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Abstract: In contemporary network infrastructure, the effective orchestration and management of Network 

Function Virtualization (NFV) within multi-tenant environments holds significant importance. This 

encompasses the streamlined deployment, scalability, and fine-tuning of virtualized network functions, 

aimed at fulfilling a wide array of tenant needs. This harmonious coexistence of various user services not 

only optimizes resource employment but also elevates the overall performance of the network. The research 

importance of orchestrating and managing Network Function Virtualization (NFV) in multi-tenant 

environments is significant, as it plays a central role in optimizing how resources are allocated, ensuring 

the effective delivery of services, and facilitating scalability in contemporary network infrastructures. With 

the growing integration of virtualized functions to cater to a variety of tenant requirements, proficient 

orchestration and management are essential for mitigating conflicts, enhancing resource allocation 

efficiency, and upholding service quality. Tackling these complexities is instrumental in enabling multiple 

tenants to coexist smoothly within a shared virtualized framework. The study utilizes the ARAS 

(Adaptation, Reconfiguration, Automation, and Slicing) approach to explore the orchestration and 

management of NFV within multi-tenant environments. ARAS integrates adaptive methodologies, dynamic 

reconfiguration, automated procedures, and network slicing to examine the distribution of resources, 

enhance performance, and ensure the segregation of tenants. Alternative and Evaluation Parameters taken 

as Through the utilization of the ARAS approach, this study investigates the coordination and 

administration of NFV within multi-tenant settings, concentrating particularly on platforms such as 

OpenStack, Open Baton, Tacker, ONAP, and Kubernetes. The assessment encompasses metrics such as the 

duration of automated deployment, the rate of successful service execution, the level of resource utilization, 

and the instances of service disruption. Employing the ARAS methodology, this study ranked NFV 

orchestration options in multi-tenant settings, evaluating key metrics. ONAP showcased superior 

performance, with Kubernetes in second place. OpenStack, Tacker, and Open Baton demonstrated 

differing efficiencies, offering insights for enhancing NFV management across diverse multi-tenant 

contexts. 

 

Keywords: Network Function Virtualization, Software-Defined Networking, Virtual Overlay Network, 
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1. INTRODUCTION 

In recent years, the rise of cloud technologies has extended its influence on telecommunications networking, 

leading to the virtualization of network components within telecommunication clouds. ETSI has taken proactive 

measures to support and drive this transformation, delineating the virtualization of network elements through the 

establishment of ETSI Network Function Virtualization (ETSI NFV) within various working groups [1]. A 

significant outcome of ETSI NFV is the formulation of the Reference Architecture by the Management and 

Orchestration (MANO) working group. In the initial phase of ETSI NFV, which concluded by the end of 2014, 

this Reference Architecture was primarily crafted without incorporating security considerations. Despite a 

dedicated working group focusing on security, the precise integration and orchestration of security within the 

Reference Architecture have yet to be clearly defined [2,3]. As phase 2 of ETSI NFV commences, the focus is on 

moving towards a partially normative approach, encompassing tasks such as delineating interfaces among the 

entities operating within the Reference Architecture. Given the significance of security within a diverse vendor 

and tenant environment in NFV, a comprehensive consideration and specification of security measures are crucial. 

This effort aims to bolster confidence in the operation of virtualized telecommunications networks running on 

NFV infrastructures [4]. An equally significant, if not more crucial, aspect pertains to ETSI NFV's primary 

https://doi.org/10.46632/daai/5/1/17


 Manjula Selvam et.al. /Data Analytics and Artificial Intelligence, 5(1), 2025, 117-125 

Copyright@ REST Publisher                                                                                                                                                       118 

 

 

objective of achieving extensive control over the NFV ecosystem through automation and orchestration. To fully 

realize this fundamental aim, it becomes imperative to automate security orchestration within the dynamic NFV 

environment – an integral facet that complements NFV orchestration. To facilitate this, the ETSI NFV Reference 

Architecture introduces a Security Orchestrator. Recognizing security as a conventional end-to-end network 

responsibility, its scope needs to transcend the boundaries of the NFV environment to encompass hybrid networks 

that incorporate both physical and virtualized network components [5]. Ordinarily, the Software-Defined 

Networking (SDN) controller for each Virtual Overlay Network (VON) operates within its dedicated host. The 

deployment process involves selecting from various available open-source software solutions such as 

OpenDaylight, Floodlight, Trema, POX, and others. A standardized interface between the SDN controller and the 

Overlay Network Hypervisor (ONH) is employed for tasks like network exploration and connection 

establishment. This standardization enables the use of any SDN controller implementation to manage a VON. 

