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M A C H I NE U N D E R S T A N D I NG A N D D A T A A B S T R A C T I O N I N S E A R L E ' S C H I N E S E R O O M 

William J. Rapaport 

Departncnt of Coaputtr Science and Graduate Group in Cognitive Science 
Universit y a t  Buffalo ,  Stat e Universit y o f  N e w York ,  Buffalo ,  N Y 1426 0 

1. INTRODUCTION. 

I n Joh n Searle' s Chines e Roo m though t  experiment ,  Searle ,  w h o know s neithe r  wrine n no r  spoke n Chinese ,  i s  locke d i n a 
roo m supplie d wit h instruction s i n Englis h tha t  provid e a n algorith m allegedl y fo r  understandin g writte n Chinese .  Nativ e 
Chines e speaker s outsid e th e roo m pas s question s writte n i n Chines e character s int o th e room ;  Searl e use s thes e symbols ,  otherwis e 
meaningles s t o him ,  a s inpu t  and ,  followin g onl y th e algorithm ,  produces ,  a s output ,  answer s writte n i n Chines e characters ,  pas s 
in g the m bac k t o th e nativ e speakers .  Th e "answer s .. .  ar e absolutel y indistinguishabl e fro m thos e o f  nativ e Chines e speakers " 
(Searl e 1980 :  418) .  Th e experimen t  i s use d t o suppor t  th e followin g argument : 

[l ]  stil l  don' t  understan d a  wor d o f  Chines e an d neithe r  doe s an y othe r  digita l  compute r  becaus e al l  th e compute r  ha s i s 
what  I  have :  a  forma l  progra m tha t  attache s n o meaning ,  interpretation ,  o r  conten t  t o an y o f  th e symbols .  [Therefore, ] 
.. .  n o forma l  progra m b y itsel f  i s  sufficien t  fo r  understandin g (Searl e 1982 :  5. ) 

Manv hav e disagree d ove r  wha t  Searle' s argumen t  i s designe d t o show .  Th e versio n I  hav e jus t  cite d i s clearl y invalid :  A t  most , 
th e though t  experimen t  migh t  sho w tha t  tha t  particula r  progra m i s insufficien t  fo r  understanding ,  bu t  no t  tha t  a  progra m tha t  di d 
attac h meaning ,  interpretation ,  o r  conten t  t o th e symbol s coul d no t  understand .  Suc h a n aiuchmen t  woul d als o tak e th e for m o f 
an algorith m (cf .  Rapaport ,  forthcoming) .  Bu t  Searl e denie s thi s stronge r  claim ,  too : 

I  se e n o reaso n i n principl e w h y w e couldn' t  giv e a  machin e th e capacit y t o understan d Englis h o r  Chinese ,  sinc e i n a n 
importan t  sens e ou r  bodie s wit h ou r  brain s ar e precisel y suc h machines .  Bu t  .. .  w e coul d no t  giv e suc h a  thin g t o a 
machin e .  . .  [whose ]  operatio n .. .  i s  define d solel y i n term s o f  computationa l  processe s ove r  formall y define d elements . 
(Searl e 1980 :  422 ;  cf. ,  also ,  th e "robo t  reply" ,  p .  420. ) 

And thi s i s s o becaus e "onl v somethin g havin g th e sam e caus;i l  power s a s brain s ca n hav e intentionnlitv "  (Searl e 1980 :  423) .  Thes e 
causa l  power s ar e du e t o th e (human )  brain' s "binlogica l  (i.e .  chemica l  an d physical )  structure "  (Searl e 1980 :  422) .  Th e biologica l 
stanc e uike n b \  Searl e i s essential :  Fo r  eve n a  simui.itei i  huma n brai n "mad e entirel y o f  ol d bee r  tan s . .  .  rigge d u p t o lever s an d 
powere d b v windmills "  woul d no t  reall v exhibi t  mtentionalit v (Searl e 1982 :  4) ,  eve n thoug h i t  appeare d to .  Searle ,  however ,  doe s 
not  specif y precisel y wha t  thes e caus;i l  power s are ,  an d thi s i s th e bigges t  ga p i n hi s argument . 

