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" l - l  : re is grandeur in t i r is  I ' iew of  l i fe.  wi th i ts
br lhc Creator into a few fornts or into one:
ae . ' r rd ing to the f ixed law of  gravi ty,  f rom so
and nrost  wonderful  have been. and are beine

1 INTRODUCTION

This r :port  descr ibes BEAGLE (Biological
Er,olut ionary,4igor i thm Generat ing togical  Ex-
pressionsl  r i 'h ich is a computer system for produc-
in-e decis i ln-rules by induct ion l rom a database.
I t  u 'orks r tn the pr inciple of  natural-or at  least
natural istrc--select ion.  Thus i t  represents a weav-
ing-togethcr of  strands in the thought of  three
great 19th-century Engl ishmen, Boole,  Babbage
and Darr i  in.

Whi le "knowledge engineer ing" or "knowledge
refining" is currentiy enjoying something of a
vogue and has already begun to produce impres-
s ive  resu l ts . l  th is  repor t  con ta ins  a  p lea  no t  to

::: ' ::,, '  

parallel endeavour with a less mechan-
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O Tha les  Pubhca t ions  (W.O. )  L td .
P r in red  in  Grea t  B r i t a in

several  powers.  having been or ig inal l l '  breathed
and that whi lst  th is pianet has gone c,v 'c l ing on
sirnple a beginning endless forms most beaut i fu i
evolved."

ist ic f lavour that  we might cal l  "knowledee farm-
ing" or perhaps "sophicul ture".  I r - r  part icular i t  is
the author 's content ion that the great pr inciple of
natural  select ion is a valuable tool  in the stock- in-
t rade of  thc conscient ious knowledge engineer (or
farnrer).

The idea of systems tirat improve b), a compu-
tat ional  analogy rv i th survival  of  the f i t test  has
been pursued before,2-a but has lapsed from
favour someu'hat s ince the pioneer ing spir i t  of
Cybernetics rvas consolidated into the mature (?)
discipl ine of  Art i f ic ia l  Intel l igence. Sel f r idge's
"Pandemol l ium" was an ear ly examples of  a
system designed to contain " the seeds of  sel f -
improvement" rvhich invoived. among other
things. repiacing "demons" u 'h ich discr i rn inated
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BI" i ' ; l 'E (Bio logicai  Evolut ionary , ' l lgor i thm Generat ing Logical  Expressions) rs a computer package for  produci 'g
dec ; -  . ' n - ru les  by  induc t ion  f rom a  da tabase .  I t  works  on  the  p r rnc ip le  o f  "Na tu ra l i s t i c  Se lec t ion i ' q 'he reby  ru les  tha t  f i r
t hc  t . . , i a  bad ly  a re  "k i l l ed  o lT "  and  rep laced  by  "mu ta t ions "  o f  be t te r  ru les  o r  b ;  neg , ru les  c rca ted  b r  "mar in ! "  l \ \ o
be t : : :  l i dap ted  ru les .  The  ru les  a re  Boo iean  exp ress ions  rep resen ted  by  r rec  s t ruc tu res .-1 ' : :  

sof tu 'are consists of  twt-r  Puscul  programs, HERB (Heur ist ic  Er,o lut ionar_v- Rule Breeder)  and LE.1I  (Logical
E r r r . . a lo r , ' { nd  Forecas te r ) .  HERB impro les  a  g i ren  s ta r t i ng  se t  o i  ru les  b l , runn ing  ove r  severa l  s in tg ia te t i  ge -ne r -
2 t r r ' r . :  I .E ,4F  uses  the  ru les  to  c lass i f - v  samp ies  f rom a  da tabase  u 'he re  the  co r rec t  membersh ip  may  no t  be  knorvn .
Prc , . : l : na ry  tes ts  on  th ree  d i f f e ren t  da tabases  have  been  ca r r i ed  ou t -on  hosp i ra l  adn t i ss ions  (c lass rng  hear t  pa r ien rs  as
dca i i s  o r  su rv i vo rs ) .  on  a th le t r c  phys ique  (c lass ing  O lymp ic  f i na l r s t s  as  l ong -d i s tance  runners  o r  i p r i n te rs )  and  on
f t rot l ' . r l i  resul ts (categor iz ing gantes into drau's and non-drau's)

