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1 Project summary

Technology for building accurately specified and reliably correct computer systems is of deep interest
for industry in Europe. This is a long-term problem, requiring progress in many areas. The use
of formal logics for specification and reasoning about systems, and of strongly typed programming
languages with inherent correctness properties, are well accepted as necessary parts of the solution.

The aim of our research activities is to develop the technology of formal reasoning and computer
programming based on Type Theory, by improving the languages and computerised tools for reason-
ing, and by applying the technology in several domains such as analysis of programming languages,
certified software, formalisation of mathematics and mathematics education.

This proposal is based on the strong collaboration and achievements in four successful European
projects (ESPRIT BRA and Working Group), in which we have built several computer systems for
proof development and used them in applications. The theory and the associated systems developed by
consortium members define the state of the art in type theory and its applications. Some impressive
examples using these systems have been achieved. However, it is a long-term project to make this
technology suitable for use by engineers, mathematicians and students. The proposed Co-ordination
Action is essential to maintain our community so that sites doing related and complementary work
can continue to communicate and collaborate fruitfully.

We request funding for three annual meetings to communicate recent work throughout the con-
sortium, six smaller thematic workshops on designated research themes, one summer school, short
courses and short visits between sites.

For wide dissemination of our work, the proceedings of the annual meetings will be formally refer-
eed and published, while the thematic workshops, summer school and short courses will be publically
available on a project web page.
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2 Objectives of the project and state of the art

Europe needs robust software systems. Society has become dependent on computer systems working
in an expected way, but programs are often erroneous. Like all big problems the software crisis can
only be solved using a multitude of approaches.

We believe that one such approach is to use the computer to develop provably correct computer
systems. Our contribution to this approach spans from fundamental research in logic to concrete for-
mal proofs of major importance. This is an area where Europe has built up considerable competence
during the last two decades within the TYPES community.

Research associated with previous EU funding for TYPES! has led to logics based on various
type theories (e.g. Extended Calculus of Constructions, Calculus of Inductive Constructions), proof
tools based on these logics (implemented proof assistants such as Coq, LEGO, Alfa, Isabelle and
Mizar), and mathematics libraries which are essential for practical use of the proof tools (e.g. the
Mizar mathematical library, the Isabelle developments of set theory and higher-order logic, and the
Constructive Coq Repository at Nijmegen). Some of this work is mature, widely used, and proven in
significant examples and applications.

Computer assisted formal reasoning is also important for the development of mathematics. Our
proof tools have been used to develop machine checked proofs of significant mathematical results.
We want to use our work to develop systems that will be useful to mathematicians and other scien-
tists in their proof-oriented work, much as computer algebra systems have been useful for symbolic
computations. The preparation and checking of mathematical documents will gain convenience and
reliability from machine support. Large libraries of mathematical knowledge can be made available
for fast searching with machine support. Proofs from libraries can be studied at greater or lesser levels
of detail. Such libraries can support cooperative and distributed working on extended projects. These
facilities will also be useful in mathematics education.

However, the language of textbooks and journals in mathematics and computer science is much
more convenient, flexible and extensible than the language that any logic or implemented proof tool
currently supports. To attain “natural mathematical language” with high level automated support in a
formal system is a very long term project. Our plan to progress on these issues has the following four
parts:

1. Correctness of Computer Systems: tools and techniques aimed specifically at application of
formal methods to system correctness, e.g. programming language specific tools and problem-
specific automation of proof search.

2. Formal Mathematics and Mathematics Education: this is the prototype example for proof in the
large, including very high level mathematical vernacular languages, the construction and use
of necessarily large libraries of previous work, and distributed working on long-term projects.

3. Proof Technology: the details of proof, including unification, resolution, rewriting, general
proof search, tactic languages and declarative proof languages.

4. Foundational Research: underlying the previous three areas must be research on the expressive-
ness and relative correctness of the foundational logics, including syntax, semantics, definitional
mechanisms, allowed computation and subtyping.

"Esprit Action 3245 (Logical Frameworks), Esprit BRA 6453 (Types for Proofs and Programs), Esprit Working Group
21900 (Types for Proofs and Programs), IST Thematic Network 29001 (Computer-Assisted Reasoning Based on Type
Theory).
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These ideas must be implemented; practical improvement of our working systems is an important part
of our objectives. This includes further development of proof assistants, user interfaces and interfaces
between tools so they become capable of supporting realistic scale work in many areas.

2.1 Correctness of Computer Systems

Recent work has shown that type-theory based theorem provers can be used practically in the pro-
duction of zero-fault or low-fault software. Advances in logical foundations and proof technology
have made the application of type theory based proof systems accessible to a large community of
programmers and software engineers for wide areas of application. Some spectacular examples are:

e The execution platform for the JavaCard language has been completely formalised, and security
properties of this platform have been verified formally, as part of the European IST project
Verificard.

e A formal description of the IEEE 754 standard for floating point operations has been devel-
oped, and used to verify formally the correctness of a library of tools to perform high-precision
arithmetic.

o Computer algebra algorithms have been formalized and proved correct. We also include in
this area algorithms for the verification of large boolean formulas, which traditionally play a
significant role in the formal verification of embedded software.

Objectives

Program extraction from proofs (both constructive and classical). Our consortium is among the
world leaders in this area (e.g. the Coq and MINILOG proof systems are fundamentally de-
signed to support program extraction). Recent large proofs in Coq on constructive analysis
have provided a serious challenge to the existing Coq technology.

Language specific verification tools on top of general proof tools. The Why and Krakatoa tools
are verification generators for ML, C and Java programs, including imperative aspects. They
produce proof obligations for several general proof tools: Coq, PVS and HOL light. This
approach will be significantly developed, with interesting worked examples.

Programming with dependent types A very new topic of our consortium is functional program-
ming languages with dependent types, making the type system much more expressive than
well-known languages such as ML and Haskell. In this way, the types of programs can express
more interesting program properties than the simple types of ML and Haskell. This contributes
to writing correct programs in the first place, allows more expressive module interfaces for
modular development, and replaces some human proof by compiler typechecking. Many areas
of theory and pragmatics need work to make this idea widely usable, including work on recur-
sive definitions and termination, dependent pattern matching, and compilation. This objective
certainly involves prototype development.

Practical challenges Progress on foundations, on our proof tool implementations, and on libraries
of proofs to build on, will make it possible to address more challenging examples. We believe
further work on programming language specifications, and correctness of program development
platforms, like the previous work on Java and JavaCard in our consortium, is one area where
our project can have impact on end-users.
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2.2 Formal Mathematics and Mathematics Education

The focus of this theme is to adapt our proof assistants to be useful to research mathematicians and
other users of mathematics, and in mathematics education. The theme also involves developing and
using large scale libraries of formal mathematics, and work on mathematics education material based
on formal mathematics that students can study and extend with machine support.

Developing, presenting and reading mathematical theories, including definitions, theorems and
proofs, are activities at the heart of the research mathematicians work. These activities are also impor-
tant in other disciplines where mathematics is used, for example in computer science, where rigorous
validation of properties of software systems can be established via mathematical proof.

