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Abstract
Broad-coverage language resources which provide prior linguistic knowledge must improve the accuracy and the performance of NLP
applications. We are constructing a broad-coverage lexical resource to improve the accuracy of morphological analyzers and
part-of-speech taggers of Arabic text. Over the past 1200 years, many different kinds of Arabic language lexicons were constructed;
these lexicons are different in ordering, size and aim or goal of construction. We collected 23 machine-readable lexicons, which are
freely available on the web. We combined lexical resources into one large broad-coverage lexical resource by extracting information
from disparate formats and merging traditional Arabic lexicons.
To evaluate the broad-coverage lexical resource we computed coverage over the Qur’an, the Corpus of Contemporary Arabic, and a
sample from the Arabic Web Corpus, using two methods. Counting exact word matches between test corpora and lexicon scored about
65-68%; Arabic has a rich morphology with many combinations of roots, affixes and clitics, so about a third of words in the corpora did
not have an exact match in the lexicon. The second approach is to compute coverage in terms of use in a lemmatizer program, which
strips clitics to look for a match for the underlying lexeme; this scored about 82-85%.

1. Introduction
Lexicography is the applied part of lexicology. It is
concerned with collating, ordering of entries, derivations
and their meaning depending on the aim of the lexicon to
be constructed and its size. Lexicography is defined as
“…the branch of applied linguistics concerned with the
design and construction of lexica for practical use.”
(Eynde & Gibbon, 2000). On the other hand, lexicology is
defined as “…the branch of descriptive linguistics
concerned with the linguistic theory and methodology for
describing lexical information, often focusing specifically
on issues of meaning.” (Eynde & Gibbon, 2000).
Long-term efforts lexicographic projects have been
greatly accelerated since the advent and use of computers
which is known as computational lexicography. However,
constructing a large-scale broad-coverage lexicon
involves long-time development of specifications, design,
collection of lexical data, information structuring, and
user-oriented presentation formatting (Eynde & Gibbon,
2000).
Modern English dictionaries are stored using
computerized lexicographic databases. The most-widely
and accepted lexicographic database representation is
lexical text markup using SGML (Standard Generalised
Markup Language) such as; XML. Other Database
Management System (DBMS) can be used such as;
relational databases, object-oriented DBMS with
inheritance
mechanisms,
and
hybrid
object-oriented/relational databases.
Traditional Arabic lexicons are not available in
computerized lexicographic databases. Moreover,
traditional Arabic lexicons have different arrangement
methodologies than modern English dictionaries.
Common English dictionaries list lexical entries, which
are words, arranged alphabetically; followed by the
meaning of that word, while Arabic lexicons are mainly

arranged by selecting the root as main lexical entries. The
roots are followed by a definition part which may span
several pages. The definition part is written as a unit or an
article which defines all the derived words of a certain
root. These lexical entries are not arranged or
distinguished with special formatting.
A study of a traditional Arabic lexicon called al-qāmūs
al-muḥῑṭ
“ ﺍﻟﻘﺎﻣﻮﺱ ﺍﶈﻴﻂThe comprehensive lexicon”
showed three major drawbacks of traditional Arabic
lexicons. First, it does not represent language
development periods in different times. Second, the
ambiguity of defining and explaining lexical meaning of
the words. Third, the unorganized way of ordering the
derivations of lexical entries and the absence of the origin
of the derivations. The researcher highlighted the
importance of ordering the derivations of each lexical
entry to directly access the meaning of the derivations,
and to show the origin of the Arabic word and its
specifications (Khalil, 1998).

2. Traditional Arabic lexicography
Arabic lexicography is one of the original and
deep-rooted arts of Arabic literature. The first lexicon
constructed was kitāb al-‘ayn ‘ ﻛﺘﺎﺏ ﺍﻟﻌﲔal-‘ayn lexicon’ by
al-farāhῑdῑ (died in 791). Over the past 1200 years, many
different kinds of Arabic language lexicons were
constructed; these lexicons are different in ordering, size
and aim or goal of construction. Many Arabic language
linguists and lexicographers studied the construction,
development and the different methodologies used to
construct these lexicons.
Traditional Arabic lexicons distinguish between four
classes of ordering lexical entries in the lexicon. First,
al-ẖalῑl methodology is developed by ﺍﳋﻠﻴﻞ ﺑﻦ ﺃﲪﺪ ﺍﻟﻔﺮﺍﻫﻴﺪﻱ
al-ẖalῑl bin aḥmad al-farāhῑdῑ (died in 791). His lexicon is
called kitāb al-‘ayn ﻛﺘﺎﺏ ﺍﻟﻌﲔ. ‘The al-‘ayn’ lexicon lists
the lexical entries phonologically according to exits of

