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I. Introduction

This report is organized as follows: Section II.1 describes the mobility actions started in the first year of execution, concerned by this report, and Section II.2 reports on all the activities initially scheduled for this year. Finally, Section III concludes with an analysis of how the activities in the first year have contributed to the final objectives of the project.
II. Content

II.1 Grant-holders mobility

In this section we describe the mobility that has started during the first year of the project. All the mobility concerns Latin American students beginning a PhD programme. A list of mobility flows is attached to this report, together with the students’ CVs. which can also be obtained from the project’s wiki. The already selected grant-holders who have not started their mobility periods yet are also indicated in “shadow”.
We remark that in year 1 of the project it was a priority for the coordination team to focus on mobility from Latin America to Europe, which involves long stays (18 months) and a PhD project proposed jointly by a Latin American and a European institution. We anticipate that mobility in the reverse direction will be much easier to set up, since it involves only short stays (6 months) of students already doing their PhD work. Moreover, the number of grants is much lower in this direction. 

· System used by the institution of origin for the open call for grants and system used for the selection of grant-holders, taking specially into account the key elements considered in the selection process and the kind of publication method used. 

We have agreed on a standardised format for the Calls for Grants. There is a general one for the network, but each home University needs to launch the procedure at internal level and elaborate specific calls, following the pre-established flows/grants, which are broadly disseminated through the following channels: International Relations Offices and all relevant departments in all partner institutions; Institutional e-mailing lists; Institutions’ internet pages; Network internet page (http://alfa.di.uminho.pt/~lernet/); Announcements on bulletin boards and institutional publications.

Based on what has been jointly agreed by the network at the time of the application, the selection of the students shall consider the following aspects:

· Minimum level of achievement – all the students must have passed the theoretical module / curricular part of the MSc degree with a minimum level of GOOD.
· Terms of responsibility – each student to be involved in the mobility should sign a statement of commitment to return to the home institution after the end of the mobility.

· Grading of the applicants – all the applicants will be graded by an uniform grading scheme including: Course marks; Interview and CV analysis;

· Language fluency;

· Eligibility criteria (nationality, enrolled at a PhD programme at home institution).
The home institutions are responsible for setting the internal deadlines and selecting the candidates according to the general selection criteria as well as their own specific criteria.

After the selection is complete, the contact with the host institution is established and the required documentation is sent to the coordinating institution for the Grant Allocation/Selection Validation: CV; Copy of passport; Individual PhD project workplan – explicit reference to the mobility action and timeline; Institutional acceptance as a PhD student at the Home University; Letter by the LERNET local contact person and Letter by the co-supervisor at the host institution. It is important to highlight that the coordinating institution receives the whole selection documentation (copy of all dossiers – not only selected candidates and a formal explanation by the home institution about the specific selection criteria).
After the formal acceptance by the host institution and validation of the selection process, the grant allocation is confirmed. 

All aspects related to the grant amount, payment, application procedure and documents, among others, were generally explained in a FAQ (Frequently Asked Questions) format document, available at the project webpage.

· Training Programme (s) used by the grant-holder (s).

With respect to the training programmes used by the grant-holders, we briefly review here the project proposal, where two different student profiles were identified: 
A: Students beginning a PhD programme, who will work on research projects elaborated jointly between their home university and the European co-tutoring institute. These students will start their programmes of research at some moment in the first 18 months of the project’s duration, and will spend the first 18 months at the European institution. These programmes may lead to the attainment of joint degrees. The resulting theses will possibly not be completed inside the duration of the project.

During the period spent in Europe, students will get acquainted with the theme, background results, bibliography and problems associated with their projects, as well as start doing active research under the local supervision of their European supervisors, and in close contact with the Latin-American supervisors. Arrangements will be made to allow students to profit from this year as much as possible; in particular, short working visits will be planned to other leading European researchers in the field. At the end of the period, a document (pre-thesis) will be written by each student, and submitted for approval at both institutions. This document will then be disseminated inside the LERnet network, and the collection of pre-theses will serve as working documents for the second workshop of the network. 

The subsequent 18 months will be spent at the student’s home university, where the rest of the work will be carried out and the thesis written up. The network will help disseminating and discussing the results achieved.

B: Students already working in a PhD programme at their home universities, who will use the period spent in Europe to discuss, consolidate and disseminate their results, as well as to finish up their thesis work. In such cases, the Latin-American tutor will, together with the European partner, work out the scientific details of the student’s stay in Europe. 

The network will make efforts to allow these students to travel to other European institutions and attend scientific events, in order to facilitate the dissemination of results. 

These students are required to finish their projects and obtain their degrees before the end of the project. The resulting theses will be outputs of the project. 

All the present grant holders fit profile A. All have travelled to Europe to work for 18 months on research projects elaborated jointly between their home university and the European co-tutoring institute. We consider this the ideal situation, since the network is involved in the PhD projects from their conception, in which the European tutors have participated actively. The projects were conceived in the months preceding the student’s mobility, so that on arrival at the European institution the students could start working immediately. 

In the coming months the grant-holders will be involved in other activities, conveniently selected by the European tutors. For instance, two students from UP Valéncia will travel to Portugal in the summer of 2006 to participate in a Summer school relevant for their work. 

Individual work plans can be found in the project’s official webpage, and are also attached to this report, for convenience. 

· Language improvement courses. Identify the grant-holders who followed these courses and specify the conditions of the training;

No language preparation was foreseen within this project, since all the work is to be carried out in English. Fluency in English is one of the compulsory student selection criteria. However, each host institution will make an effort to provide all moving students with an introduction to the national language (when needed) and culture in order to facilitate adaptation and full integration in the foreign environment as part of the mobility preparation.

· Conditions of the reception of the grant-holders (accommodation, health insurance, accidents, etc.) 

Perfectly conscious about the importance of information sources and standardised forms, the network created a Practical/survival information form per institution available at the webpage, containing the most relevant practical data for the mobility organisation (official representatives, contact persons and units, internal application deadlines, internal application procedures, documents required, academic calendar, accommodation, cost of living, language courses, insurances, Visa and other permits, etc.). This tool proved to be very important for the students, and also for those institutions that did not have a well-organised international student guide.

Since the development of research work is not strictly bound to the academic calendar, and students might arrive before or after normal orientation programmes, host institutions will try their best to offer a welcome introductory session/week, where orientation guidelines will be given.

