
l NTRODUCTION 
(Not) Like a Rock 

He's  how lmyyy 21.2000 prnmd out for thm diRcrrnr c1-e of the nat- 
unl order. 

Elrmcnt r: A Rock - 
H m  is r day in the lib of a small. gny.uhii mck wrtling midst  mc kv, in my 
St. Louis b x b r d .  It %Dyed put. Some things happened ta it: then wr nin, m d  
h bearm wet m d  shim; then war *rind, and i t  was subtly nod& rm u t  chased 
a quinel nearby, m d  this m s d ~  the mck %my. That's about it. really. Them ir no 
reason to believe the r x k  had any ihoughu. or that any ofthir fck i i h  anrhlng to 

Ihc m k .  Stuff hrpptned. but that war all. 

Elcmcni r A Cat 

lob, vut, had a rather difimnt kind o fdq.  About&% ~f nwr rpnt. as usu.1. 
asleep. But there wcre Bny into the wking, widnvrorld. m n d  7 r u .  some in. 
nrr stirring k d  Lolo l o  ail the house, making rtnigbt forth. u t R a p  from Ihr warm 
pcmh of the living mom sofa. Outside, bodily functbnr dcmbflns domimwd. at 
Icsn n first, utc.. rollowing a brief vip back inside ( ~ ~ m i n g l y  routed via the at.  
flap and thefood tray]. squirrels *re chased and dangnr avodrd. Othcr crO w r e  
d=altwilh in w y r  rppmprialc to their rank, rhhon. bnh. m d  meann.9~. Thenwas 
I great deal of funher sleeping. 

Element 3: Myself - 
My day vms (I mink) mher mom like Lolo's than lik me rock's. we b ~ h  (Ldo and 
I) pursued food and warmth. But mlr day ind&, I S u r p M .  Rmcr m m  o ~ g h t  



mhp(mian.The kindof~plnlingmsriontcmplarion, infad,that has somulms 
goncn philomphy a bad name. Manin Amir caplured the spl'it wll: 

I  timu mud thrilling wif.piv. ( l u h r ~ a ~  that vI up to nn?' I S.M. 
m w i a n g  thl scl$rmgr~ubtiw M i n d  his thoulht and the selfrnngr~lrtion 
behind that mognition, and the rdfanpfulation hhlnd rxognizing that m c ~  
"itb". 
sa* on. (wartin ~ m i r .  rha R&I hp". p. 6) 

I amig did some ofthat. I had thougha, even 'trains ofthought" (reason- 
able rqucncer of thinkings such as "lrs 1 P.M. Time to c r t . ~ a t ' r  in the fridge)' 
m d  so on). But therewere also thovghr aboutthoughtr, n I sat back and obumrd 
my am trains of thought, aIm for mlorful exampla m impon inm this a. 

W h ~ l , r h m . d ~ r l ~ n y ~ ~ h c s u l  h o m d a n d  lpcrhaprlpnvln hnmul 'wlnn 
are Lh.mc.hmsm thrr m.k,hough,.nd f~l,"gp<,,N.~A"d rh., hnhrr,n<k! 
or a n t f i a  mrc mv o m  hand of mlndhlner$ I!. ~culoar u l f  sravc i , n d  5uch - .  
quntionr u t m  to f rmr attention an thrrc different *per of phewmme: 