Just as many mathematicians use computer typesetting systems like I&IEX to produce their text
and use computer algebra systems for symbolic computation, so we envisage that eventually many
mathematicians will want to use computer systems for support in developing, presenting, storing and
searching all aspects of mathematical knowledge.

Furthermore, these mathematical activities use highly specialised skills that can be difficult to
learn and to teach. Our computer systems should help in mathematics education. Material can be
presented at different levels of detail, from informal to completely formal. Student exercises can be
supported by an underlying formal proof tool with a library of the theories, definitions and lemmas as
previously presented in the course.

The role of type theory The mechanisms of dependent type theory are implicitly used in standard
mathematical practise, as was recognised long ago in de Bruijn’s Automath project. Similarly, most
computer algebra systems use dependent typing, albeit often implicitly. These are among the many
reasons that our proposal is based around the use of dependent type theory.

Objectives

Mathematics repository A large repository (library) of formalised mathematical results is needed
for a proof assistant to be useful for non trivial tasks. In fact, libraries must be developed for
specialised domain areas, built on top of more general libraries; e.g. a library for topology based
on one for set theory, which itself depends on a library of logic. Such libraries must be managed
and used on the web (e.g. using XML technology) to allow cooperation on large scale projects.
It is a primary objective of the proposal to develop technology for such libraries, and to develop
some libraries themselves. Our consortium contains the world’s largest formal mathematics
repository (Mizar), and members working particularly on repository technology.

Mathematical vernacular and proof language There is a barrier to the use our systems. On one
hand users are accustomed to read and write mathematics in a flexible informal style that al-
lows for gaps in proofs that can be accepted by the sufficiently expert; on the other hand the
mathematical language that can be handled by our computer systems is inflexible and formal,
requiring much precise detail from the user in order to make machine checking possible. Thus
it is difficult both to produce machine checked mathematics and to read it.

Our objective is to develop a mathematical vernacular language to overcome this serious prob-

lem. There are several related aspects to be addressed.

e The language used for constructing proofs, which is generally based on some operation
of refinement, must be made more declarative, as in, e.g., the system Mizar and the Isar
dialect of Isabelle.
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e It is important to be able to more freely mix top-down and bottom-up proof styles.

e Support for naturally mixing computation and proof.

e Powerful and convenient notational mechanisms are required: dynamically configurable
parsing, pretty printing, use of symbols, etc.

o Semi-formal mathematics should be supported, i.e. mathematics that is formal except that
suitably documented gaps are allowed.

e Support for higher level mathematical constructions, such as local working environments
and modular construction of theories with inheritance from precursor theories.

Many of these points depend on advances in proof technology (section 2.3), but putting them
together in a vernacular that will be used by practicing mathematicians is an objective on its
own.

Mathematics education Our proof assistants are already used in undergraduate education as tools

for teaching elementary logic and discrete mathematics. Our current objective is to take this
approach much further, into courses in basic computer science and mathematics. In our ex-
perience, many students appreciate the possibility to study exact formal presentations of the
material being taught, and even more so, to get detailed feedback on their exercises from a
machine proof checker.

Further, this is a way to familiarize a wider public with our tools and techniques, including
students, who will become the scientists of the future, and mathematics lecturers. This supports
the dissemination of formal methods for future industrial use.

Case Studies We aim to develop case studies in the (semi-)formalisation of areas of advanced math-

23

ematics and the use of packages for undergraduate education.

Nijmegen, cooperating with Bologna and other sites in the IST Mowgli project, has done some
experiments in creating a web-based interactive mathematical text-book, where the formal
mathematics is derived from a Coq repository (C-CoRN, the Constructive Coq Repository at
Nijmegen). This has been done by taking IDA (an Interactive course on Algebra, implemented
at the Technical University of Eindhoven) and linking it to formal mathematical statements and
proofs in C-CoRN. Nijmegen will continue this work.

Proof Technology

Inrecent years there has been much improvement in the size and complexity of theories and proofs that
can be formalised. For example, our consortium has formally developed proofs of the fundamental
theorems of algebra and calculus, of correctness of Buchberger’s Algorithm, and a nearly complete
formal proof of the four-color theorem. We also have large scale computer science applications, such
as a formalisation of Java, JVM, and correctness of a bytecode compiler.

However, in order for use of formal proof tools to become ubiquitous in industry and science,

we still must have a radical scaling up of proof tool capabilities. We identify particular technical
approaches that we propose to work on.

Computation in proofs: reflection and compilation Clearly computation is part of proof, and one

reason for our interest in Type Theory is that it contains a programming language in the logic.
In recent years there has been much work on reflection of decidable properties as object-level
computation, so checking these properties appears as single steps of computation in a proof.
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For this to be practical the internal programs must be executed efficiently. Thus proof check-
ing technology must integrate techniques from programming language technology, in particular
compilation techniques. Progress in this area has already made contributions to large proofs,
notabaly the Coq proof of the four-color theorem. However, compared with programming lan-
guage compilation, there is much to be done.

Computation in proofs: rewriting The internal programming language of Type Theory is descended
from pure logical roots, and has not been very convenient for practical programming. E.g. recur-
sion over data is largely restricted to be structural. In section 2.4 we discuss foundational work
towards more flexible function definition, including rewriting, dependent pattern matching, and
termination of general recursive definitions. All these techniques need to be implemented and
tested in practice, which is just now becoming possible with our current theoretical and practi-
cal knowledge. This one area promises to be very significant in scaling up formal proofs in the
near future.

Distributed and cooperative working For large problems, even informal mathematics proceeds co-
operatively, and for pragmatic use of formal tools cooperation is essential. This possibility has
been favored by the development of the web, and of databases accessible through the web. It is
fair to say that we are evolving from a system-oriented paradigm to a data-oriented paradigm.
Several eXchange Proof Languages have emerged (usually in XML) and we predict that in the
future, systems will adapt to be able to process proofs expressed in such universal languages.

Such an open paradigm should favor interoperability of systems. Already tools developed as
modules of one system have been adapted to be reused in other systems. For example the
generic user interface Proof General, and the Why tool for verifying imperative programs, that
produces goals that can be proved in various proof processing systems. Monolithic systems will
probably be cut into pieces in the future and such pieces will be the building blocks of proof en-
vironments, exactly like editors, compilers, debuggers, .. ., are building blocks of programming
environments.

Interface between proof tools Such an open paradigm should also modify the way proof systems
interact with other systems, such as rewriting engines, automated theorem proving systems,
model checkers, computer algebra systems, .... The interaction of proof processing systems
becomes a major issue when large proofs are concerned. We have several small examples of
such interfacing in our previous work, such as an automated first order prover, and a model
checker, that produce proofs to be checked by one of our type theory checkers. In this way one
gets the advantage of highly technical search with the reliability of foundational proof checking.
Much more work in this area is possible. Interaction between proof tools and computer algebra
systems is perhaps the most exciting new possibility.

Tactic languages In some traditional proof tools (“LCF style” tools) users can write new proof search
programs, factics, that are logically safe, using some kind of abstract interface feature of the
programming language in which the proof tool is coded. However, in non-monolithic and dis-
tributed proof environments, supporting general XML based vernacular languages, it becomes
difficult for the user to know enough about the inner workings of the system to do this. What is
needed is high level tactic languages. This is an area that has not received much attention.

