PERSIS: A Natural-Language Analyzer for Persian

MoHAMMAD Ali SANAMRAD* and HarRUYA MATSUMOTO™®™

A natural language analyzing system, PERSIS, is described. This system takes Persian texts as input and pro-
duces dependency networks which represent their meanings on a certain level of detail. Parsing is based on a
model of grammar implemented by more than 850 syntactic production rules which employ 42 different struc-
tural descriptors. For the representation of concepts encoded in the language, PERSIS utilizes, depending on
the structural descriptors, 17 prototypes with up to 10 syniactic and semantic attributes, These attributes are
filled under control of the parser by iteratively applying feature-integration rules to simpler attribute lists with
the primary attributes of words being obtained from the dictionary. At each parsing step, feasibility is verified
through feature-checks made on the extracted attribuies. Finally, when the parsing is finished, dependency net-
works for the input sentences and phrases are decoded from the final attributes by the recursive calling of 17
feature-interpreting routines associated with the anribute prototypes. Expetimental results and examples
throughout the paper illustrate capabilities of the system in handling syntax and semantics. PERSIS, the first
analyzer developed for Persian, is written in LISP and machine translation is hoped to be among its many ap-

plications.

1. 1Introduction

For the past several decades, natural janguage pro-
cessing bas been one of the most active areas of research
and at the same time one of the most difficult probiems
for the field of Artificial Intelligence [4], [9], [!6].
Natural language processing has fascinating potential
applications [1], (2}, [7], [15] and has made significant
contributions to other areas in the field of Computer
Science.

Understanding natural language is a very complex
decoding problem and the perfect understanding of a
message in natural language may require full use of
various levels and sources of knowledge such as syntac-
tic, semantic, contextual, and even common sense.
Nevertheless, the development of numerous theories
and ideas in the areas of syntactic and semantic process-
ing [5], [11], (12}, [13], emerging from the fields of
linguistics, philosophy, and psychology, have led to
powerful language analysis technigues [8], [10], which
in turn have resulted in the development of practical
systems capable of understanding fragments of natural
language 2}, [17]. Such systems, though Iimited to
working in restricted domains, have complete and
privileged knowledge of their world and are capable of
handling texts exhibiting a wide variety of lingaistic
phenomena.

Rapid progress in the field of natural language pro-
cessing together with the practical applications brought
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about by this progress, are sufficient incentives for in-
itiacing such studies for languages not previously
studied. In the present paper, we will describe a natural
language analyzing system that takes Persian texts as in-
put and produces dependency networks which represent
their meanings on a certain level of detail. The system is
named PERSIS (for Persian analygi_s) and will
henceforth be referred 1o by this name. For the represen-
tation of concepts encoded in the language, PERSIS
utilizes a set of syntactic and semantic attributes derived
from syntactic structures and organized to ensure that
the internal representation obtained is rich enough to
represent the semantics of most Persian constructs.

Although it is far from a perfect systern of under-
standing, and not as developed as other currently
available analyzers {3], [6], PERSIS is the first analyzer
developed for Persian. it is hoped that machine transia-
tion will be among its many possible applications since
the dependency network extracted is very convenient
and well suited to the mechanical transiation of Persian
inio other languages.

The analysis algorithm 1s described in Section 2. Im-
ptementation of the analysis algorithm for Persian and
the organization of the dictionary, grammar, and at-
tributes are explained in Section 3. Exampies in Section
4 illustrate the capabilities of PERSIS, and Section 5
consists of concluding remarks and further discussion.

PERSIS is writien in LISP to run under the NEC
ACQS-10600 time-sharing system; most of the linguistic
knowledge (i.e., syntactic and semantic) is separated
from the main routines and treated as data.
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2. Analyzer Structure

Parsing is based on a model of grammar im-
plemented in the form of production rules. The parser
also has control over extraction of meaning and con-
struction of attributes by feature integration rules, In
this section, we give a formal description of the pro-
cedure of analysis.