letters sounds from the mouth and throat, from the farthest
letter exit to the nearest. Second, abῑ ‘ubayd methodology
is developed by abῑ ‘ubayd al-qāsim bin sallām ﺪ ﺒﻴﺃﰊ ﻋ
( ﺍﻟﻘﺎﺳﻢ ﺑﻦ ﺳﻼﱠﻡdied in 838). He wrote many small books,
each of which describes one subject or meaning, such as
books describing horses, milk, honey, flies, insects, palms,
and human creation. Then he collated all these small
books into one large lexicon called al-ḡarῑb al-muṣnnaf fῑ
al-luḡah ﻒ ﰲ ﺍﻟﻠﻐﺔ‘ ﺍﻟﻐﺮﻳﺐ ﺍﳌﹸﺼﻨThe Irregular Classified
Language’. Third, al-ğawharῑ methodology is developed
by ’ismā’ῑl bin ḥammād al-ğawharῑ (died in 1002) and his
lexicon is called aṣ-ṣiḥāḥ fῑ al-luḡah ‘ ﺍﻟﺼﺤﺎﺡ ﰲ ﺍﻟﻠﻐﺔThe
Correct Language’; this uses alphabetical order for
ordering the lexical entries. However, he arranged the
lexical entries of his lexicon depending on the last letter of
the word, and then the first letter. Finally, the al-barmakῑ
methodology is developed by abu al-ma‘ālῑ moḥammad
bin tamῑm al-barmakῑ ﺃﺑﻮ ﺍﳌﻌﺎﱄ ﳏﻤﺪ ﺑﻦ ﲤﻴﻢ ﺍﻟﱪﻣﻜﻲ, who lived in
the same time period as al-ğawharῑ. al-barmakῑ did not
construct a new lexicon; but he alphabetically re-arranged
a lexicon called aṣ-ṣiḥāḥ fῑ al-luḡah ‘ ﺍﻟﺼﺤﺎﺡ ﰲ ﺍﻟﻠﻐﺔThe
Correct Language’ by al-ğawharῑ. He added little
information to that lexicon.
Figure 1a and 2 show a sample of text taken from
traditional Arabic lexicons; the target lexical entries are
underlined and highlighted in blue. Figure 1b shows the
human translation of the sample of figure 1a, the target
lexical entries are highlighted by square brackets. Figure
3 is a sample of the Arabic-English lexicon by Edward
Lane (Lane, 1968) volume 7, pages 117-119, the target
lexical entries are underlined.
،ﺘﺎﺑ ﹰﺔﺘﺎﺑﹰﺎ ﻭﻛﺒﹰﺎ ﻭﻛﺒﻪ ﹶﻛﺘﻳ ﹾﻜﺘ ﺐ ﺍﻟﺸﻲ َﺀ
 ﺘ ﹶﻛ.ﺐ
 ﺘ ﺐ ﻭ ﹸﻛ
 ﺘ ﻭﺍﳉﻤﻊ ﹸﻛ، ﻣﻌﺮﻭﻑ:ﺏ
 ﺘﺎ ﺍﻟﻜ:ﻛﺘﺐ
ﲞﻂﱟ ﻱ
 ﻼﻂ ﹺﺭﺟ
ﺨﱡ
 ﺗ ،ﳋ ﹺﺮﻑ
ﺩ ﻛﺎ ﹶ ﺪ ﺯﻳﺎ ﻨ ﻋ ﺖ ﻣﻦ
 ﺒ ﹾﻠ ﹶﺃ ﹾﻗ:ﺧﻄﱠﻪ؛ ﻗﺎﻝ ﺃﹶﺑﻮ ﺍﻟﻨﺠﻢ :ﻪﺒﻭ ﹶﻛﺘ
، ﺑﻜﺴﺮ ﺍﻟﺘﺎﺀ،ﻥ ﺒﺎﻜﺘ ﺗ ﺦ
 ﻭﺭﺃﹶﻳﺖ ﰲ ﺑﻌﺾ ﺍﻟﻨﺴ ﹺ:ﻒ ﻗﺎﻝ
 ﻟﻡ ﹶﺃ ﻥ ﰲ ﺍﻟﻄﱠﺮﻳ ﹺﻖ ﻻ ﺒﺎﺗ ﹶﻜﺘ ،ﻠﻒ ﺘﺨ
 ﻣ
.ﻑ ﻛﺴﺮ ﹶﺓ ﺍﻟﺘﺎﺀ
 ﻊ ﺍﻟﻜﺎ ﺒﺗ ﰒ ﹶﺃ،ﻮﻥﹶﻌ ﹶﻠﻤ ﺗ : ﻓﻴﻘﻮﻟﻮﻥ،ﻳ ﹾﻜﺴِﺮﻭﻥ ﺍﻟﺘﺎﺀ ،َﺍﺀﻬﺮ ﺑ ﻭﻫﻲ ﻟﻐﺔ
ﻮﻋﺎﹰ؛ﺠﻤ
 ﻣ ﺏ ﺍﺳﻢ ﳌﺎ ﻛﹸﺘﺐ
 ﺘﺎ ﺍﻟﻜ: ﺍﻷَﺯﻫﺮﻱ. ﻋﻦ ﺍﻟﻠﺤﻴﺎﱐ، ﺍﻻﺳﻢ:ﺏ ﺃﹶﻳﻀﹰﺎ
 ﺘﺎﻭﺍﻟﻜ
:ﺒ ﹸﺔﻜﺘ  ﻭﺍﻟ.ﺔ ـﻴﺎﻃﺔ ﻭﺍﳋ ﻴﺎﻏ ﻣﺜﻞ ﺍﻟﺼ،ﻨﺎﻋﺔﹰﻦ ﺗﻜﻮ ﹸﻥ ﻟﻪ ﺻ ﻤ ـﺘﺎﺑ ﹸﺔ ﻟﺏ ﻣﺼﺪﺭ؛ ﻭﺍﻟﻜ
 ﺘﺎﻭﺍﻟﻜ
.ﺘﺎﺑﹰﺎ ﰲ ﺣﺎﺟﺔﺐ ﻟﻪ ﻛ
 ﺘﻳ ﹾﻜ ﺐ ﻓﻼ ﹲﻥ ﻓﻼﻧﹰﺎ ﺃﹶﻱ ﺳﺄﹶﻟﻪ ﺃﹶﻥ
 ﺘﺘ ﺍ ﹾﻛ: ﻭﻳﻘﺎﻝ.ﺘﺎﺑﹰﺎ ﺗﻨﺴﺨﻪﻚ ﻛﺘﺎﺑﺍ ﹾﻛﺘ
ﺧﻄﱠﻪ؛ ﻪﺘﺒ ﹶﻛ: ﻭﻗﻴﻞ.ﻪﺘﺒﻪ ﻛ ﹶﻜﺘﺒﺘ ﺍ ﹾﻛ: ﺍﺑﻦ ﺳﻴﺪﻩ.ﻪ ﻟﻪﺘﺒﻳ ﹾﻜ ﺒﻪ ﺍﻟﺸﻲ َﺀ ﺃﹶﻱ ﺳﺄﹶﻟﻪ ﺃﹶﻥﺘ ﹾﻜﺘﺳ ﻭﺍ
 ﻭﰲ ﺍﻟﺘﱰﻳﻞ.ﻪﺒﺘ ﺘ ﹶﻛ:ﺘﻪﺘﺒﺘ ﻭﺍ ﹾﻛ،ﺒﻪ ﹶﻛﺘ:ﺒﻪﺘﺘ ﻭﺍ ﹾﻛ.ﻪﺘﺒﺘ ﹾﻜﺳ  ﻭﻛﺬﻟﻚ ﺍ،ﻼﻩﺘﻤﺳ  ﺍ:ﻪﺘﺒﺘﻭﺍ ﹾﻛ
ﺐ ﺍﻟﺮﺟ ﹸﻞ
 ﺘﺘ ﺍ ﹾﻛ: ﻭﻳﻘﺎﻝ.ﻬﺎﺘﺒﺘ ﹾﻜﺳ ـﻴﻼﹰ؛ ﺃﹶﻱ ﺍﺑﻜﹾﺮ ﹰﺓ ﻭﹶﺃﺻ ﻠﻰ ﻋﻠﻴﻪﺗﻤ ﻬﺎ ﻓﻬﻲﺘﺒﺘ ﺍ ﹾﻛ:ﺍﻟﻌﺰﻳﺰ
... ﻠﹾﻄﺎﻥﻥ ﺍﻟﺴ ﻳﻮﺍﻪ ﰲ ﺩﺐ ﻧﻔﺴ
 ﺘﺇﹺﺫﺍ ﹶﻛ

Figure 1a: A sample of text from the traditional Arabic
lexicon “lisān al-‘rab”, the target lexical entries are
underlined and highlighted in blue.