Declarative proof In most existing proof tools, proofs are given to the system operationally: “first
try induction, then simplify every subgoal with as much rewriting as possible, ....” Such proofs
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can only be written interactively, since the user cannot easily predict what the result of each op-
eration will be. Worse, thay cannot be read at all, as the proof commands say nothing about the
current state of the proof let alone about the ideas behind the proof. A few systems (e.g. Mizar
and the Isar language of Isabelle in our consortium) support a much more natural, declarative
style. Much more can be done along these lines. The use of proof technology such as powerful
unification, rewriting, and automated search algorithms is important in this area, because in
writing and reading informal mathematics, human mathematicians make many simple steps of
logic and computation implicitly in their heads. Progress in this area will have a positive impact
on the higher level mathematical vernacular language discussed in section 2.2.

Objectives: In summary our main aims under this heading are the following.

o The integration of techniques from programming language technology into our proof processing
systems.

e The development of our systems to allow the cooperative distributed creation of large proofs.

e The adaptation of successful parts of proof systems so as to be reusable as modules of other
systems.

e The development generic interfaces between different mathematical tools, including autometed
provers and computer algebra systems.

e The development of more extensive and useful tactic languages.

e The development of declarative proof interfaces.

2.4 Foundational Research: Expressiveness of logic

Many parts of our workplan involve foundational research. The TYPES community has been particu-
larly effective in making progress on foundational research relevent to the development and use of our
proof systems. We aim to continue to do this by publishing our research ideas and, where possible,
exploiting them in the design and use of our systems.

Here we mention some of the topics that are clearly needed to support formalization of natural
reasoning in mathematics and computer science. The main goal of these topics is to improve the
expressiveness of formal logics, bringing them closer to informal reasoning.

Inductive definitions Definitional schemas are key to mathematical expressiveness. The generalised
inductive definitions supported by most of our proof tools do not cover some naturally occurring
examples. Recent work on inductive-recursive definitions shows one approach to extended
definitional schemas. Meta-theoretical study is needed to understand and justify this, and other,
new definitional principles.

Extensionality Many type theoretic logics use intensional equality. The main practical reason for this
choice is to have decidable typechecking, since typechecking plays the role of proofchecking
in these systems. However, informal mathematics is extensional, and extensional techniques
such as forming quotients would be very convenient for formalization. There has been work on
interpreting extensional equality in intensional type theory, however the problem is deep and
unresolved. Recent work on inductive definitions, and on programming in dependently typed
systems, add interest to this topic.
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Language features for structuring large proof developments Serious use of formal methods in com-
puter science or mathematics requires building large libraries of definitions and theorems to
support an expanding base of formal knowledge available to all users. This in turn requires
support of modular development with abstract interfaces hiding internal details. We follow the
basic approach to modularity from functional programming languages, but the issues are more
involved for logical systems. Several of our proof tools (Coq and Alfa) now have experimen-
tal module systems. Recent work in our group has pointed the way to semantics of first class
dependently typed modules, but this needs development.

Subtyping Effective use of modularity requires a notion of subtyping: every group is a monoid, and
the formal language should reflect this fact. Recent work on the proof theory and semantics of
subtyping has made much progress. This is a technically hard area, as has been shown by long
term work in the related area of functional programming languages.

Rewriting Computation is a big part of mathematical proof, and type theory, by internalising com-
putation, offers advantages over other formal logics. However, to maintain logical consistency,
type theories have depended on definitional schemas that restrict the functions that can be de-
fined and their intensional computational behaviour. Much progress has been made on schemas
for rewriting that guarantee logical consistency while supporting greater automation in con-
structing shorter and more natural proofs. This topic, while requiring more theoretical develop-
ment to extend the scope of rewriting, promises large benefits for formal proof in the relatively
short term.

Termination The same goal addressed by rewriting (above) is being addressed independently by re-
cent work on allowing general recursion for definitions, when suitably restricted to guarantee
termination. Recent work suggests that types are a particularly suitable framework for termina-
tion checking,

Logical Frameworks The use of proof-theoretically weak but expressive logics as logical frame-
works in which many other object logics can be represented has been a theme through all of
the TYPES projects. Theory and implementation of a single framework can thus yield proof
tools for many object logics. Also, tools for parsing, proof search, libraries, etc., may work
at the framework level, and be applicable generically to represented object logics. Significant
progress has recently been made in several aspects of this field.

Abstract syntax and binding One main feature of logical frameworks is the ability to deal
with binding syntax, alpha conversion, substitution, and related issues generically. How-
ever a long-standing problem has been to justify structural induction over such binding
syntax. This is an active topic, both in the TYPES community and among our American
collaborators.

Weaker frameworks The idea is for frameworks to be weak, so that their meta theory can
easily be developed. It is also important to be able to represent object logics precisely. The
goal of representing syntax and proofs as precisely as possible using frameworks with the
fewest foundational concepts is of great theoretical interset, and also holds out pragmatic
advantages, such as allowing stronger definitional principles on top of such frameworks.

Type Isomorphism This topic has been developed for programming languages, but is new for de-
pendent types. The idea is that types that are not equal, but isomorphic in some sense, may
be treated as equal for some purposes such as automatic proof search or looking up relevant
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lemmas in a big library. This is applicable to the essential problem of searching mathematical
repositories.
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4 Relevance to the objectives of FET Open

High quality longer term research with sound objectives A key theme of FET Open is to support
high quality long term research of a foundational nature. One of the purposes of the FET support
actions is to support structuring and consolidation of communities doing innovative and long-term
research. The current proposal fits these objectives well.

The TYPES consortium consists of high-quality research teams in Europe in the area of computer-
assisted formal reasoning based on type theory. The research activities of the TYPES community have
been continuously supported by several EU projects (Esprit Action 3245 (Logical Frameworks), Esprit
BRA 6453 (Types for Proofs and Programs), Esprit Working Group 21900 (Types for Proofs and
Programs), IST Thematic Network 29001 (Computer-Assisted Reasoning Based on Type Theory)) as
well as many national projects. Our track record has shown excellent achievements both in research
and in collaboration. Our software tools are currently in widespread use by researchers throughout the
world. The theoretical developments and practical software tools produced by the TYPES consortium
not only represent the state-of-the-art in the field, but have great potential in various applications
both in industry and in academic institutions. From the past achievements (modelling the JavaCard
architecture, formalised proof of the Fundamental Theorem of Algebra), it is realistic to think that, in
the future, critical software certified using proof assistants will become a high-quality standard and
that libraries of formal mathematics will be of general use in mathematical education and research. In
the long term, most mathematics for engineering, research and education, will be done with machine
support (just as most writing is now done with machine support). We are working on many aspects of
this long term goal, e.g. syntax, semantics, problems of scale, library searching, library maintenance,
user interfaces and lower level enabling technologies such as unification and rewriting.

On the other hand, the long term goal of reliable and secure software built in an economic way is
clearly far from solved, and requires continuing research and development. Thus, the consolidation
of our consortium is extremely important in realising the promising potentials demonstrated by its
previous work. In particular, there is need for persistent and long term effort in order to realise
industrial take-up of the techniques and software tools developed so far.