I t  . r ; ' pea rs  f rom the  tes ts  tha t  the  method  works  be t te r  than  the  s l .andard  d i sc r im inan t  ana lys i s  techn ique  based  c - rn  a
l i nc . ' .  t j i sc r im inan t  func t ion .  and  he t i ce  tha t  th i s  l ong -neg lec ted  approach  rva r ran ts  fu r the r  i n r .es t i ca t i on .
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poor ly among the input patterns they were sup-
posed to dist inguish wi th new "demons" formed
by randomly al ter ing the parameters of  surviv ing
ones. But probably the only real ly thorough-
going at tempt to "breed" intel l igence in the
abstract  u 'as by Barr icel l i  and Bel l .6

Barr icel l i 's  "symbioorganisms" were sequences

of integers that  existed in a universe col ls ist ing of

an array of  cel ls.  Whenever two organisms both
attempted to expand into the same space a game

of Tac-Tix was played betrveen them to the death.
The number patterns of  the organisnts rvere inter-
preted as moves in the game. The surviv ing
organisms were al lowed to reproduce (asexual ly.

i t  appears)  and some random muta t ions  in t ro -
duced, after rvhich the process \\ras repeated. After
some thousands of  generat ions he had a col iec-

t ion of  organisms t i tat  were expert  at  Tac-t ix.  Bar-

r icel l i  found r t  qui te an ef fect ive technique. and i t

is  my vrew that i t  is  due for a revtval .

2  B E A G L E - T H E  U S E R ' S  V I E W

The system as present l f  implemented consists
o f  t rvo  PASCAL programs runr r ing  on  the  DEC
System-10 a t  Po l l ' ' techn ic  o f  Nor th  London,
nanrely HERB (I leur ist ic Evolut ionar l '  Ruie
Breeder)  and LEAF (Logical  Evaluator And
Forecaster) .  They can be accessed l ike any'  other
stat ist ical  package and in funct ion correspond
most c losely to discr iminant anaiysis.  Together
they perform the task of  c lassi iy ing samples into
one of  two or more categor ies or i  the basis of  the
vl i lues of  a number of  measures or parameters
descr ib ing each sample.  HERB creates andior
modif ies the c lassi f icat ion rules which LEAF then
uses. typical ly to forecast group membership for
samples'nl 'hose class is not known.

2.1 f / ie HERB Progrant

HERB requires three input f i les-a dataf i ie.  a
pavoff  f i le and an old rule f i le (possibly empty).  I t
produces as output a neu'  ru le f i le u,hich is as
qood as or better than the old one.

The dataf i le contains a " t ra in ing set"  of  samples
for which the categories are knorvn. It should
begin wi th two integers,  W and F' .  W is the width
in characters of  the descr ipt ion f ie ld for  each
sample (0 i f  absent) .  F is the number of  features.
Then follows the data-for each case the descrip-
t ion f ie ld oi  W characters,  F numbers which are
measures for the case on each feature or variable
( integers only at  present wi th at  least  one space or
new iine to separate them). and lastly a number
indicat ing the actual  category to which that case
belongs. (The category number must end a l ine.)

There follorvs the first three l ines oi a tvpical
dataf i le.

4  1 8
517  68  165  r  2  114  88  95  13  r1  t41  66  1 r5  225  I I0  562  206  113  340

This  i s  the  beg inn ing  o f  a  f i ie  o f  da ta  f rom 113
pat ients admit ted to hospi ta i  wi th heart  com-
p la in ts .T  Each pa t ien t  was  measured on  18  var i -
ables on admission. Preceding the 18 scores is an
identr f icat ion number (4 characters) rvhrch is 5 '17
for th is pat ient .  Fol lorv ing the scores is the cate-

-qory number (1 :  l ived, 2 :  d ied).  These cases
rvere used for test ing:  see sect ion 4.  (The f i rst  3
varrables are age. height and sex; so th is pat ient
r v a s  6 8  y e a r s  o l d .  1 6 5  c m  t a l l .  a n d  m a l e . . . .  h e
surv ived. )

To enable the program to assess each rule 's
performance the user must also furnish a payoff
nratrix in a separate fi le u'hich effectively states
the value or cost  of  each classi f icat ion or misclas-
srf icat ion.  The payoff  f i ie also indicates how many
categor ies are in use. Since the program rvorks on
tr i -state logic t t ' l tere 1 -  ) 'es,  0 :  don' t -know ar ld
-  1  -  no .  th is  means a  3  by  NC tab le  * 'here  NC
is the number of  c lasses. (Later releases 'uvi l i  a l lou'
the user to speci fy one of  sevcral  mult i -state !ogics
o f  wh ich  0 .  .  1 .  Boo lean.  w ' i l l  be  a  spec ia l  case. )

For the tests on the hospi ta l  admission data the
pavoff matrix \\ 'as as follorvs.

