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A b s t r a c t 

This paper studies several applications of genetic algo-

rithm s (GAs )  withi n th e neura l  netv?ork s field.  Th e syste m 

was use d t o generat e neura l  networ k circui t  architectures . 

Thi s wa s accomplishe d b y usin g th e G A t o determin e th e 

weight s i n a  full y interconnecte d network .  Th e importanc e 

of  th e interna l  geneti c representatio n wa s show n b y testin g 

differen t  approaches .  Th e effect s i n spee d o f  optimizatio n 

of  varyin g th e constraint s impose d upo n th e desire d net -

wor k wer e als o studied .  I t  wa s observe d tha t  relativel y 

loos e constraint s provide d result s comparabl e t o a  full y 

constraine d system .  Th e typ e o f  neura l  networ k circuit s 

generate d wer e recurren t  competitiv e fields  a s describe d 

by Grossber g (1982) . 

I n t r o d u c t i o n 

Genetic Algorithms (GAs) have a lot in common with neu-

ra l  networks .  Whil e use d i n engineerin g applications ,  neu -

ra l  network s ar e note d fo r  thei r  neurobiologica l  founda ^ 

tioQs .  G A s ar e als o base d o n biologica l  foundations .  How -

ever ,  no t  al l  know n natura l  geneti c function s hav e bee n in -

corporate d int o G A s .  G A s hav e bee n use d mainl y a s searc h 

an d optimizatio n procedures .  Natura l  genetic s perfor m 

some o f  thes e tasks ,  bu t  mor e importantly ,  geneti c materia l 

contain s th e "program "  fo r  life-building .  Althoug h recen t 

discoverie s (H o &  Fox ,  1988 )  hav e change d ou r  vie w o n thi s 

"program" ,  i t  i s  stil l  undispute d tha t  th e geneti c materia l 

( D N A,  R N A )  contain s enoug h informatio n t o generat e a n 

organism . 

T h e geneti c syste m use d her e consist s o f  a  populatio n o f 

organism s o r  individual s wher e eac h member  i s compose d 

of  a  gene .  A  chromosom e i s compose d o f  a  strin g o f  alleles . 
I n thi s particula r  case ,  allele s ar e represente d a s singl e bi t 

binar y values .  A n initia l  populatio n o f  a n arbitrar y numbe r 

of  member s i s create d b y assignin g rando m value s t o eac h 

allele .  Onc e th e populatio n i s established ,  eac h individual' s 

chromosom e i s  teste d agains t  som e metric .  Thi s ca n b e 

see n a s thei r  "life "  performance ,  generatin g a  probabilit y  o f 

reproduction .  Onc e al l  individu2Ll s hav e bee n teste d (hav e 

"lived" )  th e individual s wit h highe r  performanc e wil l  b e 

mor e likel y t o procreat e an d pas s o n thei r  genes . 

Thi s pape r  use s G A s t o searc h fo r  th e parameter s tha t 

describ e a  neura l  network .  Thes e parameter s wil l  b e use d 

t o generat e suc h a  networ k an d t o analyz e it s  behavio r 

when require d t o perfor m a  specifi c  task .  Th e ai m her e i s 

not  onl y t o us e G A s a s a  paramete r  searc h tool ,  bu t  a s a 

cod e buildin g tool .  Gari s (1990) ,  Miller ,  Todd ,  &  Hegd e 
(1989) ,  an d Harp ,  Samad ,  &  Guha ,  (1989 )  hav e don e som e 

wor k i n thi s direction .  Th e Miller ,  Todd ,  &  Hegde' s sys -

te m (1989 )  can' t  b e considere d strictl y a  networ k buildin g 

model ,  bu t  a s a  networ k desig n o r  configuratio n system . 

I t  basicall y determine s th e weigh t  value s i n a  full y inter -

connecte d networ k wher e th e numbe r  o f  node s i s predeter -

mined .  Harp ,  Samad ,  &  G u h a (1989 )  o n th e othe r  hand , 

determin e th e numbe r  o f  node s an d thei r  connectivit y i n 

a fairl y  complet e way .  Here ,  th e typ e o f  networ k searche d 

fo r  wil l  b e o f  a  mor e biologicall y base d type . 

Th e interna l  geneti c representatio n i s  critica l  t o th e 

spee d an d optimizatio n leve l  o f  a  geneti c algorithm .  Thi s 

was show n b y testin g differen t  approache s t o th e geneti c 

representation .  I n orde r  t o furthe r  accelerat e th e optimiza ^ 

tio n process ,  th e effect s o f  varyin g th e constraint s impose d 

upo n th e desire d networ k wer e als o studied . 

I n thi s paper ,  th e formatio n o f  subsequen t  generation s 

i s base d o n tw o geneti c operators :  mutatio n an d crossover . 
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Figur e 1 :  Competitiv e recurren t  circuit .  Fo r  clarity ,  onl y nod e 2  i s show n wit h al l  it s  efferen t  connections . 