However ,  i n hi s book ,  Intendonality ,  Searl e tell s  u s tha t  "'menta l  state s ar e bot h cause d b y th e operation s o f  th e brai n an d 
realize d i n th e structur e o f  th e brain "  (Searl e 1983 :  265) ,  s o w e migh t  hop e t o find  a n explicatio n o f  thes e causa l  power s here . 
Indeed ,  a  carefu l  analysi s o f  thes e tw o notion s reveal s (1 )  wha t  th e requisit e causa l  power s are ,  (2 )  wha t  i s  wron g wit h Searle' s 
clai m abou t  menta l  states ,  an d (3 )  wha t  i s  wron g wit h hi s overal l  argument . 

Moreover ,  i t  i s  consisten t  wit h m y analysi s tha t  som e intentiona l  phenomena ,  e.g. ,  pai n an d othe r  quali a o r  "feels" ,  nee d no t 
be functionall y describable ,  but ,  rather ,  migh t  b e th e result s o f  physica l  o r  chemica l  propertie s o f  th e entit y tha t  experience s them . 
However ,  thoug h thes e phenomen a nee d no t  b e functionall y describable ,  the y ver y wel l  migh t  be . 

VI v theory ,  i n roug h outline ,  i s  this :  Cx)nside r  Searle' s beer-ca n andwindmil l  simulatio n o f  a  huma n brain ,  programme d t o 
simu l  thirst .  Searl e siiv s tha t  i t  i s  no t  thirsty .  W e migh t  repl y tha t  perhap s i t  feel s simuUiie d thirst ;  an d w e migh t  the n g o o n 
t o v n de r  i f  simulate d thirs t  i s  thirst .  Eve n better ,  w e shoul d sa y tha t  i t  simulaiedl y feel s simulate d thirst .  Similarly ,  th e 
Chines e compute r  syste m simulatedl y understand s simulate d Chinese .  But ,  s o goe s m y theory ,  th e simulate d feelin g o f  simulate d 
thirs t  i s  thirst ,  an d simulate d understandin g i s understanding .  Th e difference s betwee n suc h simulation s an d th e "real "  thing—or , 
more t o th e point ,  th e huma n thing-li e i n thei r  physica l  mak e up .  Th e t l  rs t  implemente d i n th e beer-ca n compute r  m a y no t 
"feel "  th e wa x tha t  thirs t  implemente d i n a  huma n feel s (what ,  afte r  all ,  i s  i t  lik e t o b e a  thirst y beer-ca n computer?) ,  bu t  the y 
ar e bot h thirs t  An d s o fo r  understanding . 

2. QUESTIONS ABOUT CAUSATION AND REALIZATION. 

We nee d t o clari f  \  wha t  Searl e mean s b y "causation "  an d "realization" .  I n th e passag e cite d above ,  h e say s tha t  i t  i s  brai n 
operation s tha t  caus e menta l  states ,  wherea s i t  i s  brai n structur e tha t  realize s them .  Thi s differenc e prove s important .  Yet ,  ear -
lie r  i n Inlcntionaliiy .  Sear k answer s th e "ontological "  question ,  "Wha t  i s th e mod e o f  existenc e o f  .  . .  Intentiona l  states'* "  i n tw o 
ways :  b y sayin g tha t  the y "ar e bi)t h cause d b y an d realize d i n [a ]  th e structur e o f  th e brain "  an d [b ]  "th e neurophysiolog y o f  th e 
brain "  (Searl e 1983 :  15 ,  m v lUilics) . 

