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A FRAMEWORK FOR AN ARTIFICIAL INTELLIGENCE

By Marvin Minsgky

The following iz a general description of cerbain components
of & machine which 1s expected to work at the selutions of prob—
lewms in a rsasonably intelligent menner. Itz construction isg neot
lwminent -~ the system described here is intended only to provide
an heurlsblc Tramswork in which sertain general procedurss can be
examined in some detail, The machine is described in ferms of a
diagream with several "blocks." None of these blocks ars de-—
soribed In snything approaching complete detall; on the contrary,
gach ol them ralseg its own set of theorstical problems. The
value of this spproach, I feel, iz that such a framework makes
it pessible to work in the direction of relatively hard solutions
to gpecific problems, Ths danger is that of being trapped into
meking unnscessarily elemsnbalisgtic disbinctions in an effort o
maintain the boundaries of the boxes. Bub this may be a smaller
risk than that involved in evading separation; then one is liable
to find that ons has n boxes, n-1l of which contain a few re~-
leys or valves, and the last behaves intelligently! I claim, at
the lsast, that no one of my boxes will behave intelligently,

The ldesa of congbructing the framework, and many details
coneerning the "Characterizer,” the "Method box," and the
folean—up box,”" origlinated or were agreed wpon in discusslons be-
tween tThe aubthor and John Melarthy. Some dstalls of the "evalu-—
stor® originated in discussion with Ray Solowmonoff., Many ideas
cameé "out in meetings of the Artifiecial Intelligence Group as a
body. _

-  For conereteness, I will often talk as though we had a par-—
ticular interest in bullding =z machine to find proocfs for
theorenis in mabthematical logle. Actuslly, the machine ig in-
tended. to opsrate over much broader classes of problems, inm-—
cluding the making of empirical pervceptions and judgments. The
use of the logle—proving sxample ls dictated not only by the
coavenisnce of the elarity of the problems invelved, but by the



inspiring progrsss of Newell and Simon, and of More, in their
indepsndant designs for machines to solve problems In this
cabtegory. The members of the Artificisl Intelligence Group have
been particularly interested In these developments, which have
had considerabls effect on the direction of our thinking. With
a 1istle effort th
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ese models can be made o sarve a8 exsmples of
some of the parts of
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Before outlining the machine, it will be helpful if ths
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symoathy of the reader can be enlis in regard to certain la-
ecunae in the presentation. In fact, withoub 1%, the text will
neemprehensible., There are 2 mumber of terminological am~
biguities, and there 1s one major one. At each step in the course
f sclving a problem, cne can look back {if one has a memory) at
rt of exploration process in which abt various times in the

ve actions was taken. The Lo-
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paght one of a number ol alterna

1
£ such branching decisiens I call the "exploration graph.”

4
It iz assumed that s deseription of this structure is stored
somewhere i1n the machine, Attashed to the Yvertlces" {branch
points) and "links" of this graph are certain data, such as ths

length of tizme that has been spent on sach link, Alsc, with sach
vertex of the graph rmust bs storsd a description of what that
point means, i.&,.,, what problem would Tace you if you were at
that point. Without such data the graph would bs meaﬂlnwleoso
Each limk descending from a vertex represents a proposed step
that has been considered 2s a possible next step to be taken in

solving the problem represented by tThe vertex above. I have
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calied the verticess of the exploration graph "situations," or
cceasionally, "subgoala." The art of problem=sclving could be
regarded as the art of efficlently menipulating exploration

graphs, although I will not maintain that this would be an 1i-

luminating viewpolint,
How ths diffieculty is that thers are llable to be sgevsral
rL ion graph, and I have



Assmming we fail to do thig cur situastion may now take the form,

"well, then, find another theorem whieh might be helpful in

oroving ths one vou just failsd to prove directly.,” Or, "find
theorem in your memory that is like (in & well-definsd senss)
; o

hods, and again for heuristic reasons I deo not dig-
tinguish them explicitly., Each kind of situation calis for a
different kind of method, There is a kind of Method used in try-