Computer Decis ion
-  I  ( n o )

0  (maybe)
I (1'es )

Actual Class
1 ( l ived)
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Thus a rule gained a point  for  a correct  c lassi f i -
cat ion aird lost  one for an incorrect  one. More
compler rervard/punishment schedules rvith more
classes a.re of course possible.

Final j r .  the user suppl ies an in i t ia l  ru le f i le con-
taining up to 64 rules.  In i t ia l ly  there may be none,
in rvhicir case the program will generate some at
random

A ru i . ' i s  represented  by  a  fu l l y  b racketed
Boolean crpression ended by a dol lar  s ign,  such
AS

( ( *q  GE t0 )  oL  ( (  #4  LT 10)  AN ( * f l  NE 0) ) )$

which Si . r ie S that var iable 4 (*ql  should exceed or
equal  l i t  or  that  both var iable 4 should be less
than 1{ r  rnd  var iab le  17  no t  zero  fo r  the  ru le  to
g ive  a  p r  > r t i ve  ( t rue)  resu l t .

The , ' : 'e rators are as fo l lows.

EQ ar i thmet ic equal i ty
NE ar i thmet ic inequal i ty
GT greater than
LT less than
GE greater than or equal  to
LE less than or equal  to
OL logical  d is junct ion ( inclusive or)
AN logical  conjunct ion (and)
NO negat ion
P L t . S  a d d i t i o n
LE-SS subtract ion
BY mult ip l icat ion
OVI .  R d iv is ion

(The od.:  names such as AN and OL rvere chosen
to avorr l  . r  c lash rv i th P,4SCALpredef ined opera-
tors.  )

Ar i thnrct ic is integrated with logical  evaluat ion
becausc t i te three truth values are *  1,  0 and -  1.
I f  a rulc v ie lds a f inal  value out isde the logic
range i t  *  i l l  be t runcated to the nearest  extreme.
Ar i thmc i  i c  subexpress ions  are  no t  t runcated
(unless thel '  would cause overf low).

2.2 Tit. L,EAF Proqrarn

L E,AF is far  s impler.  I t  takes a dataf i le in the

;j,
:"j1+!t1,i tlil

j#:*tii

same format as the training set-the only differ-
ence being that the actual  c lasses need not be
known zero indicat ing unknown class member-
ship-and runs a rule fi le on it. The user specifies
horv many rules to use: these are always lef t
ordered by HERB with the best f i rst .  LEAF can
be requested to produce: (1) a l is t ing of  a l l  cases
with predicted class.  and actual  c lass and score i f
knorvn ;  (2)  a summary of  the performance of  each
ru le  and a l l  the  ru les  jo in t l y ' :  (3 )  an  order ing  o f
cases by rule consensus from most l ikely Yes to
most l ikely No.

Not ice that the rules produced bv HERB can
be appl ied by a person. LEAF is merely a con-
venience. Contrast  th is iv i th the l incar funct ions
with coeffrc ients expressed to 8 or 10 decimal
places output by convent ional  d iscr iminant analy-
s is packages: no one in their  r ight  mind ivould t ry
to  use  those w i thout  mach ine  ass ts tance.

3 .  HOW I {  ERB WORKS

HERB a t tempts  to  mimic  evo lu t ion  b1 '  na tura l
select ion.  I ts "organisms" are the rules and their
survival  depends on how wel l  thei ,  categor ize the
samples  in  t l re  t ra in ing  se t .