Consequently, when a fresh VON is dynamically instantiated through the ONH, it necessitates the manual 

installation and configuration of an SDN controller implementation on a dedicated server. Moreover, the setup 

also encompasses establishing connectivity between the ONH and the SDN controller servers, typically situated 

within a Network Operation Center (NOC) [6]. At the heart of network slicing lies the fundamental idea of creating 

distinct, isolated virtual networks within a shared virtualized infrastructure platform. Each individual instance of 

such a slice is comprised of interconnected virtual network functions (VNFs) and virtual links (VLs), following a 

predefined sequence outlined by a VNF forwarding graph (VNFFG). This orchestrated arrangement is tailored to 

provide a particular network service, encompassing functionalities like virtual evolved packet core (vEPC), virtual 

radio access network (vRAN), and similar capabilities [7]. The infrastructure resources, including compute, 

network, and storage, are abstracted and then dynamically assigned to individual slices. These network slices, in 

turn, provide various network services that are utilized by higher-level application service instances linked to 

specific verticals. Consequently, a single network slice's services can be shared among multiple application 

services, or conversely, a single application service instance can leverage the capabilities of multiple slices [8]. A 

credible network slice management and orchestration (MANO) system is required to manage the infrastructure 

resources, network slices, and service instance(s) to ensure reliable service delivery within the quality of service 

(QoS) bounds. In this regard, the European Telecommunications Institute (ETSI) Network Functions 

Virtualization (NFV) has developed an NFV-MANO framework for the life cycle management (LCM) of NFV 

infrastructure (NFVI) resources (compute, network, storage) and the VNFs/VLs forming network slice or network 

service (NS) instance(s) [9]. The owner of the NFV Infrastructure (NFVI) has the capability to accommodate 

several tenants, each of whom is furnished with a customized allocation of resources tailored to fulfill their 

respective service demands. This designated allocation of resources defines the scope of the tenant domain. Within 

this domain, tenants possess the ability to create and deploy numerous Network Service (NS) instances, catering 

to external clients, all while operating within the confines of their assigned resource quota. As an integral aspect 

of their service, the NFVI owner extends MANO services to manage the diverse NS instances associated with 

different tenants. However, the existing design of the NFV-MANO framework predominantly centers on the 

centralized management of NS instances across multiple tenants. This centralized approach inherently brings 

about performance limitations and administrative complexities [10]. The coexistence of human-centric and 

machine type applications will impose very diverse functional and performance requirements that the 5G network 

will have to support, such as broadband everywhere and enhanced mobility management. The 5G architecture 

should be future proof in terms of performance by realizing heterogeneous KPIs and their varying target ranges 

as well as in terms of flexibility by concurrently supporting multiple network services (voice, eMBB1, URLLC, 

V2X, gaming, etc.). Multi-tenancy will realize cost savings to be expected when hosting multiple logical mobile 

network instances on a largely shared infrastructure [11]. The concept of fifth generation (5G) network systems 

and platforms entails offering an expanded array of services to cater to a diverse range of service verticals, such 

as automotive, industry, smart city, e-Health, and logistics. These verticals generate substantial traffic volumes 

with distinct yet demanding criteria for performance, security, and dependability. Consequently, a significant 

challenge arises in effectively overseeing a multitude of varied and sizable (isolated) services originating from 

these heterogeneous verticals while ensuring they adhere to specified quality parameters, specifically service level 

agreements (SLAs). This intricate task of managing such a diverse set of services within the confines of quality 

expectations is addressed through the network slicing paradigm [12]. 

2. MATERIALS AND METHODS 

Using the ARAS approach, this research examines the management and orchestration of NFV in environments 

with multiple tenants. The study centers on OpenStack, Open Baton, Tacker, ONAP, and Kubernetes, evaluating 

factors including automated deployment duration, service success rate, resource efficiency, and service disruption 

duration. The ultimate goal is to improve the comprehension and refinement of NFV management in a range of 

tenant-centric situations. 
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Automated Service Deployment Time (min): This assessment evaluates how efficiently each NFV orchestration 

platform deploys services in a multi-tenant context. A shorter deployment time signifies optimized resource 

allocation, contributing to quicker service provisioning and heightened tenant satisfaction. 

Service Request Success Rate (%): This metric gauges the orchestration systems' competence in managing and 

fulfilling service requests from multiple tenants. A higher success rate indicates the orchestration platform's 

robustness in addressing concurrent tenant demands, ensuring dependable service delivery. 

Resource Consumption Overhead (%): The analysis delves into the impact of NFV orchestration on resource 

consumption within a multi-tenant environment. Lower overhead percentages highlight efficient resource 

utilization, which is vital for upholding performance standards, minimizing resource waste, and accommodating 

diverse tenant workloads. 

Average Service Disruption Time (min): This parameter measures the resilience and fault tolerance of NFV 

orchestration in multi-tenant scenarios. A shorter average disruption time showcases the orchestration platforms' 

ability to swiftly manage failures and reconfigure services, thereby minimizing disruptions to tenant operations 

and upholding service continuity. 

 

ARAS Method: The Attribute-Ranking Approach to Sustainability (ARAS) method is a systematic decision-

making framework that plays a pivotal role in evaluating and prioritizing alternatives based on multiple attributes 

while taking into account sustainability considerations. As organizations and individuals increasingly seek to make 

choices that align with ecological, social, and economic sustainability, the ARAS method offers a structured and 

transparent way to navigate complex decision scenarios [13]. The origins of ARAS can be linked to the emergence 

of decision analysis during the mid-20th century. Decision analysis aimed to provide structured approaches for 

making complex decisions by incorporating quantitative and qualitative factors. As decision-making challenges 

became more intricate, the need arose for methods that could effectively evaluate alternatives based on multiple 

criteria. This gave rise to the field of MCDA, which sought to provide systematic frameworks for assessing 

alternatives considering diverse attributes [14,15]. The Attribute-Ranking Approach to Sustainability (ARAS) is 

a decision-making methodology designed to guide complex choices by systematically evaluating alternatives 

based on multiple attributes, all while considering sustainability criteria. This method is a significant contribution 

to the field of multi-criteria decision analysis (MCDA), providing a structured framework for decision-makers to 

prioritize and select the most suitable options in situations where various conflicting factors need to be considered 

