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Multiword expressions (MWEs) are lexical units composed of more than one word, 

which are syntactically, semantically, pragmatically and/or statistically idiosyncratic (Baldwin 

and Kim (2010)). Domain$specific MWEs are usually referred to as “multiword terms” 

(MWTs). It is estimated that they constitute a significant portion of terminology; over 70% of 

the terms are complex lexical units (da Graça Krieger and Finatto (2004)). It is difficult to 

identify them automatically using existing methods, because there are relatively few MWT 

instances in big corpora which cannot be spotted by exploiting their statistical properties only. 

The extraction is even more complex for languages with rich morphological system, such as 

Serbian (Mariani (2005), Vitas et al. (2005)). 

Collection and extraction of MWTs are two of the most important steps in the process 

of creating a terminological lexicon and they are also the most time$consuming. Human 

expert engagement cannot and should not be avoided, but such work could be significantly 

facilitated by well$designed automatic or semi$automatic extraction procedures. Thus we 

focus on developing a method for identifying and extracting MWTs directly from domain$

specific corpora, which is suitable for processing morphologically rich languages. 

In this paper, we present a hybrid approach that combines linguistic and statistical 

information to extract term candidates from texts in languages with rich morphological 

system. The method is designed to be domain and language independent, although we focus 

on identification and extraction of MWTs from texts in Serbian belonging to the domain of 

agricultural engineering, as a use case. 
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In the last two decades, there has been considerable NLP research into MWEs (Liang 

et al. 2017b; Nakov and Hearst, 2013; Ramisch, 2015; Tsvetkov and Wintner, 2014). The 

work on MWEs in English still dominates, although there has been some research in 

languages other than English: Czerepowicka and Savary (2015) for Polish; Liang et al. 

(2017a) for Chinese; Macken and Tezcan (2016) for Dutch; Mandravickaite and Krilavičius 

(2017) for Latvian and Lithuanian; Zaninello and Nissim (2010) for Italian and more. 

The problem of MWE extraction from literary texts in Serbian was described in detail 

in (Krstev et al. 2014). The authors presented finite state automata (FSA) for describing 

MWEs that have a predictable structure and potentially infinite number of instances (e.g. date 

and time expressions). They also identified the most frequent structures of Serbian MWEs. 

These structures will be further explained in Section 3, since we used them for extracting 

MWTs in our experiment. 

Automatic term extraction is an important part of NLP systems. It is used for lexicon 

creation, acquisition of novel terms, text classification, text indexing, machine$assisted 

translation and other NLP tasks. Different approaches to MWT extraction, linguistics$based or 

statistics$based (or both), have already been published recently (Cram and Daille (2016), 

Sclano and Velardi (2007), Verberne et al. (2016), Vivaldi and Rodríguez (2007), Yin et al. 

(2016), Zhang and Wu (2012)). Most of the methods used for MWT extraction today are 

hybrid, i.e. they usually integrate statistical information, such as frequencies of n$grams and 

collocations, with linguistic information, such as syntactic patterns of expressions. There is no 

consensus on the best method, or even if there is any. It depends on what expressions are 

considered to be MWTs, and also on the level of their compositionality, the text domain, 

language specifics and application needs. As statistical information, different frequency and 

association measures are being used in the MWT extraction process, such as T$score (Church 
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et al. (1991)), the log$likelihood ratio (LLR) (Dunning (1993)), C/NC value (Frantzi et al. 

(1998)), Keyness (Scott and Tribble (2006)), and others. 

The multifaceted problem of terminology also attracted significant attention from 

researchers in Slavic languages who approached it from various perspectives: extraction, 

description, multilinguality. For terminology extraction, the variety of mentioned approaches 

were used (Tadić and Šojat (2003), Vintar (2004), Koeva (2007), Savary and Zaborowski 

(2012), Przepiórkowski et al. (2007)). 

3.1 The main objectives and context of the work 

The main objectives of the research include: (i) creation of an up$to$date 

terminological lexicon for agricultural engineering in Serbian; (ii) expansion of the existing 

Serbian morphological dictionary of compounds; (iii) MWT structure analysis in Serbian, in 

order to improve the methods of their automatic acquisition in the future, and (iv) automation 

of the MWT acquisition process to some extent. Here, we present work aimed at contributing 

to the achievement of objective (i), i.e. achieving objectives (ii) to (iv), with experiments done 

on the texts from the agricultural engineering domain in Serbian. The same approach can be 

applied to other domains and languages. 

3.2 Some specifics of the Serbian language 

Serbian belongs to the group of Slavic languages and it has a rich morphological 

system. For instance, nouns inflect for number and case, while adjectives inflect for number, 

gender, case, and degree. This abundance of forms requires specific treatment.  

The problem can be illustrated by the example of the noun phrase jeftina radna snaga 

– the Serbian expression for ‘cheap labor’ (literally ‘cheap labor force’). It is a multiword 

noun that inherits its gender from the constituent noun snaga ‘force’ (which is feminine), and 
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it inflects for case, but it is not inflected for number (although the simple word snaga is). The 

adjectives jeftina ‘cheap’ and radna ‘labor’ agree with the noun snaga in number, case, 

gender and animacy, but the comparative and positive forms of these adjectives are not used 

in this noun phrase. When inflected separately, the adjective jeftina has 204 different 

grammatical forms, radna has 76, and snaga has 7, which creates a total of 108,528 different 

combinations of forms for the whole text sequence1. However, only 7 of them are 

grammatically correct in Serbian. 

