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Welcome 
 
 
                                Dear EASST Members,  
 
 
this newsletter includes  a lot of exciting contributions. First, we present an article on verified 
software by Tony Hoare and Jay Misra that comes with additional FAQ-pages. Then we have 
a summary of the paper that won the best paper ward at FMICS Model Checking Software 
with Well-Defined APIs: the Socket Case by P. de la Cámara, M.M. Gallardo, P. Merino, and 
D. Sanán. 
 
The growing interest in EASST can be stated by the continuous increase of fascinating topics 
treated in the columns. So, I am very glad that there is a new column: Mike Hinchey 
introduces his “Biologically-Inspired Computing” Column. Moreover, we have contributions 
in the Software Architecture Column and in the Tool Column.  

 
And again we have some reports on past events: on ACE, on 
SFEM, and on GIIS, as well as announcements of future events, 
there calls for papers for FM, ICTAC, QAPL, FRCSS, and 
FESCA. 
 
                                                              

                                      Welcome 

 
 
 
 

                              

Yours sincerely, 
                                                                     
                                  Julia Padberg 
                                 (EASST-Secretary) 
 

 
 
 
PS.: Please send any contribution to me or one of the column editors, if you 
would like to have it in the forthcoming newsletter next June. 
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Verified software: theories, tools, experiments 
Vision of a Grand Challenge project 

 
 
 
 
 Tony Hoare and Jay Misra July 2005 

Microsoft Research Ltd. and 
the University of Texas at Austin 

 
 
 
 
 
Summary 
The ideal of correct software has long been the goal of research in Computer Science. We 
now have a good theoretical understanding of how to describe what programs do, how they do 
it, and why they work. This understanding has already been applied to the design, 
development and manual verification of simple programs of moderate size that are used in 
critical applications. Automatic verification could greatly extend the benefits of this 
technology.  
 
This paper argues that the time is ripe to embark on an international Grand Challenge project 
to construct a program verifier that would use logical proof to give an automatic check of the 
correctness of programs submitted to it. Prototypes for the program verifier will be based on a 
sound and complete theory of programming; they will be supported by a range of program 
construction and analysis tools; and the entire toolset will be evaluated and evolve by 
experimental application to a large and widely representative sample of useful computer 
programs. The project will provide the scientific basis of a solution for many of the problems 
of programming error that afflict all builders and users of software today. 
 
This paper starts with an optimistic vision of a possible long-term future of reliable 
programming. It argues that scientific research will play an essential role in reaching these 
long-term goals. It suggests that their achievement should be accelerated by a major 
international research initiative, modelled on a Grand Challenge, with specific measurable 
goals. The suggested measure is one million lines of verified code, together with its 
specifications, designs, assertions, etc. We anticipate that the project would last more than ten 
years, consume over one thousand person-years of skilled scientific effort, drawn from all 
over the world. Each country will contribute only a proportion of the effort, but all the 
benefits will be shared by all. 
 
The paper concludes with suggestions for exploratory pilot projects to launch the initiative 
and with a call to volunteers to take the first steps in the project immediately after this 
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conference. A possible first step will be to revise and improve this paper as a generally agreed 
report of goals and methods of the scientists who wish to engage in the project. 
 
1. The long-term vision (20-50 years from now) 
Programmers are human and they make mistakes. There are many competent programmers 
who spend as much as half their time in detecting and correcting the mistakes that they and 
their colleagues have made in the other half. Commonly used programming tools and 
languages do little to prevent error. It is not surprising that software products are often 
delivered late, and with a functionality that requires years of evolution to meet original 
customer requirements. Inevitable evolution of the requirements, and changes in the 
environment of software use, are increasingly hard to track by changes made to the program 
after delivery. The US Department of Commerce in 2002 estimated that the cost to the US 
economy of avoidable software errors is between 20 and 60 billion dollars every year. Over 
half the cost is incurred by the users. 
 
In the progress of time, these problems will be largely solved. Programmers of the future will 
make no more mistakes than professionals in other disciplines. Most of their remaining 
mistakes will be detected immediately and automatically, just as type violations are detected 
today, even before the program is tested. An application program will typically be developed 
from an accurate specification of customer requirement; and the process of rational design and 
implementation of the code will be assisted by a range of appropriate formally based 
programming tools, starting with more capable compilers for procedural and functional 
programming languages. Critical applications will always be specified completely, and their 
total correctness will be checked by machine. In many specialised applications, large parts of 
a program will be generated automatically from the specification. Declarative and procedural 
programming languages will emerge or evolve to assist in reliable program design and 
verification. Education of software engineers will be based on an appreciation of the 
underlying science. As a result, inevitable changes in environment and in customer 
requirements will be more easily and rapidly tracked by changes in the delivered software. 
 
Progress towards these solutions will require many changes in the current prejudices and 
professional practice of the designers and implementers of software. It will involve a great 
many interlinked educational, social, commercial, financial and legal issues, which are 
outside the domain of scientific research. Experience shows that scientific progress is best 
achieved by postponing discussion of such issues until the underlying scientific issues have 
been resolved, and the tools are available for its wide-spread application. As scientists, we 
take the view that the ultimate solution to the problem of programming error must be based on 
a full and accurate answer to some of the basic questions explored in computing research. 
They are similar to questions asked about the products of any other branch of pure and 
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applied science, namely: what does a computer program do; how does it work; why does it 
work; how do we know the answers are correct? Only when these answers are found can we 
address the issue of how to exploit the answers to make the programs work better. 
 
For many simple but critical applications, we already know the answers to these questions. A 
formal specification tells us precisely what a program does. Assertions internal to the program 
define the modules and interfaces, and explain how the program works. The semantics of a 
programming language explains why programs work. A mathematical proof is what checks 
that the answers to the above questions are correct. And finally, a theory of programming 
explains how to exploit the scientific understanding to improve the quality of software 
products. The continuing challenge is to broaden and deepen our understanding, for 
application to the full range of computer programs in use, both now and in the future. 
 
Steady progress towards the answers is emerging from the normal scientific processes of 
competitive research and open publication. Much of this research is already driven by the 
need to solve immediate industrial and commercial problems. These strands of research must 
certainly continue. This paper addresses an additional question: whether progress towards the 
longer term goals could be dramatically accelerated by the concerted effort of an international 
team of computer scientists. This will be a Grand Challenge project, similar to those that build 
satellites for astronomers and particle accelerators for physicists. Such a project should not be 
undertaken lightly, because it will involve commitment of more than a thousand person-years 
of effort from our most inventive scientists and engineers; their enthusiasm and talent will 
always be our scarcest scientific resource. The project will involve uncomfortable changes to 
the current culture and practice of science; perhaps we will have to break down some of the 
current divisions between our research communities, and abandon some of our favourite 
controversies between rival schools of thought. Recognition of success will be far in the 
future, and failure will be an ever-present risk. 
 
But the rewards will be spectacular. The theory of programming will be proved applicable 
and adequate to explain the workings of most of the kinds of program that people actually 
want to write and use. Computing will demonstrate its maturity as a respectable branch of 
engineering science. Its basic scientific discoveries will underpin a comprehensive range of 
programming tools in widespread professional use. Experiments in the development, 
application and evolution of prototype tools will give strong scientific evidence of their value 
and limitations. Evidence of intermediate progress will encourage research in the many other 
areas of computer science, whose results will make essential contributions to the eventual 
application of the knowledge and tools developed by the project. In particular, there will be 
even stronger motivation for continued research into reliable capture of requirements, and 
their faithful encoding as specifications. There will be 
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enhanced interest in issues of dependability, which go far beyond what can be formally 
verified. Confidence in the availability of tools will also trigger discussion, planning and 
action on the many issues outside the domain of science that are needed to exploit the results 
of the research and so to achieve our long-term vision. 
 
2. The contribution of the Grand Challenge project (20 years from now) 
We envisage that the Grand Challenge project will deliver its testable and measurable 
scientific results within twenty years. The results may be classified under three headings: 
theory, tools and experiments. 
 
2.1. Theory 
The project will deliver a comprehensive and unified theory of programming, which covers 
all the major programming paradigms and design patterns appearing in real computer 
programs, and nearly all the features of the programming languages of the present and 
foreseeable future. The theory will include a combination of concurrency, non-determinism, 
object orientation and inheritance. Many disciplined software design patterns will be proven 
sound, and analysis algorithms will be developed that check whether a program observes the 
relevant disciplines. Development of the theory should consume only a small percentage of 
the total research effort. 
 
2.2. Tools 
The project will deliver a prototype for a comprehensive and integrated suite of programming 
tools for the design, development, analysis, validation, testing and evolution of computer 
programs that are free of all errors of certain clearly specified kinds. We describe the tools in 
two classes: programming tools and logical tools. Development of the tools should consume a 
bit less than half the total effort. 
 
The programming tools will include program development aids such as specification 
analysers, interrogators, checkers, and animators, as well as a range of applicationoriented 
automatic program generators. They will include type checkers, and program analysers to 
detect possible violations of theoretically sound design disciplines. They 
will include test harnesses using assertions as test oracles, and test case generators based on a 
combined analysis of specifications and program text. They will include aids to evolution and 
reverse engineering of legacy code, for example, tools that infer assertions from 
comprehensive regression tests. All the tools of the suite will accept and produce data in 
compatible formats, and with the same semantics for intermediate specifications and 
annotated code. 
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The logical tools will employ a variety of strategies such as proof search, resolution, decision 
procedures, constraint solving, model checking, abstract interpretation, algebraic reduction, 
SAT solving, etc. These technologies will work together across broad internal interfaces, and 
they will share in the solution of each verification problem. They will be supplemented by a 
comprehensive library of theories which have specifically targeted at concepts of common 
programming languages, standard libraries, and specific applications. 
 
The pivotal tools in the collection will be the program verifiers. They will exploit the 
discoveries of research into the theory of programming to transform a program and its 
specification into verification conditions that can be discharged by the logical tools. 
 
2.3. Experiments 
The project will deliver a repository of verified software containing hundreds of programs and 
program modules, and amounting to over a million lines of code. The code will be 
accompanied by full or partial specifications, designs, test cases, assertions, evolution 
histories and other formal and informal documentation. Each program will have been 
mechanically checked by one or more of the program verifiers in the toolset. The verification 
of the code in the repository should consume a bit more than half of the total effort of the 
project. 
 
The eventual suite of verified programs will be selected by the research community as a 
realistic representative of the full range of computer application. Realism is assured if the 
program itself (or perhaps an earlier less fully verified version of it) has actually been used in 
real life. In size, the individual entries into the repository should range from a thousand to a 
hundred thousand lines of code. Some of them will be written in declarative languages and 
some in procedural languages, and some in a combination of both. They will cover a wide 
range of applications, including smart cards, embedded software, device routines, modules 
from a standard class library, an embedded operating system, a compiler for a useful language 
(possibly smartcard Java), parts of the verifier itself, a program generator, a communications 
protocol (possibly TCP/IP), a desk-top application, parts of a web service (perhaps Apache). 
The programs will use a variety of design patterns and programming techniques, including 
object orientation, inheritance, and concurrency. 
There will be a hierarchy of recognised levels of verification, ranging from avoidance of 
specific exceptions like buffer overflow, general structural integrity (or crashproofing), 
continuity of service, security against intrusion, safety, partial functional correctness, and (at 
the highest level) total functional correctness. Each claim for a specific level of correctness 
will be accompanied by a clear informal statement of the assumptions and limitations of the 
proof, and the contribution that it makes to system dependability. The progress of the project 
will be marked by raising the level of verification for each module in the repository. Since the 
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ultimate goal of the project is scientific, the ultimate level achieved will always be higher than 
what the normal engineer and customer would accept. 
 
In addition to verified programs, the repository will include libraries of bare specifications 
independent of code. These may include formal definitions of standard intermediate 
languages and machine architectures, communication and security protocols, interfaces of 
basic standard libraries, etc. There will also be libraries of application-oriented specifications, 
which can be re-used by future applications programmers in particular domains (such as 
railway networks). Some of these will be supported by automatic code generators, perhaps 
implemented within a generic declarative framework. 
 
The actual contents of the repository will be as chosen by the research community during the 
course of the project. An overall total of one million lines of mechanically verified code will 
be a convincing demonstration of the success of the project; it will be sufficient to reveal 
clearly the capability and limitations of the concept of a program verifier and other associated 
formal programming tools; and it will give paradigm examples of their effective use. 
 
There will remain the considerable task of transferring the technology developed by the 
project into professional use by programmers, for the benefit of all users of computers. This is 
where all the educational, social, commercial, legal and political issues will come to the fore. 
The scientists will have made their main contribution in demonstrating the possibility of what 
was previously unthinkable. Scientific research will continue to deliver practical and 
theoretical improvements at an accelerated rate, because they are based on the achievement of 
the goals of the Grand Challenge project. 
 
3. The Grand Challenge project plans (5-20 years from now) 
The Grand Challenge project will be planned in outline to take fifteen years, starting perhaps 
in five years’ time, and requiring over a thousand person-years of skilled scientific effort. The 
project will be driven by the cumulative development of the repository of mechanically 
verified code. Its progress will be measured by a number of indicators: a count of the total 
number of executable lines of code that have been verified, the length of the largest verified 
module, the level of verification achieved, the range of applications that are covered, and the 
range of programming features that they exploit. According to these criteria, every program 
and module that is successfully verified will be celebrated as the first of a new kind. That will 
ensure that the repository eventually covers the necessary wide range of variation. 
 
In order to accumulate a million lines of verified code, it will be essential to exploit all 
sources of experimental material, and to exploit and develop the capabilities of all available 
tools. Some of the code and specifications may be collected from critical projects that have 
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already undergone a formal analysis. Some of the code will be developed by rational design 
methods from specification, using interactive specification checkers and development aids. 
Other code will be generated automatically, together with its assertions and its proofs, by 
special-purpose program generators, taking an application-oriented specification as input. 
Some of the code will be taken from existing class libraries for popular programming 
languages, and even from well-written open source application codes. In such cases, the 
specification and other annotations will need to be reverse-engineered from the code, using 
program analysis, assertion inference, and even empirical testing. In all cases, the resulting 
code must be checked mechanically against specification by a program verifier. 
 
The experience gained in use of existing tools will be exploited to gradually improve the 
capability of the tools themselves, including their usability and their performance. For each 
tool that is mature enough for general use on the project, there will be a research and 
development group with adequate resources and authority to maintain and develop the tool, to 
provide support and education, and to control the impact of enhancements to the tool in the 
interests of existing and new users. On occasion, new tools will be developed, offering a step-
change increase in capability and quality, and opening up opportunities for yet further 
advances. For the purposes of the project, the tools should be as usable by scientists as a 
routine scientific instrument like an oscilloscope. They can assume a high level of scientific 
understanding. 
 
An over-riding concern in the development of tools, and in particular of the program verifiers, 
will be that the algorithms incorporated in the tools must be logically sound and consistent. 
The second concern is that they should approach more and more closely to completeness. 
These achievements will require significant contributions from theorists, who undertake to 
apply their skills in the context of the programs and languages actually included in the 
repository. For many of these, new concepts in specification, new type systems, and new 
design disciplines will need to be discovered; and existing knowledge will have to be adapted 
to the needs of mechanical verification. In some cases, the theorist will be able to test and 
evaluate new discoveries by making ad hoc changes in existing tools. But the wider testing of 
the developing theory will depend on the cooperation of tool-builders and tool support groups, 
who will incorporate new theory into existing and new tools. 
Advances in the capability of proof tools will be driven primarily by the needs of their 
expanding range of users. The first demand of the users will be increased automation and 
improved performance of analysis and proof. This requirement is readily formalised and 
promoted by annual competitions, currently conducted by the theorem proving community; 
they have achieved fantastic improvements in the speed of decision procedures that are 
needed in the inner loop of all verifiers. In addition to improvements to the capability of 
individual tools, a strong user requirement will be for the inter-working of all the tools 
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required in a verification experiment, so that each tool accepts the output of the others, and 
produces its own output in a form acceptable by others. The design of new competitions 
should be targeted towards this goal; the rules could require broader interfaces than the yes/no 
of decision procedures; and they could require that counter-examples and proofs be produced 
and checked by independent tools. In some cases, human inspection of the results may be 
desirable, to assess comprehensibility. Some competitions could be designed so that they can 
only be won by combining the merits of the latest versions of different tools. In this way each 
tool can continue to be developed independently, ensuring that independent improvements 
can be exploited immediately by other tool-builders and by all users of the tools. Perhaps the 
most stimulating competitions would be based on the popular programming competitions 
already set regularly on the web, by simply requiring that the resulting program be verified. A 
little more time may be needed at first, but the eventual goal would be to develop correct 
programs just as fast or faster than incorrect ones are today. 
 
It is probable that the practical capability of proof tools will be increased by specialisation 
towards the needs of particular programming languages. For example, it would pay to 
incorporate the type system of the programming language directly into the logic of the proof 
tool. It would also pay to develop libraries of theories to cover specifically the features of the 
class library of particular languages in widespread use. 
 
At any given time during the course of the project, the repository will contain all the code 
verified so far, which will be used repeatedly as regression tests for the evolution of the 
toolset, and as a measure of the progress of the project. In addition, the repository will contain 
a number of challenge problems, which have been selected by the research community as 
worthy candidates and ripe for verification. In the early stages, these challenges will include 
useful programs which already have specifications verified by existing technology, often by 
hand. For larger and later examples, the challenge may require construction or generation of 
code from a specification or vice-versa. Some of the problems will be large enough that they 
have to be solved collaboratively, by an agreed share-out of the work. Smaller problems of a 
more innovative kind may be set up annually as challenges for scientific competition. 
 
