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Chapter 1: Introduction

Modified to

finds convenient at that point of

Page | Line | Original Fext o

10 16 knowledge that is used in the furtherence | knowledge that is used in the furtherance
of goals[Pylyshyn, 1981]. of goalsfPvlyshyn, 1981].

il 19 and knowledge retoeval - should work and knowledge retrieval - work well
well individually but they should individually but they should

T 27 What is Knowledge Representation What is Knowledge Representation?

12 3 charactenized the crux of the characterized, the crux of the
representation problem. representation problem.

12 i3 The realizavion that most of the pature’s The realization that most of the nature’s B
solutions are best, made solutions ase the best, made

12 25 Here we summarise that work. Here we summanze that work,

13 14 analysing the arrangement of alphabets in | analyzing the arrangement of alpbabels
it in it

15 15 We describe Conceptual Information In Chapter 6, we describe Conceplual
Base CIBA and its dimensions in Figore | Information Base CIBA and its
6.1. dimensions.

15 19 (For list of some of the basic concepts see | (For list of some of the basic concepts see
Appendix V.) Appendix IV.)

i7 12 Our interpreter tries to give a unique Our interpreter tries o give a unique
sense, viz."inlerpretation” to a Singlish | sensc, viz,””semantic interpretation”
sentenceby converling it into a to a Singlish senlence by converting it
description (Sce Appendix XV, into a description

18 3 For the details about the interpreter refer | 'We have implemented a parser based on
to Documentation on CYBA interepreter | the hypothesis “deterministic parsing”
-Interpret [Irani, 1995]. suggested by Marcus[Marcus, 1980).

18 16 Intensions of the discourse structures are | Intentions of the discourse structures are
captured by their captured by their

21 3 of means depending upon what users of means depending vpon what vser finds

convenient at that point of




Chspter 2: Biological Information Systems

_Page | Line | Original Text Modihed to

27 7 Possessive? (corresponding to has-a) in Possessive (comesponding) to in
computer compuicr

27 11 This, he realizes, will be possible only if [ This, be realizes, will be possible only if
he follows a mutually known he follows mutually known

28 3 subsection Artifacts subsection (Ariefacts)

28 4 (artifacts) to serve some puspose, ( antefacts) to serve some purpose.

32 13 as a resource to be used in the as a resource 1o be vsed in the
development of knowledge about the development of knowledge about the
subject. subject.}

34 4 processing units to execule an operation, | processing unit to execute an operation.

36 11 Cognitive science rests on the Cognitive science rests on the
foundational assumption that there exist a | foundational assumption that there exists
natural set a matorad set

37 5 In the next chapter, we will 1alk aboult In the next chapter, we will talk about
entities in the compter entities in the compuler

37 6 the knwoledge of the real world. the knowledge of the real world.

Chapter 3: Computer Information Systems

Page | Line | Original Text Modified to

39 9 domains: databases, graphics, ~domains): databases, graphics,

40 4 by advocating division of tasks into advocating division of tasks into
subtasks. subiasks,

40 28 explaining system, explaining the system,

4) 8 They use inference mechanism to get They support inference mechanism to get
implicit knowledge implicit knowledge

41 12 Database technology emerged to manage, | Database technology emerged to manage
access, large amount of shared large amount of shared information
information

4} 16 These languages are also vsable along These languages are gencrally provided
with generally provided with DBMS with DBMS software.
software.

42 5 Meno Selection Menu Selection:

42 11 Form Fill-in Form Fill-in:

49 13 The object-oriented programming The object-oriented programming

approach is a ~ data-oriented” approach
to software design and development,
where data is encapsuvlated in

approach provides a level of abstraction
for software design and development,
where data is encapsulated in

L]




Chapter 4: Design Considerations

Page | Line | Original Text

Modified to

53 10 different level at physical [evel and not al
the knowledge

differens level, at physical level and not at
the knowledge

s3 19 Language was primarily developed as a
communicalion means, but

Over the years, Janguage develpped as a
communication medium, but

57 7 The problem of getting semantic
interpretation is

The problem of getting semantic
interprelation of a natural Janguage
glterance is

58 26 a mechanism fo retrieve information
through varicety of means depending vpon
what vsers finds convenient at that point

of

a mechanism to retrieve information
through a variety of means depending
upon what users find convenient at that
point of

59 2 in both. Therefore a need for " Unified
Mode) for Concept Structunng”,

id both, Therefore a need for ** A Unified
Mode) for Concept Structuring”.

59 17 role in the organization of the role in the organization of information.
information.
59 18 Ability to build a structure, name it and Ability to build a strocture, name it and

store and get it as

store, and get il as

59 26 The chunks can form an hicrarchy.

The chunks can form a hierarchy.

60 19 Knowledge organization based on
| intentions is like

Knowledge organization based on
intensions is like

Chapter 5: Singlish - Streamlined English

Page | Line { Original Text

Modified to

70 12 Refer 1o wable 3.1 for verb formiss.

Refer to table 5.1 for verd forms.

73 18 Exclamations are identified by the end-
mark as well as staring word

which usually belong to some close-class
of words.

Exclamations are identified by the end-
miurk as well as starting word

which esually belongs 1o some close-
class of words.

74 ) A word or phrase that is used in a novel
or special way (in a metopheric sense
may be) is pul in quotes.

A word or phrase that is vsed in a novel
or special way (in a metaphoric sense
may be) is put in quotes




Modified to

remembering all the past and present

Page | Line | Original Text
75 g the roles, in turn, can be 8 multi-word roles, in turn, can be a multi-word phrase
phrase with_on¢ or with_one or
75 14 beings ability to make “sensc’ out of the beings” ability to make “sense’ oul of the
construction. construction.
77 21 sentence(like its complexity, number of sentence (like its complexity, numbes of
clause, number of clauses, number of
77 24 clear-cut boundaries. In sansknil, clear-cul boundaries. In Sapskrit,
compound Bouns arc wrillen compound pouns are wrilien
78 28 Many English verbs (phrasal verbs) Many English verbs (phrasal verbs)
consists of two parts:a “base’ verb{like consists of two parts:a “base’ verb (like
bring. 1ake, come) and another “small bring, take, come) and anotber “small
word' (like up, down, off, word’ (like up, down, off,
80 3 The punctuations and markers a used for | The punctuations and markers vsed for
streamJining are as follows: streamlining arc ac follows
80 5 Rejative clauses are enclosed between a Relative clauses are enclosed between a
pait of double-backslashes. pair of double-backslashes.
80 9 In constructs using ‘infinity (o', tois to | In constructs using “infinity to’, to can
be connccted to the verb by tilde, be connccied to the verb by tilde.
In case of ambiguity, the head of a noun In case of ambiguity, the bead of a noun
phrase can be marked phrase is marked
80 13 Connections between head and modifiers | Connections between head and modifiers
can be explicily shown by arc explicitly shown by
80 17 A past of speech can be enclosed in a A part of speech can be enclosed in
suyuare brackelts. square brackets.
84 6 Erame-based languages which have stots [ Frame-based languages which have stots
resembling the intentions resembling the intensions
84 17 Every child painiakingly going through Every child going through the travma of

remembering all the past and present




Chapter 6: Conceptual Information Base CIBA'

Original Text

Modified to

is that of the representation schemes.
Representation schemes: internal

is that of the representation schenies.
Representation schemes, internal

spoken languages, writien languages
are built incrementally. Each onc having

its own plane, having

spoaken languages and writlen Janguages
are built incrementally, each one having
its own plane, having

It follows from this that the computer
plane, if it has 1o be truly epresentational,
should have the mappings of coucepts
from all the three planes in

To make the computer planc truly
representational, the mappings of
concepts from all the three planes should

te provided in

One of the main characteristic a
representation must have is

One of the main charactensiic, a
representation must have is
““semanticity”.

For human beings the way to general
concepts is 1) through a raw form:
through specific knowledge

as human beings live and come across
various “experiences” in the word

and they have a mechanism to
““generalize” or 2)through a compiled
form: through written text,

For human beings (he way 10 general
concepts is 1) through a raw form,
twough specific knowledge,

as human beings live and come across
various " experiences” in the world

and they have a mechanism to
“generalize” and 2through a compiled
form: through written text,

category. Section 5 explains these

category. Seclion 6.1] explains thesc
dinensians.

The intentions of these description

The intensions of these description
structures are captused by the

siructures are capivred by the

Paninian framework designed more than

Paninian framework designed more than
two thousand

For a list of basic concepts sec appendix

For a Jist of basic concepts se¢ appendix
\.}

All these words stand {or person in

Figure 6.3 All these words stand for
“person’ in PLATAEU(Irans, 1991]

Other operators are and or not samcAs,

Other operators are and, or, not, sameAs,_
oncOf, someOf noneOf and

one), someUl poneO and

this Church since April?)” Refer to

this Church since April?)" [Date, 1994]

Anpendix VII for some examples.
o compatational mods] of the world.

a compulauonal wudei of e world.

Puge_l Line
89 16
&9 17
89 | 21
90 1!

Ssemanticity”.
9l 13
05 22

dimensions,
96 6
06 27

two million
97 20

= - [
98 30
| PLATAEU

99 17
0o | 10
100 27 th




Chapter 7: Text-based System for Conceptual Knowledge

Page | Line l Original Text

Modified to

104 9 In Chapter 5, we have seen how we can In Chapter 6, we have seen how we can
represent basic concepls represent basic concepts

108 23 Qur work is based on the following Our work is based on the following
hypotheses hypotheses:

106 |7 The books are a common carners of The books are common cariers of
human knowledge. While being writien human knowledge. While being written
by an __ | byan

106 17 The effacacy of a knowledge engincering | The efficacy of a knowledge engincering
methodology is diminished if it is not methodoelogy is diminished if it is not
supported by software supporned by software

106 | 22 Selection the best book vsing the Selection of the best book using the
sclection criteria given below. selection criteria given below,

108 22 out the erganizational information about out the organizational informatieon about
the text(see Figure 1). accounting the text(see Figure 7.1),
ionfonmation

109 33 Skeleton descriptors through visual clues | Figore 7.1 Information Organization

110 18 We should be able to determine the We should be able to determine the
ideal(or near-ideal) way of presenting the | ideal(or near-ideal} way of presenting the
tcxt ona text on

111 17 In a physical sense, intext-books is In a physical sense, text in text-books is
lincarly ordered. lincarly ordered,

113 15 explosion in the bill-of-material explosion in the bill-of-materials
problem). problem).

114 3 over allb {over all b)

116 2 Skeleton descriptions are basically titles Skeleton descriptions are basically titles
conveying intentions of conveying intensions of

116 | 4 In Cha-pt—er 9, we have described an In Chapter 10,' we have described an
imerpreter which can convert intchrclcr which can conven

116 12 In this paper we have suggested cnieria ]J'I.IIII'S chapter, w.c have sug‘gemed
for selection of the ideal critesia for selection of the ideal




Chapter 8: Modelling Factual Information

Thus on the one hand, there is the
informal sysiem of slol-names, procedure
| pames (from which human

Thus on the one hand, there is the
informal system of slot-names (from
which human

| Efforts are on to build natural language
| tike vser interfaces

Efforts are on to build natural-language-
like user interfaces

where data values come form the
| expressions using absiract data (ypes

where data values come from the
expressions using abstsact data types

Structuring of elements is not arbitrary
’ but with some purpose(iniention} in
mind.

Structuring of elements is not arbitrary
but with some purpose in mind.

A description bas to parts: a pan
| commesponding to things

A description has two parts: a pant
corresponding to things

important attributes and relationships are
important to know for this

attributes and relationships important to
know for thus

Suppose we have the following facls
about students in a calicge to start with.

Suppose we have these facts about a
student in a college to start with.

For example:
‘ Vijay (29, 180.55)
Sujatha (26,164,49)
Smita (25, 150,45)
Sandhya (27, 160,50)
Sheela (25,163.5D)

For example:

Identifier age height weight
Vijay (29, 180,55)

Vijay 29 IR0 55
Sujatha (26,164,49)

Swjatha 26 164 49
Smita (25, 150,45}

Smita 25 1S5S0 45
Sandhya (27, 160,50)

Sandhya 27 160 50
Sheela (25,163,51)

Sheela 25 163 S

121 |12
126 29
128 9
129 123
|
132 | 3
132 8
135 3
135 , 20
|
137 10

categorized into one of the threc
| matabchavioural categories,

categorized into onc of the three meta-
behavioural categories,




Chapter 9: ReWire - Real World Information Retrieval

Pape | Line Ongnal Text Modified to
149 | 5 provide cue to further matching is what provide cuc to further matching is what
is called intention is called iniension

1—49 18 intentions of gueries should be matched intensions of queries should be matched

2 with intentions of with intensions of

149 10 Thus it is pecessary in a knowledge-based { Thus it is necessary in a knowledge-based
sysiem to captore intentions system 1o capture intensions

149 12 What is Intentiona) Organization? What is Intensional Organization?

149 | 13 The concept of intention daics back to The concept of inlension dates back to
Frege[Frege. 1949] and his distinction Frege[Frege, 1949) and his distinction
between the between the

149 15 The concept of intention The concept of intension

149 | 16 Montague defines intention of any Montague defines intension of any
expression as a functiop from a setof expression as a function from a set of
points poinls

149 19 Thus the intention of a name is a function | Thus the intension of aname is a
which, given any index, picks out function which, given any index, picks

oul

149 21 Similarly the intention of a sct picks ous Similarly the intension of a set picks oul
some collection of individuals which is some collection of individuals which is
the referent of the set-name at each index, | the referent of the set-name at each index,
and the intention of a and the intension of a

150 9 The intentions of data struclures should The intensions of data structures should
be formed out of the be formmed out of the

152 3 For example, intention of an hierarchy For example, intension of an hierarchy
may be to caplure partonomic may be 10 capture partonomic

152 6 Onc;:e structures and their inteptions arc Once structures and their intensions are
known, known.

152 28 We will now worry about bow 10 ¢t _WE “'i_” NOW worry ﬂt"f"—“ how to get

- intentions of descriptions as intensions ofcleswphoqs as well as
well as intentions of structures i.c. meta- | intensions of structures i.e. meta-
_kmlfgigc when St ' ; :C\T :E%Z;m[;;l;s of Descriptions
153 |1 How to Get lntentions of Descripuions o pu




Puge
153

153

153

Modifved to

Line | Original Text

3 In text, titles and sub-titles capture the In 1cxt, titles and sub-titles capture the
inteniions of the ext that intensions of the text tha

19 themie) of the sentence and (2) capturing | theme) of the scatence and (2) capiuring

the ntention ‘
(The inteation of a sentence may 1n wum

the intension
(The intension of a scntence may in tum

depend upon the kind of the

denend upon the kind of the
_It was summer (inlcnlion.spcciﬁcs tinie)
a crow was flying to go .
somewhere(intention.specifics Acton}
the crow was very thirsty
(intention:specifies State) .
bis throal was dry with thirst {intention:
specifics characleristic) .

he was suffering a lot(intention:specifies
stale)

he was Jooking in all the
directions(imention:specifies act)

but there was no
water(intention:specifies state)

he was tired(tntention:specifies staic)
tie perched on the branch of a
tree(intention:specifies act)

he was now thinking(intention:specifies

mental act)

It was summer (intension:specifies time)
a crow was flying to go
somewhcre{intension:specifies Action)
the crow was very thirsty
(infension:specifies State)

his throat was dry with thirst (intension:
specifies characteristic)

he was suffering a loi(inmension:specifies
state)

he was looking in all the
directions(intension:specifics act)

but there was no
water(intension:specifies statc)

he was tired{intension:specifics state)
he perched on the branch of a
ree(intension:specifies act)

he was now thinking(intension:specifies

meantal act)

154

The question now is, haw to get these
intentions from the text. Here we

The question now is, how to get these
imtensions from the text. Here we

155

For fact-based systems, intentions of the
struciures can be

For fact-based systems, intensions of the
structyres cuan be

155

intenlions can be captured from data
descripiors, if

intensions can be captured from data
descriptors, if

0

Intentions of Input Descriptors

Intensions of Input Descriptors

155
155

12

that is wanted(intention), while the rest of
the descniption descnbes what is the

that is wanted (intension), while the rest
of the description describes what is the

155

17

*from’ specifics , the class(relation) of
mteresl;

“fromy’ specifies , the class (relation) of
interest;

12

What forms the intention(data descriptor)
and what forms an

What forms the inlension(data descriptor)
and what forms an

17

the intention should provide a “haadle’ to

lift the data.
In othcr words, intention and extension
should correspond to the title and body of

a chunk

the intension should provide a “handle' to
lift the data.

In other words, intension and extension
should correspond to the title and body of
a chunk




Chapter 10: Implementation

_Pagc_ Line Original ']gltr Maodified to
158 15 congept mappings and concept clusters concept mappings and concept clusters
1 in Appendix X1 in Appendix TV, V11 and XI msmc;iveiv
160 4 The overall algenthm for interpreting a The overali alg(_v_tﬁhm for interpreting a
Singlish(Streamlined or even simple Singlish(Streamlined) ¢
- Englisht} .
161 13 For instance, they do not normally throw | For instance, they do not normally th
the semanatic information away, the semantic information awav FIE
168 32 weing our parchicl alporithm. using our parallet algorithm
| 169 |3 of the Topic and Intention of the Topic and Intension
169 12 intcnliqn and exlension in formial intension and extension in formal
semantic. semantic. l
169 17 in to consideration what s called into consideration what is calted
Language in usc[Narasimln, ___ | Languapge io use[{Narasimhan
169 24 Let us illustrate this with some example. Let us tllustrate thus with som:c cxamples

Chapter 11: Conclusion

Modified to

Page | Line | Original Text

185 17 We will fecl institutionalizing Singlish we fec) institutionalizing language lik
languagc{or somcthing similar) Singlish Anguage ke

Appendix 8

It wasin a nested-lists format i

THF NEW THE
CORRECTIONS LISTED IN

SIS DOES NOT DIFFER FRO
PAGE NO.1-10.

(P. Sadanandan)

January 2, 1995

n the original manuscript, now it is changed to tree-like format.

M THE ORIGINAL EXCEPT FOR THE
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Preface

I can hardly believe that I could put all that I had to say on the paperin
conerete form. This work towards Ph.D. is spread across 10 semesters
in the form of study reports apparently having no connections with each
other, and it appeared to be a gigantic task to reconcile it into a coherent
thesis. Well, it is done! And now when I reflect on that, I realize that it
was all towards one goal: the goal of making knowledge-driven systems
‘work’!

Before commenting on the work, let me describe the background.

When I started my research in search of “A Unified Model for Concept
Structuring”, two questions were bugging me. First one was “How to
structure the information which is not stereotype, factual, repetitive
data but conceptual in nature” and the second one , “If one finds a
way to structure particular information (concepts) in a particular way,
what is the justification for doing so” I was looking at many computer
and non-computer systems to help me arrive at the answer. I became
very skeptical about the over-ambitious computers systems designed to
understand stories, motives plans and so on. The methodologies were,
perhaps good to solve “toy” problems. I felt scaling up is a major issue
and even the simpler problems are not simple.

I started my search for a “solution” with fundamental questions: What
is information? What is knowledge? What are computer systems trying
to do? Where can we get a model that will help us build information
systems?

Nature always fascinated me. And I believed in Einstein who said
“Natures solutions are simple and elegant”.

In my pursuit, I found an answer to another question which was trou-
bling me over the years, and the two together solved the problem.

The question was: what is “it” that separates living things from non-
living? The distinctions between living and non-living things such as



‘living beings respond to the environment’, ‘living beings reproduce’
etc. are alright as characteristics but there must be something more
fundamental than that.

And I think at last I found the answer!

Human beings are biological systems. They are living systems. One
important and fundamental difference between living and non-living
systems is that they are ‘programmed’ by nature (or god or evolution-
ary forces or whosoever you may think of) to have wants, wishes, fears,
senses to grasp various aspects of situations, and act accordingly. They
can assimilate information, represent it internally and act on the ba-
sis of these representations. Living beings are information-driven {or
knowledge-driven) systems.

Among living things, human being is a special species. [ am convinced
that human beings are special because they evolved culturally and it
was the ‘language’ which made their progress possible by providing a
way for externalization of knowledge.

Computers have provided another powerful tocl to mankind; to mechan-
ically solve problems, to store data, to communicate messages, and to
do a whole lot of other things. Yet, a lot is needed if computers are to
be used for knowledge representation in the true sense.

One important characterization, we have attempted to identify in this
thesis is that of the representation systems. Representation systems:
internal language of mental representations, spoken languages, writ-
ten languages are built incremently. Each one having its own plane,
having what we call a “concept base”. Each succeeding plane, provides a
mappings for concepts from the earlier plane; in addition to that, it has
its own “vernacular” concepts. It follows from this that if computer sys-
tems are to be used for knowledge representation, the computer plane
should also be incremently built. In our thesis, we have described
a methodology to build the concept base for the computer plane that
can be used as a knowledge representation scheme by knowledge-driven
systems.



We have proposed natural languages not only as a medium of interac-
tion, but also as a medium of knowledge representation in computers.
We firmly believe that behind the apparent idiosyncrasies of natural
languages must be a very stable system (otherwise they would have lost
their functionality). We have also proposed a methodology to “stream-
line” a natural language.

Among various advantages of representations using a natural lan-
guage, one that I would like to emphasize here is the advantage we
get of having a wealth of knowledge already encoded in the scheme in
the form of printed text compared to computers. If computer systems
can inherit all that knowledge from books it will be a great leap. Mov-
ing from paper to electronic medium offers unprecedented potential for
structuring of textual and graphical information.

I strongly believe that canonical and unambiguous representation of
knowledge with flexible input-output gateways is crucial for the world
that hosts as many as 2500 languages.

Unfortunately, here in this world, there are too many natural languages
and most of the knowledge is in English. What about people who don’t
know English? Should they be deprived of the factual and conceptual
knowledge that is expressed in English?

A partial solution to this problem is to translate the work from English.
But there seems to be a problem.

It is remarkable, that natural languages used by human beings at
places far away from each other have remarkable similarities. Most
of them have the functionalities that make translation possible. The
problem is that they lack vocabulary. The generation of new words
and socialization of the words have to keep pace with the progress of
mankind. An alternative that can be thought of is “transliteration”:
picking up of words from another language and blending them into
your language. This will certainly help in unifying the next-generation
terminology across languages.

There can be many applications built on the top of this concept base for



the computer plane (We call it CIBA); tutoring systems, machine trans-
lation systems, information systems, user-friendly interfaces, factual
information bases; etc.

Though we have enough implementation work to present, we haven’t
recorded much in this thesis. We have also not presented and discussed
related work in details due to space and time restrictions.

We feel that the main thrust of the thesis is in ideas and in modelling.

Before I finish, let me have a confession! I had proposed the title
"A Unified Model for Concept Structuring” for my thesis way back in
1989. I thought I will be unifying all the structuring mechanisms in
the computer plane. Now after finishing the thesis, I realized that it is
the scheme for representation of knowledge on the medium which is a
computer that is getting unified with the earlier representation schemes
of human beings. However, the title, the natural language description,
still makes sense in general!



Chapter 1

Introduction

1.1 The Problem

Technology, by which I mean to include not only the design
of artifacts, but everything that involves a codified system of
methods or techniques provides both instrumental tools to
help us make observations and calculations, and conceptual
tools that help us to see things in new ways. Such conceptual
tools may be thought of as imagination prosthetics, because
they typically extend the range of the conceivable. Conceptual
tools dominate periods of intellectual progress.

—- [Pylyshyn, 1981]

What is a knowledge-driven system

The behaviour of intelligent organisms[man or machine] is typically ex-
plainable only if we assume that their actions are governed by decisions
based on knowledge that is used in the furtherance of goals{Pylyshyn,
1981]. When the system is a machine whose behaviour is governed
by what it represents - what it “knows” - it is called knowledge-driven
system. The objective of our work is to provide a Conceptual Basis for
knowledge-driven systems.
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There are many ways known of systematically representing different
kinds of knowledge in a sufficiently precise notation that it can be
used in, or by, a computer program to solve problems. However, when
the knowledge is vast and complex, the computer systems using this
knowledge are likely to collapse under their own weight. Though the
advances in computer hardware have made it possible to have tremen-
dous processing power and very large capacity to store the information,
the basic issue of how to model the complex data has remained a chal-

lenge.

Need for people and machine to understand each other

In his 1971 Turing award lecture[McCarthy, 1971]), McCarthy empha-
sized generality as an essential characteristic of computer systems.
Generality implies representing knowledge of various sorts and retriev-
ing it in a way that can be useful to people. It is not easy to make a
system general-purpose. The construction of large, knowledge-based
applications is a complex task that comprises a number of activities
and involves various participants. Not only should the components -
knowledge acquisition, knowledge representation and knowledge re-
trieval - work well individually but they should work in co-operation
with one another and also with the humans who are the creators, men-
tors and beneficiaries of these systems. To meet this requirement, it
is mandatory that both the system and people understand each other’s
language.

Canonical and unambiguous representation of knowledge with
flexible input-output gateways is crucial for the world that

hosts as many as 2500 languages.
What is Knowledge Representation?

Knowledge representation is a medium of human expression, in which
we primarily describe various aspects of the world. Any representation
is fundamentally a surrogate[Davis et al, 1993]. It is not a thing in
itself. Thus a knowledge representation formalism can be judged for its
adequacy by finding how it maps the two worlds {(external world) and
(internal world or mental world) of human beings. The convention it
uses for this purpose must be universal and stable.

11



Simultaneously producing good candidates for each of the three in-
gredients - the representation language, the inference regime and the
particular domain knowledge - 1s as David Israel[Israel, 1983] charac-
terized, the erux of the representation problem.

The Scenario

Earlier work in Artificial Intelligence (carried on almost for two decades)
made it clear to researchers that knowledge is power.

Thus knowledge representation, acquisition and retrieval drew consid-
erable attention. The three cannot be separated as they are closely
linked. The way knowledge is acquired affects its representation and
knowledge representation ultimately decides what is retrievable in real
time.

The realization that most of the nature’s solutions are the best, made
people look into the nature’s knowledge representation systems and
cognitive science came into picture,

We do not intend to survey the field in detail as many good surveys are
available. Minds, Brains and Computers, Perspectives in Cognitive Sci-
ence and Artificial Intelligence (Ralph et al, 1992] is a good collection of
work that covers computational models for knowledge-driven systems.
In order to make the task of surveying manageable, they have grouped
various views into two broad computational paradigms-Classical sym-
bol processing ([Pylyshyn, 1984), [Newell, 1982}, [Schank, 1972 ] and
[Windograd, 1983]) and Connectionism ([McClelland, 1992], and [Ar-
bib, 1992]). Both paradigms try to explain how the mind works. Here
we summarise that work.

One of the fundamental claims underlying the Classical paradigmis the
so-called physical symbol system hypothesis, which maintains that both
the brain and a (properly programmed) digital computer are examples
of physical symbol systems[Newell and Simon, 1976]. They also claim
that the fundamental operations of these systems, at some level of
organization, involve the disciplined manipulation of symbols, where
by symbols we mean things which stand for or refer to something else.
When describing cognitive phenomena, these symbols have come to be

12



called mental representations, and within Classical theories, they are
generally construed either as propositions or models.

Another paradigm that has drawn considerable attention is the Con-
nectionist model. Connectionist systems are based on Neuron-like
architecture. A simpilistic view of the mechanism is as follows: A
connectionist network consists of a large number of nodes and inter-
connections. Each node is a simple processing unit, which can save a
single value, can calculate a new activation value based on its old value
and activation values passed to it and can pass its activation value to

other nodes.

We have reservations about the connectionist mechanism. While fol-
lowing it, we are mimicking the brain herdware. It is like looking at
the bit maps and understanding what the program is doing. To give
another analogy, it is like understanding a chapter by analysing the

arrangement of alphabets in it.

Connectionist mechanism will work only if we have a theory about
where the concept should be placed in the entire network. It cannot
be ad-hoc or we can’t expect it to work on its own. Biological systems
are capable of placing concepts at relevant places and connecting them
in a certain way, (How they do 1t is a million dollar question!) But
these capabilities are not present in a mechanical computation system,
(and as yet we have no theory to help us in that direction.) Only by
understanding the principle, perhaps, we can make the mechanical
computation system work in similar ways.

1.2 Our View

We all know that symbol-processing systems of today are far from sat-
isfactory. Their performance doesn’t match their potential.

The failure of these systems can be attributed to a certain extent to the
usage of ancient methods - the methods that were used to tackle the
problems of a different kind. Earlier tasks handled by computers had
a formal base. Underlying formalisms were known; they were mostly

13



from well-disciplined domains. People explicitly knew the methods and
therefore could write algorithms which could eventually be converted

into programs.

Another cause of failure can be the insensitivity to the characteristics
of both Biological Information systems and Computer-based systems.
While mimicking the brain, in order to exhibit the flexibility with which
it processes information, designers of computer systems should take
into account the capabilities and functionalities of living organisms
too. We have taken into consideration the tools developed by the living-
organisms and the limitations of non-living machines like computers

while designing our system.

1.2.1 Biological Information Systems

The nature of information we carry in our head is not still very clear to
us. We know a lot about various “things”, about their various “aspects”
in various “ways”. In the physical world, these things can roughly be
classified as objects or agents or events or states and the aspects as
their characteristics or attributes which have various dimensions like

time, space, colour, participants etc.

We, human beings, have found means of optimizing this information
internally through naming, abstractions, categorizations or clustering.

The question is: can we also follow a similar scheme in computer-based
systems? If so, how can we get the abstractions, generalizations or
clusters that are universal, stable and useful?

The key to abstractions or categorizations or groupings made by hu-
mans is through language as abstractions/categories/groupings of
interest are retained in the language as lexical units(words).

Thus a language plays a very important role in biological informa-
tion systems. Language builds our conceptual frame of mind. Words
of a language are stable, universal, meaningful and atemporal units.
They represent concepts for the community that uses them. We will
be explaining in chapter 4, how the conceptualizations provided by a

14



language essentially provide a framework for the language-using com-
munity for information representation, acquisition and retrieval.

Our Conceptual Information BAse ‘CIBA’ is built taking into account
these points. CIBA plays an important role in providing the interpreta-
tional base for knowledge-driven systems.

CIBA consists of the concept base which represents concepts and the
CIBA environment: Singlish, Interpreter, Skeletonizer and Stream.
liner. We will desrcibe them here briefly.

In a natural language, very often, words represent concepts. However,
one word in general has many meanings. In order to capture a unique
sense represented by the word in a language, we restrict its sense by
providing other dimensions to it. These dimensions are primitive con-
cept, basic concept, plane and domain and category. These dimensions
associate various features with the concept. We feel that these dimen-
sions are enough to pin down the meaning of a concept. We describe
Conceptual Information Base CIBA and its dimensions in Figure 6.1.

Basic concepts are the concepts a normal adult is familiar with. Ba-
sic concepts are the concepts universally known and generally have
surface words representing them in a language. (For list of some of
the basic concepts see Appendix V.) Primitives classify concepts into
partitions. The broad classes into which the primitives fall are Act,
Agent, Object, Entity, State, Happening(Event), Theme, Information,
Time, Space, Property, Quality. **ps**(See Appendix V for the details).
Our dimension category corresponds to the grammatical categories in
a natural language grammar. (The members of this category are noun,
adjective, adverb, preposition ete.) CIBA provides a mechanism to form
descriptions using concepts. A description describes an object or an
agent or an entity or a relationship which has a referent at one of the
four planes: physical plane, mental plane, discourse plane or computer
plane.

For example:
The rock is next to the river. (physical plane)
He is unhappy. (mental plane)

15



This Paragraph is short. (discourse plane)
DO WHILE (number == 100}. {(computer plane}

In CIBA, a domain corresponds to a subject. Examples of domains
are mathematics, geography, ete. (See Appendix VI for the listing of
domains.) In a natural language, there are certain transformatigns
like noun to verb, verb to noun, noun to modifier and adjective to ad:
verb. Corresponding transformations in CIBA are termed as Concept

Mappings. (See Appendix VII for the examples of mappings.)

1.2.2 Singlish - Streamlined English

We found, after studying English Language Grammar [Quirk et al
1985] and a number of model sentences from English Language Us.
age [Swan, 1980] that streamlining a natural language can help us in
getting a unique meaning corresponding to an ordinary grammatical

sentence of a natural language.

Some of the techniques we use are;

e use of punctuations, to separate parts of speech

o restricting use of capital letter to identifiers (proper names); our
sentences do not start with capital letters ’

e use of hyphens to form complex noun phrases
o use of brackets to make attachments explicit
Singlish is very much like English, Singli :
; : , Singlish parser was tried on Engli
sentencgs too.' (Appendix I gives all the sentences under considerr;%ilfh
Appendix II gives the illustrative subset of sentences from Appendjxni

which could give roles to all constituents uniquel : 1
the problem sentences.) quely, Appendix IIT gives

16



1.2.3 The Interpreter

We work on the assumption that there is no fundamental difference
between a natural language and a formal language when it comes to
parsing sentences if we can disambiguate parts-of-speech.

A natural language becomes context-sensitive because

o most of the common words it uses have many meanings.

e it is meant for human-to-human communication, therefore when-
ever possible, people using it take shoré-cuts.

o descriptions in natural language are some times context-based.

Interpreting sentences in natural languages also becomes problematic
because we don't take into account the language in use.

Our interpreter tries to give a unique sense, viz.“interpretation” to a
Singlish sentence by converting it into a description (See Appendix XV).
Semantic Interpretation has been defined as the process of mapping
a syntactically analyzed natural language text to a representation of
its meaning(Hirst){Hirst, 1987]). It has also been generally recognized
that compositionality (meaning of the whole is a systematic function of
the meaning of the parts) will remain a central concern of all semantic
theories. An extreme position that has been taken is that language
interpretation can be ultimately viewed as a process of word-sense dis-
crimination (Rieger) (Rieger, 1976].

The problem of getting semantic interpretation is difficult, because,
as we have already mentioned earlier, In a sentence, the structure is
fattened. There is a mixing of boundaries. A word in a sentence can be

a head word, which has a part to play as one of the roles in a sentence,
or it can be a modifier related to a head word.

We have used reduction method to disambiguate parts-of-speech of a
sentence.

The idea is to determine the concepts underlying surface words, the roles

17



of concepts and identifiers in a sentence using positional information,
punctuations, closeness, compatibility, language usage and other cues.

For the details about the interpreter refer to Documentation on CIBA
interepreter -Interpret [Iram, 1995].

1.2.4 Skeletonizer

Skeletonizer builds information structure.

Organization of descriptions is very important. To get the right infor-
mation, this organization along with the organization criteria should be
made available. The organization is a kind of compression that delimits

the scope of queries.

A particular organization is selected because of the promise it
holds. It is selected if it can deliver the goods; that is, if it is

accessible for browsing or querying.

Organization of Textual information

A structure 1s called a drscourse structure 1f 1t serves a particular pur-
pose. Intensions of the discourse structures are captured by their dis-

course types.

Examples of discourse {ypes are definition, example, story, explanation,
problem, question, answer, method, procedure.

Organization of Factual information

In typical knowledge-based systems we find structures so that

o descriptions about the same object or descriptions of an instance
of a state are grouped together to form records(same time)

e descriptions of instances of a class of objects to form databases
Factual information can be put into any of the formalisms like database
network, frame. We view them as compression mechanisms, and assoi

ciate descriptions with them.,
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1.2.5 Streamliner

It is easier to write in Singlish. However to automatically retrieve
the text for text-books, a pre-processor is needed to convert ordinary
English into Singlish. This can be done by the Streamliner.

1.2.6 Acquisition of Simple Concepts

Simple concepts are concepts that can be interpreted in terms of basic
concepts, primitives, concept operators, concept mappings. (Most of the
words in a dictionary come under this category).