The Coordinated Actions (CA) in the FET Open Scheme support the networking and coordina-
tion of research and innovation activities as proposed. The requested support of this proposal (annual
meetings, special-theme workshops, summer school, short visits, etc.) will ensure effective coordi-
nation of the research activities, supported by the national programmes, and fruitful collaborations of
the researchers in the area.

Bold ideas that would involve high risks Several of our members have recently started to investi-
gate the idea of developing a dependently typed programming language. It has always been of theoret-
ical interest that dependent type theory contains a programming language, but now we are starting to
address the pragmatic implementation of this fact. There are already UK and Swedish national funded
projects along these lines: at Royal Holloway Epigram: Innovative Programming via Inductive Fam-
ilies, Principal Investigator Zhaohui Luo, funded by UK Research Council EPSRC (GR/R72259); at
Chalmers From Proof Systems to Programming Systems, Principal Investigator: Bengt Nordstrom.
Other members of our consortium are actively involved. Technically, this new project will require
integrating some of our long standing areas of interest, such as dependent pattern matching, rewriting,
termination of recursion, and modular construction. Introducing a new language is certainly risky (lit-
tle chance of becoming an industrial standard), but there are areas like databases and web-applications
where there is a need for special languages (like SQL, PHP, XML) and if security or correctness is
an important issue, our dependently typed languages could become important. Progress on the goal
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will have significant impact on the construction and use of proof tools, as well as on programming in
general. Thus we feel that this new work supports our application under the FET Open program.

Another bold idea which our work contributes to is the idea of an Interactive Mathematical As-
sistant, that incorporates the mathematical activities of defining, proving and computing within a
document-editing environment. We will not be able to do this within the Types project, but our work
will play an important role in achieving it.
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5 Potential impact

Formal and semi-formal reasoning and specification methods are now important in many economic
and scientific areas. For example, the Common Criteria for Information Technology Security (ISO
International Standard 15408) calls for such methods in its highest Assurance Levels, EAL5-EAL7.?
Formal methods will undoubtedly take on even greater importance in the future. Europe traditionally
has a strong position in the research in this field. The breadth, depth, and long-term committment of
our consortium make us very well placed to pursue this area for the benefit of European industry and
science. In addition, we have ongoing connections with top US researchers, who are often invited
speakers at our workshops and summer schools.

As in all engineering sciences, the impact of our research lies in industry, education and inside
science. It is difficult to measure this impact, but our periodic reports will try to give an impression
of it. The industrial impact can be seen in how our ideas are used in industry, how industrial people
are attending our workshops and schools etc. Educational impact can be seen in how many courses
and seminars are given in various universities. Scientific impact can be seen in our influence on the
scientific community; how many papers we produce, how many conference presentations we make
etc.

We elaborate on our potential impact on industry and science. The next section will contain a
discussion of dissemination of our work.

Industry

The difficulty of building large scale computer-based systems that are correctly specified and reliably
implement their specifications is a major problem in many economic sectors, from business infor-
mation systems through air traffic control and fly-by-wire systems. Meeting this challenge requires
progress on many fronts, and our proposed project contributes in several ways.

Improved programming languages It is well known that high-level programming languages make
a large contribution to software reliability. Their behaviour can be precisely specified, and
at the same time is more convenient and intuitive for programmers to use. One of the first
applications of our technology of formal reasoning is the analysis of properties of programming
languages. This is an established and successful area for our consortium; e.g. members of our
consortium have made real contributiuons to the study of Java and JavaCard and functional
languages. General features important to many programming languages, such as modularity
and subtyping, are also among our topics.

Dependently typed programming For special purposes (high reliability, rapid prototyping, modular
program construction), languages with even more expressive type systems, such as dependent
types, may prove to be desirable. This is a new and exciting topic, which our consortium is
among the best placed European groups to pursue.

Formal specification and proof of program correctness Even with well specified and expressive
programming languages, some program systems will require formal specification and proofs
of correctness. This is one of the main topics our consortium has pursued. Two approaches

Schlumberger Smart Cards & Terminals recently announced that its development methodology has been evaluated
and validated for Common Criteria Evaluation Assurance Level 7. The Schlumberger methodology, which was developed
together with Trusted Logic, a member of our consortium, uses a mathematically proven environment for loading, verifying
and executing.
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that are proving successful in our work are program extraction from a proof that some correct-
ness property can be satisfied, and special purpose tools with built-in knowledge of particular
programming languages built on top of general purpose proof tools.

Science

Original mathematics is entirely the business of human mathematicians for the foreseeable future.
Nevertheless we see scope for formal reasoning tools to have significant impact on the practice of
mathematics, including areas such as presentation, communication, archiving and searching, collabo-
ration, computational experimentation and education.

Computational experimentation Use of computer algebra systems by mathematicians and scien-
tists is now very common. Today, no computer algebra system is foundationally correct; there
are many side conditions and invariants that are not checked or maintained. Dependent types
are already a significant aspect of most computer algebra systems (sometimes implicitly so),
and our dependently typed reasoning tools are well placed to provide semantic foundations for
computer algebra. We have already made progress, e.g. proofs of correctness of algorithms. But
in the long term we expect to have more impact by integrating foundational proof with correct
calculational tools.

Presentation, communication, archiving and searching, collaboration Computer typesetting tools
such as I&TEX have had a profound impact on presentation and communication of mathematics
and science. Ongoing work by consortium members on representing, not just symbols, but their
meaning (MoWGLI, OpenMath, OMDoc, based on XML technologies), will have even greater
impact on even more aspects of science. Even without formal proof, “mathematical vernacular”
languages supporting formal statement of assumptions, definitions and theorems can underpin
internet supported collaboration on building large, distributed and mechanically searchable li-
braries of mathematical knowledge. This is a new and challenging field, and it is impossible to
predict where it will lead.

Education We believe the possibilities of the previous items can also impact mathematics education.
Imagine an on-line textbook with conventional, informal presentation. However, students may
click on lemmas and definitions to see more precise, formal statements, and may choose to
examine proofs in greater detail, going down to completely formal presentation. Similarly,
foundational tools (computer algebra, proof checker), integrated with the text, will support
experimentation and proof in exercises.

In software engineering it is often pointed out that practicing engineers responsible for large
projects won’t take the risk of beginning to use new technology based on formal methods. One
way to overcome this startup problem is to give students (future practicioners) confidence and
proficiency in formal approaches by educational exposure to formal mathematics.
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6 Project management and exploitation/dissemination plans

6.1 Project management

The project is headed by the Project Coordinator (PC) Prof.dr. B. Nordstréom, from Chalmers Univer-
sity, Goteborg Sweden. Decisions concerning the project are taken by the Steering Committee (SC)
on the basis of a majority vote. The PC is the “managing director” of the project and will take care
of running matters. It is not feasible to have a steering committee consisting of representatives of all
main sites, meetings with 15 people have a tendency to become formal and improductive. Therefore
we have a rather small committee, it consists of the following members:

e Prof.dr. B. Nordstrom, Chalmers University, Goteborg Sweden (chairman and PC).

Prof.dr. Ch. Paulin-Mohring, University Orsay, Paris France.

Prof.dr. P. Aczel, University of Manchester, UK.

