A Corpus-Based Study of Pashto
Mohammad Abid Khan, Fatima Tuz Zuhra

Department of Computer Science, University of Peshawar

abid_khan1961@yahoo.com, fateeshah@yahoo.com
Abstract

This research paper presents a corpus-based study of some aspects of Pashto language. A Pashto corpus is developed using the corpus development tool Xaira. The corpus contains written Pashto text. The data are taken from various fields such as news, essays, letters, research publications, books, novels, sports news and short stories.  Text from both Northern and Southern Pashto is contained in the corpus, making it a representative corpus. The corpus currently contains 1.225 million words. The corpus is used for studying the inflectional morphological system of Pashto. To work out more productive rules of affixation, hapax legomena were also searched. Based on this corpus-based study, an inflectional morphological analyzer for Pashto is developed, using Xerox finite state tools i.e. lexc and xfst. The lexicon of the morphological analyzer is stored in Microsoft Access tables. The interface to the morphological analyzer is developed using C# under .Net framework. This whole development process is presented in detail. The detailed collocation study of 30 most frequently occurring words in the corpus is provided in this paper.

1. Introduction

This paper presents corpus-based studies of various aspects of the morphology and collocations in Pashto language. The first task was to develop a corpus for Pashto. Two Pashto corpora are already developed: one by Decerbo et al. (2004: 1) and the other one by Khan and Zuhra (2007: 1), but these do not contain huge Pashto data.

The corpus, used in this research work, is developed using a corpus development tool named Xaira (http://www.xaira.org, 2008). Written text from various fields, such as news, essays, letters, and novels was collected in electronic form. The text was tagged in Extensible Markup Language (XML) format. This tagging is according to Text Encoding Initiative (TEI) guidelines. Only high-level tagging is done i.e. most of the data is tagged upto <div1> tag. 

The corpus consists of 17 XML files containing 1.225 million words. The corpus is indexed using Xaira tool. Xaira is found quite interesting and many useful and interesting results are computed using this facility.

The rest of the paper is organized in sections. Section 2 provides a great detail of how the Pashto corpus was used for the development of an inflectional morphological analyzer for Pashto. Section 3 provides a detailed debate on collocations in Pashto that can be helpful in different natural language processing applications including word-sense disambiguation and part-of-speech (POS) tagging. Section 4 concludes the paper.

2. The Study of Inflectional Morphology of Pashto

The inflectional morphological system of Pashto is studied using a corpus. Using the lemmatization facility (provided by Xaira), morphotactics were worked out. This facility determines the grouping of words under a head word. An example is shown in Figure 1, which displays different forms of the head word احساس sensation, using the lemmatization scheme.
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Figure 1. Various forms of the word احساس
From this type of experiments, the analysis phase for the development of a morphological analyzer for Pashto became much easy and straightforward. Several observations of Pashto verbs, nouns and adjectives as head words were noted.

In order to determine the morphological tags i.e. the lexical form (Beesley and Kattunen, 2003: 14) of an inflection, each inflection was individually searched in the corpus. As an example, the verbal inflection احساسوله was sensing (a feminine object) is searched in the corpus and shown in Figure 2.
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Figure 2. The context of the inflection احساسوله  

From the context of the searched word, using the language information of the authors, the morphological tags of the word are VB+Past+Imperf+3+Fem+Sg, which means it is a past tense verb in imperfective aspect for a third person feminine singular form. The same process was done for several verbal, nominal and adjectival inflections. The affixation rules were determined in this way.

2.1 Hapax Legomena Search

A word form that occurs only once in a corpus is called hapax legomenon (Aronoff and Fudeman, 2005: 225). According to Aronoff and Fudeman (2005: 225), "words that appear only once in a large corpus are more likely than words that are used repeatedly to have been formed by a productive rule". Thus hapax legomena were searched. 

Only the word forms having frequency equal to 1 were searched using Xaira. 41068 hapax legomena were found from the 1.225 million words' corpus. Figure 3 shows a section of these words.
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Figure 3. A section of list of hapax legomena in the Pashto corpus 

The words, searched in this way, were examined in their contexts using the phrase query facility of Xaira and their morphological tags and affixation rules were noted. These affixation rules were found to be productive inflectional morphological rules for Pashto.

