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SUMMARY

This paper presents a lexical analyser for inflected Arabic words. An augmented transition network
(ATN) technique was used to represent the context-sensitive knowledge about the relation between
a stem and inflectional additions. An exhaustive-search algorithm is developed to traverse the ATN,
generating all possible interpretations of an inflected Arabic word. The arcs of the ATN are aug-
mented with rules containing conditions and actions. More than one rule is associated with some
arcs. The states of the ATN are represented by Pascal procedures.
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BACKGROUND

Arabic linguistics came into being in the eighth century with the beginning of the
expansion of Islam.This early start can be explained in terms of the tremendous need
felt by the members of the new community to know the language ofkihiean, the
holy book of Islam, which had become the official language of the young Islamic state.
The modern linguistic revolution has stimulated a number of scholars to apply existing
theories as descriptive models for Arabic language. Transformational grammar is
reflected in Reference-5, lexical function grammar in Referenéefunctional gram-
mar in Reference/, case grammar in Referen& and definite-clause grammars in
Reference® and 10.

The first attempts at the automatic processing of Arabic were devoted to the solution
of theoretical and practical problems such as root and pattern description,
alphabetizatiod? lemmatizatiort;? morphological analysis and indexidagand lexical,
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syntactic and idiomatic concordancifigMore recently, with the trend towards Arabiz-
ation of computer usage in Arabic-speaking countries, the automatic analysis and syn-
thesis of Arabic-language data has begun to focus on components of syntax, i.e. from
the phonological level it has moved to the morphological and the syntactic levels. Even
so, most of the contemporary work in the field has been at the word level or below.
Examples of such research have been on character recodfitiphonological
synthesis,” morphological generatiéf and analysi$®=*

MATERIAL RELEVANT TO WORD MORPHOLOGY

We consider the following methods to be relevant in solving the Arabic morphology
problem:

(@) finite-state machiné¥® or FSMs

(b) affix grammars—2¢

(c) augmented transition networks (ATA)
(d) heuristic algorithm&28

Linguists in general, and computational linguists in particular, do well to employ FSMs
whenever possible. They are theoretically appealing because they are computationally
straightforward and best understood from a mathematical point of view. Hence they
make for simple, elegant and highly efficient implementations. Lately, so-called finite-
state morphology in general, and two-level morphology in particular, have become
widely accepted as paradigms for the computational treatment of morph&iggy.
Finite-state morphology appeals to the notion of a finite-state transducer, which is sim-
ply a classical finite-state automaton. The term two-level morphology, however, is used
in a more restricted way, to apply to a system in which no intermediate forms are
posited, even in the original grammatical formalism. The writer of a grammar using a
two-level formalism never needs to think in terms of any representations other than the
lexical and surface ones. However, the levels of morphology is an important issue in
natural-language-processing systems. The two-level morphology was first devised by
Koskenniemi® for the Finnish language. For Arabic, Fargh@dlizas suggested that three
levels of morphology are needed: root, stem and word. Jactasnocceeded in
developing a morphological parser for unvocalized written Arabic. The main object
was to get the root out of the word without using a lexicon. However, this approach

may not be suitable if understanding is considered. The wa—-=a’ when it appears

in unvocalized text can have more than one meaning; if morphology only is considered,
without a lexicon, problems may be encountered. Kdnas demonstrated a theoretical
framework for non-concatenative finite state morphology, but problems with the full
range of Arabic roots are not considered.

Ditters® has introduced a morpho-syntactic analyser called AIMS. The formalism
used is that of a two-level grammar, the extended affix grammar (EAG), whose first
level describes non-terminal names. The second level describes the attributes, the fea-
tures attached to non-terminal names. The formalism itself has been described by
Kostef* and Meijer?®* However, the backtracking and register capabilities of the two-
level formalism do not seem to be supported adequately by current hardware and
software developments. The addition of 30-odd affix variables with a limited (even
binary) domain of values makes the real-time analysis of large set of data a rather
frustrating and technically unacceptable waste of CPU time. A solution may possibly be
to extend the formalism with another level which contains the semantic infornvation.
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Gheitt¥"3?2 and Selind® have introduced a morphological analyser that represents mor-
phological rules (grammar) as an augmented transition network (ATN). This work does
not suggest any solutions for one-to-many mapping of words, nor has it raised the
problem of erroneous breakdown of an inflected word.

Rafe&® has produced another morphological analysis to be used in automatic under-
standing of inflected Arabic words. The morphological analyser is supported by an
algorithm to remove the additions joined to the word and check whether the end-result
makes sense. The process is repeated if necessary. Stems are stored in their different
forms, if any, in a lexicon, which includes entries that cannot stand alone and have no
meaning without additions. Even with the size of a lexicon that contains such additional
material, this approach is much better than storing the inflected words, which is imprac-
ticable for a non-trivial (i.e. realistic) natural language.

The work presented here assumes a three-level morphology, namely the inflected
word, the stem and the root, as already mentiofidd. place of the root itself, our
approach is to extract the stem from the inflected word. This is because the stem is the
meaningful entity for word understanding.

In a comparison of the work reviewed above with our own work, the following points
can be noted:

1. Our basic technique is to use ATNs to analyse an inflected word, and to break it
down into a stem and an addition. It is similar to the approach of GReitlith
the difference that one-to-many mappings of words are avoided and erroneous
breakdown of an inflected word is minimized.

2. Our main goal is to understand the inflected word as it appears in Arabic written
text and to resolve ambiguity.

3. We regard the meaning of the stem and its additions as being central to the unam-
biguous understanding of inflected words as they appear in Arabic written text.