Prof.dr. Z. Luo, Royal Holloway, University of London, UK.

Dr. R. Pollack, University of Edinburgh, UK.
e Dr. H. Geuvers, University of Nijmegen, NL.

In all important issues, the SC seeks support from the leaders of the sites and the PC informs the
site leaders by e-mail on a regular basis. The SC will have an annual physical meeting, at the annual
TYPES workshop. At these workshops there will also be a plenary business meeting to discuss plans
with the participants and to solicit ideas from them.

6.2 Plan for using and disseminating knowledge

The work of our consortium is mostly at the research level. It is disseminated by many refereed publi-
cations in scientific conferences and journals. The TYPES group has had 10 international workshops,
open to interested outsiders, and with invited speakers also from outside the consortium. Each inter-
national workshop is followed by a call for papers on appropriate topics, open to outsiders, leading
to published proceedings refereed to the highest standard [12, 13, 2, 8, 3, 11, 1, 6, 5, 9]. The current
consortium proposes to continue these workshops and refereed proceedings.

To address young researchers, we organize summer schools where we present the research of our
consortium. Also various researchers of our consortium act as teachers in other summer schools in
Europe and the US to disseminate our work.

Our proof systems (including Coq, Isabelle and Mizar) are a significant means of dissemination.
They are all freely available on the internet [16], including documentation, examples, and large and
growing libraries of formalised mathematics and computer science. They are widely used by re-
searchers and students, also outside our consortium. Several impressive proof developments have
been carried out. A large number of advanced students have used, and contributed to the development
of, these systems, and then go on to disseminate this work further in industry and academia.

We also have dissemination activities for industrial needs. Many participating teams have strong
collaborations with industrial partners, in the area of critical systems development (smartcard technol-
ogy for instance) or proof presentation, some of them (France Telecom, Dassault Aviation) being part
of the consortium. We shall invite our industrial contacts to participate in annual and thematic work-
shops, giving them the opportunity to present challenging problems or interesting case studies. In the
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past, sites have organised training in their tools and methodology in a format suitable for industry (a
few days of hands-on tutorial, accessible with no previous theoretical knowledge).

The students we are training are natural candidates for employment in industry specialized in
formal methods. More than that, bright students who feel comfortable with a new technology don’t
just fill the skill needs of industry, they accelerate technology transfer by encouraging their employers
to use the technology they are familiar with. Their success in addressing some industrial problems
can encourage industrial employers to experiment further with new technology.

Our projects present themselves on web pages [4, 17, 18] that point to other web pages about our
activities; e.g. the summer school [15].

6.3 Raising public participation and awareness

As mentioned, our tools are free, publicly available on WWW, and come with substantial libraries,
and tutorial and reference manuals. Consequently some of our tools are included in popular software
download sites on the web.

Some of our researchers also write popular or non-specialist science articles (e.g. [14, 7]).

We have proposed work towards using our proof tools in wider mathematics education (section
2.2), which addresses an audience outside the community of theoretical computer science and formal
methods. Also, our project has a thread of research in natural language technology, along with a freely
available tool for working in this field [10].
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7 Work plan

7.1 Introduction — general description and milestones

The work plan is structured into five work packages describing the activities of the CA and a list
of deliverables allowing for monitoring and reviewing of the progress and success of the CA. The
activities of the CA in WP 1 are “management activities”. The other WPs, WPs 2—6 are “co-ordination
activities”: meetings of various type, individual visits, a summer school, short courses and the web
site. The site of the project coordinator (PC), site 1, is the lead contractor for all work packages: the
PC (together with the SC) coordinates the activities and makes sure that the meetings and summer
school are organized and that the web-site gets set up. (See section 6 for details of the management
structure.) The individual site leaders have the responsibility to assist the PC and SC in achieving the
tasks of the CA, and in particular that the goals of WP 5 (the individual scientific visits) are achieved
and that the short courses of WP4 get organized. It is impossible in this early stage to distribute the
work of all activities to the site which is going to organize it.

The work plan is centered around the three annual TYPES meetings, which form the main plat-
form for communicating new research ideas.

7.2  Work planning and timetable

The research carried out within the project will be supported from other sources (EU, national or other
funds). The financial contribution from the EU for the project will be used to support the following
five activities.

1. Three TYPES meetings
2. Thematic workshops

3. Types Summer School
4. Individual visits

5. Types WWW site

Each of these activities have their own management structure, which is detailed below. A preliminary
timetable for the major event is shown below:
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2004

September

October

November

December

TYPES Meeting 1

2005

January

February

Thematic Workshop 1

March

April

May

June

July

Thematic Workshop 2

August

Summer School

September

October

November

December

Thematic Workshop 3

2006

January

February

March

April

May

TYPES Meeting 2
Thematic Workshop 4

June

July

August

September

October

Thematic Workshop 5

November

December

2007

January

February

March

April

May

TYPES Meeting 3
Thematic Workshop 6

June

July

August

September

October

November

December

Thematic Workshop 6

2008

January

February

Thematic Workshop 7

March

Thematic Workshop 8

April
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A timetable for the events and the associated deliverables can be found in Section 7.

1. Three TYPES meetings, WP2
The first meeting will take place in Paris-Sud in the winter of 2004, and the remaining ones
in the spring of 2006 and 2007. The PC will solicit potential organizers and propose them
to the SC. The date and place of the annual meeting will be fixed at least half a year before
the actual meeting. The PC together with the organizers take responsibility for the scientific
program. The meetings are “open”, i.e. we explicitly invite persons from outside the project to
participate. The PC makes sure that informal proceedings appear on the Types WW W-site soon
(3 months) after the meeting and that refereed proceedings of the meetings are published (e.g.
[12,13,2,8,3,11,1,6,5,9].

2. Thematic workshops. WP3

The dates and the topics of these workshops are not yet completely fixed: for the first year
we have planned two workshops (see the Workplan 7), while for the second and third year we
have some suggested workshops, but we will solicit ideas from the project members during the
project; this may also raise the number of thematic workshops above 6 for the whole project
period. The SC will ensure a reasonable distribution of the timing of workshops, and of their
topics. The thematic workshops are also open to persons from outside the project. The PC will
ensure that proceedings for the thematic workshops will be created in an electronic form and
will appear on the Types WW W-site.

3. Types Summer School. WP4
In the summer of 2005, a summer school will be organised. The SC will decide upon a place
and a date for the summer school, and create an organising committee and a program committee
to organise the school. The SC will compose the programme committee in such a way as
to encourage depth and breadth of the summer school, seeking to integrate the topics of the
project in a wider perspective. The SC will explicitly encourage the participation of researchers
from outside the project in this summer school.

4. Individual visits and short courses. WP4 and WP5
Each site has a budget for short visits. From this budget visits to other sites can be paid and
persons from other sites can be invited (and paid) as a visitor. The length of such a visit should
be up to 14 days and the hosting site should take care that a research presentation or a short
course is given by the visitor during this period. The site leaders are themselves responsible for
these visits. Each visit will be communicated to the PC. Course notes of the short courses will
be communicated to the PC and be made public on the Types WW W-site.