2.2 Design of Finite State Transducers
Using the information of the above-mentioned analysis phase, FSTs for verbal, nominal and adjectival inflectional system of Pashto were designed. An example of an FST for Pashto verbs is given in Figure 4.
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Figure 4. The present imperfective verbs (Source: Zuhra, 2009: 38)
The Pashto nouns were classified into seven masculine and seven feminine classes (Zuhra, 2009: 42-60). This classification is due to the fact that the affixation rules implied by the nouns of one class are different from those of another class. An FST for a class of the Pashto nouns is given in Figure 5.
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Figure 5. The first masculine class of nouns (animate) (Source: Zuhra, 2009: 48)
Similarly, among several FSTs for the Pashto adjectives, one is shown in Figure 6.
[image: image6.png]+FensDirsSga

+FemsDiPlas

G +AdjFirt Reg Al

FemVacas

FemsOhllsSge

+FemtOHIlFlo




Figure 6. The feminine formation of regular adjectives of the first class (Source: Zuhra, 2009: 68)
There are eight classes of adjectives having the classification based on different affixation rules for different classes similar to nouns Zuhra (2009: 61-77). The details of all the verbal, nominal and adjectival FSTs can be found in Zuhra (2009: 32-77).
2.3 Implementation of the Finite State Transducers
The FSTs, designed using the afore-mentioned process, are implemented using Xerox tools lexc and xfst. All the FSTs are implemented in lexc. The binary files of its output were opened in xfst, and saved in text files, in which the lexical and corresponding surface strings were listed. These files were then read in the MS-Access database tables. There are separate tables for verbs, nouns and adjectives. One of these tables is shown in Figure 7.
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Figure 7. An example of the MS-Access table 
A transliteration scheme, proposed by Zuhra (2009: 91-92), is used for this implementation. This transliteration scheme is shown in Table 1.

	Alphabet
	Transliteration
	Alphabet
	Transliteration

	ا
	A?
	ع
	ah

	ب
	b
	غ
	gh

	پ
	p
	ف
	f

	ت
	t
	ق
	q

	ټ
	tt
	ک
	k

	ث
	sss
	ګ
	g

	ج
	dzh
	ل
	l

	چ
	tsh
	م
	m

	ځ
	dz
	ن
	n

	ح
	h?
	ڼ
	nn

	خ
	x
	و
	o

	څ
	ts
	و
	oo

	د
	d
	و
	u

	ډ
	dd
	و
	w

	ذ
	z?
	ؤ
	aw

	ر
	r
	ـهـ
	h

	ړ
	rr
	ه
	a

	ز
	z
	ۀ
	@

	ژ
	zh
	ء
	;

	ږ
	zz
	ي
	i

	س
	s
	ې
	ee

	ش
	sh
	ى
	y

	ښ
	ss
	ۍ
	@i

	ص
	sw
	ئ
	ei

	ض
	dw
	ے
	e

	ط
	tw
	
	

	ظ
	zw
	
	


Table 1. Transliteration scheme used (Source: Zuhra, 2009: 91-92)
A spelling transducer (Zuhra, 2009: 92-94) is used for mapping from transliterated string to an Arabic-scripted Pashto string and vice versa. Thus, a corpus-based morphological analyzer for Pashto inflectional morphology system is developed. A sample interaction with the developed system is shown in Figure 8.
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Figure 8. Sample interaction with the developed morphological analyzer system

The developed system, whose example is shown in Figure 8, morphologically analyzes a verbal, nominal or adjectival inflection. It also searches all the sentences, containing the query word, in the corpus (Khan and Zuhra, 2007: 1), and displays them on the screen. This corpus contains Pashto data in Extensible Markup Language (XML) format, tagged upto sentence level (Khan and Zuhra, 2007: 1). This corpus is used for testing the system that whether or not the morphological analysis of the query word is correct by examining the context of the word in the displayed sentences. The lexicon of the finite state transducers, thus developed, contains 1106 verbs, 742 nouns and 2089 adjectives.

