
C/ulptu :2 

In the pn!Yiolll monograph .... deacribed two buie proee<!url!l 
lor eo",lNctini a eon¥el'Slllional domain and ill d_iption 
(o ' {B). D"(R)) to represent a Lbesil .boto~ .... b~t mAUer. 

One procedure it imuumen~ by a buman ln~n'Optor'.""YSI 
who (Ii¥fi\ lOme mechanical "book.tN-pine" _Istanoe) inter­
~ ... a ' 'Io\In:e'' 0' rub~t mal~ru""" . The oth .... p~un!" a 
oompu\.Cr propam. EXT F.ND. which perfo"",, • "mllM ritual. 
Operationally tpeIIkln&. t:XTEND n!placa the lnloerroplor,.nalyg 
but it doel not "mechanlM!" the co",ttuC1.ion procell. The fllC1. ... 
only one human ..... 1"'. here the IUbject matter upat. II ~ulred. 
EXTEND \IIeI him In an analytic role and provide. tile ua!stance 
needed to H<:\Ire "Yelk:lty and w""aleney (tile I!SH11 t ill properUe. 
of Ille telltlonal network part of. eonve_tlonal domain). u well 
.. utlng him In the role of l ubjecl matter expert. Till_ point wu 
plainly exhibited by ahowLng that EXTEND can ..... eal!«I u a 
routine by the! llItorial operating Iynem. CASTE, Ilf\d IJ ealil!d 
... hen ........ Ihe IJIwent iakeo On the ItatUi of ""pert and (In an 
evolutionary II)'Sl.em) enlargeo the 1001'" of ",b~' .... tter by 
addu., further topia. 

Fie. l .l ... mmariaeo the oonalillleoll of • eon~tionaI domain 
• II .. produced by e llller or thetie methodl. The labels SO (I» 
baYlor papll) reflect the notalion adopted to diamblguate the 
prerioua termlnolollY (TMk Stnl~. TS). Attached to Meh o f 
the nodes, ... hich ltend for topia. there iI • behlwlounl IIJ'&ph. 
SG(i). IIrlC1.ly a projp'&III graph. It iI. clasl of propvna ot wlUch 
any 0 ....... if exfC'U~ in an appropriaUl moddUIli f..ali~y, will 
bring about and aatlsfy RI tile relation ur>derlylOit thit topic. UMd 
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1". _ 1.1. ............ or ....... ,-..1 __ , .... Th~ _ I , 2. _ . • 111nd r .. ~ 
".. .... b ... _ C<JO<oed by • ,.1>01 ..,~n ...... n-•• "'" ot the '<>pi<: 00 
_ tIw ora .... "'<ide". from ...... topl<s r ......... lch Ill . r _ .... br . ... 
?I,I".. ."" ,.!a,loM! 0","",'- .po<l f!o.d In the 1 . ... 11 0, b, ,_, 'The box ... t.-
Ia<bo4 by do" I;n" Ino ... eo' w .. en nod< '_'!r th~ •• pl .... ,o" of tho 
top;., In "'""" oh .. h •• Iou .. 1 p..mptlon or P"'",,,,,, fl'P~ (011 .. , I\th",'our 
O",ph ,IIO). 

de.:ripliW'ly. OO(i ) and itiinterpretaUon In the modelli .. facility 
" D"(H,) o f the pttlViou. monograph: uled to pu.eribe. ",00& 
maltin& beIuo~iout .. hlch • SUJdenl l houid carry O!,lt. iI. ill TS{i). In 
eilh .... case, b io (explanatory) model-m.akillll beh.w\oUf in the 
mod~llinc faciIl~y (ElI:eo:olj ill compand for col'f'tCi.nea with BG{i) 
and any eorrect model .... hen fxacuLed in the faclUw also Ati.fie. 
R,. 

t. will be rocalled lila. Lhe relaUo nal network part o f t he con­
~nalk>nal domain II procund to yield. rlruclll.e ouch .. Fi&. 
2 .2 in which Ih .. relat ional o~rato .... 'eve_nti"" !.he derivation 
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of one topic from c u-., are colllignoo to • d.ltI hue, and the 
conn«ti¥e .,.,. deplet entailment ..,1atIons, le., deriv'l io", of any 
~timat.e kind. The procewina tall"" place (It and only i f the 
ori&inaJ network iI cyclk and conAltent) _t the point where the 
""put desJsnaleo One topic or • clunu of otrio;tly analo«lcal tapia! 
... hNd and specifilll lopiQl a t . dirlanor a nd di,ec:Uon ftom \.he 
head which he nprdI_ ... borrlinat... to the had. Su'-tquenUy . 
the ""~rt '- requ in!d to d~j~ the related nodea, " Ih'll unuy 
but many valued predicates, and the .""ultln& ItIKh II e mbod ifd in 
• phylk.l dllplay, the elltal/meltt Ul'UClu,.... in which each topic 
(Dr Ihe node reprelentlnglq iI auociated with atorqe to aCCOm­
mod.te token. indicating ;!.Ioute durllllf iea:rninr. It II poulble to 
reduce the ""t.eU""'M ,lrueturc \.0 unit.l of the lyJ)IIIho .... n In Fill. 
2.3 and II It important to no\.iee t hal ."y Iq:itlmaw network II ... 

", .•. 1. 
/oj,",," e~IolIm ... , .-. ... __ j~ prepuotio<o r.,. IIt\llllnf 1M _ ..... 

or ,.. ... 1.1, undo< u.. IOPie ... ich 10, ..... _~. 00 .... , plMe 
b-' _ .. beIIod D II i.trod ....... to -.,...., .................... or_ntJc, 
-''Il<001''. IIw ... _ o f whlo:~ dioUnpioh • .."... , .~d • • o..I,ItOln •• _ 
f ....... _ I , f, ..... . ore de~ ~ r ...... _""IuJr.cI"" ....... , ... LIM 
cydioi'y of II, • • lno<:luf'O (>Ioowto _ .... In .... j.nd Ihe eydl< .,.-_, or 
.... -...IoQ .. 1011_ (1) .. >epO'eWn .... by ....... "-<I .. -.11_ I'~ 1 
boI~. 1<0011 ,""",,,, ... od _ . 0 .ad.. no. /IG 0 ' 10,.;.0 I, 2, S, 4, _I" ...... 
poolod Ia • ~""- X, •• d to,,;c. &. i. 10 , I I ~ 1I>'"'1~'od In . ~~_ Y. 
X . rod Y . .. dlol!~ ....... l_y. . ... _mod ••• d.iII bo dlollnculol>od..-!>en D 
In _ b1 ill ••• hI .. Gfth. Dpftdko'" 
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'11· 2.3.0, b,., d, 0, I. Typl .. 1 .InocL~ .... (.) G<>QjuncU • • , (bl Illoju""'h., (el 
A.Woty ,..j.II<>" with ""n ....... d.ym ..... j_. (d) eo..junctJ .... (.) DIoj..~, 
(f) ADIluo """" .. will!. C)'clic dHiflllt)nl. 

onaJocy relat.lon in Ita own ri&hl. • Moreow~r. if the r«:Onsln.I~ive 
dmvat.lon cyd .. of u,. otiKinal .... rebw.ated, Met. ... tmrucWn.l 
wlil ill cyclic: (Fia. 2.3) unleal it ""PPf'I"I lhn;1 containt .. node 
mukl!d as primillvl. 

Thill e5Hnlla! pro""rty allo," the meah 1.0 be pruned under dil­
l ...... ! head tapicl t.o yield ""mpI~ly diU ..... "t ItruCW-' For 
UIJIlpioe. F18. 2.4 IhoWI .. common C:Ollltruction In wlllch .. prln. 
olpJe T, II I'ftpplied to yield .. topic relation A. On reprunine in 
!.he molt radical f .. hion, T II exhibit ed by ", ... mp). (notice that 
th_ u' no/ JIIIIOlIIIP'C'Ptc:d ullda" an arbit.rary union . T II the JoIn 
of A, B: Or the }oin o t B, C ... ; Ulese topics rnly be rNfrlwd, U 
ItelU!\., from T) . O\.hcr, int.l:rIDt!diAry pruni"ll are lllustn.ted. 

Theoe open.tio"" haft been c:ondd ...... bly refined Iinee the 
preYlow monoFlph ..... written. Some of tIM retlnemen". .... of 
episwmoLocIeal conMquence ~nd othen o f ""'"' IJIlI4PNUc n1ue; 
tMy will be duaibed ., IPpropriat.o. po'nb in thl (ollolllln, dil· 
CIHIion • 

• HOI atly ... ""'m .. " ""'<I\Q'c. f .. , ..................... o.aiI_nt.'nltl",. OOft bo, 
.................. 10, MI, eoejouw:ti ... E_ ift o.Ir.., _. o.Ir.o ... ,,,,,,k bor .... 
.... ..;' ...... laino ..,cllc dor!n,;.,,," !.hoI &N "'" 0/;"';"010<1 ~, P"'''1nf 
[,rtrio ... """"",oph). 
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ria. 2.4 . Multiple hH~ pn>nin J. (I l £n .. nm~n ' mooh . l"r~ ... d undo. IOpk A 
(buUt up by ,upplyln" prinoiple (T) with cydio ...,tailmont. . hown .. thin 
Iu.... (2) Cgn._ ..... ,.h'K or th . ...... "'"" undo< tho b .. d "",No "f T . (3 ). 
(4 ). (~). (til am oth .. p"'nlnp (cydl < enl,.Ilmnn' «>no..,';" ... an nO' . 100 ... ). 

