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9:00am - 10:00am 
Session: Classical Benders Decomposition (KC203) 
Cluster: CPAIOR 
Chair: Jean-François Cordeau, HEC Montreal 
 
Classical Benders Decomposition 
Jean-François Cordeau, HEC Montréal, jean-francois.cordeau@hec.ca 
 
Benders decomposition is a mathematical decomposition technique designed to solve large-
scale linear and mixed-integer programs comprising two sets of variables such that a more 
tractable subproblem is obtained when the values of some "complicating" variables are fixed. 
The technique works by projecting the original problem on the space of the complicating 
variables, and by using a cutting plane method where cuts are generated by solving the 
subproblem. The purpose of this masterclass is to introduce the basic Benders decomposition 
methodology, to present several computational refinements that have shown to improve 
performance, and to discuss some recent developments. 
______________________________________________________________________________ 
 
10:15am - 11:15am 
Session: Logic-Based Benders Decomposition (KC203) 
Cluster: CPAIOR 
Chair: John Hooker, Carnegie Mellon University 
 
Logic-Based Benders Decomposition 
John Hooker, Carnegie Mellon University, jh38@andrew.cmu.edu 
 
This is a tutorial on logic-based Benders decomposition, which generalizes the classical Benders 
method so as to accommodate an arbitrary subproblem rather than only a linear or continuous 
nonlinear programming problem. This allows one to apply Benders profitably to any problem 
that simplifies or decouples when certain variables are fixed. The tutorial covers the underlying 
theory of inference duality, explains how classical Benders decomposition is a special case, and 
illustrates the method on a number of examples. 
______________________________________________________________________________ 
 
11:15am - 12:15pm 
Session: Hybrid CP/MIP and Benders Decomposition Methods (KC203) 
Cluster: CPAIOR 
Chair: Chris Beck, University of Toronto 
 
Hybrid CP/MIP and Benders Decomposition Methods 
Chris Beck, University of Toronto, jcb@mie.utoronto.ca 
 
Over the past 15 years, Logic-Based Benders Decomposition (LBBD) has become a strong 
method for solving hard combinatorial optimization problems, often through the loose 
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hybridization of mixed integer programming (MIP) and constraint programming (CP). After 
briefly introducing CP, this talk proposes two pragmatic problem characteristics that favour 
CP/MIP hybridization: 1) global cost reasoning combined with localized combinatorial 
substructure and 2) the inability to make strong inferences until an identifiable set of variables 
has been assigned. These characteristics are illustrated with three hybrid models for aircraft 
maintenance scheduling, facility location-allocation, and front-room/back-room staff 
scheduling. 
______________________________________________________________________________ 
 
1:30pm - 2:30pm 
Session: Lagrangian Relaxation in MIP (KC203) 
Cluster: CPAIOR 
Chair: Bernard Gendron, Université de Montréal 
 
Lagrangian Relaxation in MIP 
Bernard Gendron, Université de Montréal, gendron@iro.umontreal.ca 
______________________________________________________________________________ 
 
2:30pm - 3:30pm 
Session: Lagrangian Relaxation in CP (KC203) 
Cluster: CPAIOR 
Chair: Willem-Jan van Hoeve, Carnegie Mellon University 
 
Lagrangian Relaxation in CP 
Willem-Jan van Hoeve, Carnegie Mellon University, vanhoeve@andrew.cmu.edu 
 
Constraint programming solvers employ a systematic search process, in which constraint 
propagation is used to prune infeasible or suboptimal branches in the search tree. We discuss 
how Lagrangian relaxations can be used to improve this process. First, we show how to embed 
a Lagrangian relaxation inside the propagation algorithm for a global constraint for 
strengthened cost-based domain filtering. We then introduce Lagrangian decomposition to 
increase the propagation of information between multiple global constraints. By applying 
Lagrangian relaxations in this way, the performance of constraint programming solvers can be 
drastically improved. This presentation assumes no prior knowledge of constraint 
programming. 
______________________________________________________________________________ 
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3:45pm - 4:45pm 
Session: Column Generation (KC203) 
Cluster: CPAIOR 
Chair: Louis-Martin Rousseau, Polytechnique Montreal 
 
Column Generation 
Louis-Martin Rousseau, Polytechnique Montréal, louis-martin.rousseau@polymtl.ca 
 
In this presentation we discuss the Dantzig-Wolf Decomposition and its resolution through a 
technique called column generation. We will discuss illustrate this technique over Vehicle 
Routing and Personnel Scheduling problems, discussing its origin from the primal simplex 
perspective and illustrating the differences between techniques which can be used to generate 
dynamically columns, such as dynamic programming and constraint programming. Embedding 
this approach into a Branch and Price framework, to handle integer problems, as well as 
stabilizing the convergence of dual variables, will also be briefly discussed. 
______________________________________________________________________________ 
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Session: Global Constraints I (KC201) 
Cluster: CPAIOR 
Chair: Justin Pearson, Uppsala University 
 
A Reservoir Balancing Constraint with Applications to Bike-Sharing 
Joris Kinable, Carnegie Mellon University, jkinable@cs.cmu.edu 
 
A global CP constraint is presented which improves the propagation of reservoir constraints on 
cumulative resources in schedules with optional tasks. The global constraint is incorporated in a 
CP approach to solve a Single-Commodity Pickup and Delivery Problem: the Bicycle Rebalancing 
Problem with Time-Windows and heterogeneous fleet. This problem was recently introduced at 
the 2015 ACP Summer School on Constraint Programming competition. The resulting CP 
approach outperforms a Branch-and-Bound approach derived from two closely related 
problems. In addition, the CP approach presented in this paper resulted in a first place position 
in the competition. 
 
The TASKINTERSECTION Constraint 
Gilles Madi Wamba, gilles.madi-wamba@mines-nantes.fr (Presenting Author) 
Nicolas Beldiceanu, Nicolas.Beldiceanu@mines-nantes.fr 
 
Given a sequence of tasks T subject to precedence constraints between adjacent tasks, and 
given a set of fixed intervals I, the TASKINTERSECTION(T , I, o, inter) constraint restricts the 
overall intersection of the tasks of T with the fixed intervals of I to be greater than or equal (o = 
‘ ≥ ’) or less than or equal (o = ‘ ≤ ’) to a given limit inter. We provide a bound(Z)-consistent cost 
filtering algorithm wrt the starts and the ends of the tasks for the TASKINTERSECTION 
constraint and evaluate the constraint on the video summarisation problem. 
 
Revisiting Two-Sided Stability Constraints 
Mohamed Siala, sia.mohamed@gmail.com (Presenting Author) 
Barry O'Sullivan 
______________________________________________________________________________ 
 
Session: Revenue Management in Online Advertising and Entertainment (KC202) 
Cluster: Revenue Management and Pricing 
Chair: Ilan Lobel, New York University 
 
Adaptive Dynamic Stochastic Knapsack Problem with Interaction 
Kyle Maclean, kmaclean.phd@ivey.ca (Presenting Author) 
Fredrik Odegaard, fodegaard@ivey.uwo.ca 
 
Motivated by group seating requirements in entertainment venues, we formulate and study an 
extension to the Dynamic Stochastic Knapsack Problem. We add a stochastic interaction 
between the offered set of open compartments and the item placement, generalizing 
previously deterministic problems and making the problem relevant to revenue management 
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customer choice models. Then, using a specific interaction function inspired by the 
entertainment industry, we provide an algorithm to determine the optimal solution. Using this 
algorithm we obtain insights into the structural properties of the problem. 
 
Dynamic Reserve Prices for Repeated Auctions: Learning from Bids 
Yash Kanoria, Columbia University, ykanoria@columbia.edu 
Hamid Nazerzadeh, USC Marshall, hamidnz@marshall.usc.edu (Presenting Author) 
 
A large fraction of online advertisements are sold via repeated second price auctions. In these 
auctions, the reserve price is the main tool for the auctioneer to boost revenues. We 
investigate the following question: Can changing the reserve prices based on the previous bids 
improve the revenue of the auction, taking into account the long-term incentives and strategic 
behavior of the bidders? We show that when there is uncertainty in the distribution of the 
valuations and competition among the bidders, previous bids can be used to learn the 
distribution of the valuations and to update the reserve prices. 
 
Feature-Based Dynamic Pricing 
Maxime Cohen, Google, maxccohen@google.com 
Ilan Lobel, New York University, ilobel@stern.nyu.edu (Presenting Author) 
Renato Paes Leme, Google, renatoppl@google.com 
 
We consider the problem faced by a firm who receives highly differentiated products in an 
online fashion and needs to price them in order to sell them to its customer base. Products are 
described by vectors of features and the market value of each product is linear in the values of 
the features. This model is motivated by a question in online advertising, where impressions 
arrive over time and can be described by vectors of features. We construct an algorithm that 
has worst-case regret that is quadratic in the dimensionality of the feature space and 
logarithmic in the time horizon. 
______________________________________________________________________________ 
 
Session: Safety and Security Issues in Transportation (KC203) 
Cluster: Transportation and Logistics 
Chair: Manish Verma, McMaster University 
 
A Partial Protection Planning Approach in a Rail-Truck Intermodal Transportation Network 
Hassan Sarhadi, John Molson School of Business, Concordia University, 
h_sarhad@liveconcordia.onmicrosoft.com (Presenting Author) 
Manish Verma, DeGroote School of Business, Mcmaster University, mverma@mcmaster.ca 
Satyaveer Chauhan, John Molson School of Business, Concordia University, 
Satyaveer.Chauhan@concordia.ca 
 
The rail-truck intermodal transportation constitutes a critical part of today’s global economy 
such that any failure in its service would have a devastating effect on its customers. In this 
study, we present a novel protection planning model which captures the interactions among 
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three decision makers in this domain when the assets can be protected partially. Since the 
resulting mathematical model is computationally difficult, a novel metaheuristic-based solution 
technique is proposed. The results indicate the importance of protecting intermodal assets in 
reducing the vulnerabilities and that the proposed solution technique is capable of solving the 
mathematical model efficiently. 
 
A Location-Allocation Problem for Emergency Response to Rail Accidents Involving Hazardous 
Materials 
Ali Vaezi, McMaster University, vaezia2@mcmaster.ca (Presenting Author) 
Manish Verma, McMaster University, mverma@mcmaster.ca 
 
Railroad transportation of hazardous materials has grown significantly in recent years in 
Canada. To mitigate the risk of railroad emergencies which involve hazardous materials, we 
consider emergency response as a measure to reduce harmful consequences imposed on 
people and the environment. We propose a model for strategic and tactical planning of 
emergency response to railroad accidents involving hazardous materials. After some parameter 
estimation, we solve this model over the Canadian railroad network, and provide 
recommendations on where to locate response facilities and how they are going to respond to 
hazardous materials emergencies. 
 
VaR and CVaR Risk Assessment Methodology for Railroad Transportation of Hazardous 
Materials 
S. Davod Hosseini, McMaster University, hosses8@mcmaster.ca (Presenting Author) 
Manish Verma, McMaster University, mverma@mcmaster.ca 
 
We develop a risk assessment methodology which investigates how value-at-risk (VaR) and 
conditional value-at-risk (CVaR) can be used to mitigate risk in railroad transportation of 
hazardous materials (hazmat). We utilize freight-train derailment reports of the Federal 
Railroad Administration (FRA) to take into consideration the differentiating features of trains 
and the characteristics of train accident in railroad transportation of hazmat. The proposed 
approach incorporates train-length, train-decile position of hazmat railcar, the sequence of 
events leading to hazmat release, and the associated consequence from ruptured railcars. The 
assessment methodology is finally used to study and analyze a US based case example. 
______________________________________________________________________________ 
 
Session: Combinatorial Optimization I (KC205) 
Cluster: Mathematical Programming and Optimization 
Chair: Daya Gaur, University of Lethbridge 
 
Generalized Vertex Cover Problem 
Pooja Pandey, Simon Fraser University, poojap@sfu.ca 
 
In this presentation we discuss an NP-hard problem which generalizes minimum vertex cover 
problem and maximum independent set problem. We refer this problem as generalized vertex 
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cover problem (GVC). We discuss equivalent formulations of GVC and some complexity results. 
We develop several heuristics and performed computational experiments to test the strength 
of the proposed heuristics. 
 
A Computational Study of Enhancements to Benders Decomposition in Multi-Commodity 
Network Design 
Carlos Armando Zetina, Concordia University, c_zetina@encs.concordia.ca (Presenting Author) 
Jean-François Cordeau, HEC Montreal, jean-francois.cordeau@hec.ca 
Ivan Contreras, Concordia University, icontrer@encs.concordia.ca 
 
In this talk we perform a computational study of some enhancements of Benders 
decomposition applicable to the uncapacitated multicommodity network design problem. We 
compare the performance of these enhancements in both the iterative Benders decomposition 
algorithm and the Benders reformulation embedded in a Branch-and-Cut framework; the single 
cut versus the multiple cut Master Problem Formulation; and the Magnanti and Wong vs 
Papadakos' Pareto Optimal cut selection criteria. We analyze their convergence rate, number of 
iterations and cuts and CPU time. 
 
Cumulative Vehicle Routing Problem: A Review of Recent Results 
Daya Gaur, University of Lethbridge, gaur@cs.uleth.ca 
 
In this talk we review some of the recent results on the cumulative vehicle routing problem. We 
will look at constant factor approximation algorithms based on iterated tour partitioning for 
deterministic demands. We will review constant factor randomized approximation algorithms 
for the case when the demands are stochastic. We will report on our experiences with column 
generation based methods. 
______________________________________________________________________________ 
 
Session: Applications of Optimization in Engineering (KC208) 
Cluster: Mathematical Programming and Optimization 
Chair: Miguel Anjos, Polytechnique Montreal 
 
Section Positioning in the Road Design Vertical Alignment Problem 
Soroor Sarafrazi, UBC, soroor.sarafrazi@ubc.ca 
 
The road design is usually split into the horizontal alignment, the vertical alignment, and the 
earthwork problem. After the horizontal alignment is fixed, the vertical alignment problem 
considers a discretization of the ground into sections. The number of sections is directly linked 
to the computation time. A large number of sections increases the calculation time to find the 
optimal vertical alignment. In addition, a uniformly spaced discretization may require more 
sections than necessary. We study different methods to approximate the ground with non-
uniformly spaced sections. The methods presented are compared with a commercial road 
design software. 
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The Shortest 2-Path Problem with Distance Constraints 
Haotian Song, U. Calgary, hasong@ucalgary.ca 
 
An electric power supplier needs to build a transmission line between 2 jurisdictions. Ideally, 
the design will maximize some user-defined utility function, e.g., minimize the construction cost 
or environmental impact. Due to reliability considerations, the developer has to install not just 
one, but two transmission lines, separated by a certain distance, so that even if one of the lines 
fails, the user will still receive electricity along the second line. We discuss how such a problem 
can be modeled and prove it is NP-hard. In addition, we demonstrate a setting that allows us to 
solve this problem in polynomial time. 
 
An Improved Two-Stage Optimization-Based Framework for Unequal-Areas Facility Layout 
Miguel Anjos, Polytechnique Montreal, miguel-f.anjos@polymtl.ca (Presenting Author) 
Manuel Vieira, Universidade Nova de Lisboa, mvcv@fct.unl.pt 
 
The facility layout problem seeks the optimal arrangement of non-overlapping departments 
with unequal areas within a facility. We present an improved framework combining two 
mathematical optimization models. The first model is a nonlinear approximation that 
establishes the relative position of the departments, and the second model is an exact convex 
optimization formulation of the problem that determines the final layout. Aspect ratio 
constraints are taken into account by both models. Preliminary results show that the proposed 
framework is computationally efficient and consistently produces competitive, and often 
improved, layouts for instances with up to 100 departments. 
______________________________________________________________________________ 
 
Session: Financial Model Development (KC210) 
Cluster: Finance and Risk Management 
Chair: Rogemar Mamon, Western University 
 
Mean-Variance Asset-Liability Management Problem under Non-Markovian Regime-
Switching Models 
Yang Shen, York University, yangshen@yorku.ca 
 
In this paper, we discuss an asset-liability management problem under a mean-variance 
criterion. The underlying models for assets and liability are described by non-Markovian 
regime-switching models. The problem is solved by backward stochastic differential equations 
and bounded mean oscillation martingales. An efficient strategy and an efficient frontier are 
obtained and represented by unique solutions to several backward stochastic differential 
equations. The framework of this paper is general enough to recover some results in existing 
works. 
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Price Dynamics in a Level 1 Limit Order Book with Memory and Spread 
Jonathan Casillas, University of Calgary, jonathan.chavezcasil@ucalgary.ca 
 
Motivated by Cont and Larrard (2013)’s seminal Limit Order Book (LOB) model, a continuous-
time model for the level I of a LOB will be presented. But, unlike the aforementioned paper, this 
model also accounts for some of the “sparsity” and “memory” exhibited by real LOB dynamics. 
That is, the information about the standing orders at the opposite side of the book after each 
price change is preserved, and a variable spread is also incorporated. Analytical expressions for 
some important quantities of interest are also derived. 
 
Estimation of a Mean-Reverting Model Driven by a Higher-Order Hidden Markov Chain 
Heng Xiong, University of Western Ontario, hxiong9@uwo.ca 
 
We develop a model for the evolution of daily average temperatures (DATs) that could benefit 
the analysis of weather derivatives. To model both mean-reversion and stochasticity, a 
deseasonalised component is assumed to follow an Ornstein-Uhlenbeck (OU) process 
modulated by a higher-order hidden Markov model (HOHMM), which takes into account 
short/long range dependence in the data. The seasonality part is modelled through a 
combination of linear and sinusoidal functions with appropriate coefficients and arguments. 
Recursive HOHMM filtering algorithms customised for the regime-switching evolution of model 
parameters are established, and self-updating parameter estimates are derived. 
______________________________________________________________________________ 
 
Session: Contributed I - Healthcare (KC301) 
Cluster: Healthcare Operations 
Chair: F Safa Erenay, University of Waterloo, Management Sciences 
 
Efficiency and Equity in Healthcare: Resource Allocation Decisions in a Long-Term Home Care 
Setting 
Ruonan Zhang, Xi'an Jiaotong-Liverpool University, ruonan.zhang@xjtlu.edu.cn (Presenting 
Author) 
Michael Fry, University of Cincinnati, mike.fry@uc.edu 
Harish Krishnan, University of British Columbia, harish.krishnan@sauder.ubc.ca 
 
Long-Term Home Care (LTHC) program provides various services to patients discharged from 
acute care, residential care and assisted living facilities. Two metrics, efficiency and equity, are 
used to measure the performance. We develop integer-programming models to optimize these 
metrics and derive solution properties. We then compare the optimal solutions to several well-
known allocation policies used in practice through a set of numerical experiments. Finally, we 
examine the current LTHC admission policy used at a major health-care organization and 
evaluate its performance. 
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Building an OR Practice in Industry: Lessons from CCO 
Daphne Sniekers, Cancer Care Ontario, Daphne.Sniekers@cancercare.on.ca (Presenting Author) 
Ali Vahit Esensoy, Cancer Care Ontario, AliVahit.Esensoy@cancercare.on.ca 
Kiren Handa, Cancer Care Ontario, Kiren.Handa@cancercare.on.ca 
 
CCO acts as a key Ontario government advisor on cancer care, renal, palliative and access to 
care. Part of CCO’s mandate is to drive improvement through developing multi-year system 
plans, setting standards and guidelines, developing and deploying information systems, and 
measuring performance. Since 2010, CCO has actively tested and deployed numerous 
operational research methodologies as part of their advanced analytics work. This session will 
review the evolution of CCO’s OR practice within the advanced analytics group and discuss 
successes and challenges of applying OR for system planning and policy decisions within 
Ontario’s healthcare system. 
 
Deriving Effective Vaccine Allocation Strategies against Pandemic Influenza Using a Hybrid 
Approach 
F. Safa Erenay, University of Waterloo, Management Sciences, ferenay@uwaterloo.ca 
(Presenting Author) 
Onur O Dalgic, University of Waterloo, Management Sciences, oodalgic@uwaterloo.ca 
Osman Ozaltin, North Carolina State University, oyozalti@ncsu.edu 
 
Vaccination strategies against influenza pandemic are commonly analyzed using 
compartmental or network-based simulation models. However, compartmental models may fail 
to represent disease propagation realistically while deriving effective strategies using agent-
based simulation models via approximate optimization is computationally burdensome. In this 
research, we propose a hybrid approach that combines simulation and analytical modeling. 
Using a chain-binomial transition probability scheme, the proposed approach efficiently 
simulates a given (static or dynamic) vaccine allocation strategy using limited number of 
random variates. Our numerical experiments show that the vaccination strategies derived by 
the proposed model outperforms those derived by a clinically validated network-based 
simulation model. 
______________________________________________________________________________ 
 
Session: Computer and Communication Systems (KC302) 
Cluster: Queueing Theory 
Chair: Douglas Down, McMaster University 
 
Auto-Scaling Effects in Speed Scaling Systems 
Carey Williamson, University of Calgary, carey@cpsc.ucalgary.ca 
 
This talk discusses stability, fairness, and robustness issues in dynamic speed scaling systems. 
We consider job-count-based speed scaling, where the service rate depends on the current 
system occupancy, specifically with rate n^(1/alpha) when there are n jobs in the system. Using 
analysis and simulation, we explore system dynamics under FCFS, PS, and SRPT scheduling, 
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focusing on system occupancy, utilization, and busy period structure. Our results highlight 
different behaviors for PS and SRPT in their overload regimes. 
 
Optimal Threshold Policy for Opportunistic Network Coding under Phase Type Arrivals 
Charith Gunasekara, University of Manitoba, charith.gunasekara@umanitoba.ca (Presenting 
Author) 
Attahiru Alfa, University of Manitoba, attahiru.alfa@umanitoba.ca 
Pradeepa Yahampath, University of Manitoba, pradeepa.yahampath@umanitoba.ca 
 
We consider a scenario in which two wireless devices communicate via a single access point 
with two buffers using network coding. Using a Markov decision process we prove that the 
optimal data packet waiting policy at the access point with respect to total cost, under phase-
type packet arrivals, is to have a separate threshold for the buffer size that is dependent on the 
current phase of each arrival. We then develop a technique to keep track of the packet waiting 
time and the number of packets waiting as a two ended pushout queue to resolve the optimal 
threshold policy. 
 