4. Rules relating a stem to its additions are built by induction and used to resolve
ambiguities.

THE PROBLEM OF BUILDING A LEXICAL ANALYSER FOR ARABIC

Nature of Arabic words

Word formation in Arabic involves three concepts: root, pattern and férivord
forms (e.g. verbs, verbal nouns, agent nouns, etc.) are obtained from roots by applying
derivational rules to obtain corresponding patterns.Generally, each pattern carries a
meaning which, when combined with the meaning inherent in the root, gives the goal
meaning of the lexical form. For example, the meaning of the word fc_s(<'
(writer) is the combination of the meaning inherent in the rs<’ (write) and the
meaning carried by the pattern ‘faaJ—g —/~<) which is the pattern of the doer of
the root. The set of lexical forms constructed from the same root constitutes what is
traditionally called a ‘morpho-semantic field’. All the members of this field share the
same basic meaning that is inherent in the root, and are semantically distinguished
according to the meaning carried by the patterns by which they are constructed. Thus,
Arabic has the characteristics that from one root the derivational and inflectional sys-
tems are able to produce a large number of words (lexical forms) each having specific
patterns and semantics.
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Lexical-analysis functions

The main function of a lexical analyser is to break down the input stream, which is
the inflected word, into lexical items or morphemes. A morpheme is the minimal mean-
ingful unit in a language. If the morpheme can function alone, such as the word
‘oudag o' (engineer), it is called a free morpheme. Other morphemes cannot be used
by themselves, such as the general plural endi,,’ ‘and the letters &g in
‘Oe—wdaig o’ (engineers). Such morphemes are called"bound’. Bound morphemes, in
Arabic, serve as additions at the beginning or ending of a stem. Using the definitions
of free and bound morphemes, a word can be defined as a single free morpheme, and
an inflected word can be defined as a complex form which is a single free morpheme
combined with one or more bound morphemes.

Technical difficulties
An Arabic word can be represented as follots:

[Begin—1 | Begin_2] + Stem + [Last_1] + [Last_2] + [Last_3]

where any term between the square brackets may be absent or occur on¢estands

for alternatives. The word is scanned for different additions, and what remains is the

stem. Unfortunately, the process is not as simple as it may seem. One cannot simply
look up the additions in a list and compare them with the beginning and ending charac-

ters of an inflected word. The sources of difficulties can be summarized as follows:

1. There may be overlapping characters within the additions that occur before a stem,
and this may also happen in the additions following the stem. For example, the
overlap between the ending additiols ‘and ‘=’ in the stem 147 (took) can
be found in its inflected forme.i_a7 where the agent is a singular first person
(I took), and (zaaj which is the inflected form where the agents are dual
second person.

2. There may be overlapping characters between the additions and a stem.

3. The stem itself may be modified due to the addition of the inflectional symbols.
Consequently, some modification actions may be required, after the removal of
the additions, and before searching the stem in the lexicon. For example, in the
stem JLs' (said), its middle letter can be converted in the inflected wiJ i’
(saying—says).

4. More than one interpretation may arise for a stem and its additions.

METHODOLOGY

A very simple methodology, which is used in small-scale natural-language-processing
systems, is to storall the inflected words in the lexicofi.This solution is not efficient,
e.g. because the stems of many variant forms of words can be derived by simple spelling
rules such as removing the ‘s’ of a noun in the plural form (as in English) or by
removing the Arabic character " (waw) and ¢’ (noun) from a noun in the plural
form in Arabic.

The motivation of the work presented here was to find the most efficient approach
to designing and implementing a system of software to solve the problems introduced
in the previous section. To arrive at this approach, we have to answer these questions:
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Is it better to store different forms of stems, if it is necessary, or just store one
form? The following example can clarify this point: the ste:l , a_.a’ (desert)

can be stored under ‘«19»’ anyl ya.a’ because the latter form will appear as

a result of removing the additior;,)” from the dual form gl 4l s’ If the
lexical analyser is to be kept simple, the for sl ~___.»" must be stored.

. How can context-sensitive knowledge about the syntax of building an inflected

Arabic word be represented in an efficient way?

. How can ambiguities (different interpretations of an inflected word) be resolved?
. what is the appropriate algorithm for the lexical analyser?

answers to these questions are presented in the following section.

Lexicon entry

To answer the first question, a methodology is adopted to satisfy some constraints,
which we find very important, on the entries in the lexicon. These constraints are

1.

The word, at any entry, must be meaningful. (If we store the s¢/, a_ .’ in
the above example, the stem forkl o’ is meaningful but the stem form

‘ 3l s’ IS NOt).

. Retrieval of the form of the stem stored in the lexicon from an inflected word

using this stem must be governed by rules that can be applied in an efficient way.
This leads to storing the broken plural form, as there are no regular rules to trans-
form a word in plural form into its singular form. Even if artificial rules can be
used to obtain the singular form easily from a plural form in some cases, this
may be very difficult in other cases. Consequently we take the decision to store
all the broken plural forms for homogeneity and consistency.

