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Abstract 

Text Mining is a knowledge-intensive technique that is used to automatically process a collection of 

documents by employing a set of analysis tools. This growing field has increasingly become important 

nowadays in order to gather data in the form of unstructured text and infer information or knowledge 

from it. Many fields such as medicine, banking, finance, marketing, spam filtering etc. are largely 

benefiting from data mining techniques due to large repositories of text documents available. This 

paper deals with the design and implementation of a stemming algorithm for the Albanian language. A 

stemming algorithm is a procedure that removes the suffixes from the words providing the root (stem) 

of the words. Stemming is an important step in natural language processing and as a consequence in 

text mining. We exploit a rule-based approach to implement the algorithm and then the proposed 

algorithm is used to classify corpuses of text documents. Experimental results show the effectiveness of 

our approach.  

Key words: text mining, stemming, natural language processing, Albanian, document classification 

 

 
1. INTRODUCTION 

 

Today we live in a world governed by information. Information comes in different forms; from 

different fields of life and of course in different ways. It is said that we are living in the information 

age and large amounts of data are stored mostly in text format. This amount of data is available on 

enterprise intranets, on the Internet and elsewhere we can access the information in electronic way. In 

order to gain knowledge from information and then to use it for any purpose that we need it, we have 

to process this information. 

Text Mining is a knowledge-intensive technique that is used to interact with a collection of 

documents by employing a set of analysis tools (Feldman and Sanger, 2007). Text mining is a subfield 

of Artificial Intelligence (AI) that is used to process the information in collaboration with other 

techniques from related subfields of AI. Data mining, knowledge management, machine learning, 

information retrieval (IR), Information Extraction (IE) and Natural Language Processing (NLP) are 

the techniques that together with Text Mining form the basis of processing and deriving knowledge 

from text. 

Information Retrieval (IR) is the process of finding the document that contains answers to 

questions but it does not retrieve the answers itself (Manning et al., 2008). IR systems execute a set of 

steps in order to achieve their objective. Among different steps used by IR systems, this dissertation is 

interested only in the steps related with the pre-processing of the documents: deleting the stopwords 

and stemming the terms. These two steps are analyzed in depth throughout the dissertation. One 

important step is the stemming of terms. This step is both important and difficult because of the fact 

that it is language dependent and involves good knowledge in NLP and computational linguistics. 

A stemming algorithm is a procedure that removes the suffixes from the words providing the root 

(stem) of the words. For example, the words player and playing have the same root play. The task of 

stemming algorithms is analogues with the number normalization that is done to achieve similarities. 

Different stemming algorithms which pre-process text in different languages like English, Spanish 
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and others have been created and improved during the past, but for the Albanian language such 

algorithms have not been done. This dissertation represents a first set of rules for Albanian language 

that will be used in a stemming algorithm. Further this dissertation discusses parts that are related with 

document preprocessing, mostly based on computational linguistics. 

Natural Language Processing (NLP) is a technique which makes possible to have a better 

understanding of natural languages by use of computers (Kao and Poteet, 2006). Relevant studies on 

the morphology and syntax of Albanian are used during the dissertation for the purpose of creating the 

list of stop words and finding the stem of the words of Albanian. 

In this paper we present the design and development of a stemming algorithm for the Albanian 

language in order to use it for text classification. This algorithm takes as input unstructured text in 

Albanian and for every word in the document it finds the stem of the word. The stems of all the words 

will then be put in a vector. After developing this algorithm, a group of different text documents will 

be used as input for the stemming algorithm and after that, an evaluation of different machine learning 

algorithms will be performed in order to show the effectiveness of the stemming algorithm produced. 

 

2. RELATED WORK 

 

To the best of the author’s knowledge, there have not been any approaches yet in the implementation 

of an Albanian stemmer. This is due to the fact that not much research has been dedicated to this 

problem previously but also due to the difficulty of the Albanian language. Only a few papers on the 

Albanian language have been published, but no real studies for stemming have been performed. These 

papers deal mostly based with Albanian dictionaries without going much into the hardest part which is 

that of processing of Albanian. 

