracting increasing attention from the software industry,
as software is getting more and more complex while e ciency ad reliability of
software development is getting more and more signi cant. O the other hand,
there has been a gap between knowledge and techniques thatfsgare engineers
in the industry generally have and those required for use ofdrmal methods.
Lightweight usage of formal methods are one of the counternesures against the
problem. For example, lightweight use may exclude approachs to completeness
of veri cation, i.e., model checking or theorem proving, while keeping the essence
of early veri cation and validation with formal (machine-p rocessable) languages
and supporting tools. VDM and its dominant tools, VDM Toolbo x, provide sup-
port for such lightweight usage and primarily consider tesing of formal models
with the interpreter, which ordinary developers are quite familiar with [1].
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The languages of VDM, VDM-SL and VDM++, allow for formal mod-
eling of system states and functionalities in the form of varables and func-
tions/operations. It means that the modeling structure and the constituent el-
ements are similar to programming languages, VDM models catthus be tested
in a similar way to implementation codes, e.g., calling opeations with specic
inputs in a speci ¢ order and examining the outputs and the resulting states.
On the other hand, abstraction is the key point in VDM and di e rentiates VDM
models and implementation codes. In order to concentrate ofssues that should
be tackled in a certain phase of the development process, VDNhodels are con-
structed by extracting aspects essential to discuss the isgs while eliminating
unnecessary details.

VDM models are constructed to model, verify and validate reqiirements and
designs in early phases of software development, becausestmuch more costly
to resolve de ciencies of such intermediate outputs in late phases. However, as
the nal output is the implementation of the system, the corr ectness and validity
ensured at the VDM level needs to be con rmed also at the implenentation level.
One way is to use trusted translators from VDM models to implenentation
codes, which are provided in VDM Toolbox for C, C++ and Java. However,
generated code is often insu cient in terms of readability and performance.
Actually, the VDM-to-Java translator in VDM++ Toolbox prov ides an option
to generate only skeletons in Java so that developers can reae the signature
de nitions at the VDM level while specifying sophisticated codes by themselves.

The limitation of code generation was also pointed out in therecent case of
successful application of VDM to IC card systems [2]. In the applicaton case,
instead, a test suite was developed and used to examine the m& set of test
cases to VDM models and implementations (this time a chip sinulator and
each of a number of di erent chip implementations). The application case thus
pointed out the signi cance of inheritance of test cases fron the VDM level to
the implementation level as well as the signi cance of makimg the inheritance
e cient. A generalized framework, similar to the test suite in the application
case, is necessary, as it seems too costly for every project tlevelop its own test
suite.

This study presents an initial approach to a general testingframework for
supporting inheritance of test cases from the VDM level to the implementation
level. First of all, syntactical translations and tool adapters are necessary in order
to make equivalent operation calls, which constitute test @ases, on VDM Toolbox
and on environments for programming languages. However, tls study does not
focus on those issues, most of which could be dealt with by applying comom
techniques such as the CORBA API of VDM Toolbox, re ection mechanisms
in Java, and syntax translators. Instead, this study puts a focus on the fact
VDM models can often be abstracted compared with the implematation codes.
It implies that test cases at the VDM level can be abstracted ompared with
the corresponding test cases, or the test cases with the sanietentions, at the
implementation level. Because developers want to specifyesst cases that re ect
a certain intention just once, this study aims at providing support to handle the
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gaps between test cases on abstract VDM models and those on plementation
codes.

In the remainder of this paper, Section 2 discusses in detathe issues of in-
heritance in test cases. Section 3 discusses the design otthroposed framework
to tackle the problem. Section 4 discusses the advantages drimitations of the
approach as well as future work, before concluding remarks.

2 Problem

This section rst describes issues in inheritance of test caes, and then discusses
how abstraction in VDM models complicates the problem.

2.1 Inheritance of Test Cases

As discussed earlier, the correctness and validity ensured at the VDMevel needs
to be con rmed also at the implementation level. In terms of testing, test cases
at the VDM level should be inherited and targeted for veri cation and validation
at the implementation level.

Figure 2.1 illustrates an abstract process that this study ams at facilitating.
A testing framework should be provided so that basically deelopers write test
case con gurations once and can run the test cases both on VDMnodels and
on (possibly multiple) implementation codes. Actually, specic con gurations
to each language and each environment would allow for the marmum use of
functionalities of each environment. Even in such cases, amvay, the common
part of test case con gurations should be reused as much as gsible.

