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1 Message from ORSI President 
 

A warm welcome to the delegates of the 52nd Annual Convention of Operational Research 

Society of India (ORSI) at Indian Institute of Management Ahmedabad, considered to be one 

of the most respected management schools in Asia pacific region.  

I am delighted to announce that this year's ORSI Conference would be one of a kind, as 

possibly for the first time in the history of the ORSI, the current Presidents of Institute for 

Operations Research and the Management Sciences (INFORMS), The Operational Research 

Society (ORS) UK and ORSI will congregate for the annual conference of ORSI. As many of 

us know, ORSI is a member of the International Federation of Operational Research Societies 

(IFORS) and this year the former President of IFORS Professor Paolo Toth, University of 

Bologna will grace the occasion as the Guest of Honour. 

We have chosen “Practice of Management Science and Analytics” as the theme for the 

conference. This might seem slightly unusual to many, but is particularly appropriate in the 

context of India. Management education at IIMA is practice oriented and also based on case-

based research. In India, there have not been many instances of practice of Management 

Science and Analytics in the open literature. The origin of Operational Research goes back to 

second world war and it appears that the discipline has become more methodological and less 

practical. There may be several practice-oriented works going on in the industry, but they 

have not been reported in the open literature. It is also possible that practitioners working in 

the industry are contributing a lot in the area but are not getting sufficient recognition for 

their work. To address this, we have started a competition titled the ORSI Award for Practice 

of the Management Science and Analytics. 

This year we have scheduled around 125 contributory presentations, 30 invited talks, 8 

plenaries and a keynote address. 

I would like to thank all the sponsors, the program committee, organizing committee and the 

members of the Central Council of ORSI for their interest and patronage.  I am immensely 

grateful to all the volunteers, doctoral students, academic associates and research assistants 

who have worked round the clock towards the success of this conference.  

I would also like to thank the Director, the Deans, and all the officers and staff of IIMA for 

their extending their support in making this event successful. I wish to acknowledge the 

contribution made by the local organizing committee and programme committee, specially 

the efforts made by the Gujarat University. 

I sincerely hope that this conference will deliberate and discuss relevant facets and that you 

find it enlightening and insightful.  

Best wishes to all the participants and enjoy your time in the World Heritage City, 

Ahmedabad. 

 

Goutam Dutta 

General Chair and 43rd President of ORSI.  
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2 Message from Program Chair 

 

It is our great pleasure to welcome all the delegates for the 52nd Annual Convention of 

Operational Research Society of India and International Conference (ORSI-2019), organised 

at Indian Institute of Management- Ahmedabad, India. The theme of ORSI-2019 is Practice 

of Management Science & Analytics. ORSI-2019 continues the tradition of high quality and 

international participation in all areas of Operations Research. We have shortlisted 163 

technical papers for presentation at the conference, apart from keynote addresses, invited 

talks, tutorial sessions, and panel discussion from eminent people in the field of operations 

research. We are also happy to host the final round of the inaugural ORSI Prize in Practice of 

Operations Research, Management Science and Analytics Award, constituted by ORSI for 

industries. 

The successful organisation of the conference requires dedication and time of our volunteers 

and strong support from our sponsors. We thank all our sponsors – SBI, Bharat Petroleum 

Limited, JDA, Tata Steel, JSW, Oil India Ltd., AMPL, Optym, Opex Analytics, Sharda 

University and Springer - for their immense & immediate support. Special appreciation to our 

reviewers and program coordinators for putting together an excellent set of talks. We thank 

all our keynote speakers and invited speakers for readily accepting our invite and 

participating in the conference. Finally, we are grateful of the support of all the staff and 

students of IIM-A and local organizing and program committee members for their 

outstanding service in putting together such an excellent conference. 

We invite all of you join us in the Cultural programme followed by Conference Dinner on the 

evening of 17th December 2019. We hope that you find the conference both enjoyable and 

valuable, and the conference gives you a good opportunity to interact with your colleagues 

from India and abroad. 

 

 

 

 

 

Prof. (Dr.) Nita H. Shah 

Programme Chair 

 

 

  



7 
 

3 ORSI 2019 Committees 
 

General Chair____________________________________________________________ 

Prof. Goutam Dutta, Faculty, IIM Ahmedabad  

Program Committee_______________________________________________________ 

Prof. Nita Shah, Gujarat University (Chair)    

Prof. N. Hemachandra, IIT Bombay  

Prof. Sachin Jayaswal, IIM Ahmedabad        

Prof. Sonia Singh, IIM Lucknow  

Prof. M. K. Tiwari, IIT Kharagpur  

Organization Committee___________________________________________________  

Prof. Arnab Kumar Laha, IIMA (Joint Chair)  

Prof. Chetan Soman, IIMA (Joint Chair)  

Prof. Sankarshan Basu, IIM Bangalore  

Prof. Pankaj Dutta, IIT Bombay  

Mr. S. Raganathan, IIM Ahmedabad  

Prof. Jayendran Venkateswaran, IIT Bombay 

International Advisory Committee__________________________________________ 

Prof. Peter Bell, University of West Ontario, Canada  

Prof. Vijay Chandru, IISc, Bengaluru  

Prof. Pankaj Chandra, Ahmedabad University  

Prof. Robert Fourer, AMPL Optimization, USA  

Prof. Nicholas G. Hall, INFORMS, USA  

Prof. Karuna Jain, NITIE Mumbai  

Prof. M. R. Rao, Woxsen School of Business, Hyderabad.  

Prof. Bijan Sarkar, Jadavpur University  

Prof. Devanath Tirupati, Ahmedabad University  

Prof. A. Tripathy, Former Faculty, IIM Ahmedabad  

Prof. S.P. Mukerjee, Ex-Faculty, University of Calcutta  

Extended Program Committee Members_____________________________________  

Prof. A. Goswami, IIT Kharagpur  

Prof. Madhu Jain, IIT Roorkee  

Prof. Chandra K Jaggi, University of Delhi  

Prof. Chetan Jhaveri, Nirma University, Ahmedabad  

Prof. C. S. Lalitha, University of Delhi  

Prof Kalyan Mitra, Marine University  

Prof R. N. Mukherjee, Formerly University of BURDWAN  

Prof. G. C. Sharma, B.R. Ambedkar University  

Prof Prabha Sharma, Ex-IIT, Kanpur 
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4 Venue & Overall Schedule 
 

The conference will be held at the new campus as well as old campus of Indian Institute of 

Management Ahmedabad. The new and the old campuses are connected internally through an 

underpass walkway. The registration desk will be set up on the first floor of IMDC building at the 

new campus and the same area will feature the booths by our sponsors and the food court. All the 

main sessions including inauguration, keynote and plenary talks, panel discussion, award ceremony 

and valedictory will be conducted at the P P Gupta Auditorium situated on the first floor of the IMDC 

building at the new campus. The pre-conference sessions on 15th December will be held at the SR1 

and SR2 situated at the ground floor of the IMDC building. The cultural program on 17th night will be 

held at the RJM auditorium situated at the old campus. The RJM building at the old campus will also 

host some of the parallel sessions along with IMDC building at the new campus. 

 

Overall Schedule of the Conference: 

 

Sunday, 15th December,2019. 

9:45 – 17:00 Registration, Venue – Registration Desk, IMDC first floor 

10:30 – 12:00 

SB01 

Preconference Session, Venue – SR1, IMDC ground floor 

Introduction to Stochastic Programing 

Prof Goutam Dutta 

10:30 – 12:00 

SB02 

Preconference Session, Venue – SR2, IMDC ground floor 

Introduction to Case based Teaching in Operations Research/ 

Management Science 

Prof N Ravichandran  

12:00 – 12:15 Tea Break, Venue – Food Court, IMDC first floor lawn 

12:15 – 13:30 

SC01 

Preconference Session, Venue – SR1, IMDC ground floor 

Introduction to AMPL and Stochastic Programing with AMPL  

Prof Goutam Dutta, Krishnendranath Mitra, Sumeetha R. Natesan  

13:30 – 14:30 Lunch, Venue Food Court, IMDC first floor lawn 

14:30 – 16:00 

SD01 

Preconference Session, Venue – SR1, IMDC ground floor 

Solving Mixed-Integer Nonlinear Optimization Problems with Minotaur 

Prof Ashutosh Mahajan  

14:30 – 16:00 

SD02 

Preconference Session, Venue – SR2, IMDC ground floor 

Research Publication in Top Tier Peer Reviewed journals – Prof Debjit 

Roy 

16:00 – 16:30 Tea Break, Venue – Food Court, IMDC first floor lawn 
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Monday, 16th December,2019. 

8:00 – 17:00 Registration, Venue – Registration Desk, IMDC first floor 

8:00 – 9:00 Breakfast, Venue – Food Court, IMDC first floor lawn 

9:00 – 10:30 

MA 

Inauguration, Venue – P P Gupta Auditorium, IMDC first floor 

Guest-of-honour: Prof. Paolo Toth 

ORSI Presidential lecture by Prof. Goutam Dutta 

Inaugural talk by Prof. Errol D’Souza, Director, IIMA 

Introduction to INFORMS by Prof. Ramaya Krishnan 

Introduction to ORS by Dr. John Hopes   

10:30 – 11:00 Tea Break, Venue – Food Court, IMDC first floor lawn 

11:00 – 11:50 

MB 

Keynote Talk, Venue – P P Gupta Auditorium, IMDC first floor 

Social Cyber Physical Systems: Opportunities at the Intersection of 

Operations Research and Data Science – Prof. Ramayya Krishnan 

12:00 – 13:30 

MC 

Parallel Sessions  

MC01: Invited Session I, Venue – SR1, IMDC ground floor  

MC02: Linear and Nonlinear prog - I, Venue – SR2, IMDC ground floor 

MC03: Public System and Urban Transportation-I, Venue – CR2, IMDC 

first floor 

MC04: Queuing Theory, Venue – CR12, New Campus Classroom Block 

first floor 

MC05: Invited Session II – Environmental Pollution and its Adverse 

Effects, Venue – P P Gupta Auditorium, IMDC first floor 

MC06: Environment and Climate Change-I, Venue – Class Room, RJM 

first floor 

13:30 – 14:30 Lunch, Venue – Food Court, IMDC first floor lawn 

14:30 – 16:00 

MD 

Parallel Sessions  

MD01: Invited Session III – Army & Related Applications, Venue – 

SR1, IMDC ground floor  

MD02: Linear and Nonlinear prog - II, Venue – SR2, IMDC ground floor 

MD03: Public System and Urban Transportation-II, Venue – CR2, IMDC 

first floor 

MD04: Stock Market, Venue – CR12, New Campus Classroom Block 

first floor 

MD05: Network Optimization, Venue – P P Gupta Auditorium, IMDC 

first floor 

MD06: Environment and Climate Change-II, Venue – Class Room, RJM 

first floor 

16:00 – 16:30 Tea Break, Venue – Food Court, IMDC first floor lawn 

16:30 – 18:30 

ME 

Plenary Talks, Venue – P P Gupta Auditorium, IMDC first floor 

1. Targeting growth and enabling scale: An application of Machine 

Learning for Growth in Micro, Small and Medium Enterprises in 

India. – Prof. Sridhar Seshadri  

2. Analytics in Banking – Mr. Dukhabandhu Rath 

18:30 – 20:00 ORSI AGM (Open to all ORSI Members), Venue – CR2, IMDC first 

floor 
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Tuesday, 17th December,2019. 

8:00 – 17:00 Registration, Venue – Registration Desk, IMDC first floor 

8:00 – 9:00 Breakfast, Venue – Food Court, IMDC first floor lawn 

9:00 – 10:30 

TA 

Parallel Sessions  

TA01: Communication/ Factor Analysis, Venue – SR1, IMDC ground 

floor  

TA02: Modelling and Pricing Management, Venue – SR2, IMDC ground 

floor 

TA03: Public System and Urban Transportation-III, Venue – CR2, IMDC 

first floor 

TA04: Inventory Theory -I, Venue – CR12, New Campus Classroom 

Block first floor 

TA05: Practice Prize Competition - I, Venue – P P Gupta Auditorium, 

IMDC first floor 

TA06: Invited Session IV – Facility Location, Venue – Class Room, 

RJM first floor 

10:30 – 11:00 Tea Break, Venue – Food Court, IMDC first floor lawn 

11:00 – 11:50 

TB 

Plenary Talks, Venue – P P Gupta Auditorium, IMDC first floor 

New challenges for OR practice in the age of AI and Big Data  

– Dr. John Hopes 

12:00 – 13:30 

TC 

Parallel Sessions  

TC01: Supply Chain Management - I, Venue – SR1, IMDC ground floor  

TC02: Decision Analysis-I, Venue – SR2, IMDC ground floor 

TC03: Marketing/Retailing, Venue – CR2, IMDC first floor 

TC04: Inventory Theory -II, Venue – CR12, New Campus Classroom 

Block first floor 

TC05: Practice Prize Competition - II, Venue – P P Gupta Auditorium, 

IMDC first floor 

TC06: Invited Session V – Discrete Optimization, Venue – Class Room, 

RJM first floor 

13:30 – 14:30 Lunch, Venue – Food Court, IMDC first floor lawn 

14:30 – 16:00 

TD 

Parallel Sessions  

TD01: Supply Chain Management - II, Venue – SR1, IMDC ground floor  

TD02: Decision Analysis-II, Venue – SR2, IMDC ground floor 

TD03: Invited Session VI – Stochastic Models for Manufacturing and 

Service Operations, Venue – CR2, IMDC first floor 

TD04: Invited Session VII – Mathematical programming, Venue – CR12, 

New Campus Classroom Block first floor 

TD05: Practice Prize Competition - III, Venue – P P Gupta Auditorium, 

IMDC first floor 

TD06: Publishing in High Quality Journals – Sagarika Ghosh, Springer 

Nature, Venue – Class Room, RJM first floor 

16:00 – 16:30 Tea Break, Venue – Food Court, IMDC first floor lawn 

16:30 – 18:30 

TE 

Plenary Talks, Venue – P P Gupta Auditorium, IMDC first floor 

1. Models and Algorithms for Passenger Railway Optimization Planning 

Problems – Prof. Paolo Toth 

2. Machine Learning meets Operations Research in real life  

– Mr. Vinod.Mathur 

3. Large-Scale Optimization – Prof. Nita H. Shah  
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19:00 – 20:00 Cultural Program, Venue – RJM Auditorium 

20:30 onwards Conference Dinner, Venue – Food Court, IMDC first floor lawn 

 

Wednesday, 18th December,2019. 

8:00 – 16:30 Registration, Venue – Registration Desk, IMDC first floor 

8:00 – 9:00 Breakfast, Venue – Food Court, IMDC first floor lawn 

9:00 – 10:30 

WA 

Parallel Sessions  

WA01: Supply Chain Management - III, Venue – SR1, IMDC ground 

floor  

WA02: Game Theory, Venue – SR2, IMDC ground floor 

WA03: Invited Session VIII, Venue – CR2, IMDC first floor 

WA04: Inventory Theory -III, Venue – CR12, New Campus Classroom 

Block first floor 

WA05: Invited Session IX, Venue – P P Gupta Auditorium, IMDC first 

floor 

WA06: Risk Management/Project management, Venue – Class Room, 

RJM first floor 

WA07: Integer & non-linear programming, Venue – Class Room, RJM 

ground floor 

10:30 – 11:00 Tea Break, Venue – Food Court, IMDC first floor lawn 

11:00 – 11:50 

WB 

Plenary Talks, Venue – P P Gupta Auditorium, IMDC first floor 

1. Analytics in Logistics and Manufacturing for Industry 4.0  

– Prof. Manoj K. Tiwari 

2. Patient Condition- and Physicians Prescribing Behaviour-based 

Healthcare Inventory Management System: Modelling and 

Application in a Hospital in India – Prof. Pradip Kumar Ray 

12:00 – 13:30 

WC 

Parallel Sessions  

WC01: Metaheuristics/Scheduling and Lean Management, Venue – SR1, 

IMDC ground floor  

WC02: Vector Optimization, Venue – SR2, IMDC ground floor 

WC03: Financial Management/ Policies, Venue – CR2, IMDC first floor 

WC04: Healthcare Management/Service Sector, Venue – CR12, New 

Campus Classroom Block first floor 

WC05: Invited Session X – Managing Supply Chain Operations in 

Transitions, Venue – P P Gupta Auditorium, IMDC first floor 

WC06: Artificial intelligence and machine learning, Venue – Class 

Room, RJM first floor 

WC07: Use of Bayesian Methodology in Decision making, Venue – 

Class Room, RJM ground floor 

13:30 – 14:30 Lunch, Venue – Food Court, IMDC first floor lawn 

14:30 – 15:30 

WD 

Panel Discussion on Practice of Operations Research, Management 

Science and Analytics, Venue – P P Gupta Auditorium, IMDC 

first floor 

15:30 – 16:30 

WE 

Awards & Valedictory, Venue – P P Gupta Auditorium, IMDC first floor 

16:30 – 17:00 High Tea, Venue – Food Court, IMDC first floor lawn 
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5 Technical Session Chairs 
 

Monday, 16th December 2019 

Time Session  Venue Chair 

12.00  - 13.30 

MC1 SR1 Arabinda Tripathy/ Sanjay Saigal 

MC2 SR2 Meenarli Sharma 

MC3 CR2 Sneha Shukla 

MC4 CR12 Pankaj Dutta 

MC5 PPGA Nita Shah 

MC6 FFRJM Sonia Singh 

14.30 - 16.00 

MD1 SR1 Ranju Kuriance 

MD2 SR2 Himanshu Rathore 

MD3 CR2 Debjit Roy 

MD4 CR12 Harikumar P. N. 

MD5 PPGA Chandra Jaggi 

MD6 FFRJM Jayendran Venkateswaran 

 

 

 

 

 

 

 

 

 

 

Tuesday, 17th December 2019 

Time Session  Venue Chair 

9.00  - 10.30 

TA1 SR1 Bikramaditya Datta 

TA2 SR2 Krishnendranath Mitra 

TA3 CR2 D. Dhananjay T. Mandlik 

TA4 CR12 Arindum Mukhopadhyay 

TA5 PPGA Sankarshan Basu 

TA6 FFRJM Sachin Jaiswal 

12.00 - 13.30 

TC1 SR1 Abhishek Roy 

TC2 SR2 Arnab Laha 

TC3 CR2 Sumeetha R Natesan 

TC4 CR12 Tathagata Bandyopadhyay 

TC5 PPGA Sankarshan Basu 

TC6 FFRJM Diptesh Ghosh 

14.30 - 16.00 

TD1 SR1 Arabinda Tripathy 

TD2 SR2 Pachayappan Murugaiyan 

TD3 CR2 Debjit Roy 

TD4 CR12 C. S. Lalitha 

TD5 PPGA Sankarshan Basu 
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Wednesday, 18th December 2019 

Time Session  Venue Chair 

9.00  - 10.30 

WA1 SR1 Chetan Soman 

WA2 SR2 Ruchi Bhandari 

WA3 CR2 Ashutosh Mahajan 

WA4 CR12 Avanish Kumar 

WA5 PPGA Mathirajan Muthu  

WA6 FFRJM Debasis Sarkar 

WA7 GFRJM Prabha Sharma 

12.00 - 13.30 

WC1 SR1 Protik Basu 

WC2 SR2 Anju Khandelwal 

WC3 CR2 VS Sarma Yadavalli 

WC4 CR12 Ayush Gupta 

WC5 PPGA Chandra Jaggi 

WC6 FFRJM Alka Jain 

WC7 GFRJM Tushar Shekhar 
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6 Abstracts: Plenary and Keynote Talks and 

ORSI Endowment Lecture 
 

Keynote Talk: MB, 11.00 am – 11.50 am, Monday December 16, P P Gupta 

Auditorium, IMDC 

 

Social Cyber Physical Systems: Opportunities at the Intersection of Operations 

Research and Data Science 

Ramayya Krishnan, President of INFORMS and Professor at Heinz College and Carnegie 

Mellon University 

When people interact either online or in physical spaces which are digitally instrumented, traditional 

social systems are transformed into social cyber physical systems. These systems support both human 

to human interactions as well as interactions between humans and algorithmic systems. The granular 

data about people and their decision making behaviours enabled by these systems permits the study of 

a class of problems at a scale and granularity that was previously not possible. Social cyber physical 

systems arise in a number of societal contexts ranging from e-commerce to transportation to health 

care systems. Hand in hand with these developments has been the emergence of data intensive 

decision making methods drawing on innovations in the closely related fields of statistical machine 

learning and artificial intelligence. In this talk, I will discuss work on two problems to make the case 

for the growing inter-disciplinary connections between operations research and data science. The first 

problem pertains to influence that propagates via network relationships that arise between human 

agents in social systems (e.g., digital social networks). Decision making is influenced via these 

network relationships. Two pathways that have been identified in the social science literature are peer 

influence and structural equivalence. However, quantitatively estimating the effects that each of these 

types of influence have on decision making on real, large scale networks requires a multi-disciplinary 

approach that combines ideas from statistics and operations research. I will provide an overview of 

the work we have done in estimating these types of influence and actionable insights it enables. The 

second problem relates to providing transparency reports that are designed to engender trust among 

human users interacting with a classifier (a type of algorithmic decision making system). The ideas I 

will overview draw on ideas from cooperative game theory. The objective of this talk is to 

demonstrate the value that arises in combining ideas from data science with work in decision 

science/operations research and social science to address important societal problems. 

Speaker Profile: 

 

Ramayya Krishnan is the W. W. Cooper and Ruth F. Cooper Professor of Management Science and 

Information Systems at Heinz College and the Department of Engineering and Public Policy at 

Carnegie Mellon University. 

A faculty member at CMU since 1988, Krishnan was appointed Dean when Heinz College was 

created in 2008. He was reappointed upon the completion of his first term as Dean in 2014. 

Krishnan was educated at the Indian Institute of Technology and the University of Texas at Austin. 

He has a bachelor’s degree in mechanical engineering, a master’s degree in industrial engineering and 

operations research, and a PhD in Management Science and Information Systems. Krishnan’s 

research interests focus on consumer and social behavior in digitally instrumented environments. 

His work has addressed technical, policy and business problems that arise in these contexts and he has 

published extensively on these topics. He has served as Department Editor for Information Systems at 

Management Science, the premier journal of the Operations Research and Management Science 
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Community. Krishnan is current President of INFORMS, a former member of the Global Agenda 

Council on Data Driven Development of the World Economic Forum, and a former President of the 

INFORMS Information Systems Society and the INFORMS Computing Society. He is the recipient 

of the prestigious Y. Nayuduamma award in 2015 for his contributions to telecommunications 

management and business technology, the Distinguished Alumnus award from the Indian Institute of 

Technology (Madras), and the Bright Internet Award (Jae Kyu Lee Award) from the Korea Society of 

Management Information Systems. 

Krishnan’s government service includes his current work on the IT and Services Advisory Board 

chaired by Gov. Tom Wolf of the State of Pennsylvania. He has served as an Information Technology 

and Data Science expert member of multiple U.S. State Department Delegations and briefed ICT 

ministers of ASEAN in October 2014 on big data technology and policy. 

Krishnan’s work on helping to create innovative organizations include his service for six years 

beginning in 2002 as advisor to the Dean of a new School of Information Systems created by the 

Government of Singapore within Singapore Management University. Drawing on a partnership with 

Carnegie Mellon, the work helped the school recruit faculty, develop innovative curricula, and meta 

curricula and establish best practices for governance of the School. 

Krishnan’s leadership experience includes the founding of the information systems and management 

program at Carnegie Mellon, and in his term as the first Dean of the Heinz College, a unique college 

that is home to both the Public Policy school and Information Systems school at Carnegie Mellon. 

This unique co-location of information technology, public policy and management brings together a 

multi-disciplinary faculty consisting of engineers, social scientists and information technologists 

dedicated to educating “men and women for intelligent action.” Faculty and students address 

important issues at the nexus of information technology, policy and management that arise in domains 

such as information privacy, evidence-based health care delivery, and urban consumer behavior. The 

College’s global footprint in the U.S. (Pittsburgh, Los Angeles and Washington D.C.), in Singapore, 

and in Adelaide, Australia enable these issues to be addressed from a global point of view using 

international testbeds and via bi-continental educational programs. INFORMS, the Institute for 

Operations Research and Management Sciences, the leading organization of scholars and practitioners 

of analytics, recognized Heinz College in 2016 with the UPS George D. Smith Prize for educational 

excellence. It is the only education institution that is home to both the Von Neumann Theory Prize 

and the UPS George D. Smith Prize from INFORMS. 

Krishnan led the establishment of funded research centers focused on data-driven decision making in 

key societal domains including transportation (http://traffic21.heinz.cmu.edu/), smart 

cities(https://metro21.cmu.edu/), living analytics (http://larc.heinz.cmu.edu), risk and regulatory 

analytics (https://www.cmu.edu/risk-reg-center/), and AI-led disruption (https://www.cmu.edu/block-

center/). He has participated as a panelist in the World Economic Forum and the Consumer 

Electronics Show. 

He has also led a successful fundraising campaign that continues to transform the learning spaces, 

classrooms, faculty and staff offices, and lab spaces in Hamburg Hall, the home of the Heinz College 

on the CMU campus. 

__________________________________________________________________________________ 
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Plenary Talks: ME, 04.30 pm – 06.30 am, Monday December 16, P P Gupta 

Auditorium, IMDC 

 

Targeting growth and enabling scale: An application of Machine Learning for Growth 

in Micro, Small and Medium Enterprises in India. 

Sridhar Seshadri, Professor in the Geis College of Business 

We explore the potential of using machine learning techniques to answer a long-standing policy 

question in India – how to enable the growth of Micro, Small and Medium Enterprises (MSMEs) in 

India. The business models of several entrepreneurs interviewed by us and the roadblocks faced by 

them help us develop a framework for further investigation into the question of growth. We use data 

from the National Sample Surveys of unincorporated manufacturing enterprises and the Annual 

Survey of Industries of the organized manufacturing sector for the years 2001, 2006 and 2011. An 

initial descriptive examination of the data reveals the existence of six distinct kinds of firms – or 

clusters. We also divide firms into one of four size classes, in line with prior literature, based on the 

number of paid employees. We balance the data using different techniques. We find, across the 

prediction algorithms, that there is a significant bias in prediction towards the smaller size classes, 

even when using the balanced training sets. As an outcome of this observation of downward bias, we 

formulate the hypothesis that there are firms that should not have been able to grow to the size they 

are at, given the external conditions and internal business models they adopt. Accordingly, we 

anticipate that such firms which have grown larger than their “means would support” are highly likely 

to fail. We estimate the failure rates, growth rates and entry rates in the different size classes from the 

period 2006 to 2011. We find, as anticipated, that the failure rates faced by firms in the larger size 

classes are significantly high – suggesting competitive pressure. We also find that the growth rates of 

firms from the smaller to the larger size classes is insufficient for replenishment required to 

compensate for failure. The size distribution is maintained by a healthy rate of entry of firms in the 

larger size classes. An important insight from this is that the fraction of firms in the smaller size 

classes that are able to grow is limited. The two segments operate as though distinct – with the smaller 

size classes witnessing lower failure, lower growth and lower entry – essentially a stagnant segment – 

and the larger size groups indicating a more competitively robust group. We also find from the 

predictions algorithms that no problem faced by the firms is individually important in predicting the 

size. However, a counterfactual attempt at estimating the combined impact of solving all problems 

suggests that a fraction of 10-20% of the smaller size classes are likely to grow to a larger size. A 

simple calculation estimating the impact of such a scenario shows an increase of almost 50% in the 

gross value added (GVA). Our analyses provide policy makers with both the evidence necessary to 

attempt a solution to the problems facing the MSME sector and the tools that can aid them in doing 

so. 

Speaker Profile: 

 

Sridhar Seshadri obtained his PhD at the University of California, Berkeley after graduating from the 

Indian Institute of Technology, Madras, India and the Indian Institute of Management, Ahmedabad, 

India. He is currently the Alan J and Joyce D Baltz Professor in the Geis College of Business. He is 

the Area Chair for the Information, Operations Management, Supply Chain and Analytics area in the 

Business Administration Department. Previously, he had served as the Deputy Dean (Operations) and 

Area Leader Operations Management at the Indian School of Business. He has been a faculty member 

at The McCombs School of Business at the University of Texas at Austin, the Stern School of 

Business at New York University and the Administrative Staff College of India. His current research 

projects focus on development of Micro, Small and Medium manufacturing enterprises in India, 

pricing and crop choice for agricultural supply chains in India, and sourcing and risk management in 

global supply networks. In addition, he serves on the board of directors for Nomi Networks and is on 

the advisory board of Wiley Innovation Advisory Council on Analytics. His professional service 
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includes serving as the Associate Editor, Naval Research Logistics; Associate Editor, Management 

Science, Area Editor, Operations Research Letters; and Department Editor (Operations and Finance 

Interface), Production and Operations Management Journal. He has co-authored the book Toyota's 

Supply Chain Management: A Strategic Approach to Toyota's Renowned System and edited the 

volume Managing Supply Chains on the Silk Road. His current book project is Essentials of Business 

Analytics: An Introduction to its Methodology and Applications, to be published by Springer in April 

2019. 

___________________________________________ 

 

 

 

Analytics in Banking 

Dukhabandhu Rath, Chief General Manager, SBI 

Adoption of technology in Banking has been strengthening since last two decade. Starting from total 

branch automation (TBA) and Core Banking Solution (CBS), to roll out of RTGS payment gateway, 

the pace of growth has been phenomenal. Due to the widespread adoption of mobile devices and 

easier access to the Internet we have a unique trend – connected devices. Now customers can compare 

products in seconds and make decisions spontaneously, especially through mobile apps offered by 

banks and financial institutions. It simply means that banks have mere seconds to convince customers 

the value of their offerings.  

Analytics is the discovery, interpretation, and communication of meaningful patterns in data. 

Analytics uses data and math to answer business questions, discover relationships, predict unknown 

outcomes and automate decisions. Organizations may apply analytics to business data to describe, 

predict, and improve business performance. Specialized areas within analytics include predictive 

analytics, prescriptive analytics, and descriptive analytics. Analytics helps in adding value at every 

possible stage of a sales/user journey because of the 360 degree insights that can be derived from all 

the channels (mobile, web, physical locations, social media, etc.) and devices involved. These insights 

can be used to then tweak, remodel, or even come up with new initiatives that will improve and 

optimize business models, products, and services.  

SBI has 450 mn customers and thus it’s not easy to do the one-to-one interactions as was possible a 

few years back. In past, the bank staff had a personal rapport with the customer because of in-branch 

interactions. But over a period of time many alternate channels have come in, which have been 

disruptor of sorts. Now, 71% of the bank’s customers access the bank through those alternate 

channels. Hence the in-person conversations have reduced. So, to identify with the customer’s line of 

thought, their next choices, what sort of customers they are, the bank need to set up analytics. Thus 

the first step was to build a data repository in 2009 and in 2019 SBI full fledged adoption of Analytics 

in its core and launch of SBI YONO 

The large amount of data being analyzed has the potential to eventually change the way we define and 

do Banking and big data analytics will serve as the next step in ensuring truly personalized and secure 

banking experiences and operations. 
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Speaker Profile: 

 

Shri Dukhabandhu Rath took over as Chief General Manager, State Bank of India, Ahmedabad Circle 

on 11th December, 2017. Shri Rath started his career as a Probationary Officer in 1984 in 

Bhubaneshwar Circle. He is a Certified Associate of the Indian Institute of Bankers. In his career of 

34 years, he has held various important assignments in Credit, Human Resources and International 

Banking including a foreign assignment as CEO of SBI in Bangladesh. He also had stints as i) 

General Manager (Network I), Lucknow Circle. ii) Circle Development Officer, Patna Circle. iii) 

CEO, Bangladesh. iv) Regional Manager, RBO- Sambalpur, Odisha v) Assistant General Manager, 

SBI Local Head Office, Bhubaneshwar etc. Prior to this appointment, he was Chief General Manager 

(Operations) at SBI’s Corporate Centre, Mumbai. 