I. The feelings that chanctnirc daily rrpmencc (hunger, irdner* desire, and m 
0") 

2. The flow of thougha m d  w o n r  

3. The mtu-flow of Lhaughaaboutthoughts [andthoughts about irrling.), of m- 
flLmon on rrrronr end ro on. 

Most of h e  hc-rch p m p m s  covmd in this t m  have ron rmtn td  on the 
middle option. They have uird to cipldn hmv my though8 that i t  L I P.M. could 
kd fumy thought ibouc lunch, and how h muld cnuw my z u b r q u m  I w ~ h -  
weking a&ms. All hrcc mrs of phenomena are, ha-, the rubjra of whal 
philorophendl'mcnelirticdiu;ouru."A~iul snmplcofmmtrlistt divaurw 
b the a p p d  to brlieh (md deisr) to eiphin actions. The morc technical p h r w  
'propxiriond anitudc prycholoa" highlights thc rlrnderd ahav of such cxpla- 
nations: such aplanslionr pir mental atlituds (klievin& hoping icaring, rtr.) 
with rpcific propositions ('that it i s  mining.' .that the <off- ir in rhc Etchen+" 
"that the quirrcl i a  up ihc tree," etc.1 so as to apl r in  inrrlligcnr action. Thus in a 
sentence such u "Pep hopes that the win. is chilled," the that-conrmrction in- 
tmducn r propwition ("thc wim is chilled") toward which the .&en! is s n p W  
la exhibit mme atfiludc (in this -, hoping). Othcr an i t~dc l  (such u brliwing, 
drsinng. hering. and won) mq,ofcourw, be taken m the smcproposition. Our 
mcqday vndersturdings of cad othris brhavior involve hefty dosu of propooi- 
tlonal rn~lvdcaw#tptmon: bv cxrmplr. I may rrplsm Pep*'% rr1unat.c %uc-yrn l r  
n n r  hv rann~"~cya  bclrre~thst ,he wne not yn rLUd .ndacnmtha# 8 1  rc. 
main m rhr hrdse tar ior mure mlnurn ' 

Svchv.pefrper!d~giand thinkingipy huge divikn&Thcyrvppons rur. 
pKmgdegreof prrdictivc rmu, and arethemrnman r u m e y c f  many of our 
wwhl and prsdicsl pmjeN. In  thisvein. ~hcphi lmphm iny Fodor r u ~ e a  rhrt 
cammonxnw psycholow ir ubiquitous rlmast inv%ibir(brrsuw i t  work so well), 
and pm~riul ly ;d;~pnxlblr. Far rumple. i t  ensblrs w lo make p m i m  plans on 
the bark of mmwne'~ 2-month-old statement that hey will arrive on flight 594 
an Friday, Novembrr 20.1599. Such plms ohm work out- truly amacing fan 
rim ihc number o l  ohn>ul  nrisbles involued. Thcv work out lrhm ihcv do) . . 
&cruse the r lrrmrnt rrflms an intention (to arrive that by, w that flight1 thnl 
ir romchaw m active shapr of my behavior. I drrirr that I should arrive on time. 
You know that I m deice. And on that bash with r little o o ~ n t i o n  hem ihc 
wodd at 1% minr ln  of coordination on -r OI sr Fdor more coiorfu11y 
puU it 

s y m  want a ha h e r e  my phr ju l  W y  *111 b. w n  ~hunday, mmh.nictnur 
~ Y I  drnr. of m i d k r k d  obias *her 41, and w!d m h pmty 4 in iu  kld- 
is "0 *Y t o p "  .r di. Far fh. bsl  m y  lo E d  om Ivrvllly in pnoi<r, fhr onI"my,o 
find am1 is: ask md IMnr .  1987, p. 6, o"glnJ cnphsskl 

Commonxnw prlcholaw thur work, m d  with a vengeance. But why? Why 
is it that rrcrtingenrh n h e  FI having btliefi, h o w  lntrntionr. and the 1*cdl- 
ur ruc<eslully lo cxplzin, predict, and undernand m much daily bhavior? Bllich, 
duircr, m d  so on are, =her aU, invisible We r e  (what wc fakc to bc) their <fits .  
nu! iooonr\a$noanuallr$rrnakl#rf  5 1 ~ r h i h o n ~ ~ ~ ~ ~ i ~ u r r m t l y ~ p r m a n r n ! l y ~ l  
unohumahlc Cammnnvnv pryrho1o~po.1~~ thcvannhumblnznd lnukr to 
k commat<d tor  hd ,  131I*..I,k< ,r1r:,or,, ,nml,ln.them For r..mn,c. *r ex , - . . 
plain F r d r  jumping up m d  dawn by saying that he is happy k u a c  his rbtcr 
just won the Nobel Prize. Ikhind this erplmation l u r k  m implicit k l i r f  in a law- 
like qulariry, vlz. 'if wmcnnc deircr x, and x occurs. then (d l  other thingr br- 
ing q u d )  !hey feel happy.' hli this mshs ~ommonrmw psychology look Like r 
l h m q  abu t  the invisible, but caurallyprcnt, roots of in t~ l l ig~nt  behavior. What. 
fhcn, mn k m8kin8 the theory tm (rrruming rhrt i t  is)! W)ut i ~ a  blirf (or s 
how, or r fnr) rueh $hat i t  un csua r human k i n $  (or prhopr 8 at ,  dog, sc.1 
t o l d  in m aonmnnltc wru) ~.. ~ ~ ,,..?.. ~ ~ .. 