[16]. The Attribute-Ranking Approach to Sustainability method operates on a set of key principles that guide its 

structured decision-making process. It begins with the identification of relevant attributes or criteria, which are 

then normalized to a common scale to ensure fair comparisons. Decision-makers assign weights to each attribute 

based on their relative importance, reflecting the priorities of the decision context. Alternatives are then evaluated 

against these attributes, with scores calculated for each based on predefined formulas [17,18].  

 

These individual attribute scores are aggregated to generate an overall score for each alternative. Finally, 

alternatives are ranked according to their aggregated scores, enabling decision-makers to prioritize and select the 

most suitable options that align with the desired objectives and sustainability criteria. This systematic approach 

ensures a comprehensive evaluation of alternatives while facilitating transparent and well-informed decision-

making [19,20]. The ARAS method finds application across diverse domains, including business and economics 

for strategy formulation and investment decisions, environmental management to prioritize projects based on 

ecological impact, engineering for evaluating solutions, urban planning in assessing infrastructure projects, and 

healthcare for resource allocation and policy design, all while incorporating sustainability and multi-criteria 

considerations [21]. The ARAS method offers numerous advantages, notably its ability to comprehensively 

evaluate alternatives across multiple attributes, providing a holistic view of potential trade-offs and synergies. By 

integrating sustainability criteria, ARAS promotes environmentally and socially responsible decision-making. The 

method's transparency enhances stakeholders' understanding of the decision process, while its flexibility 

accommodates various attribute types and objectives. ARAS empowers decision-makers to make informed 

choices, aligning with broader goals and values. It contributes to well-rounded, ethically sound decisions across 

domains, from business and engineering to urban planning and healthcare, thereby fostering sustainable outcomes 

and responsible resource allocation [22,23]. While the ARAS method offers a structured approach to decision-

making, it has limitations. Subjectivity in assigning attribute weights can introduce bias, and interpreting trade-

offs between attributes can be complex. Additionally, data availability and accuracy may pose challenges. Future 

directions may focus on refining weight assignment techniques, addressing data uncertainties through advanced 

modeling, and integrating emerging technologies such as artificial intelligence to enhance attribute evaluation 

[24]. 
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3. ANALYSIS AND DISCUSSION 

TABLE 1. NFV Orchestration and Management in Multi-Tenant Environments 

Alternatives 

 Automated Service 

Deployment Time 

(min) 

 Service 

Request Success 

Rate (%) 

 Resource 

Consumption 

Overhead (%) 

 Average Service 

Disruption Time 

(min) 

max or min 20 98 5 3 

OpenStack 10 95 10 5 

Open Baton 15 90 15 10 

Tacker 20 85 20 8 

ONAP 8 98 5 3 

Kubernetes 12 93 8 4 

 

In Table 1, an assessment of different NFV orchestration and management options within multi-tenant setups is 

presented, focusing on crucial performance metrics. The evaluated choices, comprising OpenStack, Open Baton, 

Tacker, ONAP, and Kubernetes, are contrasted in relation to metrics such as time for automated service 

deployment, success rate of service requests, overhead in resource consumption, and the average duration of 

service disruptions. OpenStack stands out with the swiftest automated deployment time (10 minutes) and a 

relatively high service success rate (95%). Notably, ONAP and the alternative boasting the shortest automated 

service deployment time (8 minutes) showcase optimal service disruption durations (3 minutes). 

 

 
FIGURE 1. NFV Orchestration and Management in Multi-Tenant Environments 

 

Figure 1 illustrates an evaluation of diverse NFV orchestration and management alternatives in multi-tenant 

environments, centering on essential performance indicators. The assessed options, including OpenStack, Open 

Baton, Tacker, ONAP, and Kubernetes, are juxtaposed based on criteria such as automated service deployment 

time, service request success rate, resource consumption overhead, and the average duration of service 

interruptions. Particularly noteworthy is OpenStack, which distinguishes itself with the quickest automated 

deployment time (10 minutes) and a relatively elevated service success rate (95%). Significantly, ONAP and the 

alternative with the briefest automated service deployment time (8 minutes) showcase optimal service disruption 

durations (3 minutes). 
TABLE 2. Normalized Matrix 

0.2353 0.1753 0.2697 0.2484 

0.1176 0.1699 0.1348 0.1491 

0.1765 0.1610 0.0899 0.0745 

0.2353 0.1521 0.0674 0.0932 

0.0941 0.1753 0.2697 0.2484 

0.1412 0.1664 0.1685 0.1863 

 

Displayed in Table 2 is a standardized matrix created using the ARAS approach, evaluating different NFV 

orchestration options. The metrics assessed comprise automated deployment duration, success rate of service 
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requests, resource overhead, and service interruption. OpenStack demonstrates positive ratings in service 

deployment and success, ONAP stands out for its minimal disruption time, while Tacker and Open Baton reveal 

varying performance trade-offs. 
TABLE 3. Weight Matrix 

0.25 0.25 0.25 0.25 

0.25 0.25 0.25 0.25 

0.25 0.25 0.25 0.25 

0.25 0.25 0.25 0.25 

0.25 0.25 0.25 0.25 

0.25 0.25 0.25 0.25 

 

