
". 

Modu. Operandi and MNn' (or Encourtllfi.,. frmolKlllo" 

In the foUowinll _tIoru we lh..u conaider TUOUOHTSTICKER 
I,_tions in enough deWl to bring out lOme paint.l o f epm,. 
emololPcal interelt, and to Jtive an overall Imp ..... ion of the II)'J.­

!.em. The dllcu .. ion of the pf'llYloul chapter II ~t.endl'd to indicate 
the main coru;Uucuon "'lIN &nd t.o describe tht! ' n.nt.:tlon. (hued 
upon "epil~ic Iymmetly" .... d the "utrapolatlon of princi. 
plet") thai UII! uled .. muM to enc<>U ..... many aim o~ 
lind innantion by the UIII!!'. 

Althou"" 'I'HOUOHTSTICKER ill. n natlle IyIUm (the nam­
boyant ph ..... "ep~olo¢c..:J lIIboratory" ill not intentionally 
m .... dinll. It h .. IQ far ~ ulOId chiefly in wnnect.i<m with the 
mviro""",nt of "Energy Conversion , eo"""rva\.lon and RelJUb.· 
tlon" (the ""bjfld matte. for !.he el<llIlIplet in Chapter 7). 1'0 • 
1_ ..... tent. 'I'HOUOH1'S'I'ICKER h .... been brought to bear upon 
an envlronrnent "EntnJnment of OIcillalon". 

l. /IIOOKLLlNG I" ACILITIf.8 !'OR CONCIUITE WOlll!.l..8 

", .. Lumped Mod~linl V.dllty (or _I'IY conversion is the 
Jtandard modellin& fllCility (on .. par witll STATLAB In this &\.Ib­
jed matter Ii"'d) which iI \llII!d for an onroinl tutorial project. 
toRether with patch'1lrosr-mmabll! analogue comput.ini element. 
over and above thOIll incorporated in the . tandtu'd dCllign (Fig. 
8 .1). The wte of all analOJUB units (intqrat.on. adder.. multi· 
pitt ... ) ill t.n.<:e<I by thl! LSI InllChine which flCts .. regulator. Simi· 
Larly. aU Jtru<:tural. and patch"fllOlll"Mlmf!d connectiona in the 
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n • • 8,1. /oID<lollin. 1 .. IIi" ~M<I for hn' . nrl _ (""",ponion unlta perinI( 
_Illn. r ...... f,I .... I< ... O<Id .too....,. '''''nnody""mloo Oyoleml.t .,bIoIOf)' 
.... 1 of ""phlu.;."",", ; lillo OfIuipm<n ';' 1',;", .. 11, In ••• "wd f ...... ,"" .... orI\h 
cIIUd, . ...... .. ~ ....... by ' ho ___ .... Iopc ~""'P"tl~1 ri",";" oad dirt ... 
001, 1ft .ho labdl' •• ). All ...... """c __ ti_ .... _~nc uni ... II · BoIIet. _kin. n.;c! ___ 'a .. .," _ ... _ .• re., •• Ift_ B . _ . __ . 

e. S-ou o(.....tiq noid. (). SIn ... ",,1< pipo wi ....... UDrlin ........ E · 
.......... eI • ..so, _"'/1."" ..... "' .. __ . , . Inlo. YOlo. dl>plo, . 0.0\0\-
It< nl .. diopl.y. H • • 1y ..t. ... ( ..... honl< .. l, wod';"II • • on boo , • .ned "'""." 
oily Of bJ tho mo<honloml. I • Outl •• p, ... " .. '''''''~"'"''' m ...... . J • Cnn· 
"' ..... ~nk. K _ Cande ...... and .. ,"", of wor kln . nuld. L • Work """ . ""'.'. 
M • Lood ,wi...,.,.., N • Volo<ltl' m.~ • . 0 • 0.... ....... P - COn .... tI .... 
t .......... , 0<1;..-I0I01 fo r _ ..... Q o DiopI., of ... l..r ....... lionllnu.,., 

lUnd .... pOl1.ion of the apparaua an! tnced . utomatically: olher 
model IUucWn!iI may be Input manually by the inu.r.cllve con· 
1OIe. The facilIty can be ulO!d to model hc!1l !'rIC;"""_ n!l'rlgeraton . 
Ind the like, together with infDrmmUon tmnlfer. 

The Lumped Modcllini Facility for "ow;ill.ton" is a good deDI 
Ita ~labonte. It is .unply a kit Df pllrtl (old ..,Iayo, ", .. lgIIb , oem;· 
rondo.>eton, "Prinp, thermirton. etc., ... odd but profUM! .....,rt· 
IIItnt) whicll carl be wed for makinc ...,m.ton. Both oU\ietunl 
and beh~ cbta m\ltt he enl.tff:d manu..uy; no ttacin. iI at­
ImIptecl. 
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ThMe lid hoc arnutgements outter ftOm otwiol" and irritating 

detect.s. Ideally il \Joe • .should COnltruct lind cnllLl'ic a lumped facil­
ity .... required to lICCom modate the mOOcb he .. anti to milllu fac­
tore, .and h~ .... b.sellucnt modelling ol>""'liolll in One compo"",,! 
o f Ill .. lumped fadlity .should ;ill be computer int.erpret.lble !lnd 
oorut.rain...:i by the models already built . M It is, only !.he first of 
theoe mquiremento I! runy .. tlsf~ . True, so ]ong .. !.he system i.o 
an ",,~enta1 tool, the ... defici""cie. are no more than I nui­
sance, o n a par with the chore of copying out a revised and tidied 
version of the cognitive model (the m ... h on the comtruction 
grid) . But, in contemplating wider type. of application, it is crudal 
to notice that the ""illtinK con.traint.. lin! ines&enliol . 

MechanicaUy apea kJn ll. all the co"dition. fo r manufadming 
"'PIlf1!" modelling {BeiliU ... can be implcme nt.ed. and lleYeral 
oIighr.ly eontl!J:t dependent uampJes are in existence. Papert'l 
(1970) LOGO ...... no!.ad in the previous mOIlOj/lllpb. "" ,. para­
digm malhemat.!cl laboratory. and !.he system could be modified 
liighUy to accomodate the dilItlnction o f diffcrunUy conotrainO<! 
wUvenct. A further innarn:e ;1 • IUlt.e of interactive gmphic mani· 
pulation prognml originally dcoignO<! for an ;ut school and CUr· 
renUy uoed fo r modelHni in chemi.t.y (Bl a plethol'il of different 
levell: molecular, atomic, quanwm mechanical, etc.), which per· 
mltl the user to make and retain ".pare" modelling fllCiUtieo 
(~ Panti 1975). One further example, Is Negroponte'. (1970) 
"Architecture Machine" wh ich pennil.t aimilar inventiv~ liber· 
tiet. 

The iuue of pnu:tical feuibillty il very important. tor without 
• mellll.l o f giving uoe", (who are /lot vened in pro(/nOlmlng) ac­
e .... to freel y conrtructed ·'world.," the syrlcm would remain nO 
more than an experimental tool of limited value. The fact i. that 
means ""lit, and though they are currently quite ""pm.ive, their 
coil iI like ly to deere""" very I'iIpidly U co mputer technologlet 
cOme to fruition. 

