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1.1 This paper describes a recent refinement of the
machine=-learning process emploved by Samuel(l) in connection
with his devalopment of a checker plaving program. Samuel's
checker plaver operates in much the same way a human plaver
does} by lookinz ahead, and by making 2 qualitative
Jjudzement of the strength of the board poslitions It
encounters. A machine learnling process Is appllied to the
development of an accurate procedure for making this
strength evaluation of board positions, Before discussing
my modiflications to Samuel's learning process, | should 1ike
to deseribe hriefly Samuel's strength evaluation procedure,
and the associated learning process.

1.2 Samuel's playling program assligns a strength value to
a board position on the basis of the valuas of a fixed sat
of 31 parameters. A example of such a. parameter (s tThe
degree to which the move leading to the position in guestion
contributes to control of the center of the board. The
strength value for a board position s simply a8 weighted sum
of the parameter values, Mathematically, the strength value
Is a Vlinear functinn of the parameter values:
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where the A{ s are the w9|ghting factors.

1.3 The purpose of Samuel's machine=learning process Is
to select these parameters, and to arrive at the weighting
farctars., This process Is emhodied Tn a learning program
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canarata from tha plaving proIran, vwhich analwzes
transcribed garies plaved by checker masters. Mora
spacifically, what 15 anmnalyzed are ssts of all possible
positions Immediately following a position oceurring Iin  the
course of a transcribed game, Among these poslitions is  the
ane resulting from the mave actually made by the checker
master, The learning prozram assumes this to be the
strongest position of the set and designates it as such.

1.4 The remalnder of the analysis is carried out on these
sets of pasitions as follows. The value of each parameter
is computed for all positions in the set, and the relation
between a parameter's value for the strongest position and
[ts values for other positions I1s noated. From this
information, collected from many sets of positlons, a
correlation coeficient [s computed which Indicates the
linear relation betwsen the value of a particular parameter
and the strength of corresponding board situations. For
example, a parameter such as plece advancement might often
have a high value for the strongest position in a set of
poslitions, and a low value for for the weaker positions.
This analvysis would assign a high positive correlation

coeflcient to such a parameter. 0f the many parameters
tested, only those with a high coeficient were included
among the 31 used by Samuel in his playing program. The

correlation coeficient for a parameter was uwsed as Its
welghting factor.

1.5 The modifled 1learning process here described s
analogous to the selection of welghting factors In  the
process described ahove, Mo judgement is made as to the
utility of possible parameters; and exactly the set selected
by Samuel are emploved. The purpose of the learning process
iz to ald In the construction of a functlon which assigns
strength values to board situations. Again, the process Is
based on am analysis of games played by checker masters,

1.6 The essential difference between the modified
learning process and the ariginal Is that the strength
function produced by the former is not restricted to being
linecar., The use of a linear strength function 15 egulvalent
to assuming that board strength varles linearly with the
value of each parameter, and that the parameters are
themsalves not Interrelated. such assumptions are not
entiraly valld., Hence, it was felt that a more accurate
strength evaluation function might be produced by a learning
technique less restricted as to what sort of function It
could produce, This flexibility is made possible by the
use of tabulated fumctions as will now be described.

¢

2.1 The new scoring function Is defined In terms of elght
aux!llary functions whose values are given In tables listing
the value of each fupction for all possible sets of argument
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valuers, Such a function is practliecal in terms of space
requiramants if the numboer of arzunants Is small, and 0f
each arsumant can take on only a small numbher of walues.
The eight functions of this type which w2 shall use have
Five arzuments each, and ths arsuments take on anly the
values 0,1, or 2. For such a function, a table of anly 243
entries Is required, It should be noted that any function
whatevar aof five three=-valued arguments can bSe defined by
such a tahle.

2.2 For this soart of tahulated fuaetion thare exists a
simple correspondance between fTive-tuples of argunent values
arnd locations in the table where & corresponding function

value s to he placed,. This 15 best explained by the
following example. Conslider, for such a funetion, the
Filve=-tuple of argument wvalues 1,0,1,0,2, Rezard this
five-tuple as a base three integer, 10102, This number is

92 basa ten, and F(1,0,1,0,2) 1is located  in the 92nd
location of the functlon's table,

