
International Journal of Advances in Applied Sciences (IJAAS) 
Vol. 12, No. 1, March 2023, pp. 48~59 
ISSN: 2252-8814, E-ISSN: 2722-2594 DOI: 10.11591/ijaas.v12.i1.pp48-59 

Editorial Team 

Editor-in-Chief 

Dr. Qing Wang, Shandong University of Science and Technology, China 

Managing Editors 

Prof. Chen-Yuan Chen, National Pingtung University of Education, Taiwan 
Assoc. Prof. Dr. Tole Sutikno, Universitas Ahmad Dahlan, Indonesia 
Dr. Guangming Yao, Harbin Normal University, China 
Dr. Habibolla Latifizadeh, West Virginia University, United States 
Dr. Md. Shakhaoath Khan, Monash University, Australia 
Dr. Mohammad Hossein Ahmadi, Shahrood University of Technology, Iran, Islamic Republic of 

Associate Editors 

Prof. Dr. A. Ozan Bicen, Sabanci University, Turkey 
Prof. Dr. Adam M. Kawalec, Wojskowa Akademia Techniczna, Poland 
Prof. Dr. Arun Sharma, Indira Gandhi Delhi Technical University for Women, India 
Prof. Dr. Badrul Hisham Ahmad, Universiti Teknikal Malaysia Melaka, Malaysia 
Prof. Dr. Carlos Becker Westphall, Universidade Federal de Santa Catarina, Brazil 
Prof. Dr. Grienggrai Rajchakit, Maejo University, Thailand 
Prof. Dr. Hamidah D. Ibrahim, Universiti Putra Malaysia, Malaysia 
Prof. Dr. Harikumar Rajaguru, Bannari Amman Institute of Technology, India 
Prof. Dr. João Crisóstomo Weyl, Universidade Federal do Pará, Brazil 
Prof. Dr. M. A. Jabbar, Vardhaman College of Engineering, India 
Prof. Dr. M. EL-Shimy, Ain Shams University, Egypt 
Prof. Dr. Marco Listanti, Sapienza Università di Roma, Italy 
Prof. Dr. Mayank Dave, National Intitute of Technology Kurukshetra, India 
Prof. Dr. Pascal Lorenz, University of Haute Alsace, France 
Prof. Dr. Seifedine Kadry, Lebanese American University, Lebanon 
Prof. Dr. Şükrü Mehmet Ertürk, İstanbul Tıp Fakültesi, Turkey 
Prof. Dr. Stefan R. Panid, University of Pristina - Kosovska Mitrovica, Serbia 
Prof. Dr. Tomonobu Senjyu, University of the Ryukyus, Japan 
Prof. Dr. Wai Lok Woo, Newcastle University, United Kingdom 
Prof. Dr. Y. Errami, Université Chouaib Doukkali, Morocco 
Prof. Dr. Yiming Li, National Yang Ming Chiao Tung University, Taiwan, Province of China 
Assoc. Prof. Dr. Ahmad Rifqi Md Zain, Universiti Kebangsaan Malaysia, Malaysia 
Assoc. Prof. Dr. Arcangelo Castiglione, Università degli Studi di Salerno, Italy 
Assoc. Prof. Dr. Bruno Teixeira, Universidade Federal de Minas Gerais, Brazil 
Assoc. Prof. Dr. Chau Yuen, Singapore University of Technology and Design, Singapore 
Assoc. Prof. Dr. Dakshina Ranjan Kisku, National Institute of Technology Durgapur, India 
Assoc. Prof. Dr. Ezra Morris, Universiti Tunku Abdul Rahman, Malaysia 

javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/29924')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/29926')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/4686')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/29936')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/29938')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/70732')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/69948')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76628')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76648')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/14766')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76623')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76675')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76666')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76645')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76665')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76676')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76657')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/6119')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76654')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76634')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/41355')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/32075')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76639')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76663')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/42678')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76677')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/6446')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76653')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76656')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/72676')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76672')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76679')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76650')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76642')


Assoc. Prof. Dr. Félix J. García Clemente, University of Murcia, Spain 
Assoc. Prof. Dr. Jitendra K. Madaan, Indian Institute of Technology Delhi, India 
Assoc. Prof. Dr. Larbi Boubchir, Universite Paris 8 Vincennes-St Denis, France 
Assoc. Prof. Dr. Mingfong Tsai, National United University Taiwan, Taiwan, Province of China 
Assoc. Prof. Dr. Riza Muhida, Universitas Lampung, Indonesia 
Assoc. Prof. Dr. Vicente Garcia-Diaz, University of Oviedo, Spain 
Asst. Prof. Dr. Abdalhossein Rezai, University of Science and Culture Tehran, Iran, Islamic Republic of 
Asst. Prof. Dr. Bibhudatta Sahoo, National Institute of Technology Rourkela, India 
Asst. Prof. Dr. Mahdi Imani, Northeastern University, United States 
Asst. Prof. Dr. Makram A. Fakhry, University of Technology-Iraq, Iraq 
Asst. Prof. Dr. Naser Ojaroudi Parchin, Edinburgh Napier University, United Kingdom 
Dr. Abdul Sattar Dogonchi, Islamic Azad University, Iran, Islamic Republic of 
Dr. Ali Mohammad Saghiri, Rutgers School of Dental Medicine, United States 
Dr. Amir Khalid, Universiti Tun Hussein Onn Malaysia, Malaysia 
Dr. Anna Guerra, Consiglio Nazionale delle Ricerche, Italy 
Dr. Ayan Mondal, Indian Institute of Technology Kharagpur, India 
Dr. Azremi Abdullah Al-Hadi, University Malaysia Perlis, Malaysia 
Dr. Brij Bhooshan Gupta, Asia University, Taiwan, Province of China 
Dr. Florian Kongoli, Flogen Technologies Inc., United States 
Dr. Haikal El Abed, German International Cooperation, Saudi Arabia 
Dr. Imran Shafique Ansari, University of Glasgow, United Kingdom 
Dr. Inderpreet Kaur, Guru Nanak Dev Engineering College Ludhiana, India 
Dr. Ismail Idris, Universiti Teknologi Petronas, Malaysia 
Dr. Kang Song, Xi'an Institute of Posts and Telecommunications, China 
Dr. Ke-Lin Du, Concordia University, Canada 
Dr. Ligang Zhang, Central Queensland University, Australia 
Dr. Masuduzzaman Bakaul, MASTEQ Software Pty LTD, Australia 
Dr. Marco Carratù, University of Salerno, Italy 
Dr. Md. Shohel Sayeed, Multimedia University, Malaysia 
Dr. Mohammad Alibakhshikenari, Universidad Carlos III de Madrid, Spain 
Dr. Mohd Ashraf Ahmad, Universiti Malaysia Pahang, Malaysia 
Dr. Mohd Khair Hassan, Universiti Putra Malaysia, Malaysia 
Dr. Mojallali Hamed, University of Guilan, Iran, Islamic Republic of 
Dr. N. Ramesh Babu, M. Kumarasamy College of Engineering, India 
Dr. Nicola Ivan Giannoccaro, University of Salento, Italy 
Dr. Norizam Sulaiman, Universiti Malaysia Pahang, Malaysia 
Dr. Orhan Ekren, Ege Üniversitesi, Turkey 
Dr. Paolo Crippa, Università Politecnica delle Marche, Italy 
Dr. Pietro Oliva, Niccolò Cusano University, Italy 
Dr. Rajeev Agrawal, LLoyd Institute of Engineering & Technology, India 
Dr. Santhanakrishnan Anand, New York Institute of Technology, United States 
Dr. Tai-Chen Chen, Maxeda Technology Inc., Taiwan, Province of China 
Dr. Thinagaran Perumal, University Putra Malaysia, Malaysia 
Dr. Tianhua Xu, Tianjin University, China 
Dr. Xiangtao Li, Jilin University, China 
Dr. Y. V. Pavan Kumar, Vellore Institute of Technology - Andhra Pradesh University, India 
Dr. Yilun Shang, University of Northumbria, United Kingdom 
Mr. Nuno Rodrigues, Instituto Politécnico de Bragança, Portugal 

javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/22444')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76655')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76630')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76673')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76660')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/32')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/8860')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/31709')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76646')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76640')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76661')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76635')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76668')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76649')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76643')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76659')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76621')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/56062')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76651')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76638')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76626')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76647')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76629')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76670')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76636')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76680')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76627')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76631')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76669')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76624')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/38')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76644')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76658')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/53052')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76641')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76671')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76637')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76633')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76662')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76622')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76625')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76632')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76664')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76678')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76652')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76674')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/6628')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76667')