2. Till! CO~ST/l.UCTlON GRID AND TIlE COGNITIVE MODEL 

The arrangemenl.t for building up cognitive models and entail· 
ment melhet are currently impl~mented u.inH a gmphk dll Ptay 
(Fig. 8.2) and a Iketch pad Input augmented by a keyboard. Prev!· 

-
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.... U .. 00""", _rio. of Tl IOUGIM'lITICKI!R ............... m.pt.o~ 
100100 (loRDS "'""Ioo.dl -.I .~.lllo'l' .".01_,. A - ... RllII To""'Mi, 07' 
_ -.I d ..... 1 l ube. B • S, ....... poplol< •• bl ... C • Con ...... qul"",",,, 
'0< ... pho to ble •• 0 • Mlnico",p"'., (!.Ill I ",I'h 2H ..,... ",or ... }. E. 
D;JlLal .... ""'110 1001'0 o.chp onl •. , . MIn! BOSS r", aI ..... lId.llea. G _ OM· 
pIo, ootelll_ roo _WOI ,_i.,. H ~ T.I.typo .... U ... oaooIo. 1 _ .. ~ . 

op cIiopIo, •• d ~. pjcIo. J • """UIary dioplOl'. K - ...... Iooctot. 

Dudy, the mesh constructIon wu...aliled with C<!rtaln limitatlono 
by IJ.m1l phyJ!caJ conatructl."., pido and pllYlically piKed eJoc:· 
!.tOnie modul .. connected togelher by the ....... 

The previoul arnn~ment 1P¥eS • clear piclUn! of pm<: M 

which IU'II now canied out automatic:ally and .... fHUlt o f which 
imaps are dllpl"Yed. The oy.tern will be deocribed in these !em,. 
and carrlcI Over into the ~urrent implementation , with the follow_ 
in, caveat. only. 

(1) Node unIt pWtioninl refen to pointing operatiom; (2) con· 
IMIC'tInc opentio ...... fer to key taqed link drawing Opetatiolll ; 
(3) dilplayl, both of d<:scriptOr n]u"", (LEDa), and signal lamPf' 
(Iellve node, and 00 on), IU'II repJaood by graph ic convention.; 
(4J ~te oon.ttnu;;tlo n sridl col'lftpond t.o d!lp!aeed tube 1<>ClI-
110lIl; (5) reglo ....... represenl.ed by • duhed line (quai 3 dimen_ 
Iional) display_ 
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The display !.ubi! can repreaenl only. raIrly amdl meth (or pan. 

o f . mesh -' 0"""') bul can be augm.mted by concrete COllltruetion 
Kridl for rep.......,Ung relattvt'ly unchanging port loru or • meth. 
Bowever, the mesh can be repruned under any helld roJe (the 
h~riKle o f Section 3.2Cf) it .eali .. ble), and the roIOrt]"K o f to pic 
node. accord ing to the computer genen.~ plan it aUlom.tic ror 
III nod ... dilplayed . 

The propln .. gG'Iernln& Ihe operation o r TilOUG11TS'TICKER 
are under colliinual dewclopment : listings of ilia altting procram' 
and their updated venlOM are.~ on reqUeK. 

2.1. G'nual F ... m~WQrlt 

The grid. (one to each rclian ... In Clutpt.cr 7 ) h ... e modul .... 
celli U80<:iatcd with node poaitio", ( to be tilled by the u""), 
I,.EDs fo r exhibiting the u lue. of ",,",antic delCriptoro, and 
''attentlon JlU1lpt" via which !.he "-'£U1atin, heurilll.lc B Can brlni 
U.e uter', attention to one Or I d UN . o f celli. Recall that the 
chan""it of 0." data bank are aho aaocla!.ed with th";rown LED 
diJp~ and are "tag name" I~ned . but not onleml. undM the 
(IyTltactlc) deplll descripC.Or. 

2.2. SlJJrli"l &1 

The , tarting.,\ o f .... tructUTft is built up on the construction 
Rrid fo r ..,gion 0 (namely COlO)) ul ing moduleo (Fill. 8.3) Identical 
with thOle employod In CAS'n:. E..,h module reLllillllltld displayo 
the! value of aplore , aim, goal. and uoo.entalld by meant o f Ouh· 
Ing Ilgbt cod ... baxd on \.hree oillJlal lamp •. '1'1'I e data bue (com· 
puter) lnIcription o f the .tat Un, oeI. moduleoo iI Indexed by o ne 
fam[ly of descripton (lUffk:lent to ..,.,.,.. the topia) : ,a/un bein, 
LRD displayed on demand. ToplCl are aocelled ( .. In CASTf:. pn­
vlou. monogr;lph) by apecltylng d eteriptor values via \.he in~' 

Uon con .. te. Fo r the "conversion and CO<Ue .... atlon of ellC.''ID' ~ e n· 
vlronment. the . tarting .... blltNct...ra are obtalnod by denudin, the 
entailment otNcture In Fill. 7.1. At the outM!t. a u .... r 1.11 (Ked 
with just these . tNctUI'Cl. and wh.illt he learn , about \.he topics 
they adu mbrate, h.1.II behaviour if "'I"J.t.ed .. It wou ld be In a 
CASTE Or INTUITION operatil'l(lll)'ltem. 

How_. !he ot..rt.in, wbctructu .... do not dellncaLe. full th.esiI 
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r .. , 1.3. A "",dulo u .. d I<> ,._n> • ,""'" in .... tl ... Mt o' .ubotrucw"", or 
• po ........ " ly 1 .. \.I I.d "<>dot. COnn""Uana .... _Iflood In th. eomp" '" . nd 
..... bod • Ii ... "" d"pI.y . .... in on o\~ .. ·U"'n..,.olutIuJAty opera';'" .)'1" 

.... (CASTII Df IIfTUmON) ""p!o~ • • Im ....... , 1\<1 ~"'.oland .... rk ... or. 
Iod;u'-<l by oi .... 1 .... \10. S<:><b .. .... i_ttlna .Im ."d •• pI_ ptQboo Of. 
ope;o...I oIn .. "'pl ..... , bo ace ...... by <ioocdv'''' ... _ . 

on !.he "eonleJ\l.tion and conversion of "1M!1'\U'," ..... the denuded 
',.".,enu of the oriCin" entailment rtruc:wz. &n! deliberately 
In1nI:I.ted to teCUre lhia condition . As. nlIlIlt. the I1Il'r can Ill"" 
...ate concrete apJanatory models in the Lumped Modelli", FaclI· 
ity than thoee alUChed to topics in U>e II.artinC rublt.ructurel. The 
pOOIibility of eonl troctinl analogy relaUoru II an obwlOWl CO" ..... 
quenee o f denudl"l \.he enWlm. .... t rtructure. BUI It II prac\.lClllly 
important that tapia "the. !han anaJolY relation. Can &!to be in­
nnle<!. 

2.3, n~lIdllll Up rho CognltllHl! Modi!!. 

Aport from the .tartin, tel o f IUblrtructUreI and Ibe a.oci.t.ed 
,""s, lll~ Ule. h. , vail.ble an u nllmtted wpply of electronic 
box" .nd connectinll linb. AI • maUe, o f conyen~ and ~ 
~t&tlonll economy, the bo,," ""' of lOVeR! diH,,",n ~ kinds: 
(a) Un ;lI ~Ilnl topics thac. all' derived _llhoul analOl)'; (b) 
Unlll l ~prn.nUn • ..,alOI)' mlations. and reprtieIlUnI lopla or 
muluaUy udull~e aM = nd itional hypoth_. Since aI] units 
-.nd for nodro in an "" r.ailmI'D~ lIIah. " nill an! l\enc:$rorwerd 
~ II nodes: topic nodes, maIolticId t><>dn , ..... cond itional 
1IOIlm. Similarly, the llnb an! cl.as:illied II foliowl: (AI Unldi..,. 
tional block Unlet, l'eP«""ntinK an othf,. ·th ...... n.lop:a! derlvaUon: 
(B) BidirecUonal o .... go:o linkl, representing an .... ]ocical deriva-
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lion; (e) WhiLe HnQ, "'I'rt!S('I\tinll the ",yntactic" component 
(isomorphism " .... Or " topic) which mpull\a the limilarily in lUI 
anaJotIcal topic , ,.a,,lion; (D) Purple 1mb. n!preRnt ing the 0 .... .,. 
o f Rmantic predical8, Dist or !.he dIfference in an analoKical topic 
relation ; fE) Brown llnb, rcpretenti"ll • conditIonal derivation; 
and (F) Speckled bl..:k llno, which ha"" nO functional dIst inction 
from bla.;k Iinb but .... u.efuJ In ¥bulllly dlsc:riminatlnl _"ral 
derintion path •. 