As a consequence, NLP methods developed for the English language cannot be 

applied to Serbian texts with the same precision and efficiency. Use of electronic resources, 

such as lexicons, grammars and dictionaries is indispensable in order to process texts in the 

Serbian language. 

3.3 Syntactic patterns 

Prior to this research, agricultural terminology in Serbian had not been studied from 

the perspective of computational linguistics. We had no a priori knowledge of the syntactic 

structure of MWTs belonging to this domain. Instead, we used syntactic patterns of MWEs in 

Serbian, based on previous analyses of their structures (Krstev et al. (2013), Stanković et al. 

(2011), Utvić, M. (2011)). From the terminology perspective, we were interested in nouns 

(used to name concepts). 

The complete list of syntactic patterns used in our research is given in Table I. The 

choice of syntactic patterns was based on previous analyses of the structures of the MWEs 

(Krstev et al. 2013), already present in Serbian e$dictionaries (that contained some 

                                                      

1  In many cases a word form has several grammatical forms. For instance, the word form radnu has 5 

grammatical forms: a definitive masculine gender form in the dative case singular, a feminine gender form in 

the accusativ singular, etc. 
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terminology mostly from library and information sciences) (see Section 3.6). These analyses 

revealed that the most frequent nominal MWEs in Serbian have two components (82.9%), 

followed by MWEs with three components (13.7%), while longer MWEs are much less 

frequent (3.4%). 

Syntactic patterns used for MWT extraction. 

1 
 

AN  
 

Both components inflect and agree in 
gender, number and case 

žitni kombajn ‘wheat harvester’ 

2 
 
 
 

X$N 
 
 
 

The first component does not inflect 
(and is never used as an independent 
word in Serbian);  
the second component inflects 

eko!sistem ‘ecosystem’ 

3 
 

NNgi  
 

Only the first component inflects;  
the second is always in genitive 
 

obrada zemljišta ‘soil tillage’,  
lit. ‘tillage of soil’ 

4a 
 

NPrepNp  
 

Only the first component inflects, 
followed by prepositional phrase 

sistem za navodnjavanje  

‘irrigation system’,  
lit. 'system for irrigation' 
 

4b 
 
 

NNgiNgi  
 
 

The first component inflects;  
the second and third are always in 
genitive 

tok vegetacionog perioda  

‘course of vegetation period’ 

5 
 

ANNgi 
 

The first and the second components 
inflect, the third is always in genitive 
 

unutrašnji deo parcele 

‘inner part of a parcel’ 
 

6 
 

N($)N 
 

Both components inflect and agree in 
case and number; can be optionally 
separated by a hyphen 
 

traktor guseničar 

‘tractor caterpillar’ 
 
 

7 
 

AAN 
 

All components inflect and agree in 
gender, number and case 
 

elektronska komandna jedinica 

‘electronic command unit’ 
 

8a NNgiPrepNp Only the first components inflects; 
the second is always in genitive, 
followed by prepositional phrase 
 

sistem mašina za doradu 

‘machine system for final treatment’ 

8b NNgiNgiNgi Only the first components inflects; 
the rest are always in genitive 

redukcija stepena zagađenja vazduha 

lit. ‘reduction of the level of the 
pollution of air’ 
 

8c NPrepNpNgi The first component inflects;it is 
followed by prepositional phrase, the 
fourth is in genitive 
 

mašina za obradu zemljišta 

lit. ‘machine for tillage of soil’ 

9a ANPrepNp The first two components inflects 
and agree in case, gender and 
number; the last component is 
prepositional phrase 

tehnički sistemi za redukciju 

‘technical systems for reduction’ 
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9b ANNgiNgi The first two components inflects 
and agree in case, gender and 
number; the last two components are 
always in genitive 
 

energetska upotreba drvne biomase 

lit. ‘energetic utilization of tree 
biomass’ 

10 X$AN The first component does not inflect 
(and is never used as an independent 
word in Serbian);  
the second and third component 
inflect and agree in case, number and 
gender 

tehničko!tehnološko rešenje 

lit. ‘technical$technological solution’ 

* A – adjective, N – noun, Ngi – noun or adjective in the genitive or instrumental case, “$” – the 
separating hyphen, ($) – optional occurrence of the separating hyphen, PrepNp – prepositional 
phrase, X – invariable morpheme. 

3.4 Measures used for term candidates 

Usage of common association measures of unithood and termhood, such as T$Score, 

LLR, C$Value and the like, requires complex text preprocessing (lemmatization or 

normalization) on the level of a corpus. Such preprocessing of morphologically rich languages 

is error$prone, which makes calculating those measures (or some of their parts) difficult, 

sometimes even impossible. 

Instead of modifying the existing association measures or doing time$consuming and 

error$prone lemmatization of the whole corpus, we chose to use frequencies of occurrence of 

a text sequence in the corpus, combined with normalization described later in Section 3.7. 

This approach was justified by the obtained results, since it remained relatively simple, but 

achieved high precision, compared to other methods (see Section 4.1). 

3.5 Corpus 

The collection of texts used for our research consists of scientific papers from the 

domain of agricultural engineering, written in Serbian. The corpus has over 621,874 simple 

word forms (out of which 42,262 are unique word types), recognized by Serbian electronic 

dictionary (see 3.6), and 8,457 unknown simple word forms (word forms not listed in 

dictionaries). Additionally, 28,698 MWEs were identified (as already included in Serbian 
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morphological dictionaries). Among compound entries, only 470 were adjective or noun 

phrases forms, while the rest were multiword numerals. 

The number of unrecognized simple words and multiword numerals was higher than in 

some other Serbian corpora, since this corpus was created automatically, from journal files in 

PDF format. During the conversion from PDF to TXT files, the tables from the original text 

were converted to numerical text sequences. In addition, there were a lot of English words 

(obtained from some references, for example), errata, and misspelled words. 