With advances in OCR technology, it is possible to get text correspond-
ing to these concepts. Another source for simple concepts is a ma-
chine readable dictionary. The interpretations corresponding to various
words are helpful in getting dimensions associated with the concepts

underlying these words.

1.2.7 Acquisition of Complex Concepts
(Terminology):

A complex concept corresponds to terminology in a specific subject or
an encyclopedic entry. A complex concept is defined using a chunk.
Once the initial concept-base with its interpreter for descriptions is
ready (first order concept-base), it is used for knowledge acquisition in
various domains like Mathematics, Physics, Chemistry in order to store

that knowledge in a modular fashion.

Here we rely on existing sources to get knowledge as well as its or-
ganization. The knowledge structures that are directly accessible to
observations and analysis and mirror biological information systems
are the methods and techniques of information organization which the
world of printing technology has given us. Thus we propose a method-
ology in Chapter 7, which uses the text-books on a subject as a resource
to be used in the development of a concept-base about the subject.
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It is widely accepted that the effective development of a knowledge-
based system depends heavily on its knowledge elicitation also. We
view knowledge engineering as a process of information transformation
in which knowledge is acquired and ultimately transformed to a formal
representation. We feel that the prescriptive frameworks currently
outlined for knowledge engineering give little assistance on how to
tackle typical knowledge acquisition and representation problem.

The methodology we follow for acquiring knowledge from text-books is
as follows:

o Conversion of books into machine readable form.
o Getting the logical structure of a book (organization).

o Selection of the best book using the selection criteria specified in
Chapter 7.

e Formation of the skeleton for the knowledge-base on the subject.

o Transformation of ¢itles picked from the raw text into descriptors.

o Filling the skeleton using the original text.

The important point to note is that we are using printed text
not only for knowledge contents but knowledge organization at

a higher level of granularity.
We believe that our concept-base CIBA provides a conceptual tool for
knowledge-driven systems.

1.2.8 ReWIRe - Real World Information Retrieval

We strongly believe that justifications for data structures are neces-
sary. The soundness of a particular structure can be verified if only
the characteristics of the data to be stored in the structures are made
explicit and if only the characteristics and limitations of various data
structuring formalisms are known,
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In order to act intelligently the system should have ‘knowledge’ about
knowledge:meta-knowledge. Also, we need a mechanism to retrieve
information through variety of means depending upon what user finds
convenient at that point of time. We also should provide mechanism
to change levels and granularity of the unit under consideration. The
organization of information should be transparent to the user.

If we want system to be flexible, retrieval should be possible in many
ways: deliberate, through meta-knowledge , multiple scanning and

searching.

One important factor that should be taken into account, while describ-
ing data descriptors is their semantic content, which can be used to

guide queries.

1.3 Importance of an Interpretational Base
- CIBA

In Modelling Language Behaviour Narasimhan has expressed the need
for an interpretational base to make communication among community

members possible. We quote it here:

We have seen that the pragmatics of language behaviour re-
late to a world of behaviour environments on the one hand,
and to an agent considered as a behavioural system on the
other. The interlinking of the structures that support lan-
guage behaviour with the structures that underlie behaviour
in the other modalities results in an interpretational base.
And this interpretational base enables an agent to describe
manipulate, and explorein the language modality the aspect;
of the world around him, and also his own agentive aspects.

It is precisely this interpretational base that a child builds
up through well-defined interactions with adults when he
acquires his first language.
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— Narasimhan[Narasimhan, 1981]

CIBA plays an important role in providing the interpretational base for
knowledge-driven systems.

The overall organization of the thesis is as follows:

j —"
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Chapter 2

Biological Information
Systems

2.1 A View of Biological Information
Systems

Humans can predict, explain, design and control, all without
benefit of science, much less theory. Perhaps what best char
acterizes scrence methodologically is its ability to get these ac-
frottres into external symbolic artifacts, available to all who

are “skilled in the art’.

—— Allen Newell[Newell, 1990]

In the previous chapter, we had a brief survey of computer systems. We
have also seen that if queries are to be answered at what we have been
calling the computational level, some principled way of representing
knowledge must be found as the representation of knowledge has a
bearing on what can be answered. The nearest and more or less perfect
model for the knowledge representation that can be aimed at, is the
human mind. However, the nature of information we carry in our head
is not still very clear to us. We know a lot about various “things”, about
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their various “aspects” in various “ways”. In the physical world, these
things can roughly be classified as objects or actors or events or ,states
Various aspects can be classified as their characteristics or attributes:
which have various dimensions like time, space, colour, participants
ete. To arrive at the model of the biological information system let
us position a human being living in this world in the centre and start

analysing things from his viewpoint.
The two worlds of importance to him are the internal world (mental
world) and the external world.

He being a living creature, has a goal/, a mission to survive not only as
an individual but as a species.

He has basic needs: food, shelter, reproduction and happiness,

His behaviour can be described in two steps:

o Perceive(znput) the surrounding

o Act(output) to achieve his goals

Thus he is a performer (an actor or an agent) in this world. What he
goes through is his experience.

His performance improves by experiencing. He stores or memorizes his
experiences using some patierns. In his lifetime, he comes across vari-

ous situations - he perceives them, compares them with stored patterns
and performs accordingly. He thus learns from experience.

Pattern-matching can be considered as a basic operation in his internal
world.

The technique he follows for it is categorization. Categorizing things
into say good and bad, or friend and foe helps him in acting.

Now, let us look at the external world which surrounds him. The world
has a static aspect and a dynamic aspect. As far as static aspect is
concerned, the fundamental distinction can be made between livin
things like: creatures and plants, and non-living objects. Creatures ang
Plants are of many kinds.
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The nen-living things in nature are landseapes, viz.: mountains,v al-
leys, and planes, water reserviors like: rivers, lakes and oceans, various
substances like salts, metals, soils and objects like rocks, pebbles.

He perceives the external world through his sense organs. He also finds
a “kind” of his own. There are entities around him which are not objects
yet he can feel their existence (heat, light, force etc.).

He perceives the dynamic aspect of the world through changes in
the world. He also differentiates between the changes initiated by
agents{we call them acts) and changes not initiated by agents (we call

them happenings).

Thus Objects, Entities, Creatures(Agents), Plants, Acts and Happenings
can be considered as some of the primitive categories in his world

2.1.1 A Need to Communicate

His instincts make him go in search of food and he starts forming
various categories like good food and bad food. He survives on plants
and other creatures. He also looks for shelter to protect him.

To make things possible for him, he uses fools.

He has some special feeling for his species, he also has a need for
entertainment and reproduction. He needs co-operation from members

of his own kind(people).

Thus he faces the problem of “How to inform?”

He starts communicating through jestures to start with. However as
pointed out by many, this communication is limited to just “here and
now”. He also needs co-operation at mental level, for learning. He
needs an ability to share experiences, feelings and thoughts. And he
discovers a tool, viz.: language for this socialization.
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2.1.2 Identifiers and Classes

If the thing he is talking about is present, he can point at it. In its
absence, he has to name it, to :dentify it. There is a necessity for
naming various objects. However, if each thing is given a name, there
will be too many names, to be known mutually. He finds it convenient
to categorize things based on similarity and family resemblance, and
refer to them by their class names; they become Primitives. He uses
the naming technique sparingly, for instances of things.

2.1.3 Attributes

This human can now talk about anything as belonging to the class.
However, to make it identifiable or unique in a given context. some
extra things are to be specified about that thing, we call them proper-
ties. Thus fat, warm, simple ete. are properties of various things. In
communication, how to convey maximum information with minimum
efforts is always a concern. So he divides the properties into orthogonal
groups in such a way that properties in cne group are more or less inde-
pendent of properties in another group and properties within the group
are mutually exclusive, we call these groups attributes. The attributes
colour, size, shape, weight are examples of such attributes. The at-
tribute colour contains members red, black, yellow ete. The advantage
of dividing, properties into such groups is two fold:

¢ Specifying one of the properties in a group, eliminates object's
chance of having any other property in that group.

s For the same object, one can specify many properties, each from a
different group.

2.1.4 Relationships

Many times, he feels a need to talk about not individuals but the struc-
tures of which individuals are elements. Various kinds of meaningful
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connections among elements are captured, we call them relationships.

Relationships are

e Spatial (corresponding to linguistic symbols: on, after, away)

o Temporal (corresponding to linguistic symbols: since, after, when)
¢ Taxonomical (corresponding to is-a in computer science)

e Partonomic (corresponding to pari-of in computer science)

o Possessive (corresponding to kas-a in computer science)

Thus properties and relationships are two more primitive categories

2.1.5 Grammar

Using all these symbols, he has to form adescription and also make sure
that other person gets its meaning. This, he realizes, will be possible
only if he follows mutually known conventions, a system, we call this
system grammar. The ability to describe things in turn gives rise to

higher level complex concepts.

2.1.6 Learning to Communicate
He sees to it that the newer members of the community(children) are

initiated into this system. Once these community members are initiated

into this system, progressively they get familiar with concepts and
grammars and they start using and understanding descriptions.

2.1.7 Domains

The exchange of information with fellow members of his class makes
him knowledgeable. (Knowledge is the information he has that he can
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put to use). As knowledge increases, he categorizes it into various
domains hke Business, Religion, Sports, Travel eic..

2.1.8 Artifacts

His progress leads to creation of another kind of objects, (artifacts) to
serve some purpose. They include tools, machines, locomotives and

structures like buildings.

At mental level also, there were categories for various feelings, opinions,
states ete.(This becomes our mental plane.)

His language acts as an interface binding the two world, internal and
external. The objects created using a language give rise to another
world - the world.of information(This becomes our discourse plane.
The objects in this world are also categorized into classes like words,
utterances, sentences. (One categorization of sentences according to

purposes they have to serve is called speech acts.

2.2 Role of Language in providing Second
Level Representation

Use of a language makes many other things possible. One of the two
tools that was responsible for the revolutionary progress of mankind is

language.

Language is a symbol system that works within human capabilities.
Language provides us with the following:

e A set of “meaningful” symbols

o A set of ways of forming “meaningful” compositions using these
symbols.
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Language builds our conceptual frame of mind. The key to abstractions
or categorizations or groupings made by humans is through language
as abstractions, categories and groupings of interest are retained in the
language as lexical units(words).

The words of a language are stable, universal, meaningful and atempo-
ral concepts for the community that uses them. They make the social
interaction possible among people. We also know words are optimiza-
tion devices. It is said “A picture is worth thousand words”. Certain
words have such powerful associations that we can say “Sometimes a

word 1s worth thousand pictures”.

Here by doing some reverse engineering, we try to identify capabilities
of the brain from what it does. We would like to put forward some

conjectures:

Conjecture 1

Ability to build a structure, name it, store it and get it as one
single unit must be fundamental to the brain. Natural language
development must have taken place accordingly.

Conjecture 2

Human brain retrieves things in two ways:

* By direct, straightforward retrieval

« Through retrieval of a symbol or a set of symbols which
opens up a whole new structure called chunk which in turn
unlocks further information.

Conjecture 3

The necessity of naming is essentially the outcome of this ar-
chitecture,
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(Note: The idea of chunks is basically derived from these three con-
jectures. Researchers have earlier used this word to describe human
memory. For our purpose, we define chunk as any structure consisting
of two parts: title and contents. Title serves as a handle to pick up
contents. Chunks can be organized into structures recursively. )

Conjecture 4

Human memory is basically of four kinds: short term, long term,
buffered memory and priority memory.

One division within human-memory-storage which has been extremely
influential is a distinction between short-term memory (STM) and long-
term memory(LTM). An example often given is the difference between
remembering a telephone number you have just looked up for long
enough to dial it and recalling an incident from your childhood. Miller
[Miller, 1956] in a very influential paper The magical number seven,
plus or minus two points out that it does not matter what size the
chunks that have to be stored in STM are. Apart from short term and
long term memories, we assume two more kinds.

Priority memory is the memory which holds a person’s interest, fears,
ambition, goals etc.

An introduction is perhaps in place for the buffer memory. Human
being in conscious state is continuously experiencing the world. He
is observing, trying, analyzing, learning. He learns various skills like
drawing, dancing, singing, playing. He learns by mistakes and by
being told about various things. The experiences collected during the
conscious state which typically last for a day, are put in the buffer
memory as they come i.e. they are ordered temporally.

The human system alternately goes through the conscious state and
the unconscious state (hybernation). In hybernation, the system has
available, immediate experiences, i.e. what it has gone through, and it
tries to assimilate these experiences by putting them in “proper place”
with some triggers or index terms which eventually are used as *han-
dles” to pick the information in future. At times new rules are formed,
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new ideas are created, earlier ideas are strengthened, weakened or
modified, and so on. ’

In the conscious state, the store can be accessed only through triggers
and indices. It is only in unconscious state that we have much more

exposure.

Long term organization is achieved by picking things that are new and
putting them in proper place.

Two supporting evidences for the buffer memory are:

o People write diaries at the end of the day, just before going to sleep
and they can capture the day's activities in chronological order in’
minute details. However after 4-5 days, it is almost impossible to
remember those details.

e Last minute preparations for examinations help students a lot!

(Note: This idea should be incorporated in the knowledge-driven sys-
iems  The structures built should have expiry time depending upon
their usefulness. We make 1t a feature of the information structure.)

We assume the human information storage to be basically semantic.
The nature and structure of incoming information and the contents
of priority memory affect the storage organization. There are various
clusters corresponding to lists, sets, and trees in the store. Access is
thus restricted by the nature of the storage.

Conjecture 5
The architecture of human information system is general and

uniform. Just as LISP has list as its only structure avai
: vail
the brain has chunks! able,

!Perhaps dreams are the bye-products of this information churning. The dreams
may not be totally random. They may have something to do with what is in our
priority memory - our interests, fears, ambitions etc. and the e j
gone through. xXperiences we have
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2.3 Importance of the Concept Base

Concepts are the building blocks of thoughts. Most of the words in a
language essentially provide ‘names’ for the concepts. Words in the
vocabulary of a language are more or less expressions standing for

individual concepts.

2.4 Importance of Discourses - Knowledge
Representation with the Help of

Language

The mappings of knowledge structures at mental level that are directly
accessible to observations and analysis are the methods and techniques
of information organization which the world of printing technology has
given us. (We, have proposed a methodology in Chapter 7, which uses
the text-books on a subject as a resource to be used in the development

of knowledge about the subject.)

Conjecture 6

The various kinds of structures we, human beings have in-
vented like [ists, tables, trees, networks, frames, etc are just com-
pression techniques and optimization techniques (syntactic de-
vices). Rules, procedures, scripts, prototypes and episodes are, on the
other hand, semantic devices; they serve different purposes.

(In Chapter 8, we show how by treating structures as transformations
performed on descriptions, we can associate interpretations with them.)

Conjecture 7

The structure of the input affects structure inside a knowledge-
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based system.

(We use this principle in Chapter 7, while getting knowledge structures
from printed text.)

2.4.1 Knowledge Structures and Incremental
Knowledge

Knowledge is incremently added to a system. Here I would like to com-
pare information structures in the system to trees in a forest. A forest
grows as follows; to start with there are very few trees distributed over
a large area. As years pass by, the trees grow, change their charac-
teristics. If environment is favourable, new trees come into existence

Information system is like a forest.

About the placement of incremental information we put forward the

following conjecture:

Conjecture 8

Proper placement of information is guided by

e Principle of maximum relevance
e Principle of minimum conflict

¢ Set of beliefs

¢ Principle of rationality

(We suggest using fopic and aspect of the description to get an approxi-
mate match using semantic distances among concepts.)
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Information Search

Over the years, we have tied ourselves up with an architecture where
the operands and operators are required to be fetched into the central
processing unit to execute an operation. At times, the operations in-
volve scanning the entire structures. Does it mean that there is a lot of
transfer of knowledge structures in the brain? We don’t think so. It will
be a very inefficient operation. Long term memory is quite stable and
its structures are too huge to be transported along with all their links
for processing. The best thing will be to inspect them in their place.
The operations required to be performed on knowledge structures aren’t
many compared to vast number of structures present in a human infor-
mation system. To give an analogy, we use a search-light all over to get
clues and when we get the clues, we look at those structures minutely
to see if they are relevant. (In chapter 8, we talk about the Two phas‘e
matching protocol which essentially explains this phenomenon.)

2.5 Characteristics of Organization of
Knowledge by Biological Systems

Our analysis of biological systems ends in characterizing them as fol-

lows:

e Information is organized into chunks of some kinds.

e Chunks are of different sizes.

e One should be able to handle the smallest unit {(one property of
one object).

¢ Retrieval can be in chunks - whole object, whole event etc.
e Not all chunks are equally accessible.

The way information is stored determines what is accessible for
given input.
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e Information may be available in single step or multiple steps.

o Only a few handles are available for chunks therefore scanning
and checking is required.

» Retrieval can be deliberate, through meta-knowledge , multiple
scanning and searching or direct through proximity.

2.6 Functionalities Expected from a
Symbol System

In “Computation & Cognition: Toward a foundation of Cognitive Sci-
ence” Pylyshyn[Pylyshyn, 1984] claims that cognition is essentially
computation. He used the word cognizer for both computers as wel]
as human beings.

We quote him here:

¢ One of the main things cogruzers have in common s, they act on
the basis of ‘representations’.
How is it possible for a physical system to act on the basis of
‘knowledge of objects and relations to which the system is not
causally connected in the correct way?

They instantiate such representations physically as cognitive codes
and that their behaviour is a causal consequence of operations
carried out on these codes.

o What it would be to use such models in a principled way to pro-
vide rigorous explanations as opposed to merely mimickin g certain
observed behaviours?

e In order that a computer program be viewed s ¢ literal model
of cognition, the program must correspond to the process people
actually perform at a sufficiently fine and theoretically motivater
level of resolution.
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To conclude that the model and the organism are carrying out the
same process, we must Linpose independent constraints on what
counts as the same process. This requires a principled notion of
strong equivalence of processes.

Choosing a set of basic operations is tantamount to choosing an ap-
propriate level of comparison, one that defines strong equivalence.

Explanations are relative fo particular vocabularies.

Computation is the only detailed hypothesis available for explain-
ing how it is possible for a physical system to exhibit regularities
that must be explained as ‘rule following’: or even as being gov-
erned by goals and beliefs. Cognitive science rests on the founda-
tional assumption that there exists a natural set of generalizations
that can be captured by using such cognitive terms.”

To summarize the discussion, the symbol system should have

Ability to represent a symbol

Compose a structure out of symbols

Should pick up a structure by name

Find an appropriate place for the symbol

Establish relevant connections with other symbols
Do some operations on a set of symbols to get result
Ability to represent a result

Establish relations among symbols

Compare two structures of symbols

Extract symbols from a structure

Search/select structure satisfying a criteria
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o Decompose symbols of a structure

Most of our computer languages do provide these functionalities. Thus
we can say that the functional architecture of a computer is sufficient
to make it a system resembling cognitive system.

In the next chapter, we will talk about entities in the computer plane
and whether the computer formalisms are adequate to represent the

knowledge of the real world.
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Chapter 3

The World of Computers:
Review

3.1 A Brief History of Progress

Computers are hierarchies of abstractions built upon elec-
tronic instantiations of Turing machines. This is a new and
startling leap in a fairly long intellectual quest. Symbol sys-
tems and thought have co-evolved ever since human beings
boosted its collective intelligence by creating and communi-
cating more powerful mental representations. The conver
gence of mathematics and technology that made computers
possible was the genests of a new phase in intellectual co-

evolution.

——Jean-Louis Gassee[Gassee, 1990)

In the study of any ‘world’, some time must be spent trying to under-
stand the fundamental entities and the relationships between them It
is difficult to do justice to all the computer-related work done during
last 40 years, published in hundreds of journals and conferences It can
be summarised as Computer technology works towards changing
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the role of a computer as a tool to the role of the computer as a
partner to human beings. This partnership is achieved by increas-
ing the capacity (speed, storage), widening the application coverage,
providing explanations (theory), reducing size of the machine, improv-
ing connectivity, making it easy to design, program and maintain the
systems by providing higher level languages, tools, support, and last
but not least bringing them closer to human-beings (user-friendly in-

terfaces, multimedia-applications).

The field of computer technology is divided into various sub-fields(domains):

databases, graphics, networking, programming languages, computer
architecture, operating systems, theoretical computer science, and cog-

nitive science.

In this study, we will be primarily focusing on computer languages, and
various formalisms that are used to manipulate knowledge.

3.2 Computer Languages

The languages in the computer plane can be divided into following
kinds, depending upon the function they serve.

o Algorithmic Languages
o Representation languages

e Data Manipulation Languages
e Query Languages

Algorithmic languages are used to write programs to get some job done.
FORTRAN, COBOL, Pascal, Simula, Algol, Bliss, Programming Lan-
guage C are some of the examples of these languages. Programming
languagess provide operations to manipulate representations. Pro-
gramming languages distinguish two major categories: data and pro-
gram. (Data may be embedded in a program module or it is stored

separately on the secondary storage.)
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One of the powerful tools that programming languages use (which is
the fundamental idea behind algebra) is the mechanism of a variable:
a token that symbolizes the value of an unknown quantity.

Various programming paradigms make programming easier by advo-
cating division of tasks into subtasks, by advocating structured pro-
gramming, by providing facility for handling data depending upon the
kind(type), and by hiding some Jow-level details and managing them

internally.

Programmer, typically with a particular job in hand, presumably has
some idea of the method that will be followed. A program is just a set
of instructions. The scope of the instructions is limited to the world of
computers only. For example, the instructions access various cells in
the computer to get their contents, perform some operations on these

contents and put them back.

Since. it is the programmer, who using his mental plane and discourse
plane understands the problem (hopefully) and maps it as a set of in-
structions, the model of its behaviour is in the mind of the programmer.
The program cannot be used to explain its behaviour, to explain why
the instructions are to be carried out 1n one particular way and not
another and therefore it is very difficult to find whether the system 1s

doing what it is intended to do.

The only explanation to why the program does a particular
thing in a particular way is that the human behind the scene
has modelled the situation in that way.

The only criteria for correctness of such systems is their input-output
behaviour. But input/output behaviour for an open-ended system like
real world with infinite classes and infinite objects is very difficult to

certify even after exhaustive testing. Thus explaining the system, prov-
ing that the system is correct, and modifying the system all the three

tasks become problematic.
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3.2.1 Representation languages

Knowledge Representation languages attempt to provide descriptions
of real-world situations. Rule-based languages, First-Order-Predicate-
Calculus-based languages, languages for writing production systems
ete, are examples of these languages. These languages presumably al-
low us to represent real-world situation, the objects in the real-world,
their attributes and relationships among objects as well as descriptions
They support inference mechanism to get implicit knowledge from ex-

plicit knowledge.

3.2.2 Data Manipulation Languages

Data manipulation languages, are supposed to work on data in a database
Database technology emerged to manage large amount of shared infor-
mation using large, shared data structures, stored on secondary stor-
age, accessed concurrently by multiple users and possibly distributed

over several machines and locations.

These languages are generally provided with DBMS software. A Data
Base Management systems (DBMS) is the software that allows one
or more persons to use and/or modify the data stored more or less
permanently. This software is different from simple programs because
it gives users the ability to store and use data definitions. A major
purpose of a DBMS system is to provide users with an abstract view
The system hides certain details about how the data is stored and
maintained. This is achieved by defining three levels at which database
may be defined and viewed, viz., conceptual, logical and physical

The data stored in databases is generally large and accessed simul-
taneously by many users. DBMS systems search information which
is stored explicitly, there ts no reasoning; Information is formatted,
regular, explicit; and queries are stereotype. There have been three
database supported structures, viz., Hierarchical, Network, Relational
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3.2.3 Query Languages

Various design alternatives exist to build user interfaces. Following
are the different kinds of user interfaces with their relative merits and

demerits.

e Menu Selection: The user reads a list of items, selects the one most
appropriate to his task, applies the syntax to indicate his selection,
confirms the choice, initiates the action, and observes the effect If
the terminology and meaning of the items are understandable and
distinct, then the user can accomplish his task with little learning
or memorisation and few key strokes.

Form Fill-in: When data entry is required, menu selection usu-
ally becomes cumbersome, and form fill-in(also called fill-in-the-
blanks) is appropriate. Users see a display of related fields, move
a cursor among the fields, and enter data where desired.

« Command Languages: For frequent users command languages
provide a strong feeling of contrel and initiative. The users learn
syntax and can often express complex possibilities rapidly, without

having to read distracting prompts.

Direct Manipulation: When a clever designer can create a vi-
sual representation of the world of action, the users’ task can be
greatly simplified by allowing direct manipulation of the objects
of interest. Examples include display editors, LOTUS 1-2-3, air
traffic control systems, and video games. By pointing at visual
representations of objects and actions, users can rapidly carry out
tasks and immediately observe the results. Keyboard entry of
commands or menu choices is replaced by cursor motion devices
to select from a visible set of objects and actions.

Before commenting on the mechanisms provided in the computer world

to represent knowledge, let us mention some of the theoretical under-
pinnings.
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3.3 Theoretical aspects

3.3.1 Computability

Alan Turing invented what is now known as Turing machine and
formed a test of computability. He showed that the most complex of
algorithms can be reduced to manipulations on strings of symbols by a
Turing machine. The Turing thesis is that an abstract computational
engine (The Turing Machine) can compute anything that is computable.

What is interesting about Turing’s work from our point of view is that. to
derive these results concerning the limits and universality of formaliza-
tion, it was necessary o understand the notions of proof and deduction
in a formal system in terms of manipulation of symbol tokens or marks
on a piece of paper, where the manipulation is specified “mechanisti-
cally” in a manner entirely independent of the way the symbols might

be interpreted.

3.3.2 Relational Model

Database management is all about mapping the informal real world
into some formal machine representation. Codd’s great contribution
was that he developed a useful formal model - formal and hence mech-
anizable and hence usable as a basis for our computerized database
systems. But a formal model is only useful to the extent that it has
some reasonable mapping to the informal real world - i.e. to the ex-
tent that its formal constructs correspond in some reasonable way to

relevant aspects of reality.

The relational model is a way of looking at data- that is. it
is a prescription for a way of representing data (namely by
means of tables), und a prescription for a way of manipulat-
ing that representation. More precisely the relational model
is concerned with three aspects of data: data structuring.
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data integrity and data manipulation.

— Date [Date, 1993]

Among the numerous advantages of “going relational”, there
is one in particularthat is the existence of a sound theoretical

base.

. relational really is different. It is different because it is not
ad hoc. Older systems were ad hoc; they may have provided
solutions to certain important problems of their day, but they
did not rest on any solid theoretical base. Relational systems.
by contrast, do rest on such a base... which means that {they]
are rock solid.

Thanks to this sound foundation, relational systems behave
in well-defined ways; and (possibly without realizing the fact)
users have a simple model of that behaviour in their mind,
one that enables them to predict with confidence what the sys-
tem will do in any given situation. There are (or should be)
no surprises. This predictability means that user interfaces
are easy to understand, document, teach, learn, use and re-

member.

—- Date [Date, 1990]

3.3.3 A Uniform Technical Framework - LISP

John MecCarthy[McCarthy, 1971] designed LISP as a technical frame-
work, for the construction of systems that build up a knowledge base
incremently and that reason with respect to that knowledge base. LISP
is to a large extent a functional language rather than a statement ori-
ented one. LISP has its fundamental basis in recursive function theory

There is a provision to define functions recursively.
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The only data structure that is used in LISP is list. LISP was the first
high level programming language in which the internal representation
of the program is defined to be exactly the same as that of the data; this
makes it possible for a program X to create and execute a program Y or

to operate upon itself.

3.3.4 Resolution Principle

Robinson’s resolution principle led to new and general-purpose theorem
provers. Resolution is a rule of inference - that is, it tells us how
one proposition can follow from others. Using the resolution principle,
we can prove theorems in a purely mechanical way from our axioms
We only have to decide which propositions to apply it to, and valid
conclusions will be produced automatically.

Resolution is designed to work with formulae in clausal form. Given
two clauses related in an appropriate way, it will generate a new clause
that is a consequence of them. The basic idea is that if the same atomic
formula appears both on the left hand side of one clanse and the right
hand side of another, then the clause obtained by fitting together the
two clauses, missing out the duplicated formula, follows from them.

3.3.5 The Knowledge Level Approach

The term ‘Knowledge level’ was introduced by Newell[Newell, 1982) to
describe a system/agent as if it possesses certain knowledge. Without
making commitments about representation or implementation issues
more precisely, a Knowledge level model, according to Newell, is a madel
of behaviour in terms of the Knowledge and goals the agent has and
the actions the agent can perform. The agent is driven by the principle
of rationality, that is, it selects actions that it expects will lead to the
satisfaction of its goals. Such a knowledge level model is essentially
aimed at explaining why the agent behaves in certain ways.

Tasks describe what should be done(the goals, subgoeal), problem solv-
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ing methods describe how goals can be achieved and domain models
describe knowledge that is required.

3.4 Knowledge Representation and
Computer World

Knowledge and Representation are equally important concepts for de-
signing and analysing knowledge-based systems. Knowledge describes
what systems do, and representations are how they do it. Knowledge-
based systems can be designed that utilize multiple knowledge sources
partitioned into different types or levels of abstraction and multiple
representations (specialized for particular inferences).

Knowledge is a description of the world (determines a system’s com-
petence). Representation is a way Knowledge is encoded(determines

performance, speed and efficiency).

Knowledge can usefully be partitioned into multiple sources in several
ways, including by level of abstraction and by type. Different represen-
tations make different types of inferences apparent.

Knowledge is a description of the what, how and why of the world.

Different levels of knowledge use different ontologies for describing the
world, With multiple levels of abstraction, problems can be solved at

the appropriate level of detail.

3.5 Formalisms for Representing
Knowledge
3.5.1 Production System

Planner, production systems and other such languages, allow general
assertions to be expressed as content-specific rules of inference. Pro-
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duction systems have been proposed as general models of cognitive ar-
chitecture {Anderson, 1983}, [Newell, 1990], and as a way to represent

human expertise in computer programs.

In production systems, knowledge is encoded in a large body of condi-
tional rules (productions) that are invoked by the specific contents of

working memory.

A production system consists of a set of productions, each consisting of a
set of conditions and a set of actions. At each moment, the conditions of
all productions are matched against the elements of a temporary work-
ing memory, and those productions that are satisfied, execute putting
new elements into working memory.

3.5.2 Schema-based Formalisms

One way of dealing with data is to categorize and sub-categorize it
Types are summary descriptions that may be viewed as encoding the
agent’s belief that there are objects in the physical world that conform
to those descriptions and that these descriptions may be used to make

inferences about objects.
Thus types serve two important purposes. They help structure and or-
ganize the knowledge about tokens so that the “quantum” of knowledge

remains within manageable bounds and more importantly, they provide
the basis for inductive learning and the encoding of abstractions.

According to the psychological notion of a schema from which the frame
construct has evolved, frame describes the semantic context of the con-
cept it stands for. For this purpose, some of the slots which make up a
frame, as well as their slot entries, refer to other frames.

These frames represent concepts the first frame is strongly associated
with and this forms its semantic context.

Qlots which do not refer to other frames simply stand for some property
domains and their entries for actual properties.
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3.5.3 Semantic Networks

Semantic networks express knowledge in terms of concepts, their prop-
erties and the hierarchical sub/superciass relationship among concepts.
Each concept is represented by a node and the hierarchical relationship
between concepts 1s depicted by connecting appropriate concept nodes
via is-a or instance-of links. Nodes at the lowest levels in the is-¢ hi-
erarchy denote individuals (tokens) while nodes at higher level denote
classes or categories of individuals (types). Concepts get more abstract
as one moves up the is-a hierarchy. Properties are also represented by
nodes and the fact that a property applies to a concept is represented
by connecting the property node and the concept node via an appro-
priately labelled link. Typically, a property is attached at the highest
concept in the conceptual hierarchy to which the property applies and
if a property is attached to a node C, it is assumed that it applies to all

nodes that are descendents of C.

Inheritance is the form of reasoning that leads an agent to infer prop-
erties of a concept based on the properties of its ancestors.

Recognition seeks a concept that has some specified property value.

3.5.4 FOPC (First Order Predicate Calculus)based
Systems

Logic was originally devised as a way of representing the form of argu-
ments, so that it wounld be possible to check in a formal way whether
or not they were valid. Thus we can use logic to express prepositions
(Prepositions are statements that are either true or false), the relations
between prepositions and how one can validly infer some propositions
from others. Predicate Calculus is one form in which logic can be ex-

pressed.

Propositions about the world are expressed by describing the objects
that are involved in them. In predicate calculus, we represent objects by
terms. The relationships between objects are expressed using predicate
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symbols. The program consists of collection of facts and rules. Each fact
or rule states an independent truth, independent of what other facts
and rules there may be. Inference mechanism is provided to derive
other facts from the given facts and rules.

3.5.5 The Object-oriented Environment

Object-oriented approach is a software design and development ap-
proach incorporating several sophisticated and efficient mechanisms
that provide an organizational framework for the development of large
and complex software projects. In comparison to traditional structured
programming techniques, the object-oriented programming improves
development of software systems by facilitating better factoring of func-

tionality and related data.

The object-oriented programming approach provides a level of abstrac-
tion for software design and development, where data is encapsulated
in objects and messages are used to manipulate the data.

3.5.6 Connectionist Formalism

Connectionist networks are made up of active elements that are capable
of performing simple processing. These units have very high ‘fan-ins’
and “fan-outs’ and communicate with the rest of the network by trans-
mitting a simple value. A unit transmits the same value to all units to
which it is connected. The output value is closely related to the unit’s
internal potential and is best described as a level of activation. A unit's
potential is a function of the amount of activation the unit has been
receiving from other units. All inputs are weighted and combined in
a manner specified by the potential function in order to update unit’s

potential.

A network consists of a large number of units connected to a large
number of other units via links. The units are computational entities
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3.6 Conclusion

The representation schemes we have described here cannot be used
for representing knowledge as they are at altogether different levels of
abstraction. We quote here Date who has written about the difference
between the two kinds of modelling in the context of databases.

The term data model is used in the literature to denote two
quite distinct concepts, at two qutte different levels of abstrac-
tion (and it is this fact that accounts for much of the confusion
that surrounds the tssue.)

Type I data model is a formal system, involving three com-

ponents, namely a structural component, an integrity compo-
nent, and a manipulative component. These components can

be applied to the problems of any spectfic enterprise or orga-
nization, note carefully, however, that a type I data model, in

and of itself has nothing to do with any such specific enter-
prize or organization/Date, 1990].
The relational model is a type I model.

Type 2 data model by contrast, is a model of some specific en-
terprise or organization, L.e. , it is essentially, just a database
design. In other words, atype?2 model takes the facilities pro-
vided by some type 1 model and applies them to some specific

problem.

—- Date C. J. [Date, 1993]

To build a knowledge-driven system what we need is a type 2 model. In
the subsequent chapter, we will be presenting our views about existing
representation formalisms both on computer plane and discourse plane.
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Chapter 4

Design Considerations

4.1 Introduction

The distinction of toy versus reual tasks is not solely the dis-
tinction between basic and applied research. Tasks taken
from the real world, performed by intelligent humans as
part of their working lives, carry a prima facie guarantee
of demanding appropriate intelligent activity by systems that
would perform them. It can be argued that such tasks are the
appropriate ones for Al to work on, even if the goal is basic

research.

———— Allen Newell[Newell, 1982)

We cannot continue to build programs that we hope will scale
up. We must scale them up ourselves.