One  upon a tame. p~hapr. 81 would hrrr k n  ~ o n a h l r  to m p n d  to the 
rhrllengc hy ciling. a IF 11 klnd of iptnn-~ubnancr. the 8mmaMal but uorallr 
r m m w d  mt ofthr menl.1 lfor mmrcritml dtsruumn. mChu t~h lmd  119811. . ~ 

Pp. 7-22, ind Appmdii I of the p r m r  trnl. Our con<cmr, how", lie qu=rcly 
with aempls ghat pasit nothing extra-nothing beyond h e  propr t is  m d  arga- 
niurion of l h  m=rerisl bnin, bod), m d  world. The goal ir a lully mnninlIs!ic 
troq inwhlch m,ndwarcrmrrw<ar nozhong hrr the p l ~ n n ~ u a  olordrnary p n p  
ik.1 \ # a m  8nJ p n r n v s  in the iamt1i.r phpr.1 world Innfar as the mental a m  
any war gmur r.<ordlnp tu rhrv vt-. 01 or k a u r  i# dcpcndr on wmc 





MEAT MACHINES 
Mindware as Software 

1.9 ! 

v.2 ' Sketches 

- . . . . . . .. . . computer rcientin Manin Minsk once d f  

r I,%-." 
ud the human bnin rr a mcat machineno 

A-mrw, Lml *1 no Ins. It is, lobc sure, an ugly phnse. Bur 
NANE? i t  i s  slso r sniWng image. s compacl expnaion 

M,,,M M- ofbath the gcnuinc scientific excitement and the 
nnd b h ~ r w  ralhcr png-ho matclidism that tcndcd to char 

O. COrn-~nn* aacnrc fhc early year$ of mgnitive scimtifir rc 
~ n h w a n .  and ffsl rnrch. Mindwa-ur thoughts.fmIiny, h o p .  

9.3 A ~ i r n i a  fnn. Mi* and in t r l l r rc is  ra* as nothing hut 

< J S u g n n d  Rsadings thcopen!ionofihcbiola#cal brin,thr meat mr- 

I chine in our hnd. Thi, notion of thc hrnin i r  r 
mat makineis intmting.for it immrdialrlyin. 

v i ta  ur to h K ~ r  not so much on the mawrial (the mcatl as on the machine: Ihe 
w y  ihc material is organizrd md the kindsofopention i t  ruppons. Theramcma- 
chine (M BOX 1.1) an. afim ell, ohrn he made of imn, or accl, or tunsslrn. or 
whotcvcr. What m conhnt ir thus both r re,-tion of the idea of mind as im. 
material apirit~ruff and an affirmation that mind is k t  studied fmm a kind of 
mginrrring pmpmivc lhat meals the nature d !he mrhinr  th ra l l  that mt. 
white. gny, a d  rlicky rtua happens lo build. 

What cuclly is mnnt by carting thc bnin ar s mxhine, nlbeil one made out 
of mnt? Thcrc rxilts a hivtorir.1 rrmd, to be sure. d mine to understnnd the 

I 
. " 

workings orthe brain by analogy wirh variour currently fashionabk technologin; 
thctdcgnph. !he r tnm endnr. m d  the trlcphonr swicrhbaard arc ell u i d  to have 
had lhc i iay in  the sun. ~ l v t  ihc "mnf machine" phnrc ir inlendrd, it should n a  
bc clear, to da more than him at romc mugh analogy For with rqard to the very 
r e a l  ~lru of mchinn knom ts cornpurcm. the dsim is that the bnin l a d .  by 

I 
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SYNTAX A N D  SEMANTICS 

phrrri rmd to uw th. tmn irr noacmnrr pr- ot rs, winen m 
*o& or of my Endl of invriptions of mranhwid itnnr (r*. tbr 
math.t the &rn ulcuittar-to stare anurnbe in mnmvl. 

TM wonymow urinrn mrds ("W .nd "dzichirn-1 tbvr -W 
i k n t i a l  but sp1tutir.1Iy d'inina. wh- mbiguaur uo* (W u in 
rirn or am);- rr in hi& NM) ur nlntl"icaUl idrnnhl but novlljany 
dinion The idea of n f o h  ir idn of t rprriik tcrmutrdr iton (q. hir 
ocrurrcncc of lhe word "dot?). A v k e  ul&tor mmlpultc. ph* lo- 

8: are thv. firrt-mt, nnmpla offand mmnr in the umr of  Hmgdmd 
(lmla, 1997). ~ h q  arc s w m s  ~ h o r e  e w e  iin nor in rhrprcciw phpiral &- 
mils but in Ulr wrb of legal mwcr and ,nnritions. 

