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Language and Speech Technology: What Is It?

Theoretical Linguistics: Nature of language
Phonetics, phonology, morphology, syntax etc

Sociolinguistics: Languages and social factors
“… one giant leap for mankind.” → womankind?

Psycholingusitics: Languages and psychology
What actually is a ”thought”?

Applied linguistics: Real-life applications
Teaching and using language

Historical linguistics: evolution of language
‘Nice’ (adjective) used to mean ‘ignorant’!

Computational linguistics: languages and
computers ⇒ our topic today
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LST: “understanding” language computationally

Computational linguistics (CL): the study of languages using computational
techniques. It is about linguistics.
Natural language processing (NLP): the creation of tools, algorithms and
resources to solve tasks related language processing. It is about engineering.
CL and NLP are often conflated and used interchangeably.
Language as text ⇒ Language technology
Language as sound ⇒ Speech technology

Linguistics

StatisticsComputer
Science

machine
learning

Language

Technology


Linguistics

StatisticsComputer
Science

machine
learning

Language

Technology


Natural Language Processing (NLP)Computational Linguistics (CL)
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Language and Speech Technology: a few applications

Machine 
translation

Information 
retrieval

Speech 
recognition

Digital 
assistants
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Language and Speech Technology: a few tasks

Machine translation

Word-sense disambiguation

Spelling error correction

Question answering

Syntactic parsing

Text summarization

Sentiment & emotion analysis

And many more…
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Language and Speech Technology: Linguistic Disparity

More than 7,000 “languages” are spoken today (Ethnologue, 2023).
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Language and Speech Technology: Linguistic Disparity

Low-resource

under-represented

minority

endangered extinct

All languages
except English!

99% of languages around the globe are low-resourced, including Kurdish!
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Kurdish Language

an Indo-European language
spoken by 20-30 million speakers
spoken in many dialects and subdialects (dialects or languages?)
has a longer oral tradition than a written one ⇒ lack of data
written in many scripts: the Latin-based and Arabic-based ones still widely in use

*

INDO-EUROPEAN

WESTERN IRANIAN

NORTH

Median

Parthian

Balochi Kurdish (kur)

Laki (lki) Southern (sdh) Central (ckb)
(Sorani)

Northern (kmr)
(Kurmanji)

Zaza-Gorani

Gorani (hac)

Zazaki (zza)

Shabaki (sdb)

Source: https://www.britannica.com/topic/Kurd
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Kurdish Language: Issues

Too many scripts scatter readers and
creates further challenges in NLP

Written in various orthographies following
different conventions
Even though, still written unconventionally

di sala 2020’an | 2020-an | 2020an de
“in the year 2020”
hêviya, hêvîya or hêvî ya “hope of”?
٠١٢٣٤٥٦٧٨٩, ۰۱۲۳۴۵۶۷۸۹ or
0123456789?

Kurdish orthographies are phonemic, but
not always:

double-usage characters: ی for î/y and و
for u/w
variations like l, ll or ł for [ì]
vowel i missing in the Arabic-based
orthography

������� وەر�� ����ات، ��ود�� زا������ ��وو��� ����
و ��ر���و ��دار، ��وەڕ، د�� و ���� ���� ��������

����ووژ ���و�� ��رە�� ������ ������ �� ��ول ��ژ
��رو�� دەوران ����

Laki (Arabic script)

�� ڕا����ا ��م ��رە����ا�� ��ر �� �������ی ��������
��رد���ن و �������� ڕا��دوون

Sorani (Arabic script)

Ji ber barîna berfê li bajarê Wan û navçeya
Tetwan a Bedlîsê dîmenên ciwan derketin
holê.

Kurmanji (Latin script)

Southern Kurdish (Arabic script)

وه زاره �� �� و���� و��رو��ر�� ������ ل �� ر��� ��رد�����
ل دۆر ������ دا�� �� �� ر�� ب �� ��� ��� �� ������ رۆ������ ك

ده ر��

Kurm
anji (Arabic script)

Bergirî lem bwareda her le yekemîn rojekanî
damezrandinî komarî Turkyawe hate gořê.