Schank R. C.[Schank, 1991]

The construction of large, knowledge-driven applications is a complex
task that comprises a number of activities and involves various partici-
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pants. Not only should the components -knowledge acquisition, knowl-
edge representation and knowledge retrieval work well individt;ally but
they should work in co-operation with one another and also with the hu

mans who are the creators, mentors and beneficiaries of these systems-
To meet this requirement, it is mandatory that both the system and
people understand each other’s language. If they speak different lan-
guages, then either people have to understand the system’s language or
the system has to understand people’s language. Currently, people are
expected to understand system’s language; not only system’s language

but alsoe its implementation details,

Designers of knowledge-based systems should understand that people
and tasks come first. The primary objective of a Knowledge-based
system should be to supply relevant knowledge to users who ask for it

in a way they understand it.

4.2 What can we inherit from Biological
Information Systems

We all know that symbol-processing systems of today are far from sat-

isfactory. Their performance doesn’t match their potential,

The failure of these systems can be attributed to a certain extent to the
usage of ancient methods - the methods that were used to tackle the
problems of a different kind. Earlier tasks handled by computers had
a formal base. Underlying formalisms were known; they were mostly

from well-disciplined domains. Peoplfe explicitly knew the methods and
therefore could write algorithms which could eventually be converted

into programs.
Another cause of failure can be the insensitivity to the characteristics

of both Biological Information systems and Computer-based systems.
While describing the architecture of “the connection machine,” W Danie]
Hillis criticizes the computer systems by saying that they are ignoring
sics. He emphasizes that they should take the princi-

the laws of phy . .
“effect of localization” into consideration. We

ples of physics such as the
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do agree with him. However we feel we should not stop there While
mimicking the brain, in order to exhibit the flexibility with which it
processes 1nformation, designers of computer systems should take into
account the capabilities and functionalities of living organisms ta0
Artificial life 1s still beyond our reach. Thus we should take into consid-
eration the tools developed by the hving-organisms and the limitations
of non-living machines like computers and see where and how we can
improve the performance and make up for the “life” which they don’t

have!

Connectionist mechanism models brain at an all together different
level, at physical level and not at the knowledge level. We cannot
do the way things happen in nature, but we can understand (hopefully)
the principle, follow a different path, and achieve the same results The
success of the formalism will depend upon how well it corresponds to

the real-life situation.

4.3 Role of Language

Noam ChomskylChomsky, 1975] called language “The mirror of mind”
Language characterizes the input and output behaviour of the human
information system. Over the years, language developed as a commu-
nication medium, but according to us, it is the role of language as a
representation medium that has made the progress of mankind

possible.

Language builds our conceptual frame of mind. Words of a language
are stable, universal, meaningful and atemporal units. They represent
concepts for the community that uses them. They make the sacial

interaction possible among people.

The conceptualizations provided by a language essentially pro-

vide a framework for the language-using community for infor-

mation representation, acquisition and retrieval.

QOur proposed framework - the concept-base essentially is expected to
take this role for knowledge-driven systems.

53



We strongly feel, that natural Janguage should be used not onl
at the interface level, but at the representation level as well Y

4.4 Problems with a Natural Language as a
Representation Language

However, using natural language at the representation level presents
many problems. The problems can be characterized as problems due to
blems due to fuzziness of symbols, problems with context

ambiguity, pro
problems with idiosyncrasies of the language (too many

sensitivity and
usages).

4.5 Alternative - Formal Languages

ms due to natural languages was to use a
different class of languages, formal languages with computers. These
languages are not context sensitive, they are precise. People soon dis-
covered different kinds of problems with them. These problems can be
characterised as lack of expressibility for human beings, narrowing of
domain, limited scope and lack of universality.

ot adhere to the conceptual basis pro-
ges. They have limited semantics.

One way to avoid the proble

Formal languages do n
vided by natural langua

4,6 Why Semantics?

The need for semantics for representation language is very much agreed
concrete specification of the meaning of a nota-

upon. Without some COUE o | he 1
tional convention, whit 18 implied by an expression in that language is
ons to other notational systems are impossi-

unclear, and the comp:11SonS _
ble Without this there 18 no independent way of knowing whether the
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conclusions drawn by the program are correct or complete.

As Putnam says in Representation and Reality

{1 computer-based system representsa real-world situation. If the syste

is representational, so that regularities in its behaviour can be captufciz
only by referring to the content of its representation, then the rules must
have the property that those that apply to a particular code or state will
appear to depend on what it is code for, or, to cast it in the terms I used

“respect the semantic interpretations [Putnam, 1988].

4.7 Natural Language as a Universal and
Stable System for Representing

Knowledge

amental assumption that behind the ap-

Our work is based on the fund
| languages, hes a fundamentally sound

parent idiosyncrasies of natura

and stable system.
At the montal level, concepls are the building blocks of thoughts. Hu-
man beings verbalize their thoughts through natural languages. The

basis of language, a* ! form of communication, 1s the mediation of
|. Natural languages have words that name

agreed signs or symbw
i. for concepts makes it possible to give a

the concepts. [7sv af WiT pts ]
social meaning 10 roncepts. Communicating through language is an
optimization technique. With the help of the stable units(words), a
mechanism to compost structures dynamically using an agreed upon
conventionigrammairt, and associating agreed upon meanings(roles) to

the compositions, human beings are able to generate infinite descrip-
tions using finite means.

To quote [Rosch, 1978

mental representation of classes and their most

Conceplts are rese al
i function ts to promote cognitive economy.

tmportant sofoe
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We feel words from natural |
ord anguages, standing for
b.e-the bmlc!mg blocks for computer-based systgms acsor:&?:ﬁtS]CShould
sition techniques of natural languages must be studied an-d Omlp‘o-
used in

knowledge-driven systems.

After a1l the natural language has been an effective com icati
medl.um for centuries for human beings. The presence I?umcat]on
ambiguities in the surface form of a language can be ati ‘_;pl}c)arent
among other things, optimising transformations that areIl ufed v,
bY human beings when they use a natural language to conIl)er Ormed
with other human beings. They optimise using contextual clumumcfdte
words in metaphoric way, using short-culs, etc . Natural lass, wros
were meant for communication among human beings an%u_a;ges
have to use them with computers, we have to formalize1 a‘::;

streamline them.

4.8 Why Formalization is Difficult

Formalization of a natural language 1s & dlfﬁcult task, because we
really do not know jse a language In a particular fashion
We humans learn these languages only through usage, by l1v1ng and
actively participating tf 4% environment where they are used. For
computers 1t 18 not possible 10 learn the conventions and connections in
the same way. 1f we wan! computers to be our pariners, in the sense that

can store our information, perform

they can have a dialogue with us,
some Operations on1t, g gave us what we want when we need it. then
b

externalization of the veonvention” is mandatory.
] language becomes problematic for a computer

why we

We feel that a natura
system, because,
veness a natural language gets is due to

ext-sensiti
non words 1t uses have many meanings

st caona
multi-class me

o Most of the cont
the fact that the
Alco words have

a natural Jangnage is me

mberships

o Bicnn ant for human to human commu-
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nication, whenever possible, it tries to take short-cuts.

e Situational context is taken into account and certain things are
omitted.

e As pointed out by Narasimhan [Narasimhan, 1981], we have to
take into account the language in use. Thus peculiarities of a
language should be taken care of.

e The problem of getting semantic interpretation of a natural lan-
guage utterance is difficult, because in a sentence, the structure
is flattened.

Sometimes identification of part-of-speech is difficult (especially
in case of English) in absence of syntactic markers.

4.9 What Needs to be Done?

The best option to solve the problem thus hinges on meeting the follow-

ing requirements:

o Formalization of Knowledge is necessary

e Earlier methodology based on ill-defined symbols (corresponding
to variable names) must be replaced by something based on con-
cepts. We see a need to provide a mechanism to convey a unique
sense of a word from among several senses.

Human and computer systems, their capabilities and limitations
should be taken into consideration to arrive at the model.

Externalization of knowledge is necessary. Generalization, ab-
straction and other connections should be provided. After all
concepts are not isolated units, they are inter-related. We shoulcl'
provide enough explicit knowledge about concepts to make them
correspond to unique senses.
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Streamlining of a natural language is a must. We also see the
need to add structure preserving punctuations and syntactic
markers to a natural language to make it suitable for knowledge-

driven systems.
Existing resources must be made use of

Language usage must be studied to understand intensions of var-
ious constructs. We do believe that the primary function of lan-
guage syntax is to help conveying the meaning of the sentence.
Thus many of the so-called peculiarities, can be traced down to
the efforts at disambiguating the meanings. (In chapter VI, we
will support this with some examples.)

We should build higher level concepts (terminoclogical bases) in
various disciplines on the top of this concept-base in modular fash-
lon. Navigation through these bases will be made possible if we

organize them properly.

A knowledge representation framework should provide ways and
means to the one who designs the knowledge base to state what
it is all about in an unambiguous way and the same convention
must be passed on to the users of the knowledge-base.

Even when information is of factual kind, a language for lexical
phrases to be used to represent the fact-base should be provided.
The query language and the language for lexical phrases both
should have the same interpretational base.

It is not enough to knov&{ that things are connected, it is also
necessary to know what kind of connection it is!

If we want system to be flexible(human-like), a mechanism to
retrieve information through a variety of means depending upon
what users find convenient at that point of time should be made

available.

We also should provide mechanism to change levels and granular-
ity of the unit under consideration, The erganization of informa.
tion should be transparent to the user
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» Knowledge is not only in symbols nor just in connections but in
both. Therefore a need for “A Unified Model for Concept Structur-

l'ng"'

4.10 Guiding Principles

The method we are proposing for the building of concept-base for knowledge-
driven systems is based on the following hypotheses:

1. Development of language dictionaries and encyclopedae in exist-
ing forms is to facilitate the concept organization in the brain.
Thus the structures that we find in dictionaries etc. explaining
various concepts may be isomorphic with the structures in the
brain. We observe that, dictionary definitions that capture mean-
ings are given in various ways: by equivalent words, by class
membership along with distinguishing features, by examples or
by descriptions. All of them can be abstracted as a single rela-
tionship between the word and the text giving its meaning viz.
relevance. Principle of relevance applies without exception and
plays an important role in the organization of information.

Ability to build a structure, name it and store, and get it as one
single unit must be fundamental to the brain. Natural language
development has taken place accordingly. The whole terminolog-
ical base can be built starting from the primitives and some basic

structuring mechanism.

The basic structuring mechanism can be based on chunks! For our
purpose, we define chunk as any structure consisting of two parts:
title and contents. Title serves as a handle to pick up contents.
The chunks can form a hierarchy.

4. The structures in incoming information influence structuring of
the internal information. (For example we can spell the words
only from left to right because that 1s the way we have acquired

them.)
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5. The structuring of internal information influences search for the

10.

information.

The incoming information is incremently stored in the brain to
make it maximally relevant to the existing structures and it fol-
lows

¢ The principle of economy
¢ The principle of minimum conflict

e The principle of maximum relevance
¢ The principle of tuning

There are two principal ways of retrieval: One is a low level pro-
cess - through proximity - based on topology. The reflexive think-
ing or perception works more or less in this way. The other way
is high level inferencing or deliberate retrieval which js based on
knowledge about the knowledge - meta-knowledge.

Even the low-level simple queries which do not invoive much
problem-solving need a different mechanism to get the relevant
information than syntactic pattern matching. Search based on
syntactic pattern matching is of little help in answering queries.

Knowledge organization based on intensions is like well-organized
text in text-books with titles and sub-titles and may help in gettin g
relevant information.

While finding relevant internal structure(s) corresponding to the
descriptionsin query, two major considerations are of importance:

e The organization of structure

¢ Relationships among individual words or phrases that de-
scribe the elements in the structure
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Chapter 5

Singlish - Streamlined
English

5.1 Introduction

In a very real sense, language is just an extension of our cyl.
ture, @ happy convention for the purpose of mutual commu-
nication. This shared context is essential for communication,
it enriches it, and it limits it. Language is not merely an out-
growth of our culture, a convention for living in that culture.
It is a fundamental determiner of our perspective. Our think-
ing is linguistic. Language is not only & medium for external
communication, but for internal communication, Planning,
decision making and problem solving at conscious level, '

—— Hilary Putnam[Putnam, 1988}

In previous chapters, we have explained why it is necessary to adopt the
conceptual system underlying a natural language. We have also seen
that the compositing descriptions using stable, meaningful concepts is
the only way to have an open ended scheme for forming descriptions In
this chapter, we will describe Streamlined English (Singlish), its need
its mechanisms and its advantages. ’ ety
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English is the world’s most widely-used language. It is the only lan-
guage’whlch is spoken all over the world and hence can be considered
as an international language. Therefore, we have selected English as a

language to streamline. In this chapter,

In this chapter, we will discuss the problems we face while parsing when
we use natural language as it is (language in use). To alleviat; these
problems, we suggest an approach of streamlining English to remove
structural ambiguities. We will take typical examples from a collection
of papers from Semantic Interpretation and the Resolution of Ambigu-
ity{Hirst, 1987] and show that most of the problems get eliminated

Finally we will compare our work with the other methods and describe
future work that needs to be done.
We rely heavily on ‘A Comprehensive Grammar for English Usage’ by

Quirk[Quirk et al, 1985] for English grammar as well as examples We
are also using Modern English Usage [Swan, 1980] for typical usages

5.2 QOverview of Basic English

We all use grammar whenever we speak or write. Grammar is the
system by which a language works.

English has several devices for putting words into meaningful combi-
nations. The three most important ones are word order, function words
and infections. Words fall into different categories. '

The term word category has be_en normally understood to refer to the
most general categories to which lexical items can be appropriately

assigned.

Linguists have often made a descriptive distinction between function(closed
class) words and content (open class) words. Function words do not
have a strong semantic content, but mark the beginning of syntactic
constituents or tie the constituents together. Content words do not
usually fulfil these roles but contribute mainly to meaning.
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Categories that fall into the closed class are preposition, pronoun, de-
terminer, conjunction, auxtliary-verb and primary-verb.

Categories that fall into the open class are noun, adjective, full verd,
and adverb.

Closed class items are also called ‘function words’, ‘grammatical words’
or ‘structure words’. They stress their function in the grammatical

sense, as structured markers.

Wh-words(who, why, where, how, when, what, whose) are used when it
is not known before what the item refers to, and so it needs to be stated

in full.
(for example: The place where Mary lives is London.)

5.2.1 Functions of Major Types of Words

The primary functions of the words belonging to various categories in

a sentence are as follows.

Type

function

. Nouns and pronouns
Naming

predicating(stating or asserting) verbs

s adjectives, adverbs
modifying ’
_ prepositions, conjunctions
connecting

5.2.2 Simple Sentences and Syntactic Roles

i t classes, we can form simpl
. elonging to dtffergn. : ' pte
Using the words b ntences are divided into four major syntactic

sentences. Though S€

63



types, viz. declarative, interrogative, imperative and exclamatiye we
will be dealing with only declarative sentences in this study. Sente;lces
can be simple or multiple. Simple sentences are traditionally divided

into two major parts: a subject and a predicate.

The subject is often described as the constituent defining the topic of
the sentence - that which the sentence is ‘about’.

Predicate is described as ‘what is asserted about the subject .

A simple sentence chiefly involves the elements having syntactic roles -
subject, verb, object, complement and adverbial. These roles are called

Parts of speech of a language.
Verd is the most central role in a sentence. It is easier to identify and
it determines what other elements may or must oceur 1n the clause.

Subject of the sentence is typically a noun (or np or a nominal clause)

It occurs before the verb It is obligatory (exceptinimperatives where 1t
t determines nuniber & person of the verb. Subject can be

15 tmphed). I
ce. It typically refers to information

considered as the topic of the senten

that is regarded by the speaker as given.

Objects can be direc! and indirect_. Objects are normally nouns (or a

nominal clause). In sentences, Objects follow subject and verd. If both
srect object comes before the direct object.

objects are present, ins
Adverbs refer to the circumstances of the situation. They come either
nd. or Just hefore the verb,

In the beginning or at the ¢
on 1s a function of the waord (or clause)} which fallows

Complementati : I . . '
subject, verb and objects(if any), and completes the specification of a
meaning relationship

Thus the five roles(functional categories) of clause constituents are

e subject (S)

o verh i\
ot object 1O+ and indroct ohiject 1O

e object () - dire
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o complement (C) - subject compl i
(CO)P ) omplement (Cs) and object complement
o adverbial (A) - subject related (As) and object related (Ao)

By eliminating the optional adverbs which form the background of th
sentence seven major clause types are established based on the pere:

missible combinations of the seven functional categoriess.

Major clause types are

¢ SV - intransitive

e SVO - monotransitive
e SVC - copular

SVA - copular

e SVOO - ditransitive

e SVOC - complex transitive

¢ SVOA - complex transitive

om [Quirk, 1985].

determined by the verb class(subcategory) to which
¢ erh classes require either different com-

+/, complete the meaning of the verb

(Note: The terminology 15 taken fr

The clause types are
the word belongs. 1nfier=nt 7
plementation (Od, O, Cs, Lo, At

or no complementation-

5.2.3 Mappings from One Category to Another:

Verbals

what a basic sentence means. Often, modifiers, connect-
4 to embellish the basic sentence pattern.

We have seen
g are usé '
1,1 us to expand basic sentences with

ing words and verbal
These words and word groups enil
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details and to combine basic sentences in ways that show the relation-
ships among ideas. Our writing gains variety, complexity, and -at the
and efficiency when we use these words and word
irk et al, 1985]. (A phrase is a group of words that
art of speech like subject, object etc. 1n a sentence.)

same time- clarity
groups(phrases)|Qu
is used as a single p
Before studying various phrases, let us look at verbals which are spe-
cial verb forms that have some of the characteristics and abihties of
verbs but cannot function as predicates by themselves. Verbs make an
assertion Verbals do not; they function as nouns or modifiers. There
are three kinds of verbals: Infinitives, participles, and gerunds.

5.2.4 Phrases

Instead of having single words belonging to those particular categories
(noun, verb ete), @ = ntence has noun phrases, verb phrases, adjective
phrases, adverh phrists of ;-repositiop phrases. Eac‘h phrase is named
after a class of words which has a primary and obligatory function in

1t.

The verb phrase and th¢
categories. The verp p_hr :
‘central’ and ‘indispensible

noun phrase are considered the most important
4sc symbolized as a V element, is the most

part of the clause.

more because of 1ts multipheity of func-

T ase is important .
he noun phr thi- clause constituents except V.

tions. It can function as any ol

he Phrases in General

R

Functions of Words i
tituent, to which other element

head , 2 central cons ’ nts

A 13111)r asethasazlaly added. Apart from the he: d, three other terms desig-

can be option ents within a phrase are, determination,

nating broad functions ol clem nes
modification and complementation-

. T f a part of a phrase (or clause) which

nis a function O ) . .

E?;nplemiitf;“;n 4 comp!ies the specification of a meaning relation-
ows a ’
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ship which that word implies.

Verb Phrase - VP or V

Verb phrases compose of two kinds of elements - auxiliary and main
verb. Main verb either stands alone or is preceded by upto four verbs

in an auxiliary function.
The identification of the verb element in general presents no problem
as this element can be realized only by a verb phrase. ’

Verb phrases can be either finite or infinite. In a finite verb phrase
only the first word is finite, subsequent words in the verb phrase aré
nonfinite. In a non-finite verb phrase, all verbs are nonfinite,

Following are the verb forms in English.

form type

base finite/infinite

-s form finite (is/arefam/were- finite)
-ing nonfinite

past tense finite

past participle nonfinite

Figure 5.1 Verb Forms

5.9.5 Semantic Roles of Various Syntactic Roles

Every sentence describes a situation in which a number of participants
are involved.
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Semantic Roles Taken by Subjects

o Subject as an actor
For example: He threw a ball from the balcony.

Subject as external causer, instrument, or inanimate causer
For example: A stone broke the glass.

o Subject as affected

For example: He felt nervous.

Subject as a recipient (with verbs have, O0Wn, possess, benefit
see, hear, taste, smell)

For example: I have a dog at home.

Positioner subject (with verbs sit, stand, lie, live stay, remam
stance words) For example: I am standing here for a long tim.. ,

Transitive subject (with verbs carry, hold, keep, wear)
For example: These pipes carry water to the city.

Locative/temporal/eventive subject

For example:
Yesterday was a holiday.
This jar contains coffee.

» Prop it subject. The word it’is used as a dummy subject, whep we
are talking only about circumstances or situation only like time
atmosphere, condition, distance.

For example:

It is 10 O’clock.
It is too windy.
it is not very far.

Semantic Roles of Adverbials

Adverbials refer to the circumstances of the situation (adjuncts sub-
juncts), comment on the form or content of the clause (disjunct) or
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provide a link between clauses(conjunct). Adverbial can be an adverb
phrase, a prepositional phrase or an adverbial phrase.

5.2.6 Co-ordination

Both co-ordination and subordination involve the linking of units. In
ce-ordination, the units are constituents at the same level of constituent
structure, whereas in subordination, they form a hierarchy, the subor-
dinate units being a constituent of the superordinate units,

A major difference between co-ordination and sub-ordination of clauses
is that the information in a sub-ordinate clause is often placed in the

background with respect to the superordinate clause.

Co-ordination can link simple sentences or it can link sub-ordinate

clauses.
For example: /i asked to be transferred, because [he was unhappy],
[he saw no prospect of promotion] and {conditions were far better at the

other office].
Co-ordinators can also be used to link elements which are parts of

clauses, rather than whole clauses.

The minimum unit which can normally be co-ordinated is the word. The
general principle governing the co-ordination of phrase and words is
that the cojoins must belong to the same category, formally, functionally
and semantically/Quirk et al, 1 985].

5.2.7 Complex Sentence

p of clauses. Clauses are simple sentences con-

A sentence is made up of ‘ N
nected to show some relationship among them.

ntence, consists of more than one clause. A compound

T tiple se . i
he multip e co-ordinated main clauses.

sentence is made up of two or mor
In a complex sentence there is only one main clause and one or more
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subordinations.

Subordination is asymmetrical relation showing a hierarchy
Subordinate clause == clausal unit (adverbial)

A clause that is not subordinate is an independent clause.

Subordinate clause can appear

e as a clause element of the supercrdinate(adverbial clause)

e constituent of a phrase
relative clause post-modifying a noun phrase

A clause where verb phrase is finite (refer to section ) is called a finite
clause whereas a clause with infinite verb phrase is called an infinite

clause.
Refer to table 5.1 for verb forms.

5.2.8 Relationship between Category and Functional

Role

Verb as a role (we call it verb phrase VP) is the most central role in a
sentence and it is the verb that determines what other elements may

or must occur in the clause.

Verbs as a category of words c‘an.be divided into three major categories,

according to their function within the verb phrase; we distinguish the

open class of full verbs such as ‘cut frgrp the closed classes of primary

verbs(be, do, have) and of modal auxiliary verbs(will, might ete). Of

these three classes, the full verbs can act only as main verbs, the modal
as auxiliary verbs, and the primary verbs can

auxiliaries can act only o
act either as main verbs or as auxiliary verbs.

aries are so called because of their contribution of mean-

Modal auxili eca .
modality(including such concepts as volition

ings in the area kn(.)wn.as
probability and obligation).
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Primary Verbs - be, do, have

Y

The three primary verbs in English are ‘be’, ‘have’ and ‘do

'be’ functions as both auxiliary and main verb.

e The verb be is a main verb with a copular function
For example: Vidya is & happy girl. .

e It works as an aspect auxiliary.
For example: He is learning English.

» It also works as a passive auxiliary.

For example: She was awarded a prize.

‘Have' functions as both auxiliary and main verb.

e As an auxiliary for perfective aspect, have combines with a past
participle.
For example: [ have finished my work.

it normally takes an object, and has variocus

¢ As a main verb,
meanings such as posSesion, relationship, health,

‘Do’ also functions as both auxiliary and main verb.

Noun
ject, direct object or indirect object of a sen-

Nouns can be used as sub
tence. Apart from that, noun can he used as a subject complement. For

example: that man is a fonl.

o function as hea
a] can be used as
ncrete floor ...

Nouns can als ds of preposition phrase. Nouns of
style or m ateri hoth attributive and predicative. For
example: the co

The floor is concrete-
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Adverbs

Adverbs function as a head of an adverb phrase with or without modi
1-

fication.

fﬁdverb may function in the clause itself as adverbial (in the foreground)
i e as an element distinct from subject, verb, object and com;lemeni;
or they can be used for describing the situation(background)

(Note- In English, the words that act as premodifiers to adjectives and
adverbs are also classified as adverbs, we feel this is unnecessary. The
should be categorized as something different say admodifiers. Exg'lmplg

very happy, too fast, s0 well, stupid enough. )

Adverbs are traditionally divided into four classes: adjuncts, subjuncts

disjuncts and conjuncts.

ots are relatively integrated with the structure
luation, authority, comment. Conjuncts aré
They are used for introducing adverbial
1nal clauses.

Adjuncts and subjun
Disjuncts are 1 o tor eva
used for connecting clauses
clauses, relative clauses 0F nom

actic Devices to Help in

5929 English and Synt
e Meaning

Understanding th

atence is to convey a thought. Let us now

On nf a se
of an ordinary English sentence.

The primary functi
see, how we get meaning out

ce has a toprc(subject) and a predicate.

e A senten
an also be looked at as consisting of foreground and

e The sentence C

background.
Foreground consists o syntactic rol.es S,V,0,A and C. Background
. adverbial clauses, and relative clause.

consists of optional advert:
fiers (proper names) start with a capital let-

English, all 1dent! - devi :
e In Enghsn, { <y ntactic device to differentiate them from

ter. Thisis a very goo
language words.
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In English, verb phrases are generally identifiable, because of
their form and presence of auxiliaries.

Noun phrases can be identified because, in most cases, they start

with determiners.

Preposition phrases can be determined because they start with

prepositions.
A comma is used as a separator for parts of speech as well as for
separating clauses, when the need arises.

The subject generally comes in the beginning, and separated by
other constituents by a verb phrase.

A question is identified by the end-mark as well as the starting
word, which is usually a wh-word or auxiliary. In case of questions,
when the subject cannot be the first word, another unique place
for subject is identified, between anxiliary word(s) and main word.

(That perhaps explains why an auxiliary verb is a must for a

question.)

A command or a request is identified by the presence of a verb in

the beginning. Exclamations are identified by the end-mark as

well as starting word which usually belongs to some close-class of

words.

start with special conjuncts (who, when, where, ete).
t as separators between two clauses along

between two clauses.

Clauses
These words also ac
with comma as a separator
¢ linking words. It is especially useful when a

of more than one word.

Hyphen is used fo
ds, bed-ridden person, empty-headed

promodifier consists
For example: closed-class wor
man.
4 contence can be anything, even any word of a lan-

¢ ;_(., o make it clear that one is talking about the

The topic of
y an the information word and not as a normal

guage. In that (
word as an entit
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word vf' the sentence, it is enclosed in single quotes
For example: When 'for’ is used after take’, it means

Most multi-word adverbs occur fin
ally so that th ’
up with the foreground. 1= don't get mixeq

A word or phrase that is used in a nove! or specia] way (i
in a

metaphoric sense may be} is put in quotes.
For example: The information is “hardwired” into the program

« There are many ways of describing things. To aveid ambiguit
sentences can be paraphrased differently. Information jg ?c >
pressed’ into a sentence, by using finite clause, infinite cIa:::)—

e’

prepositional phrase, premodifiers or complementgs

For example:

The man who brings oil rang the bell.

The man bringing oil everyday rang the bell.
The man for bringing oul rang the bell.

The oil man rang the bail.

9.3 Problems in Parsing English

In English, sentence 1s a basic a unit of discourse. Sentences are simple
or complex. A simple sentence consists of a single independent clause
A multiple sentence contains one or more clauses as its Immediate
constituents, Multiple sentences are either compound or complex. In
a compound sentence. the :mmediate constituents are two or more co-
ordinate clauses. In a complex senfsenceT one or more of its elements
such as direct object or adverbal are realized by a sub-ordinate clause
|

1t constructions are considered phrages rather than
and treat them as clauses because they can pe

In some grammars, hontinitc cot
clauses. We follow [Quirk et al, 19825,
analysed into clause elements.
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Th '
tere is no clear correspondence between words, their grammati
o ‘ , ]
categories, their syntactic roles(place) in a phrase or in a senten a ‘ca;
ce an

their functions within a phrase or within a clause.

Words in general have many meanings.

different grammatical categories. We ghawes Z?;zagﬁl;isencta}n bleng v
sentence can be considered as consisting of foreground deslco r?et' that o
background where foreground has roles (3,V,0,A or C) Thnp N an.d
roles taken by elements in the foreground can basical'l bg ?yntacnc
the word order, since we know they follow the order -yS \Y/ Ogvd by
(A or C) However. the positions of these roles are not ."absc’:)lu,t bod
of these roles, in turn, can be a multi-word phrase with on e Bach
clause associated with it. In the absence of syntactic markeisoi' " the
roles and separators and linkers for parts of speech, processin Eorlthe
mostly depends upon human beings' ability to make ‘sense’ c?ut r;? ;ﬁz

construction.

We have seen earlier that the verb phrase operates as a V element

the most ‘central’ and ‘indispensible’ part of the clause. Verb E o

‘s also easier to wdentify It ig the verb phrase that determine.ls.) \:ES?:

other elements may or st occur in the clause. However, a verb caa
a number of different subcaizegoﬁes ang

belong, in its various genses, Lo
fferent clause types. Thus the number

hence enter 1mnto a numbe! of di
of objects, adverbials or € plements in the foreground is also not fixed

e the word ‘get is used in 5 sub-categories,

For exampl

[l geta surprLse(SVO).
angry(SVC).
window(SVA).
nt(SVOO0).

o He wi
o He is getting
o He got through the
t her o splendid prese
es wet(SVOC).

ouble(SVOA).

e Hego
o He got his sho

o Hegot nimself into Ir

Thus it is not possible to get the word subcategory uniquely.
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For example the following sentence can be treated as SVOO o SVOC

! found her an interesting partner.
can mean either

o [ found her to be an interesting partner.

or

o [ found an interesting partner for her.
The general problems with natural languages are due to the following:

Multiple meanings: Most of the context sensitiveness a natural
language gets is due to the fact that the most common words it

uses have many meanings.
Multiple categories: Also words have multi-class memberships
For example after, as, before, since and until are prepositions as

well as conjuncts.

Optimization: Since natural language is basically meant for
human 1o human communication, whenever possible, it tries to
take short-cuts. Human beings rely on the receiver’s ability to

understand the right referent for a ward.

Context: Situational context is taken into account. and certain

things are omitted.
.« pointed out by Narasimhan [Narasimhan

ke into account the language in use. Thus
ge should be taken care of.

¢ Many usages.
1981), we have to 12

pecularities of langus!
sentence structure: The problem of getting
semantic interpretation is difﬁculﬁ, _because in a sentence, the
structure is flatt ened. There is a mixing qf boundaries. A partici-
pant in a sentence ¢an be a head qud, which has a part to play as
one of the roles in n sentence, or it 1s a modifier to one of the head

possible to get the roles of the participants

words. Most often. 1115
correctly if the moifying symbols belong only to one grammatica]

¢ Flattening of the
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category(adjectives in case of nouns and adverbs in case of verb
and therefore can be recognized syntactically. However Whern S)
noun is modified by a noun, it may create some COnfusioI; a

Similarly when the symbols for nouns a "
nd adjectives a
there may be some problem. re the same

Also. when there are multiple modifiers, or when the noun phr
itself is a list and a descriptor applies to both, there may bg prii?

lem.
When there is a nesting of descriptions, there will be the problem

of deciding the scope of a modifier.

The specific problems associated with English, then, are

Identification of roles is difficult, as syntactic markers are not
present.

English has too many usages
The same function words serve many purposes. Quirk{Quirk et
al, 1985) identifies eight uses of the word ‘over’,

e category membership: The same symbol(word) belongs
to many categories i English. Examples are surprise, present
can, will, make, like. Thus one has to find which category 15’
intended 1n a particular description by looking at nearby words
features of the sentenci(like its complexity, number of claUSes:
number of verbs).

e Compound nouns and noun phrase descriptions have no clear-cut
boundaries. In Sanskrit, compound nouns are written without

any space 11 between the words that are compounded.

ases verb forms for past tense and past participle are the

e Multipl

e Insomec
same as base forms.

77



5.4 Necessity for Streamlining English

In general, a natural language is a relatively efficient and accurat

encoding of the information it conveys. What makes it difficult toz )
cept as a semantic theory is “ambiguity”. However, ambiguity is n;;
a feature of a language; rather it is a side-effect. Whenever possible
language makes an effort to differentiate between different meanings ,

We hypothize that

The primary function of language syntax is to help in convey-
ing the meaning of the sentence. Thus many of the so-called
peculiarities, can be traced down to efforts at disambiguating

the meanings.

Some of the pecularities ca
patterns. which become sta
hecome and thed should be treates
verbs and phrases like in spite vl

A few pecularities are due to historic reasons. We have no explanation
for them, and we need no! stick to them. Irregular forms for past
tense and past pamcnp)m of the verbs again can be looked upon as
techniques, to keep { |y word syntactically close to its base form, by
keeping its consonants 1tere or less same, and by changing its vowels.
By doing so the length of 2 word 15 kept the same by avoiding the use
of suffix “ed’ or -en.

the ‘head’ of t
of 1t,

n be considered as high level(multiple word)
ble umts 1n the language just as words have
{ like words  For examples, phrasal

he phrase towards the beginning, so that

In order to get
rtog English recommends following usage.

people do not lose track

It is true of adjective and adverb phrases, as of noun p{’lr‘ase, that one-
word elements tend t0 precede the head, whereas mlfltt-word elements
tend to follow it. (e (ption [ndeed and enough)[Quirk et al, 1985]

Many English yverbs (phr
(like bring, take, come) an
away) The small word either
In some cases, the meamng 0f & WO

a=ul verbs) consists of two parts:a ‘base’ verb
d another ‘small word’ (like up, down, off
4 preposition or an 'adverb partic]e’t
part verb is simply a combination
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of the meaning of the two words. Examples are come in, run awa

walk across, sit on. In some cases, the first word keeps i1;s meaniny’
but the second has a special ‘intensifying’ sense. Examples are brea%;
up, tire out. In other cases, the new two-part verb has quite a different

meaning from the two separate parts: give up means 'surrender’.

In case of transitive phrasal verbs, the particle is separable. The par-
ticle is expected to appear not immediately after the verb but after
s This we feel again is a disambiguation technique. If the
particle (often 1t 1s a preposition) follows the verb, and followed by the
object, the object will be misunderstood as a part of preposition phrase
if it comes immediately after the verb.
Example of a separable particle: They turned the Light on.
o hos mechanmsms to make a sentence unambigu-
Human beings tend to choose the meaning that
_along with the syntax, the overall pattern.
words, their categories, context etc. How-
language for humans as well as machines
tences which are unambiguous for hum an

the object

Thus. niitural languag
ous tor human bernas
Inakessen&’hycunsnhﬂ
meanings o' par-‘ui;-.n.in;.'
ever, 1f we have 10 U= the

we feel that many of the sen
beings may appear ambiguous for computers.

We postulate here that

rng

Streamlining and disciplining natural language can make it a
good semantic language- The requirement of compositionality
can be met if the syntax of a Natural }anguage can be used for
semantic compositions in the streamlined language.

ing an altog
lect

other new language, which people have to

Instead of devis ..
an existing natural language to start with

learn from scratch, wé se

and streamline it to guit our purpose

5.5 Streamlining English
roviding syntactic markers for grouping,

hbyp
sh OY ious elements. We also allow

: |
We streamline BEng lnd hghhighting var

separating, linking 2
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alternate verb forms for words that have irregular verb forms

5.5.1 Punctuations and Markers

The punctuations and markers used for streamlining are as follow
s:

5.5.2 Inflections

We provide a
the form to which, 1

Clauses are separated by backslash.