But  whic h i s  it* *  Operation s an d structur e are ,  arguably ,  thing s tha t  ca n b e share d b y brain s an d beer-ca n contraptions . 
Sinc e Searl e dearl y doe s no t  wan t  t o commi t  himsel f  t o that ,  th e answe r  mus t  b e neurophysiology .  Ver v well ,  then .  Wha t  doe s 
Searl e mea n whe n h e say s tha t  mtentionalit v i s  cause d b y th e neurophysiolog y o f  th e brain' '  H e mean s tha t  "Intentiona l  state s 
stan d i n causa l  relation s t o th e neurophysiological "  (Searl e 1983 :  15) .  Bu t  wha t  doe s tha t  mean' ' 

And wha t  doe s Searl e mea n whe n h e say s tha t  intentionalit y i s  realize d i n th e neurophysiolog y o f  th e brain' '  I  shal l  argu e 
tha t  h e mean s tha t  i t  i s  "implemented "  i n th e brain ,  usin g . j  somewha t  technica l  sens e belongin g t o th e compuuitiona l  theor y o f 
abstrac t  dat a types ;  bu t  tha t  theor y i s mor e comple x tha n Sc.irl e rcali/es . 
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3.  D A T A A B S T R A C T I ON A N D I M P L E M E N T A T I O N. 

Compute r  program s describ e action x t o b e performe d o n object s (cf .  Lecarm e 19S1 :  6()-61) .  Th e action s ar e expresse d i n 
term s o f  th e operation s o f  th e particula r  programmin g languag e used ,  an d th e object s ar e represente d b y dat a structures ,  eac h o f 
whic h mus t  b e constructe d ou t  o f  th e dat a structure s availabl e i n th e particula r  pro '̂rammin g language .  Dat a structure s ca n b e 
classifie d int o difl'eren t  dat a types .  A n abstrac t  dat a typ e i s a  forma l  (i.e. ,  mathematica l  o r  abstract )  dat a structure ,  togethe r  wit h 
variou s characteristi c operation s tha t  ca n b e performe d o n i t  (cf .  Ah o e t  al .  198.'? :  1 0 14) .  A n implementatio n o f  a n abstrac t  dat a 
typ e I S (usually )  a n actua l  dat a structur e i n a  program ,  tha t  play s th e rol e o f  th e abstrac t  dat a type .  Thi s characterizatio n i s 
admittedl y rough ,  bu t  wil l  serv e m y presen t  purposes . 

An exampl e shoul d help .  A  stac k i s a n abstrac t  dat a typ e consistin g o f  potentiall y  infinitel y man y item s o f  informatio n 
("data" )  arrange d ("structured" )  i n suc h a  wa y tha t  ne w item s ar e adde d onl y t o th e "top "  o f  th e stac k an d a n ite m ca n b e 
retrieve d onl y i f  i t  i s  o n th e top .  Th e usua l  imag e i s tha t  o f  a  stac k o f  cafeteri a tray s th e las t  ite m pu t  o n th e stac k i s th e firs t  t o 
come off .  Th e programmin g languag e Pasca l  doe s no t  hav e st.ick s a s a  buil t  i n dat a type ,  bu t  the y ca n b e implemente d i n Pasca l  b y 
arrays ,  whic h ar e buil t  in .  Unlik e a  stack ,  a n ite m ca n b e adde d t o o r  remove d fro m an y cel l  o f  a n array :  Bu t  i f  on e steadfastl y 
refuse s t o d o tha t  an d steadfastl y treat s a n arra y i n a  las t  in/first-ou t  manner ,  the n i t  is ,  fo r  al l  practica l  purposes ,  a  stack .  Indeed , 
rea l  stack s o f  cafeteri a tray s ar e mor e lik e array s tha n stacks . 

The relatio n betwee n a n abstrac t  dat a typ e an d .n i  implementatio n o f  i t  i s  remini.scen t  o f  tha t  betwee n a n Aristotelia n 
genu s o r  specie s an d an  individua l  o f  tha t  genu s o r  species ,  an d implementatio n i s reminiscen t  o f  instantiation—bu t  no t  exactly : 
An Aristotelia n individua l  ha s essentia l  properties ,  namclv ,  thos e ha d b v th e specie s t o whic h i t  belongs .  It s accidenta l  propertie s 
ar e thos e tha t  differentiat e i t  fro m othe r  individual s o f  it s  species . 