Sorani (Latin script)

[
c
k
b
-
a
r
]
[
k
m
r
-
l
a
t
n
]

[
l
k
i
-
a
r
]

[
c
k
b
-
l
a
t
n
]

[
s
d
h
-
a
r
]

[
k
m
r
-
a
r
]

Kurdish
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Kurdish Language: Unconventional Writing

Almost 300 writing systems exist (and many adopted ones)
Less than 4,000 languages have a written form

Latin

Cyrillic

Hangeul (featural)

Arabic

Other abjads

Devangari

Other abugidas

Greek

Syllabaries

Other alphabets

Chinese logographies

(Inuktitut)

(Cree)

(Cherokee)

Yup'ik

(Njuka)
(Vai)

(Nko)

(Tifinagh)

(Neo-Tifinagh)

(Arabic)

(Ethiopic)

(Hebrew)

(Greek)
(Armenian)

(Syriac)

(Mandaic)

(Georgian)

(Cyrillic)

(Ol Cemet')

(Thaana)

(Sinhala)

(Batak)

(Balinese)

(Sundanese)

(Javanese)

(Lontara')

(Hanuno'o)

(Baybayin Tagalog)

(Zhuyin)

(Kana & Kanji)

(Katakana)(Hangeul)

(Manchu)

(Mongol)

(Tibetan)

(Nagari)

(Burmese)

(Khmer)

(Thai)

(Lao)

(Nu Shu)
(Pollard)

(Chinese)

(Yi)

(Gurmukhi)

(Gujarati)

(Kannada)

(Malayalam)

(Tamil)

(Telugu)

(Bengal)

(Coptic)
 Μετ Ρεμνχήμι
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Kurdish Language: Unconventional Writing

Most countries are X-lingual, but not all officially!

Turkey:
→ Turkish

Syria:
→ Arabic

Iraq:
→ Arabic and Kurdish

Iran:
→ Persian
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Kurdish Language: Unconventional Writing

Unconventional writing
Unconventional writing refers to the usage of the script of another language,
presumably that of a dominant language.

Unsystematic writing

Not necessarily complying with orthography

Impact of donor language on code switching

No specific rule for mapping graphemes-phonemes

A few examples:

ana raye7 el gam3a el sa3a 3 el 3asr. (Ararbic in Latin script, aka Arabizi)

Tora ti na sou po (Greek in Latin, aka Greeklish)

mer6 pr tn mess pr mn anif (French SMS language)
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Kurdish Language: Unconventional Writing

Language Unconventional script Unconventional writing Conventional writing

Gilaki Persian یته زون نم هيسه گه گيلکن اون جی گب زنن یته زوؤن ٚ نؤم هيسه گه گيلکؤن اۊن ٚ جي گب زنن

Kashmiri Urdu
#"۔ $%
&
' (%) *+,"- .%/, . 0%1 "-2(%3 برٛور چھُ اکَھ وُرٲس4 جانوَر۔

Kurmanji Arabic قايمقام اامدي بةرثوا پارزكار دهوك دا قایمقامێ ئامێدیێ بەرسڤا پارێزگارێ دهۆکێ دا

Sorani Arabic هةر لة يةكةم شانؤوة ديارة فهديان دةويت هەر لە یەکەم شانۆوە دیارە فەهەدیان دەوێت

Sindhi Urdu
5
6 ٔ

8
%

9 
$
:%; <=%>'%? 

5
@",-A

B
%

C D
5
6
E F
GH
$%I 
G
JG%
K
- 
G
LA(
M
%

N <= OP $%Q,
$
R  
5
6 $

8 5
S

T

:%U
مديني ڏانهن ھجرت وقت فقط ھيء گھرواري ساڻن گڏ ھئي

Persian تمن دریژ و لش ساق بیت پیاگه سر برزکە تەمەن درێژ و لەش ساق بیت پیاگە سەربەرزەکە

Table 1: Examples of scripts used unconventionally for writing Gilaki, Kashmiri, Kurdish and Sindhi. The high-
lighted words contain unconventional characters.