Exact Analysis of Energy-Aware Queueing Systems with Setup Times 
Vincent Maccio, McMaster University, macciov@mcmaster.ca (Presenting Author) 
Douglas Down, McMaster University, downd@mcmaster.ca 
 
Energy consumption of today's datacenters is a constant concern from the standpoints of 
monetary and environmental costs. We model a datacenter as a queueing system, where each 
server can be switched on or off, with the time to switch a server on being non-negligible. 
Deriving structural properties of the optimal policy allows us to intelligently select policies to 
analyse further. Using the Recursive Renewal Reward technique, we offer an exact analysis of 
these policies alongside insights, observations, and implications to how these systems behave. 
In particular, we provide insight on the number of servers which should always remain on. 
______________________________________________________________________________ 
 
Session: Service Operations (KC303) 
Cluster: Applied Probability and Stochastic Optimization 
Chair: Mojtaba Araghi, Wilfrid Laurier University 
 
Inventory Systems of Perishable Items with Two Types of Customers 
Sapna Isotupa, sisotupa@wlu.ca 
 
In this paper, a continuous review inventory system with two types of customers (high priority 
and low priority) and perishable items is analyzed. We consider two cases: 1. The two types of 
customers are treated alike, 2. Items are rationed and the demand of low priority customers is 
met only when the inventory level is above a threshold. The systems are modeled as lost sales 
systems and the customers are differentiated based on the shortage cost per unit. 
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A Call Center Problem of M(n)/G/c+G Approximation 
Odysseas Kanavetas, okanavetas@sabanciuniv.edu 
Baris Balcioglu, balcioglu@sabanciuniv.edu (Presenting Author) 
 
We develop approximations to compute the steady-state performance measures of a multi-
server queue receiving state-dependent Poisson arrivals and general service and abandonment-
time distributions. Such models can be used to capture call centers that vary customer arrival 
rate by providing delay time estimates to callers. The first model creates a completely 
Markovian queueing system making use of the hazard-rate function of the original 
abandonment-times. The second approximation extends this by considering a scaled-up single 
server queue to incorporate the impact of general service times in the analysis. We conduct 
extensive numerical experiments to assess the accuracy of their predictions. 
 
Managing Service Quality for Time-Varying Endogenous Demand 
Mojtaba Araghi, Wilfrid Laurier University, maraghi@wlu.ca 
 
We study the problem of maximizing the profit of a service provider that controls the periodic 
promotions with time-varying demand response, and service level to new and base customers. 
We propose and analyze a novel model that links these controls to customer flows, the size of 
the customer base and key performance measures. Our model considers the impact of service 
quality on customer acquisition and retention, and taking into account customer lifetime value. 
We provide prescriptions on optimal ad-hoc and periodic advertisement policies, along with the 
optimal staffing and priority plans for managing the service provider operations. 
______________________________________________________________________________ 
 
Session: Business Process Modelling in IS (KC304) 
Cluster: E-Business 
Chair: Yonghua Ji, University of Alberta 
 
Utility-Based Link Recommendation for Online Social Networks 
Zhepeng Li, Schulich School of Business, York University, ZLi@schulich.yorku.ca 
 
An online social network has two main stakeholders: users (e.g., Facebook users) who use the 
network to socialize with other users and an operator (e.g., Facebook Inc.) that establishes and 
operates the network for its own benefit (e.g., revenue). Existing link recommendation 
methods recommend links that are likely to be established by users but overlook the benefit a 
recommended link could bring to an operator. To address this gap, we define the utility of 
recommending a link and formulate/address a new research problem – utility-based link 
recommendation problem. 
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Curated Recommender Systems 
Henry Kim, York University, hkim@schulich.yorku.ca (Presenting Author) 
Bita Ghiasi, York University, bghiasi13@schulich.yorku.ca 
 
Traditionally, online recommender systems have been classified as content-based, 
collaborative, or hybrid. They have been further characterized by the extent to which social 
connections are used to inform recommendations. In this talk, we describe curated 
recommender systems as a new class of socially-oriented recommenders as exemplified in sites 
like Spotify and Google Music that can potentially mitigate shortcomings of other types of 
recommender systems. We conclude the talk with some insights stemming from our 
collaboration with Indigo's launch of their curated recommender app, Reco, and describe 
related research directions. 
 
Optimizing Software Development in an Uncertain Environment 
Yonghua Ji, University of Alberta, yji@ualberta.ca (Presenting Author) 
Zukui Li, University of Alberta, zukui@ualberta.ca 
 
Software developers face many challenges when developing software for customers in the fast 
changing environment. By using robust optimization techniques, we study a dynamic 
optimization problem of software development with uncertainties. The developer's objective is 
to minimize the number of bugs at the end of time horizon by adjusting coding and testing 
resources. 
______________________________________________________________________________ 
 
Session: Advances in Supply Chain Management (KC305) 
Cluster: Supply Chain Management 
Chair: Jooyol Maeng, Pacific Lutheran University 
 
Exploring the Viability of Retail Hyperlocals: A Case Study of a Retail Hyperlocal in India 
Hari Narayan P, Indian Institute of Management Bangalore, hari.narayanan14@iimb.ernet.in 
Nirmal George, Indian Institute of Management Bangalore, nirmal.george14@iimb.ernet.in 
Sirish Kumar Gouda, Indian Institute of Management Tiruchirappalli, 
sirish.gouda10@iimb.ernet.in 
Krishna Sundar Diatha, Indian Institute of Management Bangalore, diatha@iimb.ernet.in 
(Presenting Author) 
 
Hyperlocals are firms which use technology to connect consumers with merchants in a 
particular area. Convenience to customers by making wide range of products available and 
providing doorstep deliveries are their core propositions. High growth potential of the e-
grocery segment has attracted many players such as BigBasket, Grofers etc. This study is aimed 
at understanding the operational models of retail hyperlocals and their value addition to the 
retail ecosystem at large. Using a case study of a hyperlocal in India, we analyze the retail 
hyperlocals on the basis of their marketing, operations and technology aspects and discuss 
about their viability. 
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Impact of Upstream Strategic Alliance on Downstream Horizontal Competition 
Jooyol Maeng, Pacific Lutheran University, maengjy@plu.edu 
 
This paper considers a competition between two retailers sharing one upstream supplier. 
Dynamics between downstream firms is investigated when one of them has a strategic alliance 
with the supplier. 
______________________________________________________________________________ 
 
Session: Simulation Models in Sustainability (KC306) 
Cluster: Energy and Sustainable Operations 
Chair: Michel Denault, HEC Montréal 
 
Water Conservation Valuation and Policies in the Taihu Basin under RCP Scenarios 
Gang Liu, State Key Laboratory of Hydrology Water Resource and Hydraulic Engineering, HOHAI 
University; Institute of Management Science, HOHAI University, lglhm@msn.com (Presenting 
Author) 
Huimin Wang, State Key Laboratory of Hydrology Water Resource and Hydraulic Engineering, 
HOHAI University; Institute of Management Science, HOHAI University, hmwang@hhu.edu.cn 
 
This research considers water conservation in the Taihu Basin in China by employing the InVEST 
model. Our analysis indicates a declining trend in the total water conservation from 
320.50×10^8 m^3 in 2000 to 315.34×10^8 m^3 in 2010 with significant variations in different 
time periods and ecological functional zones. This decline is mainly attributed to the increase of 
the regional population and economies. Dynamic evolutions of future water conservation is 
evaluated by simulation based on RCPs scenarios. Results demonstrate that water conservation 
services are closely related to climate conditions and land use, while adaptive management 
mechanism is presented. 
 
Least-Squares Monte Carlo Methods for Hydropower Management 
Michel Denault, HEC Montréal, michel.denault@hec.ca (Presenting Author) 
Jean-Philippe Olivier-Meunier, HEC Montréal 
Nicolas Léveillé, HEC Montréal 
Pascal Côté, RioTinto 
 
We consider a stochastic optimization problem that includes both an exogenous (control-
independent) stochastic state variable and an endogenous (control-dependent) state variable. 
Our solution approach relies on simulations and regressions. The algorithm is applied to 
optimize the storage and production decisions for a hydropower system, in particular for two of 
RioTinto's installations in Canada. 
______________________________________________________________________________ 
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Session: OR Education I (KC308) 
Cluster: OR Education 
Chair: Keith Willoughby, University of Saskatchewan 
 
How to Make a Business Forecasting Class Memorable? Ideas for Augmenting OM Pedagogy 
Hamed Samarghandi, University of Saskatchewan, Edwards School of Business, 
samarghandi@edwards.usask.ca 
 
This presentation is aimed to share the methods of improving the student experience in OM 
classes. The lessons learned could be applied to undergraduate management science courses. 
First, characteristics of a successful course outline, according to the speaker, will be discussed. 
Various methods by which the speaker motivates the students will be shared. Moreover, 
operations management instructors are interested in training students who have the ability of 
applying their theoretical learning to the real-world situations. Accordingly, the speaker will 
examine how this consequential mission could be accomplished. Finally, some of the challenges 
that the speaker is experiencing will be discussed. 
 
Deal or No Deal: A Spreadsheet Game to Introduce Decision Making Under Uncertainty 
Timothy Chan, University of Toronto, tcychan@mie.utoronto.ca 
 
In this paper, we introduce a spreadsheet-based implementation of the game show Deal or No 
Deal. We describe how this game can be used in class to illuminate topics in decision making 
under uncertainty to students in both engineering and business. We show that specific 
scenarios encountered in the game can lead to rich discussions on topics like risk, utility, and 
probability. The game is easy to learn and play in class and usually receives a strong positive 
response from students. 
 
Reaching out and Giving Back: Undergraduate Project Courses with Not-For-Profit Enterprises 
Keith Willoughby, University of Saskatchewan, willoughby@edwards.usask.ca 
 
At the University of Saskatchewan, we have recently developed an experiential project course 
for senior-level undergraduate students. We assign student teams to work with local clients on 
challenging, relevant operations management (OM) problems.  
 
Our clients have included health care organizations, mining companies and national sporting 
federations. In addition, our student teams have completed several projects with not-for-profit 
enterprises. This work, in particular, has exposed students to the value of OM concepts. In 
short, they have learned the value of giving back to the broader community. This presentation 
will illustrate important principles in undertaking experiential projects in this specific 
environment. 
______________________________________________________________________________ 
 



9:00 am – 10:15 am, Monday, May 30, 2016 

16 
 

Session: Logistics Planning in Forest Value Chains (KC310) 
Cluster: Applications of OR in Forestry 
Chair: Mikael Rönnqvist, Université Laval 
 
Modeling Multimodal Transport in Norwegian Wood Supply 
Dag Fjeld, Norwegian institute for bioeconomics, dag.fjeld@nibio.no (Presenting Author) 
Dag Skjölaas, Norwegian forest owners' federation, dag.skjolaas@skog.no 
 
This study models potential transport cost reductions enabled by rail system development in 
south-eastern Norway. The current system includes varying GVW-limits for truck transport and 
degrees of electrification for rail transport. A linear programming model minimizes the sum of 
truck, terminal and rail costs for alternative terminal configurations under alternative scenarios 
for development of branch electrification and domestic vs. export demand. With the current 
rail system, truck loads predominantly follow the rail transfer direction to the next downstream 
rail terminal. Updated infrastructure, however, not only reduced rail transport costs, but also 
enabled greater efficiency and flexibility from forest to terminal. 
 
Nordic Training Scenarios for Pulpwood Procurement 
Dag Fjeld, Swedish University of Agricultural Sciences, dag.fjeld@slu.se (Presenting Author) 
Jori Uusitalo, LUKES, jori.uusitalo@lukes.fi 
Bo Dahlin, University of Helsinki, bo.dahlin@helsinki.fi 
 
This paper presents a series of training exercises for pulpwood procurement for a company-
level setting. The exercise starts with a) calculating the annual roundwood orders, before 
arranging b) sourcing from woodlot owners, company forests, central net purchase/barter and 
import, and finally c) monthly planning of purchasing/planning, harvesting, internal/external 
transport and stock levels. After taking on functional roles in an integrated forest product 
company, students prepare and present plans in company coordination forums. They are 
exposed to alternative mill production plans and supply disturbances/risks which are critically 
examined by other functions and revised accordingly. 
 
Operational Harvesting Taking into Account Tactical Considerations 
Mikael Rönnqvist, Université Laval 
 
In the forestry supply chain the planning of harvest activities is important to ensure an accurate 
delivery of roundwood to mills. The detailed operational harvest planning aims to schedule the 
harvesting crews and select the right stands to harvest to match the customer demand. This 
planning focuses on the short term leading to possible problems long term if some kind of 
“creaming” is done. To include long term aspects leads on the other to very large models. We 
present a decomposition method that enables the combination of short and long term aspects 
while ensuring solvability 
______________________________________________________________________________ 
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Session: Decomposition Methods (KC201) 
Cluster: CPAIOR 
Chair: Louis-Martin Rousseau, Polytechnique Montreal 
 
Logic-Based Decomposition Methods for the Travelling Purchaser Problem 
Kyle Booth, kbooth@mie.utoronto.ca (Presenting Author) 
Tony T. Tran 
J. Christopher Beck, jcb@mie.utoronto.ca 
 
We present novel branch-and-check and logic-based Benders decomposition techniques for the 
Travelling Purchaser Problem, an important problem in vehicle routing, logistics, and 
warehouse management. Our master problem determines a set of markets and directed travel 
arcs that satisfy product purchase constraints relaxing travel costs. Our subproblem identifies 
subtours within this master assignment, producing a set of generalized subtour elimination 
cuts. The proposed technique outperforms previous state-of-the-art approaches on the 
asymmetric problem variants, finding optimal solutions to unsolved instances, while performing 
competitively on symmetric problems. Our model is implemented unchanged for the four 
problem variants whereas other state-of-the-art approaches are variant-specific. 
 
Lagrangian Decomposition via Subproblem Search 
Geoffrey Chu, geoffrey.chu@unimelb.edu.au (Presenting Author) 
Peter J. Stuckey 
Graeme Gange, gkgange@unimelb.edu.au 
 
Scheduling Home Hospice Care with Logic-Based Benders Decomposition 
Aliza Heching, jh38@andrew.cmu.edu 
John Hooker, jh38@andrew.cmu.edu (Presenting Author) 
 
We propose an exact optimization method for home hospice care staffing and scheduling, using 
logic-based Benders decomposition (LBBD). The objective is to match hospice care aides with 
patients and schedule visits to patient homes, so as to maximize the number of patients 
serviced while meeting staffing and patient requirements. We report preliminary 
computational results for problem instances obtained from a major hospice care provider. We 
find that LBBD is superior to state-of-the-art MIP and solves problems of realistic size, if the aim 
is to conduct staff planning on a rolling basis. 
______________________________________________________________________________ 
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Session: Strategic Behavior and Choice in Revenue and Pricing (KC202) 
Cluster: Revenue Management and Pricing 
Chair: Jue Wang, Smith School of Business, Queen's University 
 
Comparing Regret Minimization and Utility Maximization for Route Choice Recursive Logit 
Models 
Tien Mai, University of Montreal, anhtien.mai@cirrelt.ca 
Fabian Bastin, University of Montreal, fabian.bastin@cirrelt.ca (Presenting Author) 
Emma Frejinger, University of Montreal, emma.frejinger@cirrelt.ca 
 
We focus on the comparison of estimation and prediction results between the random utility 
maximization (RUM) and random regret minimization (RRM) frameworks for route choice 
recursive logit (RL) model. We propose different versions of the RL model based on RRM, and 
we propose nonlinear-in-parameters RUM models which are similar to the RRM models. We 
report estimation results and a cross-validation study for a real network with more than 3000 
nodes and 7000 links. In our experiments, the cross-validation results show that one of the RRM 
models has the best out-of-sample fit, while more time consuming and less straightforward to 
interpret. 
 
Behavioral Anomalies in Consumer Wait-Or-Buy Decisions and Implications for Markdown 
Management 
Anton Ovchinnikov, anton.ovchinnikov@queensu.ca 
 
We consider behavioral foundations for analyzing consumer wait-or-buy decisions. We first 
present a new model that generalizes the expected utility model commonly used in the 
literature to account for robust behavioral anomalies. We then embed this model into a 
Stackelberg-Nash game between a firm that decides on the markdown and consumers who 
decide to buy now or wait for the markdown. We calibrate the model via lab experiment and 
validate its predictions out-of-sample. 
 
Turnpike Equilibrium for Oligopolistic Dynamic Pricing Competition with Strategic Consumers 
Jue Wang, Smith School of Business, Queen’s University, jw171@queensu.ca (Presenting 
Author) 
Yuri Levin, Smith School of Business, Queen’s University, yuri.levin@queensu.ca 
Mikhail Nediak, Smith School of Business, Queen’s University, mikhail.nediak@queensu.ca 
 
We consider a control-theoretic model for oligopolistic dynamic price competition when 
customers are making strategic repeated purchases. We show that the equilibrium has a 
turnpike property and characterize its structure under both symmetric and asymmetric 
oligopoly. The impact of non-stationary demand is also examined. 
______________________________________________________________________________ 
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Session: Vehicle Routing I (KC203) 
Cluster: Transportation and Logistics 
Chair: F Safa Erenay, University of Waterloo, Management Sciences 
 
Heuristic Algorithm for the Production and Inventory Routing in an Assembly Structure 
Masoud Chitsaz, HEC Montréal, masoud.chitsaz@hec.ca (Presenting Author) 
Jean-François Cordeau, HEC Montréal, jean-francois.cordeau@hec.ca 
Raf Jans, HEC Montréal, raf.jans@hec.ca 
 
We aim at integrating the production planning of a single end item at a plant with the inbound 
collection planning of several components, sourced from different suppliers. The decisions 
relate to the production and routing plans. We propose a mathematical formulation and a 
heuristic algorithm to solve the problem. The algorithm is also capable of solving the 
production and inventory routing problems (PRP & IRP). Several data sets available in the 
literature are solved and the results of these extensive computational experiments on the 
benchmark instances are compared with the state-of-the-art algorithms. 
 
A MIP Model and Relax-And-Fix Heuristics for a Coupled Lot-Sizing and Vehicle Routing 
Problem 
Pedro Luis Miranda Lugo, Universidade Federal de São Carlos, pmiranda@dep.ufscar.br 
(Presenting Author) 
Reinaldo Morabito, Universidade Federal de São Carlos, morabito@ufscar.br 
Deisemara Ferreira, Universidade Federal de São Carlos - Campus Sorocaba, deise@ufscar.br 
 
We formulated a MIP model to integrate lot-sizing and vehicle routing decisions in small 
furniture companies. We modeled a setting with one painting line and one vehicle that 
performs multiple trips during a finite planning horizon. Specific features, as production and 
inventory of parts, distribution routes extending over several days, multiple time windows and 
deadlines, were also considered. As solution strategy, we explored the model structure and 
proposed relax-and-fix heuristics with different partitioning and fixing variables criteria. 
Computational tests on a set of randomly generated instances showed that the heuristics 
provide better solutions than CPLEX 12.6 in shorter CPU times. 
 
Optimal Shipment Consolidation and Vehicle Capacity Rationing for Two Parcel Types 
F. Safa Erenay, University of Waterloo, Management Sciences, ferenay@uwaterloo.ca 
(Presenting Author) 
Benhur Satir, University of Waterloo, Management Sciences, bsatir@uwaterloo.ca 
James H Bookbinder, University of Waterloo, Management Sciences, 
jbookbinder@uwaterloo.ca 
 
We analyze the problem faced by a third-party logistics company dispatching regular and 
emergency parcels. The company dynamically decides when to consolidate the arriving parcels 
and when to ship them by rationing the available vehicle capacity between parcel types. 
Assuming arrivals according to a compound Poisson process, exogenous vehicle capacity, and 
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constant shipment/holding cost, we model this problem as a continuous-time Markov Decision 
Process minimizing the expected discounted total cost. We prove the existence of quantity-
based threshold policies which are monotone w.r.t. system state and proposed approaches to 
optimally solve large real-life instances for special cases of this problem. 
______________________________________________________________________________ 
 
Session: Combinatorial Optimization II (KC205) 
Cluster: Mathematical Programming and Optimization 
Chair: Shahadat Hossain, University of Lethbridge 
 
A Polynomial-Time Approximation Scheme for k-Means Clustering 
Zachary Friggstad, University of Alberta, zacharyf@ualberta.ca 
 
The most well-known and ubiquitous clustering algorithm encountered in nearly every branch 
of science is k-Means clustering. Given a set of data points X in Euclidean space and an integer 
k, partition X into k clusters to minimize the total squares of distances between points and their 
cluster's centroid.  
 
We give the first polynomial time (1+eps)-approximation for any constant eps > 0 when the 
dimension of the space in which X resides is a constant. Previously, only a constant-factor 
approximation was known. Our approximation scheme uses standard local search and extends 
to any metric with constant doubling dimension. 
 
The Vehicle Routing Problem with Skill Sets 
Kamyar Khodamoradi, Simon Fraser University, kka50@sfu.ca 
Ramesh Krishnamurti, Simon Fraser University, ramesh@cs.sfu.ca (Presenting Author) 
 
We consider a version of the classical vehicle routing problem, called the Vehicle Routing 
Problem with Skill Sets (VRPSS). The sub problem that needs to be solved in the column 
generation formulation for the problem is the famous Prize Collecting Travelling Salesman 
Problem (PCTSP), an NP-hard problem. In this talk, we focus on the LP solution procedure for 
the PCTSP. Corresponding to the subtour elimination constraints (SECs) in the TSP, there are an 
exponential number of generalized subtour elimination constraints (GSECs) for the PCTSP. We 
discuss an approach based on network flow as a separation procedure for the GSECs. 
 