2.1 Preliminaries

Assume that the “input string”’ is of the form
S={55...) (L)

with §;, &, ... being the basic building units or
“words’’.
The *‘dictionary’” is of the form
D={D]D2 Ve s DND) (2)
with

Di=(sI)  for  i=1,2,...,ND. (3)

For each word s, there is an information package [
available:

Ii={c:FY) 4)

where ¢ is a “‘structural descriptor’® and determines
grammatical category, and

F=(fufa. ) (5)

is a “‘list of attributes’ associated with that word. The
combination of ¢; and F; is then a “‘definition’’ of the
word s;.. Of course, since there may be several defini-
tions for a given word in a natural language, the actual
entry for a particular word s; in the dictionary may have
the form )

L=Wc!FD(CiFY .. ) (6)

with superscripts being used to discriminate among the
different definitions of that word. However, since only
one definition of a word is normally considered at a
time, for the sake of clarity, these superscripts will not
be used in the rest of this discussion.

“Grammar’’ is represented as

G:(G|62 P GNG) (7)
which is a set of “‘syntactic rules’’;
Gi={(G/G]) (8)
Ga" :(gflg;: CEERE gi'm} (9)
Gf'ﬁz(gr'r;gg LR gifi‘ H (10)

with each syntactic rule G, acting as a production rule
which, if applied, will result in substitution of G/ by G/
in the string under consideration. Note that g’ and g"
are basically structural descriptors, and that s and & in
(9} and (10} are particular to that {. It should also be
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noted that ‘‘syntactic patterns’ (i.e., G/) are organized -,
such that the longest possible match is discovered first,

For each syntactic rule G,, there is a *‘feature check’’,
FEATURE-CHECK,, for verifying the feasibility of
the parsing (e.g., checking the consistency of attributes
of a noun group and its modifier). The parser tries to
recognize basic structures and goes on by substituting
these structures with their eguivalents, It is then
through feature checks that meaningless phrases are
filtered out, or that a single structure is picked out from
several different alternatives. It should be noted that
this analyzer does not carry forward simultaneous pars-
ings of the input string. It tries the first possible parsing
and oniy if it is unsuccessful does it then try other paths
and eventually other definitions of the words (*‘possi-
ble’’ in the sense that the feature checks are fulfilled).

For each syntactic rute G, there also exists a “‘feature
integration rule” (or more precisely ‘‘routine’),
INTEGRATE-FEATURES,, for extracting new
features and merging the previous ones. This means
that each syntactic rule in the grammar is associated
with a semantic rule. Syntactic rules ajlow longer and
more complex syntactic structures to be built from
simpler units. Conversely, associated semantic rules
facilitate the compilation of complex attributes and
meanings out of simpler ones. This is rather similar to
suppes’ approach [14] to semantic processing. The
analysis flowchart is shown in Fig. 1.

2.2 Analysis Algorithm

Now, let us follow the process of analysis to show
how the above-mentioned rules are used in practice. For
the input

S={515:. .. 8,), (1

a dictionary look up will produce a *‘string of structural
descriptors™ '

C=(c\3...¢Cn), (12)
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and a “‘string of attribute lists”’
F=(F\F, ... F). (13

The parser then begins to match € with the syntactic pat-
terns of the grammar using a depth-first searching
algorithm and if the /~th syntactic rule is found to be ap-
plicable, that is, if a string

(Ciisi v o« Crm—)={8hG15 . . . Gim) =G, (14)

is found in C, and i-th feature check is also fulfilled,
that is

FEATURE-CHECKF at point j)=True, (15)

then, the i-th syntactic rule is applied on the string of
structural descriptors € and the /-th feature integration
rule is applied on the string of attribute lists F, so that
new strings for structural descriptors (Cpe) and at-
tribute lists (Fo.w) are built up respectively:

Cne“-:(f.'m‘g . C_;—|C*C;‘+m .. Cn)
=(ey2 . .. C) (16}
Foow=(F\Fy. .. FcsF*Fip . . . F})

={(F\F:...F) (i7)
where

C*=G/'=(giigh . - - gl), (18)

F*=INTEGRATE-FEATURES{F at point j), (19)
and
n=n+k—m. (20

The process then continues by substituting € and F by
Chew and F.. tespectively, so that when the process
is finished, C gives the parsing result (e.g2., C may be
merged to an N; noun group, or an SNT: sentence),
while F contains the ariributes associated with the
whole input string. In other words, the final Fis an inter-
nal representation of the concepts embedded in the
input 5. Examples in the following sections will clarify
the analysis process.

3. Persian Analyzer

3.1 A Brief Introduction to Persian

Persian is a member of the Proto-Indo-European
family of languages which is written using the standard
Arabic aiphabet plus four new letters added by the Ira-
nians and is read from right to left. Throughout the
paper, however, we have used a phonetic transcription
based on that found in Persian Grammar (i.e., Rl
below) with minor modifications for the sake of typing
convenience. .