__________________________________________________________________________________ 
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Plenary Talk: TB, 11.00 am – 11.50 am, Tuesday December 17, P P Gupta 

Auditorium, IMDC 

 

New challenges for OR practice in the age of AI and Big Data 

John Hopes, President of the Operational Research Society, UK 

The speaker, John Hopes, is the current President of the UK Operational Research Society which last 

year held its 60th annual conference.  The diversity of that conference’s programme, together with that 

of the OR Society’s publications, training courses and other activities reflects 60 years of expansion 

and development in the field of OR.  But the world is changing rapidly and OR needs to adapt 

accordingly. 

In an era of ‘fake news’ it has never been more important to base decisions on sound evidence from 

high quality modelling and analytics.  Also, with the rapid growth in computer power and the 

explosion in available data, the ability to provide such decision support has never been 

greater.  Indeed, the UK and other Governments have recognised that it is essential for future 

productivity and competitiveness. In addition, the importance of AI and Big Data is generally 

acknowledged along with the need to address an ongoing shortage of skills in science, technology, 

engineering and mathematics. 

OR practice has a key role to play in all of this, being central to the application of effective modelling 

and analytics.  The challenges for OR are to ensure that this key role is recognised, to keep OR in the 

vanguard of research and innovation flowing from technology-driven change, to differentiate itself 

through the techniques it has brought to the world over the past 60+ years, to demonstrate the value of 

the OR approach in the world of AI and Big Data, and to play a full part in meeting the skills needs of 

the 21st century. 

This talk will draw on John’s 40 years’ experience of OR practice, both in industry and management 

consulting.  It will consider the rapidly changing environment that OR operates in, look at its recent 

successes and growth, and explore how OR can raise its profile and take its rightful place at the heart 

of the age of AI and Big Data. 

 

Speaker Profile: 

 

John Hopes is currently President of the Operational Research Society, having previously served on 

the Society’s Board as Vice President and President Elect. 

John has nearly 40 years’ experience in Operational Research (OR), modelling and analytics, both in 

industry and as a consultant working across many different sectors. He started his career with eight 

years at Shell where he had roles in OR, business strategy and production economics. He then moved 

to professional services with KPMG where he eventually became lead partner for Business 

Modelling, responsible for selling and delivering solutions to many of the firm’s major clients, both in 

the UK and across the world. 

John then spent 17 years as a partner at EY (formerly known as Ernst & Young) where he was the 

global leader of Business Modelling and Transaction Analytics. This was a rapidly growing part of 

the firm’s business that had a headcount of over 800 professionals across over 40 countries by the 

time John retired from the firm last year. 

John is a keen runner and skier. His other interests include literature, history, art and music. 

__________________________________________________________________________________ 
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Plenary Talk: TE, 04.30 pm – 06.30 pm, Tuesday December 17, P P Gupta 

Auditorium, IMDC 

 

Models and Algorithms for Passenger Railway Optimization Planning Problems  

Paolo Toth, Professor of Emeritus at University of Bologna and Former-President of IFORS 

   Passenger railway systems are highly complex systems requiring the solution of several planning 

problems that can be analyzed and solved through the application of mathematical models and 

optimization techniques, which generally lead to an improvement in the performance of the system, 

and also to a reduction in the time required for solving these problems. 

   The planning process is generally divided into several phases: Line Planning, Train Timetabling, 

Train Platforming, Rolling Stock Circulation and Crew Planning. In this lecture, after a description of 

the whole planning process and of its main phases, the Train-Unit Assignment Problem, an important 

NP-hard problem arising in the planning of the Rolling Stock Circulation phase, is considered in 

detail. 

   In the Train-Unit Assignment Problem (TUAV), we are given a set of timetabled trips, each with a 

required number of passenger seats, and a set of different train units, each consisting of a self-

contained train with an engine and a set of wagons, and having a cost and a given number of available 

seats. TUAV calls for the minimum cost assignment of the train units to the trips, possibly combining 

more than one train unit for a given trip, so as to fulfil the seat requests. 

     Two Integer Linear Programming (ILP) formulations of TUAV are presented, and effective 

procedures are introduced for solving the corresponding Linear Programming (LP) relaxation. 

Additional relaxations, based on the Lagrangian approach and on the solution of a restricted problem 

associated with a peak period (i.e., with a subset of simultaneous trips that must be assigned to distinct 

train units), are considered for the computation of tight lower bounds. Constructive heuristic 

algorithms, based on the previously considered relaxations, are proposed, and their solutions are 

improved by applying local search procedures. 

     Extensive computational results on real-world instances are reported, showing the effectiveness of 

the proposed bounding procedures and heuristic algorithms. 

 

Speaker Profile: 

 

Paolo Toth is Professor of Emeritus at the Department of Electrical and Information Engineering, 

University of Bologna. He has published extensively in the field of Operations Research and 

Mathematical Programming methodologies especially areas such as, the design and implementation of 

effective exact and heuristic algorithms for Combinatorial Optimization and Graph Theory problems, 

and their application to real-world Transportation, Logistics, Loading, Routing, Crew Management, 

Railway Optimization problems. 

He has served as the President of EURO (Association of the European Operational Research 

Societies) for the period 1995-1996, and was also the President of IFORS (International Federation of 

the Operational Research Societies) during the period 2001-2003. 

Prof Toth received the “EURO Gold Medal” (the highest distinction within Operations Research in 

Europe) in 1998; the “Robert Herman Lifetime Achievement Award in Transportation Science” (from 

INFORMS) in 2005; the “INFORMS Fellowship” in 2016. In May 2003, the University of Montreal 

conferred him a “Doctorate honoris causa” in Operational Research. 

___________________________________________ 
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Machine Learning meets Operations Research in real life 

Vinod.Mathur, Sr. Director Strategic Services, JDA, Vinod.Mathur@jda.com 

Effective Supply Chain Management is the backbone of any successful business. While some 

businesses focus on building optimized and efficient supply chains, others need a more agile and 

responsive supply chain. At the core of any best in class supply chain are basic Operations Research 

(OR) concepts. In this session, we will explore how the use of OR has helped Supply Chain 

Management systems evolve over the last many few decades and the impact of new trends on OR 

based systems in this domain. 

Businesses are increasingly faced with a lot of uncertainty and data proliferation. These are 

challenging the core optimization concepts and ML is being seen by many as a panacea for all 

problems to be solved. However, the experience in real life is quite different. The need for 

Optimization today, is higher than ever. 

This session will help demystify these trends and throw light on how OR continues to remain the 

fundamental building block of Supply Chain Management systems. It will also touch upon how OR 

based systems need to evolve to be at the forefront of best technology and algorithm in this field. 

 

Speaker Profile: 

 

Vinod is a Strategic Consultant with 20+ years of varied experience in the Supply Chain Management 

domain. He is focused on leading and mentoring JDA's Manufacturing Strategic Services practice and 

Supply Chain Data Analytics Services. 

Vinod graduated from IIT Bombay (Electrical Engineering) in 1996 and completed his PGDM from 

IIM Ahmedabad in 1998. He joined i2 Technologies (now JDA), a pioneer in the field of Supply 

Chain Management as a Consultant and progressed through Product Management, Solution 

Architecting and Project Management, Solution Strategist to his current role of Sr. Director Strategic 

Services. He has extensive project experience across JDA’s Supply Chain Management solutions suite 

that heavily relies on use of OR concepts and AI/ ML algorithms to drive SCM transformation stories. 

Vinod has been involved with many successful SCM projects in different manufacturing industry 

sectors including electronics, semiconductors, chemicals, metals and CPG. 

Vinod believes a well-rounded exposure is the key that differentiates a good leader. Vinod also leads 

the Corporate Social Responsibility program at JDA India and his teaching interests lie in 

demystifying complex subjects like mathematics, astrology and unravelling the mysteries of the mind. 

He is also a trained teacher of the Art of Living that helps people integrate spirituality in their daily 

lives. 

___________________________________________ 
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Large-Scale Optimization 

Prof. Nita H. Shah, Department of Mathematics, Gujarat University, nitahshah@gmail.com 

The idea that includes modeling and subsequent optimization of application execution on large scale 

parallel and distributed systems. The model considers performance, reliability and power 

consumption. This incorporates simple and easy modeling of various classes of applications while 

reflecting key parameters of both the applications and targeted systems, namely, clusters and 

volunteer-based systems. This presents simulation of application execution on particular systems, 

optimization of assignment of several applications onto a complex environment that consists of 

several clusters and volunteer-based systems as well as for assessment of best future system 

configurations for execution of pre-defined application sets. A primal-dual method to solve L1-type 

non-smooth optimization problems independently of the grid size. We apply these results to two 

important problems: the Rudin–Osher–Fatemi image denoising model and the L1 earth mover’s 

distance from optimal transport. 

 

Speaker Profile: 

 

Nita Shah is currently Vice-President of the Operational Research Society of India. 

Nita Shah obtained her PhD at the Gujarat University, India after graduating from the same university. 

She was post-doctoral visiting research fellow of University of Brunswick, Canada. She is currently 

the professor and head of Department of Mathematics, Gujarat University. 

Nita has nearly 29 years’ experience in Operational Research (OR), modelling and analytics. Prof. 

Nita's research interests include inventory modeling in supply chain, robotic modeling, Mathematical 

modeling of infectious diseases, image processing, Dynamical systems and its applications etc. 

Her professional service includes serving as the Editorial member of Revista Operacional 

Investigacion, International Journal of Operations and Quantitative Management etc. She has authored 

3 – books in Mathematics and co-authored the book of Operations Research. She has 3 – edited books 

for IGI-global and Springer. Nita has published 475+ peer-reviewed research papers. Her papers are 

published in high impact Elsevier, Inderscience and Taylor and Francis journals. 

She has received Hari Om Ashram award in 2009 for the best interdisciplinary research, Best research 

service award from AIMS in 2011. She is recipient of AIAP Excellence Award (2018) and AIMS 

International Outstanding Ph.D. Guide Award (2019). She has guided 25 Ph. D. Students and 15 

M.Phil. students till now. Seven students are pursuing research for their Ph. D. degree. She has 

travelled in USA, Singapore, Canada, South Africa, Malaysia, and Indonesia for giving talks. 

__________________________________________________________________________________ 
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Plenary Talk: WB, 11.00 am – 11.50 am, Wednesday December 18, P P 

Gupta Auditorium, IMDC 

 

Analytics in Logistics and Manufacturing for Industry 4.0 

Manoj K. Tiwari, Director, NITIE 

In the current era, logistics, as well as manufacturing, are rapidly transforming to data-driven systems 

from traditional and manual operations generally visualizes in industries. Huge progress in the 

emerging technologies like high-performance computing, block chain, cybersecurity, real-time data 

monitoring, data analytics, and artificial intelligence accelerate these systems in envisioning the 

machine to machine communication, cyber-physical systems, and friendly human-machine 

interaction. In achieving the goal of real-time data capturing during production and transportation, 

data analytics and IoT devices are the necessity of the present era. Analytics in the logistics system 

contributes to achieving the on-time delivery, vehicle scheduling, efficiently space and load 

utilization, and spoilage reduction in case of perishable goods. Similarly, data analytics enhances 

productivity, resource utilization, automation, and machine coordination in manufacturing. Overall, it 

benefits the system by reducing the cost, lead time, energy, and pollution without compromising the 

quality, serviceability, efficiency. Numerous applications have been observed with the adoption of 

data analytics includes maintaining warehouses, demand forecasting, engineering design, decision 

support systems, factory control, fault detection, and cyber-security. The changes adopted in 

manufacturing are interpreted as Industry 4.0 and ‘Factories of Future’ in Europe, Industrial Internet 

in the USA, ‘Made in China’ in China, and ‘Make in India/Digital India’ in India. For envisioning the 

fourth revolution in both logistics and manufacturing, real-time data collection with accuracy and its 

analysis is the first step. Azure IoT Suite, SAP Cloud Platform, Amazon Web Service, are a few 

widely known IoT platforms to help in getting the milestone of forth revolution. A systematic 

description of the few problems and their proposed solution methodologies have also been 

highlighted. 

Speaker Profile: 

 

Prof. Manoj Kumar Tiwari is working in the domain of Manufacturing System and Supply Chain 

Management. His research and teaching interests are in modeling the Manufacturing Processes and 

Operations analysis in Supply Chain Networks. Optimization, Simulation and Computational 

Intelligence are the main techniques adopted by Prof. Tiwari to automate the decision support system 

for complex and large scale problems in Manufacturing and Logistics System. His research interests 

have been supported by several industries, national and international research funding agencies. He 

has published more than 295 papers (Scopus H-index-43) in the International Journals of repute and 

he has been rated as Rank 1 among top 100 individual researchers across the world who had published 

research articles in International Journal of Production Research (Taylor and Francis) during the time 

period 1985-2010 (International Journal of Production Research, Volume 51, Issue 23-24, 2013). 

Recipient of “Most Influential Researcher Award” in the domain of Operations and Supply Chain 

Management (Award is given during the Third Green Supply Chain International Conference, 2016 

organized by School of Business and Economics, Loughborough University, London Campus. Prof. 

Sir Mike Gregory, Founder and Former Head of IFM, Cambridge University has presented the 

award). He is the Recipient of Mahalanobis Distinguished Educator Award from the Operations 

Research Society of India (ORSI), in the category of Management education (2017). Prof. Tiwari also 

received Dr. R.P. Mohanty Gold Medal Award (2016) for Outstanding Teacher in Industrial 

Engineering by Indian Institution of Industrial Engineering on 59th National Convention of IIIE at 

Aurangabad, 2017. Prof. Tiwari is Fellow of Institute of Industrial Engineers (IISE USA), and Fellow 

of Indian National academy of Engineering (INAE). He is listed among Top 20 most productive 

authors in the area of Production and Operations Management as reported in the last 50 years 

(Published in a survey article in Int. Journal of Production Economics, 2009, 120, 540-551) and rated 
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2nd among many researchers working in Logistics and Supply Chain Management in India (Analysis 

of the logistics Research in India-White paper published in TU Dortmund University, Dortmund 

Germany-2012). He is serving as Associate editors of IEEE System, Man and Cybernetics- 

System,(SMC-S), International Journal of Production Research(Taylor and Francis), Computers and 

Industrial Engineering (Elsevier), International Journal of System Science (Taylor and Francis), 

Journal of Intelligent Manufacturing (Springer), Sadhana (Springer) and Neuro-computing (Elsevier) 

and Decision Support Systems (Elsevier). Prof. Tiwari is in the editorial board of several International 

Journals such as EJOR (2010-14), IJCIM, PPC, RCIM, IJAMT, JTS etc. 

___________________________________________ 

 

ORSI Endowment Lecture 

Patient Condition- and Physicians Prescribing Behaviour-based Healthcare Inventory 

Management System: Modelling and Application in a Hospital in India 

Professor Pradip Kumar Ray, Indian Institute of Technology Kharagpur, 

pkr@vgsom.iitkgp.ac.in 

 In recent times, inventory management of healthcare systems is considered a critical area of research 

due to a number of reasons, such as diversified requirements, increased spending on medicines with 

simultaneous occurrences of shortages at pharmacies leading to delay of patient care, increased 

healthcare costs, medical safety issues or errors, and increased treatment cost of patients. The 

problems related to healthcare inventory management systems remain an academically challenging 

and practically interesting one. Continuous change in patient medical condition, variability in length 

of stay of patients, variability in care units, heterogeneity in patients and physicians, and demand 

dependence among items are some of the key factors to be considered while dealing with research 

issues in healthcare units.  

In this context, a number of research issues are worth mentioning: hospital-level inventory models 

based on patient conditions as well as based on dynamics in physicians’ prescribing behavior due to 

rise in individual preferences of physicians suitable models for discovering hidden patterns in 

prescription data, assessment of stockout cost that may be leading to fatal consequences, and 

affordable healthcare systems considering demand dependence among medical items. 

Out of the above-stated research issues, the details of the research work resulting in development of 

stochastic models for inventory control considering patient conditions in terms of patient illness, 

treatment stages and types of care units and dynamics in physicians’ prescribing behavior for 

healthcare will be presented in the talk. The models are developed and validated through analyses 

based on observations, data collection, and empirical findings at a multi-speciality hospital in India. 

The case study details pertaining to the use of the models with specific results, findings and 

conclusions will be highlighted in the talk. It is suggested that any healthcare systems adopting these 

approaches for medicine inventory control will have significant healthcare system efficiency with 

reduced treatment cost and patient satisfaction. 

 

Speaker Profile: 

 

Prof. Ray is a professor at the Department of Industrial and Systems Engineering, Indian Institute of 

Technology Kharagpur since August, 2004. He served as the Associate Professor in the Department 

of Industrial Engineering and Management, Indian Institute of Technology Kharagpur, India from 

July, 1997 to July 2004; Associate Professor in the Department of Industrial Engineering, Eastern 

Mediterranean University, Cyprus from August, 1998 to July, 2000; Assistant Professor in the 

Department of Industrial Engineering and Management, Indian Institute of Technology Kharagpur, 

India from August, 1991 to June, 1997. He also served as Lecturer in the Department of Industrial 

Engineering and Management, Indian Institute of Technology Kharagpur, India from March, 1989 to 
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July, 1991and Head of Department of Industrial Engineering and Management, Indian Institute of 

Technology Kharagpur, India during September, 2006 to August, 2009. He had been the Vice-

Chairman of IIT Joint Entrance Examination of the year 2006 (JEE-2006) during 2005-06 and Senior 

Industrial Engineer at the General Electric Company (GEC) of India Ltd., Calcutta from August, 1981 

to February, 1989. His achievements include Distinguished Scholar2013 IARS, Fellow of IEI, Fellow 

of WAPS and P C Mahalanobis Award by ORSI. 

__________________________________________________________________________________ 
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7 Pre- Conference Workshop Abstracts 
 

Preconference Session: SB01, 10.30 am – 12.00 pm, Sunday December 15, 

Room SR1, IMDC 

 

SB01: Introduction to Stochastic Linear Programming 

Goutam Dutta, Professor, IIM Ahmedabad 

In this workshop we introduce the concept of stochastic linear programming model (SLPM). First, we 

introduce single product two stage stochastic production inventory problem under uncertainty. We 

write the SLPM and solve for Perfect Information (PI), Expected value of Perfect Information (EVPI) 

and Expected Monetary Value (EMV) solutions. We discuss why PI solutions are utopian and mean 

value solutions (EMV) may be infeasible. So we need to go for SLPM. Then we extend the problem 

from 2 stage to 3 stage and discuss what is called non anticaptivity constraint.  In the end we discuss 

about the concept of multi stage SLPM and concept of scenario trees.   

In the second part we discuss an application of SLPM in Asset Liability management.  

_____________________________________ 

 

Preconference Session: SB02, 10.30 am – 12.00 pm, Sunday December 15, 

Room SR2, IMDC 

 

SB02: Case Based teaching in operations research /management Science 

N. Ravichandran, Adjunct Professor, IIM Ahmedabad 

In this talk we share the experience of teaching operations research/Management science by using 

cases. The utility of operations research is enhanced when it si used in the context of a real-life 

application. Case method of teaching enabled the participants to approach a given situation from 

multiple stakeholder’s point of view and in a holistic way. The central theme of case-based teaching is 

it gravitation towards practice. When operations research is taught by using cases, we have a natural 

advantage of discussion of a context from a practice point of view. However, there are number of 

opportunities and challenges in this approach. The advantages are the approach provides an ideal 

setting to model an unstructured situation, with incomplete data/information with multiple often 

conflicting objectives with a strong bias toward practice and implementation. The impact of the 

proposed model can also be quantified The challenges are in depth understanding of the concepts of 

operation research, the ability to draw boundaries to core issues related to modelling, ability to 

balance the availability of data and the needs of a comprehensive modelling, and the choice of tools 

and the level of sophistication needed and creative thinking to model a situation. Drawing from 

several years of experience in teaching such courses to MBA students we share some of our unique 

experiences and insights. Based on these we provide some suggestions for younger faculty and 

mangers as hoe the learning and teaching can be made effective. 

__________________________________________________________________________________ 
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Preconference Session: SC01, 12.15 pm – 01.30 pm, Sunday December 15, 

Room SR1, IMDC 

 

SC01: Interaction with solvers: AMPL 

Goutam Dutta, Krishnendranath Mitra, and Sumeetha R Natesan 

IIM Ahmedabad 

In this workshop we will discuss the difference between modelling language and matrix generators. 

We will describe the mechanisms used by AMPL to code the problems sent to solvers and extract and 

interpret the output returned by them. We will demonstrate some examples on how to solve 

optimization model.  We will use AMPL to solve single and multi-period transportation problem. We 

will discuss the advantages of AMPL. We will explore additional features of AMPL as compared to 

other modelling languages for single and multi-period optimization models. The concept of Stochastic 

programming with AMPL will also be discussed. 

__________________________________________________________________________________ 

 

Preconference Session: SD01, 02.30 pm – 04.00 pm, Sunday December 15, 

Room SR1, IMDC 

 

SD01: Solving Mixed-Integer Nonlinear Optimization Problems with Minotaur 

Ashutosh Mahajan, Professor, IIT Bombay, 

Meenarli Sharma, IIT Bombay, 

Prashant Palkar, IIT Bombay,  

Mustafa Vora, IIT Bombay 

Many design, planning and decision problems arising in engineering, science, finance, and statistics 

can be mathematically modelled as Mixed-Integer Nonlinear Optimization (MINLO) problems. 

MINLO problems have nonlinear constraints as well as integer variables which makes them especially 

hard to solve. This workshop is designed to familiarize experts and researchers to the Minotaur toolkit 

for MINLO. 

Minotaur is a an open-source state-of-the-art toolkit for MINLO. It includes different solvers for 

general MINLO and can be extended to specialized problems. It has inbuilt data structures for storing 

and manipulating nonlinear functions and for evaluating first and second derivatives through 

automatic differentiation. It includes interfaces to state-of-the-art NLO, LO and MILO for solving 

sub-problems. This hands-on-workshop will quickly introduce algorithms for MINLO and then dive 

into details on creating MINLO models, calling Minotaur solvers for solving them, and customizing 

Minotaur. Participants are expected to bring their own laptop with Linux or Windows operating 

system and a working WiFi connection. Software libraries required for the workshop will be 

provided. More details about Minotaur are available at: https://minotaur-solver.github.io 

__________________________________________________________________________________ 
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Preconference Session: SD02, 02.30 pm – 04.00 pm, Sunday December 15, 

Room SR2, IMDC 

 

SD02: Research Publication in Top Tier Peer Reviewed journals 

Debjit Roy, Professor, IIM Ahmedabad 

We would like to publish our research work in high quality OR and OM journals. In this session, we 

will discuss strategies that you can adopt to make your research a good fit for a high quality journal. 

We will discuss two research articles (one from OR and another from OM area) from different 

perspectives: 1) What makes a research problem novel?, 2) How journals gauge contributions?, and 3) 

Writing style and publication process. 

__________________________________________________________________________________ 
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8 Practice Prize Competition Abstracts 
 

Parallel Session: TA05, 9.00 am – 10.30 am, Tuesday December 17, Room 

PPGA, IMDC 

Practice Prize Competition – I 

 

Complex Production Planning and Scheduling (PPS) for Auto Transmissions Factory in 

India 

Hariprasad Ambadapudi (hari.ambadapudi@in.ibm.com), Sarang Jagdale, Satish Saurav, 

Vipin Jain 

Transmissions plant (powertrain plant) is a complex multi stage, multi-product and multi-production 

lines shop-floor characterized by - shared production lines; finite and limited capacity; parts specific 

production path; mix of batch and continuous production processes; sequence dependent changeover 

times; changeover constraints; WIP inventory requirements; storage constraints. We developed and 

implemented a decision support solution that enabled planners in deriving global optimal plan taking 

into considerations various shop-floor requirements. The solution includes 1150+ parts, 199+ 

production lines spanning across six production stages, 3 shifts and 30 days rolling planning horizon. 

Back propagation planning with dynamic capacity checks to generate feasible solution across all 

production steps. Flexibility for planners to run partial solution and generate quick insights. Cognitive 

ways (the way planners think) to reduce search space. Several mathematical improvements to make 

search process faster. The solution focused on careful balance among people, process and technology 

to ensure successful implementation. Benefits include changeover time reduction, better WIP 

adherence, better plan adherence and higher demand satisfaction. 

_______________________________________________ 

 

Reducing Idle Freight Pay-out and Carbon Footprint through Application of 

Operations Research at Tata Steel India 

Deblin Chakraborty (deblin.chakraborty@tatasteel.com), Praveen Dubey, Anil Kr. Singh 

Harshana, Manoj Kumar Chatterjee, Amit Kumar Chatterjee, YN Rao, Surjit Laha, Bijan 

Mishra 

 

Tata Steel strives its relentless journey of excellence in its mission to be the global leader in lowest 

cost steel producer. The journey is even more significant in the present scenario of economy slow 

down and slump in automotive market.  Business Analytics emerges as one of the critical tools to 

leverage the competitive advantage in cost reduction and lowering carbon foot print. The paper 

mainly focuses on tubes division of Tata steel. However, the same philosophy and approach has been 

adhered to by Customer Service Division (CSD) division for dispatching coils and sheet.  

Tubes Division plays an important role in manufacture and supply of Steel Tubes. Tubes of various 

dimensions (packed in form of bundles) are shipped from the manufacturing plant to various 

customers/stock yards through roadways. There are 1200 varieties of tubes which are transported 

using 7 variants of trucks/trailers. Tata Steel’s CSD, which caters to the needs of 29pprox.. 7 Million 
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Ton per annum of various customer demand also dispatches multiple stock keeping units. Both in 

CSD and tubes division, different stock keeping units have different dimensions. This led to massive 

challenge with regards to optimal placement of products on to vehicles. In-spite of best efforts, 

manual methods lead to under-utilization of vehicle capacity hence more number of vehicles were 

required to dispatch same product amount.  

This paper describes the use of mathematical modelling to design advance mixed integer linear 

programming algorithms that will derive optimal allocation of finished product onto vehicles/wagons 

for shipping. By maximizing the utilization of wagon/truck’s carrying capacity, idle freight pay-out 

could be controlled which also further helps in reducing CO 2 emission. Additionally, the paper also 

elaborates digital transformation in these areas where in manual process has been completely digitized 

to the extent of automatic delivery order and stock out generation, without any human intervention. 

Keywords: Mixed Integer Program, Truck Loading, Supply Chain 
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Parallel Session: TC05, 12.00 pm – 01.30 pm, Tuesday December 17, Room 

PPGA, IMDC 

Practice Prize Competition – II 

 

Identification of Impact in Induced Draft Fan and Primary Air Fan Consumption by 

Analytics 

Ankit Rai (ankit.rai@vedanta.co.in), Abhishek Agrawal, Atish Pramanick 
 

It is inevitable for the world class organization like Vedanta to sustain in competitive market is to 

focus on increasing the generation capacity and energy conservation measures. As far as natural draft 

boilers are concerned, there are huge potentials for energy savings and increasing energy efficiency. 

Air ingress in to boiler and air preheater results into the high auxiliary power consumption ultimately 

leading to lower boiler efficiency and increase in the heat rate. Air ingress is the cause of negative 

pressure, aging, leakages and corrosion of various system components. Air ingress also leads to 

increased velocities resulting in erosion of internal components, which affects the energy efficiency 

through sub-standard performance. Air preheater leakage and boiler air ingress must be checked 

periodically and minimized to prevent the underperformance of boiler. The objective of this work was 

to quantify the impact of air leakage in air preheater & air ingress in boiler, calculate its effects on the 

energy efficiency of boiler and air preheater and find ways to enhance their performances and 

reduction in outage hours of units during shut down. 

_______________________________________________ 
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Optimal Fleet Management at Sukinda Chromite Mines of Tata Steel  

Nitish Kumar (nitish.kumar1@tatasteel.com), Vandana Kumari, Sumit Mishra, Sreela Paul, 

Divya Kumar, Y N Rao, J M Korath 
 

The Internet of Things (IoT) has potential to transform many industries by ensuring the real time 

connection between machinery, people, environmental conditions and business processes.  Mining 

Industry is one such domain where the ability to track equipment and personals remotely, can play 

vital role in improving safety and efficiency. As part of the digitalization initiative in its mining 

operations, Tata Steel has established a Smart Mining Command Centre (SMCC) at its Chromite mine 

located in Sukinda valley, Odisha. The SMCC utilizes a network of GPS devices and associated 

software modules to maximize the throughput by optimizing fleet allocation across time scales.  

At the beginning of the shift, a linear programming optimization model runs on the AIMMS platform 

to arrive at the optimum allocation of dumpers to shovels located at different mine sites. The inputs to 

the optimization model include total active fleet, capacities, and standard cycle times. As the 

operation progresses, the optimality of allocation is continuously re-evaluated by another module 

taking into consideration real-time status of fleet and appropriate changes are made dynamically in the 

allocation to maintain highest efficiency of operation at any point in time.  

This Dynamic Module takes latest GPS data and current allocation as inputs to forecast the future trip 

events, queuing time experienced by dumpers and idling time experienced by shovels for a predefined 

future time horizon. By scanning through the forecast results, model explores possible reallocations of 

dumpers to reduce queuing of dumpers and idling of shovels. Once scope for reallocation of a dumper 

to another shovel is confirmed by the Dynamic Module, a prompt advice is communicated to the 

dumper from the command centre. Hence, model adapts to the operational condition in real-time and 

optimizing for maximum trips in a dynamic system of shovels and dumpers.  

Keywords: GPS based fleet optimization, Dynamic fleet re-allocation, Linear Programming 

__________________________________________________________________________________ 

 

Parallel Session: TD05, 02.30 pm – 04.00 pm, Tuesday December 17, Room 

PPGA, IMDC 
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Sustenance of Troops by Air in Ladakh Region: An Indian Army Project 

Colonel Ranju Kuriance (ds54.cdmap@nic.in), Group Captain Suresh Singh  
 

The Indian Army has been extensively deployed in the highest battlefield of the world for more than 

three decades. Nearly 70,000 military personnel are deployed in this Region and remain cut off from 

the Mainland for six months in a year due to closure of mountain passes. Maintenance by fixed wing 

aircrafts and/or helicopters is therefore, the primary means of logistic sustenance for the turnover of 

troops and provision of fresh supplies (ration, milk, poultry etc.) and critical stores. Over 1000 sorties 

each of transport aircrafts and helicopters of the Indian Air Force (IAF) stationed at various locations, 

operate day and night along with nearly 500 sorties of civil charter flights to move 19000 tons of 

cargo and nearly 210000 troops every year.  

The air effort allotted each year is however, much lesser than the demand. The ever-increasing 
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demands on the IAF for national requirements like disaster relief, joint exercises and other operational 

and training commitments preclude any substantial increase in air effort to meet the shortfall. The 

existing unpredictability in troop movement, aircraft availability and the weather also result in an 

uneven flow of troops through the system. A systems study indicated that leverages lie in optimising 

the troop-cargo configuration of the aircraft and addressing the delays in the system. A Linear 

Programming model therefore was designed taking into consideration all possible aircraft 

configurations, the historic pattern of troop move and effect of varying temperatures during the 

different months on the lift capacity of the aircraft. The model indicated that 15-20% savings in air 

effort was feasible and the same has since been implemented.  