It is the availability of a program verifier that will determine in what languages the initial 
programs and specifications will be written. A program verifier is a combination of proof 
tools with the semantics of a particular programming language. Examples of currently mature 
program verifiers are ESC/Java, Coq, and ACL2; and other proof tools are becoming 
available for this purpose. In the early stages, the project will be broadly inclusive of all 
approaches and languages. But the eventual goal will be that nearly all the tools will be 
readily applicable to nearly all the programs in the repository, and tool providers engaging in 
the project will collaborate to achieve this goal. Their idealism will be re-enforced by the 
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users of the tools, who will certainly need tools that are highly interoperable; and tool support 
groups will compete to provide what the users want. Initially, inter-operation could be 
assisted by mechanical translators, which could be just targeted specifically at the particular 
challenge material that has been accepted into the repository. The problem of assimilating 
formats of incompatibly coded data bases is not peculiar to Computer Science – it is also a 
severe problem in astronomy, physics and biology, and other branches of e-science. The other 
sciences have exploited the repository concept to tackle this problem, and have allocated the 
necessary translation and co-ordination effort from their programming support groups. 
 
In the course of time, agreement will be reached between tool support groups for the design 
and implementation of wider, more efficient, and more convenient interfaces between the 
tools that they support. In the end, the quality of each tool will determine the numbers of its 
users. Since users will tend to gravitate towards the most popular tools, it is quite likely that 
there will be less variety of notation at the end of the project than at the beginning. 
 
We expect that the plans for the project will include a specification phase, an integration 
phase and an application phase, each lasting around five years. During the specification phase, 
a network of repositories will be established and populated with challenge specifications and 
codes. Some of the smaller challenges will be totally verified using existing tools, and some 
of the larger ones will be verified to a formally specified level of structural soundness and 
serviceability. A formal tool-bus will establish communication at the file level between the 
more widely used tools. During the second integration phase, the tools will evolve to exploit 
even closer interworking, and performance will be improved by introduction of more inter-
active interfaces between them. New tools will emerge as user needs become more apparent. 
 
Medium-sized programs will be fully verified and some of the largest programs will be 
verified to a high level of structural integrity. During the final phase, the pace of progress will 
accelerate. A comprehensive, integrated tool suite that is convenient to use will permit the 
collaborative verification of large-scale applications, culminating in achievement of the 
million-line goal. 
 
4. Pilot projects (1-5 years from now) 
The aim of a pilot project for a Grand Challenge is to gather evidence for the viability of the 
long-term goals, and to gather the experience needed to formulate intermediate goals and 
more detailed project plans. The pilot projects also lay the foundation for the actual conduct 
of the project, including recruitment and training of the initial cadres of scientists who will 
work on it. They do not require the same degree of logterm commitment or global 
coordination as the main project itself. 
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4.1. The repository 
An early pilot project for this challenge would obviously be the establishment of an initial 
repository of suggested challenge material for formal verification. It could start by requesting 
contributions of any available specifications for existing software that can be put into the 
public domain. In some cases, this could be accompanied by the actual code, and perhaps any 
existing proofs, constructed earlier by hand. It would remain open to suggestions for further 
challenge problems, and for accumulating the results of the experimental research. 
 
4.2. Service centres 
A second class of pilot project would be to set up a network of support and service centres for 
the repository. The centres should have the manpower to curate the submitted material, and to 
perform any necessary notational conversions to ensure that the announced challenge codes 
will be amenable to processing by the available programming tools. Such centres could also 
provide an advisory service to local experimenters and users of the tools. Such a centre could 
also take responsibility for education; they could organise and deliver summer schools to train 
scientists in the use of currently available tools, and teach the underlying theories of 
correctness. 
 
4.4. Tool inter-working 
The methods and potential benefits and difficulties of tool integration can be explored by a 
number of ad hoc collaborations between the builders of any pair of tools, whether similar or 
complementary. There are examples of such collaborations now in progress. 
 
4.5. Tool repository 
For more systematic integration, the concept of a repository could be extended to support the 
maintenance and integration of suites of existing tools. Such a repository should be 
responsible for facilitating the combined use of multiple tools from the suite, and ensuring 
their applicability to the challenge problems. The staff of the tool repository could assist in 
negotiations of interfaces between tool providers, and they should have the manpower to help 
implement any standard interfaces that emerge. 
 
4.6. Tool support centres 
Another important class of pilot project start by the establishment of a recognised support 
centre for each of the major programming and proof tools that are likely to be used in the 
initial stages of the project. Such a centre should obtain long-term funding to enable it to 
discharge responsibilities to a growing community of users. Each centre should have 
resources to maintain its tool, to improve it in the light of user experience, to integrate it with 
the latest versions of other tools, to improve its usability, and to incorporate extensions to its 
functionality that have been suggested by theorists or by users. 
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5. The first steps (0-1 year from now). 
On a long journey, the longest step is the first one. Here are some suggestions on how to take 
it. Each suggestion is followed by a personal question about your own possible role in getting 
the project started. I hope that this conference will help you to answer the questions in a 
positive way. 
 
The first step for every participant is to think deeply whether your personal research goals are 
aligned to those of a Grand Challenge project; and then to consider what changes to your own 
research practices and priorities would you be prepared to make to maximise your own 
contribution to these goals. Then decide whether you are prepared to make these changes? 
The pilot projects listed above are only rough examples. Can you suggest some more specific 
ones? Are there any that you would like to make the subject of your next research grant 
proposal? 
 
These issues should be discussed with other members of each of the research communities 
whose expertise is necessary to the success of the project. A series of suitable occasions could 
be at the regular international conferences of your research community. Would you be willing 
to organise or attend a Workshop at the next conference that you attend; its purpose would be 
to discuss the general prospect and the detailed progress of this Grand Challenge? Or would 
you attend such a Workshop organised by someone else? 
 
The most vital contributors to the project will be the experimental scientists, who apply the 
best available tools to the challenge problems accumulating in the repository, and contribute 
suggestions for the improvement of the tools. One way to assess and increase the enthusiasm 
of scientists in your own country or region would be to hold a Working Conference and/or a 
series of Workshops, to encourage local scientists to contribute their skill and their judgement 
to the planning of the project. Would you be prepared to sponsor or organise such a 
Conference? Or serve on the programme Committee? 
 
The teams of experimental scientists will require education in the relevant theories, and 
training in the use of the best available tools. Would you be prepared to design and deliver 
Master’s courses on program verification? Would it be appropriate to set Master’s projects to 
verify small portions of the challenge material held in the repository? 
 
Education in the technology should begin at the undergraduate level. Would you be prepared 
to teach the use of specifications and assertions as a routine aid to program testing, as they are 
currently being used in Industry? Would you use them yourself as an aid to marking the 
students’ practical assignments? 
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The promises of a Grand Challenge project and the planning of their fulfilment must be based 
on a deep and wide appreciation of the current state of the art, and the technical and human 
resources available to advance it. Would you be prepared to draft a survey paper of the current 
state of the art in your subject, and an evaluation of its potential future contribution to the 
project as a whole? The paper could serve as an introduction to the relevant parts of the 
specialist background, for the benefit of those who will participate in the project. 
 
The survey paper might be suitable as the first article in a special issue of an international 
technical Journal, which could be devoted to technologies relevant for the Grand Challenge 
Project? Who would you invite as other contributors to the special issue? Would you 
volunteer to edit such an issue yourself? 
 
For tool-builders, a long-term goal of the project is that all the tools needed for verification of 
useful software will work conveniently together in an integrated toolset. This process has 
already been started by pair-wise coupling of proof tools. Can you identify a tool that could 
usefully be used in combination with yours, across some mutually agreed interface? Who 
would you approach to start discussion? Is the time ripe for design of interfaces to link larger 
sets of tools? Would you be prepared to discuss standard interfaces? Or initiate a discussion 
of them? 
 
For theorists, a long-term goal of the project is that an integration of sound and general 
theories will be proved adequate for verification of actual programs that people want to write 
and use. These programs will be written in languages that people want to write their programs 
in. Elegant and general theories will have to be adapted and specialised to provide an 
axiomatic (correctness-oriented) semantics for an adequately large subset of existing 
languages. Further work will be needed to design analysis algorithms that check conformance 
to the disciplines of the subset. These will then have to be incorporated in tool-sets that are 
needed for the experimentation; and the results of experiment may require re-evaluation of the 
theory. Are you prepared to engage in the extra work required to adapt your theories for 
experimental verification or falsification? 
 
Most of the funds that support research in Computer Science are provided by national funding 
agencies. In some countries, these agencies have a tradition of favouring shorter-term projects 
that will give competitive advantage to national industry. For a long-term international 
project, each agency will have to make a decision on behalf of the country whether and how 
far to engage in a Grand Challenge project, recognising the advantage of sharing the costs 
among all nations, in the expectation that the benefits are also shared among all. The modes 
and procedures for funding the necessary research proposals in some countries may have to be 
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adjusted to accommodate the scale and duration of a Grand Challenge. Would you be able to 
raise and discuss these issues with your own national funding agency? 
 
The most crucial decisions right from the start of the project will be decisions about the 
current and final contents of the repository. These decisions could be delegated to an editorial 
board representing the views and good judgement of the entire research community. The 
board will lay down criteria for acceptance of new material into the repository, and devise 
some prestigious mode of publication for the results of each successful verification. In due 
course, they or their successors would be responsible suggesting priorities, for issuing 
challenges, and for co-ordinating a reasonable split of the labour of verification among all 
volunteers. The board might request recognition from IFIP as a new Working Group, as 
recognition of their international standing and as an aid to obtaining support for regular 
meetings. Who would you like to see as a member of such a board? Would you be prepared to 
serve yourself for an initial period? 
 
Conclusion. 
Now is the best time to start this project. Since the idea of a program verifier was first 
proposed by Jim King in 1969, the state of the art has made spectacular advances. Theories 
are available for most of the features of modern programming languages. There is already 
considerable experience of manually proven design of programs currently running in critical 
applications. Machines are now a thousand times larger and a thousand times faster than they 
were then, and they are still getting more powerful. The basic technology of automatic proof 
has also made a thousand-fold advance, and the contributors to the conference show that this 
advance is also continuing. Finally, the number of computers, the number of computer 
programmers, and the number of computer users have each increased more than a thousand-
fold. As a result, the annual cost of software error is many times greater than the total cost of 
the proposed scientific project over its entire fifteen-year timescale. The state of the art and 
the economic imperative convey the same message: the best time to start this project is now. 
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Project Management 
Q1. Why do you think that the time is ripe for a concerted effort of this nature?  
 
A: The challenge of construction of a routinely usable Program Verifier was first proposed in 
1969 by Jim King in his Doctoral Dissertation. Since that time, the power and capacity and 
sheer numbers of installed computers have each increased more than a thousand-fold; and a 
thousand-fold advance has been made in certain aspects of mechanised theorem proving (e.g., 
SAT solving). There have been useful conceptual advances in programming theory, and there 
is already useful experience of construction of manual proofs for critical programs. The cost 
of programming error to the economy of the world has similarly escalated.  
 
If all the advances in software and hardware technology can be brought to bear in a 
coordinated project for the delivery of a program verifier, the prospect of success is much 
greater than it ever has been in the past. Even though the risks are still high, this is the kind of 
challenge that must be attempted again; because the potential of reward far outweighs the 
risk. Even in the event of failure, some beneficial spin-off is likely; and another attempt will 
surely be made later.  
 
Q2. It has been over 35 years since the publication of the classic paper, An Axiomatic 
Basis of Computer Programming, by Tony Hoare. Yet, very few schools teach formal 
methods in U.S.A. and most practitioners avoid any formal work. What do you expect it 
will take to effect a paradigm shift?  
 
A: The existence (or even the near prospect) of an automatic program verifier may well be the 
trigger for the necessary paradigm shift. It may break the vicious circle of students who do not 
wish to learn a technology that is not used in industry, and an industry that is reluctant to 
apply a technology in which their recruits are not trained.  
 
The crucial motivation for education in the principles of verification is that it is driven by 
scientific ideals, in that it addresses the questions fundamental in all branches of engineering 
science. For any product of engineering, the qualified engineer must be able to answer 
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questions on what it does and how it works. Scientists should be able to answer deeper 
questions, explaining why it works, and how we know that the answers to the previous 
questions are correct. Even if the fundamental achievements of pure science seem remote 
from practical application, good engineers and entrepreneurs eventually find ways of 
exploiting established scientific theories and tools.  
 
Q3. How will you educate managers, software designers and programmers for this 
paradigm shift?  
 
A: There is good evidence that intellectually live programmers can be educated in the 
principles and practice of specification and verification. For example, the Department of 
Continuing Education at Oxford runs a part-time Professional Development Masters Degree, 
which attracts many students from the British software Industry. The United Nations 
University in Macau has concentrated their research and education on formal methods of 
software engineering. Their experience is available to be exploited and generalised in the 
development of tools and texts for general education.  
 
Q4: How would you train verification engineers? Should they have domain knowledge, 
say in banking or medical profession? What kind of CS background should they have? 
How long should they be trained?  
 
A: The patterns for professional education in other branches of Engineering should be 
followed as closely as possible. A good general engineering education is a mixture of 
mathematics, general science and general engineering. It is illustrated by more detailed 
studies and exercises in a particular domain of application. But good engineers will always 
look forward to mastering or at least understanding many other specialisations, as the need 
arises during their professional career.  
 
Q5: Can anything be learnt by doing a time and motion study on programmers: what do 
programmers do and how do they achieve results, however imperfectly?  
 
A: There are many experienced programmers who can articulate their intuitions and their 
practices in program design and implementation. They provide a valuable resource for 
scientific and engineering research. Theorists will take up the challenge of generalising from 
the experience of individual programmers, to make it as widely applicable as possible; and 
tool-builders have the challenge of providing widely usable formal support for recognised 
best practice.  
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Q6: People work with different time-scales; some work on problems of immediate 
interest, and some others on longer-term projects. How will you find a team of people to 
work on a very long-term project? And, can researchers contribute to the goals of this 
project without being formal members of it?  
 
A: We expect that the recognised leaders of the project will make plans to split the long-term 
project into many shorter-term sub-projects. Each subproject will provide some identifiable 
theoretical result or scientific tool or experimental application. Each subproject will have 
identifiable beneficiaries, and provide a basis on which further development can progress. 
There will be considerable exchange of experienced staff moving into and out of these 
subprojects. Many researchers trained on this longer term and more idealistic project will 
move into industry, and apply their experience on projects delivering more immediate and 
more commercial benefit. Any researcher will become a formal member of the project quite 
informally, simply by announcing his/her commitment to one of the subtasks that have been 
recognised as an integral part of the project.  
 
Q7: Personnel turnover: success of any project depends on the quality of people working 
on it. How can you maintain consistent quality over a span of 15 years?  
 
The nature of Science is cumulative and transferable; and it does not depend on continuity of 
employment of individual scientists. By concentrating on scientific methods and results which 
are cumulative, the project can tolerate considerable turnover of staff, and will actually benefit 
from the increased variety of experience brought in by newcomers, and their lack of 
preconceptions about what is too difficult to tackle.  
 
Many (probably most) scientists working in the area will not make a fifteen-year commitment 
to it. They will prefer to maintain their freedom to work more independently on novel lines of 
personal research, and only publish their results in the normal way when their research has 
been successful. Their research could still be highly relevant to the goals of the project, and 
may well lead to unexpected breakthroughs, which excite the enthusiasm of tool-builders and 
experimentalists to exploit their results as soon as possible.  
 
Q8: You expect this project to be an international collaboration. How do you expect to 
coordinate the activities of geographically diverse groups?  
 
A: The primary medium of discussion of coordination will be provided by the internet. This 
will be supplemented by frequent meetings of representatives of each of the teams who have 
committed themselves to the project. These could be organised as workshops at the standard 
series of specialist international conferences.  
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In order to plan coordination among differing specialisations, a new mechanism may be 
needed. If a group of representative leaders of the project can be identified, it may help for 
them to hold more frequent (say six-monthly) meetings, perhaps under the aegis of an IFIP 
Working Group.  
 
Q9: How much coordination do you need, among the tool builders and the basic 
researchers, to meet the milestones?  
 
A: The main purpose of setting up a Grand Challenge project will be to stimulate such 
coordination. The Challenge will motivate theorists to develop their theories to remedy 
perceived deficiencies in existing toolsets, and carry through their development to the stage of 
possible implementation in the context of established languages and tools. Tool-builders will 
be motivated to scan the literature for theories that could offer significant advantages to the 
users of their tools.  
 
It will be for the researchers themselves to agree how much it is worth while to coordinate at 
any given time. No target can be imposed from the top. In all cases, the prospect of giving 
better support to users must be the primary motive.  
 
Q10: Do you envision cooperation or competition as the main driver of the project?  
 
A: Both. There will be cooperation on the long-term goals, and short-term competition 
between those who propose different means of achieving them. The shortest-term and most 
measurable goals, like speed of decision procedures, may be the subject of regular formal 
competitions; the rules must be carefully formulated (and occasionally changed) to ensure that 
winning entrants are directly contributing to the long-term goal. In the end, it is by attracting 
the most successful users that a tool will win the greatest esteem.  
 
Q11: Where can the results of this project be published? Are there journals which will 
report on excruciatingly detailed work which may be quite specific to this project?  
 
