Evaluating Chexs Computer Programmes
A New Approach

Ohver the years there have been many succeglul systeas devisad w;::nﬁf}' the guality nfllh-ﬂ?\s
played by an individual. The ml:-s:pnq:.:lari: the method devissd by Professor Arpad E Elo. This
uges statiedeal prineipals 1o evaluats the relative sirength of a chess playes based upon their past
mesulis, The ELD methad is wsed by FIDE.as well as by Eric to obeain accurte ratings for players
and compuiers alike. However the main deawback is e amoam of time required 1o obiain an
accurace resuli, I may surpriss yom 5o know that thers 256 0N AYSTREE Bbout mian hours af
work required to evalunte the playing strangth of a compurer 10 within 10 ELO pointst! Now in
hisman competiton this lavel of sccumey is never really requined since a persons actual playing
strengrh will \-a:}- from day 1o day ard ioumement b loummacneat. However in the case of a
coaputer mtﬂ?ﬁl}' of Is chess is fixsd and quite aften these can be up 1o wen different machines
all within 10 polet range. Moreover whan 2 new maching comes ane the mariket there is 2
great Lempatioa foe the masufaenaers 1 slaim sli.grhff}' optimisge playing strengihs, knoawing that it
will bes quite a Jong deme before teir elaims can be refuled.

Theee have been several amempes 1 desipn a metbod of evaluation aimed a1 caing down the fms
required 1o estenare the playing swength of 5 semputer. The schemes seem 1o fall inw one of two
categeries. The first is 'Ted rhe move” where the cemputer i2 asked to find & move which is
definively winning, usually sither s mating sequence cr meterial gain. However the main dmwback
ter this i el games &re not usually wen of lost an just ane move. There needs wa be consideration
given to positonal build-up. peessare and timing before the clinching comblnation can be: foard
and executed. Any eveluation sysiem which iprores thess Factars is going 10 loose accumey a5 &
result, The moni type of sysiem is of the 'How Geod is Your Cheis” type. Hage the compuier
is asked 1o go move by move through » gome, trying 1o fed the next move played by a
Crandmaster. This meeans that the compater is asked 10 consider many diffesent posisions from
early midile passe 1o end-gaene. In may cases this system can wick very well. However there are
still dravabacks in so much as the comiputer's style mighs clash with that of the Grandmister's and
25 2 result the computer may oblain an undeservedly low seone.

There is alsy a peed for some form of evalualing system which distinguishes betwesn playing
strengths at diffezent speeds of play; something not even the ELO system can easily do. The
system | am zbout 1o deseribe solves nsany of our problems, Tt uses an exporentially d!:?u'ng
reward i give 2 soare io how well & camputes copss with analysing 2 pagibion. New if you bave:
nat come aeross expanential funciions befors they are nothing to shy away from; We cacoanier
them every day even thaugh we do not realise it. For exampls when 2 ketils of bodling warer cocls
down b mam temperature it Bellows an exponential decay path (ses g 1
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Quher proceases which are governed by the exponential function are radioestive decay, cestain
elesironic components and many other teturally pocurring systems, The excponcatial funeten, et
us call infix), is defined mathemarically as;

Aixl=ALendr Equatien (1)

where A and of are constants and ¢ 5 the exponential constans (2718283 As A 2nd o vary, the
shape of the curve changes.

The expancniial forction has several interzwing propenics, one of which is the asea under the
turve betwesn (wo poinis.
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Thas area can be caleulmed exactly by wsing the following formula (the decivation of this is given in
the appendix for those who are Inierested);

-1-rnz=g|'='¢-a"‘f?1 Equztion {2)

where A and o are the comstants and p,g are the bounds of the asea which you wani ee find (see fig
ii}. Mote aleo thar by u&_:;gg Lhis ula we find the arca under the graph betreen zero and infinizy
is given by Ald (since e V=1 and glainiF= ),

You may well be ssking whar doss all of this kave 1o do with evaluating chess programmes? The
link i5 the ‘Bear The Marers’ colomn published in Fergaman Chess, Bvery month 2 team of chess
professionals examines six 10 en ondinary chess positions (is not necessarily coataining tactical
combinations) from scroal gemes. They first decide individually which meve they consider the
best and why, Then they all mlluctivei; decide oa which move is actually the smongest, This
mxve is nwarded ten paints and all other reascaable moves obtain a score less than sen, depending
upan their relative value. The results ane then published two monshs afier the original positens
were set. To ses how cur exponental functon s in Jet us look ot an examphe.