In Table 3, a weight matrix is presented, assigning equal significance (0.25 weight) to each factor: automated 

service deployment time, success rate of service requests, resource consumption overhead, and average service 

disruption time. This approach ensures a fair evaluation of various NFV orchestration and management options 

based on these metrics. 
TABLE 4. Weighted Normalized Matrix 

0.05882 0.04383 0.06742 0.06211 

0.02941 0.04249 0.03371 0.03727 

0.04412 0.04025 0.02247 0.01863 

0.05882 0.03801 0.01685 0.02329 

0.02353 0.04383 0.06742 0.06211 

0.03529 0.04159 0.04213 0.04658 

 

Table 4 presents a weighted and normalized matrix generated through the ARAS method, assessing NFV 

orchestration and management options. The values are adjusted and weighted to showcase how each alternative 

performs in terms of automated service deployment time, service request success rate, resource consumption 

overhead, and average service disruption time. 

 
TABLE 5. optimality function Si AND utility degree Ki 

Alternatives optimality function Si  utility degree Ki  

max or min 0.23218 1 

OpenStack 0.14287 0.615357519 

Open Baton 0.12547 0.540416527 

Tacker 0.13698 0.58999094 

ONAP 0.19689 0.847987681 

Kubernetes 0.16560 0.713263028 

 

In Table 5, the ARAS method calculates the optimality function (Si) and utility degree (Ki) for different NFV 

orchestration and management options. The optimality function indicates each alternative's proximity to the ideal 

solution, with values closer to 1 representing better performance. The utility degree reflects the relative 

effectiveness of each alternative, with higher values indicating stronger utility. 

 

 
FIGURE 2. optimality function Si AND utility degree Ki 
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Figure 2 illustrates the results obtained from the application of the ARAS method to evaluate the optimality 

function (Si) and utility degree (Ki) for various alternatives in NFV orchestration and management. The optimality 

function indicates the extent to which each option approaches the ideal solution, with superior values denoting 

enhanced performance across assessed factors. OpenStack demonstrates a commendable optimality function of 

0.14287, indicating a relatively favorable proximity to the ideal benchmark. Open Baton and Tacker exhibit 

similar optimality functions of 0.12547 and 0.13698, respectively. Notably, ONAP distinguishes itself with a 

higher optimality function of 0.19689, implying robust performance. The utility degree (Ki) gauges the overall 

effectiveness of each choice, with ONAP recording the highest value (0.847987681), underscoring its substantial 

utility within the context of multi-tenant scenarios. 

 
TABLE 6. Rank 

Alternatives Rank 

OpenStack 3 

Open Baton 5 

Tacker 4 

ONAP 1 

Kubernetes 2 

 

Table 6 presents the ranking of different NFV orchestration and management options as assessed by the ARAS 

method. The ranking reflects the comparative effectiveness of each alternative, where lower ranks correspond to 

better performance. ONAP achieves the highest rank (1), highlighting its exceptional performance across 

evaluated factors. Following closely, Kubernetes secures the second rank (2), underscoring its noteworthy 

performance. OpenStack is placed third (3), Tacker fourth (4), and Open Baton fifth (5), establishing a distinct 

performance hierarchy within multi-tenant settings. 

 

 
FIGURE 3. Rank 

 

Figure 3 illustrates the evaluation results of various NFV orchestration and management choices using the ARAS 

method. The ranking indicates the relative efficacy of each option, with lower ranks indicating superior 

performance. ONAP attains the top position (Rank 1), showcasing its exceptional performance across the 

considered criteria. In close pursuit, Kubernetes secures the second position (Rank 2), highlighting its 

commendable performance. OpenStack claims the third spot (Rank 3), while Tacker holds fourth (Rank 4), and 

Open Baton ranks fifth (Rank 5), delineating a clear hierarchy of performance within multi-tenant environments. 

4. CONCLUSION 

Network Functions Virtualization (NFV) allows network functions like firewalls and load balancers to run as 

software on off-the-shelf servers rather than proprietary hardware, providing more flexibility and agility. In a 

multi-tenant setting, a shared NFV infrastructure provides virtual network functions to multiple tenants. Efficient 

orchestration and management are vital to automate deployment while segregating tenants and ensuring resources. 

The orchestrator is key to coordinating lifecycle management, service chaining, resource allotment, and end-to-

end service provisioning across virtual functions. Essential capabilities involve multi-VIM support, access 
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controls, usage quotas, customized portals, tenant-aware service chaining and monitoring, and self-service 

automation. Tackling these orchestration challenges is critical to harnessing the advantages of NFV in multi-tenant 

environments. This research utilized the ARAS methodology to holistically assess and rank a range of NFV 

orchestration and management alternatives within multi-tenant environments. By conducting a comprehensive 

examination of crucial performance metrics such as automated service deployment time, success rate of service 

requests, overhead in resource utilization, and average service disruption duration, we gained insights into the 

comparative advantages of each option. Particularly noteworthy is ONAP's outstanding performance, excelling in 

all evaluated aspects, while Kubernetes demonstrated noteworthy performance securing the second rank. 