Mr. Shehzad Ashraf Chaudhry, İstanbul Gelişim Üniversitesi, Turkey 

Editorial Board Members 

Prof. Dr. A. V. Raghu, Jain University, India 
Prof. Dr. Ahmad A. AlRabab'ah, King Abdulaziz University, Saudi Arabia 
Prof. Dr. Alireza Heidari, California South University, United States 
Prof. Dr. Andri Cahyo Kumoro, Universitas Diponegoro, Indonesia 
Prof. Dr. César Cárdenas Pérez, Universidad Internacional de la Rioja, Mexico 
Prof. Dr. El Oualkadi Ahmed, Abdelmalek Essaadi University, Morocco 
Prof. Dr. Gaetano Vacca, Politecnico di Bari, Italy 
Prof. Dr. Ghada Amer, Benha University, Egypt 
Prof. Dr. Goutam Sanyal, National Institute of Technology, India 
Prof. Dr. Hisham Almasaeid, Yarmouk University, Jordan 
Prof. Dr. Ho Soon Min, INTI International University, Malaysia 
Prof. Dr. Huai-kuei Wu, Oriental Institute of Technology, Taiwan, Province of China 
Prof. Dr. João Leitão, Universidade Nova de Lisboa, Portugal 
Prof. Dr. Joseph Thomas Andrews, Shri G S Institute of Technology & Science Indore, India 
Prof. Dr. Kechar Bouabdellah, University of Oran1, Algeria 
Prof. Dr. Kewen Zhao, University of Qiongzhou, China 
Prof. Dr. Laith Ahmed Najam, University of Mosul, Iraq 
Prof. Dr. Manish Tiwari, Manipal University Jaipur, India 
Prof. Dr. Mohammed Alghamdi, Al-Baha University, Saudi Arabia 
Prof. Dr. Mohammad Mehdi Rashidi, University of Electronic Science and Technology, China 
Prof. Dr. Mudrik Alaydrus, Universitas Mercu Buana, Indonesia 
Prof. Dr. Mukhtar Ahmad, Aligarh Muslim University, India 
Prof. Dr. Ogbonnaya Inya Okoro, Michael Okpara University of Agriculture, Nigeria 
Prof. Dr. Panagiotis Varzakas, Technological Educational Institute of Lamia, Greece 
Prof. Dr. Panwar Brishbhan Singh, DIT University, India 
Prof. Dr. Ramesh Chandra Singh, Delhi Technological University, India 
Prof. Dr. Sarhan M. Musa, Prairie View A&M University, United States 
Prof. Dr. Yahya Abid, Botswana International University of Science and Technology, Botswana 
Assoc. Prof. Dr. Abdelhamid Bensafi, Abou Bekr Belkaid University of Tlemcen, Algeria 
Assoc. Prof. Dr. Andrews Jeyaraj, Sathyabama Institute of Science and Technology, India 
Assoc. Prof. Dr. Gururaj H L, Vidyavardhaka College of Engineering, India 
Assoc. Prof. Dr. Guruswamy Revana, BVRIT Hyderabad College of Engineering for Women, India 
Assoc. Prof. Dr. Kamil Dimililer, Near East University, Cyprus 
Assoc. Prof. Dr. Mahdi Haroun, University of Bahri, Sudan 
Assoc. Prof. Dr. Mu-Song Chen, Da-Yeh University, Taiwan, Province of China 
Assoc. Prof. Dr. Özen Özer, Kırklareli University, Turkey 
Assoc. Prof. Dr. Yonathan Asikin, University of the Ryukyus, Japan 
Assoc. Prof. Dr. Zeashan Hameed Khan, Air University, Pakistan 
Assoc. Prof. Ts. Dr. Murizah Kassim, Universiti Teknologi MARA, Malaysia 
Assoc. Prof. Ts. Ir. Dr. Mohammad Lutfi Othman, Universiti Putra Malaysia, Malaysia 
Asst. Prof. Dr. Deepak Punetha, Punjab Engineering College, India 
Dr. Aabha Jain, Prestige Institute of Engineering Management and Research, India 
Dr. Aji Prasetya Wibawa, Universitas Negeri Malang, Indonesia 
Dr. Ajit Behera, National Institute of Technology Rourkela, India 

javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/43661')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76859')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/6879')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/75734')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76757')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76720')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76730')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76727')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76706')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76699')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76704')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/69445')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76734')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76759')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76707')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76754')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/36')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/75736')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76721')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76703')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/90423')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/40797')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76701')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76690')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76729')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76718')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76708')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76760')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76736')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/29933')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/57751')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76871')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/40771')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76728')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/29941')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/870')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/75964')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/75735')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76756')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76753')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/31226')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76694')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/75273')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76733')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/69439')


Dr. Akhil Gupta, Lovely Professional University, India 
Dr. Ashish Mani, Amity University Uttar Pradesh, India 
Dr. Ayoub Bahnasse, University Hassan II Casablanca, Morocco 
Dr. Ayşegül Uçar, Firat University, Turkey 
Dr. Azian Azamimi Abdullah, Universiti Malaysia Perlis, Malaysia 
Dr. Beeramangalla Lakshminarasaiah Narasimharaju, National Institute of Technology, India 
Dr. Bing Yang, Wuhan Polytechnic University, China 
Dr. Bitla Hari Prasad, Chaitanya Group of Colleges (Autonomous), India 
Dr. Chiranjib Sur, GE Healthcare, United States 
Dr. Chockalingam Aravind Vaithilingam, Taylor's University, Malaysia 
Dr. Dinesh Bhatia, North Eastern Hill University, India 
Dr. Ebrahim A. Mattar, University of Bahrain, Bahrain 
Dr. Eka Cahya Prima, Universitas Pendidikan Indonesia, Indonesia 
Dr. Fardin Dashty Saridarq, Technische Universiteit Eindhoven, Netherlands 
Dr. George A. Oguntala, Birmingham City University, United Kingdom 
Dr. Hafiz Abdul Mannan, Universiti Teknologi Petronas, Malaysia 
Dr. Hariharan Shanmugasundaram, Vardhaman College of Engineering, India 
Dr. Harmas Mohammed Naguib, Ferhat Abbas University of Setif, Algeria 
Dr. Haroon Hazura, Universiti Teknikal Malaysia Melaka, Malaysia 
Dr. Huang Gongping, Friedrich-Alexander-Universität Erlangen-Nürnberg, Germany 
Dr. Hussein M., Universiti Teknologi Malaysia, Malaysia 
Dr. Iqbal Sajid, University of Engineering & Technology, Pakistan 
Dr. Irfan Bahiuddin, Universitas Gadjah Mada, Indonesia 
Dr. Israel Martín-Escalona, Universitat Politècnica de Catalunya, Spain 
Dr. J. Y. C. Liew, Universiti Putra Malaysia, Malaysia 
Dr. João Paulo Barraca, University of Aveiro, Portugal 
Dr. Jiehui Zheng, South China University of Technology, China 
Dr. K.V.L.N. Acharyulu, Bapatla Engineering College, India 
Dr. Kimho Yeap, Universiti Tunku Abdul Rahman, Malaysia 
Dr. M. Y. Ismail, Universiti Tun Hussein Onn Malaysia, Malaysia 
Dr. Maria Chiara Caschera, Istituto Di Ricerche Sulla Popolazione E Le Politiche Sociali, Italy 
Dr. Matthew Vechione, The University of Texas at El Paso, United States 
Dr. Megat Farez Zuhairi, Universiti Kuala Lumpur, Malaysia 
Dr. Michel Owayjan, American University of Science & Technology, Lebanon 
Dr. Mihai Gavrilaş, Gheorghe Asachi Technical University of Iași, Romania 
Dr. Mohamad Kamarol Mohd Jamil, Universiti Sains Malaysia, Malaysia 
Dr. Mohd Riduan Ahmad, Universiti Teknikal Malaysia Melaka, Malaysia 
Dr. Mohd Yusoff Mohd Zaki, Universiti Teknologi MARA Pulau Pinang, Malaysia 
Dr. Mohd. Sadiq, Jamia Millia Islamia, India 
Dr. Montúfar-Chaveznava Rodrigo, Universidad Nacional Autonoma de Mexico, Mexico 
Dr. Mota Edjair S., Federal University of Amazonas, Brazil 
Dr. Muhammad Asyraf Asbullah, Universiti Putra Malaysia, Malaysia 
Dr. Muhammad Haroon Yousaf, University of Engineering and Technology Taxila, Pakistan 
Dr. Mukherjee Amrit, University of South Bohemia České Budějovice, Czech Republic 
Dr. Mukhils M. Ismail, University of Technology, Iraq 
Dr. N. Prabaharan, SASTRA Deemed University, India 
Dr. Nafea Marwan, University of Nottingham Malaysia, Malaysia 
Dr. Narote Sandipan Pralhad, Government Residence Women Polytechnic, India 

javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/60805')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76763')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76710')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76725')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76698')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76717')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/55935')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/75732')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76719')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/5728')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76713')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76767')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/75590')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/69441')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76689')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76697')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76741')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76742')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76743')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76745')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76746')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76747')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/56620')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76766')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76761')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76711')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76739')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/843')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76737')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76748')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76723')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/60053')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/56545')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/20731')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76731')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76768')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76700')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76770')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/12873')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76769')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76764')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76709')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76738')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76762')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76750')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/8348')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76758')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76755')