The following are some facts about Persian syntax
which should help the reader in understanding the ex-
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amples to follow.

I) Word order in Persian is SOV (i.e., subject, ob-
ject, verb).

[[}) There are no gender distinctions in Persian
either in the form of affixes or in the pro-
nominal system.

[II}) Verbs are inflected with respect to person,
number, and tense. As a result of verbal agree-
ment with the subject, the subject is often
deteted whent pronominal,

IV) 1In Persian, noun modifiers usually follow the
IO,

V) Adverbal modification, on the other hand,
always precedes the verb and is relatively
unrestricted in the number and order of modify-
ing expressions.

3.2 Persian Linguistic Data

To prepare the Persian linguistic data for the
analyzer, two sources of information were used:

R1) Lambton, A. K. S., Persian Grammar, Cam-

bridge University Press, 1953, Reprinted 1981,

R2) Khanlari, P., Junior Highschool Textbook (in

Persian), Iran Ministry of Education, 1965.

After excluding phonological production rules and
syntactic rutes particular to Old Persian and Persian
poetry, those rules which were deemed to be relevant
to modern Persian were collected frem both sources.
Based on these rules and on the careful examination of
thousands of sentences and phrases, more than 850 syn-
tactic production rules were written, including nearly
150 simple and phrasal verb patterns. These were com-
bined together with the necessary feature checks and
feature integration rules. 1t should be noted that there
are many cases in which different syntactic rules share
the same feature integration ruie or feature check.
Moreaver, there are many syntactic rules that are
applied in all cases and, consequently, their correspond-
ing feature checks are simply assigned the value True.
Altogether, the number of necessary feature checks and
feature integration rules is nearly 100 and 150 respective-
ly.

It is usualky very difficult {if not impossible) to guan-
titatively evaluate the linguistic knowledge of a natural
fanguage processor. Here, to give some general idea,
Table I shows to what extent the above-mentioned col-
lections of rules from the two sources R1 and R2 are in-
chauded in PERSIS, either as syntactic rules or in the

Table | Use of rules from the informatioa sources in forming syn-
tactic ruies, dictionary, and feature checks. Percents are for
all of the rules that were considered to be relevant to
madern Persian.

Inctuded in . Included in
. inciuded in Could not
Rules Syutactic Py X Feature
Rules Dictionary . Checks be Included
Rules of RI 41.8% 38.79% 6.4% 13.19%
Rules of R2 51.5% 31.7% 4.0% 12.89%
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Table 2 Structural descriptors.

ADI: Adjectives PPT: Pasi Perfect
ADY: Adverbs PR: Present
CADJ: Comparative Degree

of Adjectives PRD: Predicates

PREP: Prepositions
CPR: Conunuous Present  PROD:  Time Periods
CPT: Continuous Past PRPR: Proportions
DAY: Dates & Days PRS; Preseni Stem of Verbs
DOBJ: Direct Objects PSFX: Pronominal Suffixes
FRC: Fraciions PT: Freterite
FTR: Furure PTS: Pasr Stem of Verbs
IMP: [mperative Plural SADI: Superlaiive Degree of
Adjectives

IMS: Imperative Singular
INF: Infinitives of Verbs  SPR Subjunctive Present
INTJ: Interiections SPT: Subjunctive Past
MNTH: Months SNT: Sentences
N Nouns TIME: Time
NUM: Cardinal Numbers TXT: Text
ORD: Ordinal Numbers UNIT: Classifiers & Counters
FEND: Personal Endings VOC: Vocatives
PP: Past Participie VRE: Verbs
PPR: Preseni Perfect WEEK:  Days of the Week
PPRN: Personal Pranouns YEAR: Years

form of feature checks and dictionary entries.

3.3 Dictionary

There are about 100 words, particles, case-markers,
suffixes, prefixes, etc. which are used in syntactic pat-
terns and act as ‘‘functional operators’” in determining
grammatical structures, and are included without fur-
ther categorization in the dictionary. In addition to
these entries, the dictionary currently contains more
than 600 words, which are sufficient for carrying out the
experiments described in this paper and may obviously
be increased as necessary. Besides simple words, the dic-
tionary contains contraciions and different spellings of
words, compound verbs, and common expressions and
idiomatic proverbs that can no1 be understood as a com-
posite of the meanings of their component parts. Also,
since polite forms in Persian are produced by the
substitution of words rather than a change in structure,
these have also been included in the dictionary. Since
dictionary entries inciude syntactic descriptors as well
as associated attributes, the presentation of some
typical exampiles of dictionary entries is postponed until
section 3.5 after an explanation of the syntactic descrip-
tors and attributes themselves.