OpenStack, Tacker, and Open Baton also displayed varying degrees of efficiency, collectively contributing to a 

distinct hierarchy of performance. These findings provide valuable insights for enhancing NFV management 

across diverse multi-tenant scenarios. 

REFERENCES 

[1]. Munoz, Raul, Ricard Vilalta, Ramon Casellas, Ricardo Martínez, Thomas Szyrkowiec, Achim Autenrieth, Victor López, 

and Diego López. "SDN/NFV orchestration for dynamic deployment of virtual SDN controllers as VNF for multi-tenant 

optical networks." In Optical Fiber Communication Conference, pp. W4J-5. Optica Publishing Group, 2015. 

[2]. Varma, P. Bharat Siva, Prathap Adimoolam, Yamini Lahari Marna, Anantharamaiah Vengala, VS Divya Sundar, and 

MVT Ram Pavan Kumar. "Enhancing robust object detection in weather-impacted environments using deep learning 

techniques." In 2024 2nd International Conference on Self Sustainable Artificial Intelligence Systems (ICSSAS), pp. 599-

604. IEEE, 2024. 

[3]. Kumar, KRN Kiran, and K. Bhavani. "Folded spined cube: new topology in interconnection networks." In 2022 6th 

International Conference on Computing Methodologies and Communication (ICCMC), pp. 314-319. IEEE, 2022. 

[4]. ETSI, G. "Network functions virtualisation (nfv): Architectural framework, ETSI GS NFV, 2 (2), p." V1. ETSI (2013). 

[5]. Zhang, Sheng, Zhuzhong Qian, Jie Wu, and Sanglu Lu. "An opportunistic resource sharing and topology-aware mapping 

framework for virtual networks." In 2012 Proceedings IEEE INFOCOM, pp. 2408-2416. IEEE, 2012. 

[6]. Challa, Ramya, Reethika Bijjala, and Mekala Sreenivas. "Breast Cancer Prediction Using Machine 

Learning." International Journal for Research in Applied Science and Engineering Technology (2022). 

[7]. Manikandan, G., and S. Srinivasan. "Traffic control by bluetooth enabled mobile phone." International Journal of 

Computer and Communication Engineering 1, no. 1 (2012): 66. 

[8]. Jaeger, Bernd. "Security orchestrator: Introducing a security orchestrator in the context of the etsi nfv reference 

architecture." In 2015 IEEE Trustcom/BigDataSE/ISPA, vol. 1, pp. 1255-1260. IEEE, 2015. 

[9]. Do, Sinh, Luong Vy Le, Bao Shuh Paul Lin, and Li-Ping Tung. "SDN/NFV based Internet of Things for multi-tenant 

networks." Transactions on Networks and Communications 6, no. 6 (2019): 40. 

[10]. Priya, R., S. Jesintha, K. R. Chandrakala, and Anamika Singh. "Influence of Organizational Factors on Employee Work 

Engagement: Examining the Mediating Role of Job Satisfaction in the Indian Manufacturing Sector with Focus on 

Leadership, Development, and Reward Systems." Pakistan Journal of Life & Social Sciences 22, no. 2 (2024). 

[11]. Mohan, VakaMurali, MalliKarjuna Reddy, and KRN Kiron Kumar. "A New Approach to Optical Networks Security: 

Attack-Aware Routing and Wavelength Assignment." In IJCA Special Issues on “2nd National Conference-Computing, 

Communication and Sensor Network” CCSN. 2011. 

[12]. Yalavarthi, Sreekanth, and Rambabu Inaganti. "Navigating Emerging Threats: Strategies for Cybersecurity in AI-Driven 

Healthcare Diagnostics and FDA Compliance." In AI-Driven Healthcare Cybersecurity and Privacy, pp. 327-342. IGI 

Global Scientific Publishing, 2025. 

[13]. Kumar A, Ranjith, Ahmed Sayed M Metwally, Ghulam Abbas Ashraf, and Bheema Lingaiah Thamineni. "Smart IoT-

based water treatment with a Supervisory Control and Data Acquisition (SCADA) system process." Water reuse 13, no. 

3 (2023): 411-431. 

[14]. Frick, Gregor, Auberlin Paguem Tchinda, Besfort Shala, Ulrich Trick, Armin Lehmann, and Bogdan Ghita. 

"Requirements for a Distributed NFV Orchestration in a WMN-based Disaster Network." In 2019 International 

Conference on Information and Communication Technologies for Disaster Management (ICT-DM), pp. 1-6. IEEE, 2019. 

[15]. Khalili, Hamzeh, Apostolos Papageorgiou, Shuaib Siddiqui, Carlos Colman-Meixner, Gino Carrozzo, Reza Nejabati, 

and Dimitra Simeonidou. "Network slicing aware NFV orchestration for 5G service platforms." In 2019 European 

Conference on Networks and Communications (EuCNC), pp. 25-30. IEEE, 2019. 

[16]. Bogireddy, Srinivasa Rao, and Haritha Murari. "Enhancing crop yield prediction through random forest classifier: A 

comprehensive approach." In 2024 5th International Conference on Smart Electronics and Communication (ICOSEC), 

pp. 1663-1668. IEEE, 2024. 