Relative clauses are enclosed between a pair of double-backslash
es.

A noun phrase always has a determiner. (We provide semantically

empty determiner ‘@ whose only function is to separate a noun

phrase.)
< using infinity to’, to can be connected to the verb by

In construct

tilde,
mbiguity, the head of a noun phrase is marked by

In case of a
following it by an up-arrow.
s between head and modifiers are explicitly shown by
n thein.

When a whole clause t+akes part in a sentence as one of the parts-
of-speech, 1t i enclosed 10 pback quotes.

peech can be enclo
ked by a ‘star’ in front of 1t.

Connection
putting ‘4ilde’ betwee

A partof 8 sed in square brackets.

A verb can be ma

ctions to base-forms of verbs. Base-form is
ectional suffixes are added to

lternate infle X
lar cases, infl

n regy

make inflected forms

We allow the following forms
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any base noun + s = plural
any base verb + s = third p
any full verb + ing = present participle
any full verb + ed = past tense

any full verb + en == past participle

erson singular simple present

ve + er = comparative adjective

any adjectl
1wve adjective

any adjective + est = superlat

5.5.3 Examples of Singlish Text
We will now '
give some ~ample sentences, which we have picked
the book Semantic interpretativt and the resolution ofambiguir;ﬁ—{::s?
.+ ambiguities by various authors ?

1987] which are used as examples
ences pose no problems.

In our convention, these sent

Examples:

the paper will was Sestraycd
(Paper and wl- form a compound noun.)

ver hand!® el

handle 18

the soup~pot cC
s one noun phrase,)

{soup pot
1

" O‘v'erH
dentified a

n the pox] ©on the table.

S1L+ nal phrase

put the block”[1
the pox' iz linked to the block)

(The prepe

vin
have cost~figures for?
ted as a compound noun)

is trea

1.‘

which years do ¥~

f&u:t“tiq~f&=

the old *man the poat
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{(The word ‘man’ is highlighted
to show that it is a verb)

that deer ate everything in my garden' surprised
e
(The whole clause enclosed in backguotes ﬁe.
1ls taken

the role of subject in the sentence.)

that~deer ate everything in my garden last night
(The word ‘that’ 1s linked to the ‘deer'.as a d
eterminer)

‘that will be true’.
(The whole clause is taken as
the object of the sentence. )

I know

I told the girl ‘that T 1liked the story"'.

(The whole clause 18
taken as the object of the sentence.)

hom I liked \\ the story.

I told the g:rl \\ VW
is identified.)

neian.ve clause

\\ that T liked \\

. the story
s identified.)

I told the gir:
Ipelative clause i

I know ‘that boys are mean
se in backguotes 1s

(The whole clau
s the object of the sentence.)

taken &
I know ‘that Tom w111 hit Mary’
(The whole ~lause in backquotes 1s
taken as rhe cbject of the sentence.)
I know the boy rhat you Saw
rRalatiVve clause 1s identified.)
is not my pusiness.

‘what boys do’

{(The subject of the sentence
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is a clause that 1s identified.)

I know ‘that boy is bad'.
(The whole clause in backquotes 1is

taken as the object of the sentence.)

visiting~relatives\” can be a nuisance
(A compound noun is identified

also the head word is identified with an upar
row

the falling block needs painting.
(A compund noun 1S identifaied.)

I *will go to the show wilth you.

(Vverb 1is highlighted.)

-y <!

rLTL.

‘what boys want' 15
lause 1 backguotes is

(The whole €
taken as the object of the sentence

I know that™boy should de 1L
i linked to the

(the wor™ rhat’
word ‘boy’ as a determiner.)

i know ‘that boys should o i
. lause 1in backquotes 1s

(The who ¢ _
. aken as the object of the sentence.)

rizontal table.

smooth™ho
identified.)

block rests on .
d noun L5

(The compounl

¥

: Jence blocks my view.
ig identified.)

the large”
(The compound nouE
Bill said ‘'that Mary lett ye§terday‘,
(The whole clause 11l backquotes 1s
raken as the object of the sentence.)
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5.6 Comparison with Other Methods

the search for formalism to record descriptions
st-order predicate calculus, However, first order
lus, we feel, is too artificial for human beings

In computer science,
precisely ended in fir
language of predicate calcu
to work comfortably with.
Frame-based languages which have slots resembling the intensions
of sentences like ‘who', ‘why’ etc. may be alright for user interfaces
bort discourses. But we cannot expect humar;

questinn-answering vr =i
beings to understand the whole text written in this form at the speed
they understand natural language text.
Efforts at disambiguatinig natural language text have been on for the
last three decades|Hirs!, 1057][Grosz, 1986). We feel that the problem
18, to some extent, will natural languages. Every natural language
has its plus and minus poui’s therefore ideas from the other languages
should be used to streamiint® them. English, likewise, needs an accept-
able canonical form. It has lived with many ?Xceptions and there is
nothing to be proud about Jyem Every child going through the trauma
of remembering all the past el present forms is not really essential.
Future generation need not carry on with the mistakes of the past.
accepted as preserved as a part of lan-

And if the earlier mistalies 9t~ e a part
guage, then the spelling mistakes ete of people for whom it is a ‘second’

language should also he pardoned
nglish(or something similar) as ‘Sec-

hould accept Si
At least people s which the communities for whom it is

ondary English’, the Janguag® 1" :
a ‘Seognd lgnguagE’ (a mputers) can interact.
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5.7 Advantages and Future Work

We strongly believe that the language for knowledge representation
should be based on the conceptual basis of natural languages to make
it a standard ]anguage(interlmgua). If idiosyncrasies of surface struc-
turec of A language are removed and then used for knowledge repre-
many other interfaces are possible for the same knowledge
reservior Knowledge representation will be simpler to understand.
Rrowsing through the discourse written in the natural language like
descriptions will be natural Streamlining essentially adds a layer of
vtra markers One can easily get rid of the extra markers while pre-

<enting the text to a human reader (if he wishes so).

We feel that people, not trained in its usage, will not have much diffi-

culty in adopting Singlish.

Ag it is. learning English becomes a burden, as with every new word,

one doe’sn t have to just Know its meaning, but 31'50 1ts spelling and its

pronunciation. Fhonety Enrlish can be a step in the right direction
Phonetic English can be based on

for computer systems 0! future. Ex ;
the roman alphabets, spell1f£® and pronunciations having a one-to-one

j | ¢ . We have devised a sch
' the case for Indarn languages. Wi : oo
?;f Svili?ignzslﬁldian Languages usiik Roman scripts[Irani & Ram, 1992]
which we find very conv

enent. The same scheme can be used to write
phonetic English.

sentation,
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Chapter 6

Conceptual Information Base
‘CIBA’

6.1 Introduction

Mystgr;es Ofgne_rg}), tho cerrels of life and the nature of com
munication are all ried nto th notion of how complex codes
le elements.

are constructed from SUNP

Claude Shannon[Shannon, 1949]

we have seen the importance of a language and
how the language provides i framework for composing descriptions. We
have also seen the mechani=i a language uses: it has a vocabulary and

a grammar for forming descriptions. We have also seen how stream-
lining language is . . tu be used with computers. In this

help’u! 1! It
chapter, we will Wor y we need to build a Concept Base and

ry about w!
how to build it.

In the previous chapter,
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6.1.1 An Ideal

_In 1945 Vannevar Bush - described a work-station he called m

?ntended to aid scolarly research and writing. Memex wastobea dz?vn'ex
in which an individual stores his books, records, and communicatiolce
and which is mechanized so that it may be consulted with speed a?lsci
flexibility. It is an enlarged, intimated supplement to his memory. The
guestion to pursue is whether we can really make this dream come.true

with the existing theoretical frameworks.

6.2 What is Meant by a Knowledge-based
System

A large knowledge hast ~antains (representation of) knowledge about
an application tomal ani knowledge of how to perform a task relevant
to the application dormatn To deserve their name, knowledge bases
have to be endowed with i1 semantics - i.e. with an account of what their

domains, as well as with appropriate

contents say about the application :
inference mechanisms compatible with this account

6.3 The Need for 2 Concept Base
\r Concept Base is, we will justify the need for

(#1}
sentation planes.

Before describing wha!
other repre

it by critically observing

8.3.1 Mental Plane of Internal Language

ition of similarities d
Th f classl the recognl , and the
g_meu Pil'r?ceoss O?—ganisms 4nd objects based thereon dates back to prim-
itivepmagn [MayT, 1963) More recentl‘y, Lenneberg has argued that
categorization m;zst . 1l asic cognitive process.

fication,
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Thus categorization by a principle, or the formation of an
(abstract) concept is apparently prior to and more primitive
than the association of a sound pattern with a specific sen-
sory experience. And the abstractness underlying meaning
in general...may best be understood by considering concept-
formation the premary cognitive process, and naming(as well
as aquiring a name) the secondary cognitive process. Con-
cepts  are not so much the “product” of man's cognition, but
conceptualization is the “cognitive process” itself.

——— Lenneberg[Lenneberg, 1967]

ned to have mental models of the physical world in
| that correspond to members of different

primitive classes of concepts In the physical world. Along with that they
have items for their own vernacular concepts. Vernacular concepts are
medium-specific. 1 vernacular concepts at mental plane can also be
categorized as acts (decile, think), states (sad, angry), entities (hope,

idea), attributes (good, easy) et
he next plane: the discourse plane of spoken

Humans are préesul

oh,.” h.__‘“" v‘-h‘_"_ I.“,“ ttern

Let us now describe t
languages.

6.3.2 Discourse Plané of Spoken Languages
and of objects and events in the real

: : d patterns ' _
Categorization of sour }; a spoken language. This thesis was devel-

world is basic toéearwnrlln ) who termed first language learning ‘a
oped by Brown. [ re Ocl’aliz-""”' involving ‘the coordination of speech
process.of cognltlve y ories of the nonlinguistic world [formed at the
categories with the cates a vocabulary that corresponds

) . ourse: |\!.HN'|:.5~ ;
chne'ntal planfi] : Thlls'dzsc o level s versacular loveil
o items at physical !

— .+ tlu representation Or symbol that stands for
as well as for identifiers at any of the four levels

A I

—_— e o
'We are uvsing the'wt'"'d e

members of various pnmm -

of representation.
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ftems

nouse
ree
dog
walk
w--Phrvsical World
Vernacuiar Concepts Mapping
hope Objective world - tree, dog, walk
Jim
think
-—--Mental Plane
—‘_“_“_ PR—
|
Vernacular Concepts Mapping - words out of Phonemes |
i
“discuss” Obijective word - ree. dog, walk
“argue” Menrtal Plane - nope, aim. think
“loudIy”

-...Discourse Planc ot Speech

P

Vernacular Conceprs Mapping - words using alphabets

—— e ——

Objecuve world - tree. dog, walk

Paraxraph

Commad Mental Planz - hope. aim. think
Chapter Discourse Plane of speecn -
wnie discuss, argue, loudly

-Discourse plane of wrinng

———

Vernacular Concepls Mapping - using Concepis from CIBA

Objecuve world - tree, dog. walk

S DBMS
—— FILE Menta} Plane - hope. aim. think
E PROGRAM Discourse Plane of speech -
— 0S discuss. argue. loudly
COMPILER Discourse Plane of Text
SOFTWARE paragsapn, cnapler, write.

w.-Computer Plane

oh Representation Schemes

p.nu throo
e ———

Concept MaP

i, 0z



examples are utterance, remark, speech, discussion, talking, listen-
The utterances at this level, correspond to thoughts at mental

ing).
words(barring function words) correspond to concepts at

level, while
the mental level.

As Lenneberg has expressed, words tag cognitive processes and it is

words that make these processes seem more static than they actually

are.
Studies carried on pre-linguistic children show that an infant engages
> ng) objects in a consistent way before

' ' d eTouping (categorizl
Lisoarrzll?fl?;s ag;-qui[ied a language[Johnson-Latrd & Wason, 1977].

6.3.3 Discourse Plane of Written Languages

that corresponds to concepts at previous three
rnacuiar concepts Examples of vernacular
rending’, ‘'wnting', ete)

This planc has (rem:
planes 1n addition to its ve

ragraphs,
concepts at this level are. pa g

8.3.4 Computer Plane

Ation, we have attempted in this thesis is

tation schemes. Representation Schemes" internal
that of the represen ontations, spoken langu‘ages and written l?‘n'
language ofmentgl repre tally, each one having its own plane, having
guages are built 1ncr9r:i:q‘ - Rach succeeding plgne, provides a map-
what we call a “concep t.ne. earlier plane; in ad.dltlon t.o that it has its
ping for concepts from ts. It follows from this that if computer sys-
own “vernacular” gog)crelim;“ ! e ropresentation, the commator plome
tems are to be use -

v built.
Crem.-nt.nln,\ ) .
should also be 11 lane truly rel:,resentat]onal, the mappings of
uter P

|anes should be provided in addition to its
plan¢

One important charactert

To make the comP
concepts from all the three

OwWn conceplts.

Thus 1f we want

‘k edge’ on computers, it
formalisn to represent knowledg p ,
a forn¥
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need not and should not start from scratch, mnventing 1ts o
!ary but instead (1) provide a mapping for the concepts t',h&\“:n vosabu
in .the previous planes, (2) provide a mechanism to form de rt tl}ere
using these concepts (3) give ‘meaning’, interpretations or dscglpt?ons
for the additional vocabulary (like records, programming etce) :::10(25)

socialize the convention.

6.4 When is a Representation Truely
Representational

Virious people have expressed their views on what should be the desir
ahle characteristics of an ;.resc-ui,ati(m scheme [Davis ot ul 1qqq> Ra
of the main characteristic, a representation

J1c kendoff[Ray, 1984] One

must have is “semanticity .
the relation between the representation

and the world being modelie! The representation should not be limited
only to the concepts in 1ts own plane We feel that is what programming

languages do! They operate in (1 world of computers which is 1solated

with its own vocabulary. We can say they lack ‘semantics’.

Semantics is concerner with
fed,

6.5 Issues in Representation of Conceptual

Knowledge

Words in the language bav® a very 3 play
tive development of human beings They are symbolic objects. Just as

a human being understand® (1 objects around him similarly he under-
stands these ‘symboliC ohyerts W !::’-n'othe.r people in the community use
them. Repeated reference L0 = mbolic OEJ.eCtS and Ehe]r participation in
the ovents in dally i instances” of these ohjects.

(o gIves s s
tances of 2 . type creates a general concept of
nces ¢

mportant role to play in the cogni-

n ohje

reate a “concept” corresponding to those

Just as many ins
that object, these insta
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instances in the mind of a person.
on an axiom that there 1s a mechanism {innate) in the

Here we work
eralization of specifics takes place.

brain by which gen
We also work on an axiom that there is a mechanism to store actual
instances as well as generalized instances. This mechanism works

on the nrinciple of cognitive economy, optimizes space, storing time
m, and accessing time. (note: Through the same

accessing mechanis
ts the rules of the game, re. the grammar of

mechanism, a person ge
the language.)

It is this knowledge of conc
“interpretational base” for t
derstanding possible.

For human beings the w

epts and grammars which by forming the
he person makes communication and un-

v to general concepts is 1) through a raw form,
through specific . now|edge. as human beings live and come across var-
10us “experiences 1 the WU Id and they have 2 mechanism to “gen-
eralize” and 2)through a compiied form: through written text, audio,
video and other teaching material. (Here we are considering only the

text-books.)
erefore MUst he provided with this general knowl-

Computer systems th
ible

edge as e.\'plxcnly 15 POSS
What today’s knnwledge-dnvren syste

edge in the sensé described
ase ‘CIBA'is essentially designed

rmation B
Our Conceptual Info with enough “conceptual knowl-

t . uter EAVS“em . .
o provide a comp w quxiliary sources of information”.

edge” to act as an

ms lack is this “general” knowl-

Jlr“\'l

K for 8 moment about how we might equip a

It is instructive to i1
machine with a concept © .
. : t of languages and termi-

. .. that the development : . 1

My bgsm hypom%}’j’f:; i do with the structuring of information in the
nolqgles has 5<?r'n§t 1 od hmifations of human mind get mirrored into
tb;aln. Capabllltles a throughout the world which have

em. There aré

thing that can be expressed 1 any
mechanisms to €XPre? '

vstem

ages
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other langl_lage- What they differ in is the terminology, phrases and
atoms - which are influenced by the environment, cu]turé ete -

Giving terminology 1 imizati .
gy is an optimization technique. Concepts :
| : et
using other concepts and get a label. When that term II?S ugsedbg]lt
whole picture comes to the mind of the listener/reader. Tern]iﬂOIC’igie:

differ across different languages,

6.6 Conceptualization - a Mechanism to
Optimize Information Storage and

Retrieval

Conceptisalization can be looked upoen as an optinuzation technique
While talking about concepts. Rosch[Rosch. 1978] has expressed 1}1(;
following:

resentations of classes and their most
smote cognitive economy. By part:-
tioning the world intfo Jgsc0s, we decrease the amount of tn-
formation we mMus: perceive. learn, remember, communicate,
and reason aboul. Thus, if we hqd no f:oncepts, we would
have to refer to each (ndividual entity by ils own name; every
different table for examplss would be denoted by a different

word.

Another important function of concepts (s that they enable

us to go beyond the snfisrmation given(Bruner, Goodnow, &

Austin, 1956). Concepts are ! means of linking perceptual

and nonperceptual information. Copcep{s, then, are recog-
oints into our knowledge

s . . goscniryp
nition devices; they s€ X
store: and pr;,m'dg us with expectations that we can use to

guide our actions.

A third important
bined to form comp'ex
& Smith, 1981). Presum

Concepts are mental rep
saltent function 17 1077

function f concepts L that they can be com-
r amnif thoughtsfeg: Osherson

cnnoen?

ably our understanding of complex
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concepts is based on our understanding of the constituent

concepls.

8.7 Need to Build a Concept Base

Knowledge-driven systems should capture the symbol systems as well
as composition system(grammar) of the communication medium lan-

guage, in order to maintain expressibility.

a standard and make it acceptable. Various
rganization of basic concepts) should be pub-
le’s intuition about their supremacies. The

Hence the need to form

ontologies(Ontalogy s an o
lished which appeal to peop

fittest will survive.
explicitly list all the basic words in their na-

Human beings if asked 0
bie Lo do s Therefore, we must methodically

tive language will not be a
build a lexicon for a natural language.

6.8 The Problem

ticlexiconfora natural languageis formidable.
theory of what it should contain. Also the
th 1= enormous. It would certainly be
impractical and probabl ductive for us t(.) set about gonstruct-
i : Aachine readable versions of published dic-
ing a lexicon by hand. ntial source of lexical information for use by

tionaries(MRDs) is 2 PO : loal !
automated natural language processing Sys

The task of building area's
There is no well articulates

‘1
number of words to be dealt ¥
¢ unpro

with Machine Readable Dictionaries

on MRDs/[Irani, 1990]j. The problem
pmduced with a human reader in
ptions from the point of view of

6.8.1 Problems

i d
We have studied ap plications hase

with these MRDs js that th:iy -u;;sum
mind and therefore make manl
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processing by machine; for example, an assumption that the use

understand definitions of words written in English. They rely her C'Ein
on the user’s background and commonsense knowledge to retriev i
comprehend the information they contain. ve and

his information is usually presented in an informal rather
than systematic fashion and often rests on inappropriate linguistic
models, from the perspectives of natural language processing.

onaries like LDOCE(Procter, 1978] where the
ally and formally coded, the task will be much
simpler LDOCE 1s a full sized dictionary designed for learners of
English as a second language and contains over 55000 entries. An
entry 1s defined as 2 ~allection of one or more sense definitions. A sense
definition 1s a set of« lefinions, examples and other text associated with
one sense of a head. Sense definitions are presented in a language that
1s a restricted subset 0 Frglish LDOCE claims that all entries are

defined using a controlled yacabuiary of around 2200 words and that
the entries have a gimple and regular syntax. Fhe entries also give
grammatical properties 0! the words

Example of an LDOCE ¢niry is ‘
shell (noun) - a hard covering of an animal,

or of an egg, fruit, nut or seed.

The most important adv:
starting point from which

Secondly t

However, if we use dicti
information is systematic

dvantage of this dictionary 1s that it provides a
v work with senses or meanings. However
attempts to extract the meaning of a word sense from .its Eiescripticm
in a dictionary and t0 convey this ¥ mearns _Of an encoding in a formal
knowledge gsemantics requires. before anything '8188, the f:ormahzation

Id knowledge), without which no useful

of thi knowlodge! wor wl .
interlpsrf‘?;:?zilof any p lar definition can be achieved.

articu
. es oce definitions is that though LDOCE
Th_ h LDOL’E’ Senst
def? PtITOblem wcl‘(t; nirolted vocad Jary of 2200 words, f.’a.Ch of these words
. J;;in‘z:;eambiguM& nse definition 1s said to be

(n LI ICE, se

. gl meaning of the word, but no indication
: to the ¢t ntral Me

ig;v;n with rESP‘:ﬁECO the words 1n this core

1ven as to

. f
are s

{ered contral
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definitions that represent unique senses.

6.9 How to Capture the Unique Senses

ed earlier that the key to abstractions or cat-
made by humans is through language as
d groupings of interest are retained in the

We have already mention
egorizations or groupings
abstractions, categories an
language as lexical units(words).

The conceptualizations provided by a !ang‘uage essentially pro-
vide a framework for the language-using CDmJnunity for infor-
mation representation, acquisition and retrieval.

Our proposed framework - CIBA - essentially is expected to take this

role for knowledge-driven System=

6.10 Nature of the Concept Base ‘CIBA’

cription of various things at var-

Information 1is basically the des

ious levels of details:
unit of (nformation in CIBA as well as in the infor-
function of a description is

od on ('|BA Primary '
as real-world. A description 1s a n-ary

mation systems b L the

to ¢ : tion about U7 '

o convey informatl o or concept expressions. Most of the
e ‘names’ for the concepts. In

relation among various ol provid
. gsentially .

words in a language © ted by the word in a language,

r Jimensions to it These dimen-

order e senst’ represen
and category. Section 6.11

. ] } Oillp
we restrict its sense by pro:li” -{ini domaein
. R .. e a. £ i
sions are primitive; base, P | that these dimensions are enough

ee
explains these Jrmensons Weolflcept
to pin down the meaning of a ¢

To start with, CIBA € (
cept Expressions and ; s
cept Mappings. Concep’ Operator

Description 1s a

epts, Primitive Concepts, Con-
; Concept Operators, and Con-
and Concept Mappings are used to

Basic conc



What is a Concept

A word in the language, in a particular context, in a particular domain
in a particular plane and having a primitive word associated with it,

denotes a concept.

concept = { word, category, domain, plane, primitive, basic }

Where
Word is a symbol (word) from natural language that stands for

this concept.
Category corresponds to the grammatical category of English (

b, adverb etc.) corresponding to this concept.

noun, adjective, ver
bject in which this concept is defined like math-

Domain is the su
ematics, biology, ..
Plane is the plane

“discourse” or “computer”.
Primitive is one of the primitives from the primitive list,

Basic is the basic word associated with this concept.

for which 1t is defined, “physical”, "mental”

Identifiers

Apart from the concepts there are identifiers in the information base.
These can be labels for various instances of actors or places ete.

jdentifier = { symbol, concept }
Where concept is the name of a concept to which this identifier is con-
nected.

Concept Expressions
ccejons Are farmed using operators which have different

Concept expr
rent t¥P

! Vi <« nf concepts.
meaning for diffe eg of cONCED

perators are.

Examples of 0
S_COmPOSltlon

+ addition for object
- removel of a part

== approximately e
Order relationship ) :
Combinations (roles €2¢" M.“.- Ix)llf.l.)'.fszi
Attribute + objBCt( 0 m

qual
e.g. book on the table

Figure 6 2 Concept Representation



form concept expressions.

A description also contains Identifiers and Numerals. Identifiers are th
names for things in the real world. They correspond to proper n amez

in natural languages.

In an information system, descriptions are organized into higher level
nks to serve some purpose, The intensions of these
e captured by the fitles of the chunk which
ns. The chunks can be hierarchically ordered
corresponding fitles becomes thé

structures using chu

description structures ar

again is a set of descriptio

in which case the structure among

sheleton of the entire structure.

We have already mentioned earlier that a description is an n-ary rela-
The relationship a concept plays in this descrip-

tion among concepts.
tion is called the role of the concept 1n the description.

One of the most common types of analysis of sentence contexts is known
38 case Framimid! [| Wils p:'ulnlw'-f E‘f- the hinguist l']lln-,..n }F'””l”“
1968].2 The basic 1dea ‘e to analyse sentences into ‘cases’ attached to

the verbs,

The main cases are listed below:

nitiates action

t: animate being who 1

o Agen
ate enfity which is involved 1n the action

¢ Instrument: inanim
;mate being whois a
ty which is affected by the action

e Recipient: an ffected by the action
e Object: inanimate enti

Locative: the location or direction of the action

the lexicon would define each meaning of a

According to case grammar,
verb in terms of the case> 1 c

pl.et_el_v_n;:w 111 an Indian environment. Paninian framework
thnn;s;.ﬂnd years ago for writing a grammar of Sanskrit is
Refer to [Bharat1 ef al, 1995].

an taki

IThis idea 1s not o
designed more than two
based on the idea of ¢asés
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H'uman beings can build information systems on top of CIBA usi

Singlish - Streamlined English. We have seen in the previous chzmtng
that Singlish is basically English enriched by extra markers, to d p]'er
eate parts-of-speech and clauses, and to make its syntax mo:t?'e for(rgnlri-
CIBA environment also contains an interpreter that converts informa '
tion given in Singlish into descriptions and a generator that conver:s:

descriptions into Singlish.
CIBA thus provides a concept base for interpretation of the information

in a knowledge-driven system.

6.11 Methodology

In this section we will explain the various dimensions basic, primitive,
category, domair, and plane.

6.11.1 Basic Concepts

Basic concepts are the concrpts 2 normal adult is familiar with. Basic
concepts are the concepts universd ||y known and generally have surface
words representing them 1n natural language. Our cross-linguistic

haracteristics of natural languages.

stud 4 us 1dentify many ¢ :
udy has helped 1 _concepts associated with words which

We have taken as basic concepts. €O :
have equivalent words 10 all 14 Indian languages and English.
pts see appendix V

For a list of basic conce

6.11.2 Primitives
. into partitions. Aristotelian partitions that

P . .. ? . .rl-,'g'.."f N
t ngutwes CIanSlfye;ltal to all documented category sets and which we
end to be fundam ing the word at the proadest livel are termed as
regard as Parntlom\\’ s Aristotehian categories (with a few extra

apriori primitiues.

97



categories) as a partitioning mechanism for concepts. These partitions
are Act, Person, Object, Entity, State, Happening, Theme, Information

T.ime Space, Property, Quality. The primitives we have chosen are
hierarchically ordered under one of these partitions. (See Appendix V

for the details).
The best source to get the primitive categories 1s dictionaries Informa-
tion already digested, categorized, and 1ndexed can be suitably used to

systematically construct a substantial coommon-sensical computational
s way will save considerable effort

lexicon. A lexicon derived 1m such
and still produce a resource consisttng oi the true nature of interrefa-

tionships among concepts.
(Note: The difference between hasic concepts and primitive concepts

should be noted. Basic concepts are selected based on familiarity while
primitives because of their root sense, Primitive words stand for the
classes. Other concepts are Fpl‘CI:illzatlonS or combinations of these

primitive concepts.
primitive but it can be a basic word for an

For example, crow 1s not 2
Indian.)

[ bTher butcher buller bay baby cannibal captain car-
penter chief child clergyman clerk clown cobblsrcolonel
comrade critic constable dauahter doctor duke human
diot lady king kmignt king 3¢ lady lass lord magisirate

_ rchant member minister monk mother
maid man me omad parent passenger pedestrian
nephew niece N poet pope porter prede-

iqrum pirate )
pedlar pﬁ;sson prign™ cipal prophet proprietor rutfian
cessor p

e prn .
;gmc P heriff sister skipper
saint scoun

| scoul shepherd sherit
reign subject SUperintendent virgin widow wid-
son sove
ower w:fe_wqmim .

ea All these

words stand for ‘person’ in

Figure 6.1: Figuré
PLATAEU[Irani, 1991
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6.11.3 Concept-Operators

The interpretations of words in a dictionary contain primitive concept
as wel] as basis concepts. Apart from them the dictionary entr}ijez

contain function words (prepositions and conjunctions). We call them
concept-operators.

We define their meanings like
a ison b = on(a,b)
a is after b = after(a,b)

Notice in English the order is:

concept-operated-on operation another-concept-operated-on
This may not be the case in the Indian languages.
The operators are generally ovorlﬁagim] in the sense that the meaning
changes depending upon the kind of uperands.

For example:
a book on the table

a lecture on mathematics
nd, or, not, sameds, oneOf, someOf noneOf and

Other operators are ¢
Modifier.

The important point 1
pretation in natural 1anguat
oncept expressions mn terms of basie

e uged 1o form € )
| mappings and operations.

g that every pperator has an unambiguous 1nter-

These operators ar
words, primitive words ant
tion, pirople
A description (a sentence) 19 @ ?‘elaffvo
» s y l
system (discourse plane!. It lb.a{lil( n"S '
. Je 1Y 4 X

for more information on yescrly 3y

To convey informa use these concept expressions.
1
on that exists in the information

f information. (See Appendix XV
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6.11.4 Mappings

In a language, there are certain transformations, like noun to verb
verb to noun, noun to modifier or adjective to adverb. ’

These transformations give mappings between concepts. These map-

pings are essential, as they carry the semantic mearung of the word.

marriage is clearly 2 relationship between two
people. (sample query: Who was Ehzabeth Taylor marred to 1n 19757

From another perspective , amarriageis equally clearly an entity in 1ts
own right (sample query: How many marriages have been performed

in this Church since Apnil?)” [Date, 19404}

Natural languages have solved this problem by having two words ‘marry’

and ‘marriage’ which ‘map’ onto each other.

There are also rulationships amnng concepts that correspond to rela-
in natural languages.

tionships like synonyms, antonyri= biGe !
refixes that modify the meanings of the

From one perspective, a

There are certain suffixes and p
concepts.

Refer to Appendix VI for some examples.
6.12 Concepts in the Computer Plane
ping between concepts in the discourse

: he map . .
As stated earlier Oncfi fi:oncept- at computer plane 1s established, the
plane (text plane) an present the vernacular concepts of

Only other th_jng to b 1 lonee }5 to re
the computer plane-

Let us first discuss, ¥
Plane their correspo’ '
o or years in th realm of philosophy and

. f
n gom‘g ]Oflnatm’ﬁl Janguage concepts. Here we build
ly defint Jdel of the world. These cancepts need

tatlonal m

itive classes exist in computer

., with classes in the discourse plane.

hat different prim

!.-1].

Attempts have bee
linguistics to precise
on that work a compY
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explanation. (To make the difference between the concepts at com ¢
level and other levels, we use Capital letters for concepts at comgztzx
r

level,)

OBJECT and ENTITY: The world is viewed as composed of thin
of twa kinds, concrete things called objects and conceptual 1;hingS
called entities Correspondingly there will be CONCEPTSs of typgz

OBJECT and ENTITY in the computer world.
e ATTRIRIITE: In real world object and entities have properties
In computer world, there will be ATTRIBUTES, features aSSigneci

to OBJECT or ENTITY OBJECTS or ENTITIES arc known to us
through their ATTRIBUTEs. ATTRIBUTEs take different values

for different OBJECTSs.

» DOMAIN: The values for a particular ATTRIBUTE come from a
particular set of values called a DOMAIN for that ATTRIBUTE.

COMPOSITE CONCEFT. CONCEPTS can be SIMPLE or COM-

POSITE.
COMPOSITE concepts are made out of more than one CON.-

CEPTs

« HEREDITARY ATT RIBUTE: The ATTRIBUTESs of COMPOSITE
CONCEPTS may be reiated to the ATTRIBUTEs of the CON-
CEPTS in their composition. These are called HEREDITARY

attributes.
E: We also 52y that there exists INHERITANCE
' CTs if an OBJECT or ENTITY

« INHERITANC -
I‘elationship hoetwoeen the Q5.
takes HEREDITARY ATT RIBUTES from another OBJECT.

TANCE: MUILTIPLE INHERITANCE is present

ERI
* MULTIPLE INFIB® 0 0y talkes HEREDITRAY ATTRIBUTES

when an OBJECT or ENTIT
from more than onv OBJ ECT.
f all values of ATTRIBUTES is the STATE of an

¢ STATE: The set 0
OBJECT or an ENTH
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CLASS: ATTRIBUTES can be used to form CLASSes for OBJECTs

and ENTITYs.
SIMILAR: OBJECTs and ENTITYs that possess the same AT
TRIBUTESs are SIMILAR in some sense.

EVENT: A change of STATE is termed as EVENT. An EVENT can
be described as an ordered pair <s1,52> where s1 and s2 are states
before and after the event respectively. EVENT can correspond to
an act or a happening.

TIME and SPACE: EVENTs can have associated with them TIME

and SPACE.

COMPOSITE EVENT: Two EVENTSs can be combined into a COM-
POSITE EVENT if first ends in a STATE that is the beginning of

the second STATE.
Thus the composite event for events <s1,82> and <s2,83> is <s1,53>,

ITTISTNRY: The effect of OBJECTSs on each other manifests through
the history of the OBJECT, namely the STATEs they traverse in

time.

 ACT: OBJE

RELATION: There

ENTITYs.
e a NAME in real world.

An OBJECT or ENTITY can hav
JRECT or ENTITY can have an IDENTIFIER

. An OB e
IDENTIFIER: A% 1 JECT or ENTITY if it has an IDENT-
PLEE Hoar its [DENTIFIER throughout its HISTORY
PROCEDURE: Procedures
OPERATOR: An OPERATOE ¢
CEDURE.

CTs and ENTITYs can ACT upon each other.
also exist RELATIONs among OBJECTs and

are computer Programs.

an be a basic operator or a PRO-
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RULE: RULE is a restriction on the possible values of the AT-
TRIBUTEs of an OBJECT or ENTITY. RULEs can be formed

using OPERATORs.
SUBTYPE: CONCEPTS can be categorized into SUBTYPEs.

SYSTEM:- A SYSTEM corresponds to a universe of discourse.
o THEMIS The purpose for which the system is built is THEME of
the SYSTEM.

Full knowledge of an ARTECT or ENTITY requires information about
how the STATE: of the OBJECT and ENTITY can change and which
EVENTs or ACTIONs change them. The computational objects belong
to one of these primitives.

SYSTEM
OBJECT
ENTITY
NAME
IDENTIFIER
DOMAIN
ATTRIBUTE
RULE
STATE
EVENT
RELATION
OPERATOR
TIME
SPACE

THEME
9. and 10 % will illustrate how the concept base can
8: ? S)’Stems'

Int
he chapters riven

be used for knowledge
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Chapter 7

Text-based System for
Conceptual Knowledge

7.1 Introduction

Knowledge in large q:mr.'.tirics organized into usable chunks
nt of a great deal of intellectual be-

is an essential ingredie

haviour.
Janet Kolodner[Kolodner, 1986

we can represent basic concepts using

InC have seen how .
hapter 6, we sent simple concepts as concept ex-

dimensi d also how '0 repre
sions, and also g '
s st anud primatives. {Most of the words in a

pressions using basic LN .
dlCtlonary come Unde' tins categary
how Lol knowledge about Complex

: - will imvestigute -
Czrf:ls;halﬁfr) W:tem' A complex concept corresponds to terml_ﬂology 1n
a episin esy an encycin;‘.edic entry. A CO"IRlex concept is olegyn

specific subject oF al concept-base with its interpreter for

the 1nitl

(tilsmg. a 'chur%k. Odnc?ﬁrct dar cOR cept-base), we can make use of it for
keSCrlptlons is ready 1;] various domains like Mathematics, Physics,
nowledge acquisition it knowledge 10 a modular fashion.