tional one. For instance, writing Kashmiri or So-
rani Kurdish in a script like that of Urdu or Per-
sian, rather than in their own conventional scripts.
Although this task has much in common with data
cleaning, transliteration (Ahmadi, 2019), text nor-
malization as defined in (Sproat and Jaitly, 2016)
and spelling error correction (Hládek et al., 2020),
it is particular in a few ways: unconventional writ-
ing does not necessarily comply with orthographic
rules of the text’s language; when writing bor-
rowed or common words from the dominant lan-
guage, there is an influence of the orthography of
the donor language rather than writing in the recip-
ient language’s script or orthography; phonemes
and graphemes may not be represented according
to any specific rule, as in writing /S/ as ‘ch’, ‘sh’
or ‘$’ in Arabizi (Al-Badrashiny et al., 2014) fol-
lowing an erratic or obscure pattern among speak-
ers leading to a huge amount of noisy material. A
few examples of unconventional writing in Kur-
dish, Kashmiri and Gilaki are shown in Table 1.

In this paper, we focus on the script normal-
ization of a few under-resourced languages that
use variants of the Perso-Arabic script, as schema-
tized in Figure 1, and are spoken as minority
languages in bilingual communities with a domi-
nant language using a similar but different script.
These languages are Azeri Turkish (AZB), Mazan-
derani (MZN), Gilaki (GLK), Sorani Kurdish (CKB),
Kurmanji Kurdish (KMR), Gorani (HAC), Kashmiri
(KAS) and Sindhi (SND). Although these languages
have their own customized scripts with more or
less defined orthographies in their communities,
they are oftentimeswritten in the script of the domi-
nant language, notably Persian (FAS), Arabic (ARB)
and Urdu (URD) scripts. Furthermore, these lan-
guages have been lexically and, to a lesser ex-

tent, typologically influenced by the administra-
tively dominant languages. Akin to many other
multilingual and pluricultural societies, speakers
of these languages have faced language conflict
and linguistic discrimination in different educa-
tional, political, cultural and communicative do-
mains, and struggle with ethnolinguistic vitality
(Mohan, 1989; Shah, 1997; Bird, 2020; Sheyholis-
lami, 2022). Appendix A presents a summary of
the languages we study.

Contributions In this work, we aim 1) to shed
light on script normalization for under-resourced
languages with very limited progress in language
technology to facilitate the identification and col-
lection of relevant data in the future, 2) to lever-
age synthetic data for script normalization by map-
ping scripts based on rules and sequence align-
ment 3) to cast script normalization as a trans-
lation task where noisy text is “translated” into
normalized one using synthetic data generated.
We demonstrate that imposing different levels of
noise on the synthetic data is beneficial to train
more robust transformer-based models to normal-
ize scripts and also, improve the performance of
downstream tasks such as machine translation and
language identification of unconventional writing.

2 Related Work

Although some aspects of script normalization
have been previously addressed in related NLP
tasks, its definition is a rather subjective matter,
where a set of intentional or unintentional anoma-
lies are “normalized”. Therefore, script normaliza-
tion overlaps considerably with more well-defined
tasks such as spelling correction, lexical normal-
ization (van der Goot et al., 2021) where an utter-
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Kurdish Language: Complex Morphology

Kurdish has a synthetic morphology: > 2000 noun forms from a stem!

More synthetic than Old English and Yakut and less than Sanskrit
[Ahmadi et al., 2023]

Complex morphotactics due to split-ergativity

3.1 Bound Morphemes

Bound morphemes are classified into two categories of affixes and clitics. Affixes and clitics are similar
in the way that they cannot constitute a word and they lean on a prosodic host, i.e. a word for stress
assignment. Clitics can appear with hosts of various syntactic categories while affixes only combine with
syntactically-related stems (Haspelmath and Sims, 2013). The clitics and affixes in Sorani Kurdish have
been widely studied previously and have been shown to be challenging considering the general theory of
clitics (W. Smith, 2014; Gharib and Pye, 2018). This problem is particularly observed with respect to the
direct and oblique person markers which can appear in different positions within a word-form depending
on the functionality. In this section, the clitics and affixes in Sorani Kurdish are described. Figure 1
provides the most frequent clitics and affixes in Sorani Kurdish.