[ 9'0 M —DYD] ORGHOV RU ,PSOHPHQWDWLRQV
6SHFLIL &RGHYV, RI WKH 7DUJHW B6\VWHP
50 ([HFXWLRQ ,QWHUSUHWDWLRQ
7HVWLIQJ [7RRO]ER[[ '90] (QYLURQPHQW
U

&RQILIX LF[er\SI ﬁ \F

THVWLQJ )UDPH]ZRUN
2 r

H THVWLRQJ 7THVW &DVH
5HSRUW &RQILIXUDWLRQV

Fig. 1. Inheritance of Test Cases

Developing such a framework is a challenging task, includig the following
issues.
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Test Case Con guration The notation should allow for general con gura-
tions of each test case, namely, an ordered sequence of crieat of values
(objects), operation calls®, and checking the returned values and the states.
It should preferably allow for high-level descriptions sud as abstract rules
to generate multiple test cases.

Testing Con guration The notation should allow for con gurations of which
language and environment is used for model interpretation oimplementa-
tion execution of the system, which test cases are examinednd how the
results are formatted and outputted. It may include con gur ations specic
to the language and environment (e.g., activation of coverge measurement
in VDM Toolbox).

Adapter for Each Language and Environment For each language and en-
vironment, an adapter is necessary to make each action speed in the test
case by activating functionalities of the environment as wdl as conducting
necessary syntactic translations.

Combining Framework A framework combining the above aspects is neces-
sary, which interprets the con gurations, activates the language environ-
ments and reports the results accordingly.

This study primarily focuses on the rst issue of test case ca gurations,
which a ects how easy it is to share test cases on VDM models ahon imple-
mentation codes. Constructing VDM models is useful only if t is di erent from
constructing implementation codes. It is thus necessary taarefully examine the
di erences, or the gaps, when considering inheritance of t& cases.

2.2 lllustrating Example

Possible gaps between VDM models and implementation code# terms of ab-
straction, make it di cult to share test case con gurations. Fo r example, consider
the following simple command in test cases.

First set the value of a public variable s1 as a set of integer values
including 1, 2, and 3. Then call an operationopl, setting its argument
value as an integer value -1, and check the return value isrue.

It is desirable to allow for describing this test case in a common notabn for
VDM models and implementation codes, to say, as follows.

assign s1 {1, 2, 3}
Assert: call opl(-1) : true

One possible implementation is to generate a VDM speci caton and imple-
mentation codes that denote the behavior of the test case. T VDM speci ca-
tion would include the following lines, where assertis a checking operation as in
VDMUnit.

% VDM distinguishes functions, which do not access system states, from operations.
Programming languages use dierent terms, functions, meth ods, etc. This paper
refers to call of such a unit of functionality as \operation ¢ all.”
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(
sl = {1, 2, 3}
assert(op(-1), true)

)

Similarly, the Java codes would be like the following.

HashSet s1 = new HashSet();
sl.add(1);

sl.add(2);

sl.add(3);

assert(op(-1), true);

Note that the type of slin the Java codes,HashSet must match with the
actual type in the Java codes of the system. In other words, ifthe type of
sl, set, in the VDM models is re ned into HashSetin implementation of Java
codes, it is necessary to consider the fact for inheritancefaest cases. Generation
of the above Java codes can be done only with information of ta re nement
relationship, or the link between the VDM type setand the Java type HashSet
However, once such a relationship is explicitly speci ed, it is possible tmutomate
the process of generatingHashSetbased codes for all of the test cases, which will
be much more e cient in handling hundreds or more of test case.

The above example also implies the needs for syntactic tramations, e.g.,
gaps in how to generate a set value. However, it can be handlesimilarly by
enumerating translation patterns, as in the VDM to Java generator, even though
its complete implementation would be a hard task. Operatiors speci c to testing,
e.g.,assert can be implemented similarly to unit testing frameworks (VDMUnit
and JUnit).

3 Framework Design

This section rst presents a design of a testing framework, a the basis of the
discussion in Section 2, and then discusses re nement pattas of test cases
handled by the framework.

3.1 Overview

Figure 3.1 illustrates our design of the abstract process msented before (Figure
2.1 in Section 2.1). As discussed in Section 2.2, the approladn this study is to
have explicit descriptions of re nement relationships so hat the framework can
handle the di erences between abstract VDM models and implenentation codes
in all the test cases. The gure also illustrates a plug-in based architecture to
allow for exible introduction of di erent languages and en vironments as well as
di erent media and strategies for output.
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Fig. 2. Framework for Inheritance of Test Cases

3.2 Handling Abstraction in VDM

Below discusses general strategies to abstraction, or siftigation, in VDM mod-
eling. Notations of test case con gurations and re nement relationships speci -
cations are then presented to handle each of the abstractiostrategies in inher-
itance of test cases.

