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Executive summary

Computer science and engineering are the driving disciplines behind the emergence of ubiquitous global information systems. The international nature of such systems introduces new research problems in information science and technology that involve solutions requiring multinational cooperative research. On May 26-27, 2000, members of the U.S. and Chilean computer science research communities met in Viña del Mar, Chile, to explore ways to collaborate on joint research projects. The meeting was sponsored by the U.S. National Science Foundation (NSF), the Comisión Nacional de Investigación Científica y Tecnológica de Chile (CONICYT), the U.S. Defense Advanced Research Projects Agency (DARPA), the Sociedad Chilena de Ciencia de Computacion (SCCC) and the Organization of American States (OAS). It served as a vehicle for the research communities of the two countries to share their scientific realities and interests, to identify common scientific goals that are best pursued collaboratively and to recommend courses of action that will enable successful collaborative efforts. The workshop produced several tangible outcomes. These include

· Unanimous agreement among the participants to work together to establish joint research programs between the U.S. and Chile, since such programs will yield immediate and long-term benefits to both countries

· Specific joint research projects conceptualized by teams of researchers from the U.S. and Chile, and commitments to submit proposals to joint research programs formed to support these projects

· Analysis of national policies and international programs now in place in the U.S. and Chile that present major obstacles to progress through international collaboration

· A set of recommendations aimed at overcoming these obstacles by creating new and improved programs to stimulate and sustain international collaboration between the U.S. and Chile.  

The main recommendation to both NSF and CONICYT is

· The immediate creation of a bilateral research program, extending the current NSF/CONICYT agreement, to stimulate and sustain joint research projects between the U.S. and Chile.  

Specific recommendations to NSF are made to increase its commitment to international collaboration within the Computer Information Science and Engineering division and to streamline the processing of international collaboration proposals. 

Specific recommendations to CONICYT are made to establish long-term policies to support computer science research and to position Chile’s computer science community as an equal and vibrant partner in collaboration efforts with national and international scientists of all disciplines.

It is argued that implementing the recommendations of this report will produce great benefits to both the U.S. and Chile. These benefits would come first through advances in science and technology supported by research. Both countries would realize economic ties and benefits through the overall impact of the joint activities. U.S. scientists would be able to tap into Chilean talent and expertise on unique aspects of the infrastructure for information processing in the Chilean culture and society. This would enable the U.S. to continue to play a major role in the development of global information systems technology. The program as a whole would greatly accelerate the growth of information technology industries in Chile. It would strengthen Chilean academic centers of computer science and build a pool of technical educated personnel capable of cooperating on, and initiating, international activities on information processing and computing.   

I. Introduction

A workshop held in Viña del Mar on May 26-27, 2000, was sponsored by the National Science Foundation (NSF), the Comisión Nacional de Investigación Científica y Tecnológica de Chile (CONICYT), the U.S. Defense Advanced Research Projects Agency (DARPA), the Sociedad Chilena de Ciencia de Computacion (SCCC) the Sociedad Chilena de Ciencia de Computacion (SCCC), and the Organization of American States (OAS). The workshop brought together computer and information science and engineering (CISE) scientists from the U.S. and Chile to discuss and plan joint collaborative research efforts. The attendees included participants from 22 universities in the U.S. and Chile (listed in Appendix 1). Also in attendance were representatives of the NSF, the SCCC and the OAS. The meeting served as a vehicle to share the scientific realities and interests of the research communities of the two countries, to identify common scientific goals that are best pursued collaboratively, and to recommend courses of action that will enable successful efforts. The objectives of the workshop were the generation of

· Contacts among researchers with similar or complementary research interests that will serve as seeds for collaborative efforts on a wider basis than currently possible

· A document for the research communities of the involved countries providing information about collaborative research mechanisms, opportunities and points of contact at the proper funding organizations, as well as recommendations on means to facilitate collaboration through projects and programs 

· Ideas and proposals for sustaining, disseminating and further developing collaboration opportunities

· In the long run, a steady and mutually beneficial program of scientific exchanges, collaboration, and supporting infrastructure leading to new technologies for the solution of regional and global problems affecting the participating countries. 

II. Workshop activities

The workshop agenda is included in Appendix 2. The workshop consisted of two major parts. During the first part, Robert Grafton of the NSF, Leopoldo Bertossi of the SCCC and the Universidad Católica de Chile (PUC), Ruth Connolly from the OAS, and two of the organizers (Ron Cole and Ricardo Baeza-Yates) gave talks describing opportunities for, and models, problems and successes of international collaboration. 

During the second part of the meeting the participants made brief presentations of their research activities and identified areas of possible collaborative research. Eight area-specific working groups were formed, and each one of them was charged with the task of identifying potential topics of collaboration within their respective areas, the required innovative research, current barriers or challenges to the formation of such joint projects, and recommendations for actions to overcome the identified challenges. The eight areas considered by the groups were

· High-dimensional data structures (applied theory)

· Distributed systems

· Information management

· Software engineering

· Simulation frameworks

· High-performance computing

· Human-computer interaction
· Theory of computing
Summary descriptions of group reports appear in Appendix 3. Within several areas, the groups identified promising projects that could take advantage of complementary or synergistic expertise of researchers from the U.S. and Chile. Several of these projects generated great excitement, and workshop participants committed to participate if the projects are established.  Each group reported its discussions and conclusions to all participants. Subsequent discussions debated the main problems faced by collaborative efforts and required steps for their solution.  The remaining sections of this document summarize the findings of the workshop participants as a result of the above-mentioned activities.

III. Potential benefits of collaboration

Computer science and engineering research provide the foundations upon which information technologies are developed.  These technologies are driving fast changes of, among other aspects of everyday life, economic models, communication infrastructures, business practices, and international relations.  International in both dimension and nature, global information systems require international cooperation to arrive at a fundamental understanding of their behavior and engineering.  The challenge of arriving at this understanding and the need to leverage multi-country expertise is increasingly apparent in e-commerce, Internet security, international corporation operations, telecommunications, and financial transactions. In these fields, the U.S. has been a leader in establishing information infrastructures and practices that, to be truly universal and effective, need to be enhanced before they can be generalized to other countries. Likewise, Chile must be prepared to be a full participant in the definition and establishment of global information systems in the near future if Chile is to remain a leading country in South America and maintain a stable, growing economy.  

A thorough discussion of the benefits of international collaboration appears in the final report of an NSF-sponsored workshop on international collaboration on computer science [1]. The report makes the case for international collaboration as a vehicle for (see also Appendix 4) 

· leveraging international investments in science and technology 

· cost-sharing in efforts too large for the resources of a single country 

· accessing a large and diverse pool of international talent 

· discovering new paradigms for scientific exploration 

· developing international information processing infrastructures 

· training leaders in science and policy 

· training an information technology workforce to serve the needs of industry

· establishing new companies through entrepreneurial efforts  

· amplifying the capabilities of individual researchers  

· creating well-educated, informed and empowered scientists and citizens. 

The report concludes its discussion of collaboration benefits as follows:

The benefits described in this section indicate an urgent and vital need to accelerate international collaboration in computer science, computer information, and computer engineering. Providing the means and motivation for scientists to collaborate effectively across national and political boundaries would create infrastructure and synergies needed to advance knowledge, create new and improved technologies and provide solutions to coordinated global problems that cannot be solved locally. In addition, international collaboration will train U.S. researchers to participate in global projects, and position U.S. industry to both provide and participate in the development of new technologies to support international efforts.[1]

While the benefits are stated in the context of U.S.-realities and interests, similar benefits are readily apparent for Chile. Recent events in the U.S. and Chile make this a critical time and a unique opportunity for collaborative efforts among CISE scientists. In the U.S., the NSF has just initiated a large initiative on information technology research. In Chile, several successful research programs have been established between Chile and countries in Europe, South America, and Asia. Chile has a strong computer science research community that is the best in South America in terms of numbers of publications and research proposals per capita (see Appendix 5). Chile is well-positioned to be a leading country in information technology development in South America, and the timing is right for the establishment of new initiatives in information systems research. There is a clear opportunity and sense of urgency in moving now to establish cooperative initiatives that will positively impact CISE research and information technology in both the U.S. and Chile for many years to come. Establishing programs to stimulate and sustain international collaboration in information technologies requires a strong national commitment and national policies that ensure long-term investment in both computer science research and national information infrastructure.

IV. Meeting the challenges of international collaboration 

The working groups identified several current challenges to scientific cooperation between the United States and Chile. Some of the challenges are inherent to the nature of the research area considered by each group, but several challenges cut across areas and have a systemic or structural nature. To address the identified challenges, the participants proposed strategies for the implementation of collaborative projects and recommendations for systemic change to funding agencies.

Personnel challenges

International collaborative research requires a vital community of researchers in each of the participating countries. To be successful researchers, academics must have time to conduct research (in addition to teaching activities) and easy access to a computing and communications infrastructure. To attract and retain graduate students who often are subjected to intense recruiting by industry, it is necessary to provide them with motivation, incentives, and excellent conditions under which they can pursue graduate studies. 