3.4 Syntax

There are 42 structurai descriptors employed in form-
ing syntactic rules. These descriptors are listed in Tabie
2.

The following are some typical syntactic production
ruies:

Nha: — N
Neflye N — N
Nefve AD] —> N
NikeSNT — N

{Pfural)
(Genitive Case)

(Relativized Sentence)
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ADV ADV — ADV
VRB -—— PRD
ADV PRD — PRD
NPRD — SNT
PRD -— SNT

The following examples iflustrate how parsing is per-
formed for a variety of Persian constructions. Note that
functional operators are not assigned any descriptor.
For the sake of clarity, those structures which are
recognized at each step of the parsing process are
underlined. However, especially in the later examples,
the parsing process has been condensed to avoid repeti-
tion. The following abbreviations are used in the ex-

amples

CNJ: Conjunction

DOM: Direct-object marker

GEN: particle for determining genitive case
INDF: Indefinite marker

NEG: Negative

PEX: Prefix

PL: Plural
REL: Relative marker
SNG: Singular '

The first example shows how relative clauses are
treated.
keta:b H ke diruz
book INDF REL vyesierday
(The book you bought yesterday)
N i ke ADV PTS PEND
Nike ADVPT
Nike ADV PRD
N i ke PRD
N i ke SNT
N
The next two examples illustrate the handling of adjec-
tives:
go! ha: ye
fiower PL GEN
{Red beautiful flowers)
N ha: ve ADJ e ADJ
Nye ADJ e ADJ

hharid id
buviPTS} 2ad-PL

gherimez e ghashang
red GEN  beautiful

NeAD]J

N

tond  tar az  ba:d
fast more than wind

(Faster than wind)

ADJtaraz N

CADJ az N

ADJ
The following exampie shows parsing of a simple
sentence with an adverbial phrase:
hasan ra. dar keta:bkha.ne did am
Hassan DOM in fibrary see(PTS) 15t-SNG
(I saw Hassan in the [ibrary)

N ra: PREP N PTS PEND

DOBJ ADV PT

DOBJ ADV PRD

DOBJ PRD
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PRD
SNT
Time expressions are parsed as follows (NUMI is the
category of numbers from ten to nineteen).
sa:ate dah o  pa:nzdah  daghighe  ve
clock ten CNJ  fifteen minute  GEN
sobh € shambe
morning GEN Saturday
(Saturday morning at 10:15)
sazate NUM1+NUMI1 daghighe ye TIME ¢ WEEK
.satate NUMoNUM daghighe ye TIME e WEEK
TIME ye TIME ¢ DAY
TIME e DAY
TIME
ADV
The final two examples show the parsing of a condi-
tional and an interrogative sentence:

agar ba: ghatair na rav im dir
if by train NEG go(PRS) ist-PL late
khath im resid

will  ist-PL  arrive(PTS)

(If we don’t go by train, we will be late)
agar PREP N na PRS PEND ADV kha:h PEND PTS
agar ADV PR ADV FTR
agar ADV PRD ADV PRD
agar PRD PRD
agar SNT SNT

SNT
key be esfa:han  rafte and
when to Isfahan go(PP) 3rd-PL

{When have they gone to Isfahan?)
ADV PREP N PP PEND
ADV ADV PPR
ADV PRD
PRD
SNT

3.5 Attributes, Semantics, and Dependency Networks

Meaning representation in PERSIS is based on the
idea that meanings and concepts encoded in a language
can be approached through the determination of a
definite number of attributes. These attributes provide
information (syntactic and semantic) about the words
and their roles and relations in the phrase up to a cer-
tain depth. An important problem then is the determina-
tion of what attributes should be inciuded in order to in-
sure that the representation is minimally sufficient, com-
plete, and capable of handling the meanings embedded
in any possible sentence or phrase of the language. PER-
SIS makes use, depending on grammatical category, of
up to ten attributes to represent the meaning encoded in
different structures. There are 17 basic “*prototypes”
for attributes given in Appendix A, The prototype for
attributes of N, for example, consists of the following
items: .

