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Motto 1: There are actually lots of threads that led to catep technology, which come from
mathematical logic and from philosophical questiabsut the limits and the power of mathematics.
Greg Chaitin

Motto 2: Computer simulations are extremely useful in th@adsciences. It provides a laboratory in
which qualitative ideas about social and econommteriactions can be tested. This brings a new
dimension to the social sciences where ‘explanati@bound, but are rarely subject to much
experimental testing.

Richard J. Gaylor (University of lllinois), Louis D’Andria (Wolfram Research, Iné.)

| ntroduction

In scientific practice a computer has become sdspamhsable a tool as a sheet of
paper, pen or laboratory instruments used to bereéf was discoveretiHence a question
regarding a range of its possibilities occupying thinds of the philosophers of science and
methodologists. In the first place, one has to idmmsastonishing results of the logical and
mathematical researehlike the fact that not every problem of arithmetan be solved with
the help of a computer algorithm. There is no atgor to decide the following: is there a
solving algorithm of any mathematical problem? Aewkn if such algorithms do exist, their
use often requires so huge time or space (memesgurces that practically one can hardly
expect them to solve a problem. This is an exampégorithm intractability.

Is this limitation only an internal business of @unathematics? Or perhaps it also refers to
empirical sciences (social sciences being amonm)hehich mathematics provides with
algorithms to model the reality computationally?

A positive answer to the last of the above-askegstjons is not given a priori. Here
perhaps some amount of philosophical faith in ggechon would not be absurd — the demon
would have created the empirical world in such & waat there would be only relations

1 “A Century of Controversy over the FoundationsMéithematics” in: C. Claude and G. Pa#imite versus
Infinite, Springer-Verlag London 2000, pp. 75-100. Due tdriginal and influential ideas and results orgean
and limits of algorithmical methods, Chaitin, tH8M mathematician, has become a classic of both ctenp
science and philosophy of science. In this respgecis an eminent continuator of@el and Turing’s thought.
He is much acknowledged for the discovery of theliculable Omega number defined as a probabilay #h
computer program will end after a random binaryusege has been entered. For a comprehensible it tidg
definition see Paul DavieShe Mind of GodChapter 5, Part “Unknowable”, pp. 128-134 (Sinama Schuster,
New York, 1992).

2 From the introduction to the book entitle®imulating Society: A Mathematical Toolkit for Mbdg
Socioeconomic BehavigBpringer Verlag, 1998. See www.telospub.com/ogt&INANCEEON/SimSoc.html

% This paper develops ideas underlying the reseamject “Nierozstrzygalng i algorytmiczna niedospnasé
w naukach spotecznych” [Undecidability and Intrédity in Social Sciences], no. 2 HO1A 030 25, sagpd by
the Polish State Committee for Research and Dexsdop in years 2003-2006. It is a revised versibthe
Polish paper entitled “Nierozstrzygakdoi algorytmiczna niedogpnas¢ w naukach spotecznych” (likewise the
title of the project in question) which appearedhia Polish quarterly “Filozofia Nauki” [Philosoploy Science],
2004, vol. 12, no. 3-4, pp. 5-31.
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represented by computable functions. What is msweh functions would always allow to
grasp problems algorithmically.

What we already know about natural and social gmisl does not confirm that faith.
However, an awareness of this fact does not esesslgh researchers, especially those dealing
with social sciences. Some of them seem to advaratew that issues of undecidability
remain in an exotic sanctuary of pure mathematiming away from empirical facts.
Computer and logical researches putting that vigiy question are relatively fresh. Hence a
need to provide necessary information along witneoeflection what is to be done in such a
situation.

However, this is not the end of astonishing messaBaysicists claim that certain
problems solved with the help of algorithms or waite (on condition that a parallel
development of hardware is equal) may remain uesbbue to the developmental limits on
the part of physics. Miniaturization, constanthylagging its computational power, is in the
long run limited by material granularity, where&® tdevelopment of computers towards a
bigger capacity will finally result into a slowdowim signal transmission, obviously unable to
exceed the velocity of light.

On the other hand, physics along with some philbsapb reflection bring good news,
too. In Nature, especially in the brain, there some computing processes that have not been
proved to undergo the restrictions that the unalefairing machine, or in other words, a
digital computer, is subjected to. There is a d$igamnt group of physicists who see the source
of superiority of the human brain over algorithmtive fact that the brain belongs to the
sphere governed by quantum mechanics. To expkisuperiority, they highlight the ability
of the brain (not to say “of the mind”) to recogmithe correctness ofd@el’'s statement,
discover axioms and invent algorithms. Since nohé¢hese things can be gained from a
mechanical procedure, their source must be hiddemewhere in organic nature (or in its
surroundings penetrated by philosophy).

1. THE STATE OF THE PROBLEM AND THE WAYSHOW TO SOLVE IT

1.1. By the end of the ZDcenturythe theory of computational complexity had appeared in
computer studies. It continued the main threadogicl starting from the point marked by
Godel, Turing, Church, Post and Tarski (just to mmmtthe main leading figures), who
followed Hilbert’s thought. At that point logic qursed the world of science by the discovery
of the issue of undecidability both in mathemadtasl in logic itself. After a short time there
appeared a recognition of the fact that in the sploé decidable problems there are some
problems whose solutions can never be found evewefwere to employ as many
supercomputers as a number of electrons in theesgagéng them as many years to count as
the age of the world’s history. This practical ilvatility of the problems that are “solvable”
themselves has been caliatractability, sometimes preceded by the adjectieenputational

or algorithmic

This term should not be understood as a lack optbeer algorithm to solve a problem but
rather as an implication of the fact that a solutexpected from such an algorithm is
inaccessible (because of the reasons which willibeussed later — like a lack of time or
memory resources). Analogically, when it is saigk # problem is computationally intractable,
it does not imply the impossibility of the compudatal process that would lead towards a
solution (it is possible when a solution is a cotaple number). Rather, it implies the fact that
apart from making calculation, the solution will tnbe reached. In this expression the
adjective “algorithmic” has been used becausedhm talgorithm” is better known than the

term “computing” in the technical sense of Turid@36], which is different from colloquial.
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Colloquially, one can say, “a jumper has calculatiee distance well” even though this
process does not require any number operatiorisi&i® case of Turing).

The sources of algorithmic intractability, tackldmy the theory of computational
complexity, will be discussed later. At this stag#, we need is to take note of it just to
recognize the following methodological issues retato social sciences.

—[1] Can algorithms, used to model and simulateadq@ienomena, have the complexity
that would lead towards indecidability or intractiyp of the problem?

- [2] If so, are there any methods to transform theblem so that it is no longer
intractable and at the same time its solution wdndctlose enough to the solution of the
original problem?

—[3] If so, what are these methods?

—[4] Are there statements or other elements ofliberty whose acceptance is not justified
by any of the algorithms applied in the given tly&or

The answer to the question [4] comes immediateti bar deductive sciences (logic and
mathematics) and for empirical ones, social sciernmeing among them. Certainly, such
statements exist. In the deductive theory thesexaems and rules whereas in the empirical
theory they are observational statements as welesning postulates in the Carnapian sense
[1956], also called language postulates by AjdukcewW1965]. Even though the answer to
question [4] is obvious, the question needs todked for it reveals the following:

— [5] On which basis are statements of a particul@oty accepted when none of the

algorithms justifies it?

If we were to address questions [1], [2] and [3]ptoysicists, we would receive answers
illustrated by an example list of the problems bfgics — undecidable, intractable or having
only approximate solutions. Physics has at its aiap a significant collection of such
limitation results, dealing with the limitations sdlvability.

