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The puvpose of £his papar 1s to ouitiine methods of parsing and
sematically understanding an Znglish sentence Also this paper
will outline an implementable interpreter fthat can be used fo
translate an esnglicsh input into a Fformal representaion suitabie
for input to a system such as a data base guery interprator

n be Used for natural language undevrstanding ar
assified in detailes.

i

Grammans that ca
digscussed and <}

& semanftic Interpreter is analiyzed and an implementable algorithm
outlined (using PLI?




INTRODUCTION

-1 DIFFERENCE BETWEEN ENGLISH AND PRDGRAMHING,LQNGUAGE

Tha princiglie difforsence botwaen English and a Pragramming Langus

hat the grammatical ang spelling rules for Engiish are complicate
ave many excaptions andg ambiguities, whereas the carresponding rules
rogramming language are LONCIsSe are Righly stryctured, have few (3if any
special cases, and ~if wej] designed— have ng ambiguities,

There is a general undarstanding of the computationgl techniques far
dealing with +#ha synktax of English sen nces . but no clear undarstanding
of how to deal with their semantics

This study wil} avtempt to gutiine a method that provides a frame work
for semantic interpretation of 3 subset of tha English language.

s - P T s

1.2 USES OF NATURAL LANGUAGE PROCESSOR
& natural itanguage processor zan be usad ag 4 front-end far othaer
computer systems that would ntherwiss TEquUire specialized command languaye

to interact with , SUch as data base querias, and  operating system yser
interface layevr,

Also  as  franslator £0 neuvtral representation layer within a
transiation system hetunen two natural languages whare aftsr
understanding input  fram languags ¥ it will build a&n internal
represgntétion for this input as ¥ and then give an autput in fanguage 7
from Y

1.3 APPROACHES T NATURAL LANGUAGE PROCESSING

L. noise disposgd method  where »
specific constrained demain}” input  san
declirative,and intarrogative forms and wer

A g

_

ts  werse SOUGRNE  in  limited
5 were restricted to simple
scanned by +thae Frograms forp
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NTRODUCT ION Page 1-2

re declared KEY words 0r  patfterns that indicated  know ob yects and
elaticnships.

If none were found then a previous subyect wili se picked and asked
gain,

called heuristic ware gysed t darive the

domain-specifjc . ]
the key word in the sentence and the knowledge in

Tl
equired response  fronm
he dats base.

2. taxt based agppreach: these systems 2ssentially starad a
epresentation of the tayxt itself in the database Using a variety of claver
indexing schemes tg retrieve material coantaining spacific ward ov phrasas

these systams did not deal with the mMBINING  of the serntenca, 1.8,
they had no deductive powers

3. limited iogiz systems: pradicate calcyius vysed o dedyre semantic
information from the input. for instance if¢ the system were told that "tgm
is a man" and then told “all men are humans® then it will build an internal

knowledge that “tom 15 a human®

deductions these Systems carriaed ware a limited subset of  the full
range of logical inference ysad in ordinary conversations

4. Knowledge based systamsg: these systems yse 4 large amount of
information about +he domain ynder discussiaon to heip understand sentances~

&
¥

3 storse within +¢he program using some knowledge
heme like lagic, procadyral Semantics. semantic natwaorks,

knowledge that
representation sr
or frames.

1.4 DOMAIN OF DISCOUR

ey}

E

For a natural language the folicwing questions need £o he addressad

2 What domain of discourse is rich 2naugh to be a vehicle for studying the
central issyes yet simplae enough to facilitate progress 7

0 What Representations are required for the santence 7

8 What computatiuonsg £4an be done and the constraints the can be applied 7

8 When do we conclude that something is understogd »

The #First of these questions is the most criticai far +the tfollawing
analysds as  if cutliines the tonstraints that canp he usad 15 the2 semantir
analysis part of NLP | what we mean by this is +y resirict the type af
sentences that +he Bracessor will undearstand

This means we nesd tg o
will adhere tg.

m

strict the grammar that accaptanla santenca

o

N

2 =




INTRGGUCTION

For a natural Language we nesd 3 numbher
travei from fthe syntactic lavel

semantic lavel

For a programming ianguage

Definition at hand when we huild

frocess from syntactic level %o

In a natural Language such
not apply to all sentences ar is not formal
manner A4s in Formal programming languages.
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isifacilitafed by the lan
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INTRODUCTION Fags 1-

b.S LEVELS OF PROCESS ING

T %

An example of the processing levels censider thg statement ¥ MaRY WAS SICH

YESTERDAY" call this statement M 2 o

{. HSerntence M contains 20 aiphabets. e

2. Sentence M rontains 4 English words. .

3. Sentence M contains one praper noun, ane vert ., one adjective, one
adverb in that order.

4. Sentence M is an English sentence.

3. Sentence M contains one person’s name. one linking verb. onsz adjective
describing a potential health state of living. and one temporal a2dverb
in that order. &

4. The subject of sentence M is an individual probably female named MARY
and the predicate is an ascription of 11l health Lo the individusl =0
indicated . on the day preceding the sentenrce uvtterance.

