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ABSTRACT 

 
We are venturing into the next phase of digital divide (unequal access to digital technology), where 

the languages which are not ready for Natural Language Processing (NLP) are at the most risk of 

losing out on the developments in the fields of Speech and Language technologies. This has 

brought forth a big gap between the readiness of different languages in terms of taking advantage 

of the recent developments in the field of computational technologies.  

Common Language Resources and Technology Infrastructure (CLARIN) - a large-scale 

pan-European collaborative effort to create, coordinate and make language resources and 

technology available and readily usable, has developed the Basic Language Resource Kit 

(BLARK) model to assess the readiness for speech and language technology developments in any 

language.  

Punjabi, despite being a major language with millions of native speakers and a significant 

diaspora population around the world, has received limited attention in the computational 

technologies. The thesis aims to provide a comprehensive overview of the existing resources, tools, 

and techniques for Punjabi NLP, as well as to identify the gaps and opportunities for future research 

using BLARK model as a framework. The thesis, after giving the current (sorry) state of Punjabi 

in terms of its readiness for computation technologies, concludes with some suggestions for 

directions and effort which are needed for making Punjabi ready for development of speech and 

language technologies. The thesis contributes to the field of Punjabi language processing by 

proposing a generic model for comparing and enhancing Punjabi linguistic resources. 
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CHAPTER 1:  INTRODUCTION 

This chapter will give a brief introduction to the research work presented in this thesis. It will begin 

by outlining the background to the research questions addressed and offering a short justification as 

to why these questions are important. The questions addressed will then be presented and a list of 

the contributions arising from the investigations will be given. Finally, the structure of the 

remainder of the thesis will be presented. 

1.1 Background to the Research 

The thesis work will mainly focus on the analysis of the resources that are already available and the 

tools and algorithms required for Gurmukhi Punjabi. The aim of this study is to provide insights 

into the various linguistic resources, tools and state-of-the-art techniques applied to the processing 

of Gurmukhi Punjabi. 

Punjabi is written in two different scripts - Gurmukhi and Shahmukhi, which I have 

explained in detail later in chapter 2. It has millions of native speakers, the language is spoken 

among a significant overseas population, particularly in Canada, the United States, and the United 

Kingdom. Gurmukhi Punjabi, being my mother tongue, my thesis will only focus on it. Despite 

having such a large diaspora, limited work has been done for Gurmukhi Punjabi in the field of 

Natural Language Processing (NLP) which includes factors like complex linguistic facts and the 

inclusion of prevalent dialects. Using Punjabi as an example case, this thesis provides the gap 

analysis of lack of tools and techniques for Punjabi language processing and also describes and 

motivates the adaptation of the Basic LAnguage Resource Kit (BLARK) approach for less-

resourced languages, based on readily available linguistic resources and how the end-user 

applications can provide benefit to the language communities. A generic model would be prepared 
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which would highlight the fundamental tools that are required for Punjabi that could assist to build 

applications like computer-assisted language learning, access control, speech input, speech output, 

dialogue systems, document production, information access and translation.  

1.2 Questions Addressed 

Publishing software tools equipped with features related to language processing is an active area of 

investigation. The thesis investigates the different levels of resource requirement for Punjabi as a 

low-resource language. Thus, the research questions are: 

1. What is Gurmukhi Punjabi? 

2. What are Natural Language Processing and Computational Linguistics? 

3. What are low resource languages and how can we categorize a language as a low resource? 

4. What has been done on Natural Language Processing (NLP) in Punjabi/what resources are 

available? What remains to be done? 

5. How can (4) be done? Why is it important? 

Since, I am expanding Arabic and Dutch Basic LAnguage Resource Kit (BLARK) on different 

grounds, taking Gurmukhi Punjabi as an example, so I am adapting the above questions from the 

research done for Dutch and Arabic. The first two questions focus on giving background to 

research, describing what Punjabi is and explaining Natural Language Processing (NLP) in general. 

The third question is particularly about what low resource languages are and then the fourth 

question will evaluate the existing and required Gurmukhi Punjabi language resources, tools and 

applications. The fifth question will define the possible roadmap to how the required things can be 

achieved.  
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1.3 Importance of this case study 

It might seem reasonable to have only a few languages like English or French to do fine in the 

digital world, so why bother with other languages? However, building Natural Language Processing 

(NLP) applications for such languages can at the same time reinforce the ties between the world and 

ensure its diversity (Sciforce 2019). I have mentioned some of the reasons in the following sections. 

1.3.1 Preservation 

People throughout the world have been using computers and the internet in their own languages. 

Despite the fact that India produces one-fourth of world engineers (M. Ghosh 2018), still Indian 

users and Punjabi users, in particular, have been left with the only option which is to use the internet 

in English. To ameliorate the socioeconomic environment of a country, it inevitably becomes 

important to support the native languages in technological environments. The need for language-

based content and technology has to be addressed. Society at large can benefit from Information 

Technology effectively if people can communicate with computers in their own languages. Barely 

70 % of the Indian population is literate, of which only an elite minority (~10%) can read, write, 

and speak the English language. This leaves out most of the Indian population to access worldwide 

and thus, it is essential to have an interface that supports the local language in written and spoken 

technologies so that it can cater for the needs of illiterate and semi-literate sections of the 

population. “You lose a language, you lose a culture” (Oregonian/OregonLive 2022), the status of 

culture and language of Gurmukhi Punjabi is unique and special status is accorded to Punjabi 

community in India, a status that recognizes distinct cultural, economic and political rights, 

including the right to continue separate identities and Gurmukhi Punjabi form the basic medium for 

https://www.zotero.org/google-docs/?5e5ByA
https://www.zotero.org/google-docs/?EW7sON
https://www.zotero.org/google-docs/?GdneCw
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the transmission, and thus survival of Gurmukhi Punjabi culture, literature, history, religion, 

political institutions, and values is important. 

1.3.2 Software applications 

Natural Language Processing (NLP) tools are good to have, and they hold the potential to be useful 

in language revitalization. Sometimes even languages that were deemed to be extinct come back to 

thrive. Revival of Hebrew is one of the examples, and with the help of Natural Language Processing 

(NLP) techniques such revival can be sped up drastically (Oregonian/OregonLive 2022). 

Revitalization of language can be established through education and accessibility. Availability of 

language technologies paves the way to practice the language and ensures the continuation of 

language usage. Language tools are more accessible to young people. Keyboards in mobile phones 

can be taken as a rudimentary example, if they are available in local languages, it can help the 

people especially the youth to learn and practice in their own native languages and also, they can 

exchange text messages or post content on social media in their native language, thus, escalating the 

usage of the language.  

1.3.3 Knowledge expansion 

Corpus linguistics, which is used as the base for any Human Language Technologies (HLT) 

application or module, does not tell if the information is correct, incorrect or possible. It usually 

contains the most common words used in the language or common phrases or what tenses people 

use most frequently. New developments in Natural Language Processing (NLP) might be helpful in 

flashing insights by comparing more diverse languages. 

https://www.zotero.org/google-docs/?81heDr
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1.3.4 Monitoring demographic processes 

Punjabi has approximately 109 million speakers (“Pakistan Bureau of Statistics” 2017; 

“Government of India” 2011) and is spoken among a significant overseas diaspora, particularly in 

the United States, United Kingdom and Canada. Given the large population and geographical 

territory, Punjabi has a large magnitude of dialectical variations, with speakers often able to 

determine the city in which a person resides based on their pronunciation and word choice. The 

worldwide proliferation of digital communications has created the need for language and speech 

processing systems for Punjabi. With availability of small data sets and large morphological 

inflexion, Punjabi is facing challenges in developing such systems.  

1.4 Contribution to the Research 

The thesis aims to provide a comprehensive overview of the existing resources, tools, and 

techniques for Punjabi NLP, as well as to identify the gaps and opportunities for future research. It 

highlights the Basic Language Resource Kit (BLARK) concept and defines the BLARK approach 

to the needs of Punjabi language. The BLARK is an approach proposed by Krauwer (2003) and 

Binnenpoorte et al. (2002) for establishing a roadmap for Human Language Technologies (HLT) for 

a given language, based on this scheme, gaps will be identified and reported. Strategies for filling 

the gaps will be explained to the major stakeholders of Gurmukhi Punjabi. The outcome of this task 

will allow us to make suggestions for missing essential resources for Punjabi language. Also, 

criteria that allow us to assess the quality of language resources and tools will be established, thus 

enabling the scholars and researchers to set priorities which also consider the concrete needs of 

projects for low-resource languages like Punjabi. The BLARK schema and its prototypical 

application to Punjabi will be presented in a report. The major contributions are as follows: 

https://www.zotero.org/google-docs/?ZxnSMh
https://www.zotero.org/google-docs/?ZxnSMh
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1. To effectively incorporate different information (such as parallel data or language 

relatedness) to the BLARK model, along with the annotated data.  

2. To analyze many language technology solutions for low-resource scenarios such as 

annotation mapping and limited resources such as monolingual data, bilingual dictionaries, 

and speech recordings for Punjabi. 

3. To identify the modules and data that are needed to build Natural Language Processing 

(NLP) applications.  

4. To survey work done for Punjabi language processing and to show that scattered work has 

been done but there is little unification. Also, there is scarcity of linguistic resources and 

open-source software for Punjabi.  

1.5 Report Structure 

The thesis is structured as follows. Chapter 2 and Chapter 3 lists the background needed to 

understand the thesis, consisting of a brief introduction to Punjabi language and how Natural 

Language Processing (NLP) works with the languages.  

Chapter 4 focuses on the definition of low resource language and BLARK. It introduces the 

concept of a unique Basic Language Resource Kit (BLARK) for the Natural Language Processing 

(NLP) and machine learning and explains in more detail what is meant by the term, and why 

creation is considered as a necessary element for developing and building Natural Language 

Processing (NLP) tools. It provides an overview of the creation of the original BLARK and 

previous approaches to the task of defining such a language resource kit.  

Chapter 5 presents the prototypical application of the BLARK schema for Punjabi and gives an 

overview of the existing Natural Language Processing (NLP) tools for Punjabi. It describes how the 
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lack of development of a corpus and building of a lexicon for Punjabi language is the one of reasons 

why Punjabi is an under-resourced language.  

Chapter 6 compares language resources and tools available for the individual languages. 

Indian languages like Hindi, Tamil, Bengali or Marathi are compared with Dutch and Arabic. The 

chapter sketches out that if building BLARK for Arabic can help to enrich the language, the same 

can be done with Punjabi too.  
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CHAPTER 2: INTRODUCTION TO PUNJABI 

Punjabi (Panjabi) is an Indo-Aryan language belonging to the Indo-European language family’s 

Indo-Iranian subgroup. It has been classified to the CENTRAL group under the INNER sub-branch 

of Indo-Aryan languages under NIA sub classification scheme (Masica 1991). It is natively spoken 

by the Punjabi people in Pakistan and India. Punjabi has approximately 109 million native speakers 

and with Pakistan having 76,629,082 million native speakers and India having 22,124,726 million 

native speakers (“Pakistan Bureau of Statistics” 2017; “Government of India” 2011). As already 

mentioned in Chapter 1, there are two main varieties of Punjabi: Eastern Punjabi which is written in 

Gurmukhi script and Western Punjabi, which is written in Shahmukhi script, each of which has a 

number of dialects. Eastern Punjabi is spoken mainly in India in the states of Punjab, Chandigarh, 

Haryana, Himachal Pradesh, Kammu and Kashmir, and Rajasthan. Western Punjabi is spoken 

mainly in Punjab province in Pakistan, and in Punjab state and Jammu and Kashmir state in India. It 

is also known as Lahanda, Lahnda or Lahndi (Hussain et al. 2020, 283). The language is spoken 

among a significant overseas population, particularly in Canada, the United States, and the United 

Kingdom. 

https://www.zotero.org/google-docs/?PcO6qA
https://www.zotero.org/google-docs/?tKuTA4
https://www.zotero.org/google-docs/?1fVhve
https://www.zotero.org/google-docs/?1fVhve
https://www.zotero.org/google-docs/?1fVhve
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Figure 1: Map of Eastern (India) and Western (Pakistan) Punjab (Hussain 2020, 283) 

A full-scale version of this map is on page 126. 

The etymology of both names Punjabi and Punjab comes from the Persian words for ‘five’ ( جنپ  - 

panj) and ‘water’ ( بآ  - ab) and refers to the five major eastern tributaries of the Indus River that 

flow through Punjab: the Chenab, Jhelum, Ravi, Sutlej and Beas (Ager 2023). Gurmukhi Punjabi is 

one of India’s 22 official languages and it is the first official language in Punjab, India. It is the 

medium of everyday communication in the Indian state and is used in education, government, 

business and media. It is the religious language of the Sikhs and popular Bhangra folk dance and 

singing. In Pakistan, Punjabi is the second most widely spoken language but has no official status 

(Ager 2023). While in India, Punjabi is widely used in movies and news industries, in Pakistan, it is 

only used in a few radio and television programs.  

As shown in Table 1, in India, Punjabi is written with the Gurmukhi (ਗੁਰਮਖੁੀ) script, while 

in Pakistan it is written with a version of the Urdu script known as Shahmukhi ( یھکم هاش ). 

https://www.zotero.org/google-docs/?4CxGga
https://www.zotero.org/google-docs/?yfs8c0
https://www.zotero.org/google-docs/?fgJlXG
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Linguistically written standard for Punjabi in both India and Pakistan is known as Majhi (ਮਾਝੀ/ 

ھجام ), which is named after the Majha region of Punjab (Ager 2023).  

Table 1: Table shows the two different scripts to write Punjabi. 

Script Description 

Gurmukhi Within the Indian state of Punjab, Sikhs tend to use the 
Gurmukhi script. 
Example: 
 ਹਾਂ ਜੀ, ਦੇਵਨਾਗਰੀ ਿਵਚ ਪੰਜਾਬੀ ਿਲਖ ੀ ਜਾ ਸਕਦੀ ਹੈ 

Shahmukhi Punjabis in Pakistan use a modified Arabic script called 
Shahmukhi, a modified version of the Persian script. It is written 
from right to left. Example: 

ےہ یدکس اج یھکل یباجنپ چوِ یرگانوید،یج ںاہ  
 

2.1 Gurmukhi script (ਗੁਰਮੁਖੀ) 

The Gurmukhi script is used to write the Punjabi language in India Punjab. It is the language of 

Sikhs in which the holy book of Sikhism, Guru Granth Sahib, is written. Gurmukhi developed from 

ancient Brahmi script but was standardized by the second Guru of Sikhs, Guru Angad Dev Ji, 

during the 16th century (1504-1552). According to the Oxford dictionary and many other resources 

the nomenclature ‘Gurmukhi’ literally means "from the mouth of guru" (“Oxford University Press” 

2023) but Bhardwaj (2016) claims that the name Gurmukhi comes from the Punjabi word 

“gurmukh”, meaning ‘guru-oriented’ or ‘pious’ and now used mostly for a devout Sikh. The word 

“gurmukh” is older than Sikhism and is found in writings of Hindu saints who predate Guru Nanak 

Dev, the first guru of Sikhs. Guru Angad Dev did not “invent” this script. All the traditional thirty-

five letters and other symbols used in Gurmukhi already existed and are mentioned by Guru Nanak 

Dev in a hymn in Srī Gurū Granth Sāhib (Bhardwaj 2016, 15). Gurmukhi also refers to its use in 

https://www.zotero.org/google-docs/?c0I2sV
https://www.zotero.org/google-docs/?1rVXA7
https://www.zotero.org/google-docs/?1rVXA7
https://www.zotero.org/google-docs/?XC8mJl
https://www.zotero.org/google-docs/?H75VEh
https://www.zotero.org/google-docs/?H75VEh
https://www.zotero.org/google-docs/?H75VEh
https://www.zotero.org/google-docs/?bMzgmw
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Adi Granth which includes various hymns and compositions of Sikh Gurus of fifteenth, sixteenth 

and twentieth centuries. Some of the hymns are composed by Sufi Muslim and Hindu saint-poets as 

well (Gill 1996). As mentioned in the above section, it is written from left to right. The characters 

are aligned below the line of writing and the words are separated by spaces. 

2.2 Orthography Features 

I am shedding light on orthographic features of Gurmukhi Punjabi in this section. I have taken all 

the information from Omniglot (Ager 2023) and (Bhardwaj 2016).  

2.2.1 Consonants 

The Gurmukhi Punjabi belongs to the north-western group of the scripts of the Brahmi family and 

thus relates to the major Indian scripts such as Devanagari, Bangla, Gujarati, Tamil, Telugu, 

Kannada and Malyalam as well as to the Thai. It is neither purely alphabetic like the Latin alphabet 

nor purely syllabic but, is a nice synthesis of the two, known as an alpha-syllabic system. A chart of 

the Punjabi letters is given below with the name of each letter shown in the Punjabi script itself and 

in phonetic transcription. The Gurmukhi alphabet contains thirty-five base letters also known as 

“akkhara”, (plural - akkharā̃). Gurmukhi is an abugida script, i.e consonants carry an inherent 

vowel, a sound which is used with each unmarked basic consonant symbol. To exemplify, /ə/ after a 

consonant is not written, but is it an inherent part of the consonant letter, so /kə/ is written by simply 

a consonant letter <ਕ>. Certain consonant clusters are written with special conjunct symbols which 

are used to combine the essential parts of each letter, similar to those of Devanagari (Gill 1996). For 

example, ka<ਕ> + ga<ਗ> = kàggā<ਘ>; ca<ਚ> + <ਜ>ja = càjjā<ਝ>; ṭa<ਟ>+ ḍa<ਡ>= ṭàḍḍā<ਢ> 

https://www.zotero.org/google-docs/?bMzgmw
https://www.zotero.org/google-docs/?bMzgmw
https://www.zotero.org/google-docs/?bMzgmw
https://www.zotero.org/google-docs/?g8J1Am
https://www.zotero.org/google-docs/?FeA0YM
https://www.zotero.org/google-docs/?pwzXLE
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Some characters have diacritics, which can appear above, below, before or after the consonant to 

which they belong (Gill 1996). Some letters have a dot diacritic to represent marginal consonants. 

