




























































































































































Numerous other fields, including psychology, philosophy, linguistics, and 

anthropology, are investigating AI theories and models of cognitive processes. 

This new interdisciplinary focus on cognitive behavior is called cognitive sci- 

ence. We see this as a very exciting research area, ancillary and complemen- 

tary to AI. 

Expert systems offer another way of relating to other fields. The A1 metho- 

dology of modelling expert behavior can be applied to other scientific 

endeavors. For now, the achievements in other fields by AI programs are 

rather modest, when compared to human performance. We would expect 

though that future programs--especially those that can learn from experience- 

-will be able to solve problems that might have baffled the human expert. 

At Yale, we are developing several such expert systems that are meant to 

adapt to new situations based on prior experience. A fundamental assumption 

of this research is that the basis of expertise is experience itself. O u r  com- 

puter programs build a large memory of previous cases in a specific domain on 

which they can draw when a new problem arises. The previous cases are the 

source of general rules which can handle the normal situations. This is com- 

parable to the common rule-based model of expert systems. However, when a 

novel situation occurs, the program should be able to analyze the new event in 

terms of previous events that shared features. Thus, even though no particular 

rule was invoked, the program would still be able to reason about the problem 

a t  another level. 

In the next 50 years, A1 may well come to be viewed as a type of meta- 

science, like mathematics. That is, AI will be used as a tool directed toward 

problems in numerous scientific and technical domains. A program that can 

reason and reformulate its knowledge according to experience will be a power- 

ful tool in any application. 



There is a belief among many people in Al that computers will be able to 

become far more intelligent than people. Ths is a debatable proposition, but 

there is one aspect to the argument which may pertain here. Computers can 

be made to devote all their resources to a given task. They are not subject to 

the usual array of human distractions such as hunger, t h r s t ,  boredom, or 

exhaustion. Furthermore, if you have developed a program to explore a cer- 

tain problem, it is very straightforward to run that same program on 100 or 

1000 computers at  once--until one of them comes up with the answer. It will 

most likely happen that a computer program will make significant discoveries 

in medicine or economics or mathematics. In the next century, an A1 program 

might very well be awarded a Nobel prize. A person will have written the pro- 

gram, but the program will be the one to have made the award-winning 

discovery. 

3. AI AND SOCIEI'Y 

What social impacts do you expect? 

In the next 10 years, there will probably not be a significant social effect 

from AI. Surely, the proliferation of home computers will continue and the 

public will become more aware of computers. However, the home computers 

will not be able to support the large, complex Al programs. People will begin to 

realize the great difficulty in making a computer that can reason as a person 

can. 

People will have much greater exposure to computers, both at home and 

a t  work, and there will be a greater need to make computers more accessible. 

The design of the man-machine interface will be a vehcle for A1 technology in 

general and natural language processing in particular. The computer should 

communicate effectively with the user, understand the intentions of the user, 



and learn about particular users from repeated exposure. 

Thus, the relationship between man and computers will continue to evolve 

over the next 10 years and AI will be able to offer ways to normalize that rela- 

tionship by making it easier for people to work with computers. There will be a 

greater public understanding of the problems of AI and also the possible appli- 

cations. 

One possible social impact of A1 is unemployment. Over the next ten years 

it is not likely that t h s  will be much of a concern. Viewed as a resource alloca- 

tion problem, the use of AI programs will most likely be for applications that 

are too expensive or dangerous to use people. AI programs will be fairly expen- 

sive (compared to word processing and other personal computer applications) 

due to the hardware requirements and the fact that there are not many people 

trained in AI. 

In the long term, AI programs will take care of tasks that are better suited 

for computers, allowing humans to devote their time to personal services. For 

example, computers will play a major role in education in the coming years and 

the role of the teacher will change considerably. We would expect that the 

teacher in the next 10 or 20 years will be able to concentrate less on preparing 

lessons and correcting homework, and spend more time dealing with the 

interpersonal and social aspects of school. AI will play a growing role in educa- 

tion. The current educational software is at  a very primitive state. These pro- 

grams often consist of little more than an electronic book in whch the child 

types RETURN to see the next page. One active area of AI research is ICAI 

(Intelligent Computer Assisted Instruction). An ICAI program builds a model of 

the student and tries to understand the misconceptions the student may have 

about the problem. Natural language abilities will clearly be of great use to the 

educational programs of the future. 



