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Abstract
Keywords are a collection of important words in a document that are the core topic of the discussion. This paper proposes 
a hybrid method for automatically extracting keywords from Persian documents and web pages. In the proposed method, 
firstly, based on linguistic knowledge, processing was performed at word and letter levels to optimize of the analysis. Then 
a new statistical features set is defined and extracted at the word level. At the final stage, keywords are determined using 
the SVM algorithm. Also, in this paper, due to the lack of a corpus for evaluating the methods of automatic extraction of 
Persian keywords, a large-scale corpus has been developed and introduced. The achieved F-measure for keywords and 
non-keywords are 99.89% and 99.99% respectively.
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1 Introduction

Today, in the competitive world in which we face an infor-
mation explosion, a significant part of usable data is pre-
sented as text data in the form of digital books, articles, 
web pages, e-mail, web blogs, comments on products etc. 
Searching and navigation among this huge volume of doc-
uments is very difficult, time-consuming and confusing, 
and it’s almost impossible to find the intended materials 
without using text-mining techniques. Automatic extrac-
tion of keywords is a subset of text mining that facilitates 
the organization and retrieval of text data and helps the 
user understand and access information in a text (docu-
ment) in a short time [1]. Keywords are a set of words (a 
word or set of words) is a text (document) that can be an 
indicator of its contents [2]. As a compressed representa-
tive of a text, keywords can be a useful and appropriate 
solution to the problem of curse of dimensionality [3]. 
Today, there are more than 130 trillion web pages on 

the internet [4], of which nearly 1.7% are in Persian [5]. 
In other words, we have over 2.21 trillion web pages in 
Persian. Although one can determine the keywords of a 
web page by the meta tag in HTML, not all Persian web 
pages use this tag, or they do not use proper keywords 
for web pages. Since one of the main ways to display the 
core content of the text and search across web pages is the 
use of keywords, therefore, the use of automated keyword 
extraction systems is required. The importance of extrac-
tion of keywords from Persian texts is more pronounced 
due to the rapid increase of Persian electronic documents, 
the greater complexity of the grammar and writing in Per-
sian language, and the little research performed in this 
field.

The rest of the paper is organized as follows: Sect. 2 
surveys the conducted researches in the field of key-
word extraction-especially in Persian. Section 3 describes 
our proposed method in detail. Section  4 presents 
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experiments and results. Finally, Sect. 5 makes conclusion 
on this paper and suggests some future work.

2  Literature review

So far, there has been a lot of research into automated key-
word extraction. These researches have various features 
(language-dependent/independent, domain-dependent/
independent, accuracy, speed) that can be examined from 
a variety of aspects. In this regard, some researchers have 
invented or domesticated a specific methodology; for 
example, for English language, [6] extract the keywords 
using the machine learning method in a supervised man-
ner with the NB Classifier. Reference [7] use the machine 
learning method in a graph-based, completely unsuper-
vised manner. Reference [8] have proposed a language-
based approach which uses the syntactic analysis. For 
Arabic, [9] domesticate KEA for this language. Reference 
[10] extract keywords in English and Arabic by a statisti-
cal method, inspired by the nature of the documents and 
key phrases. For Chinese, [11] uses PAT-tree. Reference 
[12] introduce a method based on N-gram and Word co-
occurrence, [13] propose a statistical method based on 
TF-IDF. Jonghera and Analouei [14] have proposed statis-
tical, corpus-oriented methods for extracting keywords 
from Persian documents. In their proposed method, the 
statistical characteristics for the different words are calcu-
lated and the probable keywords are selected using fuzzy 
rules. Khozani and Bayat [15] have used statistical meth-
ods. The proposed method consists of two steps. In the 
first step, redundant words are excluded and the remain-
ing words are weighed using the TF-IDF criterion. In the 
next step, using the n-gram method, a matrix is created 
for the words and based on the words’ position, the weight 
of the words is updated. Then based on the obtained 
weight, the key sentences are determined and using the 
selected sentences, the keywords are extracted. Experi-
ments have been carried out on 48 documents collected 
by the authors. Kian and Zahedi [16] have also used the 
statistical method to extract keywords. In their proposed 
method, after unification and deletion the stop words, the 
information about the neighbors of the word is extracted 
and based on the obtained score, the likelihood of a word 
being the keyword is calculated. Experiments have been 
conducted with 800 documents prepared by the authors.

3  Proposed method

Our proposed method generally runs in 2 phases. The first 
phase, called preprocessing. The input of this phase is a 
TXT file. In this phase, depending on the characteristics 

of the Persian language, a series of changes are made to 
the file. We used PersianToolbox [17] to perform unifying, 
tokenizing, stemming and removing stop words tasks, and 
we papered and used a list of writing marks and numbers 
for removing writing marks and numbers. In second phase, 
to find keywords in Persian language texts, we first take a 
list of words in the text and store it in a database. Given 
that keywords may be a combination of several consecu-
tive words, we put all the consecutive words up to a maxi-
mum of 5 words in the database as a compound word. 
Then we calculate the value of some of the features on 
each of the words in the database. These features that 
will determine whether a word is a keyword or not; they 
include:

Term Frequency determines how many times a word is 
repeated in the document and is calculated by Eq. 1 [18]:

N is the total number of words in article d, f
(
ti , d

)
 is 

the number of repetitions of the word,  ti, in article d, and 
TF

(
ti , d

)
 is the repetition of the word  ti in article d.