3.6 Language resources and software tools 

For linguistic corpus analysis and pattern search, we used the Unitex software 

system2. It is a corpus processing system, based on an automata$oriented technology. Unitex 

enables application of morphological electronic dictionaries and grammars to texts in a 

number of different languages for different kinds of natural language morphological, 

syntactic, and semantic processing (Courtois et al. (1990)). These dictionaries are created in 

plain text format, where each line contains a word entry, i.e. its inflected form, the lemma of 

the word and various grammatical morphosyntactic, semantic and other information 

(DELAS, DELAF, DELAC, and DELACF formats (Savary (2008))). 

The morphological dictionary of MWEs for Serbian is in DELAC format and has 

13,676 entries (Krstev et al. 2013). It contains both general lexica and proper names. For 

example, the entry in the DELAC dictionary of Serbian for the MWE jeftina radna snaga 

(eng. cheap labor force) is: 

                                                      

2  The Unitex software system: http://www$igm.univ$mlv.fr/~unitex/. 
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The information given in this entry, together with the inflectional transducer 

NC_AXAXN1, allows automatic production of all 7 correct inflected forms. Every generated 

form has assigned codes of the values of grammatical categories, as well as markers (inherited 

from the corresponding lemma) that describe its semantic, dialectical, domain or other 

features (e.g. in the given example the marker +HumColl stands for ‘human collective’). For 

example, one generated form (the dative case), from the DELACF dictionary, of the MWE 

jeftina radna snaga is: 

In Unitex, dictionaries and grammars are applied to text through graphs corresponding 

to finite state automata (FSA) and finite state transducers (FST). Figure 2 represent one such 

graph. 

3.7 Steps in term extraction and dictionary production 

One of the main objectives of our research was to expand the Serbian e$dictionary 

with new entries automatically. We concentrated on texts from the agricultural engineering 

domain and on extracting MWTs from them. Krstev et al. (2013) already automated the 

production of complex dictionary entries in DELAC format for a given list of MWEs, using e$

dictionaries of Serbian simple words, inflectional FSTs and a set of grammatical rules. 

Therefore, we focused on identifying MWTs in a text, in a manner similar to that proposed by 

(Krstev et al. 2014), but modified to suit the patterns explained in Section 3.3. 

The extraction of MWTs from the text was performed in several steps (Figure 1). 

STEP 1: CORPUS PREPARATION. The text was converted automatically from other document 

formats (.PDF, .DOC etc.) to plain text format using a specific software tool developed by 

the authors (Pajić et al. (2012)). 
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STEP 2: LINGUISTIC PRE$PROCESSING. In this step we tokenize the corpus and split it into 

sentences before applying dictionaries to it, building the subset of dictionaries consisting 

only of the forms that were present in the corpus (e.g. ). 

This subset is called the dictionary of the text. 

 

Steps in term extraction and dictionary production. 

STEP 3: EXTRACTION AND NORMALIZATION OF TERM CANDIDATES. In order to avoid 

recognition of different inflectional forms of the same lexical units as different MWTs, we 

need to somehow normalize or lemmatize the text. As stated in Section 3.2, the 

lemmatization of MWEs in Serbian is a difficult task that cannot be done correctly without 

linguistic information about an MWE, as given in DELAC entries (Section 3.7). Since we 

did not have this type of information for novel agricultural domain$specific terms found in 

the corpus, we chose to perform normalization of term candidates by lemmatizing word by 

word (the first round of normalization). This kind of normalization is done together with 

term candidate extraction from the text. For this task, we designed several FSTs that (i) 
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recognize syntactic structures from Table I in the corpus, and (ii) extract term candidate 

lemmatized word$by$word. Recognition, extraction, and lemmatization are done with a 

single graph (transducer) or with one network of graphs (transducers) per syntactic pattern. 

Figure 2 shows FSTs for detecting NNgi pattern. 

 

Graph network for retrieving text sequences conforming to the syntactic pattern NNgi. a) Top level 

graph produces the final output based on subgraph Kontekst_Prep_N_Ng, b) Graph Kontekst_Prep_N_Ng 

which analyzes the context of NNgi sequence,  c) Graph N_Ng for detecting particular MWT – a noun followed 

by a noun that does not inflect in the MWT (usually in the genitive or instrumental case – “2:6”). 

 
The graphs were applied one by one and their results (the output of transducers) were 

merged into dataset and stored in a database for further processing. In this phase, for each 

term candidate we tracked its form found in the text, its suggested normalized form 

(consisting of simple word lemmas) and the label of the graph(s) that extracted it. An 

excerpt of the resulting table from this phase is given in Table II (the column with the 

English translation is added here for the sake of clarity). 

 Extracted term candidates, with their normalized forms and graph labels. 

agrarne politike 

agrarni politika 
 
AN 
 

agricultural policy agrarnom politikom 

agrarnu politiku 

merač pritiska merač pritiska NNgi pressure gauge 

merača pritiska merač pritiska NNgi pressure gauge 
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STEP 4: REMOVING DUPLICATE EXTRACTION. Some forms were recognized by two or more 

graphs. For example, rezultati istraživanja ‘results of research’ were correctly recognized as 

NNgi, and falsely as N$N, due to homography of the form istraživanja (Table III). In this 

phase, we automatically removed those duplicate values, leaving only the candidates that 

were extracted by using the graph for more frequently used structures. In this case, the 

structure NNgi is much more frequent than N$N. 