4. AT AND ECONOMICS 

What economic impacts to you expect? 

AI programs require quite large amounts of computer power. As hardware 

becomes less expensive, more powerful, and widely available, A1 programs can 

finally be economically feasible in the marketplace. 

As mentioned above, AI plays a growing role in the design of software 

systems--particularly the user interface. Given the increasing power of 

hardware, these commercial systems will become ever more common and 

widespread. The demand for these intelligent systems will be tremendous. In 

ten years, an A1 interface will be the s ine  qua n o n  of any major software sys- 

tem. 

There is a problem with this scenario though. There will not be enough 

trained people available to build the systems. Even today, there is a critical 

shortage of manpower in AI. Only a limited number of people in the world 

today are actively engaged in AI endeavors. Expansion of the field will certainly 

occur, but it is likely that the average quality of the work will diminish. 

It may seem odd to some people to state this problem. Aren't there 

thousands and thousands of computer programmers in the world? We see job 

training centers popping up to turn unemployed steel workers into program- 

mers. We recognize the demand for programmers and apparently there are 

many efforts underway to meet this demand. 

However, the case is quite different in AI. An AI programmer requires con- 

siderably more training and ability than an applications or systems program- 

mer. The problems are not well formulated. The answers are not absolute. 

The usual traning for an N programmer (who should already be a proficient 

programmer) involves a period of apprenticeshp at a research lab. This is 

vaguely comparable to an internship or residency in medical education. The 



problem though is that  most medical schools in the country graduate more 

doctors each year than the total number of AI researchers trained in the entire 

world. 

Thus, the amount of progress in the field and the application of results is 

severely limited by the number of researchers. Ths  shortage of trained 

researchers and practitioners will have a noticeable damping effect on the 

economic impacts of AI. 

5. A1 IN THE 21ST CENTURY 

If you would speculate about the long range AT research results and 

impacts, what could they be? 

Imagine the world 100 years from now. There will be robots that  can 

understand speech, read the newspaper (if there are newspapers), recite Shak- 

espeare, and assemble a bicycle. These robots will be close to R2D2 or C3PO 

than to any current machine. They will be our servants. 

' h s  is the science fiction vision. It is probably true, but it is surely a 

small part of the picture. Saying that A1 research will culminate primarily in 

robot slaves is like saying that  the main result of discovery of electromagne- 

tism is color television. 

Clearly there is a technological aspect of A1 that drives much of the 

research. However, there is a very important scientific aspect of AI wbch  

involves the study of the mind. What is the organization of human memory? 

How do people learn? How do people make decisions? How do people think? 

It is the answers to  these admittedly grand questions that  hold the 

greatest potential benefits .to mankind. A1 as a science may be able to point 

the way to discoveries in other areas. It may be possible to apply such 



advanced AI programs to a variety great human problems--medical, educa- 

tional, political, economic, and social. 

For a case in point, imagine what a political candidate might expect from 

AI in 100 years. There could be program whch could advise the leader on the 

course of action to take in a given situation. You could think of t h s  program 

as a political expert system. The program could devise campaign strategy, 

draft speeches, send out press releases, prepare position papers, conduct polls 

(via electronic mail), develop media commercials, and analyze the opponent's 

record. 

Now let us take it one more step. A computer program that could display 

such an encyclopedic knowledge of the campaign and politics should be a can- 

didate i t s e l f .  While we do not wish to suggest that people will end up voting for 

computers, it is reasonable to predict that computers, with the help of Al pro- 

grams, will play a growing role in the way in which our governments are run. 

For example, an AT expert system on preparing the budget will most likely 

evolve over the next century. Such a program would not be a mere spread 

sheet calculation program, but would analyze the line items of the budget from 

a political perspective. A country's budget is the national agenda, an allocation 

of the country's resources, and a reflection of the political values of the coun- 

try. An Al program to prepare the budget should know what the goals of the 

leadership are how those goals can best be enacted through the budget. The 

program should know about the political feasibility of passing various provi- 

sions and what impact they will have on society. 

