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Final Report

DECISION-MA KIN G, FUZZY SET THEORY AND COMPUTERS

INTRODUCTION

The advent of the computer age has stimulated a rapid expansion In

the use of quantitative techniques for the analysis of military, economic , urba n ,

social , engineering and othe r types of systems which in the past were too

complex for analytical treatment without the aid of computers. However , the

use of computers has proved to be hig hly effectiv e in some area s and not in

others. Generally, the area s in which computers have been lees than effective

are those which are concerned with or depend upon human perception , jud g-

ment and decision-making. This is part i cular ly true of such problem areas as

the summarization of information, machine translation of languages , pattern

recognition , learning processes , and related fields . Progress in these prob-

lem areas has a direct bearing on our ab ility to understand the behavior of

those large-scale systems. e. g . ,  mi l i tary  strategy and operation systems,

economic systems , urban systems, social systems, political systems , etc. ,

in which human behavior plays an important role .

It appears that one of the basic reasons for  the rather limited success

of computers in dealing with the problems in question has to do with the fact

that classical mathematics , which is used in computation, makes no provision

for the phenomenon of fuzziness. By fuzziness, we mean a type of imprecision

which relates not to randomness, but to a lack of sharp transition from mem-

bershi p to nonme mbershi p in a class of objects. Thus , in classical mathe-

matics an object either belongs to a specified set or does not. By contrast,

most of the classes in the real world are fuzzy, In the sense that an object

may belong to a class to an extent intermediate between ful l membership and

nonmembership. For exa mple, the class of qualified recrui ts  and the class of

intelligent men in a group are fuzzy set s , as are the classes of oval objects,

black objects , etc.
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7 ,
The fuzzy set theory represents an attempt to construct a conceptual

framework which can be rr~~re effectiv e in dealing with real world problems
than that of classical mathematics. Thus, by making it possible to treat
problems which are too complex or too ill-defined to be susceptible for
analysts ‘by conventional means, the fuzzy set theory could provide a novel
approach to important problem areas in fields such as military strategy,
management science , economics, law psychology, linguistic s, information
retrieval, biology and medicine.

Fuzzy set theory has been applied to various fields. Some of these
applications which are directly related to thi, project are the use of fuzzy
set theory to automa ta theory, systems theory and decision-making , pattern
recognition, linguistics, biological system s and large-scale system analyst..

However , only a start has been made in the development and applica-

tion of fuzzy set theory. Much more needs to be done. In thi. work, the
theory of dynamic prog ramming was combined in various ways with the
fuzzy set theory in a decision-making environ ment.

With simulation and fuzzy systems, we can now study many impor tant
problems in the social area.

In the following , a brief summary of the accomplishments of this pro-
j ect  is given.

1. Artificial Intell~~ence

The book,

R. Bellman, An Introduction to Artificial Intelligence: Can Computers Think?,
Boyd & Fraser  Publishing Co. , San Francisco, 1978.

appeared.

The table of contents Is:

Chapter 1. Can Computers Think?
2. The Di gital Computer
3. Decision Makin g
4. Puzzles
5. Uncertainty
6. Simulation
7. LearnIng
8. Consciousness
9. Humor

-



¶ 
10. Local ~~ g ics
11. Mathematical Models of the Mind
12. Communication and Ambiguity
13. Can Computers Really Think?

Th. preface is;

Computers are here to stay. Like many other products of technology,
fir., th. wheel, the printing pr~ ss, e lec t r i c i ty ,  television , end nuclear
energy, it has influenced everyone ’ s life and the influence will increase .

Consequently, i t is essential that  everyon e have some knowledge of
wha t a computer can accomp lish , what it cannot , and why. In the following,
the se questions are discussed.

In th. f i r s t  chapter we show how the verbal question , Can Computers
Think? , gives rise to many mathemat ical  questions .  Furthe r more , we show
how th. mathematician plays an Important part in considering these questions.
In Chapter 2 , we consider the properties of the commercial digital computer
which we will use. In Chapter 3. we turn to de cision maki ng . In Chap ter 4 ,
we show that this methodology can be u s e d to treat many common puzzles. In
Chapter 5, we consider decision making under uncertainty. In doing so, we
discuss what Is meant in many cases by uncertainty . In Chapter 6, we discuss
si mulation. In Chapter 7. we turn to learning. En Chapter 8, we consider
consciousness , in Chapter  Q , we consider  humo r as an as pect of consciousness .
The consideration of humo r g ives  us an opportun ity  to say some words  about
the paradoxes which occur in logic.  These paradoxes have an important
bearing on the possibilities tha t exist for  the f u t u r e  use of di gi tal computers.
in the next chapter , Chapter 10 . we consider local logics . in Chapter  11 , we
turn to a more mathematical d i s cus s i on . Here , we are interested in math.-
maticat models of the mind. In Chapter 12 . we con s ider the impo r tant problem
of comm unication. Finally, in t he concluding chapter we ask the question ,
“Can Computers Think?” .

Throug hout , we have used one method. We hav e shown tha t many
exam ples of th inking by co mputer can be regarded as t rac ing a path through a
network.  Obviousl y, other method s of h uzmiin thinking exist . The method of
tracing a path through a ne twork  has not worked well in pattern recognition ,
language t ranslat ion , or theorem proving, to name a few . It is possible tha t
a more adroit use of these technique. will be successful. It is more probable
that new ideas are required , and it I s even more probable that a dig ital com-
puter may never be able to accomplish these particular tasks well.

Anothsr way of putting it is that we have studied thinking as rational
behavior. We have converted the question “Can computers think?” to “Can
c omputers exhibit rational behavior?”  What we have shown is that in many
cases we can have a di gita l computer exhib it rational behavior . But , the point
we stress is that the dt ~ ital computer can only exhibit rational behavior if we
understand the pro cess .

4



In ma ny cases , the field of artificial intelligence , as it is often
called is a ver y fascinating field for the young scientist. It cc*~ta ins many
challenges and many Interesting problems.

This book I. intended for pure and applied mathematicians , physicist s,
engineers , computer scientists , system analysts, operations researchers,
and all those interested in t he use of a computer . The onl y prerequisite is
a knowledge of f unction , a mathematical translation of ‘depends upon ”.
Naturall y, the more math ematics the reader has had the more cornfortab 1e
he will be.

This manuscript was prepared under the sponsorship of the Army
Researc h Office , “Decision Making , Fuzzy Set Theory and Computers ,
Grant No. DAHC-76-G-0027, headed by Dr . J. Chandra.

See also

R. Bellman, “Dynami c Prog ramming and Art i f ic ia l  Intelligence, ” international
Journal of Mathematics & Statistics, Brazil , Vol . 1, 1977.