Modeling Target It is not necessary to model all parts of the system with
VDM. It is often su cient, or adequate in terms of the costs, t o model only
subsystems that play signi cant roles in the system and are omplex. Similarly,

more granular elements may be omitted in VDM models if they ae trivial at

that time point of the development process, such as variablg, operations and
operation arguments.

For example, suppose an event management system that provas$ function-
alities such as accepting user booking for seats of an everithe actual system
manages user registration to the system and information of &h user (address,
phone number, etc.). However, developers may omit those p#& and include only
user ID in the VDM model so that functionalities about event r egistration is fo-
cused on, which has complex constraints such as double boaikj prevention and
cancellation policies.

In such a case, additional test cases should be introduced,@, to test the
functionalities to manage registration of user information (patternl: addition
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of test cases specic to a certain language and environment ). For this
purpose, it is possible to specify target language and envinment in the header
of test case con gurations, as follows.

(in header of test case con gurations)

TargetLanguage: Java
TargetEnvironement: ALL

The situation becomes complicated when some elds of recortypes or some
instance variables of classes are omitted in VDM models. It raans that construc-
tion of values in the same type is done in di erent ways in VDM models and
implementation codes. To handle such a situation, it is posible to specify target
language and environment in each action of test case con guations (pattern2:
con guration of actions in test cases speci c to a certain la nguage and
environment ). In the following example, the constructor call in Java has an
additional argument, true, for example, activating the logging functionality that
is abstracted away in the VDM model.

(in test case con gurations)

{VDM++, ALL} assign s1 new classl("abc", 3)
{Java, ALL} assign sl new classl("abc", 3, true)

If the additional elds are always set to the same value, in a cefain set of test
cases, it is possible to specify them in the re nement relatbnship speci cations.

(in re nement relationship speci cation of VDM++ to Java)

Operation Refinement
RefinementPattern: classl(a, b) -> class1(a, b, [true])
Target Test Case: 1-100

Here the square bracket is used to distinguish literal valus from identi ers to
be matched in the pattern.

Data Abstraction Data types in implementation codes re ect strategies to
allocate data on memory spaces as well as computational e @ncy of each op-
eration on those data. On the other hand, VDM models generajf abstract away
such implementation details. Embedded data types embeddeih the VDM lan-
guages are originally abstract. For example, VDM de nes a type set, which is im-
plemented by HashSetor TreeSetin Java. Similarly real in VDM is implemented
by oat or doublein Java. To handle such a situation, it is possible to specify
links between VDM types and implementation types in re nement relationship
speci cations, as follows fattern3: data type re nement speci cation ).

(in re nement relationship speci cation of VDM++ to Java)

Data Type Refinement
Variable: sl
Type: set -> HashSet

23



In addition, implementation details of data values are alsoabstracted away.
For example, suppose that a user ID is constructed by combimig the year of the
registration with unique id in the year, e.g., \2009-0005,"in the implementation.
But it would be modeled using the type token, in which any data value is made
a unique ID, if other complex functionalities are focused on This case requires
di erent actions for each language, with pattern2 , as follows.

(in test case con gurations)

{VDM++, ALL} call register(mk_token("userl"))
{Java, ALL} call register(issuelD(Calendar.getinstance 0
.get(Calendar.YEAR)))

Operation Abstraction Operation signatures can be di erent in VDM mod-
els and implementation codes if any of the arguments and rettn value are ab-
stracted as already discussed. Besides this point, operatns can be modeled at
various levels of abstraction. The most abstract de nitions are called implicit
de nitions, declarative de nitions with signatures, prec onditions and postcondi-
tions. But this study does not consider them as they cannot be interpreted o
tested.

The VDM languages allow for abstracting away algorithms tha iterate on
composite types (e.g., set) and are speci ed usindor and while statements. In-
stead, declarative descriptions can be used, namely, intesional de nitions of
composite types, quanti ed expressions such adorall expressions, andlet be
expressions and statements. When detailed algorithms arentroduced in imple-
mentation codes, additional test cases would be introducedor white-box testing
(patternl ).

Another kind of abstraction is the omission of erroneous siations. For ex-
ample, suppose, in VDM models, a precondition is speci ed inan operation to
register a user to an event to prevent operation calls that case double booking if
completed. On the other hand, in implementation codes, the orresponding op-
eration throws an exception called \InvalidRegistrationRequestException” with
error code \35."

