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- Var1ous conceptions of tHe world generated by modal.

L e

pred1catlons, such as "dohn believes that con Can be

-

‘represented in semant1c nets A method to. organlze the o
propos1t1ons embedded w1th1n such concept1ons ls/proposed
‘ 'It uses a subnet to hold the access l1nks to th

" propos1t1ons relevant to a partﬂcular v1ew.of the world
%Propos1t1ons are organ1zed w1th1n the net that references

./

h,lthem, thus ensur1ng~that d1fferent conceptlon - of the world

are separated "V1rtual concepts“ are 1ntr'
the " attachment po1nts for some of the organ zat1onal
-fstructures w1th1n a subnet . Another organ1zat1onal

. /
structure assoc1ated with each net is a concept ﬁccess

sheleton wh1ch prov1des access: to ent1t1es v1a the1r Known-
types,' d'l__ _ » ;
v — 'y IR, i A _

. A sub problem of the Symbol Mapplng problem is ‘
’dlscussed The sub problem is that of 1nher1t1ng propert1e
and relatlonsh1ps from a depénde;t superordInate concept to
‘a correspond1ng dependent subord1nate concept (e. g .o |
‘relat10nsh1ps among parts of the gener1c elephant to the fv
correspond1ng parts of a part1cular elephant) A part1al

solut/on employ1ng funct10n tables is descrIbed

v
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Chapter 1

INTRODUCTION

1.1 Outline

This thesis conCerns'the‘organlzation and
representat1on of knowledge that forms various conceptions
of the world, and to’ a lesser extent, property and
relationship inheritancé from dependent superordinate to
correspond1ng dependent subord1nate concepts, in a semant1c
net.  The work ‘bui Ids on Goebel’s <1977> thes1s aﬁ% consists

A ]

of several parts which are outl1ned below

- .

Concept1ons of the world ‘are formed by some modal
pred1cates such as prop051t1onal att1tudes For example
~ . the sub prop051t1ons enclosed by the modal pred1cat1on "dohn

believes that ... " form a concept1on of the world of John's
‘beliefs. Mos t network theor1sts\(e g. ,-Shap1ro <1971>
:Schank <1973>, Rumelhart and Norman <1973> Bobrow and
Winograd <1977>, Goebel <1977> 'F1Kes and Hendrix <1977>'
'Hendrlx <1975, 1879>) can represent moda 1 pred1cat1ons, but
f;" no or%an1zat1on has been proposed for eff1c1ently access1ng
the sub- propos1t1ons conta1ned w1th1n such pred1cat1ons
Such an organ1zat1on is 1mportant o) that questxons such as
"What colour does John belleve elephants to be?" can be as .
eas1ly answered as “What colour are elephants°“ The : |
propose% organ1zat1on wh1ch allows th1s ease of a%cess
~ ',\-‘ ' : ) i . f



1.1 Qutline &
'separates know]edge 1ns1de a particular concept1on of the
world into a subnet of its own. W1th1n this subnet
Aknowledge-is organizéd in'the same‘fashion as 1n\the ma1n}‘
net. This organ1zat1on requ1res a change in the 1nternal
- representation of concepts since a concept can appear in
many different subnets In the new representat1on a
virtual concept appears in each subnet in whlch that concept
is referenced. V1rtUal concepts prov1de the attachment
points for the access structures which organ1ze the
propositions referenced in that subnet. V1rtual concepts.
'_are not used as const1tuents of propos1ttons. Instead, all

- propositions are constructed from cdncept*nodes in the main

 net. This arrangement has the advantage that. the system

need have only one copy of any propos1t1on or sub-' N

. proposition in the know]edge base, thus reduc1ng storage
--costs and fac1l1tat1ng propos1t1on matching acroess subnets
(e. gy determ1ng whether dohn s bel1efs about cats are true

Q

requ1res match1ng dohn s be11efs aga1nst the system

P S

.

- 1

bel1efs ) Hendr1x s <1979> "part1t1ons" bear .some f;ft

'”resemblance to the present subnets, since modally eMbedded
sub- propos1t1ons are p]aced 1n part1t1ons separated from the

“.ma1n net However. related sub propos1tlons (e.g. ' those

belonging to a ‘particular Jnd1v1dual s set of prop051t1onal

k att1tudes.‘or to a part1cu1ar story -‘See sect1on 2 A are

not necessar1ly grouped into one part1t1on ﬁor are they

organ1zed for efflc1ent access

Another organizatiOnal structure associated with each

‘o
v

A7l



1.1 Outline

. J
net is a concept access ske]eton which prov1des access to
entities v1a,the1r known types This is particularly useful
in subnets where‘an explicit concept hierarchy is often not
present. For.exampie, ﬁn‘the story of "Little Red*Riding
Hood", the facts that the wolf is‘an animal and the
grandmother ts human are not‘mentioned. The 1istener&is_’
isupposed to.make'these assumptions:from(his "real world““
Know ledge. When a question 'such as "W'at animals are in
the story7"t is asked, this “real world?’%nowledge is used_
to answer it It is possible to answe( this quest1on *
without using a concept acceSSasheleton, but this requ1res
searching the expiicit concept hierarchy(which is usually
~partly in the "real wor1d" and partly in the subnet. The
search may be time consumind; since many irreievant branches
may be examined‘ The concept access sKeleton assoc1ated
with a subnet can. greatly reduce the search time’ because it
1s the minimum: tree structure requ1red to cla551fy'the
concepts in the subnet, and because the ind1v1duals'
_c1a551f1?d under a given type car be’ accessed by direct
.descent in this tnee‘ftructure without trial- and error
search For example, to find ali the animals in a subnet ,
?ionly those branches of its concept access skeleton which |
lead to 1nstances of animals need to be traversed this
-portion of ‘the access skeleton in genera] d%rresponds to a

'small fragment of the main- concept hierarchy

o I

One 1mportant question nbt examined by this thesis 1s

Aquestion of the use and meaning of modai predications ThJS,_

€ -

Y



1.1 Outline - ‘ . a
. . . ’ / e - .

quest jpn is beind’explored’by Moore <1977>, McCarthy <1977> o

-and Creary <1979> amodg\others, but an answer to it will not |

\

be of much .yse w1thouf an efficient means of accessing the

(i
Ls}

relevant Knowledge, such as proposedn1n th1s~thests.

Property and relatwonsh1p 1nher1tance is another area
exam1ned by th1s thes1s The requ1rement for property and
"L'relatlonsh1p inheritance ar1ses .when Knowledge 1s not stored

w1th a con;ept but is generalazed and stored w1th a more :
general concept For example the Knowledge that robin
heads are Jo1ned to robin necks would not be stored with the _
rob1n concept but would be general12ed to, say, bird heads; I///m
are joined to b1rd necks,-and stored with the more general
concept ’b1rd’ - The part1cular sub problem exam1ned 1n th1s
»thes1s is the one of 1nher1t1ng propert1es and relatlonsh1ps -
between correspond1ng concepts dependent on, concepts that o
are in a general1zat1on relat1onsh1p (e.g., from bird head
to robin head). To fac1l1tate property anddrelat1onsh1p
'lnherltance between correspondfng dependent concepts.
Skolem function tables are employed The idea of the
funct1on tables is that correspond1ng dependent concepts
(e.g., robin head and b1rd head) are accessed from the1r
' supportﬂng" concepts (e. .g., robin and b1rd) by the. same
,;funct1on name (e.g. ,.’h(x)’éand h(y)’ represent the
'concepts rob1n head and b1rd head respect1vely where_’kt isv‘

{na rob1n and 'y’ 1s a b1rd) Functlon tables fac1l1tate the

'h?;f1nher1tance of Knowledge because matchvng of. correspond1ng

'.,“dependent concepts becemes merely a table look up rather j;ff‘_

B—

R Z O PN
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. funct1onal notat10n

1.1 Outline

than a;search} This'method of establishing correspondencesl
isjmore direct and logtcally better founded than“any method'
previously proposed; }How the Skoiemvfunctions’for the
robtn”s head'and the bird’s‘hgad acquire A common name is
not d1scussed in th1s thes1s, but a general solution based

on descr1pt1on match1ng appears to be fea51ble <Schubert

1979>.

Some work has been ~done on Goebe] s <1977> acceis
structure to 1mprove 1ts per formance . 7 A new algor1thm for
bu11g1ng and using hls access structure 1sr1ntroduced It
has significant sav1ngs in t1me and space over Goebel’ s
<1977> proposa] and savings in time over Schubert et a]

<1979> proposal when not all. branches of the access

"structure are used.

P

-~

«

The represéntationAof‘credibility‘doesvnot follow

c',éGoeoel’s <1977> proposal: Insteadj’it foilows the system of

Schubert et al. <1979, but uses a relational rather than a

« : R . y

. Goebel s <1977> 1mplementat1on of . the Knowledge base
system has been’ rewr1tten to accommodate the changes and new
1deas proposed in th1s thesis and to make 1t ea51]y
extens1b]e for future worK A s1mple query language and

-

answerer is 1ncluded as part of the implementat1on _ e

)' query answerer demonstrates the use of-the organ1zatxon‘of’

d1fferent concept1ons of the world concept access skeletons :
. - 7 :

and Skolem funct1on tables v R



lvf. embedded propos1tlons has been develop%g A structure to

" 1.1 Outline ~ -

‘ N

In summary, the follow1ng has been accompl1shed in th1s
‘thes1s An organ1zat1on for- eff1c1ently access1ng modally
quiekly retrieve a concept via its Known types or via ;uper4 |
types of 1ts Known types has been designed. Th1s concept
access structure works with the subnet proposal so that
concepts are_retrieved first by subnet and-then by type. A
method for efftciently rematching corresponding dependent
concepts to‘facilltate prgperty inheritance hashbeenl
proposed. ~ Finally, somelperformance improvements have been
made ‘to Goebel’s <1977> and Schubert et al.’'s <1979> top1c
access structure ‘These accompl1shments are’stepSQtouards
the develpment of an intelligent} domain-independent
conversational system. An essent1al requ1rement for such a
) system is that it be able to perform the ‘Kinds of 1nference
needed to support language understand1ng, ions1stency ‘
checking and quest1on answer1ng as effortlessly as people,’
“in a manner wh1ch is more or Jess 1ndependé:f7of the s1ze of
vthe ava1lable Knowledge base.- This in tuen calls for an
organ1zat1on perm1tt1ng h1ghly select1ve eff1c1ent access
just ‘to the Kknow ledge relevant to a part1cular statement ;
question or goal within an arb1trar1ly large knowledge base

W1thout such an organ1zat1on even the sImplest 1nference

’tasks would be comb1nator1ally exp1051ve
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1.2-Organizational Overview -

1.2 Organizational Overview

The Knowledge representation and notation used in this
Paper is presented in chapter 2. Chapter 2 also conta1ns a
descr1pt1on of the proposed method for represent1ng
d1fferent conceptions of the world and a d1scuss1on of the
removal of dupllcate" sentent1a1 forms. Chapter 3
discusses two structures for organ1z1ng Knowledge w1th1n a
net. They provide top1ca1 access to propos1t1ons via the
'concepts 1;y//lved in the propos1t1ons <{Goebel 1&]7 Schubert
et al. 1979 and to concepts via the known propertwes of the
concepts Both,structures are represented 1nternal]y in the;
same fash1on and are joimed together to form one super—
structure Chapter 4 discusses the procedures by which
NKnowledge is attached to the appropr1ate po1nts in this
super - structure. Chapter 5 descr1bes the sub problem of the
property and relatlonshIp inheritance- problem examined in
thls thes1s and the solution obta1ned The data 'structures
used to 1mp1ement the knowledge representatlon and access
'structures are descr1bed in- chapter 6. Chapter 6 also .
‘conta1ns a description of the 1mplemented query language and
. query answerer. Chapter 7 contalns conc]us1ons and
'1nd1cates areas of further research suggested by this

thes1s : B L o ' ' -



¢ ' : Chapter 2

c | _ KNOWLEDGE REPRESENTATION

—

Semantic networks have been iavoured by many people‘for
the represention of declarative'knowledge (e.g., Quillian
<1968>, Shapiro <1971>, Schank and Rieger <1974> Schubert
et al. <1975 1979> Hendr i x <1977 1979>) The particular
form used in this paper derives from that- developed by
Schubert <1975> Cercone <1975> and Goebel <1977>. The
structure has been altered to handle different conceptions
of the world Schubert <1975> noted that predicate calculus
subsumed the network notations current at the time in »
expressive power. He designed a graphic notation that is a
.near isomorphism to bredicate calculus. This graphic analog

- makes the transformation from_predicate calculus to computer

data structures mechanicalcand relatively easy.

This‘chaptér is divided into'fiue subsections. The
“first briefly describes the predicate calculU§ notation and
.\Z' its graphic analog used. throughout this paper. The second

: "describes a credibility scheme "The third deals with‘the
problem of normalization ‘The fourth describes the _
alterations made to accommodate different conceptions of the
worlid. The fifth deals w1th “duplication of sentential

& A ~

P forms. g I e U7
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2.1 Pred;éate Calculus - -Representation

[

2.1 Pre,d'icat;e Calculus Representation

Instead of using ‘th standard predicate calculus e

notation of predicate followed by arguments, the infix

“notation described in~eoebélg<1977>~is used. Ip this

notatxon the second concept ment1oned is denoted“as the

pred1cate Table 2.1 gives a few examples of the'

'VcorrespondenCe between standard predicate calculus hotation

and the infix notat10n.

Prefix notation = - Infix notation - 0
P(x) -~ Ix P] ‘
Likes(Tom,Alice)  [Tom Likes Alice]

Gives(Tom,Alice,book) [Tom G1ves Alice booK]

. Table 2.1 Correspondence between Prefix and Infix Notations

T

)

| Predicate and individual conceptsvare not syntacticallyd

dlst1ngu1shed 1nternallQ\:s1nce a concept f1rst encountered

4

A 1n the role of a pred1cate argument may-. later appear as a

._predwate or v1ce versa. For exanple. >asswn1ng that nothmg '

s "Known" aboutg grey and colour » con51der the

' propos1t1ons

[Q"ey COIOUPT } B _‘ ~ - '

[Clyde grey] . N S

It they were entered §n>the above order and’an‘internal
:syntactﬂc d1st1nctlon were made between pred1cates and non-

,pred1cates then the second propos1t10n would result in an.

~er
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2.1 Predicate Calculus Representat;bn

error. As'was mentioned above, a predicate-abgbment
distinction is made in the surface text, the second top‘
level constituent of the propos1t1on always being the:
‘predicate. Al]l concepts have 1nternal (log1ca1) names. The
internal name for a concept is a tag which nqmes the
concept’s'addﬁéss.‘ The'ﬁames in the subfaée text used in -
;this'thesis are assumed'to'be intérnal'names éxcept‘for

variables. Variables are given unique.fnternal names .

The graphic analog has a small c1rc1e for each

propos1t1on and a 1arger c1rcle or, oval for each concept

As is standard in sgmant1c networks, a named concept appears
- only oncé. A concept may be named or unnamed. An unnaﬁed
coﬁcept’is one whose internal ﬁamg is unimportant to the -
understanding of:the proposition (on paper)t 'The
proposition circle has arcs pointgng to the various
onStituehts.of the'proposition" The arcs are named to
1nd1cate what role‘ the part1cular part plays in the

propos1t1on (e ‘g., pred1cate argument 1, argument 2, etc. )

For example the third propos1t1on of table 2 1 translates to

the graphic’ representat1on in figure 2. 1

Pred1cates whlch take prop051txons as arguments, such

as 'believes’ and 'causes’, and log1cal connectvves are used

° A
I

~ ‘/'_; .

! Case rules, class requirements etc. are not . recognized
- since the surface text is,assumed to come from a natural .
language parser that "understood” the sentence parsed and
thus will have taken th1s sort of requ1rement 1nto
consideration. o, S

a¥

10
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: varlable blndlng for scope 1nclus1on

2.1 Predicate CalculUsrRepresentation ‘ . 1

to build larger propositions from atomic progositions. nThe
loglcal connectives: represented in the current system are
and’/& ‘or' /], 'implies’ /=>" " not’ /n and necessar11y /n.;
In the graphlc representat1on arcs that point to the sub- |
propositions of a log1ca] propos1tion are dashed lines. -In T
the graphica] notation - ‘and’ and ‘or’ are n-ary connectlves

{n21); gmp11es is dyadic} and ’'not’ and ‘necessarily’ are

" monadic. : < 6

Figure 2.1 Tom gives Alice the book
\

To ma1nta1n the same express1ve power as predzcate

' calculus, quant1f1cat1on and scope 1nc1us1on or Sko]em

funct10ns must be represented The 1nf1x notat10n uses the

standard ¥ and } notat1on for quantification and order of

o

'~>; The graphlc representatxon uses a cwrcleAw1th a broken

-

: edge to represent a un1versally quant1f1ed concept ‘and a-

'c1rcle or. an oval W1th a sol1d edge for an exlstent1ally R _/

quant1f1ed concept Scope 1nclus1on 1s represented by a/_‘ /f“‘

.dotted arc from the 1nc1uder to lts dependent An example//

- of quant1f1catlon, scope 1nclus1on and log1c31 connecf’ves



2.1 Predicate Calculus Repr?sentation» B | _ 12
~in the infix notation and 1ts égaﬁﬁﬁc analog is giyen in
flgure 2.2. ‘

Vx}y[(x cat]=>[[y cat]&[x loves y]]]
- "All cats love some cat."”

A

TN

F1gure 2. 2 Quantification, Scope Inclusion
and Logical Connectlves

,Modal prediates. such as ’believes' ‘and 'hopeS’, can

create opaque contexts <0u1ne 1971a,b, Hintikka  1871>. For

o

'example ~the sentqgce "Mary wants to marry-a m1111onaire
prov1des an opaque context for a m1111ona1re , if Mary is
not supposed to have any spe01f1c, real-world m11110na1re in
.¢m1nd Dn the’other hand, the sentence “Mary wants to marry
‘a m1111ona1re she met yesterday prov1des a transparent
‘context for "a m1111ona1re .she met yesterday , since it .

-

. refergéto an actual person-and any other reference to‘that
ﬁ B
person can. be substituted for the phrase ‘a m1ll1cna1re she o

e met yesterday w1thout alter1ng the mean1ng of the sentence

~



[
\\

2.1 Pred1cate Calculus Representat1on
’

The Iog1ca1 d1fference between these two sentences is that
between quant1f1cat1on within the scope of the modal
predicate and quantification into the scope of the\moda]
predicate. The above two sentences would beirepresentec in
predicate calcutus as o

[Mary wants i1x{ [Mary marries x]&[x m1]11ona1re]]]

}x[[Mary wants [Mary marries x]] & [x m1111ona1re] &

[Mary meets(yesterday) x]]. | _
To represent‘the dependency of var1ables w1th1n the scope of
an opaque modal pred1cat1on scope l1nks from the ) o
'propesition node of the modal predication to the dependent

variable-are used.

In the network notat1on of Schubert <1975> time is
given a spec1a1 ro]e AT propos1t1ons hold for all tlme
.but the time arguments give the time at which the pred1cate

appl1es to the non- t1me arguments. W1th no time arguments,

the prope§1t1on is timeless (J.e. the predicate applies to

its arguments for allltime); with one.time argument the

pred1cate appl1es to its non time arguments for an 1nstant

of t1me and w1th two t1me arguments the pred1cate appl1es\

to its non-4ime arguments for an 1nterva1 of t1me Time
arguments are concepts ‘SO relat1onsh1ps can be bu1lt between -
‘them us1ng t1me pred1cates such as after and dur1ng"

The notation: for time is as follows. In the wr1tten form

o

! For- a more complete descr1pt1on of thls system see
Schubert <1975> and Cercone and Schubert <1975>%

.