Z. Fusat Set Theory in Health Delivery Systems

With Austin Esogbue , we are prepa r ing a book,

R. Bellman, A. Esogbue , and E. S. Lee , Dynam ic Programming, Fussy Set
Theory and Health Systems,

which summarizes our work on the application of fuzzy set theory to health
delivery systems . This is essentially a multistage decision problem with
fuzziness (not randon’iness~.

Although the problem treated is health systems , the basic ideas can
be applied equally well to other decision making processes such as military
strategy, political systems , urba n syste ms, and social systems .

The solution of multistage decision processes in a fuzzy environment
is not simple . Although dynamic prograni rning is naturally suited for obtainin g
their solution s, other technique s such as linear and nonlinear programming ,
functional gradient technique s, n’iaxinuim princi ple and other s are also used .
The results  appear to be very promising,  however , many theoretical problems
need to be studied. New and novel computational  techniques which are
especially suited for solving these problems are explored . Because of the
special characteri s t ics  of fussy systems , the development of efficient Iterative5



a lgorithms a te  one of the a ims ~ t th is  w’~rk . For example , an i t e r a t i v e  technique

was developed to solve the functiona l equat ion result ing f rom the probtena with

implicity defined t.rtninat lon time.

3 Fuzzy Set Theo!y ~n Computers and Lingiust ic .

Translation , in the pr act tce of human translator ., is clcar L~ a imiLt i s t ag e

decision process unde r th, guidance of sonw prin ipic ot optin~el(t~r or , at least ,

of feasibility, of the kind that has hardl y been t rmulated at all. It exi st s  in the

“mind” of the translator, who. a(t~ r many t rial., recognizes by a conver gent

intuition tha t a word , or group of words , in one lan~ ua gc , corresp ond suitably

with a word, or group of wor ds , In auot~hrr. at least  well enoug h tot th. purpose

at hand.

Part of the resear ch re snU s is sunui’uar~seci In the following. SpeciU ’

results will appear in a seri es of six papers.

Our purpose a to elaborate a prog rani b r  the use of computers  end

mathem atic s In the t r an sl a t i on  ot a l ien or so ancient languages. Ftrst: the

mathematica l pr inci ples are applic abl e to all : second~v; there  a a h i gh e r  prob-

abi lity of succeeding in one ~a ten than in one of one; and thtrui tv .  somc ~ t the

items are quite likel y in t err i a t ed  in one wa~ or anothe r and a c a s c a d e  et~ ect  may

be found. For example. the key or be t t e r .  the te st ~~t any Key, to  u ’retan l inear-

A is probably to be foun d in ~ vpro. \tn~ au .

In Sect ions b to C. a backgroutud  in philoh ’~~ i s  ~ivcn . l’herc is  a lso toun d

a discussion of how th e computer can be used .
In Section g. the uses  of the conit_inter ~re si vuviarused. In Sec tion  h .

some of the uses ot niathernatical te hniqucs ani- given .

This worK is  highly tnt - u i i s c~ pl i n*r i . Wh at  i s  needed are phllohigist a

with a fanuliartty w~th c iniputers and niathetii~ tics . and niatheniat ic  tans  ve rsed In
the use of computers and possessin g $ fam ñ t a ri t ~’ with  philology . Philology in the

broadest sense r e co nst r uct e d  s o ci et i e s.

We allud e briefly to the proh len ia t i c  and to sonic ~t t h. history ‘i th i .

problem; and a lso to certain techniques ot app lied niathe n u at i cs via computer that

could be useful in its soluti on. The •~ r t  ~ f wo rk s far accomplished and pro-

posed a indicated at the end. There is no intended c onnection of any ‘f this mat.-

ri al or problematic w i t h  so-ca l led ‘ n t.ach tne t i a n s t a t usn. ‘ The p r oh ab t l t t i . how-

ever cannot be excluded that a measur e ot su ccess  in what is tier . out lined couldU . 
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lead to useful results in MT an important field whose meager accomplish-
ments up to now would seem to indicat, that quite other theories of language
and procedures could be advantageous to It.

Translation , In the practice of human translators , (0 clearl y a
many-,ta~ e decision procedure under the 3utdance of some principe
of optimaitty or , at least, of feasibility, of the kind that has hardly
been formulated at all. It exists In the “mInd” of the translator, who ,

after many tr ials , r ecogni zes by a convergent intuition tha t a word ,
or group of words , in one language , correspond suitably with a word ,
or group of words , in anothe r , at lea st well enou gh for the purpose
at hand. This principle , or pr inci ples , should be made explicit , to
the degree possible. YIe have found the “l i tcratur e ” on this s u bj e c t

to be little concerned with logic , a r b i t r a r y , aid disc ursive .

b. Problematic

A fundamental prob lem in the applied sciences and the humanit ies ,
say, to archaeology, cul tural history,  Ii u ist ics  and philology is posed

by the existence of a rathe r lar~ c numbe r of completely undeciphered ,
or imperfectly deciphered , langua :25 like ~~crus can , Cretan Lin ear -A ,
Mayan, Meroitic , lucius Valley, an d so on . ’ Computers , and t h e tech-

nique s of applied matherriatics that have been developed in connect ion

with them, almos t cert ainly ~vill , i.~ he fu tu re , be invaluable aid s to

decipherment.  /~mon~ these techni~ ues are the theories of “imbed-

ding ” (R. Bellman), “ fuzzy  sets ” (Lotfi Zadeh), “kiadlat ics ” (R. Bellman
and E. Marchi) , and “dynamic s in lu laL ion ” (R. ~ ellman). All these
techniques exist as extensions of the easier and more familiar use
of the computer in in formation otora;;c a~ d retrieval , for example , for

elaborati i~ easily used corpora and concordances of inscri ptional and

*Sm e  of these languages can be read but not translated. Some cannot be
read or translated . There is no general term for translation and/or trans-
lat ion .

7
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other available written material , as well as for s tati s t ical  operations

theron , e. g . ,  finding morpheme boundaries,drawing up the saur oL

with context, and ailo’iving the largely statistical testing of experimert-

tal values.

A language like ~ truscan , to which we have devoted perh aps some-

what more attention than to any of the others mentioned belr ,w , seem s

ri pe for these m~therna tIcal treatments .  This  important language is

supposed popularly , and by very many scholars as well , to be impene-

trably obscure. The fact Is that there exists hardly any Inscr i ptiona l

material of this 1a~iguage of which the g ist , at least , is not more or less

clear. This sort of partial success has been almost completely due to

painstaking ‘ combinatorial ”, I. c’. , formal , analysis  of z-norp heme u ,

words , and sentences of the text s , rat her tha n to the enthu siasts ’ “lost

tribe of Israel” sort of speculation based upon one or two  purely acciden-

tal , and mostly mistaken , coinc idence s between i~tr u c can  lexeme s and

morpheme s and those of some other (indeed very many other)  well or bet-

tar known languages.

