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Abstract

In this article, we propose a comparison between our two morphological analyzers, which we have developed in recent years. The first is
based on surface patterns Arabic words, the second is an analyzer which combines Buckwalter approach and the approach of morpholog-
ical analysis in base graph. The comparison is made on a corpus of 1400 Arabic words that generalize all cases of Arabic derived words.
The results obtained show the interest and the advantages of each analyzer.
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1. Introduction

The morphological analysis of words is a very important step in
the field of automatic language processing. Several works in this
axis have been developed in recent years, and are generally based
on one of the following approaches: the two-level approach, the
concatenation approach, the finite state automaton approach, the
rule-based approach, or approaches that combine these different
approaches.

For the Arabic language, several analyzers have been developed,
we mention for example that of: Beesly (Beesley, 1996), Buck-
walter (Buckwalter, 2004), Hegazi et Elsharkawi (Hegazi et El-
sharkawi, 1986), Al-Fedagi et Al-Anzi (Al-Fedagi et Al-Anzi,
1989), Al-Shalabi (Al-Shalabi et al., 2003), Sabri et yousfi (Sabri
et yousfi, 2006), Soudi (Soudi, 2001, 2007), attia (Attia, 2006).

2. Page Layout Presentation of Our Morpho-
logical Analysis Based on Surface Patterns

This analyzer is based on surface patterns of Arabic words (Said
and Yousfi, 2013), it is based mainly on the construction of the
database of surface patterns. This morphological analyzer deter-
mines one or more possible patterns of a given word to find all the
possible analyzes of the word. Patterns can effectively model
morphological variations within words and detect the root of a
word. Different works have been developed and use the root-
schemas approach, among which we mention: (Darwish, 2003) et
(Khoja, 1999), (Al-Fedaghi et Al-Anzi, 1989), (Hegazi.N, El-
Sharkawi.A., 1986), (Xerox, 1998), (AlKhalil, 2010), (Sadik Bes-
sou et Mohamed Touahria; 2011). All these works use the classi-
cal patterns of Arabic words; in our analyzer we use another
adapted pattern that we have called the surface pattern.

Example: The classic pattern of the word (152s) is (\sl=d), but its
surface pattern is (1514).

The algorithm of construction of surface patterns from a word :
Either a word w = 11,,...1 (I, Character of the word) and R its

root.

The surface patterns of wis p = f, f,..... f, with:

f,=1;, sil;n'estpasdansRoul;c{s<s}

The surface pattern of the word "o 48" of the root "J&" is "¢ sku",
The surface pattern of the word "Js&" is:

- "Js&" from the root "J&".,
- "J 4" from the root "J",

The surface pattern of the root R = 9,9,---0, (gi is a char-
acter)is P'= f', f',...f" with:

P=I

fi=0; sinon

Note: a non-variant letter in a root R, is a letter that remains the
same when generating words from this root.

To perform the morphological analysis of a word w by the ap-
proach of surface patterns, it involves the following steps:

- Search for the surface patterns of the word w by applying the
following function:
N

famMiwW) =2 1w

i=1
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And we keep the surface patterns with f #0.

- Extraction of root surface patterns from the surface patterns of
the word w.

- Construction from the surface patterns of the roots, the roots
associated with the word w, and verification is what these roots
exist in the root base or not.

Example:

Either the word W = "Js&",

- The search for the surface patterns corresponding to W, one finds:
P1="J s p2 ="

- Extraction of the root surface patterns of P1 and P2, we find SR1
= "Jlé" and SR2 = "Jad",

- The construction of roots from P1, P2, SR1, SR2 and W, we find
the roots R1 = "Jd" and R2 = "J&,

To test our approach, we have constructed all the surface patterns
of Arabic derived words (nouns and verbs), this step was carried
out by linguists, and they used a set of Arabic references (Mus-
tapha, 1999 ; Bahrak, ; Hanafi et al., 1914 ; Zanjani, 1343).

Table 1: Extracted from the basis of the surface pattern of Arabic derived
words.

Nature
and
Num- .
Pattern of the ber of Type Surface Pattern of Derived
Radical the Names Names
Pro-
noun
Jaél )CS’: Jeldll_aul Gy sladia
o j;:‘ Jeldl_pud gl
-3 e . 4@
g Jeldllan ol
Js —
)s): Jelall-and & six
j;: Jeldll o il
j;: J priall-pud i
S| s pear
=) -
j;: Juadl {aila
js): Jpmill_and s
-3 yia daall G
S dgadiall ¢

3. Presentation of the Graph-Based Analyzer
IBN-GINNY |

The IBN-GINNY | analyzer (Yousfi, 2013) is a morphological

analyzer based on graphs, in which a word in the Arabic language

is represented by a path in this graph. To do the analysis of a word,

the IBN-GINNY I analyzer goes through the following two steps:

- The construction of the global network of all Arabic words.

