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D e f i n i n g t h e A c t i o n S e l e c t i o n P r o b l e m 

Tob y Tyrrel l 

email: lrtt@uk.ac.ed.cns 

Centr e fo r  Cognitiv e Scienc e 

Universit y o f  Edinburg h 

Edinburg h E H 8 9 L W 

Grea t  Britai n 

Abstrac t 

There has been a lack of progress in the field of ac-

tio n selectio n du e t o a n incomplet e understandin g 

of  th e proble m bein g faced .  Th e differin g natur e 

of  constituen t  part s o f  th e actio n selection/'time -

allocation *  proble m ha s no t  bee n properl y appre -

ciated .  Som e c o m m o n sub-problems ,  suc h a s ob -

tainin g foo d an d avoidin g predators ,  ar e describe d 

i n term s o f  th e demand s the y mak e o n a n animal' s 

time .  Th e significan t  difference s betwee n thes e sub> -

problem s ar e highlighte d an d a  classificator y schem e 

i s proposed ,  wit h whic h sub-problem s ca n b e cate -

goriseid .  Th e nee d t o tak e int o accoun t  th e ful l  rang e 

of  differen t  sul)-problem s i s demonstrate d wit h a 
fe w examples .  A  particula r  shortcomin g share d b y 

al l  o f  th e mor e well-know n actio n selectio n mecha -

nisms ,  fro m bot h robotics  an d anima l  behaviour ,  i s 

described . 

Introduction 

Action selection is the choosing of the most appro-

priat e actio n ou t  o f  a  se t  o f  possibl e candidates .  Th e 

ter m actio n her e refers  t o on e o f  a  se t  o f  mutuall y 

exclusiv e entitie s a t  th e leve l  o f  th e behavioura l  fina l 

c o m m on path .  Tha t  is ,  thei r  demand s o n th e effec -

tor s o f  th e anima l  a  re  suc h tha t  onl y on e o f  the m ma y 
be execute d a t  an y on e time .  Bu t  ho w shoul d th e 

ter m 'mos t  appropriate '  b e defined ? Th e mos t  ap -

propriat e actio n i s tha t  whic h maximise s th e numbe r 

of  copie s o f  th e animal' s gene s i n futur e gener a tion s 

(assumin g tha t  a n anima l  i s jus t  a  carrier/propagato r 

of  it s  genes ,  a s a i^e d i n (Dawkins ,  89)) . 

Ther e ar e tw o way s i n whic h a n anima l  ca n tr y t o 

maximis e th e numbe r  o f  copie s o f  it s  gene s i n futur e 

generations :  (1 )  i t  ca n tr y t o reproduce  a s ofte n a s 

possibl e (an d s o creat e ne w individual s wit h man y 

of  it s  genes) ,  an d (2 )  i t  ca n tr y t o brin g at)Ou t  th e 

reproduction  o f  othe r  individual s whic h shar e man y 

of  it s  gene s (e.g .  offspring ,  sibhngs ,  parents) . 
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Figur e 1 :  Tli e actio n selectio n proble m -  wha t  i s th e 

most  appropriat e action ? 
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Obviousl y (1 )  engender s a  furthe r  go a 1  o f  surviv -

in g s o a s t o b e abl e t o reproduc e i n th e future ,  an d 

(2 )  engender s a  furthe r  goa l  o f  helpin g clos e geneti c 

relative s t o survive ,  s o tha t  the y to o ca n reproduc e 

i n th e future .  Therefor e th e 'purpose '  o f  th e mech -

anis m selectin g a n animal' s action s (an d indee d o f 

th e res t  o f  th e anima l  a s well )  i s  t o allo w i t  t o surviv e 

and t o caus e i t  t o mat e successfull y a s ofte n a s pos -

sible ,  an d t o hel p closely-relate d conspecific s t o d o 

th e same . 

