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1 Key Ic'ea s 

li o\~ ~o h'e r ecoonize exa" ll"lcs of varir>us C/'lnc~n s? 

1101'1 do \'JC learn tCl make suer r ecolln l t'pns? 

HON can I'1dC h in ~ '1 (I the sc h> <i S ? 

Ho i~lrortant is carpfu I tellc h'~'l? 

In th i s na pe r r rl escri e ~ s ,vst I'll tna s eris sone 11 h 

on these ouest io s 1:.1' dcnlo~st ... ~t 'Ill' !'iN1 II 'la c n ln!) Cill1 ' e 

ta ugh to see un<i 1earn nn~ ' visual conC!! ts. J t'or ~s 'n th e 

rl OI\ld in ·of tll re -d i en s i ona I 'st r 'uctur s na,de of br ic '; s , 

wed ges , and !'ttcr sir'ple objects. 

GOO(' de scr ; ntive ncthcd s are of centra 1 {r::>nrta CPo to 

t is or It . T r, i s i ~ (l en 0 fl S t rat ei'l r e f'I eat e d I y in r\v s Y s e IT' r S 

ae 11 it i cs fnr sccne descr irt o n, dc scr ip t ion cC l"I"~r i son , 

conccilt 1 e r r.i flq , anrl ident iricat ion . 

It i ~ my (lp1n ion t l1at the raMC or~ for I earn inc, that I 

dp. scr He SUqqcsts a un ity t>p. t ~leen Tf'arn in 9 frCl'" cXillIlPl es , 

I earn ing l;.y ;I'l ita i c • an I e., '" Ino to y lop. ir.'l to Id . T i'l i 5 

un ; y 1 ic s in t he n ('cess~ r ,v ~ b1 11t .v to enera ( an" 

manipulate goo u ~b s t r act <iescript: '()ns. 

I a I s o a r a u !! the inpor a nce of 900d t r a irlifl seQu nc C S 

pre!l<lrp.d by ~ood teache s . I th in k is r easona hle to 

believe t at ne ither l'11leh i n(' s nor ch i ldren can be expecte to 

learn muc h w1thoul them. 

Equa I I y i rn por t1l nt i s t h not i o of the n ea r m i $S . Ey 
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"ear rni S5 I liI@'HI a samp l e fn a t ra 1 inC! seo uence ou 1te li ke 

t h.e co nc ept to lJ;e l e~rned bu t which differ srom t h~ t co cept 

'1n on 1 y a few 5 ill " i lea nt poin ts a t 1lI 0st. The se ear r.I sse~ 

prove to co nv ey esse nthl 1'0 In ts . u ch mO re d l ee I y l1a ' 

repeti t i ve exp o s ure to ord in ar y exalllp\e s, 

1, 1 Sc~me [J@scr ; pti on a nd COM Par ison 

I·luc A of t it!! sy st enl to tH! <1 Itsc r 1 bed foc us It s on t ne 

prob l eM of a nal yzin g see es cons i s ti rHl nf t he s im~l e ob-ects 

t la t on e fin d s i n a c h n d' s to.y box . T he r e !I re two V er.v 

s imple exa l'lp les of su ch sc e nes i f i 'lu r e 1 *1. 

Fro such v i sua I ; a glts . tile system bu i l d s a \IeI' y coars 

descrip tio n . ( i ~ur e 1.2) Strl.lctur In" t. he see n!!" s d!! scr i ption 

ill t er 's 0 o bj ects i s a I r ea dy a certa ; n cOmpl i t fTIent , for 

strLlc tur in q it In a t he r term s 1$ P(I S s ib h . I n an y ca Sf! . 

ana l ys 1 s pr' (Ic eed s, I n ~e r t i n~ more d(>ta 1 1" (fiq!)"e l - J) A Ild 

f ina 11y the r e is the ver y fine deta i I a hout t Ae surf a c (!s . 

l in e s • v er t ex e s.. a d t e f r re 1 a t i o n s" 

Suc h d @scrip t.; ons plt rm ;t one t.o c ~~pare a nd cont r ast 

sc It n e s t. hro u Q h pr oll r ~m $ t Aa t comp a rlt a nd con t ra st 

d e scr ; pt i o n s, Of course . on e hoplt s t ha t t ne de ser i pt i () I'I S 

\ 1'1 1 be s im ilar or d l ss;m i la r to t he sa lli e de ore·e that t ile 

~c en es t hey r@present seef'l s im il a r or d i 'ss lll1 i l ar t o A l,l m~ 

i n tu it ion . i h@n with a ~e ner al p l an or s uc h ma t pu lat ions. 

there i s f urt her hope t ha t t he same ma c h inery can be useful 
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in situ at ion s r a nt:! n , ar f r o v is ua ones , . iv i nQ the wod a 

ce r tai n ge neral i ty. 

Certain ' y the nece ssary J!l a t ch i n a r o.,raJ!lS mu st be well 

endo-ed .1 it h a bi 1 i ty . f or. r ic h de ~c r i~ ' o n ca.,~ hll i .Y 

r e <']U 1 res ~ ma t c n i n Q pr (1 '1 r am t nat c a ,C op e '" i t h ~ n ct pe r f or 1"1 

reaso na bl y fn a n env i r onm e nt he r e any matches ore possi b ' e , 

bo th g ood a nd bad , 

t f er t il' scen e s arc rlesc r ;l,ed aod cor respo ndln , Da rts 

rela ted by t e Match;n., D og ra m, diffp.re n c ~ s i n the 

d escr; pt ion s u st Ile oLlnd , ca te_ o r ; zed . a nd t he M Sl'! l v e s 

described , ihe p o!,rall'l ,holt do es t h i s must bp. 8ble to 

ex a 1'1 inc t he d e sc r ; p t i 0 Ii S 0 f i (J LI r e 1 - 3 "" it h t H! he 1 \" 0 f ~ 

matchtn~ l'rogram and deduc - th~t the d if f erence te (.cen t he 

scene s is tha t t here i s a surDorted - by r eh t i or. i n o ne case , 

~i hile t here is a n t n- f r o nt - of reh ti ol'l in he o th e r. Bu t t he 

faculty nlU st be muc h Mo r e powe r u l than t -s S !'Ip le eX~ Mp l e 

I1l d1cates i n o r d er to f ace !:lo re GOl'1pl<!x p i rs of sce nes 

exhi bit ln <;i t he en t i re spec tr um betwee n the nearly 1dent ica l 

a nd he co~p' etely diffe e nt . 

1 .2 COliC a pt G ene r~ t io n a nd Lear n -n~ 

To bu - l d a mac hine t ha t can a na l yze l in e dra in Qs an d 

bu He:! de scr fpt i on s r eI va (I t t o SOMe C 0 1'1 pa r i so n [lroc ed ure is 

u ~e fu 1 in it self. Bu t t h i sis ju st a s tl"jl t o w~rd th e more 

a mb it fou s goal of c re at in ~ a pr oQr al'1 t a c~ n 1 e~ rn to 
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recog n 1 ze st r uctures . r '>! i 11 de SCI' i e a pro!l ran ta t can use 

sa mp l es of simp 1 e concepts to aenera t e m(ld s . 

F 19l1 r'[! 1 -4 a nd the nE)< t fe w fonowinq it ~h()w a se Quence 

of sa mp les tha t en d bl es t il e tn ch in to' earn ",,'ha t a n arch i s . 

F irst it gets t he genera 1 idea by studying the f i rst sa l!ll'l e 

in f i~Ll r e 1- 4 . T he n it ].earn s re i n eme n ts to it S (lr 19 i na 1 

conee ptiorl by e orn par I n(1 'ts cur r e 

ar c 1 s it h su cc e 5 S 1v e sa I'll' 1 e s. 

of an arc h c annot touc h f r om f 1'lur 

fm.pr Qssi on of tlhat An 

I t ea r s t ha t the su f' or t s 

1- 5 . I t 1 ea r n 5 ""t it 

doe s not rn a t er mu c h wha he to p obj ~ c t i s from f i.,u re 1-6 . 

Arid th en f r on · l our e 1-7 i t 1 e~rn s t he het t h~ t for 0 e 

obj ct to be slIpported "1 t he ot hers i s a de 'i n ite 

requ1r ement, ot j u st 

t he san1p le s . 

cn i ncidence carry · 1 throuqh a l l of 

$u c h new co nc!!p t s ca n In tu r n Ile 1 p in rn a k i (lot h r. 0 r 

com'p l ex ab st r act i on s. T hu s t he mac hi ne u ses previous 

, ear n l n9 ~ s an a id t oward fl,lr t htll" 1 ear n in q a"d further 

a na l ysIs of the e nv i ron me n t. I\s yet t hese proc ,edl,lres are 

c l um sy, and t he descript i o n ~ u ncom f ortabl y res ric en , bu t 

the results ~ r' e encoUra'1 ln9 erlOun h to 5u(Jqe st t ha t t hese 

nle t hod $ rn a y 1 ea d to i ll c r ea s i rlg 1 y power f u 1 per f orill a ne e . 
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1,3 Identifleatl0 

!dent if ica t i on r!!qu ir es add 1t l o na l proQra l'1 s tha t lis e the 

resul t s of cOll1 par; so n proqr~ms. Tnere are ma n y pro bl ems and 

man y a1ter -ative J'lethods i nvolve(J because Identlffcation c an 

he done 1n a variety of contexts. 

In one S; Alple for lll of fdentif ication, t he ili ac. i ne 

COlllpares the descrip t i on of so e scene to be identifi ed l'I'Ith 

a repertoir e of !DC1dels , or stored co nc epts . he n tit t he ver 

1 ea st there Ill lJ st be so e lII@thod of eva l uat 1nq the compar iss 

between the u nit own ~n ~ t he models s o that some Match can b@ 

de fined as best. 

But lIIany sop 1s t lea io n s l; e beyond thO S s ke Ie ~ I 

sche me. F or o ne th in Q. the ;d ent if 1 ea 10 c a n be sen s i lve 

to co ntext . In f i~ure 1·8 . for · xdl11 'p l e , one hi elden o bj eet 1 s 

are Ii k@ ly to te a ..,ed<](:: t ha n in the a h!!r Cd 51! , a l h(l u~h 

bo t h h i dd!!n 0 bj ec t s pr ese n t exac tl y the SA l'le 1 ine 

co n i gura t ion . The 1d ent i f i eat ion co u l d b!! furt he:r 

prejudiced if t @ objectlv!' is to l ocate a particu l ar t Yre of 

obj ee t . T hu s t he h1dde 0 j ect in i '1 IJr e 1- 9 shou l d be 

t entat i vel y l c1 entif1ed as a po ss i bl e tra oe zoi dal sol id. 

ra ther tha n a wec:lQe. if t Ta pezoida 1 sol id s a r !! in def11and . 
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1 .4 P5yc holo~ ical tlod ,e l l nq 

SI IAl a tion 0 f hum a n i n, tell lgcnce Is not 8 pr i mary go a I 

of tlli 5 >Iork . Vet for t he most par I ha ve d es i .l'Ieet proQra~ 5 

t hat see t he world in ter ' s confnr inq to hU l11 an usa<j(land 

taste. These pr OCl ra l11 S produce de sc ' i Dt 1I,n 5 t ha t use no tions 

such as le ft-of, on.top - o , behind , bi g. and' !)art-of. 

T h,erear@ several reaso ns fo r this . On e is that a 

mac h i n e is t o , earn fr om a hun an eac he , t hen it is 

rea son~bl e that thp. !'la ,c h lne shoud u derstand and li se t e S~ l!I e 

r el at ions tha t the hUJI1 an do es . Other~' 1 se there ,,'ou l d he t le 

50rt of d !fferenc@ In po int 0 vicl'! tha t or@vents 

lnexper lel'lced adult te<lchc rs fr of'l intenct lnt'! smoot hl y wi h 

small ch ildren. 

or eo,," er, i 'f the 1'1 a cld 1'1 el s 'to u net er sta nd it s 

en y Iron e nt for any reason, the n unde r san ding it in t he sa Me 

ter s huma s d he l p,s li S humans to u nd l!rstand ~nd l ' pr ove the 

nla 'c h i ne' s operat ion . Lit tl e 1 s kn own abou t how hUl'1<1n 

I ntel I if1enc, ~ wor ks , but it wou l d be fool i sh to i ~nore 

conjectures ~bou t hu~ a n methods and ~bilit i es i those thlnqs, 

ca n help ma c h ines. 'uch has a l ready been learned fro m 

programs tha t u se wha t se em 1 I k huma n l'Ile t hod s . T ne re are 

al ready prograns t l1at ['Irove ""atl1el!l~t i ca l t core s, play ~ood 

c hess , .Ior~ ana l o~y prchl ems , un ders tand restrictpd fnr l'1s of 

Ii'll is h, a nd ilIor!!. Yet i 'n co tra st, I itt l e k ow l ed~e abou t 



16 

inte l l 1g ~'1 ce ha S COlTle rOM p!!r c,ep t rOrl work and oUu~ r 

a,Pl'lroac1ies to int e111~lln ce hat do not explo i t the pl annin <1 

and i era r ch;clIl o r '1an ' zation t h~t is c Aaracteris t1c of hu a n 

t !l ou Il ht • 

Ano the r rea$(In fo t de si lln 1n g I' rC',) r al'11s t at desc i be 

scenes ' n hu an ter ms is that hU lJIa n j udl1ee n t hen serves as 

a sta nda r d . There will be no conten tment \Ofith mHh"n es t ha 

onl y do as we ll as htirn a s . 1l ut lInt i ~chi n es becoi'le better 

tha n humans at see1ng . d(1 ; nq a 5 vteH h a rellsonab l e qoa1 . 

and COI"1P~t inQ the pe rf orlTlCl rice of the mac h t ile ~I·th tAat of thll 

hum an i s a conven i en t H~y to ~ asu r e success . 



2 Bui1di J1 ~ Oescrlptions 

2 .1 T li e Ile t ,,'or k 

T her e a r c rna ny 'Ita y s tos t o r c fa c t s a [,01.1 t A sc EHle . I) 

simp l e or l:la t 'i s t he unordered list : 

I' i son t o p 0 [l 

)\ 1 i s a 5 td (' 0 1\ 

B i s i n fr o nt of C 

Such a n ar r angeFlent is de spr. rate l y i rleff i c i ent because th.e 

Iho l e of ' emory r.lIIs t be searc hed t o oathor all; foc t s about 

so~e pa r t icul a r c om po ne n t o f the sc~ne . rt is natu r a I , 

the r ,e fo r e , t o r acon.! f c t s In a ncr \.! struct ured I"ay t o 

ac. il Hate re r i eva l • 

I n t tll S COI11'1 C ti on . o ne hears su ch t e r ns a s l is t s , 

t rees , ri Ms . and ne t s, ea ch of \I ie h SU<1qf's ts a fo r n of 
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stor dge . lJ1 se l e,ct in 9 o r. e , at c nt iot'l u s t I:e pairl to sever a l 

cr i t er ia. I have a.lre dy "'en t i o PI' t h~ Ilroblem 0 rap i d 

a cce ss, T he r e maya] so !:fe a nE'ec to u se men'or y s r ae e 

ff it i erl t1 y . But in t he r e scare h nha 5e . Cr 11~ irS it 1 s (nost 

inpor tan ' t ha t t he s to r ag e orrn n t D(! 1n sooe se n SI! nDt u'ra 1 

\~ it h r espe c t t o t he i nf orP1~ i on t o be stored. This ,cat'lS 

tha t t he tr a rl s fo r ma t i on f r om a s It ua t fo to its 

rcprescntation sho ul d b sil1!)] , not atJl" .~ard . Sin nle li sts 

slJ f ic f fo r a t r ip t o t he groc ery sto r e . ~'hf 1 e tr e e - l i h' 

c hart s freqlJ ently p i c t U' re comMa d ~icr d rch i cs nr Qenea 1 oQ i cal 



tl1: s 01"; es. 

But na ny no r e camp I ex situ" t 10 $ r eq u i re t he n et . A 

good ex~mp l e is the descr i ption of t he wo r d s in a nat ur a 1 

lan<fua~e. Each tlor d is described ea 'sily 11'1 terms of 

1 fl 

rlllatians,i s wi t h ot her word s 'o;'h ich in t urn are si l'1 il~r'.v 

d es<:ribed, T he result ;s a d i ctionary 1 tlhich each ~Jort1 May 

be t hou (1 h of a s a Md P. ~/tli c II is re lat e to oth r no el es 

through he p'oi n ten t ha con st itut!! it s cl efirnlt lon. 

Sim ilar l y the ne twnrk seems to h~ve the ap"ropl"i~te 

bl end o f fl ex i bl 1 i ty a. nd I'l l eflanc e needed t o deal 

str~ igh t ol""rarl y tilt h scenes. It is th.e na t ura l format. 

l 1 e words i n a d1ct l onary , each ah-lE'ct ;s atural 1y thou<fht 

of in t r fl1S of re lat ionsh ips to othe r bjects a nd to 

d escr i pt iv e concept s 1 i c 1 ar ge , r ectanfjlJl a 1" , a nd staJ'ld in Cl ' 

In fi~ure 2 -1, fo Ilxample , one has conc ots slIch as OBJECT ­

~BC a nd O&l ECT -D EF. These a r e represented d la DraMn~tjCl l l y 

as circles . (ff(fure 2-2) La belled ~rro,,' s or poin ters d efine 

t he l'e l (l tionsl1ip s hetwee n the co ntep s. (fioure 2 -·3) Ot he r 

poin ters indicate Jn en~bershir ; n qe era l classes or specify 

part ;CU 1a prop r t 1 es . (f igu r 2 -4) And pointers to c irc l es 

repres ent in g t he side s ex tend the tie t il 0 the de sc r ipt i on 

a J'ld allow [:lore detai 1. (f1vo re 2-5) 

low T1Qtic e t ha t 1'10 ions 1i ke SUP Of! EO - llY, AB Cv E, LE FT­

OF , BEtH ATH, ~nd A- KI l O- OF May i:>e used no t a 1y as r l ~ ti o s . 
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but al So as concepts . C~Hl s i der S U PPO~TEf)- B Y. The sute ent. 

"The WED. E i s s UP POnTEO-BY the BLOC, · u ses SUPP OR TED ·B Y as a 

r e h t ion . Bu t the st~ te m nt . "SliPPOr. TED - 8 Y is t he Of'1l0S -t e 

of rWT - S PPOR Hll.llV." uses S PPOR ED - BY a 5 a co cept 

u ndergo in g exp l ica t i on. Cons!!quen 1 y SU PPOr.iED - BY 1 s a no d e 

i n the ne wor k as w@11 as ~ pointer label , and SUp , ORTEO - IlY 

it se lf is de ined 1n terr'l$ orela I on s to other ode~. 

Fj ~iJr e 2 - 6 sho ws So e of t he sur round Inq relat ions and 

c ,oncepts . 

SUPPOr.TE\) - flY ma y t herefore appear i n cliograms a s a 

c irel e la be l or as ~ ~o1n ter 1a be I d !!!lend lnq 011 it s f und i on. 

A eire 1 e p i (!reed by a n Hrow i nd icates sir'! 1 t~1'I ecu s use a S a 

relat io n a nd as a concept. igure 2-7) 

Thll S, dHer1pt1on s of relH ionshill s can be store d In a 

hOll1 openeo u s n et worl<. along itt! the d escr iptio ns of scenes 

that use those reht1ons hi ps. This rer i ts [} i Q shp s toward 

progra m genera l ity. A. pr ograR to i nd neq~tives nee d on l y 

know a bQl.lt t he r e l a t ion NE(\ A IV I: -S1\ EL L lYE and have access t Q 

the gen ra I @. ory net. T he re is no need for t he pro!ll'al'l 

i tse 1f t o cont~ i n a disten ded t~ b1 e . Ttl" s way pro~r~ITIS can 

opera t e In any enV i ron ents, both antic l pat ed and not 

antic i pa ted . ] ~or fthms desioned to a n 11l 1l l ate netl-lOrks at 

t he l ev!.! ] of scen e dese r l pt i on ca n wor k as eas ; ly wit h 

descri pt ion s of obj~t s . s ides , or even of o b -ec ts ' 
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f u nct i on s, Qi ven the ~ P firQpriate n e h !o rk. 

2 . 2 Pre l irn fnar y Prot esslng 
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Co n s ide r now t he oen@ntion of a se en d escr l ot ion. T e 

s t art i ng oi n t i s a l i n e dr aw l n , withou t erspect fve 

d i stort i on , ~n d t ne resu lt I s to be a ne work re l a t ing a nd 

deser l i 9 t he val" i ous objects with point ers s etl as I N­

FRO I i - OF , ABOV , SUPPOP.TED - BY , I\ - KUla-or . ABUTS. and I AS­

PRO PER TY- OF . 

F ir st, d r aw l nQs 0 t hr c!! - d il'1e n S 'ona l scenes are 

cornmll n k." t!'d. to he fTlac hi ne u S'j n q' a pronra y B , K, P. Horn 

together ~!1 t h ~ spec lal pe n who se !l(ls ! ' I nona c' ompan 'on 

tab l e t can be r ead by t he l11 ach " ne d i rectl y . T he " a prO!lr a 

wri tten l>y IL N. a haba l a [ lJ chssH i (]s and la be l s t he 

vertex es accord ln ~ 0 t he nUl'lber of convero1nq 1 in es ,a nd t he 

an g I e s behleen t he Pl . F l !1ur e 2-B d isp l a y s t I.' ~v a j h b l e 

Cd tegor ; e s. ri ot Ice t at M ~h~ ba 1 a I S proq r an f in ~ s a Ii" s of Ts 

wh re t he cro ss bar s l1 c betl<'!!!! n coil i n ear u pr l g h s. hese 

are ca l ll!'d l1Ia t.c he d i s. Such \l ~ i rs oc cur f r e'l u en t l y w en one 

objec t partially otc l ud s a no h!!r~s in fi ure 2 - 9 . 

The pr ogr anl then proceds to create names f or al l o f t ne 

r eg to $ in t ne scene. Ri f1orou s l y "r e o ion " as used he r e si mrl .y 

rafer s to any Ma x i l'1 al area i whi c h on e can oye fro an y 

point t o any o ther po i n t wi t OU crossi no a li e , I ncl ud 1nQ 

the ba c kg r ound f !,u re 2 - 9 h~ s e l oht re Qi ons . Va l" iou s 
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pr opert Ie s are C il 1 c u l a t ed a'ld stor ed f or th e S@ re~ ion s, 

Arno 'nfj t hese ar e a l i st of the Y r texes su r ro u ndi ng' ea c h 

r eg io n ill d a 1 1s t o f the ne ig hbo r In 9 r eQ l on s. 

These r esu l s a r e t hen su rpl i ecl to the elegan t pr og r am 

na med SEE d e~ elo ped by A. Gu Zm a n [2J , Th i s pro~r a m 

conj ec tur es a bout whi c h r e!1 io ns be lon '1 0 the s ame o bj ect s , 

For f ' . ure 2 - 9, the end r e su I t 0 f t he pr og r ~m is t he 

COIl1I1l en ta r y: 

Body consists o f P ~ C 

Bod y 2 con s i sts of I) E F G i l 

29 

Sur pri si ngly the pr oq ra m co nt a in s no I!x p l iclt otle1s or t hl! 

o bj ec t s it ex pects t o SI!I! + I t si l'lp l ,Y exam lnes t P. vertexe s 

and U 51! s t he v er t ex cia s s1flcat i on s t o d e term in e )'h'l C h of t he 

eig hbo r inq l" e!lion s ar e like ly to be pa r t of t he sa e ob ' ect , 

Ar ro ws, for ex alh p Ie . strono l y suofJe st tlla t t he t\>'O nar ro w­

a ng l e r egions bcelo nq to t he sa e bod y. ( i q ur e 2 - 10) Th i s 

sort of ev idence, t oqet hel"it h a lIlo dera te l y so ph; st i e a t ed 

ex ecu t lv e, ca n s ort ou t t he r eo ion s in sce ne s as c omp l ie ted 

as tha t i n f igure 2 - 11 . orr O~'l!d f r om GuzlIl an' S thes ' s. 

T,,'e ly ~ o bjec ts ar e r ep orted and the r e fJ 'o ns o f c ae ha rE! 

r emember ed , 

Thi.5, t hen . i s t he sort of in or mat i on re~d.v fo r ur th Pr 

pr o ce.5sin ., by lTly desCl" 1p i on- bu i l ,d in 'Q [I r Q r a ms. 
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2 . 3 T he ft l ~ ori thm s 

The f0 110wi g secti o ~s describe t he Ideas be ljn~ 

pro ~ r a rn s t tla t 1 00 k f CI r he r c l a t " 0 n s ,1\ 13(W E , SU pp Or. T. I 1. 

FROt! · OF , LEFT , RleUT , ~ nd ARRYS . Gene r ally t heSe rrO<lra · 5 

i:' r odu ce description s that arc i n r e rk~ I e har ony wi h 

tho Sil'O f hll an ob 51! rver s. Sarl I! t 'ime S. owever , h@y rn a I:e 

co njectur es that "ost hu ~ ~ns d i sa9ree wi t h . On t tlese 

occas i o s one shoul d r el'lel1be r th " t he re "s no i nte n tl0 . 0 

precise l y rnil'l ic psycholoogical phenomena. The ooal i s s il'l p ly 

t.o pr od uce r ea sona bl e de sc r ipt i o ns t ha ar e ea ~y to 0 l 

wit h. R i ~ ht now " 1s 1 porta n t to de s "!]n and exoe il'lent 

with a capab l e set of pt o!1 r arns a nd I)CI~t p one the oue stion 0 

how the pro~rams m19h be r e fine r:! t o be I'lOr'e c o p 1ct c l y 

I Ife l He . 

2.3 . 1 I boy a nd Su p!,ort 

joints a re s t rona clu es t a t one o bj ee t pa t ly 

obsc ur es anot her , but t ,en one ma y ask If t ht' obsc urin 'l 

occ Ur's l:ie cCl. 'u se one obj ec · is above til 0 h r or ~cau SI! one 

i s in f ro t of t he ot her. Eve n In t he s imp l e two brick case 

th er e seems to be an enorillous numbe r of cOl'l fi "urat i o ns. 

f i gur e 2 ~ 12 shows jus t a few po ss ib i lit ies . 

But "n s ri e o f t h is YAr lety. there 1 S a si mp l e 

proced ur e tha t oft er'! see - s t o co rrllct l y dec i de t he ABOVE 

yer su s IN -Fp.Nn ~ OF qu est i o Co n s id er tel t es t ha t for 
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t he il-oHol':l border of t he ob$cUI" 'no obj ect s "n iq u e 2·- 12 . 

F in d 1 nfj the s e Ii n e S 1 s t ile f " r 5 t j ob 0 f t hI! pr ng I" ar1 • l ex t 

the pro!l raM find s ot he r obj ec 5 \': hos )' (!(J Ion s s ha r e t hes!! 

1 i n es . In q enera I t he sc 0 th e )' o bj 'ec t s a r e below the 

or;g i na 1, obscur i nn obj ee t . 

Thl s a1 qor i t hm l<Qrks a n al l t e slmpl e h 'o- b1 O~ It 

s i tua t 10ns d e ll ic ted i rl fi ou)'e 2- 12. It ev e n ~IO ~s correc tl y 

o n t he n uc h more C Otil!'l 1cated, ma ny-object scene in 

f igu r e 2- 13 , s hown wi t h t he bo tOm Hiles high1 iq ht ed, 

The d i f icu lt part 1 s t o i nd t he 50 -011 <!ci bottOIll 

lines , vlhic h co rr' espo nd r ouflh ly to o ne's intu 1 i v e no Unn () 

bottom border. The: proces s !)rocecci S by f r st no tln~ tho s e 

1 1 s hat l"e be t o.een h lo req iOnS of the o bj eet 1n "vest ien . 

I ca til se interior li nes . Ilext thE' ~rO(lrdM f'xa , "es t e 

IO\>le r of e~c:h inter ior 1 i ~ (l'S vl!rtex!!s . T 1'115 is iQn r ed 

un le ss i i s a n arrow , Yo o r a 1( . Then i nfo r mat ion about 

bottom 1 in es is q l ea ned frnm cac of " he ar roNs. Xs , and Ks 

1 n t hI! f 0 1 1 Otl ~ nq W'a y : 

1. 1f the vertex is an a rrow , t h n t he t,~o l i n · s 
for 1nq the la rQcst anQle , the bar bs, ~re bo ttom 
l ine c an d{da t es ~ See f l our Q 2-14 . 

2 . I f the vertex is {I n X, t hen the t'·fO non- ·colllriea r 
1 in c s are bc to 1 i n e cand Ida s. See f i gu re 2 - 15 . 

3 . If t he vl'rtcx i s a 1( , t hen the Ho ~dj a c en t 1 i ncs , 
those fo r n inQ t he sma 11 e s t c: l o~ t. wi se and t he 
s~a l 1 est counter-clock"; 5e ~na l e s wi t h tile i n e r ial" 
I ine are bo ttom l ine caJ'ld ina es. See fiGure 2- 1 • 
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r hi s h r ea 11 y a r u1 e a d two corolla r ie 's. rat e tha t ht <'!e 

sep~r ·t e r ul es. X s alld Ks To· su l t pr ir.lar i 1 y when a r D~/ S 

a,flpear i n, co~ n 1 to' . camOllfh !'J !!d by "II ill if1nl''H~ nt 0 f 0 b,ieets ii S 

ill ustra ted by figu r e 2-1 5 and 2-16 . Co s,!)'q lJe n 1.v . t h e­

CQr r espo ndi g rules anoun t to l ota tin ~ the arrnw - for~ina 

parts of t ne vertex and tllen a c t in ll on that basic ar r n~l . 

o e f u rt her s t el' is nee e s sa r ,v i'e j' or '!! a 1 In e Cil n beco me 

a n a Pll r o~ ed bot tOi'i - 1 In e. /'s. $1'1"",'n by fl oure 2 -1 7. sme of 

t hI! '1 1 n e S ou ali y; n Q S 0 a r m u s t be e 1 1 n 1 n •• t !;cI . r he ya i 1 

because t he y a r e too vertical , or nore r ~c j se 1~. because 

they a re t oo 'I ert I ca 1 wi t h r esp,ec o t he arro ,, ' s sha t . Thtfi 

e fee t i v e ~!a y ,t 0 >;ee r1 OU t r;.~, tI 1 1 tH~' S 1 S ,H 011 ON 5: 

R U' 1 e: f.l, i III in a te a ny boO t tOM 1 . n e ca n did ate w hi e h 1 s m 0 ,. ", 
vertic a 1 t ha n tllf! s ha f t (If the a row SIJ<'Il Ei st 1 0 that 
ca n() lda t l:!, 

Of COLJrs@ t he I' r oO ~rll l'1 extends r u(li rnerltary "",ttnn 1 ,nilS 

throuqh cer t ai n vertexes. F ·<lure 2 - 10 s tHI S t.e oblf;o l) ~ 

s ltu il t i 0 11 S in ,.'h it; h t he Dot rl"1 1 i ll e r r o pC'r ' .v is ex t end ed 

thr ou q h t he erc S ~ b:a r (l a T nr the s ha ft s " . a "a i,. of 

matched Ts. 