Inverse Document Frequency Some words like verbs are 
repeated many times in all documents, but they are not 
keywords. In these cases, the IDF feature is used to indi-
cate how many times a word has been repeated in “other” 
document [18]:

D is  the total  number  of  documents,  and 
|||
{
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(
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)
≠ 0

}||| is the number of articles in which 

the  ti word has been repeated at least once.
Combination degree This feature, which is calculated 

only for compound words (for other words, it is considered 
equal to one), determines how many times each item of 
a compound word is repeated beyond that combination. 
This feature is derived by Eq. 3:

T is a compound word composed of |T| words t1, t2,… , t|T | . 
f(ti) is the number of repetitions of the word  ti.

Head This feature determines how many times a word 
is repeated in the headings. To calculate this property, we 
first consider all the headings of the article as a new article 
called H, and then we use the Eq. 4 to calculate the value 
of this feature for the  ti word:
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Entropy The keyword of an article is generally discussed 
from the beginning to the end of the article, hile other 
words are only used in a particular section of the article, 
which is referred to as the “local keyword”. This feature 
determines how much a word has been distributed in the 
document. To calculate this feature, we divide the input 
article into at least 64 equal parts, and then use the Eq. 5:

p(i) is the number of repetitions of the word  ti in the ith 
section of the article, and n is the number of sections in 
which the input article is divided.

Transformation The keyword of an article usually does 
not change and remains constant from the beginning of 
the article to the end, while synonyms are used for the 
insignificant words to avoid uniformity. To calculate this 
feature, first we derive all the synonyms of the word  ti in 
Persian using FarsNet [19], Tj, and calculate their transfor-
mations by Eq. 6:

4  Experiments and results

As we have mentioned, we used 1570 papers in various 
areas as the corpus of the system. These articles were col-
lected from two different sources. They include.

Articles and academic thesis Part of the articles in the 
corpus is actually articles published in Persian journals as 
well as academic dissertations. These articles have been 
obtained from the following sources:

1. Academic Jihad Scientific Information Database 
(http://www.sid.ir/).

2. The website of the libraries of some Iranian universities 
(which allows the user to download the thesis).

In these articles, the author generally presents the key-
words after the abstract section. So you can easily extract 
the actual keywords. The format of articles provided by this 
source is PDF. Given that many PDF files have no standard 
structure and that their content is not readily readable, 
only articles have been selected from this source that have 
a standard PDF file that is convertible to text.

News and articles available on the Internet We collected 
news and articles from Persian websites using a HTTP 
crawler. Then we considered the content of the meta 
keywords tag from the HTML page as the keyword list of 
those articles. We chose websites for resource collection 
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in which, authors have listed the keywords of each arti-
cle in the meta keywords tag. Some websites do not use 
the right keywords for each article, or they use a keyword 
for the entire website. For example, on the farsnews.com 
website, this rule is not complied with in all articles, and 
some articles do not contain proper keywords, while they 
are complied with in isna.ir. Also for integration and avoid-
ing errors when constructing the model, we selected the 
articles from both sources that meet both of the following 
criteria:

1. Articles containing at least 500 and at most 40,000 
words.

2. Each article must have at least 3 and at most 7 key-
words to be selected.

The general specifications of the corpus used in are pre-
sented Table 1. For each of the file formats listed, a Handler 
was designed to convert those formats to TXT format.

In order to evaluate the performance of proposed 
method Precision, Recall, F1-measure and Accuracy are 
used as the evaluation metrics [20]. Unfortunately, due 
to the lack of annotated resources, Persian has attracted 
fewer researchers in the keyword extraction field, so we 
evaluate our proposed method by comparing the per-
formance of our defined features. The experiments are 
configured in 2 stages: in the word level and in the docu-
ment level. First Case: in this case, the words are utilized 
as instances and are classified as keyword or non keyword.

In the other word, classification process is performed 
in the word level. Total number of keywords and non key-
words are 7084 and 3,698,752 respectively. Table 2 pre-
sents the predictive performance of the most frequent 
features (TF and IDF) and the introduced features in this 
paper on the mentioned measures. As it can be observed 
from Table 2, the highest scores are achieved by our pro-
posed features in all measures. The results indicate that TF 
and IDF can extract non-keywords and for keyword extrac-
tion produce very poor results. As shown in Table 2, the 
combination of all features shows a large and significant 
improvement.

Second Case: in this case, the documents are utilized 
as instances. In this case, the keywords of 10 articles have 
been extracted incorrectly. We considered articles that 

Table 1  Statistic about the corpus

Number of PDF files 432
Number of web pages in format HTML 4 26
Number of web pages in format HTML 5 1112
Average document length 235.62
Average number of document keywords 4.66

http://www.sid.ir/
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the solution did not work properly on them. According to 
results, some of the keywords in these articles were words 
that were not repeated or emphasized directly and repeat-
edly in the article, but were extracted from the concept 
of text.

5  Discussion and conclusion

There is a dire need of Persian automatic keyword extrac-
tion approaches with regards to the fact that there are 
more than 2 trillion Persian web pages now and keywords 
of most of them are not determined correctly. This article 
presents a solution for the automatic extraction of key-
words from Persian texts using SVM. To achieve the objec-
tive, a set of new statistical features is defined. In addition, 
due to the lack of a corpus for evaluation, a large-scale 
corpus has been developed. The results of the experiments 
show that the proposed strategy can detect the keywords 
of Persian documents with an accuracy of 99.3631%. As a 
future work for the discovery of keywords, it is suggested 
that the concept of sentences in the article is extracted. 
It should be noted that concept extraction is very time-
consuming task and its use to disclose keywords is not 
appropriate in a large number of articles, therefore, it is 
recommended that optimizations are performed.
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