I t  runs for a number of  generat ions.  chosen by
the  user .  A  gencra t ion  consrs ts  o f  one run  th rough
the  da ta  dur ing  u ,h ich  each ru le  i s  eva lua ted  on
everv case and scored according to the payoff
matr i .x.  The rules are then ranked by total  score
* ' r th the best rules at  the top. i .e.  thosc w' i th the
highest score.

l -he scor ing formuia is actual l l '

GFACTOR), ' (  M AXSCOR E-N{  I  N  SCOR E) -SIZE

rvhere M INSCORE and MAXSCORE are the
lorvest and highest scores possible.  GOODNESS
is the accumulated payoff  and SIZE is the s ize of
the rule measured by count ing nodes ( terms or
subexpressions).  What th is means is that  a long-
rv inded rule scor ing the same as a ntore concise
one rv i l l  be ranked lower.  Remember we are t reat-
ing the rules as organisms: the larger animals
need more " food".  GFACTOR can be set by the
user to al ter  the balance betu.een goodness and
size.  A high GFACTOR asks for a good rule at ,

( (GOODNESS-M INSCORE)  x
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almost,  any pr ice;  a low sett ing is a bias torvards
brevi ty.

Having been ranked thus, the breeding begins.
The top quarter (25%) are lef t  a lone. They are
good enough to survive untouched. The second
quarter are al l  subjected to a procedure GROW
which adds a node composed at  random. For
example,  GROW on

( ( *  1  OL (#2EQ o) )  Gr  62)

might produce

( ( * t  PLUS 5)  OL (*zeq 0) )  Gr  62) )

Rules in the th i rd quarter are subjected to a pro-
cedure named SLIM which is the obverse of
GROW: they lose a randomly selected term or
subexpression. They have survived but are suf fer-
ing f rom "malnutr i t ion".  Final ly the bottom 25)(
are subjected to a procedure cal led KILL rvhich.
squeamish readers may be assured. causes no
pain.

To replace the dead rules new ones are formed
by mat ing together eiements f rom the top hal f  of
the l is t .  Internal ly the rules are held as binar l '
t rees.  The MATE, procedure takes a random sub-
tree from one parent rule selected at random from
the upper hal f  and combines i t  rv i th another
chosen l ikervise,  The two parts are then l inked by
a randomly selected connect ive to give a fu l ly
formed expression. For example.  the mat ing of

( ( * +  G r  6 2 )  A N  ( # 3  E Q  0 ) )

wi th

( ( * t ' t  B Y  - 2 )  P L U S  ( ( + t s  G T  s )  o L  ( # 2  L F .

might  resu l t  in

( ( *+  GT 62)  LESS #  8) .

The next step is to apply the MUTAT'ION pro-
cedure to a few (randomly selected) of  the lower
7/8ths of  the rule l is t .  This can do var ious th ings
l ike al ter ing terms, s* 'apping subtrees. al ter ing
operators and so forth.  (The top 1/Sth is inviolate:
rules that  h igh can only be changed i f  a better
'strain '  d isplaces them.)

Final ly,  procedure TIDY is appl ied to al l  ru les.
This cuts do* 'n redundancies such as double
negat ives.  expressions u ' i th a constant value and

so on, leaving the pruned tree rv i th the same value
but expressed more succinct ly.  The resul t  of
T IDYing

( ( ( s  BY  4 )  Gr  16 )  AN ( *n  EQ #8 ) )

would  be

( * n  E Q  # 8 )

sirrce (5 BY 4) :  20 and (20 GT 16) :  + I  ( true).
Then the next generation begins. The process

continues for the required number of generations,
and then the new rulcs are printed onto the out-
put f i le.

SOME TESTS OF HTRB

The question is: does i t  rvork'?
To establ ish a comparat ive standard the dis-

cr iminant anaiysis funct ion of  the SPSS package
on the DEC System-10 hbrary was run rv i th the
hospi ta l  admission data.  I t  produced two i incar
funct ions of  seven var iables plus a constant.  Both
tl-rese functions are to be evaluated for each case
and i f  lunct ion 1 gives a higher value the sample
is assigned to group 1 ( l iv ing) whereas i f  funct ion
2 g ives  a  h igher  va lue  the  sample  is  ass igned to
group 2 (dead).  (There \ \ /ere 70 survivors and 43
deaths,  but th is informat ion was not used to
we igh t  the  pr io r  p robab i l i t ies . )

The diagnost ic var iables chosen were, in de-
scending order of  importance. numbers 6 (mean
arter ia l  pressure).  9 (mean venous pressure).  4

(shock type),  14 (urrnary output) .  10 (body surface
area),  15 (plasma volurne index) and l6 (red cel l
index).  Al l  u,ere posi t iveiy loaded on funct ion 1
except 9 (venous prcssure).  The CPU t inre to gen-
erate these resul ts was 2.85 seconds.