I. SY N'I'AC'T1C AND SI>MANT!C COMP(JN~NT!i OF A THESIS 

It ill expedien~ to discriminate between the .yn\.llctic, "5 i • • 
prime number", IlfId the lemantic, " 5 is a lucky number, or the 
numeral on your ho tel room" aspecll o f a thesill and the rlructures 
rep",,,,,nting It . The d iotinction i . relaliYe. "how do J know a 
purely .yotl ctic entity, approx ima ted by a logical text devoid of 
words?" But it ill exC1.'ptionally u""ru l. 

Both of the construction pro«dures, and othen inLroouced 
later in the book , are b...oo on the Idea that ... the ... is • !let of 
topici with. . yntactle relo.Uoru; between them and that a concept o f 
... topic /tQ. ay.temic (1ll..i3o syntaetic) core, roullhly in Han num'. 
(1969) oomse. ~'urlher, the Il'nt.actic component ill output [int, .. 

• 
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I ..,.u.. of topic derivation&, and law On II given temanUt: inter· 
pretation via !.he dnc:ription. Thio ill withouL prejudice eo 1M toci 
that an upert or. atud~t hal . .. manti<: in~tion in mind: 
it mer~ly lntluenceo the onIer In whld> parU of lila thnil .. e utero 
ion.m. 

For eumple, conoider Ii,." un.:ippinK (prevk>UJ manopph) or 
!.he topic "ertlclency" evoked by • queotion, " What dOft etrl· 
ciency rmte1~ Clearly, t.he Hpert may be thinklna: o f thBmalJ 
II>edlanIcal effklcncy or lOme .. ell interpn!lation . b ut the un· 
Kipping operation y>ekil l'YntllCtic derivation. For example, " Ef­
ficiency II • r.,tatk"" between work done and heat "ted. me.lured 
by • relation between lOurce/.ink temperature and the a bsolute 
I.empenlI.unL " 

• T"_""""T_,, - T_ 
All of the terms In !.h it equation ue dlacriminated upon .)'n· 

w:Uc ""undt, .. fOl'lD.tlly mated . ymbol5, and Juatlhls property 
rend~ them apposi"" .. topi.,. in • t heRo wh id! laY'. you CMo 

learn about '!fIc;"ncy it you unden&and "amount of work done 
and "-,,,ou nt o f heat" or " tempel"l.lure dll(<!J1>fI"," IlfId absolute 
temperltute" Or both. True, they alIo hive semantic: Interpret&. 
Uollll in .... rover. o f h8t mginos, mri,gera1on, .oo the lIlIe; true 
alIo, theoe equipmenh are ImIaIIl.kalJy related . But tho .... t.ht! 
posited interpretation&, o r olhHll, may be cogniled, the mandatory 
! .. Iure or the dnivation II a J)'ntac:tic or formal relation. 

further, If the synt act ic connection ill pursued by , uCCf'ssive un· 
Ilppina" IIntil all o f the IUbordina!.e topic. ar" marked primitive, 
\lim tbneprlmitivsareno mo .... nor leu thin th"conltrain ta upon 
• modellin& r.cility (. proUAW, not Just a .talic entity) in wh.ich 
ProgramI can be writt.en to '''''' impmli lve (tempon.lly eJol!C\lted 
illft.nu:tion) Itatlll to prodUction Nlet. On IlXKUtio n, lO me of the 
poMibJ.. p. otP"Imo, thoM that belo"i to BG (dfi~cyl and ill 
.... bordinolel, latilIy the ""m clency" relat.ion au;! the .... 1&1lo ... 
~benear.hH It. 

Surely, any Pl"OlJ"Al!l, • Iyntactic entity, mu", be compl!l!d AI a 
model befo •• It is ""Killed; s urely, alxl, the modelli"ll facility 
(NF) in wh id! it it complied Iw • IoG mlntk delCriptlon (it II I 
IInivErW o r pouibl" M:tlolll). Bill this delCtiptlon IPpean. law in 
the e;,;pooitlon or • th .. and it m Ull do 10 in order to po _ . ve 
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the convenience of an ''UI) t.o downwardly" directed derivation 
odIeme (the U>e." "the tint and mOlt liliobal topic; f"riher topics 
are differentiated .. ~l.Itred), In contnlt to the .......J upedi,."t 
of ~ed.lrc leU of objKI.I to beein with and usi .. u",ir members 
.. build.i .... bloeb (. "down to up" paradigm). 

All thill woru atiaf.ctorUy e>:oept fOT analogy relation. t hat .,.e 
deebred by the ""pert, In \.he simpl"t ClUe," isomorph i. m •. For 
an ilamorphi.m (000 to one correopondence\ mu.t be .uppon.cd 
by a diltin<;l.iOll bet .. """n uni_ of lnterprnation (X, Y o f Fill. 
2.2), In pnetice, • d iltinction bet .. een modellin, facillUM daig· 
nated MFtX) MFtY). LKkinl thh support, the llOmorphilo"n 
would be confu.ed. with an itt,."tity and the dorintion ~jected .. 
inconailten\.. -

11Ie topi~ that oupport.o an analogy ~lation i.t one of mo~ 
... manti<: p~k.te(.\ (colour, t.e"ture, .ill!, material, .hapel. The 
pnodl""u. "'pporting analocy ~lIItionl (d lstillfUilhing MI-'( X) from 
MF{Y), for eumpJe) are the mand_tory, and the only mandatory, 
oemantif;: conotltuen'- of. th ... iI. The eta. of semantic plopeotift 
named by th_ predlcatM Includes t Ime (e>:enttion t ime, orde . .. 
detennlned by • pro<:GUO. clock) . Recall from t he p.evi01.l. mono. 
,,",ph, tbat then! an! diltlnet clocl,.ln the processor. of MF(X), 
M/'lY). 

Ono leneral point lib: d in the previOIll mDnotlnlph It worthy 
of repetit ion. Time, or precedena!. iI the Ieaat speclfk HnW\tie 
interprf:t.ltion given to Iynl&ctic productio~ rewrlUng rule. and 
LmpliCition •. Moreover, any inu.q>relation of ouch • (.ynl&ctic) 
Ilgn involv"l time ; though """,Jfic lnterpretallol1l m.~ entail 
~ time orderinp (rea}i&.able in u.. processor Iy!'" o f the 
previou& monOll'llph, L-PI(ICe °n, .he OM clocl<orl proceaon of 
modetli~ facilitieo.,..-.d 10 on). 

The oonsequeucu. of Iheie obiervatiom ramify throurhoul !he 
entite book. Fo. eumple, mey "'uest, mOIll_Ylte11Ultk: n,ethod 

• MI'IX ) anll M'I Y) fip .... 1110 "pon;u.",. .. f 0 modem,. '00111'1" ,. "'-
1""10 ....... ~pIo; fOf ... p', <100 "mI" ..... "._.0 ............ of 
STATl.AB. _1 ....... -.1. 01_ ~ ~1o'1<><Io _ .......... <I iII_'" 
""pili ... ..... M lC,miaoIou t..."'~ M<>tI.lliq roKllif7 lot ..... locIli.y .. 
• wb~1o (I'" (no1.a_. 011 or !lTATLABJ .od .. re, ... it. ocompon<nLo .... 1'0,. 
titM> ... ... h "lUI 0" • p, ...... Ind .... ~dont P'_'." "",od.llln_ ' •• um .. •• 
oimplicllo" MI'IXl or M F(Y) u .ho c_ mo,y 110. 
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for ~Iicitin. deKriptiom of the mesh ~pid.i"l. theQ, which hal 
t-n implemented and "' deKribed. They lie I l the root of repre-­
-.1inII hy~corditionall in • eo ......... 'I0 .... _ dom.tn. They 
are c:ritlcal determl..."U of analogy ~lltions. The cIuI o f ana10cIa 
is w !artier ~ iIomo,-phimu (thouch the formallimllarilift can 
all be repfttented ....... rphiImI of .ome kind) , It induds, for in­
tW1D1!. "analoei" of an.Jo.cies"; and the "of" orderinl il'ldl.l<:Oll. 
ruerarchy of deteripton. Finally, thedilt.inc!.lon 'Yn~lc/oemantlc 
bean upon the iulJe of limplifying. thetil (a m.a~ter of pn.etlClll 
eoruequence In COline duignj. 

Z. OESeR/P'l'ION I>I!;TKOD.!l "NOTHE SEMANTIC COMPONIIH'1' OF A 

'!11E.sIS 

TIll upert'. choice of • had topic and of • diftance from the 
had at whleh toplCl .... marka! .. priml tiYe, It part o f . d ...:rip­
lion he pe. to the IHltailment mesh. Any but ~Iy rontri'ted 
mesh,.. permit lhe chol~ of Ieftnal topics. aDd any JUCh cbolol! 
~ rite to • family o f dHCripton. Choice of • t.e.d topic "". 
tnclI the thellt, under this boNd, from • potentially !nderll\lte 
p ........ o f related knowable.; it Do im~ . quul oni.nnc (rub­
on:Ib"'~/"'pI!rordlJI.Rtel upon W ruucture which" !Jot.ted. 

