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EDITORIAL  
 
 
 
I n  t h i s  s e c o n d  e d i t i o n  o f  2 0 1 0 ,  w e  b r i n g  f o r w a r d  i s s u e s  f r om v a r i o u s  

d y n a mi c  c o mp u t e r  s c i e n c e  a r e a s  r a n g i n g  f r o m s y s t e m p e r f o r ma n c e ,   

c o mp u t e r  v i s i o n ,  a r t i f i c i a l  i n t e l l i g e nc e ,  s o f t w a r e  e n g i ne e r i n g ,  m u l t i me d i a ,  

p a t t e r n  r e c o g n i t i o n ,  i n f o r ma t i o n  r e t r i eva l ,  da t abase s  and  ne twork ing  

a mo n g  o t h e r s .  

 

W e  t h a n k  a l l  o u r  r e v i e w e r s  f o r  p r o v id i n g  c o n s t r u c t i v e  c o m me n t s  o n  p a p e r s  

s e n t  t o  t h e m f o r  r e v i e w .  Th i s  h e l ps  e n o r mo u s l y  i n  i mp r o v i n g  t h e  q u a l i t y  

o f  p a p e r s  p u b l i s h e d  i n  t h i s  i s s u e .  

 

I J C S I  i s  s t i l l  ma i n t a i n i n g  i t s  p o l i c y  o f  s e n d i n g  p r i n t  co p i e s  o f  t h e  j o u r n a l  

t o  a l l  c o r r e s p o n d i n g  a u t h o r s  w o r l d w i d e  f r e e  o f  c h a r g e .  A p a r t  f r o m  

a v a i l a b i l i t y  o f  t h e  f u l l - t e x t s  f r o m t h e  j o u r n a l  w e bs i t e ,  a l l  p u b l i s he d  

p a p e r s  a r e  d e p o s i t e d  i n  o p e n - a c c e s s  r ep o s i t o r i e s  t o  ma k e  a c c e s s  e a s i e r  a nd  

e n s u r e  c on t i n u o u s  a v a i l a b i l i t y  o f  i t s  p r o c e e d i ng s .  

 

We  a r e  p l e a s e d  t o  p r e s e n t  I J C S I  V o l ume  7 ,  I s s u e  2 ,  s p l i t  i n  f i v e  n u mb e r s  

( I J C S I  Vo l .  7 ,  I s s u e  2 ,  No .  5 ) .  The  a c cep t ance  r a t e  f o r  t h i s  i s sue  i s  

2 7 . 5 5 % .  O u t  o f  t h e  9 8  p a p e r s  s u b m i t t e d  f o r  r e v i e w ,  2 7  w e r e  e v e n t u a l l y  

a c c e p t e d  f o r  p u b l i c a t i o n  i n  t h i s  mo n t h  i s s u e .  

 

We  w i sh  you  a  happy  r ead ing !  
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March  2010  
www. I JC SI .o rg  



IJCSI Editorial Board 2010 
 
 
 
Dr Tristan Vanrullen 
Chief Editor 
LPL, Laboratoire Parole et Langage - CNRS - Aix en Provence, France 
LABRI, Laboratoire Bordelais de Recherche en Informatique - INRIA - Bordeaux, France 
LEEE, Laboratoire d'Esthétique et Expérimentations de l'Espace - Université d'Auvergne, France 
 
 
Dr Constantino Malagôn 
Associate Professor 
Nebrija University 
Spain 
 
 
Dr Lamia Fourati Chaari 
Associate Professor 
Multimedia and Informatics Higher Institute in SFAX 
Tunisia 
 
 
Dr Mokhtar Beldjehem 
Professor 
Sainte-Anne University 
Halifax, NS, Canada 
 
 
Dr Pascal Chatonnay 
Assistant Professor 
MaÎtre de Conférences 
Laboratoire d'Informatique de l'Université de Franche-Comté 
Université de Franche-Comté 
France 
 
 
Dr Yee-Ming Chen 
Professor 
Department of Industrial Engineering and Management 
Yuan Ze University 
Taiwan 
 
 
 
 
 
 



Dr Vishal Goyal 
Assistant Professor 
Department of Computer Science 
Punjabi University 
Patiala, India 
 
 
Dr Natarajan Meghanathan 
Assistant Professor 
REU Program Director 
Department of Computer Science 
Jackson State University 
Jackson, USA 
 
 
Dr Deepak Laxmi Narasimha 
Department of Software Engineering, 
Faculty of Computer Science and Information Technology, 
University of Malaya, 
Kuala Lumpur, Malaysia 
 
 
Dr Navneet Agrawal 
Assistant Professor 
Department of ECE, 
College of Technology & Engineering, 
MPUAT, Udaipur 313001 Rajasthan, India 
 
 
Prof N. Jaisankar 
Assistant Professor 
School of Computing Sciences, 
VIT University 
Vellore, Tamilnadu, India 



IJCSI Reviewers Committee 2010 
 
 
 
• Mr. Markus Schatten, University of Zagreb, Faculty of Organization and Informatics, Croatia 
• Mr. Vassilis Papataxiarhis, Department of Informatics and Telecommunications, National and Kapodistrian 
University of Athens, Athens, Greece 
• Dr Modestos Stavrakis, University of the Aegean, Greece 
• Dr Fadi KHALIL, LAAS -- CNRS Laboratory, France 
• Dr Dimitar Trajanov, Faculty of Electrical Engineering and Information technologies, ss. Cyril and Methodius 
Univesity - Skopje, Macedonia 
• Dr Jinping Yuan, College of Information System and Management,National Univ. of Defense Tech., China 
• Dr Alexis Lazanas, Ministry of Education, Greece 
• Dr Stavroula Mougiakakou, University of Bern, ARTORG Center for Biomedical Engineering Research, 
Switzerland 
• Dr Cyril de Runz, CReSTIC-SIC, IUT de Reims, University of Reims, France 
• Mr. Pramodkumar P. Gupta, Dept of Bioinformatics, Dr D Y Patil University, India 
• Dr Alireza Fereidunian, School of ECE, University of Tehran, Iran 
• Mr. Fred Viezens, Otto-Von-Guericke-University Magdeburg, Germany 
• Dr. Richard G. Bush, Lawrence Technological University, United States  
• Dr. Ola Osunkoya, Information Security Architect, USA 
• Mr. Kotsokostas N.Antonios, TEI Piraeus, Hellas 
• Prof Steven Totosy de Zepetnek, U of Halle-Wittenberg & Purdue U & National Sun Yat-sen U, Germany, USA, 
Taiwan 
• Mr. M Arif Siddiqui, Najran University, Saudi Arabia 
• Ms. Ilknur Icke, The Graduate Center, City University of New York, USA 
• Prof Miroslav Baca, Faculty of Organization and Informatics, University of Zagreb, Croatia 
• Dr. Elvia Ruiz Beltrán, Instituto Tecnológico de Aguascalientes, Mexico 
• Mr. Moustafa Banbouk, Engineer du Telecom, UAE 
• Mr. Kevin P. Monaghan, Wayne State University, Detroit, Michigan, USA 
• Ms. Moira Stephens, University of Sydney, Australia 
• Ms. Maryam Feily, National Advanced IPv6 Centre of Excellence (NAV6) , Universiti Sains Malaysia (USM), 
Malaysia 
• Dr. Constantine YIALOURIS, Informatics Laboratory Agricultural University of Athens, Greece 
• Mrs. Angeles Abella, U. de Montreal, Canada 
• Dr. Patrizio Arrigo, CNR ISMAC, italy 
• Mr. Anirban Mukhopadhyay, B.P.Poddar Institute of Management & Technology, India 
• Mr. Dinesh Kumar, DAV Institute of Engineering & Technology, India 
• Mr. Jorge L. Hernandez-Ardieta, INDRA SISTEMAS / University Carlos III of Madrid, Spain 
• Mr. AliReza Shahrestani, University of Malaya (UM), National Advanced IPv6 Centre of Excellence (NAv6), 
Malaysia 
• Mr. Blagoj Ristevski, Faculty of Administration and Information Systems Management - Bitola, Republic of 
Macedonia 
• Mr. Mauricio Egidio Cantão, Department of Computer Science / University of São Paulo, Brazil 
• Mr. Jules Ruis, Fractal Consultancy, The netherlands 
• Mr. Mohammad Iftekhar Husain, University at Buffalo, USA 
• Dr. Deepak Laxmi Narasimha, Department of Software Engineering, Faculty of Computer Science and 
Information Technology, University of Malaya, Malaysia 
• Dr. Paola Di Maio, DMEM University of Strathclyde, UK 
• Dr. Bhanu Pratap Singh, Institute of Instrumentation Engineering, Kurukshetra University Kurukshetra, India 
• Mr. Sana Ullah, Inha University, South Korea 
• Mr. Cornelis Pieter Pieters, Condast, The Netherlands 
• Dr. Amogh Kavimandan, The MathWorks Inc., USA 
• Dr. Zhinan Zhou, Samsung Telecommunications America, USA 
• Mr. Alberto de Santos Sierra, Universidad Politécnica de Madrid, Spain 
• Dr. Md. Atiqur Rahman Ahad, Department of Applied Physics, Electronics & Communication Engineering 
(APECE), University of Dhaka, Bangladesh 



• Dr. Charalampos Bratsas, Lab of Medical Informatics, Medical Faculty, Aristotle University, Thessaloniki, Greece 
• Ms. Alexia Dini Kounoudes, Cyprus University of Technology, Cyprus 
• Mr. Anthony Gesase, University of Dar es salaam Computing Centre, Tanzania 
• Dr. Jorge A. Ruiz-Vanoye, Universidad Juárez Autónoma de Tabasco, Mexico 
• Dr. Alejandro Fuentes Penna, Universidad Popular Autónoma del Estado de Puebla, México 
• Dr. Ocotlán Díaz-Parra, Universidad Juárez Autónoma de Tabasco, México 
• Mrs. Nantia Iakovidou, Aristotle University of Thessaloniki, Greece 
• Mr. Vinay Chopra, DAV Institute of Engineering & Technology, Jalandhar 
• Ms. Carmen Lastres, Universidad Politécnica de Madrid - Centre for Smart Environments, Spain 
• Dr. Sanja Lazarova-Molnar, United Arab Emirates University, UAE 
• Mr. Srikrishna Nudurumati, Imaging & Printing Group R&D Hub, Hewlett-Packard, India 
• Dr. Olivier Nocent, CReSTIC/SIC, University of Reims, France 
• Mr. Burak Cizmeci, Isik University, Turkey 
• Dr. Carlos Jaime Barrios Hernandez, LIG (Laboratory Of Informatics of Grenoble), France 
• Mr. Md. Rabiul Islam, Rajshahi university of Engineering & Technology (RUET), Bangladesh 
• Dr. LAKHOUA Mohamed Najeh, ISSAT - Laboratory of Analysis and Control of Systems, Tunisia 
• Dr. Alessandro Lavacchi, Department of Chemistry - University of Firenze, Italy 
• Mr. Mungwe, University of Oldenburg, Germany 
• Mr. Somnath Tagore, Dr D Y Patil University, India 
• Ms. Xueqin Wang, ATCS, USA 
• Dr. Borislav D Dimitrov, Department of General Practice, Royal College of Surgeons in Ireland, Dublin, Ireland 
• Dr. Fondjo Fotou Franklin, Langston University, USA 
• Dr. Vishal Goyal, Department of Computer Science, Punjabi University, Patiala, India 
• Mr. Thomas J. Clancy, ACM, United States 
• Dr. Ahmed Nabih Zaki Rashed, Dr. in Electronic Engineering, Faculty of Electronic Engineering, menouf 32951, 
Electronics and Electrical Communication Engineering Department, Menoufia university, EGYPT, EGYPT 
• Dr. Rushed Kanawati, LIPN, France 
• Mr. Koteshwar Rao, K G Reddy College Of ENGG.&TECH,CHILKUR, RR DIST.,AP, India 
• Mr. M. Nagesh Kumar, Department of Electronics and Communication, J.S.S. research foundation, Mysore 
University, Mysore-6, India 
• Dr. Ibrahim Noha, Grenoble Informatics Laboratory, France 
• Mr. Muhammad Yasir Qadri, University of Essex, UK 
• Mr. Annadurai .P, KMCPGS, Lawspet, Pondicherry, India, (Aff. Pondicherry Univeristy, India 
• Mr. E Munivel , CEDTI (Govt. of India), India 
• Dr. Chitra Ganesh Desai, University of Pune, India 
• Mr. Syed, Analytical Services & Materials, Inc., USA 
• Dr. Mashud Kabir, Department of Computer Science, University of Tuebingen, Germany 
• Mrs. Payal N. Raj, Veer South Gujarat University, India 
• Mrs. Priti Maheshwary, Maulana Azad National Institute of Technology, Bhopal, India 
• Mr. Mahesh Goyani, S.P. University, India, India 
• Mr. Vinay Verma, Defence Avionics Research Establishment, DRDO, India 
• Dr. George A. Papakostas, Democritus University of Thrace, Greece 
• Mr. Abhijit Sanjiv Kulkarni, DARE, DRDO, India 
• Mr. Kavi Kumar Khedo, University of Mauritius, Mauritius 
• Dr. B. Sivaselvan, Indian Institute of Information Technology, Design & Manufacturing, Kancheepuram, IIT 
Madras Campus, India 
• Dr. Partha Pratim Bhattacharya, Greater Kolkata College of Engineering and Management, West Bengal 
University of Technology, India 
• Mr. Manish Maheshwari, Makhanlal C University of Journalism & Communication, India 
• Dr. Siddhartha Kumar Khaitan, Iowa State University, USA 
• Dr. Mandhapati Raju, General Motors Inc, USA 
• Dr. M.Iqbal Saripan, Universiti Putra Malaysia, Malaysia 
• Mr. Ahmad Shukri Mohd Noor, University Malaysia Terengganu, Malaysia 
• Mr. Selvakuberan K, TATA Consultancy Services, India 
• Dr. Smita Rajpal, Institute of Technology and Management, Gurgaon, India 
• Mr. Rakesh Kachroo, Tata Consultancy Services, India 
• Mr. Raman Kumar, National Institute of Technology, Jalandhar, Punjab., India 



• Mr. Nitesh Sureja, S.P.University, India 
• Dr. M. Emre Celebi, Louisiana State University, Shreveport, USA 
• Dr. Aung Kyaw Oo, Defence Services Academy, Myanmar 
• Mr. Sanjay P. Patel, Sankalchand Patel College of Engineering, Visnagar, Gujarat, India 
• Dr. Pascal Fallavollita, Queens University, Canada 
• Mr. Jitendra Agrawal, Rajiv Gandhi Technological University, Bhopal, MP, India 
• Mr. Ismael Rafael Ponce Medellín, Cenidet (Centro Nacional de Investigación y Desarrollo Tecnológico), Mexico 
• Mr. Supheakmungkol SARIN, Waseda University, Japan 
• Mr. Shoukat Ullah, Govt. Post Graduate College Bannu, Pakistan 
• Dr. Vivian Augustine, Telecom Zimbabwe, Zimbabwe 
• Mrs. Mutalli Vatila, Offshore Business Philipines, Philipines 
• Dr. Emanuele Goldoni, University of Pavia, Dept. of Electronics, TLC & Networking Lab, Italy 
• Mr. Pankaj Kumar, SAMA, India 
• Dr. Himanshu Aggarwal, Punjabi University,Patiala, India 
• Dr. Vauvert Guillaume, Europages, France 
• Prof Yee Ming Chen, Department of Industrial Engineering and Management, Yuan Ze University, Taiwan 
• Dr. Constantino Malagón, Nebrija University, Spain 
• Prof Kanwalvir Singh Dhindsa, B.B.S.B.Engg.College, Fatehgarh Sahib (Punjab), India 
• Mr. Angkoon Phinyomark, Prince of Singkla University, Thailand 
• Ms. Nital H. Mistry, Veer Narmad South Gujarat University, Surat, India 
• Dr. M.R.Sumalatha, Anna University, India 
• Mr. Somesh Kumar Dewangan, Disha Institute of Management and Technology, India 
• Mr. Raman Maini, Punjabi University, Patiala(Punjab)-147002, India 
• Dr. Abdelkader Outtagarts, Alcatel-Lucent Bell-Labs, France 
• Prof Dr. Abdul Wahid, AKG Engg. College, Ghaziabad, India 
• Mr. Prabu Mohandas, Anna University/Adhiyamaan College of Engineering, india 
• Dr. Manish Kumar Jindal, Panjab University Regional Centre, Muktsar, India 
• Prof Mydhili K Nair, M S Ramaiah Institute of Technnology, Bangalore, India 
• Dr. C. Suresh Gnana Dhas, VelTech MultiTech Dr.Rangarajan Dr.Sagunthala Engineering 
College,Chennai,Tamilnadu, India 
• Prof Akash Rajak, Krishna Institute of Engineering and Technology, Ghaziabad, India 
• Mr. Ajay Kumar Shrivastava, Krishna Institute of Engineering & Technology, Ghaziabad, India 
• Mr. Deo Prakash, SMVD University, Kakryal(J&K), India 
• Dr. Vu Thanh Nguyen, University of Information Technology HoChiMinh City, VietNam 
• Prof Deo Prakash, SMVD University (A Technical University open on I.I.T. Pattern) Kakryal (J&K), India 
• Dr. Navneet Agrawal, Dept. of ECE, College of Technology & Engineering, MPUAT, Udaipur 313001 Rajasthan, 
India 
• Mr. Sufal Das, Sikkim Manipal Institute of Technology, India 
• Mr. Anil Kumar, Sikkim Manipal Institute of Technology, India 
• Dr. B. Prasanalakshmi, King Saud University, Saudi Arabia. 
• Dr. K D Verma, S.V. (P.G.) College, Aligarh, India 
• Mr. Mohd Nazri Ismail, System and Networking Department, University of Kuala Lumpur (UniKL), Malaysia 
• Dr. Nguyen Tuan Dang, University of Information Technology, Vietnam National University Ho Chi Minh city, 
Vietnam 
• Dr. Abdul Aziz, University of Central Punjab, Pakistan 
• Dr. P. Vasudeva Reddy, Andhra University, India 
• Mrs. Savvas A. Chatzichristofis, Democritus University of Thrace, Greece 
• Mr. Marcio Dorn, Federal University of Rio Grande do Sul - UFRGS Institute of Informatics, Brazil 
• Mr. Luca Mazzola, University of Lugano, Switzerland 
• Mr. Nadeem Mahmood, Department of Computer Science, University of Karachi, Pakistan 
• Mr. Hafeez Ullah Amin, Kohat University of Science & Technology, Pakistan 
• Dr. Professor Vikram Singh, Ch. Devi Lal University, Sirsa (Haryana), India 
• Mr. M. Azath, Calicut/Mets School of Enginerring, India 
• Dr. J. Hanumanthappa, DoS in CS, University of Mysore, India 
• Dr. Shahanawaj Ahamad, Department of Computer Science, King Saud University, Saudi Arabia 
• Dr. K. Duraiswamy, K. S. Rangasamy College of Technology, India 
• Prof. Dr Mazlina Esa, Universiti Teknologi Malaysia, Malaysia 