2.3.1. To Lnll.at.e" freIh topic l' which iI Jimply derived fmm ex' 
latlow \.oplca P and Q, the "Ill. t.&kM. topic nod .. {F ig. 8 .41 . l&bello 
It with the n_ tor T, and inserU it into" ~ition on" &rid. ThIs 
opentlon lUum!n.o!8 the acth" lamp on node T ( Fie. 8.4), The 
,,_ nett <:<Jflne<:U the output o f P and Q . though. blxk Ilnb to 
DIM! of the input <;luiJU,n (mulmum of three) on !\Ode T , Eaeh. 
cl ullt.et Is • kernel 0'1' (li",l monograph), Ind It may hlv" at moat 
oix membe ... If P and Q are .,rriclMt entailment ptrCU..an (in 

_. -
~ 0 

0 
0 
0 
0 
0 

---
@0 ._-
~ 0 ~ 0 

0 0 
0 0 
0 0 
0 0 

; 0 

-,-
r ... '.t. TopIo ..... Eooh D~ ... ,'_ R wll" I~JIOI" (lola<. IHd) r .... 
""",lmum or 3 ~ ..... Io ... ..... "'''''ti ... <Ieri .. ti_: .oct. _lion boln.l .. 
moot e .. "-<lID ..... Tho ........... lomp to IUW"II1 ... ,td If 1M """" .. pool_ 
'Ionod .... \II. rri~ .nd 10 .. ,Inru;'h t d 11 "' . nodo I. 1,..,",0<1. Tho .wi"~" In · 
~;. ... tlu.t ""'~ ... ~ .. tIon r""" ....... ,han 2 boot not mon tho. e .,"' .. 
uodoo io < ..... pIot. (Ule ~_I ill q_ ...... io lo.II). A. InoertiGn 01 0 r,,,,,, fieri.. 
no;"" load 10'" .. y _0" Hr-t. ..... 1In ... Uoe ·'.etIwtR t.mp . 



0Il0! kemel) of T. the uoer tum. the nritdl (FiI., 8.4) on thl. Input 
duat.H. Thill opertItlon lligninl!l that node T ill IUbmltted (Ol con· 
Aden.tion by the rqulltory beuricttc. Amonpt olher Ill in". I 
model fo r T must be constructed (in the P«' ~'lIOr MIQC;.t.OO with 
the IIrid on which T II mounted) berOl'l! the .. bmlalon can be..,. 
OI'pted. and unill thll model h'" been 1U0000000000y uecuted. T wID 
... main loCtive. Huw .... er. the model could be. Ind commonly ii, 
<:<:>Mtructed and aeculed before any Ilt.empt II mide to in.tate T . 

It P and Q Ire Interpl'l!ted in the Jame univene of compilation 
ond interpretlUon (Fig. 8.5 o n left), the account II complete Ir P 
to Interpreted In one unlvene X and Q in anothl!l Y (when P and Q 
are in Rl'IInIt.e wbstructu ..... ). then. in relpect of the model for T. 
th_ univfl"1i!l are no lo nll .... independent.. T unltel X and Y; I 
priori independence II modir.ed by the topic Inlltated (I'll. 8.r. on 

riCh t). 

2.3.2. In o rder lo inJllI.e I further derivation of an ulJtlni lopic 
R from uiltinl topICOI P and Q. the ute< conn«U black (or 
""",,1r.Ied black) Unu hom the output u f P and the out put of Q 
idle one of the unu.erl input clUAeD of node R. The ao::t of 
applyinlj: InlJU t conn.ectiotll lo an unuoed clUIteT IPvttf R the JlItUI 
of ao::Uve. The u ...... ned p"""" the! .... itch on the input d URer and 
IUbmit. hil fresb derivation for OO"Utiny by the heurlltlc. 

2.3.3. To in.tate an analogical relation betw..en lepta (either u· 
LoUnK ur due to be con. truded). the uoer poIitionl an analOliclll 

.... B~. o..i .. IIoR of'!)IIk T I.'. top;. _ I 1""".Ojikf, ... d Q. Oa_ 
I<fl. """ ~ .. , ...... «o~n_ to 0 ... ""i.-.. of In_tioro (XI' on ' M 
..ltI>. r .ad Q.", In dIoU"". ~ftl.....- "rlft...,...t.Uon I X, VI, wMch_ 
..... '-<1 ... , .... n uf wtaUftl .opk T. 
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node (Fir. 8.6) <m one or \he felCt'VOO grldI. N' result, the node 
bo!corn ... ""ttv. and «,nain. 10 ... ntil cert.aln inpo.tU J.tII rum iohed, 
though they nl lY be fumw,,"d !n ""y order whD~'Ver. Fin!. 
(though not nl'<;\!....uy in ord~r of appeannce), there muol. be 
0""'11" ~tinl linlu from ""iltin, o r yet to be lnIt.atftl topa 
in diffl!l1!llt un;'eneo MF(X } and MF(y). which fOIDl the lenna of 
the ana1oglet! nl'1.tlon. Next, thl!n! mun be ... bile link from an 
t!l<iItinl! or yel. 1.0 be iMtat.ed c.opk:, whlch is the similarity o1th .. 
anaIOC. The unlvene of compUltlon/mt.erprebtion of th '" (rlmi _ _ ., -,_ ... .... , ._-

@ ® 

10 0 

10 0 

10 0 

I 0 0 

" r-
9 

--,--' ...... 
fi • . ti.6. An .n. lo ...... ' n.,do. '11>;" no de IIIU" • ..,.; •• lopu," I ....... I •• ds) 
r ... m """"" In . ' ..... '.0 dIN . .. n, ~nh ..... of In' .. pnt"'''''' X, Y (.iI,"", 
parUally . ... <_,., • .,.. d. ti •• d dori>.IkIoI· li<Ik,..! . ubi'"","",): "'. Inp," 
en ... _I.llb .. f ....... Lopio indi<oti ........ ilari.J' of • .woo . ... r ........ 
, pl. .... """ .... _ • (pouple _I inp~. t ...... .; .... _. loplc or _bla 
.. boll ..... _ •• Ie _pi .... , Both ........ ond ,,,,I)l10 Indo .... , be ... u1. 
tipl< ( """,;".u,," '" 4 _ ...... """' .... u ... o f 6 potrlIIo). 



'" 
Iant)'l IIIOCkoJ may e,th.". be the union o r Ole prodllC~ of X and Y. 
or lOme dill ... ", unn--; it is • II"n""""latlon of lhe modell for 
!be analop;aJJy 1l't.1ftl topics. 