3. Processing steps for Arabic Lexicons
Twenty three lexicons have been collected from different
resources from the web where all of them are freely
available. maktabat al-miškāt al-’islāmyyah 1 ﻣﻜﺘﺒﺔ ﺍﳌﺸﻜﺎﺓ
 ﺍﻻﺳﻼﻣﻴﺔprovides most of these lexicons which are written
in MS-Word files. Each lexicon is written in a different
format and has its own arrangement methodology of its
lexical entries. After manually converting each lexicon
text into a unified format by choosing the most common
format for all the root entries in the lexicon, information
such as roots, words and meaning are automatically
extracted using specialized programs. The results are
stored in separate dictionaries which include roots, words,
1

http://www.almeshkat.net

and meanings. A combination algorithm combines the
disparate lexicon information into one large
broad-coverage lexical resource.
Common processing steps were applied to all lexicons.
First, all lexicons’ files were converted from MS-Word or
HTML web pages into standard text files in Unicode
‘utf-8’ encoding. Second, a statistical analysis computed
the word’s frequency and the vocabulary size for both
vowelized and non-vowelized text of each lexicon. The
lexicons’ texts contain 14,369,570 words, 2,184,315
vowelized word types and 569,412 non-vowelized word
types. Table 1 shows the summary of the statistical
analyses of the lexicons’ texts used to construct the
broad-coverage lexical resource.
Number of files 247
Size 178.32 MB
Vowelized words
# of words
14,369,570
analysis
# of word types
2,184,315
Non-vowelized
# of words
14,369,570
word analysis
# of word types
569,412
Table 1: statistical analysis of the lexicons’ text used to
construct the broad-coverage lexical resource
k t b: [Alkitab] the book; is well known. The plural forms are
[kutubun] and [kutbun]. [kataba Alshay’] He wrote
something. [yaktubuhu] the action of writing something.
[katban], [kitaban] and [kitabatan] means the art of writing.
And [kattabahu] writing it means draw it up. Abu Al-Najim
said: I returned back from Ziyad’s house [after meeting him]
and behaved demented, my legs drawn up differently
(means walking in a different way). They wrote [tukattibani]
on the road the letters of Lam Alif (describing how he was
walking crazily and in a different way). He said: I saw in a
different version, the word “they wrote” [tikittibani] using
the short vowel kasrah on the first letter [taa], as it is used by
Bahraa’ (Arab tribe) dialect. They say: (ti’lamuwn) (you
know). Then the short vowel kasrah is propagated to the
following letter (kaf). Moreover, [Alkitab] the book is a
noun. Al-lihyani Al-Azhari definition is: [Alkitab] The book
is the name of a collection of what has been written (a
collection of written materials or texts). And the book has
gerund [Alkitabatu] writing (art of writing) for whoever has
a profession, similar to drafting and sewing. And
[Alkitabatu]: is copying a book [copying a book in several
copies]. It is said: [iktataba] someone subscribed another
means; he asked to write him a letter in something.
[istaktabahu] He dictated someone something means to
write him something. Ibn Sayyedah: [Iktatabahu] is similar
to [katabahu]. It is said: [katabahu] write something down
means draw up. And [Iktatabahu] writing something down
means dictate someone something, which is the same
meaning of [Istaktabahu]. [Iktatabahu] registering
(masculine), and [Iktatabathu] registing (feminine). In the
Qur’an: [Iktatabaha] He registered it, he has dictated it
every sunrise and sunset, which means dictating it. It is said:
[Iktataba Al-rajul] The man registered, if he registered
himself in the Sultan’s office …

Figure 1b: A Human translation of the sample of text from
the traditional Arabic lexicons “lisān
al-‘rab”, the
target lexical entries are highlighted using square
brackets,