It seems to us that Et ruscan Is a typica lly ag glut inat ing language

systematically resembling,  to a marked ~~ r~ree , the kind of pr imitive

Altaic that can be reconstructed from , say, the var ious Turk ic -Chuvash ,

Tungua and Mongol ian dialects , and modified ~reat l y in vocabulary by

the successive geor raphlc sta tions of a set of nomads or mercenar ies
*moving between the Altai and Tuscany . And here It Is not a question of

one or two isog losses but rather of dozens of words , morpheme s and pro-

per names. This “A ltaic ” the s i s  which coul d y ield muc h of th e  h i ther to

lack ing “ semant ic ” context , in which E tr u r .c an  I s embedd ed , must be

te sted by analysis of geograp hical and h istorical  data y ielding trajectories

*The ter m “agg lutinative ” has long been out of favor with l i ngu i s t s .
But nothing bettor by svay of terminology has come into use. We do not ,
however , confuse a number of d i f feren t  cr i teria  of classification; muor-
phophonemic comple~ct ty.. .  and the ela t io n of sy ntactic to morpholog ic
phenomena ” (R. S. 1-1*11, 1964). By specif ying “Mtakc ” , our analysis cate-
gorizes words with little or no complex inter ior  at the borders of inflec-
tional elements; and produces a “stucturo of st r ings  of inflectionally bound
forms of great simplicity.

8
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of the route followed by the “T yrrhenian ” component of the culture which ,

at last intermingled with Villanovan and Italian Indigenous , gave rise to

the later Etruecan In situ. * This rout ing problem can be stud ied to great

advantage with the aid of computer operation s on well-known gecgrap hic

maps. Up to now we have used plastic map-overlays; but the amount of

Information is rap idly growing too large not to force recourse to corn-

putera , even if the use of that device had not otherwise been thought of.

The high possibility of this westward migration is clear. Almost as

soon as we have written history at all , and with an increasing crescend o,

we learn of the westward (and eastward) mig r ation s of numerous band s

of Altaic Tribe s through Iranian linguistic regions into just  those parts

of Anatolia and points west f rom which most scholars still believe the

Tyrrhenian element of the Etruscan culture came. The Austrian scholar,

W. Braxidenstcin , suggested a generation ago that the Etruscan language ,

at least in its noun-declensions , much resembled Tatar-Turkish.  But ,

what on the whole has been a meager followup of th 1~ h i n t  h~~ been carried

out by very few persons , moat notebl y by t h e  Aust r ian  A. J. Pfiffig , who

seems himself to dis play little f i rsthand knowled ge of any of the Turkic

lang uages , not to speak of a knowled ge of other members of the Altaic

family or their more primitive and reconstructable forebears. This non-

sequel may be due in par t to the fact that there are few scholars any-

where cu r rentl y at work on Etru scan;  and none in the United States. Most

of the activity is in Italy among l inguists  who are more or less reluctant

retainers of M. Pallottino of Rome , the imperious and g ifted dean of

*ItTrajectory~I is a stronger vers ion of “isogloss ” than that commonly
favored. At any point In the trajectory any given lexical item may be
substituted by another that “fits ” Into thi s  process of successive “pidgin ”-
ization .

9
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Etruscology, who with the an t i -d i f fus ion i st  cornp anil ismo of most hype  r-

modern archaeologists , has decreed an autochthon oua Italian ori~, in for

the Etruscan lang uage and cul ture,
•0~

(If we were to have any success  along this  line of inves t iga t ion ,

an important bonus would be the aid given , in the opposite d i r ec t ion , to

the recon struct ion of the primit ive Altaic r e f e r r ed  to; by having c l u es

to it f rom more than e mi l l enn ium ea r l i e r  than those we now possess

from recorded sN cimens.  Such aid mig ht be small , however , s ince at

least 50 per cen t of the lexical and gr a m m a t i c a l  forms of Turkic  and

Mongolian alread y prove , on anal ysis , to be held in common. One could

easily reason in a circle in this ;  but that in f i rmi ty  is generall y t r ue  in

science; and avoidance of it dcpcnds on the ski l l  and the insight of the

investiga to r . )

We mig ht give an exam ple herc  of the kind of aid one mi~ ht well

expect f r o m  the cons idera t ion  of “ l i nge i s t i c  t r aj ~~c t o r v .  “ It is d i f f i c u l t

on formal (so-cal led “combinator ia l”)  g rounds  alone to d i s t i n g u i s h  the

I t/  phoneme of th~ geni t ive f r o m  the /~ / plural p a rt i c ula r l y in v i ew  of

the fact that some languages  l ike  R u s s i a n  use “p a r t i t i v e ” s ingu la r  gen-

itives with soni c numbers .  But / ~/ is wcll  a t te s ted  as a plu ra l  in A lt a i c ;

- 
- 

and the / g /  singula r  genit ive is well known on our  t r a j e c t o r y ,  for  examp le

in Anatolia , most  imp ortant l y f rom Ly d ia n . It was f r o m  Lydia that

Herodotus tells us the Ty r r hen i a n s  mi gra ted  to Italy .

c. Historical

• Historically,  the g rea t  dccip he rm cn t s of the Nineteenth and

Twentieth Centuries  were  based on (1)  cop ious inscr i ptional mat er i a l ,
and ( 2) the assumption , which often turned  out to be co r rec t , that  the

lang uage(s)  of the inscr i ptions were close to known lang uages. Thus ;
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(1) Egyptian Hierogl yphic , Bab ylonian Cune i fo rm and the Uga r i t i c

alphabetic scripts were all amply attested. Also; (2) Egyptian was close

enough to 1t8 descendant Coptic , and Akkadlan (Babylonian), U gar1 tA ~ ,

and the recentl y discovered Eblaitic to related and known Semitic dialects

to make rap id deci pherment possible . Often biling uals were available.

The one decipherment  apparentl y not f i t t ing this  condition was Linear-B.

The material corpus was sparse and the lang uage unkn own. Michael

Ventr is  made the brilliant suppo sition that the names of major Cretan

cities , which v/crc known to be non-Greek in origin , were the same in

the Bronze Age as today. (He had spent ten years  or more exploring a

supposed affinity of Linear-A with Et ruscan) .  This proved to be correct .

The place-names, along with a vowel-consonant grid he had prepared ,

gav e him the value s of about th i r t y of sixty- f ive  common signs , of which

there were ninet y in all. Apply ing these , he discovered the languag e to

be an archaic Greek . From there on it was easy work . Ventr is ’ work ,

it mig ht be added here , could have been enormousl y expedited by a very

simple use of a computer , e . g . ,  in mani pulating the g rid .

Since Ventr is ’ achievement (1952)  ther c  have been few important

or conclusive dcci pherments  of unknown scri pts (except Eblaitic) though

many hav e been claimed and some p rogres s  made on a few. Fur ther , even

more unknown scripts have come to lig ht , mostl y f rom Anatolia.  The

traditional method s, by mean s of their  rap idl y increas ing cumbersomeness,

will no longer serve in at tacking these  “myster ious ” writ in g sys tems .