Under thil ordenn!!. the heed topic(l) b (or are) .upe1'Ord/nslle 
to all alhen. and are Uligned to • depth of ,era. Several number­
Ing alliorithmi may be uoed to ronvert 8ntallmen~ uc d lltantft 
lnto valuea o t Ihe flIperordina~/fUbordill't.e deocriptor. The algo­
rithm CUm!lllly employed III EXTEND (which II a rell"""",n l o f 
the propam in Ihe pmvious monognph) . 11 dflifned. 10 tar ill p<»­
lible. to place Ihe terma of all ..... logically relat.ed topicl .t the 
.. me luperordinat.e/lUbordlnate depth jul' .. analosOllll head 
topiQ are It the ..,.,e, zero d~. 

2.1. Forms o{ " .... /ofY Rek>liDn 

SuppGlll! that. dqM.h numbering scheme exitU (one lCheOl!! lriI.I 
be dfttribed In Section 2.21. it;' poooible ...-l thin the ttunewort of 
• depth numberinJI to "" .... ine the ~eo.lt .... y. al. pMticular 
depth. Let \U aIJo mtkipat.e the arwumellt and ..,ppoSl! that 
""manti<: dfttriptof'l !lJiI to be cho""n and liven values On the 
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node. or ont! or mon! anaIollY nbtio ... and the top;';' .. hich it{ 
\.hey relol.e. Semantic: detc:ripton are unary 001 many valued 
ptedlcald: ror .oimplk:lty it iI much mon ""'n¥~nien1 at U1i15tBi~ 
\.0 nganI I.h~m u having the poaible volu,," " .. " (meanini "hal the 
property") or "-" (m<!Bnini " d""" not have the property") and 
"0" (I!ith .... "irrelevant" o r " undetermined"). In Chapter ~, It I, 
noled that the ...mantic: d_ripto .. are really " Fw:~y Pradlcola" 
wilh mo.e Olmpl"" val~ Ie'" and that !.he .. u mptlon or oonv .... 
nlenoe delineates a limitinl caw. Descriptors (the ptedica1.e names) 
are oymboliW D, E , ... ; t""ir valu8& D - + o r D - - o . D - • . 

I"il . 2.5(a) show. • oland ..... anaiollY nlat ion (Co. eumple be. 
tween the reaI,Iabslrart unjv~ oC " probability theory". nlaUne 
topica P and Q. The oentn.l nod, np..-nu the .ynt.a<:tie: .imilar. 
Ity l>etween P and Q, the <;o mmon rule o r Corma! nlation thea! 
l hart. Suppa$!! the ""l'>I!rt ;. requin!d to discriminate P IUId Q 
(w.ln8 one or more de.cril'to .. D for th .. purpo ... ) 10 thlt the dit· 
terences which refer to the analogy are delineated . Whatever D he 
chootet. for I.hia purpole, It Is o bligatory that If D· .. on P, then to 
Mc:tUe the discrimination, D · - On Q , and It ""Ill be in tuitively 
Cilldtflt that D - • On the node of the: analogy relation; an anology 
between topiCi cannot have the oc:mant ic: interpretation ot the 
topics,"nce it aw.in a dill.inc:l. analotI;ic:al univene. 

The "'tional juAiflaotion Cor thil intuitive statement illho .... in 
FiC. 2.6(_): the ........ nUe: detc:riptor D Itlelf (not lUi value ) ente .. 
!hi! .nalolY ",lation U the distin(u.lslrlng predlaote whic:h c:aptura 
the ... mantic dlff ... ence component o f the mol0lY. In I~""", U1e 
distlnJuW:tlng p. o:d icate i . .. II\Ihtet of an ordered ... t of ... mantlc 
detc:ript.o .. , and (Fill. 2.6b. Pil. 2.6c) any anololY bued upon. 
"mUanty . U, mey be ttducad to an isomorphism between raLrio:· 
tic ... o f the U .imilar tapia. 

Th ... an analogy relation indlKa an hic!rvehlcal cmlerini 
arnonpl. predicates. It c:ou]d be ""preued by" blenn;hy of Ioltical 
'yr-. oo t" lookinR ahNd 10 Chl.pter <I, It Is more panimoniow to 
employ. property o f ~\J.uy Setll; namely. the "I~ntll o f .. Fuzzy 
Set may be Fu.uy S..u. Whichever notation iI ...-:i, the hi",..,..,hical 
Itnlctun! t. repreHntoo ... It .ute. of regiena. the 0 l'!1Iion and !.he 
1 f9Ijlon of I'ill'. 2.:;(_ ), with any node in !.he melh belollJing to" 
region. If th~ topia relat«! by.n analogy belong to region r , th~n 
\.he node of the anaIOIlY relation belong:< t.o "'Ilion r" 1. It t. im_ 
portant t.o avoid any poaible ohade o f OlnfUlio n between depth 
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numberinp. or levell, and the reponl thUi deIineated. All nodl!l In 
fil. 2.6{a) .... at Ule ume 1~1 and 10 Ire all nod" in f ill. 2.5{b), 
wllere t.he COJlltzuctkm it it.erated, U It may be indefinitely, by 
dtlni an analollY bet ... ~ an&loMieI (lLIiu. tapa in RegIon 1 
rather \han Rellion 0) to lienertWi I 2 reeion. 
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VI._ 2."'. b, c . no.. d;'II "(IIIo.hI ... I'r .. U .. lo 0i<I _ on """'''In' .onoIoco of """ 
... on ord< .<d .... or ""o<IIu' .......... tluo, a.e _ 10 '''''I .... th. <11((,,..,« 
.... _ u.. ............. top;a lhe, •. II., .M 1Ij). n.. o""lwlt, or ,INt anal-
.,.leal lOP\< R1aLlo. IRo.) I. elth ..... _ _ pl'_I"oII ..... 1oo 0) ... . 'o~ "p.-.., u.. .'n....uc .... ,., .... Ie ..... 'Iori.,. (_ .......... '" hi bot,.....," K, ..,d 
K., TIo ............ otIon ""'7 " ... yo bot ........... (_ In el loanloo",orp/I_..,. 
reotrielinc .... "-'-!opi< .... tl_ by U. 

The ..,pon notation . t..!nu rrom the ..,mantic delCl'1pton AnO 
tt. ..... .,.., lagjed by • IUperscript. For enmple , In Fig. 2.15(1).00 

may lIave r~a1 value!! (+ or - ) on nodes in th" 0 rqioon (and must 
have rnl vaIueI on t ile toplct rela!.ftl by the an,JoeY ). bu t III value 
ill ., by mandau., o n nod", In t ile 1 reeion. Similarly. there iI. 
delCriplO. , 0 '. with real values (+ or ~) in the I region and , In FIe-
2.6(b),. rnand.~ • value on nod.,. in the 2 ~on. 

AnAI0ci8 bet~ malOliel .... very com mon ; etpeCially -0, It 
W' l\I o ut , In phY5iall .clenc:e r.nd o~ inbe~Uy COmPile! lUI>­
}ect matton.. Fo r ""ample, tho! theor. on "eneqy co lUefYatlon" 
uoed ... pl'imary example In ChapteT 7 II replete wllh them. 

Anolher very common cORltruction Is I . ynt.&ctle derivation in· 
vo lvmg tile (syntactic putI of) two Dr more anaiolJ)' relations of 
t.opk T in Fig. 2.5(c). 'I'h, ""ion convention cJurly d ltren liII:· 
nifieanU, ; whe", ... an uWocY between o.naIogift with node. In 
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rqion . ..... node in nP>1t r .. 1 •• derinlion (like T) from anal-
0",," In ...pon r hal • node in rqion r. The mod<el wllkh ~ an 
intnpreUtion of T nidi In • distinCl; modellilll facility. For 
Hample, In Fie. 2.5(0:), If top/a P and R .... modellfll In "'F(X) 
and if "'pM;. Q and S .. " modelled in MF(YI , t.hm IOpic T • 
modcUed in MF( U) weh that the mod .. ", of T ..ubliah roupline 
nlatlons between models built in MF(X) and in MI'l V), But notice 
that (tbougll In the lWJle "'Ilion as tile analoQlieII) T io at • !ene. 
depth . 

S;""" the previous monOllf"ph ..... written, considerable effort 
hal been devoted I.<> ar,a]y . inj( and ,eprescntlnK annlOilicl, mot!· 
vated in put by the <"<iucationallmportance or llIlaioQicI, properly 
"oed, .. """"01 for ~lmoting rapid <:<>mprehellIlon o f • '\lbj~ 
matteo •. For nample. thotlgh ..,"'" analoglO!'l are oomorphisnu 
/the lype ciU!d in ri,. 2.6) .,.. Ioomorphlsnu valid for only lOme 
putof the ", .. ted &UP""', othen are generaliatlofll" TheJe varieues 
of an.logy .... amply d~ in sut-q .... nt " hapten (nol.ably 
Chapl.er1 4. 6, 7 Ilnd 8) .. they occupy. key role in innovatift 
pnx:eaes.llence, genenlilatiolll .... not eIAmined at thi, junct.w"e. 
It .. hOWl!VeT, Opportwll to revi .... 0'"' Quite innooont ~mpLl~-
lion which wu mentioned in the pn!'riOUI morooP'lPh; nam~y, 
lhoot _100 reIItlo .... are not Il!Itric:ted to r~lIl i .. Iwo lOpi,,". 

