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M. G. Romanov

University of Vienna

1001 Morphological Patterns:
Algorithmically Generated Materials for Teaching
Classical Arabic

Together with Anna Arkad'evna Dolinina (rahima-ha Alléh wa-a‘ta-ha al-jannat)
who taught us classical Arabic and Yafi‘at Yasif Jamil Hanna who taught us
modern standard Arabic, Oleg lvanovich Red’kin gave us a perspective on Arabic
through the thousand and one morphological patterns and drilled into us the
way of thinking about the Arabic word through its morphology. Ever since,
looking up a word in a dictionary is never quite complete without probing for
additional meanings that may be implied by different morphological patterns.
Writing an article to honor Oleg Ivanovich, it will only be logical to focus on the
Arabic language and how we learn and teach it. This article presents a method
in which a computer is used to generate thematic readers from a corpus of
original texts. While developed primarily with classical Arabic in mind (more
specifically, Hadit), the approach is in fact universal and can be used for any
genre and for any language.

Keywords: Arabic, Classical Arabic, computationally generated teaching
materials, readers, Hadit, corpus-based research.

Introduction’

Even if we leave its dialects aside, Arabic is a difficult language to learn.
One of my professors at the University of Michigan remarked that Arabic
is hard only for the first ten years — after that it gets worse. Joke or not,
this nonetheless is a profound observation. This is not to say, of course,

1

The article uses a somewhat unconventional transliteration system that was de-
veloped to facilitate computational analysis and interoperability by allowing for
automatic conversion between Arabic script and transliteration — something that
none of the existing academic transliteration systems can do. It relies on one-to-
one character representation, where every Arabic letter and short vowel is tran-
scribed distinctively. Combining one-letter representations from American/Brit-
ish, German and French transliteration systems, the one that I propose should
be easily recognizable to Arabists. There is only one new character: ¢ for ta’ mar-
biitat — the least consistently transliterated letter, even among specialists. Two
other somewhat unconventional uses include a for dagger alif; and d for alif maq-
surat. All attached conjunctions, prepositions, pronominal suffixes are separated
with “-”
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that one’s knowledge of Arabic diminishes after ten years of learning, yet
what does happen is the dawning realization of how massive the Arabic
written legacy is — geographically, chronologically, as well as in terms
of the variety of subjects that it covers.

To give a taste of the scale, we can turn to the bio-bibliograph-
ical collection Hadiyyat al-‘arifin [1] that was written by Isma‘il Basa
al-Bagdadi (d. 1338/1919 CE) [2] in the beginning of the 20" century.
Continuing the famous Kasf al-zuniin of Hajji Halifat (d.1067/1656 CE)
[3], Isma‘il Basa collected records for about 8,800 authors and listed
about 40,000 works? (Carl Brockelmann in his Geschichte der arabischen
Litteratur provides a similar number of records for both authors and
works [5]). While written predominantly in Arabic (over 90 % of all
works), geographically these works were produced throughout the
Islamic world — from Spain in the West to India in the East. While
we may call the bulk of this tradition “classical Arabic”, one might still
wonder: would the Arabic of a Spaniard writing in al-Andalus be the
same as the Arabic of a Persian writing somewhere in Hurasan? Many
senior colleagues shared their observations that if one works for a
long time with texts written in the eastern Islamic lands and then has
to read something that was written in its western counterparts, that
“western” Arabic would look and feel quite different — and the other
way around. And why would that not be the case? Figure 1 shows that
a significant number of books were produced where Arabic was not the
main spoken language, and the dominant languages of those lands also
often belonged to different language families®. So far, unfortunately, our
field has not produced studies that would analyze linguistic differences
within classical Arabic texts written in different provinces of the Islamic
world, but we can look for guidance and inspiration among corpus

For my analysis of the Hadiyyat al-‘arifin, see: [4].