(an operation in the VDM model)

register : RegistrationRequest ==> Registrationinfo
register(request) == ...
pre not doublebookingRequest(request);

(corresponding Java codes)

public register(RegistrationRequest request){
if doublebookingRequest(request){
throw new InvalidRegistrationRequestException(35);

}
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Although the VDM languages provide notations for throwing/ catching ex-
ceptions (trap statements), exception handling is typically abstracted away in
VDM models, e.g., in textbooks [3,4]. This is because precatitions make the
conditions for successful completion of the operation muctmore explicit and
can be used in sophisticated veri cation and validation (eg., proof obligation
generation). There is a common intention in test cases in VDMmodels without
exception handling and implementation codes with it, that is, check that the op-
eration completion is denied properly. The notation for tes case con gurations
allow for description of this intention, as follows (pattern4: con gurations to
distinguish invalid operation calls ).

(in test case con gurations)
AssertinvalidCall call register(new RegistrationReques t(...))

By default, the AssertinvalidCall command checks whether any of a runtime
error, an exception, or precondition violation (only in VDM ) occurs upon the
operation call. If it is necessary to check what kind of excefion is thrown, the
Assert command can be used, possibly withpattern2 (e.g., check the exception
and the error code only in Java).

4 Discussion

4.1 Abstraction Strategies

The VDM languages should be used to model abstraction or simpcation of the
system, di erent from what are speci ed by programming languages (otherwise
there is no reason to use them). Abstraction has thus been sdito be the key in
making use of VDM [3, 4]. Here a model is an abstract or simplied (often math-
ematical) description that extracts speci ¢ aspects of the system, with which
scienti ¢ analysis on those aspects can be conducted e ectively ana ciently.
In other words, by abstracting away unnecessary details, castruction of models
and analysis of them are made e ective and e cient.

However, abstraction leads to gaps between abstract VDM modls and im-
plementation codes. Additional costs are introduced to deermine abstraction
strategies and record the introduced gaps as well as to trackhe gaps when
modi cation occurs. So it is necessary for developers to exaine the trade-o s
and determine abstraction strategies, which is not a trivid task or a task to
which a clear guideline can be given.

The VDM languages themselves introduce abstraction, e.g.the VDM set
type and the Java HashSettype. It is thus necessary for developers to be aware
of and handle the gaps caused by abstraction even if they do rantroduce
abstraction by themselves. We believe that the analysis in his paper helps this
point, by providing not only the supporting framework but al so insights that
help developers even if they tackle the problem manually.
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4.2 Future Work

The following issues remain as future work.

{
{

More sophisticated con gurations of test cases, like combiatorial automa-
tion of test cases [5].

Checking constraints, i.e., invariants and pre/post-condtions, at the imple-
mentation level. This could be achieved by assuming use of JM[6], possibly
with support of combined use of VDM++ and JML [7].

The proposed notations could still be naive, incomplete, ir cient, or coun-
terintuitive. We are presently examining more examples to \alidate the pro-
posed handling patterns while focusing on VDM++ and Java.

Concrete implementation strategies. We are presently exaiming a design
that generates VDM++ models and Java codes that denote the test case
behavior, as shown in Section 2.2.

5 Summary

This study has discussed an initial approach to a general tésg framework to
support inheritance of test cases from the VDM level to the inplementation
level. It is clearly signi cant to ensure that the correctness and validity at the
VDM level are inherited at the implementation level. On the other hand, abstract
modeling has been considered as the key to make the maximum eof VDM.
This study has pointed out these principles con ict with each other. Speci cally,
this study discussed how gaps between abstract modeling andoncrete imple-
mentation codes complicates inheritance of test cases, wlkeiproposing an initial
approach to a testing framework to handle the problem.
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Abstract.  This paper reports and discusses experiences on education
of VDM in the Top SE program targeting software engineers in t he in-
dustry. The program involves education of a variety of scien ti ¢ methods
and tools with group exercises on practical problems, allowing students
to compare di erent approaches while understanding common principles,
e.g., VDM v.s. B-Method. In addition, the program involves g raduation
studies where each student identi es and tackles their own problems.
Statistics on problem settings in the graduation studies pr ovide interest-
ing insights into what top-level engineers tackle after learning VDM.

1 Introduction

Formal methods are attracting increasing attention from the software industry,
as software is getting more and more complex while e ciency ad reliability of
software development is getting more and more signi cant. Q1 the other hand,
there are still di culties for industry developers to apply formal methods to prac-
tical system development, due to lack of appropriate knowlelge and techniques
(e.g., mathematical knowledge), di culties to determine p roper approaches (e.g.,
modeling strategies) as well as lack of a variety of tools thematch with their
requirements and contexts.