:()ﻙ ﺕ ﺏ
ﺏ
 ﻮﻣ ﹾﻜﺘ ﻱ
 ﺏ ﹶﺃ
 ﺎﻛﺘ ﺎﻴﻬﺲ ﻓ
 ﻴ ﺤﻔﹰﺎ ﹶﻟ
ﺻ
  ﹺﺮ ﹶﻗ ﹸﺔﺖ ﺍﻟﺴ
 ﻧﻭﹺﺇﺫﹶﺍ ﻛﹶﺎ ﻪ ﻮﹸﻟ ﻭ ﹶﻗ ﺑ ﹰﺔﺎﻛﺘ ﻭ ﺎﺎﺑﻛﺘ ﻭ ﺒ ﹰﺔﺘ ﻛ (ﻪ ﺒﺘ) ﹶﻛ
ﻪ ﺒﺟ ﻭ ﻪ ﹶﻛﺬﹶﺍ ﺇﺫﹶﺍ ﹶﺃ ﻴ ﻋ ﹶﻠ ﺐ
 ﺘﻦ ﹶﻛ ﻣ ﻪ ﺽ ﺍﻟﻠﱠ
 ﺮ ﺎ ﹶﻓﻱ ﹺﺑﻤ
 ﻪ ﹶﺃ ﺏ ﺍﻟﻠﱠ
ﺎ ﹺﻜﺘ ﻢ ﹺﺑ ﺣ ﹸﻜ ﺍﺲ( ﻭ
ﻴ ﹴ ﻧﺚ ﹸﺃ
 ﻳﺣﺪ ﻲﻭﻓ )
ﺍ ﹴﻡﺎ ﹸﻝ ﹶﺃ ﹾﻗﻮﺎ ﺑ ]ﻣ- ﻢ ﺳﻠﱠ ﻭ ﻪ ﻟﺁﻪ ﻭ ﻴ ﻋ ﹶﻠ ﻪ ﺻﻠﱠﻰ ﺍﻟﻠﱠ
 - ﻪ ﻮﹶﻟ ﺎ ﹶﻗﻭﹶﺃﻣ ﺑ ﹸﺔﻮﻤ ﹾﻜﺘ ﻠﹶﺎ ﹸﺓ ﺍﹾﻟﻪ( ﺍﻟﺼ ﻨ ﻣ ﻭ ) ﻪ ﺿ
 ﺮ ﻭ ﹶﻓ
}ﻢ ﺋ ﹺﻬﺎﺂﺑﻢ ﻟ ﻫ ﻮﺩﻋ ﺎﻟﹶﻰ {ﹸﺍﺗﻌ ﻟﻪﺩ ﹶﻗﻮ ﺍﻤﺮ ﻴ ﹶﻞ ﺍﹾﻟﺎﻟﹶﻰ[ ﹶﻓﻘﺗﻌ ﻪ ﺏ ﺍﻟﻠﱠ
ﺎ ﹺﻛﺘ ﻲﺖ ﻓ
 ﺴ
 ﻴ ﻭﻃﹰﺎ ﹶﻟﺷﺮ ﺘ ﹺﺮﻃﹸﻮ ﹶﻥﺸ
 ﻳ
ﺰ ﺠ
 ﻳ ﻢ ﺎ ﹶﻟﻢ ﹶﻓ ﹶﻠﻤ ﺋ ﹺﻬﺎﻢ ﺇﻟﹶﻰ ﺁﺑ ﻬ ﺒﺴ
 ﻧ ﺎﻢ ﹶﻛﻤ ﻴ ﹺﻬﺍﻟﻣﻮ ﻢ ﺇﻟﹶﻰ ﻬ ﺒﺴ
 ﻧ ﻪ ﻪ ﹶﺃﻧ ﻴﻢ ﻓ ﻴ ﹸﻜﺍﻟﻣﻮ ﻭ ﺇﻟﹶﻰ ﹶﺃ ﹾﻥ ﻗﹶﺎ ﹶﻝ
ﻋﻠﹶﻰ ﻪ ﻤ ﺣ ﹾﻜ ﻭ ﻩ ﺅ ﺎﻪ ﹶﻗﻀ ﺏ ﺍﻟﻠﱠ
ﺎ ﹺﻜﺘ ﺩ ﹺﺑ ﺍﻳﺮ ﺯ ﹶﺃ ﹾﻥ ﻮﻳﺠﻭ ﺎ ِﺀﻟﻴﻭ ﻦ ﺍﹾﻟﹶﺄ ﻋ ﺰ ﺠ
 ﻳ ﻢ ﺎ ِﺀ ﹶﻟﻦ ﺍﻟﹾﺂﺑ ﻋ  ﹸﻝﺤﻮ
 ﺍﻟﺘ
ﻡ ﻐﻠﹶﺎ ﺐ ﺍﹾﻟ
 ﺘﻭﹶﺃ ﹾﻛ ) ﻖ ﺘﻋ ﻦ ﹶﺃ ﻤ ﻟ ﻮﻟﹶﺎ َﺀ  ﺇﻥﱠ ﺍﹾﻟ- ﻢ ﺳﻠﱠ ﻭ ﻪ ﻟﺁﻪ ﻭ ﻴ ﻋ ﹶﻠ ﻪ ﺻﻠﱠﻰ ﺍﻟﻠﱠ
 - ﻪ ﻮ ﹺﻝ ﺍﻟﻠﱠﺭﺳ ﻥ ﺎﻟﺴ
ﻒ
 ﻴﺨﻔ
 ﻱ ﺑﹺﺎﻟﺘ
 ﺭ ﹺﻭ ﺨﻂﱢ
 ﻌﻠﱢ ﹺﻢ ﺍﹾﻟ ﻣ ﻱ ﺇﻟﹶﻰ
 ﺐ ﹶﺃ
 ﹴﻣ ﹶﻜﺘ ﻪ ﺇﻟﹶﻰ ﻣ ﻢ ﹸﻏﻠﹶﺎ ﺳﻠﱠ (ﻪ ﻨ ﻣ ﻭ ) ﺏ
 ﺎﻜﺘ ﻪ ﺍﹾﻟ ﻤ ﻋﻠﱠ (ﻪ ﺒﻭ ﹶﻛﺘ
(ﺐ
 ﺗﻭﻛﹶﺎ ) ﺎ ﹸﻥﺒﻴ ﺏ ﺍﻟﺼ
 ﺎﻴ ﹶﻞ ﺍﹾﻟ ﹸﻜﺘﻭﻗ ﻴ ﹺﻢﻌﻠ ﻤﻜﹶﺎ ﹸﻥ ﺍﻟﺘ ﺏ ﹶﻓ
 ﺎﺍﹾﻟ ﹸﻜﺘﺐ( ﻭ
 ﺘﻤ ﹾﻜ ﺎ ﺍﹾﻟﻭﹶﺃﻣ ) ﺪ ﻳﺸﺪ
 ﺍﻟﺘﻭ
ﺎﻟﹶﻰﺗﻌ ﻟﻪﻪ( ﹶﻗﻮ ﻨ ﻣ ﻭ ) ﻤﺎ ﹺﻝ ﺍ ِﺀ ﺍﹾﻟﺪ ﹶﺃﺩ ﻨ ﻋ ﺒ ﹰﺔﺭ ﹶﻗ ﻭ ﺎ ﹺﻝﻲ ﺍﹾﻟﺤﺍ ﻓﻳﺪ ﻚ
 ﺗﺭ ﺣﺮ ﻪ ﺎ ﻗﹶﺎ ﹶﻝ ﹶﻟﺎﺑﻛﺘ ﻭ ﺒ ﹰﺔﺗﻣﻜﹶﺎ ﻩ ﺪ ﺒ ﻋ
ﻢ ﺎ ﹶﻓ ﹶﻠﺎﻫﻌﻨ ﻣ ﻲﺑ ﹸﺔ ﻓﺎﻜﺘ ﺎ ﺍﹾﻟﻭﹶﺃﻣ ﺒ ﹰﺔﺗﻣﻜﹶﺎ ﺔ ﺑﺎﻜﺘ ﺪ ﹸﻝ ﺍﹾﻟ ﺑ ﻰﺴﻤ
 ﻳ ﺪ ﻭ ﹶﻗ {ﺏ
 ﺎﻜﺘ ﻮ ﹶﻥ ﺍﹾﻟﺘﻐﺒ ﻳ ﻦ ﻳﻭﹶﺍﻟﱠﺬ }
ﻤ ﹺﻊ ﺠ
 ﻋﻠﹶﻰ ﺍﹾﻟ ﺐ
ﻴ ﹺﺮﻛ ﺭ ﺍﻟﺘ ﺪﺍ ﻣ ﻭ ﺎﺗﺒﻣﻜﹶﺎ ﺭ ﺎﺪ ﺇﺫﹶﺍ ﺻ ﺒ ﻌ ﺐ ﺍﹾﻟ
 ﺗﺗﻜﹶﺎ ﻭ ﹶﻛﺬﹶﺍ ﺱ
ﺎ ﹺﻲ ﺍﹾﻟﹶﺄﺳﺎ ﺇﻟﱠﺎ ﻓﺪﻫ ﹶﺃ ﹺﺟ
ﻐ ﹶﻠ ﹶﺔ( ﺇﺫﹶﺍ ﺒﺐ ﺍﹾﻟ
 ﺘﻪ ﹶﻛ ﻨ ﻣ ﻭ ) ﺒ ﹲﺔﺘ ﺓ ﹸﻛﺣﺪ ﺍﺯ( ﺍﹾﻟﻮ ﺮ ﺨ
 ﺐ ﺍﹾﻟ
 ﺘ ﻭﺍﹾﻟ ﹸﻜ ) ﺎﺯﻫ ﺮ ﺧ (ﺑ ﹶﺔﺮ ﻘ ﺍﹾﻟﻌ ﹶﻞ ﻭ ﺐ ﺍﻟﻨ
 ﺘﻪ ﹶﻛ ﻨ ﻣ ﻭ )
ﻥ ﻮﺣﺼ ﺪ ﺣ ﻲ( ﹶﺃ ﺳﻤ ﺎﻭﹺﺑﻬ ) ﻌ ﹰﺔ ﻤ ﺘﺠ
 ﻣ ﺶ
ﻴ ﹺ ﺠ
 ﻦ ﺍﹾﻟ ﻣ ﺋ ﹶﻔ ﹸﺔﺒ ﹸﺔ( ﺍﻟﻄﱠﺎﻴﻭﺍﹾﻟ ﹶﻜﺘ ) ﺔ ﺤ ﹾﻠ ﹶﻘ
 ﺎ ﹺﺑﻴﻬ ﺗﺮ ﺷ ﹾﻔ ﻦ ﻴ ﺑ ﻊ ﻤ ﺟ
ﻊ ﻤ ﺟ ﻪ ﻟﹶﺄﻧ ﻭ ﺔ ﹶﺃ ﺒ ﹶﻗﺔ ﺍﻟﺮ ﻳﺣﺮ ﺪ ﺇﻟﹶﻰ ﻴ ﹶﺔ ﺍﹾﻟﻳﺣﺮ ﺿﻢ
 ﻪ ﻟﹶﺄﻧ ﺒ ﹰﺔﺗﻣﻜﹶﺎ ﺪ ﻌ ﹾﻘ ﻫﺬﹶﺍ ﺍﹾﻟ ﻲ ﺳﻤ (ﻢ ﻬ ﻮﹸﻟ ﻭ ﹶﻗ ) ﺮ ﺒﻴ ﺧ
ﻫﺬﹶﺍ ﺍﻣﺮ ﻪ ﹶﺃ ﺴ
ِ ﻧ ﹾﻔ ﻋﻠﹶﻰ ﺐ
 ﺘﺎ ﹶﻛﻬﻤ ﻨ ﻣ ﺎﺏ ﹶﺃﻥﱠ ﹶﻛﻠ
 ﺍﻮﺎ ﺍﻟﺼﻤﻭﹺﺇﻧ ﺍﻒ ﹺﺟﺪ
 ﻴﺿﻌ
 ﺍﻋﺪ ﺎﻴ ﹺﻦ ﹶﻓﺼ ﻤ ﺠ
 ﻧ ﻦ ﻴ ﺑ
.ﺍ َﺀﻫﺬﹶﺍ ﺍﹾﻟﹶﺄﺩ ﻭ ﻮﻓﹶﺎ َﺀ ﺍﹾﻟ

