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[Abstract]

In this paper, we propose the methodology based on data-driven approach using Natural Language Processing
and Machine Learning for classifying requirements into functional requirements and non-functional
requirements. Through the analysis of the results of the requirements classification, we have learned that the
trained models derived from requirements classification with data-preprocessing and classification algorithm
based on the characteristics and information of existing requirements that used term weights based on TF
and IDF outperformed the results that used stemming and stop words to classify the requirements into functional
and non-functional requirements. This observation also shows that the term weight calculated without removal
of the stemming and stop words influenced the results positively. Furthermore, we investigate an optimized

method for the study of classifying software requirements into functional and non-functional requirements.
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I. Introduction

1.1 Background
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1.2 Research Problem
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1.3 Research Objective
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II. Related Works
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III. The Proposed Method

3.1 Proposed process model
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3.2 Data Understanding and Analyzing
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Table 1. NFR Dataset Requirements

Requirement Total

Functional Requirement 255

Availability 21

Look & Feel 38

Maintainability 17

Operability 62

Quality Performance 54

Non-functional Attribute Scalability 21

Requirement

Security 66

Usability 67

Fault-Tolerance 10

Portability 1

Constraint Ll;sgr?lsir%g 13

Total 625
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Table 2. Concordia Dataset Requirements

Table 3. PURE Requirements dataset

Requirement Total
Functional Requirement 778
Functionality 16
Usability/Utility 28
Efficiency 14
Security 58
Non-functional A?tliialjlﬁ{e Reliability 9
Requirement Portability 1
Maintainability 3
Dependability 1
Quality in use 1
Constraint 110
Total 1019
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Functional Requirement 1234
Module 29

Usability 225

Availability 21

Performance 108

Scalability 5

Interface 68

Safety 10

Security 78

Efficiency 5
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Portability 5

Non-functional Quality Testability A
Requirement Attribute Reliability 40
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Installation 8

Operation 39
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3.3 Data Preprocessing
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4. NON-FUNCTIONAL REQUIREMENTS

The non-functional requitements specify the qualitative attrbutes such as nser-friendliness
and performance of the system that are critical for the increased user-acceptance of the

application.

Help Module
The solution shonld provide detailed context-sensitive help material for all the

possible actions and scenarios on all user interfaces in the application.

1

2 The help shonld be accessible to the users both in the offline and cnline mode

Support Module

. The solution shonld provide an intecface for the nser to log any defects or
enhancement requests on the application and track thereafter.

The sclution shonld send alests (e g, email, SMS) to the user if the nser chooses
to whenever any action has been taken on the alert

The solution shonld enable the user to track the submitted defect or
enhancement request.

The solution shonld enable the help-desk user to view the reports on the
4 submitted defects or enhancement requests category-wise, status-wise, and age-
wise.

- The support sclution should be accessible to the users both from within the
application and also ontside the application through a browser mnterface.

Aundit Module

An andit teail is a record of actions taken by either the user or the system
toggers. This inclndes actions taken by nsers or Administrators. or actions
initiated antomatically by the system as a resnlt of system parameters. The
System mmust keep an unalterable andit trail capable of antomatically capturing
and storing information about:

* Al the actions (create, read /update/delete) that ace taken npon the critical
entities (case, suspect, property... ) in the system

®  The user initiating and or casrying out the action;

® The date and time of the event.