Chemistry, etc. and store
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Here we rely on existing sources to get knowledge as well as its organi
ani-

zation.

It is widely accepted that the effective development of knowled
depe'nds heavily on its knowledge elicitation. We view km:wvlev‘adge baSE.S
neering as a process of information transformation in which knciilengl_
is acquired and ultimately transformed to a formal representati e
feel that the prescriptive frameworks currently outlined for knox?vrll. cfv .
engineering give little assistance on how to tackle the typical knowlngz

acquisition and representation problem.

7.2 Our Strategy

Although rapid advances in hardware technology have made it possible
to store and access text of any s12¢ a critical bottleneck has occurred in

the knowledge acquisition phase.
adeguate knowledge in structured form from

It is very difficult to get

the experts which the ex1stins systems demand. Though we agree that

the nearest and more or 1ess perfect model for the knowledge structure

available that can be aimed at, i¥ +he human mind, human knowledge
irectly. Alternative knowledge struc-

structures cannot be obse™ ed d !
tures that are directly accessible to observations and analysis are the

methods and techniqués of information organization which the world

of printing technology has given U# Here w+ propose a methodology
which uses the text-books oD ¢ subject as a resource to be used in the

development of a knowledge-base for the subject Our work is based on

the following hypotheses:
,(not anticipated by the designer)

Knowledge can be used to anal-
findings of that domain. Deep
d directly form domain experts

question

e To answer any general ,
ep knowledst Deep

Jain phenomena and

requires de

yse and exXp
knowledge 18 not €
e to which a
pendent oo |

. make decisions rationally is

progr ymn il
hich it has access to and is

¢ The degre ;
, degree to W
entirely de ke ceg?
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The methodology we fol

*

[ 2

Let us see what wé ™

able to take into account, the relevant information, most of all
the program must be able to recognize relevant information as

relevant.

No knowledge representation scheme can claim the expressive

power and compactness of the printed (raw) text, that is used b
human beings. y

The books are common carriers of human knowledge. While be-
ing written by an author the contents are always deliberately
arranged and located in order to be easily read and understood
So the presentations in the book usually appear in compact o

natural chunks.
Books also give a pictorial support to make understanding easy.

Another characteristic of a bo
knowledge.

For a text-based system, selec
its success.

ok is the latent organization of
tion of raw text is a crucial factor to

e engineering methodology is dimin-

5 knowledg
zoftware tools.

The efficacy of :
supported 1y

;shed if it is not

low 1s @s follows:

ks into machine readable form.

Conversion of bo?
o of the book (organization).

Geting the logical «tructur

pest book using the
- the knowledge-base on the subject.

selection criteria given below

Selection of the
fon o

Formation of the skl

o of she eriptors picked from the raw text

iofor (es

Transformatio
ons.

; Singhsh desertptl

mnt
oton NSINE the ort

inal text.
Filling the skel gin
an do to achieve this.

™~
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721 Conversion of Books into Machine Readable
Form

n is a hard problem, recogm i
characters is fairly common-place[Nagy, 1989]. Congen‘?:lic:rluso i]ﬁ;ltn;id
used to signify certain things in the text can be captured and used be
the secanner to get the category of the text. (Note: We at NCST a]s)c;
stem for identifying characters and recogn,izing
Our work 1s based on the extraction of
hology[Gupta & Irani, 1994].)

Though character recognitio

have developed a sy
characteristics of documents.
features using Mathematical morp

Constituents of Books

The information provided in a text book has the following constituents.

k gives an overall idea on what the book is

e Title: Title of a boo
level of the subject.

about and often aboul the
¢ Table of contents. Table of contents gives the structure of the
presentation of the subject.
g: Index terms give
WhQrL‘ it h

the terminology of the subject as

¢ Index term : -
term is used in the body of the

well as the position

book.
ydix consists of compilation of some 1mportant

° ix: Appet
Appendix. APPY 1, related).

information (Precise factua
oives the information about the user model

o »

h of the subject.

the book describes the subject matter,

{ed into chapters, gections, consisting

e PPreface Preface
assumed and the dept

¢ Body of the boolk: Body of

s Ii rranged and divic pte '

ls}llllneiirly ?theagds pat *’*g"-ﬂ‘h names, italic words, illustrations,

?1' o S,Ssi'"'i‘lr"*, ete. (It also has visual clues to differentiate
lagrams, Vet

logacal parts of the text
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7.2.2 Getting the Logical Structure of the Body of
the Book

The structuring of printed(paper) text1s usually gurded by the following
considerations.

o Constraints imposed by the physical characteristics of the printed

page

o Aesthetic and con
book

venience aspects in the mode of usage of the

tly, need to facilitate easy comprehension of the

e More 1mportan
d in the book.

concepts presente

fore, ean be viewed as an application of struc-
,;“m[/graphical components included in the
roach is dictated largely by the na-
ture of the medium(in this C45€ paper). Moving from paper to elec-
tronic medium offers unprecedented potentlal for structuring of tex-
tual/graphical information. Inelligent scanners can pe used to convert
the existing paper text1nto computer readable texlt ugm%’, say, some sort
of print analysers. While text formatters use the logica descriptions of

to convert the text into aesthetically

the ¢ ike title, footnote, v . ’
P]easoil:lcge:zillfl'gnctionally Org:-miZOd printed pages, a print analyzer can

. dure of formatting conventions to sep-

d ]ts kn‘..\\ | d' Of . p

:setthe page IayDuIiJ;:tmn 4! information about th_e te)ft( see Figure 7.1).
rate out the orga Jeseriplions for concepts(like title, footnote ete.),

While given the logical form that looks like a typical

he text into @ :
text formatters transfer t o it analyser will look at the page lay-

] stter), -

g rlt“te(:1 Pa}fg(:r i‘:(::vll)gi ge of formatting conve;tlons, S)eparate out the
- out and with its 4 ) onventions,
organizational informat10m Lot the text( g

Printed document, ther
turing operations on the ¥
document. The structuringd ¥
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4 Scheduling Concepts

4.1 Review of Multiprogramming

Concepts
?nu!tiprogrammi,zg

throughput
Figure 4.1 Two jobs, A and B for execution

Figure 4.2 Job execution without multipro.

gramming
Figure 4.3 Job execution with multiprogram.-

ming
4.2 Scheduling Concepts
4.2.1 Basic Components

jobs

user programs

brocesses

CPU-I/O Burst cycle
cycle

cpu burst

I/0 burst

Figure 4.4 Execution is an alternating se.

quence of cpu and 170 bursts
Figure 4.5 Histogram of cpu burst times

Process State

state _
new. active. waiting or halted
4

Figure 4.6 Process state diagram

ready
renning - .
Figure 4.7 Refined process state diagram
Process control block

Process control hlock .
i eaeess control Do
Figure 4.8 Pro

: ' on Onranization
re ¢ l: [nlormati g

7.y IR

)off



Though the subject matter varies greatly from one text-book on the
subject to another, most of the books qualify to be the books on good
presentation of concepts in & particular subject.

What remains invariant across the different text books is the key-ideas
n the subject which correspond fa the key-phrases called the terma-

nology of the subject. “the key-tdeas or the concepts 'break’ down the
subject 1nto identifiabie untls The terminology serves as labels or

identifiers for the concepts and can, in turn, be used in describing other

concepts.
Thus, taking terminology as the basis for a particular subject, we will
present the following evaluation criteria for the text from text-books on
a subject.
1. Retroversion
2. Delineation
3. Circularity
Retroversion:
text 1n text-books is linearly ordered. ldeally a
e the concept usage, and 1f 1

.[n a l -
physical sensé, | -5
co inati uld not oexur &
dor;:efg dehmtl(;ntlf:frm’rmrrra:z 4 has taken place. Let § be some small
, then we sa

i ; LA i iOI'] Uf‘ U_‘\‘,‘lu,. Ofc .
- ce t’ 1] 4 eS]ll)](I' a t)Wed Det.“'e' n '~I| pOSl.t.

n the
i s O a es.)
ahsolute terms in words, nes ! pag

t 8 be defined as

=1if (deﬁnjtion-position < usage-position)
i

OR (usas® position definition-position) <

\ge-
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= 0 otherwise

We can then define Retroversion index(§) for a book as
Soff

(Over all n)

n

where n is the number of concepts in the book.

usage-position is the first usage of the text.

definition-position is the position where the concept was defined.

Retroversion index is a means of measuring orderliness of the concepts.
Retroversion index nearer to one indicates that the book has properly

ordered the concepts while nearer to zero 1ndex 1ndicates that the con-

cepts in the book need reorganization.

Delineation Index
The associations among concepts are not often made explicit in the
t to another without making

raw text; the text moves from one concep

explicit boundaries.
category of the concept, human bemngs

Also. depending upon the broad

understand the text that follows, which imphatly gives information
about various aspects of the Text, i+ definition, expla}na.tlon, compar-
ison, examples, problems, shortcoming, usage, description, features,

ete.
stem, the text with clear-cut bound-

However, for a computer based sy !
aries and explicit demarkationis preferred letus call all the titles that
e titles, subtitles, headings,

signify hierarchy skeleton descriptors. _
subheadings, paragraph headings ric ATt skeleton descriptors.
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Let 4 be the set of all skeleton descriptions in the text,
Let n be the number of index terms in the book.

Let 8 be a function such that
# = 1 if a skeleton description contains an index-term

= 0 otherwise

r 0

over

Delineation index(DI) =

Delineation Index is a measure of arrangement and separation of the

text into modules.

Circularity
using other concepts which in turn

use other concepts and so on. Thus the set of prerequsites for a concept
is very large (it is like part explosion in the bill-of-materials problem).
However the surface definition of the concept contaimns only those con-

cepts which are the direct prerequisttes of the concept.

d earlier that there are variationsin the ordering
ring of the concepts, we conguder not
| text hooks on the

A concept is defined or explained

We have already state
of concepts Thus to get the orde
ene particular text-book but the collection 0I severa

subject.
Let us introduce another function
8 (i,j, b) = 1 if surface definition of concept 1 contains concept)

in book b
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= 0 otherwise

L 8G4y,b)

(over all b)

Circularity Index(i,j) =
number of books considered

Circularity Index(i) is the index for j to be a direct prerequisite of i.
Circularity of definitions exist if surface definition of 1 contains j and

surface definition of j contains 1
Suppose a matrix of prerequisttes P(ij) has elements

such that pij = index(ig).
We should be able to find some permutation of concepts v such that

the matrix of prerequsites corresponding to this sequence 1s a Jower
tmangular matrix. This sequence will then give the partial ordering
among concepts. A book havinga good concept-sequence will have the
concept definitions 1n the same order as this partial order.

Derivation of Taxonomic Relationships

Hierarchical organization assumes one prominent Felationship in printed
text of concepts. This seems artificial as gveryth}ng cannot fit neatly
into a fixed place as there can be many hierarchies for the same con-
cept depending upon dufferent criteria as also there can be other types

of relationships existing among concepts.

e taxonomic relationships from the content pages
nts and aumbering of the skeleton descriptors.
at different levels. For example chapter head

at level 2, subsection heading is ot
The highest level starts

Human beings get th
and from the sizes, fo

Skeleton descriptors are Tere
Ing is at level 1, section heading 1=

level 3, paragraph heading 18 at level 4 vt
with one.
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I»L-'-t us now 11+ to derive the information about the taxonomic relation-
ships among concepts.
1y, b) = 1 ifi is a concept and j comes under it but

in the lower skeleton descriptor in book b.

= 0 otherwise

Index for direct taxonomic relationship between 1 andj =

56 (i,b)

(over all books)

- —

Number of books having both the co
an be used to get the hierarch

ncepts
jes of concepts for the

This information ¢
text,

7.2.5 Formation of Skeleton for the Knowledge Base

the criteria defined above, the logical

structure of the book can be taken as the sheleton forj the knowledge
base. As there is good correspondence between the logical structure of

: : . the knowledge base, the
th . ation of the knowledge 1n th
e book and organza ook 1nto the skeleton 1s comparatively easy.

mapping of text from the b ! .
The Ske%eton can then be filled using the original text.

Once the book is selected meeting
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7.2.6 Transformation of Skeleton Descriptors

Skeleton descriptions are hasically titles conveying intensions of the text
that follows. They are erther zentences or noun phrases in English In
Chapter 10, we have described an interpreter which can convert sen-
tences or phrases into a canonical form  We have also deseribed how
skeleton descriptors can be useful while processing a query. The origi-
nal text from the book in natura! language can go in skeleton descriptors

as 1t 1s or 1t can be put 1n the canonical form

7.3 Conclusion

Text-based systems seem to be a plausible cost-effective and easier

alternative to fully structured systems s they retain the expressive
s of the printed text. In this chapter, we have

f the ideal book to provide raw tex!
a particular subject  The criterta
with the same scope (1.e. number
c~ded 1n this area if we have to

Power and compactnes
suggested criteria for selection o
as well as skeleton for the text o
apply to the books in a given subject

of concepts). Further research 1s necd
integrate text from different text-books in a single system.
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Chapter 8

Modelling Factual
Information

8.1 Introduction

Concepts that have proved useful for ordinary things easily
assume so great an authority over us that we forget their
terrestrial origin and accept them as unalterable facts. They
then become labelled as “conceptual necessities”. The road
of scientific progress is frequently blocked for long periods by
such error. It is therefore not just an idle game to exercise our
ability to analyse familiar concepts, and to demonstrate the
condition on which their justification and usefulness depend.

- Einstein

The purpose of this chapter is to stress the need to design a language for
lexical phrases such as slot-names, relation-names, procedure-names,
ete. which are used in Knowledge Representation systems. This lan-
guage will have its basis in the concepts of a natural language, in the
sense that all definitions or interpretations of the phrases can be given

I terms of concepts.
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The knowledge representation framework should provide ways and
means to the one who designs the knowledge base to state v?;,hat 4
is all about in an unambiguous way and the same convention must bl
passed on to the users of the knowledge-base. This will be pOSSible
if the knowledge representation language i.e. the language for lexicael
phrases and the query language (embellished natural language like say

Singlish) have the same interpretation base.

In the previous chapter we have seen how conceptual information can be
O'rganized. In this chapter, we will consider modelling factual informa-
tion. The word 'fact’ according to Webster dictionary means, “anything
that exists in reality” or “a truth known by actual experience or by ob-
servation” Factual information basically captures descriptions about
various items(things) in the internal and external worlds of human

beings.

Various formalisms are used to represent facts in computers like record-
based systems, database management systems, semantic networks, and
frame-based systems. In our view, no particular formalism 1s the 'best’

for all kinds of information. We feel that the nature of data, the nature
of relationships among the elements, and the purpose for which the data
od) should together determine which formalism

is used (queries expect
to choose in a given context.
We also feel that there should be an interpretational base provided for

the information in informat
Thus, as stated by W A Woods[Wood

ion systems
s, 1977]

ve is to make the system sufficiently flext-
naker can get information presented in

A principal objectt
hem understand the sttua-

ble that the dectsion i

whatever manner hie find helps '
tion. and to make i sufficiently intelligent and fluent that he
having to take his attention away from

can do this withou!
the problem he ts [TYI1E to
issue of how to gét computer
Systoms that allow natt ral language ¢ k
computerized databases are becurning auatiable as

solve and devote it instead to the
to do what he wants.

ccesstoa conventional
‘ ".'."l are
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gl'od ucts of today’s markets. Such systems generally have lim-
itations in the range of English syntax that they will under-
stand and severe limitationsin their discourse understanding
abilities. Moreover, they are dependent on the generally artifi-
cial conceptualizations of the domains that are built into their
data bases. In the next few years, such systems can be expected
to evolve somewhat more sophisticated discourse understand-
ing abilities, but still fall short of intelligently understanding
what the user wants and responding appropriately. Systems
with the latter capabilities will emerge as further progress is
made in knowledge representation, modelling belief systems,

and common sense reasoning.

In the following sections we will try to find answers to the following

guestions: What are the criteria on which to base the selection of struc-
for selection have anything to do

turing formalism? Do the criteria

with the semantics of information as distingmshed from the economies
of processing and storing the data? We then discuss existing approaches
and provides some comparative analysis. We emphasize computational
treatment of the data model. It 1s argued that knowledpe-hased sys

tems based on supports hke CIBA and PLATEAU - offer considerable
promise to remedy the deficiencies of the earlier, more adhoe, natural

language interfaces.

8.2 The Problem

Factual information consists of descriptions for entities whose a?;tx?bute
(Generally this infor-

values are recorded through those descraptions. :
.wthods for grouping,

mation is structured using various structunng o
categorizing, and ordering.
ary nature of appl] catins ﬂnt'l 1t the
{ <emantic integrity information Sys-

asinglv moere complex requirt I
how 1o lll'anraw!_ whnt rep

Due to the complex, evolution

growing need for precision nne
yppers aare 1ace A4 with mere
whore to start,

Wnis

tem desty
They face such pruhh'!lh RE
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Tesentation to use and how to model the systems for correctness and

¢tompleteness.

The representation of complex knowledge and associative accoss to it lje
at the core of factual-information systems In these SYStems we try tn
Organize data so that they represent the real world situation as clearly
and naturally as possible, and yet :ire amenable to representation by

Computers.
E’“Stlng frameworks viz. graphs or semantic nets, schemas or frames

and predicate logic based formalisms make extensive use of lexical
tems like slot-names. However the meaning of a slot in the frame or

a link-name or a relationship-name 15 completely uneonstrained and

ill-defined.
Let us illustrate this by taking an exampie :
Consider a schema definition for a class of students with slot= as follows:

L. name: Avinash Narwekar
address: C/3, Saijyot, Gupte Road, Dombivali

. date-of-birth: 27 July 1961

- hometown : Bombay
languages-known. FORTRAN, C++

. final-degree : B.Tech.

2.

3

4

5. computer-
6

7. grade-obtained-in-final-degree: irst
8. year-of-passing-final-degree. 14982

e dertved hv most of the human
the system will not

That the slots 6,7 and 8 are related can b
eings but not by the representation system. Thus biarsuadabutie
wstion “In which year did this stul ent pass hi
o the slot names play

be able to answer the qu . @
B.tech. examination?”. The problem anses becituse

the role of variable names.
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To the computational system, the difference in meaning appears only
In the way various routines happen to manipulate these slots, that is
it is encoded procedurally, and therefore outside the formal system ot’"
representation.

Thus the basic problem in all these formalisms is the lack of adequate
means to convey the meaning of terminologies, phrases used and their
relationships in the design of an information-base.

Take another example of slot-names of an individual

1. friends-from-school

2. friends-from-college

A derived attribute(slot) can be friend (which i1s the union of the two
slots). Thus on the one hand, there is the informal system of slot-names
(from which human beings more oOr less can capture meanings) and on
the other hand, is a query based on a natural language.

Another problem is related to structuring of information The design-
ers of systems choose one formalism or another, depending upon the
familiarity and comfort and some intuition. They also try to make all
kinds of information ‘fit’ into that formalism. This creates problems.
Artificiality of the resulting data structures makes them difficult to

understand, maintain and enhance.

Designers of information systems make a number of assumptions about
the properties of data. These assumptions are not very often part of the
CDmputatIDna] system. Many of theri are f)(.lfJ evern 'recorded. T.I]E,'.V are

not kpown to the users; neither are they e available to the people
who maintain and modify these system=

i the information structuring for-
e record-based, frame-based, 1n
n the form of semantic networks.

Let us now take a look at some ©
malisms. Information structuring can
first-order-predicate-calculus form or?
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8.3 The Scenario

In formalisms based on logie, a knowl
a : . ' edge-base mayv be const
av(:ﬁjfit;iin 3530?7031 formulas. Advantage of such a sc(;i:ai;:aejzdt !?f
Facilitatos )I/{nowrll sren‘;e rules to e‘stabhsh' connectivity The scheme
Bones: First ord edge- dgse descnptxong which are in the form of asser-
Bhicet lanet or erﬁpre u(:iate calculus is a formal system that ha- as
infer a2 d agej a first-order language, a set of axiom schemes, and two
ence rules: modus ponens and generalization. Inference rule of

modus ponens states that from p and p implies q, one can conclude g

R 5 BT : .
2obinson resolution principle 1s 2 rule of inference that permits a new
from two given clauses; further, the derived clause

ven clauses are satisfiable

Luse Lo be denived
two gi

1s satisfiable (i.e. has a meodel) if the

e.g. From
C1 not P(a,b,c) U Q(d,e) and
C2: P(x,y,2) U R(x,y)

one obtains the derived clause

C3: Q(d,e) U R (a,b)

I'f procedural representation scheme, knowledge-base is a collection
of processes implemented in a programming language like LISP. They
have pattern—directed procedural invocation. The rules allow direct
control and hence fast searci-
ation scheme, 4 netwao

f objects(nudres - standing for
d labelied edges). These schemes support clas-

alization asd partitioning. These schemes
pval since the association between

ing 4 pnetwork.

od to support the query and update of large

tted data. They answer typieal quenes anil
y ofretrieval and consistency and

I network represent rk represents knowledge in
terms of a collection © individuals) and bi-
nary associations (directe
sification, aggregation, gener
address the issue of infoymation retri
objects defines access paths for travers

Databases are generally us
amounts of regularly forma
h the efficienc

are concerned more Wit

122



persistence of data.

System desi ,
esigners intuitively choose
mation s S one of the formalism -
guides thﬁsct}fn']s ?Sually it is the characteristics ofinforr: ?)r iotor-
Hion otr oice o} fgrmahsm. Some of the factors influenei ation that
ructuring are identified in literature. Nevertheh—:‘eszc;nsg Htlforma-
ystematic

treatment is essential.
Let
us now look at the characteristics of the information and h
nd how 1t

n ; ;
fluences information structuring.

8.3.1 Factors Influencing Information Structuring

Th : . )
e factore that influence information structuring are as follows:

o Homaopenety
me homogeneity of data. A record is a

Record-based systems assu
forming to a static description

fixed sequence of field values, con
usually contained n a data dictionary and/cr 1n programs. Th
. e

description ¢onsISts mainly of name, length and data type f
each field Each such description defines one record type Reco:-);

structure presumes a horizontal and vertical homogeneity 1n data

pach record of a giren fype contat
a4 ﬂc‘/d' b the same kind

nsthe same

Horzontally
fields and perticallya gre

of information 17 cach recora

Record structul® fits hest when the entire class has the
wame knds uf ctrributes The more the information deut-
ales form the norn of homogenvily the less uppropriate

is the record configuration.
[Kent, 1979)

e Vividity[Levesque, 10861, In vivid systems

| he one-to-one cOFr
k]‘ltl\\ ]L"tigt s

bhetween a certain

espun(lencc
and the objects of

1. there wil
class of symbols 1n the

interest in the world.
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2. for every simple relationship of interest in the world th
will be a type of connection among symbols in the faét bere
guch that the relationship holds among a group of ob‘eaie
in the world if and only if the appropriate connection eii;:t:
among the corresponding symbols in the fact base.

Vivid fact bases, in some sense, are analogues of the domain
Object-oriented systems are more vivid than rule-based systems

Completeness
When a fact based system is forced to depend on incomplete facts

itg ability to make decisions or solve problems is seriously compro-
mised. In some cases, the lack of knowledge can be circumvented
by using general defaults, while in other situations, special heuris-
tics are required. However, no matter how a system plans to deal
with incompleteness, it must first be able to determine where this
incompleteness lies. In other words, a systm has to find out ex-
actly where knowledge is lacking before it can decide what to do
about it. This suggests that a fact-base must be capable of pro-
viding information not only about the application area, but about
itself as well. Thus, the language used to interact with a fact-base
must allow a user to define and inquire about what the fact base

does and does not know.

The reason incomplete fact-bases are so importantis that, in many
applications, the fact-base undergoes continual evolution. At each
stage, information can be acquired that 1s potentially very vague
or indefinite in nature. More importantly, a problem solving sys-
temn cannot simply wait for the fact-base to stabthze in some final

and complete form since this may never happen.
Logic-based systems provide mechanism to state ncomplete kn‘m.\ i
y store 1mmcnplots

edge. In record-based systems 1t 1s difficult U
knowledge except by providing fields with null values

Clustering .
Information is usually clustered. For example all the attnbuteT
of a particular entity are clustered mn one group 1 relationa
databases normalization techmque helps 1n grouping information
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Ina 1 . .
particular way to avoid certain anomalics and to render itself

amenable to mathematical treatment

Grouping or clustering also has influence on variations on th
e

pPatterns of connectivity.

* Inferencing
When peneral laws are availlable as part of defimitions of the data
Orasantegnty constramts, systems with inferencing mechamsn,

The first-order-predicate-caleulus-basoed systoms

ire preferred
provide this facility
* Principle of localization
When the data is localised or clustered in groups, a designer can
model parts of an application independently(localized). This or-
ganization of information is possible in object-oriented systems

* Principle of inheritance
Many natural classifications are such that the entities are clas-
sified and sub-classified to several levels. All the classes which
are specializations of the classes at the higher level inherit the
attribute values for the common attributes from that level. Using

the principle of inheritance a compact structure for these concepts
qocal’ information is indicated i.e. at

can be given wherein only
hat are of relevance at that particular

each stage only attributes t of re '
level are given values. Thus repetition 18 avoided.

* Principle of relevance . e
This principle can also be stated as principle for transitivity of
semantic closeness. When the information about the exact nature

of queries is not known and when information cannot be catego-
based on distance’ can be formed.

rized, a measure of closeness . Idist
Semantic networks make use of this principie.

ed to b, and b, in turn, 1S connected to

then we can say

For example if a is connect
¢, and a and c are not connected in any other way,

that a is closer to b than ¢
g not 1n¢li

* Principle of abstraction
At times information is a general statement connectin
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Fis principle say= that one need

viduals hut higher-order items
but can make o general

not say cach and every fact thar is true
statement about a class. Rule-based systems are based on thys

principle

8.4 The Problem with Existing Formalisms

In the previous section we have seen the prime considerations behind
cnoosing major data structuring formalisms. Let us now see if these

data structures are adeguate to meet our objectives.

* Lack of methodology
In some formalisms there is no methodology to follow while de-

For example in semantic net-

signing information structures.
works, because the network is simply a byproduct of the structure

of terms in the language (the network is not itself a language), not
all network-derived subsumption inferences are valid unless the
hierarchy completely reflects all of the relations implicit in the
descriptions in question. In other words, the descriptions must
be in proper places in the network before any conclusions can be

drawn.

Many of existing formalisms are record-t{ased where data should
be fitted into a relatively small number oi‘ p;tz?eﬁneifoll matsFand

5 est latively straightforwara class. Iorc-
they support requests of a re D e amenproos.

Iy leaves m
lting data structures often makes

the expression of many kinds of request either j{mfo?S]Elje(;i fi g:g
ﬁcult programming task. The interfaces to the ay.\ttm. P

above are very much implementation-dependent.

* Rigidity:

ing data into such formats usua
ible, The artificiality of the resu

¢ Lack of connectivity with the user interfacfk user interfaces on
. . - e use
Efforts are on to build natural-language-li to make them

top of the systems based on existing formalisms
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accessible to a wi ’
encountered wh eg ?;;ﬁiﬁ’;g;;:ﬁ;}ize B ey which has been
guage interface built on t f them i ot of the w e atural lan-
g n top of them 1s that of the selection of th
Ppropnate data structures for a given input description f .
guery. How does a system with a large number of concepts CII;OOT .
correct one? Sometimes particular words in an input descripti -
point directly to a particular data element, thus trivializf:p:;ﬁn
problem. However more often it is the case that no one Wcid n
a text points definitely to a unique data element. A frame can I;n
selected only by considering words in combinations or considering

similar words.
Lack of universality for users
;‘Ul computational systems are in a sense symbol manipulation
ystems. Symbol systems imply universality. However the sym-
bols used as names of the slots in a frame, or links and nodes in a
network, or relation names and attribute names in databases, are
?Omp]etely unconstrained and ill-defined. These are good concepts
in their own right but they tend to be completely unrecognized in
these systems. The symbol names play the same role as variable
names in programming languages. The difference in meaning
appears only in the way various routines happen to manipulate
these symbols, that is, it is encoded procedurally, and therefore

outside the formal system of representation.
ch the knowledge base models an ar-

be assumed that the knowledge base
he world 1t 15 intended to model.
es for the operations defined over
cess, matching), as well as for the

Except for situations in whi
tificial microworld, it cannot
is a complete description of ¢
This has important consequenc
a knowledge base, (inference, ac
design methodology of Knowledge bases.

Lack of descriptive abihty for designers
Computer programming differs from ma
tation of expressions like

A=234+23"19

In mathematics,
right hand side, can be expressions an
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themattics in lts interpre-

1s symmetric. Both the left hand gide and
d all vahd operations can
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be performed on both sides The meaning of the expression does

not change when we interchange the sides.

.In computer programming'e g. FORTRAN, COBOL), however, 1t
1s an §551gf1ment expression  Lelt hund side is just a syml’aol
or an identifier or a label. Knowledge-based systems are totaliy
handicapped due to this. Some mechanism should be provided to

say

data description = value-expresston
rom the expressions using abstract data

where data values come f
t){pes and left hand arde is an expression from lingwmstic domain
with proper semantics associated to it.

The data description should be such that the following operations

should be possible on it.
— Store a value 1n the element having this duta description.
— Fetch the value from the element having this data descrip-

tion.
—~ Compare data descriptions for set-subset relationship
s for hierarchical relationship

- Compare data description
e data descriptions for sipnlarity and approximate

—~ Compar
g available for them.

matchin

The important thing to realize 18 )

F rames, scripts, semantic networks, first order predicate calculus-

based formalisms, connectionist networks, ete. are useful in

cases where the sysiem developer has the full knowledge of the

sort of quest,ions that will be asked to the system; these systems
or unexpected @

break down when a new

uery is made.

8.5 Our Appronch

js that if we use a
¢ base say C1B

janguage for data de-

W
e work on the hypothes A, we can give mean-

scriptions, built on a concep
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ingful j ; :

Strglfzt interpretations to descriptions expressed in various data

Dt 1;res, by viewing them as descriptions corresponding to
al language, compressed with some intention

We vi ‘

view data structuring as a Compression teclngue,

In . . -

um;hxs sectlon, we will first list the advantages of having an
erlying concept hase for data descriptions. We will then

di :

" scuss the need for structuring as well as the need for cluster-
ig . We will aiso discuss the advantages of having a framework.
nally, we will explain why we view data structuring as a com-

Pression technigue.

8.5.1 Advantages of a Concept Base Underlying

Descriptions

based on explicit phrasestnot just
t base as natural languages to
nterface and data structures.

We advocate data modeling
}‘:’Ot‘ds) and having same concep
eip bridge the gap between the user1

The advantages of having descripfions
CIiBa are

based on a Concept base like

to design the data model casily

» Humans wtl be able
ess the model easily.

¢ Humans will be able to exXpt

come natural and universal.

s User interface will be

8.5.2 Need for Structuring

r orgamzaion
{ vlemen

or the wayin which parts

Str .
ucture rangement 0
1S an arrang is not arbitrary but

ar.e formed into a whoie. Structuring ©
With some purpose i mind
StrUCturing has one or more advantnges
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Structuring speed- up access to what is wanted. For example, a
binary search tree can search in O(log n) time

Structuring compresses data and thus saves storage space. For
example, Frames store the common data with a prototype record,

By storing data in modular tashion it makes 1t possihle to change

data. For example, the information about g student can he a single
record.

For human beings the data becomes more expressive. Individual
descriptions can be structured so that relations among them mir-
ror relations in reality. For example, a hierarchy can be easiiy

understood in a tree form.

0 5 ture i ticular pur-
A Structure is called o ciecourse structure 1 it serves a particu pu

Dose,

Some higher level discourse structures are of the following types:

definition
example
story
explanation
problem
question
answer
method

procedure
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8.5.3 Need for Clustering

In a typical factual information system we find that

¢ descriptions about an object or an event or a state are grouped

together
¢ descriptions of instances of a class of objects events, states etc are

grouped together

event descriptions, object descriptions.

T} e a
$41 ‘f"w(.‘l‘lphon.‘i 3!‘30 ¢arn l)(-\
scene descriptions.

relations descriptions, actions descriptions or
Fhe advantage of this is that it categorizes information 1n bundles that
can be looked at

8.5.4 Need for a Framework

e of data and
r, the organi
le-hased system etc.

cedurally through the oper-
perates on the information.

the kind of queries the information-

Depending upon the natur
zation can be a database, a net-

hase is expected to answe
work, a frame system, a I't

The meaning of 2 framework is encoded pro
ations availablealong with the system that o

g Viewed as 2 Compression

8.5.5 Data Structurin

Technique
and techmques in com-

Here : . ring the methods
» again we wil : , ;
Puter systems with Biological information systems. While ta_lkmg
about the concept base, W€ have already seen that the mggt basng ;:E-
’ 2 . M e
; . . - y s pattern matching an
eration for Biological information sy stems 1 : :
most basi hg pism 18 categnri;-.atu_m. Another technique by Wl};Ch
9! basie mec)a ‘heir performance 18 compression. The

these systems try t0 optimiz® thf_?i thetorization 1€-
basic technigue for comPr ession 1%

] be comp2a
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tak: o F :
: ing general information out ax o ciass, and describing anyv
ember of that class having a tew puriiculars g any item s 4

D I
escription can be about a class or an instance of a class. A de .
as - - . R SCr?
s two parts: a part corresponding to things known to the hstenfi (";’:

£ :

O?ihpoplllatlon), and an unknown nrnew thing which 1s the contribution
b at description. Accordingly a description is divided 1nto two parts
Subject and predicate. A deseription about a class can, in general taf};

f}i)out attributes and relationships important to know for this class
e normal range of values for these attributes; defaults for values of'

vari : :
arious attributes in absense of specific knowledge etc.
A description about «an (nstance or member of the class can partially
specify the known values or value ranges ol some of the attributes or

relationships of that member

The members of a class are often grouped together and treated as an ag-
gregate unit, so that each description need not be elaborately specified
but instead can be specified as belonging to a class aiong with values of

Specific attributes.
ture is selected for the ciass because of the promise’

A particular struc
ne andd efficient for infor-

it has It can deliver guods, 1t is most economn

Mation storage and retrieval.
language LISF, has shown

MCCarthy, the inventor of the programming
that nested lists is a structure general enough to acta=a basic structure
for any other structure. We, however, do not stop At the basic structure,

ctures, most of them having become

ut identify some higher level stru
- - s “y
I'he structures are Sequence,

FORTAMIMETS

Universal among computer p
swork and chunk,

Array, Table, Tree and Cluiti. graphin
Let ug see how each structure functions
{) 1 sequence. s are physically as well
ach other, and arranged 1mn one-dimensional
puts i restriction on a sequetces It

|, as there may not

hen requiree
However, new sequences

s Scquence: the element
as logically close to e
plane. The ;_»hyswal clos

cannot be easiiy extend |
be any scope for extending it tarthe

MCSE
| us and w

'S
.
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can be created by combining existing sequences, or taking partial
sequences. Examples of sequences are character strings. Two

sequences can be compared as well.
Applicable operations: length, concatenation, substring, compari-

son,

Array : In an array, the elements follow an order. There is 2 map-
ping or correspondence for the elements with the natural numbers.
Thus elements can be referred to first, second and so on. There is
a limit on element size as well as on array size. It is possible to

directly access n-th element of the array.
Applicable operations: length, ‘get n-th’, ‘put n-th’, ‘is empty’,

comparison.
Table: In an array, one can get the n-th element, but there is no
way of searching based on contents of the arrgy‘—eleme_nts‘ One
has to go through the entire array. In a table, it 1s poss'lble to go
both-ways: from contents to the identifier and from the identifier

to the contents. .
erations: ‘get n-th’, ‘search for given search condition

Applicable op

involving its attribute values.
for hierarchical orgamzation of data.