A: Successful verification of each new kind of application or module will be reported in a 
learned journal, in the usual way of a scientific experiment. The article will report in 
convincing scientific prose the background, pre-suppositions, caveats, conclusions and 
suggested generalisations of each experiment.  
 

 
 Verified Software: FAQ



 

                                                                                                                                                                        
 
  

 

THE EASST NEWSLETTER 

The excruciating details of the verification will be publicly available in the Repository, whose 
guardians will be responsible for ensuring that the experiment can be repeated. This will mean 
that the performance of the original tools can be compared with those that are developed later.  
 
Q12: What is the role of industry? In the initial phase when you are developing the 
verifier? Later, when it is operational?  
 
A:  
release staff to participate in the project, possibly part time.  
commission academic consultancy and research to apply formal methods to projects of 
industrial importance, and to use prototype tools on a speculative basis.  
release codes and specifications for inclusion in the repository, to provide experiments for 
further improvement of the tools.  
commercial suppliers of programming tools should track the progress of the project, and 
incorporate parts of the technology that appear sufficiently mature into their existing program 
analysers and other tools.  
 
Q13: Do you envision a top-down management structure which will create the major 
guidelines and adopt the important decisions? Will they decide on what goes into the 
repository, or the guidelines on when it is acceptable to put something in the repository?  
 
A: The project should be driven by the experimental researchers, who have undertaken the 
task to build up a repository of a million lines of verified code. It is the experimentalists who 
will essentially decide the eventual content of the repository, by choosing which new 
programs of which new kinds that they wish to verify.  
 
For overall coordination and advance planning of the project, it may be helpful to identify a 
group of broadly representative researchers who have the confidence of the research 
community engaged in the project. They would meet at regular intervals to review progress 
and to suggest plans for further development.  
 
Q14: Could you deliver the results earlier if, for example, the resources were doubled?  
 
A: The hypothesis that underlies the Grand Challenge project is that progress in the design 
and use of tool-sets can be hastened in two ways: by integration of tools exploiting different 
technologies for different parts of the task, and by continuous interaction between tool-
builders and reasonably large communities using them for ever more difficult tasks. Such 
interactions drive an evolutionary process of development, which may take ten or twenty 
years to reach fruition. Evolution takes time, and it is not easy to speed up.  
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In the early years, when the project is building up its culture, and its structure for 
collaboration, inappropriate amounts of funding could even be deleterious.  
 
Q15: What are the most likely ways in which the project could fail?  
 
A: Our promotion of this project as a Grand Challenge is based two major assumptions, either 
of which may turn out to be unjustified.  
 
We have assumed that the combination of hardware performance and proof technology and 
programming theory is on the point of crossing a threshold, so that the goal of automatic 
verification that has failed on all previous attempts is now within our reach.  
 
We have also assumed that by concerted endeavour the research community can hasten the 
achievement of that goal. There are three ways at least in which this second assumption may 
fail.  
 
Firstly we hope that the power of a tool (or of a coherent toolset) will be increased in the long 
run if it is assembled from powerful components, in a way that permits continued more or less 
independent improvement of each component. This may involve serious loss of performance; 
and worse, the combination may require too wide a range of expertise for most potential 
users. Certainly, this kind of integration will require a degree of cooperation which has not 
before been common in Computer Science research. The validity of the assumption should be 
tested by pilot experiments before the main project starts.  
 
Secondly we hope that the usability of tools can be significantly increased by close interaction 
between tool-building teams and a substantial community of knowledgeable scientists, 
attempting to apply the tools to an ever extending corpus of challenge codes. It may be hard to 
recruit, train and motivate the users, especially at the beginning of the project, when the tools 
are most feeble. The tool-building teams require continuity of employment, and in return they 
must accept a service role in the project.  
 
Thirdly we hope that the development and extension of the toolset to deal with early 
experiments will make the tool more capable of meeting the challenge of later more 
substantial experiments. We hope also that the results of individual experiments will be 
cumulative. For example, inference of assertions and other low-level documentation for a 
legacy program should contribute to any subsequent more substantial reverse engineering of 
the same program. We may be disappointed in such hopes if it turns out that every correct 
program is correct for a different reason.  
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Finally, even if the project succeeds fully in its scientific goals, many of its scientific 
advances may take a long time to find widespread application. There are many possible 
reasons for this; but it is not worth speculating on them so far in advance.  
 
Q16: Who gets credit if the project is successful? And, whom should we blame for 
failure?  
 
A: Everybody engaged in the project must get the credit for success. Particular praise must go 
to the experimentalists. It is they who labour hard to apply early prototypes of tools to 
programs of increasing complexity, when they know that later development of better tools 
will make their early work so much easier that their efforts will seem redundant.  
 
In the event of failure, there should be no apportionment of blame. It is known from the start 
that the project carries many risks. Even a failed project can have many beneficial spin-offs. 
 
Technical aspects  
Q17: If the programmers were better trained, and they had access to appropriate tools, 
would not the verifier be redundant?  
 
A: Surely, the verifier will be a central component in any future tool-set contributing to 
programmer productivity. Such checkers of performance and safety are now standard, even 
compulsory, in all other branches of engineering.  
 
Q18: Your concern seems to be to detect errors caused by unintentional human failings. 
What about intentional ones such as viruses and Trojan horses? Can the verifier detect their 
presence?  
 
A: Yes, in principle. The specifications, the codes and the proofs will be subject to check by 
independent verifiers. The specifications must continue to be subject to human scrutiny, to 
ensure that they are both comprehensible and appropriate. The main continuing risk will be a 
failure of diligence in human checking. There is still the danger that the specifications 
themselves may be deliberately designed to mislead.  
 
Q19: How much of a sure bet is this project given only that we can only count on modest 
improvements in machine speed, but not on any extraordinary development such as fast 
SAT solving?  
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A: The project is not a sure bet, and for many reasons. At present, machine speeds and 
memory capacity do not appear to be the main impediments to the development of the 
science; though higher speeds will always be welcome in its eventual application.  
 
Q20: Which features of programming languages will help and which ones will hinder 
your efforts?  
 
A: One of the goals of this project is to answer these questions, and support the answers by 
convincing scientific evidence. The answers may be used by programming teams to select 
design patterns and coding disciplines to avoid or severely restrict features that involve more 
intricate proofs. In the long run, programming languages may evolve to remove such features, 
or control them by confining their use to recognisable and verifiable design patterns.  
 
Initially, the most problematic features are likely to be two-fold: general aliasing, which 
prevents easy determination of the extent of changes made by a program module; and general 
inheritance, which makes it difficult to determine which method body is called by which 
method call.  
 
Q21: How can a careful designer of software exploit his design decisions to guide the 
verifier? Is there a design for verification?  
 
A: Yes. As in other branches of engineering, the requirement for verification is a significant 
factor in the organisation of a project, and can legitimately influence many of the detailed 
design decisions. One goal of this project will be to apply verification technology to early 
design documents. An even greater challenge will be to maintain the validity of the design 
documentation as the product evolves to meet changing requirements.  
 
Q22: How extensive are the set of properties you plan to verify? Full functional 
verification? Reactive properties? Space and time utilisation?  
 
A: The aim of the project is to support reasoning about any aspect of correctness or 
dependability or performance that can be precisely and clearly stated for input to a checker. In 
many cases, the specifications will be considerably weaker, and hopefully easier to prove, 
than total functional correctness.  
 
Q23: Will your first large verified system be a stand-alone system or will it communicate 
with other systems?  
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A: The repository should contain systems of both kinds (and many other kinds as well). It is 
the choice of the experimental community which challenges they will tackle first. Which of 
them succeeds first will be a matter for competition.  
 
Q24: Given the interests of both of you in concurrency, is concurrency going to play a 
major role?  
 
A: It is the interests of the general research community that will determine the range of issues 
selected for research at each stage. The challenge of concurrency is likely to feature strongly. 
This is for two reasons: the development of hardware multi-core architecture makes it more 
relevant; and there is likely to be a need for a range of solutions, involving design patterns of 
lesser or greater complexity and generality.  
 
Q25: Which of the following kinds of systems would you expect to verify?  
A word processor  
A web server  
Air-traffic controller  
Operating system kernel  
Medical instruments  
 
A: All of the above, and more. For the larger systems, a selection of modules may be adequate 
to test applicability of the technology. It is an important goal of the project to establish 
whether a single verification tool or toolset will be adequate for such a wide range of 
applications.  
 
Q26: Since this is a long-term project will not the tools be applicable only to the systems 
of today?  
 
A: Yes, there is likely to be a lag between the first development of any new kind of system 
and the first application of verification tools to it. The process of catching up will be 
continuous, even after ‘completion’ of the main project.  
 
But first, let us see if we can catch up, and develop a verifier for systems developed fifteen 
years ago.  
 
Q27: We have had extraordinary improvements in SAT solving. What will be the role of 
decision procedures in this project? Does the project rely on inventions of new decision 
procedures? Are fast decision procedures key to the success of this project?  
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A: Fast decision procedures (or rather, constraint solvers) will play an essential role in the 
project. They will provide the reasoning engines for all the other kinds of verification 
technology, including heuristic proof search, resolution, and model checking. New and faster 
decision procedures will be very welcome, and they must also work well together with each 
other and with the tools which exploit them.  
 
But there are many other technologies whose development is essential to the project, and all 
of them deserve the title of ‘key’.  
 
Q28: Will the verifier eliminate need for manual verification, much as the development 
of calculators has eliminated manual long division?  
 
A: That is the impression we would like to give. But I expect that any significant new 
application of computers will require development of new application-specific theories, 
whose proofs will first be constructed manually by experts in proof technology. These proofs 
will be checked by a proof tool, and the theorems will then be available for routine 
application by programmers.  
 
Q29: Is it likely that some of your verification components will be eventually included in 
compilers to warn the programmer about certain possible behaviours, or even to 
optimise code generation?  
 
A: Yes, such warnings may progressively be included in program analysers that are currently 
in widespread use. In fact, the generation of more comprehensive and more accurate warnings 
may be the first of the industrial applications of the research of this project.  
 
If an optimiser is going to exploit information conveyed in program assertions, it is clearly 
important that the assertions should be verified: otherwise, debugging will be a nightmare.  
 
Q30: How interactive will the verifier be? How much of its internal structure should one 
know to drive it effectively?  
 
A: For most programmers, interaction should probably be at the level of test cases rather than 
proof. We hope that interactive proving should be confined to specialists, whose task is to 
develop libraries of re-usable theories and implementations.  
 
Q31: Can you truly base your verifier design on an existing language? Are they not too 
ephemeral? Should you not base the tools on meta-level constructs so that they can be 
adapted for specific languages easily?  
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Languages in widespread use are not (perhaps unfortunately) ephemeral. The scientific 
problems that they pose are worth solving, both for their practical and for their scientific 
significance. If the scientific theory can model and in principle solve the problems posed by 
existing languages, the scientist’s advice to the engineer to avoid the problems will be much 
more credible.  
 
It is expected that many of the tools will be applicable to more than one language, and even to 
systems incorporating modules written in more than one language, for example a procedural 
language and a functional language. Many systems of the present day are put together from 
modules written in scripting languages, spreadsheet languages, and database query languages. 
It will be a significant long-term challenge to extend verification technology to these.  
 
Q32: Can you achieve both modularity and performance in tool building and 
integration?  
 
A: It is a basic hypothesis of the Grand Challenge project that different technologies can be 
combined into a single tool that is conveniently usable as a scientific instrument; and yet each 
technology is still subject to independent improvement of by specialists in that field. Such a 
style of evolution is now standard in the software industry; and one day the tradition of 
collaboration will spread to more ambitious kinds of research in Computer Science as well.  
 
Q33: Is this the best repository structure? What about code which depend on libraries? 
On seldom-used features of the language?  
 
A: The repository will contain some programs that use libraries, and others that exploit 
seldom-used language features. Perhaps no-one will be willing to tackle the more difficult 
challenges until the tool-sets are more adequate than they are today. Then it will be a matter 
of competition which programs are the first to be verified  
 
Q34: How can you be sure that the compiler implements the semantics with respect to 
which you have verified the code?  
 
A: This is a lively topic of research, and a very challenging one. In future, more programs will 
be constructed by generation from specification, and correctness of generators will be 
increasingly an issue, because they do not have the advantage of the universal application that 
increases confidence in the soundness of general-purpose language compilers.  
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One method of increasing confidence in generated programs is to make the generator produce 
specifications and proofs at the same time as code, so that correctness can be verified by an 
independent tool.  
 
For a general-purpose language, perhaps critical parts like the optimisers and the code 
generators will one day be generated from semantic specifications. It will be interesting to see 
whether complete compilers will be checkable by a general-purpose program verifier. 
Meanwhile, we will continue to rely on testing both the compilers and the object programs, on 
the reasonable engineering hypothesis that rare errors will be discovered, and will not mask 
each other.  
 
Q35: Would it be more effective to build large systems by combining components 
according to some safe composition rules, and the role of the machine would be to assert 
the safety of composition?  
 
A: Yes, that will often be the most effective way of exploiting verification technology. In fact, 
we expect that the repository will contain examples of the verification of useful design 
patterns, in which the strategy for combination of modules has been verified in advance.  
 
Q36: Can we trust the verification efforts by an unknown team any more than the code 
from an unknown source?  
 
A: Yes, definitely. Trust in a programming team can be justified if reading (or sampling) their 
specifications shows them to be clear, comprehensive and accurate, and if their proofs are 
subject to an independent verification. This should be complemented by the normal methods 
of professional inspection and interview, such as that conducted by financial auditors.  
 
Q37: How long do we have to wait to apply the verifier in practice? At what point would 
I use the verifier in preference to a debugger, even though it is incomplete?  
 
A: We hope that a primitive verifier, usable by experts as a scientific instrument, will be 
available early in the project. Prediction of the speed of transfer of technology into widely 
used toolsets is not a matter that scientists are qualified to pronounce on. It depends as much 
on chance evolution of the market as on planned evolution of the technology. The project will 
collect convincing evidence that verification is possible, and that it can be done at reasonable 
cost. The technology transfer will take place some time after it is established that the cost is 
less than the short-term costs of testing code, the medium-term costs of delay in delivery, as 
well as the long-term costs of residual error. These considerations will be much more 
persuasive than pursuit of an ideal of correctness.  
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Q38: Which will be more cost-effective, debug or verify, if I want to be reasonably 
confident about a piece of software, not necessarily get a full guarantee? What is an 
acceptable price to verify?  
 
A: We suspect that the good engineer on a large project will always use a verifier in 
conjunction with a debugger. Good engineering judgement will be needed to decide which 
aspects of a programming project are most worthy of the detailed specification necessary for 
the verifier, and which can safely be left to testing.  
 
Here is an encouraging prediction: after the project is complete, the engineer will seldom 
regret the use of the verifier, and will sometimes resolve to use it more substantially in the 
next project.  
 
Q39: Is this challenge grand enough? Would it possibly suck money away from other 
worthy projects where advances in basic sciences can be made?  
 
A: The initiation of a good scientific challenge should not be dependent on any significant 
increase of funding. We could recommend this project as just one of the more efficient ways 
of way of spending whatever money is allocated for the advancement of Computer Science. 
Because Science is cumulative, progress can be made, albeit more slowly, even with the same 
absolute amounts of funding, provided the funds are distributed wisely.  
 
Because of the risks, we think it would be dangerous if this project absorbed more than a few 
percent of the total world-wide expenditure on research in Computer Science. Verification 
only solves one of the problems of effective computer application, and continued research 
support is essential in all the other areas relevant to the delivery of dependable and useful 
software. 
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P. de la Cámara, M.M. Gallardo, P. Merino and D. Sanán *
*Dpto. de Lenguajes y Ciencias de la Computación University of Málaga, 29071 Málaga, Spain

1 Introduction

Model checking is an automatic verification technique which basically consists of exploring every pos-
sible behavior of a model (a simplified version) of a system, in order to prove whether it fulfills a set of
critical properties. As is well-known, the main drawback of model checking is the state explosion prob-
lem which occurs when the model being inspected requires more resources than are available. Clearly,
the ideal objective of model checking techniques is construct tools that directly analyze the final soft-
ware, thereby avoiding the use of intermediate models. There exist several proposals in that direction
such as Bandera [CDH+00], SLAM [BCLR04] and JPF [VHBP00] which can perform the so-called
software model checking. This paper is a summary of [dlCGMS05] where we described a different
approach to analyzing final software. Our proposal is based on the “model-extraction” technique that
consists of automatically translating the program to be analyzed into a model, described using a “formal
description technique” (FDT) used as input of an existing model checker. Translation implies a reduction
(abstraction) of some details of the original program in such a way that the resulting model only contains
the relevant aspects for a given set of properties. A common problem in model checking software is the
presence of calls to external functions (XFC) inside the analyzed code. For instance, many applications
are written in C/C++ code using calls to the socket API functions. In order to deal with these functions,
we have modelled their behaviour by means of an FDT. Thus, by selectively removing the XFC and
replacing them with their corresponding models, we may construct closed models fully described with
an FDT. We have implemented our proposal in the tool SocketMC which is able to construct a PROMELA

model, to be analyzed with the SPIN 4 model checker, from a C code including calls to the socket API.

2 Modelling the Socket API

The translation into PROMELA of a particular C system with calls to the socket API must take into
account three different aspects: the control flow, variables and data, and the translation of the API calls.