7. Zentence M asserts that the health of an individual named MARY was
not good the day hefore yesterday.

B, Sentence M says that MARY was sick yesterday

cindex thematic-vrole specialist

Level 1-4 will be zarvied by the Syntactic specialist

Level 5 will be carvied by the Thematic-role specialist.

Level 4~8 wili be carried by the Semantic specialist.
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STRUCTURE OF NATURAL LANGUAGE FROCEEZSOR

GEFINITIONS

The set of a1l possible

language is tha univer

T

language
language.

Formally a languags i

terminal alphabet

&2

that can be made up from the alphabets
courTsa,

rs2  sucn that every
{the grammar} of the

of  GaMMax . where GAMMA 13 ¢
MiMA+ U {epsilont where epsilon is th

ps
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pP. 2 FLOW DIAGRAM OF NATURAL LANGUASE PROCESSOR

the Overall structure on Natural languags maahinﬁ can representad . as; .
g
B e e L] Bt 3 e o ..,...:“..... [ ——— <_;..4.+
string —=>i syntactic i-->representation-->ithematic-rolei—-lAgents, co-agent
i specialist | ispecialist H benefticiary eic
A s wrsd i e e e e are esstabiished

update frames

i
¥

raject W &
: N VTS
o e o e s isemantic i-ocreatesupdate
ispecialis ¢ i Worid model/
i ¥
] 1

knowledgs base
e e e implications
cconteet

ceemantic networks




3.1 DEFINITION OF PURBUER

radically influencad all linguis

parsing is the process by whic

[

phrase structure grammars
transformstional grammars
case grammars

sysbtemic grammars
semantic grammars

[as T o S 2 T s §

&

3. 2.1 Phrase Structure Grammar

rastrict language to a phrase—

SYNTACTIC

tic

the +theary of ganerative grammar

feomputational linguistics. the grammar 1is
to its constituting parts to help understand 1t

SPECIALIGT

Informally a grammar of a language is a so
sentences allowed in  the language,
combining words into well—-formed phrases and claus

indicating

research

wsed to

T eme

the syn

es.

introaduceaed

L

o owe datermineg that

str

the grammar of the language and hance is part of the
the process of delinariazatian oF linguistic  inpu
complicated data structure . exampls a derivation tre
depicts some of the relations betwesn words in
ad yective modifies that noun. which 13 the obje
phrasa. . "}

3.2 GRAMMARS FOR NaATURAL LaNGUAGE PROCESSING

The kind of grammars that are used for

£

for specitying the

tacktic ruyles for

ny Chomsky (19573

including
pick apart the sentence

AT work in

st canforms to
2, also 1% is
ate & mare
is structurs
ance {"thisg
repositional

natural language undersianding ars:

uctured gr

A[MAT

(formal

grammanrss



BYNTACTIC SPECIALIS Fags 3-2
A grammar 1s a four—tuple(i,% P,5) where & is fhe terminal aipnabet, N is
the nonterminal alphabet., P is the szt of productions of the form Yy—3Xx wheres
y and x are in (N U ¥%) and y contains at least one element an Nisuah a
grammar is called a phrase-structured grammar?
2 -
Chomsky [19631 distinguished four general Tiasses 5{ formal grammars
== type(Q) unrestricted grammar | increase decreass
—— type(l) context sensitive i restrictions the size
—— typel(2} contezt free i on the af the
- typa(3}) right linear ¢ production langquags
¥ tules produced
it turns out that 4ype 2,3 ars computatiocnsl opossible but deo not
represent all the forms of natural language strings.
for type(C) a language can be generated by this grammar if and oniy if
it ¢an be rvecognized by a turing machins.
for type(l) grammar the right hand side of +the produoction rule
contains at least as many symbols as the ieft hand side {confext
sensitive).
for type(2}! grammar (context free grammar’) =ach productiaon must have
enly one non—terminal in the left hand side of tha rule
context free grammar is the ane that would bs usaed if bhiszs option is
taken
ar example of context free grammar that wmight be used ko generate some

sentencas in natural language

f’anfence?

