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Abstract

Requirements engineering is one of the important and main phases in the software development process.
In this phase, various activities are performed by software engineers. In this paper, the problem of
prioritizing requirements in the iterative software development process has been investigated. The main
goal is to automatically find priority groups of requirements so that each group of requirements can be
implemented in one iteration of the development process. For this purpose, data mining, text processing
and semantic similarity techniques have been used. The proposed methods have been applied to the data
set related to the requirements of different software. The proposed methods have different phases. In the
clustering phase, various clustering algorithms such as K-Means, hierarchical clustering, and Density-
based spatial clustering of applications with noise (DBSCAN) have been used. In order to check the
effectiveness of clustering methods, the results obtained for the prioritization of requirements have been
compared with the priority groups determined by experts. The results of the comparison show that the
presented methods have good and acceptable performance for classifying requirements and clustering
methods. Proposed method provides an average of 3% better performance.
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Figure (1): The general structure of the proposed method for prioritizing requirements
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Reql: ETCS shall provide the driver with information to allow him to drive the train safely.

Reqg2: ETCS shall be able to supervise train and shunting movements.

Req3: If the supervision is performed by a RBC it shall be possible to prevent movements of a traction unit in its area if not authorised by the
RBC.

Reqg4: ETCS is required to be functional to a maximum train speed of 500 km/h.

03105 i S aolir 4 (699)9 B 51 (slaiged :(Y) S
Figure (2): An example of the input file to the pre-processing program

ETCS shall provide the driver with information to allow him to drive the train safely.
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Figure (3): An example of extracted requirements for a software

['ETCS!, 'shall', 'provide', 'the', 'driver', ‘with', 'information’, 'to, 'allow’, 'him’, 'to', 'drive,' 'the', ‘train’, 'safely’]

G0 jls o 1 ool Zl yaiwl wlods” H(F) S
Figure (4): Words extracted from the requirement text
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["i", "me", "my", "myself", "we", "our", "ours", "ourselves", "you", "your", "yours", "yourself", "yourselves", "he", "him", "his", "himself",
"she", "her", "hers", "herself", "it", "its", "itself", "they", "them", “their", "theirs", “themselves", "what", "which", "who", “whom", "this",
“that", "these", "those", "am", "is", "are", "was", "were", "be", "been", "being", "have", "has", "had", "having", "do", "does", "did", "doing",
"a", "an", "the", "and", "but", "if", "or", "because", "as", "until", "while", "of", "at", "by", "for", "with", "about", "against", "between", "into",
“through”, "during", "before", "after", "above", "below", "to", "from", "up", “down", “in", "out", “on", "off", “over", "under", "again", "“further",
“then", "once", "here", "there", "when", "where", "why", "how", "all", "any", "both", "each", "few", "more", "most", "other", “some", "such",
"no", "nor", "not", "only", "own", "same", "so", “than", "too", "very", "'s", "t", "can", "will", "just”, “don", "should", "now"]
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Figure (5): List of stop words in NLTK library

['ETCS!, 'shall', ‘provide', 'driver', 'information’, 'allow’, 'drive,' 'train’, 'safely']
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Figure (6): The result of removing stop words in the example above
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Cluster 0: ['ETCS', 'shall', 'provide', ‘the', 'driver', 'with', information’, 'to', 'allow, 'him', 'to', 'drive’, 'the', 'train’, 'safely']
Cluster 1: ['ETCS', 'shall', 'be’, ‘able', 'to', 'supervise', ‘train’, 'and', ‘'shunting’, ‘'movements]

'unit', 'in’, 'its', ‘area’, 'if', 'not', ‘authorised', 'by’, 'the', 'RBC"]

Cluster 1: [ETCS', 'is', 'required’, 'to, 'be’, 'functional’, 'to’, 'a', 'maximum’, ‘train’, 'speed’, 'of', '500", 'km/h"]
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Figure (7): The result of clustering using K-means algorithm