The problem gets even more complicated because of the fact that today's Albanian Literature 

Language was done formal by the reform in 1972 unifying two dialects Gheg and Tosk while J. B. 

Lovins published the first paper per a stemming algorithm in 1968. In addition to that, political 

situations for some decade affected negatively the research in this area. There are also some other 

issues especially of technological nature that have had direct impact on the absence of the research for 

the field of stemming algorithms. Here we review a few works which are related to our research. 

The work in (Lagji et al., 2007), presents an electronic dictionary for Albanian. The research was 

focused on building NLP tools for the Albanian language. However, their work was based on the 

usage of a database of words. Their purpose was to be able to automatically recognize words of a 

particular text as well as to recognize some morphological and syntactical features. 

Another interesting study is done in (Trommer and Kallulli, 2003). Their study can be considered the 

first step towards the corpus linguistic for Albanian. They present a morphological tagger used as a 

main component in a part-of-speech tagging system for a corpus of standard Albanian. Albanian 

language is very rich in inflectional paradigms making the research and development very challenging. 

The authors analyze the main morphological components of the Albanian language and represent 

components of the tagger system more in detail.  

As research on Albanian is in the early steps, this paper aims to give an important contribution in 

the field with the goal of developing a set of rules for stemming words in Albanian and a stopword list 

that will help in classifying text documents in Albanian. 

 

3. ALBANIAN LANGUAGE MORPHOLOGY 

Albanian is an Indo-European language that is spoken by nearly 7.6 million people not only in Albania 

and Kosovo but also in western Macedonia, southern Montenegro, southern Serbia and north-western 

Greece. Because of the emigration, speakers of Albanian can be found in Turkey, Germany, 

Switzerland, United Kingdom, Scandinavia, Netherlands, Australia, New Zealand, UnitedStates, 

Brazil and Canada (Wikimedia Foundation, 2011b). The linguistic material of this paper is based on 



Journal of International Scientific Publication: 

LIS, Volume 6, Part 1 

ISSN 1313-2235, Published at: http://www.science-journals.eu 

 

 

3 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

the book "Gramatika e Gjuhes Shqipe" (Grammar of the Albanian Language) edition of the Albanian 

Academy of Sciences, Institute of Language and Literature (Agalliu et al., 2002). 

 
3.1 Morphological features 

 
Morphology is that part of grammar which deals primarily with the study of pattern's formation as well 

as studying the meaning of these forms (Agalliu et al., 2002). Morphology studies words in two 

perspectives, as part of speech and as meaning forms. Morphology does not deal with individual 

words. It examines the common features of words of the same class, drawing rules of a general nature. 

Morphology has connections with phonetics as well as syntax. Studying these connections from the 

perspective of finding the root of the word does not constitute interest for the dissertation; hence the 

study will be based on terms of word formation and not in terms of their syntax and phonetics. All the 

words of a language are grouped in classes of lexicon-grammar categories which are called parts of 

speech. This classification is done based on joint study of the lexical and grammatical characteristics. 

Albanian clearly distinguishes these parts of speech: noun, adjective, pronoun, verb, adverb, 

preposition, connectors, particles and exclamatory. 

This paper will focus extensively on the ways of forming these parts of speech in order to make 

possible to derive the general rules used to construct the algorithm for finding the stem of words. As 

stated in (Agalliu et al., 2002), the word is the basic unit of language. Usually the word in a language 

exists as a system of word forms. Most words can be broken down into smaller units which carry out 

lexical grammatical meanings (qytet-ar, hekur-os, për-dredh etc). There are also words which consist 

of a single morpheme (afër, larg, drejt etc). Mostly these kinds of morpheme are represented by the 

adverbs, prepositions and connectors. Of particular interest is the definition of the types of morpheme 

because based on these types we can understand how words are formed and how it will be possible to 

stem words. From the perspective of their grammatical understanding, morphemes can be divided into 

two groups: Stemming Morphemes and Affixing Morphemes. 