Thi s fairl y  abstract ,  high-leve l  proble m ca n b e 

spli t  int o severalsub-proWems .  Fo r  instance ,  th e prob -

le m o f  surviva l  lead s t o sub-problem s suc h a s ob -

tainin g enoug h food ,  avoidin g predators ,  regulating 

bod y temperature ,  etc . 
The followin g lis t  contain s som e o f  th e actio n se -

lectio n sub-problem s tha t  commonl y occu r  fo r  differ -

ent  animals :  obtainin g food ,  obtainin g water ,  regu-

latin g bod y temperature,avoidin g predators ,  avoid -

in g hazard s i n th e environment ,  cleaning/preening , 

sleepin g somewher e saf e a t  night ,  an d mating . 

The proble m o f  actio n selectio n ca n b e though t 

of  a s tha t  o f  allocatin g th e animal' s availabl e tim e 

t o differen t  sub-problems .  Th e natur e o f  th e time -

allocatio n proble m a s a  whol e depend s o n th e for m 
of  th e individua l  demand s o n th e animal' s tim e 
made b y eac h sub-problem .  I n thi s pape r  a  de -

scriptio n i s give n o f  th e natur e o f  som e o f  thes e sub -

problems .  Th e differen t  sub-problem s ar e compare d 
and a  se t  o f  term s wit h whic h t o describ e the m i s pre -

sented .  Theusefulnesso f  thi s tentativeclassificator y 

scheme i s the n demonstrate d b y showin g tha t  som e 

propose d mechanism s fo r  selectin g action s ar e no t 

abl e t o dea l  successfull y wit h som e differen t  type s 

of  sub-problem ,  o r  wit h som e combination s o f  th e 

differen t  types . 
I n th e rest  o f  thi s pape r  th e abbreviatio n A S wil l 

be use d fo r  actio n selection . 

Classifying Sub-Problems of the Action 

Selectio n Proble m 

Several common sub-problems of the AS problem 
hav e bee n implemente d i n a  comple x simulate d en -

vironmen t  (Tyrrel l  &  Mayhevv ,  91) ,  an d differen t  A S 

mechanism s hav e bee n teste d t o se e i f  the y ca n cop e 

wit h th e differen t  sub-problem s present .  Experienc e 

wit h thi s simulate d environmen t  ha s give n th e au -

tho r  som e familiarit y wit h th e differen t  type s o f  sub -
proble m an d wit h th e problem s o f  designin g a  mech -

anis m t o dea l  wit h them . 

Some well-know n mechanism s ar e (1 )  Mae s 
(Maes ,  91) ,  a  spreadin g activatio n networ k wit h tw o 

'waves '  o f  inpu t  fro m perceptio n an d motivation s 

respectively  an d wit h a  nod e fo r  eac h behaviour ;  (2 ) 

Tinbeî e n (Tinbeigen ,  5 0 &  Tmbergen ,  51) ,  a  hier -

archica l  mode l  i n whic h decision s ar e mad e a t  pro -

gressivel y lowe r  level s unti l  a n actio n ha s bee n se -

lected ;  (3 )  Loren z (Lorenz ,  50) ,  th e hydrauli c mode l 

whic h use s a n analog y wit h a  reservoir  o f  wate r  t o 

reproduce  man y o f  th e phenomen a o f  AS ;  an d (4 ) 

th e driv e mode l  (se e (Hull ,  43 )  o r  th e descriptio n i n 

(McFarland ,  85) )  whic h calculate s a  'drive '  fo r  eac h 

sub-proble m an d the n select s a n actio n t o satisf y th e 

sub-proble m wit h th e highes t  drive .  Mor e explaiw -

tio n o f  thes e o r  othe r  mechanism s (e.g .  (Brooks ,  86) , 

(Ludlow ,  80) ,  (Halperin ,  91) )  canno t  b e give n here . 

Explici t  plannin g system s ar e no t  considere d 
her e becaus e (1 )  the y presuppos e a  rathe r  hig h de -

gre e o f  intelligenc e o n th e par t  o f  th e animal ,  an d 

(2 )  the y ar e computationall y an d intellectuall y in -

tractabl e i n comple x environment s abou t  whic h the y 

onl y receiv e incomplet e an d unreliabl e information . 

It  shoul d als o b e note d tha t  man y o f  th e mechanism s 

presente d her e ar e abl e t o perfor m implici t  planning . 