But ,  wherea s a  stac k ha s a  to p essentially ,  a n arra y ha s on e onl y accidentally .  An d tw o implementation s o f  a  stac k ca n 
diffe r  i n mor e tha n merel y accidenta l  ways :  Array s ar e essentiall y difieren t  fro m linke d lists ,  ye t  bot h ca n implemen t  slacks . 
And stack s ar e essentiall y  differen t  fro m queues ,  ye t  array s ca n implemen t  the m both . 

These difference s aris e fro m th e fac t  tha t  no t  ai l  propertie s o f  .i n .ibstrac t  dat a typ e nee d b e "inherited "  b y a n implement a 
tion ,  no r  doe s th e abstrac t  dat a tvp e hav e t o hav e al l  th e essentia l  profHrrtie s o f  it s  implementation .  Fo r  instance ,  stack s ar e 
infinite ;  array s i n Pasca l  ar e finite  an d o f  fixed  si/e .  Arr.iv s tha t  implemen t  stack s ca n b e accesse d i n th e middl e (eve n i f  the y 
shouldn' t  be) ;  stack s cannot .  Finally ,  on e abstrac t  dat a tvp .  ta n implemen t  another .  Thus ,  e.g. ,  th e abstrac t  dat a typ e sequenc e ca n 
be implemente d b v th e abstrac t  dat a tvp e linke d list ,  whuli ,  i n turn ,  ca n h e implemente d b v symboli c expression s i n LISP .  Thes e 
ta n b e though t  o f  eithe r  .i s  . i  "real "  implementation ,  o r  .i s  >e t  .inoihe r  .ibstr.ii. i  U.it. i  ty|x -  ultimatel v t o h e implemente d b y ele c 
troni c signal s i n . i  computer . 

Sinc e thes e notion s pla y a n importan t  rol e i n m y theory ,  a  fe w application s o f  the m t o othe r  area s ma y prov e helpful .  I n 
doin g this ,  I  sh.il l  b e likenin g certai n thing s t o abstrac t  dat a types ;  I  d o no t  inten d t o argu e tha t  al l  o f  thes e thing s ar e abstrac t 
dat a tvpe s (althoug h som e are) .  Consequently ,  I  shal l  us e term s suc h a s Abstractio n t o refe r  t o th e genera l  categor y o f  suc h 
things . 

When vn u "liste n t o music "  o n a  record ,  ar e yo u reall y listenin g t o musi c o r  merel y t o a  recording— a simulation—o f  music ? 
Clearly ,  both ,  becaus e recording s o f  musi c ar e music .  A  musica l  scor e i s an  Abstractio n tha t  i s  implemente d by ,  say ,  a n orchestra . 
The relation s betwee n a n abstrac t  dat a typ e an d a n implementatio n o f  i t  ar e precisel y thos e betwee n a  scor e an d a  performanc e o f 
it .  Eve n th e "implementation "  o f  a n abstrac t  dat a typ e b y th e mathematica l  notatio n use d t o describ e i t  i s  parallele d b y th e rela -
tio n betwee n th e abstrac t  scor e an d it s printe d copy . 

Her e i s a  mathematica l  example :  Peano' s axiom s describ e th e abstrac t  dat a typ e natura l  numbers .  An y sequenc e o f  ele -
ment s satisfyin g thos e axiom s i s a n implementatio n o f  "the "  natura l  number s and ,  thus ,  i s  a  sequenc e o f  natura l  numbers .  Simi -
larly ,  rationa l  number s ca n b e implemente d a s equivalenc e classe s o f  ordere d pair s o f  (an y implementatio n of )  natura l  numbers . 

And an  exampl e fro m science :  Differen t  collection s o f  wate r  molecule s an d collection s o f  alcoho l  molecule s ar e impleme n 
tation s o f  th e Abstractio n liijuid . 

And,  mor e t o th e point ,  perhap s menta l  phenomena ,  lik e abstr.ic t  dat a types ,  ar e Abstraction s tha t  ca n b e implemente d i n 
differen t  media ,  say ,  huma n brain s a s wel l  a s electroni c computers . 