Every word that can be divided, from the structural point of view, has at least one rooting morpheme. 

The root (stem) represents the lexical core of the word. Every word has a root, meaning that word 

without root does not exist. In the words with one morpheme, morpheme itself constitutes the root of 

the word. Affix morphemes serve to form other words, giving a new grammatical meaning. These 

morphemes are divided into prefixes, suffixes, endings and joints. Among them, the most important 

are the prefixes and suffixes. For each of the meanings of word formation, a table with the affix and 

some illustrative examples that supports them will be build. In this paper we will not extensively deal 

with the semantic, grammar or syntax analysis. After completing the study of the ways of forming 

various parts of speech, not all forms will be used in the rules of the algorithm. Prefix morphemes are 

called those which stand in front of the word's root or before another prefix (nën-drejtor, mos-besim, 

ri-përdor etc.). Suffix is called the morpheme which lies behind the root of the word (plag-os, hap-ur, 

rrjedh-im etc.). The methods of constructing the stemming algorithm will depend on the rules that will 

emerge from the word formation analysis. 

 

3.2 Nouns Formation 

 

Noun is called the part of speech that names living beings and things. Noun as part of speech includes 

grammatical meanings of gender, the number and the race. In this paper we are concerned with the 

way words form the noun and not in other directions of syntax or phonetic. In this way we will rely 

only on those parts of interest to this paper. Nouns of today's Albanian language are added and 

constantly enriched with new words. Nouns in Albanian are mainly formed from adjectives, verbs and 

other nouns. The primary ways of forming words in the class of nouns are the origin and composition. 

Origin can be: suffix, prefix, suffix-prefix and affix-free. The first three consist of particular interest 

because they are the main sources of the birth of new forms, while the fourth has no great impact. 
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3.2.1 Nouns Formation with Prefixes 

 

Prefix formation of nouns is not very productive. Nearly twenty prefixes can be used but a small 

number among them are productive. A part of the prefixes stem from adverbs and are used as a 

preposition. Prefixes mos- and pa- in many cases are placed in front of adverbial nouns of action 

giving them opposite sense. Prefixes which express adverbial meanings of time and space are 

numerous but are not so productive. The last group comes from foreign prefixes that are borrowed into 

Albanian. Table 1 shows them. 

 

 
Table 1: Prefixes and illustrative examples 

 

3.2.2 Nouns Formation with Suffixes 

 

For the study of the nouns formation with the suffix, it should be noted that there is a connection in 

semantics between the formative theme and the noun derived from this word. There are situations 

when the link in semantic cannot be felt by speakers and in this case nouns are not analyzed as derived 

nouns. Suffixes are distinguished for wealth and variety of meanings. Nearly all suffixes and some 

illustrative examples are presented in the Table 2. 

 

 
Table 2: Suffixes and illustrative examples 

 

3.3 Composite Formation of Nouns 
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Suffix formation of nouns is the most productive way and after that comes the composition way. On 

the basis of syntactic relations between the limbs we distinguish between composites with conjunctive 

relations and composites with subordinate relations. The latter one is more productive. We distinguish 

various types 

of composite subordinates: 

 

Words composed of two nouns 

 

1. Noun + adverbial noun of actors, formed with the suffix -ës 

(bukë + pjek-ës, gur + skalit-ës, rroba + qep-ës etc) 

 

2. Noun + adverbial action noun, formed with the suffixes -je or -im 

(gjak + derdh-je, besë + lidh-je, letër + këmb-im, dëm + shpërbl-im etc) 

 

3. Noun + whatever noun 

(ditë + lindje, mes + ditë, vend + banim, vaj + guri, qymyr + guri etc) 

 

Words consisting of an adverb and a noun 

(bashkë+bisedim, bashkë+luftëtar, drejt+shkrim, keq+kuptim etc) 

 

Words consisting of a pronoun and a noun 

(vetë+vendosje, vetë+sherbim, dy+luftim, tre+mujor etc) 

 

Composites formed by a noun and an adjective 

(gushë+kuq, lulë+kuqe, gojë+mberthyeri etc) 

 

Composites formed by a verb and a noun 

(thith+lopë, frymë+marrje etc) 

 

All above cases will be treated as special situations of finding the root of the word and special 

attention will be paid to them. 