They ca n produc e sequence s o f  appetitiv e an d con -

summator y action s i n orde r  t o satisf y needs ,  bu t  ca n 

interrup t  thes e i f  urgen t  alternativ e action s ar e re -

quired . 
Figur e 2  show s som e graph s o f  activation s ove r 

tim e fo r  th e si x exampl e sub-problem s no w consid -

ered : 
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Figur e 2 :  'Longitudina l  Profiles '  fo r  th e si x exampl e 

sub-problem s (afte r  (Maes ,  91)) .  Th e graph s s h o w 
th e 'urgency '  o f  th e sub-proble m ove r  time .  Th e 

circle s denot e instance s w h e n th e sub-proble m i n 

questio n determine s th e animal' s action . 
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1.  Tryin g t o obtai n enoug h foo d i s th e mos t  com -

monl y covere d sub-proble m i n th e ethologica l 

literature .  Th e likelihoo d o f  th e anima l  tryin g 

t o obtai n foo d shoul d depwn d o n bot h exter -

nal  stimul i  (whethe r  i t  see s foo d i n th e vicinity ) 

and o n interna l  stimul i  (whethe r  i t  i s shor t  o f 

food) .  I t  i s als o a  recurring ,  continua l  problem . 

An anima l  wil l  nee d t o ea t  a  certai n averag e 

amount  eac h day .  Th e nee d t o obtai n foo d wil l 

i n genera l  plac e a  low-urgenc y deman d o n th e 

animal' s time ,  unles s th e anima l  i s  particularl y 

shor t  o f  food ,  sinc e th e anima l  i s no t  likel y t o 

di e suddenl y o r  becom e injure d i f  i t  doe s some -

thin g else .  Finally ,  foo d intak e i s a  homeostati c 
problem . 

2.  A  secon d c o m m o n sub-proble m i s th e nee d t o 

escaf> e predators .  Thi s i s usuall y urgen t  an d 

overriding ,  i n tha t  i f  th e anima l  doe s no t  atten d 

t o i t  immediatel y the n th e consequence s coul d 

be fatal .  I t  i s als o highl y dependen t  o n exter -

nal  stimul i  bu t  no t  a t  al l  o n interna l  stimuli . 

The priorit y whic h th e anima l  shoul d assig n 

t o tryin g t o escap e fro m a  predato r  i s highl y 

dependen t  o n whethe r  th e anima l  sense s an y 

predators ,  an d i f  s o ho w clos e the y are .  Thi s 

sub-proble m i s a  non-periodic ,  non-continua l 

sor t  i n tha t  ther e i s n o patter n t o ho w ofte n th e 

anima l  wil l  nee d t o atten d t o it .  A n anima l 

m ay nee d t o escap e fro m a  predato r  twic e i n 

one da y an d the n no t  nee d t o d o s o agai n fo r 

many days .  Ther e i s n o homeostati c aspec t  t o 

thi s sub-problem . 

3.  A  thir d sub-proble m i s tha t  o f  avoidin g hazard s 

i n th e environmen t  -  place s wher e a n anima l 

wil l  endange r  itsel f  i f  i t  goe s ther e (e.g .  cliffs , 

streams) .  W h e n a n anima l  i s nea r  t o on e o f 

thes e i t  i s  importan t  fo r  i t  tha t  i t  doe s no t  mov e 

toward s it .  Th e deman d o n th e animal' s action s 

i s proscriphu e ('ruling-out') ,  rathe r  tha n prescrip -

tiv e ('sf)ecifying') ,  a s i s th e cas e fo r  othe r  sub -

problems .  A  prescriptiv e sub-proble m speci -

fie s tha t  certai n action s shoul d no t  b e chose n 

(e.g .  d o no t  mov e toward s a  hazard )  rathe r 

tha n tha t  the y shoul d b e chose n (e.g .  ea t  food) . 

Thi s sub-proble m wil l  b e ui;gent .  Ther e i s n o 

homeostati c o r  periodi c o r  continua l  aspec t  t o 

it . 