Cluster 0: [ETCS', 'shall', ‘provide’, 'the’, ‘driver', ‘with', information’, 'to", ‘allow, *him’, 'to", ‘drive’, 'the, ‘train’, ‘safely['

Cluster 1: [ETCS', 'shall', 'be', 'able', 'to', 'supervise', 'train’, 'and', 'shunting', 'movements']

Cluster 2: ['If', 'the', 'supervision', 'is', 'performed’, 'by’, ‘a', 'RBC', 'it', 'shall’, 'be’, 'possible’, 'to’, ‘prevent’, 'movements’, 'of', 'a’, 'traction’,
'unit', 'in’, 'its', ‘area’, 'if', 'not', ‘authorised', 'by’, 'the', 'RBC"]

Cluster 0: ['ETCS', 'is', 'required’, 'to’, 'be', ‘functional’, 'to’, 'a', 'maximum’, ‘train’, 'speed’, 'of', '500', 'km/h]
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Figure (8): The result of clustering using hierarchical clustering algorithm

Cluster 0: ['[ETCS', 'shall’, ‘provide’, 'the', 'driver’, 'with', 'information’, 'to’, ‘allow’, ‘him’, 'to’, 'drive’, 'the', ‘train’, 'safely]

Cluster 1: ['ETCS', 'shall’, 'be’, 'able', 'to', ‘'supervise', 'train’, ‘and', 'shunting’, 'movements]

Cluster 2: ['If', 'the', 'supervision', 'is', 'performed’, 'by’, 'a', 'RBC, 'it', 'shall', 'be', 'possible’, 'to', 'prevent’, ‘'movements’, 'of', 'a', ‘traction’, 'unit’,
in', "its', ‘area’, 'if, 'not', 'authorised', 'by’, 'the', 'RBC']
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Figure (9): The result of clustering using the EM clustering algorithm
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Cluster 0: [ETCS', 'shall', 'provide’, 'the', 'driver', 'with', ‘information’, 'to', ‘allow', 'him’, 'to', 'drive’, 'the', 'train’, ‘safely']
Cluster 1: [ETCS', 'shall', 'be’, able’, 'to', 'supervise', 'train’, ‘and', 'shunting', 'movements]
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Figure (10): The result of clustering using the DBSCAN clustering algorithm

Cluster 0: ['ETCS', 'shall', 'provide’, 'the', 'driver’, 'with', ‘information’, 'to', ‘allow’, 'him', 'to', 'drive’, 'the’, 'train’, 'safely]
Cluster 1: [ETCS', 'shall', 'be’, 'able', 'to', 'supervise', 'train’, 'and’, 'shunting’, 'movements']

in', "its', 'area’, 'if", 'not', 'authorised', 'by’, ‘the’, 'RBC']

Cluster 0: ['ETCS', 'is', 'required’, 'to', 'be', 'functional’, 'to', 'a', 'maximum’, ‘train’, ‘speed’, 'of', ‘500", 'km/h]
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Figure (11): The result of clustering using MeanShift clustering algorithm
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Table (1): Efficiency of clustering methods on software requirements
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Figure (12): The best clusters obtained after applying the PCA method, a) European railway traffic management, b) GAMMA-] electronic
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Table (2): Comparison of time complexity of clustering algorithms
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Figure (13): Comparison of execution time of clustering algorithms
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Table (3): Average error on all data
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. Clustering algorithms

. Analytical hierarchy process (AHP)

. Value oriented prioritization

. Binary search tree (BST)
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. Viger's method

10. Prioritizing multiple perspectives

11. AHP-based method

12. Neutrosphic analytical hierarchy technique
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21. Partition based clustering algorithm
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23. Ward

24. Dendogram

25. Gaussian mixture model

26. Density based spatial clustering of applications with noise
27. Mean shift

28. Gamma-J

29. Gemini

30. Principal component analysis
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