Inag

urnt phraseX

phrase>
mzner-

t
t
“‘\

1
t

‘\
2

-
>
'
-
-

>

>

-
>

9

i

<noun phrasel>
“determinar

<noun:

Lwartr noun

the
boys
apples
zat '

phrase:

the following:
“verbh phrasal

<Lnoun:

A
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using this derivation the sentence “"the boys gat appies” have the
foliowing derivation tree: \ LR .

sentence -

/ N - ' ‘4>i=
<noun phrase’ Cwarh phrasel
4 \ ; N
“<determiner> <noun’ verbl “noun phrasel
H i i ) ;
the boys gat Urpun
i -
appies &

i

In this grammar eavary production has the form x-D>y where x mambher af M
and 4 15 ant string in (N U %, note y can be 1

That is any OFG with vrule x—>sepsilon is no¥t a contex® sensikive,
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B.2.1. 1 Bottom Up Parser -

A Bottom Up parser always rcan be constructed for conftexk §redlgvamﬂa“

buo broad classes of determinestic botitom upparsers are the pruedenr
barser and the LR(K} which includes all the L {K: gﬁammars {top—-down
arseTrT S}, ; A

& o

A determinestic top—down parssr can not be canstrucied for every
ontext free grammar.

at 1s there are context fres languages thai cant be recognized by
kuch a machine. such top-down parsers include LL(K}, and predicative
parsers (recursive descenti. \

*

i i z

Fottom up parser starts from the left side of the input and tries Lo
educe the handler to a right hand side symbol of a3 ruls.

t

if 1t can reduce further {after a new handie 135 identified) then

*urther reduction 1s carried.

if no such veduckion is possible fthen it will shifi Lo ths right Hao
Fetr1wv9 another input ftoken and the stack Handle is adjust accordingiy
if at the end of the input the parser manages Yo reducs the handle %o

i
ﬁhe goal symbol then it accepts the sentence e2lse fariuvre i1s annwunced.

In Bottom up parsing we use the production vrules “"bhackward”

for example given "he ate a frog . " as input and a rules PRONIOUN-Z he
hen we match r.h. s of rule with "he" we find a4 match we replace “ne™ in
he sentence by 1. h. s. to become “PROMNOUN ate a frog® and we start again

ntil we end up with only the Gosl symbol on the stack with no more input

hence we acceapt the sentence

Top Down FParser -

oY
na
i

i deriving a syntactic structure the parser can operate from the

it starts by looking at the right hand si
izs o  find +tha rules for sach one of £

nor if the sentence do not belong fto the languags then it will announce
Wt failed.

in Top—-down parsing we start with the goal and continge rveplacing it
Bu » h.os.  of the rules finally raplacing a v h s with a fterminal.
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in Top down we need to be ready fo backuno and &ry another nath. henca
gttom up are considered more powerful.

L
*




3 2.2 Transition Networks

& wn
A e

Transition Networks arz a Common reprgsentation of s tract
recognition devices.
-4 f: i
Transition networks are an alternative to formal grammar for defining

formal languages (i =, set of strings)
8 language in terms of combinations of
network for a language is a kind o
whethar strings are in the language.

Wi
ypes of sztrings. a4 ELransiftion
bstract machine for racegnizing

at

The machine can be in one of 3 sat of states. and the Eransition abtate
to state «corresponds %to processing successive symbols in tha stringt to be

recognized.

Gertain special states corvespond to accepbtance ar racagnifion of the
string. if the wmachine finishes processing when in such a state, the
string is accepted as being in fthe language recognized by the machine

I+ the machine doas not end in such a stakte the string is not
accepted.

32 2. 1 Transition Net Grammar - transition-net grammar. a rersion ofF
top—down parsing the basic notation used here is nodaes and arcs %o connert
nodes Ffor example

a ~rhecd

a —rbce

in the above representation the parser will throw onut fthe result of
the fivst production if it failed and try the secoand

a4 hetter method would be to combine the two rules into ans a—Sheidrelr.

an alternative notation %o this rule is wsing transition-network
h c , o
a pm—mm—— 2 a2 g-———=3a3 p-—-—-——-1ad
: o
Y e £

cates that this is  for
to ba found Ffirst b than

the name of the first node or state a in
parsing 4a, while the arcs indicate the next th
6, etc.

