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L E A R N I NG C O N C R E TE S T R A T E G I E S T H R O U GH I N T E R A C T I O N 

R.W. Lawler and O.G. Selfridge 
G TE Laboratories ,  Inc. ,  Waltham ,  Ma .  0225 4 

Abstract 

We discuss learning and the adaptive generation of concrete strategies through interactive experi-

ence .  Th e domai n i s th e gam e Tictactoe .  Th e knowledg e structure s embodyin g strategie s w e represen t 

as havin g thre e parts :  a  Goal ,  a  sequenc e o f  Actions ,  an d a  se t  o f  Constraint s o n thos e action s ( G A G ) . 

We simulat e suc h structure s i n a  progra m tha t  play s Tictacto e agains t  differen t  kind s o f  opponents . 

Applyin g thes e strategie s lead s t o move s tha t  ofte n resul t  i n winnin g o r  losing ;  whic h i n tur n lead s t o 

th e creatio n o f  ne w structures ,  b y modifyin g th e curren t  G A C s .  Thes e modification s ar e controlle d b y 

a smal l  se t  o f  specifi c  rules ,  s o tha t  th e G A C s ar e relate d b y th e way s modification s ca n m a p fro m on e 

t o another .  Subjec t  t o certai n limitations ,  w e d o a  complet e exploratio n o f  certai n classe s o f  strategy . 

Thi s leamabilit y  analysi s take s guidanc e fro m previou s cognitiv e studie s o f  a  h u m a n subjec t  b y Lawler . 
Th e simulation s wer e performe d o n a  Symbolic s 360 0 i n LISP . 

This work avoids abstraction in order to explore learning based on the modification of fully ex-

plici t  strategie s learne d throug h particula r  experiences .  Th e result s ar e a  catalo g o f  specifi c experience s 

throug h whic h learnin g occur s withi n thi s syste m an d a  descriptio n o f  network s o f  descen t  o f  concret e 

strategie s from  on e another .  W e conclud e wit h a  descriptio n o f  experienc e motivate d analogy ,  a  mech -
anis m propose d fo r  th e developmen t  o f  limite d interrelation s betwee n structure s base d o n particula r 

experiences . 

Introduction 

Th e ultimat e ai m o f  thi s wor k i s t o mode l  computationall y a  sequenc e o f  developmenta l  step s 

leadin g from  naiv e knowledg e t o domai n specifi c  mastery .  W e star t  wit h a  mode l  tha t  embodie s thre e 

wel l  recognize d characteristic s o f  children' s thinkin g an d wit h a  representatio n chose n takin g guidanc e 
from  th e rich  corpu s o f  a  detaile d cas e study .  ̂  Th e thre e primar y characteristic s ar e egocentricity , 

concreteness ,  3Ji d interactivity .  E G O C E N T R I C I T Y w e tak e t o mea n a n original ,  exclusiv e focu s o n 

one's-ow n goal s an d plans .  B y C O N C R E T E N E SS w e refe r  t o th e importanc e o f  particula r  experienc e i n 

determinin g th e description s o f  wha t  thing s are .  W e tak e seriousl y th e concretenes s o f  youn g children' s 

thought ,  an d w e ar e willin g t o explor e ho w ver y specifi c  structure s functio n an d develop .  Th e self -
centerednes s o f  children' s play ,  eve n thei r  speec h (se e Piaget ,  1926) ,  i s characteristi c o f  th e naiv e learner . 

Thi s lead s u s t o us e informatio n structure s tha t  focu s almos t  entirel y o n th e intention s an d action s 

know n b y th e player .  I N T E R A C T I V I T Y i s centra l  i n th e twi n sense s o f  learnin g fro m interactio n wit h 

other s an d fro m th e interactio n o f  disparat e structure s withi n th e self .  Th e developmen t  o f  structure s 

from  suc h a  basi s i s eventuall y t o procee d t o master y throug h recognizabl y significan t  processe s suc h a s 
th e following : 

-  learnin g ne w concret e goal s an d plan s a s elementar y variation s o f  predecessor s 

-  learnin g constraint s upo n thos e plan s 

-  redescribin g goal s base d o n th e applicatio n o f  pla n constraint s t o goa l  specification s 

-  recognizin g th e applicabilit y o f  genera l  idea s (suc h a s symmetry ) 

-  internalizin g th e opponent' s rol e (thu s permittin g vicariou s play ) 

-  developin g menta l  pla y (thu s permittin g searc h fo r  a  victor y throug h th e tre e o f  possibl e games ) 

-  achievin g a  classification-base d mjister y o f  possibl e pla y i n th e domain . 

We no w explor e leaming-by-interactio n o f  concret e strategie s throug h analysi s o f  computer-base d sim -

ulations .  Th e puzzl e i s ho w t o understan d adaptivit y throug h interactio n wit h som e "other "  thin g tha t 
i s no t  itsel f  well-comprehended . 

^  Chapte r  4  o f  Lawler ,  1985 ,  i s  a  detaile d analysi s o f  th e complet e histor y o f  on e child' s pla y o f 

Tictacto e throughou t  a  tw o yea r  period .  Reference s t o dat a an d analyse s fro m tha t  stud y wil l  b e t o 

"Lawler' s subject. " 
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Althoug h thi s exploratio n take s guidanc e fro m th e stud y o f  a  singl e child ,  i t  i s N O T a  mode l  o f  a 

singl e child' s development .  Th e immediat e ai m o f  th e wor k reporte d her e i s t o explor e th e interrelatednes s 

of  th e se t  o f  concret e strategies ,  suc h a s ca n b e generate d wit h minima l  transformation s o f  a  give n 

strateg y throug h purpos e governe d interaction s wit h a n uncomprehende d opponent. ^  W e believ e tha t 

developmen t  ca n follo w from  reflectio n upo n th e disparait y betwee n anticipate d outcome s o f  plans  an d 

actua l  outcome s o f  particula r  experiences .  Th e centa l  tas k o f  thi s mode l  i s  t o modif y it s repertoir e 
of  strategie s whe n surprisin g outcome s occu r  i n playin g particula r  games .  Th e mode l  proceed s b y th e 

recognitio n o f  ne w specifi c  goal s an d th e constructio n o f  ne w plan s fo r  achievin g thos e goals .  Thi s kin d 

of  learnin g embodie s th e reflexiv e constructio n o f  concret e strategies . 

Centra l  idea s fo r  u s ar e th e disparatenes s o f  structure s an d thei r  functiona l  lability. ^  W e appl y 

th e assumptio n o f  disparatenes s i n ou r  simulation s b y creatin g a  separat e objec t  fo r  eac h strategy ;  eac h 

objec t  propose s it s nex t  mov e regardles s o f  th e proposal s o f  ever y othe r  strategy .  Ou r  analysi s combine s 

(l )  a  suitabl e representatio n o f  knowledg e structures ;  (2 )  decision s m a d e t o limi t  th e interaction s t o som e 

manageabl e number ;  (3 )  proposal s o f  learnin g mechanism s operatin g o n th e knowledg e structures ;  an d 

(4 )  th e analysi s o f  sequence s o f  simulations .  Simulatio n let s u s specif y an d activat e th e structure s an d 

developmenta l  sequence s w e conside r  important ,  creatin g thereb y a  kin d o f  experimenta l  epistemology . 
Thi s i n tur n permit s u s t o connec t  analysi s o f  th e particula r  contex t  o f  a n inciden t  o f  learnin g t o specifi c 

change s i n a n organizatio n o f  self-modifyin g informatio n structures . 