(a) Normal/Interrogative

(b} Person

() Quantity
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(d) Abstract/Physical/Proper

{e) Counter Class

(fy Human/Animal/Place/Time/Condition,

State/Inanimate

(z) Attributes of Apposition N

(h) Aitributes of N in Genitive Case

(i) Atiributes of ADJ

{)) Auributes of Relativized SNT+A Pointer to

the Dictionary Entry

(a) determines whether the noun is interrogative or
not. This attribute is normally used for pronouns which
replace nouns. For example, chekasa:ni (who-plurai} is
interrogative (and plural and human as well). (b) and {(c)
determine person (1s¢, 2nd, 3rd) and number (singular,
piural, No.) of the noun, while (d) and (f) categorize i
and give some information about its nature. In Persian,
different counters are used for different classes of nouns
(e.g., nafar for human beings, ba:b for houses, jeid for
books, . . . ). Thisis specified in (e). Finally, (g}, (h), (i),
and (j) each contains a list of attributes of other nouns,
adjectives, o1 sentences which are used for further
description of the noun. The last item of the prototype
is a pointer to the dictionary entry and is used for
backtracking and generation of dependency networks.

Note that everything is coded alphanumerically and
that the actual system does not utilize the long lists of
symbols in the attribures.

The foliowing are some examples of dictionary en-
tries. Note that X means (still) not determined.
madrese
school
(madrese N (Normal X 1 Physical X Place X X X X))
sefid
whiie
(sefid ADJ (Normal Color X))
besor.at
quickly
(besor.at ADV (Normal Manner X))

The following are some examples of the attributes deriv-
ed for simpie phrases and sentences.

ruve  miz

on table

{on the table)—Treated as ADJ

(Normal Position

{Nermal 3rd 1 Physical X Inanimate X X X X+A
Pointer to “‘miz’’ )+ A Pointer 1o “‘ruye’”)
sefid  tar as  barf
white more than snow
(whiter than snow)}—AD]

(Normal Color

{Normal 3rd X Physical X Inanimate X X X X+ A
Pointer to ““barf”’ )+ A Pointer to “‘sefid’’)
ba: otomobil
by car
{by car)—ADV
(Normat Instrument-Conveyvance

{Normal 3rd X Physical X Inanimate X X X X+A
Pointer to ‘‘otomobil” Y+ X}
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bara:yve che

for what
(why?)—ADV
(Interrogative Motive-Purpose X+ X))
kev  hasan ra: did id

when Hassan DOM  s5ee(PTS)
(When did you see Hassan?)—SNT
(Interrogative Positive
{Active Transitive Doing-Action+A Pointer to
“didan’: to see)

(Normal 2nd Plural Physical X X X X X X+ X)

X

(Normal 3rd 1 Proper X Human X X X X+ A

Pointer to ““hasan’’: Hassan)

{Interrogative Time X+ X))

Simple X Past}

Note that even if the structure of a sentence is not in-
terrogative, the sentence will be considered so as soon
as one of its attributes (i.e., subject, object, adverb,
etc.) is recognized to be interrogative.

As should have already been noticed, the attributes
associated with a particular descriptor may inctude lists
of attributes of the same or different descriptors and
this embedding can go to an arbitrary depth. The
system is able to iteratively buiid more complex and
higher-order lists of attribuies from its cusrent lists of at-
tributes and by applying feature integration rules under
control of the parser, Note that there is, of course, no
need for all attribuies in the lists to be filled during the
process of analysis and, depending on the input, many
of them may be left empty. The filled features are then
used in the feature checks. For exampie, when a rule is
going to assign a noun as the subject for a verb that it
follows, first it is checked that the verb does not possess
a passive infinitive {i.e., the attribute ‘a’ of the infinitive
in the attribute ‘¢’ of the verb is checked), Then, since
the Persian verbs are inflected with respect to person
and number, these attributes of the subject are checked
not tc contradict those of the verb (i.e., the attributes
‘b’ and ‘c’ of the noun should match the same at-
tributes in the atiribute *d’ of the verb).