Loops, selections and jumps in the original C code are just replaced with the do, if and goto
PROMELA statements. In addition, C variables are preserved in the model. Every process in the new
PROMELA model contains a state structure with all the C variables being referenced as fields in this
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(SOCKET) k=nep()

e
socketi(v)−−−−−−−→s〈··· ,ei[k/v],··· ,eep[〈v,cre,⊥,⊥,⊥〉/k]〉

(BIND) ei(v)=k∈Idep,eep(k)=〈v,cre,⊥,⊥,⊥〉,6∃k′∈Idep.(port(k′)=p,state(k′) 6=cre)

e
bindi(v,p)−−−−−−−→s〈··· ,eep[〈v,bou,p,⊥,⊥〉/k]〉

(CON-ACC) ei(w)=k,eep(k)=〈w,lis,p,⊥,⊥〉,ej(v)=k′,eep(k′)=〈v,cre,⊥,⊥,⊥〉,p′=nport(),b=nbuf (),b′=nbuf (),k′′=nep()

e
conj(v,p)||acci(w,w′′)−−−−−−−−−−−−−−−−→s〈··· ,ei[k′′/w′′],··· ,eep[〈w′′,con,p,b,k′〉/k′′,〈v,con,p′,b′,k′′〉/k′]〉

(API1)
I(ci)i∈scalli,e

I(ci)i−−−→se′

〈···||ci||··· ,e〉−→〈···||next(ci)||··· ,e′〉

Figure 1: Excerpt of semantic rules for SCALL and interleaved process execution

structure. This method allows us to use auxiliary C functions and macros (i.e. inet aton for manip-
ulating sockaddr in structures) preserving the behaviour of the original system. Furthermore, it is
necessary to declare additional variables which are useful in the underlying implementation of the socket
API modelled and in the calls to the operative system (OS).
In the new model constructed, the external calls must also be transformed. For example, a call to open

from the socket interface is translated into a PROMELA macro. This macro contains embedded C code
that implements the API functions and the OS behaviour.

In order to prove the correctness of the transformation proposed, we give a formal operational semantics
of the original API ensuring that our implementation matches the semantics. Figure 1 shows an excerpt
of the rules defining the semantics of the API socket (−→s). These rules formalize single execution steps
in the C processes, showing how the execution of each API call modifies the so-called environment, that
is, the values of the process variables. For example, rule CON-ACC defines how to create a TCP connec-
tion between two end points. Each end point is defined as tuple 〈name, state, port, buffer , pair〉. A
pair of end points compose a stream which is a reliable bidirectional communicating channel between
two C processes.

We also formalize the interleaving of processes in execution (rules for −→). To this end, we define a
configuration as a pair 〈c1|| · · · ||cn, e〉, where each ci represents the program counter of the C process i.
Thus, rule API1 defines how the socket functions, except connect and accept, modify configurations.

As commented above, XFCs must be replaced by a model of the corresponding function described
in a TDF. Thus, given a formal description of the API, we build a model for the original C program
combining PROMELA and C. Our design pattern consists of describing blocking and non-deterministic
behaviours by means of PROMELA, and using C for the manipulation of variables. We need a set of
global variables in order to represent the OS state. Since both these variables and the model for XFCs
have been specifically designed for model checking tasks, the amount of memory used for OS repre-
sentation is quite reasonable. It is necessary to recall that the model checking techniques are limited
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Figure 2: Overall tool architecture

by the amount of memory necessary to represent all the possible states of the system. Although the
socket API handles very large message buffers, real programs are only able to understand a limited set
of messages. Consequently, we represent the messages by means of unique identifiers and store actual
message contents outside the state vector. In our model, buffers consist of a compact queue of identifiers;
so, when programs need to read a message, the modelled XFCs recover the message content using its
stored identifier. Another important feature of the API socket is the use of blocking sockets. Some XFCs
block the execution of the calling process until a condition is met. We use PROMELA guards in order
to guarantee that the modelled XFCs will block under the same circumstances. In addition, real socket
connections may fail for numerous reasons. A complete model should take these possible failures into
account. For this reason, some XFCs display different behaviours representing both the correct execution
of the operation and some anomalous behaviours of both OS and the network. Again, we use PROMELA

to express the non-deterministic selection of one of these behaviours.
We have implemented some new reduction techniques that may be combined with those already in-

corporated in SPIN to deal with the state explosion problem. For instance, OS message buffers are
compressed using dynamic identifiers and tables with actual values. This compression technique is also
applied to other important OS data structures (IP addresses, port, etc). Furthermore, it is possible to take
advantage of inherent symmetries in client-server applications, using symmetry reduction; for instance,
in scenarios where several equal client processes connect to a single sever. Symmetry reduction correctly
analyzes a single interleaving in the clients from among all possible executions, which considerably re-
duces the number of reachable states.

3 The tool SocketMC

The architecture of SocketMC is described in Figure 2. The conversion from C programs to PROMELA

involves two steps. First, a graphical application allows the user to add files containing the C imple-
mentation of the processes and gives him/her the opportunity to specify which functions shall be treated
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as XFC. The GUI also provides the configuration file and generates specific C code to every process.
The translation from C into PROMELA is performed by a Java application called C2SPIN. C2SPIN takes
as input all the C files specified in the configuration file, those generated by the GUI, and the file con-
taining the transformation rules. The final PROMELA model is generated by applying the transformation
rules for XFCs and the language. The transformation rules describe how to deal with every XFC. Thus
XFC can be transformed according to the specification of the model or it can even be eliminated if the
corresponding call need not be analyzed.

In future versions, we are thinking of integrating the tool SocketMC with αSPIN [GMMP04]. Thus,
we will be able to reduce the state explosion problem adding the abstraction technique implemented in
αSPIN to SocketMC.

References

[BCLR04] T. Ball, B. Cook, V. Levin, and S.K. Rajamani. Slam and static driver verifier: Technology
transfer of formal methods inside microsoft. IFM, 2004.

[CDH+00] J. Corbett, M. Dwyer, J. Hatcliff, C. Pasareanu, Robby S. Laubach, and H. Zheng. Ban-
dera: Extracting finitestate models from java source code. ACM Press, 2000.
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Editorial: Biologically-Inspired Computing 

The field of Biology changed dramatically in 1953, with the determination by Francis Crick 
and James Dewey Watson of the double helix structure of DNA.    This discovery changed 
Biology for ever, allowing the sequencing of the human genome, and the emergence of a 
“new Biology” focused on DNA, genes, proteins, data, and search.   Computational Biology 
and Bioinformatics heavily rely on computing to facilitate research into life and development. 

Simultaneously, an understanding of the biology of living organisms indicates a parallel 
with computing systems: molecules in living cells interact, grow, and transform according to 
the “program” dictated by DNA. 

Moreover, paradigms of Computing are emerging based on modelling and developing 
computer-based systems exploiting ideas that are observed in nature.    This includes building 
into computer systems self-management and self-governance mechanisms that are inspired by 
the human body’s autonomic nervous system, modelling evolutionary systems analogous to 
colonies of ants or other insects, and developing highly-efficient and highly-complex 
distributed systems from large numbers of (often quite simple) largely homogeneous 
components to reflect the behaviour of flocks of birds, swarms of bees, herds of animals, or 
schools of fish. 

This new field of “Biologically-Inspired Computing”, often known in other incarnations by 
other names, such as: Autonomic Computing, Pervasive Computing, Organic Computing, 
Biomimetics, and Artificial Life, amongst others, is poised at the intersection of Computer 
Science, Engineering, Mathematics, and the Life Sciences.    Successes have been reported in 
the fields of drug discovery, data communications, computer animation, control and 
command, exploration systems for space, undersea, and harsh environments, to name but a 
few, and augur much promise for future progress. 

This column solicits articles on developments, applications, and case studies of 
Biologically-Inspired Computing, and any and all of its related areas given above.   Please 
send contributions to: Dr. Mike Hinchey, Director, NASA Software Engineering Laboratory, 
Mailstop581.0, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA, or via e-
mail to: Michael.G.Hinchey@nasa.gov 
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The Autonomic Computing Initiative 
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Introduction 
 
The human body’s autonomic nervous system (ANS) is that part of the nervous system that 
controls the vegetative functions of the body, such as circulation of the blood, intestinal 
activity, and secretion and production of chemical “messengers” (hormones) that circulate in 
the blood.  The sympathetic nervous system (SyNS) supports “fight or flight”, providing 
various protection mechanisms to ensure the safety and wellbeing of the body.   The 
parasympathetic nervous system (PaNS) supports “rest and digest”, ensuring that the body 
performs necessary functions for long term health. 

Of course, all of this is hidden.   While reading this newsletter, the reader is not aware of 
his/her breathing rate, nor of his/her heart rate.  Similarly, if one touches something hot or 
sharp, one is not aware of the reflex reaction to reconfigure the area in danger to a state that is 
out of danger―we simply pull back our hand instinctively. 

 
Autonomic Computing 
 
In 2001, IBM launched the Autonomic Computing initiative [1].   At the heart of IBM’s 
vision, is the development of self-managing systems inspired by the human body’s ANS, as 
described above. 

The general properties of an autonomic (self-managing) system can be summarised by four 
objectives: being self-configuring, self-healing, self-optimizing and self-protecting, and four 
attributes: self-awareness, environment-awareness, self-monitoring and self-adjusting (Figure 
1).  Essentially, the objectives represent broad system requirements, while the attributes 
identify basic implementation mechanisms.   

 
The Autonomic Computing Initiative



 

                                                                                                                                                                        
 
  

 

THE EASST NEWSLETTER 

 
Figure 1: Properties of an Autonomic Computing System. 

 
Self-configuring represents a system’s ability to re-adjust itself automatically; this may 

simply be in support of changing circumstances, or to assist in self-healing, self-optimization 
or self-protection.   

Self-healing, in reactive mode, is a mechanism concerned with ensuring effective recovery 
when a fault occurs, identifying the fault, and then, where possible, repairing it.  In proactive 
mode, it monitors vital signs in an attempt to predict and avoid “health” problems (reaching 
undesirable situations).   

Self-optimization means that a system is aware of its ideal performance, can measure its 
current performance against that ideal, and has defined policies for attempting improvements.  
It may also react to policy changes within the system as indicated by the users.  A self-
protecting system will defend itself from accidental or malicious external attack.  This 
necessitates awareness of potential threats and a means of handling those threats.  

In achieving such self-managing objectives, a system must be aware of its internal state 
(self-aware) and current external operating conditions (environment-aware). Changing 
circumstances are detected through self-monitoring and adaptations are made accordingly 
(self-adjusting). As such, a system must have knowledge of its available resources, its 
components, their desired performance characteristics, their current status, and the status of 
inter-connections with other systems, along with rules and policies of how these may be 
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adjusted.  Such ability to operate in a heterogeneous environment will require the use of open 
standards to enable global understanding and communication with other systems [2]. 

These mechanisms are not independent entities.  For instance, if an attack is successful, this 
will include self-healing actions, and a mix of self-configuration and self-optimisation, in the 
first instance to ensure dependability and continued operation of the system, and later to 
increase the self-protection against similar future attacks.  Finally, these self-mechanisms 
should ensure there is minimal disruption to users, avoiding significant delays in processing 
[7]. 
 

 
Figure 2: Autonomic Element, with reflection and reflex layers. 

 
Reflex Signals 
 
At the heart of the architecture of any autonomic system are sensors and effectors.  A control 
loop is created by monitoring behavior through sensors, comparing this with expectations 
(knowledge, as in historical and current data, rules and beliefs), planning what action is 
necessary (if any), and then executing that action through effectors.  The closed loop of 
feedback control provides the basic backbone structure for each system component [1].  
Figure 2 highlights that there are at least two control loops in an Autonomic Element – one 
for self-awareness and another for environmental awareness [3]. 
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IBM represents this self-monitor/self-adjuster control loop as the monitor, analyze, plan 
and execute (MAPE) control loop (Figure 1).  The monitor-and-analyze parts of the structure 
process information from the sensors to provide both self-awareness and an awareness of the 
external environment.  The plan-and-execute parts decide on the necessary self-management 
behavior that will be executed through the effectors.  The MAPE components use the 
correlations, rules, beliefs, expectations, histories, and other information known to the 
autonomic element, or available to it through the knowledge repository within the AM [1]. 

The autonomic environment requires that autonomic elements and, in particular, autonomic 
managers communicate with one another concerning self-* activities, in order to ensure the 
robustness of the environment. Figure 2 depicts that the autonomic manager communications 
(AMėAM) also includes a reflex signal.  This may be facilitated through the additional 
concept of a pulse monitor—PBM (an extension of the embedded system’s heart-beat 
monitor,  or HBM, which safeguards vital processes through the emission of a regular “I am 
alive” signal to another process) with the capability to encode health and urgency signals as a 
pulse.  Together with the standard event messages on the autonomic communications channel, 
this provides dynamics within autonomic responses and multiple loops of control, such as 
reflex reactions among the autonomic managers. 

This reflex component may be used to safe-guard the autonomic element by 
communicating its health to another AE.   The component may also be utilized to 
communicate environmental health information. For instance, in the situation where each PC 
in a LAN is equipped with an autonomic manager, rather than each of the individual PCs 
monitoring the same environment, a few PCs (likely the least busy machines) may take on 
this role and alert the others through a change in pulse to indicate changing circumstances [5]. 

An important aspect concerning the reflex reaction and the pulse monitor is the 
minimization of data sent – essentially only a “signal” is transmitted.  Strictly speaking, this is 
not mandatory; more information may be sent, yet the additional information must not 
compromise the reflex reaction.   For instance, in the absence of bandwidth concerns, 
information that can be acted upon quickly and not incur processing delays could be sent.  
The important aspect is that the information must be in a form that can be acted upon 
immediately and not involve processing delays (such as is the case of event correlation). 

Just as the beat of the heart has a double beat (lub-dub) the autonomic element’s (Figure 2) 
pulse monitor may have a double beat encoded―as described above, a self health/urgency 
measure and an environment health/urgency measure.  These match directly with the two 
control loops within the AE, and the self-awareness and environment awareness properties 
[8].  
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Selfware 
 
The initial set of self-* properties, commonly known as self-CHOP (CHOP: configuring, 
healing, optimizing, protecting), represented the general goal of the Autonomic Computing 
initiative.   They were not intended to be mutually exclusive, nor definitive. 

At this stage in this emerging field we are seeking inspiration for new approaches from 
(obviously, pre-existing) biological mechanisms, and in fact a whole plethora of further self-* 
properties are being proposed and developed, leading to the coining of the term selfware. 

Just one such property is self-destruction, based on the biological principle of apoptosis [4], 
[7]: If one cuts oneself and starts bleeding, good training results in washing the finger, 
applying a bandage and carrying on with one’s tasks without any further conscious thought.   
Yet, often, the cut will have caused skin cells to be displaced down into muscle tissue.  If they 
survive and divide, they have the potential to grow into a tumor.  The body’s solution to 
dealing with this situation is cell self-destruction (with mounting evidence that cancer is the 
result of cells not dying fast enough, rather than multiplying out of control, as previously 
thought). 

It is believed that a cell knows when to commit suicide because cells are programmed to do 
so―self-destruction (sD) is an intrinsic property.  This sD is delayed due to the continuous 
receipt of biochemical retrieves.  This process is referred to as apoptosis, meaning “drop out”, 
used by the Greeks to refer to the Autumn dropping of leaves from trees; i.e., loss of cells that 
ought to die in the midst of the living structure.  The process has also been nicknamed “death 
by default” [4], where cells are prevented from putting an end to themselves due to constant 
receipt of biochemical “stay alive” signals 

Further investigations into the apoptosis process have discovered more details about the 
self-destruct programme.  Whenever a cell divides, it simultaneously receives orders to kill 
itself.  Without a reprieve signal, the cell does indeed self-destruct.   It is believed that the 
reason for this is self-protection, as the most dangerous time for the body is when a cell 
divides, since if just one of the billions of cells locks into division the result is a tumour, while 
simultaneously a cell must divide to build and maintain a body.  

The suicide and reprieve controls may be compared to the dual-key on a nuclear missile.  
The key (chemical signal) turns on cell growth but at the same time switches on a sequence 
that leads to self-destruction.  The second key overrides the self-destruct. 
 
Conclusion 
 

Self-managing systems, whether viewed from the perspective of Autonomic Computing, or 
from that of another initiative, offers a holistic vision for the development and evolution of 
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biologically-inspired computer-based systems.  It aims to bring new levels of automation and 
dependability to systems, while simultaneously hiding their complexity and reducing costs.    

A case can certainly be made that all computer-based systems should exhibit autonomic 
properties [6], and we envisage greater interest in, and uptake of, autonomic principles in 
future system development.   
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Xiaolin (Andy) Li   xlli@caip.rutgers.edu
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SEAMS, ICSE Workshop on Software Engineering for Adaptive and Self-Managing Systems, 
Shanghai, China, 21 & 22 May 2006; part of the 28th International Conference on Software 
Engineering (http://www.isr.uci.edu/icse-06/). 
 
• Important Dates 

1 February 2006   Papers Due 
1 March 2006   Notification to Authors 
7 March 2006   Camera Ready Due 

• Contact 
Rogerio de Lemos  r.delemos@kent.ac.uk 
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BiC 2006                                                                               (conferences.computer.org/BiC/) 
 
BiC 2006, 1st IEEE International Conference on Bioinformatics and Complexity, University 
of Limerick, Ireland, 12 & 13 June 2006 
 
• Contact 

Vicky Markstein   vicky@lifesciencessociety.org 
 
ICAC 2006                                                                           (www.autonomic-conference.org) 
 
ICAC 2006, 3rd IEEE International Conference on Autonomic Computing, Dublin, Ireland, 
12-16 June 2006  
 
• Important Dates 

15 January 2006  Abstracts Due 
22 January     Full Papers Due 
3 March      Notification to Authors 
3 April       Final Manuscripts Due 

• Contact 
icac@caip.rutgers.edu
 

 
SelfMan 2006                                                                     (research.ihost.com/selfman2006/) 
 
SelfMan 2006, 2nd IEEE International Workshop on Self-Managed Networks, Systems and 
Services, Dublin, Ireland, 16 June 2006; co-located with ICAC 2006 (http://www.autonomic-
conference.org). 
 