Th i s ~r hol al l'lor Hnl"! is ba sed on a n a s slimp i r t h-a t tM 

",ac hi ne observes the 'sc e ne fr oo a bove . If the cOllf!ol,l r atin 

d ~ n CJ 1 e s f I' 0(;1 t he e e il i rI g • S 11'1 P , e c ha nne sad a I) t t e f''' D r r ~!'l t o 

discI" imi na tc bet \ieen lJ1HJ R a r.d IrJ -F ~O JT - Of , I'~ ther til 11 t.g n'l E 
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a d I N- RO n - OF. On ex.am ines in stead the h- er vpr exes of 

the in ter lor 1 i es. su b st i hlte s the erm t op 1 fn es for bo om 

1 i n@ s 1n the vertex in spect i on ru l es , ~ d th resu 1 t infi 1' i l'lc s 

us ua l l y serarate obj ects fr om those abovll t he 

Ily searc h i n!1 for bot h tfle "SOVE a nd t he BElO~~ 
rela t ions , the mac hi ne I'l y o f te be a bl e tn ~ u e ss its 
o~m hei i'lL Consider fin ure 2-19 . -(JlI re 7.-2 0 ~ho .'$ 

t he salTle scene with op a nd botto 'I ines h ighl lfl hted ~n d 
wi h the eonse(Jue t aDOye a nd tfe10w re at i(\n5. A 1 p.~ st 
in thi S Cd se , he machine ca n correc t y dec'! c t h~ t lts 
eye is leve l I;it h ot,ieet : because bot h a chil l n of nbove 
rela t ions and a c ha1n of below re la ions o ri ,]ina t e at ,~ 

2.3 . 1 .1 D1 sclJss i n 

Th is a lQ or i tnrn works @ffl!c tiv e l y because of 

clrcu $ an ces all I Hely but no t ee r a i n to re tr lle any 

particu l ar' sccne . T he ethod work s best when a scene 

consi s t s of br ieKsand wedges wi t'h one ~ i de p~rl 1 el t o the 

ta bl e. I n ma ny 0 t her ClI se s , the met od wor~ ~ any.,,,,y . 

somet i me s by coincide nce and sooet imes I:y pr ine lp l es not .vet 

LF 11 y eJ( pI 0 r eel • 

LJ ;nfort una t el y . in expl an H Ion I al'l freque ntl y 
orced to appea l to i ntuHiv noti(1ns about \'that is 

11ke1 y and wna t is 110 t. I know of 0 wa y to estab l i 5h ~ 
reasonabl e prob~bll ity r.1etr ic on t hE! situat i ons I 
d i sc u ss . All t at Ca n be sai d no is h~ t ~ny such 
!'Ietr i c shou ld refl ec t h1Jma n i spos ' t 1 n oward 
cOl'l f i qura t i ons exhi bi t i nn a 1 i ~nl'1ent a d SyT'Il'le ry . 

TI'lI) ir st 1 He1 y e i r1:ll l1lstilnc e or pr 1 c i pI e h tha 

a bj f:!e t s tend to sup[lo r other objects b.y Co n t act t li roun 

r e la t ive l y hor 110ntal sirles. Ob~ ect s not ~o 51,1 Pllor en d 
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to slip, a lt hou gh not al wa ys a s demonstrated by f i gure 2 - 21 

lmag i e no w t ha t t e t o p Ob'ect in fi~ure 2 - 22 ",,'ere 

comp lete ly tra n spa r e n t except f or a l a ye r of ~ain on the 

cruc ial, rel.atively hor ' zorltal bottom side , Si nc e the scen e 

i s vie wed from above, th is oared bot 0.., s id e wi 1 obscu r e 

par t Or so", etime s a l l of t he supporting obje~t . See 

f i gure 2 - 23 . Co nseClu el'l t1 y, s ome ace s of thp. su pport f ' 0 

objec t gen eral1 y bord er on l i nes esul n" fr om t he ed . es of 

t he bo UOI'l s id I!. 

Of cour se ma rly of the !) ottC'11'1 sid e' s ed ~I! s va n i sh whl!n 

t,lle obj eet t s esto r ed to o pa c i y. ~I everHip. less , t he 0 e s 

t ha t r emll i n st n 1 t e nd to f or", part of t he sea l'l be wee n t he 

su~rorted a d the w pport f n objects. 

No w mos t of the vert exes o f objec ts are or ed by three 

edge~ ~ eet irlg toge he r as i n the t! p 0 a pyra mid . Th is 

fo rllls the s0-c!t l l ,etl tI' l hedra 1 a ng l e . Co n se querl tl y , when two 

ob serva bl e edge s of t he bcttom s i de form a c onc ave lin Ie. one 

ca n expect a t hi r d ed e 0 t € o bj ec t to te~ v e t he sa~e 

vertex 81'1d f orr.! the sha f t 0 a d n~:n\llar~ d irect edo ar r ow , 

Sl1<, ht alte ration co u ld p@r ll'li t the prnnram t o dul 
w1t h l'Iany ob ' e~ts \'li th nOrl· tri hed ra l yp.rti ces. T he 
obj ct in f i~ure 2- .24 , for example , has two interior 
1 in es l'i llr~lfn~ ~ t ver ex V. 8y tr ea t i n ll t hi s a s a 
gener a l i zed arrow, wi t h !'lu l tip l !! sha ~t s , the same 
a 1 9 or it h, c a be u se d t o d @f i e bl) t to 1 ; n e s . 

S () f ar he l oCI i c is ~ 5 f 0 I l ow s : I f o n e ob ,jllc 0" SCL,reS 
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a no ther becau se it ; s o n top of t e othe r I t hen the sea m 

be wecn the two i s 1 i ke l y to fo rm the barb s of one Or mO e 

d 0 \o.'n ~Ia rd d i r !!C' t 00 iii r r 0\'1 $, be 10 n rr '; n q to t he t.o p 0 b j !! ct . 
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Revers ; 9 this, one wou ld ope or t he statementl The ar s 

o dOl-mward d i rec ted a rro~/ s define sea mS acr o ss whic h 0 C 

l i e I y f i nd s the su ppo t 1n (l 0 bjcct o r o bj ec s . Un f o rt u n~te 1 y 

one often inds no n ~S\l P f'lort1 nq obj ects a s t:e ll. 

2. .3.1; 2 Ref i ncl!1 cn t 

F i qur c 2-25 s qre sts a seri ous 1nd of over enthusiijsn . 

he p 11 a r I br 1e k B. e l Ilva es t he bot to m 1n (!s of br i c k A a nd 

t he y appear betl'leen t he If 1e~le r I s eye a n d a s i t1e (If th,e 

massive backgr o u nd br i c t , brfck C. In t he ~!o br ie ease, a 

br ic 's botto s 1 i n es bord!!r on t tle si de of a n o he r br ·ck 

on 1y when the ol'le 1 s in fact su pr. orted by t e other . IHle n 

more obj ects a r e i nvolved I wro nq a n SWIlrs may result because 

t he bo t to . lines ca n W'a nc!e r i n to r e 9 io S 0 obj ects t ha t d o 

not offer support. 

To hand l e t h is oro ble Pl , I u se a h.IQ ~ar l: pr oced u re ,. he 

f iI'S t pc rt i ss i mpl y te a boy e a 1 Qo r it II a $ d@sc r i bed soar. 

·.'h ich now . ay be t llOUq ht of as oe er ati 9 a se t of r'los$ ibl e 

supports . T he seeo d I>~ r t , dllscrlbed bclow, ~r t ic 1zes t iles!! 

poss lb l e sup po r ts and fil ters out sOme 0 t e Dad o ne s . 

l o Ion!! rea son br i ~ ~ ft i n f 1t.ui"e 2-25 cl ear I y d oes no t 

1 i e on br ic k C is t hat it is absurd to t hi n k t la t a n o bjec t 
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c arl rest on (I v ert ica l side of SOlli e ot her 0 ject. Par t 2 of 

t he St,l por t a l(1or ith I!'I~ kes s ure th~t jus t SltC h conjecturp.r. 

su pports arc el irnin a t ,ed rOJll t he l i st of cand i cate~ . To 00 

this , Itl illli na te s a can did~te If the on l y bottn - \ inc -

border ing side see ms vertic~l. 1 d.SS UI11p. s a side is vertica l 

if an edg e b!! l on~ 'n~ to, it 15 vert lea l . 

T here are ttlO e>:cept ion s tn t his Tille that occur", n an 

obj ect obsc res the e tire t OI'l of it s S~ Ilpo rt inll ob'; ect as 

bl ock p, obscures bloc lc {l nd as bl ock B ohscures bloc~ C 1 

figure 2 -2 C. fi st , If two rkks a re a li a @d as a r e br i c k 

i\ and Ilr i ck B, fo i nq the fa r.. ·l iar X I'prte:.:. , riO re .j ect 1,on 

ta es plac e. Second , if t he t p brick over la ps t e sU llPort 

as brick B ()ver l aps brick C, at l e ast Cl e non·etched T appears 

and a a in no r .i ect ion til kE s ol ace. 

I f I:y this t1 e ze ro flr one SVP!lort c nd 1 a e ef'la ins, 

t hen par t 2 t(rffl i na tes, and the su~port. if a ny . Is 

announce<! . T ere are 5 1) e c "'rn on S it at l ('1n S, hl'll'lev er, t a t 

r eouire part 2 to u nder take add it i C<l'h\l cl'lr.1J)utati' on. COI"!)an~ 

f1gure 2-2 7 tlit f i qur 2 · ~:: . H ,e vert"cal-~icl(! f il.c r 

cannot el i Mina t , t he possil>ll Hy of supl>or t fr om bric k C i 

eithe r f i gur e beca use Orte 0 C 's bo t to~-l one borclerinn s ides 

i 5cl e arl ,Y not Y' ert 1c a l. y t tluMan 0 bs rv ers (!('n el"~ 11), cb fOl 

the top br 1c k in f i9ure 2 - ~7 cannot bE') other ha n S i nfll y 

SUfPc,rted . whe reas t hey adm it t h ere may .,.ell be surpor fr o"! 



t he h r rye r eal" bl ocl: , C, i l'l f i oure 2- Ul . 

Since the nl y di f renee is in the he ioh t (If brick n. 

thls jud ent ITlU st be t ile r e su l t o f ~ het., ht C(lnpH i 51 0 • 

St~ ted sil1lply . t he progral'1 Makes tl(~ i flht jud'lcl'1cnts by 

assum lnq a ll objec t is s UJ' Porteci b,v the tallest of the su I'll1rt 

ca didate s survivin l1 so far . It i s sinrly a bo ve t ile othe s . 

he e19h ,of a stack C nnot alwa.vs De co ru e! rioorr·usl ,v. 

however. I Sinp e cas s i t is suffie "ent 0 l ocate 1\ 

vertlca I 1 Inc l: ong nq t o the ob.1 ect a nd mea sure it . Br Ie k 

l ock C i n fi qtlre Z - 27 1 $ s uc h a hloc k. nut he vert lea 1$ of 

B d i saprear into T jo in ts "nd on l .'" III t n! i rn uJII he i n nt.s cil n be 

ca lcul a ted fr an such l i ne ~I i hnu t co mp l icated a d unexf110rerl 

obj ect ex ral1o l at i on tech ique s. fOI1 Seqll cn tl J' , a~ thp. 

a I <i 0 r it hm r!! vie ws lie lie; q t sail din" n ; II J1\ he 1 Q h t s rr e 51! n ~(I 

o 't, it firs sel ec ts ti,e max i fTIunl o f the se . hen a n.v 

candid ate whcse hci<iht is l(rI o~'!1 e}(~ctly i s re ec terl i t hat 

he ig At is les s than the r:1 l1xin uI!I "us t c.alc \l lat ed. .~11 whose 

xac t he i~ hts ~re unl:.nown ~ r e a llo wcd to r as s. 

Figure 2 - 29 shows why the su pport a l<lorit hM fr quen t l .v 

r e $ 0 .. t s t () r ec tJ r s ion. If t he su p r or t for 1 0 eke i s to be 

ca lculated. the hp. iollt 0 bloc k~ 0 and E must be c()mpa r eci . 

Bu t t h i s in t u r ... re au ire ~ kno 1 edoe of t he ir su pnor t so t hat 

to tal he iQh ts ca n be added tI frol'1 Ule c na 1n 0 f s u pro t 5 ilnd 

use i n this las t f ilt er i n a operation of par t 2 . 
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Th is co D lete s d ; se u s s'i on of t he SlI PflM a l~or ithlll as 

no ... sta d s. It is n ot ha r d to delude i d e l iber~t el Y. bu i 

never the less oper at s with iI re li a bllHy su f ic i ent for use 

by pro,! allis tha t bu il cl upon it S re SI! Its . 

IlI1provemefi t s can he IIde i n rn any '" ys. The follow t no 

are a 'ew lei ea ~ hiClh on My PI' 10 1' -ty l is t ; 1. II phnnerl 

rn od ' 'l ea tton i nvo l v e s u s i n"" l s in t tl p search o r bott Ol)) 

1 i n es . So f, I' he syst rn 9< s on t he seefl!! i n f i ou re 2 -30 , 

fid in g no b[l tOM 1 in es. But 1f one 1 i ne of an L 15 neuly 

ver t i cal a nd t he otller 1s n ear l y h I') i 1.ontal , t he fl the ne. 1,v 

hoI' i zon ta 1 li ne sho u ld be an excel1 en t bott 0 1 ine . Of 

course s ar e frequent ly bll r i ed ju s t a s arrows ~ r. Bur ed 

Ls ar e f ound I n cer tain Ts , X s and for k s as s how n i n 

f 1pLl r e 2 · 31 . 2 . The d i scove r .\' of bo tto", I ines can be ou Ie 

by in t rodu c irH1 $~al' l objllcts t h<! t ob sc u r erue i a l v ertexes. 

I'iglir e 2-32 s hot.'s how . Thi s c ou ld be correc ted by a 

procedli re tha t ex e nds 1 i nt' s , rcr ha ps after the objec t is 

id e ntH l ed . 3 . ne f l1 te l' 1 nl] oper~ t ion (O IJ l d be st r enothen ed 

i n it s a bi 1 i Y to d ptee t vcrt ·ca 1 s ide s. So f ar it kno"s a 

s ide i s v ertiea I 0 Iy if t he s i de has iI vertica 1 e 'leo 

F i 9ur 2 -33 sho ws hO l\' it Cll n r lln a<1r our'ld "5 a res li l t . to n e 

o the s id!! s of br {c~ C apf'ear ver ea 1 a nd t he a 1 (Jor! h 

co nse'luently r eports brick 

o n br ick 13 •. 

is nn op of br ick C as ~,p. l l l! 
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2 .3.2 I I1-front ~ o' f 

Once a program c~ n d isc oOver t Ae S\J PP OR TED - BY re l a t i en, 

t tlen it ca n frequen t l y deduce W - FRON T-OF reht i ons b y 
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defa u H . Tna t h , if Olle .of two bl oc ks appear s t oO ob sclIr l'! 

;t Aot he r bu t is not abov e It . then t he re l a! 10n I l-FRora -oF is 

;t s tr ong pos s i b B ity. 1 pur slJ il'l g t ~l S I Olga in u se a hlO 

pa r t pro gram : t he f i rst part proposes pos s ; bl e o bj ect s tha t 

a g i'ven obje<Ct fila y be In fron t of; the second pa r t r eje(;ts 

the bad o,n@ s. hi 1 e simp I e a nd direct , t tl ; s pr ogr a m a l Se 

sue te ed s aam Ira b 1 y o n CO Ill P 1 ex sc ell es . 

Part 1 tr ies to f flld all objec ts that t h'i! o bject i 

qll ·@st i on obscures. F i r st it ga ther s up mest of the o b s-cured 

o bj C t s t hrou gh se arc 'h fo r part icu ' ar . yoe s .of T j oi n ts o n 

the perip,heryof t he ,object . Supoos e 0 e deffn ,es a I jlle t o 

be p hys ica l) y a ssot fated wit h a pa t icula r obj ect whe n ti'la t 

1 in e in t he t wo d i mensl0na l dr'Hlino re su l t s f r 'om an ed<j e or 

i nt er sec tion o f pla n es on t he o b,i@c t. r a the r tha n f ronJ some 

o b sclJr Ing objec t . F 19ur e 2' -34 i 110 stra t@s. T hfln thl'! t ypes 

of Ii s So g ht a r e j st t hose for lIini c hone Ciln be r e a sonab1 y 

SlJr e tha t t he cro ss ba r belongs to the obj ect conj ect ured to 

be t he obsc u ro r. 

F ig IJre 2-35 shows h,l o kinds of qua 1 H yil'Hl Tjo in t s. T he 

f i rs t kil'ld OcC UrS \'f hen the 'tide .aligle r e g ion associat ed wit h 

th T i).,elonq S to or I s ph ysica l l y a ssoc iated ",1 t h the o bj e~ t 
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f r o-m which I -FRmlT - OF r 1' iat lo n s are sou ght • Bot h of th1' 

other r~ 9 i ons . the ones bor der~n~ the shaft of the T, belon9 

to ~ second 0> bj @et. T his near ly a " ",'ays lnd ica te s th e seco nd 

obj e ct 1 $ 0 b sc 1,1 r eel • 

The secandi n cl of T jo in t i1 1u strate~ 1n f i gure 2-35 

occ u.rs when one shaft-bord er h 1t1 r e9 i on be l o 9s to an 0 bje ct 

IoI h11e t h@ot her bel ong ~ to t he bac k rou nd. T h's a(Ja in 

assures the llIachine tha t tile crossbar be l ,on'os to th1' 

po t ent la 11 y obscur 1n9 obj. ec t . 

F ig1,lr@ 2-36 -nd i ea tes by counter exarnr1e why rIO t ; n(l can 

be dleduc ed H the sha t - bor der in9 ret) i nn s belon{t tD <Ii st inct 

objiect s . The t r ou!:1 e 1 s t h ~ t H.e crassb~ r of the T 1 s not a 

r ea 1 edgeaf bloc k C. bu t r ,a the he c r nsst'lr 15 co mpa setl of 

@dges t>e,l 01'19 i n9 ta ,IJ. a nd B. 

Sti 11 another way to loe!! t e a DI' r Opr iat!! s is mor1' 

91 o ila l. T e id ea i 5 t o u 5e ,,'hat~yer m1'an s ar e ava nab l e t o 

find genu i n-e edges be lon9 ing to a boelynd t hen t o see if a ny 

Is l i e along sU1:h l1nes. Reca l l t ht t he $el~ction of bo ttorn 

1 1 es 1n\l'oh es 1n spectio n of arrows . X sand I< s at t he batto 

end s of int er 101" I in IlS . Fur t t,ermo re tll,p' rat i ona If' behind t ~ . 

sup por t a l gorithiJI d l:t p!ln.ds on t h E! l ikel i hood that such bottom 

li n es are phys i cal1 y a S soc late(l \'fit Ii the SI\me ob,1ect as t he 

inter ior 1 i ne aT the arro_l. X. cyr K. ConseQu !ln tl y t he f'lacni ne 

can generate a whol e fam ily 0 p@riphBl"d l 1 in es , i ~el_'{ to be 
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p lly sica 1 edges by s i mp l y eX.al1linin9' t he Hr'O'l'IS , XS . an d Ks a t 

bot ends of t hl! interior 1 inn , rattier thal'l j(.ls t t hoso) a 

the bottom ends. T hen if a ll Y o f t he se physfca ll y associated 

l in es end at a n L, the o th e r 1 i nc fOr'm in ~ the L fsad ded to 

t e l i st . I 15 very u nusl.lal fo r one leg of a l to be l o 9 

t() an Qbj ect wit hou t the ot her leg ~ lo n~ 1 n~ a ls () . 

110 ~' i f a ny pnysica 11 y a s soc f~ ted 1 j .n e ; s t he crossbar of 

a T. t hen the pilreR t obj ec t 0 bscur'lls some o t he r o bj ect o r 

object s. F i ~ ur e 2' -37 demo n strate $ \\I ~ t ~ i nd of ed ge sand s 

a r e found 'by t h i s meU.ad . 

ot i c ~ t ha t t h@ T ~ TI!! f ·~r en c e el by f i (11,1 r e 2 -3 7 a r' ea 1 so 

not iced by tf,e Ilred()~s 1)' d t $(1,1 s sed l oc .1 1n specUo n S inc ·e 

t:h e yex h i t i t t he r eqlJ ir d con f igu r at ion of 01'.1 eets about tlie 

is 1 i n ·es . F 19l1re 2-38 demo nstra t es t ha t bot .,et had s 

contr i but ll , ho wev er, since o nl y tAe local met hod wads o n Ts 

il)~r ked L 'l<'hH e on 1 y t he lII od if i ed bo ttolll - I i ne f j nd er he l ps On 

t nose ma r ked G . 

1 1 of t h is yie l ds obsc ured obj cts ~JhlCh ~re c<l n d id ~hs 

f(lr r hting to t h!i! obj eet stu ci je d by t Ae rela t ion Hf~FRONT ~ 

OF . r ~~t. p~ r t 2 reque sts he l p rom the supp~r progr'am an~ 

t hen i~ffiediately rejects l I t he cand id ates for which t he 

A.BQ\'E relation is knol'in to hoM. Th is OY.'@ ver ;s of t en no t 

complet e l y suff ic i ent . III fi9ure 2-39' . the mach1 ne 'kn()·ws 

bri c K" 0 bs·cu re s bri Ck C by I'i r t ue a vertex V. ll u t r. I snot 
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d iroc tly a bO'fe C. Clearly. t @ a bOVil c hec k nv st be e,.;.pa ded 

t o the presen ce of cha i ns of ABOVEr@1atio ns 11'1 order to 

br 1n9 t he a l!) orithm in to I in e wi th hum a n til ste. In the 

course of this check, the program fOr ABnV E may be called 

ma 1'1 y tim e sift he PI Il OV Ere la t 1 0" s ha v e 0 t ye t be en 

establlsh@d. flny candida te that si.lrviv!!s Ulis check is 

thou g ht. to be be hi nd t e obj~c t s tud l ed. 

The ost annoying lofeakl'l ess of this a l gorithm fs that t he 

s!!am be h,"!!en t e obscu red and t e ob scur 1ng ob ectay not 

e~ h i bit the requ ired type of T jo Its. Fi gure 2 - 4' sho~l s how 

th1scan ra pp!!n . I suspect that f urther progress can bell1ade 

i n these slti.lations of al1 9nmen t throu g c l ose con s iderat1on 

o X sand pe r h<! ps ~s. 

2.3.3 An Examp l e 

F Ig ure 2-~1 provides a so ewha t mOre COmo 1 ex sce ne or 

he IN-fRnffT-OF and ,pPOr.T DoilY find i n~ orog' a s t ,o try . 

T e re su 1 t 5 are a s fo Il ow s: 



J 

F'1 CURE 2- <:11 



A su pported -!>y B C in-f r ont-of f G 

B K 

C 

II 

E 

F 

G 

fl 

I 

.) 

I( 

o E 

E 

J J 

E 

E 

The o nl 'j bad c hoie e is t ,he e g l ecto f G as, iI su pc-ort 0 F. 

The reason i~ t hat t he support er i t i cillng pro . ra m as a 

bu !l t i n a SSUM t I on tlla t a SlI p~or ted 0 b ' eet' s bottom 1 s 

level. Therefore i t I:Hi! l ie v es E i s t he on l y suprort fo r f 

becau s,e 1t is hi g her t hl) n 6 , t e othe r po s sl bl11ty . 

2.3.4 L,eft and R; ~ ht 

'Ii N O pr 0 9 r a III S ex 1 S t for d ee i d t n CI if 0 in e (I bj @t tis 1 eft 

of', ri g ht of, or neither wit h reSlleet to another . he f i rs 

compu tes i n .a stra 19 tlt for ward, s i mpl e way . It si mply 

c ompares the x co o rd Ina tes of t he 1/ e r te: xe s of bot h obj ects . 

If there i s n o over la p , t ha t i s if 
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.xcor(a ny v er t X. of on e ob j eet} 

< 
xcor(a ny vertex of othe r objec t ) 

th e n tile fi r S obj ec is to the I e ft of tne other. If there 

i s over lap, t he no s ta.temer'lt c~ n be ma de. 

T his pr ogram, bas (! on the no-overlap c r1 terion , co u ld 

be great l y Ill1 provG t hroug II the usa 0 an 0 bj ect extend l ng 

pr ogram . T he a ch i ne is n(l ive to hin k t at obje ct C In 

igure 2 - 42 i s l€f t of object Il. . Ilum a n s tend to f i ll in t he 

obsc ure d port i ons of objec t C to form a conple te block . 

Bu t ,even with ail a b1 li t.l' to ima'l In e the h i dd e par t 5 0 f 

object s , suc h ~ progra m refuses t o reall y ag r ee with hum~n 

judgcm!!nt s . Cons id er the spectr llill of si t uations i ' 

fig ure 2-43. For he f irs t pa ir 0 objec t s , t he relations 

LEFT-OF a nd R IGHT - OF are clearly aprr opriate . For the l <1 st , 

t hey are c l early no t ap [lr opr1ate . To e. the Cro ssove r point 

sel!/llS to be between the s Huat10ns expres sl!d by pa i rs a and 

5. 

Now notice that the cen t er o f area of one ob"eet is to 

the 1 eft of t he 1 e t-Most poin t of t he ot h r obj ee t in those 

cases wher e LEfT-OF seelTls t o ho ld . It is no t so positioned 

if LEF T-OF does not ho l d , Such a cr"ter 1on seems i n 

r ea s o ab le aC)reel'1ent wi th, intu ltive prOl1ou ncern~n ts fo r ma ny 
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o·f the ca se s I ha.y stu d i ed, It a 1 so yield s rea 5 CIr'ta :b 1 e 

a.n SII'e r s in f ig ur e 2-44 wtlere in one c,," s@ A j s t o t he le f t of 

e ilnd 1n the ·o t fle r 'case i t i s· not. Not i ce that the relat i o n 

is nM s)'T1Jl1Ie t r i c. however , as the· c ellt er 0 f ar ea of the rnuc h 

lo ng'e r br ic k. br i' c ll B, 1nd1cate s B i s to the r i gh t of " ~n 

bot h ca $I! S. 

Fi ~ure 2-45 r e qui res extra atten t ion. No ma tter ~hat 

t he cent er o f ma.SS relat i ons , hu. an s a re r e 1uc ta nt t o u 5e 

either LEF -OF or PIGH - OF if one object extend s b~yond the 

ot he r in bot h c!i r l!<c t i on 5. One mus t addilt IOMI 1), specify ~ 

u1 e against t hi s, 1uy fn g the fa 1:1 owlng fo r LHT-OF: 

Sa y A i s l e - t a B <= > 

,. Tne center of a.rea o f II i s 1 e t of the l ftlllost 
po in t o f B. 

2. Til,. rightJOos t poin t 0 A j s l ·e t of ttle rig ht ' cst 
pofnt of S. 

The ru l e f o'r IfI: IG flT - Of 1 s of course lJara 11 'e1 in f(lrm. 

Ma ny peop l e fee l their pe rception of t he relation 
LEF T- OF diffl!'r s con s ide r a bl y rDlIl ealle r o f t e t'liO 
p 05 5 t bj 1 it ie s ex ib l t ed here . I be l i.,'I'f! t h@ ce nter+of-
area method is re4S01'l~ b1 e for the mach in e n(lW , but i t 
would be tl'lterest l ng to mo.r ,!! f u1 1 ':f Il',xp l ore t he qu est i on 
of wha t human s th Ink to see i f ot he r f or mu la s a r e 
be t ter . .I n,t u it iv!! noti on 5 of L EFT-OF vary wi l d 1:y and 
t he program c an on ly be sa id to gener al l y re lect my 
p@ rsorla l pr der ences . In deed . dec id lng 1 f o ne object is 
to the le f t of another Hi \lhtes far mor'e argument t haT> 
do que sti ons in \' ol v l n9 r elati on s IH.e ItI-FRONT- O:F a nd 
Sti PPORTElhIlY. Peop l e have d iffleu 1 ty verbal hi ng 1'1 01-1 
they perc eive LEF T-OF ;lind tend to waver in th e i r 
me t hod s . bLl t i mp 1 ica t ion 5 a r@ tha t criteri a c i'la r'lge 
depend in9 on whether the ob jec ts i nvolved a r e a l so, 
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rel ated by W-FIl.OH- OF , ON -T OP - OF , IGr,E~-TH n . an d 50 

on .• 
Pro f e S 5 or r a rv flit '1 n s ky h~ s po i n t e-d 0 u t to me t ha t 

the Qrientations 0 obj ects He also i,I strong i nf l uence, 
In fia ure 2-46, ror examj)le. t he cube s!,!ell1S hft of thl) 
arc h ' s en tra nce Elven tflou9' h II 11 1t s vertexe s are c1 ea r l y 
r i9!1t of a 11 the arch 's verte.>:es. I n v let. of thi s 
observ~ tio~ , l"Iypr ocedurecoLi l d .pr oba bl y do better by 
asking baslcally t he same qu est lons as before. i).ut ,bo t 
1 ines Uvr oug h the 1 e f -mos t, ri g nt- lIIost , and ,center-of­
area poi nt s in t he c.ll r ec tiOll of orlen t a t i o n ;1'1 stli!ad of 
,.' ha t am OLi n ts t o vert i ca. 1 pr oj ect i ,on 0 f t he po in t s to the 
X -ax is. Pu t then t he r e i 5 the pr 0 bl em of f inc! it'l9 {111 

object's intrjnsic or ientation . ht t he moment I kt'low of 
no genera l heuristics fo r t h i s. 

2.3.5 Marrys 

T ti e a bu ts a tld a 1 19n eel - ~,~ t h r ,e h t ion s a r j se treq u en t l y, 

p@rha ps bec a u s~ of so e hU1l1 1l n pr ed 11 ec t ton to orel er . r, s 

i n tu H i v@1y u ~ed, howev ·er. neitne r of tile se '1<'0 d s corres.ponds 

to the 1I0tio " ! wa t tile ~laC hine t o dna l' I,~ i h. To avoid 

canfu 5 ion. I t her e or e PI" efer to 1.1 se the ter r.l Marr y w hi ch I 

def ine as foll O~IS : 

Oefin iti on: P,n object ma rys a n ot er i f t hose obj ects 
ha ve faces that touc h eacfl othe r and Ilave at least one 
com on edge. 

1" hu s the 0 bj@c ts 'Tn fi ~ure 2- 47 are sa i c! to mar ry one 

anothe r. Those i n figure 2 -48 do not ~@ca us e they have no 

CO mmon <;!d9<;!. Sinl i !ar ly those i f! figure 2-49 do liot beca u Se 

tney hne 11 0 to uc hing face s. 