The attributes contain enough information for
generating a ‘‘dependency network™’ of the input (i.e.,
determining action, actor, object, instrument, location,
time, etc. in a manner somewhat similar to other
representations of meaning [3], [11]). However, these
dependency networks are embedded structures designed
so that they efficiently map the internal representation
of the meaning in PERSIS. The main actions or topics
are covered in the topmost structure. This structiure con-
tains other embedded structures which give further
details, and this embedding may go to an arbitrary
depth depending on the complexity of the jnput
sentences and phrases, The dependency networks,
several examples of which are given in the next section,
can be useful for further processing and various applica-
tions. The module that decodes final attributes into
dependency netwaorks has a simple strucrure. It contains

2nd-PL
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17 ‘‘feature interpreting routines” for each of the 17
different attribute prototypes explained above. The pro-
cess of decoding begins by calling the routine associated
with the final structural descriptor derived by the
parser, and continues by recursively calling necessary
feature interpreting routines. The final outpui is then
generated by a *‘revising module” which improves the
readability. Examples given in the next section show
how the meaning of the input sentences and phrases is
extracted and purt in the form of dependency networks
suitable for possible further processing.

4. Experiments

As mentioned earlier, it is very difficult o evaluate
how powerful a natural language analyzer is, and it is
only through some experiments and examples that
capabilities of the system can be illustrated. This section
is devoted to such a task and contains several examples
as well as some experimental results.

Before showing the result of the experiments, it is
necessary to explain the case of ambiguous structures.
Since the system uses a depth-first searching algorithm,
ambiguity i3 not really encountered and other possibie
parsing paths for a sentence or phrase are not tried if an
acceptable parsing is found. However, a parsing-tree is
always carried such that back-tracking can occur when
necessary. The parser also makes use of a “*list of dead-
end structures®’ to avoid fruitless searching. This list is
gradualiy formed from those structures that were
reached in the process of parsing and for which the
parsing failed and a back-track occurred.

In an experiment, PERSIS was able to successfully
parse about 88.5% of an input text composed of 200
sentences and phrases with more than 1600 words, ran-
domly picked from R1. Those cases where the system
faiied are roughly classified in Table 3.

Several analysis examples are given below. Note that
English glosses are obtained by the help of the dic-
tionary emtry pointers in the related attribute lists.

haza:r 0 nohsad ¢ hashta:d
thousand CNI nine-hundred CNJ  eighty

o] cha:ha:r
CNIJ four

Table 3 Classification of those cases when PERSIS failed to correct-
ly analyze the input sentences and phrases.

No. of Sentences

and Phrases Explanation

9 Expressions were neither noun groups nor
sentences (e.g., address expressions, book
titles, etc.}

9 Svntactic patterns were not enpugh

2 Wrong features extracied

3 Words which couid be understood from the
context, were omitied,

Total 23
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{One thousand nine hundred eighty four)

NUMBER: 1984

ali  mive ha: ra. khord

Al fruit PL DOM eat(PTS)

{(Ali ate the fruits)

ACTION: eating

ACTOR: Ali

OBJECT: fruits

TIME: past

mive ha: bevasileve ali khorde shod

fruit PL by Ali eat(PP) become(PTS)
and

3rd-PL:

(Fruits were eaten by Alj)

ACTION: eating

ACTOR: Ali

OBJECT: fruits

TIME: past

ma: ba: otomobil besor.at be kha:ne

we by car quickly to home
raft im
2o(PTS) 1st-PL

(We went home by car quickiy)
ACTION: going

ACTOR: we

DESTINATION: home
INSTRUMENT/CONVEYANCE: car

TIME: past

MANNER: quickty

vaghti az ghom mi raft am
when from Qom PFX go(PTS) 1st-SNG
ali ra: did am

All DOM  see(PTS) 1st-SNG
(I saw Ali when | was going from Qom)
ACTION: seeing
ACTOR: 1
OBJECT: Ali
TIME: past & ACTION: going
ACTOR: 1
SOURCE: Qom
TIME: past—progressive
yek sail e] nim
one " year CNJ half
{One year and a half)
PERIOD: 1 year and 6 months
agar ghaza: bad-mazze ast  na khor
if food not-tasty s NEG eat(PRS)
id
2nd-PL
(If the food is not tasty, do not eat)
PROHIBITION FROM ACTION: eating
ACTOR: you—plural
CONDITION: SUBJECT: food
HAS TASTE: bad
chera:  heram e sabz ra: barda:sht
why pyramid GEN green DOM  pick(PTS)
{
2nd-SNG

27

{(Why did you pick up the green pyramid?)
ASKING REASON OF ACTION: picking up
ACTOR: you-singular