• Important Dates 

15 February 2006   Papers Due 
15 March 2006    Notification of Acceptance 
7 April 2006     Camera Ready Due 

• Contact 
selfman2006@gmail.com 
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DASC 2006                                                                                 (www.cs.iupui.edu/DASC06/) 
 
DASC 2006, 2nd IEEE International Symposium on Dependable Autonomic and Secure 
Computing, Indianapolis, Indiana, USA, 29 September-1 October 2006. 
 
• Important Dates 

15 April 2006    Papers Due 
30 May 2006    Notification of Acceptance 
1 July 2006     Final Manuscripts Due 

• Contact 
Yuanshun Dai   ydai@cs.iupui.edu 

 
 
BICC 2006                                                                                 (www.wcc-2006.org/bicc2006) 

BICC 2006, IFIP Conference on Biologically Inspired Cooperative Computing, Santiago, 
Chile, 20-25 August 2006, as part of IFIP World Computer Congress 2006 (http://www.wcc-
2006.org/). 

• Important Dates 
15 January 2006   Paper Submission Deadline 
15 March 2006    Notification of Acceptance 
7 April 2006     Camera ready versions due 

• Contact 
Franz J. Rammig   franz@uni-paderborn.de 
Mauricio Solar    msolar@usach.cl 

 
 
IEEE Task Force on Autonomous and Autonomic Computing   (tab.computer.org/AAS/) 
 
IEEE TF on AAS supports and engages in events and activities related to autonomy and 
autonomic computing.    Sign up for membership at: http://www.computer.org/TCSignup/ 
 
• Contact 

Roy Sterritt, Task Force Chair  r.sterritt@ulster.ac.uk 
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Life Sciences Society                                                                  (www.lifesciencessociety.org) 
 
The Life Sciences Society aims to create a vital organization to enable those engaged in the 
Life Sciences and related areas to maintain a cutting edge view of current developments in the 
Life Sciences industry, research and education. 
 
• Contact 

Vicky Markstein, President   vicky@lifesciencessociety.org 
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Problem-Oriented Requirements Engineering:
Redressing the balance between problem and

solution spaces

Lucia Rapanotti* and Jon G. Hall *

*Computing Research Centre, The Open University, UK

1 Introduction

The notion of problem in Requirements Engineering was developed by Jackson over a number
of years [Jac95, Jac98, Jac01]. In this view, a problem is seen as a requirement in a real-world
context for which a software solution is sought. The process of software development is then
a problem solving process, leading ultimately, and hopefully, to a solution which satis�es the
requirement in its context. The approach is gaining popularity (see [CHR05] for an overview of
current research and practice), as an alternative to other approaches in Requirements Engineer-
ing such as goal-oriented [Yu93, vL00, MKC01] and scenario-based [RR99, AM04] ones.
The problem-oriented approach has many qualities. It has a principled basis [ZJ97, HRJ05]
which allows for correctness argumentation and rich traceability [HRH01] from requirements to
solution. It embodies a discipline of descriptions [JZ93] for the capture of the relevant properties
of the real-world context, while being su�ciently 
exible to allow for informality. It supports
reuse of expertise through the identi�cation of recurrent problem classes [Jac01].
With its emphasis on problems rather than solutions, the problem-oriented approach uses
an understanding of a problem class to allow the problem owner with their speci�c domain
knowledge to drive the Requirements Engineering process.
Three characteristics of modern software development are in competition with this approach.
Firstly, even modestly complex problems can force problem owner and solution engineer into
negotiation over trade-o�s and consideration of details of the solution [BCK99]. Secondly, in
practice, the development of new systems is very rarely green-�eld: new software is usually
developed from existing components [CD00] or within existing frameworks [DW98] and archi-
tectures [SG96, BCK99]. Finally, expert workers in well-known application domains express
their expertise through development, even for bespoke software.
We observe that each of these competing views embody knowledge of the solution space: the
�rst through the software engineer's domain knowledge; the second through choice of domain
speci�c architectures, architectural styles, development patterns, etc; the third through the reuse
of past development experience. All solution space knowledge can and should be used to inform
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Controller 
machine Device

{is_on,is_off} Work
regime

(the solution) (the context) (the requirement)

CM!{switch_on, 
switch_off}

Figure 1: A simple problem diagram

the problem analysis for new software developments within that domain. Time to market of
quality systems is shortened through the reuse of such solution space structures and experience.
In this paper, we show how the problem-oriented approach can be reconciled with these views,
and demonstrate how a choice of architecture can facilitate problem analysis, decomposition
and subsequent recomposition, within the problem frames framework [Jac01]. In particular, we
discuss the notion of Architectural Frames [RHJN04] { combinations of architectural styles and
problem frames { and illustrate their use on a simple example.

2 Problem frames

Problem frames are a concretisation of many of Jackson's ideas on problem-oriented requirements
engineering. In this section we provide a brief overview. A much more complete treatment can
be found in [Jac01].
In problem frames, problems are represented through the graphical notation of problem dia-

grams. This de�nes the context of a problem by capturing the characteristics and interconnec-
tions of the parts of the world the problem is concerned with, as well as a requirement to be
satis�ed in such a context. Figure 1 gives a simple example of a problem diagram. In the �gure,
the software problem is to specify a machine (the solution) to control a device (the context) so
that a certain work regime (the requirement) is satis�ed.
This is, of course, a very simple example, as, in particular, the problem context consists only
of the device. The device is an example of given domain, that is that part of the problem which
is given. The solution is known as the machine domain, that is that part of the problem to be
constructed by the process of solving the problem. As such, there is only one machine domain
in each problem. On the other hand, the context may be arbitrarily complex and made up of
a number of interconnected given domains. We will see an example of a multi-domain context
later on in the paper.
Problem diagrams also indicate the shared phenomena between domains. Such phenomena
provide the vocabulary for the problem, and capture a variety of elements of interest to the
problem, such as entities, values, events, commands or operations. In Figure 1, the link between
device and machine indicates the phenomena that are shared between them. In this example,
the shared phenomena are commands that the controller machine can issue to switch the device
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on and o�. (That such phenomena are controlled by the controller machine is indicated by a
! after the abbreviation CM). Provided separately from the diagram are the designations of
phenomena, which ground the problem's vocabulary in the physical phenomena.
Not included in the problem diagram, but an essential part of the problem de�nition, are the
domain descriptions and the statements of requirement. A noticeable point is that the problem
frames approach does not prescribe the notation to be used for these descriptions and statements;
formal and informal descriptions and statements are equally acceptable, provided they are precise
enough to capture the characteristics of interest of the various respective domains. For instance,
in our example, we could have:

Device: a device that can assume one of the following states: is on and is o�. Commands on
and o� can be issued to e�ect state changes in the device.

Work regime: the device should not be on for longer than 2 consecutive hours.

The purpose of analysing a problem with enough rigour and precision is to be able to give a
speci�cation that is implementable and can be argued to satisfy the requirement in the given
context. As for domain descriptions and requirement statements, the speci�cation needs not
be formal, but needs to be su�ciently precise to allow further design and implementation. A
possible speci�cation for this problem could be:

Speci�cation: an on command issued by the machine should be followed by an o� command
within 120 minutes.

and a possible machine description (i.e., a solution) satisfying this speci�cation, could be:

Controller machine: On starting operation, the machine issues an o� command. Thereafter,
at the beginning of every hour, the machine issues an on command followed by an o�
command 20 minutes later.

Note that a process of analysis under problem frames will not normally stretch as far as pro-
viding the machine description, this being the subject of a design process. Instead, requirements
analysis will be concerned with the derivation of a speci�cation and with arguing that such a
speci�cation satis�es the requirement in the given context. Such an argument is usually referred
to as the correctness argument. This too needs not be formal. Hence correctness should not be
interpreted too narrowly: we need to acknowledge that there are parts of the real-world that es-
cape a formal characterisation, but whose properties need to be taken into account nevertheless,
and that formal proofs are in many cases unobtainable.
In our example, a possible correctness argument is as follows:

Argument: A machine that satis�es the speci�cation will issue an on command (speci�cation),
which results in the device been switched on (domain description), followed by an o� com-
mand (speci�cation), which results in the device been switched o� (domain description),
within 120 minutes. Therefore, the device will never be in operation for more than 2 hours,
which satis�es the requirement.
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Note how the correctness argument brings together domain descriptions and requirement and
speci�cation statements. Note also, how it relies only on facts which are known from such
descriptions and statement. For instance, should the device been switchable on and o� manually,
the speci�cation might not meet the requirement. However, unless this fact is explicitly stated,
it cannot be taken into account.
We will use problem diagrams extensively in this paper for illustration of examples and tech-
niques.
As a �nal remark, you should notice the subtle di�erence in the expression of domain descrip-
tions vs. requirement and speci�cation statements. The former are in the indicative mode,
that is they express how things are. The latter are in the optative mode, that is they express
how we would like things to be. This is an important distinction in problem frames, which we
emphasise in this paper by a careful separation of the term `description', which we only use in
the indicative mode, and `statement', which we only use in the optative mode.

3 AFrames

Most real problems are too complex to �t within a single problem identi�cation/solution descrip-
tion model. They require, rather, a third level of description: that of structuring the problem as
a collection of interacting subproblems, each of which is smaller and simpler than the original,
with clear and understandable interactions.
The intention of Architectural Frames (or AFrames for short) [RHJN04] is to provide a practical
tool for sub-problem decomposition and subsequent recomposition that allow the problem frames
practitioner to separate and address, in a systematic fashion, the concerns arising from the
intertwining of problems and solutions. The rational behind AFrames is the recognition that
solution structures can be usefully employed to inform problem analysis.
An AFrame captures the combination of a class of problems and a class of solution structures.
Our starting point is the initial classi�cation of basic problems given in [Jac01], in combination
with well-known architectural styles [SG96, BCK99, KR99]. Notationally, an AFrame shares the
Problem Frame diagram of the corresponding problem class, augmented by a further annotation
of the machine domain, which records the intention of producing a problem solution which is
based on a particular architectural style (we will illustrate an AFrame diagram in the following
sections).
Architectural styles characterise software architecture classes in terms of the architecture's el-
ement types and their topology, and the patterns of data and control among elements. The
characterisation of architectural styles for use within the problem frames framework entails
ways of representing those architectural elements that impact the problem description in terms
of generalised topologies, and binding of domains and phenomena. This is achieved through
decomposition templates, an integral part of every AFrame de�nition. Decomposition templates
capture a standard and systematic way of decomposition the problem into sub-problems; they
complement classical problem frames decomposition by providing further guidance and decom-
position rules.
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Controller 
machine

Device {is_on,is_off}

Manual control 
with feedback

Operator
O!{switch_on, switch_off}

{switch_on, 
switch_off}

D!{is_on, is_off}
CM!{switch_on, switch_off}

CM!{display_on, display_off}

{display_on, 
display_off}

Figure 2: A User Commanded Behaviour problem

An essential step in problem analysis is addressing recomposition concerns once sub-problem
decomposition and analysis is completed. AFrames simplify the recomposition step by providing
an indication of how sub-problems �t together and how the frame concern of the problem class
distributes across those sub-problems. That the frame concern should also be addressed at
recomposition is due to the fact that the argument is motivated by the problem independently
of the solution structure, and so should be dischargeable by any solution to that problem. We
are then left with the task of discharging the frame concern from the properties of the solved
sub-problems.
For illustration of the concept, we are going to consider an AFrame resulting from the com-
bination of control problems and the MVC solution architecture. The MVC (short for Model-
View-Controller) (see e.g., [BCK99]) is a way of structuring a software solution into three parts
{ a model, a view, and a controller { to separate and handle concerns related, respectively,
to the modelling of a domain of interest, the visual feedback to the user, and the user input.
The controller interprets user inputs and maps them into commands to the model to e�ect the
appropriate change. The model manages one or more data elements, responds to queries about
its state, and responds to instructions to change state. The view is responsible for feedback
on the model's state to the user. Standard communication patterns (e.g., the Observer pattern
[GHJV95]) apply between the MVC parts.
We consider the class of control problems with feedback to the operator, which are captured by
the User Commanded Behaviour Frame [HR05]. More precisely, the problem is that of building
a machine that will accept the user's commands, impose control on some part of the physical
world accordingly, and provide suitable feedback to the user1. Figure 2 gives an example of
one such problem, obtained as a simple modi�cation to the problem in the previous section. In
the modi�cation, instead of a work regime imposed by the controller on the device, an operator
can issue commands to switch the device on and o�, and will received some feedback from the
controller on the current state of the device.
By combining MVC and User Commanded Behaviour Frame we obtain an AFrame which repre-
sents the class of user commanded behaviour problems with feedback for which an MVC solution
is to be provided. As mentioned earlier, the AFrame provides some guidance on decomposition

1[Jac01] introduces a related frame, the Commanded Behaviour Frame, which does not include user feedback.
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in the form of decomposition templates [RHJN04], which are applied to obtain sub-problem
diagrams. In particular, the two resulting sub-problems are that of developing a machine (the
C in MVC) which deals with user inputs to a�ect the state of the device, and a machine (the
V in MVC) which deals with displaying some feedback to the operator on the current state of
the device. A third sub-problem is that of building a model (the M in MVC): this is a designed

domain [Jac01], that is a designed artefact (represented on a problem diagram as a rectangle
with a single bar), which faithfully re
ects the state of the device and acts as a connection

domain [Jac01] between the real-world domain and presentation and control subsystems. The
sub-problems resulting from the application of the AFrame to our example problem are given
in Figure 3.

Device
{is_on,is_off}

Manual control 

Operator
Controller 

{switch_on, 
switch_off}

Device

Feedback 

Operator

View

V!{display_on,
display_off}

{display_on,
display_off}

D!{is_on,is_off}

C!{switch_on, 
switch_off}

{is_on,is_off}

O!{switch_on, 
switch_off}

Model 

M!{switch_on, 
switch_off}

Model 

 M!{is_on,is_off}

Figure 3: Sub-problem decomposition under AFrame

Note how the fact that each sub-problem addresses a particular aspect of the original require-
ment is re
ected in the requirements. Note also that architectural knowledge of the MVC gives
us some guidance on how these sub-problem recompose, as illustrated in Figure 4, where the ar-
chitecture of the overall solution machine is made explicit (the dotted lines are suggestive of the
fact that the three components are part of the same machine). Once solutions to the individual
sub-problems have been found, architectural knowledge allows us to identify their permissible
compositions.
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Device {is_on,is_off}

Manual control 
with feedback

Operator

U!{switch_on, switch_off}

{switch_on, 
switch_off}

D!{is_on, is_off}

{display_on, 
display_off}Controller 

C!{switch_on, 
switch_off}

Model M!{switch_on, switch_off}

View O!{display_on, display_off}

 M!{is_on,is_off}

Figure 4: Recomposition under AFrame

4 Conclusion

We see at least two strengths of AFrames. The �rst is that they suggest how a problem would
need to be restructured for a particular solution form. For instance, in the MVC case, that a
view and a controller components are required and an abstract model of the device needs to
be produced. This begins to address the `green site' criticism that we mentioned previously.
The second is that they help the recomposition of sub-problem solutions into a solution for
the original problem. Recomposition is facilitated by the fact that AFrame decomposition is
regularised through the application of the AFrame templates, and is accomplished through the
identi�cation of the links among architectural elements. This begins to address the previously
mentioned `need for expertise' criticisms.
The bene�t of AFrames in developmental terms can be seen in that, in deriving decomposition
and recomposition guidance from architectures, they o�er to extend greatly the usefulness of
the Problem Frame framework. We expect that the return of the investment of time to encode,
as AFrames, architectural artefacts will be great, given the promise of problem frames, and the
richness of architectures.
AFrames, like problem frames, make no unreasonable assumptions of machines or humans:
they are not a substitute for creativity. Nor do they constrain the design process unreasonably;
AFrames provide very general decomposition guidance so as not to second-guess choices that are
properly part of design and implementation. In addition, AFrames support reuse of artefacts and
designs: although templates can identify many sub-problem classes, the generated sub-problems
will, in being motivated by an existing solution space structures, correspond to existing solution
space artefacts; even in the worst case, they will have produced sub-problems that are easier
to solve (with recomposition, through the architecture, being the basis of the discharge of the
correctness argument).
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The Satisfiability Modulo Theory Library Initiative
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Abstract. Satisfiability Modulo Theories (SMT) is an extended form of propositional satisfiabil-
ity, where propositions are constraints over a specific theory (e.g., Equality, Linear Arithmetic,
their combination, etc.). There is presently considerable interest in SMT in the verification com-
munity because its representation capabilities, which go beyond those propositional logic, allow
for a natural modeling of real-world problems (e.g., pipeline and RTL circuits verification, proof
obligations in software systems).
As a result, many promising SMT solvers has been designed and implemented in the last years.
Unfortunately, it is currently hard to assess their relative merits because these solvers are often
based on different logics, work with different theories, deal with different classes of formulae,
and have different interfaces.
The SMT Library (SMT-LIB) initiative, co-led by the these authors and supported by several re-
search groups world-wide, is an international effort aiming at overcoming all these problems. Its
main goal is to build an on-line repository of benchmarks for SMT solvers.
In this paper, we overview the main features of SMT-LIB and provide pointers for further reading.