. As Arabic is a language that allows many words to be constructed by derivation

from others, most researchers in Arabic morphology use a lexicon in which roots
are the only entrie¥®. This leads to substantial processing effort to obtain the root
from a derived word. For example, the words such Ja a3 .. (0 use),
‘dal<’ (worker—factor), J.l_a3’ (to deal with), 'Ja_s_»" (laboratory),
‘Jlaasul’ (the use), Jioe' (customer), dac’ (currency—coin), Ulae’

(labour force), Jlae? (jobs—business),dd 4o <’ (COmmission), Ll a_ '’
(treatment) and .=’ (practical) are all looked up under the ro(fa=<’. If

the goal of the language-processing exercise is understanding, another lexicon
may be created that contains derived nouns because the relation between deri-
vational rules and the semantic change may be very deep and difficult for coding,
as shown in the above example. Therefore, we have decided to store the derived
nouns as separate entries in the lexicon. This will serve two purposes:

(a) less processing will be needed to reach the stem, which is a derived noun, as it

is stored explicitly in the lexicon

(b) only one lexicon will be used for lexical analysis and understanding the meaning

of the derived noun. Consequently, there will be no need for another lexicon to
be used for understanding after morphological analysis. This is likely to lead to
an overall saving in the storage needed for lexical material.
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Context-sensitive knowledge representation

The second question addresses the method used to represent context-sensitive knowl-
edge about an inflected word. We choose to use the #A3MNs the basic structure for
representing syntactic knowledge for building inflected Arabic words. This has enabled
us to implement the following:

(a) placing the context-sensitive knowledge as rules associated with the arcs of the
ATN. The rules have both condition and action parts. More than one rule may
be associated with one arc. One of these rules is to be selected whenever the
arc is traversed.

(b) getting all possible interpretations of an inflected word by searching the ATN
exhaustively along different possible arcs.

Resolving ambiguity

After obtaining all possible interpretations of an inflected word, one has to face the
problem of how selection of the right one may take place. One solution of the ambiguity
problem is to defer it to the sentence-analysis phase. Here we have found that the
ambiguity can be resolved to some extent by a following phase that checks the attributes
of the stem, the omitted additions, and the modifications that have occurred in the stem.
This checking is done through a set of rules. The rules are formulated by combining
the stem attributes, omitted additions and/or stem modification. For example, the follow-
ing rule relates a verb stem to its last additions:

IF The stem is a verlaND
Last—2 = ‘&’ (tea) AND
the ending letter is doubled
THEN fill out the attributes values:
Singular, Feminine, Third Person for the agent.

To show how the above rule can be used to resolve ambiguity, the inflected word
‘=.aaa’ (started) can be taken as an example. The output of the lexical analyser for
the inflected word =.aaa’ iS:

1. Stem: ‘p—a’
2. Last_2: ‘&’

In the lexicon there are three entries for the ste—=". One is a verb (to start) in
which the ending¢’ is doubled. A second is a noun (affliction). The third is a pronoun
(they). This multiple-entry phenomenon is called polysemy. Applying the above rule
to the output of the lexical analyser, only one interpretation is reached (conclusion of
the rule). The other two interpretations of the stem will be rejected because no rule
will be fired for those interpretations.

The algorithm of the lexical analyser

The lexical analyser traverses the ATN in a depth-first manner and backtracks to
search exhaustively for all possible solutions. We have found that this is the best way
to implement an Arabic lexical analyser. In effect, the conditions associated with the
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arcs are placed in such a way that the arc to be traversed first is the one that leads to
the most probable solution. This ordering is done using intuitive and heuristic measures.
As shown inFigure 1 the arcs emitted from sta® are ordered such that a solution

is sought by omitting ‘begin’ (the first recognizable prefix part of a word) and repeating
this process on the rest of the word in case of failure. We use this order of search
because the occurrence of nouns is more frequent than the occurrence of verbs. To
clarify the method, the worc, o 3’ (dawn) will be taken as an example to show how

the order of traversing the ATN will affect the output of the lexical analyser. If the arc
labelled ‘omit begin’ is traversed first, the following is the output:

1. Stem: ' ;&' (which is a verb that means ‘draw’ or ‘drag’)

2. Begin_2: ‘3’ (which is a particle indicating coupling).
However, if the arc labelled ‘match’ is traversed first, the following is the output of
the lexical analyser:

1. Stem ' ,aa’ (One possible entry for this stem in the lexicon is a noun which
means dawn).

This example shows the importance of ordering in a deterministic processing of the
ATN. However, non-determinism is a feature of natural-language processing. Therefore,
we have to ensure that generating all solutions remains possible in our system.

IMPLEMENTATION

We have written our system in Pascal, running in the VM/CMS operating environment
for an IBM/370 4361. In the following sections, we discuss the implementation of the
lexical analyser.

add/convenrt letter

S8

match S9

S1 omit begin2 S0

omit peginl

Figure 1. ATN representing the relation between the additions and stem of an inflected Arabic word
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The representation of Arabic characters

The writing system for Arabic allows words to be written as linear strings of charac-
ters from right to left. Usually there are separators between words. However, in some
situations two words may be written without any separation. Analysing all types of
words that are not separated by any special character, we have found that some of their
particles cannot be separated from the following word, sucl_I<3; " _<’; * __1a’;

‘4, ... (bound morpheme), while some others can be written separately without
violating Arabic writing rules, e.g¥’;* 4, . .. (free morpheme), although it is common

to write them without any separation from the following word. Although our approach
can handle both types of particles by including all of them in the set of possible prefixes
for stems, a decision has been made not to include any particle that can be written as
separated from the following word. This decision is made because some of these par-
ticles, such as the coupling particly, are used extensively, so that their addition to

the set is likely to lead to an unacceptable increase in the time needed for the analysis
of any word that begins with the letters of such particles. This decision leads to the
following assumption: ‘While scanning the input text, any group of characters that
represent a word and can stand alone must be written as separated from the follow-
ing one’.

A character in Arabic is generated relative to its context in a word (beginning, stem
part, or ending). Context-sensitive rules for writing an Arabic word may make the
pattern-matching difficult since the character may have more than one form. A character
like ‘s’, has one form, while two forms .; ‘' _.’), three forms (—a’; ‘—¢_"; ‘&)
or four forms ("} ‘' —<; ‘&="; “¢’) can also occur.