Currently, in the U.S., the overhead costs associated with establishing international efforts are significantly higher than for national projects, thus discouraging potential participants from engaging in joint U.S.-Chile research. In Chile, there are several international collaboration programs that provide simpler mechanisms for the submission and funding of proposals than the procedures required by the U.S. NSF. Communication among participants is essential; failure to communicate through visits and electronic meetings produces  “out-of-sight, out-of-mind” consequences. Solutions to these issues require, above all, a long-term commitment to research projects through programs that are sufficiently capitalized, and policies at both universities and funding agencies for creating and sustaining collaborative efforts. One example of such a policy is for federal agencies to support faculty time for research, and for universities to allow reduction in teaching responsibilities proportional to this time commitment.  Specific mechanisms that should be explored to address the above-mentioned challenges include the following:

· Students and faculty should be given time and means for short- and long-term visits to collaborating institutions. In particular, scholarships should be promoted for PhD students from Chile to carry out research and graduate studies in the U.S. for periods of time that could range from six months to three years; these students could be jointly supervised by U.S. and Chilean faculty.

· In order to further promote CISE research in Chile, a center for information technology research involving multidisciplinary researchers from several universities should be established; new CISE faculty positions should be created and the number of graduate training scholarships should be increased. Faculty supported for research projects within the institute should be released from teaching responsibilities proportional to the time required to meet research obligations.

Financial challenges

Currently, there are very few funds specially allocated to bilateral research efforts in general and to U.S.-Chile collaborative research in particular. Existing programs from the NSF Division of International Programs and its counterpart in Chile (CONICYT) limit researchers to a few very small grants that only support a minimal number of trips for investigators to meet and discuss their research. These grants do not provide support to actually conduct research. In addition, on the U.S. side, considerable overhead and bureaucracy is involved in applying for these grants, with large latencies between grant applications and grant awards. 

International collaborative research has the potential to greatly leverage existing national research awards, but cannot and should not rely on such funds to finance the bulk of the proposed work. It is critically important for federal research agencies to allocate specific research funds to provide sufficient financial support for international projects. These projects require their own personnel and development of a new infrastructure specific to project goals. It is clear from the outcomes of projects supported through recent bilateral agreements between the U.S. and Mexico and the U.S. and Brazil that creating such programs produces great benefits.  In Mexico, joint research programs with the U.S. have resulted in the formation of new centers of excellence and stimulated investment in Mexican universities by international companies [2].  To insure similar success in Chile, a separate budget should be provided for a U.S.-Chile agreement with enough funds to attract the best researchers and enable projects of the highest quality. [The U.S.-Mexico program supports U.S. projects up to $50k per year, while the U.S.-Brazil program supports U.S. projects up to $100k per year.  The U.S.-Brazil program has received a much larger number of excellent proposals.]

A bilateral U.S.-Chile research program on computer and information science and engineering will be a considerable improvement over the existing situation. However, some research endeavors require participation of more than two countries and are best enabled through multilateral agreements. Other advantages of programs that allow the involvement of multiple countries include low overheads and access to large amounts of funding and resources. A plausible scenario for the U.S. and Chile would be the immediate initial establishment of a U.S.-Chile program, followed by a U.S.-Mercosur program that would support research between researchers in the U.S. and countries that are members of, or associated with Mercosur. Another plausible scenario would leverage the expertise and infrastructure of the OAS to establish multilateral agreements.

Infrastructure challenges

Computer science and engineering are relatively young disciplines in both the U.S. and Chile. A critical mass of qualified researchers and resources is absolutely necessary for the success of long-term collaboration efforts with the U.S.. To reach such a goal requires a deliberate, sustained policy of investment in computer science and engineering research that has a long-term nature and survives political change. 

Systemic challenges to international collaboration

Barriers and challenges to international collaboration also are systemic in nature. In the U.S., funding agencies have been slow to recognize the desirability and value of international collaboration models that go beyond the support of brief exchange visits. The world is changing very quickly due to information technologies, but it is difficult for large federal agencies to react quickly to these changes.  While information technologies are revolutionizing every aspect of society and creating new models of scientific discovery (and rendering old models obsolete), the paradigms for international collaboration have remained the same for the last three decades.  Whereas economic policymakers have long realized the long-term benefits of early U.S. engagement in global financial and commercial markets, science policy still insists on predictable immediate benefits as justifications for minimal symbolic funding of international collaboration. The foresight of a global environment for scientific discovery and global communities of scientists, and the urgency of early engagement in these emerging “markets of mind, talent, and science” are completely absent from current policies for international cooperation in science. In the past five years the NSF CISE division has created several new programs to promote and support international collaboration, including joint research programs with Mexico and Brazil, and a “one time” initiative to support multilingual information access and management with the European Union.  While these programs represent a good start, additional programs are urgently needed, including large-scale multinational programs that engage countries throughout Latin America.  This requires agency-level change in policies relating to and resources devoted to international collaboration, with a new mission and mandate defined for the NSF Division of International Programs.

Within the NSF CISE directorate, funding of bilateral projects relies on commitments from existing research programs that complement funds allocated to bilateral agreements. The success of this funding model is conditional on the broad acceptance and endorsement of international research efforts by individual CISE programs. The model also forces international research proposals to meet deadlines of both the international programs and the topical CISE programs. In order to contact the proper program directors and plan for the timely submission of proposals, researchers must have an unreasonable awareness of operational practices and organization within CISE. The model is further complicated by the need of proposal approval by agencies of both countries. The bureaucracy associated with the processing of international collaboration proposals should be largely transparent to researchers who submit proposals.  Instead, it is confusing, and time-consuming, and the financial incentives are rarely worth the effort. The reality is that the current process presents barriers and possibly negative incentives to both program directors and investigators: many program directors perceive international collaboration proposals as annoying distractions that can take away funds from their program objectives while investigators are frustrated by the intricacies of the proposal submission and evaluation processes. The practical implications are the discouragement of international collaboration, the submission of relatively few international collaboration proposals and low rates of success in comparison to regular proposals.

V. Recommendations 

The workshop participants identified strategies to address the above-stated challenges in the context of U.S. and Chilean realities. Given the limitations of existing “slow-to-change” mechanisms to fund U.S.-Chilean collaborative research and the urgency in establishing joint projects, the participants unanimously endorsed in the strongest possible terms the main recommendation of the workshop to both NSF and CONICYT: 

· The immediate creation of a new bilateral research program to stimulate and sustain joint research projects between the U.S. and Chile.  

The U.S.-Chilean bilateral research program can be readily established based on the image of similar programs between CNPq from Brazil and NSF from the U.S. and between CONACyT from Mexico and NSF from the U.S.. The proposed U.S.-Chile program would enable collaborative project proposals, including those discussed at the workshop, to be submitted as early as 2001. Assuming current research costs, high-quality projects should be funded at a level of up to 450 thousand USD per year for up to three years. Where appropriate, the funding level should allow for expenditures to cover personnel and other research costs, in addition to travel expenses. Flexibility should be provided to allow for funds to be committed only to excellent proposals (i.e., the program does not need to allocate all of its funds in the year when they are available). The areas of research to be supported by the recommended program should fall in the broadly defined disciplines of computer science and computer engineering and should not be limited to the specific topics discussed by the groups present at the workshop.

While the implementation of a U.S.-Chilean research program would be a major step enabling collaboration, other equally important recommendations were made to overcome the existing challenges and directly support the main recommendation. Specific recommendations to NSF are to

· Establish direct interactions between NSF CISE and the corresponding computer science branch of CONICYT

· Increase the commitment to international collaboration within CISE

· Improve coordination among existing NSF CISE programs to facilitate international collaboration

· Create new procedures to coordinate the NSF review process with overall international objectives; by 

· Having one deadline for U.S.-Chilean collaborative CISE research proposals

· Synchronizing the review process and evaluation panels

· Simplifying applications for travel grants and other small awards

· Shortening funding decision times

· Modeling the NSF-Chile program after successful similar programs between Chile and other countries

· Allowing for multilateral research applications via a single proposal

· Create mechanisms to inform NSF division directors and program managers about collaborative international projects and objectives and engage them in these activities; this would also include tracking and presenting results of international collaboration;
· Establish a commission to revaluate NSF’s policies and programs regarding international collaboration – the commission should specifically consider changing the mission of the NSF Division of International Programs to facilitate closer collaboration with CISE to support the creation of multinational international programs in computer science and engineering.
Specific recommendations to CONICYT are to

· Establish a multi-university R&D center for information technology development
· Fund research activities in addition to mobility

· Increase the incentives of academic research work to attract and retain critical mass in CISE; possible measures include creating more opportunities/academic positions, providing PhD fellowships and supporting post-doctoral work

· Educate industry and provide incentives for R&D activities with academia

· Involve industry and government by supporting industry –academia exchanges

· Have Chile join inter-library system

· Fund short stays of Chilean graduate students in the U.S.

· Fund student travel (in addition to faculty travel)

· Move towards student exchanges and short-time stays (3-6 months) in the U.S.