4.  Anothe r  c o m m o n sub-proble m i s cleaning , 

preenin g o r  grooming .  Mos t  animal s nee d 

t o spen d som e tim e ever y s o ofte n t o remove 

dirt/parasite s fro m thei r  fur ,  clea n an d oi l  thei r 

feathers ,  o r  whatever .  Thi s wil l  no t  b e a n ur -

gent  activity ,  sinc e i t  wil l  no t  b e crucia l  t o th e 

anima l  t o pa y attentio n t o i t  a t  an y particula r 

moment  i n time .  I t  wil l  ten d t o occu r  mos t 

frequentl y a t  moment s whe n n o othe r  activit y 

i s urgentl y required.  I t  i s continua l  i n tha t  th e 

need fo r  i t  wil l  recur  frequently .  I t  i s  dependen t 

on interna l  stimul i  bu t  no t  o n externa l  ones . 

5.  A  fift h sub-proble m i s tha t  o f  mating .  Externa l 

stimul i  ar e importan t  n  tha t  th e anima l  shoul d 

attac h mor e priorit y t o thi s sub-proble m whe n 

a potentia l  mat e i s perceive d (assumin g a n ani -

mal  whic h make s occasiona l  mating s wit h dif -

feren t  mate s an d whic h form s n o long-ter m 

partnerships) .  I t  i s  sometime s periodi c an d 

related  t o interna l  stimul i  (e.g .  menstrua l  cy -

cles )  an d sometime s not .  Thi s sub-proble m 

wil l  b e prescriptive ,  non-continua l  an d non -

homeostatic .  I t  wil l  probabl y b e fairl y  urgen t 

but  th e leve l  o f  urgenc y i n relation  t o th e othe r 

sub-problem s wil l  depen d o n factor s suc h a s 

ho w ofte n opportunitie s fo r  matin g aris e an d 

ho w muc h longe r  th e anima l  ca n expec t  t o live . 

6.  A  fina l  sub-proble m i s tha t  o f  th e anima l  need -

in g t o return  t o it s  de n an d slee p ther e a t  night . 

Thi s i s periodi c (sinc e i t  wil l  occu r  ever y 2 4 

hours) .  I t  wil l  hav e increasin g urgenc y a s night -

fal l  approaches .  I t  i s  non-homeostatican d pre -
scriptive . 

Si x differen t  commo n sub-problem s tha t  com -

pet e fo r  a  'share '  o f  th e animal' s tim e hav e no w bee n 

described .  I t  doe s no t  matte r  s o muc h tha t  som e o f 

thi s se t  ma y no t  b e completel y genera l  o r  tha t  th e 

descriptio n o f  the m ma y no t  b e completel y accurate . 

The importan t  px)in t  i s  tha t  th e competin g demand s 

on a n animal' s tim e var y i n thei r  nature .  Som e o f 

th e way s i n whic h the y var y hav e bee n highlighte d 

by th e precedin g discussion .  Pas t  discussion s o f  AS , 

and pas t  proposal s fo r  A S mechanisms ,  hav e no t 

take n full y int o accoun t  th e variet y o f  differen t  type s 

of  sub-problems .  Th e stud y o f  AS/time-allocatio n 

has bee n hel d bac k b y a  lac k o f  understandin g o f 

th e differen t  possibl e sub-problem s an d a  vocabu -

lar y t o describ e them .  A  tentativ e vocabular y i s no w 

propose d here . 

•  Homeostati c  v .  non-homeostati c -  a  homeo -

stati c sub-proble m contain s a n interna l  variabl e 

whic h ha s a  desire d 'set-point '  (optima l  value) , 

or  a t  leas t  a  desire d rang e o f  values .  Th e be -

haviou r  o f  th e anima l  wil l  alway s ac t  s o a s t o 

return  th e valu e o f  th e variabl e toward s th e set -

poin t  o r  rang e o f  value s (Toates ,  80) . 

•  Externa l  stimulu s dependen t  v .  externa l  stim -

ulu s independen t  -  th e urgenc y wit h whic h 

certai n sub-problem s shoul d 'demand '  th e ani -

mal' s attentio n i s dependen t  o n th e appearanc e 

of  certai n externa l  cue s (e.g .  gettin g wate r  o n 
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th e stimulu s o f  a  wate r  source ,  escapin g preda -

tor s o n th e appearanc e o f  a  predator) .  Othe r 

sub-problem s ar e independen t  o f  externa l  cue s 

(e.g .  cleaning) . 

