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Only In recent yean have .... t.hematiCfol IoKidana HrlO\1lly oon· 
lidend ryltemt lhat &re C(>nlt.ructtd from lhe point o f v~w o f . 
panici""nt ; Uwol ~, in !.he non viciouo HnM of &.he fl.rsl. mono. 
""ph, •• ... b;ect.i...,·· and "~nediye". The mot1. oom pl'ehenaiYe 
dnm,pmenl .. dIM! 10 Andntb, GftJeley aDd Nemeti (1973a,b): 
but _en!. wemillllly quite dift.".""l pt_ o f work complement 
the p icture. In tolo, Ih~ math"",at.icallysteltU Jt,nd credibUlly 10 
u... ''sUing and _ II", wu." formulal.ion or oonY~lion t.hl!Ory. 
Th_ addlUolU could ~ odvan~ indell""ndtf1tly ... 'l'Slemi<: 
pro))Ol!tLoIII which are ... ppo.w by empirical data. But, .me.. 
thdr olherwlle peculiar fonn fiU the bltICf" and axlom.Ueally 
respect.able f .. "",work, • more convincing caM ill m~u If they Me 
vi ewed u lnllan",," of Ihilgeneral and well·formulated system. 

The lQlico· mathemati<:a1 advancel beannl! upon reneo:tive "yi' 

te!III belollll to the foUowillil area. of Rudy: 

'a) A nOn cluoio:al and model thl!Omlc I.rMtment of l.n~&/il'" 
and Ioglcl (Andn!ka, Cer!lclcy, Ncmrti 1973&,b). 

(b) A 8eneraJ fo rmulation o f Fuzzy Pred leltel (Goguen 1968). 
(e) A theory o f Fuzzy Algorithm&, and Fuzzy Beu (z.deh 

1911). 
(d ) Cohm!nce Theory (Re.:hcr, 1973) . • 

• 51_ .... bo<>~ _, 10 -. "" ... Ift l",pooUoI' ... __ , kat ... I ..... L .. 
b.o~ lob" pIaoo..,d .... 11sI. 1II0000d boo up"" .... by ,_ o<Iditl_ ....... 1'. 1.) 
V ........ Ioiic o f Mlf .. I .... "'" OLd (f') _,k. ehleR, dol. ' 0 Gop ... 01_ 
........ .,. ......... tlc r"" .... ~ 01 Geoer.d S~ Th.-y. n. __ , .-.....,_" ...... _n~ _Ulo.ed III • I"",,,,,,,,., III • • lId 01 'h. choptor '"' 
p. In. 



'" 
The ... developments are discussed . 1 the context of conversa­

tion theory (not n.IwaYI in the o rder listed above). to provide the 
general framework promised in the last pIIl1lI!l'8ph. 

In thio chapter we review (a ), (b). (e), and (d) ... they apply to 
conversation theory and, where necessary, IIcneralliie the dicta and 
definition. of the first monoRl'oph. At this juncture. attention i. 
still concentrau.:! upon rruict and one-ai",."t-oo"" COOvenat iOM 
(though the underlying men!.al operation. are often more liberally 
conceived ). ~n within this framework. it i. prn;sible t.o advance 
!.he notion of • com"'oll "'eaning,eached by an "I(leemcnt having 
• Iynt.actic and a llemaotic component . In particular, we develop 
th~ ide. that topi"" in a convel'llatlonaJ domain which nand fo r 
analoKY relati""" between other to pi"" , .... " l LaUe in ..... iption. of a 
common meanilll. 

Analogy r .. !atlow have a curiou.ly cenU'al potit!on !>eCRU.., of 
their educational .ignificaoce (only by using !.hem accul1I.tely, can 
the &~uden~ genuinely accelernte hi. learning of a .ubjec~ matter), 
and be<:ause the appre<:iation of analollY rela~io n. is Rt the root of 
innovation and discovery. In order to inlloduC<! th""" idea •• i~ .. 
convenient 10 d"",ribe certain augmentatioOll of the tl1l.n .... c~ioTU 
permitted in a conven.atio no.l operating system wch as CASTB or 
INTLnT10N. The augmented UIIn ... ctioOll were mentio ned in the 
firlt monograph, but. have been incorporated since it wu written 
( in 1973). The und"r.n.anding of 81Ullogy relat.ions .. discussed in 
theoe term..o, and some idea!l ahout. t. he coJUit.ruction of "n"logy 
relationa are sketched by way of introduction to the next. chapter. 
Little more can be done until th e "one aim at onoe" condItion .. 
,..,lna! . 

1. OENf.RAL AND NON'(;J.ASSICAL LANGUAGE. LOGIC AND MODELS 

A language hat a semantlc (or interpretative) as well as a syn­
tactIc (or formal) .tatus. The conversatlono.llanlUllIilc L i. nece.­
sarlIy of this type, so are the language. in l!.arralt-Torrijo. and 
Chi ...... viglio'. formulation, referenca! in t he firs t monogrnph. But 
the notion co nr.r:uts quite .harp ly with an "un interpreted lonn o.l 
language", a purely syntactic coru truct. of Iymbulic 10000c. Nota­
tionally . a language;" a triple: 

• 
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L.ancu. e ( Sfi of Sftt~roca. Intetpreuollon Fun«lon, Uni¥crM 
of Inl.erpnttaUon) 

or,fo, brevity t. (S,I/F. Un!v) 
TheM! entiti ... and their relatIoN are &hown in Fill . 4.1 . Th,,", 

an. lnd efinlt.<!ly ..... ny laniua&t'I. LabeUIJIII anyone of them by an 
Index I: 

l, II (~, _W" UnN,) 

..... they may dlfte in any o r all, of their component terma. 
A IotItc II conco':ived .. any pair : 

Lot;Ic II (l" CalcvJUlI 
where the caJc:uIUi iI Clp.tJle of upre.in, aJa:ori1lunlI Or program.., 
themteiYt'I oyntactic eottUeo widell lIenent. lenten~ in . oeI., S. 

Clearly. I calcul". could d~ene .. te to one program or I eo:'rtaln 
dUll of propvna (PrOS). Generally, we equate the notion of cai­
culul with Ihlo d~te forl1l . 
(1,,!l!2Il"' «S, 11f' , Univ). ~ 
. ""re ~ produc:a50me, Or aU, m .. mben of S. 
~ the conversational ........ L .. held in mind u £ , or .. 

dl" o f £, aooommodating ruu (Dr dec"IM!n tej 'odca. 
At I./w con o f W'alir;""Uon (u in the conV<!Dlltional Jan&Uaie 

L .. t '. 1.0). o r any other Irick which dUcriminat.e. i>etween I de­
ocnption and an In.truclion to brin; about whatever if delClibed, 
it if poulbla to incorporate ,oal delCliptiom. Thereby, • Prl\il' 
mltic of lfOai oatim.ct.ion is..Jjo ined to the rynW:l.ic and IoemanUc 
I}'SUm t.o form. oemiolic .yaLem . 

. ). 
~ J._.u 

oN 
{vI 

" F 
~ 

' 11 , 4.1. C"phlotJ __ ., •• Ion "'.10"' ..... L, co ... ido,od .... rlplo, con· 
.... 1'" I~ ... , S ,,' .yntad~ally odmloolblo ... .......... . gnl ...... of \to\.M-
pn,,,lon U, ond on Intorpretotlon IIIrIOC ...... bloh mopo tho PfOdlid " r 8_ 
Iho .......... "n" .. "I ........... ilI _ (ho .. {T, pl~ 
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The motivation tw.h in<l thi. development is lita! alel1tient being 

(wul"'cifioo, but aware) i. ahle te lutv" ind~rinil.ely many lilli­
guagPl, .c" and In them to imagine"" po .. ibilities and con templat e 
an lndetln.ltely illl1!" number of reoJiti ... (unlverses). In lIny unl· 
verse, the inteq>rctalion of lhrue ... "tenres or S t llnt Me true (in 
this unlv ........ ) is a model. 

For a cl.asr;ical lcKic, tile tnlth ",t II (True, FBIs<i ) ( Fi~. 4.2) , Bu t 
the overalllChcme is designl.'d to acco mmooaJ.B non classical logiCl. 
For uampic, 8. logic or .ction o r o f command execution (Rescher 
1966) .... o.ketched In the fint monograph, 11 no n cll1ssical. Stale-­
ment.. prelCribe operations. The datemcnt or B pr<><:edllnl is true 
in • cert;l;n univ<!t$e, If lbi. prll'Olldure .. tiofieo a moot"" goal In 
this un;vcne. For anoth". example, a logic o f Fuzzy Predicates In 
• non cla...ical logic: the !.ruth oct is volues In {Inl<! rvlli 0, 1: Mea­
ning! .... ). A logic of ~uuy Programs that compute th e values of 
Fu ..... )' Predicates i. also non claui<::li and iI of specIal interest. 

One noteworthy aspeet of the logic and Ian~e under discus­
l ion", i\.l 'Ylt~mic o rie ntation. Most treat ment.. of model theory 
lin! conatruct.cd according to CWlOIUI ol parsimony and an! d irectly 
applicable only to the simp I",,! l ituat;olUl. So, for """"'pie, a uni­
vene "' generall y regarded III a ... t o f clement., o bje<:U, or at the 
mOlt., """01£. In the present case the restriction is waived, as it 
mUlt be in the InterpreLation o f a loKi<: o f adion and opetllt io n. 
The univene can have the charact.eriotioo of a proc.,...,r. U.ing the 
termino logy of the lirst monograph, uniVClSCl of interpretation are 
M·lndivid uaU (one o r other sort of processor) . The model tor u 
action engendering ltatemen t ~ for example) il a compilation 
of Prog. Moreover, Lime II implicit in the unlvene {perhapo only in 

1'" ... ~ .2 . Str.ndud lnl<rpm.U". ot u.. 101 o,d., prodi""," cal«>l .. .w,.. Ih~ 
......... Uo"'" ";optod I. Fic. ~. l. All ot tho ..rlabJo ... 1 .... , prodieate., f~nc' 
I",,,,,, W:. (toIOlh ... .. jlh Ih. <o" " "",I_ . Dd qlUntlr .. , .ymbol.) ..... p&rt ot 
I.""' .... S, l~., I"" flnt 0 ..... pmdieal. tlI<uh .. III11 ...... 

• 
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the ~ ..... of order and r.h~ Injection o f ~nlrOp)l to oel • 
.......... in motion). But It is neither nl' " il)' nor mu.lly me 
cae thai t.ime Ii \U"ll fonn ... that difrer""t p&rt.f of \.he proeePOJ" 
are a priori , ynchroniRd. If synchronicit.y uilll!. thil 1I •• pecial 
conJtralnl built in at put of lhe synlactic ...... t..m .... t wh ich '-eiven 
on Int«prel.ltlon elther II • compiled and ",,~labLe program, ar 
•• rt!IUII of productlol>5 manifest wh~n ilU1.lud.iolU are taken In 
the impenltive (,nm. or .... _pedal condition (for example, In the 
fint monolfl'1Oph, the characterisation o f modelli", facilltJes, II 
"one clocked" or "many d<.>eked" procaoon). 