di
in

uq

these should be thought of as test that need to pass +o reach next
state. from state a3 the parser can follow either 4 ar e.
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i¥ one fails then parser goes back to a3 state and try obther pabth 4o
each a4.

note that any language that can be described by context frge. grammar
an be described by transition network. x ot »

, oz ”f'

N
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5.2. 3 Transformation Grammar

¥ 2

Chomsky(1937) states that an adequate grammar o7 a langugage like
nglish wmust be a GENMERATIVE grammar. this kind of grammar W “foncerngd
o

ith competence as opposed to performance of tha mystem.
"

Transformations can specify symbel arﬁangem&ntf: as whean the
jeclarafive sentence “the silly robot has moved the red pyramid" becomes
the interrogative sentence " has the silly robot moved the red pyramid?™.
entext free grammars that uses transformations , are called transformatian
frammarns.

an example of transformation carrvied on a context free grammar generated
devivation tree is the following: ”

input is "jack is sleeping™ ) ¥
context 5 transforming 5
frae VAN rules - /N
rules —--> np vp P AN
: & aux np vp
i sux wverb H i i
H H H H ! :
Jack 1s sleeping 15 gack slszeping
One logical inadequacy of ftransformation grammar arises in +the deap
tructure (parse trae} assignead to nagative aquestions containing
tuanti?iers‘

for sxample

the question "Doesn’t some American Airlines flights leave Datroit 7 @
iz not the question eguivalent to the statement
“some American airlines flighfts dossn’'t leave Detroii®
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. 2.4 Augmented Transition Grammar

ATH parsing methods has its 2arlisst Toots in wgrks by
thornesB: bobrowb?1 however it was woods Ewacﬁs 721 who popularized the
idea

L

o
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i

2.4 1 Preliminary Theoretical Concepis -

a finite state fransition diagram (F3TD) is a simple devicearbnsisting
f a set of states (nodes} and arcs leading aone state to another.

none state is the start state and agne is the final aﬁffe

arcs are labeled with the terminals of the arammar

if the device reaches a final state from the start state when starting
rom the beginning of the sentence and reaches the 31nai state at the end
f the sentence (input) then we say that the device accepted the sentence

FETD can recognize only type(3 grammars, That is it is impossib}e Lo
wild a FSTD that will dependably distinguish +the sentence in aven a
antext free language.

However regular grammars are inadequate for demaling with natural
languages. so a natural extension to FSTD is fa provide recursion mechanism
that increases their power to handle the context frse languages.

these modified FSTD are called recursive transition networks RTNs.

alsoc an arc in RTN can be traveled wsing a nonterminal as well as

P4

Bl

terminal as in the case of FSTD

an example of an RTN is let NP represent a nonun phrase
PF prepositional phrase

det determingr

orep preposition

adj adjective

final is fthe accepting node.

P
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the foliowing RTN will parse the following sentence
“ The little boy in the swimsvuit kicked the red bail”
NP : the little boy in the swimsuit a e .
PP : in the swimsuilt *
NF . the swimsuit 3 £
Verh: kicked L
Np : the red ball
notice that any sub network may also .call anofther subd network
including itself, in the below sxample . for instance, the prepositional
ghrase contains a noun phrase.
also note that RTN may be nondetevrminstic in natura, that 1is.y thers
ay exist movre than mare arc to follow at ane tima, thisz is solved by
arallel processing of +the wvarious Aarcs. ar hy trying eash  ona  and
acktracking if it fails (similar %o top down parsing’.
fppi
rd K
Y "
i H
g: NP verb NP A4
—— g e s B T s T et « IR o X =
Lad > Pe
/’ “\ / ‘.\
W v
H H H
NE: Ldet *, / oinounk N/
—elg MNP s —mm e T g =g final
FP:
prepl NP
-~ PP e g mem—ee— e Tg Final
Context free grammar however are still insufficient %o handle natural
anguages so RTMs are augmented zvan mors %o increasse their sower 3and this
eads to Augmented transiftion natworks.