The Top SE program in Japan has provided a unique place to prodce \su-
perarchitects” who can promote practical use of advanced, dgenti ¢ methods
and tools, including formal methods, for tackling problemsin software engineer-
ing [1,2]. The Top SE program primarily targets engineers inthe industry and
provides education on a variety of methods and tools by comlring lecturers
from academia and the industry. The program provides more tlan education of
general, fundamental knowledge and techniques on methodsnd tools, in the
following two forms of activities.

Lecture Courses In the Top SE project, lecture courses are organized to in-
volve di erent methods and tools so that students can compae di erent
approaches while understanding common principles. Each course involves
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group exercises where students jointly tackle practical poblems while ex-
changing ideas on di erent approaches to the problems. The pblems are
jointly developed by lecturers from academia and the industy.

Graduation Studies  The Top SE program also includes graduation studies
where students identify and tackle their own problems usingscienti ¢ ap-
proaches they have learned. The studies are nally evaluaté in terms of
validity of problem setting, validity of approach (method/ tool) selection,
and problem-solving ability (e.g., adequate abstraction)

This paper reports and discusses the experiences on VDM edation based
on the principles described above in the Top SE project. This pper discusses
the lecture course design of VDM and graduation studies thattackle problems
by using VDM or problems in using VDM. The statistics on graduation studies
will clarify what kinds of issues the students (actually top-level engineers in the
industry) nd signi cant and also solvable to some extent by themselves. It will
give interesting suggestions regarding roles of academiand the industry for
promotion of widespread, practical use of VDM.

The remainder of the paper is organized as follows. Section @escribes the
principles and current status of the Top SE program. Section3 describes the
design of the lecture course on VDM in the program. Section 4 eports actual
topics of graduation studies on VDM tackled by the students. Section 5 gives
some concluding remarks.

2 Top SE Program

2.1 Principles

In the software engineering area, there has been a gap betweehat are taught
in academia and what are required by the industry [3]. The Top SE program
in Japan is organized to bridge the industry-academia gap byproviding a place
where academic and the industry jointly deliver knowledge ad techniques for
practical use of advanced scienti c methods and tools [1, 2].

Below summarizes the principles of the Top SE program.

Target Topics Topics cover software engineering, especially focusing oup-
stream processes where scientic methods and tools work edaively and
e ciently. As essential goals in software engineering, e ciency, reliability,
and changeability are investigated. In addition, security is also focused on as
it is now an essential aspect in a variety of systems. Hardwar technologies
and social matters are not considered as primary topics.

Target Students  As the original motivation is to deliver scienti c approach es
to the industry, the primary target students are software engineers from the
industry. They know issues in software development well butdo not know so
much about use of scienti c methods and tools. Especially, Bgineers around
their 30's are targeted as they have identi ed issues in sofvare engineering
and are leading next-generation development processes. €hprogram also
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accepts graduation students of universities, who know sci#i ¢ aspects well
and are eager to learn their application in practical softwae development.
For education of university students, the Top SE program also provides le-
ture courses at universities, which puts more focuses on delivering pctical
aspects to graduate students. This is out of the scope of this paper.

Produced Graduates  The project de nes \superarchitects" to produce, who
have knowledge and techniques of the following.

{ Abstraction of practical problems into (semi) formal models, e.g., UML,
automata, formal speci cations, and goal-oriented requiements models.

{ Application of tools to concrete problems, e.g., digital, retworked home
appliances.

{ Adaptability to new technology and tools, e.g., identifying essential dif-
ferences and common principles in similar but di erent approaches.

{ Ability to promote the technologies and tools, e.g., instructing develop-
ment teams.

Lecturers and Lecture Courses Lecturers from academia and the industry
are grouped and develop lecture course materials, which inhee results of
software science from academia combined with practical problemsekercises)
settings from the industry. Lecture courses are organizedd involve di erent
methods and tools so that students can compare di erent appoaches while
understanding common principles. In addition, each coursdnvolves group
exercises where students jointly tackle practical problers while exchanging
ideas on di erent approaches to the problems even if using tB same method
and tool.

Graduation Studies  The students nally tackle graduation studies, for a few
months, where they identify and tackle their own problems usng scienti c
approaches they have learned. Students often determine tohoose and apply
some methods and tools for their own problem areas, e.g., a wioow man-
agement system. Some students develop extension of existingethods and
tools so that the methods and tools are used more e ectively ance ciently
for a certain class of problems, e.g., development of a modgenerator from
a speci c format. Graduation studies are evaluated in termsof validity of
problem setting, validity of approach (method/tool) selection, and problem-
solving ability (e.g., adequate abstraction).