3.1.1 Clitics
Clitics are categorized based on their position with respect to the host. A clitic is called proclitic and
enclitic, if it appears before and after the host, respectively. There are two other forms of clitics which
are non-peripherical and exist only among a few number of natural languages. If a clitic appears between
the host and another affix, it is called a mesoclitic. A different type of non-peripheral clitic is endoclitic
which appears within the host itself and is unique to a few languages around the world, such as Udi
(W. Smith, 2014), Degema (Kari, 2002) and also Sorani Kurdish.
Sorani Kurdish has two types of endoclitics: pronominal makers (also introduced as mobile person

markers by (Walther, 2012)) and the emphasis endocliticیش=îşwhich can be translated as ‘also’ or ‘too’.
The pronominal endoclitics function as agent markers for transitive verbs in the past tenses or endoclitics
as patient marker for transitive verbs in the present tenses. This is due to the split ergativity feature of So-
rani Kurdish where the agent and patient markers are specified differently. The following examples show
the alignment in present and past tenses of کەوتن (kewtin, ‘to fall’) and گرتن (girtin, ‘to get’). The agent
marker ن -in in intransitive present tenses serve as patient marker in transitive past tenses due to ergativity.

(1) dekewin
de-kew-in

دەکەون

fall.prs.prog.intr.3pl
‘(they) are falling.’

(2) degirin
de-gir-in

دەگرن

get.prs.prog.tr.3pl
‘(they) are getting.’

(3) kewtin
kewt-in

کەوتن

fall.pst.prog.intr.3pl
‘(they) fell.’

(4) girtyanin
girt=yan-in

گرتیانن

get.pst.prog.tr.erg.3pl.3pl
‘(they) got (them).’

0 girt past stem of girtin (to take, to get)
1 girt im I got.
2 girt im in I got them.
3 girt im in e I got them to/with.
4 girt im in e ewe I got them to/with again.
5 girt îş im in e ewe I got them also to/with again.
6 ne îş im girt in e ewe I did not get them also to/with again.
7 ne îş im de girt in e ewe I was not getting them also to/with again.
8 da îş im ne de girt in e ewe I was not taking down them also to/with again.

Table 1: The placement of the endoclitic =îş (in green boxes) and agent marker =im (in blue boxes) with
respect to the base and each other in a verb form. Note that Sorani Kurdish is a null-subject language.

Furthermore, the two endoclitic categories of Sorani appear in an erratic pattern within a word form
or a phrase. Table 1 presents an example where the 1sg marker م (=im) and the emphasis endoclitic =îş

4
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Kurdish Language: Underrepresented Varieties
Not too many resources available for Southern Kurdish and Laki:

Spoken by >2M in western Iran, border regions of Iraq, and its capital, Baghdad
The classification of Laki is still debated
Faced various discriminatory language policies leading to pernicious
sociolinguistic effects
Lack of children proficiency in Southern Kurdish and limited usage of the
language in writing
Few available digital resources available [Ahmadi et al., 2019]
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Kurdish Language Processing: Scientific Contributions

Less than 100 publications address a task in Kurdish language technology.

the earliest works in the field of KLP date back to 2009
except a work in 1995 [Baban and Husein, 1995] – Why such an interval⁈)

thus far, a total number of 87 publications are published in a field directly related
to KLP, including non-peer-reviewed ones

all varieties have not equally received attention

Open-source
Does the paper provide the discussed resource or tool under an open-source license?
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Kurdish Language Processing: Scientific Contributions

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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total open-source

7.04 %

Dialectology

19.71 %

Information retrieval and text mining

16.9 %

Lexical resources

8.45 %

Machine Translation

9.8 %

Speech recognition
19.3 %

Morphological and syntactic analysis

5.6 %

Other

9.85 %

Optical character recognition

2.8 %

Sign language recognition

Figure 1: per sub-field in NLP

1

Number of scientific publications directly related to KLP per year and field

Roughly a third provide their resources or tools under an open-source license
Central Kurdish makes up a predominant proportion of almost 90% of publications
Only one publication addresses the processing of Southern Kurdish, Laki or Zazaki
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Kurdish Language Processing: Scientific Contributions

A range of topics have
been addressed:

Creation of lexical
resources and corpora
[Ahmadi et al., 2023]

Morphological and
syntactic analysis
[Ahmadi, 2020c]

Sentiment analysis
[Hameed et al., 2023]

Language identification
[Ahmadi et al., 2023]
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Lexical resources
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Machine Translation

9.8 %

Speech recognition
19.3 %

Morphological and syntactic analysis

5.6 %

Other

9.85 %

Optical character recognition

2.8 %

Sign language recognition

Figure 1: per sub-field in NLP

1

And many more ⇒ https://github.com/sinaahmadi/awesome-kurdish
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Kurdish Language Processing: What is wrong?