4. REALIZATION AS IMPLEMENTATION. 

We ca n no w tur n t o wha t  Searl e mean s whe n h e say s tha t  intentionalit y i s  "realize d in "  th e brain .  A s a  first  approxim a 
tion ,  le t  u s sa v th.it : 

(Tl )  A  i ? realize d i n B  means :  A  i s a n Abstractio n implemente d i n B . 

Sinc e Searl e claim s tha t  intentionalit \  i s  als o "cause d by "  th e brain ,  w e shoul d inquir e int o th e relationshi p betwee n bein g cause d 
by an d ou r  ne w understandin g o f  bein̂ ;  realize d in . 

Suppose ,  first,  tha t  A  i s ciiuse d b y B .  I s A  realize d i n B ,  m th e sens e o f  (Tl)' '  Th e motio n o f  billiar d bal l  # 1 ma y b e cause d 
by th e motio n o f  billiar d bal l  *'2 ,  ye t  ''I' s  motio n i s no t  realize d i n #2's .  Kennedy' s deat h wa s cause d by ,  bu t  no t  realize d in , 
Oswald .  Th e Mon o lis a w.i s (efhcientl v )  cause d by ,  bu t  surel y no t  realize d in ,  Leonardo .  But :  1  h e Mon a Lis a wa s (materially ) 
cause d b v Leonardo' s canvas ,  an d i t  surel v i s thereb v realize d therein .  A n America n fl.i g migh t  b e c.iuse d b y Fourth-o f  Jul y 
fireworks,  an d thereb y realize d therein .  .An d th e simulatio n o f  a  st.ic k ca n b e wiuse d b v th e executio n o f  a  progra m contaimn g 
arravs ;  th e stac k i s thereb y realize d b v th e executio n o f  th e program .  So ,  bein̂ ^  cause d b y doe s no t  impl y bein g realize d in ,  bu t  i t 
IS no t  inconsi.sten t  wit h it .  I t  i s  possibl e fo r  A  t o b e cause d by ,  hu t  no t  realize d in ,  B . 
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Suppose ,  next ,  tha t  A  i s realize d i n B ,  i n th e sens e o f  (Tl) .  I s  A  cause d b v B ^  (x)nside r  a  stac k realize d i n a n array ,  k  th e 
stac k cause d t) \  th e arrav' *  Thi s i s a  strang e w a v t o expres s it ,  bu t  no t  a  ba d w a y :  A  rea l  stac k uki s ciiuse d t o b e b v a  rea l  array . 
Bui  i t  i s  a n abstrac t  stac k tha t  i s realize d i n th e arrav .  A n d similarl y fo r  th e M o i w Lis a an d th e America n flag .  Thus ,  le t  u s ad d 
to(Tl) . 

(T2 )  I f  a n Abstractio n A  i s realize d i n B ,  the n a  rea l  A  i s cause d b y B . 

Moreover , 

(T3 )  I f  a n Abstractio n A  i s realize d i n B ,  the n rea l  A i s B  "unde r  a  description "  (or ,  "i n a  certai n guise") . 

Is this being fair to Searle' Is his notion of realization the same as the notion of implementation, as captured by (Tl )-(T3)? 
Ther e i s evidenc e t o sugges t  tha t  i t  is .  Here ,  I  shal l  merel y not e tha t  (Tl )  i s  consisten t  wit h Searle' s clai m tha t  "menta l  phenomen a 
canno t  b e reduce d t o somethin g els e o r  eliminate d b y .  . .  redefinition "  (Searl e 1983 :  262) ,  a s lon g a s b y 'menta l  phenomena '  w e 
understan d somethin g abstract .  Fo r  t o implemen t  a n Abstractio n i s no t  t o reduc e i t  t o somethin g (becaus e o f  th e onl y pania l  over -
la p o f  properties )  no r  i s i t  t o eliminat e i t  (fo r  th e sam e reason ,  a s wel l  a s becaus e o f  th e possibilit y  o f  distinc t  implementations) .  I 
woul d sugges t  tha t  "implementationism "  migh t  prov e t o b e <i  mor e fruitful ,  les s constrainin g viewpoin t  m th e philosoph y o f  sci -
ence tha n reduciionis m ha s been . 