‘i3



2.1 Predicate Calculus” Representation , o f/// S 14

time arguments are placed inpandle brackets.direp¢1y
following the predicate. In the graphlcal form they are

- connected to the propos1tlon c1rcle by arcs laﬁelled as time -
arguments.  An example of time arguments is s%own in the
1nterpretat1on of Everybody>loves somebody for sometime.”

1n figure 273; _

® ’ ) i ¢

Vx]y}t}u[[x human] >[[y human]&[x loves<t u> y]]]
- "Everybody loves somebody for sometlme "

Figure 2.3 Time Arguments .
° /
-

.

:Funct1ons are denoted by a 1eft parenthes1s followed by
the funct1on name 1ts arguments and a right parenthe51s
In the graphlcal form a funct1on is e1ther represented by
uthe concept to wh1ch it eva]uates or as an exp11c1t functwon
‘node. A function node is a circle w1th label]ed arcs -
f1ndzcat1ng ‘the funct1on name and its arguments, «The ok
.functlon ‘node is used as the value of the funot1on

™

~
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2.2 Credibility A S ”

-
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A system that is to represent human knowledge must be
able to express how cred1b1e it believes a propos1t1on to
Egy Cred1b111t1es are not 1nterpreteq as truth values or as
possibility va]ues <Zadeh 13875>, but as degrees of
. Subjective probablity .<Schubert et 51.'1979>; In general -
the present systems for representing credibi]ity.ettheh use
s1ngle numbers (e g., Kling <1873>, Lefaivre'<1974 18767,
Schank and R1eger <1974>) or probab111ty d15tr1but1ons over:
truth va]ues (e.g., qube1~<1977>),to 1nd1cate a

prqpositionfs'cpedibility.

A problem with these forms is thdt they directly attach
the credibility to the bropqsition. This does not allow the
propositton te be used as part of another pnopqsition. For ~
example, if the system believes that dotphins are |

intelligent with cred1b111ty .9 then this propos1t1on cannot
‘be used when the system is told dohn,bel1eves that dolph1ns
are 1nte111gent with .degree of beljef .8. This inablity to’
use propoSttions or sub-prepositiens more than‘onee nesutts
in storage waste. Anether»phoblem is that the form of |
"~ credibility used does not allow comglarisons between unkneun.
credibiTitiesyn Thts:occurs because the credibilities’are-‘
iregtly part of the propos1t10n, thus not access1ble to be |
as arguments and they mus t be given as a numeral or as
an absolute u1str1but1on.‘ Schubert eggalt <1879> solve

tﬁese phoblems'by'expressing'cﬁedjbility exp]ieitly as a

Y\;v.
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®

funct1on of a propos1t1on lAﬁ eQU1va1ent approach taken by
this thes1s is to use the relatw:;g% form rather than the

functtonal form to represent cre 1b111ty The cied1b111ty

‘,of a propos1t1on is g1ven by a credibility propostt1on wmth

"a proposition and its cred1b111ty as arguments Forl/

example, the above system cred1b1l1ty ab&ut the. 1ntelltgence

of dolphtns ts represented as

[¥xfIx dolphinl=>[x intelligent]] has-credibility".9].

For propositional attitude proposttions a-relationa]
rather than funct1onal notation 1is also used to- represent
streng*h ofcbe11ef = This 1s accomp lished by extendlng

prop051tlona1 pred1cates from blnary to ternary pred1cates

. \
“The th1rd argument is the strength (cred1b111tyk degree of-

- :be11ef) the f1rst argyment has in the propos1t1ona1 argument

(sécond argument) For example,_dohn s belief about do]ph1h

/

'1ntell1gence is expressed as -~

Vx[John believes J[x dolph1n]49[x 1ntel]1gent]} .81.

Note that the sub- propos1t1on in the above propos1t1on is

-t1dent1ca1 to the one 1n the system [ cred1b111ty statement

about the 1ntell1gence of dOphlnS Thus this sub-
propos1t10n can be 4he same one in both - propoS1t1ons
The credibi]ities or strengths desoribed'here and in

Schubert &t al. <1979> are not restr1cted to numbers, so®

‘'some partially or well ordered set of concepts other than
,numbers can be used to represent cred1b111ty "For example,

‘the set. {false, PR very very un11kely,'.,., possibly,‘;..,a

.o

16
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likely? e very very 11Ke1y4 ...y true} could be used.

Another advantage 1$ that unKnown credibilities or degreeSé

’

of belief can be represented For exemple, ™ mIth be-
Known that John bel1eves dolph1ns are 1nte1]1gent but the

strength of his belief is unknown

2.3 ﬂormatization
| ' {
There are sgyeral advantages to hav1ng a fixed logical

hform'rather than several logical forms or an arb1trary

togical form. They are s1mp11f1catton of the class1f1catwon )

]

scheme (see chapter 4}, 1nferenc1ng~rout1nes and pattern -

matchingdgoutines., _ B o

Schubert et al. <1979> proposed an antecedent- -

&
=

ponsequent form for proposlt1ons in order to support the1r

var1able sharlng" scheme ‘ The 'var12ple shan1ng scheme

7 has since proved to be untenable (see sect1on 5.2). With

this scheme abandoned conJunct1ve normal form: (CNF) was
chosen as .a suitable form for represent1ng propos1t1ons

s1n¢e wrth CNF a’ propos1t1on W%ﬁﬂ appear in on]y one form in

the Knowledge base Such 'is not the case with the - 2

antecedent consequent form Convertlng to CNF a]so a1ds in ,'
reduc1ng the amount of duplxcate knowledge in the system and
aids in el1m1nattng dupltcate sententtal forms Thts-?s

|
d1soussed further in sect1on 2 5 |

! \ ‘ . o
The graphtb notat1on developed by Schubert <1975> uses

scope 1nclusion arcs . from un1versa] var1ables to dependxﬂt
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°2.3Normalization - S 18
x1stent1al var1ables to 1nd1cate order of b1nd1ng of

_var1ab1es - As part of the solution to the’ pr0perty and

:relat1onsh1p 1nher1tance problem (chapter 5), these scope

. -
1nclus1on arcs have been reptaced Qy Skolem func;1on tables

"55:'SKolem funct1on tables are attached to un1versal varwab]es

"An ex1stent1a1 var1able E, dependent on a universal

- var1able U, is 1ndexed in the function table attached to U
':by a funct1on fhame. The funct1on“name used 1s one that 1s

generated when‘the’;>bpos1t1on conta1n1ng E and U~is |
;converted to CNF.: For examp]e, the propos1t1on a

| :f Vx}y[[x dogLA>[[y cat]&[x chases y]]]

’ i1s converted to—€NF to y1eld '

Il-Ix doQ]]J[(fnx),c?t]] L o

=[x doglHIx chases (f x)11 .
where“tf’yls the generated Skolem funct1on name . In;the.
‘vSkolem funct1on table attached to ‘x', ’y’ 1s-1ndexed‘dnder'
| the funct1on name ‘' f’, Skolem funct19n tables are

}equ1valent to scope 1nclus1on arcs w1th funct1on names

~assoc1ated with the arcs. SkoTem\fEnct1on tab]es only

‘replace the scope 1nclus1on arcsvirom un1versal var1ables to
'*‘ex1stent1al var1ab1es They do not replace scope 1nc1us1qn f“

-

'.arcs that' go from a prop051t10n to a concept

a

Moda] operators and-pred1cates can create opaque L

':-_fcontexts, so that 1t may be 1mposs1bTe to convert a o

fprop051tlon conta1n1ng a modal oper/tar or pred1cate to CNF
 For example the-two proposnt1ons | S

[dohn belxeves ix[x w1tchl]

t.‘ v -
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1x [ John believes”[x witchl]] : B
‘mean quite'differentgthings The first séys that John
believes that there 1s a witch; the second says that Uohn
b€11eves that someone in partlcular is a witch. The only
difference between the two propos1ttons is the scope of the
existential quant1f1er To solve this problem propos1t1ons
aare Lonverted to modal conJunct1ve normal “form (MCNF)

. <Hughes and Cresswe]l 1974> MCNF - 1s the same as CNF except
that sub- proposwt1ons which are operands of modal operators .
_ are converted to-MCNF as if they were:top level,
propositions If the normalized sub- prop051t1on has a
conJunct1on as- 1ts top Jevel operator then the modal
pred1catlon is d1str1buted over the conJunct1on The
equant1f1ers dependent on the modal predication, (i.e. inside
the scope of. the modal pred1cat10n) are not brought through
‘the moda pred1catlon but rema1n 1ns1de 1ts scope Thus the
‘correct sense of the proposqt1on is ma1nta1ned - For |
examp]e, -the propos1t1on : _

[dohn be11eves Vx}y[[x cat] >y dog]&[x chases(y]]]]h
when converted to MCNF becomes | |
o Idohn bel1eves Vx[[ [x cat]]l[(g x) dog]]]

[dohn bel1eves Vx[[ -[x catlll[x chases (g x)111.

, PO

@
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2.4 Conceptions of the w6r1d

Modal pred1cates allow the system to define concept1ons

. of the world in whlch it can express propos1t1ons contrary.
to the ma1n wor 1d. Knowledge without contradlctlng the main
wor 1d knowledge The modal predicates dealt w1th in this

thesis are ones that take a concept as first e?gument and a

_propoSition as second argument. This class of.predlcates -

gncludes mental attitudes (e.g., belief and hope) and" story

predicates'(e.g.; is-a-story-in-which and

is-a-poem-in-which). These predicates associate with their

flrst abgdmenf a oonception of a world. For example, the
sub-propositions enclosed by the modal predication fdohn
believes.... " form a conception of the wor ld of John's

beliefs.  Stories form another type of conception of a

}x[ijjs-a-story-in4which'iyiwl[y”pumpkin]&lw‘girll& _

 Figure 2.4 Story of'Cinderella" d

- wor 1d, namely the world of the;sfory‘ The idea of a story =

as a concept- is well established in Engl1sh d1alogue For

‘example, in talking about “C1nderella ‘one m1ght say,‘“ThIS
dlstory has a pumpk1n wh1ch turns 1nto a coach "'or‘“The u"v
story s tltle is. 'Cvnderella . A fragment of the story of

_C1nderella is shown in f1gure 2.4,

t

N Since the sUb?prOPoSitions:of~a modal predication form

-

-

4

20
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2.4 Conceptions of the WOrtd - ’ - Y

a}conception-of the worldl it seems reasonable to eeparate
these sub-propositions into bundles, each bundle_containing
the sub-propositions pertinent to a particular conceptipn of
the world. This is done by putting the sUb-propositipns

N

into)a subnet. The problem of organiiing the sub- =

propdsitions within a@ subnet is solved by applying the
prganiiatioqgl methods &f the main net tqvthe'eubnet. The
modaf super-predications do not interfere with this
organization since in the subnet the sub-propositions appear

as top level propos1t1ons. For example the sub-

[x unicorn] =~ ' _ ‘ S L
L Ix white], :
g . - 4
embedded in B : :
[John believes }k[[xtunicorn]&[x white}]l
‘are. put into a subnet where - they appear as if they are t$p
level propos1t1ons Thus, they can be organ1zed in the
subnet in the same fashlon as prop051tlons 1n the rea]

world". 1gnor1ng the fact that they are embedded in a moda |
Pred1ca;10n - : ] " | - —

There‘are two alternate methods for deeadﬁng what sub-
_‘propos1t1ons belong to what subnet . The first is to _*w
generate a new subnet for each modal predwcate/farst-
4argument pa1r -Only the sub- propos1t1ons enclosed by a
‘part1cu1ar modal predxcate/f1rst argument pa1r are put 1nto

'that pa1rs subnet For example a d1fferent subnet would be’

t*,used to organlze the sub- propos1t1ons embedded by the ' /“t e

* .
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2.4 Conceptions of the WOP]d.
; - | | 1'
predications [yohn believes ... ], [John hggz". ], and
[Mary pretends N The second method is to generate only
one subnet for the f1rst argument Al] sub- propos1t1ons of
moda] pred1cat1ons 1nvolv1ng a part1cular concept as f1rst
argument would go into. that concept’s subnet For example
all sub propos1t1ons embedded 1n the pred1cat10ns [dohn
belaeves ... 1, [dohn hopes - J, and [John desires ... |}

would be conta1ned in one subnet ‘the subnet.associated with

“John.

The first method wou ld separate such statements as
"John belleves in un1corns " and " dohn hopes to win the
_race." into two separate_subnets} The super’predication

“dohn be]ieves" or”“dohn hopes"” can be removed us1ng this
scheme as 1t is implied by the particular: subnet in whlch
the sub-proposition res1des Several problems are created
.by th1s methodi First ‘a lot of ngnets would be generated
For one person there wou 1d be as many subnets as there are
mental‘att1tudes Th1s is qutte space 1neff1c1ent as each .
subnet has its oyn d1ct1onary and concept access skeleton
(see chapter 6). Second the many subnets spl1t up the
concept1on of one person s menta] world mak1ng 1t hard to
f1nd a part1cular attltude towards some subJect Thls ‘would

&)

‘have to be accompl1shed by searchlng all “the subnets

22

. assocxated w1th a person Hendr1x s <1977, 1979) system has _”(

th1s problem s1nce 1t sp11ts a concept1on of the wor 1d 1nto

many part1t1ons Th1rd, remov1ng the super proposlt1on node ,:‘

fremoves the capabflity of statlng a cred1b111ty propos1t1on -
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~ \
\
\

"about the super-proposition.

The second method does not have most of the above
problems. The conception of a person’s mental world is not
split up as it is all in the one,subnet attached to the
. concept represent1ng that perspn. s§1nce thexsgpig_‘ﬂ
-propositions in this one subnet could have many different
modaj super-predicattons. it is necessary to Keep the modal

super-predications. This so]ves the th1rd problem because

the tpp level proposition node is present for attachment‘of ’

a credjbility'proposition. This method appears:to be the
‘best one of the{tWo, and is the one which is implemented.
'}&he only problem which remainstis one of space effieiency'
“since the_sUpérlpropQSitionJis Kept .
;Another'problem introduced by proppsitiohat attitudes
"is that of 1dent1fy1ng 1nd1v1duals between conceptual

worlds, for example, 1dent1fy1ng Mary in dohn s conceptuaT

- world w1th Mary in Tom s conceptual world H1nt1KKa <1871>

does th1s 1n modal poss1ble worlds w1th a set of’partlal
.ﬁ‘funct1ons F, such that 1f f < F is appl1ed to a poss1ble
,pworld Lt,peturnS'at‘most;Bne TﬁdTVTdua4-~lhe\1nd1v1duals

\\

obta1ned by applying the funct1on to all worlds are R

man1festat10ns or v1rtual-1nd1v1duals in the»var1ous woblds‘
of‘one indivtdual In the system of conceptuai worlds

_developed here, th1s funct1on LA can be thought of as the :

log1ca4 name of the 1nd1v1dual nggﬁng up a loglcal hame o

in a part1cular subnet W111 retr1eve the v1rtua1 concept

I

- ) : : . C o ; :

23
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4that:corresponds to that logical name in that subnet. The-
existence in a conceptual world of a concept does not
‘necessarily mean that a dictionary lookdp tor the concept in
the corresponding subnet will succeed For example Mary |
.could exist in John's conceptual wor 1d, but if the system
does not know any of "John’ s attitudes towards Mary, a
"virtual concep?-corresponding to Mary will not appear in
John's subnet. Thus, dictionary lookup can only be used to
ident{fy vlrtual concepts between conceptual worlds, It ’

7cannotﬁgehysedmtondetermine the existence of a virtual

concept in a conceptual world.”

Virtual concepts are not used as propositional
. v 7y o
constituents since only one copy of a proposition or sub-

proposition exists in the Knowledge base (see section 2.5).

. A v1rtual concept provides the attachment p01nts for the

access structures which organlze knowledge about the virtual
- concept - For example. if the two statements “Tom is a cat."
and ' dohn bel1eves Tom is a.dog." are entered 1nto the
knowledge base then ‘the fact that Tom 1s a cat is 1ndexed
under the concept Tem 1n the ma1n net and the fact that 1n_
John’'s subnet Tom 1s bel1eved to be a dog 1s stored under
the virtual Tom in that subnet The same concept 'Tom is
used by both propos1txons V1rtual concepts allow knowledge :
| to be accessible from the appropr1ate subnet w1thout
sacr1f101ng the. advantages of hav1ng only one COpy of any

- proposition or- sub- propos1t1on 1n\ex1stence 1n the knowledge

base (see. sect1on 2. 5)

®
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To show that the main net and subnets are structurally

eqU1valent a summary of how propositions, the main net and

subnets f1t together is presented be low. The Know]edge base -

cons1sts of a set of propos1t1ons and a main nety, The main
net has a set of concepts which have links to the
'propos1t10ns that 1nvolve them. In addition each concept

: possxbly has assoc1ated w1th 1t a subnet wh1ch holds its

' concept1on of thekwor1d. A subnet has a set . of virtual
concepts which have 1links to the propos1t1ons that' involve
them. Also each v1rtua1 concept poss1b1y has assoc1ated

- with it a subnet which holds its concept1on of the world, as
conceived of within the superord1nate subnet Thus the idea
of a subnet is a recursive one. Subnets can be nested to
any depth. For example, a nest1ng of depth two would~bev

created by statemehts of the form "John be11eves that Mary

- believes The only seem1ng difference between ‘the
main net and subnets is that the main net has concepts that
are used as const1tuents of propositions. This funct1on can
be logtcal]y removed from.the ma1n net concepts leav1ng the
.Mmaln net concepts only as attachment po1nts for the ‘various
»access structures (1 e. _1dent1cal to the virtual concepts of
subnets). The virtual concepts of the net in which”the o
proposition is. asserted are p]ace holders for the concepts :

‘used as propos1tlonal const1tuents If the main net and

subnets are viewed in th1s fashion it becomes apparent that

the ma1n net and the subnets are 1dent1cal in structure In_

~p?act the matn nét is the systems concept1on of the world

25
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2.5 Duplicate Sentential Forms .

1lhis section defines what is meant by "duplicate"
sentential forms, g1ves mot1vat1on for avoiding them and
descrlbes the method by which they are removed in this

system.

. 2
- . oo
T \/\

The definition of "duplicate" sentential forms is as
tollows Let sf be a sententlal form that is part of an
1nput propos1t1on p, then the phrase 'sf is.duplicated”
means that a sentential form in the Knowledge base say SF,

has the same constituents as sf. Thus sf can be replaced in .
l .

