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Our  Profession

Needs  a  Reminder !

Alias: Axioms of educational strategy for e-World 

Veljko Milutinovic, University of Belgrade

People in computer science and engineering are so busy with day-to-day technical (tactical) challenges that they keep forgetting some important facts related to professional (strategic) issues.

About Intelligence Dimensions

Human intelligence can be treated as an ability to create knowledge, and it has three dimensions:

a. The Vertical Dimension: Intelligence related to deep professional knowledge. This is what keeps us busy on the day-by-day basis, and what makes our horizons narrower and narrower. In computer science and engineering, technology changes are fast, applications change even faster, and riscs of becoming a narrow-horizon person are even higher: one has constantly to get professionally updated, and that leaves little or no time to widen the horizons. 

b. The Lateral Dimension: Intelligence related to knowledge about other scientific fields, other generations, other cultures, and other languages. It is important for creativity. Ignoramuses, those who know about only one thing in their lives—their profession, are never creative. Knowledge about other scientific fields helps on large multi-, inter-, and trans-disciplinary (M+I+T++) projects. As for knowing about other generations, that is probably more important for computer science and engineers than for others. This is due to rapid changes of technology and applications: from older generations you learn about the errors made when technologies and applications changed in the past. From younger generations you pick up the enthusiasm needed to cope with technology and application changes in the future. Knowledge about other cultures helps port algorithms, procedures and methodologies from one field to the other. Especially important are the languages. For getting yourself into the business with others, English is enough; but for getting yourself into the hearts of others, local languages are important. Of course, the path from heart to business is the shortest one and the most efficient one. 

c. The Longitudinal Dimension: Intelligence related to look-ahead. It is the ability to anticipate problems that may create loss or opportunities that may create benefit, to be prepared for what is to come, and to minimize loss and maximize benefit.  This dimension is especially important for fame and fortune. If one anticipates what will be a good offer/demand scenario in the future, and uses the time interval till that moment to become a rare expert in that scenario, the market value of his expert knowledge may become so high to bring a financial fortune and a world glory. Look ahead is especially important in rapidly changeable fields, so make sure that you do not invest your creative time into a non-productive direction.

The third dimension is the most difficult one to build. It takes talent, travel and time, and very few achieve it before their strength is spent.

About Knowledge Maintenance

Along each axis, vertical, lateral and longitudinal, it is important to pay attention to learning, but more important to pay attention to forgetting.

Human knowledge decays and the detritus has to be disposed of periodically; otherwise, it piles up in the brain, and hinders optimal decision making. This applies to the wisdom of both professional and everyday life. Stay away from "success models" that your parents impose on you by copying “success solutions” from the times of their youth. Also, remember that when the technology changes, optimal solutions change as well. For example, in silicon technology a carry-look ahead adder is faster than the ripple-carry adder for all except the lowest word lengths, but in GaAs technology a ripple-carry adder may be faster for word lengths as large as 16 or 32 bits.

The decay of useful knowledge is crucial in high technology computing, where half of what we knew eighteen months ago is now worth nothing, a kind of inverse Moore’s Law. In everyday life, a study shows that half of what we knew eighteen years ago is now worth nothing. 

About Knowledge Marketing

When the time comes to "sell" the results of your work, present the results compatibly so that the essence is conveyed as effectively as possible [See also Bob Colwell’s Computer column of September].

Compatibility has three major aspects: 

 a.  Structural Compatibility: Each research presentation should have the following ten sections:

(1) Introduction, to tune the audience for faster comprehension of what follows;

(2) What the problem is and why it is important;

(3) Existing solutions, and their drawbacks;

(4) The proposed solution, and how the drawbacks are avoided in the proposed solution;

(5) Conditions and assumptions of the analysis to follow;

(6) Details of the solutions to be compared—proposed versus existing;

(7) Analytical modelling, to show the essence;

(8) Simulation analysis, to show performance or speed,

(9) Implementation analysis, to show complexity or price;

(10) Conclusion, from the performance/complexity point of view.

b. Semantic Compatibility: Each presentation should use symbols compatible with the semantics of the subject matter and approaches compatibly with the background of the audience. One picture is worth 1000 words, and one MPEG "picture" is worth 1000 JPEG "pictures". However, one good example is often times worth 1000 MPEG “pictures”. 

c. Syntactical Compatibility: Each presentation must have a form that matches its essence. For example, if a bullet of a PowerPoint presentation spreads over two or more lines, each line must be a different thought, with line boundaries and thought boundaries at the same places (semantic splitting). An experiment of the author shows that students score better on exams if the subject matter was taught using PowerPoint slides based on semantic splitting! This turned out to be even more the case for evening classes when students are tired and less concentrated on the subject matter. 