'Rus political advisor is but one of many types of applications of A1 that 

could have a much greater impact on people's lives than a robot which brings 

you your coffee every morning. The horizons for profound applications of A1 

are wide. 



6. Al TODAY 

Which research areas of Al would you as part of the AI community sup- 

port mostly. and why? 

As indicated above, the areas of learning and knowledge organization are 

of central importance. These touch on many of the sub-fields within AI includ- 

ing natural language processing, vision, speech recognition, expert systems, 

and robotics. We have also mentioned the reasons for developing a psychologi- 

cal methodology for modelling cognitive phenomena. 

One main requirement for productive and useful AI research is to work on 

large, real world problems. There is a broad consensus that no major break- 

through in AI will be found in a small, concise program or in toy domains. AI 

programs should be explorations in complexity and should tackle the world as 

it exists. 

One extension to this argument is that AI researchers should look at  prob- 

lems that span more than one sub-field. Thus, there should be efforts in 

integrating expert systems and natural language, or speech recognition and 

vision. Researchers tend to shy away from these large problems saying that 

there are still many small problems that have yet to be solved. That may be, 

but by looking at  larger problems, we may gain important insights into the 

nature of intelligence and cognition. 



[I.] Schank, R., 1982 "Dynamic Memory: A theory of learning in comput- 

ers and people". Cambridge University Press. 

[2] Schank, R. and R. Abelson., 1977 "Scripts, Plans, Goals and Under- 

standing". Lawrence Erlbaum Associates, Hillsdale, New Jersey. 



AI-SUWECTIVE VIEWS, FUTURE, IMPACTS 

Tibor Varnos* 
( H u n g a r y )  

"If your intellect lets you down we approach the experience which is 
weaker device and not so lofty ..." (Montaigne: On the experience, 
Essais 111, Ch. 15.) 

First of all I would be happy if we could agree on a less gorgeous but more 

solid notation of our topic. I know well that A1 is now an accepted and "well- 

sounding title--as cybernetics was 20-30 years ago--but it is giving rise to sci-fi 

expectations especially with people to whom we would like to sell our achieve- 

ments and ideas, and introducing charlatans to a field which is a real R&D area 

for hard work, the typical 1% inspiration and 99% perspiration, discipline and 

self-controlled self-estimation. Misleading is even more dangerous in a period 

'President, International Federation for Automatic Control (IFAC), Computer and Automation hsti-  
tute, Hungarian Acedemy of Sciences, Kende utca 13-17, Budapest, Hungary. 



when for the first time moderate successes, limits of recent possibilities have 

been reached by people devoted to this problem solving, machne intelligence, 

etc., are more attractive from this point of view whch does not intend to 

attract cheap propaganda. 

This short note on philosophical approach indicates my further remarks. 1 

would like to select those areas where relevant results are obtained, i.e., solved 

or a t  least reached realistic problems. In this context I emphasize not only the 

primacy of practical applications (and not demonstrations) but the measure or 

problem complexity, too. I am sure that this is really the kernel of our estima- 

tion: a solver which enables or helps to solve probelms of real-life complexity, 

those ones which are unsolvable or hardly solvable by the conventional 

straightforward computational methods. 

As any scientific discipline, our field grows in two directions: methods 

(methodologies)-a disciplinary way and applications. If they are not related 

(not necessarily simultaneously and directly), they loose their relevance. 

According to my opinion and the above considerations two major fields 

emerged in the last period as successful, relevant and promising ones: vision 

and knowledge engineering (this latter includes the term expert systems and 

somehow the problem of understanding). 

Vision is now a practical device on the market (its hardware and software), 

several products are available for different purposes. The most important ones 

are : 

(1) picture processing 

-- special applications for remote sensing, i.e., meteorology, agri- 

culture, natural resources, archeology, etc. (devices intended to 

automated massacres are beyond my scope); 



-- biomedical applications (especially recognition of morphological 

characteristics, i. e., shape, texture); 

-- inspection especially in technological processes (roughly the 

same tasks); 

(2) robot vision 

-- object recognition (ZD, 3D, color, partially invisible, shaded, over- 

lapping, etc.); - 
-- situation recognition (range finding, objects in movement, rela- 

tions of several objects). 