• Dr. P. Vasant, Power Control Optimization (Global), Malaysia 
• Dr. Taner Tuncer, Firat University, Turkey 
• Dr. Norrozila Sulaiman, University Malaysia Pahang, Malaysia 
• Prof. S K Gupta, BCET, Guradspur, India 
• Dr. Latha Parameswaran, Amrita Vishwa Vidyapeetham, India 
• Mr. M. Azath, Anna University, India 
• Dr. P. Suresh Varma, Adikavi Nannaya University, India 
• Prof. V. N. Kamalesh, JSS Academy of Technical Education, India 
• Dr. D Gunaseelan, Ibri College of Technology, Oman 
• Mr. Sanjay Kumar Anand, CDAC, India 
• Mr. Akshat Verma, CDAC, India 
• Mrs. Fazeela Tunnisa, Najran University, Kingdom of Saudi Arabia 
• Mr. Hasan Asil, Islamic Azad University Tabriz Branch (Azarshahr), Iran 
• Prof. Dr Sajal Kabiraj, Fr. C Rodrigues Institute of Management Studies (Affiliated to University of Mumbai, 
India), India 
• Mr. Syed Fawad Mustafa, GAC Center, Shandong University, China 
• Dr. Natarajan Meghanathan, Jackson State University, Jackson, MS, USA 
• Prof. Selvakani Kandeeban, Francis Xavier Engineering College, India 
• Mr. Tohid Sedghi, Urmia University, Iran 
• Dr. S. Sasikumar, PSNA College of Engg and Tech, Dindigul, India 
• Dr. Anupam Shukla, Indian Institute of Information Technology and Management Gwalior, India 
• Mr. Rahul Kala, Indian Institute of Inforamtion Technology and Management Gwalior, India 
• Dr. A V Nikolov, National University of Lesotho, Lesotho 
• Mr. Kamal Sarkar, Department of Computer Science and Engineering, Jadavpur University, India 
• Dr. Mokhled S. AlTarawneh, Computer Engineering Dept., Faculty of Engineering, Mutah University, Jordan, 
Jordan 
• Prof. Sattar J Aboud, Iraqi Council of Representatives, Iraq-Baghdad 
• Dr. Prasant Kumar Pattnaik, Department of CSE, KIST, India 
• Dr. Mohammed Amoon, King Saud University, Saudi Arabia 
• Dr. Tsvetanka Georgieva, Department of Information Technologies, St. Cyril and St. Methodius University of 
Veliko Tarnovo, Bulgaria 
• Dr. Eva Volna, University of Ostrava, Czech Republic 
• Mr. Ujjal Marjit, University of Kalyani, West-Bengal, India 
• Dr. Prasant Kumar Pattnaik, KIST,Bhubaneswar,India, India 
• Dr. Guezouri Mustapha, Department of Electronics, Faculty of Electrical Engineering, University of Science and 
Technology (USTO), Oran, Algeria 
• Mr. Maniyar Shiraz Ahmed, Najran University, Najran, Saudi Arabia 
• Dr. Sreedhar Reddy, JNTU, SSIETW, Hyderabad, India 
• Mr. Bala Dhandayuthapani Veerasamy, Mekelle University, Ethiopa 
• Mr. Arash Habibi Lashkari, University of Malaya (UM), Malaysia 
• Mr. Rajesh Prasad, LDC Institute of Technical Studies, Allahabad, India 
• Ms. Habib Izadkhah, Tabriz University, Iran 
• Dr. Lokesh Kumar Sharma, Chhattisgarh Swami Vivekanand Technical University Bhilai, India 
• Mr. Kuldeep Yadav, IIIT Delhi, India 
• Dr. Naoufel Kraiem, Institut Superieur d'Informatique, Tunisia 
• Prof. Frank Ortmeier, Otto-von-Guericke-Universitaet Magdeburg, Germany 
• Mr. Ashraf Aljammal, USM, Malaysia 
• Mrs. Amandeep Kaur, Department of Computer Science, Punjabi University, Patiala, Punjab, India 
• Mr. Babak Basharirad, University Technology of Malaysia, Malaysia 
• Mr. Avinash singh, Kiet Ghaziabad, India 
• Dr. Miguel Vargas-Lombardo, Technological University of Panama, Panama 
• Dr. Tuncay Sevindik, Firat University, Turkey 
• Ms. Pavai Kandavelu, Anna University Chennai, India 
• Mr. Ravish Khichar, Global Institute of Technology, India 
• Mr Aos Alaa Zaidan Ansaef, Multimedia University, Cyberjaya, Malaysia 
• Dr. Awadhesh Kumar Sharma, Dept. of CSE, MMM Engg College, Gorakhpur-273010, UP, India 
• Mr. Qasim Siddique, FUIEMS, Pakistan 



• Dr. Le Hoang Thai, University of Science, Vietnam National University - Ho Chi Minh City, Vietnam 
• Dr. Saravanan C, NIT, Durgapur, India 
• Dr. Vijay Kumar Mago, DAV College, Jalandhar, India 
• Dr. Do Van Nhon, University of Information Technology, Vietnam 
• Mr. Georgios Kioumourtzis, University of Patras, Greece 
• Mr. Amol D.Potgantwar, SITRC Nasik, India 
• Mr. Lesedi Melton Masisi, Council for Scientific and Industrial Research, South Africa 
• Dr. Karthik.S, Department of Computer Science & Engineering, SNS College of Technology, India 
• Mr. Nafiz Imtiaz Bin Hamid, Department of Electrical and Electronic Engineering, Islamic University of 
Technology (IUT), Bangladesh 
• Mr. Muhammad Imran Khan, Universiti Teknologi PETRONAS, Malaysia 
• Dr. Abdul Kareem M. Radhi, Information Engineering - Nahrin University, Iraq 
• Dr. Mohd Nazri Ismail, University of Kuala Lumpur, Malaysia 
• Dr. Manuj Darbari, BBDNITM, Institute of Technology, A-649, Indira Nagar, Lucknow 226016, India 
• Ms. Izerrouken, INP-IRIT, France 
• Mr. Nitin Ashokrao Naik, Dept. of Computer Science, Yeshwant Mahavidyalaya, Nanded, India 
• Mr. Nikhil Raj, National Institute of Technology, Kurukshetra, India 
• Prof. Maher Ben Jemaa, National School of Engineers of Sfax, Tunisia 
• Prof. Rajeshwar Singh, BRCM College of Engineering and Technology, Bahal Bhiwani, Haryana, India 
• Mr. Gaurav Kumar, Department of Computer Applications, Chitkara Institute of Engineering and Technology, 
Rajpura, Punjab, India 
• Mr. Ajeet Kumar Pandey, Indian Institute of Technology, Kharagpur, India 
• Mr. Rajiv Phougat, IBM Corporation, USA 
• Mrs. Aysha V, College of Applied Science Pattuvam affiliated with Kannur University, India 
• Dr. Debotosh Bhattacharjee, Department of Computer Science and Engineering, Jadavpur University, Kolkata-
700032, India 
• Dr. Neelam Srivastava, Institute of engineering & Technology, Lucknow, India 
• Prof. Sweta Verma, Galgotia's College of Engineering & Technology, Greater Noida, India 
• Mr. Harminder Singh BIndra, MIMIT, INDIA 
• Dr. Lokesh Kumar Sharma, Chhattisgarh Swami Vivekanand Technical University, Bhilai, India 
• Mr. Tarun Kumar, U.P. Technical University/Radha Govinend Engg. College, India 
• Mr. Tirthraj Rai, Jawahar Lal Nehru University, New Delhi, India 
• Mr. Akhilesh Tiwari, Madhav Institute of Technology & Science, India 
• Mr. Dakshina Ranjan Kisku, Dr. B. C. Roy Engineering College, WBUT, India 
• Ms. Anu Suneja, Maharshi Markandeshwar University, Mullana, Haryana, India 
• Mr. Munish Kumar Jindal, Punjabi University Regional Centre, Jaito (Faridkot), India 
• Dr. Ashraf Bany Mohammed, Management Information Systems Department, Faculty of Administrative and 
Financial Sciences, Petra University, Jordan 
• Mrs. Jyoti Jain, R.G.P.V. Bhopal, India 
• Dr. Lamia Chaari, SFAX University, Tunisia 
• Mr. Akhter Raza Syed, Department of Computer Science, University of Karachi, Pakistan 
• Prof. Khubaib Ahmed Qureshi, Information Technology Department, HIMS, Hamdard University, Pakistan 
• Prof. Boubker Sbihi, Ecole des Sciences de L'Information, Morocco 
• Dr. S. M. Riazul Islam, Inha University, South Korea 
• Prof. Lokhande S.N., S.R.T.M.University, Nanded (MH), India 
• Dr. Vijay H Mankar, Dept. of Electronics, Govt. Polytechnic, Nagpur, India 
• Dr. M. Sreedhar Reddy, JNTU, Hyderabad, SSIETW, India 
• Mr. Ojesanmi Olusegun, Ajayi Crowther University, Oyo, Nigeria 
• Ms. Mamta Juneja, RBIEBT, PTU, India 
• Dr. Ekta Walia Bhullar, Maharishi Markandeshwar University, Mullana Ambala (Haryana), India 
• Prof. Chandra Mohan, John Bosco Engineering College, India 



TABLE OF CONTENTS 
 
 
1. Comparison of the Performance of Two Service Disciplines for a Shared Bus 
Multiprocessor with Private Caches – pg 1-6 
Angel Vassilev Nikolov, Department of Mathematics and Computer Science, National 
University of Lesotho, Roma, 180, Lesotho 
Lerato Lerato, Department of Mathematics and Computer Science, National University of 
Lesotho, Roma, 180, Lesotho 
 
 
2. A QoS Provisioning Recurrent Neural Network based Call Admission Control for 
beyond 3G Networks – pg 7-15 
Ramesh Babu H. S., Department of Information Science and Engineering, Acharya Institute of 
Technology, Bangalore, India 
Gowrishankar, Department of Computer Science and Engineering, B.M.S. College of 
Engineering, Bangalore, India 
Satyanarayana P. S., Department of Electronics and Communication Engineering, B.M.S. 
College of Engineering, Bangalore, India 
 
 
3. An Optimized Weighted Association Rule Mining On Dynamic Content – pg 16-19 
P. Velvadivu, Department of Computer Technology and Applications, Coimbatore Institute of 
Technology, Coimbatore. 
K. Duraisamy, School of Science and Humanities, Kongu Engineering College, Perundurai, 
Erode 
 
 
4. An Economic-based Resource Management and Scheduling for Grid Computing 
Applications – pg 20-25 
G. Murugesan, Department of Computer Science and Engineering, Anna University, Chennai-
600 025, Tamil Nadu, India 
C. Chellappan, Department of Computer Science and Engineering, Anna University, Chennai-
600 025, Tamil Nadu, India 
 
 
5. Integrating User’s Domain Knowledge with Association Rule Mining – pg 26-30 
Vikram Singh, Department of Computer Science and Engg, Ch. Devi Lal University, Sirsa, 
Haryna 125 055, India 
Sapna Nagpal, Department of Computer Science & Engineering Chaudhary Devi Lal University, 
Sirsa (Haryana), India 
 
 
6. Computer Aided Design Modeling for Heterogeneous Objects – pg 31-38 
Vikas Gupta, NIT Kurukshetra, Haryana, India 
K. S. Kasana, NIT Kurukshetra, Haryana, India 
Puneet Tandon, IIITDM, Jabalpur, Madhya Pardesh, 482002, India 
 



IJCSI International Journal of Computer Science Issues, Vol. 7, Issue 2, No 5, March 2010 
ISSN (Online): 1694-0784 
ISSN (Print): 1694-0814 

 

1

Comparison of the Performance of Two Service Disciplines for a 
Shared Bus Multiprocessor with Private Caches 

 
Angel Vassilev Nikolov and Lerato Lerato 

 1Department of Mathematics and Computer Science, National University of Lesotho 
Roma, 180, Lesotho 

 
 

2 Department of Mathematics and Computer Science, National University of Lesotho 
Roma, 180, Lesotho 

 
 
 

 
Abstract 

In this paper, we compare two analytical models for evaluation 
of cache coherence overhead of a shared bus multiprocessor with 
private caches. The models are based on a closed queuing 
network with different service disciplines. We find that the 
priority discipline can be used as a lower-level bound. Some 
numerical results are shown graphically. 
Keywords: Invalidate cache coherence protocols, 
multiprocessor, queuing network, work conserving 
.  
 

1. Introduction 
 
Caches have been widely used in multiprocessors to 
improve systems performance. Caching of shared data, 
however, introduces the cache coherence problem. Simply 
coherence can be defined as retrieving always the most 
recent value for any data. Maintaining this feature solely 
by the software makes the programmer’s task extremely 
difficult. Modern multiprocessors solve the cache 
coherence problem in hardware by implementing cache 
coherence protocols [6]. There are two main classes of 
hardware protocols, snoopy and directory based protocols. 
Snoopy protocols use broadcast medium and hence apply 
to a smaller-scale bus-based multiprocessors.  In these 
broadcast systems each cache “snoops” on the bus and 
watches for transition that affects it. In this paper we 
consider this class. Coherence requirements can be met in 
two ways. Invalidate protocols invalidate other cache 
copies on a write, so the processor has exclusive access to 
a data before it writes that data. The alternative Update 
protocols update all the cached copies of the data when 
that data is written. Most multiprocessors use Invalidate 
technique rather than Update technique because update 
transactions are expensive. 
 

Impact on the performance of the cache coherence 
protocols can be studied using simulation or analytical  

models. Simulation is accurate but very time consuming. 
Analytical models based on queuing theory provide simple 
but approximate approach for estimating the performance 
of multiprocessors in the early design cycles. The most 
commonly used method for this purpose is the Mean 
Value Analysis (MVA), based on the forced law, i.e. in 
equilibrium the output rate equals input rate. It offers no 
possibility to study transient behavior, moreover the 
assumption of exponential service times is not always 
adequate [3]. Alternative solution is to describe the system 
using discrete state continuous time Markov processes. In 
[4] this approach is applied to a priority discipline where 
the non-blocking (write-back) requests are served 
immediately after their arrival, and in [5] a First-Come-
First-Served (FCFS) discipline is studied. As shown in [4, 
5] this method eliminates the main drawbacks of MVA 
analysis: inability to deal with transients and the 
constraints on the service time distributions. 