Stephen Wolfram’s text entitledndecidability and Intractability in Theoretical kbics
[1985]" makes a good starting point to consider the problén view. The author gives
examples of undecidable and computationally inagbisproblems in physics employing the
notion of reducibility, which also reveals the termompressibilityin the Kolmogorov-
Chaitain algorithmic information theory. A lack dfis feature consists in the fact that an
algorithm, simulating the process under examinatn@s to reproduce it step by step (explicit
simulation), having no possibility to reduce it.ddese of its length, unreducible computation
is subjected to face a lack of time or memory resesior, in other words, it will prove to be
intractable. Wolfram finds examples of unreduc#piln certain processes taking place in
cellular automata, electric circuits, nets of cheahireactions, etc. In this collection some
problems are undecidable and other are intractébline end the author concludes that such
situations are not exceptional. Instead, they arencon® The title of Wolfram’s article has
served as a model for formulating the topic of thiwrk. Since he has been largely quoted,
Wolfram can make a widely accepted model of proBlefmcertain type. The question, which

“Wolfram is widely known due to his works on celluiutomata collected in the book [1994]. He is &isown

as the author of the software “Mathematica” meantcbmputing and programming in scientific reseatdis

monumental book [2002], which states that cellalatomata of a certain type constitute an adequatiehof
the physical world, was the scientific bestsellethe year.

®> Wolfram mentions numerous examples of undecidsgtiind intractability in physics: “Quantum and sttal

mechanics involve sums of over possibly infinitess#f configurations in systems. To derive finiberfiulas one
must use finite specifications for these sets. iBatay be undecidable whether two finite specifmas yield

equivalent configurations. So, for example, it iglecidable whether two finitely specified four-nfatds or

solutions to the Einstein equations are equivglemiier coordinate reparametrization).”
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in Wolfram’s article refers to physics, can as wsdl asked in relation to any science or a
group of sciences. Therefore, let us ask this guest relation to social sciences.

1.2. To state how researchers into social phenomena thadrists of the issue of
computational complexity relate to questions [1]}-[6t us consider them once again.

An awareness of the types of the employed algostimomplexity would be a rare
thing to meet while searching for the answer tostjoa [1] in sociological and economic
literature, giving an account of the use of matherabhmodels. However, if computational
complexity was to be found in the works of thearighere would easily appear a pile of
limitation results similar to the ones present imliféam’s work, on which the present paper
has been based. In the light of these resultsriibeer to [1] is positive.

Therefore, there appears a need to confront betid$: the one using algorithms of
the empirical studies with the logical studieshage algorithms. Bearing in mind the fact that
the problem of possible limitations of the compiata&l power of algorithms is often ignored
in some empirical studies, this need becomes evere nmportant. In this case, the
methodologically important questions [2] and [3}&@a0 chance to appear.

A procedure that does not take any account of algorlimitations is only justified
when it is known that a problem under examinati®rsimple enough to be solved by the
algorithm employed. However, something differentbising observed. Ignorance of the
questions regarding complexity of the problem tablase while considering highly difficult
problems, with the highest level of complexity. @arexamples of this type are given below
(Ex 1 - Ex 3).

Ex 1 — Strong artificial intelligence (Al). It is kighly ambitious project for it aims at the
entire (having no difference from the original) siation of the most complicated product of
Nature, that is, the human brain. The realizatibrthis project would have a significant
influence on social sciences, enabling them to gaowledge how to create optimum social
configurations with the help of simulation througtificial societies. Artificial societies (AS)
are the societies where every member is represéyt@dsubprogram defining its (artificial)
mind as well as its interactions with the surromggi (this branch of computer science falls
under the definition of “multi-agent simulationNot only is AS conditioned by the prior
creation of the Al, but it is also a necessary tomd of the advanced Al since the
development of intelligence requires adequate bosiaroundings. Apart from this
complexity, intensified by the feedback AI-AS, tlesearch into Al does not offer any reports
on limitation results. However, there are promiskean upcoming success.

Ex 2 — Central socialist planning supported by cotegs is a concept propagated by Oscar
Lange in the polemics with the Austrian Economiti@&s (von Mises, Hayek). According to
that School, socialist planners were doomed to &afealure due to their disability to show the
complexity of economic facts. At the beginning bet60s Lange fought that blame back
arguing that the creation of the computer madessible what had seemed impossible before.
Among a group of leftist economists the conceptaiasifertile till today. Due to the fact that
economic phenomena are relatively easy to measurejst be possible to state an order of
magnitude when it comes to the size of input détiso, there are proposals of some
mathematical models of (for example) the marketldggium (Pareto, Lange, etc). As a result,
there are good reasons for estimating the compledfitthe algorithms necessary for an
effective socialist calculation. A search query trius held to find calculations of this type in
the already existing literature. In case of itdui@, one has to estimate the complexity of the
problem on his own.

Ex 3 — Referring to the professional computer satioh (conducted in MIT), by the end of
the 20thcentury a report of the Club of Rome foresaw altatarldwide economic and
ecological failure. It is obvious that such a coicgtied enterprise cannot be achieved unless
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the model is simplified. There are simplificatioimat do not deform the reality making the
study easier and quicker, instead. On the othed,lthere are simplifications that lead towards
a picture that is completely different from thelnearld. A similar simplification of the report
of the Club of Rome was the omission of the humaatoveness factors as well as people’s
ability to exert creativeness when being underat¢similarly, this factor must be omitted in
the concept of central economic planning for inipossible to plan discoveries). As a result,
the report produced fictitious prognosis. A laclknbwledge anticipating what may happen in
the mind of scientists, discoverers, reformers, etakes a considerable difficulty here. But
even if such knowledge were to be revealed by lcdademon, in the face of the infinite
complexity of creative thinking one can hardly espthis process to be simulated by the
algorithms within a digital computer’s reach.

What may the best reaction towards ignoring thé geaplexity in social studies be?
A fatalistic reaction would depend on the assunmptibat the evaluation of the model
complexity is impossible whereas the gap in thewkadge about the model would be
recompensed by the faith that it could match ttaditye In other words, it would be able to
explain and foresee real processes. Perhaps itdwmeilacceptable to agree with such a
reaction if the evaluations of the model complexity social sciences were beyond
researchers’ possibilities. Fortunately, the trighdifferent. To prove it, it is enough to
consider any widely used model of social phenonath mention the studies of this model
conducted within the theory of computational comitie

1.3. Prisoner’s Dilemma, which is a standard modeldawide class of social interactions,
makes a perfect case for this aim. The populafithis model is confirmed by the fact that at
the beginning of 2003 Google showed over 800 Ieterites offering links related to the
topic. This example enables one to observe howmenease of the number of the output data
(number of social actors or players, number oftatji@s, number of rounds to play) in some
cases leads to undecidability or intractability.

The name “Prisoner’s Dilemma” is related to thensttustrating a problem of two
prisoners. Being suspected of robbery, they faddemma (this is the plot of the dilemma
stated in 1940 for the first time). To get evidenar investigating magistrate offers each
prisoner a deal so that they think they have besated individually. The conditions of the
deal are as follows. If two prisoners acknowledgeirt guilt, they will get a fifteen-year
prison sentence. If they do not admit their faolttlsat it is impossible to prove the robbery,
they will be sentenced only for three years (fodifferent crime). If one of the prisoners
acknowledges his fault, he will be released (as ¢me who has contributed to the
investigation a lot) whereas the other will getvarnty-year prison sentence.

The question what pays offto cooperate together loyally or to pursue onelBsbte
interest even at the partner’'s expense when ibiknown what he is going to do makes the
root of the dilemma. In other words, the unawarsrgghe partner’s intentions is the heart of
the problem. Different ways of behavior to choosmnf are called strategies of the game.
They are defined respectively esoperativestrategy(in the example of the prisoners this is
abstaining from burdening themselves with evideran®) competitive strategyaiming at
one’s profit without taking into consideration &soof the partner).

