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Similarly, SubNP.2 and ObNP exhibit fused boundaries in a limited number of cases when
SubNP.2 ends in a noun and ObNP staris with a noun (sce Fig. 6). In both instances of fused boundaries,
agreement and case marking play a major role in eliminating this fusion. Case marking is particularly
significant in the case of SubNP.2 and ObNP fusion. On the other hand, gender and number agreement,
‘n addition to defenite/indefenite distinction are very significant in eliminating fusion in the components
of CopNP. Operationally, distinguishing the fused NPs on the bases of agreement and case marking can
be achicved through placing conditions on the arcs.

CONCLUSION :

Computing Arabic text is rather problematic. In addition to the general difficulties of processing
natural language, Arabic exhibits additional problems such as orthographic ambiguity, variability in word
order, and fused clausal and sentential boundarics. Unfortunately, the grammars of Arabic, including those
written within the framcwork of modern linguistic theorics, are -more or less- irrelevant to the task of
processing Arabic text. Even computationally-oricnted grammars are far from adequate because they
follow either a strict pattern of other computed languages, particularly English, or attempt {0 establish a
totally different pattern. In both cases, the peculiarities of the Arabic language are. often overlooked or
approached in an inadequate fashion.

In this paper, an attempt to parse Arabic text has been introduced and discussed. It is worth noting
that the nctworks proposed here can admit any changes due to the flexibility of ATN grammar. Moreover,
transducing constituents into functional categories will facilitate further processing of the input text.

In view of the peculiar nature of Arabic text, a breadth first approach would be preferred to a depth
first approach, and a top-down approach would be more suitable than a bottom up approach. Both
approachcs can be cmployed on a parallel or scquential machincry. An ideal approach is 1o take the main
elements on the RHS of the phrase structure rules and then use them as "pivots” around which the
various constituents can be built. Work on the "pivots™ can take place in parallel, and smalier
constitucnts can be reparsed if they exhibit conflict with major ones.
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24 - kana qad s-twla

from 1 to 2 by asp
from 2 to 3 by =~ part

. from 3 10 4 by v

. from 4 to 5 by jump :
<POP TO MAIN ARAPARSE-1>
25 - kana gad ma:ta xawf{an

from 1 10 2 by asp
from 2 10 3 by part
from 3 1o 4 by \Y
from 4 10 5 by comp

<POP TO MAIN ARAPARSE-1>
SPLIT VPs :

In some cases, the aspectual marker may be scparated from the verb by the SubNP-1. In such
cases, it would be convenient 1o regard those markers as sentence modificrs, and the Araparse-1 can then
be supplemcnted by an initial node "mod” (= modifier) with a jumb alternative. That initial node can
account for elements for such clements as "kana”, "?inna”, "kada" etc. (see Fig. 8).

Sub NP2 ObNP

jump jump jump jump jump

Fig. 8 The modified Network Araparse-2

ObNP ;

Again, ObNP is structurally similar to both SubNP-1 and SubNP-2, but thcy have o be
distinguished not only on functional grounds, but also for parsing convenicnce. Specifically, the daughter
nodes of those NPs are often inflectionally distinct, and this, as we shall see in the next section, can be
an jnvaluable cue in attacking the problem of fused boundaries.

FUSED BOUNDARIES :

This issuc cxists only in the cascs of consecutive NPs, namely in the two component NPs of
CopNP and in the case of SubNP-2 being followed immediately by ObNP. It is obvious from the
nciwork of NP-1 and NP-2 (Fig. 3 and Fig. 4) that the first nciwork ends in a loop labelled N, and
similarly, the second nctwork starts with an N-labelled arc. Notice, however, that both instances of N can
be "jumped”. This means that fusion occurs only if both the "from 3 to 3" arc in the first network, and
"from 1 1o 2" arc in the sccond nctwork are taken; if one or both of them are "jumped”, there will be no
fusion of boundarics. According to this conclusion, the set of sentences CopNP exhibits no fused
boundarics except in sentences 14 and 17.
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YP ¢