In CaM the analocical relation. is • rtrict and complete be­
morphi5ll'l, the white link may ernHp hom • special toeket I.­
belled J.omorphl&n! OJ>eTOl/O< ". ",naIly , there mun be • purp!. 
link from . wpic Or from 01M! o f the lloer Labelled IoDCket.l repno­
"",ntlnK floo ICmanlioc de.cripWIS. which an: named .. part of Lila 
de..::ript\on routine. The purp le link !.hul lilniriea a 110 fill UII' 
n""'&<! difference ruu (x, yl upon which the IInllojJical relltion Is 

'''"'. The uoer m~y Pt(! .. we .... bmit _itci1 whenever he II .. lpeci fied 
Ihe w l1oction o f term. (topia he '''IIanll "lOm~ohow .... JOgQ<ll). 
but the InalOl)' relltion II not ..Jjud;"ated for leaaJlW until \.he 
... rioUi inpull an: filiM out . Fig. 8 .7 &how. lyp!cal eompleted 
... alOC)' nod". bul at 1M: riIIk "f tedium. _ Sl ..... thu analog;caJ 
no<Ief can e.1tt (in an lM:liYe date, " f o:ou_Jlonl ber,,", all the 
inPl't.lue filled up. 

2.3.4. The c:onventlolll buUt into the T110I)CIITSTICKEIt If""", 
.... dellbel'lltely loedantie. {The peda:ntriel ..., jllillified inKlrar .. 
TIIOUOH'T'S'J'ICKER l(ives u ... lul lnIininK in IPI'IIo:<I ~~<>Io-
0, Q w~U Q Ictlnll II I cou .... _ mbly aptem. , AcconlinlllO 
tht'le conventioru, .... lol/Y ...,l.t,o"" hold hetw<!en topica in diJ.. 
tinct univelW'l or interpret"tion (which il correct, thouSh unduly 
fu5l)' for ordinary l'urpo_J. Dlfficulties ate thul enooun tered In 
dealin~ with analoNi.,. loo ... ly .... d to hold bI>(wP.f!n tople. In th~ 
oam~ unive_. 

For "",mple, IUpJlOM! it is deoim::l to ""present \JI o lwmorphilm 
between papIuo (or finil<! .utomata) .' and O. AI a iCfIerallU.te­
menl, !here 10 One unlnne, 'lI'. of graphs (0' finiw aUlOmlU.l.),. 
unhre ..... of the lame kind of mathematkal ob;e.:u. lIowCII ... . !he 
particular objec:u " and G cannot "," limu luneoully uecuted In 
!he""",,, indepMtknt and ..,rial ""_ KIf (Q required Jr \JIey ~ 
aid t.o "'" anal ....... ). 'fh.ey tould, of ...... _. be limu lt.aneoualy 
,imu/ated, I>\It th,t ,. , very different milt". : their rn/_lion II 
octually .. aUed for. lienee. a ...... anxiou,1O In''-le and model !he 
F. G IIomorphiarn mult con.Uud topic ..... node In one grid X 
and ",0001 It .. M( F) In "ne .·priori ·independent put MJ"(X) of 
!he Lumped Moo..IllnK hci llty; """otruet topic G .. , node In an-
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Fi._ ' .f. (o, Simple iIomorp/>;' ....Jou;(b) 0... ..... 1; ......... "-<I ..... OIJ/:(.) 
00<fy .. 1M ..,..."" ..... f",," ""I. of",,1ll<>IY .. I ........ : ond (d l An on<ll"lJ' ho--
'_n ""If "f 0MI0v ",la' l_ 

other cr\d fYI , and ",OOel 'l _ 101(0) In another J*rt MF{V) oC the 
Lumped Modellinj Facility. To complete hil con.r.l\lction. he adda 
• wh It<! Un k to l he iIomorphlmt opention (Ihe "m'hm ty ) and _11& . dltr"ren~ betwl!Rl X and Y. Rut X and V ani equIvalent ... 
thai X. V. which means that the unlvents c:ouLti be rep_ led u 
X, Y o r th, product X)( X. ThIa poMibllity ill accommodated by. 
r.pec:ia1 01'''''(0 ..... Lfied by • toelt .. ! . fOT "~IYalMI bul dil-
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linct~ I"'ie. 8.8). The d ifference (between olhc ..... be ldentk.al .. "I· 
_ of in""P ...... tion) may be reprded either U IpIIllaJ IX, X) 
or ~poral tu in X~._ x, •••• ). 

To p.-!.hill Important point home,conlider I rather larger ... d 
more rNllstic: Hllmple. The " ..... wir;hes to modele (In lle _hi", 
of dynamic lylWml chancteriled by the ame I~m eq .... l.lon' 
and ""i"lll'l'!plic", but poaibly differinl In ,espect of Initial <'011 -
dition •. Such fonnulatiom ~ ubiquitou. In phy,lc., l cootlC. and 
numeroul other diJclpllnes; th ey underpin any appllc.tlon o f ttl­
wIled mechanics. The ",plln microtyrtcm' are ,"alogou, (not 
identical , but IlO morphic J. The similarity II the dynamic equation 
common to them all. The di fference is lOiI uwalence with either 
..... tial or \.emparll di. tin<1ion ... "*Pluring t heir I priori Inde",,". 
dence. Th .. InalOfY relUion •• Ihe e~mble o f micl'Of)'lteml. 
Thul. the lYII\.Cm equation, are represented ... derlvlUon I\.rUC­
tun! copied in elOCh analogou. uni_. X . y. ",. The ltatilllcal 
theory II. turther demr.tion IUUcture in. d iatine! (m ..,roth~t. 

ic) unlvene. MY U. The ~ o r th;. deri .... tion Jtructu ,", In U ;. 
ioomorphic: to the analoo bl!tw ","" the~, fl!Preten~ in X, 
Y, .••• 

:2.3.5. To lntLau I topic itipl,,,,nting mutually and pethll" e<>n· 
dUionally exclu,1ve hypothHes. the u'"'. J'O'itio." • eonditlonll 
DOd!! in • IP'Id U, Tbil node ""luirns [n"" to< from nodet or tm' 

• • 

I'll . .... .... _ .......... beI_ t.opic: X .nd t.opi< Y. gq.l.oI.-. _,,_Ilon 
b7 ",,'pM Ii"k ........ ",. t X .~d Y.,.. ............ """rdl . ..... "r pn>e!u"' .... 
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topic. repI'l'S<'lIting the bypath"""" (which can be Interpreted In 
unIverses X and V), together with a further Input th'QuSh. brown 
llnkwhich (Fig. 8 .9) eithe , negates their conjunction in U (I.e .• they 
cannot both be inte' pre!.etl ..nd ~urr""Lly ""ecuted in U), or 65CrtlI 
their L"Ondltional l.enure . 

The topic represented by B conditional node ;. two or mil'" 
alternative bypoJ.hMeS T" T~ that are pU IVI!)'ed or lupportcd by 
different factions and ar~ at loggerhead •. [n .hon, !.he topic nlP­
resent. a controversy between th"""'! that lire advanc<'ll or ad­
vocated by dil<tinct P. lndlv idual •• Th_ P·lndividual. may be ... 
augu ot 8 1 institutio"., famous scienUsts, "ti,e estsblishmcnt," 8",,' 
eWe di.dplin"". or "lChocl. of thought ". They may be .. minl­
.:,,'" u the different penpective . taken by o ne pertKJn (but two or 
mn ... P.ind;"idullll), ali in \.he ambilr\lou. fiiUre example (Chapter 
7, s..:tion 3). J,:xpert 1 and Io!><pert 2 of Chapkr 7. Section 2 
would count .. exponent. o f the rival U>Hef T" T, lfthcy failed 
to "IP'oo ond th eir dioagre<lment, the dash beto"",=n T" T., was in­
""ribed in th e network . In plll1.icuh.r. a conditional is intmdllced 
if, and only if, \J1~..., is . mony aim rt.'SOllltion (B tn.at.s the """ ..... 
< A" ,,) , ( A" ,,) , In which A, and 1\. do not reach agreement ). 