It i, po .. ible to vIew a Icheme o r 5)'lItcm o f I.h il typ" from two 
tq\IJ.Uy legitimate pl!rlpeciiYf'S, by conaldmllfl the VuiOUI pro­
_ that ...., liceMed by \.he .eheme from either an outwanl Or 
on lnwan! looki", ,tan"." 

Of theM two PI'~, the ou tward looking II leN familiar 
and more definitely IIlIhjecti'l'e Or ren.:cUve (tbough In a ........ , 
both of U>em have a iliff_tv.. component). The nolion underlyinjr; 
the outwanl Iookl", ~ve II that WJI\I.ageI and, alonlori. 
univeneo <;an be ~t.ed c:onsuucllvely in lOme medium wh\cll 
will be ~nt.med (u ruge.1.OO already) willi • PlOCh=T. That II, 
the inlcrprel.lltion function If f iI; regardable not o nly .. ' m. pping 
{Fie. ~ .ll bet~n troth nh.e.;.,m the product of ltatementl and 
unr.ena, bo.Il .Im, liven =t.ain . t.l.eme nl.l ."d • ttuth <:rlterion, 
as • proeHl In the .Upulated pro«:AOr .. hleh conltructl universes 
as Lmqined poulblllUu. Under I.heJe cirouml\.,,";n, the Inter· 
pretation fUnction IIF 1I1t.se1f a co ... tructl~e proc:e- and it .. ill be 
diltlnaulilhed as luch by writinJ! {with proc:fllOr 11~~nl . 

.1:,. (s., !nW,~: wh~ ... InU!. i lI.compiler that prodUCH . lped.fk 
univel"M, y!!!! I, as." lnterp""-Btion in the IJI""'Xcuor . 

I..oP: • c.t" C.tcIllUlI: o r, dec~tely . c.t ,. ~ I) where Inter I 
produces. compilation o f ~ i (and ... in l.erpretltion o f1i:i1J,· 
PlOt and output domainl in the prO<! or. 

We Ihall identity tho! proceAor with ." ["'PJoc nur, tho! molt 
cene'" kind of 1oI. lndiYid ual considered in the tint monop-aph . At 
1uII., ." ["'P!OC !i or II ... inde finitely ai~ {Ninedwustlbl." 1 
""U..:tion o f . prlol'llndependent and asynchronoUi. programmable 
m..,hlnel ; of course, u.e.e rnadline. are brouKh1 inlO local de~· 
dency and I)'nchronlclty .. hen. program II UflCUted. 
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A fortiori, .... ProoeIIon are a ble to aoeommodtlt41 .even! Ian­
~, r

" 
.1:, •• mu,lltaneotl$ly, o r _ • ~ bu~ Important case, 

~ degener.t41 !arial $ysI.ems (..!UI "Caleuh»" tel "'Iual to 
~Pro" 1, fo t fll<ample. the 'Pte .... : 

Clio !!!!I. .. ) -l(S., Inter xl, ~ or) 

Uh I'rol ') • «~. Inwr yl, hot!: PJ 
... he'" S. contain. goal deterip!.lonl proper to Prot! • {relation • 
• ditfi.ble if I'ro!I " I, compiled and exe<:u~).lI;'""" contain. iDa! 
descriptioJII fiiT~oll /l. Inter >t. In\.e. y are pr~_ that realll.e 
modell, ~enenolly Istlnct---;;;odca, th~t an! compll.tion. In the L­
ProcellOr of !!2i I, ~ j lha\ do .. tilly UN! 11081. deteribed and, 
in tldl lenH, IU1I trll' valued. 

HTruth" In O1il internal organi6alKm need on1y refer \0 tile poI­
IibUltiel of com pili", and succellllfuUy exeo;uUnI • certain d_ of 
PfOlIUDl (all with an rpaci_ted goal descripllonjln .... t..l'rocft.. 
lOr, the mlt<lnoe of which is surely afrllYtM!d. Th_ poaibUlIleo 
depftld indi~t1y upon tbI! program d_. !'roe. a1rn<iy com­
piled and under potential or current e><e<:ution~ •• " troth" ill 
WltamGunt to. ltatem""l that • syStem of lnferenca. hypoUletIM 
or beUeb .. ~"'''I. that It "sticlo totIeUler" and (finl. mono­
ifaPhJ IJ "conni<=t r..".". Contnodietion is not "",eluded, provided. 
It is condit Ional and !.hUI hypothetical ; for example, the.yst.em 
mlY ""ntaln prOilraml that Ille modenod and InU!rprelOO ;n dlllf",,' 
porta of the unive .... which compute rtatementl !.hIt would ~ 
conLradlctory, I( the diatinct ion were obliterated. 

Tho", II ROth1rti In the out.....u looking- penpec:tive, Iketched In 
the lut paragraph, t o preclude an inward lookinl perspective. 
From thill luter point of 'Ii ..... certain unlvl1nef o f \n""rprttltion 
u!'l. Ulually outlide the boundari"" of an L-ProclMOr, e.,h with 
its own ILr\lCtU",; fo r example. I mol"':"!1ll YI .. w of chemilLly,. 
WI"" m«hanlcal 'Ii"", of chemistry, the m.c;lu",iCl of • q ui"" dUo 
fenon ll*rt of the"",! world. If 10. it is poooible to rrinst.lW! the inter· 
pre4.ollion function ... mapping (ifF) betWfffl uls4.lnll uni .......... 
truth leU and propwn ot-al."..."to. nil. i. an utemal ot-rver'. 
imate of thlnp. Or .... mOre ""l1.inent alternative, Interpretation 

... ....",. I .... ". pto<.'O<I .... \hoI ...... p ..... and _ ......... lhls cOOlOOlpl~. 1.0 
DIMt r .. ""uiotio<oo (dolon, dl~ 'oWlldO t.,-",...,. _ .... ko] 0'" 
~"''''<>r)' '' ia ..-. ol,oR a "~'ri< .. 1 ... ",~". 



'''' 
may still be repnied constnJctlwly ~Xotpt that it 1".-:1 , to an Iden_ 
tlrICation with lOme pre-.,Iirte1l t rulity whereby. fo. inoLance. an 
imagined and "coberent" model II "tested" empirical ly to IIItab­
li.b "coll"eJpOndence truth" o. verldicali!),. 

l. rUZZY PII.EI)IC,\TES 

JU5t .. on ordinary p~inte. Of adjeetive, nam ... I set of en ­
til i ... havi"l the ru.med property. 10 • FUn), Predlcau names I 
Fuzzy Sd. A Fun), Set ~ • function from .. universe (Its own 
particular universe) to • t"'th Ht. Thouch ""vera! poAibiliti ... 
uilt. our immediate COIIcem II with Fuu)' J Sell (Goguen 1968) 
for which the It\IUIJ,,t Is 10, 1, .. } or. verbally. "The lnt.erYal (0, 1 : 
~I. Some Fuzzy Sets F, 0 , ... are ,00_ In Pic. 4.3. 
namM by FlIUY i'rediel.tel. It II crucial to notice t hlt the Fuu)' 
Set iUtlf II Ule """clio,,. Ho.....,,,I'I", IOmeonl! in a posit Ion to ..,Iect 
an element X In!.he domain of F mly refer to the VlIlue picked out 
In 1" , BrIg .. ( the troth ... t) &I x', "anode of membenhlp" in F ; 
written, In Zadeh'. (1973) notation, .. " rl ... Similarly, x (of FiS . 
• • 2) h ... gnde of membenhip 1'01" in O..,d the pai r ( Il, yl has .. 

F'\r, 4 .3. flo..,. Se .. 1'. G ... d • 1'""",. RoIo.1otI R, -.d .." l"Iou,. .... O<f;eo~ 
co-I __ f~"ctJ ............ u_. X. Y .. d thoI. c.n...Ian ,........,. 
x~ YonLo ._'._ .... th_. 
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pade membenh lp ". /< >< . y l in the Fuuy Rela tion , R. In ponHal. 
jim .. I .. ry Fuuy Prmkv. ..... name Fuzz)' Sell or plOp<':rti8, ... 
lIlso. "41)' (n > 1) I'w;z;y PtwIi",,~ n .... " ~l.tiorw: .. \IIual, • 
property it • wwy . elation. Qui~ pouibly, the ~eou In the 
domain of • Yuny Se1. .... PLIny Seu; 00 hienrct.ical ol1lanla. 
liolll .... pe.rfl!'Cdy pcrmilSibJe. 

The a1lebra of Funy PJ..dlcal8 dafen ao ........ hat from III" 
all/eb .. of Non Fuzzy Predicalall (_. for example, Gotru<-n 1968). 
Union and Int.el'lOletlon are defined, 00 lUe ""rio ... f<>rTm of <'Om. 
p!cmenlat.ion. aut the behaviour of SUDseU of Fuzzy Sell i. a typ­
ical and Int.e~tini. 

Coli"cn, expllcltly In the 1968 I"'P"', hu proposed !'un), Sets 
.. the IlemanUeal or lnwp...,t.o.tive im3gP.1 of ;n"net c.onceptl; tllat 
II, real concepti .. enlert..l.ined by mind. "'-I by ambilfllity and 
""i"t!ntW U> • gnoa._ or Jeaer exwnt. Thill point o f view Is con­
......... ! with the pcmtion taken In Ib .. book and In the rlnt mOoo.­
papl\, but it iI not iden tic&! 'lrith it. We nWnulned pr.!l/lOO&Iy thet 
• tonoepl iI. proo:edlUtl under ""'''''''tinn In.n I ... PH "0' which 
dOfll in r.<:t. compu l.e ... me pmpeny or relation nam<!d by an L­
Predicate. In the ",neralballon, • procedure ill id""tir~ with • 
ruDY ~ (10 be ~iro~ below; but . krm which " nCOm­
pMSft lhe varioUI progn,mJ and non d"termlnlltlc PfOItI'lIml of the 
!lnt rnonogn.ph). Surely. the Fuuy Pro&ram (III .. procedure) wUl, 
If II undC'1IO"I c,ul<:ulloo. produce (ItabUlac, compute the ValUL'I 
of) I Funy Rel.otion o r property. Thill relallon Or property II 
given, In ""tento. by • Fuzzy Set named hy • Funy I'redieate . 
0111" { .. ntirely compatible) usage remain" that thc co ncept io • 
procedure IInder,olng Icwal or potentW exC!c:lIllon . The Fu=y 
Pr~d""" ~ ill idenlm~ (In proP"'" contut) with. lople desi",.Unll 
• (~encnllly fUDy) lople "'"'tWit. 

Goguen '. ",*,r in.jaM (which iI wM In SC!c:tlon 11) II that the 
un""'_ 0 / in~rpretalion for a ""tumllanl!U'ge conliota In a.,. 
of ruuy ~ and thai ""tural Ianguage5 are dillUngui&h~ from 
otha" lan~ primarily beca ..... LIlli iII.o. The propoMl ill com. 
pallble with <:<>n..., ... tloo theory. Nawral ~ In&erpretaUO .... 
Mpf!daUy the anaIOO ",latiolll that ..... the ln~taUoIlI of 
... t.un.llln ..... metaphon.""",e as a~11u1y Iluible modelling 
facilily . The dell'" of frftdom so obtaln.hle mill', in principle, 
be IpprO"im.tcd In I phyaical modelling f.dlily, made In the 
metal ",,\emal lO the 11_, and would be. proceosor a ble 10 """"pl 



". 
and uecute Fuzzy f'rotpamI. Any L-f"roc:euoT ill llI"h • thinJl:. 
pand ...... liHd by • brain which, we lIf1I\Ie, II t he UnlA!mallO the 
......,) modeUm, r""ility for tboudlt. 

