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ON THE DESIGN OF A CREATIVE MACHINE 90%\/1// O%M

"In general we mearn by any concept nothing more than a set of
eperations; the concept is syncmomous with the corresponding set
of operations..."

--Percy Bridgman

"The advantage of confining attention te a definite group of abstractions
is that you confine your thoughts te clear-cut definite thimgs, with
clear~cut definite relations...If the abstractions are well founded...the
scientific thought which fonfines itself to these abstractioms will arrive at
a variety of impertant truths relating to our experiemce of nature...

-=A, N, Whitehead

"Perhaps the mest glarimg shortcoming of teday's art is eur lack of
quantitative umderstandimg of human beings as part ef a complete system
that includes both the machine and the human beimg."

-= 5, Rame

l. The Creative Machime~-Obstacles to its Realization. One might suppese that

there are many obstacles to the design of a creative machine., However one
need nrot be umduly inkibited by obstacles. The modern digital cemputer did
not exist umtil fairly recently. Several obstacles had to be overcome
before the digital cemputer could be designed. When 311 is said and done
the primary obstacles which existed were mainly the fellowing:

a) absence of a two-state storage element

b) abserce of devices for performing logic eperations
When it was recognized in the 1940's that relays couléd perferm beth these
functions, the desigr of such machines was carried out. Shertly thereafter
when it was recognized that electron tubes could also perferm both these

functiens, an electrenic machine was designed,
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Perhaps the most notable aspect of these obstacles is their
simplicity. Typically, omce a major "breakthrough" is made in
science or in desigm, it is feund that the obstacles which prevented
this breakthrough are basically simple ard readily understood.
It is before the fact whén the problem appears obscure, and the simple
relationships that are invelved tend to be heavily nasked amd withdrawm
from ready observation. Could this be true of the "creative machime"
as well? Are the obstacles basically simple, just awaiting our careful
appraisal, or are they shrouded in mystery and susceptible to all manner
of speculatiom?

Is it net probable that one of the major obstacles, and perhaps the
only obstacle te the design of a creative machine, is the lack of a

clear-cut operational cencept of what comstitutes creativity?

2. Omly Livimg Things are Creative., It is clear that the discussion of

the design of a creatite machine cammot begin with the assumption that
there is agreement om what is meant by creativity, amd indeed the whole
question may hinge on suck an agreement. Let us, therefore, begin where
agreement seems likely with a pestulate

Where there is no life, there is mo creativity (P=1)

3. Operatieral Concepts are Necessary. Let us make a further postulate

which has to do with what seems to be an essential prerequisite te the

design of anything, let alone a creative machine

That which canrot be defimed in terms of a set of physical

and logical operatioms canmet be designed or comstructed (P-2)




he What is life? In the absence of life, there is no creativity.

Let us examine closely what is meant by life, for in attempting to
clarify thie concept we strike toward the heart of the issue of creativity,
We make a third pestulate:

Life and death are complementary events forming a tetal

and complete set; amy objectiis either alive or dead (P-3)

If postulate P-3 is accepted, it is then possible essentially to define
life by defining its complement death. In defining death, we make use
of a concept which imnvolves perhaps as much obscurity as creativity--
namely thought. However we propose to define thought later,

Death is the absence of thegght or action,

Let us now resort to a form of Boolean algebra commenly used in the
design of digital machines., This measure is'taken as a step in thke
direction of satisfying the requirement imposed by pestulate P-2,

In terms of Boelean algebra, postulate P-3 cam be written as

L+D=1 (1)
where L represents life and D represents death., Alternatively we can

write .
L=D (2)

The definition of death can be written as
D=(T+Lk) =T1XZ (3)
where T represents thought and A represents acticn,
Combining equatioms (2) and (3) yields
L=T+A4A (L)
which states that life is preseat if thought is presemt or if actiom is
present, OStrictly speaking, both T and A are umdelined concepts at this

peint, We hope to remedy this deficiency shortly.
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It is interestimg te note that the life equation, Eq. (li) would

suggest that many devices may be declared to be alive; for example

an exploding atemic bomb

an electrical moter:

a storage battery

an electric light

2 hydroelectric imstallationm

a moving gear
The reader who ebjects to such a classificatior might wonder at the
colloquial expressions a "live" bomb, a "live" wire, a "dead" battery,
"kill" the light, Also while a "living" rose is called a "plant',
g0 is a hydroelectric imstallation. Perbaps our irtuitiem knows more

than it is tellimg about what comstitutes "life",

5. What is Actior? It is net our purpose here to redefime sll of science.

Rather we seek te convert cencepts which are vague into comcepts which are

sharper. As used in the life equatien, action means energy comversion,

thus as s logic variable A = 1 for ary object or system for which not all

the rates of emergy vanish; that is, pewer exists in some form.