All host institutions will make all the necessary efforts to provide all grant-holders with optimal hosting conditions (namely accommodation at the Halls of Residence, free access to University facilities, close tutoring system, help with all official documentation, etc.).

As far as insurances are concerned, the grant-holders are responsible for obtaining a health insurance before departure. Home Institutions will take all the necessary care to extend school insurance coverage. Host institutions will also make arrangements to include the foreign student into their normal school insurance system for extra security reasons.

- Application of agreements among the Network members for the exemption of inscription taxes as well as other charges requested by the institution of reception; 

All partner institutions are perfectly aware of their obligations regarding these issues honouring the terms of the project application. Therefore, according to the principles agreed upon all the students involved in the mobility will be exempt from paying registration and examination fees. At the end of the mobility period, the grantholders are asked to confirm that they have not paid for any registration and examination fees. 
- Application of the agreements held by the Network so as to assure the return of the grant-holders to their institutions of origin, explaining in due case the conditions in which the return to the institution of origin took place; 

All grantholders need to sign a Declaration of Return, compromising themselves to return to their institutions of origin immediately after completion of the expected mobility programme.
- Application of agreements held by the Network in relation with the academic reconnaissance of the training activities by the institution of origin of the grant-holders and explaining the final result;

ECTS credits

- Grades obtained by the grant-holders and whether the institute or origin or of reception awarded the grades.

Each host institution will issue a Transcript of Records together with a qualitative assessment (by the respective supervisor) regarding the work developed at the host institution. This evaluation should compulsorily be considered for the whole PhD final assessment. Whenever a Diploma Supplement is issued, this exchange within Alfa and clear reference to the work developed abroad (as well as other parallel activities carried out meanwhile) and its qualitative and/or quantitative evaluation should be included. In general students are developing research and not attending formal lectures.

- Actions taken by the tutors of the grant-holders in the institutions of reception, including meetings between the tutor and the responsible professor at the institution of origin;
The project proposal did not foresee several bilateral meetings between the home and host academic/scientific supervisors. Instead, the partnership preferred to have three joint meetings, which represented an added value to the creation and promotion of the network identity and allowed a higher degree of interaction and information exchange. 

The tutors of the grant-holders in the European institutions have been supervising their work in the standard way, having frequent meetings with the students, guiding their readings and initial investigation, and selecting other adequate activities, such as participation in Summer schools. Meetings between the European tutors and the Latin American responsible professors have been postponed until the second project meeting, to take place in Minas Gerais, Brazil, in late May 2006. 
Every 6 months, in order to receive the next grant instalment, students should submit an intermediate report describing the work developed in the previous 6 months., as well as a formal intermediate assemssment form, filled in by the supervisor, and signed by the local supervisor and the local LerNet institutional representative. This form can be found in annex to this report. 

- Added value created by mobility for grant-holders, professors and other actors of the project, as well as for the institutions themselves. 

During this year the main concern was to consolidate the network and project objectives, which have been clearly achieved and we believe that the network may be the starting point for some other joint initiatives. Naturally, stronger bilateral relationships have been achieved between the institutions involved in the already ongoing flows. 

II.2 Other activities

	Activity, initial schedule (months), and proposed objectives


	Execution 

	Set up of the network and launching of the Project, months I-II


	As planned. 

This has included setting up a mailing list for the participants, establishing initial contacts between the coordinating team and the researchers and international relations bureaus of the participating institutions, and preparing the kick-off meeting. 



	Kick-off work meeting, month III

Launching of the project; Identification of more specific project themes and foreseen mobility in the first half of the project; Discussion of the details and design of the internet page. Organisation of a research seminar where there will be the possibility of disseminating more thoroughly the research interests and expertise of each partner institution/academic unit/individual researcher involved (this seminar would be open to the whole academic community of the host university – also seen as a dissemination channel for the student mobility in this particular institution).

	As planned.

The meeting was hosted by the coordinating institution in Braga, at the end of month III (13-16 June 2005). 

The meeting included a number of presentations and discussion sessions:

· Talks by coordinating team: project launch; administrative/contractual/financial issues

· Presentation of each participating institution

· Presentation of the research interests, and possible PhD themes

· Discussion of mobility actions to start in the subsequent months

· Discussion of  web page details

· Research workshop with scientific talks, open to the local community

All these sessions had the expected outcomes. See detailed information on the meeting below.



	Creation of Web Page, months III-IV

To create a web-based infrastructure to support the activities of the project, and to be used as a dissemination tool for the outcomes of the project.
	As planned. 

It was decided in the kick-off  meeting to use two support web pages: 

The first is a Wiki page, which was set up during the meeting itself, and is being used as an extremely useful means to exchange information between the network partners, and for cooperative work. All partners can easily edit any topic in the wiki. Information kept in the wiki page at this point includes CVs of candidates, research interests of various groups involved, as well as a list of proposed research themes and a repository of documentation produced by the coordinating team, such as document templates for Hosting Conditions and Calls for Applications. The wiki also collects all the material presented by the partners in the kick-off meeting. The wiki URL is 

http://wiki.di.uminho.pt/wiki/bin/view/LerNet/WebHome

The second page (contracted to a web designer) is the official webpage of the project, used for external dissemination of news, activities and results, and is thus more static by nature. A prototype of this page was shown to the partners by the project coordinator during the kick-off meeting. Suggestions were then incorporated and the webpage officially launched. The official webpage contains general information about the ALFA programme and about LERNet in particular:  information about the participating institutions, individual research projects, open calls for application, and a list of useful external links. The URL is

http://alfa.di.uminho.pt/~lernet/



	Calls for applications opening, IV


	As planned. 

Two sites have opened calls:

· UN San Luís

· UC Santiago del Estero

Both were disseminated locally through the appropriate channels; see the project’s official webpage for links to the online calls. 



	Selection of candidates V–


	On-going process already explained in detail in Part II.1. 9 Grant-holders were already selected and 7 have started their mobility periods. Due to the narrow scope of the scientific area of the project, and other reasons already explained beforehand, in most cases there was a single applicant for each call launched. 

	Preparation of Mobility period, V–


	As planned. 