In Table 2, each row in the chart represents a place of articulation and each column a manner of 

articulation. All the consonants are basically stop consonants i.e the flow of the outgoing breath is 

stopped in the mouth.These technical terms are explained below.  

a. Place of articulation 

l Velar - Back of the tongue touches the palate and outgoing breath is stopped. 

l Palatal - The front part of the tongue touches the hard palate behind the gum. 

l Retroflex - The underside of the curled tongue touches the hard palate. 

l Dental - The tip of the tongue touches the upper teeth. 

l Bilabial - The upper and lower lip is closed to stop the flow of the air. 

b. Manner of articulation 

l Voiceless - The vocal cords do not vibrate. 

l Voiced - Vocal cords vibrate and create buzzing sound. 

l Unaspirated - The consonant is released with little or no puff of air. 

l Aspirate - The flow of air is very strong, and the consonant is released with a strong 

puff of air.  

l Nasal - The flow of air is through the nose rather than the mouth. 
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Table 2: Gurmukhi letters (Gill 1996; Bhardwaj 2016) 

 Vowel-bearers Fricatives 

 Name Sound 
[IPA]1 

Name Sound 
[IPA]1 

Name Sound 
[IPA]1 

Name Sound 
[IPA]1 

Name Sound 
[IPA]1 

 ੳ 
ūṛā 
– 

ਅ 
aiṛā 

/a/ ੲ 
īṛī 
– 

ਸ 
sassā 

/sa/ ਹ 
hāhā 

/ha/ 

OCCLUSIVES 
→ 

Voiceless Voiced Unaspirated Aspirate (Tonal) Nasals 

Velar ਕ 
kakkā 

/ka/ ਖ 
khakkhā 

/kha/ ਗ 
gaggā 

/ga/ ਘ 
kàggā 

/kà/ ਙ 
ṅaṅṅā 

/ṅa/ 

Palatal ਚ 
caccā 

/ca/ ਛ 
chacchā 

/cha/ ਜ 
jajjā 

/ja/ ਝ 
càjjā 

/cà/ ਞ 
ñaññā 

/ña/ 

Retroflex ਟ 
ṭaiṅkā 

/ṭa/ ਠ 
ṭhaṭṭhā 

/ṭha/ ਡ 
ḍaḍḍā 

/ḍa/ ਢ 
ṭàḍḍā 

/ṭà/ ਣ 
nāṇā 

/ṇa/ 

Dental ਤ 
tattā 

/ta/ ਥ 
thatthā 

/tha/ ਦ 
daddā 

/da/ ਧ 
tàddā 

/tà/ ਨ 
nannā 

/na/ 

Labial ਪ 
pappā 

/pa/ ਫ 
phapphā 

/pha/ ਬ 
babbā 

/ba/ ਭ 
pàbbā 

/pà/ ਮ 
mam
mā 

/ma/ 

SONARANTS 

Frictionless 
continuants 

→ 

ਯ 
yayyā 

/ya/ ਰ 
rārā 

/ra/ ਲ 
lallā 

/la/ ਵ 
vāvā 

/va/ ੜ 
ṛāṛā 

/ṛa/ 

SUPPLEMENTARY CONSONANTS 

ਲ਼ 
lalle 
pair 

bindī 

/ḷa/ ਸ਼ 
sasse 
pair 

bindī 

/śa/ ਜ਼ 
jajje pair 

bindī 

/za/ ਖ਼ 
khakkhe 

pair 
bindī 

/xa/ ਫ਼ 
phapphe 

pair 
bindī 

/fa/ ਗ਼ 
gagge 
pair 

bindī 

/ġa/ 

 

1 The International Phonetic Alphabet (IPA) is an alphabetic system of phonetic notation based primarily on the Latin 
script (“International Phonetic Alphabet (IPA) Britannica” 2023). 

https://www.zotero.org/google-docs/?b8JCuU
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2.2.2 Vowel bearer letters 

Gurmukhi Punjabi has inherent vowels. Punjabi uses 9 combining marks for the vowels, as seen in 

the table below, also known as 9 dependent vowel signs. Using these combining marks and three 

bearer characters: Ura <ੳ> phonetically corresponding to /ʊ/, Aira <ਅ> pronounced as /ə/ and Iri 

<ੲ> pronounced as /ɪ/, dependent vowels are created as shown in the Table 3.  Except for Aira 

independent vowels are never used without additional vowel signs. Vowels are written as 

independent letters, when they appear at the beginning of a syllable. The system of the Punjabi 

vowels is best discussed with the help of the following topological map showing which part of the 

tongue is raised to what height in order to change the shape of the resonance chamber in the mouth 

to achieve a distinct acoustic quality for the sound of each vowel. 

 

 

Figure 2: Gurmukhi Punjabi Vowels (Bhardwaj 2016, 49) 

The Punjabi vowels can first be divided into two groups – high and low. The high vowels can be 

further divided into front and back vowels. The high front vowels are written by adding vowel 

symbols to the vowel bearer letter <ੲ>, the high back vowels are written by adding vowels symbols 

https://www.zotero.org/google-docs/?MWyHN1
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to the vowel bearer letter <ੳ>, and the low vowels (irrespective of their front or back position) are 

written by adding vowel symbols to the vowel bearer letter <ਅ>. 

An important thought to keep in mind is in English each vowel can be used with different 

sounds but the same does not hold true for Punjabi. In Punjabi, each vowel accent creates only one 

specific vowel sound. For example, in English, the symbol <a> can represent different sounds as in 

the word base [beis] and in the word father [faðər]. In Punjabi, each vowel accent creates only one 

vowel sound so two different vowel accents would create these two sounds. A consonant letter in 

Punjabi does not stand for a consonant sound but for the syllable “consonant+a”. This is why the 

symbol for the Punjabi vowel <ਅ>, /a/ is regarded as invisible. The Punjabi name for this invisible 

vowel symbol is “Mukta”, ‘liberated’ because it’s pure liberated soul is free from all earthly 

blackness. The names of the visible vowel symbols of Punjabi are as follows in the table 3. 

Table 3: The table represents the Punjabi vowel symbol and independent vowels. 

Vowel symbol ਅ 
mukḁtā ◌ਾ 

kannā 
ਿ◌ 
siā̀rī 

◌ੀ 
biā̀rī 

◌ੁ 
auṅkaṛ 

◌ੂ 
dulaiṅkaṛ 

◌ੇ 
lā̃/lāvā̃ 

◌ੈ 
dulāvā̃ 

◌ੋ 
hoṛā 

◌ੌ 
kanauṛā 

Punjabi Independent 
vowel 

ਕ ਕਾ ਿਕ ਕੀ ਕੁ ਕੂ ਕੇ ਕੈ ਕੋ ਕੌ 

 

 

The following list shows where vowel signs are positioned around a base consonant to produce 

vowels, and how many instances of that pattern there are. 

l Pre-base comes before the base consonant, eg. ਿਕ 

l Post-base comes after the base consonant, eg. ਕੀ 

l Superscript comes at the top position of base consonant, eg. ਕੇ 
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l Subscript come at the bottom of base consonant, eg. ਕੁ 

At maximum, vowel components can occur concurrently on 1 side of the base. 

2.2.3 Nasalisation 

Gurmukhi script uses two different diacritics to indicate nasalisation.  

● ◌ੰ [Tippi] is used with vowels a, i, u, and with final ū, eg. banda <ਬੰਦਾ>. 

● ◌ਂ [Bindi] is used for all other vowels, eg. Śānta <ਸ਼ਾਂਤ>. 

The consonants can be geminated (doubled). The above diacritics can be used to indicate doubling of m 

or n, eg. Lammā <ਲੰਮਾ>, here the tippi diacritic and the consonant m are used to signal gemination. 

2.2.4 Tone 

Punjabi is tonal language which uses alteration in pitch to convey different words rather than just 

using consonants and has three tones high falling, low rising and level. The letters haਹ>, gha<ਘ>, 

jha<ਝ>, ḍha<ਢ>, dha<ਧ> and bha<ਭ> have a level tone when at the beginning or a word of 

syllable, and a high falling tone when elsewhere. The conjuncts gha<ਗS>, jha<ਜS>, ḍha<ਡS>, dha<ਦS> 

and bha<ਬS> have a level tone when at the beginning or a word of syllable, and a low rising tone 

when elsewhere. The different levels of tones explained are as follow: 

● High falling: - This tone is marked by the letters ਘ /g’à/  ਝ /j’à/, ਢ /t.’à/ ਧ /t’à/ 

ਭ/p’à/. If these consonants are placed in front of the word they are pronounced as 

tonal forms of the first consonant but if they occur in the middle or at the end of a 

consonant they are pronounced as voiceless unaspirated stops for example: -ਘ is 

/k’à/ in the front but /g’à/ in the middle or at the end.  
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● Low rising: - This tone is indicated by the letter ਹ /haha/ which increases the 

pitch.  

● Level(medium) tone: - It is the normal tone which every non tonal language uses. 

● Some example of high falling (HFT) v/s low level tone (LLT).:- ਕਰ (do)(LLT)/ਘਰ 

(HFT)(home), ਕੜਾ(bracelet)(LLT)/ਘੜਾ( pot) (HFT). Some examples of low rising 

(LRT) v/s level tone (LLT) :- िਕੰਨਾ(how much)(LLT)/ िਕੰਨSਾਂ(who (plural))(LRT). 

There is another set of examples that signifies the importance of tone in punjabi, 

eg,. -- ਝਾ /chá/ "peep", ਚਾ /cha/ "desire", ਚਾਹ /chà/ "tea"  and ਘਡ਼ੀ /káṛī/ "watch", 

ਕਡ਼ੀ /kaṛī/ "link of a chain", ਕਡ਼Sੀ /kàṛī/ "curry". 

Table 4:  Example of one word having different tones. 

Low Tone  Level Tone  High Tone 

ਘਡ਼ੀ Ghadi Watch ਕਡ਼ੀ kadi Link of chain ਕਡ਼ੀ kadhi Turmeric curry 

 

2.2.5 Glyph shaping and positioning. 

Glyph is the specific shape, design or representation of the character (Strizver 2011). The 

orthography has no case distinction. There are no capital letters in Punjabi (Jain et al. 2021, 808). 

For example, in English, in proper names - Peter else peter but in Punjabi its only written as 

“ਪੀਟਰ”. Also, there is no apostrophe or other symbols in Punjabi to identify possessive nouns (Jain 

et al. 2021). Within a Gurmukhi word, spacing glyphs are joined together at the top bar 

(shirorekha). The top bar extends across or through most spacing letters, including both consonants 

and vowels, but some letters create a gap in the line (while still joining at either side). Also, Punjabi 

https://www.zotero.org/google-docs/?nSRFKc
https://www.zotero.org/google-docs/?UAdzsy
https://www.zotero.org/google-docs/?UAdzsy
https://www.zotero.org/google-docs/?UAdzsy
https://www.zotero.org/google-docs/?LZE0fe
https://www.zotero.org/google-docs/?LZE0fe
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language has postpositions rather than prepositions and paraphrases (Jain et al. 2021), For example., 

“Naśē dī lata lagaṇā” which means “addiction to drugs” vs. “Naśēṛī” which translates as “drug 

addict”.  

2.3 Dialects of Punjabi 

Punjabi expatriates around the world speak a creolized form of the language that is increasingly 

deviating from the norms of Punjabi spoken in India and Pakistan. Commonly recognised Punjabi 

dialects include Majhi (the standard), Doabi and Malwai (“Punjabi Dialects and Languages” 2023). 

These dialects are represented in four different regions of Punjab, that is, Majha, Malwa, Doaba 

respectively.  

 

 

Figure 3: The figure shows the geographical map of Punjab and dialects used in Punjab. 

https://www.zotero.org/google-docs/?m78Cle
https://www.zotero.org/google-docs/?n5Bb8U
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2.4 Where do Punjabi speakers live?  

In some cases, community members still all reside in their same traditional territory. Many speakers 

and learners are found far from their traditional territory, having migrated to urban centers in search 

of better economic opportunities.  

As foreign dreams have always fascinated Punjabis, according to figures presented in the India Lok 

Sabha by the minister of state for external affairs V Muraleedharan approximately 4780 thousand 

people from Punjab have moved to foreign countries from January 2016 till April 2022 and out of 

which 2.62 are students (S. Verma 2021). According to Christopher Kerr, director of Operations for 

Immigration, Refugees and Citizenship Canada (IRCC), there had been an increase of 400 percent 

in the number of youth migrating to Canada in the year 2021 and 2022 itself. He said Punjabis who 

made 2.3 per cent of the country’s population constituted 60 per cent of the migration to Canada 

(“Punjabis Contributed to 60% Migration to Canada” 2020). Punjabi is third most common 

language in Canada. Recent statistics (“Punjabi Becomes Third Language in Canada’s House of 

Commons” 2015) state that there are approximately more than 400,000 Canadians that identify 

Punjabi as their mother tongue.  

2.5 To what extent does a standard and agreed-upon written form of the language exist?  

Since the 10th century, in both Pakistan and India, the most common dialect used is Majhi. But 

from the mid-19th century, Punjabi has spread around the world and has incorporated local 

vocabulary from the regions where Punjabi emigrants have established themselves. While the 

language borrows heavily from Urdu, Hindi, Sanskrit, Persian and English, there are loanwords 

https://www.zotero.org/google-docs/?NUfpED
https://www.zotero.org/google-docs/?yYDYLP
https://www.zotero.org/google-docs/?CujmMS
https://www.zotero.org/google-docs/?CujmMS
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from Spanish and Dutch in the evolving Modern Punjabi. Some similar words are depicted in the 

following table - 

Table 5: The table represents examples of Punjabi loanwords from other languages. 

English Spanish Hindi Sanskrit Punjabi 

Soap Jabón (Habon) Sabun/साबुन Fenak/फेनक Saban/ਸਾਬਣ 

Young Joven (Hoven) Jawan/युवा Yauvana/युवा Jawan/ਜਵਾਨ 
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CHAPTER 3: WHAT IS COMPUTATIONAL LINGUISTICS? 

For a language to be used digitally, it must have computational resources. This chapter will 

introduce Natural Language Processing and Computational Linguistics. I will discuss the important 

resources and tools required for the development of digital language. 

3.1 Natural Language Processing and Computational Linguistics 

Natural Language Processing (NLP) is the branch of computer science, more specifically, the 

branch of artificial intelligence or AI, that strives to build tools that give the machine the ability to 

understand text and spoken words and respond with text or speech of their own just like the humans 

do. NLP combines computational linguistics with statistical, machine learning, and deep learning 

models. Together, these technologies enable computers to process human language in the form of 

text or voice data and to ‘understand’ its full meaning, complete with the speaker or writer’s intent 

and sentiment (Tsujii 2021). 

With the aid of NLP, computer programs translate text from one language to another, 

respond to spoken commands, and summarize large volumes of text rapidly—even in real time.   

Several NLP tools break down human text and voice data so that it can help the computer make 

sense of the input fed to it. Since, in NLP, resources and tools are inextricably interlinked, in the 

sections below I will discuss both resources as well as tools. While an exposition of all possible 

NLP tools is beyond the scope of this thesis, I would go into depth with only some of the important 

resources and tools (Tsujii 2021). 

Before I dive into further details of language resources and NLP tools, I want to point out 

the fact that developing NLP tools for any language is not an easy task nor is it a matter of 

developing a finite set of tools. Richard Littauer (2018) figured out one difficulty in this process is 

https://www.zotero.org/google-docs/?T0X2rL
https://www.zotero.org/google-docs/?MK8kzT
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finding out what has been done before, to avoid duplicated work. It is a continuous process that 

involves consistent development, generally involving dozens of linguistics and software developers 

working on various parts of the process. It is to solve this need that resource aggregators exist. 

3.2 Resource Aggregators  

For a linguist, linguistic practitioner, or language activist, it is a tedious task to find language 

resources. To solve this issue there are many organizations and databases where it is easier to find 

resources such as dictionaries, academic references, and software for low resource languages. Some 

of the major examples are as follows. 

3.2.1 The Unicode Common Local Data Repository (CLDR)  

This project provides the largest and most extensive standard repository of locale data available. 

Organizations like Google, IBM, Apple use this data for their software internationalization and 

localization, adapting software to the conventions of different languages for such common software 

tasks (“Unicode CLDR”).   

3.2.2 Ethnologue  

Ethnologue, which is both a book (Lewis et al., 2009) and an online resource, is the most 

comprehensive resource describing the world’s languages, such as population, size and the general 

geographic locations of speakers. It is published by SIL International, an evangelical Christian non-

profit organization. Ethnologue gives your insight into each of the world’s nearly 7,500 known 

languages — whether used daily by people or existing only as a memory of cultural heritage. The 

https://www.zotero.org/google-docs/?UmmdhD
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documented number is in constant flux because languages are living and dynamic. It is considered 

the most authoritative source on the languages of the world. 

3.2.3 Glottolog 

Glottolog is an open-source alternative to Ethnologue, developed at the Max Planck Institute for 

Evolutionary Anthropology. It has over 180,000 references, with information on over eight 

thousand languages (Hammarström et al. 2015). Sebastian Nordhoff and Harald Hammarström 

created the Glottolog/Langdoc project in 2011 (Nordhoff and Hammarstrom 2012). The creation of 

Glottolog was motivated by a lack of comprehensive language bibliography. Glottolog provides a 

catalog of the world's languages and language families and a bibliography on the world's less-

spoken languages. It tries to accept only those languages that the editors have been able to confirm 

both exist and are distinct. Bibliographic information is provided, especially for lesser-known 

languages. 

3.2.4 Omniglot 

Omniglot was set up in 1998 by Simon Ager who has been maintaining and developing the site 

since then. Many other people have made contributions of new material, corrections and 

suggestions. It is the online encyclopedia of writing systems and languages that contains 

information on writing systems for around a thousand languages. It provides details about 345 

writing systems, including Abjads, Alphabets, Abugidas, Syllabaries and Semanto-phonetic scripts; 

and has information of about 1800 languages (Ager 2023). 

https://www.zotero.org/google-docs/?tTbYNp
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3.2.5 The Online Database of Interlinear Text (ODIN) 

The Online Database of Interlinear Text (ODIN) is a multilingual repository of annotated language 

data for 1274 languages. The database is formed by crawling scholarly linguistics articles on the 

web and looking for Interlinear Glossed Text (IGT) examples. The repository is broad coverage as 

it contains data for a variety of the world’s languages and is limited only by what data is available 

and what has been discovered. Currently, ODIN houses over 14,000 instances of IGT drawn from 

903 linguistic documents with over 400 languages represented (Lewis and Xia 2010). 

3.2.6 The Open Language Archives Community (OLAC) 

The Open Language Archives Community (OLAC) is a worldwide virtual library of language 

resources (Simons and Bird 2003) and contains thousands of cross-references to resources both on 

the web and in print. The information about resources is stored in XML format for easy searching. 

OLAC was founded in 2000 and is hosted at the Linguistic Data Consortium webserver at the 

University of Pennsylvania. 

3.2.7 Wikipedia 

Wikipedia is the largest and most popular general reference work on the Internet. The Wikipedia 

has a nontrivial number of articles on low-resource languages, many of which have references 

themselves to scholarly work. Kornai (2013), among others, notes that Wikipedia is one of the first 

ports-of-call for new language communities, and while it is not a precondition for having corpora on 

the web, it is a sine qua non for digital vitalisation.  
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3.2.8 The World Atlas of Language Structures (WALS)  

The World Atlas of Language Structures (Dryer and Haspelmath 2013) is a large database of 

structural (phonological, grammatical, lexical) properties of languages gathered from descriptive 

materials by a team of 55 authors. WALS Online is a publication of the  Max Planck Institute for 

Evolutionary Anthropology. The first version was released in 2013 and sets of corrections have 

been published periodically.  

3.2.9 CLARIN  

CLARIN is an acronym for Common Language Resources and Technology Infrastructure 

(CLARIN). It is a digital infrastructure which provides easy and sustainable access to a broad range 

of language data and tools to support research in the humanities and social sciences, and beyond. 

CLARIN provides access to multimodal digital language data (written, spoken or multimodal form) 

and advanced tools with which to explore, analyze or combine these datasets (Hinrichs and 

Krauwer  2014). 

3.2.10 ELSNET and ELRA 

ELSNET, the European Network of Excellence in Language and Speech, came into existence in 

1991, with an aim to facilitate, support and coordinate the creation of language and speech systems. 

ELRA, The European Language Resources Association was founded in 1995 with the mission of 

providing language resources (LR) to European research institutions and companies. The ELRA 

goal is to serve as a focal point for the collection and distribution of language resources in both 

speech, text and terminology (Krauwer 1998). Since ELSNET and ELRA work on the same 
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grounds, which is to create resources for lesser resource languages, I think organizations like these 

can make remarkable contributions in the field of language resources.  

3.2.11 Language Data Consortium (LDC) 

The Language Data Consortium (LDC) is an open consortium of universities, companies and 

government research laboratories. The host institution of LDC is University of Pennsylvania and 

was granted from the Defense Advanced Research Projects Agency (DARPA). While some of its 

data creation is funded by grants provided by the Information, Robotics and Intelligent Systems 

division of the National Science Foundation (NSF), most of its publications and distribution 

activities are self-supporting. The core principle of LDC is to support pre-competitive research and 

development in speech and language technology, along with the idea to support other language-

related (Liberman and Cieri 1998). 

