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'17Ir Cybmmlu of H''''1tIn u.".IIi1t& aM Prrff)mURIN. 

IppraprillC limiting principle il rumishro by Br<m~rman'llimil (Br<m­
morman, 1962; Aohby, 1968) , Ta~e any physical un!> .. ", you like, whore 
po$I.ulates 110 S Ipply, It i., by lhe definition of'physlao! uoi.-erse', iiolltro 
Ind, by il$ 01""". lUbjt<:t 10 Br<m.mCfman', limil; hoDel<, il i .. if IIInc 
poslul.!-S apply, . mlchine ofthi' type, or 0 bag or Ihem which i. illelf a 
machine of thi. Iype, I n partieu lor . any ,tal (en gi necr '1) mochine i.llnachi ne 
of Ih;' (l!>ItnICI) l)'pt, 

II i. wo"h IIOling thai though I .. ,pcct lhe ulililY ofl""tulalt$ t 10 S and 
lhe ctegance of their de>'elormenl, I do nOI .. gord lhe~ pri""iple. IS 
u".,.aUy Ipplicable or '1nIe'; nor do I OOllCUr in the philhlOphical oon, 
duoion aboul the uni _one Or isolalll!d bill ofil, H OWC' ..... il ;1 quile importanl 
10 ,Ireu Ihal my dilagreemenl il not based on vou nd. directly related 10 

lhe nexl (probablillic) dcvdopn1(OI of machines. 

\.4 SuPflO5C IIIaI Ru i. re<!fft""d ....... IIIKln ralher than" function, $0 

Ihat pioiurn li ~e lhe One, shown become pcrmiuiblc, Call the revised rule 

-ex:: . xx:. 
RR, It il poiiible 10 .ru.ractCfisc: I new kind of machine ~ng IU of 
lhe olher r<quirements) by a mapping 

RR:Z_Z 

"'hich may be one 10 many, If $0, Ihe ncw kind of II1llChi ... in olalc Z. 

(lay, 317) may go inlo ol.t. =, or z, at Ihe n",1 inSlant 7 + I. Bul il muSI 
be in one and only 01lO llate at Onee. !>inee RR flil, 10 rre=ibe which 1111. 

Ihis .. ill be, and sina: il will be ju ... one of IK possibi~lies. il il USI.l8llo 
invoke the Mlion of chana: or probability, j,e . 10 coneei_. o f a random 
d~ic< thai delermines the: outcome. 

I! ii lII"ally lhe q,sc:, and often barmless, 10 think of the random de'ice 
lba, picb oul labels for each ne~1 .Ial. permilled by RR If a .. heel of 
cha nce. or. con.idered in a more .opnillicoted way, an uncorn:lated ""Ul'<. 

of evenD like a radiG;lctivc:1y dttaying ma!<riaL 
Whiche"tf in~lJWlaliOD you cltoose, the foUowing poin!> ar< valid, 
(a) Gi"en a .,Iue al ~ (say t , .. : . ) ond given RR, lhe: sct of nelillates 

(up 10 111 of them) perrniued by RR il B ... 1 of .~clu.ive Ind e.haustive 
~hf:NIIli''ft. 

(b) Suppose Ihis Itl i'I {:, ,:,l then Ollt of {:, .:,} ;. ~Iected 115 :,. ,. bul 
onlyone, 

(c) An unbil osed random $Ource would ha, .. the: prope"y thai for ny 
value of ~, if z. otaIn, then in the IonS run (o_er manyoceurrenoes of .. 

, 

Mt>doiM~ 

:," : . ) on hllf lilt octuion. the seleclod sla le would be z, and on 
half:, ; a (aea.pre ... d by awgning a posilive fnetional number. p. 10 lhe 
,lates • ., z, wilh the prop<"y thallhe p Dumben...", 10 uoily ud 'latio, 
'p(zJ .. p(:.) .. 1', In Ihe jjetlorll case of '" alternatives /lamed by 
Ihe .olue of an index j, lhen p(z,) .. l/m. In $0 fa, al thi l metrical lI~niDn 
tallies wilh th. freque~y oounl, as lhe number of illSlaDCCO i. inc ... ased, 
p(:,) i, 1M probability of : , {Ind rt'm.Iins $0. c~n if p(:,) ,,"pam from the 
~uiprobabil ily oondilion Ihal p(:,) .. 11m for . 11 valuOli o f j), 

(d) Furlher. under Ihe lame restrictionl. Ihe condiliona l probabilily 
P(: A:,) il the: probabilil)'. gi= lhe machine i. in stale:, II ~, thai il will 
be inSla'.:,alinllllm7+ I. 