1 d
ing to find & proof for a thesorsm, a different kind for trying to
find =2 sultable subgesl. 1t iz The spplication of a Method to =
tuation that produces & new situation, and thus that thse ex-
loration graph csn grow. bBubt it doeg not require application of
s to "move arcund” on the existing
85 will be controiled by tha dsvic
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rminological point is thaet I do distinguish be-—
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links, " namely "establlshed" links and “un-

o This distinection 1s carrvied upstairs Tfrom
&

of Ysubgoal® as uged by Newsll and Simon. The idea is that when
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iarge gap In an argument, 1t is a good thing to estab-
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lish an island that will, ons hopss, lsave twoe smaller gsaps,.
P 3 Ll

‘Thuig one creates mere gaps than there werse before. On the othsr
8

hand, ons a gap by "establishing®” a shain of

&
reasoning th

o

£
t crosses 1t., Thus soms Methods ereats "unestab-
crsate "satablished” 1inks, and some serve
g

lished" links
to "establish" at #Were not established bsfore. And some
Methods insert s new vertax intc an unsatsablished 1link producing

8

twe of the same where there was one beflore, I have carrisd thi
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notion over Lo the gensral plan bscause I belisve thalt one usss
something like this notion of "provisional"™ vs. "establighed” in
gensral problem-solving; even when there is nc such deecisive tool
as logieal validation, one doez assign degrees of conviction to
the various wWays one has of justifying arguments, inductlions, and
judgments., In logic there are cnly two degress, end we should
perhaps leave room in our graphs for a more delicabe measure of

3

valldity of a transformation between situaticns,.

 PROBLEM3. PFilrst, there 1g a set of problems to be solved; these
ars not part of the machine and are not avallable to 1% in ad-
vance of the order in which they are presented to 1it, say, by
some other machine or the envircnment. One may think of a "prob-
len®™ sz 2 series of symbols fed into the input of the machinej
this series, or "string," i to be thought of as a sentence or
guestion in some known language. The problem, once in fthe ma-

o

chine, is Ffirst carrisd to a relatively simple unit "LC."

10, THE LOGICAL AND SYNTACTIC CLEAN~UP UNIT

This unit has & fizxed program which takes the submitisd
string and subjects 1t to a geries of operations which bring
the given string, so far as possible, Into one of a number of
standard forms, Failing this, 1t attempts o do The same for
parts of the string. H®ach of the transformations are to be in
the direction of siwmplieity, snd none are to change the meaning
in any way. The idea is To remove detectable redundanclies, I1n=-
btroduece standard abbrevistions wherever posgsible, and In gensral
reduce the load of mechanlecal transformstions that might other-
wise burden ths more sophisticated psrts of the machine,. An
sxample for loglec would be the routine replacement of T ~x™

by "x¥ {always provided there iz no immediabe reason not to do

Ly

hig), MeCarthy has polnted out that such a deviee will raigé
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the overall efficiency of the machine appreciably 1if it 1s ap~
plied not just to the incoming problem, but routinely to ex—
pressions occurring throughout the overall search process.

CE., THR SCHARACTERIZATIOK" COMPUTER

CH is one of the basieally lmporbant units of the machine.

It iz here that the processes of "abstraction"™ can be most clearly
localigzed. At least, it is here that a basic type of abstraction
is formed., Briefly, CH divides its inputs into certain catsgories,
and assoclates with each input the name of its category. This
name is called its "characterization.”

The discussion deserves gome mobtivation here. Suppose we
have a machine which has a history of problem—solving. AL the
risk of being elementalistie, assume we have examined its past
behavior and agree that we can discern that it has a certaln
finite set M, ..., M  of procedurss which eare the ™ethods™
it tsesg to solve problems. Now we are Intsrested only in machines
that meke affective use of their past experience. We wlll cer-—
tainly be interested in, among others, these asgpscts of the
machine's behavior:

1) How does the machine declide which methods to use on a

given problenm? |

i1} In partieular, if 1t ussd prior experience on new prob—
lems It must usge some measure of similarity of the new
problem with old ones, snd presumably first try methods
that have proved tc be successful on similar olid problems.

s
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How dees it find new methods, or make new onss from com—
- binations of old ones?

