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Abstract: Requirements engineering is often the first stage
in the software process to understand the problem statement.
Finding mistakes earlier in requirements helps reduce the
development cost. One activity contributing to defining clear,
complete and precise requirements is classifying requirement
items in the specification. This paper presents a classifica-
tion approach of functional and non-functional requirements
in Vietnamese using different supervised machine learning
techniques. Five supervised machine learning algorithms,
including Naı̈ve Bayes (NB), Support Vector Machine (SVM),
Logistics Regression (LR), Multi-layer Perceptron Neural Net-
work (MLP), and FastText, are implemented, trained, tested
and compared using a dataset. The experimental results show
that NB is the best model in terms of accuracy.

Keywords: Software engineering, requirements engineering,
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I. INTRODUCTION

Requirement Engineering (RE) is a process of eliciting
imprecise, incomplete needs and wishes of the potential
users of the software, analyzing, validating, and translating
them into complete, precise, and formal specifications. This
activity is generally the first step in the software pro-
cess. Misunderstanding requirements could be very serious.
Because fixing a requirement mistake after delivery may
cost up to 100 times the cost of fixing an implementation
mistake. Therefore, the importance of RE is enormous to
develop software and reduce errors at a very early stage of
the development process.

Software requirements are often classified into two types:
functional and non-functional. Functional requirements are
statements of services or functions of software, while non-
functional requirements are constraints on services or func-
tions, such as performance, usability, operating platform,

and software process... This classification impacts how
requirements are processed during analysis, and validation
activities. The requirement classification is often done
manually in the software process. Thus it could require
many developers’ efforts, and they may fail to identify the
critical requirements.

Recently, several studies have been conducted in this
area to reduce efforts and help to improve the quality of
the software requirements. One of them is automatically
distinguishing functional from non-functional requirements
[1-5, 13] or identifying non-functional [9, 12] or catego-
rizing non-functional requirements [6, 7, 8] or prioritizing
requirements [10, 11]. These works concentrate mostly on
studying requirement specifications in English by using
various machine learning techniques. The results are quite
interesting. However, automatically classifying software re-
quirements in Vietnamese has not been focused in the
literature. Besides, no dataset for this problem has been
built yet.

That is why we are motivated to study the applica-
tion of machine learning algorithms in classifying soft-
ware requirements in Vietnamese into functional and non-
functional categories and evaluating their performance. In
this paper, we first build a dataset consisting of functional
and non-functional requirements, then propose a methodol-
ogy for classifying requirements, select different machine
learning algorithms for experimentation, and evaluate the
experimental results.

The paper is organized as follows. Section I introduces
the motivation of the study. The related works are presented
in Section II. The methodology is described in Section III.
Section IV is reserved for experimentation. The results are
discussed in Section V. Finally, the paper finishes with the
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conclusion and future works.

II. RELATED WORKS

The requirements classification is often manually done
late in the software process. Thus, automatic classification
of software requirements into functional and non-functional
requirements is helpful. This task-based on machine learn-
ing has been examined in English requirements.

In [1], the authors used the SVM for requirements clas-
sification. The study combines SVM and linguistic features
as functional and non-functional requirements. It reaches a
recall and precision of about 92% for both classes. This
approach was developed and expanded to 17 linguistic
features [3].

Another approach for preprocessing requirements was
proposed in [2]. It standardizes and normalizes require-
ments before applying classification algorithms. The exper-
imental results show that using this approach improves the
efficiency of algorithms Latent Dirichlet Allocation, Biterm
Topic Modeling, K-means, and Naı̈ve Bayes in classifying
requirements.

Software requirements usually vary in wording and style.
Thus, the efficiency of machine learning algorithms reduces
in the case used for unseen projects. To deal with the
problem, using the transfer learning capabilities of BERT
for requirements classification is proposed in [4]. This
approach was used for different tasks in the domain of
requirements classification. Results are similar or better
(F1-scores up to 94%) on both seen and unseen projects
for classifying functional and non-functional requirements.

In [5], the authors examined the problem of combin-
ing feature extraction techniques and machine learning
algorithms for classifying software requirements. The fea-
ture extraction techniques are Bag of Words and Term
Frequency - Inverse Document. The algorithms used for
classification are LR, SVM, NB, and k-Nearest Neighbors.
The experimental results show that the combination of
Term Frequency - Inverse Document and LR has the best
efficiency, with an F-measure of 91%.