 
2. Description of the models 

 
A multiprocessor consists of several processors connected 
together to a shared main memory by a common complete 
transaction bus. Each processor has a private cache. When 
a processor issues a request to its cache, the cache 
controller examines the state of the cache and takes 
suitable action, which may include generating bus 
transaction to access main memory. Coherence is 
maintained by having all cache controllers "snoop" on the 
bus and monitor the transaction. Snoopy cache-coherence 
protocols fall in two major categories: Invalidate and 
Update [6]. Invalidating protocols are studied here but the 
concepts can be applied with some modifications to 
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updating protocols too. Transactions may or may not 
include the memory block and the shared bus. Typical 
transaction that does not include memory block is 
Invalidate Cache Copy which occurs when a processor 
requests writing in the cache. All other processors simply 
change the status bit(s) of their on copies to Invalid. If the 
memory block is uncached or not clean it can be uploaded 
from the main memory, but in todays multiprocessors it is 
rather uploaded from another cache designated as Owner 
(O) (cache-to cache transfer). Memory-to cache transfer 
occurs when the only clean copy is in the main memory. A 
cache block is written back (WB) in the main memory 
(bus is used) when a dirty copy is evicted [6]. Apparently 
the bus can be considered as the bottleneck of the system. 
 
For the model in [4] these WB requests are immediately 
served, that is they have priority over all other transaction 
types, and for the model presented in [5], WB requests and 
all other requests are treated equally, i.e. the service 
discipline is on First Come First Served (FCFS) basis. 

 
In terms of the queuing theory processors can be viewed 
as customers (clients) and the bus can be viewed as a 
server. The FCFS queue and the priority queue are 
illustrated in Fig. 1.a and Fig 1.b, respectively. 

 
Each processor alternates execution (think, compute) 
phases and phases when it waits for a memory request to 
be served. The execution phase is assumed exponentially 
distributed with parameter λ. This assumption is adequate 
for most applications [3]. Immediately after issuing a 
coherence request the customer blocks itself. The service 
time for blocking request has a density function f1(x). 
 
  
      
      
 
                                    
      
  p         
 
             q    
      
                 
      
  
   Fig. 1.a   
    
When service is completed the processor (customer) 
resumes processing with probability p or resumes 
processing and generates a new request with probability q 
(p+q=1). Details on how to obtain the input parameters 

are given in [7, 8].  This new request has a different 
density  
  
      
  
 
     
 
                                    
      
  p         
 
                  q  
        
                 
      
  
 
   Fig. 1.b 
 
function f2(x) and corresponds to WB transaction. It does 
not block the customer but the server is held until 
completion of WB transaction therefore adding to the 
queue. WB request in Fig. 1.a joins the tail of the queue of 
blocking and non-blocking requests. In Fig. 1.b if a WB 
request is generated the bus (server) is not relinquished by 
the processor whose coherence transaction was just 
completed. The service of the WB request is started 
immediately for this processor, and only after its 
completion the first processor in the queue gets access to 
the bus.  
 
The equations describing these queues and their solutions 
are given in [4, 5]. We start with fairly complex set of 
integro-differential equations but the output is a set of 
linear equations from which the steady-state probabilities 
and hence the throughput can be determined. For the 
FCFS discipline, however, the number of linear equations 
grows enormously for large N, so the exact solution is too 
complicated to be practical. The networks in Fig. 1.a and 
Fig. 1.b are “work conserving” since the server does not 
go idle if there is a customer in the queue, and the amount 
of the service time does not depend on the service 
discipline [2]. The mean waiting time is same for Fig. 1.a 
and Fig. 1.b according to the conservation law [4, 5]. 
Distributions of waits, however, are different: in Fig. 1.b 
non-blocking (WB) requests do not wait at all because 
they are served immediately after arrival, so that the 
waiting time is zero, while for the network in Fig. 1.a the 
waiting time is greater than zero. Blocking requests in Fig. 
1.a therefore wait longer and the throughput is smaller 
than that in Fig. 1.b, thus we can conclude that the priority 
scheme (Fig. 1.b) can be regarded as lower-level bound 
for FCFS discipline (Fig. 1.a).  

S 

S 
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Average Number of Blocked Customers (processors), 
ANBC, for the two disciplines, computed using the 
formulas, derived in [4] and [5] are illustrated in Table 1.a 
through 1.h for blocking caches (BL). For all cases 

x
exf 1

11 )(   and
x

exf 2
22 )(   , and p=0.8 and 

1.01   [1/t.u.]1.   
 

λ FCFS Priority % difference 
0.001 0.07014828 0.07344077 4.69361131 
0.002 0.18977920 0.20284240 6.88336661 
0.003 0.34289203 0.36860743 7.49956231 
0.004 0.51524391 0.55285868 7.30038140 
0.005 0.69555280 0.74238917 6.73368933 
0.006 0.87572487 0.92861078 6.03910016 
0.007 1.05045078 1.10650487 5.33619402 
0.008 1.21657142 1.27350263 4.67964332 
0.009 1.37245655 1.42859627 4.09045568 
0.010 1.51749673 1.57171551 3.57290955 
 1.a) 

N=4, 2 =0.01[1/t.u.] 

 

 
λ       FCFS Priority % difference 
0.001 0.10346160 0.10967984 6.01018450 
0.002 0.29814050 0.32060606 7.53522768 
0.003 0.53750740 0.57628734 7.21477436 
0.004 0.78870741 0.83859945 6.32579880 
0.005 1.03240021 1.08777002 5.36321218 
0.006 1.25904105 1.31562088 4.49388283 
0.007 1.46505497 1.52011385 3.75814410 
0.008 1.65010151 1.70210131 3.15130902 
0.009 1.81540668 1.86361092 2.65528566 
0.010 1.96283453 2.00700331 2.25025446 
 1.b)N=4, 

2 =0.006667[1/t.u.] 

 

 
λ FCFS Priority %  difference 
0.001 0.09793845 0.10393609 6.12389310 
0.002 0.27607106 0.29989579 8.62992741 
0.003 0.50864514 0.55419819 8.95576169 
0.004 0.77068883 0.83443491 8.27131302 
0.005 1.04195502 1.11731297 7.23236099 
0.006 1.30831803 1.38883665 6.15436121 
0.007 1.56119524 1.64188994 5.16877695 
0.008 1.79617630 1.87372614 4.31749579 
0.009 2.01163620 2.08410558 3.60250972 

                                                           
1 t. u.-time unit 

0.010 2.20764176 2.27409559 3.01017303 
 1.c)N=5, 2 =0.01[1/t.u.]  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               
 
 
 
 
 
 
 
 
 
 
 
 
 

λ FCFS Priority % difference 
0.001 0.15052080 0.16214798 7.72463209 
0.002 0.44663225 0.48738023 9.12338382 
0.003 0.80995181 0.87613907 8.17175362 
0.004 1.18338340 1.26277196 6.70860895 
0.005 1.53527328 1.61736280 5.34689961 
0.006 1.85242056 1.93081123 4.23179647 
0.007 2.13201057 2.20360391 3.35802017 
0.008 2.37611381 2.43985641 2.68264077 
0.009 2.58864894 2.64458879 2.16096717 
0.010 2.77390615 2.82261385 1.75592431 
 1.d) N=5, 

2 =0.006667[1/t.u] 

 

λ FCFS Priority % difference 
0.001 0.13018580 0.13994358 7.49526844 
0.002 0.38029905 0.41883309 10.13256380 
0.003 0.71209440 0.78311783 9.97387757 
0.004 1.08482965 1.17914296 8.69383567 
0.005 1.46496035 1.56995792 7.16726391 
0.006 1.83015922 1.93551924 5.75687720 
0.007 2.16831417 2.26748158 4.57347954 
0.008 2.47457869 2.56422251 3.62258949 
0.009 2.74850736 2.82748357 2.87342179 
0.010 2.99197323 3.06042246 2.28776217 
 1.e)N=6, 

2 =0.01[1/t.u.] 

 

λ FCFS Priority % difference  
0.001 0.20681137 0.22608037 9.31718650 
0.002 0.62839527 0.69329368 10.32764113 
0.003 1.14251792 1.24085044 8.60665053 
0.004 1.65787655 1.76701584 6.58307686 
0.005 2.12793843 2.23247579 4.91261212 
0.006 2.53767126 2.63056168 3.66045914 
0.007 2.88784045 2.96720787 2.74833134 
0.008 3.18525763 3.25171044 2.08626186 
0.009 3.43809333 3.49318909 1.60250898 
0.010 3.65399343 3.69949483 1.24525116 
 1.f)N=6, 

2 =0.006666[1/t.u.] 
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  Table 1 
 
Since the percentage difference of ANBCs is always 
positive we can confirm that the priority scheme can serve 
as a lower-level bound.  
 
If we look more closely at the tables, we find that the 
difference is smaller for heavier workload (λ).In spite of 
the fact that FCFS is more favorable to shorter request 
than the priority scheme its impact is diminished if the 
system handles more requests in the case of heavy 
workload.  
 
It also can be observed that the difference does not vary 
significantly with N. 
 
 
 

 
3. Some numerical results 

 
We measure the system performance in ANPEC (Average 
Number of Processors Engaged in Computation) [1]. 
Obviously from the definition ANBCNANPEC  . 
Results are illustrated in Fig. 2. 
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Fig. 2.a. p=0.9, 2 =0.01[1/t.u.] 

 
 
 
 
 
 
 

0

2

4

6

8

10

12

14

16

18

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

N

A
N

P
E

C

λ=0.002,BL

λ=0.004,BL

λ=0.006,BL

λ=0.008,BL

λ=0.01,BL

λ=0.002,NBL

λ=0.004,NBL

λ=0.006,NBL

λ=0.008,NBL

λ=0.01,NBL

  Fig. 2.b. p=0.8, 2 =0.01[1/t.u.] 

λ FCFS Priority % difference 
0.001 0.16711501 0.18183576 8.80875460 
0.002 0.50408229 0.56151276 11.39307364 
0.003 0.95693912 1.05819964 10.58170982 
0.004 1.46217043 1.58867062 8.65153531 
0.005 1.96736551 2.09885671 6.68361840 
0.006 2.44010356 2.56304970 5.03856237 
0.007 2.86557429 2.97351291 3.76673603 
0.008 3.24038821 3.33162878 2.81572935 
0.009 3.56716080 3.64255966 2.11369397 
0.01 3.85102404 3.91251645 1.59678065 

 1.g) N=7, 

2 =0.01[1/t.u.] 

 

λ FCFS Priority % difference 
0.001 0.27284496 0.30228227 10.78902581 
0.002 0.84595961 0.94043547 11.16789163 
0.003 1.53800360 1.67035363 8.60531312 
0.004 2.21148627 2.34637907 6.09964432 
0.005 2.80406596 2.92305851 4.24357205 
0.006 3.30291100 3.40088073 2.96616340 
0.007 3.71635507 3.79441291 2.10038698 
0.008 4.05853034 4.11982682 1.51031226 
0.009 4.34322475 4.39112053 1.10276991 
0.010 4.58205090 4.61947983 0.81685963 
 1.h) N=7, 

2 =0.006667[1/t.u.] 
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Fig. 2.c. p=0.9, 2 =0.0066666667[1/t.u.] 
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Fig. 2.d. p=0.8, 2 =0.0066666667[1/t.u.] 

 
From the figures, it can be seen that the performance 
increases nonlinearly as N increases and at some point 
saturation sets in. Saturation depends heavily on the 
workload (λ): in all graphics ANPEC saturates quickly 
with λ=0.01[1/t.u.], while it still continues to grow with 
λ=0.001[1/t.u.]. Evidently, with increased main memory 
traffic (smaller p), the performance degradation is more 
significant (Fig. 2.a and 2.b, and Fig. 2.c and Fig. 2.d).  It 
can also be concluded that the impact of memory access 
time is also significant, for instance saturation for 

λ=0.01[1/t.u.], and 2 =0.01[1/t.u.] sets in for N=8 (Fig. 

2.b), while for 2 =0.00666666667[1/t.u.], and same 
value of λ (Fig. 2.d) it occurs for N=6.  
 
Apparently, introduction of NBL caches results in 
improved overall performance. 

 
4. Concluding Remarks 
 

Based on the work conservation law we conclude that the 
priority service discipline produces smaller performance 
than the FCFS. At the early stage of the design this model 
can be used as a worst-case approximation for the systems 
performance. Solving these equations requires 
insignificant computational effort because their number is 
2N+1 [5]. 
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Abstract 

 The Call admission control (CAC) is one of the Radio Resource 
Management (RRM) techniques that plays influential role in 
ensuring the desired Quality of Service (QoS) to the users and 
applications in next generation networks. This paper proposes a 
fuzzy neural approach for making the call admission control 
decision in multi class traffic based Next Generation Wireless 
Networks (NGWN). The proposed Fuzzy Neural call admission 
control (FNCAC) scheme is an integrated CAC module that 
combines the linguistic control capabilities of the fuzzy logic 
controller and the learning capabilities of the neural networks. 
The model is based on recurrent radial basis function networks 
which have better learning and adaptability that can be used to 
develop intelligent system to handle the incoming traffic in an 
heterogeneous network environment. The simulation results are 
optimistic and indicates that the proposed FNCAC algorithm 
performs better than the other two methods and the  call blocking 
probability is minimal when compared to other two methods. 

Keywords: Radio resource management, Heterogeneous wireless 
Networks, Call admission control, Call blocking probability, 
Recurrent radial basis function networks. 

1. Introduction 

The majority researchers believe that the next stage 
beyond third-generation(3G) networks will include 
multiple wireless access technologies, all of which will 
coexist in a heterogeneous wireless access network 
environment[1,2] and use a common IP core to realize 
user-focused service delivery. The coexistence of 

Heterogeneous radio access technologies (RATs) will 
noticeably amplify the intensity different in development 
of different high-speed multimedia services, such as video 
on demand, mobile gaming, Web browsing, video 
streaming, voice over IP and e-commerce etc. Seamless 
inter system roaming across heterogeneous wireless access 
networks will be a major feature in the architecture of next 
generation wireless networks [3]. The future users of 
mobile communication look for always best connected 
(ABC) anywhere and anytime in the Complementary 
access technologies like Wireless Local Area Networks 
(WLAN), Worldwide Inter operability for Microwave 
Access (Wi-Max) and Universal Mobile 
Telecommunication Systems (UMTS) and which may 
coexist with the satellite networks [4- 6].It is very well 
evident that no single RAT can provide ubiquitous 
coverage and continuously high quality service. The 
mobile users may have to roam among various radio 
access technologies to keep the network connectivity 
active and to meet the applications/users requirements. 
With increase in offered services and access networks, 
efficient user roaming and management of available radio 
resources becomes decisive in providing the   network 
stability and QoS provisioning.  

The mobile communication networks are evolving into 
adaptable Internet protocol based networks that can handle 
multimedia applications. When multimedia data is 
supported by wireless networks, the networks should meet 
the quality of service requirements. One of the key 
challenges to be addressed in this prevailing scenario is the 
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distribution of the available channel capacity among the 
multiple traffic ensuring the QoS requirements of the 
traffic that are  operating with different bandwidth 
requirements. 

   There are many call admission control(CAC) algorithms 
proposed in the literature to handle single-class network 
traffic such as real-time traffic like voice calls [7-10].To 
serve the multiple classes of  traffic we have the 
Partitioning CAC [11][12] and threshold based CAC 
[13] .The paper proposes the CAC framework for multi 
traffic based heterogeneous wireless networks . The 
resource allocation is a challenging task when the 
resources are always in scarce in a wireless environment.  
Efficient and intelligent call admission control policies 
should be in place which can take care of this 
contradicting environment to optimize the resource 
utilization. There are works reported on computation 
intelligence based call admission control algorithms. 
These algorithms admit or reject the call by applying 
computational intelligence techniques like fuzzy logic [14], 
Genetic algorithm [15], and fuzzy logic with Multi 
Attribute Decision Making (MADM) [16]. The 
combination of fuzzy and neural networks which forms a 
hybrid fuzzy neural network (FNN) is used for the radio 
resource management [17] .These intelligent techniques 
exhibit better efficiency which leads to higher user’s 
satisfaction.  

 In this paper we propose a fuzzy neural approach based 
call admission control in a multi class traffic based Next 
Generation Wireless Networks (NGWN). The proposed 
FNCAC scheme is an integrated CAC module that 
combines the linguistic control capabilities of the fuzzy 
logic controller and the learning capabilities of the neural 
networks .The CAC model is developed using fuzzy 
Neural system based on Recurrent Radial Basis Function 
Networks (RRBFN) . RRBFN has better learning and 
adaptability that can be used to develop the intelligent 
system to handle the incoming traffic in the heterogeneous 
network environment. The proposed FNCAC can achieve 
reduced call blocking probability keeping the resource 
utilisation at an optimal level. In the proposed algorithm 
we have considered three classes of traffic having different 
QoS requirements and we have considered the 
heterogeneous network environment which can effectively 
handle these traffic. The traffic classes taken for the study 
are Conversational traffic, Interactive traffic and 
Background traffic which are with varied QoS parameters. 

   The further sections of the paper are organized as 
follows. The section II discusses on the soft computing 
techniques in RRM. Section III focuses on the Analytical 
model of the proposed call admission control based on 
higher order Markov chains. The section IV discusses the 
proposed intelligent FNCAC model. The section V 
represents the simulation results and conclusion is 
presented in section VI. 