Aspect. ii) would ssem to take priority and. in fact CH is the de-
vice which handles, at the immediate level, this "similarity®
problem. I will describe CH abatractly: one could discuss spe-
cific schemes for CH at grsat length {(and I intend to elsewhers
soon), but a brief outline will be sufficient here.

CH iz simply a compubter which computss, for each input 3,
the valuse of a finite set Gl(S), eeey C_(S) of funetions.



iy
Each funetion C; 1is called a "character” of CH; each Cs ecan
have only a finlte set of distinet integral values. Thus sach
Ci divides all possible inpubts inte a finits number of ssts:
the value of (€, tells us which set the input belengs to. The

1
sets defined by ths diffesrent C;'s may or may nct have anything
to do with each other., Ths heuristic is that the value of sach
C; tells us gomething about the iInput; it is hoped that what it

tslls uve will be mseful in solving the preblem. (In particu
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uiar
it would be mnice 1f we obtained information that could be inter
preted to help us decide what should be our next step! Thig in-
terpretation is the job of the remsinder of the machine, )] We
wi1ll define ths "characteristic™ of sn ezpression 5 {an input
to CH}? as the ordsrsd string of intsgers Gl{S}s eony CR(SJE

note the "characteristie of 3% by ({8}, The character—
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of an expression 1tself definés a set of inpuis, namely,

srssction of the mets defined by the individual charschers,
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ped that the charscters are zuch that the characteristic

us a goed deal sboul the sxpression. But it is also hoped
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C{S} will gpare us a lot of nnnecesgary details about 3
and give wus mostly Information that will bs uselful in solving
the problem! ' '

Although metaphysicians may desire something more subtle; ws
will tend to associabe the valuss of the characters with the sets
defined by the inverse functions, and regard them ag "abshtrac—
tions." The sets may be regardsd as eguivalence clagses with re-
spect to the “property” defined by the characters, or you may
choose another formulation, If the "propertivy" so defined has no

wultive meaning, or other practical signifiecance, then some
might refuse to admlt it to the category of "asbstraction;® I
would simply prefer to regard it as & "poor," Yuseless," "un-

#

natural,” ste., abstraction.

In any ecase, it will be seen that our machine is so pro-—
grammed that, to the extent that the characters of two expres—
slons agrse {and the way in which this agreement is measured in—
volves & learning process which is ssrvoed by success), the ma-
chine will try to treat them in the same manmer, that is, with

-

# 1 have not been consgistent below in distinguishing "charvacter®
and "charscteristie,™



the same Methods. When the resulbts of such trestment vield ex-—

L

pressions which are sufficiently diffewrent to reflect a charszcter

snge, then the methods will also dive

ge. The agrsement of

iver
charactsrs will provide the measure of similarity by which the
d

g of pricr sxperience are utilized. OUbviously the "qual-
of the characters will affect the ability of the machine to

its experiencs, and if we can't think of some real good a
Em

crl characters for our machlnes, we will have bto Install a
rac

scher generator and success sorve Lo obisin some for ws. WWe
.

will return to this later. A few remarks sbout characters are

solving the e
to that goal, a good characterization proecess should yield
n & & & T

sd Intoc the CH. Ag

Rslevancy. The character Ls supposed to divide incoming
ag

problems Into clagses te make 16 esasy to decide how to ap-—
proach a solution. in & logle machine which ls supposed Lo
establish deductive chaing, the charscters would be mosb ef-
fective 1f they divided preblems into classss with releveance
to their dseduelbility. They must alsgo maiceh the methods
available to the machine, HNote thaet Minteresting®™ genersl
deducibility rosults might be quibe useless unless they were
properly related to the othsr resources of the machine, Vs
will discuzs below this relatlon between the charscters and
the Methods. For sxemple, the numerical characters used by
Newell and Simon in theilr "metehing” and msmory search rou-
tines zpparently dlvids expressions into moderabsly ussful
classes. When the reliatively trivisl suvbstitution tech~
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At each stage in fthe problem-solving process we have a Toit-
uation. In the theorem-vproving process a situation could ba
degeribed roughly by stating '