Each survey presentation should have the following set of ten sections:

(1) Introduction

(2) What the problem is

(3) About other related surveys

(4) About the different essence of this survey

(5) Criteria to be used in the classification of cases

(6) Classification obtained by applying the selected criteria

(7) List of examples by classes with pointers to original sources

(8) Elaboration of each example using the same set of dimensions, which enables the comparison of different solutions (and their advantages/drawbacks), dimension by dimension

(9) Look ahead about future trends

(10) Conclusion with lessons learned, positions taken, trends predicted, and clear indication on whom this survey is potentially important to.

There are lots of similarities between product/service marketing and research/survey presentations! In computer field this is more a case than in other fields: As the time goes by, the world (and especially the computer world) is more and more interested into products/services than into disciplines/theories.

About General Knowledge

At all times, professionals in computer science and engineering have to keep in mind that human knowledge has the following seven layers, and that their professional layer is fairly low on that scale:

   a. Religion (where we put the incomprehensible)

   b. Philosophy 

   c. Logic

   d. Mathematics

   e. Sciences

   f. Engineering

   g. Common sense

However, every professional in computer science and engineering must know that the higher the layer they reach in their professional lives, the lower the level they reach in their bank accounts.

About Computer Knowledge 

The awareness of the position of computer knowledge in the above layered system of knowledge helps become more efficient: One should base the creative reasoning on common sense, but one should apply math, logic, and philosophy in order to raise the level of sophistication of the newly created ideas.

About Scientific Ideas/Hypotheses/Solutions 

For each scientific idea (or hypothesis, or solution), three issues are important:

a. That the idea is original (different enough from anything else in the open literature), and that it is built on the top of some existing solution (everything has fundations).

b. That the idea is related to an important application, and that it is implementable in a modern technology.

c. That the idea is potentially better than any other existing idea (or solution) in the open literature, based on criteria of   importance (for the research sponsor).

How to prove that an idea is original?
a1.
By exhaustive search thru journals and conferences of leading societies

a2.
By almost-exhaustive search thru thesis reports of leading universities

a3.
By limited search thru patents.

How to prove that an idea is important?Bottom of Form

b1.
By stressing its importance for an important application

b2.
By demonstrating its implementability in a modern technology

b3.
By showing that the future values of application and technology parameters are making the proposed idea even more attractive.

How to demonstrate that an idea is better than anything else in the open literature?

c1.
By doing analytical modelling (to show underlying conditions, assumptions, and details) 

c2.
By doing simulation analysis (to show performance/speed/etc)

c3.
By doing implementation analysis (to show complexity/cost/etc)

Ph.D. is nothing else but a proof that a person is able to treat scientific problems using scientific methodologies, and has to be the beginning (and not the end) of a scientific carrier! Computer scientists and engineers often times forget this!

About Life Knowledge

a. When you grow up your own children, set up the priorities as follows:

1. Ethical Strength:

2. Multidimensional Personality Strength: 

3. Multidimensional Academic Strength: First, school (formal education). Second, languages (remember, English is the key to businesses, and other languages are keys to hearts). Third, hobby (preparation for old age); 

b. After the formal education is over (for some, this is Ph.D., for others, this is B.Sc.), it is a must that the young person goes away from its native environment, because the talents can be fully developed only outside the nest of the native culture. 

c. Make sure that you understand that it is much less important what is written about you (what people read in your CV), and much more important what is being told about you.

d. Do not take standard routes! That approach brings incremental benefits. 

e. When you are to form a team, pass the interested candidates first through the filter of ethics, second through the filter of personal strength, and apply the filter of academic criteria only at the very end. The worst damage to the business is made by intelligent but unethical or socially unadjusted. Only stupid but well-intended and hard-working can do worse than that.

f. Make sure that you recognize the moment when you have to be patient! In decisions-making, the first solution that comes to mind is typically wrong! Make sure that you know how to learn from your students.

g. Make sure that you have a good balance of work, sports, and hedonism; otherwise, your success does not make much sense. 
One way to remember all this is to engage regularly in multi–, inter–, and trans–disciplinary (M+I+T++) conferences (especially those that provide strong reviewing of submitted papers), where we meet people from other R&D fields. Why? Here are some reasons:

a. These days, especially in computer field, it is difficult to get a large project from agencies like DARPA or NSF, unless your proposal has the elements of M+I+T++ research.

b. If you go to specialized conferences, even before going to the conference, you already know what response you will get; if you go to M+I+T++ conferences you get the response which is unthinkable of.

c. If you are surrounded with people from different M+I+T++ disciplines, you become more creative.

d. If you go to M+I+T++ conferences you broaden your horizons, which is also important for creativity; going periodically to such conferences is like having a “Renaissance Weekend” from time to time.

e. At specialized conferences you are surrounded by your best friends who are many times your worst enemies, so you have to be careful about what you talk; at M+I+T++ conferences you are surrounded by friends only, and you can talk openly and freely.

Back around the year 2000, the editor of this column and the author of this contribution met at one such conference maintained monthly worldwide, so this column is also a product of an M+I+T++ activity.
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