Mutatio n i s performe d b y switchin g eac h allel e t o it s com -

plementar y valu e wit h certai n probability .  Crossover s ar e 

performe d b y selectin g tw o individual s fro m th e populatio n 

fo r  reproduction .  A  crossove r  poin t  i s  randoml y selecte d 

somewher e alon g th e exten t  o f  th e gene ,  an d tw o childre n 

ar e generate d b y switchin g th e geneti c materia l  o f  th e tw o 

parent s afte r  th e poin t  chosen .  I n th e simulation s carrie d 

out  here ,  th e probabilit y  o f  mutatio n wa s 0.0 3 pe r  allele . 

The probabilit y  o f  crossove r  wa s 1.0 0 pe r  chromosome . 

I n addition ,  th e chromosom e o f  th e bes t  individua l  o f 

each generatio n wa s copie d unchange d fo r  th e nex t  gen -

eration .  Fo r  furthe r  referenc e o n geneti c operation s an d 

implementatio n detail s se e Goldber g (1989) . 

S y s t e m D e s c r i p t i o n 

An approach similar to that of Miller, Todd, & Hegde 

(1989 )  wa s used .  A  networ k o f  fixed  nod e siz e wa s imple -

mented .  Th e connection s betwee n node s wer e represente d 

by a  4  b y 4  matrix .  Th e G A wa s use d t o find  whic h connec -

tion s shoul d exis t  an d whethe r  thes e shoul d b e inhibitor y 

or  excitatory .  Th e activatio n equatio n wa s o f  th e form : 

^ = -Aa:,-K5-x,)(/. + 5;^/(x,))-(x,-HZ?)^/(xO 

where ij is node t from 1 to 4, A, B and D are constants 

set  a t  6.0 ,  5.0 ,  5. 0 respectively ,  /(i )  i s  th e neuron' s feed -

back equatio n (/(i )  =  i ;  i f  x  >  0  otherwis e /(x )  =  0) ,  y 
i s  th e se t  o f  excitator y nodes ,  an d h  th e se t  o f  inhibitor y 

nodes .  Th e set s o f  excitator y an d inhibitor y node s ar e de -

termine d b y th e content s o f  th e genome .  Fo r  th e targe t 
circuit ,  g  wa s th e nod e itsel f  (/(x,)) ,  an d h  consiste d o f 

ever y othe r  nod e (52^^ ,  f{xh)) -
The representatio n o f  th e matri x i n th e chromosom e wa s 

implemente d b y allocatin g tw o allele s t o eac h connection . 

So,  location s 1  an d 2  specif y th e typ e o f  connectivit y be -

twee n nod e 1  an d itself .  Location s 3  an d 4  specif y th e typ e 

Allel e pai r 

00 

01 

10 

11 

Connectio n 

Disconnecte d 

Disconnecte d 

Inhibitor y 

Excitator y 

Tabl e 1 :  Tabl e fo r  allel e representatio n o f  connection . 

of connectivity between node 1 and node 2, and so on. The 

meanin g o f  eac h pai r  o f  allele s i s show n i n Tabl e 1 . 

I n th e curren t  experiment ,  th e exac t  resultin g circui t  an d 

it s respons e curv e wer e know n a  priori ,  s o a  measur e o f  th e 

differenc e fro m thi s curv e wa s use d a s th e functio n t o b e 

minimized . 

Th e proble m studie d wit h thi s setu p wa s a  networ k o f 

feedbac k nodes .  Th e targe t  configuratio n wa s a  recurren t 
competitiv e feedbac k circui t  (Grossberg ,  1982) ,  a s show n 

i n Figur e 1 . 

Representation Modifications 

The setup just described did not converge to an optimal 

resul t  withi n a  reasonabl e tim e (40 0 generations) .  A n anal -

ysi s o f  th e schemat a (similarit y templates )  involve d i n th e 

representatio n o f  connections ,  reveal s tha t  i t  i s  mor e likel y 

fo r  th e syste m t o chang e geneti c materia l  fro m on e stat e 

t o a  stat e wit h lowe r  fitness,  rathe r  tha n t o a  stat e wit h 

highe r  fitness.  Thi s i s du e t o th e allel e representation ,  i n 

conjunctio n wit h th e metri c used ,  an d th e manne r  i n whic h 

crossove r  an d mutatio n affect s genes . 

For  example ,  let' s  assum e tha t  a  give n connectio n wa s 

initiall y  se t  a s no t  connecte d (00 )  whe n th e optima l  set -

tin g i s excitator y (11) .  Sinc e th e probabilitie s o f  muta -

tio n ar e quit e lo w (0.03 )  compare d wit h th e probabilitie s 

of  crossove r  (1.0) ,  i t  i s  quit e unlikel y tha t  bot h allele s wil l 
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Figur e 2 :  Left :  Inpu t  sequence .  Right :  Outpu t  o f  rec u 
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be mutate d durin g th e sam e generatio n i n th e sam e individ -

ual ,  therefore ,  makin g crossove r  th e mor e likel y candidat e 

fo r  improvin g performance .  Thi s mean s tha t  a  populatio n 

member  wit h value s o f  1 0 mus t  b e combine d wit h anothe r 

member  wit h vjJue s o f  01 .  Bu t  a  settin g o f  1 0 i s o f  lowe r 

fitness  tha n th e origina l  settin g o f  00 .  S o th e member  wit h 

th e lowe r  fitnes s i s quit e unlikel y t o surviv e an d reproduce , 

i n effec t  slowin g th e improvemen t  o f  geneti c material . 

