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Playin g G o b y Search-Embedde d Patter n Recognitio n 

Pedro Domlngos' 
Departmen t  o f  Informatio n an d Compute r  Scienc e 

Universit y o f  California .  Irvin e 
Irvine ,  Californi a 92717 .  U.S.A . 

p e d r o d @ i c s . u c i . e d u 
h t t p : / / w w w . i c s . u c i . e d u / - p e d r o d 

Go Gwamoto ,  1976 )  i s on e o f  th e hardes t  know n game s t o 
pla y b y machine .  It s ver y larg e branchin g facto r  (u p t o 361 ) 
makes searc h t o eve n a  moderat e dept h problematic ,  an d pre -
clude s th e us e o f  massiv e searc h tha t  ha s prove d successfu l  i n 
games lik e checker s an d chess .  A s a  result ,  researcher s hav e 
turne d t o pur e patter n recognitio n an d pattern-base d reason -
in g approaches ,  whic h concentrat e al l  thei r  effor t  i n evaluat -
in g th e curren t  boar d position ,  an d mak e n o explici t  attemp t 
t o predic t  th e evolutio n o f  th e game .  However ,  system s o f 
thi s typ e remai n fa r  fro m bein g abl e t o compet e wit h eve n a 
moderatel y proficien t  huma n player .  Thi s extende d abstrac t 
report s o n G P ,  a n artificia l  G o playe r  tha t  combine s patter n 
recognitio n wit h limite d bu t  flexible  search ,  an d w o n severa l 
games agains t  a  novic e huma n player . 

The basi c motivatio n fo r  G P wa s th e observatio n that , 
whil e human s engag e i n extensiv e pattern-base d inferenc e 
when playin g G o ,  the y als o perfor m smal l  amount s o f  look -
ahea d search .  I n particular ,  th e latte r  typ e o f  reasonin g seem s 
t o prevai l  i n situation s o f  immediat e attac k o r  defens e o f 
group s wit h fe w liberties ,  whil e th e forme r  i s prevalen t  i n pe -
riods  o f  th e gam e wher e th e player s hav e a  greate r  freedo m o f 
choic e fo r  th e nex t  move .  G P recognize s an d potentiall y  act s 
on al l  variation s o f  seve n canonica l  pattern s centere d aroun d 
eac h enem y stone ,  bu t  onl y afte r  i t  ha s checke d tha t  ther e ar e 
no mor e immediat e tasks ,  lik e closin g of f  th e fe w remainin g 
libertie s o f  a n ene m y  grou p o r  tryin g t o sav e a  trouble d on e o f 
it s  own .  I f  n o pattern s fire,  i t  play s o n handica p point s i f  an y 
ar e stil l  free ,  o r  attempt s t o consolidat e territor y b u introduc -
in g intermediat e stone s betwee n separat e groups ;  i n th e lon g 
ru n thi s proces s wil l  lea d t o th e formatio n o f  walls . 

Al l  thes e step s ar e embedde d i n a  conventiona l  minima x 
searc h wit h alpha-bet a cutoffs ,  t o whic h a  m a x i m u m branch -
in g facto r  i s  impose d (i.e. ,  no t  al l  lega l  move s ar e expanded , 
but  onl y th e to p few) .  Th e searc h als o ha s a  nomina l  dept h 
limit ,  whic h i s 2, 4 o r  6  plie s dependin g o n th e playin g leve l 
chosen ,  bu t  thi s limi t  varie s dynamicall y accordin g t o th e dif -
ficulty  o f  th e curren t  situatio n an d th e stabilit y  o f  th e evalu -
ation .  Thre e differen t  stati c evaluatio n heuristic s hav e bee n 
implemented ,  usin g combination s o f  point s accumulated ,  lib -
ertie s an d size s o f  groups . 

I n a  serie s o f  1 8 game s agains t  a  novic e huma n player ,  o n 
a 9 x 9 boar d wit h a  handica p o f  3  fo r  th e machine ,  G P o n av -
erag e score d mor e point s tha n th e huma n opponen t  wit h tw o 
of  th e heuristics ,  a t  th e highe r  difiScult y levels ;  th e averag e 
differenc e wa s approximatel y equa l  t o th e handicap .  Signif -

icantly ,  ther e wa s a  larg e improvemen t  fro m 2-pI y t o 4-pI y 
m a x i m u m depth ,  showin g tha t  ther e i s a n advantag e t o usin g 
search ,  bu t  ther e wa s n o significan t  differenc e betwee n 4-pl y 
and 6-ply ,  indicatin g tha t  deepe r  searc h i s no t  necessaril y  pro -
ductiv e i n G o ,  eve n i f  th e availabl e computin g powe r  allow s 
i t 
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