A fascinating example of coping with the difficulties of the Arabic language among
the speakers of non-Semitic languages can be found in the North Caucasus. Al-
ready by the 17 century, local Muslims have had a highly-developed system of
explanatory signs which were used to clarify ambiguous syntactic structures in
Arabic. These explanatory signs were used, for example, to connect the verb, the
subject, and the pronominal suffixes referring to the subject. It appears that these
signs were used both in books and in correspondence, and were [re]copied met-
icolously together with the Arabic text. For a detailed study of this phenomenon,
see: [6].
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Arabia (Jazirat al-‘arab)
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Figure 1. Regional contribution to the Arabic written tradition. Based on the Hadiyyat
al-‘arifin of Isma‘Tl Basa al-Bagdadr (d. 1338/1919 CE).

linguists who use different linguistic features — word choices, cohesion,
complexity, error categories, etc. — for native language identification
(NLI)%,

In addition to — or, as a consequence of — the chronological and
spatial complexity, it is claimed that Arabic has one of the largest vo-
cabularies. While doing a comparative count is methodologically ex-
tremely difficult (if not impossible), a corpus-based study by my col-
leagues argues that the average lifespan of Arabic words is significantly
longer than, for example, the average lifespan of English words. The
most conservative evaluation gives the average of 161 years for Arabic
words versus the average of 88 years for English words®.

All of these issues inevitably find their way into the classroom.
While most of us took great pleasure in advanced reading classes with
our professors, we also often struggled with the overwhelming volume
of new vocabulary; switching to a new text — or a new genre — made
things even more complicated. Figure 2 shows a matrix of lexical overlap
across the frequency lists that represent large thematic specimens of Ar-
abic language. The most dramatic lexical difference is between al-Kutub
al-Sittat, the Six Sunni Collections of hadits, and al-Sark al-awsat, the
modern newspaper: the frequency lists of these two sources share only
20 % of the most frequent 3,000 word forms (tokens). Even among the
“classical” works the lexical distance is quite significant, with the per-
centage of shared vocabulary fluctuating between 38 % and 58 % (for

4 For the overview of the native language identification field, see: [7].
> For more details, see (in print): [8].
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al-Kutub al-Sittat

Tafsiral-Tabart

Kitab al-Agant
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Figure 2. The matrix shows lexical overlap across the frequency lists (top 3,000 items,
in %) that represent large thematic specimens of Arabic language. The specimens
are arranged chronologically, starting with the earliest (right-top corner, 9t century)
to the latest (20t century). Texts compared: a/-Kutub al-Sittat (2,8 min words), the
6 Sunni collections of Hadit (~9t™" century CE); Tafsir al-TabarT (or Jami‘al-baydn, 3 min
words), a Quran commentary by al-Tabart (d. 310/922 CE); Kitab al-Agani (1,5 min
words), a poetic anthology by Aba-I-Faraj al-Isbahant (d. 356/967 CE); al-Futahat al-
Makkiyyat (1,7 min words), an extensive Safi text by Ibn al-‘Arabrt (d. 638/1240 CE);
Fatawd Ibn Taymiyyat (2,9 mln words), a collection of legal decisions and epistles of Ibn
Taymiyyat (d. 728/1327 CE); Ta’rih al-Islam (3,2 mIn words), a biographical collection
and chronicle by al-Dahabr (d. 748/1347 CE); Majallat al-Risalat (16 min words), an
early 20t™-century Egyptian literary journal; Tafsir al-Mizdn (2,3 min words), a modern
S17 Quran commentary by al-Sayyid al-TabatabaT (d. 1981 CE); and al-Sark al-Awsat
(2,5 min words), a modern Arabic newspaper (collected by Tariq Yousef, Leipzig
University, from http://aawsat.com/).
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the interquartile range)®. Committed students usually overcome this
difficulty by their sheer passion for the subject, but the introduction of
excessive vocabulary may create an insurmountable obstacle to many
truly capable students.

The increasing availability of electronic texts and computational
methods of text analysis allow us to rethink how we teach difficult lan-
guages.” We can identify the most frequent features within a corpus and
focus our attention on them. For example, the top 100 most frequent
lexical items constitute about 56 % of the entire “vocabulary” of over
34,000 Prophetic sayings (hadit) from the Six Sunni Collections (approx-
imately 2.8 mln words). Relying on such data, we can generate a frequen-
cy-based reader that will allow us to ensure that students focus on the
most essential vocabulary items and features of texts expressed through
them. With a paced increase in difficulty of texts and incremental expan-
sion of vocabulary, students will be able to digest much larger volumes
of text both in class and at home, and such an extended exposure will
enable students to internalize the authentic language more efficiently.

Description of the method

What follows is the description of my computational method for
generating frequency-based readers (here using a Hadit reader as an
example). The overall procedure is not particularly complicated and
includes five main steps.

Step I

The Six Sunni Hadit collections were downloaded from http://
sunnah.com/ using the Wget tool [11]. Then, initial texts were converted
from their initial HTML format into plain text table format (CSV), and
normalized with scripts written in Python (https://www.python.org/).