inn any situstion we want to compute what should be the nexk
¢ Try. This computatiorn will be made by the "situabion
Cevaluator VT which will be desoribed shortly., Suppose that it
has besn decided that the most valnabls next move would be Lo
me particul theorsm T. Then T ig fed into ths

a
charseeterizver CH and the meguliing cutput of CH, namely C{T],
il

i collee=-
* f # T R 3 b - ¥ =
tion of "Methods® Hip eeoy M, esch of which may be & largs
subroutine which, when pressnied with a situation, yields a new

s#s8sions. We will assume for the momsnt
later the problem of Improving the Method
erad, The Msethods are the szst of devices
with which the machine can convert one situation inte anothsr,
How the method memory box MM ig designed Lo answer the follow ring

S

sion of character C{E what

kind of question: YGiven an eznres .
8

the best method to apply Tirst in finding a2 proof of thab sx-

pressiont?
Thus the MM unit, when glven 2 string {a "charscierization®)
from CH, vields as cutput a s ndices rspressnbting

1
methiods to be applisd » of preference. This recommendsd

k)
ordesr.is the regult of a basgic learning process, For sach char-
acter, we store in M <

S
of the methods M, Iin proving theorems of that Ycharscter.” Ve
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showing the tota 8 o
vertez., (If the graph ls reentwvant, the time has to bs adiudi~
cated in =o air manner,; Then, "other things beins
wien there 18 a choice of which way to go, the system should choos
the branch which has received lsast att

Now V iz To be eguipped
gsharpen up These THdng ts by making

3

-

1
Ticulty of each of the proposed siternatives! This prediction
i1l take the form of =n estimate of Tww n 1

e

3
establish a2 given link. V will then sdd this =stim

&,
fonl
sntry showing the time already v, and use the sum

for comparison wi

[

spe
ith those obhtalnsd for other sliernasbtives.
g 1la obbtained gs &

completed (the sim
shown to be dmju i

he ver

o 8] T
with the length of time spent on establishing the link. If s
link is uncompletsd at the end of the problem, = similar sntry is
stored showing thes length of tims wasted., Thus V will
matrix (Just as MM does) where ths rows and columns ars character:
g how long 1t has taken in the

past tTo estanlish s rs of shatemenis whoge char-—

e
g
-
@
ot
E
&
=
(i

3
£Jt

-
A
acters index that entrv.

5

Now this mabtriz will bs much smaller than the matrix one

would need if one wWere Lo try to remember the actual situszitionsg
invoived rather than just their charactsrs. It is guite clear
r’T’

ati

srization process CH is realistic, i.s., if ths squiva-
lence classes of situations created by the inve

operation truly reflsct an squivalence with respect Lo Lthe methods
used by the machine to solve the problems the machine

On the othesr hand? evenn 1f this 1s not the ecase, it will still be

-

ters are not reasonably dscisive

8 O8e
respect to getting a c¢lear response from M). Whsn problems of
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a given character resist efficlent solution, we must always try
to see whether this is becavse i) the machine's method resources
are not powerful enough for problems of that character or 1i)
the glven charascter unfortunately groups problems together which
individuslly require different methods, making it impossible for
¥M to converge on an sfficient method choice. In the latter
case the machine will have to operats abt random, and this can
never be very efficient.

There 1s an administrative problem concerning what propor—
tion of the machine's total e¢ffort should be spent on actually
trying to fi1ll gaps (Yestablish links") and what preportion to
spend on ths surveying and estimating the diffieulties of alter—
natives. By definition, it would be bad to spend too much effort
- in either proceess., (The brute force method has the dublous
theoretical advanbtage that 1% might sometimes eventually solve
the problem; the all-survey method wouldn't, although in prin-
eiple it might iIndicate the exact steps to be followed in a pro-
posed solution.)} If we wish to refine V, here are a few ways in
which 1t can be done. V as described so far contains only a
storage matrix wlth entries derived from past experience, plus
the eguipment for using this informaticon to make decisions as
to how to move In the exploration graph. If there are a large
number of possible character values , then 1t will often be the
# Note: When we think of constructing a machine from scrateh, or