Detailed description and discussion on the principles of the Top SEproject are
found in [1].
2.2 Current Status

The Top SE project had been fully sponsored by the Japanese gormement in its
setup phase of 5 years until March 2009. Below describes theaagus of the Top
SE project at the end of the setup phase (March 2009).

Students In March 2009, 30 students graduated. 4 of them were graduatetu-
dents (of universities) and the others were software engineers fromhe in-
dustry. 61 students graduated in total in the setup phase.
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Lectures 21 lecture courses, classied in 6 series plus introductory cages,
were nally developed and provided for the third-term students as shown in
Table 1. Each lecture course involved 12 classes, each of whiwas held for
one hour and a half. Classes were held in the evening (16:3®:00, 18:15-
19:45) on weekdays. Lecture courses were developed and oated by 25
lecturers, 15 from academia (universities or research ingutes) and 10 from
the industry (companies). Each student must get through at least 8 couses
with credit for graduation.

Series Course
Foundations Fundamental Theories

Practice of Software Engineering
Architecture Component-based Development

Software Patterns

Aspect-Oriented Development

Formal Speci cation Formal Speci cations (Foundations)

Formal Speci cations (Applications)

Formal Speci cations (Security)

Model Checking Veri cation of Design Models (Foundations)
Veri cation of Design Models (Applications)
Veri cation of Performance Models
Modeling and Veri cation of Concurrent Systems
Requirements Analysis Goal-Oriented Requirements Analysis
Requirements Elicitation and Identi cation
Security Requirements Analysis

Early Requirements Analysis
Implementation Techniques |Testing

Program Analysis

Veri cation of Implementation Models
Management Software Metrics

Software Development Management

Table 1. Lecture Courses in the Top SE Program

After successful completion of the setup phase fully sponsed by the govern-
ment, the renewed Top SE project started in April 2009. In regponse to feedback
obtained in the setup phase, the educational system was remed, e.g., the start
time of the lectures was moved to later in the evening. Although it becane a
fee-paying education with some scholarship, 31 students joed and started to
study (almost the same number as that of the third-term students). Additional
features are being introduced, such as support for continues, more advanced
studies at a partner graduate university after completion o the Top SE program.
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3 Lecture Course on VDM

This section describes the design of the lecture course on \WB, together with
relationships with other lecture courses. The detailed prciples for lecture course
development are discussed in [1]. The whole picture of all th lecture courses on
formal methods is described and discussed in [4].

3.1 Formal Speci cation Series

The Formal Speci cation series, including VDM, focuses on nathematical mod-
eling of system states and their changes through operatiomvocations. Accord-
ing to the principles described in Section 2.1, the series consistsf three lecture
courses as illustrated in Figure 1.

Discussing Application to Security Issues
while Comparing Different Approaches
~

FS3:
Security Event-B z Promela
(RODIN) (ZIEVES) (SPIN)
Emerging Approach Classical Approach State Transitions ]
Stepwise Refinement Theorem Proving Temporal Logic

Discussing Application Processes
L Fon ] while Contrasting Two Extreme Approaches

VDM++ B
(VDM++ Toolbox) (B4Free, ClickOn©Prove

Object-Oriented Modeling Stepwise Refinement into
Testing Frameworks

Implementation
Obtaining Fundamental Knowledge and Techniques
while Contrasting Two Extreme Approaches

FSL: J VDM-SL B
Foundations (VDM-SL Toolbox) || (B4Free, Clickon©Provd)

Lightweight Approach Construction by Correctness
Specification Animation

Theorem Proving
Fig.1. Formal Speci cation Series

Applications

FS1: Formal Speci cation (Foundations) This course delivers fundamen-
tal knowledge and techniques for the use of formal speci cabn. Two di er-
ent methods are discussed to deliver common principles andi érent strate-
gies: B-Method aiming at correct derivation of implementation based on
theorem proving and VDM aiming at lightweight validation ba sed on spec-
i cation animation and testing. As tools, B4Free and Click' n'Prove [5] are
used for B-Method and VDM-SL Toolbox [6] for VDM. As a practic al prob-
lem, a standard routing protocol for ad-hoc networks is investigated, which
is an emerging problem with clear speci cations in natural languages. Here
B-Method is used to gradually introduce complexity by modeing distribu-
tion of data among nodes through stepwise re nement, while \DM is used
to model the behaviors of each node.
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FS2: Formal Speci cation (Applications) This course delivers advanced
knowledge and techniques for the application of formal specation. B-
Method and VDM are used similarly to FS1, but more focus is put on di er-
ent levels of abstraction well as stepwise re nement throudp them. As tools,
B4Free and Click'n'Prove are used for B-Method and VDM++ Too Ibox [6]
for VDM. As a practical problem, other aspects of the routing protocol for
ad-hoc networks is investigated.