Cluster Restricted Maximum Weight Clique Problem: Algorithms and Empirical Analysis 
Krishna Teja Malladi, University of British Columbia, kmalladi@alumni.ubc.ca (Presenting 
Author) 
Snezana Mitrovic-Minic, Simon Fraser University, snezanam@sfu.ca 
Abraham Punnen, Simon Fraser University, apunnen@sfu.ca 
 
We introduce the cluster-restricted maximum weight clique problem (CRCP), a variation of the 
well-known maximum weight clique problem motivated by the applications for image 
acquisition scheduling for a satellite constellation. In CRCP, the node set of the graph is 
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partitioned into weighted clusters. The goal is to find a clique that maximizes the sum of 
`contributions' of each of the clusters to the clique, with an appropriately defined contribution 
function. We study two variations of the CRCP. Novel matheuristics are provided that exploit 
the power of the modern mixed integer programming solvers such as CPLEX. 
______________________________________________________________________________ 
 
Session: Blackbox and Derivative-Free Optimization (KC208) 
Cluster: Mathematical Programming and Optimization 
Chair: Rommel Regis, Saint Joseph's University, Department of Mathematics 
 
Efficient Subproblem Solution within MADS with Quadratic Models 
Nadir Amaioua, Polytechnique Montréal, amaiouanadir@yahoo.fr (Presenting Author) 
Sebastien Le Digabel, Polytechnique Montréal, sebastien.le-digabel@polymtl.ca 
Charles Audet, Polytechnique Montréal, Charles.Audet@gerad.ca 
Andrew R. Conn, IBM Research, Charles.Audet@gerad.ca 
 
A subproblem appears when using the MADS (Mesh Adaptive Direct Search) algorithm with 
quadratic models, for derivative-free optimization. In this context, we explore different 
algorithms that exploit the structure of the subproblem: The augmented Lagrangian method, 
the L1 exact penalty function and the augmented Lagrangian with a L1 penalty term. We 
implement these algorithms within the NOMAD software package and present their impact on 
the quality of the solutions. 
 
Surrogate Model Optimization of Computationally Expensive Multi-Objective Black-Box 
Problems 
Juliane Mueller, Lawrence Berkeley National Lab, julianemueller@lbl.gov 
 
Multi-objective optimization problems arise in many application areas such as engineering and 
climate modeling. A single solution that optimizes all objective functions does not exist. Rather, 
a set of trade-off (Pareto-optimal) solutions is sought. We consider optimization problems 
whose objective function evaluations require computationally expensive black-box simulations 
and for which derivative information is not available. Our goal is to devise new algorithms that 
find (near-) Pareto-optimal solutions within only very few expensive function evaluations. Our 
solution approach employs computationally cheap surrogate models that approximate the 
expensive objective functions and guide the search for improved solutions. 
 
Positive Spanning Sets and Cosine Measures in Derivative-Free Optimization 
Rommel Regis, Saint Joseph's University, Department of Mathematics, rregis@sju.edu 
 
A set of vectors S positively spans a Euclidean space if every element of that space is a 
nonnegative linear combination of the elements of S. It is well-known that if the gradient of a 
continuously differentiable objective function is nonzero at a point, then one of the vectors in a 
positive spanning set is a descent direction from that point. The positive spanning property of a 
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set of vectors can be quantified using the notion of cosine measure. This talk will explore some 
of the properties and applications of the cosine measure of a set of vectors. 
______________________________________________________________________________ 
 
Session: Derivative Pricing and Portfolio Optimization (KC210) 
Cluster: Finance and Risk Management 
Chair: Yongzeng Lai, Wilfrid Laurier University 
 
Optimal Reinsurance and Investment Strategies under the Effect of Inside Information 
Fanyi Peng, Tianjin University of Finance and Economics 
Ming Yan, Tianjin University of Finance and Economics 
Shuhua Zhang, Tianjin University of Finance and Economics, shuhua55@126.com (Presenting 
Author) 
 
This work develops a non-zero-sum differential investment and reinsurance game between two 
insurance companies in the presence of inside information, in which each insurance company is 
assumed to maximize the utility by adopting the optimal investment and reinsurance strategies. 
In this paper, we employ the enlargement of filtration techniques to treat the inside 
information. For the case of an exponential utility, we obtain the optimal strategies by dynamic 
programming approach and the numerical method. Some numerical examples are provided to 
illustrate how the investment-reinsurance strategies change when the model parameters vary. 
 
Optimal Investment and Financing with Macroeconomic Risk and an Equity-For-Guarantee 
Swap 
Xiaolin Tang, Hunan University 
Zhaojun Yang, Hunan University, zjyang@hnu.edu.cn (Presenting Author) 
 
We consider a real option with an equity-for-guarantee swap and the business cycle. The 
entrepreneur is exposed to macroeconomic risk, which is described by a two-state Markov 
chain. We derive closed-form security prices, guarantee costs and optimal investment and 
financing policy. We discover that the entrepreneur postpones investment in a boom economy 
but accelerates in recession. The optimal leverage ratio is countercyclical when the project risk 
is low and vice versa. There always exist inefficiencies from asset substitution and debt 
overhang but the inefficiencies are less obvious when the economy falls into boom. 
 
Time-Consistent Investment Strategy for Dc Pension Fund with Stochastic Interest Rate 
Yongzeng Lai, Wilfrid Laurier University, ylai@wlu.ca (Presenting Author) 
Ling Zhang, Guangdong University of Finance, sysuzhangling@gmail.com 
Danping Li, Tianjin University, lidanping@tju.edu.cn 
 
We consider the time-consistent investment strategy for a DC pension plan under the mean-
variance criterion with stochastic interest rate and inflation risk. Besides, there are a stock and 
an inflation-indexed bond available in the financial market. Extended HJB equation of 
equilibrium value function and verification theorem are given. The analytical expression of the 
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time-consistent investment strategy and the equilibrium efficient frontier are derived. The 
impacts of the stochastic interest rate and inflation on the strategy and efficient frontier are 
demonstrated. 
______________________________________________________________________________ 
 
Session: Models for Collaborative Healthcare Delivery (KC301) 
Cluster: Healthcare Operations 
Chair: Peter Vanberkel, Dalhousie University 
 
Should Models of Health Services Delivery Interventions Capture the Dynamics of 
Adaptation? 
James Greenwood-Lee, Athabasca University, jgreenwoodlee@athabascau.ca (Presenting 
Author) 
Penelope Hawe, Menzies Centre for Health Policy and the Australian Prevention Partnership 
Centre, University of Sydney. 
Alberto Nettel-Aguirre, Departments of Paediatrics and Community Health Sciences, University 
of Calgary, Alberta Children's Hospital Research Institute, Calgary. 
Alan Shiell, School of Psychology and Public Health, La Trobe University and The Australian 
Prevention Partnership Centre. 
Deborah Marshall, Department of Community Health Sciences, University of Calgary. 
 
The dynamic non-linear nature of health systems makes modelling crucial in the development 
and evaluation of interventions as effective and sustainable health system solutions. However, 
models of interventions tend to limit focus on the ‘real-time’ operation of the system and 
impacts of the intervention, effectively ignoring the way the system reacts to the intervention 
via agent adaptation. We discuss modelling the process of adaptation to describe the emergent 
outcomes that result as agents respond to the intervention to produce better outcomes for 
themselves. A model examining the introduction of a “next available specialist” referral option 
is presented as an illustration. 
 
Scheduling Coordinated Lab-Clinics to Maximize the Service Level under Stochastic Testing 
Time 
Farzad Zaerpour, Haskayne School of Business, University of Calgary, 
farzad.zaerpour@haskayne.ucalgary.ca (Presenting Author) 
Diane Bischak, Haskayne School of Business, University of Calgary, 
diane.bischak@haskayne.ucalgary.ca 
Mozart Menezes, Kedge Business School – Bordeaux, Mozart.Menezes@kedgebs.com 
 
In some outpatient clinics, it is desirable for patient testing to be scheduled just before the 
clinic appointment. If testing facilities are shared by physicians, it becomes difficult to assure 
that testing is completed in time due to the variation in testing requirements across patients 
and clinics. To address this problem, a mixed-integer program is first developed for scheduling 
physician clinics so that the likelihood of a patient not completing testing in time for the clinic 
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appointment is minimized. Then a branch-and-price heuristic is proposed to solve practical 
problems. Numerical examples are presented to show the efficiency of this model. 
 
Using a Slotted Queuing Model to Predict Collaborative Emergency Center Performance 
Peter Vanberkel, Dalhousie University, peter.vanberkel@dal.ca (Presenting Author) 
Ben Wedge, Dalhousie University, b.wedge@dal.ca 
Alix Carter, Emergency Health Services, Dartmouth, NS; Department of Emergency Medicine, 
Alix.Carter@novascotia.ca 
 
Nova Scotia has developed a novel way to manage Emergency Department (ED) patients in 
small communities. Staffed by a paramedic and a RN, and overseen by physician via telephone, 
Collaborative Emergency Centres (CECs) and able to manage the few patients who seek 
emergency care overnight in a cost effective manner. This work models the performance of 
CECs using a slotted queuing model in a number of different communities. Using the model, it is 
found that a CEC’s success is related to the proportion of demand for primary care 
appointments compared with the supply of primary care appointments. 
______________________________________________________________________________ 
 
Session: TUTORIAL - Queueing and Markov Chain Decomposition (KC302) 
Cluster: Queueing Theory 
Chair: Marco Bijvank, University of Calgary 
 
Queueing and Markov Chain Decomposition 
Opher Baron, Opher.Baron@rotman.utoronto.ca 
 
We introduce Queue and Markov Chain Decomposition (QMCD) for the exact analysis of 
Queues and Markov Chains. QMCD includes four steps: Decompose the system to smaller 
subsystems, Tie the subsystems together –transition rates and other effects, Solve each 
subsystem while considering the relevant effects, and Normalize the solution. We review 
applications of QMCD in Mn/Gn/1 with state-dependent arrivals and services, M/M/C with pre-
emptive priority and different service rates, and a threshold based allocation of Blood units to 
patients. QMCD allows us to provide exact analysis of these, previously well studied but 
unsolved, models. We will discuss current and future research. 
______________________________________________________________________________ 
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Session: Dynamic Models in Operations: Procurement, Customer Relationship Management 
(KC303) 
Cluster: Applied Probability and Stochastic Optimization 
Chair: Gonzalo Romero, Rotman, University of Toronto 
 
Dynamic Scheduling of Home Health Care Patients to Medical Providers 
Adam Diamant, Schulich School of Business, York University, ADiamant@schulich.yorku.ca 
 
We propose a dynamic scheduling framework to assist in the assignment of patients to home 
health care practitioners (HHP) who must attend to an individual for the entirety of their care. 
We formulate the problem as a discrete-time Markov decision process. Since the formulation 
suffers from the curse of dimensionality, we consider a dynamic heuristic policy. The proposed 
algorithm assigns new patients to HHP's while considering i) the amount of idle time and 
overtime; ii) the number of visits each patient will need; and iii) the travel time necessary to 
serve the HHP's current patient panel. 
 
Points for Peanuts or Peanuts for Points? Setting the Optimal Value of Loyalty Currency 
Dan Iancu, Graduate School of Business - Stanford University, daniancu@stanford.edu 
(Presenting Author) 
So Yeon Chun, McDonough School of Business - Georgetown University, 
soyeon.chun@georgetown.edu 
Nikolaos Trichakis, Harvard Business School, ntrichakis@hbs.edu 
 
A loyalty program introduces a new currency---the points---through which customers transact 
with a firm. We study the problem of optimally pricing in this new currency, in a multi-period 
setting. We show that this differs from cash pricing, due to the way loyalty points are accounted 
for, as liabilities on the firm's balance sheet. This introduces an important distinction between 
cash flows and profits, which is absent in traditional revenue management. We show that the 
optimal cash and point pricing policies mimic classical ``base-stock, list price'' policies, and 
argue that points tend to be accumulated and devalued over time. 
 
Optimizing Purchasing and Handling Costs for Supply Chain Procurement 
Retsef Levi, MIT, retsef@mit.edu 
Georgia Perakis, MIT, georgiap@mit.edu 
Gonzalo Romero, Rotman, University of Toronto, gonzalo.romero@rotman.utoronto.ca 
(Presenting Author) 
 
We introduce a new model that minimizes the purchasing and handling costs induced by case 
pack selection in procurement contracts. We prove structural results that lead to a practical 
method to both selecting the best case pack size per SKU, and serving orders at the distribution 
center. Specifically, we show that a threshold policy is optimal for serving orders. Furthermore, 
we implement this method on real data from a large utility company, finding significant supply 
chain cost reductions. 
______________________________________________________________________________ 
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Session: Economics of IS (KC304) 
Cluster: E-Business 
Chair: Barrie R. Nault, Haskayne School of Business 
 
Usage of Third Parties in Publisher Websites 
Ram Gopal, University of Connecticut, rgopal@business.uconn.edu 
Hooman Hidaji, University of Alberta, hooman.hidaji@ualberta.ca (Presenting Author) 
Raymond Patterson, University of Calgary, raymond.patterson@ucalgary.ca 
Erik Rolland, University of California, Merced, erolland@ucmerced.edu 
Dmitry Zhdanov, University of Connecticut, dzhdanov@business.uconn.edu 
 
With growing concerns regarding online privacy and information disclosure, it is important to 
understand the factors that affect the third party usage. Particularly, we look at the publisher 
website's use of third parties, and how it is affected by the privacy concerns of users. We 
propose a model that captures the interaction between the publisher websites, and users. 
Specifically, we focus on the effect of privacy concerns on the decision-making of the website. 
We provide analysis of the data and partial validation of the model. 
 
Economic Consequences of E-Book Release in an Emerging E-Book Market 
Kunsoo Han, McGill University, kunsoo.han@mcgill.ca (Presenting Author) 
Kyunghee Lee, McGill University, kyunghee.lee@mail.mcgill.ca 
Eunkyoung Lee, Samsung Economic Research Institute, dr.eunkyounglee@gmail.com 
Byungtae Lee, KAIST College of Business, btlee@business.kaist.ac.kr 
 
We investigate the impact e-book release on the demand of the corresponding print book using 
large-scale book-level data from the largest book retailer in South Korea. We find that on 
average e-book release enhances print book demand by 4.7%. More importantly, we find 
evidence of the moderating roles of two content characteristics: consumer awareness of the 
content and the fit between content and e-book channel. The positive effect of e-book release 
is magnified for books with lower consumer awareness prior to the e-book release, whereas 
this effect is diminished for books with contents having lower fit with the electronic channel. 
 
Exploring Doctors' Learning Curves on Their Performance: The Moderating Role of Doctor 
Demographics 
Tianshi Wu, Harbin Institute of Technology, wutianshi@hit.edu.cn (Presenting Author) 
Xitong Guo, Harbin Institute of Technology, xitongguo@hit.edu.cn 
Gregory Heim, Texas A&M University, GHeim@mays.tamu.edu 
 
During daily operations, workers can improve their operational performance through learning 
curves, or learning-by-doing. However, different workers may exhibit different learning 
patterns, such that they can benefit differently from their experience. In this paper, we aim to 
examine the impact of workers' education and career stage on their learning curves. Utilizing 
operational-level data from a 3A level hospital in northeastern China, we empirically test the 
moderation effects of physicians' age, medical title and degree on the relationship between 
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their experience treating patients and their task-level performance. Our results provide 
significant implications for the theory and practice. 
______________________________________________________________________________ 
 
Session: TUTORIAL - Recent Advances in Facility Location Modeling (KC305) 
Cluster: Supply Chain Management 
Chair: Osman Alp, University of Calgary 
 
Recent Advances in Facility Location Modeling 
Mark Daskin, University of Michigan, IOE Department, msdaskin@umich.edu 
 
This talk will review the broad field of facility location modeling with a focus on discrete 
location models. Covering and median-based location models will be reviewed. Recent 
advances in location modeling will be outlined including integrated two variants of location-
inventory models as well as models that capture facility failures. Within the class of facility 
failures, both random facility failure and anthropogenic failure models will be summarized. 
Directions for future work will also be outlined. 
______________________________________________________________________________ 
 
Session: Practical Problems in Sustainability (KC306) 
Cluster: Energy and Sustainable Operations 
Chair: Maxime Fender, Artelys 
 
A Model for Natural Gas Line Packing 
Mico Kurilic, Grant MacEwan University, kurilicm@macewan.ca 
 
To satisfy variable demand, gas is temporarily stored in a pipeline up to its max allowable 
pressure. The model minimizes compression costs along planning horizon which are nonlinear 
function of flow rate and pressure in pipeline. Our algorithm builds packing plan by balancing 
flow rates with inventory. Peaks in flow rates are moved to the earlier time periods with lower 
inventory levels requiring less compression efforts. Heuristic rules are developed to select the 
time periods in which flow rates should be changed. The rules are based on energy costs and 
the number of compressors needed to deliver required flow rates. 
 
Batch Sizing Analysis in a Crude Oil Pipeline System Using a Simulation Model 
Farnoush Farnia, Enbridge Pipelines Inc., farnoush.farnia@enbridge.com (Presenting Author) 
Renae Espey, Enbridge Pipelines Inc., renae.espey@enbridge.com 
Serenity Blumer, Enbridge Pipelines Inc., serenity.blumer@enbridge.com 
Scott Cocciolo, Enbridge Pipelines Inc., scott.cocciolo@enbridge.com 
Mark Michalski, Enbridge Pipelines Inc., mark.michalski@enbridge.com 
 
A network simulation model was used to study the relationship between batch size and 
throughput of a crude oil pipeline system. The study conducted in order to assess the potential 
increase in throughput by optimizing batch size to some ideal size within certain limits. The 
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optimal batch size of crude oil can also improve tank utilization of the system. The simulation 
analysis demonstrates that batch size optimization has an impact on throughput and tank 
utilization and should be pursued as a study. The proposed methodology of solving the batch 
sizing problem can be applied for any batched system pipeline network. 
 
Artelys Crystal Super Grid: Software for Power Transmission and Production Capacity 
Expansion Planni 
Maxime Fender, Artelys, maxime.fender@artelys.com 
 
Artelys Crystal Super Grid allows Transmission System Operators, regulators, and other national 
bodies to perform system adequacy, security of supply or cost-benefit analyses at a 
national/state level. It is a fundamental market model embedded in a user-friendly interface 
that comes with embedded models and data on power systems. Come and see our state-of-the-
art platform in action through an example of a cost-benefit analysis of a major investment 
project in the western part of Canada (Alberta/British-Columbia). You will discover how we 
combine advanced analytics and a time-saving graphical interface to build ready-to-use 
software for long-term impact assessment on power markets. 
______________________________________________________________________________ 
 
Session: OR Education II (KC308) 
Cluster: OR Education 
Chair: Janice Eliasson, Haskayne School of Business University of Calgary 
 
Bending Paper Clips to Demonstrate Statistical Process Control 
Janice Eliasson, Haskayne School of Business University of Calgary, 
janice.eliasson@haskayne.ucalgary.ca (Presenting Author) 
Peggy Hedges, Haskayne School of Business University of Calgary, 
peggy.hedges@haskayne.ucalgary.ca 
 
Students often memorize concepts, only to have to revisit and relearn the concept in follow-on 
courses or in real life situations. The authors have refined and tested a brief hands-on activity 
that requires participants to bend paper clips until they break. The design of the activity has 
been found to assist students in more easily understand the difference between normal 
variation and assignable cause variation in Statistical Process Control. 
 
Canadian Orthodontics Practice: Bracing for Patients Case 
Brent Snider, University of Calgary, brent.snider@haskayne.ucalgary.ca (Presenting Author) 
Janice Eliasson, University of Calgary, janice.eliasson@haskayne.ucalgary.ca 
 
This case acts as a basic introduction to a number of operations management concepts relevant 
to multiple industries in manufacturing as well as service settings, specifically in the area of 
process analysis. We describe an orthodontist’s office to help students understand process flow 
and capacity issues. A process flowchart models the treatment process and resource 
constraints to determine capacity. Detailed timeline charts help determine the best number of 



10:45 am – 12:00 pm, Monday, May 30, 2016 

29 
 

employees to schedule, with a focus on utilization. Additionally, we evaluate other service 
business management issues external to the process. 
______________________________________________________________________________ 
 
Session: OR Applications in Forest Management (KC310) 
Cluster: Applications of OR in Forestry 
Chair: Shaghaygh Akhtari, UBC 
 
Scheduling Caribou Habitat 
Wenbin Cui, Ontario Ministry of Natural Resources and Forestry, wenbin.cui@ontario.ca 
Tom Moore, Spatial Planning Systems, tmoore@spatial.ca 
Dirk Kloss, Ministry of Natural Resources and Forestry, Dirk.Kloss@ontario.ca (Presenting 
Author) 
 
In Ontario, Woodland caribou protection has come a policy and is implemented through 
integrating habitat management with forest management. The most important aspect of 
caribou habitat management is scheduling large Landscape patches (LLPs) so that forest 
management activities only happen on these LLPs on a certain period. This in fact creates a 
spatial dynamic caribou habitat schedule (DCHS). We developed a spatial multi-criteria model 
to support the development of DHCS to reduce the impacts of caribou habitat management 
objective on other socio-economic objectives 
 
Spatial Forest Planning Based on Area Restriction Model 
Chourouk Gharbi, Université Laval, chourouk.gharbi.1@ulaval.ca 
 
Spatial forest management incorporating adjacency restriction have been of great practical 
interest for the last years. There are two main approaches to deal with adjacency: The unit 
restricted model and the area restricted model. In this paper, we present a new integer 
programming formulation based on the area restricted model approach. Exact method is used 
to solve it. We describe and analyse our approach and compare it with the Path formulation, 
the Clique cluster formulation and the Bucket formulation. Comparison is from a modeling and 
computational point of view. Analysis are illustrated by the use of four North American forests. 
 
Forest Biorefinery Value Chain Design with Multiple Assortments under Uncertainty 
Foroogh Abasian, Université Laval, foroogh.abasian.1@ulaval.ca (Presenting Author) 
Mikael Rönnqvist, Université Laval, mikael.ronnqvist@gmc.ulaval.ca 
Mustapha Ouhimmou, École de technologie supérieure, Mustapha.Ouhimmou@etsmtl.ca 
 
This study addresses the development of an optimization model for forest biomass value chain 
considering uncertainty on demand and prices of bio-products. Several scenarios based on the 
aforementioned uncertainties are constructed. A two-stage stochastic optimization method is 
utilized to solve the problem to locate terminals and biorefineries with set of potential 
processes and capacities in order to maximize, in average, the profitability of the network given 
all scenarios. Moreover, the solution includes direct and backhaul flows covering multiple 
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stakeholders. All information including costs, fiber availability, fibre characterization, 
stakeholder capacities and their production is collected from a case study in Newfoundland. 
______________________________________________________________________________ 
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Session: Plenary Session – The Harold Larnder Lecture (Max Bell Auditorium) 
Cluster:  
Chair: Diane Bischak, Haskayne School of Business, University of Calgary 
 
Health Care Analytics 
Dimitris Bertsimas, MIT - Sloan School of Management, dbertsim@mit.edu 
 
In this talk we present an analytics approach to a) personalized diabetes management and b) 
design of clinical trials for cancer.  
 