._propos1t1on p by SF with no change in the mean1ng of p. A

-

constltuent of a sentential form is e1ther a sententlal form
or a concept To. complete the’ def1n1t1on Qf a dupl1cated

sentential. form a definition of when concepts 1n two

sententIal forms are "the same" is requ1red This is not

g1ven here,: but after non- dupl1catlon of sentential forms

e T R e

- ,
has been motivated, since the def1n1t1on is qu1te complex.;___#*,,,-

VA
and 1mpl\c1tly 1ncludes the method of thEIP removal

There are several _reasons for ‘having sentent1al forms

appear1ng only once in the Knowledge base. Conslderable

‘space is saved s1nce common sententlal forms are not

. repeated This. is partlcularly evident when an 1mpllcatlon

with a large/conJunct1on as consequent is entered Once the -

:proposwt1on is put Into MCNF the antecedent is repeated for :

- each conJunct of the consequent - For example, cons1der the

. , A v : .

propos1tlon :
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Vx[[x elephant]=>[[x mammall&{x greyl].
_Conyersion to modal conjunctive normal form yields thevtwo
clauses _ |

[[“[X elephant]jl[x'mammalll

L= x elephant]]l[x grey]] |
W]thout shar1ng sentent1al forms, tneyﬂaré'representedfas in
figure 2.5a,nw1th‘shared sentential forhs{ they are
‘represented as in figure 2.5b. Another reason for sharing.'
_sentential forms is that it faci]itates inferencing since

4

continual match1ng of universal arguments is not requ1red
For example, as can be seen in figure 2A%b only one
universal elephant'concept is present. Thus, if'one wants
to apply the mammaT knowledgefto elephants then the
information "all elephantS‘are mammals" is accessed and used
only once. The s1ngle appl1cat1on links the two primary
universal nodes of‘elephant and mammal. This is equ1va1ent
to doing the first step of . un1fy1ng a]l elephant knowledge
with all mamma | knowledge at once A further reason for
sharing sentential forms 1s that matchlng propos1t1ons or

sub- propos1t1ons across subnets, such as to compare dohn s

. explmc1t bel1efs about cats to Henry's, . is fast Only

- prop051t1on nodes need to be compared 51nce dlfferent -~

: propos1t1on nodes are guaranteed to represent d1fferent
-propos1t1ons F1nally,,removaT of explrcmt redundant

knowledge occurs automat1cally 51nce prop051t1ons only occur

- once.

<

Replacing sentential forms in’ the input by their



\quant1f1ed variables.

2.5 Duplicate Sentential Forms
o &

duplicates in the knowledge base (if they have one) is

accomplished in the fo]]owfng manner r1rst dup11cate

concepts must ‘be replaced since they are the bottom: level

I
N
1
|

op
O

N

¥x|[[x elephant] >[(x mamma]]&[x grey]]]
- in modal con3unct1ve normal" form .

~Figure 2. 5a I Figure 2. 5b
" Non- shared and Shared Sentent1al Forms

”conétftuentS-of éentential forms. lhere are three types of.

 concepts that have to.be cons1dered They are constants.

un1versa1]y quant1f1ed var1ables. and ex1stent1a1]y _

LI

AéconStant, c, in'the iﬁpbt.bﬁopdéitiop'is,dupfiCafédg”

-

28
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v

in the knowledge base if there exists 'a c cept in the

Knouledge base with the.same'logical namelas c’s logical

name. For example, if the proposition _
[Clyde elephant] ‘ ‘ A | (1)
is in the knowledge base and then the propos1t1on _ |
[ Tom elephant] - o | .\H : (2)
is added then ’elephant'-in (2).refers to the same concept;

as 'elephant’ in (1).

Universally quantified variables are a little sharder to

,handler It seems that all statements conta1n1ng such

var1ables are of the form

Alx Pl&.. 1.0 ©

where P is a type predicate. In other words, the un1versal'”

claim is made only for all things of type P, and this type
constraint appears as 'implicative antecedent Thus, when
the proposition is converted to modal conJunct1ve normal
form the var1able is used as the argument of a negat1vely
occurring" type predicate. A "negatively occurr1ng"

predicate is one tﬁat-occurs_1n a negated atom when‘the |

~'proposition is normalized.'-A "type" predicate is similar to

'Moore‘s“<1975> class concept Every concept has at least

one intrinsic "type" which cannot be negated w1thout

‘radrcallylchang1ng the concept For example. if some x 1s'

vassumed to be: grey and an elephant then a subsequent

rev1s1on of th1s 1nformat1on is relat1vely minor if 1t
1nvolves replacement oﬁ [x grey] by [x wh1te] but rad1cal

if 1t 1nvolves replacement of [x elephant] by [x reptlle]

a

29
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—;,Some examples of type concepts are' elephant’ ’mammal' and
"pencil’ . Some examples of non- type concepts are grey kand»
’gultarist' The negatively occurr1ng type predlcate, say

P, is the subject or main focus of the clause. The
universal argument represents 1t~throughout the;clause. For
example, in the proposition | i v
« Vxllx elephant]=>[[x grey]&[x mammal]]],
Tx’ _appears as argument of the type predicate ' elephant' and
represents all elephants” throughout the propos1t1on ‘When
thls proposition is converted to moda | conJunct1ve normal
form the two clauses'
’ [[“[x elephantlllfx grey] ]
[-Ix elephant]]l[x mamma 1] ] |
-are produced W1th1n<these clauses, ‘X" is the argument of
the negat1vely occurr1ng type pred1cate elephant’ : Thus,
the un1versal varlable in the Knowledge base that has been
used as an argument of P is the concept that dupl1cates the
universal variable in the 1nput propos1t1on There are’

several cases that have to be examined because there is not

always a one- to one correspondence between unlversal ‘ A

3 variables and negat1vely occurr1ng type pred1cates as pre-

.supposed by the preceding statement The other two cases .
are one negat1vely occurr1ng type pred1cate to many

,uﬁ”Versal var1ables and many negat1vely occurr1ng type

' pred1cates to:one universal var1able

The f1rst case occurs in propos1t1ons such as

VxVy[[[x elephant]&[y elephant]] >[x likes . y]]

& . N
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o

A solut1on to th1s is to a]low more than one unxversal

‘ universal concepts assoc1ated with a type predicate are; . *

var1able to be assoc1ated*w1th a. g1yen type predicate.. The

attached to each type\predicate via a linked list. The
first one on the list is the "main one“., It is used if only
one universal argumentvis'used with the»type predicate in g-

proposition. ' S . -

The second case. the one of many negat1ve1y oecurr1ng
type predicates to one universal var1able occurs in
»qpropos1t1ons such as -

Vx{{ [x mammal]=>[—[x rept1le]]] : t- . (3)
] to handle this 1s to allow each negat1ve1y

. a ) ’
occurrin type pred1cate its “turn 1n determ1n1ng the =

e

rep1acement for the un1versa1 variable. This requ1res » e V
repeatlng the propos1t1on in the Knowledge base as many | <
-times as there are negatively occurr1ng type pred1cates |
using one universal var1able . For example assum1ng that
c.1 and ¢.2 are- the un1versa1 varlables assoc1dked with -
mammal’ and ‘reptile’ respect1vely, then'the above
propdsition would be entered in the Knowledge base as .
[[=lc. T mammal]]l[“[c 1 rept11e]]] {«L;: e

SR o

{[~lc.2 mammal]]l[ [c. 2 rept1le]]] | - - ) ; f}

e

IR
Th1s seems to be defeat1ng some ‘of the mot1vat1on of this
‘sect1on but an argument can’ be made that th1s type of

¢Knowledge shou]d not be represented as. it 1s above The

s S
archtyp1cal examples of this sort of knowledge ‘come fr o y%;*se
[&] .

o partwtionihgs (e g , an1mals 1nto mammals, rept1les, flsh

".

S A “. e
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l_’already 1n the '

2.5 Duplicate Sentential Forms -

\

'co,- | ‘ . \\\:' S ‘ .
'etc ) so rather than represent. the partitioning of a

concept into n subord1nate concepts by nln 1}/2 statements
about d1sJo1ntness (e g., as above). plus n statements about
subord1nat1on (e.g. ,,an1mals are mammals,-f1sh reptlles,
etc. ), a s1ngle part1t10n1ng relat1onsh1p should be used

<Schubert 1979> A part1t1on1ng relationship saves space

because the d1sJotntness_andfsubordination statements are
combined into one statement. For example, the partitioning

) of anlmals would be represented as

[an1mal part1t1oned by mammal rept1le fish ... ]

The last class of var1ables to be examined are

&

ex1stent1al concepts : D1scover1ng~1f an ex1stent1al

var1able 1n the 1nput has a dupl1cate in the: knowlegge base'

is a more d1ff1cult problem than the analogous problems for

‘constants and un1¥%rsal var1ables A solut1on is not

presented in this’ thes1s, but: it does -seem feas1ble us1ng

descr1pt1on match1ng <Schubert 1979) A br1ef descr1pt1on J'

d

. ’ O N

Once the dupllcate concepts in the 1nput propos1tlon

have been replaced by théﬁr duplwcates in the Knowledge baseg
'f»all that rema1ns to be done is to replace duplicated '

.

| sententlal Fbrms Th1s requ1res that the sentential forms

‘tlfftﬁefkndwledév bégefistmain':1ned An 1nput sentent1al form '

: of how th1s match1ng may be accompl1shed is g1ven in sectlon

€ must be acceSSIble To th1s o

11 sentent1al forms present in ;';

32
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is in’ the. Knowledge base 1f it can be found 1n the N
sentent1al form hash table ~“The replacement'of‘sentential
forms is done - from the lowe/t level sententlal forms up to
the top level propos1t1on Th1s ensures that any sentent1al
forms of the 1nput that are in the knowledge base are -
_“'replaced and it allows the use of much slmpler hash1ng and
rcompar1son rout1nes The hash1ng and compar1son routines
need only look one level down from the senteht1al form in f
‘question (1 e. at the 1mmed1ate arguments of the sentent1al |
form) s1nce if the sentent1al form is in the knowledge base
so are its argumeq.§ and they will already have been . :

,replaced



Chapter 3
" NET ACCESS STRUCTURES AND METHODS

Represent1ng knowledge adequately is useless wwthout .
being able to access it in a reasonable amount of t1me '>The |
organ1zat1on presented in this chapter allows Knowledge to
be accessed via the concepts involved in it ‘using a top1cal-

-organ1zat1on of that Knowledge and individuals to be found_
by the properties known about them. The first two sect1ons
descr1be the top1cal organ1zat1on <Goebel 1977 Schubert et<
al. 1979> and some 1mprovements-made to 1t The-next
section motivates the associative access of tndividuals_via
the properties Known about them. lhe data structure chosen

~for the associative access of individuals is the'same as-the
one used for the topical Organizatlon ‘ The last sectlon
shows that these two structures can be Jo1ned together

‘w1thout impairing the operat1on of elther In fact, a small.

.-1mprovement in the top1cal organ1zat1on results from.thxs

“un1on
.

li/Q Some work on top1cal organ1zat1on of knowledge has
”“recently been done by Reder - and Anderson <1979> and Rychener
_<1979> Reder and Anderson s <1979> emphas1s is on the |
psychologwal motwat'non for such an orgamzat‘ion but
structurally thelr proposal is much cruder than Goebel s
<1977> and Schubert et al ’s <1979> Rychener <1979> uses a

. one level d1v1svon of the_Knowledge stored about a concept

' Thls is 1n effect a one level topic h1erarchy,vbut again 1s 1;,-'

S e . - . oo b . R ""

BT '.3,4-,._ f.v_.v -

1 ‘» S



- 3 Net Access Structures and Methods

cruder than Goebel’s <1977> and Schubert ef al.’s <1979>.

3.1 Topic‘ Hierarchy

Th1s section descrIbes top1c predlcates and topic
h1erarch1es (TH) as Goebel <1977> first proposed them and

some changes made to his or1g1na1 definitions by Schubert et

~al. <1979> These changes facilitate top1c access ske]eton

(TAS) building and access1ng, and a1d in the intuitive \
1nterpretation of the semant1cs of topic predicates and how ‘
they affect class1f1cat1on One alterat1on to top1c

pred1cates is made to allow greater class1f1cat1on power

when dealing with n- ary predwcates (n>1) _Also, Goebel’s

W
W

T query

<1977> def1n1t1on of a TH 1s mod1f1ed sl1ghtly to 1ncrease

the efficiency of bu1ld1ng and acceSSIng TASs.

" 3.1.1 Topic Predicates I

"'Goebel's.<1977> view of topic predicates‘is that they |

provxde a means to separate propos1t1ons 1nto dlfferent

, categorles or toplcs A top1c pred1cate takes a propos1t1on :

as'an:argument -The cred1b1l1ty' of the tOplC pred:catlon

Ilndlcates how we11 the propos1t1on argument f1ts 1nto that
‘ | tm1c ' K . o

1 This cred1bi11ty could be-used by reasoning components of
the. system to de01de how relevant a propos1tion is to a‘ ‘

e
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To ald in the c]ass1f1cat10n of propos1t1ons th1s ’
definition was-altered by Schubert et al. <1979>. A toplc ;
pred1cate is now viewed as a pred1cat1on over a propos1t1on
and a concept 1n that propos1tlon For examp]e,"us1ng.
Goebel s <1977> def1n1t10n the propos1t1on

[Clyde greyl '
~would result in the c]assifjcation

[[Clyde grey] colouring]

This can lead to some confus1on s1nce the concept referred
to by the classification is not ment1oned The prop051t1on

[Clyde}grey] o _ |
is certain1y<not a colourwng ~propos1t1on about ’grey y
rather it 4s’an .1nstance propos1t1on about ’grey and a

colour1ng propos1t1on about ’Clyde .. The present
def1n1tlon results in the c1a551f1catlon

'v [[Clyde grey] colourlng Clyde] ' |
wh1ch can be read as . "[Clyde grey] is a colour1ng- vt
propos1t1on about legg" The ‘main advantage of th1s form |

1s that 1t says what concept is referred to by the Vf

class1f1cat1on° ﬁnereas, the or1g1nal form just sa1d to what -

| top1c the propos1t1on belonged

v .

To classlfy a prop051t1on concept pa1r where the

: concept appears in an argument p051t1on W1th1n the

) propos1tlon 1t is necessary to f1nd the topic 1ndicated"

~

I
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by the predicate of the propositiont'. In the:above example '

it is necessary to know the topic indicated by ‘grey’ when

claSSifying
[Clyde grey]

with respect to ’Clvde’._ This knowledge takes the form of

-an 1nd1cator Tink from the concept 'grey to the colour1ng

tOplC Ba31cally the 1nd1cator Tink is a. short form for the

'3 -

pred1cat1on o v , R ‘ e
- [grey indicates colouring]. o -

It is possible to have a concept.indicate more }han one
topic., For example, the concept 'clear’findicates'the'topic
’translucency’ and the topic ’colourlng' 'ln this case
’clear't1s more relevant to ’translucency than to

colour1ng Thus,;some means of 1nd1cat1ng the relevance

. of .a concept to a top1c is requ1red Thls'1s done by mak1ng.
t‘the 1nd1cates pred1cate into a ternary pred1cate The |
th1rd argument be1ng ‘the relevance of1}he concept to the
-top1c The above 1nd1cator l1nks for clear translateﬂlnto
the propos1tlons _ h "
[clear 1nd1cates colour1ng r1] o vfj" o (1)
[clear 1nd1cates translucency r2] x - ”

[rl less than r2]

v~;How well a propos1tton concept pa1r flts into a particular

topic is spec1f1ed by the relevance of the indlcator l1nk‘; l

. . o Ry , e .
ot For a more deta1led descr1ption of classtficatton see o
_;chapter 4. . . , .
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Aused to class1fy that proposition- concept pa1r For
example, the proposition |

[glasst c]ear] v - L S
is_cJasstfied as |

[[glass1 clear] colouring glass1]. ) '
.The relevance value of’ the class1f1cat1on propos1t1on is the ~
| relevance of ‘the 1nd1catdr link from ' c]ear -to ,colour1ng .
namely ‘r1’. ' I 1 | _ _ .

: Cete . . -

This form of the ’ 1nd1cates predicate'is fine for
monad1c predicates but for n- ary (n>1) predicates the
indicator link used may depend on the argument pos1t1on
For example, the propos1t1on , . S

" [A part-of B] | |
says that B has parts and that A 1s a part qu1te d1fferent
. 1nterpretat10ns depend1ng on the argument This proposition - QL
should be classified with respect to A and B under two | o
' d1fferent top1cs Thus, th 1nd1cates predtcate needs to |
be a second order quaternary pred1cate tak1ng a topic, a
f1rsboorder predicate, argument number and.relevance as.
arguments Fo I/ex/ample propos1t1on (1) would be changed to
a form{lyke : _ ’ 4

{colouring,is-indtcated-by'ctear'1;r1i o
and the part- of' predtcate may have  the, 1ndicator
;,predwcatwons - e ~ f'; PR | ,‘ : _
| [subparts is- 1nd1cated -by part-of 2 r3] "_' . ‘._(2)' i
. [superpart is- 1ndicated by part of 1 r4), | ,. - |
e[“Currently, éﬁr eff1c1ency, indtcator proposit1ons are
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-

. conver ted to'indicator links from concepts. to topics. ° An
st

1nd1cator 1ink- includes argument n::ier and relevance value.

as. part of it.  For example if pr sition (2) were

~instantiated, it would be convertedvto a link from the"‘v

concept ’part4of’ to the top1c subparts . The link would

have associated with 1t an- argument number of 2 and. a )

. relevance represented by the concept ‘r3’ - The indic or

propos1tlons do not- appear expl1c1tly in- the Knowledg:?b se.
They would have to if the system was to know about this

aspect of 1ts own 1nternal structure

3.1.2 Structure

A TH (top1c hwerarchy) is bu1lt by spec1fy1ng sub/super
toplc relat1onsh1ps among the topic pred1cates A sub/super
topic spec1f1cat1on 1s a propos1t1on although currently it
is represented in a spec1al form to allow rapid access to
sub/supec topics from a g1ven top1c concept For example,
to specify thé appearance sub h1erarchy of f1gure 3. 1 thed

lequtvalent of the propostt1ons | .
. [appearancegsuper—top1c-ofpform"r1l:‘
{appearance”super-tcpic-of colourlng r2]
v[appearance super topic- of translucency r3]

,[appearance super- top1c of texture r4]

" - would be asserted The thtrd argument in a sub/super tcpic :

"spec1f1cation is the relevance of a top1c to its sub/sqper
top1c - Again as w1th the 1nd1cates predicate. sub/super
topvc pred1catwons do not appear 1n the Knowledge base “

N\

s
VL

§
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These would have- to be?assented in the'net to;aliow_seli

:Knowledge‘to the system; .

A TH allows inheritance of topical c13551fications
31m11ar to the manner in which a concept hierarchy a]lows,
1nher1tance of type class1fications <Goebel 1877>.. For
.exampie, in the hierarchy - fragment in figure 3. 1 a
prop051tion c]aSSified under colouring is also an

! appéarance pPOpOSTtTOﬂ and an external quality

prop051tion.\

form '

. - eolouring
———appearance— _
' o ———-translucency-
L - ‘ . --———texture o
..external-quality—t+—odour : -
: : : ' " ——texture

| -——jtactile‘qUaTit)heff—-hardness

‘l—resilience

40

tFigure,3;i Topic Hierarchy Fragment <{Schubert et al.,]979> -

The change made to Goebel’s <1977> definition of a TH

fis to restrict a TH to a tree ' The motivation for requiring"v

vthis is. the resultant largefeduction in the cdn'plexity of
the TAS (topic access skeleton) bu1lding algorithm This |

'change 1s admissible 31nce a TH apparently approaches a non-[h'

'”overlapping partitioning of predicates for which the number]jhﬁjn-v

'-"of tepics which appear twice in the m shouid be small and
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R -

“_s1tuated towards the leaf nodes of the TH. A'topic that
appears tw1ce or more can be handled by mak1ng duplicate’

nodes w1th d1fferent names, for that topic and having . all

*.‘}:the concepts that have a topic 1nd1cator link to: that topic 7 _

f’;;p01nt to all the duplicate nodes. A sample TH of 53 nodes

:f"ﬂthat Schubert et al <1979> des1gned has only one node, a

leaf node, used twice.