Figure 2: A sample of text from the traditional Arabic
lexicon “al-muğrab fῑ tartῑb al-mu‘rab”, the target lexical
entries are underlined and highlighted in blue.

into a unified format by choosing the most common
format for all the root entries in the lexicon. This step is
done manually which needs to go through all the text in
the lexicon files and re-format the root entries that do not
follow the selected format. The common structure of all
lexicons is root-definition structure, where each root entry
in the lexicon is followed by the definition part that
groups all the derived words and their meaning. After that,
a program is written to extract the roots and words derived
from that root. The tokenizing module in the program
must specify the root entries and their definition parts.
Then, a bag of words is extracted from the definition text.
The bag of words stores pairs of word-root where each
word appearing in the definition part is associated with
the root of that part.
The definition parts of the roots are articles that define
each root and defines the lexical entries derived from a
certain root. The writing style of the definition part
connects the lexical entries and their meanings together
without following any ordering methodology. The writing
style of the definition parts show the lexical entries
conjoined with all kinds of clitics and affixes. Clitics,
such as conjunctions and pronouns, are used to connect
the definitions of the lexical entries together as one unit.
The use of clitics and affixes adds more challenge to the
construction of the broad-coverage lexical resource. We
used modules of the morphological analyzer for Arabic
text (Sawalha & Atwell, 2009a) (Sawalha & Atwell,
2009b), to separate the lexical entries from the clitics and
affixes attached to that word. The morphological analyzer
generates all possible combinations of clitics, affixes and
stem for the analyzed word. Only the analyses that match
the clitics and affixes with the clitics and affixes lists used
by the morphological analyzer are selected as candidate
analyses.
Many words appearing on the definition part are not
relevant to the root associated with that definition. Such
words are found in the bag of words that root. A
normalization analysis that verifies the word-root pairs is
done by applying linguistic knowledge that governs the
derivation process of words from their roots. These
conditions are simply described as the following:

Figure 3: A Sample of the definition of the root  ﻛﺘﺐk-t-b
‘wrote’ from an Arabic-English Lexicon by Edward Lane,
http://www.tyndalearchive.com/TABS/Lane/

4. Analyzing lexicons’ text separately
Each lexicon was constructed in different way of
arranging its roots and lexical entries. Moreover,
Lexicons are typed into machine-readable files in
different formats but without using any computerized
lexicographic representations. These factors add more
processing challenges. Therefore, each lexicon is
processed separately using specialized programs. An
important preprocessing step converts each lexicon text

Condition 1 (check consonants): If all consonant letters
constructing the root appear in the analyzed word, then
check condition 2.
Condition 2 (consonants order): If all root letters appear
in the same order as the word’s letters, then word-root
combination might be correct.
In the first condition (check consonants), we classified
Arabic letters into four groups, letters that appear in clitics
or affixes, vowels, hamza and letters that might be
changed in derivation due to substitution ’ ﺇﻗﻼﺏiqlāb to
simplify the pronunciation of the word. Then, a procedure
is applied to verify each letter of the word. Another
procedure is applied to match the order of the letters of
both the analyzed word and its root. The analyses that
meet the two conditions are candidate analyses and are
stored in the lexicon database. The information of clitics,
affixes and stem are also stored with the word-root
combination.

5. Combining the processed lexicons in
one broad-coverage lexical resource
After analyzing each lexicon, a combination algorithm is
applied to construct the broad-coverage lexicon. The
algorithm starts by selecting a large lexicon called ﻟﺴﺎﻥ
 ﺍﻟﻌﺮﺏlisān al-‘rab ‘Arab tongue’ as a seed to the
broad-coverage lexicon. Then, the lexicons are combined
one by one to the broad-coverage lexicon. Figure 4 shows
the first 60 lexical entries of the root  ﻛﺘﺐk-t-b ‘wrote’
stored in the broad-coverage lexicon. After, combining
#

Lexicon

Word types[B]

each lexicon the percentage of records added to the
broad-coverage lexicon is computed. The percentage
starts by 100% for the seed lexicon and decreases during
the combination process. The percentage will tell us when
the combination process should stop, and which lexicons
are better to construct a broad-coverage lexical resource.
Table 2 shows the number of records extracted from 7
analyzed lexicons so far, and the number and the
percentage of records combined to the broad-coverage
lexicon.
Records inserted [A]

207,992

Percentage
(A/B)%

(A/C)%

100.00%

47.80%

1

lisān al-‘rab

207,992

2

mu’ğam al-muḥῑṭ fῑ al- luḡat

74,507

61,113

82.02%

14.04%

3
4

tağ al-‘arūs min ğawāhir al-qāmūs
muẖtār aṣ-ṣiḥāḥ

128,119
19,540

95,415
16,573

74.47%
84.82%

21.93%
3.81%

5
6

al-muğrab fῑ tartῑb al-mu‘rab
kitābu al-‘ayn

12,396
30,292

9,805
18,878

79.10%
62.32%

2.25%
4.34%

7

al-mu’ğam al-wasῑṭ
Totals

36,660
509,506

25,364
435,140 [C]

69.19%
85.40%

5.83%
100.00%

Table 2: the number of records extracted from 7 analyzed lexicons, and the number and the percentage of records
combined to the broad-coverage lexicon.
ﺃﻛﺘﺒﻪ
ﺐ
 ﺘﹶﺃ ﹾﻛ
ﺖ
 ﺒﺘﹶﺃ ﹾﻛ
ﺒﻨﹺﻲﺘﹶﺃ ﹾﻛ
ﹺﺇﻛﹾﺘﺎﺑﹰﺎ
ﺍﺳﺘﻜﺘﺒﻪ
ﻪﺘﺒﺘ ﹾﻜﺳ ﺍ
ﻬﺎﺘﺒﺘ ﹾﻜﺳ ﺍ
ﺍﻛﺘﺘﺐ
ﺐ
 ﺘﺘﺍ ﹾﻛ
ﻪﺘﺒﺘﺍ ﹾﻛ
ﻬﺎﺘﺒﺘﺍ ﹾﻛ
ﺐ
 ﺘﺍ ﹾﻛ
ﺖﺘﺒﺘﺍ ﹾﻛ
ﻚﺘﺎﺑﺍ ﹾﻛﺘ
ﻚ
 ﺑﺘﺎﺍ ﹾﻛﺘ
ﺏ
 ﺘﺎﺍﻻ ﹾﻛﺘ
ﺍﻟﺘﻜﺎﺗﺐ
ﺍﻟﻜﺎﺗﺐ
ﺐ
 ﺗﺍﻟﻜﺎ

’aktabahu
’aktaba
’aktabtu
’aktibnῑ
’iktāban
’istaktabahu
’istaktabahu
’istaktabahā
’iktataba
’iktataba
’iktatabahu
’iktatabahā
’uktub
’uktutibtu
’iktitābuk
’iktitābuka
al-’iktitābu
at-takātubu
al-kātib
al-kātibu

ﺍﻟﻜﺘﺎﺏ
ﺍﻟﻜﺘﺎﺑﺔ
ﺍﻟﻜﺘﺎﺑ ﹶﺔ
ﺔﺍﻟﻜﺘﺎﺑ
ﺍﻟﻜﺘﺎﺗﻴﺐ
ﺍﻟﻜﺘﺒﺔ
ﺍﻟﻜﺘﻴﺒﺔ
ﻭﻛﹶﺘﻴﺒﺔ
ﺐ
 ﺋﺍﻟﻜﹶﺘﺎ
ﺐ
 ﺋﺍﻟﻜﹶﺘﺎ
ﺍﻟﻜﹶﺘﻴﺒ ﹸﺔ
ﺐ
 ﺎﺋﺍﻟ ﹶﻜﺘ
ﺒﺔﺍﻟ ﹶﻜﺘ
ﺐ
 ﺘﺍﻟ ﹶﻜ
ﺐ
ﺘ ﹺﺍﻟ ﹶﻜ
ﺐ
 ﺘﺍﻟ ﹸﻜ
ﺒ ﹸﺔﺘﻴﺍﻟ ﹸﻜ
ﺏ
 ﺎﺍﻟ ﹸﻜﺘ
ﺏ
ﺎ ﹺﺍﻟ ﹸﻜﺘ
ﺒﺔﺍﻟ ﹸﻜﺘ

al-kitāb
al-kitābat
al-kitābata
al-kitābat
al-katātῑb
al-kitbat
al-katῑbat
wa katῑbat
al-katā’iba
al-katā’ibu
al-katῑbata
al-katā’iba
al-katabat
al-katbu
al-katbi
al-kutabu
al-kutaybatu
al-kuttāba
al-kuttābi
al-kutbat