6. What is Thought? Supposedly ome could give many defimitiems ef thought.

It is intended here te give a cemprehensive and broad defimition of thought
by expressimg it as the union of a mumber of comstituemts all eof which are
required before thought is identified to be present, Ve define thought as

the logic imtersection of seven components:

TET) T, T3 T T T Ty (5)




where
T. =1 implies that a question is formed with
a criterion or criteria for solutier
To =1 implies that the logic variables required im
considering the question are enumerated
T3 =1 1implies that the logic tree which forms the set of
possible answers is established
Th = 1 implies that the possible answers are assigned
wedghts based on the golution criteria
TS =1 1implies that a decision eor choice is made to accept ome
of the set of possible answers
T6 =1 Aimplies that the action te be taken as a result of
the answer is defimed
T, =1 implies that the infermation comcerming the actien
is put inte a form which can cause the actien to
be accomplished
Again we note seme commonr collequialisms which suggest that the above
ingredients of thought agree with imtuitienm;
le "a thought-proveking question”
Tzf "he didn't take everything into accoumt".
TB: "he shinnied up the wromng branch"
Th: "a weighty preblem"
TS: "he had mo choice"
Tt "he lays it on the line"

T7: "he can't translate his thoughts into actien”



With the concept of thought expressed in Eq. (5), it is pessible to

write the life equation im the form

L= Tl T, T3 Th TS T T7 * P (6)
where we have replaced A with P to correspond te the more sciemtific term
power,

It will be appreciated that although Eq. (§) sppears as a combinational
legic equation, it is met implied that all elements of (6) will be presenmt
simultaneously, but rather that over a suitable observatiem time all can

be foumnd. This obsgervation time would vary with circumstances,

7« Seme Tmplications of T,  Thought has its operatiemal erigim im the

posing of a question. However a questiom cammot be asked without:
a) A language from which the werds cam be extracted to form
the questien
b) A depositery or memory to held the language
The first implicatien ef T, is that access te a memory is essential at the
outset of the thought precess, and this memory cannot be empty.

The existence of a question stromgly implies that umcertainmty is
presert, though this is mot a mecessity, Anmy reductior of uncertainty which
may result from answerimg the question is equivalemt in irformatiom theory
to the generation of imformstion. What is the site of the umcertainty?
When cne wishes to compute the imformation gemerated by the resolution of
& questiom, it is mecessary tc postulate an observer to whom the umcertaimty
is attached, and to whom informatiom is presented as a result of the
thought precess. Thus while cme may mot argue conclusively that an observer
is essential to determinme whether thought is taking place, it is easy teo
argue conclusively that an observer is essential tc the measuremeat of the

results of thought. As far as the design of creatiye machines is cemcerned,




if theught is imvelved, and if it is desired to evaluate the information
generated, the observer is essemtial amd plays a role similar te that played by a

wattmeter in measuring electrical emergy. The secomd inplicatiom of Tl

is that the results of thought are measurable only relative to an cbserver.
There is an obvious amalogy here to relativity theory, where the results of
motion depend upor the observer, imsefar as the expressiomn of any measurement

is concerned., Here, though, we deal with imformation rather than motion.

8. What is Crestivity? We have argued that life is essential for

creativity, that 1life can be expressed in terms of thought and acties,
and that the informatiom output of the thought process could be determined
only through reference to am cbserver., lNow we argue that

Thought, Actiom, (hemce life) are mecessary but not

sufficient for creativity

4nd that the missing ingrediemt in these statements is the precess of generation
of infermatiem. This missing ingrediemt car be entered in the life

equation as follows:

L=T(H+H)(P+P)+p (7)
where the equation has been formed by multiplyimg thought by umity twice.
Here H = 1 if the thought process results in a mon-zere imformatien rate
as measured by the observer. Ve may rewrite Eq. (7) as

L=THP + P+ T (8)
Note that the first term is completely redumdant in Eq. (8), yet the
equation is correct with this term preseat., We identify this redurdant
term as the "crdativity term imn the life equatien", that is C = THP,

We believe that the redundant aspect of the creativity term is a prinmcipal

reagon for the difficulty in gaining a good understanding of it,



9. Classes of Creative Machines. We have defimed creativity as the

intersection of thought with power resulting in the genmeratiem of
infermation te the observer. Simce the observer (informatiom meter)

is an essential aspect of creativity, and would be a part of any
creative machine, it seems essentisl to give careful cemsideratiem
tecthe peculiar role of the observer. This leads us te discuss classes
of creative machines.