I n orde r  t o avoi d thi s problem ,  th e representatio n mus t 

allo w fo r  stepwis e improvement s i n performanc e throug h 

th e combinatio n o f  shor t  lengt h schemata .  Crossove r 

shoul d b e equall y likel y t o mov e th e schemat a t o an y pos -

sibl e state .  Thi s ca n b e achieve d i n a  numbe r  o f  ways .  On e 

possibl e solutio n woul d b e t o us e a  tri-value d allele ,  wher e 

mutatio n woul d b e equall y likel y t o switc h t o an y state . 

Thi s optio n woul d avoi d th e proble m o f  crossove r  effect s 

on schemata ,  b y no t  allowin g crossove r  t o modif y th e typ e 

of  connectio n used . 

T h e solutio n chose n stil l  maintain s bi-value d alleles ,  bu t 

th e meanin g o f  th e allele s ha s bee n altered .  Tabl e 2  show s 

th e tabl e fo r  a  connectio n unde r  th e ne w configuration . 

Here ,  i t  i s  quit e likel y tha t  a n excitator y connectio n wil l 

eventuall y mov e t o a  disconnecte d state ,  an d fro m a  discon -

necte d stat e i t  i s  possibl e t o mov e t o eithe r  a n excitator y 

or  inhibitor y state . 

A charaicteristi c  respons e curv e simila r  t o th e on e show n 

i n Figur e 2  wa s requested ,  give n th e show n inputs .  Sinc e 

thi s curv e doe s no t  contai n al l  possibl e combination s o f 

inputs ,  th e optima l  circui t  m a y respon d unexpectedl y t o 

input s no t  tested . 

Allel e pai r 

00 

01 

10 

11 

Connectio n 

Inhibitor y 

Disconnecte d 

Disconnecte d 

Excitator y 

Tabl e 2 :  Tabl e fo r  ne w allel e representatio n o f  connection . 

The resulting network matched exactly that of Figure 1. 

As desired ,  th e networ k contain s bot h positiv e feedbac k 

withi n al l  th e node s an d inhibitor y connection s t o al l  othe r 

nodes .  Thi s show s tha t  al l  possibl e input s nee d no t  b e 

teste d i n orde r  t o provid e sufficien t  constraint s fo r  a  uniqu e 

system .  Th e improvemen t  i n fitness  acros s generation s i s 

show n i n Figur e 3 .  Th e fitness  functio n use d was : 

0{x )  = 
1 

i  +  E (^ . - y« ) 

wher e K t  i s th e optima l  outpu t  valu e a t  tim e t ,  an d y t 

th e actua l  outpu t  fro m th e networ k a t  tim e t . 

Constraint Modification 

At this point, the fitness function was simplified in order 

t o provid e feedbac k onl y whe n th e node' s activatio n ha d 

settle d afte r  eac h inpu t  ha d changed .  Th e outpu t  activa -

tion s wer e the n compare d wit h tw o threshol d levels ,  givin g 
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K ,  M /̂ u a M a  a  / 

120 14 0 

Figur e 3 :  Best ,  worst ,  an d averag e populatio n member s o f  th e searc h fo r  a  recurren t  competitiv e networ k ove r  15 0 

generation s an d 5 0 individual s pe r  generation . 

thre e possibl e states :  inactive ,  inhibite d an d excited .  Th e 

discret e resul t  wa s the n compare d wit h a  tabl e o f  th e de -

sire d network .  Th e disparit y fro m th e tabl e wa s the n use d 

as th e metri c t o b e optimized .  Thi s simple r  metho d o f  net -

work specificatio n wa s similarl y robus t  i n guidin g th e G A 

toward s th e desire d networ k specification .  Sinc e th e calcu -

latio n o f  th e metri c i s  no w simpler ,  th e syste m execute d a 

simila r  numbe r  o f  generation s i n les s tim e (abou t  half) . 

parameter s i s performed .  Similarly ,  othe r  networ k specifi -

catio n representation s shoul d b e studied ,  t o observ e effect s 

suc h a s th e on e describe d here . 
The presen t  stud y als o show s ho w partiall y  constrainin g 

a syste m ma y b e enoug h t o orien t  th e searc h i n th e prope r 

direction .  I t  can' t  b e generalize d t o al l  proble m areas ,  bu t 

i t  ca n b e use d t o simplif y a  geneti c algorith m whe n i t  be -

comes to o complex . 
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