2.3.6. A typIcal interpretation 1 . ... fo llows. Let T , hold and be 
modelled In unlver.., X. Fo r ""ample . in elcrn"nt..ory phy. ics. T, is 
lOme prt,diction (the exi, t.e""" of o.ht1rp ohadows) rrorn tile New· 
tonian eo rput<.'Ulu theory o f light, and X II the unive rse proper 10 
the geometry o f this theory. By lhe same token. let T, (blurred 

• , 
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-"ad",") hold in unwe...., V. proper to the seometry or • 
(Huygenl, Fresnel.like) Wive theory o f lIaht. U U if,. further unl· 
"'_ of "I<perlmepl4 with "''''ow caslintl. u..,,, T 1 and T. an! rival 
hypOlhewl In U, and lhll rlnlry ;. expreued by the L-onditional 
node .... critical ""I'.,,'lmcnl between the th.,..,. of P·lndividuall 
(a u.er', conception of Nc-wl.On and 1\;" ",,"ception of F .... nel). 

T, and T. are not ronnllUy contndlctol'y. Furth."., both may be 
.".. ...... (in X, V). But T, and T. are inc:omplltlble in lOme com· 
mon (and """"'P ..... ·~ard) universe U. The conditional 
node deni". p<>II5ible analogy relation . 

If the experiment lead. to fal&ificaUon In POppel'l (1959) Ill'''''. 
then one thesil or the oth~ will be t.!nlllt.ively d,,"i~ (until 1M 
.ue ;. n!IOlwtd by some more 8dVU1ced discovery or theory), Dut 
then! need be no RIch crit ical test ( Ihe rivIIl claim. may Iftt un · 
decided. and the conditional node may ""Present only an opfn 
controve ... y and • fruitful rHl'!an:h topic). AI rtrMle<l rope.t,o,d ly, 
we an: not prim"';l)' Or directly c"",,emed .,.;th veriflcation /falll· 
nation or .bIolute wridlcality. How ........ , RIch im portant notion . 
mun be .ep",.."table in. body of knowlblel (_ they an! by eon· 
ditional nods). and it i. -.tiaI to recogniR that whm condi. 
tlonal Ulpko are manifst, they am invorlobly p"nunali&ed : Ul 
Nl!Wton Vel1>ll Huygeno, Church v,,",,, Stat.., Dr .everal dilUnct 
101 .. adol't.ed qua P.lndlvidualiLy by the u..". himM'lf. 

2.3.7. Whilot nrlous node conotnJctiom an! in p .ogress the 8 
heuristic d<!tcc:u any 11m which It can identify. An 11m may tither 
be ploced on I module, In which CI$II It II Identical wlLh the aim of 
other opentlng ~\cm' (CASTE Of INTUITION ). d . It may be! an 
.."Sue node. 

Many r><><Is may be .-imuilaneoully ..,live; for !!!l .... ple, In FIg. 
8.10 th~!'(! .... five acl.ive nodes. B ill programmed to Interp",t only 
.ome of th",c II candidate aim node.; thOle that are lu[""ronlinRtc 
and thlt h.ve rutl kemeill lin! .... bmiu.ed and ~pted for IUbmll­
lion. Thul. in F ig. 8.10, nod.,. SandT am the andldat.. held 
nod",; R ill excluded beelU"" the conlllruction , even if IUbmitted, 
il lncomple~ . 

After I period of CDIlIt.ruct ion , the uM" \0 Rbla to . ubmit nod", 
fn. instatement. in wb lch c .... (91 below in Section 2.4.), he mUJl 
justify derivltion of IUbonlina~ and the like. ThOle tnnsartiono 
take place lhrough the InICTKIion conoole. Once an hMlat.ed rtrue-



._-

FIc. 8.10. MIi .. _ . 

u ... ~ <::II ialf; Ule IUl!r is impelled to IUU • /Iud node and submit tile 
stnId.u.re. The planninK routina II ...:ecuted, and u. eonloeqU"""". 
be mUll f\u nl&h • .tftnantic description of lhe ItnW:wre. For the 
mo"," part, usen .,., quite willing r.o eh_ heada; railiot: that, 
they are periodically for~ 1.0 do 10. 

Next, if tI,,, B hCUlist;" plclu up • many aim confisun.tion of 
\.he type lIIown in Fig. 8.10 (Section 2.3 .7 ) and if It II Illso the 
case thlt Itleul. a pair of aims have dIJl.I",,! det<:ril'tioOl (obtained 
by prior d<!..,riptor IWignment und"" CIne .Im), Lhen B calli for 
l'e101"tlon (p\.llclnjf the .. se. in the poIlUon ot A" A,I. In lhio_. 
the "lanninK Toutine II """,,-,ted, but deJCription iI replaced by 
oomparinll and updating Ill" diJtinct detCripl.lonl of the aim nod..s. 

Thill, either Hi Mqw",meM for reJQlutlon or the "..,r '. oeIee­
\Jon o f • h\'lld bel""linlf to an inotat.d .. bll.rudure initiates tho:' 
plann,n, and dacrlptlon lOut; ..... o f Chap«>!" 7 ; the routines that 
tidy up the me'" and prHerIt It for lieseription and/or raolution. 

2.4. Inllallrr, .. Node: Drgrn of Verification 

The .cu.e lamp On a node II ""lInjrui~ only Ir eertain condi. 
tiOlll an! "Iiafi", moal. II.ricUy It the lopiel tonn I vllid COn .. eru. 
Ilona! damlin, lea oI;rictly It the conRlUctlon ia qreed by U10tllel 
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..... , (Ioc:ludinl arbitnton and IIf')\IplJ. In the Itrict case,!.he fo l. 
IowinC eondltlo .... mud hold : 

Ca) The model o f any ... perordinal.e topic conw,.. _ .,.,nsti(u­
HlU the modelJ fo, aU of the IUbordinato! topics from which IL ~ 
derind (that ii, ac:cof'dll\j: to the user" <k!rlvaUonJ , 

(bl The " ... '1 derivation o f a IUperordLnato! topic from it. IUD­
ordinate toJri<:J 10iel no essential lpIlCifldty and ill cyclic , apart 
from 11.1 primlUv9, III. result. 

An adequate, weaker form of this condItion illUmme<i up in. 
pair of lnJunct.iolll thal are t.o be obeyed by the ule, : 

(I) If topic k II to be ,,,,,tatoo &.I derived \non-analo!licIUy) from 
lOP"' I and topic J. then within ~ derivaUonalltNcture thQ u.." 
murt lIIow (by. colllttuction on the grid) how topic I md topic j 
are dl!ri'led from top'" I< (perhaps winl prlmltNeI ) without \.,. o f 
speclflcity. Y\ll'I.h<>r, the ... "'" mtuL mw (or _ rt that he eM 
make). modd M(II) . 

( II) If topic .. ill analoCical, the user mull. Iho .. the rew_ d"';· 
nOon (II1II .oov.1. ~ the waiver thai. the derivatlon d~ds 
upon \.he dilUn&uWlln, pred~. Oid., Furthm", It the lIrIalOU ill 
ltonIorphlc, the u.cr murI. Ihow the 0"" to one ~ence be­
I_.en topic L and lOP'" J (directly . or by .. bordlnaloe IIomor­
!'hilm), and it it is. if'""rafuation, IUWOrted b), topic e hi! mUllt 
make o r ..... rt thlt he can make a model M(e) . 