Now that it is clear what resource aggregators are, and that it is possible to at least get a 

basic idea of what resources there are for a given language, what resources are relevant to low 

resource languages, I would like to discuss about the type of language resources and Natural 

Language Processing (NLP) tools required for a language.  

3.3 Types of Language Resources 

3.3.1 Corpora 

Richard Littauer (2018) described, “All language resources ultimately depend upon corpora; 

without data, an algorithm does nothing.”. A corpus is a collection of linguistic data, either written 

texts or transcription of recorded speech or samples of spoken and written language, which can be 
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used for linguistic description. Historically, most of the corpora have been written corpora, due to 

difficulty in gathering audio, video files. But with the advent of social media and platforms like 

youTube, where people can upload content in their own language, audio and visual corpora are also 

becoming prevalent (Richard 2018). Both types of corpora are useful for Language Resource (LR); 

written corpora are useful for setting up fonts and characters and implementing them in Unicode, 

while the latter can also be used to begin extracting phonemes (Kempton and Moore 2014; Mueller 

et al. 2017), or for speech-to-text systems (Laurent et al. 2016). 

In the past few years, the term corpus has been increasingly applied to a body of language 

which exists in electronic form, and which may be processed by computer for linguistic research or 

language processing (Garside, Geoffrey, and Tony 2013, 4). It provides the basis for computation 

linguistics. With the increase in computer power, corpora have also increased dramatically in size, 

variety and ease of access. Large corpora, especially for English, have been compiled since the 

1980s and are used in the development of natural language processing software (Crystal 2003). One 

of the examples of English corpora is The British National Corpus (BNC) which consists of 100 

million words of English written texts and spoken transcriptions, sampled from a comprehensive 

range of text types (Leech, Garside, and Bryant 1994). Not all corpora are same, it is further 

classified into different categories which are defined as follows.  

3.3.2 Annotated Corpora 

Corpora can be more useful if we can extract knowledge or information from them, which can only 

be possible if we feed in the information in the corpora by adding annotations. The information can 

vary in nature, it could be semantic annotation or prosodic or adding grammatical tags in the corpus. 

The raw corpus, with its orthographic form, gives no direct information like grammatical markup, 

https://www.zotero.org/google-docs/?ANbVxB
https://www.zotero.org/google-docs/?TRjN66
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parts-of-speech, linguistic phenomenon etc which can hinder many applications in which the 

corpora can be put in (Garside, Geoffrey, and Tony 2013, 4). To exemplify, the word spelt as “lead” 

in English, can be either a noun, pronounced as /lɛd/ or a verb pronounced as /li:d/. “Lead”, having 

different meanings and usages, it is hard to detect the correct meaning from orthographic form. But 

if the corpus is annotated, each occurrence of lead would be tagged with a world class label, 

indicating the correct usage of the word. 

The Brown Corpus (Francis and Kucera 1979), the LOB Corpus (Johansson, Leech, and Goodluck 

1978 ) And the British National Corpus (BNC) (Burnard 2000) are examples of grammatically 

annotated corpora; the words have been assigned a word class label (part-of-speech tag). The LLC 

Corpus (Greenbaum and Svartvik 1990) has been prosodically annotated. The Susanne Corpus 

(Sampson 1994) is an example of a parsed corpus, a corpus that has been syntactically analyzed and 

annotated. 

3.3.3 Unannotated Corpora  

As the name suggests, it is a corpus that does not have annotated documents, it is in the raw state of 

plain text with no additional information. The raw text is further used by linguistics to design more 

specific corpus by adding annotation or tags in the text. It can range from small unannotated 

corpora to large unannotated corpora.  

3.3.4 Monolingual Corpora 

A monolingual corpus contains texts in one language only. The corpus is tagged for parts of speech 

and is used for checking usage of a word or looking up the most natural word combinations. A 

specialized monolingual corpus can be used as a translational resource (Bowker 2002).  

https://www.zotero.org/google-docs/?BigkrH
https://www.zotero.org/google-docs/?aTi3fu
https://www.zotero.org/google-docs/?sP2Cv1
https://www.zotero.org/google-docs/?sP2Cv1
https://www.zotero.org/google-docs/?OxgXpu
https://www.zotero.org/google-docs/?5XnnfY
https://www.zotero.org/google-docs/?R1aEyB
https://www.zotero.org/google-docs/?tg8ATa
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Enabling Minority Language Engineering (EMILLE) Corpus, a collaborative work by 

Lancaster University and the Central Institute of Indian Languages (CIIL), India, contains 

monolingual corpora for fourteen South Asian Languages: Assamese, Bengali, Gujarati, Hindi, 

Kannada, Kashmiri, Malayalam, Marathi, Oriya, Punjabi, Sinhala, Tamil, Telugu and Urdu. The 

corpora contain 93 million words including 2.6 million words of transcribed spoken data for 

Bengali, Gujarati, Hindi, Punjabi and Urdu (P. Baker, Hardie, and McEnery 2006). 

3.3.5 Multilingual Corpora 

A corpus that contains text in more than one language. Like monolingual corpora, multilingual 

corpora are also useful in translation studies (M. Baker 1993). Since, multilingual corpora are based 

on translations, it can help the researchers to compare the languages and at the same time they can 

use their first language as a tool to learn the second language (Frankenberg-Garcia 2005, 190–92). 

Multilingual corpora is a more specified type that is known as parallel corpus which defines a 

relationship between the texts in the different languages, i.e. the texts are direct translations of one 

another (P. Baker, Hardie, and McEnery 2006) . 

The European Corpus Initiative (ECI) was founded to create a large multilingual corpus for 

scientific research. The corpus (ECI/MCI) contains texts in a range of languages including German, 

French, Spanish, Dutch, Albanian, Chinese, Czech and Malay as well as some parallel texts (P. 

Baker, Hardie, and McEnery 2006).  

3.3.6 Multimodal Corpora  

In Multimodal corpora, annotations coexist alongside other types of data such as transcriptions and 

video streams (P. Baker, Hardie, and McEnery 2006). The corpora include gesture annotations as 

https://www.zotero.org/google-docs/?gxIAFO
https://www.zotero.org/google-docs/?Wn7oDN
https://www.zotero.org/google-docs/?kDgGhK
https://www.zotero.org/google-docs/?kDgGhK
https://www.zotero.org/google-docs/?kDgGhK
https://www.zotero.org/google-docs/?kDgGhK
https://www.zotero.org/google-docs/?dNLvbS
https://www.zotero.org/google-docs/?SK1Wyq
https://www.zotero.org/google-docs/?SK1Wyq
https://www.zotero.org/google-docs/?1bOJpZ
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well and sometimes textual data is supplemented with images too. A Corpus is used to study how 

two or more modalities interface with one another in human communication. Such corpora can be 

used for, “the exploration of a range of lexical, prosodic and gestural features of conversation, and 

for investigations of the ways in which these features interact in real, everyday speech” (Abuczki 

and Ghazaleh 2013, 88). 

The CLARIN infrastructure offers 17 multimodal corpora, 13 of which are monolingual 

(English, Estonian, Finnish, French, German, Greek, Hungarian, Italian, Slovenian, and Zulu). 

These corpora are richly annotated for various verbal and non-verbal elements of communication, 

such as body gesture, gaze direction, and head, eye, and lip movement (P. Baker, Hardie, and 

McEnery 2006). 

3.3.7 Monolingual/Multilingual Lexicon  

In linguistics, a lexicon is the inventory of lexemes (a set of words that are related through 

inflection) for a particular language or, in simple words, it is a catalog of words of language 

(Frankenberg-Garcia 2005). Lexicons can be used as a basis for dictionary creation. Besides, it is an 

important resource for automated corpus analysis. Part-of-speech-tagging and semantic tagging 

usually depend on extensive computer lexicons containing lists of word forms and the possible tags 

they can have (P. Baker, Hardie, and McEnery 2006).  

Alvey Natural Language Tools (ANLT), is a set of tools for use in natural language 

processing research, created at the Universities of Cambridge, Edinburgh and Lancaster between 

the late 1980s and early 1990s. These include a morphological analyser, a grammar, two parsers 

and a lexicon containing 63,000 entries (P. Baker, Hardie, and McEnery 2006).  

https://www.zotero.org/google-docs/?tRxUPp
https://www.zotero.org/google-docs/?tRxUPp
https://www.zotero.org/google-docs/?0s6RU2
https://www.zotero.org/google-docs/?0s6RU2
https://www.zotero.org/google-docs/?5nZ6jw
https://www.zotero.org/google-docs/?kEEBsE
https://www.zotero.org/google-docs/?m0ieVN
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3.3.8 Thesaurus, Wordnet, Ontologies 

A Thesaurus is a book that lists antonyms and synonyms of a word. WordNet is a lexical database 

of semantic relations (structural similarities) between words that links words into semantic relations 

including synonyms, hyponyms, and meronyms. Natural Language Ontology, as defined by 

Stanford Encyclopedia of Philosophy (Moltmann 2022), is a sub-discipline of both philosophy and 

linguistics, more specifically, of metaphysics and natural language semantics.  

NLP tasks which could benefit from a high-quality thesaurus include parsing, anaphor resolution, 

establishing text coherence and word sense disambiguation (Kilgarriff 2003). 

Thesaurus Linguae Graecae (TLG), An on-line archive of texts written in ancient, classical 

and medieval Greek, contains more than 90 million words, representing nearly all the surviving 

literature in Greek prior to ad1453 (P. Baker, Hardie, and McEnery 2006).  

3.4 Natural Languages Processing (NLP) Resources 

Natural Language Processing (NLP) is a very vast field and as I have already mentioned, discussing 

the various NLP applications and resources is beyond the scope of this thesis but it is worth 

exploring what types of computational resources are common for natural language processing 

(NLP) work. In the following section, I have discussed some of the examples. 

3.4.1 Morphological analyser  

As described by Beesley, “Creating a morphological analyzer/generator is just one step in starting 

natural language processing for any language; but especially for minority, emerging or generally 

lesser-studied languages.” (Beesley and Karttunen 2003). Morphological analysis is a field of 

linguistics that studies the structure of words. It studies how a word is formed by using a morpheme 

https://www.zotero.org/google-docs/?A3AXtF
https://www.zotero.org/google-docs/?oTGIue
https://www.zotero.org/google-docs/?56NUVw
https://www.zotero.org/google-docs/?DQr1lb
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(smallest element of a word that has grammatical meaning and cannot be divided further). In 

inflected languages like English, words are formed by adding suffixes. For example, by adding the 

suffix ‘-s’ to the verb to dance, we form the third person singular dances. 

A morphological analyzer evaluates inflection, a given word has undergone and then assigns 

attributes to the word. If you give it the word ‘crying’ in English, it will tell you it is the present 

participle of the verb ‘cry’. 

If a language has a corpus of million words and has sound language resources, working on 

morphological analysis and generation leads directly to the other lexical applications such as 

tokenization, indexing, base for reduction, spell checker. Morphological analyzers can also serve as 

reusable enabling components in larger systems that perform disambiguation, syntactic parsing, 

speech generation, speech recognition, etc (Beesley and Karttunen 2003).  

3.4.2 Parts-Of-Speech tagger 

Also known as grammatical tagging, POS tagging is the process of automatically tagging the words 

in a text corresponding to a particular part of speech, based on both its definition and its context, 

that is identification of words as nouns, verbs, adjectives or adverbs, etc (Van Halteren 1999). 

Example of POS tagging - 

Table 6: Example of POS tagging 

Word Tokenizer I like to read books 

Part-of-speech pronoun verb preposition verb noun 

  

In figure 7, each word of a sentence is categorized with lexical terms, however, taking into 

consideration that POS tagging will be performed on a large corpus of any language, it's 

https://www.zotero.org/google-docs/?f1Hl9L
https://www.zotero.org/google-docs/?qUcsxr


 

 
34 

complicated to write these full terms while doing text analysis. Hence, short representations referred 

to as “tags” are used to represent the categories. The set of predefined tags is called a tag set. In The 

British National Corpus (BNC) World Edition each word is tagged according to its word-class with 

POS tags. Contractions and possessives written with apostrophes are tokenized as separate units and 

receive tags as well (Leech, Garside, and Bryant 1994). Depending on some general principle of tag 

set design strategy, a number of POS tag sets have been developed. Geoffrey Leech and Nicholas 

Smith's Manual to accompany The British National Corpus (Version 2) with Improved Word-class 

Tagging describes the Constituent Likelihood Automatic Word-tagging System (CLAWS) parser  

(Leech, Garside, and Bryant 1994) and explains the PoS codes in greater detail.  

POS tagging is mainly used to extract information from that corpus to create better 

dictionaries or grammars of the language from real language data. In order to extract information 

from corpora it is important to add explicit linguistic information to the texts and that is where POS 

tagging comes into the picture (Mitkov 2014).  

https://www.zotero.org/google-docs/?h44Zu9
https://www.zotero.org/google-docs/?6O7LJn
https://www.zotero.org/google-docs/?ZKLIGZ
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Table 7: The table depicts some of the POS tags used for BNC (Leech, Garside, and Bryant 1994) along with 
their example. 

Lexical Term Tag Example 

Common Noun NN1 Aircraft 

Plural Noun NN2 Pencils, geese 

Proper Noun NP0 London, Michael 

Personal Noun PNP I, you, them, ours 

Preposition PREF of  

Adjective AJ0 Good, old 

Comparative 
Adjective 

AJC Better, older 

Verb VBB Live, read 

Cardinal Number CRD One, 3, fifty-five 

… … … 

 

Table 8: Reconsidering the above POS tag sets, example in the Table 8 can be restructured as follows. 

Word Tokenizer I like to read books 

Part-of-speech PNP VBB PREF VBB NN2 

 

https://www.zotero.org/google-docs/?Rl2L7m
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3.4.3 Word Sense disambiguation 

Word sense disambiguation (WSD) is the process of deciding the senses of the words in the context. 

WSD has been a research area in the field of Natural Language Processing if the field exists 

(Mitkov 2014). In everyday life, when an ambiguous word is spoken, we somehow sense the correct 

meaning of the word in the context but in an application where a computer has to process natural 

language processing, ambiguity can be a problem. For example, if a language translation system 

encountered the word 'bat' in a sentence, should the translator regard the word as meaning: an 

implement used in sports to hit balls; or a furry, flying mammal? (Sanderson 1994)  

Word Sense Disambiguation is applied in almost every application of language technologies 

like machine translation, information retrieval and lexicography.  

3.4.4 Named entity recognition. 

Named entity recognition, or NER, identifies proper nouns like the name of the person, organization 

or location. It detects the boundaries of the sentences by analyzing capital letters. It is mainly used 

for information extraction, question answering and machine translation. NER systems need 

extensive gazetteers - lists of names of people, organizations, locations and other named entities 

(Mikheev, Moens, and Grover 1999). 

NER software serves as an important preprocessing tool for tasks such as information 

extraction, information retrieval and other text processing applications. It depends on the 

application that makes use of annotations. For example, Named Entity annotation allows you to 

search for all texts that mention the company "Philip Morris", ignoring documents about a possibly 

unrelated person by the same name (Mikheev, Moens, and Grover 1999). 

https://www.zotero.org/google-docs/?ccKrt5
https://www.zotero.org/google-docs/?yLgicC
https://www.zotero.org/google-docs/?E22aX6
https://www.zotero.org/google-docs/?e7SbM3
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Different named entity recognition systems are introduced by different researchers for the 

languages like English, French, etc. One of the major advantages of these languages is the 

capitalization feature which is the main clue to identify the named entities. Secondly, for these 

languages, there are sufficient annotated datasets and language resources like morphological 

analyzer, POS tagger available (Mikheev, Moens, and Grover 1999). 

3.4.5 Syntactic analysis 

Syntactic analysis is the process of understanding the syntactic organisation of the sentence which is 

made up of a sequence of words (Redd 2014). It analyzes the relationship between words and 

grammatical structure of sentences in order to derive the internal relationships of the constituents.  

 

Figure 4: The diagram illustrates the syntactic analysis of a sentence (Cai et al. 2016, 180). 

The above illustration demonstrates the syntactic analysis of the sentence, ‘The gallbladder is 

surgically absent’. Each word is assigned a part-of-speech tag using grammatical rules. In natural 

language processing, syntactic analysis is an extremely important aspect in natural language 

understanding because it assists in figuring out the grammatical meaning of any sentence.  

https://www.zotero.org/google-docs/?7KyyXm
https://www.zotero.org/google-docs/?JuCd5n
https://www.zotero.org/google-docs/?PpE9iA
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3.4.6 Semantic analysis 

Semantics is to study the meaning of the language. With the different linguistic levels of phonology, 

lexicon and syntax, a language exhibits a meaningful message because of the semantic interaction. 

In NLP, syntactic and semantic analysis goes hand in hand. Once the computer has arrived at an 

analysis of the syntactic structure of the input sentence, a semantic analysis is needed to ascertain 

the meaning of the sentence (Redd 2014). 

Since we want NLP applications to produce interpretable sentence, semantic analysis plays 

an important. For example, colorless green ideas sleep furiously, the sentence follows syntactic 

rules, but semantically the sentence is meaningless. Hence, semantic analysis is important for NLP 

applications like Information retrieval. 

3.4.7 Shallow Parsing 

Shallow parsing is the process of assigning partial syntactic structure to sentences. It is also known 

as chunking; it basically aims to identify and extract phrases or chunks from a sentence. It focuses 

on identifying phrases or constituents, such as noun phrases, verb phrases, and prepositional 

phrases. Shallow parsing is an essential component of many NLP tasks, including information 

extraction, text classification, and sentiment analysis (Federici, Montemagni, and Pirrelli 1996). 

https://www.zotero.org/google-docs/?vy1SiO
https://www.zotero.org/google-docs/?q0ZgFC
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Figure 5: The illustration depicts the example of shallow parsing of sentence (Everton 2023). 

As shown in the above illustration, one of the most common types of shallow parsing is noun phrase 

chunking, which identifies and extracts all the noun phrases in a sentence. Noun phrases typically 

consist of a noun and any associated adjectives, determiners, or modifiers. For example, in the 

sentence, ‘We saw the yellow dog’, the noun phrase ‘the yellow dog’ can be identified and extracted 

using noun phrase chunking. 

3.4.8 OCR (Optical character Recognition) 

Optical character recognition (OCR) method has been used in converting printed text into editable 

text. It converts scanned or printed text images, handwritten text into editable text for further 

processing. As quoted by Patel, “It is like a combination of the eye and mind of the human body. 

An eye can view the text from the images but actually the brain processes as well as interprets that 

extracted text read by eye.” (Patel, Patel, and Patel 2012, 50).  

In 1955, the first commercial system was installed at the reader’s digest, which used OCR to input 

sales reports into a computer and then after OCR method has become very helpful in computerizing 

the physical office documents (Patel, Patel, and Patel 2012, 50). There are many applications of 

OCR, which includes: License plate recognition, image text extraction from natural scene images, 

https://www.zotero.org/google-docs/?A5YqDF
https://www.zotero.org/google-docs/?BFegm9
https://www.zotero.org/google-docs/?BFegm9
https://www.zotero.org/google-docs/?BFegm9
https://www.zotero.org/google-docs/?BFegm9
https://www.zotero.org/google-docs/?xsy5Nd
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extracting text from scanned documents etc. In 2008, a system named “Geometric Rectification of 

Camera-Captured Document Images” was proposed to rectify the text retrieved from camera 

captured images (Liang, DeMenthon, and Doermann 2008). 