For the computer that we have used, Arabic letters are available on the keyboards
of terminals, and an internal representation of the Arabic character-set is provided.
Pascal programs can express Arabic characters as string constants, which can be stored
in variables of type character. Internal representations of some single characters vary
according to the different possible forms in Arabic usage, e.g. the internal representation
of ‘.’ is different from the internal representation ¢,.’. To solve this machine-
dependent problem, we write a special routine that converts any form of a character
into a standard form, which is the isolated-character one. The lexical analyser uses this
routine while reading any inflected Arabic word.

The lexicon is represented as a lexically-ordered binary tree on a file, and is used
by the matching routine that searches for the existence of a given stem in the lexicon.
The stem is searched for in its Arabic-script (i.e. Arabic-orthography) version.

The augmented transition network

An augmented transition network (ATN), which describes the relation of an Arabic
stem and additions, is built according teigure 1 Every state of the ATN is
implemented by a Pascal procedure. A transition from a Sat@ an adjacent stat§
is implemented by calling the procedure correspondin@ titom the procedure rep-
resentingS. The condition on an arc is implemented by a Boolean function called from
a procedure representing a state to decide if a transition to an adjacent state is possible
or not. The action associated with this arc, if any, is called from the function rep-
resenting the condition. If an arc has more than one rule associated with it, the Boolean
function representing the condition will scan the conditions of the rules associated with
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the arc in a fixed order. If one of the conditions is satisfied, the corresponding action
is activated. Actions associated with arcs are implemented as procedures.

Data structure associated with the ATN

The conditions and actions associated with the arcs use global registers and a set of
status flags. Five registers correspond to the additions as classified in the section on
methodology above. Each of these five registers corresponds to one of the classes of
additions inFigure X Begin_1, Begin_2, Last_1, Last_2 and Last_3. The sixth register
is reserved for storage of the current assumed stem. The initial value stored in this
register is the whole inflected word. The status flags indicate the modifications made
to the stem. Any such modification can be described by four parameters:

(a) the action taken (addition, conversion, omission)

(b) the position of the added, converted or omitted letter(s)

(c) the letter to be converted (held currently in the stem register)

(d) the letter to replace the one to be converted in a conversion process or the letter
to be added in an addition process.

The combination of these parameters requires 17 flags. The registers and the flags are
represented as a record in Pascal. A possible solution of the inflected word will fill the
registers and set the flags according to the interpretation made by the lexical analysis.
In order to keep all interpretations, an array of this record type is declared, and then
used as the interface between the lexical-analysis phase and the subsequent phases.

Rules associated with the arcs of the ATN

These rules can be classified into six types. The first type contains only one rule,
while each of the other types contains a set of rules.

1. The rule associated with the arcs leading to the final state. This rule is to match
a stem against the stems stored in the lexicon.
An example of this rule is:
IF The stem is matched with a lexicon entry
THEN Retain this situation as a possible solution

2. The action part of a rule of this type is to omit an addition from the stem register
(containing the inflected word), and fill the appropriate addition registers. The
condition of any such rule matches the first or last letters of the inflected word
against one of the addition sets. All rules associated with arcs labelled with omis-
sion actions are of this type (s€egure J).

Instances of these rules are:

IF Initial characters of the inflected word are Bagin1_set
THEN Omit these characters and keep thenbégini_register;
IF Last characters of the inflected word arelLast2_set

THEN Omit these characters and keep themai2_register.
For example, the application of these two rules to the inflected v, yua Ludl yields:
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(a) begini_register :*Jr
(b) last2_register Lo
(c) stem_register DAl

3. The action part of a rule of the third type is to convert one of the stem letters to
its original form (as stored in the lexicon), and set the appropriate status flag. The
condition of such a rule depends on finding a specific letter at a certain position
and the value of the omitted addition. This set of rules is associated with the arc
labelled with the ‘conversion’ action (sddgure ). An instance of this kind of
rule is:

IF Last letter stored istem_register is ‘4 AND
((last2_register = ‘" OR (last2_register =*;, ') OR
((last2_register = ‘)

THEN Convert 4 to ‘¢’

For example, the application of this rule to the inflected w3l yaa’ yields:

(a) last2_register  :‘of
(b) stem_register el yaia’
(c) Status—_Flags ' 4 is converted to.’, at the last letter of the stem.

(Note that the inflected worc,l sl ,aa’ has to be broken down intc,l ,aa’ and
‘51 before satisfying the condition of the above rule).

4. The action part of a rule of this type is to add letters to the unrecognized stem
at a certain position to substitute for the omission of these letters due to the inflec-
tional process. The condition of such a rule can be testing the length of the
unrecognized stem, or testing that the omitted addition has a certain value. A very
special action takes place if all other conditions fail. This action is to add a specific
letter ‘yell’ which is sometimes omitted from a class of Arabic nouns (defective
nouns) if the noun appears at a certain position in the sentence without being
inflected. This set of rules is associated with the arc labelled with adding actions
(seeFigure J). In this class, we have three types of rules:

(i) rules to add one or more of the following letters depending on the length
of the unrecognized stemi;* ', ‘T; * s’. An example of this rule is:

IF The length of the unrecognized stem storedSiem_register is two
letters
THEN Add ‘4 at the beginning of the stem.

As an illustration, the application of this rule to the inflected wcic’*produces:

(a) stem_register PP
(b) Status—_Flags i 4 is added, at the first letter of the stem.