Sevi!ral dcgron of rillidity are poulblc, dcpendinll upon the 
J>UfJIOlO! In hand. At on, ""treme, the dloplaycd ,""work mu.t be 
c:onlilt..nt and cyclic ... that it (and the auocilted modell) form • 
• convc ..... lional domain . if 10, cond ition (a) and condition (b) an! 

mecked by applying th.e _t mulim,. of EXTEND, Ind th_ 
routln .. Ilfe also applied to iIOmorphk ana!oeiet belwHn topl«. 
11111 is a lenKthy and .. the\' n~e bumnell. 

At the oth"" .... l!'eme, wh"", THOUmITSrICKER ill uted u an 
~oJoelCll \Iborstory, ... are only anxioull.O nt.emalile an 
innovator .. concepu and dntntiDnl. The B heuriltk: check5 con· 
ditolUl (I) and (II). The u ..... is required to Slate whit he bel~ ta 
~ hill lMoIler. and df,rive them from other taplel. Thae lUte· 
menU Ille aooepted without justification (Of "'iUl o nl)' verbal juni· 
flcation), but there II no ",,.,...,teo that U,C produd iI. conv_· 
tiona! domain Ol'fl' wh leh II'amability and mcmo .. bllity .... ",at· 
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ante.<! unl eQ a model can be executed for ~ach lopi c. or a verbal 
explanation """tJI .• 
2.5. Ducr{p/;on MClhod. 

The d"""'; pl!on och""''' evolves tQgelhct wit h t he topic "c\­
work, and co nooquently. it Is impo .. ibl" to illS<:ribe Ule valu,," of 
d"","ptan BI the nxed , maplin .... presentation of an entailmenl 
otruclure. ov"", """ilion. on tho. grid., Moreover, in th .. inte""t 
of Uniformity. the descripton o f all tapiel, whet.her in the Ilrid. 
or th" dl.joint ... ""true!" .... (with Ute """"plion o f \J1e syntactic 
depth d.,."ripto r wi th values oupMOrdinate/subordinat.c). an! Tep-­
Il'SI!nted In the LIill display. 

Each ",,"iUon In the grid and ellCh node in t he disjoint ... b. 
d.ruetur~ II equi]lped wilh an LF.D (light emitting d iodo) pili r, 
"ble to Ih in .. red ,n gn:en if \J1e LED. are !I1uminated. Conseque nt.­
ly, the possible cond ition. o f any po3U/on lin! rcd (wbich rt&nw 
tor the d('$Criptc, valu e ... ), I/J"C<!n (Ibe descriptor value -J. and 
"otf," the d~riptor value· meaning "undetermined or i ...... l"· 
vant". l At any in,tant, It I. pmsible to display ail val ... ,," of o,,~ 
descril'!.or o r o f one Boolean ""I'", .. ian in th~ let o f d.-scrip !.oQ 
(all !.opie. havin g P, and p. but no t Po, fot example). TIle ... leT" 
abl~ to obtain LED dlspl.o.YI by typing the name o f .. descriptor oT 
the form of an up...,..;on into the terminal. Conversely . the regu· 
latory h""riltic: B can pre&ent an U~O di$play to the u..,r and id",,· 
tify it by printing nut the nam e!l) or the decriptor(l! concuned . 