An additional recommendation to both NSF and CONICYT is to:

· Create opportunities for involvement of Chilean and U.S. scientists in activities that foster and sustain collaborative research. Examples include 
· Minimal funding of participation by U.S. faculty in committees of Chilean PhDs, research evaluations, and conference committees, and participation by Chilean researchers on conference committees and NSF panels

· Making previous professor-adviser relationships one of the evaluation criteria for collaboration proposals
· Establishing NSF/OAS collaboration in scholarship and student-institution matchmaking to help Chilean students attend U.S. institutions
VI. 
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Area:  Computer Science and Engineering, Mathematics

Ramiro Jordan

University of New Mexico

rjordan@eece.unm.edu
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Anna Maria Prat

CONICYT

amprat@conicyt.cl
Fernando Rannou

Universidad de Santiago de Chile

rannou@diinf.usach.cl
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Universidad Tecnica Federico Santa Maria

lsalinas@inf.utfsm.cl
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Area:  Software Engineering, Software quality
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Friday, May 26, 2000


8:00
Breakfast at Hotel Gala in La Barra Bar, 4th Floor (included with room)


9:00
Opening remarks and introductions – Organizers

9:15 
Chile’s Collaborative Research Opportunities and Models – Leopoldo Bertossi, SCCC.

9:45  
International Collaborative Research Opportunities and Models – Robert Grafton, Program Director, Division of Computer-Communications Research, U.S. National Science Foundation. 


10:15 
Benefits of International Collaboration – Ron Cole and Ricardo Baeza-Yates

10:45
Scientific Collaboration in the Americas: an OAS perspective – Ruth Connolly, Information Systems and Services, OAS 

11:05
Break

11:30
Brief research overviews by individual researchers (at most 5 minutes, at most 2 transparencies). Participants describe their research areas, their interests in collaborative research, and potential benefits of collaboration to their research

1:00
Lunch provided, location will be announced

2:30 
Brief research overviews (continued)

3:30
Break


3:45
Creation of breakout groups on specific areas


4:00 
Breakout group discussions of possible joint projects or initiatives


5:30 
Break


5:45 
Group reports and feedback


7:00
Adjourn

7:30
Meet in hotel lobby.  Shuttle departs hotel for restaurant El Castillo in Valparaiso.  Dinner begins at 8:00.

Saturday, May 27, 2000


 7:30
Breakfast at Hotel Gala at La Barra Bar, 4th Floor (included with room)


 8:30
Group discussions and completion of collaboration proposals


10:30 
Break


11:00
Final group reports


12:00
Initial agreement on workshop report outline and recommendations


1:00 
Lunch provided, location will be announced


2:30 
(if necessary) Draft of workshop report and recommendations

Appendix 3 - Examples of Potential Collaboration Areas and Projects

Note: the lists of participants in the projects described in this appendix include names of researchers who could not be present at the workshop but had previously expressed interest in participating in the projects’ activities.

A3.1 – High-Dimensional Data Structures (Applied Theory)

A3.1.1 - Participants

Ricardo Baeza-Yates, Gonzalo Navarro, Scott Leutenegger, Mario Lopez

A3.1.2 - Areas of Potential Collaboration

· Similarity search in general metric spaces

(words, documents, fingerprints, images)

· Optimization of R-trees 

(spatial and temporal databases, GIS)

· Complementary expertise:

Information retrieval and combinatorial pattern matching (U. of Chile)

Computational geometry, multidimensional indexing (U. of Denver)

Innovative Research

· Automatic fingerprint identification (AFIS)

· Spell-checking and correction

· Plagiarism or redundancy

· Efficient spatial databases

· New in-core variants of intersection algorithms

Benefits to Both Sides

· Cross-fertilization (diversity of skills, backgrounds, approaches, interests)

· Increase in graduate students and research

· Sharing of resources (bibliographic, equipment)

A3.1.3 – Potential barriers, challenges and solutions

· Critical mass

Solution: collaboration already integrates common interests

· Funding

Solution: NSF, CONICYT, industry!

· Acquiring realistic data and queries

Solution: industry and government involvement

· Finding other applications

Recommendations

· Simplify application procedures, particularly for small travel grants

· Track and present results of collaboration

· Generate critical mass of researchers

A3.2 - Distributed Systems

A3.2.1 - Participants

Chaouki Abdallah, Nelson Baloian, Juan Cockburn, Liuba Dombrovskaia, Mohamed Fayad, José Fortes, Ramiro Jordan, Jim LaVita, Raul Monge, Jaime Navon, Miguel Nussbaum, Feniosky Pena-Mora, Don Towsley

A3.2.2 - Areas of Potential Collaboration

· Disaster relief

Challenge: design, evaluate, prototype global integrated wired/ad-hoc collaborative system providing a rich set of robust, fault-tolerant services for disaster relief applications

· Education

Challenge: design, evaluate, prototype robust distributed learning system for K-12

· Networking infrastructure

Challenge: provide wired/wireless transport services with self-organizing ad-hoc network, QoS, wired/wireless integration, robustness, fault tolerance
· Services

Challenge: services for collaborative applications with authentication, information filtering, logging/synchronization, failure recovery, application presentation (image2text, E2S, S2E)

· Social implications 

Challenge:  Culturally distinct responses to technological innovation in regard to modes of introduction of new technologies, acceptance of those technologies as well as response during moments of technical failure. Awareness of culturally distinct attitudes towards issues of privacy, censorship, and intellectual property.

Required innovative research

· Multi-layer approach (physical through services layers)

· Multi-scalar access

· Robustness to environmental disturbances, unplanned usage, legacy systems

Benefits

Chile: PhD student training, U.S. faculty participation on PhD committees, faculty exchanges, short term and sabbatical visits, access to applications and new technologies, facilitation of university/industrial relations
U.S.:  talented students, faculty exchanges, consideration of real-world global constraints, reality-based test-beds, development of new markets, access to knowledge on technology reusability

Unique features of collaboration

· Problem domain: Need for low-cost solutions and application area with “reality” built in

· Complementary expertise in both countries: Pushing the state of the art and broadening the application of the technology 

· Global solutions may require co-existence of new technology and legacy systems: Access to researchers working on new applications of legacy system 

· Balance technology push and technology life span/cycle or new life: different time scales

· Extreme heterogeneity across technological time (Legacy Systems)

· Market Pushed (Business Strategy) Technology and Necessity Driven

· Social Conscience for Technology Development

A3.2.3 - Potential barriers, challenges and solutions (Chile)

Personnel - can be identified but may have limited access to funding

Facilitation of research work vs. mobility

Industry involvement

Potential sponsors: industry, agencies (ngo’s and go’s, scientific research funding sources)

A3.3 - Information Management Group

A3.3.1 -  Participants

Richard Weber, Danilo Bassi, Angelica Urrutia, Jaime Carbonell, Javier Pinto, Ricardo Valdivia, Ruth Marie Connolly, Marcela Varas

A3.3.2 - Areas of Potential Collaboration

· Beyond traditional databases

Inconsistency management

Dynamic database schema updating

Variable precision semantics

Indexing, feature and pattern extraction from text, images, audio, signals

Example: public health data mining

· Dynamic Data Mining
Example: Traffic control and decision-making

Anomaly identification 

Prediction (minute-to-minute, year-to-year)

· Intelligent Search and Retrieval

· Domain-specific knowledge: create a declarative knowledge-representation language to guide search in targeted domains

· Permits updates in time and scope

· Adaptive user profiles

Machine learning methods to extract/update user profiles (aspect of WEB mining)

OAS/CICAD information (politicians, students, researchers)

Multilingual information and users

A3.3.3 - Potential barriers, challenges and solutions



Barriers and Challenges:

· Lack of face-to-face communication

· Nine months review process for 10K travel grant

· Difficulty access of databases of each country by researchers from the other country 

· Lack of critical mass in this specific area (Chile) 

· Selection of PhD students (U.S.) 



Solution: International Cooperation

· International collaboration is beneficial in itself

· Opens the scope of application of knowledge (ex: multilingual knowledge)

· Establish critical mass (Chile)

· Selection of PhD students, multicultural focus (U.S.)

· Opens access to work and pre publication data of other researchers
A3.4 - Software Engineering

A3.4.1 – Participants

Mohamed Fayad, Eduardo Fernandez, Enrique Perez, Javier Pinto

A3.4.2 - Areas of Potential Collaboration

· Economic model for Chilean software industry (E. Perez, M. Fayad)

· Cost and potential benefits estimates

· Semantic analysis patterns

A new direction of potential practical value. Process and semantic definition can make the approach more useful and valuable in a research sense

· Development method using complex specifications from real cases: 
· local industry
· OAS drug database (
E. Perez, E. Fernandez)

· Precise semantics and constraint definition using OCL (J. Pinto, E. Fernandez)

· Chilean expertise in software process models and knowledge-based systems  

· U.S. expertise in pattern development

Industry Benefits:

· Try to get additional funding from:

OAS – could provide support

NSF – research results and improve Latin American collaboration 

Benefits

· Chile:

Attract researchers and students value to software industry
(Chile has a significant software industry)

· USA:

Research results and good relations with Chilean researchers

What would not be possible without collaboration?