Representation of Knowledge 

We represen t  knowledg e structure s a s havin g th e part s necessar y fo r  adaptiv e functioning .  Learnin g 
what  t o d o i s essential :  G O A L S ar e explicitl y  represented .  Knowin g ho w t o achiev e a  goa l  i s  essential ; 
A C T I O N P L A N S ar e explicitl y  represented .  Knowin g whe n a  planne d actio n wil l  wor k an d whe n i t  won' t 
i s  essential ;  C O N S T R A I N TS limitin g applicatio n o f  action s ar e represente d explicitly .  Th e structur e 
compose d o f  thi s triad ,  a  G A C (Goal ,  Action ,  Constraints) ,  i s  ou r  representatio n o f  a  strateg y fo r 

achievin g a  for k I n Tictactoe .  Goal s ar e considere d a s a  thre e elemen t  se t  o f  th e learner' s mark s whic h 
tak e par t  i n a  fork .  Thi s i s th e first  elemen t  o f  a  strategy .  Plan s o f  thre e ste p length ,  whic h ad d th e orde r 
of  achievin g goa l  steps ,  ar e represente d a s lists .  Constraint s o n plan s ar e tw o elemen t  sublists ,  th e first 

elemen t  bein g th e ste p o f  th e pla n t o whic h th e constrain t  attache s an d th e secon d bein g th e se t  o f  cel l 

number s o f  th e opponent' s move s whic h defeate d th e pla n i n a  previou s game .  I n ou r  simulations ,  S L I M 
(ou r  Strateg y Learner ,  Interactiv e Model )  play s agains t  R E O ( a relativel y exper t  opponent) .  R E O ca n 
win ,  block ,  an d appl y variou s rule s o f  cel l  choic e -  thoug h ignoran t  o f  an y strategie s o f  th e sor t  S L I M i s 
learning .  Withi n th e executio n o f  ou r  simulation ,  th e structur e o f  G A C 1  belo w wil l  lea d t o th e thre e 
games show n dependin g o n th e opponent' s move s (letter s ar e fo r  SLIM' s moves ,  number s fo r  REO's ) : 

GOAL ACTIO N CONSTRAINT 
GAC 1 :  {1 3 9 }  [1 9 3 ]  <  [ 3 {  2  5  8  }  ] > 

win by plan plan defeat constrained cell numbers 
dra w 

A|3|C A| |C A|C|3 1|2|3 
|1| D 2 |  1| 3 4|1| E 4|5| 6 

2 | | B | | B D |2 | B 7|8| 9 

The player SLIM has no notion of symmetry (ongoing work explores how it may be learned). Our 
representation s an d le<imin g mechanism s ar e committe d t o cell-specificity ;  the y ar e als o self-centered , 

^  Thi s lin e o f  researc h aros e fro m th e attemp t  t o develo p th e kind s o f  concret e learnin g model s 

propose d i n Selfridg e an d Selfridg e '8 5 i n a  directio n les s dependen t  o n th e externa l  settin g o f  goals . 
^  Satinofi' ,  1978 ,  present s a  physiologica l  exampl e o f  disparat e system s fo r  therma l  regulation .  Lawle r 

1985 eissume s th e disparatenes s o f  cognitiv e structur e i n interpretin g learnin g i n th e h u m a n case .  Th e 
functiona l  labilit y  o f  structure s name s th e effectivenes s o f  a  give n structur e fo r  somethin g othe r  tha n th e 
purpos e whic h shape d it s development .  Jaco b 198 1 argue s th e importanc e o f  functiona l  labilit y i n th e 
evolutio n o f  species .  Th e ide a i s no t  forwar d i n thi s article ,  bu t  i s centra l  t o th e explanatio n o f  learnin g 
throug h experienc e generally .  Se e Lawle r  1985 ,  1985b . 
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focussin g o n th e learner' s ow n plan s an d knowledg e (a s the y mus t  since ,  b y principle ,  SLI M begin s no t 

knowin g wha t  th e opponen t  wil l  do ;  SLI M doe s no t  hav e th e abilit y  t o mode l  o r  predic t  a n opponent' s 

moves i n an y abstrac t  way). ^ 

Her e ar e th e fourtee n corner-openin g G A Cs fro m eac h o f  whic h SLI M bega n on e o f  it s  play-sequence s 

agains t  R E O (the y ar e groupe d i n symmetrica l  quartets ;  becaus e GACs five  an d si x ar e doubl y sym -

metrical ,  ther e ar e onl y tw o member s i n it s  group) : 

G AG 1  {139}[193]< > G A G 5  {137}[137]< > 

G AG 2  {179}[197]< > G A G 6  {I37}[l73l< > 

G AG 3  {139}[139]< > 
G AG 4  {179}[179]< > 

G AG 7  {135}[153]< > G A G 1 1 {125}[l52l< > 

G AG 8  {157}[157]< > G A G 1 2 {145}[154)< > 

G AG 9  {135}[135]< > G A G 1 3 {125}[l25l< > 

G AG 1 0 {157}[1751< > G A G 1 4 {145}[145]< > 

The centra l  questio n is :  whe n SLI M start s fro m on e specifi c  G A G,  whic h other s wil l  i t  discove r  throug h 

experienc e -  give n a  se t  o f  wel l  define d assumption s abou t  learnin g mechanism s an d th e opponent ,  an d 
learnin g mecheinisms .  W e wil l  describ e th e centra l  element s o f  th e domain ,  th e opponent ,  an d learnin g 

mechanisms . 

The Domain 

Ther e ar e a t  leas t  fou r  way s o f  mobilizin g knowledg e t o pla y Tictactoe .  Mos t  often ,  matur e peopl e 
thin k o f  playin g forwar d i n th e tre e o f  possibl e moves .  A  secon d kin d o f  matur e pla y i s categorical :  on e 

may grou p al l  possibl e pair s o f  opening s an d responses ,  reducin g the m b y symmetr y t o twelv e uniqu e 

game openings ;  o f  thes e twelve ,  seve n permi t  direc t  win s fo r  th e initia l  playe r  an d th e othe r  five  permi t 

settin g trap s fo r  th e unwar y opponent .  A  thir d wa y i s mor e primitiv e tha n th e first  two ;  w e cal l  i t 

tactical :  T A C T I G A L pla y i s purel y stat e dependent ;  fro m th e token s alread y played ,  choice s ar e mad e 
t o wi n whe n possible ,  t o bloc k a t  need ,  an d t o choos e on e cel l  fro m thos e available ,  on e choic e a t  a  tim e 

and wit h n o forwar d play . 

The fourt h wa y w e cal l  strategic :  i t  depend s upo n havin g a  multi-mov e action-pla n fo r  achievin g 
a fork ,  whic h distinguishe s i t  fro m tactica l  play .  Initi<ill y  i t  completel y ignore s th e opponent' s moves , 

whic h distinguishe s i t  fro m loo k ahead .  I t  involve s N O systemati c knowledg e o f  th e gam e a t  all ,  an d 

does N O T mak e A N Y explici t  us e o f  symmetr y i n play . 