M m  @ma. H ~ ~ g d ~ n d  notes. are formal rplcmr in n r d y  this cow. YOU 
c m  chess on r h r d  o f w d  or mrrblc, uring pirur alupcd lilv s n h r l ~  

movie sun, or the c r w  of the star ship Entcrprirc. You could even. Hauslad 
%uwn~s, play chn. uing hdicopm 83 piem and 1 grid of helipad. on top of bll 
buildings i s  the hrurd. AII chat malten ir w i n  the web of kg21 moves and thr 
phpical distinguihibilily of rhr tokenm. 

'ninliing about formal sptrms thur iibcrr~er un in r w  wry w r p  rt 

a ~ ~ r o k c .  semmric rrbti~nr ( ~ c h  as truth pm"emtion: if"A and 8" i s  t rur  
"A" is IN?) arc Y C ~  to be IIP~L~~ in virtue of procdurn that mak no inhin- 
sic refncncc to mnning. ~ n d  the ~ p r c i f i ~  phyriul d a i k  of m y  such sptem are 
rn lo bc unimpmnr. since what mattes h the golden web of moves and im- 
riginnr. %anria is Bur madc ~nm)rn.riour vnthavt m&ing it hruur phynicrl. 
Who s a ~  you cm't hare your c l k r  and cat il? 

n c n m  b i g d o . ~ . ) o ~ ~ f  wsr the formaliution (Turing 1936) of the notion 
of<ompuu~ion iucif. ~ u r i n g . ~  work. which pmrdrta the ddvdo~mcnl of the dig- 

ibl computer, introduced the fouad.tion.1 notion of l h t  has since come to k 
Lnmm 151 rhc Turing muhinc. This ir m imagimy d d n  conds~ing ofan infi. 
nitc irpc, asimplc praruor (1 "finitr stat= machine"). m d  a mdlw i t r  herd.'% 
t a p  iru u data stare, using ramc furd XI of symbols. The r a d l m i l e  h n d  o n  
md. symbol ofithetlpt, mmmr irwifonr squm backwad or fomrndon thelap?. 
and witconto the t a p .  Thc bit ,  starc machine (a Wnd of cattrrl pmcamr) h u  
cnou& mcmov lo null wha symbol ws jvst m d  and wha state i t  (@he finite 
state machine) mr in. Thnr h*o frru togeher dc lminc thc n d  adion. d i c h  
ir carrid out by rhc mdlwritc herd. rind demminc dm Ulc ne* rmtc of rh. fi- 
nite n#< machime. Whr Turing show4 wrr that some such device, prfarming a 
rcqurncrofrimplrmmputarionrgovtmd hythesp~~bakon thctap, muidcorn- 
pule rhc mswcr to m y  ~~ f f i c i rn ! !~  wcll.spccificd ~ m b l r m  1.e Box 1.3). 

Wclhusconhont a quircmarvclaurconflucnccofidas. Turing'swork<karly 
s u e d  ihc notion of  r phyncrl machine whos s)lltu-follming pmpcrtin 
xould mrblc it to rolvc any well-rpcifird problem. %I along~idc thr nrl i rr  mrk 
on I@= m d  farmoi sptems rhir smountrd to nothing Ies lhan 

. . . me sum el  n w  lnrl of malpis, in+ndmt of p h p h  irt mrrhani~ir 
in spirit. . . a wime of unrmre and hnniondivonrd fmm mrfnid ~ u b r t s n a  
(4hrhy. 1986. p. MI 

Thw xrrdrrsilll<ognitiv. wimc~conccivn(. Thcviion finally bmmeflnh, 
however. only bcoure of r third (md h i )  innovation: the m u d  mossurnion of 
s n e d  purpow dmmnic computing madineryad rhc dcvclopmnt of flexible. 
high-lewlp-mmingtechniqunnc bedrakmrrhin~(thedigitr1romputn) 
wsdaignd by lohn w n  Ncumnnn in ihr 1940s a d  with iuadvenl all thc pi- 
W m d  to hi1 findlyinto phe. For it was now clear that onrercalizrd in the phyr 
iol mdiumofan elmmnir computer.aformal~em could run on iaown.with- 
out 1 human k i n g  sirling them deciding how r d  whm to apply ihc ru in  to ini. 
lis* the legal transformationr. The wil-progrrnmd clroronic computer, u lohn 
Haugclmd n i ~ e l y p i ~ r ~ ~ ~ t ,  ir mnliyjuat~nautomatic ( " ~ 1 ~ ~ 0 v i n ~ 7  formalrys- 
tm: 