Keywords: Air maintenance, ladakh, logistic sustenance, indian army 

 

___________________________________________________ 

 

Coal Pilferage Detection Using Image Analytics 

Nitish Kumar (nitish.kumar1@tatasteel.com), Abhishek Kumar Singh, Rubel Das, Subham 

Sahu, Sankha Sai Sandeep, Ramesh Kumar, Surendra Choudhary 
 

Annually, 6.5 million tons of coal (imported/domestic) is dispatched to TSK/TSJ/HMC using coal 

rakes. Pilferage of coal has been observed along certain transit routes leading to a substantial financial 

loss. A digital solution needs to be developed to detect pilferage of coal when the wagons reach the 

receiving plants. Dedicated CCTV camera is installed at entry points of plants to record continuous 

video feed of the incoming coal rakes at a pre-defined angle to identify the wagons where potential 

pilferage is likely to have occurred during transit. The captured video is then transferred to Cloud 

based server for processing. Three algorithms are for video processing are used after the pre-

processing of the video and the images. In the first step, Image segmentation model was trained using 

deep Learning algorithm (Mask-RCNN) to detect coal surfaces in a given Image .375 Images were 

hand labelled, 300 were used for training and 75 for validation .In case of multiple coal surface, the 

largest one was selected .The second step involves analyzing coal surface irregularities . A non-ML 

algorithm is developed to detect coal surface irregularity level using edge detection techniques. 

Finally, a deep learning binary classification model was trained to detect pilfered/non-pilfered images. 

This solution has been deployed from the month of July’19 and has helped in reducing the domestic 

and imported Coal transit loss. 

Keywords: Image Segmentation, Deep Learning, Pilferage Detection 
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Invited Session – 1: MC01, 12.00 pm – 1.30 pm, Monday December 16, 

Room SR1, IMDC 

 

PSM/ Soft OR for enhancing OR Implementation 

Arabinda Tripathy, tripathy44@rediffmail.com 

Operations Research (OR) originated as multidisciplinary approach to problem solving. The focus is 

on multidisciplinary approach and problem solving. The problem structuring methods (PSM) help in 

greater understanding of the problem. In addition PSM also helps in getting common understanding of 

the problem by all the stakeholders. A problem solving process needs to include an implementation 

plan followed by actual implementation. Implementation process involves various individuals and 

groups, with likely differing perception and views. Soft OR plays an important role in a successful 

implementation of OR studies.  

The relationship between HARD OR and SOFT OR is discussed. The process of using Hard OR and 

Soft OR for effective implementation is also discussed. Application (implementation) of PSM / Soft 

OR in Industry, Government and in Societal context are included. 

[Key words: PSM, Hard OR, Soft OR, SSM]   

_____________________________________ 

 

Can the Collaborative Analytic Process be Taught in the Classroom? 

Sanjay Saigal, UC Davis, Graduate School of Management, sanjay.saigal@gmail.com 

In recent years, roughly 40 new masters programs in Analytics & Data Sc have set up shop each year 

in America alone. Most emphasize the curriculum's industry relevance and their graduates' job-

readiness. Others mention collaboration, leadership, Big Data expertise, and similar aspirational 

buzzwords that, one presumes, create employable analytics professionals. 

These employment-focused outcomes are typically enabled by various “learning-by-doing” activities - 

capstone projects, internships, or practicums. It is fair to ask: are such learning interventions 

pedagogically appropriate? And do they meet employability goals? 

 

We can begin to answer this question by comparing typical learning-by-doing models to actual 

analytics initiatives in industrial organizations. For instance, does a 10-12 week long capstone do 

justice to profitability leakage analysis at a tool manufacturer? Are students with economics and 

business backgrounds ready to extract insight from thousands of error logs from the SAAS stack at a 

software company? Can a team of relative strangers with vastly divergent educational and cultural 

backgrounds learn to perform in a few months? And finally, the $64,000 question: what can research 

faculty bring to such a practice-focused exercise? 

 

Our exploration is driven by our recent implementation of a master's program in business analytics at 

UC Davis. Designed ab initio around a learning-by-doing philosophy, the program’s core is an 

intensive, nearly year-long, industry practicum. Industry partners have high value-add expectations; 

they view it as a consulting engagement with specified deliverables. Students treasure the practicum 

journey, in theory. But they often aren't professionally seasoned enough to immediately progress 

along all its multi-dimensional learning objectives. Finally, research faculty, who tend to fall back on 

formal textbook-driven teaching plans, need to develop new competencies to support the practicum. 
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In fashioning a learning model that accords with pedagogy, one that actually improves job-readiness, 

these considerations are combining to create our analytics offering, one subject to steep refinement in 

this, the program's, early history. 

_____________________________________ 

 

Location Routing Problem for Last-Mile Optimisation for E-commerce Logistics 

Shiv Krishna Jaiswal, Kabir Rustogi, Delhivery, kabir.rustogi@delhivery.com 

The “Last-Mile” of e-commerce logistics in India contributes to about 30% of the entire delivery cost 

of a shipment. Thus, for any e-logistics company to be profitable, it becomes imperative to ensure 

optimal placement of Last-Mile Distribution Centres (DCs), appropriate determination of their 

serviceable areas and effective routing. This problem may be formulated as a Location Routing 

Problem (LRP), where candidate facility locations are represented by cells on a square grid overlaid 

on a city map. While LRP is well studied in Operations Research literature, our work focuses on 

application of LRP to improving the configuration of an existing network of facilities, with additional 

costs and constraints imposed due to business rules. Another challenge is to ensure that the calculation 

of our cost function is in line with the actual cost heads computed by the business, so that our solution 

is acceptable by ground operations. 

Our constraints include: (i) maximum permissible capacity and maximum operational hours of 

available vehicles, (ii) minimum/maximum permissible capacity and maximum serving radius of 

candidate facilities, (iii) mandatory requirement to open (or not open) facilities in certain 

predetermined locations, (iv) vehicles to not cross certain predetermined boundaries on a city map. 

Our costs include: (i) operating cost of a candidate facility, which is a function of its location (due to 

differential rents across the city) and planned capacity of the facility, (ii) cost of opening/shutting 

down a facility, (iii) traveling cost attributed to a candidate facility, which is a function of the number 

of riders that must be employed and the total distance travelled by them, to serve the planned capacity, 

(iv) penalty for not serving a given customer. 

We use Genetic Algorithms to determine the set of cells in which a facility must be opened. For each 

generation, we do the following: (i) determine the serviceable areas for opened facilities by solving a 

MIP to minimize travelled distance, (ii) create vehicle routes by solving a multi-capacitated 

(maximum permissible capacity and maximum operational hours of available vehicles) clustering 

problem. Given solutions for (i) and (ii), the overall cost function for a generation is evaluated using 

regression models trained on historic cost data. Use of machine learning in this step allows us to 

compute costs which are within 5% of actual costs, thereby ensuring the predicted cost of our optimal 

solution is reasonable. 

__________________________________________________________________________________ 
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Parallel Session: MC02, 12.00 pm – 1.30 pm, Monday December 16, Room 

SR2, IMDC 

Linear and Nonlinear Programming – I 

 

Linearization Schemes for LP/NLP Based Branch and Bound Algorithm for Convex 

MINLPs 

Meenarli Sharma, Indian Institute of Technology Bombay, meenarli@iitb.ac.in 

The LP/NLP based branch and bound algorithm is one of the most effective algorithms for solving 

convex mixed-integer nonlinear programs (MINLPs). This algorithm uses a branch-and-cut 

framework in which each node of the search tree is a linear programming (LP) relaxation. These 

relaxations are created using a gradient-based linear approximation of the nonlinear functions in the 

problem. In the search tree, tight relaxations are preferred to obtain better lower bounds, and they also 

influence branching decisions. While the algorithm is known to generate inequalities at nodes in 

which LPs yield integer feasible optimal solutions, generating tight cuts at other nodes could be 

useful. We describe schemes that generate tight inequalities at the root node of the search tree. These 

schemes use information like the solution of the continuous relaxation of the problem, the analytical 

center of the feasible region, curvature of the nonlinear functions, etc. Also, we automatically identify 

a structure, where a nonlinear constraint function has both nonlinear and linear terms in different 

variables, for which generating inequality is relatively easy and does not require solving a separation 

problem. We note that this particular structure is present in many convex MINLPs in the benchmark 

MINLP Library. Next, we characterize conditions based on constraint violation, primal and dual 

bounds, and KKT conditions to decide the eligibility of nodes with fractional optimal solutions for 

generating more linearization cuts. Furthermore, we present methods for generating these cuts based 

on extended cutting planes, nonlinear programming, and line search. Through extensive 

computational results, we demonstrate the effectiveness of our schemes in enhancing the performance 

of this algorithm. 

_____________________________________ 

 

Alternate Second Order Conic Programming Reformulations for Hub Location with 

Capacity Selection under Demand Uncertainty 

Sneha Dhyani Bhatt, Indian Institute of Management, Ahmedabad, fpm16snehad@iima.ac.in 

Hubs are critical nodes in a network since they serve as intermediate connections for several origin-

destination pairs. When fully functional, a hub-and-spoke network has several advantages. In addition 

to the cost-benefit achieved due to economies of scale, it also facilitates the centralization of 

operations, like maintenance and service of equipment in the network. However, hubs suffer from a 

major drawback: congestion. A hub-and-spoke network designed without taking into account possible 

congestion may cause excessive delays, especially due to unscheduled arrivals or uncertainties in the 

service.  In this paper, we study the hub location problem with capacity selection in the presence of 

congestion at hubs caused by demand uncertainty. For this, we model the hub-and-spoke network as 

spatially distributed M/G/1 queues, whose locations and capacities need to be selected in order to 

minimize the total cost. Accounting for congestion at hubs leads to a non-linear mixed-integer 

program, for which we make the following contributions. First, we propose two new NLMIP-based 

formulations for the hub location problem with capacity selection under congestion which we 

compare with two other NLMIP-based formulations from the literature. We subsequently show, 

through computational experiments, that the two formulations proposed by us significantly 
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outperform the latter two formulations. Second, for each of the four NLMIP- based formulations 

(proposed and existing), we present several MISOCP-based reformulations which we compare with 

the respective outer approximation (OA) based formulations.  From our extensive computational 

experiments, we suggest the overall best formulation for the exact solution of the hub location 

problem with capacity selection under congestion. We also show that our MISOCP-based 

reformulations outperform the OA-based method for the proposed NLMIP for all instances. 

_____________________________________ 

 

Lagrangian Duality in Set Optimization using Improvement Sets 

Mansi Dhingra, Rajdhani College, University of Delhi, mansidhingra7@gmail.com 

In set optimization, the notion of weak solutions is based on quasi-order  relation induced by a closed 

convex cone with nonempty interior. However,  there are situations in practice, where one has to deal 

with order relations which are not necessarily quasi-order. To deal with such situations, notion of 

improvement sets was introduced. In this paper, we introduce a notion of weak minimal solutions for 

set optimization problem using improvement set which unifies various types of solutions of a set 

optimization problem. For these solutions we establish Lagrange multiplier rule and duality results. 

_____________________________________ 

 

Two-warehouse inventory model with ramp type dependent demand rate and variable 

holding cost 

Himanshu Rathore, Manipal University Jaipur, Jaipur, rathorehimanshu2003@gmail.com 

In this article, an inventory model is developed for deteriorating item with time varying deterioration 

rate. The demand rate is taken as ramp type varying with partially backlogged shortages. To store the 

inventory the main focus is on two-warehouse system, the holding cost is take as linearly depending 

on time and the cost at rented warehouse is higher than the  holding cost payable at owned warehouse. 

To make the model more generous, keen focus is also given to the other relevant parameters of 

inventory control system, like to attract the customers a trade credit offered is presented among the 

customers. To verify the model the optimal values of different parameters like total cost function, is 

calculated and well-presented through graphical representation. A sensitivity analysis is also done to 

check the sensitivity of the model. This study further can be modified by inculcating other parameters 

of inventory control system. 

__________________________________________________________________________________ 
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Parallel Session: MC03, 12.30 pm – 1.30 pm, Monday December 16, Room 

CR2, IMDC 

Public System and Urban Transportation – I  

 

Efficiency Analysis of Indian Private Sector Banks: Data Envelopment Technique 

Sneha Shivang Shukla, Faculty of Management, sneha.shukla@glsuniversity.ac.in, 

 Simran R Lalwani, Faculty of Management, simran.r.lalwani@gmail.com 

The Indian financial sector reforms of 1991 has greatly changed the face of Indian Banking system. In 

the face of this increased competition, efficiency of the banking system is one of the most imperative 

issue in order to sustain and perform better. Data Envelopment Analysis is one such tool developed by 

Charnes et. al (1978) and further extended by Banker et. al (1984) that uses the principles of linear 

programming theory to examine how a particular Decision-Making Unit (DMU) like a bank – 

operates relative to other DMUs in the sample. The focus of this paper is using Data Envelopment 

Analysis (DEA) approach to evaluate the efficiency of Indian Private Sector banks for the year 2019. 

In this study, 20 private sector banks each with 5 inputs namely deposits, employees, fixed assets, 

interest & non-interest expenses and 4 outputs namely advances, investments, non interest & net 

interest income, using intermediation approach are considered. For each bank, efficiency scores have 

been calculated for the year 2019 under the VRS- input oriented method. The most & least efficient 

and inefficient banks are then evaluated based on ranking of banks on the basis of efficiency scores. 

The reasons for the inefficiency of banks is also identified. Benchmarking, an advantage of DEA, is 

used for further analysis. Moreover, targets for suggested changes in inputs & outputs for inefficient 

banks have also been found using sensitivity analysis to make them efficient for year 2020. In 

addition, the returns to scale data with the efficiency score for the year 2019 was been analysed. It 

was concluded that the Indian private sector banks are dominated by increasing returns to scale and 

thus need to increase their size to increase their efficiency. 

_____________________________________ 

 

A MIP model concerning efficiency-connectivity-emission model for scheduling slots at 

congested airports 

Aasheesh Dixit, Indian Institute of Management, Lucknow, fpm18021@iiml.ac.in 

Airport slot allocation is a complicated process because each player has different objective to serve. 

Airlines demand slots to maximize profit and increase market share. Government aims to improve 

social welfare by connecting more cities and providing access to remote locations. And 

environmentalist is concerned with rising carbon emission due to increase in number of flights. 

Hence, slot scheduling has emerged as an issue of major concern at congested airports. A commonly 

used parameter for assessing airport slot scheduling efficiency is total schedule displacement. The 

literature currently does not provide any model which aims to investigate slot scheduling from 

efficiency and carbon emission trade-off point of view. Our objective is to develop and solve a novel 

airport slot scheduling model by considering efficiency (allocating the desired slot to airline: airline 

objective), connectivity (mechanism to promote connection to remote cities) and emission level 

(reducing or controlling for carbon emission) in coordinated (level 3) airport. We introduce a 

connectivity and carbon emission level metric for slot scheduling (known as connectivity-emission 

metric henceforth) and formulate the airport slot scheduling problem as a bi-objective mixed-integer 

constrained optimization model. Integrated solution framework combining the ε-constraint method 

and a row generation algorithm is used to solve the bi-objective model.  We investigate the slot 
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scheduling efficiency and connectivity-emission trade-off under the following condition: (i) a scenario 

with connectivity-emission metric level fixed for each slot interval. In slot allocation we consider 

15min to be the time interval of one slot (ii) a scenario with connectivity-emission metric level fixed 

for each day. 24hr is equivalent to 96 slots and (iii) a situation that considers connectivity-emission 

metric level for each airline. 

_____________________________________ 

 

Multiobjective Solid Transportation Problem with Mixed Constraints by Fuzzy Goal 

Programming with Linear and Some Nonlinear Membership Functions 

Amal Kumar Bit, College of Military Engineering (CME), Pune, amalkbit@yahoo.com 

Multiobjective solid transportation problem (MOSTP) with mixed constraints in which the supply, 

demand and capacity constraints are equality and in inequality types and the objectives are equally 

important, non commensurable and conflicting in nature. The fuzzy goal programming with linear and 

some nonlinear membership functions for obtaining efficient solutions as well as the best compromise 

solution of a MOSTP with mixed constraints has been presented in this paper. An example is included 

to illustrate the methodology. In addition, this method is compared with one existing fuzzy 

programming with linear and hyperbolic membership functions. The necessity of MOSTP with mixed 

constraints arises when there are heterogeneous conveyances available for the shipment of goods. The 

MOSTP with mixed constraints is of much use in public distribution systems. We  have obtained 

same optimal compromise solution by our proposed fuzzy goal programming with linear and some 

nonlinear membership functions, fuzzy programming with linear and hyperbolic membership 

functions for the MOSTP with mixed constraints. For a MOSTP with mixed constraints with P 

objective functions, the fuzzy goal programming method gives P nondominated solutions and an 

optimal compromise solution. Our proposed fuzzy goal programming is applicable to all types of 

MOSTP. This paper shows that representation of membership functions is not unique. We have 

considered different models with different membership functions. However, all models give same 

optimal compromise values of the objectives. The value of membership function of an objective 

represents the satifaction level of the objective. 

_____________________________________ 

 

A Cutting-Plane Approach for Solving the Team Orienteering Problem with Non-

Identical Agents 

Shuvabrata Chakraborty, Indian Institute of Management, Lucknow, fpm17010@iiml.ac.in 

The Team Orienteering Problem (TOP) is one of the most widely studied variants of the family of 

Vehicle Routing Problems with Profits. In this variant, a team of agents is required to serve a subset 

of given customers such that each customer is served by at most one agent. A reward or profit is 

typically associated with each customer, and a travel time restriction is imposed on each route from 

origin to destination. The objective is to find a set of routes for the agents such that the total profit 

collected from the visited customers is maximized.  The few exact algorithms developed for the 

classical TOP have used either route-based set packing formulations or flow-based two/three index 

directed formulations. The use of undirected formulations, however, remains unexplored. Moreover, 

these approaches have considered the availability of only a homogeneous team of agents to serve the 

customers, although, for practical applications, a team of non-identical agents is very much relevant. 

An interesting example is an election campaign where a team of non-identical campaigners has to 

canvass at different locations subject to constrained time duration available to each campaigner. These 

agents can have several aspects of heterogeneity, such as different maximum allowable time limits, 
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different travel times between the nodes, and/or different rewards that each agent can collect from the 

same customer.  In this study, we investigate the use of an undirected flow formulation for the TOP 

with non-identical agents, which can also be used to solve the classical TOP with identical agents as a 

special case. We propose several new classes of valid inequalities for the formulation and develop a 

cutting-plane approach to solve the TOP. The usefulness of the proposed approach has been discussed 

using computational analysis on a set of derived instances. 

__________________________________________________________________________________ 
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CR12, IMDC 

Queuing theory 

 

Some aspects of reliability analysis of an N-policy unreliable queue with repeated 

service policy under Bernoulli Vacation Schedule 

Anjana Begum, Institute of Advanced Study in Science and Technology, 

ab.stats.ghy@gmail.com 

This research study deals with a batch arrival queue providing two genres of heterogeneous services 

by a single server under N-policy with optional repeated service. The server investigated here is 

unreliable and is allowed to undergo vacation after service completion of any genre. Vacation times 

are assumed to be general, and the server vacations are based on Bernoulli schedule on a single 

vacation policy. Expressions for Laplace Steiltjes Transform of the system's reliability function along 

with the mean time to the first failure of the server have been derived for this model and the work has 

been supported with the help of a numerical, where the impact of service interruption rates on the 

performance measure is shown at various levels of N(≥ 1, a threshold value). 

____________________________________ 

 

Stochastic Queuing Model with Encouraged Arrivals and Catastrophe for Effective 

Business Management 

Sunny Seth, Jagan Institute of Management Studies, Rohini, New Delhi, 

sunnyseth2005@gmail.com 

In today’s highly competitive global era, every firm strives to sustain and to stay ahead of others. In 

order to do so firms often come up with sales, heavy discounts and other lucrative offers like rewards 

and cashbacks. These strategies adopted by firms act as an enthralling factor to attract customers. 

Customers thus attracted towards the firm are termed as encouraged arrivals. Encouraged arrival 

results in long waiting lines, which often puts pressure on the service facility. If service facility is not 

fully equipped with managerial strategies in advance, then it may result in situation which could lead 

to extermination of all the customers and temporary closure of service facility. Such phenomenon is 

termed as catastrophe in queuing literature. Catastrophe may occur due to many reasons which could 

be internal as well as external and it prevails in many businesses in today’s scenario. In order to 

understand this scenario let us take an example of any ecommerce firm say Amazon. Amazon 

announces its prime day sale which attracts customers in huge numbers which can be innately infinite. 

Due to these encouraged arrivals which resulted in huge server traffic, servers of Amazon crashed last 

year causing service outage. Which is known as catastrophe as discussed above. Similar thing also 

happened with Flipkart few years back when their servers crashed as soon as big billion day sale 

began. Stochastic Queuing models can prove to be highly useful in such situation to estimate the 

performance measures of the system in advance so that necessary strategies can be clued-up by firms 

to avoid any chaotic situations which can adversely affect the business of the firms. In this paper we 

develop, validate and solve an infinite capacity single server queuing model with encouraged arrivals 

and catastrophe. 

_____________________________________ 
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Multi-Server Retrial Queueing Model with Channel Failures 

Raina Raj, Central University of Rajasthan, rainaraj288@gmail.com 

The 2.5 and higher generation cellular network can be classified into two distinct groups, real-time 

(RT) and non-real time (NRT) traffic. Real-time traffic can be categorized as streaming, i.e., voice 

and video while non real-time traffic can be categorized as background i.e., data and messages. RT 

traffic generally require strict delay, throughput and reliability parameters.  A lot of research in 

cellular network has been carried out over the pure performance models.   A pure performance model 

only considers the performance measures of that system without taking into account the possibility of 

channel failures and repairs. On the other hand, a pure availability model is conservative for the 

performance analysis of the model. This work presents a multi-server retrial queueing model with 

channel failures.   This proposed model is a composite model of availability model and performance 

model. In this model, it is considered that NRT traffic   retries at random intervals and in random 

orders. This retrial group is called orbit and can hold a maximum of m number of NRT traffic.  Due to 

the channel failures, the system capacity decreases, as well as the system performance such as 

throughput, mean response time and call traffic blocking probability may degrade. Further, matrix 

geometric methodology is adopted   to analyze the performability of the proposed model. The 

research is work-in-progress and the completed research and results obtained will be reported 

elsewhere. 

____________________________________ 

 

Steady State Analysis of M[X]/G/1 Retrial Feedback queue with Working Vacation 

having Server Breakdown and Repair 

Anshul Kumar, IIT Roorkee, anshul27121993@gmail.com 

In queueing systems, generally the server is not available all the time for providing service to the 

customers and in that situation, the concept of working vacation comes into picture but mostly, an 

assumption is made that the server is available all the time to provide service to the customers. For a 

specific reason, customers can also be served repeatedly in many situations of queues and the 

customers may retry in situations where it is not satisfied with the service provided to it or may be the 

process gets delay. In this study, we consider a bulk arrival queue with single server and general 

service time distribution subject to both server and vacation breakdown at the same time. An arriving 

customer is requested to leave the service area and joins a retrial queue known as orbit which 

characterizes the retrial queueing systems with repeated attempts. In the proposed model, the server 

goes for a vacation when the orbit becomes completely vacant at regular service completion epoch. At 

working vacation, the server works with a slower rate as compared to the normal service rate. When 

the regular service time comes to an end, orbit is present for the rejoining of the customer as a 

feedback customer to get another service. Breakdown may take place to a normal busy server which 

may results in the failure of the service system for a short period of time. For this purpose, we first 

derive a set of non- linear equations to compute the steady-state departure-epoch probabilities. The 

steady state analysis has been performed for the system size and orbit size by using supplementary 

variable methodology and some important system performance measures along with numerical 

simulations with examples and optimization of the cost function are illustrated. 

__________________________________________________________________________________ 
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Environmental Pollution and its Adverse Effects 

 

Plastic Pollution and its Health Effects on Humans 

Yash Shah, GCS Medical College, Ahmedabad, yashshah95aries@gmail.com 

Nearly 3000 tons of plastic is produced by the world which is equivalent to the weight of the entire 

population on the globe. India consumes an estimated 16.5 tons of plastic annually. This plastic has a 

ubiquitous presence in our lives. It has revolutionized convenience and it has played a prominent role 

in technological advancement from computers to heart valves but now it has become a threat to plants, 

animals, marine and human life and hence interventions and regulations are required. Plastic pollution 

can have a devastating effect on the ecosystem. Plastics find their way to terrestrial environments 

through different sources and as a result of certain trends and practices. The sources and pathways can 

be categorized based on the type of plastic particles found in the environment – primary microplastics, 

fragments of macro-plastics already present in the environment and secondary microplastics. 83% of 

tap water samples taken around the world contains plastic pollutants. India stands third when the rates 

of contamination of drinking water through plastics are considered. Burning of plastic in the open-air 

leads to environmental pollution due to the release of poisonous chemicals. Humans are exposed to a 

large variety of toxic chemicals and microplastics through ingestion, inhalation and direct skin 

contact, all along the plastic lifecycle. It has a debilitating effect on the following system: 

cardiovascular, renal, gastrointestinal, reproductive, respiratory and immune. This can lead to cancers, 

diabetes, neurological, reproductive and developmental toxicities. In this presentation, my teammates 

are optimizing investments in burning and recycling of dumped wastes by plastic industry. The 

laborers of plastic industry suffer from dyspnea and coughing which result in incurable diseases like 

asthma. Dr. Moksha Satia will analyze the effect of primary and secondary pollutants on acid rain. 

Optimum controls are advised to create an eco-friendly environment. 

____________________________________ 

 

Investments in Burning and Recycling of Dumped Waste by Plastic Industry 

Ekta Jayswal, Department of Mathematics, Gujarat University, jayswal.ekta1993@gmail.com 

Every year tones of plastic are produced and people become victim of many types of waste including 

domestic, agronomic and industrialized waste. In this paper, we are analyzing industrial plastic waste 

and chemical processes on it which results into pollution. The dynamical model starts with by 

investing the total budget into health policy for the civilization by decreasing the burning of plastic 

and increasing to install the recycling machine for dumped industrial plastic. Both are strides to 

economic progress of the country. With appropriate conditions, local stability is qualitatively analyzed 

in the model containing the system of non-linear differential equations. Graph theory results help to 

know the global stability behavior of the model. Techniques to reduce plastic pollution are outlined by 

optimizing both the policies which is simulated numerically with given validated data. 

____________________________________ 
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Control on asthma due to air pollution 

Ankush Suthar, Department of Mathematics, Gujarat University, 

ankush.suthar1070@gmail.com 

Health of our respiratory system is directly affected by the atmosphere. Nowadays, eruption of 

respiratory disease and malfunctioning of lung due to presence of harmful particles in the air is one of 

the most sever challenge. In this article, association between air pollution related infections; namely, 

dyspnea, cough resulting asthma is analysed by constructing a mathematical model. Optimal control 

theory is applied in the model to optimize stability of the dynamical system. In the model, four control 

variables are used among which three controls are applied in such a way that helps to reduce spread 

and intensity of asthma, and fourth control is associated with medication. Positive impact of controls 

on the model and intensity of asthma in the presence of dyspnea and cough is observed graphically 

through simulating the model numerically. 

____________________________________ 

 

Optimal Controls to Restrain Pollution Prevailing due to Global Warming on Rain 

Purvi Pandya, Department of Mathematics, Gujarat University, pandya091@gmail.com 

Global warming is one of the leading causes of many ecological disturbances. Uncertainty in rain 

prevails due to such disturbances. This leads to many other local problems related to vegetation and 

sewage which results into polluting the environment. Sometimes, sewage related issue affects 

vegetation which also adds in to the cause for pollution. Here, a systematic pathway is framed to 

decipher the relationship between the problems arising due to global warming and pollution. In order 

to study the impact of global warming on surrounding and pollution due to issues caused by fickleness 

in rain, threshold is calculated using the system of non-linear ordinary differential equations. Optimal 

controls on the issues caused due to global warming are applied to restrain pollution. This will help to 

limit the disastrous outcomes to a certain level. Also, numerical simulation is carried out to validate 

the data and to study the flow of the issues aroused due to global warming. 

____________________________________ 

 

Environmental Balance through Optimal Control on Pollutants 

Moksha Satia, Department of Mathematics, Gujarat University, mokshasatia.05@gmail.com 

Pollution which is a very common term has been divided as primary pollutants and secondary 

pollutants. Primary pollutants are those who results directly from some process whereas secondary 

pollutants are caused due to intermixing and reaction of primary pollutants. These pollutants result 

into acid rain. In this paper, a mathematical model has been developed to study the environmental 

impact due to acid rain. Pollutants such as primary and secondary pollutants are the causes of acid 

rain. Control in terms of gases emitted by factories, smog, burning of coal and fossil fuels have been 

applied on primary pollutants, secondary pollutants and acid rain to have an eco-friendly environment. 

Stability for the equilibrium points have been worked out. Simulation of the model has been carried 

out which shows that there can be a clean environment if all the necessary steps are taken care of to 

curb this problem. 

__________________________________________________________________________________ 
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Understanding Tourists’ Responsible Behavior in Homestays: An Empirical 

Investigation Using TPB 

Gayathiri K., Amrita School of Business, Amrita Vishwa Vidyapeetham, 

gayuviji1996@gmail.com,  

Arantxa Sanchez J., Amrita University, sanchezjaas@gmail.com  

While studies have been instrumental in understanding the role of theory of planned behaviour for 

understanding the development of environmental responsible behaviour, less focus has been given to 

understand the development of tourists responsible behavior at home stays. Using theory of planned 

behaviour, this study explores the impact of attitude, subjective norm and perceived behavioural 

control in the development of tourists' responsible behaviour intention, and in turn responsible 

behaviour at home stays. The items have been developed after a small pre-test after collating the items 

from extant literature. Furthermore, data collection is going from 120 respondents. We expect the data 

collection process to complete by October, 2019 so that we want to present the findings in the main 

conference, if given an opportunity. 

____________________________________ 

 

Antecedents of Environmental Engagement and Environmental Learning Behaviour 

Anjitha A., Amrita School of Business, Amrita Vishwa Vidyapeetham, 

anjitharamdas@gmail.com 

Mridula Manoj, Amrita School of Business, Amrita Vishwa Vidyapeetham, 

mrudulamanoj97@gmail.com 

Recent studies have classified ecotourism behaviour in to specific components like site-specific 

ecological behaviour, pro-environmental behaviour and environmental learning behaviour. However, 

the role of materialism in generating these behaviours is not clearly understood.  Materialism might 

affect a tourist’s environmental engagement also. Hence this study embarks on exploring these 

research gaps. All the constructs were operationalized as first order factors based on extant scales of 

measurement. The final questionnaire is prepared after a required pre-testing and is currently being 

used to collect data with a target of 120 responses. We expect to complete this by October, 2019 and 

wish to present the findings in the conference. 

_____________________________________ 

 

An optimization model to study the climate mitigation potential of bioenergy with 

carbon capture and storage (BECCS) at a local scale 

Omkar S Patange, IIM Ahmedabad, fpm16omkarp@iima.ac.in 

As a fast-growing major economy of the world, India faces multiple challenges like decarbonization 

of energy sector to combat climate change, ample provision of electricity and cooking gas to ensure 
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modern energy access for all citizens and reduction in imported fuels to achieve energy security. As 

modelling studies suggest, India may have to consider the deployment of negative emissions 

technologies (NETs) like biomass energy with carbon capture and storage (BECCS) to balance the 

development and climate goals in future. But there is limited literature on the feasibility, technical 

potential, costs and overall sustainability of BECCS at a regional or local scale. Further, studies on 

BECCS potential in India are limited. The country generates around 700 million tonnes of gross crop 

residues each year in addition to biomass sources like energy plantations, forestry and livestock. 