(c) As a refilltmen, in machine design, il is po"ibl. 10 as",,,, for each 
z, in Z a conditional probability p(:~:,) Ihal • certain transition witJ OCI:ur. 
Thillrick amou"u 10 usinS a 'j'!lcm..tiaolly biassed random >OUTCe or 10 
bialliaS unbiautd random <Ourtel, Any mlchine of Ihi$ k ind i. called 
probabilistic and i$ repre",ntcd graphically as Ihown below 

I'I'ArJ 

'. 

"'~ 
or. in SO far", Z ~nd RR ~re invarianl, by ~ m..tri~ ",Ih """., oooraponding 
10 at! pos.sibki SIlIIH (Ihose in Z) and column. corresponding 10 Ihe ... m. 
Siliel (one insllnl I.ter) and wilh enlries (Iypified by Ih. cell (z,.%,> wilh 
entry p(~,!~,)) Ibl are tonditional p<Obabi!ities. If tlttse cntries do not 
clLanlt ill , .. hit tm OlIrhinc is I MMJ,;O~iali dcvi~, Two repretenl.a~ons 
are convenienl. On Ihe On. hand RR can be Itltro logelher wilh ali,t, for 
eaeh llale:" of lite: probabilily numbers displayed in the graph of the 
machi ..... Catl lite lisl Prt1b , tbe: maehi ... il prescribed by 

(J'rob,RR>, Z _ z 

Eqully, if ~tI of the: ca"QU hold good. 1M tofIdjtionll probabililY matrix 
repments the machine on its oWn. 

(f) The .. ate pres",ipth'e .~pcdi.nl!, Th.r. ore al,o dtK,iplive expodi_ 
enll, i,e, give" 10 PDt"OWn but dynamicen,iIY("'hich il is powblclo isola'e 
as In ob<ervablc in >Om< lnanncr indcpendul of the Observalion) its Jlale .. 
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TIn: C)'bWWIIN of J(~_ LMrrrI"f and P"ffNtI1aM~ 

,,,,,ld<: lh<: Luge FSM belan, 10 only a fev." cat~ (for .nmple, _ the 
diocw.sion, by Minlky (1961). concern,ng machi ........ ng McCulk>c:h/Pitll 
.Icmcntsu the units). Th •• Ute oflh<: F'SM (if it is an FSM and i. properly 
constructcd{partiliolll:d) i. retric'vablc as the product of the Uf,ln of the 
unil" 

- ----1 .... """"" 
FW"" I J Simple <q> .... nlalion ef. IWI ........ rnachino. 

'" ,--------------, 
I c-l ,., f-rl- '"' I 
! ~ 

- ' Ir--, 

~_= _______ ~~~_ t'J -.J 

-
1'"'1_ 14 Example 01' panldonl., a 1\Mc·.,ale """",i.., iRle oom~ts ,hal 
.... intC'l"OOlLJleClcd flnlL ... la,. ""'.hl .... 

Such figure. 1110 l impler 'e "",nipulole. fer.lI practical purposes, liIan 
, tate representalions. Th. main juslificllion for talking, improvidently, of 
"0 U:5 is because a lIa t< re pl'Hl'nUl tic n i, m ore .u ""'ptible to logical InM l)'lis. 
On. way ofl"'\ting the malle, is to nOle that on F'SM can be rtprded, in 
its .tate rcprocntatien, as the 'grammar' or · .. t of rewriting rules' (lilt of 
q""druple<) aDd • fonnal lang""!l"' Lepl npm:sioM ;n thil fnrmal 
language are IUd (l)'IIlbollO input ltale) from lh<: machillC inpul tape l lId 
a ... printed (symbol to OUIPUI StaIC) on 10 lhe machine oUlp.n tape. Tho 
internal 5I.les an: non_lermi .... 1 .ymbol< in the language. T'hew Uf,lemcnts 
Irt couched in the It1n\inolos,y for thot part of psydIoIinll"i.cia concemed 
"ith phrax 'lnIctUrt. g:r;omman Ind the n •. The crucial iSS\le i. the 
ui .. e".,. of •• tatc.l .... ymbol corr«pond<nce. Becau .. of lhis,panic:ular 
machines can be ohlracterised at .ble In 'o=pf 0' to 'generate' certain 
classes ohlrings (Ihe nptnSion is 'grammalicar accor<ling 10 Ihe gramma, 
for Ihe panic~la, elan of machine). Morte,·.r, differenl classel of "",. hlnel 
are ,ble to compu,., i.e . aceept or gen ... le ' Irings.. only of Q certain type, 

