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Using VDM for Air Traffic Control
In a couple of projects at Frequentis in Austria it has been shown again that the use of VDMTools® significantly increases the questions raised in the early phases of a project where the requirements must be clarified. Several inconsistencies were recovered.

More on page 3

Measuring the effect of VDM-SL for Satellite Software 
In the ISEPUMS project CS-SI in France measured the effect of using VDMTools® and its automatic code generation feature on a satellite application. Gains were demonstrated both in terms of effort and code size.
More on page 4 

Using VDM++ for a business critical application
Developers from Chess IT in The Netherlands used VDMTools® on a heavy real-time system which was very critical for the business of their client.
More on page 5 

New VDMTools® Releases
VDMTools® - for Quality Software on Schedule

In October 2000 IFAD made a new official release of VDMTools®. The version number for the official VDM-SL Toolbox is now version 3.6 and the version number for the VDM++ Toolbox is 6.6.


New Improved VDM debuggers

In the October 2000 official release the VDM interpreters/ debuggers have been redeveloped. This includes performance improvements over the previous interpreter. In addition the debugging facilities have been improved with for example facilities to move up and down the call stack during debugging. Finally it is now also possible  to set breakpoint on lines and not only at the beginning of functions and operations.

In addition the VDM++ interpreter/debugger has been enhanced such that it is now also able to support the concurrent constructs from VDM++.

New API for VDMTools

A Corba-based Application Programmers Interface (API) is also included in the October 2000 release of VDMTools® on both the Linux and the Windows platforms. This enables users to access all  functionalities of VDMTools® externally from another process. Such external access to VDMTools® may be very valuable for users:

· who wish to combine their VDM model created using VDMTools® with a graphical user interface

· who wish to extend the functionality of their own software development tool.

The former usage provide a prototyping capability in the early life-cycle phases which may be used to demonstrate how the requirements have been captured. This is illustrated in a number of examples on IFAD’s web pages including the cash dispenser example. The latter usage will be  more relevant to other tool developers or researchers.

The only requirement in order to be able to use this facility is to be able to create a process which can communicate with the VDMTools® process via a Corba compliant layer. See the new manual for the VDMTools® API for details.

New Code Generator for Java

A VDM++ to Java code generator is also included as a new feature in the October 2000 release of VDMTools®. This code generator is able to produce fully executable code in the same way as the existing C++ code generators from VDMTools®. However, this Java code generator contains more options than the existing C++ code generators. This includes the possibility to only generate code for the classes and the types from VDM++. 

There is also an option in the Java code generator which enables it to produce different threads if one has  used the concurrent part of VDM++. This feature will be valuable to users who wish to describe the concurrent aspects of their system directly inside VDM++.

Java does not support multiple inheritance directly. Thus, the Java code generator also contains an option for using interfaces from Java to handle VDM++ specifications with multiple inheritance; VDMTools® automatically computes those VDM++ classes which are suitable to be generated as Java interfaces, and the user simply selects from this list.

A facility has also been included to allow integration of automatically generated code with code that has been hand edited. When generating a Java file for which hand edited code exists, VDMTools® merges the generated file with the hand edited one to create one combined file. This means that both hand optimizations, and calls to other Java code can be preserved during the code generation process.

Lightweight package support

Continuing the effort to meet the needs of its clients, IFAD has included support for packages inside VDMTools®. This new enhancement is particular helpful for large specifications with many classes or modules and in situations where large development teams work together on the same project. We have chosen to make the package support  purely at the interface level such that it has no semantic consequences for any existing VDM specifications. Thus, the package support simply follows the directory structure for the files which have been included in a given VDM project.

Improvements of VDM++

The syntax and the corresponding semantics for the VDM++ notation have been improved. The first main change made is that modifiers (public, protected and private) have been introduced. This naturally means that users of VDM++ need to update their existing VDM++ specifications to take this change into account, because the default for all definitions is that they are private. The second main change is that the concurrent part of VDM++ has been refined. Previously this part of the language was not very well supported, and this has changed with the new October 2000 release of VDMTools®. See The IFAD VDM++ Language Manual for details.

Enhancements to Rose-VDM++ Link

The new release of the VDM++ Toolbox includes a number of enhancements to the round-trip engineering facility with the Rational Rose - the de facto standard UML tool. This also means that it is now able to work together with the latest version of Rose -  Rose 2000e.