The rlARRYS relation 15 s e · sed by metllods resemb l in 

those pre'vious l y described. First the vertexes 11 1 0' g t he 

border are co llected. Then t he X s , Ts arld Ks ~re f urther 
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The XS are simp 1 e to hafidl e . ! exaet l y two of the 

1 ines ar e co 11 in ear and 1f the ot her h'o separate two 

obj ects, then th!ls@ objects a r e very I ikely to deserve, t he 

~'A R RYS "elat tonship becau se su'ch a vert@]( is s t ron g 1y 

aSH)C iated wit h al ign ed stacks or rOwS. Fl~ure 2-50 
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i ll u strates t he se s itU! ions . f i ou r e 2-51 s hotlS ~.' hy the hlo 

obj ecc s mu 5t be sel"arated by the tw o Mll-co l linea.r 1 fnes. 

T her e three sides belong to the s~~e object an d t he ~A RPYS 

rela t ion does not hold . 

I there are fo u r objects at the vertex ~nd t here are 

two pa irs of coll i naar 1 ines, the n t tie 1 ikely sltua tlan is a 

f 1el<l of obj ec ts wl't tI tl10se shal' in~ l! fnes mjjl'r ,yinqe~ch 

o t ' er. See figure 2 · 52 . 

Ks are strong 1 y cGr re-l ated wi t h t he sort of a I 19nme nt 

111 1.1 stl'ated I;y figure 2-53. T'he rul e ; $ s ir'll!ll e: If there 

He two objects with s ide s at a K ve r tex. thel'l t ey pr()ba~ l y 

When t tl ree obj ec t S !nllet ~t ,~ r one of too fGll owing 

old s: 

I . T hI! Gbj Il'ct s wi t h tile 5t em ; 1') be,t ,.,ee n marry !la, h 
other a 'nd b!lth oil SClire t he t hi rd object. 

2. :r he t h i rd obj ect i s t tle obscur i nC) object. In 
th ; s Ca s e t he t~rO ot he r obj eet s may Or il<y not 
marry . 
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3. fi l l t hr ee o bj Etc t s ma r ry . 

4 . Sooething else. 

Of the se" ny pr ogril l1l sc heck for cas e 1 o n l y. l'Ie 

cent ra 1 pr ogra m l oo ks f or c ha in s of Ilf-FRO n-or and SU PPOR TS 

r e la t i on s be he e n t he s ha ft - bord er 1 g' a bj ec t san d t el a r g e -

angl e a bj @ct. I s uc h cll a i n S He found for both , they 1 i l:o ly 

both obscu r e t he large anole side a nd m~rry each other. 

F 19tJre 2 -54 s hows e,ur.lp 1 8 5. 

Now consider t he si tu a t ion ""here onl y hlo obj ect s m@e t 

at a T ,,-'fth t he wi dl! a.n.g1 e side an d One of the other s fde s 

be 100g ln g t o one obj ec t .. 1\ s f lC1ure 2·55 sugge sts, t his sor t 

a T re~ @ntly becomes a I( wtlen seen from SOme ot her ang l e . 

Li e the K, the l1Iach in e co ns id ers · t stron9 enoug h ev idence 

f or a r ARR YS rl! l ~ t i on. 

f i gur e 2 - 56 i llu st r a tes both of the T jo i n t situ a t iOl'ls 

t hat conf irD marryment. 

ote tha t t he ma chi n e i ~ conse rvat l ve i n sing t i $ 

~1ARRYS re la tio ; the rela t Ion i s not placed in ~nb lglJo, us 

sit ua ti ons s u c h ilS H .ose of fi gure 2- 57 . 

2.3.6 S ha pe 

e ,efore an, object no be identified , t he line s tha t are 

rea 11 y ed ges of thilt obj ec t u st be sorted from t hose tha 

are edQes of obscurin g objec t s. I t wou l d n o t <:l t o t hi n!: 

obj ect B in f i gure 2 ·58 has sid es sh~ p d 11~.e those in 
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f1gure 2 -5 9 . 

The Id ea of a n edqe belon'1 h l CJ to a. bGdy ha s bee n 

d 1sell ssed . ihe shape prO!lr am 1 u s@ first qa tiler s t Ggether 

thGse l i nes fo u nd to be gen u ; e pnyslc~, 11y a ssoc ia ted edqes 

by the program t hat loo ks for I l- FRON T- Of' relat1on s . To 

the se I t add s any 1 in es that l ie behleen two r eg i on s of a 

body. the inte ri or l Ines. he n if these 1 i n e S i nc l ud e both 
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u pr ig ht s in a pa i r of matched Ts , i t ad d s , i n e joi n in c t he 

t wo Ts. And f i nal1y. any 1 i ne sha red with t he backq ro und or 

ot her bod y known to be be l ow or behind is certa ·! nl y included. 

These ru l es are suff Icient t o 11',1 en tff y many of t h(! l lne s tnat 

belon g to ilny ~iv@n objec t ., ""hil e r e ectl n!l many tha.t do no 

be 1 Gng . 

f igurI! .2-60 snows hot" t h1 s 09ra sees object B o f 

fi gure 2-58. lines L, M, ri , and 0 are In ter10 1 ines . Lin e 

P I s a segmen t be t weel'l matc hed Ts wit h t he required kind of 

upr ignts. Q qualif ies by way of t he W-F" ONT- OFa lC1orit h • 

whi ' e R , 5, T, U. a.nd 'I qu .a 1 H y bo h by way of t he T~1-FROrrli ­

OF a1 90r it tin a nd the rul e add i ng 1 i nes l y i ng Detween the 

obj@ct a nd the bac kg r ound. F 1gu r e 2-6 1 show s no"" the rest of 

t he sc en e i n figure 2 - 58 s dissected Dy th' S pr ogram. 

l ot ice that H Ip. s ha pes are r easona DIy well d e in ed. 
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2 . 3 .7 Size 

f'ia gethal shown that a t a c ertain age c ntl oren 

ger'lerally a ssac1a t @ physic a 1 l i ze wi t h 9reatest di er'l slon 

[l]. They wi ll , for ex ample , adaman tly maintain that a ta n 

t hin bea ker ha s ore wa t @r 

t houg h the y ha V!! se e n the 

s f z e. 

i n i t t han a s hor t fa t o ne even 

fi l led r om o t her beakers of equa l 

Adu 1 ts do not d eve lo p a 5 f ar beyo d t hf s as might be 

expected. I cl o no t h i nk lite re~ lly li s e t he no tion Clf vo l ume 

na t ur ally. Appa r ent area seems ucn more c lose l y r elated to 

adu lt she judgeme nt. Notic e t ha beaker ', in figure 2 - 62 

~ppea rs t o ha v e abo ut the same amount of ~_\il t &r in it as doe-s 

bea k,er B, even thou£, h It u st c on ta i n tw ice a s l'I uch. U nl es s 

a su bject conscious l y e.xer cises a f ormula for vo l ume, he Is 

l i kely to eport that object B 1 f igure 2 - 63 i s 

app r o)!: i lllat ely ten times Jarile t han objec t A . !lven if t o l d 

both ob ject s are cube s. TI'Ie t r e act or of twenty-seve n 

times s e@lJ>s l arg e when t he tr ouble 15 t ak e n t o ca l culate it. 

COon sequ en t l y , t he s ize generatin g prograrn do es not 

t r oubl e with vol ume . Ins t ead 1t ca I cu late s t h@ area of eac h 

s ha pe pr oduced by the s hap e de t ect in g a l gor1t~rn . lext ft 

a dds to gc t her the~l"ea s Clf a l l shapes belo nging to a n obj ect 

to get 1 I total area. Th@ n u s i ng the se area s it can co~pare 

two ot>j ec ts in s 'l ze 01" consul t t he fol1 0wi n9 tab1 e for a 
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rea so na bl y be l1eHbl e discrete part i t i on ln q 0 the area 

sc a Ie: 

0.0% to 0.5 % of t he v isIJ ,a 1 area --> ti n y 
O. 5 ~ t o 1 • 5 '; of t he v j sua 1 a ea ~-> s lila 11 
1. S,; to IS %: of he v 1 su a 1 a r ea .+) me d ium 
1 5% to 35% of t e v isua 1 a r ea . -} l ar~~ 
35~ to 100 '; of t he v i su a 1 area --) hllq e 
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3 Di scovering Groups of Objec ts 

hen a scenel,as lIlore t han a few o,bj ect s , it is usually 

u sefu 1 to deepen t he he irarc hy of the de SCI" ipt io l'l by d i'tid i n!! 

t he obj eets i ntl;l SITIa l leI" groll P$ ~l hi C h can be de-scr ibed and 

tI10ught of as ind fv1c1ua I concepts . F i ~lire 3-1, for eXil l'1p l e , 

see So to d iv id e ria t u r a 11 y in to t hre e !l rou S 0 f 0 bj ee t So. on e 

be i'ng t hree (I bj @c ts tied to gil' t her by Sll PP Dil l ED - IJ Y P () in te!"S , 

II nother 00 ing t hre,~ s i n i hr 0 bj !lets on to p ofa fourt h ,. and 

the third be fng a set 0 obj ects i n the arch conf 'ilJurat i ofl. 

There are otller hnds of gr oup i ng hu man s u se, but in th is 

wort I p r im~ r ily exp l ore only t he t hree i ll ustr~t~d by this 

figu r e 3 -1 . Grou'p i n!) by i d ent i kat iCln with a knoun , ode 1 i s 

d i ScU ssecl I ater in t he c ha pt er on jel ent if i C<lt; eln. h is 

c ha pteI' ~elll s <, til 1,11'01.1 p in !) on t he ba sis. of Ilo i rlt ,er c ha ins. 

and on the ba si s of property sim ihrit i ll'S. 

3. 1 Sequences 

A S1 1T1 P,le kin d of group consists 0 eha in s of S!JI>PORTEO­

BY orH-F RON T-OF r o i ntersa s in the tOlier of fi~u r ,e 3-1. 

T he f 1 I' st 11 C t 0 the 91' ou Il i ~ rograrn is to find sets of 

o bj ect $ tha t ar e so c ha In ed t0gether. r,ll suc h sets wit h 

t hre e or mOre elelllei'l ts tlua l1fy .~ $ gro,u ps •. 

In t he event t he scq·u ence of pointers closes on it se I f, 

a I' fAg ; s fo r me d. In f i gur e 3 -2 til cr e i s sue h a !lr 'DU P 

beca u se each of the three o bj ects rests partly on one of t il e 
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othe .. h 'O. T tie .. eslJl tis ~. c i rcu] H cha in of SU 'PP OR TEn-BY 

pointers as shown i n figu re 3-3. 

Us ing c na in s to de f ine grou ps c~n Decom!! fa lrly eol'lp lex 

as ill 'ustrated by the scene '1'1 figure 3-4. II chain o f 

SU 'P PORTED -Il Y po1nter s sp 1 i t s in to two branche 5 i 5C ene one 

at the point where object C iSSullllo .. ted by two ob"ec ts , D 

and E. I" sce ne h'ot two chains of SUPPORTED·BY polnte .. s join 

at ~1 wh i cll su pports w h 1 and L. Th e current vers io n of the 

grou p1 ng pr ogram term inates chains a t ju ne tio, p01nts ithout 

fur t her fu 5S . This seems r ea so'na bl e 0" It seems natu ra l to 

thi n of t he seen es 1n f i gu re 3-4 a S II set of CjroU ps 

cOrlsistln9 of Il-B-<:. G- H.I . and J-K-L . 

no ther kind of prob l em a .. ises when obj ets t j@d 
toget her bya 5i pIe c ha 1n of re lat l OriS s hou l d not 
constitute II qroup because of other facto r s . Figu re 3-5 
s,h,ows one kind of situati on t ha t can occurtOr whic I 
have only 1deas but no prograll1s. Ir tllis scene t he 
mach ine pe .. ce ives a sinole objec t co (flom@rate, groupf!d 
t0gether DY virtue of an unbroken chatn of SUPPORTEO -BY 
pointer s. But os t huma ns see a S ' ort to .... e .. on top of a 
boa rd on tOI) of a not er tOWEl... This mlls t be pa .. t l y 
be ca use of t he s i, ze d if e r ef'lce sand part 1 y been use of 
the fact tha t the top grou pis no t directly oyer the 
ot lle r objects. In ~f'ly case , it woul d seem tha t .. adical 
change 1n object propert ies s ould be posslDle grou nd s 
for brea kinq a chai n . With thh. 0 e Is 1nto terr it ory 
wile r e ir .. ev oca bl e COmrn it t!l1ents shou l d be avo fdetl. 
Per aps t he best tiling would b@ to have the ~ro u p in Q 
program offer alternative g .. ou p i ngs 0 tricky scenes an d 
pos t pone dec i sion unt il hi ~her 1 eve 1 ~<lentific~t' on 
pr ogra m sind lea te wh1 c h Hr~ ng!!me n t , cad $ to t he be st 

match of the scene <19 inst known mode l s. 
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3 . 2 Common Propert ie s 

Wilen several objects h~ve the sa me or very nearl y the 

sa me descr ip t ion . they are fmme d1ate l y sol1d ca nd,d ates . or a 

. r oup. The legs o n the tabl e i n f i gure 3-6 are t yp i ca 1. All 

He br i cks , a l l a re sta nd ; n 9 . and a l l are suppor s fo r the 

t o p board. 

T h1 s kin d of ili a lp u h tion ; s s l i ghtl y dangerou s in t hat 

n y c r iter ia for ' o r ming a roup a nd a d Itt; q ~em bers t o i t 

are a b i f 1 i rn sy. So far the ru l' es ar e ba sed on t~ 

fo n ow! ng demand s: 

1. Al l carld fda tes for grou p lII 'e bel'S hi p must be relat.ed 
to one or more pa r ·fc u la r obj ects in t he sa me \-la y_ 
f ()r the ta bl!! Cil 5e . a 11 our obj ect s are r e l at ed to 
the boa rd by SU PPORTEO -B Y. Thl S re str jct j on appea r s 
nec essa ry because L1 n i orn rela t i on Shi p t o a s i n g le 
obj ect see ms to hav e s t ron g bind i ng power. The 
sta nd lA g br ic k. s l rJ ' lg ur e J -7 nil tura 11 y const t t u t e 
t'll'ogrolJ P5 . not o n e'. 

2. here mu st be t hr ee or more ITl li! mber s 
t he members of t he group mus t s ha r e 
pr o pert 1 e s . 

In t he grou p. and 
any of the ir 

Fi gure 3 - 8 ou t1 t nes · lle proced u r e (or f orm 1ng such 

grOlJ ps. he b sic ide a h 0 llI a ke a generous 9uess as to 

what obj ec t s t o 1ncl ude i n a gr oup a nd then to el i inate 

o bj ec t s \'Ih i eh see atypic~l llnti 1 oil fa 1r ly 11 0 0ge eou s set 

rema i n s. 

To d o til is , a pt c gr a fir st 'ri n d s a c a '1 d iclat e grou p by 

l ocat in g oil set of obj ec ts tt:a t relate to on e particular 
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Oi}ject in the sallie way. Next comes for ma tlono f a common-

rel ~ tion s nii>s-11st t hr oug h a lis ting of all rehtlonships 

e:>:. h 1 bit. ed by III Or e t he n ha If 0 f t he can d 1 d ate s i n t he se t • 

F 1 gu r e 3 -9 ne 1 ps ex plain t hi s pro c e S s. Obj ec t s II 

throug h Far e 1mmecl ; (I te l y "He e1v ed to be a poss i ble g r oup 

:be e au set he y a 11 ha va are 1 a t i on $hi p , SU Pi> OR ED - BY . with a 

s i ng le object, G. Th e rela t iOr'l sll1ps e)(h1bited by the 

candid~tes are : 

h , B. and C: 

1 SU PPORTED -ElY po in ter to G 
2 MAR YS poin ter to Ii 
3 A-lOtlD-OF po i nter t o BR ICK 
4 UAS-PROPERTY-O po int llr to r-IEO IU ·SH E 

D: 

1 SUPPOR ED·B Y point er to G 
2 t~ARRYS po in ter to G 
3 A KIN lJ -OF poin ter to DR IC I: 
4 flIlS-P OPEIlTV-OF po inter to SMALL 

E an d F : 

1 gj PP RHO-B Y pointer to G 
2 t~I\RR YS po i n tel" to G 
3 A- KIND-OF poi nter to l~EDGE 
4 HAS -PR OPERTY- OF pointer t o S IALL 
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Three r e I a ti ons a ppear in the common - rela t i ons h ips-1 ist 

because t hey are foun d i n more t han half of the cand idates' 

relation sh ips I 1st s: 



G 
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com on -r el ationships - li st : 

1 gj PPORTEIl-BY poi nt er to G 
2 t ARR'IS po in te r t o G 
J A-K I Hl - OF po i nt er toBR ICK 

After t h i s com on-re l ! ti ons hips-l1st i s f ormed, all 

cand idates are nex t com a r ed wi t h 1t to see how t ypica l eac h 

is. The easure 15 simpl)' the fractlon o·f tile tot a l Tl unaber 

of propert les of the ca nd 1date and the common-reh t 10n s hl ps-

1 ist that are s hared. Sai d i n a 1I10r e f o ma l ,.'a)" t he measure 

f $ 

nurn 001' of pr opert Ie s I n i ntersect i on 
-.--~-~---- --------------------- .~------number of proper ties i n un ion 

wher e the un 10n and intersec t I on a re of 
t he Cil nd i ele te' s reht i onsh l"s lis t a nd 
t he common-re lat i onships-l i st. 

F tgu re 3-1 0 r epresent s a bstrac Uy a si tuat ion !n I-' hi ch t he 

ca nd idate and the comMon -relat ion sh ips -' i st are ql,Jite 

d Hferent . T he s hared propert Ie s , r epresented by t he shad ed 

ar ea, 1 s but II ver y sma l l f rae t i on of the tota l are a, bot h 

shaded an d uns ha ded. fi gure J - ' l give s t he opposi t e extreme . 

The re is co nsid erable o\'erl a p a nd t he va lue Is near one , the 
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max i mu pGS sl D1 e. 

Us i ng t 1'115 similarity orltlu 1", to compare the var l ou s 

o bj ec t s of the f 1 gu I" e 3 - 9 exa p 1e with the common--

re la tlon s hip s- ! 1St. a e ha s: 

A vel" su s t h.e COlTIm on-rela t 10 ships-' i s t - -} 3/4 = .7 5 

II versu s the common -r e la tion sh ips - lis t - -> 3/ 4 • . 75 

C vel" su s t he comlll 'on -I" e 1 a lonshlp 5- 1 i st --> 3/4 = .75 

0 verslJ S t he co mon-rela tior'l s h1ps- ' is t --) 3/4 = .75 

E v el" sus the common -r el a tionship s-l ist --) 2/5 • . 20 

F vers u s t he com on-rela tionship 5 -I ; st -> 2/5 ~ .20 

A. S , C. a nd D do not have scores of 1 on ly because the 

common-relationships.list doe s not yet have d, property 

In dicating s iz@, The reaso n i s tha t there is TlO, si z e coomon 

to more than half of t he curre nt l y poss i le ~roup me be l'S , A. 

Il . C, I) . E. an d f. 

The mucl1 l o)mr scores of E and F r eflect t l'le' add 1t hna 1 

fact t hat as wedges they are <f IUerent f ro lll the standard 

type. T hey are ! me d ; ~ tely el 1In 1na ted accor d ing to t he 

followi n g gen era l r ul e: 

~llm inat@ a 11 ,ca n d it'hte objects whose s1rn i lar t y scores 
are less tha n 80 % 0' t he best score any object atta i ns. 

Th "s i nsures t ha t the gr oup w111 ha ve lllel11bers allW'i t h it 

n early equa I rig ht to i)e l ong . 

t4 ex t the pr oc ess t S re pe a t ed becau se those pro pert i e s 



common to t h@ re a in 1n g caTld i da tes Olay di ff er from tho s!! 

proper les co mm on to t he origin a 1 group enoug that one or 
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III or e c hi! n 9 e s s h ou 1 d be ad e tot h e c 0 mmo n · r e 1a t i on s II 1 p s - 1 i st. 

hi s r epetit ion con t inu es u ntl 1 t ile elimin at io n pr o~ess. fa n s 

to' oust a calld idate or fewr t ha n three cand ida tes remai n . 

A. ter t he f i rst el im i na t 10n of objects 1 eaves A, B. C, 

and • t her e is a new co mOIl-re lation sh1ps-lis t: 

com on-relat i on s Ips - lis t: 

I 
2 
3 
4 

~ PPORT E D - BV pointer to G 
AR YS point er to G 

A-K I ND-OF pointer to OR [CK 
HAS·- PROP ER TY - Of po 1n ter to J.l ED IU~l - S [ZE 

tot tce tha t there i s no w a s ize pr ope r ty since three of the 

fo ur rema in ing o bjects ha v e a poi nter to nedhuil s i ze. Th e 

Tl ew comparison sc ores are: 

A v e rs u s the cO rrlr.lon-reh tio ns hip s-llst _a> 4/4 = 1 

B ver su s the common -r elation sh ips- l ist --} 4/4 = 1 

C v er sus the comOlon-r elat ionshi ps-1 i st _.> 4/4 " 1 

o ve rsus t he commo -re l a tion s ip s- l i st _a> 3/5 .. . 6 

Thi s t ime 0 is rejected because 1ts Ul'lcomfllon size c auses 

III low sco re , 1ea.ving a s·tabl e !lrou p 11'1 .. <h ich the o bj ects are 

al l qu it e lHe on!! a nother . 
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3 . 3 Other Ki nd s o f Grou p in 9 

There obv iously cannot be a s i ngle univer sa l grooup i nq 

pr oc edure be~a ~ se atten t i on mu st b@ paid not onl y to t he 

sc ene invo l ¥ @d , but ~ l s o to t he needs of the vario~5 pr o~ rams 

t hat may req-u e st t hegrou"i n ~ ac t ; v i t y, I hav e d isc\lssed two 

gr oup ing mode s that prog ra ms ca n now do i n respo nse to 

va.r iou s demands , T here r@mai n ml ny others to be exp lo red , 

One o f the se Invo l ves loo 'k1ng f or th i ng' S that fi t 

toget he r . Ch il dren frequ @nt!y d 'l) t hl s at pl ay wit hout 

Il r !;lm,pti ng , and a.dults do i t ex t nshely i n solving j i !lsaw 

puzzl es. 

Anot her k i na of grouping, one par t i cularl y senslt ; ve to 

t he go a 1 soft he req u e st . is grolJ p; ng 011 t h@ ba S; 5 of some 

SP '£!(; i f i ed property. T he jde-a ; 5 to p t c k out all th 1 n9' ~ 

S t l sfy t ng some cr i te h. su ch a s a l l th e bi g stand ing 

br ic ks. T he r e SIIJ I t c oll l d be a f ocu s i ng of 8t tent i o n. 

St i ll anot her way to gr o u p i nvolves ove·ra l l pr o pe r ie s 

that ate not o,b" 10lH from pu r e ly l oca l 0 bse r vat i Oll s. 

Tec hn fque s here are alia i n hr 91 e l y unexp lo red , but it seellls 

that ove r all shape Clln some t 1Me S Tmp os e unity o'n a comp l ete 

hooge-podge. F1 (1 \J re 3·12 i ll us t r a te s t h i s po i n t . fl. l l of 

t n@ obj!!C t s f it toqe t her t o orm oil br ic I<; - sha pea or ou.p. h i s 

is clear l y !'lot InherHed f rom an,y con s i stency i n ho!" t he 

part s a r e s ha ped or how they in teract wi II t heir im ed 1a t e 
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neig bor s . 

3.4 D Ilsc r i bin g a Grou Pi The Typ i ca 1 embl:!r 

The machin@ needs some me an s 0' d escr ibing groups . The 

me t hod i t use s seem s to wor k , bu t her e I s room f or 

Im pr ov Elf:'ien t. 

Firs t . t he par t s of the group are 91)U1er edi toqet he r 

lInd er a n ode cre~ted specifically to rep r e sent the g r o'up a s a 

co nc eptua l u n it . Fi gu re 3·13 i ll u strat es t h i s step for a 

grou P of t hree o bj €c tS, II 13 a nd C. 

lex t cone s a (>0 C 1 se sta terne nt () f ~'I ha t mern be r s hi p ; n t he 

grou p means, Thi s; s don e thro ugh tile LI S !! of a. typ ica t-

III eI'I1 be r !lOci e. Pr 0 pettie sand r e 1il ti on s til .. t rn O st 0 the g rOLJp 

member s shar e co t rib ut e to th is node IS desc r ;p t ilm . If some 

groll p were com posed of th ree stand i rH:! br 1c ~s ar r anged in a 

tower. t hen the re SI,I!t wo ul d be the de scription s.hoMl fn 

'1' 1 gu.r ,e 3 - 14 . He ty:p ie a 1 mem Del' is ttlel' e de SCr i bed a S a kin d 

of br ;c Il , as sta nd i n g. a nd as on tjOP o f a no t he r Illem ber of th e 

gro u!p. Not i c@ a l so t~ FOR 1 pOi n,t er t o SE {jU Er-lCE .,hie h 

iJldicates t he ki nd of group formed . 
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4 Simila rit ies and Differ ences 

4.1 N etwQr k M a tc n in g 

Powerfu l sc !me desc r ip t i on pr o~ r arn s are ess~nt ia 1 to 

seen e cooparfsol1 a nd ld ~JI ti ication. atdl1ng is eq ua li y 

i mport.ant since tne mac h in,e mu st ~now tl h ic part s of two 

deser ipt ions correspond before it. can compute sim il ar it i@s 
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a nI:! d 1fferences . F igure 4- 1 brie 1 y ill u strahs . A process 

IlXll10res ttle two d escr ip t i ve n etwor '\:s a nd dec ide~ whk h nod es 

of t he t wo best correspond in t he se nse t hat they have the 

same function In t he ir respective networ ks . The nodes in a 

p a i r that s o correspond are sa i d to be 1111 ked to each other. 

The j ob 0 t h.e matchin~ pro gram is. s imp l y to fil'll'! tI'.e linked 

pairs. t~ode lC and node RC in f i '9ure 4- 1 bot h nave on! y f( -

IUt D-OF pointers to BR reK. Shee noo the ode s nav similar 

descriptions, it 1S clear t hat LC a d RC s hould b'B a I inked 

pa i r • S i m j,l at 1 y . III a ncl R B 5 h ou 1 cI be is, 1 i n I: ed pa irs in c e 

bot h, hi! v e A - K Ir D -,OF 'P 0 1 n t e rs t ,o \olE il G E a d bo t h ha ve 

SUPPORTED-BY poi nter s to pa r ts of a pa ir of "odes ~ l ready 

known to b@ I in I::ed . 

Of cours@ the job of th! ~atch i ng program 1s no t so easy 

when the t~o scenes and th.e resu lti~9 two n etwor k s are n ot 

id en tica l . in th is case the pr ().eess. forms 1 in ke d pairs 

inv olving nodes that may not have ident ical desc r ipt i ons, but 

seel'!l rno st silll ; hr neverthe less. Mor e d da i I s a r e de ser Ib erl 
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in the a ppe ndh. 

~.2 The Ske l eton 

10 3 

Once the matching proce ss h~ 5 Il)(a lnl@d two n@t~or ks an.d 

ila s @stabl i shed t he 1 in ked pa ir-s ·of nodes, then ~escr 1 pt t on 

o · n etwor k simi l arities proceeds . T he result is ~ i rnply a new 

c hun k of network tha t d e sCI' fbe s t hose part s of tlte COl11par d 

networks t ha t correspo nd . T1l 1$ c hun k Is called the skeleto 

because Iti s a fraMework for t l1 eres t of the ·comp ar i S'On 

description. As fi g llr@ '1 -2 suggests. each lin ked pa i r 

cOlltr ibutes a nod e to the sk.e letCln . C ern i n po i nters con nect 

t he ne w nodes tcgether. These cccur precisely where t he 

cOlll p are d net works both have t he same point r from (HI@ membe r 

of sOllIe 1 i n ke d J)iI ir to a momb@r o f sone other 1 i n ke d pair. 

~ot ice tha t the sk,eleton h ba 51 ca 11 :1 a copy of t h@ structur@ 

tha.t the compa r ed net 'II'or ~ s du P I tc~ teo 

4.3 Comp a rison ~ot.s 

Cam pI ete cOlllpar i son des.cr lpt lOll s cons'st of t he skel etQn 

to gether with a s@co nd group of nodes attac hed to the 

s ke l ,eton 1 He gra pes on ~ !,I rllpe cl us t er . Ea.cn of the nodes 

in t ' ls see-ond category 1s called a C- Ilate " :short for 

comparison note. T he 1lI0st cO_ilion type of c-note 1s the 

inte rsect ion c note which descr tbe s the s1tuat ion i n which 

bot h member s of a 1 in ked pair poi nt to t he same concept with 

the same pointer. S~ppose . f or example, that a pai r of 
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correspond ing objects from two scenes are both wed ges. Then 

Dot h cone ept s ex II i b it a.n A - K !ND ·OF po ht@r to t he co ne ept 

W ED G E • (f i 9 tI r I! 4 -3 ) I n Eng 1 is h 01'1 e ca n say : 

1. T h@re is SonI t hing to b,@ sa Id about a certa i n 

1 in I<.ed pa i r . 

2 . There is aninti!r s(!ct j on inv olved. 

3 . T he as soc Ia, ted pointer i s A·KUIO- OF, 

4 . The intersec t io n occurs at the cone@pt WmG Eo 

f 1gure 4-4 shows how each of these simpl e facts transla.tes to 

a n!,!t~ork entry. First. a pointer named C - ~OT£ exte nd s from 

the s ~eleton, eo nce:pt cor r espond in g to the l ifl ked pa i r to a 

ne w concept that ancl'lors the in te r s@ction descript i on. Th@ 

'I - KI r 0 - Of po i n t@r id en t if i@s t h I s co n c ept a s a ~ 1nd 0 

F 1na l 1)j other po i nters id en t ify t he poi n ter , 

A=KHW-OF , and the concep t •• H': OG E, a ssoc i a t @d vJit ,h t he 

int@rs@ction. 

All of t he c - n ot e s 1 oo!;; 1 H:e t hi s in t er S ec t i on para dig • 

, .3.1 D'igress l on : Evans' Progra m 

Em bO<l ylng differ ence de ser ip t ~on' s i n t h~ S.~I11@ netwQr k 

fornlat pe r m its opera t io n on those descr lp t iOTI s w1th t he same 

network prog ra ms. Thus two dif fere nce desc ri ptions can be 

c 0 111 pa r ed a s han d i 1 y a s an y other pe 1,. o'r de scr ip t ion s . 

T nose faf"1l !l I ar wi th Tom Eva n s ' van9uart1 pr ogr am, llr'IAlOG, Y 

(4).. can understand w;hy ttli s is a pOI.erfl,ll f@i)ture , rathe r 
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t ha 11 simp 1 y a co n tr 1 but i on towa I'd l1Iem or y homoge n e It y + EVa n $' 

program wor eel on two d Ime ns l ona l geometr ic f1 !j lJrE!s r a ther 

t h!1I1 dr~ win 9 S 0 f three d ilTleri s iOria I con f i gu ra t 1 011 S. 

