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EMERGING TOPICS IN 
CONIC AND DISCRETE 
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October 23, 2014 

This one day workshop is suitable for researchers and 
graduate students who are interested in the area of conic and 
discrete optimization with a focus on modeling, algorithms 
and applications. The workshop consists of two tutorial talks 
and four research talks. Register for the workshop by sending 
an email to esd@sutd.edu.sg with your name and affiliation. 
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PROGRAMME 
Morning – Special Classroom 

8:45 am to 9:00 am 
 

Registration 

9.00 am to 10.15 am Samuel Burer, University of Iowa 
Tutorial: A Gentle, Geometric Introduction to Copositive Optimization 
 
This talk describes the fundamental connection between quadratic optimization 
and copositive optimization – a connection that allows the reformulation of 
nonconvex quadratic programs as convex problems in a unified way. We 
illustrate the connection using examples with just a few variables or a few 
constraints for which the copositive problem itself can be recast in terms of 
linear, second-order-cone, and semidefinite optimization. A particular highlight 
is the role played by the geometry of the feasible set. 
 
 

10:15 am to 10:30 am Break 
 

10:30 am to 11:20 am 
 

Giacomo Nannicini, Singapore University of Technology and Design 
 
An Exact Algorithm for Nonlinear Discrete Chance-Constrained Problems 
with Applications to Hydroscheduling 
 
I will present very recent work on midterm hydro scheduling, which is the 
problem of optimizing the performance of a hydro network over a period of a 
few months. This decision problem is affected by uncertainty on energy prices, 
demands and rainfall, and we model it as a nonlinear chance-constrained 
mathematical program. Akin to this problem, the talk is affected by uncertainty 
at the present stage. There is a probability bounded away from zero that I will 
discuss a Branch-and-Cut algorithm that uses Benders-type cuts, following the 
approach recently proposed by Jim Luedtke for chance-constrained linear 
programs. However, in our case the feasible region induced by each scenario is a 
general convex set, possibly with integrality constraints. I will almost surely 
present a separation algorithm for the corresponding scenario subproblems that 
exploits projection and KKT conditions, and gives a finite algorithm for (possibly 
integer) problems with convex feasible region. Our approach has some clear 
advantages over generalized Benders cuts. Finally, with probability epsilon I 
will provide a preliminary computational evaluation of the proposed method for 
the scheduling of a hydro network in Greece, and with probability one minus 
epsilon I will apologize for giving a talk that does not discuss computational 
results. 
 



 
11:20 am t0 11:35 am 

 
Break 
 

11:35 am to 12:25 pm He Simai, Shanghai University of Finance and Economics 
Some Recent Progress in Submodularity 
 
Submodularity and other discrete convex properties are popular tools to model 
interaction between players and factors, for example, complementarity/ 
substitutability between goods in operations management. It also has wide 
application in algorithm design, machine learning and influencing the social 
network, game theory, operations management, etc. In this talk, we introduce 
some recent progresses on discrete convex properties, which includes invariant 
discrete convex properties under various optimization structure, and 
applications in operations management. 
 

12:25 pm to 2:00 pm Lunch Break 
 

Afternoon – Lecture Theatre 3 

2:00 pm to 3:15 pm Toh Kim Chuan, National University of Singapore 
Tutorial: Algorithms for Large Scale Matrix Optimization 
 
Convex matrix optimization problems (MatOpts) arise in a wide variety of 
applications. The last two decades have seen dramatic advances in the theory 
and practice of matrix optimization, stimulated in part by the realization that it 
is an extremely powerful modeling tool. In particular, semidefinite programming 
(SDP) and its generalizations have been widely used as a powerful modeling 
tool in signal processing, relaxations of combinatorial and polynomial 
optimization problems, covariance matrix estimation, and sensor network 
localization The first part of the talk will describe several applications, such as 
matrix completion and covariance selection, that have attracted recent interest 
in large scale SDP and its generalizations such as nuclear norm minimization 
and convex quadratic SDP. The second part focuses on designing algorithms 
based on proximal point and augmented Lagrangian framework for solving 
MOPs. In particular, we present recent advances in the design and 
implementation of an augmented Lagrangian based method (called SDPNAL+) 
for solving large scale doubly nonnegative SDPs. Numerical experiments on a 
variety of large scale SDPs show that SDPNAL+ can be very efficient, and it 
outperforms two other recent codes, SDPAD and 2EBD-HPE, which are solvers 
based respectively on alternating direction and hybrid proximal extragradient 
methods for solving some classes of large scale SDPs. 
 

3.15 pm to 3:30 pm Break 
 
 



3.30 pm to 4.20 pm Zhichao Zheng, Singapore Management University 
Towards Absolute Cargo Schedule Reliability in Container Liner Shipping 
 
Container liner shipping is crucial to global supply chain performance as it is the 
primary mode of moving manufactured products across continents. Partially 
due to inherent uncertainties at sea and ports, the liner shipping industry has 
long had a notorious reputation of schedule unreliability. To the best of our 
knowledge, this paper represents the first attempt that optimizes schedule 
reliability in liner shipping. We first define and formulate the vessel schedule 
reliability problem under a constant vessel speed. We then transform the two- 
stage stochastic optimization problem into a deterministic copositive 
programming problem through an innovative moment decomposition approach. 
The approach does not assume the distributions of stochastic time parameters 
and only requires their first and second moment values which can be derived 
from historical data. We extend the model to allow variable speeds to balance 
the fuel costs. Using real data from Daily Maersk service, we demonstrate that 
our schedule performs in par with and sometimes outperforms existing 
schedules, which have achieved more than 98% vessel reliability in practice. 
More interestingly, we show that it is possible to achieve near 100% cargo 
schedule reliability and simultaneously reduce total operating cost at a higher 
sailing frequency. 
 