- Research in this global network, possible solutions for the anal-
ysis of a given word.

This system is based on very restricted dictionaries and seeks solu-

tions in the global network using the Viterbi algorithm, and every

word is modeled by a path, whose radical letters are presented by

a state that loops on itself, and the affixes are presented by the

characters forming these affixes.

Example:
The words "exslad' "Il | are presented by the following path:

B AN AARS

Fig. 1: The grébhz)f the words "\glalad' | "gaalad

%

Based on all the prefixes, the infixes and suffixes of the Arabic

language, the global state network is constructed with a single

input state = g, and a single output state = .

Our global network is defined entirely by:

* The set Q of all the states, it consists of all the characters com-
posing the affixes (suffixes, prefixes and infixes), of the state A,
the initial state ¢, and the final state g:

Qe AL

*» The set of all possible transitions connecting the characters of
suffixes, prefixes and infixes with states A, g, and qr.

Les états
des
Suffixes

Les états]
des
Préfixes 1

Fig. 2: Diagram of our global network

Searching for possible paths of a word to analyze:

To analyze a given word W, we look in the global network for the
different possible paths associated with W. All these paths are
given by:

S={& eB/P(W/E)=0 } €]

B: the set of all possible paths in our network and are the same
length as w.

Solutions are all the paths that make it possible to send the word
with a non-zero probability. To facilitate and reduce the calcula-
tion in formula (1), we adapted the Viterbi algorithm in the fol-
lowing format:

5t(cj): NL (5t_1(ci)'aij '1Cj (Wt))

C. —>C.
! J

NL (x) is the non-zero value of x. We are looking for C; states that

give non-zero values &;_, (C;) - -1Cj (w,)-

o7 (gg ) : is the maximum probability of sending the word w

from a given path. By a recursive calculation we recover all the
possible paths that give non-zero values (T the length of the word
w).

With:

c; €Q

ay; The transition probability from state C; to state C;, with:

_J1 silatransition est possible.
ij — |10 sinon.
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w;: t" character of the word w.
c

1 si =W,
1cj (Vvt) = {0 sinonJ ‘
Wetake: 1,(w,) =1
Initialization :

R 1 sic, —q,
Sols; )= O sinon

To evaluate our approach, we first created the different dictionar-
ies of suffixes, prefixes, and radicals. Then from the list of prefix-
es, suffixes and infixes, we have generated a global network of
states as previously reported without the use of lexical dictionaries
(this is the great advantage of our analyzer over the Buckwalter
analyzer and the state automata based analyzer).

to construct the dictionary of radicals, we make the difference
between two types of roots: healthy roots and defective roots
(3i=e), the presentation of healthy roots in our dictionary is done
by the roots themselves, but for the defective verbs the radicals of
Buckwalter are kept [5]. The root "J&" is presented by the 5 radi-
cals in our dictionary: The root "J&" is presented by the 5 radicals
in our dictionary: J& Ji |J& Jé Jia

But for healthy root "—=S" they are presented only by "™,

With this presentation, was decreased the dictionary size radicals
of 62.5% compared to Buckwalter [5].

Example: For the word "siS8", the possible paths on the global
network are:

only the analyses associated with existing surface patterns in
the database patterns.

- The second approach uses no linguistic knowledge base to
make the morphological analysis of a word.

- The coverage rate of these two approaches for Arabic derived
words is very high compared to other analyzers.

Unfortunately, both approaches have some disadvantages:

- The patterns-based approach processes only derivative words,
while the graph-based approach can be used even for non-
derived words.

- The second approach does not take into account all the rules of
compatibility between the affixes (infixes, prefixes, and suf-
fixes) and the roots. As a result, this approach gives errors be-
cause of this negligence.

4.1. Evaluation of the Patterns Based Approach

For the analyzer based on surface patterns, we used:

- A lexicon of 6216 surface patterns. This lexicon contains all

morphological classes of Arabic derived words.

- Adictionary of roots, which contains 1200 roots.

- Adictionary of stems, which contains 6000 stems.
The evaluation is carried out on two corpora, the first contains
10063 derived words, and it contains almost all categories of de-
rivative words, and the second contains 4600 derived words and it
is used to compare between the two approaches. The following
table represents the error rate, the analysis based on surface pat-
terns for each category of derivative words.