An excerpt from the table with numbers of occurrence of term candidates, grouped by normalized 

form and graph. It can be seen that the two occurrences were recognized by using two different graphs, 

producing different normalized forms. 

NNgi 

plu 

rezultata istraživanja 

rezultat istraživanja 

rezultati istraživanja 

31 

rezultate istraživanja 2 

rezultati istraživanja 53 

rezultatima istraživanja 30 

sin 

rezultat istraživanja 

rezultat istraživanja 

6 

rezultata istraživanja 31 

rezultate istraživanja 2 

rezultatu istraživanja 1 

N$N sin rezultata istraživanja rezultat istraživanje rezultat istraživanje 31 

STEP 5: CALCULATING FREQUENCIES. Unique normalized forms of term candidates were 

counted and their frequencies saved and analyzed further. Since we assumed that the most 

frequent candidates would be evaluated as terms, the list of candidates was sorted in 

descending order, with high frequency terms at the top. 

STEP 6: GENERATION OF A CORRECT LEMMA. The term candidates that we obtained after the 

first round of normalization were not always the correct MWE lemmas which depended on 

their syntactic structure, and consequently, the FST that was used for their extraction (the 

problem was with graph AN, because adjective did not always agree in gender with a 

corresponding noun, as it should). The second round of normalization consisted of 

correcting these lemmas. For that purpose we used the same tools and resources: Unitex, e$
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dictionaries and FSTs, only this time we used “inverted dictionaries” along with regular 

ones. In these dictionaries the form of entries was not as usual 

but . The 

correcting FSTs read the list of term candidates prepared in previous steps and produced the 

form of an adjective that agreed in gender with a corresponding noun.  

STEP 7: LINGUISTIC EVALUATION. Extracted term candidates and their lemmas produced as 

described in this section were evaluated by a linguist first and corrected manually, if needed.  

STEP 8: DOMAIN (TERMINOLOGY) EVALUATION. The extracted term candidates were further 

estimated by two human experts in the field of agricultural engineering, whether they are 

MWT from the domain or not. Agricultural engineering is part of a broader agricultural 

domain and has a lot of terms in common with other technical domains (such as civil 

engineering). That is why we used two domain categories: agricultural term and technical 

term. Each extracted term candidate was labelled with yes or no depending on whether it 

belonged to those categories or not. In that way we could subsequently select the sequences 

with both categories set to yes as MWTs from the agricultural engineering domain. By 

contrast, sequences with both categories set to no were of no interest to the agricultural 

engineering domain. They were either MWTs from other domains, such as najveći broj 

‘maximum number’ or some errata and wrongly extracted words. The evaluation process 

and results are described in more detail in Section 4. 

STEP 9: CALCULATING PRECISION. Since we were interested in the estimation of the 

frequency value that can be used as a cut$off value for automatic extraction, we used 

precision at rank n (P@n) measure on a sorted list of candidates. Let e[i], i=0 ... n be the 

sorted array of top n extracted terms, where e[0] is the most frequent sequence. We define 

the corresponding frequencies as freq(i). Let term(n) be the number of sequences 
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categorized as terms in the set of the first n top frequent sequences. For every n we calculate 

precision at rank n as P@n = Prec(n) = term(n) /n. 

STEP 10: DELAC CONSTRUCTION. As a final step, term lemmas were prepared for insertion 

into the DELAC dictionary of Serbian (Krstev et al. (2013)). For each term evaluated as 

belonging to one of the categories, the appropriate semantic markers were added 

(+DOM=Agr for agricultural, +DOM=Tech for technical). Some examples of entries from 

the final term list are presented in Table IV. 

An excerpt from the list of terms with semantic markers. 

brzina kretanja +DOM=Tech moving speed 

izvor energije +DOM=Agr+DOM=Tech energy source 

poljoprivredna proizvodnja +DOM=Agr agricultural production 

The corrected lemmas were further processed by using LeXimir (Obradović and 

Stanković (2008)), which automatically produced the following illustrative DELAC entries 

(but also can produce a TermBase eXchange (TBX) format (Romary (2014))): 

During the research, more than 50,000 occurrences of different forms of possible 

MWTs were extracted. After normalization step, because of large number of candidates for 

manual evaluation, we chose 1,523 most frequent term candidates (with frequency higher than 

8), which covered 22,579 occurrences in text. The maximum frequency a term candidate had 

was 346. Among them, only 58 were already included in the DELAC dictionary of Serbian. 

When grouped by syntactic structures, the results were as shown in Table V. 
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The results of extraction of term candidates after the STEPS 3 ! 7. 

AAN 1 1 1 

AN 417 406 386 

ANNgi 74 59 67 

ANNgiNgi 13 8 12 

ANPrepNp 20 12 14 

N$N 158 66 10 

NNgi 526 459 476 

NNgiNgi 130 106 114 

NNgiNgiNgi 9 7 9 

NNgiPrepNp 11 9 11 

NprepNp 137 87 109 

NPrepNpNgi 20 17 17 

X$AN 6 4 3 

X$N 1 1 1 

After the evaluation, if any of the evaluators assessed that a term candidate was a term 

from any of the two categories, we marked this candidate as a term (column IT (‘Is Term’) in 

Table VI). The precision at rank n (the last column of Table VI) was calculated based on the 

values from the column IT (‘Is Term’). 

 An excerpt from the resulting table with the most frequent terms and their evaluation. 