Japanese Tax Rules formalized using VDM++
Japan Future Information Technology & Systems Co.,Ltd (JFITS) is an online information service company in Japan specialized in securities and financial system solutions. JFITS is developing a back office system for stock companies known as the  "Trade One System". This system is being developed using object oriented technologies. VDM++ is being used initially for analyzing and designing one subsystem which manages applications of tax exemption for investment trusts.

In Japan, for elderly or handicapped people, profits from savings and investment trusts up to a certain limit are exempt from taxation. The subsystem processes the application of the tax exemption. Regulation of the tax exemption is so complicated that handling errors takes 10 times as long as the normal process. It can therefore be expected that the specification in natural language contains a lot of mistakes and ambiguous descriptions. It is believed that the unambiguous descriptions made in VDM++ will improve the precision in ensuring the tax rules are obeyed.

Contact: 

        Shin Sahara <Shin.Sahara@jfits.co.jp>
VDM for Air Traffic Control 

A collaboration between industry and academia

It is about two years since the Software Technology institute at the Graz University of Technology started a cooperation with the Austrian company Frequentis (www.frequentis.com) situated in Vienna. Frequentis's core sphere of business is air traffic control: the company provides voice and data communication systems for safely routing aircrafts between the world's airports. Our goal was the application of VDM and IFAD's VDMTools in this highly safety-critical domain.

In the first project, the system's requirements and test-cases of an existing product, the voice communication system VCS 3020S, have been validated. The encouraging results we received, reported in [1], convinced Frequentis to take the next step: the use of VDM in a running project. 

This time, a network node for voice communication has been validated by interpreting a VDM model of the requirements with existing acceptance tests. 140 functional requirements have been chosen out of a collection of almost 3000 requirements, all formulated in natural language.

The formalization of the 140 requirements uncovered 108 open issues leading to 33 changes in the requirements document, and 16 errors in the acceptance test-cases have been detected. This was done in 14 man weeks. Considering the fact that requirements engineering is one of the most difficult parts in a project this effort seems to be acceptable,  especially in a safety-critical domain like air traffic control, where voice communication must not fail. The customer Austro-Control particularly appreciated the increased rate of early questions for clarification.  This emphasizes the important  role  the formalization plays in validation.

The requirements engineer of Frequentis who maintained the requirements document gave the following statement in [2]:

In the mentioned project, the application of VDM took place at a relatively late stage. At this time, each member of the project team already possessed a high level of insider-knowledge. Considering this fact, it was even more astonishing, that the VDM-engineer quickly became familiar with the complex subject. Subsequently, the application of VDM quickly led to qualified questions. Consequently, several inconsistencies in the requirements were uncovered and corrected prior to the implementation phase. Apart from this, it was realized that several requirements were well known to the members of the project team without being actually written down.

[1]
Johann Hörl and Bernhard K. Aichernig. Validating voice communication requirements using lightweight formal methods. IEEE Software, pages 21-27, May/June 2000.

[2]
Bernhard K. Aichernig, Andreas Gerstinger, and Robert Aster. Formal specification techniques as a catalyst in validation. In Proceedings of the 5th Conference on High-Assurance Software  Engineering, 15th-17th November 2000, Albuquerque, New Mexico, USA. IEEE, 2000.

Contact: 

       Bernhard Aichernig <aichernig@ist.tu-graz.ac.at>
Reverse Engineering to VDM-SL
The KARMA project

The KARMA project in Portugal (partnership of Sidereus Ltd, Novabase SA and the University of Minho) addresses data quality, data cleansing and data migration from novel perspectives. One of the components in the KARMA tool currently under development is the "KARMA Reverse" component which infers ISO standard VDM-SL formal specifications from informal database schemas. The tool, which is intended for advanced consulting services in the area of legacy information systems, has been successfully applied (in the prototype phase) to two real-size test cases and will become available as a software product in the near future. 

Contact: Luis Neves  fln@sidereus.pt  

Successful use of VDM in Large Development Project

Next generation configuration Language

At Invensys CRM (formerly a part of Baan) we are at the end of a three year long project to create a next generation configuration language with accompanying tools. The language itself is very rich in features with a complexity comparable to C++ and Java. The project has the ambitious goal to set the standard for configuration languages. 