3. rUZZY'KOGK~ 

JulJl. .. Ill! ortlinBr)' program may be repr_nte<! by • ..".;,." of 
"instruct lonl" which . !'duee to Ulignmenl I t.at.emenl.l and con· 
dltlonal lmP'!""tlv~ ltal.ernenl.l , 10. Fuzzy PrOj(l'1lm (7",deh 1973) 
may be . ep!'elented ... " ..,.,iL .. of !'uu)' or dnl.er,niniJl.ic " in.Lru~· 
lion!" .. which ,.,duee to .... ignmenl.land ~'UU)' Conditional 1m­
p"rativ ... A Fun)' Conditional Impel'lltiYC speclrlO!lI Fuuy !tela· 
t.lon, and that tlw! ex~tiDn of "'ell. ncp (lor uample. "'ling 
ladO'h', 1978 rule of compmit ionai In fe~) lllUalJy.-iiu in • 
.... I'! of ~.Iu .. or mmenu. 

Fu:uy Prottrn"'" h1m! been chaneteril«l .. algorlthml by Sanu. 
(1970) and by Zoodeh. Bolllhe)' yield t"Uay Or " appro.o:ima1.e"..,. 
... 1\.1 within a cenaln '~Ierance" (_. for example, Cln 1}ol1974.) . 
DrmIdty, • Fun)' I'rocram is a " halNUc:", Th .. amounts 10 .Ughl.­
Iy more than • mlti", of nomer>claUU'e ; lOmcthinc ill HIded to the 
kIeI. uJUaUy conveyed by """,,""tic" <lMln uted carofuUy. as in 
thcconk!xlorproblem m~nipubt!on, by Polyu (1954) and others) . 
In r""t, the multiplicity or values (or elem~nu of leU pointed out 
by yaluel of . n riable) whIch generally rt'IUIU from lUI execution 
ltel' m~y eIther t><i tx:rtx:l ua/.,a or N!MJ1~td. For execution on a 
il<!rlal machine, r....olution !. almOlt mtllldatory. o r th e Myeral 
vdUM lIenerated by uecution. one lIoelected 81 the rel'reRntatiYe 
value \0 be canil><! forward Into out-quent IlaiIllIln the I:Ompul.a· 
Uon . Any defenllble rMOlu l ion rule CIl/\ he employftl for thio P'U. 
p<XIO!; (nr e.IIIlml'le, 1.0 oelec:l the muimum value or the numerically 
mean Yalue _ the represen"' .... e. On the other band, there II 
notblnf; In the formulation of. Fuzay Prop-am to JUgpst. remlu · 
Uon, and p.an lUI other than oerWIOIO<:E II)o (no tably, an L-Pro­
ceuor accommodatiltll Kft<I1II • priori N)'nchrooou. operat.ions). 
the program l!.elr eallI tor openo.UOrll Ulat may elUlI'I' be panllel 
or, in Ule M!nR at the firs!. mo nocnph. corw:vrftnt and only local· 

• o.-.uy. 0.. 1\0 . ... d S'-• ...... S,gp ..... dfto.m>lnlM.lc 1 ... "",,11-. bu.' 
,,,- "",ct .... ""'Y bo reI •• eII. 
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If oynehronlHd. In the ~. ~tlon (no molutionJ and 
~l (w eGllCllfRll t ",,,,,,,lion an! taken for granud. 

Meehanlmlly 'P""k1ne. nothinK remarkable II ;n'tQlv .... but tb~ 
.8uUlnK eomptl t.lltion , ..... uristic opentionl ~ far riche'r t~n lb .. 
otrioJly reeolved P'~ which merely .imul.olft iL The heu ristic 
or li\w;y t>rovam it. if penniUl'd thil f"' lIer ", ... nin,. " clap of 
pI'OfP"IIDI for .chievinro the same Fuuy ReII'll ,for compuUni 
..JUIlI of • Fuu)' Predicate), togethl!T willi thOle communlcative 
or loeally I)'ocllronlslnjl;: lntenu:tionl required for the execution of 
th ...... Pl'081'llml . 

4. UECIALlSA1'10N9 ANI) NOTATION 

He.-ioN'anI, Pro,"tandlI for Fun)' Program. 
The term S ~ •• ...........:I for.1erial r~.,..,..,ntal1on of I'ro& 

which compu tes the amtI relation .. ~ but may be compilediii 
aRrialI*' ) •• 

Similarly low (!JIve.. an lA'I oc: .r' .Iands for" (hur l Pro-
II1IIlI that compila " ProI in I.he pr~ Md usignllhe valu ... 
..-led If it" to be necuted. 

fUrther . ... Jl)eclal cue, Inter is the ~ration of tbe mapping 
in Fig . • . 2 (\.he consLrUct ive .....:J imtion o f an Interpretation, ... In 
Fig. 4.1 , . -

• n.. ptk.o .. ,h., ..... f'II com mitted t.o •• ;'w or til_ w~tld or <"""ol •• bI. 
'NU."' ...... ' n ..... ly. "" I.-P. "" " Or .ont.&iftlnl ony .. ~"I",d ""mbo. at _yo, 
,tuo.., ... p .. 'c .. m .... b/o ","hin .. (t~ loci of concrol or cho fir" mo ... ,vopb) 
'" which "" iB<Ior"';!4 ".mt.... "I Indopondoo. d~D""" .y.l-< .... may be 
,pooIlIoo! .nd ","""-,,. Inl<> Iocol .y"clu".,iciIJ """lot oIo_dol>CJ I>J lnou»<-
Cion. ond In wII!eII ClI.~' ~l ..... n' 10 a 0)'111.< .... Keo.liooLlo ... "r. "' .... ...uic. 
u.. ~ I"d .... "" ...... _ . .. Ihoy ... n-s.d. I>y Ch • • • pod"".,," of .... fi .. ' 
..... ~; , .......... pIo. br .rlpdn,;.., ,ho' ... odoIl"'l ,.<IlItJ 10 0 _0 
<io<Ud !l'oe. or . or I <011_ Df _.cl""boI pi. _ pomoilll"l. .. tIoo 
....... y be. Mriol 01 pa<lOlIoIour"Cioa 01,.. __ . "'_y 0.10. ___ ........ 
aa-... loIrt, -...:Ieriotk Df......,.,.J 0J5IenI Uoo-sr lho ..... II 10 cliff ... 
..... '.-. 1"01_ ..... , _CI1I;6) ref_ I<> u... ricIo_ .. f lilb<k C ... "' ... . 
Iloo .... lrttt.o<l ..... r ad L.Pi OC _ ) 1_ .. _ ro ___ .... . 
dioo"'lr .. r _ Cy_ u.. .... _,,~ IrIo oln<labIo o~ ,.,.._ .... . 
i.Iooo. A<l<off CIW7I) mob ......... _n. <IIff""",", . £1_n ...... " • ...,.,.M 
~ op<e<M : I~' "'I-<r&<ti .... 10 ionpl;,,;, un_ ..,..:III .. U, ,,~,",, "'d": In' 
r ... _ ...... ~IUplo <ow.o!, .. th .. u..., ro_. S;n .. '~ p<OOi._ p<OOi.et .. 
.......... d I .. ",nn" ...... ", 
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~ , IDENTIFICATION OF PIUNC11AL c<X;NITIV~ On:MTIONS 

In order to deal with anal.,.gy ."latio,," , it ill convenient to devel. 
op the V"'Y terse definitions employed in too previOUB monograpb 
(L" Proccdu .... , Proc"; L ' l'roo.:.uur.",. Proc'; an<.! 10 on). The nota. 
tion introdUced in the last section ill u..,d for thi.! purpose, Since, 
In the J...ut monogrv,ph, all procedures were qualified as undertt:0ing 
"""""Liun in IUl L-Proces.or. no di.lparities exist. The main objecto 
of the nerd5e arc (a) to distingu ish l><-otweCfl a cl .... of program. 
that compu te the same ab.lruc/ . eIKI;on and • clu. of intllrpretn· 
tlon. for .. h~t.cvcr is COmlluu.od. Due \.<> the difference in inter­
prd .• tion, the r<>wl t. may t... ~-aJled different topic . " Iation., even 
If thcy have an abstract relatio" in common; (b) to establish a 
correspondence between PTocedural rep""",ntations and images 
dcpictlnK Irtates of nn l.-Processcr or an e>:ternal prOCfilOr (!.he 
modellinG fHcUiLy of the previa". monograph). 

Consider the notion of an L-Pracedllrfl (undergoing execution in 
allY L.Proc..,....,r. bot some prace.."r al""'Y5 at hand). Hencefo,· 

.""-
Procedure II Proc II ( Prog,~). 

Th ..... , observing the artifieialstratification of L, the LO pracedur~ 

• 
PtOCOj" (~'" Int<:r""j 

which computes. I tabili5es, or brings ahout a topic i. 
Notice (lUI an important featu .... of the genenlloatlon) that 

change in eithcrriKht hand term may dctennin~" f, ... h ?roc"; (hUI, 
iti +j --

I'roc"j 10 (Pro!!"n, Inter"y) 

which compUtel a topic j + topic i, though ,ince the Prolls id en. 
tical (~al, topic i and topic j may . ha", the ... me abstract topic 
relation, i.e., the rc"'t io,," in qu".tion (1llI in the (in! monograph. 
II, and ~) ate ioomorphic. Thi' poasibility i. prec luded by the 
other variation for i ~ k, namely. 

Ptoc"k III (Ptog"b, lnter",,). 

The Wrm "concept" II .. the $Ilme meaning M it hM before (I. 
proceduu under actuol. or potential. necu tionl but II more con· 



n.. 4.4. lIII __ ... ion 'or --.. of """,,"pll, eompiW In on L-,Joo. 
_, 1iJ'1 &ad h ....... _'" ..... <ioa. a, .......... eo_ •• iDUfJW1" I~ 
",,100 ... U. 

venlcnUy l!)ecifitd u follow.: 

Concept i II Sable compilation uf !'coc°!. 

We UIe the lhorthand notootion o f Fill. 4.4 to lndicat.e Lha~ con· 
oept I On uecution brinp about ,,,"uon R, ;n Its in~~tallon 

~". 

C_ ~ __ 
_ .. _ 1 

VII;. 4..11. Loconol.o, • _pt. 0.. len , p«><><t/urol .. _olation of Pooc:OI a 
(~ ......... J. Bolo. ~ 1 . 0100 .... i. D_UD" " r r io!. 4.3. !.P _ 
Lop" c, .... r ..... u . io ,_.wei to. ID.ecprdO'loft or _ _ do-
....... In -tilde eoo.,.. ... I brklp -.. a, l' i, io .,. ... , ..... 0.. rith<: _.ad .... 
.. _ 100.--">_ mo~pII w_ ...... Lo_ io _mood Co u .... 
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An L' pmeed"", ill 

~'(~',~') 

wbfre Inter' neKI not be made ~",pUcil. The fOfm of C:O"5I.n.in~ ill 
d~ in Chapter ~. Appmldlx 2.2; it c<'Jluilit.ll in any workable 
,tlucW..., uisUni/ in the L-Proc'"i$O' and pollibly the reperto ire of 
exIJU", Proc~. AI In the preyiOlU monograph, lhelimltlnK COUOlIn 
which Proc1i lid. "pon and ,eoonlUuct.il Proc"lli. memory. the 
Ilmpleat form belR3 n."""I,. • recompilaUon of Procol. This 11 
lbo,", in Fi(I. "'.r., ~lher with the uaWe c:omplbtion (in ." L­
PI... or) to .. h .... b. it IPvft rile .. , .. {thaI is the Iymbol .. ti ,. 
Un '" !.he proeedunol 'epnsen~tion 1(1 the not.ation employ«! in 
.'Ia;. "'.4.. 