Dr. Omar AlShorman, Najran University, Saudi Arabia 
Dr. Pal Arindam, Commonwealth Scientific and Industrial Research Organisation, Australia 
Dr. Papadimitriou Dimitri, University of Antwerp, Belgium 
Dr. Paramate Horkaew, Suranaree University of Technology, Thailand 
Dr. Peoples Cathryn, Ulster University, United Kingdom 
Dr. Prabang Setyono, University of Sebelas Maret, Indonesia 
Dr. Ramiro Sámano-Robles, Research Centre in Real Time and Embedded Systems, Portugal 
Dr. Rathore Tejmal S., Independent Researcher, India 
Dr. Raul de Lacerda, Laboratoire de Signaux et Systèmes, France 
Dr. Rini Nur Hasanah, Brawijaya University, Indonesia 
Dr. Rutuja Shivraj Pawar, Yeshwantrao Chavan College of Engineering, India 
Dr. Sampad Kumar Panda, K L University, India 
Dr. Sandeep Kakde, Yeshwantrao Chavan College of Engineering, India 
Dr. Sharin Ab Ghani, Universiti Teknikal Malaysia Melaka, Malaysia 
Dr. Shrestha Anish Prasad, Sejong University, Korea, Republic of 
Dr. Shuaichen Ye, Beijing Institute of Technology, China 
Dr. Shubham Sharma, Chandigarh University, India 
Dr. Siamak Hoseinzadeh, Sapienza University of Rome, Italy 
Dr. Siti Amely Jumaat, Universiti Tun Hussein Onn Malaysia, Malaysia 
Dr. Soon Chin Fhong, Universiti Tun Hussein Onn Malaysia, Malaysia 
Dr. Sorin Ioan Deaconu, Politechnica University Timisoara, Romania 
Dr. Sritrusta Sukaridhoto, Politeknik Elektronika Negeri Surabaya, Indonesia 
Dr. Suman Chatterjee, Kongju National University, Korea, Republic of 
Dr. Taufiq Bin Nur, Universitas Sumatera Utara, Indonesia 
Dr. Totok Ruki Biyanto, Institute Technology Sepuluh Nopember, Indonesia 
Dr. Vijay Sharma, Govt. Mahila Engineering College, India 
Dr. V. P. S. Naidu, National Aerospace Laboratories India, India 
Dr. Wael A. Salah, Palestine Technical University, Palestinian Territory, Occupied 
Dr. Waleed Khalil Ahmed, United Arab Emirates University, United Arab Emirates 
Dr. Yee-Loo Foo, Multimedia University, Malaysia 
Mr. Abdelfatteh Haidine, Chouaib Doukkali University, Morocco 
Mr. Angelo Trotta, University of Bologna, Italy 
Mr. Jason Zurawski, Lawrence Berkeley National Laboratory, United States 
Mr. Nikos K. Kalatzis, Neuropublic S.A., Greece 
Mr. Sami Gomri, National School of Engineers of Sfax, Tunisia 
Mr. Syed Manzoor Qasim, King Abdulaziz City for Science and Technology, Saudi Arabia 
Mr. Vahab Ghalandari, Florida Institute of Technology, United States 
Mr. Vladislav Škorpil, Brno University of Technology, Czech Republic 

International Journal of Advances in Applied Sciences (IJAAS) 
p-ISSN 2252-8814, e-ISSN 2722-2594 

 
This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License. 

View IJAAS Stats 

javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76872')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76691')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76692')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/62759')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76693')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/69442')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76696')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76695')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76749')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76744')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/19251')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76453')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/60021')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/42094')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76705')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/63617')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/75731')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/51993')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76751')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76714')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76726')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76715')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76724')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76716')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/69438')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76702')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/69443')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/36310')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/69440')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/70229')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76735')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76722')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76740')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76752')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76732')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76765')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/69949')
javascript:openRTWindow('https://ijaas.iaescore.com/index.php/IJAAS/about/editorialTeamBio/76712')
http://creativecommons.org/licenses/by-sa/4.0/
https://statcounter.com/p11952265/?guest=1
http://creativecommons.org/licenses/by-sa/4.0/
https://statcounter.com/
http://creativecommons.org/licenses/by-sa/4.0/
https://statcounter.com/


Vol 12, No 1 

March 2023 

DOI: http://doi.org/10.11591/ijaas.v12.i1  

Table of Contents 

Nutritional evaluation of spent and uninoculated mushroom substrate of Pleurotus ostreatus grown on 

cassava peels and sawdust  

Samuel Echezonachi Okere, Frank Ojiako, Chinyerum Gloria Ikechi-Nwogu, Chinwendu Augustina Ojiaku, 

Nkechi Udochukwu Ezechike  

PDF  

1-6  

Nano-bioremediation of heavy metals from environment using a green synthesis approach  

Farah Aslam, Sumaira Mazhar  

PDF  

7-14  

Phasor measurement unit application-based fault allocation and fault classification  

Sonu Kumar Bairwa, Satyendra Pratap Singh  

PDF  

15-26  

Andisol and microcrystalline cellulose from Typha angustifolia for auramine O adsorption  

Pranoto Pranoto, Venty Suryanti, Robi'atul Adawiyah  

PDF  

27-36  

Finite element procedure to simulate sandwich structure with an auxetic core under impact loading 

using ABAQUS/Explicit  

Valdo Pratama, Annisa Jusuf, Arief Yudhanto, Bambang Kismono Hadi  

PDF  

37-47  

Generation 4.0 of the programmer selection decision support system: MCDM-AHP and ELECTRE-

elimination recommendations  

Akmaludin Akmaludin, Erene Gernaria Sihombing, Rinawati Rinawati, Frisma Handayanna, Linda 

Sari Dewi, Ester Arisawati  

PDF  

48-59  

Preventive remediation methods minimize soil pollution  

Sarwoko Mangkoedihardjo, Harida Samudro  

PDF  

60-65  

Eco-friendly management of the flea beetle, Podagrica species (Coleoptera: Chrysomelidae) on 

okra (Abelmoschus esculentus (L.) Moench) with Artemisia annua L. seed extract  

Frank Onyemaobi Ojiako, Christopher Emeka Ahuchaogu, Samuel Echezona Okere, Brendan 

Chigozie Nwaokeneme  

PDF  

66-73  

Silica extract from Malang beach sand via leaching and sol-gel methods  

Sumari Sumari, Muhammad Roy Asrori, Yana Fajar Prakasa, Dinar Rachmadika Baharintasari, 

Aman Santoso  

PDF  

74-81  

Design and manufacture of four wheel tractor for medium size work rice farming  

Iwan Harianton, Agus Surjana Saefudin, Muhammad Ali Suparman  

PDF  

82-92  

 

akmal
Highlight

http://doi.org/10.11591/ijaas.v12.i1
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20511
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20511
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20511/13014
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20633
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20633/13015
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20661
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20661/13027
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20667
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20667/13018
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20696
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20696
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20696/13020
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20703
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20703
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20703/13021
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20712
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20712/13022
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20449
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20449
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20449/13023
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20687
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20687/13024
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20591
https://ijaas.iaescore.com/index.php/IJAAS/article/view/20591/13026


International Journal of Advances in Applied Sciences (IJAAS) 

Vol. 12, No. 1, March 2023, pp. 48~59 

ISSN: 2252-8814, DOI: 10.11591/ijaas.v12.i1.pp48-59      48 

 

Journal homepage: http://ijaas.iaescore.com 

Generation 4.0 of the programmer selection decision support 

system: MCDM-AHP and ELECTRE-elimination 

recommendations 
 

 

Akmaludin Akmaludin, Erene Gernaria Sihombing, Rinawati Rinawati, Frisma Handayanna,  

Linda Sari Dewi, Ester Arisawati 
Department of Information Systems, Faculty of Information Technology, Nusa Mandiri University, Jakarta, Indonesia 

 

 

Article Info  ABSTRACT 

Article history: 

Received Aug 28. 2022 

Revised Oct 14, 2022 

Accepted Nov 3, 2022 

 

 The industrial world in the era of generation 4.0 needs personnel related to 

human resources who can handle crucial problems, especially in terms of data 

digitalization. The purpose of this paper is to analyze the supporting criteria 

that can be used as a measure of programmer selection for the needs of the 

industrial world which can provide optimal decisions and pay attention to the 

use of multi-criteria that have different quantitative assessments such as 

criteria related to contradictory times in its application. The problem, in the 

industrial world, does not only require speed alone but requires professional 

staff who can transform into digital technology, digitalization technology is 

needed in terms of the data conversion and transferring process, so a 

programmer has an important role in changing favorable conditions because 

it requires a selection process to get the best professional from several 

programmers. The method that can be used in multi-criteria decision-making-

analytic hierarchy process (MCDM-AHP) and elimination et choix traduisant 

la realite (ELECTRE) methods in the concept of elimination. This method is 

part of the MCDM, which uses eight criteria in the selection and evaluation 

process. The results obtained from several selected programmers produce 

several professionally selected people, and can be used as an optimal 

benchmark for the programmer selection and evaluation process with a long 

preference index stage through the elimination process, this provides evidence 

that the selection and evaluation process can determine decision making 

which is optimal for a select number of programmers that only a few have 

through the aggregate dominant matrices. 
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ELECTRE-elimination model 

MCDM-AHP concept 

Multi-criteria level 
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1. INTRODUCTION 

Given the uncertainty in the current industrial 4.0 era, it is felt in all industries that have experienced 

a decline in overcoming uncontrolled economic conditions in the era of global competition [1]. It is not only 

large industries that can master the conditions of the 4.0 generation era, on the contrary, small industries that 

can maintain their survival are also industries that have mastery of digitalization technology [2]. All these are 

thanks to the support of professionals who can use and utilize technology and analyze it well. His thinking is, 

of course, none other than the source of the profession of a programmer. Programmers have made many 

https://creativecommons.org/licenses/by-sa/4.0/
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breakthroughs that can change the arrangement of such complex documents into simpler ones in the form of 

digitization, converting a lot of data that was previously in the form of files and then converted into the digitized 

form [3]. 