• 

M,w,ws 

For """"'pl<, FSMI, n I diU. compute only 'Wu. ... p""';o ... ( KIce ... •• 
theomn), 

Because thaI is SO. !he otllerwi .. arbitrary idea of an OUtpUI pint lu I>­
SIaDCC. " noD-Uivial OUII"" occurs if, and ooly if,. machillC hu rccosni$Cd 
(in otbtr ... 'Otds KCepICd) •• !ring or uptnsion belonging 10 lOJIle elm: 
in Which case it il I l'tCognisn of that class of e~pIl;$1.iOl1S . Further, the 
irredundant inlem.1 l!atcs of an FSM are IlOI jus, mechanically o rdailll:d 
configuralion. but co ...... pond to hi.tori .. , i.e. 6nite . 'preMionl, that \11. 
FSM i.able 10 rtCognisc. 

The .. rious re.der . hould refe, 10 Min.ky (1%7). Chaplerl I 104 conllin 
the ma§! ."ilahl. I'eatment of Ihe con~pts I ha". jusl mentioned . The 
development of "'achille theory in lhe: field of p'ycbolinguilticl i, brilliant 
bUI hal questionable relevance.' Olle compact acco~nt of lI1lI.hincs U 

grommm and of lhe: .~pus.!ions they •• n genente 0.- accept i, in a tmOS 
of papen by Chomsky Ind Miller (in lute, B~sh Ind crollant .... 1963). It 
is weU worth rt'ading thtse articles alld also the Ihorter la:ounl;n Bach 
(1964) of whll .. pmsiOflS can be produoed{acceplCd by wh<lt mxhinn. 

1.8 One very importanl ... t.Mien of liml. ,tate mxbinn. Von 
Foerster', (1971) claA of lini\e.function 1MChinn. i. lUdily u pm.sed 
using the !>Olalion. of Figures 11 and 14 tognber wilh twO additio .... 1 
.ymbols: namely' , 'tOltand for a pa,,*mell;coptralion upon the intmtal 

,tate .. I of a machine and .~ . 10 , I .... d foraM<cription of lhecondition of 

any machine that i, operaled upon paramctricaJly (lince, in lhe: presenl 
ca,e, the mochino il • finite Slate machine. a descriplion can be • rewrd of 
its inpul/outpul hi.lory). A fInite fu nction machi .. i. shown in fig. IS 

--
- -- -

1'"1f"'~ IS "ftnJ,,..fllnc:tion modoino. 

I. Tb<t<" 00 <loll'" ...... It ,~ "'!i<li1J or <~ or "'" .. ~k bu, ! .O' loolioocl 10 
tho .;.,w!hal k""", IO<!", of tho .,ntO<l'" rooms.mnis>ib!o tor oenalo mo<hinn .... I~I" 
lxariD£ upon 'ho _"IIIdUI ",teranceo mati< <it""r by human b<inr' or by """M .. ,. 
Tho rude. .Iooo 'd Judro lhe ... tt", ro< hlm, d r . 

" 
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(b)SimiLo, ""Dlmen" apply 10 a TM 'I"" ""nlputin, macbl ....... d il> 
s;rater pov.-n moy be.scribed to itf "cater slOrage capacity; for eumpk 
an FSM canDOt m~ltiply ofbitrary numbers. But of """"", it II possible to 
WItulale a finil<lry Formof. TM iOln FSM, Clpable ofllluitiplyin, .pccii'ted 
numbers .• Add' . for enm pie. only entalli the dtgr« of (olle .tase) rt1entwII 
D«dcd to rea~"" I '<Wry' Op<,"tiOD. 'Multiply may involve lOY number of 
'retention mgt!". In partic:ullr, t .... re i. a TM able to ""mpute any general 
rccursi...., f>Ulction; Davil (19$8) bases hi. apJ"OIcb 10 r.cuni"" COnl­
pUl<ltion upon this poinl. and he develops r.curti>. f~nction Ih«Iry in 
term. oFTuring machines ralh .. Ihln t .... ,..,'erst. 