In the first part of the talk, we present a system to make personalized lifestyle and health 
decisions for diabetes management, as well as for general health and diet management. In 
particular, we address the following components of the system: (a) efficiently learning 
preferences through a dynamic questionnaire that accounts for human behavior; (b) modeling 
blood glucose behavior and updating these models to match individual measurements; and (c) 
using the learned preferences and blood glucose models to generate an overall diet and 
exercise plan using mixed-integer robust optimization. We have implemented our system as an 
online application, which we demonstrate. (Joint work with Allison O' Hair). 
 
In the second part of the talk, we propose an analytics approach for the analysis and design of 
clinical trials that provides insights into what is the best currently available drug combination to 
treat a particular form of cancer and how to design new clinical trials that can discover 
improved drug combinations.  We develop semi-automated extraction techniques to build a 
comprehensive database of data from clinical trials. We use this database to develop statistical 
models from earlier trials that are capable of predicting the survival and toxicity of the 
combination of the drugs used, when the drugs used have been seen in earlier trials, but in 
different combinations. Then, using these statistical models, we develop optimization models 
that select novel treatment regimens that could be tested in clinical trials, based on the totality 
of data available on existing combinations. We also present concrete models for gastric cancer, 
one of the leading causes of cancer death worldwide. Ultimately, our approach offers promise 
for improving life expectancy and quality of life for cancer patients at low cost. (Joint work with 
Allison O' Hair, Stephen Relyea and John Silberholz). 
______________________________________________________________________________ 
 



2:45 pm – 4:00 pm, Monday, May 30, 2016 

32 
 

Session: Applications I (KC201) 
Cluster: CPAIOR 
Chair: David Bergman, University of Connecticut 
 
Non-Linear Optimization of Business Models in the Electricity Market 
Allegra De Filippo, University of Bologna, allegra.defilippo@unibo.it (Presenting Author) 
Michele Lombardi, University of Bologna, michele.lombardi2@unibo.it 
Michela Milano, University of Bologna, michela.milano@unibo.it 
 
The market liberalization is opening new perspectives of research at international level. This 
calls for the development of methodologies and tools that energy providers can use to define 
specific business models. In this work we develop an optimization model to provide 
recommendations on time-of-use based prices to providers, taking into account some key 
factors of the customer and market behavior. We have tested our model on data from the 
Italian energy market. The main advantage of the model is to provide a tool for sensitivity 
analysis, namely for understanding the impact of economical and behavioral parameters on the 
consumption profiles. 
 
Rail Capacity Planning with Constraint Programming 
Daniel Harabor, NICTA and The University of Melbourne, daniel.harabor@nicta.com.au 
(Presenting Author) 
Peter Stuckey, NICTA and The University of Melbourne, peter.stuckey@nicta.com.au 
 
We describe a constraint programming approach to establish the coal carrying capacity of a 
large Australian rail network. Rail capacity estimation is necessary to inform infrastructure 
planning and investment decisions but creating a useful model of operations is challenging. 
Analytic approaches are not very accurate while simulation methods are complex and brittle. 
We present an alternative using a constraint-based optimisation model written in MiniZinc. The 
model captures all dynamics and is easily extended to explore a wide range of operational and 
infrastructural changes. We give results from a number of such case studies and compare 
against an industry-standard analytic approach. 
 
Optimal Flood Mitigation over Flood Propagation Approximations 
Byron Tasseff, Los Alamos National Laboratory, btasseff@lanl.gov (Presenting Author) 
Russell Bent, Los Alamos National Laboratory, rbent@lanl.gov 
Pascal Van Hentenryck, University of Michigan, pvanhent@umich.edu 
 
We introduce the Optimal Flood Mitigation Problem (OFMP), which optimizes the positioning of 
barriers to protect critical assets with respect to a flood scenario. In its most accurate form, the 
OFMP is a challenging optimization problem that combines nonlinear partial differential 
equations with discrete barrier choices. The OFMP requires solutions that combine approaches 
from computational simulation and optimization. Herein, we derive linear approximations to 
the shallow water equations and embed them in the OFMP. Preliminary results demonstrate 
their effectiveness. 
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Session: CORS Practice Prize (KC202) 
Cluster:  
Chair: Sophie D'Amours, University Laval 
 
Logistics Service Network Design for Humanitarian Response in East Africa 
Gilbert Laporte, HEC Montréal, gilbert.laporte@cirrelt.ca (Presenting Author) 
Emilie Dufour, HEC Montreal, emilie.dufour@hec.ca 
Julie Paquette, HEC Montreal, julie.paquette@hec.ca 
Marie-Eve Rancourt, Universite du Quebec a Montreal, rancourt.marie-eve@uqam.ca 
 
The United Nations Humanitarian Response Depot (UNHRD) is an important humanitarian 
logistics service provider that manages a network of depots. This research project aims to 
analyze the potential benefits of adding a regional distribution center in Kampala, Uganda, to 
its existing network. To this end, we used fieldwork, simulation, optimization and statistical 
analyses to assess the costs of prepositioning relief items in Kampala and to propose a robust 
stocking solution. The UNHRD has already started to implement the solution proposed in this 
study, which should result in a mean cost reduction of around 21%. 
______________________________________________________________________________ 
 
Session: Emerging Issues in Transportation (KC203) 
Cluster: Transportation and Logistics 
Chair: Sibel Alumur, University of Waterloo 
 
Dynamic Bike Repositioning and Vehicle Routing in Bike Sharing Systems 
Yossiri Adulyasak, HEC Montréal, yossiri.adulyasak@hec.ca (Presenting Author) 
Supriyo Ghosh, Singapore Management University, supriyog.2013@phdis.smu.edu.sg 
Pradeep Varakantham, Singapore Management University, pradeepv@smu.edu.sg 
Patrick Jaillet, Massachussetts Institute of Technology, jaillet@mit.edu 
 
Bike sharing systems (BSSs) have been widely implemented in many major cities. The main 
challenge in managing the BSSs is how the operators can effectively manage the supply (the 
number of bikes at each station) in order to satisfy the demand (customers hiring bikes). In this 
talk, we present a solution approach that can handle time-varying and involuntary customer 
movements between bike stations during the day. To solve large scale instances, we employed 
decomposition and aggregation approaches to speed up the solution process. We demonstrate 
the efficiency of our approaches using a simulation based on real-world BSS datasets. 
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Green and Social Carpooling Optimization from Crowd-Sourced Data 
Bissan Ghaddar, IBM Research, bghaddar@ie.ibm.com (Presenting Author) 
Michele Berlingerio, IBM Research 
Riccardo Guidotti, University of Pisa 
Alessandra Pascale, IBM Research 
Andrea Sassi, University of Modena and Reggio Emilia 
 
Recent work on carpooling takes into account, besides mobility matches, also social aspects 
and, more generally, non-monetary incentives. In this talk, we present a data-driven 
methodology for green and social carpooling. The system optimizes a carpooling system not 
only by minimizing the number of cars needed at the city level, but also by maximizing the 
enjoyability of people sharing a trip. We introduce a measure of enjoyability based on people's 
interests, social links, and tendency to connect to people with similar or dissimilar interests. We 
present results on real world crowd-sourced data from the cities of Rome and San Francisco. 
 
Modelling Congestion and Service-Time in Hub Location Problems 
Sibel Alumur, University of Waterloo, sibel.alumur@uwaterloo.ca (Presenting Author) 
Stefan Nickel, Karlsruhe Institute of Technology, stefan.nickel@kit.edu 
Brita Rohrbeck, Karlsruhe Institute of Technology, brita.rohrbeck@kit.edu 
Francisco Saldanha-da-Gama, Universidade de Lisboa, fsgama@fc.ul.pt 
 
Service times on hub networks depend not only on the travelling time, but also on the handling 
time and the delay caused by congestion at hubs. In this study, we present a modelling 
framework for hub location problems with a service-time limit considering congestion at hubs. 
We develop mixed-integer linear programming formulations for the single and multiple 
allocation versions. We further enhance the multiple allocation model with a possibility of 
direct shipments. We test our models on the well-known AP data set and evaluate to what 
extent the service-time and congestion influence the decision making in hub location. 
______________________________________________________________________________ 
 
Session: Integer and Discrete Optimization I (KC205) 
Cluster: Mathematical Programming and Optimization 
Chair: Adil Tahir, GERAD & PolyMtl 
 
Nonlinear Integer Programming Using Quantum Adiabatic Computation 
Pooya Ronagh, 1QB Information Technologies, pooya.ronagh@1qbit.com 
 
We propose two approaches to solving the Lagrangian dual of a constrained binary quadratic 
programming problem using quantum adiabatic evolution. Performance of these methods is 
then studied both in conjunctions with an ideal quantum adiabatic computer and the state-of-
art quantum annealer manufactured by D-Wave Systems. We then report our experimental 
results on using the dual bounds obtained by these quantum algorithms in solving constrained 
integer programming problems. 
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Structure-Based Primal Heuristics for Mixed Integer Programming 
Gerald Gamrath, Zuse Institute Berlin, gamrath@zib.de (Presenting Author) 
Timo Berthold, Xpress Optimization, FICO, timoberthold@fico.com 
Stefan Heinz, Xpress Optimization, FICO, stefanheinz@fico.com 
Michael Winkler, Gurobi GmbH, winkler@gurobi.com 
 
We present two new primal heuristics for mixed-integer programming implemented in the 
leading academic MIP solver SCIP. They follow a large neighborhood search approach and use 
global structures available within MIP solvers to define the neighborhood. This is done by 
iteratively choosing variables to be fixed based on the predicted impact they have on the 
subsequently performed domain propagation. The resulting neighborhood is with high 
probability significantly easier to process while still containing good feasible solutions. 
Computational experiments on standard MIP test sets show the positive effect on the solver 
performance. 
 
Integer Column Generation 
Adil Tahir, GERAD & PolyMtl, adil.tahir@gerad.ca (Presenting Author) 
Issmail Elhallaoui, GERAD & PolyMtl, issmail.elhallaoui@gerad.ca 
Guy Desaulniers, GERAD & PolyMtl, guy.desaulniers@gerad.ca 
 
Integer column generation using decomposition (ICGUD) is a new method that aims to solve the 
popular set partitioning problem. ICGUD finds a sequence of integer solutions, with non-
increasing cost, leading to optimality. Promising columns are generated using a thorough choice 
of dual solutions corresponding to the current integer solution. Some acceleration strategies 
are developed to improve the effectiveness of ICGUD. Computational experiments are 
performed on small and large-scale instances, up to 2000 constraints, issued from bus-driver 
scheduling problem. The results obtained demonstrate the efficiency of our method. 
______________________________________________________________________________ 
 
Session: Inverse and Robust Optimization (KC208) 
Cluster: Mathematical Programming and Optimization 
Chair: Timothy Chan, University of Toronto 
 
Robust Inverse Optimization 
Taewoo Lee, Rice University, taewoo.lee@rice.edu (Presenting Author) 
Kimia Ghobadi, MIT, kimiag@mit.edu 
Houra Mahmoudzadeh, University of Waterloo, houra.mahmoudzadeh@uwaterloo.ca 
Daria Terekhov, Concordia University, daria.terekhov@concordia.ca 
 
In this talk, we explore the robustification of inverse optimization. Our work is motivated by 
problems in which the observation of the solution is partial, noisy, or uncertain. We build an 
uncertainty set around the observation and derive an inverse model that finds a cost vector 
that protects against the worst case scenario in the given uncertainty set. Our model 
generalizes previous work on single-observation inverse models. It can also be seen as more 
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general than inverse optimization with multiple points, since the points can be thought of as a 
sample from the uncertainty set. 
 
Factor-Based Robust Index Tracking 
Roy Kwon, Financial Optimization and Risk Management Lab, University of Toronto, 
rkwon@mie.utoronto.ca (Presenting Author) 
Dexter Wu, Financial Optimization and Risk Management Lab, University of Toronto, 
dexter@mie.utoronto.ca 
 
We consider a robust optimization approach for the problem of tracking a benchmark portfolio. 
A strict subset of assets are selected from the benchmark such that expected return is 
maximized subject to both risk and tracking error limits. A robust version of the Fama-French 3 
factor model is developed whereby uncertainty sets for the expected return and factor loading 
matrix are generated. The resulting model is a mixed integer second order conic problem. 
Computational results in tracking the S&P 100 out of sample show that the robust model can 
generate tracking portfolios that have better tracking error and Sharpe ratio. 
 
Goodness of Fit in Inverse Optimization 
Timothy Chan, University of Toronto, tcychan@mie.utoronto.ca (Presenting Author) 
Daria Terekhov, Concordia University, dterekho@gmail.com 
Taewoo Lee, Rice University, taewoo.lee@mail.utoronto.ca 
 
Inspired by regression, this talk presents a unified framework for cost function estimation in 
linear optimization consisting of a general inverse optimization model and a corresponding 
goodness-of-fit metric. Although the model is in general nonconvex, we derive a closed form 
solution and present the corresponding geometric intuition. Our goodness-of-fit metric has 
similar properties to R^2 from regression and is quasiconvex in the input data, leading to an 
intuitive geometric interpretation. We demonstrate the application of our framework for model 
estimation and evaluation in production planning and cancer therapy. 
______________________________________________________________________________ 
 
Session: Risk Analysis (KC210) 
Cluster: Finance and Risk Management 
Chair: Guoqing Zhang, University of Windsor 
 
Statistical Measure of Goodness on Quantitative Models of Efficiency and Effectiveness 
Abbas Attarwala, University of Waterloo, aattarwa@uwaterloo.ca (Presenting Author) 
Stan Dimitrov, University of Waterloo 
Amer Obeidi, University of Waterloo 
 
As the need for firms to be more efficient in their business practices increases, academics 
developed a large volume of models that measure the efficiency and effectiveness of such 
firms. A statistical measure of goodness based on the semi-strong Efficient Market Hypothesis 
is proposed and applied to evaluate mathematical efficiency and effectiveness of operations. 
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We further apply our proposed statistical measure to two real-world cases, and show that the 
models proposed by current literature are inconsistent with economic theory; however, as 
shown in our modified statistical measure, slight perturbations of these models render them 
consistent. 
 
Calendar Effects of Stock Markets in China and North America 
Jilin Zhang, Fujian University of Technology, jilinzhang1976@126.com (Presenting Author) 
Yongzeng Lai, Wilfrid Laurier University, ylai@wlu.ca 
Jianghong Lin, Fujian University of Technology 
 
This paper investigates day-of-the-week anomalies in three main indices: SHC, SZC and SMEC in 
two Chinese stock markets. We also investigate the calendar effects on the two indices: DOW 
and S&P 500 in USA, and S&P index in Toronto Stock Exchange. We innovatively proposes the 
calendar effect performance ratio to measure the significance of day-of-the-week anomalies. 
The results show that the Monday anomalies are prominent in SHC and SZC, and the Monday 
and Thursday effects exist in SMEC. We also find out that the Tuesday and Monday anomalies 
in USA market, and Tuesday and Friday effects exist in SPXT. 
 
Multi-Portfolio Optimization with CVaR Risk Measure 
Guoqing Zhang, University of Windsor, gzhang@uwindsor.ca (Presenting Author) 
Qiqi Zhang, University of Windsor, zhang1be@uwindsor.ca 
 
We study the multiportfolio optimization (MPO) problem by taking into account CVaR risk 
measure. The market impact cost and cost sharing among accounts are also considered in the 
problem. A five-step solution approach is proposed to solve the problem. Numerical results and 
comparison with existing MPO models are reported. 
______________________________________________________________________________ 
 
Session: Optimization Models with Applications to Healthcare (KC301) 
Cluster: Healthcare Operations 
Chair: Alireza Sabouri, University of Calgary 
 
Performance-Based Contracts to Promote Quality Provision in Breast Cancer Treatment 
Salar Ghamat, Western University (Ivey Business School), sghamat.phd@ivey.ca (Presenting 
Author) 
Greg Zaric, Western University (Ivey Business School), gzaric@ivey.uwo.ca 
Hubert Pun, Western University (Ivey Business School), hpun@ivey.uwo.ca 
 
As health care payment systems are undergoing a swift reform, the increased use of 
personalized medicine suggests a need to include them in future funding models. We design 
performance-based payment contracts to promote use of an optional diagnostic test for newly 
diagnosed breast cancer patients. We model the interaction between a healthcare payer and an 
oncologist, with both adverse selection and moral hazard. We show that the payer never offers 
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a contract in which all patients are tested, even when the test is free. Furthermore, there are 
cases where the payer benefits from increasing reputational concerns of the oncologist. 
 
Issuing Policies for Hospital Blood Inventory 
Alireza Sabouri, University of Calgary, alireza.sabouri@haskayne.ucalgary.ca 
 
We propose a model for allocating red blood cells for transfusion to patients, which is 
motivated by recent evidence suggesting that transfusing older blood is associated with 
increased mortality rate. We study the properties of blood issuance policies that balance the 
trade-off between “quality” measured in average age of blood transfused and “efficiency” 
measured in the amount of shortage. Based on our analysis, we design efficient issuance 
policies and evaluate their performance. 
 
Prioritizing and Optimizing Patients Access to Healthcare Services 
Samira Abbasgholizadeh Rahimi, Université Laval, samira.abbasgholizadeh-rahimi.1@ulaval.ca 
(Presenting Author) 
Angel Ruiz, Université Laval, angel.ruiz@osd.ulaval.ca 
Daoud Ait-Kadi, Université Laval, Daoud.Aitkadi@gmc.ulaval.ca 
 
There is a need for an accurate prioritization framework in order to improve effectiveness and 
equity of patients’ access to these services. We developed an accurate and comprehensive 
prioritization framework for prioritizing patients and in this study, we discuss our developed 
framework, which have been used successfully in the Orthopedic Surgery Ward in hospital and 
in IRDPQ rehabilitation center. Using the proposed framework, decision makers can manage 
waiting lists properly, consider group of clinicians’ opinions simultaneously, handle available 
uncertainties and risks, increase quality of care, and most importantly diminish rate of mortality 
and injuries due to long waiting times. 
______________________________________________________________________________ 
 
Session: Uncertainty in Healthcare Optimization Problems (KC302) 
Cluster: Healthcare Operations 
Chair: Philip Allen Mar, University of Toronto 
 
Ambulance Emergency Response Optimization in Developing Urban Centres 
Justin Boutilier, University of Toronto, j.boutilier@mail.utoronto.ca 
 
Time sensitive medical emergencies are a major health concern comprising 35% of all deaths in 
low and middle income countries (LMICs). Despite evidence that ambulance services can save 
lives, poor access and availability of emergency medical care in LMICs continues to be a 
widespread problem. In this paper, we develop an ambulance location-routing model, tailored 
to address the challenges faced by urban areas in LMICs. More specifically, our model considers 
both travel times and spatial demand as uncertain input parameters, and optimizes with 
respect to them. We apply our framework to two unique field data sets from Dhaka, 
Bangladesh. 
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An Empirical Study of Allocation Scheduling and Advanced Scheduling for MRI Patients 
Yangzi Jiang, University of Waterloo, y2jiang@uwaterloo.ca (Presenting Author) 
Hossein Abouee Mehrizi, University of Waterloo, haboueemehrizi@uwaterloo.ca 
 
Dynamically assigning patients from different priority groups to manage the non-stationary 
resources is a challenging scheduling problem. We studied over 300,000 MRI patients from 74 
hospitals to develop several heuristic policies including allocation scheduling and advanced 
scheduling. The allocation scheduling utilized accumulation methods to create a selection 
process where the patients with highest weight is treated first. Patients from different priority 
group have different initial weight and accumulation rate. Advanced scheduling determines the 
difference between scheduling in advance and scheduling under perfect information. The 
proposed policies are tested against the empirical data and demonstrated a significant 
reduction in waiting time. 
 
The Value of Flexibility in LINAC Network Configurations 
Philip Allen Mar, University of Toronto, philip.mar@mail.utoronto.ca (Presenting Author) 
Timothy C.Y. Chan, University of Toronto, tcychan@mie.utoronto.ca 
 
Process flexibility is a fundamental concept in the manufacturing context, where it refers to the 
ability for a set of factories to respond to uncertain demand for a set of products by ensuring 
that each product is produced at more than one factory. We present a novel application of 
process flexibility to radiation oncology operations planning, where a set of LINAC radiation 
therapy machines are assigned to a set of treatments. We study the flexibility of such a network 
in the presence of various uncertainties, including machine breakdown, and provide 
recommendations for increasing the flexibility of the network. 
______________________________________________________________________________ 
 
Session: Queueing with State-Dependent Responses (KC303) 
Cluster: Applied Probability and Stochastic Optimization 
Chair: Daniel Ding, UBC 
 
Multi-Server Queues with Impatient Customers as Level-Dependent QBDs 
Amir Rastpour, Ivey Business School, University of Western Ontario, amir.rastpour@ualberta.ca 
(Presenting Author) 
Armann Ingolfsson, Alberta School of Business, University of Alberta, 
armann.ingolfsson@ualberta.ca 
Burhaneddin Sandikci, Booth School of Business, University of Chicago, 
burhan@chicagobooth.edu 
 
We investigate the use of level-dependent quasi-birth-death (QBD) processes to analyze 
priority queues with impatient customers, such as emergency departments where patients are 
triaged into priority classes and some patients leave without being seen. We report numerical 
results and discuss algorithm performance (accuracy and speed). 
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Learning and Earning for Congestion-Prone Service Systems 
Philipp Afeche, Rotman School of Management, University of Toronto, 
afeche@rotman.utoronto.ca (Presenting Author) 
Bora Keskin, Fuqua School of Business, Duke University, bora.keskin@duke.edu 
 
We consider a firm that sells a service in a congestion-prone system to price- and delay-
sensitive customers. The firm faces Bayesian uncertainty about the consumer demand for its 
service and can dynamically make noisy observations on the demand. We characterize the 
structure and performance of the myopic Bayesian policy and well-performing variants. Our 
results show that capacity constraints have an important effect on performance. 
 