M",," generally, !'roc' carry ouL C:O""ll'ticll~ .. well .. recon· 
ItnlctlvB "perul;"ns and \.hey III"" do 10 in the cue of IlI1 ullder· 
"gnd/IIK {Ihe prim"",. co nditio n detected in II Imet L CDnv~rsa. 

• 
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Unn). The minimal 101m of an II"d"",'a"dinM Illhow" In Fie . ... . 6. 

Pia- .... 6 dopicll the ..,wal Iibentli~y or birurcalini and eyclk 
eonnectionl and . eveab the rrequenlly sttcued rtc~ that the otnli· 
r"",uoo of L Inl.O L' , 1..° is e<>nvftltionol, not tact.uLI. It impooed 
for convenlence, the suat16callon disallows many cyclic Olpnia· 
Uom .. lIIch could otherwise uist . 

•. O£N~R"'I,L8"'TION or KNTITlES IN Tm:CONV IHt 8.ATIONA'" 
DOMAIN 

I"or notaLional clarity, t.h~ P' OIl"'l"'" ex L<!lIIlorudly equiyal~ nt 1.0 
ithal do the .. me lhin*, by ""mputinK the AmI! relation as) PrOl"I 
are ,,*p.-nUd .. behaviour Ij'l'iIpho; (Chapten 1 100 Z) denoted 
OO(i ): meanini "dstri pliol5 ot and precipitations for model. 
bu;ldfu6 behaviou r" . AI nol.ed bd ore, IlIl behDvlou. crapha are 
th ... prOP '" ,",phs ((or II!l<Ilmple, Chang and Lee 1913). The 
( ... any) pro~uhibil.ed In one behaviour proc:ram paph. BO(l). 
0I\Iy represent ~l (&cUon 4) since BO, i ) \I non Puay. '"­
~resenIaUO'" an! designated S ~ i (S0c.1lon 4 ). 

A modem", facility 1.0 ..,.",mmodate non Vi!rbIl uplanaLions 
.. compiboloi_ and intcrpretatiom of proe:ramI In BO(I) Is • 
(rutricl.ed) ... nlvllrlll of intHprel.at.ion, or 1..,1 o f . prlorllndepen­
dent unlverset or campilalion and jnl.esp""~Uon. In oth ..... ordo, 
it II 000 or rno .... p,roc<:Mon, t.ogcthcr with In~rpr~tat.lon leta for 
the Input and out put domainl of pl"O(lnlJDJ that may be co mplied 
and executed. If the .... are ..... eral a priori Independen t proc~n, 
~ UM the neogllJm "Lumped ModellinH Fmcility" to denote the _0. 

In ell.h ... CUI!. the modelline r"",lity exo:cu\.S wmpiLed p_ 
pamI .. rnodell to y ield .".uits in." interpreted in put"""t"" t let 
1m,,", uleru Lly. in the product o r ' ... p u , .... , II OUlput.,.t - outcom~ 
.d). Any corn!CI. model for lop;.: i iI w ch 1 .... 1 th, u..,..l ion 
yield. one or mont outcomes (all o r which belanl to R, C 014/· 
_.,. Sln~ • "Lwr!pNI Modellin« Fw::ilily" ill delClibed by L­
PredlClta, the modell thai may be wnltt\lcWd in the facilily 
forlll I m"""l space. The facili ty ill mono rectrlct«! than I n L·f'ro. 
c:eaot due to the "c lockln&" restric:tionl (first IDOllOIf'lph ) u pon 
the comtituent PI'O(ClllOlL The p phlcL! notation of f'i8. 4.7 IJ 
used to tepreseM I mvdel. In this plctu'e, .. hleh II Intended to 
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u ~ o. 

I'il_ ~ .7 _ Mod.l bulldl",. 

chlrify t.h~ dl. Un<:tion ""tween a mudel ""'~,,,al to the I.-Proceaoc 
and a CDn""pt u • compilation i<l a" r.-rroccssor. In.. modellin( 
facility MF 1I bu«I o n :0 oerial or o ne clocked processor with an 
ine..rpr~ted o uu;ome lid diltinguillhod as as. Some S!1:2i i, repre­
sentative of Proe i ... compiled in t he modclling facility .... model 
Mi' It is important to realise Ulat wherul ~ a i. a Funy Pro­
IP3m and Inter x Is iu ~'uHy Co mpilatio n (in an L-Proceaor, the 
.tud~nt·. bralfl in lhil case),'" a concept the repn:ICntative pro­
pm 5 !.'!!!II. I is ""rial and 1>1, i. iu rom pilation in the ""rial pro­
",,"or ot MF. Model M, '" correct if th~ rc..,lt of it& ex"""tion is 
equivalent to lhe , ,,,,u ll or executing lOme program {S ~ II in 
BG(iI, and If it 1eCun't a, in tIM! interpreted outcome oct OS. 
(Model. for analogy ",laU"",, requiring lumped modelling facil­
Ities with sevel'lll independe nt processon are discussed In Section 9 
""d .hown graphically in Fill". 4.8.) 

One oth"" (catu ... o f Fi~. 4.7 is of importan"". Ju st as the .!.IIbl" 
compilation of ProcGi dllp"nd. upon the operation ot an L' pro­
call , hoc';, 00 the ... Iectlon ot • representative S Pro, I and its 
rompilation in MF BS M, dependJ upon Proc'i. 

The w k .tnIcture TS(i j is an impenltlve form of u... prol:'"'lm 

• 
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jp1Iph PG(lI. I~ ~praenl.l aU the demOnl tnltiOlu that can be given 
to. atudom l \llinllhe modellinK facility. and (_ in lhe nl'1ll monO> 
craPhl II Ianl.olmounl to • duo of ~.wiouraJ p.-;:riptions lor 
achininl the behavioural objecti", of N,;'fying R,. 

The "nUlllm"nt 11",",tU'.,. ES. figura, ... it did in the first mono­
p"ph, In a duml capacity. On the 0"10 lutn d, it t epraen\.l lLoga.] den­
valiona of I.opi<:I and thus whal "'''y N II""",,, ( in Ihe Jame way 
that TS( I) Mipu lnles what mcryH done ir the illl topic II selected). 
On the othl'" hand . F:S corunJluta. modellillll Cacilityat the eac­
nil;"'" Ievt'l In which Ihe ",uden! exterion.e. his actual deriyatlon 
of. topic as a . tate market d il tri butlon Or leaml"g l '''''''I)' . In 
I.hU capacity tho! ent;J.Umcnllt.ruclure and Ihe 1100"IRe loaolio ... for 
marker pboccmenu (for l he aim topk for the aoaI topic: and 10 
on), ES II an I.' analocue for the 1.0 modelling facili ty MP In 
"hieh explanalory hebaviour Ia ex\.crioriJed. 

FinaUy. the C()"""Flof/onal doma in II the e"tiro collection , en­
lailment I tructure and the o perator dae. hue (flrsc. monognlph) 
tiull bac:t it up; for each topic I in the ent.o.ilm",,~ .tru~uue either 
Beli), or T8li ); the .ynt...ctic and H man tk dekripIJons 0 ' (&) of 
lbe demuions In ES and D"IR,) of lhe compflationo o r each 8 G{I ) 
in MF. 

1. DIP"f"ERENTTHlml CRrtF.RlA AND TRunl VALDIo!8 

The followillll lyt>H of " truth·, are g:cnllf3l.ly ' e<!"OIIIioed ; cor· 
I"I1Ipondenc," tru~h, con .. n .u~ truth and coheren"" \.ruth . 

Of !.hew, CO'T ... pOnd~nce truth II CO nCf'mOO with the result o r 
leltin, u..t IOmelhin& hal '" mootftl " roperty, 0 . thlt • , iven nl!la· 
lion hoW. and II qwolirled by " in stich Ind such 10."I1) ..-orkb or 
unlv,"..,.. o f inlefpnl!la\.ioo" . If Lbis q ualifier 10 rescinded by 5Uppo.. 
ing Lbat any lie ..... " or cnllty able to mak~ a tdt is looking a t tile 
... '"~ world, then emplrlc~ evidence II obtained and 8. hypothait 
bNcd upon Lbls evidence may beeondiUon~ly verified. (The contino 
ICfK')' II .-_1 bec:ausc: Lbines <:hanKe, b8:a ..... Lbe _ umption o r 
oimila.rity 10 doubtful. bec:a .... t he ~Iovance o r dala io never com· 
pletely dete rminable, and because teol.l .... fallible.) 

ConsensU1ll truth Is. form o f IVO- ,,"cord between oluerveH. In 
Ita naive fonn, cOnsftlWl (0,",' the IIIlmlstibility o f CYide""", for 
I,..,.,plej II the outcome o f . w>tinc milch bet .... .,... th~ ot.e~. 



". 
But the ~rm<'d ~io"" of "0"""""'''' .unit for dilcu.ion In the 
COUfM of rnddllll agJeeml!Tlt, and In lhIs cue. comensual cri .... rioo 
are rally being ~1.I!d _ U,e oohererM:e c:ri1B1a of the nut.,.... ..... 

The coherence trut.h of • pro.-ilion, p. b • qu ..... k>n of the 
extent to which p to .... put o f . ->,Item o f eot!en! InfH11nce wilh 
reapecl to lOme olhe, corp .. of propooitiofll; for On., e.xampie, 
LhOR tntalled by • p re""mng the.i. DT • body of convictions, b&­
Uef. Or (even) dil.,.,.itiora; for. further example, thole proposl· 
tlons appoalU! to different p<MIible world •. Ad""".1.8 of coh~rence 
truth Include Bradley (19H ): many of the notion. are P'es&;!:ed in 
th. writinJl of Leibnitz ( ... peclnlly in the t<mle of the "further 
uampla") ..... can be traced back .. far .. th" ancl~nt philo ... 
op/'u!". The n",Ld ill revIewed and III up to dill! colu:nI'nee theory;. 
deYeloped by ~r (1973). Thill recent theory Is of peculiar 
InUmt Inaow .. one J<>Ill ill to ext ract the muJmum poalble 
coherent COlItenl from I set 8 of "" .... nlIy inconlistl:'nt pro~· 
tiona, {p, q , ~.}.t 

Let eo be 9 d l!¥Old of p. Now p ill maximally coMrenl with S" 
Ith"', II. "olm ... " member of 91. if p i.1 ded uctive conoeqUl!n« 
of the plOpoailiolli in e- (so !hal tho! MIIatlon o f p II Incom, 
patible will> a-); p Is c:ohe"",1 (10 lOme ulen l ) with 8", If P il 
not lncomp&tlble with the deductive consequenCft of e· and il 
thua a pollible member of e, Now, liven a let, e, It II pollibJe to 
lpecify a f&mlly o f non e mpty muimally cOn.llstenl IUbseU of 
propo:oiUona (mel) of e, l uch that any ma II cOnl~t, and luch 
that the ~dlUon or any q in 8 to an ma devoid of q .""den that 
lublet of propositlOnl InconaioteM, The cohe rently In>e cont.en t 
of the orl(lnal collection might be specified U " Ullt .. hich io a 
deductive conoequence of all the mulmally conrutent IUboet." 
(ReteIIe .. s " I eonsequence"), or "that whlcll II. deductive conae­
quence o f any of them" (Reocher'. " w eDntequt'l'1ce"j , In t.:t, 
ReIcher I'1!COmmendo tM ..... o f Intermediary erlteria. A ~f.,.... 
enoe (an _"'Ihie o r In n l! o .... ntood pre(_ON) 1& employed 10 
determine a..,1 o f ~Ie muimlllly coru.irtent au ...... o f 9, and 
the cohc'rt'Ilt content io wbat.ever II _ deductive co""",,uence 

• 0.... ott "II" 10 ~ .. "" 5; ......... , tho II",h •• Io .. Gt .h. o'''''"bet 
.... u It Im_ .... 010 La molnlaln I """"' ......... , GUlatl ..... ond ... hoY. uood 
"&" 1M oth •• pu_. 