~I@\' IIrt he l ess hi s ideas generalize e,~ s11y Ilnd It n i ce l y i n to 

the voca bula r y used here. 

f iglJre 4-5 $\lgge st s t he stand H d sor t of i n tel l ige r.c e 

test p'robl em i rwolYecl . The mllc h ine mu st se leet t.he sce ne X 

wh ie h be st co mp ' Btes the statement : A is to Bas G Is 1; '0 )( . 

In hu man terMS on~ must dhcover 1'10\1,' EI r 'e l at e s to Aand find 

Iln )( that r e l lltes to C 1n t~e same way. 

Us i ng t he termi no logy of nets and de scrip t o ns, one 

solut fan prot ess ca 11 be forl1l<l 1 i zed In thE! f al hwi ng ",ay: 

Fi rst compa r e A wn n Ban d denot e the result 1'1'1 9 c ofl'lpar 1 sor)­

descr i bing networ k by 

d(A: Il ] . 

S1 l1 ar ll y compare C w1tll ttle an s\'ler f 19ur es gen er ating 

de sc r1 pt i On S aft he farm d [C: X) . T he I' esu I t is a CDTlIP 1 ete 

se t of comp ar i son s de sc r Hi 119 the tra n sfo r m,a t ! 01'15 t ha t ell. rr y 

011@ ' i 'gllr!! into allot he r . ~ ex t o ne shoul d compare the 

description of t he transformatioA frol1l A to B. d ( A;B]. wi th 

t he ot her s t D see wh1 e ll is most 1 ike i t. he be,st matc h is 

as soc iated with t he bestmn swer to the pr oblem . If M j ~ (l 

rnetr Ie on co ltlpa r ~SO!'l ne t\Oor ks t hat l'11eaSl.!r es the d 1 fer el1 ce 

betwee n the cOlTlpa r ed ne twor kS. CIne can say 
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T he met ri c I U 5e 1 s not fancy, It 1$ the one d he ll $sed 

la ter In chapter 7 that se r ves to lcle nt 1fy SCllle Scene with 

some member of a 9ro p of mode ls, I' \!\'OrKs ,becau se t hat 

problem ent i re l y parallel s the pro bl em of id@n t lfy1ng a g iv en 

t ransforma ti on descri p t ion with so e membe r of a group . T he 

ident;flcatton prog r am, together wit h a shor t executive 

routine, hand les the proble of fig ure 4-5 easi ly , correctly 

report-ng scene three as the be st answer . ne so nably enough " 

the machine th in ks scene one Is the seco nd bes t a n swer. 

T Ite machi n e daBS as wel l on the 51 i ghtl y a l tered proil1 ern 

In f igur e 4-6. reporti ng our as t he best answer, 

Of cOLlr 5e if t he ma ch ; ne' s anSwers are to 00 t,h,ose of 

t he prob lem ' s formulato r, the n the machine' 5 de scr i bin g , 

cornpar i ng , a nd compari son me asu r fng processe s s hould a 11 give 

resu 1 ts that rese mb1 e h i S. 'oreo\,er ,a rea 11 y good a na logy 

prog ra m s hould have ava t lab l e alter nat ives to its lJ.as l c 

de sc ribing , comparing , and comp<lr 15.on measur1'ng pr ocl! ~ses, 

Then fn the eVerl t no sin g l e ans wer fs muc h better t han the 

othe r s , t he pr ogram c a.n try so me of its ~lte'rnatives as one 

or llIore of its ba s ie f u net I on S Ill u st not b@ operat 1ng 

acco rd in g to what the proMe maker intended, Eva ns' prog r am 
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i s super i or to mi ne i n this respect beca u se it ca n often 

cornp ar~ two d r wi n!l 5 irl ore tha n one ,.n~ Y I It c a n v i sua 1 i ze 

the cha nge in f igure 4 -7 , for exa mp le" as e it her a ren ect '10, 

or a ny on e of sev er~ 1 rotat i ons. 

Given my f or rn ul a t ion 0 the a na l ogy prob l ,e • it is easy 

to see how certa fn interesti ng ge neral izatio n s can be mad e. 

After all , once an X is se l ected, t he networ k symbol i zed by 

d ( d [fl : B 1 : d r c ; X]) des c r i be 5 t he pr obI ern , and a sa de s c r i t i 0 , 

i t can be com pared wi t the descr i pt ion s of other problems. 

By thu s ap!)lylngl t he compa r ison progr a fll s for tile t hi r d time , 

one c a n dea l wi t h t he qu est ion , Anillogy pro bl e a I pha 1 S llIost 

1 ike whic h ot her analogy probl em? 1 ternat ive l y, one can 

app l y t e ana logy s01v ing prog r al':1 to pr obl en d esa ipt i on s 

i ns t ead of scel'les and anS'IIe r the qu estion , Anal09Y prob le 

a l ph a is to ana l ogy probl' em beta as ana l ogy pro bl l! l'Il ga mma is 

to wh ich ot her ana l09Y problem? i hi s in vo l ves four I eve l s of 

compar ison. Ilut of course here i s no 1 i l1lit . and wit h ti me 

and mBrnory m ,chi n es ,co uld hap p i 1 Y th i nl a bout extend ed 

a nalogy pro b le Rl ~ i nvolv i n g a n arbHrllr y number 0 comp a r Tson 

1 e vel s . 

LJ . 2 Anotl1er Di[jress10n : r ewe ll , S haw , a nd Si rnon's Pr ogram 

A c 1 ~ S:$ i cpt e ce o f W 0 r kin art if i c i a l in te 11 i 9 e nee 1 s 

t a t of N@well . 5 I1a ... . a nd Si mo n on the scheme kn own as the 

Ge n eral Pro·bl em So l vel" , ~ 1 ways abrev 1ated GP 5 [5J. One form 



) 
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of GPS pr ov id eli another exam1p l e of ho~ Cl)l11 p ~r ison s m.,y be 

1.1 se fl,J 1 1y compared loll t h ot her cOl1lpar i SOrt s. 
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f ro m ~o ~bstract point of v1e~, ~ P S i nvol ves t he notion 

tFlll t proll! elns may be though t of 1r1 ter",s of s ome so l u t fon or 

goa '] , ,to , t09@th@r \\I i th a currEl nt stat@ C, A.dd i t onal 1 y t h ere 

~ rEl ope r a t o r s . O( i). t tla t co nvert c I a sses of state s i n to 

ot he r s. One may a b'r ev i ft te the lr a ct io n bJ wr it 1ng 

O( i):F -m(i) --, ,F- OUT(il. 

Iilea n 11'1 9 that opera. tor o( l ) t@rld s to convert s tates of the 

fo r III f - Ill( 1) t nt 0 5 tate .5 0 f t he for I!I r -au ,( l) . 
GP S not it e s the d iff er en ee between t he c u rr ellt stat!! C 

a.nd thi! des i red state G and the n tries to a pp l y an ope r a tor 

relev ant to reduc ing tha t d if'ference. T h i 5 Ilroducf.s a ne',;, 

cu r rent state somew a t closer to t he des i red state, A ~p ' yin g 

t hi S p'rClces$ HeNt ive1 y , (lPS may e l im illata the i ffer@nce 

be tween C ~nd B, t hereby solvin g t he pr oble"" 

I n ear l y YerstCins of r,PS the prol)raml'lers suppl ied a 

ta bJ,e 91 l vi ng the releva ,n! ope r at I on s for." 11 the cJ lff,er@rJc@ s 

beheerJ C a rld G t na. t m 19 ht be ob se rIJ ed • Ilu t h t r (l n tt @\'if! 11 

descr ibe d a n a pp roac h [6] tha t 1 think ma y e more 

t ra n spa rentl y represe nted us i n~ the sane not i ons of s@cond 

o rd e r C OITIP ,a r i so rJ min i rn i la t • 0 n t ha t i s u s e f u 1 1 t\ disc u ~ si n g 

OJ na 10 9Y pro b l eln s. T he i d! e<l 15 t hH t hI:! o'pera tor s. 0 (i). 1'1 ~" y 

be de s( r i bed by the d iff er ell C b-e t~lee n th e ir ~ n pu t a nd ou t pu t 



form s . 

d[F -! N (1): F - 00 T( i )]. 

Theil rl?\;ell hill s it is heurist Ica l ly soo n d t o ap[l ly t he 

opera tor ,,'hose d f! sc r i pt i on is 11\0 st I ike the d iff er en ce 

betl'{een the curren t a nd de sired states. 

d{C:G]. 

One can say ore formally . 

c hoose Ule 0 perat or O( i ) suc h that 

M (d [d [F - IN ( ;) : F - au T ( 1 )]: d [C: G]] } 

1 s III j n I r !.1m. 

r~otlce that t,he selec t io n of a n or>erato,r Is curlous 1:y 

11 4 

1 ike sol vi ng a n a !'I a 109.'1 pr obl em for whi e h one chooses a pa lr . 

(X ( i }. Y( i» fr om, a set of offered pa'rs that be st cornp l et s 

t he statement: PI is to B as X (1) 15 t c) Y(il . 

4.4 A Cata logue of C-not e Types 

4.4.1 The Sup plementary - pointer 

Con s ider the sc nes in f iQure 4-8 a nd their de scr ipt io n s 

in figu re 4 - 9. Scen! l has the poInter SUPP ORTEO - BY be t we en 

LA and LB , but scene R doe s not hav e a poI n t r between the 

o bj ects I inled to lA and LB , The note descr i b in g th is 

s1tua tfon i s ca lled a supp l emen t a r y - po int er c-note and has 

th e form &holtln tn figu re 4. 1 D. 

F igu r e 4- 11 su g~ests a re ]a ted si tu at i on. er e the 

1 ;,nked cone epts La nd R d 1ffer onl y In tha t L ha s a ll 
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ed d it io na l, pOin t er identifying it as stand 11'151 . This <Ii ers 

f r ol!! t he su ~~ l ementary .pointer case i n tha t STAND ItfG is ot 

1 i /'ll<ed to anyt h ing i n tneothlH sce /'l e . A poin te r to t e 

co ncept EX IT signa Is t h is s l t ua Ion. (f igurQ 4-1 2) Exits 

Invol ve co ncep t s ge era ted by the SCene descr ip tion ~rag r arn 

a s \<'e 11 a s concep t s 1 ike STII rm I Ii t ha t res ide 1 n t he n'e t 

perma nent l y. If one scene con t ain s a r e obj ects the n 

So no thJ: r , t he concepts I eft OV r and not rna c hed e d up i n 

e)( it pac kage s. 

4 . 4.2 Pointer od i ficat ions 

Su PiPose t he nehlOrks 11'1 igLl re 4 ~13 are compared. 

No tice the MARRYS po inter between LA and LB and t e OES - ll 

ARR po tnt er betwee n RA a nd RS .. The se c au Id 'be ha nd l ed 

ind 1v i d a l l y as unre l a ted s l,l ppl ellle n tar y - pointer c - otes . btlt 

th i s wo,uld ignore t he close reh tioos lli p be t wee n AR~YS an d 

DOES-lOT -NARR Y. Cons equent l y a d i ffere nt type of c - note is 

U seed t hat recOjln izes the rela ti onshi p . It i s t he negat1ve -

satel lite-pa i r c-note. 

shoWTi in fi gu r e 4-H. 

ft h i t , t he c:o mpari so /'l l OO~. 5 as 

To f ind slIc h neCla t i ve- sat e ll ite - pa;r 

c - not es. the Compar i so n progra MS poerLlse the descr i pt ions of 

u nillatched po1 nt@r s betwee n 1 in ked po l rs f or evidence of 

re l ationship. For ex a p l e , MA.RRYS i s desc ribed In part by a 

NEGAT 1'lE - SATE LLHE poin ter to 1I0ES- IIO T - 'A.RRV . NOIII of cou r se 

there are other pointers tMt are a I s o j ust one step re ov ecl 
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from a basic relation . cAl t such pointers that are 

mod'lf1cat10ns of the basic r el'at ion, are called satellites 

becau se t hey cl Lister aroLind the basic relat I on to which t hey 

are attaclH!d by the pointer MODlflCJI TIO -OF. Un certa l nty . 

for exam p Ie. 1 s ex pressed by PROBAB L Y sate l ' 1tes or tM Y8E 

saten 1tes. T he MUS T sa tell Hes a nd tlHl WST- l O satell ftes 

a re others of part icula r 1l'1portance in model construction. 

These inform t he mode l a,tch fng' program ~ that t he presence or 

absence of some pointer is vital If some un identH 1ed network 

is to be assoc ia ted Nith a particul ar 1II0del net or k 

co n ta in 1n9 such a pointer. 1' 1 g'ure 4-1 S sholl's some of the 

sa e ll i tes of MARRYS. 

Eac type of satel lit e is assoc ia ted \'11th a type of e -

note form 1n9 an open ended fa(1l11y . T hlJ s i n add 1t ion to 

negat ive -sa tel l i te - pa 11" c -notes. tl1ere are pro bab l y-

sa tell it e-pa ir c-notes . maybe - saten ite - pa ir c-notes, mu st­

sa te ll it e~pa ir c -notes, must - not-sate'l ite - pa i r c - note sand 

so o n. 

4 . 4.3 Cone ept r~od if ica ti OI1S 

Frequent' y th e members of a l inked pair bot h have 

poi n t er s to c , 0 SI! 1 Y r e 1 at ed c on c e p t s . For e)(il m pie, if a 

br ick i n one $C en e is 1 in edto a cu be i n another . t he 

situation is as s hown in f i gure 4- 16. Th is is very muc h like 

t hepointer.sa ten ite idea wit h . - KINO-OF rep lac 1ng 
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HOD If ICAT I O -Of. In any ca se , tilt' descri p t io n genera tor 

recogn izes this and s imilar situat io n s and aga 'n g'eflerates a 

group of c-no te types. The f ~ rst of t he se Is the A-K1HD-OF 

cM in 11 1u stra ted by the abo'ie situa t iOrl. Tttis causes t he c­

note of f Ig1J r e4 - 1 7 • 

T,he a-lind-of-chai n c - not @ a l so i ncludes s1tat i on s in 

whic h one concep t ' $ related to another not directly, but 

rather throu gh two or three ApKItD-OF relat lOris. Suppose. 

for ex am III e , a C IJ be I s 1 In\:: eel with a n 0 bj ec t for II' hie h no 

ldl:! nt ifica tion Can be r.lade. There is st fl1 an a-klnd-of­

chain c - note because cube Is lin ked to the g'H1 era l co Cl:!pt , 

OBJ ECT, by a se quence of A-KIlO-OF relations. (figure 4- 18) 

Another kind 0 popular concept mo~ificat i on is the a­

kin d -of - me rge c -n 0 t I:!. T De se a - kind -of - mer gE! c, - no te S oc eu r if 

there is no A-KI NO- OF cha i n as described above. but eac h 

COl1cept has a chain 0 A-KINO - OF pOinters to semI:! third 

cOl1cep t. for example , WEDGE and BRICK ~re both connec ted to 

'the concept. OBJEC T. by A- It D-OF • (f ig ure 4-19) 



FIG\l1Ul 4- 18 



1 26 

5 Learning a nd .~od !d Building 

5 . 1 Leilrn in g 

In th is c hapt er I discuss learn lng to reCOQn iz e simp le 

blQc~ col1figu rat ions . A1 t hough t hls may se em 1 ike a ve r y 

spec ial k in d of learning , I h in k the imp l icat ions are hr ­

r angi n9. 

It is po ss ib l e to Cl ssu i rn e extreme positions on he 

subj ec t of learn in9 . One person may th i nk l ea r ning to do 

th ings i s very c om pli ca t ed , 1.1'111 e learning to recogn i le 

t hi ng s i s cOfl'l pa r il tivc l y si"lp l e , bec a u se one merely a qu i res 

temp l a tes or s ome sue h. Converse 1y , anot he r !JEl r son may tlli n k. 

l ea ninp to do i s Sinple , but lea rn ! ~ to r e co qn1ze in vo lv es 

d ecp Gestalt 1s t pr ob l el'ls of synt hc s i s or 0 her imJ)edilTle nta . 

i'l y op in io n 1 s t ha t learnlnq I:y exa lTlp 1 es , 1 earn i ng by 

be ing tol d , I, ea r n i ng by in. it a.t i on , 1 e a.rn i ng by rein force me nt 

a nd otile r form s are muc h 1 ike Gne anoth!!r, 

I n the 1 i tora ture there i sr equ ent 1 y an unstilted 

as sumti on that t he se var i ous forms a r e f u nd~ men ta l1y 

d j ferent . Bu t I thi n k t he classical boundaries b@hleen the 

VaT' i 0 U s ki n d s 0 f lea r n i n 9 1"1 11 d I Sli P f.I e a r . 0 nc e SlJ pe r f i c i a 11 y 

dt'f~ren t k inds of l earning are u nders tood In t erms of 

pr ·oc esses that construct and ma n i pu late desc r Ip i on .s. flo 

ki nd of lea ni ng need be clespera te l y cO p l ica t l!!d o nce t he 

de sc rip t iY e m c hi n er y , s a v 8 ; \ a b 1 e , bu ta lI c on s t ; t u te 
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opaque, int r actabl e processes wi t hout i t . 

Then 0 ce t he prob lem of using dllsc r ipUons is 

t II or ou g il l y u nd er s t 00 d , i t wi 11 be po 5 sib l et 0 g i v e me 11 n n 9 f u 1 

thoug ht to a deeper probhm, t nat of lear n ing to use 

d escr i pUon s. t does not seelll s imp lEI , !}ut us i nq t h i $ poin t 

of v iew, it seems 1 ess than il:'lpos si bl e. 

The not1 0ns of learning and tea Ch ing are broad and 
confu se d . G,ener al l y , pi! ople t h in k of t rnese th ; ng s as 
occurring t oqether, so hat whenever so~e th1 ng learn s , 
something else teacnes. But SO[lllhow "nt u 't i ve no tio n s 
fail ,'hen it comes to U li nk in q a!}out rnactl1nes . 
Co mputers can now play tole r abl e and im prov i n g chess and 
do marveloll S S)o'IIloo I ic integrat 10ns. Yet "1 1111 e pe op l l! 
f ree l y \J se Ule word "teach" i n descrHi ng what t he 
pr ogr allll:1ers clo , hardly anyo ne thi n ks of the ac hine as 
, earn i ng. 

T h~ r ea s on se ern s to hI! t ha t the hum a n pro grammer 
has su pp l ied so muc h deta 11 t hat t h@ machi ne 15 more a 
mi mic tha n a th in g ~" 1t h learn ing abil ity. -:he machl"e 
acqu i res its s ill "' 1t hout ever really know ln g wha t is 
going on or how 1t , ightimprove without the I a bor i ,ou s 
services of an Informa t io n processing 5urgeo~ . he 
u fortuIHlte machine i s i l1 th.e posit ion of schoo l pupils 
who I:. no\'l fact sand perha ps memorize s imp 1@ a Igor It 'hms , 
bu tar e n ever prog rammed to 1 earn. T he PI' ogr am s to be 
d iscussed here are an effort to show that a machine ca n 
d o better end can l ea r n in a rea l istic sf? n se , given a 
c hanc e . 

5.2 Oeser ip t ions and odel s 

I wa nt to make a c l ear distinct i on between a d,escr lP t lon 

of a part icular scene and eo mod@ 1 of a concept. A mode l is 

like an ord i na ry descrlptfon i n t ha t it ca r r ies in f orma t ion 

about t he var l OU s part s of a configurat ion. But a model i s 

more i n tha t it ex h ib its and i ndic a te s thOs,e relat io s and 



propert ies t ha t ki ll st and mu st not be in ev i d enCe i n any 

examp le of the concep t Inv olved. 

Suppose , f or exam!) h , the de SCI"" ip t io gener at ing 

progr ams rep ort the f ol l owi ng f acts in conn ection with t~e 

ar c n in figure 5-1 . 

t . 0 bj ec t A ; 5 a br · c 1:.. 

2. Object Po is supportl)(! by Ba nd C. 
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Now suppose the descr i pt ·On conh i n in,g these facts we r e 

COl1lpared wit n the sc !!:nc in f ig ure 5- 2. where object A 1 s a 

wedg e, arid wi th t he scene in f tC/ure 5 - 3, where object A lles 

o n the tab l e . In both ta se s cOnDer15 on Cou ld il e mad e and 

dif f erences appropri a te l y noted , bllt the identification of 

one or t he other of the se new scenes as a rches wou l d be risky 

ind eed because so f ·ar t he ma 'c h1n e know s on l y w ~ t one arc h 

100 ks 1 i ke wit hou t kn ow i ng ,,'hat i n tha t de scr 11lt ion i s 

i mpor ta nt ! 

Human s, however . ave no trou ble identify in t he scene 

1n f igur e 5-2 as an arc h because t hey know that t he exact 

shape of the top obj ect in anar c h 1 s un, impor U n t. On th e 

o t her ha nd. /1 0 one ail s to rej ec t t he scene in fi qure 5 - 3 

bee a IJ se t he sup port rela t i on 5 of' t he a rc h are c rue ia 1 . 

CGnseen t l y, i t seems t ha t a d es cr j p t i on mu st l l1 d i eate wh i ch 

r eht io ns are l1Ia nda tor y .and wNi eh are in c ol'! seqllll ntia 1 before 

that desc r i pt ion qua lif i es as a mode l. Th is d oes not require 
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any de scripti v e app~re t u s not a l ready o n ha nd . One need only 

Slt b stltu te emp ha ti c for m s 1 i ke MU ST - BE · SU PP OR TED - B Y fo II sic 

poi nt ers, l i ke SU PPORT ED - BY or . in so e cases. add new 

po i nter s. Discovering where a nd when to perf or t hese 

operati on s can be so f)l;'ha t i n\lo hed . how!! ver, and r eq u I r es 

tile bu l k 0 t il Is cha pter fo r d i scu ssi on . 

5 . 3 Examples , r e a r - 1sses . ~nd Non -examples 

Suppose i t Is desirabl e to t r a in a Mac hi ne t o rl!!cog n i ze 

t he 1 et ter A wi thout r estrict ion a $ t o type si ze or font . 

The des i n er t he n na s two 5e t s of (l pt i on s : He rn'u s t dec j d e 

how his ac lli ne i s to work. lind he mu st decide what to s ho'll' 

t he ma c ' ine . One idea is to s hOt' t he ma c hi ne va st nunbers of 

As and hope t I It wi ll be ne i t f r om suc h an ex pe r i e nce by 

some how notic i n" t~le featu r es \It ic h ap rH!ar repea t ed ly. But 

th is assume s t hat the f reque n t l y see n pr 'opert ies are 

esse ntl a l one s, hic ca n be a bad rule . MOl'l1!o v e r . the re is 

1 itt l e possibi l i ty fo r s kil l { ul tec hi n!1 . The re i s no 

o bvious ~ .. ay the t e<lche r coul d u i c kl,v conv ey a part icu lar 

idea s uc a S the no t ion t ha t the crossba 'r of a n A 's 

importan t, even if the teacher r eali zed it . Finally. such 

samples genera l l y on ly su o <jest properties a. candid a te for 

match shoul d 1I! \' e -- it ' s hard fo r the to ind i c a te 

Or b ide! e n prope r tie s . 

This ; s true Dec~ use expe rt dascr i pt i on pro(l r ams 
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WOll 1 doone ed 1 e s s l y over bu r d ell ed arId .... ou 1 d PI" omote 
con u s i on if t he,)' we re al ways to Ind teat,e a 11 n!!~ t i ve 
prope r t i@s a nd t ho se no t observed. T herefore a 
pr ope r ty' $. con s i stent absen c e can be eas, l y over l oo ked. 
If t he descr i pt io n program does 1 i st. a ll prope r t es 111 
sp it e 0 i nef f ic lency , t he n many pr oper t ies are 
sta th t iea 11 y 1 H:e ly t o ~e i 55; ng fro lTl a shor t t r a in lr! 41 
$·equenee . But the stat is t i c- ga tnerinQ machinery ~!OI,J1 d 
t hink. suc h properties should no be present In examples 
of the mod e l, even t hou!1 h tl'lel r absence wa 5 by 
co inc id enc I! . 

One might a t tMpt t o t. r a i n bas1c a 11 y the same ilia c hi nil to 

ha nd I e a who l e r epertoire of e'or!cepts ~ y show i ng ex.al1lp l es of 

,eac h III em 00 r , ihu s if t he r eperto I e we r e the a l p ha be t. 

examples of all th E! l etter s ).' ou ld be ShO"Nl , r at her th ~ just 

As . Th i s shifts the questio,n to Ilh i eh descriptinrl does a n 

un known be 5t mut e ? It s t i 11 avo i ds t he more f u ndarn@ ntal 

question . \'Ihat is it about each charac ter hat Is essentia l 

a nd pe r mits It to be reco nl.zed? Th e meth i n e now ma y u se I\ s 

a nd no n-lis, but t he d 1ff i eu 1 t Ie s are on 1 y obscured . not 

c 1 reum~ ent eel, There re a i ns no way t o d i rectly convey an 

ld ea . a nd there rell1a. ins the fa lla cy t ha t frequent a ppearanee 

Itl eiln si mp or t a nee . T he PI" ob ' em of 1 nd iea t i n~' wha t prop!! r t i e s 

prec lude ide n t if i cat ion lIIi til a 'Pa r t icu l ar mode 1 is on ] 'I 

t a ngent ia1 ly a nd occasional l y addressed i n hat sOfTIet. i . es a 

property conver ts o n e de SC I" ipt i on Into anD her . as in the 

case o f add i ng a for bidden mid line crossbar to ~ C. The 

mac h ine doe s ot kn ow a C canno t h~ ve a cro ss bar ; it on 1 y 

knows suc h a eros sbar makes a figure no r !! 1 ; ke ·ar! E. 
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In my jud!lement . nea r m1 sse s are the rea 'I I y i mp orant 

examp l es i n h ar m ln g. [ conveyh1!l t he i d'IHI 0 an ar c h. an 

a rc h certa i nl 'y s hou l d bl:! 511 0 \1111 first. But t he t here should 

De some sarnp 1 es t ha t are not HCn@S . but do not miss be- frlQ 

arc hes by muc h. Smal l d i fference s pe III it the mac hine to 

loca lize some pa .. t of its curr!! nt op in i on about a concept f or 

imp r ove e t . If one wa nts the mac hi n e 0 1 earn that th e 

upr i9 h s of an arc h ca nnot arry. on shou l d sho~1 it a sc!!nl! 

that fa i 1 s to be an arch onl y in t his re spec t. If the 

mac h i n e i 5 to kn 0 waC c a no t hay e a c r o,s 5 ba r . it s ho II , d 5 e e 

a Ch~l'&c t er t ha t fa i1 s to be a C 01111 Y because 0 ~ crossbar. 

Such careful] y se l ect!!d near lsses C<I,n sug ge st t o t he 

mach i ne the important cua l it ie s of a concept , can in dica t e 

wha properties ar e never fou d . and permi t t he teacher to 

convey particvlar ideas qu i t e d i rectly. 

It 1s cur fou show 1 ittl e there is in the 1 iterature 
of mac hine 1 earn 1ng aboll t mec nan isms t hat depend On good 
t r a i ni ng $e qu ences. This may be pa rt ly becau se pre vious 
sc heme s ,have be eJ'l too l J'1 ad ,eqIH!te to be ,~ r or even i nv ite 
e)(ten s fvel!xplo ra t i on of thi 5 centra 11 y Impor ta nt topic . 
Perh~ps there is also a fee l ing tha t creat~ng a t raining 
seq~ence is too much like di rec t progr ammi n g of the 
mac h 1 net 0 in v 0 ly e l' ea ' h~ r n i J'I g • T h i s 1 5 pr o ba b 1 y an 
e)(aggerated fear. ag r ee wit h those who be l ieve t hat 
the learn ing of children is better descr 1 ~C! by heorles 
usi ng the notions of progra ~ i ng and se l f- pro . ra 1 9 , 
rat he r tha n by t heor i es advoc a t i ng the 'dea of sel -
organ izatlon . It is d ou Dtfu l. for examp l e, tha t a c hild 
co u ld dev e l op muc h in te ll i Aenc e wi t hout the progra lTI i n 
im pl i c it in h i s i ns t r uc tion. gu i da ce , close l y 
5lJ per v i sed act iv i ty, a nd gene ra 1 1n ter ac 't 10 with other 
hu mans . 
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5 .• 4 Model :D ev e1 opm,en t 

T he machine's model bu 11 d ''" 9 prograrn starts \Of'i t h a 

descr ipt iol'l of some e)(ample of the cO c@pt to bl? 1 earned . 

This description i s itsel f the first odel 0 the co ncept. 

SIJbsequent samples are eithl!!r examples of t he concellt or near 

rnisses. T hese examples and near mi sses reveal weakne sses a nd 

lead to a n@Io' Dodels. Section 5 . 5 SO\;'5 in some detail ow 

the comparison between the curre n t model and the description 

of a new sample produce a new m od ~ 1 the case where o n ly 

one difference is found. 

One then ha s a seQU enc!! of more and rnore sophi st ica t ed 

model s. See fl gll re 5-4. FreqIJentl y. severa 1 re sponse s ma y 

a ppropr1ately address t he cOMpar 1 son between t he cllrrent 

mod el and anew salllpl e . Whe n th i s nap pens . branche S occl./r in 

the lIlodel dev ,elopment sequence and i t i s conven len t to tal ~ 

about a tr ee of mO<d el s. F igure 5 - 5 shows su ch a tree. 

SEl'ction 5.6 d i ,scusses ho\oo' t he alter rlat i ve branches c; ,ome 

about. The mac h i ne se l ects orl e branc h at. each poi nt for 

f urt her d ev@'opme n t . T he rn ea nd er in g path 1 ead ing from t he 

top of the tree down to the current mode l is called the main 

, i n e . T he ma 1 n 1 i e c ha n 9 esc 01.1 r se whe nap art 1 c LJ 1a r 

sequerlce of br anc h se l ect i ons l ac:ls to untenable situat i orls. 

Sect ion 5.7 d@scribes how and when th is hap pe n s . 
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5.S Th e Elemel'ltary ~' ode l BIJ Il d in!! Ope rat i ons 

This se c t 10 n con sld ers the ca se in wh ic h thE! ma tc h ing 

pr ogra lll finc;! S o,nly one d Hf erel'lc e be tween t he curren t mod el 

a 'n cia new exam p 1 eo r 1'1 ea r m 15 s. T he til b 1 e at the end 0 f this 

sec t i oil su mlllil r i l: @S the nil su I t s . 

5.5. 1 The A- k~ nd -of -m@rge: Current r ode1 and Example 

F ir st consider ttJe model a nd eXil mple in fig u re 5-6. 