There is opportunity to harness the surplus biomass potential for BECCS and utilize the captured 

carbon dioxide (CO2) for enhanced oil recovery (EOR). The BECCS-CO2-EOR combine can reduce 

import dependence on oil while offsetting the residual emissions from fossil fuels. With this context, 

this paper uses mixed integer linear programming (MILP) to model the proposed BECCS-CO2-EOR 

supply-chain as a capacitated fixed charge facility location problem. The model aims to optimize the 

allocation of biomass and carbon-dioxide between respective supply and demand sites in order to 

minimize the cost of entire supply chain. With the case of Cambay basin in western India which has 

good potential for EOR, this research will analyse the impacts of the proposed BECCS-CO2-EOR on 

mitigation, energy production and security. The study has implications for relevant business and 

government policies of the country. 

__________________________________________________________________________________ 
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Allocation of Berths for Naval Ships in a Harbour 

Ashish Vasudeva, ds61.cdmap@nic.in 

As the naval fleet has grown over the years, the berthing facilities at the harbours have not kept pace. 

Ships need to berth for various operational and administrative tasks such as loading ammunitions, 

supplies, repairs or simply rest. All the tasks cannot be executed from a single berth therefore, the 

ships even after berthing, have to rotate amongst various berths for getting the jobs done. The activity 

is time and resource intensive. The rehashing of berths is done by the Fleet Navigation Officer based 

on his judgement and experience without any quantitave tool. To obviate the same, a model has been 

designed to allow allotment of berths through a quantified tool. It involves applying AHP to derive 

weights for the requirements projected by the ships. These weights are then used to weight costs while 

formulating berth allocation as an Assignment Problem. The optimised solution is obtained by 

minimising the cost across all berth allocations for a given scenario.  

_____________________________________ 

 

Developing Effective Fleet Air Defence Tactics using Weighted Goal 

Programming 

Shri S D Sinha, Sc ‘D’, ISSA, shrishtideva_issa@yahoo.com 

High value assets like aircraft carriers/oil tankers are lucrative targets for enemy airstrikes at 

sea. As a counter measure, the asset have an airborne early warning helicopter,  few airborne fighter 

aircrafts besides few ready on the deck . The ability to nuetralise the enemy attack is defined as the 

Measure of Effectiveness using a inhouse developed simulation test-bed called Naval Operations 

Simulation Analysis Tool (NOSAT). MOE was observed to be extremely low for our aircrafts 

necessitating a relook at the air defence tactics.  

The problem of optimization in any battlefield scenario is a multi-objective optimization 

problem. In proposed methodology to get a higher MOE, the problem was formulated as Weighted 

Goal Programming Problem (WGPP). A meta-model of NOSAT was constructed for reducing the 

simulation time for MoE computation in various battle scenarios. The problem has been implemented 

and solved using the GRG method and evolutionary algorithm in MATLAB. The tactics were 

generated using the proposed methodology for each of the test scenarios and a number of test 

situations. The generated tactics were simulated in NOSAT and found to be more effective than the 

existing tactics in all eventualities of battlefield.  
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Levitin-Polyak Well Posedness and Approximate Solution Map in Set Optimization 

Meenakshi Gupta, University of Delhi, guptameenakshi111@gmail.com 

The main aim of this paper is to study Levitin-Polyak well-posedness for a set optimization problem 

in both the set sense and scalar sense. A relationship between these well-posedness is established. 

Necessary and sufficient conditions and few characterizations of these well-posedness have been 

obtained. 

_____________________________________ 

 

Goal Programming Technique for Solving Fully Interval-Valued Intuitionistic Fuzzy 

Multiple Objective Transportation Problems 

Manisha Malik, Indian Institute of Technology Roorkee, mmalik@ma.iitr.ac.in 

Transportation problems are a special type of structured linear programming problems. However, 

practically transportation problem involves multiple conflicting objectives which is called multi-

objective transportation problem. In reality, the various parameters of a transportation problem are not 

exactly known as crisp values due to various irresistible factors like climatic conditions, fuel expenses 

etc. As a result, such crisp problems fail to handle the practical situations but their construction in an 

imprecise environment can significantly tackle these circumstances. Consequently, the notion of 

intuitionistic fuzzy sets came into existence, which associates two parameters membership degree 

(acceptance level) and non-membership degree (rejection level) with each element of the set. But in 

real-life situations, due to the lack of data, uncertainty in judgment, etc. it is more practical to assign 

acceptance and rejection levels as intervals rather than exact numbers. This new generalization is 

termed as interval-valued intuitionistic fuzzy theory. The construction of multi-objective 

transportation problem in this environment not only generalizes the intuitionistic fuzzy theory but also 

gives wider scope with more flexibility. In the present study, we have formulated a fully  interval-

valued intuitionistic fuzzy balanced transportation problem with multiple objectives. Then, a solution 

methodology based on goal programming approach is proposed. Our algorithm not only maximizes 

the acceptance level of the objective functions but also simultaneously minimizes the deviational 

variables attached with each goal. Further, a numerical example is solved to illustrate the 

computational steps of the algorithm. 

_____________________________________ 

 

Accelerating LP, NLP, and MILP Based Algorithms for Convex MINLPs using 

Parallelization Schemes 

Prashant Palkar, Indian Institute of Technology Bombay, prashant.palkar@iitb.ac.in 

Mixed-integer nonlinear programs (MINLPs) are optimization problems involving nonlinear objective 

and constraint functions and integer variables. Arising in numerous practical applications in domains 

like transportation, finance, engineering, etc., they exhibit a challenging class of problems to solve. In 
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this work, we address convex MINLPs, a special class where the nonlinear functions are convex. We 

propose parallel extensions of three state-of-art algorithms for convex MINLPs in a shared-memory 

paradigm. First is the NLP based branch-and-bound. In its parallel extension, we solve different NLP 

subproblems in parallel using multiple processors. Second is the LP/NLP based branch-and-bound, 

which creates a MILP relaxation of the original MINLP using linear outer approximation of the 

nonlinear constraints and objective function. This MILP is solved using a single LP based tree and 

cuts are added to the open subproblems whenever integer feasible solutions are found.  In its 

extension, LP nodes are solved in parallel, and the cuts are shared amongst all threads. For these two 

algorithms, we extend the reliability branching scheme, by accumulating the pseudocosts from all 

threads, to improve branching decisions. The third algorithm is the outer-approximation method, 

where NLP and MILP are solved alternatively. We implement two parallel versions of this method.  

In the first version, all processing cores are allocated to the MILP solver. Also, additional cuts are 

added using all integer solutions available from the MILP solver to tighten the MILP. In the second 

version, we use the lazy cuts callback functionality of the commercial solver CPLEX. This 

implementation is similar to the LP/NLP based branch-and-bound, except that here the search tree is 

maintained by CPLEX. We present extensive computational results showcasing the effectiveness of 

parallel tree-search and sharing information (cuts and pseudocosts) amongst threads. 

__________________________________________________________________________________ 
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An econometric analysis of   Co2 emission, fuel price, fuel efficiency and output growth 

of Indian air transportation Industry 

Priyanka Saharia, Institute for Social and Economic Change priyankasaharia6@gmail.com 

Transportation is indispensable for the well-being of an economy and among all the modes of 

transportation, air transportation is the fastest and most global mode of transportation. Currently India 

is having ninth largest civil aviation industry globally. In the recent years, Indian air transportation 

industry has witnessed double digit growth of passenger traffic with further increase in its demand. 

Along with its growing demand, the industry must be environmentally sustainable too. So, the main 

purpose of the paper is to empirically examine the dynamic relationship between CO2 emissions, 

wholesale price index of aviation turbine fuel (ATF), revenue passenger kilometer (RPK) and fuel 

efficiency of Indian civil aviation industry using the time series data for the period of 1981 to 2017.  

Wholesale price index of aviation turbine fuel (ATF) has been considered as an alternative variable 

for the price of aviation turbine fuel. Revenue passenger kilometer is considered as the output of air 

transportation industry. Here, carbon emission is the dependent variable and independent variables are 

WPI of ATF, revenue passenger kilometer and efficiency of ATF. Underlying methodology of the 

study is auto regressive distributed lag model. This research tests the inter relationship between the 

variables using the bound- testing to co integration approach. Result of Bound test shows that co 

integration among the variables exists in long run. Empirical result of the study reveals that in long 

run wholesale price index of ATF and Revenue Passenger Kilometer are the most significant variables 

in explaining the carbon emission from aviation turbine fuel whereas efficiency of ATF is 

insignificant in the long run to CO2 emission. This study also shows the strong relationship between 

carbon emission from aviation turbine fuel and consumption of aviation turbine fuel by analyzing the 

trend and pattern of it for the time period of 1970 to 2017. 

_____________________________________ 

 

Differential Carbon Payment Based Mechanism to Design a Sustainable Aviation 

Network 

Suresh Kumar Jakhar, Indian Institute of Management, Lucknow, skj@iiml.ac.in 

From the perspective of aviation network design, extant literature utilizes various optimisation models 

to determine the location of airport nodes and allocation of passenger flows which constitute an 

environmentally efficient aviation network. Extant literature deliberates on various features which 

constitute a sustainable aviation network. However, literature is still scarce in terms of mechanisms 

(or) policy frameworks which ensure the implementation of aspects which lead to a sustainable 

aviation network. In a nutshell, literature deliberates on “what” constitutes sustainable aviation 

network but scarcely addresses “how” it can be realised. This article is aimed at addressing this 

research gap. This study proposes a dominant strategy incentive compatible mechanism in the form of 

a differential carbon payment policy which can be adopted by policy makers to ensure that the 

environment centric policies are implemented. This article also demonstrates how this mechanism can 

be tweaked to enhance social welfare by incentivizing the airline carriers for rendering their services 

on routes connecting remote locations. The proposed mechanism, namely, the differential carbon 

payment policy is undergirded in the theory of mechanism design and inverse optimization. Unlike 
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implementation of a uniform carbon tax rate which is widely discussed in literature, the article 

proposes levying differential carbon payments on routes to tweak the behavior of airline carriers in 

terms of operating their services on various routes. 

_____________________________________ 

 

Duopoly Airline Network Design Decisions under Carbon Offsetting and Reduction 

Scheme for International Aviation 

Ankit Sharma, Indian Institute of Management Lucknow, fpm17014@iiml.ac.in 

Airlines around the world have become one of the major transportation sectors and thus contribute to 

the global emissions as a result. Aviation’s contribution to the total emission in any form of radiative 

forces stands around 4.9% (Lee et al., 2009). There are two carbon trading schemes that are designed 

to curtail these emissions by the airline industry, first being introduced in 2012, is the European Union 

Emissions Trading Scheme (EU ETS) and second being the Carbon Offsetting and Reduction Scheme 

for International Aviation (CORSIA) which is expected to come into existence in 2020. We develop a 

two staged formulation for duopoly coopetitive single allocation hub location problem (DCSAHLP). 

Two players that initially operate in separate networks collaborate with each other for establishing 

links between these networks for overall market expansion and simultaneously compete with each 

other on the newly established routes for gaining individual market share. This coopetitive setting 

give rise to opportunities of not only gaining additional revenue but also reducing the operating costs 

of the participating players where the hub location decisions would be analysed under the 

implementation of CORSIA. The methodology adopted is solving an integer programming 

formulation in the first phase to establish the individual hub and spoke network for the two airlines 

followed by a second phase where a cost minimizing all pair shortest path hub level network is solved 

to derive the most cost effective and least carbon emitting links to connect the two networks. The 

study analyses the resultant benefits that both the players realize in the coopetitive setting and the 

resulting implications in the aviation sector. 

_____________________________________ 

 

Pareto Frontier for Polling Systems 

Akul Bansal, IIT Bombay, akulbansal5@gmail.com 

Polling systems are single server, multi-class queuing systems, and have extensive applications in 

areas such as communication systems, manufacturing and service management. In our work, we study 

the optimization of polling systems with random switch-over times between different classes of jobs. 

Such systems have multi-objective optimization criteria, where the motive is to find Pareto frontier or 

set of Pareto optimal solutions. Most previous work either answers this question under strong 

assumptions such as symmetric queues or fluid arrivals, or provide performance measures for specific 

schedulers. However, we aim to answer this question in greater generalization by finding dynamic 

policies for two-queue polling systems with only standard assumptions on arrival, service processes 

and switch over times. We propose a novel Markov Decision Process (MDP) formulation for 

modelling this system and employ value iteration algorithm to conjecture schedulers that can achieve 

all Pareto optimal solutions. 

__________________________________________________________________________________ 
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A Study on Preferred Stock Market Indices in Urban and Rural Area of Kerala 

Harikumar Padmalayam Narayanakurup, Catholicate College, Pathanamthitta, Kerala, 

sushahari@gmail.com 

Stock market plays a very important role in the economy. It ensures economic growth and 

development of a nation. Stock indices provide the pulse of stock market. Different stock indices of 

different stock markets are available to the investors to know the current scenario of the stock market 

that influence their investment decisions and trading behaviour. The present study aims to identify the 

most preferred stock indices by the investors of the stock markets in urban and rural areas of Kerala. It 

is revealed from the study that S&P BSE SENSEX and NIFTY 50 of Bombay Stock Exchange and 

the National Stock Exchange are the most preferred equity indices and the index Sensex is equally 

preferred in both Rural and Urban areas.  

_____________________________________ 

 

Returns from Statistical Arbitrage Opportunities in Indian Stock Futures Market 

Geetu Aggarwal, Punjab Agricultural University, geetuaggarwal92@gmail.com 

Statistical arbitrage is a trading strategy that employs time series methods to identify relative 

mispricing between securities based on the expected values of these assets. The Pairs Trading, one of 

the techniques of statistical arbitrage, is a market neutral trading strategy. The main objective of this 

study is to investigate the profitability and risks of pairs trading strategy for various stocks and to 

propose a simple method of pairs trading useful to market practitioners and researchers. The paper 

investigates the profitability of pairs trading strategy using two different pairs selection 

methodologies. The daily future prices of stocks traded and listed on NSE over 2011-2017 are used to 

compare the performance of pairs trading based on the selection of pairs through minimizing the sum 

of squared deviation (distance method) and the selection based on cointegration tests (cointegration 

method) for identifying commodities suited for pairs trading strategies. The pairs trading strategy is 

performed in two stages: the formation period and the trading period. The strategy is created by long 

position in one stock and short position in other stock of the pair identified. To examine the risk of 

pairs trading and the drivers of returns, the portfolio returns are risk adjusted using Fama and French 

(1993) three factor asset pricing model. The profitable implementation of this strategy requires the 

existence of strong arbitrage forces to make the prices of the stocks in a pair converge soon after the 

position is opened. The study reveals that pairs trading in related stocks is significantly profitable. The 

evidence of pairs trading profits in stocks futures supports the view that these profits reflect 

compensation to arbitrageurs for enforcing the law of one price in similarly related markets to ensure 

market efficiency.  

____________________________________ 
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The Effect of Rolling Stock Standardization on Rake Utilization and Punctuality of 

Services 

Swapnesh Subramanian, IIT Bombay, swapnesh79@gmail.com 

The quantity of rolling stock required, for providing adequate levels of service should be carefully 

determined, as rolling stock forms a significant cost component in a railway system. Rake linking is 

assigning physical rakes to the scheduled services as per the time table. Efficient rake links will lead 

to effective utilization of rolling stock by minimizing the number of rakes required for running a set of 

services as per the timetable. One factor that hampers efficient rake linking is the difference in 

composition of rakes.  While customized service is welcome, this also puts some constraints on asset 

utilization and flexibility in operation. There has been some instances where Indian Railways has 

standardized the rakes. Prior to standardization of rakes used for a subset of services, there is a need to 

understand the effect of standardization on rake utilization and punctuality of operations.  Network 

flow modeling and vertex colouring approaches were used to analyze the aspect of improvement in 

rolling stock utilization. The Minimum Cost Flow network model is found to be computationally 

more efficient than the vertex colouring model.  It is found that in some subsets there is a possibility 

of improvement in rake utilization by standardization.  In practice there are different sources of 

uncertainty in railway operations like run time delays during a trip. The analysis was extended to 

include these uncertainties. A simulation model was developed to analyze the impact of random trip 

delays on on-time departure of trips and delay propagation. The comparison of performance of 

standardized and non-standardized cases is illustrated.  

__________________________________________________________________________________ 
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Network pricing under ambiguity with partial information 

Trivikram Dokka, Lancaster University, t.dokka@lancaster.ac.uk 

We study pricing problem on a single commodity network in the presence of ambiguity in network 

costs. We first consider pricing on a parallel network, which can be seen as a single product-pricing 

problem, and analyse two pricing mechanisms. First mechanism, we refer as adversarial, is close to 

existing results on general robust pricing, whereas second mechanism, we refer as non-adversarial, is 

novel and is more specific to the network setting. We show that this novel non-adversarial mechanism 

is less conservative compared to traditional adversarial mechanism within our model setting. We 

extend both these pricing mechanisms to general networks. More specifically, we show that 

adversarial mechanism can be easily extended to general networks and the resulting pricing problem 

is computationally tractable and show that this is not the case with the non-adversarial mechanism. 

We discuss and illustrate a heuristic approach for non-adversarial mechanism in general networks. 

____________________________________ 

 

 

A Bi-Objective One-to-Many Multidimensional Unbalanced Assignment Problem 

Singamsetty Purusotham, Vellore Institute of Technology Vellore, 

drpurusotham.or@gmail.com 

The classical assignment problem involves one-to-one assignment between the persons and jobs. 

However, most of the real world scenarios, it is hard to make a balance between persons and jobs, 

therefore the interest on the studies of unbalanced assignment problems continuously increased. This 

paper deals a one-to-many multidimensional unbalanced assignment problem with two conflicting 

objectives, in which the first objective minimizes the total processing time and the second objective 

maximizes the overall productivity/profit on performing n jobs by m (m<n) persons at distinct time 

horizons. In addition, there is a restriction that each job operates exactly one person whereas a person 

is permitted to perform more than one job at distinct time horizons only. The model is then formulated 

as a 0-1 integer linear programming problem. This model has potential applications in the context of 

scheduling, timetabling, human resource allocations, etc. An efficient deterministic pattern 

recognition technique based Lexi-search algorithm (LSA) is developed, which is capable of 

enumerating the Pareto optimal solutions. A numerical illustration is provided to understand the 

structure of the proposed LSA. A comparative study is performed between the LSA and the existing 

genetic algorithm (GA) on the relaxed version of the present model. The comparative results clearly 

show the superiority of the LSA over the existing GA. Furthermore, the proposed LSA is tested on 

distinct random test instances to assess its effectiveness and the results reveal that LSA is taking fairly 

less computational time. 

____________________________________ 
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Minimizing cost of opportunity loss by optimizing number of servers in multi-queue, 

multi-server restaurant 

Rishika Ramendra Dutta, College of Engineering Pune, duttarr16.prod@coep.ac.in 

Due to the hyper competitive environment prevalent in the Indian food service industry and large 

initial investments which go into establishing a new restaurant, restaurant owners cannot afford to 

miss the opportunity to serve as many customers as they can. The restaurant on paper experienced 

customer loss of 35% on weekends due to long waiting times. The restaurant wanted to minimize the 

cost of opportunity loss by optimizing the seating capacity. Increasing the number of servers, that is 

seating capacity in this case may require a need to increase the number of waiters and number of 

cooks along with the increase in cooking area. This may also mean an additional spending in indirect 

cost such as rent (considering more space is needed), electricity, infrastructure and cost of storing 

inventory. The waiting time per table is also dependent on the seating capacity per table as table of 

seating capacity 2 may have different waiting time than table of seating capacity 4 and hence this 

problem becomes a multi-server queuing model. Similarly, service time per order varies depending on 

the type of order, type of customer and type of service. A customer may come spend a few minutes 

and go, while another customer may occupy the table for a few hours. A customer may order many 

items and end up spending a couple of hours or may order few items and still end up spending that 

much time. Hence, a large amount of data is needed to account for these variations. These large 

variations may not be covered in a mathematical model, thus a simulation is necessary to analyse 

queue characteristics. A comprehensive data of inter arrival times and current waiting times at 

restaurant was collected. This research paper presents a simulation driven approach to analyse the 

queue characteristics and estimates optimum seating capacity to minimize the cost of opportunity loss 

with minimum investment. Cost benefit analysis was done to increase the revenue, vis-à-vis to reduce 

the opportunity cost.  

__________________________________________________________________________________ 
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Application of Operational Research in Sustainable Environmental Management and 

Climate Change 

Mukesh Kumar Mishra, Krityanand UNESCO Club Jamshedpur, knunesco@yahoo.com 

Economic growth is frequently considered to be in conflict with sustainable development and 

environmental quality. Therefore, a decision maker needs to know how to deal with the environmental 

issues that come around. OR/MS seeks to provide decision and policy makers with mathematical 

models and analytic tools to increase efficiencies and help make better decisions.” Both the fields of 

OR and EM are still young. The general interest in, as well as the research effort spent on, 

environmental problems has grown enormously since the first indications that economies cannot grow 

forever without strong negative effects on natural resources and the environment. Capacity decisions 

establish a set of conditions within which operations will be required to function. Hence, it is 

extremely important to include input from operations management people in making capacity 

decisions. There is need to develop a balance between modernization and sustainability. Sustainability 

refers to service and production processes that use resources in ways that do not harm ecological 

systems that support both current and future human existence. Sustainability measures often go 

beyond traditional environmental and economic measures to include measures that incorporate social 

criteria in decision making. Because they all fall within the realm of operations, operations 

management is central to dealing with these issues. The need for effective optimisation methods that 

incorporate concepts of efficient resource use and environmental concern is becoming more and more 

urgent as the environmental situation deteriorates. This paper focus on the possibilities of 

incorporating Operational Researchers with environmental issues and the importance of OR models 

and techniques in environmental management. 

____________________________________ 

 

Solar PV waste in India- A future challenge 

Ayush Gautam, IIT DELHI, ayushgautam124@gmail.com 

As of July 2018, India has an installed solar capacity of 23.12 GW. “MNRE has planned a detailed 

trajectory so as to meet the target of 100 GW by 2022. Projects of around 10 GW are under 

implementation and tenders for an additional 24.4 GW have been issued. The country is on track to 

comfortably achieve the target of 100 GW of solar capacity by 2022.” ( Annual Report MNRE, 2017-

18).With a total installed electricity generation capacity of 344 GW in 2018, which is significantly 

higher than the peak demand of 173 GW, India is still characterized by low per capita level energy 

consumption. India being a rising economy, it has been predicted that in future the energy demand, 

GDP and population would further increase significantly. As a part of India’s pledge to the Paris 

Agreement India would contribute 40 percent of the installed capacity from renewables. With these 

much actions and policy by GOI for planting solar PV panel across the country, doubt very huge 

amount of waste solar panel will going to be generated down the line as life of solar panel is around 

25 years. This leads to problem of managing and recycling this huge amount of e-waste in India 

which demands robust circular supply chain infrastructure throughout the country. So, the framework 

of this research is estimating solar PV waste and managing raw material and non-disposable waste 

from solar panel in India. 
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Building a time series forecasting model using ARIMAX for predicting the air quality 

index in Gurugram, India 

Pankaj Dutta, Indian Institute of Technology Bombay, pdutta@iitb.ac.in 

Air pollution has reached unprecedented high levels in Gurugram, southwest of New Delhi the capital 

city of India. Located in the Indi-Gangetic plains, major source of pollution is the accumulation of 

dust from neighbouring areas, poor ventilation, ground level emissions, vehicular emissions and the 

seasonal stubble burning by farmers in the adjoining areas of Punjab and Haryana. It is one of the 

world’s most polluted cities with pollution level reaching hazardous levels. We aim to analyse the 

varying trends of ambient air quality and forecast the Air Quality Index. In this paper we develop an 

ARIMAX model to forecast the daily levels of PM2.5 , O3, SO2 and NO2 and forecast the AQI on 

daily/hourly basis. The data for PM2.5 and other pollutants is taken from the daily reports published 

by Central Pollution Control Board. We also employed seasonal ARIMAX followed by a comparative 

analysis. 

__________________________________________________________________________________ 
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Lean Management Maturity in the Indian Industry: results from a longitudinal 

exploratory study using Exploratory Factor Analysis 

Jayaraman Rajagopalan, SPJIMR, jayaraman@spjimr.org 

A study was undertaken of Lean Management (LM) Leaders (LML's) in Indian industry. These are 

companies which are known to have adopted lean management principles for many years. Using the 

LESAT questionnaire designed by MIT, a longitudinal study over four years, 2013 to 2016, was done. 

The data has been studied using Exploratory Factor Analysis techniques, and a structured 

methodology, to analyse the results of the survey responses. Six composite factors were identified 

from the study, and these factors can be used to drive future changes in LM in the Indian industry. It 

also emerged that the overall score of implementation of LM in LML's has increased by about 8% 

over the four years. The results from the paper suggest that Indian industry has imp[roved the 

implementation of LM, and this can be driven further. 

_____________________________________ 

 

 “Leaders’ Communication Competencies as a Mediator: Investigating the Impact on 

Transformational Leadership and Knowledge Management Association”. 

Anchal Luthra, SRM University, anchal_vkn@yahoo.co.in 

This aim of this paper is to investigate three hypothetical and empirical questions “what relationship 

does Transformational leadership have with Internal communication and knowledge management? 

How does internal communication affect knowledge management and what is the change in the effect 

when internal communication added as a mediator in between the transformational leadership and 

knowledge management in IT/ITES organizations North Indian Region?  A cross-sectional 

exploratory study was done to explore the concepts and associations. Standardized questionnaires 

were used to collect data from sample of 374 employees working at manager and executive level from 

IT/ ITES organization situated primarily Delhi, Haryana, U.P, Punjab having financial turnover of 10-

50 Cr. and size of the organization (50-100) employees. Data were analyzed by using SPSS-23, 

Amos-21 software’s.  Study revealed a significant positive association was found between 

transformational leadership and internal communication and knowledge management.  Also, there 

was a significant positive association between effective internal communication and organizational 

knowledge management. Mediating effect was also supported by the data collected for the study. The 

effects were significant at 95% of confidence level. Organizations struggling to manage knowledge 

effectually must hire transformational leaders and should also implement effective internal 

communication techniques and system to manage their knowledge asset. 

____________________________________ 
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Why should we secure v2v communication for surveillance in remote low signal terrain 

Prasanna Venkatesh CB, Private Consultant, cbpvenkat@gmail.com 

Currently, V2V communication – drones communicating with other drones is enabled using DSRC 

(dedicated short range communication). As on date, inter drone communication is aided by 

technologies used for drone tracking, such as LTE and ADS-B. Relying on these technologies (LTE, 

ADS-B) in remote terrain is challenging, when the signal would turn out to be extremely low to 

negligible. (The problem) Drones that are used for surveillance in remote terrain will be unable to 

collect data via secure channels in the process. So, how do we solve the problem? Sonnet might hold 

the answers. Kickstarter, a Toronto based organization, has developed a system that gives users 

smartphones the ability to instant messages, voice recordings, images, GPS coordinates, even in areas 

where there is no cell coverage, satellite service or internet access. Integration of sonnet app with the 

drones’ infrastructure is the key.In the year 2013, there were no incidents. In 2014, there were five 

drone related incidents. In 2015 – it soared up to 29. In 2017, there were many near misses (as many 

as twenty two in a period of four months), which could have led to catastrophe. Some drone users 

attempt to target civilian aircrafts to cause indelible damage to aircrafts and human lives. Based on 

market projections, the commercial market opportunity for drones is expected to rise to $261 M in 

2020. As the number of install bases rise in number, the potential drones market is expected to rise to 

$1.7B by 2030. This will account for 20% CAGR over that timelines. All the drones will have 

capability for transmitting long range radio waves as compared to the traditional short ones. All the 

drones will be synchronized to fly at distance of 8 kilometers from one another, as in the form of a 

square. The resulting formation will be like a V-shape (flock of birds) covering an area approximately 

50 kilometers. 

____________________________________ 

 

Delegation and Learning 

Bikramaditya Datta, IIT Kanpur, bikram.datta14@gmail.com 

Many situations involving financing of innovation often have the following common features: (1) 

There is uncertainty about profitability of innovation; (2) Learning about profitability of innovation 

occurs from observing performance in projects; (3) Innovator seeks funding from financier; (4) 

Innovator is better informed about the projects but is biased; (5) Decision rights about project 

implementation belong to innovator. This paper analyzes how to incentivize the innovator to 

implement the right projects while learning about profitability of the innovation. I analyze the 

problem in a principal-agent setup. A principal (for example a manager, investor or shareholder) 

contracts with an agent (for example an employee, entrepreneur or manager) to complete a task. The 

agent's ability to complete the task is uncertain and is learnt through the agent’s performance in 

projects that the principal finances over time. Success in completing the task however also depends on 

the quality of the project at hand, and quality is privately observed by the agent who is biased towards 

implementing projects. We characterize the optimal sequence of rewards in a relationship that 

tolerates an endogenously determined finite number of failures and incentivizes the agent to 

implement only good projects by specifying rewards for success as a function of past failures. The 

fact that success becomes less likely over time suggests that rewards for success should increase with 

past failures. However, this also means that the agent can earn a rent from belief manipulation by 

deviating and implementing a bad project which is sure to fail. We show that this belief-manipulation 

rent decreases with past failures and implies that optimal rewards are decreasing with the number of 

failures. We further find that the total number of opportunities to an agent is determined by 

considering the trade-off between higher rent paid to the agent and better information obtained 

through increasing number of trials. 

__________________________________________________________________________________ 
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Modelling of industry 4.0 based processing for the design of a supply chain network: An 

agri-product case study 

Ashutosh Mishra, NITIE, Mumbai, ashutosh.mishra.2015@nitie.ac.in 

Ramesh Kumar, NITIE, Mumbai, ramesh.kumar.2017@nitie.ac.in 

Vikash Sharma, NITIE, Mumbai, ptvikashsharma@gmail.com 

Seasonal crops need optimal time for processing due to perishability and restricted shelf lives. For 

which geographic locations, the quantity of a crop being processed, and the processing time are the 

crucial factors in the processing facilities. The traditional supply chain networks lack communication 

and information sharing, which leads to unnecessary delays in processing and post-processing 

operations such as the utilization of processing lines, quality testing, and clearance check.  Such a 

scenario affects the design of the supply chain network, shelf life, and availability of finished products 

in the market. For bridging this gap, this study focuses on the implementation of industry 4.0., as the 

investment cost related to cyber-physical systems which control the processing units by setting up the 

coordination among supply entities. In this model such an arrangement operates on to improve the 

processing time and the quantity of a crop to be processed. The problem is formulated as multi-

objective where the profit of the supply chain network is maximized, and operational time in 

processing plants with specific capacity is minimized. We expect that such investments are beneficial 

for the long-term strategies on the procurement of raw materials of food processing items for several 

time periods. Such a framework provides rational guidelines to exploit the features of industry 4.0 to 

capture the seasonality, perishability, and shelf-life of agri-products, which are the critical factors.    