Lawler' s subjec t  clearl y exhibite d us e o f  th e thir d an d fourt h ways ,  tha t  i s  tactica l  an d strategi c 
play .  SLI M wa s s o programmed ,  preferrin g strategi c play .  Bu t  whe n SLIM' s strategie s ar e frustrated , 

i t  play s wit h structure d tactic s (t o b e define d shortly) .  Winnin g wit h strategie s depend s upo n SLIM' s 
makin g a  winnin g mov e tacticall y afte r  forkin g th e opponent .  SLIM' s opponent ,  R E O,  A L W A YS play s 

tactically .  Bot h SLI M an d R E O ca n recogniz e an d achiev e a  win .  R E O alway s block s an y threa t  b y 
SLI M (o r  on e o f  tw o whe n forked) .  SLIM ,  no t  noticin g it s opponent' s moves ,  initiall y  doe s no t  bloc k 
whil e executin g a  strateg y -  unti l  a  defea t  establishe s it s vulnerability ,  an d analysi s lead s t o identifyin g 

and constrainin g executio n o f  th e vulnerabl e pla n step . 

SLI M play s i n tw o modes ,  executin g strategie s whe n possibl e an d resortin g t o tactica l  pla y whe n 

necessar y (al l  strategie s frustrated )  o r  appropriat e ( a for k ha s bee n achieved) .  Whe n playin g tactically , 

SLI M block s a s effectivel y a s REO. ^  Whe n a  singl e strateg y i s abandone d becaus e o f  a  threat ,  pla y 

revert s t o th e tactica l  mod e -  an d thu s blockin g i s effective . 

*  Th e genera l  commitmen t  t o egocentri c knowledg e representatio n ha s psychologica l  justificatio n i n 

thi s specifi c  case .  Lawler' s subjec t  suffere d th e defea t  abov e tryin g t o achiev e th e victor y o f  G A G 1 

(th e onl y strateg y sh e knew) ,  no t  attendin g t o he r  opponent' s mov e no r  anticipatin g an y threa t  t o he r 

intende d fork . 
*  SLI M doe s no t  bloc k whil e pursuin g a  strategy .  Thi s seemin g inconsistenc y reflect s th e behavio r 

of  Lawler' s subject .  Th e fragmentation  o f  knowledg e implie d b y suc h behavio r  i s implemente d i n th e 

model  throug h non-communicatin g instance s o f  Zetalis p flavors. 
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SLIM' s opponen t  R E O play s tacticall y i n thre e variations .  The y ca n b e define d i n term s o f  appli -
catio n o f  a  se t  o f  productio n rules: ' 

<own-winning-pattem>- > pla y winning-cel l  rul e typ e o f  pla y 

<opponent-win-pattem » pla y blocking-cel l  — 

<center-cel l  {rtt > - > pla y center-cel l  1 :  highl y structure d pla y onl y 

<comer-cel l  free>  - > pla y comer-cel l  2 :  highl y structure d an d structure d pla y 

<any-cel l  free > - > pla y any-free-cel l  3 :  un-structure d play ;  las t  choic e fo r  others . 

W h en al l  th e las t  thre e rule s function ,  th e opponen t  play s i n a  H I G H L Y S T R U C T U R ED fashion .  Thi s 

means tha t  rul e 1  inhibit s th e choic e o f  an y come r  o r  sid e cel l  whe n cel l  5  i s free.  W h e n ml e 1  i s no t 

functioning ,  th e opponen t  play s i n a  S T R U C T U R ED fashion .  W h e n bot h rule s 1  an d 2  ar e disabled , 

th e opponen t  play s i n a n U N S T R U C T U R ED fashio n -  movin g i n an y free  cell .  Sinc e ou r  simulation s 
generat e th e complet e space s o f  potentia l  experiences ,  disablin g th e limitation s implie d b y on e specifi c 

rul e constrainin g it s successor s generate s a n increase d numbe r  o f  game s i n th e space . 

Space s o f  Potentia l  Experienc e 

The spac e o f  possibl e Tictacto e game s i s o f  magnitud e 2  x  9! ,  o r  725,760 .  W e hav e severel y limite d 
th e portio n o f  tha t  spac e t o b e explore d i n orde r  t o permi t  ou r  tracin g ho w th e spac e o f  executabl e 

games change s wit h increasin g strategi c knowledge .  Domai n oriente d limitation s w e hav e applie d ar e 

focussin g o n come r  openin g pla y wit h SL I M movin g first.  Thes e choice s ar e base d o n th e significan t 

openin g advantag e o f  comer-oriente d pla y an d o n th e importan t  rol e w e assig n t o winnin g game s a s th e 
primar y cu e fo r  learnin g a  ne w strategy .  Thes e constraint s stil l  leav e o n th e orde r  o f  8 !  (40,320 )  games . 
We ignor e draw n game s an d hav e minimize d th e generatio n o f  redundan t  game s (alternativ e response s 
t o a  for k an d s o forth) .  W e hav e ala o omitte d th e analysi s o f  eight-mov e losse s an d nine-mov e win s a s to o 

comple x fo r  SLIM ;  w e believ e thes e circumstance s ar e to o comple x fo r  analysi s b y naiv e huma n player s 
of  Tictacto e also .  Thes e limitation s o f  choic e restric t  th e game s playable ,  bu t  the y als o permi t  u s t o 
explor e ho w verj '  simpl e 3tra.tcgie s ca n generat e other s whic h wil l  i n tur n expan d th e spac e o f  potentia l 
experiences . 

Beyon d thes e limitation s o f  choice ,  w e appl y a  mor e E S S E N T I A L limitation .  Th e mos t  natura l 
constrain t  o n pla y i s it s specifi c  purpose ,  i n th e twi n sense s o f  havin g winnin g a s a  genera l  objectiv e 

and intendin g t o appl y knowledg e availabl e a s a  mean s t o tha t  end .  I f  on e know s onl y a  single ,  ver y 
specifi c  strateg y -  suc h a s "mov e first  i n thi s comer ,  the n tha t  other ,  ain d finally  i n th e thir d on e there " 
-  an d i s determine d t o appl y tha t  knowledge ,  pla y i s ver y muc h limited .  A t  th e beginning ,  ou r  compute r 
learne r  SL I M ha d suc h commitments ,  jus t  lik e Lawler' s subject .  Ou r  compute r  simulation s ar e base d 
on generatin g th e spac e o f  K N O W L E D G E - L I M I T ED P O T E N T I A L E X P E R I E N C E S.  W e wan t  t o kno w 

ho w differen t  ne w strategie s ca n b e derive d from  th e variou s outcome s o f  a  singl e predecesso r  strategy' s 
play .  Thes e descendent s w e cal l  th e F A N - O U T fro m a  strategy .  W e wan t  t o kno w wher e yo u ca n g o 
fro m wher e yo u star t  out .  Wil l  ther e b e convergenc e t o som e singl e en d o r  residua l  difference s i n final 
states ? 