Tree: A tree structure is used :
(Note: Simon[Simon, 1986) defines hierarchy as follows.

" !
He first defines what a partition means:

Partition PofE
Definition: Let E be a finite set of n elements, A partition

is a set of K subsets C, of E such that,
1. The intersection of any pairs is empty
2. The union is equal to E.

Formally,
C,n C_,' =017 J
C; udGC; = E
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Hierarchijes:

erarchy is a set of partition classes constitnting g
particular, the set E jtself and the n

ts of E.
K + 1 corresponds to combining

Definition: A hi
complete chain, including, in

subsets formed by the elemen
The passage from level K to level

n classes.
A hierarchy is a subset H of Partition E such that

1. ECH,
ifx and y are elements of E, then x, y € H

2. ifh and h’ are elements of H, then either h Nk’ = 0 or hnh .9

in which case either h e h"orh’ € h. )

Tree(Hjerarchy) is a way of grouping and subgroupiflg elemepts
In smaller and smaller groups. In a hierarchy step-w1§e se]ec.tlon
of smaller and smaller subsets meeting some criteria is possible.

It is a systematic way of pruning down the search.

[ 15 hi hically organized with sec-
Examples: A journal paper is hierarc
tions Eubsectiins etc. We assume that our know}edge about any
Subje’ct acquired-formally, is hierarchically organized. In nature,

trees are the examples of hierarchical organization.

Chain: In a chain, a typical element points to the next element,
e .in a chain, elements can be added to or deleted from or

modified, at any time. The physical closeness of elements is not

required,

t
Graph: Graph or network is a very ggneral sf;ructf;:;:nio represen
any syétem, where transitive properties are 1mp .

o ts. title and

. onsisting of two par

C : Chunk is any structure ¢ . ' The chunks
CO};?:HIES Tvtle serves as a handle to pick up contents

can form an hierarchy.
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8.5.6
Example of Compressions in a Fact-base

r 1

Sup oS
pose we have these facts about a student in a college to start
art with.

:.?]"ay 1s a student.
V}qay’s age is 29.
VfJ.ay’s height is 180 cm.
jay’s weight is 55 kg.
T
he common factor 1s Vijay, the subjectitopsc).
e written az Vyay is a student arul

Thus these descriptions can
= 180, weight is 55 kg).

V" » .
jay’s attributes are (age 18 29, height ¢

W, :
e get a record corresponding to facts about Vyay.

A
ssume further that, there are many other students about whom, th
, the

S . . . .
ame information is availabli.

For example:

Suj . - { ;
ujatha’s attributes are 'age 1€ 06, height is 164, weight is 49 kg

gmita’s attributes are (age 1= 25 height is 150, weipzht 15 45 kg,
Sétilndhy’ra’s attributes are (age s 27, height 1s 160 weight is 50 kg)
eela’s attributes are ldg"- I 25, height 1s 163, weight is 51 kg)

Attribute names are commor i each column.
toriel age height weight

vijay ‘20 180,55 vijay 29 180 55

Taatha (26 164,49) sujatha 26 164 49

Smita (25, 150, 45) cmita 23 150 45

Sandhya (27 160,50) gandhya 27 160 50

cheela 25 163 51

Sheela (25,163,51}
This entire table can

vith columns far attrbutes !
tle say “.‘-'nludenl.s' 1 the fact-base.

Thus we get a tahle ¥
th a proper ti

be stored as a chunk Wi
n be explamed

{achmigue. applied

as a factorization

Hierarchy also ca



stepwise so that at every stage, level, the commonalities are factored
out. We can easily show inheritance hierarchy 1n frames as a factoriza-

tion technique.

other kind of compression are by way ol providing mechanizm for

lnfe_rencmg by formally manmipulnting the structure  For example, 1n-
heritance information can be obtained by traversing a tree. Again
transitive relationships (paths, connections) can be found by traversing

a network.

8.5.7 Associations between Discourse Structures
and Data Structures in Computers

It is evident from the discussion £0 far. how a particular organization is
of the ‘promise’ it holds. It can deliver

intuitively selected. It is because
goods and it facilitates browsing or auerying.

For procedure and methods we use chunks so that they can be picked up
by stephwise refinement (sorting

by their ¢itles. For dehmiting a st0pe ‘
ete), we use trees. When we have to accesas information only sequen-
tially. we can use sequentlal files. When we have to get attributes of
fntities, by specfyIDE therr ulentifiers, we will use records. Ifwe have
) - alues as well, we will use

to get entities, by specifying their attribute v | |
tables Far storing hnkages, cause-nifoct ete, wiwill use linked-list etc

8.6 Organization and Scope of Queries

) he retrieved. To get the I'_lght in-
mation should be made avallgble to
{ of compression that delimmts the
<uch that retrieval of items s

Information is useful only if 1t ca1
formation, the orgamzation of infar
the system. The organizat

scope of quertes. Orgamzatior
possible

onas o kind
; should be

s through Identiﬁcatiun(lndexng
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¢ through specification of Partial s1ate or attributes(Content-based
searching) >

L 4

through domain specification

by pointing(Visual display of information on the screen)

*

by browsing(Going through skeleton descriptors)

Natural language does provide us with all these techniques to identify

the referents.
To support our claim, we quote Narasimhan{Narasimhan, 1981]

Language behaviour, like behaviour in the other modalities
can be categorized into one of the three meta-behavioural cat-
egories, describing, manipulating, and exploring. In the lan-
guage modality the traditional terms for these categories are,
declarative, imperative, and interrogative. These linguistic
classifications, however, concern themselves with the surface

forms of utterances.
Description: Descriptions could describe the behavioural as-

pects of the world to which the Zang'uage relates, L. e, the sit-
uational aspects and/or the agentive aspects of either the
speaker or the addressee. Describing a situation of thg world
involves specifying what objects are present, what their states

are; what relationships, if any, hold between these states;
what events are happening; what relationships hold between

these events elc.

A description of agentive aspect .coulcf ('elat; ?? th(fb?[gfntii
on-going acts, agentive states, or fenow! edgf‘,.’ é ieh ot : y,l d
could relate to the agent's action iit terms of itsintent; 1 coztz;‘
relate to a contemplated plan of action by the HR;’:;'E;:;O:
constraints conditioning such a plan (in tem;i ;smresineer!’

compulsion, etc.); it could relate to the agent g e
want. desire, etc.). A description could be an ass

denial.
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The primary behavioural intent of a description is to provid,
information, This is the principal part of the descrf ;W :
‘nesis pa}‘{‘. Aside from this, a description, in generalpco(::;d-
also contain ¢ comment-part indicating the speaker’s :zssess
ment of the validity of the thesis, his degree of belief in 't'
whether the thesis is being asserted or is being put forwa;a’f
as a hypothesis, the source of knowledge for its declaration

and so forth.

To make communication through language possible at all, the
correspondences between the utterances and the behavioural
aspects as available at these interfaces should also be, by and
large, comparable among all the individuals of a language

community.
Thus, among these members the details of their interpreta-

tional systems should agree to a large extent. These are just
the aspects that show up as the common aspects of the lan-
guage behaviour of that commaunity. This is just another way
of saying that a child builds up his interpretational system
by interacting with the language community and, hence, in
conformity, by and large, with the interpretational systems of

the individuals of that community.
We shall confine ourselves to a small subset of those that

relate to situational and agentive aspects that deal with naive
language behaviour. Naive language behaviour is what is
universal among all human beings ....

identifying an agent or object is through

The simplest way of
the use of specific individual names: proper naines. Quite
han human be-

often, especially with respect to entities othert
mes. We have already

ings, it may be convenient to use classna
referred to the use of personal pronouns as demonstratives.

this one, that man, or using observable properties.
ally an object interms

Identifying an agent or object - especic
of its location is the next most convenient alternative.
Events unfold in time and, hence, spectﬁcthn of time as-

in description of evenis.

sumes fundamental importance
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g;iz'zzs, n descrriptions, specification of space and time relation
szps playan z'mportant role. Two other kinds of relationships
wat play basic role are order relationships and part-whole

relationships.
Concerning the states of object, the most important are those

directly perceivable by an agent.
A's for agents, their agentive states (needs, affects, motiva-
tions) and changes in these states are the aspects of primary

importance to natve language behaviour.
In English all descriptions are obligatorily assigned explicitly

a time relationship.
We have already seen that agents and objects have associated

attributes and assigning a value toan attribute determines a
partial state of an agent/object.
1 attribute and value names explicitly stated.

its colour is blue.

variant

it has a blue colour.
~red to by its associated sensory interface.

2. Attribute refe
it smells sweet
it seems small
partial state is explicitly grven

the water is cold
ue of an agent or an object can also be

3. An attribute val
g it or vqualing 8 wieth

specified 1ncd: rectly hy comparin
that of another agent or object.

4. Other relationship specifiers: ~
Just as time relationships artd ot relating two events,
space relationships arise, i relating two or More agents

and objects.
pnurse, relate either two or

Order relationships could of :
more events of two or moré agents/objects. Part:whole
rring to membeis of u col

relationships arise when refe
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lection, or to separabl '
) paraole parts, or portions, o '
e 10 f an object.

In descriptions of events and states, location in different ways

1. specifying the place of action
2. action involves placement of an object/agent

.

3. place of agent/object when in state described

o demonstrative
o indirect location specifiers

o displacement specifiers
from - to

Action identification already delimits, more or less in com-
plete detail, the kind of displacement specification called for.

Displacements can be specified through demonstratives.
Names which are values of the attributes length and distance
could be used to specify displacements directly.

e he walked one mile

o Agent/object specification
In a'escriptions of events, agent spw':/imxrmns are used to
telentify 1) the primian apen? (the one whao acts) 2) the see-
Onu'ar;\; agent, tf any sho henepicrary (victinil, or 3) both. 0b-
Jject specifications are needed to identify the objects manip-

4. referred to as a psuedo-

ulated by the agen!, pr the (i : ' ' '
agent. In state descriptions these spec;ﬁcatwns identify the
¢ being deacribed

agent /object whose state! )
) tate) indi-

2 . qeperts of on event (or a s
It is possible to sp ectfy asp ents and /or states. Hence,

'l' or 't
rectly through reference (o O ‘
an egen,t or ftatg dgscr;p.';. i -'v-.x-'d concewably refer to ¢ plu_

I'(lllty ()fagpnfs and ob o
Agents/objects can he directly spectfied gither by means of
demonstratives or tAroig ) the we of thetr proper names.
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Agentsiobrects can be specified indirectly in terms of their
atfribute values. An agent can be identified in terms of a

secondary event.

An object can be specified in terms of its usage, locality.

In propositional speech non-elementary relationships exist
hetween situational aspects. Examples are: Conditionally
relating two aspects, causally relating two aspects, implica-
tonally relating two aspects, relating them as hypothesis and

Consequence, evaluating an aspect etc.

8.7 Conclusion

The world of information consists of various kinds of relationships: time
relationghi ps, space relationships, order relationships, and part-whole
relationshjps_ Some of them capture the relationships in reality. We
‘€el organization of descriptions is very important. The organization
'S a kind of “compression” that delimits the scope of queries. Various
Structures should co-exist and kinds of relationships they capture must

€ explicitly specified. Data descriptions should be phrases in natural
anguages, so that the meaning of the descriptors and meaning of the

Structyreg impart the meaning to the whole structure.

Justiﬁcations for data structures are necessary. The soundne.ss
f a particular structure can be verified if only the characteris-

f
ics of the data to be stored in the structures are madfa explicit
and if only the characteristics and limitations of various c!ata
known. Thus structures are operations

Structuring f 1 e
ormalisms ar o A .

Carried on dg(;scriptions. Once the structures have “meanings assoc;]-

e with them. a user interface, in say Singlish for accessing them wi

’ t 1n the next chapter.

} ; ]
Y2 more natural. We will consider this aspec
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Chapter 9

ReWlre - Real World
Information Retrieval

9.1 Introduction

can handle large chunks of
toms. the important thing is
ble to finid our way through these complex,
ireefindual fuct or relationship
We should be doing this in
should be avouding
her of facts

just that we

The point is not
ugh they were a

knowledge as tho
that we should be ¢
nested structires to whatever
we mght need at any &1 prr HIME
a very jlextble and efficient way and we
having to look indiidually at each of the vast i

“.}“'(.h are not r:’!é t‘df‘in‘ to ,'!'.'c pr(;blcnl al I'.'nur:!

— sSowalSowa, 1084]

ihed 2 methodology to represcit
{ information i= not enough.
trieved In this chapter.
wwe information and
possihle

o descr
resentation ¢
it cnn bere
{ 1o retre
ded te make 1t
¢ information is very

In previous chapters, we hav
information. However just rep

Information is meanmgfu! only if
we will discuss the methadelogy to be use

also about additional m«: hanisms that are nee
It has already been esta blished that orgamzation 0
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S'yétel tazf; vaen the requirements of a particular application, the

¥ !r‘n ] alyist comes out with dgta structures that meet the needs

o ;t . ’1; cdy anc: efficiently. The choice is guided by the practical needs

Sh"u?d E'h 11t the Software Requirement Specification. Nevertheless we

the ave a thgory about why the models we create are valid, why
Se representations have been constructed and not any other.

: v discussed earlier, there are many formalisms available on computers
hat can be used to represent information. We find Otsu's[Otsu, 1998]
®Omment on these formalisms adequately describing what we have to

say.

The frameworks of information processing by modern com-
puters are still not so flexible compared to human flexibil-
ity in information processing in the real world where many
problems are ill-defined and hard to describe in algorithms.
Therefore in order to cope with such real world problems it
18 essential to pursue the fundamental ways of human-like

flexible information processing.

“Real world computing” is becoming a new paradigm of infor-
mation processing which aims at furnishing the realworld-
ness(or flexibility) of human information processing to infor-

mation systems.
Human beings can be described as “Real world Information Systems”.
N neuroscience, the basic umt of human memory is described as a
chunk. While proposing Production systems as general models of cog-
Nitive architecture [Anderson, 1983],[Newell, 1990], and as a way to
Tepresent human expertise in computer programs, the primitive struc-
ture assumed is also a chunk. We have also named our basic }ngt for
information representation as chunk. ( Note that, in our case, it is ba-
as a handle to the boay ot

sically a unit of retrieval where title serves l od
a C}Zunk' Howeven SO far’ we haven’t Spec.iﬁed What S.lOlI'(’ g0 11n 1tles
and what should go in the body of the chunk. We will attempt to answer

this question in this chapter.
Before attempting this, a study of information retrieval in computer

Systems as well as in biological systems is in order.
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9.2 Retrieval in Computer Systems

M .
any formahsms like Databases, Frames, Semantic networks, First

?l_‘de'r-Pr'edicate-Loglc-based formalism, etc. exist for storing and re
rieving information on computer. These are based on what Date[Date

1993] calls ‘Type 1 models.

Type I data model i5 a formal system, involving three com-
o structural component, an integrity compo-

wative component These components can
oblems of anv specific enterprise or orga-
Iy, however. that a type 1 data model i
o do weith any such specific enter

ponents, namely
nent, and a manip
be applied to the p:
nization, note carefut
and of itself has nothing t
prize or organization.

The system based on any such formalisins - sav Relational Database
System works because 1t ASSUIMES for the designers of databuses the
following kind of shared knowledge:- Knowledge about concepts such
as relation, entity, domain. ©f attribute ; knowledge about operations
such as arithmetic, set, oT Jatabuse operations; and knowledge about

the query language-
articular applicat
ames ol relations a

constraints, et
Jar datibase instance.

wnina relntionul database, shared

nd attributes, underlying do-

For the users of a p
¢c. This 1= nothing but the

knowledge is the n

mains, integrity and security

meta-level knowledge for a particu
qurry in such a formalism s of a very specialized
ade to look like a naiural language

One must note that the '
and limited kind though 1t 15 1M
query by a smart choree 0l attribure name
language words.

s that correspond to natural
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9.3 Retrieval in Biological Information
Systems

The B.Eo!cfgzlcaf Information Systems are complex; they contain diffore t
kmds of information, each dictating its own way of handlmgrlt T‘:}il
information is added incremently. This information 1s often mcorn.pieteL

'Mprecise or approximate.
Let us first list the kinds of information these systems have:

9.3.1 Kind of Information Based on F ormal
Appearance:
Information based on forma! appearance can be described as follows:

* Rules: Rules are generally used for describing laws of nature,
restrictions humans have to foliow and generalities or conditions,

¢ Records: Much of the information in files and dafsabases record
the apparent state of the real world at some point in time.

* Procedures: Descriptions of changes to the state of real world
as a result of explicit events or activities are captured through

procedures.
* Messages or transactions: These are communications from one

agent to another.
dised and struc-

DeScriptive data is useful if it is formalized, standar

tured.
9.3.2 The kinds of information based on usage

Information can be classified by usage as follows:
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Explanatory information concerned with explaining why a real

world situation arose.

s Qualifying and qualitative information which is used to moderate
descriptive information from the formal system.

e Patterns and norms which specify how things should be dane
Judgement information based on subjective or intwitive apprecia-

tion of a situation.
Information about various attitudes and power.

 Time and space coordinates of information

s Problem-solving information.
(Note: A structure for understanding may not be adequate as a struc-

ture for taking action.)
o make use of this informa-

Let us now see how human beings are able t :
tion. Here we benefit a lot from the characterization of human problem
solving hehaviour by Newell and gimon{Newell & Simon, 1972]. We

Summarize their work here.

9.4 Problem Search and Knowledge Search

According to [Newell & Simon, 1972}
) ' 1] be deepl involved with the pro
Intelligent behaviour will be f Zre O hed und wontrol

cesses that determine what spat

search in those spaces. 0

. intelligence. Une
There are two separate searches & ng }:er’r?glee m space
is problem search, which 18 th:)‘.-,mzrch”Of 5"‘? PE_S S oledge
(search for the information weededr, Thi viner

v wystent for
search, which is the search in the of the &

mioHtors
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the knowledge to guide the problem search. This search for
knowledge is not always required.

Given a special purpose intelligent system that works on onl

one task with a general search algorithm (say branch ané
bound), then only a little knowledge has to be brought to bear(
the evaluation function and the logic of branch and bound)
and it is used at every state in the space. The procedure ca)z
be built right into the structure of the system, so that only
problem search occurs. On the other hand, agents that work
on a wide range of tasks say - humans - have large bodies of
knowledge. When a new task arises, that body of knowledge
must be searched for knowledge that ts relevant to the task.

Furthermore, in general this search (s not a one time retrieval
that initializes a small body of knowledge relevant to the
task. Some tasks have such a character, but generally at every
state in the problem space there is the possibility that some
new knowledge, available in mind but not hitherto retrieved
has become relevant. Thus, the knowledge search goes on
continually and the more problematic the situation, the more
continuous is the need for it. Knowledge search occurs in the
inner loop of problem search. Knowledge is used to select
the operators for the problem search and to evaluate their
consequences, hence knowledge is called upon within each

state.
Newell’s Unified Framework for Cognition assumes the following things

about cognition.

Experiments show ¢ holistic change i peoples s}c;llis_ Noé,.,,(,e

and cxpert differ less in thewr physical knowledge than tn how

they access and use i£. .

¢ strategies for sclecting potentially rele

m long-term MeEMory, aend where @ noviee
the expert g1ues the result

They have distinc

vant principles fro
carries out several distinet steps,

immediately.
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Expert, '
riise wn ger zati

for[ L‘ general, mt_;ol ves automatization of this sort I

‘ormation that 1s consciously accessed while o skill is being
“arnt comes to be ignored (may v1on be inaccessible) once the
skill has been acquired, g
Our initial verbal representation about what to do gradually
give way to unverbalized habits of action.

New rules are created by three main processes - Procedural.-

tzation, Composition and Tuning.
Proceduralization takes place when a declarative item has
been used in a particular way several times.

Newell, Allen[Newell, 1990]

Let ug see now how a particular architecture will help in “problem
Search” as well as “knowledge search”. We will be studying the require-
Ment from the competence aspect as well as performance aspect of the

System.

9.5 Competence

Competence is the ability to do a particular job.

des the opportunity to respond to each

Th , rovi
e problem spacep ledge available at that moment.

sttuation in terms of the know
[Newell and Simon, 1972}

ation retrieval scenerio where an
f the descriptions in the system
corresponds to the guestion
he mapped onto an internal

swtactically mate hing

Let us first assume a simple inform

answer to a question exists as one 0
e problem 1s to find which description

asked. The input descriptor(query) has to J
description. The simple-minded solution will be sy
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g(? rds from the il?p ?t description to the words in the internal descrip-
: n. However, this is not enough as vvery word in a question cannot be
ofcgje' In general, the matching words in the query provide the referens

€ query: the topic or subjyect of the query Thus thev will only give
a partial match. The only other thing that can provide cue to furthier

matehing 1« what s called intenston of the query.

We, therefore, make here a very important statement.

In order to have a general-purpose retrieval system, intensions
of queries should be matched with intensions of internal data

deSCriptors. Thus it is necessary in a knowledge-based system
to capture intensions of internal descriptions at various levels.

9.6 What is Intensional Organization?

The concept of intension dates back to Wrege[Frege, 1949] and his dis-
tinction between the sense .l denotation of an expression in a lan-
guage. The concept of intension is meant to capture the notion of the
sense or idea or meaning of an expression. Montaguc defines intension
of any expression as a function from a set of points of reference (var-
lously called possible worlds or indices) to extensions{Partee, -_19761-

function which, given any index,

Thus the intension of a name 15 a
Picks out some individual as the referent of that name at that index
- out some collection of individuals

Similarly the intension of a st pick o of
which is the referent of the ser-nime &b each index, and the intension o
a formula js a function which. jor any index, tells whether the formula

1S true or false at that 1ndex
. . . e the hearer’s
A major role of query 15 to point the speaker s directing the |

attention to some entity
el o '_I‘l*fl‘.'

What descriptions can be used to identify t ,
beliefs of the speaker and hearer, including the spe

the hearer, and so on.

In speaking and listening pe

reni depends on the
ker's belrefs abou

L ll'.‘al

] of oprea
aple make essential use Mt
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of world knowled ( s
\ ge that they share' with each other. The
what kind of 'shared’ knowledge dv they use, and how? Auestion 18

We have seen earlier that knowledge can be classified as generic and
Generic knowledge is knowledge about kinds

states, events , processes methods
ledge about individual or

particular knowledge.
of things (about kinds of obyects,
el:c.Jt whereas particutar knowledge 1s know
particular things.

¢ important statement.
The intensions of data structures chau'!d be formed out of the
cginmon (generic or public) knowledge to make a query answer:
able.

Here we make anothe

9.7 Performance

ards Huproving performance.

pne purpose behind structur
structures und the

Let us now discuss the anisms oW
We have seen 1n previous chapters that |
g the descriptions js 1o compres chem into data
techmque fol]owed 1% !a({t‘)rlzaf“?n Wo nunwy state thilt

pehind structuring descriptions is establish-
The four mechanisms for ostablishing connec-
ordering, grouping and pointing.

chanisms in detatls.

mech

Another purpose
Ing connections-
tions are levelling

We will now describe these me

t up of mul-
‘..'vt]i! .lllnlll

9.7.1 Levelling

ystemns are husl
o umlers

hat inte Ihgent =
";'- 1= |l|“|. il

F@ work on the l!\'pnt}‘.c sis 1 7 : '.\.””h" L
iple levels of systems: Emprrically, £¥¢ ng we unt
wlding up multiplides .
s ustat b i é , 19861 1n analy=Is of

engineering systems t°U o
on
}V:'Jhen the system 1* cotpies egb (;Sal;g:rﬁll'!tnﬁ)e system has 10 be hi-
) a 1c E .
erarchy argued |0} :l‘;:)::”f‘ hich we Jo believe) attempts t0 build
O i

erarchical, According b



compheat
ated svstems
vstems without first building stable subassemb)
subassembles will

ultimately fil.

Le . ;

\_“f)ffb!s are clearly abstractions, being alternate ways of d

scribing the same system, each level ignoring some of what ;
18

spectfied at the level beneath it.

9.7.2 Partitioning
Pa N :
rtritioning is basically used to divide and subdivide a set into small
down the search. .

a
nd smaller sets to narrow

9.7.3 Pointing
from one item 10 another item or to get full

It} .
is a mechanism to reach

mn . . . .
formation from partial information.

9.74 Clustering

articulars of a class a
unit, so that eac

ead can be speci

re often grouped together
h description need not be

T .y
he descriptions or P
Ged as class + values of

?*!!Yd treated as an aggregate
e ab?mtely speciﬁcd hut inst
specific attributes.

9.8 Meta-knowledge

In the Jast section we have seen what
angd performance, mean- Now we put fo
consideration:

jz. competence

the two aspects, v
portant design

rward anpother im
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It is n
ot enough to know th ;
at things ar .
nec | ol e connected se ole
essary to know what kind of connection it is! s 3t Is also

For :
relaf‘xample’ intension of =n hierarchy may be to capture partonomi
ionship, to capture taxonomic relationship, or to capture sp.agml\
’ a

relationship.

0 - - .

N nce s-tructures and their intensions are known, the retrieval

Ieperafn:ms that correspond 10 & uery expressed at knowledge
vel (in natural language} can be dynamically composed as and

when guery comes.

1y order to act intelligently the system

ledge:meta-knowledge. llere we

1982

I

? other words we can say thal
wuld have ‘knowledge” about know

L y . : ' ] — .
tunte Smith’s reflection hypothems[hnnth,

hodied mteltigent process will o coh
Nente that ol we as external ob-

\nt a propusifional account of
JIPOCSS exhibits amd b) o
antical attribution, play o
role in enpendering the be-

Any moechanically em
prised of structural ingre

sertiers naturally take fo repress
the knoweledae that th averall
.I{N.'m( st

-.’c‘/.,-‘!“[.-y.-, Of .\.'.'n’l.'
formal but causal ani essenfal
haviour that manifests that knowledge.

es as follows.

Smith’s Reflection hypofhesis go
wss can be constructed

pertue of camp ristng an

i puluting repre:
ocess cauld

?.‘[!Iz!u(mm:.’ prro
Fcorld i
sder ,!Q'*rmcthr
i (‘ur':pzmr(:rmaf pr

of vomprising ol

[ am vardide
anipulating reprs

In as much as a co?
to reqson ahont an exiernid
tnprrediont processtinterprs
sentafions of that world, su 1o

he made to reason about

Iren 0‘\\'”’."('1'[!?'!‘[1
frons .’:.'lr."

(sl
ingredient gl formally o
sentations of (s owen ope ree vfal's
ut how to get intensions of duscriptions 48 well

n our descriptions

reta-knowledge whe
ier chapters.

We will now worry abo
arl

as intensions of structures 1.e. 7
are formed using the methodology described 1 e
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9.9 How to Get Intensions of Descriptions

9.9.1 Text-based Systems

In text, titles and sub-titles capture the intensions of the text that

follows,

At g higher level of granularity, to make retrieval possible, descriptions

In the skeleron descryptor can function as handles for the text, Thus one

of Picking information may be using skeleton descriptors.

The lowest discourse unit(say corresponding to a paragraph or a de-

Cription of a phenomenon’ is typically made up of many descriptions

Which may or may not be reiated to each other. it relat.od.. the relg

fAl'Onships can be captured as cause-cffect, purpose, functionality nnd sg

on,

Each description has a purpose to serve. A descriptiin g;enerally ha}q
: 1 known to the hstener, ane

tw : : sponding te things know

anzgzrts. ) pm;v:‘:;l:igpwhich 1s the contribution of that description

nown or n NPy :
(This roughly corresponds to thie two parts of a sentence: subject and

Predicate) N
1 description explicit is by (1}
Ther efore a way to make the function of a |
Y tence and (2) capturing
i s or ) of the sen
aptur bject(topic or theme | burin
gintézggs‘if:’l:le('s_[‘l}lmg intension of a sentence may 1n turt depend upon the

kind of the subject.) _—
in English.
Let us illustrate this through a simple story in 2ng

: -recifies time) o
T - . SnEion SE =C1 fl . .
Y Was summer (intenc ;C emewhers{intension: specifies Actaion)
& Crow was flying to gc soRe .

’ : censll
“he crow was very rhirsty FlnLcriﬂtension;
is threcat was dry with thirst o fies BLAL
: intension - S&=h :specifies acte
he wag suffering 4 1ot(;n directicns{intension:spe )
: the i : £ »Are

oAl irtencion;:speciflres st

.opecifies state)
. specif1es Charas: o

he way ) ok L

but there was n« water e W72
Ne was tired(intension:spec
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he hed T .
N perched on the branch ot &2 tree(intension:specifies act)
e . > > » -

was now thinking(intensicn.specifies mental act)

get these intensions from the text. Here

The question now is, how to
phrase will help.

we feel the semanties of the verb

Semantic Categorization of Verbs

verh used that serves as a key to the kind ot

Very often, it is the
description.

Let us sub-categorize the verhs based on the purpose they serve.

The three special verbsn Engli ‘have and ‘do’ function as follows:

perty, identification,

sh 'be’,
class membership,

e to be: to describe a pro

states etc.
sSess10ns, parts of a thing etc.

¢ 10 have to describe P
e to do: to describe actions:
an¢ states are described

s, feeling, effects
1955] has classified the

Different actions, happening
cample, [Quirk,

using different verbs. For e
verbs to denote

» Acts: tap, kick
Activities: hunt, play

Events: arrive, d1€
ain, spOW;.

» Goings-on: r

Accomplishments:

_\rpilr-‘t’e

Processes; improve

States: become

Stances: stand, stt
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9.9.2 Fact-based Systems

ntensions of the structures can be explicitl

application) as meta-knowledlcrey
red from data descriptors?if'
Singhsh Inchapter

i%’;;jcé-baﬁed systems, 1
In a datay_stt e author(dewgner of the
data-deser r;.:lcture, m'tenswns can b captu
9 we h ptorsare written as noun- phrases using
; ave described how noun phrases are written in Singlish
in}}sl‘smre:-nev.mg the name nf Jolin's father will depend upon fiow the
ation is stored, as a relation or a frame or a semantic network or

a record.

9.10 Intensions of Input Descriptors

ons) wh-words speafy » bt 1 thy
while the rest of thy description

InE . . . .
English, ininput descriptors(questi
I 41e.~4cr'1prmn'raterem;

u '
dnknown that is wnnted tintensiont
e : . .
scribes what is the known aspect ot 1l
olational d

. wher

attributes,
ation) of 1nterest,

arabases,

e employee name = ‘Shohl:a”

in the SQL statement in ¥
elect name, salary irom employs

‘select’ specifies for what
the class (rel
attribute values.

in

; 1gem@ral, you want at artbute
Sa ues; ‘from’ specifies while ‘where’
pecifies the restricf10ns on

9.11 Retrieval through Inferences
ore is a one to one

ple case whe
eality. however,

and a querd Inr
¢ quote [Narasimh&n. 1081,

re th

Up till now, we have assumed a siT
correspondence between a description
e exphcit. Hlore w

not all references ar
¢ tor state) indi-

{#yv aspects of an everns
'/ or states. Hence,

-;)ll
fir ither ot vl anrct

I! i.'s' ‘;')f'.' ‘»{!H’c' fer S
rectly thraugh refelt

no
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an event or state description could concetvably refer to a plu-

rality of agents and objects.
ggents/objects can be direetly specifivd either by means of
emonstratives or througl the wse of their proper names

Agents/objects can be sprcipred tndirectls in terms of thewr

attribute values. An agent cun he identified tn terms of o

secondary event.

An object in terms of 15 #sULE {ncality

In propositional speech non-etementary relationshipsexist be-
Examples are Conditionally relat-

tween situational aspects
ing two aspects, coesally relating tiwo aspects, implicationally
relating two aspects, relating them as hypothests and conse-

quence evaluating " aspect eic.

Thus a referent can be specified by specifying

contextual information

place
¢ time

relationshp wit h other

paniEm tg re
what use
vide mechansni
deration. The org

entities

treve information through a
.r {inds convenuent :at that
to change levels
anization of

TherefOTQ, we need 2 moci
Va.rjety of means depending upor
point of time, We also should pre
and granularity of the unit under consl

Information should be transparent to the user
{vpe or another dat:s element.

searched only
d 1n which

ive
ll.lf.'s‘ an he
aderline
r for the respective

Data vaiue can be a primi!
plement
anmng oX(Op
d and 1t acts

ary data va
t when it s u

Wit e :
Vhile information in
as a trigge

through search and s
tase an index 18 maintaine

data element.
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datg value:type
Type of the data description is one of the primitives of the description

language.

9.12 Conclusion

If we want the system to be fexible, retrieval should be possible in
Many ways: deliberate, through meta-knowledge , multiple scanning

and searching.
One important factor that should be taken into account, while describ-

Ing data descriptors 15 their sentantic content, which van he nsed 1o

guide queries. In any knowledge representation tormalii wo vbserve

that data is divided 1nte two kinds - data description and data value.
scriptor) and what forms an exten-

at forms the mtensiontdata de
semantics of 1he data as well as the

sion(data value) depends upon the 3 as wel
that data description i1s more

feeds of the users We take the view
e) part of the data structure and data

or less permanent(stabl

value is a dynamic part.

The thing to bear 1 mind is (hat the intension should prov.ide a ‘han-
intenston and extension should

dle’ to lift the data In other words, Al
Corregpond to the titie and body of a chunk respectively.
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Chapter 10

Imp]e-mentation

10.1 Introduction

An obvious advantage of expressing a theory in the form of a
computer program is that it is rendered entirely explicit and

its logical coherence is put to a stringent test. If the program
works and does what it is intended to do, then the theory it
embodies is at least internally consistent.

— [Johnson-Laird & Wason, 1977)

In earlier chapters, we have described the methodology that we should
follow, In this chapter, we will be describing the implementation of

Some of those ideas.

In Appendix X we will be describing CIBA's concept base and 1ts meta-
language. We will also be presenting examples of sumple concepts,
Concept mappings and concept clusters 1n Appendix IV, VII and XI re-

Spectively,

Now we will describe Interpret: the interpreter for Singlish that con-
. 1ry u M

verts Singlish sentences intu a canonical form by maxing sententtal

Structure explicit, by attaching roles to PartS'OF'weeCheb aue .hy Im‘k-

Ing various clauses and other umits. In Interpret, two particularly
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;f:;f;r.estmg modules are: the reduction method for part of speech d
1guat1011 and the parser based on Marcus's deterministic pars >
We \Vllll also describe two other systems: Understander for etltﬂtun-?
mantic roles of constituents of a sentence and Skeletonizer: agsyslt[;isfc;

get skeleton information from the printed text.

10.2 The Interpreter

Syntax is the system of rulus that explains how the components of the
orm sentences. Semantics 1s concerned

language are put together 1o {
= to the sentence of the language.

with the rules for attaching meanin
n the sentences can be made explicit by parsing

The structure implicit 1
oles taken by various concepts

the sentence. This makes explicit the r
In a sentence.

Sentences are ways of expres
things. Thoughts are composer!
1s derived from the constrtuent wor

ally.

,If the concepts are unique, th
if the structure is unique 1.6 1

We work on the assumption that
e there is no fundamental difference between a I!
and a formal language when 't comes to Parsing

can disambiguate parts-0

ion of language SyniaE

sing thoughts and describing various
i concepts. Meaning of a sentence
i< und the structure composition-

e meaning of the sentence 1s also unique
f there i8 o SIDEIE ‘parse’” tor the sentence.

atural language
sentences if we

[-3pt cc‘h
. .= to help in conveyin

o the primary {funct . P yIng
the meaning of the sentence.

f compositio
n be use

¢ if the syntax of

nality can be me -
positions i1 the

s the reguirement 0 o
a Natural language ¢a d for semantic ¢

streamlined language.
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! ]
tigorithm followed by Interprer
. PEICASE iy

Lot |
Ll T 1YY r]v‘-'.’l.”" ”l"
J.g-.-‘u S sl by IH?"I'I""‘ !