In Vietnam, the software industry has been developing
quickly in recent years. The total revenue of the soft-
ware industry reached 5.44 billion U.S. dollars in 2020
[14]. However, the automatic classification of Vietnamese
software requirements has not been investigated in the
literature.

III. METHODOLOGY

This section presents the details of our proposed method-
ology for automatically classifying Vietnamese software re-
quirements. The classification of requirements is performed

in four phases. As illustrated in Figure 1, software require-
ments are pre-processed, and then features are extracted.
Finally, five machine learning algorithms are performed and
evaluated.

1. Data pre-processing

The most important phase in any data-driven project is
obtaining quality data. Without these pre-processing steps,
the results of a project can easily be biased or wholly
misunderstood. This phase is the process of normalizing
data and removing elements that are not meant for text
classification. In this paper, we realize the following works
for data pre-processing:

• Removing HTML tags. To build the dataset for this
study, requirements were collected from websites.
They may contain HTML tags; thus, it is necessary
to remove these tags. Because HTML tags could lead
to a bad result in text classification, we use regex in
Python to remove these tags.

• Normalizing Unicode encoding. In Vietnamese, there
are several forms of Vietnamese encoding, but the
most popular ones are the combination Unicode and
precomposed Unicode. Using different encoding stan-
dards in the same texts can lead to a problem: when
putting a word into a training model, it will interpret
that word as different words even though humans see
it as the same. Our solution for this case is converting
texts to the precomposed Unicode standard.

• Standardizing typing styles. Different typing styles
could lead to different words in text processing. For
instance, “òa” and “oà” are different. We develop a
Python function to convert texts to the same typing
style.

• Converting to lower texts. This work is essential
because this feature does not contribute to the text
classification result. Converting texts to lower cases
also reduces features and increases the accuracy of the
model.

• Deleting special characters in texts. Punctuations,
numbers, and other special characters do not contribute
to the result of text classification, so we remove them.

• Removing stop words. These words do not contribute to
the classification result, thus we also develop a Python
function to remove them from texts.

• Tokenizing words. There are currently several Viet-
namese natural language processing toolkits such as
VnCoreNLP, underthesea,. . . In this study, we use
Python programming languages to develop models,
therefore underthesea library, which is a suite of open-
source Python modules, was used to tokenize the
Vietnamese words.
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Figure 1. Schema of classifying software requirements in Vietnamese

2. Feature extraction

Machine learning techniques work on numeric features;
therefore, we need to present them in numbers to be
understood by the algorithms to deal with textual data.
There are currently three popular ways to extract features
from text documents: Bag of Words, Term Frequency -
Inverse Document Frequency, and Word Counts. This uses
word counts techniques with CountVectorizer of Scikitlearn
library to convert texts to vector representations.

3. Classification

Supervised machine learning algorithms are used to clas-
sify software requirements into functional or non-functional
categories. This study applies five algorithms as follows.

• Naı̈ve Bayes. It is a probabilistic learning strategy often
utilized in natural language processing. NB computes
each tag’s probability and gives the tag the highest
probability as the outcome.

• Support Vector Machine. SVM is a supervised machine
learning algorithm used for classification and regres-
sion challenges. Each data item is plotted as a point in
n-dimensional. The value of each feature is the value
of a specific coordinate. Then, the category is done by

finding the hyperplane that differentiates well the two
classes.

• Logistics Regression. LR is a classification algorithm
that assigns observations to a discrete set of classes. It
is the baseline supervised machine learning algorithm
close to neural networks.

• Multi-layer Perceptron Neural Network. MLP includes
at least three layers: an input layer, a hidden layer, and
an output layer. MLP uses a supervised learning tech-
nique named backpropagation for training. Its multiple
layers and nonlinear activation distinguish MLP from
a linear perceptron.

• FastText. FastText is a method for encoding words as
numeric vectors. It is much faster and easier to main-
tain than deep neural networks like BERT. Pretrained
FastText embedding is utilized for solve problems, for
example, named entity recognition or text classifica-
tion.