This involved the joint preparation of individual PhD projects, as well as all the necessary administrative and practical arrangements. All partners were perfectly aware that the scientific/pedagogical aspects are complementary to the organisational and bureaucratic burden related to mobility issues.


	Mobility period, VIII–


	See detailed description of mobility in Section II.1.

	Constant exchange of information, I–


	As planned. 

During year 1 one the project the participants have  responded promply to all solicitations of the coordination team, which in turn tried to answer all questions related to the mobility. The mailing list and wiki were extremely valuable for effectively exchanging information between the project participants. 



	Web Page maintenance, V–


	As planned. 

Started immediately after the web page was launched. Maintenance of the official web page has included updating the information concerning each new mobility action started, which was consistently done a few days after the starting date of the mobility. This information includes personal data about the grant-holders, their supervisors, home and host institutions, as well as scientific details about their individual projects.

The wiki page on the other hand is maintained by the researchers involved in the project. It is continuously being used to share documents such as CVs of new candidates and newly proposed research themes/projects. 



	Close monitoring, III–
	As planned.

The coordination team accompanied closely all the activity related to the management, implementation and monitoring of the project activities, as well as of each mobility action. 


Kick-off Meeting 

Held at Universidade do Minho, Braga, 13-16 June 2005

The agenda of the meeting is included as appendix to this report. 
Participants

The following researchers participated in the meeting: 

· Alberto Pardo, U. de la República (Montevideo), Uruguay

· Roberto Uzal, U. Nacional de San Luis, Argentina

· Carlos Camarao, U. Federal de Minas Gerais, Brazil

· Francisco Correa, U. EAFIT, Colombia

· Gustavo Villavicencio, U. Católica de Santiago del Estero, Argentina

· Pedro Rangel Henriques, U. do Minho, Portugal

· Luis Soares Barbosa, U. do Minho, Portugal

· Jorge Sousa Pinto, U. do Minho, Portugal

· Doaitse Swierstra U. Utrecht, Netherlands

· Pascual Julian Iranzo, U. de Castilla-La Mancha, Spain

· Salvador Lucas, U. Politecnica de Valencia, Spain

· Peter Dybjer, Chalmers Tekniska Högskola, Sweden

· Gilles Barthe, INRIA, France

While in Braga, doctor Alberto Pardo also participated in the juri of the PhD defense of Alcino Cunha, on “Point-free Program Calculation”. 

Outcomes of the Meeting

The meeting allowed for an increased mutual knowledge of partners, namely at the scientific and administrative levels. In particular, some difficulties were exposed, such as the lack of institutional support faced by some of the participants, in particular those from the smaller Latin American institutions. 

One of the most important and positive outcomes was naturally the identification of  common interests that led to the conception of joint project themes already during the meeting. 

Modifications to the Initial Mobility Flows

The following problems were identified:

· UN San Luís and Chalmers TH faced difficulties in finding common interests and in developing a joint PhD project. As such, it was agreed to transfer the flow of one San Luís grant holder from Chalmers to U Minho.

· Similarly U Utrecht and UN San Luis did not reach an agreement (either in the meeting or in the following months) with respect to a joint proposed project; it was then decided to transfer the flow of one San Luís grant holder from Utrecht to U Castila-La Mancha.

· The UF Minas Gerais representative stated that very likely there will not be 4 interested candidates during the whole duration of the project. As such it was decided to make a slot available to some other Latin American institution; UN San Luís showed interest in using this slot (due to the existence of a very high number of potentially interested students) to propose an additional project with UP Valência.

To sum up, the decisions taken during the meeting resulted in the flow from UN San Luís now amounting to a total of 6 students instead of 5: two students to Minho, two to UP Valência, and finally 2 to U Castilla-La Mancha. 

The mobility flows will be re-evaluated for the last time in the upcoming second meeting of the project.

List of Material Produced 

The following collections of slides and documents were produced for presentation in the meeting

and are available from the project’s wiki page.

Coordination Presentations

· Opening.pdf: Opening Talk (JorgeSousaPinto)

· LERNET-info.pdf: Administrative Issues (Adriana Carvalho)

· alfa.pdf: Slides for the Closing Discussion (LuisSoaresBarbosa)

Institution Presentations

· Uzal-UNSL-FirstPresentation.ppt: UNSL institutional presentation (RobertoUzal)

· UFMG-Alfa.pdf: UFMG institutional presentation (CarlosCamarao)

· EAFIT_minho_05.PPT: U EAFIT institutional presentation (FranciscoCorrea)

· upvLerNet.ppt: UPV institutional presentation

· sl_Alfa_UCLM_2005.pdf: UCLM institutional presentation (PascualJulianIranzo)

· UM-present.pdf: Minho institutional presentation

· ChalmersCSE.pdf: Chalmers institutional presentation (PeterDybjer)

· Utrecht University slides: Utrecht institutional and group presentation (DoaitseSwierstra)

· InCo2005.ppt: UDELAR institutional presentation (AlbertoPardo)

Groups / Research Interests Presentations

· Uzal-UNSL-SecondPresentation.ppt: UNSL group presentation (RobertoUzal)

· CarlosCamaraoInterests.pdf: UFMG group presentation (CarlosCamarao)

· EAFIT_investigation_minho.ppt: U EAFIT group presentation (FranciscoCorrea)

· elpLerNet.ppt: ELP group presentation (SalvadorLucas)

· sl_Alfa_DecTau_2005.pdf: dec-tau group presentation (PascualJulianIranzo)

· CoverBraga15June2005.pdf: Chalmers group presentation (PeterDybjer)

· Utrecht University slides: Utrecht institutional and group presentation (DoaitseSwierstra)

· Minho University (1): Logic and Formal Methods Group presentation (LuisSoaresBarbosa)

· UDELAR (1): Research Groups INCO presentation (AlbertoPardo)

· UDELAR (2): Computing Science Laboratory presentation (AlbertoPardo)

Scientific Talks

· InformaltalkatBraga-Uzal.pdf: Balanced Score Card (RobertoUzal)

· PolRealsProofsTerm.ppt: Polynomials over the Reals (SalvadorLucas)

· alfa05sl.pdf: On the “pointfree transform”: from description to calculation (JoseNunoOliveira)

· DeforestationEffects.pdf: Deforestation in the presence of effects (AlbertoPardo)

Other Activities

Several bilateral meetings took place during the first year of the project, funded by different sources, but which allowed for further discussions regarding the mobility flows, concrete research project interests (Gilles Barthe from INRIA and Salvador Lucas from UP Valência visited Roberto Uzal from UN San  Luís, Alberto Pardo and Doaitse Swierstra met in Europe in the context of a scientific event), as well as the project  development/implementation in general (Jorge Sousa Pinto from U Minho met Salvador Lucas from UP Valência). 