To'change figure 3.1:to this new form, the ’texture
"topwc wh1ch appears tw1ce would be represented by two top1c,
say 'texture1"and ’texture2’ ; Any cbncepts that prev1ously

‘\had an 1nd1cator Tink to ’texture wou]d now have 1nd1cator o
-.E'l1nks to_ftexturej’ and ’texture2’. : o

'*3;2:TopicfecgésseSke]etons'v'h N - | B -

| bt “»-.1!‘v o o

TASs (toplc access skeletons) have to- be econom1ca1
.-w1th respect to access1ng t1me and storage The storage
must be m1n1m1zed. since every constant concept and every
‘sexistent1ally quant1fied var1able has 1ts own: TAS assoc1ated | iv

with it. T1me to access a,part1cular node in a TAS must be s -
‘”,m1n1m1zed smnce access to any propos1t1on in the knowledge |
ﬁ'base is via a TAS node. |

| "_ There are two bas1c types of TAS inquir1es . One 1s forb
:_ a part1cular node ‘the other . for a part1cular node and
"nbthe TAS sub structure attached to 1t These two access
'types are not 1dent1cal in the TAS structure proposed 1n _
h_this thesxs and in the TAS structure proposed by Schubert et
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“_costs for the various TASs. The methods d1scussed are the

:1f two proposxtlons, say prop11’ and ' prop265', were

3.2 Topic Access Skeletons ' ' 42

o™

al. <1979>. the differences are discussed in section 3.2.1.

The .first type of acceSs is used to look for'a particular7“

:propos1t1on or for a group of close]y t0p1ca11y related

propos1t1ons (1 e. under one top1c) The second type -of

» access 1s used to access a group of loosely top1ca11y »

"related prop051t1ons'(1 e. under a sub- tree of the TH)

This section discusses several different structures and

methods of accessing TASs. It consists of three

' P
subsect1ons The first describes the structures and access

"methods, -the second the t1m1ng costs, and the- third storage

&

ones proposed by Goebel <1977> by‘Schubert et al. <i1979>
and a new version wh1ch overcomes some of the prob]ems of
the prevxous two. Where approprlate they are compared |

aga1nst a linear list of backlinks from concept to
9 . : _ ¢ .

‘.propositions since this is the method the TAS supplants.

3.2.1 Structures and'Accesdeethods o C - C

.

Goebel <1977> proposed to instantiate in a TAS onF& the k
branches of the TH .that were used to class1fy Knowledge

-

under the concept associated with the TAS, thus e]1m1nat1ng j

'\uthe dVerhead‘of-storing unused TAS branChes For example,;

- ; o
B T
.

.c1ass1f1ed w1th respect to some concept undeg the hardness
'and colour1ng top1cs respect1vely then the TAS attached to -
:that concept would appear as in figure 3 2 Assum1ng the TH
as in figure 3.1 was used as the base for the TAS and’ that
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no'othernproposltions'were classifled under the concepgg

. ‘ ¢ : :
The algor1thm proposed to acces's a part1cular topic, A, a

in a TAS 1s as follows One accesses the top1c node of A 1n'
‘the TH. and then ascends to the root of the TH Keep1ng a l1st h
of the top1c nodes one traverses 1n order of mos t recently
traversed ~This list ls the/path in the TH from the root
top1c to top1c A. To accesthop1c A in a part1cular TAS, .
one descends the TAS follow1ng the path of top1c nodes found :
‘~'1n‘the ascent of the TH -1In the case of topic A not being
present in the'TAS the %escent of the TAS will come to a
"dead end To access a3 sub hierarchy rooted at A, eXactly

‘the same procedure as~outl1ned above is followed

‘.
i

——¥fappearance—4—colouring (Prop265) -

...external-quality— -

L - ;-—e—tactlle-quality~+—hardne§s (Propti1)
. . -' L. ’ ’ . . .. N : . ) ‘ - ’
Figure 3t2'Topic.Access‘Skeleton Fragment

-

‘Schuber t et“al <1979> 1ntroduced path contract1on as a .
.method of sav1ng storage Path contractlon took place ifa
path ina TAS did not have any branches on 1t or any |
| prop031t1ons classified under any of the nodes except
poss1bly the last node 1n*th1s case, all nodes but the
'first node on the path were deleted For example ustng the
rfsame propositions and TH as 1n figure 3 2 the TAS B ‘

' constructed by th1s method appears as. 1n figure 3 3

a
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]

This method e11m1nates the overhead of stor1ng stratght
l1ne paths in TASs. However it doe§'1ntroduce some

problems. when access1ng a partlcuTar node or a sub h1erarchy

2
rooted there 1f that node has been removed from the TAS

under cons1deratwon

2

The me thod offf1nd1ng a- node 1n this form of a TAS s

" much the same as Goebel [ <1977> except that some of the

nodes in the path found 1n the TH are sK1pped dur1ng the
descent ‘in a TAS because the correspond1ng node§ in the TAS
have been deleted due to path contract1on The removal of a
TAS node causes problems only if it was a leaf node or 1f
one is accessgng the sub- h1erarchy attached: to it.

3

———-appearance (Prop265)

.;external-quaiify—' |

L tactile-quality (Prop11)

~ Figure 3.3 Path-Contraoted Topic AoceSs Skeleton Fragment

In the case of a leaf node belng deleted the

, propos1ttons that. were class1f1ed under it are now at achedf

f*;; to an ancestor of it This means that upon reachtng ‘ leaf“"

ﬁnfnode 1n a TAS that 1s not a leaf node of the TH one ZEY |
“ -.propos1tlon has to be peclassifted to discover under wh1ch Lo
“'node the attached prop051tions are clas51f1ed | '

| | 3 ; ST
To,accessla'sub~hierarchypattachedftové;node, A, ina.

-
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©.3.2.1 Structu Access Meth‘ods "

‘m':'part1cular "TAS hére A ‘has beeh removed from that\TAS A’

ant in that TAS ‘must be found. A’s‘ clogest

‘descendant has the 1nstant1ated part of.A"s sub hlerarchy

"u -attached‘to-1t <This 1s ensured by ‘the def1n1t1on of hr

‘contract1on“unless the Teaf node case éccurs, as descr1beH§§_'

'.above F1ﬁd1ng Ats cJosest descendant is: done by mak1ng an
ascent 1n thé TH from.all descendants of the node in the TAS,
at wh1ch\$he path to A term1nated ) If the ascent encounters
A ‘then the node that the ascentowas made from is the closest

descendant of A 1n the TAS Determ1n1ng 1f the ascent does

not encounter A is poss1b§e s1nce the ascent must reach “some .

h_ node 1n the pa1h from the’ root top1c to top1c A Ascend1ng

- to the root node is ea51est since 1t saves a scan of the }

~ path- for each node encountered.

The necess1ty of reclass1fy1ng a Teaf node propos1t1on

b

Jis el1m1nated by . the method descr1bed here an adapt1on of

the path cont{act1on method b? Schubert et aT <1979> This

method also 1ncreases the speed of access1ng a tOplC or the.
sub h1erarchy rooted there In the&follow1ng d1scuss1on the

| TH 1s restr1cted to a tree The d1scusswon can be extended

to acycl1c d1graphs, but the resultaht detalls wou 1d obscure -

/
R P

- the 'main po1nts ) AR O "Q.‘._': e

‘ The f1rst change 1s the add1t1on of two numbers to the
nodes in the TH The f1rst~number, an .1dent1ftcatlon o
mnumber"‘(IN) is the number asswgqed to the node 1n a "_
pre order number1ng of the free The second nUmber the j;

oo oo ‘«' .
.

‘f45
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- “highest descendant“ (HD). is the iargest 1dentif1cation f
j’number quthe descendants of that node The 1dent1fication,
'numbers of a node s descendants iie in t intervai (IN HD] T
~the node s “descendent brackét"?r Figure; 3.4 shows the TH
J”hfragment of figure 3. 1 W1th descendent brackets attached to .
"hfeach topics The TAS nodes do not contain descendent bracket
numbers but a dink to the TH node they represent A—J,
descendentbbracket is accessed from a TAS node by follow1ng
g.its link to the TH node 1t represents and selecting the _
f appropriate fields from the TH node. This change results 1n ’
T ) - _ .
: f,fonm‘i“
s (3,3) . -~ .
K ' '—-colouring S T S
: : <>—-appeanance—- (4,4) L et
R SN (28) : ~-—-%ganslucency IR
;nz).;,externa]—quaﬁity-"———odour P (6 6) A e
B P (1,]1) T (7 7) v._-;—-—tex.ture2 SRS “— '
% B (9,9) S
o ]“.‘rm?-———tactile quality—«———hardness 47ui,,wunggi,5
R N A AN {8,11): U TTTH0,10) g-.j;f
ST e ?, } _g;j““fg,¢¢-~——-resiiience T
‘_'/f',ﬂgf; x;§ o _f"j“ o 'thhinnggﬁjig (11 11)

Figure é 4 Topic Hierarchy Fragment w1th~Descendent Brackets

-~

'.” -

”'ﬂtnUch?easier'accé‘i;to-ﬂ t0pic node i No Tonﬂer s'it R
3fi necessary to. as7end]in the TH and'descend inia TAS tolfind a
Funding’a TAsﬂnodehrequires only ook g up




! external quallty -’tact1le qualtty -’hardness ,. the nodes

. N . 1 . .
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number of th? node - wanted until that node 1s reached Fo

g

‘example, the hardness node is. found.in a TAS (assume 1t is

L a TAS with all nodes of the TH in figure 3 4 present)

look1ng up 1ts 1dent1f1cat1on number, 10, and then |0

'.descend1ng in the TAS. The descent follows the path

that have 10 1ncluded in thelr descendent brackets.' F1nd1ng -
an 1dent1f1cat1on number requ1res a d1ctlonary Took up to

obtaln the top1c node and then a fleld selection on that

‘ .toptc node : Ne1ther are part1cut@rly expens1ve operat!ons

“j dqne by Schubert et al <1979> Thus all prop081t1ons are :A

'f"‘they were class1f1ed, so’ that reclassification of a E'

v and wxll always requ1re a f1xed amount of . t1me 1ndependent
 of the size of the TH.,

The second change 1s the retent1on of the lowest node

?uof a path to be contracted rather than the h1ghest as was

‘\

attached to the TAS node represent1ng the top1c under whlch

BT s e gt S L e o s e

‘.proposit1on need never occur For example, us1ng the

. ‘propos1t1ons and TH from f1gure 3 2 the TAS constructed by |

"5;has a propostt1on attached to 1t have been contracted to

?

n«;thasﬁmethod appears as ih f1gure 3 5 As can be seen,~;'” R
;-;stra1ght l1ne paths of TAS nodes term1nating 1n a node that

t“’t node. St'a‘ght Tine paths with o’ propositions on. themjff:t,~7“
have been removed"[#;i‘ae;_»~--'“ T S
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- twhere A has been deleted from that TAS, 1s-easy with ‘the

1dent1f1gajton number1ng method Th15 requ1res f1nd1ng the

"Ja‘ closest descendant of A present 1n the TAS The descendantS-

——colouring (Prop265)

;;.external-quality—f

———+hardness»(Prop11)

F1gure 3. 5 New Path-Contracted Top1c
: Access Skeleton Fragment

of the laSt ancestor of A infthe fKS'are examlned CIf one,

rhas an 1dent1f1cat1on number that l1es in A's /descendent _

Co bracKet then that node 15 A‘s closest descendant ub ‘

?ascents in the TH are requ1red For example to f1nd the

" sub- hterarchy that would be attached to the * appearance

48

‘»~9node;1nAfugure 3.5, the descendants of - the~last anceston of _

’appearance”.y external qual1ty _are examtned. lf,one has -

an 1dent1f1catton number 1n the range of the appearance

:top1c node s descendent bracket (2,61, then 1t is the subj_<ﬁ '

}fh1erarchy sought “In thIs case it is the coloqring node

t-‘The scheme 1s also advantageous WIth respect to ma1ntain1ngfﬁnf.

?,a path contracted TAS Uhemf1nsert1ng a new node 1ntp a
{rjpath contracted TAS 1t 1s necessary to Know the ancestor/
'];descendent relationships between the nodes ln the path-‘

St contracted TAS and the hode being inserted These ‘*




‘:;,the pPOpOSIthDS under one. TAS node be examined The TH is
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. A description of the algorithm to insert a new node into a
path-Contracted_TAS_for'a tree hierarchy is presented in

appendix A. ‘ - S °

'3.2.2,Timing:Costs i

In this subsection a complete TAS' method is compared
against the list of backlinks method and then the various
- TAS methods are compared In the: folloW1ng discu551on let:
| n - be the number of prop051tions cla551fied under a
concept
m - be the number of nodes in the TH
- b - be the average branching factor. in the - TH ‘
f'*dt - be the depth of the TH (appoximately log(m)/log(b)
- for a balanced hierarchy) : |
' ‘da - be. the depth of a path contracted TAS v__" ‘.,dyu_ ,l('
| (approx1mately log(n)/log(b) for a balanced access : f‘
.wr\:Releton) This has an upper bound of dt | o

U51ng a list of backlinks takes n/2 propos1t1on mmtches o
on the average to find a particular proposit1on lThefj.V" o

':a_acceSSIng of a proposition u51ng a TAS requwres that only

"‘designed to partition propositions more or less uniformly

“_.A_across the leaf nodes of the TH but not exclusively, as. 55, R

. Tas, oonenes an

O
A s

1 A1l branches and nodes of the TH are present in a complete’ .
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)
r

_some propos1t1ons are class1f1ed under internal nodes of the

TH as well. A. reasonable assumpt1on is that the number of.

:propos1t1ons class1f1ed under 1nternal nodes is small

compared to the total number of propos1t1ons class1f1ed so

“the number of pPOpOSlt]OﬂS to. search is reduced by a factor

appox1mately of b/((b 1)m). For Schubert et al.’s <1979>

'sample TH of 53 nodes th1s factor is approx1mately 1/40, so

the average number of propos1t1on matches to f1nd a

‘partlcular propos1t1on would be: n/80

- .-

Bes1des this t1me sav1ng over a l1st of backllnks, a

‘TAS prov1des the capab1llty of retr1ev1ng top1cally related

1

~_:TAS 0(°t), so total tvme requ1red is O(dt)

e This® is, still ot%t)'even"though the TAS is oniy-
- because' the ‘path from the. root: to Aifoundain;the
%ilao-scanned and it is of length dt S T

J;propos1tions at no- extra cost whereas to accompl1sh th1s.~
;w1th a list of backl1nks requ1res conslderable reasonlng and

vsearchlng Th1s capab1l1ty is very useful in answerwng such

quest10ns as "What colour 1s a l10n7“ To answer th1s .

quest1on any colour1ng propos1t1on about,l1ons 1s

.ﬁappropr1ate . n' :»5 W ;'-'ff{f rJ;J

(,

T1m1ng costs for the various TAS schemes are as

follows For Goebel’s orlginal proposal an ascent 1n the "f}

TH, -O(dt). 1s followed by a descent of a full bnanch of a

50

Schubert ei ft*” .
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*x

.recla551f1cat1on wh1ch should’ be much less than O(dt).

: Thus total t1me w1ll be O(dt) The descendent braéket

number1ng method requ1res only a descent in a TAS for a'

total time oflo(da) Thls will be a significant sav1ng in

the order of»fRe t1me whenever da is s1gn1flcantly less that

dt (i.e. the TAie:escended is sparse compared to the TH)

moreover the ne for only one traversal of a TAS and no

~traversals of the\TH under any 01rcumstances reduces the

t

| - absolute tlme by at least a factor of two In the

»
extract1on of a subrh1erarchy this factor{lncreases even 4
more w1th respect to\Schubert et al. ‘s <1979> method lf the
root of the sub- hlera\chy has been deleted from the TAS -

t-under cons1derat1on Thls occurs because Schubert et al !

"_7<1979> method requ1res extra TH traversals to ascertain the
»ancestor relat1onsh1ps hecessary to flnd the closest

ddescendant of the deleted\hode

\, R _\\ .

ilf%ﬁ. There is one hidden t1me cost 1n the descendent bracket

-.--'.:_,-',j'ivﬁ‘l:over the l1st of backlinks method This 1s 'an {:iCCeptab‘e

‘5fscheme QIt 1s the twme required to renumber the TH on:
',‘add1t1on of a new top1c 1 This w1ll be dlscussed in greater
:v,déta1l 1n section 3 4.

Sl '

The list of backlinks method is the cheapest in

“:liéystorage O(n) Schubert et al <1979> have shown that path




3.2.3 Skorage Costs

: overhead conSIder1ng the reduct1on in t1me for proposwt1on

access and for the toplc structuring of the propos1t10ns

Storage costs for the ~descendent bracket number1ng w111
§&be 2m over storage costs for a non- numbered hierarchy since
TAS nodes do not conta1n the bracket numbers but a 11nk to
the topic node they represent

- .
PR O

¢

3.3 Concept‘Hierarchy

>

The concept hgerarchy (CH) enables assoc1at1ve /
access1ng of concepts by thEIP propertles A property of a
concept Is 1nd1cated by a monad1c type pred1cat1on about
that concept The CH is bu1lt ‘in a manner analogous to the
.- TH, except that instead of sub/super tOplC predlcat1ohs,v-
$ub/super concept predwcation§ are. used to buiid the ’
hlerarchy As wi-th - the TH the CH merely def1nes the -
f'-structure To. actua]ly use . the structure a- concept access'*;
| skeleton (CAS) 1s used CASs use the same data structure

and thus the same bu1]d1ng algorIthm as TASs

To exp1a1n assoctatlve access and to partially

' motlvate the CH and CAS a s1ngle net 1s considered f:rst

‘The f1nal mot1vation comes from'examining the role CASs play r:;];J

in subnets )

To access an instance (individual) associatively means t“

to access that 1ndividua1 by specifying a property of it

For example. to find something that is an elephant by being 1{15\"
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able to access from ’elephant’-all things that are
velephants. This sort ofrquestion can-be:anshered‘by'
scanning all 1ndiv1duals checking to see lf they are an
elephant. This becomes prohibitive when the number of
.1ndiv1duals becomes large. A CH and its attendent CASuallow‘
rapid associativefaccess-to‘individuals | Foriexample;,to
'access:an elephant the elephant node 1n the CAS 1s | .

accessed1 " This node has a list ‘of all things that are \$\§\\
Known to be elephants attached to it2. In this particular
‘case it can be argued that “instance" backlinks from the
predicate elephant’ to all instances of it would suffice,
but 1f the question 1s extended" to "What animals do you
Know’" the 1nstance backlinks will not do because very
“few, if any, i stances’of animals will be directly

‘predicated to e animals Rather they Will have been

Will have een predicted as being a sub concept of animal'
(probably not directly but through a few layers such as, .
‘dog’ to ’ mammal quadruped to nannml' to higher animal’lj‘-
to animal') The query ”Uhat animals do you know’“ can ‘be
:answered US1ng an exhaustive search of all sub concepts of

L

animal', checking each for 1nstances associated Wlth them :ﬁ:<“

,"_r ]

.1 This’js done 1n the same fashion as a TAS access so it is

s\‘vfast

2 In actual fact, attached to the elephant ncde isa list of R
- all the propositions ‘which: state that an individual is- an’- RN

.51-elephant The' 1ndividual ean be quickly extracted from the

ffproposition
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This is very time consuming. A'CAS‘access is faster for
-several reasons It contains only those nOdes that‘have
1nstances attached to them Plus a few internal nodes to
maintain the structure (see TASs), thus searches down
'branches with no 1ndiv1duals attached are av01ded \ Also f%xhiﬂv
because a CAS is a path contracted access skeleton a minimum
number of nodes are traversed whereas a CH explicztly |
represented Ain the knowledge base requ1res that all nodes be