3. The Study of Collocations in Pashto

According to McEnery et al. (2006: 56), collocation refers to the characteristic co-occurrence of patterns of words i.e. which words typically co-occur in corpus data. According to Jurafsky and Martin (2002: 663) "collocation refers to a quantifiable position-specific relationship between two lexical items. Collocation features encode information about the lexical inhabitants of specific positions located to the left or right of the target word". Collocation information can be used in different natural language processing applications including word-sense disambiguation and part-of-speech (POS) tagging. 

A detailed study of the collocations of the most-frequently occurring 30 words of Pashto is presented in this section. The statistical formula used for the identification of collocations is z-score. Z-score is used because it is widely used in Xaira and is the default option in Xaira. A higher z-score indicates a greater degree of collocability of an item with the node word (McEnery et al., 2006: 57). 

First of all, the 30 most frequently occurring words in the Pashto corpus were calculated. A list of these words and their corresponding frequencies are given in Table 2

	No.
	Word
	Frequency
	No.
	Word
	Frequency

	1
	د
	81028
	16
	د‌ے
	7727

	2
	په
	47057
	17
	ده
	7107

	3
	او
	38582
	18
	خو
	6615

	4
	چې
	28192
	19
	هغه
	6556

	5
	کښې
	16085
	20
	کې
	6084

	6
	ته
	12739
	21
	نو
	5852

	7
	نه
	11830
	22
	دى
	5608

	8
	هم
	11267
	23
	نۀ
	5474

	9
	دا
	10799
	24
	دي
	5245

	10
	به
	9771
	25
	يې
	4491

	11
	ئې
	9755
	26
	خپل
	4284

	12
	له
	9742
	27
	دغه
	3751

	13
	دې
	7960
	28
	تر
	3527

	14
	يو
	7852
	29
	بيا
	3319

	15
	سره
	7738
	30
	وي
	3227


Table 2. Thirty most frequently occurring Pashto words
It is observed from Table 2 that pre/postpositions and other particles are the most frequently occurring words in the Pashto corpus. The collocation study of these highest-frequency words will be helpful in POS tagging.

For calculating the collocations, the window in Xaira was first kept L1R0 and L0R1 i.e. one item to the left and one to the right respectively. The top 20 left collocates of the preposition د of are shown in Figure 9.
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Figure 9. Top 20 collocates of د 
The top 20 L0 and R1 collocates of the preposition په on are presented in Figure 10.
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Figure 10. Top 20 collocates of په

The particle او has two uses orthographically. It either means and or, in few cases, it means yes. This ambiguity can be seen by the highlighted text in Fig11.
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Figure 11. Ambiguity in the use of او
Top 20 L1R0 collocates of the particle او are visible in Figure 12.
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Figure 12. Top 20 collocates of او 

The particle هم has two different meanings in Pashto. It either means also or it is used as a particle for emphasizing something. Another most probable use of this word is to show similarity. This ambiguity is due to the absence of diacritic marks in Pashto text. The top 20 L0R1 collocates of the particle هم are given in Figure 13.
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Figure 13. Top 20 collocates of هم
Collocates of all of the 30 most frequently occurring words were examined, changing the left and right window in Xaira interface. The results are quite interesting and are presented in Table 3.

	No.
	Word
	Frequency
	POS of L1 R0 (of top 20)
	POS of L0 R1 (of top 20)

	1
	د
	81028
	11 particles+3copula verbs+2 punctuations+2nouns+ 2pronouns
	9pronouns+9nouns+1adjective+1particle

	2
	په
	47057
	9nouns+7pronouns+2particles+1adjective+1punctuation
	14nouns+5pronoun+1adjective

	3
	او
	38582
	11verbs+3nouns+2adjectives+2pronouns+2punctuations
	6particles+6pronouns+5nouns+3adjectives

	4
	چې
	28192
	11verbs+5particles+3pronouns+1punctuation
	13pronouns+7particles

	5
	کښې
	16085
	20nouns
	15adjectives+3particles+2verbs

	6
	ته
	12739
	16nouns+4pronouns
	16verbs+4nouns

	7
	نه
	11830
	15nouns+3pronouns+2particles
	14adjectives+4verbs+1noun+1pronoun

	8
	هم
	11267
	8pronouns+6particles+5adverbs+1noun
	7pronouns+5adjectives+3particles+3nouns (but higher z-score)+2verbs