3.4.9 Speech Recognition 

Speech recognition, also called speech-to-text, is the task of reliably converting voice data into text 

data. Speech recognition is required for any application that follows voice commands or answers 

spoken questions. It was designed and developed to achieve systems to provide significant help so 

people can share information by operating a computer using voice input. It enables the system to 

recognize speech and convert input audio into text; it also enables a user to perform file operations 

like Save, Open, or Exit from voice-only input (Vashisht, Pandey, and Yadav 2021). 

  

https://www.zotero.org/google-docs/?WFbgKK
https://www.zotero.org/google-docs/?hGW0M2
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CHAPTER 4: HOW DO I UNDERSTAND IN A SYSTEMATIC WAY THE 

DEGREE TO WHICH A LANGUAGE IS UNDER-RESOURCED?  

Unless a language improves its visibility in the digital world, it is heading for extinction.  
                                               

—- Edmond Kachale                                                              

This chapter is the premise of this thesis that Punjabi is a low resource language. In the previous 

chapter, I have reviewed some of the major components required to support natural language 

processing in any language and noted in passing when these tools and resources are available for 

Punjabi. This raises the question of how one identifies what is missing in support for a language: 

once you recognise that a language is not as well supported as a major language like English, how 

to quantify or identify what needs to change in order to improve its support. One approach might be 

to look at development activity: how much research and development is going on in support of NLP 

in each language. Another might be a simple count: how many tools and resources are there. But 

none of this is fully satisfactory, because resources are interdependent: in order to develop support 

for a language, certain resources and tools must be developed first; and others can follow. We 

require a roadmap for determining the state of support for a language and especially recognising the 

interdependencies. 

4.1 What do you mean by a roadmap? 

As Krauwer describes, “There exists no single universal definition of what a roadmap is and how it 

should be constructed or presented.” (Krauwer 2003). He defines that roadmap will help 

researchers, educators, developers, service providers, and funders decide where to concentrate their 

efforts in order to give a maximal push to the development of the field. It identifies the main 
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challenges, the intermediate goals that may help in measuring progress or reconsidering long term 

goals if we are not getting expected results. Krauwer further explains the ELSNET approach to the 

roadmap takes several objects (challenges and milestones) into consideration with different 

categories (like resources, technologies and applications), and other information such as expected 

year of completion, definition, etc.  

I will discuss the roadmap that results in making language and speech technology for 

Punjabi. Punjabi, being a small language, has a small national economy and hence has less 

opportunities for private or public funding to produce technologies. My thesis does not solve the 

financial conditions of Punjabi, but it aims to contribute to the creation of the starting conditions for 

language and speech technology that is to educate language and speech researchers and engineers, 

to design proper curriculum for the creation of required language resources like corpora, 

dictionaries, parsers, tools, etc.  

More for some and less for others, language resources exist for many languages, and they 

exist for Punjabi as well but what is the standard count of language resources to know that this 

count is sufficient in terms of NLP standards. In the next section I will outline how one can arrive 

at such a definition by introducing the concept of a BLARK: a Basic Language Resource Kit. 

4.2 The Basic Language Resource kit (BLARK)  

The Basic Language Resource Kit (BLARK) defines the number of resources required for a 

language to do any pre-competitive research (research conducted jointly by usually competing 

companies for the purpose of developing new commercially applicable technologies) or any speech 

technology research. ‘BLARK’ is a concept coined by Steven Krauwer in a 1998 paper ‘ELSNET 

and ELRA: A common past and a common future” (Krauwer 1998).  
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ELSNET, the European Network in Human Language Technologies, which was created with the 

objective of bringing together the language and speech communities and promoting research and 

development in language and speech technology, has been actively working on Language 

Resources. Language resources have always been a prominent point on ELSNET’S agenda, a task 

group was organized who were responsible to take new initiatives in research and development of 

Language resources. 

Krauwer figured out that Central and Eastern Europe were not intellectually in position to 

compete with Western Europe with respect to language and speech technology. Hence, the idea 

manifested in the paper was to define a minimal set of resources that should be available for 

precompetitive research of any language. Arppe et al. explains that based on collective experience 

gained with many different languages, it has been concluded that is in principle language-

independent (Arppe et al. n.d.). Every language has specific requirements, for instance, Chinese 

uses tone to distinguish words so it is expected that Chinese language data must have tone markup 

and Chinese BLARK should have included tone-detection parameter, but the same does not hold 

true for English. Hence, there might be some variations in the parameter depending on the language 

under consideration. For some languages a BLARK model has been constructed like Dutch (cf. 

section 4.3), Arabic (cf. section 4.4), Swedish (ongoing, cf. (Elenius, Forsbom, & Megyesi 2008)) -

-, for other languages the ideas behind BLARK will have been considered without adopting a full-

fledged BLARK. Since, Dutch and Arabic are the langauges for BLARK has been maximally 

impactful, I am using Dutch and Arabic as reference throughout in my thesis.  

https://www.zotero.org/google-docs/?GxA9LN
https://www.zotero.org/google-docs/?usLwQt
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4.3 The Dutch BLARK 

A first BLARK was constructed in the Flemish-Dutch action plan “Dutch HLT resources”  (Strik et 

al. 2002). The main objective of the paper was to stimulate the cooperation between industry and 

scientific institutes and to provide an infrastructure that will make it possible to develop, maintain 

and distribute HLT resources for Dutch. The work carried out in the research was organized along 

four action plans, i.e  

l To establish a coordinating office. 

l To define a set of basic HLT resources for Dutch. 

l To determine if the resources are available or not. 

l To define a blueprint for management, maintenance and distribution. 

The important step, while defining basic Dutch HLT resources, was to define the BLARK. HLT 

resources were divided into three categories, i,e applications (class of applications that make use of 

HLT), modules (software components that are required to develop HLT applications) and data 

(datasets and electronic descriptions that can be used to build, improve or evaluate modules). 

In order to make the model generic, irrespective of the language type, a matrix was drawn up which 

described (1) the modules required for different applications (2) data required for different modules 

(3) relative importance of module and data. This matrix was subdivided in language and speech 

technology, where “+” means important and “++” means very important.The Dutch BLARK was 

proposed consisting of the two components - Language and Speech Technology (Strik et al. 2002). 

4.3.1 Modules for Language Technology 

l Robust modular text pre-processing (tokenization and named entity recognition) 

https://www.zotero.org/google-docs/?ZjBGks
https://www.zotero.org/google-docs/?ZjBGks
https://www.zotero.org/google-docs/?broken=595HIa
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l Morphological analysis and morpho-syntactic disambiguation  

l Syntactic analysis  

l Semantic analysis  

4.3.2 Data for Language Technology:  

l Mono-lingual lexicon  

l Annotated corpus (a treebank with syntactic, morphological, and semantic structures) 

l Benchmarks for evaluation  

4.3.3 Modules for Speech Technology:  

l Automatic speech recognition (including tools for robust speech recognition, recognition of 

non-natives, adaptation, and prosody recognition)  

l Speech synthesis (including tools for unit selection) 

l Tools for calculating confidence measures. 

l Tools for identification (speaker identification as well as language and dialect identification) 

Tools for (semi-) automatic annotation of speech corpora  

4.3.4 Data for Speech Technology:  

l Speech corpora for specific applications, such as Computer Assisted Language Learning 

(CALL), directory assistance, etc.  

l Multi-modal speech corpora 

l Multimedia speech corpora 

l Multilingual speech corpora 
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l Benchmarks for evaluation  

The next step in the action plan was to investigate which of these data and tools are already 

available for Dutch and which resources can be reused. All the information was collected in a 

matrix, as shown in the table below, which was then sent to experts in both industry and academia 

to get a more complete picture. Based on the availability matrix, a priority list was formulated 

which played an important role in the setup of the joint Flemish-Dutch STEVIN programme (Arppe 

et al. 2010). 

After creating the initial definition of BLARK for a language, then a case study was 

conducted to analyze the components or features that were already available for Dutch and the ones 

that were missing. The gaps were identified, priorities were assigned to the components to be 

produced, so that a realistic plan for the gradual completion of the BLARK becomes feasible.  

 

 

 

 

 

https://www.zotero.org/google-docs/?YVDKXI
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Figure 6: The figure depicts the matrix showing the relative importance of data, modules and applications. 
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4.4 The Arabic BLARK 

BLARK being language independent, a BLARK for Arabic was published in 2006 within the 

European Union, Network for Euro-Mediterranean LAnguage Resource (NEMLAR) project 

(Maegaard et al. 2006). Although, it followed the model of Dutch BLARK, but it differs in some 

minor points. Dutch BLARK explained the relation between the resources, tools and modules but it 

lacked the definition of the notions of availability, quality, quantity and standards which are well 

explained in the Arabic BLARK (Arppe et al. 2010).  

4.4.1 Resource Availability 

In Binnenpoorte et al (2002), the availability of resources for Dutch was expressed by numerical 

values ranging from “1” (not available) to “10” (easily obtainable). However, there was no 

underlying report that could explain how the numbers were assigned or what the numbers meant, 

therefore, NEMLAR purposed different approach to availability. Three factors played an important 

role: accessibility, affordability and customizability (Maegaard et al. 2006). 

l Accessibility:  

� 3 existents but only company-internal,  

� 2 existent and freely usable for pre-competitive research,  

� 1 existent and freely usable for both pre-competitive research and product 

development. 

l Cost (in Euros) :  

� 4 more than 10,000,  

� 3 1,000 – 10,000 ,  

https://www.zotero.org/google-docs/?Cs0zAF
https://www.zotero.org/google-docs/?lcUUdc
https://www.zotero.org/google-docs/?6EtYzi
https://www.zotero.org/google-docs/?6EtYzi
https://www.zotero.org/google-docs/?6EtYzi
https://www.zotero.org/google-docs/?0SB8GB
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� 2 100 – 1,000,  

� 1 less than 100  or free. 

l Adaptability:  

� 3 black boxes (you can neither see it nor change it, e.g. object code), 

� 2 glass boxes (you can see but not change it)  

� 1 freely manipulable, e.g., source code.  

4.4.2 Quality of Resource  

Binnenpoorte et al. considered the quality of LR but did not provide a specific way it could be 

measured or expressed. NEMLAR suggests taking the following attributes with corresponding 

criteria into account (Arppe et al. 2010):  

� Standard compliance (Is the resource based on a common standard?) 

� Soundness (Internal consistency, i.e. is the resource based on well-defined specs?) 

� Task-relevance (Is the resource suited for a specific task X?) 

� Environment-relevance (Is the resource interoperable with other resources?) 

4.4.3 Quantity of Resource 

The Dutch BLARK does not provide any quantitative figures for the required resources i.e how 

many words should a corpus have or how many hours of speech etc. Given the nature of the 

BLARK model, concerning technologically less well covered languages, it should include very 

clear guidelines, in figures, for what counts as a sufficiently large corpus or lexicon (Maegaard et al. 

2006).  In the BLARK for Arabic, figures are mentioned in the description of the respective 

resources (Arppe et al. 2010). 

https://www.zotero.org/google-docs/?yM7H5V
https://www.zotero.org/google-docs/?QwKpq5
https://www.zotero.org/google-docs/?QwKpq5
https://www.zotero.org/google-docs/?VzYXHq
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4.4.4 Resource Standards  

According to Arppe et al.(2010) adoption of standards is crucial for the longevity of resources. 

There are only a few official standards for LST, although some de facto standards are emerging.  

4.5 Why BLARK is important? 

The ideal idea is to make a generic BLARK definition which is applicable to all the languages. The 

common model will save time and effort which otherwise would be used to reinvent the same 

language resources. It will impart the knowledge gained from one model to researchers and 

educators working on multilingual or cross lingual application areas. It will ensure interoperability 

and interconnectivity and also will assist in making estimates of costs and resources required to 

build the tools. In addition, the BLARK is useful for the humanities researchers who are working on 

less resource languages and can help train students for their research experiments and application 

pilots.  

Taking this as a point of departure, I want to shed light on BLARK specification for 

Punjabi. Adopting and implementing Punjabi BLARK is not within the scope of the thesis, so I 

want to define the basic concepts of BLARK for Punjabi to provide a comprehensive overview of 

the existing resources, tools, and techniques for Punjabi NLP, as well to identify the gaps and 

opportunities for future research.  

  

https://www.zotero.org/google-docs/?D1wdaH
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CHAPTER 5: THE BLARK DEFINITION FOR THE PUNJABI 

LANGUAGE 

As defined by Maegaard et al. (2006), the BLARK definition refers to the proposals for the items to 

be incorporated. The following section will propose a model that would tell which LR, tools or 

applications are already available for Punjabi and which ones still have to be developed. As can be 

seen, I have followed Binnenpoorte et al. (2002) and Maegaard et al. (2006) quite closely. The main 

contributions lies in making statements on the availability of resources, changing the applications 

and modules which are not required for Punjabi. As mentioned in chapter 4, BLARK is divided into 

two components: written language and spoken language. Therefore, two pairs of tables were made, 

one pair for written and one for spoken language. I will define both, written and speech matrices for 

Punjabi. 

5.1 Gurmukhi Punjabi BLARK content for written Resources 

The 11 Human Language Technology (HLT) modules are related to 8 Language resources. One of 

the important LR for Punjabi is grammatical description of Punjabi. Not much importance is given 

to grammatical description of a language in Arabic and Dutch BLARK but it is one of the important 

resources required to build Punjabi HLT modules. At this level BLARK becomes language specific 

as HLT modules or LR may vary with the type of language. For example, Punjabi does not require 

diacritiser (vowelizer) which is one of the important modules for Arabic (Maegaard et al. 2006) 

because unlike Arabic, Punjabi does not have diacritics which provide phonetic guide or which 

helps in correct pronunciation.  

The matrix in table 10 shows the results (+ = relevant; ++ = important; +++ = essential) 

https://www.zotero.org/google-docs/?eEz2Sj
https://www.zotero.org/google-docs/?E4JLDT
https://www.zotero.org/google-docs/?QKsrZ9


 

 
52 

taken from Arabic BLARK (Maegaard et al. 2006). Based on this matrix one can determine which 

components serve most applications, and which data are most needed for most applications, i.e., 

which elements should be part of the BLARK. Vertical columns consist of the Language Resources 

like Monolingual/Bilingual Lexicon, Thesauri/Ontologies/Wordnets, Unannotated/ Annotated 

Corpora, Parallel Multilingual Corpora, Multimodal Corpora and grammatical description for 

Punjabi. The horizontal rows consist of 11 HLT modules which include: Morphological Analyser, 

POS disambiguator/tagger, Named Entity Recognition, Word Sense Disambiguation, Term 

extraction, Shallow parsing, Syntactic analysis, Semantic Analysis, Sentence synthesis and 

generation, Sentence Alignment and OCR (Optical Character Recognition). 

  

https://www.zotero.org/google-docs/?bBQrpJ
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Table 9: Written language resources and corresponding HLT modules, marked with importance (Maegaard et al. 
2006). 
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HLT Modules  

Morphological Analyser +++ +++   ++   +++ 

POS disambiguator/tagger  ++ ++      ++ 

Named Entity Recognition  +++ ++   +    

Word Sense Disambig.  ++  +++ ++ ++    

Term extraction   +++  ++      

Shallow parsing  ++  ++      

Syntactic analysis  ++    +   ++ 

Semantic Analysis  +++  +++      

Sentence synthesis and 
generation  

+++   + ++  ++  

Sentence Alignment       +++  +++ 

OCR (Optical Character 
Recognition)  

++   +++ +    

 

https://www.zotero.org/google-docs/?wTq8sp
https://www.zotero.org/google-docs/?wTq8sp
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The above table gives the definition for Punjabi BLARK and describes the type of resources needed 

but as mentioned by Maegaard et al. (2006) it does not give an indication of the size or any other 

characteristic of each type of resource. As cited by Maegaard et al. (2006), in a paper presented at 

the ELSNET ENABLER Workshop in Paris, Cieri et al. (2003) suggested that there must be a 

written language corpus of at least 100,000 words for a language as a core resource. Although there 

is no statistical evidence given as to why and how they set this word limit, but the number is not 

unrealistic especially if it involves core vocabulary which means it is feasible to create written 

language corpus for Punjabi of 100,000 words. In the section below, I  tried to represent reasonable 

figures for each of the Punjabi language resources using the Arabic model as reference; the 

important thing to be noted is that there is no statistical and methodological evidence represented by 

Maegaard et al. (2006) that could justify the accuracy of the figures used in Arabic BLARK but 

since if the numbers are the minimum estimated value, I will use the figures as benchmark for 

Punjabi LRs.  

5.1.1 Monolingual Lexicon  

As mentioned in Maegaard et al. (2006), there should be a monolingual lexicon that includes a 

minimum of 40,000 stems with POS and morphology which could be used for semantic analysis; At 

least a list of 50,000 proper names is required for named entities (Maegaard et al. 2006). It can be 

inferred from the above table that monolingual lexicon is essential to build most of the HLT 

modules, but Punjabi does not have a monolingual lexicon, even Glottolog does not have any 

specific paper that could confirm the existence of a monolingual Punjabi dictionary. The main 

advantage of monolingual lexicon is that it would provide more comprehensive information about 

the Punjabi which can be used to include additional meanings of the word. The additional 

https://www.zotero.org/google-docs/?m4P1PJ
https://www.zotero.org/google-docs/?yzhfg5
https://www.zotero.org/google-docs/?6xVWIJ
https://www.zotero.org/google-docs/?N6QhCz
https://www.zotero.org/google-docs/?cqxbWq
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information can be further embedded in the various NLP applications to get the grammatical 

behavior of the word. Absence of a monolingual lexicon can be considered one of the major gaps 

that has hindered the progress of NLP tools for Punjabi. It is good motivation to have a monolingual 

lexicon for Punjabi that could contribute to the advancement of above-mentioned applications.  

5.1.2 Multi/Bilingual Lexicon  

Maegaard et al. (2006) recommends the same size as monolingual lexicon, depending on 

application. As shown in the below table 11, there are multi bilingual dictionaries that cover a wide 

range of words from 7000 to 40,000 which can be used for building morphological analyzers, POS 

tagger and Named Entity Recognition for Punjabi. Given the large number of multilingual 

dictionaries available, covering a vast range of Punjabi words, and meeting up the minimum 

requirement set according to Maegaard et al. (2006), it is advocated to carry forward the research 

with the aim to build machine learning tools. 

  

https://www.zotero.org/google-docs/?byg4sF
https://www.zotero.org/google-docs/?SczN9y


 

 
56 

Table 10: Language resources for Multi/Bilingual Lexicon 

Name of Lexicon Provider Size Other Information Availability, 
price, 

manipulable 

Punjabi Kosh 
(Shabdkosh.com) 

Online >7000 Words Allows keyboard entry 
and there are also 

number of learning 
games and lessons 

1,1,2 

Punjabi Shabdkosh  Online Comprehensive   1,1, R 

Sampadak 
(“Sampadak”) 

Centre for Development 
of Advanced Computing 

(CDAC) 
 

40,000 words 
with GIST 

typing tools 

 1,2,2 

GurShabad 
Ratanakar 
Mahankosh 

(Singh Nabha) 

Online Comprehensive  1,1, R 

Punjabi University 
Students English-

Punjabi Dictionary  
(Rayall 2002) 

Punjabi University 31,000 entries  With grammatical 
information 

1,1, C 

English-Punjabi 
Topic Dictionary by 
Punjabi University  

(Lehal 2009) 

Advanced Centre for 
Technical Development 

of Punjabi Language 
Literature and Culture, 

Punjabi University 

3100 entries Organized into more 
than eighty categories 

such as adjectives, 
nouns, food, fruits, 

animals, months etc.  