• 
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UllKCher'. "P cO"""'loonc .. " ) o f ILII)' I UbRt in ttl;. preJerted 1Ie~ . 

The theory ;. primarily concerned ";th _rkinl Ollt the tnlth 
aIxM.It a phenomen.on based upon . llet of obIICrvat lon. and, per­
hap" • .,me exiJtinll obIervatlo"". Henoe. t.he propotltloru p, q, ... 
Ire data; they are candldac. \.0 be .ccepted Or rejected accordlnK 
10 whether thi!y ( Rnd prior propoolUOIll) form I ,YI1@m, ... ilh tho 
ct._I that .. much contenl .. pouible be utracted from the data. 
In order to "ount as. dltum , hOWevH,lhe propOIIitio tll (resulu of 
obRrvatlon, forexample) must have an ertnIlogical claim to data· 
hood and mUll al", be n fficiently oomprehollllive to cOYer all pol­
libilitiea r~l .. ""nt to the phenomenon undu ocrutlny. Similuly the 
prefmmce criterion (In the ori&inal, an &leWe p ... ferl!llOl! un · 
related to dHinl and attuned .... objectivity) Is alia utn iop:aI. 
and In the provinoo of ""r-oloo'. 

I. AGREEMtN'T AND COMMON MEANING 

Our concern in this boot ill certainly not "logleal" in the tech · 
n!cal lie,..". It ill poycholo,;cal and epiI~ological. Consequently , 
ow motiv .. in mUJu,rinll notion l o f cohe rn""e ""' di.Unct h om 
Re$<hd •• and it is prudent to 11.r_ the d lUerenCft.t the outMl.. 
[~pL Indirectly . th. argument h. tittle bearinl upon n.tioNl 

=t Or _ n upon "neceMarY" or absolute tnIU1 . Nt'IIer­
thelno. the tnIlb condition. of corretpOndenoe. coherence and 
co ....... . ... (u • form of COherence) hln •• upon ... rlo .... kind , ot 
qreem~nt which impH,,'te Cat least) I'roY\tdonal II1d Idi04yncn.tic 
~"'-

COn . ........ ndence t.ruth values (albfoit loo;aI to a un iftrx of inter­
pntation) appear in adjudicating the "COfl'1lCtnfsI" of . model;of 
whether or not I relation, R io iA ... t iArled when tha compiled model 
iI execut<>d , and whether o r not the ' yn Uocti<: componen t IS Pros) 
gf a mod el mat<:h ... lOme other provam Or a cluI of program •• 
such .. BOil). In general , the Io&ie Is " non d.-IeIJ" both in the 
_ that It Is a logic of action ..... In the tenH thlt lu t ..... th lieU 
~ many nlued (the YlIJuationl"" o f Funy PredIclW). 

An ex ternal int<!rpreUtlon ot Proo°l i. the e.pilnltory model 
~ref~rred by • participant whn Is leamllll inpic L The co=tntN 
ot !hil modol (Section 6 ) depoe"'" upon whether or not h. execu· 
tion 1Itio1ls R,. CorTllCln_ Is th .... ..... oop.t other thing:t. an 
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indo of conspondtnC<! truth. local 10 the unl""rse of ln l.erpreUo· 
tlon fumiahcd by !.he modelll"'ll ("",l;1y. Indirectly, correctn_ 
alllO Implies ~hat Ihe ' ''p!'Kentaliv .. proeram can be w mpiled and 
that It.l """,,,[lal;on .... model can be executed. Slmil .... n:marlul 
hoLd good if lhe mood ;!.Iclt is matched ogaln.! the cla .. at models 
T:S'(l1 obtained by inttrpreUnK any of the program. In DO(!) . all of 
wh;eII .. Us Cy R, . Moreover, both oo~ and m.t.chlng (q:ainlt 
models in TS(I )) U'II Ipl!Cial CUft o f .. ...."antie Or inlerprt!tativ" 
&11 __ 01; a particlpanl aer- 1.1 .. ,\ the model (Dr \he relWI of it. 
uecuUon) lalli..s with .. <:af1onkal fo rm. 

The II"~ _ of ~anllc .... eement invol_ two Or more 
participant£. That ii, lOme oU"". participant, orten In • dominant 
and Judiciary role ( for example ... teacheT), make. .. demOililrat in 
model In the Ame mQ<lelling f.dlity. The ""ult of executinK lilt 
authorl ty ', demon.t.nItlve model II comparnd with the ' !!Iul l a t 
executing the l ubm itted explnna(ory mode], and the t wo par· 
Udpant.l agree that Ihele relulu do, Or do MM. JAW.f)' u... "'mil 
InU!l'prn!ation o f . topi.c relation. 

Such • """,antic IICJ'Hme!lt Ia..,.;erdy limited. It .. y. nolbi"f:. 
ot nece.ity. ,bout "",era! emplric.l Ut",lb" o r Ibiolul.e f'IILlorUII­
lI.y; nor d""" the rl!laled canon of com,elne.. For enmple. It the 
oncuw thesis prnpoundl • talair>e<i thent)'. correc:tn_ means 
"COm!CI. with n!lJ)eCl of lOme .,.n n t this tlllN theory . or with 
I1'IpeCI of iI. aU", P.rtldpantl Ire obviously .ble to....,h ....,.,­
ment upon irntional. Or em plrleally refuted. propolitionl , 

But. to dO SO iI not polnlles.. Though the ItatUl of I "",,,,,tic 
qreement i. Umited. II doe!l m~Bn mon: th"" I vague lICeol'd . The 
pMticipotnt.o wbo ...". hive bHn Ibk! to inlefp,,,t • relation (""d 
• pmgrIIII which compulel it) In some world . pemap. I WI!r}' 
bi..".., world , and th"l' ,....,.. that thHl! interprf!lltlolll (ot!.he re­
Illion) ~ lhe same. or In! wilhin tol"raJlCI!. MoI1!ClWl'. in lhUI 
vnr.ene, the """'pilJ,tionl of tbeir fllognu.nl work to brifll!: about 
the «iYftl ,.".wI. 

The componion not ion ot eolKm:nc:e is ,110 _Ual to the id.,. 
o f ~nt, Tb<! main point II that coherence betwHOn the otote­
"",nla entertained by two Or mOre parlidplOla ImpUE'I' b .. ically 
.ynlac!lc ...:n:ement, though dcp<:nd ing upon the c!r<: um.t.lnc .... 
mOre than Iyntactlc "I!(reemunt may be involved. 

In lht! ('In\. monogaph. we 'pr<:iC'>ed the mediator of cognition 
II • ~cbolotlical·lndlvldual o r P·lndividual. Any p .Jndividual II 
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the replloltkm (or .o:olf...tabilisation) of • ~in! coniOat lng In 
IInill ( Proc' , Proc:0) (Section 5), The construct i. _tWIy 
dynamic: Ihe procedu .... "",. inl up U>e P· lndividwll are ~. 
JOins uecut.lon In lOme lrl'rocesllor. HQwl"If'r , we do not InIiU 
that I P-Indi-lidu.allJloollwd, pognpllic:ally, In • particular b";n. 
Nor do we exdude !he p<MIibility that JeYeftI P-IlldiYiduali co­
lIab;l the arne brairo, provided it is an L..-Proce.or and \.hili • ,bill 
10 ntcUU! L.-Pr~uteI. AI • mati."" or !&ct, both klmb of d is· 
trlbutlon ot COjplition are commonplace and are neceuuy featLlml 
of a . trlct conversa\.ion. in wllicll undefllandinl' ue obael"nble. 

Hav~18 hlilatcoJ that B !,·Individual II I dynlllt1ic ,y. tem, It II 
plt.Wllble 10 chamcl.eriMl lt , o.ltematlv~ly, aI IO mO con!liluml a nd 
lelt.~plic.t;nw 1),lte ... ot hypath ....... Dr bellef ... and mil. to liken it 
10 the loOCiolopal corutruct o f" rokl. In \.hillpKLncatlon, "hypo-
thaet" and "bclio!fl" are . I 
"",,\.e.laininll; hypo\.heol:a'· <>< this 
pich,", "f. P-Individual iI qllik 
of "man _ an 
,,",. 

Contide. u.. and 
J'.Indilr idual into mom ..... t.afy 
the " .. I, 

, "'-
.[ the 

con_efle of thill 
he",n! then the 

Coltenmce ot 
th.., • 

.~ 

l~tUI 

"truth"; the JOlI of ,"',-, " ..e .monest dllductivt! conaequcmcet , ... } in 
To be mont diserimimttins. we Invoke InlU\lmen~.,w· 

, tn. on .. h ... d. to Rescller'l -'ethic: prefeftllCe orderinll 
1M> that o nly the dllduc:tm. <:OnlajucnC'Cl of 111 .. p ... r<l!m!d mel .... 

' oUo.ed up) and, on lhe olhee hand , to the cri\.C.ria o r d ...... hood 
(that l11e (p, II , _.1 at<!! truth candid.at<l!s, both '<I!Ievan~ and worth 
hi,"",'. Lacldnc fUch ... augmm ution ... r.\ndividuaJ ,."ay be 
IIOlhlnll bu~ .. droan"" or a ooLlpoiJt or .. oyM.em that rqfUrgI .... _ 
!be uJUmat.ely taoutologOUI verb and ...uectlve c haiN o r &In int.ern-.l 



dictionary. In the utremity,,, con-
rtnIction, and the further .....mon that 
• P.lndividualleadl only to the """,antic Ulat an L-Pro-

.,.,...,. uilt.l and i"i·ibl'i .. ~~~;n~~j"lU~~;'~. i.':iB;b~'~"~';b';·~~";·;·lture can do 

001.111"11 ucept to ,. like th" blcatin" "point" of 
F1at1and, in Abbot', 

Sup",*, then! 
lion., and their 
A ~d -muwal iI indu 
and B. By the am" token. there 
tW'ftf\ facton of ana P.l ndiyidual 
conversational domAin. i, .. · .. 
(betwl"'n A and B, or the of A) In "'rrn. o f colle""",,,,,. 
CQlUeItlUl, in the tequel, illdentltied with ouch an ~ment. But 
the .bltemea!, u it otandl h. lu ,ynt.act.ic form, II minimal. Much 
mOre <:an be .. id if the convenation il OIriel and based upon under· 
Ilandilll (in lhe technieLl ....... of ""planation conjoined with 
dtrintlon) or the COnttnlo;tion o f Pmc' i, Proc"i, .. in 5eetion 5 . 