Then distributed quickly and precisely to the target in need. Owned entities are converted into objects 

that are compiled and processed by objects and by programming languages that specifically handle object-

based data. Thus, the need for professionals such as programmers is needed by the entire industrial world, 

especially in the 4.0 generation which is said to be able to develop business in the digital world as it is today. 

The problem that arises is how is the process of selecting professional programmers who have optimal abilities 

in handling the smooth running of the digitization industry in the 4.0 era by using many criteria that contradict 

their understanding, this is very difficult to solve, such as criteria related to timing to obtain optimal selection 

results.  

To prepare professionals such as programmers, we need a method that can carry out the selection and 

evaluation process so that it is appropriate to choose programmers that fit the needs of the industry in the 

industrial era 4.0. One method that can be used is to determine the need for several criteria according to the 

required barometer [4]. Multi-criteria decision-making (MCDM) is a selection method that uses many criteria 

as measurement parameters [5] to measure needs that are prioritized in the selection process [6] for several 

programmers. Of the eight criteria that can be used are abstract depiction (AD), conceptual design (CD), logical 

data model (LD), physical data model (PD), speed coding (SC), cyclomatic logical (CL), matrices logical (ML), 

and region sets (RS). The eight criteria used have different data uses, meaning that there are criteria that are 

meaningfully in line and there are criteria that are meaningful in reverse [7]. Because the data that is processed 

from each criterion uses quantitative data, the data will provide a magnitude for each criterion. The novelty of 

this research lies in processing data which generally have similarities in data processing, in this study, the data 

has two different understandings, which is very difficult in the calculation process. Data that has a quantity 

value can give meaning such as the largest value is the value that has the best value meaning (HB), or vice 

versa, the smallest value is the value that has the best value meaning (LB), so that all data in the form of values 

attached to a criterion are not all interpreted the same way, it becomes increasingly difficult to process data 

from a criterion. By looking at conditions like this, the right method that can be used is the elimination et choix 

traduisant la realite (ELECTRE) method [8]. While the analytic hierarchy process (AHP) method is used to 

determine the importance value which is the measure of each criterion used [9], of course with the support of 

instrumentation in the form of a questionnaire from several respondents, so it is not determined solely following 

the wishes of the researcher, but from several respondents. Which provides input, then processed with the help 

of the AHP method or expert choice application to provide a value of importance to several criteria used [10]. 

Through collaboration, the AHP and ELECTRE methods provide optimal results for the selection and 

evaluation of the needs of professionals such as programmers. AHP is used in determining the weights through 

the acquisition of eigenvectors with five iteration stages with multi-criteria types with different understandings 

and ELECTRE as a selection elimination process through a preference stage by setting a threshold as an 

alternative elimination process to the unification of aggregate decisions as the final selection. 

Related to this, this study aims to analyze the supporting criteria that can be used as a measure of 

programmer selection for the needs of the industrial world in the 4.0 era for companies in Indonesia. The 

contributions of this research are: i) Implementation of the use of multi-criteria with MCDM-AHP in 

collaboration with the ELECTRE method which can provide optimal decisions in the selection of professionals 

such as programmers and ii) Paying attention to the use of main factors against criteria that have different 

quantitative assessments such as criteria related to time and the meaning of reverse assessment, namely the 

smallest value is the best, in general, what is widely used in applied research is the notion of the largest value 

is the best. In this study, using the application of criteria by using these two understandings. 

 

 

2. RESEARCH METHOD 

This section will explain a lot about the basic concepts that can strengthen understanding of the content 

of this research discussion. As is meant by MCDM along with the methods included in the MCDM category, 

there is also an AHP which is a problem simplification method to narrow down the problems that are detailed 

through a hierarchy, and finally, the ELECTRE elimination method is a method that solves the problem by 

comparing the preference structure into a two-dimensional matrix for ranking. Completion of the concept in 

detail from this research will be explained in stages through the completion of the algorithm which can be seen 

in Figure 1. 

 

 



                ISSN: 2252-8814 

Int J Adv Appl Sci, Vol. 12, No. 1, March 2023: 48-59 

50 

 
 

Figure 1. AHP-ELECTRE algorithm 

 

 

2.1. MCDM 
MCDM is a method that can be used to solve a problem by using many criteria [11] which are used 

as a barometer to determine a particular goal based on soft computing [12], many methods fall into this 

category. Several criteria used will be the determining trend until the end of the selection. This is because this 

method can solve various problems, both quantitative and qualitative, and can even be combined from both 

[13].  

The MCDM methods used are AHP [14], simple additive weighting (SAW) [15], a technique for order 

preference by similarity to ideal solution (TOPSIS) [16], decision-making trial and evaluation laboratory 

(DEMATEL), preference ranking organizational methods for enrichment evaluation (PROMETHEE) [17], 

ELECTRE [18], multi-attribute utility theory (MAUT) [19] and Vlse kriterijumska optimizacija i kompromisno 

resenje (VIKOR) [20], [21] These methods are a series based on MCDM [22] and many more that cannot be 

mentioned. 

 

2.2. AHP 
The AHP method is a method that can solve a problem from a very complicated form to a simple form 

through a simplification process [23] into a hierarchical form so that it becomes more focused on one problem 

by assigning an eigenvector [24] to each level of resolution. All levels are simplified into a form of hierarchical 

modeling. Each level consists of three levels consisting of objectives, criteria, or sub-criteria so that in the end 

it will end up with alternatives. The completion technique in AHP uses a comparison scale of two objects for 

each level compared to each other depending on the number of comparisons used [25], the comparison scale 

consists of numbers 1 to 9 which will be compared by looking at the importance of the two objects being 

compared, then used as a pairwise matrix to calculate the matrices multiplication so that the eigenvector values 

of each level are obtained. 

The eigenvector value obtained must go through a process called iteration to find the optimal 

eigenvector value [26]. Iterations are carried out to eliminate the difference between the results of matrices 

multiplication with a level of accuracy that is adjusted to the sharpness of the calculation. After finding the 

optimal eigenvector value, then a feasibility test is carried out by multiplying the optimal eigenvector value by 

paired matrix during initialization to determine the consistency index (CI) and consistency ratio (CR) values. 

As proof of acceptance or rejection, the CR value must be less than or equal to 10 percent. If the CR value is 

more than 10 percent [27], then the decision is rejected, otherwise, the decision can be accepted. 

 

2.3. ELECTRE 
The ELECTRE method is one of the ranking methods by using a way of eliminating preferences that 

are compared between one-row elements with other row elements as a whole [28]. Then determining the set of 

concordance and discordance that is determined according to the rules will be used as a two-dimensional 

matrix, through a threshold [29]. An elimination process will be carried out which will produce a binary number 

of 1 or 0, each of which is multiplied to determine the ranking of both the concordance and discordance matrices 

[30]. 
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ELECTRE has its unique way of building a ranking system by eliminating all the criteria in each row 

in aggregation. Several formulas can be used in ELECTRE to form the dataset into normalized data, if the 

meaning of the numerical dataset has the same meaning, then use (1), if the meaning of the numerical dataset 

has a different meaning, then the normalization process is used (2) and (3), so it is necessary to make 

adjustments to the normalization process by looking at the condition of the dataset. 

 

𝑅(𝑖,𝑗) =
𝑥(𝑖,𝑗)

√∑ 𝑥
2(𝑖,𝑗)𝑚

𝑖=1

 (1) 

 

𝑃(𝑖,𝑗) =
𝑥(𝑖,𝑗)−𝑥′(𝑗)

𝑥∗(𝑗)−𝑥′(𝑗)
 (2) 

 

 𝑄(𝑖,𝑗) =
𝑥(𝑖,𝑗)−𝑥∗(𝑗)

𝑥′(𝑗)−𝑥∗(𝑗)
 (3) 

 

After the datasets are normalized, the size of each dataset is adjusted to the weight that has been 

determined at the paired matrices acquisition stage by finding the eigenvector value as the preference of interest 

for each criterion, the optimal eigenvector is the result obtained from the paired matrices obtained through the 

AHP method as a preference for each criterion. This can be done using the formula listed in (4). 

 

𝑉 = 𝑅. 𝑊 (4) 

 

Thus, the criteria will be grouped into two subsets of concordance sets and discordance sets, for 

concordance sets they will be grouped using (5), while for discordance sets, they will be grouped using (6). By 

grouping, the concordance set and the discordance set, each of them can be calculated and in the end will form 

a two-dimensional matrix, for concordance using (8). Next is to look for the suitability of the dominant matrices 

and the discrepancy of the dominant matrices at (9) and (10) with the help of a threshold as a barometer to 

determine the element matrices 𝑓(𝑘,𝑙) and 𝐺(𝑘,𝑙) with the rules at (11) with the final ranking value for several 

alternatives. 