Work with OAS could not be possible

Scope of project in the U.S. would be reduced due to lack of personnel with appropriate expertise

A3.4.3 - Potential barriers and challenges:
· Lack of academic personnel

(researchers and students)

· Solution:

A running project could attract researchers and students

A3.5 - Simulation Frameworks

A3.5.1 – Participants

Mohamed Fayad, Mauricio Marin

A3.5.2 – Areas of Potential Collaboration

Languages

Software frameworks

Benefits  (Chile)

· Being in touch with the state of the art in many fields of new technologies

· References and libraries

· Advanced resources (computer, software tools, environments)

· “Know  How”

United States – Faculty Exchange

· Increase the number of researchers on projects

· Training students and professionals

A3.5.3 – Potential barriers, challenges and solutions

(Chile)



· Alone

· Lack of funding

· No graduate students

· Moving from theory to practice

· Lack of most recent references

(United States)
· Funding constraints 

· Lack of talented students

Funded international collaboration is the solution

A3.6 - High-Performance Computing

A3.6.1 – Participants

Rudolf Eigenmann, Mauricio Marin, Fernando Rannou, Isaac Scherson, Mauricio Solar

A3.6.2 - Areas of Potential Collaboration 

· Medical imaging parallel algorithms, performance analysis

Innovative research: new compiler techniques; development and evaluation of medical imaging algorithms for various HPC architectures.

· Use of load-balancing schemes (e.g. for discrete event simulations and computer tomography)

Innovative research: compiler techniques to synthesize BSP programs from high-level simulation models; mapping and load-balancing schemes; development of dynamically adaptive application schemes based on BSP models.

· Scheduling schemes for NUMA machines. Optimizing parallel applications.

Innovative research: development and evaluation of scheduling schemes on large-scale applications and of methodologies for performance tuning of these applications.

Benefits of Collaboration

Improve strategic position of the U.S. in Latin America, high-quality graduate students, reduced impact of students leaving research groups after graduation (U.S.)

Improved environment for high-quality research, visibility of Chilean researchers, opportunity for Chilean industry to become a leader in the development of innovative technology (Chile)

What cannot be done without collaboration?

· Integration of the Americas at all levels

· From U.S. viewpoint: change the orientation of Chile towards Europe (in terms of technological connections); increase number of graduate students from the Americas

· From Chilean viewpoint: quickly move forward to become a leader in technology; take advantage of opportunities in the U.S. to train and support Chilean researchers
A3.6.3 – Potential barriers, challenges and solutions 

(Chile)

· Limited number of qualified CS academic personnel (no critical mass)

· Solution: create and fund new academic positions; increase funding for scholarships.

· Limited market for advanced degrees

· Solution: need governmental incentives to create more industrial R&D

· Discrepancy between industrial needs and the level of university research.

· Solution: industry must be educated to understand the role of university research

· Limited access to journal and conference publications

· Solution: Chile to become part of an inter-library system

· Language

· Solution: provide funds for short-terms stays of graduate students in the U.S.

(U.S.)

· U.S. researchers not familiar with Chilean research and researchers
· Solutions: participation of U.S. researchers on Chilean conference committees, invited talks and review panels; Chilean researchers on U.S.  panels, thesis and conference committees.

· Difficult to continue relations between student taking Chilean faculty position and advisor 

· Solution: make student-advisor relationship a factor in evaluating international proposals or establish special funds to continue research after graduation.

· Limited opportunities for Chilean students to pursue U.S. degrees

· Solution: increase fellowships for graduate students; establish relationships with Chilean faculty members for student recommendations.

A3.7 – Human-Computer Interface
A3.7.1 - Participants:

Ron Cole , Nestor Becerra Yoma

A3.7.2 – Areas of potential collaboration : 

· research to enable natural conversational interaction in Spanish by children over the internet

· robust recognition, precise identification of mispronunciations, new methods of feedback, streaming of audio and video via Internet

Benefits

· Help meet each project’s deliverables

· Create new Spanish language technologies and applications

· Establish language technology research and education infrastructure and expertise in Chile

· Identify and jointly address new research problems

A3.7.3 – Potential barriers, challenges and solutions

Barriers and Challenges

· Current NSF-CONICYT program provides significant barriers

· Nestor has an existing funded project with specific deliverables

Enable Internet speech technology apps 

Task Domain: speech coding, recognition or speaker verification task

Subjective evaluation

· Ron has an existing (un-funded) project with specific goals

Solutions

· Just do it (anyway)! Power to the people!

· Create easy funding mechanism for joint research projects (NSF-CONICYT) 

· Find ways to engage industry

· Create project that merges the goals

Merging Project Goals

· Create research test bed system to enable children to access useful information

· Develop children’s speech recognizers for Chilean Spanish

· Recognizers will be used in Chilean Baldi project

· New knowledge, new technology

A.3.8 – Theory of Computing

A.3.8.1 – Participants:

Marcelo Arenas, Hector Beck, Leopoldo Bertossi, Marcos Kiwi, Jens Palsberg,  Andreas Polyméris, Vijay Raghavan, Ivan Rapaport, Luis Salinas

A.3.8.2 – Areas of potential collaboration

· Consistency in databases

· Complexity theory

· Graph theory/algorithms

· Approximation algorithms with proof of convergence performance

· Conditions under which quantifiers can be exchanged

· Cryptography 

electronic election schemes

secret sharing

· Tree equivalence/isomorphism with finite set of operations

· Robust algorithms 

· Hardness of approximation

                Benefits

· Recruiting tool (U.S.)

· Exposure to potential sources of collaboration (U.S.)

· Expansion of research network (U.S.)

· Positive impact on students (Chile)

· Facilitation of keeping/expanding ties and contacts (Chile)

· Improved exposure of research (Chile)

· Amelioration of critical mass problem (Chile)

· Travel of U.S. speakers to Chilean conferences (Chile)

A.3.8.3 – Potential barriers, challenges and solutions

· Cumbersome application procedures (U.S.)

· Uncoordinated deadlines (U.S. & Chile)

· Two programs to deal with—INT/TOC (U.S.)

· Cumbersome execution procedures (Chile)

· No funds for student travel (Chile)

· No July travel allowed (Chile)

Sponsorship/funding

· Theory does not need big infrastructure

· Talented and prepared students

What would not be possible without collaboration

· Difficulty tapping into Chile otherwise

· Recruitment of students harder otherwise

· Limited internship opportunities for Chilean students

· Access to Chile’s theory research by U.S. industry

Appendix 4 – Benefits of international collaboration

Because of the growing importance of international collaboration in science and technology, the NSF Computer, Information Science, and Engineering division supported a workshop in 1997 entitled “International Collaboration in Computer Science and Engineering [1]. The goal of the workshop organizers and participants was to arrive at a deeper understanding of the benefits of international collaboration, and the costs and risks associated with these activities, as well as to recommend ways to increase opportunities and optimize future benefits. The resulting workshop report makes a strong case for the following benefits of international cooperation, briefly summarized here:

· Solving Global Problems. The scientific community plays an essential role in solving global problems because its work leads to understanding their causes, and the ability to evaluate potential solutions.  The best progress in this work requires scientists from many nations; global problems require global solutions, and global solutions require global participation.

· Leveraging International Investment. Countries have invested billions of dollars in training researchers and developing information technologies.  International collaboration leverages this investment for all countries involved. 

· Cost Sharing. Multinational projects are expensive.  It is efficient to share expenses among countries and other stakeholders.

· Harnessing Talent.  International collaboration builds upon the education, training, and experience of tens of thousands of engineers and computer scientists, the lessons they have learned, and the discoveries they made.  The diversity of the talent pool produces synergistic results: scientists from different countries approach problems with diverse skills, attitudes, and perspectives that stimulate novel approaches and creative breakthroughs. International collaboration also engages the knowledge and experiences of local people with first-hand knowledge of the problems being addressed. Without the participation of these people, technological solutions are doomed to failure. For instance, it is necessary to work with farmers to understand how technology can aid crop production, and it is necessary to work with native speakers to develop spoken language interfaces for information access.

· Understanding Communications. The flip side of harnessing talent is to understand and be sensitive to the many ways of approaching knowledge, both scientific and cultural. The success of NSF’s efforts, as well as the possible subsequent spin off into the world of research and development will require (and lead to) an understanding of how cultural and social differences play a role in either encouraging or inhibiting collaboration.

· New Paradigms.  International collaboration is a valuable laboratory for research, development, and evaluation leading to new paradigms for scientific discovery and collaboration.  International collaboration extends the scope of scientific activities to overcome challenges of physical distance, time zones, languages, cultures, and computing environments. 

· Tools and Infrastructure. New paradigms for collaboration will require new infrastructure.  International collaboration provides the best laboratory for understanding infrastructure needs and designing new tools to support global participation in science and technology. 

· Training Leadership. Multinational projects provide valuable experience for scientists, engineers, and managers to function in an increasingly global marketplace. Graduate students participating in global projects will gain competitive advantage for themselves and the companies that employ them.