 

3.3 Adjectives Formation 

 

Adjective is called that part of speech that names a feature of the item and fits in gender, in number 

and for a good part of the cases with the name of this thing (Agalliu et al., 2002). Because adjectives 

name a feature of a thing in the sentence, we can say that from a grammatical point of view, nouns and 

adjectives are related. Words that are part of the adjectives group represent a variety of forms different 

from the nouns group.  

The adjective as part of the speech is enriched over time and continues to be enriched with new 

words. Productive ways of word formation of adjectives are (same as the noun) origin, conversion and 

composition. In the class of adjectives we recognize a specific class of adjectives which includes those 

adjectives that cannot be analyzed in their component parts hence neither forming words nor themes, 

nor can any other form of word building them be understood. 

This particular group also includes the adjectives that are derived from foreign languages (absolut 

in Albanian is absolute in English; banal in Albanian is banal in English etc.). As well as nouns, 

adjectives formation includes word formation as adding prefixes, suffixes, nodes and nodes and 

suffixes together. These classes will be studied below. 

 

3.3.1 Adjectives Formation with Prefixes 
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This way of forming words is regarded as somewhat productive way to create adjectives. This is not 

from the large number of prefixes but because some of them are very productive. Most productive 

prefixes are pa- and jo-. Prefix jo- is added to adjectives usually formed with suffix -shëm. Similar to 

prefix pa- is the prefix mos- but it is less productive. Table 3 shows them. 

 

 
Table 3: Prefixes and illustrative examples 

 

3.3.2 Adjectives Formation with Suffixes 

 
The method of forming adjectives with suffixes is one of the productive ways with which we can form 

adjectives. Nouns, adjectives, numerals, verbs and adverbs can serve as formative themes for the 

forming adjectives with the suffixes. Table 3.4 shows them. 

 

 
Table 4: Prefixes and illustrative examples 

 

3.3.3 Composite Formation of Adjectives 

 



Journal of International Scientific Publication: 

LIS, Volume 6, Part 1 

ISSN 1313-2235, Published at: http://www.science-journals.eu 

 

 

7 Publishing by Info Invest, Bulgaria, www.sciencebg.net 

 

Compound adjectives are formed from merging two (or three) themes in a single word. Like the 

formation of composite nouns, we also distinguish two types of adjectives: 

 

a) Composites with conjunctive relations 

b) Composites with subordinate relations 

 

The first group contains those kinds of adjectives that do not have nodes and that are equivalent from 

both the semantic and syntactic (anglo-amerikan, agraro-industrial, meterialo-teknik etc.). In the 

group of subordinate relations we distinguish these subgroups: 

 

1. Composed adjectives with two nominal themes 

(hundë + shkabë, zemër + lepur, zemër + gur, kokë + kungull etc.) 

 

2. Composed adjectives with a nominal theme and a adjective theme 

(bark + gjerë, bel + hollë, kokë+ prerë etc.) 

 

3. Composed adjectives with two adjective themes 

(elektro + magnetik, elektro + mekanik, gjermano + lindor etc.) 

 

4. Composed adjectives with a numeral and an adjective 

(një + mujor, treqind + vjecar, shumë + vje_car, disa + ditor etc.) 

 

5. Composed adjectives with a partial theme and an adverbial theme 

(dasha + mir, dasha + keq etc.) 