OBJECT: pyramid WITH COLOR: green
TIME: past

5. Discussions

A powerful naiural-language analyzer, PERSIS, is
presented which is capabie of deriving meanings
embedded in complicated Persian Constructions.
Dependency networks for the input sentences and
phrases are produced from a set of syntactic and seman-
tic attributes which are filled under control of the parser
by iteratively applying feature-integration rules to
simpler attribute lists, While parsing, the analyzer does
not perform any deep semantic processing; rather it
tries to find a feasible parsing of the input by verifying
the truth of feature checks at each parsing step. In PER-
SIS, the dictionary entries contain a great deal of infor-
mation including the syntactic categories the words
belong to as well as a list of primary associated at-
tributes.

Experimental results and examples shown in the
paper illustrate the capabilities of PERSIS in handling
syntax and semantics, However, as is true of similar
systems, positive examples do not guarantee {(and we
are not making a claim for} the complete coverage of all
possible constructions to be found in Persian. Among
the remaining problems are:

A) how the present system can be embedded in a

contextual analyzer,

B} bhow to handle grammatically questionable in-
pu'-!

C) how to deal with inconsistent attributes which
may conflict with the attributes presently ex-
tracied, such as is often the case with metaphor,

and finatiy,

D) how to implement the system for developing
operational systems in application areas such as
guestion-answering, data-base query, and
machine translation.

We are now investigating strategies that will accomplish
these tasks and hope that this study wili be a first step
towards powerful natural language processing systems
for Persian in various application areas.

Last, it should also be mentioned that the system may
be adopted to a new natural language by writing the
necessary svntactic rules, designing attribute pro-
totypes, and forming feature checks and feature integra-
tion routines based on these rules and attributes.

Acknowledgments

The authors would like to thank Mr. Staniey Dubin-
sky of the Department of Modern Languages and
Linguistics at Cornell University for reviewing this
paper and contributing valuable suggestions on the con-



278

tent and presentatiorn.

References

1. CamrsoneLL, J. G. e al. Steps Toward Krowledge-Based
Machine Translation, JEEE Trans. Pai. Anal. Mach. Intel., PAMI-3,
No. 4 {fuly 1981), 376-392,

2. CarsoNELL, J. R. Al in CAI: An Artificial Intelligence Ap-
proach to Computer-Aided Insiruction, JEEE Trans. Man-Muach.
Syst., MMS-11 (1970), 190-202.

3. GersHman, A. V. A Framework for Conceptual Analyzers, in
Strategies for Natural Language Processing, Lehnert, W. G, and
Ringie, M. H. Eds., Erlbaum (1982}, 177-197.

4. McCorpuck, P. Machines who think, W, H. Freeman and Com-
pany {1979), 239-27).

5. MhNsKY, M. A Framework for Representing Knowledge, in The
Psychology of Compuier Vision, Winston, P. H. Ed., MeGraw-Hill
(1975), 211-277.

6. Nagao, M. et al. Analysis of Japanese Sentences by Using Seman-
tic and Contextual Information—Semantic Analysis (in Japanese),
Trans. 1PSJ 17, 1 {Jan. 1976), 10-18.

7. Nacag, M. et al. An English-Japanese Machine Transiation
System of the Titles of Scientific and Technical Papers (in Japanese),
Trans. IPSJ 23, 2 (March 1982), 202-210.

8. NisHIDa, F. Fundamenials of Langoage and Logic Processing (in
Japanese), Corong, Japan (1981), 87-116.

9. RosensCHEIN, S, Natural-Language Processing: Crucible for
Computational Theories of Cognition, Proc. 1JCAI-B3 (Aug. 1983),
1180-1186,

10. SacEr, N. Natural Language Information Processing, Addison-
Wesley (1981).

11. ScHawk, R. C. Conceptual Information Processing, North-
Hoffand (1975).

12. ScHank, R. C. and AgeLson, R. P. Scripts, Plans, Goals and
Understanding, Erlbaum (1977).

13. Smmmons, R. F. Semantic Networks, in Compuier Models of
Thought and Language, Schank, R. C, and Colby, K. M. Eds., W,
H. Freeman and Company (1973}, 63-113.

14, Surpes, P. Variable-Free Semantics with Remarks on Pro-
cedural Extensions, in Language, Mind, and Brain, Simon, T. W.
and Scholes, R. J. Eds., Erlbaum (1982), 21-34.