Some ot Ihe mo.e ImpoOrtant meny plla! _Iotiel .... ohown in 
Fic. 2.7 . Rndlng Ihroullh the exampl .... ril. 2.7(ol_YI that loplc. 
P, Q and R &nI anaJ.ollOUI (their l imilarity n!p.e.enl«i in the cen· 
lral node, dl rtetjll\<:e& entering the centraJ nod~ .. Dill). In Fig. 
2.7(h) top.a p. Q. and R are eelated by (poO .. ib~ diffe1l'nl) anal­
"Ii .... FiB. 2.7(e) ...,rla that the (differeot) analoll'icI ate them­
.elvn anaIotI0UI. Thi. """,truel lon lain l etllster .... Ith Fli. 2.6(b). 
and Fia;. 2.7(d}. by the same lOken. is In ~ter with ria:. 2,t.(c}. 
Fic. 2.7(1) expreuet; t he exi.tence of t .... o analOfliet. (x and y) be­
I ....... n lOpicl P. Q and R. For ..,....ible d i.lcrimination X and y..rn 
be deOl&l'nted In "'""" o f d irl.inguishi ... pn>pertieo th.t ""pl ure 
d lffereno:es but aIJo In termo of distinct (Iyntactlc) ru .... (one to,. 
and one to yl. Even 10, it often Mppelll (Fil . 2.7ft)) tha':l and y 
"'WI common fdl urll ..,lated by an&lotY bet ... een anaIo&Y rei ... 
tio ... (u ). The! COHlllUl:tio ... o f Fig. 2.7(1). (b). (e) .... all ""em_ 
plirl«i by the " real " departmenl of "probabil ity I.heory"{pr""iou. 
mon.,...ph) where p. Q . and R .... top"'" in .. ' .... 1eS of charw;t!", in 
"behavioural experiment.!" and in "",,,,,ticf;". The di ffe."",! .:on, 
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.uuctlons ..... appropri.lte 1.0 d irr .. ren~ Iev<ob and were deliberately 
,laGed In tho! ..ar1i .... t.rutm .. nt, U Uley may qu;\.e let;itimat...ly be, 
t:.cau"" the ''real'' nodes in thillUbjoct DaUer have 1J1e calibre of 
T In Fig. 2.7(d). The other construeUolII1W! more convin(:ingly re­
(c .... ed to g"""nli* analogy ..,latlolll of tM kind we hIVe promised 
W . nml .... ( in f lod, any generailAtlon can be <ep<tten lofd either in 
the fashion o f PiC_ 2.7( .. ) or eIu o f fit- 2.7(()), 

2.2_ lhplh Numberin# 

This puUminuy diKuoslon of analoey .,,!atia ... r .. ted \lpon the 
idea of. depth numb";ng, t he analogies b";ng ,,"chaff<! to l ome 
depth . All depth numbering schemel rely upon the follo wlllll types 
o f procesa. 

,e) A mNJlll rord~ the nod ... of analOliaol topic rea-lio .... 
(b) A mean. tor deu.nnininK the ... ion of . node, usini the 0 

region node. ... bateline. 

• 
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(e' Some numb\lrinl arrangement IMI ord~ the nod. In a 
mesh from a heo.d node (or a ciuftM ot aruIloilcallteod nodet) , ..­
IIKned a depth of 0, tha' lIlu located in !.he 0 region. 

AnIIloaieo art de\.eel.ed In .yntactic kI'nu by ""til1& that lhey 
dlNer In stablish!,.,. JOllie kind or InOrpltilm. Hilherto, only Ill" 
iIomorphll;m operation .... ~y employed; IIince !he m~. 

icI o r genenliA.tion hne '-n ow d il'd, there W • lMeral morphiam 
(e mlpplng bet .. een ... latio .... lI.a t pn!IefVft lOme formalll!lat.lo nj . 
In the ..:beme ~ employ. iIomorphl8 m • appun:ll. relaUolUI1 
0p" .. tor ; W, now, do"". Kenera] morphlam. If h' employ. the iIo­
morph.;' m, Ihe ""pert. II provided with. place bolder node (Dlat -?, \.0 KeQmmO(\ate the d istincUon between unlverse. of lilter· 
~lion uquired \.0 nuolrotoln lhe in\.ejJity or iIolllOrplllsm in 
oonu.t to equality; •• ilnilar dialneUon II needed It • ~neral 
morphilm is Invoked. ".., nod8 _lated ";Ih th.,..., operator. 
and p.""hokl"", (DUot - 1) are marked, m~anioUJy. by an anal· 
ocy deC.ectlon o.tsorilhm. They are lIsted ' DtI"I.h ... with nod .. , like 
T In .';'. 2.5("), that rep.....,"1 derivationl fiom analogy .m llan-. 
proolded Ih~ ant "01 porI ofa deri .... tlon ...... "tering noda In Ih. 
o ~/oll (if the it..liciooed condi tion iI fw. they will be nUm· 
bered from their 0 ~ion l'ntailmenllli . Call this list the fUUUOI)I 
liu. 

A furth ... algorithm it "Pplifti 10 tile lUlion of the oricinal node 
lilt and the anaIofy 1111.. Nooel !hat ... not memben o f tile .... 1. 
0iY lilt are assiRnoo 1.0 Rerion O. The lnalOJ)' lilt i. now .earchfd 
ror analogie. between nod ... In Region 0 and Illeoe, toget.he. witll 
nodea corre..,ondina: 1.0 lmmediate dedvltlon. (like T), ..... 
• igned 1.0 Region I . The prO<:ell;l; is iterated. It the nat ltage find· 
ina II\Ilc:IiieI (between .... 101)' nodal in Region 1 .. hleh are_ 
llilned to Reglon 2. and continues "nlil all the analogy lilt tiltriel 
we been ",,"'limed (fo. ReP;IlIS O. 1 ..... r . .... ' . .. 1. 

PhIllUy .• depth n"mberinj algori thm II applied to the onlllllli 
meab and the d"tingullhed (and region IIIlgned) analOl)' 1.1111 .. Th il 
algorithm openotel from tha he"", downward., fil st, wit.h nodClln 
!.he 0 utlion. So tar as poAlble, it .. tWilll the condition !.hIt the 
node. related by In IIIalogy and the 1 ... loIlcal node ilHlf are 
placed at t .... arne depl.h. It is not alWlI)'I poalble to .Ullfy til .. 
condiUon. and the u",,", is given tho! option of deleti"l III 1IIa1· 
01)' he has preYioualy ilUl'l1.ed or of permittlnc anaic:oIIie.!ha1 CfOII 

between depths. Such &nll1otY relation. III'fI not """ .. iIY):llltll", 



IoIP<:a1 and can he handled. As thoy are non and beea ..... twmdlintl 
liIelll iJUtly COlllplieata the <ieocriplioro po' = (to tuUo .. ), it 
will be .... ppoHd thataU 0 Rgion topi .. «-'-"ted by one anaIotY ..... 
at ttle .. me depU1. Having u","mted t.he 0 ~Ion nod .. and as­
~ned th"'" depU1 numbers, lbe ...... rithm nat addreueo any 
no<Ieo in the arlllloiY list thai. are derinl ionl from anWgies and 
hA~e no direct. derivational t1nIr. to 0 re-gion node., again openling 
from depth 0 downwards.. 

2.3. Improued Me/hod fo' f: lIclti1tJl DellCl"iplion. <I~d Th~IT Valuu 

MOliheo arc numbered .. they are ieo'-"t.ed from th~ir IUlTOUnd­
inll Ithe pruning of th~ titJt monouaph), ~nd in pnlcU"" pruning 
and depth ua!gnll>l'ntare carried ouL automatically before the cur_ 
rent mesh Is dil;plllyed to the I!Iipert. Since .I. mesh cannot b!, .I. 

Ample dulin ot node.. il II evw..nt WI the .... perordln.lll.e/ ... b­
ordinate d8CriptOr d .... not uniquely naru each node and w 
OnUi II placoed upon the subject matter upo!rt 10 liCIect and ... ign 
... Iu .. to f\lrthf!Z" descripton {"unar}' bu l many value;! ~icates 
o r the nodn'" 10 that : 

II) Sl.l.temen~ or the conjoint vaiuM of lhe dc!tcrIpton uniqu ... 
Iy osI.end one node Ith~ iut moot nne "ode, otandi"l tor • topie. 
in each "ceU·· o r a pid made up rrom descri ptor v&lun). 

(b) Some "celli" are empty. 
lIowever, nO ,~&lriction IIplaONi upon the number of deserlpton 

employed, and the description ocheme may he .. redundant II d ..... 
• ired • 

• "om the student'. point or vi(IW, the de&<:ripton, or lOme IUb­
HI of them which he can ohoW lhat he undcnl.",b, furnish the 
1IIe.tn1 for exploring, gainin,g accea 10, and leamin& about the 
topica. 

From the npert '. point or vie"" it II ..... lul to &eparal.e descrip­
ton into the ealetlori .... , synlloelic: and IC!manlle. 