(ii) rules to test the omitted addition before adding any letter. An example of
this rule is:

IF ((last1_register = ‘I 3) OR (last1_register = ‘¢s") OR (last2_register =
THEN
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Add ‘jz_s’qast.
As an illustration, the application of this rule to the inflected we;, galaas’ pro-
duces:

(a) last_register Yo
(b) stem_register o ’
(c) Status—Flags '’ 1s added, at the last letter of the stem.

(Note that the inflected wordgsik.a o’ has to be broken down into
3 "and ‘., 4 before satisfying the condition of the above rule).

(iii) rules to add ' in a heuristic manner to recognize that the le t bf a
defective noun is omitted in some situations. These arise when all possi-
bilities are investigated and the stem is still not recognized; e.g. if the
inflected word is ,L=—’, then adding ;' at the end of the stem will pro-

duce:
(a) stem_register elas’
(b) Status—_Flags "'’ Is added, at the last letter of the stem.

5. The action part of a rule of this type is to convert one of the stem letters and to
add a letter to an unrecognized stem at a certain position. The condition of a such
rule depends on finding a certain letter at a certain position and the value of the
omitted addition. This set of rules is associated with the arc labelled with the
addition/conversion action ifigure 1 An example of this rule is:

IF Middle letter stored irstem_register is ‘—" AND
((begin2_register = ‘T) OR (begin2_register = ‘%) OR
(begin2_register = ‘") OR (begin2_register = ‘_3") OR
(begin2_register = ‘Lu’) OR (begin2_register = ‘' _1..") OR
(begin2_register = ‘_+..") OR (begin2_register = ‘_3..") OR
(begin2_register = ‘L,..j’) OR (begin2_register = ‘ _1..3’) OR
(begin2_register = ‘ 5.u3’) OR (begin2_register = ‘_.u3’) OR
(begin2_register =" ') OR(begin2_register = ‘_1l3") OR
(begin2_ reg|ster )

THEN Convert ' to ‘¥, middle AND add 7, first.

For example, the application of this rule to the inflected wkiwy’ produces:

(@) begin2_register ',

(b) stem_register g Uil

(c) Status_Flags '’ Middle converted to I AND ‘7 is added, at the first
letter of the stem.

(Note that the inflected wordgsbiiwy’ has to be broken down intcaebiw’ and
‘" before satisfying the condition of the above rule).

6. A rule of the sixth type takes care of the letter ‘hams’. This letter has different
forms and requires very special treatment. The action part of such a rule handles
this special letter in the different situations that are distinguished in the rule’s
condition part. This set of rules is associated with the arc labelled as ‘adjust
hamza’ (inFigure ). An example of a rule of this class is:



578 A. A. RAFEA AND K. F. SHAALAN

IF The first letter stored istem_register belongs to thenhamza_set AND
the second letter in thetem_register is ‘' alpha
THEN Replace the hamza and the(aleph) by 7

For example, the application of this rule to the inflected wa iy gives:

(@) begin_registet' _’
(b) stem_register:‘3 a7

(Note that the inflected wordi a5, has to be broken down intcisly and '
before satisfying the condition of the above rule).

The rules associated with one arc are grouped into a single boolean function. Such
a function will select one of these rules according to its premise, and activate its corre-
sponding action. The rules are deterministic, i.e. no more than one rule will be fired at
a time. Four common conditions are implemented as boolean functions with appropriate
parameters to generalize their usage. Three actions are implemented, as procedures:
omissions, conversions and additions.

Recognition of the stem and its additions

The recognition of the stem is made by traversing the ATN searching for a possible
path from the initial state to the goal state. The searching algorithm is implemented by
representing each state as a procedure. The procedure representing the initi@ state
can be considered as the main procedure of the search. The order in which the arcs are
examined will affect the order of the generated solution. We have tried to arrange this
order in such a way that most probable interpretations (as noted by examination of
substantial samples of Arabic text) are generated first. This ordering is not important
in our present work, where all possible interpretations are generated. However, if limi-
tations of time in some application mean that only one solution is to be generated, the
ordering becomes important.

A transition from a state to an adjacent state is achieved by calling the procedure
that represents this adjacent state if the condition associated with the linking arc is
satisfied. The series of procedure calls forms a path from the initial state to the final
state.

As all possible solutions are searched, simply reaching the goal state will not termin-
ate the search. Backtracking takes place to the most recent activated procedure rep-
resenting a state in order to look for another path through the different arcs emanating
from this state, i.e. the search is depth-first. This process will be repeated for all states
until all possibilities are exhausted. The registers associated with the ATN are retained
before a transition from a current state to any other state, by the using value-parameter-
passing mechanism of Pascal. Keeping the value of the registers unchanged after
returning from a called procedure is managed by passing each relevant register as an
actual parameter to the called procedure. This enables the called procedure to start with
the value of the register (actual parameter), but any change to this register will not
affect the contents of the register in the calling procedure.

Having returned toS, after exhausting all possible arcs, all possible solutions are
found on a list containing the values of the registers corresponding to each solution.
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RESULTS AND CONCLUSION

The lexical analysis as described here was tested using different texts from different
sources. It has demonstrated its capability to get all possible interpretations of an
inflected Arabic word (see the Appendix). This does not guarantee that the method
works on all conceivable occasions, but the samples of text used have been representa-
tive and substantial.

Although we are aware that Pascal is not the perfect choice as a programming langu-
age for such problems, the availability of its compiler on a machine easily accessible
to us and that supports Arabic characters was the major factor influencing our decision
to use it. The overall performance of the lexical analysis has been satisfactory: on the
computer that we have used, the effective average rate of processing is 1-8 inflected
Arabic words per second.

