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A Strateg y fo r  Handlin g Type- 2 Problem s 

I.s(Vill i  S .  N .  Berkele y 
Philosoph y Deparlincnl ,  U S L P .  O .  Drawe r  4377 0 

The Universit y o f  Southwester n Louisian a 
Lafayette ,  L A 70405-377 0 

i s t v a n @ u s l . e d u 

I n a  recen t  widel y circulate d paper ,  Clar k an d Thornto n (i n 
press )  identif y a  clas s o f  learnin g proble m the y cal l  'Type-2 ' 
problem s (th e pape r  i s  currentl y availabl e from 
ftp.princeton.edu/pub/hamad/BBS/.WWW/bbs.clark.html). 
Type- 2 problem s ar e thos e i n whic h a  regularit y i n a  dat a se t 
can onl y b e foun d b y testin g o r  measurin g relationa l 
propertie s i n th e dat a set ,  whic h ca n onl y b e discovere d b y 
employin g a  recodin g function .  Accordin g t o Clar k an d 
Thornto n (p .  5) ,  ther e ar e a n infinit e numbe r  o f  possibl e 
recodin g function s fo r  an y Type- 2 problem .  A s a 
consequenc e o f  this ,  th e probabilit y o f  a n uninforme d 
learnin g mechanis m hittin g upo n a  recodin g function ,  whic h 
wil l  no t  onl y solv e th e problem ,  bu t  wil l  als o permi t 
successfu l  generalization ,  i s  clos e t o zero . 

Clar k an d Thornto n (i n press )  clai m tha t  additiona l 
constraint s mus t  b e applie d t o uninforme d learnin g 
mechanism s i n orde r  fo r  suc h mechanism s t o exhibi t 
generalizatio n o n type- 2 problems .  Th e clas s o f  type- 2 
problem s ar e bot h importan t  an d significan t  as ,  accordin g t o 
Clar k an d Thornton ,  problem s o f  thi s typ e ar e "...rif e i n 
biologicall y realisti c setting s an d i n domain s rangin g fro m 
simpl e anima t  (simulate d anima l  o r  autonomou s robot ) 
behavior s t o languag e acquisition. " 

Despit e th e apparentl y problemati c natur e o f  suc h 
problem s though ,  i t  appear s tha t  problem s o f  thi s kin d ar e 
regularl y solve d b y biologica l  systems .  Th e puzzl e i s  t o 
figure  ou t  a  wa y o f  solvin g thes e problem s usin g automate d 
learnin g procedures .  Ideally ,  approache s t o solvin g type- 2 
problem s shoul d b e suc h tha t  the y avoi d "... a ver y heavy -
dut y nativis m an d a n amazin g diversit y o f  tas k specific ,  on -
boar d learnin g devices... "  (Clar k &  Thornton ,  p .  11) . 
Rather ,  a  strateg y mus t  ai m a t  reducin g th e searc h spac e fo r 
type- 2 problems ,  withou t  bein g excessivel y tas k specific , 
nativis t  o r  a d hoc .  Thi s the n i s th e challeng e o f  type- 2 
problem s fo r  automate d learnin g procedures . 

Althoug h Clar k an d Thornto n explor e a  numbe r  o f  mean s 
by whic h type- 2 problem s ca n b e solve d (e.g .  incrementa l 
learning ,  modula r  network s an d representationa l 
redescription) ,  the y d o no t  conside r  th e effec t  o f  employin g 
processin g unit s wit h non-monotoni c activatio n functions . 

Dawson an d Schopfloche r  (1992 )  describe d a  kin d o f 
processin g unit ,  whic h the y cal l  valu e units' ,  tha t  hav e a 
non-monotoni c Gaussia n activatio n function .  Berkele y e t  al . 
(1995 )  hav e show n tha t  thes e unit s ca n b e sensitiv e t o 
relationa l  properties .  A s Clar k an d Thornto n supporte d thei r 
claim s abou t  type- 2 problem s b y runnin g numerou s 
simulations ,  a  simila r  straterg y ca n b e employe d t o asses s 
th e performanc e o f  valu e unit s o n type- 2 problems . 

Clar k an d Thornto n studie d th e 4-bi t  parit y proble m i n 
thei r  investigatio n o f  type- 2 problems .  N o n e o f  thei r 
system s exhibite d an y generalization .  A  serie s o f 
simulation s employin g a  numbe r  o f  network s o f  valu e 
units ,  traine d upo n th e sam e problem ,  wer e ru n i n orde r  t o 
gai n a  preliminar y assessmen t  o f  th e performanc e o f  valu e 
unit s o n type- 2 problems .  Al l  network s ha d fou r  inpu t 
units ,  a  singl e hidde n uni t  an d a  singl e outpu t  unit .  1 6 
trainin g set s wer e developed ,  eac h consistin g o f  1 5 trainin g 
patterns .  Th e remainin g untraine d patter n fro m eac h dat a se t 
was the n use d t o asses s th e generalit y o f  th e solution s 
discovere d b y th e network s upo n convergence .  Thi s tes t  o f 
generalizatio n wa s th e sam e a s tha t  use d b y Clar k an d 
Thornto n i n thei r  simulatio n studies . 

Each trainin g se t  wa s traine d 1 1 times ,  givin g a  tota l  o f 
176 simulations .  Th e convergenc e criterio n fo r  eac h o f  thes e 
simulation s wa s se t  a t  0.02 5 an d i n eac h cas e a  learnin g rat e 
of  0.0 1 an d a  m o m e n t u m o f  0. 0 wer e used .  A  tota l  o f  9 7 
(55% )  o f  thes e network s reache d convergence ,  wit h a  mea n 
su m square d erro r  o f  0.00 8 fo r  th e trainin g sets . 

Of  th e valu e uni t  network s whic h reache d convergence , 
6 3 % succeede d i n generalizin g correctl y whe n presente d wit h 
th e untraine d pattern .  Th e mea n erro r  fo r  th e unsee n pattern s 
fo r  thes e network s wa s 0.01 7 Thi s stand s i n shar p contras t 
t o th e result s reporte d b y Clar k an d Thornton .  The y di d no t 
observ e a  singl e instanc e i n whic h a  networ k wa s abl e t o 
correctl y generaliz e o n th e singl e withhel d pattern . 

Thes e result s indicat e tha t  Clar k an d Thornton' s claim s 
abou t  type- 2 problem s ar e no t  straightforwardl y applicabl e 
t o th e clas s o f  al l  automate d learnin g procedures .  Rather , 
unde r  certai n circumstance s a  usefu l  strateg y fo r  handlin g th e 
difficultie s presente d b y type- 2 problem s m a y b e t o us e 
non-monotoni c processin g units . 
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