 

   

električna energija  
‘electricity’  

no yes no yes 346 yes 1.00 

brzina kretanja 

 ‘moving speed’ 
no yes no yes 320 yes 1.00 

poljoprivredna proizvodnja 

‘agricultural production’ 
yes no yes no 211 yes 1.00 

obrada zemljišta  
‘soil tillage’  

yes yes yes yes 200 yes 1.00 

radna brzina  
‘working speed’  

no yes no yes 196 yes 1.00 

potrošnja energije 

‘energy consumption’ 
no yes no yes 195 yes 1.00 

energetska efikasnost 

 'energetical efficiency' 
no yes no yes 180 yes 1.00 

poljoprivredna mehanizacija  
‘agricultural mechanization' 

yes yes yes yes 146 yes 1.00 

snaga motora 

‘power of engine’ 
no yes no yes 143 yes 1.00 
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sistem mašina 

‘machine system’ 
no yes no yes 133 yes 1.00 

Evaluators’ agreement was measured with the Cohen’s kappa coefficient (Viera et al. 

(2005)) and it showed a substantial agreement between our two evaluators (0.61 < � < 0.80) 

(Table VII). 

 Evaluator's agreement. 

 

��* 
1053 1076 486 1103 1094 461 

�� 587 564 975 537 546 1018 
����	 1640 1640 1461 1640 1640 1479 

(�) 0.642 0.656  0.673 0.667  

(�) 0.358 0.344  0.327 0.333  

��(�)   0.891   0.902 

��(
)   0.544   0.558 

�   0.760   0.778 
*
 �������� – number of ‘yes’ answers, �������� – number of ‘no’ answers. 

����������������				 – total number of answers (total number of answers where both evaluators agree).  




 ����  – probability of a ‘yes’ answer, 
(�) – probability of a ‘no’ answer. 
�������� ����  – probability of an answer where both evaluators agree, 
�������� 



  = 
1(�) * 
2(�) + 
1(�) * 
2(�), ���� = (��(�)−��(
))/1−��(
). 

In this way, among the first 1,523 term candidates we had 928 evaluated as terms, 870 

of which were new, not already included in the DELAC dictionary of Serbian, so we 

expanded it with these new terms. The entries of the 58 terms already contained in the 

dictionary were extended with labels +DOM=Agr and/or +DOM=Tech, depending on the 

evaluators’ opinion. 

Precision at rank n gave us information on how many of the first n entries were 

qualified as terms. One of the objectives of this research was to determine a cut$off value for 

frequency that can be used for automatic extraction of terms in some future applications, and 

that is why it was important to analyze the relation between the rank of term candidate and the 

precision achieved in the set of candidates. The precision at rank n for all candidates is given 

in Figure 3. 

In Figure 4 we showed P@n for the top 100 term candidates only. Information about 

how precision changed with different frequencies (Table VIII) can be used for estimating a 

cut$off frequency value for achieving a particular precision. 
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Precision at rank n for all evaluated term candidates. 

The structures AN and NNgi extracted many more terms than others (Table IX). The 

graph for extracting terms having the AN structure had a higher precision (81%) than the 

NNgi graph (61%). 

 

Precision at rank n for the top 100 evaluated term candidates. 

The frequencies and precision for first n term candidates. 

1 346 1 800 14 0.68 
100 48 0.87 900 12 0.66 
200 33 0.87 1,000 12 0.65 
300 26 0.86 1,100 11 0.63 
400 21 0.81 1,200 10 0.62 
500 18 0.77 1,300 10 0.61 
600 16 0.74 1,400 10 0.60 
700 15 0.71 1,500 9 0.58 
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 The number of terms extracted by particular graphs, i.e. having particular structures  

(out of 1,744 evaluated terms). 

AAN 1 1 1.00 

AN 469 380 0.81 

ANNgi 72 39 0.54 

ANNgiNgi 9 1 0.11 

ANPrepNp 22 5 0.23 

N$N 181 70 0.39 

NNgi 493 300 0.61 

NNgiNgi 115 51 0.44 

NNgiNgiNgi 7 1 0.14 

NNgiPrepNp 10 2 0.20 

NprepNp 120 29 0.24 

NPrepNpNgi 16 3 0.19 

X$AN 7 5 0.71 

X$N 1 0 0.00 

The recall was estimated based on manual extraction of terms from the randomly 

selected paragraphs containing 2,500 words. The evaluators extracted 115 multi$word terms 

from the text, with 67 of them being unique. When compared to the automatically created list, 

the recall was 79%, meaning that 21% of terms extracted manually by evaluators were not 

extracted by the proposed methodology. All of them had one or more words that were not 

included in morphological e$dictionaries of Serbian, and therefore no pattern had recognized 

them. In most cases, those were words specific to the agricultural engineering domain, and not 

commonly used, such as samohodna šasija ‘self$propelled chassis’. In some other cases the 

terms deviated slightly from the used patterns. For example, the term teško zemljište is 

modified within the expression teškо, a plodnо, zemljište ‘heavy, but fertile, soil’. 

4.1 Comparing the results with the terms extracted by using common association measures 

Combination of using syntactic patterns with simple frequency count gave very good 

results when compared to other approaches. For evaluation purposes, we calculated four more 

association measures for our term candidates, T$score, the log$likelihood ratio (LLR), C$

Value, and Keyness. The term candidates were sorted based on each of the association 
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measures used and the lists obtained in that way were mutually compared. The excerpt of the 

first 10 candidates from each list is given in Table X.  