Multi-Queue Service Systems with Dynamic Customer Choice 
Yichuan Ding, UBC, daniel.ding@sauder.ubc.ca (Presenting Author) 
Mahesh Nagarajan, UBC, mahesh.nagarajan@sauder.ubc.ca 
George Zhang, UBC, george.zhang@sauder.ubc.ca 
 
We consider service providers of heterogeneous quality distributed at different locations with 
heterogeneous customers arriving randomly to the system. Based on their valuation of the 
service, the quality differentiation of the service providers, and the real-time queue length 
information, an arriving customer chooses a service provider to obtain service. We study this 
system using both fluid and diffusion approximations. We prove the existence of the unique 
equilibrium customer queue-length vector of the service providers. Our model provides a useful 
tool for predicting the performance, evaluating the efficiency, and optimizing the system 
parameters for a multi-queue service systems with customer choice. 
______________________________________________________________________________ 
 
Session: IT Platform and Social Media (KC304) 
Cluster: E-Business 
Chair: Raymond Patterson, University of Calgary 
 
Simultaneous vs. Sequential Crowdsourcing Contests 
Ming Hu, Rotman School of Management, Ming.Hu@Rotman.Utoronto.Ca 
Lu Wang, Rotman School of Management, lu.wang12@rotman.utoronto.ca (Presenting Author) 
 
In an online crowdsourcing contest, innovation is outsourced by an innovating firm to an open 
crowd whose members compete in generating best solutions. We consider two mechanisms 
when innovation demands expertise in multiple attributes. One is to run a simultaneous 
contest, where a single solution is simultaneously submitted by each contestant. The other is to 
run multiple sequential sub-contests, with each dedicated to one attribute. Which mechanism 
should the firm choose? 
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Let's Walk the Walk: Increasing Individual Social Impact Through Online One-For-One Model 
Promotion 
Hao Chen, Tsinghua University, chenhao@sem.tsinghua.edu.cn (Presenting Author) 
Patrick El Khoury, HEC Paris, patrick.el-khoury@hec.edu 
 
It’s been shown that online social media has substantial impact on individual behavior (e.g., 
herding behavior). By influencing individual behavior, social media serves as a platform that 
generates social impact. In this study, we explore social media’s influence on individuals’ 
purchasing decision to examine how much social impact can be produced by introducing the 
one-for-one model in an online experiment setting. In particular, we asked (i) whether the 
promotion of a social-impact focused marketing campaign on social media affects individuals’ 
purchasing behaviors, (ii) whether it affects individuals’ other online behaviors, and (iii) how 
much social impact does such promotion bring? 
 
B2C Platform Strategy: One-Channel or Two? 
Yonghua Ji, University of Alberta, yji@ualberta.ca 
Bora Kolfal, University of Alberta, bkolfal@ualberta.ca 
Raymond Patterson, University of Calgary, raymond.patterson@ucalgary.ca 
Can Sun, University of Alberta, can1@ualberta.ca (Presenting Author) 
 
An economic model of the incentive influences regarding business-to-consumer (B2C) e-
Business two-platform design is presented. We consider the issues of counterfeit products and 
consumer uncertainty with respect to perceived product quality and service quality. The model 
reveals where tensions will arise between the platform owners and sellers in each market, and 
the conditions under which the two channel solution will exist. We obtain the optimal levels of 
effort for suppliers and the platform owner, sellers' profit and platform owner profit, and 
whether the platform owner should establish one or two channels. 
______________________________________________________________________________ 
 
Session: Emerging Issues in Supply Chains (KC305) 
Cluster: Supply Chain Management 
Chair: Marco Bijvank, University of Calgary 
 
Heuristic Optimization and Supply Chain Coordination in Fry, Kapuscinski & Olsen’s (z, Z) VMI 
Model 
Richard Cho, University of New Brunswick, rcho@unb.ca 
 
After Fry, Kapuscinski & Olsen (2001) suggested (z, Z) VMI model, there have been many 
research about VMI with storage constraints. Although Fry et al. investigated the optimal order 
quantity in (z, Z) VMI model, the parameters constraining the minimum and maximum storage 
were exogenous and the performance for participants was not measured. In this research, we 
simplify their optimization process and heuristically solve the performance measures for each 
participant. We show how this heuristics determine those storage parameters to satisfy the 
participants’ individual rationality and help the supply chain coordinated. 
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Dynamic Pricing, Production, and Channel Coordination with Stochastic Learning 
Suresh Sethi, University of Texas at Dallas, sethi@utdallas.edu 
 
We model a two-period supply chain as a feedback Stackelberg game in which a manufacturer 
(leader) produces goods and a retailer (follower) buys and prices them to meet a price-
dependent demand in each period. The manufacturer’s second-period production cost declines 
stochastically in the first-period production. We examine the impact of mean learning rate and 
learning rate variability on the pricing, production, and ordering decisions of the channel 
members. We show that an increase in the mean or variance of the learning rate accentuates 
double marginalization. We obtain revenue sharing contracts to coordinate the supply chain. 
 
Myopic Replenishment Policies for Lost Sales Inventory Systems 
Marco Bijvank, University of Calgary, marco.bijvank@haskayne.ucalgary.ca 
 
We study the control of a single item inventory system where we incorporate the risk of excess 
demand to be lost. We consider a system without and with fixed order costs. Finding an optimal 
replenishment policy or the best order-up-to policy requires a state description that grows 
exponentially fast with the lead time. As a result, the state space becomes too large to handle. 
We propose a myopic replenishment policy that grows linear in the lead time, and is therefore 
more generally applicable in real-world applications. Numerical experiments illustrate that this 
policy performs within 1-2% of the optimal policy. 
______________________________________________________________________________ 
 
Session: Collaboration and Sustainability in Supply Chain Management (KC306) 
Cluster: Energy and Sustainable Operations 
Chair: Maryam Hafezi, Laurentian University 
 
Coordinating the Supply Chain with Retailer’s Store Brand Products and Customer Returns 
Jing Chen, Rowe School of Business, Dalhousie University, JChen@Dal.Ca (Presenting Author) 
Wei Li, School of Management, Northwestern Polytechnical University, nwpu_lw@hotmail.com 
 
We develop game-theoretic models to examine a retailer’s Stackelberg supply chain in which 
the retailer sells a single product in two brands: its own store brand (SB) and a national brand 
(NB) supplied by a well-established manufacturer. The two brands both face customer returns 
and differ in product quality. We discuss how the retailer should decide returns policies for the 
two brands, and how returns policies affect competition between the brands. We also examine 
coordination mechanisms. 
 
Assessing the Impact of Sustainable Practices on Supply Chain Profits and Pricing 
Elkafi Hassini, hassini@mcmaster.ca 
 
We look at stylized models to assess the impact of incorporating sustainability practices on 
supply chain outcomes. In the first model we look at how a sustainability based performance 
measure can alter the decisions, and consequently objective, of a newsvendor. In the two other 
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model we investigate the impact of sustainability performance metrics on the ordering 
behaviour of a corporate supply chain with branches and franchise supply chain that sell a 
product in a regular and 'green' options. 
 
Role of Quality Loyalty in Competing Market on Developing Green Products 
Maryam Hafezi, Laurentian University, mhafezi@Laurentian.ca (Presenting Author) 
Dr. Xuan Zhao, Wilfrid Laurier University, xzhao@wlu.ca 
 
Co-opetition is a common business practice in current globalized economy. We use a game-
theoretic approach to understand how co-opetition affects the price and the environmental 
quality of the green products, as well as firm and supply chain performance. We have learned 
that quality loyalty of the firms play critical role in choosing appropriate collaboration 
approach. 
______________________________________________________________________________ 
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Session: CORS Student Paper Competition Finalists (Undergraduate Category) (KC308) 
Cluster: OR Education 
Chair: Mehmet Begen, Ivey Business School, University of Western Ontario 
 
To Drone or Not to Drone: Investigating Drone Deliveries 
Rupan Dandiwal, University of Waterloo, rna@uwaterloo.ca (Presenting Author) 
Brady Lee 
Taha Mirza 
Shayan Altaf 
 
The paper investigates the feasibility of drone delivery via a mixed-integer optimization 
program modeled as a parallel machine scheduling problem. It determines the minimum 
number of drones required to satisfy all demand and calculates the cost per delivery. Then, it 
analyzes the optimization model via a case study; for pizza delivery with 150 orders on day of 
peak demand, the paper determines a cost of .16 per delivery. This output is validated through 
two additional models; a constrained-optimal model and a FIFO dispatch algorithm.  
 
Through sensitivity analysis, the paper realizes the potential of .09 per delivery under a fully-
automated system. 
 
Reducing Distribution Costs for Canadian Blood Services 
Juliana Gonzalez, University of Waterloo, gonzalezjuliana28@gmail.com (Presenting Author) 
Constance Gervais, University of Waterloo, constance.gervais@uwaterloo.ca 
Brianna Horto 
Danielle Shawcross 
 
This paper takes an in-depth look at how Canadian Blood Services manages their distribution 
system and proposes ways to improve it. Three policies were analyzed that vary in complexity 
and effectiveness. A simulation was created to analyze each policy and compare them to the 
relative cost of the existing system. The goal was to find the optimal trade-off between 
shortage and outdating costs. The results showed that if each hospital were to implement the 
best performing policy there could be cost savings of up to 58%. It was also observed that 
issuing policy has a big impact on policy performance. 
 
Queueing Network Model for Refugee Language Courses in Vancouver 
Ismael Martinez, Simon Fraser University, imartine@sfu.ca (Presenting Author) 
Oshane Jackson, Simon Fraser University, ojackson@sfu.ca 
 
A surge of landed refugees in Vancouver has caused a spike in demand for English language 
courses. Without accurate wait times refugees often choose sub-optimal waiting queues 
contributing to an increase in the length and variance of wait lists. We consider the benefits of 
a deterministic queueing network which assigns refugees to queues based on expected wait 
times or service times. We also consider different priority policies to observe their effects on 
the refugee student population. Given current resources, our solution aims to reduce total 
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service times, balance wait lists, and produce faster integration of refugees into Canadian 
communities. 
 
Improving Public Transit Fare System: A Case Study for TransLink Fare System in Metro 
Vancouver 
Bonnie Lo, Simon Fraser University, bwl7@sfu.ca (Presenting Author) 
Fanli Si, Simon Fraser University, fsi@sfu.ca 
Jenny Hung, Simon Fraser University, Jehung@me.com 
 
We study the effect on ridership based on changes in fares, and estimate the aggregate net 
transit-sourced revenue for TransLink, the regional transportation authority of Metro 
Vancouver. Our analysis is based on a model of historical transit demand that considers both 
fare elasticity and the fairness issue based on distance traveled. The fare price adjustment 
problem is formulated as a deterministic integer programming model. We find a differentiation 
policy on different fare types can increase the ridership by 1.2%. This increased ridership has a 
positive net impact on TransLink’s operation and overall allows TransLink to be more cost-
effective. 
______________________________________________________________________________ 
 
Session: Managing Flammable Landscapes Under Uncertainty (KC310) 
Cluster: Applications of OR in Forestry 
Chair: David Martell, University of Toronto 
 
Applying Spatial Forest Planning Approaches to Wildland Fire Incident Response 
Matt Thompson, US Forest Service, mpthompson02@fs.fed.us (Presenting Author) 
Yu Wei, Colorado State University 
Christoper Dunn, Oregon State University 
Erin Belval, Colorado State University 
 
Application of risk-based decision support can ideally improve the safety and effectiveness of 
large fire management. Here we leverage a perimeter-based spatial forest planning model, and 
modify its design to focus on the spatial clustering of predefined strategic fire response zones. 
We create a bi-objective formulation to minimize the total time required to build containment 
lines and the total losses within the burned area, and present results for a range of stylized 
examples. To conclude we describe prospects for interfacing the optimization model with 
existing decision support systems used in the US, and identify incremental next steps for model 
refinement. 
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Using Models to Study the Impact of Drawdown Restrictions to Engine and Crew Movements 
in Colorado 
Yu Wei, Colorado State University, yu.wei@colostate.edu (Presenting Author) 
Erin Belval, Colorado State University, Erin.Belval@colostate.edu 
Matthew Thompson, USDA Forest Service, Rocky Mountain Research Station, 
mpthompson02@fs.fed.us 
 
Suppression resources may be held at home bases to prepare for possible new fire ignitions, 
which is called “drawdown” requirement. We build a simulation/optimization approach to 
move fire engines and crews between dispatch zones restricted by predefined drawdown 
requirements in Colorado in a fire season. Using data from the Resource Ordering and Status 
System, we designed case studies to analyze how resource assignments and transfers may be 
influenced by the drawdown restrictions. Test results show relaxing drawdown restrictions in 
each dispatch zone may not lower total resource transportation cost; however, it can 
substantially decrease the dependency on external resources. 
 
Restricted Fire Zones Reduce the Risk of People-Caused Forest Fires: a Matched Case-Control 
Study 
Douglas Woolford, The University of Western Ontario, dwoolfor@uwo.ca (Presenting Author) 
Chelsea Uggenti, Wilfrid Laurier University, ugge8500@mylaurier.ca 
Colin McFayden, Ontario Ministry of Natural Resources and Forestry, 
Colin.McFayden@ontario.ca 
Aaron Stacey, University of Western Ontario, aaron.stacey@gmail.com 
Stephanie Krohn, Wilfrid Laurier University, sapkrohn@gmail.com 
 
In Ontario, wildland fires are ignited by lightning and by people. People-caused forest fires 
occur due to industrial, recreational, and residential causes. During periods of extreme fire 
weather, fire bans are implemented and restricted fire zones put in place. The objective of a 
fire ban is to mitigate the risk of certain types of people-caused wildland fires. We analyze the 
relationship between fire bans and people-caused fire occurrence by performing a case-control 
study. A matched design is used to reduce confounding effects. Restricted fire zones are found 
to reduce the risk of certain types of people-caused forest fires. 
______________________________________________________________________________ 
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Session: Symmetry & Semantic (KC201) 
Cluster: CPAIOR 
Chair: Peter Stuckey, NICTA and The University of Melbourne 
 
Computing the Ramsey Number R(4,3,3) Using Abstraction and Symmetry Breaking 
Michael Codish, mcodish@cs.bgu.ac.il (Presenting Author) 
Michael Frank, frankm@cs.bgu.ac.il 
Avraham Itzhakov, itzhakoa@cs.bgu.ac.il 
Alice Miller, Alice.Miller@glasgow.ac.uk 
 
Abstract: The number R(4,3,3) is often presented as the unknown Ramsey number with the 
best chances of being found ``soon''. Yet, its precise value has remained unknown for almost 50 
years. This paper presents a methodology based on abstraction and symmetry breaking that 
applies to solve hard graph edge-coloring problems. The utility of this methodology is 
demonstrated by using it to compute the value R(4,3,3)=30. Along the way it is required to first 
compute the previously unknown set RR(3,3,3;13) consisting of 78,892 Ramsey colorings. 
 
Breaking Symmetries in Graph Search with Canonizing Sets 
Avraham Itzhakov, itzhakoa@cs.bgu.ac.il (Presenting Author) 
Michael Codish, mcodish@cs.bgu.ac.il 
 
Many complex combinatorial problems involve searching for a graph satisfying given 
constraints and are often challenging because of the large number of isomorphic 
representations of their solutions. We introduce effective and compact, complete symmetry 
breaking constraints for small graph search. We illustrate the application of complete symmetry 
breaking constraints to extend two known sequences from the OEIS related to graph 
enumeration. We also demonstrate the application of a generalization of our approach to fully-
interchangeable matrix search problems. 
 
Detecting Semantic Groups in MIP Models 
Domenico Salvagnin, DEI, University of Padova and IBM Italy, dominiqs@gmail.com 
 
Current state-of-the-art MIP technology lacks a powerful modeling language based on global 
constraints, a tool which has long been standard in constraint programming. In general, even 
basic semantic information about variables and constraints is hidden from the underlying 
solver. If available, such semantic partitioning could be used by different parts of the solver, 
heuristics in primis, to improve overall performance. In the present paper we will describe 
several heuristic procedures, all based on the concept of partition refinement, to automatically 
recover semantic variable (and constraint) groups from a flat MIP model. 
______________________________________________________________________________ 
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Session: NSERC Workshop (KC203) 
Chair: Osman Alp, Haskayne School of Business, University of Calgary 
 
NSERC Workshop: How to Prepare a Discovery Grant Application 
Megan Rose-Martel, Natural Sciences and Engineering Research Council of Canada, 
Megan.Rose-Martel@NSERC-CRSNG.GC.CA 
 
NSERC Staff and a Section Chair of the Civil, Systems and Industrial Engineering Evaluation 
Group will present an overview of the peer review process. Advice will be given on how to 
prepare a Discovery Grant application. The workshop will cover topics such as Discovery Grants 
Evaluation Groups, criteria for evaluation and ratings, tips on how to prepare an application. 
While the workshop will be most helpful to new faculty members and those preparing 
applications this fall, all researchers are welcome to attend. A question period will follow the 
presentation. 
______________________________________________________________________________ 
 
Session: Integer and Discrete Optimization II (KC205) 
Cluster: Mathematical Programming and Optimization 
Chair: Sebastien Le Digabel, Polytechnique Montréal 
 
Two-Stage Robust Optimization Models with Integer Variables in the Adversary’s Problem 
Seyed Hossein Hashemi Doulabi, Polytechnique Montreal, hashemi.doulabi@polymtl.ca 
(Presenting Author) 
Patrick Jaillet, Massachusetts Institute of Technology 
Gilles Pesant, Polytechnique Montreal, gilles.pesant@polymtl.ca 
Louis-Martin Rousseau, Polytechnique Montreal, louis-martin.rousseau@polymtl.ca 
 
This work addresses a class of two-stage robust optimization models with integer variables in 
the adversary's problem. We apply Dantzig-Wolfe decomposition to exploit the structure of 
these models and show that the original problem reduces to a single-stage robust problem. We 
propose a Benders algorithm for the reformulated problem. Since the master problem and 
subproblem in the Benders algorithm are mixed integer programs it is computationally 
burdensome to optimally solve them in each iteration of the algorithm. Therefore, we develop 
novel stopping conditions for these mixed integer programs. Extensive computational 
experiments on a two-stage nurse planning problem are performed. 
 
Whistler-Blackcomb Mega Day as an Integer Programming Problem 
John Lyons, Ivey Business School - Western University, jlyons.phd@ivey.ca 
 
The Whistler-Blackcomb ski has recently implemented a system which tracks use of 25 lifts 
across both mountains. A web-based application offers skiers a variety of analytic information 
pertaining to their skiing activity, and poses a number of 'badges' to be earned. One of these, 
called Mega Day, requires a skier to ride all lifts on both mountains, and consequently ski 
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roughly 10,000 vertical metres. This presentation describes an integer programming model 
developed to identify feasibility and optimal routing for the Mega Day challenge. 
 
The Mesh Adaptive Direct Search Algorithm for Discrete Blackbox Optimization 
Sébastien Le Digabel, École Polytechnique de Montréal, sebastien.le.digabel@gerad.ca 
(Presenting Author) 
Charles Audet, École Polytechnique de Montréal, charles.audet@gerad.ca 
Christophe Tribes, École Polytechnique de Montréal, christophe.tribes@polymtl.ca 
 
The Mesh Adaptive Direct Search (MADS) algorithm is designed for blackbox optimization 
problems where the functions defining the objective and the constraints are typically the 
outputs of a simulation. It is a derivative-free method designed for continuous variables and 
which is supported by a convergence analysis based on the Clarke calculus. This talk introduces 
a modification of the MADS algorithm for the handling of variables with a controlled number of 
decimals. A corollary of this approach is the ability to treat discrete variables. Computational 
results are presented using the NOMAD software, the free C++ distribution of the MADS 
algorithm. 
______________________________________________________________________________ 
 
Session: Solving Integer Quadratic Programming Problems (KC208) 
Cluster: Mathematical Programming and Optimization 
Chair: Wen-Yang Ku, University of Toronto 
 
Solving Mixed Integer Least Squares Problems by Tree Search 
Xiao-Wen Chang, McGill University, chang@cs.mcgill.ca 
 
Integer least squares (ILS) problems arise from many applications. In this take, we provide a 
framework for solving a general mixed ILS problem by tree search. We also give a simple and 
unified way to derive a class of lower bounds, which can be incorporated into the search 
process to prune the search tree. 
 
The Quadratic Minimum Spanning Tree Problem and Its Variations 
Ante Custic, acustic@sfu.ca (Presenting Author) 
Ruonan Zhang 
Abraham Punnen, apunnen@sfu.ca 
 
The quadratic minimum spanning tree problem, as well as its bottleneck and conflict pair 
constraints variations, are NP-hard problems useful in modeling various real life applications. 
We investigate these problems to obtain additional insights into the structure of the problems 
and to identify possible demarcation between easy and hard special cases. New polynomially 
solvable cases have been identified, as well as NP-hard instances on simple graphs. As a by-
product, we have a recursive formula for counting the number of spanning trees on a (k, n)-
accordion and a characterization of matroids in the context of a quadratic objective function. 
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A Constraint Programming Approach for Solving Convex Quadratically Constrained Problems 
Wen-Yang Ku, University of Toronto, wku@mie.utoronto.ca (Presenting Author) 
Chris Beck, University of Toronto, jcb@mie.utoronto.ca 
 
Inspired by the geometric reasoning exploited in discrete ellipsoid-based search (DEBS) from 
the communications literature, we develop a constraint programming (CP) approach to solve 
problems with convex quadratic constraints. Such constraints appear in numerous applications. 
We strengthen the key aspects of DEBS and implement them as combination of a global 
constraint and variable/value ordering heuristics. Preliminary experiments on a variety of 
benchmark instances show promising results. 
______________________________________________________________________________ 
 
Session: Modern Trading in Financial Markets (KC210) 
Cluster: Finance and Risk Management 
Chair: Christoph Frei, University of Alberta 
 
Fast Traders Make a Quick Buck: The Role of Speed in Liquidity Provision 
Markus Baldauf, UBC Sauder, baldauf@mail.ubc.ca (Presenting Author) 
Joshua Mollner, Microsoft Research, jmollner@microsoft.com 
 
We study the consequences of information arrival for market outcomes when both high-
frequency and slower traders provide liquidity. We present a model that predicts fast traders 
achieve a relative increase in profits obtained from liquidity provision following a news event 
through (i) avoiding adverse selection by canceling mispriced quotes, and (ii) winning the race 
to post updated quotes. We find strong support for these model predictions using data from 
the Toronto Stock Exchange. The identification strategy is based on an unanticipated news 
event in which the Twitter feed of the Associated Press falsely reported a terrorist attack. 
 