General Conclusions

The overall assessment of the first year of execution of the project is very positive. In summary, the following results were achieved in year 1 of the project:

1. The kick-off meeting was hosted by Universidade do Minho with considerable success. All partner institutions were represented and a significant amount of documents/relevant data were collected, resulting from the presentations given and discussions carried out. The associated research workshop/seminar, open to the community, registered the presence of many researchers and students from the local Computer Science and Mathematics departments. Above all, the meeting really set up a basis for the development of LERNet as an academic mobility research network, which is a specific result of the project. 

2. An electronic infrastructure was set up, consisting of a mailing list, a Wiki webpage, and an official “external” webpage. This is being successfully used for the cooperative implementation and management of the project. 

3. Communication between the participating institutions, at both the level of researchers and the level of International Relations Bureaus is quite effective. In particular, the participants have mostly been able to provide in time the documents required to set up each individual mobility action. 

4. A total of 9 joint PhD projects were conceived involving 2 Latin American institutions and 4 European institutions. Most of these were born from ideas discussed in the project kick-off meeting. 

5. 7 grant-holders from Latin America have started their mobility actions in Europe. 

6. Finally, the degree of involvement of the participating institutions is generally high, which together with point 3 above gives us confidence that the development of the project in years 2 and 3 will be successful. 

On the negative side, we have faced the following problems, which we expect to be naturally solved in year 2 of the project:

· Some of the Latin American institutions are lacking students interested in participating in the project. This is the case of U. de La República and U.F. de Minas Gerais, where some students potentially interested in research are expected to finish their masters degrees during year 2 of the project, and will hopefully be interested in applying to a LERNet mobility grant. Another. On the other side, students with already on-going PhD projects, despite the demonstrated interest, find it very difficult to accommodate the long mobility periods proposed (18 months) within their research programmes.

· The research interests of some of the European institutions (namely Chalmers TH and U. Utrecht) were harder to match to those of the Latin American institutions whose students already applied for grants. Hopefully, joint projects will be proposed in year 2 involving these institutions, together with La República and Minas Gerais. 

· One difficulty that was generally identified by both Latin American and European partners has to do with the low value of the mobility grants. In particular, the participants from Chalmers and Utrecht complained that this is clearly insufficient for living in Sweden or the Netherlands. 

· Unfortunately some partner institutions do not have professional structures dealing with international relations, which do not hinder the network objectives but certainly demands extra work/effort from the institution academic representative, the project coordination and the International Relations Office of the host/home institution accordingly.

These difficulties have led us to introduce some modifications in the flows initially foreseen; these modifications are described in Section II.2.  Due to some operational difficulties inherent to such complex mobility schemes and the network-based approach, as well as the long mobility periods involved, it has already been demonstrated by most of the partner institutions that in order to fully achive the LerNet objectives it might be necessary to present a contract ammendment request for an extra year extension. It has been decided that this issue will be formally discussed and decided during the second work meeting (to take place in Belo Horizonte, Brazil, starting on May 21). 
APPENDIX

GRANTHOLDERS’ PhD WORKPLANS

Grantholder’s name: Claudia Necco 

Mobility: UN San Luís / U. Minho

Tutors: Roberto Uzal / José Nuno Oliveira

Start date: October 2005
Project Title

Point-free Program Calculation - Theory and Applications

Introduction

There is clearly a need for more reliable methods of program construction than the traditional ad hoc methods in use today. What is needed is a science of programming, instead of today’s craft (or perhaps “black art”). As Jeremy Gunawardena points out [6], computation is inherently more mathematical than most engineering artifacts; hence, practising software engineers should be at least as familiar with the mathematical foundations of software engineering as other engineers are with the foundations of their own branches of engineering. 

      By “mathematical foundations”, we are referring to simple properties and laws of computer programs: equivalences between programming constructs, relationships between well-known algorithms, and so on. In particular, we are interested in calculating with programs, in the same way that we calculate with numeric quantities in algebra at school. 

      One particularly appropriate framework for program calculation is functional programming, simply because the absence of side-effects ensures referential transparency all that matters of any expression is the value it denotes, not any other characteristic such as the method by which it computed, the time taken to evaluate it, the number of characters used to express it, and so on. 

      As is well-known, functions are special cases of (binary) relations which, expressed in pointfree notation, are likewise amenable to calculation. The advantage is that the 

      range of mathematics which is involved is far more reaching, ranging from pure functions (which can be regarded as implementations) to their specification and the statement (and proof) of properties about them, which is traditionally carried out in (pointwise) predicate logic. 

      This project aims at developing and extending the well-known technique of encoding predicate logic and set-theory in the binary relation calculus, for generic program calculation purposes. This algebrization of logic has a long history since De Morgan pioneered the approach in the 1860s. More recently, the works of the MPC school [1], stemming from Eindhoven, Oxford [2] and other research places have shown the approach to be applicable to a wide range of computing problems, including dynamic programming and temporal logic. This includes, as a special case, the rich sub-calculus of (inductive) functions which has become known as the “Bird-Meertens” formalism. In this thesis, such a pointfree calculation theory will be challenged via its application to practical problems as, for instance, the existing theory of relational databases,There is clearly a need for more reliable methods of program construction than the traditional ad hoc methods in use today. What is needed is a science of programming, instead of today’s craft (or perhaps “black art”). As Jeremy Gunawardena points out [6], computation is inherently more mathematical than most engineering artifacts; hence, practising software engineers should be at least as familiar with the mathematical foundations of software engineering as other engineers are with the foundations of their own branches of engineering. 

      By “mathematical foundations”, we are referring to simple properties and laws of computer programs: equivalences between programming constructs, relationships between well-known algorithms, and so on. In particular, we are interested in calculating with programs, in the same way that we calculate with numeric quantities in algebra at school. 