Here we ought to make some remarks. It is very typical and surprising that 

starting research projects have very ambitious (hghly intelligent) general 

goals, but as the project approaches realization, it restricts its intentions to a 

rather pragmatic and economic solution. Most vision applications would not be 

considered as real A1 results by some extravagant AI philosophers. These appli- 

cations use several simple edge detection, region growing and selecting tech- 

niques combined with the computation of easily computable geometric charac- 

teristics (area/perimeter, momenta, connectivity, etc.). Easy teachng 

methods, standard object modeling, calculation of texture features (intersec- 

tions, correlations, etc.) are the major tools. 

Even the search procedures are mostly very simple for decision in case of 

ambiguities. The alternatives are well-known in advance, a learning period 

evaluates the most relevant features of the special application cases, some sta- 

tistical or fuzzy parameters help in branchng and accelerating the search, if 

the machine decision is not sufficiently convincing (beyond some level of cer- 

tainty) the human operator must intervene--a real process should be reliable. 

Most of these applications evolved to feasibility due to microprocessor-based 



work stations, i.e., by solutions which are beyond the 10, maximum 20,0009b's 

range, where camera, other peripherals, software are included. 

A fast further advance may be predicted. As the applications proliferate, 

cheaper, strictly dedicated and limited recognition and inspection systems are 

expected to replace many monotonous, not really human workplaces in inspec- 

tion, selection, simple evaluation, transfer, assembly and other industrial 

operations (painting, welding, etc.). Vision replaces many more expensive 

tools: pallet flxture promotes the flexibility of manufacturing processes, Most 

probably in a very near future (5-15 years) machne vision will be as natural 

ingredient of work stations as microprocessors are today; a big industry with a 

wide variety of modular products will be the basis. Applications will be 

extended to commerce and services. Some people dream of a household robot 

in the 90s; I, however, being personally engaged in doing such work regularly 

at home, am not so optimistic. 

What kind of research is in.store for us to achieve these goals? Computer 

industry does its role in providing hardware-the present day microprocessors 

are more than sufficient for most applications, very fast parallel processors for 

picture processing (especially tracking moving targets and such which are not 

so easily recognizable) are on the horizon. Optical industry mated with sern- 

iconductors promises new devices for input. Areas where I would stimulate 

efforts are the following: 

-- parallel algorithms of recognition; 

-- character recognition, cheaper and more powerful optical character 

readers; 

-- a more systematic attack on morphology. This would mean a real 

"Mu-like apprsoach: to transcribed classical morphology descriptions 

of biologists, geologists, etc., into a formal metalanguage and transfer 



this procedure into recognition, discrimination; 

-- more 3D, knowledge-based help for guidance of moving objects 

(transfer machinery) in industrial environment and for robot- 

assembly and other kind of complex manipulation, which needs flexi- 

ble adaptation; 

-- a computational link between design on displays and automated 

operations (machinery, robot operations). This task leads towards . 

knowledge-engineering but it has a relevant visual interface, the 

understandmg of images composed by various methods (computer 

graphics, 2D-3D transformations, photos, etc.). 

Many tasks provoke improved methods of handling pictorial data. Some people 

think that DBM is the same for any kind of data. I do not believe in the 

efficiency of unified methods in this respect the requirements are especially 

hlgh. 

%sion was selected from other kinds of perception. Ths is the most 

relevant aid of human activity and the most advanced, too. The other impor- 

tant field is voice recognition. We rather clearly see the distinct borders of 

complexity magnitude: a recognizer of a few tens of words is commercial and 

an easy task for any expert engineer. The next order of magnitude is rather 

expensive but feasible (few hundred words). One order of magnitude higher 

appears already to be a Himalaya. The reasons are now clear and discussed by 

many authors--by those who could reach some altitude records by terrible 

efforts and by those who simply looked at the basic problems of complexity. 