All the still un deci phered scri pts except Mayz’n , the Jndus River  scri pt ,

and ~ t ruscan (a special case , since it is wri t ten in an alphabet derived

fr om an a r ch aic Gr eek al phabet and which can be read with some but fa r

f rom total certainty as to sound) are less suff ic ient ly attested than Linear-

B. Mayan and Indus Valley arc mostl y ideograp hic , and in the lat ter  case

the language ’ s a f f in i t i es  are totall y unknown. (Even if it were a Dravidian
• language pushed south by invading Indo-Aryan speakers , it would presumabl y-

be very  far  f r o m  modern Dravidian !) .  Et ruscan  is not cleail y related to

11



any l~~own language  except perhaps  as suggested above; and the combin-

story method h ither tofor e  used on It h as  s uffered from the tact that

thi, method is essentiall y mathe matica l ;  but few f o r ma l l y  q u a l i f i e d

scholars in this last respect exist .  Even wher e  a scr i pt I. part ially

decipher ed and the language thiorabl y well  unders tood , as with Ilierog ly-

phic Hit tit e , there are large a rea .  of un c er t a in t y, which , it may ho noted

have latt erl y seemed to grow , and not t o  d i n i i n m s h .  ( l’his is a l m os t

alway. the case ! )  Biling ual text s a r e  o f t en  use fu l ; but not so muc h as

might be supposed . They a re  ve ry  soldom l i t c v . t l  t r a n s l a t i o ns ;  and . it

anything, most often raise more problems than  they  solve .

We , t h e r e f o r e , have proposed an a t tack  on nfl these (and more)

undeciphered s c r i pts us ing the ab i l i ty  of c ompute r s  to o rgan ize  o ft en

too mea ger but , even so , s t a g g e r i ng amount s of data , much of it non -

ling uist ic , say, archaeolog ical.

Computers  have been used on ln~lus  V .~l l c~y and Mayan;  but t h i s

has occur  red in Denmark  and the  U. ~~~. ~~~. R . whe t-c ompute r technology

and its ava i lab i l i ty  to l i n g u i s t i c s  is no~vh~’rc  n~’. tr  as advanced  a it i s

in the United State~; . In the Un i t e d  St . i t e~ oucor dan ces  w i t h o u t  i n r an in~~
of hiLi un~~~~n dud I ~tnea r —A have  been pre~ a ~~~~~ w i t h  c o m p u t e r  as  t’ st ance

and w ill pr obabl y prove to be v . l uab l e  a~l unc t t ;  t o  t he in ib ed dmng  ot t h e s e

lang uages in v ar io , :~ l i t i g t i i s t i ’  and non I i m i g u i s t ~ ..- sem a n t ic  c o n t e xt s .

(The work  of R . Bellman ha~ m ade t he concep t ot ‘‘ imi ~b edding well  under  —

stood and p r o d u c t i v e .

*The two volume work :  M a t e r i a l s  for  t h e  st ud y of th e  F t m u s c a n
M. Fowler and R. G. V!olfe, Univer sity of Wiscon sin Pr ess  (lQ ~ 7), al lows
much more read y access to th~’ co~ pus of E t r us c an  m a t e ri a l s  t han  I.
otherwise  possible.  This  u se fu l  work  is the kin d of co mp u t e r -b a s ed
pro~pa.edeutic tha t  wi l l  pr ov e in general necessary fo r t ra ns lat ion prope r.
It p roduces  not only a c r p ~~ but also .illows for vas t l y improved sta t i s -
tical man ipulation of many kinds .
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d. Simulation

Our purpose , the n , is to ana lyze and apply simulation as well

as other computer-based procedures to t r an s la tions , e. ~~. • of Etrus-

can , consider ing a t ran s la tion  as a dialogue between a huma n interro-

~ator and a set of protocols tha n r epre sen t  a n s w e rs  to w ue 9t i on s  that

have already been exp l ic i t ly  put ; to some ques t ions  that  may be imp licit

and not at all a conscious  part of the author ’ s r epe r to i r e .  (A deta i led

d i scuss ion  of the methods to be used wil l  be found ir ~ the book: ii.

Bellman and C. P. smith , Simulation in l~uman Gy stems :  Decision-

Makin~ in Psychotherapy , John Wiley Ez Sons , Inc . ,  New York , 197 3 . )

Vie regard the “hLn ~ uistic interview ” as an in te rac tion  between two

• systems. The lLn ~ uist  wiahe s to elicit informat ion  which  he does

not yet possess. The relevant documents , in general , de8lre  to make

this information known .  In th is  last resp ect  the re  perhaps exis ts  a

fundamental  d i f f e ren ce  from c ryp tanalys i s  w h e r e  the document (or doc u-
• ments) a r e  intended to keep in formation  away f rom any a r b i t r a r i l y  g iven

invest i gator , and to reserve  it to the i n i t i a t e .  (3ome hierarchic Ian- .

guageo , it must be remembered , a re  of a par t ia l l y and in ten t iona l l y

crypt ic na tu re ;  and it may be th..~t at least  i.ome Et ru s c a n  t e a t imo a i a

may possess this  property .  It is well to bear in mind that some at

least of the alaori thn-t s known to c ryp t a na l y s i  may prove to be of
• important , and even of d ramat ic , a s si s t a n c e.

In constructing a simulation , the follov.’ia~ are  re qu i red :  d esc r i p-

tion , sets of dec isions , sets of ~quivalent actions ’’ , ( that  is , r.~eanin ~~s)

cause and effect , an d object ives.  The r~’e hod of i n t r o d u cin g  state vari-

ables ultimately depend s on a theory  (or t h e o r i e s )  of l in ~ u i s tL c s .  But ,

it La importani to re ss  here  that  the nicthodo1o~ y of simulation can

be u~ cd even w hen ~hc l i n :u t s t i c  th eor ic ’  :3 i :  question arc  widely diver-

cent . It should be emp hasized , too , that  most  of nat ’aral lan gu age ’ s

features are inhor~~:tly “fuzzy ” , - -  
. 

-
•
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Thus , L. Z3deh ’ e theory of fuzz y  sys tems  shoul d p lay an  Imp or t ant
*role. Therefore in making an E t ruscan  ( c o mp u t er - b a s e d )  j~ln s s a r y ,

we classify possib lo and variant  hypotheses abnut  meaning under a n urn-

ber of headings , viz;  ‘‘cer ta in ”, ‘‘very likel y ”, “likely ”, “little l ike ly ’’
and ‘unknown ’. These mi g ht correspond , for computer purposes , v~~!I r
roughly, to 100%, 75% , 50%, 25% an d 0%, resp ect ively .