2



The resualis of the above pealdon were published in Perpamen Chess December 1938 as

T and were a5 follows: Bael 10; NoS 70 Nee2, [, B4, Bpl 5: Rgl 3; Others 0. Two
compaters, Saitek’s Sraras and Martye Bryant's Colosnes JV were given she pasition i analyse
fior 15 minwates,

Stratss chose Ngi3 from stam io Ginish. However Cologsus 1V was not sa czriain, playing Ny

for b first | minute 34 seconds, then g4 eatil 2 manubes 35 seconds and finally Bael for the res

of the test, It would seseam fair 16 give Sirdlor 7 paints; since no master whnt level it was seg oo, it
wauld bave played o move of \'B.E.lt-? poiats, However what ssome do you avribwe o Calesrur
VT A possible selution can ke found by using exponental fanciions as a weight. Lnagine we
have four carves, such that the areas below thz curves besween zero and Enfinfty cornespond to the
move score 0, 7, 5, and 3 rcs;:::rivcl{. We will call this area from zeco 1o infinity, for any
particular curve, the curve's value. Fig {ifi) shows a representation of four sach curves. Assume
thas the horizonzal axis represents ime.
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MNovw this is the critical E;n o understand - for agch move conridered fTrd the curve whose vilue s
that af the regve, For the time period that it I considered colculate the area wder rhe s curve,
“This means that for Colossis MV we would first of all want o find the area under the curve of valus
T (the value of Nag¥) berween the poinig zere and ninety four (1 minute 34 seconds converied o
seconds), IF his is repeased foe each meve cansidered by the compuier in its 15 minwie analysis
then the sum of these areas can be used 25 2 seore for the computer. This is the fundamenial ides
behind the sysem.

Az an example let us wark throagh o find Calassus 1V scare for the above position, Using
ﬁquudﬂ&él wa can work out the relevant arsas exacely, So for Colozsus £V NS move we
Areg=Tie g By
Arac-u‘.-‘rf-s'pﬁ,l
Nosz that A s equal to 7 (see equasion 3) end the times havs been camverted into secands,
At this siage we do net have 2 value for o bur we will come o that in & macnest, We £an repsat this

for all theee time periods commesponding 1o the three moves coastdeced by Cologsics IV, 1o abexin
graph like fig Iv.
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To find the otal shaded area all we nesd to do is find the gom of the three individual ssclions of
arcd. Applying equation (3) again and assuming that |5 minutes can be regasded 23 infinity we pei

Arega?[]-e 0y re P - 1550), 0y d 5. goinfinity)

However you will potice that in the above equation there is il the variable 4, for which we do
1ot Bzve a value, Going beck iothe orginel expenential equation, fixj=Ae 3 we can changed and
see what happens to the functon. Fig v shows what we get when we vary @ while a5 the same
time kesping the curve’s value canstant (ie varying A and  such that Add=constanr)

T

W can see that the l:lfmaa‘chmging d is te changz the funcions emphests. This means thae if o
i5 Barge then thers is more crphasis placed vpon the early par of the function, whils if d is small
the emphesis moves wwards the lavter part of the functon. Therefore if we could find some
witabie method of correlating o o the rate of play, then we weoald could use equation (3) to give a
soome which incorporaes the rabe af play.

Suppase we bave o rae of play of R seconds per move, We can alter the walue of o such that a
Certain ion of the total ares (remember soad nres = curve value = area from zere 1o dafinity)
£zlls under the funcion between 2era & seovads, This proportion, les us call it P, and the rate of
Flay & ane rzlated to the varable 2 by equasion (4}, Agamn the proof is in the appendix.

d=Llag{l/P) Equatian {£)
R

Mow by experimenting with differenn values for P, Erie and myself have found that P=02.25)
S5EMS hcr&[m: the: cosrect emphasis ypen the various parts of the functlon. So now, i we know
the race of play we can use eguation {3) 10 give 2 seare 10 Colarss JIF foe the exsmple we used
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carlier. Fora rate of play equal i one move every en seconds (5 #=J0) we can find &

d=] lap,(225)
i

d=0.08108

We can now substitete this value ino equatian {3) to give us 1 scone for Caleerur IV at 10 seconds
per move.

Seare=d 207
This would seem very ressanable singe if Cofosss [V encaunters this position in wen second chess

it would plny & move worlh 7 poines. IFwe chanpe &, o and hence the soore will correspondingly
change.