 

Punjabi-English and 
English-Punjabi 

Dictionary by Jasjit 
Singh Thind 
(Lehal 2009) 

Online 
 

Comprehensive  1,1, R 

Punjabi 
Encyclopedia and 

Online 
  

Comprehensive Online search engine 
used for searching for 

1,1, R 

https://www.zotero.org/google-docs/?PYMZoO
https://www.zotero.org/google-docs/?AWehVe
https://www.zotero.org/google-docs/?5LKBIi
https://www.zotero.org/google-docs/?vBnVjU
https://www.zotero.org/google-docs/?fvyNZ9
http://www.srigranth.org/
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Gurbani Dictionary 
by Dr. Kulbir Singh 

Thind  
(Lehal 2009) 

any Punjabi word in 
Mahan Kosh 

Encyclopedia, Gurbani 
Dictionaries and 
Punjabi/English 

Dictionaries  

                         

5.1.3 Thesauri, Ontologies, Wordnets 

The dictionary meaning of thesaurus is a book or electronic resource that lists words in groups of 

synonyms and related concepts. In NLP, it is useful to have lexical knowledge to know relations 

between the words; one of the ways to represent this knowledge is by using thesauri (Kilgarriff 

2003). All types of NLP (Natural Language Processing) tasks need a thesaurus (D. V. Sharma 

2011). When a user works on documents by using natural language like Punjabi, Hindi, Oriya, 

Bengali etc, the system needs to pick the best word to convey a specific nuance of meaning. 

Consider a example, the words: ਉਸਤਤ (Usatata), ਉਪਮਾ (Upamā), ਪ੍ਸ਼ਸਾ (Pśasā), ਸ਼ਲਾਘਾ (Śalāghā), 

ਿਵਡਆਈ (Viḍa'ā'ī) all means “praise”. Users searching for information or resources commonly 

define the same query using differing terms, if there is no control placed on subject keyword from a 

set of synonymous terms through the use of a thesaurus, users may not be able to locate all the 

resources that are relevant to their search (D. V. Sharma 2011). Ontology, in AI, is a specification 

of the meanings of the symbols in an information system. That is, an ontology is a description (like 

a formal specification of a program) of the concepts and relationships (Gruber 1993). Wordnet, on 

the other hand, is a large lexical database in which words are grouped together according to their 

similarity of meanings and is widely used by the NLP community. Major applications of WordNet 

include Word Sense Disambiguation (WSD), text categorization and generic text summarization etc 

https://www.zotero.org/google-docs/?o4DHts
https://www.zotero.org/google-docs/?lsbg5A
https://www.zotero.org/google-docs/?lsbg5A
https://www.zotero.org/google-docs/?LtpFzV
https://www.zotero.org/google-docs/?LtpFzV
https://www.zotero.org/google-docs/?ulFDTl
https://www.zotero.org/google-docs/?5nQt9p
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(Narang, Sharma, and Kumar 2013). All the three resources described above play an important role 

in building HLT modules like Word Sense Disambiguation, Term extraction, Semantic Analysis 

and shallow parsing. 

One of the big challenges is to collect a huge collection of words along with their synonyms 

and antonyms from various sources (D. V. Sharma 2011). According to Maegaard et al. (2006), the 

minimum requirement for building a thesauri is a subject tree with 200-300 nodes for each domain 

and ontologies and wordnets should ideally be the same size as the lexicon. As can be seen in Table 

12, there are two wordnets available for Punjabi. Punjabi University and Thapar University have 

been working under the active guidance of the WordNet team of IIT-Bombay for building 

IndoWordNet (Dash, Bhattacharyya, and Pawar 2017).  

  

https://www.zotero.org/google-docs/?f9meSb
https://www.zotero.org/google-docs/?mUlouJ
https://www.zotero.org/google-docs/?8bjfy9
https://www.zotero.org/google-docs/?FCTzqb
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Table 11: Language resources for Thesauri, Ontologies, Wordnets 

Resource Provider Size Other Information Availability, 
price, 

manipulable 

Punjabi 
Wordnet 

(Dash, 
Bhattacharyya, 

and Pawar 2017) 

Punjabi 
University and 

Thapar University 
(Punjabi) 

30,682 
words 

Synset generation statistics of 
IndoWordNet Consortium. 
(Dash, Bhattacharyya, and 

Pawar 2017) 

1,1,2 

Punjabi 
WordNet 

(Puri, Bedi, and 
Goyal 2015) 

         CFILT  
(Centre For Indian 

Language 
Technology), IIT 

BomBay 

53,902 
words 

This database is used for 
checking the presence of 

stemmed words in a dictionary.  
(Puri, Bedi, and Goyal 2015) 

1,1,2 

                        

5.1.4 Unannotated Corpora 

According to Maegaard et al. (2006), for an unannotated corpus, at least 100 million words are 

required. Unannotated corpora are used in HLT modules like Word sense disambiguation, sentence 

synthesis and generation and OCR. In table 13, it can be seen that the maximum word count for the 

Punjabi corpora is 15 million which is approximately one-tenth of the minimum requirement set by 

Maegaard et al. (2006). If I go along with the minimum numbers presented in Arabic BLARK, then 

there is still a lot of work that needs to be done for Punjabi to build a corpus with large datasets. 

Punjabi news websites like Punjabi Tribune (“Punjabi Tribune”), Daily Ajit (“Ajit - Punjab Di 

Awaaz”) should be referred to collect data for creating the Punjabi corpus.  

 

 

 

https://www.zotero.org/google-docs/?6etKLX
https://www.zotero.org/google-docs/?6etKLX
https://www.zotero.org/google-docs/?6etKLX
https://www.zotero.org/google-docs/?cEOvk6
https://www.zotero.org/google-docs/?cEOvk6
https://www.zotero.org/google-docs/?Aj2ffS
https://www.zotero.org/google-docs/?Aj2ffS
https://www.zotero.org/google-docs/?nvWsxF
https://www.zotero.org/google-docs/?AF1j7B
https://www.zotero.org/google-docs/?tM3iLp
https://www.zotero.org/google-docs/?axrfHW
https://www.zotero.org/google-docs/?axrfHW
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Table 12: Language resources for Unannotated Corpora 

Resource Provider Size Other Information Availability, 
price, 

manipulable 

A Gold Standard 
Raw Text Corpus 
(“A Gold Standard 
Punjabi Raw Text 

Corpus”) 

Central 
Institute of 

Indian 
Languages 

(CIIL) 

10,125,770 Words Covering data from 5 
different domains - 

Aesthetics, Science & 
Technology, Social 
Science, Commerce 

and Mass Media. 

3,2,3 

Guru Granth Sahib 
 

Holy book of 
sikhism 

1430 pages with 
511,874 words, 

1,720,345 characters, 
and 28,534 lines. 

(D. S. Kaur and Singh 
2015) 

It contains hymns of 36 
composers written in 
twenty-two languages 
in Gurmukhi script.  

(D. S. Kaur and Singh 
2015) 

Free for 
Research Use  

The EMILLE-CIIL  
Monolingual 

Written Corpora 
(“The EMILLE 

Corpus”) 

ELRA It contains a Punjabi 
written corpus of 

approximately 
15,600,000 words. 
(“EMILLE Corpus 
Documentation”) 

For commercial use 7500.00 € 

 

5.1.5 Annotated corpora  

For the annotated corpora, as per Maegaard et al. (2006), 2 million words will meet requirement for 

most of the applications like POS tagger, Sentence boundary, Named Entity, Term Extraction and 

Word sense disambiguation. As far as I searched, I found only one annotated corpus which is used 

to detect emotion in Punjabi poems. There is a need to focus on the lack of annotated corpus which 

is one of the important language resources for any language.  

https://www.zotero.org/google-docs/?bRpPdR
https://www.zotero.org/google-docs/?bRpPdR
https://www.zotero.org/google-docs/?bRpPdR
https://www.zotero.org/google-docs/?e9PuxV
https://www.zotero.org/google-docs/?e9PuxV
https://www.zotero.org/google-docs/?OiyxWA
https://www.zotero.org/google-docs/?OiyxWA
https://www.zotero.org/google-docs/?W7aIWa
https://www.zotero.org/google-docs/?W7aIWa
https://www.zotero.org/google-docs/?C6FWgj
https://www.zotero.org/google-docs/?C6FWgj
https://www.zotero.org/google-docs/?4Z61gu
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Table 13: Language resources for Annotated Corpora 

Resource Provider Size Other Information Availability, 
price, 

manipulable 

Kāvi: An Annotated Corpus 
of Punjabi Poetry with 

Emotion Detection Based on 
‘Navrasa’ 

(J. R. Saini and Kaur 2020) 

  948 poems, 
written in 
Gurmukhi 
script, were 
classified into 9 
emotion states. 

This corpus was 
manually annotated 

 

                                  

5.1.6 Parallel Multi Ling Corpora 

As shown in table 9, parallel multilingual corpora are used for sentence alignment. Table 15 shows 

the current existence of parallel corpus available; English-Punjabi and Hindi-Punjabi. The 

development of Hindi-Punjabi parallel corpus has been misinterpreted as an alignment problem 

(Pardeep Kumar and Goyal 2010). The alignment problem is the next step of the research problem, 

if the parallel corpus is available of a particular language pair, automatic alignment for that parallel 

corpus can be done. To address the alignment issue, each text unit (sentence, clause or phrase) in 

the parallel corpus is represented by tags, which are fed into a programming algorithm that 

computes the alignment of units (Papageorgiou, Cranias, and Piperidis 1994).  

 Parallel corpus can also be used to build transliteration tools. As we know that in the Punjab 

area most of the government departments use Punjabi language to store their data, so the 

applications like transliteration or spell checker or translators will help them a lot to save the data 

on a click of a button. Given the availability of parallel corpora for Punjabi, it can be used to 

https://www.zotero.org/google-docs/?jDNbCa
https://www.zotero.org/google-docs/?KYKfQy
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develop such kinds of applications. Table 15 shows the current existence of parallel corpora 

available for Punjabi which could help researchers to carry forward their work in the related field to 

develop tools for Punjabi. 

Table 14: Language resources for Parallel Corpora 

Resource Provider Size Other Information Availability, 
price, 

manipulable 

English-Punjabi Code-
Mixed Social Media 

Content 
(“English-Punjabi 

Code-Mixed Social 
Media Content – ELRA 

Catalogue”) 

ELRA 893,615 parallel 
sentences of 

English-Punjabi 

Covering data from 10 
different domains - 

Agriculture, Culture, 
Health, Religion, Sports, 

Technology, Tourism, 
Education and 
Entertainment. 

1,1, R 

Hindi-Punjabi Parallel 
Corpus 

(Pardeep Kumar and 
Goyal 2010) 

Punjabi 
University 

50,000 
sentences 

Developed Existing Hindi-
Punjabi Machine 

Translation System and 
Using Sentence 

Alignments 

3 

Samanantar 
  (Ramesh et al. 2022) 

 

IIT 
Madrass 

688 
Sentence pairs 

The collection contains a 
total of 49.7 million 

sentence pairs between 
English and 11 Indic 
languages, including 

Punjabi. 

 

 

5.1.7 Multi modal corpora 

In the given table, though multi modal data is available for Punjabi but still there are shortcomings 

when it comes to related research approaches and methodologies. There are only audio datasets, and 

lack of synchronized video and textual records may hinder the specific research needs. Standardized 

https://www.zotero.org/google-docs/?44JFpM
https://www.zotero.org/google-docs/?44JFpM
https://www.zotero.org/google-docs/?44JFpM
https://www.zotero.org/google-docs/?44JFpM
https://www.zotero.org/google-docs/?ftoZOH
https://www.zotero.org/google-docs/?ftoZOH
https://www.zotero.org/google-docs/?UHNRRA
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procedures for conventions which can be used to record, code, annotate and interrogate are yet to be 

developed. Also, the datasets are limited in size, multi-million-word multimodal corpora do not 

exist as yet and are domain specific that is recorded in one discourse context.  

Table 15: Language resources for Multimodal corpora 

Resource Provider Size Other Information Availability, price, 
manipulable 

General Conversation 
Speech Data in 

Punjabi 
(“Pre-Labelled Datasets 

| Structured Datasets 
for AI/ML”) 

FutureBeeAI 30 speech 
hours 

Audio dataset consists 
of different general 

conversations between 
native Punjabi people 
from Punjab state of 

India. 

3 

BFSI Call Centre 
Speech Data in 

Punjabi 
(“Pre-Labelled Datasets 

| Structured Datasets 
for AI/ML”) 

FutureBeeAI 10 speech 
hours 

Audio dataset consists 
of different call centre 
conversations in the 

BFSI domain between 
native Punjabi people 

from Punjab. 

3 

 

5.2 Gurmukhi Punjabi HLT Modules corresponding to written resources. 

Table 17 classifies HLT modules that have been developed so far. Morphological analyzer and 

Morphological generator can help to build applications like Machine translation, spell checker and 

search engine (Zarkar 2022). A Punjabi Morphological Analyzer and Generator has been developed 

by the Advanced Centre for Technical Development of Punjabi Language, Literature and Culture, 

Punjabi University by Dr Mandeep Singh. The software has been included in the language CD 

launched by MCIT. Earlier IIIT Hyderabad had also developed a Punjabi Morph under the 

https://www.zotero.org/google-docs/?ToYg6R
https://www.zotero.org/google-docs/?ToYg6R
https://www.zotero.org/google-docs/?ToYg6R
https://www.zotero.org/google-docs/?6mKcWe
https://www.zotero.org/google-docs/?6mKcWe
https://www.zotero.org/google-docs/?6mKcWe
https://www.zotero.org/google-docs/?fnOvyi
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Anusarka project (Lehal 2009). Beta version of online Punjabi Morphological Analyzer and 

Generator is also available by Aglsoft.  

POS tagging which helps in text classification, information extraction, machine translation, 

named entity recognition and natural language generation (Ekbal and Saha 2013), has been 

developed for Punjabi by Dr Mandeep Singh Gill and Dr Gurpreet Singh Lehal at Advanced Centre 

for Technical Development of Punjabi Language, Literature and Culture, Punjabi University and 

available for free use on the University website (Lehal 2009). It is developed at IIIT, Hyderabad. 

Like, morphological analyser, beta version of online Punjabi POS tagger is available at Aglsoft.  

Named Entity Recognition which is used for NLP tasks like machine translation, question-

answering systems, indexing for information retrieval and automatic summarization is also 

available for Punjabi (A. Kaur, Josan, and Kaur 2009). The training set has been manually 

annotated with a NE tagset of 12 tags. Unlike English, Punjabi does not have capitalization which 

makes it challenging to develop such tools. Hence, Vishal and Gurpreet (2011) explains that they 

developed various Punjabi resources like list of prefix names, suffix names, proper names, middle 

names to implement NER for Punjabi. Further research can be carried forward to implement other 

NLP tools for Punjabi. 

Moving forward to OCR, a robust, multi-font Gurmukhi OCR has been developed by Dr 

Gurpreet Singh Lehal and his team at Punjabi University Patiala. The OCR can recognize 

Gurmukhi text printed in any of the common Gurmukhi fonts and has more than 97% recognition 

accuracy at character level (Lehal 2009). Dr. Chandan Singh, Dr. Indu Chhabra and Dr. Renu Dhir 

have also been working on different phases related to development of Gurmukhi OCR (cited in 

Lehal 2009, 19). Lehal has also been working on the development of Gurmukhi OCR capable of 

processing bad quality documents (Lehal 2009, 20). The team of Anuj Sharma, Rajesh Kumar and 

https://www.zotero.org/google-docs/?XbnsAs
https://www.zotero.org/google-docs/?3f17EX
https://www.zotero.org/google-docs/?DHlMOk
https://www.zotero.org/google-docs/?eT3Npv
https://www.zotero.org/google-docs/?p3TAqE
https://www.zotero.org/google-docs/?PruSH6
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R.K. Sharma has been working at Thapar University for development of online Gurmukhi OCR 

system (Lehal 2009, 20). Dharamveer Sharma and his team at Punjabi University has developed a 

form recognition system for Gurmukhi, which can automatically detect and recognize the 

handwritten Gurmukhi text written on preprinted forms (Lehal 2009, 20).  

Since there is significant work done in developing Punjabi HLT modules, but these modules 

are just prototypes which has been tested on small amount of data. To the best of my knowledge, I 

could not find any significant work done for modules like semantic analysis, term extraction, 

syntactic analysis, word sense disambiguation, shallow parsing and sentence alignment in Punjabi. 

It is a good motivation for researchers or scholars to carry forward the research and development to 

create future NLP tools and applications for Punjabi.  

  

https://www.zotero.org/google-docs/?IL0SUD
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Table 16: HLT Modules 

HLT Modules Name of the module Provider Other 
Information/References 

Availability, 
price, 

manipulable 

Morphological 
Analyser 

Punjabi 
Morphological 
Analyzer and 

Generator 
(Lehal 2009) 

Punjabi 
University 

It has been developed by 
the Advanced Centre for 
Technical Development 
of Punjabi Language, 

Literature and Culture, 
Punjabi University by Dr 

Mandeep Singh. 

3 

 Punjabi 
Morphological 

Analyzer  
(“Online Punjabi 
Morphological 

Analyzer”) 

Aglsoft The system is in BETA 
release and new words 

are being added. 

3 

 Punjabi Morph 
(Lehal 2009) 

IIT Hyderabad It was built under the 
Anusarka Project.  

 

POS 
disambiguator/tagger  

Punjabi Part of 
Speech Tagger 

(“Online Punjabi Part 
of Speech Tagger”) 

Aglsoft   3 

 Speech tagger for 
Punjabi 

(Lehal 2009) 

Punjabi 
University 

It has been developed by 
the Advanced Centre for 
Technical Development 
of Punjabi Language, 

Literature and Culture, 
Punjabi University by Dr 
Mandeep Singh and Dr. 

Gurpreet Lehal 

 

Named Entity 
Recognition 

Named entity 
recognition for 

punjabi 

 A manually NE tagged 
Punjabi news corpus is 

used for evaluation which 

 

https://www.zotero.org/google-docs/?yHyNpq
https://www.zotero.org/google-docs/?94305r
https://www.zotero.org/google-docs/?94305r
https://www.zotero.org/google-docs/?94305r
https://www.zotero.org/google-docs/?mQwDzK
https://www.zotero.org/google-docs/?PEBFBV
https://www.zotero.org/google-docs/?PEBFBV
https://www.zotero.org/google-docs/?cvFgCO
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(A. Kaur, Josan, and 
Kaur 2009) 

has been developed from 
Punjabi newspapers 

available online.  

 **Named Entity 
Recognition for 

Punjabi Language 
Text Summarization2 
(Vishal and Gurpreet 

2011) 

 The paper explains the 
Named Entity 

Recognition System for 
Punjabi language text 

summarization.  

 

Spell Checker Punjabi Grammar 
Checker 

(“Punjabi Grammar 
Checker”) 

Advanced 
Centre for 
Technical 

Development of 
Punjabi 

Language, 
Literature and 

Culture 

The Punjabi grammar 
checker can detect and 

suggest rectifications for 
a few grammatical errors, 
resulting from the lack of 

agreement, order of 
words in various phrases 

etc., in literary style 
Punjabi texts. 

3 

 Spell Checker for 
Punjabi Language 
Using Deep Neural 

Network  
(G. Kaur, Kaur, and 

Singh 2019) 

 A novel approach for 
spell checker for Punjabi 

language. 

 

Optical Character 
Recognition (OCR) 

Online OCR 
Converter 

(“Converter”) 

 
 

Online OCR Converter 
services that convert 

images, scans doc images 
text into editable files by 
using OCR Technology 

(Optical Character 
Recognition). 

