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Abs t rac t 

We hav e use d recurren t  artificia l  neura l  net s (se e Mjolsnes s 
et  al. ,  1991 )  t o simulat e h o w gene s an d thei r  interaction s i n 
cell s determin e th e phenotype s o f  anima l  organ s o r  simpl e 
organism s an d thei r  development ,  a s wel l  a s ho w suc h gen e 
interaction s evolv e unde r  particula r  (simulated )  environmen -
ta l  condition s o r  constraints :  node s i n thes e neura l  net s corre -
spon d t o gene s an d nod e activatio n level s t o gen e expressio n 
levels .  W e optimiz e th e parameter s i n thes e model s (nod e in -
teractio n strengths ,  activatio n an d deca y rates ,  threshold s an d 
so on )  i n orde r  t o eithe r  fit  experimenta l  dat a (gen e expressio n 
patterns )  o r  t o impar t  desire d feature s t o th e simulate d syste m 
and mak e i t  confor m t o constraints . 

We have examined stochastic optimization techniques for the 
analyticall y intractabl e energ y function s o f  ou r  models ;  w e 
hav e compare d thei r  performanc e i n term s o f  convergenc e 
spee d an d qualit y o f  solution .  Specifically ,  w e hav e use d 
th e technique s o f  simulate d annealin g (SA )  an d geneti c algo -
rithm s (GA )  o n th e followin g problems : 

•  Lif e histor y -  simulatin g th e developmen t  o f  a  simpl e multi -
cellula r  organis m capabl e o f  reproducin g an d it s evolutio n 
unde r  variou s selectiv e environment s (se e Mjolsnes s e t  ai , 
1995) , 

•  Neurogenesi s -  fitting  gene-expressio n pattern s observe d 
durin g earl y neurogenesi s i n Drosophila ,  an d 

•  Curve-fittin g -  fitting  multi-dimensiona l  Lissajou s curve s 
wit h th e us e o f  a  fully-connecte d neura l  ne t  (thi s bein g a n 
applicatio n simila r  t o bu t  simple r  tha n th e abov e two ,  whic h 
incorporat e multipl e suc h nets) . 

The energ y function s o f  th e neurogenesi s an d curve-fittin g 
problem s ar e evaluate d directl y o n nod e activatio n patterns , 
whil e i n th e life-histor y proble m nod e activation s ar e first 
mapped t o phenotyp e trait s o f  th e organis m an d th e energ y 
functio n i s the n evaluate d o n thos e traits . 

Both optimization methods we applied had several param-
eter s tha t  neede d tuning .  Th e S A schedul e tha t  w e use d ha s 
been describe d i n L a m &  Delosm e (1988) .  Ou r  G A i s im -
plemente d i n paralle l  (on e subpopulatio n pe r  processor) ;  i t 
consist s o f  severa l  constant-siz e subpopulation s evolvin g i n 
paralle l  ( 5 t o 9  subpopulation s eac h o f  10 0 t o 20 0 chromo -
somes)  an d ha s mutation ,  recombinatio n an d migration .  I t  i s 
an elitis t  G A ,  i n tha t  th e bes t  chromosom e i n eac h subpopu -
latio n alway s survive s unchange d t o th e nex t  generation .  Th e 
fitness  o f  onl y a  fractio n o f  mutate d chromosome s i s update d 

i n eac h generatio n an d thi s mean s tha t  a t  an y tim e ther e i s a 
number  o f  chromosome s wit h inaccurat e fitness;  i n combina -
tio n wit h lo w mutatio n an d replacamen t  rates ,  a s w e ha d i n 
our  runs ,  thi s reduce s th e numbe r  o f  evaluation s o f  th e energ y 
functio n pe r  generatio n t o onl y a  smal l  fractio n o f  th e popu -
latio n size . 

Our results indicate that the performance of the two optimiza-
tio n method s varie s fro m proble m t o problem .  I n term s o f  tota l 
energ y functio n evaluations ,  th e G A i s significantl y faste r  o n 
th e life-histor y proble m bu t  S A i s faste r  o n th e neurogene -
si s an d curve-fittin g problem s (i n term s o f  rea l  time ,  th e G A 
i s comparabl e o r  slightl y faste r  tha n S A o n th e curve-fittin g 
problem ,  sinc e th e G A i s implemente d o n severa l  processor s 
i n paralel) .  S A ofte n reache s solution s bette r  b y a  facto r  o f  2 
or  more ,  i n term s o f  energ y level ,  althoug h tha t  ma y requir e 
a ver y larg e numbe r  o f  energ y functio n evaluation s (an d ma y 
tak e severa l  days ,  i n rea l  time ,  o n a n SG I  Indig o o r  a n I B M 
PowerPC) .  I t  i s  no t  clea r  wh y th e performanc e o f  th e tw o opti -
mizatio n method s varie s acros s apparentl y simila r  problems . 
One possibl e explanatio n i s tha t  energ y function s evaluate d 
directl y o n neura l  ne t  nod e activation s an d energ y function s 
tha t  depen d onl y indirectl y o n thos e activation s ma y presen t 
differen t  challenge s t o eac h o f  th e tw o methods . 
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