»
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3.2.4. 2 Differencs Betwesn RTN a&nd ATN -
In ATN the augmentation is in thrae ways from RTN's
1. A set of registers has been added, to store informations abaut par tially
formed derivation trees , between jumps %o different natworkg *
- A
2 Arcs. aside from being labeled by terminals amd nonterminals havn hests
on them, these tests have to successed before transibtion from ane state
to another is employed. < 1%'
Tests on arcs in ATN
A test succass condition success side affaect
(CATEGORY fterminal symbol) next token of input remove next Loken
is a terminal from input stream
-
(PARSE non-terminal} the sub-network Mone
for the neon—-terminal
compietes to a final
state
(PEEK fterminal symbol} next token iz a Mone
terminal symbal
(WORD "abe') next token af input remove next ftaken fram
is the word "abco! input stream
3 Actions may be attached to an arc . to executed whensver the arc is
taken.

so In summary . FSTD = state + terminals
RTN FSTD + nonterminals
ATN = RTM + s2t of registers + actions + Lests

i

ATNs are capable of buyilding deep structures descriptions aof a
sentence in an efficient manner,

The test and the actions on the arcs make ATNME well suitea to handie
Transformational grammars.

the ability to place arbitrary conditions an +$he arcs pravide  the
context sensitivity

S‘

yThs have been successfully applied to question answering «in a limited

"

{closed}) domains.
&
one of the limitation of the ATNs is the heavy dependence an syntax
sestricts the ability +to handle ungrammatical {although meaningful}

utteranca
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2.5 WASP Grammer

Wait-and—see grammar WASP substi

B il
=
s
x:;“
n
PR
4+
3
e
o
i
3

iaoking anaas

2 “f

£

WHY PHRASE STRUCTURE INADEGUATE
English is neither a regular nor a context free ianguage.

the reasan is that these restricted grammars can not genarate cevtain
tmmon constructions in every day English such as e

“tom,bill,dave, and charlie are the husbands of janei MARY, sue, and
pan respectively”

it was not determined if g context sensitive granmar could he written
9 generate precisely the sentence of English. rather such a granmar was
sjected for the following reasons:
~= 1% made the description of English unnecessarily clumsy and complex,
tor example in the treatment regquired for coanjunction. auxiliiary wverbs,
and passive sentences
- Assigns identical structures(derivation trees) to santences that are
understood differently e. g.
“ the picture was painted by a new technique®
the picture was painted by a new artist®
- 1%t provided no basis for idantifying as simi;

o PR
santences that havea

14 e
different surface structures hut much of theiv meaning in comman 2.4
john ate an apple®
did john eat an appleat
" what did john sat ¢
"who ate an apple?”

i




EYNTACTIC SPECIALIST Fage 3-14

3.4 SUMMERY OF PARSING SYSTEMS

[ -

Actual parsing systems are the following Tt *
i. template matching
2. simple phrase-structure grammar parsers

P,
Pad
L

S

3. transformational grammar parsers '

4. extended grammar parsers {(ATM. and CHARTS -methods! which axtends the
concept of phrase—-siruycture ruies and derivations by adding mechanisms
for more complex representations and manipulations of sentences.

3. semantic grammar parsers
similar to ATMN's but the non-fterminals used are not <nounl, <verbl: stc,
but classes that are motivated by the concepts involved . g1 -
for a flight reservation system we can have nonterminals such as
“destinationsl, <flight-time> etc. ;

4. grammerless parsers: some natural languages Arocessing systems have
abanded the traditional use of grammars for linguistic analysis and
used ad—hoc procedures centered around individual words

3.5 PROLOG AND NATURAL LANGUAGE PRIOCESSING

f all procedural and declarative languages . Frolaog is most suitable
far wse in this area since we can directly represent production rules
(rewrite) and the semantic rules that we will do the interpretation against
as a definite-claves

Prolog alsa facilifates the latter stages of matohing the synbtactic
tree portion we which to interpret against the semantic rules in the data
base which could be more than one for the particular tree rooé.

L

Pl
0
i}
)
o

H

an example of all this will be explained in =k
algorithm is explained and in chapter & where the algar

oy
P

pter
ithm 1

oo
i
ot
b3 i ]
4
g
n

os

L3

3.1 #Prolog Syntax For Tree Rapresentations

this section will show how to represent in prolog a tree structura,
given the following as the rules

sentence — > noun_phrase verb_phrase
noun_phrase —> det noun relational clause »
det -

ideterminer .
relakional_clause -2

i

i relative wverb_phrase
verb_phrase — verb

{ noun_phrase

then given sentence "“"esvery man that reads love a book" can be as
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object=sentencei{noun_phrase{det{avery'"}
s Yman®
srelational_clavse("that', verb(Yreads® i)
averb(“love“,ngun_phrase(det(“a“);”buo&“snmne§>?

i

and the parse $ree will look like

i
sentence *f
7 \

noun_phrase verb _phrase
i H \ / Y ;
det nouvn relcl varb noun_phrase
‘every’ ‘man’® / 0\ ‘love’ / \
7 \ det noun
rel varh ‘ar’ ‘book”