When re-run on the training set data the dis-
cr imirrant funct ions correct ly c lassi f ied 75\ of  the
cases. Ti te mistakes rvere:  16 of  group 1 c lassed as
group 2 .  12  o l  g roup 2  c iassed i i r  g roup 1 .

The FIERB progrant \\ 'as then run on the sanle
data,  start ing completely f rom scratch- i .e.  u, i th
no pre-determined ruies.  For al l  the tests the
number of  ru le:  n 'as f ixed at  48.  After 1 11 gener-
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at ior is a ruul  of  LEAF indicated that the top rule
was corrJct ly grouping 73\ of  the cases in the
training sct .  This took about 2 minutes of  run-
trme.

After 5t)0 generat ions the top rule was correct
on 81o7n i i  the cases (count ing a 0,  or  don' t -knou,.
as incorrrct  as wel l  as any outr ight  misclassi f ica-
t ions).

The tol .  ru le at  th is stage was

( # 6  G E  ( 6 1  L E S S  # 1 4 ) )

rv l rere =r,  i5 mean arter ia l  pressure and #I4 is
ur inary c, . . i i rut .  What i t  says is that  i f  mean arter-
ia l  press, : . r '  (mm Hg) is greater than or equal  to
ur inar_v , . . r lput  (ml, /hr)  subtracted from 61 the
pat ient  s, . , .u ld survive,  otherrv ise the pat ient  is
l ikely to . j .c .  I ts mistakes were: 2 survivors c lassed
as grolrp l :  20 deaths c iassed as group 1.  (The
payoff  nr . : i r iX could have been adjusted i f  these
di f ferent r . . : rdS of  error were not equal ly cost ly.  as
no doubi ,r t-ruld be the case in practice.)

I t  is  ne, : . rb le that  a l ready u'e have a rule that  is
better t i t . , . .  the l inear discr iminant funct ions:  and
so much \rmpler that  a hospi ta l  order ly could
easi ly ani  )  i t .  ( Is th is a danger?)

Perhap. stat ist ic ians,  rvho are on the n 'hole
qui te cr) i .1. , 'nt  to computer ize techniques worked
out by lr ' . j  ,rson and Fisher over 50 years ago and
rvho tent j  i t )  reg?rd even Bayesian decis ion-mak-
lng  as  i i : r  e rc i t ing  bu t  no t  every ' respec tab le
n o v e l t y ' . . : , o u l d  w a k e  u p  t o  t h e  p o t e n t i a l  o f
today's c ' . , ' rer t  systems.

A secr. : . . ]  test  was run on data concerned rv i th
the ph1'sr . . . re of  male athletes.  Here the data was
the  age r=  1 ) ,  he igh t  in  inches  ( *ZS^ we igh t  in
pounds (  -=.1) and race (*+1 of  the medal l is ts in
the  runnrns  and wa lk ing  events  o f  the  1968
Mexico C) lvmpic Games. Race was ei ther 0
(rvhi te)  or  1 (biack).  (One Japanese was arbi t rar i ly
assigned i . ,  race 0 and Mohammed Gammoudi.
rvho appr-i, i-ed tw'ice by virtue of rvinning medals
in two di ; : ' : rent  events,  was classed as 0 the f i rst
t ime and i  the  nex t :  he  is  Tun is ian . )

The aint  \ \ 'as to arr ive at  a rule that  rvould
dist inguis;r  the spr inters f rom the long-distance
men on t i re basis of  the data about age, height,
rveight aitc.l race. The events were actually put into
5 classes. i rom shortest  to lonsest.

I  O_1

Class Events
1 100 rn.  200 m, 110 m hurd les
2 400 m. 400 m hurdles
3 800 m. i500 m, 3000 m steeplechase
4 5000 m. 10000 m, 20 km walk
5 Marathon, 50 km u'alk

The various payoffs were

Rulc  Dec is ion
I- l

0
+ 1

A decis ion of  + 1 is interpreted as iong-distance
compet i to r .  -1  as  spr in te r .