- - of programming a maschine of the type described here,
with provisions for improving ths zet of Charactersz asnd/or
the set of "Methods," we have to make certain executive
dseisions. .Is It good to have a great many characters,
the better with which to digtingulsh different kinds of
problems? Does it always improve matters to add to the
supply of methods, if there is a risk that they do not
match the characters, and will result in unnecessarily
large ssarch times? The range of solvable problems
might be slightly increased at greabt cost in efficiency,
(The optimal state would be that in which there sre ex—
actly as many character values as methods, with 1-1 _
ralring of character with optimal meithod. But I doubt
if this iz 2 useful goal to look for in thinking aboub

machines where either CH, MM, or the problem vrange is
subjset to change,) '



Cassg

that there is mno antry yet mads in the V matrix when it iz

constlted conecerning a new link, Heres are some ways in which we
2

i

foi

1

might obtain an estimste for the mis

1)

L

ing sntry,

ki3 to ghart ths machine oubt on the link
3

rogram the mzchine not

iﬁ...}a
ol
o
ol
o
Q0 0
‘"U

1
stimate has been previded for the feasibility of

closure, This corresponds to the idea of not irying snybthing
anbil you have some idea, howevser btsnuous, of your chancesg of
suscess and/or your expected sffort. Nobe that this is not
as 3% as it might at first sppear,

trong = program restriction
since, for genulnely reutine links, V will be zurs to contain
ng

an sntry pfasnmab?v an encouragl OIS,

a
Another {non-trivial) way to compute an entfy Tfor V iz teo ra-—

place the given preb em by & simpler "sample" problem cf theg
seme charscter and see how long 1t takes to solve it. (As &
y-product one could store a vscord of the methods that prove
successiul in the sample problem, in the resasonsble hope that
they will be useful in solving the real problem should V de-

[§}%4

i
zide to go abesd on the resal preblem. Thi
3

[

slsec be fed to MM asg part of th =Y

MM.) HNow it zeems to me thab this is a very imoortant
of ths way humans work on problems. To
proach 1s worth applying teo a given (difficult)

citen test the approsch Tirst on s simpler problem which
seems to us to have soms of the festures of the given problem,

o
Now in many cases Lhe sample problem is chosen not on the

basis of its actual usefulnsss in some step of the resl prob-
lem, but on whsat might be callsd its "apparent similarity,”
That 1s, 1t 1s selected with regard to =z combination of its

&4
Yelmplieity" feature. The
&
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pretaticn of the term "model™ can be described in terms like
e o

Pcharacter-preserving,” always with r whatever "ehar--
acters” {i,23., "abstractions™} we have in mind at.the moment.
!

cn of a "modsl? or "sample®
T

How can ws wstruet useful Tmodel" problems? It would not
surprise me 1T this process will have to ceceupy another fundamental
black box for our machine, and pose another major problem in
grtificial intelligence th&oryg For I vigualize an inte

vine a B of devices repressniing various

38t
the case of humans, these represent

[
=
-

1)

models, and that

s ]
ilmporbeant part of ifs endoument. They represent a lerge part of
that which is laboricusly pumped into each child by its culture.
We should be cauvbicus in attempting to design a machine all
off whose talesnts are evolved. Just becauss the human brain does
not, evidently, have all the mschinery for adult intelligence

initislly "buils in," it need not, thersfore, be regarded as hav-

ing to "evolve™ all this equipment., Ons might prsssent rathsr an

extreme”alterﬁative; the brain nsed only conta

assembling! machine and a good supply of raw materisliz. The in-
i

telligent environment then suppliss the program whi

D

simpls assembling machine to construclt a thinking maschine of
very high complezityﬂ The D*m@:wamj and oding for ths
t r

T &
in the "culture,” particula
& n
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This conjecture is almost true by definition, since, 1f the ef-
fect of the methods cannot be predicted through the charscher
memory of MM, the characters can't he very ussful