Befor e pushin g on ,  le t  m e remin d yo u o f  m y purpose .  Searl e argue s tha t  a  compute r  runnin g th e Chines e progra m doe s no t 
understan d Chinese ,  becaus e onl y h u m a n brain s ca n thu s understand .  Understanding ,  eve n i f  describabl e i n a  compute r  program , 
i s biological ;  hence ,  a n electroni c compute r  canno t  understand .  O n th e othe r  hand ,  I  a m arguin g tha t  ther e ca n b e a n abstrac t 
notio n o f  understanding— a functiona l  notion ,  i n fact ,  a  computationa l  one—tha t  ca n b e implemente d i n computer s a s wel l  a s i n 
h u m an brains ;  hence ,  bot h ca n understand .  I  gai n m y leverag e ove r  Searl e b y makin g a  distinctio n tha t  i s implici t  i n hi s theory , 
but  tha t  h e fail s t o make .  Jus t  a s a n arra y tha t  implement s a  stac k doe s no t  d o s o i n th e w a y tha t  a  linke d lis t  does ,  s o a  com -
pute r  tha t  implement s th e understandin g o f  Chines e nee d no t  d o s o i n precisel y th e w a y tha t  a  h u m a n does .  Nevertheles.s ,  the y 
bot h understand . 

The distinctio n tha t  Searl e doe s no t  m a k e explici t  ca n b e discerne d i n th e followin g pas.sage : 

fM]enta l  state s .ir e a s rea l  a s an y othe r  biologica l  phenomena ,  a s rea l  a s lactation ,  photosynthesis ,  mitosis ,  o r  digestion . 
Lik e thes e othe r  phenomena ,  menta l  state s ar e cause d b y biologica l  phenomen a an d i n tur n caus e othe r  biologica l 
phenomena .  (Searl e 198.̂ :  264 ;  m y italics. ) 

The us e o f  'other' ,  here ,  perhap s beg s th e question .  Bu t  i t  als o suggest s tha t  b y 'menta l  states '  Searl e mean s implementation s o f 
abstrac t  menta l  state s I  shal l  refe r  t o thes e a s implemente d menta l  states . 

We ar e no w i n n  pfwitio n t o se e wher e Searl e i s le d a.stray .  I t  i s  simpl y fals e t o say ,  a s Searl e does ,  tha t  on e kin d o f  thing , 
"menta l  statesf. )  ,ir e bot h cause d b y operation s o f  th e brai n an d realize d i n th e structur e o f  th e brain "  (Searl e 1983 :  265) .  Rather ,  i t 
i s  on e thinj ;  a n implemente d -Knta l  stat e -tha t  i s  cause d b y th e operatioa s o f  th e brain ,  an d i t  i s  somethin g els e altogether—a n 
abstra a menta l  stat e tha t  i s  realise d i n th e structur e o f  th e brain . 

lo r  example ,  a  "liquid" ,  considere d a s a n Abstraction ,  ca n b e realize d (implemented )  i n a  collectio n o f  molecules .  Bu t  wha t 
tha t  collectio n cause s i s actua l  (o r  implemented )  liquidity .  Similarly ,  th e Abstraction ,  "liquid-properties-of-water" ,  ca n b e realize d 
(implemented )  i n differen t  collection s o f  wate r  molecules ,  bu t  th e actua l  liqui d propertie s o f  (som e particula r  sampl e of )  wate r 
ar e cause d b y differen t  actua l  behaviors .  Moreover ,  th e Abstraction ,  "liquid "  isimpliciter )  ca n certainl y b e realize d (implemented ) 
i n differen t  collection s o f  molecule s (wate r  molecules ,  alcoho l  molecules ,  etc.) ,  an d th e actua l  liquidit y o f  thes e molecule s i s cause d 
by differen t  actua l  behaviors ;  ye t  al l  ar e liquids ,  no t  becaus e o f  th e causa l  relationship ,  bu t  becaus e o f  th e realizabilit y  relation -
ship . 