 

𝐶(𝑘,𝑙) = {𝑗, 𝑦(𝑘,𝑗) > 𝑦(𝑖,𝑗)} (5) 

 

𝐷(𝑘,𝑙) = {𝑗, 𝑦(𝑘,𝑗) < 𝑦(𝑖,𝑗)} (6) 

 

𝐶(𝑘,𝑙) = ∑ 𝑤𝑗𝑗𝐶𝑤
 (7) 

 

𝑑(𝑘,𝑙) =
{max (vmn−vmn−ln)};m,n  ɛ 𝑑(𝑘,𝑙)

{max(vmn−vmn−ln )}; m,n=1,2,3,…n
 (8) 

 

⊑=
∑ ∑ 𝑐(𝑘,𝑙)

𝑛
𝑙=1

𝑛
𝑘=1

𝑚∗(𝑚−1)
 ; 𝑓(𝑘,𝑙) = 1, if  𝑐(𝑘,𝑙) ≥⊑ ; 𝑓𝑘𝑙 = 0, if  𝑐(𝑘,𝑙) <  (9) 

 

⫒=
∑ ∑ 𝑑(𝑘,𝑙)

𝑛
𝑙=1

𝑛
𝑘=1

𝑚∗(𝑚−1)
;  𝑔𝑘𝑙 = 1, if  𝑐(𝑘,𝑙) ≥⫒ ; 𝑔(𝑘,𝑙) = 0, if  𝑑(𝑘,𝑙) <  (10) 

 

𝐸(𝑘,𝑙) = 𝐹(𝑘,𝑙) 𝑥 𝐺(𝑘,𝑙) (11) 

 

To calculate the value of interest preferences against several criteria, of course, use the best rules using 

the AHP method. Several formulas will be used to calculate the consistency index (CI). 

 

𝐶𝐼 =
𝜆𝑚𝑎𝑥−𝑛

𝑛−1
 (12) 

 

While the consistency ratio (CR) is a determinant of whether a decision is accepted [31] or rejected 

with a set limit greater than or equal to 10 percent, with (13). 

 

𝐶𝑅 =
𝐶𝐼

𝑅𝐼
 (13) 

 



                ISSN: 2252-8814 

Int J Adv Appl Sci, Vol. 12, No. 1, March 2023: 48-59 

52 

To find the amount of CR, a random index (RI) table is needed to determine the value of each order 

of the matrices (N), pay attention to Table 1. 

 

 

Table 1. Random index CI [32] 
N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.54 1.56 1.57 1.58 

 

 

3. RESULTS AND DISCUSSION 

In its implementation, the selection and evaluation of several professional programmers must first 

determine the number of criteria that will be used as a barometer of measurement, eight criteria will be used. 

From each of the criteria, it is necessary to first understand how these types of criteria work. It is said that all 

criteria use data entry in the form of quantitative data in the form of numbers that are ready to be processed, 

but some criteria have different meanings in processing, especially for criteria related to time. This criterion 

contains an inverse meaning, usually, each criterion value is filled with quantitative data containing the 

following meaning, the largest value is the best value (HB), it turns out that not all of them mean the same, for 

example, the speed coding (SC) criterion, this criterion also contains numeric data, but This criterion has the 

meaning of the smallest value is the best value (LB), so it requires a slightly different formulation from the 

others. 

Starting from the display of the dataset that can be used as a reference for the unique programmer 

selection process on the SC criteria, which means it is inversely proportional to other criteria, this criterion 

implies that the LB, while the other is HB. Pay attention to Table 2 which is a view of the dataset of  

23 programmers. The data processing that will be carried out has a somewhat different and unique 

understanding because several criteria have an inversely proportional understanding of the data. Data 

processing like this must pay close attention to the location of the data within the specified range so that the 

data is structured in a structured manner and can facilitate the data normalization process that must be carried 

out before the calculation process is carried out using AHP or ELECTRE, the key to completion is by 

positioning the weight value. Each alternative in a criterion of each and just carry out the process of normalizing 

several assessments of the alternatives to provide the right results for the decisions to be made. The ultimate 

goal of this data processing is to make an accurate decision on each weight that has been calculated through 

the collaboration of the two methods. This does require full attention to achieve the optimal value as an 

acceptable decision. With this strong concern, it is hoped that what must be fully considered is the placement 

of each value in determining each number, both containing the meaning of HB or LB from each criterion, if 

this is true, then all processes to the next stage of collaborative methods will produce decisions as expected. 

 

 

Table 2. Dataset view 
Criteria AD CD LD PD SC CL ML RS 

(Alt) (HB) (HB) (HB) (HB) (LB) (HB) (HB) (HB) 

PR01 80.34 75.43 75.63 78.54 15.22 86.87 75.97 76.63 
PR02 82.05 75.73 75.69 79.56 17.34 83.44 76.04 78.52 

PR03 92.45 82.92 75.43 74.78 16.34 84.03 75.77 75.72 
PR04 89.45 86.93 77.23 72.74 16.58 85.47 77.58 71.43 

PR05 91.40 77.61 74.81 80.34 18.32 81.41 75.15 82.31 

PR06 86.40 78.56 78.15 82.34 18.26 90.21 78.51 83.42 

PR07 77.89 80.34 80.18 80.36 18.64 86.06 80.55 78.65 

PR08 89.67 82.04 80.23 80.22 17.48 85.06 80.60 79.28 

PR09 90.45 84.56 78.45 78.34 15.39 80.52 78.81 77.41 
PR10 93.45 83.51 74.04 80.09 18.45 80.05 74.38 80.29 

PR11 84.56 74.18 76.89 81.82 17.42 81.03 77.24 82.22 

PR12 85.12 81.48 80.51 78.84 16.33 84.16 80.88 76.48 
PR13 88.46 78.84 81.04 78.93 17.32 79.65 81.41 78.13 

PR14 85.23 80.64 80.33 80.13 20.12 80.18 80.70 80.22 

PR15 83.00 72.23 75.05 80.23 18.38 80.36 75.39 78.63 
PR16 83.67 63.93 77.04 82.90 18.14 79.05 77.39 83.92 

PR17 75.87 68.58 73.05 75.88 16.24 79.04 92.48 80.28 

PR18 80.45 82.28 76.92 78.05 16.43 80.56 77.27 70.25 
PR19 85.42 82.54 80.52 80.03 17.32 79.17 80.89 82.23 

PR20 86.72 88.46 78.33 78.86 17.33 78.98 78.69 72.16 

PR21 86.16 70.34 79.41 84.04 17.82 78.21 79.77 82.34 
PR22 82.43 79.75 81.29 79.58 15.40 81.49 81.66 78.38 

PR23 83.11 80.00 82.03 75.41 16.44 82.38 82.40 77.31 
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Thus, the data set must be normalized, so that it can be processed using the ELECTRE method, the 

normalized table can be seen in Table 3. The normalized table will then become an index preference that will 

be compared between one row and another until a concordance set and a discordance set are found. And to be 

used as two-dimensional concordance and discordance matrices. 

The dataset view listed in Table 2 illustrates that the data obtained have different understandings of 

the categories owned by each criterion, meaning that the layout is in two different conditions which can be 

seen from the type of criteria HB and LB, this will affect the determination of numbers in normalization. The 

normalization results listed in Table 3 are the application of (2) and (3) by taking into account the type of 

criteria that appear in the resulting dataset and the results are normalized data. After finding the normalization 

results in Table 3, we have to determine the magnitude of the value of importance by using the AHP using 

mathematical algebra matrices and testing the truth using the expert choice application as proof that the results 

of eigenvector values are optimal and must have the same value to the value. The eigenvector is a mathematic 

algebra matrix and expert choice application. 

Calculations for each data in Table 3 are normalized using (2) and (3) by taking into account the 

characteristics of the criteria high is the best (HB) or low is the best (LB) that have been previously determined. 

If the criteria are HB then use (2) and if LB uses (3). For the first row of HD criteria are HB, then use (2), if 

written with the following equation = (𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑚𝑎𝑡𝑟𝑖𝑐𝑒𝑠 (𝑖, 𝑗) − 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 𝑐𝑜𝑙𝑢𝑚𝑛) divided by 

(the largest value of the criteria column-the smallest value of the criteria column), so the resulting value is 0.25 

while in the first row for SC criteria which are LB by using (3), if written with the following equation = 

(𝑒𝑙𝑒𝑚𝑒𝑛𝑡 𝑚𝑎𝑡𝑟𝑖𝑐𝑒𝑠 (𝑖, 𝑗) − 𝑡ℎ𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎 𝑐𝑜𝑙𝑢𝑚𝑛) divided by (The small value of the criteria 

column-the largest value of criteria column), so the resulting value is 1.00. So do this until the 23rd row of 

programmer data in Table 1 until the results of the normalization process can be seen in Table 3. 