The vall1e1 or • Iynlloelic deocriptOr, ouch .. IUperortlinatellllb­
ord inate, say DOthir\fI lexcept. pouhlpa to Ole exJWn) about inler­
pretation. 'hIey are properUeo (in thill eaae I "d~" OJ" .. an: 
dilltance" propnty) ot all the nod .. In • mtth. The eolire mesh 
could be d8Cribed in these tI!rmI .. an ablt.I'Ict ,",ph and, for that 
malter, the Iyntaclic C"OlIIpo .... nt of Olio thea;., "",ealed In LIIe 
derivation Itr\lctu,e. DDuld be described .. an unlnterpreted and 
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tOl1Dllltylltem. Und\'l' t.hnI: clrromManc:el, ho~, i~ ill difficult 
\.0 _ how. ""dent oouId ",.u sense of il; at .... )1 no~, a'incelhll 
incorporallon ot aim .a1idal ;On (Chapter I) •• .wdenl would not 
be .uowed 1.0 u .. only qntacLie desaipton whffi lpecifyinc his 
aim and IWtinII.O learn . 

Semantic d"""';ptio"" n.y~ Valli'" that ref,... \.0 !.he unlveQf!f o f 
lnterp~lion In wllich explanatory mod~1I for topics ar. ruliKd 
.. prDlf&ml. One IKlmanl ic deocripl.Or is !.he head name (noti~, 
tllil name II tbe value of ,..,mllIlt;c deacriptor, LhoUlih the va]",,",. 
0, I , ... o f subordlnatc/luperordinaLe depth arC vIlu,," o f • Iy n­
Lad.ic de.crlptor). Olhl'l' oeman,ic descrlpton carve up Lbe u>pl"" 
in ..... IoUI WIYI. For ."ample, "Iteam engln ..... and "he .. t pumJll''', 
Dr "\.u rblnel" and "pilt.cn ;mpullion", in tha "enern' convenlon" 
th"';' of CN.pc.cr 7. or eleclricallmech""lcal in phYlic:I. The 
CUIT@nt recommendation ill LIla! large numbenl of 8I!manlic d~ 
..:riptors &re lpecified. 

Apart rtom !.he IUpemrd inalc{..mordinllt.. dHCrip«>. , which Is 
(!"rived l uto_titaUy o nOl! I head topic iI cho.en, Ibe remainine: 
dacripton .no lyJtematioolly a .,eila! • "lM'nonal conlUUCI.I" 
(KeDy 19&&1 """". modirlNlreperwry pid I.eChnoque llIanniater 
and MaIr 1968). The ob~U """. which UIe penonal construcu 
...., ~Ited ""' the nod ... in th~ m ...... 

However, lrIIotu III the '""pert if; reIlIly evaluaein, interpreted 
explanations (modell) of the t.opioo whim !.he nodel .and for , the 
IXlnstnlctl .... IIIm4!lUe de..nptan and ""nvey lubrtantive mnll ' 
Inll. EIiGn 10, lhcy ere ueated uniformly III unary (many valued) 
prediclltell of the nod ... Yor """"rotary convenience we limited 
the VIlue:tl In the wl ""dion \.0 +. - , and • (!rr~l.,...ant). Thl. Umla· 
Uon illn_ntlf.l, but whatever values are pcrmittro. the value * 
(irnllMlnlj mu"" b<ii pr_rvul. 

The nl.meI and valueo o f the d"""";ptan are elicited mechankai· 
Iy by • p.ocram akin to Thomas's (1911) DEMON. The chief 
pecuJlarIty lleI in the .... y that nod"" are .onod and PJfte"t.ed to 
the n.pen (at the o bjeeU having, Dr not havinl. a property). 

The delCriptor eUcltlni prooedu", ;, o u tline charted In FIll- 2.8. 
It ac::cepU at an inpUt a mellb. with depth numberinK In) and repon. 
(r) aHMIy IIJII!cirted. and IU output is a dHCribed meoh to ... hid> 
ill adjoined • ..,t of primitive nod"", repr~ttna tM dcttripton D. 
E, "hid! ritUre at the di&tin&uilhin,g prtdic&tel (DIst) or analOf)' 
It'IaUonl.. The remainln8 de!lCripton, (d. e , ... ) if any, that are eli· 
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fifo t.B. O~Uio. Flo .. Cloan f", DooocTIpto. Ellcldot!"., I'roceoo. 

clted to oafety condition (a) and (b) for other Ulill'1 analogical 
topiCl are listed but are not rep ...... nted by nod ... 

Seven.! poinll an! ulM!fully kept in mind whil5t reading tit .. now 
chart. fint, wh"" the ""pert ill Rlked to choo ... the nam~ Jnd 
values o f ,. de,scriptor (o.li.as ,. perlOw conotruct, Or il property) 
with r .. peeI. to .. Id o f nod"" he is T'1'8lly beinJ .. ked to con-

• 
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templlte the mod~" which will, 011 ""<I(:lIlion in In appropriate 
moddlln& faeDlty. a , ,,ty the topic relation. Semantic dacripton 
are propertln of thit intefprel .. "ion. 

NUl, the " model" o f an analogy relation bM._ two (0. 
1n011!) topiCI il l oouplina: bet_ two (0. mo.a) models, diAln_ 
(Uiohed by uI!CU lion In • priori (withou t th. oollpllll.ll) ind~n. 
denLly clocked pfOCeM<l n and by the diatinl"iahlng predicate 
fOist) which II lpecitied by .... y of th. oelected dQCr\pton. 

Finally. altho ullh the program which realllel thi, flow chart can 
be Interlaced with the ""pert "linK a tei<!typewriter terminal, !.hI. 
upedlO11L II completely impracticable except for the Ilmpi,,"' 
n>9hea. All practical ' Ylte"", employ a diJplay of the melll which 
;. oontinWlUy Ic:et'Slible to the ""pert and an "int.nupt" wh ich 
providl!l th. expert with u'e displayed valuel of Uu! dl'tCl'ipton ha 
h.u 110 flU cholen, IUperimpoRd upon lJIe nadelln the metb . 0 ... 
int..rfaoo of Ih. kind ill de.:ribed In Chapw " bul mOIl. Jraphlc 
co...:;ol_ will proyide u.e requin!d facilitiM. 

The deocribed and pruned ..... 011 illtandormed into an entail­
ment otruCWftl (Fl. > 2.2) by BlCoding (etlhe In c:ompu!.er ItOrage 
o. Ute hard wil'\'d form of Chapter 1), ueh node beinl _iate<! 
with ItOrlp loc.lionl to indicate Ito Jt.ate u leaminl p~l. 

Tutorial m.teriall ue baled upon demonnratiolUl oonstructed 
from th e 8G(l} .. taak Itnocturea 1'8(J) (preYloul moooJP"iph), to.­
lIether with the " Ho w" questions <..!..QuettO and Cammo and their 
qualifled forml). "What" quettiolUl (PQun.t°) . pan dlO topler~la. 
tlonl, again .. deacrlbed In the P'''''';o", moOO]U1lph. 

In Chlpter t, we noted lha1 eI~ricnce with both operatlng 
ly5leIDl, CAST!:: and INTUrrION, baa undeHQOred the ~ity 
o f prowidi ... rich IoCmantlc dllLl. in neapo ..... to uplon I.nonact.lQna, 
and tho wn, ., IhIt an .. im murt he va!ldlted before It it ..,. 
.,.pled by the ')'$\.em . .."., dati providlld when I topic II up~ 
(by dtina: I conjunct 01 descripl.ot ..... ...,. that olt.l'mb and uniq~ 
Iy identitlM the topic) conmc. in one or more slides. 1'1M Itt"ork 
iI important (lOme ... ampl ... are obnwn in Ch.pter I ) , but it 
pnen.t.ed ayAemltioally U • .mes nf ilhutratio", that exemptlfy 
the topic and I oerieol o f c:ounuon.Iam pl", t hat dlffcr In one o r 
more de.:riptor walue.. 
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Aim vaI1d&Uon questiOlll (of th~ form 

IIIOnI)IflIIph. ';nee tMy m,.,. to .... beeu 
choice quetlo", h .... ing one and 
native lha~ ilJu,tn.to.I 1M 
the topic. The ...... aining 
countftexamplel dilr,...;:", in niue, 

J. SOME USEPUL OPF.RATIONS UPON F.NTAIl.M~NT MESHES 

[n.of.,. .. the derivations o f a theolU: lin! . elr ievlllJle, It Is always 
pollible to a:elW!m(.e • binary deoompo.itlon of any (.'(I njunctive or 
dll.J unetlYe (but not analogical) l tructure In a Klven met;h. Each 
hmel ln the blnal'}' decompolit ion Ilu eU~1.1y two m .. mben. 

Lahelled dwt.en of relational opento .. (F'is , 2.9), roduc«l to. 
kerTM'i in the ftltailment mem, ..... m pla<:ed by JeqUf'na!I of the 
complete ... bwL (Natural .lo in, Projection, Union) of openotionL 
Thne MqUlMlceI ..... arranged in a ni .. , and ( ... ther nodes ..... in· 
troduo;al (Fie. 2.9). These nod",,1Iland fo r top;"" which Wen! not 
made explic:il in the originaIthHioI (and wh ich in ",1I<'nll need not 
be made uplieit). but which an! needed to utilly the ""Iuln!ment 
1.h.at each k~ .. l ha& two member ... 