There are d i f f i c u l t i e s  wi th  all the above. Two pr in ci pal dif f icul-
ties are “const ruct ion  of responses ’; and  what  mi g ht be called ‘branc h-
ing ”.

The “cons t ruc t ion  of r esponsc~, ” , us i n~ possib le  ques t ions  put by
the l inguist  and a n s w e r s  by the doc uments , can be b r ie f l y alluded to in
the book cited above.

Suc h cons t ruc t ion , using questions put by the linguist and/or linguistics ,
• r e qu i ros  as competent know1ed~~e s i : ’ possible of the s stem and sub.s~~ j~~ms.

This knowled ge is obtained by intense  in t e rd i s c ip l in a r y  reading of t ex t s ;
and by working with l ingui s t s , h i s to rians , archaeologists , and o thers

interested in the problem-process  involved.

• Branching is a phenomenon as Bellman has recognized , encountered

In every encounter wi th  “ar ti f ic ia l  intell i gence ” . It represents  a pri mi -

• ci pal difficulty not only in the use of the compute r  but pe r haps even
more so with  unaided speculation . For examp le , if we permit  nuiy

two possible ques t ions  and two po ssible  answers , t h e r e  a re  four pos-

• s ib i li ties  at each stage.  ‘Ye easil y see that  if v ’e allow but ten sta i ~es ,
there  then exist  more tha n a mi l l ion  p o s s i b i l i t i e s.  If we allow t w e n t y

• CL. Zadeh; A L inguis t i c  ( n o n - n u mer i c a l )  A pproach to Dec i sion  ~~a k i n g
and Systems Analysis  (Berkeley ,  1 76) .
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stages , we see that we rar exceeci tne capaot tt ty  ot tast  storage in a mod-

ern computer. This is so because of the rapid rise of factorial  expres-

sions. (2 I -4; 101 3, &2 8 , 800; 20!  is unbelievably large) ,  How the

human brain pr3venta branching in l inguis t ics  (or chess)  is not at present

clear . But its method s almost certainly are machine- l ike  progra m-n e

generating, in a complicated di g ital-analog ue , computer environments of

great complexity.

What is needed , therefore , Is a method for  keep ing the process

under control. The method will vary somewhat f rom system to system.

It might be noted that in l inguis t ic s , time is an important consideration

although it is seldom specif icall y referred to. ( ‘D ynamic simulat ion”
discusses at length some of the fo rmal ways we could exploit to avoid

excessiv e branching.)  Linguist ic , diachronic , theor ies  of the or igin  of

a language also serve to prevent branching and to ass i s t  us in main ta in ing

control . If Etruscan is a set of repeatedl y pid g ins  devenus creole languages ,

alon g the trajectory desc r ibed , this theory would obviousl y narrow down

the possible etymological and s t ruc tural  a l t e rna t ives .  * The procedures of

A. Trombett i, who described , for example , in the Etruscan radical ‘ men- ”
affinities with a dozen , or more , languages  (e . g. , Choctaw , Votya k , and

even Gothic), d r awn f r om near l y every part  of the t e r r e s t r i a l  globe , was

ineffective precise l y because  it lost e f fe c t ive  c ontrol of the t ranslat ional

procedure.  For us , borrowing s must  be located alone the traj ecto ry~ and

follow what we know of the phonology at every  point .

• It is clea r that even a fa l se  th~ ory  can also exert control by pre-

venting branching ; jus t  as , t r iv ia l l y, the common convic t ion  that ~ t ruscan

Is and will remain  “ indeci pherable ” may in another way have the same

effect.

~Pidgin languages are  constructed for simp le purposes usuall y using t he
lowest common s t ruc tu ra l  denomr natot -  of the vocabulary  of one language and
the g rammar  of another.  V Then this  pidgin becomes the only language of the
speakers of it , it must grow to serve all the purposes of life . This subse-
quent process of complication is “creolization . ” Pid g Ins can be evolved
very rapidly. The fact that the resul t ing lexical items represent lowe st com-
mon linguistic denominators is not at all the same as thin k ing of p id g ins as
badly, or n o n— s t r u c t u r e d , gabble of c i v i l i z e d  persons with p r i m i t i v e s .

15
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It La obvious tha t neither a completely false theory nor the denial of
the possibUity of any theory woul d be especiall y u seful : A l in gui st ic
theory of orig in that wa s at least partially correct and , at the least ,
clear , would, howeve r , contribute muc h to effect ive control and effi-
cient translat ion. And th is has been our f i r s t  step. “Truth come s out

of error much more quickl y tha n from confusion. ”
A multiplicity of d i rect ions  for fur ther  research  exist .  In the f i r s t

place , we wish to consider d i f f e r en t  type s of 1an~ uage systems beside

Etruacan; for e~ ar~iple , Mer oit ic , the In du~; Valley scr i pt , Cre tan

Lin ear-A , etc. Fir st~y, we .~re in a po si t ion  to c o nst r u c t  computer

“vL~ nettes ” in connect on with var ious known lan ~,uagc systems.  In

the second place , the re  are ordinari l y many d i f f e ren t  but gu ess -abU ’  types