Systemic Influences on Optimal Equity-Credit Investment 
Agostino Capponi, Columbia University, ac3827@columbia.edu 
 
We introduce an equity-credit portfolio framework taking into account the structural 
interaction of market and credit risk, along with their systemic dependencies. We derive a 
closed-form expression for the optimal investment strategy in stocks and credit default swaps 
(CDSs). We exploit its representation structure and analyze the mechanisms driving the optimal 
investment decisions. We develop a novel calibration procedure and find that systemic 
dependencies are statistically significant when the model is fitted to historical time series of 
equity and CDS data. 
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Optimal Execution in Hong Kong Given a Market-On-Close Benchmark 
Christoph Frei, University of Alberta, cfrei@ualberta.ca (Presenting Author) 
Nicholas Westray, Imperial College London 
 
For stocks traded on the Hong Kong Exchange, the median of five prices taken over the last 
minute of trading is currently chosen as closing price. We introduce a stochastic control 
formulation to target such a median benchmark, taking the key microstructural features into 
account. We solve this problem by providing an explicit and efficient algorithm which can be 
used for the dynamic linear approximation of any square-integrable random variable. 
Implementing the algorithm on the stocks of the Hang Seng Index, we find an average 
improvement of around 6% in standard deviation of slippage compared to an average trader’s 
execution. 
______________________________________________________________________________ 
 
Session: HCOR SIG Student Presentation Competition (KC301) 
Cluster: Healthcare Operations 
Chair: Nadia Lahrichi, Ecole Polytechnique de Montreal 
 
Predicting Short-Term Hospital Inpatient Bed Needs 
Salem Jabr, University of Toronto, salem.jabr@mail.utoronto.ca 
 
Research show that inpatients are the major cost drivers in hospitals, and proper bed capacity 
management strategies are needed to optimize operational costs. Lack of decision support 
tools causes hospital management team to operate under a high level of uncertainty. Effective 
demand-capacity planning will allow management teams to proactively plan and decrease 
operating costs, improve patient flow processes, and increase patient satisfaction. This research 
presents a decision support model that performs timely prediction of inpatient bed needs for 
up to four days in advance. This research is a collaborative effort between Center for Research 
in healthcare Engineering and Scarborough Hospital. 
 
An Empirical Study of Allocation Scheduling and Advanced Scheduling for MRI Patients 
Yangzi Jiang, University of Waterloo, y2jiang@uwaterloo.ca 
 
Dynamically assigning patients from different priority groups to manage the non-stationary 
resources is a challenging scheduling problem. We studied over 300,000 MRI patients from 74 
hospitals to develop several heuristic policies including allocation scheduling and advanced 
scheduling. The allocation scheduling utilized accumulation methods to create a selection 
process where the patients with highest weight is treated first. Patients from different priority 
group have different initial weight and accumulation rate. Advanced scheduling determines the 
difference between scheduling in advance and scheduling under perfect information. The 
proposed policies are tested against the empirical data and demonstrated a significant 
reduction in waiting time. 
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Identification of Flu Hubs Using a Scale-Free Network of Flu Distances 
Hootan Kamran, University of Toronto, hootan@mie.utoronto.ca (Presenting Author) 
Dionne M. Aleman, University of Toronto, aleman@mie.utoronto.ca 
Michael W. Carter, University of Toronto, carter@mie.utoronto.ca 
Kieran M. Moore, KFL&A Public Health, kieran.moore@kflapublichealth.ca 
 
Influenza is among the leading causes of death in the world. Rapid changes in influenza virus 
make permanent immunity through vaccination an unviable solution, and signify the 
importance of surveillance systems. Current systems aggregate data based on predefined 
geopolitical divisions, and neglect historically significant inter-regional time connections. We 
have devised a network structure to model historic inter-regional flu distances in Ontario. We 
show that the resulting network is not a random network and in fact, exhibits behaviors of a 
scale-free network. The scale-free property helps us identify highly-connected regions as flu 
hubs, which can be prioritized in containment policies. 
 
Logic-Based Benders' Decomposition Approaches for Distributed Operating Room Scheduling 
Vahid Roshanaei, Centre for Management of Technology and Entrepreneurship University of 
Toronto, vroshana@mie.utoronto.ca 
 
We develop three novel logic-based Benders' decomposition (LBBD) approaches and a cut 
propagation technique to solve large-scale location-allocation integer programs (IPs). We show 
that each LBBD can be implemented in four different possible ways, giving rise to 24 distinct 
LBBD variants. We illustrate the performance of our LBBDs on the distributed operating room 
scheduling problem, demonstrating that our LBBDs are 10-100x faster than IP+Gurobi and can 
find optimal solutions when IP+Gurobi cannot. Also, we show that our LBBD approaches 
increase operating room utilization to 95+% in the University Health Network hospitals in the 
city of Toronto, Ontario, Canada. 
 
Optimal Decision Making in a Markov Model with Parameter Uncertainty: Case of Chronic 
Kidney Disease 
M. Reza Skandari, Sauder School of Business, University of British Columbia, 
reza.skandari@sauder.ubc.ca 
 
We investigate a Markov decision process whose unknown transition parameters are revealed 
partially through state observation. Decisions are made as the state evolves. We use the model 
to study the optimal time to start preparing a type of vascular access for chronic kidney disease 
patients who will need dialysis. 
______________________________________________________________________________ 
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Session: Health Applications I (KC302) 
Cluster: Healthcare Operations 
Chair: Michael Carter, University of Toronto 
 
Emergency Department-Wide Resource Planning 
Daniel Gartner, School of Mathematics, Cardiff University, GartnerD@cardiff.ac.uk (Presenting 
Author) 
Dominik Pförringer, Department of Emergency Medicine, Technische Universität München, 
dominik.pfoerringer@mri.tum.de 
 
We address the problem of deploying human and material resource capacity in an emergency 
department (ED). Fluctuating patient demand arrives, is classified using the Manchester Triage 
System and must be covered by all ED resources. Depending on the triage level, the response 
time to demand varies between immediate and several hours. The objective is to determine a 
cost-optimal capacity level for all resources. We model the problem as a mixed-integer program 
and generate instances based on real life data from a major university hospital. By evaluating 
the deployed capacities using discrete-event simulation, we demonstrate the effectiveness of 
our approach. 
 
Robust Master Surgical Schedules 
Paul Harper, Cardiff University, harper@cardiff.ac.uk (Presenting Author) 
Elizabeth Rowse, Cardiff University 
Rhyd Lewis, Cardiff University 
Jonathan Thompson, Cardiff University 
 
A major factor contributing to the high number of cancelled operations in hospitals is the 
unavailability of beds on hospital wards for post-operative recovery. In this work, a set 
partitioning formulation has been developed to assign surgical specialties to operating theatres, 
and a novel extension is to incorporate constraints on the demand for post-operative beds. A 
robust optimisation approach is investigated in order to address the stochastic nature of the 
factors affecting operating theatre scheduling. This research is funded by the University 
Hospital of Wales; illustrative results from applying our methods to this large teaching hospital 
will be presented. 
 
Deadlock in Queueing Networks 
Geraint Palmer, Cardiff University, palmergi1@cardiff.ac.uk (Presenting Author) 
Paul Harper, Cardiff University, paulharper72@gmail.com 
Vincent Knight, Cardiff University, knightva@cardiff.ac.uk 
 
Queueing networks often occur in healthcare systems. It's possible for blockages to appear, 
giving rise to the phenomenon of deadlock, whereby some customers are unable to leave a 
server due to recursive upstream blocking. In reality this could be resolved by swapping two 
patients, but simulation models must be able to identify deadlock occurrences. This talk 
describes a methodology for solving this problem using a graph theoretical approach. Markov 
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chain models of these deadlocking networks are also built, where the expected time until 
deadlock is calculated. This is a PhD project match-funded by the Aneurin Bevan University 
Health Board, Wales. 
______________________________________________________________________________ 
 
Session: Inventory and Repairable Systems (KC303) 
Cluster: Applied Probability and Stochastic Optimization 
Chair: Sharareh Taghipour, Ryerson University 
 
Direct Numerical Approximation of the Inverse Standardized Loss Function for Inventory 
Control 
Andrew Andrade, PetroPredict Inc., andrew@andrewandrade.ca (Presenting Author) 
Claudia Sikorski, University of Waterloo, claudia.sikorski@uwaterloo.ca 
Jeff Alstott, Massachusetts Institute of Technology, alstott@mit.edu 
 
Modern businesses must maintain customer satisfaction through efficient distribution networks 
while reducing their inventory costs to remain competitive. This study presents a direct 
numerical implementation of inverse loss and partial expectations due to uncertain demand 
through the use of a log transform and polynomial regression. Analysis is then applied to two 
real world problems: retail lot sizing policy determination and multi-echelon inventory 
optimization in petroleum operations. Using the methodology outlined, both the standardized 
loss function and its inverse can be estimated quickly, accurately and efficiently and applied to 
real world problems in inventory control and supply chain management. 
 
Markov Processes for Slow Mover Inventory Policy Selection 
Thierry Moisan, JDA software, thierry.moisan@gmail.com (Presenting Author) 
Eric Prescott-Gagnon, JDA software, eric.prescottgagnon@jda.com 
Yossiri Adulyasak, JDA software, Yossiri.Adulyasak@jda.com 
 
Inventory optimization goal is to find the best possible policy (when to order and how many 
items) to satisfy the expected demands and minimize the costs. The literature commonly 
assume some form of statistical distribution or forecast to make those decisions. At JDA lab, we 
are working with industrial partners on such optimization problems for items that do not have a 
clear distribution: slow movers. Slow movers are rarely in demand and their demand quantity 
can vary suddenly. The approaches we propose use Markov decision process to obtain 
inventory policies based on discrete demands distribution and stochastic shipment lead-times. 
 
Maintenance Effect Modeling and Reliability Prediction of a Repairable System 
Sharareh Taghipour, Ryerson University, sharareh@ryerson.ca 
 
We consider a repairable system subject to corrective and multiple types of preventive 
maintenance (PM). A corrective maintenance has a minimal repair effect on the system, and a 
PM makes the system between as good as new and as bad as old. Each PM type may have a 
different effect on the system. We develop the likelihood function to estimate the failure 
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process’s parameters as well as PM effects, and derive the conditional reliability and the 
expected number of failures between two PM types. The methods are shown using a case study 
of several trucks used in a mining site. 
______________________________________________________________________________ 
 
Session: Contributed Session (KC304) 
Chair: Jonathan Barzilai, Dalhousie University 
 
The Multiple Rectangular Search Areas Problem and Its Application to Maritime Search and 
Rescue 
Michael Morin, Computer Science and Software Engineering, Université Laval, 
Michael.Morin.3@ulaval.ca (Presenting Author) 
Irène Abi-Zeid, Operations and Decision Systems, Université Laval, Irene.Abi-Zeid@osd.ulaval.ca 
Oscar Nilo, Operations and Decision System, Université Laval, Oscar.Nilo@Sympatico.Ca 
 
Search and rescue (SAR) is a great humanitarian application of search theory. The usual 
objective of a search theory problem is to allocate an available search effort, e.g., time, to 
subareas of the search environment in such a way to maximize the probability of finding the 
search object(s). Generally speaking, an effort allocation is subject to operational and physical 
constraints. We study the multiple rectangular search areas (MRSA) problem, where SAR units 
(aircraft) are constrained to nonoverlapping rectangular areas in order to avoid a collision. We 
discuss current approaches and extensions to the MRSA problem in a maritime SAR context. 
 
Improving Production Planning in Assemble-To-Order Systems 
Bharat Srivastava, Marquette University, bharat.srivastava@marquette.edu 
 
An important consideration in mass customization is the criteria used for the selection of 
subassemblies. We outline an approach for improving production planning in an assemble-to-
order system by selecting “generic” subassemblies for preproduction in a capacitated 
environment. A mathematical model is developed for this purpose and insights drawn from 
computational experiments. 
 
Foundations of Decision Theory 
Jonathan Barzilai, Dalhousie University, barzilai@dal.ca 
 
Many decision methodologies are described in the literature with applications in various areas. 
What are the conditions for applicability of mathematical operations on preference scales? Are 
addition and multiplication applicable on “pairwise-comparisons” scales? The notion that group 
decision making is impossible (as in “Arrow’s Impossibility Theorem”) is founded on logical 
errors. Can group decision making be done correctly? Via game theory? Can utility theory serve 
as a basis for decision making? Can it serve as the basis for decision theory? I will answer these 
questions and related ones. For further information see the publications at 
http://scientificmetrics.com 
______________________________________________________________________________ 
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Session: OM/Marketing Interface (KC305) 
Cluster: Supply Chain Management 
Chair: Greys Sosic, University of Southern California 
 
Competing through Cooperatives 
Sudheer Gupta, Simon Fraser University, sudheerg@sfu.ca 
 
We analyze a model where several small producers who lack scale and market access, form a 
cooperative and delegate distribution and pricing decisions to a marketing agent in order to 
compete with a dominant producer. The agent offers a contract to small producers, secures 
production quantities, sets prices in differentiated products market and distributes the product. 
We show how different contracts affect the size of the network, its cost structure, and pricing 
decisions. We provide guidelines and conditions under which cooperatives provide an effective 
organizational design that enables small firms to develop distinct competitive advantages in 
presence of institutional voids. 
 
Price and Profit Bounds for Large Bundles with Dependent Valuations 
Fredrik Odegaard, Ivey Business School, Western University, fodegaard@ivey.uwo.ca 
(Presenting Author) 
Mihai Banciu, School of Management, Bucknell University, mmb018@bucknell.edu 
Alia Stanciu, School of Management, Bucknell University, alia.stanciu@bucknell.edu 
 
In this paper we study bundle pricing with large sets of products or services. The motivation to 
consider large bundles come from telecom and internet based industries, e.g. cable and 
satellite TV, radio, and streaming services. We provide bounds on the profit functions and 
optimal bundle prices. We furthermore discuss how dependence in the underlying valuation 
space of the items effect the pricing strategies. 
 
Pricing and Prioritizing Time-Sensitive Customers with Heterogeneous Demand Rates 
Philipp Afeche, Rotman School of Management, University of Toronto, 
afeche@rotman.utoronto.ca (Presenting Author) 
Opher Baron, Rotman School of Management, University of Toronto, 
opher.baron@rotman.utoronto.ca 
Joseph Milner, Rotman School of Management, University of Toronto, 
milner@rotman.utoronto.ca 
Ricky Roet-Green, Simon School of Business, University of Rochester, Ricky.Roet-
Green@Simon.Rochester.edu 
 
Providers often face time-sensitive customers that differ in their demand rates. Examples 
include amusement parks, museums, and ski resorts. However, the pricing literature for queues 
typically assumes unit demand for all customers. We study a revenue-maximizing provider that 
designs a price/lead-time menu for customers with heterogeneous demand rates and private 
information on their preferences. We show under what conditions it is optimal to prioritize 
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customers based on their demand rates and transaction values, even if all are equally time-
sensitive. 
______________________________________________________________________________ 
 
Session: Sustainability/Energy Operations (KC306) 
Cluster: Energy and Sustainable Operations 
Chair: Hubert Pun, Ivey Business School, University of Western Ontario 
 
Remanufacturing Strategies for OEMs without Remanufacturing Capabilities 
Anton Ovchinnikov, anton.ovchinnikov@queensu.ca 
 
We experimentally investigate the differences in consumer willingness-to-pay for 
remanufactured products as a function of who sells them: OEM, 3rd party on its own or with 
OEM's license. Based on such differences we then analytically investigate how an OEM should 
interact with 3rd party remanufacturers. 
 
Limited Arbitrage in Electricity Markets 
Michael Pavlin, mpavlin@wlu.ca 
 
We examine the role of financial traders in physical wholesale electricity markets. In particular, 
while financial traders are expected to eliminate predictable pricing gaps between forward and 
spot prices we find that the impact has been limited. We investigate several explanations 
including interaction with the related market for financial transmission rights. 
 
The Impact of Government Subsidy on Supply Chains’ Sustainability Innovation 
Jen-yi Chen 
Stan Dimitrov 
Hubert Pun, hpun@ivey.ca (Presenting Author) 
 
We present a three-player game in which a government determines the amount of subsidy for 
a supply chain conducting an RJV on a sustainable product. We consider two forms of RJV 
formation (retailer and manufacturer initiated) and two types of subsidy (per-unit production 
subsidy and innovation effort subsidy). 
______________________________________________________________________________ 
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Session: CORS Student Paper Competition Finalists (Open Category) (KC308) 
Cluster: OR Education 
Chair: Mehmet Begen, Ivey Business School, University of Western Ontario 
 
The Value of Flexibility in Robust Location-Transportation Problems 
Amir Ardestani-Jaafari, HEC Montreal, amir.ardestani-jaafari@hec.ca (Presenting Author) 
Erick Delage, HEC Montreal, erick.delage@hec.ca 
 
We study a multi-period robust capacitated fixed-charge location-transportation problem in 
which, while the location and capacity of each facility need to be determined immediately, the 
determination of final production and distribution of products can be delayed until actual 
orders are received. It is well known that these types of problems are computationally 
intractable. To overcome this difficulty, we propose a set of tractable conservative 
approximations to the problem that each exploits to a different extent the idea of reducing the 
flexibility of the delayed decisions. A row-generation algorithm is also presented in order to 
address problem instances of realistic size. 
 
Cold Supply Chain Design with Environmental Considerations: A Simulation-Optimization 
Approach 
Ahmed Saif, University of Waterloo, asaif@uwaterloo.ca (Presenting Author) 
Samir Elhedhli, University of Waterloo, elhedhli@uwaterloo.ca 
 
The cold supply chain design problem is modeled as a mixed-integer concave minimization 
problem with economic and environmental objectives. The general demand and inventory 
policy case is considered. We propose a novel approach to solve the problem. Lagrangian 
decomposition is used to compose the model into an integer programming subproblem and 
sets of single-variable concave minimization subproblems that are solved using simulation-
optimization. We provide closed-form expressions for the Lagrangian multipliers so that the 
Lagrangian bound is obtained in a single iteration. Branch-and-bound is then used to close the 
optimality gap. The approach is verified through testing on two realistic cases. 
 
Dynamic Type Matching 
Yun Zhou, University of Toronto, Yun.Zhou13@Rotman.Utoronto.Ca (Presenting Author) 
Ming Hu, University of Toronto, Ming.Hu@rotman.utoronto.ca 
 
Motivated by the rise of the sharing economy, we consider an intermediary's problem of 
dynamically matching demand and supply of heterogeneous types under periodic review. In 
each period, demand and supply arrive in random quantities. There is a reward associated with 
each possible matching of a demand type and a supply type. The intermediary maximizes the 
total discounted rewards minus the waiting/holding costs. We obtain a set of distribution-free 
structural results on the optimal and heuristic matching policies, and consider two cases of type 
differentiation, namely, uni-directionally horizontal types and vertical types. Both apply to 
many emerging settings. 
______________________________________________________________________________ 
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Session: Minimizing the "Garbage-In-Garbage-Out" Syndrome in Forest Optimization Models 
(KC310) 
Cluster: Applications of OR in Forestry 
Chair: Marian Marinescu, FP Innovations 
 
Forest Hydrology Planning Efficiencies Gained by Including Information at the Strategic Level 
Axel Anderson, fRI Research, axel.anderson@ualberta.ca (Presenting Author) 
Brooke Martens, Gov of Alberta, brooke.martens@gov.ab.ca 
Mike Wagner, Gov of Alberta, michael.wagner@gov.ab.ca 
 
Remote sensing and data available for forest ecosystem planning have come along. For forest 
hydrologist these datasets have minimised the amount of time in the field and increased our 
accuracy when determining the possible impacts of forest plans; however, the use of these 
technologies is at the tactical and operational level. We may gain planning efficiencies if the 
available data were included upfront in the planning. In this presentation, we use an example 
from southern Alberta to explore the possible planning and assessment efficiencies gained by 
including known information on water values at the strategic level. 
 
Tree Species Diversity and Production Risk: A Way to Mitigate Investment Risk 
Verena Griess, University of British Columbia, verena.Griess@ubc.ca 
 
The forest industry is confronted with risks like natural hazards, fluctuating timber prices or 
changing buyer preferences. Risks lead to economic volatility translating into a high degree of 
uncertainty regarding profitability. Choosing a main product is a management decision that 
plays a crucial role regarding risks. While shorter rotations and focusing on a single core 
business may appear to make business sense prima facie, this strategy could increase risk. By 
mixing assets risks can be considerably reduced. I will show the benefits of a portfolio using 2 
examples: A commercial plantation in South Africa and western redcedar forests in BC. 
 
How Can We Find the Correct Model and Correct Data? 
Mikael Rönnqvist, Université Laval, mikael.ronnqvist@gmc.ulaval.ca 
 
In many planning problems it is not clear what the best model is. This depends on a number of 
aspects, such as, supply and demand balance, planning horizon etc. Also, for a given model, it is 
not clear what the correct data is. In the presentation, we discuss a number of applications 
where these questions are raised and analyzed. 
______________________________________________________________________________ 
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Session: TUTORIAL - Probability Management: Networking Simulations (Max Bell Auditorium) 
Cluster: Practitioners Day 
Chair: Diane Bischak, Haskayne School of Business, University of Calgary 
 
Probability Management: Networking Simulations 
Sam Savage, ProbabilityManagement.org, sam@probabilitymanagement.org 
 
The Stochastic Information Packet (SIP) communicates uncertainties as arrays of simulated 
trials with meta data. The Open SIPmath(tm) standard from nonprofit 
ProbabilityManagement.org allows simulations to communicate across platforms, across the 
enterprise. The approach was first applied at Royal Dutch Shell in 2006 to roll up simulations of 
exploration ventures to a simulation of the portfolio, using specialized software. Recently, 
Microsoft Excel and PowerPivot have become powerful enough to do this on their own. In 
effect, this has done for Monte Carlo simulation what cold fusion would have done for energy if 
it had worked. 
______________________________________________________________________________ 
 
Session: Global Constraints II (KC201) 
Cluster: CPAIOR 
Chair: Gilles Pesant, Polytechnique Montreal 
 
A Global Constraint for Mining Sequential Patterns with GAP Constraint 
Amina Kemmar, LITIO – University of Oran 1 & EPSECG, ORAN, kemmami@yahoo.fr (Presenting 
Author) 
Samir Loudni, GREYC (CNRS UMR 6072) – University of Caen – France, samir.loudni@unicaen.fr 
Lebbah Yahia, LITIO – University of Oran 1 – Algeria, ebbah.yahia@univ-oran.dz 
Patrice Boizumault, GREYC (CNRS UMR 6072) – University of Caen – France, 
patrice.boizumault@info.unicaen.fr 
Thierry Charnois, LIPN (CNRS UMR 7030) – University PARIS 13 – France, 
hierry.charnois@lipn.univ-paris13.fr 
 
Sequential pattern mining under gap constraint is a challenging task. Many efficient specialized 
methods have been developed but they are all suffering from a lack of genericity. The 
Constraint Programming approaches are not so effective because of the size of their encodings. 
We have proposed the global constraint PREFIX-PROJECTION for SPM. However, this global 
constraint cannot be directly extended to support gap constraint. In this paper, we propose the 
global constraint GAPSEQ enabling to handle SPM with or without gap constraint. Experiments 
show that our approach clearly outperforms both CP approaches and the state-of-the-art 
cSpade method on large datasets. 
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Time-Series Constraints: Improvements and Application in CP and MIP Contexts 
Ekaterina Arafailova, Mines Nantes, Ekaterina.Arafailova@mines-nantes.fr (Presenting Author) 
Nicolas Beldiceanu, Mines Nantes, nicolas.beldiceanu@mines-nantes.fr 
Remi Douence, Mines Nantes, Remi.Douence@mines-nantes.fr 
Pierre Flener, Uppsala University, Pierre.Flener@it.uu.se 
Maria Andreina Francisco Rodriguez, Uppsala University, maria.andreina.francisco@it.uu.se 
Justin Pearson, Uppsala University, Justin.Pearson@it.uu.se 
Helmut Simonis, University College Cork, Helmut.Simonis@insight-centre.org 
 
Automata with accumulators can be automatically synthesised for a large family of time-series 
constraints. First, we improve the automaton synthesis to generate automata with fewer 
accumulators. Second, we decompose an automaton with accumulators into a conjunction of 
linear inequalities. Third, we generalise the linear implied constraint generation to cover the 
entire family of time-series constraints. The new automata for time-series constraints 
outperform the old ones, for both the CP and MIP decompositions, and the generated linear 
implied constraints boost the inference. We evaluate CP and MIP solvers on a prototypical 
application modelled using time-series constraints. 
 