•  Interna l  stimulu s dependen t  v .  interna l  stim -

ulu s independen t  -  a s fo r  above ,  excep t  tha t  th e 

importan t  facto r  i s a n interna l  cu e (e.g .  bod y 

heat  i s  to o high ,  no t  enoug h foo d i n th e animal' s 

stomach) . 

•  Periodi c v .  non-periodi c -  som e sub-problem s 

suc h a s sleepin g a t  nigh t  ar e highl y periodic , 

wit h th e desirabilit y  o f  payin g a  ttentio n t o the m 

risin g an d fallin g wit h a  regula r  rhythm . 

•  Continua l  v .  occasiona l  -  som e sub-problem s 

need t o b e attende d t o frequentl y an d th e nee d 

fo r  the m keep s recurrin g (e.g .  cleaning ,  gettin g 

food/water) .  The y wil l  nee d t o b e carrie d ou t 

severa l  time s eac h day .  The y ar e ofte n interna l 

stimulu s dependent .  Other s onl y occu r  ver y 

occasionall y an d ar e usuall y externa l  stimulu s 
dependen t  (e.g .  escapin g predators ,  mating) . 

•  Degre e o f  urgenc y -  som e externa l  stimulu s 

dependen t  sub-problem s aris e onl y occasion -

all y bu t  ar e extremel y urgen t  an d over-ridingl y 

importan t  whe n the y d o occu r  (e.g .  escapin g 

predators ,  mayb e mating) .  Ther e wil l  b e sig -

nifican t  consequence s fo r  th e anima l  (i n term s 

of  futur e expecte d geneti c fitness )  i f  th e sub -

proble m i s no t  allowe d t o influenc e th e actio n 

th e anima l  selects .  Som e sub-problem s gener -
all y hav e a  fairl y  lo w urgenc y (e.g .  cleaning) , 

and ten d t o tak e ove r  onl y whe n non e o f  th e 

more urgen t  sub-problem s ar e relevant. 

•  Prescriptiv e v .  proscriptiv c -  mos t  sub -

problem s requir e a  certai n se t  o f  action s t o b e 

carrie d ou t  (e.g .  fin d food ,  approac h i t  the n ea t 

it) ,  wherea s other s (e.g .  avoi d hazards )  onl y re -

quir e tha t  certai n action s shoul d no t  b e carrie d 

out . 
Thi s lis t  i s  almos t  certainl y incomplet e i n tha t 

ther e ar e othe r  way s i n whic h sub-problem s ce n 

vary ,  bu t  th e mos t  importan t  difference s ar e con -
taine d here . 

wer e designe d withou t  a  ful l  awarenes s o f  th e dif -

ference s tha t  coul d occu r  i n sub-proble m part s o f  th e 

AS problem . 

Example 1 - Improper Combination of Pro-

scriptiv e an d Prescriptiv e Need s 

Most of the proposed mechanisms do not take ac-

coun t  o f  th e fac t  tha t  a n A S sub-proble m whic h onl y 

proscribe s certai n action s (e.g .  th e nee d t o avoi d 

a hazar d prohibit s movemen t  towand s tha t  hazard ) 

stil l  leave s a  wid e rang e o f  action s whic h ca n b e per -

forme d t o th e advantag e o f  th e animal .  I t  ca n b e 

seen i n figur e 3(a )  tha t  i f  th e anima l  move s t o th e to p 

lef t  the n i t  wil l  bot h no t  mov e toward s th e hazard ,  an d 

move toward s th e food . 

i  ;6y^/ i  i j o ^ i 
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App l i ca t i o n o f  th e N e w Classificator y 

Scheme 

The previous section developed a list of terms that 

ca n b e use d t o describ e th e sub-problem s o f  a n 
AS/time-allocatio n problem .  S o m e well-know n A S 

mechanism s wil l  n o w b e considere d whic h d o no t 
produc e optima l  selection s fo r  som e o f  th e type s o f 
sub-problem s outline d (althoug h the y perfor m sat -

isfactoril y i n mos t  respects).  Thi s i s becaus e the y 

») 

