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Hot topics 
in computer science and engineering

         Introduction
This paper is a result of recent discussions at M.I.T., during which selected professors presented their views (pearls of wisdom), in front of a group of scientists (from all over the world) interested in M+I+T++ (multi-, inter-, trans- disciplinary) research. Topics are in the paper  the order in wich they were presented by professors at MIT (alternatively by alphabeticakl order)
The paper consists of 10 sections on 10 important CSE (computer science and engineering) topics. We do no know what the research results will be; we only believe that we know what are the avenues which might lead to results, and we present them, hoping for lots of qualified response. 
Each section of this paper includes the following elements: (a) Brief topic description and its social relevance; (b) Pointer to a state-of-the-art; (c) Technical challenge on the way to a more effective future solution; (d) Important note – nota bene.


The mayor purpose of this paper is education of master level students in the topics of mission and vision of further advances in computing and communications. The primary target group is the students of Western Balkans countries; however, the presentation is also made available to students all over EU.

Prof. Greene

Globalized world can be achieved only if global education is performed in all relevant languages of the world. A tool that enables automatic translation of courseware among different languages can be treated as an important accelerator of the globalization process. Each individual on earth starts thinking in the same way (with creative differences) only if educated in the same way (with a stress on creative thinking). An IBM study concludes that major innovations come from well educated bright novices in the field who dare to think differently; not from experts.

An important state-of-the-art solution in the field is the M.I.T. Open Courseware, with about 1400 different free courses, as well as the related translation efforts (no intellectual property issues involved).

The mayor technological challenges are translation and motivation efforts based on NLU (natural language understanding) and PSN (psycho social neurology). 
Note that gender balances are essential. If one stands on moon and looks at the world from above, one can see 6 billion people of which approximately 50% are women.



Prof. Arvind
Effective tools are needed for fast design of ASIC chips. The variety of chips must increase, so we can have a variety of applications at the ASIC power consumption of typically 1W, rather than the PC power consumption of typically 100W. Such a power dissipation reduction enables the penetration of sophisticated applications into the cell-phone environment. 

The M.I.T.’s BlueSpec
 enables quick reuse of existing technology, as well as innovative introduction of new technology (like Merlyn Monroe singing a Madona song or reaching news in any language).

The mayor challenge is a “Plastic Silicon” tool for small teams, which translates the team’s ideas into a sea-of-processors type architecture (an upgrade of sea-of-gates), for monolithic or heterolythic applications.

The major issues are power, size, programmability, and time to market less than 6 months (after 12 months no profit, and after 18 months no application – a new technology comes and brings new applications).

Prof. Dennis

Appropriate hardware is needed that makes the software less likely to be incorrect (there is no software failure – software can only be incorrect).

State-of-the-art is that industry knows how to put zillion of CPUs on a chip, but nobody knows how to program them beyond semantic web
.

One of the avenues leading to possible solutions is to introduce reliable thinking for us, by computers, based on extrapolation from history
. Solutions from history can be used as basic blocks for solutions of the future.

Note that reuse of past solutions may require that applications be modified. For example, at McCarthy times, time-share access to data was for intelligence purposes; now, it is for understanding and optimization of mission trajectories (often times the personal trajectories).

Prof. Bachrach

Appropriate languages are needed for effective programming of systems with zillions of processors, in general, and in particular in sensor networks and other networks        from biology-based inspirations; such networks are relevant for ambiental and ubiquitous computing, for QoL (quality of life) and AtC (anti-terrorism combat).

A state-of-the-art solution to the problem is the PROTO language. It is impossible to program sensor networks on the one-to-one basis; they must be programmed all at once.

The mayor challenge for the future is to keep hammering on the abstraction issues, which enables novel applications to be programmed: e.g., if one touches skin (a peripheral element of the network), the brain (related super-computer) knows when it happened.

New solutions create new problems, so new programming paradigms are constantly needed.
Prof. Bove

Intelligence has to be placed into a system of devices; not into a single device. This is relevant for the move from Semantic Web to Concept ional Reasoning. If database retrieval is based on semantics, only a subset of relevant knowledge is retrieved; if the retrieval is based on concepts, all relevant knowledge is retrieved (statements “I have a wife” and “I am married” are semantically different, but conceptually the same).

A state-of-the-art solution is, e.g., a system of M.I.T.’s building tiles or business cards talking to each other, for highly intelligent living rooms or agent based business transactions via the Internet (you can talk to a person who gave you a card, or cards can create a social network).
The vision is to have tiles and cards able to create new concepts that enable more efficient problem solving. One possible solution is based on 7Ws for reasoning and 3Ws for emotions.

Intelligence is last achieved through M+I+T++ interaction, in cooperation of researchers from many different fields.

Prof. Kid

A most natural location for placement of intelligence is robotics, for robots that learn and modify their behavior in applications like QoL or robonautics.

State-of-the-art dog Leonardo includes 70 degrees of freedom (70 motors) of which 35 are for facial movements, and has ability to learn.