 

 

Table 3. Normalization 
Criteria AD CD LD PD SC CL ML RS 

(Alt) 0.297 0.180 0.164 0.161 0.089 0.050 0.038 0.022 

PR01 0.25 0.47 0.29 0.51 1.00 0.72 0.09 0.47 
PR02 0.35 0.48 0.29 0.60 0.57 0.44 0.09 0.60 

PR03 0.94 0.77 0.27 0.18 0.77 0.49 0.08 0.40 

PR04 0.77 0.94 0.47 0.00 0.72 0.61 0.18 0.09 
PR05 0.88 0.56 0.20 0.67 0.37 0.27 0.04 0.88 

PR06 0.60 0.60 0.57 0.85 0.38 1.00 0.23 0.96 

PR07 0.11 0.67 0.79 0.67 0.30 0.65 0.34 0.61 
PR08 0.78 0.74 0.80 0.66 0.54 0.57 0.34 0.66 

PR09 0.83 0.84 0.60 0.50 0.97 0.19 0.24 0.52 

PR10 1.00 0.80 0.11 0.65 0.34 0.15 0.00 0.73 
PR11 0.49 0.42 0.43 0.80 0.55 0.24 0.16 0.88 

PR12 0.53 0.72 0.83 0.54 0.77 0.50 0.36 0.46 

PR13 0.72 0.61 0.89 0.55 0.57 0.12 0.39 0.58 
PR14 0.53 0.68 0.81 0.65 0.00 0.16 0.35 0.73 

PR15 0.41 0.34 0.22 0.66 0.36 0.18 0.06 0.61 

PR16 0.44 0.00 0.44 0.90 0.40 0.07 0.17 1.00 
PR17 0.00 0.19 0.00 0.28 0.79 0.07 1.00 0.73 

PR18 0.26 0.75 0.43 0.47 0.75 0.20 0.16 0.00 
PR19 0.54 0.76 0.83 0.65 0.57 0.08 0.36 0.88 

PR20 0.62 1.00 0.59 0.54 0.57 0.06 0.24 0.14 

PR21 0.59 0.26 0.71 1.00 0.47 0.00 0.30 0.88 
PR22 0.37 0.64 0.92 0.61 0.96 0.27 0.40 0.59 

PR23 0.41 0.66 1.00 0.24 0.75 0.35 0.44 0.52 

 

 

Thus, the dataset must be normalized, so that it can be processed using the ELECTRE method. The 

normalization in Table 3 becomes a preference index that will be compared between one row and another until 

a concordance set and a discordance set are found to be used as concordance matrices along with the 

discordance matrices data. The number of records developed into 506 matrix elements to obtain a set of 

concordance and discordance sourced from 23 dataset views. Table 4 shows the results of the calculation of 

eigenvectors using mathematical algebraic matrices. 

Grouping the concordance set can be done using (5), while the grouping for the discordance set can 

be done using (6). The results of the concordance set are arranged into a two-dimensional matrix as shown in 

Table 5, while the discordance set can be searched using (7) the results of the discordance set if arranged into 

a two-dimensional matrix will look like the one in Table 6. The grouping of data included in the concordance 

matrices is data that has a positive value that is compared to each other, while the data included in the 

discordance matrices is data that has a negative value so that no data is free from the process of elimination, 



                ISSN: 2252-8814 

Int J Adv Appl Sci, Vol. 12, No. 1, March 2023: 48-59 

54 

thus the grouping of data will easy to insert according to the location in concordance matrices and discordance 

matrices. Figure 2 shows eigenvector calculation results using the expert choice apps. 

 

 

Table 4. Eigenvector calculation results using mathematic algebra matrices 
Criteria AD CD LD PD CT CC MS RS Eigenvector 

Abstract depiction (AD) 1.000 2.965 2.234 1.963 3.984 4.378 6.900 6.600 0.297 

Conceptual design (CD) 0.337 1.000 1.956 1.274 2.126 3.782 4.578 7.000 0.180 

Logical data model (LD) 0.448 0.511 1.000 1.565 2.976 3.466 3.842 6.900 0.164 
Physical data model (PD) 0.509 0.785 0.639 1.000 3.462 3.568 3.996 7.000 0.161 

Speed coding (SC) 0.251 0.470 0.336 0.289 1.000 2.962 3.226 6.000 0.089 

Cyclomatic complexity (CC) 0.228 0.264 0.289 0.280 0.338 1.000 1.722 3.000 0.050 
Matrices score (MS) 0.145 0.218 0.260 0.250 0.310 0.581 1.000 2.278 0.038 

Region set (RS) 0.152 0.143 0.145 0.143 0.167 0.333 0.439 1.000 0.022 

Consistency =  0.040  Consistency index = 0.056    

 λ max =   8.391   Consistency ratio = 0.040   (Acceptable)   

 

 

 
 

Figure 2. Eigenvector calculation results using the expert choice apps 

 

 

Table 5. Concordance matrices 

Alt 
PR0

1 

PR0

2 

PR0

3 

PR0

4 

PR0

5 

PR0

6 

PR0

7 

PR0

8 

PR0

9 

PR1

0 

PR1

1 

PR1

2 

PR1

3 

PR1

4 

PR1

5 

PR1

6 

PR1

7 

PR1

8 

PR1

9 

PR2

0 

PR2

1 

PR2

2 

PR2

3 

PR0

1 

0.00

0 

0.13

9 

0.52

3 

0.32

3 

0.34

0 

0.09

0 

0.43

6 

0.13

9 

0.30

0 

0.34

0 

0.31

9 

0.16

2 

0.13

9 

0.13

9 

0.52

0 

0.31

9 

0.94

1 

0.32

3 

0.13

9 

0.16

2 

0.31

9 

0.13

9 

0.30

0 
PR0

2 

0.86

1 

0.00

0 

0.38

4 

0.18

3 

0.81

7 

0.56

6 

0.38

6 

0.09

0 

0.23

3 

0.34

0 

0.31

9 

0.18

3 

0.23

3 

0.13

9 

0.52

0 

0.31

9 

0.85

1 

0.53

0 

0.05

0 

0.23

3 

0.31

9 

0.07

2 

0.23

3 

PR0
3 

0.47
7 

0.61
6 

0.00
0 

0.56
9 

0.81
7 

0.56
6 

0.56
6 

0.56
6 

0.34
7 

0.34
0 

0.61
6 

0.47
7 

0.61
6 

0.61
6 

0.81
7 

0.61
6 

0.69
0 

0.63
8 

0.61
6 

0.45
8 

0.61
6 

0.52
6 

0.61
6 

PR0

4 

0.67

8 

0.81

7 

0.43

1 

0.00

0 

0.52

0 

0.56

6 

0.56

6 

0.31

9 

0.23

0 

0.52

0 

0.81

7 

0.52

6 

0.61

6 

0.61

6 

0.81

7 

0.81

7 

0.69

0 

0.75

0 

0.61

6 

0.43

6 

0.61

6 

0.52

6 

0.52

6 
PR0

5 

0.66

0 

0.66

0 

0.18

3 

0.48

0 

0.00

0 

0.29

7 

0.40

8 

0.48

0 

0.53

0 

0.52

3 

0.54

9 

0.53

0 

0.53

0 

0.61

9 

0.79

9 

0.52

6 

0.87

4 

0.53

0 

0.53

0 

0.53

0 

0.52

6 

0.48

0 

0.48

0 

PR0
6 

0.91
1 

0.91
1 

0.43
4 

0.43
4 

0.70
3 

0.00
0 

0.61
9 

0.23
3 

0.23
3 

0.52
3 

0.91
1 

0.53
0 

0.23
3 

0.61
9 

1.00
0 

0.72
7 

0.87
4 

0.73
1 

0.53
0 

0.23
3 

0.54
9 

0.53
0 

0.53
0 

PR0

7 

0.56

4 

0.61

4 

0.43

4 

0.43

4 

0.59

2 

0.38

1 

0.00

0 

0.21

1 

0.43

4 

0.41

2 

0.43

1 

0.23

3 

0.41

3 

0.30

0 

0.61

4 

0.43

1 

0.85

1 

0.43

4 

0.21

1 

0.43

4 

0.43

1 

0.41

3 

0.41

3 

PR0

8 

0.86

1 

0.91

1 

0.43

4 

0.68

1 

0.52

0 

0.76

7 

0.78

9 

0.00

0 

0.52

3 

0.41

2 

0.81

7 

0.79

9 

0.79

9 

0.68

7 

0.75

0 

0.72

7 

0.94

1 

0.82

0 

0.59

7 

0.82

0 

0.72

7 

0.79

9 

0.79

9 

PR0
9 

0.70
0 

0.76
7 

0.65
4 

0.77
0 

0.47
0 

0.76
7 

0.56
6 

0.56
6 

0.00
0 

0.52
0 

0.76
7 

0.58
8 

0.61
6 

0.61
6 

0.81
7 

0.81
7 

0.94
1 

0.95
0 

0.61
6 

0.65
9 

0.61
6 

0.56
6 

0.74
9 

PR1

0 

0.66

0 

0.66

0 

0.66

0 

0.48

0 

0.47

7 

0.47

7 

0.58

8 

0.49

9 

0.48

0 

0.00

0 

0.47

7 

0.66

0 

0.71

0 

0.58

8 

0.49

9 

0.52

6 

0.87

4 

0.66

0 

0.68

7 

0.53

0 

0.52

6 

0.66

0 

0.66

0 
PR1

1 

0.68

1 

0.68

1 

0.38

4 

0.18

3 

0.45

1 

0.09

0 

0.56

9 

0.27

3 

0.23

3 

0.52

3 

0.00

0 

0.18

3 

0.23

3 

0.32

3 

1.00

0 

0.61

6 

0.87

4 

0.53

0 

0.21

1 

0.23

3 

0.31

9 

0.48

0 

0.48

0 
PR1

2 

0.83

8 

0.81

7 

0.52

3 

0.47

4 

0.52

0 

0.47

0 

0.76

7 

0.29

0 

0.41

2 

0.34

0 

0.81

7 

0.00

0 

0.31

9 

0.52

0 

0.81

7 

0.81

7 

0.85

1 

0.82

0 

0.13

9 

0.36

3 

0.52

0 

0.52

6 

0.77

7 

PR1
3 

0.86
1 

0.76
7 

0.38
4 

0.38
4 

0.47
0 

0.76
7 

0.58
7 

0.29
0 

0.38
4 

0.29
0 

0.76
7 

0.68
1 

0.00
0 

0.58
7 

0.58
7 

0.76
7 

0.81
7 

0.87
4 

0.65
8 

0.57
0 

0.79
8 

0.81
7 

0.31
9 

PR1

4 

0.86

1 

0.86

1 

0.38

4 

0.38

4 

0.38

1 

0.38

1 

0.70

0 

0.22

3 

0.38

4 

0.41

2 

0.67

8 

0.48

0 

0.41

3 

0.00

0 

0.70

0 

0.72

7 

0.85

1 

0.68

1 

0.21

1 

0.43

4 

0.43

1 

0.66

0 

0.66

0 
PR1

5 

0.48

0 

0.48

0 

0.18

3 

0.18

3 

0.20

1 

0.00

0 

0.38

6 

0.16

1 

0.18

3 

0.50

1 

0.00

0 

0.18

3 

0.23

3 

0.30

0 

0.00

0 

0.23

0 

0.85

1 

0.48

0 

0.21

1 

0.23

3 

0.23

0 

0.48

0 

0.18

3 

PR1
6 

0.68
1 

0.68
1 

0.38
4 

0.18
3 

0.47
4 

0.27
3 

0.56
9 

0.18
3 

0.18
3 

0.47
4 

0.38
4 

0.18
3 

0.18
3 

0.27
3 

0.77
0 

0.00
0 

0.69
4 

0.68
1 

0.18
3 

0.23
3 

0.07
2 

0.48
0 

0.48
0 
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Table 5. Concordance matrices (Continued) 