      One particularly appropriate framework for program calculation is functional programming, simply because the absence of side-effects ensures referential transparency — all that matters of any expression is the value it denotes, not any other characteristic such as the method by which it computed, the time taken to evaluate it, the number of characters used to express it, and so on. 

      As is well-known, functions are special cases of (binary) relations which, expressed in pointfree notation, are likewise amenable to calculation. The advantage is that the range of mathematics which is involved is far more reaching, ranging from pure functions (which can be regarded as implementations) to their specification and the statement (and proof) of properties about them, which is traditionally carried out in (pointwise) predicate logic. 

      This project aims at developing and extending the well-known technique of encoding predicate logic and set-theory in the binary relation calculus, for generic program calculation purposes. This algebrization of logic has a long history since De Morgan pioneered the approach in the 1860s. More recently, the works of the MPC school [1], stemming from Eindhoven, Oxford [2] and other research places have shown the approach to be applicable to a wide range of computing problems, including dynamic programming and temporal logic. This includes, as a special case, the rich sub-calculus of (inductive) functions which has become known as the “Bird-Meertens” formalism. 

      In this thesis, such a pointfree calculation theory will be challenged via its application to practical problems as, for instance, the existing theory of relational databases, which we expect to ”refactor” and (hopefully) generalize (read: add “genericity” to) in the pointfree style. 

     
Context and Details

The context of this work is the relational theory of datatypes (rather than a calculus of total functions) which can be framed into allegory theory [2], a generalization of category theory. 

      When software designers refer to the relational calculus, by default what is understood is the calculus of n-ary relations studied in logics and database theory, and not the calculus of binary relations which was initiated by De Morgan in the 1980s [13] and eventually became the core of the algebra of programming [3], [2], [1]. 

      According to [7], it was Quine, in this 1932 Ph.D dissertation, who showed how to develop the theory of n-ary relations for all n simultaneously, defining ordered nn-tuples in terms of the ordered pair. (Norbert Wiener is apparently the first mathematician to publicly identify, in the 10910s, n-ary relations with subsets of n-tuples.) Since the 1970s, the information system community is indebted to Cood for his pioneering work on the foundations of the relational data model theory [4]. 

      Codd discovered and publicized procedures for constructing a set of simple n-ary relations which can support a set of given data and constructed an extension of the calculus of binary relations capable of handling most typical data retrieval problems. 

      Since then, relational database theory has been thorougly studied, and several textbooks are availables on the topic, namely [8], [12] and [5]. This thesis intends to show that the use of the pointfree binary relation calculus is beneficial in several respects. First, the fact that pointfree notation abstracts from ”points” or variables makes the reasoning more compact and effective. Second, proofs are performed by easy-to-follow calculation. Third, one is able to generalize the original theory.

Background

Work on pointfree-transforming and calculating relational database theory has already started. Some experiments have also been made in the area of operation and data refinement. 

      For instance in [10], abstract data-modeling is based on a calculus of data combinators which exhibit universal properties. These properties help in reasoning, transforming and calculating about them. Data-model calculation is shown to encompass not only data refinement but also data transformation, data-mining and data-migration. 

      Based on set-theory (and a modest use of category theory), reference [11] presents a constructive approach to relational database normalization theory. A set of laws which prevent from the violation of normal forms caused by partial dependencies, transitive dependencies and multi-valued dependencies are presented. 

      In [9] the theory of functional dependencies, wich is central to relational databases design techniques, is addressed in a pointfree style instead of reasoning in the standard set-teoretic model ”a la Codd”.

Activities

First Year: Literature and information search. Development of models in the domain of relational database theory as it is formalized in [8] and [4].

Second Year: Pointfree program calculation. Algebraic and Co-algebraic reification of developped applications.

Third Year: Generalization of developped applications. Summary of theoric results obtained. Writing up.

Courses to be taken

This doctoral program includes to take courses in the areas of: pointfree functional programming, algebra of programming, generic programming, category theory, calculus of binary relations, relational calculus. 
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A Framework for the Modeling and Measurement of Workflow Systems

Intro

Nowadays organizations need to adapt to the new commercial conditions, as well as to respond to competitive pressures, in which they must assure the quality of their products and the efficiency of their services, facing the necessity to consider not only the business environment (suppliers, competitors, clients, etc.), but also the evaluation of their information systems. Therefore, an increasing interest has been observed on the part of the organization in managing its business processes (BP), which are defined as a structured set of activities, designed to produce a certain exit or to obtain an objective, that describe how the work of the organization is made and that are observable, measurable, with room for improvement and repetitive [ 5 ].

    

     The real BP are characterized by being: big and complex, very dynamic, widely distributed and customized, of long operation, automated, dependent on the intelligence and criteria of humans, and difficult to make visible [9], and its complexity has led the organizations to understand the necessity to aim for the management and improvement of the business processes.

      

      According to the complex nature of the business processes, studies have been carried out on diverse aspects such as the utility [7], quality evaluation [1] or the measurement [10], being still more frequent studies on the use of the different tools and languages to carry out the modeling of business processes, such as seen in [2, 3, 11] just to mention some. This interest has been mainly fomented by the diversity of existing notations and languages for the modeling, definition and execution of the business processes.

      

      Analyzing business processes lifecycle [4], it is of great importance to carry out a continuous improvement and this has taken the organizations to look for the tools that provide the necessary support in order to make these improvements. Nowadays, the Business Processes Management (BPM) provides this support by means of the Business Processes Management Systems (BPMS), that can be defined as the capacity to discover, to design, to develop, to execute and to interact with the operation, optimization and analysis of processes [9].

      

      In order to give support to the business processes management one of the most significant technologies are the Workflow Management Systems (WFMS) that give support to the automatization and which are defined by the WfMC (Workflow Management Coalition) like: "a system that defines, creates and directs the execution of workflows through the use of software that works in one or more machines of workflow, being able to interpret the process definition, to interact with the participants of the workflow and to invoke the use of tools and applications of the Information Technologies" [6]. A process of workflow, considered in a simplified form as workflow, is a special type of business process that can be managed by a WFMS.

      

      One of the basic aspects in every workflow management system is to have a suitable process modeling language which assures the organization doing the correct tasks, at the right time and the right way. For that reason it is considered of fundamental importance to have a good representation of the process in which all the aspects of interest are included. An important reference of the bibliography are Activity diagrams of UML, that can be used for a suitable description of organizational processes. A great advantage of this notation is that it is standard and is supported by multiple tools. Nevertheless, this type of diagrams provides representations at high level that cannot be used to be interpreted and executed by a WFMS.