Undoubtedly, the prisoners’ example perfectly higiiiis the drama of the dilemma.
On the other hand, a situation when the membetheofjame can play it repeatedly is not
illustrated well enough. This situation is impottdar the explanation of the evolutionary
processes. Consisting of a few component gamesdcalunds, sucherated games give its
players a chance to learn by getting to know angarbetter and possibly harmonizing their
actions. Let us illustrate this general situatigralpame with the following rules.
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If A and B are willing to cooperate, each will gegold coins;

If A chooses cooperation with B while B chooses petitiveness — B gets 5 gold coins and
A gets nothing;

When both choose competitiveness, each gets odecgin®

In the one-round game, when uncertainty as to theranember’ behavior is marked
as 0,5 probability for each option, a competititrategy would be more beneficial. If a game
consists of many rounds, the case gets more coatgdiavhen, for example, each player may
anticipate the other player’s strategy. In theatittn when each side gets the certainty about
the partner’s willingness to cooperate, each pastends a chance of winning 3 gold coins
whereas their choice to compete would result ity onle-coin profit for each. Here we have a
certain model of social evolution directed at theréase of cooperation.

A natural computational model in the research opidddility of the prisoner’s
problem is provided by cellular automata.

Among others, there has been considered an arramjemhere a cell has eight direct
neighbors as its partners. The strategy, beingstiaée of the cell, can be (a) purely
competitive, (b) purely cooperative, (c) mixed # for tat” — when a cooperative move is
followed by cooperative and a competitive one bypetitive, and (d) — the strategy in which
a player observes the strategies of his/her nergabd chooses the one which has proved to
be more beneficial. In the course of the game icestaategies appear more often and become
predominant, which can be observed as a changendéifyjaration on a two-dimensional panel
where the evolution of automata is being played.

To some extent it is possible to anticipate theedion of this evolution.
Consequently, there appears a question: is ther@gamithm able to decide for each case
whethera given configuration of the strategies will gaipparmanent predominance over the
rest? Grimm [1997 as well as the already quoted WWW]teas given evidence that this
problem is undecidable in the classicaid@lian sense, which means that such an algorithm
does not exist.

A research on the connections between computatmmablexity of a game and its
players’ rationality makes another important trefide theory of complexity should help the
theory of games realize an empirical factor thaipewative strategies can be beneficial for
both sides. Paradoxically, the theory of gamedfiisgplies that when the players do not
change a strategy (which is known as the stateufilerium), it is beneficial for both sides to
stick to the competitive strategy. The consequentech takes place in case of giving the
players unlimited means to solve problems (thealed unlimited rationality), stops to be
obligatory for example, in cases of limiting thersige capacity; memory can be measured by

® This version of the game can be practised atnsgseorynmawr.edu/playground/pd.html.

" This is a summary of the material presented at:
www.sunysb.edu/philosophy/faculty/pgrim/SPATIALP.MT This is Patrick Grim's article entitled
“Undecidability in the Spatialized Prisoner’s Dilema: Some Philosophical Implications”. The authcesgnts
an interesting account of the problem emphasiziegdignificance of the Prisoner’'s Dilemma as a rhade
social processes: “This simple game-theoretic medems to capture in miniature something of thseiters
between individual acquisitiveness and the goalsotiéctive cooperation. That is of course pregisety it has
become a major focus of modeling within theoretgmdiology, theoretical biology, and economics. [t ik no
simplification to say that our strongest and siraplmodels of the evolution of biological and soocgtal
cooperation — and in that respect our strongest samgplest models of important aspects of ourselgs
biological and social organisms — are written imnig of the Iterated Prisoner’s Dilemma.

8 See Grim [WWW, op. cit].”There is no general aigum [...] which will in each case tell us whethermwt a
given configuration of Prisoner’s Dilemma strategiembedded in a uniform background will result in
progressive conquest. Despite the fact that itne of the simplest models available for basic eldmef
biological and social interaction, the Spatiali®@soner’s Dilemma proves formally undecidableha tlassical
Gédelian sense.”
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a number of the states of finite automaton reajianparticular strategy in the game with
rounds. A. Neymann [1985], a pioneer of the concdépimited rationality, stated that when
the limitation of memory of both players consiststs capacity at the intervat’{®, n], where
nis a number of rounds ahkd>1, cooperation becomes the most beneficial glydi@ both
players. It has also been proved that cooperatiommhtes competitiveness in the games with
an infinite number of rounds as well as in the gaméh a finite but unknown number of
rounds (see Papadimitriou and Yannakakis) [1991]).

These and other numerous results dealing with dicpkarly useful model of
interaction - the Prisoner’'s Dilemma - illustrateahthe methodology of social sciences can
benefit from the theory of computational complexityjowever, there appears a problem
similar to the one about its practical use in indusind economy. An initial discernment
shows that research practice of social sciences nmade little use of this theoretical
background. This initial discernment should beynder a systematic verification and in case
of its confirmation, a question regarding its reesshould be asked. Are these reasons
objective, based on the fact that the results ef ttieory of complexity are too subtle or
abstract for the real needs of the research pegciar perhaps there are subjective reasons,
resulting from the researchers’ disability to fellthe progress of the theory of complexity?
Indeed, these questions are worth asking in thearek conducted within the methodology of
science and the study of the progress of human lealps.

1.4. The above-mentioned Grim’s research on decidghilit one of the problems within
Prisoner’s Dilemma (compare footnote 8) appearbetaf great use when it comes to the
question which was formulated earlier (point 1.aestion [4]), namely, are there statements
or other elements of the theory whose acceptanceotishased on any of the algorithms
applied in the given theory? Indeed, a positivenenss obvious since in the empirical theory
neither observation statements nor meaning postulgive evidence as to their derivation
from the algorithm. However, results similar to ¢boof Grim indicate statements capable of
being axioms (at the stage of axiomating a giveomy)

To specify this conclusion, let us refer to theecthat is hidden directly in Grim’s research.

The question that, according to this research, ndeaidable can be answered with a
hypothesis of an intuitive character drawn fromtaier social phenomena. For instance, the
fact that civil wars (well-situated within the sche of Prisoner’s Dilemma) often reach a
compromise after the two sides “have lost bloodtefamany rounds of the iterated game). It
means that a cooperative strategy wins for botlessigvhich results in a certain state of
equilibrium. Its approach, as it is indicated byin®s limitative result, cannot be concluded

from the axioms of the theory of games supplyingeltbe model required. Therefore, it is a
clue that our hypothesis is likely to take a positin a group of axioms.

The question [4] produces another question, naibglyn which basis are statements
accepted in a specified theory when no algorithppsuts it?

The following circumstances may constitute suchaaid statements, accepted in a
given theory without any proof, may have proof mother theory that is worth accepting (we
deal with a certain algorithm in case when a prad been formalized). This is an example of
a current procedure in science. A supposition sleate algorithms “exist” beyond theories,
supplying certain theories with propositions watitepting as theorems, is less obvious.

The admission of such a supposition (in this canteames from the need to begin a
dialogue with the theory called strong artificiatelligence. It helps to articulate the thought
of the theory that the statements of the classesgmted by the &lelian statement are also
produced by some algorithm. Having formulated isuth a way, there appears a following
question: to which theory does an algorithm beldniy does not belong (for example) to
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mathematics? This marks the next move in the dssoasas, for example, a statement that the
algorithm must be beyond any theory — let us s&ynetioning somewhere inddel’s brain.

It would mean another statement that this braindeasputational power equal to the power
of the Turing machine, which would be another sfepvard prejudging on whom onus
probandi rests.