· Promoting Democracy.  International collaboration promotes democracy.  In testimony to the U.S. Congress, Dr. Bruce Alberts, President of the U.S. National Academy of Sciences, noted that "In a world full of conflicting cultural values and competing needs, scientists everywhere share a powerful common culture that respects honesty, generosity, and ideas independent of their source, while rewarding merit. Knowledge is power, and diffusing it more widely across the globe also provides a strong force that favors democracy." [2]
· Strong Economies. Investment in information technologies is vital to a nation's economic competitiveness in the emerging information society.  International collaboration is an excellent way to establish critical infrastructure and train researchers and engineers. 

· Foreign Policy. International collaboration is good foreign policy for all participating countries. Investment in foreign research increases the hybrid talent pool, builds lasting professional relationships and promotes good will among countries while advancing science and technology.  Support for international collaboration enables less developed countries to build centers of excellence, computing infrastructure, and industries, while contributing firsthand knowledge to solutions to regional and global problems. 

· Information Technology Leadership. The emerging information society brings with it an urgent need for engineering leadership in the definition of standards, international protocols and mechanisms for trade, commerce, intellectual and cultural exchanges. Countries participating in leading-edge international projects are well positioned to develop, monitor, and capitalize on advances in information technology.

[1] Cole, R., Fortes, J. & Klinger, A, “International Collaboration in Computer Science and Engineering.” http://cslu.cse.ogi.edu/nsf/wiccs97/report.html
[2] Alberts, B. "Unlocking Our Future Toward a New National Science Policy," A Report to Congress by the House Committee on Science September 24, 1998. Available at http://www.house.gov/science/science_policy_report.htm and http://www.house.gov/science/science_policy_study.htm.
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Abstract

In this report we present an overview of Information and Communication Technologies (ICT) in Chile. This study covers the current situation of ICT in Chile, like political and economic background, ICT infrastructure, ICT policies and funding. It also shows what the research network looks like and describes the present situation of Software Technologies in Chile. Finally the current research collaboration on ICT with other countries is described. The report concludes with a special section dedicated to Internet and E–commerce. 

Introduction

In Chile, when talking about Information and Communication Technologies (ICT), we usually understand applications that take advantage of communications or computing technologies. The approach taken in this report is, however, much broader. In our case, we will consider ICT to cover those aspects often referred to as Computer Science (CS) and its related fields of research, as well as the already mentioned applications. 

Previous reports can be found in [3, 4], although the present study is more focused on research issues. We also include some information contained in [2]. Additional and valuable information can be found in [1], from which we have borrow some parts. 

We begin this document by presenting, in Section 2, the current situation of science and technology in Chile. Next, in Section 3 we narrow the discussion to those political and economical aspects relevant to ICTs. In Section 4 we describe the current state of the research network and the ICT industry in Chile. We end in Section 5 by presenting some concluding remarks and suggestions for the future. 

Science and Technology in Chile

Currently in Chile, only around 0.6–0.7% of the GDP is invested in Science and Technology research, which is small in comparison to developed countries in which this number rises to about 2–3%. 

The newly elected President of our country, Mr. Ricardo Lagos, promised, when he addressed the nation before plenary congress on May 21st 2000 , to double the resources on this matter to reach an investment of over 1% of the GDP in the area by the end of his six years Presidential period. He also said that the first task the present government has set preference on is, to incorporate Chile into the technological revolution that is happening in the world. 

Perhaps the main reason for these low numbers is the little participation of private funds in science and technology R & D funding. This can be seen in Figure 1.
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 There are three (main) ways through which state’s funds may be invested in science and technology: CONICYT
, CORFO
 and MIDEPLAN
. Nevertheless, almost only the former has to do with academic research. The other two support productive sectors (industry) and regional development, respectively. 

CONICYT was created in 1967 as an advisor entity for the government in science and technology matters. Its main responsibilities include: defining science and technology policies, promoting and funding research, supporting the formation of human resources, supporting international cooperation on research, etc. Although, in the last decade, its contribution to financing research has grown in about seven times
, we still need a better mechanism, to draw more private funds into research activities and reach a funding scheme similar to that of developed countries, in which most of the spending is done by private enterprises. 

ICTs in Chile

Besides the traditional funding
, CONICYT has defined priority areas to which extra resources shall be granted. These, however, do not include ICTs
 so what is left for ICT funding is just a (small) slice of the whole national R & D budget. The ICT scientific community has proposed the competent authorities changing this situation by setting it as a priority area or creating a national research institute for ICTs. 

Currently, the ICT industry in Chile represents 1,4% of the GDP. Although a somewhat low number, we must take into account that it is greatly influenced by the fact that no physical ICT goods (or very few) are produced in Chile. Another important factor in this number is the low participation of the state, given that, even though the state represents about 22% of the GDP, it consumes only a 6% of the ICT market. 

This situation is expected to change in the forthcoming years, thanks to the shift of priorities given by the new government. As stated by President Lagos on May 21st 2000: 

 “Chile must assume a leading role between the countries which use ICTs, specially Internet, as the engine for progress. A progress which shall be based on the flexibility of enterprises and not their size, on the intelligence of our people and not their geographical closeness, on cooperation and not on rivalry”. 

The government is currently promoting a generalized plan to modernize the state. The main goal is to provide an example to the private enterprises and drive the adoption of new technologies into the productive sector. Some successful examples of this initiative are the tax return operations and the public purchases network. The former received 467,051 filings, which represents 25.7% of the total number of tax return forms for the year 2000, and a growth of 523% with respect to the previous year. 

In his speech, the President insisted on the need to catch the wave of the technological revolution we are living. Some concrete actions to be taken in the next months include: 

–
A law regulating digital signature is soon to be dispatched to the congress for debate (before July 2000). This should not be a new law, but indications to modify the current legislation. 

–
In the next three months the government will launch network of public workstations, usable by all people in the country. 

–
CORFO and the state owned bank (Banco del Estado de Chile) will give credit to 100,000 emerging enterprises, so they can acquire up to date computing equipment and receive proper instruction on its use and that of Internet. 

–
The President also called to incorporate our workers, scientists, universities, etc., into the productive sector to achieve innovation and progress. He proposed, together with the government of Argentina, to create a binational house in Silicon Valley, where to send our best talents from business and creativity. 

ICT Infrastructure

Perhaps what makes Chile a better candidate to take a leading role in the technological revolution that any other country in the region is its infrastructure in ICTs.

ICT infrastructure in Chile must be one of the most advanced in Latin America, if not the most. This makes the country a natural target for investors who want to start business in Latin America, or want to develop new technologies taking advantage of the already established infrastructure and the relative low manpower cost of a developing country. 

Also, according to the Chilean Association of Information Technologies (ACTI), the growth of the ICT industry is expected to be greater than that of the country. If the country’s economic expansion is projected at 6%, the ICT industry should reach an estimate 10% growth. 

Chile has more computers per capita that any other country in Latin America, reaching around 790,000 units which corresponds to over 50 PC’s per every 1,000 habitants. At present the number of Internet subscribers reaches nearly 1.2 million users. This number considers almost half of the enterprises of the country, including small ones. If this number continues to rise at the present rate (see Figure 2), we should reach first place in Latin America in this category as well. 


 Although regional leaders in Internet usage, these numbers correspond to a penetration rate of only about 8,3%, low compared to the 60% of USA. 

During the 90’s, the educational program included the usage of ICT. For this matter, the Enlaces network was created in 1992 as a pioneer program with 12 schools of Santiago. In 1998, Telefonica CTC Chile, donated telephone lines and granted free Internet access to all members of the network. Nowadays, Enlaces connects over 38,000 computers in 5,200 schools, providing Internet access to over 2.5 million students, which represents about 90% of the total number of students in Chile. By the end of 2005, all the schools in Chile shall be connected to the network and the number of computers doubled.
 

Telephony is perhaps the most advanced industry sector in the country. Chile was the second country in the world to have all its switching done digitally. We now have 200 telephone lines per every 1,000 habitants. In 1994 a multi-carrier long distance system started, which lowered the fares notoriously, having one of the most competitive prices in the world. More recently, the mobile telephony sector, which covers the whole nation, has registered an important growth rate in the last couple of years. This boost was triggered when the regulation was modified so only the calling party would be charged for the calls. This made the penetration rate for cellular phones reach 13.79% in March this year. 

Regarding networks, Chile was the first country in LA to install a fully operational ATM network covering the whole country (in 1994). At present, Santiago has 4 fiber-optic rings which cover all the communication needs of the city. Similarly, two fiber-optic networks cover the whole country. These, rent their bandwidth to whoever needs them, i.e. ISP’s. 

Current Situation of ICTs in Chile

Research on IT

VI. Where it is done

Research on CS and IT is almost exclusively done at universities. The interaction between industry and academic centers is rather weak on research activities. 

VII. Competitive Advantages

For countries like Chile, that is, for developing countries, research in a field such as Computer Science has some advantages over other (more traditional) research areas. Some of these include: 

–
Area mainly based in human resources and added value products. This allows non heavily funded research programs to compete at international level because no special (expensive) equipment is required. 