The verb phrase in Arabic is very well defined because, according to the defenition developed here,
it does not dominatec any NP nodes (as is the case in English, for instance). Thus, it consists only of a
verb complex, which includes, in addition to the main verb, some aspect and mood markers. It can also
be followed by a modifying complement known as "the absolute object”. The netwrok in Fig. 7
illustrates this proposed structure.

jump jump jump

Fig. 7 The AraVP Network

Name : AraVP
Initial |

Final 15

from 1 o 2 by asp (= aspect marker)
from 11 10 2 by jump

from 2 10 3 by par (= particle)

from 22 to 3 by jump

from 3 10 4 by

from 4 to S by comp (= complement)
from 41 10 5 by jump

asp abbreviates: kana, kada, sawfa, yku:nu, yaka:du

Following arc some cxample sentences of VP and how they can be parsed with AraNP network :

22 - Tistawla
from 1 10 2 by jump
from 2 10 3 by jump
from 3 1o 4 by \Y
from 4 to 5 by jump
<POP TO MAIN ARAPARSE-1>
23 -qad s-twla:
from 1 to 2 by jump
from 2 10 3 by part
from 3 o 4 by v
from 4 10 5 by jump

<POP TO MAIN ARAPARSE-1>
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from 1 to 2 by part (=particle)
from, 11 10 2 by jump

from 2 to 2 by

from 22 to 3 by PP

from 23 to 3 by jump

from 3 to 4 by rel

from 31 to 4 by jumb,

Following are some example SubNPs and their parsing possibilities with AraSubNP-1 network:

19- cawdati rawwadi 1-fada?i

from 1 10 2 by jump
from 2 1o 2 by N
from 21 to 2 by N
from 2 to 3 by jump
from 23 to 3 by jump
from 3 10 4 by jump
< POP TO MAIN NETWORK >
20- 7r-ralisu s-sabiqu ?ladi waqqgca l-ittifagiyyata
from 1 10 2 by jump
from 2 to 2 by N
from 21 to 2 by N
from 2 1o 3 by jump
from 3 o 4 by jump

< POP TO MAIN NETWORK >

21- cawdatu I-2tfa : 1i fi sa:gtin mubakkiratin

from 1 o 2 by jump
from 2 10 2 by N
from 21 10 2 by N
from 2 () 3 by PP
from 3 o 4 by jump

< POP TO MAIN NETWORK >

As stated carlier, the differences between SupNP-1 and CopNP-NP2 are significant; noun modificrs
in the latter are unambiguous adjectives, but in the former they are mostly adjectivals that could very well
be parsed as nouns. This fuzzy distinction between nouns and adjectives (see Wright 1977) can be
aggravating from a computational perspective. In addition, SubNP-1 allows multiple occurences of
nouns, while CopNP-Np-2 does not. Moreover, CopNP poses a scrious problem due to the fuscd
boundaries between its two member NPs. This point will be taken up later.

SubNP-2

.SubNP-2 is structurally simitar-to-SubNP-1, but they ar¢ contextually different; SubNP-1 occurs
at the beginning of the sentence and is usually followed by a VP which makes its boundarics clear-cut.
SubNP-2, on the other hand, can be followed by ObINP (in the case of a transitive VP) which fuses the
boundaries of both NPs and makes their parsing rather problematic. A similar point can be made for the
component NPs of the CopNP. Another point of difference between SubNP-1 and SubNP-2 is in the
agrcement pattern; the verb of the sentence agrees with the main noun if SubNP-2 in person, number and
gender. In the case of SubNP-1, agreement is in gender only. As we shall sce later, this distinction can be
significant in approaching the issue of fused boundaries. So, in theory, SubNP-2 can be parsed with a
network similar to that of SubNP-1 (Fig. 6) if the main verb is intransitive, but for practical purposcs,
they should be treated separately.
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18- wagqtu 1-guru:bi muna:sibun lit-tanazzuhi

NP.1: from 1 10 2 by jump

from 2 to 3 by jump

from 31 10 3 by

from 32 to 3 by N .