Figu re 5-7 shows the resu 1t i ng comparl SOR descript ion . unl y 

o n e difference i s found: the obj e ct of t he mod@ l po ints to 

:BR I CK while t he obj ec t of the exa.mple pohts to WE[)GE . Bu t 

sinc e bot h BRICK and WEOGE relate by Il - KIr4D - OF to OBJECi , t he 

a-Iii nd -of -merg@ c - no til o,c C~ r s . Severa 1 exp lan a. t ~ on sa I'Id 

compiln i on resJ)o nses are posslbl e.. One is t hat the source of 

thec·note may in general point to e ither of the thin g s 

poi nted to by the A- KItt D-Of pointer 11'1 the ho scene s. Thus 

th e objec t cou 1d be e 1ther a. IHDG E o r a B Ie k. A. nother 

po 5 s 1 b1l 1 t y is t ha t t he A - KiNO - Of flO i nt en from t he objec t d (} 

not llIatter a t a l l a nd ca ll be dropped f rom the llIod el. Stn 1 

another o~ti on a~ d t he o n e preferred by t he program i s t ha t 

t he obj ec t ilia. y be a ny l'I1em ber of some c 1a ss in wtJ ic h bot h 

WED GE ~nd E1RICt::are re presented . in the exam~ l e orne $uc h 

c l ass is simp l y the concept 08J EC an d h~s l ready been 

1 Dca ted illS the in ter sect i o n of II-I!:WD-OF pat h S. The F'r ,ogra m 

respond s by rep,lac in~ the point er i n the coml'ar 1son network 
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that flo i nt s to the a-I:ino-of-mer e c-note by al'l A-I(JrW-OF 

po11'1tel" to th.e inter sec tion or me rqe concep t . Tn till s c~ se 

an A- I(ItHhOf pointer i s i nst a 11 ed between the c -note or 1g 1n 

and the conce pt OBJECT. Then the a l tered comparison network 

Is t he new model shOll' i n f igure 5~8. 

The primary respons~ I ha vil se l ected for t he 
m<lch i ne r epresents a modera te stan d with r espect to a 
rather ser iOll S Induct 101'1 flrol:l l em. could ave bee n 
flIore (onservat iv e a nd used an II-KWO - OF po inter to a 
concept representing the oro in<lr,v C~ of BR ICK aTid WEDG E, 
On t he ot her ha nd . I (oU ld hay ~ been far mo e rad i ca 1 by 
pointing the A. - KIHO-OF potrl f.!r t o TH I NG . t he 1.11'1 1versa 1 
cl ass. .~y actualc hotce 0" poi ting to thll no d e 
i ndjca t @d by the merge concept to be the intersection of 

11 - KItlD -OFc ha lns seems 1Il0re fl ex. i bl e tha.n either of t he 
ext r eems . 

SInce t he !TIe rgeconcept i s itself defined i n te r ms 
of t ile networ ' s COr!tent. the gene r al izations made wil l 
c ha nge as tenet grows . BlIt s in c e the all ropda te 
response shoul d after a 11 e,lep~nd Or! the un iverse the 
ach lrlC is operatin g in, the genera l Iz a.t ion c h~nges are 

like l y to be fn.provCMents. flnd in any case this 
co l'Iitrn ent is only one among many. 

5 , 5. 2 he Su p P 1 em e n tar y - p 0 '1'1 t er C - 0 t e 

Now suppose scene 1 i n fi gu r e 5-9 r epresents t he cu r ren t 

model while scen e 2 (ontrtbut 'es as a near mis s . TI'I 

ro ut ine soon discover s t h ~ t s(ene 1 produces a SU PPO RTED - B 

rehtion b!! t w!!en the b.o objects "her eas scene 2 do@s not. t 

sup p l ementary-po inter c-note results. Of course the 

implicatioo Is t il . t t he concept studied re qui r es the hID 

objects to stand toqether under t he s.u ppor t re lat i on. 

Co n se au en t 1 y. whe n suc h a $U PP ll!llle nta r Y-DO i n ter c -no te tu r s 
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II II. It tra 'n sform s to· t he eff\p ha t Ie MU ST vers 10rl 0 ft he po i n,te 

; n va 1'1 ed • T hu s t h@ new m ad eli s t h I? a n I? in fig u r e 5 - 1 0 • 

Of cor se t he s u PP l eme n tar y po i n t@r can t u rn u p; nth@ 

n ear m i S5 as lO'e I I a 5 111 the curren t iilode 1 . Supp 'ose see., e l 

in f i gll r e 5 - 9 is t he n ea r 1111 S S tn st ead 0 f the eu rren t ad e l . 

One co n cl udes A cannot be on B. The Sll pp 1 em@ n t ary-poin ter c-

not e na\'l i nd ica tes a relation th a t a pparen tly ca n no t hol d . 

Appropr ia tel y •. the MUST - NO T \I@r5ion of t he Sli Pll I ernentary 

pointer Is su~stitu t @d in and the "@w n et a ppears as ;n 

f j gu re 5 - n . 

5 .5.3 The !'Ill st-sa tell itll-pa i r C-note 

Frequent l y c a mpar Ii so n between the curr!'nt mode l ancl a 

n ew samp 1 e d i sp1.ays c-notes tha t. do not. r e vea 1 flY ne,.. 

feature. bu t rat her resul t because of previOUS ref lneme ts 111 

t he mode I . Su ppose, ' 01" ex amp l e. tha t t ne current lIIod el ha s 

a t~U ST lARRY pointer in a g iven 1 oea t ion. wni 1 e the sa mp l e 

has a ~ARR YS point er . Now c l @a rl y t h ~ MA RR YS pointer i . 

a ppro pr iate ;n t he d eserip ti orl and t he mu s t -satel 1 ;t @·- pa ir c­

no,t e co nse qu ent to m.atchi ng i t with ~1U Sf ~M A RR Y should be 

re p laced a ga i n by r1UST - ~1A RR\, . Th us t he el1mhat ic fOrlll i n a 

IIlU st-satell ite -pa i r situat iion i s ret a in eel and not i n terfe red 

wit h by ref irl ElfI1 ent opera t i oo 's attem p ted SIJ bSe (l Ueflt to it s 

f orma t l or! . 
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S. 5. 4 Th.e ,I!;-klnd -of-:meq , e: Curr@nt , od el and r~ ea r ~. ss 

Sometimes a c-note offers two or more nearly equal 

ex.plana t i on s. Cons id er t he Su per s1mp I@ c urre n t model an d 

near miss i n fi gure 5- 12. he c-nr.te fsan a-Id nd - o -ner\1e 

~n n ounc; fng the. t he current model po i nts wfth HA S- PPOPE"Il TY- OF 

to STAr 0 WG. the nea r In i 5S to LY [1(\ , and bot h LV ING and 

STAND ING nave /I -lorIO - OF rU hs to OR IENTA TIO I1S. !tow t e near 

nlss may fail e i ther because it is l y1n g or because it i s not 

stand lng. Re spond In9 t o these explanations . the lI10del 

builder night repla c e the a.k1nd - of-llle r ge c -note by a MUST ­

NOT - IiAVf: -P P.OPEllTY- Of pofnter to LYING or by a r UST -H AVE­

PROPERTY-OF pt>ln er to ST · 'ID t m. Sirlce mo st conceph hum ans 

d ·scu ss a re de f ined in ter ms (If propertie s ather than ant1 -

propert jes t the lUST version is cons ider ed more 1 fke l y . 



I 

CURREr MODEL NEAR ~lI S$ 

Flt:URE 5- 12 
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i ABLE 

ACTION OF COr4CEPT GENERATOR; EXAMPL E CAS E 

c-note typ~ 

a- ki nd-of- chai n 

a- ki nd- of -rnerge 

negati ve-s ~te 11 i W 
pai r 

'Il\US t-be -sa te 111 te 
pair 

mus t - not- De 
satell ite pair 

s upp let!lentary -poi n t~ .. 
or ex.i t 

point!! I" i nvo l ved 

n~ativ,e- satellite or 
f undarnentd 1 pointer 
i fI t h I! model 

IWgd t i ve- s(ltel1 i te or 
fundanlenta I po 1 nte r 
in t he example 

rnust-be-sil tell it@ 

respo:n se, 

f}o i nt to i nte rSec ti on 
with rnode1 ' s pointer 

1. po i nt to inte rsect; on 
with medel's polnter 

2. drop rood@ 1 ' s pOl nter 

drop model 's f}Oi nter 

ret ai n rnrode)'s poi nter 

con tradi ct ion 

d I"Op rno~ 1 ' s poin ter 

ignore 

~ntradi ttl on 

r eta1 n mode I "s poi nter 
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TAIllE {,ont.) 

ACTION OF CO~CEPT GE 4ERATORj NEAR ~II SS CASE 

c-note type 

a- ki ncl-of-chai n 

a - kind -0 f -[00 rge 

neoga the-sate 11 ite 
pair 

must-nat-be-extension 
pair 

suppl ementa ry- poin ter 

poi nter invol v cl 

f un dame ntal po i n er 
i n the model 

fundamental poi nter 
i n t he near miss 

negati ve-satellite 
i n t he model 

nega t ive-satell i te 
In tile neal" mi 55 

response 

1. if model ' s node is <It 
the end of t he 'ha i n 
acld mllS t -no t -be sa t@ Iii te 

2. 1 f nea r miss' node i s 
at he end of the cha i ." 
us e must-be sa tel li te 
to mocle 1 's node 

1. repl ace model's po i n ter 
by its must-be satellite 

2. replace mode' ' s pointer 
by must-not-be sate lli te 
of near miss ' poi nter 

replace fTl(){je l's po in te r by 
i ts mus t ~be sa te l l i t e 

ret i n model 's po inter 

rep l ace pOi nter wi th i ts 
mus t -be satel l ite 

i nsert pointer; nto the 
us i ng must-na t -be sa tellite 

re pIa ce poi nter with its 
mus t -not-be sate ll i te 

i IIsert pal Mer in h model 
us ing must-be satelli t~ 
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5. 6 }1\J It ; pl e C -n ot es 

Compar 1 sons yie ld. ing si ~ he -n o t es are ra re . ·lO r e 

oft en , the ~odel bu 1 1 d~r m\Jst ~a ke sense out o · a '~o l e 9roup 

of ,-no t es . I f the cOf.1parison invo lve s a ncar mi ss . anyone 

o f the c - no te s mig ht be t he ke y t o p ro ~ er ~ od el ref! ement . 

Moreover, many o · lne c-no t es f-avl! a 1 ttl a t lv·c 

t nt @rp ret<l t ; GtlS that rn a ke fu rt ler de ~anr.' 5 on ex ·ecut Iv e 

expe rt 1 se. 

The rn ad e 1 bu Hder !:1U st t Ile r e f ·or e can s 1d ~r the , -no t es 

and all t he pos sib l e in terp r et a tic s of eac. h . Then i t mu st 

produce the set o f ~. r. t he se s tha t for ill the rl ,ocle l tr !H)' S 

br anc li es, T h t'se i n turn mu s t be r ail ked So t ha t e t·e st f"a y 

b@ W r su ed f ir st. 

Tne c ~se of ref; n efllen t t lll'oLl~ t a II oX (l l'l p i I" is s i rnp ler 

t ha n t or ow ~ 0 n ea r m j S Sl! S. S i n ell no ne of Ule 0 b Sf!rv ed 

d Iff eren c es ar e su ff Ic len t to rem ov e t I! ex am pI!! fr om he 

cla ss,it i s as ~u m ed t ha t a1. 1 of t he d Hfer·eJl ces fo und act in 

CO nc er t to loosen the d efi n jt 10n em i:lod f ed in t h~ mod (d . 

Consequent l y each c -note c a n be tr ~nsform@ d i ndependeAtly an d 

a n e\~ mode 1 (len era ted iby t he ir C 01'1 b1 n e;:i ac t ;o n . There i s riG 

pr obl el'1 of dec ld lA g if one dif f e r ence Is l!1 or e im porta n t t ha n 

an 0 t nll r • 

Con se qu en t1 Y. if al1 the c -n otes had bu tane 

!n terp r eta t ion . onl y one ne ... br anch WO~ ld be qe ner . t ed . 
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a- klnd - of-mer ge c -n o t @ ~as t ~ree po s s ib l e interpretations , 

howEver. a nd if o ne such c-not e occ urs , i t is on l y r easer-a 1 

to c r ate t r ce branch e s i ns t e ad of j u st one . The act 10n o n 

t~e ,ot he r c-note s is t he sa,.,,!! for al l t lree bra n c e s . 

;lear m i$ses cau s · more s e '/ er e pro bl ems . If t wo 

d iff er ences a re found . e itl e r (of the m n a y be suff i c ient to 

cau se t he s ampl e to be II near mi SS, ~Ihi Ie t h ot her 

d H ference ~ a .v bf;! eq ual I y 5U f ic ie nt o r mere l y i rr 1 ev ~ t. 

If the d i eren ceS ha ve mul t ip 1 e inter pretat i o s or nore t a n 

tll.'O d iff erenc es occ ur, the J'I uI"I L~ r of 005 5i bil it ie s ,ex.p l odes 

a nd t ile ma ch ine ca n no t "'Qt' k s hlply by gene a in/) an 

altern at 1v _ for each possibi I ity . 

The mode l bu il de r cl earl y r'lu s t r.lec ide ',,,hic h 

in te rp re t at ion of wll i c h d iff er e nces "I r e most like l y to ca se 

the nea r l'I i SS. 

The nac n in ·e f i rst formS t 0 lis ts: ~ pr 1111 ary li st and a 

s!!condary 11 s t. Eac h c -n ote even tua l l y e nd s u p in one list 

or the ot- he r. 

Now so e C- 110 tcs ca n neve r' It ke t he pr 1ma.r y '1 ; st because 

they are o f thernselves i nsuff 1c le nt to expla 1n why a g i ven 

s~mp 1 e is a near mi 55. Al l of t he s e !lO i rllll'l ll d iate' y to t he 

secondary c ·n ote Ii st. On!! ex.a mp le is t he s itua t i on I n which 

It po int er in t he ne ar ll11ssc orr!! spon d s in the current mod 01 

to a n ins tance 0 t he r US T-S/iiELllT E version of the po i nte r. 



A fllus t-satell i te -~air c-note resu l ts Dl.l t certai l y 'is no 

9rou ds for excludi ng the nea r mi s s f roM the class si nce the 

requ i red ~o1 t er ; s i n fact pre sent. SOl11e other exp lana t1 an 

nlU s t bl! 0 U d . 

T he next and most obv iou S !I'dy to sort d ifer enc es is by 

l ev 1. This assumes o nl y t ha t t he d i ferences nearer the 

or 19 1 not hecolllllCl rison de sc;:r I pt i on are the r.1 or e i l'lp or. a lit . 

This certa in ly 1s a r(}aso nat>l /leur Is tic si nce 1\ missin g 

grou p of bloc I:. s gen e ra 11 y impre sses a hl.lman a s be tnt) mor @ 

lrnpDr tan t tha n a sha pe change , whi c in tur n cI \1ar fs a m ' n,or 

ble ish. Co sequent l y, t I! progra 0 cleterT'l ines the depth of 

t he rernain in9 c - notes ~,' h i ch a r e neH st the origin o f the 

COr.lpa r isDn d esc r I t ion. l'lll tho se ca n (\ Id a to s fDU ncl at 

greater depth are re lega ted to t e secondary 1 ist. 

The prif1lary c-no t e l ist al1C) w~ Quick fDrmatlon of l ittle 

t heor oies a bou t ",'hy the near liI iss lIIisses and Nhat to doaS a 

consequence. T hes e theor i es are cal l ed hypotheses. )\ 

cDmp l ete hypo t he s is specifies one c-note as the sol e ca use 0 

t. he 0 iss and it f urthe r- spec Hies I'fhlch i nterpretat i on of 

that c-not i s ssumed . COl'1seqllently there is a nypo t hesis 

for eac n interpr etat i on of ellc ne- note on the primary 1 1st. 

T he c-note S~l!C i o i ed as c r ucia l by a hyot hes is is 

tr~,n sforr.led as 1f I ~:ere the o nl y c;: - no e. The 0 her c­

notes, bo t h on the secondary an d pr 1na r-y 1 ists . <lre assu oed 
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by Ute hypothe s i s to be ~nsuffi c i ent ca u se for the n E;! H I S5 . 

Co n Sl!q~~ntly as a new mode l is for~ ~ l ated accordlnQ to t ha 

hypo t hesis , al l of t he c-notes but one are t r eated exac t l y as 

if the n ear In I s s war I! not ami s s a t II 1 1 1 

So f ar a sing Ie c- ote is as su me d to be t he exc l u s IV8 

cau se of tile rn i ss , l'! ~re a 11 pos s i bl:e C. '001 t:.i na t hn ~ conS id ered 

as we 1il . not only \~o~ l d the branchi A,) i nc r e a s ,e e n ormou s ly , 

bu t t Ii r a ll k i nQ of t hose bra nc has "louhJ be d 1ff lCU 1t , 

t ha n face th is, 1 ha ve decided that only 'one spec ia l 

eom b1na t ton of two c -no tes i s~ver I'l~rm itt ed to form a 

11 yp ot II B si s. 

~ ther 

I II tll i s I have exe r t ised wha t O/le l'I ; g ht c a 11 the 
f i rst he uri stic of sc ie nce: Ee nin wit the 1 inea r 
mod e1 , t il e one tha t a ssum e s al l " t hi n!,s act 
l nde lletldetlt l y ; t l1!!n co n side r int eract ion s as necessar y , 
I nex t cl i s eu s 5 a pa r lieu hI' ea SI! In wh Ie h it d oe s seem 
nec @ss,ary t o cons 'd er t jo i nt act t ,on of two 
d i f fere~ces, It wou ld be u nraasona bl e,owe ver , to t r y 
for a 'ge-~ Il'r ~l Illet hod ffl r ha nd 1 i n !) mu l t ir Ie d 1fere nce s, 
In se 1 e'r1ce a S /I wh o le " ~ac h pa r t ic~ l a r lIlet hod f or 
trea t ; l'I g fnt E!r~ci:.ln g efhc t ~. ; $ 1I sa 1 1 y a rn a '; 01" pro ll! em 
in 1tsel a nd ov er -a mbi tious searc for co p l@te ' y 
'le n era l met od s i s of l ow ut n ity whe~ premll tur@. 

Fu r tlier j u s t If l cat lon f or my apppr oc h 1 ies in 
certa i n observ a t10 n 5 of Pl aget' s that lnd lea te that 
c iii il dren Seem to pa y she. rp 11 tt en t 1 on t o O~ 1 Y .~ s i n~!1!! 
feat \l r ea t a ~y {]n e time [ 3] . I n cOlT'par 111 ~ vo l tlmes. f or 
example . they ~ se lIlai n l y he i ght. Ye t, ln spIte of u s1ng 
wha t a ppea r t o be 1 111 a r c()fnpari son s , t h~ S S ple 
c h il drell ca n l ear n phy sic a l conc ,e r>t 5 wit a tale t 'a r 
i n exCess of my goa 1 f ,o r t hi 5 thesis ,. 

Hypot heses ba sed on two cont r ibuting c-~ot~s are added 

to tile hypot~es j s l i st onl y when two c-n ote s wi th nea rly 
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iel !!ntjc~l d !!scr ipt io ns occU'r. Con sMer fgure 5-13. Si nce 

exact l y t he Sa e t h ing c nar ac teri z es both bloc ks in the n ea r 

miss , t he re 1 s :n,o parti cul ar r(l!SQ,n to su ppose t ha t one 

d i ff el" (mce shou l d be s 1n91 ed 011 t . Co n,seUlJ en t1 y a hi rd 

nYp'ot hes i s is formed . nalllely th " t bot h cI ifferenees a ct 

coopera t l vel y. 

over the tl'lO hypothese s that cor'lsi(le r t he d 1f er nc es 

sepa ra tely . It see ms heul" i st iea 1 1 Y sou nd t llat co i nc i r!ence s 

are s i gnif icant. Till! machiTlIJ: cre~tes nEl'''' llIod(! l ~ ~fith sucn 

hypothe s,(! s, by t ra n sf om 1ng bot h of t he spec ified c-no t es In 

t 'e rni 55 - ex!, lanat ion !"'l ode . 

5.7 Contra<iict 1on s and llac :~h' U p' 

Cy no" on e rn ay wonder "hy t he proora , s hould de al wit h 

a lternat iv es t,o tile 1.101 i n I in e of mode l dev!)lor cnt at d 11 + 

To be su r e ,. niax i nurn 1 i le I 1 h ODJ a S sUl'lrt i 011 S Jil d Y b! t:r ong • but 

t hen h'O\'j 'cou l d Hie macll ine ever ~. 'nol·l wnen such d dec i s io n 1 s 

all error? Th e answer Is t hat the JTl ain 1 in!! ~SS tlmll t i on!> ma y 

I ead to C ontracl1cti on cr! ses (~h1c h i n t Urn ca~ se th~l:Iodei 

bu i ld 1ng pro'lram to r etre t 1.1 P 'the tree a.nd ,ttet.1pt filodel 

development along other branches. 

Con sider aga i n the very s irnlll e Situ'3 t i on rrese l'lted 1n 

ff9u r e 5 -14 •. T he cl.l r ren t model and tl1e near M 1 55 

com b In at 10ngen er ate an a-k i nc · of' - f.1e r ~' e C -1'10 t e fo,.. \'llll ,c h t il e 

priority i n terpretat i o-n 'i s th~t e>:all'i'Ples of the concept llIu s t 
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be s t ~ n d i ng . He a l ternatlve , t nat exal:1p l es must not be 

ly ing . causes a si de bran c h 1n Ule llIo d el deve lo pment tr£!l!. 
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But suppose one r eal ly wa nts the concept to exclude lyi ng but 

not 1 51 st on sta nd t g . Sh(l~rtng he ma c Ili n e the exaMp l e i n 

f ig ure 5- 15 does t he j ob. T .e t i lted bric k cer ta1n1y is not 

stand 1Ag a nd its Jescr i p t ion has no tillS-I". ('PERT Y- OF pointc!r 

to STJ\tlU DIG . Yet t he eu r ren t mod el ha s a 'W ST - HP1IE - PROP£R TY -

o po 1 nt er to 5T r~o 11G . Ttl isis a c ontrad ic t o r y s Hu ~ t ion. 

Wilen eon radictory s ituat i ons occur , the progran aSSumes 

It I'll s mad e a n inco rrec t c hoice somewhere, c 10 SIlS t h£! branch 

to f urther exp loration, a d bacls up onl! level to se l ect 

a not he r a 1t er na t i Y e i fan y ar e a v a 11 a b 1 e t he r c . no 

alternatives ar e ava lh ble , U le pr og r am b~cks r st il l llIo re 

l evels un til either 3n unexplored 1\ 1 ernative i s found , or 

t he top 1ev el i s reac hed. If t ne top l ·eve l is reac hed w1 t il 

no other opt ions f o u rid . the pro gra succ umbs ~ n d ad lll i ts 

fa 11ure . r1 0r@ often a n accept ;t bl e u nex p 1 or ed a lterna t l ve is 

soon found and In effort i s mlde 0 exten d the mod el tree 

do~m tha t br an c h. Of c ourse , t he f irs t a l terna iv e a 

con tra d iction ca us!!s to be explored l!Iay itse lf lead to 

contrad k tion. BClc k u p t he n sta r s fr om t he new 

contrad ict10n Cln d proceeds as before . 

In the c~se a t hand, an a l ter native 1s foun d and t he 

llI u st -n ot- b£!-ly ing inte rpretat fon of the co 11pari so be t cen 
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t il e sce n es i n figur4l 5- 14 1 ead s to it ne .... i ntermed iate model. 

This In tur n is re ined by the $ce ne of figure 5- 15 which 

or i gi na.lly cau sed t he co trad iet i on On the forme r rn a in ] ine . 

to con t r ad ktion occlJr s on the ne w pa h bec ,ause t tl e 'lUST - t!O T-

11M E-PROP ERTY - OF - LYWG COMbination of th inter ed i at!! 

model has nothf n ~ to clas I':lth in ttle exaMple, nde!!d the 

new ex amp 1 e 1 end s non e wi n for ," a t I on 0 111 od e 1 de vel 0 pm e t 

along t h is path, t he ;:I od@ 1 "e Inc; thE' 5it'TIe beforE' and after 

comparison, he new 4lxa mpl e served sol e l y to term i nate 

(i eve I 0 pmen t 0 f a, n il'lp r ope r pa, thin the rnod4l I de ve l 0 pIlle n t 

tree . 

5 . 8 at he r Ba c I<. i no Up Po s si bil it i e s 

rh ny posslb1 e refinements to t he e l ementary bac kin!] !,I p 

procedure invite attent i on. For one thing t e r e a re othe r 

reaSOnS why te l ear n ing progn '" l!Ii~ht \oIl\nt to bac u p . In 

add iti on to the s ;t ua t i on of direct contrad ictiol1 . atte n t ion 

shOll ] d move back up the model treE' if here ar e s o nlany 

d 1ff 'renc es between the curre nt mode 1 a nd t he sample t hat 

hope I ess confu s i on is sIJggested. T he ,cau seof s ue h ca nf u si CI 

lsI ike I y t 0 Ii e ; n the 5e 1 @c tin 0 f a \\'r 0 n CJ br a n dl at S DlII e 

n i ghe r po in t i n t he mode l t r e. Sinila r ly re r eat is i n 

order i f the ~rogram Is forced to propose an unlikely 

expla nation to account or obseryed d lfferences . 

Right now the learn ,ng pr OClram bac ks up leve l by I ev I, 
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bl i nd l y ex plo r il19al l p os s; III til pa't1'ls from one branc h po i n t 

before b-ac i ng up to the n ~xt h Ig hp.r branc h point. It wou l'd 

be better ' f at ent ion COU l cJ n ve d ir ectl y t(l he Ilo ill t in 

t he t r ee wile ret he pro b I Em be~a n " T here a be t tera it~rna t i v e 

CQul d be e l ected a d lea rn in g cou l d mor e l ike l y proced in a n 

order l,y way . 

Certa 111 11' t ne selection of the appropriat ,e pair is easy 

111 t he caSf of dir~ct cOl1t rad~t ion . As expla i ned before , 

these situa t ions occur 'iI'hen SOllie relation is nund to be 

essent 1 a l a t some po in t i n Mod e 1 development 011 1 y 'to be 

a b se nt f r 00 SCX'1€ SUDSeQU ent exa mp 1 e of t he! co ncert . he 

crllC h I poin t is the place wher the tlec i s ion W~ s ma de t ha 

t he r e l a t 1 011 "'3 S esse n t 1 (II 1. T his i s t he po i n '"/ h P. r e 

attention s houl d go and an alternativeexpla na ion shou ld be 

sought. 
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6. 1 P hy s it; a 1 • 0 de 1 S 11 1'1 d F 1.1 riC t 1 O!1a 1 f'.1 0 <l e 1 S 
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I n this cha pter I explo e SOme of t he properties of t h ~ 

roocl e l genera t or th rough a ser ies of @)( amph s, I n the ,c aur se 

of th is d he u 55 i on. words like hOIl ~e> arc h. and tent occ ur 

fr eqLJ ent 1 y as th ey ar e con v@n;@nt na me s for t he id ea s the 

mac hine as s im n a tes. Be caut 'i oned . hOIo'ever . to avo iel 

t h in king (l 'f the s~ entitie s ;n ter ms of f un c t i ona 1 

c1eflnit 1 (In s. To a hu man, all ilrc h miliY be sOIllllth i n9 to \ja l k 

tllr ou IJ h, as \I'e 11 as an ap'nropr i a te a 1 i <HI",ent of or; cks , And 

cer ta; n l Y. a fla t r od: serves a s a t a bl e to a hu ngry perso • 

alt h o~gh f~r re~ oved from tho i ~ ~ ge t he ~o r d tab1E u s ~al1y 

calls to nl ' nd. 

But the ma chi ne doe s not ye t k 0\'1 anyth ; n~ of wa l k i n '9 . 

r es it;l ing . or e!lt 11'19 . so t he prograr.ls d i SI; U s se her €! ha nd 1 e 

o nl y SOme of t he phys ical aspects of these nUlllan not tons . 

T here 1 s no thing nyst ica l a bou t th~ 5. Til er ; s no 
i n herent o·b stade fo r bir.ld in~ the tlIact'i i ne to enj oy 
fu nctional unde rstand in g . I t is a ~atter of 
gen era I i zi ng t he rnaclli n e '. s de sc;r i r t i v e a. bil it y to act s 
and proper t i es r ,e qu ired by th{1se actS . Then chafn s of 
po in t er S ca n 1 in k 1 A BL E to F 00 () a s ~!e \l a s to t he 
phys i c a l 11!1<1ge of a. ta bl e . and t hen t he !'lac h ine wi 11 b 
p~rf~ctly happy to draw up its chair t o a f lat roc~ wi t h 
t he h~maTi . !'I1ven. tha t th·[!re is sometl1 fnq 01'1 tha t tab ' e 
wh i c h i t wi she s toO ea t , 
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5,2 The lIo\J se 

Fig ure 6 -1 I ll u strate s ~J /1(1t house mea ns he rc . Ba s ica 11y 

t he scen e ;s just one "edge on t o p of one bri c ~ . Bu t lackl ru) 

huma n expe rien c,e, t hi s o n e pi ct ur e i s i nsuf kient to I;o nv ey 

much of the notiolll lam ~e to t he IMc il in @, The mod el bu ilder 

mus t be u se d , a nd it mu s t be permi t t ed t o obs r v e ot he r 

sarnp 1 s . 

Su ppose the mode l blJ i 1<1 er s ar t S I'," t ~ the se e e 1n 

f igure 6- 1 . he n i t s de scr i pt i on <;len cra.t i on ~ pl'lI r otus 

c ontr i I,.u tes t he e t 'rlo r ' \\Ih;,eh ser ves a s t he i r st un r ,e fi ned . 

u nemb el l i s he d mod 1 . (f i gu r e - S) flow suppose t h s c e ne In 

19u r e 6 - 2 , a ,nea r III i SS, is t he ne x t u rn pl e . Us net is that 

s hown i n f igu r e 6 - 6 . The onl y d lffer ence 1 S Ule 

su pp lernentary poi nt er SU f> POP.TE!) - DY. "lo nc ln g at t he tabl e (I f 

s ect~(I 5. it is cl e ~r h ~ t t he ove r all re sul t i s 

c onv ersion 0 the Sli PPO r.TEO- BY po int e r i n t he old I1IGdel t o 

IlUST - E· SU PPOR TEO - BY i n t he n ell' mode 1. Thus t he new mode l is 

tha t o f fi gure (, -7. F i gure 6-e shows the cu r'rent mode l 

devel opmen t t ree. 

Mucn is yet t o be l ear n ed . ro r on t h i n!,!, the top 

obj ect eer ta i 1 y mLi st be a \~e d .,c . Showi nQ the ma c hi ne th 

n ca r m is $ of f i gu r eG - 3 c 0 nv e y s t h 1 s po i n t i "" ed ; a t e 1y . 