FS3: Formal Speci cation (Security) This course delivers knowledge and
techniques for using formal speci cations in development of securgystems.
Three di erent methods and tools are discussed with the same pactical prob-
lem of access control in a hospital. The rst is Event-B [7] with the RODIN
tool, where event-based modeling and stepwise re nement &rinvestigated.
The second is the Z/EVES tool [8], where theorem proving is inestigated.
The last is SPIN [9], where state transition-based modelingand temporal
properties are investigated.

As described above, VDM is taught in the courses ofS1 and FS2. In FS1,
the Foundations part, the principles of VDM and VDM Toolbox a re taught
through use of VDM-SL. An example of event management systenis investi-
gated, where users can reserve seats for events. The systemvadlves constraints
such as event capacity and double booking prevention. First, a simplenodel is
discussed where only one event is considered as an introductoexample. Here,
the system is modeled to keep a set of reservation records, vdh abstracts away
design strategies that aim at e ciency of implementation. T hen a sophisticated
model is discussed where full functionalities are modeledsawell as design strate-
gies. The data structure is changed to two maps, where inderg for two kinds
of queries are made e cient. As the reservation records are &pt in two variables
redundantly (for the purpose of e ciency), additional cons traints appear about
consistency between the variables. IfFS2, VDM++ is taught with similar exam-
ples, while making use of various functionalities of VDM++ T oolbox, including
use of VDMUnit, test coverage measurement and Java code gersion.

Both of FS1 and FS2 include group studies on a standard routing protocol
for ad-hoc networks, namely, OLSR [10]. In both the lecture ourses, VDM is
used to model behaviors of each node, speci cally, avoidinguplicate processing
and forwarding in FS1 and avoiding unnecessary multi-casting by examining
the network topology in FS2. In both the lecture courses, each group discusses
strategies of the following aspects.

Modeling Scope e.g., to model only the inside of a node or model the whole
network

Abstraction  e.g., to eliminate trivial details in the message formats

Removal of Ambiguity e.g., the speci ed algorithm does not specify how to
handle a specic case

Veri cation  e.g., what properties to be veri ed in what means (e.g., exanning
outputs or checking postconditions?)

Each group, and each student, proposes di erent strategiesnd tries to justify
it while discussing other strategies proposed by other groups or dier students.
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These experiences make the students feel the di culties in the ssential task of
determining strategies for e ective and e cient use of VDM.

3.2 Relationships with Other Lecture Courses

VDM education is complemented by learning related or di erent approaches to
software development, as follows.

Model Checking Series  The Model Checking series provides lecture courses
that focus on mathematical modeling of software behaviors ad their e cient
veri cation with automated tools, such as SPIN [9]. It complements VDM
by discussing exhaustive veri cation on models, which canpt be achieved
by veri cation through testing in VDM.

Program Analysis Course The Program Analysis Course teaches JML [11].
It complements VDM by discussing the same kind of veri cation targets,
i.e., invariants and pre/post-conditions, but targeting n ot abstract models
but source codes.

Testing Course  The Testing Course teaches testing methods such as decision
tables. It complements VDM by discussing how to construct and &aluate
testing plans, which is essential when relying on veri caton through testing
in VDM.

3.3 Statistics

Table 3.3 shows how many students successfully got through some of the uses
with credit. It means the number of students who registered b the course, at-

tended the classes, and completed reports on personal exéses and group ex-
ercises. In the table, the number of students who attended each cwse is also
shown between parentheses (students who registered but not ompleted or who

audited). Here only 30 students who graduated in March 2009 g counted, as
previous graduates did not have the full lineup of 21 lecturecourses described
in Table 1.

Series Course|Students: completed (attended)
Formal Speci cation | FS1 20 (27)
FS2 14 (20)
FS3 4 (5)
Model Checking MC1 17 (21)
Architecture CBD 21 (22)

MCL1: Veri cation of Design Models (Foundations)
CBD: Component-Based Development
(Students in total: 30)
Table 2. Completion and Attendance at Lecture Courses on Formal Meth ods
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FS1 and FS2, where VDM is taught, were both as popular as other lecture
courses, such as Veri cation of Design Models (Foundations)where SPIN [9] is
taught, as well as Component-based Development.