Ty .

traversed

‘ ) Turning now to subnets, it should flPSt be p01nted out
'that 1ndivrduals 1@(3 subnet should be accessed only by a
CAS unique to that subnet and not by the main net CAS. If

}.individuals in a subnet -were accessed by the main net CAS

R fall 1ndiv1duals would be mixed together A check would

o always be. requ1red to make_sune that the 1nd1v1dual found e

s ey s e NN L I

< ‘was 1n the net currently being\used

The final motivation for the CH/CAS structure 1s that

: 51n subnets a complete CH is often not expl1c1tly stated
. For example, 1n the story of "Little Red Riding Hood ’ when
'Tfﬁthe wolf enters the scene the facts that he is a mammal and

T r-that mammals are animals etc are- not mentioned It is

,' " 'his real world" knowledge Anything thaat is el
L extraordinary “about. the. wolf “stich'as his ability to talk

. ‘;}assumed that the listener will make these assumptiOns from

T“ia,'fis made clear After listening to tﬁe story'most listeners. 3-zgf

| aﬁ;:lif asked “Hhat animals are in the story?’ would reply a

L
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wolf"., ‘It is pOSSTb]e to obtain th1s answer from the
-'knowledge base w1thout using a CAS, but at conslderable
expense In this case the search would proceed as follows
A search for the v1rtual ’anlma]' concept 1n the subnet of
\the story of "L1ttle Red Rid1ng Hood 1s done when‘this
fails, the - sub concepts of. '/ an1ma1' in the main net are

" found and then each -of these in turn 1s.sought in the story

subnet. The search for these concepts followsgthe same

procedure as the search for the an1ma1' concept If any of’

'hthese concepts are found in the subnet then a check would be

made to- see 1f any 1nd1v1duals of ‘that concept ex1sted 1n

~ the subnet When all of the sub concepts of an1ma]"1n the

ma1n net had been searched for in the subnet and anima]’:'
. sub concepts 1n the subnet have had the1r sub- concepts

y.searched then the answer “a wolf" could be output Thls

*“Jprocedure 15 obv1ously time . consum1ng In th1s part1cu1ar

‘{wcase, a CAS woqu probab%y have the sub h1erarchy for ™
‘ anlmaT"onTy two or three Tevels down Thus accesslng 1t
_would be very fast The sdb h1erarchy would probably onTy

| be the wolf’ node due to path contraction (and assum1ng

55

\ -

that humans are put 1nto a spec1al catagory by themselves.¢&”'

'lfwhlch 1s leely considering the lmportance generally )
171'attached to them) o ",*; o _,j g'v’~f;faf_;f-~‘
" ‘_ ,;", o o ’ '

L . - FRPRIEN .._\

It must be noted at this point that a CAS really only

~oceurs because all cAss are based on a single CH, the, cu of f-

'”, the ma1n net This CH may not correspond exactly to an

- -

;;'1returns candidates for the particular property sought Thisf:»wt’
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expl1c1t one in a subnet or for that matter to the expl1c1t
~one in the main net For example the CH may have ' whale

-~ as a sub- concept of mammal"and'dohn-may bel1eve_that
whales . are. flsh If the questionl“What mammals‘does dohn’
Know?" is asked then any whales John knows, say Spot, are

~ returned along with other mammals from the CAS search To
ﬂcompletely answer the query each 1nd1v1dual must be checked
to see if it has the correct property Th1s 1s a.

'straIthforward part of the propepty and relat1onsh1p

1nher1tance problem which is d1scussed in chapter 5.

,3.4 Combined Hierarchy .

Since the TH and CH are built on the same structure
there is no reason not to make them 1nto one structure by
Jo1n1ng them at thelr roots One half of* th1s super -

’h1erarchy organlzesfknowlque by 1ts relevance to a, b

‘L}part1cular concept (the TH) the other half organ1zes 8

) 3

'”concepts by the propertles asslgned to them (the CH) Ohé_g,

: reason to do th1s is that the . CH can be used to more f1nely

jclass1fy "spec1al1zat1ons of concepts (see chapter 4)

One problem becomes ev1dent when the CH 1s structured Q'"
in the same way as the TH It is caused by the fact that

"'»jthe CH will typacally grow falrly qulckly as new concepts

1;are added to the system Each add1tion will requlre a . o
:fnrenumberlng of the nodes in the-combined hierarchy ‘Thisals,f'é°"

.ffan O(n) operation}”f'
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hierarchy. In a Iarge-system'this becomes t1me consum1ng

A solutlon to th1s 1s,to leave gaps in the numberlnd scheme

57

so that some new nodes can, be added fo the super- hierarchy ) }'

| w1thout requirlng a renumber1ng of the complete hierarchy

Th1s does not reduce the time spent to do one renumbering,,'

¥

but it does reduce’ the total number of renumber1ngs

| -requ1red i An algor1thm for a falrly 51nple scheme of. th1s d

;jnature is presented in appendix F

< .
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) " " CLASSIFICATION
; : :,> N -
The TH and CH have been shown to be useful structures' ‘
for access1ng Knowledge once it has been attached to them._tb
- This chapter descr1bes the scheme wh{ch classifies a
propos1t1on concépt pa1r with. respect\to thesebstructures
) \ S1nce two structures are used there are two forms of '
c]ass1f1cat1on\\’0ne ass1gns a topic or: top1cs as the ; ﬁif
o cla551f1cat1on of a propos1t1on concept pa1r It is based
on the top1cal class1f1cat1on schemes proposed by gggbel
<1977> and Schubert et al. <1979> Some extens1ons and
a]teratlons are. made to these two schemes\to accommodate the‘
: CH/CAS strUcture and to correct some ercdrs 1n these L
methods The other form ass:gns a concept 1n the CH and a
net as the cla551f1cat1on of a propos1tlon concept pa1r
Th1s is the form whach organizes concepts to allow _
assoc1at1ve access~by the propert1es known about them pThep B
) f1rst sect1on deals with the class1f1cat1on of non modal
@ propos1t1ons' The second sect1on deals W1th modal
predlcates and the problems they 1ntroduce w1th respect to

class1f1cat1ON‘ S R -;.Ar' L ’ﬁ-.ﬁjrg ,»/f*

Q
~..
v
[+
@
&
]
*
. .
L .
. - N

-’

.\. o

C/T conta1n a modal predIGate or operator

Do Tl . . . . - . S

A A ‘non- modal proposit1on 1s a propos1t1on that does not Q'



«Vrespect to every ex1stent1al concept 1n the‘PPODOSItaon Z;;‘

’_The propos1t1on is: not.class1f1ed w1th respect to.

Afthe pred1cates abplred to them For examp]e the-,
'»prop051t1on . |

‘ says someth1ng about kangaroo th1ngs‘ marsuplal th1ngs and

/4.1 Non-modal Classification = = 1

'4{1‘Nonjmodatfctasstficatjon‘_h

.- . . : - ) '. o "ir'.’ \ - ",'v
The class1f1catlon scheme ?or the 1ndﬁv1dual c]auses

_ created by norma11zat1on bastca]ly follows the rules la1d

-'out 1n Schubert et aI <1979> A few changes are required

in order to accommodate the\CH/CAS structure These are,"' K _

,descr1bed 1n seCt1on 4 1 2 and 4 1 4. v,-f ?jf - nmpb' tﬁ’-t
_— \ S W'

Class1f1cat1on of a propos1t1on is carr1ed out: W1th ‘_-“ -

R

un1versal]y quant1f1ed concepts s1nce the proposition: does-;

1

not say anyth1ng about them- but rather says somethzng about

[y

.

L] . .
e

Vx[[x kangaroo]~>[[x marsup1all&[x herbavore]]]\

'“"Mherbrvore thrngs~not about all th1ngs Sometlmes the \

~
L class1f1cat1on process»doe not y1eld a top1c for a

ﬂtﬁ;prop051tlon concept pa1r Th1s occurs when the‘backl1nk

v .
N

.from that concept to the psopo§1t1on was considered

“VFNQ “{Clyde elephant] "thg,aujj~'fglr;n_,?‘_ jgu"w”'

b1s not useful Obviously, 1f future research shows th'qﬁ

.Hclassificat1on séheme can bé'made to ‘ﬂClude"'“°

"'isEach deal w1th a partwcular form of préposwtion*cthept @;i;

®

f\? un1mportant Eor example.,the backlink from elephant"to "

.- . 1

o B & . -,',~n

bacKTlnks lostcare 1mpor4ant the appropr1a'e chan ]

Th1s sect1gp Is organized'1nto severai subsectwon!

Bt .‘“ . LR AL TN
SRTER SR

L ]
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41 Non-modal Classification . . T Bat

*”»v';;f",_',paw, describing how each form is recognized and the type of

.;the classzfication The .girst three ;ubsections deal with

.
« .

L..._,j:v.~:.,‘c1assif1cation m the TAS and the last mth classificahon .
: -'-_"j-i';in the. cAs-;,, ST

‘»,' A

Tl’ns topic classifies propos1t10ns that gwe' the type
of a concept

Type cannot be di sti°ngu1shed by syntatic form;-_;j_:_',“]
-,alone (see chapter 5)

A check for 'a typg pred1cate nust be !
..'.Th1s 1s stra1ghtforward s“mce the indrcator an frgm

i .u-.v- '.!U.- .:k‘ > '.' N .: /' : Hv‘: :



.%tiﬁménéﬁ%??ffa*fff’filgﬂUﬁ:me,
" _'7ﬂeoatiyely occurring' type predicate and ofa
LS pbsitively occurrinc type predicate then the = g
“_.;:t;rr' ;‘;r}p,op051tion is a generalxzat1on P'edicatron ”‘thﬂ: ;_?;$
r  g ,’ft;,espect to’ the negatively occurr1ng type "i» - R EE,
 frj§f;Tfprédicate. :t;f_;§_: ff;f» ;;i_@g.;r‘__:._ A:‘ LT

41 2smranzatwn

This tbpic COntalns propos1tions that give a Spec1alvf_rﬁ’;ﬁ'
”y case (subSet) that 1s4not an 1nstance of a concept*” The- )
scheﬁe proposed‘by Schubert et a1j

<1979> 1ncluded 1nstanoes s
'a”"undgr th1s tOplC. but now 1nstanees’are referenced under the ”lGAf’

ﬁ%_ CH/CAS structure For example.,; :?ﬁf[’“ﬂr°

things.- Another example'fs'w




;jl 'hd;j:z speciﬂig;étigh,fhp,nhﬁxi ;-21 ‘ 'j;.ifchj?Lc e;l»g.}fif 69
‘V;using the CH structure* The proposit1on 1s classnfied by
o the type predicate. In the combined hJerarchy the CH is i
f thhhung from the spe01el1zatron top1c node The f1rst exampie:n
""';'_,"-,_.,'would be d"lassified under the erephant' TAS node of the
”;€3 M? grey’ concept similarly the éecond example would be ETRES
'fhei:class1fied under the elephent‘ TAS node of the mammal’f~ :“
_"',:';,;Concépt‘ - 'i '. V ‘ | | |

s, 13 T'op'iés’, T e

Th1s branch of the h1erarchy organizes attr1butes and
}‘ﬂjrelat1onsh1ps of concepts These are represented by non-

"3fﬁftype pred1cates Some examples of attrlbutes are“"”"'”

Vxl[x elephantl >Ix grexll




4 13 Topics - 4‘ L | v- 63
ﬂ‘ non- type predicate then wi th respect to that -.
cohcept the proposition is classified according to
' the indicator link(s) attached to the predicate

| Relationships generally have indicator links that _
'?fdepend on the argument p051tion (section 3. 1 l) “The same R
]igrules as above are applied to relationshxps byt thh the fff’fvif
:ftaadded conslraint that the argument p051tion Qf the concept
Lfflhinvolved must match the argument postion on the 1nd1cator

1 ink

-

rign

An 1nstance of a predicate 1s a constant which appears f -
j“.-‘-»':f"j";as the argument of a predicate '

[Clyde elephant]

3&lgi’Clyde is an instance Of




'mﬁj;are of more 1mport to th1s the51s thus the rest of th1s

- > RS Y B it i L T U L U SRR SRS SN
- R - ] IS 4 A

*;.v4.1.4'1nstancest,‘”” o -Ai' MfsTf'- : R _~]64}h

~were'lost thereby maktng questions such as 'Uhat is an
' example of an elephant" hard to answer . | S

. 8.2 lodal Predicates‘*‘ S e N

There are two classes of modal predlcates or\predicates

| that have proposxt1ons as arguments They are ones that j*'*
‘form conceptions of - the uorld (e g- .-hope and belief and
5ones that dq not. (e. gy causes credib1lity) The S -

'.,proposttions embedded in the latter predicates are

sclass1f1ed fn the ma1n net as 1f they were top level -

“propos1t1ons | The fact that they are embedded in another‘;
'_‘_propos1t10n 1s 1nd1cated by a backl1nK from them to the1r N
‘f:lembedder The predICates that form concept1ons of the worl"‘

'Tii;sectlon 1s devoted to descr1b1ng how they are handled

A modal pPOpOSTtlon wwth an tddividual flrst argument
"";:and propos1t10nal second argument 1s classwf1ed as follows

ij\F1rst the propos1tion 1s classified with respect to the

77fiif1rst argument by the 1ndicator link.attached to the modal

'¢5~ipredicate

'5fipred1cate Then the enclosed propos1tlons are classified

_The cl 'sification |



4.2 Modal,Predic;tes:--f .’e“.":, £\ ~L‘ '5 - o o ‘t65 -

ﬁ‘~as 'Mary hopes that dohn believes that she liKes h1m

There is’ one decision to make about modal ,
";vrclass1f1catton It 1s choosing what part of the propos1twon
‘.'xs referenced by the classificat1on : There are. - two parts of
| 'vlthe proposition that could be pointed to'by the - o
’“fclass1f1cat1on namely | pf,‘
S 1) The enclosed propos1t1on R B |
2) The top level (modal) pPOpOSItlon Q; o

o If the class1f1catlon points to the enclosed E

‘_propos1tqon then it may be d1ff1c\lt to f1nd the -

f{superord1nate prop051tion;_ This occurs\because the enclosed
uﬂvi.propos1t10n may be a sub propos1tion 1n many propos1t1ons.-;:
‘f tthus 1t w1ll have backlinks to many enclosing propos1t1ons”"
-“ufiF1nd1ng the one part1cular to the subnet of 1nterest ;é" S
| :tﬁrequ1res a linear scan of the backlinks If on the other:s7° S

"',v-

':f;hand the classiflcation references the top level

| ',Jemfvanishes but then the problem L
; fifof ftnding the sub-proposition that created the '»i;]ﬁj];’gf?f=5
"”The,solution to this is I

:"rc§{proposition then this‘p

5 ’iq,fclassiflcation appears




4.2 Modal Predicates .

,jarrived at by going from the main et to dohn s net to the

"iunet attached to the virtuai'concept of Mary 1n dohn s net |
'irThe sub pﬁoposition which created the classification is the

one found by traversing two modal predicates (number of -

t_subnets entered) "believes and hopes in this case Tneffjai“ '

‘sub-proposition'found is ldohn likes Mary] Because of the

eabove reason the second reference po1nt for classification ig,ﬂ'

e of modal predications is used ﬁ-i

7
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A

PROPERTY AND RELATIMSHIP INHERI TANCE
This: 1s the problem McDermott <197Sa b> named the

v.“Symbol Mapping problem The “Symbol Mapping problem
appears when knowledge is stored at the highest point | |
vl'possible 1n a generalization hierarchy - For- example.: he;l..
knowledge that a cat has four legs that are Jo1ned to itS',
_torso at certain p01nts is not assoc1ated thh the cat'
concept but is aSSOC1ated w1th a more general concept, such

}as quadruped Thus to find out where a cat's legs are‘.

af;¥attached the legs of some generalization of cat. have to be

”'h;<1975a b>. was mainly concerned ‘with propagating Knowledge o

';;elephant) _ Another

accessed and their attachment points and relationships
ypropagated (1nherited) down to the cat’ concept McDermott

3

‘fdown a generalizd Lon hierarchy from generic concept to |

| "leeneric concept on \{’om generic concept to ‘"d‘V’d“a] iﬂf

. \O4
concept (e. 9. from

_mammal to elephant to Clyde the

o j'-_'_',myde s head )

“°3lchapter

'iﬁ}ﬁfas the problem of“'nher,ﬁ*ﬂ

'“Ptﬁﬁfrom dependen*fpa_t
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5 Property and Relationship,lnheritance “"ff't A 51‘558

| dependent parts of a subordinate concept (Raphael 1968
v‘v-p, Hayes 1977 Schubert et al 1979,_Schubert 1979)

| The problem can: be broken doun into two sub~problems
fh;matching the corresponding dependent concepts of a concept
z'rand its generaiization. and accessing the dependent concepts
;"of a concept . Matching corresponding dependent concepts of .
- a concept and its generalization (e g % Clyde’s right front g 11~
rt leg to the4elephant’s right front leg, or the elephant" |
}ftrunk to the mammai Y nose) is outside the scope of this |
;athesis srnce Tt requ1res fairly compiex reasoning processes
~ As can be seen from the above exampless information othgf
.“than the type information is often required (e'g K right ‘
'ii ’front leg) or the type of one of the dependent concepts mayf”?:
ﬁd_be~a generalization of the type of the other (e g.,gtrunk to “j

";nosei What 1s examined in this thesis 1s a structure to

R e
. L,, Y - R N

-jh:::fBCIIItate rematching two dependent concepts once the

”":1treason1ng matcher has dec1ded possibly tentatively, that
.if;ftwo dependent concepts correspond The next time,this G
f~ﬁ;s7relationship is needed for reasoning it is quiékiy availablefiif;;
vﬂ'1g4v1a this structure with o reasonﬂngfrequired | o




‘5 1 Generalization Hierarchy_-]"

L

- \5.%1 Generalization ‘Hvi‘_era‘,;-rehy e s .69

oA,

« .
/

A generalizat—ion hierarchy 1s a type 'hierarchy going

-‘L"frem most general type at. the root of the hierarchy to most o

.‘fv‘:specific type at the leaves of the hierarchy The ‘ ]
‘generalization hierarchy is. built by predicaﬁions giving the
v:.superordmavté type of a type predicate For exauple,

Vx[[x elephant]=>[x manmal]l

'-'-sets manmal' as a direct generalization of ‘elephant’ . A

v :-.f‘,primitive generalization hierarchy fragnent is shovm in

-iffvgure 5.1. <11 B N I R P O

. -——reptile 3 —dog

;—Hnamnal-quadruped—-_:_fféat‘_f .