Sim i l arl y t he near Iss of f i fju r 6 - 4 ma~,e s U.e br ic k 

pro per ty of t he bo tto~ o bject ~a n d at o r y . eut notic e t hat 
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both of these step s cause bi f u rca t i o n of the (TIod e l ree . he 

r ea son is th t the , aen ine cannot be cOOIl'llete l y sure t hp. Iriss 

oc curs beC(l u se the 01 ct pro per t y is l ost Or beca u se t he net' 

pro perty is add ed The pro9 r an r f ers the o l d - [lr npe rt .v - i s-

lost theo r y an d moves dO n'n the cor r espo nd i nQ br anc h un ] ss 

contrad ic ted. I n bo th of the SI! sltua t i on s . tt e preferr ed 

th eor y is correc t resul ting i n t he in a l lTIotte l an el t rl'e s ho l'm 

in fi lw r e 6 - 9 ~nd i nu r e 6- 10 . 

6 . 3 T he Ped e s al 

Dev l oprner t of a pdp s al lII od el rr oc eet! s muc h as do @s 

t e !l OU se "" it h on l y l."jQ ess nt ia 1 ,i er enc.:!s . First , the 

to p 0 jcc must be a br ict rat he r than a ~ed n e. Sec ond , the 

upp e r t)b.i e(; t I'1U S no t a r 'I t he 1 0 \~U . roe sc n in 

f 1!ll"'e 5-11 .vi e l ds the start in~ ITl nde l. Fi(Jure 6- 12 o rc~ s 

t ,e top bjec t t o e a ric ~ whil e l ~ur e ~ - 13 oreP.s he 

bot tom obj ec t to l'oe a lrte k as ole' 1. nfJu r e 6 - 14 e!11pll as 1 ZeS 

suppor t . And f i nal l y. fi nur e 61 5 fo rb i d s t he '1MP. VS 

r ela t i OIl . 

E,4 The Ten t 

Tilin k of t h tent as h lo ~'ed Cl es . rn~r r Y1n!1 ea c h o th p. r. 

A s ~ u ch it n I us t r a t s t he nil n d l! n 0 0 f "f 0 S; 111 i 1 a. 

d i Herenc es s1 rnl.l l ta eo usl y . 

Suppos@ t. he bas e no d e l is the de scr i p tion o f t hp See ne 

in fi n r c 6 · 1 E· a nd the f i r$ t sa.., p1c is t. e n 1J r nJiss In 
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f i gur I! 6 - 17 . Two a - k i rl '~ -o f-Ple r C!@ <: -n otes r@Slrl t. one f r on] 

eilc h of the t ~, o objee t $ tlccil u se hey ~ r e br ic ks not e ~ ,g s. 

Sineo they d 1ff el' onl y In sourc • the hy<>ot hes 15 t hat tQtf 

ac t tog t her 1 s tfle pr io r tty on!!, I'Ih ic h l e ad s to t ne re s LJ l t 

i rl igur 6 -19. Ilow t his is c.o mp l Erl er! ed by t tl !! neil r i 55 in 

f ig!jl'!! 6 -1 8 I' nic n i l'lforn' sl'ie Ma c hi ne (I f t he imoortance of 

tile '·IAllll YS re l atio n. (1981 '1'1 dLl a l c.-no te s a nno un c e t he loss of 

a pa ir of r~ARR YS po i n te r s an d tl,rin ~~u S1 -' AR RY rointers .are 

in s tal hd, (f i Iju I' e 6 -2 C;; ) 

£. 5 H e Arc h 

T ~ee arc n , JWO lve s a r.1i)!.t r e of t he el emCllt S se ,e l1 in t H'! 

prev iOlJ S exa Jr. p 1 E S, llec aIJ se of thE! wfder ViiI' h! ty of 

d i ffe rence S !!ncou nt er cd , it pr(lduces a bu shy t r ee and a 

c ha l l ellg'e t o rout i rlt:s t ra t St! 1 E<C t r r io r i t y h.vpo ti'le s es . 

The se llil e i f I f i~ur€ 6 -2 1 fo r rlS t i lt;! f ir t r.I ~d!! I . 

Crnnbi n ing t il i$ \.,.;t h th@ s,c en e i n iqtl r ,e 6 -2 2 , the maehi n e 

d ed LlC est ha t t. he LAP I<V S r e l at i o t] S bet \ffl e n t he t o p an d t he 

s u pports ar e not crLlc i a l . 

fl @)(t t he nea r m i ss of f '1'gure 6 . ::13 i rl di cates V.at the 

SIJ IlPort I' ' ht jOlls are ( r u( ia 1 . ~'1a i ll , bot h n ~'.' f1U ST · BE ­

S.lIPPORTED - B'I' ~o l nter s ar e hand l ed j o in t' y , arid a r e i n sta l l ed 

at OJl (;!!. 

,. he mac hine 1 e arn s per na ps the mo ~ t i nlDortan t fa e t fro r,1 

t he n ear lIli ss i rl f i gu re 5- 24 , lier!! th!! t WIl ~u pp crt $ t ouch . 
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5u pJ)ly f ng t lt O ;1J'IRR YS po inters to the descript io. his 

ca nn o t be anowed . P.esp ondin q . he r:lilc h i ne i ns ert s ~'UST -HO T-

MA.RR Y pointers behleen the two su pports i n the od el . 

Some may th i n k tliat in ass e r j·no the HU ST -,l D - I\P.P. Y 
re I at i on s . t he rn a c i n e ov er 1 0 0 k s ho t the 'y con si d e r he 
rea I pr in c I pIe , t hat 0 a hoI e Or passage. But for a 
c h ild bu ll d lng \jith bl oc ks. to haH II hole a nd to have 
two non-touc h ing s u pp ort s are ver y ear ly the sa me idea. 
Con Sflquen tl y t he machine ' s op i n 'on seeMS ad 'luate f or 
t he m,omen t . Ex per fme nt s SLI C as hese !!la y he I p to 
ex p se exact l y \'jhat ki nd s of networ k re1a t io n s ar e 
adequa te fo r a mode l of hu ma n th ill lng , f rom i nfan t to 
adu It . 

Fi n a 11}, . t he top 0 bj e c.t {s no t rIflC e s sa r i I y a b ric k. T he 

sal1lp l e 1 f igur e 6-25 t eac hes t he . ach l ne t ha t a n yt ldng fn 

t he c l ass C' BJ ECT will d o . s ince OBJEC T Ides but one steJ) 

r em ov ed by a n A - K It IJ - Of po i n t er fro 111 bo t h W E[l r,!; a nd ER 1 C K. 

6,. Ii The ed. ge 

Thecapa btl lt ies o f the model bu i lde r certa in l y exte nd 

be yond the l evel of 0 bj ec t c onf j g ur~t ions, "J hose de scr i p t 10n s 

a ll ow the l'I ach i ne to learn abovt scenes . ere t e 

de ve l opme nt of t he \>mdge l'I o<iel i llustrates t tl e po i nt . 

G1ve n the ~;edge I;n f l U'r 6- 26 , the de scrip t ion 

generated is t ha to f f l!,! ure 6- 27 . 

r1 e.x t , compar i s on wi t h a bric k establ i shes a MU ST- BE- II ­

KIr 0 - OF poi nter t o TR II\tIG I. t: . ( f fgure 6- 28 ) 

But now supp ose the pa r t1y occ l d@d o bject i 

f''J UT 6 -2 9 i $ compared. i rst I·d til t he c ur ren mode 1 of wcci !1e 
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and the n wit h a descr1 ~t i Qn of br 1c k. !Is f igu r e 6 -3 0 

i H u s t ra t eS t t he sn rr1 511'19 resul ti s t hat bo t n c omp ar i ~ori S 

nave n!!ar ly t h!! ~al1le de 5c ript ion s . [n bo th eases t wo 

r eet~ n~ 1 Ii! S~ re I!l ~ tded and a H i rd 5 i de left 1I rna tc he d . r n 

on e ca se t he U !'Ina te hed s 1<1 e 1 s a not Ite r eet" I'IQ 1 e . a lid in t ile 

o t her , it i s a t r i a n9 le. But t here 15 as yet no way t o 

pr efer onll fII atch ai:! ol'e t h othe r! 

T he pr o bl em 1 sa l It tIe 111V c,lI/ cd. 10 S!!lIllrll III i $rn a tc~. is 

evident t o t he di ff erence de scri pt i on evaluation pr ogra 

because t hE! :1U 51 - IlE - A- KIrfO -i) f point er 15 a ne hor ed t o a node 

that 1 s not ma tci'led • The nl odl!!l as it stand s asserts f i rmly 

tha t if t hree sides are see n. one of 't hem must be a t r ia ng1 e, 

but it d oe~ no t a sse t that Stit h a th i rd s i <1 e ro ll st be 

pr ese nt. 

T iii 5 lt1 ay seem to be a bug ~t f i rs t. bu t t hie pro clem i s 

r@ally t he mach in e ' 5 ae of exper i enee . So f ar only t wo 

eOf'l f jgur a t ~o n s have con t r i buted to t he model . Consid er t he 

r esu I t of re f in fl1g t~e mode I wi t h the scene in i gtl re 6- 29 

whic h 1 s eau s i n!) t h.e troub1 e. It 1 S II near mis s. !J ut t he 

<I if f e r en ce be tween it a nd t he cur r ent mocle i fs a 'n ex it c -n,c t e 

to t n@ tria ng u l ~r s; d e. T he model bu ; lder perc e ive s t he n eed 

for anol1l phatic ~o int er and O/l E- f'AR T lUST- BE is fn sert ed. 

( f ; gIJr e 6 -3 1 ) 

Now if t hi s mod el is comp ar ed a ga i n I'll th t he 5(;ene t ha t 
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ju st ref i ne<l the m od~ l. th<l one in fi ~u r e 5 - 29 , tile reSl.Iltis 

an ex it c -note be ar 1n9 an el'lp hat ic po in tr, eri E- PArI. T -, UST - , E, 

Sue h a <:-no til stron ~ l y SlJ Q!l1! s t s b,~ d matcn t() t he e va 1uat i on 

progralll , ~ nd the appare nt fnad eQIJdCY d i sa i>pea r s . 

The scene i n figure 6 - 32 esta bl ishes a fina l rcf 1ner'lent , 

Th is wed ge shows o nly t wo sides . li ft er a f of h ·nk i n~ . 

the progr am dec i de s one 0 t he two r ec ta nglJ hr s ide s ; s 

opt i o nal ~n d pro lIees it s ' In a 1 od e 1. (f j gure 6 - 33) 

6.7 The Composite Colum n 

'~ hel1 a co c ept 1nl'0 1 yes gr oup s of obj eet s , t il e l110d 1 

!I en era t i on Ilr 0 b lel'l r e 1\ 1 1 Y i SM ClO red iff i c ult. I t j u s t 

I.le comes a l11 a tter of concentratin l1 on r ela ion snips beh!ee n 

t he tYIl ieal ne be r s of t he g r ou ps stud ied . 

Co ns ider t he no t io n of t he t;; orlP o s ite colu mn , h !! r e~f t el' 

r efer red to S irnpl.y ~ s t e (ol urI" , F i!lure 6-3 4 showssuc h ~ 

col unl l'l and f i , u r e 6 - 40 s t,O~I S part of the co r' es~ond f'I~ 

d esc r 1 pt 1Y e net wor k. T hi s de SCI' iDt iOI1 is r ad'ua 11 y 

tr a r'lso r lTl ecf into- a r!!a50l'lable mode l i ll th e fol'lo w ' n ~ ~ra.v: 

F i9u r e 6-3 5 , wi t h It 5 ur it;; ks as !!\'I bu t nth I' 'j i 5e the 

sa l11e , int ro duces the >W ST- HAR RY pointe)'. Fto l.lr e 6 - 36 , m~dp. 

of ~led ges ins tead of br icks, r e la xes t h t ncl i a tio n to~:a rl 

bric ks. And f i~u r l' 6-37 t;;aus e s r ellhceMP.l'lt o f ~IJ pp en T . - Il 

by ~U ST -BE-SUPP DRTED - R Y . 

i ext . f i !lu r e 6 - 38 cO'l')tri butes he ll10 st ·mpor ta nt. pa-rt o f 
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the mod e l , the pa r t t tl~ de rn a nd s a grou p . The scene in 

fi gu re 6 - 38 consi st S of 01'11 Y t wo obj e,c ts a <lIs not grClu J>l!ci 

becau 5e t e gr oup i ng program requ ires a i n i um 0 th r ee 

o bj e-cts. T he r esu lting c-notes ref lect t he mandatory nead 

f or ~ 91'0U P by wa y of a 0 U: -P M T -~ U ST -IlE poi nter t ,o t he nod e 

represent i n!1 the grou p. 

F in a 11~1'. fl~ure 6-39 qen e ra l ;zes ttIE 1i10de l in a n 

i mpor ta nt way be-cause its typ i cal-~ ember node di f fers from 

th e lTlode l 's pr inc ipa ll y be ca u se a d H erent number of objects 

is i ndicated . In one case the rW r'1BER -Of - 'H1 B,ERS pointer 

po int s to 3. in t he other, 4. Ilut s inc!! bo th 3 and 4 are 

in t egers a nd na\' e Ii - KWH - OF po; nters to IriTEG ER . ~J hen tile 

conpa ri son be t ween the two I s ma de an a -kind-of- mer ge c-note 

resu 1t s. T he next model co n se quentl y ha s a NUh1I3ER -OF -r E'HiERS 

po i, ter to I nEG ER, r ather t ha n 3. No~,1 ,co lumn s may ha v e any 

number of ob j ect s grea t el' than t wo . 

F i 9 u I' e 6 - 4 1 d isp 1 a y s the ov er a 11 r e su 1t . 

5. 8 ne I'Ir cad e 

The protol em of le arn ; n9 abou t ttle arcad ~ ShOWTl in 

figu re 6 - 42 adds ano ther interesting dl,ensfo n t o th e model 

generat i on pro bl em . rot tli llg ne~j i s nee ded In devlllopi ng a 

5e QIJ enc!! of mode 1 s fo r the arc ade , ~ it h o ne i lll or Unt 

eJ(c ept 10 n:. 

The arcade Is a cong l ornerat ion of su bstructures . rather 
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than of s1rTlp l y ol>jects . 1\ 5 s\Jch t he arcade development shows 

flow the model 1>1.1 i1der ca n "ppeal to t fl in ~s a Ire.Hly lea ned i n 

t he process of \J ndersta nd ' n9 nore cO illpl ex structures. 

In bw lId irlg a d escr ip t i on of an a rcade, the descr fD i o 

progra[11s iden tify arc hes u s1n!l the previously aSsi mi lated 

a re 11 PI od e 1 • his 1 ea d s to ted e sc r i p t 1 on pa r t i a 11 y s h 0 1'1'" i n 

figure 6~43 . T hlHI subsequent sam? I e s , s hown in f i ']u r e 6-4~ , 

fig1Jre 6-45 , a nd f i qur e 6 - 46 inform the machi ne t ha t t here 

~lU st be a . rou p, t hat t he grou p e l e .P.nt s ust be arc h s , and 

tha t th e relation must be IrI - FROI T- OF. 

The d educ tlon t.lla t on arch i s in fro nt of anot her 
involves methods l es s exp l ored and l ess scu nd t ha n 
t ec hniques prev ious l y descri bed or deal1nq ~itfl 
i nc ividua 1 ob j ec.ts. I ndeed this is (I vir g in f ie l d 0 
i n qu iry t fla t I hay e t hough a~out 0 1 ellOugfl to writ 
pro rams hic h can handle the se I!W exam pl es . i t·s not 
cl ear. for examp l e, if eac h structure wi 11 r equ i re it s 
own set of heuristics for deterQinfn9 inter- 9ro u p 
rEi 1 a tfo ns., or if gen era 1 pr Inc i p es ca n be n neiated. 
So f ar my prir.lit fve programs assume only th eoll o w;n~ 
r u 1 e s: 

,. If the r e i s a cha i n of sup por t r latio/'lS 
betwee n ev~ry object fl'l struc t ure A t o some object 
in s t r uc ture 8, th e Il Cd be sa 1(1 t o S J "port t. . 

2 . If S OIlle object in A is infT 0 t of some 0 bj eet 
in 6 , but not I' ic e versa , then A ca n be said to be 
in front of 8 . 

6,9 T h@ Table 

The tabl e 15 much I ike pr e v fou s examp l s exc ept t hat 

gro1Jp lng is done on the bas i s n' objec t f orm and f u nction , 

ra ther t han r el a tio n e lla ins. 
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Study the t abl e in f i gure 6 -47 an d th& descr iption 1n 

figure 6 -48. T he essent ia l fea tu res 0 thE! tabl e are 

introdu ced by the following sequ ence of steps: 

Fi rst t he table shoul d have br ick s f or l eg s. This idea 

is easily conveyed by Ule non -tabl e of f i !lure 6 -49 . 

:40reover , this c oncep tio ll of ta ble exc l des st ructure s such 

as that In figu re 6 - 50 , a fae t whfch i s ha nd i l y incorporated 

t hroug h a riUST- OT -1ARRY poi n t er. I ext , s ince t he no n ·tabl e 

i n figure 6- 51 has 01'1 1 y two sIJPl'lort s, no qroIJo i ng occu r s. 

whic h l eads to insi s tcr.ce on a gr(1u" i n t he next mode l 

re fin ement . T hh en tire l y par al,ll"ls t he prOCe ss by \ 'J Ic h 

the CO l lJ llHI wa s fOllnd to i vol"e 11. 9 ro uP. fiM ll y, tlie scell e 

1 n f i gIJ r e 6 - 5 2 1 ea d s tor ep la c eMe n t 0 f the SU p P 0 R HD - !l Y 

po in t er by ~1UST - e£ - SUPPOIlHlJ- Y. Fi gure 6-5 3 sho~~s the last 

mod e l in th is develop en t. 

6 .10 ne Arc ~, i ih.:pth 

Safar the fllustratio l1 s ha ve sh own ne t\~or ks on l y to 

t na t dep t h a pp r opr late for u nd ers t and fn g , f igllre 6 -5 4 sho ",s 

tl e od e l fo r t he arc h in sotrlewhat f u Her 100111 an d I>etter 

ind i c tes the breadth 0 the 'n orlllot i on <'I v a i labl e to 

pr ogra 5 t ha t use t he odel. 



FIGURE 6-47: TABLE 
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6 .11 IJ irec ti on s (o,r lMprov emen t 

Expllr i m@nt s with t he c;oncept ~en rator t itll 1a e ra her 

th a n sat i sfy , for eac h succe 5$ SU'lges t S new id ea 5 to be 

exp l oreci. As I t s t ands , t il concep t ge n er ator 1s a heal thy 

baby but nota contrib u ti1'l~ adult . 

stagg rin g , hOI<'eYer . 

he posst b1 1 it ies are 

On e' \'fa y t o i m pr 01' !I10 e I !:Ie n er a t I on <1 b 11 "t i e 5 is se 1f-

ev i d en t ; the 5 y stem f I pro I' Po 5 a s th e a b n It y t 0 <I esc I" i be 

i proves . The heu r i s ic determl nat ;on 0 f sup p ort arid 

occh! s I on an d t t>e r e st can be i np roYeC, aAu nlOr ill1(}o rtan t , 

other 50 far IH!!J I @cte d r e a t ions a nd properties He 

D scrip ti on progrartl$ 51'! u ld a nd can Il e huqht 

t o d Iff er en t ia t e be b~eel1 cu e 5 , br i cks, bna r d s, and shee s . 

Tney s ou I c! kn o,,' in ge n er~ l \ther, t he t rm 5 ly i n" a nd s t ar.d in g 

are ill e a n f n 9 fu I • T he y s ho~tl d be a b l e to re l ate str u c tu res 

AlO 1"0 c;arefu 1I y . hey s hou I d [Ire sen t a lterna tlY ,e de sc ri p t i ons 

j s itua t io s are r 1a in1 y illl1bt [lUOIA s . They shau l d krlO ~1 a bout 

co l or and t exture. T hey strou 1<1 kno w a t.out no l 'es. 

[;u t ~ s de s c r ip t fa ll be c 0 111 e s Le t te r, the . \J r d en 0 nt h e 

mo de 1 bu l1d l!r become s 9 re~ t e l" I . or ttle pro l iferat ion of 

prop e rt ies and rl< l ation ne~n s t ha th e nunbE' r of c-notes 

mu 1t fp1 1!! !> , t llf~ r eby conlJ'lHc a t ; ng a 11 0 e (] ec 1 s i on 

pr oces ses. To cope , I t will pro babl y bA nec essa r y to 

ins t i tute f ur ther cc;h ni'1 ui: s for I ncatlnl1 t lC cent r al ly 
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imp or t ~. I'It c -n ote s. 

f or one th i ng. c-notes i nvo l v -1I11 ce r tain pointe r s ig t 

rate pr iori yattent1ot\ . The se mig h • for exa mp l e, be 

poi n t ers tlla t fr ,equent I y ~ l ayed centra.l I' 01 !!S 1n the 

dev e l opme nt 0 other models in t he past. Add itiona 'll y . so e 

pointer s mig t be tenta t ive l y converted to ~U ST - IlE v@rsions 

by v lr tu e of frequent occ.urre nce '1n the sa mples 1.1 d r 

co n s i derat io n. Previous obj ction s to t h is Idea sti ll st a nd , 

but done wit h care, with t he as sumptf ons beh in d the ac tf n 

so el10tl i nd ie a ted . some q ood m 19 I1t cOhl e ronl t h i s . 

If t he r,lClC h in e c ou 1 d CI s k thE' teac ller OUf'Sl ion s. it WO u ld 

open II pa no t her po~(erfu1 k i nn of f i nes se. situa t i on s 

bec oming pr 'eca r i Oll s l y amb i guou s, the mod p. l u 11d er wou ld as k 

d ireetly if som r elation 1s im port ant. r perha p s disp la y 

several i ma gi n l!d sc:e n e s to til!! eac her , reQ,lJ st1n~ a 

s ta temen t allout v.hich are i n t he clas s to be lea rn ed . 

r ina 11 y , and pe r ha ps erue 1a 1, s or.le ·eo n frontat fo n needs 

t o be ma d e w1t h fun ct i o n. lIfl a to do , hO~Jeve r. i s u ne l eH . 

In de al fnq tdth t ile ta t'o 1 e , th development ~)as al rea dy 

s t r a i n!!d . It i s no t r @ally ad qua te t o thirlk of 1 12<IS so l ely 

ass a lid ing br ic ks . a nd gene ra l i zatio to the c 18 ss of a ll 

o j ec t $ seems s~@e i ou s . So far a 11 mod el s a nd' 

ident i 1cat ions deal OIi l y wi t dese r 1p tlons of concepts ' 

part s , bu t t h i 5 ; s not ~cleq u a.te to ~H.\ ndl the not f Ori o f the 
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leg . Hha is needed Is t he idea t ha t s OCIe thi nQ h a le g , no t 

because of wha t its parts a re a nd h{l'fl' t he y arc related , but 

ra t he r beca ~st! tha t s ome t il; n9 relates to s ane ti'lf ng e l se in a 

pa r tic u la r way , name l y th r oug h the S PPO TED- BY r e l <')t f en . 

Given the a b il it y to th i nk t h is lI'a y , progra ms coul d idp.ll t ify 

rou n d l eg s, squa re legs , or l eg s ma de of sev era l par t s . 

Fun ctional u s e woul d se rve as a ver y powerfu l In ter pr et i ve 

and gr ou ping t oo l add i ll91r~measu rabl y to the I inited 

u nd er s tan d f 1'1 9 no \01 a t a i ne d . 

I empha s iz t hat no f un dam enta l ba r r i e \" preve nt s 
programs f rom think 11i func ; onally . I deed som 
po s s i bl y IJ sefu 1 pr ogra l:ll sa l \" ea d y ex 1 s t. 1\ S wo \" k 
progresses , f u r her a na lys is Ca n be a t tempted a nd 
i de n t if i cat; on can be 1":0: pa n d ed to 1 c I ud e t he 
re laUon s hip s tha t sugge st fun c t i on. A fi r s t \;<or k 
s hou ld c oncentrate on th i nllS 11~ t a r e defined lnen>1 s 
of c u rrent l y obse r v ed li se . - r a t he r t~.a thi n5ls t a · are 
de f in ed in t erms of conjectlJred 1l0tenti a l u se . A tab l e 
l eg . fo r exa mp l e , i s a. 1 eg tI cau se i t cu r r e n t l y is 
o b served to s u pport sOlllet h i n'] . he same obj ec t WOIJ Id be 

a r l ess 1 ike' y to be 1d el'l i ied by a hllrn a a s a le 
we r e it seen sepa \" (! t@d fr on an y t a bl e . The re i s 1 it t 1 e 
possibll i t y of iden ti fy i ng somet h l n9 as a ta ble l e9 on 
t he ba sis 0 poten tial u se un less a l eg is specif i cally 
SI!Hcnecl for . 
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7 Icl e tl t Hica ti on 

7. 1 r4 a t c h i n ~ a d Iden t if i cat ion Al t ernat i ves 

Onc e ther eare progr ams tha t de sc r i be scene s. compare 

d e sc r i p t i on n et war 5 . a rid Ilu 11 d m od. e 1 s. 0 n e ilia y goo n t o 

us ln!! t he se pr og r a ms a s elelnents in a varie t y o.f ot her 90al -

ori e nted progr am s . The prohl em-soh Ing programs de sc r i OOd i n 

th i s cha pter h ye th e fo ll owi ng k in d of respo n .s i Dlliti e s: 

To see if tw o sC l!n e s~ re i de n t ica l . 

To co nt r a s t t wo sc E! ne s a nd r eport t he c;lHfer ence s 
bet\\oe en t hem. rough ]:y 11'! o rd e r o f 1mp ort a ceo Th 1s· 
su pp l ies i nformat f on tha t nl ay prove u se f u l to pr09r an')S 
t hat u Se a me c na n ica l ha nd a nd a r m t o bu ild c o pie s o f 
sc en e s . 

To compa r e some scen e 'II·H h a 1 1 s t o f mode l s and re port 
t he most a c c e ptabl e ma t c h . h is I s t e id en t if ic at i on 
proD l em i n It s s Im p l est f or . 

To i d !!nt if y some llQr t t cu la r su bset of t he ob"ects In a 
sc ene . Th is i s no t the sa l11 e a s lc;1 ent i y i ng a n en t 1r e 
Sec en e bee al!>!! Im port an t pro p@r t 1e s rn a y be h i dd en a nd 
bec au se con t ext may fila I<.e s ome !de nt lflc a t 10rls mo re' 
pr oba~ e t ha n ot he rs . 

To 1nd in s t a nces 0 s Ome P<l r t lc u la r model 1n a s cene . 
I t 1 s f r equ e nt l y t he c a se t ha t t he pre se nc e of s()m e 
co n f i gura t i on can be confi r ed e ve t houg h i t woul d not 
bl! f 0 u nd i n the or eli n a r y co 1,1 r s e of s e e ned e sc r i p t i on . 
Thl s r equ i res the a bl l it y to d h c er n g roup ~ wi t h the 
r e qu Ir ed prop l!r t 1e s in sp H e 0 a s hr oud of i rre ] eva nt 
a nd d i s t r ac t in 9 l nf or ill a t i on . It i s no t un l H.e the 
probl fffi1 o f f1 nd lng t he bunn y o n a f> l a y boy cover. 
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7.2 Ex act r' a t c h 

If b IO sc @nes a re id e t i ca 1 , t h n t he n e t Lfo r ~s 

de scri bi ng t hose scenes mu st be ; SOl1lorll hi c . T I'le nodes of the 

UjO ne t wor k!; u st r e lat e wit h e~ch o t he r i n t he sa llie ~[a y s , 

and t he nodes nlus t rel a te to g ener~. 1 concepts suc h as BRIC K 

and STAtWItlG i n the same ways. Conseq u ent l y , compar in '!l hl o 

suc h netL or !:. s pr oduces a simp le kind of co mpar ison 

clescr ipt lon . i her e is a s ke I eto n , ~(hl c h i nd i ca t es ho t he 

pa r t s of the soc enes t nt rre l l!: t e , a,nd t h!!re is a 9rouP of 

i nter sec t i on c-notes t hU el e scr ib e how t he par t s o f the scene 

are ,1I1 c~l ored to t he gen era ') s t or f! of c.on cept s . tl on of the 

ot her type 5 of c - not S a ppear beca use i ent i ca 1 5C ene s can no t 

produc e t \'/0 rI etwor k s wit h t he nec e s sa r y a ber r a t ion S 0 f orn:1. 

Converse ly, if compari son 0 two networ k s r es·ult s i n 

int@rsec t ion c-notes a nI y, t hen t he p ~r e n t scenes I1IUst be 

i den t ica I in he sen se t hat t he desc i ption q n erat In g 

nlec hd n i Sni S enlp loyed pr od uc e exa c t 1 Y Pl o. tc hi n!J n et\'lClr k s. T here 

can be variation, but no t h i n g so g r@at as to vary t he act i o,n 

of t he d escr i pt ion _ en era t or . Th e scenes in i aur e 7 - 1 are 

i d entic! l \dt ll r espec t t o t he desc r ipt iv e po wer ·of y 

p o 9 r~ lI1 s beco. u se in both cases t he relat Ions observed ar e 

LEFT- OF and R IGHT - OF . i·1 ore c~ pa hl e pro r a r.l s r:1 i ~ h t corno l a in 

t ho. t F AR - TO - T HE- LEFT - OF and fAR - T O- THE-n Hi! -OF hol d i n one 

sc e n e , ~' hlle on l y LEFT - OF and fl Ha IT-OF hol d in the other . 
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T e sc@nes are cl ear ly not 1d ent ica 1 with re spect to a 

program wi t h suc h a capabi l1ty . 
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One £len era! i za t i o n add s a de']ree of fl ex ibll i Y t o t ni s 

procedure t hat hum a ns se ell1 to exerclse. Tne kin d of que sti on 

to be an s wered f s not o f t he s1111ph fo rm "Are hw gi ven 

sc enes tde nt i c.a I ?" bu t rather . " Ar e two £l iv en sce n e s 

id en t '1ca 1 wi til respect to a ce rta In degree of det a i1 1" 

An app r oac h to t h i s netl probl elTi 1s t o , cd1 y the 

1nters@ctio n-only cr iter i on • I ns t ea d (j,f r et1uiring all c-

no tes to 'be i n tersec t ion c - notes . o ne r equ ires ttl tall c ­

not es e tn tl!rsect i o 'n c-no t es a t or a bove a cer tai n 1 eve 1. 

Thu s i 1 eve! o n e i s sj) c H i ed . t hen tl1e sc e n es In f i gu re 7 -2 

a re i ndeed id entica l be ca u se the comparison descri p t On s hows 

no t h in g hut ln t ersect i on c-notes ~t or above that l evel . 

(f 19ure 7-3) Ou t 1 1 ev e! two is a 1 so of c onc.ern , then th e 

sc e nes a r e not Iden t ica I bee a!.! se a a - kind-of - ll1erge C - !lO t e 

descr t bin g the dl ference in s hall!! bet,~ean f/\ C!! C an ace C ' 

app ears o n t ha t 1 eve ! . 