For future developments, the ultimate goal is to teach a robot as you teach a child, through examples; the major challenge is how to store the knowledge, and how to teach the concepts, so instead of teaching N instances of the same concepts, only one concept is taught. Again, concept modeling is the new issue to success.
Note that forgetting and modeling of concepts forgetting is also important
, since knowledge deteriorates over time; if not disposed, the deteriorated knowledge can have negative effect on the learning and the decision making processes.

Prof. Intille

The next step is general technology to improve QoL at homes, so tools are needed, that intermix synergistically the home architecture design and QoL concept modeling.

State-of-the-art tool developed at M.I.T. records the activities at homes, through a network of sensors, and determines the optimal forms and positions for needed resources, as well as the optimal timing for activation of related functions.

Future developments have to include concept modeling into the intelligent architecture design tools, so that placement and timing of resources can be handled more intelligently.

Note that measurement awareness changes behavior (if a person knows that his/her behavior is monitored, she/he starts to behave differently, to avoid socially unaccepted behaviors, etc.). Also, if a missing resource is added to a home, the behavior changes again, due to the inherent human tendency to select lower resistance paths.
Prof. Czikszentmihalyi + Ms. Dobson + Mr. Whiton
Once the home infrastructure has become intelligent, the next step is to inject intelligence into all kinds of everything at homes and beyond homes.

State-of-the-art examples from M.I.T. include lukastro suits (textile, iron, cotton, nylon) that detect touches (for applications like home and workplace abuse detection), domestic applications with funny interfaces (so your dog can squeeze an orange for you), monitoring of the environment and changing of personal trajectories for risk reduction (e.g. changing of song tunes for joggers in heavy traffic), or intelligent lego cubes (to enhance creativity in children).

Future efforts must involve artists to help reconfigure technology, to address the full range of human experience. Of special importance are the issues related to creativity enhancement in children, since that is the major prerequisite for efficient globalization.

Prof. Bratt 
A natural extension of ubiquitous computing for QoL is web evolution for QoL. The W3C has already developed its agenda for future developments, beyond semantic web.

State-of-the-art is web of resources and the on-going research on authentication. The tool like AIAX acquire quickly the awareness of changes, and make possible the applications like Google Earth. The tool like SKOS helps build a Thesaurus.

Vision includes web of  trusted creative resources and web for everyone. The road leading to this goal implies that the first priority are standards, the second – technology developments, and the third – effective products and services. A tool for truth is needed.

 Note that trust for restaurants is not the same as trust for banks.
Prof. Friedman

The ultimate goal is how to get closer to the brain model. This implies an extremely strong computing infrastructure. The driving forces towards a much stronger computing power are not only the needs of ubiquitous computing and web of trusted resources, but also the needs for fundamental research in particles physics.

State-of-the-art needs one billion collisions in an event per second, and about 200 to 300 particles per event. Today, this is achievable only off-line.
A vision is to achieve all above on-line. That implies zillions of CPUs talking to each other. Once this computing/communications goal is achieved, we are very close to the brain model. Computer communications is like cheering and drinking. Two persons cheer and drink, and they can do so many times in one evening, which means that they can drink many glasses of wine. Zillions persons, if they all like to cheer with each other, will not drink a single glass of wine in their entire lifetime.
Note that often times technological advances in one specific fields may trigger application advances in another field, less or more remote. On the other hand, scientists start making errors when conditions change – subconsciously each person likes to protect the time he/she spent on learning something: that is why it makes sense to give research $ to Ph.D. students, and not to established professors. Many Nobel Laureates were told, by their senior colleagues, that what they are doing is waste of time.

Conclusion

In conclusion, the mayor question is how to achieve the above stated goals in conditions when the future is interested more in products and services, then in theories disciplines.

It is important to connect institutions: the W3C promotes the concepts of incubators, with minimum 3 institutions involved.
Inside institutions, as already indicated, it makes sense to give seed money to young and talented, and use old and experienced mostly as opponents.

For future Ph.D. students, while still young, develop methodology awareness (by teaching them discipline), globalized reasoning (by teaching them to respect people in all corners of the world), creativeness (by teaching them to dare to ask “why”). This last issue closes the circle back to the beginning of this paper, where the stress was put on teaching kids to be creative from the very beginnings.

�Mislim, da bi bilo (politički) dobro, da su svi autori u alphabetical order ili order of visit, i da se to negdje napomene explicitno. Mislim, da je to mnogo bolje nego redosled bottom-up, koji napominješ.


�Reč topics čini mi se mnogo bolja nego problems.jer ima mnogo pozitivnije značenje.


�Too poeticaly! In fact you can not see people or even distinguish sex from Moon.


�Zašto baš Nokia, ima i drugih velikih proizvađaća, npr Sony Ericsson, Motorola, .... Neki  (npr amerikanci) mogli bi se uvrediti.


�Trebalo bi objasniti, pta je to BlueSpec


�Ne razumem baš dobro, što bi to zančilo.  Tu izgleda kao : Every body knows


�Ni to nije baš razumljivo što bi to moglo biti.


�Ne sječam se, da bi to Bove pričao.


�Nije ni to njegovo. Naša vlastita razmišljanja o problemima trebali bi staviti na neko drugo mesto, možda u conclusions ili our remarks ili nešzo slično.


�Mislim, da i to nisu oni spominjali.