.... t .. P.lndividual eIIpte In • • trieL converaUon anch~ upon 
.. fb:ed con_tiona! domain, tU.in1 place over ........... tlOIll 0 , I, ... 
n ... N. Upon eacl'I oecuIon 10 ..... topic in the domain iI under­.""". 

AI in 1M rll'O\ monogr.ph, let :r(ol_lAnd for \.he repertoire of 
pain (Pmc 'l, ~!) that.,.., learned, reproduced, and ,tabili5ed 
I t occulnn n. Due to the CO!!ltruCtio!! o! t.he convenaWonal do­
m-t!! and the cl\In.c~riu.Uon ot any P·looivid"al. It II pollibJ.. to 
order I"," reputoiut ... (n ), II lollo .... : 

_(OI C •• • C JinJ C Jin + I ) C ••• C t{N). 
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eandidal.e with hypothetic:lll ""'two. On ~~:;:~~~i~~U!e actor 
Iftto .... coherence and _~ Tlml II, 

CoM,..,,"" and, m 
reneraI. (n) 
(The GeIta,i~,: ·;;;;;;tt~: 

Ful't.lt«, it mIlA be for 
" .. duwland/III), cl'9dlt.ed with the 
weak CQn'ellpondence truth, to prev\oUJly alluded . U the 
topic llleplly derived, then a limilM credit II giY~n to at leat on. 
propOl.itlon aUirmlnK a rclatlon bet ....... " topic.. [n brief, the 
"ohernnt prpposltJolll are, by virtu. o f Unde1'f/llndin, • ... ia'ned a 
(we&Jr.) seml", rk:!.ruth value. 

For a c:onM ..... 1lI .:<tomaliaation, IUppo&e two o r more P_ln_ 
di'riduall (A. Bl o r two o r more r.<:I.o .. of ON! P.lndlvldual en­
pg«I In • ItriI;t cony_don on. lb.ed domain. We reeognlse!.be 
foJlo.m, types of consensual agreemll!llt between one and the 
0"",-

(I) A Iynt.aellc agreemlMll of degree de~di ... upon the co­
baet"'" o f their I"ropoel. 

(b) A ",mant~ment rep.rdinJ in~latio ... or mOOeb 
at Ievd L ' .. weU u at Ie«l LOI. 

(e) If lh. pan.iclpanto !mY" 60rh synt.aetlc and Hmantic .,...... 
ment In respect o f one o r more t.opic:a, then theM tapa bave \he 
JaDMI meaM1\j to the participanta. 

I. COMMON MEANINO AND ANALOGY RELATIONS 

Conaidcr the converw.tiom proper to Jeun1n,g about. elYen con­
",national domain. Such convena1lo"" may M o r II!veni typel 
(milO_eel In lh' n.en sectlonl. but the limplO!lt kind 1lm0000U to a 
lI.ucI~nt enpcinl in "convenaUon with hlmaelr: that Is. a Mudent 
~_ntftl II a ~. or inl.emlll. participant&. OM l.eeche. UU and 
one l~ ...... rt ikl!, who iI "Ii!amiq 011 his own", 

• I. P_. 1\ 10 ~b/oI ....... _ "'" at, .. Dr ...... I .. t.y . ....... nQoc 
.... _1I .. deo ot coloeretOOO ......... r or e ...... Po. _ .... 0 -.u .. <opIar 
io • """ ..... 110 ... 1 cIonu;n by deriorioc ""'Ill Ia .-.., w.,. r""" oU- '"'"'" 
~ ... _ler __ . ....,.;.IN.,..;<II h"~. Ur ... 00_. who"uno 
ODd. .... lw' .... dori .. tlon. 
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No ... 11. "II th~re an I~tion In • converu.tlonal domain 

.... lch may be; ],earned o f • COmmOll meani.., (Section 8(10) above) 
agreed between pllttlclpanu?" 'nil! ... ply 10 tIIi. qUol!ltion i • • trlf­
maliva. ami the d esll'1!d Intc:rlptlon i& an An&lOO Rel.tion. 

To '" III;. devly, d llllll8uiJh between the Jynl..,tic and oe­
mantic comvonenu or • rubject mat~ thesilrepl'1!Rf1ted In • con­
~or..J domain. The lynl.aCtlo:: component iI an eJrpn!Aion of 
derivations of topk: ret., lonl and the uninterpreted propam 
,",pbs attached to eech !.Gplc. The aemanl o.: component II m.:le 
up of the modellln, ftcUlly (Ule coPlp!t.Uon/int.erpreUl.ion sel ) 
and the dacriplion o f 1.he entailment Jtruo:l ure atforded by the de­
ocriptor ...:Juet fIIlIl&n«l In D'Ia) (from whidl • d.,..,.;ption of u... 
eompUation/lnu.rpnt.aiion ~ i& deri¥ed). 

Spft:iflcally ..... anai<>IY reI.lion, (Fir;. 2.6) is dlAInguWtM fmm 
the limVlltio ... In • disjuncUve o r eol1,junctiv" JUbatrw:ture by the 
fact !hat I k'tnanUc component II _tl.OI t.o Its ~clicity (t"1ISl 
monoeraphl and " repreiO!n\.ed by the Hmanllc pndicat.e Din 
-tridl d15UnlJllllhed belwl.'m uni~ thai ~ rcloot.ed in the 
,,"a10n by • morp/l"," : In Ow! limil by an WmOt"plr ....... AI the 
rIak of Iabourinl ihil point, notice tha.t conjunctive and diljunctive 
l ubstructw-eo are a110 cy~li c, Fill. 2.8, but the cyclidty 01 th" 
ana!ol)' alone dependl upon Dill. In terml 01 the fint monograph, 
this fad dcman:lt.u IM>morphilm (where ther" II one to 00" 
re~tc boItw .... n topic reLotiuJIlI, but no Identity) and th~ other re­
IJUonal uperatiuni ablu to preserve lpecltldty all of which secure 
,,,IJUona! Identity. More i,nerally. the Ilmlbrlty part of In 
Ina!OIIY relation IIlyntactlc Ind the dlffcr1!nce part is Mmantic ... 
minimally Indicated by the predicate m it. 

Thll g~neral ItBtemcmt II In complete accoro with Hesse', 
(1963) clqant-an.aiYIII of the Ina!Oi)' relations of scien~e. The 
.Imllarlty II exprt'Sltd by • morphllm (lnd ideally , an iIomor· 
philm) belW"",,, nil"" or aboItnd Iylte .... or scientific lion; the 
difference II expr~ by a poaoibly in~omplete lisI. of propertieo 
cl!lI8ClffioIo~ uni~"", of intelllllllal ivn (for ""ample, "optics" 
and " lOund''). 

Hesse', argwnent II peculiarly germane to the Cllmi!nt theory, 
lino:e it otrMICII that material enalogift (th ...... wh ich can be 
mod~ed In e modeUlnl lKlllty) ate! hued upon limllariu., o f e 
Cllual or funct ional IOrt; u a rHult . upon roles that can be "". 
preued by melln. o f plOptrDJ: e:tecuted In • aerial ploceuor (the 

• 



'" 
~ompil.tiom or which are finn.. , tale machi,,"). Ou.r tenninoloo 
uoynt.:tic" OO'f<ln this cue quite m equately bot~ will, later on, 
dlo .. ..:c_ to 1_ weU .uuctured analOllY , .. 1atiOM. Thll analOC)' 
between IImilar fill" (~) tblil .... compiled and ueo;:u ted 
in diffen!n l universes ot interpretation may btl e:r.pLured .. an iso­
morphllm between lOme o f the pm~rti ... of eac:h of the unl~1'SeI 
{X. YI; n.me]y , thOl" propertieo wh ictl CIlIer into a IpecirICalion of 
the (HIlcom, III' (Sect ion 6). 'The lin o f propertieo lIertinenL to 
"och universe of inc.erprntatlon, for uampl.e. the UJtI: 

OpUCI 
Colour 
[ntolll ity 

Il1I! jeolllorpilicaUy related. if \.he giYfl> rule ~.leI thOle In "op­
tiel" .no! the ....... rule relata those in "IIOUnd" (fo . 1_ .• 
simple ___ ¥e Iw op<>ption ... ""llon in.,.,lvinl t.hHe tennl .. hen It is 
inlerpretm). But the lin ..... y eithH be c:>m pJet.l! : Hdt of the In_ 
del!nil.e nwabH of proputies wt mi:a;ht be ciled can be given • 
" potitive" (I.e., member o f the lilt ) or • unl'glt lve" ...Jue. Or It 
l1l.I)' be Ineomplete: lOme propert.iel haW! undetermined r.levanct! 
at the moment the analogy relation II l tated : tor uample, the 
"!Mdlum" In whi ch lOund .. I Ves tnovel mlY Or may nor corTllSj>Ofld 
10 • "medium" (!.he aether, historically) in which Ii,ht wav ... 
lravf l. 

If It happelll that the Jyntactk: rule com!lpOndl to • PrOI[l'ILm 
~ .. th~n ( tor colo lU' JrId Intensity relevant or pOIitive optical 
propertiel, and pitch and loud,,_ relevant iIOnle propertl") tlut 
iIomorphlilm In the anal<>c rei";"n is : 

CoIoUf" Pitch 
In~ity '" Loudn .... 

Give! Pro •• 

Similarly , if :.; and y are o utcome lIeU ehUllt;I~ by l.heJe 
propert\fll;, I.hll II In ..:cord with the fonnulation of Section 5, 
~Iy, tor an anaIl>tIY relAtion R. bet_ R, and tt. 
~ 1-<~ I, Inter:.;) .. <~ .. Inter y ). Pro<: J 
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The only IIgnltkant diffel'1!nc. ill that "roc k iI _n ... pro­

ced\il"e which oomputa the value of. dmi"l1lilhinll predIcate m.t 
Il. y wh ich determine. In wkat '''peel the uni.~ of lnlerpl'1!ta. 
lion differ. But It Is surely the CUfI that any .hKh", t hvinll Proc t 
in IIi, repertoire illn. poIltlon to teot any property thl com.,. to 
mind, or is obRrYed ... beinc relevant or irrelevant to the analogy 
relation. 