Bre O Bl Score
10 G997
3n G600
&) G.266

120 G800
&0 7.391
244 T.EIR
a0 4,148

As yeu can see the scote goes down then wp, This is because the mathematics are geeoaming for
the relstively poor movs (64) played between | minute 34 seconds and 2 minuies 35 ssconds and
theen the good mave (Rael) chasen for the rest of the analysis time,

II' the: computers were 1o analyss abaut E'J-'tl'I-IT' five 1o thirty of such positions thea &n average
perceatage seore could be given for each maching ar different rates of play. This would lesd 1o 2
range of seores associated with different mees of play. One slighily less obvious advaniage of this
is Chat it could help to divect the programmers in development, IF these is 4 large range of sares
then this indicties that if the propramme was speeded up (increased processor pawer) then te
pln:rinﬁ srengeh will also increase signifscantly. However if the range of scares is small it woald
profably be moee warthwhile for the programmers 1o concenrare wpon increasing the compurer's
chess knowledge.

The sccussey of this system has vet to be esinblished and will oo doalt depznd much ugm the
‘quality’ and mamber of positions used. One problem will be Bt not all the positons will be of
equal difficulty for the eormputers 1o analyse. 'lEhmtmiu:lik:ly that & weighting factor will have
1 b given tr each position in ander w refect it difficulty.

The weaknesses of 1he avstem would seem 1o le i theee areas, Firstly 1 does ned scecunt For
efficient use of Gme byl e coorpuser, Some proprammes have particelarly pood Bme managemeni
dyitems. These can allow the computer 1o save time while analysing relatively simight-forward
psitians, ennbling s compuier w3 ssarch for longer in mors comples situations where mare fime
can be beneficially used. Secandly . the size and quality of the opening boak can improve &
programmes performance, Thess f:.mo.rs are not accounted for whan eveluating the compuiers
since it is only the raw ‘move starch’ part of the programms which is analysed. The last wenkness
is the complexity of the system. Unlike other methods of evaluaton, 1his sysiem is quite complex
o fully wnderstard how it works (A’ level maths standand) ond it requires a reasonable amount of
CanRcEniraton 1o use i However it is not essentiad oo anderstand the systern fully, only an ahiliny
1o 2pply the equations and even this can be programmed inio & computes.

Cin page § there are Four positions which you can ry out oo your chess EOMMPUIETs; Wie SUEEesr el



wou allow paency minates for each ﬂl:-silion 1o b analvsed, Inthe nextdzsue of the Mews Sheer

there will be anather twenty four such positions which you will be 2hle 10 test your computers with
and then send us (Enic & mysglf) the results to onalyse, The results will then be published in a
fulare edition of the News Sheer.,

The system i5 still being developed and | would cerzinly sppreciace i if therg were comments and
suggestions from readess ns w0 improvements, possible posinans ex

Steve PHlauglan

Friday 10 Movember 1989



Appendix

The Exponential Funetion

An exponertial Function is one of the fom;
fix=perdt

Where of 3 the: tinidng cansians and A Iz & constan of proportselity. Integrl caleulus allows us 1o
calculate the ares under the funetion.

A re'r.\-J-: Sirh.de

Where & and b are the owo polits which defing (he bourds of the areq on the 1 axis.
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weam [a2 ],

-l-rm-..ﬂ{em-z'db}.'.'d Egquzian {1}
To find the area undes the function from peo 1 infinity, let a=0 gnd b=infnity;
Area from zero o ffinin=A0
Assumne st 1 i the rane of play, expressed in secands per move, To find & relaiionshin betwess

£, A and d, we must eguare the anes batween zero and 8 with 1235 {feand empiricallyl. This
eaqantion ean then be sodved foe /.

From equaton (1) ArsazAfeda pdiyg
Therefece ANd225 )= Area=dfe- o gd® g
Rearrange i1225=] ¢-Rd
“Thersfare ez gz 28
Take Logs (basz ) ftd=Loge112.25)
d=Log.f2. 25k
d=0AI0uR

The sbove techniques can be found in asy gosd 'A° level maths text bosk under the headings of
cxporential funclions, intapration and logarithms.



Four Positions For You To Try!

White 1o play White 1o play
Marks: @ad 10: £d4 7: Gel 5! @xeT, Ve 4 : b
R1xd6 3 a4 2 Olhers (. Lﬂ”}f 3 ggfrf: {;#gd. We2 5 W03, &h,

White to play Black o play
Marks: EcT I Exc8, &dd & 1% 3: Marks: Zad 10 fpd O Re6 & Zal 5
h3, &b2, £ed, figd, Wdd 2 Others 0. BgO, Rxdd f; Others 0.