5. Types WWW-site. WP6
A Types website will be created that gives an up-to-date account of the state of the project:
its members, coming and past activities (workshops, summer school), visits and related events.
Furthermore, all informal proceedings, course notes and lecture notes will be made available
through the WWW-site. Also a types mailing list will be created. The PC is responsible for the
creation and maintenance of the WWW-site.

7.3 Graphical presentation of the components

On the following page we have presented a pert diagram to show the interdependencies of the various
activities and deliverables.
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7.4 Work package list

7.4. Work package list

Work Work package title | Lead Person | Start End Deliv-
package contractor] months | month | month | erable
No No No
WP1 Coordination and | 1 N/A 0 43 1-3
Evaluation
WP2 TYPES meeting 1 N/A 0 43 4-11
WP3 Thematic work- | 1 N/A 0 43 1223,
shops 32 -37
WP4 Education 1 N/A 0 43 24-27
WP5 Individual visits 1 N/A 0 43 28,29
WP6 The TYPES web | 1 N/A 0 43 30
page and mailing
list

NB The duration of all work packages is 44 months, so they run from the beginning until the end of
the project (month O — month 43). Specific events (like workshops) within these work packages have
a specific delivery date, as can be seen from the deliverables list, but in the “duration” of the work
packages we take into account the time spent on the organization and preparation of events. This will
start as soon as the project is granted.
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7.5 Deliverables list

7.5. Deliverables list

We have fixed the organization of the events in specific months. Month 1 is the first month of the
project. It is possible that this has to be revised depending on the start date of the project, we want for
instance the summer school to take place in the summer. If, in the course of the project, a specified
month for an event turns out to be impossible or inconvenient, we allow ourselves to move the event
by at most three months.

The leading participant of most deliverables has not yet been decided. It is the responsibility of
the coordinating site (together with the steering committee) to decide this during the course of the
project. It is of this reason that we have put the coordinator as the leading partner in most events. It is
not practical to decide at this early stage the topic (and therefore the leading partner) of the thematic
workshops.
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Del. Deliverable name WP Lead | Estim. | Nature| Diss. | Deliv.
no. no. part. | mnths. level date
D1 Periodic Project Report 1 1 1 R PU 11
D2 Periodic Project Report 2 1 1 R PU 23
D3 Periodic Project Report 3 1 1 R PU 35
D4 TYPES meeting 1 2 2 (0] PU 4
D7 Informal Proc. of TYPES | 2 2 R PU 7
meeting 1
D10 Refereed Proc. of TYPES | 2 2 R PU 16
meeting 1
D5 TYPES meeting 2 2 1 O PU 21
D8 Informal Proc. of TYPES | 2 1 R PU 24
meeting 2
DI11 Refereed Proc. of TYPES | 2 1 R PU 33
meeting 2
D6 TYPES meeting 3 2 1 O PU 33
D9 Informal Proc. of TYPES | 2 1 R PU 36
meeting 3
D12 Thematic workshop 1 3 1 O PU 6
D18 Proceedings of workshop 1 3 1 R PU 6
D13 Thematic workshop 2 3 1 O PU 11
D19 Proceedings of workshop 2 3 1 R PU 11
D14 Thematic workshop 3 3 1 O PU 16
D20 Proceedings of workshop 3 3 1 R PU 16
D15 Thematic workshop 4 3 1 (0] PU 21
D21 Proceedings of workshop 4 2 1 R PU 21
Di6 Thematic workshop 5 3 1 (0] PU 26
D22 Proceedings of workshop 5 3 1 R PU 26
D17 Thematic workshop6 3 1 O PU 33
D23 Proceedings of workshop 6 3 1 R PU 33
D24 Summer school 4 1 (0] PU 12
D25 Lecture notes for summer | 4 1 R PU 12
school
D26 Short courses 4 1 O PU 43
D27 Course notes for short | 4 1 R PU 43
courses.
D28 Individual scientific visits 5 1 (0] PU 43
D29 Research presentations dur- | 5 (0] PU 43
ing sci. visits
D30 WWW-site 6 1 0O PU 43
D31 CD 6 1 0O PU 43
D32 Thematic workshop 7 3 1 (0] PU 39
D33 Proceedings of workshop 7 3 1 R PU 39
D34 Thematic workshop 8 3 1 (@) PU 41
D35 Proceedings of workshop 8 3 1 R PU 41
D36 Thematic workshop 9 3 1 O PU 43
D37 Proceedings of workshop 9 3 1 R PU 43

510996 (TYPES) — Annex I, version August 6, 2007 — Approved by EC on August 18, 2007



FP6-2002-IST-C page 27 /76
7.6 Work package description
7.6. Work package description
Work package description: Coordination and evaluation WP1
Work package number: WPI
Starting date: Month 0
Activity Type: Management activities
Participant id: 1 1213141516 10| 11} 12| 13| 14| 15
Person-months per participant: | 6 | 5| 5|2 | 5] .5 2 S15]1.5].5

Objectives

e Coordination and management of the CA

e Administration, reporting to and contacts with the EU.

Description of work

e Contact person for the EU

e Responsibility for the periodic progress reports

e Coordination of the management structure (see Section 6).

This work package consists of the management of the CA. Apart from the overall responsibility for
the work packages and the deliverables, the work comprises

Deliverables

e Periodic Project Reports (D1,D2,D3)

Milestones and expected results Periodic Project Reports in months 11, 23 and 35.
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Work package description: TYPES meeting WP2

Work package number: WP2

Starting event: Types Meeting in Dec 2004

Activity Type: Coordination activities

Participant id: 1 (2 (3 |4 |56 |7 8|9 |10|11]|12| 13| 14|15
Person-months per participant: | 18| 12| 27| 15]9 [ 12/9 |9 | 24| 9 | 12| 12| 12| 12| 3

Objectives
e Presentation and exchange of results obtained in the working group.

e Opportunity for communication between researchers from different research groups and be-
tween researchers working in different fields, especially between theorists and practitioners.

e Catalyzing collaboration.

Description of work

This work package comprises three TYPES meetings. The first of these workshops will be held in
December 2004. The second will be held in spring 2006. The third will be held in spring 2007.
Each meeting will be open to all participants of the project (including representatives from industrial
partners) and also to interested researchers from outside the project.

Each meeting will last for four days and consist of 2-3 invited talks, 20-30 contributed talks within
the various themes and 5-10 system demonstrations. The program committee will make a selection of
the proposed talks and system demonstrations. In addition there will be a panel discussion, a business
meeting (open to members), and a meeting of the steering committee.

Three months after each meeting, informal proceedings consisting of contributed papers and trans-
parencies will be made available on our WWW site. Also, after the workshop, a refereed proceedings
of selected papers will be published as a Springer LNCS or in a journal. The publication of the refer-
eed proceedings for the third workshop will fall outside of the period of the CA and therefore it is not
listed as a deliverable. An electronic version will be available on our web page.