–
Wide economical and social impact in the short term. Most of the research performed in Chile has almost immediate impact on areas such as: Education, Software Industry, Web technologies and Industry in general. 

–
Currently, CS research output is small but of high quality. This is backed up by Tables 1 and 2, which compare the quality of the work done in the country with top-level international research. 

***begin of environment: TABLE ***

	Name 
	Citations 

	Udi Manber 
	596

	Gaston Gonnet
	394

	Bernard Lang
	306

	Ian Munro
	140

	Christian Queinnec
	120

	
	

	The following are Chilean researchers:
	

	
	

	Ricardo Baeza-Yates
	201

	Javier Pinto
	93

	José Miguel Piquer
	80

	María Cecilia Rivara
	56

	Gonzalo Navarro
	45

	Patricio Poblete
	32 

	
	


Table 1: Top CS researchers. Source: Based on citations in ResearchIndex Website (CS Demo Collection in the Web with 220,000 documents and over 2.5 million citations).
***end of environment: TABLE ***

***begin of environment: TABLE ***

	Article 
	Citations 

	Bowman, Manber, et al., INET’95
	111

	Huet and Lang, Acta Informatica’78
	52

	
	

	The following articles are, at least, (co-)authored by a Chilean
	

	researcher working in Chile:
	

	
	

	Lang, Queinnec and Piquer, ACM POPL’92
	49

	Pinto, Ph.D. Thesis’94
	45

	Baeza-Yates, Culberson and Rawlins, Inf. and Comp.’94
	35

	Pinto and Reiter, ICLP’93
	35

	Baeza-Yates and Gonnet, Comm. ACM’92
	33

	Piquer, PARLE’91
	22

	Baeza-Yates and Perleberg, CPM’92
	17

	Rivara, IJNM’84
	15

	Baeza-Yates and Gonnet, JACM’96
	15

	Navarro and Baeza-Yates, TOIS’97
	13

	Manber and Baeza-Yates, IPL’91
	14

	Carlsson, Munro and Poblete, SWAT’88
	10

	Baeza-Yates and Navarro, SIGMOD’96 
	10 

	
	


Table 2: Top CS articles. Source: Based on citations in ResearchIndex Website (CS Demo Collection in the Web with 220,000 documents and over 2.5 million citations).
***end of environment: TABLE ***

 –
Although the research network in Chile is relatively small, the number of publications produced by it situates the country as second overall in Latin America in 1990–1998, and first per capita (see Table 3). 

***begin of environment: TABLE ***

	Country 
	Computing 
	Per capita 
	Applications 
	Per capita 

	Argentina 
	63 
	1.8 
	298 
	8.4 

	Brazil 
	401 
	2.5 
	570 
	3.6 

	Chile 
	108 
	7.4 
	125 
	8.6 

	Mexico 
	74 
	0.8 
	272 
	2.8 

	Venezuela 
	49 
	2.2 
	95 
	4.2 

	
	
	
	
	


Table 3: Latin-American Publications between 1990 and 1998. Source: CompuMath Citation Indes, ISI.
***end of environment: TABLE ***

 –
We count with an organization called The Chilean Computer Science Society (SCCC) 
, created in 1984. This Society organizes and supports several research activities and keeps the CS community together and participating in a collaborative and friendly atmosphere. Its annual meeting: “Jornadas de la Sociedad Chilena de Ciencia de Computacion (SCCC)", includes the International Conference of the SCCC, which is the only general CS conference in Latin America having an international level
. The proceedings of the International Conference are published by the IEEE Press and the meeting itself is to be sponsored and co-organized by the IEEE CS from 2001. 

–
Finally, and perhaps what might boost Chile’s research network in Computer Science in the next couple of years, is the fact that students from all over Latin America are coming to Chile for their graduate studies. At the moment there are 3 internationally recognized PhD programs, two in CS (PUC since 1993 and U. de Chile since 1997) and one in Mathematical Modeling (U. de Chile), which includes research on theoretical CS. Chile currently receives students from Argentina, Bolivia, Colombia, Costa Rica, Cuba, Ecuador, Guatemala, Nicaragua, Panamá, Paraguay, Perú, Uruguay and Venezuela, both in Masters and PhD programs. Those PhD programs have already graduated about 10 students. Foreign researchers of recognized quality participate in the students’ PhD committees. 

All these factors have contributed to reaching a high level quality, both in research and graduate study programs. As an example of the recognition obtained, in 1995 the Dutch Government financed, through its MEMI program, the creation of a MSc in Computer Science program at the University Mayor de San Simon (Cochabamba, Bolivia). Three universities are involved in this program: Utrecht University, University of Chile and the Catholic University of Chile (PUC). The last two must dictate half the courses and advise all the master’s theses. 

VIII. Research Funding

Funds for CS research come mostly from CONICYT, which is the national agency for research in science and technology. Two are the main funding programs: 

FONDECYT  It is the most obvious program to apply for CS researchers and is equivalent (in spirit) to standard NSF grants. These grants generally apply to all fields of science and technology which makes them quite competitive. They support student allowances, technical support staff, books, journals, equipment, transport of local researchers, etc. Their duration has recently been extended from 3 to 4 years allowing two co-researchers with a maximum grant of up to USD $80,000 per year. Once a FONDECYT grant has been obtained it is possible to apply for the “Support to International Cooperation Program” (see Section 4.1.4), which makes it possible to invite foreign researchers to Chile to collaborate in the project. 

FONDEF  For these programs participation of industry is mandatory (technology transfer). They involve larger amounts of money, i.e. a grant of USD $800,000 for the total duration of project, which cannot exceed 4 years. This grant should only account for 60% of the project’s total cost. The remaining 40% must be supplied in equal proportions by the beneficiary institution and private enterprises. Participation of foreign researchers is often supported, and applied research is possible and encouraged. 

IX. International Cooperation Program (Research)

International cooperation is based on bilateral agreements between CONICYT and its foreign counterparts. This is the way CONICYT promotes and supports the interaction between domestic and foreign scientific communities. These projects usually last for 1–4 years. The most common cooperation mechanisms, for which financing is shared, are: 

–
Transport and exchange of researchers involved in joint projects. From the point of view of CONICYT, this generally translates into an airline ticket for the Chilean researcher, and a daily allowance of USD $50 for the foreign counterpart for a maximum stay in Chile of 30 days. 

–
Formation of human resources via scholarships (PhD) and study-abroad allow​ances (Only for some of the binational programs). 

–
Organization of seminars, workshops, conferences, courses and symposia. 

–
Exchange of information, specialized documentation and publications in the area of Science and Technology. 

Because these are almost the only grants available for a wide variety of scientific disciplines, they are very competitive and their funds quite limited (on the Chilean side). 

In the following we list the most relevant agreements signed by CONICYT with research funding agencies in other countries. Some examples of past and ongoing projects are given. 

USA  Through the National Science Foundation (NSF). Projects usually last 1–2 years, but require a very complex application process on the U.S. side, essentially the same form as for a regular NSF proposal. Nevertheless, they have more flexibility on expenses than on the Chilean side. 

  1.
1994–95 NSF-CONICYT “Desarrollo de Heuristicas para Problemas de Optimizacion". Miguel Nussbaum (PUC) and Michael Pinedo (Columbia University, NY, USA). 

  2.
1999–2000 NSF-CONICYT “Handling Inconsistencies in Databases". Leopoldo Bertossi (PUC) and Jan Chomicki (Monmouth University, New Jersey). 

Germany  Through the Deutsche Forschunsgemeinschaft (DFG), the Bundesministerium für Bildung und Forschung (BMBF) and the Deutscher Akademischer Austauschdienst (DAAD) 

Current research projects with German institutions include: 

  1.
1999–2000 DFG-CONICYT “Inspección Visual de Superficies Testuradas utilizando Técnicas de Procesamiento de Imágenes”. Javier Ruiz del Solar (Univ. de Chile) and Mario Koeppen (Fraunhofer Institut IPK, Berlin). 

  2.
2000–2001 BMBF-CONICYT “Processing of Color Textural Image Information”. Javier Ruiz del Solar (Univ. de Chile), Nickolay Bertram (Univ. Kaiserslautern), Aureli Soria-Frisch, Mario Koeppen and Christoph Nowack (Fraunhofer Institut IPK, Berlin). 

  3.
2000–2001 BMBF-CONICYT “Environmental Information Systems for Simulation, Prediction and Visualization of Air Pollution". Achim Sydow (GMD - FIRST, Berlin) and Leopoldo Bertossi (PUC). 

  4.
2000–2001 BMBF-CONICYT “Definition of a Conceptual Data Model with Flexible Integrity Constraints Management Capabilities". Bernhard Thalheim (Technische Universitaet Cottbus) and Marcela Varas (Univ. de Concepcion). 

France  Through the Comité d’ Evaluation et Orientation de la Coopération Scientifique avec le Chili (ECOS), Centre National de la Recherche Scientifique (CNRS) and Institut de la Recherche pour le Développement (IRD – ex ORSTOM). 