4.20 pm to 4.35 pm Break 
 

4.35 pm to  5.25 pm Selin Damla Ahipasaoglu, Singapore University of Technology and Design 
A Unifying Framework for Sparse Principal Component Analysis and a 
Novel Application to Unsupervised Object Categorization 
 
Given a multivariate data set, sparse principal component analysis (SPCA) aims 
to extract several linear combinations of the variables that together explain the 
variance in the data as much as possible, while controlling the number of 
nonzero loadings in these combinations. In this paper we consider 8 different 
optimization formulations for computing a single sparse loading vector. These 
are obtained by combining the following factors: we employ two norms for 
measuring variance (L2, L1) and two sparsity-inducing norms (L0, L1), which are 
used in two different ways (constraint, penalty). We give a unifying 
reformulation that we propose to solve via a natural alternating maximization 
(AM) method. Besides this, we provide a package that contains 
implementations for various parallel architectures. We finish with a novel 
application in unsupervised object categorization using bag-of-words method to 
represent images and sparse components to discover the categories. 
 

5.25 pm  End of Workshop 

 



SPEAKERS 
 

 
Sam Burer 
University of Iowa 
 

Sam Burer is Professor and Tippie Research Fellow in the Department of 
Management Sciences at the University of Iowa. He received his Ph.D. from 
the Georgia Institute of Technology, and his research and teaching interests 
include analytics, operations research, management sciences, and 
optimization. His research has been supported by grants from the National 
Science Foundation, and he serves on the editorial board of Operations 
Research, SIAM Journal on Optimization, Mathematics of Operations 
Research, and Optima. He also serves as a Council Member of the 
Mathematical Optimization Society, and as a Member of the Board of 
Directors of the INFORMS Computing Society. 
 
 

 
Giacomo Nannicini 
Singapore University of 
Technology and Design 
 

Giacomo Nannicini is an assistant professor in the Engineering Systems & 
Design pillar at SUTD. He received a Ph.D. from Ecole Polytechnique in 
France and has held research positions at the Tepper School of Business 
(CMU) and the Sloan School of Management (MIT). Giacomo works in linear 
and nonlinear integer programming, network optimization and dynamic 
programming, for transportation and energy related problems. His work has 
been awarded with the 2012 Glover-Klingman prize and showcased by the 
Editorial Board of Discrete Optimization for its 10 Year Anniversary Special 
Issue. 

 

 
He Simai 
Shanghai University of 
Finance and Economics 

 
Dr. He, Simai is currently a professor in Research Center for Management 
Science and Information Analytics, School of Information Management and 
Engineering, Shanghai University of Finance and Economics. He received his 
Ph.D. from Chinese University of Hong Kong in 2009, and worked as assistant 
professor in Department of Management Sciences, City University of Hong 
Kong from 2010 to May 2014. 
 

 
 

 
 
 
 



 
Toh Kim Chuan 
National University of 
Singapore 
 
 

Dr Toh Kim Chuan is a Professor at the National University of Singapore 
(NUS). He obtained his Bachelor degree from NUS and the PhD degree from 
Cornell University. His current research focuses on the design, analysis and 
implementation of algorithms, and development of software for convex 
programming, particularly matrix optimization problems such as linear and 
convex quadratic semidefinite programming (SDP). He is currently an Area 
Editor for Mathematical Programming Computation, and an Associate Editor 
for the SIAM Journal on Optimization. He has been invited to speak at 
various international meetings including the International Symposium on 
Mathematical Programming in 2006 and the SIAM Annual Meeting in 2010. 
 

 
Zhichao Zheung 
Singapore 
Management 
University 
 
 

Zhichao Zheng is an Assistant Professor of Operations Management at the 
Singapore Management University. His current research interests lie in the 
area of prediction and planning under uncertainty. He applies his research in 
various industrial domains, including healthcare operations management, 
spare parts logistics service planning and contracting, maritime scheduling, 
etc. He received his BS (First Class Honors) in Applied Mathematics from the 
National University of Singapore in 2009 with minor in Management, and 
Ph.D. in Management from the Department of Decision Science in the 
National University of Singapore. 

 
Selin Damla 
Ahipasaoglu 
Singapore University of 
Technology  and 
Design 

Selin Damla Ahipasaoglu is an Assistant Professor at the Singapore 
University of Technology and Design. She received her PhD in 2009 from 
Cornell University and held research positions at Princeton University and 
London School of Economics. Her main research focus is developing 
algorithms for large scale optimization, in particular first-order methods for 
convex problems, and their applications in image processing, statistical 
learning, and discrete choice modeling. 

 