Alt 
PR0

1 

PR0

2 

PR0

3 

PR0

4 

PR0

5 

PR0

6 

PR0

7 

PR0

8 

PR0

9 

PR1

0 

PR1

1 

PR1

2 

PR1

3 

PR1

4 

PR1

5 

PR1

6 

PR1

7 

PR1

8 

PR1

9 

PR2

0 

PR2

1 

PR2

2 

PR2

3 

PR1
7 

0.05
9 

0.14
9 

0.31
0 

0.31
0 

0.12
7 

0.12
7 

0.14
9 

0.14
9 

0.05
9 

0.12
7 

0.12
7 

0.14
9 

0.14
9 

0.14
9 

0.14
9 

0.30
6 

0.00
0 

0.14
9 

0.12
7 

0.19
9 

0.17
6 

0.05
9 

0.31
0 

PR1

8 

0.67

8 

0.47

0 

0.36

2 

0.25

0 

0.47

0 

0.26

9 

0.56

6 

0.26

9 

0.05

0 

0.34

0 

0.47

0 

0.18

0 

0.31

9 

0.31

9 

0.52

0 

0.31

9 

0.85

1 

0.00

0 

0.13

9 

0.13

9 

0.31

9 

0.18

0 

0.43

0 
PR1

9 

0.86

1 

0.95

0 

0.38

4 

0.38

4 

0.47

0 

0.47

0 

0.78

9 

0.49

3 

0.38

4 

0.31

3 

0.78

9 

0.86

1 

0.36

3 

0.78

9 

0.78

9 

0.81

7 

0.87

4 

0.86

1 

0.00

0 

0.52

3 

0.52

0 

0.66

0 

0.66

0 

PR2
0 

0.83
8 

0.76
7 

0.54
2 

0.56
4 

0.47
0 

0.76
7 

0.56
6 

0.26
9 

0.34
1 

0.47
0 

0.76
7 

0.63
7 

0.18
0 

0.56
6 

0.76
7 

0.76
7 

0.80
1 

0.86
1 

0.47
7 

0.00
0 

0.61
6 

0.47
7 

0.63
7 

PR2

1 

0.68

1 

0.68

1 

0.38

4 

0.38

4 

0.47

4 

0.45

1 

0.56

9 

0.18

3 

0.38

4 

0.47

4 

0.68

1 

0.48

0 

0.18

3 

0.56

9 

0.77

0 

0.92

8 

0.82

4 

0.68

1 

0.48

0 

0.38

4 

0.00

0 

0.48

0 

0.48

0 
PR2

2 

0.86

1 

0.92

8 

0.47

4 

0.47

4 

0.52

0 

0.47

0 

0.58

7 

0.29

0 

0.43

4 

0.34

0 

0.52

0 

0.47

4 

0.70

3 

0.34

0 

0.52

0 

0.52

0 

0.94

1 

0.82

0 

0.34

0 

0.52

3 

0.52

0 

0.00

0 

0.27

3 

PR2
3 

0.70
0 

0.76
7 

0.38
4 

0.47
4 

0.52
0 

0.47
0 

0.58
7 

0.29
0 

0.25
1 

0.34
0 

0.52
0 

0.22
3 

0.52
0 

0.34
0 

0.81
7 

0.52
0 

0.69
0 

0.57
0 

0.34
0 

0.36
3 

0.52
0 

0.72
7 

0.00
0 

 

 

The next normalized table will be the index preference that will be compared to the first row with 

other rows, even all rows must be compared one by one with other rows. The comparison results for each row 

will form a two-dimensional matrix as shown in Table 5 which are called concordance matrices. with the help 

of a threshold (average of the overall two-dimensional concordance matrices) which is obtained mathematically 

by (7), with the resulting value of 0.5; while the discordance matrices in Table 6 with the help of a threshold 

(the average value of the entire two-dimensional discordance matrices) is 2.95 which can be found using (8) 

from the acquisition of the two concordance and discordance matrices through the process of multiplying the 

two matrices for each location of the data element.  

 

 