‘that ‘reads

P

L9

3. 5. Axiomatizing Parse Tree For Prolag Representation
to be able fto represent the production rules

in prolog we nesed to axiomatize the rules

in

d
for sxample

afy
gi
For

fules in context free grammar ( please see appendix
notations)

s~ nNp vp

np—~rarticle n aptrel

np—Fpn

aptrel -2

tfthat’ vp

vp—r kv np

vp—io iv

pn-> ‘terry’

‘naser’
det—->’a’

g

hil
823

M

113

nite—-claves from

ves the following
explanation

of
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and given the following sentence "a program halits Yhe parse tree is
5 .
AN 3 o R
7/ \
np kY R 2 ) \‘)i
£iN \ '
article n optrel \
H H : vp
‘a‘‘program’ i
. P “ i v
H
halts’ . .
] i Py 2 3

the non terminals can now be seen as a binary relations on the positions.
for example n{{l, 2} and vp(2, 3) etc

It can be seen then (hat the statement s can be sxprassed as

np(\:‘, Xy & vp(X:B) == 5

an extension to this yields VIid{xl, x2). & . 3WVi(Xi—1,Xi} ==> §

this is why now we can express production rules in clause form in pralag
syntax. for example the above production rules szpressed in BNF zan now
be expressed in prolog (I use fturbo prolog here) as

s{pC,p}) :~ np{pC, pll, vpipli,p}. {(note ", " in proiog means logical AND)
npl{pl,p) . — det(pl.pll,n(pl.p2i,0ptvelip2,p).

nplpG,pl) = pnipG.,pl.

vpladpd 1 —-tv(pQ.pli, npipl:p}.

vpipO:pl:~ ivi{pQ, pJ.

optreldpQ.p) -~ conmnacts{that,pl,pli, vpini,p).
prn{pG:p) :— connects{tervry,pl,ply.

pni(pl:p) —connectsinaser, pl. p).

ivipG.p} :— connects(halts, pO,p)

det{pO,p)} :—~ connects(a, pO:p?}.

nipl, p} :— connects{program pG,p).

tvipO,p) = connects{writes, pl,p?

note that literal connects{Terminal,Positionl,Position2) is used to mean that
terminal symbol Terminal lies between Positionl and Pasition?
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CHAPTER 4

SEMANTIC ITERPRETER SPECIALIST - @

FoY

b1 GlUal. OF INTERPRETER

The goal is to translate the syntactic representation of &the Engiish
sentence  into an expression if formal language (quary language) that could
in turn be passed into a formal language processor to do the action
pecified by the expression such as output a piece of information or update

data base.

That is given a complete and correct parsing of the input (example
ising transformation grammar) it will apply a formal procedure Lo came up
with a formal intermediate meaning.

.2 BASIC DEFINITIONS
. 2.1 Definition OFf Meaning

We need to give a mare rigors definition of what is meant by finding
the meaning (semantic}) of a sentence as +this is +the goal of thea
interpreter.

the meaning of a word such as dog consist of an sperational procedure
for determining weather a given object is actually a dog.

that is the meaning of dog consist of determining if +the predicate
fog{xi ts TRUE or FALSE.

likewise the meaning of verbs.,adjectives, and prepositions consists of
pperatignal procedures for determining the +fruth or falsity of the
(orresponding predicates.

This operational procedure is what we are seaking

opasitiaon has no

We also need the procedure to tell us &
pesning 1f the arguments are inappropriates to &}

3
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Mo meaning here means that the sentence did noft have a corresponding
semantic rules in the data base to carry the process of the interpretation,
. < TR . -
- ~
i 2. 2 FPredicate Definition ' W
i-ike a function a predicate takes a specific numher of argumants. but
rnlike a function » a predicate does not have a valwe, instzad it deliver a
meaning. That is it "say something®” about ifts ar JWJH%S

Thus if P is a predicate which takes 2 argumenis.
Iressage which says something about the objects x. 4y, z.

l"\‘

then pi{x.y. 2z i8 a

¥

Far example a3 predicate PRIM may be defined such that PRIM(x: has fhe
same meaning as the statement "x is a prime number”,

r a predicate Between can be defined such that betwseni(x,y, 2z} has the
same meaning as "“xlylz"

4 predicate which takes more than one argument 1s salled a ralation

A proposiftion is a message formed by a predicabte name Logether with
jesignators for its arguments,