!leW < •• ' ~, .. , 

• • 
PIa. 1 ..... _. Bi...-y _-,'ion.(_]" ..... "'nctlft .. bouvc:'u ... (komel l in 
wII;d, lopk I w,'" formal ~_ R,. io -.- from •• b , _!HI eo I .. 1M 
...;p.&I 1"-10 ''''" deri .. oJ"" _ labdlod by • complu o f .01&' ..... 01 """"' ...... R.';a 11» 0... I lnU)' Dtcompooitlotl. 'no. """,,,,,,,on'" of Kelop ...... 
pI.o by .. "" ...... of {No'u,", Joi" . .... "'""""". IJftk>~ } ..... .. -. oo><h ... 
d .. . In " <HI .... d ." '0_9' Iotnmocll • .,. NI .. mn.. 

, 
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3.1. Ttr>d. Off Method. 

".., binary decompoliUon or allruCtUfe .howin& the ru.nv.llon 
o! .. topic rcla\.ion a. (It ;1.1 head) togethe. with .. U BehAviour 
Gr1r>h..o, BO, or ito primltive nodes (nG(.), BO(b). BG(e») hal II 
much Information Dr ope<:ifidty al the r~lftl.ion It, and itt ~ 
haYioural Cnphl BO(i). 

It Is aIIo true t hat an undecompoMd suuctW"e rtpraenl i"ll the 
....... lop .... R" "'ilh the wn.e Wlk otructUfetl _tlached " liar>et; Lhls 
conditio n; in (..:t, if B ( Fill. 2.10) II .. binary decompolitlon of A 
I.';'. 2.10), then A and B contain the lIIme amount ot in formation 
o. specificity. 

11>e information or spedtkity Isdirlen'nU)' ......... ed. In A, it Is 
... lIthrely 1OdI1lIoed, um:e mott o f it iI Pi'Chd into the Behaviour 
Gnph or, tutorially Ipealdllll, lh. talk It.ruC~, TS of R" In a, It 

• 
..... I 

10 •• , ... '., loG!" 

'" 

=5""' 
~ 

• 

.""0 1 .... UI .c,," 

'" 
",. 2.l0A, 8 . '!'nolo on ""d 'M dIo,.ib .. U- of .-,lirity ", l.fo="'Pft __ 
t_ 1M ..... iIn>o., "' •• "" 1M _ ... Iou Onpi>t/Tlook lk ... ,,,,, ... , ..... . 
_1«1 ... 1 .. roodo .. TIle ...... "110"", In .nl"""' ..... <Ional d ..... ain ( •• on with 
pul.l~ <Dntu.eU • • >MOh) ...... Id "'" bo <on'"oed .. 1<1> ,"' .. """ncy In dlo-
Jon«i .. _ .. ~linl .1 ....... '1Yo d_otlo ... or u.. _ ~ Equol' 
itIoo: U Sp • s,-IlIcI'J , "'on Sp( IIG(I}, lit ) _ SP4BG(o), 8G( b~ 8G«~ Den· 
'*'-"- lit ''''mo, b, ~)-IIp(IIG( d ), BG(<l, o..r..tl_ a, ,_ <, d). 



is dist.ributed over the network. We comment that a Lrade ofr is 
always possible. ThoUlih. behaviound specification BG or TS. and 
• cognitive (relational network) specification are distinct, and 
though they are both needed in a tutorial system. their comb;na· 
tion ;' abo fundamentally redundant. 

Hen"". w;thln limiu , the .... is a oy,temat;" method for deploying 
the intormation In a th.,.is In an educationally desirable manner. It 
may I)e conveyed primarily by demonstrations and the tutorial 
materials attached to them, or primarily by an entailment ,uuc­
ture d if.play, or, redundantly, in both ways. 

The .... are restrictions upon the kind of in fol"TJUtion which ;" 
traded aU in th .. manner and upon the amount of trade oft which 
is possible; namely : 

(1) Kind. The t.raded aU Information is in the oynt8dic (not in 
the ... mantic) content of. the.is; the 5CTIIantic ;IIfonnation ill con­
veyed by descriptor val" ",,, IUId in exemplary data, accessed by 
e>:plote tnlIlSIIdioru. 

(2) Amount. The distribution wh ich mas.i.mises the information 
in the enttUlment Gtructu:re I. obtained by constructing and di .. 
playing a binlll"}" decompo.ltion of the underlying relatlonal net.­
work (aa ill B of I'ig. 2.10) . The d istribution which minimisel the 
information In the entailment otructure is obLained hy m""imi.o.in g 
the number of ala that contribute to the derivation of a topic (1lS 
in A of Fi!!. 2.10). The limit is ..,t by the foHowin, rule : "no eo­
..,nlial precedence ordenn, may be omitted." Th ... , ill A, there is 
only one precedence requirement (a , b , c mu.t ,11 be understood 
before R, is un<lenlOOd, but D, b, c may be otudied in any order, 
or limulto.neoualy) . In , e""raJ, this is not the case, though it /.r po5-
lib!e to eliminate p .... cedence orderings that are not required on 
l yn1actic or computo.tiono.l growul • . 

Binary decomp,,.i~ion and trade off .. ork fOT dl~unct!ve .true­
tures, bul ",me care is needed to avoid confu. ion . Any disjunctive 
structu .... represent:! th~ fad that the ""me to pic may be derived in 
"""era! wayl, or that the th ..... I! redundant. This 'edundDncy is 
quite distinct from t he redundancy immanent ""en in conjunctive 
. truewres, due to the fuet that the entallment .trudu:re and the 
task structure hBveinformatlon in common. So long WI thi. distinc­
tion is appre<;iated, disjunctive .tructu:res may be reduced to the 
setofallpouible conjunctive componen~ and dealt with .. before. 
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.1.J . Simp/ifica/ion 

A locally cydi~ (cunjuncLive or dujuno;:t;Ye) , tructU1'\l of topic 
,~Lo\.io"" ltand ... lJ\ understandable \.Op;c. TIl;. 10 eIIlphaal5ed by 
dnwi,. • ~ llOund a IItnIcturt headed by the t.opic In question; 
tor u ...... ple, H, In .'1&. 2.II (a). 

'" k . , , . 

'" 
<I) 

•• 0 

'" ?::~-~ 6f-~--~ 

<I) 

fIa, ' ,II., h.~. d •• o r. li ... pllnc..ll ...... ~ oI_Io,~ ....... t-l _In ( f ) 
or. LItGM 6olh • .a,H In l"~ 



CeU the circurDJaibed .egion J (lit>Ce it iI hn<Jed by R. I. J fo. ms 
put o f elyatem, IlIIor .... u the clrcu m&cribiOI Unl'S Ire nl'Sl.ed with 
lespect o f "'p"i'Ord inate topics nlttli"l hien.rchlcllty IlfVIged rub­
clusf!t lUeh u I (t.e.ded by R. I, J (headed by 11,), and I( (he"l'd 
by R.), in Fig. 2.1I (b). 

"What iI the IIImplificatlon or R, (0. of Rt) In the oont.ext o f 
R,.. ?" 

One aruwer to this qltUtion iI thet • IUIlplll""",tion if any Ir~ 
...... undant o r corUunct"'" ItnteWre, compat ible with the 0!iCinaI, 
end ylekU", the urn" d"';vltion. For example, the ltnIetu .... in 
Fi&. 2.11(e) and FIR. 2.H(d ) Aie lim plificattOJII (In UI;' ...., ... ) of 
R.; therf, .. no fim pUfication (in this _) of R,. This 1011. o f 
oimplirtClllon (by "..election") impiil'S that since there ill_ COn­
tent to • ~ ~ntinl an irrtdundant I.hes.iI than there;' to 
I COU1lCl 'epreaenti!lll I .Mundlnt thesis, the .. ..,lectN" irredun· 
dant U'Pf ..... nt..tion 1. '·,;mpler ". Though of d ubiou. utility (.inee 
the lned undant I'9Pfe..ntat ionl are nrely eN~ to 1"""1, t here;' 
an IlII0rithm for exu-.ct.l"l aU.w:h "limplifiCllionl'" from Ipvt!n 
ItnIcwre. 

A ~ery different kind o f oirnplification (by conmtellt "smooK' 
iot") mal>' the c!rcum.cri~ "'llioru t, J, .nd K of t he ori@:inal 
picture on to pOlnta rep..,..,nllng nodeo in • du.tlnct network (F l&:. 
2.11(e)). 

The iJIIppin3 (M in Fic. 2.11(e)) it; pJa .... lble enough . Wh.t must 
be ~ed II the precaut ioJII needed t.o r~ thet M gi~eII rue 
to. coherent oi mpllfication nthe. than . me .... 

1'here illlD dirnculty in con~inc!n;t oneael f that limp lltlcoUoJ\l 
ullt, thet \hey are widely employed in pradic;tl, and that they Ai~ 
u.oo to Jood elflK:l. For example, let R. rept<!""nt I atatement o f 
the IN Ia .. p' )( V • Const X'" " con.,.ivi!d by an elementary 
.udent for whom p' is pr~re and ,.. is lemp"n ture, tlken ... 
matten of ex perience (ho .... mu ch " push" there is, ho .... " ho t " it 
IJI, thollllh being, of oourae. I~ptible ttl mtNure"",nt . V, the 
.oluml o f a containl/1', and Conat ( the pi connant) are under • 
• tood u thoroUllhly " ~uired It any point in the courH o f IW· 
d ieo for which tlJe entailment JlrUctlll'l'S have been d .... ioed. 