Table 6. Discordance matrices 

Alt 
PR0

1 

PR0

2 

PR0

3 

PR0

4 

PR0

5 

PR0

6 

PR0

7 

PR0 

8 

PR0 

9 

PR1

0 

PR1

1 

PR1

2 

PR1

3 

PR1

4 

PR1

5 

PR1

6 

PR1

7 

PR1

8 

PR1

9 

PR2

0 

PR2

1 

PR2

2 

PR2

3 

PR0

1 

0.00

0 

0.32

0 

2.07

0 

1.01

0 

0.99

4 

0.80

1 

0.72

6 

1.151 1.087 1.13

1 

0.84

0 

2.39

9 

1.00

1 

0.52

3 

0.23

5 

0.81

8 

1.39

7 

0.53

1 

0.84

9 

0.80

8 

0.67

4 

1.40

6 

1.90

5 

PR0
2 

3.12
9 

0.00
0 

1.39
9 

0.75
7 

2.65
9 

3.00
5 

1.88
5 

17.69
5 

1.964 2.29
5 

1.34
8 

3.59
7 

1.88
6 

0.91
1 

0.23
1 

0.82
1 

2.47
8 

0.44
1 

1.51
2 

1.11
5 

0.95
0 

3.83
8 

1.92
2 

PR0

3 

0.48

3 

0.71

5 

0.00

0 

0.63

9 

1.21

8 

1.70

7 

0.63

9 

2.298 1.150 1.09

1 

1.38

8 

1.35

7 

1.71

2 

0.70

7 

0.89

7 

0.92

8 

0.97

9 

0.42

4 

1.40

0 

0.85

8 

1.59

8 

1.14

5 

1.38

3 
PR0

4 

0.99

0 

1.32

2 

1.56

6 

0.00

0 

2.09

5 

2.55

8 

1.02

6 

3.321 1.201 1.44

0 

1.54

6 

2.19

2 

1.12

9 

0.90

5 

1.10

6 

0.97

4 

1.06

5 

0.91

8 

1.50

5 

1.00

1 

1.47

9 

1.51

6 

1.48

2 

PR0
5 

1.00
6 

0.37
6 

0.82
1 

0.47
7 

0.00
0 

2.57
8 

0.77
8 

2.723 1.668 1.62
8 

0.59
5 

1.48
8 

2.26
9 

1.67
3 

0.05
6 

0.44
5 

1.08
4 

0.43
7 

1.86
9 

0.59
6 

1.71
9 

1.41
4 

1.70
5 

PR0

6 

1.24

9 

0.33

3 

0.58

6 

0.39

1 

0.38

8 

0.00

0 

0.46

7 

0.540 0.725 0.47

4 

0.22

4 

0.77

6 

0.36

6 

0.29

0 

0.00

0 

0.05

3 

0.82

9 

0.38

8 

0.28

7 

0.43

1 

0.15

0 

0.80

3 

0.66

2 
PR0

7 

1.37

8 

0.53

1 

1.56

6 

0.97

5 

1.28

5 

2.14

1 

0.00

0 

8.041 1.548 1.29

4 

0.90

5 

2.97

0 

1.12

6 

0.85

2 

0.50

9 

0.57

6 

0.83

0 

0.73

4 

0.74

6 

0.85

1 

0.71

9 

1.73

6 

1.02

5 

PR0
8 

0.86
9 

0.05
7 

0.43
5 

0.30
1 

0.36
7 

1.85
3 

0.12
4 

0.000 0.555 0.60
8 

0.20
4 

0.06
2 

0.15
0 

0.54
1 

0.09
2 

0.14
8 

0.86
1 

0.02
6 

0.08
5 

1.05
6 

0.32
6 

0.14
7 

0.27
6 

PR0

9 

0.92

0 

0.50

9 

0.87

0 

0.83

2 

0.59

9 

1.37

9 

0.64

6 

0.887 0.000 0.33

7 

0.83

2 

1.00

0 

0.73

2 

0.21

7 

0.27

4 

0.56

6 

0.91

1 

0.00

6 

0.89

5 

0.40

2 

0.87

0 

0.69

3 

0.95

5 
PR1

0 

0.88

4 

0.43

6 

0.91

6 

0.69

4 

0.61

4 

2.11

1 

0.77

3 

3.206 2.964 0.00

0 

0.62

8 

1.52

1 

2.74

6 

1.49

8 

0.18

9 

0.41

9 

1.00

0 

0.55

7 

1.58

0 

0.80

3 

1.11

4 

1.28

8 

1.51

3 

PR1
1 

1.19
0 

0.74
2 

0.72
0 

0.64
7 

1.68
0 

4.46
3 

1.10
5 

1.729 1.203 1.59
3 

0.00
0 

0.96
0 

1.54
5 

0.69
5 

0.00
0 

0.29
8 

1.60
1 

0.37
7 

2.55
2 

0.79
1 

1.19
4 

1.74
4 

1.00
9 

PR1

2 

0.41

7 

0.27

8 

0.73

7 

0.45

6 

0.67

2 

1.28

9 

0.33

7 

1.103 1.000 0.65

8 

1.04

2 

0.00

0 

0.50

6 

0.35

4 

0.25

9 

0.76

1 

0.77

2 

0.07

2 

1.01

2 

0.65

9 

0.92

8 

0.85

3 

0.55

8 
PR1

3 

0.99

9 

0.53

0 

0.58

4 

0.88

5 

0.44

1 

2.73

4 

0.88

8 

4.998 1.366 0.36

4 

0.64

7 

1.97

8 

0.00

0 

0.26

8 

0.18

6 

0.63

5 

0.57

8 

0.68

7 

0.65

4 

0.34

5 

1.30

0 

1.30

5 

1.14

2 

PR1
4 

1.91
1 

1.09
8 

1.41
4 

1.10
5 

0.59
8 

3.44
3 

1.17
4 

7.835 4.611 0.66
8 

1.43
8 

2.82
7 

3.73
8 

0.00
0 

0.60
4 

0.59
3 

0.97
7 

1.03
3 

6.78
9 

0.96
6 

1.11
8 

6.04
8 

1.79
8 

PR1

5 

4.26

2 

4.32

9 

1.11

5 

0.90

4 

17.8

78 

-

33.5
17 

1.96

5 

651.8

26 

3.648 
5.28

5 

-

4.70
4 

3.86

6 

5.79

8 

1.65

6 

0.00

0 

1.14

4 

2.32

7 

0.66

8 

6.14

3 

1.39

8 

2.71

0 

12.0

80 

1.82

2 

PR1

6 

1.22

2 

1.21

8 

1.07

7 

1.02

6 

2.24

6 

18.7

66 

1.73

5 

2.175 1.766 2.38

9 

3.36

0 

1.31

5 

1.43

5 

1.68

6 

0.87

4 

0.00

0 

1.34

2 

0.74

8 

2.98

7 

1.16

2 

2.28

3 

1.59

1 

0.98

8 
PR1

7 

0.71

6 

0.40

4 

1.02

2 

0.93

9 

0.92

3 

1.20

6 

1.20

4 

1.218 1.098 1.00

0 

0.62

4 

1.29

6 

1.45

5 

1.02

4 

0.43

0 

0.74

5 

0.00

0 

0.66

5 

1.29

9 

1.06

4 

1.02

9 

1.53

5 

1.79

7 

PR1
8 

1.88
3 

2.26
6 

2.35
9 

1.08
9 

2.28
7 

2.58
0 

1.36
2 

3.083 170.6
48 

1.79
4 

2.65
2 

13.9
74 

3.17
4 

0.96
8 

1.49
6 

1.33
7 

1.50
4 

0.00
0 

4.82
5 

1.94
2 

1.81
7 

5.76
6 

2.43
6 
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Table 6. Discordance matrices (Continued) 

Alt 
PR0

1 

PR0

2 

PR0

3 

PR0

4 

PR0

5 

PR0

6 

PR0

7 

PR0 

8 

PR0 

9 

PR1

0 

PR1

1 

PR1

2 

PR1

3 

PR1

4 

PR1

5 

PR1

6 

PR1

7 

PR1

8 

PR1

9 

PR2

0 

PR2

1 

PR2

2 

PR2

3 

PR1
9 

1.17
8 

0.66
2 

0.71
5 

0.66
5 

0.53
5 

3.48
6 

1.34
0 

2.274 1.117 0.63
3 

0.39
2 

0.98
9 

0.57
7 

0.14
7 

0.16
3 

0.33
5 

0.77
0 

0.20
7 

0.00
0 

0.20
7 

0.71
4 

1.39
1 

0.65
4 

PR2

0 

1.23

8 

0.89

7 

1.16

6 

0.99

9 

1.67

9 

2.31

9 

1.17

5 

1.990 2.490 1.24

5 

1.26

4 

1.51

7 

1.11

4 

1.03

6 

0.71

5 

0.86

0 

0.94

0 

0.51

5 

3.05

2 

0.00

0 

1.00

8 

1.28

1 

1.19

5 
PR2

1 

1.48

3 

1.05

2 

0.62

6 

0.67

6 

0.58

2 

6.64

7 

1.39

1 

1.689 1.149 0.89

8 

0.83

7 

1.07

7 

0.76

6 

0.89

5 

0.36

9 

0.43

8 

0.97

2 

0.55

0 

1.40

2 

0.99

2 

0.00

0 

1.25

1 

0.51

6 

PR2
2 

0.71
1 

0.26
1 

0.87
3 

0.66
0 

0.70
7 

1.24
5 

0.57
6 

0.970 1.442 0.77
6 

0.57
3 

1.17
2 

0.87
5 

0.16
5 

0.08
3 

0.62
8 

0.65
1 

0.17
3 

0.71
9 

0.78
0 

0.79
9 

0.22
3 

0.52
5 

PR2

3 

0.52

5 

0.52

0 

0.72

3 

0.67

5 

0.58

7 

1.51

0 

0.97

6 

2.006 1.047 0.66

1 

0.99

1 

1.79

3 

1.36

9 

0.55

6 

0.54

9 

1.01

2 

0.55

7 

0.41

1 

1.52

8 

0.83

7 

1.93

9 

4.47

8 

0.00

0 

 
 

The matrices will provide a rank for each row of the concordance matrices and the row of discordance 

matrices which can be seen in Table 7 as a decision that can be taken by a professional in the field of 

programmers that can be used as decision support, and others until they find a set of concordance sets and the 

set of discordance, to be used as concordance and discordance matrices. From the results of the acquisition of 

both concordance and discordance matrices, the last step is to perform the multiplication process of these 

matrices to be used as the aggregation dominant matrices which is the result of multiplying the two matrices 

as a decision-making. For the result of the process that has a value of one, it will provide decision support as 

the chosen alternative and vice versa describes the decision support that is not selected for the alternative. To 

determine whether the concordance matrices element is 1 or 0 you can use (9) and to determine discordance 

matrices element is 1 or 0 you can use (10) and the product of the two concordance matrices with discordance 

matrices the results are as obtained in Table 7 in the form of dominant matrices aggregation, can be done using 

(11). 
 
 

Table 7. Aggregation dominant matrices 

Alt 
PR0

1 

PR0

2 

PR0

3 

PR0

4 

PR0

5 

PR0

6 

PR0

7 

PR0

8 

PR0

9 

PR1

0 

PR1

1 

PR1

2 

PR1

3 

PR1

4 

PR1

5 

PR1

6 

PR1

7 

PR1

8 

PR1

9 

PR2

0 

PR2

1 

PR2

2 

PR2

3 

RESU

LT 

PR0

1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR0

2 
1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

PR0

3 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR0
4 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR0

5 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR0

6 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR0
7 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR0
8 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR0

9 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR1

0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR1
1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR1

2 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR1

3 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR1
4 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 

PR1

5 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR1

6 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR1
7 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR1

8 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 7. Aggregation dominant matrices (Continued) 

Alt 
PR0

1 

PR0

2 

PR0

3 

PR0

4 

PR0

5 

PR0

6 

PR0

7 

PR0

8 

PR0

9 

PR1

0 

PR1

1 

PR1

2 

PR1

3 

PR1

4 

PR1

5 

PR1

6 

PR1

7 

PR1

8 

PR1

9 

PR2

0 

PR2

1 

PR2

2 

PR2

3 

RESU

LT 

PR1
9 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR2

0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR2

1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR2
2 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

PR2

3 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 

 

 

4. CONCLUSION 

The MCDM-AHP collaboration method with ELECTRE provides optimal results in selecting 

professional programmers through many criteria that have been passed and with the conditions of determining 

criteria with contradictory conditions. The selection process from 23 programmers gave the best results using 

the MCDM-AHP and ELECTRE elimination methods. Some programmers experience elimination which can 

be seen from the results of the dominant matrix aggregation. The results showed that of the 23 programmers 

who passed the selection process, 3 professionals in their fields had the highest dominant aggregation matrix 

with a value of 2, namely PR02, while the weight value was followed by a dominant aggregation matrix with 

a weight of 1, namely PR14 and PR23, while the others were removed automatically with the ELECTRE 

elimination method through a soft computing base. Thus, the selection and evaluation process of professional 

programmers using the MCDM-AHP and ELECTRE elimination methods can be proven in detail for decision 

support based on the score of each alternative as a scientifically proven ranking as a form of proof of optimal 

decision-making. The most important thing to note is the type of criteria whose understanding is contradictory, 

especially concerning time. 
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