It i s  lih a chcs a that rill Ulor md n lm chcrr tn ilulf. wilhovt anv intrmntion , , , . ~~~~ 

fmm tk  pie^^ or an *utomafk f m d  w r m  mot wrirn out ie  mn pmoh and 
tharerns without any hdp fmm the mathmutiGn. IHlugdmd. 1411a. p 10: nlu, 
Haugrland, 1W7, pp. 11-12) 

Of c a m ,  ihc mdzinr n d a  a p m p m .  And pmgnml were, i n  lhov &p (but 
arr Chapter 41. m i n m  by gmd old-faxhiand human bcing  8 1  once the pm- 
warn war i n  place, end thcpwer on, thr machine took ram of ihc mt. The tnn- 
sitionr bchcn 1-1 synwic lutes (states lhrt a b ,  under inmprclation, mmnr 
wmlthingl nolongcr rcquiml rhumsn oprrtor.ne phpiu l  ~ r l d ~ d d ~ n h   in^ 
d u d d  d~11,nonevoIvd, nonorgrnic rmp lno fwha t  Vanicl Dcnnnt would latn 
dub 'wladic cngini'-gu=siau~onomou~ iplm who= ahrcr phrsid m&e- 
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1.1. A nt.1 p w m  for adding th x "A A'indknl 

ti.l lmtition end i n i a  state of th d l  bas follori: 

Uurmaiaa I: Bmd-mite had i te A end mcovr 
quucfothc"w,,, m.," <.,s,.. .d+inst.tr. 

,hc k d  i in A rncauntm. -+.- n 
tar in nnr A, m d  moves one aqvarr to thr ri$ 

the k d  ia in mtc A md i t  mcountm a .i,' 

, n d  go mfo numine Ntr 0. 

lnmunioo I: If the head ir in m 
it, *m with . "a," end hr 

YOU ahovld bt &I. to scc how . ...- hinc starts 

"pint&- at the l&mmt"~.' l t  sun. r@t %eking a 'c,' which ir repha 
with ~"1.. I t  continuer canning xight until thc 'r" indicate ihc md of the 
sum, at hi& p i n t  it m o m  one Igvue left, d 
p!xe 1% with a "a," The tap mdisplayr the a 
lem in the u m c  nontion urd to encod. the ql 

s i r  m-, 
ddiation, a d  I 

rrplaca ir 
It. 

aion,mul- 
mo* rtrb- 

lharthuwmvld 
&-named u n i d  Turing rnwhine) 
chine. The mbdr on the up. in rtur 
or ilr Wavin  or the ahu m*rhioe. 
thii devription to mLllic thr input- 

c and h c c  ir iuclf capable d u r -  

hdh 1995; H*ogLnd, 1985; Turin& 19%, 1950.) 
Ihr Turing d m *  r l f d  r fm nc-le of a simple car in *hi& 

ins) pmoa N m  dx, that you mdd bultd @ simple Turing ms&c out 
o f w m t m a 1 4 & .  Itirthch,no.l I~pnbcli~I orpiat ionthatrmt- 
un for iaxrmstic NFcerr 

-- 

up ensured (under intrrprrtalionl romc kind of ongoing rrrron~rrspming & 
hanor. No rondcr thc rarly rerern.hers were jubilanl! Nrwell and Smon 
capture the mmd: 

1, ir not my lim to surprir a 8 - k  w.. . . But Ur rimplnt %y l <.n ~ n v n a r i u  
ir to ryfh.1 thoc ur now in fhrwald m d m n  that bink. that 1- and ,ha, o~ 
ate. Mor.com, thdr ability 10 do thcr &he is ping  to inmau npidlyvnBCln r 
ririhle futurcthe range ofpmblemr they can handlr *iU b. c-rnrnrirr G th  thr 
M g c  80 rhid the human mind has k n  rpplid. (NlwU md Simon. IRB. p. 6 
qmld  in Dr+s nnd D& 1990, p. 3121 

lhir jubilant mmd d~pcncd IS a d w d  pmgramming tcFhnigud brought 
fonh impMivc problnn-ralving displays, whir the bmadcr thcomiui and philo- 
rophiul impiicalionr Iwe Box 1.4) d t h r u  early rucrcrws could hardly haw brrn 
more f i n s .  Thc oncc-m,~t-ur malm of mindwm (rrpr-ted, admincdly, 
by jual two of irr many d m i m  tmlh p-mtion and abstract pmhkm rolvingl 
looked tipr for mnqurn m d  understanding. Mind wu not ghody s t u t  hut the 
opntion afa formal, rampdational ryncm implemen~ed in ihc mcrnnrr of the 
brain. 