4  Graduation Studies on VDM

4.1 Overview

As described in Section 2.1, students identify and tackle tleir own problems in
their graduation studies. Many students have chosen topicon formal methods.
This paper classi es the topics as follows.

Case Study In this type of study, problems are identi ed in development of
some target systems, such as work ow management systems amaeb appli-
cations. Solutions are de ned by choosing adequate formal ethods/tools as
well as de ning application strategies.

Domain-Speci ¢ Finer-Grained Support In this type of study, problems
are identi ed in application of formal methods/tools to dev elopment of sys-
tems in some domains, such as work ow management systems aneeb appli-
cations. Solutions are de ned by developing domain-specic methods/tools
that provide ner-grained support for application of general formal meth-
ods/tools.

Bridging Gaps between Di erent Methods/Tools In this type of study,
problems are identi ed in bridging between a task where formal methods/tools
are used and another task where other (formal or not formal) nethods/tools
are used. Solutions are de ned by developing methods/toolgor combining
formal methods/tools with other (formal or not formal) meth ods/tools.

Extension of Methods/Tools In this type of study, problems are identi ed in
capabilities of existing formal methods/tools themselvesregarding their own
purposes (e.g., veri cation). Solutions are de ned by devdoping extension
of formal methods/tools.

4.2 Statistics

28 studies were related to formal methods, out of 61 studiesdetails of which
are described and discussed in [4]. Among them, 7 studies wembout use of
VDM. This number is high, second to SPIN on which 11 studies wee conducted.
This tendency would be somewhat unique in Japan. It would be lecause VDM
Toolbox is maintained by a Japanese company and a Japanesetarface has
been provided. It would be also because of the well-known apigation case of
VDM for an IC card system, which is used extensively in Japanse people's life
[12]. Students who chose VDM tended to claim that they would rot be able
to introduce formal methods heavier than VDM, the lightweight one, to their
colleagues and companies.

Below enumerates the actual topics of graduation studies oWDM, according
to the classi cation in Section 4.1.
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Case Study

{ One of the studies used VDM for formal modeling and validation in
an experimental project involving a team at the company with which
the student works. It evaluated additional costs (man-hours) as well
as speci cation items additionally identi ed through the m odeling and
validation, which would lead to much more cost if found in later phases.

{ Another study modeled and veri ed constraints in advanced gplication
in the embedded reality area, that is, a glass through which he user can
see the information of the objects in his view.

Domain-Speci ¢ Finer-Grained Support

{ One of the studies developed a metamodel to encode BMM (Buséss Mo-

tivation Model) [13] in VDM-SL so that BMM instances can be checked.
Bridging Gaps between Di erent Methods/Tools

{ One of the studies investigated a method and tool that suppots deriving
speci cations in VDM from requirements obtained by using KAOS [14,
15].

{ Another study investigated a method that derives VDM++ desc riptions
from UML state-chart diagrams so that they are validated thr ough spec-
i cation animation.

{ Another study investigated guidelines and patterns to inheit invariants
and pre/post-conditions, which were veri ed by VDM in an ear lier phase,
to LTL formula in SPIN so that the proved properties are con r med also
in the design phase, typically with concurrency.

Extension of Methods/Tools

{ One of the studies de ned re nement relationships in VDM++ a s well as
proof obligations so that speci ¢ kinds of re nement relati onships, which
have been recently dealt with in Event-B, can be explicitly modeled in
VDM [16].

Although the number of the studies is so small, the result shws that the
students nd studies for Bridging Gaps between Di erent Met hods/Tools sig-
ni cant and solvable to some extent. It means, when students disusses among
themselves how they can solve their problems in software developmeim their
domains, by using VDM, they often nd di culties in connecti ng VDM with
other methods in the development process. On the other hand, it also mean
the students, actually the top-level developers in the indwstry, can nd initial
approaches to such issues.

5 Conclusion

The Top SE project has been established to deliver scienti capproaches in soft-
ware engineering, including formal methods, to engineersiithe industry. It pro-
vides lecture courses developed jointly by lecturers from acadheia and from the
industry, as well as opportunities of graduation studies wtere students identify
and tackle their own problems. This paper has reported and dicussed experi-
ences on VDM education in the Top SE project. Students, mos engineers in
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the industry, were very eager to learn and investigate more @ctive and e cient
use of VDM.

The Top SE program has established its education system thaaccepts about
30 students per year. After discussion given in this paper, @ believe the approach
of the program will promote practical use of formal methods hcluding VDM,
where not only academia but also the industry develop practtal support for
e ective and e cient use of formal methods.
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