During this time we have progressed through three different stages:

1. A very informal language definition phase where we looked at real world configuration problems and how these could be expressed most conveniently. 

2. A formal language and test specification phase using VDM-SL
3. C++ prototyping and optimized production code implementation.

At the core of the project we have the language with accompanying compiler and solver (an inference engine). At the user level we have graphical tools for modelling and configuring. The compiler and solver were fully specified using VDM.

We saw that the specifications right from the start revealed a lot of inconsistencies introduced in the language-definition phase. The overshadowing requirement of the kernel being Correctness, the strength of using VDM (and not a C++ prototype) was that we were forced to focus on the semantics and not so much on the actual implementation. Most importantly, we were able to write and execute test-cases against our specification. The latter has proved to be extremely valuable for regression-testing all the way through the project till today.

For all specifications the greatest advantage has been that we can track defects back to the specification. The advantage being that complex algorithms written in a high level specification language are much easier to trace and correct than optimized C++ code.

During the implementation phase it has proved very useful to have running specifications of the different components. This has meant that we could have a much more decoupled implementation plans than otherwise between the different components. 

VDM is, however, not any silver bullet. Like all software development using VDM for the specification (or an object oriented language for design and implementation) is not any guarantee that the end result has the desired quality. Especially the compiler specifications have proved this. Half the specification has basically been thrown away with implementation. The main mistake made here was that the specification tried to "implement" optimizations which made the specification incorrect, but most importantly unreadable. Hence, the specification lost its value as a means of conveying a design of the more complex algorithms to the final implementation.

Contact: Jørgen Hedegaard jhandersen@baan.com
[image: image1.png]



VDM-SL for Satellite Development

Some conclusions of ESSI Project #27492

The main objectives of ESSI Project 27492 were to prove, by means of a simple experiment, that the combination of formal languages (such as VDM-SL, B or Z) with semi-formal methods (such as SA/RT, HOOD, KADS) leads to measurable benefits and to a better acceptance by software engineers and management staff. This demonstration was made by rebuilding a significant piece of software, initially built in 1995 by CS-SI and actually in use at CNES (French National Space Centre). Precisely, the component considered was the Messages Programming Component (MPC) of the Payload Management Centre (PMC) of the SPOT4 control software.

Starting from the same specification documents as the initial PMC, the project produced:

· A knowledge model of the MPC and a VDM-SL specification of the MPC,

· A new MPC, implementing the same specifications and producing identical results as the original MPC,

· Generated C++ code for SUN/Solaris 2.6 as well as executable code produced using GNU gcc 2.7.2,

· Some technical reports to the CEC along the different phases of the project.
The project reported significant gains in terms of efforts and code size.

The specification consists of approx. 5000 lines of VDM-SL and 600 lines of C source code (for evaluating it with the IFAD VDM-SL interpreter). The original code, within PMC application, consists of 9000 lines of C and Fortran code. Therefore, we had 38% less code than the original MPC mainly because of the level of abstraction used in VDM-SL compared to C. 

In terms of efforts, the project spent 193 men x days, that is 36% less efforts than the original MPC. The reasons for this are manifold. The IFAD VDM-SL code generator has been employed to generate a complete C++ target code of 34000 lines that reduces the time to market dramatically. Also, both versions of the MPC spent comparable efforts to understand the MPC problem (about 50 men x days each). The difference in terms of activities is much higher in the testing phase and in favour of the new approach with a 90% gain.

This ESSI project has been supported by the Commission of the European Communities, DGIII Industry,  RTD programme Information Technologies, Software systems and software best practice, which we thank for its support.

Contact: Armand Puccetti armand.puccetti@cisi.fr
Dutch Flower Auction

Using VDM++ for a business critical application

Chess (http://www.chess.nl) has been involved in a large project to re-engineer the auction clocks of the Flower auction at Aalsmeer, the Netherlands. Flower Auction Aalsmeer (VBA) is the largest covered marketplace in the world, sizing more than 700.000 square metres. Every day, millions of fresh cut flowers and plants (from all over the world) are put up for auction on one of the fourteen auction clocks. Some 50,000 transactions are made every day, generating an annual turnover of roughly 1.5 billion Euro. It can be safely assumed that the auction process is the most critical business process of the flower auction. If the clocks fail for one day, a staggering 750 football fields full of produce can be thrown away since they cannot be sold the next day due to the sensitive nature of the goods. More information on the flower auction can be found at http://www.vba.com/english/index.html and also http://www.vba.com/english/veilen/index.html where the auction process is explained in more detail.