 

 

3.4 The Verb as Part of the Speech 

 

Verb is that part of speech that names an action as a process and that has category of number, manner 

and time (Agalliu et al., 2002). Most of the verbs name actions that are performed or are suffered by 

the subject (edukohem, punoj, regjistrohem etc.). Another group of verbs name the state of the subject 

(jam, gjendem etc.) or changes of the state of the subject (rritem, skuqem, zverdhem etc.). Based on 

their origin, verbs of the Albanian language can be frontal, derivative and composed. Frontal verbs are 

those which are not formed from other words or with the help of affixes. This group of verbs contains: 

 

a) La-j, mba-j, tha-j, gri-j, krua-j 

b) Hap, mbyll, prek, qesh, qaj, dal 

c) Irregular Verbs 

 

It seems clear that as frontal verbs we can take those verbs whose themes of today's Albanian language 

are not analyzed. Derived verbs are formed mainly from the nouns, adjectives, adverbs or other verb. 

Formation from suffixes is more productive in the group of derived verbs. After that comes the 

formation from prefixes, with prefixes and suffixes at the same time and without any means of word 

formation. 

 

3.4.1 Verbs Formation with Suffixes 

 

This group consists of two types of suffixes: 

1. Suffixes of the derived verbs of the first conjugate 
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2. Suffixes of the derived verbs of the second conjugate 

Tables 5 and 6 show some examples. 

 

3.4.2 Verbs Formation with Prefixes 

 

The most productive prefixes for verb formation are shown in Table 7. In the group of verbs formed 

by prefixes and from other parts of the speech, the similar phenomenon like in formation without 

affixes is noticed. 

 

 
Table 5: Suffixes of the derived verbs of the first conjugate 

 

 

 
Table 6: Suffixes of the derived verbs of the second conjugate 

 

 

 
Table 7: Prefixes and illustrative examples 

 

 
3.4.3 Formation with Prefixes and Suffixes at the Same Time 

 
A part of the derivative verbs are formed simultaneously from the prefix and suffix theme, which in 

most cases are with nominal nature and rarely with adjective nature. 

 

1. Verbs of the type për + formative theme + suffix 

 

 për + nominal theme + -o- 

(për-fund-o-j, për-gënjeshtr-o-j, për-mall-o-j etc.) 

 

 

 për + nominal theme (pronoun or adjective) + -so- 

(për-faqë-so-j, për-gjithë-so-j, për-mirë-so-j etj) 

 

2. Verbs of the type sh-(zh-) + formative theme + suffix 
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 sh- + nominal theme + -ëzo (sh-fryt-ëzo-j ) 

 sh-/- + nominal theme + -so-/-o- (sh-pronë-so-j, sh-pët-o-j ) 

 zh- + nominal theme + -o-/-ëso- (zh-dogan-o-j) 

 

3. z- + adjective theme + -o- (z-bukur-o-j, z-gjer-o-j ) 

 

3.4.4 Composite Formation of Adjectives 

 
Verbs as composed words are scarce in the Albanian language. Among them the main determinants 

are composite of the type verb + adverb (mirë + kuptoj, mirë + mbaj, keq + trajtoj etc.). There are 

verbs in which the first limb determines the action expressed by the second limb (buzë-qesh, duar-

trokas, rreth-shkruaj etc.). Also there are cases when before the verb an adverb stands (bashk + 

bisedoj, para + caktoj, para + paguaj vetë + mbrohem etc.). All these cases are considered as special 

cases and need a special treatment that in most cases goes beyond the research of this paper. 

 

3.5 Adverbs Formation 

 

Adverbs name a feature of an action or of the situation, the circumstances in which this action is 

certified or shows a level of quality of circumstance or the intensity of an action (Agalliu et al., 2002). 