An the ..,.Joe ,.,.I.tiom ooMidft'ed in the rtnt monop1lph can 
be...,....-.:' in U- (emu; notably, those holdine: betwoon the 
.. ~ .. and the "abstrlCt" unlV1!neOl of interproutJon in " probabil­
ity theory". s"Yend other ' peciC-1e eu.mpleo:, culled from our 
wort, am disc~ In conneetlon with convl!IU.tlonli domail'll , 

Th .. lmmedi.t.. pOInt of "mph .. ;, i. th.t RI and R io wh.tev .... 
they "'present, lire presented to • Itudent .. dlltJnet ; they are the 
",latiol'll "r different topla In the conversatlon ll domain . In lOfar 
at \he In"::I,,n! rqarol them u distinct and conllequently views 
them hom adifferent~pective, he .. at My .. te in .. momentary 
way , ~ted .. t wo distinct mUties. ConsenIually. theM may 
..."Ullle .. Uuot H.j is INI'ned lor thought o f. or ItI.ended 101 Il one 
n>Omenl Iln<I R, a t llIe nut. In.ofar .. It,. and It,. bolll occupy his 
au.enllon (or .... learned about, ,till .. diltlncl ""pies •• imul. .... 
neoo""')'). U,e entiUIII are two participantl. Finllly, If it happl!llS 
thlt the student aulmn.t.eo an anll"IY relation between topic I 
and topic j, then the (llbell lnm. ient) participanLi rNCh • com­
mon meaning which, If It 1.11IM with the I nll"IY relation lrucril-' 
in !.he ronversationll domain, II the l pecified aJUlloi)' R. betWeen 
R, and R". An "rKlel1tandln~ (uplanation lind derivation) o f R. ilL 
eridence to !.hi, effect. 

Evidently , Ro. is abo .. commOIl m .... nin,r to comparable •• partie­
ipant.l" inside the subject matter expert who lnacrlbed It .... topic 
in the .,..n~n.al domaln. and we mum to the qllUlion o f 
CQfUtructiTII lnalOU relulo .... aflft d l!lailin& t he act o f "".w,.. 
.tond/TIIIn lnalOI)' relation . So"", lfI'Oundwork II needed In older 
to update the upooition In the previol1l monop-aph 10 that the 
account adumhn.t.eo certain revised tl'lll\SaCtioni In the operating 
' y"tem, (ei!.her CASTE or INTUITION .. described in Appendix 
A) and the. now explicit , dl. t!nctlon betWCC!n the ~ and In ler 
components of a procedure. 
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10. U/'I"DtIlB'fAHOI NO 01" AN ANALOGY RKI.AT10N: EXrLAN","ON 

CoNider r~ the non verbal upl.n.tion or rnodellinl of an 
....kJ.&y ,.,\alion which ill one nee. "'1' component o f it. WIder­
--.di .... Suppwe • Lumped Modellina Fadllty oollliN 01 two. 
priori lndependentRrial pr n connl!Cted to one or more out­
come lIeU. )Generally, there are very many poIIlble oUlCOrne~, 
but \.hey 8 .... in ..... rlobly partitioned Iry the ..,mantlc d etCriptof'l 
Into partI proper to ,,""'h proc....a, .) For enmple, In STATLAB 
(o! the finl monog .... ph and the Appendix) there.,., two pro­
ct'UOf'I. Dna atta<:imd to t he "real" un!verN of Interpretation, and 
one attached to the ·"'botn.c~" Ulliv ....... of lntl!1'pre\.lO~lon. Their 
OlUCOme fOil ctI .... !s~ in ·'Iimpl .. evenUo" or "compollto ""Cllll" Dr 
"meUlU(!I" (in one _I. and "simple _uJU" Ot "eompolllt .• re. 
l1li111" or " frequency ",tiOl" (in the oth~). CJoU o ne PJOCft'Or and 
ita outcome"" X, .nd the oth ... piocessor . nd lu outcome teU Y. 

In order to uplaln !.he analOlD' .el.tion R~ be~ .. een topic I and 
lopie I. the , w dent mull u ll imal.ely do ... folio ... : 

(., auild • eorr«:t. model, Jot" of co"""'pt i which on UII!Cution 
... t.he mod"UIJlI flM:lI 'ty realisel R, in X. 

(bll:kl ild a o:orrnct model . M, o f concept j whlch on execution 
in t.he mod"lIinl flM:Llity ..... 1 ..... H, in Y. 

(<'I Coupl" X and Y 10 that the isomorphiam betw~ R; and R, 
ill ,"lied. and uecul.c! the model. "mull~"..o"")1 to lIuory R, 
."d R,. Th ia couplin ~. a modlll M •• aatl.fiel tho anKloi)' ",llt'on " .. 

To IUmmarile. cia ...... Cal II evidence that Procoi u!su: claU511 
(bl thu PrOCOj (IlIiAt..: and c lause Ccj thet Proc°~ ulatl. It ba<: ked 
up by ovld~'fIoo to . dcri .... tions. thill pmvid .. evidence tOt a.table 
"oncepl. and tllus tot an ultd~fI/IJltdlrllf. 

Naw dause (c) II .. grater content than It Iftml to have. In 
~. !he IimUU .• nllOUl and wee.orul uec\lllan of M, and M, 
impl~ mor. !h"". couPlinJr: between their outcome IC.'U. It ia .,.,. 
oible if, and only It. the pair ar. priori Independent proc!ll~", In 
tbe X and Y puu of Ole Lmnped 1I.\od...tlinl heillty are partWly 
' ynd\ronilO!d . "itll .... by inlanJpUOfllignak Ot b y alh« methom. 
The crux o rthilrequin:mmt iI not well ;UI.lJ4no~ by the exampa 
in the rim. mon<>tl"'ph (wh"",, fa t the 1II000t part. the t1!OIlity of 
toIICUmlfltuec\ltlon of M, and M, ... 11 not encouraged and analogy 
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.... lal,ions were modelled tornully). In rae!.. Ihe subject mauer ern· 
ployed pennil~ this aloNln8. !hough .. e noted pen.iatent lUJdenl 
fJem.l1\ds to "compare modell", Ali promilCd. the dek'CUI 1>8"" 
now be<!n remedied and cun"urrent e~"""tion II rendered man· 
datory. It..o impllct. is onsl1), lmHt(in~od in the contex, or the "optico" 
and ''&ouDd'' e>:amplo, and the matter is pUl'lued In Chapter 7 
Uli"~ Ih~ oubjec~ mntler or cnCl'g:)' Ct>n~enion and Ilmple lhenno­
uynamics. 

With U- oommenl.£ in mind. Fig. 4.8 obows the Ilrucwm buill 
" I' in • modl'lling ta.:ilit)'. M, is the oompiwlion in X Dr s Prot; i 
(~ntint!: Proc il with ill oui.wme "'" (OSX) d isl-I"ll"lIhl!ll and 
.... rina: R, as a.ub6eL, toI, is the eompilation in Y or s Proc i irevre­
"",lin, Proc J) wilh it.& WlC<)me ..,1 (OSV) d istinlJUilltw,o;! and 
.... vinl R, ... w!.>tel. For corro<;''-. M, and M, are mal.ehed 
o.pil"t HO(I) and BO(j) and Ilu .... u.lacdon or K.,. It,. II deu.<· 
mined. This ope .... Uon II not shown, The co"pUnl! lind pllltial 
oyn<:hrDnioalion appear In the picture ... th .. connectioN belwoen 
OSX and OSY, IOll'lll\cr wllh Ih"'" bet",,,,,n X 100 Y. rl , and only 
It, the modell can be jointly executed 10 ... llIIly R, and Ro . the 
lnaIolD' ..,blion R. is L~t1y modelll'd. 

The ........ in .. hleh tho! L'flli ... model. M. conrtiWIOI an indel< o r 
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~I • . • .3 . n.. mod .. fo, o~ o.w.,.y ,.II.'''n io 0 C<lwpHn. (..,nll'l..! by::= be­
,w"" _I> Mj onol ~l.' ....... It of whim ,n., ....... , ..... I>f /oi, orwl /oiJ In 
MF II .yn<hn>""""-
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mmmon mt(ltli", illlllown In Fig. 4.8, which III no more lhan an 
OIIlline Iket<:h for the cognitive orpcisaUon "'e wppolt! t.o he 
mponIible for !.he _""logy relation mod"l. A5 beJore, ~ I end 
!'too;: J are LO pro<:<!</urftI In !.he ""IlJIit .... ""p"'rtoir •• They cons_ 
In !!!!II. and lnl.ef c:ompanenl.l; namely. <~ •. Inler z ) and (~ 
I, Inl.ef 'II. IrllOfar .. the II"d .... t sclecu S ~ I (c:ompiled .. M, 
in fir the U\«TIml facility) and S rr~ j (c:ompll L'<l .. M, in Y of 
the Ul.I!mtI.I r.cilUy), ]n"" ~ and Intet y &r<! RerwraLinl dlJUnd 
compllaUOni In the ,wdl'f1!.o brain Can J....l'roceuor) for !'rOil •. 
Th_ IN.ketch...::! lIS ConL"'I'I.II,j. conceived u Internal representa­
lions on. par with the uterna] mod~l. M, in X and Mj In Y. lnso­
tar u the . I",d.mt 1'1.C<!t" and y in regilte. with t.l!~ co m!c\ (In th" 
1m"" of roklvant) properties of X, Y, and to U\C u!"nl Lh.t cor­
"""m_ It oolObnf!<i by Ilia ... cceufuJ (jolnt) I!ll.,.,ut\on of M. he 
aIoo h .. in hi. ."pertain!. further pl'/lefdure £>roe ~. (!'roll DilL 
inter x X y) which II intema1ly compih,d in the product U. X U, 
and ditUnlUlaheI between U, x U. appropriately . (And m .... tdo ... , 
an... unde, an op@nOtln'l)'.tem. D;.t. (Il. y) II. -.,ant ie de.cripo 
lOr IlnII II .Iready marlr.O!d as MinK understood.) That II. Prnc Dirt 
c:ompul.el the tlilltinlU;'hin, descriptor Disi. (ll . y). 

The " Internal" (or 'maginary) .-rtlci~ta uJd t.o Tfa(:h " agree­
ment" o¥t!r • common m~i"6 ..... """t.c:..,tJ upon Pro<: I and Pro<: 
j ; they are held diMln<:! by lhe RctIon of 1',<0<: DiM; they ""''''' ~ 
a in common; their agreement amounta to • I'1!COfP1ltlon of this 
~ ... mmunallty, even thoul:h Pro<: Disl ""IIU. The M!manti<;: (or 
cOI'f'HIJOndence) c<>mpo n~nt o f the IlII""'m~~'t ll!.he model for !.he 
.""Iogy ~louk>n, Iu lynU<:tlc (or coh(:tenL"') cOm lJ(l n!'l1t II th lJO­
n>UTPhi<: r~glJter hetw",," Prop in Proe I, ~ J. We refer t.o the 
Int..mal l'utlclp.mU ... "i""'f(inary~ becauM! we are con<:ernoo 
with e:cperiml<llU Or tUl.Orial. in. o ne aim at once f.elUly, lUCk as 
CASTE Or INTUITION. Hence. alLhough 1M foci of attention of 
the "pertkil)a/\u" may be real enough t.o a I lud",,1 (.nd C<l mmon 
""pHiencc 1U1I&",,\a thallhcy are), the uansa.ctlol\l are not dldlnct­
Iy obleroablc .. ""tenon-! stretches of behnlour. 