4. Evaluation

To evaluate the ability to distinguish functional re-
quirements and non-functional requirements, we use the
Precision, Recall, and F1-score metrics. Before we get
into precision and recall, we present True positive, True
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TABLE I
EXPERIMENTAL RESULTS OF FIVE ALGORITHMS

Figure 2. Algorithms comparison in terms of precision

negative, False positive, and False negative outcome clas-
sifications. True positives are understood positive results
that the algorithm predicted correctly. True negatives are
negative results that the algorithm predicted correctly. False
positives are positive results that the algorithm predicted
incorrectly. False negatives are negative results that the
algorithm predicted incorrectly. By TP, TN, FP, and FN,
we denote True positives, True negatives, False positives,
and False negatives, respectively.

Precision is the ratio of correctly predicted positive
observations to the total predicted positive observations. It
is determined as follows:

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
(1)

Recall is the ratio of correctly predicted positive ob-
servations to all observations in an actual class. Recall is
computed as the following:

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
(2)

F1-score is the weighted average of Precision and Recall.
It is calculated as follows:

𝐹1 − 𝑆𝑐𝑜𝑟𝑒 =
2 ∗ 𝑅𝑒𝑐𝑎𝑙𝑙 ∗ 𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛
𝑅𝑒𝑐𝑎𝑙𝑙 + 𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛

(3)

IV. EXPERIMENT AND ANALYSIS

1. Dataset

Since there has not been an available software require-
ment dataset in Vietnamese yet, we firstly built a testing
sample dataset. It contains 222 requirements collected from
four different software projects on the Internet. The require-
ments are in the form of a sentence or a short paragraph,
such as “Sản phẩm phải có bảng màu và phông chữ nhất
quán”. In this dataset, we labeled 131 requirements as
functional and 91 requirements as non-functional.

2. Experimental setups

This study conducts experiments with the requirements
classification in Vietnamese with algorithms NB, SVM,
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Figure 3. Algorithms comparison in terms of time for training model

LR, MLP, and FastText. These five algorithms all execute
on the same data set that we built. We used the underthesea
library to pre-process Vietnamese texts and the Scikit-learn
library for five algorithms.

3. Experimental results

In this section, we evaluate the experimental results
of five algorithms in the classification of requirements
in Vietnamese. Table 1 shows the performance of each
classification method.

Figure 2 shows a significant difference in precision value
between the algorithms. NB has the best performance with
92.9% precision, and MLP is the worst with only 57.8%.

In terms of time for training models with the same
training dataset size, FastText takes much more time than
the other models, with 1.0629 seconds, while those of
the others are only 0.01 – 0.03 seconds. We can see this
difference clearly in Figure 3. Besides, the precision of
FastText is only 75.5%.

We consider the remaining four models. The training
time of MLP is the smallest with 0.0172 seconds, the
second is SVM with 0.0168 seconds, the third is NB
with 0.0172 seconds, and the fourth is LR with 0.0259
seconds. The difference between these fourth training times
is not significant. Besides, NB has the best performance
in all algorithms with 92.9% precision. We can assume
that NB is best in classifying software requirements written
in Vietnamese in both performance and time of model
training.

V. DISCUSSION

This section provides a discussion of the results in terms
of the performance and how the results of this study can
be useful for industry practitioners. In this era of software
development, requirement analysis could generate a large
amount of unstructured software specification documents
during the elicitation process. The work in this paper is
concerned with the development of models to classify
functional and non-functional requirements in Vietnamese.
The results of this study could help researchers as well as
practitioners from the software industry find the type of
requirements based on their description in the early phases
of software development. It is a factor that contributes to
software quality.

The experimental results show that NB and LR are the
best supervised machine learning methods for classifying
software requirements in Vietnamese into functional and
non-functional categories. The efficiency of these two al-
gorithms can be further improved by more suitable data
representation.

Determining whether these two algorithms are efficient
for Vietnamese texts in other fields requires much research
with datasets in each field. It is also an issue that we will
delve into in future research.

VI. CONCLUSION

Classification of software requirements into functional
and non-functional is critical in the software process. In
this study, we have presented a machine learning approach
to classify functional and non-functional requirements in
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Vietnamese in order to support the requirement elicitation
process. We first built a dataset containing functional and
non-functional requirements and then labeled them. After
pre-processing the requirements, we performed five ma-
chine learning algorithms, including NB, SVM, LR, MLP,
and FastText for the experiment. The experimental results
show that the NB algorithm gives the best performance for
distinguishing the requirements.
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