In contrast to other parts of the speech, adverb is not variable. Adverbs as part of the speech have not 

fixed grammatical categories. It has only a category of the scale, which is expressed only in an 

analytical way (like adjectives). Other features of adverbs are: 

 

 Formative and semantic connection with other parts of speech 

 A special system of affixes in the case of the derived adverbs 

 The large number of idioms 

 

Adverbs are used regularly close to a verb, close to an adjective or close to other adverbs. Rarely may 

they be used close to a noun. Because adverbs are meaningful nominators, they are used as 

autonomous limbs in the sentence and that is why they are distinctive from the prepositions, 

connectors, exclamatory or particles. From the point of view of their meaning, adverbs have diversity 

but this does not imply much interest in our study. From the point of view of their formative ways, 

adverbs can be simple, derivative, compound and idiomatic. 

 

3.5.1 Simple Adverbs 

 

This group includes all those adverbs that are not formed from other parts of the speech and from the 

perspective of today's Albanian language cannot be analyzed based on their meaning. Such adverbs 

are considered afër (near), larg (far), keq (worse), mire (well), pas (then), prapa (behind) etc. 

 

3.5.2 Derived Adverbs 

 

This group includes those adverbs which are formed with the help of other parts of speech and by 

adding different affixes. The methods of suffix formation are more productive. Several subgroups in 

the group of derived adverbs can be distinguished: 

 

1. Adverbs formed through conversion from other parts of speech 

 

 Nouns modified to be used as adverbs 
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Some adverbs are formed from different noun's categories without the help of other linguistic 

tools. By modifying the noun we change the meaning of the word thus giving birth of adverbs. Nouns 

used as adverbs are divided into several categories: 

(a) Words in the derivative or objective form like motit, sheshit, rrafsh, rresht, rreth, rrotull etc. 

This group also includes words with naming origin like fare, herët, krejt etc. 

(b) Another group consists of words like ditën, natën, anash, një ditë, një natë, një mëngjez, një 

verë etc. In this group the process of modification of nouns is not consolidated yet, thus in several 

cases the words can be taken as naming forms also. 

 

(c) Another group consists of words that are related with the unchangeable features of the derivative 

form. For example, së afërmi, së jashtmi, së mbari, së larti, së gjati, së tepërmi, së brendshmi etc. 

 

(d) A special group consists of nouns which only in certain context are used as adverbs. Those words 

are mostly nouns of the nominal race and rarely of the objective race (copë, faqe, uturim, grumbull, 

pallë, tapë, thikë, varg etc.). 

 

 Verbs modified to be used as adverbs. 

Adverbs without formative tools are also formed by different verbal forms. For example, kaluar, 

ndyrë, hidhur, hapur, rrëmbyer, shtruar etc. Modification of verbs to give birth of adverbs walks 

alongside the modification of nouns. 

 

2. Adverb formed with the suffixes. 

 

Suffix type formation is very productive, the same as in other parts of the speech. The most productive 

adverbial suffixes are: - (i)sht, -as/azi and -thi. Recently it is noticed that the Albanian literary 

language productivity of suffix -shëm is increasing. Table 8 represents suffixes and some illustrative 

examples. 

 

 
Table 8: Suffixes and illustrative examples 

 

 

 
3.6 Preposition, Conjunction, Particle and Exclamatory 

 

These parts of speech are studied in order to produce a stopword list needed for the stemming 

algorithm. Usually these parts of speech are characterized by their immutability. This is why they are 

treated as stopword list. For each of these parts of speech a table with words constituting each of them 

is presented as follows: 
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Table 9: Prepositions 

 

 
Table 10: Conjunctions 

 

 
Table 11: Particle 

 

 
Table 12: Exclamatory 

 

4. ALGORITHM ANALYSIS AND DESIGN 

 

This section presents the rules that derive from the analysis in Section 3. A set of rules and the stop 

words list will be integrated in a single algorithm. After expressing what rules do, then they will be 

implemented in Java. In Section 3 we presented the ways of forming words in Albanian. The primary 

ways were affix formation and as special cases we considered the composed way of formation. 

The algorithm has a set of rules that are examined one by one in the given order and one of the 

rules inside the set is allowed to be executed. Longest possible suffixes and prefixes are removed first. 