 

 Multi Font 
Gurmukhi OCR by 
Dr. Gurpreet Singh 

Punjabi 
University  

The OCR can recognize 
Gurmukhi text   printed 
in any of the common 

 

 

2 **The HLT Module is not available but the concept of developing the HLT module has been proposed in the paper.  

https://www.zotero.org/google-docs/?XfI9ja
https://www.zotero.org/google-docs/?XfI9ja
https://www.zotero.org/google-docs/?qFaFTj
https://www.zotero.org/google-docs/?qFaFTj
https://www.zotero.org/google-docs/?BVpBrd
https://www.zotero.org/google-docs/?BVpBrd
https://www.zotero.org/google-docs/?OYdJrI
https://www.zotero.org/google-docs/?OYdJrI
https://www.zotero.org/google-docs/?iPJrqH
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Lehal 
(Lehal 2009) 

Gurmukhi fonts with 
more than 97% 

recognition accuracy at 
character level.  

 Online Gurmukhi 
OCR system. 
(Lehal 2009) 

The team of 
Anuj Sharma, 
Rajesh Kumar 

and R.K. 
Sharma have 

been working at 
Thapar 

University 

An online OCR system 
recognizes the 

handwritten text as it is 
being written on a tablet.  

 

 

5.3 Gap Analysis for written resources along with their corresponding HLT modules 

After having compared, the existing modules and Language Resources available for Punjabi, it can 

be analyzed that though the Punjabi corpora is scarce a significant amount of work has been done 

and significant amount of work is in progress, taking that into consideration it is good motivation 

for researchers and developers to create basic modules required for HLT. As depicted in the table 1, 

it clearly indicates 10 out of 12 modules are dependent on monolingual lexicon, it is the call of hour 

to create that resource. Word sense disambiguation is one of the important modules in NLP which 

requires mono lexicon as well as thesauri, and Punjabi lacks both language resources. Here, we 

have observed that Punjabi does not have monolingual lexicon and thesauri but instead of starting 

from scratch to build this language resources, BLARK as a model should be used to examine 

interdependent language resource. There already exists a bilingual lexicon for Punjabi with almost 

40k words. Also, there are existed printed dictionaries of Punjabi, their digital originals could be 

turned into a monolingual lexicon, or OCR could be used to that end. In addition, there is Punjabi 

https://www.zotero.org/google-docs/?twJ6T7
https://www.zotero.org/google-docs/?IL0SUD
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Wordnet with 53,902 words which could be another starting point to devise at least single 

monolingual lexicon. Likewise, Punjabi Wordnets can be used to build thesauri. Thus, one could 

use some existing BLARK technologies to fill in the current gaps. 

 As shown in table 17, there are some of the modules available but there is no quality 

assessment done on these modules to know if they are reliable and could be used as a foundation to 

build other tools that are dependent on the existing tools. Machine learning requires annotated 

datasets for specific tasks such as detecting hate speech but again the challenge is there are no 

annotated datasets available for Punjabi. For a good language model, it requires a large collection of 

text (Howcroft and Gkatzia 2022), which is not available in abundance if I talk about Punjabi in 

particular. Let's consider GPT3, for instance, it is trained on 45TB of text data in English (Howcroft 

and Gkatzia 2022). Training and designing such a model would require a large amount of trained 

data. 

It can be inferred that data resources play a crucial role in the development of any NLP tool, 

the root problem is not the lack of applications and tools but the lack of reliable and authenticated 

data resources, which creates the gap between a language and NLP for that language. As stated in 

the previous section, there must be a written language corpus of at least 100,000 words for a 

language as a core resource (Strassel, Maxwell, and Cieri 2003), and the same needs to be done for 

Punjabi. Punjabi has corpora but the data is not parsed and processed systematically to sustain 

larger applications and tools.  

As the data resources are available for mostly all the languages, even ELRA inventory 

contains more resources than the tools and applications. The other fact is the variety of applications 

and modules is so much greater, given to the languages like Hindi, Marathi, Tamil or Bengali even 

if the applications are build, they might or might not come in usage, hence, there is no point 

https://www.zotero.org/google-docs/?O22sJp
https://www.zotero.org/google-docs/?2N0NBT
https://www.zotero.org/google-docs/?2N0NBT
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spending money and time in development of applications or modules which don't have practical 

application within the community of that language. Even if the resources are available, they are not 

easily and readily available within a legal framework for the researchers and scholars. Most 

importantly, the data in the above tables do not address the coverage in terms of quantity, quality 

and adequacy to technological purposes.   

5.4 BLARK content for Spoken Resources 

The section particularly focuses on audio and visual data required by various speech applications 

like voice dictation, transcriptions, speech recognition, telephony servers etc. The main idea is to 

provide a minimum basic kit to researchers and developers that can help them to build such 

applications and techniques. 

I am referring to matrix charts mentioned in the Arabic BLARK (Maegaard et al. 2006) in 

which speech technologies and corresponding HLT modules are marked with importance. The 

matrix in table 18 shows the results (+ = relevant; ++ = important; +++ = essential) taken from 

Arabic BLARK (Maegaard et al. 2006). Based on this matrix one can determine which components 

serve most applications, and which data are most needed for most applications, i.e., which elements 

should be part of the BLARK. 

Following the chart, I would explain what the minimum resources are required as mentioned in the 

Arabic BLARK to build the basic tools and applications and what is already available for Punjabi. 

 

 

 

 

https://www.zotero.org/google-docs/?E0WVho
https://www.zotero.org/google-docs/?Hm0yT1


 

 
71 

Figure 7:  Speech language applications and corresponding HLT modules, marked with importance. 
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5.4.1 Voice dictation 

Voice dictation is another term for voice to text or speech to text. Speech-to-Text Recognition 

(STR) technology synchronously transcribes text streams from speech input (Trivedi et al. 2018). 

As described by Maegaard et al (2006), the minimum requirement is transcribed recordings of 50-

100 speakers, speaking 20 minutes each and 10 additional speakers for testing purposes and a 

written corpus of a few million words.  

The models trained on less data, between 50 hours to 160 hours, still predict words with relatively 

high precision (S. Bansal et al. 2018). With at least 50 hours of data, it gives 50% accuracy.  

5.4.2 Telephony speech applications  

The goal of telephony speech applications is to make the telephonic conversations as natural as 

possible. For example, a user can dial a speech banking application and can make a request to 

transfer money from one account to another, the voice request should be able to activate database 

query and on successful completion of the request it should convert back the request to voice 

message to deliver the information to the user (Cochrane 2004). To develop such a kind of speech 

application like voice assistant or speech recognition software, there is a need for speech 

recognition data for Punjabi language to train machine learning algorithms.  

According to  (Maegaard et al. 2006),  preferably data about 500-1000 speakers uttering 

around  50 different sentences based on the type of application, if it is for banking or education or 

for some other domain, would be enough to serve the purpose. The speech material can be 

restricted to a list of common words or phrases or numeric numbers, but it can also contain 

sentences and paragraphs or continuous speech for interactive speech dialogues.  

https://www.zotero.org/google-docs/?4yNMDi
https://www.zotero.org/google-docs/?zyREtn
https://www.zotero.org/google-docs/?fJN608
https://www.zotero.org/google-docs/?ClH4Cr
https://www.zotero.org/google-docs/?5Rc8g0
https://www.zotero.org/google-docs/?5Rc8g0
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5.4.3 Speaker recognition   

Speaker recognition is used to recognize a person from a spoken phrase (Campbell 1997). It is 

either used to identify a particular person or to verify a person’s claimed identity. Due to the low 

cost, speaker recognition systems are gaining increasing importance in the various fields, such as in 

forensics, remote banking services, biometrics solutions etc.  

Speech corpora is the basic requirement for the development and evaluation of speaker 

recognition systems (Campbell 1997). Considering Punjabi a less resource language, it has limited 

speech corpora which is not sufficient for development of robust speaker recognition systems. 

Punjabi doesn’t have a large speech corpora and after examining the Arabic BLARK model 

(Maegaard et al. 2006) and (Campbell 1997), it could be concluded that at least an audio corpus of 

about 500 speakers, amount of speech 3 minute per speaker, along with 100 speakers for testing, is 

required.   

5.4.4 Embedded speech recognition  

With the development of embedded systems, speech recognition technology based on embedded 

systems has become a new and important direction in this field (Yehui, Enliang, and Liqin 2016). 

One may use the desktop data from voice dictation resources (Maegaard et al. 2006), for embedded 

speech recognition systems.   

5.4.5 Broadcast News Speech Corpus   

Applications related to transcription of Broadcast News require transcribed audio and video data. 

Analyzing language models of Arabic (Maegaard et al. 2006), it can be inferred that transcribed 

https://www.zotero.org/google-docs/?zePTt7
https://www.zotero.org/google-docs/?20zC4h
https://www.zotero.org/google-docs/?h7CqH0
https://www.zotero.org/google-docs/?Y4w8vT
https://www.zotero.org/google-docs/?lI1xG0
https://www.zotero.org/google-docs/?qB6B4J
https://www.zotero.org/google-docs/?Njufqy
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audio data of about 50-100 hours and non-transcribed data of about 1000 hours can be useful along 

with the written corpus from newspapers, press releases and podcasts. 

5.4.6 Conversational speech  

Maegaard et al (2006) did mention that language should have telephonic speech data similar to that 

of CallHome American English (Speech developed by LDC) but the report of Arabic BLARK did 

not mention how this data could be useful for NLP speech applications or tools. A Conversational 

speech dataset is considered to be a powerful tool in NLP as it can help in training machine learning 

algorithms to understand, process and generate human language. Such types of datasets can be used 

to improve the performance and scalability of NLP models like machine translation and chatbot 

systems (“The Benefits Of A Conversational Speech Dataset - Way With Words”).  

Just like LDC focused on providing resources needed for telephonic applications and 

speech recognition research (Godfrey 1994), following which LDC managed to create  three types 

of telephone collection projects: CallHome, CallFriend and Switchboard-2. CallHome supports 

large vocabulary conversational speech recognition with transcribed collections of audio and 

lexical resources (Cieri and Liberman 2002). Similar type of speech dataset can be helpful for 

Punjabi as well. 

5.4.6 Dialect / language identification   

As mentioned above, CallFriend corpus consists of telephone conversations for language 

identification research.The corpus is documented describing the information of the speaker and call 

information (channel quality and number of speakers). It contains un-transcribed audio in Arabic, 

Canadian French, English, Farsi, German, Japanese, Korean, Mandarin, Russian, Spanish and 

https://www.zotero.org/google-docs/?x3ejiG
https://www.zotero.org/google-docs/?QuWULM
https://www.zotero.org/google-docs/?QuWULM
https://www.zotero.org/google-docs/?QuWULM
https://www.zotero.org/google-docs/?RQpSIj
https://www.zotero.org/google-docs/?ftFj7d
https://www.zotero.org/google-docs/?jIt6TG
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Vietnamese. It does support some of the Indian languages like Hindi and Tamil (Cieri and Liberman 

2002). Although most of these calls have not yet been transcribed, there is a growing body of 

transcription for Spanish, Mandarin, Farsi, Korean and Russian to support speech recognition. 

Similarly, speech corpus for Punjabi can be created with a set of varieties of Punjabi dialects. 

5.4.7 Speech Synthesis Corpus  

Speech synthesis is the artificial production of human speech. Developing text to speech (TTS) 

systems for a particular language requires a specialized speech corpus for that language. Training 

speech synthesis methods requires about 30 hours of good quality audio recordings from a single 

speaker in a noiseless environment, and an accurate transcription of these recordings. For less 

resourced languages, obtaining such a corpus is the major obstacle to development of TTS solutions 

(Veaux, Yamagishi, and MacDonald 2017). The other possible way to get high quality data can be 

to transcribe existing audio recordings, but that requires a lot of manual work. Approximately 10 

hours of work are required to transcribe one hour of raw audio from scratch (Veaux, Yamagishi, 

and MacDonald 2017).  

Text to speech (TTS) systems are necessary for any language to ensure accessibility and 

availability of digital language services (Veaux, Yamagishi, and MacDonald 2017). Synthetic 

speech may be used in several applications such as announcement or warning systems, reading 

machines for the blind or electronic-mail readers (Lemmetty 1999, 47-50). Hence, it is good 

motivation to develop such corpora for Punjabi language. 

https://www.zotero.org/google-docs/?NrMNcC
https://www.zotero.org/google-docs/?NrMNcC
https://www.zotero.org/google-docs/?a2JhlE
https://www.zotero.org/google-docs/?iKENEU
https://www.zotero.org/google-docs/?iKENEU
https://www.zotero.org/google-docs/?EFILU0
https://www.zotero.org/google-docs/?yHapye
https://www.zotero.org/google-docs/?yHapye
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5.4.8 Written corpus for speech technologies  

Written corpus is used in order to derive phonetic lexicon and language models, same as for written 

technologies (Maegaard et al. 2006). The primary goal for written corpus is to build phonetically 

rich corpus that could provide a certain linguistic richness and  could assure that speech synthesis 

system produces at least a natural intelligible sound (Amrouche et al. 2021). It also ensures that all 

the sentences or words are recorded by the speaker while designing or developing any speech 

corpus (Amrouche et al. 2021). When creating Arab speech synthesis, an initial corpus was 

designed which consisted of prose and poetry, scientific texts, text from newspapers, words from 

The Quran and Hadith (Amrouche et al. 2021). A similar corpus could be designed for Punjabi as 

well, mainly consisting of an unannotated corpus of  minimum of 300 million words, depending on 

the requirement of the application (Maegaard et al. 2006). 

  

https://www.zotero.org/google-docs/?UPyCtJ
https://www.zotero.org/google-docs/?OWxI5J
https://www.zotero.org/google-docs/?ukxLUg
https://www.zotero.org/google-docs/?BBZoqI
https://www.zotero.org/google-docs/?9Gpjg3
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Table 17: Available speech resources for Punjabi 

Name of Resource  Provider Size Other Information Applications 
Possible 

Availability, 
cost, 

Adaptability 

Punjabi Raw Speech 
Corpus 

 
(“Punjabi Raw 

Speech Corpus”)  

Central 
Institute of 

Indian 
Languages 

101:09:28 Hours 
| 65.5 GB  

467 Speakers and 
76,230  Audio 

Segments 

     >  3000 

Speech Corpus for 
Punjabi 

 
(“ELRA - ELRA-U-

S 0062 : Speech 
Corpus for Punjabi”) 

ELRA  Comprises recordings 
of syllables, frequent 

words, digits, 
phonetically rich 

sentences, prosody rich 
sentences, domain-

specific texts and news 
texts.  

 

Speech 
synthesis 

Freely 
available for 
research and 
development 

Punjabi Speech data 
 

(Dhanjal and Singh 
2022) 

 Corpus consists 
of 401 daily used 
words and a total 
of 16,793 audio 

files are 
prepared, each 

file containing 5 
words. 

Punjabi speech data is 
recorded using 
SmartRecorder 

software. Both males 
and females were 

selected from different 
age groups. 

 

ASR  

OTS Dataset  
 

(“Pre-Labelled 
Datasets | Structured 

Datasets for 
AI/ML”) 

FutureBee AI Contains 30 
speech hours of 

audio/speech 
data.  

The participants in the 
collection are males 
and females from the 
age group of 18 to 70 
years, with different 
accents to keep the 

speech dataset diverse 
and unbiased.  

ASR, 
Chatbot, 

TTS, Speech 
Analytics, 
Language 
modeling, 

Conversation
al AI 

Freely 
available for 
research and 
development 

 

 

https://www.zotero.org/google-docs/?dbb6Pe
https://www.zotero.org/google-docs/?dbb6Pe
https://www.zotero.org/google-docs/?tggKG2
https://www.zotero.org/google-docs/?tggKG2
https://www.zotero.org/google-docs/?tggKG2
https://www.zotero.org/google-docs/?DOvNHf
https://www.zotero.org/google-docs/?DOvNHf
https://www.zotero.org/google-docs/?GGMmh5
https://www.zotero.org/google-docs/?GGMmh5
https://www.zotero.org/google-docs/?GGMmh5
https://www.zotero.org/google-docs/?GGMmh5
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Table 18: HLT Modules for spoken resources 

HLT Modules Name of the 
module 

Provider Other 
Information/References 

Availability, 
price, 

manipulable 

 

ASR Automatic 
Speech 

Recognition 
(Dev, Sharma, 
and Agarwal 

2021) 
 

 

3 Speakers, 
200 words  

 

The efforts made by 
various researchers to 

develop Punjabi ASR for 
Indian languages have 
been analyzed and then 

their applicability to 
Punjabi language has 
been discussed so that 
concrete work can be 
initiated for Punjabi 

language.  

ASR 3 

 Kaur and 
Singh (2016a) 

 
(Dev, Sharma, 
and Agarwal 

2021) 
 
 
 

3 Speakers,43 
words (noise 

free) 3 
speakers,53 

words (noisy) 

Optimizing feature 
extraction techniques 

using phone based 
modeling on connected 
words for Punjabi ASR. 

ASR 3 

 Kumar and 
Singh (2016a) 

 
(Dev, Sharma, 
and Agarwal 

2021) 

Punjabi live 
speech 

462 
sentences, 

1213 words 
 

The focus is to develop 
Spontaneous Speech 

Recognition.   

Automatic 
Spontaneous 

Speech 
Recognition 

3 

 Kadyan 
et al. (2017a) 

 
(Dev, Sharma, 
and Agarwal 

2021) 

25 speakers, 
5000 words, 

32 hrs 

  3 

https://www.zotero.org/google-docs/?f18pkc
https://www.zotero.org/google-docs/?f18pkc
https://www.zotero.org/google-docs/?f18pkc
https://www.zotero.org/google-docs/?c6xveC
https://www.zotero.org/google-docs/?c6xveC
https://www.zotero.org/google-docs/?c6xveC
https://www.zotero.org/google-docs/?SsTXpM
https://www.zotero.org/google-docs/?SsTXpM
https://www.zotero.org/google-docs/?SsTXpM
https://www.zotero.org/google-docs/?SxyBAV
https://www.zotero.org/google-docs/?SxyBAV
https://www.zotero.org/google-docs/?SxyBAV
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 Kadyan et al. 
(2017b) 

 
(Dev, Sharma, 
and Agarwal 

2021) 

Training 24 
speakers 
,58700 

words,46 hrs 
40 min 

Testing 13 
speakers, 

6100 words, 
5hrs30 min 

  3 

 Kadyan et al. 
(2018) 

 
(Dev, Sharma, 
and Agarwal 

2021) 

Continuous 
speech corpus 

3611 
sentences, 13 

speakers 

  3 

 Guglani and 
Mishra (2018) 

 
(Dev, Sharma, 
and Agarwal 

2021) 

24 speakers, 
0-9 digits in 

Malwai 
dialect,240 

hrs 

Punjabi speech 
recognition model  

 3 

 

5.4 Gap Analysis for spoken resources along with their corresponding HLT modules.  

As shown in the table 18, Punjabi has a raw speech corpus of almost 100 hours of speech. Given the 

amount of speech data available, it is a pathway for researchers to direct their research and 

development towards creating and designing speech technologies for Punjabi. 

If we compare English or Chinese, those are languages that are trained with massive 

amounts of speech and text information, however, as it can be inferred from the table 19 that 

Punjabi does not have such resources or stable orthography. There is a need for realistic Punjabi 

https://www.zotero.org/google-docs/?JQKrMc
https://www.zotero.org/google-docs/?JQKrMc
https://www.zotero.org/google-docs/?JQKrMc
https://www.zotero.org/google-docs/?lVKb9J
https://www.zotero.org/google-docs/?lVKb9J
https://www.zotero.org/google-docs/?lVKb9J
https://www.zotero.org/google-docs/?m3W7LA
https://www.zotero.org/google-docs/?m3W7LA
https://www.zotero.org/google-docs/?m3W7LA
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corpora to fuel reproducible and replicable language studies at the phonetic, lexical and syntactic 

levels. Most of the speech-based tools work on intensive data and depend on good quality data to 

be provided to these models to ensure good output is generated. Usually, researchers are focusing 

on speech recognition or speech synthesis, but these are not the only two types of speech resources 

that a researcher might be interested in.  