 The 10 most frequent candidates, sorted by simple frequency, T!Score, C!Value, LLR and Keyness. 

električna energija 
'electricity' 

električna energija 
'electricity' 

električna energija 
'electricity' 

brzina kretanja 
‘moving speed’ 

brzina kretanja 
‘moving speed’ 

brzina kretanja 
‘moving speed’ 

brzina kretanja 
‘moving speed’ 

brzina kretanja 
‘moving speed’ 

potrošnja energije 
‘energy consumption’ 

energetska efikasnost 
 'energy efficiency' 

poljoprivredna 
proizvodnja 
‘agricultural 

production’ 

poljoprivredna 
proizvodnja 
‘agricultural 

production’ 

poljoprivredna 
proizvodnja 
‘agricultural 

production’ 

energetska efikasnost 
 'energy efficiency' 

potrošnja energije 
‘energy consumption' 

obrada zemljišta 
‘soil tillage’ 

obrada zemljišta 
‘soil tillage’ 

druga vrsta inertne 
materije 'other type of 

inert material' 

poljoprivredna 
proizvodnja 
‘agricultural 

production’ 

tehničko rešenje 
'technical solution' 

radna brzina 
‘working speed’ 

radna brzina 
‘working speed’ 

obrada zemljišta 
‘soil tillage’ 

električna energija 
'electricity' 

vazdušna struja 
'windflaw' 

potrošnja energije 
‘energy consumption’ 

potrošnja energije 
‘energy consumption’ 

radna brzina 
‘working speed’ 

obrada zemljišta 
‘soil tillage’ 

brzina vetra 
'wind speed' 

energetska efikasnost 
 'energy efficiency' 

energetska efikasnost 
 'energy efficiency' 

potrošnja energije 
‘energy consumption’ 

radna brzina 
‘working speed’ 

energija vetra 
'wind energy' 

poljoprivredna 
mehanizacija 
'agricultural 

mechanization' 

poljoprivredna 
mehanizacija 
'agricultural 

mechanization' 

energetska efikasnost 
 'energy efficiency' 

poljoprivredna 
mehanizacija 
'agricultural 

mechanization' 

jedinica površine 
'surface unit' 

snaga motora 
'engine power' 

snaga motora 
'engine power' 

korov druge vrste 
'wheed of other type' 

vazdušna struja 
'windflaw' 

tehnološki postupak 
'technological 

procedure' 

sistem mašina 
'machine system' 

sistem mašina 
'machine system' 

poljoprivredna 
mehanizacija 
'agricultural 
mechanization' 

izvor energije 
'source of energy' 

tehnička 
karakteristika 
'technological 
characteristics' 

The analysis of results showed that simple frequency and T$Score gave comparable 

results – the first 50 candidates were the same, with slightly different positions (2$3 positions 

up or down). C$value favorized some longer phrases which are not terms from the domain, 

but rather some strange word combinations, not so common in language (such as druga vrsta 

inertne materije ’other type of inert matter’, which took fourth place in the list). LLR 

extracted terms that are characteristic for this particular corpus. Because it scored low word 

combinations common in a language, it is a good option for additional filtering of results. 

Keyness poorly ranked some very important concepts (highly ranked with other measures). 
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Precision of term extraction for agricultural and technical terms, for each association 

measure used in this research is shown in Figures 5 and 6. 

 

. Precision of terms evaluated as agricultural for different association measures 

 

. Precision of terms evaluated as technical for different association measures 

Mean average precision (MAP) for retrieval of agricultural terms, on all 1523 

evaluated terms, ranged from 0.565 (for C$Value) to 0.599 (for LLR). MAP for technical 

terms ranged from 0.514 (for C$Value) to 0.566 (for LLR). MAP for simple frequency was 

0.588 (agricultural terms) and 0.550 (technical terms), calculated for all evaluated terms. 
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From above comparisons it can be concluded that LLR was the best association 

measure for term extraction for this agriculture text collection in Serbian. However, the 

simple frequency gives very similar results as LLR, and can be used as a simpler substitute, in 

cases when calculating LLR is time$consuming task. 

4.2 Extracting terms from domains other than agricultural engineering 

The same method for extracting MWTs was applied to texts in Serbian from the 

mining domain, which was created in a similar research (Stankovic et al. (2016)). It contains 

10 textbooks, 2 projects and 51 journal articles (with 32,633 sentences and 625,105 simple 

word forms). The authors used it to automatically both extract multiword expressions from 

the text and to produce correct lemmas for them, in order to enrich Serbian e$dictionary. The 

extracted units were not evaluated for being terms from the domain, but only for correctness 

of the lemma produced. The authors showed that all measures used for precision gave 

comparable results, with C$value having the highest MAP of 0.804 (the simple frequency had 

MAP of 0.794). The analysis of extracted MWEs showed that structures AN and NNgi give 

highest number of MWEs, and are very suitable for automatic lemma production (552 correct 

lemmas out of 553 extracted with AN, and 599 correct lemmas out of 608 extracted with 

NNgi).  

The acquisition of MWTs from the agricultural engineering domain, described in this 

paper, revealed 870 MWTs not already included in the DELAC dictionary of Serbian. Besides 

dictionary expansion, this research shows that most MWTs in Serbian have the syntactic 

structure AN and NNgi. These structures can be used for automatic extraction of terms, but 

with different levels of precision, with the FST for AN being more precise than the FST for 

NNgi. After substantially populating our e$dictionaries with terms from the agricultural 
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domain, FSTs for analyzed structures will retrieve also nested MWTs. For instance, by 

allowing components to be MWTs themselves the FST that recognizes structures NNgi would 

retrieve upravljanje poljoprivrednim zemljištem ‘management of agricultural land’, where 

upravljanje ‘management’ is the first component and poljoprivrednim zemljištem ‘of 

agricultural land’ is the second component (already in the dictionary of compounds) in the 

genitive case. In the future, we also plan to test how suitable verb structures (used for some 

actions) are for automatic extraction. Furthermore, we will try to improve recall by extending 

patterns so they can recognize some more flexible expressions, as discussed in Section 4. 