New d"""";pton and thei. vlluet are introduced !.Iy the dcacrip-

.,I ... ,ion may be b ... d Dol 1M .... w. of . , 1_ ''''0 U"'"'. 

~~~E~~'~':~~'i~f~~la 00 ooh.o«1l '""'100",," of 'M .';"'1""0_.' 6. s.",_ ~. rot u." pot ....... I",,~'od _ 
",odul .. ODd ""Y Ihu. b<r I .. 'n<d by • &t. """1 

(CAST! ODd INTUITION ) pI ""I"" aim •• <>AI. 
'DP!... 

p"lM:jp"'ln~ uoero (A,. ,,) (A •• ~j b . . ... .-.l l.o •• .1. n<>de 
m.u.t.<;! (U.e 1_ . ici<I e-r1t0lk>n). Th. "," .. ,july .... JUf"""ed "<><Ie • .,.., 
_ep",d po,moftOnUy . .. mo<lu'. huod Lopi<.o. If, ud "" Iy If. (A,. ,,) U n 
, • ..., IA •• ~)". ~ WM" h • • dm_ lt "o W CASTE "," INTUITION <Dn' 

"'0' ... .... d."'; oiml!o,ly (A O, ~) In Ill< ro!. of . .... d ... ' .on 1 .. ," (II ,. "j' • . ~. 
t Thio "",,,,.,,,on' I ..... apo" u.. _ lblllly of r-oprooon!lni lh ... I.n of 
P ... y Pr.dlc ..... of u.. l.opi<.o .. in"'''''odluy ..... _ ar IIV-t. 
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lion ",utine or l'iM. 2.8, ""'~~ it the ....,. _m I Mad topic. 
Or B nlb tor. many aim reoolu tion. 

S. COOPItItA11VE ' ~RACTlO!ol 

It the ""'. doe. nothing. h .. I. bombarded wltl\ Item. or ln for. 
maUon from the data bank. Al least. he mu.t cn~"8e In hPL~ 
tranoaclio", in nmer to Iu,m wi! nux o r data. Initially, "can 
only "xplore the dal.a bank or Ihe minimo.l toplca In the "'"lUting 
IICI, and he =uiv<>fI In return Items (rom tha chanMllIIldress«l hy 
explontion. 

AI toOn ... lOme CO\IrIitive model h .. OOen oonlt.ruc\.ed Ilnd the 
dl!lCrip'lon routin!! h .. been 11."","(0.'<1, !he "R' is able land 
toreN) to _;MIl valUCI ot hb own dHcripl<;>n both to the topiel 
Or analocY rolltlorll lie h.u In.I.a~. and to the (bta hank channels. 
Tn. .. , in the limiting ease when the data bank II d~m<!d iI'rCIaVWlt, 
all d<oso::ripl.<>rl hi"'" thl! value "0" on aU "ha,,"ct.. O1.hcrwile, ehUl' 
.... 11 In the tlala bank ad as information lOun:etI thn bact up 
\opic& 0 ' .roupt or topics. 

CollfU\lC1lon ot ~ o r topic n<loIIM in~lIlves IIdivily in the 
modcllinl facility and IfVI$;Idio,,", imtnuncnl.o.'Cl Uu"ulh me inter. 
~on <:(InlD!" and Ih.e construction grid dilplay. 

Th~ whokl p~ IAkH pI""" unde~ the fo llowina rulH (reca. 
pitulmk-d (rom Chapl.cr 7): Cal If topic k iI iTlltllted u derived (in a 
conju nctive lubttructuNj from topic i ""d topic i, I~ II nece .. ary 
to &h ow how topic lind topic j nrc derived from tuplc k wIU".>ut 
10 .. of l[IO'Ciricity ovemll. (bl Analogical derivation. satisfy the 
1BlJ1~ ",t.. with tho .... Iver thaI 'P"Cifidty mil)' be lOll (I t ... placed 
by th~ Difol p ..... ""I.H). 

M the moment the uter asso.rt.o a head (or th~ a haniltic 
dctect.t • many aim conrlgWll.tion ",,1'1 demandl rP.tOlullonl, the 
pnlnin, and numMring routines come in\.<> play and provide a 
lidied up plan ot I.he m~ (cummUy, on !he OiJpllly Thbe). 

3.1. The OlwerverH'iclul'f! 

We , the observen, _ an nteriorlsed verdun of the ute. " me .... 
IIIl ol'!'ntlonl. What d oet the u_l"\ In retum fo . an h ill 1.<oublc? 
Part or the I tor}, h ... IM:en told already. Hut the,,, ill • Wlp \.<> fill: 
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name ly, the lmnsaction, meant to encourage i nno"atiY~ acUon and 
many aim o peration. In thesf! lran5aCtionl, the heuri stic B .ct . .. 
an innovative .... irtant to th e user A. Su <:<:;nct.ly. B promotes irmo­
vatio n on A'. part by ."...,ying irmOY~tion it.oelf. 

3.2. Promollng InnOL'lZliOIl 

(I) I f more than one dedu ctive ""heme exists [as a oepan.tcly 
headed or disjoint conjunctive derivation structure ) and if the 
..,herneo (conjunctive .truet",..,.) have analogou. par!' but are nO! 
identical, Ill .. n B app lieo epistemlc symmetry (ChHpter 7 , Sect;O" 
2 .5.2) to provoke the 'yntlldic component (Ilnd .. pULati"" """'''''_ 
tic component) of an andogy relati on between lopic. of the "". 
\.Iting scheme. 

(b ) If a princIple exiJu (Chppkr 7, Section 2.5.4.), \.hen B ap' 
pH,," extnpolal.lon 1.0 proyoke the development or any ex isti ng de· 
ductive IChc"II1e. -

(e) It an analogy is SUPP'lrted by a strict isomorphillm, It .tand., 
It there ill an analogy k between roplc I, lopic J with M(l), M(j) In 
MF(X) , MP(Y ). and It lA supported by a generalised Topic with 
M(t } In MF(U} , then B asks the user to model . projection ofM{i ) 
in MF{X ) or MFIY) or both . 'ni ts operation ("I nversion") p ro_ 
vokeo Innovatioo . 

(d) If there are empty cells in the . pace of d....,ripto", .. them 
are (previoUll monograph) In an evolving entailment mesh , then 
B pnint.s to the empty cella and provokes the Instatement of fre.h 
topk . to till them. 

(e) If there 1$ • (."it,able) many aim configuration . B requi ..... 
resolution; if agreement io reached. B Instates an analOKY relation 
and, if not,. conditlonal node . 

(f) U.jnlr the graphic facility . the mesh can 00 "'presented lnd 
displayed under any head node at the request of any user . 

• TM rynl.a<llc: <OO."""odon p.odwoed by '~lnIpoIo'i .... moy oot boo in, .. • 
p .... bI. In u. ..... loUnC ""1 •• .-..... AI u.. !>H' .lap. ttlttnl"'loUon load> 
to tho oo".lnletlo" or 0 """. 1 wnl,.., .. I" 0 .p.r. ... """mol r .. lli,y. ~'o.-
"' .... pI •• Lb. ;"r" ..... Iio" .~."..,'l. """,Iopmen ' or tb<nnodynom lao (CI1 op' 
.... 7) inYOl ... .... h a o~"lon ... d 10 on inno ... U ... pmblL, A r.,Lb.,. 
U&mpla .. tho ;" ... n'.,~ 01 0 (o.thOCO" ol l dlm .... Io . to ~moda ... tho 
.... u..m...ieo! ..... poI.lion or "OunlbH" to "compl •• ""mben", Goodal. l" 
( 1 ~52 ) ... d Polyo (1954) ,I ...... io --...pI .... <1000 Spo""" a"""n (1969). 
tho 1011. •• o.th", In !emu Ih. t .nt preeioely ou . .. d to Ih. _"I di"," "';oo. 



~ , AI'fOTI 'IiR VIEW 01' AIM INmAT10N 

W. &f'I\Ie !hU B IICla .. .., innonl.iv~ -utant to A beao"., the 
aim inililtlna operalion1 (a, b, c, d, e, 0 h~ .., InteraUn, and 
equiliplirocant Interpretation under the general tit.1e, "problem 
pOt.inc~; I.. , (liven a netwvrk of top;" ...,tationl) "foml ..,d poM: 

pn.Ibleml tbl' will R""~Le further topiea", 
Von roeMer ..,d WeJton (1974) note, in !heir dltcu.-ion ot 

""nted oriented 'Y1t.em1, tbat no problem ""iN wlt.hout c:onted. 
A relaUonal lJ*'irw;aUon on Ita: own iI inruffl"hmt to detennine. 
problem, Ie~ alone an ac:cept.lhle duo of IOludolU to a problm>, 
For Ulmple, under !he relaU ..... x..,d - , the pteudo problem 

2x 3 - ? 

might be ",Ived by 3 x 2 o r by 6; o r to dte • further example 
from Von Foenter and Weston, the c:uriouJly mipnatle p.udo 
prob~ poHed by 6 - ? h .. any oumber of lOlulloM d~dinl 
upon the eontellt in whleh thIs relation iI _bedded. 

A tomori, an uninterprnted IW'twork d ..... not in itRI f deter' 
mine • problem. But all of the procedul'l!l UJed to inltlate or Cllta­
iy ... conllructi-ve IC1Mty are ""ntelll Propoailll (benee, problem 
poc!nl) o.-alieN. A few of me proposaW mlY be u ~ific .. 
the contextual """tutlon, "6 - lIOm~ product. of ln~~, Mort 
.... far leea IpeciflC thouJb pouibly no 1 .... uMful. The proc:edUr<!I 