Keywords: Industry 4.0, Agri Supply Chain, Plant location, MINLP, Processing efficiency 

____________________________________ 

 

Optimization of Customized Pricing with Multiple Overlapping Competing Bids 

Sumeetha R. Natesan, Indian Institute of Management, Ahmedabad, sumeetha@iima.ac.in 

Goutam Dutta, Indian Institute of Management, Ahmedabad, goutam@iima.ac.in  

In this paper, we consider the case of project procurement where there is a single buyer and multiple 

sellers who are bidding. We consider one seller having one or more competitors. We formulate the 

pricing problem from the point of view of one seller having one or multiple competitors (say n).  We 

also assume that based on past experience, we have some idea about the distribution of bid prices of 

the competitors. We consider uniform, normal and triangular distribution to describe the bid price of 

the competitors. The prices of the competitors are pairwise mutually independent and the price range 

are either identical or different and overlapping. We consider maximizing the expected contribution. 

Assuming the contribution as a linear function of price we compute the conditions for maximization 

of the expected contribution to profit in case of n bidders. Further, we also compare the optimization 

results with simulation results.  

Keywords: customized pricing, bid price, expected contribution, multiple competitors 

____________________________________ 
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The Potential of Applying Dynamic Pricing for Retail Electricity – Data Analysis Based 

on Market Survey 

Krishnendranath Mitra, University of Calcutta, kmitra.dgp@gmail.com 

Goutam Dutta, Indian Institute of Management, Ahmedabad, goutam@iima.ac.in  

The retail electricity market in India generally witness block-rate pricing but has very few other 

dynamic pricing schemes in use. Urban well-off people have the ability to pay higher rates but such 

consumer surplus is never captured. This research is aimed at identifying some characteristics of this 

Indian urban household electricity market to justify the application of dynamic pricing schemes. An 

inductive reasoning is done from an empirical, descriptive research with both quantitative and 

qualitative data collected from 173 respondents using an interactive questionnaire. Use of cluster 

analysis and discriminant analysis of the data reveals that the present market can be properly 

segmented based on income, education, family size and volume of consumption. Use of factor 

analysis, factor maps and discriminant analysis reveal that future market can be segmented based on 

consumer’s perception towards dynamic pricing and renewable energy. A specific criterion to classify 

any new consumer into the said segments is also prescribed. The demand characteristics of four 

different appliances is discussed in this study. Consumers’ willingness-to-pay is almost five times the 

present average market price. Dynamic pricing with automation and in-house renewable energy with 

option to sell to grid can be introduced in the future market much easily than only dynamic pricing 

and renewable energy from external source. The present retail electricity market can undergo suitable 

policy change to benefit both suppliers and consumers from these existing opportunities. The survey 

and data analysis confirm that there is ample scope of implementation of dynamic pricing in the 

Indian retail electricity market. 

__________________________________________________________________________________ 
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Re-Positioning Green Fuel through Social Marketing Approach – Use of CNG in Urban 

Transportation in Delhi and NCR 

Soma Sengupta, University of Delhi, dr.somasengupta@gmail.com 

CNG or methane stored at high pressure is a cheaper alternative to petrol or diesel. It is also an eco-

friendly alternative since it produces fewer undesirable gases.  Also, since it is a natural gas that is 

lighter than air and disperses quickly when released, it is safer than other fuels in the event of a spill. 

The high prices of factory-fitted CNG vehicles; and the high cost of placement of fuel storage tanks 

are the major barrier to wider and quicker adoption of CNG as a fuel. Public transportation vehicles 

were the early adopters of CNG since they could easily and quickly recover the installation cost.  The 

purpose of the study was to explore how social marketing approach can be used to make CNG a 

success in the market. The study includes three case studies - CNG in public transport buses in Delhi; 

Maruti Udyog Limited; and the CNG kit market. Delhi is among the most polluted cities of the world. 

The pollutant level in the city’s air is so high that it gives rise in respiratory diseases. The leaves of the 

trees and plants near major roads darkened due to the high pollution level. An analysis of data 

collected from 250 households in Delhi and NCR revealed that the high price and psychological fears 

associated with the product prevent people to switch to them.  Designing an effective campaign by 

applying a social marketing strategy, can bring social acceptance of energy efficient lighting. This 

includes – building awareness, reducing psychological fears, making the CNG vehicles or kits 

affordable integrated promotion, opening more CNG fueling stations, gaining public support, 

partnership should be encouraged between the stakeholders, i.e., the automobile companies, 

politicians, bureaucrats, chassis manufacturers, gas suppliers the Government to popularize CNG. 

_____________________________________ 

 

Urban Ropeway Transportation- Case of Shillong 

Mohammed Omar Farooque, National Institute Of Technology, Meghalaya, 

omarakola@gmail.com 

Shillong, the capital city of Meghalaya is a hill station and an attractive tourist place all over the year 

due to its natural beauty and its cool and wet weather. It is also known for its vast heritage, culture 

and tradition. Since it is a capital city and a hub for education, trade and commerce in the state, it is 

selected as one of the 100 smart cities under “smart cities mission” AMRUT. It is also a well 

developed and self sufficient city with availability of all the major facilities except one major problem 

it is struggling for the last couple of years and which is flooding of vehicles on roads and traffic 

congestion due to floating population, less availability of space to widen the roads or to construct new 

transit systems and unavailability of conventional public transport system. After doing a detailed 

study about the situation, it is concluded that “Aerial ropeway transportation” will be the best 

alternate option and innovative approach towards resolving this challenge. This paper proposed a 

feasible route for the aerial ropeway transit system in Shillong and summed up current traffic scenario 

of the city, possible solution to the problem and the feasibility in adapting the ropeway transit system 

considering all the hurdles and obstacles to implement the project on ground. 

_____________________________________ 
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Pune Traffic Congestion: Reality, Cause and Regulation a Case Study 

D. Dhananjay Tukaram Mandlik, Sinhgad Business School, 100djay@gmail.com 

Traffic Congestion or traffic jams is one of the major issues most metropolitan cities like Pune. As we 

know Pune city well developed and popularly known for Oxford for east for its education many 

students come from different cities secondly many young people come for jobs because of booming 

IT companies. Due to this city has become densely populated. Today the Pune’s population is around 

35 lakhs. Registered vehicles are 36.2 lakh which is exceeding the human population. During the peak 

hours i.e. 09:00 to 11:00 in the morning and 6:00 to 8:00 in the evening traffic situation gets worst and 

chaotic where most of the schools and colleges are located especially in Peth areas having narrow 

roads and lane, IT offices located in Hinjewadi and Kharadi and Industrial Zone at Bhosari but 

nowadays you can find anytime of the day as well. Some of the issues which create the traffic 

problems there are no proper planning, violation of the rules & regulation, bad construction. Because 

of improper management there is possibility of roads accidents and traffic congestions. The main 

cause of traffic jams in Pune is road side parking which should be banned and penalized. Traffic jams 

can be improvised on various strategies such as road broadening, improved road infrastructures, 

penalty to the traffic law breakers and application of Fly over, properly planned traffic junctions, no 

hawkers zone etc. To lessen the traffic problems there should be effective traffic management system 

and proper implication of traffic rules and system. ICT will make real transformation in Traffic 

Congest. 

_____________________________________ 

 

A novel two-stage network DEA approach to estimate production efficiency of the bus 

transportation system 

Shivam Kushwaha, Indian Institute of Technology(IIT), Kanpurshivamk@iitk.ac.in 

Traditional data envelopment analysis (DEA) considers the production system as black-box due to 

which internal operations are often ignored and might result in misleading results. On the other side, it 

overlooks the inefficiencies stemming from its multiple activities. It may happen that the whole 

system is efficient but its sub-activities are not. Therefore, it is highly desirable to utilise information 

related to the internal structure and locate the inefficient sub-activities. In the extant literature, in 

contrast to the conventional measure of performance, several attempts have been made to estimate 

overall performance when multiple activities are present. However, production efficiency has not 

been examined at divisional level. To address this gap, we present a novel approach which combines 

two key divisions of the production system: maintenance and operations, connected in series with the 

shared resources. In particular, two-stage network DEA technique has been adopted in the proposed 

framework, to estimate overall production efficiency of the bus transportation system. Further, 

decomposition of production efficiency has been achieved using co-operative game-theoretical 

approach rendering optimal efficiency estimates for each division. For empirical application, we 

applied our proposed approach in Indian bus transportation system. Finally, we conclude with a 

discussion on policy implications of our research and recommendations for managers to improve 

overall production performance.  
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A Discrete-in-Time inventory model under Stockout based Substitution 

Arindum Mukhopadhyay, Indian Institute of Management Shillong, 

arindum.iims@gmail.com 

In real life problems time is often represented as a discrete variable; in terms of number of days, 

weeks, months, etc. Yet, discrete in time inventory models are one of the least researched inventory 

models in the literature. The objective of the present article is to investigate the effect of stockout-

based substitution in an inventory model, where time is considered as discrete variable. An algorithm 

is developed to obtain the optimal-solution of the problem and sensitivity analysis is performed to 

study the effect of various parameters on the optimal solution. The present article has significant 

managerial implications because it helps managers to decide in optimal quantities when the products 

are substitutable and time is discrete and sensitivity analysis shows the parameters vital to this 

decision making. This model also results in significant cost savings compared to non-substitution and 

non-discrete models when stockouts are vital. 

_____________________________________ 

 

A Retail Inventory Shelf Space Optimization Model Using Asymmetric Loss Function 

Anirban Banerjee, IIT Kanpur, anirban.1886@gmail.com 

Major issues of concern for retailers are related to (i) selection of suitable display areas within a retail 

store for products, (ii) selection of shelf space for products in the selected display area, (iii) finding 

the right product assortment that needs to be displayed on the shelves and (iv) proper inventory 

management and control of the displayed products. Optimal management control of these critical 

retailing operations not only increases the retailer’s profitability and boosts the financial performance 

of the retail store but also reduces display costs and satisfies the customer’s shopping experience. The 

inventory replenishment, the product allocation to the shelf-space and product assortment problems 

are interrelated, therefore, we formulate and optimize a Mixed Integer Non-Linear Programming 

(MINLP) model, which increase the sales, reduce costs and optimally maximizes the overall profit. It 

also gives us the results for (i) optimal product assortment combined with the stock or inventory 

replenishment strategy; (ii) the allocation of product display area and finally (iii) the shelf-space 

allocation decision of products by maximizing the retailer’s profit under the constraints of capacities 

of shelf space and the backroom storage. Demand, revenue, cost, appropriate space parameters, etc., 

are estimated using asymmetric loss function, such as the LINear EXponential (LINEX) loss function, 

which makes the model more robust and reliable for application. The objective function and the 

constraints are linear and non-linear in nature respectively, while some of the decision variables are of 

0-1 type. As obtaining a closed-form solution is challenging, hence, we obtain a solution procedure 

which is based on heuristic algorithms. We evaluate the efficacy of our proposed model by testing it 

on problems available in the literature and then furthermore analyzing it on a practical data set. We 

use both MATLAB R2016a and C to find a solution to our proposed model. 

____________________________________ 
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Reliability technique of an inventory Model for Deteriorating Items with Sugar 

Industry Two-warehouse Using FIFO dispatch policy using Particle Swarm 

Optimization 

Navyata Singh, Mewar University, Chittorgarh, Rajasthan, singhnavyata25@gmail.com 

We propose given to the topic of Sugar industry Inventory management for Two-warehouse with 

Reliability technique based on Using FIFO dispatch policy using Particle Swarm Optimization to 

optimize inventory in the whole Sugar industry supply chain. We focus on to specifically determine 

the dynamic nature of the excess stock level and shortage level required for inventory optimization in 

the Sugar industry supply chain such that the total Sugar industry Inventory management for Two-

warehouse with environmental concerns cost is minimising Reliability technique. The complexity of 

the problem increases when more products and multiple agents are involved in Sugar industry 

Inventory management for Two-warehouse with environmental concerns process that has been 

resolved in this work. Here, we are proposing an optimization methodology that utilizes the Using 

FIFO dispatch policy, Boolean Function Approach for Reliability technique using Particle Swarm 

Optimization one of the best optimization algorithms, to overcome the impasse in maintaining the 

optimal stock levels at each member of the Sugar industry Inventory management for Two-warehouse 

with environmental concerns. We apply our method on eight member of Sugar industry Inventory 

management for Two-warehouse studied model for optimization. 

_____________________________________ 

 

A Deterministic Inventory System for Deteriorating Items Under Ramp Type Demand 

Rate with Shortages 

Virali Vora, IIM Ahmedabad, voravirali@gmail.com 

In this paper, we have developed a continuous order-level deterministic inventory model for 

deteriorating items under ramp type, time dependent demand rate. A two parameter Weibull 

distribution and Pareto Type-I distribution is considered for the time to deterioration and shortages are 

allowed to occur. The holding cost is assumed to be a linear function of time to make the setup more 

practical. The model is solved analytically with an objective to find optimal solution for minimising 

the total costs. A numerical example has been carried out to validate the model and sensitivity 

analysis is provided to study the effect of change in parameters on different variables and total cost.  

The main objective of any inventory system is to meet the customer demand on time thereby 

minimising the total of various costs associated with maintaining inventory. In this paper, we analyse 

the effects of the key parameters for which optimal order quantity and optimal total cost are 

moderately or highly sensitive. Results in the paper include (but are not limited to) that as ordering 

cost increases, optimal order quantity also increases, which means that it is economically advisable to 

go for higher purchasing order due of high ordering cost. Hence, as ordering cost increases, optimal 

cycle length and average total cost would also increase. On the other hand, an increasing demand 

would also mean quickly depleting inventory and shorter cycle length. Also as the purchasing cost per 

unit time increases, optimal order quantity decreases; which is obvious as higher purchasing order 

cost affects the order quantity causing a decrease in the optimal cycle length and the time at which the 

stock vanishes; resultantly increasing average total cost. Further, we see that a high holding cost will 

increase the average total cost but it’ll lead the purchaser to decrease the optimal order quantity 

resulting into decreasing optimum cycle length.  

__________________________________________________________________________________ 
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A strategic network design problem for assisted mass-evacuation 

Jyotirmoy Dalal, Indian Institute of Management Lucknow, Jyotirmoy.dalal@iiml.ac.in 

In the wake of slow-onset natural disasters such as hurricanes or cyclones, whose location and 

strength can be reasonably predicted in advance, emergency managers attempt to evacuate the 

vulnerable population to shelters. To this end, sheltering facilities need to be established or identified 

in advance. To avoid confusion at the operational level, a-priori assignment of evacuation sources to 

shelters can also be made. Several studies consider shelter location and source-to-shelter assignment 

decisions in deterministic or stochastic programming settings. In general, for the developed countries’ 

setting, it is considered that the evacuees would self-evacuate to the opened shelters. However, in the 

case of remote habitats where economically backward residents lack such adequate self-evacuation 

resources, the onus is on the authorities to conduct assisted mass-evacuation. In this context, we 

consider a strategic planning problem for an effective deployment of limited resources such as mass-

transport vehicles and emergency personnel in order to ensure safe and timely evacuation of a region. 

Given a set of identified evacuation sources, we determine optimal locations and capacities of 

shelters, period-wise deployment of transits to those shelters to carry the evacuees in. Due the issue of 

connectivity to remote habitats that lack accessible roads for mass-transport vehicles, we consider 

opening an intermediate tier of pickup points between the source and shelter tiers. Time-sensitivity of 

the operational, transportation- and evacuee-waiting cost are included in our model. While 

considering fairness in the limited resource-deployment, our model produces optimal network 

configuration and the related strategic and tactical decisions. 

____________________________________ 

 

Water treatment plants in an industrial cluster: Generalized Benders decomposition for 

location-allocation with non-convex treatment cost 

Amit Kumar Vatsa, Indian Institute of Management Indore, amitv@iimidr.ac.in 

Saurabh Chandra, Indian Institute of Management Indore, saurabh@iimidr.ac.in 

Water is a precious resource, which, apart from our daily domestic needs, has a lot of industrial 

usages too. Industrial waste water containing pollutants must be treated before releasing it in the 
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environment or recycling. In an industrial cluster, generally, firms in the cluster prefer common 

effluent treatment plants (CETPs) due to clear economic advantages. We solve the problem of 

deciding what size of CETP should be set up at which of the candidate locations. Further, we allocate 

the polluting firms to these CETPs while minimizing the amortized setup cost and the treatment 

(operating) cost. For treatment cost, there exist economies of scale with the volume of the water to be 

treated and diseconomies of scale with pollutant concentration. Hence, the treatment cost, which is a 

function of both these variables, is non-convex. 

In this work, we provide a method to make this problem convex. Even after this, the commercial 

solvers are unable to solve practical size instances. Hence, we propose Generalized Benders 

decomposition based algorithm with many refinements. We exploit the structure of the problem to 

solve the sub-problem very efficiently. Our proposed method can solve the above mentioned MINLP 

problem much more efficiently than commercial MINLP solvers. 

____________________________________ 

 

Designing a facility location-allocation system with non-linear treatment costs for a 

waste water management system 

Saurabh Chandra, Indian Institute of Management Indore, saurabh@iimidr.ac.in 

Amit Kumar Vatsa, Indian Institute of Management Indore, amitv@iimidr.ac.in 

The paper presents a location-allocation problem for a cluster of closely located production units in an 

industrial zone. These units discharge waste water consisting of harmful pollutants to the 

environment. To limit the level of pollutants below regulatory limits and to reduce the financial 

burden of expensive waste water treatment systems, units are installing shared waste water treatment 

systems. The problem is formulated as a mixed integer non-linear programming problem with non-

convex treatment cost. An outer approximation based branch and cut approach is implemented as an 

exact solution method. A hybrid heuristic approach based on outer approximation cutting plane 

method and mixed integer programming based neighborhood search is proposed as a solution 

approach for solving real size instances. 

Keywords: Waste water management, Facility location-allocation, shared treatment facility, small and 

medium enterprises, India. 

____________________________________ 

 

Uncapacitaded p-median facility location problem under the risk of interdiction 

Suyog Nigudkar, Indian Institute of Management Ahmedabad, fpm16suyogn@iima.ac.in 

Disruptions to facilities can either be caused by natural forces, like earthquakes, floods, hurricanes, 

among others; can be accidental, like fire, chemical leakages; or can be intentional (called 

interdiction), like terrorist strikes, warfare strategies, etc. However, while natural forces and accidents 

may lead to closure of certain facilities in a network, interdictions are more focused, and targeted at 

critical facilities, with an intention to cause the maximum damage. Therefore, in the context of 

interdiction, the following questions become pertinent: (i) What are the critical facilities in an existing 

network, whose failure can cause the maximum damage? This is studied in the literature in the area of 

Facility Interdiction Problem (FIP). (ii) How can we design a network of facilities that is robust and 

resilient to interdictions? This falls in the literature broadly in the area of Facility Location Problem 

under the risk of interdiction (FLPI). In this article, we look at the p-median Facility location problem 

under the risk of interdiction (pM-FLPI). This is a tri-level optimization problem formulated as a 

Stackelberg game. At the first level is the defender who locates p facilities in a given network by 

taking into consideration the risk of a possible attack by an adversary. At the second level is the 

attacker who interdicts r facilities from amongst the located p facilities, with the objective to cause 
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maximum damage to the defender. The defender at the lowest level then reroutes the flow through the 

remaining p − r facilities. Through this article, we make two major contributions: (i) We propose two 

alternate reformulations (Dual and Penalty based) of the bi-level FIP. Extensive comparisons suggest 

that Penalty based method performs best. (ii) We propose an exact cutting plane-based method that 

utilizes a Super Valid Inequality to solve the tri-level pM-FLPI, which has not been solved in the 

extant literature. 

__________________________________________________________________________________ 

  



68 
 

Parallel Session: TC01, 12.00 pm – 1.30 pm, Tuesday December 17, Room 

SR1, IMDC 

Supply Chain Management – I 

 

Probable Sustainable Supply Chain Management System consisting of drivers, 

orientation, practices and performance outcomes 

Jayjit Chakraborty, The Bhawanipur Education Society College, Kolkata, University of 

Calcutta, jcjit21@gmail.com 

Drawing from the theoretical lenses of institutional theory, strategic choice theory, strategic 

orientation and the resource-based view of firms, this paper presents a framework, by taking a holistic 

view, of a sustainable supply chain aimed at explaining the relationships between the antecedents, 

strategic orientation, supply chain practices, and performance outcomes. 

To develop reliable and valid instruments, this study conducted vigorous research methods, including 

pretest, structural interview, and pilot study (n=20). The hypothesized relationships in the proposed 

model are tested using structural equation modeling (SEM) from a large-scale survey of 100 

manufacturing firms. Adopting Anderson and Gerbing’s two-step approach, this study first tested 

confirmatory factor analysis (CFA) measurement model to establish validity and reliability of the 

scales. Next, the structural relationships were tested. Overall, 10 out of 15 hypotheses are supported, 

indicating that the proposed model may need to be revised. To find alternative significant paths, 

revised structural model with additional paths is conducted.The empirical findings suggest that (1) 

external pressures (EPs) not only have a direct effect on firms’ strategic sustainability orientation 

(SSO), but also have an indirect effect on it through top leadership culture (TLC) for sustainability, 

(2) higher SSO enables firms to implement sustainable supply chain–based activities, (3) 

sustainability performance is realized only through firms’ internal operations management practices, 

(4) supplier management practices do not have a direct effect on sustainability performance, rather 

they indirectly influence sustainability performance through their effect on operations management 

practices, and (5) customer management practices influence the social dimension of a firm's 

sustainability performance. 

______________________________________ 

 

A Supply Chain Analysis of Organic Farming in Indian Context 

Abhijit Pandit, Amity University, Kolkata, abhijitpandit1978@gmail.com 

The organic food sector has recently shown phenomenal changes. Demand for organic food has been 

increasing significantly in leaps and bounds, however supply has had issues in fulfilling ever-

increasing demand. Small organic farms were central to the birth of the organic market, however with 

demand outpacing supply, more and more large agribusinesses are entering the organic market to take 

advantage of the high prices. In this survey, the researcher aims to study the role of the small organic 

farm, and determine if they are able to meet this growing consumer demand. Through case study 

analysis of one organic farm based on supply chain management, it can be concluded that small 

organic farms alone cannot match consumer demand. Government policies, market-based solutions, 

and further research is needed to help small farmers compete fairly in the market and at the same time 

maintain stable price of organic products by establishing market equilibrium. 

_______________________________________ 
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Determinants of Analytics Adoption for Improved Supply Chain Performance 

Gunjan Sood, Institute of Management, Nirma University, gunjansood@nirmauni.ac.in 

Rajesh Jain, Institute of Management, Nirma University, rajeshjain@nirmauni.ac.in 

Well performing supply chains (SC) add value by facilitating optimisation. Exceptional opportunities 

are being offered by smartening the SCs. Since, the access to data i.e. demand data, trend etc. has 

become real time and synchronized with manufacturers’ planning processes; it provides flexibility to 

the focal firm to design, aggregate and master production plan and material requirement planning 

(bills of material and inventory records). This further leads to manufacturing (schedule and control 

production) and service execution system (schedules, dispatch, tracks, monitor and control 

downstream supply chain). The key is to make SC more intelligent by using analytics. Using analytics 

warrants proficient SC management that primes SC performance and helps to attain competitive 

advantage. It is worth to note that while this topic has attracted attention; there is a dearth of related 

work for emerging markets. Many questions are unanswered and quite a few concepts remain 

unexplored, such as the enablers for the adoption of analytics in general and specifically in emerging 

markets; and the effects of implementation of analytics on SC performance.  Through this research, 

with the help of detailed and structured literature review; most prudent and viable determinants for the 

adoption of analytics in SC have been proposed. It is anticipated that the organizational and 

environmental enablers have a positive impact on the adoption of analytics in SC (plan, make, source 

and deliver) and this relation is moderated by the presence of technological enablers. Further, the 

adoption and implementation of analytics leads to increase in the SC performance (reliability, 

responsiveness, agility, cost and asset management efficiency). This research work is intended to add 

to the existing knowledge base which should help in gaining a better understanding of the topic. 

_________________________________________ 

 

When Worse is Better – Strategic Choice of Vendors with Differentiated Capabilities in 

a Collaborative Environment 

Shubham Gupta, Temple University, USA, gupta.shubham@temple.edu 

Abhishek Roy, Temple University, USA, abhishek.roy@temple.edu 

Subodha Kumar, Temple University, USA, subodha@temple.edu 

Ram Mudambi, Temple University, USA, mudambi@temple.edu 

Companies now face increasing competitive pressure to reduce the time required to take new products 

from design to full-scale production. In this paper, we analyze a key approach being increasingly 

adopted by companies, which is to collaborate and co-create with other firms. While the focus of the 

collaboration literature has been limited to scenarios where the client firm engages with a single 

vendor firm, situations involving the client working with more than one vendor arise often in practice. 

For example, client firms with demanding warehousing requirements in their supply chain often 

choose a Warehouse Management System (WMS) from a standalone provider (new vendor) instead of 

buying the bundle from the ERP provider (primary vendor). We model and solve the problem 

analytically.  

We show that the client can sometimes be better off adding a less efficient new vendor; that the client 

can become less inclined to add a new vendor as the primary vendor becomes more expensive; and 

that the primary vendor can benefit from the involvement of the new vendor. In a collaborative 

environment, when the value per unit of output is low, the client decides to operate in the value-

protection mode. In contrast, when that value is high, the client decides to operate in a value-

expansion mode, and to leverage the higher value, by creating more output. Since the cost of effort 

increases at a faster rate with increasing effort for the primary vendor, the expansion of output is more 

profitable for the client when the new vendor is invited into the collaboration. For sufficiently large 

value per unit output, the expansion of the output creates a larger potential for all parties to earn 

more.  
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The managerial and theoretical insights drawn from our research contribute to better theoretical and 

practical understanding of strategic decision-making by firms in increasingly prevalent multi-vendor 

collaborative environments. 

Keywords: collaboration, co-production, game theory, multiple vendors, value co-creation  

__________________________________________________________________________________ 
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Technology Choice and Optimal Capacity Investment Decision Over a Finite Planning 

Horizon: A Two-Product Analysis 

J. Prince Vijai, IBS Hyderabad, jpvijai@ibsindia.org 

Capacity investment decision has long-term consequences on production planning and inventory 

management for manufacturing firms while meeting future market demand. Past studies on capacity 

investment decision under demand uncertainty aimed at determining the optimal amount of 

investment in alternative manufacturing technologies, like dedicated and flexible, in different 

contexts. Most of the researchers considered a single-period environment with the noted exception of 

Ceryan and Koren (2009). However, these studies did not consider some relevant costs such as fixed 

cost, inventory carrying cost, and shortage cost. We develop optimization models for capacity 

investment decision, considering a multi-product firm, over a discrete finite-planning horizon. We 

formulate the problem as a mixed-integer linear programming (MILP) problem and adopted a 

standard solution procedure to obtain optimal solutions. The input parameters required for the 

capacity investment decision models, considering two-products, are obtained by conducting a case 

study in a manufacturing firm. Two key observations are as follows: (1) The results of numerical 

analysis exposed that there exists a threshold value to decide investment in flexible technology. 

Hence, we suggest that firms should consider the threshold value of unit cost of flexible capacity 

which can be identified straightforwardly via numerical analysis. (2) Interestingly, the analysis 

showed that the relationship between unit cost of flexible capacity and optimal amount of capacities to 

be acquired follows a staircase structure. Moreover, we observe that there are several options 

available to optimally decide investment in either dedicated and/or flexible technology for the range 

of unit costs of flexible capacity. 

_____________________________________ 

 

An Intelligent Predictive Model for Sales in Digital Marketing: A Novel Tool of Decision 

Making 

Biswajit Biswas, Department of Business Administration, University of Kalyani, 

biswajit.biswas0012@gmail.com 

Recent literature evidenced that use of Artificial Intelligence (AI) has become one of the most 

challenging and promising application areas to researchers working in Digital marketing, where sales 

prediction plays a significant role in the survival of a business entity. In such a data intensive area of 

e-marketing , customers are provided  opportunities to share their views with other potential 

customers which has a tremendous value that lies analyzing and reasoning customer’s views and 

feedback in order to derive meaningful insights the concern organization itself  and future potential 

customers too. In this paper, a model has been proposed which will help the digital marketers to find 

out the expectations of customers’ community using the feedback from the recent past customers. The 

newly proposed model uses primarily Artificial Neural Network (ANN) for its feedback based 

learning. The entire paper deals with  customers feedback data in India against  a specific product viz  

Redmi, Note 6 Pro  mobile phone as a case study during recent past  as available in the official 

websites of  two commonly used ecommerce  business entities like Amazon & Snap deal, in order to 

judge the expectations & experiences of Indians from the product selected. Parameters of the model 
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have been optimized with the available market data and then the efficiency of the model has been 

evaluated.  An attempt has been made to obtain one month ahead sales forecasting and found to be 

effective in terms of limited & reasonable errors.  The paper concludes with a comparison of several 

types of ANN for deriving their suitability in this decision making domain of management studies.  

_______________________________________ 

 

Queueing Based Analysis with p-Retry Policy in Heterogeneous Cognitive Radio 

Networks under Imperfect Spectrum Sensing 

Shruti Goel, Birla Institute of Technology and Science, Pilani, shrutigoel93@gmail.com 

It is well known that cognitive radios (CR) technology is envisaged as a key enabler in fifth 

generation (5G) mobile networks to alleviate the apparent spectrum scarcity issue. With the 

consideration of imperfect spectrum sensing in cognitive radio networks (CRNs), the present study 

proposes a dynamic spectrum access (DSA) scheme to analyze the effects of sensing errors using 

queueing theory. Call buffering and spectrum handoff strategies are employed jointly with p-Retry 

policy to diminish the blocking and forced termination probabilities. Furthermore, five-dimensional 

continuous time Markov chain (CTMC) model is developed and relevant performance measures are 

derived to evaluate the performance of the proposed scheme. Numerical results illustrate the influence 

of sensing errors and advantages of queueing with retrial phenomenon on the performance of such 

CRNs. 

____________________________________ 

 

DEEP-NIX (Neo Integrated X) Model: Decision Trees with Bias Correction Validated 

Through 2- Pronged Regression for Prediction Interval 

Deep Prakash Chellapilla, IIM, Ahmedabad, fpm18cdeepp@iima.ac.in 

Nachiketas G Waychal, IIM Ahmedabad, fpm18nachiketas@iima.ac.in 

The proposed ‘DEEP-NIX (Neo Integrated X)’ model is aimed at predicting the winning place 

percentile (WinPlacePerc) of players in the famous gaming application PlayerUnknown’s 

BattleGrounds (PUBG). The continuous variable WinPlacePerc is predicted using multiple nominal 

and numerical predictors. The model is DEEP as it uses various sub-modules depending on the match 

type (Solo, Duo or Squad) and gives point estimate and prediction interval of WinPlacePerc. NEO 

refers to the novelty of the model in terms of feature engineering, variance prediction and bias 

correction. INTEGRATED refers to the idea of ultimately integrating all the above concepts, 

depending on ‘X’ – the match type. The work is inspired by GARCH (Generalized Auto Regressive 

Conditional Heteroskedasticity) model in time series forecasting. However, unlike GARCH, this 

model is applicable to cross sectional data. Data comprises of more than 1 million observations across 

match types. A new feature called C-Score is generated by summing up the player gaming attribute 

scores. Attributes are selected separately across match types. The scatter plot of WinPlacePerc vs. C-

Score exhibits the Reverse Upper Triangular Phenomenon. This implies not only rise in the mean 

value, but also drop in the variance of WinPlacePerc with increasing C-Score value (the predictor).  In 

2-pronged regression for prediction interval, first the relationships of mean and standard deviation of 

WinPlacePerc with the C-Score are linearized separately by polynomial transformations, 

independently for each match type. Then prediction interval of WinPlacePerc is generated by fusing 

the predicted mean and standard deviation. Model validation comprises of mutual evaluation of this 

prediction interval and Decision Tree-generated point estimates of WinPlacePerc. Before model 

testing, Bias-correction factor is injected which is generated from the validation. Effective RMSE is 

0.18 and Effective MAPE is 22% for the test dataset. 