The rules created to represent context-sensitive knowledge concerning the relation
between additions and a stem are a novel combination of the grammatical rules of the
Arabic language and heuristics.

The work presented here should be helpful for any project that uses Arabic natural
language, e.g. for automatic translation, user interfacing to a database or any other
computer system or computing-aided learning of the Arabic language.

APPENDIX: AN EXAMPLE USED FOR TESTING THE LEXICAL ANALYSER
190 SBSY! Je dakidd 1 0 LS pely

pAy wpadl sBLY ) Lae
Sglail alia 98 (o pgs ¥ - Lualt
Sulaly puotgaldl a5 . g g¥!
il Usy . Llidad g Luusdi g 0 |
00 Laie (398 Dgud . Bhew las
Sagadl J glins Lo Sussall Lluallt
UL Ty - Taalyily Saglatly
e O s Uy < Saas Dy

By of : datpall iasy
Js ADiS gy . Jlad ) lasea
codad ) USly . il e
g (oo Yo | gt Suaad a2 gSM
Oaguall Y9 Uoyges Y9 pal ¥y
phlly pelt 3 WIS . Gaall Yy
i

Ll . galag Jals Hladdly
Sl e dyas padb gl
padls ¥ leddl f3ay . Gkl
08 Jaas oa Ll . Wil ol ¥t
Uaeg Ly Joas . oLy olalt
(89 Sy (109 (iglainil g (po Lesll
gis ity . Laayhl sl gul
Oalis (adll aqaudil b pNsudls
OlysY Cilael (Sayel : o . £l
dailyd Glpall Ciasly £l
. aale sLab 3yle g £ uall bl gas

J Oyl fgselw o oyt
ks g olople | gastes Oy ¢ 2yt
ogaaadll laag wyadl Sl 13
My - b Jald da,ddt Jealt Jsg
Clasaa dilaglas 31 !

Gkl 138 Jis o) was oSy
pall ) pheas g . Lty delel
Cleasy Sl 3ol By § phemay
sleally g gesll adady puall
Japiall Jgo Blyiiaaly .. ells ans
- pgadl Gajady . lels

WA sue 9a Jalall laddly
By Wak) . it Yo LY0
1¥0ly Uay hulieiny duayiey
9 aadadl (e Syaa9 Nakiuuey
Glgae of dae Uanul’ d b&

dadiy I Gy uuu!,.l.n,
Ladacadl @ ylalt gUaly o guallt
J& l_,u A JS pualy - Lsally
Jssd e pualy . guia Lisly . aal
poal § Ol e a3 o Bhoall
(g Gl 9 cassalld . soe 5 )
9 a3 ¥ o a3 s )
L g gauad ¥ ba .. Lule wialy
g 6 Je Jud ga

ST
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Textual input
e ‘,J_"i' "ﬂ’l.-.'a_." _‘uaL\. L C)‘ PY Y . L_'o...&_“ e.\ s ¢ -:0_,&“ ‘LB“)‘ Lr-” Luace
e Bomtu Llac oJdIl Lic 9 . Luasles 9 [ BN A K 5.)...:'9' Sobal K ?¢_|,2J‘ GTAJL;:I
P ‘54,2—" v—“ Gl.:lz_.n L “A.A_JD_“ L—_’L'A-‘ﬂ'—” O Luase u’:\:a 5’--.3
edia LA i ez ey G wan Led g ¢ S0 Sew Lad Bl Y 9 ¢ amal jall
- J—!ﬁ‘}—” - Ra L,_!.C aluss, ti’u‘ 3 o Jh'& ._,.5 L’-_e.o.‘b L_'JJ\}..J :J-' H A)'J‘J' '_,..,.'.'lina_n K
Y 9 Lojyem ‘;’GIJQ_” Y,‘ Jvna e Ybl_,ut -::un_..n_Ju..a_,SJLo. e L3 L_'.;.S_l_,
H oL 2 9%J| K ?Q_." ) s .. u.a—nJl b K) (J"""‘J'
la __a 3 . b"""‘“"” alha U‘ d_l_,&—: )N-ﬂ u:JL&J Lai U"JL’ 9 VJ"') ana_” 3
'zo.a oo JJ}L—a ) ul-..l_” C Ja.l_n A ‘:,.SJ ) ¢ Lauly .J',.aﬂ' P-a_n-a b J-:h.“
J_,.)L.l..: .L.” s oo d_.\.a_,a..“ pu'_,z_" O= s 3Swea o o i‘b_'pi" ")‘ Llaols La_a
K ’-‘Ju_“ ‘J—c‘l Glact LS,.-“I 2 Yha o JuJL.; u,_,a'..a.a ° .)_” ‘sq,.u.n..nl ‘sA ?J-JL..
L\A.n.a T. od L_S_._,.u oo 4_.....& ‘L.,n.n_" ‘,Jla tw' iLﬂ _,.a.. .1.4'_)3 " J&J.J Sloci
al aso 3 ul_)@. Pgaclus ot g6 wypdl oa .n_,h_ll l_,.u.cL.._. Ot gyedl elsaNt e
m_..vl ‘a_. 9 o ‘JJ Ja.n_. A_A_a_,&." J_,..\_.“ J.S K] .. _).l.aﬂ—a.]' IA_J s u_,&-“ uQ..‘_o' 'JI
adlae Lial, Lastlo dalai jusedl loa Jho of oo 53] s - lasas dalegyire ,JI
9 ,:':,.-.l_" uu_a.n:i_l s PY«:—” .,.: -"-M K] Jl._a_“ .y!al u’ _,_3 a-«l..‘aa K u_,}.“ "Jl
ee u_,s!_ll (,_lJ.‘_a L3 Lq.JS J’J_n_a_” J_,..) .nl_,..a.a-»' 9 eo KNk a2 e Laall
:5_..-“_)4.- K) asll s L.ﬁ,.a.ﬂ_, ¢ ‘J"’L"'] ,..Lc JJY_)J' Ava saa 3 _,...L}‘A_” JL:.L_” 9
oo A__.I—J:. L—'il,é.‘: _’: Alsa '..JLD-A—'J' 9 al l_,_..nS.... _,l 0....-;.._" Cre 4_,:&\ _, o3t K
s _ L_Q_n..\_“ A.uuL_a.u_” o_,.ln_“ EL]‘.‘ K) uﬂ”._'_" 1 ._,)J u..n_, \...-A.JC 92 I 5a L]
u.l'g——_a ul A.adqn.” \l.;.n.n u_a w—n—l 9 o t.v"‘-‘—' L'.n.'a.s_.' 9 o J’I _,_’.. lJn s.-Llé -J- U"'"‘,
Y 3> el Ol 235 _,l VLA EAN ) ,A u_m_”..n e A3wa JS ) F,_s_“ wd u'_,a w43
! (_)Lu.a JS P P k> o0 J_” g e Y b ee Luale u)'_’ 9a Lo 5053