Weighted Spanning Tree Constraint with Explanations 
Diego de Uña, d.deunagomez@student.unimelb.edu.au (Presenting Author) 
Graeme Gange 
Peter Schachte, schachte@unimelb.edu.au 
Peter J. Stuckey 
 
Minimum Spanning Trees are ubiquitous in optimization problems in networks. Even though 
fast algorithms exist for the MST, real-world applications are usually subject to constraints that 
do not let us apply such methods directly. In these cases we confront a version of the MST 
called the Weighted Spanning Tree in which we look for a spanning tree that satisfies other 
side-constraints and is of minimum cost. Here we implement this constraint using lower 
bounding and learning to accelerate the search and reduce the solving time. We show that this 
propagator is tremendously beneficial and we show the benefits of learning. 
______________________________________________________________________________ 
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Session: Revenue Management for Marketing (KC202) 
Cluster: Revenue Management and Pricing 
Chair: John Turner, University of California, Irvine 
 
Selling Freemium Products to Loss Averse Consumers 
Sami Najafi-Asadolahi, Santa Clara University, snajafi@scu.edu 
Nishant Mishra, University of Leuven – KU Leuven, nishant.mishra@kuleuven.be 
Andy Tsay, Santa Clara University, atsay@stanfordalumni.org 
Sajjad Najafi, University of Toronto, Industrial Engineering Department, 
snajafi@mie.utoronto.ca (Presenting Author) 
 
We consider a firm selling two versions of a single product, a freemium for free and a premium 
at a regular price, to consumers who are loss-averse. We find that when consumers become 
slightly dissatisfied with the freemuim, counterintuitively, they become more willing to 
purchase the premium. 
 
Pricing Policies in a Dual-Channel Supply Chain Offering a Fully Refundable Resalable Return 
Mohannad Radhi, University of Windsor, radhi@uwindsor.ca (Presenting Author) 
Guoqing Zhang, University of Windsor, gzhang@uwindsor.ca 
 
Our work models a dual-channel retailing system facing same-channel and cross-channel 
resalable returns. Through closed form formulas, the optimal unified and differential pricing 
strategies are found for a centralized system. Also, under two Stackelberg settings, the optimal 
prices for the competing channels are found. This paper suggests the optimal pricing response 
when customers change their preference to a certain channel. Top management are, also, given 
insights when to encourage competition over coordination with unified pricing strategy. We 
provide the conditions that promote the leadership of a certain channel over the other for a 
maximum enterprise profit. 
 
Pricing in Dual Markets for Optimal Profit Versus Revenue: Cost Types and Capacity Matter 
John Lyons, Ivey Business School - University of Western Ontario, jlyons.phd@ivey.ca 
 
We analyze a single firm selling a product in two markets independently characterized by linear 
demand functions, common manufacturing cost but potentially distinct unit transportation and 
percentage sales commission costs. We show that segregated markets resolve into three 
capacity domains with piecewise continuous functions characterizing optimal revenue-versus-
profit. We consider the problem when accounting for price-driven demand leakage, and 
stochastic demands. However, we also highlight a subtle feature in common demand-leakage 
formulations which exacerbates the optimization problem. 
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Planning Online Advertising Using Lorenz Curves 
John Turner, University of California, Irvine, john.turner@uci.edu (Presenting Author) 
Miguel Lejeune, George Washington University, mlejeune@gwu.edu 
 
Lorenz curves are commonly-used to depict dispersion; e.g., income inequality. Motivated by 
online advertising campaigns that desire impressions spread over targeted audience segments 
and time, we formulate a problem that minimizes Gini Coefficients (area under the Lorenz 
curve), and develop a specialized decomposition technique to solve instances quickly. 
______________________________________________________________________________ 
 
Session: Applications of Transportation Problems (KC203) 
Cluster: Transportation and Logistics 
Chair: Hossein Zolfagharinia, Ryerson University 
 
Customs Clearance Delay Analysis and Evaluation 
Farshad Jarrahi, University of Windsor, jarrahi@uwindsor.ca 
Walid Abdul-Kader, University of Windsor, kader@uwindsor.ca (Presenting Author) 
William Anderson, University of Windsor, bander@uwindsor.ca 
 
This research addresses the delay of trucks carrying goods while crossing the borders and 
clearing customs after a process of inspection and documents verification. The major source of 
delays is the variability of arriving vehicles following different arrival rates during time intervals 
in a day or part of a day. Crossing the border is seen as a multiphase multichannel queuing 
system where arrival rates do not have stationary values. In a first attempt, efforts are devoted 
to determine a probability distribution that would model inter-arrival times and address 
staffing scenarios to minimize delays by increasing/decreasing the number of inspectors. 
 
Mapping the Effects of Rail System Configuration on Mill Service Dimensions in Pulpwood 
Supply 
Oskar Gustavsson, Sveaskog Förvaltning AB, oskar.gustavsson@sveaskog.se (Presenting Author) 
Dag Fjeld, Norwegian institute of bioeconomics, dag.fjeld@nibio.no 
 
The aim of the study was to map the effects of rail system configuration on mill service 
dimensions such as delivery precision and lead times. The modeling was done with discrete-
event simulation. A hybrid optimization/simulation approach was also tested. System control 
was provided by re-allocating truck and train capacity based on system status variables such as 
a stock development trends. Two cases in north and south Sweden were subjected to different 
disturbances (e.g. spring break-up, unplanned mill production stops). The ability to absorb 
disturbances varied with the terminal system configuration the proportion of the total system 
volume handled by rail. 
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Analysis of Alternative Truckload Dispatching Methods 
Hossein Zolfagharinia, Ryerson, h.zolfagharinia@ryerson.ca (Presenting Author) 
Michael Zolfagharinia, Wilfrid Laurier University, mhaughton@wlu.ca 
 
We investigate the following question of relevance to truckload dispatchers striving for 
profitable decisions in the context of dynamic pick-up and delivery problems: ``since not all 
future pick-up/delivery requests are known with certainty (i.e., advance load information is 
incomplete), how effective are alternative methods for guiding those decisions?'' We propose a 
simple intuitive policy and integrate it into a new two-index mixed integer programming 
formulation, which we implement using the rolling horizon approach. In comparison to other 
dispatching methods, our proposed policy and the enhanced version were found to be very 
competitive in terms of solution quality and computational efficiency. 
______________________________________________________________________________ 
 
Session: Inequalities in Optimization (KC205) 
Cluster: Mathematical Programming and Optimization 
Chair: Kiavash Kianfar, Texas A&M University 
 
A Probabilistic Method for Detecting Redundant Constraints in Linear Programming Problems 
Duc Hung Dang, Student, Mount Royal University, Calgary, AB, hdang089@mtroyal.ca 
Cody Morrison, Student, Mount Royal University, Calgary, AB, cmorr4801@mtroyal.ca 
(Presenting Author) 
Ashok Krishnamurthy, Assistant Professor, Mount Royal University, Calgary, AB, 
akrishnamurthy@mtroyal.ca 
 
In this project, we are concerned with pre-processing sets of constraints that arise in linear 
programming (LP) problems. Some of the objectives of a pre-processing step are the detection 
of unboundedness or infeasibility, and the reduction of the size of the constraint set by 
detecting and removing the so called redundant constraints. Redundant constraints are 
constraints that can be removed from a problem without changing the feasible region. We 
implement a particular probabilistic set-covering equivalence technique for the constraint 
classification problem proposed by Boneh (1984) for very general LP problems using R 
programming language. 
 
Effects of Vahid Inequalities on Lagrangian and LP Lower Bound of Multilayer Network Design 
Mohammad Rahim Akhavan Kazemzadeh, Université de Montréal, rahimakhavan@gmail.com 
(Presenting Author) 
Teodor Gabriel Crainic, Université du Québec à Montréal, TeodorGabriel.Crainic@cirrelt.net 
Bernard Gendron, Université de Montréal, Bernard.Gendron@cirrelt.ca 
 
In multilayer network design multiple parallel layers of networks have to be considered 
simultaneously. A network has to be designed in each layer to transfer the commodities. To 
open a link in a particular layer, a chain of supporting links (path) in another layer has to be 
opened or designed. This integration of multiple layers can yield an optimized multilayer 
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network that cannot be obtained by solving individual network design problems for each layer. 
We present the valid inequalities for multilayer network design problem and the analysis of 
strength of them on Lagrangian and LP lower bound of the problem. 
 
Polyhedral and Computational Results on Extensions of Continuous Mixing Set 
Kiavash Kianfar, Texas A&M University, kianfar@tamu.edu (Presenting Author) 
Haochen Luo, Texas A&M University, hcluo@tamu.edu 
 
We present our results on new generalizations of the continuous mixing set including extended 
formulations, valid inequalities, and their facet-defining properties. We discuss how these new 
results can be used to generate new computationally effective valid inequalities for the 
capacitated lot-sizing problem. 
______________________________________________________________________________ 
 
Session: Optimization in Electronic Design Automation (KC208) 
Cluster: Mathematical Programming and Optimization 
Chair: Laleh Behjat, University of Calgary 
 
Chance-Constraint Optimization Applied to Integrated Electrical and Natural Gas Energy 
Systems 
Babatunde Odetayo, University of Calgary, bodetayo@ucalgary.ca (Presenting Author) 
John MacCormack, University of Calgary, maccorma@telus.net 
Hamidreza Zareipour, University of Calgary, h.zareipour@ucalgary.ca 
William D. Rosehart, University of Calgary, rosehart@ucalgary.ca 
 
Natural Gas (NG) fired generators are expected to serve as a bridging technology in the 
transition from a fossil to renewable based electricity utility. This is due to their relatively high 
efficiencies, ease of dispatch due to their fast ramp-up/ramp-down rate, competitive 
investment and operating cost. Reliable NG generators operations are dependent on reliable 
and efficient NG supply. Chance Constraint Optimization (CCO), a reliability based stochastic 
optimization approach is employed to model and solve the integrated electricity generator and 
NG systems long-term planning problem. CCO ensures that in addition to computing the 
optimum cost, a desired reliability level is met. 
 
Uncertainty-Aware Clock Network Optimization Using Geometric Programming 
Amin Farshidi, University of Calgary, afarshid@ucalgary.ca 
Logan Rakai, University of Calgary, lmrakai@ucalgary.ca 
Laleh Behjat, University of Calgary, laleh@ucalgary.ca (Presenting Author) 
David Westwick, University of Calgary, dwestwic@ucalgary.ca 
Ali Farshidi, University of Calgary, ali.farshidi@ucalgary.ca 
 
Most engineering problems have uncertain nature and include unavoidable uncertainties in 
problem parameters or variables. Ignoring such uncertainties when solving the optimization 
problems may lead to inferior solutions that may not meet the requirements in practice. In this 
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research, the problem of clock network optimization is solved where uncertainties in circuit 
element sizes are considered. A new framework is proposed to address this challenge by 
employing robust optimization and considering the effects of uncertainties during the 
optimization process of clock networks. The proposed framework achieves reliable solutions to 
digital clock network optimization problem by integrating spatial correlation in the 
uncertainties. 
 
Solving Large-Scale Optimization Problems as an Optimization Problem 
Nima Karimpour Darav, University of Calgary, n.karimpour@gmail.com (Presenting Author) 
Andrew Kennings, University of Waterloo, akenning@uwaterloo.ca 
David Westwick, University of Calgary, dwestwic@ucalgary.ca 
Laleh Behjat, University of Calgary, laleh@ucalgary.ca 
 
With growing technology, solving large scale optimization problems has become urgent. For 
example, in the Integrated Circuit (IC) industry, billions of transistors must be embedded inside 
a chip using optimization methods. Runtime and memory are two main constraints imposed on 
solving Large Scale Optimization Problems (LSOP), meaning that solving an LSOP individually is a 
another optimization problem subject to limited memory and runtime constraints. Through 
case studies in IC physical design, we show how an LSOP can be solved by using convex 
optimization methods along with heuristics to satisfy memory and runtime constraints. 
______________________________________________________________________________ 
 
Session: Risk Prioritization for Financial Risk Management (KC210) 
Cluster: Finance and Risk Management 
Chair: Chengguo Weng, University of Waterloo 
 
Portfolio Optimization with Transient Linear and Nonlinear Price Impact under Exponential 
Utility 
Martin Forde, Kings College London, Martin.Forde@kcl.ac.uk 
Marko Weber, Dublin City University 
Hongzhong Zhang, Columbia University, hz2244@columbia.edu (Presenting Author) 
 
We consider a market with one risk-less asset and one risky asset with a linear/nonlinear price 
impact that depends on the trading rate. We compute the optimal trading strategy and implied 
welfare for an investor with exponential (CARA) utility and long time horizon, and describe the 
asymptotic behavior of these quantities as the price impact coefficient goes to 0. We show that 
the optimal investment strategy is characterized via the solution to a non-linear parabolic PDE 
that is well-defined on the whole positive real axis. 
 
Alpha-Robust Mean-Variance Reinsurance-Investment Strategies 
Bin Li, bin.li@uwaterloo.ca 
 
Inspired by the alpha-maxmin expected utility, we propose a new class of mean-variance 
criteria, called alpha-maxmin mean-variance criteria, and apply it to the reinsurance-investment 
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problem. Our model allows the insurer to have different levels of ambiguity aversion (rather 
than only consider the extremely ambiguity-averse attitude as in the literature). 
 
Optimal Hedging with Basis Risk under Mean-Variance Criteria 
Jingong Zhang, University of Waterloo, j292zhan@uwaterloo.ca 
Ken Seng Tan, University of Waterloo, kstan@uwaterloo.ca 
Chengguo Weng, University of Waterloo, c2weng@uwaterloo.ca (Presenting Author) 
 
Optimal hedging for European options is studied under a mean-variance framework in the 
presence of basis risk, where the underlying asset is non-tradable and replaced by a tradable 
asset in hedging portfolio. The problem differs from classic dynamic programming problems in 
that its objective function is not separable and therefore, the Bellman optimality principle does 
not apply. The problem is formulated to determine the Nash subgame equilibrium hedging 
strategy. Optimal control is derived by dynamic programming technique and an extended HJB 
equation. A closed-form optimal control process is obtained by a change-of-measure technique. 
Numerical examples are given to illustrate theory. 
______________________________________________________________________________ 
 
Session: Optimization Methods in Healthcare (KC301) 
Cluster: Healthcare Operations 
Chair: Vahid Roshanaei, University of Toronto 
 
The Measurement of Efficiency and Productivity of the Turkish Health Care Sector 
Erhan BERK, erhanberk@hotmail.com 
 
The data envelopment analysis (DEA) based Malmquist productivity index measures the 
productivity change over time. In this study, main findings related to an assessment of health 
system performance of the provinces in Turkey are summarized. After reviewing the existing 
literature, this paper evaluates the input oriented DEA-based Malmquist productivity index to 
assess the changes in health care performance of 81 provinces from 2009 to 2013. Through 
further analysis of the efforts to improve the access to care and resource planning, allocation, 
and utilization, the reasons behind the good or poor performances are discussed. 
 
Optimal Operating Room Allocation to Multiple Surgical Specialties Using Decomposition 
Methods 
Kyle E.C. Booth, University of Toronto, kbooth@mie.utoronto.ca (Presenting Author) 
Vahid Roshanaei, University of Toronto, vroshana@mie.utoronto.ca 
Dionne Aleman, University of Toronto, aleman@mie.utoronto.ca 
David Urbach, Techna Institute at University Health Network, david.urbach@uhn.ca 
J. Christopher Beck, University of Toronto, jcb@mie.utoronto.ca 
 
We study the problem of optimal operating room allocation to multiple surgical specialities. We 
present logic-based decomposition methods for solving the problem, and compare these 
approaches to an existing mathematical model from the literature. We conduct an 
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experimental study using real surgeon and patient data from University Health Network (UHN) 
hospitals in the city of Toronto, Ontario, Canada. We demonstrate that the proposed 
decomposition methods outperform existing models and represent a promising approach to 
multi-speciality surgical scheduling. 
 
Solving Distributed Operating Room Scheduling using Logic-Based Benders’ Decomposition 
Approaches 
Vahid Roshanaei, University of Toronto, vroshana@mie.utoronto.ca (Presenting Author) 
Curtiss Luong, University of Toronto, curtissluong@gmail.com 
Dionne Aleman, University of Toronto, aleman@mie.utoronto.ca 
David Urbach, Toronto General Hospital, david.urbach@uhn.ca 
 
We develop three uni -and bi-cut logic-based Benders’ decomposition (LBBD) approaches and a 
cut propagation mechanism to solve location-allocation integer programs (IPs). Each LBBD is 
implemented in four different ways, yielding 24 distinct LBBD variants. We illustrate the LBBDs’ 
performance on the distributed operating room scheduling problem, where patients and 
operating rooms are scheduled across hospitals. Our LBBDs are 10-100x faster than IP+Gurobi 
and are more successful at finding optimal solutions. 
______________________________________________________________________________ 
 
Session: Queueing Models (KC302) 
Cluster: Queueing Theory 
Chair: Qi-Ming He, University of Waterloo 
 
On a 2-Class Polling Model with Class-Dependent Reneging, Switchover Times, and Phase-
Type Service 
Kevin Granville, University of Waterloo, kgranvil@uwaterloo.ca (Presenting Author) 
Steve Drekic, University of Waterloo, sdrekic@uwaterloo.ca 
 
In this talk, we analyze a 2-class, single-server polling model operating under a k_i-limited 
service discipline with class-dependent switchover times. Arrivals to each class are assumed to 
follow a Poisson process with phase-type distributed service times. Within each queue, 
customers renege if the time before entry into service exceeds an exponentially distributed 
patience time. We model the queueing system as a level-dependent QBD, and the steady-state 
joint queue length distribution as well as the per-class waiting time distributions are computed. 
The impact of reneging customers and choice of service time distribution is investigated 
through a series of numerical examples. 
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Nonlinear Accumulating Priority Queues with Equivalent Linear Proxies 
David Stanford, Dept. Statistical & Actuarial Sciences, Western University, 
stanford@stats.uwo.ca (Presenting Author) 
Na Li, Dept. Statistical & Actuarial Sciences, Western University, nli66@uwo.ca 
Peter Taylor, Dept. Mathematics and Statistics, University of Melbourne, 
taylorpg@unimelb.edu.au 
Ilze Ziedins, Department of Statistics, University of Auckland, i.ziedins@auckland.ac.nz 
 
Kleinrock and Finkelstein in 1967 considered systems in which customers' priorities increase as 
a power-law function of their time in the queue. They found a linear priority accumulation 
function in such a way that the expected waiting times of customers from the nonlinear and 
linear systems classes are the same. We extend their analysis to characterise the class of 
nonlinear accumulating priority queues for which a linear APQ can be found such that, for 
identical sample paths of the arrival and service processes, the ordering of all customers is 
identical at all times in both the linear and nonlinear systems. 
 
Construction of Markov Chains for Discrete Time MAP/PH/K Queues 
Qi-Ming He, University of Waterloo, q7he@uwaterloo.ca (Presenting Author) 
Attahiru Sule Alfa, University of Manitoba, attahiru.alfa@umanitoba.ca 
 
Two GI/M/1 type Markov chains are often used in analyzing discrete time MAP/PH/K queue. 
The first Markov chain is introduced by tracking service phases for servers. The transition 
probability matrix of the Markov chain can be constructed in a straightforward manner. The 
second Markov chain is introduced by counting servers for phases. An algorithm is developed 
for the construction of the transition probability matrix of the second Markov chain. Some basic 
properties of the constructed transition blocks are shown. For queueing systems with a large 
number of servers and many service phases, there is a considerable saving in matrix sizes. 
______________________________________________________________________________ 
 
Session: Topics in Applied Probability and Stochastic Optimization (KC303) 
Cluster: Applied Probability and Stochastic Optimization 
Chair: Wyean Chan, Université de Montréal 
 
Chance-Constrained Staffing with Recourse for Multi-Skill Call Centers with Arrival Rate 
Uncertainty 
Wyean Chan, University of Montreal, chanwyea@iro.umontreal.ca 
Thuy Anh Ta, University of Montreal, tathuyan@iro.umontreal.ca (Presenting Author) 
Pierre L'Ecuyer, University of Montreal, lecuyer@iro.umontreal.ca 
Fabian Bastin, University of Montreal, bastin@iro.umontreal.ca 
 
We consider a two-stage stochastic staffing problem for multi-skill call centers. The objective is 
to minimize the total cost of agents under a chance constraint which requires that the quality of 
service constraints are met with high probability. First, we determine an initial staffing based on 
an imperfect forecast on arrival rate. Then, this staffing is corrected by applying recourse when 
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the forecast becomes more accurate. We consider the recourse actions of adding or removing 
agents at the price of some penalty costs. We present a method that combines simulation with 
integer or linear programming and cut generation 
 
Delay Prediction by Extrapolating Wait Times of Customers in Service Systems 
Mamadou Thiongane, Université de Montréal, mamadou.thiongane@umontreal.ca 
Wyean Chan, Université de Montréal, chanwyea@iro.umontreal.ca (Presenting Author) 
Pierre L'Ecuyer, Université de Montréal, lecuyer@iro.umontreal.ca 
 
We are interested in the wait time predictions of customers in service systems, such as call 
centers or emergency departments. We propose two new delay predictors that are very simple 
to implement and can be used in multi-skill settings. The first predictor estimates future delays 
by extrapolating the wait history of customers currently in queue. The second predictor returns 
a weighted average of the delay times of past customers who have found the same queue 
length as the new customer. Our numerical experiments show that our predictors are more 
accurate than other predictors, of comparable simplicity, in many examples. 
______________________________________________________________________________ 
 
Session: Inventory Systems (KC305) 
Cluster: Supply Chain Management 
Chair: Marco Bijvank, University of Calgary 
 
Thermodynamics for Sustainable Inventory Systems 
Mohamad Y. Jaber, Ryerson University, mjaber@ryerson.ca 
 
There has been a recent trend in inventory research to incorporate sustainability thinking by 
considering the economic, environmental and social performance of a system. 
Thermodynamics deals with the conversion of matter and energy from one form to another, 
resulting in a depletion of resources that increases a system’s entropy (disorder), suggesting 
thermodynamics as a sustainability tool. This paper modifies and analysis a simple inventory 
model, the Economic Order Quantity (EOQ), to illustrate this principle. The results suggest that 
purchasing a product from a society with low wages may not be beneficial for sustainability. 
 