__________________________________________________________________________________ 
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Factors influencing brand preference, value and image towards purchase behavior of 

green products. 

Saurabh Dibyendu Sarkar, Yeshwantrao Chavan College of Engineering, 

saurabhsarkar777@gmail.com 

This work aims to study the effect of image of green brand, awareness in green brand, and green value 

on consumer's intention to use green products. The research objective of study is to analyze as how 

customers are satisfied by pre purchase and post purchase behavior regarding purchase of green 

products with effects of green advertisements and green brand awareness. To fulfill the purpose of 

this study a quantitative research approach (Non probability sampling technique) has been used. A 

questionnaire, consisting of 206 respondents, was distributed manually among environmental 

concerned consumers in order to study the relationship between above stated variables. Multiple 

regression analysis with SPSS was used to examine and depict the hypothesis. The findings revealed 

that there are statistically significant relationship between awareness of green brand, green value with 

brand image and preference. 

____________________________________ 

 

 

To study the Impact of branding on consumer buying behavior with respect to in Pune 

city 

Sachin Balwantrao Deshmukh, Sinhgad institute of business administration and research -

Pune, sachin.deshmukh13@gmail.com 

Sharma Anil Fulchand, Sinhgad institute of business administration and research -Pune 

Understanding branding is important to know what brands are. Identifying the name, logo, slogan, or 

design of the brand or idea or image company that owns the brand, is a customer product or idea or 

image of a connected consumer. Branding means that more and more people are known when the idea 

or image is sold and identified with a specific service or product. And is identified with certain 

services or products when many other companies offer similar services or products. Advertising 

professionals work solely on branding not only for brand recognition, but for creating a set of 

standards and standards for which the company should try to retain or to retreat. Branding is an 

important part of Internet commerce as branding companies build their reputation as well as original 

product and service Grow out and add to the revenue generated by the original brand. Consistent, 

strategic branding provides strong brand equity, meaning added value is brought to your company's 

products or services that allow you to charge more for your brand than the same, unrelated product 

command. The most obvious example of this is Coke vs. Normal soda. With Coca-Cola creating 

powerful brand equity, it can charge more for its product - and consumers will pay that higher price. 

____________________________________ 
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Package free retail 

Ajay Rawat, Symbiosis Institute of Business Management - Bengaluru, 

ajay.rawat20@sibm.edu.in 

Packaging forms a crucial part of everything we buy today. It serves the basic purpose of protection, 

preservation and promotion of the goods that we purchase. But most of the packaging waste ends up 

in landfills. From where they might or might not be treated. Burning garbage in landfills is the third 

largest cause of greenhouse gas emission in India. The cost of dealing with all the trash is rising too: 

from $205 billion a year in 2010 to an estimated $375 billion by 2025. Many countries are introducing 

policy incentives for consumers and people in the waste disposal value chain to segregate, recycle, as 

well as up-cycle the waste produced. But very less burden is placed on the companies who produce 

the packaging in the first place. One solution to the environmental and economic problem of waste 

disposal is reducing the waste at the very first step of the waste disposal value chain. Companies need 

not necessarily pack their products in specific quantities into tubes, bottles and packets. Instead, 

refilling stations and points can be created for their products from where the customers can refill their 

already used jars or containers. For example, the customers can directly refill their shampoo, dish-

wash gel, breakfast cereals container from a large volume container of the product. Such system 

incentivizes the bulk purchase that customers usually make to get deep discounts, as sometimes 

customers might not end up using the entire quantity of the product and thus adding more waste. The 

research aims to quantitatively asses the cost of supply chain and waste reduction in such a system. It 

also intends to discuss the challenges faced in short, middle, and long-term implementation of such 

supply chain. It compares the waste produced through life cycle assessment of products in the 

proposed and conventional supply chain. Further, the research discusses how the current technological 

advancements can help build trust and reduce shrinkage in the proposed supply chain. 

__________________________________________________________________________________ 
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Optimal Production Integrated Inventory Model with Quadratic Demand for 

Deteriorating Items Under Inflation Using Genetic Algorithm 

Poonam Prakash Mishra, Pandit Deendayal Petroleum university, 

poonam.mishra1381@gmail.com 

This paper is a production integrated inventory model between manufacturer and retailer with 

quadratic demand and time dependent deterioration. Paper also considers effect of inflation on total 

cost. Manufacturer offers lot size dependent ordering cost to boost higher orders as well as it 

decreases manufacturer’s inventory holding cost significantly. Total cost of model is obtained using 

both classical optimization technique and genetic algorithm. Results clearly show that GA has 

succeeded in obtaining global minimum whereas classical method has stuck with local minimum. For 

using classical optimization technique we have used Maple 18 whereas for genetic algorithm we have 

used MATLAB R2013a.The optimal solution of this model is illustrated using numerical example. 

Sensitivity for inflation and other parameters of demand has been carried out to analyse their effect on 

total cost. This paper will encourage researchers involve in inventory and supply chain management 

to optimize complex problems using different evolutionary search algorithm in order to reach to 

global optimum.  

_____________________________________ 

 

Optimal production-inventory policies for processed fruit juices manufacturer and 

multi-retailers with trended demand and quality degradation 

Digeshkumar Bipinchandra Shah, L.D. College of Engineering, Ahmedabad, 

digeshshah80@gmail.com 

The processed fruit juices kept in appropriate storage facilities over the storage time degrades even 

though the quantity of item remains same. However, they are having life span of six months from the 

manufacturing date. The objective of this chapter is to analyze the integrated decisions of optimal 

production and procurement for processed fruit juices.  The inventory system considered here 

comprises of single manufacturer and multi-retailers.  The quality degradation of the processed fruit 

juices occurs at manufacturer and retailers end. We consider fixed life span of the product under 

consideration. The goal is to minimize the total joint cost of the whole system with respect to cycle 

time and number of shipments from manufacturer to retailers. The validation of the proposed problem 

is carried out through the numerical data.  The Stackelberg game theory approach is applied and it is 

observed that the integrated decision for inventory strategy among the players of supply chain lowers 

the total joint cost compared to independent decision made by supplier and all buyers. 

_______________________________________ 
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Optimal Inventory policies for price and time sensitive demand under advertisement 

Ektaben Kirtikumar Patel, Department of Mathematics, Gujarat University, 

ektapatel1109@gmail.com 

This article analyzes an inventory system for non-instantaneous deteriorating items. The demand is 

increasing function of time and dependent on price and advertisement. Shortages are allowed and 

partially backlogged. A solution procedure is obtained to find optimal number of price changes and 

optimal selling price to maximize the total profit. Concavity of the profit function is presented 

graphically with respect to the decision variables. Sensitivity analysis is carried out to study the effect 

of different inventory parameters. Managerial insights are exhibited. 

_________________________________________ 

 

 

Optimal Inventory Decisions with Advanced Sales for Deteriorating Items 

Pratik Harshadbhai Shah, C U Shah Government Polytechnic, Surendranagar, 

pratik1130@gmail.com 

This paper studies, retailers’ optimal policies which include optimal replenishment, pricing and 

promotional cost for a two-phase inventory system with a constant rate of deterioration. The first 

phase is advance booking period in which the product is offered at a discounted price and delivery of 

the product is given as soon as the replenishment arrives. The second phase is spot sales period in 

which the product is sold at a normal price. Products are considered to be deteriorated at a constant 

rate. Demand of the product is influenced by promotion of the product as well as by the selling price 

of the product. The objective is to maximize the total profit of the retailer with respect to cycle time, 

selling price and promotional cost through advertisement. 

_________________________________________________________________________________ 
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Alternate Solution Methods for Modified Competitive Hub Location Problem 

Richa Tiwari, IIM Ahmedabad 

In this paper, we study the hub location problem of an entrant airline that tries to maximize its share in 

a market with already existing competing players. The problem is modelled as a non-linear integer 

program, which is intractable for off-the-shelf commercial solvers, like CPLEX and Gurobi, etc. 

Hence, we propose two alternate approaches to solve the problem. The first is based on a mixed 

integer second order conic program reformulation, while the second uses second order conic program 

within Lagrangian relaxation. The first approach, which along with lifted polymatroid cuts is the most 

efficient and solves all the problem instances in less than 2 hours of CPU time within 1% optimality 

gap. 

_____________________________________ 

 

Efficiently Searching a 2-Swap Neighbourhood for the Tool Indexing Problem 

Deepti Mohan, IIM Ahmedabad 

Diptesh Ghosh, IIM Ahmedabad 

In automatic machining centres, tools are typically arranged equidistantly along the circumference of 

a disk-shaped automatic tool changer. Job processing times in such centres consist of machining time, 

in which actual machining operations are carried out, and non-machining time, in which housekeeping 

activities are carried out. Profits are generated only during the machining time. Tool changing times in 

which one tool is replace with another forms a significant portion of the non-machining time. Hence 

minimization of tool changing time by optimally arranging tools in the pockets of a turret magazine is 

crucial in achieving profitable operation. This problem is known as the tool indexing problem and can 

be formulated as a quadratic assignment problem. Exact solution methods fail to obtain optimal 

solutions for large instances of the problem in reasonable time and hence metaheuristics are used to 

arrange tools in tool changers. In this paper, we exploit special structures of the tool indexing problem 

to develop an efficient swap neighbourhood search heuristic. If there are n tools required for a job, the 

computational time complexity for calculating solution costs of all the 2-swap neighbours of a 
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solution using naïve approach is O(n4).We demonstrate a procedure through which this time 

complexity can be brought down to O(n2), thereby speeding up the swap neighbourhood search 

significantly. 

______________________________________ 

 

Robust Discrete Spanning Tree problem: A local search algorithm 

Prabha Sharma, NCU Haryana  

R. Chandrasekaran, UTD Dallas  

Sandeep Singh, NCU Haryana 

The problem of finding a minimum spanning tree problem in an undirected graph is a fundamental 

problem with wide applicability in telecommunications and location problems and many more. In 

case of uncertain data or measurement errors, computing the minimum spanning for a single set of 

edge weights does not appear to be adequate. Robust discrete optimisation considers assigning 

intervals for edge weights or a set of numbers for each edge. In the latter case, scenarios are generated 

for the whole graph, in which for each scenario, a number is assigned to each edge from the 

corresponding set of numbers for that edge. In this paper we have considered the min-max criteria, 

i.e., finding the minimum weighted spanning tree among all the maximum weighted spanning trees 

among all the scenarios. The problem has been shown to be NP complete. We propose a two-phase 

local search algorithm for this problem. On the polytope of all the scenarios, a neighbourhood scheme 

is defined and a move is made to a better local scenario. The search is continued till a locally min-max 

spanning tree is obtained. In the 2nd phase, a move is made away from the local solution obtained in 

phase I and the local search is begun from this new solution. The algorithm has been coded and for 

small sized problems i.e., (4-5) set of weights for each edge and graphs with 7-10 nodes, the results 

are very encouraging. Exact solutions have been obtained in quite a few cases. Right now, all possible 

combinations of the edge weights have been considered in generating the scenarios. The algorithm 

will be modified when the scenarios are randomly generated. This algorithm can be easily applied to 

min-max version of the shortest path problem, assignment problem, location problem and assignment 

problem. 

_______________________________________ 

 

Solving the Vehicle Routing Problem with Pickups and Deliveries with Generalized No-

Good Inequalities 

Yogesh K. Agarwal, I.I.M. Lucknow, yka@iiml.ac.in  

Prahalad Venkateshan, I.I.M. Ahmedabad 

 

We consider the vehicle routing problem with simultaneous pickups and deliveries. At each node i, a 

quantity a_{i} of commodity 1 has to picked up, and a quantity b_{i} of commodity 2 has to be 

delivered. All deliveries originate at the depot, and all pickups are destined to the depot. Each vehicle 

has capacity C, and c_{ij} is the cost of traveling from node i to node j. The objective is to find a 

minimum cost set of routes originating and terminating at the depot, that fulfill all pickup and delivery 

requirements, so that the vehicle capacity is not exceeded at any point on the route.  

The current state of the art solves this problem via branch and bound by adding the so called no-good 

cuts. A no-good cut is a linear inequality derived from an infeasible route, which prohibits such a 

route. These cuts are identified and added at the leaf nodes of the branch and bound tree, after an 

infeasible integer solution has been found.  
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We demonstrate that these cuts are quite weak, the propose a generalized version of these cuts which 

are much stronger. These generalized no-good cuts are further strengthened by considering the 

minimial segment of a route that is infeasible rather than the complete route. Rather that waiting till 

the leaf node to identify and add these cuts, we heuristically anticipate the cuts that are likely to be 

violated, and add them in advance.  

Computational results demonstrate an order of magnitude improvement in the running time on 

difficult problem instances. 

__________________________________________________________________________________ 
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Supply Chain Management: The Movers & Shakers of Industrial Revolution 4.0  

 Amit Singh, Indian Institute of Technology Delhi, amit.singhiitdelhi@gmail.com 

Ritambra Kotwal, Indian Institute of Technology Delhi, ritambrakotwal4@gmail.com 

A good supply chain model can provide benefits in multiple folds such as drop in MRP to final 

consumer, pollution control, driving pattern & route selection etc. execution of such complex model 

shall require deep Project Management skills for final delivery and observation to constant 

improvisation. Especially developing countries like India which has huge market and consumers 

inclusive of Millennials and Gen Z that’re potentially using digital platforms and the entire demand 

experience is changing however the delivery model is still not catching up pace and shift of change 

and makeover has a huge potential that provides successfully happy delivery. A good operation 

research in this sector could solved untangled complexities associated in the nature of business and 

successful stories could be replicated to other states and countries. 

_____________________________________ 

 

Impact of Channel-Power Structure on the Performance of Retailer and E-tailer in an 

Emission Sensitive Supply Chain  

Rofin T M, National Institute of Technology Karnataka, Surathkal, rofintm@gmail.com 

Green supply chain operations with the objective of emission reduction have become an integral part 

of the firms’ business strategy irrespective of whether the firm is engaged in production, distribution 

or retailing. Nevertheless, studies in the realm of green supply chain management are skewed towards 

emission reduction strategies of manufacturers. The enormous potential of the retailing sector in 

reducing carbon emissions is not sufficiently addressed. In this study, we consider an emission 

sensitive supply chain comprising of a retailer and e-tailer to investigate the optimal pricing and order 

quantity strategies when they are engaged in competition. Demand function capturing the influence of  

carbon emission has been employed and game-theoretic models are developed to examine the 

competition between retailer and e-tailer for three different power structures viz. 1) retailer and e-

tailer are equally powerful 2) retailer is more powerful than the e-tailer 3) e-tailer is more powerful 

than the retailer. Closed form analytic expressions corresponding to the optimal pricing and sales 

volume decisions of both retailer and e-tailer have been derived. Using a numerical example, the 

performance of retailer and e-tailer have been compared for the different channel power structures. 

We found that retailer is better off when the e-tailer holds higher channel power and when the channel 

power of retailer and e-tailer are comparable. Similarly, e-tailer is better off when the retailer holds 

higher channel power than the e-tailer. It is interesting to note that the result obtained is counter-

intuitive. Sensitivity analysis with respect to different parameters of the model has also been carried 

out.   

_____________________________________    
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Modelling the Enablers for Food Supply Chain: An Approach for Reduction in Carbon 

Footprint  

Gunjan Sood, Institute of Management, Nirma University, gunjansood@nirmauni.ac.in 

Sapna Parashar, Institute of Management, Nirma University, sapna@nirmauni.ac.in 

Nishant Agrawal, Institute of Management, Nirma University, 

nishant.agrawal@nirmauni.ac.in 

Reduction of carbon footprints has become a pertinent issue globally. The creation of carbon 

footprints is of critical importance in the food supply chain owing to the food wastage which is 

difficult to be managed. It is one such valued commodity which not only quickly transforms to waste 

but also impacts the environment. Food waste leads to loss of labour hours, resources, unfed lives, lost 

profits and increased environmental hazards. Despite the gravity of such issues, not many studies have 

focussed on understanding the interrelation amongst the various factors which can lead to the better 

management of the food supply chain. Considering this backdrop, the present study is conducted with 

an aim to identify the causes of food waste across the entire food supply chain by identifying key 

enablers. Fourteen most domineering enablers are shortlisted from the extensive literature review in 

consultation with the academic and industry experts. MICMAC and ISM analysis are used to 

understand the interdependence of these enablers. Regulations and firm-specific governance are found 

to be the most crucial enablers with the highest driving powers. The study provides holistic and 

practical insights to the stakeholders for improving the effectiveness of their firms by level partition of 

the enablers as givens (regulations and governance), means (Technology, Financial Implication, 

Perishability, Logistics and Traceability) and ends (Inventory Management, Storage, Collaboration, 

Trust, Hygiene, Packaging and Information Sharing). The research findings will facilitate the strategic 

decisions concerning the reduction in the wastage of food thereby reducing the level of carbon 

footprint creation. Apart from providing significant implications for the policymakers the results also 

add theoretical implications to the literature. 

_____________________________________ 

 

Estimating Supply Chain Length: A Study on Biscuits Brands 

Juhi Amar Shukla, Pandit Deendayal Petroleum University, juhi.sbb17@sls.pdpu.ac.in 

Estimating length of supply chain is vital to manage surplus or shortage situation at the point of sale. 

Managing change in demand is linked with the performance of firms. The length can be estimated by 

summing up number of days taken to transit raw material, work-in-process, and finished goods. The 

other method of estimating the length is via data collected from retailers (Shah, 2016). In this 

research, a survey on three brands of biscuits (Parle, Britannia, and Cadbury) was conducted from a 

hypermarket and grocery shops located in Ahmedabad city to estimate the length of supply chain 

using stock of the biscuits available and monthly average units sold. This method helps in estimating 

the length when data about days of raw material and work-in-process from supplier or vendor and 

from manufacturer are not available. The results show that the average length of supply chain for 

Parle, Britannia, and Cadbury were 1.60, 1.49, and 1.52 months respectively. The study will be useful 

to the supply chain managers in moving faster in the competition and making stock available on right 

time for the buyers. 

__________________________________________________________________________________ 
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Single-Machine Tolerance Scheduling Problem in the Perspective of Industry 4.0 

Pachayappan Murugaiyan, Indian Institute of Management Sirmaur, 

pachayappanvn@gmail.com 

Manufacturing industries familiarizing with the various industrial revolution. Currently in the phase of 

the fourth industrial revolution, were blended with high technological production strategies and smart 

decision support systems. Scheduling in the production system and process design anticipates various 

challenges in the principal of Industry 4.0. Consider a flexible manufacturing process for a different 

customer order, each order have different process sequence. The flexible system executes the process 

sequence of each job sets with an exact scheduling procedure. Exact scheduling procedure occurs only 

when the Decision Support System (DSS) is linked with a live shop floor activities. The DSS invoke 

the industrial things to be a self-diagnose and self-responsible system for instant changes in the 

production schedule. In the scenario of single machine scheduling, the live activity of the machine 

data is captured, if there is a disruptive event occurs, for example, job cancelation/due date changed of 

a certain job/Sudden demand fluctuation in the market will affect the regular production schedule and 

leads to rescheduling. Since the data noise (gathering power) is also heavy in the principle of Industry 

4.0, attaining an optimum reschedule in the short period of the dynamic environment is more 

complicated in the principle of Industry 4.0.  So the rescheduling process should be an event-driven 

based system. There should be certain tolerance criteria for scheduling/rescheduling and it should be 

based on the nature of the events. In this research work, a heuristic for the single-machine tolerance 

scheduling problem was proposed in the perspective of Industry 4.0. The objective of the paper is to 

define the appropriate rescheduling schema, which minimizes the total tardiness of a single machine 

tolerance scheduling problem with n independent job and each job haves its process time and due 

dates.   

_____________________________________ 

 

Alternative transport: Perceptions of workforce commuting by cable-propelled transit 

system at Bengaluru urban 

Ramakrishnan T R, Jain (Deemed-to-be University), 

tr.ramakrishnan@jainuniversity.ac.in 

The idea of using cable cars as public transport could be considered as a solution to the current traffic 

congestion at Bengaluru posed to employing the highest number of IT professionals by 2020.  Public 

transport is highly critical to connect employees and businesses at Bengaluru emerging to loss of jobs 

and business. The Karnataka Tourism Policy 2015-2019 has included developing cable cars to cater to 

the user segment. The metro mass rapid transit system (MRTS) and the feeder bus services at 

Bengaluru have many limitations that cause transit delays. It is conceptualized that the Cable 

Propelled Transit (CPT) will be a solution to gain an individual’s time and energy to work efficiently 

resulting in satisfaction and higher revenue returns. Based on the review, the following research 

questions emerged: a) What is the awareness and perception about CPT system by the Bengaluru 

workforce? b) What are the cost benefits between the traditional mass transit systems and CPT 

system? c) How many people would opt to switch from road transport to CPT system in Bengaluru 

city?  The purpose of this study to understand the applicability and potential benefits of CPT system 

being introduced as a feeder to the local metro MRTS at Bengaluru from implemented projects at 

various other cities around the world. The research approach is inductive and follows an exploratory 
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design using search of literature and survey. The time-horizon for data collection is cross-sectional. 

The respondents were selected following probability sampling method using a stratified sampling 

technique from North, South, East and West metro stations.  The user satisfaction is critical as the 

success of CPT system and commuters may look ahead at convenience, safety, price, quality of life, 

reach and security. Hence, the awareness and perception assessed from respondents on theses aspects 

show it’s of critical concern.  

_______________________________________ 

 

Modelling the Critical Performance Factors of Primary Agricultural Cooperative 

Credit Societies in India 

Debmallya Chatterjee, SP Jain Institute of Management Research, 

debmallya.chatterjee@spjimr.org 

Kaushik Bhattacharjee, IBS Hyderabad, kabonline09@gmail.com 

This study attempts to identify the Critical Performance Factors (CPF) for Primary Agricultural 

Cooperative Credit Societies (PACS) in India and model their interrelationships. PACS are one of the 

most important entities in the context of agricultural credit in India and demystifying the critical 

performance factors can help the PACS sustain their operations. Using focus group discussion and in-

depth Interview with experts, the study identifies the critical factors and models their 

interrelationships using Interpretive Structural Modelling (ISM). The findings point to a hierarchical 

structure among the CPFs with ‘Quality and Motivation of Management‘ driving all other 

performance factors. ‘Loan Recovery’ emerges as the most sensitive factor that needs to be taken care 

of in enhancing performance. MICMAC analysis further groups the CPFs into four clusters that 

together with the hierarchical structure provides interesting insights. 

___________________________________ 

 

Supply Chain Coordination for Deteriorating Product with Price and Stock Dependent 

Demand Rate under the Supplier's Quantity Discount 

Anuja Ajayprakash Gupta, Institute of Management, Nirma University, 

anuja.gupta@nirmauni.ac.in 

In this research study, optimal ordering and pricing strategy for deteriorating product is developed 

when demand of a product depends on selling price and stock availability. Without supply chain 

coordination, the buyer makes policy to maximize its own profit which may not be beneficial to the 

vendor. Quantity discount may be offered by the vendor as an incentive to encourage buyer to 

participate in the coordinated strategy. To coordinate the vendor-buyer decisions, two coordination 

policies are presented in this study. First, coordinated supply chain strategy is developed to show that 

integrated supply chain can get higher channel profits. Later, coordinated supply chain with quantity 

discount strategy is derived; and the total profits under the two policies are compared. A numerical 

example is used to understand the impact of quantity discount on the model. This analysis 

demonstrates that the vendor - buyer coordination along with quantity discount results in an extra total 

profit and hence it is significant to consider the coordinated vendor-buyer supply chain strategy with 

quantity discount. Further, sensitivity analysis is carried out to understand the effect of various key 

parameters on the optimal solution. 

 

__________________________________________________________________________________ 
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Dynamic capacity allocation under lost sales and service dependent demand 

Govind Lal Kumawat, IIMA, govindk@iima.ac.in 

 Debjit Roy, Felix Papier 

We study the supplier's problem of dynamically allocating a limited production capacity among 

multiple components (products) when the demand for each component changes in response to the past 

fill rates. The optimal policy must balance short-term profits, holding costs, and future profits. The 

problem is motivated by a propriety supplier that supplies auto components to multiple original 

equipment manufacturers (OEMs) in a commercial vehicle market. Each OEM has a goodwill value 

in the market based on its past service quality (fill rates) to the end customers. We specifically study 

the supplier’s strategic decision of whether to allocate capacity to a new OEM or not, given the 

limited capacity and various uncertainties, such as demand volatility. If the new OEM does not get a 

sufficient capacity from the supplier, it may exit the market. We formulate the problem as an infinite 

horizon Markov decision process. We study two variants of the problem. In the first variant, we 

assume that the supplier must protect the new OEM from bankruptcy (exit). In the second variant, we 

assume that the supplier strategically decides when should it protect the new OEM from bankruptcy. 

We derive the analytical properties of the value function and show that an optimal capacity allocation 

policy exits. We study the structure of the optimal capacity allocation policy. We show that the 

optimal policy is a threshold policy where the threshold level depends upon the goodwill value, on-

hand inventory level, and the total production capacity. We derive the closed-form expression of the 

optimal policy under relaxed conditions and propose an efficient heuristic for the general setting. We 

perform extensive numerical experiments and derive several managerial insights. 

_____________________________________ 

 

Stochastic Model for Integrated Storage-Order Picking System with Multi-line Orders 

Vishal Bansal, IIMA, fpm16vishalb@iima.ac.in 

Due to demanding service levels in e-commerce order fulfillment, modeling and analysis of integrated 

storage and order picking system in warehouses deserve special attention. The storage and retrieval 

system in the upstream network can have a significant impact on the performance of the downstream 

order picking process. With a particular focus on multi-line e-commerce orders, we develop a queuing 

network modeling framework for integrated analysis of upstream (storage system) and downstream 

(pick system) network. The integrated storage-order picking system includes a shuttle-based storage 

and retrieval (SBS/R) system in the upstream, and a single pick station in the downstream. We use 

AMVA to analyze the upstream system; while for the downstream system analysis, we use a network 

decomposition-based solution methodology. We also propose a novel hybrid simulation/analytic 

model, which combines the analytic and simulation models. The results indicate that the hybrid 

simulation/analytic approach reduces the error in the estimation of the performance measures by 

almost 50%, as compared to pure analytic approach. 

_____________________________________ 
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Dynamic allocation of e-commerce orders to order-fulfilment centres with due date 

constraints 

Abhay Sobhanan, IIMA, abhay.sobhanan@gmail.com  

Govind Lal Kumawat, IIMA, govindk@iima.ac.in 

 Debjit Roy, IIMA, debjit@iima.ac.in  

Srikumar Krishnamoorthy, IIMA, srikumark@iima.ac.in 

With rising customer expectations on sharp delivery windows such as two hour or same-day delivery, 

order fulfilment speed is critical to the success of e-commerce. Demands need to be instantly assigned 

to a service station after which re-routing is highly undesirable. The orders can be fulfilled from 

alternate warehouses subject to inventory availability. However, the trade-offs between the service 

times at the warehouse and delivery times from the warehouse to the customers may qualify one 

warehouse better than another. To analyze these compromises, we formulate our problem as a 

Continuous-Time Markov Decision Process. The model is then uniformized for discrete-time 

implementation to investigate the effect of warehouse cycle time, order delivery times and due date 

restrictions on the overall fulfilment costs. 

We further compare the performance of the optimal dynamic allocation policy with benchmark 

allocation policy, and numerical simulations are performed for the two storehouse framework. This 

study is then extended for the multi-class customer order arrivals, where the shorter delivery orders 

are perceived as a higher priority by the enterprise due to their strict time constraints and high delivery 

charges. To inculcate the real-life scenario, we also execute load-dependent pick times where the 

service rates initially increase with load in a linear fashion and remain constant on reaching a 

threshold value. Finally, we try to minimize the total order fulfilment time under the threat of 

warehouse disruptions. 

___________________________________ 

 

Stackelberg competition of newsvendors selling substitutable products 

Ganesh Balasubramanian & Prof. Sachin Jayaswal 

Indian Institute of Management Ahmedabad 
 

We study a stylized model inspired by the inventory decisions faced by two competing e-retailers for 

their substitutable products with limited shelf lives and uncertain demands. Before the start of the 

selling season, both the e-retailers need to decide the stocking quantity of their products. However, 

one of them (henceforth called the follower) always takes its stocking decision only after observing 

the stocking decision made by the other (henceforth called the leader). Due to the limited shelf lives 

of their products, the two e-retailers face the risk of leftover inventory, on which they incur a loss. At 

the same time, due to substitutability of the two products, each e-retailer faces the risk of losing a 

portion of her customers to the other, in case she runs out of stock during the selling period. In the 

Stackelberg game described above, which involves the risk of leftover inventory due to demand 

uncertainty, it is not obvious if the leader should use her first mover advantage by stocking a 

monopoly (newsvendor’s) quantity. Will the leader ever use her first mover advantage to order less 

than the follower, especially when the overstocking cost is high? We prove that under identical cost 

structures and independent and identically distributed demands, the leader should never stock less 

than the follower. Under unidentical cost structures, we present conditions under which the leader's 

optimal ordering quantity is less than that of the follower. 

Keywords: Substitutable products inventory, inventory management, Stackelberg game, 

Newsvendor, Game theory 

__________________________________________________________________________________ 
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Well-Posedness in Different Types of Optimization Problems 

Manjari Srivastava, University of Delhi, manjari.srivastava@mirandahouse.ac.in 

Well-posed problems in optimization stands a good chance of solution on a computer using a 

stable algorithm. If problem is not well-posed then it needs to be reformulated for numerical 

treatment. Typically this involves including additional assumptions in the problem such as 

smoothness of solutions etc. This is the reason that the theory of well-posedness is an important 

segment in scalar, vector and set optimization problems. 

         The concept of well-posedness in scalar optimization problem was first introduced by A. N. 

Tykhonov. It was then extended by Levintin-Polyak to vector optimization and came to know as LP 

well-posedness. Later this was further extended in literature to set optimization problems as well. 

In this discussion we will mainly focus on Tykhonov and LP well-posedness for different 

optimization problems. We explore some sufficient conditions under which these problems are well-

posed. 

___________________________________ 

Strict Constraint Qualification in Vector Optimization 

C.S. Lalitha, University of Delhi, cslalitha@maths.du.ac.in 

Muskan Kapoor, University of Delhi, muskankapoor22@yahoo.com 

We study the role of cone-continuity property in vector optimization. We consider the 

following vector optimization problem 

(VP)                     

                                    

where  are continuously differentiable functions. 

Practical methods for solving constrained optimization problems are usually iterative where one must 

decide whether to terminate the execution of the algorithm or not. Since testing true optimality is very 

difficult, the obvious idea is to terminate when a necessary optimality condition is approximately 

satisfied. Approximate KKT conditions (AKKT) are tested by most of numerical optimization solvers. 

Sequential optimality conditions provide adequate theoretical tools to justify stopping criteria. A local 

minimizer can be approximated by a sequence of approximate KKT points. Strict constraint 

qualification (SCQ) is a property of feasible points that guarantees AKKT points to satisfy KKT 

conditions. Various strict constraint qualifications like relaxed constant positive linear dependence 

SCQ, constant positive generator SCQ and cone-continuity property are available in literature. 