The ratio of unique vocabulary items to the overall length of the text (in words)
can serve a useful measure for identifying “easy” and “difficult” texts.

Linguists working in the area of “natural language processing” (NLP) developed
methods that rely on wordnets, vector space models, and gazetteers of named
entities to reduce the complexity of Arabic texts, making them more accessible to
learners. In a nutshell, these methods automatically replace rare words and phrases
with their more frequent counterparts used in similar contexts. For interesting
examples of such studies, see: [9; 10].
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In terms of computational linguistics and natural language pro-
cessing (NLP), “normalization” refers to the disambiguation of spelling,
formatting and encoding irregularities of Arabic text. The most im-
portant tasks include fixing encoding issues which arise when a typist
used a Persian or Urdu keyboard layout to enter Arabic text.® For ex-
ample, several Arabic letters in most cases look exactly the same in all
three languages, however, in the Unicode table they occupy different
locations, and therefore, computationally, are different symbols. Having
“Persian” letters in an Arabic text (and the other way around) leads to a
number of problems during any form of computational analysis. “Com-
plicated” letters which require normalization include: kaf; ya’ (plus,
inconsistencies in the usage of ya’ and alif magsiirat — both are usu-
ally replaced with ya’); alif (five different forms of alif are replaced with
the “bare” alif); and medial and final hamzat (usually replaced with the
standalone hamzat).

It is important to note that there are multiple ways of how spec-
imens of other genres can be obtained and then pre-processed for a
similar reader. Together with my colleagues Sarah Bowen Savant (Aga
Khan University — ISMC [UK]) and Matthew Thomas Miller (Univer-
sity of Maryland — College Park [USA]), we have been building a ma-
chine-readable corpus of texts. Named Open Islamicate’ Text Initiative
(Open ITI), our project strives to provide the essential textual infra-
structure in Persian and Arabic for new forms of macro textual analysis
and digital scholarship. OpenITI includes about 4,300 unique book ti-
tles (at the moment, predominantly in Arabic) by over 1,800 authors,
which amounts to approximately 750 mln words (1, 46 bln words with
all versions). Most texts have been collected from open-access online
collections of high-quality digital reproductions of premodern texts.
The corpus is available on Github[14] at: https://github.com/OpenITI/;
a detailed description of the corpus can be found at https://maximro-
manov.github.io/OpenITI/. The corpus is still in the process of develop-
ment, but is already used in several large-scale European projects (For
our Open ITI manifesto, see: [15].

8
9

For more details on normalization, see: [12].

Introduced by the University of Chicago historian Marshall Hodgson, the term
“Islamicate” refers to phenomena Islamic and non-Islamic, religious and non-
religious, that were produced or existed in the vast geographical region we refer to
as the “Islamic world”. See, [13], pp. 3-71.

267
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Step 11

All vocabulary items from the corpus were collected and converted
into a frequency list. This list was then inverted into a ranking list, where
the most frequent item received rank 1, the second most frequent one —
rank 2, the third — 3, and so on; items with the same frequency were
assigned the same rank.

It should be noted that vocabulary items have not been parsed with
a morphological analyser, so different forms (tokens) of the same word
(lexeme) are treated separately (i.e., gala, gila, qalat, fa-qala, etc. have
their own frequencies and ranked separately). The main reason for not
using the results of automatic morphological analysis is largely tech-
nical, since existing morphological analyzers are meant to work with
modern standard Arabic and do not perform reliably well on classical
Arabic. For example, Buckwalter Morphological Analyser, which has
been tested with this corpus (using Perseus morphological services at
Tufts University), returned no results for about 25 % of tokens, single re-
sults for another 25 %, and more than one result for the rest 50 %. Need-
less to say, such outcome is hardly useable for our purposes'®. Although
the lack of a proper morphological analyzer may seem to be a disadvan-
tage, in fact there is a lot of value in using frequencies of word forms
(tokens) rather than dictionary forms (lexemes). Most importantly, fre-
quent forms of words will be given more often in the generated reading
materials — such as, for example, very frequent singular masculine gala
vs. quite rare dual masculine gala.

Step II1

The average mean of ranking values was then calculated for each
hadit (the sum of all ranks of words in a hadit divided by the number of
words in the same hadit). The resultant values then served as difficulty
indices, where texts with the most frequent vocabulary would have the
lowest average means, and vice versa. These indices were then used as
sorting values that allowed rearranging all 34,000 Aadits by the difficulty
of their vocabulary. The advantage of the average mean here is that even
a single low-frequency lexical item increases the difficulty index of an

10 There have been new developments since 2015: existing tools have been updated

and several new tools have appeared, but they are yet to be thoroughly tested for
their usability for classical Arabic [16].