Table 3: Represents the error rate

Derived Word Type Number of Words Error Rate
Table 2: Les chemins possibles du mot "a¢iSwd" dans le réseau global Jad 2964 7,02%
avec leur racines proposées Jelall-aul 1603 9,11%
. - Chemins Racines Jsrdall-anl 1661 3,91%
SUiEE e Possibles Proposes N AVl 348 2,59%
o 0 2o 0 AAAA Sld 1 Juaiill-aul 250 4,00%
b 0 2o AAAAA IS 2 Ol -l 700 0,86%
0 0 AAAAAAA pgiSud 3 Ol 715 1,26%
o =) 2o AAAS Sy 4 sl 73 8,22%
ah - 2o AAAA= Sy 5 5 all 210 0,95%
0 ) AAAAAA e 6 dadl 315 2,86%
oSS & e S AAG Ew 7 el ol 109 1,83%
ad ) 2o AAAg < S 8 (gaall- juadl 641 0,31%
0 & AAAAA s < pgiSas 9 Al 191 1,05%
After verification, only the solution is left: "aa" "cSu" " 8", Alidlldsa 237 5,49%
Agpdall-diall 46 0,00%
Total 10063 4,86%

4. Comparison Between the Two Analyzers

Our personal contribution is the development of two approaches to
the morphological analysis of the Arabic language. The first is
based on the surface pattern of all Arabic derived words, and the
second approach, appeals to the graphs for the morphological
analysis of a given word. In this article, we propose a comparison
between these two approaches. Before presenting the comparison
in terms of precision and recall, we present the advantages and
disadvantages of each approach.

Among the advantages of these two approaches, we cite as an
example:

- Both approaches have the characteristics of reducing the size
of the dictionaries used in the other analyzers: The first ap-
proach uses the basic surface patterns in addition to the root
base to model all morphological variations of words derived.
As for the second approach, it is articulated only on the basis
of roots.

- In the second approach we generated a global network of
states without the use of lexical dictionaries (This is the great
advantage of our analyzer over the Buckwalter analyzer and
the finite state automaton analyzer).

- The graph-based approach gives all the morphological anal-
yses of a given word, but the approach based patterns, gives

In general, we note that the analysis error rate, for each type of
derivative words, is close to 4.86%. The lowest rate is obtained for
the type "dgiall-2aall" with an error rate of 0%, while the highest
rates are that of "Jelill-aul” and "t with a percentage of 9 ,
11% and 8.22%. The average error for all of these types, it is of
the order of 4.86%. Most of these errors come mainly from the
fact that compatibility rules between affixes and roots are not tak-
en into account.

4.2. Comparison between the Two Approaches:

To compare between the performances of each approach, we used
the following body:

The test set, it contains 4000 Arabic derived words, and they rep-
resent almost all cases of Arabic derived words. It is used to eval-
uate both analyzers.

For the comparison between these two analyzers, we used the
following indicators: precision, recall and execution time. The
results found are shown in the following table:
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Table 4: Comparison between the two approaches

Analyzers Precision Recall Exe_cutlon
Time
A basic patterns 97.08% 94,20% 24 ms
Based on Graph 95.97% 98.58% 14 ms

The analyzer based on surface patterns gives an accuracy of 97%;
the remaining 3% comes from the analysis errors of this analyzer.
These errors come mainly from not taking into consideration the
rules of correspondence between prefixes, suffixes and radicals.
For the recall, our system was able to return 94.20% of the correct
analyzes, among all possible analyzes, the remaining 5.8% of the
recall is due to the inadequacy of the lexicon of surface patterns
and roots that do not cover 100% of the 4000 words.

The graph-based analyzer gives an accuracy of 95.97%, and the
remaining 4.03% represents the number of false analyzes among
returned analyzes. The recall, it is of the order of 98.85% that is to
say that this analyzer represents a deficiency of 0.15% in the lexi-
con of the radicals used to analyze the 4000 words.

For the comparison between these two analyzers, the surface pat-
tern analyzer returns more valid solutions than the graph based
one. While the graph-based analyzer returns more analysis in a
time almost by half compared to that at base surface patterns.

5. Conclusion:

In this paper, we proposed a comparison between the two morpho-
logical analyzers based surface patterns and basic graph. This
comparison allowed us to detect the strengths and weaknesses of
each analyzer. Besides, it will be very interesting to combine these
two approaches, in a single analyzer to increase the precision and
recall the same time, keeping an execution time very close to that
of the second analyzer.
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