Cone-continuity property is known to be the weakest possible SCQ that guarantees AKKT implies 

KKT for constrained optimization problem. The main aim of the work is to consider the cone-

continuity property in the scenario of vector optimization both as a strict regularity and strict 

constraint qualification. This is done by using some well-known scalarization schemes available in 

literature for characterizing efficient, weak efficient and properly efficient solutions. 

__________________________________________________________________________________ 
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Publishing in High Quality Journals  

Sagarika Ghosh, Springer Nature  
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A Closed-loop Supply Chain with Price, Quality and Time Dependent Random Demand 

under Stochastic Environment 

Sangeetha S, College of Engineering Guindy, Anna University, Chennai, 

sangeetha.auniv@gmail.com 

The paper presents a multi-echelon closed-loop supply chain comprising of a manufacturer, a retailer, 

a raw-material supplier and a third-party supplier with stochastic demand, random yield of used 

products, random return quantity, random timing of returns and uncertain production quantity of new 

and remanufactured products. The manufacturer produces the finished new product using the items 

sourced from a raw-material supplier as well as remanufactured product using the used product 

acquired from a third-party supplier. The demand at the retailer for both the new and remanufactured 

product is different and is influenced by retail price, quality and delivery lead-times. A game theoretic 

framework is employed to model three different supply chain scenarios – centralized, decentralized 

led by manufacturer, retailer, raw-material and third-party suppliers and sub-supply chain 

coordination between participants of the supply chain. The objective of this study is to determine the 

optimal decisions of all the players and to maximize the expected total profit of the system. The 

model proposed is illustrated through numerical examples. In addition, a comprehensive sensitivity 

analysis of the optimal solutions is performed for significant model parameters and some managerial 

insights are presented. 

___________________________________ 

 

Two Echelon Supply Chain with Vendor Managed Inventory and Revenue Sharing 

Contract Under Shortage Gaming Scenario. 

Mona Verma, University of Delhi, monavermag@sscbsdu.ac.in 

Reena Jain, University of Delhi, reenajain1910@yahoo.com   

Amrina Kausar, University of Delhi, amrinakausar@sscbsdu.ac.in  

Chandra K. Jaggi, University of Delhi, ckjaggi@yahoo.com 

 

The core issues of supply chain related to efficiency and performance measures can be managed well 

through legitimate data sharing, correspondence and coordination between the stages of supply chain. 

Instances of communitarian and helpful understandings come in numerous structures and by 

numerous names, including Continuous Replenishment (CR), Vendor Managed Inventory (VMI), 

Collaborative Planning, Forecasting, and Replenishment (CPFR) and Information Sharing Programs 

(ISP). The general objective mutual by every one of these projects is to diminish costs and to expand 

productivity in the inventory network by sharing the data. VMI is a demonstrated idea for successful 

collaborative and cooperative agreements in supply chain. The center idea of VMI has been that the 

supplier monitors the customers’ demand and inventory and replenishes that inventory as and when 

required. No action is taken on the part of the customer. Wal-Mart and the Campbell soup company 

are following VMI for creating a competitive advantage.  

In present paper, the authors had investigated a two echelon supply chain containing one supplier and 

n retailers under VMI and revenue sharing contract. The proposed model mitigates bullwhip effect as 
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a basic advantage of VMI. It is a two echelon supply chain composed of capacitated vendor, 

managing inventory at n retailers place.  Being limited capacity, rationing is playing a major role. The 

two vital parameters that decides the performance and efficiency under VMI are, selling price at 

buyers market and wholesale price between supplier and retailer. The ratio of revenue sharing also 

plays major role in this scenario. 

Key words: Bullwhip effect, shortage gaming, Vendor Managed Inventory (VMI), revenue sharing 

contract. 

______________________________________ 

 

Enablers of Supply Chain Management in Construction Industry 

Shipra Rajvansh, M.H. Saboo Siddik College of Engineering, ships.rajvansh@gmail.com 

Pankil Tankush Jain, Hilti India Pvt Ltd, pankiljain1504@gmail.com 

Construction is an essential part of any country’s infrastructure and industrial development. The 

construction industry in India has contributed an estimated US$ 3000 billion to the national GDP in 

2011-12 (a share of around 19%). The sector is labour-intensive and including indirect jobs, provides 

employment to more than 35 million people.  

On the contrary, Construction industry is still considered to be an unorganized industry due several 

factors. A factor of quintessential importance is the weak supply chain management” 

Construction Supply Chain Management (CSCM) is a very promising approach to successfully 

achieve integration between the several disciplines of the chain (i.e. internal and external suppliers, 

designers, vendors, contractors, subcontractors and internal and external clients). 

Among the vast pool of enablers of construction industry, a group of enablers was shortlisted based 

upon their importance in Supply Chain and the frequency of their occurrence in the previous 

researches which were conducted. Further, analysis of these enablers was carried out by adopting 

operation research methodologies such as Interpretive Structural Model (ISM), Analytic Hierarchy 

Model (AHM) & Cross functional surveys for deriving inter-relationship between these enablers. 

A Hierarchical Flowchart of enablers is made by using the Interpretive Structural Modeling (ISM) on 

the selected list of Enablers. This Hierarchical Flowchart is based on the Driving and Dependence 

Power of the enablers. The research also Classifies the Enablers in 4 different Quadrants Namely 

Autonomous Enablers, Dependent Enablers, Linkage Enablers & Independent Enablers by using 

MICMAC Analysis. This study helps us to establish the priorities at which the enablers should be paid 

attention to and worked upon for efficient functioning of Construction Supply Chain. 

__________________________________________________________________________________ 
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Selection of type of joint venture strategy: a game theory perspective 

Ruchi Bhandari, National Law University, Jodhpur, ruchinlu@gmail.com 

Joint ventures entered by the various organizations involve a large investment outlays and are 

therefore a point of interest for the shareholders to know about its ex-post influence on their wealth. 

The share price of a company absorbs the impact of investment and financing decisions at the time of 

the announcement of these decisions and reflects the impact of announcement of joint ventures on the 

shareholders’ wealth.  Research Question: The primary research question of this paper is (a) what 

drives joint ventures announcements to create value? (b) what kind of joint venture announcement 

creates value? (c) what should be the strategy of the managers in the selection otype of joint venture 

to maximize shareholders’ wealth?  Research Methodology: The paper will adopt the game theory 

method for research as game theory helps in decision making as it excels at bringing us to an 

understanding of a complex issue or object through backward reasoning to predict the outcomes and 

can extend experience or add strength to what is already known through previous research. The game 

theoretic insights will be provided to understand the strategy selection related to type of joint venture 

and its impact on share holders’ wealth. Discussion and Implications: The paper is divided into three 

sections; Section I contains a brief discussion of the drivers of joint ventures. Section II describes the 

kinds of joint ventures on the basis of undertaken activity viz., Research and development, production 

or marketing, on the basis of product or market relatedness, on the basis of size of parent firms, on the 

basis of parent firm’s nationality and on the basis of parent firms’ prior joint venture experience and 

their impact on value creation. Section III describes the implications for the shareholders and 

managers of the selection of joint venture. The final section includes concluding remarks. 

____________________________________ 

 

A leader-follower game-theoretic modelling of optimal location and capacity decision 

problem for online delivery platforms 

Saad Ashraf, FMS, University of Delhi, saadashraf1991@gmail.com 

ODP (On-line Delivery providers) for restaurants have to deal with location and capacity problems. 

Their solution needs to consider the perspective of both restaurants and customers, and also cannot 

ignore the competitors trying to capture the same market. The paper considers a discrete competitive 

location problem in which two ODPs operate in a leader-follower relationship. The game starts with 

both players locating their initial set of facilities and with sufficient capacity, so as to cover and 

service the entire set of restaurants and existing users. The competition starts when after catering to 

existing demand, the players seek to locate new facilities or increase capacity with the intention of 

capturing demand nodes of potential users. A demand node is captured by a player who either offers a 

better discount to first time users or offers better capacity in the neighborhood (shorter delivery times 

becomes more likely). The corresponding optimization problem is modeled as a MIP for a normal 

form game, with actions incorporating locating hubs and increasing capacity. The problem has been 

further simplified into a Perfect Information Extensive Game by partitioning the available options of a 

player into two distinct choices; to either increase capacity at existing hubs or open new hubs. The 

general formulation is closer to real-life problems and depicts the decision for any stage of the game. 

It also measures the extent to which competition allows the social return to achieve the social 
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optimum. Breaking down the normal form game into a simplified extensive form game offers 

computational ease. It also allows an insight into pure strategy subgame perfect Nash equilibria of the 

competitive scenario. Computational experiments and their results using a commercial optimization 

software have been carried out. The analysis provides essential insights on the strategy for 

competitive facility location in the rapidly growing and highly competitive ODP business. 

_________________________________ 

 

Bidding in Impartial Combinatorial Games 

Ravi Kant Rai, IIT Bombay, ravi.kant@iitb.ac.in 

 

We do an analysis of a particular type of Combinatorial Game theory called Impartial Game version. 

We take the different variant of it, called Bidding Impartial Game. In bidding version, instead of 

playing alternatively, players bid to make a move.  We try to tackle the bidding Nim game with an 

equal budget for both players, say 1 dollar. We then extend this result to general N-dollar game. We 

generalize the result of N-dollar Nim game to any Impartial Game. We show that the marker, used as 

a tie-breaking rule, is the property of N and P position in any Impartial game.  

__________________________________________________________________________________ 
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Invited Session – VIII: WA03, 9.00 am – 10.30 am, Wednesday December 

18, Room CR2, IMDC 

 

Optimization of a Large Line Haul Network for Delivery Operations 

Prachi Shah, IIT Bombay, prachi.shah6795@gmail.com 

         Akshay Jain, Delhivery 

         Ashutosh Mahajan, IIT Bombay 

         Narayan Rangaraj, IIT Bombay 

         Kabir Rustogi, Delhivery 

         Mayur Zadbuke, IIT Bombay 

We consider the problem of allocating and routing trucks for a large line-haul network for delivering 

operations. A large hub and spoke network with collection centres, processing centres, hubs and 

distribution centres is considered. Shipments are received at collection centres and transported to 

processing centres where they are bagged for their respective destinations. The bags are then 

transferred to hubs from where they can be transported to other hubs and subsequently to distribution 

centres.  We are trying to develop a mathematical model, based on Linear Integer Programming, to 

design routes on the line-haul network. The objective of the problem is to minimize the overall cost of 

operations including fixed costs of various facilities and vehicles as well as the variable costs of 

transportation, loading and unloading. The two primary decision variables are the number of trucks 

assigned on each route and the load of shipments between various origin-destination pairs transported 

via each route. The model must ensure high service levels by achieving delivery of all shipments 

within promised time. Routes are constrained to be rounds, with vehicles terminating at the hub of 

origin, to reduce cost of contracts. The problem is also constrained by the limited capacities of the 

vehicles. Practical considerations are taken into account, such as compartmentalization of trucks by 

the destination of bags leading to higher unloading and loading time for bags stacked at the back.  The 

problem is initially approached by considering routes connecting upto 3 hubs and will then be 

generalized to include routes serving a larger number of nodes. Uncertainties faced due to variation in 

demand and operational failures will also be taken into account at a later stage. Realistic data from 

Delhivery, a large logistics company is used to test our model and solution techniques. 

__________________________________ 

 

 

Bag Creation for Large Scale Delivery Operations 

 Harshit Kothari, IIT Bombay,  hk3142857@gmail.com 

         Prachi Shah, IIT Bombay 

         Avinash Bhardwaj, IIT Bombay 

         Ashutosh Mahajan, IIT Bombay 

         Kabir Rastogi, Delhivery 

         Akshay Jain, Delhivery 
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We consider the problem of transporting shipments in a large network by merging specific shipments 

to create a bag. The network consists of processing centres (PCs), intermediate processing centres 

(IPCs), and distribution centres (DCs). Shipments originate at PCs and terminate at DCs. The PCs 

have sorters that are used to pack shipments into bags based on their destinations. Each PC only has a 

limited number of sorting points and can create much fewer bags than the number of DCs. Thus a 

shipment may be bagged and rebagged several times, at other PCs and IPCs before it reaches its 

destination DC. The primary decision entails determining the locations at which each shipment 

traversing between an origin-destination pair is bagged/unbagged. We provide an Integer 

Programming formulation for the problem in context and theoretical insights into how different 

network topologies affect the computational complexity of the problem. We further provide a 

computational analysis comparing several solution procedures for the problem on the transportation 

network of Delhivery. 

_________________________________ 

 

A branch-and-cut algorithm for Pattern Minimization Problem 

Ashutosh Mahajan, IIT Bombay, amahajan@iitb.ac.in 

Hamidur Rahman, Boing 

Arun Ramamurthy, TCS 

The Pattern Minimization Problem (PMP) is a combinatorial problem of  cutting a small number of 

large rolls into a given set of patterns while while minimizing the number of setups. It is an extension 

of the cutting-stock or the trimloss problem. We propose a new algorithm that is based on generating 

facet defining inequalities of the single row relaxations of the nonlinear nonconvex bilinear 

formulation. This approach does not require any column generation, and is still tighter than the 

available binary-variables based formulations. We will describe the facet defining inequalities, the 

branching rules and preliminary computational results on some benchmark instances. 

__________________________________________________________________________________ 
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Room CR12, IMDC 

Inventory Theory – III 

 

 

An Inventory Model with Stock-dependent Demand under Trade-credit Policy and 

Fixed Life-time 

Kavitaben Rabari, Gujarat university, kavitagalchar1994@gmail.com 

In inventory management, deterioration has great impact on total profit. To develop business 

successfully in competitive market, stock-dependent and price-sensitive demand rate is considered to 

attract more customers. The holding cost and deterioration rate are time-dependent functions. The 

product considered has fixed life-time. The model considers the trade-credit policy that is the retailer 

will offer a certain time period to the customers to settle the account to increase the sales during the 

permissible period. The purpose is to maximize the total profit with respect to positive inventory cycle 

time, cycle time and selling price. A sensitivity analysis of optimal solution for different inventory 

parameter is carried out. 

________________________________________ 

 

A Fuzzy Leakage Inventory Model with Shortage Using Triangular and Trapezoidal 

Fuzzy Numbers 

Huidrom Malemnganbi, Manipur University, malem_feb82012@yahoo.in 

Inventory refers to any kind of economically valued resources that are in various stages of being made 

ready for sale, including finished goods, work-in-progress, raw materials, etc. With the development 

of the Economic Order Quantity(EOQ) model by Ford Harris, inventory control has become the 

centre of attention of many researchers. Since then many models under different conditions and 

assumptions are proposed. Leakage is a phenomenon which is very common in an inventory. It may 

be in the form of spilling of liquid stock like oil, or breakages of brittle items like glass or damages 

made by insects or microbes to food items like vegetables. Leakages, being temporary in nature, can 

be controlled when detected. The occurence of leakage will reduce the profitability of the firm by 

increasing the minimum operational cost. In majority of real-life inventory problems we face many 

uncertainties in the key parameters of the corresponding model. For example, costs associated with 

inventories, demand and production capacity, shortage and leakage rates, etc. may be uncertain and 

imprecise. These impreciseness and uncertainties in crisp model are improved by using fuzzy set 

theory. So, in this paper, taking in consideration the above conditions, a fuzzy leakage inventory order 

level model with uniform rate of demand, instantaneous production having shortage is developed to 

determine the minimum total cost and optimal order quantity by taking holding cost and shortage cost 

as Triangular as well as Trapezoidal Fuzzy Numbers. Minimum total cost is defuzzified using Signed 

Distance Method. A relevant numerical example is illustrated along with sensitivity analysis to justify 

the proposed notion. It is observed from this study that the optimal values are improved in fuzzy 

environment as compared to that of in crisp environment. 

________________________________________ 
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Inventory model for fixed-life items with price-dependent trapezoidal demand structure 

under two-level trade credit 

Arvind Shroff, Indian Institute of Management, Indore, f18arvinds@iimidr.ac.in 

In this paper, a deterministic inventory model is proposed for fixed life items with selling-price 

dependent trapezoidal demand. Further, it is assumed that retailer avails two level trade credit period 

from the supplier. Model attempts to capture implications of the rapid growth in demand resulting into 

lower credit period, followed by higher credit period during stable-to declining demand pattern. 

Proposed model also considers time value of money in order to maximize profit of the retailer. 

Numerical results are provided to illustrate the model implications along with sensitivity analysis of 

key parameters. In the end, managerial insights are discussed about the applicability of the model and 

its possible extensions.  

__________________________________ 

 

Co-ordinated pricing and inventory policies for duopoly retailers with deteriorating 

items under quadratic demand 

Monika Ketan Naik, Parul University, monikaknaik@gmail.com 

In this paper, an inventory system consisting of duopoly retailers, selling replaceable deteriorating 

items with time-price dependent quadratic demand. Further, the cases are divided on the basis of with 

or without shortages. The main objective is to maximize the total profit of both the retailers by 

simultaneously computing the optimal selling prices and replenishment cycle lengths. The classical 

optimization technique is utilized for calculating the optimal values. Thereafter, using the concept of 

eigen-values of a Hessian matrix, we have proved the concave nature of the profit function. Finally, 

the numerical examples along with the sensitivity analysis of decision variables by varying various 

inventory parameters are presented to validate the derived models which extracts the significant 

managerial insights.    

 

__________________________________________________________________________________ 
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A literature review, classification and meta-analysis on the production planning, 

inventory planning and routing decision problems in closed loop supply chain 

M. Agnel Xavier Fernando, IISc Bangalore, magnelxavier@iisc.ac.in 

M. Mathirajan, IISc Bangalore, msdmathi@iisc.ac.in 

In today's competitive environment, there is an immense effort to understand, manage and improve 

the supply chain in the closed form because the CLSC performs better than the traditional SC. The 

efficiency and performance of CLSC immensely depends on various decision issues/problems in its 

domain. Among these, the decision issues comprising of production, inventory and routing planning 

contribute immensely to the performance of the CLSC. There have been numerous studies in the 

literature addressing these decisions. To the best of our knowledge, a study with respect to reviewing, 

proposing a few classification schemes and meta-analysis on the decision-making issues has not been 

carried out in the past. Accordingly, the literature review was carried out and we obtained 160 articles 

during 1995 and 2019, addressing the three decision problems: production, inventory and routing 

planning in CLSC. This review is based on study of journals, web-based articles, conference papers, 

dissertations etc. Based on this premise, we analyzed all the earlier studies and propose a few 

classification schemes wherein we classify the studies on the basis of problem configuration, type of 

objectives addressed, type of analytics domain and solution methodology followed. In addition, a 

simple meta-analysis is carried out to gain further insights, finer details and better understanding 

about the current state-of-the-art research being carried out in this domain. Finally, we acknowledge 

that the review and meta-analysis presented in this study cannot be claimed to be exhaustive, but it 

does provide reasonable insights into the state-of-the-art on the CLSC decisions of production, 

inventory and routing planning. Furthermore, we intend to benefit the research community by 

identifying potential avenues for future research and provide a knowledge base to kindle interest in 

this domain. 

___________________________________ 

 

Berth Allocation Problem in Container Terminal Logistics: A Literature Review, 

Classification and Simple meta-Analysis 

Ankita Umesh Panchariya, IISc Bangalore, panchariyau@iisc.ac.in  

M. Mathirajan, IISc Bangalore, msdmathi@iisc.ac.in 

Container Terminal Logistics is one of the important elements of any country’s economy. For reaping 

profits, container terminals (CT) optimize various decisions. Optimizing each of the decisions in turn, 

affect the overall performance of the CT. Berth allocation problem (BAP) is the first decision to be 

taken which serves as an input to various other management decisions at the CT. Further, optimal 

scheduling of berth will improve satisfaction among shipping companies and enhance the 

performance of CTs. Enormous research studies are available related to BAP. With this backdrop, the 

objective of this study is to review, classify and provide a simple meta-analysis for getting the trend 

and pattern results in order to shed greater understanding on the development and evolution of BAP 

research container terminal logistics, and for identifying potential research areas for further research 

and for improvement. Accordingly, a detailed review was conducted based on scientific journals, 

conference papers, dissertations, working papers etc. We identified 330 research papers published 

between 1992 and 2019. Furthermore, we proposed classification schemes based on the problem 

configurations considered, types of analytics developed/used, types of analytics methodologies 
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followed, types of data collected/adopted, performance measures considered, etc. Based on the 

proposed classification schemes, the existing research on BAP are appropriately grouped, analysed, 

and presented simple meta-analysis. Finally, we acknowledge that the review and meta-analysis 

presented in this study cannot be claimed to be exhaustive, but it does provide reasonable insights into 

the state-of-the-art on BAP research. Further, it is hoped that, this review and meta-analysis will 

provide a source of reference for other researchers/readers interested towards BAP research and help 

simulate further interest. 

_____________________________________ 

 

Omnichannel Retailing and Decision-Making Issues: A Literature Review, 

Classification and Simple Meta-analysis 

Kosha Kaushal Joshi IISc Bangalore, koshajoshi@iisc.ac.in,  

M. Mathirajan, IISc Bangalore, msdmathi@iisc.ac.in 

Retail is an evolved industry significantly contributing to a country’s economy. With the 

technological advancement, retail is shifting towards omnichannel retail, where online and physical 

channels co-exist with seamless integration. Omnichannel decision-making issues are complex and 

intertwined. Optimal decision making can help retailers maintain profitability in omnichannel era. 

There are number of numerous studies in this domain with a rising interest in decision-making issues. 

With this backdrop, the objective of this study is to carry out an examination of various studies to 

present a review of relevant literature, classification schemes and a simple meta-analysis for decision-

making issues in omnichannel retailing research. The review is based on studies from academic 

journals, conference materials, working papers, dissertations etc. We identify 150 articles published 

between year 2002 and 2019. Furthermore, we propose a few classification schemes based on 

problem configuration and the solution methodology. The problem configuration consists of types of 

demand, type of products, modes of fulfillment, and type of customer. In addition, a simple meta-

analysis is carried out to gain further insights, and better understanding about the current state-of-art 

research being carried out in this domain. The purpose of this paper is twofold: to structure the 

research on decision-making issues in omnichannel retail; and to capture the recent trends in 

omnichannel research. Finally, we acknowledge that the review and meta-analysis presented in this 

study cannot be claimed to be exhaustive, however it gives a reasonable insight regarding the state-of-

the-art research in omnichannel decision-making. Further, we hope that, this review and meta-analysis 

will provide a source of reference for academics and practitioners alike and trigger further interest in 

omnichannel retailing research. 

_____________________________________ 

 

Scheduling of Burn-in Oven in Semiconductor Manufacturing - A Literature Review, 

Classification and Simple Meta-Analysis 

Dhaval Pujara, IISc Bangalore, dhavalpujara@iisc.ac.in  

M. Mathirajan, IISc Bangalore, msdmathi@iisc.ac.in 

The semiconductor manufacturing (SCM) industry has become the largest manufacturing industries in 

the world, as semiconductors are an essential component of many product. Hence, scheduling of SCM 

in general, particularly scheduling of Burn-in Oven (BO) in testing area of SCM is significant for 

higher machine utilization, lower WIP inventory, and greater customer satisfaction. Accordingly, this 

study focuses on scheduling of BO and there is a rich amount of studies available in the literature 

since 1986. Considering the large body of research available, the objective of the present study is to 

conduct a systematic review and examination of several studies to synthesize the study details by 
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considering problem configurations, measurement approaches, type of unit studied, analysis 

techniques, analysis procedures, experimental designs developed, etc. Accordingly, a detailed review 

was conducted to identify all research published between 1986 and 2019. By reviewing and 

analyzing, we proposed a few classification schemes based on the problem configurations, analytics 

developed, types of analytics methodologies followed, types of data for performance evaluation, 

objective(s) considered, etc. From these, all the existing research on scheduling of BO in SCM are 

appropriately grouped, analyzed, and presented simple meta-analysis to understand the current start-

of-art research and to identify a set of new research problems from various perspectives. Finally, we 

acknowledge that the classification schemes and simple meta-analysis presented in this study, though 

it is not exhaustive, but it does provide reasonable insights into the state-of-the-art on scheduling BO 

in SCM. Further, it is hoped that the proposed classification schemes and meta-analysis will provide a 

source of reference for other researchers/readers interested towards scheduling of BO in SCM and 

help simulate further interest. 

_____________________________________ 

 

Tabu Search for Sustainable Single Depot Heterogeneous Vehicle Routing Problem 

with Time Windows 

G Niranjani, PSG Institute of Technology and Applied Research Coimbatore, 

niragopal@gmail.com 

K Umamaheswari , PSG College of Technology Coimbatore, umakpg@gmail.com 

M. Mathirajan, IISc Bangalore, msdmathi@iisc.ac.in 
 

Sustainable logistics has been recognized as an important topic for the development of modern 

enterprises. This forces the repositioning of Vehicle Routing Problem (VRP) to include economic, 

environmental and social factors simultaneously. Based on the research gap identified from the 

literature, this paper proposes a new variant of sustainable Vehicle Routing Problem with Time 

Windows (VRPTW), considering a single depot and heterogeneous types of vehicles with an 

objective of minimizing the sustainable cost consisting of total travel-cost, total CO2-emission-cost 

and total driver-allowance-cost. Due to computational intractability in obtaining exact solution for the 

proposed approach, a single point meta-heuristic algorithm called Tabu Search (TS) is used. This 

study proposes six variants of TS considering different initial solution obtained from greedy heuristic 

algorithms such as Nearest Neighbor Heuristic (NNH), Sustainable NNH (SNNH), and Random 

Algorithm (RA) to optimize simultaneously the sustainable cost components. To find the best 

performing variant(s) of TS, a series of computational experiments are carried out using two data sets 

comprising of 116 test data from Solomon’s benchmark problem for VRPTW along with pseudo data 

for the required additional parameters to represent heterogeneous vehicles. Further, statistical analyses 

(Kruskal Wallis Test H) are carried out on the proposed variants of TS for triangulating the inferences 

obtained from the performance analyses carried out empirically. From the empirical and the statistical 

analyses carried out on the 116-test data, the proposed variant: TS with initial solution obtained from 

SNNH consistently produces relatively a minimized sustainable cost.   

__________________________________________________________________________________ 
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Room FFRJM, RJM 

Risk Management/ Project Management 

 

Development and Application of Risk Adjusted Exponentially Weighted Moving 

Average Control Charts for Quality Monitoring of Ready Mixed Concrete 

Debasis Sarkar, Pandit Deendayal Petroleum University, debasis.sarkar@sot.pdpu.ac.in 

 

This paper is an attempt to design and develop a Statistical Process Control (SPC) tool like 

Exponentially Weighted Moving Average (EWMA) control chart with the risk parameters 

incorporated in it. The proposed new tool has been termed as Risk Adjusted Exponentially Weighted 

Moving Average (RAEWMA) control charts. Ready Mixed Concrete (RMC) industry faces many 

risks and uncertainties during the production process. These risks are identified and preliminary 

weightages given through questionnaire survey responded by experts associated with RMC industry. 

Finally based on log-likelihood scores the final risk weightage associated with each sample of the 

specific concrete grade tested has been computed. This risk weightage has been used to design and 

develop the RAEWMA. Results show that the proposed RAEWMA appear to be more effective tool  

than the conventional EWMA. Real time data from commercial RMC plants of Ahmedabad, India has 

been used as case study for development of the RAEWMA. The proposed tool would help in 

reduction of wastage of resources and thus enable the RMC plant authorities to provide the concrete at 

more economical and competitive rates. 

____________________________________ 

 

An analysis of financial ratios affecting the performance of the national reinsurer of 

India 

Sheetal Gawde, Symbiosis International University, (Provisionally admitted student), 

sheetalg@gicofindia.com 

 

Reinsurance is defined as the insurance purchased by an insurance company in order to transfer a 

portion of their risk portfolios by entering into a reinsurance arrangement with a reinsurance company 

to decrease the its part of obligation in case of an insurance claim and maintain the solvency. To study 

the financial health of the national reinsurer of India - General Insurance Corporation of India (GIC 

Re, its accounting ratios are instrumental. Financial ratios are the business measurement parameters to 

constantly track the progress of a company against their predetermined goals and a benchmark to 

ensure the regulatory compliances are fulfilled. These ratios are a powerful tool to identify trends in 

their early stages and are instrumental to market a company in the industry. This study focuses on the 

examination of the various financial ratios affecting the performance of the General Insurance 

Corporation of India, either positively or negatively. The methodology implemented is Decision 

analysis, descriptive analysis, correlation analysis, multiple linear regression and factor analysis. The 

study focuses on the examination of the various financial ratios affecting the performance of the 

General Insurance Corporation of India, either positively or negatively. The research shall substantiate 

that, higher the financial ratios like Gross Premium, Growth Rate, Net Earnings, Operating Profit, 

Return on Net Worth, Liquidity and Solvency; better is the performance of GIC Re. Lower the 

financial ratios like Net Retention, Net Commission, Expenses of Management, Net Incurred Claims 
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and Combined Ratio; results in better performance. The research also studies the impact of these 

financial ratios on ‘Return on Net Worth’ which is profit calculated after tax deduction divided by Net 

Worth. The research shall aid to devise better business placements and investments, strengthen the 

operating policies within the organization, and make prudent underwriting decisions. 

____________________________________ 

 

Project Risk Analysis of Metro Rail Station Box Through Expected Value Method 

Hirakraj Tarunkumar Bapat, Pandit Deendayal Petroleum University, 

hirakraj000@gmail.com 

 

This paper aims to measure project risk by Expected Value Method. Project risk management 

involves uncertainties associated with time, cost, quality, safety and the risk sources associated with 

the activities of metro rail project. The identification and Quantification of major risk sources in the 

terms of likelihood, impact & severity on complex infrastructure projects. Risk sources were 

identified by authors and validates by experts. it has been observed that risk cost  and risk time for the 

project under study are very significant. Further application of Montecarlo simulation has been done 

to validate the results by questionnaire survey. The project management authorities should formulate a 

risk mitigation plan depending on the risk severity mapping for smooth and successful completion of 

the project.  

________________________________ 

 

A Novel Approach: Measuring Value-at-Risk Using Chebyshev Theorem 

Vijayarangan Natarajan,Tata Consultancy Services Ltd, n.vijayarangan@tcs.com 

Value-at-Risk (VaR) has been one of the widely researched topics over multiple domain. Industries 

that can run without risk is highly impractical. The elemental nature of 21st century suggests that any 

market can be susceptible to adverse changes and movements. Furthermore, the term “Risk” can be 

defined in many ways according to the type of internal operations. For instance – market risk, credit 

risk, operational risk, etc., are some of the most significant regions of interest. Improper track and 

analysis of historical movements will incur unimaginable loss across organizations. There are many 

methodologies available to calculate the Value-at-Risk based on the nature of the problem. To provide 

a solution that boosts the confidence level of risk estimation, a novel approach has been proposed here 

to estimate VaR that is bound by mathematical barriers. The proposed solution is applied to both 

banking and airline industry for understanding the variations in confidence level. Markov Chain 

Monte Carlo (MCMC) simulation is one of the robust modern techniques used for forecasting and risk 

estimations. Risk factors are often estimated either using the past or the forecast data. MCMC 

forecasting is carried out as an initial step to forecast the business data that has been filled with 

adverse historical market conditions. In addition to this, historical patterns in airline industry data 

using machine learning technique had helped us forecast the estimated time of arrival along with 

arrival delay. Finally, the risk is calculated and the level of confidence associated with the calculation 

is verified using Chebyshev theorem. The results are found to be mathematically appealing since there 

can be no single estimation which can extend beyond the proven mathematical bounds. 