 There are already a 100 hours of spoken Punjabi recordings, which is quite a good starting 

point, but it needs to be properly transcribed and aligned. Hence, the priority is to improve speech 

corpora in order to develop speech technologies for Punjabi. 

5.5 Challenges for creating data resources. 

Although, it has been analyzed that lack of resources is one the main reasons why Gurmukhi 

Punjabi is behind when it comes to NLP tools, what are significant reasons or challenges that 

Punjabi is facing when it comes to the development of resources or corpus. In the following 

sections I will discuss some of the major challenges. 

5.5.1 No capitalization and no contractions  

There are no capital letters in Punjabi. For example, in English, in proper names- Peter else peter 

but in Punjabi its only written as “ਪੀਟਰ”. It can be a problem while tokenizing as it would be 

difficult to distinguish nouns and proper names from the other parts of speech. NER, one of the 

important concepts in NLP, detects the boundaries of the sentences by analyzing capital letters. 

Also, there is no apostrophe or other contractions in Punjabi to identify possessive nouns. Lack of 

capital letters and apostrophe makes it challenging to build such modules. I won’t say it is difficult 

just because there is a way it could be done for English, which is the dominant language, and a lot 
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of work has been done for it. Every language has some unique features and so does Punjabi. All that 

needs to be done is to have different approaches and methods to achieve the desired goal of creating 

linguistics resources for Punjabi.  

5.5.2 Cost and deployment of Linguistic Resources 

Capital and infrastructure are another factor why it is hard to implement the given directions and 

ideas in real-time environments. It’s a long-term project and not a change that occurs overnight. 

Keeping this in mind, one needs to be prepared to handle the time, resources, and capital involved 

in building, testing, and deploying the system in the market. Another drawback can be that training 

language models takes considerable time and expertise. Collecting enough language resources or 

effectively making do with the available ones may not be cheap. All in all, manual development 

would be really expensive.  According to the report published by the Central Institute of Indian 

Languages in September 2018 (Choudhary 2018), it approximately cost around 10 million rupees to 

create a labeled corpora for Hindi. Hindi being the national language of the country, it is not that 

hard to get funds from the central government but when it comes to languages like Punjabi, the 

same does not hold true for it. Then there is the additional cost of storage and management of 

corpus. For creating speech corpora particularly, the cost of text preparation time is included as 

well. A text is first prepared and then recorded. After the data is recorded, then there is a process of 

transferring the data on to computers, segmenting and storing the data. With a revenue deficit of 

9%, as per the financial year report of 2022, Punjab government can hardly grant funds for Punjabi 

Linguistic resources. 
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5.5.3 Lack of linguistic expertise  

Punjabi is not a universal language, so expecting users from different geographies to have the same 

level of proficiency is unrealistic. For labeled corpora or annotated corpora, there is a need for an 

annotator who is trained in linguistics and having an expert knowledge in the language concerned. 

With drift in the STEM field, students are more into engineering or medical studies, thus, in the 

longer run it would be hard to find someone who has linguistic expertise of a language.  
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CHAPTER 6: LANGUAGES RESOURCES AND TOOLS AVAILABLE FOR 

OTHER INDIAN LANGUAGES  

According to Ethnologue, India is the fourth most linguistically diverse country in the world after 

Papua New Guinea, Indonesia and Nigeria and is home to 1,300 million (Eberhard, Gary F., and 

Charles D. 2023) people which is almost 18% of the world population, but still the information 

technology advancement is lagging by decades compared to other languages of the world like 

English, Dutch and Arabic. This may be due to various factors but one of the primary factors is 

fewer language resources required for the development of such technology. In the following 

section, a subset of major Indian languages has been chosen to evaluate the number of LRs for each 

language. And since Arabic and Dutch have been able to create more NLP resources with the use of 

BLARK, I am comparing the Indian languages with these two languages to analyze to what degree 

the Indian languages lag digitally. The languages covered by this report are Arabic, Dutch, Hindi, 

Marathi, Bengali, Tamil and Telugu.  

6.1 Existing Resources for the Individual languages  

The following overview is divided into two parts: Table 21 and 22. Table 21 shows the coverage of 

LRs for the chosen languages and 22 shows the available modules of those languages. Since 

requirements regarding resources and tools may differ depending on the field, availability is stated 

in terms of degree. I have distinguished between three levels:  

+  a single resource/tool is available. 

++ various resources/tools are available. 

+++ various resources /tools are available; cover different fields/language pairs/language features. 

 

https://www.zotero.org/google-docs/?vPGWLa
https://www.zotero.org/google-docs/?vPGWLa
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Table 19: Available language resources for these languages 

Resource  Arabic 
(ELRA/
MEDAR) 

Dutch  
(ELRA/C
LARIN) 

Hindi 
(ELRA/
Other) 

Tamil 
(ELRA/ 
Other) 

Telugu 
(ELRA/ 
Other) 

Marathi  
(ELRA/ 
Other) 

Bengali 
(ELRA/ 
Other) 

Punjabi 
(ELRA/ 
Other) 

Thesaurus/Wordnet -/+++ +/++ -/++ +/++ -/+ -/+ -/+ -/++ 

Unannotated corpus +++/+++ -/++ -/+++ -/+++ -/+ -/++ -/+++ +/+++ 

Multimedia/Multimo
dal corpus 

+/+++ -/++ -/++ –/+ – – – +/+ 

Multilingual lexicon +++/+++ +++/+++ +++/+ +/+++ -/+++ -/+++ -/+++ –/+++ 

Annotated corpus ++/+++ +/+++ ++/+++ -/+++ – -/++ -/+++ –/+ 

Speech corpus +++/++ +++/++ +++/+++ +++/+++ +/+ +/+++ +++/+++ +/+++ 

Speech corpus 
(Transcript) 

+++/+ +++/++ +++/++ +++/+ -/+ -/+ +/+ ++/-- 

Monolingual  
lexicon 

+++/+++ +++/+ -/++ –/+++ – – -/++ – 

Terminology 
Databases 

+++/+++ +/- +++/+ –/+++ – – -/+ – 

Monolingual corpora +++/- +++/+ ++/+++ +++/++ +/+ +/+++ ++/+ ++/– 

Multilingual corpus ++/- +++/+++ +/+ + +/- – -/++ – 

Multilingual 
Parallel/comparable 
corpora 

+++/+++ ++/+++ ++/+++ +/+ +/++ -/+++ +/+++ +++/++ 

 

 

1 Coverage for Arabic includes elements that are available on ELRA as well as MEDAR. 

2 Other Sources for Thesaurus/Wordnet are: Dutch - (Spyns and Odijk 2013); Hindi - (“Hindi 

WordNet”), (Bhattacharyya, Pushpak, Pande, Prabhakar, and Lupu, Laxmi 2008); Tamil - 

https://www.zotero.org/google-docs/?LzrCsA
https://www.zotero.org/google-docs/?bUiZl2
https://www.zotero.org/google-docs/?bUiZl2
https://www.zotero.org/google-docs/?19gMyq
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(Rajendran, 2014), (ThaniThamizhAkarathiKalanjiyam [2020] 2020); Telugu - (“TDIL-DC :Indo 

Wordnet”); Marathi – (“TDIL-DC :Indo Wordnet”); Bengali – (“TDIL-DC :Indo Wordnet”); 

Punjabi - (Dash, Bhattacharyya, and Pawar 2017), (Puri, Bedi, and Goyal 2015). 

3 Other Sources for Unannotated Corpus are: Hindi - (Kapoor et al. 2022), (A. Verma et al. 2021), 

(Choudhary 2021); Tamil - (Choudhary 2021), (Neechalkaran [2019] 2022), (“Tamil News 

Dataset”); Telugu - (Choudhary 2021); Marathi - (Choudhary 2021), (“Digital Corpus of Old 

Marathi (DCOMA)”); Bengali - (Choudhary 2021), (Mithun Biswas et al. 2017), (Mridha et al. 

2021); Punjabi - (Choudhary 2021), (“A Gold Standard Punjabi Raw Text Corpus”), Guru Granth 

Sahib. 

4 Other Sources for Multimedia/Multimodal Corpus are: Hindi - (Parida, Bojar, and Dash 2019), 

(Meetei et al. 2023); Tamil - (Chakravarthi et al. 2021); Punjabi - (“Pre-Labelled Datasets | 

Structured Datasets for AI/ML”). 

5 Other Sources for Multilingual lexicon are: Hindi - (“Shabdkosh.com”), (“Collins Hindi 

Dictionary | Translations, Definitions and Pronunciations”), (“Hindi Dictionary Online Translation 

LEXILOGOS”); Telugu - (Brown 1903), (“Shabdkosh.com”), (“Hindi – Hindi -Telugu Dictionary 

– Neelkamal Publications Pvt. Ltd”); Tamil - (Fabricius 1972), (“Tamil Hindi Dictionary | 

Lexicool”), (Percival 1993); Bengali - (S. Biswas 2004), (Mitra et al. 2017), (M.A 2009); Punjabi - 

(“Shabdkosh.com”), (“Sampadak”), (Singh Nabha). 

6 Other Sources for Annotated Corpus are: Arabic - (Zeman et al. 2012); Dutch - (Zeman et al. 

2012); Hindi - (Zeman et al. 2012), (Aggarwal, Ghosh, and Mamidi 2020), (A. Prasad and Sharma 

2020); Tamil - (Zeman et al. 2012), (Chakravarthi et al. 2021); Marathi - (Kulkarni et al., n.d.); 

Bengali - (Zeman et al. 2012), (Chaudhury et al. 2017), (Monisha Biswas and Hoque 2019); 

Punjabi - (J. R. Saini and Kaur 2020). 

https://www.zotero.org/google-docs/?GTAXN1
https://www.zotero.org/google-docs/?VIxzX3
https://www.zotero.org/google-docs/?VIxzX3
https://www.zotero.org/google-docs/?WFdYhh
https://www.zotero.org/google-docs/?DWnrOB
https://www.zotero.org/google-docs/?3eil57
https://www.zotero.org/google-docs/?CmEVu2
https://www.zotero.org/google-docs/?8o8vp6
https://www.zotero.org/google-docs/?5pvdKn
https://www.zotero.org/google-docs/?6EaMBJ
https://www.zotero.org/google-docs/?QbNXBT
https://www.zotero.org/google-docs/?1TmvIK
https://www.zotero.org/google-docs/?wtTjqy
https://www.zotero.org/google-docs/?wtTjqy
https://www.zotero.org/google-docs/?wtlOAM
https://www.zotero.org/google-docs/?bZBMGv
https://www.zotero.org/google-docs/?A9KzTF
https://www.zotero.org/google-docs/?A9KzTF
https://www.zotero.org/google-docs/?WO92qL
https://www.zotero.org/google-docs/?D2KiQR
https://www.zotero.org/google-docs/?xs3hXx
https://www.zotero.org/google-docs/?xs3hXx
https://www.zotero.org/google-docs/?bAJr0W
https://www.zotero.org/google-docs/?P6X9kh
https://www.zotero.org/google-docs/?Dr1eON
https://www.zotero.org/google-docs/?iXYVI9
https://www.zotero.org/google-docs/?zmNyFV
https://www.zotero.org/google-docs/?6AbUTh
https://www.zotero.org/google-docs/?6AbUTh
https://www.zotero.org/google-docs/?PZ78ki
https://www.zotero.org/google-docs/?CTqAFb
https://www.zotero.org/google-docs/?CTqAFb
https://www.zotero.org/google-docs/?k7kG2X
https://www.zotero.org/google-docs/?k7kG2X
https://www.zotero.org/google-docs/?ImTxU5
https://www.zotero.org/google-docs/?05zZLX
https://www.zotero.org/google-docs/?03D3eM
https://www.zotero.org/google-docs/?03D3eM
https://www.zotero.org/google-docs/?F1a1fq
https://www.zotero.org/google-docs/?btAhhc
https://www.zotero.org/google-docs/?btAhhc
https://www.zotero.org/google-docs/?oCGVrs
https://www.zotero.org/google-docs/?UZbxBS
https://www.zotero.org/google-docs/?YRyL6W
https://www.zotero.org/google-docs/?O60u0Z
https://www.zotero.org/google-docs/?zU8qZI
https://www.zotero.org/google-docs/?EjCiCn
https://www.zotero.org/google-docs/?bOvv48
https://www.zotero.org/google-docs/?ECZRQD
https://www.zotero.org/google-docs/?ECZRQD
https://www.zotero.org/google-docs/?spQrrN
https://www.zotero.org/google-docs/?OWOT6u
https://www.zotero.org/google-docs/?u8P5be
https://www.zotero.org/google-docs/?u8P5be
https://www.zotero.org/google-docs/?w5qX5V
https://www.zotero.org/google-docs/?ypEApx
https://www.zotero.org/google-docs/?cMk3Xp
https://www.zotero.org/google-docs/?iqAHex
https://www.zotero.org/google-docs/?fxjefZ
https://www.zotero.org/google-docs/?1CLD7S
https://www.zotero.org/google-docs/?okeBEI
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7 Other Sources for Speech Corpus are: Hindi - Choudhary 2021), (Yadavally [2019] 2021), 

(“Openslr.Org”); Tamil - (Choudhary 2021), (A, Pilar and G 2022), (“Tamil Speech Recognition 

Corpus (Desktop)-Speechocean”); Telugu - (Choudhary 2021), ; Marathi - (Choudhary 2021), 

(Lahoti, Mittal, and Singh 2023); Bengali - (Choudhary 2021), (Mantoro et al. 2021), (Sodimana et 

al. 2018); Punjabi - (Choudhary 2021), (“Punjabi Raw Speech Corpus”), (Dhanjal and Singh 

2022). 

8 Other Sources for Speech Corpus (Transcript) are: Hindi - (Yadavally [2019] 2021), 

(“Openslr.Org”); Telugu - (“Openslr.Org”), Bengali - (Sodimana et al. 2018). 

9 Other Sources for Monolingual Lexicon are: Hindi - (“Hindi to Hindi Dictionary - Apps on 

Google Play”),  (“Hindi Dictionary - Online Hindi to Hindi Devanagari Words Dictionary”); 

Telugu - (“Telugu Monolingual PoS Tagged Text Corpus ILCI”); Tamil - (R [2013] 2023), 

(Madras 1924), (“Tamil to Tamil Dictionary | Tamil Translation Services | Tamil English 

Dictionary - Ilearntamil”); Bengali - (“Offline Bangla Dictionary (E2B & B2E)” 2022), (“Bengali 

Dictionary Online Translation (Bangla) LEXILOGOS”). 

10 Other Sources for Terminology Databases are: Hindi - (“Hindi Stop Words and Sentiment 

Lexicons”); Tamil - (“All_tamil_nouns” [2020] 2023), (“Open-Tamil/Solthiruthi/Data at 

5eb9fb1447fe021ca47e2cc4605f7111e6b1088f · Ezhil-Language-Foundation/Open-Tamil”); 

Bengali - (“Stopwords Bengali (BN)” [2016] 2023). 

11 Other Sources for Monolingual Corpus are: Hindi - (“IIT Bombay English-Hindi Parallel 

Corpus”), (“Hindi Monolingual Chunked Text Corpus ILCI”), (“Download Corpora Hindi”); 

Telugu - (“A Gold Standard Telugu Raw Text Corpus”); Tamil - (“A Gold Standard Tamil Raw 

Text Corpus” n.d.), (“Tamil - Language Corpus for NLP” n.d.); Marathi - (Lahoti, Mittal, and 

Singh 2023); Bengali - (Mumin et al. 2014) 

https://www.zotero.org/google-docs/?bYhs1k
https://www.zotero.org/google-docs/?YybUWD
https://www.zotero.org/google-docs/?LjULA2
https://www.zotero.org/google-docs/?jXXR5w
https://www.zotero.org/google-docs/?VbLCAu
https://www.zotero.org/google-docs/?EpeKER
https://www.zotero.org/google-docs/?EpeKER
https://www.zotero.org/google-docs/?AQgOgq
https://www.zotero.org/google-docs/?4c8ljH
https://www.zotero.org/google-docs/?5mXpOI
https://www.zotero.org/google-docs/?N7XCIm
https://www.zotero.org/google-docs/?nAtw9p
https://www.zotero.org/google-docs/?zHIYX2
https://www.zotero.org/google-docs/?zHIYX2
https://www.zotero.org/google-docs/?GhTQan
https://www.zotero.org/google-docs/?baUzua
https://www.zotero.org/google-docs/?j2hmcd
https://www.zotero.org/google-docs/?M01FcR
https://www.zotero.org/google-docs/?VAiy5q
https://www.zotero.org/google-docs/?bOpUlE
https://www.zotero.org/google-docs/?LWAeic
https://www.zotero.org/google-docs/?LWAeic
https://www.zotero.org/google-docs/?ABU8n1
https://www.zotero.org/google-docs/?sFzp21
https://www.zotero.org/google-docs/?9xV7jX
https://www.zotero.org/google-docs/?hCqewS
https://www.zotero.org/google-docs/?SLfFhF
https://www.zotero.org/google-docs/?SLfFhF
https://www.zotero.org/google-docs/?gKABkD
https://www.zotero.org/google-docs/?0XfWpG
https://www.zotero.org/google-docs/?0XfWpG
https://www.zotero.org/google-docs/?acJzZK
https://www.zotero.org/google-docs/?acJzZK
https://www.zotero.org/google-docs/?acJzZK
https://www.zotero.org/google-docs/?acJzZK
https://www.zotero.org/google-docs/?E3PZGP
https://www.zotero.org/google-docs/?E3PZGP
https://www.zotero.org/google-docs/?E3PZGP
https://www.zotero.org/google-docs/?DfDQIv
https://www.zotero.org/google-docs/?DfDQIv
https://www.zotero.org/google-docs/?DfDQIv
https://www.zotero.org/google-docs/?DfDQIv
https://www.zotero.org/google-docs/?tdoEFC
https://www.zotero.org/google-docs/?Xy8AMJ
https://www.zotero.org/google-docs/?Xy8AMJ
https://www.zotero.org/google-docs/?yNWD1l
https://www.zotero.org/google-docs/?awDQGw
https://www.zotero.org/google-docs/?dXa394
https://www.zotero.org/google-docs/?kMwFP0
https://www.zotero.org/google-docs/?kMwFP0
https://www.zotero.org/google-docs/?oxAeRn
https://www.zotero.org/google-docs/?o9n45C
https://www.zotero.org/google-docs/?o9n45C
https://www.zotero.org/google-docs/?S1aFp0
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12 Other Sources for Multilingual Corpus are: Hindi - (J. Kumar, Rakhra, and Dubey 2022); 

Bengali - (Mumin et al. 2014), (Publications 2019) 

13 Other Sources for Multilingual Parallel/comparable Corpora are: Hindi - (Ramesh et al. 2022), 

(Pardeep Kumar and Goyal 2010), (P. Singh [2020] 2022); Tamil - (Ramesh et al. 2022), 

(“English-Tamil Parallel Corpora”); Telugu - (Ramesh et al. 2022), (“Telugu-English Translated 

Parallel Corpora for Religious Domain”); Marathi - (Ramesh et al. 2022), (Lahoti, Mittal, and 

Singh 2023); Bengali - (Ramesh et al. 2022), (Nowshin, Sultana Ritu, and Ismail 2018), (“Bengali-

English Translated Parallel Corpora for Tourism Domain”); Punjabi - (Ramesh et al. 2022), 

(Pardeep Kumar and Goyal 2010). 