We generat e th e entir e spac e o f  potentia l  experience s whic h a  learne r  coul d hav e an d the n analyz e 
al l  thos e game s wher e learnin g occur s throug h activatio n o f  th e allowe d mechanisms .  Th e learnin g 
mechanism s ar e limite d t o changin g onl y on e elemen t  o f  a  structur e a t  a  time .  Learnin g throug h losin g 

games lead s t o th e additio n o f  a  constrain t  elemen t  i n th e thir d slo t  o f  a  G A C (i f  ther e isn' t  an y G A C 
t o whic h th e constrain t  ma y b e attache d -  a  frequent  situatio n -  n o suc h learnin g ca n occur) .  Learnin g 
throug h winnin g create s a  ne w G A C ,  ofte n two .  Eac h ha s a  goal ,  a n action-plan ,  an d a n initiall y  empt y 
lis t  o f  constraints .  Wheneve r  a  seven-mov e wi n occurs ,  i t  i s alway s possibl e t o infe r  th e patter n o f  a  ne w 

goal . 
Difference s betwee n method s o f  G A C creatio n depen d upo n ho w th e ne w pla n t o achiev e th e goa l  i s 

constructed .  Becaus e S L I M move s first  i n cel l  1 ,  an y ne w strateg y wil l  hav e plan s differen t  i n eithe r  ste p 

tw o o r  ste p three .  Th e first  mechanism ,  pla n termina l  modificatio n ( P T M ) ,  change s th e final  elemen t  o f 
a know n pla n t o matc h th e actua l  wi n tha t  occurre d i n a  specifi c  game .  P T M generate s on e ne w G A C , 

th e metho d b  dependabl e an d i s alway s trie d befor e th e second .  Goal-guide d Cente r  Deletio n ( G C D ) ; 
G CD i s mor e comple x i n inferenc e an d les s certai n i n value . 

Newel l  an d Simon ,  1972 ,  pg .  6 2 show s suc h a  syste m i n detai l  a s a n example . 
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G CD change s th e cente r  elemen t  o f  a  three-ste p plan :  onc e a  goa l  ha s bee n inferred ,  SLI M attempt s 
t o locat e a  know n goa l  wit h a t  leas t  tw o element s matchin g thos e o f  th e ne w goal .  I f  ther e i s  one ,  th e 

associate d pla n i s take n a s th e templat e fo r  constructin g a  ne w plan .  Th e elemen t  o f  th e ol d pla n no t 

i n th e ne w goa l  i s delete d fro m th e original .  Th e elemen t  o f  th e ne w goa l  lackin g i n th e origina l  pla n 

must  the n b e inserted .  Bu t  where ? SLI M i s no t  sophisticate d enoug h t o kno w o r  find  ou t  whic h i s 

appropriate .  Consequently ,  tw o ne w G A Cs ar e generate d wit h a  common goa l  bu t  wit h plan s differin g 
i n th e orde r  o f  th e las t  tw o steps .  Th e huma n counterpar t  woul d b e recognizin g a  specifi c  ne w goa l  bu t 

bein g uncertsd n a s t o th e orde r  o f  th e las t  tw o moves . 

Simulations 

Strategi c pla y proceed s unti l  i t  achieve s it s expecte d victor y -  o r  i s  blocke d o r  unexpectedl y defeated . 

The typica l  los s b y a  strateg y i s throug h it s circumventio n (RE O lay s dow n thre e i n a  ro w whil e SLI M 

pursue s it s  plan) .  Th e applicatio n o f  constraint s t o plan s turn s suc h six-mov e defeat s int o draws .  Th e 

essentia l  analysi s i s tha t  los s afte r  for k completio n implie s tha t  th e opponen t  pose d a  threa t  afte r  tw o 

moves.  Sinc e SLI M pay s n o attentio n t o wha t  th e opponen t  wa s doing ,  i t  ha s n o sens e o f  th e orde r  o f 

moves i n whic h th e REO' s victor y wa s achieved .  Therefore ,  th e decisio n t o appl y a  constrain t  t o a n 

ongoin g gam e test s fo r  th e opponent' s havin g acquire d an y tw o o f  th e thre e move s i n th e tria d b y whic h 

R EO latel y defeate d SLIM .  I f  thi s b e "look-ahead" ,  i t  i s no t  a  genera l  capabilit y  bu t  a  specifi c  functiona l 

prohibitio n motivate d b y a  prio r  defeat .  A  genera l  capabilit y  woul d requir e furthe r  development . 

An unexpecte d wi n i s th e cu e t o begi n reflection .  SLI M assume s tha t  a  victor y wa s wo n no t  receive d 

as a  gift ;  therefor e th e move s precedin g th e wi n contai n a  fork .  (Thi s work s becaus e R E O alway s win s 

when possibl e an d block s a t  need. )  Sinc e th e mos t  recen t  mov e b y whic h a  wi n wa s complete d coul d no t 

hav e bee n par t  o f  th e fork ,  th e remainin g move s ar e no t  merel y I N th e fork ,  the y C O M P R I SE th e for k 

patter n exactly .  A  vali d forkin g goa l  ca n b e foun d fo r  an y seven-mov e wi n agains t  a  relativel y exper t 
opponent . 

Play Against a Highly-Structured Opponent 

SLIM' s processe s o f  learnin g ca n bes t  b e show n b y examples .  Agains t  a  highl y structure d opponen t 

(on e wh o A L W A YS move s i n th e cente r  whe n i t  i s  empty ,  wh o A L W A YS prefer s a  come r  mov e t o a 

sid e cell) ,  th e spac e o f  potentia l  experience s i s ver y small ,  an d thu s th e learnin g tha t  occur s i s quit e 

limited .  W e exhibi t  th e actio n o f  th e learnin g mechanis m i n particula r  games .  Conside r  th e cas e wher e 
SLI M know s onl y th e strateg y represente d b y th e pla n [193] .  Becaus e o f  a  highl y structure d opponent' s 

dominan t  commitmen t  t o a n initia l  cel l  5  move ,  onl y tw o game s ar e possible. ^  Th e first  i s  succes s o f 

SLIM' s strategi c pla m i n gam e (1597326) .  Th e secon d i s a  victor y achieve d afte r  th e blockag e o f  SLIM' s 
pla n [1593726] .  Becaus e SLI M wil l  prefe r  a  come r  cel l  t o a  sid e cell ,  whe n R E O block s hi s thir d pla n 

ste p b y movin g i n cel l  3 ,  SLI M achieve s th e wi n o f  G A C 2* 8 pla n [197] . 

I n reflexiv e analysi s afte r  play ,  SLI M constmct s G A C 2 .  Th e determinatio n o f  th e goa l  i s  179 .  Th e 
pla n derive s fro m thi s analysis :  a  wi n implie s a  fork .  Th e for k i s th e thre e move s precedin g th e winnin g 

move.  Th e orde r  o f  move s mus t  b e simila r  t o th e frustrate d well-know n pla n [193] ,  becaus e i t  wa s blocke d 

onl y a t  mov e thre e b y a  toke n stil l  availabl e fo r  examination .  Th e mov e substitute d b y tactica l  pla y 

fo r  th e blocke d mov e remain s equall y present .  Th e conclusio n i s tha t  [197 ]  i s a  goo d candidat e pla n fo r 

attachmen t  t o th e goa l  179 .  Th e G A C i s forme d b y thi s termina l  modificatio n o f  a  previousl y know n 
plan . 

A cas e o f  a  wi n fo r  whic h P T M canno t  construc t  a  pla n i s gam e [1597326] ,  playe d wit h a  strategi c 
objectiv e o f  achievin g pla n [153] .  SLI M abandone d it s pla n a t  mov e tw o becaus e i t  wa s blocked .  Th e 

for m o f  th e for k actuall y achieve d wa s G A C I' s  goa l  139 .  Changin g th e final  ste p o f  pla n [153 ]  ca n i n n o 

way lea d t o a  pla n [193] .  Th e pla n wa s constructe d fro m [153 ]  a s a  templat e (onl y G A C 7  wa s know n 
at  th e time )  b y goal-guide d cente r  deletion .  I n fact ,  a  secon d plan ,  [139] ,  wa s als o constructed . 