o~ comrnuni’atlon, C.  
~~~ , 

devotional , f un e r ~’ry , et~- . Thirdl y, we v.’is~ ~~
combine the scanxiin~, method util i~ cd by i~. Colb y with the p roccdure~ ~~~~

.

ccribod above.

The method can clearly be applied to other f ie lds  of “dia loguin ~~” ,

notably those that occur in medicine , law , and h i s to ry .  Wha t we w i sh

to emphasize, in addi t ion to the attainment of satisfactory translat ions ,
La that we will create .~ powerful tool , not only for research , but a l so

for education , say, in l inguis t ics  and/or  philology.

e. 3lrn ulatj on Par adi~~rri s

The use by R. Bellman of so-called “vi~~nettes ” in connection with
computer simulation of the p sychia t r i c  i~it erv iew , su~~ ested the poten-
tial usefulness of hilivt~ ual vignette s , or langua ge par adi gms f or t r an s-
lation; provided tha t these coul d be compos ed , say, to represent  t rans -

lattona between E t ruscan  and the oldest recorded Alta ic (in the ins tance
the Turkic Inscriptions of th~ V.’nt~Loei and in the language of the old

- L~~~~
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Glossary and Commentary to Sentences 1 and Z Above

mini: Etruscan and Turkic: accusative singular of the personal pronoun

“I”; ~~~~ Father (also exists in other languages probably onomatopoeical-
ly); tarchun-tarchon: Nominative sing. , Tarchon was a principal deity
of the Etruscans.  Found in Anatolia Orchon Old Turki c inscriptions. ~~~~
Tarchon is in Tranabaikol the title of a high officer of the Royal entourage.

Also , In consideration of the proposed geographic it inerary of the Tyrrhen-
ians , notable as an important and widespread Anatoliari deity of }littite

time s and later. It is the base of Etruscan name Targuinius; tinsi: Ztrus-
can genitivus donandi of the kind regularly used in place of the Dative (which
probably did not exist in Etruscan). Tinsi(y)e , Turk . Dative. Tins was the
Zeus of the Etruscans , bu assimilat ion accommodat ion of two gods of
Heaven. (Tin s is also heaven in Etruscan., ) The Altaic Tinsi seems to be
derived from the same, or nea rly the same , Chinese work T ’ien-ts~
meaning son of heaven. (Note also the Greek word Tindareos, which almost
certainly is a “T yr rhenian ” composition: i. e .,  Tinthur , 1. e. , the sons of
T in. A~pan: ~ tr uscan and Turkic . Compound , durative, present-participle ,

from stem al- with the meaning “take ”, “buy ” , ‘ spenden” and the like.,, ,, I,
(cf. , ali l give in Mongolian). Turuke: Etruscan “gave ”. Tur - is the root ,
-u-  is a participial particle , and -ke the ending of the prcterite. Tir irke :

is modern Turkish , cf. , gidcrke(n )  f rom verbal root £~~.. (“ go ”) for the

same construction. It is true that t ir -  in Turkic mean s “collect rat her

than “give ” ; but , recall , the collection in a church is the offering.  The

~ tru scan -u-  is the epsilon of Greek and so must  probabl y be umlautcd .

Thus , tyr - or tur - is in all likelihood a better t ranscr iption. Sometimes

“alpnu ” with the 3.
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It seems ror.’~ rka ile i idec~ that t’..’o ~u ci . ‘‘ t t c  ices (repr csen t i r~,,
by appropriate su ~ stLtutLona , a class of ident icatl\ ?~ fo rmed sente ce~ ) S

could be concocted In la ua~,es appare~ tly as dis co.~aected in t ime and

space as Etru sca.~ and pr imi tive  ~~ltaic . It v ’ou ld ~~ very d i f f Lcu l ~ ~o
do as much even in pa t r .  of L’..i • , u~~~’~ Lnown to ‘c clo ely re1ate~ , as ,
for e;~amp 1e , low 3 er L ~’ — ~n - l i ~~~, or • .~pa~ii~~i -Italia i.  (~~vt se~ :,nte
below !

:ot:~ t r u ~ ca.~ .‘. . ‘d Turk ic  ~ r~’ ~- ‘ rv c~~ ~scrvative tan~~’a’cz. A : I ~ ’

available ::~rusca: ’ i i~;cr L pt i on s  di~~-~lay  .~. l- ’”~~~i~, c that . - ca rcel y var iec~
over ~~~ ~OO year s of t~~~ i.~~c r i ~~ iona l  

~~~~~~ ~ ~he r t o s t  ancie ’~ r~ c ~r-
ded furk ic  Is ver: l ike f u rk i s~ dLale c~s o~ t~ c pr&’sent day. Tie ~i’~~t-

century ,ap Oetv/~~C. 1 ~~~~~~ last  ~~ r cni~ I .  cr i p~i ’~is and ~he f i r s t  ~‘n r k L c
ther efor e t&kes o.; ~ i inl~~~c.~ i~np ortance.

Note to the Above

The above pair of pa r adL~~r~~~t i c  c t ~ nc~~ i~ ~~ruscan and Turkic ,

respectively , ca.-~ ~e ~‘-1~ ~o~ t r ep ro~:u cc l  i.~ ~~rc~~c , widi only a sli g htl y
different  meaning , ~.nd ~uita~’l~.~ ~o ~~~~~ -~~~- vOLO oI~ ’r i u ~, as foi1ow s~

f~ ~ \X V  A t ’ V %  o.k .-’ r \  t~~~ s~~~t C .

rr ans llter ated into the s tandard  m odi f i ed -La t in  alphabet alread y
used , this would read : “1k ir~ apa r ar c h ~ t i l e n i  a lp (h)  en etuke.

• (There are no double con~ nnant s or a vow.~l “o ” in E t ruscan . )
The meaning would be g ivea  as follows in ~~;~~1ish:

“The ancestor  ra rchon  ~avc it , a production , to cus .  “

It cannot be pretended that th i s  would ~‘c ~nod Greek .  i~nd ~t r u s c a n

onl y used the accusative morp heme t n t  wi th  p r onouns .  (3ut , It would

be unde r standable enou .,~h . )  For o i ’~’ r~’nson :  G r e ek  has a de f in i t e

• ar ticle . Neither Etru scan nor Turkic  possess one. 3uch a “tele gr a-

~However , ~t ruacan  oft-i n took over the accu sative of Greek wordc as a nom-
• inative. (The accusative is usuall y less eroded than the nominative.)
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phic ” style would grate as suc h sty les do .

Glossary to thL ’ Above Sentenc e

MLit “He ” , “she ” , ‘ it” , accusative. Generally used enclitically, hut

it can be used non-encl it i ca lly  if r e f l e x i v it y  is understood , i . e .  , ‘ him-

self”, “herse lf” , “itsel f” . Appa: E quals Pappa, ‘Grandfa ther ’ or

‘ anc estor ”. Tarchon: A commonl y known semi -div ine  or divine f igu re

In the islands of the Southern Aegean , Cre te , Cy prus , and the adjoin -

1n3 parts of Anatolia. Teni : A name of k~ ’us , particularly Cretan , equals th

Dative case of Den-Etruscan Tin. tNo voice d dental exists In E t rus can . )

A~phen~ Ac cusative of alphe - “so ct h i n ~ fe tche d”  or “produced” . ~
Edoke : First aor t st , indica t ive  - “he ~av~’ ’ or “pre seated fr eel y ” .

The parallolisms of most of th~~ e words and forms are st r ik i n g .

Others less so. For example , ±2~ 
in ni l thr ee  l anguages  is  probably

onomatopoeic and v ery  widespread outs ide  our E ast  - V.’es~ band.

T en Is str ik in g fo r Zeu s (not perhaps the ‘ T ’  from *TZ bu t cer t a i nl y

the final “n ”. ) Li the last word , the  verb , it may be that -ke as a

si gn of the pr etorite  In E t rus can  was s t r eng th ene d  and theref ore  In-

(luenced by Greek;  alt houg h it is al~nost c er t a in  tha t ori~j nal~y th i s

morphe me arose elsewhere.  Consider in ’ :  t h e  geo~ rap h lcal ly c e n t r a l

position of Greek bc t ween  Etr  us can and Turkic on our propo sed t ra -

jecto ry ,  the cor re sponckncc s are mort ’ ~t r i k i n g  than  the d i f f er  ‘nce s.

Cr is this  Greek  se mi -eq u i v a l e n t  ti~ere lv  a j~’u d’ e sp r i t ’ One would

rathe r th ink that in it way t h i s  por~ ~it- ’le  ince  it 51io~ved a more anc %. ent

a f f i n i t y  between I:~do • i-~ irop ’n ~ and A lt a i c  , n t i e  si that has a t t rac ted

some scholar, .