ﺒ ﹸﺔﺍﻟ ﹸﻜﺘ
ﺒ ﹸﺔﺘﺍﻟ ﹸﻜ
ﺘﺎﺏﺍﻟﻜ
ﺘﺎﺑ ﹸﺔﺍﻟﻜ
ﺏ
 ﺘﺎﺍﻟﻜ
ﺑ ﹸﺔﺘﺎﺍﻟﻜ
ﺏ
 ﺘﺎﺍﻟﻜ
ﺏ
ﺘﺎ ﹺﺍﻟﻜ
ﺍﳌﻜﺎﺗﺐ
ﺍﳌﻜﺎﺗﺒﺔ
ﺍﳌﻜﺘﺐ
ﺍﳌﻜﺘﺒﺔ
ﺍﳌﻜﺘﻮﺑﺔ
ﺏ
 ﺎﺍﹾﻟ ﹸﻜﺘ
ﺏ
 ﺎﻜﺘ ﺍﹾﻟ
ﺑ ﹸﺔﺎﻜﺘ ﺍﹾﻟ
ﺔ ﺑﺎﻜﺘ ﺍﹾﻟ
ﺐ
 ﺘﻤ ﹾﻜ ﺍﹾﻟ
ﺑ ﹸﺔﻮﻤ ﹾﻜﺘ ﺍﹾﻟ
ﺐ
 ﺘﺘ ﹾﻜﺳ ﺍ

al-kutbatu
al-kutbatu
al-kitāb
al-kitābatu
al-kitāba
al-kitābatu
al-kitābu
al-kitābi
al-mukātib
al-mukātibat
al-maktab
al-maktabat
al-maktūbat
al-kuttābu
al-kitāba
al-kitābatu
al-kitābati
al-maktabu
al-maktūbatu
’istaktaba

Figure 4: The first 60 lexical entries of the root  كتبk-t-b ‘wrote’ stored in the broad-coverage lexical resource.

6. Evaluation
The evaluation process shows the coverage of the
broad-coverage lexical resource on different types of text
corpora. The Qur’an, the Arabic Web Corpus 2 and the
Corpus of Contemporary Arabic are used to compute the
coverage of the broad-coverage lexical resource in two
ways. First; exact match where each non-vowelized word
in the test corpora is searched in the lexicon. Table 3
shows the coverage percentage using exact match method
scores about 65-57%.
Corpus

Tokens

Words

Qur’an
CCA
Web

77,800
684,726
1,128,114

77,799
594,664
833,916

Words
covered
by lexicon
52,536
389,133
546,880

Coverage

67.53%
65.44%
65.58%

Table 3: The coverage of the lexicon using exact match
method.
Arabic words in any text come up with many different
forms of clitics attached to it, which makes the matching
process of the word and the lexical entries of the lexicon
not an easy task and decreases the coverage percentage.
The second method is to compute the coverage of the
broad-coverage lexical resource through an application
that depends on it. We have developed a lemmatizer for
Arabic text to be used to process large and real data; the
Arabic Web Corpus which consists of 100 million words
of Arabic web pages. The lemmatizer depends on the
broad-lexical resource to extract the lemma and the root
of the word. Each word is tokenized into different forms
consisting of proclitics, stem and enclitics, and then each
stem is searched in the lexicon. If the stem is found in the
lexicon then the root and the vowelized stems stored in the
broad-coverage lexicon are retrieved. When a correct
analysis is retrieved from the lexicon then we count it as a
valid lexicon reference. The coverage of the lexicon is
computed by the percentage of valid lexicon references to
the number of words in the test sample. The lemmatizer
uses other three linguistic lists; list of function words
(stop words) which have fixed syntactic analysis in any
context (Diwan, 2004), named entities list (Benajiba et al,
2008) and list of broken plurals 3 . We computed the
coverage of the broad-coverage lexical resource one time
with the inclusion of these functional words, and another
time without including the functional words in the test.
Table 4 and 5 show the coverage percentage of the lexicon
computed using the lemmatizer program. The coverage
percentage scored about 85% of the words, including
functional words, and about 82% of the words excluding
functional words, referenced the lexicon and retrieved
valid analysis.
We studied the common words which are not covered by
the broad-coverage lexical resource. We found that
common not covered words belongs to; functional words
(stop words) which are easily included to the lexicon
along with their syntactical and morphological analysis
by collecting them from traditional Arabic grammar
2
3

http://corpus.leeds.ac.uk/internet.html
http://sites.google.com/site/elghamryk/arabiclanguageresources

books such as (Diwan, 2004). The other category of
common not covered words are the new Arabic terms,
and borrowed words (Arabaized words) which are
foreign words transliterated into Arabic by writing the
word in Arabic letters. This is a common problem found
in news paper and web pages text. The lack of updating
Arabic lexicons and the lack of the correct translation of
the borrowed words will increase the frequency of this
type of word in contemporary Arabic text. Figure 5
shows a sample of common words not covered by the
broad-coverage lexical resource.
Corpus

Tokens

Words

Qur’an
CCA
Web

77,804
685,161
1,128,624

77,803
595,099
834,426

Words
covered
by lexicon
64,065
507,943
708,101

Coverage

82.34%
85.35%
84,86%

Table 4: Coverage including function words.