(0) Nut. the,.. is a uni"erlal T uring machine T U (in FaCither. a'" indefin­
ite numbers of Ihem) able 10 compule any function Ihat can be cOmpuled 
by $Qme TM , The '"lilt i. most con'~nienlly stated, for the presenl purpose, 
in lhe following mIInner. Any TU is able 10 aco:pl Ihe lap< description of 
any TM and to """y oul the o;omputations thai would be porlormtd by 
this TM. A '18p< dn<:rlplioo' mi",1 co",,>! in an arnngemeol of tbe quin­
tup1eo ~li1lg lbe TM io qucslion. 1\ is ~, COIlve",ent, _lid for 
SUbstq ... OI dc>-dopmentl il iHs""nti.r.I, to <q)I"tstnl the pertiDtnt TM in.n 
arilhmeticisci form. Using the unique fKlOrisalioo theortnI of arilbmttk, 
it i, p""ible 10 ~ll1Iy TM as I number thai can be IIn~Ud by 
• ua:euiw factoring to uniquely specify Ihe TM. Thi, numbcrill5 trick i, 
essentiaUy lhe Irick emplo)'fd by Godc:I i. pro'in~ hi, famO\lS thoo,...",;' 
the number ;n queslion ;s often Cliled the code Dum"ocr of the TM. 

(d) Without IOXiNI inno.ation il is possible to specify. COtIl lructing 
machine whicb, given the lap< description of any machine TM, call il 
Dm, (TM), ..... ill produce a (chain.like, or tape-m,e) copy of TM. Furlher, 
the construcli ••• Ulom.lon (1.1 uS (:Ill! il Build) may form part of a lar,.r 
automaton in which ils oper.lionla~ Itarted and 10 which thei, ""mpletion 
is signalled . Thai i. 

s.;IJ(Dm, (T.It) _ TM 

(the oripnal d..mpcinn being demolished io lbe pro«:I'). 
Nexl. lhe~ if, from lhe uil~nce cI TU • • flU'1ber lIIadli,," (called C"I'Y 

.. a tag ",ord) lbal will copyany description web .. lNw (TM) to produa 

copi .. of it. Thai" 

C"P}" t o..>er(TM») _ < o..rr(TM~ I>trr(TM)} 

(the oripoal deoeription beins demolished in the 1"0""'). 

2. In ,0;, reopoc< Napt . 1Id N<o,.rnoM (19l9) ~ on QlruDely "wt>l< I>0oI< ,lid 
po<WMl<s' ~10CIIUl0". which. Ukf"1 rll<' ,I>< a'&W""" in "'" nu' '01."". Qr ,he 
oluli<>lt pl,_ltI<! •• 'Inom"': "",. Ny M_ll"' 1"",oo. l nd ,.., Mlcha .... 1" .. ~"". 

'" 

-~ .- -
-
-~ -
-... -~ 

Fit_ 17 A uniwnal c:on.tno:tor. 

MocIIiMJ 

~ ..... -
F"uI&Ily then: is _ ""nlroller machine. alsoa TM. which i, ablt to organ; .. 

the aC\i,iliti of Build_lid C"I'Y in respect of ik-'CT(TM) ,"'lUch can institUle 
lhe following operlltion (using the ""l8lion of Fig. 16. ill fig. t 7) • 

C"I'.1{lIt ..... ITM)) _ ( lIn>:r (TM). 0.. ... (1";\1» 

BfIi/J (lit .... (TM» _ (T.\{. lit .... (1";\f)) 

al Ihe end of whieb TM and ilO dtlCriplion arc cui free by punctu.lion. 
C. II Ihe .ntif!: machine Til.; Ilul\ i, 

10 thai 

TfI.. ( Copy. CO""o!. &;lid) 

TfI.(lItsrr(TM» _ ( TM. Dm,(TM» 

and Til. il pr ....... ed. 
lbtrc i,. dtsmption clTR, TM nnd TU. H~~. it i, p""ible 10 .epre""n~ 

tbe process 

TfI.(DntP (TR))-{TR. D<=(TR)} 

"itb !be orip"'" Til. being prtStrved. 
nw ~mc:nt i, • sktu:b of lbe dcmOOSlration gh~n in Von Neumann 

(1966) ICClUK S alld thi' m(~1Ke (not only ICClun: $ but .11. at 1e.,I. a( 
part 1 of tho bonk) should be""nlul!ed. The entirety TR il a Von N.umann 
• .. If·~ucing· mlohi .... 1Id il ml.y be formulated in ,'arioul way' 11\10, 
remo'-e the 'linearity' (Von Neumlnn', ",'oro) of the I8pe descriptionl 
[Nur (TM). One of th~ .. ways, the T .... lalion model (i nlroduced In 
Par! 2 or Von N~umMn, t9(6), i. di,cussed brieHy in lhe ""~I chlp ter. 
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