After 666 generat ions the top rule n 'as

( ( 1 5 5  L E S S  # 3 )  P L U S  ( - 5  B Y  # 4 ) )

wh ich  was on l l '  mak ing  one mis take  on  the  32
samples in the t ra inrng set.  What i t  says.  in br ief ,
is that if ) 'oLr are rvhite and rveigit over 155
pounds you are a spr inter,  i f  y 'ou iveigh less you
are a distance runner.  i f  1,ou are black and rveigh
over  150 pounds vou are  a  spr in te r .  o therw, ise  you
are  a  long-d ts tance runner .

As  a  tes t  12  go ld  meda l l i s ts  f rom the  1980
N{osco*' Olympics \\ 'ere rated by this rule. This
w'as l resh data.  not  used in the t ra in ing phase. Al l
\ \ 'ere correct ly categor ized except Pietro Mennea
who.  a t  150 pounds.  i s  a  b i t  i i gh t  fo r  a  w 'h i te
spnnter.

N,B. These f i_sures apply to Olympic athletes:
just  because you $'ei_eh over 155 pounds do not
get the idea that vou are a march for Al lan Wel ls!

5  R E M A R K S

I see three just i f icat ions for  th is k ind of  exer-
c ise.  First ly.  i t  is  interest ing in i ts own r ight .
secondly', the rules behave in an interesting fash-
ion:  and thirdl l ' .  i t  seems to rvork.

In the f i rst  p lace i t  is  fun to t ry a l i t t le abstract
gardening, grorving an orchard of  b inary t rees.
And it might be fruitful in another sense. After all.
\\/e are only here by courtesy of the principle of
natural  select ion,  AI  rvorkers included, and since
i t  is  so porverfui  in producinq naturai  intel l igence

assigned accordingly.

Ac tua l  C lass
1 2 3 4 5
1  I  O  - l  - )

0 0 0 0 0
2  - 1  0  |  2

i ' .
!  ^ -  - -  .  . -

1  . i , 1  i ,

i"4o r4,:.il :

s.=!.-iir-i
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i t  behoves us to consider i t  as a method for cul t i -
vating the artif icial variety,

The second justr f icat ion is the surpr is ingly l i fe-
l ike behaviour of  the rules themselves. I t  can be
appreciated by looking at  the top 4 rules pro-
duced by I lERB on the hospi ta l  admissions data
a f t e r  1 ,  1 1 ,  1 1 1  a n d  l l i l  g e n e r a t i o n s .

R ] C H A R D  F O R S Y T T I

1 generation
(# I  PLUS 0)
(2 PLUS 0)
(#  1  PLUS 0)
( #  1  P L U S  o )
l2l :  chance expectat ion]

1 l  generat ions
( N O  ( (  # 1 6  L E  -  1 )  B Y  ( # 6  G T  s 3 ) ) )
( * 6  G E  * t 7
( ( ( * t 6  L E  -  1 )  B Y  ( # 6  G T  5 3 ) t  I - r

( ( + t  e q  # 1 1 )  N E  - 1 o o o o ) )
( #  1  P L I j S  0 )

1 11 generat ions
(137  OVER (+  6  GT _s3) )
( 1 3 5  O V E R  ( * 6  G T  5 3 ) )
( 1  O V E R  ( # 6  G T  s 3 ) )
( 1 3 7  O V E R  ( + 6  G T  5 3 ) )

11  11  genera t ions
(#6  GE-  (61  LESS #11) )
(#6  GF.  (62  LESS #  11  )
( (61 LESS # 14)  LE # 6)
( (61  LESS #11)  LT  #6)

over a l i irge mass of f igures and extract an eli-
c ient  c lassi f icat ion rule for  the cases there wouid
be l i t t le need for thrs k ind of  program.)

The t i r i rd point  is  that  the system works qui te
wel l ,  even though this is version 1.0 of  the pro-
gram. The rules produced are short  and to the
po in t .  though i t  i s  fa i r  to  ment ion  tha t  the  com-

Age Score
1 2 7
1 2 7
1 2 1
t 2 1

A+

1 0

7 1
_s5
A I. + l

') -)
-1 _)

691
s02
119
418

) Y

21

5 1
5 l
5 1
5 1

frq

69
69
69

What \ \ /e see here is the appearance (and sub-
sequent disappearance) of  dominant "species".

Each t) 'pe f lour ishes for some t ime unt i l  qui te
sudden lv  supp lan ted  by  a  new and super io r  l rne  - '

typical l l '  a mutat ion of  one of  i ts  ou'n of fspr ing.
When th is  happens the  ex t inc t ion  o f  the  more
pr imit ive forms is rapid and complete.