Another restriction is that a stemming rule is not applied if the word after stemming contains only one 

letter. Only stems with two or more letters exist in Albanian. A rule consists of one or more if 

conditions that depending on the case they are used, checks the length of the word, the starting or the 

ending of the word. Based on the fulfilled conditions, the stem is returned. Sometimes, there are words 

that contain two vowels or suffixes one after the other. For these cases, rules of suffix removal and 

vowel removal will be checked twice. An example of a rule is shown in Figure 1. The algorithm 

contains in total 134 rules. 

When removing the suffix or prefix, the stem does not have a linguistic meaning because they are used 

as an index for the database of documents and the user is not presented with the stem list. Different 

from other languages, the Albanian language does not have a general rule for forming the plural so it 

is not possible to have a step for this situation. The same can be stated about the feminine, masculine 

and neutral gender. It is very difficult in Albanian to have a general rule for the feminine, masculine or 
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neutral gender. For that reason there is no dedicated step in the algorithm that deals with these 

situations. A special step in the algorithm will be the case of suffixes that end with vowel. Words that 

end with these suffixes will be processed before the step of vowel reduction. Figure 4 represents the 

sequence of steps that will be executed by the algorithm. Each step has its own rules, derived by the 

morphological analysis of Albanian. 

 

 
Figure 1: Rule example 

 

 

Step 1: Prefix Reduction 

In Albanian, the most productive way of forming parts of speech are prefixes and suffixes. The first 

step of the algorithm deals with prefixes. Rules used in this step derive from the morphological 

analysis of the previous chapter and contain the most important prefixes. A small number of them are 

not included in the algorithm because of the fact that they are not very productive and only few words 

are created with them. 

 

Step 2: Suffixes that end with Vowel Reduction 

Among all suffixes, there are some suffixes that end with a vowel like -je (mbathje, veshje etc.) or -

shmëri (ngjashmëri, gatishmëri etc.) that are processed by this step. This step is executed before vowel 

removal step because if the last vowel is first, the whole suffix is not recognized by the suffix removal 

step. 

 

Step 3: Vowel Reduction 

There are a lot of words that are not affected by the first rule or are affected by it and give a form of 

the word that can be further improved by removing the ending vowel (-a, -e, -ë, -i, -o, -u), for example 

mbivlerë is modified by the first rule as vlerë but it still can be modified by removing the vowel. 

Words like dera, hëna, fletore, punëtore, mësuese, djalë, vezë, libri, teli, djalo, biro etc. that are not 

modified by the first rule can also be modified by this step. 

 

Step 4: Suffix Reduction 

As mentioned in the first step, suffix formation is especially the most important way of forming parts 

of speech in Albanian.  Suffix removal step is divided into two steps because there are some suffixes 

that end with vowel and they all are considered in step 2. 

 

Step 5: Vowel Reduction 

After performing step 4, there are also some words that contain a vowel in the end, and it is better to 

remove those vowels. As an example, consider the word gatishmëri that from step 3 is converted as 

gati. This word can be processed further by removing the vowel i giving the stem gat. 
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Figure 2: Sequence of steps of the algorithm 

 

5. Experimental Evaluation 

 

5.1 Experimental Setting 

 

Usually, the effectiveness of stemming algorithms has been measured in terms of the impact that they 

give on the retrieval performance on a test collection. In this paper, we evaluate the algorithm in a text 

mining task. Tests are performed with the Weka software, which is an open source program that can 

be downloaded at http://www.cs.waikato.ac.nz/ml/weka/. Before running tests, we prepared a corpus 

of documents that have to be stemmed by our algorithm (JStem) and then classified by Weka.  

Our corpora contain four main fields of study (Biology, History, Literary and Chemistry) with 40 

documents each. Documents consist of text expressing some phenomenon or explaining some 

situation. Each document is firstly stemmed by the JStem algorithm and then it is modified by Weka 

constructing the input file test.arff. This file is then used to classify the documents and gives the 

performance of the classifying algorithm. The input file in Weka is modified by a filter that replaces 

the missing attributes and then by a StringtoWordVector filter.  