Remaining central in the discussions about ardéifiontelligence, this problem has
been outlined to be looked at from a methodologpm@iht of view. From this point it is
important that we deal with the statements whicla igiven theory neither derive from any
other statements nor belong to its axioms. Whaimre, they are not observational
statements, registering only sensory perceptiosoofething taking place here and nd.
priori statements (or propositions) would be a suitadie for thent.

To justify this term, let us highlight the followgn The Gdelian statement is a
prototype of the statements deserving to be redaaddrue although they are neither axioms
of a given theory nor they are derived algorithrilyciiom the axioms. The above-mentioned
metatheoretical research shows that such staterattsappear in those empirical theories
(social theories being among them) that use mattieshanodels. This is a methodologically
important category that has to be distinguished Bpecial term. Such statements deserve the
name of potential axioms. However, apart from thgeat of their possible purpose, there is a
need to hint at the aspect of their origin. Thelitrenal expression “a priori”, used in
philosophy for years, reveals this genetic aspect.

A view on social theory as including a priori staents corresponds well with the
view of one of the classics of methodology of sbe@ences — Ludwig von Mises. In the
work entitledHuman Action[1966] he characterized economy as a highly gersmiaince
about human action that he called praxeology. Feomethodological point of view it was
described by him as follows:

“Praxeology is a theoretical and systematic scieficd It aims at knowledge valid for all
instances in which the conditions exactly corresptmnthose implied in its assumptions and
inferences. [...] Its statements are, like thosengid and mathematics, a priori.” [p. 32]

“The fact that man does not have the creative pdéavanagine categories [of thought, action,
etc] at variance with the fundamental logical rielas and with the principles of casualty and
teleology enjoins upon us what may be caiftezthodological apriorisii [p. 35, italics LvM.]

The table of content of the woltuman Actionillustrates which social regularities,
according to von Mises, are experienced in such priori way. Typical topics of economy
such as account, market, price, credit, work, tie of government, taxes, etc can be found
there. Indeed, a view that economic rights of theva-mentioned things are as a priori as
mathematical statements are sounds radical. Howetverpossible to make it less radical by
adopting the idea of W. V. Quine regarding the e apriority. Its highest level is to be
revealed by logic and mathematics (hence a compitameelement — empirical content — can
only be found in them to a little extent). It isrther divided in different rations. In this
hierarchy economy could be placed relatively cltsethe top of apriority. Indeed, such
principles as a principle of expected utility, figlof supply and demand, or an informative
function of prices (F. Hayek’s idea) are highlyraop.

° |f this category seems incomprehensible or evestiogl, supporters of the “scientific sobriety” marefer the
algorithms that remain beyond any theory. They banhardly rejected by those who represent the “only
scientific” view that the brain is the Turing maeéj producing both axioms and any other apriotitgoading to

the axioms unknown even by itself.
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These considerations encourage us to adopt vonsiMisencept oimethodological
apriorism, which reveals the fact that numerous laws of aosciences behave like
mathematical or logical axioms. Therefoneaning postulates — the term introduced in 1.1.
— would be suitable for them. It includes axioms ttafiers to the class that is more capacious,
holding the statements that share only axiom apriorwithout their role of being first
premises of the system.

Meaning postulates are not a prodatthe algorithm acting within the theory. It may
be believed that some algorithm is produced beybedheory, functioning in our brains to
produce a priori principles. They can also be peeduas a result of some non-algorithmic
process. In any case, they are unlikely to beconpaia in the neck for the researchers
because of their excessive algorithmic compleXtyproblem of the algorithmic procedure in
relation to them does not appear at all.

How should such a situation be approached in sacignces? What is a cognitive
value of these a priori principles, having a kiridoavilege, for they are subjected neither to
empirical verification nor to control as to theionsistency with other statements of the
system? This is a significant research problemtl@none hand, the recognition of such an
important role of the a priori element disturbs idely accepted empirical paradigm. On the
other hand, a practice of mathematical modelingefwimathematical equations become
statements of an empirical theory) introduces anisa@nt element of apriorism. The
necessity of meaning postulates as constitutingldhguage of the theory makes another
element of this kind.

This problem can be successfully attacked withhiéip of the following strategy. In
social sciences the performance of such fertile wiagly accepted models as the theory of
games or cellular automata should be put underthadelogical analysis. In the course of its
application, a mathematical model, as expressintgioe assumptions of the rationality
(intelligence) of the actions, is being confrontedh the observations that do not always
confirm such rationality (often they lead towartisnegation). What rule of preference should
a researcher choose in this situation? Should aegehthe a priori assumptions or should he
leave them and interpret the observation dataeir tight? There is no ready answer. Each
case should be analyzed separately and a finaictésdound to appear in the developmental
course of science when a solution will be accepieckjected after some time, remaining a
mere exhibit in the records of the abandoned theori

1.5. This passage is a kind of an erudite annex. @ifenieither problems nor hypotheses, it
only comments upon a few terms which were menticsisale (the passage is dedicated to
those who feel a need to have a closer look at)them

The term of decidability is derived from logrehere it appeared explicitly in the
context of Hilbert's Program with the convictionathevery well-formulated mathematical
problem is decidable (see Hilbert and Ackermanr28lP The evidence of the hypothesis is
defined as positive whereas its refutation as atiegysolution of the problem of decidabiliy
(Entscheidungsproblem In the original, historically close formulationf Hilbert and
Ackermann [1928, p. 73], it is put as follows (italby H and I).

Das Entscheidungsproblem ist ¢g&i, wenn man ein Verfahren kennt, das bei einem
vorgelegten logischen Ausdruck durch endlich vagerationen die Entscheiduniper die
Allgemeinheit bzw. Edflbarkeit erlaubt.

Die Losung des Entscheidungsproblem igt flie Theorie aller Gebiete, dereni&ze
iiberhaupt einer logischen Entwickelbarkeit aus afdlvielen Axiomendghig sind, von
grundsitzlicher Wichtigkeit.
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Apart from relativizing to particular axiomaticsdcha specified group of formal rules
of inference, the concepts of procedure appearneng (Verfahren) has a scale as wide as it is
in case of the terms of algorithm or computer paogr Being a computational operation,
every step of the algorithm execution conductedabgomputer is at the same time an
inference from arithmetical axioms, done accordmthe rules of logic (the implication form
of these rules allows for their use as the rulasfefence).

A positive solution to the problem of decidabilityr logic would allow for such an
algorithm when the correctness of every step wdaddindicated by referring to a proper
logical formula whose validity Allgemeinheit could always be demonstrated due to
decidability of logic. Such an algorithm would ereswdecidability of every axiomatized
theory, additionally formalised by the laws of logi

When Turing [1936] and Church [1936] demonstratedegidability of logic or, in
other words, proved the negative solution to theble@m of decidability, there appeared
reasons for asking more questions concerning #hgos, which gave birth to a new theory.
Called computational complexity, this theory is considered to be a section of agemp
studies. The history of the problem shows thas iam area bordering computer studies and
logic, remaining a point of interest for both oéth.

The following terminological nuances deserve a ®peattention. The term
“algorithmic” is being used interchangeably withofgputational” in the contexts of the
expressions *“algorithmic intractability” and “comtptional intractability”. A similar
interchangeability has not been adopted with “caxipy”. “Algorithmic complexity” has a
meaning that is different from “computational compty”. The former relates to the measure
of complexity (defined independently by Kotmogoro@haitin, and Solonoff) regarding a
relation between the length of symbol sequenceymed by the algorithm and the length of
the algorithm in question (see Chaitain [2002])e Tdst relates to memory and time resources
necessary to solve a given problem by the algorithhe complexity is measured with the
size of the resources required. (Hartmanis and1&tg¢&965] were pioneers in this field).