The re-engineering project entailed several issues; upgrade the auction network infrastructure and prepare the replacement of auction clock computers. Furthermore, the re-engineered system should be capable of allowing buyers to participate from their homes or businesses in the auction process instead of travelling to the auction every morning. Last but not least, this home-buying feature should allow for better integration with the business tools of the buyers to improve the end-to-end quality of the buyer-seller chain, at lower operating cost.

Chess has been involved in developing the enhanced network architecture, implementing the interfaces of this network to the existing clock systems and development of the home-buying application. For the development of the software for the interface between the old and new infrastructure, Chess selected the IFAD VDMTools® in combination with the well-known Rational Rose tool. Our client had already made a strategic choice for UML as their main modelling paradigm, but they had no experiences yet applying this technique in technical applications. Although the initial belief of our client was that the real-time characteristics were the most difficult to tackle, it turned out that the "hidden" functionality of the interface itself was far more complex, as we had anticipated. The choice of VDM++ and UML really suited this type of application. The software application on this interface component has been specified in a round-trip style, taking about a month to complete, generating a hundred page Microsoft Word document. The VDM++ specification and the UML model was reviewed by a project team that had no prior knowledge of formal methods. They were able to adjust to the notation very fast (learning it on the job) while still generating good comments on the specification. In their opinion, the VDM++ specification added a lot of clarity to the UML model. The project team made a plan for the realisation phase based on the formal specification phase. Due to the fine grained specification model, a concise plan could be set up and that plan was eventually met without any noticeable problems. The system was implemented in C++ on a multi-processor VME bus system under the VxWorks operating system.

A paper was presented at VDM user group meeting at the World Conference on Formal Methods at Toulouse in 1999. 

Contact:

Marcel Verhoef  Marcel.Verhoef@chess.nl  

GAO mbH Develops Banknote Processing System Using VDM-SL

New Banknote Sorting Compiler

GAO develops a variety of banknote processing systems. These are distinguished by their hardware architecture, speed and performance.

Regardless of the technical variations, the customer desires a common look-and-feel across all his banknote processing systems.

The GAO is currently using VDM-SL to specify and develop a new banknote sorting compiler, and a 3-D GUI with database support as a user interface to the compiler. This project will enable our customers to program their systems in the field, in an expressive and easily understandable notation.

By using VDMTools® as the primary specification tool, our software engineers can be confident that their project design is feasible. Previously VDM has been used on a number of other successful applications as well.

Contact:

Paul Smith Smith@gao-munich.com 

Extending VDM++ with Real-Time Support

A trial project with Matra BAe Dynamics

A key problem when developing software for real-time systems is judging whether a design has the real-time behaviour required by the overall system. That is, judging whether the design will be able to meet the physical deadlines imposed by the system and its environment. In practice it is often only possible to make this judgement once an implementation is available: if during testing the implementation fails to meet any deadlines, then the design must be revisited and implementation repeated. Thus, exploration of timing properties occurs late in the development process.

In the VICE project (ESPRIT no.: 27618) we are currently attempting to enhance the VDM++ technology to improve this situation. We have developed a methodology in which users can enhance a VDM++ design with duration information which then subsequently will be taken into account by the VICE adapted version of VDMTools in the animation of the design. Here a trace with the different events during the execution is created and this can subsequently be analysed. 

The trial application which has been used to test the value of the enhancements to the VDM technology is a simplified control system for a missile. The control system receives input from a number of sensors concerning inertial measurement and guidance, generates commands for the surfaces that it controls.
General information regarding the VICE project can be accessed at http://www.ifad.dk/projects/vice.html 

Contact:


Paul Mukherjee Paul.Mukherjee@ifad.dk
Combining New Features with an Object-Oriented Database

IFAD is participating in the ASIA project developing a persistent multi-user application on top of the Versant object oriented database.