  1.
1994–1997 ECOS-CONICYT “Calcul Parallèle, Réseaux de Neurones et Automates Cellulaires”. Michel Cosnard (Ecole Normale Supérieure de Lyon) and Eric Goles (Univ. de Chile). 

  2.
1994–1997 ECOS-CONICYT “Mathématiques de Images”. Alain Le Mehaute (Ecole Normale Supérieure des Télécommunications de Brest) and Florencio Utreras (Univ. de Chile). 

  3.
1997-2000 ECOS-CONICYT “Complejidad y Dinámica de Procesos de Interacción Local”. Michel Morvan (Univ. Paris VII) and Eric Goles (Univ. de Chile). 

  4.
1998–2000 ECOS-CONICYT “Action Logic for Planning, Database Updates and Temporal reasoning". Camila Schwind (LIM-CNRS) and Leopoldo Bertossi (PUC). 

  5.
2000–2002 ECOS-CONICYT “Estimación, Control y Supervisión de Procesos Biotecnológicos Agroalimentarios”. Paul Molin (ENSBANA) and Gonzalo Acuña (USACH). 

  6.
2000–2002 ECOS-CONICYT “Búsqueda de Patrones y Aplicaciones”. Maxime Crochemore (Univ. Marne la Vallée) and Ricardo Baeza-Yates (Univ. de Chile). 

UK  Through the British Council (BC) and the Royal Society (RS). 

Japan  Through the Japan Society for the Promotion of Science (JSPS). 

Italy  Through the Consiglio Nazionale Delle Richerche (CNR). 

Portugal  Through the Instituto de Cooperaçao Cientifica e Tecnológica Internacional (ICCTI). 

Spain  Through the Consejo Superior de Investigaciones Científicas (CSIC) and the Comissionat per a Universitats i Recerca de Catalunya (CUR). 

Mexico  Through the Consejo Nacional de Ciencia y Tecnologia (CONACYT). 

Brazil  Through the Consejo Nacional de Desarrollo Cientifico y Tecnologico (CNPq). 

Argentina Through the Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET). 

South Africa  Through the Foundation for Research Development (FRD). 

Venezuela  Through the Consejo Nacional de Investigaciones Cientificas y Tecnologicas (CONICIT). 

Cuba  Through the Ministerio de Ciencia, Tecnologia y Medio Ambiente (CITMA). 

Colombia  Through the Instituto Colombiano para el Desarrollo de la Ciencia y la Tecnologia (COLCIENCIAS). 

Korea  Through the Korea Science and Engineering Foundation (KOSEF). 

X. Other agreements, funds, opportunities

–
The Information Science and Data Analysis Program, CIAD
, of the Catholic University of Chile (PUC). It was created in late 1999 and currently involves the departments of Computer Science and Statistics of this university in multidisciplinary research activities. It is expected to expand to other related scientific areas in the near future, according to its fund raising capabilities. 

–
The Iberoamerican Program for Cooperation in Science and Technology for Development
 (CYTED), created in 1984 by an agreement signed by 14 Latin American countries, Spain and Portugal, supports applied research, technological development and innovation in the region. 

–
The Franco-Chilean Laboratory (CNRS–Univ. de Chile): the Center for Mathematical Modeling. This laboratory was created as one of four international laboratories of CNRS, based on long-standing, fruitful cooperation between French and Chilean researchers in the field of mathematics. On the French side it is supported by the French embassy in Chile (besides the CNRS), and on the Chilean side by CONICYT and the University of Chile. The CNRS will appoint tenured researchers to this laboratory for periods of one or two years. The CNRS, CONICYT and the University of Chile will allocate resources for laboratory operations. 

–
Alexander von Humboldt-Stiftung (Germany). The Humboldt foundation grants annually up to 500 Humboldt Research Fellowships to highly qualified non-German scholars aged up to 40 and holding a doctorate, enabling them to undertake a long-term period of research (6-12 months) in Germany. 

–
Chilean/German Agreement on Technological Research at the ministry level (BMBF/MinRREE): 

–
IT is one of the five areas of science/technology involved in the agreement. 

–
A First Kickoff Chilean/German Workshop on IT was held in Santiago in September 1999
. The second one will be held in Berlin in January 2001. 

–
The Swedish Foundation for International Cooperation in Research and Higher Education (STINT), established in 1994, supports advancing international relations with other nations, culturally, economically and scientifically. In this context there is one current project involving a Chilean researcher: 

  1.
1999-2000 “Languages for Modeling Action and Change". Patrick Doherty (U. Linkoping) and Javier Pinto (PUC). 

–
Specific programs of universities, e.g. 

–
PUC: foreign professors/researchers can be invited to take part in PhD committees. 

–
“Fundación Andes": Visiting professors program (on each side). Offices in Argentina, Brazil, Chile. 

–
IEEE Computer Society and ACM distinguished lecturers program. 

–
There is an ACM SIGMOD’s Committee just created to foster DB research in Latin America. 

XI. Research Network

As usually happens in developing countries, most resources, population and opportunities are centralized in large urban centers. Chile and its ICT research network are no exception, thus most research centers are located in Santiago, the Capital. However, research groups all over the country collaborate/support each other when working on the same subject. Because of Chile’s particular geography, this collaboration is mostly done by electronic means. 

Most of this collaboration is made possible and encouraged by the Chilean Computer Science Society (SCCC), created in 1984. In particular, through the “Jornadas de la Sociedad Chilena de Ciencia de Computacion (SCCC)". This meeting includes an International Conference, a Chilean Meeting and Workshops (Distributed Systems, Computers in Education, Teaching of Computing, etc.). 

Main areas of research on IT in Chile are: 

–
Database & Information Systems and Knowledge Representation: Universidad Católica de Chile (Santiago), Universidad de Concepción (Concepción), Universidad Católica del Maule (Talca), Universidad Católica del Norte (Antofagasta), Universidad de Tarapacá (Arica). 

 Research in this area includes current joint work with: Jan Chomicki (Monmouth Univ. and Bell Labs, USA), Michael Kifer (SUNY Stony Brook, USA), Camilla Schwind and Cyril Pain-Barre (Univ. Marseille, France), Achim Sydow (GMD-FIRST Berlin, Germany), Patrick Doherty (Univ. Linkoping, Sweden), Bernhard Thalheim and Thomas Feyer (Technical University Cottbus, Germany). 

Foreign researchers that have participated as Masters and PhD thesis committee members are: Jack Minker (Univ. Maryland, USA), Richard Scherl (NJIT, USA), Jan Chomicki (Monmouth Univ. and Bell Labs, USA) and Jorge Lobo (Univ. of Illinois, Chicago, and Bell Labs, USA). 

Other visitors (research) include: Erik Sandewall (Univ. Linkoping, Sweden), Raymond Reiter (Univ. Toronto, Canada), Terry Gaasterland (Rockefeller Univ., USA), Deepak Kapur (SUNY Albany, USA), Klaus Madlener (Univ. Kiserslautern, Germany), Bernard Moulin (Univ. Laval, Quebec, Canada), Ralf Kutsche (TU Berlin, Germany), Eliezer Lozinskii (Hebrew Univ. Jerusalem), Hans-Joachim Lenz (Free Univ. Berlin, Germany), and Robert Kowalski (Imperial College, London, England).  

–
Information Retrieval: Universidad de Chile (Santiago). 

–
Theory of Computing, Algorithms and Cryptography: Universidad de Chile (Santiago), Universidad de Tarapacá (Arica), Universidad Católica del Norte (Antofagasta), Universidad de Magallanes (Punta Arenas). 

Chile has a small but strong theoretical computer science community. For instance, the latest edition of The Art of Computer Programming by D.E. Knuth has index entries for Ricardo Baeza-Yates (3 references), Jorge Olivos (2 references) and Patricio Poblete (5 references). 

 Some of the research done in this area includes joint work with: Maxime Crochemore (Univ. Marne-la-Vallee, France), Philippe Flajolet (INRIA, France), Ricard Gavalda (Politechnic of Catalunya, Spain), Ian Munro (Univ. of Waterloo, Canada), Esko Ukkonen, Jorma Tarhio, Erkki Suntinen (Helsinki Univ., Finland), Edgar Chávez (Univ. Michoacana, Mexico), Berthier Ribeiro-Neto, Nivio Ziviani (UFMG, Brazil) and Alfredo Viola (Univ. de la Reública, Uruguay).  

–
Distributed Systems: Universidad de Chile (Santiago), Universidad Ca​tó​li​ca de Chile (Santiago), Universidad Técnica F. Santa María (Viña del Mar), Universidad de Santiago (Santiago). 

 Main contributions in this field of research include: High-Speed IP networks development in Chile, Internet Development and Bi-annual Distributed Systems Workshop in Chile (part of the “Jornadas de la Sociedad Chilena de Ciencia de Computacion (SCCC)").  

–
Software Engineering and Applications (Collaborative Systems, Computer Graphics and Software Engineering): Universidad de Chile (Santiago), Universidad Católica de Chile (Santiago), Universidad Técnica F. Santa María (Viña del Mar), Universidad de Santiago (Santiago). 