	9
	دا
	10799
	10nouns+6particles+3punctuations+1adverb
	15nouns+2verbs+1pronoun+1adjective+1adverb

	10
	به
	9771
	8nouns+5pronouns+5particles+2adverbs
	11pronouns+6verbs+2adjectives+1particles

	11
	ئې
	9755
	10nouns+5particles+2pronouns+2adjectives+1verb
	7pronouns+6nouns+4particles+3verbs

	12
	له
	9742
	14nouns+5adjectives+1pronoun
	18nouns+2pronouns

	13
	دې
	7960
	12nouns+5adjectives+3particles (but higher z-score)
	18nouns+1adjective+1particle

	14
	يو
	7852
	8particles+8nouns+4pronouns
	13nouns+5adjectives+2pronouns

	15
	سره
	7738
	14nouns+3pronouns+2particles+1adverb
	10adjectives (higher z-score) +8nouns+2particles

	16
	د‌ے
	7727
	18adjectives+1particle+1noun
	7particles+6adjectives+4punctuations (but higher z-score)+3nouns

	17
	ده
	7107
	17adjectives+2nouns+1particle
	8particles+6adjectives+3punctuations+3verbs


	18
	خو
	6615
	7nouns+4verbs+4particles+4punctuations (but higher z-score)+1adjective
	7particles+5pronouns+5nouns+3adverbs

	19
	هغه
	6556
	9particles+4nouns+3verbs+2adjectives+2punctuations
	15nouns+3pronouns+2adjectives

	20
	کې
	6084
	20nouns
	8adjectives+7nouns+3verbs+2particles

	21
	نو
	5852
	17verbs+2punctuations+1particle
	8pronouns+6particles+3verbs+2nouns+1adverbs

	22
	دى
	5608
	20adjectives
	10particles+4punctuations+3nouns+3adjectives

	23
	نۀ
	5474
	14nouns+3adjectives+3particles
	17verbs+2adjectives+1adverb

	24
	دي
	5245
	20adjectives
	8adjectives+5particles+4punctuations+2nouns+1pronoun

	25
	يې
	4491
	10nouns+4adjectives(but highest z-score)+3verbs+2particles+1pronoun
	9verbs+9nouns+1particle+1adjective

	26
	خپل
	4284
	13nouns+4adjectives+3particles
	19nouns+1pronoun

	27
	دغه
	3751
	12nouns+5particles+2punctuations+1verb
	13nouns+7adverbs

	28
	تر
	3527
	10nouns+5particles+3verbs+2adjectives
	13nouns+5adverbs+2adjectives

	29
	بيا
	3319
	9particles+6adjectives+4nouns+1punctuation
	8nouns+6verbs+3adjectives+2particles+1pronoun

	30
	وي
	3227
	14adjectives+3particles+3nouns
	7particles+5nouns+3punctuations+2verbs+2adjectives+1pronoun


Table 3. Collocates of 30 most frequent words in the Pashto corpus

The results contained in Table 3 can be used for finding the most probable POS for a word that appear as a left or right collocate of any of the 30 most frequent Pashto words. These results show that if the number of frequently occurring words is extended, more useful results can be obtained. Similarly, if the number of collocates is extended, better results may be gained. Keeping this in mind, this research work is proceeded in (Khan and Zuhra, 2009: 1). A list of 500 most frequent words out of the 1.225 million words of the corpus is obtained. For each of these 500 words, 100 immediate left and 100 immediate right collocates are obtained. The results are compiled and used in a probabilistic POS tagger that has achieved 91% accuracy. Details of this work can be found in (Khan and Zuhra, 2009: 1-26)

4. Conclusion

Different kinds of interesting studies, done on the Pashto corpus, are discussed in this paper. These studies served as a basis for a corpus-based morphological analyzer for Pashto. There is a detailed debate on collocates of most frequent words in the Pashto corpus. The results obtained in this work can be used in decision-making, in POS taggers and word-sense disambiguation. 
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