2. Soft Computing Techniques for RRM 

 The application of intelligent techniques has become 
wide spread for nonlinear time varying and complex 
problems that were posing a great challenge to researchers 
when they used the conventional methods. These soft 
computing techniques such as fuzzy logic, artificial neural 
networks and the hybrid systems like fuzzy neural 
networks have outperformed the conventional algorithmic 
methods. The advantages of these methods are many, 
which include most notably learning from experience, 
scalability, adaptability. Moreover, it has the ability to 
extract rules, without detailed or accurate mathematical 
modelling. All these features make the soft computing 
techniques the best candidates for solving the complex 
problems in any domain. 

 

2.1 Fuzzy Logic  

The concept of Fuzzy logic has been extensively 
applied in characterizing the behaviour of nonlinear 
systems. The nonlinear behaviour of the system can be 
effectively captured and represented by a set of Fuzzy 
rules [18]. Many engineering and scientific applications 
including time series are not only nonlinear but also non-
stationary. Such applications cannot be represented by 
simple Fuzzy rules, because fixed number of rules can 
describe only time invariant systems and cannot take in to 
account the non-stationary behaviour. Recently, a new set 
of Fuzzy rules have been defined to predict the difference 
of consecutive values of non-stationary time series [19].  

Advantages of Fuzzy Logic approach [20] are, easy to 
understand and build a predictor for any desired accuracy 
with a simple set of Fuzzy rules. Due to less computational 
demand there is no need of mathematical model for 
estimation and also for fast estimation of future 

values .The Limitations of Fuzzy Logic approach is, first it 
works on Single step prediction, second, the fuzzy logic do 
not have learning capability. 

 

2.2. Neural Networks 
 
The neural networks are low-level computational 

elements that exhibit good performance when they deal 
with sensory data. They can be applied to the situation 
where sufficient observation data is available. The Neural 
network methods are used in problems like control, 
prediction and classification. Neural Networks are able to 
gain this popularity because of the commanding capacity 
that they have in modelling exceptionally complex non 
linear functions. Neural networks have a biggest 
advantage in terms of easy to use which is based on 
training-prediction cycles. Training the neural networks 
plays a crucial role in the system usage of neural networks. 
The training pattern that contains a predefined set of inputs 
and expected outputs is used to train the neural networks. 
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Next, in prediction cycle, the outputs are supplied to the 
user based on the input values. To make the neural 
networks to behave like a physical system or predict or 
control, the training set used in the training cycle shall 
consist of enough information representing all the valid 
cases [21-23]. 
  Neural Networks are flexible soft computing frameworks 
for modelling a broad range of nonlinear problems [24]. 
One significant advantage of the neural network based 
approach over other classes of nonlinear models is that 
NNs are universal approximation tools that can 
approximate large class of functions with a high degree of 
accuracy [25]. This approximation power of Neural 
Network model comes from several parallel processing 
elements, called as ‘neurons’. No prior assumption of the 
model form is required in the model building process. 
Instead, the network model is largely determined by 
characteristics of the data. Single hidden layer feed 
forward network is the most widely used model for 
prediction and forecasting of time variant functions. The 
model is characterized by a network of three layers of 
simple processing unit connected by non-cyclic links. The 
architecture of feed-forward neural network is shown in 
Figure 1. 

The relationship between the output ˆ ( )y t and the inputs 
{ ( 1), ( 2), ..., ( )}y t y t y t n    can be   mathematically 
expressed as [26],  

0
1 1

ˆ ( ) ( ) ( )
Q n

j oj ij
j i

y t w w g w w y t i e t
 

      
 

 
    (1) 

Where 
( 0 ,1, 2 ...., , 1, 2 , ...., )ijw i n j Q 

 and 
( 0 , 1 , 2 , . . . . , )jw j Q  are model parameters often 

called connection weights, n is the number of input nodes 

and Q is the number of hidden nodes. (.)g  Represents a 
transfer function of the processing element, the transfer 
function can be logistic or Gaussian [26]. The NN model 
having a logistic or Gaussian transfer function can perform 
nonlinear functional mapping from the past observation to 

the future value 
ˆ( )y t  i.e.    

 ˆ ( ) ( 1), ..... . ( ) , ( )y t f y t y t n W e t                   (2) 

Where W is a vector of all input parameters and  .f   is 
function determined by network structure and connection 
weights. Thus, the neural network model is equivalent to 
nonlinear auto regressive model. 

 The feed forward network can effectively model 
nonlinear time series. The time-varying wireless network 
parameters are represented as nonlinear and non-stationary 
time series. The recurrent connection in NN architecture is 

also called as ‘short term memory’ and will process the 
non-stationary behaviour of the time series.   

  The feed forward NNs can be divided into two classes: 
static (non-recurrent) and dynamic (recurrent). In Static 
NNs, output is linear or nonlinear function of its inputs and 
generates the same output for a given input vector. These 
NNs are suitable for spatial pattern analysis. In this case, 
the relevant information is distributed throughout the 
spatial coordinates of the input vector. The spatial 
dependencies in the input data can be found in the areas of 
pattern recognition and functional approximation [27]. 

  In contrast, dynamic NNs are capable of implementing 
memories which gives them the possibility of retaining    
information to be used later. The network can also 
generate diverse output in response with the same input 
vector, because the output may also depend on actual state 
of the memories. Dynamic NNs have inherent 
characteristic of memorizing the past information for long 
term or short term periods. These networks are ideal for 
processing spatio-temporal data.  

   The Recurrent Neural Network (RNN) architecture 
can be classified in to fully interconnected nets, partially 
connected nets and Locally Recurrent & Globally Feed-
forward (LRGF) nets [28].  The fully connected networks 
do not have distinct input layer/nodes. Each node has input 
from all other nodes.  
   The partially connected RNN can be implemented by 

adding a feedback connection to the existing feed-forward 
NN to process the temporal information of the data. The 
feedback connection may be from hidden layer (Elman net) 
or from the output layer (Jordan net) [28, 29].  In the 
LRGF nets, self connecting neuron layer is either present 
in the input or on the output side of the feed-forward NN 
to process temporal information. The advantage of LRGF 
lies in its training algorithm. The standard gradient decent 
algorithm can be used to train the feed-forward NN for 
nonlinear functional approximations.  A delayed input or 
the output from self connected neuron will   act as short 
term memory to process the time-varying information  

H
idden transfer function

 

O
utput transfer function 

࢟

Bias unit 
Bias unit 

     Hidden Layer Output Layer 

Input Layer 

Figure 1 Feed forward neural networks  
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 There are good amount of work reported on the 
combination of neural and fuzzy logic approaches. This 
paper concentrates on the recurrent neural networks 
(RNNs) that have superior capabilities than the feed 
forward neural networks [31-32]. Since a recurrent neuron 
has an internal feedback loop to capture the dynamic 
response of a system without external feedback through 
delays, RNNs have the ability to deal with time-varying 
input or output through their own natural temporal 
operation [31]. Moreover; the RNNs are dynamic mapping 
and demonstrate good control performance in the presence 
of un modelled dynamics, parameter variations, and 
external disturbances [31-32]. The Radial Basis Function 
Network (RBFN) has a faster convergence property than a 
multilayer Perceptron (MLP) because the RBFN has a 
simple structure. Additionally, the RBFN has a similar 
feature to the fuzzy system. First, the output value is 
calculated using the weighted sum method. Then, the 
number of nodes in the hidden layer of the RBFN is the 
same as the number of ‘if–then’ rules in the fuzzy system. 
Finally, the receptive field functions of the RBFN are 
similar to the membership functions of the premise part in 
the fuzzy system. This makes the RBFN a very useful 
technique to be applied to control the dynamic systems. 
The implementation of RBFN bases using RBFN for 
recurrent RBFN based FNN improves the accuracy of the 
approximation function. 

The benefits of neural network approach [24] are as 
follows. First, the NN Prediction accuracy is much 
superior to conventional approaches. Second, NN Model 
can be used for single and Multi step forecasting. Third, 
they are capable of learning the system and demands low 
computation structures. The limitations of NN approach 
are: The optimal choice of number of layers and number 
of neurons in each layer is by a heuristic process and it 
requires expertise in the field of NNs for a model designer. 
The deciding of the weights to the non-cyclic links will 
determine the accuracy of forecasting. Deciding the 
appropriate weights to the link is once again a heuristic 
process.   

 

3. Analytical Model for CAC 
 

  In this paper we propose a novel analytical model 
admission control mechanism for reducing the call 
blocking probability there by increasing the resource 
utilization. This would achieve the Objective of 
guaranteeing the user QoS requirements. The proposed 
model is able to handle three types of the applications 
considered for the study which involves conversation 
traffic, interactive traffic and background traffic. All of 
these represent different QoS class of traffic with the 
required QoS parameters. 

  The Conversational traffic is sensitive to transfer delay 
and jitter. It demands guaranteed bit rate and low bit error 
rate. The examples of the applications belonging to this 

category are Video-conferencing and Audio conferencing. 
The Interactive traffic is a QoS Class that is not sensitive 
to Transfer Delay and Jitter but demands low Bit Error 
rate. The applications of this QoS class do not need 
Guaranteed Bit Rate, for example Web browsing, 
Interactive chats and Interactive Games. The Background 
traffic QoS class is not sensitive to transfer delay and jitter 
but needs low bit error rate from the network and these 
applications do not depend on guaranteed bit rate. The 
examples belonging to this group are E-mail, SMS 
applications. The assumption made for the design and 
development of analytical CAC model was type3 traffic 
which would require three channels to be assigned in the 
system and type2 traffic demands two channels and type1 
traffic   needs one channel.                                                                          

  The proposed model is developed keeping in mind the 
WCDMA, Wi-Fi, and Wi-Max .The CAC mechanism 
proposed is focused only on the system’s ability to 
accommodate newly arriving users in terms of the total 
channel capacity which is needed for all terminals after the 
inclusion of the new user. In case when the channel load 
with the admission of a new call was precompiled (or 
computed online) and found to be higher than the capacity 
of the channel, the new call is rejected, if not, the new call 
could be admitted. The decision of admitting or rejecting a 
new call in the network will be made only based on the 
capacity needed to accommodate the call. 

  We consider a heterogeneous network which 
comprises a set of RATs Rn with co-located cells in which 
radio resources are jointly managed. Cellular networks 
such as Wireless LAN and Wi-Max can have the same and 
fully overlapped coverage, which is technically feasible, 
and may also save installation cost. H is given as H {RAT 
1, RAT 2, RAT k} where K is the total number of RATs in 
the heterogeneous cellular network. The heterogeneous 
cellular network supports n-classes of calls, and each RAT 
in set H is optimized to support certain classes of calls. 

  The Analytical model for CAC mechanism in 
heterogeneous wireless networks is modelled using Higher 
order Markov Model. In the proposed model it is assumed 
that, whenever a new user enters the network, it will 
originate the network request at the rate λi and is assumed 
to follow a Poisson process. The service time of the 
different class of traffic and types of calls is µi .The mean 
service time of all types of users were assumed to follow 
negative exponential distribution with the mean rate 1/µ . 
The Voice traffic is Erlang distributed, the condition that 
is considered for simulation is Negative Exponential 
distribution. The total number of virtual channels in the 
system are N. When the numbers of available channels are 
below the specified threshold the system will drop the 
calls. The threshold limit is determined by three positive 
integers A1, A2 and A3.  

 These are called as Utilization rates where A is 
represented as   A




 . 
Similarly, 
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are the  utilisation rate of type1 traffic, type2 traffic and 
utilisation rate of type3 traffic respectively. In general the 
values of the utilisation rate in a steady state system will 
be with in 1. 

When the available number of channels falls below the 
threshold A3 the proposed system will accept only the 
voice calls and web browsing. When the available number 
of channels falls below the threshold A2 the proposed 
system will accept only the voice calls. If the available 
number of channels falls below the threshold A1 the 
proposed system will not accept any calls as it reaches the 
stage where there will be no channels available to allocate 
to the incoming calls and leads to system blocking. The 
P(0) is the probability that there are no allocated channels 

in the designated system. The parameters of analytical 
performance model are also called as Performance model 
parameters. The parameters are number of virtual 
channels (N),   user arrival rate (λ), arrival rate of type 1 
call (λ1), arrival rate of type 2 call (λ2.) arrival rate of 
type 3 call (λ3) and service time of the calls is taken as  µ1 , 
µ2 and µ3.  

Assuming that the arrival time of all the types of traffic are 

equal i.e. 1 2 3     
   and the service time for the 

types of traffic are equal i.e. 1 2 3     
, the call 

blocking probability for type1 traffic could be expressed 
as  

  
n - 1 2 n -3( )

3n n

a
P P P P  

                   (3) 

Where a = λ / μ which should be generally less than one 
for the system stability. Similarly, the call blocking 
probability for type2 traffic  Pn-1  is 

  
1 n -2 3 n -4( )

3n n

a
P P P P   

                    (4) 

 And the call blocking probability for type3 traffic Pn-2  is 
represented as  

2 n -3 4 n -5( )
3n n

a
P P P P   

                      (5) 

The call blocking probability for the overall system traffic  
Pnb   can be expressed as  

 
1 - 2( )

3n b n n n

a
P P P P  

                        (6) 

 

4. Fuzzy Neural Call Admission Controller    
(FNCAC) 

  Our proposal to deal with the complex problem of call 
admission control in heterogeneous wireless network 
environment supporting multimedia traffic is developed 
using the hybrid model. This hybrid model is evolved by 
combining the fuzzy logic which is easy to understand and 
uses simple linguistic terms and if-then rules with the 
neural networks which are smart enough to learn the 
system characteristics. Therefore the Fuzzy neural 
networks combine the benefit of both neural networks and 
the fuzzy systems to solve the CAC problem. This 
research work  particularly uses the feed forward neural 
networks which  has the ability to map any nonlinear and 
non-stationary function to an arbitrary degree of accuracy 
[24].One such popular feed-forward network is the Radial 
Basis Function Network(RBFN). It is a single hidden layer 
feed-forward network. Each node in the hidden layer has a 
parameter vector called as centre.  These centres are used 
to compare with network input and produce radically 
symmetrical response. These responses are scaled by 
connection weights of the output layer and then produce 
network output, where Gaussian basis function is used and 
given by equation (7). 

1

ˆ exp
2

n
i

i
i i

y
y w




 
   

 
  

 

       (7)

 
Radial Basis Function (RBF) has achieved considerable 
success in nonlinear function prediction but the 
performance of RBF is less satisfactory for the nonlinear 
and non-stationary function prediction[27].Recurrent 
Radial Basis Function Network(RRBFN) is a class of 
locally recurrent & globally feed-forward (LRGF) RNN.  
In LRGF network the recurrent/self-connection is either in 
the input layer or in the output layer. RRBFN is having 
recurrent connection at the input layer. Where  i     is the 
dimension of the influence field of hidden layer neuron, y 

and  i are input and prototype vector respectively. The 
Recurrent Radial basis function network considers the 
time as an internal representation and the non-stationary 
aspect of nonlinear function can be obtained by having 
self-connection on the input neuron of sigmoidal firing 
function .The recurrent weights are in the range [-1 , +1 ] 
with normal distribution. This is a special case of locally 
recurrent, globally feed-forward neural network [28]. The 
RRBFN output for Gaussian basis function is as indicated 

in (8).Where ˆ(.)y  is the predicted time series, n is the 
number of step prediction and j is the number of neurons 
in the input layer of RRBFN system 
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  The proposed architecture of RRBFN based FNCAC 
model is shown in Figure 3.  The FNCAC takes the 
network characteristics of the three networks taken for the 
study and the requirements of the incoming traffic is taken 
as inputs. The cost is considered as the bias input .The 
neural network based Call admission control   involves 
training and testing of RRBFN based CAC controller. The 
training and testing samples are randomly picked from the 
sample size of 1000. The RRBFN network has four layers: 
input, two hidden layers and output layer .For the training 
and testing, we have used 250 neurons in the input layer 
with sigmoid activation function and with the recurrent 
connections. The range of recurrent weights is -1 to +1. 
The hidden RRBF layers have 200 neurons with RBF 
activation function and output layer has single neuron with 
linear activation. 

5. Simulation Results and Discussion 

  In this section, we present the numerical results and 
compare the call blocking probabilities of the different 
types of traffic. The set of experiments were conducted 
with varying the aggregate traffic and individual traffic of 
the network and the call blocking probability of Fuzzy 
neural technique was compared with the conventional 
CAC and Fuzzy based CAC. The aggregate utilization rate 
of the calls was considered with the call blocking 
probability of the FNCAC, conventional CAC and Fuzzy  

 

 

based CAC.As the combined traffic intensity increases the 
utilization rate also increases. The Fuzzy neural CAC 
model exhibits better performance in reducing the  call 
blocking probability of the aggregate traffic which is 
assumed to have the varied traffic component of type1, 
type2 and type3 traffic. The performance comparison of 
fuzzy neural method, convention CAC and fuzzy based 
CAC is plotted in figure 4. 