      Another of the fundamental aspects in the business processes management is its continuous improvement, and to be promoted it is necessary to provide the suitable support to the measurement of its more relevant elements with the purpose of detecting the areas and aspects to improve.

      

      All in all, the objective of the doctoral thesis is to promote the improvement of the workflow systems by means of the development of a modeling language of workflows, taking as a basis the standard notation of the activity diagrams of UML and extending this notation to ease the execution of these models in workflow managing systems of job streams. On the other hand, appropriate support will be provided for the measurement of the developed workflow models, facilitating the improvement of defined workflows.
Project Details

The present doctoral thesis project focuses on the business processes management by means of the modeling and measurement of advanced workflow systems based on extensions of the existing formalisms and a series of metrics to measure their quality.

      

The investigation lines of the thesis can be summarized in the following objectives:

· Development of a language for the modeling of workflow oriented to their subsequent control, execution and measurement. The proposed language will be based on the activity diagrams of UML and will include concrete extensions for the modeling of workflow systems, having emphasized the following aspects:

· Modeling of concurrent workflows, extending the UML metamodel for the modeling of activity diagrams of UML, and providing a notation compatible with the standard of the WfMC.

· Modeling of critic applications and workflow by means of temporary restrictions

· Proposal of metric on the quality of the workflow models. The defined metrics will be validated theoretically and empirically according to the method of work described in [8]

· Development of a Support Tool for the modeling and measurement of workflows 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Modelling and Analysis of Web Sites

Intro

Although nowadays millions of users make use of the Web applications, the electronic mail and audio and video services, the associate benefits present important weaknesses. Among them important faults of quality of service, of scalability, throughput (performance) and security (understood like confidentiality). The formalization, with a rigorous approach, of the Web applications specifications, presents important research and development opportunities.

      

      In order to limit the possible interpretations, we understand like Web application those are implanted in a Web site where, navigation across this and data entrance by the users, affects the state of the business logic. In essence, an Web application uses to a Web site like front-end. We decided that, if the business logic at server level does not exist, the system cannot strictly be called Web application. In general we found a intermediate layer, integrated by a components set, that not necessarily executes in the Web server, but in other applications servers. This layer usually encapsulates the business logic and, being compiled components, it can contain objects, including its methods and attributes (called business objects).

      

      As it were anticipated, important and transcendental conceptual contributions and instrumentals may be defined in the scope of the Web applications. For example, a process of reliable and solid development must be supported by conceptual models having necessary expressivity to be able to specify the singularities that we will find in the problem’s space of the Web applications.

      

      The Software Engineering applied in the Web applications context requires high-level languages availability that allow specifying the interest properties accurately. Also it is necessary to have algorithms that allow verifying these properties, once expressed in the suitable language.

      

      The duality between logical specification and certain types of decision formal mechanisms of (particularly, diverse automaton classes) provides a very suitable frame for approaching the previous problems. The simplicity of the specification languages based on rules and their proximity with automaton classes and certain logics , profusely researched in the last decades, suggest their use in the modeling Web sites tasks. In fact, the recent attempts to apply these techniques confirm this point of view.
Project Details

The present project of doctoral thesis is oriented to deepen in this perspective by means of:

· The definition of different modeling languages based on rules that allow different representation types of the Web sites as well as correct and completed transformations of the different representations that allow switching from one to another one according to agrees. These representations will have to cover as the static aspects (contain, Web pages structure) as dynamic aspects (transitions, Web sites evolution, security, etc.).

· The identification of decidable fragment of logical languages that they allow to specify properties of the Web sites, as well as the efficient implementation of the decision algorithms that allow to verify these properties, and matching with some of specification levels indicated in 1.

· The development of transformations and automatic analysis that allow to optimize, improve and inform about the state of a Web site according to certain quality specifications to them.

· The certification mechanisms development for Web sites
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Formal Verification of Web Sites and Applications

Introduction

There is a great quantity of Web applications, in use or in advanced process of planning or implementation, oriented to topics of high sensibility such as health, finance, defense, e-business critical applications, and e-government. The expansion of the development and utilization of these applications has not been accompanied by the development of methods, models and verification tools that allow to adapt and evaluate the aspects related with their reliability and security.

      The sudden growth of Web applications requires methods, models, and highly effective verification tools which are also highly productive considering the amount of work to be done.

      In addition to this, methods, models and tools of formal verification will be developed to detect different types of weaknesses of Web applications which already exist or which are in design / implementation process. Flaws in quality and throughput must be accurately detected and an appropriate solution mechanism must be proposed.

      The methods, models, and tools proposed must work in the available real time Web applications to be studied because the partial or total interruption of the service is unthinkable in certain applications such as banking systems.

Project Details

This doctoral thesis project aims at:

· Proposing methodological approaches guided to the formal verification of web sites and web applications in service or in design / implementation process.

· Generating models that facilitate the verification of Web systems which are existent or in design / implementation process. These models will facilitate the verification of static aspects such as content and structures of Web pages as well as dynamic aspects such as transitions, evolution of Web sites, and security. In addition, computational models, rigorous semantics, and specification techniques will be studied.      

· Developing tools that contribute to the optimization of existing Web systems operating on the models previously mentioned.      

· Implementing algorithms that allow the verification of the static properties and the dynamics of Web applications which already exist or which are in design process.      

· Developing automatic methods that allow to verify an existing Web application with reference to a particular quality standard. Besides, algorithm verification techniques in this context using multiparadigm declarative programming will be studied.
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Utilización del Slicing de Programas en la Validación y Modificación de Las Propiedades De Un Programa

Introduction

La complejidad y tamaño del software implican una limitación para la verificación formal de sus propiedades, más aún cuando se trata de propiedades intrínsicamente difíciles de verificar como son, por ejemplo, las propiedades de seguridad y confidencialidad. La presente propuesta tiene por objetivo integrar la tecnología de slicing de programas al dominio de la verificación de programas. Creemos que el slicing puede ser utilizado para simplificar las pruebas de las propiedades de los programas a través de la división del mismo en subprogramas menos complejos y más fácilmente manejables en términos de la construcción de una demostración de sus propiedades. Para lograr esto es necesario, primero, estudiar en profundidad cómo utilizar las propiedades de los programas como criterios del proceso de slicing; también es preciso establecer qué propiedades del programa original son preservadas luego del proceso de slicing y estudiar la factibilidad de trasladar al programa original las verificaciones efectuadas sobre sus slices.