__________________________________________________________________________________ 
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Room GFRJM, RJM 

Integer and Non – Linear Programming 

 

Grassroot Project Management Using an Integer Programming Approach 

Manoj Kumar Sharma, national innovation foundation- india, manojk@nifinda.org 

In present time grassroots projects require management resource like raw materials, manpower, 

machines, technical experts and money for project development.  Integer programming allows 

grassroots technologies to reap benefits and make technical and non-technical adjustments that help in 

increasing the product value within a defined budget. The primary objective of integer programming 

is to assign the optimum quantity of resources to complete the project. Completing a project on time 

with the minimum cost of resources plus overhead charges is the objective. By changing task, date 

and duration can change the daily requirement of resources.  In the present work, we report a study on 

small animal restraining cum operation table. The main purpose of this study was to propose an 

Integer programming models to design and manufacture operation table. The primary purpose of this 

work was to use integer programming in designing this table with minimum resources such as part 

number, machining time, labor time, fabrication time, assembling time, etc and maximize Doctor 

comfort and Animal Safety. The operation table design is an engineering point of view considers both 

physical and functionality among with product life cycle. During the study, we consider design 

requirements, which combines customer needs, product development strategies, and doctor 

preference. Integer programming is used to establish the final design and development of the product. 

The aim of this work was to have a better product design using a friendly computer-aided tool. Integer 

programming models have been developed with the purpose of minimizing the requirement of 

resources. Constraints on part number, machining time, labor time, fabrication time, assembling time, 

etc, were included in the Integer models. The use of Integer programming models allows an 

examination and evaluation of all possible blend combinations and a swift determination of the best 

development parameter in terms of the Product value.  

____________________________________ 

 

Similarity Among Nodes for the Branching Decisions in Branch and Bound Algorithm 

Devanand R, Indian Institute of Technology Bombay, devanand@iitb.ac.in 

The branching operation is an important step in the branch-and-bound (B&B) algorithm for solving 

integer programs. We present a new branching procedure that aims at effectively exploiting the 

information generated from explored nodes in a B&B tree. The procedure evaluates the similarity 

between the current node and nodes already explored in the tree to select an appropriate variable to 

branch on. Towards this end, we define a similarity measure between nodes that are computed using 

relevant features of the relaxation like variable bounds and objective value. Using information from 

‘similar’ nodes, we estimate the change in the objective value for each branching candidate, much like 

reliability branching, to select the variable to branch on. However, this method does not have a notion 

of ‘reliability’ as in Reliability Branching; rather it ensures that previously collected information from 

a node is used only when it is ‘similar’ to the current node. The method is implemented and 

computational results on benchmark instances are presented. 

___________________________________ 
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Timetabling for large courses: Practical insights and mathematical modelling 

Mustafa Vora, Indian Institute of Technology Bombay, mustafa.vora@iitb.ac.in 

 

We have a web-based system developed at IIT-B for course timetabling. This system handles all the 

courses other than the first year undergraduate courses. For the first year courses, every year, we 

followed the previous year's timetable with minor modifications if required. But our student intake 

has now increased and course curricula has changed. This has made the current timetable infeasible. 

We now have more than 1200 first year undergraduate students all of whom are required to take the 

same courses. There are three types of courses undertaken by these students (i) regular courses, (ii) 

tutorials and (iii) labs. Since these courses are large, we do not have enough capacity in the 

classrooms and labs to accommodate all of them together. The biggest classroom at IIT-B can 

accommodate at most 350 students. Thus, for regular courses, at least 4 sections have to be created. 

Students require more individual attention in the tutorial classes. Hence we limit the number of 

students in a tutorial class to 60. Previously, we had 4 sections for regular courses, each of which had 

4 tutorial batches. Labs have varying sizes, with the smallest lab having a capacity of 90 students. 

Each student needs to take 2 lab courses: two in the Autumn semester and two in the Spring. The lab 

with the least capacity used to run 6 times a week. Due to the increase in student-intake, the above-

described student sectioning is no longer feasible. Thus we devised a new timetable for first year 

undergraduate students. We increased the lab sessions to 8 times a week for the smallest lab and the 

tutorial batches to 6 per section. We developed an integer programming model for the same and 

compared the results with the manually developed timetable. 

_____________________________________ 

Combinatorial Bandwidth Packing Problem with queuing delays: A Conic Integer 

Programming and Lagrangian Approach 

Arka Das, IIM Ahmedabad, fpm17arkadas@iima.ac.in  

The combinatorial bandwidth packing problem focusing on "Telecommunication Network with 

limited capacity" is defined as follows. Given a set of requests and their corresponding revenue where 

each request consist set of calls, the problem is to maximize the revenue by accepting a subset of 

requests so that each call within that accepted request is routed. But arrival rate and service time of 

calls in Telecommunication network are variable, causing queuing delays in the network. A single 

server M/M/1 queue is used to capture such delays within each link. First, we formulate the model as 

a nonlinear convex integer programming model by considering the queuing delays. Later we 

reformulate the model with six different mixed-integer second-order conic programming 

formulations. Computational experiments have been carried out for all the formulations and compared 

with the existing methods. Some of these formulations are found to outperform than the reported 

methods. A Lagrangian Approach is also described as a possibility of further research. 

__________________________________________________________________________________ 
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Room SR1, IMDC 

Metaheuristics/ Scheduling & Lean Management  

 

Successful Lean Implementation: Integrating Technological Factors with Internal 

Processes and Human Resources 

Protik Basu, Army Institute of Management, protik_basu@yahoo.com 

The purpose of this study is to explore the importance of the technological aspects along with internal 

practices and human resources in administering the lean implementation process successfully. A 

comprehensive coverage, exploring all possible input and output manifests of lean production is 

practically unavailable. An attempt has been made to build an exhaustive list of all the technical and 

human inputs necessary for putting Lean Manufacturing (LM) into practice, coupled with a similar 

exhaustive list of the benefits accrued from its successful implementation. Time has come for the 

Indian manufacturing firms to redesign their internal processes to face the global competition and 

challenges of the current scenario, and an effective management approach is the LM system. 

However, implementation of LM in India in a holistic manner, which is essential for productivity 

enhancement, is significantly lacking. In this context, this research aims to identify the input factors 

related to technology, internal processes and human resources, as well as the benefits accruing from 

LM implementation. The empirical objective is to identify and prioritize the dimensional structure 

underlying the manifests to help the lean practitioner in implementing lean. The present empirical 

study which has been carried out in India will be beneficial to build a comprehensive model in the 

Indian context so that, based on the results of the empirical research on Indian manufacturing 

industries, the academicians and practitioners can use the comprehensive framework to effectively 

administer the LM implementation process. Structural Equation Modeling (SEM) based empirical 

analysis is carried out on data from the Indian manufacturing sector. This research is one of the very 

first researches to have a survey-based empirical analysis of the factors related to human resources, 

technology and internal manufacturing practices of the Indian industries towards a sustained LM 

implementation. 

_____________________________________ 

 

Solving Scheduling Problems Using MVO, SHTS and TGA 

Remya Kommadath, Indian Institute of Technology, Guwahatiremya@iitg.ac.in 

The scheduling of orders on machines to complete their processing within a specified time is a 

combinatorial optimization problem and is frequently encountered in various industries. This work 

considers a scheduling problem where a set of orders with their respective release and due date are to 

be processed on dissimilar machines. The processing time and processing cost of each order depend 

on the machine employed to process the order. The objective is to minimize the total cost of 

processing the orders. The processing of any order can be started on or after the release date but all 

the orders have to be completed on or before their due date. The optimal schedule should ensure that a 

machine is not required to process more than one order at a particular instance of time. In this work, 

the machine that needs to be assigned to every order, and the starting time of each order on the 

assigned machine are the two types of decision variables. The constraints are handled using a penalty 

function approach. We employ Multi-Verse Optimizer (MVO), Crow Search Algorithm (CSA) and 

Tree Growth Algorithm (TGA) to solve this optimization problem. The algorithms were tested to 

solve 10 problems which vary the number of decision variables from 6 to 40. In view of the stochastic 
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nature, each algorithm was executed for 25 times, thereby leading to a total of 750 unique instances. It 

is observed that CSA is converging faster than the other two algorithms. MVO is able to determine 

feasible solutions in all the problems except one, whereas TGA and CSA are unable to determine a 

feasible solution for two and three problems respectively. A score of one is given to an algorithm that 

outperforms both the other algorithms. For identical performance, the score of 1 is equally divided 

among the algorithms. On this scoring mechanism, MVO is observed to be better with a score of 4.5 

whereas TGA and CSA scored 3.5 and 2.0 respectively. Detailed results can be downloaded from 

http://bit.ly/2n5rREz. 

_____________________________________ 

 

Mathematical programs with vanishing constraints: stationary conditions using 

convexifactors 

Bhawna Kohli, P.G.D.A.V. College, University of delhi, bhawna_kohli@rediffmail.com 

This paper develops necessary and sufficient optimality conditions using convexifactors for 

mathematical programs with vanishing constraints (MPVC). For that, the notion of nonsmooth 

Guignard constraint qualification (GCQ) is introduced in terms of convexifactors. Under the 

assumptions of pseudoconvex and asymptotic quasiconvex functions, sufficient optimality conditions 

are established. 

__________________________________ 

 

A Study of explaining Decision making problem using Soft Set Theory 

Leena Soni, Shri Vaishnav Institute of Management Indore, sonileena90@gmail.com 

Soft set theory is new emerging general mathematical tool to deal with uncertainty in real world 

problems. In this paper, we apply the soft set theory in decision making problem to solve the e - food 

industry that is based on rough mathematics parameters. The Soft set theory approach optimizes the 

parameter and helps to decide best optimal solution using decision making.    

Keywords: Soft set, Reduct soft set, Choice value, Weighted choice value, Decision making, Fuzzy 

set, Rough set. 

__________________________________________________________________________________     
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Stability aspects of solution sets in unified semi-infinite vector optimization 

Shiva Kapoor, Department of Mathematics, University of Delhi, Delhi, 

20skapoor@gmail.com 

A class of optimization problems which comprise of infinite number of constraints are referred to as 

semi-infinite optimization problems. The paper deals with the continuity and convergence properties 

of solution sets for a unified semi-infinite vector optimization problem endowed with arbitrary 

preference relation in topological spaces. By perturbing objective and constraint mappings with a 

single parameter, we analyzed closedness, upper and lower continuity properties of the constraint set 

mapping and extend it further to the minimal and efficient solution set mappings. Further for the 

problem in normed linear spaces, we examined Painlevé Kuratowski convergence of solution sets 

under the functional perturbations of objective function and constraints. We established sufficient 

conditions for the upper and lower convergence of constraint sets, minimal and efficient solution sets. 

The convergence results are obtained taking into account the uniform gamma convergence for a 

sequence of constraint mappings and continuous convergence of the objective mappings.  

_____________________________________ 

 

 

Scalarizations for various notions of minimal solutions in set optimization 

Khushboo Kumar, Rai University of Delhi, thakurkhushboo4@gmail.com 

In literature, various techniques to find solutions of set optimization problems have been studied. 

Scalarization is one of the easiest techniques which means developing a scalar optimization problem 

such that optimal solutions of the scalar optimization problem correspond to minimal solutions of the 

set optimization problem. The aim of the paper is to introduce a nonlinear scalarizing function based 

on the oriented distance function over sets and establish scalarizations for various notions of minimal 

solutions for a set optimization problem. Further, we show upper and lower semicontinuity of the 

nonlinear scalarizing function under suitable assumptions.  

___________________________________ 

 

A new scalarization function and well posedness of vector optimization problem 

Sakshi Gupta, University of Delhi, sakshidumaths@gmail.com 

In this paper, we consider a new type of non linear Gerstewitz function which satisfy certain 

monotonicity and convexity conditions. Using this function a scalar optimization problem is 

considered and two different types of well-posedness are introduced for a vector optimization 

problem. Equivalence between the well posedness and characterization of minimal solution of the 

above problem have been established. 

__________________________________________________________________________________ 
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Twitter Based Sentiment Analysis of the Indian Union Budget 2019 

Nishigandha Jangnure, SIBM Bengaluru, nishigandha.jangnure20@sibm.edu.in 

The presentation of the Union Budget is an eagerly awaited event as the policy changes and 

governance guidelines have a profound effect on the lives of people and a study of citizens reactions 

is a reflection of the expectations from the government.The Union budget 2019 focuses on reducing 

red tape, building social infrastructure, digital India, pollution-free India, make in India, job creation 

in Micro, Small and Medium Enterprises (MSMEs) and investing heavily in infrastructure.To 

transform the vision of $5 trillion economy by the year 2024 into reality, the budget envisions 

bringing about structural reforms in the fields of taxation,Ease of doing business and revitalizing the 

banking and credit system. The taxpayers are concerned about the utilization of their money towards 

nation-building. In such times it becomes even more important for the government to be well-tuned to 

public opinion. Twitter is a popular social media platform which enables rapid exchange of 

information and opinions. We present a temporal analysis of people's sentiment across major cities of 

India before and after the Union Budget 2019 using machine learning techniques.The paper proposes 

to ascertain if people were happier after the budget, lending credence to the second term of the present 

government.Tweets related to the budget were collected and analyzed through probabilistic topic 

modelling (using Latent Dirichlet Allocation) to discover the topics at the center of discussion. Every 

tweet is classified into one of the topics identified by using Naive Bayes classification. We then 

calculate the polarity scores for tweets using the dictionary approach. Finally, the polarity of each 

topic is calculated by calculating the percentage of positive and negative tweets under each topic.The 

method proposed in our paper has interesting novelties like Topic-level sentiment analysis.The 

programming software R has been used to extract and analyze tweets. 

____________________________________ 

 

Evolutionary stable strategy in financial market 

Indrajit Saha, IIT Bombay, indrojit@iitb.ac.in 

We consider a random financial network model with a large number of small institutions. The 

financial institutions connect through credit instrument borrowed from each other or direct lending, 

and these create the liability. The settlement of the debts of various agents at the end of the contract 

period can express as solutions of random fixed-point equations. Our first step is to derive these 

solutions (asymptotically), using our previous convergence results. We consider that different market 

players (institution) coexist in the network and adopt two kinds of strategies. We aim to study the 

emerging strategies when inter-agent interactions are captured by different Replicator dynamics. We 

reduced the analysis of the complex system to that of an appropriate (conjectured) ordinary 

differential equations (ODE).  We verified through Monte Carlo simulations that the equilibrium 

suggested by the ODE method indeed represent the limit of the dynamics. 

__________________________________ 
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Coordinating a three-level supply chain with spanning revenue sharing contract under 

demand and supply risk uncertainties 

Joyanta Kumar Majhi, Jadavpur University, joymath05@gmail.com 

Corporate social responsibility plays an important role in associating customers to socially responsible 

firms and faithful customers are willing to give a higher price for commodities and services that 

incentive the firms to take corporate social responsibility. This article studies the coordination issue in 

a two-state supply chain which composed of a  manufacturer and a retailer, selling short shelf-life 

product in a single period of time. The manufacturer exhibits corporate social responsibility(CSR) and 

simultaneously determines its CSR investment and production quantity, as his production process is 

subject to random yield. On the other hand, the retailer decides the retail price and order quantity 

simultaneously while facing  price and CSR sensitive stochastic demand. We construct an agreement 

consisting  revenue sharing and cost sharing contract between the retailer and the manufacturer. We 

show that the supply chain can perfectly coordinate under this composite contract and allow arbitrary 

allocation of total channel profit to ensure that both the retailer and the manufacturer are benefited. 

We further analyze the impact of randomness in production as well as the impact of CSR investment 

on the performance of the entire supply chain. A numerical example is provided to illustrate the 

findings and gain more insights. 

__________________________________________________________________________________ 
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Social Responsibilities of the Global Pharmaceuticals Companies: Towards an Ethical 

Health Care Paradigm 

Abhay Vir Singh Kanwar, Tata Institute of Social Sciences Mumbai, 

abhaykanwar25@gmail.com 

The pharmaceutical industry today is a multi-billion dollar business and yet millions are dying due to 

lack of access to drugs. The astronomical prices of essential and life-saving drugs is not just an 

economic problem that can be settled through clever market strategies but is certainly an ethical issue. 

The paper will delve into ‘the ethical healthcare paradigm’, which, I propose, can supplant the current 

economistic paradigm. Taking off from the ethical-philosophical argument for recognizing every 

individual’s right to capability to be healthy, I shall assert the practical proposal of the cost-

rationalization and universal availability of essential, life-saving drugs through the undertaking of 

research and development funding for drug innovation and establishing sustainable and ethical supply 

chain management for egalitarian distribution of drugs by the business establishment as such in terms 

of the concept of CSR. The paper will first expose the concepts of basic and fundamental capabilities 

and will argue the precedence of right to capability to be healthy of every person. Owing to that 

patient will have to be considered the primary stakeholder in healthcare system. The next section will 

be on an ethical-historical critique of the pharmaceutical industry’s profit driven economism. The 

section after that will look at the business operation and the stages in the life cycle of a drug that 

comes to market. Finally, the paper will discuss the concept of CSR in relation to the ethical 

healthcare paradigm in order to propose CSR funding in research and development for innovation on 

drugs and how price of lifesaving drugs can be determined to ensure its egalitarian and universal 

distribution. 

____________________________________ 

 

Application of QFD Approach for Measuring Quality Improvement in Service Supply 

Chain Process: A Healthcare Perspective 

Bhawna Singh, Amity University, Noida, bhawna.singh1707@gmail.com 

Rushina Singhi, Amity University, Noida, rsinghi@amity.edu 

This study is conducted with a view to measure the quality improvement of the service supply chain 

process after the implementation of ERP (Enterprise Resource Planning) by applying the Quality 

Function Deployment (QFD) approach. The QFD approach basically involves 8 steps. The 1st step 

identifies the customer’s requirement – Voice of the customer by conducting a questionnaire survey to 

identify the 10 variables which play an important role in service supply chain process. The 2nd step 

gives the customer’s importance rating of all the variables on the scale of 1 (least important) to 10 

(most important) with the help of questionnaire survey of 30 individuals. The 3rd step represents the 

customer’s rating for the competitor with the help of a questionnaire survey. The 4th step represents 

the technical parameters- Voice of process by creating the house of quality having management’s 

expectation ranking and technical parameters and the competitor analysis. The 5th step represents the 

relationship matrix reflecting correlation between management’s expectation, technical parameters 

with the competitor analysis as strong, medium and weak. The 6th step represents the difficulty of the 

process faced by the technical parameters in achieving the results. The 8th step represents the 
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technical analysis of the house of quality. The roof of the house represents the importance of 

management’s parameters against technical parameter. In the box of the roof, importance rating has 

been done by comparing each parameter with technical parameters on the scale of important, partial 

important and not important. The blank box represents not important, in the middle means having 

partial importance and if it is in the box against the parameter then it has complete importance. The 

final step represents the house of quality which gives the complete representation having a ranking, 

competitor analysis, and its weight. Thus, QFD process implementation proves to be beneficial for the 

organization. 

____________________________________ 

 

Thesis Extracts on Impact of Ethical Business Practices on Organisational 

Competitiveness - A Study on Service Sector in India 

Rohit Kanda, PAHERU Udaipur, rajputlakshya@gmail.com 

Indian Service Sector, the youngest and the fastest-growing sector of Economy, is the foremost tool of 

growth and development of nation, we can have. This sector in recent past many a times has been 

accused of its service failures and incompetence. This research focuses on Emerging Service Sector. 

__________________________________________________________________________________ 
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A multi-product Inventory Relief Chain Model 

Prof. VS Sarma Yadavalli, University of Pretoria, South Africa, sarma.yadavalli@up.ac.za 

Jitendra Singh, University of Delhi, jitendrasingh.du.or50@gmail.com 

Prof. Chandra Jaggi. Uniersity of Delhi, ckjaggi@gmail.com  

This paper addresses a multi-product Inventory Relief Chain where an intermediate distribution center 

receives the products from a central distribution center and send to a number of relief centers (RC) to 

meet the given requirement of each product in a definite time span. The RCs are opened to distribute 

the relief commodity to the beneficiaries of that affected region. A mathematical model is discussed 

for the distribution of the relief products to the ultimate beneficiary under an optimal cost. The model 

determines the number of intermediate distribution centers and relief centers. However, in disaster 

conditions every relief center is most important to cover, therefore the model is segregated into two 

cases. First is when every RC is mandatory to cover i.e. the availability of products is more than the 

requirement. The second is when all RCs are not necessary to cover because of the availability of 

products is less than the requirement. A solution algorithm is proposed to find the optimal solution for 

the proposed problem. Furthermore, a numerical study is carried out to verify the validity of the 

model. A sensitivity analysis of the optimal solution with respect to different parameters is performed 

to check how parameters are resistive to the objective function. The model may assist relief 

organizations in managing relief supplies for disaster responses. 

_______________________________________ 

 

Inventory Model for Fresh Produce with Display Dependent Demand 

Bhavin J. Shah, Indian Institute of Management, Indore, bhavinj@iimidr.ac.in 

In this paper, an inventory model for fresh produce will be presented considering product demand 

based on the stochastic freshness level. The proposed model optimizes retailer’s expected profit by 

determining optimal level of order quantity, shelf space, and price. Various forms of capturing 

freshness will be discussed along-with their complexity in modeling for such inventory systems. 

____________________________________ 

 

Defect Management practices for a Sustainable Supply Chain 

Aditi Khanna, Department of Operational Research, University of Delhi 

dr.aditikhanna.or@gmail.com 

Production of defectives in a manufacturing process is an inevitable process. The defective items have 

a thriving business in current world. The concept of managing defective items in an efficient way has 

now become a recent trend for various industries as it aids in controlling detrimental environmental 

impacts caused by untreated defectives/waste. With such inducements, a vendor-buyer inventory 

strategy is formulated for a faulty production system considering carbon-emissions and defect 
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management. The manufacturing process is governed by the vendor in which a fraction of defective 

items is produced. These items are screened out at vendor’s end only through a careful inspection and 

it is made sure that only good quality lot is delivered to the buyer. The inspection process classifies 

defectives into three categories, viz. repairable, non- repairable and design-flawed depending upon 

their condition. Such an approach aids in fetching revenue and helps in waste reduction thereby 

contributing towards a green environment. The vendor also considers carbon-emission costs due to 

transportation and defect management as a step towards sustainability. An integrated model is 

developed and the total profit is maximized by jointly optimizing the number of shipments, order 

quantity and backordering quantity. Numerical analysis and sensitivity analysis is performed to 

establish the validity and robustness of the developed study. 

_________________________________________________________________________________ 
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Artificial Intelligence and Human Society 

Alka Jain, Taxila Business School, alkajain2008@gmail.com 

Artificial intelligence is the latest stage of technological revolutions, through which mankind is 

undergoing at present. We have crossed the four phases of first agricultural, second 18th century 

industrial, revolution, third 20th century industrial revolution and fourth 1970’s scientific revolution. 

We have entered in to fifth era of information technology revolution when 

-        Machines are talking to machines 

-        Machines are talking to humans and  

-        Machines have gained the power of reasoning.  

Sophia robot is the latest example of such a revolution. Previous stages of technological revolutions 

have affected economic environment more than the social environment. Machines had brought 

changes in economic productivity and we have seen it very recently, but with the introduction of 

intelligent machines, we are bound to see drastic changes in the human society itself. The fact is 

reflected in the citizenship for the robot ‘Sophia’. We see that machines have started becoming 

humans.  The paper proposes to study these changes on human psychology and then as later effect on 

the society and the units of the society of the country. Psychological changes in the mankind have 

hardly been addressed by previous scholars. Path of research will be  

- Artificial intelligence                 

- Impact on human psychology                 

- Impact on Indian society 

Primary and secondary data will be collected to study these impacts. Survey tool will be used for data 

collection. The analysis and interpretation of the data will give us research outcome which can prove 

helpful in decision making for the future development of artificial intelligence techniques and their 

acceptance in the society. Such researches can surely contribute in giving correct direction to 

innovations in science and their adaptation in the society. 

____________________________________ 

 

Emopso Algorithm with Mutation Factor for Scheduling Multi-Stage Parallel Machine 

Problem 

Uttam Kumar Mandal, NIT Agartala, uttamkumar_mandal@yahoo.co.in 

The comprehensive intention of the study is to develop an accurate meta-heuristic technique for 

solving multi-stage Parallel Machine Scheduling (PMS) problem for a manufacturing industry. In this 

present era where the demand of customized products is at its record height sustainability of a 

manufacturing industry is solely dependent on delivering customized quality product to the end users 

on time. This objective could be achieved by determining the manufacturing sequence in which the 

jobs have to be processed. This phenomenon of determining optimal sequence is done by Sequencing 

and scheduling (S&S) techniques. S&S are the means for taking decisions about the order and time in 

which a set of jobs are to be processed through a set of machine(s) to get the output in a desired order 

and time. The main objectives of S&S problems are minimizing the makespan value and total 

tardiness. Therefore, in this paper elite based multi objective particle swarm optimization (EMOPSO) 

is applied to solve a multi-stage PMS problem with higher accuracy and within a feasible 
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computational time. The value of makespan and total tardiness obtained from the EMOPSO is far 

better result when compared the values with other evolutionary algorithms. 

 

 

Forecasting Commercial Vehicle Sales using Artificial Intelligence 

Sriram P P R, PricewaterhouseCoopers LLP, sriram.pr97@gmail.com 

Subhashruthi Nadadhur, PricewaterhouseCoopers LLP, subhashruthi.nadadhur@gmail.com 

Machine learning and deep learning algorithms can lead us to innumerable insights from any 

informative dataset. Commercial automakers and their suppliers are experiencing a tremendous 

setback in India and this situation can be reversed by means of forecasting/predictive algorithms to 

facilitate strategic decision-making. By identifying and accounting for the key assumptions that drive 

business we can accurately forecast the sales or requirement that would deliver profitable results. 

Using Python, we aspire to develop insights from the dataset in an autonomous manner by 

implementing machine learning algorithms. An independent variable cannot be locked when it comes 

to forecasting the sales of commercial vehicles as numerous factors such as Engine Torque output, 

Cubic Capacity, trailer load capacity, cost, mileage, emission norms and brand of manufacturer 

influence the sales. To identify the smaller subset of significant independent variables we can 

implement the most traditional algorithm in time series forecasting, the Autoregressive Integrated 

moving average (ARIMA) model. Advancements in the domain of ‘Deep learning’ for time series 

forecasting using Recurrent Neural Network or Long Short-Term Memory(LSTM) have gained 

momentum due to their multi-fold applications in Finance, Business Analytics, Stock market, etc. 

They are capable of learning the complex non-linear hidden features from a time series data. This 

paper aims to find the number of vehicles to be manufactured by a company using an artificial 

intelligence-based model trained on historical data. Ensemble methods (meta-algorithms) that 

combine more than one machine learning techniques into one predictive model in order to improve 

forecasting efficiency of the commercial vehicle sales would be performed based on trial and error 

analysis. Based on strategic pre-processing of data and a custom algorithm specific to the metrics of 

this industry, we intend to render a complementary view to the ensemble method. 

_____________________________________ 

 

 

Leveraging AI & Machine Learning in Designing Anti Money Laundering (AML) 

Framework - Perspectives from Indian Banking Industry 

Chiranjibi Panda, Wipro Limited, f14chiranjibip@iima.ac.in 

Money Laundering is defined as ""the processing of criminal proceeds in order to disguise their true 

origin"" (FATF). Regulators in India have taken several initiatives to tackle, prevent and detect the 

money laundering activities. However, there has been a number of instances of non-compliance 

identified by the regulator (RBI), resulting in massive monetary fines and reputational damage. 

Through this paper, we endeavour to cover the following: 

1. Overview of the money laundering activities and the consequences on account of non-compliance. 

2. Issues and challenges faced by Indian Banks in complying with the AML guidelines. 

3. Provide a high-level overview of the RBI’s guidelines around AML. 

4. Explain the traditional operations for transaction monitoring system (Rule & scenario based) and 

their shortcomings. 

5. Methodology to reduce false positives to less than 50% is seen using Artificial Intelligence (AI) & 

Machine Learning (ML) based AML system from 95% using traditional Rule based system for ALM 

needs. 
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6. Wipro’s AI enabled AML implementation success story at one of the Indian MNC banks thru a 

case which covers the current situation, how various ML techniques helped the bank to recuperate 

their AML strategy, made sturdy policies and gained confidence.  

The content covered in the case study: 

a. Bank had deployed traditional rule based system for AML transaction monitoring. List of 

shortcomings identified by the Bank including imposition of fine by regulator. 

b. ML techniques that can be used for effective and efficient operations and compliance with AML 

guidelines that was adopted by Wipro. 

c. The advantage of ML based AML system as compared to the traditional transaction monitoring 

system, as well as the various challenges faced in implementing ML techniques. 

__________________________________________________________________________________ 
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Self Learning Supply Chain Event 

Rashid P, JDA, Rashid.Puthiyapurayil@jda.com 

To create an autonomous Algorithm or “Self learned supply chain solver” one need to represent the 

supply chain data and feed into Machine learning algorithm.  But supply chain data is varying size 

(very dynamic).  

And, if one need to establish any similarity measure on the supply chain network it would be always 

good to transform it into vector space model where an inner product exists (a Hilbert space).  

Here we solve above both problem: 

Take the supply chain data in any raw form and pass it though series of nonlinear mapping (like 

function mapping in mathematics). Design the mapping such a way that not only it is nonlinear but 

also it is reducing its dimensionality (like PCA or Auto encoder) so in the end we will be having only 

a finite and less dimensional vector. 

Also, parallelly try to come up with a reverse transform from this smaller dimensional vector to 

recreate the original input. 

If one can device an algorithm to do both of above point together then the smaller dimensional vector 

will be the best representation of the input supply chain. 

__________________________________________ 

 

Bayesian Optimization Techniques for Planning and Risk Assessment in Strategic 

Network Design and Optimization 

Tushar Shekhar, JDA, Tushar.Shekhar@jda.com 

Strategic network design and planning requires time consuming and computationally heavy 

optimization techniques. However, given the nature of decision making, the decisions makers have to 

go through iterative process to generate and evaluate multiple scenarios. Stochastic optimization 

techniques further increase the computational requirements and limit the number of input and output 

parameters possible for analysis. It leads to sub-optimal and un-informed decision making at the 

highest echelon of supply chain management.  

A computational framework and algorithm has been devised to arrive at the risks arising out of input 

variability. A prescriptive workflow has also been formulated that exploits the expert intuition based 

on Bayesian Techniques, ultimately leading to the desired optimal network design under input 

uncertainty.  

Primal and Dual Simplex based approach to warm0start Multi-Objective Hierarchical Optimization 

_________________________________________ 

 

Primal and Dual Simplex based approach to efficiently solve Multi-Objective 

Hierarchical Optimization Problems 

Vishal Shinde, JDA 

Supply chain planning problems can be modelled as Single-Objective or Multi-Objective Linear 

Programming Problems. For example- JDA’s product ‘JDA Enterprise Supply Planning’ models 

Master Production Planning problem as ‘Multi-Objective Hierarchical Linear Programming Problem’ 
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(i.e. Multi-Objective LPPs). For a customer supply chain, such Multi-Objective LPPs need to be 

solved from time-to-time due to the changes in supply chain input data (for example- demand 

changes, scheduled plan changes, capacity changes). Although- major part of supply chain input data 

remains same from one run (of solving Multi-Objective LPP) to the next run.  

We have conceptualised two separate algorithms to reduce run-time in solving current supply chain 

planning problem (modelled as Multi-Objective Hierarchical LPP) using the solution information of 

previously solved supply chain planning problem, without compromising on plan quality. The two 

algorithms are based on principles of Primal and Dual Simplex methods. 

__________________________________________________________________________________ 
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