15, UcHIDa, H. and SudGtyama, K. A Machine Translation Sysiem
from Japanese inta English Based on Conceptual Siructure, Proc.
COLING-80 (Oct. 1980), 453-462.

16. Wartz, D. L. The State of the Art in Nawral Language
Understanding, in Strategies for NMNaiural Language Processing,
Lehnert, W. G. and Ringle, M. H. Eds., Erlbaum (1982}, 3-32.

17. WmvoGrap, T. Understanding Natural Language, Academic
Press {1972).

Appendix A: Attribute Prototypes
I N, DOBIJ, VOC
F: (a) Normal/Interrogative

(b} Person

(¢) Quantity

(d) Abstract/Physical/Proper

{e) Counter Class

(f) Human/Animal/Place/Time/C ondi-
tion, State/Inanimate

(2) Attributes of Apposition N

(h) Attributes of N in Genitive Case

(i) Atributes of ADJ

(j) Attributes of Relativized SNT

+ A Pointer to the Dictionary Entry

IIy ADIJ, CADJ, SADIJ
F: (a) Normai/lInterrogative

(b} Taste/Color/Shape/Size/Condition/
Material/Relation/Order/Quality/
Quantity/Place, Position

{c) Attributes of Compared N

M. Ali SanaMrAD and H. MATSUMOTO

+ A Pointer to the Dictionary Entry
In the case where ““Place, Position® occurs as the se-
cond feature, the third feature will be “*Atiributes of
N with which a position relation exists, and the dic-
tionary entry pointer will indicate this *‘position”.
Iy ADV
F: {a) Normal/Interrogative
{b} Manner/Time/Period of Time/Condi-
tion/Quantity/Instrument, Conv-
eyance/Location/Motive, Purpose/
Sonrce/Destination/Material / Associa-
tion
(c) Attributes of N Used in Forming the
ADV
+ A Pointer to the Dictionary Entry
When ‘““Time’’ or “*Period of Time'” occurs as the se-
cond feature, the third feature will be ‘‘Attributes of
TIME” or ““Attributes of PROD" respectively.
IVy INF, PRS, PTS, PP
F: (a) Active/Passive
{b) Transitive/Intransitive S
(c) Having Quality/Taking Quality/Doing .
Action/Receiving Action
-+ A Pointer to the Dictionary Entry
V) VRB, PRD, CPR, CPT, IMP, IMS, PPR,
PPT, PR, PT, SPR, SPT, SNT
F: (a) Indicative/Interrogative/Imperative
(b) Positive/Negative
(c) Artributes of INF
(d) Attributes of Subject N
(e) Attributes of ADJ—needed when “*‘Hav-
ing Quality”’ or “Taking Quality™ oc-
curs in INF
(f) Attributes of Cbject N
{g) Attributes of ADV
(h) Simple/
Compound: Reason/Ceondition/Time/
Else
(i} Atributes  of
pound”’
{j) Tense
V) PPRN, PEND, PSFX
F: (a) Person
(b) Singular/Plural

SNT—when “‘Com-

VII) UNIT
F: (a) Counter Class
VIII) INTJ

F: (a) Vocative/Scolding/Admiration/Con-
demnation/Regret/Joy/Surprise/Pain/
Caution -
IX) NUM, ORD, FRC, PRPR
F: (a) Value
Xy TIME
F: (a) Attributes of DAY
(b) Hour
(c) Minute
{d) Morning/Noon/Afternoon/Evening/
Night /Midnight
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XD

XII)

X1

XIV)

XV)

(e) Attributes of SNT—S8ource of Time
DAY
F: (a) Attributes of YEAR
(b} Attributes of MNTH
(c) Atiribute of WEEK
(d) Day
WEEK
F: (a) A Number from 1 to 7
MNTH
F: {(a) Iranian/Foreign/Islamic
(b) A Number from 1 to 12
YEAR
F: (a) Iranian/Foreign/Islamic
() A Number
PROD
F: (a) Number of Years
(b} Number of Months

XVI)

XVII)
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{c) Number of Weeks
(d) Number of Days
(e) Number of Hours
{f} Number of Minutes
PREP
F: (a) Source/Destination, Direction/Location
/Condition, State/Instrument, Con-
vevance,/ Association/Motive, Purpose/
Time Period/TimeSource/Time Destina-
tion/Material/Cause
TXT
F: (a) Attributes of SNT
{b) Attributes of SNT
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