Unes this good situation ls approximated, we avtomatically
come Into possesslon of a model which looks like it would he very

1

powerful. I will eall it the charsciter algebra; it conszists of a

tabulatlon of the meps induced bstween the characters by each of

the methods. Now 1f we are presented with a situastion S and

1

are asked to derive situation 3., {eoge9 to show that thsorem
-l

Tz is deducible from Tl and the sxioms), we simply replace 51

and 52 Ly their charschers Cl nd 820 Then we look in ths

character algebra for a string of M's which carry us from C. Lo
C,. This search for such & string of M's in the character al—
gebrs ig & sort of trivial refiecticn of the search that normally

would be carrisd oub in Br

B

e full exploration graph of the problem,

but each step here is Just a tabls loock-up. To Ffacilitate 8=
plication upstalirs, it would be useful to stors, along with the
table for the character algebra

; data on the tims each btransfor-

matlion step wsually tskss., Then b

cen be programmed to find a string of M's satisfying the condi-

tions, while making a reascnable ¢ r

times along the string. Then going upstairs, the msthods of the
ars applied successively to S.. If all goes wall, we

S5 or some S5; Wwith the same charsctar.

>
P
[
of
o
W
3
ﬁ

aracter algebra will have served the rols of a speedy,
useiul medel., If all does not go well, then one must find a sub-

goal as usual, Having found a subgoal, the charachter algebra

ry*

can be tried again. One could hardly expect to solve complex
problems by this method in a single applieation, but there ought
to be a level of complexity between steps for which the method
ould be efficient. Since V iz eqguippsd with a cruds measure of
difficulty across links, 1t could be used to decide when the char-

acter model should be trisd.

]

~In consclusion, I. ask the reader to temper his arnnoyancs &b

the imprecision of the exposition and to try and see In it what I

think may be an sxbremely powsrful heuristic. For, given a set



of characters and a get ¢f methods {end agsuming that the opesrps-—
tions are defined om & space which contains the rangs of ths M's]
the character algsbra is obtalned by a simple mechanica routine,
oy
o

end generates a ugeful "modsel" of the problem.

.

iii} Beturning toc ths problem of ¥ sbbaining an estimate for the
diffieulty of a given link, we observe that at any time 1%
ought to be possible te arrangs the characters in & reugh
lattice according to their discriminative power, Then 1f we
temporarily ignore those of relativelv delicats dizcrimina-
tion, we cbtain a smaller set of the coarser characbers,

Now we can contract the "difficulty” matrix storsd in ¥ by

removing the rows and columns of the delicate charscters and

ot
adding their entries to those of the appropriate coarse cab-—

]

sgories. There will now be a better chance that

€
ot

6 sguare
~of the conbracted matrix corresponding to the link in ques—
tion will contain an entry. This will provide a csrude

t be a good thing to have some rank—
ing of gtatus of the different charachers, and to maintain s

tiong. If the characters ars being rated and seleched th
will have to bs donme anyway.

The deseription of ¥ ghoul

)

4
bookkesping for moving around the SEp

loratlon graph. V should be
programmed bo kesp to & minimum at all times the maximum of thse

L

sums in esch descending chain of the sstimated difficulty of all
tnestabiished links of the chain., It should alge place zoms de-—
merlt weighting on the botal length of sach chain, because very

long arguments ave less prsfersble than short ones, Each vertex
of the graph should have s time veglster § this register ghould at
all times show the sum of unestablished links from that point to
the top. 4An occasional e¢lesn-up roubine will be rsquil
this up-to-date in the cass that nigher links get esta
I expect that it will turn cut that there 1s =
procedure by which ¥V cen sccomplish this in its wander ngs with

the aid of a very few reglisters and negligible locss of time,
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THE MASTER PROGRAM AND THE I®ARNING ROUTIN s

The overall operastion of the machine will be under ths con—
trol of a very simple master program., This program has to
recognize when the problam has been solved (we aszume thab ths

clems are well defined, or thal some humen is given the job),
or when teo much time has been wasted., The latter might as well
ba zei by an arvitrary time 1imit, or the time limit can be pre-
sentad B8 part of the pPool%md