After  I wrote the E t r u s c au  v i g n e t t e  r iven .tbove I reco gniaed th at

alpan in Etruscan sometimes appears as  alpnu wi th  the same dist r i -

bution. It is exc itt ig to compare th i s  w i t h  Turk ic  ( C .  g. Old Osman~

*But if alp(h)en were taken from the Den t- dI ~ lcct of Greek it would appear
as alp(h)an.
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whore a form alpanu (hitherto unanalyzed) aub-titutes for al p-in. Th is
lends credence to the suppos ition tha t /u/  is in Etruscan a form mean-

ing “hL.”, “hers”, “it”, used , because of its 1’ ~~~~. ~i n ~~ :peci i~-nti~’.~,

In lieu of a definite article , as In Turk i sh .  The i~t r u sc a t i  form t u l a r u

therefore means the l~~~~ ’~’.ri~”~ . qince tu lar  is known to mean boun-

dan e.; and so forth.

f. Survey of Irnmedi i t& ’lv Possible A pplications

The following lists  i .~ a very summary fash ion the tentative con-
cluelons of a group of l inguists  concerning the possibility of us ing some
or all of the techn iques referred to above for the deci pherment and .1or

translation of the language indicated. The group met , and will continue
to z:-ieet , reg ularly in santa flarbara and 3anta Monica. Participant s

have Inci Ldod Professors H. Netzron , 3. Marvan , N. Shevoroshkln ,

3. BIlli gmeir , R. 13elln’~an and S. \ Uk inson.

ETRU SCAN: Can be read and partially under stood . Prog,posls : The
use of computers by l i n -~u Lsts  and mathemat icians  is p rom is ing .

~~~P11O-MINOA N: Ve ry  limited corpus .  par t ly  due  to f i n d i n g s  not vet

having b c n  published. Princ ipa l a t tack v.’ould be ( 1’~ to prepare con-
cordance of all words  accomp anied ~~~~

- th~’ w o r d s  immedia te ly  before

and after and (2) to do th e same for s igns.  Proj~nos is : Computers
at present would probabl y be of limited but imp or tan t  us e ,

GUBLITIc_j~ YBL~~~). sinc e there ar e no word d iv ide r s , it would f i r s t
be necessary to use the computer to h~’lp de t e rmine  morp heme ~~ und-

aries by sort lug out ~, roups of 2 , 3 , 4 , etc. , s igns  that reoccur.  These
would be presumable morp herncs. Since we know the wr it i ng -d ir ec t i on
of in scri ptions (mostl y ri ght to lef t ) ,  we could determine suffixe s , and

prefixes. If the language were 3emitic , as seems l ikely , we could get

20
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at the sounds , SH1CC the numb e r of a f f i xes  is l i .~i i t ed  in Semi tic .

the second place the cor.’puter coul d tell  us wha t  syl lables  are CV and

which VC. (VC could flat be in i t i a l  i ’  Semi t i c .  ) LI Wi’ could te l l  w h at

are CV and VC , a gr id  could be prepared. Pr o g no s i s :  A very  f ru i t -

ful area in which  to use computer  t e c h n o l ogy .

H~~ 1~O~~LYPHIC :-;ITTIrr:~~ Thoug h in lar ge  part  deci phered , the v a l u e s

of some of the si~~ns arc hotl y d isputed.  It would be a good idea to

print out P. Mer i~~~i’ s lexicon wi th  d i f fer e n t  va lues  acc ord in g  to d i f f e r-

ent systems. Prognosis : ~‘omputer u:~ could be ve ry fruitful.

cRETAN LINEAR-A: Doubtful ly a promising field for computers  except for

ih~ kin ’~ o f or n ~al n~1 cor~Th inai  o r i~ l v:or ~ aL ~-~ l y ~1one ~~~~ :~~ . P~ c ~~rd. New

~ ex~~: must beco 1-a.’ avni l~’~’l:. Sonic ’ al re~~~ b un-i not vet puolLsIl? ’, publica-

t ion of t hes la. t w ’~ll r inhr .b l y incr ~’ se oi ’ r knov-L ’g_ ~~~~~~~~~~ ~~~ not

dramatically . Leading problems: Nearl y all  l iba t ion  tables a re  severel y

damaged; so are many tablets. The~~~~~ia T r i t d a  table ts  contain mainl y

personal names. A c lose st ud y us ing compute r s  mig ht hel p us to isolate

place names , commodity names , etc.  rh i s  las t  p r esu pposes , howeve r ,

that these rather  sloppy-looking documents  and a r ch ive s  of Ha~~ia Tr iad

possessed a greater  deg ree  of logical composi tion  than they  likel y every

did. Prognosis: Low pr ior i ty  for th# moment .

LYDLA N AND LYCI.AN: ?~tuta t i s  mutandis  the outlook is the same as for

Etruscan .  They , too , are w r i t t e n  in a modi f ied  Gr e e k  alphabet; and some

unde rstanding of them has become available.  St r ong  Indo-European in-

f luenc~~. Its h l 3 t n r  Lc~~l i~1fl iL ’nc ~ fo r  son s  i~~’r sb l e  t m ’ ’  on ~ t i u s .  n I

undoubted.
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INDUS VALLE Y: The pre~~nnsis wo uld seem favorable  if and wh er ~ a

better corpus were available. (An Indian fr iend of R . Bellma n , \~~~~d~-’. nn ,

l~ gather ing th i3  material . )

HITTITE: Itself contains many unsolved problems wh ich  the techni ques

of applied mathematics could presu .mably elucidate.

MEROITIC would seem at the moment near ly  hopeless .  However , prac -

t ice (and some success)  In using the technique s r e fe r red  to above mig ht

dramatically alter what is at the moment  n n  unfavorable  pr ognos is .

URARTEAN and IJURRLA N: x~ro. p cctH ( ‘xee~I ’nt . Our ~uppo~~it ion f i ~i t h e r  is

that success in one probably means a reverberation in some of the others .  Old

Armenian probabl y contains many  words  foun d in E t ru sc a n ..

~~~ U ses of the ‘oniputer

We hope to have made pla usible that the computer  will  play a gr t ’at

ro le in philology.

It is an ideal device for the storage and re t r ieval  of information.

The researche r can save a great deal of t ime by s tor in g a g lossary in the

computer. With a s imple program and a CRT (cathode ray tube) ,  he can

very quickl y see many desired words  or combina t ion  of words .

But much more important is th i s  is a quick  way of test ing hyp otheses.

Wit h the aid of the stored glossa ry a nd the CRT , two languages  caii easi-

ly be compared. N a n y hypotheses can be tes ted.

Let us point out that wi th  a Ci~T it is a lso possible to look at hiero-

glyphics .  No t rans l i t e ra t ion  will be r equ i r ed .