[17]. Rani, Dr V. Vasudha, D. Vasavi, and K. Kumar. "Significance of multilayer perceptron model for early detection of 

diabetes over ml methods." J. Univ. Shanghai Sci. Technol 23, no. 08 (2021): 148-160. 

[18]. Chien, Hsu-Tung, Ying-Dar Lin, Chia-Lin Lai, and Chien-Ting Wang. "End-to-end slicing as a service with computing 

and communication resource allocation for multi-tenant 5G systems." IEEE Wireless Communications 26, no. 5 (2019): 

104-112. 

[19]. Kanaparthi, Priyanka, Janjhyam Venkata Naga Ramesh, U. Ganesh Naidu, VS Divya Sundar, and Anantharamaiah 

Vengala. "Prediction of Diabetes using Machine Learning Algorithms." In 2024 IEEE 3rd World Conference on Applied 

Intelligence and Computing (AIC), pp. 223-226. IEEE, 2024. 

[20]. SANTHOSHINI, A., and GS SUBASHINI. "Impact Of Demographic Variables On Country Of Origin-An 

Analysis." Journal of Namibian Studies 38 (2023). 



 Manjula Selvam et.al. /Data Analytics and Artificial Intelligence, 5(1), 2025, 117-125 

Copyright@ REST Publisher                                                                                                                                                       124 

 

 

[21]. Sreeram, Indraneel, and Venkata Praveen Kumar Vuppala. "HTTP flood attack detection in application layer using 

machine learning metrics and bio inspired bat algorithm." Applied computing and informatics 15, no. 1 (2019): 59-66. 

[22]. Paolucci, Francesco, Filippo Cugini, Piero Castoldi, and Tomasz Osiński. "Enhancing 5G SDN/NFV edge with P4 data 

plane programmability." IEEE Network 35, no. 3 (2021): 154-160. 

[23]. Nithya, S., K. Maithili, T. Sathish Kumar, Shivakumar Nethani, M. N. Sharath, Koppuravuri Gurnadha Gupta, and G. 

Bhuvaneswari. "A fuzzy logic and cross-layered optimization for effective congestion control in wireless sensor 

networks to improve efficiency and performance." In MATEC Web of Conferences, vol. 392, p. 01145. EDP Sciences, 

2024. 

[24]. Yousaf, Faqir Zarrar, Vincenzo Sciancalepore, Marco Liebsch, and Xavier Costa-Perez. "MANOaaS: A multi-tenant 

NFV MANO for 5G network slices." IEEE Communications Magazine 57, no. 5 (2019): 103-109. 

[25]. Mannweiler, Christian, Markus Breitbach, Heinz Droste, Ignacio Labrador Pavón, Iñaki Ucar, Peter Schneider, Mark 

Doll, and Jorge Rivas Sanchez. "5G NORMA: System architecture for programmable & multi-tenant 5G mobile 

networks." In 2017 European Conference on Networks and Communications (EuCNC), pp. 1-6. IEEE, 2017. 

[26]. Chartsias, Panteleimon-Konstantinos, Athanasios Amiras, Ioannis Plevrakis, Ioakeim Samaras, K. Katsaros, Dimitrios 

Kritharidis, Eleni Trouva et al. "SDN/NFV-based end to end network slicing for 5G multi-tenant networks." In 2017 

European Conference on Networks and Communications (EuCNC), pp. 1-5. IEEE, 2017. 

[27]. Mekala, Sreenivas, Y. Balarama Krishna, M. Nagaraju, P. Abhiram, K. Pavan Mahith, and Y. Balarama 

Krishna. CARDIOPATHY-HEART DISEASE PREDICTION USING MACHINE LEARNING. 2023. 

[28]. Srisuma, Vootla, Sreekanth Yalavarthi, Rambabu Inaganti, K. Reddy Madhavi, Pantham Vishnu, and Matta Venkata 

Pullarao. "Efficient Diagnosis of Skin Cancer Utilizing Swin Transformers Through Dermatoscopic Image Analysis." 

In International Conference on Innovations in Bio-Inspired Computing and Applications, pp. 388-395. Cham: Springer 

Nature Switzerland, 2023. 

[29]. Manikandan, M. G., and G. Bhuvaneswari. "Measuring the Influence of Artificial Intelligence (AI) on Online Purchase 

Decisions-In Case of Indian Consumers." International Journal of Scientific Research in Science Engineering and 

Technology 11, no. 1 (2024). 

[30]. VENKATESWARARAOCHEEKATI, DR D. NATARAJASIVAN, and DRS INDRANEEL. "GENERIC 

FRAMEWORK FOR EARLY PREDICTION OF HEART DISEASE USING LEARNING METHOD." Journal of 

Theoretical and Applied Information Technology 100, no. 17 (2022). 

[31]. VUPPALA, VENKATA PRAVEEN KUMAR, PAZHANIRAJAN SAMBANDAM, and INDRANEEL SREERAM. "An 

efficient point-of-interest recommendation for LOcation-based social networks system with spatio-temporal model." 

(2022). 

[32]. Liu, Nana, and Zeshui Xu. "An overview of ARAS method: Theory development, application extension, and future 

challenge." International Journal of Intelligent Systems 36, no. 7 (2021): 3524-3565. 