Algorithmic tractability or intractability (as weks decidability or undecidability) is
predicated of problems. The problenaigorithmically tractable when it is decidable, and it
IS not too computationally complex for a solvingaithm (program) to be conducted with
space (memory) and time resources within the coempusers’ reach (definitely, this
conception of reach is not precise but this im@ieai is not really harmful). Chapter 3 will
discuss how the complexity of the problem is coteecwith the limits of both space
(memory) and time of the algorithm execution.

2. THE IDEA OF RATIONALITY AND THE NOTION OF INTELLIGENCE IN
SOCIAL SCIENCES

2.1. It was on purpose that in the title the word naiity was used in the context of the word
“idea” while the word “intelligence” was linked vit“notion”. Out of these two words it is

the word “idea” which reveals a bigger amount ofmative or axiological charge (surely
because of its nearness to the meaning of the Wdeal”), which makes the difference

between these close meanings.

A person who is capable of solving his/her problemscessfully and possibly with a
little expenditure, being able to differentiate been the levels of problems’ importance, is
called intelligent. More or less the same applethe definition of rationality. Therefore, the
difference lies not in any radically different stdorxce but rather in association, stress and
context. This justifies a connection of the twoitsp which should lead towards a mutual
complement of the two spheres of our consideratim.example of the social problem,
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which is going to be presented in the second plathis chapter, can be discussed in the
category of rationality as well as in the categafrintelligence.

The notion of rationality is inseparable from thianslard one in social sciences of the
game models. The aim of the game is to win. Theeeft is only natural to define the
behavior that results in profit as being rationdleneas the behavior that brings losses is
defined as irrational. In this context a similaouight will be expressed when the word
“rational” will be replaced by the word “intelligén However, apart from the
interchangeability, this theory reveals its ability enrich one content with another. The
problems of the issues of artificial intelligenaoect intelligence with computational power
— one of the main topics of the theory of compotal complexity. Hence, as it is seen from
the texts mentioned in 1.3., the authors ofterr rief@ limitation of computational power and,
consequently, intelligence as to bounded rationalit

In this manner the two notions start converging iohe notion, which also leads
towards a tie-up between social sciences and #@ntiof intelligence. A few directions of
this tie-up are worth mentioning. Among others, fitiowing facts are concerned:

It was in the early 90s that an intensive procdsb@tie-up between social sciences
and Artificial Intelligence (Al) started. The prags of artificial intelligence led towards the
programs that enabled an interaction between @alifibrains represented by appropriate
programs. It was calledistributed Al. The appearance of the net interactions (Inteetej,
made another step possible — at that stage amattan between the programs functioning in
different computers was within reach. The sideswth interactions were called “agents”,
hence the appearance of the term “multi-agent nsbdBlue to those results, a new research
direction appeared Artificial Society (AS) — a continuation of Al in the direction ofcsal
sciences. As a result, the programs functioning aasficial brains are used in the
computational models for computer simulations a@iagphenomena.

The theory of cellular automata (started by Johm Meumann and Stanistaw Ulam) is
a rich source of computational models for (amonigers) the processes taking place in
different societies. A cellular automaton is a edlion of objects, situated in the space that is
regularly divided into cells. The states of thebgeots change according to where and which
objects appear in their close neighborhood. Itvéesi models of different social interactions
such as gossip expansion or an appearance ofeda#tinic groups. Simple rules, specifying
dependences, often lead towards highly complexuahoreseeable processes, which result in
undecidable or algorithmically intractable problems

The Al section, which constructs learning machirsedjvers computational models
meant not only for the observation of the evolutairthe individual brains but also for the
observation of the evolution of social structuésability to adapt to the new conditions is a
typical example, illustrating that it is capableledrning. Therefore, learning machines make
another computational model for social simulations.

Finally, let us note the benefits brought by theoletton of notions to the
interpretation of traditional sociological problen&ithough rationality of social structures
(eg. a certain type of civilization) makes the maaint for Max Weber, a classic of
sociology, the term “intelligence” has not been@dd in that context. Recognition of these
two guises of the same notion will enable us tothsetheory of intelligence and its methods
for modeling the already mentioned structures.

2.2. The notion of intelligence or rationality as sthia relation to some social structure has
its historical exemplification that reveals a metblmgical role of the notions of decidability
and algorithmic tractability. That was a famouspdi® initiated by Ludvig von Mises in the
20s of the last century. It considered a possybdit calculation in socialist calculation (see
von Mises [1966]). The dispute reached its climmathie 30s when Friedrich Hayek and Oskar
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Lange joined it. The same polemicists continuedfier the War till the death of Lange
(1965). Today Lange’s ideas used in the contexmnformatics are resumed by some authors
(e.g. Cottrell and Cockshott [1993]).

Lange argued with Friedrich A. Hayek (1899-1992)owtbthe most intelligent
economic regulator. The question was whether it fies market or central planning. The
appearance of computers made Lange believe inirfak vfictory for he treated free market
only as a computational instrument for calculatadrthe proper prices, namely such prices
that could ensure the equilibrium between supply é@mand. He did not deny the fact that
market was performing that duty but according tm,hihe manner of that performance was
too slow and full of mistakes. He believed thavauld take a second for the Central Planning
Commission computer to calculate perfectly somegthimat would take a long time for the
market to count (bearing in mind its slowliness).

On the other hand, being aware of the fact thatpeaational power of machines
could not always meet economic complexity, Landewadd for an auxiliary role of the
market as an instrument of central economic controille controlling economy in short
distances. Central planners’ absolute supericatgprding to him, consisted in solving long-
term problems of the economic growth. Because mar&ald only currently regulate the
economic equilibrium, it was not capable of markamy long-term goals of its development.

Hayek opposed those views on the ground of theidersions about information
processing. His thought could be expressed in at skay with the help of the modern
terminology of computational complexity. The thesibout the realizability of central
planning with the use of computers implies that ahgorithms used for this aim are quick
enough not to wait for the calculation results riwginy years. The complexity becomes even
more monstrous bearing in mind the fact that araéptanner would need the complete data
of the whole country regarding supply, demand, etaelation to every product so that on
that basis he could calculate an optimum price.tNéxecessary, an hour by hour he would
need to bring it up to date. On the other handyraputational system, which is free market,
radically limits this flood of data in two ways. &y member of the market game needs only
data regarding the price of the product and ordggéhproducts that remain within his activity.
It is similar to the data processing that is patalllispersed and, at the same time, it enjoys
the merits of analogue computation.

Hayek justified those statements intuitively. Todapotional apparatus of the theory
of complexity allows for their precise confirmatio®ne of the procedures could be as
follows. Since there are active advocates of Lamgeéw who operate the informatics
notions, they are expected to offer a proof thamnemic problems of central planning are
solved with the help of algorithms working at padymial rather than at exponential time and
that there exists sufficient memory resources whighalso measured polynomially, etc. On
the other hand, the analysis of the behavior ofniagket members should indicate whether
the problems they solve can be modeled with thp bélsome decidable theory and if so,
whether they are more algorithmically tractablentti@ problems faced by a central planner.

The dispute cannot be treated only as a histotedal Nowadays it gains a new
interest for two reasons. Equally important, theyne from different directions. Due to the
growing wave of socialistic tendencies, which haerb observed worldwide, a political
reason can be indicated. These tendencies can $erved in the impetuous antiglobal
movement or in some standards of “political comess”. Hence, there arises a need of a
possibly most precise comparative analysis of k&ihbialist economy and free market.
According to Lange and Hayek, the theory of comportal complexity in its present state of
advancement makes an ideal tool. Even if it wasfoo@ practical demand, the advanced
state of the tools encourages us to test themah an interesting theoretical field. Being
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theoretical and mutually reinforced by the pradtioae, it makes the second reason to
continue the dispute.