The aimed software architecture consists of 

1. A thin GUI client - Java Swing

2. A RMI transport layer - VDM++ and Java

3. A business server - VDM++

4. The database schema - VDM++

The VDM++ business class specification is enhanced with a few classes for the database lock policy, where some simulate Versant classes. This models the OO database schema.

An additional set of classes specifies a non-persistent control layer that, among others, has the database roots (in Versant terminology). This models the business server.

A single user, non-persistent version of the specification has been tested in the IFAD VDM++ Toolbox by having the GUI client attached to its new Corba API feature through a RMI to Corba layer.

The final application is made by the new automatic Java code generation feature, discarding the simulated Versant classes. A small script adds code for the connection to the database. The mother business class, having four fundamental Versant operations, is the only non-GUI part which is written in Java by hand. A Versant tool enhances this to the final persistent and multi-user capable version.

The overall development has been error-free since we started using UML and VDM++ in as many places a possible.

Contact:



John Rasmussen: John.Rasmussen@ifad.dk
Summer Placement at IFAD

I am a Telematics student at the Institute of Software Technology of Graz University of Technology, where the IFAD VDMTools are used in courses as well as for scientific work. In the summer 2000 I had the opportunity to join the VDMTools development team of IFAD for three month. I spent a major part of this time working on the CORBA API of the VDMTools in order to get it into a state that allowed a first release of it. In the last month I started working on a more academic task, a small project related to the PROSPER project.

My placement was a very positive experience for me. I really felt that I was accepted as a member of the development team, and I learned a lot of new things from the highly skilled computer scientists that work at IFAD. I was very impressed by their efficiency and by the way they are solving problems.

My time at IFAD strengthened my belief in VDM and gave me a new view of how software projects can benefit from the use of formal methods. VDMTools is a very mature and excellent piece of software that enables its users to concentrate on the essential parts of software development.

I want to thank all IFAD employees for making my stay at this company a very pleasant experience and I hope that I will have the opportunity to work together with them again.

Contact: 

 Georg Weissenbacher georg.weissenbacher@gmx.at


Integrity checking for VDM-SL

As part of the work in the Esprit project PROSPER (Proof and Specification Assisted Design Environments), IFAD is developing two new prototype tools for the proof support for VDM-SL: the VDM-SL Integrity Examiner and the VDM-SL Integrity Checker.

The VDM-SL Integrity Examiner allows the user to automatically generate proof obligations to verify a wide range of integrity properties of VDM-SL specifications including compliance with invariants, and pre/post conditions. The Integrity Examiner provides a graphical interface to group and browse the generated proof obligations.

A specification can easily generate several hundreds of proof obligations revealing its many potential sources of flaws.

The VDM-SL Integrity Checker is a tool for discharging proof obligations. The proof support of the Integrity Checker is based on a PROSPER developed  open proof-tool architecture which brings together capabilities from "state-of-the-art" proof tools. Centered around the HOL98 theorem proving system a proof engine is build and augmented in a plug-and-play fashion with third-party decision procedures for instance based on binary decision diagrams (BDDs) and Stålmarcks method for propositional logic. 

Alpha releases are available of the tools. The tools are prototypical and do not support the full VDM-SL language. In particular, states, operations and mutiple modules are not supported. Instead of providing free down-loads we invite interested people to contact us so that we can give specific advice on the use of the tool on specific case studies. See below in the Newsletter for a description of an ongoing case study with the Railway Technical Research Institute (RTRI) of Japanese Railways.

Contact: Kim Sunesen Kim.Sunesen@ifad.dk
Application of VDM-SL to Railway Signalling

Railway signalling is a safety critical system. Recently computers have been widely introduced to signalling systems. The more computers are used, the more safety software becomes responsible for. But the safety technology in the software domain is not yet mature.

Signalling engineers think that formal methods have a good possibility for being the way ahead. With formal methods, specifications can be made more precise and programs can be generated automatically from the specification. With the possibility to prove with the computer that specifications are consistent and the programs from the specification satisfy the safety requirement, it becomes the way to work.

IFAD is currently participating in the PROSPER project (see above), in which a proving facility for the IFAD VDM-SL Toolbox is being developed. RTRI, the research institution of Japanese Railway, has cooperated with IFAD in relation with the PROSPER project from the user's point of view. I currently stay at IFAD. I evaluate VDM-SL as a developing method of safety software. At the same time I have an opportunity to suggest improvements to the proving tool.