11. UNDl>ltlITANmllO 01'" AS A NALOGY R!o:t.AT10N: Or. IUVA"ON 

Now, co"sider the other aspect of un,w,nl.llndlng an .nDle>gy 
relation: ita tlerlvatlon, wh ich ill eaterl<>rised as a In.rninl1\.nO\.I!jty 
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I.n.eed oul on an .... wlment I tnH; ture. For. 'wo term analogy • 
Just tour basioc .,...,ril"ntionl an pouIole (lhoulh theM ltive r;'" 
r.o innu"",raw.. varianta), AJSuminl that the IWdenV. 11m (his 
" lOCUlI o f attention" Dr the ''topic that he .pp~iata") ill ". or 
ru~niinate to the ana]oll)' rclllUon R. (Fig. 2.6) , thee con· 
flgu raUonl (Appendix A) an: as fo li owl: 

(AI Topic III undentood. loplc jllunlkntood and the ~OCY 
relation II marked III..,.. .. hich ... Iegal memhet' o f worluet.. 

( B) Tc>pic I .. und~, the aubordilUlift ot lopic J are uJlder­
II.ood and the mainlY relation ill marked U !inal which II • legal 
member of workset. 

(e) Vi"", yen.. but topic j is undersc.ood inlltad of topic i. 
CD) Nnlherloplcl norlo¢c j" undemood b\llll:w! ... bordinates 

of It k-ut one of '''''m are undenww. Tile tnaJoiy nll.atlon Is 
..... kcd .. goal. Und .. the eonditiolll di..:uJIed in the fint mono­
gnph, \.Ilia pla""ment of mark~ doa not admit to goal &I. mem­
ber of worluet. Howev ... , in the ~ Dpe1lItinK oysU' .... that an: 
c:urftntly in ux, it dOH (and mil)' do S<) be<;:a...., of the poII.ibility 
of c:onc:urrmt modelling). 

Confill"ntioo A ohwno If' the JI, .. dent inl.enm r.o I...,n the 
analogy relation u • relation betWe<!fl cJ<iltlng concepUl for topic 
I and topic J. As • practical conleqllence, the nlldent rnlY (if he 
wilhts) ......,j.e a de_tion of \.he "'morphism and of Disl, 
and he ","A model the lnaIop, U In F1a. 4.8, It \.hillopic R" II t.o 
be ",ukl!d as IIndontood. Notice, ho,,(Net", thaL M, ~nd MJ both 
uilt. 

COnf ...... tion II obtai ... If Ule Kude..t In1.endl to learn the 
""'OQ ~lIt.ion In termI of topic I and to derive ao ""p .... l;on of 
topic J In tftIDI of R •. As a practical COnlCq1.lence, the Itude..t 
lII.IIy (If he wisheI) ~jye. demonilnOtion of It-. ... path t.o top;" 
j , and for IIndentandlng of R. he mllst mode! R. which involveo 
cOnJLnJcli"ll M, {I lnee Mj IlRfIdy ulaul. 

COnti(wal ion C II !he reverse .itIllUo" In wh;"h topil: l ilac. 
ceaed througb R • • The stude..t may (If he ........ ) receive I 

• Th ol 10. OD ........ 1 ... Ja,lon • .,w ... n ...... Iopia. Simll .. «Om .... "" .pply '0 
OAAIoIIonI.""hint many I ...... o. Dth ••• ""Iou ...J.I ...... olu.. "PI .. klbll«l 
J.. 0..)11.- t , boll ,ho .... f\pno . ... '" ... ",ooclt. ... 0 •• compllcol«l .nd ... dlf· 
linn 10 , .... _ ....... phkoll,.. 



dmKlnstraUon of Itj, u a ""th to topic j . He m ..... model R. If R • 
• to be marked .. undent.ood; this entaIll the conatruellon of M" 
butYl ul&U. 

Finally, the conrlgutation D ICIl<b to a condlt lo ... 1 tRMactlon . 
The ..... dent may re«lve (\emollltratio .... o f topic i .nd /of'k 1 (if 
be wlJhesj . But in expbnatary modellin(l, he .::.n _y the con­
IUUctlon ot • "" .. pl;n, beI. ... .,.,., IUUlpecitied and nol-yel-under· 
oI.OCd tapla. Ho ... ""er, a model IUch .. th;. II accepted condi. 
tlonally. The ..... logy relation;' m..-kOO III .. nderstood um;ondi. 
Uonally If, and only It, M, and Mj are produ","" (\.0 be united hy 
the coupUnKl, .. a retult of which topic 1 and /oplJ! J or both of 
U.em will he m..-kKl .... ndentood. In !.he procetl R; or Rt o . both 
of them wi ll he mlI<kKl .. goalo at the lame moment .. R • • Since 
U..lmpiiel that wo.kJel hal mo .... than one m~mber, the manoeuvre 
II neceuarily part ot I holiltic levning ILrllLeg)' and ii, In tact, 
.dope.ed by hollslle. Jt\ldent.l. 

0... ~cholop:.l lnll!rpn!t.alion (whlch we tavour .. by tar the 
""'"' p.....,ble) iI that conditions A, B, C IolOOlve learnina an 
anaIoiY relation when one (condition B or C) or both (condition 
AI of the _ o f the anaIolIY ..... kno"," ..... y.ln condition 0, 
on the other hand, the anaIoRY relation _ppears ron t ot all and the 
_ (topic I or topic 1 o r both) are undent.ood beaouse the 
anaiollY ilknown. For Hample .... ing the IUbject maltet "enero 
""nvenian" ot Cltapter 7, the .tOO""t In condition A d ilcoven a 
",laUon ("hNt coruervatlon" cycle) betw"",,, "heat engillt!ll" and 
"",frlgen.tar" both of wllich are known Lo be-sln wl\.ll: In condl· 
tlon B or C, he kno .... about ''heat englnet" o r about a " refrl,l!nl' 
tor" and dedvCl "heat conservation cycle" hecause ot !.haL o r 
coune, we may not .,.dude I glohal 1000klnil .nd compreheru.ivu 
.pp.o..:11 in theM! cue., lince any . Iudent could rau to ntcdorlae 
lUI mentll pmbiU. flut In condition D, either "hnt enaine*" or 
'W,lrilJCrlltor" or both...., .. nderstood ... a usult ot ltnoW!nIl.bout 
"hut eonservetion cycle" and in thi. caM the .tuclent m ... ' ~ 
lidoptin(l. slobal me thod . 

All of the conditionl for IeaminJ!: an analoo ",btion at. con­
J<IlIIIIt with "I- 4.6 and with the notion that the otnalogy relation 
II jUit the lrucription of a common meaninJI (recali lhat each t.enn 
• modeUed, thou." it if, only narked u understood U It .... 
marked II • lIoal). On the o!.h ... hand, tIM! ~ of <!Vfl\Uo and tile 
type of Intel'lCtion between Proco dlff ... radically ..::cordinll to the 
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condition ..,~. In parl.icu.1ar, eondit;"'" A. 8, and C Involve 
the ""Isl.entt of Proo;: i or Proc: j or boUt ""f,,", UIete II an L' Dpft. 

aUon fa PJoc') that placeo t llese conoepU in reteister ; .. heft,.. In 
condit ion D, tltil o""ration ill pi"rformfll DY"," Viot (a, y) before 
Proc I and PrDC J aN! coMtnl~U!d. 'T'h ia WI! ciii10nly collll1.rue 
(mechanically lpeaklng) .. implying thl! exi. teoce of a hybrid pro­
oedute, neith.". Proc I nor PrDC j, which ill differentiated l.O yield 
!'roc I and Proc j -. - --

I II. TH£ ACT OF CONSTR UC'MHO AN ANALOGY RRLA"ON 

So much (or ~ml"6 an itomorphie anaJO(IY. III it illMCribed in 
the oonv ....... tional dam. in , Wht!n It com,.. to con.l .... c ll"l' an 
lMioE}' (during eoune _mbl)', or u nd .... the oontroJ of an evolu. 
tlonary heurist ic), the partic:lpan!of WI! dlornlue<J .. "imaginary" 
II1II)' he VeT)' real. Th8l! pa.Udpant.l "auk! be mem~ of. team 
of .ubjed maHer uperU. Or l!quaUy they eou ld be disti nct cog­
nll l .... o rpnia\.ioruo lhIot ate ~ of onl! oubj«t. m.t ..... ""perl. . 

Since Ute c:oune uaemhly heuriatic EXTEND, .,.,naiden!d in the 
fun monoenoph, II (like CASTE) n!St.ricI.ed lo one . im at one. 
1lI_ In~1I ....... enU of .,...,ilion cannot be u.~riori.ed in 
\he I)lmm. Bu t o t.her heurilticllO be d-=ribed In Chapl..er 7 (as 
part of an open.tin,lystem .,.11ed THOUGll'I'STlCKERj allo .. far 
ltW1y aim Iopics. 

AOO!o:NOUM 

TWo """"' l P"PftS by F. \1.",1. ("A cakulul for .elf ~'erenceH, 
1,,1. J. 0 .. " . SYlt. 2, p. 5, 1975 and "The e%~ cakulll$ o f Indi· 
.,.lionl intnp..,ted .. 3 Y&lul!d 1oKic", Now Dam<l ./ol. .... al Formal 
l.o¥it:, 1976) pmvide a ICljoeclolhle m....,.. for talkin, o f ~~li~ 
and odf ..,procludlll!: ~tc!mI (a fortiori, P lndividuth) wlO,I" W 
Ian ....... L. The buk: idea il lo ....,rve a \ruth value to. llIe condi­
tion of I"1!Cunjve 01" ylc:1ou1 dn::uluity and llIe poulhlllty.,f doing 
10 I«>IIU trom the calcuilit of dl.tinctlo,," and indiCilwrI (Sp.moer 
I.Irown, G. 1969, I",,,,, of Form, George Allen Bnd Unwi n, Lon· 
don). lo whiclr the fint monogrnph owes 10 much . The dirticulty 
tha~ diff"rent kindl of c!n:ularlty ~ inadequately diltinl"i.hl!d iI 
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n!SOlV1!d III • further paJIft, '''1'1'1" Arilhmetk: of ClOlUfe", 1Ifhleh 
wiD be part of the p~;np of the 3rd European Conference 011 
Cybemetico and Sync"," a-rch, V ... nn., 1976; with thil aug­
menlation, it becol'l"loN poaibl .. to q>ealr., IlimUarly, o t In ~..,tions 
bet ween _era! diltlnd P Indivld ....... 

A1mott amultanl!OU$ly J. Gogu .. " (' 'Oh;.ct.", fill. J. Gen. Syu.. 
Vol. 1, p. 237, and "Complellity of Hi<>ran:hlcally OrpniMd S~ 
Ie .... and the StnJcWre ot MUlica! nperienCf! ," T«hn/ca/ Rltpor, 
in Department ot Computer Science. UCLA, 1976) ttu root.ed 
general ' Ylwm theory In "objectl" t hat depend (In. ler\ll!) upon 
obleN.lion and hu lIIown lIow Iyltema are amalsamlted by de­
pendency/lndependenee, Or sym:hmnldty/ouyoohronk:lty, 10 
create fllrlher 1Y1tem.. 

The relevana! of thla work is e>idcnt; i t iI cornplUble with our 
itlformal arwument, though mo ... clepnt. Th_ .iplltle&nt lnnova. 
t iOfll .... cu.nent.ly beilIfI incrupon.ted (undo:or the notion ot etlte­
ron .. o f "objec\a" \.hat are P Individuals) and tangibly imple­
_ n\ed, by Robert Newton, at ill. laboratory. 