3. ADDRESSING COMLEXITY

3.1. There are many ways to deal with the complexitpatiiral, mental and social processes:
to simplify problems, to reinforce computationalans, to go beyond the Turing machine,
and to create an interaction between intuition algbrithm. The information civilization
consists in a growing ability to deal with complgxin these various ways. A struggle against
complexity takes place at least on two fronts. Ting front is operated by the theory of
deterministic chaos (of the unstable dynamic sysjemhereas the second one is dominated
by the theory of complexity - the topic of our cmlesations.

First, it is recognized what problems are withigaaithm’s reach. Undecidable
problems as well as those potentially decidabledepending on inaccessible time and space
resources remain out of reach. Time is a numbstegfs necessary to solve a problem. Space
IS @ memory capacity that could be insufficient wigenfronted with a huge number of input
data (other resources may be involved - for exangleumber of sharing processors - but the
former two are considered most often). Differemiat between two time categories —
polynomial and exponential — makes a demarcatioa tividing the sphere of what is
algorithmically impossible from what remains withigach.

Polynomial time is exemplified by functiom® whereas functior2” (wheren is a
number of input data) exemplifiegponential time. Let the polynomial @ + 5n? + 27 (with
n of input data) define a maximum number of steps. evaluate the complexity of a
polynomial algorithm, it is enough to considerhighest exponent omitting the coefficient as
a negligible quantity (as 7 inn?). This distinguished exponent defines the ordetthef
algorithm complexity. It is said that a given aligom requires, for example, time rfj
(notation with 0O indicates the limitation to theder of magnitude with the omission of the
negligible quantities). A sorting algorithm withetlorder of complexity o® = n log n (hence
it is less than Orf)) is an example of the algorithm working at polgrial time.

A problem of satisfiability of the formula of theropositional calculus (abbreviated as
SAT) belongs to the class of the problems demandixjgpnential time. Having a given
formula of the propositional calculus in, for exdmghe conjunctive normal form (that is, the
conjunction of alternatives), it is necessary teeniify whether there exists such a
configuration of logical values assigned to theialdes, which makes the formula true.
Suppose, the formula has 300 variables. In the faserable case (when, for example, only
one assignment makes the formula true and it indan the end) the solution will také®2
steps.

The traveling salesman problem makes another examplan unimaginably big
request for time that, being factorial, is evenagge than exponential. Having data of the
whereabouts oh towns, his task is to visit all of them using @ieortest route and visiting
each town only once. Let him give 20 towns to \aitstarting place does not count). Then a
number of routes is 20! since this is the numbepasdsible arrangements in the set of 20
elements. An algorithm, which consists of all itsspible arrangements, summing the length
of the sections of each combination and a finabgadion of the smallest sum, has not been
found yet. In the light of the fact that

20! =2, 432, 902, 008, 176, 640, 000
it is possible to imagine what algorithmic intrdumtity depends on. If a computer is capable
of checking a million combinations during a secoihayill take 77.000 years to check all of
them. Suppose we add a few more towns and thelatdouwould last longer than the age of
the universe. This is an example of the algorithat tises the so-called brute force; that is to
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say, it is based on the mechanical realizationlgdfassibilities. There is no quicker algorithm
for this problem, capable of giving an equally asrtand precise result. However, in case of
our acceptance of approximate results, the timesad¥ing the problem of the traveling
salesman can be shortened to a large extent.

3.2. Usually, the class of the problems solved by patyral algorithms is marked with the
letter P. This concise notation simplifies a coasition that has become the source of
imposing results in the theory of complexity. Haymarked another class of problems by the
abbreviation NP, there arises a fundamental questare these classes equal: P=NP?

This consideration has its roots in the observatia there are polynomial algorithms
that answer the questions regarding the decisiba énswer “yes” or “no”) by giving
certificate then and only then when the answer™yggrue. The question whether a given
formula of propositional logic is satisfiable (i is really satisfiable) will be answered
positively, for example, by a polynomial algorithinkewise it is in case of the traveling
salesman when the question is: is the length af@engoute not bigger than such-and-such
number?

To have a closer look at the example of decidagbdlitncerning the property of being prime,
let me make use of the following recollection. Orfadrzej Mostowski, a widely known
researcher of the problem of decidability, gaveanianny and simple task to solve. One day,
while arranging a meeting, he asked me about myeaddWhen he heard that the number of
the flat was 917, he was quick to ask whether & w@rime number. Surprised, | thought that
he should have known the answer (although I digl. Mdw | am sure that the question had a
didactic character — Professor Mostowski was tgdtie way | would cope with it. Although
on a late reflection, | would cope with it in a kyglly non-deterministic way by giving, for a
start, the first answer that comes to my mind atterelimination of those that are certainly
erroneous. After calculating that 9 +1 + 7 canm®tdivided by 3, | eliminate even numbers
and number 3. Then | eliminate 5 for 917 ends reithith 0 nor with 5. So | approach 7,
ready to consider the following candidates (11,€i8). A strategy has been chosen but | am
ready to leave it and look for another one any titriails. Therefore, | am using a simple
polynomial algorithm where a number of steps (ekeautime) has a linear dependence on
the length of the number sequence indicating tiieleld number. | am lucky - the first attempt
gives the result without a remainder of the divisie 131. Consequently, the solution is as
follows — 917 isnot a prime number. In this manner, it is possiblguess any big numbers -
it is a matter of calculating ability. For instanéewould take a short time for a particularly
talented person to guess that 226107 could beeadiMay 777 without a remainder (the result is
291).

This kind of polynomial algorithms is describedras-deterministic because they aim
at the verification of the statements whose actiorsiis not determined by any procedure
(they should not be mistaken for probability algams). “Non” gives the letter N in the
abbreviation NP. If the problem does not fall itlie NP class, even a solution limited to such
a confirmation may appear to be highly difficultn AAssumption that the right solution is
always within reach is a fiction, impossible torealized by any machine. On the other hand,
this fiction is very useful for it allows for thdéraady mentioned question (P=NP?).

The class P is included in NP in the sense thdtafe is a polynomial algorithm to
solve a problem in a general way, it will also gemv all those cases that are reduced to the
guestion whether such-and-such solution is corr@m?the other hand, the thesis that P
includes NP has not been proved. For if such aighessted, the fact that a certificate
problem in case of the traveling salesman is patyabwould result in the conclusion that
the traveling salesman problem is polynomial inegahor, in other words, it belongs to P. A
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hypothesis that the answer to the queshiéh( P? is negative is widely accepted. Therefore,
NP ZP.

The NP class contains a subset of problems whieN&-complete. The problem is
said to beNP-complete when in belongs to NP and has a following propeftyhere is a
polynomial algorithm for some NP-complete probldaimere is a polynomial algorithm for
each problem in NP. It results in the conclusiaat iha polynomial algorithm could solve at
least one problem of this class, the same woultydpphe rest (bearing in mind their mutual
conversion). Therefore, the equality P= NP woultdhélgorithm conversions of this type
take place at polynomial time, which makes it tahte.

To summarize, relations between the classes of ety under consideration are as
follows. Both P and the class of NP-complete amper subsets of the NP class. They are
also thought to be disjointed.

A problem of satisfiability remains in the NP-com@ class. It was the first to be
recognized as revealing that quality. It also hasome the measure of tractability for the
remaining points of the NP class; if it could bdved polynomially, it would apply to the
whole NP class. What is more, apart form the tiagesalesman problem, the NP-complete
class also encloses many problems from differetdsi— graph theory, operational research,
cryptography, theory of games, and theory of sarhalce.

3.3. The disability to solve NP problems results in slesarch for their approximate solution.
Stratification of this class is conducted accordingthe complexity level, which is more
complicated than the above-mentioned basic distinst The NP-complete theory has been
developed in the direction of various issues ofrapimation. For this aim, approximation
algorithms are being created. A below-given quotgatiaken from the study [Impag-WWW,
p.2], shows that this research must be based ohtkestheory.