[33]. Raja, SA Kalaiselvan R., P. Udayakumar, C. Murugamani, and M. Shanmukhi. "A Novel Framework for Evaluation of 

Trust in Mobile Adhoc Networks using Flower Pollination Algorithm." Annals of the Romanian Society for Cell Biology, 

Volume25, Issue4, Pages17631 17639 (2021). 

[34]. Bogireddy, Srinivasa Rao, and Nagaraju Dasari. "Comparative analysis of ChatGPT-4 and LLaMA: Performance 

evaluation on text summarization, data analysis, and question answering." In 2024 15th International Conference on 

Computing Communication and Networking Technologies (ICCCNT), pp. 1-7. IEEE, 2024. 

[35]. Senthil Kumar, bNK, and N. Malarvizhi. "Bi-directional LSTM–CNN combined method for sentiment analysis in part 

of speech tagging (PoS)." International Journal of Speech Technology 23, no. 2 (2020): 373-380. 

[36]. Kumar, T. Sathish, Pachaivannan Partheeban, S. Rajes Kannan, R. Ponnusamy, Ranganathn Ranihemamalini, and K. 

Deepa. "Finger vein based human identification and recognition using Gabor filter." In 2022 International Conference 

on Data Science, Agents & Artificial Intelligence (ICDSAAI), vol. 1, pp. 1-6. IEEE, 2022. 

[37]. Malarvizhi, N., P. Selvarani, and Pethuru Raj. "Adaptive fuzzy genetic algorithm for multi biometric 

authentication." Multimedia Tools and Applications 79, no. 13 (2020): 9131-9144. 

[38]. Sihombing, Volvo, Zulkarnain Nasution, Muhammad Ali Al Ihsan, Marlina Siregar, Ibnu Rasyid Munthe, Victor Marudut 

Mulia Siregar, Irma Fatmawati, and Dedy Ari Asfar. "Additive Ratio Assessment (ARAS) Method for Selecting English 

Course Branch Locations." In Journal of Physics: Conference Series, vol. 1933, no. 1, p. 012070. IOP Publishing, 2021. 

[39]. Mishra, Arunodaya Raj, and Pratibha Rani. "A q-rung orthopair fuzzy ARAS method based on entropy and 

discrimination measures: An application of sustainable recycling partner selection." Journal of Ambient Intelligence and 

Humanized Computing 14, no. 6 (2023): 6897-6918. 

[40]. Raj Mishra, A., G. Sisodia, K. Raj Pardasani, and K. Sharma. "Multi-criteria IT personnel selection on intuitionistic 

fuzzy information measures and ARAS methodology." Iranian Journal of Fuzzy Systems 17, no. 4 (2020): 55-68. 

[41]. Jovčić, Stefan, Vladimir Simić, Petr Průša, and Momčilo Dobrodolac. "Picture fuzzy ARAS method for freight 

distribution concept selection." Symmetry 12, no. 7 (2020): 1062. 

[42]. Kurinjimalar Ramu, M. Ramachandran, Ramya sharma, Prabakaran Nanjundan, "Urban Agriculture Overview of 

Sustainability Using GRA Methodology", Building Materials and Engineering Structures, 2(3), September 2023, 7-14. 

[43]. Gogulamudi, Subbarao, V. Mahalakshmi, and Indraneel Sreeram. "Rain Streaks Removal in Images using Extended 

Generative Adversarial-based Deraining Framework." International Journal of Advanced Computer Science and 

Applications 14, no. 4 (2023). 

[44]. Guo, Shengnan, Youfang Lin, Ning Feng, Chao Song, and Huaiyu Wan. "Attention based spatial-temporal graph 

convolutional networks for traffic flow forecasting." In Proceedings of the AAAI conference on artificial intelligence, 

vol. 33, no. 01, pp. 922-929. 2019. 

[45]. Nandagopal, Malarvizhi, and V. Rhymend Uthariaraj. "Fault tolerant scheduling strategy for computational grid 

environment." International Journal of Engineering Science and Technology 2, no. 9 (2010): 4361-4372. 



 Manjula Selvam et.al. /Data Analytics and Artificial Intelligence, 5(1), 2025, 117-125 

Copyright@ REST Publisher                                                                                                                                                       125 

 

 

[46]. Jyothi, P., and G. Pradeepini. "Heart disease detection system based on ECG and PCG signals with the aid of GKVDLNN 

classifier." Multimedia Tools and Applications 83, no. 10 (2024): 30587-30612. 

[47]. Toygar, Arda, Umut Yildirim, and Gani Mustafa İnegöl. "Investigation of empty container shortage based on SWARA-

ARAS methods in the COVID-19 era." European Transport Research Review 14, no. 1 (2022): 8. 

[48]. Hatefi, Seyed Morteza, Hamideh Asadi, Gholamreza Shams, Jolanta Tamošaitienė, and Zenonas Turskis. "Model for the 

sustainable material selection by applying integrated dempster-shafer evidence theory and additive ratio assessment 

(ARAS) method." Sustainability 13, no. 18 (2021): 10438. 

[49]. Karadağ Ak, Özlem, Adalet Hazar, and Şenol Babuşcu. "Evaluation of the financial performance of development and 

investment banks with entropy-based ARAS method." Macroeconomics and Finance in Emerging Market 

Economies (2022): 1-21. 