Keywords: Solvers, Theories, Logics, Common Format, Library, Benchmarks

1 Motivation

Many approaches to hardware and software verification require to discharge proof obligations. This
task can be frequently transformed into the problem of checking the (un-)satisfiability of some formulae
modulo a background theory. We refer to this as the Satisfiability Modulo Theory (SMT) problem. In
many situations, an SMT problem is composed of a formula of first-order logic whose atoms belong to a
theory used to model user-defined data types, memory models, and so on.

For these verification techniques, it is of crucial importance to have SMT solvers which are both pre-
dictable and flexible, i.e. capable of automatically discharging the largest possible number of proof obli-
gations coming from the widest range of verification problems. Although this task is far from simple, a
generation of solvers has been designed and implemented which hold great promises and have already
made significant contributions by making it possible to complete verification tasks which were previously
out of reach.

The SMT-LIB Initiative
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Despite all these exciting advances, it is currently hard to assess the relative merits of existing SMT
solvers either in terms of theoretical reasoning power or practical effectiveness. This is because the
solvers

• are based on different logics,

• work with different theories, and

• deal with different classes of formulas.

These differences are at times conceptually small, but still such that it is impossible to replace one SMT
solver by another within a larger verification system. It is currently hard even to test and evaluate a single
solver in isolation because there are few available benchmarks, many of them in mutually incompatible
formats. Furthermore, it is infeasible to implement and maintain converters between different systems’
formats, both for engineering reasons and due to the lack of clear, documented semantics for those
formats.

The lack of a common infrastructure for specifying SMT solvers and benchmarks, and of an extensive
and diversified collection of benchmarks in a standard format are a serious impediment to research.
They make the comparison or interchange of SMT solvers difficult, limit the ability of the community
to share ideas and techniques, and unnecessarily delay the deployment of SMT solvers in verification
systems. Because of the importance of SMT to a wide variety of verification applications, removing
these obstacles has the potential to improve significantly the rate of progress in the verification field as a
whole.

The SMT-LIB initiative, co-organized by these authors, is an on-going international effort to address
these shortcomings. It has has the backing of all the major research groups working on SMT from
academia and industry. Although the initiative is still in its early stages, it has recently achieved two
important milestones with the definition of the first version of its common language and format, and
with the first annual SMT Solver Competition (SMT-COMP [BdMS05]), held in the summer of 2005
and co-located with the CAV’05, the 17th International Conference on Computer Aided Verification.

In the following, we give an overview of the SMT-LIB initiative and provide pointers to on-line mate-
rials for further details.

2 The SMT-LIB Initiative

The main goal of the SMT-LIB initiative is to produce an on-line library of benchmarks for satisfiability
modulo theories. By benchmark we mean a logical formula to be checked for satisfiability with respect
to (combinations of) background theories of interest. Examples of background theories typically used
in computer science are the theory of real numbers, the theory of integer numbers, and the theories of
various data structures such as lists, arrays, bit vectors and so on. A lot of work has been done in the last
few years by several research groups on building systems for satisfiability modulo theories. The main
motivation of the SMT-LIB initiative is the expectation that having a library of benchmarks will greatly
facilitate the evaluation and the comparison of these systems, and advance the state of the art in the field,
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in the same way as, for instance, the TPTP library [SS98] has done for theorem proving, or the SATLIB
library [HS00] has done for propositional satisfiability.

SMT-LIB consists for now of two main sections: one containing the specification of several background
theories and logics, and another containing benchmarks which will be eventually grouped under a number
of indexes such as their corresponding background theory/logic, the class of formulas they belong to, the
type of problem they originate from and so on. Much of the existing work has so far being spent on
defining a language and format for specifying theories, logics and benchmarks, creating the specification
of a number of background theories/logic, and translating existing SMT benchmarks into the SMT-LIB
format. Future work on the library might also include a common format for specifying solver outputs
such as unsatisfiability proofs and counter-models, and a common API for SMT solvers.

For the library to be viable and useful, it was crucial for SMT-LIB to adopt a common format for
expressing the benchmarks, and for defining the background theories in a rigorous way–so that there is
no doubt on which theories are intended.

2.1 Basic assumptions and structure

For uniformity, and without loss of generality, SMT-LIB assumes that input formulas are to be checked
for satisfiability, not validity. In particular, given a theory T and a formula ϕ, we are interested in whether
ϕ is satisfiable modulo T , that is, whether there is a model of T that satisfies (the existential closure of) ϕ.
Informally, an SMT solver is any procedure—possibly non-terminating or incomplete—for satisfiability
modulo some given theory. With SMT solvers one can distinguish among the procedure’s:

• underlying logic (first-order, many-sorted, modal, higher-order, etc.),

• background theory, the logical theory against which satisfiability is checked, and

• input language, in essence, the class of formulas the solver accepts as input.

For instance, in a typical solver for linear arithmetic the underlying logic is first-order logic with equal-
ity; the background theory is the theory of real numbers; and the input language is the class of sets of
linear equations and inequations.

SMT-LIB follows the distinction above for the sake of clarity and modularity. In particular, it focuses on
a single underlying logic and develops a general syntax for specifying background theories and classes
of input formulas. There is a wealth of existing research and previous experience in each of the areas
above in the fields of formal methods and automated reasoning. We have tried to reuse this knowledge
as much as possible by adapting it to the specific needs of the SMT community in consultation with the
SMT-LIB interest group, an open group of researchers interested in SMT and subscribing to the goals of
SMT-LIB.

2.2 The underlying logic

Since the start, there was wide agreement within the SMT-LIB interest group that SMT-LIB should
concentrate on a single underlying logic for its benchmarks and that this logic should be first-order
logic with equality or some variation of it. There was also a consensus that a many-sorted version of
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first-order logic would be better. Explicitly supporting sorts (i.e., types) is important because the main
intended uses of SMT solvers are in the field of software/hardware specification and verification which
naturally generates sorted satisfiability problems. As a consequence, SMT-LIB provides support for
sorts. In the current version, this support is intentionally limited: the underlying logic has no sub-typing,
no type constructors, no type quantifiers, no provisions for parametric or subtype polymorphism, and so
on. The idea was to start with just enough expressive power to represent typical benchmarks without
getting bogged down by the complexity of a more sophisticated type system.

In an attempt to combine the simplicity and familiarity of unsorted first-order logic with the convenience
of a sorted language, the SMT-LIB format defines two semantics for its underlying logic: the first one is
a translation semantics into classical first order logic with equality, the second one is a direct algebraic
semantics based on many-sorted models. The first semantics is meant to ease the transition to a sorted
framework for existing tools, expertise and results, most of which have so far been developed in an
unsorted framework. For the purposes of SMT-LIB, the two semantics are equivalent.

More complex type features may be added in the future but only as needed. For instance, it would be
interesting to extend the language with a simplified version of dependent types to model, in a natural
way, the bit-vector theories and benchmarks commonly used in hardware.

2.3 The background theories

With the goal of standardizing the confusing nomenclature in the SMT literature we have started the
process of defining a standard catalog of background theories used in SMT applications. For that we have
defined a format for rigorously defining background theories (and sub-logics, see Section 2.4). Theories
are specified in SMT-LIB independently of any benchmarks or solvers. This way, each benchmark can
contain a reference to its own background theory. In general, one can distinguish between basic theories
and composite theories. Examples of basic theories include the theory of real numbers, the theory of
arrays, the theory of lists, and so on. Examples of composite theories include the theory of lists of real
numbers, or arrays of integer index and real values.

The current version of SMT-LIB supports only basic theories. This means in practice that a theory
composed of previously defined ones can always be defined in this version of the format, but only from
scratch, as if it were a basic theory, with no external references to its previously defined components.
Support for the modular definition of composite theories will be added in future versions of the format.

2.4 The input language

There is a single, general first-order (sorted) language in which all SMT-LIB benchmarks are written.
It is often the case, however, that many benchmarks are expressed in some fragment of the language of
first-order logic. The particular fragment in question does matter because one can often write a solver
specialized on that fragment that is more efficient than a solver meant for a larger fragment.1 For in-
stance, if T is the theory of real numbers, the satisfiability in T of full-first order formulas is decidable.
However, one can build increasingly faster solvers by restricting the language respectively to quantifier-
free formulas, linear equations and inequations, difference equations, inequations between variables, and

1By efficiency here we do not necessarily refer to worst-case time complexity, but to efficiency “in practice.”
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so on.
Certain pairs of theories and input languages are very common in the field, and are often conveniently

considered as a single entity. In recognition of this practice, the SMT-LIB format allows one to pair
together a background theory and an input language into a sub-logic. We call these pairs sub-logics
because, intuitively, each of them defines a sub-logic of SMT-LIB’s underlying logic for restricting both
the set of allowed models—to the models of the background theory—and the set of allowed formulas—to
the formulas in the input language.

The concrete syntax of the language is attribute-based and Lisp-like. Its design follows the recom-
mendation of the SMT-LIB interest group that benchmarks be easy to parse. Preferring ease of parsing
over human readability is reasonable in this context because we expect not only that benchmarks will
be typically read by solvers but also that, by and large, they will be produced in the first place by auto-
mated tools like verification condition generators or translators from other formats. The language is also
intentionally extensible in a number of ways. For instance, it is possible to add user-defined attributes to
theories, logic and benchmarks, in addition to those prescribed by the standard. The idea is to let user
experiment with extension of the standard format, and then officially incorporate in later versions of the
format those extensions that seem to be most useful to the community.

3 Further Information and Acknowledgments

The SMT-LIB web-site [RT] provides pointers to documents describing the present status of the SMT-
LIB standard and its evolution, a catalog of reference background theories and logics, the benchmarks
(in particular those used during SMT-COMP), utilities to parse and/or translate from/to the common
format, a list of the available SMT-solvers, a list of people in the interest group, which contributed and
still contributes to the progress of the initiative, instructions to subscribe to SMT-LIB mailing list, and so
on.

SMT-LIB has benefited so far from the contribution of a large number of people from the SMT and
the verification communities. We refer the reader to the SMT-LIB web-site for a comprehensive list
of contributors. Here we would like to especially thank Clark Barrett, Leonardo de Moura and Aaron
Stump, the organizers of SMT-COMP, for their invaluable contribution on improving the SMT-LIB for-
mat, proof-reading various SMT-LIB documents and specifications, and collecting, translating, and vali-
dating several hundreds of benchmarks. Finally, we would like to thank all the participants to the various
editions of the workshop “Pragmatics of Decision Procedures in Automated Reasoning (PDPAR)” for
the many lively and stimulating discussions about the SMT-LIB.
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Abstract. Despite the general acceptance of software architecture as a pivotal player in soft-
ware engineering, software evolution techniques have been traditionally concentrated on the
code level. The state-of-the-practice is comprised of refactoring and re-engineering techniques
that focus on code artefacts. However, recent advances have shifted the focus of evolution from
the code level towards higher levels of abstraction and particularly the architectural level. The
grounds behind this trend is that architecture captures the architectural knowledge (and par-
ticularly the design decisions and their rationale) for the whole system. Architecture can thus
facilitate making new design decisions during evolution cycles, having full knowledge of past
decisions. Furthermore the revision of non-functional requirements and especially cross-cutting
issues can only be managed efficiently at an architectural level. The Workshop on Architecture-
Centric Evolution (ACE 2005) attempted to explore the evolution of software systems based on
their architecture. The workshop delved into this field, by presenting the latest research advances
and by facilitating discussions between experts.

Keywords: Software Architecture, Software Evolution, Architectural Metaphor.

1 Introduction

Industry and academia have reached consensus that investing on architecture in the early phases of the
lifecycle is of paramount importance to object-oriented software systems. Moreover, there is an un-
doubted tendency to create an engineering discipline on the field of software architecture if we consider
the published textbooks, the international conferences devoted to it, and recognition of architecting soft-
ware systems as a professional practice. Evidently, there have been advances in the field, especially
concerning design and evaluation methods, as well as reusable architectural artefacts such as architec-
tural patterns and frameworks. And there is growing consensus nowadays about certain aspects of the
task of software architecture description, such as the satisfaction of stakeholders’ concerns through mul-
tiple views, and the use of UML for modelling architecture. Software architecture has become a key
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issue in the object-oriented community, as architecture is praised for facilitating effective communica-
tion between stakeholders, early analysis of the system, support of qualities and successful evolution of
the system.
However, the evolution of software systems largely takes place at the code level. For example, a sub-

stantial part of industrial practice of software evolution concerns storing code artefacts in configuration
management systems and applying refactoring techniques on them. This hinders the development team
from having an overview of the “big picture” and grasping the significant design decisions that can only
appear at the architectural level. As a result, the new design decisions that are taken during evolution
may compromise or even contradict fundamental principles of the system’s architecture. Moreover, the
most substantial properties of the system are its non-functional requirements, the so-called “quality at-
tributes”, and the evolution of such properties can only be tackled at the level of architecture. To make
matters worse, the more complex and sizeable the systems get, the more severe the problem gets. In a
product line for example, where domain-specific variation and evolution of the various products is re-
quired, software evolution is too complex to be dealt with at the code level, due to the higher level of
interdependency between the various software assets in a product-line. In essence, software architecture
is the best means for facilitating the synchronization of the system requirements and its implementation
during the evolution cycles.
The theme of architecture-centric evolution is complex and multi-faceted, both in its core and in its

relevance to other advances of software engineering. In overall, it involves at least the following topics:

• Software engineering processes and methods for architecture-centric evolution

• Theoretical aspects of architecture-centric evolution, e.g. causes of architectural changes

• Configuration management techniques for architectural artefacts

• Modelling Architectures to support evolution of software systems (e.g. through ADLs or UML)

• Synchronizing requirements, architecture and code during evolution

• Architecture-centric evolution in the context of Model-Driven Engineering

• Tools that support and enforce architecture-centric evolution

• Architecture-centric Evolution of Aspects in the Aspect-Oriented paradigm

• Evolution of quality attributes through architectural evaluation

• Software architecture patterns that support evolution

• Evolution of legacy software through its architecture

• Evolution in product lines and system families

The rest of this workshop report is organized as follows: Section 2 presents the theme of the keynote
speech, which discussed the metaphors from buildings and biology with respect to architecture and
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evolution. Section 3 outlines the contents of the papers that were presented in the workshop, as well
as some of the discussion they raised. Section 4 describes the findings of the dialogue triggered by the
previous sessions and the conclusions reached by the participants. Finally Section 5 concludes with a
brief synopsis of the state-of-the-art and future trends.

2 Architecture and Evolution / Building and Biology: A Tale of Two
Metaphors

In his keynote, Brian Foote1 highlighted the importance of metaphors in the field of computer science,
their usefulness in some situations, and their weaknesses in others. During the talk, emphasis was given
on comparing the architectural metaphor to other metaphors inspired from biology, like evolution – the
topic of the workshop.
Foote initially presented different metaphors that come from the early days of computer science and

are still in use today, such as understanding software development as a special branch of mathematics
or physics. He argued that these metaphors are strongly influenced by an inferiority complex of early
programmers, comparing themselves to people working in these established sciences. In the following
years, other metaphors arose, such as the “software engineer” or the “analyst”, which also primarily
describe a stronger organizational position than a “simple” programmer. The architecture metaphor can
also be seen as a part of this tradition.
Foote argued that none of these metaphors really holds, and gave the example of the waterfall model,

a common metaphor for the software development process. This model was rarely used in reality – the
systems that were finally implemented were quite different to the upfront designs and analyses dictated
by a waterfall process. Foote claimed that in the waterfall era, engineers, analysts, and managers only
rarely looked at the code because working with the code was seen as lower-class work. Change came
with concepts like Design Patterns [GHJV94] and Extreme Programming (XP) [Bec99], which raised
the attention for the code and low-level design concepts, and resulted generally to the empowerment of
the programmer in the software development process. In this sense, Foote proposed that “Craftsmen and
Tradesmen” might be better metaphors for programmers than the ones named before.
Next, Foote compared the ideal metaphor of architecting a system with what happens in practice: many

systems actually look rather like a Big Ball of Mud [FY97] than a neatly architected structure. He then
asked the question: why is the gap between what we preach and what we practice so large? He gave
further evidence by illustrating the problems of masterplans – both in building architecture and software
architecture – leading to boomtowns, ghost towns, urban sprawl, etc. The pioneer of patterns in urban
architecture, Christopher Alexander, instead sees a city as an organically growing entity, and argues that
you cannot impose structure via a masterplan on a city and expect this to work. Similarly, in software
engineering, Brooks [Bro87] claims that software is so entangled that it is not possible to impose a
structure on it. Foote draws the conclusion that a software system should rather be seen as a body with
sub-systems such as the nervous, lymphatic or digestive sub-system, because for both kinds of systems
it is hard to apply strict architectural planning (e.g. layering, decomposition) in a mathematical sense.