Now how do we learn from the solution? My inclination

Jobs

2

that if the machine falls %o solve the problem, i1t might be a
good idea not to try to salvags anything. If this turned sut o

be toc wasteful, cnme could program a SURVEY UNIT to examins the
final.exploration graph. {This might turn out to be a basic com-
ated block, but I tend to doubt that it will have to be very
ofound.} For the failure case, the SURVEY UNIT finds on which
inks, and below which vertices, the most time was wasted. De-
*

a

s for the case of Hime wastsd on links would be registersd

“h

in the eppropriate eniry of the V matrix. Alse the MM matrix
shoulid recelve demsrits for time wasted on links, It isn't jek-Na
1

=3

arly obvious %to ms where to place demerits for vertices bhe-—

3

low which exces

cf

ma was wasted. One way to preveni recur—
o Bl

&
e

Ve
st
tion—mathod pair whi

I-s e

8
1

Py
>
o

o

&

&)

demerit in MM indexed by the situa—

O G

h produced the unlucky vertex,
A mere powerful device that ought to be installed is the
Tellowing:  Adjoin to the method box = new method M#., Now when—
ever the system l1s some vertex, X, snd M% is called forth from
the method box, the effect of M¥ 1s to return the system to
whersver 1t was just prior to X. M® Ffurther rsstricts it so
that whatever happens next, the system cannot coms right back
X, This is falrly feolproof sinees the minimax time progrem will
stop any oscillation after a short time., To compleie the scheme
the survey unit iz programmed as follows: TVWhenever s particulsar
vertex has proven particularly unlucky, score a positive ()
merit rating in MM In the entry indexed by its characteristic and
by the special M%*, The result of this subroutine will be that

the machine will lesrn not %o waste its time on expregsiong having
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that charaster. This is a valusble kind of learning

snables the machine toc use charseters which can in
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In the sucecess case, the SURVEY UNIT again records demerits
for time wasted, and records virtus points Tfor successful links,
and aleo for vsrtices. In the sueccess case there 1z no analogous

nasd for & specisl cpepat0f§ one stores in MM virtue points Tor the
L

The master progrsm will also run periodic clesan—up routines

over the two lsarning systems V and MM. fThis pregram will handls

ths method of combining the new dabta with what has been praeserved
o

of the old so as to arrive at revised praference ordsrs for MM

5

end revised "difficulty”™ estimates for V. Hxsaotly

oy

10w this 1s
dons is s matter for the "learning theorist,” The exact form of
the functionsz invelved should not be very critical because of
heir position in the learning servo, and particularly because,
if the functionals sre monocbonic in their use of the waste-~tims
data, Incorrect value assignments should he gquickly zarvoed ocut
inally, the master program will presumebly be in charge of
whatever evolutionary processes are Lo he applied té the =ssts of

Methods &nd Characters {and perkapsa Modela). Two remarks on this

aspecht,

Le As McCarthy haa ovserved, 1t would be very nice if we could
find a set of problems, plus a master programn, which would
work together in such a way thet the solutions to the prob-
lems that the machine finds on the base level could be used
by the master program to guide and improve the second level
evoluticn or, as McCarthy would prefer, to directly improve
itrelif,

2. On & leses smbitious lsvsl

oty
futy
o
13

eems to me that in choosing
whsre to put in machine tims on the second level gvolur

searcb.yraeass one should start with s preference foz working
on ths characts The reason 1s that Iif the charzcters are
good (in that tﬂey refllect relsvant aspects of the problems)



s

then one can set up an evolubionary process for the Msthods
without any unusual difficulty. On the other hand, if the

-

cheracters are no good, then the Methods just can't svolvs af-—
ficlently. Too much Information is lost, For esch problem,
there might be highly appropriabte methods available in the
Method Box, yet the machine weuld have to select them 233681~
tielly at random. I think that the situation is essentially

unsymmetrical hers, perhasps becavse of some "irvevergibility

h
o]
Y

information loss" effect,