Communication wi th  the computer  at the pr esent  is by means of a

typewriter  which stoves Rin1 p l~ programs which  are  wr it t en  in FORTRA N 
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and can easily be used all around th~ wor ld .  A lso , we can c n mn lj u i c a te

with the computer by means of a l ight  pen. This  techn i que which  can  be

used to construct  c i rcu i t s  is an ideal techni que for cons t ruc t i ng  words  or

hierog lyph..

In the fu ture , more sop hist icated techni ques wil l  be available.  For —
example , at the presen t  in var ious labora tor ies  t h e r e  a r e  devices  for

usin g voice. Soon these will be comm erc ia l ly  available.

rho applica tion of voic e techn i ques to philolo~ v will  be very powerful. L

h. Uses of Mathematics

Mathematics can be used in many way s  tu philology nnd iingui sti~- s.

For examp le , we may want to see how a word change s  from one Ian-

:l uage to another .  A theory of b r a n c h i ng  p rocesses  wi l l  be valuabl e here .

~ee

Ha r r i s , T. E. , The Theory of l 3r an ch in g  Processe~ , Spr inger-Verlag ,
New Yor)c, 1963.

The theory  of i n v ar i a n t  imb edd iug  j :~ a t r a n s l i t e r a t i o n  of the compa r -

ativo method , so powe r fu l  in phi lology , to athemat ic  s.

~~~~~ ~~~~~~~~~ Wi sh  t~ ~ 1, t ~~ e th~’ po~~~ bh’ ~~ nt ’c t i ~m~ behveeu one ~voi-d
in  one language  and another  word in anothe r  lau-~uage .  I l e r e , we can

use the  theory of k l ad i st i c s , S e e :

?%:archi, E, , tGe ae ral tzations of the Pars ~~~~ns- Qut’ ~;t iou  in  Evo lu t ion .
Mathematical l~io s c i e n c e s . Vol . 17 , ~\o . 11.2, jQT3 , pp. 11 ..34.

(.\ .a ny other r cf .~r~’n ces may be found t h e r e .

The theory of f u z zy ’ sys tems wil l  play a l a rge  role in l anguage

t rans la t ion .  $e~’:

Bellman , R. and L. Zadeh , ‘Pe’&’ ic I ~~n - is. n k i n g  in a Fuzzy Environm ent ,
Mana~~~rnent 5cj cnce.V . .l .  17 , No. 4, pp . 141-164 , 1970.
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- , “Local and F u z z y  Log ic. , ” Modern Uses  of Mul t i -Va lued  Logic . .
D. Epstein . Ed. • D. Reidel  Pubhs~ting Co. , Dordrech t , G e r man y .

We have discussed above the use of “ simulat ion ” techni queM .

See also:

Will~ nson , J .  and R. BeUman , The D ynamic  Simnul at ~on of Human ~y st e m s,
MSS Publications , New York , 1974 (ISBN 0-8422-8300-5) .  Con ta in s  a
discuss ion of archetypea in language , dynamic p r o g r am ming  and
fu zzy sets.

In conclusion it oug ht to be pointed out that  the deci pherment  a n d/ o r

translat ion of the languages named abov e are  a contr ibut ion to “phi lology ” in

the broad sense , which was , beyond its l inguist ic  conten t proper , the t ask  of

reconstructing hurrut n societies.

4. Fuzzy Set Theory in Dynamic Programming and Large Systems

D ynamic programming and its applicat ion to mul t i s tage  dec ie  ion pro-

cesses of stochastic and ada ptive type is well-known. However , onl y a

beginning has been made to apply dynamic programming to f u z zy  sys tems .

“Fuzziness ” should not be confused with “ randomness . ” For example , much

of the decision-making in a real world take s place in a f u zzy - e n v i r o n m e n t  in

which the goals , the const ra ints  and the consequences of possible act ~one are

not known precisel y. To deal quantitativel y wi th  th i s  imprecis ion , we  u sual l y

employ the concepts and techniques of p robabi l i ty  t h e o ry ,  and , more part icu-

lar l y, the toots provided by decis ion theo ry ,  control  theory  and in fo rmat ion

theory. In so doing , we are t a c i t l y accepting the premise that  imprecis ion

can be equated with randomness. We ar e  using the combined concepts of 
-
‘

dynamic programming and fuzzy set theory to overcome thi s d i f f i c u l t y .
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For example , in the conv entional approach to decis ion making,  the

principal ingredients  of a decis ion process are goals , const ra in ts  and

decisions. When we view a decision process from the broader per-

spective of decision making in a fuzzy  environment , a dif ferent  and

perhaps a more natural conceptual f ramework  suggests  i tself.  The

most important feature of this f ramework  is its symmetry with respect :
to goals and constraints. For more detailed discussion , See

Bellman , R. E. and Zadch , L. A . ,  “Decision-Making in a Fuzzy

Environment,” Management Science, Vol. 17, No. 4, l97O ,pp. 141-

164.

In order to develop this concept fu r ther , actual phy sical sy stems

arc being used. The following is a bx~ ef summary of the var ióu~

systems from the stand point of applying fuzz y set theory.

(1) Energy Systems

Energy systems forr.i typical examples of i l l -def ined systems and

are well suited to illustrate the fuzzy concept.

The planning of energy resources is intimately connected wi th  many

social , legal , governmental , re gional and environmental  problems.

Li many of the planning aspects , therefore , the important factors to

conside r f requent l y are not en g inee r in g  or economic factors.  For

example , we ri tay cite the dccision to use synthetic gas rather than

coal in electric power generation duc to severe air pollution conditions.

3ince these various social factors generally are not well defined and

for m f.izzy sets , the y cannot he considered easily by classical rnathe-

z-natics. Fur thermore , since these various factors generally have con-

fl ict ing in teres t s , mult is tage decision modeling in a fuzzy environment

wi ll be used. For example , ce rtain decis ions arrived at by p ar t icular

groups of planners such as the energy  agency,  the public or the envir-
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resources systems under f u z z y  environments are being carried out .

(3) FluLdized Bed as a Fuzzy System

Even a typical eng ineering syste m can be t reated as a f u z z y  system.

This is because of our inability to d e s c ri b e  the sys tem precisely. F l i i id ized

bed s, which form the most important equipment in coal pro ces8ing and in

coal combustion , constitute one suc h system. Because of the complex ity

of the physical processes occurring ins id e , thc Iluidizcd bed is st i l l  an art

and must be based on information obtained f rom build ing a sequcnce of pro-

totype reactors. This procedure is not only costly and time consuming,  but

has also led to over-designing .

Fuzzy set theory combined with multistag e concept s can be usod to de-

f ine this system more precisely. Thi s approach allows isolated studies of

t he important aspects. Preliminary simulation results using fuzzy  concepts

a re ve ry encouraging .
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