“Define SNP to be the class of properties exprésdily a series of second order existential
guantifiers, followed by a series of first orderivarsal quantifiers, followed by a basic
formula (a boolean combination of input and quaedifrelations applied to the quantified
element variables). This class is considered fadyshg approximability of optimization
problems”. The authors refer to Papadimitriou amahiYakakis [1991].

Another example how to deal with planning comphexilvolves coding a plan in the
propositional calculus. After assigning logical wed to variables, it is finally translated into
the original planning problem. This method is dissat by Ernst et al [1997] at the beginning
of his paper:

“Recent work by Kautz et al. [1992] provides taizialy evidence that large, classical
planning problems may be efficiently solved by #lating them into propositional
satisfiability problems, using scholastic searahtéques, and translating and resulting truths
assignments back into plans for original problems.”

The same paper shows (it has also been statedraepeally) that by using the above-
mentioned method it is possible to reduce a nurobgariables by half whereas the formula
length can be reduced by 80%. Consequently, plgnmiablems, reconstructed as a result of
their decoding from the simplified formulae, aredea@onsiderably easier.

The above examples fall within a general stratefggpproximation and simplification,
where the following directions may appear:
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When, under a given mathematical model, a probkitoo complicated, we simplify the
model in question. However, care should be takenmtake sure it still remains an
approximation of the reality that is close enoughto ruin the accuracy of predictions.

If we do not decide to simplify a model, we haveb® satisfied with what is only an
approximate solution. This approach is successfeltyesented by genetic algorithms that is,
imitating the process of the Darvin evolution is@ecified population (e.g. of mathematical
formulae or programs) with its laws of natural séten, heredity, struggle for survival
(individuals who do not fulfill the criteria diend chance mutation (which is reinforced when
leading towards the criteria fulfillment). For iaste, genetic algorithms cope well with the
traveling salesman problem.

We look for an accurate solution but without beaegtain of getting it. In this case, there
appears a necessity to accept a quite high levehefsolution accuracy, which requires
certain methods of the accuracy estimation.

Limitations of the results connected with thesehuds do not have to do much cognitive
harm. In science, just as in everyday life, we fareed to simplify and approximate. Why
should it be different in the sphere of the rede#nat operates with algorithms? It is superior
to the traditional research methods because wWvalko estimate both precision diversion and
their cognitive consequences.

3.4. In the process of dealing with complexity therésexa reverse direction, opposite to that
advocating a deliberate agreement with the regtrist As a starting point it also recognizes
restrictions but only one of them is being consdeiThe fundamental limitation which has to
be acknowledged consists in incompletability oframetic as well as undecidability of logic.

It is connected with the qualification of the rangfealgorithm power. In this respect, the
orthodox position in computer science amounts & Gurch-Turing thesis. That is, to the
claim that (roughly speaking) any device capablalgbrithmic solving problems equals the
computational power of the Universal Turing Mach{od M).

Such a clear statement of limitations shows la foe which it would be possible to
aim at getting superiority over UTM. To wit, themeses the following question whether the
same problems, solved by UTM during too long aqukof time (and therefore intractable),
could be solved in a considerably quicker mannet® Tnswer is positive. Some
computational systems have appeared, due to whislpossible to cope with the complexity
of different problems better. Here is their exeifypig overview.

Parallel computing takes place when a certain set of processors #sone task that
is divided among thenDistributed computing appears when a computational process is
divided among the computers remaining in the ret; data is being shared among them.
Although each case involves different elementdiefdet (in the first case these are processors
of the same computer whereas in the second one #resndependent computers), a certain
analogy takes place between the systems, whichdfadgnway in the title of the electronic
magazine entitledournal of Parallel and Distributed Computingoth systems accelerate
computing processes noticeably. Distributed conmgutieserves a special research aiming at
its verification as a free market model, imitatitige aspect which Friedrich Hayek called
distributed (or local) economic knowledge as ddfarated from centralized knowledge
required by central planning system.

Interactive computing consists in the interaction between the system ted
environment, as a result of which the system learhe fact that there is no need to equip the
system with highly complex algorithms, ready toefatifferent circumstances, makes the
essence of the obtained improvement. Instead elqispped with the program, controlling its
learning on the basis of the information obtainsahf the environment, which makes the
strategy incomparably more economic. A self-steenmissile is an example of such a system.
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It behaves respectively to the obtained observafidre ability to react according to the
environment requires a set to be equipped witlablatdevices (input, output devices).

Célular automata (CA) (mentioned earlier in the section regardingséher’s
Dilemma) are called so because they consist oflsimipects located in the cells, reminding
of a pattern of the chessboard. Each object hastait number of possible states (e.g. alive
or dead; or white, black or other color, etc). Bssathese objects change their states, they
undergo some evolution. It is done according toitigosed rules that condition a choice of
such-and-such state, depending on the situatidimeienvironment (e.g. an object disappears
after it has been squeezed by the presence of withierduals around). Self-reproduction is
one of the processes taking place in the objectsomstruction of automata, capable of self-
reproduction with the help of the materials locatedtheir environment, was a primary
intention of von Neumann while his works on the stomction of CA. Apart from the
simplicity of the rules, underlying the CA behavidr can often become unforeseeable. It
allows them to be used to simulate unstable systehaotic), particularly studied by Stephen
Wolfram. It has also been confirmed that CA haspbweer of UMT (the same range of the
solvable problems). However, it is accompaniedrbinaomparably bigger efficiency.

Neural networks are highly simplified, physical (hardware) or lcgi (software)
imitations of the nervous system. Their abilityléarn gives them a basic advantage over
UTM. Another difference is the fact that their ac remain only partly digital and partly
analogue (which imitates analogue chemical condstiof the body, e.g. performance of the
neuron transmitter). When it comes to the compansith the UTM computational power, an
orthodox view maintains that it is not bigger. @e bther hand, the speed and ability to solve
problems (to compute) are bigger. However, ther ggoup of non-conformists who firmly
believe in the superiority of the networks, or ither words, in their ability to solve the
problems which cannot be solved by UTM.

3.5. Together with this controversy let us considerl&st point of the attacks on complexity.
It should also be pointed out that a couple of ottypes of data processing (including
quantum computation) will be omitted for the sakeacsshortened character of the author’s
reasoning. The question whether an attack, frartaligh to go beyond a possibility limit of
the Turing machine, can appear makes the last poitackle. Going beyond a possibility
limit has become known dyper computation.

The problem of hypercomputation ramifies into tvgsues. Although not under this
name, one of them followeddBel's thesis as regards the undecidability of eugtic, and
after the appearance of the undecidability resalisgic in 1936. The question was whether
the human brain was superior over the Turing mach&del used to give a positive answer
to that question whereas Turing (starting from )9&®d to answer it negatively. Apart from
the Godelian version of the negative answer, where tlankis comprehended independently
from physics, there is a physical version, develdpgePenrose [1989, 1994].

Penrose’s view has been made radical in the idedspeojects of the researchers
among whom Jack Copeland is acknowledged as takirgmarkable research and writing
initiative. The notion of hypercomputaion functionghin that group. While Penrose defends
the hypothesis that in Nature there are systemabtaf solving the problems unsolvable by
the Turing machine (meaning brains), hypercompuatists go further, maintaining a
possibility of imitating Nature. According to thenfis could be done by the construction of
technical devices that are superior over the Tumaghine in terms of computational power.
It also implies their advantage over equivalentesys, such as digital computers.