As a practical application I am defining a specification of a database for the latest automatic train protection system. This database is a basis with which trains calculate - from dynamically given data  - the safety speed limit for not colliding into a preceding train or derail. 

In the specification the track profile such as connection of tracks, curve, gradient of slope, and kinds of signal, are defined as well as routes which the train should take. Conditions to be kept are also defined. On top of that functions to edit the database are defined.

Proving is not almighty. The difference between what the writer thinks and what is written must always be examined manually. Therefore there remains the need for tests. There also needs to be more progress for the practical use, but I feel that there is a future for the proof extension of the IFAD VDM-SL Toolbox.
Contact: Natsuki Terada nterada@rtri.or.jp
New VDM Web page

The official web page for VDM has moved from IFAD's site to Newcastle where John Fitzgerald maintains it at http://www.csr.ncl.ac.uk/vdm/. On this web page there is access to all papers presented at the two first VDM workshops (at FM'99 in Toulouse, September 1999 and in August 2000 in York). 

Among the new material which also is available here is a japanese translation of all the course slides associated to the Fitzgerald and Larsen VDM book made by Takahiko Ogino from RTRI. We hope that more such translations will be made available in the future.

The new VDM++ examples repository should also become available via the main VDM web page.

Contact:


John Fitzgerald: John.Fitzgerald@newcastle.ac.uk
 
The Toolbox Newsletter

Mailing list
If you should want to be added to or removed from the Toolbox Newsletter mailing list please contact us by:

e-mail: toolbox@ifad.dk
telephone: +45 63 15 71 31 or
fax: +45 65 93 29 99
More Information
Information about the IFAD VDM products is available at request.

Useful information can also be found on IFAD’s www-homepage: http://www.ifad.dk/
Calendar of Events

IFAD will be represented at the following events. At exhibitions our VDM products will be demonstrated.
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FME'2001










Berlin, Germany

12 June






VDM Tutorial at SEA






Kochi City, Japan

13-15 June





SEA Software Symposium 2001 


Kochi City, Japan


Free academic site licenses

IFAD proudly announces a new initiative to spread the use of VDM more widely in academia. This means that educational institutions will be able to get an entirely free site license of VDMTools® provided that they use it actively.

The procedure for getting a free license is described at: http://www.ifad.dk/Products/VDMTools/free_asl.htm
Beta releases made available

In addition to the official releases of VDMTools® beta releases are now made available with a more frequent interval. These releases may contain experimental and/or unstable features, so no support is available for them. However, they enable users to get access to the newest enhancement of VDMTools at any given time. It is possible to download the different beta releases from:

http://www.ifad.dk/Products/VDMTools/betareleases.htm 

VDMTools® Alliances

In order to establish a more world-wide presence with VDMTools® IFAD has engaged in a number of alliances. These alliances vary from traditional distributors far away from Europe and Denmark, via technology collaboration partners with distribution capabilities to IFAD fellows. A fellow is an individual who knows the VDMTools technology very well and wishes to use this knowledge in an industrial setting in conjunction with IFAD using VDMTools. 

Distributors: 

· DDC-I, USA 

· JFITS, Japan 

Technology Partners: 

· ISPRAS, Russia (in particular in the area of test automation) 

· Sidereus, Portugal (in particular in the area of databases) 

· Rational, USA (in particular in the area of UML) 

· SofTools Inc., USA (in particular in the area of static analysis) 

Fellows: 

· Bernhard Aichernig, Austria 

· Vasu Alagar, Canada 
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														IFAD in Boeing’s JSF One-Team


IFAD has taken part in the Concept Definition Phase of the Joint Strike Fighter (JSF) program. JSF is the next-generation, multi-role strike fighter, which initially will be developed for the U.S. Air Force, Navy, and Marine Corps; and the U.K. Royal Air Force and Royal Navy.





The supportability of this aircraft is captured by the Boeing One Team Autolog concept. As a result of IFAD's contribution to this team effort and our support to the successful development of Boeing's Autonomic Logistics concept IFAD achieved membership of  the JSF One Team.





The JSF One Team is a group of the world's leading aerospace companies. We are very proud of the acceptance by the other JSF One Team members.
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