The approach and methodology used in this research are domain$ and language 

independent. If used for other languages, syntactic structures only need to be adapted to suit 

the specifics of that particular language.  

This research is pioneering work in the natural language processing of agricultural 

texts in Serbian and, because of that, the results presented in this paper provide resources and 

tools that are a good foundation for further research and improvements. We plan to continue 

collecting and processing texts in Serbian, in order to develop an extensive and 

comprehensive terminological lexicon, not just from the agricultural domain. Furthermore, 

this kind of text processing, together with language resources, can be used for searching, 

query expanding, extracting definitions, creation of semantic lexicons, multilingual 

dictionaries and so on.  

 This paper is part of the research funded by the Ministry of Education, 

Science and Technological Development of the Republic of Serbia, Ref. No. 178006 and III 

47003. 
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Syntactic patterns used for MWT extraction. 

1 

 

AN  

 

Both components inflect and agree in 

gender, number and case 

žitni kombajn ‘wheat harvester’ 

2 

 

 

 

X&N 

 

 

 

The first component does not inflect 

(and is never used as an independent 

word in Serbian);  

the second component inflects 

eko
sistem ‘ecosystem’ 

3 

 

NNgi  

 

Only the first component inflects;  

the second is always in genitive 

 

obrada zemljišta ‘soil tillage’,  

lit. ‘tillage of soil’ 

4a 

 

NPrepNp  

 

Only the first component inflects, 

followed by prepositional phrase 

sistem za navodnjavanje  

‘irrigation system’,  

lit. 'system for irrigation' 

 
4b 

 

 

NNgiNgi  

 

 

The first component inflects;  

the second and third are always in 

genitive 

tok vegetacionog perioda  

‘course of vegetation period’ 

5 

 

ANNgi 

 

The first and the second components 

inflect, the third is always in genitive 

 

unutrašnji deo parcele 

‘inner part of a parcel’ 

 
6 

 

N(&)N 

 

Both components inflect and agree in 

case and number; can be optionally 

separated by a hyphen 

 

traktor guseničar 

‘tractor caterpillar’ 

 

 
7 

 

AAN 

 

All components inflect and agree in 

gender, number and case 

 

elektronska komandna jedinica 

‘electronic command unit’ 

 
8a NNgiPrepNp Only the first components inflects; 

the second is always in genitive, 

followed by prepositional phrase 

 

sistem mašina za doradu 

‘machine system for final treatment’ 

8b NNgiNgiNgi Only the first components inflects; 

the rest are always in genitive 

redukcija stepena zagađenja vazduha 

lit. ‘reduction of the level of the pollution 

of air’ 

 
8c NPrepNpNgi The first component inflects;it is 

followed by prepositional phrase, the 

fourth is in genitive 

 

mašina za obradu zemljišta 

lit. ‘machine for tillage of soil’ 

9a ANPrepNp The first two components inflects 

and agree in case, gender and 

number; the last component is 

prepositional phrase 

 

tehnički sistemi za redukciju 

‘technical systems for reduction’ 

9b ANNgiNgi The first two components inflects 

and agree in case, gender and 

number; the last two components are 

always in genitive 

energetska upotreba drvne biomase 

lit. ‘energetic utilization of tree biomass’ 
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10 X&AN The first component does not inflect 

(and is never used as an independent 

word in Serbian);  

the second and third component 

inflect and agree in case, number and 

gender 

tehničko
tehnološko rešenje 

lit. ‘technical&technological solution’ 

* A – adjective, N – noun, Ngi – noun or adjective in the genitive or instrumental case, “&” – the separating 

hyphen, (&) – optional occurrence of the separating hyphen, PrepNp – prepositional phrase, X – invariable 

morpheme. 

 

 Extracted term candidates, with their normalized forms and graph labels. 

agrarne politike 

agrarni politika 

 

AN 

 

agricultural policy agrarnom politikom 

agrarnu politiku 

merač pritiska merač pritiska NNgi pressure gauge 

merača pritiska merač pritiska NNgi pressure gauge 

 

An excerpt from the table with numbers of occurrence of term candidates, grouped by normalized form and 

graph. It can be seen that the two occurrences were recognized by using two different graphs, producing different 

normalized forms. 

NNgi 

plu 

rezultata istraživanja 

rezultat istraživanja 

rezultati istraživanja 

31 

rezultate istraživanja 2 

rezultati istraživanja 53 

rezultatima istraživanja 30 

sin 

rezultat istraživanja 

rezultat istraživanja 

6 

rezultata istraživanja 31 

rezultate istraživanja 2 

rezultatu istraživanja 1 

N&N sin rezultata istraživanja rezultat istraživanje rezultat istraživanje 31 

 

 
An excerpt from the list of terms with semantic markers. 

brzina kretanja +DOM=Tech moving speed 

izvor energije +DOM=Agr+DOM=Tech energy source 

poljoprivredna proizvodnja +DOM=Agr agricultural production 

 

 
The results of extraction of term candidates after the STEPS 3 
 7. 

AAN 1 1 1 

AN 417 406 386 

ANNgi 74 59 67 

ANNgiNgi 13 8 12 

ANPrepNp 20 12 14 
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N&N 158 66 10 

NNgi 526 459 476 

NNgiNgi 130 106 114 

NNgiNgiNgi 9 7 9 

NNgiPrepNp 11 9 11 

NprepNp 137 87 109 

NPrepNpNgi 20 17 17 

X&AN 6 4 3 

X&N 1 1 1 

 
 An excerpt from the resulting table with the most frequent terms and their evaluation. 

