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Message from the General Chair 
ICCMSO 2023 

 
I, Ashwani Kumar Dhingra, the General Chair of the ICCMSO-2023 welcome you all to the 2nd 

International Conference on Computational Modelling, Simulation and Optimisation (ICCMSO-2023) 
during 23 – 25 June 2023 at Bali (Indonesia).   The conference will run in hybrid mode i.e online and 
onsite mode of the different technical sessions during the three days.    

 
I am highly obliged and privileged to be the General Chair of the ICCMSO-2023 which is being 

organised by Innovative Research Foundation (IRF) in active association/collaboration with Sampoerna 
University Jakarta INDONESIA, National Institute of Technology Kurukshetra INDIA, National 
Institute of Technology Silchar INDIA & Andhra Loyola Institute of Engineering & Technology 
Andhra Pradesh INDIA. 

 
It’s a great achievement of the ICCMSO-2023 Bali that the delegates from the different parts of the 

world including INDIA, INDONESIA, MALAYSIA, SOUTH KOREA, HUNGARY and RUSSIA 
contributed in this International event.  All the papers included in the conference schedule were selected 
after the peer review process with the total acceptance rate of around 40% which further enhance the 
quality. 

 
I am thankful to our publication partner IEEE CS CPS for agreeing to publish the Conference 

proceedings. I would like to express my sincere gratitude to Keynote Speaker Prof. Anil Kumar, London 
Metropolitan University, Invited/Plenary Speaker(s) Prof. Reecha Madaan from Chitkara University 
Punjab INDIA, Dr. Mohammed Rizwan from Manipal University Jaipur INDIA, Session Chair(s) and 
finally the delegates for their active support and contribution in making this event a grand success.  

 
I hope the delegates will surely excel their research capabilities through active participation and 

exchange of the novel ideas in the field of research during different technical sessions of the ICCMSO-
2023 Bali. 
 

Ashwani Kumar Dhingra, Maharshi Dayanand University Haryana, India; Innovative Research 
Foundation 
ICCMSO 2023 General Chair 
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Message from the Conference Chairs 
ICCMSO 2023 

 
On behalf of the ICCMSO-2023 Organising Committee, We heartily welcome all the Guest(s), 

Speaker(s), Session Chair(s) and Delegates to the 2nd  International Conference on Computational 
Modelling, Simulation and Optimisation (ICCMSO-2023) during 23 – 25 June 2023 at Bali 
INDONESIA which is being  organised by Innovative Research Foundation (IRF) in  association 
Sampoerna University Jakarta INDONESIA, National Institute of Technology Kurukshetra INDIA, 
National Institute of Technology Silchar INDIA & Andhra Loyola Institute of Engineering & 
Technology Andhra Pradesh INDIA. This conference allows both researchers and practitioners to 
present and share their on-going ideas, experiences, and research results in the application areas of 
Computational Modelling, Simulation and Optimisation. The technical program includes the careful 
selection of interesting and novel research papers/Abstracts for presentation during the three days 
conference. 

 
In response to the call for papers, we received large number of submissions from the different parts 

of the world. All the papers were evaluated on the basis of their significance, novelty, and technical 
quality. After careful review, total of 59 submissions have been considered for the oral presentation 
during the three day conference and out of 59, the 47 papers were duly selected for publication in the 
IEEE proceeding. The contributions cover a wide range of topics including theory, methods, and 
applications related to the computational Modelling, simulation and Optimisation. 

 
We would like to express our appreciation to the whole organising committee of the ICCMSO-2023 

including the General Chair, Organising Secretaries, Programme Chair, Conference Editors, Program 
Committee,  the finance chairs; the session chairs who presided over the sessions; and all the authors, 
attendees, and presenters who really made this conference possible and successful along with the 
secondary reviewers who contributed a great amount of their time and effort to evaluate the submissions 
to maintain high quality of the conference; 

 
We hope the delegates will enjoy the conference and have a memorable experience at ICCMSO-2023 

Bali INDONESIA. 
 

Filscha Nurprihatin, Sampoerna University, Indonesia 
Rajneesh Kaushal, National Institute of Technology, Kurukshetra, India 
ICCMSO 2023 Conference Chairs 
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Message from the Program Chairs 
ICCMSO 2023 

 
We are glad to share that Innovative Research Foundation (IRF) in association of Sampoerna 

University Jakarta INDONESIA, National Institute of Technology Kurukshetra INDIA, National 
Institute of Technology Silchar INDIA & Andhra Loyola Institute of Engineering & Technology 
Andhra Pradesh INDIA is organizing 2nd International Conference on Computational Modelling, 
Simulation and Optimisation (ICCMSO-2023) during 23 – 25 June 2023 at Bali INDONESIA.   

 
The basic aim of the ICCMSO-2023 is to provide a platform for researchers, engineers, academicians, 

and industry professionals from all over the world to present the research results, development and 
advanced activities in the field of Engineering and Computational Sciences. I hope that the present 
conference provides an opportunity for the delegates to exchange novel ideas and research findings in 
a face-to-face environment, establish business or research relationships, and find global partners for 
future collaboration. 

 
Total of around 120 submissions were received from the authors of different parts of the continent 

and 59 submissions have been accepted and registered for inclusion in the conference schedule which 
includes 47 for the oral presentation and publication in the conference proceedings along with 12 for 
the oral presentations only in the different onsite/online technical sessions of this Conference.  

 
We are in full belief that the deliberations will enrich academic wisdom of the participants to enable 

exploration of new domains of applications in ICCMSO-2023. I hope that the delegates will have an 
enjoyable experience at the conference. 
 

Suresh Kumar, Punjabi University Patiala, India 
Tika Endah Lestari, Sampoerna University, Indonesia 
Sumit Tiwari, Shiv Nadar Institution of Eminence, Uttar Pradesh, India 
Sri Susilawati Islam, Sampoerna University, Indonesia 
ICCMSO 2023 Program Chairs 
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Message from the Organizing Secretaries 
ICCMSO 2023 

 
It gives us utmost pleasure to welcome you all to ICCMSO-2023 being held at Bali (Indonesia). Bali 

Indonesia is also known as the Land of the Gods, Bali appeals through its sheer natural beauty of 
looming volcanoes and lush terraced rice fields that exude peace and serenity. It is also famous 
for surfers' paradise.   