(An Article published inAl-Ahram Newspaper, 18 March 1988, and written by Anis
Mansour.)

Output from the lexical analyser

Forms in Possible Stem Rejection
text stems type
Liac ale J=s N
] oI al av N
e LsaM e Laxg awi N
=l eJ= awi N
9 9 .A' JT N
aa ad R N
‘:A J&5 N
) ‘s-ﬁ N
Lasdl ot al a7 N
Y o al a7 N
P = peoi Y
a2 Jms N
pa i Y
O O peoi N
O al ot N
9 L) .a..; N
o> La o> Le pu: N
agtax Il 3 gle> awi N
J, ) ] UJ,I ?m: N
':l.:lJ Las vy Lss .Jn_i N
pe [ _,9._” fml L ‘a-ni N
s ) al ol N
sa21 sani pui N
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Forms in Possible Stem Rejection
text stems type

3 9 al ot N
9 3 al a7 N
Lusales gulea J=s N
9 ) al a7 N
Lsce Lasc J=b N
a it altl puwl N
J al o7 Y
Lac Lac al o7 N
- ade J=s N
Sy 9Sa HLs BES N
Luoae R awi N
1o G- pui N
K al a7 N
Lo Lesd! Llas awi N
"d.lﬂl J?JI Q3> ?..;: N
La la ‘-.\...i N
Lai al o7 Y
> L'_'a:»:. 2 Lol ;'2-5 N
R | o al a7 N
a0 9=l Bagc pwi N
3 3 al a7 N
3 L) alat N
Y ¥y al o7 N
aslen asles pui N
Lad L pei N
(% al a7 N
5 - D g al 'JT. N
S Kt Sa> ."‘3 N
9 9 al o1 N
Lad La o™y N
Lai al o7 N
e 29 Jas N
ot ot al at N
a e al al N
ot Y al ot N
alsa EYEN 25 N
aa e -'i N
e ala l N
9 ) al ol N
R AT e Pt N
a> | Jo.“ as | Je “i N
ol BL al a1 N
LuoVa Yo pw! N
Llroex Roae> s | N
b o al a7 N
FIEN S wi N
s s alat N
W g sﬁ_,u al al N
FEEEN atnsl J=s N
e e al a7 N
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Forms in Possible Stem Rejection
text stems type

Y R0 \’“‘: N
)_L~'>_J _)14'; ‘;...i N
5 9 alat N
Lunsd o354 “al ot N
Hls Jd=s N
) ) al ot N
Jle> o> ‘-.h.-: N
Yis JL awi N
3 ) O pei N
O al o7 N
I Jee ‘;...7 N
3 9 A' JT N
N Y al ot N
3 3 al a7 N
3 ¥ al a7 N
L Lo wi N
9 9 al al N
Y} N PANRY] N
_)‘ J_gna_” G'J’-u [x :— N
3 9 al o N
N Y al o7 N
Lo s Jd al ol Y
Js pui N
[T o LY N
?i——' | ) 'a...; N
F¥ ) les Y
‘a.A ‘;...: N
R 9 al ot N
aedl pE pui N
e L awt N
5 9 Al a7 N
J'-:.}.J | _)L"> Pl N
odala Jaly pui N
3 9 al af N
o>) LJ EJ L'> -“E N
Lai (Y1 al o7 N
lo awi N
Lr’JL.)-“ a_,t.’» ?ui N
Jood 5 Pt N
a3 =5 a,e NE) N
S o= pui N
O alav N
9 3 al ot N
ls—a l 5a P N
a1 o> awi N
] Y al ot N
2558 poosl Jas N
7‘];3-:““ ol 9oi puri N
LaSt o ‘-.\ia' KY e....‘ N
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Forms in Possible Stem Rejection
text stems type