 The next set of experiments was conducted to compare 
the call blocking    probabilities of the individual traffic in 
Fuzzy neural based CAC. The type1 traffic has minimal 
call blocking probability when compared type2 and type3 
traffic and also type3 traffic has higher call blocking 
probability when compared to type2 and type1 traffic. The 
simulation results in figure 5 shows that the call blocking 
probability of the individual types of traffic will increase 
with the increase in the utilisation rate.  The next set of 
experiments were conducted by considering only one type 
of traffic and the call blocking probability of the system 
was plotted for Fuzzy neural technique in comparison with 
the conventional CAC and Fuzzy based CAC . The graph 
in figure 6 considers only type1 traffic in the system, 
figure 7 indicates the blocking probability of type2 traffic 
for all the three systems .Type3 traffic is considered 
independently in the system and call blocking probability 
was studied and is represented in figure 8.The study 
clearly indicates that the performance of the FNCAC is 
better than the other two CAC methods in terms of 
reduced call blocking probability. 

6. Conclusion 

In this paper, the performance of FNCAC system for 
next generation networks   is compared and validated with 
the performance of fuzzy based CAC and conventional 
CAC.The Performance of FNCAC model in the 
heterogeneous RATs supporting multimedia traffic is 

     NC1 

NC2 

NC3 

TC 

Input layer 
Output Layer  

      Hidden layers 
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Figure 3  Fuzzy Neural CAC (FNCAC) model 
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studied pitching upon the call blocking probability by 
varying the utilization rate of the aggregate traffic and the 
individual traffic. The simulation study conducted records 
the following observations. The increase in the utilisation 
rate increases the call blocking probability of the system 
for both the aggregate traffic and the individual traffic. 
The experiment results indicate that the fuzzy neural CAC 
reduces the blocking probability by around 20% less 
compared to other   two methods. 

 

 
 Figure 4 Call blocking probability for the Utilization rate (aggregate)  

 

 

Figure 5 Individual traffic utilisation rate v/s FNCAC call blocking 
probability 

 

Figure 6 Call blocking probabilityforType1 Traffic 
 

                 

              Figure 7 Call blocking probability for type 2 traffic 

 

           Figure 8 Call blocking probability for type3 traffic 
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Abstract  
Association rule mining aims to explore large 
transaction databases for association rules. 
Classical Association Rule Mining (ARM) 
model assumes that all items have the same 
significance without taking their weight into 
account. It also ignores the difference between 
the transactions and importance of each and 
every itemsets. But, the Weighted Association 
Rule Mining (WARM) does not work on 
databases with only binary attributes. It makes 
use of the importance of each itemset and 
transaction. WARM requires each item to be 
given weight to reflect their importance to the 
user. The weights may correspond to special 
promotions on some products, or the profitability 
of different items.  
This research work first focused on a weight 
assignment based on a directed graph where 
nodes denote items and links represent 
association rules. A generalized version of HITS 
is applied to the graph to rank the items, where 
all nodes and links are allowed to have weights. 
This research then uses enhanced HITS 
algorithm by developing an online eigenvector 
calculation method that can compute the results 
of mutual reinforcement voting in case of 
frequent updates. For Example in Share Market 
Shares price may go down or up. So we need to 
carefully watch the market and our association 
rule mining has to produce the items that have 
undergone frequent changes. These are done by 
estimating the upper bound of perturbation and 
postponing of the updates whenever possible. 
Next we prove that enhanced algorithm is more 
efficient than the original HITS under the context 
of dynamic data.   
 

 
 
Keywords: Association Rule Mining,  Weighted 
Association Rule Mining, HITS, Online HITS, 
Dynamic Content 
 
1. Introduction 
 
Association Rule Mining aims to explore large 
transaction databases for association rules, which 
may reveal the implicit relationships among the 
data attributes [1]. It has number of practical 
applications, including classification, text 
mining, Web log analysis, Share Market and 
recommendation systems. The classical model of  
association rule mining employs the support 
measure, which treats every transaction equally.   
In contrast, different transactions have different 
weights in real-life data sets. For example, in the  
market basket data, each transaction is recorded 
with some profit. Much effort has been dedicated  
to association rule mining with preassigned 
weights. However, most data types do not come 
with such preassigned weights, such as Web site 
click-stream data. There should be some notion 
of importance in those data. For instance, 
transactions with a large amount of items should 
be considered more important than transactions 
with only one item. Current methods, though, are 
not able to estimate this type of importance and 
adjust the mining results by emphasizing the 
important transactions [1].  
The concept of association rule mining proposes 
the support-confidence measurement framework 
and reduced association rule mining to the 
discovery of frequent item sets. WARM 
generalizes the traditional model to the case 
where items have weights. WARM requires for 
each item to be given weight to reflect their 
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importance to the user. The weights may 
correspond to the profitability of different items. 
As more  
data is gathered, which are frequently getting 
updated, the construction of the graph should be 
dynamic instead of static. Using Online Hits 
algorithm, the graph can be constructed 
dynamically and the cost can be reduced by 
postponing updates whenever possible. By 
calculating Eigen values we are enforcing the 
mutual reinforcement relationship between the 
items. 
  
This HITS algorithm is suitable only for static 
content. 
1) They work well in environments where no 
dynamic updation is possible.  
2) They fail to capture the rich informations that 
lie within the patterns of user access or in the 
structure that can be defined by user group 
implicitly. 
 
In this paper, we propose to replace the HITS 
algorithm with Online HITS algorithm which 
reduces the cost by postponing the updates 
whenever possible and makes it more suitable for 
Dynamic environments. HITS algorithm 
normally used for web pages, but it can also be 
used for transactional datasets from which we 
can calculate the hub and authorities, based on 
which the graph is constructed. The general 
HITS algorithm is too costly to run on every 
update. When the updates are accumulated we 
run online HITS once. This way cost is reduced. 
Another advantage of online HITS is that service 
of user queries, updating the Eigen vector of the 
given Matrix A and running of Online HITS can 
be made as separate activities.  
The rest of the paper is arranged as follows: 
section II Introduction to the basic concepts of 
Online HITS algorithm; Section III gives an 
evaluation and analysis of the HITS algorithm in 
dynamic Environment; section IV addresses the 
evaluation and analysis of Online HITS 
algorithm in Dynamic Environments.  Section V 
concludes the paper. 
 
 
2. Basic concept of Online HITS algorithm 
 
Consider the Matrix A, which is created based 
on the transactions and the items within each of 
those transactions. It will be having the values of 
the rules that are going to be considered for 
mining. The rankings say, x and y, correspond to 

the principal eigenvectors of the matrix ATA and 
AAT, respectively. Even a single update to the 
user access will correspond to a perturbation of 
the A matrix. Depending on the weight function 
selected, it can change the behaviour of a single 
element or a row of elements of the matrix A. In 
either case the changes to the behaviour are 
local. These changes in behaviour may cause 
variations to the principal eigenvector of ATA 
(and AAT).If we can find the relationship 
between the variation of x and y and the 
behavioural changes to the matrix A, we can 
check each update to see whether it will cause 
too much changes to x and y. If the change is 
within acceptable precision, we can postpone 
applying the update thus avoid running Online 
HITS for it. When the accumulated updates 
cause too many changes to the behaviour, we 
apply all the changes together and run Online 
HITS once. In this way the cost of running the 
algorithm frequently can be reduced. Such an 
algorithm is called as Online HITS. Another 
advantage of this approach is that service of user 
queries and updating the matrix A and running of 
Online HITS can be made separate. The system 
can update the matrix A and run Online HITS in 
background, and continue servicing user queries 
with old results that we are confident to be 
within certain range from the latest ones. Users 
can enjoy the service without any disturbances. 
For us, the continued accumulation of data and 
constructing the graph based on that is an 
inherent feature and the results we produce are 
the best guess based on the data we have so far. 
It is too good for the results to undergo dramatic 
change, which reflects the update of the latest 
trends and techniques about the world. Rather, 
we are interested in the bound of the change so 
that we can perform the tasks more efficiently. In 
addition, the conclusions are considered only to 
apply to unweighted graphs represented by 
adjacency matrices. Online HITS algorithm uses 
2 main concepts, namely the computations of 
eigengap and perturbation. They have to be 
performed efficiently otherwise the cost of 
computing them would affect the saving of not 
running HITS. They will be addressed in the 
following subsections. 
 
3. Computation of Eigengap 
 
Eigengap is nothing but the difference between 
the largest and second largest Eigen values 
namely λ1 and λ2. The original HITS algorithm 
is essentially a power method to compute the 
principal eigenvector of S. It can be revised 
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easily, without adding complexity, to produce λ1 
and ¸ λ2 as byproducts. 
Two modifications to the original HITS 
algorithm are introduced: 
1. Find the two eigenvectors λ1 and λ2, instead 
of finding only the principal eigenvector. This 
can be done by using the block power method. 
Initially, start with two orthogonal vectors, 
multiply them all by S, then apply Gram-
Schmidt to orthogonalize them. This is a single 
step. Iterate until they converge. In the Hits 
algorithm replace this step with the step that 
calculates principle Eigen vector. 
2. HITS ensure convergence by normalizing the 
vector at each step to unit length. Instead, we 
normalize each vector by dividing them by their 
first non-zero element. They still converge to the 
two eigenvectors and the scaling factors 
converge to λ1 and λ2. 
The above modifications introduce extra 
computation of one eigenvector and Gram-
Schmidt orthogonalization. The Extra 
computation doubles the work of HITS and 
the order of doing orthogonalization is O(n). 
The total complexity is the same as HITS 
which is O (mn). 
 
4. Evaluation and Analysis of HITS in 
Dynamic Environments 
 
The usage of HITS lies in the hope that the 
updates may not cause too many changes (too 
much perturbation) to the ranking so that 
recomputation is avoided. In the situations where 
data is accumulating, running the HITS only 
once may not provide the correct support values 
since ranking of items is done only once and it is 
not updated frequently. The other disadvantage is 
that sometimes a transaction with few items may 
be a good hub, which is ignored by HITS. It also 
does not consider the difference between 
transactions. We have taken the customer 
complaints database where the updates are more 
frequent. 
HITS Algorithm will first discover the 
authoritative between 2 transaction items. Given 
the set of n items, HITS first construct the n-by-n 
adjacency matrix A. The elements in row i and 
column j of the Matrix is 1 if there exists a 
relation between these 2 items, otherwise the 
value will be 0. 
We have tested the HITS Algorithm against the 
Customer Complaints Database. The results of 
which are shown below.  
 

Table1: Results of Complaint database using 
HITS Algorithm 
 
Complaint 
Type 

Support 
Values 

Complaint 1 0.97 
Complaint 2 0.95 
Complaint 3 0.98 
Complaint 4 0.97 
Complaint 5 0.98 
Complaint 6 0.99 
Complaint 7 1.00 
Complaint 8 0.95 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Fig 1: Graph using HITS 
 
 
5. Evaluation and Analysis of Online HITS in 
Dynamic Environments 
 
The Online HITS algorithm is nothing but a 
process of constructing an access based graph. 
Each single update of a user or every change of 
the item is taken to correspond to a perturbation 
to a matrix A. The weight function selected can 
perturbate a single element of the matrix A or 
row of elements in the matrix A. In any of these 
cases the Perturbation is always local. This will 
affect the Eigen vector of the matrix ATA and 
AAT. If we can find the relationship between the 
changes of the ranking to principle eigen vector 
of ATA and AAT which are called as x and y 
values, we can check each update to see if it will 
cause too much changes to x and y. On verifying 
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that the variation is within acceptable threshold 
level of precision, we can postpone applying the 
update thus avoid running Online HITS for it. 
Thus the Online HITS takes into account the 
current variations that happen dynamically, and 
the algorithm reflects a true dramatically 
changed, updated system knowledge of the 
current world. Online HITS constantly monitors 
the changes and performs operations. The results 
of our test are shown in the following figures. 
 
Table2: Results of Complaint database using 
Online HITS Algorithm 
 

Complaint 
Type 

Support 
Values 

Complaint 1 0.98 
Complaint 2 0.96 
Complaint 3 0.99 
Complaint 4 0.99 
Complaint 5 0.99 
Complaint 6 0.99 
Complaint 7 1.00 
Complaint 8 0.97 

 
For the above table the figure is shown as below:  
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Fig2: Graph using Online HITS 

 
Note that we are not testing how well the ranking 
produced by Online HITS (or HITS) fits the real 
ranking which is a rather qualitative and 
subjective measure. Instead, we are examining 
Online HITS's algorithmic properties and how it 
performs more efficient than original HITS in a 
dynamic system. 
 
6. Conclusion 
 
We extended the HITS hyperlink analysis algorithm to 
make it applicable for analyzing weighted graphs. Our 

generalizations are in two directions. First, we 
replaced the construction of static graph to the 
construction of dynamic graph by finding out the 
Eigengap. Second, we created an online eigenvector 
calculation method that can compute the results of 
mutual reinforcement voting efficiently in case of 
frequent updates by estimating the upper bound of 
perturbation and postponing applying the updates 
whenever possible. Ie. Till the variations are within 
the applicable limit, we won’t run the Online HITS 
algorithm. Both theoretical analysis and experiments 
show that our generalized online algorithm is more 
efficient than the original HITS under the context of 
dynamic data. 
We are going to enhance the association rule for 
dynamic content based on fuzzy logic and mutual 
reinforcement voting. 
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Abstract 

Resource management and scheduling plays a crucial role in 
achieving high utilization of resources in grid computing 
environments. Due to heterogeneity of resources, scheduling an 
application is significantly complicated and challenging task in 
grid system. Most of the researches in this area are mainly 
focused on to improve the performance of the grid system. 
There were some allocation model has been proposed based on 
divisible load theory with different type of workloads and a 
single originating processor. In this paper we introduce a new 
resource allocation model with multiple load originating 
processors as an economic model. Solutions for an optimal 
allocation of fraction of loads to nodes obtained to minimize the 
cost of the grid users via linear programming approach. It is 
found that the resource allocation model can efficiently and 
effectively allocate workloads to proper resources. 
Experimental results showed that the proposed model obtained 
the better solution in terms of cost and time.   
.  
 
Keywords: Grid Scheduling, Resource management, Workload 
distribution, Economic model, Cost Optimization 

1. Introduction 

One of the most complicated task in Grid computing is 
the allocation of resources for a process; ie., mapping of 
jobs to various resources. This may be a NP-Complete 
(Non-deterministic Polynomial time) problem. For 
example, mapping of 50 jobs into 10 resources produces 
1050 possible mappings. This is because every job can be 
mapped to any of the resources. In our case the allocation 
is in terms of co-allocation which means that the job is 
executed on a number of resources instead of single 
resource. Here resource means processors which are 
involved in the scheduling process. We used resources 
and processors simultaneously. The other complexity of 
resource allocation is the lack of accurate information 
about the status of the resources. Load balancing and 
scheduling play a crucial role in achieving utilization of 
resources in grid environments [20].  
  
Much of the work was done on finding an optimal 
allocation of resources in Grid computing environments. 
The scheduling schemes are divided into two main 
categories; conventional and economical. The 
conventional strategies consider the overall performance 

of the system as a metric for determining the system 
quality. It does not take the cost as factor for scheduling 
jobs on resources and treat all resources as the same at 
all. Some examples are SmartNet, AppleS Project, 
Condor-G, NetSolve etc. In economic strategy, cost is 
considered as essential factor for scheduling jobs. The 
user is charged based on the utility of the resources in the 
Grid system. Some of the works consider the economic 
strategies which deals with the price of resources when it 
needs to allocate jobs to resources and that price usually 
reflects the value of the resource to the user.  
 
Task scheduling is an integrated part of parallel and 
distributed computing. The Grid scheduling is 
responsible for resource discovery, resources selection, 
job assignment and aggregation of group of resources 
over a decentralized heterogeneous system; the resources 
belong to multiple administrative domains. The resources 
are requested by a Grid application, which use to 
computing, data and network resources etc. However, 
Scheduling an applications of a Grid system is absolutely 
more complex than scheduling an applications of a single 
computer. Because to get the resources information of 
single computer and scheduling is easy, such as CPU 
frequency, number of CPU’s in a machine, memory size, 
memory configuration and network bandwidth and other 
resources connected in the system. But Grid environment 
is dynamic resources sharing and distributing. Then an 
application is hard to get resources information, such as 
CPU load, available memory, available network capacity 
etc. And Grid environment also hard to classify jobs 
characteristic, that run in Grid. There are basically two 
approaches to solve this problems, the first is based on 
jobs characteristic and second is based on a distributed 
resources discovery and allocation system. It should 
optimize the allocation of a job allowing the execution on 
the optimization of resources. The scheduling in Grid 
environment has to satisfy a number of constraints on 
different problems. 
 
 The existing scheduler used in TeraGrid and other 
notable computing grids are dedicated for research 
purpose and based on deadlines, resource availability, 
and the description of resources required by a job. 
Because TeraGrid and most other grid computing 
implementations are not employed in profit seeking 
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firms, the dollar cost of running jobs is not taken into 
account in arriving at the optimal schedule. Instead, the 
scheduling is evolved by matching resources and 
applications with the objective of improving the hardware 
performance. As grid computing migrates from scientific 
to business uses, the allocation of workloads to resources 
to meet business objectives, such as overall time, cost, or 
revenue becomes important aspect. This paper introduces 
a novel frame work for economic scheduling in Grid 
computing using the mathematical model. 
 