Althoug h on e ca n alway s infe r  a  ne w goa l  fro m a  win ,  on e canno t  alway s construc t  a  ne w pla n fo r 

tha t  goal ,  a s wit h G A C 7' s pla y agains t  a  highl y structure d opponen t  i n gam e [1593748] .  Th e effectiv e 

forkin g patter n i s G A C 2 ,  bu t  t o creat e a  pla n wit h element s 9  an d 7  fro m a  templat e [153 ]  i s no t 

^  W e wil l  represen t  game s i n th e tex t  a s numbe r  string s withi n brackets .  Eac h digi t  represent s th e 
cel l  numbe r  o f  a  move .  Th e first  mov e i s tha t  o f  SLIM ,  th e secon d REO's ,  an d s o o n alternately . 
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possibl e b y mechanism s tha t  ca n chang e onl y a  singl e element .  Thi s i s Pla n Generatio n Failur e (PGF) . 
I n thi s cas e o f  strategie s descende d fro m pla y i n th e spac e o f  G A G 7' s potentia l  experienc e agains t  a 

highl y structure d opponent ,  w e ca n se e i n miniatur e th e majo r  processe s tha t  ac t  i n th e mor e extende d 

simulation s discusse d below . 

I G C D 
(193 ] 

y 
2 P TM 

[197 ] 

3 G CD 
[139 ] 

V [153 ] 

4 PGF 
{179 } 

th e roo t  G A G 

constrained {789} 

first pass generation 

second pass generation 

Thi s tre e o f  structure s descende d from  on e strateg y i s it s F A N O U T .  Ou r  simulation s hav e docu -

mente d th e fa n ou t  fo r  th e fourtee n G A C s specifie d earlier .  Agains t  a  highl y structure d opponent ,  S L I M 
i s abl e t o lear n ver y little ,  a s show n b y th e first  ru n summary : 

G A Cs 6 8 9 10 1 1 12 13 14 

games 
win s 
losse s 
draw s 

ne w G A C s 
constraint s 

2 
2 
0 
0 
1 
0 

2 
2 
0 
0 
1 
0 

1 
0 
1 
0 
0 
1 

1 
0 
1 
0 
0 
1 

1 
0 
1 
0 
0 
1 

1 
0 
1 
0 
0 
1 

6 
2 
0 
4 
2 
0 

6 
2 
0 
4 
2 
0 

2 
0 
0 
2 
0 
0 

2 
0 
0 
2 
0 
0 

6 
2 
0 
4 
0 
0 

6 
2 
0 
4 
0 
0 

1 
0 
0 
1 
0 
0 

1 
0 
0 
1 
0 
0 

Playin g Agains t  a n O p p o n e n t  o f  Structure d Preference s 

Table 1 summarizes the results. Each section shows play begun with a specific GAC as the learning 
root .  Fo r  eac h o f  th e 1 4 G A C s i s show n (1 )  it s fan-ou t  o f  leamabl e strategies ,  (2 )  th e specifi c  game s 
throug h whic h learnin g occurred ,  an d (3 )  th e mechanis m b y whic h th e ne w structur e wa s generated . 
SL I M learne d everythin g possibl e t o lear n i n tw o passes .  Further ,  th e first  si x  G A C s al l  converge d t o 
an essentiall y  unifor m resul t  wherei n the y wer e al l  known ;  eac h o f  thes e si x G A C s initiall y  generate d 
10 games ,  whil e i n th e final  c o m m o n stat e 15 6 game s wer e generate d b y them .  Thes e si x thu s for m 

a centra l  collectio n o f  strategie s whos e specialnes s need s b e emphasized .  Strateg y thre e m a y b e take n 
as typica l  o f  th e others .  Pla y i n five  specifi c  game s generate s th e othe r  five  centra l  G A C s .  A  sixt h 
game install s a  constrain t  upo n th e roo t  G A C o f  th e set .  Th e remainin g eigh t  G A C s fal l  int o thre e 
categorie s whe n see n a s base s fo r  furthe r  learning :  feeder s (7,8) ;  teaser s (9,10,11,12) ;  an d mule s (13,14) . 
Feeder s ar e strategie s tha t  themselve s fai l  bu t  generat e game s permittin g constructio n o f  strategie s i n 
th e centra l  set ;  consequently ,  the y giv e acces s t o al l  othe r  centra l  strategies .  W h e n the y ar e frustrate d 

and abandoned ,  teaser s lea d t o othe r  winnin g game s fo r  whic h SL I M i s  unabl e t o construc t  an y plan . 
Mule s ar e strategie s whic h ca n wi n som e game s agains t  th e opponen t  o f  structure d preference s bu t  whic h 
canno t  generat e win s o f  an y othe r  forkin g pattern s an d ar e thu s steril e a s generator s o f  ne w structures . 

The specialnes s o f  th e si x centra l  node s i s a  consequenc e o f  thei r  symmetr y i n respec t  o f  co -

generability .  Som e generat e other s directl y b y P T M o r  G C D.  Som e generat e other s onl y wit h th e 
interventio n o f  a n intermediar y G A C (thi s i s th e reaso n tha t  tw o passe s ar e necessar y t o complet e th e 
centra l  set) .  Som e o f  thos e directl y generabl e ca n generat e eac h other ;  the y ar e reciprocall y generable . 
Thos e whic h ar e remotel y generabl e nonetheles s lea d t o eeic h othe r  throug h intermediaries ;  the y ar e 
cyclicall y generable .  Fo r  thes e si x centra l  strategies ,  th e tree s o f  structur e descen t  fol d togethe r  int o a 
connecte d networ k o f  descen t  whos e relation s o f  co-generativit y ar e show n i n th e diagra m below ;  no -

tic e tha t  thos e strategie s cyclicall y generabl e for m th e interconnectio n b y G C D betwee n themselve s an d 
other s reciprocall y generabl e b y eithe r  P T M o r  G C D: 
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Tabl e 1 

S T R U C T U RE G E N E R A T I ON 

O P P O N E NT W I T H S T R U C T U R ED P R E F E R E N C ES 

R O OT 

G AG 

1 
[193 ] 

2 

[197 ] 

3 

[139 ] 

4 

[179 ] 

5 
[137 ] 

6 
[173 ] 

R UN 

I D 

1. 1 

1. 2 

1. 3 

2. 1 

2. 2 

1. 1 

1. 2 

1. 3 

2. 1 

2. 2 

1. 1 

1. 2 

1. 3 

1. 4 
2. 1 

2. 2 

1. 1 

1. 2 

1. 3 

1. 4 
2. 1 

2. 2 

1. 1 
1. 2 

1. 3 

1. 4 

2. 1 
2. 2 

1. 1 
1. 2 
1. 3 

1. 4 

2. 1 
2. 2 

G E N RT 

G A ME 

[1974325 ] 
» 

[1593748 ] 

[1732956 ] 

[1374958 ] 

[1974325 ] 
» 

[1795326 ] 

[1732596 ] 

[1374958 ] 

[1932745 ] 

[153298 ] 