<PUSH TONP. 2 >

NP.2: from 1 10 2 by jump

from 2 to 3 by adj

from 3 to 4 by PP

from 4 1o 5 by jum

P
< POP TO NP. 1, THEN TO MAIN NETWORK >

It should be noted that the networks of NP.1 and NP.2 of the CopNP do not exhaust all possible
permutations, but they can be readily modified to a accomodate alternate structures. One major possibility
that possible recursion in some nodes (e.g. PP and rel.) This, of course can be accommodated by
establishing a loop for that particular node. The network in Fig. 5, for instance, is a modification of the
NP. 2 network (Fig. 4) to provide for multiple PPs;

jump jump jump
Fig. 5 Modified Network for NP. 2

With this modification, sentence. 17-b can be parsed as follows :

17. b. Waqtu I-guru:bi muna:sibun lit-tanazzuhi fil-xla?i
NP.1: Similar to 17

NP.2: from 1 to 2 by jump
from 2 to 3 by adj
from 31 to 3 by PP
from 32 to 3 by PP
from 33 10 4 by jump

SubNP-1 :

This NP is the initial constituent in an SVO sentence. As will be clucidated later, the differences
between the CopNP, NP-2 and SubNP-1 are small but functionally significant. The structure of SubNP-1
may range from a single nominal form (in the nominative case), to a noun compound modificd by a
complex relative clause. The network in Fig.6 reflects this structure;

Part pp rel

~jump N Jump jump

Fig. 6 The SubNP-1 Network

Name : AraSubNP-1
Initial : 1
Final : 4
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13- 7n-nazafatu mina l-ima : ni

NP.1: from 1. to
from 2 to
from 3 to

NP. 2 from 1 to
from 2 to
from 3 to
from 4 to

14 - fi s-afari fawa?ida kati ; ratun

NP.1: from 1 ‘to
from 2 to
NP.2: from 1 to
from 2 1o
from 3 to
from 4 to

15- ¢salu n-nahli mufi :dun
NP.1: from 1 1o

from 2 to
from 31 to
from 32 to
NP. 2 from 1 to
from 2 10
from 3 10
from 4 o

16- ¢salu n-nahli fihi Sifa?un

NP.1: from 1 o

from 2 10
from 31 to
from 32 to
NP.2: from 1 to
from 2 to
from 3 o
from 4 o

LW

W W LIRSV S | L W W bW LVA N S ] L W

b N

jump

jump

N

<PUSH TONP. 2 >

jump

jump

PP

jump

< POP TO NP. 1, THEN TO MAIN NETWORK>

jump
PP
' <PUSHTONP. 2>
N
adj
jump -
jump

< POP TO NP. 1, THEN TO MAIN NETWORK>

jump
jump
N
N

< PUSH TO NP. 2 >
jump .
adj
jump
jump

< POP TO NP. 1, THEN TO MAIN NETWORK>

jump

jump

N

N

< PUSH TONP. 2 >

jump

Jjump

PP

jump

< POP TO NP. 1, THEN TO MAIN NETWORK>

17- MN-bayanu sarxatun i dami:ri l-muwatini l-adi yuhibbu s-salama

NP.1: from 1 to

from 2 to
from 3 to
NP.2: from 1 to
from 2 to
from 3 o
from 4 1o

2
3
3

wob N

jump

jump

N

< PUSH TONP. 2 >

N

jump

PP

rel

< POP TO NP. 1, THEN TO MAIN NETWORK>
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from
from
from
from
from
from

Name
Initial
Final

from
from
from
from
from
from
from
from

11
21

31

jump

RS VSR UL S I b

ad}

jump

AraCopNP-NP.2
1

5

to
to
Lo
Lo
]
o
10
to

Lhn & B W

jump
PP

jump
jump
NP.2

3

N
jump
adj
jump
PP
jump
rcl
jump

PP

jump

Thus, the following scntences would be parsed as shown:

7.b ?1-qita:ru sari: gun

NP.1:

NP. 2

from
from
from

from

Lo B =

L0
to
10

to

W W N

12- huwa 1-adi xalaga s-samawati wa l-ard

NP.1:

NP.2:

from
from

from
from
from
from

D) e

=SS e

to
10

1o
to
to
to

W b

(W QS FL

by jump
by jump
by N

by N
<POPTONP. 1,
by dem
by jump
b); jump
by jump
by jump
by rel

4

Fig. 4 The Transition Network for NP. 2 of CopNP

rel

jump

< PUSH TO NP. 2 >

THEN TO MAIN NETWORK >

< PUSH TONP. 2 >

< POP TO NP. 1, THEN TO MAIN NETWORK >
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8- ?1- atfa : lu yuhibbuna l-halwa

from
from
from
from

L LI R

to
to
to
1o

[, 30 SRS I ]

9- yuhibbu 1-7tfa : lu I-halwa

from
from
from
from
from

Lo LR

o
to
to
to
to

A bW

10- a. na : ma l-waladu (intransitive)
b. qutila I-waladu (passive)

from
from
from
from
from

SUBNETWORKS :

CopNP;

As stated earlier, CopNP represents an cntire sentence of which the copular verb is deleted (sce
sentence 7). With deletion of the copula, the sentence (i.c. CopNP) is left with two consccutive NPs cach
of which can be expanded in various ways. Minimally, each NP contains onc element, usually a defenite
noun for the first NP and an adjective for the second (sentence 7). The following arc some possibilitics of

[ N W

CopNP expansion:

NP-1

dem
N
PP
N+N
N+N
N

++ 4+ + +

+

to 2
to 3
1o 4
(o 5
10 6

NP-2

relative

PP

N + adj

PP

adj

N+ PP + rel

jump
SubNP

ObNP

jump
jump
NP
SubNP
ObNP

Jump
jump

SubNP
jump

{dem = demonstrative pronoun; rel = relative clause)

These possibilities are reflected in the networks of Fig. 3 and Fig. 4.

Nam
Initial
Final

Fig. 3 The Transition Network for NP-1 of CopNP

AraCopNP-NP.1
1
4

64



phrase (henceforth SubNP), and the second the object noun phrase (henceforth ObNP), and we will come
back to this issue a litde later.

It should be noted that for the SVO structure, we would need an initial SubNP, since the NP from
1 10 2 has been labelled CopNP, and it is immediately followed by a "jump” arc then a final node. To
provide for the VSO or VOS, This SubNP has to be replaceable with a "jump" arc, and to provide for the
intransitive or passive possibilities (VS), the ObNP also has to be replaceable with a jump arc (notice
that in the passive construction, VS, the NP is always in the nominative case and is termed "pseudo
subject”).

At this point, we need to distinguish betweenlthe two "SubNP"™s, and this we can achieve by
labelling them as SubNP-1 and SubNP-2. Thus, the transition network in Fig. 1 can be modified in the
following fashion :

Jump

Fig. 2 The Modificd Network Araparse-1.

Name Araparse-1

Inital : 1

Final : 6
from 1 to 2 by CopNP
from 11 1o 2 by jump
from 2 to 5 by jump
from 21 10 3 by SubNP-1
from 22 to 3 by . jump
from 3 to 4 by VP
from 4 10 S by SubNP-2
from 41 10 5 by jump
from 5 to 6 by ObNP
from 51 to. 6 by jump

As mentioned earlier, transducing parsed strings into functional categorics (c.g. subject, object
etc.) in intended to facilitate the parsing procedure, since the distinct structure of those categorics will
assist in determining constituent boundaries, It, however, requires some degree of look-ahead, or rather an
interaction between top-down and bottom up strategics. I agree with Gazdar et al. (1989) that "we would
like to parse instances of a category but the.indexing categories of the RHS of the rules index very few
rules. Conversely, we would like to parse instances of a catcgory top-down if there are few rules for that

category and the RHSs.of those rules contain indexing catcgorics that index many rules.” (P. 166).

In the case of Arabic, a look ahead facility that returns the value zero for a VP, for instance, calls
for a CopNP parse of the initial NP and thus saves a great deal of backtracking that may result from
confusing a SubNP with a CopNP. It should be noted, however, that reconciling the competing
requirements of this intcraction may, at times, be practically impossible.