4.3 HOW INTERPRETER WORKS

The basic algorithm can be outlined initially as the following

1. Read wuser inpuft sentence.

2. (btained the parse tree of the sentence . {exampls using using
transformation grammar on context free parss tras

3. Interpret the parse tree meaning and 3b+aln the maaning in thsa
form of a query ov command the can be passed to commands funotion %o

i
carry the commands or the gquery and return the resuit to ths user

nca the sentence has been intervupted, its ¢
f fthe system (where all semantic rules reside) can be evaluated by
detarmining whether the interpretation is one of tha propositions (belisfs
af the system, or if the interpretation is deductible ¥Fram them using

the semantic deduction rules and predicate calcwlus

~3

thg interpretation of the sentence here is a clause form . it is the job
of the interpreter %o ftransform an parse tree to this form and pass the
furm to the commands interpreter fto determine i%ts truth and i1f so process

it and return the result back %o the user.

4. {oop back to 1

uth with respact to data basze
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f 3.1 Algorithm Explained With Example

I11 outline the algorithm against the following ssntence o
"aa-37 flies from Eaoston %o Detrorty
first we obtain the parse tree - R

A

Fet]

‘boston’  PLACE
i

‘Tetroit”

The grammatical relations among elements of phrase structures are dafined
by partial tree structures which mabtches subtrees of the parsae tree. three
sub trees are extracted from the above Ltree ars

&1 5 G2 5 &3
FAN H Y
npg vp vp vp
i H AN AN
(i1: v v pp gp
i H kY VAN
(2 (12 np preap np
{ s *
1 ; & ;3
(2} (1) (2

sach above structure can he represented by the faollowing logical exprassion
(Gl FLIGHT(1) AND (2i="f1iy”’} ‘

(G2 fMIr="Ffrom’ AND PLACE(2)}

(@3 (1¥='ta’ AND PLACE(2)}

a semantic interpretation for the sentence is obtained by LOGIZALLY anding all
the semantic rules found from the subtreas. for 2xample for Ltha above parse
tree we make the flowing rule and add the rule o the rules data basse:

IF (Gl: FLIGHT(1)} AND (2)=‘fly ")

_



SEMANTIC ITERPRETER SFPECIALIST Fage 4-4

AND (G2 (1)='from’ AND PLACE(D}))
AND (683: (1)="%to’  AND PLACE{(Z))

THEN W .
CONNECT(1-1,2-2,3~2} s

= e

Ny

this 1s the semantic interpretation of the given lnput

]
pe ]
ba 3
!
e
i
m

in subfrees
in subtrees
in subtreess

i-1 means fthe terminal under node
E = means the terminal under naode
G-< means the terminal under node

1Y e

fod T}

so the final interpretation is
COMNNECT( “aa—57“, ‘Boston’, "Detroit’)
the semantic rules (G1,G2, etc.) are rules that we have to wrikte down andg
add to a semantic rules data base. we number each rule. we ran hava many rules
for aur system (flight reservation system) exanple of some of the rules
rules #1
iF (Gl: FLIGHT(1) AND (2)='fly "}
AND (G2 (1= "from’ AND PLACE(2})
AMD (G3: (1i="to’ AND PLACE(2}}
THEN
COMMNECT{(1~1.,2-2,3-2}
g. 9. "aa—37 flies from boston to chicage”
rule H2
iF (G1: FLIGHT(1) aAND ( (2)='Ffly’ OR (2)=‘lesave’ OR (2= qgon’) }
1
. AND (83: (i)=‘from‘ AND PLACE(2))
| THEN
DEPART(1-1., 22}
e. a. "aa—-57 departs Ffroam hoston®
rule #3
IF (Gl: FLIGHT(L1} AND ( (2)='fly’ OR (2)='go’) }
AND (G3: (1)¥=‘to’ AND PLACE(2}; )
THEN
ARRIVE(L-1., 227 s
e. 8. "aa-37 flies to Detroit®
many ofther rules can be constructed that will cover the domain of possible
sentences within the domain of our system.
rq
if we can find more fhan rule that we match against than the final &entence
semantic interpretation is the adjunction of all the asction part of the rules.
for example our sentence example will have subtrnea that will match rula
1.2 and 3 above so the final semantic interpretation of the sentence is




£
t

4.