My personal impression is that in the next decade we shall see a lot of very 

practical applications of strict, uncontexted (or simply contexted) military 

commands like spoken languages, a new tool whlch help people in communica- 

tion with computer-based devices and leave their hands free for action, too, 



but a feedback and a check-confirmation operation will be needed in ever sen- 

sitive case. The day of the replacement of a good stenographer-typist is still 

far distant. Ths means that the main emphasis of activity should be on a low 

context target of maximally some hundred words. (One speaker--multispeaker) 

At many work (and other personal) stations this will trigger the next revolution: 

the mass replacement of keyboards but not of human writing. 

The second area emphasized was knowledge-engineering (expert, 

knowledge-based systems, related topics). A tutorial paper was attached whch 

reflects my ideas on the topic and another paper will be available in the next 

weeks, before the first meeting, with a special focus on applications in flexible 

manufacturing. 

The spirit of these papers reflects my views: t h s  new technology of includ- 

ing human expertise into computer-aided systems will not be a replacement of 

human activity but a higher level man-machlne interface. Citing the conclu- 

sion of the first paper: "We cannot predict what the future perspective of the 

expert system is. They are not going to replace genuine human intellectual 

activity but are promising helpers in coming man-machine systems. Most 

probably a merging of recent trends in information systems and expert sys- 

tems provides a new stage of information technology. Relational and distri- 

buted database, user-friendly man-machine communication, information 

service-networks will provide a practical application spectrum without the gor- 

geous nomenclatures which are nowadays popular in selling science and pro- 

ducts." 



Most of the further questions found a natural answer under 1.1. The corol- 

laries are sometimes automatically emerging from the statements which 

reflect the views and prejudices of the author. Recognition will be a relevant 

step in any kind of automation. In process control this role was played by the 

process instrumentation (thermometers, pressure, composition and other sen- 

sors, transducers), but for most activities this link failed, it needed really a 

part of human intelligence (perception) but was never creative, really human. 

The mass-processing of inputs can revolutionarize also the possibilities of other 

sciences a storage, processing and retrieval of immense quantity of samples 

(medical, historical, archeological documents, etc.). It can help in mass 

screening of population, in exploration of mineral resources, etc. 

Concerning expert systems I can only repeat my last sentence of the pre- 

vious paragraph. This is a new and substantial help in self-rethinking of exist- 

ing knowledge in various fields, in distribution of this knowledge all over the 

world, extending the global human knowledge base to a much broader com- 

munity and by a real-time access way. It will be a great help (if properly used) 

in education, training, in any kind of maintenance (also biomedical), in improv- 

ing services, it will be a logical further development of computer and communi- 

cation revolution, if mankind .will realize that modern technology can be used 

also for the people and not mainly against the people! 

Ths  relates also to the social impacts. I had several opportunities to 

express my opinion on more details on the problems of unemployment related 

to automation. Unemployment is an incurable disease aggrieving poor coun- 

tries which cannot provide working places, nor afford appropriate training and 

retraining of people. The politico-economic decision whether they want to 

rearrange human activities as a consequence of progress in technology, or not, 

rests on the rich. The new needs for more social care, infrastructure, services 



are far from saturation. It is really a problem of economic strength and 

economic strengh is mainly based on the level of technology--automation. 

The other relevant social impact is whether those new trends in automa- 

tion which are characterized by our topic can be helpful in increasing demo- 

cracy, individual freedom or on the contrary, they will be new weapons of Big 

Brothers against the individual and new means of uniformization, manipulation 

of masses. This is an open question and cannot be answered by our science. 

We can only tell that both opportunities are feasible. Because many papers, 

fictions are written on the disastrous alternative I refer to the optimistic one. I 

have to mention that these views were outlined at a General Assembly meeting 

of our Academy and popularized in my country as adopted ideas. As a third 

reference this paper is also enclosed. I quote here a part concerned: 

"State and Citizen 
Our entire administrative structure is affected by what we developed 

somewhere with the appearance of the written word, in an era when the 
clerks were literate and the people not. The development of information 
science, telecommunication networks, data banks and information sys- 
tems makes possible and imperative an administration which is entirely 
different from the existing one. On the one hand this will be a demand of 
our being able to work competitively, and on the other hand, it renders a 
new possibility for improving the quality of life, developing the socialist 
democracy, and increasing the attraction of our society. 