[1395748 ] 
» 

[1974325 ] 

[1795326 ] 

[1974325 ] 

[1795326 ] 
19 

[157496 ] 
[1932745 ] 
[1593748 ] 

[1732956 ] 
[153278 ] 

[1395748 ] 
» 

[1974325 ] 
[1795326 ] 

[1795326 ] 
» 

[157436 ] 
[1374958 ] 

[1932745 ] 
[1593748 ] 

Abbreviation s use d i n th e table : 

GCD: 
moves 

Goal-guide d Cente r  Deletio n 
2 an d 3 ;  PGA: 

INFR D 

PLAN 

1 
» 
n 

5 

6 

2 
» 

» 

5 

6 

3 
» 

» 

» 

4 

2 

4 
» 

» 
n 

3 

1 

5 
i> 

» 

i> 

4 
2 

6 
» 
n 

» 

3 

1 

;  01,02 : 
Pla n Constrain t  Appl i 

REASON 

roo t 
• 
» 

01xL 3 

01xL 3 

roo t 
9 

» 

01xL 3 

OlxL e 

roo t 
71 

r> 

B 

01xL 3 

01xL 3 

roo t 
n 

» 
» 

01xL 3 

02xL 3 

roo t 
» 

» 

B 

01xL 3 
01xL 3 

roo t 

» 
B 

» 

01xL 3 
02xL 3 

GOAL/ 

PLAN o r 

LEARNG 

M E GH 

CONSTRNT 

{137 }  [137 ] 
"  [173 ] 

{179 }  [197 ] 

{139 }  [139 ] 

{179 }  [179 ] 

{137 }  [137 ] 

"  [173 ] 

{179 }  [197 ] 

{139 }  [139 ] 

{179 }  [179 ] 

{137 }  [137 ] 

<[9{258}] ) 

{179 }  [197 ] 

-  [179 ] 
{137 }  [173 ] 

{139 }  [193 ] 

{137 }  [173 ] 

{139 }  [193 ] 

» [139 ] 
([9{456}] > 
{137 }  [137 ] 

{179 }  [197 ] 

{139 }  [139 ] 
([7{258}] ) 

{179 }  [179 ] 
» [197 ] 

{137 }  [173 ] 

{139 }  [193 ] 

{139 }  [139 ] 
"  [193 ] 

([3{456}] ) 

{179 }  [170 ] 
{137 }  [137 ] 

{179 }  [197 ] 

G GD 
G GD 

P TM 

P TM 

P TM 

G GD 
G GD 

P TM 

P TM 

P TM 

P TM 

PGA 

G GD 

G GD 
P TM 
P TM 

P TM 

G GD 

G GD 

PGA 

P TM 

P TM 

P TM 
PGA 

G GD 

G GD 
P TM 

P TM 

G GD 

G GD 
PGA 

P TM 

P TM 
P TM 

G AG 

ALTERED 

5 
6 
2 

3 

4 

5 

6 

1 

3 
4 

5 

3 

2 

4 
6 

1 

6 

1 
3 
4 

5 

2 

3 

5 

4 

2 
6 

1 

3 

1 
6 

4 

5 
2 

C O M M E N TS 
> 

Guide d cente r  deletio n 
create s tw o GAGs. 

Pla n tai l  modificatio n 

create s on e GAG. 

At  th e en d o f  th e 

run s si x centra l 

plan s hav e bee n 

learned .  N o plan s 

hav e bee n constrained . 

at  all . 

Firs t  constrain t  made . 

Si x experience s mak e 
one constrain t  an d 

five  ne w GAGS. 

Root  pla n constrained . 

Si x plan s completed . 

Si x plan s completed ; 

roo t  pla n constrained . 

Symmetr y i n 
relatio n t o th e 
th e leamabilit y o f 

plan s i s discusse d 

i n th e tex t  an d 
sho w i n th e descen t 

networ k o f  Figur e 1 . 

Opponent  move s 1  an d 2 ;  PTM:  Pla n Termina l  Modification ;  L2.L3 :  Leam e 
cation ;  01xL2 :  ] Move 0 1 block s L2 ;  PGF : Pla n Generatio n Failure . 
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Tabl e 1 
S T R U C T U RE G E N E R A T I O N: 

O P P O N E NT W I T H S T R U C T U R ED P R E F E R E N C ES 

ROOT 

GAG 

7 

[153 ] 

8 

[157 ] 

9 
[135 ] 

10 
[175 ] 

11 
[152 ] 

12 
[154 ] 

13 

14 

RUN 

I D 

1. 1 
1. 2 

1. 3 

1. 4 

2. 1 

2. 2 
2. 3 

2. 4 
2. 5 

1. 1 

1. 2 
1. 3 

1. 4 
2. 1 

2. 2 
2. 3 
2. 4 

2. 5 
2. 6 

1. 1 
1. 2 

1. 1 

1. 2 

1. 1 

1. 2 
1. 3 
1. 4 
2. 1 

2. 2 

1. 1 

1. 2 
1. 3 

1. 4 

1. 1 

1. 1 

GENRT 

G A ME 

[195738 ] 

[1597326 ] 
» 

[1593748] . 

[1974325 ] 
» 

[1593748 ] 
[1374958 ] 

» 

[195376 ] 

[1597326 ] 
[1593748 ] 

3-
_ [1974325 ] 

[1932745 ] 
» 

[1795326 ] 
[1732926 ] 

» 

[1395748 ] 
[1374958 ] 

[1795326 ] 
[1732956 ] 

[195748 ] 
[195326 ] 
[1597348 ] 
[1593748 ] 
[1597326 ] 
[1593748 ] 

[195748 ] 
[195346 ] 

[1597326 ] 

[1593748 ] 

[192356 ] 

[194758 ] 

INFRD 

PLAN 

7 
» 

> 

1) 

1 
» 

1 
3 
s 

8 

» 

» 

» 

4 
2 
» 
2 
4 
» 

9 
» 

10 
n 

11 
» 
» 
» 
i> 

» 

12 
» 
» 

» 

13 

14 

REASON 

roo t 
» 

» 

• 

01 X 
» 

02 X 

01 X 
» 

roo t 

» 

» 

» 
01 X 
01 X 
» 
01 X 
01 X 
n 

roo t 
» 

roo t 
» 

roo t 

5J 
» 
» 

L2 

L3 

L2 

L3 
L2 

L3 
L3 

no othe r 
» 

roo t 
» 
» 

» 

roo t 

roo t 

GOAL/  LEARNG 
PLAN o r  M E CH 

CONSTRNT 

([3{789}) )  PC A 

{139 }  [139 ]  G C D 

"  [193 ]  G C D 

{179 }  [  ]  PG F 

[137 ]  G C D 

[173 ]  G C D 

{179 }  [197 ]  P T M 
{179 }  [197 ]  G C D 

"  [179 ]  G C D 

<[7{369}] )  PC A 

{139 }  [  ]  PG F 
{179 }  [179 ]  G C D 

"  [197 ]  G C D 

{137 }  [173 ]  P T M 
{137 }  [173 ]  G C D 

» [137 ]  G C D 
{139 }  [193 ]  P T M 
{139 }  [193 ]  G C D 

"  [139 ]  G C D 

{179 }  [  ]  PG F 
{179 }  [  ]  PG F 

{139 }  [  ]  PG F 
» [  j  PG F 

([2{789}] )  PC A 

([2{369}] )  PC A 
{139 }  [  ]  PG F 
{179 }  [  ]  PG F 
{139 }  [  ]  PG F 
{179 }  [  j  PG F 

([4{789}1 )  PC A 

([4{369}] )  PC A 

{193 }  [  1  PG F 

{179 }  [  ]  PG F 

([5{369} )  PC A 

{[5{789}] )  PC A 

G AC C O M M E N TS 
ALTERED 

7 

3 

1 

• 

5 

6 

2 

2 

4 

8 

. 