Figur e 3 :  Exampl e situation s i n whic h certai n mech -

anism s m a y selec t  th e wron g action .  I n bot h (a )  an d 

(b )  th e dashe d arro w indicate s th e optima l  actio n 
and th e soli d arro w indicate s th e sub-optima l  choic e 

tha t  migh t  b e made . 
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Most  mechanism s canno t  generat e th e optima l 

actio n becaus e the y selec t  a  particula r  sub-proble m 

as th e mos t  urgent/appropriate ,  an d the n decid e 

whic h actio n i s mos t  relevan t  fo r  tha t  sub-proble m 

only .  Mechanism s whic h hav e thi s faul t  ar e Maes , 

Tinbeî gen ,  Loren z an d th e driv e model . 

Example 2 - Improper Selection between Ex-

terna l  Stimulu s Dependen t  Sub-Problem s 

Consider the situation shown in figure 3(b). Here 

th e anima l  i s  shor t  o f  food ,  an d ther e ar e tw o foo d 

source s wit h differin g utilit y  t o th e animal .  Som e 

mechanisms ,  e.g .  Tmbeige n an d Maes ,  d o no t  allo w 

th e size s o f  externa l  stimul i  t o affec t  th e priorit y o f 

a sub-problem .  Th e informatio n fro m th e environ -

ment  i s expresse d onl y i n term s o f  logica l  condition s 

abou t  th e environmen t  whic h ca n b e eithe r  tru e o r 

fals e (th e environmenta l  proposition s o f  Maes ,  o r 

th e Innat e Releasin g Mechanism s o f  Tmbergen) .  Be -

caus e th e onl y informatio n comin g fro m th e environ -

ment  i n thei r  mechanism s is ,  i n effect ,  alon g binar y 

links ,  th e tw o mechanism s canno t  respond  t o vary -

in g size s o f  externa l  stimuh .  Therefor e the y wil l  no t 

alway s b e abl e t o choos e th e mos t  appropriat e actio n 

i n situation s suc h a s show n i n figur e 3(b) . 

Example 3 - Problems with Non-Periodic, In-
terna l  Stimulu s Dependen t  Sub-Problem s 

The regulation of temperature is prescriptive, usu-

all y non-uigent ,  non-periodic ,  occasional ,  homeo -

stati c an d interna l  stimulu s dependent .  Conside r  a n 

occasio n o n whic h th e externa l  temperatur e i s fairl y 

hot  an d th e anima l  ha s recently  bee n undertakin g 

some strenuou s activity .  I n thi s case ,  th e animal' s 

bod y temperatur e wil l  rise  an d i t  shoul d receiv e a 

hig h interna l  stimulu s fro m it s temperatur e recep-

tors .  Therefor e ther e shoul d b e a  hig h likelihoo d 

tha t  it s action s wil l  resul t  i n a  reduction  o f  bod y 

temperature .  Lorenz' s hydrauli c mode l  (Lorenz ,  50 ) 

i s  no t  abl e t o reproduce  thi s sinc e th e onl y sourc e o f 

internal ,  o r  endogenou s activatio n energ y i s fro m hi s 

'drippin g tap '  whic h flow s a t  a  constan t  rate .  Sinc e 

Lorenz' s mechanis m onl y allow s interna l  variable s 

whic h increas e slowl y wit h tim e an d ar e the n de -

crease d b y executio n o f  th e sub-problem ,  i t  canno t 

wor k fo r  th e cas e o f  non-periodic ,  interna l  stimulu s 

dependen t  sub-problems . 

Discussion - Making Decisions at the 

W r o n g Leve l 

One point to arise out of the previous section con-

cern s th e leve l  a t  whic h decision s shoul d b e made . 