Corpus

Tokens

Words

Qur’an
CCA
Web

77,804
685,161
1,128,624

54,004
411,482
576,407

Words
covered
by lexicon
42,532
338,790
476,190

Coverage

78.76%
82.33%
82.61%

Table 5: Coverage excluding function words.
ﻚ
 ﻟﹶﺫ
ﺕ
 ﺍﺎﻭﺴﻤ
 ﺍﻟ

ﺍﻟﱵ

ḏālika
assamāwāti

allatī

ﺍﻹﻧﺴﺎﻥ

al’insān

ﻢ ﻬ ﻧﹺﺇ

’innahum

ﺍﻹﳝﻴﻞ

al’imayl

ﻪ ﺑﹺﺎﻟﱠﻠ

billāhi

ﺍﻟﺘﻠﻴﻔﻮﻥ

attilifūn

ﻢ ﻬ ﻨﻋ

ʿanhum

ﺍﻟﻔﻠﺴﻄﻴﲏ

ﻖ ﺤ
 ﺑﹺﺎﹾﻟ

bilḥaqqi

ﺩﺭﺩﺷﺔ

ﻚ
 ﺌﻭﹶﻟ ﹶﻓﹸﺄ
ﻱ
 ﹶﻓﹺﺒﹶﺄ

fa’ulā’ika
fabi’ayyi

ﻭﹺﺇﻟﹶﻰ

wa-’ilā

ﻑ
 ﻮ ﺴ
 ﹶﻓ

fasawfa

ﺍﳌﺘﺤﺪﺓ
ﺍﻟﺪﻛﺘﻮﺭ
ﺍﻟﺴﻴﺎﺣﻴﺔ
ﺍﻟﻐﺮﺑﻴﺔ
ﺍﻻﻗﺘﺼﺎﺩﻳﺔ

t

al-muttaḥida
Ad-duktūr
as-siyāḥyyat
al-ḡarbyyat
al-’iqtiṣādyyat

al-falasṭīnī
dardašat

ﺍﻧﻘﺮ
ﺍﻷﻣﺮﻳﻜﻴﺔ

’unqor
al-’amrīkyyat

ﺍﻟﺪﺍﺧﻠﻴﺔ

ad-dāẖilyyat

ﺍﻻﻧﺘﺨﺎﺑﺎﺕ

Al-’intiẖābāt

ﺍﻟﻮﻻﻳﺎﺕ
ﺍﻻﺟﺘﻤﺎﻋﻴﺔ
ﺍﻹﻧﺘﺮﻧﺖ
ﺍﻟﺘﻨﻤﻴﺔ
ﺍﻟﺜﻘﺎﻓﻴﺔ

al-wilāyāt
al-iǧtimāʿiyyat
al-’intarnit
at-tanmiyat
aṯ-ṯaqāfiyyat

Figure 5: a sample of common words which are not
covered by the lexicon.

7. The corpus of lexicons
Al-Sulaiti and Atwell (2006) developed the Corpus of
Contemporary Arabic. This corpus contains 1 million
words taken from different genres collected from
newspapers and magazines. It contains the following
domains; Autobiography, Short Stories, Children's Stories,
Economics, Education, Health and Medicine, Interviews,
Politics, Recipes, Religion, Sociology, Science, Sports,
Tourist and Travel and Science. Similar to most Arabic
corpora, the text of the Corpus Contemporary Arabic is

taken from newspapers and magazines text. Our lexicons’
text can be used as an Arabic corpus of dictionaries,
which has different domain than the existing corpora. The
Arabic corpus of dictionaries covers a period of more than
1200 years and consists of large number of words and
word types. It also has both vowelized and non-vowelized
text. Figure 6 shows the number of words and word types
and the 25 words of highest frequency.
Partially-vowelized
Word Frequency
 ﰲ292,396
 ﻣﻦ269,200
 ﻗﺎﻝ172,631
 ﻭ120,060
 ﻋﻠﻰ108,252
 ﻣﺎ89,195
 ﻭﻗﺎﻝ88,233
 ﻋﻦ82,027
 ﺇﺫﺍ81,479
 ﺃﻱ78,622
 ﻭﻫﻮ75,149
 ﻻ69,737
 ﺍﺑﻦ58,334
 ﺑﻪ53,343
 ﻭﰲ53,197
 ﻭﻗﺪ50,648
 ﺃﺑﻮ47,915
 ﺑﻦ46,880
 ﺃﹶﻱ46,788
 ﻫﻮ45,916
 ﻳﻘﺎﻝ45,794
 ﻋﻠﻴﻪ44,786
 ﻭﻻ42,190
 ﺍﷲ39,961
 ﺃﻭ39,210

Non-vowelized
Word Frequency
 ﻣﻦ322,239
 ﰲ301,895
 ﻗﺎﻝ190,918
 ﺃﻱ132,635
 ﻭ130,809
 ﻋﻠﻰ119,639
 ﺇﺫﺍ115,842
 ﻭﻗﺎﻝ99,601
 ﺍﺑﻦ94,980
 ﻣﺎ94,530
 ﺑﻦ92,213
 ﻋﻦ87,064
 ﻭﻫﻮ80,375
 ﻻ73,066
 ﺃﺑﻮ72,231
 ﺃﻥ65,419
 ﺃﻭ62,298
 ﺍﷲ59,511
 ﺑﻪ58,941
 ﻳﻘﺎﻝ58,062
 ﻭﰲ55,077
 ﻭﻗﺪ53,992
 ﻋﻠﻴﻪ50,906
 ﻫﻮ49,785
 ﺇﱃ48,363

Figure 6: The lexicons corpus frequency lists.

8. Conclusion
In this paper we showed the process of constructing a
broad-coverage lexicon for Arabic to be used in NLP
applications such as lemmatizers, morphological
analyzers and part-of-speech taggers. We described the
traditional Arabic lexicons, arranging methodologies and
the challenges and drawbacks of these lexicons.
We described the development of constructing a
broad-coverage lexical resource by combining extracted
information from disparate lexical resources formats and
merging Arabic lexicons.
Processing steps of
constructing the broad-coverage lexical resource involve;
first, analyzing lexicons’ text separately by manually
converting each lexicon text into a unified format by
choosing the most common format for all root entries.
Then, for each lexicon a specialized program extracts the
root and the words derived from that root. Second, a
combination algorithm merges the information extracted
from the previous step into one large broad-coverage
lexical resource.
The evaluation of the broad-coverage lexical resource is

done by computing the coverage of it. The coverage is
computed using two methods; first methodology
computes the coverage by matching the words of the test
corpora to the words in the lexicon which scored about
67%. The second methodology uses a lemmatizer
program to compute the coverage, and scored about 82%.
This is the first version of the broad-coverage lexical
resource. We will extend the lexicon by including the full
morphological analyses of the lexical entries and other
useful information that will enhance the accuracy of NLP
applications. Online access method to the contents of the
broad-coverage lexical resource and downloadable
version will be released.
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