This u se 0 I ve l p lai nly de Ill es a co crete s u bstitute 

fo r t he ot her wi se vagll@ not i on 0 dearee of deta fl . One 

simp l y:; y5 two scen es eit her are or ar e not ifi e nt i ca I d ow n 

to Some pa r t i cu lar 1 ev ,e l and t he )( fstenc.e of non­

i ntersect i on type c-notes beyo nd t hat leve l is not o f 

co nc er n . 
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T tie I))(ac t fiat.:; h d@ tl'!ctor is a ~,aj or par t 0 a. cur l ou sly 

s ; ~ p l e progra that chec ks for \"l certa i n k in d of l ef t - r lqht 

symm etry. The m t hod is as fo llo ws: 

t . Co py t ile d @sc r illtion of the ~cen e ex.actl y. 

2 . Convert all LEFT - OF pOi nters in t he' copy to RICal - OF , 
and a 11 R [GifT - 0 poin t ers to LEFT-OF . 

3 . COlllpilre the or1g inal descrtflt i ntl <lg~ i ns t t he mod iflad 
copy . I f the- l'Ia t ch i $ ex.act , the scene Is synm(!tr i e. 

T Ii; s ; s . of C O!,J I" se. ~ n, a b strac t i on 0 f t he -, am ! 11 ar­

co nd 1t ion f or '1 - xis sytr.me try i n t he ~, a t hemat iea 1 se nse, 

\~ ne reb y s y:tIm e try i s cor. f j r rn e 1 a Ild CI n 1 y i for ever y po i n t 

i n th@ ~c en e , (x. y) , t he poi !)t ( - x . v) ; sa l so in t he scene. 

S~; i tch in 9 LEfT - OF and RH,I-lT-Of p'Cl i nter s is t he analo'1ue (If x -

coord 1 a te ne~at i on a nd etwClr k III tc hi n'9 corres noi'ld s tCl a 

chl!!ck fo r i nvar i a nce. 

To see how t h is wo r ks , consl d e the SCe ne 1n fi gure 7-4. 

The eent 'er obj!!c t, I~ , i s na !::ed by B on t he 1e t ar'lo byC on 

the right . Fi gure 1-5 s holl'S t he r e su lt ing oe scrip t ion. 

T tlere are n odes correspond i n C] to ollj !le t s A, B, and C, and' 

t h er ear e I- EF T - 0 F ~ n d il l ~ HT - OF j)O ~n t r sind ; cat i n 9 t h e i I" 

r" e 1 a" t Ion ship s. 

Figure 7-6 sho\\'s the copy of t he rlet\llor ~ W'itn t he u:rT ­

OF a nd R I ,liT-OF po in tar-s sI1.dtc hed . Flot!c e t ha t t he or igi na 1 

networ , an d the co py are 1d ent ica 1. f od e It mat e he S tl1t 1l e ', 
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FIGURE 7- 4 
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C ,.' i he', a nd B wit h fI '. Since ther!! a e no d i ffe r ence s, 

t he mac h i ne con cludes the scene i s 1n f act s)'l'l!i1e tr ie. 

Of cOllr s·e . a !l (!ner~ 1 izat i on of s ~me tr y 1 s pos s ibl e . 

ju st as ge nera l- zat; ol'l of iden t ity is. h@ ma chine need on l y 

per for m the sa me co py ing a nd exch a ge 0 erat 10ns an d t he n 

check for non - in t ersectic," c - note s on l y 0 sone part1ct.lla r 

dept h. Thu s t he scene in i Gure 7-7 's syr~ , e t r ic to dert h 

one becau Sf the .,rou ['S of obj ect 5 are sytwH:tr i ca I ' y o l ace d . 

It i s not $yl! met r i c to dell II t~IO . ilc~'ev er, !J e c~u so t he 

pla c, ement o f obj ec s t in the O1' 0l1p5 i s wrong . T he scene 

i n f i(J ure 7 -8 d i f1'er S ron tha t in f i g r~ 7 ~ 7 be ca use t l1e re 

i s no t 0 n1 y s)'lll!ll etr yin t he 1 cea t i on of 'J ou ps 0 f 0 ~j ec t s. 

t ere is 1 so S ym dry in the p I a c erne nt 0 c>bj IilC t s w1 t h i n the 

g r ou p s, Thi s means tha t t he sc(:np. i s "l Ore synne tr ic to t he 

ach ine i n t he sense t hat l1e s net r y det!li;t1on program 

rema i n s har ry at iI deepe r le ll @l o f i nqu i ry . 

T e I'la ch; n h10W S LEF T- Of a nd " rGIIT - OF ar o pposite s 

l~ecau se i n f Clr at ion abo u t t he se !)t'inter s 1 i es in the ~en!!ral 

memory n t. (f iDlIr e 7 . 9) Conseq u ent 1 y . it 1$ unnece ssa ry tc 

t ell t oe program exr1 ic it ly to su bst i tu t e I'! l(,HT - OF for LEFT -

OF a nd lIice ' ver sa, On e (I eed o nl y as ~ the synnet y pr o!:,rllM If 

t he re i s s y.nmet r y "'i t h r S[l ct to et he r t he po In t e LEFT -O F 

or r, lGHT - OF . Th@ In~Ch i ne it se If ca n con jur up the 

app r opr ia te sub s i ut i ons by wor i n 9 t hroll ~h the OPP OS IT E 
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rol ~ te r f r o~ ~h i c h ev@r rela t fo~ 1s supr11ed . be it LEFT - OF or 

R Gi lT - OF . Si m i 1 a r 1'1 . i f {} e a sks for symme t ry 'Idth r e ~pect 

t o BOIr E. the I'Ir ogr8ln r ell l1H S that t he pl"o per su bs t it u t ion s 

are BELO H f or ABOVE and ABOVE fOI" BELO W. ! ~ - FROHT - OF g ives 

~E H Itl£J f o r Hl - fR 0 t T - OF and If I e e- v er sa felr a s om e'ilha t IJ IlU sua 1 

~. i n d of SYfllrll t Y que st io . 

Certa in l y m ixtu r esa r e a 1 so V'o s s i bl e. One ca n as k f or 

bottl le f t -ri ry"t a ri d a bOil e - b (' l o\~ SIJ bs t i tut i on s ~rhi ch is an 

11 b str <Ie t i 0 0 Synlll et,1" Y l'li t h I"I'! spe ct t oa 'p (I 1 rl t . 

:·la t heT'llit lea 11 y spea k1 n p . ther 1 S s YlTlmetry ~d til 
r es,pect t(l t he !'l~rt l(1) l ar nol!'! t (0 . 0 ) if Or ever y po in t 
(x . y) in the scene , here i s a 1 s o a po i nt .( - l( . -y ). The 
~\' a, y to c hee k a d r a~'i n g ; s to im'iln i ne mo w i ng ey ry poin t 
stra i g ht tllr ou<Jh the 01" io. i n unt 11 H i ~ ()O~ i l1 fIe S<l 1'I10 
d istanc e f r om h e orig i ll ' but l ies In t he o pposite 

ua..1rant . for examp Ie, point I' in t he symmet r 1c dra Wl ng 
in f i ~(I .r e 7 - lO ~oe s to o i nt P'. When tile end re su 1t i s 
the same as t h;e or i fJ i na 1 dr a l'li n (] , t hen the d r a"d ng i $ 
symmetr 1C. 

~10re Important is a ,com bi nat i on of al e t -ri flh tand an 

i n -f r ont-o f - - be h ind s wi tc h. n Ils one ghes he mac h tne a 

c toil nc e of r ea 1 iz inIJ t hil t t wo scenes He j u s t fr on t ,and bac r.. 

viel'l S o f t hl! salll!! cOI'I 'f i ~ u l"ati(ln ~s are t e s'c ene s ~ n 

flQ'Ure 7 -1 1 . 

Ev en tua 11 y [ thi n k t h~ mac hi n@ c~ n come U pan the 
symme t ry noti nl! in tile same ~ .. ay i t now l ea r ns abo ut 
ar c h@s ilnd hot.! ses. But ~t t h i s poin t I do no t th in k 
th ere i s eno u gh campar i snn de sCr i bin c a pa i 1 it y . The 
needed st ep 1 s t he in tr ad u c t 'ion of a pr o!lr a m t ha.t 
gen eN t es g l Obal c -n'ote s fr om the loca 1 Olles a lr ead y iI t 
hand , t her e DY i nt rod uc in!,! t ile k 1nd o f h ie rar ch y i n t o the 
camp ar i son d es c: I" i pt ion s t ha t 15 a Ii read y t he sta r'Id a rd in 



L.--------;r P 

P' 

FIGURE 7- 10 



FIGURE 7- 11 



scene descr i pt ion 5. One obv10u s ability of suc h ,a 
program wou l d be t hat of noticing a preponder ance 0 
similar c-notes. I think that t h is a nd SOl'll! of the 
do u ble cornpa.rison ideas proven use 'u l in dQ i ng ana 10ay 
problems are ju st the th ings the mac h i n e need s to 1 ear n 
a bOil t s,ymm@ try. 

7.4 El elllentar y Iden t1ficat ion 

Suppose a scene ; S to be id en t I 1ed. if poss lbl • as (I. 

1100 SE ,. PED ESiA L. TEtH. or ARCII. he obv iou s proc e du r e i s to 

ma tc h its desc rip i o n aga inst these for eac h of the modols 

a nd then some how de term i ne wh Ic h of t he f OU r r e su It 11'1 ~ 

d ifference descriptions 1m l i e s the best matc h . 

Recall that models genera l ly co tain r.11.Js t-be sa te l ites 

a nd m u s t -not - be sa tell it Ii! S w hl1 eOI'd i 11 a r y d e sc I' i r t ion s d 0 
l 

no t . Consequentl y , comparing a n ord 1nary descr fntfon aga -nst 

al1lodeT l eads to a var iety of c - n ot es not ounl.! when ordinary 

descriptions HI'! compared. ' ,nlo ng t he se ar c u st-he- satell ite 

pairs , rnu st-not-be - satell He rair s, and yar i ous flavors of 

ex it s dnd su pplernentary-pointer s. ' Such c-no tes are dec is i ve 

in t he ident j icat lo n process. 

Co s i cier the ca se here some po inter in a scen e' s 

des-cr i pt 10n corresponds to its r.'I U st-r'lot-be satel l itc in he 

1I\ 0<Je l . T his cl ear l y means a relation i s present tha the 

IlI ode l spec 1f1ca l ly forb id s. rne resulting must -not- be ­

sate ll ite-pafr c-note 1 t he d ifferen ce networ ~ Is such a 

serious a$soc1ation impedimen t tnat lden Ifi cat ion of t he 
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un ~,no I·m wit h the J1i od e 1 is r ej ec t ~ 0 u tr 19M . wi t ho" t fu r t e r 

c on s ider a t ion + Tlli s ea ns t h,at the nea r-arc h in f i 911 r Ii! 7-12 

canJ'lot be identified as a n arch because th e netlor k 

descri bing t he nea r-arc h has MARRIS poi n ters betwee n the t wo 

supports l~ h, i1e the model has ~ U ST-rt Ot - I ,' ARR Y pointers in the 

5(11'\1 ()C [11 ac I! , T hI! com bi ni! t i on pr od uc e s II C om p ar j s on 

desc r tpt !tln \>l it h ~ Must -no t -be-sa t el l lte-pa1r c -note tl'i a t 

po s It hely prevent S ll1at e h. 

Jden t ificH ion wi ttl a part icu lollr mode l 1 sal so rej ected 

if the d ifference de scr ipti o n contains ex i t s or 

SU pp lel!le ntary-po inter c -notes wllic h ilwo11'e must- be 

satel 1 Hes. Suc h c~note s occur when e sse ntia l relatfons, or 

prope r t i es ar e miss ing ~ n the u n kn D~m. T hus t he t~IO br id:.s 

i n f i gl.lr Ii! 7 - 13 dono t or l!! ~ red e s ta 1 bee il,U se t he I'll od e 1 for 

t he ped esta ll ha s a IJ ST- t [ 9S11PPORTEO~I.1 Y po in t er where t tle 

sc eJ'le of figure 7-13 ha S Mt ning . T he resul t i s a 

su pp 1 el lJ enta r y -po ! nt er e - no te 'i IlV 0 1 v 1 rig' t he mil st- be sat e 11 it e 

r U S1 - B E- SU PI' OR TED - 8 Y. A!Ja irI ma t c h f a i1 s, 

Th e ea SI! of a - kind -of-me r ge c-notes i :nl' o l\les a s 119 ht l y 

more CG IlI? 1 icated ru 1 e. Ren 11 H ,a t me r ge c -:n ot es occur 

gellera 11 y ~,lhE!n two n'odes s ha re propert ie s t ha t re TiOt 

i dent ic a l , but ,"' hich hI! in to th e s~rne qeneral class . The 

situa tion mus t be one where tlliO 1 inked nodes ex hi bit ,c lo sely 

related poi nt ers to t wo othe r node s from which pa ths of A. 
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KmD -OF po i ~t ~r s l ead t ,o a co mmon i n tersect ion . Fi\1u rl'l 7 -1 4 

shows sue h situa t i ol'l . In t h is q s!] the un kno'~n 1 S ~ k ind 

of "'~d ~ e \'Ih i 1 e t he co r r e sp on d i n gob ' ec t 11'1 t he mod e 1 mll s t be 

a ki nd of br ick . lloU HE[)GE and Btl ICt:: a r ~ k.fndsof o bject s , 

wh 1c h (! 11" ac t l y 1 fad s to a mer ge C ~T1 ot e a s so'c fa t ed ,>'1 t!l a 

UST-BE-A-KIMD-O F pointer 111 the model . But t he f ac t tha t 

t he un kno \'/I'I Il a s a propert y in t he s ame c l ass a s a propl?rt y 

requ i red by tile llIod el is 1nslIff 1ci nt . 0 1nsure r ej eet 10n 

of su c h a tc h~ s. t he r ll l e is: It efu se i<lent i f ic a t ion If th e 

mode ll 's fto i llter CO llt rilYutlng to t he merge c - note 1s II !!Iust ­

be ~ sa t e l l l t • 

F i gu r e 7-15 5 mma rizcs t he pr ocedu r e used 01'1 e~c h c -

11 0 te o 

Matc h of the scene in f iq u e 7- 1 a Cj alns t the PED E5TH , 

til e T EtfT . ~ nd t tle )\P.CfI al l 1 ea d t o d if fer~nc!! de~cr ipt 1,ons 

\·dt h c-notes t h ~t f orbid i de n t ifi cat I on . The P EO ESUL fa i 1 s 

becau se a me rge ind icatu t l1a t t le r equ i red A·K l tiD ·OF 

rel a t i o n behlee n tile tOft obj ec t a nd ~P.TC K is Mjs~i n!1 . The 

TE rri' s im ila rl y fails because both o f i ts objects mus t be 

"'edg es. Th e flP.C 'fail s be cau s e th e mod el ha s a t.1 UST-BE ­

SUPPOR TED-B Y poi nter to a n o bject m ,5 in~ in th e lmho ' n . 

if his i n t u r 11 c a u se s a fa ta l eo'( i t c - n 0 t €I i n t he d i ff !!r !!" c e 

d e s c r ip t lo n . 

Qf COu r se t h rII ach~ne can 11 Iso a t c h t e sam n 1e 
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pe destal , t ent , a nd an h of figure 7-17. fi gure 7-1 8 , OIl'Id 

f i gu r e 7- 19 8f1i11 n s t t he sa me l i s t of - odels . It Mak~s t he 

correct i de nt i f 'c a t i on in eac h ca se . 

The nex t pr oble ere r lles because some u nknown nay 

ac cep ta bl y match or e tha n one mod el 1n a. trial 1 i st. 
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Su ppose one d e i ne s a new sort of arch t ha t i s j us t I i ke t he 

old arc h exce pt t hat t he top o bj ect Du st be a wed ge r at he r 

t han j ust a ny oject . Call t h; s l1e ~t noc!e l the lfEDGE-ARCH . 

he n th e scene i n fi gure 7 - 20 ce r ta i nl y matche s wi ttl bo th the 

ORO I NIIR Y-ARCII a nd the new WEDGE - IIRC . The r e Is on l y one 

s 1 ig tit var ia.t 1 on in the d if er e nc e d escr fp t io ns . In t e 

IIEOG. E-ARCJl ca.se , 0 a s a mu st- be - sate l l H e - pair c-not e 

beCal! se t he unknown ha s a n A- KIND - OF poin ter t o IfE [)G E a nd t he 

mode l has a ~·lIST - !lE-P. - KI W - OF po in t e r . n t he ORU INAR - ARCH 

case , t here Is s ~m p l y a n P, - KItfO -O F pOinter fr ,oJTI t h~ mode l t o 

OBJECT, ~lh1ch with the u n kn o~,l n' s A- n rHl -OF poin t er to WEDG E 

forms ~ n a-k ind-of-mer ge c - r.o t e . 

Of course the r E! is ot hi n9 rea 11 Y o,frong wi t il re por t in '9 

bo t h ORO INAP,Y-MCH a nd EOG E-A CII as t he i d·e nt ific a tion of 

the unkno~m. St. i l l . gi ll en sev er a l poss ibl e lden t l icat i on s, 

t here s hou l d be some way 0 ord er i ng t hem such t hat ,one C ou 'l d 

be re po ted t o be best i n some sen se. To do th i s] as soc i at.e 

ea c h kind of d Hfer enc e wit. h .~ nu mber a nd co m tli net he flU ber s 

to Qrm ~ score f or each c ompa ri son . Figur e 7 -2 1 Sh Q~I S t he 
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sea l e a ssoe 1~ t 1n(l d H fcr el1ee types \'lith nUlIlbcl" s. It evo1 ves 

heur ist i'call y fr om 0 bservat i ons l i ke th e o l l o~d n!l : 

1. The intersec ti on e - no,te has ,an ass iq ned va. lu e o. f 1. 
Tnl s anchors t he sca I e 11 S a ll otner ' AU be rs ar e h ed 
,acco r d 1n9 t o hOl1 good Oo r ba d t nc C ClrresoClnd i n t,l c-n o e 
seem s r 'e1 a i v e to t he i ntersect i on c -n Cl t l! . 

2. f\ mlJ st- re -sate ll it@- fl,a 1r c - no t e sU~<1e sts !l oOd matc h 
even mClr e st ro ngly t h~ n t he intersec t i on because it 
ind icates t ha t r e l at ion s ar e pr s nt tho are kno~f /'l 
to be e sse n t 1<1 1 . va llJe of 3 Q iv es it t hr ee t i~~ s 
t he we 19 ht of ~ sim I' 1 e ln t .rsec Ion . 

3. E.x I t or su p 1 eme"tary -ptll il t el' c-no tes t ha t i nv o Iv!! 
I~U st -be -satell ite s are d i st inc t i v e l y bad because t hey 
ind kate \' ; t ~ 1 pr Clpl! rt i s a r ll m; S in n . The 'Ia l ue is 
a d a ~og i n ~ - 5. 

4. Ot e r ex i t and supp 1 ell1en~ary-~CI ; nt (!I" c-n ote s ~re bad 
bu t not nearl y so !la d . 1\ ~c or I! Cl · -2 see ms abo ut 
rig ht. 

S. ' Iu st ~r\o -~· -satell ite pa i rs are v c r ,! r ed ev id enc e 
i n . ced . The wO rst scO r e of -6 is desorve~ . 

6. T he a-k i n d - of -me r Qe is ~,c~ it ive ClI" n,e('la ti l'l! depenc inQ 
en wne ther e ither ' of t~e pOinters a r e ' mus t- b 
sate l 1 lt es. If a mus t - b-e sa tell it e ; s i n'/o 1Yed , !I n 
lrn p ,(wt a nt rr (1p r ty i ~ "1. ss i n ~ ,. r e $1.1 '1' t i l1<1 in a -4. 
Ot her~li se , it i <li eat!}!! 1(lf;Se as!!f)c; a t ion , no t as 
t i rr ht as that annollllced by an i n ersection . 1\ . S i s 

IJ sed . 

Once d i ff~ren c !!s ar _ n o t ed and numbe r as S()C 1 t 1 (,liS 

a r e made , a pr og r an l'llJs t coobi n t he n umbe r' s in a 

r ea so nab l e \'1 y . If SCOR[[U : 'IJ rep r escnt s ttle $C or e CJf 

colt'lp a r 111 9 u nlkno I,n lJ (1,~<l1 /'I st Ino o;! e 1 ". t tLP. n I use 



SCOR ( [ 1I : 1] = ~ I ( 1 ) 1 (1) + H( n ) ~J (n ) 

'I( i) - ex p(- L( i)] 

~ rid 

J (1 ) 1 s the number a ssoc ia t ed \"11th t he l th 
c! ifference. 
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IH i } i s the I'll! i h in c f ·~c 01'" ha t redu ces t e 
in fluence of 1 0 i~l!r 1 _v e l d i fer e nces , 

L( i ) i 5 the 1 (!v c I 0 f t he 1 h d I fe r en C e • 

Com bi n ing t ile ter ms add j lv el y is ·CQ n~enlCrlt , and thl! 

I','e ig .ht ln~ t erms . the 1,'15, h1UHil ily r e{juc e the i nf l v e nce of 

t he l owe r 1 ev el if eren c es. r Ila ve 0 str<)rl oer r ea sons 

for usi nq th is 1 n ear fo rll1ula , and I t is 1'10 sO'11e t l in o to 

e de f end ed tot he de a t ,. But I dono t t h i n it WO tA d ... a y 

to put mu c h effort i to tu n i' n ~ s c,h ~ f orn ul a becau Se !'lo r e 

k 0\ ledge ~ bo ut he priorities ot dif oren<;; e s s ho ul d lead 

to ar better rroqr~J'1S t ha t do ot use umbers a t all. 

7. S . den t if katio in ('on tex t 

Exa l'11 1'1e f l ~ u r e 7 - 22 . :lotice hat ()bjec Il seen s to 

be a br ick wh il e object 0 se e J:1 ~ to bl! a wed of!. This is 

cu r i ous because 0 nd D sho~1 exa ctl y t e sa rn e arr a Qe",en t 

o 1 ines and faces . T he I"(! $I,l I t ~ I so seeJ!1S at od d s wi t 1 

t he m chine's I'lorl e l s and ide nt -f 1c:a t i on pr oces s, as 

de SCI' Hed 5 ar, beca u se so f a'r ~nyth i q ident ifi ed a s a 
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~'edge mu st hav e a triangu l ar ac e. 

!l ut of cour Sf! co n tex t is t he ex l anat ion. I) if f e r en t 

r u 1 es n u st be u sed wnen progr a fTI s try t o IC'I~ nt ify obj~ ,c ts 

or qrou J)s of objects t hat are o nly part s of scene s , at tle r 

than U le who l e scene , In the case ~Jner e t e quest Io n 1 s 

whe tler or not te who l e scene ca n be i de nt ifi ed as a 

par t i cutar mod I, it h re a so na bl e to i n s t st ha t a l l 

re l a t ions deer'len essen t ial by ttle model be pr esent , wni I e 

al l t hose or i dden , be ab ·sp, nt . Bu t wne n t n!! Que s t ion i s 

whettle r Or no t a ew par ts of a scene can be ~Bnt i f i ed as 

a pa rt le u hI" mod I, t he n the r e is the pos sib; 1 Hy t tla t 

sOOIe iMp or ta nt pa rt ma be ob sc ured by otner 0 : ect s. In 

t he se s l t~ations , Illy i entif1catlon proqra m uses t ,~"O 

spec ia l heur1 st ic s: 

First , t he c oin c idence of objee s l y1nq f(l a li ne 

see s to suq gest that eac obj ec i s he Same type as he 

one 0 b~cur ln9 ' t u nl (' 55 the r e i~ '1ood rea son to r ejec 

tIl is hypo he s is . I h i sis wlla t suo'! s t S 0 b.i!! et D s a 

1·,e dCl e ;nf ig ure 7 - 22 . 

Second, essen t ial pr opert ies in t he Mode l ay b~ 

absen In the u nlmol'n becau set h parts invo ve d are 

hidd n. T is i s I, hy i de n t "f ic at1o n of object [) '/lit h II' tI~e 

,"'() kS eve n t nouq h 0 1a.c l; s t e othe r w1 $4l esse n tial 

t r i a,,~ u I a r ace . T he r @qu i r eme n t t ha t for bldd!!n 
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flroper t ie 5 do no t occur rerna In s in forc!! . hOI"ever. 

El abor a te work ca n be d one on t he pr olll ern of dec 1<:1 inq 

if thi! 0 111 iss i on 0 a part ic ular fe~ tu r e of some mode 1 "s 

admlssabl e in an y part ic ul'ar situat i on . ~ y Il r o(j r a takes 

a s i n!! tJ la dy crude v i ew a nd 

Rej ection of t e hyp othe s i s 

ignores all o",isslons . 

ha t he obscured is 1 1 r.e the 

obscu r or happe s on l y if the ma c h" ne noUces de ta 11 5 

spec;ifically fo r b i dde n by re l ations in t he mod el. hU$ 

thl! effort is no t to se l ect l the lest r.lat c hi n<J model , but 

only to ver i y ttla t a. PHt iClJ l ar id entification is n. o t 

C ontrad ictory . T his . e ans t hat object Bin fi oure 7 - 23 

is c{)l'lfi r med to be b ick-like ... ,n i le br i ck -n S5 1s denied 

to 0 because of the r u i nous app a re n triangularity (} t he 

s fd e fa c e . 

f course if the propagat i on 0 a rroperty like 

br i ell -n e ss 0 r 'If(! d 9 e - n. e S S d o~m a SI! r i e s 0 fob' e c t s i s 

i nt er ru pted , t hen th~ u n. nown Mus t be cOr'llp ared 'Ii'ith a 

battery of mode' s , wi t h the prO'lratTl st 111 foqJiv ing 

omiss i o ns, but now search l n Q f(l·r the best 0 rna y p ssi bl e 

i d en t if i cat i on s • 

11 0 matter wl'a t tle ethod by whic t> a par t ly obscured 

obj ec.t i s id@ntH ied . t h!! u se 0 a PR,OllABlY- A- KWO-O F 

poi n ter i n st ea d of t he basic A-KH O- OF is used to Qual l y 

the conj et tu red relat l oTlS h i p be twee n the 0 jec t an d t he 
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mode l it Is id enti led wit h. 

Fi9ure 7 - 24 s ho ws how t he va r lOU s pi ee s of th is 

proc edure fi t t o gether . and fi~u e 7 - 2 5 shows wllat ha l'p e n s 

when i t nloves do~m a si mp-1e r ow of objec ts. 

7. Lea rn i 1'19 fro", /"11 S til ke 5 

Suppose t he program attempts t o i de r'ltl(y the scen e fn 

f i gure 7 - 26 a s a pedestal . Ide n tHl cation ails b C use 

t he resu l t i np t ype of a - ~ j d - nf - Rle r~e c -note eil no be 

t.o lerat ed. St i ll It oll l d be ~ pity to tt. "I'll< a~Ja y t he 

i n for ma t i on abo u t ~Ih .v t he Md te h fa " l !!d . In s t ad t he 

o t her wi 5e \'Ill st 00 md t e ll in!) eEf ort Ca n b used to 5V{] qe st 

ne id e ri t ff i e a t i (In cand ida e 5. 

T he >(.'Iy t h is works is Gil it. e s iM p le . Fi r s t the 

com pa r in. t.he variou s mode s ~ 

it s a r mamentor 111m ~/i th eaC h other. Hhen ever t he nUrrlber 0 

d iffer ences o bservl!(J a re f ew , a s i mp l Hied descriptlo.n of 

those d 1 fer ences I s s tored. Thus t he Machinl! knot.' s that 

a hOll se 15 s im ; l ar to a" ~e de s t a 1, fr ol'l wh i ch t t differ s 

only i n t he nll tur e of th e top o bject. 

T he se de s e r1 pt i Oll s 1 il1 k t ile known I'l rJo el s to !,!! he iii 

s rt of s 11:1 f1 nr it y netwo r k . (f;g lir e 7 - 27) 

Th; s nehlor l:: a n<i the d if er e nc dser i pt i 011$ not d i n 

the co urse o f i d nt if ; cat ;011 fa I ]u,re hel p dec ide wha t 

mode l sil!;lul d De tried nex . TM c!es(r i p t io n descr ib in 9 
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ti le differences be tween d.n unkno wn and a par t ic u la r mode' 

is comp ared ~ it h the de SCI" ip t io n S of t he sin., l ar ity e 

I f t hit d if fer en G e I)e h ie e n t he u n no wn a n cl a par t it u , a r 

mode l mate he stile diffe r ence be tl eell that mooe I a nd SOfile 

othe r model . then identifi eat 10 )Ilt h that o ther mode l is 

likely. 

For eXi,lrnp 1 e . t he sc (me of H!ju re 7 -2 relates 0 the 

l110d 1 of a ped e st al ;1'1 ro'u jJ hl y the Sil me \1ay hat the mod e l 

of a hou se relates to the ~lodel 0 ~ p destal. Ho use is 

c on se· qu tm t 1 Y e' e v H d tot he to p 0 f t he 1 is t 0 f t. r 1 a 1 

model s . F i~ure 7 - 2:1 c l ar ;T ies t he J)roc ed ure . 

7.6. 1 Similarity f,e scription s 

he s i r.lihri .Y descriptions are SiMplif ications 0 

the com pa r 1 so n de scr i pt 10n sand are part 0 f th e 

deser ipt ion of e ac h poin tel" tllat relates s I i hr co GEtpt s , 

he n a Il 0sl n ~ ident ; ieation re!'1inds U1C pro!]ra m of some 

d fffer @nce structure it has seen, n o serious comndtl11ent 1$ 

ilia d It a ncl rn is ta ken conjectures do no tlurt muc h. 

Consequent l y it Is de s ira hI e t o 5t r 1p the d Hfere nce 

d escr; pt 10n s to t he important ehme n t s . thereby sa" ill 9 

$tora!le sp·a c e nd i ncr ea S il1 9 rna tc h ; !'In s pel! eI . even t hOIl 9 h 

some 'II'rong Node! s ma y bit pro po'se d as 1 i .e \y 

iden tifications . The $i mp l 1fied descr iption tll er @f ore 

COl1sists in part of iI sort of skele t on. ( 11lure 7-2 9) 
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l ntersl!ct ion c ·notes and ot her ~ a ssoc ja t ed Idt h posi t ve 

nu mbers on the eva l ua t io n sea l e are i~n o red b@ca U5e onl.v 

t he disr u p,t1 ve c - not es are of interest here . Thes e 

disru ptive c-notes . whi ch S U ~Ci st poo r match . a re hu nq on 

the s kel to n. 

Fi~ure ] · 30 s hows the s1r!l pl 1f ied difference 

ele scr i ~t; on r esu 1t in CI fr 0111 com~ar i s on of th e ho u SI! mode 1 

wit h the peeJesta I lIIed el. lotice t l'la t 1t is exactl,v tt1@ 

sane unde r th is sf p l jf i c~tion tr a sfor mation as that 

resulting f r om comp rison 0 the pedes t al mode l a d the 

seen e i n f j 9u r e 7 - 2 

7.6 . 2 Ele f inftion of Q,Jan ti hti\'c l y Sm a 11 

This whole s lnl j1llrity scheme d ep e nds CHI the fact that 

two m otI el s may hav e onl y one o r a fel' c! if f rencp.s th ~ t 

Plake t hem stronQl v dif fe re nt In a Qu alita t ive sen se . 