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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Figure 1: per sub-field in NLP

1

Number of scientific publications directly related to KLP per year and field
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Kurdish Language Processing: What is wrong?
Many projects overlap significantly, yet
none of them provide a solution under any
open-source license

Stemming is addressed at least six times
[Jaff, 2014, Salavati and Ahmadi, 2018,
Mustafa and Rashid, 2018,
Saeed et al., 2018, Hawezi et al., 2019,
Ahmadi, 2020e]

Some are hardly integrable or inter-operable
A large-scale morphological lexicon and a part-of-speech tagger for Kurdish within
the Alexina framework [Walther and Sagot, 2010]

Released in an unorganized manner for individual tasks
Example: a transliteration tool for Kurdish [Ahmadi, 2019a]

Under-represented variants
A lack of involvement of the Kurdish linguists
No funded project
Kurdish is still a less-resourced language
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Kurdish Language Processing: a few projects

Wîkîferheng: https://ku.wiktionary.org

Wîkîpediyaya kurdî: https://ku.wikipedia.org

VejînLex: https://lex.vejin.net/en
Importance of Kurdish for the Tech Giants

Google: https://translate.google.com
Microsoft: https://www.bing.com/translator
Meta:
https://ai.facebook.com/research/no-language-left-behind

Kurdish Computational Linguistics Course:
https://sinaahmadi.github.io/KurdishCL
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KLP: Kurdish Language Processing Toolkit

a basic but extendable language processing toolkit
an effort to standardize Kurdish language with all its dialects and scripts
implemented in Python
inspired by the functionality of relevant NLP toolkits, e.g. NLTK and spaCy
no external NLP library is used in this toolkit
composed of core modules for Sorani and
Kurmanji for the following tasks:

text preprocessing
stemming
lemmatization
spelling error detection and correction
transliteration
morphological analyzer and generator
tokenization

it is open-source!
→ https://github.com/sinaahmadi/klpt
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KLP: Which tasks to be addressed next?

co-reference
resolution

topic segmentation

part-of-speech
tagging

chunking

syntactic analysis

named-entity
recognition

semantic parsing

word-sense
disambuation

annotated lexical
databases

electronic multilingual
lexicons

syntactic treebanks

semantically
annotated corpora

multidialect WordNet

multilingual aligned
corpora

semantic resources,
particularly Framenet

and Verbnet

speech corpus

machine translation

sentiment analysis

natural language
generation

text summarization

dialogue system

automated speech
recognition

information retrieval

hate speech and fake
news detection

Tools Resources Applications
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Conclusion

Lessons learned:
release your project under an open source license→ essential to ensure gradual
but efficient progress in resource and technology development for a less-resourced
language
community-driven initiatives → bring together users, developers, researchers,
language activists and policy makers
raise awareness by promoting good practices in content creation on the Web,
particularly collaboratively-curated resources such as Wiktionary1 and Wikipedia2

every single user is a contributor too
time to reconcile linguistics with computational methods for Kurdish

Future directions:
promote and extend technology for KLP
create a community of developers and linguists for KLP
train future professors and researchers in the field ⇒ needs $$$

1https://en.wiktionary.org

2https://www.wikipedia.org/
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And, the takeaway point is …

“An endangered language will progress if its speakers can make use
of electronic technology.”

– David Crystal (Language death, p.13)
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Recommended readings

Linguistics
Routledge book series on linguistics (link)

Computational Linguistics
Speech and Language Processing (link)
The Handbook of CL & NLP (link)

Kurdish Linguistics
Sorani & Kurmanji reference grammars (W. M. Thackston)
(link)
Kurdish dialect studies (Mackenzie, D. N.) (link)

Programming in Python
https://www.learnpython.org
Natural Language Processing with Python (link)
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Thanks!

Spas!

https://github.com/sinaahmadi/klpt
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