So,  too ,  th e Abstraction ,  "understanding "  ca n b e realize d (implemented )  i n bot h human s an d computers ;  actua /  understand -
in g ca n b e cause d b v bot h h u m a n s an d computers ;  but ,  becaus e o f  th e realizabilit y  relationship ,  bot h ar e understanding . 

5. THE RELATIONSHIPS BETWEEN CAUSATION AND REALIZATION. 

I n a n analogy ,  Searl e (198.̂ :  269 )  ofl'er s a n analysi s o f  a  combustio n engin e (se e Figur e 1) ,  consistin g o f  high-leve l 
phenomen a causin g othe r  hig h leve l  phenomena ,  eac h o f  whic h i s bot h cause d b y an d realize d i n correspondin g low-leve l 
phenomena ,  on e causin g thi -  other ,  respectively ,  a s i n Figur e 2 . 

But  Searle' s di.ngra m (Fig .  1 )  i s  no t  detaile d enough ;  th e complexit y hinte d a t  i n (T3 )  need s t o b e mad e explicit .  Searle' s 
diagra m shoul d b e augmente d b \  a  mi d leve l  analysis ,  a s i n Figur e X  Mor e distinction s appea r  i n Figur e 3  tha n m a y actuall y b e 
needed ;  w e ciin ,  however ,  distinguis h th e following : 

— a  certai n kin d o f  relationshi p (causal ,  accordin g t o Searle)—cal l  i t  "causatio n 1"—betwee n th e lo w leve l  phenomen a an d th e 
mi d leve l  phenomena ; 

— a  certai n (arguabl y distinct )  kin d o f  causa l  relationship—cal l  i t  "causation-2" -  betwee n lo w leve l  phenomena ; 

— a  certai n kin d o f  causa l  relationship—cal l  i t  "causation-3"—betwee n mi d leve l  phenomena ,  parallelin g (an d possibl y dis -
tinc t  from)causatio n 2 ; 

— a  certai n kin d o f  relation.shi p (arguabl y causal)—cal l  i t  "causatio n 4 "  -betwee n hig h leve l  phenomena ,  parallelin g (an d pe s 
sibl y distinc t  from )  causatio n 1  an d ciiusatio n 2 ; 

— a  certai n kin d o f  relationship—cal l  i t  "R "  -  betwee n mi d an d hig h leve l  phenomena ;  an d 
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— th e relationshi p o f  realizatio n (o r  implementation )  betwee n lo w an d high-leve l  phenomena . 
H o w ar e causatio n 1 ,  causatio n 2 ,  causation-3 ,  an d causatio n 4  related ,  an d wha t  i s  R' > Searle ,  w e hav e seen ,  conflate s th e severa l 
causations .  Instead ,  a s th e secon d stag e o f  m \  theory .  I  propos e th e following : 

— R  i s th e relatio n o f  bein g a n instanc e of . 

— Ther e ar e severa l  ptwsibilitie s fo r  caus;itio n 1 .  Th e simplest ,  perhaps ,  i s t o defin e i t  i n term s o f  realizatio n an d R-inverse . 
Anothe r  i s t o tak e i t  a s wha t  Jaegwo n K i m ha s calle d "Cambridg e dependency" -  th e sor t  o f  "nontausa l  causation " 
involve d whe n a  sibling' s marriag e "causes "  yo u t o becom e a n in-law .  I  favo r  a  thir d interpretation :  Casianeda' s relatio n 
of  consubstantiatio n (cf .  Castaned a 1972 :  l.W ,  1975 :  145f)— a relation ,  somewha t  lik e c o referentiality ,  holdin g betwee n 
intensiona l  entities ,  i n an y case ,  causation !  i s  no t  a  kin d o f  causatio n a t  all . 