M. G. Romanov. 1001 Morphological Patterns 269

entire text, which is pushed down the list. In practical terms this means
that students will be exposed first to the easiest texts.

This computational approach turned up several unplanned, but
valuable effects. First, as the length of a text increases so does the
probability of rarer lexical items — as a result, the easiest texts are
also the shortest ones. This convenient outcome allows students to
begin with the shortest texts and move gradually to the longer ones.
Second, the most frequent vocabulary also tend to appear in the most
frequent grammatical and syntactic structures. Third, the most frequent
vocabulary also tend to appear in “massively transmitted” hadits'! —
so students also start reading hadits which are, one can argue, more
important historically.

Step IV

Automatically ranked hadits were not immediately useable since the
method grouped together items that are almost identical. Here manual
revision was required to cull repetitions. However, this outcome —
i.e. similar hadits were groupped together — also has educational
value because students can be exposed to a variety of different ways of
phrasing the same ideas.

4. Hadit Rank 7

ID: muslim44 365670

-
* e - 2o
.

0 |ia Sg s (G5 ga. w2E, 05 @y 282 GG,
. v 2, o b - A L a LRl
U e S As aas Cpoaax Was i ez Was
- = z Z

- -0 P /E
s Joo Jo G B @l Gt 5

Frequency report

2) o (109,869); 20) sez (15,288); 51) ol (4,835); 67) and (3,631); 121) jiem (2,054);
3) o= (104,417); 38) Jsi (6,047); 55) o3 (4,519); 81) ;las (2,999); 161) |l (1,550);
5) Wae (65,785); 46) e (5,402); 61) ! (3,969); 83) & (2,791); 180) e (1,370);

Figure 3. An example of a hadit from a frequency-based reader. From top to
bottom: 1) the rank of the hadit; 2) the unique ID of the hadit in the corpus; 3) the
text of the hadit; 4) the source of the hadit (from Muslim'’s al-Sahth, from The Book

of the Virtues of the Companions); 5) Frequency report.

11 The Arabic term for a “massively transmitted” hadit is mutawatir, as opposed to
ahadi, “transmitted by single transmitters”. Mutawatir implies that a hadit is so
widely transmitted that it cannot possibly be forged. For more details, see [17].
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Step V

At last, the selection of hadits was converted into a format for
LaTeX, a document preparation system which allows to automatically
typeset high-quality PDFs for printing and publishing [18]. Quite a few
hadits that made it to the beginning of the reader feature only isnads,
“the chains of transmitters”, and do not have matns, the actual texts of
hadits (Figure 3). The lack of matns actually gives an instructor a great
opportunity to focus on the concept of isndd and provide some essen-
tial explanations of the culture of knowledge transmission in the Islamic
world, to discuss transmission terminology (‘an, haddata-na, ahbara-na,
etc.), as well as to explain the complexities of the traditional Arab name
and its essential elements (ism, nasab, kunyat, laqab, nisbat, and suhrat).

In the classroom

The reader was designed for my course “Classical Arabic through the
Words of the Prophet” (Tufts University, Spring 2015). In the course of
one semester we managed to cover about 400 Aadits, while at the same
time reviewing the grammar of classical Arabic [19] and having regular
discussions of thematic readings that helped students to understand the
cultural importance of Hadit across almost fourteen centuries of Islamic
history [17].

Encouraged by my mentor at Tufts University, Gregory R. Crane,
I used this reader in combination with ‘micropublications, which
provided each student with a thorough practice of foundational
skills necessary for mastering the language: for each hadit students
provided full vocalization, morphological stemming, and translation
aligned with its Arabic original. Such ‘micropublications’ help an
instructor to monitor students’ progress, and, potentially, can be used to
automatically grade such assignments, thus freeing up time for in-class
discussions. Producing these micropublications, students were making
academic contributions as they were producing valuable training data
that can be used for various teaching and research purposes (e.g.,
automated syntactic and morphological analysis, machine translation,
etc.). Additionally, students were required to complete written practice
assignments where they had to practice verbal morphological patterns,
conjugation of perfect and imperfect verb forms, conjugation of weak
verbs, and handwriting (by tracing different texts in rug‘at script).
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Biography, Rank # 2