9 9 al ..\I N
o5 5S4 al of N
2 2 Al N
daao LS s N
0= o= pi N
k.)‘ Al al N
oludl 2l pui N
9 9 al av N
REY A YL Jdas N
d>o0 J>a A3 N
Lo 1 alay Y
of al ot Y
- al of N
laals pols ?uf N
o= o= gl N
O al ot N
penily  Ohaals i N
5 3 al .)l‘ N
) L',A Bl N
,.S«- 9 ’Su_,a ﬁﬂi N
3 3 alai N
O Qe pui N
Oe al ol N
pe ' _9.9._“ ‘-u,al _,.2 ?...E N
Azl 202 awi N
9 9 al a7 N
=l =0l awi N
Jealis sals "'-—:’ N
adustlo P et N
?_“ P"‘ ?ml N
2 (_!9..5 N
o= adl o= a4t L '. N
592l sls Sad N
N L—J C\I" ?“‘: N
Viha Joae Al N
LS yai LS yal pui N
alaei ._,L-n.l‘.: dss N
51 5 ol o=t poi N
‘é""“—” {:\}u . ?“'_" N
o 9 al a1 N
Glaci Gloci Jg";‘ N
41 =il Gl e pt N
Q.E' 9a a.':" 9o ‘:m: N
9 9 .\‘ a: N
3l S0% awt N
e Lasdl e Los wl N
asle e al st N
l_\’:n_).o i LS..: J-a: P"‘i N
o obd )““: N
ool wadl Pl N
It b Jns N
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Forms in Possible Stem Rejection
text stems type

ode o al a7 N
e Lsayl e Land awi N
uJR_“ T T ?ui N
o o al o N
| gaclug acla Jz.:‘: N
U_».a.)m.“ @yl w i N
) ) al av N
?_’,_” > pul N
9 9 al a7 N
of ot al a7 N
1 goclus sl J=s N
ol seb ol sl pui N
9 al ot N
Jl Ji-.-l J' .\.5..'; ?ui N
sl 1ol al av N
Ggasl oyl \Js._‘a N
w >l > put N
K] 3 .Al Kyl N
i 3 i S JM N
J..._uoﬁfa_“ J:a.oﬁ:l § "i N
9 s al ol N
J al o1 Y
sl Jso put N
s yadl 2ok ot N
Jaas J=s EX N
A1 BN pi N
o s al ot N
o od al a7 N
Siai alai A=3 N
ol >l al ot N
LY ’Jﬁ.a ?_’Jﬂ.o ?...: N
tazaa Aoz pui N
9 - al ov N
2S4 H<d Al a7 N
o2 w23 ok N
O al al o7 N
. J'_',_' 'J's In s N
| 5a | ba ?“E N
-_,.'.lﬂ.‘..“ e ?"': N
Jalai alai p! N
Last o ".\:al KY put N
Lool ) al ot N
(\_Jl.n.n t.-' Lee P--E N
b s al o7 N
-._:_,3.1' o> ?“‘: N
9 - al .): N
2dlea edlea -l N
oD -y al ot N
83y B3 pt N
SYL! O LY awl N
Sludi 3 pui N
3 9 al a1 N
) b al a7 N
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Forms in Possible Stem Rejection
text stems type

. R al a7 N
bokal REPe pui N
£ gaadl £9a0 ‘a.ui N
- s 9 Y IR N
e laadl tlan i N
aRo Qe pul N
R A1y pul N
9 al ot N
a1 junwl LW pwi N
Jao NER) ‘-‘"‘E N
Jamadl Jasz pt N
Lo S J al ol Y
Js awi N
o - al ot N
KES T = e pwi N
ool EB peei N
9 9 al o7 N
SAatal Jatla puwi N
L) L) ?“? N
$ 3 S pi N
‘asa asa puwl N
Y ARL JoYs pui N
e e al o7 N
Laze, Bk pui N
9 3 al a7 N
35 L aslh awi N
s ’ ‘al JT N
By Qe j3a ?"‘: N
s 9 Y IRY] N
9 s al .\T N
322 aja pui N
Ly O P"‘: N
O al ot N
S goi2e =i N
; ot o al of N
s al o7 Y
| J:J.BS& J.J.iS-l ui N
3 9 al at N
LLuwsl NS PURA | pet N
atie O e-i N
e al .s: N
5 i alat N
9 al ot Y
Lol gac ol 592 -1 N
s al oT N
t sa | 5a pui N
L) LT ?“i N
-._.uu.'a; g..b: ?mi N
L e 539 ‘a-a-l' N
o5 oS al af N
fanias oo J=s N
1an s J=i N
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Forms in Possible Stem Rejection
text stems type

- ga_lJ | we 3.‘:_] ?..4; N
9 dl JT N
9 s Al aT N
':‘l_f:drl adl d_A;-—l K) ‘Im? N
9 9 AI .\T N
Je Js awi N
| al a7 Y
ST ) Ada awi N
l I i N
e e al ot N
a1 a1 P“‘T N
3 9 al a7 N
5u8 5S4 al ot N
L J=s N
wals s s Jo3 N
9 9 d' JT N
(e O pui N
ye al ot N
R _— pui N
A aw ! A IS wl N
Oi O al ot N
Hos—3 51 JEX N
> > awi N
ol - “6_)4 .,-x...: N
s o al a1 N
p ol P9z pi N
Js Js owi N
J al a7 Y
QA>wa RE Y au: N
sowdls Do awi N
94 9n \:;...: N
Luai ol al ot N
Swl s s N
9 i 3 h Al a7 N
9 al a7 Y
ol aai BESS N
of Of Bl a7 N
Gwil WA NES N
> > al ot N
b K} al ot N
$9 9 &9 J=a N
La La awi N
Loi al o7 Y
92 9 ‘;..4: N
o2l EEN pwi N
Laode ole al ot N
NSt SIS al ot N
bl bl alav N



10.
11.

12.

13.

14.

15.

16.

17.

18.
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Forms in Possible Stem Rejection

text stems type

3> 32es Jmi N

oA JJI al oT N

Lait al a7 Y

o 3 pwi N

BY"ES o> 2wl N

ole e al a7 N

s Js awi N

4 al ot Y

Oluwsl Olasl awt N
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