 
One year ago when we were entrusted with the task of organising this conference we were very 

thrilled and excited. But down the road we faced many hurdles and problems. However, with the support 
of our team and advisers we will be able to sail through this journey and we are hopeful that we would 
be able to meet the expectations of our esteemed guests and delegates. 

 
The Organising Committee has worked really hard to make this conference a huge success. The 

Scientific Technical programme covered a wide spectrum of topic including the Keynote, 
Plenary/Invited Speaker in the thrust areas of the advancement in Engineering, Science and Technology 
which provide the right mix to enlighten you all with the latest development in application areas of 
computational modelling, simulation and optimisation. 

 
We hope that you will return with sweet memories of this Conference and wish to attend this event 

again. 
 
We the members of Organising Committee of ICCMSO-2023 Bali INDONESIA wish all the 

delegates a successful, enjoyable & memorable Conference. 
 

Manish Kumar, BayWa r.e. (Thailand) Co. Ltd., Thailand 
Rajat Vashistha, The University of Queensland, Australia 
Ravinder Kumar Sahdev, Maharshi Dayanand University Haryana, India 
ICCMSO 2023 Organizing Secretaries 
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+DQGOLQJ�RI�XQEDODQFHG�/&�06�PHGLFLQDO�SODQW�GDWD�
XVLQJ�1HDU�0LVV�8QGHUVDPSOLQJ�WHVWHG�ZLWK�*DXVVLDQ�

1DLYH�%D\HV�DQG�.�1HDUHVW�1HLJKERUV�
�

,ZDQ�%LQDQWR��
,QIRUPDWLFV�'HSDUWPHQW�
6DQDWD�'KDUPD�8QLYHUVLW\�
<RJ\DNDUWD��,QGRQHVLD�
LZDQ#XVG�DF�LG�

�
�

5RVDOLD�$UXP�.XPDODVDQWL�
,QIRUPDWLFV�'HSDUWPHQW�
6DQDWD�'KDUPD�8QLYHUVLW\�
<RJ\DNDUWD��,QGRQHVLD�
URVDOLD�VDQWL#XVG�DF�LG�

�
�

1HVWL�)URQLND�6LDQLSDU�
%LRWHFKQRORJ\�'HSDUWHPHQW�B)DFXOW\�RI�
(QJLQHHULQJ��%LQD�1XVDQWDUD�8QLYHUVLW\��

������-DNDUWD��,QGRQHVLD�
5HVHDUFK�&HQWHU�)RRG�%LRWHFKQRORJ\��%LQD�

1XVDQWDUD�8QLYHUVLW\��������-DNDUWD��
,QGRQHVLD�

QVLDQLSDU#ELQXV�HGX�

$EVWUDFW²� ,PEDODQFHG� GDWD� UHIHUV� WR� GDWD� ZLWK� FODVVHV� WKDW�
KDYH�H[WUHPH�PDMRULW\�DQG�PLQRULW\�GDWD��6XFK�GDWD�FDQ�OHDG�WR�
LQDFFXUDWH�UHVXOWV��7KH�GDWDVHW�XVHG�LQ�WKLV�VWXG\�FDPH�IURP�/&�
06� GDWD� RI� PHGLFLQDO� SODQWV� WKDW� KDG� SUHYLRXVO\� EHHQ� ODEHOHG�
XVLQJ�WKH�ZHEVFUDSLQJ�PHWKRG�DQG�XQEDODQFH��7KHUH�DUH�VHYHUDO�
UHVDPSOLQJ�DOJRULWKPV�WR�EDODQFH�WKH�GDWD��7KLV�VWXG\�XVHG�QHDU�
PLVV� XQGHUVDPSOLQJ� ZLWK� FRQVLGHUDWLRQ� IRU� EHLQJ� PRUH� UREXVW�
DJDLQVW�RYHUILWWLQJ��7KH�EDODQFHG�GDWD�ZDV�VSOLW�IRU�WUDLQLQJ�DQG�
WHVWLQJ�ZLWK�D�UDWLR�RI��������ZKLFK�ZLOO�EH�WHVWHG�XVLQJ�*DXVVLDQ�
1DYH� %D\HV� DQG� .�1HDUHVW� 1HLJKERUV� FODVVLILFDWLRQ� DOJRULWKPV��
7KH� UHVXOWV� VKRZHG� WKDW�1HDU�0LVV�YHUVLRQ��� VDPSOLQJ�ZLWK� WKH�
*DXVVLDQ� 1DLYH� %D\HV� DOJRULWKP� SURYLGHG� EHWWHU� DFFXUDF\� DQG��
IDVWHU�H[HFXWLRQ�WLPH��

.H\ZRUGV²LPEDODQFH� GDWD�� /&�06�� FODVVLILFDWLRQ�� PDFKLQH�
OHDUQLQJ��XQGHUVDPSOLQJ�

,�� ,1752'8&7,21�
,PEDODQFHG�GDWD� LV� GDWD�ZKHUH�RQH� FODVV� KDV� VLJQLILFDQWO\�

PRUH�REVHUYDWLRQV�FRPSDUHG�WR�WKH�RWKHU��FDXVLQJ�WKH�PDMRULW\�
FODVV� WR�EH�JLYHQ�SULRULW\� RYHU� WKH�PLQRULW\� FODVV� LQ�PDFKLQH�
OHDUQLQJ� DOJRULWKPV�� 7KH� PDMRULW\�PLQRULW\� FODVV� UDWLR� FDQ�
UHDFK����������������RU�HYHQ����������)XUWKHU�WR�ELQDU\�FODVV�
GDWD�� WKLV� LVVXH� DOVR� DIIHFWV� PXOWL�FODVV� GDWD� �PRUH� WKDQ� WZR�
FODVVHV���7KH�PDMRULW\�FODVV�LV�XVXDOO\�UHIHUUHG�WR�DV�WKH�SRVLWLYH�
ODEHO��DQG�WKH�PLQRULW\�FODVV�LV�NQRZQ�DV�WKH�QHJDWLYH�ODEHO�>�@��
7KLV�FDQ�OHDG�WR�LQDFFXUDWH�UHVXOWV��

� 7KLV�SUREOHP�LV�YHU\�LQWHUHVWLQJ�EHFDXVH�LW�PD\�EH�VHHQ�LQ�
PDQ\�FODVVLILFDWLRQ�SUREOHPV�LQ�WKH�UHDO�ZRUOG��VXFK�IUDXG��ULVN�
PDQDJHPHQW�� WKH� LGHQWLILFDWLRQ� RI� FRQWDPLQDQWV�� DQG� UHPRWH�
VHQVLQJ�>�@��,Q�DGGLWLRQ�� LW�DOVR�DULVHV�LQ�FDQFHU�GLDJQRVLV�>�@��
FRPSXWHU�QHWZRUN�VHFXULW\�>�±�@��GHWHFWLQJ�KDUG�GULYH�IDLOXUHV�
>�@�� DQG� RWKHU� ILHOGV� >�±��@�� 7KHVH� VWXGLHV� XVHG� H[LVWLQJ�
UHVDPSOLQJ� DOJRULWKPV� >�±���� ��±��@� ZLWK� WKHLU� RZQ� GDWD��
7KHUH�DUH�WZR�DOJRULWKPV�XVHG�LQ�WKDW�VWXGLHV�ZKLFK�DUH�6027(�
DQG�1HDU�0LVV�8QGHUVDPSOLQJ��

� 6027(� ZRUNV� E\� LQFUHDVLQJ� WKH� REVHUYDWLRQV� RI� WKH�
PLQRULW\�FODVV��ZKLFK�FDQ�OHDG�WR�RYHUILWWLQJ�DQG�RWKHU�LVVXHV�>���
������������@��2Q�WKH�RWKHU�KDQG��VRPH�DGYDQWDJHV�RI�WKH�QHDU�
PLVV� XQGHUVDPSOLQJ� PHWKRG� LQFOXGH� SUHYHQWLQJ� RYHUILWWLQJ��
SUHVHUYLQJ�LQIRUPDWLRQ��DGGUHVVLQJ�WKH�SUREOHP�RI�FODVVLI\LQJ�

PLQRULW\� FODVVHV�� EHLQJ� HIIHFWLYH� IRU� ODUJH� PDMRULW\� FODVVHV��
LQFUHDVLQJ� DFFXUDF\�� UHGXFLQJ� ELDV�� DQG� LPSURYLQJ� WKH�
UHSUHVHQWDWLRQ� RI� PLQRULW\� FODVVHV�� +RZHYHU�� QHDU�PLVV�
XQGHUVDPSOLQJ� DOVR� KDV� VRPH� GLVDGYDQWDJHV�� VXFK� DV� QRW�
HQVXULQJ� WKDW� WKH� VDPSOHV� OHIW� IURP� WKH�PDMRULW\�FODVV�DUH� WKH�
PRVW� UHSUHVHQWDWLYH� DQG� PD\� FDXVH� SUREOHPV� LQ� WKH� PRGHO
V�
SHUIRUPDQFH�RQ�QHZ�GDWD� >�����@��1HDU0LVV�YHUVLRQ���VHOHFWV�
WKH� WKUHH� FORVHVW� H[DPSOHV� IURP� WKH�PDMRULW\� FODVV� DQG� VNLSV�
RYHU�WKH�RQHV�ZLWK�WKH�OHDVW�DYHUDJH�GLVWDQFH�WR�WKHP��

� $V� D� UHVXOW�� WKH�1HDU0LVV� YHUVLRQ� �� VDPSOHV� VHOHFWHG� DUH�
VLPLODU� WR� FHUWDLQ� PLQRULW\� RFFXUUHQFHV�� 1HDU0LVV� Y�� VHOHFWV�
IURP� WKH� PDMRULW\� FODVV� LQVWDQFHV� ZLWK� WKH� VPDOOHVW� DYHUDJH�
GLVWDQFH�WR�WKH�WKUHH�IXUWKHVW�PLQRULW\�FODVVHV��

,Q� VLPSOH� WHUPV�� 1HDU0LVV� YHUVLRQ� �� ORRNV� IRU� PDMRULW\�
VDPSOHV�WKDW�DUH�VLPLODU�WR�DOO�PLQRULW\�VLWXDWLRQV��,Q�1HDU0LVV�
YHUVLRQ����WKHUH�DUH�N�LQVWDQFHV�RI�WKH�PDMRULW\�FODVV�VXUURXQGLQJ�
HDFK� LQVWDQFH� RI� WKH� PLQRULW\� FODVV�� )RU� HDFK� PLQRULW\�
RFFXUUHQFH�� D� FRQVLGHUDEOH� QXPEHU� RI� WKH� QHDUHVW� PDMRULW\�
VDPSOHV�DUH�SLFNHG�>������@��

�
)LJ�����8QEDODQFHG�/&06�GDWD�RI�PHGLFLQDO�SODQWV�

���
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7KLV� VWXG\� XVHG� D� GDWDVHW� IURP�/&�06� GDWD� RI�PHGLFLQDO�
SODQWV�WKDW�KDG�EHHQ�ODEHOHG�XVLQJ�WKH�ZHEVFUDSLQJ�WHFKQLTXH�LQ�
SUHYLRXV�VWXGLHV�>������@��7KLV�GDWDVHW�FRQVLVWV�RI���������URZV�
ZLWK���FROXPQV��7KLV�GDWDVHW�LV�SUHSDUHG�IRU�VXSHUYLVHG�OHDUQLQJ��
7KH� ODEHO� XVHG� LV� D� ELQDU\� ODEHO�� 7KLV� GDWDVHW� LV� XQEDODQFHG�
EHFDXVH�WKHUH�LV�D�ODEHO������ZKLFK�LV�D�PLQRULW\��DV�VKRZQ�LQ�)LJ��
���7KLV�PDNHV�PDFKLQH� OHDUQLQJ�UHVXOWV� LQDFFXUDWH��7KLV�VWXG\�
ZLOO�XVH�WKH�1HDU�0LVV�8QGHUVDPSOLQJ�DOJRULWKP�WR�KDQGOH�GDWD�
LPEDODQFHV��$V�D�WHVW��VXSHUYLVHG�PDFKLQH�OHDUQLQJ�ZLOO�EH�XVHG�
XVLQJ� WKH� *DXVVLDQ� 1DYH� %D\HV� DQG� .�1HDUHVW� 1HLJKERUV�
DOJRULWKPV�� 7KH� XVH� RI� WKHVH� WZR� DOJRULWKPV� LV� LPSRUWDQW�
EHFDXVH�WKH\�DUH�YHU\�DIIHFWHG�E\�XQEDODQFHG�GDWD��

,,�� /,7(5$785(�5(9,(:�
7KH�GDWD�XVHG�LQ�WKLV�UHVHDUFK�RULJLQDWHG�IURP�WKH�ZRUN�RI�

6LDQLSDU�HW�DO��>�����@��ZKR�REWDLQHG�WKHLU�/&�06�GDWD�XVLQJ�
WXEHU�VHFWLRQV��7KH�PXWDQW�SODQW�RXWSHUIRUPHG�WKH�UHJXODU�SODQW�
LQ� WKLV� H[SHULPHQW�� :KHQ� SURFHVVHG� XVLQJ� WKH� GDWD� ODEHOLQJ�
HPSOR\HG� LQ� SULRU� VWXGLHV� >���� ��@�� WKLV� GDWD� \LHOGV� RSSRVLWH�
RXWFRPHV��7KHUH�DUH�VHYHUDO�PHWKRGV�IRU�LQWHJUDWLQJ�WKH�GDWD��
8VLQJ�YDULRXV�GDWD�EDODQFLQJ�WHFKQLTXHV��%DJXL�HW�DO��FRQFOXGH�
WKDW� XQGHUVDPSOLQJ� VKRUWHQV� WUDLQLQJ� WLPH� DQG� RYHUVDPSOLQJ�
OHQJWKHQV� LW�� RYHUVDPSOLQJ� DQG� XQGHUVDPSOLQJ� ERWK�
VLJQLILFDQWO\�LPSURYH�UHFDOO�ZKHQ�WKH�GDWD�LV�KLJKO\�XQEDODQFHG��
DQG�UHVDPSOLQJ�KDV�OLWWOH�HIIHFW�LI�WKH�GDWD�LV�QRW�YHU\�EDODQFHG�
>�@�� 8QHYHQ� GDWD�� DFFRUGLQJ� WR� +DL[LDQJ� HW� DO��� ZLOO� LPSDFW�
FODVVLILFDWLRQ�UHVXOWV�VLQFH�LW�FDXVHV�ELDV��7KH�PLQRULW\�FODVV�FDQ�
FDXVH� ELDV�� ZKLFK� LV� NQRZQ� DV� QRLVH� >�@�� -RKQVRQ� HW� DO��
GHPRQVWUDWHG� WKLV� ZKHQ� LQYHVWLJDWLQJ� GHHS� OHDUQLQJ� LVVXHV�
XVLQJ�XQEDODQFHG�GDWD�>�@��7DQLPRWR�HW�DO��FODLPHG�WKDW�WKH�1HDU�
0LVV� WHFKQLTXH� FDQ� LPSURYH� FODVVLILFDWLRQ� E\� GHFUHDVLQJ� WKH�
PDMRULW\� VDPSOH� VL]H� ZKLOH� UHWDLQLQJ� GDWD� LQIRUPDWLRQ� >��@��
7KH\� VKRZ� KRZ� WKH� 1HDU� 0LVV� WHFKQLTXH� HQKDQFHV�
FODVVLILFDWLRQ� DOJRULWKP�SHUIRUPDQFH�RQ�XQEDODQFHG�GDWD� VHWV�
LQFOXGLQJ� PHGLFDO� DQG� QHWZRUN� VHFXULW\� GDWDVHWV�� >��@�� 7KH�
SUREOHP�RI�SV\FKRORJLFDO�GDWD��DFFRUGLQJ�WR�5HNKD�HW�DO���LV�D�
FRPSOH[�DQG�WRXJK�WRSLF�LQ�PDFKLQH�OHDUQLQJ��7KH\�FRQFOXGHG�
WKDW� WKHUH� DUH� QXPHURXV� XQVROYHG� TXHVWLRQV� DQG� QXPHURXV�
DYHQXHV�IRU�IXWXUH�UHVHDUFK�RQ�KRZ�WR�DGGUHVV�WKH�SUREOHP�RI�
GDWD� LQHTXDOLW\� >��@�� 6HYHUDO� VWXGLHV� >�����@� FRPSDUHG� WKH�
UHVXOWV�RI�1DLYH�%D\HV�DQG�.�1HDUHVW�1HLJKERUV�FODVVLILFDWLRQ�
WHFKQLTXHV�� 6DIUL� HW� DO�� XVHG� 1DYH� %D\HV� ZLWK� .�1HDUHVW�
1HLJKERUV�WR�LPSURYH�DFFXUDF\�>��@��1DYH�%D\HV�LV�IUHTXHQWO\�
HPSOR\HG� GXH� RI� LWV� FRPSHWLWLYH� DFFXUDF\� DQG� SURFHVVLQJ�
HFRQRP\�� DFFRUGLQJ� WR� $QDQG� HW� DO�� >��@�� %DVHG� RQ� WKHVH�
FRQVLGHUDWLRQV�� WKLV� VWXG\� ZLOO� FRPSDUH� WKH� WZR� DSSURDFKHV�
XVLQJ� GDWD� WKDW� KDV� EHHQ� EDODQFHG� E\� XQGHUVDPSOLQJ� 1HDU�
0LVVHV��

7KH�1DLYH�%D\HV�>��@�PRGHO�LV�VLPSOH�WR�GHYHORS�DQG�PD\�
EH�DSSOLHG�WR�D�ZLGH�UDQJH�RI�GDWD�VHWV��1DLYH�%D\HV�FDQ�KDQGOH�
H[WUHPHO\� FRPSOH[� FODVVLILFDWLRQ� SURFHGXUHV��2XU� K\SRWKHVLV�
�K��LQ�WKH�FODVVLILFDWLRQ�MRE�FRXOG�EH�WKH�FODVV�WR�EH�DOORFDWHG�WR�
WKH�QHZ�GDWD�LQVWDQFH��G�%DVHG�RQ�RXU�SULRU�LQIRUPDWLRQ��ZH�FDQ�
GHWHUPLQH�WKH�SUREDELOLW\�RI�D�K\SRWKHVLV�XVLQJ�%D\HV
�WKHRUHP��
7KH�IROORZLQJ�LV�DQ�LOOXVWUDWLRQ�RI�%D\HV
�WKHRUHP��

 3�K_G�� ��3�G_K���3�K����S�G�   (1) 

3�K_G��UHSUHVHQWV�WKH�OLNHOLKRRG�WKDW�K\SRWKHVLV�K�ZLOO�DULVH�
IURP�GDWD�G��,I�K\SRWKHVLV�K�LV�WUXH��3�G_K��UHIOHFWV�WKH�FKDQFH�
WKDW�GDWD�G�H[LVWV��3�K��GHQRWHV�WKH�OLNHOLKRRG�WKDW�K\SRWKHVLV�K�
LV�FRUUHFW�UHJDUGOHVV�RI�WKH�GDWD��7KH�JRDO�RI�RXU�MRE��DV�ZH�FDQ�
VHH�� LV� WR�HVWLPDWH�WKH�IXWXUH�OLNHOLKRRG�3�K_G��JLYHQ�WKH�SULRU�
SUREDELOLW\�3�K��DQG�WKH�LQSXWV�3�G��DQG�3�G_K���,W�LV�SRVVLEOH�WR�
FRPSRVH��

� 0$3�K�� �PD[�3�K_G���� ����

� RU�

� 0$3�K�� �PD[��3�G_K���3�K�����3�G��� ����

� RU�

� 0$3�K�� �PD[�3�G_K���3�K��� ����

3UREDELOLWLHV� FDQ� EH� GHILQHG� XVLQJ� 3�G��� WKH� QRUPDOL]HG�
WHUP��:H�PD\�GLVUHJDUG�LW�EHFDXVH�LW�LV�D�FRQVWDQW�DQG�RQO\�XVH�
LW� WR� QRUPDOL]H� LI� ZH� DUH� RQO\� LQWHUHVWHG� LQ� WKH� PRVW� OLNHO\�
K\SRWKHVLV��,I�RXU�WUDLQLQJ�GDWD�KDV�WKH�VDPH�QXPEHU�RI�VDPSOHV�
IURP�HDFK�FODVV��WKH�SUREDELOLW\��3�K���IRU�HDFK�FODVV�ZLOO�EH�WKH�
VDPH��:H�PD\�UHPRYH�WKLV�FRPSRQHQW�EHFDXVH�LW�LV�D�FRQVWDQW�
LQ�WKH�HTXDWLRQ��UHVXOWLQJ�LQ�WKH�IRUPXOD������

� 0$3�K�� �PD[�3�G_K�� ����

� ݀ሺݔǡ ሻݕ ൌ ඥσ ሺݔ െ ሻଶݕ
ୀଵ � ����

.�1HDUHVW�1HLJKERUV�KDV�WKH�VLPSOHVW�DSSURDFK�LQ�VWDWLVWLFDO�
FODVVLILFDWLRQ�DQG�LV�DOVR�WKH�VPDUWHVW�WHFKQLTXH�HYHU�GLVFRYHUHG��
7KH� GDWD� IHHGHU� �(XFOLGHDQ� HTXDWLRQ�� ZLOO� EH� WUDLQHG� LQWR� DQ�
DOJRULWKP� LQ� WKLV�ZD\��'DWD� VHWV�FDQ�EH�JDWKHUHG� IURP�FODVVHV�
WKDW�KDYH�EHHQ�VHW�XS�WR�EH�XVHG�DV�WUDLQLQJ�GDWD��7KH�(XFOLGHDQ�
HTXDWLRQ�LV�XVHG�WR�GHWHUPLQH�WKH�GLVWDQFH�EHWZHHQ�WKH�WHVW�DQG�
WUDLQLQJ� GDWD� SRLQWV�� ZKHUH� L� GHQRWHV� WKH� DWWULEXWH� YDOXH� DQG�
VSHFLILHV�WKH�QXPEHU�RI�DWWULEXWH�GLPHQVLRQV�>��@��

,,,��0(7+2'�
7KH�GDWDVHW� WKDW�KDV�EHHQ�REWDLQHG�IURP�SUHYLRXV�UHVHDUFK�

>������@� LV�YLVXDOL]HG� VR� WKDW� LW� LV�ZHOO� VHHQ� WKDW� WKH�GDWDVHW� LV�
XQEDODQFHG�GDWD�� DV� VKRZQ� LQ�)LJ�����7KLV�GDWDVHW� LV�EDODQFHG�
ZLWK�WKH�1HDU�0LVV�8QGHUVDPSOLQJ�DOJRULWKP�YHUVLRQV���DQG����
7KH� GDWD� GLVWULEXWLRQ� LV� LOOXVWUDWHG� XVLQJ� WKH� UHVXOWV�� 7KH� GDWD�
EDODQFH�LV�WKHQ�VHSDUDWHG�LQWR�WUDLQLQJ�DQG�WHVWLQJ�GDWD�LQ�D�������
UDWLR��7UDLQLQJ�GDWD�LV�WHVWHG�ZLWK�*DXVVLDQ�1DLYH�%D\HV�DQG�.�
1HDUHVW� 1HLJKERUV� PDFKLQH� OHDUQLQJ� DOJRULWKPV� WR� REWDLQ� D�
PRGHO��7KLV�PRGHO� LV� WKHQ� WHVWHG�ZLWK� WHVW�GDWD��7KLV� WHVW�ZLOO�
LQYROYH�WKH�FRQIXVLRQ�PDWUL[�WR�VHH�DFFXUDF\��SUHFLVLRQ��UHFDOO��
DQG�)��VFRUH��7KLV� UHVHDUFK�PHWKRG� LV� VKRZQ� LQ� )LJ�� ���1HDU�
0LVV�YHUVLRQ���ZDV�QRW�XVHG�EHFDXVH� LW�ZDV�QRW� VXFFHVVIXO� LQ�
REWDLQLQJ� VDPSOLQJ�� 7KLV� LV� GXH� WR� WKH� OLPLWHG� FRPSXWHU¶V�
PHPRU\�XVHG��

���



�
)LJ�����5HVHDUFK�0HWKRG�

,9��5(68/76�$1'�',6&866,216�
$IWHU�EDODQFLQJ�WKH�GDWD��WKH�QXPEHU�RI�GDWDVHWV�GHFUHDVHV�

IURP���������URZV�WR��������URZV�XVLQJ�WKH�1HDU�0LVV�YHUVLRQ�
��DQG�YHUVLRQ���DOJRULWKPV��,QGHHG��WKHUH�LV�D�UHGXFWLRQ�LQ�WKH�
WRWDO� DPRXQW� RI� GDWD� QHHGHG� WR� JHW� EDODQFHG� GDWD�� 7KH�
YLVXDOL]DWLRQ� RI� WKH� XQEDODQFHG� GDWD� GLVWULEXWLRQ� LV� VKRZQ� LQ�
)LJ�����)LJ����VKRZV�D�YLVXDOL]DWLRQ�RI�EDODQFHG�GDWD�GLVWULEXWLRQ�
XVLQJ�1HDU�0LVV�YHUVLRQ����ZKLOH�)LJ����VKRZV�D�YLVXDOL]DWLRQ�
RI�EDODQFHG�GDWD�GLVWULEXWLRQ�XVLQJ�1HDU�0LVV�YHUVLRQ����

%DODQFHG� GDWD� XVLQJ� 1HDU� 0LVV� YHUVLRQ� �� VKRZV� D� PRUH�
XQLIRUP� GLVWULEXWLRQ� RI� PDMRULW\� DQG� PLQRULW\� GDWD� WKDQ�
EDODQFHG�GDWD�XVLQJ�1HDU�0LVV�YHUVLRQ���7KLV�VKRZV�WKDW�1HDU�
0LVV� YHUVLRQ� �� VHHPV� WR� EH� EHWWHU� EHFDXVH� WKH� VDPSOH�
GLVWULEXWLRQ�EHFRPHV�HYHQ��

*DXVLDQ� 1DLYH� %D\HV� DQG� .�1HDUHVW� 1HLJKERUV� DUH� WKHQ�
XVHG� WR� PRGHO� WKH� EDODQFHG� GDWD� LQ� RUGHU� WR� GHWHUPLQH� WKH�
DFFXUDF\�� SUHFLVLRQ�� UHFDOO�� DQG� )��VFRUH�� 7KH� JHQHUDWHG�
FRQIXVLRQ�PDWUL[�LV�XVHG�DV�WKH�EDVLV�IRU�FDOFXODWLQJ�DFFXUDF\��
SUHFLVLRQ��UHFDOO��DQG�WKH�)��VFRUH��

7$%/(�,��� 5(68/76�

� *DXVVLDQ�1DwYH�%D\HV� .�1HDUHVW�1HLJKERUV�
1HDU�0LVV�
YHUVLRQ���

1HDU�0LVV�
YHUVLRQ���

1HDU�0LVV�
YHUVLRQ���

1HDU�0LVV�
YHUVLRQ���

$FFXUDF\� ������ ������ ������ ������
3UHFLVLRQ� ������ ������ ����� ������
5HFDOO� ������ ������ ������ ������
)��6FRUH� ������ ������ ������ ������

3URFHVV�7LPH� ������ ������ ������ ������
�

� � .�1HDUHVW� 1HLJKERUV� XVHV� RSWLPDO� N�� ZLWK� YDOXH� RI�
�����ZKLFK�LV�WKH�VTXDUH�URRW�RI�WKH�DPRXQW�RI�GDWD�WKDW�LV�DOUHDG\�
EDODQFHG��7DEOH���VKRZV�WKH�H[SHULPHQWDO�RXWFRPHV��

� )URP�WDEOH���FDQ�EH�VHHQ�WKDW�WKH�1HDU�0LVV�YHUVLRQ���WHVWHG�
ZLWK� *DXVVLDQ� 1DwYH� %D\HV� KDV� D� EHWWHU� DFFXUDF\� RI� ����
FRPSDUHG� WR� WKDW� WHVWHG� ZLWK� .�1HDUHVW� 1HLJKERUV� ZKLFK� LV�
�����/LNHZLVH��WKH�)��1HDU�0LVV�YHUVLRQ���VFRUH�ZLWK�*DXVVLDQ�
1DwYH�%D\HV�LV�EHWWHU�WKDQ�.�1HDUHVW�1HLJKERUV��3URFHVV�7LPH�
*DXVVLDQ�1DwYH�%D\HV� LV� DOVR� IDVWHU�� ZKLFK� LV� ������ VHFRQGV�
FRPSDUHG�WR�.�1HDUHVW�1HLJKERUV��ZKLFK�LV�������VHFRQGV��7KLV�
LV� LQ� DFFRUGDQFH� ZLWK� WKH� RSLQLRQ� RI� $QDQG� HW� DO� WKDW� 1DwYH�
%D\HV�KDV�FRPSXWDWLRQDO�HIILFLHQF\�>��@���

�

�
)LJ�����*UDSK�RI�XQEDODQFHG�RULJLQDO�GDWD�

�

���



�
)LJ�����*UDSK�RI�EDODQFHG�GDWD�ZLWK�1HDU0LVV�YHUVLRQ���SULRU�WR�LQFOXVLRQ�LQ�ERWK�FODVVLILFDWLRQ�DOJRULWKPV�

�

�
)LJ�����*UDSK�RI�EDODQFHG�GDWD�ZLWK�1HDU0LVV�YHUVLRQ���SULRU�WR�LQFOXVLRQ�LQ�ERWK�FODVVLILFDWLRQ�DOJRULWKPV�

�

9�� &21&/86,216�
7KH� /&�06� GDWD� RI� PHGLFLQDO� SODQWV� LV� XVHG� LQ� WKLV�

LQYHVWLJDWLRQ�� ,W�PXVW� EH� EDODQFHG� EHFDXVH� LW� LV� QRW� FXUUHQWO\�
EDODQFHG��7KH� WZR�PHWKRGV� WKDW�ZHUH�VHOHFWHG�DUH�1HDU�0LVV�
YHUVLRQV���DQG����ZLWK�WKH�XQGHUVDPSOLQJ�WHFKQLTXH��ZKLFK�LV�
PRUH� UHVLVWDQW� WR� RYHUILWWLQJ�� EHLQJ� WDNHQ� LQWR� FRQVLGHUDWLRQ��
1HDU�0LVV�YHUVLRQ���ZDV�QRW�XVHG�EHFDXVH�LW�IDLOHG�WR�JHQHUDWH�
VDPSOLQJ��7KLV�LV�GXH�WR�WKH�OLPLWDWLRQV�RI�WKH�GHYLFHV�XVHG��

)RU�WHVW�WKH�VDPSOLQJ��*DXVVLDQ�1DLYH�%D\HV�DQG�.�1HDUHVW�
1HLJKERUV� DOJRULWKPV� DUH� XVHG� ZLWK� FRQVLGHUDWLRQ� RI� WKHLU�
SRSXODULW\�DQG�HDVH�RI�XVH��

7KH�UHVXOWV�RI�WKLV�VWXG\� LQGLFDWH� WKDW�1HDU�0LVV�YHUVLRQ���
WHVWHG�ZLWK�*DXVVLDQ�1DLYH�%D\HV�LV�EHWWHU�LQ�WHUPV�RI�DFFXUDF\�
DQG�H[HFXWLRQ�WLPH�WKDQ�WHVWHG�ZLWK�.�1HDUHVW�1HLJKERUV���

7KLV�UHVHDUFK�UDLVHV�D�QHZ�SUREOHP�ZLWK�1HDU�0LVV�YHUVLRQ�
���ZKLFK�KDV�D�PRUH�HYHQ�GLVWULEXWLRQ�EXW�SRRU�DFFXUDF\��HYHQ�
WKRXJK�WKH�H[HFXWLRQ�WLPH�LV�IDVWHU��:H
OO�EH�ZRUNLQJ�RQ�WKLV�LQ�
WKH�IXWXUH��DORQJ�ZLWK�FRQGXFWLQJ�WKH�H[SHULPHQW�ZLWK�GLIIHUHQW�
FODVVLILFDWLRQ�V\VWHPV��

5()(5(1&(6�
>�@� 1�� 5RXW�� '�� 0LVKUD�� 0�.�� 0DOOLFN�� ³+DQGOLQJ� LPEDODQFHG� GDWD�� $�

VXUYH\�´�$GYDQFHV�LQ�,QWHOOLJHQW�6\VWHPV�DQG�&RPSXWLQJ����������±�����
������GRL��������������������������B����

>�@� 0��*DODU��$��)HUQDQGH]��(��%DUUHQHFKHD��+��%XVWLQFH��)��+HUUHUD�� ³$�
UHYLHZ� RQ� HQVHPEOHV� IRU� WKH� FODVV� LPEDODQFH� SUREOHP�� %DJJLQJ���
ERRVWLQJ��� DQG� K\EULG�EDVHG� DSSURDFKHV�´� ,(((� 7UDQVDFWLRQV� RQ�
6\VWHPV��0DQ�DQG�&\EHUQHWLFV�3DUW�&��$SSOLFDWLRQV�DQG�5HYLHZV���������
���±�����������GRL���������760&&���������������

>�@� 6��)RWRXKL��6��$VDGL��0�:��.DWWDQ��³$�FRPSUHKHQVLYH�GDWD�OHYHO�DQDO\VLV�
IRU� FDQFHU� GLDJQRVLV� RQ� LPEDODQFHG� GDWD�´� -RXUQDO� RI� %LRPHGLFDO�
,QIRUPDWLFV�����-DQXDU\�����������������GRL���������M�MEL��������������

>�@� 5��=XHFK��-��+DQFRFN��7�0��.KRVKJRIWDDU��³'HWHFWLQJ�ZHE�DWWDFNV�XVLQJ�

���



UDQGRP� XQGHUVDPSOLQJ� DQG� HQVHPEOH� OHDUQHUV�´� -RXUQDO� RI� %LJ� 'DWD��
������������GRL���������V�������������������

>�@� 6�� %DJXL�� .�� /L�� ³5HVDPSOLQJ� LPEDODQFHG� GDWD� IRU� QHWZRUN� LQWUXVLRQ�
GHWHFWLRQ� GDWDVHWV�´� -RXUQDO� RI� %LJ� 'DWD�� ������ ������
GRL���������V����������������[��

>�@� 6�� 6DSUH�� 3�� $KPDGL�� .�� ,VODP�� ³$� &RPSUHKHQVLYH� 'DWD� 6DPSOLQJ�
$QDO\VLV�$SSOLHG� WR� WKH�&ODVVLILFDWLRQ�RI�5DUH� ,R7�1HWZRUN� ,QWUXVLRQ�
7\SHV�´� LQ� ����� ,(((� ��WK� $QQXDO� &RQVXPHU� &RPPXQLFDWLRQV� 	�
1HWZRUNLQJ�&RQIHUHQFH��&&1&���/DV�9HJDV��19��86$���±���������

>�@� -��$KPHG��5�&��*UHHQ�,,��³3UHGLFWLQJ�VHYHUHO\�LPEDODQFHG�GDWD�GLVN�GULYH�
IDLOXUHV� ZLWK� PDFKLQH� OHDUQLQJ� PRGHOV�´� 0DFKLQH� /HDUQLQJ� ZLWK�
$SSOLFDWLRQV����-XQH�����������������GRL���������M�POZD��������������

>�@� *��+DL[LDQJ��/��<LMLQJ�� -��6KDQJ��*��0LQJ\XQ��+��<XDQ\XH��*��%LQJ��
³/HDUQLQJ� IURP� FODVV�LPEDODQFHG� GDWD�� 5HYLHZ� RI� PHWKRGV� DQG�
DSSOLFDWLRQV�´� ([SHUW� 6\VWHPV� ZLWK�$SSOLFDWLRQV�� ���� ���±����� ������
GRL���������M�HVZD��������������

>�@� -�0��-RKQVRQ��7�0��.KRVKJRIWDDU��³6XUYH\�RQ�GHHS�OHDUQLQJ�ZLWK�FODVV�
LPEDODQFH�´�-RXUQDO�RI�%LJ�'DWD��������������GRL���������V����������
��������

>��@� $��7DQLPRWR��6��<DPDGD��7��7DNHQRXFKL��0��6XJL\DPD��+��.DVKLPD��
³,PSURYLQJ�LPEDODQFHG�FODVVLILFDWLRQ�XVLQJ�QHDU�PLVV�LQVWDQFHV�´�([SHUW�
6\VWHPV� ZLWK� $SSOLFDWLRQV�� ����0DUFK��� �������� ������
GRL���������M�HVZD��������������

>��@� *��5HNKD��$�.��7\DJL��1��6UHHQDWK��6��0LVKUD��³&ODVV�,PEDODQFHG�'DWD��
2SHQ� ,VVXHV� DQG� )XWXUH� 5HVHDUFK� 'LUHFWLRQV�´� ����� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�&RPSXWHU�&RPPXQLFDWLRQ�DQG�,QIRUPDWLFV��,&&&,�������
������GRL���������,&&&,��������������������

>��@� 1��9��&KDZOD��.�:��%RZ\HU��/�2��+DOO��:�3��.HJHOPH\HU��³6027(��
6\QWKHWLF� 0LQRULW\� 2YHU�VDPSOLQJ� 7HFKQLTXH�´� -RXUQDO� RI� $UWLILFLDO�
,QWHOOLJHQFH�5HVHDUFK���������±�����������GRL���������HDS�������

>��@� 6�� +H��+��� %DL�� <��� *DUFLD�� (���	� /L�� ³$'$6<1�� $GDSWLYH� V\QWKHWLF�
VDPSOLQJ�DSSURDFK�IRU�LPEDODQFHG�OHDUQLQJ��,Q�,(((�,QWHUQDWLRQDO�-RLQW�
&RQIHUHQFH� RQ� 1HXUDO� 1HWZRUNV�� �����´� ,-&11� ������,(((� :RUOG�
&RQJUHVV�RQ�&RPSXWDWLRQDO�,QWHOOLJHQFH���3S������±�����������������±�
������������

>��@� -��=KDQJ��,��0DQL��³.11�$SSURDFK�WR�8QEDODQFHG�'DWD�'LVWULEXWLRQV��$�
&DVH� 6WXG\� ,QYROYLQJ� ,QIRUPDWLRQ� ([WUDFWLRQ�´� LQ� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�0DFKLQH�/HDUQLQJ��,&0/��������:RUNVKRS�RQ�/HDUQLQJ�
IURP�,PEDODQFHG�'DWDVHWV�,,��:DVKLQJWRQ�'&��������

>��@� $��.DVHP��$�$��*KDLEHK��+��0RULJXFKL��³(PSLULFDO�VWXG\�RI�VDPSOLQJ�
PHWKRGV�IRU�FODVVLILFDWLRQ�LQ�LPEDODQFHG�FOLQLFDO�GDWDVHWV�´�$GYDQFHV�LQ�
,QWHOOLJHQW� 6\VWHPV� DQG� &RPSXWLQJ�� ����� ���±����� ������
GRL��������������������������B����

>��@� ,��%LQDQWR��+�/�+�6��:DUQDUV��1�)��6LDQLSDU��:��%XGLKDUWR��³$QWLFDQFHU�
&RPSRXQG� ,GHQWLILFDWLRQ� 0RGHO� 2I� 5RGHQW� 7XEHU¶V� /LTXLG�
&KURPDWRJUDSK\�0DVV� 6SHFWURPHWU\� 'DWD�´� ,&,&� ([SUHVV� /HWWHUV��
��������±����������GRL����������LFLFHO����������

>��@� ,�� %LQDQWR�� +�/�+�6�� :DUQDUV�� 1�)�� 6LDQLSDU�� :�� %XGLKDUWR��
³:HEVFUDSLQJ�'DWD�/DEHOLQJ�6\VWHP�2Q�/LTXLG�&KURPDWRJUDSK\�0DVV�
6SHFWURPHWU\�2I�5RGHQW�7XEHU�)RU�(IILFLHQF\�2I�6XSHUYLVHG�/HDUQLQJ�
3UHSURFHVVLQJ�´�,&,&�([SUHVV�/HWWHUV�3DUW�%��$SSOLFDWLRQV������������±
�����������GRL����������LFLFHOE������������

>��@� '��/DXUHQW��1�)��6LDQLSDU��&KHOHQ��/LVWLDULQL��$��:DQWKR��³$QDO\VLV�RI�
*HQHWLF�'LYHUVLW\�RI�,QGRQHVLD�5RGHQW�7XEHU��7\SKRQLXP�IODJHOOLIRUPH�
/RGG��� &XOWLYDUV� %DVHG� RQ�5$3'�0DUNHU��´� LQ� 7KH� �UG� ,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�%LRORJLFDO�6FLHQFH�������7KH��UG�,&%6�����������±�����
������

>��@� 1�)��6LDQLSDU��5��3XUQDPDQLQJVLK��'�/��*XPDQWL��5RVDULD��0��9LGLDQWL��
³$QDO\VLV�2I�*DPPD� ,UUDGLDWHG�)RXUWK�*HQHUDWLRQ�0XWDQW�2I�5RGHQW�
7XEHU� �7\SKRQLXP� )ODJHOOLIRUPH� /RGG��� %DVHG� 2Q�0RUSKRORJ\� $QG�
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