Conve_ly, let R~ rep....ent t he JU la .... p)( V - Co nll)( T, "" 
ooneeivi!d by • fairly oophirtk:lted . tudent, for whom P and T Ire 
known in term. ot the motion of Idealised molecules and the m~ 
kinetic e~ of U •• .., idealised moleculet, the volume V having 



UIe Il"Il'anlnc it "- for the! elementary ""ud,,nt. If Boluman', con· 
..... nt ill S, !.he P and T I ....... ....., d"tinll'd for UIe ..... nc«l sludMt 
by equations Sl>Ch.: 

p a !!i2LmXZ' 
, V 

"'" 
T ·3~ (~mX") 
wh~ .... (~m X zll .. M~an Kln~\k Energy, m .. Masa of an Ide..li!ed 
molecukl, N " Number of id<'ali.sed mo lccu l", in ,1.1, Z .. the mean 
nlocity of idetl!aed molecules. 

The nuoppi"ll M ia legi l;mat.. since II may be maintained (by a 
phYla m""",", 10. "&ample) that if \he "[,,ment.ary Itudent used 
Ute pret<:tibcd m..aurin. mr:U>od. on objective . eaUty \.0 reach (an 
obviously Jimpie minded) undemandintl, it wouklltiU be Ihe cue 
wt (numetlcaUy) p .. P' and T " T' . 

The ",[""ani plYdlological requ irement it t ... t in UIe conlftt o f 
• counoe up 10 It. (wh ich <i<!l.emIineo, for ...:ample. the uniform 
conno tation o f volu_ VI. no state_nt mllde in tellChinII R" and 
undont.andln8 R t and It, as it5 prerequisites elall c:ontndict o ' 
faIoify any . Uiument made later (when more compte. ml lC!rial is 
presented) In Ie.ching n.. IlI>Ii undontandinl i1l prerequltJtes, It, 
and R,. at coune, mo .... " tn.le" l tatementa Ippear In undentand· 
Inl the "enriched" o r detailed enune m.t.,.isll. 

MappIngs. 1'11, that slUsfy tho._ requ i .... m,!n ta exist If the 
primltlnl of It~, It, and It, belon~ tu (are modeUed In \tho.t sam .. 
umvene o f interpretatiolll, say U. [I ia abo poulbl. that topi~ R" 
ia an analolD' and that Ita teparate terms are modelled in diltim:t 
univenel of int"'l"'el.lltion, R, in X and R, In V (Fla'. 2.U(fll. 

In ICflcnl, anaIo&Y .... lations cannot be lim plified by Wlllilt.ent 
ImUdjJlnll. lbouch aU of the conjunctive Or diajunctive ...,btheRo 
Ihal. are an.aloglo:alJy related may be .unpiUled. The particular 
uamplo of .'Ia:. 2.11(0 II a<:eptional !noIofar .. theI'e W a U-.io 
~ntalnll1ll tome conjun~tioo, lO .... hlcb tbe analogy lI...,bordinat.e. 
Such I JtN~1.Un unine. UIe distinct universes X and V. 

Fo. enmple, let t sUnd fo r elementary pI1)11lC1 and X for a 
unlvene where Tempe .... Luu (T') is "holneu" and preuure (PO ) II 
"pulh". LeL J lland fo r oodv""CI'd phYliCi and V for • unlven<! 



",10"", temPfl1ltunl! and pi 'I.., h ..... the other _nlnp T and P. 
There ill • thesis about lcient:e which "ni rK'S x.nd Y In the RnM 

llt .n X ml!Ullf'emE!ntl Dr IICtiom are open to E!JIpreoslon as 
e1ultt!n (homomorphic Imaget.) Dr measun:mentl Dr ..,110111 in Y. 
The analogy, in thll cue, 1& • cogn it ive reality but I. not epia­
temologkallyeo&cntiaJ. 

3.3. DIJc...,io" 

The eduatt.ional ....s of tnde orr and of Ilmpli fietlt ion by con-
1il1en! ImUdIlin& are fairly obvious., though thE! merit of , impl'fica· 
lion becolMS mosl obtnuive for rn.Ily 1arp sealE! IUbject matt.en.. 
The following notel are an attempt to augment the con.,.pt and to 
exhibit the ad ..... l.If!,," in lerma (II usual) of rHl.;"ble Op"rating 
Iymml. [I ill not \.00 difficult ~ bridge the pp belween qUIll 
mttehanl...t (bu\ delinite) reaUlllt!onl and claaroom pracLl<:a. 

JUJt u. topic ill delClibed, 10 may a clau of topioo be a!!old<"ll 
• coarser grained description. For e:nmple. the clDII namoo 1 i. 
deac:ribed by Ill ...... o f the valuH o f the deKrlpton o f the topica 
within c.... 1, and Mleh MlbMU are readily pointed out mo.., 
ewnomically by the value. of additional d-=ript;"" predica ..... ; 
call them "tlrlbuw. far refOHnt:e. 

Uling uplo.., tnnJactlo .... in th .. _ tp'1IIMd attribul.e space 
(In ""ntralt to the fine ... ined descriptor apace) •• nudent CIlII 

locate [ or J and detemllne Itl prop"rties. Monover, lie CII\...ab­
lillI 1111 a1m on I; meanl"ll "on the head node of R, In I", 

At this point. ""ppotin~ the opcrntillll: .yltem accommodate. 
the underlying fine pined Jl.l'\lcture, I>e can mechanically "zuoro 
In" On the detail; fo r example. to "",",ge in a fin~ pined upiora­
lion or to ",locate his aim at lOme node (other than the head 
_I. 

A coane gnU.>M dilplay o f atarze IUUcI.un! In an I t tribute de. 
.criptlon, cin:umseribinl "'Iio ... lib I wtd J , _lennI)" dHirable. 
p""'ld .... It ;" -'ble to retrl4Mt 1M underlyi"ll fine p-alned llrue· 
lure and ill de.criptora. !'1..,t.lcal impiem~ntalion inY()lve. an inter· 
let! ..... pphic dilplay , the Itructur ... in 'IuHllon beinl rep'''"''"ted 
In computer .torage, 

Under thcoe c;'curnaUlncel, lhere is no objection to ltorini lhe 
entire deriYlltlon u , rel,tIonal n",work toHether witll ill cyclic 
componentl., IlIId il .. powible, II • resull, to ruliM an identity 



, 
• 

( , 
~ J. ' r.- . # , . . 

'. ,,', 
".! .. rj 

-, ... , .. 
','-,,,," -_., 

, 
, 
, 
, 

., ",' co"'''''''' 

, 

. 
( /" . . "1" "' ~/\ . . -".-

'\....' ' . 
I 

./ 
00'<1" om, 

1'" ... 1. l to, 1>. TIl ..... "",,,', oIm .... -....:I ... d ...... -..j ........ , _. __ 

wi'" ,100 •• pm" had ..... MpUIo. 1" ... simpliQ" ..... c,dl< .- or ltoe oIooM 
_tiaoo .. M.P ..... <OoInd. cylinde< (primIU .. I.Opico .... 110 .. II II .. ....... ) 
C.l...., .. .. 01 .. orIe.,ed rw.", _ "'''''''' Il in ..... d i_ti"" ( . ): (b) in 
""' ...... dinctlol> 1- ), Onl, _10 .... _ .......... ~ 10 _ .... 
....... b •• lit' .....,. ...,. ................... . 

b<'tween Ihe lim topic c~n by • Itudenl and the lie'" topic 
choeen by. lubject mltter ""p"rt. 'n.e _Indent 'I lim of neces&ity 
become. & vedo r, corresponding to the upert', " held and depth", 
naming the aim topic il&elf Bnd • lo wer boundlll'Y, which may be 
ed.ablllhW In ..... ."..1 dln. ....... Jons. 

Fig. 2.12 shOWI two IUd! directional ainu which rev ....... Ike 
orientation o f the , ynl.a<:t.ic deplh deoaipt.or (lIUbo<tIinaU!I'uper_ 
ordi .... te) . For all that, the underlyinll derivation ill unchanl<'ld o.nd 
cho vliueI .\.Uclled to M!mantic: desaipton are undlanpd wIIic:h. 
_of the two (or n>OT1!1 aI"", iI ... Iec1A!d • 

• . pt;HIIIATlONS 

AI noWd .t """III in the previou. mo ....... pll, thelyn1.actic 01' 

derivalional eumpone ... 1 of a Ulnil it 'epone"ted I ... Ierm. o f 
formal lopk ~latlO"'" {IlIbKb of • product .ell and relalional 
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operalOn l .... t ~0l1Jl reLaliolll Int.o other rell t ion5. TIw: cal­
allY. o r relat.ionaJ operawn wu lntroduced into data hue design 
by Codd (1970) and the originallty. It any, o ( the p,,.......t ap­
pl"OKh n!Sida in how the topic relat ionl and derivations IV" 
opec:iroed ("from up downwards" BU. .... u..... (rom "bali<: unit up­
ward,"). C<'Rainly not in how the relallolll &n! m."ipulated. 