The Data Mining algorithm used in these tests is Support Vector Machines (SMO). These 

algorithms are the most useful ones while we are mining data that is in numeric format. Tests are done 

between two fields that are not related with each other and with two fields that are related in order to 

see how accurate the algorithm is. 

 

 

5.2 Experimental Results 

In this section we present the experimental results on the task of text classification. 

5.2.1 Test 1: Classifying Biology and History Documents 
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After running the algorithm we see that the data mining algorithm is performing well (95% of 

instances is correctly classified) as shown in Figure 3. This high percentage is dedicated to the data 

mining and to the correctness of the stemming algorithm also. There are also a lot of other parameters 

that are shown by Weka. We will not focus on their meaning because it is out of our interest. 

 

Figure 3: Results of mining with SMO for Test 1 

 
As it is shown in Figure 3, the stemming algorithm is working well while it is used against two fields 

that are not related to each other. It is sure that this correctness will not be the same while we classify 

fields that are related with each other. 

Now let us run the same tests with not stemmed documents. Figure 4 represents the results of mining 

of not stemmed documents. The performance of correctly classified documents without using the 

stemming algorithm is lower than in the case when we use the algorithm (for SMO function). The 

difference in performance is not high because the number and the content of the documents is not 

large.  

 

 
 

Figure 4: Results of mining not stemmed documents with SMO 

 

5.2.2 Test 2: Classifying Chemistry and Biology Documents 

 

This is the situation where the classifying algorithms do not perform very well. This happens because 

in the text of biology and chemistry documents, at somewhat level words are the same, so the same 

will be the words produced by the stemming algorithm. There are some improvements that can be 

done in future in the stemming algorithm. Results of the test are presented in Figure 5. 
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Figure 5: Results of mining with SMO 

 

Figure 6 presents the results of the mining of not stemmed documents. The performance of correctly 

classified documents without using the stemming algorithm is lower than in the case when we use the 

algorithm (for SMO function). The difference in performance in this case is high (from 71.25% to 

66.25%). 

 

Figure 6: Results of mining not stemmed documents 

 

5.2.3 Test 3: Classifying History, Literary, Chemistry and Biology Documents 

 

The last test is executed against four fields. As in all tests executed before, results show that the 

stemming algorithm represented in this dissertation performs well in fields that are not related but it 

needs improvements for fields that are related with each other. Figure 7 presents the results of mining 

the stemmed documents while Figure 8 presents the results of mining not stemmed documents. As we 

can see, the text classification algorithm is more accurate in the case of classification of stemmed 

documents and this demonstrates again the effectiveness of our approach. 

 

 

Figure 7: Results of mining with four classes 
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Figure 8: Results of mining not stemmed documents with SMO for Test 5 

 

6. CONCLUSIONS AND FUTURE WORK 

This paper presents a stemming algorithm for the Albanian language. A stemming algorithm is a 

procedure that removes the suffixes from the words providing the root (stem) of the words. Stemming 

is an important step in natural language processing and as a consequence in text mining. We exploit a 

rule-based approach to implement the algorithm and then the proposed algorithm is used to classify 

corpuses of text documents. We show through experiments on text classification that the classifying 

algorithm is more accurate when documents to be classified are first stemmed.  

As future work we intend to develop the algorithm further. First, part-of-speech tagging is needed 

to overcome difficulties on stemming the compound ways of formation of different parts of the speech 

of Albanian. Another direction of research is dealing with rules for the compound formation which is 

this paper we have not considered. One possible approach for this is to have a database that contains 

all compound words of Albanian. When the algorithm finds in the text document a word that is 

composed of other words, and finds it in this database, predefined rules help to find the best stem or it 

may happen that two stems can be derived from that word. 
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