A machine is relatively creative is there exists at least one ebserver

for which the creativity equatiom is satisfied; that is for which
C=THP = 1. As an exanple, comsider the paremt-child relatiomship.
The child asks a question, the paremt relieves the umcertainty of the
child, the child takes some actiomn based upon the answer. The twe
collectively comstitute a creative machire, with the child serving as

the observer. The machime is relatively creative as farsas the child

is concerned, for a1l the elements of creativity are presemt, though
to another observer, the mackhime might not be creative.

A machine is absolutely creative if the following comditioms are

satisfied:
a) There is a class of observers who collectively share the

vocabulary of the mackine
b) This total class actimg together make up a joint observer
¢) For this class of observers the creativitycequation THP = 1
is satisfied.

A machine is a ronsense machine to am observer who does not share the

language of the machine, A machine which is absolutely creative is readily
transformed inte a nomsense machime by the simple expedient of replacing
the origimal observer class with a new clase not acquainted with the

language of the machime.



It is, therefore, to be expected that a machine would be
classed as absolutely creative by one observer and ag a nonsense
machine by amother., This nmatural comsequemce should put to rest
any thought that umiversal agreement would be obtained upom the classificatien

of amy machine,

10. The Absolutely Creative Machine, The absclutely creative machine

has a memory, amrd has a vocabulary which is collectively possessed by
its observer class. Furthermore it satisfies the equatiomn THP = 1 feor
its observer class, whem this class is viewed as a joimt observer.

An interestimg further property of such a machine fellows, If such

a machine is realizable, it must be designed at least in part by its own

observer class., This follows from the meed tc imtroduce the common

vocabulary into the (assumed finite) memory. It is made even more evident

by the nature of the thought components T2-—T7.

11, A Small-Scale First-Stagg Desigg.

The title of this paper is not "The Design of a Creative Machine"--
it is "On The Design...", and it is certainly hot intended here to try
to present any design of such a machine. However it is intedded to
discuss the design in terms of the first stage of the thought process—-
namely the formation of a question. 1In order to illustrate this,

a number of words were selected as follows:
1) The first noun appearing on pages 10, 20, 30, ..., in the

MIT Applied Electronics text.

2) The first berb appearing on pages 800, 810, 820, ... in the

same work.
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Random formation of questions from this partial vocabulary according to
a pre-determined sentence structure led to the following questions being
generated, as can readily be done for example by a digital computing machine:
How can force be moved?
How can synchrotrons be simplified?
How can electrons be rotated?
How can electrons be formed?
How can paths be derived?
How can paths be computed?
Another similar selection from two other books led to:
Can time be recorded?
How can receivers influence discussion?
How can approximation influence reason?
How can criticism influence method?
How can thoughts influence philosophers?
Many of these questions appear to be quite reasonable ones to ask, and
are indeed rather suggestive of potentially creative acts.
We might also mention the fact that machines are now performing a task

essentially equivalent to answering the question: "What are the essential

words in this technical paper?"
It can be visualized, therefore, that the firstk stage of a creative
machine can consist of a memory with a suitable vocabulary, and provision

for generating questions. The consideration of succeeding stages poses

difficulties which will not be treated in this paper.
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12. Conclusion. A clarification of what castitutes a creative machine
has been given. Consideration of the design aspects of such a machine,
thoughk quite limited, have served to motivate the structuring of a machine
into a set of operational concepts. These concepts zmk& collectively

furnish a kind of model of a creative machine.

It is tempting to break into a rash of speculation at this point
involving the ideas set forth. However this would defeat another purpose
of the paper, which has been to furnish others with a model suitable for

their own speculation, or at least suitable for criticism in evaluating
the concepts presented.

Therefore such questions as: '"Does the model correctly represent
man as a creative machine?" or "Is the combination of man and a digital
computer likely to provide an absolutely creative machine?" will not be
investigated here. A central conclusion of this paper, though, is that
the model of a creative machine conceptually presented furnishes a basis
for rational discussion of such questions as these, and that it also
may suggest ways in which other stages of such machines could be
designed, in addition to the first $tage discussed in Sec. 1l.

Finally, though this paper doubtless leaves many questions unanswered

about creative machines, and the concepts used to describe such machines,
it is believed that the methods demonstrated herein may fruitfully be
applied to modify mxxmkkzxwikg® these preliminary ideas, amkxaraxkzasdx
perhaps in a way to lead to a sharper and more precise idea of what

constitutes a creative machine.
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