I t  seems that once a rule fastens on a part icular
indicator var iable or combinat ion of  var iables i t
wi l l  g ive r ise to several  copies or near-copies
fornr ing a fami ly rvhich thr ive unt i l  a better ru le
appears.  possibly using etn ent i re ly di f ferent set  of
indicators.  I t  is  as i f  the new var iety have found a
more nour ishing "diet" .

There  is  no th ing  to  p revent  the  user  inser t ing  a
man-made rule at  any stage; indeed i t  is  salutor l '
to do so since al l  t race of  i t  is  normal ly lost  rv i th in
a ferv generations. (If i t were easy to cast 1,'our eye

put ing  cos t  i s  qu i te  heavy  - -a lmost  2  mi i tu tes  o f
run t ime per  100 gencra t ions  on  the  DEC S) ,s -
tem- i0  (KL 10  processor )  on  the  hosp i ta l  da ta .

As  BEAGIE is  qu i te  success fu l  on  toy  da ta-
bases the reader u, i th garnbl ing inst incts ma) '  care
to  par t i c ipa te  in  a  l r t t le  f ie ld  tes t rng  on  fa r  more
nressy data.  For rvhat i t  is  l r 'or th.  i rcre is the top
rule produced b1'  I IERB after 400 generat ions on
a da ta f i le  conta in ing  1000 Eng l ish  and Scot t i sh
League and Cup foo tba l l  resu l ts  (1979-80) .

( N O  ( ( # 5 8  O V E R  # 4 5 )  A N  # 7 t \ l

I t s  va lue  is  meant  to  be  t ruc  (pos i t i ve)  fo r  d rau 'n
games. negat ive otherrv isc 

- fhe 
var iablcs arc:

# 58 the a\ \ 'a\ /  team's grourrd capaci ty ( in thoLr-
sands of  spectators) subtracted from the honte
teArn's crorvd capi ic i ty ( thousands):  #45 goals
scored by the a\ \ 'ay s ide rn their  last  awal/  gante:



1 , * , .
'*rgi!;

BE , {GLE 1 6 5

#11 d : : l c rence fo rmed by  add ing  home ream's
home s, \ :1 lS scored in their  last  8 home matches to
away tc. : in 'S goals conceded in their  last  8 a\ \ 'av
games . , : t r ' i  subtract ing home team's goals against
plus ar ' , . : . \  team)s goals for  in the same matches.

6 FL 1 L-RE DIRECTIONS

BE.. l t ) l ,E is st i l l  at  a prototype stage. and can
be con.. icrably improved. One pianned enhance-
ment \ \ . : :  r ' r )eDt ioned in sect ion 2. i -a l iowing the
mult i -st . , re logic range to be speci f ied by the user.

A sci , . ld extension that q 'ould not be di f 'hcul t
to rmp.rment would be to al low, l ioat ing-point
ar i thnt- ' :  , -  as rvel l  as integers,  though the interac-
t ion r i  r : : .  l t tg ical  values rvould have to be careful lv
c o n s i d i : - ' J  f i r s t .  I t  m i g h t  b e  a n  o p p o r t u n i t ) 8  t o
in t rodL.  - :  ' fuzz l t  log ic '  a t  the  same t ime.  (HERB
and LI : . l l -  a l ready use a "s i i_sht l t ,  fuzzy" compari-
son  sc , :J : l r ' such  tha t  6 ;1  GE 65 is  no t  qu i te  so
false a.  , - r )  GE 65, but the usefulness of  th is has
not  bcc : .  . rssessed. )

Ano: ; . , ' ; -  p lanned improventen t  i s  the  inc lus ion
ol  adci  :  ,nal  operators.  The MOD (remainder)
func t i t , : .  r i i l l  be  one,  bu t  n to re  impor tan t  rv i i l  be
the par:  \O .  .  OS to al lorv construct ions of  the
form