-\l'[“- rf sy ’
f I l: \ .\.Il .‘v|,' w‘-.'|1“”:_ .."‘:.,'. ”1'!'

10.2.1 The Algorithm

rarithm for snte ) . {
oraternrating .l.\Hn.l!rh'Str‘--.'m.-.',vu.-..‘-,~.m.-m..

Th- verall alg

.'\l - »
2 I~ :‘n,','ln'.'. ~

* Conversion into Singlish(if it is a complex English sentence).

* The separation of adverbial clauses, compound clauses, punctya-

tions, and relative clauses.
Identification of the kind of sentence (statement, command,.. )

based on end-markers.
Expansions of shortforms, apostrophies

Separation of adverbs in the beginning and in the middle.

Morphological analysis giving Base word plus features

Identification of ‘candidate’ concepts for each word.

Elimination of some of the ‘candidate’ concepts by eliminating

nongrammatical combinations.
Building a matrix of candidate concepts associated with all words,

Building the matrix showing all candidate compositions.

* Separation of the sentences into clauses.
* Use of reduction method to reduce combinations to a unique com-

position. This involves
- Identification of the verb (finite or infinite)
ts, based on verb-subcategonzation(d:-

- Identification of foreground elemen
transitive, etc)
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) Building of a role-matnx by speafving candidate roles for

each word.
Use of the parser based on Marcus's deterministic parsing to
get descriptions into canonical forms. ;

We _ .
. o vyﬂ[ now describe, two major procedures, Reduction method to d;s.
Mbiguate part-of-speech and the Parser which is based on Marcus's

deterministic parser.

The Reduction method
The pPrinciple we follow is tn tune with what Johnson Laird has said

Human reasoners exercise intelligence in ways that are con.
spicuously absent from machine reasoning. They are able to

draw conclusions yor themeselves, and in so dotng they abide
by sensible constraints For instance, they do not normally
throw the semantic information away.

[Johnson-Laird, 1983])

The idea is to determmne the roles of concepts and identifiers (open

class words) in a sentence nsing closed-class words ke conjuncts, de-
uestion words, auxiliary verbs and

termi ners, prepositions, pronouns, q : A
relative olause words. We take into account the absolute as well as
relative positions of words. We also tak{ef into arcount the type of the
word (noun, adjective, ~dverb or verb) The problem arises ;.;fhen tl:e
Same word js for « noun as well as adjectrve or noun as well as ver .;
and so on. We consider each such combination, .m'r{ lock for the cuelsI alu
he surrounding words to get 1ts unque Meanng his goesfm ;:grfu: i
flnd resolution of ambiguity 1n one patr helps resolution ol ambiguily
In the others.

if it 15 a single clause, an the m

For example, : A
then some other word which can be either oD

a type noun.

ain verb is 1dentified,
orb will be assigned
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10.2.2 The Parser

T
f0 interpret a sentence we first need to parse it. The word parser comes
rom the Latin pars orationt: part of speech). The basic function of a

IzaT‘Ser 1s to determine the funetion of cach word in a sentence - not only
its part of speech but also the way it is grouped in phrases with other

words

Two most common forms of parsers for context free languages are opera-
¢. Operator precedenceis especrally

tOI? precedence and recursive descen

suitable for parsing expressions, since 1t can use information about the
precedence and associativily of aperators to guide the parse. Recursive
descent uses a collection of mutually exclusive recursive routines (o

perform the analysis.
Recursive descent parser has one jatal flaw for natural languages,
that has ambiguities or non-

l.”},.’llilift

namely, it cannot parse 47

determmsm and theretors 18 not suitable fur natural languages. Mar-
cus's determinstic 1:;1rsvr[?\l.m e 1980 uses both tap-down and bottom-
up techniques and with Hirmited took-ithead can parse nermal natural

language sentences determunistically.

Deterministic Parsing
ar theories of syntactic anal-

has been Marcuss(1980) attempt to con-
at does not rely on arhetrary choice
nevitably results.

The most significant development in modul
ysis within the last ten yvirs
struct a deterministic model, one BRAL TR L
and the indiscrim:nate use of backrracking that1
a hypothesis that bulk of language synta iy
he hasis of commitment to certamn readings 1 one
as d that potural innEUAEY could be

single . othesis 1tseif state 73
gle pass. The YD that o erated in A strictly determinustic fash-
p p both space and time

parsed by a mechamsm

ion. Deterministic parsers' P’/ serve 10 8% bmZE 8 aking intelligent
by sacrificing some amount of analytiaity towm.[ ~fi'1"1 5 ¢ T ourrent
decisions in advance with o degree of lOOk-ahem”?w,,- [.))rse trecs from
machine state. Bottom-up parsers start gF owang their 1"

X processing

Marcus postulated
by humans is doneont
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low-lev

el c '

phrase andogif;;gfe;;stupto t{lg highest levels like noun ph

parser ca ntence. With « sutficient look- rase, verb

SIFAL a Eoitjte completely deterninistic. Marcus i:e?d, a bottom-up

Processed phrom-up parser with a buffer that can holg :}Illlented PAR-

a choice ma bases. -In parsing Englist, the information ne réee partially
y be arbitrarily many words ahead But Mm-,-,]f n?d to make

‘us mamntained

that for
normal sentences, th .
no fart , the correct choice could be
her than three phrases ahead In fact PARSIFfLa:c?obi ooking
pis a wait

and see atti
ttitude, and scans upto three phrases before deciding |
1w o

link them together.

Criticism of PARSIFAL
OI‘le : e s

addr:;:J:gecrltmsm ahont Marcus’s theory 15 that the theory fails to

proposed th 1tsi}L11e of genuine structural ambigwty. In particular, he

“fan o a e synlacu.c analyseI: ‘woulri plu‘ilu'«' nnly one ﬂﬂ-’:ﬂ’\/sxq

put sentence at a fime, even if others were possible, and that 1}

—zer would bie called on the same

L
1:; Suil;aly'Sis proved mcorrec't, thie analy
analysjgar}l‘]’ with some provision it to block the original. erroneous
additionél he mam defect 0_{"'“5 approach, howwver does not lte in the
the < cpsts, in terms of \nereased complexity, that are imposed on
yntactic module itself The real problem here is that the deter-
d in the svntactic analyzer at the

minj
ex ism and modularity are pres«rs
- .
pense of non-determims. i 11 the language analysis as a whole.

parser

Dat
a structures for Deterministic
istic parser are

Two major data structures of the determin

 Push down stack of incomplete constituents
¢ituent butfer that the interpreter uSts
nis nilows us to deal with the

parser operatcs by al
bottom of the stack It

¢ Three place cons

te constitur

al language. The

P
ushdown stack of incomple
e at the

r N
t:Cur S_IVe properties uf natur
mpting to add constituents to the nod
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covers up its incomplete constituent with o ile it 3
1}28 the lower‘le.vel constituents that are itt};ezhni;)ccllfesnwm\,{%letnls build-
ad;??pleteci’- it is popped off the sts}ck and the parser. then coniigzde
o thims {tuents to the node Wl’l.lc%‘l 1s immediately above it in tlfs
frad . Thus, in gei?era'l, if one node'ls immediately under anothe de
e parse tree, it will be immediately under that other node l1'-nmf:;)he
e

active node stack as well.

The primary data type in this parser is the parse node. Grammatical
structures are represented by tree structures of parse nodes, each nod
r‘eprf.‘senting one grammatical constituent. Each node in a,completes
tree is of a given type and has a parent (except theroot), a list of chuldren

and an associated set of grammatical features.

The constituent bufferis the central feature of the grammar interpreter
all others - the wards that make up

that distingmshes this parser from
attentton when they appear at the

the parser’s input first come 10 1ta
end of this buffer alter morphalogical analysis. After the parser builds

matical structure at the bottom of

these words 1nto some larger £ram

the active node stack, 1t 1Ly then pop the new constituent from the

active node stack and mnsert it 110 the buffer if the grammatical role of
iotermined. The parser is free to examine

this larger structure 1s as ye! ¢
o act upnn them and to use the buffer

the constituents in this buffer, t
otherwise as a workspace.

In general, the parser uses the buffer in a first-in, first-out fashion It
typically decides what to do witn the constituent in the leftmost buffer
position only after taking the oppur! unity to examine its neighbours to

the right.

Each cell in the buffer can hold a gram™

from a single word to @ complete sui-0r

any tree that the parser has constrictod vn
of the structure

atical constituent of any type,
dinate clause. Constituent 1s
der a single root node. It
underneath the node 1s
th lexacal 1tems

must be stressed that the 512€ ’

imrnaterial. The input stream provides the paras WI} . t of view
that have undergone morphologlcul proces<ing. Frum the point ol e

"ol items enter the end of (h'.,’ hutfer on

current achive node i

al processing, leX! .
decided that the

of grammatic
er has

demand. After the pars
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complete, it is always free to insert that node into the leftmost buffer
cell and then pop the node from the active node stack if it does not know
what higher level structure the newly completed current active node is

attached to.

The key limitation on what the parser can build as a single constituent
and then drop into the buffer is not the length of the constituent but
rather the fact that there is no facility within the grammar interpreter
for backtracking of any kind. Furthermore the only way the parser can
construct a constituent is to attach all subconstituents to the topmost
node of that constituent. There are no registers or other mechanisms
that the parser can use to declare the bound.s of a constituent while
storing its pieces until the parser is sure of !:helr role:s. The parser must
be absolutely sure that the structure it 1s going to assign to a constituent

is correct before building it. A further restriction on the parser is that
ode attachment 1s permanent. Features

feature assignment as well asn

can be added to a node but not removed.
ially gives the parser a great

at higher level role should be

The ability to buffer constituents potent
ourse should the parser

deal of information to use in dec.idmg‘wh
assigned to a constituent, but there 13 no rec

make a wrong decision.

A Rationale for Two Data Structures
. v <trcture for top-down parser. Such a
Pushd tack is a natural data stric : \
parser?i:,?c.istanﬂy attempting to add .«=uh-const'ﬂ;uen'c{fs1 ;Ziﬁ?&ﬁcﬁli;
node in the parse tree, which it does by po_sm.litiﬁlgneli »:3[ postulates some
that node and recursively repeating the proc + the input string. This
terminal category that can be checker! ag‘am; e bing the node most
can be implemented by using a pushdown ! .\.t S h subconstituents
recently pushed onto the stack as the nm!\.,‘ Cr"m] be popped from the
must be added. When a node 1s complete. it 7 he stack, after

a k and 1 ah d n da p LTSI N S jr‘)“t >
whi attached 10 T8 co p rLdt‘o :;;:1 further constituents
1 ically continues

which the parser automatica

to its predecessor.
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Similarly. for a bottom-up parser,

-natural are those which l;lgjow ea,s;hch:;z :;F;J(:;res whieh ot
1nto a higher level constituent, repeating the proceiul?ﬁf ICOnSmtuents
has heen constructed that incorporates all the temunafslma t;?Ot node
string. One of the key operations in such a parser 1s the prni “-]Pm
exa].nlmng a sequence ol contiguous constituents in the course f;;: o
tablishing whether or not they form a higher level constituent. A d:ts-
structure that allows random access to contiguous constituent;s 18 ’ch:l

natural choice for implementiny such a process.

A node is pushed onto the active stack whenever the parser seeks to
5 nternat structure. However, rather than

add subconstituents to 1t
postulating and then attempting tv build possible sub-constituents of
the current active node tn a purely top-down manner, the parser acti-
vates a number of pattern-m‘r:ion rules that attempt to recognize and
then initiate subconstituents of the current active node by exanuning
contiguous sequence of constituents in the buffer. The activation of
rules which recognize appropriate subconstituents for a given node is a
top-down process, while the triggering of these rules once activated is
bottom-up.

n a purely bottom up manner by
achive no matter what the current
presence of a constituent by
s that always 1nitiates
i environment. Once a
od onto the active node
d mode described

Constituents can alsn be initiated i
always

pattern action rules that are :
active node, Such a rule recognizes the
noting a sequence ol buffered sub-constituent

that constituent regardiess of the graml.naticn
rule, 1t is push

constituent is imtrated DY such a
stack where the parser will then operate in the mixe
attempting 10 complete 1ts internal gtructure by
for that type of node

immediately above,

activating pattern-action rulis appropriate

hich the parser s attempting
down Process, the buffer

qins nodes 10w
find a father which

The active node stack vornt e
to add children which 1s an pgsentially tor- -
parseris attempting to

Contains nodes for which the
Is essentially a bottom-up process
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10.2.3 Our ApproaCh

If we could elimi

: eliminate all Part of S :

ine t peech ambiguity b

g to structure the sentence, an enormous ailogntei? I;)f? vetn e;ttempt.
ential nonde-

terminism is reduced.
It should b i ]
\ e quite obvious that relievi
. . eving the ha
ionality would ease the burden on 1t and Tlﬁ\? ieizeégft tS une
extremely

deterministic.

Grammar Input Notation

Here we benefit from the work on PASTEL[Sri
1!32:;uStytStePI)n designed for m:u.‘,hine translation[afI;qII:IEE'?S‘;T‘TS‘LTI}fe&l I;;all-[?gl] .
. 0I ASTEL 1s written it a language similar to PIDGIN Whm]:-:ar
o mal language that reads much like Enghsh, although its Syntali
inteery restrictive and Ctt{ilpl&t?!}' artificial. The grammar 1nput 1s
e rnally converted to LISP by a parser written using lex and yace,th
e powerful tools avatlable m Unix environment to write pa o
which provide a powerful framework for constructing gramnllja:ss efr >
compnter languages. o

[T - 4
simple, token-based deterministe
!'Ulf'.Q l\'ulc':‘- are ;}run's«.t in PGC/:‘Pts'

ritten 1n forms ot
Certain conditions activate a

Kh@ grammar is w

rule can go in one or Mmamny packets
packet of rules. Each gramina? rule is of the general form
<pattern> — <action>

s active.
tinction between the grammar
|| the declarative structure
llection of pattern-action

A rule is active if any packetit is ini
here is no dis

In many language parsers t
s, e It makes a

and the parsing mechanism
of the grammar implicit. 1 he par=er 15 @1 CO

n action o be taken vn a set of data

triggered

An action 1S
¢sponding pattern.
ken and the
ting the

hich specifies 2

re peing buiit during parsing

d by corr
tjons ta be ta
y separd

rules, each of w
structures that a
when a particular vonfi

Some principles are uses
control disciphine directs t by order of app

jguratiorn is detecte

i to decide the ac
lication. B
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mechanism for parsing from the grammar, we are
gzrr?lglhar of the language, augment the grammar »izleent(r);g?eizgiytﬁ
fren < aeITge (})lver t'o a completely different grammar (say grammar
o ogether dlf.ferent lang.uage) by changing the input given t
program that builds the ultimate parser for that langu  Gome
sel?tences on which we have tried this parser are given if Aage' i?me
This parser is used to model the functional grammar, which cefxl: Zn o
to transform a natural language sentence into a ce;non.ical func?:iléxs;facl1

form.
Some sample sentences parsed using this parser are listed below:

the president elect may be speaking about his
policies on yesterday ;intransitive

the boy has killed a pig ;monotransitive

the boy killed a pig i/ monotransitive

the cruel boy killed a very fat pig yesterday

the girl gave baby a toy ;ditransitive

the girl seems restless . copular
the girl makes me mad ;complex transitive

he is my brother; copular
xet 1s my brother

the boy who is playing cric
rclause with a relational pronoun
playing is fun ;clause with a preseit part ioipls
; infinite clause with -ing

~ket;
may have been playingd complex verb phrase

cricket;
complex verb phrase

the boy
the boy may be playing cricket;
the boy has played cricker; past perfect tense
the 1 . has been playing crfi KoT7 complex verb phrase
the boy had been playing CriCRET; complex verb phrase
the boy was playing cricket; past - 1t inuous

and tried to

lish usage,
Appﬂnh\loﬁ
sente

wvos all the

sample sentences from Eng
nees whieh

arallel nlgorthm
ndix 11 spves the

Appendix I11

4
We have taken
analyse them using our p

S&ntenvestnlderronSIdernﬂon,J\ppc

o . 1'v.’\'].
o to all constituents uniguely. gives B

coizled jnve rol
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Problematic sentences.

10.3 From Syntactic Roles to Semantic
Role: Identification of the Topic and

Intention

_Syntax is concerned with the structure of the sentence  Semantics
Is concerned with its meaning. Frege drew a distinction between the
sense” of an expression and its “reference”. The “reference” of an
expression is what it stands for in the world The sense of an expressinn

1S a part of its meaning, the part that concerns the way in which the
expression connects up with 1ts references.

Frege's informal and somewhat obscure nntions of sense and reference
have heen replaced by the concepis of intention and extension an tor
mal semantic Thus semantie interpretation of a sentence 10 a hmited
sense, will be the one that will asspn a umgue ﬂ](.’iiI‘lll]gllt‘nnfj‘i'p(é n
Our case) to words n it sentence, make the intention oI parts i-spenih
explicit, and thereby intentions of the sentence :'xfb}lt'xt Ta l_mnw the
intentions of the parts~ox-.~peech, one has to mm:e.m't‘o consideration
what is called Language 7t use[Narasimhan, 198ij The factors that

hEIP in determining mtentions of speech are

Syntax of the sentence

Underlying concepts their category, domuin, plane, primitive
y

rrzatunn of verbs

Semantic subcatego

Particular usage

e examples.

Let us illustrate this with som
A syntactjc rule says that ¢ a noun (0r 1 OF 4 nominal clause). It

Subject of the sentence 15 typicall
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occurs before the verb. The subject is often described as the constituent
defining the topic of the sentence - that which the sentence is ‘about’.
We also know that a sentence follows SVO pattern. Thus, just going by
syntax it is very likely that we will assign the syntactic role of subject
to the first noun phrase in a sentence. However, take the following

sentence:

Today Geeta is very busy.
From the concept base, we can make out that the first word 1s 2 noun

denoting time. So it is likely to be a peripherial adverb and we will see
if there is another noun phrase before the verb that fits in the role of a

subject.

Consider another sentence:
It is hard to believe that she passed the examination.

In this sentence, the topic of the sentence is the whole predicate and

not the word ‘it’.

Similarly, in the sentence

It is raining. .
he background (environment: time space

when one is describing only t ¢ the description 18 ml, 1t 15 used as a

or climate) and foreground ©0
‘dummy’ subject. '
.{ verhs is also helpful in getting the

The semantic sub-categorization ! he verh is primary, or copular,
overall intention of a sentence. In cast t rr.ivi»ng at the intention of
the complementary information can helpmn a

the sentence.

ledge at Various Levels
der can be viewed

10.3.1 Viewing Know

1 an
A sentence processed using Interpret and Underst
at various levels of details.

e as a full sentence in Smglish.
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as a summary description having topic(subject) and intention.

as a partial description having only foreground information.

as a minimal description with only head-words of phrases.

as an ordinary English sentence(with Singlish markers removed).
as a description in full canonical form with roles of parts-of-speech

made explicit.

10.4 Skeletonization

We will now briefly discuss the work done towards getting skeleton de-
scriptors for the text from printed documents We have implemented a
system that presently does only character recognition[Gupta & Irani,
1994]. However, it has all the routines ready to develop what we call a
print analyser. The intelligent scanner can be used to convert the ex-

ext using the print unalysers.

isting paper text into computer readable t
loscriptions of the concepts like

While text formatters use the lojcal o

title, fontnote, ete. to convert the text into aesthetically pleasing and
functionally orgamzed printed pages, a print analyzer can use the page
layout and its knowledge of formatting conventions to separate out the

organizational informal ion about the text.

nt analyser will be the text with titles, sub-

Thus the output of pr? :
know thal these are nothing but noun phrases

titles, etc identified. We
ntentrons of th following text. Once we
hrases |1 canonical form is

in English describing the !

have this text ready, converting the noun p . e

not difficult as Interpret 1s used 1r analysing noun phrases with hea
odifivrs and re

words, determiners, pre- and post- 0

lative rinuses.
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10.5 Mappings between Structures in Two
Planes

So far we have seen the system to interpret a sentence and a syutim to

g€t summary descriptions of the sentences. Now we will see what facil-
'ffC'S are available to manage the fact-base. There are various discourse
“tructures in the discourse plane: story, method, procedure, definition
Prototype(class) etc. Also there are structures in the computer plane’
s ete. The discourse structures

'rees, frames, rules, lists, records, chunk
are ultimately mapped into structures in the computer plane as follows-

* Trees are typically used for representing concept clusters.
Frames are typically used for representing classes, prototypes,

[ ]
Tables are used for storing attribute values of instances of entitjes.

*

Rules are used for relationships like cause-effect, for choosing
methods, for selecting steps in problem solving.
Lists are used for storing sets, or for storing instances of a class,

Records are used for clustering attributes of instances.

Chunks are typically used for procedures and methods.

* Links are used for relationships among descrip?ions:m_use-eﬁec;,
purpose, functionality, method, manner, convention, belief, defini-

tion.

10.6 The Meta-language for Writing

Fact-base
base will also be Singlish with acli?.

plane. In computer plane as wy

The meta language for writing fact-
ses

ditional vocabulary in the computer o gomps
as in linguistic plane we add a few more primitive
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e rules

® structures

¢ categories

® measurements
e relationships

schedules

The 2 . .

oro Object's in computer plane will be data structures, tormahisms

ey gramming languages, and data descriptors. A system van be delined
ng them. Structures in computer plane are further categorized mto

c _
hunks, trees, frames, rules, hists, records.
L - _

et us illustrate how we can wrte meta-language in Singlish:

<ID> is a computer system.
s to

commercial.
ge 15 a+*,
pataStructuring is

Purpose of <ID> i
Domain of <ID> it
The programming  langua

The formalism used f
with Forms version 5.0

The operating systel is Unix 5.0 or

Oracle version™7

and
above.

The method co :nstall the system 15 & Makefile '‘a.txt’’.
example of data description using explicit

See Appendix XIII for an
Phrases,

10.7 Future work

rales 18 not included as part of
Jedge nbout Enghsh

al, 1983]

ntachic
a ot ot know

Getting semantic roles from Sy
hook [Quirk et

this study. It needs incorporating

Usage (Semantically equivalent to the
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Chapter 11

Conc] usion

11.1 Summary
75 Spectfy a unified theory of cognition is to specify an ar
Clitecture. An architecture is the system of mechanisms that

h
Qccesses encoded knowledge about the external world held in
Memory and brings it to bear to select actions in the service

of goals.

If it works perfectly the actions reflect only this external knowledge

the system behaves as a knowledge level system.
— Newell, Allen[Newell, 1990]

n this chapter we will be discussing the major thrust of this thesis,
Summarizing ideas on various issues. We discuss the unique aspects
“f our approach. We also attempt a brief review of similar efforts
Clsewhere, We end our thesis presenting some ideas about avenues

Or future work.
.Of late, there is a growing awareness about the shortcomings of ear-

55 knOWIedge representation systems. On-going in the deveIopn:ient
" what are called terminological databases is also reported. Various
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1 . .
i (;"';1138 are advocating different formalisms as “bect” for the job
ersies abound in this field. However, most of the theory l:]son'o tCon;
. pu

In -acti i
to practice. Reasons for this, according to us, are

*» Many issues are handled in isolation. We have to Unify them

» Methodology and tools are not provided in all the cases.

* An enormous amount of work is need i :
S ed to build an underlying

Some of the suggestions made in the course of this presentation:

¢ The knowledge representation framework should provide ways
and means to the one who designs the knowledge base to state
what it is all about in an unambiguous way to enable the system
to search relevant information.

nd unambiguous representation of knowledge with

e Canonical a
s crucial for the world that hosts

flexible input-output gateways 1

as many as 2 languages.
e Itis advantageous to take lessons from nature! Mankind’s success
can be attributed to his invention of language as a medium for
Language 1s definitely based on

representation of knowledge.
some stable concepts; otherwise, it would have failed.
y a medium for external communication, but

e Language is not onl
lanning, decision making and prob-

for internal communication, p
lem solving at a conscious level.

rences, there 1
mple the division of wor

valent. We must exploit this common-

s Despite the diffe s a large degree of commonality
among languages, for exa ds into classes
which are syntactically equi

ality.
be the building blocks for

langnages should
s are not isolated units,

» Concepts from natural
s as well. Concept

computer-based system
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but inter-related. We should provide enough explicit knowledge
about concepts to make them unique. We should also build higher
level concepts (terminological bases) in various disciplines on to
of this concept-base in a modular fashion. Navigation throug}{j
these bases will be made possible if we organize them properly.

A'ny adequate theory of the human concept system will have to
give an account of how concepts are grounded, structured, related
to each other and defined.
* Concepts from natural languages should be the building blaocks for
these systems. We should also take into account the granularity
while matching various concepts. Exact match 1s difficult and in
many cases not required. Thus we should quantity the interre-
lationships among concepts to make approximate match possible.
Formalization of commonsense knowledge is a must. And here we
should take the help of many existing knowledge sources.

In this thesis we have suggested criteria for selection of an tdeal book to
provide raw text as well as skeleton for the text on a particular subject.
The criteria apply to the books on a given subject with the same scope
(Le. number of concepts). The formulae need mod:fications to include

books with different scopes. We have assumed that the best hook on a
subject exists, which may not be the case always. Further research is
neead o thjs.ar'ea fwe have to integrate text from different text-books

In a single system.

DESlgmng of a knowledge-base for factual information should not be
based on adhoc methods. 1{ querics are to be .ans?wered at what we have
been calling the computationl lovel, sume principled waygfstru};:tun.ng
knowledge must be found as the structure of knowledge has a bearing
on what can be answered.

We feel that various structuring methads should CO-QX:]St zllgd dzpentdmg
Upon the requirement they should be employed. Whe slc;)ulsou:iei:stha;n
the “semantics” of each structuring method. \:Vef uu! a g view them
as structures which do ‘gemAntic coMmpression and in bp t,‘
{ of nccess to the information. Concepts

provide only particular Kins
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fr ,
O natural languages should be the building blocks for these syst
ems

'lnu

FOI‘maIizat'
1on of commonsense knowledge j
g€ 1s a must, And h
. 1
hould take the help of many existing knowledge sources. s

11.2 Evaluation of CIBA

11.2.1 Unique Aspects
The unique features of CIBA are

* CIBA unifies various natural languages
CIBA unifies various formalisms for representing knowledge

CIBA unifies syntax and semantics of a language

No deep knowledge is needed to start using the system

CIBA keeps idiosyncrasies of a particular language at bay

CIBA takes into account language in usage.

CIBA provides a sound base
CIBA makes semi-automatic knowledge retrieval possible from

text-books

11.2.2 CIBA and Semanticity
In this work, we stress semantic organization ofinformation_ In Sense
and reference in a Psychologically based semantics - Ray Jackend-
offi[Ray, 1984] has given the essentials for a semantic theory: We sum-

marize it here.
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Most theories ne fi

S es assume that at least the followi ur condition
g fo S mus

be met by an adequate semantic theory " '

1rst It m
) ust be able to express unambi semant
F : guously all the ic dis
tinctions made by a natural language. e

Second, in order to account for the fact that languages are (largely)
Intertranslatable, the stock of semantic expressions available to a%‘i o
ular languages must be universal, that is, the semantic well-formtlaaclne]c~
rules must be universal. (This does not mean that every language ?j

necessarily capable of expressing every possible language).

Third, a semantic theory must provide some principled way for the
meanings of the parts of a sentence to be combined to arrive at the
meaning of the whole sentence. This requirement of compositionality

may be taken more or less strongly, according to whether one requires
each constituent (as well as each word) of a sentence to be provided

with a well-formed interpretation.

Fourth, a semantic theory should be able to account formally for the so-
called “semantic properties” of utterances, such as synonymy, anomaly,

analyticity & presupposition. In particular, the notion of valid inference

must be explicated.
We also summarize work by Davis[Davis et al, 1993] providing criteria
for knowledge representation systems.

ys (Davis et al)

Five distinct roles a Knowledge representation pla

resentation is most fundamentally a surrogate, a

1. knowledge rep
substitute for the t

f ontological commitments

ry of intelligent reasoning expressed in

hing itself.

2. Itisaseto

3. 1t is a fragmentary theo
terms of three components 2 )
amental conception of intelligent rea-

a. the representations fund
anctions

soning )
b. the set of inferences that the representat.mn s
representation recommends

c. the set of inferences that the
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4. It is a medium for pragmatically efficient computation

5. It is a medium of human ex 1 '
pression, that is a language i ]
we say things about the world. guage In which

The framework we have suggested is designed taking into consideration

these criteria.

11.2.3 Justification for Our Approach

Why a natural language sans its ideosyncrasies is the right choice for

tomputer system representations?

1. Over the years natural language has been used to represent a

variety of knowledge.
Is is a universal convention (within that language speaking com-

munity).
Already a lot of knowledge is available in natural language form.

In other formats, sometimes, there is loss of information.

5. Many times, to select a particular representation, it is essential
to know the purpose for which that knowledge will be used.

Many times, the formalism requires complete information which

is not available.

11.3 Related Work

lculus to represent and manipulate rdeas
far back as seventeenth century with Leib-

The strategy of using a ca
zation of natural languages was done

seems to have originated as
niz. Pioneering work in formali
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h) Chomsky. The concept of grammars as pevehologreal theories had
central place in the thinking that brought about the Chomskya;n revo&E

lution in ]inguistics[Chomsky, 1975].
philnsophical and

[Sowa, 1984) is an attempt to provide a general
Al It culminateg

Psychologically sound foundation for most work in
Mmany years of his work on Conceptual Graphs
Brian Smith[Smith, 1982] has expressed the need for a represents
Hon scheme to talk about itself through his knowledge Representation
Hypothesis

One of the ongoing pursuits in knowledge representation research in.

volves the role of primitive knowledge structures. The important ques-
a rep-

bion discussed is what primitives are appropriate to build into
Fesentation and at what level{Schank and Rieger, 1974], [Brachman

1978}, {Bobrow and Winograd, 1977].
First-order logic has always played a central role in Knowledge Repre-
Sentation research. [McCarthy, 1977] was among the early papers that
advocated it for representing and using the commonsense knowledge.
Winograd, 1983] advocated procedural representathn of knowlgdge,
L, a knowledge representation language was designed to build a

KR
System for language understanding. [Minsky, 1981] introduced frafrne
as a unit for structuring knowledge. [Newel, 1990) proposes production

Systems as a unified architecture for cognition.

(Schank 1975),[Wilks, 1987] dealt with the problem of.semant‘ic prim-
itives [i{osch ’19781 talks about the existence of basic level 13 mjn-
ranizatio 1 - ‘king on developing Ontolo-
tal organization. Various groups are wor .
Sles ffr k;owledge representation{Lenat & C"mha, 5[990], [Nirenburg,
1992]). Work is also on in development oftermlf)ologlcal databases. Re-
searc};ers are using LDOCE - Longman’s Dictionary of Contemporary
English [Procter, 1978]like dictionaries to extract knozvigdgetfoguraev
i ! t in knowledge representation, he impor-
& Briscoe, 1988]. Though no 1;: accepted in machine translation[King,
in structuring are for-

tance of Interlingua is very muc ‘
1987], [Nirenburg, 1987}, Many basic concepts

malized in [Simon, 1986).
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Re. o _
...!]ﬂ(htl;‘h in Knowledge Representation{Brachman et al, 1985) s a
collection of earlier work in Knowledge representation good

(l;ffr;:zumtﬁ hke Lev Vygotskv[Vvgotsky, 1986) have dealtwith philosophy
‘&nguage and 1its relation to thoughts [INarnsimhan, 1981] dv.'al’:
With modelling languag: behaviour by studying language behawou;‘- i

children.
CIBA inherits marny rdeas from these researchers.
HOWever, CIBA is different from all these because of 1ts emphasis on

Computational model.
Recent[y, there is awareness abwut the shortcomings of earlier know-

edge representation systems Work 15 alsu on, on development of what
1S called terminological databnases This work is similar to our work 1n

Spirit,.
11.3.1 Japanese Real World Computing Program

A new 10 year project launched by Japan an 1993 called “Real World

Computing Program” with a budget of over & 500 milhan over a period
of ten years, essentially aims at the same theme: ut laying theoretical
oundation and pursuing the technological realization of hbuman hke

f
flexible and intelligent information processing as & new paradigm of
infOI‘m ation proceSS]ng towards the highly information-based Socjety of

the 21st century.

Statement
development of computer and communi-

“Supported by the remarkab:le : M,
cation technologies infirrmation technology 1% producing nn innovative
’ trial nctivities but also in the

change in the society, not only in indus
tative im y'm of our way of life. 11 15 foreseen that informa-

qualitative improveme

tion to be handled will explosively increase toward the next century be-

cause of increasimg needs of m ultimedia information processing and the
ains. It means not only the increase

expansion of new application dom . o ,
In quantity but also the increase 1n guality and variety of tnformation
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Such i '
_soc1aI and technological needs are starting to require a new
Paradigm of intermation rechnalogy. not as a simple linear extension

of the conventional one, but as an essentially new underlying frame-
work. In other words, it 1~ necessary to make computers maore fnendl_
and easy to use by providing them withy human-hke flexible and intel]i}-’
gent capabulitins iy order tn assist and collaborate with humans in the
diverse information environment of the real world

The framework of information processing by modern computers 1s stii
not so flexible compared to human ilexibility in information processing
in the "real" world where many problems are ill-defined and hard to

describe in algorithms.
Therefore, in order to cope with such real world problems and to open

a new horizon in infermation processing technology, it is essential to
ntal ways of human-like flexable information pro-

pPursue the fundame
cessing, by casting light on the intuitive or “subsymbolic” level of human
information processing.
“Real wnrld computing” is proposed as a new paradigm of information
Processing which aims al furnishing the realworldness(or flexibility) of
human information processing to information systems.
In the traditional information processing, humans(users) are forced to
ccvgginu ..-]“[.IJ:O'F.“ using h{ll'd IOg"ic. l!) futlure,
ted to get close to humans and support human

adapt themselves to a
computers will be eXpar . . 3 :
1laborating in the diverse information enviren-

intellectual activities, &0

ment of the real world.

It will also be umportant to lourn and get inspiration from nature,
g51n scientific research into the

namely to take 1nto account nes findin |
atures, and ecologicitl dynamic systems.

brain, evolution process 0t cre
Jonal technologies or to make ad-fioc systems

Merely combining convent

for specified tasks 1 nnt what 18 desired.
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11.4 Contributions of this Research

. Singlish is very much hke Engli )
ingli glish, thus reading or writing i
Singlish does not add to cognitive load and there%ore is:alsl;rgﬁ;?

human beings.

2. In computer science, very little published work is available on
:semantic classifications. Our cross-linguistic study has helped us
in getting many ‘semantic relationships’. We have built groups
of basic words, primitive hierarchies, and verb clusters which we

think are useful for future work.

We have attempted to remove the surface language barrier from
the knowledge-driven systems. Idiosyncrasies of surface struc-
tures of a language are removed to some extent and therefore
ces are possible. Various other gateways like S/ nl;

many interfa
m can be made available to make

Smarathi, Stamil, Smalayala
the concept-base available to a larger communmty.

4. Building a concept-base is not a Herculian task needing hundreds
of man-years We already have around 3000 stmple concepts. One
immediate application we can think of is getting interpretattons
for concepts from diction reading a dictionary using OCR

5. The grammar of English that the parser can use can be easily
extended. In another project at NCST, [Srikant & lran:, 1991),
we have shown how language usage can be taken into account
and incorporated into system as ‘data’ which the parser can use

aries by

in turn.
s helps in viewing text at various levels

6. Conversion into skeleton

of details.
len helps in browsing. Thus one can enter a

y work Ina Limited context.