L ammal mamnal-- T __elephant

- IR o

__'HSh "'""Primate ,., - jwg-;al.m:aor\

F‘igure 5 1 A Primitive Generalization Hierarchy Fragnent




5.2 Solutions - B 70
5.2 Solutions

| . This’sectiOn discusses several schemes for matching and
“vaccessing'parts% 'Twc methods from the literature are ‘
described and the problems with each are discussed The.
'third method the "subnet” scheme a mixture of the above o
two; is 1ntroduced to overccme some of the problems _The‘ig
subnet“ scheme still has some maJor failings but 1t |

: prov1des the germ for the last scheme

‘ - SchUbert et’al <1979> borrowedathe variable sharing '
'}part of Hayes <1977> depiction scheme and put 1t 1nto the -

- ‘more formal setting of predicate calculus : The baSlC idea =~ —
.hbehind variable sharing 1s to have one . universally | |
quantified concept and a common set of dependent

' ,ex1stent1ally quantified concepts to. represent all concepts

:and thElP parts 1n a. concept hierarchy, such as the higher '_i'l

:h,animal hierarchy The particular animal and parts

"*.,represented would depend on. the "v1ewp01nt"'(1 e. what

~vf37an1mal 1s being talked about) Using Schubert et al ‘s

:1,ifconcept predicattons (e g iy emus are blPdS) f‘is an emu

\fjfhead when v1ewed from the emu v1ewpoint but changes to an

?_§5fowl's head when looked at from the owl viewpoint Because

VVFthe variables arefphared% cross viewpoints the matching of @

’ftf;fparts from concept to super concept is already done Thus..plﬁﬁjff
"“E?iflt seeMs tha‘«(elationships and properties are easily

?’7{f;transferrab)e ~”F'T

example, it seems_that:the fact!that an’




5.2 Solutions o

l-a

-

emu s or an owl's head is attached to its neck 1s read11y

avaxlable frah the blrd viewpo1nt : Thls is the- case 1f the -

‘ propert1es and parts can be ﬁound but th1s 1s d1ff1cult

;Vx}yiz{[{x bird] 9[ly part of x]&[z part of x]&[y head]
&lz neck]&[y joined-to: zl1] &

f .K-[Ix emul >[[y head1]&litneck1]&[z small]&[z long]]] &
v_:t[x owll >[[y head2]&[z.neck2]&[y btg]&[z short]Tl]

B .‘,';' F1gure 5 2 Var1ab1e Sharlng
; *.\

>

i'because backl1nks From the shared varwables to ther?f
‘fhproposltions usxng them lead to all prop051trons about all
ltypes of ent1t1es sharlng those var1ables Thus,- h ‘ j,v
"knowledge about the head and the neck be1ng Jo1ned is- most

u_'effic1ently accessed via e1ther the 'bird' concept or - the k

St Jo1ned to concept and not from the head i. or neck g ‘;t[

'1’concept .as. would be supposed | The fact that an ent1ty s
parts, sub parts“ etc and knowledge about them must be

. {d1rectly accessible from the entlty leads to unstructured

;“ffaccess to the parts and parts Knowledge of an e"tity ’Yétt -
"jt;jwhen one 1s reasoning about an’ elephant's t0Q§ one does ot
J'?g"want the facts about elephant tai]s to be as prominent as

T



5.2 Solutions . .. gy

-

A depiction contains a generic node for the generic concept

\ex1stential dependent nodes for the dependent parts, and ]
'}'relationships between the nodes For example, the depiction
'_for a human would contain a generic node for-'humans .
ffexnstential dependent nodes for human arms, Tegs. etc - and
: generic re]ationships between the nodes, such as the arms

L I
~are part of the human and-the armS‘are connected to the

torso , Nodes are shared between depictions 1n a concept

> !»hlePaPChy For example the human torso nbde would be the 7:

rf_zdependent node 1n the human depiction for human arm would beh

'J'm’depiction would have dependent nodes representing parts suchfaj-:'“

‘top level depiction Each of these maJor“parts w1ll be the
| rgeneric node for another depiction which will Tist 1ts magor“,;

j_iparts and so on to any level of detail For example the ef

T -

%.same node as the animal torso node and the dog torso node
lf*This node sharing is: logically equ1valent to the variable-'_ Lo
_ sharing method of Schubert et al. <1979> The problem of f__‘ : .

lunstructured access to sub parts of generic coqcepts 1s

solved 1n Hayes system by hav1ng only the maJor parts in a v

a generic node in the human arm,depiction The‘human arm

'f.ﬁas fingers. hands ‘and. wrists Thfs only slightly allev1ates fo“'v

'“‘r'the problem of acceSSIHQ\anW]edge since it 1s stilﬂ not

_”}depiction 1tself Hayes <1977> solves the'problem of
fiVSindividuals inheriting relationships from_generic coﬁcepts
'lfby providing binders A bnnder lists allfthe parts which

":accessible from the nodes 1n a depiction but only from the

f:iazmake,ug.an 1nd1vidual and binds them to their‘corresponding

s
-»"‘..



™

o

;generlc parts Slnce th1s does not structure the parts of

o ‘1an 1nd1v1dual the same accessxng problem ex1sts -as w1th_

. ;Schubert et al 's <1979> scheme

o Lo : - - . - : . - ' L

‘”;_ The maxn.problem common to these two representat1ens 1s .

} that relatlonsh1ps between gener1c nodes,.such as mutevswans

"are larger than whtstl1ng swans, cannot bé . stated becaese w:

& 2

the same concept 1s used to represent d1fferent ent1t1es in |

5u;the same h1erarchyk g

P

. -
. . -
9

4
<«

» Ehe “subnet% SCheme solves th1s problem by reta1n1ng a
;dlstléct un1versally guant1f1ed concept for each pred1cate
A subnet is generated for each un1versally quantlfled

;'concepb that occurs as:an argument of a negat1vely occurrtng
'type pred1cate What thls means 1s that all Knowledge about
.Ja pa;t1cular concept 1s put 1nto that concept's subnet '
l‘Th1s allows sharlng of var1ables via thetr names . ;For‘f ‘
vfexample. thex"toe“ node 1n the elephant subnet would have g

'the same name as. the “toe node 1n the creature subnet

:vn'f‘assumang,that eléphant is a. sub*concept of creature Thls
v iﬁfpdov1des for rapid match1ng of correspondlnq\parts from

";°super concept to sub concept ﬁ For example, to f1nd more

]about elephant toés, one looks 1n the creature subnet under

ff.the name that the efephant toe has 1n the elephant subnet

o ﬁfSince the varlables areﬁshared by name only. backlinks from

“rfa“dependent cqncepts reference only those propos1tions

"‘fg:and all the knowledgetabout creature toes ié available. ;fﬁfii'plf
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./ 8.2.1.1 Proposition Entry

-



sl S

n

v

resulting from normal1zation and var1able replacement Thefhh

N

| _' | c':'_,lgs_‘sifi'éati‘qn _- ﬁou_ti‘néf--itfrf'iges{ .to.;,i:,i;asé _i_;'_fy*»‘- a'“'_c-l 'ause‘. @i\,’t’h”’

. °8.2.1.1 Proposi Non.Entry 86

o

4) Prop051t1on Replacement '-_e_}“: -

[

o . o ':’ : Cowo
bl

The knowledge base is searched for the clauses

P

use of the sentential form hash table and method of -f;?f£'
seanph1ng for a clahse was d1scussed 1n sectlon 2,5 QA,y_;j*'f
clauses that are completely found ln the knowledge base are |
removed from further eonsmderation.

e

D L

el

Each clauee that 1s left 1s classvfied 1@ turn.lglhei'

- o v " S







-8.2.1.2 Access-Structure Entry \\;\ ‘ : -+ 88

. oA

_,Funqtibh table modification is allowed for universal
'and'exﬁstentfﬁl eonCeptF. The permitfed Todffjcation is to
change'a fdnction’s name. vFunction table building lets
con%tants be made exp11c1t funct1ons of other constants

e. g . N1bor % head of Nibor). The grammar to specify thesel

*
mod1f1cat1ons 1slshown in append1x D.
(3
6.2.2 Structure Using = - X
r There are several inputs which use or examine> he

structdres'ih the knowledge base.| Most are of a vature

useful for debugg1ng the structure bu1]der. s1nce they pr1nt
' -the structures in an explicit fashion'. The mdre_ | . ,'<<

intehesting one_tekes the form of a simple qué}y lahguage.

The query language ks the input for a query answerer.
The answerer shows the use of general1zat1on hleranch1es,
CASs, function tables and TASs, in subnets -as well as in the
ma1n het \It is discussed in section 6. 2 Q 2 The language
it accepts is drscussed‘wn the next sectjbn
L - / | i e - l,
‘6.212.1 Query Lahguage' S _ \\ l

Q

N @ { - \ . v .
‘/’””;ffzwﬂTﬁg‘query lﬁ:;;:ge takes the for of a e fol]bwed*by-"
; s1mp1e prdpos1t ‘r_a 'simple p opos1t1on" embedded in’

an arb1trary number of propos1£1onal att1tude predlcattons

g

1 These are described in appendix E

o
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6.2.2.1 Query Language . : /}

w.
N

A "simple propositiOn" is a propos1t1on which has no
embedded sentent1al forms " For example, | ’

[Tom wolf] - |
dis a simpte proposition while

Vx[[x wolf1=>[x mammal] ]
is not a simple propos1t1oh s Thus quer1es are 11m1ted to
quer1es about 1nd1v1duals or concepts dependent on
1nd1v1du5Ts in any net The query may have "query
ovar1asges 1n any place a concept would normally appear . Ak
"qUery variable® is denoted by a str1ng éf ch racters whose

initial charater is a’'? . .A "query variab e w1]1 match

any concept in the Knowledge base If\the query of which 1t

is part matches a top leve] propos1tlon in the knowledge*

base then it 1s "bqﬁnd“ to the concept wh1ch 1t matched 1n

the propos1t1on Some examples of queries w1th Engllsh

translat1ons are shown LP figure 6.4. '
?[Clyde grey] B .
Is Clyde grey? v

?[?x likes Clyde] S

- Who (what) likes Clyde? K\\\\
| - CONL

. . Figure 6.1 Simple Queries

Predxcates are also al]owed to be represented by query
variables"” with some adg;t1onal 1nformat1on A.toplc mus t

be g1ven with the prédlcate query variable® . This

89



6.2;2.3 QueryALenguage ? . 0

specifies the area of the predicate. Examples of this are
ghown in figure 6.2. If the‘queetion.is for individuals
with a eertain property then‘a‘CH node must be_specified.
. o ) }/
?[Clyde ?x{tp.colouring}]
‘What colouring does Clyde have? | -

(What colour is Clyde?)

h 3
?[Clyde-head ?x{tp. physical-helation}§Clyde-body].

Name a physical: relat1onsh1p that holds between Clyde’ s
head and his body. e

@ ok o .
Figure 6.2 Predicate Queries

This 1s because individuals are accessed v1a their
properties via the CAS of the net upon which they depend for .
existence. An example of th1s is shown 1n f1gure 6.3. The
query in figure 6.3 is in fact equivalent to the query

| ?[?x elephant] ;
since 'elephant’ specifies both a tdpic:ahd a:concepf.
hierarchy node, nahely the gederalization node and the
elephant hode respectively. The need for {he'more comp lex

form, as in figure 6.3, is discussed later.

?[?x ?y{tp.generalization:elephant}]

What elephants do you Know?

4%@ &y

Figure 6.3 Concebt.Aceess Skeletgh'Query :
“ o f



£,2.2.1 Query Language

A1l of the precédjng queries have been direcféd’to only

one topic or one CH node and havé only requested that one
instance be:beturnéd. Some queries require a sub-hierarchy
tq be accessed, such as, "What. is the appégrance of Clyde?".

This requires the appearance sub-hierarchy to be accessed.

Others require all instances to be returned of a cdmbination

of the above. For examp]e, "What are all the animials you
Know?": To allow this two flags have been added to the ‘
basic query form. They are a "sub- h1erarchy" flag and a ‘
"many" flag The "sub- h1erarchy" flag says to use the sub-

mh1erarchy rooted at the node sought to access propositions

rather than just that node. The “many" flag says to'return"

°sub-hier many [°x'7y{tp gen:mammal} ]
What are all the instances of things that.might be
mammals 'you Know° :

s m [Clyde-head ”y{tp.physica,]'-re]ation} ?2x]

What are al] of the physical re]at1onsh1ps w1th
Clydes s head that you Know7

Figﬂre 6.4 Query Flags .
. © . .

as many 1nstances as posswb]e Adm1tted1y these are a
11tt1e crude but they are only 1ntended to show sub-

hlerarchy accessing and acce551ng of all match1ng

1

91



6.2,2.1;Querytﬁanguagef: - :°_“'j H‘ - o -J B d_,.92‘

©

\‘i:propOSttidns The flags‘ are 1nserted between the ' and

"the query propos1t1on F1gure 6 4 contalns some examples of
";these The d1fference be tweer the ftrst query of flgure 6 4
.,fand the query | R | |

':°s m [ ?x mammal] _ | |

is not obv10us , Both access all tndtyiduats that'haye been
class1f1ed in’ the sub h1erarchy rooted at- the mamma1’ node.-d‘
but the f1rst pattern matches all "of their - general1zat1on
vpropos1t1ons (e g. [Clyde elephant] [Tom wolt] \s1nce its
pred1cate is.a ouery var1able whereas the second pattern s‘x
;matches only those general1zat1on pwopositlons that have *

mamma]’.as their pred1cate Thus -the f1rst:pattern |
returns all individuals class1f1ed under thefsub h1erarchy
rooted at ‘the mammal’ node and - the seobnd thtern returns
_only/those individuals that have been eXp11c1t1y predtcated
<as being mammals The d1fference in the’ prop S1t1ons

matched is ev1dent from the output of the que y answerer A
typical response to the f1rst query would be

[Clyde elephantf Need to show Clyde nlnnhi], .
clearly 1ndlcat1ng that 'Clyde is merely a ca d1date : g&
mammal’ A.typical response to the second query wou Id beﬁ“
| [Harry mamma]] . | .\

assuming that ’Harry had been exp11C1t1y o) ed1cated as a

"t . As'with all flags and keywords in th1 system they may be
abbrev1ated to their shortest un1que0wn t1al sub str1ng

mammal

1
L5
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question "Is Clyde's head'joined

16.2.2.1 Query-language . = -

‘'sample queries, encompassing the_types of queries
> *in'this section, were 1nput to the system. The
proposrt'ons in. the Know]edge base. the h1erarchy in use and .

L

the resu t of these queries arelshb&n in append1x G

AN

6.2.2.2 Quepy Answerer

( .
Th1s sect1on descr1bes how the.query answerer works. -
The query is parsed us1ng the ‘same parser as for
propos1t7ons with the extensions of query variables in

argument and predlcate pos1t10ns The query is classified

-~

using the same classifier as the Knowledge input routines- .

use. ‘A classification involving a non-query variable is
scanned for in the classification. If one‘is found then

depending on the "sub- h1erarchy" flag, the propos1t1ons

< 93

.

attached to the sub- h1erarchy or node -of the ‘acd s sKeJetond

indicated are accessed Then each_proposttjon i matched in

‘turn against the query (patfern).“ If one does-match then

bindings fcr'the query‘variables is retu or the process

» : .
depending on the "many":flag, either thaZ;::jPosition plus

: |
cont1nue on to find .as many.match1ng propds1t1ons ‘as
posswbl If no propos1t1ons are matched or the many flag

was spec1f1ed then the genera11zat1on routwnes are brought

'1nto play.

I

" The general1zat1on routines a]low gener1c 1nformat10n

to Be used to answer a question. ':gﬂ'examn]e, to answer the

to his neck’" when the



632.2.2”Quéry Answerer . -'; u; ;%'_‘sﬁ-l 7.~“ ' if”“ ’jf'94d
jnformation that this is so is not stored:Wlth'The'concept
‘Clyde’ ‘but with a generalization of ’Clyde’, say; the
’mammal"concept There are two d1fferent rout1nes One
handles general1zatlons of 1ndependent concepts such as
"Clyde to ’ elephant’; and the other handles rematching of
dependent concepts, such as Clyde head’ (£l¥ge s head) to .
the elephant’'s head. The. flrst uses the TAS ‘attached to the
Jndependent concept to find all general1zat1ons of it. ~The_
~ second uses the funct1on tables and TASg assdciated with ~
- independent concepts to do the réﬁatch1ng of correspond1ng

dependent concepts. - .

'?[Clyde-?x{tp.colouring}]'
., generalizes to
*?2[[~lc. 1 elephantl]]jlc.1 ?2x{tp. colour1ng}l]
. assuming, that c.1 is the universal quant1f1er’for‘
elephant in the main net. o
" ?[John’ believes [Clyde. 9x{tp colour1ng}] 7y]

general1zes to . ; g“ /,

?[lJohn believes [[~][c.2 elephant]]] / | v ‘: g
[c.2 ?x{tp. colourlng}] y]. . ) K\\-;/) g

-assuming that c.2 is the unlversal quantifier for
elephant in John's subne Note that the strength of
John's belief is not spec1f1ed but is asked for in this
case by query var1able ’7y )

f .

I

F1gure 6 5 General1zat1ons of Independe%t
' Concept Queries

‘
It is‘necessary to change the form of:the'query if the

.



6.2.2.2 Query Answerer - . \ .95

generalization goes from an instance (e.g>, Clyde) to&a
generic’concept’fé b , ele&hantﬁ *The form is changed from
a s1mpl§ propos1t1on to an 1mpl1cat1on with the generic. | ) &

concept with its universal argument‘as antecedent and the

simple propoSit%on as‘consequent.- Figure 6.5 shows t o RN

generalizations, one in the maip net, the other in a subnet.

°

?[Clyde-head joined-td_?y] y

generalizes to

-

’[[“[c 1 elephant]]I[c 8 JO]ned to 7y]] .
genera]xzes to - : S S
7[[“[c 4 mamma?ﬂ]l[c 10 Jo1ned to °y]]

assumlng c.4 is the un1versal concept assoc1ated
~with the/"mammal’ concept and that c.9 and c.10 are ‘the

generic elephant’s head and the gener1c mamma} s head
respectlve Y.

/
LA

Figure 6.6 Generalizations of Dependeni Concept Queries'.

A query that is cla%sified with respect fo a dependent

conce;t; and some generalizations of‘the query abe shown in Kl;k
figure 6.6. The Condepfs c.9 and c.10 in:figure 6.6 are |

found by looking up the functior name of ‘Clyde-head’ , say

*f', and the argument of tHe function;ﬂﬁamely Clyde,,aﬁd ,fi

- then ascending in‘thé\generaliéationrhiérabchy thm C]yde.

| At each.geheral{zatioﬁ of Ciyde a‘valué of ’f’ isﬁsought

If one s, found then the general1zed query is looké;‘for in

the propositions class1f1ed under the value of ' £ found.

Look1nglfor correspondxng\dependent.concepts works evenkif-



.

reply can be output The reply given depends o}

" printed as the answer. For example, t

6.2.2.2 Query Answerer

’Ft does not have a value for some generalization of Clyde.
That generalization is skipped and the next one up s
exam1ned_ Since only function values are be1ng sought no
dlsrupt1on of the general1zat1on cha1n occurs Note that
the class1f1cat1on is not done for each generalization sﬁnce
it stays the .same for successive correspond1ng dependent-

concepts

e

o~
SOy

‘Once a match1ng proposition’ has been fou ‘a positive
the query. If no query variables were part of the Query
then a "yes is output If a query variable is part of the
query then a subst1tut10n is® attempted all
substjtut1ons are successful the propos tion formed is
» . output for theqg
first query in figure 6.1 is "yes" anf the output for the .
f1r§!lﬁuery of f1gure 6.2 is the pro osition

"~ [Clyde grey]. |
“Subst1tut1ons follow the fo]lowxng rules. If the query
var1ab]e is a pred1cate then a stra'ght substitution of the
predicate bound to the query variable suffices. If the
query variable is bound to a dependen -concept.then the

corresponding dependent concept -associated with the

~individual that was generalized is sought using'the'function

table attached to"thatWindividual TR is found ‘then a

<&

© substitution is performed otherw1se a message is prlnted

which states that the query variable was bound to' a concept

but no corresponding dependent concept associated with the -

the form of .