Deliverables
e TYPES meeting (D4, D5, D6)
e Informal TYPES proceedings (D7, D8, D9)

e Refereed TYPES proceedings (D10, D11)

Milestones and expected results TYPES meetings in months 4, 21 and 33.
Proceedings will be available earlier than three months after the meeting through the WW W-site.
Refereed proceedings of selected papers approx. 12 months after the meeting.
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Work package description: Thematic workshops WP3

Work package number: WP3

Starting event: Workshop “Libraries of Formalized Mathematics”, fall 2004
Activity Type: Coordination activities

Participant id: 1 1213 |45 ]|6 9 |10 11| 12| 13| 14| 15
Person-months per participant: | 12| 8 | 18| 10| 6 | 8 16/6 |8 |8 |8 |8 |2

Objectives

e Bringing together researchers working on a specific topic.

e Promoting the development and exploration of new research fields.

if the need is felt for that.

Workshops in year 1.

e Libraries of Formalized Mathematics
e Programming with Dependent Types

Possible topics for Workshops in year 2-3.

Interfaces of Proof Assistants

Math Wiki
Dependently Typed Programming
Program Extraction from Proofs

Constructive Analysis and Program Extraction
Formal Topology (in type theory) and Constructive Topology (in set theory)
Intensional Lambda Calculi and Modal Type Theory

High-level languages for Proof description (Mizar, Isar, Ltac, ...)

Description of work During the project we will hold small specialized workshops, typically two per
year, on selected thematic topics. We have planned two workshop topics in the first year. However,
we don’t want to fix the topics of the workshops in years 2 and 3 at this time, because new topics may
arise among the participants that are considered to be of higher priority. The SC will decide on the
actual topics of the workshops, soliciting input from the site leaders (by e-mail) and the participants
(at the annual business meetings). We encourage the participants to organize more than 6 workshops,

Deliverables

e Thematic workshops (D12, D13, D14, D15, D16, D17 ,D32, D34, D36)

e Thematic workshop proceedings, available at the workshops and through our WWW-site (D18,
D19, D20, D21, D22, D23, D33, D35, D37)
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Milestones and expected results A minimum of six workshops in months 6, 11, 16, 21, 26 and 33.
Additional workshops will take place in months 39, 41 and 42
Proceedings of all workshops available through the WW W-site.
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Work package description: Education WP4

Work package number: WP4

Starting date: Month 0

Activity Type: Training activities

Participant id: 112 (3 (4|56 |7 |8 ]9 |10[11|12|13|14]| 15
Person-months per participant: | 6 |4 |9 |5 (3 |4 |3 |3 (8 |3 |4 |4 |4 |4 |1

Objectives
e Disseminating the research of the working group

e Training of young researchers

Description of work We will organize a summer school open to postgraduate students and researchers
in the summer 2005. The goals of this school are to disseminate the research results obtained in the
working group and to educate young researchers broadly in our field. The lecture notes of the summer
school will be made available through our website and as a technical report.

In addition to the summer school we envisage short courses to be held by visiting researchers at their
host site on their individual research topics. These course notes will be made available through our
WWW-site.

Finally, two sites plan to publish overview books in our field: the INRIA Sophia-Antipolis site on the
use of the system Coq and its type theory and the Nijmegen site on type theory in general. These are
not deliverables of the present project, but the project and its meetings will support the interaction and
cooperation necessary for these achievements.

Deliverables
e Organization of summer school (D24)
e Lecture notes of the Summer School (D25)
e Organization of short courses (D26)

e Course notes of short courses (D27)

Milestones and expected results

e Summer school in month 12. Lecture notes for this school available at the same time, also
through our WWW-site.

e Short courses throughout the project. Course notes are made available, also through our WWW-
site.
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Work package description: Individual visits WP5

Work package number: WP5

Starting date: Month 0

Activity Type: Coordination activities

Participant id: 1 (2|3 (4|56 |7 |89 |1011|12]13] 14| 15
Person-months per participant: | 12| 8 | 18| 106 (8 |6 |6 |16]6 |8 [8 |8 |8 |2

Objectives
e Enabling collaboration between individual researchers on a particular topic.
e Cross fertilization of research.

e Creating the possibility for short courses by visiting researchers.

Description of work

We will partially fund individual short-term visits between sites to provide opportunities for collabo-
rative research and training of junior researchers and to enable cooperation between senior members.
The results of any such visit will be summarized in the progress report. Such visits will only be funded
if the visiting researcher presents a short course or a research talk at the hosting institution, see D26.

Deliverables

e Individual scientific visits (D28)

Research Presentations (D29)

Short courses. (D26)

Course notes of short courses. (D27)

Milestones and expected results We expect a minimum of 10 visits per year and one research presen-
tation or short course during such a visit. These will be reported in the progress reports to be delivered
at months 12, 24 and 36. The course notes will be available through our WWW-site.
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Work package description: The TYPES web page, CD and mailing list, WP6

Work package number: WP6

Starting date: Month 0

Activity Type: Coordination activities

Participant id: 1 (2|3 (4|56 |7 |89 |1011|12]13] 14| 15
Person-months per participant: | 4 | - |- |- |- |- |- |- |- |- |- |- |- |- |-

Objectives

e Dissemination and information

Description of work

We will maintain a project web page, containing (links to) all (other) deliverables and results as well as
other project-related documentation (announcements of events etc.) and serving as a “types portal” for
the wider community. The page will contain links to all sites and sub-sites and all sites and sub-sites
will provide a link to the project web page.

The web-page will be frozen on a CD at the end of the TYPES project. This will contain all project
deliverables, publications and important results.

We will also maintain a “types working group” mailing list of all actual participants of the project.
This will be used to communicate with the participants in a fast and efficient way (announcements,
calls etc.).

Deliverables
e WWW-site (D30)

e CD (D31)

Milestones and expected results The work on the WWW-site will be started in month 0. At its latest
from month 1 onward we will have the TYPES web page and the mailing list operational. It will be
continuously updated with relevant information.
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7.6.1. Description of the Deliverables

The periodic progress reports (deliverables D1, D2 and D3) are produced by the site leaders and
the Project Coordinator.

Each of the annual general workshops (deliverables D4, D5 and D6) will be hosted by a site to be
selected by consultation between the Steering Committee and site leaders.

The refereed proceedings of the annual general workshops (deliverables D10 and D113) are edited
by leading researchers from the site that hosted the meeting. This includes finding a publisher, solicit-
ing fully developed papers, organising independent refereeing, selecting papers on the basis of referee
reports, and seeing the publication to completion.

The thematic workshops (deliverables D12, D13, D14, D15, D16 and D17) are hosted by sites
which volunteer, because they want to encourage and collaborate on research into a particular theme.

The informal proceedings of all workshops, thematic and general (deliverables D7, D8, D9, D18,
D19, D20, D21, D22 and D23), are edited and produced (on WWW and/or as technical reports) by
researchers from the hosting site.

The summer school (deliverable D24) will be hosted by a site to be selected by consultation
between the Steering Committee and site leaders. The lecture notes of the summer school (deliverable
D25) are produced by the lecturers and invited speakers. They are collected on a web site by the
hosting site.

D1. Periodic progress report in month 11. This will contain a description of the activities in the
project and reports on achievements/benefits of all these, including individual visits, courses
and workshops.

D2. Periodic progress report in month 23. This will contain a description of the activities in the
project and reports on achievements/benefits of all these, including individual visits, courses
and workshops.

D3. Periodic progress report in month 35. This will contain a description of the activities in the
project and reports on achievements/benefits of all these, including individual visits, courses
and workshops.