1More information on Brian Foote can be found on http://www.laputan.org/
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Foote sees the success of glue languages and reusable components as an evidence for the usefulness of
this metaphor. He called systems built following the gluing approach “Big Buckets of Glue”.
Architectural evolution should thus follow a similar path as biological evolution: systems should grow

incrementally and “learn”, designs should facilitate change, frameworks should be used, and monocul-
tures should be avoided. In other words, the designs should emerge without a designer, following a
process of piecemeal growth [Ale79]. Designs do not have to follow a “glamorous” or clean approach;
in biology the genome also makes use of what it can, it uses a lot of duplication, etc. Foote claims that
XP has implicitly rediscovered many of these principles. He gave the examples of cut-and-paste code –
which might be a useful technique for a wide range of applications: from initially developing frameworks
and trying things out, to the MIR space station!
In conclusion, we need to address the biological nature of our software architectures better: our tools

are at the moment too primitive and our metaphors are out-of-date. Refactoring techniques need to take
place in richer and higher level descriptions, than just programs. Architecture-Centric Evolution must
be two-way: the descriptions must be richer than the actual code (descriptions at the meta-level) and
round-trip engineering must be better supported (e.g. to visualize the architecture). Useful approaches
for these goals, in turn, can only be found by an evolutionary approach.

3 Issues in Architecture-Centric Evolution

The paper reviewing process was rigorous, assigning at least three program committee members per sub-
mitted paper. After the selection process, six papers were accepted, of which five papers were presented
in the workshop. The presentations provided a range of interesting research topics, which lead to lively
discussions. The essence of each paper as well as the key points of the raised discussions are summarized
in the sub-sections below. The heading of each sub-sections is the title of the corresponding paper.

3.1 Architecture-Centric Evolution in Software Product Lines

Hassan Gomaa introduced his notion of evolution based on Model-Driven Engineering, product line ar-
chitectures and UML 2. The approach follows the model-driven paradigm, and introduces a process
model of several steps. The process model, Gomaa claims, is evolutionary, because there are feedback
loops between all steps, and there is a continuous evolution of the product line (the artefacts in the
product line reuse library) alongside the creation of applications that derive from the product line archi-
tecture. Gomaa uses a kernel-first approach, meaning that first a stable product line kernel is designed,
and feature-based evolution is applied to this kernel (like artefacts being tagged with optional features).
The result is a map of feature/class-dependencies, which can be mapped onto distributed UML 2 com-
ponents. Different architectural patterns are applied during this process: layered structures (Layers,
Kernel), client/server structures (Client/Server, Client/Broker/Server, Client/Agent/Server), and control
structures (Centralized, Distributed, Hierarchical Control).
The difference between Gomaa’s approach and some of the issues raised in Foote’s keynote, raised

some interesting discussion points between the workshop participants:

• How does the team size affect the architecture evolution process? On the one hand, Gomaa’s

ACE 2005



THE EASST NEWSLETTER

approach is clearly aimed at a large team size of at least 10-100 developers and on programming-
in-the-large. On the other hand numerous other architecture evolution approaches (e.g. those based
on agile approaches) are rather assuming smaller team sizes. The size of the development team
is often an implicit assumption in both heavy-weight and light-weight processes. Furthermore,
another significant issue in evolution processes is the expected skills/competencies/experience of
the developers, which is also left implicit in most cases.

• Can layered structures (and similarly hierarchical structures) really serve as a primary structure
for a software system? Or do we have a tendency to use hierarchical structuring, but it is not
always appropriate? The question was raised because of Foote’s claim that many real systems
rather resemble a Big Ball of Mud, rather than a neatly architected structure. This was enforced
by the fact that Gomaa showed an example of a layered structure during his presentation, in which
layers where by-passed (i.e. it was not a pure layered architecture). In many cases it is hard or
even inappropriate to structure systems according to a strict layered/hierarchical structure (see the
discussion of masterplans above).

• Does Gomaa’s approach allow for round-trip engineering? As a model-driven approach it allows
to have code entities synchronized with the models. But it does have difficulties dealing with code
changes to entities generated from models.

3.2 Towards a Formal Foundation for Dynamic Evolutionary Systems

Andreas Rausch focused on dynamic (i.e. runtime) system evolution of active components. He claims
that in the context of dynamic system evolution, formal techniques for modelling system configurations
are required in order to be able to check their correctness. Furthermore, Rausch proposes to map these
formal descriptions to description techniques, executable at runtime. Application areas, envisioned by
Rausch, are ambient systems, e.g. a PDA which is dynamically introduced into the system of a car. The
running toy example of his talk assigns jobs to robots and automatically detects conflicts in job assign-
ments, according to the composition constraints given in UML/OCL. In his motivating example, Rausch
shows that these description techniques do not clearly show what a class requires and thus changes can
have unwanted side-effects.
To solve this problem, Rausch proposed that components should declare both their required and pro-

vided interfaces, and he mapped the UML/OCL examples to the formal component model, introduced in
his paper. Unfortunately, it is not possible to prove at runtime that there are no conflicts (a theorem prover
would be needed). Instead, Rausch proposed a solution based on constructive composition validation,
which is essentially based on a “replay” of a (similar) proof done by a human being before.
Rausch’s talk also raised a number of discussion points. A major issue that was brought up concerned

whether it is really necessary to have more explicit component dependencies or would a component man-
ager (having all necessary information) solve the issue of conflict detection. Another related discussion
topic, concerned the degree of transparency (black-box vs. white-box) components should have in or-
der to support evolution. In some cases, we might require to look inside a component (e.g. when the
component has side-effects in its constraints) in order to safely support evolution.
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3.3 A Systematic Approach for the Evolution of Reusable Software Components

Fernando Castor Filho presented the next paper co-authored by Ana Elisa C. Lobo, Paulo Asterio C.
Guerra, Fernando Castor Filho, and Cecilia Mary Fischer Rubira. The paper is focused on software
configuration management for the so-called “eternal” systems, e.g. enterprise systems that are of a large
size and have a long lifespan. The approach introduces a component version model, based on the com-
ponent definition by Szyperski (see [Szy97]), which uses a component meta-model similar to UML 2.
An interesting issue in the version model is that interfaces are not versioned. Filho explained this design
decision with practical project experiences in which generating new interfaces was less difficult than
providing version changes of interfaces. Other questions that arose were: Why are ports needed in the
meta-model? Why is the meta-model slightly different to the UML 2 meta-model? Why are ports and
interfaces both connected to Abstract Component? The discussion showed that there are many ways to
design a component meta-model, and its still unclear which meta-models are best suited for supporting
architectural evolution.
A second element in the approach concerned evolution rules, which were applied to measure the sub-

stitution impact of the three change operations: modification, addition, or subtraction. A table connects
the attribute or relationship to be changed and the change operations. After applying the rules (perhaps
multiple times), a substitution impact that is either low, medium, or high can be inferred from the table.
The question was then raised, whether the three change operations (modification, addition, or subtrac-
tion) are enough because simple type changes were modelled by a subtraction of the changed attribute
followed by an addition. A richer evolution model might be helpful here, but of course it would result in
increased complexity.
Finally, the authors propose a versioning scheme with a meaning defined on basis of the calculated sub-

stitution impact:major implies changes with a high substitution impact,minor if a medium substitution
impact occurs, andupdate by changes with low substitution impact.

3.4 Architecture-Centric Software Migration for the Evolution of Web-based Systems

Martti Jeenicke presented his paper on software migration in which experiences from two language mi-
gration projects are discussed: in both cases, a Web-based System was migrated from the PHP scripting
language to Java. The motivation behind the two migrations stems from the poor quality that the two
web-based systems suffered from. Users of these systems demanded higher quality and quicker version
updates, yet a complete rewrite was not possible due to the code size and the limited development re-
sources. The goal in both projects was thus a gradual replacement which leverages architecture-centric
evolution. There was a short discussion between the workshop participants that highlighted the differ-
ences of different scripting languages and Web framework architectures: the quality problems in these
specific PHP applications can hardly be generalized for scripting applications in general.
Next, two gradual language migration strategies were presented: horizontal migration (layer by layer)

and vertical migration (functionality by functionality). The horizontal migration seemed infeasible be-
cause this would have required a lot of effort for integrating the languages, so instead vertical migration
was used. The question was raised, whether this strategy can be generalized. It turned out that the indi-
vidual PHP components communicated only over the database and no session data was held in PHP. Thus

ACE 2005



THE EASST NEWSLETTER

a Java component could take over seamlessly. This strategy might be impossible or difficult for other
(more well-structured) Web applications. Nonetheless, the approach is applicable as a piecemeal migra-
tion strategy for many simple Web applications, in which it is possible that the old system components
can evolve, while the new system components are developed.

3.5 Use case maps as an extension of UML for system integration and verification

Czeslaw Jedrzejek gave the final presentation of the workshop. He presented a paper authored by Arka-
diusz Rys, Czeslaw Jedrzejek and Andrzej Figaj. The paper discusses a model-driven architecture ap-
proach, that supports integration and verification, in a large research project (350 people, 150 developers)
with a lot of feature inter-dependencies and constant change. The domain of the project is telecommuni-
cations, which is well-understood, but it also involved many research ideas from multiple other domains
(such as mobility, IPv6, pervasive computing, user profiles, etc.). The author presented an initial ar-
chitecture with a huge number of components, which required integration and verification. The author
explained that the general architecture originated from earlier architectures (e.g. from the UMTS area),
and then grew uncontrolled because there was no general evolution plan for the different research sub-
projects.
To integrate this system, object models, sequence diagrams, and state charts were developed. Unfortu-

nately, the sequence diagrams and state charts were on a much too detailed level leading to two problems:
first, an overall overview was impossible, and second many changes meant that the sequence diagrams
needed to be completely re-drawn, which meant a lot of overhead.
The proposed solution to these problems is to base the architecture development on views, similar to

the 4+1 model of Kruchten [Kru95], and then to apply scenario-based integration and testing. The author
proposes to start with use case maps, build coarse-grained sequence diagrams next, and refine them with
use case maps, which are more convenient as a general overview and for making changes. The authors’
goal is to formalize the model later on. A discussion followed that involved whether use case maps are
really needed here, or if coarse-grained sequence diagrams could be enough to do the job. This discussion
showed that the level of detail in models used for architecture evolution is crucial: too detailed models
tend to impose complexity and unnecessary overheads, whereas too general models might mean that we
miss important aspects. An optimal trade-off needs to be achieved, and it is mostly dependent of the
specific project at hand.

4 Discussion and Outcomes

The last part of the workshop was a discussion session, in which we summarized the participants’ in-
sights into architecture-centric evolution gained from the presentations and discussions, and discussed
the different concerns that arose.
Firstly, the participants agreed that if the architectural metaphor is indeed understood as a static, top-

down approach, including a masterplan produced by the architect, the terms architecture and evolution
seem to be oxymorons or at least contradictory. In many practical approaches, such as those taken
in agile software development methods, this is not the case. Also, Christopher Alexander’s notion of
piecemeal growth [Ale79], which has gained much attention and for which we find many analogies in
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software architecture research and practice approaches, describes an evolutionary approach to building
architecture: Alexander’s views on architecture strongly refute the idea of an architectural masterplan.
Furthermore, there are many important factors and assumptions to be made, before an architecture-

centric evolution approach can be described or understood, and depending on these factors and assump-
tions, the “optimal” architecture-centric evolution approach may substantially vary. For instance, the
workshop participants identified the team size, the project size, and the individual skills of the team
members (are they good architects?) as strong influences. Large-scale evolution is a “different game”,
especially because of the many influences apart from technical problems (e.g. social and political issues)
and the sheer complexity of the projects. The participants agreed that in all discussed projects, either
small scale or large scale, a lasting architecture emerges late (another reason to refute masterplanning).
This is also a reason why it is a good tactic for large-scale projects to strongly base the initial architecture
on how it has been done before – by questioning the existing domain experts.
It is also important at which binding time the architecture evolution takes place (e.g. compile time, load

time, runtime). The later the binding time, the more difficult it is to make assumptions and to rely on the
outcomes of the architecture evolution.
The means to express the architecture-centric evolution also strongly influence the chosen solutions. In

the workshop, programming language techniques (e.g. reflection), models (like use case maps and UML
2.0 models), model-driven software development, product lines, formal models, and tools (like Eclipse)
were presented as means to express the architecture-centric evolution – all with quite different properties.
Also, additional means like verification, testing, validation, etc. of the architecture-centric evolution need
to be considered.
In addition, we can learn from how evolution takes place in nature and try to adapt these techniques in

software system evolution. We should not make a masterplan for the architecture and its evolution. We
should not evolve the architecture inx directions at the same time, but only one at a time. We should try
out how different potential evolution schemes would turn out and adopt the successful ones (“survival of
the fittest”). In any case we need the right tools to tackle the problem of architecture-centric evolution
efficiently.
Finally, a central lesson learned from the workshop discussions is thatconsistencyis central: all archi-

tectural artefacts (code, documentation, design documents) should at any time reflect the same informa-
tion. This gets even more important for larger projects, and is important for product lines, round-trip
engineering, and model-driven approaches. If maintained independently, they will quickly get inconsis-
tent, especially when rigid processes (like the waterfall model) are used. Thus some means should be
provided to ensure consistency (examples are automatically documenting from the code base or generat-
ing from a model).

5 Epilogue

In light of the outcomes of this workshop, the main question is not whether it is useful to base the
evolution of software systems on their architecture, but how to do it. The workshop raised awareness
about the invalidity of current metaphors since they not only lead to false practices, but they also hinder
the discovery of more effective ones. It also indicated a slow but steady trend: to think of software
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systems not as calculated static structures but as living organisms. This paradigm has also been proposed
by Clements et al. [CBB+02], where the architecture of physiological systems was considered more apt
than building architecture. In this sense, a software system should be able to evolve as a living organism:
through natural selection, which means to facilitate change and to select the best of alternative options,
iteratively and incrementally.
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Report on SEFM 2005
3rd IEEE International Conference on Software Engineering

and Formal Methods

Antonio Cerone *and Peter H. Schmitt **
*UNU-IIST, Macao SAR China

Email: antonio@iist.unu.edu
**Universität Karlsruhe, Karlsruhe, Germany

Email: pschmitt@ira.uka.de

1 The SEFM Conferences

The Software Engineering and Formal Methods Conferences (SEFM) [Cer05] aim to bring together
practitioners and researchers from academia, industry and government to advance the state of the art in
formal methods, to scale up their application in software industry and to encourage their integration with
practical engineering methods.

The geographic focus of the conferences is on the Asia and Pacific regions and, more extensively, on
developing countries, also from other regions. An important aim of the SEFM conferences is to encour-
age research cooperation between developing countries, especially from the Asia and Pacific regions,
and industrialized countries all over the world.

The SEFM conferences are sponsored by the Technical Committee on Complexity in Computing (TCCX)
of the IEEE Computer Society and endorsed by the European Association of Software Science and Tech-
nology (EASST)

The SEFM Conferences originated from the Workshop on Software Engineering and Formal Methods
held in June 2002 in Adelaide (Australia) as satellite of the 23rd International Conference on Application
and Theory of Petri Nets. The 1st IEEE International Conferences on Software Engineering and Formal
Methods was held in September 2003 in Brisbane, Australia [CL03]. Following events were held in
September 2004 in Beijing, China [CL04] and in September 2005 in Koblenz, Germany [AB05]. The
next SEFM will be held on September 2005 in Pune, India.

Since 2004, UNU-IIST plays a key role in promoting, organising and supporting the SEFM Confer-
ences.
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2 SEFM 2005, Koblenz, Germany, 5-9 September 2005

The 3rd IEEE International Conferences on Software Engineering and Formal Methods (SEFM 2005)
was held on 5-9 September 2005 in Koblenz, Germany. Peter Schmitt was the Conference Chair and
Bernhard Aichernig and Bernhard Beckert were the Program co-chairs.

SEFM 2005 attracted 120 submission from over 34 countries. All papers were refereed by at least
three PC members and 40 papers were accepted (acceptance rate 33%). The accepted papers covered
traditional aspects of software engineering (testing, requirement and specification, quality of service),
formal methods (static analysis, true concurrency, abstraction, component-based development) and their
application to real-time systems, program verification, maintenance and change, and human-computer
interaction, as well as tools used in industrial practice.

The conference program included five invited talks by the distinguished speakers

� Dines Bjørner, Technical University of Denmark and the National University of Singapore;
� Wolfgang Paul, Universität des Saarlandes, Germany;
� Anthony Hall, UK;
� K. Rustan M. Leino, Microsoft Research, Redmond, USA;
� Joseph Sifakis, VERIMAG, Grenoble, France.

The main conference program was preceeded by two days of workshops and tutorials.
A one and a half day workshop on TRain: Towards a Domain Theory of Railways was jointly organized

by Dines Bjørner and Jim Woodcock, University of York, UK.
The following tutorials were presented:

� Building, Combining, and Integrating Decision Procedures for Software Verification
by David Déharbe, University of Rio Grande do Norte, Silvio Ranise and Christophe Ringeissen,
both from INRIA;

� Unified Modeling Language 2.0 - Concepts and Semantics
by Alexander Knapp and Harald Störrle, University of Munich;

� An Introduction to
���������
	

by Neil Evans, University of Southampton, Steve Schneider and Helen Treharne, both from the
University of Surrey;

� QoS Modelling and Verification with UML Statecharts
by Holger Hermanns, Saarland University, David N. Jansen, University of Twente Joost-Pieter
Katoen, RWTH Aachen.

The best paper award went to Thomas Wilson, Savi Maharaj, and Robert Clark for their contribution
Omnibus Verification Policies.

SEFM was the first in a series of Computer Science related conferences that together formed the re-
markable International Conference Summer 2005 at the University of Koblenz. The other events were
the 28th German Conference on Artificial Intelligence with the 3rd German Conference on Multi-Agent
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System Technologies and the 14th International Conference on Automated Reasoning with Analytic
Tableaux and Related Methods with the 7th International Workshop on First-Order Theorem.