I Such 3% the h n n  olthr matter Mindwn. 81 w a  claamrd, u to thenrural meat 
mxhlnc rr w l w w  u to !he compute, Thc bran may bt the standard (lual. 
nnhly. hmdq~rl) 1mficmmut8on--butcognltun ~ r y ~ o . m . l k v d  !hang Usnd 
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MACHINE FUNCTIONALISM 
. . .  .,.. , : , . . . . . ,. 

The h@'phhlapbial o!%pring of thc dmlopmentr h utifidsl bldi- 
geme weat by the nsm of machine fundonolirm, and i t  xu o f i d  u .n 
an- to one of the d- quations mt asked by humankind, "r what 
bthcnunce (thcdep naum) of the mmml? What hdrm=nul frnr mk 
i t  t h e w t h a t  some pans of thc php iu lwr ld  heue mmtd liw (Ihoughtr 
kli4 feline and d rhc re*) and othen do nor? Subsme dud*, re- 
uU, thought thrrt the lnnn lay in the pr-cc or rbwnc, of r tpcrial kind 
of mental ~ m f i  -ing again* this id- ( a d  sgainn rc-rsUd philosophi- 
ul hhevionsm- A p p n d i  I). Minbhrain identity theorin,, such u 
sman (1959) (end =grin, s e  Appndix 11, daimrd that m a u l  r t r tu junan 
prac- going on in the bnm. Thk bald identity claim, hawcver, thrcrt- 
rndtonukcthrlmkbawrrn mmt r lna tnandr~ f i c ,  materid bninrtata 
a little rm intimate. A kcy10rry(~.&. Punum. 1960. 1x7) wu that i f  1% XU 

dy-,ial toMnginaremininmentdatatcthrtonsk inrrpedfic brain 
date, itwould srrm to fol lovth~tcrnturn lsckbgbnins built iurt lik a m  
(sry, Mutianiior rilican-bracd mbot.1 could not hc in hw r m u m r  mm- 
a1 saws. but the in tu ihn wnt, cmrum 46 wry diffcm-I b N N  
fmm o w  could, at 1-n in principle, h e ,  c.g., th. bclicfthat it i. rdoing 
whoc. ,ha, should vx look for the mmmondity that muld unite thc nr 
bot. the Mart"n. end tb. Boaonim? Tbc work in logic m d  f o m l  ~ e m r  
T ~ r i n g m a & ~  andcl~lronicromputltion now ruggaud mnmwcr Ink 
not to the ~ ~ ~ i f i ~  story ( ~ f  muronr .ad wtwarrl, nor to ?he 5°C- 

Iru khanor, but tothe imer organization, thrt is lo rry, tothe p l d m  wb: 
lo fhc ahmra  formal rnglniutian of the +. It b thh oWh"on- -  
drpicrd by L c  machine fvnsnonalilr u swcb of l ink b y m  parriblc in- 
puts, inn- mmpuraliand state* m d  output, (anions i~h!-that f im 
the ahap and confens of a mmtal life. nc building mtrrMr do not mar- 
t., ch. web of oamitionsould be &rd in 8.6, silicon, or cram ch- 
(pumam, 1975, p. 2%). TO hc in such a.ndsuL a mmtrl a t=~*  is rimply to 
h a  phpical device, ofwhatrvcr mmpit ioo, thm rtidrfin aIpcific formal 
dacripion. ~ h h n  in hums, happm to run m a m a t  machine. But 
the very rrm m h & m  (.a p i d d  out by rhr wb of 1 4  m* mnririona) 
might run in ame rilimn drvice, or i n  the dien organic mane, of e 
M.*iUI. 

is thus &ortlyenaugh to float fairly free of the py neu&nti& d&. But it 
i e  not so &only .s to sop the o n .  of mom rbsuut (fonnal. compaationai) 
u i m t i k  invatigation. This h m spp.ling story. But h il c a d !  Ma wary  

*. WHY Tl lUT MOUGHT AS COMWI'ATION? 