Paradoxically, hypercomputation makes attemptseferrto Turing (his surname,
accompanied by his photo, was taken as a nameedfyppercomputationists’ Internet site).
This reference deserves a special attention falaivs to discuss an important and, at the
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same time, mysterious notion of oracle introducgdrbring in his work [1938}° Because
the work was his Doctor’s thesis, supervised byn&to Church, it revealed two great names
of the discoverers of the problem of computabilitigat is why historians of logic take a great
interest in it.

Since the issue has been a subject of interpretatiguments, it cannot be presented
without giving some specific interpretation (asdaas it is not restricted only to quotations).
The author of this work shares the view of A. Ha&lgbe author of the famous biography of
Turing [1993], who returned to the issue in histdee [2002] while his polemics with
Copeland. Turing [1938] had made an attempt to &ime the notion of intuition understood
as a factor that enables one to recognize the tiuthe Gidelian statement. Without going
deeper in the overview of the attempt’'s successrasdlts, it is enough to note that Turing
had introduced the notion of oracle as somethiatj¢buld compute incomputable functions.
It is necessary to add here that he did not tteas ia hypothesis regarding the existence of
such a real object (which, according to Copelamddial) but rather as a fiction helpful for
theoretical considerations. In this light, therenis basis to proclaim Turing a patron of
superhypercomputationalists. What is more, theraoisneed to “reconcile” Turing [1938]
with Turing [1950].

The success of the hypercomputationalist projepedds on the truthfulness of the
philosophical view stating that continuous or nasctete processes (which include analogue
computing) do not just appear as real but theyyreadist. Such "discrete” physicists as Ed
Fredkin and Frank Tipler oppose this view. Howewe project does not have to be
defended on the basis of mere philosophical preanisés the philosophy of continuity that
can gain an experimental confirmation provided amal@gue device (if proved to be
predominant over the Turing machine in terms ofcsnputational power) is constructed.
The Havy Siegelman system [1999] described by uttha in the book entitledNeural
Networks and Analog Computing: Beyond the Turingitclaims to achieve that aim. A
summary of these ideas, included in the lectureg@man [2001]), presents a perfectly
described alternative as regards the disabilityréss the Turing limit. The author puts it like
this:

“[...] The theory of computational complexity requarthe assumption of discrete computation
and does not allow for other types of computatigraahdigms.

We consider a basic neutral network model: finitenber of neurons, recurrent
interconnection, continuous activation functiondaeal numbers as weight. This model is
considered “analog” for both the use of real nuralzes weights that makes the phase space
continuous, and the continuity of its activatiomdétion. In computational terms, this type of
continuous flow (due to its activation function)dsfinitely a restriction in our model. There
are no discrete flow commands such asz“ié greater than 0, compute one thing, otherwise
continue in another computation path.

We show that the network [...] can compute anythingt ta digital machine does.
Furthermore, due to its real-valued weights, it iderently richer than the digital
computational model and can compute functions tiobadligital computer can. The network,
although transcending the Turing model, is stithsgve to resource constraints and still
computes only a small subclass of all possible tfans. It thus constitutes a well-defined
super-Turing computational model.”

19 A caution against ambiguity of the term "oracleegent in literature must be taken. Apart from dhiginal
meaning, referring to Turing [1938], another megrtias appeared. It appears in the NP problem dpntbrre
a metaphor of the result guessing has also betsdcalacle” (meaning something which is capablguéssing
things hidden for others). “Oracle” as used ingheond context has nothing to do with uncomputabiabers.
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As it is seen from the above-quoted extract, theputational power of the Siegelman
network seems to be located somewhere between UidMogacle in the Turingian sense
[1938]. The question whether the network could leéneéd well enough as a theoretical
object and whether, being a physical device, it @itperimentally prove its superiority over
UTM, remains open (a discussion of this topic tgkplace in the field allows one to note
that).

3.6. Before the above-mentioned argument has beemdettle may rely on the knowledge

about people as individuals as confronted withkihewledge about computers. Two human
dispositions deserve a special attention here -ability to accept axioms and the ability to
ask questions. The use of these two dispositiagalith our commission to perform digital

tasks by machines (when they are better than pewejlleadvance the research results to the
maximum. Figuratively, if these two dispositionsrevéo fall under the function performed by
oracle in the Turingian sense, then an optimumarebestrategy would consist in a positive
feedback between oracle and the machine.

When it comes to the ability to find axioms andogrize their truth, it is necessary to
highlight that, apart from few marginal referendiss issue is notoriously being neglected in
discussions about Al. This fact seems to indida&t the most eager defenders of the claim to
reduce human brains to UTM at this stage cannogimeasuch an algorithmic procedure that
would lead towards, for instance, the discoveryhef axiom of choicé' This issue is also
omitted by the advocates of strong Al although tbegm to be burdened with onus probandi
that every axiom must be produced by the Turingmmac Though it is possible to imagine a
production of axioms by genetic algorithms throutjie application of a consistency
requirement as a probabilistic evolution criteritmthe long run, axioms are expected to be
true, while the recognition of truth is a cognitemain of the human brain.

A construction of the machine capable of makingstjoas would mean another exam
passed positively by Al. Among researchers, thésiesis covered by silence as it is with the
case of arriving at axioms. The silence is muchstibange bearing in mind the fact that in the
light of the popularity of the Turing thesis, mamgearchers should be expected to come up
with its development when the nearness of the macand brain is not measured only (as it
was proposed by Turing) by the similarity of theswwars to given questions but also as to
justification, originality and penetration of thaegtions being asked.

As long as such a machine does not exist, equadityeen artificial intelligence and
natural one remains beyond the dream frontiersgiVe answers it is enough to have a
database put into memory and a program of theicdbgrocessing. To ask questions it is
necessary, as it was noted by Ch. S. Peirce, teepssan ability to get irritated or annoyed.
Irritation appears due to one’s lack of knowledganbiguity of notions or some
contradictions. Moreover (let us develop Peircdisught) there are situations in which
guestions derive from curiosity. Either is a statethe mind that is not separable from a
certain emotional state. As far as it is known ntvis state can be achieved only by a living

1 A certain detail from the famous letter ob@I| to von Neumann written in 1956 gives evidenoe lthe
attention of logic and the theory of complexity centrates on the problems of axiom demonstratiahrat on
the search for axioms, which was precursory intieiao the theory of computational complexity &RENP?”.
Godel asks von Neumann what he thinks about a ceatgmrithm which, according tod@el, can fully help a
mathematician (as quoted from the text translateoh {iGerman [Buss-WWW]): “It would obviously mearath
in spite of the undecidability of Entscheidungspeaf, the mental work of a mathematician concernieg-No
questions could be completéleplaced by a machine.” Footnote 2 aftempletelygoes (italics — minejexcept
for the setting up of axiom3he fact that the matter deserves only a footimothe letter allows us to think that
the impossibility of the axiom acquisition on thasis of algorithms remained beyond discussion fmtiGodel
as well as (in @del's opinion) for the addressee. A complete tedompanied by a historical commentary is
given by Hartmanis [1989].

19



UNDECIDABILITY AND INTRACTABILITY IN SOCIAL SCIENECE

protein and not by pieces of silicon or other matecarriers of artificial intelligence (von
Neumann [1958] claimed that a nervous system hiagjia of its own, other than that of
digital machine; see also Marciszewski’'s commenta®@6b]).

The above-given remarks are to reinforce the cliaiat an optimum research strategy
of the future will not consist in successive repigcpeople by computers but in the parallel
increase of their potentiality. Computing abilitiet a computer increase together with the
creation of quicker algorithms and perfection otiipgqent. It will result in the growth of
knowledge that, in turn, will increase the risenefv questions and new axioms. This is bound
to bring new research tasks for humans and congpued so on, infinitely — provided that
both the living intelligence and the mechanicatligence are to exist in infinitum.
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