This paper is organized as follows: section 2 presents the 
related works, the resource allocation model is discussed 
in the section 3, section 4 describes the design of resource 
allocation, the experimental results for the proposed 
model and the conclusion are discussed in the section 5 
and section 6 respectively. 

2. Related works 

To date several grid scheduling algorithms have been 
proposed to optimize the overall grid system 
performance. The study of managing resources in the 
Grid environment started from 1960s. The economic 
problem [14] results from having different ways for using 
the available resource, so how to decide what is the best 
way to use them. Utilization of Grid must be cheaper for 
the Grid user than purchasing their own resources [10] 
and must satisfy their requirements. On the other hand, 
resource providers must know if it is worth to provide 
their resources for usage by the Grid users. Also the 
pricing of resources should not be per time unit or slot 
(eg. cost per minutes) [9]. Because it leads to big 
difference in speeds of processors, so the price per unit 
time of a processor might cheaper, but the user must pay 
large amount of money due to slow processing resources. 
Moreover the users have to know how many time units 
they need to finish their jobs. Thus the cost of Grid user 
must be determined based on the tasks the resource is 
processing. 
 
Deadline scheduling algorithm [18] is one of the 
algorithms which follow the economic strategy. In aim of 
this algorithm, to decrease the number of jobs that 
doesn’t meet their deadlines. The resources are priced 
according to their performance. This algorithm also has a 
facility of fallback mechanism; which can inform the grid 
user to resubmit the jobs again, the jobs which are not 
met the deadline of the available resources. Nimrod/G [3, 
4] includes four scheduling algorithms which are cost, 
time, conservative time and cost-time. Cost scheduling 
algorithm tries to decrease the amount of money paid for 
executing the jobs with respect to the deadline. Time 
scheduling algorithm attempt to minimize the time 
required to complete the jobs with respect to their budget 
allotment. The conservative time scheduling algorithm 
aims to execute the jobs within the stipulated budget and 
the deadlines. The cost-time scheduling algorithm works 

as cost scheduling algorithm except that when there are 
two or more resources with the same price, it employs 
time scheduling algorithm. It is not dealing with co-
allocation. 
 
The effective workload allocation model with single 
source has been proposed [1] for data grid system. 
Market-based resource allocation for grid computing [8] 
supports time and space shared allocations. Furthermore 
it supports co-allocation. It is supposed that resources 
have background load which changes with time and that 
has the highest priority for execution, so they are not 
fully dedicated to the grid. Gridway [11] is an agent 
based scheduling system. It aims that to minimize the 
execution time, total cost and the performance cost ratio 
of the submitted job. Market economy based resource 
allocations in Grids [16] are an auction based user 
scheduling policies for selecting resources were 
proposed. GridIs [20] a P2P decentralized framework for 
economic scheduling using tender model. The author tries 
to perform the process without considering the deadline 
and the algorithm is implemented with the help of a 
variable called conservative degree, its value between 0 
and 1.  
 
The time and cost trade-off has been proposed [7] with 
two meta-scheduling heuristics algorithms, that minimize 
and manage the execution cost and time of user 
applications. Also they have presented a cost metric to 
manage the trade-off between the execution cost and 
time. Compute power market [6] is architecture 
responsible for managing grid resources, and mapping 
jobs to suitable resources according to the utility 
functions used. Parallel virtual machine [2, 17] enables 
the computational resources to be used as if they are a 
single high performance machine. It supports both 
execution on a single and multiple resources by splitting 
the task into subtasks. Grid scheduling by using 
mathematical model was proposed [12, 13] with equal 
portion of load to all the processors; ie., the entire 
workload received from a source is equally divided and a 
portion of load is assigned to a processor with the help of 
random numbers to divide the entire workload from a 
source. The work closest to ours is [3] where the authors 
proposed the algorithm that claims to meet budget and 
deadline constraints of jobs. However, the algorithm 
proposed is ad-hoc and does not have an explicit 
objective. 

3. Resource Allocation Model 

A generic grid computing system infrastructure 
considered here comprises a network of supercomputers 
and/or a cluster of computers connected by local area 
networks, as shown in Figure. 1. We consider the 
problem of scheduling large-volume loads (divisible 
loads) within a cluster system, which is part of a grid 
infrastructure. 
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We envisage this cluster system as a cluster node 
comprising a set of computing nodes. Communication is 
assumed to be predominant between such cluster nodes 
and is assumed to be negligible within a cluster node. The 
underlying computing system within a cluster can be 
modeled as a fully connected bipartite graph comprising 
sources, which have computationally intensive loads to 
be processed (very many operations are performed on 
them) and computing elements called sinks, for 
processing loads (data). To organize and coordinate 
distributed resources participating in the grid computing 
environment, we utilize the resource model which contain 
more than one sources and resources, based on which the 
uniform and scalable and allocating computational 
resources are identified. 
 
We assume a star like structure with a scheduler as the 
central component; acts as a controller to the model. The 
right side of the scheduler is a set of processors 
(processing elements) to execute the jobs assigned by the 
scheduler. The other side of the scheduler are a set of 
sources; grid users. The scheduler collects the load from 
all the sources and distribute to a set of processors p1, p2, 
. . . ,pn. Initially all the loads are held by the scheduler. 
All the communications are starts from the scheduler and 
there is no direct communication between the processors. 
For simplicity here we are assuming that the scheduler is 
only communicating with processors to distribute the 
loads and get back the result.  In a dynamic Grid 
environment, nodes may join or leave frequently, and 
nodes status may change dynamically. In our model, we 
are considering the environment as static; i.e. once the 
node joined in the scheduling process it has to active in 
the entire processing schedule. But in divisible load 
theory all the resources has to involve or process all 
source’s workload portion. In this model we are not 
compelling all the resources to process the entire source’s 
workload portion, instead only the selected set of 
resources can participate to perform the portion of load 
from a source. The contribution of this paper is that we 

propose unequal division of load from a resource with 
respect to the processor capacity and the availability and 
the divisible load is assign to a set of processors 
participated in the scheduling process. Now, we shall 
formally define the problem that we address. 

4. Workload Distribution Model 

We assume that a star like structure with a set of p-
processors (processing elements). The central component 
is the scheduler/broker. The scheduler collects the loads 
from all the grid users called as sources and distribute to 
a set of processors p1, p2, . . . ,pn. The sources are the grid 
users; who need to use the grid system to perform some 
task. Initially all the loads are held by the scheduler. All 
the communications are starts from the scheduler and 
there is no direct communication between the processors. 
For simplicity here we are assuming that the scheduler is 
only communicating element with resources/processors 
to distribute the loads and get back the result.  
 
In our system we are considered that there is no 
communication delay to submit a portion of load to a 
processor. Also the result returning time is negligible. All 
the processor starts processing only after receiving entire 
workload which is assigned by the scheduler to them with 
their capacity. Also we assume that processors have 
independent communication hardware which allows for 
simultaneous communications and computations on the 
previously received loads. Additional constraints may be 
imposed on the processors to the existence of other more 
urgent computations or maintenance periods the 
availability of processor pi may be restricted to some 
interval [ri, di]. Where ri be the release time of the 
processor pi and di be the deadline of the processor pi. By 
such a restriction we mean that computations may take 
place only in the interval [ri, di]. A message with the load 
may arrive or start arriving before ri. We assume that 
computations start immediately after the later of the two 
events: ri or the load arrival. The computation time must 
be fit between the later of the above two events. 
 
Here we are assuming that the loads are received from 
different sources with different capacity and each load 
become divisible without any restriction. Each loads 
received from the different sources are divided into set of 
different tasks (portion of workload). Maximum of one 
task may be assigned or allotted to a processor. The load 
portion is depends upon the capacity of the processor. 
Suppose, if there are m number of sources {S1, S2, . . . , 
Sm }and n number of processors {P1, P2, . . . , Pn}and the 
workloads from each sources become L = {L1, L2, . . . , 
Lm}. Where L1 be the total workload received from the 
source S1 and so on. Each workload Li may be divided 
into T1, T2 . . . . The load L can be reordered by the 
scheduler to achieve good performance of the 
computation. The scheduler splits the workload into tasks 
and sends them to processors to perform the specified 

 
scheduler 

 P1 

 P2 

 P3 

 Pn 

S1 

S2 

S3 

Sm 

. 

. 

. 

. 

. 

. 

Fig 1: Resource Allocation Model 
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process. Only a set of processors may be used to perform 
the workload of a source.  
 
We will denote αij be the size of the task assigned to the 
processor pj. It is expressed in load units (eg. in bytes). If 
αij=0 implies that pj is not in the set of processor selected 
to perform the process of ith source workload. The total 
workload from a source is the sum of sizes of the 
workload parts. ie. ∑αij = Li. Not only pj selected by the 
scheduler, but also the sequence of activating the 
processors in pj and the division of load Li into chunks αij. 
Here we are considered the processors are unrelated 
processors, its communication links and start-up time are 
specific for the task. Similarly the processor computing 
rates depends on the processor and the task. Let zj be the 
communication rate of the link to processor pj perceived 
by task Tj. Transferring the portion of workload unit αij to 
pj takes zjαij time units. Let tj be the processing rate of 
processor pj perceived by task Tj. To process αij portion 
of load by processor pj takes tjαij time units. Let cj the 
processing cost to process the potion of workload Tj. The 
total processing cost to process a portion of workload αij 
by the processor pj becomes cjαij cost units.   
 
In this work we analyze the complexity of scheduling the 
divisible loads L1, L2, . . . , Lm of sizes T1, T2 . . . . on n 
parallel processors P1, P2, . . . , Pn which are 
interconnected together. We assume that the processors 
have sufficient memory buffers to store the received 
portion of workloads and computations. All the processor 
will start processing immediately after receiving their 

entire portion of workloads. One processor can process 
more than one source’s portion of workload.  
 
By constructing a schedule the scheduler decides on the 
sequence of the tasks, the set of processors assigned to 
each portion of workloads, the sequence of processor 
activation and the size of the load parts. Our objective is 
to minimize the usage of the grid user cost. In this paper 
we assumed that there no separate start-up time for 
individual processors and there is no fixed cost to utilize 
the processors. All the processors are dedicated 
processors. But practically it is not possible, to simplify 
our model as well as reduce the number of variables and 
constraints. The following notations are used to formulate 
the mathematical model 

 
cj - Amount to spend to utilize jth processor 
αij - Portion of workload from ith source to jth processor 
xij - Binary variable  
di - Deadline to complete the ith source job 
bi - Budget allotted for the ith source job 
sj - Schedule period of jth processor 
tj - Time required to perform operation on one unit of 

job by jth processor 
ωi - Total workload of ith source 
zj - Time taken to transfer a unit of workload to jth 

processor 
sj - Scheduled time ith source 
 
 
 
 

Minimize 
 

j ij ij

i j

c x
      . . . . . . . . . (1) 

Subject to 
 

j ij ij j ij ij i

i j i j

z x t x d       . . . . . . . . . (2) 

           

               j ij ij j ij ij i

i j i j

z x t x s      ; j  . . . . . . . . . (3) 

 

            j ij ij i

i j

c x b     . . . . . . . . . (4) 

                                       ij i

j

    ; i  . . . . . . . . . (5) 

           1ij

i

x    ; j  . . . . . . . . . (6) 

                0ij    ; ji,  . . . . . . . . . (7) 

  0,1ijx    ; ji,   . . . . . . . . (8) 
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                    0js    ; j  . . . . . . . . . (9) 

       0jz    ; j  . . . . . . . . . (10) 

        
The objective is to minimize the total cost of the grid 
user those who are assigning job to the grid system. 
The equation (1) represent the cost of all jobs that are 
being assigned to a resource is the objective function. 
The equation (2) to (8) specifies the constraints used 
the mathematical model. The constraints (2) represent 
the deadline associated with each sources. Constraints 
(3) match the workload within the availability of 
resources. Constraints (4) are the budget for each 
source’s workload. Constraint (5) represents the total 
workload of each sources involved in the scheduling 
process. Constraints (6) makes sure that a portion of 
workload is assigned to only one resource; ie., there is 
no overlap between processing of workloads. 
Constraint (7) makes sure that a portion of workload 
divided from the total workload becomes a whole 
number. Constraint (8) is to set the binary value either 
0 or 1. The constraints (9 and 10) are non-negativity 
constraints. 

5. Experimental results 

Let us assume that the Grid system consists of five 
processors (resources) namely P1, P2, P3, P4, and P5 
with four sources S1, S2, and S3 are trying to utilize the 
grid system to execute their workloads.  

 

Table I : Details of Processors Capacity 

Processor 
Processing 
time/ unit 
workload 

(min) 

Processing 
cost  (Rs.) 

Available 
time (min.) 

P1 3 4 60 

P2 4 3 60 

P3 5 2 80 

P4 4 3 110 

P5 3 5 110 

 
Table I shows that the processor’s involved in the Grid 
system, the processing capacity of each processor per 
unit workloads, the processing cost of each processor 
to execute a unit workload and available time of each 
processors. Table II shows that the details of the 
different sources which are trying to utilize the grid 
system, total workload of each sources and the budget 

allotted to the each sources to complete their workloads 
and the expected time to complete the process of each 
workloads. Using the details given in the table we have 
formed the mathematical model and solved the 
equation using LINGO package. After execution of the 
mathematical model, the maximum cost to spend for 
processing all the three sources workloads are Rs.1457.  

 

Table II : Details of  Workloads of sources, Budget and Finish Time 

Sources 
Work 
Loads 
(MB) 

Budget 
(Rs) 

Dead 
Line 

(min.) 

S1 30 120 100 

S2 35 135 130 

S3 45 180 175 

 
 

Table III : Allocation of Processors 

Sources Processor 
Allotted 

Allotted 
Workloads 

Time 
taken to 
complete 

S1 

P1 18 

100 P2 10 

P5 2 

S2 

P3 7 

129 P4 10 

P5 18 

S3 

P2 5 

174 
P3 9 

P4 16 

P5 15 

 
 

Table III shows the details of workload allotment to the 
processors involved in the process. From the table it is 
clear that the total workload of S1 is divided into three 
parts, the total workload of S2 is divided into three parts 
and the total workload of S3 is divided into four parts 
and allotted into processors. Also it shows that the 
completion time of each source’s workloads 
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6. Conclusion 

In this study, we have developed an effective iterative 
model for optimal workload allocation. The proposed 
model is proposed for load allocation to processors and 
links for scheduling divisible workload applications. 
The experimental results showed that the proposed 
model is capable of producing almost optimal solution 
for multiple sources scheduling with static and 
dedicated resources. Hence the proposed model can 
balance the processing loads efficiently. We are 
planning to adapt the proposed model in dynamic 
environments. With such improvements the proposed 
model can be integrated in the existing grid scheduler in 
order to improve their performance. 
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Abstract 

This paper presents a variation of Apriori algorithm that 
includes the role of domain expert to guide and speed up the 
overall knowledge discovery task. Usually, the user is 
interested in finding relationships between certain attributes 
instead of the whole dataset. Moreover, he can help the mining 
algorithm to select the target database which in turn takes less 
time to find the desired association rules. Variants of the 
standard Apriori and Interactive Apriori algorithms have been 
run on artificial datasets. The results show that incorporating 
user’s preference in selection of target attribute helps to search 
the association rules efficiently both in terms of space and time. 

Keywords: Domain, association rule, data mining, Apriori, 
interactive Apriori. 

1. Introduction 

Association rule is described as an associational 
relationship between a group of objects in a database 
[13]. Let D be a transaction database and I = {i1, i2, ..im} 
be an itemset. Transaction database D contains a 
sequence of transactions T = {t1, t2, .. tn} (where T   I) 
with a sole identifier. An association rule X→Y may be 
discovered in the data where X and Y are conjunctions of 
items and X ∩ Y = . The intuitive meaning of such a 
rule is that transactions in the database which contains 
the items in X tend to also contain the items in Y. The 
user supplies minimum support and confidence 
thresholds. The support of the rule X→Y represents the 
percentage of transactions from the original database that 
contain both X and Y. The confidence of the rule X→Y 
represents the percentage of transactions containing 
items in X that also contains items in Y. A rule that 
satisfies both minimum support and minimum 
confidence at the same time has been described as strong 
rule in the literature [2].  
 
All the rules that meet the confidence threshold are 
reported as rules mined by the algorithm. The process of 
mining of association rules is broken up into two steps 
[3]: 
 
(i) Find all the frequent itemsets in the database (i.e. the 
itemsets with support greater than the minimum support). 