["deed •. the sirni l ar j t y links s hould ex i st on l y hen the 

m,odels inv o lv ed are r eas onably close i n the se n se of 

prociuc i nq e~J d i fff'rClnCe s. hell thi s i 's tr ue , a n u nkno,wn 

t ha t rl ea r 1 y i d en t if ; e S I. it Ii ~ n e mod el i n th !! sen SI! 0 f f e ~) 

.ii f f er en c e s is a $ $\l r I!U 0 f III a t c hi n (J we 11 ~! 1 t h the ot he r • 

par t icu la r ly when the tw o sets of dif f er Ilces pa t c h. Thus 

t her em u' st Ibe son.!! ru 1 e fo r dec i d In.:, 1 f t hI' nul'1 er Df 

d i ffe re nces 1 $ $U ff i c "entl y sma 11 to ~Ja rr ant a pa i r of 

po in ters n t e s i m il~rity n l wo r Cur r en t ly th~ mac hi ne 
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c o n sidl1'rs suff lc f Tltly sm 11 to , e a n t he n u n~e 'r of 

m isrr'lat c h -caIJ5i n ~ c -n ot@ s i s either l e ss t han h io or l@ss 

t ha n on e- t h i rd 0 f t he rlu rn btu- 0 fat hI! r c -n 0 t I!'S. 

7.7 T h,e Need lie In t tle f!ayst~c k 

Tne sc e E of f i (l ur c 7 - 31 i s curiolJs i n U ea tone ca n 

'f i nd a n arch. a p desta l, a house, and a t e nt in it Hone 

is lookin g f or the m. [lu t if t h~.v ar e n ot s~ccific a lly 

sea l' c hed f or. me ntion of these f) a r ti1: ula r mode l s i s 

unl iKEl y to ap'peH in a cl@$crt p t i o n of th scene . 

A1 t houg 11 th conf igur t i o,n s are r r>s en t , t fJe y a r e hidde n 

by extra fl e ou S a b ' eC ts s (l lII'e n t hat (Ie n en 1 Drou pi n ~ 

pro gr ams ar' lln l f ke l y to s ,or t the au . Yet t tle qu e s t i on , 

"[l oe's a c erta in mode l 11 ppe a r i n th t! ~cl!ne?" i s c @r t ll in 1.'1 1\ 

r ea so nabl @ o n e , One way to Do t t i).C k It d f\li t.\ es ic e l y i n to 

t hr ee rarts: 

L F in those obj Qc t s in t h scene t,hat ha ve the be s t 
c hil nc e of be i n 9 id I:!n t if ; @d Wi h t he modI:! 1 • Jf t he 
mocll! l has u nUSl4 ~ 1 I"l'.linters 0 references unusua l 
co nc ept s , t h . pr ogra m ra y 5 par t ic u 1a I" attel1 t i o ro t o 
t:tleiR. SII!1 fl H l y,. ex t r a at tent I on is pa i d to t he 
emp lia s i z e<d parts ·o f the lTlo de I , for i ma tes e;a flot 
be es tabl i s hed for the • so l id id e llt 1 !cat io n 
ca. Ilot beaff1 r lile<J. fla I"P I ly . It'I y st. n (l a r d 11 etwod. 
rlatc h 11'1 [1 pro gram does tr\e se t l1 i n!j $ ~11 t ho ut 
allg l'1 ell ta Uon. T lie res li l t 1 s a se t of 1 in h. 
between tlie obje ~ ts of t he ode ! and t he i r nearest 
a na l ogue s In the scefle . T he nthpr ~arts of tlie 
Se; en e r e ma in I,m 1 i n ked an d ,en d II p a ppe a r i n (J i ll ed t 
c - n ot es. 

2. Once a qoocl (Jrou p of obj ects is p i c ~ed , t he n t he 
pa i nter s r e ht i ng t h@$@ obj @cts to t h[! ot her 
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objects In the sce ne <Ire temporarily f orgotten. 
I n hu m"n terms , t his is 11k ra 1nt1 n '1 the sub gro l) ll 
a s pec fa , co l or or o t her '1 se reduc 1n IJ poss ibl e 
con fu s ; on (r'om r' e h t 101'1 S with the su rr ou nd in (] 
obje<: ts. . 

3. F1 na 11 Y. '/i'; t h 
r e I i ef by the' 
i d ent if i c~to n 
ex pec t a t 1 on 0 

the best grou p of objects se t into 
pr e y 1 ou s ex c is i on . the or din a I" Y 
routines dre a pplied \\.tth the 
reason;!b l e performance . 

T he fol , y 0 d frect app l iotion of the identification 

pr09r ams lies in t he myr i ad irre l evant exft c-not e s that 

the extra ob ject s in the sc@n@ wculd cause . Such clut t ~r 

, @j\yes t he lila c hin e a S l1e~llld er ed as i t dop.s hurnal'ls . 

7.8 Reactin g to Id ntH'lcat i on 

Once i..le n ti fic at ion of a s bstruct ur@ h~ Prens, the 

d iscov er y s 110u I deon t i btl e to t he store 0-1' ~n o ~l cd S'te . 

Fi gu r e 7 -32 il l ustriltes s ', e a Ute more oevious t n , s 

done after ident H1c! t i on of th e house an<,arc 1 i n 

he highest 1 @v ·e' node no 1 on!ler' c(lnn~cts 

directly to ttle i ndiv i dual 0 jects. I nstead i those 

objects da ngl e rom , e,., subsee ne nodes by ONE-PAR l-I S 

poin te r s . Sirn il ar ly t he o ld top ' 1'\' el co ne ept poi n t s to 

t he n e~( su bscenes wftll or E-P ART -I S. The subscen e nodes 

natura" y point by A- KWO- OF to the models t ~ey jd~n t i f}' 

Rather more c!n be done i t hI! ma c h in e krl(l\of$ 

somet hing about ho ~( the reiat Io ns o f a Qr ou p' s co mtlonents 
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to external obj ect s <11c t(l t e t he r eht i ons of ttl ~r cup . 

Any knowl e-d!]eabl e mac h i ne knO I'IS t ha t a house c onfigu r a io n 

res ts on whatever its botto . object rests on . Nor 

9 n~r(l. l ly. the fo l lo wi ng ru le sec l1'l s r cason~ Ie : 

Suppo se r. e nd Ba r e " rou ps of ob:ects id ent1fied as 
Subs t r uctures , tllen; an obj e<: t of A r ela t e s t o a n 
o jE!c t of B by SUPPOIHEO - [lY , t he n sul:lstructu r e )\ 
re lates to subs t ru ctu r e B by SUPPOflTEO · BY. 

I n co n Se QU nce , the net In f i!! ure 7 · 32 heeo es th~t in 

f igure 7 -34 . 

7.8. 1 Examp l es 

Us i n!; ti s same proc edu rJ). the sc ene in f l!lu r e 7 - 35 

soo n r eaches t he s t a te of i B um lna t io s hown fn 

f igure 7 - 37. Byexa in 1ng eit er t he pic t ure Or t he net, 

it is easy to see tlla the ar c hes fi T , L. nd AI! 

themsel ves const itu te a scr t of super-arc h I'ri t h a rc he s as 

par t s in stead of o bjects. T e ac h i ne ~oes not refuse 

this substit ut i on s in ce U IE! model for A.CH has on l y ON E­

PMT -I S pO i nters to BR ICK il n cl OBJECT ,. not O rI E- Pfln~t1UST- B E 

j)ointers . T he ma t c hi 9 scor@ i s slnply 10 ~(er t han it 

wou l d be for arches ma d e of brick s . The fi na l d escr iption 

e ssentiall y states t hat the scelle consi sts 0 a sort of 

a r c h supported by an a r c h co~posed of t hr ee a rches, 

Fi gur e 7 · 36 S h O~I S a ri c her exa mple tnc l ud ing 

111 sta IIC cs 0 d perl esta 1 + Ji.l]d In t he II'I~ c hi ne id en t 1f i es 
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grou ps , establ ishes r ehtlot'ls tle tw@en the ide nt if ied 

g;roups, a nd the n tries to identi y qroups of fJroups , 

report it'lg even tlla l ly that the r e is an arch composed of an 

arch on top with two pedestals for suppor ts. I t t hen 

notices t hat t h is generaliz ed arch I s suppor ed by ttlO 

ord ina r y a rc h~ s+ Btl t t tle genera 11 z ed arc n 0 t'I tOll of h lo 

supporting arches aqa 1n Is a kind of arc h, the f ifth an d 

, ast d iscovered . 

7.8 . 2 at iter Rela ion s 

r !lave no t thoull ht mllch a Ollt the ca h; u la ti on 'of 

oUler gr ou p pr oper ties. It see s rea sOM!:!1 e, however. 

t h~ t ~ set of p'rogram s U sing thl! fo 110))'11'1 9 id ,ea s should 

.. 'or k t o some exten t . <\ 1 be It crude l y. To f i nd r l-FR!'NT -OF 

reh t ion s b.ehleen gro ups one can u se t he atlove ru 1 e for 

SUPP OR T with the obvious xchan~e of I'l-fRO T- OF for 

SU PP OR TED - BY. To es t abl ; s t he s iz e of a grou p one c~ 1'I 

a(!(! together t he ln d iv i dua l ar e a s of Its objec ts . To 

c hec It f or LEFT- OF arid Il I ~ l n - OF. one uses t he c enter of 

area a d extrmn@ po i ts of the en t ir e grou p rat tie r thall 

t hose of an ind lV ·d~a l o bject . Bll t othendsEehe left ­

r ight a l gorit hm ~ a y r emai n h@ sa Me . 
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8 Cl os i n!) R eJna t ~ s 

8 . 1 A Sy st em 

The flow d i ag r am i n f igu re S-l S" owshl'w the 

tec hni ques fit toge t he r ~dth t hose of o ther s to form a. 

pr i mi tIv e scene-perceiving sys tem . At the very be _ i nning 

li es tne scene, from ~.' hich all In ormat i on u l tin;;!tely 

oer Ivc s . A program developed by Griffit h [7]watc he s t he 

Scene through an eye resembling t elevision ca mera. he 

resu lt is aline dtHdn g . tfext pro9ru1s of ~la habala [ 1) 

8nd Guzrn a .[ 2J classify vertexes and gro u p r eg i ons lrI to 

bod les. Next is a s tage in ~tf1i e ll object ielent f hat Ion 

i s done. Following close l y, on e has the cl ete r min;;! tion of 

obj ect-obj ect r ela t Ions and th en grovp i d ent !f1cat I on. 

F inal ly there is Iden tification of group-g r oup relat ion s. 

CC!yon d t h is . act ion dep en d s oint ent + On o ne path 

one fi nd S ~ttE!.4l1pt d 1de nt ific at i on of the e n ti re scene 

wHlla kno l'ln model or model s . On anot her I an effort Is 

made t o fi nd a n In sta nce of .some pa.r t icu ' ar model in t he 

se en e + st fllanottler pa t h involves u se of t he 

descr i pt i on to hel p f orm ne,. concepts. 

3 .2 Co nc 1 us; 0 n s 

This collection of idea s and t~ch nlques supports f our 

ma jor contentions. each of ",h1cl'l de pe nd s on those 

preceding it . T hese t hings are smal l step s fo r II rnan, but 
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giant leaps for a ~achi e, 

1 . A computer ca n produce a de ta iled sce ne 
de.s,criptio conlfst in o of Hie sa me sort of facts 
hu ma n sob serv 2. 

2 . These de scr ipt ion s 1 ead tn tllrn to de s.: ript ion s of 
how scen es compare wi h on e a other. 

3. An u nderstanding 0 how scenes compare permits th e 
COJfiPuti!r to learn mode l s fo r new concepts from 
ex a mp l ~s and le ads to a new way of hi n k1 no a bou 
1 ea rn in (J. 

4 . These !'lode! s finally endow t he ma c hi ne wi til the 
(1011 ity to reco~n i ze in stances of prev iously 
I earn~ conce pts, 

8.3 Back rou nd I ssue s 

In a more co Sl'Iic 5e se, t he 90a I behind th l s wor k is 

to rna ke a mac h ine t hat can under stan d t h~ envlr o ment j ust 

as ,.,'e hl! ans se to. Some c rit ics (] Artific ial 

Intell ig enc ( th ink t h(l t t ll i sis nM p05 s 1 be. ~ er h aps 

becl1u so the y cannot i lllag ill I! how 1t can be done. [ tht k 

t he rea l a 9 U J: mu 5t 1 Ie in t hp u noar sta nd i no one l'Ia s 

a bo u t th.!! not ton of u nder stanrl1 n II rev t e\ll of a few 

dict io nari es convinces me t ha t he editors arc ha r d 

pre ssed to define t he word witho lJt u stn it. It 1 S a s j 

It I'<ere a. word so Da sic tha t it c~nnot be described in, 

s imp ler terms . 

But su r ely t o unde rstand ~us t invo lv e t he for ma t ion 

o f a descr1i>t i ve 1'1ateau of kno«l ed~e l ,vlt1!) sO'Tle~:h!!)'e 

betwee n ra w, totally unprocessed data and detailed a.nSloJers 
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to pr obl ellis . [do no t wish to be la bor t h is po i n t , but I 

feel that t he sort of abstra<:t i <m represented y tIle 

net wo r de ser i pt i on of 11 scene ,ca 1'1 be v ie ~,'ed as 

cQfls titu t ing a s ort of u derstan di no. I so, dep t h of 

understa nd ing correspo nd s roug hly to t~e e l abora t eness of 

a d eser ip t io n. d en 51! neh lOr ks su g~e st i nq more 

nderst and in9 tha spa rs e one s . 

Anot her n ot i on of l on~ stan<J1l'1g concern to pl'l i 10 so Dhy 

i s t hat of t he id ea l f o rm . Yet 1 it t 1 e worl: sees to have 

gone i n tc car efu I stud y o f what hun an s mean by suc 11 Si m p' ]!!! 

cOr\cep S ~ S t h(l t of the T BL . I be l i e v e stud y an d 

improvement of t he co ce t ge ner (l t o r co nst itu te s a r esh 

a pproac h to) t h i s pr o 1 eM and llIay I ead to intere sting new 

resu It s . 

8 . 4 Stigges t iol'1s f or Further l~o rk 

Impro vements t(l a d extens'o 'ns o f this wor k can be 

un d erstood in terms of tl'l O extrell1fS: mi no r chanlj e an.d 

maJ ()r Ol'l)r h(l u l . The m ino r - chan[le ca t egory Is lar ge 

because the h i g hest priori ty ~oal i~ soc work ~ u st be a 

complete syst em . A c amp l et.e s.vstem. O\~ ve r fl i rolSy , 

se rves to guid resou 'r ce a ll ocati ofl into t he most deserv ed 

p,robl a r eas. IHthout exper ien ce wi h s uch a sy s ter-l , on e 

risks su ff er in g from the p henoflerlon 0 d l rd ni shin (1 

retu r 'n S, ex end in . grea t ef fo r for mar g i na 1 i mpril v e, en t s 



on r e]a t i vel y s t ron 9 P 1 ec e S 0 f t e s y s t er. Bu t t he 

oat ur a 1 r esu lt is that ther , is mu e h r ootl fo r furt he r 

11'1 rov men t of the system' s PI' rt s. Soni l'! rossi bi 1 it i cs 

t~avc alrea dy been me tio ned , but it i s a pp r Ol' r1 ate to 

2(, 1 

lCI ent ion tlH)1"I !le r e a S a eo nven i en c e for those >rho sh to 

1. rl earl y a 11 t fle pro q rahl s t hat e s t a ~l ; sh r ela't 1 on s 
be t ~e e n 0 bj e e t s eil n be i mpr ovec!. The' pr o~ran t a t 
10 0 ks "'or s u ppor t blunders sooe t i ll! s be c a u $ 

o bv 101.1 S otto 1 i nes Qre OVi'!r looked an d SCltl e tic s 
because a sc;ene has t· p ed bac k ~l round obj ects. 
The pr'o gr am that lr;lo ks for i n -fron t - of 
r e l at i on ship S c <lnn l) t h~ rl d Ie s itua t i on s 11'1 wh ell 
obj eet s a r e a 1 i ~n ed , • any of t he se pro r, r am s cOll I d 
ben e f ' t from a pro!)rar.1 th t cau l d '1"a9 1ne hi dden 
1 in es. 

2 . 110 d 1 st lTlc t ion S il r c mad e be ~!p.en ol:v 1 01.1 S, 
1.1 naruua bl e pr orer t ie $ ~n d hor de r l in e ca 5e s . It 
m 19 ht be 9 oDd if t he ana l yt 1 c pr () qral S C au 1 d 
re ~ort t h i ng s 1 ae c; ert a i n ly -l (!ft - of or sort -0 • 
1 @f t - 0 fin s t ea d 0 f i n v a ria b 1 • iJ ntl If f t in t ec 
1 (t · o , 

J . T he r lJ l es or t he idl!nt fl ca tio r. of a sc ene wi t h a 
r1('de l need refi rl @r.te n t. ThE' WE'l Q t in~ assoc la t @d 
wit h t he variDlls d if er e cPs a nd tile 11ay t hose 
we i !jnts are CO I!1 tned h \' ea spec i ou S Qu a l ity. I . 
wou ld be f i n e i f S orn!! \". y 'C 'J\U I'd be dev ' s ed to 
e l 1m ; nat e t he r1 lJnl bl! r $ , It oflet her . pe r hap s t hrO IJan 
a mor e in te ll i!]c nt pro!) ra m 'I\,lth a bu i1 t - in 
I.In d er stand i nC! of pl' iorH ies , 

4 , The sc he e s. for rec l)() nl z1 g reasona bl e c lu sters of 
o bjects is p articu l ~r l y pr imltl ye and has 
lin d r ~ Orl e too 1 i t tl e t e st In . t· ee nD n isM S r.1U st be 
f ound or produc in p a nd han.:i 1 i t\~ a l t e rn at !v es t o 
the f 1l"s t part it i Orl d litV 1 sed . 

5 . T he en t ir e c;oncep t gene r nt io n pr ocedur e a nd i ts 
r am ifkation s c;l!rtainly 5h ol.l ld a bso r b grea t 
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attent ion. n orc flowe rflJ 1 l'Iet hods Il l" reeo gn izi ng 
im por t lit dif f er ne sare needed . T he ~ch inll 
should ha ve a fac ulty by wh ic h i t can c IIIp h j or 
ask QIJ st ton s if t he teae her is do i no poo r ly . 
Ce neral izatio to unct i on a l propert ies i s a must . 

6 • The network "lac IIi 11 g pI" ogrMl. (lit !l ou a n it Is at 
t he core o f the e nt fra sys em , 15 (! nostl1y 
PI" ogr a illn d . s10 ~I a nd stu bbn r n stu rn b 1 bun . 1\ n 
improved versi on "'aul d s irnu l tane u s l ,v in crease t hll 
pol-ter of the ma ny syst act iv it i es that u se it , 

he ,o,t h r ki ne: o f i l'l[l rove l'le t i$ t hc major oycrhll tJ 1. 

This Is flot ai ,cd at soo h isti c~t fng an existi !1 part 0 

the s ystcl'1. b t ra t ~e r f o c u se~ o n the spectac ul ar 

in c r ea sELsin pO! er de l" hr ed fron bol der, b i goe r i d ,e~s . I 

di sc u ss two suc h possibi l it -c s b~lo"" . Re~re t al;ly . t es e 

pI" 0 b I elTl S are d if f fe u 1t t o f or rtlu 1 a e a nd de 1 i it. 

Firs t Is t he gene r al probl ~ of i ~trod u c i n!! bi-

directiona. l ln f orlB t i o n If')~J . (l la c e a gain a t he 10\'1 

d iag ra r.J of f lq ur B-1. tlot ice t hat al of t he HrOI~S 

poin t f r ol'l bot om to tor . -n ll -c a t l n 9 tha t ",1 1 l nfo r rna tion 

oves i n 0 e d i rec ti on on l y . Ther i s as yet no 'ria,\, a. 

process can d fscour se ,.,.it h and moo i fy the beha v l or of any 

poe ess ae t i n!! be l(H! It . 

I t see ms clear t hat for h i ~ h 1 eve ] co mand 0 a ffect 

l ow 1 evel ope ra ti on 1n a n on-tr i v fa1 ~!ay . t he r e mu s t be 

s ome ~ 1 ter n H 1v e or dd it i on a 1 me t ho d t hd t ca n be t hr own 

into battle, As yat few such [lo i nts ()f in fl uence ex -st In 

Iny sys t e m. T he re a re t wo 1 eft - 0 ~. r 19M -0 f proc ed ures •. 
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and the re i s t he opt i o n ofv sin,] or not usi <l var i ous 

relation - f ind 1n9 and gro-u p ing procedures. Bu the for t e 

of a n in terna l 1 y in teract lve systeM wi 1l pr ollab l y invo l ve 

s e 1 ec tj 'on of 0 n@ : et hod fr om sev eTa 1 [10 s s i bl1 it ie s am on., 

~I hlc Ii t he r e a r e t r ades be ween speed a d accu r c y . 

A o t ner amor!) hou 5 flrobl en is t hat of ~Je d d 1n t he 

v i sl.la l capab il it i e s of t h1 s s yst en with ot her systems th at 

sp ecial iz e i ro different k inds of pflrcep t l on . A r a l r obot 

shoul d un d e r stand t he e nv i ro nm en t no t on ly 1 t e ms of 

vision l, Llt a l s o 11'1 t erms of tou ch, S OIJIIlli, l angua !le , arid 

per!'la s o t er me d iu ms. Unuerstand ; n!)i ac of t he 5e is a 

ma jo r [lrobl em, but a s \'lOl' l<. pr oc eed s, t nare wi 11 be t he 

su per-[ltobl ern of unde rsta nd ln g ho!/? v a l' i Ol)s percept i on s of 

t h!!env i r ollmc nt shou ld i nter act to for a LI n i f i ed 

uno:! e r sta nd in . 

r u ndl!rs t on'd neu r oa na t o le al ev i de nc e i s t ha t 
e\;'ol LI t i on h •. $ come to !lr 11'1 s Il'i th th I s pro blen onl .Y 
l ately and o ri l y i rl r.1~ wi t h it ny f i n e ~se . lorMan 
Geseh ... ~ n d rl'po r ts t h~t Mo keys h~ v p Y~ r y 1 illl i tec! 
a bi 1 ity t.o corre l ate t h i n 9 s they 1 earn v i a the 
v i sua l. a ud itory , and sO<1e s t he ic sen se s ellJ. Indeed 
it rn a y b~ r ea so n a b 1e t o sa y eac h m on ke y i s r C~ 11 Y 

hree fIIo n ke ys occ ,u fly 1 ng t he sa me sku 11 , a v i su ~ 11 y 
ori ented on key , a a ud it ory one , an d a s omesth tic 
One . t·la n a p pare n t ly a vo ids t hi s th r oug h a chu nk of 
cort ex t hat sOl1l ehow mat ches up these pcercept i on s . 
T he c hun k bellelled resp on 5 i bl e by G eschw in d is c a I I e dl 
t he i n f er l or fl ar i eta 1 1o bu1 e . 
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I\p ne nd i x 

T h B a ppe nd ix is a c u rsory i ntroduct h n to t he 

tlet~or match;no Dro~ra m ess~nt ia 1 to l11 al1y f t f.e sy ~ten' s 

o~era t ion s. Its j o b i s t o determ ii'll!! I'IM C h IHldes of hI() 

de scri pt ions best corr I!!SJlond. The corrt;!spond In(l nodes are 

s 1(1 to be the lin ke d pa ir s . 

The progra m star t s l'r1t h the ent r ,v nod es of two 

de SCI" lilt i ens . It irnilled iat e l '{ i n nlJ i re~ if th 'IH'e i s 

e ... 1<;1 nee t ha t t he t'll'O nod es s li ou ld be co n s id e red it 1 i nl::e d 

pa 1r . The ans.",e r is yc s i b(·t h node s till""!! a com mnn 

p oi n er to sor.1e c{lOImol'l intersec t i on not1c . hus X and X ' 

I"f a I irk ·ed pa ir i n f i gure -I, but the y a r e certa inl ,v 

n ot in, fi 'lll re 1\ -2 , si nce nodes X ,ntl X' ha'le n·eHher 

pOi nter s nor no de S in co mr'lon. 

I f no H nkln g c~n occ ur, the pro9 r 'H~ I~Ol'es dO\'l'n One 

lev el th ro ugh the mos t comm on po in ter present to da ughters 

of t he ( ,urr ,ent ly i n spec ted n odes a nel t r i es to ind 1 i n l::ed 

p h ·s .lInong them . I n f i gure A-3. t e entry nod es are nl}t 

11 /'1 ked on fir st in Sr>ec ·ti011 s li ce thenl are I'l l) comm on 

poin ters to ~ ny com~on ode . The y bot ~ have dau gh t er 

nodes , howev ,e .. . ane! t tie se a r e next exat.1 i n d . P is te 

m os t n un){' r ou S po i n t er, S (I node sCI . C 2 . C1' , and C 2 ' fo r 

b ve gre ~ ps i n I_h i e h t il progr am t r i e s to f in d lIood pa irs 
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F I GURE A-2 



FIGURE A- 3 
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toe 5 til b l is h as 1 1 ke<l • (figure A - 4 ) S in c e C 1 a nd C " both 

have t lle sa l'le pointer to a. comt:)on node they ar@ good 

Ca nd iea t es for the for ma t i on of a 1 i n keel NI ir , rlO<! es C2 

II nd C Z' a r e eve n . 0 rea 1 i ke. h 0 .e v e r , s 1 n c e 11 e y ha vet \~O 

poInter s to tlol O CO lnl!l(l n nod e s. C 00 so ouont 1 y. C2 a nd C2 ' 

are 1 1 ked f ir st, I'li ttl act ion on Cl i1.n d (; 1 ' postpal'! (j . 

Ea ch t i me II pa ir- o f l1od ·e s is 1 in kec'i , he pro aral1l rys 

to 1 in k up any 0 t ~ j·r dau ghter nodes that are no 

in tersec t i on s, In th e eXilr.1pl e i s rnelln$ tha t an ef for t 

is mace to fi nd ~ 1 11'1 ked p'a i r beh/een t he 1 eft nodfr , El , 

and t he r ig h node s, El ' and E2' , a 11 of \1hi c h are cu nd 

a t he end o·f F' pO in t ers, (f 1~ur c 1 - 5) i h i S '5 the f i rst 

eXil61p 1 e cf a conte st. !J oth [I' 3 d [ 2 ' shar-e C 0111;10 

ln t ersoct ion s lif til Cl. Th e w1 nl1 In r a. i r riC ked tly t he 

machine i s al ways t he 0 e ~ith th e h i p!lp.st cou n t of C1lrl"lon 

po i n t er s t o 1nt ersecton 5 or prev l ou s ly 1 inked pa ir s , In 

th is case. I - El' scores h'~ er becilu SI! there is not on1 y 

a set o f po lll ters to the i,..tersect i on noel , but a 1 s o 11 se t 

to the prE'V lOU sly 1 1n k~ d ra ; 1' C 2 - C2 '. 

T he 1 ~nl;, ; I'I'J of El a d E1 ' cnuses exam 'nat ion of t heir 

daughters , F l on the eft , Fl ' and F2 ' on ttl!! rI g t . 

(fi our e 1:- 6) F l and F2' tlo t h have a [,ointer ~ t o a coml"!('In 

nodE', Fl ', ho,!c v er. ha s t he ust -be vers '0 of th e 

po in t er r. 0 t he sa llie node, $~c h satt'1 1 ites oc c ur 
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r@quently i n m o d~l s , i nel l 'ca t i ng iQa nda t o r y re la ' ions . 

Prior ity is g iven to Ill atc he s in ~/t'lic h sate ll it es 

cor r espond t o th e p(lin tel" s they il re mod ifi cat ions of . 

This ne a n s the R "l'ith 11UST -BE-P- poi l\te r ma tch between 

node s F 1 and F l' ha s s mnewhat nore ,,'e i ght t ha lli U e ilia tc h 

of R wi t h R t ha t o ne t,Oilld h~ '1 ,e !Jehleen F1 a mi F2·. he 

F l-fl ' matc h therefore fs consider ed t ne !)etter o ne Mid 

r slI l ts in a I i nke d I'a ir. 

Fl a nd F l ' hav (! no dau g ht ers t oO be pa i red 500 no 

f u rt her pefletrat10n of the ne t occ ur s . The n ll xt j o b is to 

ra-examine t he nex t h i gher pa r a~t no des because l in ks j u st 

fo rmed may provi de enou [lh nEe'" eviden,ce to 1 ink t,~o hi gher 

node s .. I n t h is c a se Nckup fir s t co siders nodes El and 

£1 ", [ 1 an d El' ar e al r eady 1 in ked. Att el'it 10n therefore 

pop s up stil l iI not her l eve l to C1 and ( 1 ' . Cl and ( 1 • are 

lin l:: @d . Ro - e xam i natio n of HUllr u nli nke d da u' '1ll ters , D an d 

~2. rev ea l s no t h 1ng n@w. 

Once mor e t he pro~r a m5 a tt ~nt i on shift s u pwar d , t h is 

tin e to A a nd II '. ti o w t be r c i s n pa. i I" of po i n t e r s to 

I I n ked fl ,od es Stl pp 1 Y 1 n 9 1 t 11 k 'j n ~ ev I d en c e , ( f i 9 U l' e 1\ -7 ) A i s 

con se qu e n t I Y I 1 n ke d t o fl '. 

Hext co m s f ur ther exam in ~ t l Dn of th e r'e'lTIa i n l ng 

d/\1.I9hter s of A ~ nd A. '. Q j s ne",' th e' , o st common po in t e r 

t o li n a cc ou nt ed for nod@ s , po i n t i n g as it d o@ S 0 G I , r, 2 , 
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and G2 ' . ( f i ure A-B) Arn on 9 t he$(! nodes there 1 $ the same 

anlount of ey1dence for link'ng r. l d G2' as t here is for 

1 ink i n~ 62 and G2', Hhen th i s. is t he c ase and no further 

evidence c an be coll eeted from 1 irlU no l ower 1 eve1 nod es , 

a 1 in k 1n9 1 S se 1ected r andol1lly fronl tho se passf bl e . flere 

G2 and (i2' are l i nked . 

T hi s 1 eaves only r eex<!n inl\t ion of C2 and C2 I . T he 

i nter section ev i dence is clea r a d they are 1 lnked . Si nce 

A and A' have n o . Cire daughter s and since tfleyare the 

ent r y nod I!!s. t ile I'lI"OC(;! S5 terlll ftlates re port in !:! til 1 i n kllg S 

i II lc~ ted on the fully d isp l aye d ne tl.fod 0 f1 9ur e A- 9. 
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