7. The skeletonization a:
; . "
suitable environment arud thet
isition of information

automatic acqu
tion bottleneck 18

port for gy
e knowledge acquisi

8. By providing sup
books, th

from printed text-

removed.
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9. Searching by establishing context and then using descriptions o
bimises search which can become very time-consuming otherwise.

10. The meta-knowledge is easily available. The overall arganization
of the information system built on the top of this formalism can
be easily seen in human-readable form. This helps in knowledge

acqusition, representation and retrieval.
Information can be incremently added to a system based on this
formalism, as everything is ‘transparent’.

Alternate hierarchies can be provided for the information easily,
as chunks can be picked up by their titles.

11

12.

13. Data modelling based on concepts for which there are words in
natural languages, makes knowledge explicit, unambiguous and

universal.
The most important thing is that we have put theory into prac-
We have implemented a rudimentary translation system

14,
tice. . !
from English to Hindi on this concept-base that works!

11.5 Shortfalls

We haven't said much about any computational n?lc;thlod for ‘mat;:ll"lt;nli
e fee] that Semantic distances among concepts ;:ll p ?ylaggiljnvﬁe bave
role towards approximate matchlr{g. In [Srikant r:am:::e S ave
described formulae for semantic distances bethendcon ] ,fti-;is owever,
we strongly feel that much more work needs to be done .

With current limitations of OCR tecl:mology, scan?s’ng b}fgi{; ]?c; ;5 ggnlj
is still not as easy as reading floppies. Thus getting

text-books may not be immediately feasible.
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11.6 Future Work

Hum -
an com - : P
ommon-sense reasoning is influenced by incomplete inf
orma-

tian Exc !
sxcept tor the most trivial T
% § al cases, there
. there are always gaps
kHOWIedge. Yet, we are not I_r.’:mlyze}d by our partil ignémn a‘i\n .
. . darice. r(‘ are

skilled i ; .
led in reaching rational conclusions. Computer systems should al
= g should also

be made to work with incomplete information,
Everythin 1
g cannot be meaningfully expressed in logic
al la
world knowledge 1 rorely of this categorical f'orm.gjl nguage. feal
llz’l'tfbe'lb?lity can be regarded as more fundamental than logic, becaus
ogicisjust a special case within nrobability theory (where proi:ablhtli;éz

are only 0 or 1), but the tonverse s not true.
Probability in some form 1s & necessary component of practical rea-
be to find how to make probability

soning. One goal, thereiore, must

practical.
The main thrust of this thesis 1s on the importance of building, modify-
ing, verifying, extending etc., models albeit imperfect In some sense.

I ke Singlish is very important. Re-

We feel institutionalizing language
a notation Interseriptiratn & KRam,

cently, we had experlmen'c\i with

1992] for writing Drvanagarl using English alphabets Initrally it was
Just a coding scheme devised during development of the software Ru-
panthar, However, it 18 NOW found so convenient that i has been used
as an intermediate notation and at times even for inpuf ring and editing

Devanagari.
Conventionally, Jearning 2 script of 2 language s
dition to the learning of the 1anguas® itself. By

Af the major barriers 18 remov

scheme like Interscript, 0R€ :
|, made in language fearmdng

sequently rapid progress can
pmai levels.

¢ some new convet
system chan
a regular fea

eemed to be a precan:

adopting an encoding
od and con-

at both the

ions, Howoever, when
ge, sume new con-
ture 1n the post

gragnmatical and conce

Our system CIBA does © nfore
the characteristics of 2 commummllon
ventions are inevitable. Ty~ has been
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When communication system changed from gesture-based to spoken

language, from spoken to written, from written to printed, and from
based, new conventions had to be introduced.

printed to computer-
oh now to have a ‘suburb’(to use

Computer science is a field mature enou
the term popularized by Wittgenstein [Wittgenstein, 1953)) of a natural
language. Mathematics has its language, law has uts language In
Singlish we see the emergence of Compudterse.
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Appendix T

Sentences Selected for Parsing using Interpreter

George made it clear that he disapproved the idea
James said that he was feeling better. .
Mary needs a friend with whom to play.

actually, I can’t come.

any boy clever at games should know this rule.
Cricket is not terribly interesting to watch.

he came into the room.

he is collecting money for the blind.

he is looking for a place in which to live.

he said she was sorry to have missed you.

he seemed to be smoking a lot.
he seems to have been sitting there all day.

he was to have been the new ambassador,

I agree about politics.
I agree on a date.
I agree to a suggestion.
I agree with you.
I am coming soon.
I am glad that you are all rif
I am looking for something ¢ clean the carpet with.

am the oldest in my family.

appear to have made a small mistake.

u would know the whole truth.

came to see you so that yo
can’t see clearly without my glasses.

rht

I
I
I
I

I didn’t expect to be invited.

I don’t dance much now but I used to

I don’t Xnow whether to answel his letter.

I uy about anything serious.
I
I
I

find it difficult to talk to y©

gave her a comic to read
had an invitation from the peopis

have got a headache.



have never known him to pay for a drink.
heard a strange noise.

heard some people passing in the street.
look forward to hearing from you.

need a box to hold my spects.

once studied the guitar for three years.
really must have my watch repaired.

saw him three days ago.

tasted the soup suspiciously.
think it important that we should keep calm.

thought it peculiar that she hadn’t written

want to travel.

vas asleep from three to six..
was never happy at home.

went there because I wanted to.
will phone you after I arrive.

would like to have a sister.
would like to really understand Xyz.

would rather go alone.
opinion the rent is too high. ‘
d what she’s talking about.

my
is difficult to understan
is getting dark.
is going ‘o rain
is good to have finished work for the day. ‘
accounts to be ready by Friday.
1 the street.

is important for th :
is lovely to have people smile at y
nice to be sitting here with you.

not a bad place to 12
N buying Salmon.

is

is ve 1n.
is not much use m
is too heavy for you to l1ft.

:£ficult to awll my cal . _
vas difticr ~arn money for his family.

my brother got a job to

i is old.
friend 1 it v ravel.

my mother is getting to

ny
nothing seems to have been

relativity theory isn

old friend told me to go Eht
forgotten.
1t vecy to understand.

2



see 1f you can jump across the stream
she fell unconscious on the floor ‘

.15 easy to get on with. -
she 1s nice,.

she is often late.

is very nice to talk to.

she
never listens to the advice which I give to her

she
she ought to be told about it.

she sang beautifully.
that is the doctor who jives next door to us,

the British are very proud of their sense of humour.

the engine is very quiet.
fhe house wnere 1 live is very small,

the next house to the royal hotel 1s mine.

was flying over Bombay .

the plane
s obtained in the first six months was great.

the succes
the temperature is three degrees above zero.

the valley lay quiet and peaceful.

the water came up over Our knees.

there is a big black cat in the bathroom.
there is a lot of work to do.

there was a £irl vater-skiing on the lake.
unemployment is 2 current problem.

we are about to have lunch.
are meeting mext Tuesday -

ve

we have always lived in this house.

we have got to get up at six tomorrow.
e sea.

live by the side of th

we
s the road.

we walked acros

will soon have your car
it was late.

ve going agalin.
when I went home,

always misundersta
are completely out of your mind.
without breaking =86

'+ make an omletts®
pefore starting the car,

you nd me.
you

you can
you should check the o1l
you would better see€ what she wants.



Appendix IT

Tllustrative Subset of Appendix I

ce?rge made it clear that he disapproved the 1dea.
Cricket i1s not terr:bly interesting to watch.
he said she was sorry o have missed you,

he seemed to be smoking = lot
he was to have been the new ambassador.

I am glad that you are all right.

I

it
it
it
it
it
it
it

appear to have made a smail mistake.
came to see you so that you would know the whole truth.
don’t dance much now but I used to a lot.

don’t know whether to answer his letter.
find it difficult to taik tc you about anything serious

gave her a comac to read.
had an invitation from the peoble that live next door.
have never known hinm
heard some peoplc pass
need a box to hoia =y spects
reallv must have my watch repaired.
think it important that we should #eco calm.
thought it pecuiiar hat she nadn't written.
want to travel.
went there because [ wanted to.
would like to have a sister.
unuerstand Xyz.

wonld like to realiy
would rather go alone.
d what she’s talking about.

1s difficult to understan

is good to have finished work for the day.

is important ror the sccounts to be ready by Fridav
smile at you in the street.

is lovely to have people
is nice to be sitriff here with you.
is not a bad piace
not much use my buy

ro pay for a driamk.
snp, in the street

+n live in.
ing Salmon.

is



it was difficult to sell my car.

my brother got a job to earn money for his family.

my mother 1s getting too old to travel.

nothing seems to have been forgotten.

relativity theory isn’t easy to understand.

she 1s easy to get on with.

she is very mnice to talk to.

she never listens to the advice which I give to her.

she ought to be told about it.

that is the doctor who lives next door to us.

there is a big black cat in the bathroom.

there is a lot of work to do.

there was a girl water-skiing on the lake.

we are about to have lunch.

you can’t make an omlette without breaking eggs.
pbqud check the oil before starting the car.

& vants.

.l!

you would better S€€ whdl



Appendix IIII

Sentences Problematic for the Current Implementation

- e e e o

James said that he was feeling better.
Problem because better is both a modifier and an adverb

Mary needs a friend with whom to play.
Problem because of the ‘whom + infinite clause’.

he is looking for a place in which to live.
Problem because of the compound phrase ‘in which’,

I will phone you after I arrive.
Problem because after is both a preposition and a conjunct.

T am looking for something to clean the carpet with.
Problem because of the deferred preposition.

I look forward to hearing from you :
Problem because of the lack or knowladge of "phrasal verbs’

we will soon have your car going again.
Problem because ‘object’ of the sentence 1s a compound object.



Appendix IV

Examples from the dictionary of Simple Concepts:

(Note: We can build task-speci o .
X . pecific dictionaries on the top of CJ
1nclud1pg extra fields. For example, we have included the Cflrres fﬁ;' by
words (in Rupanthar code [Irani & Ram, 1992]) from Marathj anpd Hi:;ig

1

in the dictionary.)

account {(f{account n ( (ma <HiSoba> i
. . } (hi . <HisA
(account v ( (hi . <HisAba|raKana>) (pr . ABSTSAS;TQI;?T é()J 3
tense

add ((add v mt ( (ma . <joDaNe/adhika|ka -
raNe>) (h . .
(pr . )) ( (temnse . inf) ))) (hi . <joDanA/adhi}

address ((address n ( (ma . <pattA>) (hi . <patA>} (pr . ABS
(address v [ (hi . <nivedana|karanA>) (pr . }) ((tense. ingR???
( (ma . <karja>) (hi . <karja>) (pr . MONEYy)

advance ((advance n
<Age|baDhanA>) (pr . )) ((tense . inf ))))

(advance v ( (hi
answer {(answer n (ma <javaba/uttara>) (hi . <javAba/uttaras)
(answer v ( (N1 Javana|denA/uttaraldenA>} (pr . ABSTRACT|LIT)
<prArthaniA>) (pr . ;

ma <prArthanA>) {hi
)) ((tense . inf })))

appeal ((appeal D {
(appeal v ( (M1 ~prrthanA'karanA>) (pr
<pATha/pRXTha>) (hi <pITha/pRXTha>) (pz

back {(back n hd ( (ma :
| dummy .junk })))}

(back prep f (hi . <pICe>) (P - }
<BAlU>) (pr . CREATURE))

)) ((tense . 2BI 111)

(ma - czuva:arl (hi

bear ({(bear n hd (
<saHanaA>) (PY

(bear v ( (hi



Appendix V - PRIMITIVES

(Words that can be taken as Primtives in CIBA)

PROPERTY -
PROPERTY ATTRIBUTE FEATURE DEGREE HABIT SENSE BALANCE SIGHT SMELL,

TOUCH GRAIN RANGE HABIT STYLE WILL CHARACTER QUALITY MOTION COLOUR
SHAPE SIZE NUMBER MEASURE

INFORMATION:
INFORMATION MODEL SIGN METHOD PATTERN MESSAGE IMAGE

OBJECT.
OBJECT PLANT THTING CREATURE MATTER BODY INSTRUMENT SUBSTANCE

MATERTAL wWoOD METAL WATER CHEMICAL STONE AIR SOIL PAPER CLOTH
TOOL MACHINE APPARATUS VESSEL WEAPON STRING

AQT.
ACT EFFEcT [NTEND INFO-M CAUSE DO HAPPEN LEARN JUDGE BECOME
POSSESS WORK MAKE USE CHANGE F0:M MOVE EXPRESS THINK ATTEND

OW FEEL
ENT Ty .
= - 1 DEAIHICT MIMND S8
NTITY pLpepnT SYSTEM ENERGY PROLUCT MIND SELF NATURE
TN TNTOL AIETY EARTH INDUSTEY MILTTAE

ORGANIZATTON UNION UNIVERSE S

STATE,
STATE  AppaIR RELATION FEELING rom
SELIEF pmorrON IMAGINATION COND

LIFE OrRper LIMIT

TAPPENTNG . £ GAME CONVERSATION CEREMONY MEETING

PPENING EVENT EXPERIENC
SATTLE show CRIME
o ZME ¢S STANDARD SCIENCE
THEME & POLITI
A pe MEDICI® ~ . am LITERATURE SPORTS
M?STiﬁngiisgiggEngﬁlGION LAW VALUL AR



Appendix V (Continued)

The words that can act as Primitive or Basic

accept act add admire agree allow ask attac

begin behave blow borrow break breathe buﬁ?iﬁ;b;‘?; ?:ﬁtcbeg
cel carry catch change cheat choose clap climb close collect ¢ e
compare complain confirm confuse congratulate connect con(;me
dict control convince cook copy cover create crush cry cut dance?-
draw eat escape fall fear fee] fight fill finish float fly get give .
grow guide happening hear help hit hold join keep kill laugh leai:i;rclJ
Ieav? Iosg love make marry move order pay play praise pray put |
receive ride rise see sell send show shut sing sit sleep spend s};;a{)nd
steal stop strike subtract swim take talk teach tell tie travel t
nnderstand use vessel wait walk want wash wear win work v

Figure : All these words are actions

air army art bazzar boundary broml breadth business capital

rargo chain champion charity class colour commerce company con-
traet country courags craft crime custem danger divection edge
electricity famuly fire game gas qift god government group heut
hole kind law hight tove manners material measure aund monev
muste name nawure navy Nese ormament part piece play poison
power prisen shop sound speech success taste trouble war wish

work world

Figure : All these words are entities



Appendix V (Continued)

aeroplane aircraft arrow bag bed bird biscuit boat body book bottle |
bow box boy brass bread brick bridge brush building butter button
buy cage calendar candle cane cap car carpet chair chalk cheese
child choose cloth coffee centainer dish dust egg farm flag flour
food fruit glass grass gun insect iron knife land leather liquid
machine meat metal milk oil paper pole prison rice room rope sea
seed ship tea train tree wall water wheel wire wood wool

Figure : All these words are objects

able active another bad beautiful before behind below big bright !
broad centre character charm chief claim clear clever close cold
colour cornmon complete correct cruel dead different difficult dirty
easy empty end enough ﬁer:ce ﬂa'tt forward front funny good hard
head healthy heavy here hide high hollow holy ill large left less
Jittle long low magic middle more narrow near open pa‘rt pl?as-
t plenty polite poor present proper quick ‘ready‘real rich right
| riebt d safe same sharp shift short side skilful small sour
r:;gh{f/l?:ef;?yu;ltraight strong sudden sweet tall there thick warm |
star

wise with wrong young

Figure : All these words are properties



Appendix V (Continued)

accent advice agree amount answer any can cause cent cen-
tury certificate chance chapter character chart comma concerning
count coupon everyone everything letters like line list map marks
news number phrase plan purpose question rank report say sen-
tence someone something story think word write

Figure : Words in Discourse Plane

10



Appendix 3T

INustrative Subset of Domains

Generalities Science & Knowledge Organization Infor-
mation Philosophy Psychology Religion Social science
Law Mathematics Physics Chemistry Biology Medicine
Arts Recreation Entertainment Sport Language Lin-
guistics Literature Geography Biography History Engi-
neering Agriculture Management Housekeeping Indus-
try & Trade Communication Commerce Military Gov-
ernment Transport Health Vehicie Power & Energy Ge-

ography History

Figure 0.1: The Domains



Appendix VII

IMustration of Mappings in CIBA

(Note: indicates that 1t is the root word)

noun adjective adverb verb
succgss successful successfully succeed
J;narrlage married *marry
hope hopeful hopefully hope
want wanted - *want
*wish wishful wlah
fall Eaiiing - *fall

Apart from the standard mappings, there axists some suffixes that can

be used for mapping words.

e verb to noun - Ing
adjective to adverb - ly
adjective to noun - ness
noun to adjective - ful
verb to adjective -ing, -ed

noun to adverb -wise

-

|



Appendix VIII

Example of a uee showing description generated by [nterpret

1told the smart girl whom i liked the story.

+MainCl+

-------------------------

.....................

Sub..Con..Phrase +PronPh+ +VPh+

| +MainCl+

|

|

| Subject
|t e = w————

| +PronPh+ -Head word-
Iy

|

| Verb..Role

|:VPh+ l-Mam vero
rell .



| Object..Indirect

1

[+NPh+

I +RelCl+

! Post_mod.Object].

/%3

I-Determiner-

ithe

EGS

-Pre Mod-

[smart

i i '....‘:T_lq—

l-Head word-

Igirl

REEY

)

| Conjunct..Role

1 l ------

! Sub..Con I-Head word-

' Jlwhom
i F== ed
]

i

|

| Subject

| +PronPh+ l-Head word-
H



! Verb..Role

*Main verh-
llike

S— —
1% Tie

[+VPhe

I Object..Direct
I +NPh+ I-Determiner-

Ithe
[9%

I-Head word-
Istory

-
L - L owon A P

SYNTACTIC CATEGORIES AND ROLES ASSIGNED BY INTERPRET
{ told the smart virl whom [ liked the story
p uni Fin VerbiDed Adjectivet Nounl Sub Conl Pronoun! Fin Verb) Deyf Noun
rono
L;’Vl’! I

h+

F ’ +VPh- +NPh+ +RCJC}+‘ +NP, |

‘ f‘f’ﬂih:’e vol;e- bject Indirect Post_mod.Object] ()bjCCI Direcs
S UbjBC b R O P d.0O

Level 2:+Rel(Cl+

+SubCon-+ +PronPh+ +VPlh+
Conjunct Role Subject Verb Role



Appendix IX

PASTEL: A Parser for English

ote: This describes the methodology followed in PASTEL [Srikant &
n

Irani, 1991])

V EI'IIllnlSth Darsere f a
. ! O lliltlll':ll ]an g(_‘\‘
- - C by

analysis and structural ana] si i ili
pn’npjp!g of failure, to apply Zn; ’pl::‘z:;ﬁitt‘:'r:rt‘::!we 2 l_lnifm:m
application of grammar rules). srsiells; miz.
If we could eliminate all POS ambioui

to structure the sentence, an eilﬂ;tgugegﬁzszino?ttemptipg
nondeterminism is reduced. It should be quite obvi[::xte:}t:al
relieving the parser kernel of this functionality would eaz t}i1l t
burden on it and allow it be extremely determinissic. We te te
remove POS ambiguity by three methods: Analytical pre;gsso
statistical prepass and verb subcategorization. .

Analytical prepass exploits the idea of making explicit all lo-
cal(pairs and triples) constraints over syntactic categories to
eliminate several invalid combinations.

Since we have already eliminated certain combinations by ana-
Iytic restrictions, and since our final goal is to obtain a sequence
of unambiguous syntactic categories(before structuring), it is
obvious that remaining multiple combinations in each span
have to be selected for by some means. Here we adopt corpus-
based statistical data to choose the best possible arc in each

span.
It might be apparent that, at this point, all categories except
and functional words) have

verbs(noun, adjectives, adverbs _ ' -
been disambiguated upio their subcategory rain. Each verh
in order to

is augmented by all its possible verb subcategories,

choose one of them.



A comprehensive syntactic analysis seeks to identify constit
al}d dependency structure of sentences. In a l’unctimm_l1 ot
:3t1tuent .gram.mar(F CG), every clause is analyzed by assi o
its constituents and subconstituents to structural functio gnmg’
are local and syntactic,describing relationships amon nst(thh
tures). Such a description lies in between the pure Fung : !
and Immediate Constituent Phrase structured grammaf- 10[631
one hand it is able to achieve just the adequate embesc'id 3
struct‘ure required from bottom-up analysis, and on the the
hand‘ it preserves the intuitive universality ¢;f the grammaot’ S
relz}tlons. In this scheme of things, syntactic categories w d
their subcategorization play the roles of lowest level of subcinn.

stituent.

A situation-action(procedural) grammar(SAG) is written as a
collection of situation-action rules each of which specifies an
action to be taken on a set of structures that are being built
up in the course of parsing. The action is triggered by some
cular configuration of structures being built. A cataloging

parti
pline is maintained.

scheme and a control disci



Appendix X

The Meta-language

In chapter 5, we have described how a simple concept can be re
sente;l in CIBA using dimensions: primitive, basic, category, plane pred.
d(?mam, We have also described what each dimension mean’s He o
will describe what are the constituents of each category. e

Primitives:

o Act

e Agent

e Object

¢ Entity

e State
Happening

Theme(Subject)

Information

e Time

Space

Property

Qua]ity



Important Categories:

s noun
e pronoun
e adjective

adverb

» verb
e conjunct

preposition

Important Functiona! roles of the words in a sentence

e Noun

e Modifier
e Adverb
e Conjunct

¢ Determiner

Preposition

Object

s Possesive
e That

e Verb to

e Verb do

s Verb have



e Auxiliary modal
o Auxiliary not
o Full verb

¢ Question word

Planes
¢ Physical plane
e Mental plane
o Discourse Plane

e Computer Plane



Appendix X1

Illustrative Concept Clusters in CIBA

GAME - chess, football, cricket, crossword, puzzle

SHAPE - square, circle, rectangle, hole, corner, curve, triangle

limb, hand, leg, stomach, abdomen, finger, toe, eye

tongue, palm, chest, thigh, chin

ear, nose, mouth, tooth,

shoulder, hair,

ankle, heard, arms, back

RELIGION - christian, hindu, muslim,

PLACES- city, country, world, region, town, continent, village,

state, county
cock, hen, duck,

o . BTRDS - crow, cuckoo,
VLRALL ant, spider, butterfly
INSECTS - cOoCKL* Hig.
- i, croCOutLi=i Tl i, donkey,
WATER ANIMALS (f:g;ljo S [r:(-_ tiger/ lloll] T:\Iﬂ ‘{e-f d
MAMMAI, - cow, bu raf ‘doq, ~cattle, sheep, camel, bull, deer
Father, =27 daughter, sister, brotheif wife,
RELATION - mother, B dmother, grandfather, unC%e, auntie, _
husband. g;an A ther-in-law, brother-in-law, sister-ir
in-law, =
mother-1n
MONTHS - Jan, .. DPeC
gaturday
brown

, MondayY .
sunday plack, white, green,

DAY -
orande.
COLOUR - red, blué: vellow,



NATURE - CLIMATE - rain, cloud, cold, cool
SEASON - monsoon, summer, sping. autumn, winter, fall

LAND - cliff, mountain,
WATER - sea, lake, river, coast, creek, beach, shore, bay

PLANT - PART - stem, root, flower, leaf, fruit, branch, bud

TYPE - bush, creeper, climber,

MATERIAL - cloth, cotton, wool, silk, nylon,coal, coke, cement,

sand, concrete
METAL - gold, silver, steel, iron, copper, zink,
HQUSE - (see the list)
SOCIAL - club, society, committee, colony, crowd, community,
conference, council
PARTS - coil, stick, column, cord, cork
EDUCATION - school, c¢ollege, curtain
FURNITURE - table, chair, seat, bench, bed
HEALTH - ILLNESS - chill, fever, typhoid, cough, ..
medicine, clinic, doctor, pathology
exercise
vitamin )
ENTERTAINMENT - drame, cinema, circus, play, _ |
CLOTHES - garments, shirt, Crousers, blouse, sari. skirt
EATABLES - VEGETABLE - potato, ?nio?, cabbage,
a, ChelXy.
FRUIT - apple, mango, Eizzg‘ cake, pastry, chocolate,

- tea COffee:
SNACKS p | cecrean, custard, cocoa, cream



Appendix XII

Symbols used by Interpreter

Punctuations Signs
e dot
® Comima
o colon
¢ semicolon
e guestion-mark
¢ single-quote
» double-quote
* hyphen
s exclamation-mark
* dash
* opening-bracket

* closing-bracket

Sinca. :
glish Punctuation and other S1gns

¥ tilde
* backslash
* double backslash

L ]
asterix



* arrow
s curly brackets
* square brackets

double exclamation marks

back-quotes

empty determiner

Closed-class Words

s determiners
*» prepositions
¢ pronouns
¢ conjuncts
* modal verbs

* primary verbs
Vert, . Subcategorization Information

* Intransitive

* Monotransitive
' copular

* ditransitive

. - .
Complex-transitive



Tenses

* Aspects - progressive, perfect, passive
s Tenses - present, past, future

» Modalities -

Information Associated with Nouns
o Gender - masculine, feminine, neuter

o Number - singular, plural

Information Associated with Adjective - Degree

¢ Ordinary
* Comparative

* Superlative

Irlt’Ol‘mal:ion Associated with Adverbs - subtypes -

* Conjuncts

* Adjuncts

Subjuncts

* Disjuncts



Appendix X111

Example of an explicit data descriptiono

(Note: The words in Capitals are the Concepts from the Computer Plane
while words 1n square brackets are concepts from the discourse plane. |

(

{reader) IS5 AN OBJECT
DESCRIPTION OF [reader] 1S

library management] IS THE THEME

' [reader] IS A [Borrower]'’’

ATTRIBUTES ARE
: (NAME PERSON )

[name of the reader]
laddress of the reader) {PLACE PERSON)
(PLACE PERSON)

(city in which the reader lives]
[maximum number of books the reader can borrow] : (NUMBER PERSON)
[priority of the reader] (SCALE PERSON)

[money deposited by the reader] (MONEY PERSON)

(category of the reader] : (SCALE PERSCN)

lbook) 15 AN OBJECT

[name of the book] @ (NAME BogKéOOK}
Lt 3 (SCAL
ledition of the book] R  AME PERSON)

- €
(name of the author the pook]: (IDENTIFICATION BOOK)

Iaccession number ©f
(o x] : (MONEY BOC
Price of the book] {caCALE BOCK)
ME COMPANY BOOK)

(¢ pook] : N
ategory of the > of the book] ¢ (NA
(NAME COMPANY BOOK

“ame of the publishe 24l
. ok
lagent for buying thehzoboékit (NUMBER BOOK)

lumber of pages in ©

porrows & !

Dee “UW] IS AN AL 15 !readel
O CRIPTION ©F [oori-® “ k!
B p [reader oo
Mpe ~ 'S ASSOCIATED AR

Sk SN

TeRUTER: ARE R
» i . INANE
e ot rie ['l‘,”cl‘j"‘ '



(name of the book) (NAME BOOK)
[accession number of the book]
(Qace of borrowing the book]

[recommend] IS AN ACT
DESCRIPTION OF [recommend) IS [reader recommends a book]

OBJECTs ASSOCIATED ARE (reader book)

ATTRIBUTES &ARE
(name of the reader]

[name of the book]

{IDENTIFICATION BOOK)
(DATE BOOK)

(NAME PERSON)
(NAME BOOK)

Let us now see how the system will try to guess the ‘most appropriate
data element’ for the following query.

Who has written the book ‘Algorithms and Complexity’?
cription, using Inter-

This question can be changed into a canonical des

Preter,

Processing the query - Phase I
., hOOK and a PERSON 1s to be

Th . £ g
‘e qn tains the name of : . .
Query conta BOOK The act mentioned in the ques-

f’earched in connection with the
on is WRITE
gather the following:

From the descriptions in da’? model we

n the data model, two describing OB-

* There are four descriptions i :
JECTs and two deseribing AL 15 |
e in the head ot any

. @ ’f
* The concept “WRITE’ or its synonym It nowhe
of't iptions. N
e 1 all the four descriptions.

rsi
* Astructure (NAME PERSOR) 8PPE2 | third and fourth
” Qs 1n ’
s A structure (NANIE BOOIS) apped

Aese ription.

secom

descriptions have (NAME PER-

. . 4 fourth X
sous second, third an) ok 1 specified 1D them.

SON}as well as (name b0



Processing the Query - Phase II
The problem now is to get the person associated with the BOOK. The
modifiers or ACTs associated with (NAME PERSON) should be such

that they match the the concept WRITE as closely as possible.

Thus further analysis of the phrases is required.
In second relation, the PERSON is (author of the book). In third rela-
tion, the PERSON is involved in the ACT of borrowing. In the fourth

relation, the PERSON is involved in the ACT of recommending. If we
compare the semantic distances between the concepts (WRITE and AU-

THOR), (WRITE and BORROW) and (WRITE and RECOMMEND) we

will find that (WRITE and AUTHOR) are the closest. Thus (author of
the book) in the second data description is the preferred data element

for the query.



Appendix XIV

Two-Phase-Matching Protocol

Semantic distances between concepts

We have built a discriminati
at 1 ivi
primitives 1n eleven basic eg)l?ii;?:x:(tﬂzig;:;hm%dl:dis i
: s. Bach class h
st;rt;lcture assigned to 1t.. We also have a dictionary of concea Stf tf;‘;
ga(t: condcep?s defined using semantic primitives of the langu;J ;3 WFI‘
ata modelling purpose, we extend the basic equivalent class to igncl c(l) .
number, sqale, name, identifier, money and date as basic cate ol'l e
We call this class extended equivalent class. The semantic disiga:;1 o
Petween any two concepts' can be calculated using the method descri bce(:}clS
in [Srikant & Irani, 1991]. Our word sense definitions are structured
in such a way that an algorithm can most efficiently compare or match

two such structures,
The matching technique utilizes a quantitative measure to evaluate the
actures. Our definitions of concepts consist of two parts:

o vertical generalization 1.e. the category to
which the concept belongs called the head of the concept. The second

part called the tail-set of a concept is a list of features with features
appearing in decreasing order of importance. The semantic distance

closeness of str
the first part corresponds t

hetween any two concepts depends upon the head of the concept as well
as the tatl-set of the concept A measure of semantic distance between
ts is derived as follows: Ifthe heads of the concepts match exactly
ise the closeness of one concept with the

tology. The parameters involved

concep
J case Otherw
o ontological trees to which the

then it 1s a trvic
other 15 calculates

are the distancé, de
heads belong-

ntire on

| over the e
ht in th

pth and heig

nt while deriving the formula.

Following points are taken into accou
T “vpri :« fch was not done as a part of this study. Majar work
i degeribes *) 0 ‘;vorko:a n KBCS group at NCST.

is due to M Srikant wh



e More specific the common ancestor, closer are the two concepts.

o More skewed the path pair, closer are the two concepts,

o Lesser the conceptual distance, closer are the two concepts.

Two phase matching protocol using semantic distances
between phrases

Given an explicit data model similar to one defined below, with the
help of CIBA and its environment, the system is able to get for each
phrase describing an attribute, its extended equivalent class and its
most salient features in decreasing order of importance.

Semantic distances among phrases are composed out of semantic dis-
tances among the concepts of the phrases. A typical noun phrase has
2 head word and a few modifiers. A new structure can be formed by
merging the modifiers with the extended equivalent class of the head
word.



Appendix XV
Descriptions in Conceptual Information Base ’'CIBA’

fﬁ descri.ption exists on a computer plane. It corresponds to a sentence
in Fhe dzs‘cours‘e plane. It is a relation that exists in the computer plane
It is a unit of information. It describes a situation in which a number

of participating concepts are involved.

Various concept expressions take roles in this relation. The roles the

take are governed by a particular kind of concept. (We call it verg
in discourse plane.) Concepts are also categorized so that they can
take only a certain kind of role. The categories (they correspond to

the grammatical categories in the discourse plane) are noun, adjective

adverb, verb ete.
The roles (they correspond to parts-of-speech in discourse palne) are
subject, direct-object, indirect-object, verb, adverb, complement etc. The

verb governs the other roles.
he basis of how many concept expressions are

Vorhs can be divided on

o make them meaningful.

necessary t

r Categories of Concepls

Functions of Majo
L8 1IN

t the conerpts belopging Lo various categors

ary function ¢

The prim
follows

a description are a%



function Type
Naming Nouns and pronouns

predicating(stating or asserting) verbs

modifying adjectives, adverbs

con . . . .
necting prepositions, conjunctions

Simple Descriptions

Using the concepts belonging to different categories and primitiye classes
we can form simple descriptions. Though descriptions are divided into '
four major syntactic types, viz. declarative, interrogative, imperative
and exclamative, we will be dealing with only declarative descriptions
in this study. Description can be simple or multiple. Multiple descrip-
tion consists of clauses. A descriptions can be summarized as a pair:

topic and aspect.
Every description has a topic in general. (Generally subject of the

corresponding sentence in discourse plane serves this purpose. The
subject typically specifies what the sentence is about’.)
Aspect is what the description is trying to say about the fopic. It can

be an attribute, state, act, happening or relationship. (It typicaily
s to the predicateof the corresponding sentence in discourse

correspond .
It describes ‘what is asserted about the subject.

plane.
A simple description chiefly involves the elements having syntactic roles

. subject, verbd, object, complement and adverbial.

Vorh is the most central role in a description. It 1s easter to 1dentify and

it determines what other elements may or must occur in the clause.
ally a noun (or np or a nominal ). It

Subject of the description is typic



is obligatory (except in im i i
peratives where it is impli m
; plied). It d 1
Zfz.ztrﬁber anc} person of th.e verb. Subject can be considered asezflfa tlnt?S
e description. It typically refers to information that is regard dOFI’:C
e A4

the speaker as given.
Objects can be direct and indi ]
. ndirect. Objects are norm
tna all
}1)1;1:?]12;! cjause). In desc:rzp?zons, Objects follow subjectyagglu;f éOI‘ t
jects are present, indirect object comes before the direct OE; 7 ng
ect.

Adverbs refer to the circums
: efer tances of the situation i
in the beginning or at the end, or just before the velibThey come either

specification of a meaning relationship.
Thus the five roles(functional categories) of description constituents are

e subject (S)

e verb (V)
o object (O) - direct object (Od) and indirect object (O1)

« complement (C) - subject complement (Cs) and object complement

(Co)
» adverbial (A) - subject related (

farm the background of the description. By
|| wdverbs which form the background of the
ription types are established based on the

e seven Tunct ional categoriess

As) and object related (Ao)

The optional elements

eliminating the optron:
descripiion, seven major /s’
permissible combinations of th

Major description types are

o SV - intransitive

¢ SVO - monotransitive

¢ SVC - copular



e SVA - copular
e SVOO - ditransitive
¢ SVOC - complex transitive

o SVOA - complex transitive

{Note: The terminology is taken from (Quirk, 1985].

The description types are determined by the verb class(subcategory) to
which the word belongs. Different verd classes require either different
complementation (Od, Oi, Cs, Co, A) to complete the meaning of the
verb or no complementation.

The syntactic roles the concepts take into a description are subject,

object, verb, adverb, complement.
It is not very difficult to get the synfactic roles of the concepts if we

make the description unambiguous.
A typical description is formed using concepts, identifiers, numerals,
ntactic markers (punctuations) from discourse

roncept operators and sy unct
plane in addition to syntactic markers of Singlish.
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