 Research in this area includes joint work with: Marcos Borges (Univ. Federal do Rio de Janeiro, Brazil), Ana Carolina Salgado (Univ. Federal de Pernambuco, Brazil), Encarna Pastor (Universidad Politécnica de Madrid, Spain), Pedro Antunes (Universidade Técnica de Lisboa, Portugal), Nuno Guimaraes (Universidade de Lisboa, Portugal), Jesús Favela (CICESE, Mexico), Yannis Dimitriadis (Universidad de Valladolid, Spain), Feniosky Peña (MIT, USA), Ulrich Hoppe (Univ. of Duisburg, Germany), Curtis Cook (Oregon State University, USA), Jose C. Maldonado (Universidade de Sao Paulo, Brazil), Francisca Losavio (U. Central Venezuela, Venezuela), Steve Linkman (University of Keele, UK), Oscar Pastor (U. Politécnica de Valencia, Spain). 

Other work contacts include: 

Antonio Skarmeta (Universidad de Murcia, Spain), Joe Valacich (Washington State University, USA), Eduardo Fernández (Florida Atlantic University, USA), Karin Becker (Univ. Federal do Rio Grande do Sul, Brazil), Norbert Streitz (GMD-IPSI, Germany), Eleanor Wynn (Oregon Inst. of Science and Techn., USA), Dominique Decouchant (Laboratoire LSR-IMAG, France), Wolfgang Fichtner (Institute fuer Integrierte Systeme, ETH-Zuerich, Switzerland), Bruce Simpson (Waterloo Univ., Canada), Paul Luis George (INRIA, Gamma Project, Le Cesnay Cedex, France), Pierre Beckers (LTAS-Infographie, Liege, Belgium).  

–
Artificial Intelligence: Universidad Católica de Chile (Santiago), Universidad de Concepción, Universidad de Chile (Santiago), Universidad Técnica F. Santa María (Viña del Mar), Universidad de Santiago (Santiago). 

–
Programming Languages: Universidad Católica de Chile (Santiago), Universidad de Chile (Santiago), Universidad Técnica F. Santa María (Viña del Mar). 

–
Computers in Education: Universidad Católica de Chile (Santiago), Universidad de Chile (Santiago), Universidad de la Frontera (Temuco) 

Although research on IT in Chile is satisfactory in terms of quality, it is weak in quantitative terms, in relation to the needs of the country. Almost every industrial and comercial activity is based on the application of IT. Research in the former areas, that is needed to make Chile become a developed country, requires application and development of innovative IT technologies. Also research on IT alone is important to the country’s development. From this point of view, much more research and many more researchers are needed in Chile. 

The biggest challenge now consists in increasing the critical mass of the established research groups and creating groups to do research in the new, emergent problems, methodologies and technologies. For this we need to attract young, talented people to academy and research activities. This is difficult given the favorable conditions of the job market that make young people go to work at industry, where usually no research is carried out. 

It is necessary to create the conditions to enrolle young people in graduate studies, academia and research. 

Software Technologies in Chile

Born in the eighties, Chile’s software industry experienced an     important growth during the late 80’s and early 90’s, which encompassed big hopes for the future and positioned it as one of the most promising industry sectors in Chile for the coming years. 

Since then, however, it has decayed and only some isolated successful cases arise from the general context and are seen as guides for recuperating lost opportunities. 

These hopes were supported by the historical record of USD $40 million dollars worth in exports during 1992–1993. Nowadays, not only has the exports level dropped to about USD $6–8 million
, but so has the domestic activity. Although no obvious reasons for this decay arise, both researchers and entrepreneurs blame the quality of the developed software, the poor marketing abilities and the lack of leading edge technologies incorporated into their products. 

This scenario should change in the next couple of years due to several factors: 

–
During the mid-nineties, INTEC Chile
 decided to help domestic enterprises improve the development process of their products. It had detected that there did not exist a methodology to develop software that would allow the industry to mature and consolidate itself. 

With this in mind a project was born, which included companies interested in overcoming this problem, and was called SPIN Chile. The quality model used for this purpose was the CMM norm, a model which guides the companies in increasing levels of maturity. The difference of with norm ISO 9000 is that it is focused on software and that it integrates 5 maturity levels in an enterprise, showing the steps to follow to reach excellence. 

This is how, in 1996, INTEC applied the S-PRIME methodology to evaluate the companies forming SPIN Chile. From the results it was possible to deduce the weak spots in the industry, which were related to product quality and sloppy labor. 

Having ended the project in 1997, INTEC organized a series of courses and workshops focused on attacking these weaknesses. These courses included: Foundations of Software Engineering, Introduction to CMM, Software Quality Assurance, Configuration Management and Requirement Specification. This should now allow to elaborate a product capable of competing in foreign markets. 

–
More recently, the Chilean software industry has shifted its target to creating special-purpose software for specific applications based on Chilean expertise. Such is the case of the forest management software. This example can be applied to all other fields in which Chile has a specific know how and are at world class level, such as mining and salmon culture. We should also be able to take advantage of the fact that there are industries such as banking that, although similar to the rest of the world, we are better positioned than other countries in the region. This gives as an advantage over European countries or the U.S. because of our regional know how. 

–
Some exceptions in Chilean software industry stand-out and are worth mentioning. Such is the case of Motorola Chile, whose Chilean Center for Software Technology, opened in March 1999, will focus primarily on developing software to support Motorola’s business units that serve original equipment manufacturer (OEM) customers and distributors in the imaging and entertainment, communications/wireless, networking/computing and transportation end-markets. “Software developed at the new center will enhance Chile’s leadership in the ‘digital millennium’,” said Hector de Jesus Ruiz, executive vice president of Motorola, Inc., and president of Motorola Semiconductor Products Sector. The manager of this center is a PhD. in Software Engineering, former professor at the Catholic University of Chile (PUC). 

Another interesting case is that of SONDA, a Chilean software company created in 1974. Since then it has experienced a sustained growth that has made it possible to expand its market coverage to countries all over Latin America, by creating branch offices in Argentina, Brasil, Colombia, Ecuador, Guatemala, Perú, Uruguay and Venezuela. 

–
Finally, the government, through its Economic Affairs Department, is decided to promote business related to e-commerce, adoption of new technologies and Internet 
, which should greatly impact the software industry. This involves 6 specific projects: 

  1.
E-commerce. A law to regulate electronic documents and digital signature should be sent for debate to congress during June 2000. 

  2.
In the next three months the government will launch network of public workstations all around the country. The first one is due in Valparaiso on June 22, 2000. 

  3.
From December 2000, an on-line information system for enterprises will be available. 

  4.
The government will promote useful web content for all population sectors. This program is supported by the Interamerican Development Bank (BID) 2001–2005. 

  5.
The market development division of the Economic Affairs Department is working together with the telecommunications agency to promote competence and market transparency. 

  6.
The foreign commerce department represents Chile in international negotiations regarding E-commerce. 

Conclusions

  1.
The government has just announced promising policies and guidelines that can make us be optimistic with respect to financing of research and adoption on/of IT. Scientific and technological development is a priority for the new government. 

  2.
With respect to ICT infrastructure, Chile is in a leading position in Latin America (LA). 

  3.
The quality of research on IT in Chile is very high in comparison with the others countries in LA. 

  4.
Chilean graduate programs in IT are attracting many students from other countries in LA. 

  5.
There is a problem of critical mass in research groups and a lack of them in emergent IT methodologies. Attracting young and talented people to graduate studies, academia and research is the most difficult challenge. 

Creating funds for scholarships is a priority, including talented undergraduate students and foreign graduate students. 

  6.
The creation of a “National Research Institute on IT" is necessary. It can be implemented almost in a virtual modality, by taking advantage of ICTs. For this, funding from the government and industry is required.  

The Institute should play a leading role in attracting young people to research, via under graduate and graduate scholarships, post doctoral research, research projects with industry involving young researchers, etc. 

  7.
Most of research is done at universities, with industry playing a minor role. It is crucial to involve industry in research. The interaction of academia and industry has to be promoted and supported. The government has to play a fundamental role by making attractive to industry to carry out and support research and hire young scientists to develop creative activities inside their organizations. 

Scholarships should be created to help finance research internships at the industry by both students and facultu members. 

8. There are reasons to be optimistic about the software export industry; decisions and policies are being implemented to take Chile back to a leading position in this area. 
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�At the moment they only include marine biology and oceanography, and Applied Mathematics. Four other areas will eventually be included in the program according to the availability of resources. These are: physiology and plant biotechnology, geology, environmental issues and materials science.


�So said the President when he addressed the nation on May 21� EQ st� 2000.


�www.sccc.cl


�It is the only conference in Latin America for which the National Council for Scientific and Technological Development of Brasil (CNPq) supports publishing and travel expenses of its researchers.


�bertossi@ing.puc.cl


�http://cyted.aeci.es/


�http://dcc.ing.puc.cl/� EQ �bertossi/


�According to estimates made by ACTI.


�Institute for Technology (a governmental office)
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