UNU-IIST provided 4 grants to participants from 4 developing countries (Brazil, China, Iran and Rus-
sia) to attend SEFM 2005.

We would like to thank the Program Committee members and the other referees for their great effort and
professional work in the review and selection process. We are truly grateful to the Steering Committee
members for their advice, to Wolfgang Ahrendt (Publicity Chair), Steffen Schlager (Finance Chair), and
Werner Stephan (Tutorial and Workshop Chair) for their hard and effective work. We would particularly
like to thank Bernhard Beckert in his capacity as the local organizer and his team Gerd Beuster, Sibille
Burkhardt, Ruth Götten, Vladimir Klebanov, Tom Kleemann, Jan Murray, Oliver Obst, Alex Sinner,
Christoph Wernhard, and Doris Wertz for their hard work and the wonderful conference they put together.
It is furthermore a pleasant obligation to say Thank You to our numerous sponsors foremost to the IEEE
Computer Society, the University of Koblenz-Landau, UNU-IIST, the City of Koblenz, the Government
of Rhineland-Palatine, Formal Methods Europe, and Griesson — de Beukelaer GmbH.
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Report on GIIS 

 
 
 
 
 Carlo Montangero 
 
 
 
 
The 2nd Italian Workshop in Software Engineering was held in Bolzano, Italy, on September 
26th and 27th, 2005. It was organized by the Gruppo Italiano di Ingegneria del Software 
(GIIS - Italian Group of Software Engineering), an informal group of researchers with an 
interest in fostering Sofware Engineering dissemination in the country. The organization was 
taken care locally by professor Giancarlo Succi of CASE (Center for Applied Software 
Engineering – Free University of Bolzano), with the support of professor Gerardo Canfora of 
RCOST (Research Centre On Software Technology - Università del Sannio in Benevento), 
who organized the first workshop in Benevento, last year.  
 
These meetings have been established as an opportunity for people researching in Software 
Engineering to exchange experiences in an informal setting. They are organized in sessions 
devoted to thematic discussions, triggered by presentations by graduate students and young 
researchers. There are also presentations of research groups and specific projects. The 
graduate research themes presented this year were in software architectures, formal methods, 
agile processes and open source development, and web services. The undergoing projects 
tackle a variety of topics, including component based frameworks, system monitoring for 
adaptivity and metrics collection, reverse engineering, refactoring, and service oriented 
architectures. The program below reflects the variety of interests. More information is 
available in the GIIS site (http://www.giis.unisannio.it/). 
 
The attendance was above 40 people, from about 30 sites: everybody enjoyed the lively 
discussions both during the sessions and the breaks. 
 
The next meeting will be held in Genua in Fall 2006, and will be colocated with Models 2006. 
  
 
 

 
 The GIIS Report 
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Second Italian Workshop in Software Engineering 
Programme 

 
Septembre 26, 2005 - Afternoon 

Opening 
 
Software architectures 
Architectural Reflection in in Distributed System: Knowledge vs Guess - Marzia 
Adorni, Università degli Studi di Milano-Bicocca. 

ADAMS: an artefact-based based process support system - Rocco Oliveto, DMI - 
University of Salerno. 
Deriving Product Requirements from Software Product Lines - Alessandro 
Fantechi, DSI - Università Firenze. 

 
Formal methods 
Automatic Synthesis of Behavioral Patterns from Interaction Traces - Davide 
Lorenzoli, Università di Milano Bicocca. 
Deriving Analysis Models Using Model Transformations and Graph Grammars - 
Antonino Sabetta, Università Tor Vergata. 
UML-based Design of Network Processors Applications - Guglielmo De Angelis, 
Scuola Superiore Sant'Anna, Pisa. 
 
Agile methods and open source 
Empirical validation of Pair Programming - Corrado A. Visaggio, RCOST - Università 
del Sannio. 
MAD: Metodologia Agile Distribuita: a case study - Selene Uras, DIEE - Università di 
Cagliari. 
NVAF: A decision framework: SP vs FLOSS - Gianmauro Cuccuru, DIEE – 
Università di Cagliari. 
Empirical analyis of open source code mantainability - Francesco Di Cerbo, DIST - 
Università di Genova. 
An empirical study on lock-ins in Public Administrations - Bruno Rossi, Libera 
Università di Bolzano. 
Business process models for Open Source - Paolo Gasperi, Libera Università di 
Bolzano. 
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Septembre 27, 2005 – Morning 
 
Web Services  
Design for Self-Manageability - Davide Tosi, Università di Milano Bicocca. 
Dynamic Monitoring of SoAs - Sam Guinea, Politecnico di Milano. 
SLA-Testing for Composed Web Services - Valentina Mazza, RCOST - Università del 
Sannio. 
Research projects 
A Framework for component based development of multimedia applications - Paolo 
Nesi, DISIT - Università Firenze. 
Achieving Adaptivity through Architectural Reflection - Claudia Raibulet, Università 
degli Studi di Milano-Bicocca. 
Design Pattern Decomposition in Reverse Engineering tools - Claudia Raibulet, 
Università degli Studi di Milano-Bicocca. 
Runtime Performance Management of the Siena Publish/Subscribe Middleware - 
Antinisca Di Marco, Università dell'Aquila. 
A mathematical model for guiding refactoring efforts - Andrea Capiluppi, Politecnico 
di Torino. 
Autoconfiguring systems for the non-invasive collection of product metrics - Marco 
Scotto, DIST - Università di Genova. 
Agility and Open Source Development - Alberto Sillitti, Libera Università di Bolzano. 

Service Centric System Engineering - Elisabetta Di Nitto, Politecnico di Milano. 

Agent Oriented Software Engineering. The Tropos project - Anna Perini, IRST - 
Università di Trento. 
Software Engineering Laboratory - Andrea Polini, ISTI CNR Pisa. 
 

 
 The GIIS Report 
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FM'06 is the fourteenth in a series of symposia organized by Formal Methods Europe,
http://www.fmeurope.org, an independent association whose aim is to stimulate the use of, and research
on, formal methods for software development. The symposia have been notably successful in bringing
together innovators and practitioners in precise mathematical methods for software development,
industrial users as well as researchers. Submissions are welcomed in the form of original papers on
research and industrial experience, proposals for workshops and tutorials, entries for the exhibition of
software tools and projects, and reports on ongoing doctoral work.

FM'06 welcomes all aspects of formal methods research, both theoretical and practical. We are
particularly interested in the experience of applying formal methods in practice. The broad topics of
interest of this conference are:

* Tools for formal methods: tool support and software engineering, environments for formal methods.

* Theoretical foundations: specification and modelling, refinement, static analysis, model-checking,
verification, calculation, reusable domain theories.

* Formal methods in practice: experience with introducing formal methods in industry, case studies.

* Role of formal methods: formal methods in hardware and system design, method integration,
development process.

Technical Symposium:  Full papers should be submitted via the web site. Papers will be evaluated by
the Program Committee according to their originality, significance, soundness, quality of presentation and
relevance with respect to the main issues of the symposium. Accepted papers will be published in the
Symposium Proceedings, to appear in Springer's Lecture Notes in Computer Science series,
http://www.springeronline.com/lncs. Submitted papers should have not been submitted elsewhere for
publication, should be in Springer's format, (see Springer's web site), and should not exceed 16 pages
including appendices. A prize for the best technical paper will be awarded at the symposium.

Industry Day: One day will be dedicated to sharing the experience–both positive and negative–with
using formal methods in industrial environments. The Industry Day is organized by ForTIA, the Formal
Techniques Industry Association, http://www.fortia.org. This year's Industry Day investigates the use of
formal methods in security and trust. Invited papers on organizational and technical issues will be
presented. Inquiries should be directed to the Industry Day Chairs; see the web site for details.

Workshops: We welcome proposals for one-day or one-and-a-half-day workshops related to FM'06. In
particular, but not exclusively, we encourage proposals for workshops on various application domains.
Proposals should be directed to the Workshop Chair.

Tutorials: We are soliciting proposals for full-day or half-day tutorials. The tutorial contents can be
selected from a wide range of topics that reflect the conference themes and provide clear utility to
practitioners. Each proposal will be evaluated on importance, relevance, timeliness, audience appeal and
past experience and qualification of the instructors. Proposals should be directed to the Tutorial Chair.

Poster and Tool Exhibition: An exhibition of both research projects and commercial tools will
accompany the technical symposium, with the opportunity of holding scheduled presentations of
commercial tools. Proposals should be directed to the Poster and Tools Exhibition Chair.

Doctoral Symposium: For the first time, FM'06 will feature a doctoral symposium. Students are invited to
submit work in progress and to defend it in front of "friendly examiners". Participation for students who are
accepted will be subsidized. Submissions should be directed to the Doctoral Symposium Chair.

Submission Dates:
Technical Papers, Workshops, Tutorials Friday, February 24, 2006
Posters and Tools, Doctoral Symposium Friday, May 26, 2006

Notification Dates:
Technical Papers Friday, April 28, 2006
Workshops, Tutorials Friday, March 10, 2006
Posters and Tools, Doctoral Symposium Friday, June 9, 2006

Sponsors:
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Call for Papers
ICTAC 2006

3rd INTERNATIONAL COLLOQUIUM ON
THEORETICAL ASPECTS OF COMPUTING

Gammarth/Tunis, Tunisia — 20–24 November, 2006

http://www.iist.unu.edu/ICTAC2006

Objectives

ICTAC is an International Colloquium on Theoretical Aspects of Computing created by the International
Institute for Software Technology of the United Nations University (UNU-IIST). The aim of the col-
loquium is to bring together practitioners and researchers from academia, industry and government to
present research results, and exchange experience, ideas, and solutions for their problems in theoretical
aspects of computing. We believe that this will help developing countries to strengthen their research,
teaching and development in Computer Science and Engineering, improve the links between developing
and developed countries, and establish collaboration in research and education. The previous two ICTAC
events were held in 2004, in Guiyang, China, and in 2005, in Hanoi, Vietnam.

The topics of the conference include, but are not limited to:

� automata theory and formal languages

� principles and semantics of programming languages

� logics and their applications

� software architectures and their description languages

� software specification, refinement, and verification

� model checking and theorem proving

� formal techniques in software testing

� models of object and component systems
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� coordination and feature interaction

� integration of formal and engineering methods

� service-oriented development

� document-driven development

� models of concurrency, security, and mobility

� theory of parallel, distributed, and internet-based (grid) computing

� real-time and embedded systems

� type and category theory in computer science

ICTAC 2006 will have a technical program for five days, including two days for tutorials and three days
for a conference. In addition, it will be preceded a one-week training school.

Sponsors

ICTAC 2006 will be organised jointly between the University Tunis El Manar, UNU-IIST and the Uni-
versity of York. They are also sponsors of ICTAC 2006. There will be an one-week training school
during 13–17 November 2006 before the conference.

Submissions

Submissions to the conference must not have been published or be concurrently considered for publica-
tion elsewhere. All submissions will be judged on the basis of originality, contribution to the field, tech-
nical and presentation quality, and relevance to the conference. Papers should be written in English and
not exceed 15 pages in LNCS format (see http://www.springer.de/comp/lncs/authors.html for details). A
website for uploading papers linked to the conference web page (http://www.iist.unu.edu/ICTAC2006)
will be open at the appropriate time. All queries should be sent to: ictac2006@iist.unu.edu.

Important Dates

Submission deadline: 1 May 2006
Acceptance notification: 14 July 2006
Tutorial proposal submission deadline: 1 June 2006
Tutorial acceptance notification: 14 July 2006
Final version due: 1 September 2006
Tutorials: 20–21 November 2006
Conference Dates: 22–24 November 2006
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Invited Speakers

Zohar Manna, USA
Tobias Nipknow, Germany
Mike Reed, China
Jim Woodcock, UK

Program Chairs

Kamel Barkaoui, Tunisia
Ana Cavalcanti, UK
Antonio Cerone, UNU-IIST

Advisory Committee

Dines Bjorner, Singapore
Manfred Broy, Germany
Jifeng He, UNU-IIST
Shaoying Liu, Japan
Zhiming Liu, UNU-IIST
Jim Woodcock, UK
Jose Luiz Fiadeiro, UK
Tobias Nipkow, Germany

Conference Chairs

Mohamed Bettaz, Jordan
Ali Mili, USA

Program Committee — provisional

Marc Aiguier, France
Rahma Ben Ayed, Tunisia
Jose Barros, Portugal
Hubert Baumeister, Germany
Mohamed Bettaz, Jordan
Michel Bidoit, France
Khaled Bsaies, Tunisia
Cristian Calude, New Zealand
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Jessica Chen, Canada
Yifeng Chen, UK
Jim Davies, UK
Mourad Debbabi, Canada
Wan Fokkink, Netherlands
Maurizio Gabrielli, Italy
Valentin Goranko, South Africa
Susanne Graf, France
Lindsay Groves, New Zealand
Michael Hansen, Denmark
Thomas Henzinger, Switzerland
Dang Van Hung, China
Purush Iyer, USA
Petr Jancar, Czech Republic
Takuya Katayama, Japan
Maciej Koutny, UK
Xuandong Li, China
Xinxin Liu, China
Antonia Lopes, Portugal
Antoni Mazurkiewicz, Poland
Mohamed Mezguiche, Algeria
Roland Mittermeir, Austria
Carroll Morgan, Australia
Alberto Pardo, Uruguay
R. Ramanujam, India
Wolfgang Reif, Germany
Ingrid Rewitzky, South Africa
Mark D Ryan, UK
Augusto Sampaio, Brazil
Bernhard Schtz, Germany
Emil Sekerinski, Canada
Carolyn Talcott, USA
P S Thiagarajan, Singapore
Do Long Van, Vietnam
Martin Wirsing, Germany
Hongjun Zheng, USA
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Call for Papers
QAPL 2006

4th Workshop on Quantitative Aspects of Programming
Languages

Satellite Event of ETAPS 2006

Vienna, Austria, 1–2 April 2006

http://www.di.unipi.it/˜qapl06/

Scope

Quantitative aspects of computation are important and sometimes essential in characterising the be-
haviour and determining the properties of systems. They are related to the use of physical quantities
(storage space, time, bandwidth, etc.) as well as mathematical quantities (e.g. probability and measures
for reliability, risk and trust). Such quantities play a central role in defining both the model of systems (ar-
chitecture, language design, semantics) and the methodologies and tools for the analysis and verification
of system properties.

The aim of this workshop is to discuss the explicit use of quantitative information such as time and
probabilities either directly in the model or as a tool for the analysis of systems. In particular, the
workshop focuses on

� the design of probabilistic and real-time languages and the definition of semantical models for
such languages;

� the discussion of methodologies for the analysis of probabilistic and timing properties (e.g. se-
curity, safety, schedulability) and of other quantifiable properties such as reliability (for hardware
components), trustworthiness (in information security) and resource usage (e.g., worst-case mem-
ory/stack/cache requirements);

� the probabilistic analysis of systems which do not explicitly incorporate quantitative aspects (e.g.
performance, reliability and risk analysis);

� applications to safety-critical systems, communication protocols, control systems, asynchronous
hardware, and to any other domain involving quantitative issues.
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Topics

Topics include (but are not limited to) probabilistic, timing and general quantitative aspects in:

Language design Information systems Asynchronous Hw Analysis
Language extension Multi-tasking systems Automated reasoning
Language expressiveness Logic Verification
Quantum languages Semantics Testing
Time-critical systems Performance analysis Safety
Embedded systems Program analysis Risk and Hazard Analysis
Coordination models Protocol Analysis Scheduling theory
Distributed systems Model-checking Security

Submissions

We encourage submissions of two forms:

1. Full papers of at most 15 pages in A4 format. The use of the ENTCS style files is strongly
recommended.

2. Extended abstracts of ongoing work of at most 5 pages.

On the basis of available time a selection of these will be invited for presentation at the workshop.

Information on electronic submission is available on the workshop web site.

Important Dates

Submission (Full papers): 15 December, 2005
Submission (Extended abstracts): 5 February, 2006
Notification to authors: 20 January, 2006
Final version: 10 February, 2006

Proceedings

Accepted papers will be published in Elsevier’s ENTCS. Publication of a selection of the papers in a
special issue of a journal is under consideration.

Program Committee

A. Aldini (Urbino)
F. de Boer (Utrecht)
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F. van Breugel (Toronto)
A. Cerone (UNU-IIST)
L. de Alfaro (Santa Cruz)
A. Di Pierro (Pisa, co-chair)
M. Gabbrielli (Bologna)
I. Hayes (Queensland)
D.V. Hung (UNU-IIST)
M. Huth (IC London)
S.D. Johnson (Indiana)
J.P. Katoen (RWTH Aachen)
P. Malacaria (QMUL, London)
M. Massink (CNR, Pisa)
P. Mateus (IST, Lisbon)
A. McIver (Macquarie)
C. Morgan (UNSW/NICTA)
P. Panangaden (McGill, Quebec)
A.K. Seda (UC Cork,Ireland)
R. Segala (Verona)
H. Wiklicky (IC London, co-chair)
W. Yi (Uppsala)

Organising Committee

A. Cerone (UNU-IIST)
A. Di Pierro (Pisa, chair)
H. Wiklicky (London)

Invited Speakers

Rocco De Nicola (Florence)
Joel Ouaknine (Oxford)
Birgit Pfitzmann (IBM Zurich)

Contact

Email: qapl06@di.unipi.it
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