Fig. 2. Example of requirements in SRS

3.3.1 Natural Language Processing (NLP)
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Table 4. Combination of preprocessing

N

3

Preprocessing

Stemming

Stopword removal

Stopword removal + Stemming

tf-idf

tf-idf + Stemming

tf-idf + Stopword removal

tf-idf + Stopword removal + Stemming
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3.3.2 Result of Preprocessing
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Table 5. Results of preprocessing

D . Token
ataset Preprocessing Total Type
Original 12,451 1,664
Stemming 12,451 1,219
NFR Stopword removal 7,692 1,568
Stopword re.moval + 7,789 1131
Stemming
Original 11,838 1,188
Stemming 11,838 887
Concordia Stopword removal 7,350 1,093
Stopword re.moval + 7,488 802
Stemming
Original 41,356 3,692
Stemming 41,356 2,329
PURE Stopword removal 25,898 | 3,477
Stopword re.moval + 26,161 2229
Stemming
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Table 6. Comparison between preprocessed data

Preprocessing Preprocessed data
Original Only adjusters can request recycled parts audit reports. No users without an adjuster role shall
9 request recycled parts audits.
1 shall, user, can, onli, report, no, an, without, request, part, adjust, audit, recycl, role
2 shall, users, reports, without, request, audit, parts, recycled, adjusters, adjuster, audits, role
3 shall, user, onli, report, without, request, part, adjust, audit, recycl, role
shall=0.279, can=3.598, only=2.768, users=2.242, no=3.064, an=3.030, reports=4.485, without=4.033,
4 request=7.585, audit=3.792, parts=6.592, recycled=6.774, adjusters=4.822, adjuster=4.822, audits=6.431,
role=4.822
5 shall=0.279, user=1.483, can=3.598, onli=2.768, report=2.935, no=3.064, an=3.030, without=4.033,
request=6.681, part=6.060, adjust=7.196, audit=7.317, recycl=6.774, role=4.822
6 shall=0.279, users=2.242, reports=4.485, without=4.033, request=7.585, audit=3.792, parts=6.592,
recycled=6.774, adjusters=4.822, adjuster=4.822, audits=6.431, role=4.822
7 shall=0.279, user=1.483, onli=2.768, report=2.935, without=4.033, request=6.681, part=6.060,
adjust=7.196, audit=7.317, recycl=6.774, role=4.822
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Dataset Model NLP Precision | Recall
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Multinomial 1 0.897 0.898
3.4.3 Artificial Neural Network (ANN) o ; 0,688 0,859
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3.5.2 Result and Analysis of SVM

Table 8. SVM classification results

Dataset Kernel NLP Precision | Recall

Linear 4 0.852 0.848

Sigmoid 2 0.773 0.712

NFR

RBF 2 0.774 0.702

Polynomial 3 0.786 0.725

Linear 1 0.831 0.831

Sigmoid 1 0.799 0.575

Concordia

RBF 4 0.733 0.624

Polynomial 1 0.671 0.297

Linear 3 0.708 0.697

Sigmoid 2 0.695 0.51

PURE

RBF 2 0.678 0.487

Polynomial 2 0.727 0.531
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3.5.3 Result and Analysis of ANN

Table 9. ANN classification results

Dataset Activation NLP Precision | Recall
tanh 4 0.909 0.909
Sigmoid 4 0.907 0.907
NFR
Linear 4 0.905 0.904
RelLu 4 0.909 0.909
tanh 5 0.856 0.856
Sigmoid 5 0.852 0.854
Concordia
Linear 5 0.852 0.853
RelLu 5 0.857 0.857
tanh 4 0.892 0.892
Sigmoid 4 0.895 0.896
PURE
Linear 6 0.89 0.89
RelLu 6 0.892 0.892
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3.5.4 Result and Analysis of Models

Table 10. Total results

Dataset Model NLP | Precision | Recall
Multinomial 1 0.897 0.898

NFR SVM Linear 4 0.852 0.848
ANN | tanh / Relu 4 0.909 0.909
Multinomial 4 0.878 0.876

C"d"igc’r SVM | Linear 1 0831 | 0.831
ANN RelLu 5 0.857 0.857
Multinomial 4 0.873 0.872

PURE | SVM Linear 3 0.708 0.697
ANN Sigmoid 4 0.895 0.896
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IV. Conclusion and Future work

4.1 Conclusions
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4.3 Limitations
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4.4 Future Works
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