EW!n in tile ficld ot education, other rQeU'Ch~ have indepen­
dently d"<'ioPOd comparable oci>enwll with their o wn peculiar ad­
van1.a!lel; the differences are chi"fly oolational. For example. 
SCandu .... (1973) "Structun.l Learning" Techniq""" rep.esent 
topiel (Sclndul1I ",,113 them "Concepti") II 141\.1 and fundlon$ 
1'\Ilea and "hlj:het ord,,'" TUJ ..... Bundcl'IOn and MemU (1973). to­
~cth8f with thdr <;Ull .... gues .. orkinll on the TIC:CIT computer 
.idl'd inU .... ction qrstem, lave much tile IaIlIe apprOllch. The 
topic:. appear .. tl'u, tunclia",.nd ... I.tio .... blltled by compmi­
lions and let theo,eUc combi ... t;ol\l that cit"", ..... o r ant PQuiva­
lent to, reladonal opentors. 

These "ld . Imllar spirited .,he,,- ,..r,.,.~ in the prwiou. 
1t"OO00II'l'p/1 have proved ~rul and r1uible. The present work 
devillw. only In ...... ped. o f ho", the I.Opic ",!.atia ... and deriYalinns 
are clidted Iu !loOted a1r'"ldy) and in t he e mphuit; plao::ed upon 
lii&i01)' re!.atiolU, Though YCfl' com.,.,ehen.lvfI In mew respecl$. 

the other ICheme. are not primarily intended 1.0 uncove< th~~.,. 
tUn! o f .nalogieo (u thil lChelIHl u). 

ThMe iI nothillll ucred about the choice or re1ll.t.ional operators 
U I cano nical mean. for rePr<.'ienting dcrivaUon •. The c:aI""lu. io 
uoed metllin(Uiat icllly Md by progranll like EXTEND which IOn 
out derivation path. Ind dct<lml;ne legality . IIny other competent 
Cllou lu. would ..,rYe juat u well. In particuillt, the "uiomatic" 
IChemn du e to Steltur and Kingsley (1974) are mOle appropriate. 
IDD", Imenable to IDIIllipuJation by a mbjecl matle' upen.. and 
more c learly nhlbit the diatinct!on between the lyntloClic (formal. 
axiol1lllic. derivational) put of a tJ>.iI and ill II!l1lInt.ic conl=t. 
It. 100II deal o f our recent work .... em ployed thil axiomatic 
eclIeme in place of o ur IWgn>I'nted n!lalional opnator ..,heme. 

As In the preaent discuMion, Stelzer and Kingsley diatinguioh 
bet .. een .... hit lMy be known Ithe th_ reprctented in I GCN or 
General Cocnilive Net) and whol may be dOM II lilt o f HO, or 
Tuk SINClur ... ). O nly the d ... iVltional component (the GCN) ... i11 
be dilCu~ . 



An uionatilatlon o f • thells abou t .... bject. mltter (rep .... 
..... ted ... GCNI is root<!d upon the foUowlng ""t~'Coriel o f ob­
jecI.I CIIlIed coMltuenu: primary not.lol>5, derfol«\ not.lons, buIc 
principles (ulorns), and eltablishlPd principles (meona). The con­
Slit\lenu x, '1 enter inr.o two ~latiol1$ F (x, '1) ("'1;1 fonnu lated in 
~ of x" ) Ind E(x, '1) ("'1 II atablWttd in terml of x" ), and 
,h_ relatlonl may hold IS follows: 

J'I~,J) E(~, Y) 
'_I~I • • .,.,.tI'U""1> In 0, r P_ib1<t CO,,"','""" .. ," _. J 

• , • , 
""''''OfY ~,-
,.~ N","'" 

~ -No .... a Prift<iplo 

The GCN may be upreso.ed .. the complu of rel.tlonl type F 
and E holdi .. l>etWf:fm 10 "", o f co nltituenla. SinO! th~ in~n tio n i, 
ID oblain an ulomatiaatkm. t he GCN will lot! minimally redundant. 
but there Is no necflllr)' restriction upon the order In which pvta 
ot the complex rela t ion are """lled o ut, nOf upon the o rdeT In 
which tha fina l conlt.il"~nu Ill'B ~ho..,n. It is l!Yident, On lnapeding 
St.eIL>l<!r and Kinp"'y'l rumplH, that GCNI OOlTt!lpond to ,"" .... _ 
ally conjunct;"" d..nvaliono which ".hibil the kernel JtnK:Lure o f a 
oubject matter. 

The OCN rules (for usin8 F, E, and ... o n ) ~ deaJcn«lLO pnr 
biblt 100 .. , heno., analogy reb, ..... (which ""ely hold bet_n 
lIIe wk IlrUctu ... : for uample, the COW'JfI on photography, Ona 
inAa_ in the 197'1 ""per, hu..........-al ... nm..... of interpretation) 
.... nol mMIe u pUcit . The pmhIbition Is oompulat.lonally con­
yemeni IS we ll IS ulollUltically d efensible bul is unllroept.able (o n 
poycholo(lcal JrOUndl) from the pre.ent point of Ylew. 

Sevenl kind. of compromioft .... ",,"'lib Ie. OUl' present approach 



" 
It to oblaln eonJunc:tive ItIb$UuctIU'e.U GeN., to Idjoin an e>ot.a­
ulomatlc poauJaLe that any eaablisMd not ion or principle is 
cyeUe (ronli&l.ency is guanonteftl), to torm d isjuncu of GCN • .n.e. 
they ~ conaruc:I.ed, and to -.dd o n anak>&:ief between the F. E 
,elation. of the GeN. by an independent procell. In o lbe' ... ordl. 
CCN rulel Ilte uoed locally in courw NSembly .nd lhe local 
producll (GeN. Or conjunctive I U'UClur., ..... unlfiod by the 
method, a\relody ouUinod d . 1.0 be llescrlOOd. 

$ , Ttlt: SICN lr lCANCI: DI' ANIIl.OGY 1\t;LATlON~ 

In I!indlillht, It " u rorlu~te Ihat conv .... tion~1 dam_1M were 
rlnt conarucWd (or (heKS dealing with app lied .deoce. AI • n>­

a d\., we WM!! tor=! to take the rePFl.'S('Iliation ot analogie:s""';ou.­
ly from the ""winning. 

In particular. _"'Ii"" ...... non·v«bally uplloined by ueculinll 
two o r more mode. Uu,t ""' built in t wo o r more .-prlori-jo. 
dependi!nt pn>eeII<Irs o r univenes or inll'rpretal.ion INFIX) and 
MFcY» qelher with • couPIinJ that Kl8bllshM their depen­
dency. Thoullh II (jut Jiiht thio looks like an overly oom pHcated 
tedmlque, and at the nut Klance ......... to btl • "",-Iemenl of the 
obvloul, It tllma oul to be o ne ""Ring point fo r . theary o f in­
nov.tlon. 

Any thetl. ",pn!SI!n ted In an entailment mlllh La • jUlUfiable 
hypotheaLa expounded by ""meane. the subjec t m.Lter ~p"rl. He 
may ",main a",mymous until more than one th~liI is r4!p."",nled 
in the mesh. for uample, mo.., than one lCienliri~ theory or an 
overall thesis iI.bout _em rival hypothoseo. In Ihill case, it il 
nec-.y to name the OIdvncal.el or prol.qon illta as people. 
ldlooil of thOUihL or .... ha.\.eVer. Call them A and B. Now A" theais 
Is Jultified insofat as A can model It In lOme ",n!vena and B" Iw<r 
fat _ B can do the oame In another unlvene. and then! ill • .,,,,,,, 
(to be d~loped In chapter oil in whlc:h these .. nm..- are ... priori­
ind"""ndcnl. 

The buic tranaactlon between A and B. repn:led as dy ...... ic en_ 
t ilielln conv_tion. II "" agrffm,m L 0 __ their ~. including 
a.n apeement to differ. This agreement may """",tim"" be founded 
upon a.n ..t<.lilionaJ ""t (I """,tituen! o f verifi~ .. tion .nd fallir"",. 
tlon ITKlthodlj whe .... by A'I I,h""il .nd S', thelilare modella! in a 

• 
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COmmon or rtltcrom:e uni.~'t1e. But. prior to that, A and B mUll 
liJee upon Or accept a nterl!1\OU ",,,,vcno! ( .... nuden! does when 
he rubrcriheo to 111 experimental "''''1nC~) . In either cue, the 
mlcrwtruct .. ", or ..... ment may be complex u it will entail A'. 
lIypotb ..... about B (and 8 '. hypolhaell .t.>oot AI, In addition to 
the u. .... 1, .t .... hypath ..... \0 .. hich thO!)' o vertly odhere. If the 
let of agr""m~nt II fro..,n and Ine nsult illKl"ibed In an entailment 
mesh, Ihen it ;o an allalollY relation. 

COn.ene])'. any anaJolIY ",lallo" rcp<aenloo in. m ... h ill \.he In­
ICription o f • petrified _ment bet~n peoplt!. and then. ill • 
IenlO! in .. ·hleh the don",,,,!. and poIIlbly ""named participaJltl (A, 
8) .re reauseltatro .. II"" lIw! 1".10llY I. underuood. ThillNly U· 
lum\nate the oblcun!, even ~ryplio:, ..,mark in tho previa". mono­
pph that the haalc uttellUlC" In an L COn"" ...... lion ar" ."'"~. 
men t.l, the buic at.I.tementl are L Metaphol'l dl!lignHtinK analogy 
... lati0n5. Any tbl'Sis contairw ...ell • WIlt, explicit Dr not. MOA 
Ih_ or ln~_tcontain many. 