 
 
 
(ii) The confidence of the rule X→Y that satisfy 
minimum support is calculated as follows: 
 
Confidence(X→Y) = support(XY)/support(Y) 
 
1.1 Literature Survey 
 
Association rules were first introduced by Agarwal et. al. 
in [1]. Their subsequent paper [3] discusses Apriori 
algorithm that is considered as one of the most important 
contributions to the subject of data mining. Although, 
other algorithms such as AIS [2] and SETM [7] are also 
available for mining association rules, yet Apriori 
remains the most widely used approach for generating 
frequent itemsets. The algorithm accomplishes the 
searching of frequent itemsets in recursive order. It first 
scans the database D and calculates the support of each 
single item in every record I in D, and denotes it as C1. 
Out of the itemsets in C1, the algorithm computes the set 
L1 containing the frequent 1-itemsets. In the kth scan of 
the database, it generates all the new itemset candidates 
using the set Lk-1 of frequent (k-1) itemsets discovered in 
the previous scanning and denotes it as Ck. And the 
itemsets whose support is greater than the minimum 
support threshold are kept in Lk. This process is repeated 
until no new frequent itemsets are found. 

 
Table 1: Dataset D 

Tid Items 
10 AB 
20 ABE 
30 ABCE 
40 CD 

 
The Apriori approach of searching frequent itemsets is 
explained with the database of Table 1. The algorithm 
assumes the minimum support threshold to be “2”. 
Firstly, it initializes C1 as the set of all items, takes count 
of elements in it, and puts in L1 the elements satisfying 
the minimum support. Thereafter, set C2 is generated 
using L1 and count of the elements is computed from the 
scan of database D. The frequent itemsets from C2 are 
kept in the set L2. In the similar way, L3 is generated. As 
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there is a single itemset in L3, the set C4 is empty. So, this 
arithmetic comes to an end (min_support = 2). This has 
been explained in figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Finding set of candidate and frequent itemsets with 
Apriori. 
 
1.2 Generation of Association Rules  
 
With the generation of frequent itemsets, the process of 
finding association rules begins. For every frequent 
itemset  X, take non-empty subsets Y (YX , Y≠ ) 
such that confidence (Y→ (X-Y)) ≥ minconf, an 
association rule “Y→ (X-Y)” is reported where 
confidence can be ascertained with Equation (1). 
support_count(Y   X-Y) is the number of transactions 

containing itemsets (Y   X-Y) and support_count(Y) is 
the number of transactions containing itemset Y.  
 

confidence(Y→(X-Y))=
)(_sup

)((_sup

Ycountport

YXYcountport    (1) 

2. Mining with User’s Guidance  

Association rules are useful in data mining only if the 
mining analyst has a prior rough idea of what it is he is 
looking for. The key to knowledge discovery, therefore, 
is the user’s domain knowledge. The domain expert has 
useful knowledge about the database which is not 
explicitly presented in the database [9]. This highlights 
the fact that there is no algorithm that will automatically 
furnish everything that is of interest in the database. An 
algorithm that finds a lot of  useful rules will probably 
also find a lot of useless rules, while an algorithm that 
finds only a limited number of associations will probably 
also miss a lot of interesting information. 
 
This discussion indicates that domain user must be 
involved in the process of finding association rules in the 

data sets. The domain user provides his suggestions and 
demands on the data mining result that tunes the process 
of rule discovery instead of proceeding in an unguided 
manner. A modification of Apriori that contains user’s 
intervention in the processing of the algorithm is 
presented in the next section. The user at the first step 
provides some demands on the mining result that 
basically indicates what the user wants to see in the 
result. Accordingly the database is scrutinized on the 
particular attributes and it becomes the working database 
of the algorithm. Then the algorithm searches for 
associations among the attributes selected by the user.  In 
this manner the user gets the association rules without 
exploring the whole database. 

3. Interactive Association Rule Mining  

The approach of user interactive association rule mining 
is embodied in IAR algorithm. The IAR is a variation of 
Apriori algorithm. The Apriori algorithm typically 
identifies the patterns that occur in the whole database. 
But what if the user is interested in particular attributes 
and wants to check if there is some associational 
relationship containing the attributes in the database. In 
such case it is irrelevant to do exhaustive search in the 
database. The IAR algorithm includes interaction points 
for the domain user to give attribute specification if any. 
The database is then scrutinized according to the 
specified attribute(s) i.e. the transactions not containing 
the attributes given by the user are excluded and a 
working database is created. With this subset of the 
dataset, the Apriori procedure searches for frequent large 
itemsets. Although the search dataset is scrutinized but 
the support for the potential large itemsets is calculated 
with respect to the original database. The Interactive 
Association Rule (IAR) algorithm is presented in Fig 2. 

 
 

D′ := subset of D containing transactions having the  
 attributes specified by the user. 

// (D′ is the working database) 
L1:= {frequent 1-itemsets}; 
k:=2; //k represents the pass number. 
while(Lk-1≠  ) 

Ck:= new candidates of size k  
generated from Lk-1 

for all transactions tD 
increment count of all candidates in Ck  

that are contained in t 
Lk :=  all candidates in Ck 

with minimum support 
k := k+1 

Report Uk Lkas the discovered frequent itemsets 

C1 

C2 

C3 

L1 

L2 

L3 

Itemset Count 
{A} 3 
{B} 3 
{C} 2 
{D} 1 
{E} 2 

Itemset Count 
{AB} 3 
{AC} 1 
{AE} 2 
{BC} 1 
{BE} 2 
{CE} 1 

Itemset Count 
{ABE} 2 

Itemset Count 
{A} 3 
{B} 3 
{C} 2 
{E} 2 

Itemset Count 
{AB} 3 
{AE} 2 
{BE} 2 

Itemset Count 
{ABE} 2 
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Fig. 2. The Interactive Apriori Algorithm (IAR). 
 
Since searching the database for associational 
relationship is heavy task in large datasets, the time is 
saved as irrelevant records (in which user is not 
interested) are excluded from the database. The attributes 
in the database are randomly distributed; it may reduce 
the size of working dataset from half to even more 
fraction.  
 
Considering the same example database of Table 1, here 
is how IAR algorithm works. At first it takes attribute 
preferences from the user. Suppose the user is interested 
in attribute B and wants to see if there is any frequent 
itemset containing itemset B. The IAR algorithm, at the 
first step, scrutinizes the database and creates a working 
database D′ from D. D′ contains transactions containing 
attribute B only (table 2). D′ contains 3 transactions, Tid 
40 is not included in D′ as this doesn’t contain B. Size of 
the working database is thus reduced and it takes less 
time in all the scans of the database in the searching 
process of the algorithm. As shown in figure 3, the size 
of Ck and Lk get reduced starting from the first step. In 
this way there is no need to do an exhaustive search of 
the database if the user is interested in knowing the 
associational relationship containing a particular 
attribute. 

 
Table 2: Dataset D′ 

Tid Items 
10 AB 
20 ABE 
30 ABCE 

 
 

3.1 Generation of Association Rules using frequent 
itemsets 
 
The frequent itemsets found in the previous step are used 
to generate association rules. All the permutations and 
combinations of the items present in the frequent 
itemsets are considered as candidates for strong rules. A 
lot of rules will be generated in this way. A strong rule is 
one which has atleast minimum confidence which is 
computed by the Eq. (1) (see section 1.1). 
 
It is important to note that the discovered rules contain 
the user specified attributes on the LHS and derives other 
attributes in the database. If such a rule possesses high 
confidence level then it could be valuable in the 
marketing context for the organization. In this way a lot 
of time can be saved and the user trusts more in the 
discovered rules. 

 

 

 

 

 

 

 

 
Fig. 3. Finding set of candidate and frequent itemsets 

with IAR. 

4. Experimentation  

For the purpose of performance evaluation IAR 
algorithm in discovering frequent itemsets, both Apriori 
and IAR have been run on the same platform under same 
conditions. Various parameters were computed for the 
purpose of comparison and the results have been shown 
in tables 3 and 4 and figure 4. The experimental runs 
have been conducted with two support levels and 
different sized datasets. It has been found that the IAR 
algorithm always takes less time and storage space than 
the standard Apriori. The interesting information can be 
mined in a shorter time. The test dataset has 7 attributes. 
The data was generated by artificial transactions to 
evaluate the performance of the algorithm over a range 
of data characteristics. The attributes are numbered 
starting from 1 and going in sequence. Any database of 
real world can be used with this algorithm by converting 
the attribute names to 1, 2, 3 and so on.  
 
The algorithms use T-tree data structure to store frequent 
item set information. A T-tree is a “reverse" set 
enumeration tree where each level of the tree is defined 
in terms of an array. The storage requirement for each 
node (representing a frequent item set) in the T-tree is 12 
bytes for a) reference to T-tree node structure (4 Bytes), 
b) support count field in T-tree node structure (4 Bytes) 
and c) reference to child array field in T-tree node 
structure (4 Bytes) [8]. 
 
Both the algorithms were compared with respect to the 
number of nodes in the T-tree structure, updates required 
to in T-tree to find large itemsets and the storage of T-
tree in bytes as shown in Table 3 and 4. However the  

C2 

C3 

L1 

L2 

L3 

Itemset Count 
{A} 3 
{B} 3 
{C} 1 
{E} 2 

Itemset Count 
{AB} 3 
{AE} 2 
{BE} 2 

Itemset Count 
{ABE} 2

Itemset Count 
{A} 3 
{B} 3 
{E} 2 

Itemset Count 
{AB} 3 
{AE} 2 
{BE} 2 

Itemset Count 
{ABE} 2

C1 
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Table 3: Values of parameters with support level 20 percent 
 

 
 
 
 
 
 
 
 
 
 

 
Table 4: Values of parameters with support level 30 percent 
Data 
Size 

Number of frequent 
itemsets 

Number of nodes in 
T-tree 

Number of Updates 
required in T-tree 

Storage of T-tree in 
bytes 

Apriori IAR Apriori IAR Apriori IAR Apriori IAR 

2K 20 9 33 14 22630 8883 324 148 
10K 17 7 33 13 110607 40556 276 144 
30K 15 5 30 10 291806 85866 240 140 
50K 15 5 30 10 482533 141980 240 140 
120K 15 5 30 10 1167228 342575 240 140 
 
most important factor is time. IAR always takes less time 
than Apriori. The time comparison of both the algorithms 
is shown in Figure 4. It must be noted that the time taken 
and other parameters may differ for different runs as the 
data is generated randomly. Also the behaviour of IAR 
need not be same for different attributes specified by the 
user. But it always takes less time and storage than 
Apriori. It must also be noted that IAR does not do 
exhaustive search instead it finds association rule 
containing the attributes specification given by the user. 

    

(a) Support level 20% 

 

 

(b)  Support level 30% 
 
Fig. 4. Temporal performance of Apriori (red - upper) 

and IAR (blue – lower) ((a) & (b)). 

5. Conclusion 

Among the various data mining techniques, rules are the 
most appropriate for integrating human opinions, 
because human thoughts can be converted into rules 
relatively easier than into some other form. User’s 

Data 
Size 

Number of frequent 
itemsets 

Number of nodes in 
T-tree 

Number of Updates 
required in T-tree 

Storage of T-tree in 
bytes 

Apriori IAR Apriori IAR Apriori IAR Apriori IAR 

2K 31 15 43 20 26458 11722 496 244 
10K 32 13 45 19 132503 48566 504 212 
30K 28 13 41 19 336547 128218 476 248 
50K 30 15 42 18 574843 240544 484 272 
120K 28 15 41 21 1346085 589970 476 280 
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suggestions and demands can be incorporated in the 
process to transfer domain knowledge that results in less 
and shorter iterations within the knowledge discovery 
loop. 
 
This paper presents IAR algorithm that is a variation of 
standard Apriori algorithm to include user’s role in 
finding interesting association among items in a 
database. The two algorithm are compared using 
different data sizes and support levels. The IAR always 
outperforms Apriori and the performance enhances as the 
data size increases. The domain user’s knowledge may 
contribute the discovery of interested patterns.  
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Abstract 
Heterogeneous object design is an active research area in recent 
years. The conventional CAD modeling approaches only 
provide geometry and topology of the object, but do not contain 
any information with regard to the materials of the object and so 
can not be used for the fabrication of heterogeneous objects 
(HO) through rapid prototyping. Current research focuses on 
computer-aided design issues in heterogeneous object design. A 
new CAD modeling approach is proposed to integrate the 
material information into geometric regions thus model the 
material distributions in the heterogeneous object. The gradient 
references are used to represent the complex geometry 
heterogeneous objects which have simultaneous geometry 
intricacies and accurate material distributions. The gradient 
references helps in flexible manipulability and control to 
heterogeneous objects, which guarantees the local control over 
gradient regions of developed heterogeneous objects. A 
systematic approach on data flow, processing, computer 
visualization, and slicing of heterogeneous objects for rapid 
prototyping is also presented. 
Keywords: HO, Gradient Reference, Visualization, Slicing, 
Rapid Prototyping.  

1. Introduction 

The recent research focuses on computer-aided design 
issues involved in rapid prototyping of heterogeneous 
object. The primary goal of the present research is to 
develop systematic methodologies for heterogeneous 
object representations, visualizations, constructions and 
manipulations. The term ‘heterogeneous object’ is defined 
such that it can have different material composition within 
an object. There are three subclasses of heterogeneous 
object e.g. [12]:  

 
 

 Multiple materials object. 
 Object with sub-objects embedded. 
 Object without clear material boundary 

(Functionally graded materials, FGM). 
Traditional CAD systems, used for conventional design 
method, can only represent the geometry and topology of 
an object. No material information is available within the 
representation which is required for heterogeneous objects. 
With the capability to fabricate heterogeneous objects, 
functionally efficient and cost reducing designs can be 
realized.  Rapid prototyping (RP) techniques allow 
heterogeneous material objects to be produced using 3D 
CAD models by varying material composition region-
wise, layer-wise, or point-wise. The required 3D CAD 
model should have not only the geometric information but 
also the information of materials, property, etc. at each 
point inside an object. In order to take full advantage of 
the greatest potential of heterogeneous objects, one must 
have matching capabilities for their computer modeling, 
analysis, design optimization and visualization. The 
primary focus of the recent research development in these 
fields is on the computer representation schemes for 
heterogeneous objects, by extending the mathematical 
models and computer data structures of the modern solid 
modeling techniques to include discrete material regions of 
interfacial boundaries and heterogeneous properties. 
Recent studies show that an effective heterogeneous CAD 
modeling system should at least meet the following 
specifications e.g. [4]: 

 Intuitive in representing geometry, topology and 
material information simultaneously. 

 Capable of representing complex solids: the 
solids to be modeled may be complex in 
geometry as well as in material variations. 

 Compact and exact: the representation should be 
compact, and both the geometry and material 
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information can be retrieved accurately and 
efficiently. 

 The representation of material properties must be 
compatible with current or proposed standards for 
geometric modeling representations as described 
in ISO 10033. This is essential to exchange data 
among design, analysis and manufacturing 
process plan domains.   
 

This paper is organized as follows: in section 2, the 
previous work is reviewed; Section 3 is brief 
representation of procedure for CAD data flow and 
processing of HO; Section 4 represents developed 
mathematical model and address different gradient 
references for the local control of gradient regions; 
heterogeneous object visualization related issues are 
studied in section 5; slicing procedure for the fabrication 
of heterogeneous objects is discussed in section 6 and the 
final section is conclusion with future scope to extend this 
work. 

2. Review of Research Work 

Approaches of modeling of HO have been extensively 
studied in computer and manufacturing community. 
Kumar and Dutta proposed an approach to model multi-
material objects based on R-m sets and R-m classes 
primarily for application in layered manufacturing. 
Boolean operators were defined to facilitate the modeling 
process e.g. [5-6]. Jackson et al. proposed a local 
composition control (LCC) approach to represent 
heterogeneous object in which a mesh model is divided 
into tetrahedrons and different material compositions are 
evaluated on the nodes of the tetrahedrons by using 
Bernstein polynomials e.g. [3],[7]. Chiu developed 
material tree structure to store different compositions of an 
object e.g. [2]. The material tree was then added to a data 
file to construct a modified format being suitable for RP 
manufacturing. Siu and Tan developed a scheme named 
‘source-based’ method to distribute material primitives, 
which can vary any material with an object e.g. [12]. The 
feature-based modeling scheme was extended to 
heterogeneous object representation through boundary 
conditions of a virtual diffusion problem in the solid, and 
then designers could use it to control the material 
distribution e.g. [10-11]. Liu extended his work in by 
taking parameterized functions in terms of distance(s) and 
functions using Laplace equation to smoothly blend 
various boundary conditions, through which designers 
could edit geometry and composition simultaneously 
[4],[10]. Kou and Tan suggested a hierarchical 
representation for heterogeneous object modeling by using 
B-rep to represent geometry and a heterogeneous feature 
tree to express the material distributions e.g. [4]. Various 

methods for designing and optimizing objects composed 
of multiple regions with continuously varying material 
properties have been developed. Wang and Wang 
proposed a level-set based variational scheme [12]. Biswas 
et al. presented a mesh-free approach based on the 
generalized Taylor series expansion of a distance field to 
model and analyze a heterogeneous object satisfying the 
prescribed material conditions on a finite collection of 
material features and global constraints [13-14]. However, 
almost all of the research interests are mainly focused on 
the computer representation of heterogeneous object, 
rather than the whole procedure for rapid prototyping 
fabrication of heterogeneous object. The approaches were 
verified in commercial software packages, such as 
Solidworks and Unigraphics [7],[10]. A commercial CAD 
package independent system is developed to deal with the 
HO modeling, but not including the slicing procedure for 
RP manufacturing [11]. In this paper, we just address the 
CAD gradient reference model with systematic 
methodologies for visualization and manipulation of 
heterogeneous objects.  