4 
2 
6 
6 
5 
1 

1 
3 

. 

• 

. 

• 

11 
11 
. 
. 
. 

• 

12 
» 

. 

• 

13 

14 

These mechanism s 
don' t  succee d whe n 

a goa l  i s no t  nea r 

known games ;  first 

example :  failur e 

Firs t  example : 

generation . 

3 P L A N S I N 
GENERATION 
intended ;  actual ; 
basi s 

[157][193][157 ] 
[157][193][157 ] 
[157][193][157 ] 
[179][173][193 ] 
[197][173][157 ] 
(197][1371(157 ] 
[197 ]  [193 ]  [197 ] 

[179][193][179 ] 
[179](139][179 ] 

No learnin g follow s 

tryin g thi s pla n 

No learnin g follow s 
tryin g thi s pla n 

Firs t  example :  tw o 
constraint s o n a  G A C ; 
the y nee d N O T forc e 
differen t  game s o f 
or  ne w learnin g 

Symmetrica l  cas e t o 
failure s o f  G A C 11 . 

2n d ru n omitted . 

Th e onl y learning . 

Th e onl y learning . 
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Figur e 1 
S T R A T E GY D E S C E NT N E J W O R K:  S T R U C T U R ED O P P O N E NT 

soli d arrow s sho w descen t  b y PTM;  dashe d arrow s sho w descen t  b y G C D 
Wit h th e tw o mechanism s assume d an d th e experienc e o f  appropriat e specifi c  games ,  th e centra l  strate -

gie s wil l  al l  b e learne d onc e an y on e i s known . 

Agains t  th e opponen t  o f  structure d choices ,  th e feede r  strategie s exemplif y bot h pla n generatio n 
failur e an d redundan t  generation .  Thu s th e goa l  17 9 fo r  whic h SLI M ca n construc t  n o pla n i n pas s 

one i s regenerate d i n pas s two .  I n th e secon d pass ,  th e expande d repertoir e o f  know n plan s permit s 

constructio n o f  G A C 2' s plan .  The y als o sho w th e valu e o f  distinguishin g betwee n SLIM' s intende d pla n 
when a  gam e began ,  th e patter n o f  th e realize d fork ,  an d th e plsi n draw n fro m it s repertoir e whic h serve s 

as th e templat e fo r  constructio n o f  th e ne w plan .  Ther e i s n o necessar y identificatio n o f  th e first  wit h 

th e third .  Th e plan s o f  G A Cs 9  throug h 1 2 ar e to o dissimila r  fro m th e actua l  fork s the y generat e t o 
permi t  constructio n o f  a  ne w pla n fo r  th e goal s SLI M infers . 

Figiir e 2  summarize s th e result s o f  comparabl e simulation s o f  pla y agains t  a n unstructure d opponent . 

Figure 2 

S T R A T E GY DESCENT N E T W O R K:  U N S T R U C T U R ED O P P O N E NT 

12 

(13,14 ) 

\ 

" n F ' ^ ^ 

(13,14 )  y 

soli d arrow s sho w descen t  b y P T M ;  dashe d arrow s sho w descen t  b y G C D 

G A Cs 1 3 an d 1 4 appea r  twic e t o simplif y th e networ k drawin g 
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G A Cs 1  t o 6  sti U remai n central ,  bu t  th e flexibility  o f  th e anatnictare d opponen t  permit s S L I M t o 
lear n additiona l  strategies .  G A C s 1 3 an d 1 4 remai n non-Ieamabl e throug h experienc e wit h thi s opponent . 

The specifi c  reaso n i s tha t  SLIM' s tactica l  preference s remaine d structure d i n thes e simulations .  Thu s 

SLIM ,  neve r  tryin g game s whos e secon d mov e i s t o a  sid e cell ,  wil l  neve r  wi n accidentall y wit h a  for k 

containin g suc h patterns ;  consequently ,  S L I M ca n neve r  lear n suc h strategies . 

Th e for m o f  thes e descen t  network s i s relate d t o symmetr y relation s amon g forkin g patterns ,  bu t  th e 
network s includ e more ;  the y reflec t  als o th e orde r  i n whic h th e for k i s achieved ,  th e pla y o f  th e opponent , 

and th e specifi c  learnin g mechanism s permitte d i n th e simulations .  Wherea s for k patter n symmetr y ca n 

be use d a s a n alternativ e mechanis m fo r  proposin g ne w fork s an d game s t o play ,  thes e descen t  network s 

ar e summarie s o f  results .  Th e questio n ye t  t o b e answere d i s whethe r  o r  no t  th e relation s represente d i n 

thes e network s ca n serv e a s th e basi s fo r  th e discover y tha t  patter n oriente d symmetr y function s wit h 
power  i n thi s domain . 

A genera l  observatio n i s tha t  th e generatio n o f  constraint s seem s les s importan t  tha n w e expected . 

Agains t  th e opponen t  o f  structure d choices ,  onl y th e roo t  G A C i s constrained .  I n on e sense ,  thi s i s a n 

artifac t  o f  programming ,  bu t  i t  point s t o a  significan t  furthe r  issue .  Ou r  simulation s generat e th e tree s 
of  potentia l  experience s b y expandin g a  lis t  o f  possibl e game s aroun d th e generatio n o f  set s o f  plausibl e 

moves accordin g t o th e appropriat e strategi c o r  tactica l  choices .  Th e se t  o f  plausibl e move s i s collecte d 
fro m separat e instance s o f  a  clas s o f  strateg y object s whic h d o no t  communicat e wit h eac h other .  Durin g 

th e first  pass ,  on y th e roo t  G A C i s accessibl e t o b e constrained .  Durin g th e secon d pass ,  th e alternativ e 

choice s offere d b y th e thre e o r  fou r  functiona l  strategie s ar e s o effectiv e tha t  forkin g th e opponen t  close s 

of f  th e possibl y vulnerabl e proposal s o f  it s  simultaneousl y activ e strategies . 

Becaus e o f  thi s collectio n process ,  th e proposa l  o f  on e strateg y coul d a t  first  b e blocke d b y a  con -
straint ;  ye t  th e "forbidden "  gam e coul d b e generate d anywa y b y a n identica l  cel l  proposa l  bein g advance d 

by som e othe r  strateg y fo r  it s ow n plan .  Thi s interactio n ha s bee n suppresse d i n thes e simulation s -
but  i t  doe s sugges t  a  futur e directio n o f  developmen t  fo r  model s o f  thi s class :  th e communicatio n o f 
constraint s upo n th e occurrenc e o f  a  "forbidde n defeat" .  Thi s ca n serv e a s th e basi s fo r  experienc e 
motivate d analogy ,  a  ne w mechanis m fo r  th e developmen t  o f  organizatio n wher e non e formerl y existed . 