EMANTIC ITERPRETER SPECIALIST Fage 4-5

i =

"aa~357 flies from boston to Detroit” N ‘ *
g
U 2 ’;’_
parse freg structure

: .
:\f:

e hiam et o et e e e S v s A s e e w328 s e oAt s vt e s

H Pim=== key words dictionary

+ semantic interpreter |<-——— semantic rules dats base _

9+ rens et it rosoh Mot e 10 S v e Ak St St S o S S iy b e o e wfe

4
COMMNECT("aa~577, “boston’, ‘Detrgit’y
AND CEPART( ‘aa-57 ¢ ‘hoston’)

AND ARRIVE( “aa~577, ‘Detroit’

the dictionary shown above as another input is a file used to teli the
interpreter the possible rule numbers that can match against for a

parse ftree with a parfticular word as its root. the recorg format far this
file can he like this

“terminal:/<syntactic category>/<rule number><rule numberl

example the following avre some of the recards that can b2 searched
2

TFly fANOUNZL, 3

Tto /PREPOSITION

“a//DETERMINER
‘aa-57 /NOUN/FLIGHT

et
2.1.1 Review OFf The Algovrithm -
The semantic interpreter will look up the dictiaonary to %the find all the

semantic rules that it needs to ssarch.

if search fails the it announce that sentence can nat be understood.

1¥ a match found the it will read all the numbers af the rules.

it will then read all the rules themselves from the rules data nase using
their numbers as an index. ‘

take each vrule in furn and see 1+ the subtrees at hand will match the
CONDITION part of the rule . if it does then add the ACTION part of the

rule the meaning string. this string is initiaiized at the start to empty.

try all the rules in turn and every time a rule (e.g. rule#? above) is matched
do the following

masning_string @ = meaning _string + TANDS 4+ action_pavit of o
at the end of looking all the rules ; i
faiiure (sentence in grammatically no

rrent_rule.
2mp ty announce
. sh) either
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add rules %to the data base to be abie 0 understand it or re sull
sentence if form that can be understond by bthe semantic interpgf
if semantic_string is not empty the its content 15 passed tovg@
sentence interpreter fo act on by the interpretation. L.
-4 & f
for example the output can be the formal language ng'a DATA BA
language pracessor that can understand the output of the semandy

the seman

in this way a user will input an English sentence and 7
does a transformation on the sentence and gutput anasther sentenl
a4 gquevry command string to the data base query subsys bem.



'

i

end main_line:
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4.1. & Presentation OFf Algorithm -
FLI program of the main line algorithm Py .
TN A S Sl s T S S MRS v e T Skt M i Sk et s ot A Ao i bt S b ot e MRS YT o e S50t Aot vas e Sons P t ¢
& k3 ot = -
main_line : proc = (f
ioop: :
semantic_buffer = 7

get {user_sentencel;

EFS

call parse(user_sentence};

FR Y

roct = get_ftres_root}i
list_af_rules = lockmup_rulesﬁfcr(raot:number“efmruieah

1=

do while (number_of_rules == 0 ) ;
i=i+l;
current _rule = list_of rules(i};
number _of rules = number_of_rules-—1;

cendition_part_of_rule = get_condition_part_of rulelcurrent_rule);

3 s\

i¥ match{condition_part_of_rule , tree_with_root{rcot)) then

do;
rule_interpretaion = action_part_of rulefcurrent_rulei;
semantic_buffer = semantic_buffer ! ‘AND- “torule_interpetation;
and;
aise

end;, F# while %/

e
b ¢
1

smantic_buffer = 7/ fthen
put (‘SENTENCE neot understood’;

m
[
™Mo
B oo

Il QUERY_LANGUAGE _PRCESSOR(semantic_buffer’;

3
s
3

iaop;:
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CHAPTER 3

CONCLUSIONE a&ND SUMMARY

123

&2

4 study intc natural language processing is pressnied in Lhis paper.

nany aspects of this filed of Al is outlined.

A formal method based on pre-defined semantic rules and a key words dictionary
is presented and is practical for implementation as 4 question/answer s5y%tam
rnatural language processing can be practically vused within a rastrictian

nf the domain it will be used an . the method outlined will not be suiiabls

]
§ the domain covered is very large since %then the rules will be many and
the procass of pattern matching will take a long time

. gt

The abuve algorithm can be bhest implemented using the language PROLOG.
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APPENDIX A

ABEREVIATES TABLES

v

B &Y

Tabies 1

symit ol abbreviates

5 statement

np noun phrass

v verb phrase

iv Intransitive verb

v Transitive verb

pr proper noun

det determiner

n noun

optrel ngtianal relative clause

&
"
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