     

Project Details

Esta propuesta de trabajo está dirigida a determinar cómo combinar las técnicas de verificación –que son potentes y precisas pero requieren gran interacción con el usuario– y las técnicas de análisis estático de programas –que tienen un alto grado de automaticidad pero que son menos potentes y precisas– para obtener métodos de verificación precisos y suficientemente automáticos. Más específicamente, se propone estudiar cómo integrar el slicing de programas con técnicas de verificación como la demostración de teoremas y la interpretación abstracta para verificar las propiedades de programas codificados en lenguaje C. Esta investigación intentará responder las siguientes preguntas:

· ¿Qué tipo de propiedades pueden ser utilizadas como parámetros del proceso de slicing? ¿Cómo se utilizarán estas propiedades para extraer slices de programas?

· ¿Qué tipos de slices son los más útiles para la tarea de verificación de propiedades?

· ¿Qué propiedades del programa original son aún válidas luego del proceso de slicing?

· ¿Es posible transformar propiedades del programa original en propiedades de sus slices?

El slicing de programas, a menudo, es utilizado para la comprensión de programas aprovechando su capacidad para dividir el programa en partes funcionales menos complejas y manipulables de manera independiente. Es posible un aprovechamiento similar con el objeto de reducir la complejidad de las demostraciones de algunas propiedades. Es decir, ser capaces de obtener un slice de un programa P con respecto de una propiedad Q de tal manera que, si puede definirse una demostración de Q en el slice, entonces la propiedad Q es verdadera en P. Para lograr esto debe contestarse otra pregunta: ¿Las propiedades de un slice pueden trasladarse al programa original? Dar respuesta a estas preguntas significa un primer paso hacia la integración del slicing de programas a un entorno de verificación completo.
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Modelos Cognitivos para la Comprensión de Algoritmos de Ruteo

Introduction

En la actualidad las redes de computadoras cumplen un rol esencial en la vida cotidiana debido a su amplio uso en diferentes aplicaciones. Sin embargo, las necesidades sociales demandan más funcionalidades a las redes. Esta situación ha convertido a las redes en un amplio campo para la investigación y el desarrollo.

      Los avances tecnológicos han posibilitado la creación de nuevos tipos de redes que tiempo atrás eran inconcebibles; un ejemplo de esto son las redes móviles. Si bien este tipo de redes se utilizan actualmente poseen características que pueden ser mejoradas. Una de ellas es la del ruteo de paquetes. Actualmente, el ruteo en redes móviles se realiza utilizando una estrategia conocida con el nombre de Inundación. Con este algoritmo, cada nodo de la red que recibe un paquete lo envía a los nodos que están a su alcance; este proceso se repite hasta que el paquete alcanza el destino. La Inundación cumple con el objetivo de enviar el paquete desde un nodo origen a otro destino, sin embargo, puede provocar efectos no deseados en la red como por ejemplo la congestión.

      Para evitar estos inconvenientes se han ideado diferentes estrategias de ruteo que son atractivas por su escaso uso de recursos y porque pueden ser aplicadas en situaciones en donde la topología de la red se desconoce (como es el caso de las redes móviles). Estas clases de estrategias conocidas como Algoritmos de Ruteo al Vuelo conforman un campo de investigación de interés[BFG01] [BGH03] porque presentan diferentes aristas de estudio tales como: análisis de la efectividad, calidad de los caminos encontrados, posibilidad de implementación real, entre otros tantos.

      Desafortunadamente, los algoritmos de ruteo al vuelo con entrega garantizada , es decir aquellos que encuentran el destino para todo nodo en la red, no son triviales y se requiere de un tiempo prudencial para comprender su funcionamiento. 

      En este contexto es interesante aplicar técnicas que permitan facilitar la comprensión de estas estrategias de ruteo. Para esto es necesario recurrir a modelos que permitan recrear el pensamiento del programador. Una posibilidad para lograr esta finalidad es proporcionar diferentes visiones de la ejecución del programa. Una teoría que fundamenta esta posibilidad es la de los Modelos Cognitivos.

Project Details

El presente proyecto de tesis doctoral está orientado a profundizar en esta perspectiva mediante: 

     

· La identificación de las características principales que permiten lograr un entendimiento acabado de la operación de los algoritmos e ruteo.      

· La definición de nuevos parámetros y/o modelos que enriquezcan los modelos de compresión de programas utilizados actualmente.      

· La definición de nuevas estrategias de comprensión de programas que se adapten a la clase de los algoritmos de ruteo y que permitan obtener las distintas visiones que proporciona su funcionamiento.      

· La construcción, modificación y/o utilización de herramientas que permitan obtener las distintas visiones de los algoritmos de ruteo en forma automática. 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Desarrollo de un ambiente de diseño para sistemas embebidos usando FPGA y hardware reconfigurable generico

Introduction

El presente proyecto de tesis doctoral está orientado a la gestión de diseño de sistemas embebidos, mediante el modelado y simulación de componentes, basados en UML, donde partiendo del análisis de casos de uso y de diagramas de interacción entre subsistemas, es posible identificar requisitos y responsabilidades entre los objetos implicados. [6]. Estos subsistemas luego serán traducidos en componentes genéricos descriptos en VHDL como entrada para el diseño de sistemas usando Field Programmable Gate Arrays. 

      Las líneas de investigación de la tesis se resumen en los siguientes objetivos: 1. Desarrollo de un lenguaje para el modelado en alto nivel de un sistema integrado de hardware software, utilizando componentes de hardware reconfigurable. El lenguaje propuesto estará basado en análisis de caso de uso, los diagramas de actividad e interacción UML. 2- · Integración de los componentes que se utilicen en el diseño, en un sistema final (hardware), cuya salida serán archivos descriptos en vhdl que serán usados como archivos de entrada para las herramientas de diseño proporcionadas por el fabricante de FPGA. 3. Desarrollo de una Herramienta de Soporte al modelado.