— causatio n 2  i s ordinary ,  physica l  causation :  an d 

— causatio n 3  i s definabl e i n term s o f  causation- 1 an d causatio n 2 . 
Thus ,  1  propos e tha t  whe n a  low-leve l  devic e realize s (implements )  a  high-leve l  Abstraction ,  i t  produce s a  mid-leve l  phenomenon . 
A genera l  theor y o f  th e relationship s o f  causatio n (Searlea n an d otherwise) ,  realizatio n (o r  implementation) ,  an d low- ,  mid- ,  an d 
high-leve l  phenomen a i s presente d i n Figur e 4 . 

We ca n n o w appl y thes e distinction s t o th e Chinese-Roo m though t  experiment .  Machin e understandin g is ,  indeed ,  unde r 
standing ,  jus t  a s huma n understandin g is :  The y ar e bot h instance s o f  th e mor e abstrac t  (functiona l  o r  computational )  charactenz a 
tio n o f  undersunding .  Machin e understandin g i s cause d 1  b y a  compute r  (o r  compute r  program )  i n whic h abstrac t  undersundin g 
i s realized ;  tha t  is ,  machin e undersundin g i s a n instanc e o f  abstrac t  understanding ,  whic h i s realize d i n a  computer . 

6. ON THE BIOLOGICAL CHARACTER OF INTENTIONAUTY. 

Thi s w a y o f  lookin g a t  th e issue s clarifie s th e "biologica l  naturalism "  (Searl e 1983 :  264 )  tha t  underlie s Searle' s clai m tha t 
non-biologica l  computer s canno t  exhibi t  intentionalit y o n th e ground s tha t  intentionalit y i s  biological . 

But  w h y mus t  intentionalit y b e biologica P Because ,  accordin g t o Searle ,  onl y biologica l  system s hav e th e requisit e causa l 
propertie s t o produc e intentionality .  Wha t  ar e thes e causa l  properties ? Thos e tha t  ar e 'causall y capabl e o f  produtin g perception , 
action ,  understanding ,  learning ,  an d othe r  intentiona l  phenomen a (Searl e 198(V .  422 ;  m v italics) .  Thi s i s nothin g i f  no t  circular . 
Moreover ,  t o implemen t  a n abstrac t  dat a type ,  i t  i s onl y necessar v t o hav e th e (physical K i  realizabl e propertie s o f  th e abstrac t 
dat a type .  (E.g ,  fo r  a n arra y t o implemen t  a  stack ,  i t  i s sufficien t  tha t  i t  ca n stor e dat a an d ha\ c a  "top" ;  i t  nee d no t  b e infinite. ) 
And Searl e ha s offere d u s n o reaso n t o thin k tha t  intentionality ,  abstractl y conceived ,  coul d no t  b e implemente d i n . i  beer-ca n an d 
windmil l  device . 

But  mos t  importantly ,  th e theor y presente d her e show s tha t  "th e requisit e causa l  powers "  mean s causatio n 1 ,  whic h i s no t 
rea l  causatio n a t  all .  Th e requisit e causa l  powers ,  then ,  ar e simpl y th e abilit y  t o realiz e a  specie s o f  a n .Abstractio n (o r  t o b e con -
substantiate d wit h a n instanc e o f  a n Abstraction) .  Th e presen t  theor y make s i t  clea r  tha t  "causality "  i s a  re d herring .  Onl y real -
izabilit y  (an d perhap s u>nsubstantiation )  counts . 

7. CONCLUSION. 

The relationshi p betwee n a n Abstractio n an d it s implementation s underlie s machin e understandin g o f  natura l  languag e 
(an d o f  A I  i n general) .  I t  i s  unlik e th e mor e familia r  relationshi p betwee n specie s an d individual s (o r  universal s an d particulars) . 
Nor  i s i t  th e cas e tha t  implementation s ar e "reductions "  o f  Abstractions .  Thus ,  ther e i s n o nee d t o advocat e a  reductio n o f  th e men -
u l  t o th e biological ,  eliminativ e o r  otherwise .  Rather ,  th e menta l  i s  implementabl e i n th e biological ,  a s wel l  a s i n th e digita l 
electronic .  Implementabilit y  i s  a  notio n wort h furthe r  study . 
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