Experience Motivated Analogy 

Beginnin g wit h G A C 3  a s th e roo t  o f  it s strategie s (playin g agains t  th e structure d opponent) ,  th e 
first  simulatio n se t  o f  game s permit s generatin g G A C s 2 ,  4 ,  an d 5 .  A  constrain t  i s  als o pu t  o n G A C S. 
Conside r  pla y i n th e gam e beginnin g [1532... ]  -  whil e thes e fou r  G A C s ar e simultaneousl y activ e -  a t 
move 5  (SLIM' s thir d move) : 

Proposal s from  th e Fan-ou t  fro m G A C 3 

GAC 3  > •  G A C 3 '  [139 ] 
[139 ]  ̂ -*«>.̂ ,̂ ^  constraine d {258 } 

I m '̂̂ '-'-v,, ^  make s n o proposa l 

[197 ]  ̂ ^  [179 ]  ^ " " ^ ^  [137 ] 

GAC 2  GA C 4  G A C 5 

propose d move s 9  7  7 

G AC 3 ,  wit h it s establishe d constrain t  o n a  thir d mov e t o cel l  9  recognize s th e vulnerabilit y  o f  it s  pla n 
and quits ;  i t  m2Lrk 8 cel l  9  a s a  forbidde n move .  Thi s proposa l  result s i n a  gam e bein g playe d b y th e 
tactica l  routines ,  whic h bloc k REO' s threat .  A t  thi s sam e pass ,  G A C 5 ,  whos e pla n i s compatibl e wit h 
tha t  o f  G A C 3  throug h mov e 2  an d i s unconstrained ,  propose s a  mov e t o cel l  7 .  Thi s result s i n a  differen t 
game bein g generate d an d los t  whe n R E O move s nex t  i n cel l  8 .  G A C 4  a t  mov e 5  propose s a  mov e t o 
cel l  7 ,  th e secon d ste p o f  it s  plan .  Th e pla n o f  G A C 4  m a y b e characterize d a s havin g bee n interrupte d 
i n executio n an d a s bein g dilute d b y a n extraneou s move .  Thi s gam e lose s t o REO' s threa t  a s well .  Ga c 
2 propose s a  mov e t o cel l  9 ,  th e secon d mov e o f  it s plan ,  whic h i s als o interrupte d an d diluted .  Thi s i s 
exactl y th e mov e tha t  i s constraine d i n G A C 3 .  Th e gam e i s generate d an d lost . 

W h en thes e losse s occur ,  th e proces s o f  blam e assignmen t  begins :  w h o propose d thes e losin g moves ? 
Each G A C justifie s it s behavior .  G A C 5  admit s t o th e cel l  7  proposal ,  wit h th e additiona l  informatio n 
tha t  it s pla n wa s uninterrupte d an d pur e (no t  diluted) ;  S L I M send s a  messag e t o G A C 5  tha t  i t  shoul d 
constrai n itsel f  o n th e cel l  7  mov e b y th e threatenin g patter n 258 .  G A C 4  als o propose d cel l  7 ,  bu t  it s 
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pla n wa s interrupte d an d diluted .  SLI M inform s G A C 4  t o constrai n itsel f  a t  it s  cel l  7  mov e (th e secon d 

pla n step )  wit h th e threatenin g patter n 258 .  G A C 3  forbad e th e mov e t o cel l  9 .  G A C 2  propose d th e 

move anyway .  SLI M mark s G A C 2  a s a n "idiot* .  (Etymologically ,  th e term' s Gree k meanin g refer s t o 

someone wh o onl y know s o r  care s abou t  hi s ow n affairs. )  SLI M inform s G A C 2  tha t  i t  shoul d constrai n 

itsel f  b y subordinatio n t o G A C 3 ,  whic h forbi d th e move .  Th e implicatio n i s tha t  a t  it s  secon d move , 

G AC 2  shoul d reques t  constraint s fro m G A C 3  an d appl y the m i n it s ow n proposa l  process . 

The significance of this procedure is in specifying a particular set of experiences which justify the 

judgmen t  tha t  G A C 2  i s sufficientl y simila r  t o G A C 3  tha t  i t  S H O U LD us e analog y t o determin e th e 

vulnerabilit y  o f  it s  ow n plan .  Th e first  consequenc e isimprove d play .  A  secon d i s tha t  shoul d G A C 3 

constrai n itsel f  b y som e othe r  threatenin g patter n -  fo r  exampl e th e perpendicula r  threa t  456 ,  G A C 2 

woul d inheri t  tha t  protectio n a s well .  Thi s subordinatio n create s a n interrelationshi p amon g structure s 
lecirne d throug h experienc e withou t  an y specifi c  contro l  structur e bein g impose d a t  th e tim e o f  th e 

generatio n o f  th e structure . 

Conclusions and Frontier Problems 

Our  analysi s o f  a  par t  o f  th e spac e o f  strategie s exemplifie s th e complexit y tha t  arise s fro m experien -

tia l  ein d interactiv e learning .  Th e strategie s an d th e learnin g mechanism s ar e simple ,  bu t  th e simulation s 

sho w th e surprisin g powe r  tha t  the y ca n exhibit . 

A modes t  extensio n o f  thi s mode l  lead s t o goa l  redescriptio n throug h applicatio n o f  plan-constraint s 
t o goa l  specifications ,  callin g upo n a  Sussmannesqu e inversio n o f  a  failure-descriptio n t o generat e a  ne w 

typ e o f  ter m (th e hol e o r  empty-cell )  fo r  us e i n th e goa l  description .  Network s o f  descen t  describ e set s 
of  richl y interrelate d structure s create d throug h processe s o f  reflexiv e concret e construction .  W e ar e 

no w explorin g whethe r  tw o othe r  type s o f  reflexiv e processes ,  actin g upo n thes e structure s a s objects , 
wil l  b e adequat e t o recogniz e th e applicabilit y  o f  symmetr y i n thi s domai n an d ultimatel y t o creat e a 
complet e classificatio n o f  game s adequat e t o exhibi t  domai n mastery .  Th e first  proces s classifie s object s 

by specifiabl e features ;  th e secon d classifie s object s b y analysi s o f  thei r  functio n an d genesis .  Piage t 

(1971 )  call s thes e processe s Aristotelia n classificatio n an d reflectiv e abstraction . 

A differen t  frontie r  represent s th e effor t  t o explor e ho w t o structvir e th e mode l  s o tha t  th e compo -
nent s exhibi t  th e sor t  o f  functiona l  labilit y  tha t  characterize s huma n intelligenc e an d seem s essentia l  t o 

begi n developmen t  o f  a  mode l  o f  th e pla y o f  th e opponent. '  Furthes t  fro m ou r  curren t  gras p i s explorin g 
th e exten t  t o whic h experienc e motivate d analog y an d othe r  form s o f  developin g contro l  relationship s 
permi t  th e establishin g throug h experienc e o f  coheren t  intereactio n amon g a  se t  o f  initiall y  disparat e 

structures .  Th e extensio n o f  suc h a  mode l  a s thi s t o othe r  domain s wil l  b e worthwhil e attemptin g whe n 

i t  successfull y traverse s it s pat h t o mastery .  I t  i s  ou r  expectatio n tha t  th e concret e representation s 

develope d wil l  ten d t o b e domai n limite d bu t  tha t  th e processe s fo r  th e analysi s o f  concret e strategie s 
wil l  b e les s boun d t o particulars . 
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