Why k t  thought I. mmpuution? The primcipnl r-n (nprtfmm thc k a  that 
i t  rrnu to wrk!)  irthatthmkers m p h r j u l  drvicrr whav k h n i o r  panem m 
maon rnprting, Thinkm art in that ire d U y  undcntwd r sensitively 
guided by mwn$ idea% m d  hdich. Elmmnir computing devices show us one 
m y  i n  which thir nnnge "dm1 pmidd (of phyxical rubamce nnd mmn- 
rcrprcthg bchaviarl u n  irtullly come b u r  

Thc notion of -on-mpsring kh~vior, h m r m , b a n  immediate mplifi- 
ution.Aniccumplcofthir WndofkhaviariagjvmbyZmon P$yshyn.Qylphp 
(1986) dwribesthcuv ofthe p4atri.n r h o  witnnvr r crr cruh, runstoa tclc- 
ohonc. a d  ounchn out 911. WE could. PS PYIvshw note. m to emlain this bc. . . .  . ,  . . . 
havior by 1 ~ h ~ t d  story (mayb, i n v o l ~ g  r+c neuron,, or -0 

quantum evenu, whatmrl. But such a story, Fylyshyn egua, will no, helpusun- 
dcntrnd thc khmior in its - n - p i d d  arpds .  For cxrmpl4 I u p p w  m irk 
what would h s p p  if ihc phonc vrr dead, or i f  i t  ma a did phone inrlnd of a 
touch-cone phone, or if the sccidcnt m u d  in England imtud of the Un i td  
Stam?% nrural story underlying the bhanor~ l  msponscwill differ widely i f  the 
rgrnt dials 999 (the oncrgmnq code in Englsndl m d  not 911, or mun run to find 
n working Y e  mmmon Mse py<hologi<ll ,& rmkn srnw of ru t h e  
options at a ~ t r o k  bydcpiding the a p t  as wting a cnsh and w r i n g  tosf help. 
What wc need, Pylyshym p w c M y  ruggm, is a uirnli6< n o y  that remains in 
touch with this mom sbtlnrl and mron- inwlving~h~nrtr~t ion.  And the sim- 
pled wayto pronde one is to imagine that the agent's bnin mnt t inrmte ("w- 
bls') that rcpracnr the cvmr as a car msh and that the mmputrtiond star- 
tclndtion, occvrring inside the ryncm ( m l i u d  u physical rvrnn in thr bnin) 
then l a d  n, no** of it=- (mom qmbolrl who* pmpr  hrcrprNtion b. e . ~ ,  
- m k  help: "find a telcphonc." m d  so on. The inlc'p~cntions thus glue inner 
naln lomsibl, red-woddhchaviora. Cogniztn, i t  isclaimed, 'inrtantiate.. . rcp- 
mntation ohwiull* u r m i k  codes and. . . fhcir behavior is a u u d  m n u  . .  , " 
qurnce ofopndons umsd out a, those o d e s *  IPylyshp. 1986, p. xiii). 

lk .rmc argument u n  be found in, cg.. Fodor (19871, cevrhd 2% n p i n t  
about contrnl-dclcrminrd tnnrilionr in mins of thought, as whm thr though1 "it 
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is mining" I d a  to the thought " ids go indoors." This, for Fcdodor (but rrr Uup 
t m  r onward), ir the rune of h m n  ratiandiv. How is ~ v c h  ~ t i o d q  m c  
chrnically pmribld A g o d  cmpitical hwthai r .  Fadar -a, ir that thcmut 
"cud (inn" rates apt for intoprelalion) h t  man, rg., "it ir mining" 
and who.. phy t id  propenb lead i n  m n t m  to & gemration of other v b a l s  
that mean "ler't go indoon: l f  that is how the brrin rm*r lhol the brain ir in- 
deed s computer in nenly the wnx displayed arlier. And i f  such m c  the cuc. 
then thc myrtely <n<crning ~ ~ ~ n - y i d c d  (conrent-dncrminrdl m i l i o n s  in 
thovght is molwd: 

IF *C mind u a xnf of mpum, n begm to u. h a .  . . dnm 4 k non- 
.hit, mnunt-rcl.ion. among odh/ n l a l d  *o+u ~Podo~odo, 19S7, p. 19) 

Sud, arguments aim to show that the mind m v t  h u n d m t d  u a kind of 
mmputn implmtnted in the v r ~ r ~  of the bmin, on pain of hiling r m p i r i 4  
to acmunt far rational mnritialu smangthoughu. Wn-gu ided  action, it Y C ~ Z  

make good ulnt i f ic m w  i f  wc imagine r n e u d  =onomy o w n i d  ar s ryntu- 
driven aaginc that tnck L e  shspc of xmanric wcc (M, c.8.. f d o b  8987. 
pp. 19-20). 