According to the network in Fig. 2, the following sentences will be parscd as shown below:
7- ?-qita : ru sari : gun

from 1 to 2 by CopNP
from 2 to 6 by jump
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4-  7lwaladu qa: dimun

5-  yazra u l-fallahu l-qamha

6-a. ?l-fallahu yazra u l-qamha
b. 7 1-qamha yazra uhu I-fallahu

In terms of a transition network, we need to provide for an initial and a final state on both sides of
the NP arc, in addition to VP-NP vs. NP-VP sequence. The network in Fig. 1 provides for these three

conditions. Jump

Jump Jump

Fig. 1 The Transition Network Araparse

Name : Araparse

Initial 1

Final : 4

from 1 to 2 by NP
from 2 10 -4 by jump
from 11 to 2 by NP
from 21 to 3 by VP
from 3 to 4 by jump
from 12 to 22 by jump
from 22 to 31 by VP
from 31 to 4 by NP

Thus, the first possibility of the phrase structure rules can be recognized by traversing the NP arc
from state 1 to state 2, the jump arc from state 2 1o state 4. The sccond possibility, namcly S &£ Np +
VP, can be recognized by taking the NP arc from state 2, then the VP arc from state 2 to state 3,
followed by the "jump” arc from state 3 to state 4. Finally, the third possibility is achicved by traversing
the "jump” arc from state 1 o state 2, followed by the VP arc from statc 2 to statc 3, then the NP arc
from state 3 10 statc 4,

Without going into the intricacics of ordering of arcs, and the notions of "push”, "pop" and
“stack”, we shall look dirccily into how the various sub-networks are structured. Onc way of handling the
NP's in the Arabic sentence is transducing them into functional categorics, not only to facilitate further
processing but also to distinguish variant structures of the NP and thus facilitate parsing as well.

Three types of noun phrascs can be distinguished in the Arabic sentence; these can be characterised
as follows :

a - The NP from 1-2 followed by a "jump” from 2 to 4; that NP can be labelled "CopNP" for
"copular noun phrasc”. Normally this NP has a deleted copula (=be), and consists of two NP's, cach of
which can be expanded in several differcnt ways.

b - The NP from 1 to 2 followed by the Vp from 2 to 3: that can be labelicd "SubNp" for
"subject noun phrasc”, and this, 100, can be cxpanded in various ways.

¢ - The NP from 3 to 4 preceded by a "jump" arc from 1 to 2, then a VP arc from 2 to 3. It should
be noted that this Np can be expanded into two main NP's if the main verb is transitive. Thus, if the
main verb is intransitive there will be one NP from 3 1o 4 followed by the terminal node. On the other
hand, if thc main verb is transitive, there will be (wo successive NPs, any of which can be the subject.
For the sake of simplicity, we will assume that the first noun phrase in the latter case, is a subject noun
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This notion has been widely employed in LDP with varying degrees of success. Kaplan and
Bersenan (1982) used two main operators, "locate” and "merege" 1o design an algorithm for unification in
Lexical Functional Grammar, A PROLOG implementation of the mere operation is presented in Dorre
and Eiscle (1986) (See also Block and Haugeneder 1988).

Complex categories can be incorporated into syntactic rules by introducing further modification to
both terminal and non-terminal nodes. (i.e. mother-daughter nodes as well as daughter-daughter nodes).
Thus, to indicate that in a sentence consisting of an NP and a VP, a token NP and a token VP have the
same value for the agrecment feature (be it overt or covert), we add an equation to the context-frce rulc
(PATR-II notation - See Shicber 1989).

< NP agr >=< VP agr >

On the other hand, to indicate that the agreement feature of the VP is equal to the agreement
feature of the verb, we use the following "unification” rule;

<Vagr>=<VPagr>

This formalism can be applicd in RTN by placing conditions on the arcs and by cncoding
categorical analysis on lexical entrics. It should be noted here that agreement in Arabic is manifested in a
local level (c.g. gender agreement) as well as a long-term level (e.g. resumptive pronouns).