Al g5 g gy idly

1
2)g—im
3) )j — father;
6) A& — Muhammad, name;
9) s JI — death;
9) ¢ — abbr. of /ugrz, Islamic
lunar calendar;
11) df— Ahmad, name;
12) JB6y, — and [he] said,;
13) Je — “Ali, name;
18) s(;r—} — and from him;
) ! — al-Hasan, name;
)

19) & [he] heard, listened

Ta’rih al-islam (000000002-023270-000.txt)
o Q) o ol M P wey on ey ol L gl Ol orze o
Comhads| dBy JCohadtl el O L}j ¥ A Oy A

Vocabulary (by frequencies)
48) 3| — Ishaq (Isaac),

name;

64) 5 ,& — ‘Amr, name;

90) s2W— [the] judge, gadr;
90) ‘g3 — Misa (Moses),
name;

116) k! — [the] orator,
Friday preacher; here, name of
a prominent Hadit scholar—
al-Hatib al-Bagdads;

117) 3 — gen. of dii, owner,
possessor, “that of ...”;

129) w65 — and others, lit.
”and other than them”;

152) 4, [he] considered
him trustworthy (technical

161) )L,a;\ﬂ — al-Ansari,
nishat denoting descendence
from the Ansar, “the Helpers
of the Prophet”;

259) 4! — here, a part of
dii-l-higéat, the 12th month of
the Islamic lunar calendar;
301) Ll — “this world”,
“this life”; here, a part of the
name of Ibn Abi-I-Dunya, a
prominent early scholar;

301) eus — his grandfather;
454) ez — two Saphs, two
teachers;

952) 5 |y — al-Mubarrad, a
prominent Hadit scholar;

(i.e., studied);

35) o8l — al-Qasim, name; T

Grammar: For _.d| b, review dual and its behavior in iafa¢ (Thackston,
IKCA, L4-§8; for idafat, see Thackston, IKCA, 1.4-§8). For 43,, see Factitive
verbs of Form II: Thackston, IKCA, 1.27-§64. For 3¢, see Reflexive/Medio-
passive verbs, Form V: Thackston, IKCA, 1.29-§67. ’

Culture: Traditional Arab name is quite complex and includes up to six
different parts. Here we find person’s “first name” (ism), which is al-Hasan.
Then we find his “genealogy” (nasab)—the male names connected with bn—
the name of his father, his grandfather, his great grandfather and his great
great grandfather; nasab can go back as far as to the time of the Prophet. Then
we find kunyat, “the father of ...”—Abu ‘Ali. And the last one is nishat—al-
Ansart: this type of names asserts relationship between a person and some
kind of entity. In this case, the person traces his lineage back to the Ansar,
“the Helpers [of the Prophet],” who accepted Muhammad in Yatrib as their
leader. Yatrib later became known as Madinat al-Nabi, or simply al-Madinat
(Medina).

Figure 4. An example section from a Biographical Reader based on the massive
Ta’rih al-islom of al-Dahabrt (d. 748/1347 CE): each biography can be supplied with
translation notes, grammatical commentary (with references to textbooks), and

relevant cultural notes.
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The version of the reader that was used for the course can be accessed
here:  https://maximromanov.github.io/files/Romanov_CATWOP.pdf
(an example of the written practice assignment is also included). This
version was a test run and it can be improved in a variety of ways. Figure
4 shows a record from the working version of the biographical reader
that is constructed with the same method from 30,000 biographies
from the Ta’rih al-Islam of al-Dahabi (d. 748/1347 CE): each reading
item can be supplied with translation notes, grammatical commentary
(with references to textbooks), and relevant cultural notes. Scripts for
generating frequency-based readers are also openly available [20].

A Last Thought

While developed primarily with classical Arabic in mind (for Hadit,
more specifically), the approach is in fact universal and can be used for
any genre and for any language. It works best with serialized texts —
that is collections of relatively short texts of the same type. In the case
of Arabic that would be hadit collections, chronicles, biographical
dictionaries, compendia of legal decisions (fatawd), poetic anthologies,
contemporary newspapers, etc. Because the vocabulary of various
literary forms and genres may differ quite significantly (see, again, Figure
2), this method can be used for designing thematic reading courses that
will help to ease students into the language of particular genres in the
most efficient manner. Courses based on such readers can be a valuable
addition to any language program and will be particularly welcomed
by graduate students who often face the need to develop their readings
skills as quickly and effectively as possible.
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