2.3 The form of the new scorling function S§' Is:
-]
SI{K,;F{;L:*. .‘:':J'}ﬁI';IFl{fiT‘ f?iiif l!--!.l".l:rils']

Wherea:

a. Each of the eight F{'s 1is a tabulated function as
described abowve,

b. Each Yi.) is one of the ¥i's, Hence the five-tuple of
argument  values presented to a subfunction Fj Is a
particular subhset of the arguments presented to 5',

c. The argument values presented to the functien 3' are
the values of the 1lst to 3lst parameters selected by Samuel .
gor use by his plaving program, However, they have bhean
reduced to having the value 0 if negative, 1 if zero, and 2
if positive, The reduction of arzument values to the range
0,1,or 2 is elearly necesslitated by, the naturae of the
component F 's, since it is subsets of wvalues of these
parametars that are used as the arguments presented to these
functlons, The possibility of constructing a successful
board=strength function which uses only this 1lmited amount
of information about a parameter wvalue was sugeested by the
nature of the parameters themselves, The parameters tend to
_be only gualitative in nature, so that 1little information
about what a parameter |5 supposed to measure is5 gained from
an exact numerical wvalue.

2.4 Laet us conslider a simple example of the operation of
this function, Assume that for each 1, Yi,,Yia.,....¥oc are
chosen to he X;,.X3,...¥4grespectively, Mote that this is a
rather trivial case. We wish to demonstrate how the wvalue
of the functlion 5! far the parameter values
-5,=2,1,-3,0,0,...,0 15 computed. These values are flirst
reduced to wvalues 0,1,0r 2: 0,0,2,0,1,1,...,1. For each
i, the valueS presented to the component Fj s, f.e. the
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valuns of ﬁlfT#U"*’?LF aras rassactlvyvaly 0,9,.2,.9,1, Thus:
5'-F,EU,D,?;E,1]+F1fﬁ,U,2;3,1]*.;.*?;[},U,E,E,l}

Since 00201 as a hass threaz inte=ar is 13 hase ten, the
value of Fy(0,9,2,.0,1) is located In the 13th antry In the
tahle of wvalues for the [=-th function. Thus the wvalue of
5' for the given arguments s the sum of the 19th entries in
each of the eizht tahkles,

3.1 The object of the madified learning procedure I3 to
determine appropriate tabulated function wvalues from an
analysls of transcribed games of checksr masters. Again,
gsats of alternative pasitions, among which s designated a
stroncest, are recorded, Far each position, the wvalues of
the 31 parameters are computed, and reduced to the wvalues
0,1,0r 2. From this set of wvalues, eight five=-tuplas of
values are chosen, each five-tuple being the appropriate set
of arguments for a compenent functlen, These five=tuples
are razarded as intezers whose value 1s a serfal location in
a function-value tahle, acecording to the scheme describad in
section 2.2, HYence to each msition In the set of
positions corresponds elght locations, onz in each table,
At thhs stage of construction, each tabhle location contains
two components, a right and a left half, both initially
Zero, For sach position in a set which is not a8 stronzest
position, a one is accumulated Tn the right half of each of
the eight table entries to which that position corresponds.
For the strongzest position in the set, a one Is accumulated
in the 1left half of each of the corresponding table
locations., This process Is repeated for thousands of sets
of positions.

3.2 At this point, the entry pairs are converted to the
form in whheh they are to be used, This Is accomplished by
dividing the left half by the right half, and replacing the
half-entries by the guotient. Let us note what such a
gquotient represents, Consider a particular entry in a
particular tahle. To the tahle under consideration
caorresponds a set of five paramaters, the wvalues of whheh
are used as the arguments of the functlion whose wvalues are
placed in this table. Call these paramaters PLl,P2,...,P5.
To the entry In guestlon corresponds a  set aof wvalues for
thess parameters. Assume, for example that these wvalues
are 2,0,1,0,1, The reader may verify by referrinz to
cection 2.2 that we have In mind the 172nd tahle entry. The
value of the tahle entry under consideration represents
approximately the probability that a position with the
values 2,0,1,0,1 for the parameters P1,P2,...,P5 is a strong
position. This may be seen by ohserving that ones were
aceumulatad Tn the table entry under consideration exactly
when a position with the wvalues 2,0,1,0,1 for paramaters
p1,P2,44.,P5 was encountered In the reconstruction of book



gamas, Wheaesver such a position was desizrnated as  the
stronzest in its sat, 2 onz was accumilated in the numarator
of the fraction whose value was ultimately to replace the
twa half=egntries., 3imilarly, far a non-stronsgest position,
a one was accumulated in the denaminator. Enoush positions
ware aexamined that the numerators and dznaminators of thess
fractions were in general significant.