TYPOGRAPHICAL PROBLEMS :

In addition 1o orthographic ambiguity and variability in word order, the processing of Arabic is
further complicated by the inconsistent (or total absence) of constituent or scnicnce markers. This puts an
additional burden on the parser because it has to furnish the cnd of a sentence and the beginning of
another. In this sense, the defenition of the sentence from a computational standpoint becomces rather
fuzzy and an additional modulc for text preparation becomes imperative (Sce Taman, 1986).

It should be noted that some cohesive devices can be used in determining sentence boundaries, but
the problem is that such devices are normally used both intra- and inter-sententially, and so they are not
completely reliable. This situation makes hypotheses as parsing Arabic text on the basis of individual
sentences rather irrelevant to the actual task of computing Arabic input. This approach, however,
rcpresents an important step in the achicvement of that complex task.

ARABIC SENTENCE RECOGNITION WITH RTN :

Variability in word order in Arabic makes the positing of phrase structure rules rather problcmatic.
This difficulty can be surmounted, as we shall later, with the capabilitics of TN Grammar, particularly
"jump", "loop", and backward arcs, in addition to the backtracking facility in the case of multiple parses.

Basically, the Arabic sentence can consist of either a noun phrase alone, a noun phrase followed by
a verb phrase, or a verb phrase followed by a noun phrase. In the case of the noun-phrase-scntence, a
copular relation is assumed between the elements of the sentence which are minimally a noun- adjcctive
sequence. Thus, the following three phrase structure rules can be posited for Arabic; (note absence of
recursion).

S-1 mecven- > NP
§-2 cevoenen- > NP + VP
S-3 e >VP+ NP

Sentences 4-6 illustrate the above three structurcs in order:
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This implies that the parser has to perform two different tasks; refecting ungrammatical
constituents, and selecting from among the various acceptable options the one parse that fits the
remainder of the sentence. The first task can be achieved simply by consulting the phrase structure rules,
but the second task calls for a great deal of backtracking; in sentence 1 above, option C is a possible but
contextually unacceptable parse. The parser will come to this conciusion only after consuming the entire
input string (before consuming all the phrase structure symbols), This situation can be aggravated by
multiple parses of multiple phrases in a long input string. -

VARIABILITY IN WORD ORDER :

Variability in word order takes various forms and poses tremendous difficulties on the Arabic
parser, Basically, Arabic word order can be either SVO or VSO, but a good deal of variation is possible in
this basic word order; it is possible to have an SV, VS, or SO (in the case of the deleted copula). There
are, however, some basic restrictions on the Arabic word order; the following three are particularly
relevant from a computational perspective:

a - the first NP in the sentence is normally interpreted as subject.
b - the antecedent of a pronoun normally precedes that pronoun.
¢ - the verb agrees with the subject in gender and number only when the subject precedes it.

The significance of these restrictions on the structure of the parser will be taken up later.

Variability in word order is also manifested in the complimentizer movement, in which the
complement is moved from within a sentence to an external position; consider the following sentences
(henceforth I will use phonemic representation for the purposes of readability).

2 - a. sawfa taxsiru fi -halateyni
b. fi I-halateyni sawfa taxsir

A similar situation is encountered in the process of topicalization as shown in sentence 3 (notice
the pronominal suffix).

3 - a. daraba Mohammadun Zaydan
b. Zaydan darabahu Mohammadun

Another variability in word order is known as "scrambling"; whereas complementizer movement
and topicalization apply over long distance and involve movement to cxtra sentential position,
"scrambling” involves local transposition of elements within the sentence. An example of this is the
nominal dislocation in the following sentence (notice case marking).

4 - a. daraba Mohammadun Aleyyan
b. daraba Alleyyan Mohammadun

AGREEMENT :

Agreement is very significant in constituent analysis from a computational perspeclive; it can save
a great deal of backtracking. The issue of establishing complex categories on the basis of case and gender
marking in addition to verb agreement is presented in detail in the Unification Grammar (sce Kay 1979,
and Kaplan 1982). According to this theory, "two feature structures F-1 and F-2 are consistent if and only
if there exists a structure FS such that:

FS-1 C FS and FS-2 C FS."
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