96
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6.2.2.2Quéry Answerer

-

“individual generalized was found. ﬁgr example, the latter
case would occur if, the system only(Knew that Tom was an
Welephant and the quest1on "Does someth1ng,ex1st that -is
Tom' s head?" was asked Tom' s head has not been ment1oned

,so it would not exist in the Knowledge base, but the

Knowledge that all e]ephants have a head is available. Thus

"the system would answer yes Tom has a head but I do not \
Know it. If the query variable is bound to a untversa]
concept then the 1nd1v1dual general1zed is subst1tuted for

the query variable. This only works for the restr1cted

queries perm1tted by this system. If the query variable is'¢

bound to an’ independent existential concept then a straight
subst1tut1on of bound concept for the query ‘variable is

performed

o .
B . ,‘:‘/)\
I o - M
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Chapter 7

CONCLUSIONS

.7.1 Results 8

The first problem examined by this thesis was the

organ1zat1on of groups of propositions that form var1ous

- conceptions of ‘the world. The solution obtained was to

| ‘s . .
place each groﬁb of propositions into a subnet of its own.
The problem of providing attachment points for the
organizational structures within a sqbneﬁgﬁnd the problem of

cross identifying individuals between nets was solved by

~_using virtual concepts inside subnets. _ﬁhe structure of

subnets and the main net were made logically the same so
. b . -
that the same organizational methods can be used in all’

nets. It was shown that.with this organiiatton,

.'propositions within a conception of the world, a subnet, can

be accessed as easily and in the same'fashion as

o propositions in'the main net Another result of using -

q

‘virtual concepts only as at$achment points for

organtzat1ona1 structure5'1s that propositions are ‘
constructed from one common set of concepts, thus a]low1ng

the detect1on and removal of dupl1cate sentential forms It

'was shown that the removal of duplicate sentent1a1 forms is

advantageous | A part1a1 ‘method to do this was proposed and

implemented.

D,



v

‘agree with the‘global concept hierarchy.

- This was” shown to be 1mportan$ to. a]low proper

7.1 Results

Another problem examined by this thesis was that of
associatively acecessing individuais. This problem is
particulary evident,in subnets where an exp]icit-sub/super
concept.hierarchy is'often not present fhis was solwed by

the superposition of a global concept hierarchy on the

';Knowledge base and: the add1t10n of a concept access skeleton

to each net Concept access skeletons allow associative .

. access w1th1n each net to concepts of a particular type

-The concepts found are treated as mere candidates because

the explicit sub/super concept hierarchy in a subnet may not

%
e

Several inprovements to access skeletons‘were'
introduced. They are'new access skeleton. building and
access a]gor1thms and a new access skeleton structure to
support the new algor1thms The bu1ld1ng and access
algorthims were shown to be more eff1c1ent in t1me than-
prev1dus rea11zat1ons The new structure was also shown to
be more eff1c1ent in space than Goebel s <1977> structure

I’~, 1
“ s

" An alterat1on was made to the def1n1t1onﬁof top1c

a1nd1cator links-: so that argument position plays a role in

determ1n1ng what top1c a parttcular pred1cate SpeCIerS

&
e

: cla551f1cat1on of propos1t1ons thatOhave n- ary tn>1)

predlcates as constituents. R S

The implementation shows the use of function tables, .

v
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4
1

concept access skeletons, and topic access skeletons in the;/kmf
main net and in subnets to answer some simple- quer1es

7.2 Future Research

5
G” -~
¢

Property and relat1onsh1p 1nher1tance using function

’ I-a

tables requires that the same SKolem function name be used

-

- for correspond1ng dependent concepts An automated method

- for matching correspond1ng dependent concepts anda{hus
un1fy1ng Skolem function names needs to be deve loped. A/
solut1on to this would seem‘to 1ncorporate a solution to“the *
problem left open by the proposed part1al solution to the : |
problem of av01d1ng dupl1cate sentent1al forms. - The..
proposed solutxon left open the quest1on of dec1d1ng when

two existential var1ables are "the same"

There are a few quest1ons left unanswered by the
solut1on to the property and relat1onsh1p 1nher1tance ‘
problem One of them 1s "Should dépendent concepts have an
'1ndex‘}o the1r parts7“,: -For- example, should the hand
dependeqt on the generic human have an index to the f"mgers‘7
_'Another quest1on is “How should the dependent concepts of a
generic part be coordlnated w1th correspond1ng dependent
concepts of dependent parts’"' For example how should the
.f1ngers of the gener1c hand be related to ‘the f1ngers of the

'hand dependent on the gener1c human°

Partit1on1ngs were brlefly mentloned in the sect1on :

L3

~dealing w1th dupl1cate sentential forms Schubert <1979> o

"D“ - - iy
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7.25Future Research - o ' “ . 101
iR P - 3 R , / . .
'7proposed methgds for dp\ tlng on part1t1on1ngs but a
representational strc:tmrz for them wh1ch§\Tlows efficiant
performange of these p rat1on§ needs to - be,def1ned ‘ F
No method was proposed to o\bantze ep1sodq\/hn6@ledge.
Such an organ1zatlon 1s needed s1nce plann1ng rout1nes and
inferences involving storles or events in the real wor]d"

will utilize ausal and t1me dependenC1es qu1te'heav11y.

-y -

The concept H1erarchy al]ows 1nd1v1duals to be accessed

~

only via their know types. This should be extended to
other types of predications; such as attributes'(e'g ey,
.woodsman) relationships (e. g., likes gives) and‘re/at1ve
attributes (e. g., 1arge, thin). A comb1nat1on of a top1c L
hierarchy with concept hlerarch1es at its leaves may- be the

solution to this problem.

3

Another area that should be exam1ned is the query
answerer’.. A mo erful querylanswerer would~betterv
~explore the p0551b111t1es of the organ1zat1onal structures
;of the cred1b111ty pPOpOSlthﬂS and of the degrees of bel1ef
‘attached to propos1twona1 att1tude propos1t1ons The use of

; dxfferent concept1ons of ‘the world should be g1ven special

attent1on since 1t can be used to 1nfer a person's ‘
~such as, 1nferr1ng John' s pollt1cal beliefs once 1t 1s nomn.‘

that he is a 11beral One place for extens1on 1n the ery

answerer is in the pat;ern match1ng component At presen "“f
v',no part1al matches, except1ng query var1ables are allowed .

‘Part1al matches ‘are needed to answer questlons such as‘"WhaW

S



" 7.2 Future Research = R ' 102

colour are sheep?"”, when it is known that sheep are-black'or

white. The 11tera]s of this query would only match some of

the literals of dhe propos1t10n in the Knowledge base. Th1s

sort of match1ng 1s a stralghtforward extension of the - |
current match1ng capab111t1es of " the system Partial
:match1ng would also enta1l an‘gxten31on in the part of the "
~ Query answerer that interprets the results of the matéh1ng

‘process. - : . "

o~ s
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-~ APPENDIX | A

Access Skeleton Bui]jing Algorithm

i

This appendix describes theea]gor1thm used to add a new

access skeleton node, N, to a path contracted access
skeleton, PCAS, where the access |[skeleton is built from a -
tree structured hierarchy. There are 5our basic cases to

cons1der

F
. : *

: —~
’L) If the PCAS iS-empty then N bgcomes the”PCAS:‘\Aiwi

2)

If N is
" make the root node of the PJAS a descendant of N,

n ancestor of the top node of the PCAS then

N bec s the new root of the PCAS

3) If the root of the PCAS is an ancestor of N then

4)
then

-

] .

then

find the deepest ancestor, DA, (one furthest from the-
root of the PCAS) of N in tﬁe PCAS.

¢

a) if N lies between DA and ne of DA’s desdendants, D, -

add N between DA and D.
construction of the PC
~descendant of N that i

Because of the
S, D will be the only
‘also a descendant of DA.

b) if N and one; of the descendants of DA,.D, have a

common ancestor in the hierarchy that is below DA then
find the deepest common ancestor, DCA, between D
and N, add DCA to the PCAS using this method
recurs1vely,

add N as DCA’'s descendant.

c) if N has no relationships w1th DA's descendants
other than\DA then
:.add as a descendan‘; f DA.

if N and the root f the PC S are not directly'related :

find the deepest .Common a cestor, DCA, of N and the
root of the PCAS in the h]erarchy,

add DCA to the PCAS (type 2 addition), .

add N as\Q\descendant of DCA (type 3c add1t1on)

" This algorithm ensures that the hierarchical propert1es

of the h1erarchy are maintained in an access skeleton. This
basically requires that no fork nodes, nodes that have two
paths ]eav1ng them in the access skeleton, are deleted or
not entered in the access skeleton when a new node is: added
that makes them -into a fork node

- T



APPENDIX B,‘ 7
Proposifion Input Grammar

Meta Syntax. .%

. - alternation.

[ ... 1 - .. is optional. - : v

* - previous entity any number of times including 0
- separates left hand side  from right hand side of

grammar rule. - , ;
; ~'rule termipator. - ’ ‘

'...' = charag¢ters in apostrophiegiare taken lfféhally.
< j>‘~ ...\is_an English description of a terminal.
/* .. lxl2 (. is.a comment. « :
Rae ‘
Grammar . . ,/Kﬁy Co l.
‘ - ) 7 F ". v
+ sent : [ prop 1®'< énd of line 5 o

“prop ¢ | quaht 1= Y[ arg)pred [ timeargs | [ arg ]* ']’
» logical-prop; o _

qyant': "A*’ gident /* universal quanfif%catidn */ ‘

£ , 'E*q gident /* existential quantification */ -

" gident : id nt

arg : prop

.. 1 concept SRXY

° ., qgident e
~+ function

| -
|

tfméérgs P arg | ‘,'oarg ] 7!
concept . ident
" pred : arg (
logicél-prop':7monadic-ex'
, dyadic-ex - °
. AT po]y§dineX
monadic-ex 1/ [* monadic-op prop '}’

-« . y ; ) . Z.
monadic-op : ‘= /* pot */ SRR 2
' o '# /* necessarily */ -

. dyadic-ex :"[ffprop ’=>)'prop ] /= jmplication */

“polyadic-ex : ‘[ prop '& prop | & prop 1* ']" Nr
.~ /* n-ary conjunction */ = |

y‘,v"_[l pr'op' II pnop [ ' 'I pr,op ]* ’ ]I E |
o | 107 o
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/* nXary disjunction */
; 4
function : ‘' (’ function-name arg [ arg ]*é')’
| Do \ . y
function-name : ident

ident : firstchar [ otherchars |+

firstcﬁar : <‘u§per and lower case alphabet >,
’ , < digits > : - S

H
7

otherchars : firstchar \ ~ N

1 ’

U

.
1
‘

" Note: a line may be broken a'~Sss sevehal physica1
lines by "escaping" the ’end Qf\li_/l character with a
backslagh, "\". N :

108



. being made. It is taken to be a concept name.

APPENDIX C

Structure Building Commands

This appendix describes the grammar and some of the
semantits of the commands which build the super-hieraﬁchy”
and add indicator 1inks" from concepts to hierarchy nodes.
The grammar uses some non-terminals from appendix B.. One
additional piece of meta syntax is defined. It is:

T ... may be entered as any initial_sub-strin?
different from other strings in double quotes £.g.,
“hier" could be entered as “h", "hi", "“hie", or "hier" -

so long as no other command-starts with "a" or "ad").
If the sub-string entered is an intial sub-string of
more than one acceptable string then one of the .
acceptable strings is chosen. -

Grammar

bldemd : "hier" topic 'marked-by". [ concept [ argno | .
‘relevance 1 ] [ ', concept | argno [ relevance ]
, I* ] < end of tine > :
» "hier" topic “"super" | topic [ relevance I,
topic [ relevance ] 1* | < end of line > h
! The first form builds indicator links. The second form
builds the super-hierarchy. ’Relevance’, "topic’ and
‘argno’ are identifiers. "Argno’ is interpeted as the
argument number of concept to which the indicator link
applies. ’'Relevance’ specifies the relevance of the link

-,

oo

. ) ’ . : 7! '

B
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~ APPENDIX D

Structure Modificatioh Coﬁmands

@ R

This appendix describes the grammar and some of the
semantics of the commands used to modify Skolem function
tables. The grammar uses some of  the non-terminals from
appendix B. ‘ ’

Granmnmar
modcmd @ "add" [ subnet * | "' ] arg-concept fen-name
value-concept < end of Tine > . .
, "change” [ subnet ]* | "' ] concept old-fcn-name
- new-fcn-name < end of line > v
N : ~
subnet : $§ubnet" concept _
" This construct means "move to the subnet attached
to 'concept’ ". ‘ '
A1l of "arg-concept’ " fecn-name’ ‘value-concept’ =

! old-fcn-name’ and ‘new-fcn-name’ are simply identifiers as
in appendix B, but checks are made to ensure they fal] into
the classes indic ted by their names. The commands "add" -
‘and "change" resfect ely -add and change function names in

function tablesxattacﬁpd.to concepts. : ‘

-~110
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Utilfty Commands

This appendix describes the grémmar and some of the
(sepantics of the utility commands available under the

“System.

The grammar uses the meta syntax and some of the

non-terminals. from the previous grammars. :

. .Grammar

utlcmds

value :

b

k3 ’ .
P 'print” "hier" < end of line »

1]

r
.

'print" “"prop" [ prop-number .J* < end of line>

"print" | subnet ]*&:conc" [ conc-name ]* < end of
- line > - . '
print” [ subnet ]¥ "access-skeleton” < end of
line > L . ’ :
"print" "all" <-end of line > .
‘print” “number” [ number [* < end of Tine >

The print ‘command allows the internal structures
to be examined. Propositions do not have a name
so the relative offset in memory must be specified
to specify a proposition. The relative of fset in

‘‘memory can be obtained by printing a concept under.

4

which the proposition has been ciassified. If no
numbers are specified after the "prop" Keyword all
propositions in the Knowledge base are printed.
Propositions are "pretty printed” using this
command. If the internal structure is of more

“interest than the .proposition, then the "number "

sub-command should be used. The "conc" sub-
command expects a list of concept names. If a
null list is given all concepts referenced by the
net -specified by the "subnet” modifier are :
printed. The access-skeleton" sub-command prints
the concept “2ss skeleton associated with the.
net specifigd by°the “subnet" modifier. The "all"”
sub-command prints all entries in e sentential
form hash table. - The "number" sub-command prints

. the contents of memory specified by the relative

offset 'number’ .’
“file" file-name < end of line >

-"save" [ file-name ] < end of line >

‘restore” [ file-name ] < end of line > o
These commands allow input to be read from a file,
the Knowledge base to be saved on a file and the -
Knowledge base to be restored from a file. The
last two have a default file name of ‘"pdb.save’ .
"set” "echo" value < end of line >

"set” "match-stat" value < end of line > <

I,lonll
"Off" .



-7y < number >

The set commands allows some giobal flags: to be -
turned off (0) or on (1) or to be set to any

- number. The flags "echo" and "match-stat" can’

only take on the values off or on. The. "echo"
flag controls echoing to the terminal when input
is coming from aufile. The "match-stat" flag
controls collecting and printing of match
statistics when ‘the query sub-system' is being
used. ) h



APPENDIX. 'F -

Hierarchy Nd&bering'Algdrithm
3 2

a

This appendix contains a simple scheme to reduce the
numier of renumberings of the hierarchy required.” The. .
- actual renumbering scheme is 0O(n) where n-is the number Of
nodes in the hierarchy. This. scheme Teaves "holes" in the

——Node3
: (33,48)
——Node2— -
“(17,64)

. ‘ * 7 l——Nodes4 .
Node 1— , (49,64) =
(1,80) , -

L—Node5 e
(65,80) v

"Hierarchy before édditjon of 'A’

< ——Node3" -
- : C (33,48) <

SRS ——Node2—— :

» , (17,64) )

/ ; ——Node4
Node 1— : (49,64)
(1,80) ' -

_ s | & —=—A
N ——Node5 © (25,32) -
(65,80)

o

 Hierarchy after addition of ‘A’

-7 Figure F.1 Addition of a Node to a Hierarchy

]

- numbering of ‘the hierarchy. The "holes" can be used to .
- humber nodes that are added to:the hierarchy without
- requiring a renumbering of the hierarchy.: The holes are -
left between‘a node and its first offspring (in gdepth first
~order) if it.has any or at the node if is a leaf node. =
-Figure F.1:.shows a hierarchy numbered with this ‘scheme and
- the same .hierarchy with a node, ‘A’, added. Note, the ‘
addition of ‘A’ did not require renumbering the hierarchy, -
" but just the redistribution of the "hole" at Node2. The
. numbering algorithm is as follows. A global indentification:
. number is required to keep track of the number of nédes :
»~examingd_and the .space lteft for holes. It is initialzzed to

L e

~./
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zero. The-routine is initially called with the root the )
hierarchy as node. :

1) add one to global-identification nuﬁbe; to get“next . )
unused one. ’ .| :

2) set identification number of node to global |
identification number.
3) leave room for new nodes by adding the size pf'the -

desired hole, say 15, to the global identification )
* number. . Lo .

4) for all offspring ?f node execute this routine

. 5) sétu"last descendant” of node to global ident'A

ion
umber to complete the descendent bracket #or n

1]

The a]gbrithm to add a new node is‘given bet,

Before
it is given a few variable definitions are neede They
are: : . . -

.newnode .- new hjerarchy node to add to hierarchy..
node - hierarchy node which is newnode’s parent.
span - span of unused numbers associated with the
“ hierarchy node node. - '
The algorithm is as follows: . . @.

) . B
1) calculate the size of the "hole", span, associated with
node. This is done as follows. ' ' ’
if node' is a leaf then : : : :
' span is the width of the descendent bracket of node
else - T e e ' : -
’ span is the.identification number of node’s first
offspring - 1 - the identification number of m
fi : .

.- 2) if there is a hole_(i.e. span > 0) then S :

' split the hole b&tween node and newnode. Newnode's
descendent bracket is set up as follows. :
Newnode’s identification number becomes node’ &

- identification number + (span+1)/2. = S
Newnode’ s last descendent number becomes
if node is a leaf then o

node’ s last descendent number .

7

: else’ S ‘ ‘ | y S
. - node’'s first offspring’s identification number - 1
else o o, - S -8
: renumber hierarchy = ¢
fi ; . . .

. - 3
‘Q}‘ ‘ I'd . »



\ ' APPENDIX G | |
. ‘Sample Run ' _T o

-

This appendix contains a list of .the propositions input
to the system and an annotated sample run of the _
implementation. Comments are indented and delineated by
blapk ‘lines. Input to the system is prefixed by a '*'. In -
cases where the output is lengthy, it has been shortened,
but the salient features of it have not been removed. The
propositions that were entered_intoW{Te system are:

‘“A%x Exy Exz E*ud[x higher-gnimél]=>T[y heéd-of‘i] &\ .
[z neck-of x] & [z joined-ta yl & [u body-of Xl &\
[y, joined-to z].& [u joined-to z] & [z joined-to ull]

Axx[[x mammal]=>[x higher-animal]] S

A*x Exy Exz Ext E+m[[x mammal]l#>[[x higherianimal] &\

[y nose-of x] & [y. attached-to z] & [z head-of x] &\ -

[m mouth-of y] & [t teeth-of m] & [x hairy] & [x warm] &\.
[t inside m] & [y attached-to z]]] " '

Axx[[x elephant]%>[[x mammal] & [x grey] & [x bigll]l .