Lorenz' s mechanism ,  Maes' s mechanism ,  th e driv e 

model  an d Tmbergen' s mechanis m shar e a  commo n 

attribute .  Initiall y  the y al l  mak e a  decisio n a s t o 

whic h sub-proble m o f  th e A S proble m i s th e mos t 

appropriat e (usuall y b y calculatin g a  valu e fo r  eac h 

candidat e sub-proble m an d pickin g th e sub-proble m 

wit h th e highes t  value) ,  an d the n late r  the y mak e a 

decisio n a s t o wha t  actio n i s mos t  appropriat e fo r 

tha t  sub-proble m only .  Ther e i s a  two-stag e pro -

cess :  (i )  selec t  a  sub-proble m (e.g .  obtai n food )  t o 

atten d to ,  an d (ii )  selec t  th e mos t  appropriat e ocho n 

fo r  tha t  sub-proble m (e.g .  mov e i n a  certai n direc -

tion ,  ea t  food) .  Whil e th e mechanism s ar e fine  i n 

most  respects,  thi s c o m m o n attribut e woul d see m t o 

be incorrect . 

As describe d i n th e firs t  exampl e o f  th e previ -

ous section ,  thi s approac h lead s t o a  shortcomin g 

i n tha t  th e need s o f  prescriptiv e an d proscriptiv e 

sub-problem s canno t  b e combined .  Th e proble m i s 

moregenera l  tha n tha t  though .  N o 'compromise'ac -

tion s ca n b e selected ,  whethe r  th e compromis e i s  be -

twee n prescriptiv e an d proscriptiv e sub-problems , 

betwee n tw o prescriptiv e sub-problems ,  o r  betwee n 

tw o proscriptiv e sub-problems .  Thi s i s becaus e onl y 

one sub-proble m i s take n int o accoun t  whe n select -
in g th e bes t  action .  So ,  fo r  instance ,  i n th e situatio n 

i n figur e 1  (ignorin g th e predator) ,  th e anima l  woul d 

not  b e abl e t o choos e th e bes t  action ,  tha t  o f  movin g 

t o th e right  (medium-value d water ,  meditun-value d 

foo d an d no t  movin g t o th e hazard) .  Instead ,  sinc e i t 

woul d onl y conside r  th e mos t  urgen t  nee d -  t o avoi d 

th e hazar d -  i t  woul d mov e directl y awa y fro m that . 

One A S mechanis m whic h addresse s th e abov e 

proble m an d seem s a s i f  i t  woul d b e abl e t o cop e wit h 

th e whol e rang e o f  A S sub-problem s i s (Rosenblat t 

& Payton ,  89) .  Thi s mechanis m deserve s furthe r 

attentio n bu t  canno t  b e considere d here . 

Conclusions 

In the introduction to this paper the terms action se-

lectio n problem ,  sub-problem ,  an d actio n selectio n mech -

anis m wer e defined .  I n § 2 som e o f  th e mos t  com -

mon sub-problem s o f  a n animal' s actio n selectio n 

proble m wer e described .  Thi s le d o n naturall y t o a 

set  o f  descriptor s fo r  actio n selectio n sub-problems . 

The usefulnes s o f  thi s classipcator y schem e wa s the n 

shown i n §3 ,  i n whic h severa l  shortcoming s wit h 

variou s actio n selectio n mechanism s wer e describe d 

usin g th e ne w vocabulary . 

The importanc e o f  th e classificator y schem e pre -

sente d i n thi s pape r  i s no t  jus t  tha t  i t  give s som e 
convenien t  label s fo r  describin g actio n selectio n sub -

problems .  Rather ,  th e importanc e lie s i n th e whol e 
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way o f  thinkin g tha t  i t  engenders .  Actio n selectio n 

i s th e proble m o f  dividin g a n animal' s tim e amongs t 

a numbe r  o f  sub-problem s o f  differin g nature .  Pas t 

suggestion s fo r  actio n selectio n mechanism s hav e 

not  com e t o term s wit h th e wid e rang e o f  differ -

in g sub-problems .  An y vali d actio n selectio n mech -

anis m need s t o b e abl e t o cop e wit h al l  o f  them , 

and t o interweav e thei r  demand s o n th e animal' s 

time/action s efficiently .  Progres s i n th e stud y o f  ac -

tio n selectio n ha s bee n hampere d becaus e thi s poin t 

has no t  bee n full y appreciated .  I t  i s  t o b e hope d tha t 

th e theor y presente d i n thi s pape r  wil l  enabl e mor e 

progres s t o b e made . 
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