 

 

  

https://www.zotero.org/google-docs/?86PqRI
https://www.zotero.org/google-docs/?jDPiwd
https://www.zotero.org/google-docs/?8DPySb
https://www.zotero.org/google-docs/?nRmfFg
https://www.zotero.org/google-docs/?UFJsJ9
https://www.zotero.org/google-docs/?lTOndX
https://www.zotero.org/google-docs/?wQGYWd
https://www.zotero.org/google-docs/?BZhSXg
https://www.zotero.org/google-docs/?ekwxPR
https://www.zotero.org/google-docs/?TB6kvj
https://www.zotero.org/google-docs/?TB6kvj
https://www.zotero.org/google-docs/?QVRxIP
https://www.zotero.org/google-docs/?AMRTBl
https://www.zotero.org/google-docs/?AMRTBl
https://www.zotero.org/google-docs/?Xpt4hd
https://www.zotero.org/google-docs/?6DAjhU
https://www.zotero.org/google-docs/?4ieBNO
https://www.zotero.org/google-docs/?4ieBNO
https://www.zotero.org/google-docs/?2nmJP9
https://www.zotero.org/google-docs/?LGfFkV
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Table 20: Available modules for these languages 

Module  Arabic 

(MEDAR/
Other) 

Dutch 
 

Hindi  
 

Tamil 
 

Telugu Marathi 
 

Bengali Punjabi 

Morphological 
analyser 

+++ + +++ +++ +++ +++ +++ +++ 

POS tagger  +++ +++ +++ +++ +++ +++ +++ ++ 
Diacritizer -/+ – – – – – – – 
Stemmer ++/- +++ +++ +++ ++ +++ ++ +++ 
Sentence Boundary 
Detection 

+/- ++ + — — ++ +++ — 

Named Entity 
Recognition 

-/+++ +++ +++ +++ +++ +++ +++ ++ 

Shallow parser -/++ ++ ++ + + + + + 
Spell checker -/+++ ++ +++ +++ + +++ ++ ++ 
Parsers and grammars ++ ++ +++ +++ — ++ ++ — 
Font converters -/+ +++ — — — —- ++ + 
Sentence Alignment  -/+++ ++ +++ + — —- + —- 
Text generation -/+ – — — — —- —- —- 
Text annotation tools +++/++ – — — — —- —- —- 
Machine translators -/+++ +++ +++ ++ +++ +++ +++ ++ 
Token detection -/+ ++ ++ ++ — —- +++ —- 
OCR -/+++ +++ +++ +++ +++ +++  +++ 

 

Coverage for Arabic includes elements that are available on ELRA as well as MEDAR. 

2 Other Sources for Morphological Analysers are: Dutch - (“ELG - Morphology Analyzer and 

Generator”); Hindi - (“Downloads | Siva Reddy”), (“Hindi Morphological Tagger”), (Goyal and 

Lehal 2008); Tamil - (Sarveswaran, Dias, and Butt 2021), (Akilan 2012), (Kumar, Jayashree, and 

Manimegalai 2020, 801–809); Telugu - (Burla and Tech 2019), (Sai Kiranmai et al. 2010), (D. S. 

Ghosh 2014); Marathi - (Lahoti, Mittal, and Singh 2023), (Gawade et al. 2013); Bengali - (Faridee 

2009), (P. Das and Das 2013), (Gelbukh 2023, 13451:595–607); Punjabi - (Lehal 2009), (“Online 

Punjabi Morphological Analyzer”). 

3 Other Sources for POS tagger are: Dutch - (Poel and Boschman 2008), (Miltenburg [2016] 2022),  

(ivdnt.org n.d.); Hindi - (Shrivastava and Bhattacharyya 2008), (Garg, Goyal, and Preet 2012), 
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(Joshi, Darbari, and Mathur 2013); Tamil - (Sarveswaran and Dias 2021), (Ramanathan, 

Chidambaram, and Patro, n.d.), (V. et al. 2009); Telugu - (Badugu 2014), (Suresh, n.d.), (Ganesh 

2006), Marathi - (Lahoti, Mittal, and Singh 2023), (Jyoti Singh, Joshi, and Mathur 2013); Bengali 

- (Raha et al. 2020), (Hoque and Seddiqui 2015), (“Awesome-Bangla” [2017] 2023); Punjabi - 

(“Online Punjabi Part of Speech Tagger”), (Sanjeev Kumar Sharma and Gurpreet Singh Lehal 

2011). 

4 Other Sources for Diacritizer are: Arabic - (Darwish, Mubarak, and Abdelali 2017). 

5 Other Sources for Stemmer are: Dutch - (Jonker, 2020), (“Dutch Stemmer” 2006), (“Dutch 

Keyword Stemmer - SearchWP” 2015); Hindi - (Mishra and Tech 2012), (sainimohit23 [2019] 

2022), (A. K. Pandey and Siddiqui 2008); Tamil - (Rajalingam [2010] 2023), (Thangarasu and 

Manavalan 2013), (Pan, Chen, and Nguyen 2012, 7198:197–205); Telugu - (Raju and Sreenivasulu 

2022), (Department of CSE, CMR college of Engineering & Technology Hyderabad, India and 

Swapna* 2019), Marathi - (Lahoti, Mittal, and Singh 2023), (P. Pandey, Amin, and Govilkar 

2015); Bengali - (S. Das, Pandit, and Naskar 2020), (“BanglaKit Bengali Stemmer” [2017] 2023); 

Punjabi - (Puri, Bedi, and Goyal 2015), (Tiwari et al. 2022, 318:493–503), (V. Gupta and Lehal 

2009). 

6 Other Sources for Sentence Boundary Detection are: Dutch - (Wong, Chao, and Zeng 2014), 

Hindi - (Sa et al. 2018), Marathi - (Wanjari, Dhopavkar, and Zungre 2016); Bengali - (Bhowmik 

and Das Mandal 2020), (“BanglaKit Sentence Boundary Detector (SBD)” [2019] 2019). 

7 Other Sources for Named Entity Recognition are: Arabic - (Benajiba and Rosso 2023), (Hossam 

[2022] 2023), (Qu et al. 2023); Dutch - (Schraagen et al. 2017), (Van Toledo, Van Dijk, and Spruit 

2020); Hindi - (V. Singh et al. 2018), (Murthy et al. 2022), (R. Sharma, Morwal, and Agarwal 

2022); Tamil - (H. S. Saini et al. 2019, 74:91–99), (Kathiravan and Saranya, n.d.), (Anbukkarasi et 
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al. 2022); Telugu - (Gorla et al. 2018), (Rajalakshmi et al. 2022), (Gorla et al. 2022); Marathi - 

(Dongare and Mhaiskar 2023), (Litake et al. 2022), (Hemanth et al. 2019, 26:371–77); Bengali - 

(Ekbal, Haque, and Bandyopadhyay 2008), (Rifat [2019] 2023), (Drovo et al. 2019); Punjabi - 

(Jaspreet Singh and Lehal 2015), (Chopra and Morwal 2012). 

8 Other Sources for Shallow parser are: Arabic - (Green and Manning 2010), (Castro, Gelbukh, and 

González 2013), Dutch - (Oostdijk and van Halteren 2013), (Canisius 2003); Hindi - (A. Sharma et 

al. 2016), (“Hindi Shallow Parser”); Tamil - (Ariaratnam, Weerasinghe, and Liyanage 2014); 

Telugu - (“Telugu Shallow Parser”), Marathi - (Lahoti, Mittal, and Singh 2023); Bengali - 

(“Bengali Shallow Parser”); Punjabi - (“Punjabi Shallow Parser”). 

9 Other Sources for Spell checker are: Arabic - (“Free Online Arabic Spell Checker”), (“Arabic 

Spell Checker” [2018] 2023), Dutch - (“Free Online Dutch Spell Checker”), (“Multilingual Spell 

and Grammar Text Corrector”); Hindi - (S. Singh and Singh 2021), (R. Kaur and Sharma 2016), 

(Vinitha and Jawahar 2016); Tamil - (Pawan Kumar, Kannan, and Goel 2020), (Murugan, 

Bakthavatchalam, and Sankarasubbu 2020), (P. Gupta 2019); Telugu - (Etoori, Chinnakotla, and 

Mamidi 2018), Marathi - (P. Gupta 2019), (Dixit, Dethe, and Joshi 2007); Bengali - (Akash [2017] 

2021), (Rahman et al. 2022); Punjabi - (“Punjabi Grammar Checker”), (G. Kaur, Kaur, and Singh 

2019). 

10 Other Sources for Parser and grammars are: Dutch - (“NedGram Constraint Grammar Parser for 

Dutch – META-SHARE”), (“Generation Grammars - ACL Wiki”); Hindi - (Ramteke, Ramteke, 

and Dongare 2014), (Bhat et al. 2018), (Makwana and Vegda 2015); Tamil - (Rajendran 2006), 

(Sarveswaran and Dias 2021), (Saravanan, Parthasarathi, and Geetha 2003); Marathi - (Umale 

2016), (Zhang, n.d.); Bengali - (Azharul Hasan et al. 2011), (Dhar et al. 2012). 
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11 Other Sources for Font converters are: Arabic - (“Arabic and Arab-Culture Fonts | Font & Text 

Generator”); Dutch - (“Dutch Voice Typing - Unicode Font Converter”), (“Dutch Fonts”); Bengali 

- (“Bijoy - Unicode Converter | িবজয় - ইউিনেকাড কনভাটoার”); Punjabi - (“Punjabi Gurmukhi 

Unicode Font Converter | Free Font Converter”). 

12 Other Sources for Sentence Alignment are: Arabic - (Semmar and Fluhr 2007), (Fattah, Ren, and 

Kuroiwa 2006), (Ellouze, Neifar, and Belguith 2018); Dutch - (Trushkina, Macken, and Paulussen 

2008), (Tiedemann 2007); Hindi - (Venkatapathy and Joshi 2007), (Aswani and Gaizauskas 2005), 

(Nigam and Jaiswal 2006); Tamil - (Harshawardhan and Augustine 2008); Bengali - (Ahmed, 

Hasan, and Selim 2018), (“Generating Parallel Translation Corpora in Indian Languages: 

Cultivating Bilingual Texts for Cross Lingual Fertilization” 2016). 

13 Other Sources for Text generation are: Arabic - (Hejazi et al. 2021); Bengali 

14 Other Sources for Text annotation tools are: Arabic - (Al-Twairesh et al. 2016), (Bouziane et al. 

2021). 

15 Other Sources for Machine translators are: Arabic - (Zakraoui et al. 2021), (“Tarjama AMT - The 

Best Arabic Translation Tool”), (Akhter et al. 2017); Dutch - (“Dutch”); Hindi - (Sitender et al. 

2023), (Goyal and Lehal 2011), (SHUKLA [2018] 2023); Tamil - (Pathak, Choudhary, and Shah 

2018), (Sankaravelayuthan 2019); Telugu - (Rao, n.d.), (Lingam, Lakshmi, and Theja 2014), 

(Laskar et al., n.d.); Marathi - (Shirsath et al. 2021), (Jadhav 2020), (Aishwarya [2015] 2015); 

Bengali - (Menon [2020] 2023), (East West University, Dhaka-1212, Bangladesh et al. 2020), 

(Ohidujjaman et al. 2021); Punjabi - (M. Kaur 2018), (N. Bansal and Kumar 2020) 

16 Other Sources for Token detection are: Arabic - (Attia 2007); Dutch - (van Es et al. 2022), (Van 

Hee et al. 2018); Hindi - (K Panchapagesan et al. 2004), (M. Das et al. 2020); Tamil - 
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(Subramanian, Vadivel, and Shibani 2022), (Rajalakshmi et al. 2022); Bengali - (Alam, Khan, and 

Alam, n.d.), (Jahan et al. 2022), (Karim et al. 2022). 

17 Other Sources for OCR are: Arabic - (Alghamdi, Alkhazi, and Teahan 2016), (Nashwan et al. 

2017), (R. Prasad et al. 2008); Dutch - (“Dutch; Flemish OCR for PDFs and Images”), (“Dutch 

Online OCR”), (Gheselle 2021); Hindi - (Mathew, Singh, and Jawahar 2016), (Jawahar, Pavan 

Kumar, and Ravi Kiran 2003), (Yadav, Sanchez-Cuadrado, and Morato 2013); Tamil - 

(Krishnamoorthy 2002), (“Search - Tag - Tamil OCR” n.d.), (Vasantharajan, Tharmalingam, and 

Thayasivam 2021); Telugu - (Achanta and Hastie 2017), (Jawahar, Pavan Kumar, and Ravi Kiran 

2003), (Chandra Prakash et al. 2018); Marathi - (“Marathi OCR”), (Ghodekar [2020] 2023), 

(“Marathi OCR”); Bengali - (Dipu, Shohan, and Salam 2021), (“Bengali OCR Online (Image to 

Text) - Unicode Font Converter”), (“I2OCR - Free Online Bengali OCR”); Punjabi - (“Gurmukhi 

OCR :: Robust Document Analysis and Recognition System”), (“Indian Language OCR”), 

(Govindaraju and Setlur 2010, 43–71) 

6.2 Analysis  

The tables show differences in coverage for the Arabic, Dutch and major Indian languages. It can 

clearly be seen that Arabic and Dutch have more applications and modules as compared to the 

Indian languages. Considering ELRA alone, it has 71 Arabic LRs, 42 Dutch LRs, 9 Hindi LRs, 7 

Tamil LRs, 4 Bengali LRs, 4 Punjabi LRs and 2 Telugu LRs. More research has been done on 

Arabic in the last decade due to widespread use of communication and information technology 

applications (Alansary, Nagi, and Adly 2013). Also, European countries have been funding national 

programs that accelerate measurable research, ELSNET (European Network in language and 

speech) is one of the examples which is sponsored by the Human Language Technologies 
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programme of the European commission. NEMLAR (Network for Euro-Mediterranean Language 

Resources) is another example of a European Commission project which carried out surveys on the 

availability of Arabic LRs in the region, this led to the identification of the needs and the 

availability of resources and tools in the BLARK “Basic Language Resources Kit” (Maegaard et al. 

2006). Also, the ELRA distributes useful resources for the development of Arabic speech and 

language processing technologies and applications (Alansary, Nagi, and Adly 2013). But the same 

is not true for most languages in the world.  

In 2007, The Central Institute of Indian Languages and Government of India became 

sensitized about this situation and thus they established LDC-IL (Linguistic Data Consortium for 

Indian Languages) (“LDC-IL”). Almost for a decade, LDC worked for 22 Indian scheduled 

languages (Languages with official status in India) and created large to medium-sized language 

resources (Choudhary 2018). It works on several types of linguistic resources that include text 

corpora, speech corpora, annotated speech corpora and image corpora for OCR but still Indian 

languages lags far behind other languages with respect to language resources. Though, more effort 

has been put on Hindi being the national language; it has more LRs and applications, but it is still a 

long way for the other languages to enjoy the luxury of having advanced NLP tools and 

applications.  

6.3 What are the most pressing needs to be addressed and a set of recommendations? 

It can be concluded from BLARK model that for any NLP module or application, Language 

Resource is a critical component. Critical mass of Language Resource (LR) can make advancement 

in research and technology development possible and quicker. To exemplify, giant IT companies 

https://www.zotero.org/google-docs/?0839Xh
https://www.zotero.org/google-docs/?0839Xh
https://www.zotero.org/google-docs/?Qjqer8
https://www.zotero.org/google-docs/?3lhbyf
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like Google or Microsoft are delivering extensive LT solutions as they access a huge amount of data 

in many different languages.  

If building BLARK model for Arabic helped to enrich Arabic language, the same can be done for 

Punjabi too. Like European Commision established organizations and projects like ELRA and 

NEMLAR to reinforce and to create a cooperation roadmap for Human Language Technologies for 

Arabic, a similar roadmap can be followed for Punjabi as well. The purpose of such organizations 

should be to extend this collaboration to all persons and institutions who share the goal of 

promoting Punjabi language technology in a collaborative framework.  
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CHAPTER 7: CONCLUSION 

7.1 Summary of Contributions 

Though the internet continues to reach more of the world and gain speakers of more languages, 

NLP technologies have only been deployed for a small fraction of those languages. Tools such as 

parsers and POS taggers are traditionally built by running supervised machine learning methods on 

a large, annotated corpus. There are usually not any such corpora for low-resource languages like 

Gurmukhi Punjabi, so instead of typically ignoring low-resource languages, the research should be 

directed towards what can be done without these annotated corpora like non-machine-learning, i.e. 

rule-based approaches - cf. EL-BlaRK (Arppe et al. 2016). low-resource languages are typically 

ignored. The main question we explored in this thesis is “What can be practically done to build NLP 

tools for Gurmukhi Punjabi with existing resources?”  

The chapters of the thesis move through the stages, starting off with a brief introduction of 

Gurmukhi Punjabi, its history and orthographic features. In Chapter III, I introduced a few words of 

NLP and Computational Linguistics. I explained about the resource aggregators and types of 

language resources which could be used to build the NLP tools and applications for a language. 

The main purpose of Chapter I and Chapter II is to create a background required to understand the 

idea of the thesis. 

Chapter IV transitions to discover how we can know that a language is a low resource 

language. It introduces a BLARK model which provides the basic parameters to investigate if the 

language is low resource or not. I gave examples of Dutch and Arabic BLARK models to 

strengthen my argument in this chapter. 
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In Chapter V, I defined BLARK for Punjabi. The chapter is divided into two sections - 

BLARK for written resources and BLARK for spoken resources. In both sections, I have 

investigated the currently available Punjabi LRs and basic NLP tools and applications. Since, 

BLARK outlines the Basic Resource Kit, so I have focused on basic NLP tools and applications for 

Punjabi. I have mentioned in detail what are the different resources and HLT modules required for 

Punjabi, what are currently available and what needs to be done. This chapter illustrates the gap 

analysis between what is available and what is required for Punjabi. The gap analysis helped in 

investigating the problem that lack of important Punjabi language resources and minimal amount of 

data in available resources proves that Punjabi is a low resources language. 

In Chapter VI, I have advanced my research to other major Indian languages to show that 

it’s not only Punjabi but other Indian languages as well that lack LRs and have limited NLP tools 

and applications. I defined BLARK by finding out available resources and NLP modules for Hindi, 

Marathi, Bengali, Tamil, Bengali, Telugu and Punjabi along with Arabic and Dutch. I compared 

Arabic and Dutch because those are two languages which use BLARK to deal with the problem of 

lack of language resources. Consequently, Dutch and Arabic languages are more powerful with 

respect to NLP applications. Arabic BLARK is one of the classic examples to showcase the 

effectiveness of the BLARK model. Having said that, this strengthens the thesis argument that 

defining and implementing BLARK for Gurmukhi Punjabi can help Punjabi researchers and 

scholars to work more effectively on creating Punjabi LRs. 

7.2 Future Directions  

Further research should focus on not only using existing NLP technologies such as the ones 

described in this paper for language description, but also on extending methods to be appropriate for 
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larger numbers of languages. Finally, there is still considerable room for improvement on the tasks 

studied in this thesis. All the techniques described here are rather naïve linguistically. Certainly, 

much more can be gained by making use of linguistic knowledge, for example, building into a cross 

lingual POS tagging system linguistic knowledge about why certain concepts are expressed 

differently syntactically in different languages. Such approaches are greatly lacking in NLP 

research today. 
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Punjabi (India and Pakistan) - Language Snapshot 

 
Figure 8: Map of Eastern (India) and Western (Pakistan) Punjab. This is a full scale version of a smaller map 

on page 10. 

 