In connection with computerized information dangers have been 
stressed for a too long time whch make possible for the centralized, 
bureaucratic state to control its citizens. Much less emphasis was laid on 
the opposite outlook, i.e., the extension of the rights of citizens, the 
transformation of public administration mainly into a real service, after 
the initially centralizing direction of computerization a much more Porce- 
ful decentralization. With the development of nation- and world-wide idor -  
mation systems centralization and decentralization become modified to an 
extent where i t  is easy to imagine in today's sense countries without capi- 
tals and international systems functioning without centers, which are not 
hierarchic but cooperative as hoped for by the pioneers of socialism. 

All this is not the distant dream of futurologists or sci-fi novelists but 
the possibilities of the next one, two, in their remotest contexts three 
de?ades, for whch preparation is already today rather late than timely. 
We are very close to the situation when in the affairs and daily conduct of 
life of every citizen the actual statutes, regulations, those decisions of the 
governmental administration whch are interesting for h m ,  are per- 
manently and openly displayed in any moment of the day on the screen of 



his home television set. To the several thousand y e a r s  old my th ica l  cur- 
tain of the alienated s t a t e  a n d  i t s  clerks,  of lces  c a n  finally be pu t  a n  e n d .  

Thus the decisions and regulations can be made accessible and under- 
standable to everybody; questions can be marked off exactly which can be 
automated on the basis of criteria of judgment accessible and understand- 
able to  anybody, do not require arrangements, exclude forcefully trickery, 
influencing and granting of privileges; decisions can be separated that 
demand human judgment and behind which consequently the person or 
body taking the responsibility appears in a direct form and connection. 
Just a socialist production and distribution can be realized in fact only a t  
a high level of material production, computerized information opens up 
possibilities to socialist administration. 

This is how production-social structure-organization-administration 
can arrive a t  a new synthesis. For us to  be able to hold out in the world 
competition in the next decades, t h s  link of chain is decisive. 

We are facing the possibility of a society of a qualitatively different 
composition and of a qualitatively differently administered society. The 
change has commenced, and we cannot be passive concerning it." 

We have to look a t  the problem whch was rather neglected until now. In 

our efforts for humanizing the  work we focused our attention to  the possibili- 

ties of avoiding tedious, monotonous jobs and by that  way increased the 

creative content of the work. We expected a fairly unlimited extension of 

human intellectual activity for people who did not do that before. 'Rus expec- 

tation is mostly realistic: we see how mankind stepped out of illiteracy, how 

fast chldren can master computers, how many decent skills can be learned if 

they are taught in appropriate way, at an appropriate age, in an appropriate 

environment. On the other hand there is a relevant proportion of population 

with retarded development in intellectual abilities due to prenatal or perinatal 

reasons, they can be integrated into the society only by low level useful activi- 

ties. May be this will be a major new task both for medical people and sociolo- 

gists, the problem of specially handicapped in a new society. May I mention 

that I am involved now in a project which attacks one par t  of t h s  problem--just 

using expert systems for help! 



Reference was made also to economy. I mentioned the evolving of future 

industries (e.g., vision), new professions are emerging (e .g., knowledge 

engineer). Most important is the fact that wealth and welfare stem from lugher 

technology, we have seen the fragility of fortunes based on lucky natural 

resources without the culture of technology and the relative stability of the 

highly advanced countries in spite of all unpleasant symptoms of recent 

economic recession. Our field is just one of the most promising, influencing- 

and promoting other disciplines, advancing technologies such that its impact 

on economy ought to be mostly positive. There is a real warning in connection 

with introducing its results in advanced countries: the gap can be even wider, 

which is undesirable for both partners. A proper distribution of these results 

can help developing countries, especially in training and in service and mainte- 

nance of more advanced equipment and systems. An open commercial availa- 

bility of computer-accessible expertise can promote international trade, stan- 

dardization, the application of new equipment and by that a higher level of 

international trade. As software became a major commercial item, a more 

sophisticated version than a network-service available expertise will be even 

more--if (and I emphasize once more, never enough) properly used! 

The answers of questions 2 and 3 are included in the first part of this posi- 

tion paper and in the attached material. The paper on cooperative systems 

which is published as an IIASA Collaborative Paper is an addition to t h s  topic. 