3. CAD Data Flow and Processing of HO 
 
 
 

 

 

 

 

 

 

Fig. 1  CAD data flow for the development of HO. 
 
The structure of CAD data flow system of HO contains 
five main modules;(1) basic data structure module;(2) 
evaluating heterogeneous material information model;(3) 
HO dataset visualization module;(4) Slice generation with 
gradient material information; and (5) display module e.g. 
figure (1). 
The data processing module mainly copes with the data 
structure set up for geometric model and the subdivision 
surfaces for improving the smoothness of meshes. The 
second module evaluates material information of a 
gradient region within a CAD model according to the 
specifications of the users. In our system, we exploit the 
geometric model to describe the shape information. In 
terms of material information, it describes material 
composition in terms of material space. Third module 
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mainly provides visualization and rendering information 
for visualizing heterogeneous objects. Rapid prototyping 
technique offers a possibility to manufacture 
heterogeneous object. The accuracy and quality of the final 
part fabricated by rapid prototyping depends on the 2D 
geometric slices of a model. Fourth module gives the slice 
generating information by describing the material 
information in a layer. Fifth module displays the complete 
information on user friendly display.  

 
The RP processes are dependent on a CAD model of the 
heterogeneous object which generates the required 
information for driving the RP machine. The necessary 
tasks to generate this information are termed as process 
planning tasks. RP processes can fabricate heterogeneous 
objects by selectively depositing various materials in a 
point-wise fashion using 3D-CAD data representation 
without special tooling. In these processes, a uniform layer 
of powder is spread over the built area and the different 
layers are joined together by different methods to form the 
prototype. The information flow for processing the 
heterogeneous describes the necessity of developing 
material modeling system along with the geometric model 
e.g. figure (2). 

 
 

Fig. 2  Processing of the HO. 

4. Mathematical Representation of HO 
The proposed model represents intricate geometries as 
well as material variation simultaneously; assures smooth 
material variations throughout the complex object and 
local material alterations. A noteworthy point to be 
emphasized here is that in the proposed model, the 
topological information is utilized to ensure smooth 
material variations throughout the complex geometry 
heterogeneous object. In current work, mathematically the 
heterogeneous object is defined as: 
 

P = (G, M)  = (P1, P2, ……Pn)               (1) 
Pi

 = (Gi, Mc)                                                         (2) 

1

n

i
i

G P


 and Gi = 
1

m

ij
j

G

                                  (3) 

 
Where P is the heterogeneous object with geometric 
information G and material information M. P is also a set 
of n number of cells, where Pi represents ith cell in the 
object with the geometric information (Gi), occupied by a 
m number of sub volumes and specific material 
distribution for each cell (Mc). Mc represents material 
composition of pre-defined number of primary materials in 
Pi

th cell with Gi
th geometric information. The accuracy of 

the model is increased by having local control on sub 
volumes (Gij) in a cell at various identified locations which 
also results in less huge storage space problem.  

4.1 Material Composition Function 

Material composition function f(s) is a function of distance 
from the end point of first homogeneous region to the first 
differential geometric point (where the material gradient 
becomes zero). Either linear or non-linear analytical 
function that fall on real domain can be use, with the 
distance from point to the grading reference as variable, 
therefore it is exact, e.g. the material distribution function 
with FGM at a distance ‘a’ & up to a distance ‘(1-a)’ is 
described e.g. Eq. (4).  

 
0,  s a

( ) f(s), a < s < (l - a)
1, s  (l - a)

f s

 
   
  

            (4) 

 
The effect of logarithmic and power functions on 

material distribution in a gradient region can be visualized 
e.g. figure (3). 

 

 
Fig.3 Material distribution for different functions: (a) power function, (b) 
material distribution for power function, (c) logarithmic function, (d) 
material distribution for logarithmic distribution. which also results in 
less huge storage space problem.  

4.2 Material Composition Array 

Each element of the material composition array Mc 
represents the volume fraction of pre-defined primary 
materials in Gi

th cell. The total volume fraction of the 
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primary materials for the material composition arrays 
should be summed up to one. The end material 
composition arrays of heterogeneous region are denoted by 
Mcs and Mcf, for start and final boundary of heterogeneous 
region respectively. Generally, if k materials are included 
in the object, then:  

 

1

1
k

csr
r

M


  and 
1

1
k

cfr
r

M



     

                       (5) 

 
Where, Mcsr = rth material element of the material 
composition Mcs   
Mcfr = rth material element of the material composition 
array Mcf.   
k = number of primary materials including air  
 

So, material composition of any primary material 
Vj for a sub volume Gij is find out e.g. Eq.(6). 
           

Vj  ( ) ( ) ,

0 ( ) 1

csr cs

csr cfr csr cfr cf

M M

f s M M M M M

f s

 
      
   

  (6) 

The property of heterogeneous unit volume is determined 
using Voigt’s rule e.g. Eq. (7). 
 

S =  
1 1

m k

j r
j r

V S
 
     (7) 

S is the property of heterogeneous volume fraction 
Vj is the volume fraction of each material in unit volume 
Sr is the property of rth material. 
For two materials composition, the heterogeneous property 
is defined e.g. Eq. (8). 
 

S = V1S1 + (1- V1) S2    (8) 
Sub-volume creation algorithm results in sharp material 
changes along the component boundaries, which 
potentially result in abrupt property (e.g. thermal 
expansion coefficient and stiffness) variations. So for the 
smooth material transition properties, one of the available 
blending functions may be used. In our case, the constant 
blending functions are incorporated at end positions and in 
between, a blending function, fb, along with the distance 
function is used to avoid the sharp change in material 
properties e.g. figure (4). 

 
S = f(s)V1S1 + (1- V1) (1-f(s))  fb S2   (9) 

 
 
 
 
 
 

Fig. 4  Heterogeneous object with blended function. 

  

4.3 Gradient Reference and Control  

The gradient references are start and end boundaries of 
gradient region which may be controlled locally and 
provide the required information about gradient origins 
and respective material distributions. The grading 
references may be classified into three categories: 

 Basic gradient references.  
 Offset gradient references.  
 Hybrid gradient references. 

 

 
 

Fig.5 Basic gradient references: (a) point gradient reference, (b) linear 
axis gradient references, (c) flexible axis gradient reference, (d) linear 
plane gradient references, and (e) flexible axis plane gradient reference.  
 
The basic gradient references includes user defined point, 
line and plane or may be any 3D object entity i.e. axis, 
vertex, edge, axis, any surface of the object. The material 
distribution for these basic grading references is shown in 
figure (5). The flexibility in axis and plane gradient 
references is provided by introducing local control using 
sweep operation.   
The region with offset grading references is divided into a 
number of sub-regions; further sub-division may be 
required in order to represent the complex gradient in the 
local area as shown in figure (6). This can be done by 
applying recursive sub-division algorithm to either 
boundary of each sub-region and material composition 
array (Mc) for ith sub-region with rth contour (Sbr) is 
derived e.g. Eq. (10).        Mc ൫ܵ௕௥, ݅൯        ൌ

          
୧ ୶ ൫MሺC౨ሻିMሺC౨శభሻ൯

୰ౣ
൅ MሺC୰ାଵሻ      for inwards sub െ

division                    
=  
ሺ୰ౣି୧ሻ ୶ ൫MሺC౨ሻିMሺC౨శభሻ൯

୰ౣ
൅

MሺC୰ାଵሻ      for outwards sub െ division  
 (10) 

Where r represents the rth contour of total rm contours, i = 
1,2,………….r-1, and M(Cr) represents material 
composition associated with rth contour.  

 



IJCSI International Journal of Computer Science Issues, Vol. 7, Issue 2, No 5, March 2010 
www.IJCSI.org 

 

35

 

Specifically, this algorithm can be applied to any of two 
adjacent contours. However, for sub-regions due to the 
consideration of material continuity and homogeneity on 
the surface, only boundaries should be chosen as the 
geometrical offset reference. The step width array (w) of 
the composition change in sub-region can be calculated 
e.g. Eq. (11).  
  
w(Sbr) =   Mc(Sbr, i+1) -Mc(Sbr, i)                       (11) 

 
w(Sbr) is a constant vector in the same 2D sub-region since 
a linear interpolation algorithm is applied between two 
adjacent contours. In addition to this step width array, the 
other information needed for fabrication of each sub-
region is the material composition array corresponding to 
either of the two adjacent contours and the number of sub-
regions. The computer memory is greatly saved as linear 
composition gradient within each sub-region is adopted. 
With the proposed recursive material evaluation algorithm, 
the material composition of any point inside the object can 
be exactly evaluated at runtime. 

 
 

Fig.6  Offset gradient reference with sub-division of region. 
 
The object with dissimilar boundary closures 

results in requirement of hybrid gradient references. The 
region with hybrid references is divided into a number of 
sub-regions as described above in case of offset gradient 
references e.g. figure (7(a)). However distance blending 
function with linear interpolation smoothing function is 
used to develop continuous gradient regions. Blending 
functions for the object region formed by a local C1 

smooth transition between two or more primary surfaces, 
which may or may not intersect, are used. These blending 
functions allow the construction of constant radius blends 
for any type of surfaces as long as their offset surfaces are 
smooth, without singularities and self intersections. Edge 
blends are created by sweeping rational quadratic curves. 
Corner blends are created by a convex combination of 
Taylor interpolants. The resultant material distribution in 
hybrid region HO is shown figure (7(b)). 
  

 
         (a) 

 

 
                       (b) 

 
Fig.7 Hybrid gradient references: (a) sub-division of hybrid reference 
region, (b) material distribution of hybrid reference HO.  

 
The proposed heterogeneous object model has local and 
universal control over the gradient references. The current 
model is an unevaluated representation, which is 
independent of universal co-ordinate system. The effect of 
grading on the properties of heterogeneous objects can be 
easily modified by controlling the respective gradient 
references. Moreover different material composition 
functions i.e. linear, exponential, parabolic, power or any 
other type of functions are used for different grading 
effects. The effect of changing the gradient references only 
is shown in figure (8(a)) and  figure (8(b)) and the effect of 
changing the gradient references with the application of 
recursive sub-division algorithm, distance blending 
function and smoothing function using linear interpolation 
is also shown figure 8(c), figure 8(d). The material 
distribution is remained linear e.g. figure 8(b)., while adapt 
the shape of changed gradient reference as shown  in 
figure 8(d).               
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Fig. 8 Local control: (a) linear material distribution between parallel 
gradient reference planes, (b) effect of changing the gradient references 
only i.e. linear material distribution exists, (c) sub-division of gradient 
region using distance blending function, and (d) smoothing of sub-
regions using linear interpolation functions.  

5. Data Processing and Visualization of HO 
It includes two main sub-modules called data processing 
and visualization. The data processing module mainly 
copes with the data structure set up for geometric model 
and the subdivision surfaces for improving the smoothness 
of meshes if a rough mesh model is the input object. In 
this case, a recursive algorithm is used to subdivide the 
surfaces while maintaining the sharp features of the object. 
Triangular meshes are used for sub-division of sub-regions 
of all geometric models. The geometric and material 
model are integrated to describe the shape and material 
information in a three dimensional HO space. At the end 
the dataset output files are displayed on the windows 
graphical user interface using many input-output functions 
and open graphical languages. 
Effective and efficient visualization of heterogeneous 
objects is important to computer-aided design of 
heterogeneous objects. In the past few decades, 
visualization of homogeneous solids has undergone 
extensive studies and a variety of 3D visualization toolkits 
have been available. In recent years, great attentions have 
also been paid to volume renderings, which attempt to 
represent the entire 3D data in 2D images.  

 
(a)                   (b)                         

(c) 
Fig.9: Visualization of HO: (a) sub-division of sub-region using 
triangular mesh, (b) material evaluation and color mapping of mesh, (c) 
filling of color to obtain HO gradient region.   
However, most of these volume visualization schemes are 
targeted for rendering volume data obtained by samplings 
techniques (e.g. MRI or CT images); general issues on 
efficient visualization of heterogeneous (homogeneous, 
multi-material, functionally graded material) objects have 

not been thoroughly studied before.  Two major 
considerations, the visualization efficiency and rendering 
fidelity, are considered while finalizing the visualization 
for heterogeneous objects. 
 

Boundary visualization scheme, e.g. figure 9(a), 
is used to render the external and internal parts of 
heterogeneous objects. Boundary visualization is intuitive 
to convey both the shapes and the material distributions of 
the objects. To render the shapes, the exact boundaries of 
the objects are first faceted into discrete elements, which 
are generally termed as boundary meshes. The material 
distributions within each element are then rendered by 
using colors or grey values to represent the material 
compositions. All the rendered facets provide an 
approximate polygonal view of the heterogeneous objects, 
in both geometries and material distributions. Efforts to 
generate faithful, high quality computer visualizations at 
interactive rate are presented to avoid abrupt material 
transition effects. The boundary mesh generation is 
extensively used in traditional solid modeler for 
homogeneous object renderings. Each face of the object is 
faceted into triangle meshes and these triangles are then 
transferred to rendering engines (OpenGL) to generate 
graphical outputs. Boundary sub-faceting approaches are 
used; to speed up the visualization process, adaptive 
boundary sub-faceting scheme and repetitive computation 
eliminations are introduced. All these approaches show 
that the proposed visualization scheme can generate 
effective visualizations in interactive heterogeneous object 
design. 

 
Once the boundary meshes of the object are obtained, the 
material compositions of the mesh nodes are then 
evaluated by using the proposed recursive material 
evaluation algorithm. The evaluated material composition 
at a given location is represented with a k-dimensional 
vector [r1, r2, …, rk], whose element ri represents the 
material volume fraction of the ith predefined primary 
material ( k is the total number of predefined primary 
materials). A color mapping which maps the material 
composition to a system color is shown in figure (9(b)). 
The most commonly used color mapping techniques 
include RGB (red-green-blue) color mapping and the HLS 
(hue-lightness-saturation) mapping. Finally, respective 
colors are filled to obtain heterogeneous objects e.g. figure 
(9(c)). All these approaches show that the proposed 
visualization scheme can generate effective visualizations 
in interactive heterogeneous object design. 
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Fig.10 Procedure of sliced generation of the HO. 

6. Slice Generation of Heterogeneous Objects  
Rapid prototyping technique offers a possibility to 
manufacture HO. The accuracy and quality of the final 
part fabricated by rapid prototyping depends on the 2D 
geometric slices of a model. The slices of the geometric 
model and the layers of the material dataset can be used to 
construct the 2D slices of heterogeneous object, which is 
called material resample with geometric constraint. The 
slicing algorithms are studied extensively in rapid 
prototyping community. There are mesh-based, direct, 
adaptive and hybrid slicing algorithms. In our framework, 
a mesh model slicing algorithm is developed. Sliced 
generation procedure is proposed to display the internal 
structures and material distributions in each region of the 
HO e.g. figure (10) and (11).   
The heterogeneous object is first intersected with a section 
plane and the intersection curves are obtained e.g. figure 
(11(b)).  Then 2D region is faceted (sub-faceted when 
needed) into meshed region as shown e.g. figure (11(c)).  
Material evaluation and mapping of meshed facet are 
sequentially applied e.g. figure (11(d)).  The evaluated 
meshes are then transferred to the heterogeneous slice e.g. 
figure (11(e)).   
 

 
Fig.11: Slice generation procedure: (a) HO with intersection plane, (b) 
2D extracted region, (c) meshed region, (d) color mapping against 
material information, (e) slice of HO. bottom of the page and column 
where it is cited.  Footnotes should be rare. 

7. Conclusion and Future Scope 
This work presents a CAD modeling approach for 
heterogeneous object with complex geometry and simple 
material variations. The sequence of CAD data flow for 
HO and procedure for processing of HO for rapid 
prototyping processes are discussed. The distribution of 
material is obtained by using different grading references 
with local control. Data processing and visualization 
methods for heterogeneous objects are proposed. Slice 
generation methodology, necessary required for rapid 
prototyping of HO is evaluated. The proposed CAD 
modeling approach represents intricate geometries as well 
as material variation simultaneously; ensures smooth 
material variations throughout the complex object; 
imposes only local material alterations on the cells so that 
their original properties can be properly retained in the 
resultant object; offers flexible material variation; 
consistent in data representations; and computationally 
robust and efficient. 
The present work can be further extended and 
implemented complex and irregular material distributions. 
The approach can be extended to object modeling i.e. solid 
modeling with other physical attributes such as mechanical 
properties, material distribution etc. Dynamic 
heterogeneous objects (DHO) are the new class of 
heterogeneous objects. Unlike current heterogeneous 
object modeling, DHO deals with space dependent 
heterogeneities and time dependent shapes and material 
distributions. By taking time into consideration, more 
realistic process simulation can be achieved. DHO 
technology has emerging applications in life science 
domain, biomedical applications, dynamic process 
simulation and bio-CAD etc. 
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