 

   

električna energija  

‘electricity’  
no yes no yes 346 yes 1.00 

brzina kretanja 

 ‘moving speed’ 
no yes no yes 320 yes 1.00 

poljoprivredna proizvodnja 
‘agricultural production’ 

yes no yes no 211 yes 1.00 

obrada zemljišta  

‘soil tillage’  
yes yes yes yes 200 yes 1.00 

radna brzina  

‘working speed’  
no yes no yes 196 yes 1.00 

potrošnja energije 

‘energy consumption’ 
no yes no yes 195 yes 1.00 

energetska efikasnost 

 'energetical efficiency' 
no yes no yes 180 yes 1.00 

poljoprivredna mehanizacija  
‘agricultural mechanization' 

yes yes yes yes 146 yes 1.00 

snaga motora 

‘power of engine’ 
no yes no yes 143 yes 1.00 

sistem mašina 

‘machine system’ 
no yes no yes 133 yes 1.00 

 
 Evaluator's agreement. 

 

��* 
1053 1076 486 1103 1094 461 

�� 587 564 975 537 546 1018 

����� 1640 1640 1461 1640 1640 1479 

	(�) 0.642 0.656  0.673 0.667  

	(�) 0.358 0.344  0.327 0.333  


�(�)   0.891   0.902 


�(�)   0.544   0.558 


   0.760   0.778 
*
 �������� – number of ‘yes’ answers, �������� – number of ‘no’ answers. 

�������������������� – total number of answers (total number of answers where both evaluators agree).  

				 ����  – probability of a ‘yes’ answer, 	(�) – probability of a ‘no’ answer. 





���� ����  – probability of an answer where both evaluators agree, 





���� ����  = 	1(�) * 	2(�) + 	1(�) * 	2(�), 



 = (
�(�)−
�(�))/1−
�(�). 
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The frequencies and precision for first n term candidates. 

1 346 1 800 14 0.68 

100 48 0.87 900 12 0.66 

200 33 0.87 1,000 12 0.65 

300 26 0.86 1,100 11 0.63 

400 21 0.81 1,200 10 0.62 

500 18 0.77 1,300 10 0.61 

600 16 0.74 1,400 10 0.60 

700 15 0.71 1,500 9 0.58 

 
 The number of terms extracted by particular graphs, i.e. having particular structures  

(out of 1,744 evaluated terms). 

AAN 1 1 1.00 

AN 469 380 0.81 

ANNgi 72 39 0.54 

ANNgiNgi 9 1 0.11 

ANPrepNp 22 5 0.23 

N&N 181 70 0.39 

NNgi 493 300 0.61 

NNgiNgi 115 51 0.44 

NNgiNgiNgi 7 1 0.14 

NNgiPrepNp 10 2 0.20 

NprepNp 120 29 0.24 

NPrepNpNgi 16 3 0.19 

X&AN 7 5 0.71 

X&N 1 0 0.00 

 
 The 10 most frequent candidates, sorted by simple frequency, T
Score, C
Value, LLR and Keyness. 

električna energija 

'electricity' 

električna energija 

'electricity' 

električna energija 

'electricity' 

brzina kretanja 

‘moving speed’ 

brzina kretanja 

‘moving speed’ 

brzina kretanja 

‘moving speed’ 

brzina kretanja 

‘moving speed’ 

brzina kretanja 

‘moving speed’ 

potrošnja energije 

‘energy consumption’ 

energetska efikasnost 

 'energy efficiency' 

poljoprivredna 

proizvodnja 

‘agricultural 

production’ 

poljoprivredna 

proizvodnja 

‘agricultural 

production’ 

poljoprivredna 

proizvodnja 

‘agricultural 

production’ 

energetska efikasnost 

 'energy efficiency' 

potrošnja energije 

‘energy consumption' 

obrada zemljišta 

‘soil tillage’ 

obrada zemljišta 

‘soil tillage’ 

druga vrsta inertne 

materije 'other type of 

inert material' 

poljoprivredna 

proizvodnja 

‘agricultural 
production’ 

tehničko rešenje 

'technical solution' 

radna brzina 
‘working speed’ 

radna brzina 
‘working speed’ 

obrada zemljišta 
‘soil tillage’ 

električna energija 
'electricity' 

vazdušna struja 
'windflaw' 

potrošnja energije 

‘energy consumption’ 

potrošnja energije 

‘energy consumption’ 

radna brzina 

‘working speed’ 

obrada zemljišta 

‘soil tillage’ 

brzina vetra 

'wind speed' 

energetska efikasnost 
 'energy efficiency' 

energetska efikasnost 
 'energy efficiency' 

potrošnja energije 
‘energy consumption’ 

radna brzina 
‘working speed’ 

energija vetra 
'wind energy' 

poljoprivredna 

mehanizacija 

'agricultural 

poljoprivredna 

mehanizacija 

'agricultural 

energetska efikasnost 

 'energy efficiency' 

poljoprivredna 

mehanizacija 

'agricultural 

jedinica površine 

'surface unit' 
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mechanization' mechanization' mechanization' 

snaga motora 

'engine power' 

snaga motora 

'engine power' 

korov druge vrste 

'wheed of other type' 

vazdušna struja 

'windflaw' 

tehnološki postupak 
'technological 

procedure' 

sistem mašina 

'machine system' 

sistem mašina 

'machine system' 

poljoprivredna 

mehanizacija 

'agricultural 

mechanization' 

izvor energije 

'source of energy' 

tehnička 

karakteristika 

'technological 

characteristics' 
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