Axx Exy E*z[[x elephant]=>[]y head-of x] & [z trunk-of x] &\
[z nose-of y] & [z long] & [z prehensile]]] o
Axx [[x elephant]=>[[x likes Bruce] & [Bruce likes x]1]]

Axx A*xy[[[x elephant] & [y peanut]]=>[x Ikes y]]
Axx Axy[[[x elephant] & [y mouse]ll=>[y likes xT]

Axx[[x wha]ej:)[Ix Mammall.& [x‘blueJ]]

: A:;?T? maS]=>[x mammal] ] e o e

Lad

A*xx[[x thrush]=>[x‘bird]] | S c
- A*x Exy Exz[[x robin]=>[kx thrush] & [y breast-of x] &\
[y red] & [z head-of x] & [lz black] |z grey]ll]

Axx [[x wolf]=>[x mammaldds : : L .
Axx Ext E*m[[x wolf]=>[[f teeth-of m] & [m mouth-of x]-&\-
im lar?el & It sharp] & [t pointy] & [x grey] & [gﬂwhite] 8\

[m red]]] ‘ C - S R ' .

Axx [ [x mougé]:>[X mammalll L

Axx Exy[[x mousels>[ly tail-of X] & ly long]l & [y thin] &\
[y hairless]]] ‘ . o R A

CAxx[[x bird]=>[x higher-anima1l] ]

- Axx[[x mouse | => [ x Smalll] R AN ™
[Bruce man] i
Nibor robinl o LN
-[Nhead head-of Nibor]. . _ L  ~'>’
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" [Nbreast breast-of Nibor]

[Clyde elephant]

[Chead headYof Clyde] o,
[Cneckcgeck-of Clyde] - f
[Cnose trunk-of Chead]

[Cbody body-of Clyde] - ~

[Ctail tail-of Cbody]

[Tom elephant]’

[Hilda mouse] '
[Htail tail-of Hilda]
[Hilda likes Tom]

[ Spot whéle]

[Diane wolf] v

[Dhead head-of Diane]

[Dteeth teeth-of Dmouth]

[Dnose nose-of Dhead]

[Dtail tail-of Diane] .

[Dmouth mouth-of Dhead] °© . _ g
IDneck neck-of Diane] ./ g L

I

[Dbody body-of Diane]. o L .

[Aaron wolf] | ‘ ' . .
[Aaron loves Diane] '
[Diane loves Aaron]

[Nibor on-top-of<ti,t2> Clyde] .

- [Clyde supports<t1,t2> Nibor] ¢
[Diane eat<t3,t4> Nibor] -
[t2 less-than t3]

[LRRH is-a-story-in-which E*x Exy Exw E*z [[x wolf] &\

[y gigl ] & [z woman] & [w man] & [w woodsman] &\

[z grandmother-of y] & [x eat<t5,t6> z] &\ - ' ‘ .
[x eat<t7,t8> y| & [w Kil1<t9,t10> x] & [t6 less-than t7] &\ -
{t8 less-than t9]1]] ' ' - ' ,

[John thinks A*x [[x elephant]=>[x mammal]] 1.0]

[dohn believes A*x E*xy Exz [][x mammall=>[[y head-of x] &\
.[géTeck-of x] & [y joined-to z] & [z;joined;}o yll]\
‘[John believes [Spot whale] .899]

[John thinks [Tom elephant] 1.0] o
tJohn believes [[Thead head-of Tom] &\ .
“[Tneck neck-of Tom]] .9] . ,

E*xy [John believesAA*x[[x‘whale]:>{[x fish] & [x blue] &\
[x largell] y] - T ' L
[g?hn imagines A*x[[x elephant]=>[[x black]. & [x small]l]]\

<)

; ) . "v " ‘ . d» ‘ ‘ o



‘The hierarchy, indicator links, propositions and
function table modifications have been previously
entered into the system. The resultant knowledge base

was stored in a file "save.link". Thus, the first.
command of the sample run.is to restore the file
"save.link". There is only one notation convention
followed in the sample run. It is that topic node
names start with the characters "tp." and are often
abbreviated (e.g., the ’'generalization’ topic is named
"tp.gen"). The following is the sample run. “ready"

is the initial system prompt.

ready.
* res save.link ) {
* print pro ' °

i

Print all propositions (clauses) in the knowledge base.

Only a few are shown here. There are actually 108

clauses generated by the above data after
normalization. :

[Aaron loves Diane]

[Diane loves Aaron] _

[Clyde supports<ti,t2> Nibor]

[[- [c.22 wolf]] | [(f.7 c.22) sharp]] _
[John believes [[~ [c.31 mammal]] | [(f.16 c.31) joined-to
(f.15 ¢.31)]1] .98] .
[Dmouth mouth-of Dhead] « :

[[-= [c.1 higher-animal]] | [(f.1 c.1) joined-to (f.2 c.1)]]
[LRRH is-a-story-in-which [c.27 Kil1<t39,t10> c.29}] ’
[John believes [[~ [c.35 whalel] | [c.35 largel] c.34]

- This command prints the current hierarchy. Each'leﬁél

in the hierarchy is indented two spaces further right
than the previous level. - ’

top_of_hierarchy o c : ’

tp.phys-qual
tp.substance
tp.mass
tp.ext-qual
tp.tact-qual
tp.resil ' » :
tp.hard B N
- tp.tex2 _ '
tp.odour -
tp.appearance
tp.text
tp.trans
tp.col

117



tp. form
tp.size - . : -
tp.episode
tp.behav .
tp.development
tp.social

tp.play o .

tp.fighting A \

tp.mating _ _ \\\\\\J
tp.ritual : _ _

tp.communication

tp.constructive-act
tp.self-main T

tp.sleep '

tp.cleaning

tp.elimin

tp. feed : '

tp. locamotion - ¢
tp. func ’
tp.passive-func
tp.occupation
‘tp.stat-rel
~ tp.abstract-rel S . '
tp.arith \ : ) ¢
tp.membership ‘
tp.ownership i ;
tp.control . &
- tp.Kinship
tp.emot-rel
tp.emot-receip
tp.emot-giver
tp.phys-rel :
tp.affinity '
tp. force- .
tp.containment .
‘tp.part-of
tp.has-part
-tp.is-part
tp.location _
tp.men-qual o "~
tp.int-disp ° ) T
tg.emot-disp
tp.topfcs ~ S S , :
tp. spec , S : : o ‘ .-
plant . ’ : - o o '
peanut '
tree.. . L
creature

"bird -

- Kestrel
raven
crow
bat '

sparrow . e



_robih -
reptile.
* lizard
shake.
fish
wal leye
pike -
gar
‘mamma 1
: wolf
- whale
cat
mouse -
elephant
human
boy
girl
man
woman
tp.gen /
tp.prop_a'tt

tp.emot-prop-att -
- tp.look-forward-to

tp.regret

tp.fear

tp.hope
tp.intention
tp.belief
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The next three print commands show the structures
attached to an independent concept, a universal

concept, and a2 dependent concept.

Note the size of the

+ TASs attached to the existential concepts compared to
- the size of the hierarchy in the system. - g

*pcwlf 5,
Conc1322 Ext wolf
Indicator links -

- tp.gen

:Access Skeleton-
top_of_hierarchy

tp.has-part Prop10819

tp.col Prop10975
- tp.gen Prop6052

Uni List
Conc10552 Uni c.22
‘ .

~ *pecc.22

3
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"_*pn10538 e

Conc10552 Uni c.22
Function table
Index f.6
Objek Conc11248 Ext c.24.
Index f.7
Objek Conc11206 Ext c.23

Controlling T red1cate ‘
Conc1322 Ext xET/p : o

*pcc.24
Conc11248 Ext c.24
Scope inclusion
Binder .
A .8 "\ .
Bindee C . .
"Conc10552 Uni c.22

o

Access Skeleton
top_of_hierarchy : :

tp.part-of ‘
tp.has-part Prop10783 :
tp.is-part Prop10819

tp. phys qual
tp.size Prop10858
tp.col Prop11053

0

The next two pr1nt commands show téhe internalstructure

of two sentential forms. The first is a clatse and the
econd is a sentential form used in many clauses as
hownR by -the length of the backlist.

* p 10783 R . o e
0783 time 14
Logical or oo /
Argl Prop10538 time 13 -
"Logical not B
Arg1 Prop9720\1ime 13
Pred Conc1322 Ext wolf .
Arg1 Conc10552 Uni c¢.22

- Arg2 Prop10636 time 14

Pred Conc4245 Ext. teeth-of
Argt Conc11206 Ext c.23 -
- Arg2 Concli248.Ext c.24

L

Prop10538 time 13 o - N : ;“,

. Backlist

Prop10783. time 14 . A oo L -
Prop10819 t1me 14 o ' | 1 -

120
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Prop10858 time 14
Prop10897 time 14
Prop10836 time 14
Prop10875 time 14
Prop11014 time 14
Prop11053 time 14 - o
Prop6052 time 13 :
Logical not
Arg1l Prop9720 time 13 : - '
.Conc1322 Ext wolf : ‘
Argt Conc10552 Uni ¢.22 ' ' :

. * P'p 10783 10819 10858 10897 10936 10975 14014 11053 6052

This command prints all the clauses wgisb contain the
above sentential form, Prop10538. J

.

[~ [c.22 wolf]] | [(f.7 c.22) teeth-of (f.6 c.22)1]
[~ [c.22 wolf]] | [%f;ﬁ c.22) mouth-of c.22]]

[~ [c.22 wolf]] | [{f.6 c.22) large]] :

[~ [c.22 wolf]] | [(f.7 c.22) sharp]]

[- [9.22 wolfl]l | [(f.7 c.22) pointy]]

[~ [€.22 wolf]] | [c.22 grey]] )

[~ [c.22 wolf]] | [(f.7 c.22) white]]

[~ [c.22 wolf]] | [(f.6 c.22) red]]

[- 11 | [c.22 mammall]-

{c.22 wolf

The next two concepts show the presence of relevance
and argument number‘on~their indicator links.

* p c clear teeth-of .

- Conc3809 Ext clear ‘ . : , : - '
Indicator links . o o . ®
tp.col Relevance Conc3840 Ext .8
tp.trans ' o

Conc4245 Ext teeth-of
Indicator. 1inks S AR
tp.has-part Arg# 2 tp.is-part Arg# 1 -

Y

Now  for the query answering. The statistics printed
for each query ("match-stat" flag is on) are the number
of propositions examined and the number of - o :

- generalizations made while trying to answer the query. 5

* set mat on
* file querys
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This'query and ‘the next two use the CAS associated with
the main net {to find entities that may fullfil the
requirements. \

* ?sub-hier many[?x ?y{tp.gen:mammal}]
What entities may be mammals?

# props looked at 6. # generaliztions 0.
[Aaron wolf]. Need to show: [Aaron mamma 1 ]
[Diane wolf]. Need to show: [Diane mammal]:
[Spot whale]. Need to show: [Spot mammal]
[Hilda mouse]. ‘Need to show: [Hilda mammal]
[Tom elephant]. Need to show: [Tom mammal]
[Clyde elephant]. Need to show: [Clyde mammal] -

'* 7s ml?x mammal] - - |

What‘eﬁ;?ties are expliéitly predicated to be mammals?

# propé looked at 6. # generaliztions 0.
Nothiqg found ~
7 : o .
“iv?ml?x wolf]

* -

What'entitieéAare predjcatéd to be wolves? . o -

# prdps looked at 2.. # generaliztions 0.
[Aaron wolf] . o ‘
[Diane wolf]

* ?[Diape mammal] .
‘Is Diane a mammal? To answer this requires looking at
the generalizations of Wolf, the gengralization of
Diane, which in turrf®requires acces ing the
~generalization node the TAS of Dian
generic wolf. :

) ' e
# props looked at 2. # genera]iztiqég—:.
Yes “ i ’

and the TAS of the .

* ?[Clyde mammal]
This is similar to thé'above query.

.#'proés looked at 2. # generaliztibns 1.
Yes : , : : '

+ ?[Diane ?x{tp.col}]

This query uses a query variable in thé'p?ggiéate
~position. Note the specification of the ic of :
‘ ‘inqyery,ftp,COI (colouring). What colour is Diane?‘ 6'

¢
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# props looked at 1. . # generaliztions 1.
[Diane grey]

* ?s m[Diane ?x{tp.appearance} ]
A more general query, that requires the use of the

"sub-hierarchy" and "many" flags. What is Diane’'s
appearancg? .

~# props looked at 2. # generaiiztiords 3.

[Diane hairy] )
[Diang grey] = . ' . U
* ?s m[?prt ?pred{tp.paht-of}:Diane] ‘ R »

Find all the things that have been predicated as part
of Diane or one of her generalizations. Some of the
parts appear more  than once. This 'is due to - '
corresponding parts being predicated as part of Diane,
part of the generic wolf and part of the generic
mammal, .

# props looked at 10. # generaliztions 3.

T

. S ¢

{Dhead head-of Diane]
[Dneck neck-of Diane]
[Dbody body-of Diane]
[Dnose nose-of .Diane]
[Dhead head-of Diane] -
[Dmouth mouth-of Diane]
[Dbody body-of Diane]
[Dneck neck-of Didne]
[Dtail tail-of Diane]
[Dhead head-of Diane]

The next three dueries extract information'about :
dependent concepts. Function tables are used to find
corresponding dependegﬁ concepts. ' ‘

The first two quéries show the effect of the
‘sub-hierarchy” flag. - The first query looks at just -
those propositions classified under ’tp.phys‘relf, '
whereas the second query 1ooks at the propositions
classified in the sub-hierarchy attached to
‘tp.phys-retl’. '

* m[?y ?x{tp.phys-rel} Dhead]
#:props looked at 3. # generaliztions 3.
. kDneck joined-to Dhead] =~ -
‘[Dnose attached-to Dhead]
,/ ’

* ?s m[?y ?x{tp.phys-rel} Dhead ] '

# props ‘1ooked at 8. # 'generaliztions 3.
[Dneck joined-to Dhead]

[Dnose attached-to Dhead] -

o



[Dmouth mouth-of Dhead]
[Dnose nose-of Dhead]

* ?s m[{Dteeth ?x{tp.appearance}]

# props looked at 2. # generaliztions 3.
[Dteeth pointy] ' ,

[Dteeth whitel

The next three queries extract the short "epiéOde" in
the knowledge base. The episode is the eating of Nibor
by Diane after Nibor gets down from Clyde.

* ?[Diane eat 7x]
# props looked at t. # generaliztions 0.
[Diane eat<t3,t4> Nibor]

* ?[Nibor ?y{tp.location} ?z] ) _
# props looked at 1. # generaliztions, 0.
[Nibor on-top-of<t1,t2> Clyde]

* ?7s [t2 ?y{tp.abstract-rel} t3] ‘
# props looked at 1. # generaliztions 0.
[t2 less-than t3] : \

Not all of Nibor's parts have been explicitly talked
about so some do not exist in the Knowledge base. The
next query shows the response of the system when it
Knows that a dependent concept probably exists, but it
has no explicit Knowledge about. it.

* ?s m[?part ?p{tp.part-of} Nibor ] : e
# props looked at 7. # generaliztions 4.
[Nhead head-of Nibor] :

?part is bound to concept c.3 ) ' '

c.3 is dependent on higher-animal which is a generalization
of Nibor . :

A corresponding concept dependent on Nibor was not found
[?part neck-of Nibor] .. : :

[Nbreast bfeast-of Nibor] - )
[Nhead head-of Nibor] ’ .

A story similar to “Littie Red Riding Hood", execpt in
this one the girl gets eaten by the wolf. - First, the
actors in the story are extracted by finding the
creatures and the humans in the story. Then some of -
the action in the form of time dependent relationships
is found. ' :

* ?s m[LRRH is-a-story-in-which [72x ?y{tp.gen:creature}]]

* Find the possible creatures in the Story.

124



125"

# prbps‘looked'at 1. # geheraliztidns 0.~ ~ _
.[LRRH is-a-story-in-which [c.29 wolf]]. Need to show: [LRRH. ~
is-a-story-in-which [c.29 creature]]’ ‘ R

- -

/

* ?é m[LRRH is-a-story-ﬁh-Which_[?x ?y{tp,gen:Human}]I
Fipd the humans in the story.

# props looked at 3. # generaliztions 0. : '

[LRRH is-a-story-ih-which [c.28 irl]]. Need to show: [LRRH
is-a-story-in-which [c.28_human]? - o :
[LRRH is-a-story-in-which [c.?28 woman]]. “'Need to show:
[LRRH is-a-story-in-which [c:26 hyman] ]’
[LRRH is-a-story-in-which [c.27 man]).
is-a-story-in-which [c.27 human]] - -

2
v

-~

Need ‘to show: [LRRH

* ?s]T[LRRH is-a-story-in-which [?othér_?X{tp{phys-rel}
c.28]] . - T

Find all physica] relationships with the girl as-second
argument. - S L e -

# props looked at 1. # generaliztions 0. ‘
[ LRRH is-a—story-in—whichv[¢;29 eat<t7,t8> c.28]}

b T : - | E _
* ?s m{LRRH is-a-story-in-which [c.27 ?X{tp.physfre]} c.29]]

Find all physical relationships betweén'fhe man and thé
wolf. ' o R . . z

# props looked at 0. # geneﬁéliztions 0. o :
[LRRH is-a-story-in-which [c.27 Kills<t9,t10> ¢.29]]

One other type of sub-net forming prédicates are the
propositional attitude predicates. The next example
looks at some of John’s attitudes with respect to
animals. - ' A ' :
* ?s m{dJdohn ?att{tp.prop_att} [?x ?y{tp.gen:mammal}]
*belief] . T e T
'Find,thé‘entities that may be mammals‘in_dohn”s\sdbnet.
#’props looked at 2. # generaliztions 0. = ~© . .
[John thinks [Tom ‘elephant] 1.0]. Need -to' show: [dJohn -
thinks [Tom mammg1] 1.0] =~ ’
[John believes [Spot whale] .99]. Need to show: [dJohn
believes [Spot mammal] .g9] - :

* ?[John ?att{tp.prop_att} 1Spot mammal] 2]

Is Spot or one of

! fs'generaljzatjonsjin John''s subnet
predicated,to be =

mamma 1?

A

—/



126

, & props looked at 2. # generaliztions 2.
/ Nothing found ‘ '
4

c———

'\ * 7s m[ John 7att{tp prop_att} [Spot 7x{tp gen}] ?m]

N\
\
}\props looked at 2. # genera11zt1ons 2. )
[Johrt believes [Spot fish] c. 34] , . _
[John believes [Spot wha]e] .99] ' A o

What/gre the general1zat1ons of Spot in John’'s subnet?

. [

’ In the "reai world" Spot is a mammal, but in dohn s
wor Id he has not been predicated d1rect]y nor
1nd1rectly as one. - _ : ¥

* 7[Spot ma al] , - o
# props look ed at 2. # generaliztions 1. o |
Yes , ) o : 3 :
' The neif commands look at the structure of some v1rtua1
concepts in John’s subnet )
*ps John ¢ elephant - -
© Imag15103 of Conc Ext elephant
Indicator links
tp.gen ' .

Access Skeleton
' top_of_hierarchy .
tp.phys-qual
tp.size Prop17267
tp.col Prop17353
- tp.gen Prop13954

Uni- List . ‘
Conc15112 Uni c.30

* p s John conc Tom
Imag16468 of Conc Ext Tom
Function table .
Index f.15 : .
Objek Imag16656 of Conc Ext Tneck -
Index f.16 .
Objek Imag16632 of Conc Ext Thead

Access SKeleton ' ' :
top_of_hierarchy = )
tp.has-part Prop16589 Prop16606
tp gen Pr0p11468