[50]. Arunadevi, R., and G. S. Subashini. "A detailed study on the factors influencing Virtual Teams Effectiveness." 

[51]. Patra, Raj Kumar, Bassamma Patil, T. Sathish Kumar, Gandla Shivakanth, and Manjula BM. "Machine learning based 

sentiment analysis and swarm intelligence." In 2023 IEEE International Conference on Integrated Circuits and 

Communication Systems (ICICACS), pp. 1-8. IEEE, 2023. 

[52]. Heidary Dahooie, Jalil, Mehrdad Estiri, Edmundas Kazimieras Zavadskas, and Zeshui Xu. "A novel hybrid fuzzy DEA-

fuzzy ARAS method for prioritizing high-performance innovation-oriented human resource practices in high tech 

SME’s." International Journal of Fuzzy Systems 24, no. 2 (2022): 883-908. 

[53]. Ponnusamy, Vinoth Kumar, Padmanathan Kasinathan, Rajvikram Madurai Elavarasan, Vinoth Ramanathan, Ranjith 

Kumar Anandan, Umashankar Subramaniam, Aritra Ghosh, and Eklas Hossain. "A comprehensive review on sustainable 

aspects of big data analytics for the smart grid." Sustainability 13, no. 23 (2021): 13322. 

[54]. Erden, Caner, Çağdaş Ateş, and Sinan Esen. "Distribution Center Location Selection in Humanitarian Logistics Using 

Hybrid BWM–ARAS: A Case Study in Türkiye." Journal of Homeland Security and Emergency Management 0 (2023). 

[55]. Karbassi Yazdi, Amir, Farhan Muhammad Muneeb, Peter Fernandes Wanke, Otavio Figueiredo, and Irum Mushtaq. 

"Critical success factors for competitive advantage in Iranian pharmaceutical companies: a comprehensive MCDM 

approach." Mathematical Problems in Engineering 2021 (2021): 1-17. 

[56]. Sreeram, Indraneel, and Venkata Praveen Kumar Vuppala. "Voice Enabled ATMS and Deployment of Wavelets for 

Recognition and Authentication of Voice Based Inputs." i-Manager's Journal on Computer Science 4, no. 4 (2016): 25. 

[57]. Amrutha, B. S., I. Meghana, R. Tejas, Hrishikesh Vasant Pilare, and D. Annapurna. "An efficient automated intrusion 

detection system using hybrid decision tree." In Inventive Systems and Control: Proceedings of ICISC 2022, pp. 703-

716. Singapore: Springer Nature Singapore, 2022. 

[58]. Polat, Ulviye. "Classifying environmental significance levels of production‐oriented operational activities with F‐ARAS 

and F‐MOORA methods." Integrated Environmental Assessment and Management 19, no. 3 (2023): 763-774. 

[59]. Soni, Eshika, Vaibhav Soni, and D. Annapurna. "Remotely controlled automated street lights: A novel approach towards 

IoT (Internet of Things)." Recent Innovations in Science and Engineering bildiriler kitabı (2016): 79-83. 

[60]. Jyothi, P., and G. Pradeepini. "Review on cardiac arrhythmia through segmentation approaches in deep learning." In 

International Conference on Intelligent and Smart Computing in Data Analytics: ISCDA 2020, pp. 139-147. Singapore: 

Springer Singapore, 2021. 

[61]. Naveen Kumar Polisetty, S., T. Sivaprakasam, and S. Indraneel. "A Narrative Framework with Ensemble Learning for 

Face Emotion Recognition." In Intelligent Computing and Applications: Proceedings of ICDIC 2020, pp. 159-167. 

Singapore: Springer Nature Singapore, 2022. 

[62]. Murugamani, C., S. Shitharth, S. Hemalatha, Pravin R. Kshirsagar, K. Riyazuddin, Quadri Noorulhasan Naveed, Saiful 

Islam, Syed Parween Mazher Ali, and Areda Batu. "Machine Learning Technique for Precision Agriculture Applications 

in 5G‐Based Internet of Things." Wireless Communications and Mobile Computing 2022, no. 1 (2022): 6534238. 

[63]. Partheeban, Pachaivannan, M. Shiva, J. Vishnupriyan, R. Ponnusamy, T. Sathish Kumar, and Baskaran Anuradha. "Solar 

Energy optimisation using IoT and deep learning-a review." In 2022 International Conference on Data Science, Agents 

& Artificial Intelligence (ICDSAAI), vol. 1, pp. 1-3. IEEE, 2022. 

[64]. Kumar, VV Praveen, Vutukuri Sai Mounika, Bandaru Gayathri, Yelchuri Venkata Sudheshna, Kaki Sandhya, and 

Gogulapati Glory. "IOT ENABLED REAL-TIME DIGITAL CAMPUS NOTICE BOARD." International Journal of 

Engineering Research and Science & Technology 21, no. 2 (2025): 1307-1316. 

[65]. Jaganathan Rajamanickam, M. Ramachandran, Ramya sharma, Chinnasami Sivaji, "Distributed Generation (DG) system 

using COPRAS method", REST Journal on Advances in Mechanical Engineering, 2(3) September 2023, 11-22. 