B. E Y ) W A R 8  AN AUIOWOMOUS L M L  IN NANRE! 

The mindwaml~ftwrc equation ir u bwi l ing u i t  iS at time% dinortiul. One 
immcdiatc m n ~ r r n  i a  hatau thin rmphria on slgotilhms aymbab and pro-s 
rmds to promote a rornwhat midcading\isian of nirp imldirtinnianr in natun  
The impact of rhc th.aresid independence of algorithm* hom hrrdwre k m ar- 
lifaa of the iong-tern n d m  of irrucr concerning d-wor ld  *ion taking ud 
the 6 m c  coum of mmpulationb Fur an .lgaithrn or pmgrrm as avch is jun a u- 
guence of st- with no inbuilt rdaion to ml-world timink Such timing depndr 
crudally on the pmiollar w y  i n  whiB the algorithm is impimeted on a real 
drvicc. Gim this bsrr 0, rhc thcorctial independmuofalgo~thm from had- 
nar is unlikely to haw made much of m impart on Nature. We must <* to 
find bid-ui mmpuntionri nntegie closely tailor& lo geIIing usful rd-rime 
r s d t r  from mbb lc ,  slow, w-rc compnns. I n  practice, i t  is chvr unlikely 
,hat m wiu be rblc to fully rppmiarc th. formal organiu!ian of narurnl v I r m l  
without sme quite derailed m e  to the natured the ncvnl hardnare that 
pmvidnthr ruppning implementation. I" gmcnl, rttcfcntion to the nrturcaf real 
biolodul hardnarc look l&dy to provide both imp-r due ahout and eon- 
~ t n i n u  on the kinds of compvmion.l s ~ ~ ~ # ~  wcd by red brrina. This lapir is 
~ r p l o d  in more depth in Chaptm 4 through 6. 

Funhmnore, rhcdaim that mindwre i s  ramnrr i-louychckur-m+ 
mhematic. ror rhr s p . ~  of parib!, t y ~  of ~ I a m o v  sw. PU bms* mm- 
pu~ational (but BOX 1.5). is hrgr indeed. The mmmmr by Fdor  m d  by 

~+lsb-*hm ir 8 -bk mmnu mn-ing wh* I'U dub & 
% s i c  pm&" rh*h iswc0 q d  b, the fobwhg statemk 

*monrmabLUl~mnpvabrrnw,udaalr~bm,hhpwludout. 
P M k md manu=+ inqmrdu rrprrmdng 6.. o r d d  
pun ol am. h*" bl in,- la E b A d  uld Somnti. 199% 
P. 651 

T h w e o a s i d r r r p o M d  mputa, on 
FI of info- 

-- 
~hnvrl hvrmrt thus fmcs I m rcmect numrmnnud conrrmnt. t b r  ~~ ~~ ~ 

inputs a ~ h  u '4 x 3- h d  to o u t p i  mch a "12. and so on 
A trvv d u a  ndon  of the condition. und" which romc m d  phc 

mromoa mbnm u mmput.tional vouM mlvi*. howmr. -me nthn 
momebjaiwoirnian for dncrminingwhrnmmrovnt.rrd(nondni&) 
p h W  p- is impismrnting a unnpuutio-mc criterion 
that k MI pkts(= OY infcIpmim activiticr and intcrcr. so firmbat ren- 
ter 8°C. 

T h c h a r ~ .  nvofkdocmfi !%, Chsp 
Ier 9). m m e "  m -obi& u rmmting a 
<napuutioa"lp .2.,,......,.,,y. aphytKIIdmdmdm uoyGnulu m a h a d ,  
f o d  mmpntionsl spdfiu1C-m j u t  i n  c u e  thc p h p i d  ddnice is wt up 
m undcrp luu change h t  msch in nqwith tho* d d d  in h 
ifiatioa. In &ii MY 1 w i f i c  word-proraMg program might. for mm- 
?k, d h l t e  a fomul e+ci6atim tbn un I.~PrnprirtclV configud) h 
mde m mn M vaMw k i d 3  of Phyripl MU (MAC$ P(i. ec). 

ch.bnn'pmpad,inamczisthn~phpidd.*icrimpl-um 
lharr bm4l c k d p l h  i * W o t i o o  oflrsru d .r.r.-usadtim, n 
U) ina in mr "h mu4 rtlvclurr of thr mrm mirron the f o n d  