D4. Types meeting in month 4
D5. Types meeting in month 21.
D6. Types meeting in month 33.

D7. Informal proceedings of the Types meeting in month 7, D4 to be published on the project
WWWe-site. (Later, a refereed proceedings of selected papers is to be published as an LNCS or
a special issue of an appropriate scientific journal, deliverable D10).

DS. Informal proceedings of the Types meeting in month 24, D5 to be published on the project
WWWe-site. (Later, a refereed proceedings of selected papers is to be published as an LNCS or
a special issue of an appropriate scientific journal, deliverable D11).

3Refereed proceedings of the final annual general workshop will appear after the Coordination Action is completed, so
is not listed as a deliverable.
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Do.

D10.

DI11.

DI12.
D13.

D14.

DI5.
Die.
D17.

D18.

D19.
D20.
D21.
D22.
D23.
D24.
D25.
D26.
D27.
D28.

D29.

Informal proceedings of the Types meeting in month 36, D6 to be published on the project
WWWe-site. (Later, a refereed proceedings of selected papers is to be published as an LNCS or
a special issue of an appropriate scientific journal. These will appear after the closing date of
the CA and hence these proceedings are not presented as a deliverable.)

Refereed proceedings of selected papers from the first Types meeting, D4, to be published as an
LNCS or a special issue of an appropriate scientific journal.

Refereed proceedings of selected papers from the second Types meeting, D5, to be published
as an LNCS or a special issue of an appropriate scientific journal.

Thematic workshop 1. “Libraries of Formalized Mathematics”
Thematic workshop 2. “Programming with Dependent Types”

Thematic workshop 3. A minimum of six thematic workshops will be held with a minimum of
two per year. The topics of the first two workshops are fixed; for the topics of workshop 3—6
we have a list of suggestions, but these are open for initiatives from the project participants. For
more details see the work package WP3.

Thematic workshop 4.
Thematic workshop 5.
Thematic workshop 6.

Proceedings of thematic workshop 1, D12. For each thematic workshop proceedings will be
made available on our WWW-site and where appropriate polished proceedings will appear in
scientific fora.

Proceedings of thematic workshop 2, D13.

Proceedings of thematic workshop 3, D14.

Proceedings of thematic workshop 4, D15.

Proceedings of thematic workshop 5, D16.

Proceedings of thematic workshop 6, D17.

Summer school.

Lecture notes of the summer school, D24, made available at the WW W-site.
Short courses held by various (visiting) researchers.

Published course notes of courses.

Scientific visits. These will be announced through the WW W-site.

Research presentations during scientific visits. Visiting scientists should give a presentation
during their visit. These will be announced through the WW W-site.

510996 (TYPES) — Annex I, version August 6, 2007 — Approved by EC on August 18, 2007



FP6-2002-IST-C page 36/76

D30.

D31.

D32.
D33.
D34.
D35s.
D36.

D37.

Project WWW-site. Throughout the project we will maintain a WWW site containing (links
to) all other deliverables as well as other project-related information such as links to partners,
proposal text, timetable, planned activities. This WWW site will also serve as a “types portal”
giving access to relevant on-line resources such as homepages of researchers, events calendar,
bibliography, tutorials and surveys, etc. We employ a part-time worker whose main job is to
maintain and develop the WWW site.

Project CD. In the end of the project, we will freeze the WWW-site on a CD/DVD. This will
then contain all project deliverables, publications and important results.

Thematic workshop 7.
Proceedings of thematic workshop 7, D32.
Thematic workshop 8.
Proceedings of thematic workshop 8, D32.
Thematic workshop 9.

Proceedings of thematic workshop 9, D32.
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8 Project resources and budget overview

8.1 Efforts for the full duration of the project

The following page shows how many person-months each participant is using in each activity.
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8.2 Overall budget for the full duration of the project

The project will run for three years and will cost EUR 647 000. We estimate that the direct costs will
be EUR 539 170. The indirect costs are 20 % of this. The direct costs have been obtained by adding
the following components:

Total direct cost for 14 main sites: 254 800
Each main site will each year get money for three persons attending the TYPES meetings and one
person attending a thematic workshop and one individual visit. This will make 3 years * (3%1250 + 1
000 +1 320) = 18 200 for each site. For 14 sites this will be 254 800.

Direct cost for IOC Tallinn 15 267
Tallinn is a small main site and will get 83 % of a main site = 15 267.

Direct cost for INRIA Futurs subsite: 18 200
INRIA Futurs is costed as a main site, and is proposed as a subsite only for INRIA internal manage-
ment reasons.

Direct cost for 19 subsites (excluding INRIA Futurs): 172 900
Each subsite will get half of a main site =9 100. For 19 subsites this will be 172 900.

Additional cost for the TYPES meetings: 18 000
Each meeting will have three invited speakers, 1 meeting * 3 years * 3 speakers * 2 000 = 18 000.

Additional cost for the thematic workshops: 11 000
Each meeting will have one invited speaker, 2 meetings * 3 years * 1 speaker * 1 833 = 11 000.

Total cost for the summer school: 34 000
There will be 8 invited lecturers and 30 student grants, this makes 8*2000 + 30 * 600 = 34 000.

Coordination costs at Chalmers: 15 000
This consists of salary for a senior researcher for coordination activities, salary for secretarial help
(with correspondence and the Types homepage), desktop computer and consumables.

Total direct cost: 539 167
Total direct and indirect cost: 647 000.

Cost breakdowns The following table shows how we have calculated the costs for one person in
different activities:
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hotel travel fee expenses | total
Types Meeting
- participant 600 500 150 - 1250
- invited 600 1000 150 250 2000
Thematic workshop
- participant 400 500 100 - 1000
- invited 433 1000 150 250 1833
Summer school
- lecturer 600 1000 150 250 2000
Individual visit 600 500 - 220 1320

8.3 Management level description of resources and budget

The main aspects covered by this Coordination Action are workshops, a summer school, and indi-
vidual travel between sites for collaborative work. These events support research collaboration and
training in our consortium, which would be much reduced without this support. Other deliverables,
such as refereed proceedings and lecture notes, follow from these events.

Thus the budgeted direct costs are almost entirely devoted to travel and accomodation at the var-
ious workshops and sites. This is computed by allocating each main site a certain number of people
participating in the TYPES annual meeting, in thematic workshops and individual visits, per year of
the project. (Subsites, which are smaller research groups, are allocated half as many participants.) We
have estimated costs for each type of participation. Each of the work packages are included in this
analysis (although the costs are budgeted by site participation, rather than by work package), and are
supported to a level that has produced successful collaboration and deliverables in past EU-funded
TYPES projects.

There are additional costs budgeted for some work packages, covering travel and accomodation
of invited speakers at annual meetings, thematic workshops and the summer school. There are also
some costs budgeted for the coordinating site, Chalmers, covering coordinating activities, including
the TYPES web page deliverable.

The research group in Durham moved to Royal Holloway two months after the project started.
The budget of Durham also moved.

8.4 Budget breakdown

Distribution of money over the sites The coordinating site (Chalmers) will adminstrate the addi-
tional costs for the following activities:

1. Summer school: invi