Project Details

El diseño de sistemas embebidos y systems-on-chip es una tarea compleja que requiere mucho trabajo y un tiempo de prueba y de desarrollo de prototipo que muchas veces está limitado por la necesidad de puesta en escena del producto en el mercado.

      Este desarrollo a menudo se lleva a cabo enteramente dentro de ambientes CAD, y el primer prototipo, no solamente debe funcionar correctamente, sino que debe entregar el rendimiento esperado y debe ser fabricable[2], teniendo en cuenta que el único aspecto donde es posible corregir errores en el flujo de diseño es en el de software. Corregir el chip para solucionar errores es un proceso largo y muy costoso sobre todo teniendo en cuenta el tiempo de diseño empleado en el desarrollo del prototipo. 

      Una forma de solucionar este problema es basar una porción significativa del diseño en componentes pre-existentes. La reusabilidad en el diseño permite reducir el trabajo total de diseñar nuevos componentes, a una fracción pequeña del numero total de compuertas del chip.[2]

      Esta reusabilidad estará dada por la facilidad de contar con componentes ya creados, diseñados en forma genérica, lo que permite su adaptabilidad a los distintos diseños, que estarán desarrollados sobre una plataforma de hardware reconfigurable.

      Una alternativa de unidades reconfigurables se presenta con el uso de Field Programmable Gate Array (FPGA) que son Dispositivos Lógicos Programables formados por arreglos de celdas lógicas que se comunican unas con otras y con vías de Entrada/Salida (I/O) a través de canales de ruteo. Así como un arreglo de compuertas (Gate Array) consiste en un arreglo de transistores, las FPGA consisten en arreglos de Celdas Lógicas. 

      Mediante la interconexión de celdas o de parte de ellas es posible la realización de circuitos de variable complejidad y tamaño, dependiendo esto último del tamaño de la FPGA. Es posible armar o realizar distintos circuitos que pueden tener relación entre sí o no, dentro de una misma FPGA. La interacción con el mundo exterior la realizan a través de sus módulos entrada salida. El hecho de que las funciones lógicas implementadas dentro de una celda lógica pueda ser modificadas o reprogramadas, y el conexionado (ruteo) de las celdas lógicas sea realizado a través de elementos programables nos permite una facilidad de diseño muy interesante.

      Gracias a su facilidad de reprogramación, las FPGA son utilizadas por los diseñadores y fabricantes de circuitos integrados para la realización de prototipos, por su bajo costo, y su reducido tiempo de implementación y prueba, lo que permite disminuir considerablemente los tiempos de diseño antes de colocar un ASIC en el mercado. 

      Actualmente existen FPGA rápidas y con densidades que van desde los 50k hasta mas de 4M de compuertas de sistema, con una performance de mas de 200 Mhz, con circuitos específicos para gerenciamiento de reloj, sistema jerárquico de memoria que incluyen actualmente hasta 5,5Mb de memoria RAM Dual Port interna configurable, y core de procesadores RISC ya desarrollados e implementados en su interior para uso específico como la famila de FPGA de Xilinx Virtex II PRO X [5] , arquitectura flexible que balancea densidad y velocidad, y circuitos optimizados para la transmisión de señales globales como por ejemplo la señal de reloj (CLK).[4]

      Existen actualmente FPGA que poseen core de Procesadores RISC y transceivers de datos multigigabits para soluciones en problemas de telecomunicaciones, redes, comunicación sin cable (wireless), videos y aplicaciones con DSP (Digital Signal Processing)[5] 

      La computación reconfigurable explota el hecho de que la mayor parte del tiempo de procesamiento para tareas de computación intensivas es gastado en una porción relativamente pequeña del código, y un incremento en la velocidad del hardware puede mejorar el rendimiento por encima de un microprocesador de uso general para muchas aplicaciones.[1]

      En lugar de integrar procesadores y memoria dentro de un solo chip, un procesador puede ser también combinado con unidades reconfigurables para realizar tareas que dependen de la aplicación, que cambian ocasionalmente debido a las demandas de alto rendimiento.

      Con las mejores herramientas de software disponibles en el mercado, los diseñadores no pueden producir sistemas completamente testeados, o probados de acuerdo a su complejidad, dentro de las restricciones del time to market

      El uso de herramientas de hardware para prototipado de sistemas permite reducir el tiempo de testeo completo para poder cumplir con las restricciones de tiempo propias de la colocación de un producto en el mercado. 

      . Crear un ambiente de diseño de sistemas embebidos, basado en UML y integrado con FPGAs y lenguaje de descripción de Hardware (VHDL) presenta diversas características interesantes. Primero acerca al diseño de hardware y de software, integrándolo de una manera natural, puesto que se parte de componentes y objetos prediseñados, que pueden ser conectados entre si para desarrollar distintas aplicaciones. Este ambiente de diseño, permitirá desarrollar sistemas integrados hardware –software donde cada componente genérico podrá ser utilizado variando su implementación de acuerdo a la aplicación de que se trate. 

      Partiendo de componentes ya definidos, estos sistemas embebidos que se diseñen, estarán compuestos por procesadores de aplicación específica basado en un core de risc, genérico, que puede variar su implementación de acuerdo a la aplicación que se trate. 

      Comenzando a partir de un core de risc genérico, el diseñador elegirá, de acuerdo a la aplicación, los componentes del risc (Arquitectura del Set de Instrucciones, ancho de bus, de acuerdo al tipo de datos, Alu punto flotante, etc) previamente creado y almacenados en una librería, y construir su propio procesador para la aplicación en cuestión, implementándolo en una Field Programmable Gate Array (FPGA). 

      El mérito de esta concepción de diseño es usar únicamente las partes del procesador que son necesarias para el diseño, liberando área de la FPGA para otras unidades funcionales y ahorrar consumo de potencia, entre otras ventajas. 

      Otras unidades funcionales que componen un sistema embebido (puertos paralelos, timers, puertos series, etc), también genéricas, ya creadas y guardadas en una librería, podrán ser seleccionadas y ensambladas en conjunto con el procesador. 

      La salida, o el resultado que entrega este ambiente de diseño propuesto, será código HDL para ser usado como entradas de las herramientas de diseño de FPGA que se utilice para su implementación, manteniendo de esta manera la independencia del diseño, de la tecnología a usar.
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