.... ru.ely rIOt complete IlId in th.1 IlenM do not conl tllute an 
"Artlfidal 1nteJlil"nce" (or, III W8 prefer , in the .pirit ot tbe con, 
tul paper, I ''General Intellecl"), But they rep.--nt part ot Nch 
Iming, and In combination with the other routine. , yield. ryrtem 
in whk:b It II impoaible for an ""lema! obaerver to tell wbether 
the Innovallon (If any) that tak ... pl_ b du~ to the uter A or to 
the h(!tlr\Ale B ...... promiMd, B ellco«""",_lnnontlon. 

I.liI'&;I"' C PROCEDu,UtS 

The prindpll!l end operations of Chap_ 7 , Seetions 2 and 3 are 
buUt into Bas. number or "problem ~["i" or ";nOOYlluon at­
Ulnptl"ll" pcocedurea. 



$.1 . B aamins the network built up on th~ grid for analottllll be­
tween a foplc I, which Is ~ of . JIlbnel JllpcronilnaL.l! 1.0 node i. 
and a fopic j, which ulau In OOllion. By ~pi.f~mic I)'",,,,dl)' . B 
In rc ... that there may u u t llUbnei IIlpcrordinate 1.0 wpie J which 
U Isomorphic 1.0 . uhnet I .,Id U fom,ed hy copying the ... bn~t I 
acrolil th~ analorieal distirn:t;on to form a hypothetical.ub""t j. 

B display. this IIlbnct by iUuminalinH !he IIUtnllon 11m1~ of 
which th"re is on" 1.0 each poIition on the grid. The dl.pLay is 
in!""",il tent rinL", the". m.-y bo!, and quit.! commonly ue,_na1 
topics with the MoaWl or fople I. A " nllle display coruiola In illumi­
nalln, the Illtenl ion lamp on topic i. and .. hil ... il iI tumal on. 
lCarl·illuminatin, the Ittention I_porn the hypolheti<,:al ... bnet J. 

Thll oper.lt.ion ill inll!rpret«l ... B ~ion to the use., "Do 
YOIl. alfirm or dCl1y U,e exia\l!nce of ~aoh topic on IUbnd j?" 
Then: are two equally productive way. of purlUinM an ""ower: 
jultlfyinr arfitromtJon. and JUIUfyinK dcnial. So fur, it h .. only 
been poI&ible to lmplem.nt the fo nner method . 

An affirmat.iv~ reply from the Ulet. in relP"Ct o f an l~ ""' ''''t y of 
",bnel j conliota In placlo, a node at the poaltlon on \.he pid DC­

cupiold by v ; !hill nod~ btcinl th~by riven an «IIWI statUI (notice, 
ho .......... thaI the node dOCl not _ the "",ml lon lamp at th .. 
JI06iUon). 

Denial (wbieh, In the eum:rot impl_enlllUon, II no t followed 
up) \I ""hi ... e<I by plHllng a key On the operatlns con..,!. at the 
moment when the denied e lement y is lCan·UJumlnlted coine;· 
d~'fItally wi!.h topic L AI a re.ult of denying t hat v i. a topic in the 
thesIJ und er CO<I'ltUctlon, IU bHquCflt ocM·illumination. o f rubnet 
J do not Include v. 

0""", initiated. the display of .. bnet j in thl! context or lop;" i 
ill ~ted rrom time to t ime, unl_ 

(a) thl! t..I\ure of.u .. "'m""ta v in .... hne4. J ill d""i«j , or 
fb) aU a rr..,.,ed I!lemcnta (with nodes poIillonOld) have """'" 

der!Y«l .nd ;rutated, 10 that thl! ~ndln~ nodH are no 
IonKCI' In an act.ivl! otal<!. 

6.2. A. lOOn "" I ,.....tl foplc i i. Instated on the Il'id, B ""archei 
the entailment set or tilill topic for a nodc repreoentinK a prln dpl~ 
(any fOpic j o f th e kind deacribed in Chapter 7 . &eUon 2 .5.3 .). 

If IUCh • topic ",,"ta, B In tera from £%trapO/allo<o of PrincipIa 



'" 
lhat topic J m!ght ~ ",JPlIed 1.0 topic I ... m.,.,.. ot obtalnin, 
.,me further lopk k • ..,d R t hul displ~YI the pair Cno.w.ie i, nodej) 
coinddcn~ly by illuminati,,!! Ibe al.!.Mtion lun pa at u.e.e poU­
Lion. on !.he Irid. 

The dilplay it. Interpreted .... qu8l.ion 1.0 Ille u"", "Can you 
obtaln I further topic (which it. part o f your tOOiI) by applyln, 
,,"neiple j 1.0 topic 11" 

An affirmat;V'O! Teply conliJU In placinl! • nod .. k at • pooition 
IlIperordinlw on tile If\d 10 the node of topic J. Thll node l>..­
cornel ..,tiv~. and the . tl.l>nl io" lamp display ill repeated from t.im~ 
10 time \lntllloplc k It dL'riV"'! and In.tated . 

II n<1l~tive reply II Kivell by prea&inK I key o n the conlOle at th~ 
moment wh en the display ;0 pfI.'S<'nted. AI. "-'AUlt of dO!'llial. the 
.,wnllon lam", ani u l inguilhed. and the Pro llOM.'<i 111I' lIutlon o r 

the principle it dcl~led from B '. rt~ln!. 

S,3, B searche5 the de..:riplor 5P"'!" for any eonjuno:tion of de-­
lleripl.or YalU" thllt ..-ir_ • un it te' and b not oocupied "Ith"" 
by • node or a uniquely ."...:if"ted ,,"annel (MCAII thet the dll!ll:rip. 
tion, CQ¥e. the data bue, as .. ell .. the topiao). B prill" o u t the 
de.:ription and lib H th~ iIlUch • I.Ople. whleh the UIeT mUl~ 
amnn or d~ny . Th~ procedure was ~empUrltd in Ch'4lt~r 7, 
SecUon 2 .~ . 

5.4. In Chap\llr 7, Sectlon 2.1.8, we diICu..ed the conltrucUon g f 
I generall6ed topic (GHWM) to "' t>resent the limlhuity in an anal· 
oD ",,!align (lIWel between "heat cngineo" (IU:) lUld " ",frire", 
to .. or helt II',IIn"," (RP) and noted that lpeclalilled fonna of 
GWHM could be ... a116ed .. Iaomorphle mode ll (m ore Henem and 
mOre comprehenlive than liE or RPI in the uniwl'IeI or C(lmpU.· 
tJon and InterpretatiQn proper to HE and RP, _pec:tlyely. 

Suppo .. that GHWM .... , in fad, comtructftl in THOUGHT· 
STICKER. 1'0. thil or any H""eralisation ~ on an oth'" than 
ioomorphle anaio«y relation (detected by the a~ of the ~ 
.:m-td ioomorphilm open.l.Or .. ), B IOU the woe. 1.0 eonll.n>et the 
opecialiotd I.Op;'" obulned by int.crpretinl the trahly imlated 1Up­
portinl pnenllsatlon (for ""ample, GIIWM ) In the o riginal uni· 
.- of inl8pretatlon. The uoer A iI rnquirnd 1.0 "lnvni, hillen­
errJlu.tlon~ . The request from B to A i •• typed o u tqueotion, " II 
there I CPI! or the (IlMralliation aupportinll an X, Y, analOl/Y 1(:. 



tllal1y reeJlled in MF'{U ) within the origin&J uni"'!.-- of com pil .... 
1100 and intepretal\oll. AfF( X ) and MP(Y)?" An ufinnatr.e reply 
iI eridenced by lnst.atinll f:reth 000. in X and Y, ..,.peeUvely, or 
in juIt One of them. 

5.5. A completely nept;"'e reply , "the propoaed constNctlon 10 
impo./bit' accordinl to my thHiI," denieo the veJidil y of an ..,aI. 
OD ~aUon bQed \lpoII the ~raliRd topic: . Sucb repUe. ate 
rtored by B and are the main evklence at 8 " diapoal for eonl .... • 
dic:tlnt I mooted analOllY relltlon (thO\lah not the generalIsed 
tople It.III!lO. 

5.1l. The Lut proeftI, fftOl"tion of • many aim litu~lon , .. the 
m..-~ "" pan in B's armoury. Notle<lo thlt raoluUon ot I 
many 11m ' ;\.ul tion ~ alwaY" produ.,tlve. 

(a) It e nl"'llel the let of ""mant5~ d eooripto .... 
(b) H ...,.,ment is reached i'- lyntac1ic component ~ intcr\bftl 

in the me'" II the similarity pen o f an anaJotDr rel~ion (and UIlIal· 
Iy I !eMnilisation baNd anaIOO ... Iwon). 

(~ ) It th~,.., it dlqre<-m .. n l , th, oyntactie produ~t 10 I condl. 
tlonal analotQ', .. the mark of riyal t he ..... 

Rnolution 10 probably abo the com monlllt ~tion. W, .,on· 
jedun! th~ all au tonomously produced anUoIPN and condit ion'" 
..... dUO! to ' 'intemal l.rmuactiom'' ot thit kind: only I few o f them 
..... e.ptll n!d u " o ffic ial'· and o,*,rvable ",1O]"tion • . To the 
""tent that THOUOI-ITSTICKER d~. Clpt,,", IOm~ of th_ In· 
ternal tranlKtio'II , It iI able to uteriorise InrlOYatlon. 