(B SO (At  OS A2) )

rvhich ..r ' :r c-S fof

i f  B  t i ren  A1 e lse  42

and u  j l ,  : r re  a  rud imentar l 'p rogramming ab i l i t1 , .
Of  co tu- - '  th is  h igh l igh ts  the  fac t  tha t  the  ru les  a re
real l t ,  i r r , rsrams in a special-purpose lansuaqe.
ivh ic i r  i r . :gh t  iead  to  the  conc lus ion  tha t  the  svs-
tem s i r , ' , r ld  u l t imate iy  genera te  L ISP func t ions .
But  th i .  : s  ra ther  a  d is tan t  goa l .  I t  w 'ou ld  remove
a l l  res t i : - ' t i ons ,  bu t  w i re ther  I IERB or  any th ing
l ike i t  e ,  r i ld cope u, i th thc extra power remains to
be secn l ) robablv a compronr ise.  sucl i  as genera-
l iz ing t : : - .  ru les as far  as product ion sr ,stems of  a
l inr i teci  , t rmpler i t \ ' .  u,ould be more manaqeable.

In ef i ' : ; t  the rules as the),  stand simulate s in_ele-
cel led . lsanisms. wi thout special izat ion of  func-
t ion.  

' l - r '  
move on to a hierarchic structure.  corre-

spondr i rg  to  mu l t i -ce l lu la r  an ima ls  HERB u 'ou ld
need lnd- leve l  o r_san jsms (s t ra teq ies)  n . i th  ' .g reen

f ingers" u 'hose uel fare depended on successful l r
managing the f i rst- level  ones.

A more ser ious need is to make greater use of
informat ion provided by bad rules.  r rhcr than just
discarding them and qui te possrbl-v-  regenerat ing
them later.  Thrs is a major r . r 'eakness and al l  the
obvious remedies (e.g.  a rote memorv oi  bad
rules) rvould introduce considerable overheads.

7  CONCLUSIONS

I r l 'ould l ike to present Natr i ra l is t ic Select ion as
a  v i a b l e  A I  t e c h n i q u c .  T h i s  i s  r r o r  t o  s a v  i r  i s  a
pairacea. I  suspect that  there is c i r lcr i .s a better
way (cheaper  and,Lor  qu icker ) .  Iu r  no  s ing ie
nrcthod rs more appropr iate for  "sat isf ic in i r"  in
such a  rv ide  var ie ty  o f  p rob len ts .e

On t l te  c red i t  s ide  Natura l i s t i c  Se iec t ion  is
abso lu te lv  gcnera l .  A  user  can i ru r l  any  da ta  a t
H ERB hor.r 'cver noni inear.  ho* 'ever "r . to isv".  horv-
ever  much t t  v io la tes  the  assumpt ions  about  d is -
t r ibu t ion  and sca l ing  under iv ing  m()s t  s ta t i s t i ca l
tests.  and gct  a reasonable set  of  d iscr i rn inat ion
rules in reasonable t ime. And si i tcc those. rules are
pLrbl ic and conrprchensiblc.  not  arcanc teci tnocra-
t i c  b iack  mag ic .  man-mach ine  coopera t ion  is  fa -
c ihtated. The hunral t  can do some of the hypothe-
s iz ing  (w 'h ich  peop le  a re  good a t )  leav ing  rhe  tes t -
ing (u 'h ich people are bad at)  to the compr-r ter .

For  examplc .  to  c lass i i y  the  tes t  da ta  used in
this paper a sequent ia i  decis ion procedure sLrch as
that proposcd b1, '  Hunt10 rnight have beer l  more
econont ica l :  bu t  the  t roub le  w ' i th  s tep* ' i se  a lgor -
i thms rvhich 1, ' ie ld a discr iminat ion nct  or  pro-
gressive f i l ter  netrvork rs their  susccpt ib i l i ty  to
noise in the t1ata.  Tirel '  w,ork best in s i tuat ions
r i 'here there can be no error in t l ie t ra in ing data
and rvhere the t ,ar iables i rave rathcr feu'  d iscrete
val t ies (e.g.  chess endgames).  HERB though rarely
i f  ever opt i rnal .  r i ' i l l  a l rnost  a i* 'avs comc up u, i th
sonre th ing  usab le .

Las t l l  there  is  the  mat te r  o f  rn tage.  Is  the
dcsigner of  expert  s) 'stents to be seel t  zts a soul icss
u' i r i te-coated rnachine-rninder or as someone u' l io.
for  the f i rst  t i rne s ince the expuls ion f rom Eclen. is
not merel i '  p icking neu, f ru i t  f rom t i rc lorbidden
(Binary ' )  Tree of  Knorvledge. but actual i l '  rnaking
it _qrow.)
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