3.3 It would seem that to make full use of the tyna of
function | have described, an aoptimal cholee shauld be made
for the parameter sats to he used as the arguments of the
component functions. A rather elaborate technique was
devised for this purpose; and the argument sets usedf in  the
function whase performance | shall deserlhbe ware arrFived at

hy this technigue, However, insufficlient data exists to

make any evaluation of this technigue, and | shall not
descrihbe it here.

.1 The performance of thls function was extensively

tested on actual checker situations, Arpain, tabulated
games of chacker masters were used, As hefore, sets of
alternative positions were recorded, with that of the
checker master designated as strongest in the set, Tha

function was applied to each position In a set, and the
extent to which the scoring functleon agread with the chacker
master's opinion was noted, The scoring function was
considered to have made an accurate evaluation for a set of
positions if the highest or next-hizhest score in the set
was assigned to the checker master's cholece., An assiznment
of the next-highest score to the designated stronzest
position was conslidered to be accurate, since often there
are two best moves from a given position., Thus in many such
cases the position given the highest score Is as strong as
the are designated as strongest, The function was
considered to have made a blunder for a set of positions if
the checker master's cholice was given a score below the
median of the scores assignad to the positions in the set.

4,2 The tables of funetion values were arrived at from an

analysis of 12,000 sets of positions. The scoring function
using these tables was tested on 1,000 positions which were
not among those analyzed. The percentage of blunders was
about 21, the percentamge of accurate evaluatlons was ahout
50, 28% perfect, and 22% next parfect.

b,3 Samuel measured the accuracy of his polynemial 5 In
terms of a single Index. This index has the value +100 §f
the assignment of scores to the positions In a set Is always
such that the highest score 1s assigned to the strongest
position, The index takes on a wvalue around 0 if the
scoring function is performing no bhetter than Tt would have
by making a random assignment of scores to the positions in
g set. For comparison purposes, this index was also



computed far the function harein deseribed. Tha functinn 37
had a performancs Tndex of 3% on  the sample mentioned In -
sactlanm 4,2, For - tha s37s  saaple Sanusl's 50 hkad a4

perfaormanca index 2F akaur 27,

L.k The index mentioned in the 1last parazraph also
providas an indieation of the relation hatwsen the
performance of the new scorinz function and the npumhar of
pasition s2ts usad in canstruecting it. The functien was
constructed from the first 2,000 position sets of the 12,000
described in 4.2, Then its performance index on the test
sample was computed. This procedure was rapeatad using the
first 4,000 positions, the first &,000 positions, and
finally with the entire set of 12,000 positions, As might
be expacted, the more position sets used to generate the
function, the bhetter the performance, up to a certain
satur?tiﬂn point. This effect Is shown by the lower line in
Fig. 1.

.5 This Iindex was also computed for thes performance of
the function on a sample of position sets among those from
which the function had heen constructed, This sample
consisted of the first 1,000 position sets of the 12,000
mantionad in 4.2. Agaln, the function was constructaed from
the first 2,000 position sets, the first 4,003, the flrst
6,000 and all 12,000, The function's parformance index was
computed Tn each ecasa, The performance on this sample falls
from an initially very high wvalue to somewhat ahove the
value ultimately attained for performance on the sample
mentioned in 4.2, This effect 1s [1lustrated by the upper
line in fig. 1.

5.1 The new functlion 5' hags shown itself to he more
acctrate than Samuel's linear polynomial 5. An  even mare
accurate scoring function might be possible 1f the set of 31
parameters is augmented by the addition of non linear
param=ters, or sets of linterrelated parameters. A non
linfar paramater (s one which, for exampla, takes on the
value 2 or 0 for strong pasitions and the value 1 for weak
‘positions, An example of the behavior of a related pair of
param=ters, A and B, Is as follows, The values 2 and 2 of A
and B respectively, and the values 0 and 0 of A and B
indicate a strong board situation. Othar comblnations
indicate a weak pasition. Motice that parameters of this
type could easily have very low llinear correlations with
board strength, They would thus be rejected as useless by
Samuel's learning process. However they would not
necessarily be useless when employved In connection with the
sort of  non linear function produced by the modified
procedures,
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(1} Samual, A.L., Some studies In Machine Learning

Uslng the Game of Checkers, J.B.MN. Journal
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