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A Protoco l  Stud y o f  Proble m Solvin g i n th e G a m e o f  G o 

YasukiSait o an d Atsush i  Yoshikaw a 
NTT Basi c Researc h Labs . 

3- 1 Morinosat o Wakamiya ,  Atsugi-shi ,  Kanagaw a Pref .  243-0 1 Japa n 
y a s k i @ n t t - 2 0 . b r l . n t t . j p 

Int roduct io n 

We starte d a  serie s o f  cognitiv e studie s o f  G o players , 
mainl y usin g traditiona l  protoco l  analyse s an d ey e camer a 
(Yoshikawa ,  1 9 % ) .  G o player' s protocol s i n rea l  matc h situa -
tion s ar e gathere d an d analyzed .  Ou r  mai n purpos e i s t o buil d 
a mode l  o f  G o player' s proble m solvin g behaviour . 

Followin g characteristic s o f  G o mak e i t  on e o f  th e bes t 
domai n t o investigat e huma n comple x proble m solving .  (1 ) 
Bot h patter n knowledg e an d languag e leve l  knowledg e pla y a n 
importan t  rol e i n Go .  (2 )  Amoun t  an d dept h o f  verbalizatio n 
seems t o increas e wit h expertis e i n Go .  Thu s w e m a y b e 
abl e t o unrave l  th e secre t  o f  hig h leve l  expertise .  (3 )  G o i s 
becomin g a  ne w challeng e t o AI ,  an d ou r  effor t  wil l  benefi t 
AI  activit y t o buil d a  stron g G o playin g programs . 

Go Player's Protocols 

We connec t  tw o player s i n separat e room s throug h a  progra m 
whic h enable s bot h player s t o pla y G o ove r  th e compute r  net -
work .  Eac h playe r  ca n tal k freel y withou t  bein g hear d b y 
th e othe r  player .  W e hav e don e twelv e matche s i n tota l  an d 
obtaine d 2.8Mbyte s o f  protoco l  dat a i n total .  Mos t  significan t 
par t  o f  protocols ,  namel y 'naming' ,  'candidat e mov e genera -
tion' ,  an d iookahead '  ar e gathere d an d analyze d i n depth . 

Results 

We starte d ou r  stud y usin g simpl e tw o bo x mode l  a s ou r  work -
in g hypothesis .  Thi s mode l  consist s o f  severa l  iteration s o f 
'Candiat e M o v e Generation '  an d 'Candidat e M o v e Evalua -
tion' .  Mai n result s w e obtaine d concernin g thi s mode l  are : 

•  Numbe r  o f  candidat e move s considere d pe r  uni t  i s 1. 5 i n 
average .  Uni t  i s a n interva l  betwee n consecutiv e moves . 

•  Candidat e move s ar e generate d ver y quickly ,  implyin g tha t 
generatio n i s a  patter n base d process . 

•  Evaluatio n ca n b e divide d int o tw o categories :  [Quic k eval -
uation ]  Withou t  Iookahead .  Thi s seem s t o b e patter n based . 
Thi s i s use d i n 8 0 % o f  unit s pe r  game .  [Lon g evaluation ] 
Usin g Iookahead .  Occurrin g 2 0 % o f  unit s pe r  game . 

•  Lookahea d i s  almos t  straight .  Progressiv e deepenin g 
searc h i n ches s (Newel l  &  Simo n 1972 )  als o appear s i n Go . 
But  ver y fe w branchin g occur s i n th e lookahead .  Thu s thi s 
i s quit e differen t  fro m compute r  program' s search .  Looka -
head dept h range s fro m 1  t o 11 ,  an d averag e dept h i s 4  (Se e 
Figur e 1) . 

•  Evaluatio n a t  th e endpoin t  o f  lookahea d ca n als o b e di -
vide d int o tw o cases :  [Patter n base d evaluation ]  Quic k 
evaluatio n base d o n goo d shape ,  moy o (larg e framewor k 

of  potentia l  territory )  etc .  [Languag e base d evaluation ] 
Many word s describin g player' s ow n purpose ,  opponent' s 
purpose ,  interrelatio n betwee n multipl e purpose s al l  cam e 
int o pla y i n inferences . 
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Figure 1: Lookahead depth. 

Discussio n a n d C o n c l u s i o n 

Previou s wor k o n Ches s (Chase ,  1973 )  emphasize d th e us e 
of  patter n knowledg e b y experts .  G o i s als o ful l  o f  patterns , 
but  bot h patter n knowledg e A N D languag e leve l  inference s 
pla y equall y importan t  role s i n Go .  W e foun d mos t  player s 
use languag e extensivel y i n thei r  thinkin g (Saito ,  1995) .  Mos t 
importan t  functio n o f  languag e us e seem s t o b e searc h spac e 
reduction . 

Many finding s paralle l  thos e o f  Chess ,  ye t  ther e ar e signif -
ican t  difference s suc h a s th e us e o f  languag e an d G o specifi c 
term s i n G o player' s proble m solving . 
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