Inventory Systems with Lost Sales and Emergency Orders 
Sapna Isotupa, Wilfrid Laurier University, sisotupa@wlu.ca (Presenting Author) 
Michael Haughton, Wilfrid Laurier University 
 
We analyze a lost sales inventory system with two types of orders – regular and emergency for 
a US manufacturer. The regular order is placed with a Canadian supplier. Due to recent security 
measures there is uncertainty in border crossing times. This has led some manufacturers to use 
dual sourcing systems and placing an emergency order with a domestic supplier or with the 
competition when the regular order is delayed. This emergency order has a higher cost per item 
and has a known probability of being filled. The total costs for this system are compared to a 
single sourcing system. 
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Multi-Echelon Inventory Systems with Lost Sales 
Arjan Dijkstra, University of Groningen, a.s.dijkstra@rug.nl (Presenting Author) 
Marco Bijvank, University of Calgary, marco.bijvank@haskayne.ucalgary.ca 
 
We study a 2-echelon inventory system with a single depot and multiple retailers under 
periodic review. The retailers face demand from external sources, where unmet demand is lost 
and they are replenished by the depot. The depot is replenished from an external source with 
infinite supply. The objective is to determine the replenishment order sizes, such that the 
average per period holding and penalty costs are minimized. We derive an approximation to 
calculate these cost of a given base-stock policy with the use of a decomposition approach. 
These expressions are used to find good base-stock policies. 
______________________________________________________________________________ 
 
Session: OR Applications in the Forest Product Sector (KC310) 
Cluster: Applications of OR in Forestry 
Chair: Mustapha Ouhimmou, École de technologie Supérieure 
 
Use of Simulation Modelling to Analyze the Effect of Worker Assignment on the Process Flow 
Luke Opacic, University of British Columbia, luke.opacic@shaw.ca (Presenting Author) 
Taraneh Sowlati, University of British Columbia, taraneh.sowlati@ubc.ca 
 
Discrete event simulation is used to analyze the effects of changes to worker assignments on 
the process flow and throughput of a Parallam wood composite manufacturing facility. The 
analysis involves evaluating the relationships between the facility’s workers and their 
equipment, and the effects of reassigning them to the bottleneck station in an attempt to 
improve productivity. 
 
A Generic Framework for Analyzing the Sustainable Integration of New Products 
Louis-Alexandre Lapointe, École de technologie Supérieure, louis-alexandre.lapointe-
pelletier.1@ens.etsmtl.ca (Presenting Author) 
Mustapha Ouhimmou, École de technologie Supérieure, Mustapha.ouhimmou@etsmtl.ca 
Mikael Rönnqvist, Université Laval, mikael.ronnqvist@gmc.ulaval.ca 
 
In the context of a regional economy, the allocation of natural resources and its products, in-
between stakeholders, might generate better overall profit using value chain optimization. The 
key challenge is how to configure both new and existing technologies within the forest land 
base to produce sustainable value. The paper proposes a generic mathematical framework to 
model a regional value chain network where the impact of integrating new technologies can be 
evaluated through a sustainable manner. 
______________________________________________________________________________ 
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Session: Decision Diagrams (KC201) 
Cluster: CPAIOR 
Chair: John Hooker,  
 
On CNF Encodings for Decision Diagrams 
Ignasi Abío, ignasi.abio@nicta.com.au 
Graeme Gange 
Valentin Mayer-Eichberger, vale1410@gmail.com (Presenting Author) 
Peter J. Stuckey 
 
Decisions diagrams such as Binary Decision Diagrams (BDDs), Multi-valued Decision Diagrams 
(MDDs) and Negation Normal Forms (NNFs) provide succinct ways of representing Boolean and 
other finite functions and have been used to model complex constraints. An alternative 
approach to making use of them for solving is to encode them to CNF, using SAT style solving 
technology to implement them efficiently. In this work we present different ways to 
decompose such Decision Diagrams to CNF and show what different properties these 
translations maintain. We also consider the strength of propagation of the auxiliary literals. 
 
Decompositions Based on Decision Diagrams 
David Bergman, University of Connecticut, David.Bergman@business.uconn.edu 
Andre Augusto Cire, University of Toronto, acire@utsc.utoronto.ca (Presenting Author) 
 
Decision diagrams (DDs) have recently been applied to a variety of optimization problems, 
often closing long-standing instances from classical benchmarks. This success is primarily driven 
by a DDs ability to capture structure. We exploit this characteristic and propose a novel solution 
method which decomposes a problem into highly-structured portions, where the solutions of 
each portion can be compactly represented using a DD. This technique is applied to a special 
case of the independent set problem and to unconstrained quadratic programming. Preliminary 
results suggest that the proposed approach can improve upon both standard integer 
programming models and a single DD approach. 
 
Constructions and In-place Operations for MDDs Based Constraints 
Guillaume Perez, guillaume.perez06@gmail.com (Presenting Author) 
Jean-Charles Regin, jcregin@gmail.com 
 
MDDs have been shown to be an efficient way to model and solve complex combinatorial 
problems. However, it requires to have efficient algorithms for manipulating them. In this talk, 
we present efficient algorithmic tools to easily and efficiently define models such as new 
creation and reduction algorithms and in-place algorithms for adding and deleting tuples from 
an MDD. We show on a real-life application the strong improvements obtained with these new 
algorithms. 
______________________________________________________________________________ 
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Session: Revenue Management in Crowdsourcing (KC202) 
Cluster: Revenue Management and Pricing 
Chair: Yun Zhou, Roman School of Management, University of Toronto 
 
Subscription as Bundling with Crowdsourced Products 
Ming Hu, Rotman School of Management, University of Toronto, 
Ming.Hu@Rotman.Utoronto.Ca 
Lu Wang, Rotman School of Management, University of Toronto, 
Lu.Wang12@Rotman.Utoronto.Ca (Presenting Author) 
 
As consumer buying habits are trending toward more simple and hassle-free experiences, more 
and more companies are jumping into the innovative business model of subscription services. 
Subscription providers such as Spotify, Netflix and OneGo (an all-you-can-fly subscription 
service provider) crowdsource products/services from many vendors and bundle them for the 
price of one. The collected subscription fees for the bundle then are allocated according to the 
realized contributions by each crowdsourced product. However, this allocation scheme may 
create incentive incompatibility for vendors, given options of not joining the bundle. We 
examine the incentive compatibility of different parties under various bundling strategies. 
 
Dynamic Stimulus in Crowdfunding 
Longyuan Du, Rotman School of Management, University of Toronto, 
Longyuan.Du14@rotman.utoronto.ca (Presenting Author) 
Ming Hu, Rotman School of Management, University of Toronto, 
Ming.Hu@Rotman.Utoronto.Ca 
 
We study the dynamics of online crowdfunding campaigns in which the campaign would fail 
unless a predetermined funding goal is achieved within a given duration. Potential funders with 
heterogeneous willingness-to-pledge arrive in a random fashion and make pledging decisions 
by taking into account the campaign’s success rate. We demonstrate the significant benefit of 
dynamically offering stimulus, depending on the time- and pledge-to-go, by analyzing several 
means of such stimulus, such as seeding, feature upgrade and promotion. We illustrate these 
stimulus strategies’ benefits by using failed funding projects from Kickstarter.com. 
 
Dynamic Type Matching 
Yun Zhou, Roman School of Management, University of Toronto, 
Yun.Zhou13@Rotman.Utoronto.Ca (Presenting Author) 
Ming Hu, Roman School of Management, University of Toronto, ming.hu@Rotman.Utoronto.Ca 
 
Motivated by the rise of the sharing economy, we consider an intermediary platform's problem 
of dynamically matching demand and supply of heterogeneous types over a discrete-time 
horizon. There is a reward associated with each possible matching of a demand type and a 
supply type. In each period, demand and supply of various types arrive in random quantities. 
The platform's problem is to decide on the optimal matching policy to maximize the total 
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discounted rewards minus costs. We obtain a set of distribution-free structural results on the 
optimal and heuristic matching policies. 
______________________________________________________________________________ 
 
Session: Vehicle Routing II (KC203) 
Cluster: Transportation and Logistics 
Chair: Thierry Moisan, JDA software 
 
A Model for Fair Relief Resource Allocation in Humanitarian Logistics 
Rezvan Rafiei, McMaster University, rezvan.rafiei@mcmaster.ca (Presenting Author) 
Kai Huang, McMaster University, khuang@mcmaster.ca 
 
Post-disaster humanitarian logistics aims to immediately provide supplies to save lives and 
relieve suffering of people affected by natural or manmade disasters. In this context, relief 
resource may be insufficient to meet the needs of all people; therefore, a major concern is to 
fairly allocate and distribute scarce resource among demand points. This study develops a 
resource allocation mechanism that incorporate fairness considerations. We improve fairness 
by minimizing the disparity between delivery amounts, times and delays in the relief 
distribution process. The proposed model is a convex quadratic program. Preliminary 
experiment results show the validity of the proposed model. 
 
On the Value Iteration Method for Recursive Route Choice Models 
Tien Mai, University of Montreal, maitien86@gmail.com 
 
This talk concerns the use of the value iteration method for estimating recursive route choice 
models, which are dynamic discrete choice models without discount factor. We establish 
conditions for the existence of a fixed point solution, and for the convergence of the value 
iteration method. We also derive the Newton-Kantorovich iterations and develop a switching 
strategy that allows to quickly solve the value functions for real networks. 
 
Constraint Programming Approaches to the Robot Cleaning Problem 
Thierry Moisan, JDA software, thierry.moisan@gmail.com (Presenting Author) 
Michael Morin, Université Laval, mmorin01@gmail.com 
 
A cleaning robot has to find the least cost path to retrieve and dispose of the wastes present in 
its surroundings. The robot has a limited transport capacity. It can visit, at any moment, a waste 
disposal area to restore its capacity. The envisioned applications of the problem range from 
robot waiters to dangerous waste disposal. Interestingly, the problem can be seen as a specific 
case of vehicles routing with satellite facilities. Short response time is of capital importance for 
mobile robotics path planners. We present constraint programming models for that problem 
and study their efficiency. 
______________________________________________________________________________ 
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Session: Computational Convex Analysis (KC205) 
Cluster: Mathematical Programming and Optimization 
Chair: Yves Lucet, University of British Columbia 
 
Algorithmic Construction of the Subdifferential from Directional Derivatives 
Warren Hare, UBC, Warren.Hare@ubc.ca 
 
The subdifferential of a function is a generalization for nonsmooth functions of the concept of 
gradient. It is frequently used in variational analysis, particularly in the context of nonsmooth 
optimization. In this talk, we present new results on how to reconstruct a polyhedral 
subdifferential from the computation of finitely many directional derivatives. We also link the 
results to past research in Geometric Probing. 
 
Algorithms for Computing and Visualizing of Approximate Subdifferentials 
Anuj Bajaj, anuj.bajaj91@gmail.com (Presenting Author) 
Waren Hare 
Yves Lucet 
 
Subdifferentials generalize the derivatives to nondifferentiable functions, which makes them 
one of the most useful and powerful instruments in convex optimization. However, they may 
come with a few limitations -a practical one, related with descent directions, and a theoretical 
one, related to subdifferential calculus of convex functions. This may be overcome by 
approximate subdifferentials, which is a certain perturbation to the true subdifferentials. In this 
talk, we present an algorithm that enables us to compute approximate subdifferential of 
(convex univariate) piecewise linear-quadratic functions-an important model class of functions 
for nonlinear systems. We provide several numerical examples.  
 
Joint work with Dr. Warren Hare, and Dr. Yves Lucet. 
 
Multiparametric Quadratic Programming for Computational Convex Analysis 
Yves Lucet, University of British Columbia, Yves.Lucet@ubc.ca 
 
Multiparametric quadratic programming (mQP) provides algorithms to compute solutions of 
quadratic programming optimization problems when some parameters vary. I will summarize 
the challenges in developing a toolbox for computer-aided convex analysis, and explain how 
mQP provides a promising approach that extends to higher dimension. I will focus on 2D 
functions, explain what approach can be generalized, and discuss the resulting complexity. 
______________________________________________________________________________ 
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Session: Business Applications (KC208) 
Cluster: Mathematical Programming and Optimization 
Chair: Pawoumodom M. Takouda, Laurentian University 
 
Incentives of a Delivery Deferral and Time-Based Discount 
Joong Son, MacEwan University, SonJ2@macewan.ca 
 
This paper studies the effectiveness of a time-based discount as a coordination mechanism in a 
decentralized supply chain, where a vendor supplies multiple retailers. In particular, when the 
vendor runs out of stock, it offers a price discount to induce retailers to accept delivery deferral 
until the subsequent order cycle. The paper proposes a procedure to derive incentive 
compatible time-based discount, discusses how retailers can be compensated under this 
coordination policy, and identifies settings under which this policy can be beneficial to 
individual stakeholders while achieving lower system-wide inventory level. 
 
Possibility Theory with Application in Supply Chain Management 
S.S. Appadoo, University of Manitoba, SS.Appadoo@umanitoba.ca 
 
We discuss some of the recent developments in possibility theory and we discuss higher order 
weighted possibilistic moments and possibilistic moment generating function of fuzzy numbers. 
We also discuss various application of possibility theory in Supply Chain Management. We give 
closed form expressions for fuzzy net present value when the model parameters are defined as 
fuzzy variables. Extensions and future direction of this approach in SCM will also be elaborated 
in some details. Some application of possibility theory in some inventory model and fuzzy 
option pricing model are also discussed towards the end of the presentation. 
 
Efficiency Measurement in the Canadian Retail Industry during the Period 2000-2014 
Pawoumodom M. Takouda, Laurentian University, MTakouda@laurentian.ca (Presenting 
Author) 
Mohamed Dia, Laurentian University 
 
Using Data Envelopment Analysis, operating performances in the Canadian Retail Industry are 
measured. Various efficiency drivers such as nationality, internationalization, sectorial activities, 
are examined, in addition to the impacts of the subprimes financial crisis. 
______________________________________________________________________________ 
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Session: Portfolio Analysis and Optimization (KC210) 
Cluster: Finance and Risk Management 
Chair: Marcos Escobar, Ryerson University 
 
Liability Driven Investments with a Link to Behavioral Finance 
Rudi Zagst, Technical University of Munich, zagst@tum.de (Presenting Author) 
Ludwig Brummer, Technical University of Munich 
Markus Wahl, Technical University of Munich 
 
Liability driven investment (LDI) strategies based on stochastic liabilities have become 
increasingly important for insurance companies and pension funds due to market 
developments such as low interest rates, high volatility and changes in regulatory 
requirements. We study LDI strategies in a cumulative prospect theory (CPT) framework with 
extended preference structures and probability distortion. After introducing a new probability 
distortion function, we derive analytical solutions for a CPT portfolio optimization problem in an 
LDI context. Within an empirical case study, we compare the optimal investment strategies to 
existing LDI approaches within traditional frameworks. 
 
Risk Measure Bounds for Portfolios with Given Marginals: Applications to Counterparty Credit 
Risk 
David Saunders, dsaunders@uwaterloo.ca 
 
I will discuss the problem of estimating bounds on the conditional value at risk of a portfolio 
given information about marginal distributions of its risk factors. After discretizing the joint 
distribution, the problem of finding bounds can be solved using linear programming. 
Theoretical and computational challenges will be discussed, and an applications to counterparty 
credit risk will be presented. 
 
Hedge Fund Fees: When the Manager Pays the Investor 
Luis Seco, University of Toronto, seco@math.toronto.edu (Presenting Author) 
Mohammad Shakourifar, Sigma Analysis & Management Ltd., mohammad@sigmanalysis.com 
Ben Djerroud, Sigma Analysis & Management Ltd., ben.djerroud@sigmanalysis.com 
David Saunders, University of Waterloo, dsaunder@math.uwaterloo.ca 
 
This talk will give an overview of the manager fee structures that exist, from the famous 2/20 to 
some novel framework, such as first loss programs. The talk will then address the associated 
problems in portfolio optimization where returns are considered to be net of fees. 
______________________________________________________________________________ 
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Session: Health Applications II (KC301) 
Cluster: Healthcare Operations 
Chair: Michael Carter, University of Toronto 
 
Level 2 Bed Planning in the London Health Science Centre: A Simulation Model Based on 
NEMS Scores 
Felipe Rodrigues, Ivey Business School at Western University, frodrigues.phd@ivey.ca 
(Presenting Author) 
Greg Zaric, Ivey Business School at Western University, gzaric@ivey.ca 
David Stanford, Western University, stanford@stats.uwo.ca 
Judy Kojlak, London Health Sciences Centre, Judy.Kojlak@lhsc.on.ca 
Fran Priestap, London Health Sciences Centre, Fran.Priestap@lhsc.on.ca 
Claudio Martin, London Health Sciences Centre, cmartin@lhsc.on.ca 
 
In highly congested hospitals, it may be common for patients to overstay at Intensive care units 
due to unbalanced downstream capacity. Step-down beds, also known as Level 2 beds, have 
become an increasingly popular and cheaper alternative to deal with this delicate issue. We 
developed a discrete event simulation model that estimates Level 2 bed needs for a university 
hospital (LHSC). The model innovates by simulating the daily Death/Stay/Step-down stochastic 
routine at the ICU based on nursing workload scoring, i.e. NEMS. We show our model provides 
a useful, more realistic framework for bed capacity panning in hospitals. 
 
Chronic Kidney Disease Progression: A Simulation Model 
Zlatana Nenova, University of Pittsburgh, zdn3@pitt.edu (Presenting Author) 
Jerrold May, University of Pittsburgh, jerrymay@katz.pitt.edu 
 
We have developed a simulation model, which predicts the one-year disease progression of a 
chronic kidney disease patient. We believe that accurate forecasts will be beneficial when 
making appointment decisions. Our model uses a case-based analysis method to forecast 
patient’s disease progression. It tracks a number of patient lab values (eGFR, Albumin, 
Phosphate, and Potassium), vital signs (Systolic and Diastolic Blood Pressure and Weight), as 
well as disease comorbidities and complications (diabetes, heart failure, dialysis, PVD/CVD and 
cirrhosis). 
 
Implementation of OR Master Scheduling in Hospitals 
Carolyn Busby, University of Toronto, carolyn.busby@mail.utoronto.ca (Presenting Author) 
Michael Carter, University of Toronto, mike.carter@utoronto.ca 
Daphne Sniekers, Cancer Care Ontario, daphnesniekers@gmail.com 
 
The successes and challenges of implementing our generalized perioperative Simulation Model 
will be discussed. The model has so far been implemented at 12 hospitals located in Ontario 
and Saskatchewan. 
______________________________________________________________________________ 
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Session: TUTORIAL - An Integrated Approach to Call Center Planning (KC302) 
Cluster: Queueing Theory 
Chair: Marco Bijvank, University of Calgary 
 
An Integrated Approach to Call Center Planning 
Ger Koole, VU University Amsterdam, ger.koole@vu.nl 
 
There are many mathematically challenging planning tasks in call centers, requiring knowledge 
of different fields such as forecasting, queueing and optimization. These tasks are not 
independent but related. We introduce the different problems, discuss their relevance to 
practice, and give ideas on how they can be solved in such a way that the overall call center 
objectives are optimized. 
______________________________________________________________________________ 
 
Session: New Application of Probability Models in OM (KC303) 
Cluster: Applied Probability and Stochastic Optimization 
Chair: Sajjad Najafi, University of Toronto, Industrial Engineering Department 
 
A Fluid Model for an Overloaded Bipartite Queueing System with Scoring-Based Priority Rules 
Yichuan Ding, daniel.ding@sauder.ubc.ca (Presenting Author) 
Mahesh Nagarajan, UBC, mahesh.nagarajan@sauder.ubc.ca 
Thomas McCormick, UBC, thomas.mccormick@sauder.ubc.ca 
 
We consider an overloaded bipartite queueing system (BQS) with multitype customers and 
service providers. In such a system, a service provider assigns each customer a score based on 
customer type, duration of waiting time, and server type. Service is then provided to the 
customer with the highest score. We approximate the behavior of such a system using a fluid 
limit process. Given these properties, we can efficiently characterize the unique fluid limit 
process. We illustrate the application of this machinery in a case study of housing assignment in 
Pittsburgh. 
 
The Effects of Speedup and Slowdown on the Performance of Service Systems 
Hossein Abouee Mehrizi, haboueemehrizi@uwaterloo.ca (Presenting Author) 
Nasser Barjesteh, barjesteh@chicagobooth.edu 
 
Basic queueing theory typically deals with a single-class of customers with exogenous arrival 
rates and service times that are independent of system congestion, with no customer bounce 
backs to the system. In many real world applications though, these assumptions do not hold. 
Motivated by analyzing hospital readmission, we model a system with endogenous arrival and 
service times, with the latter affecting customer bounce backs. We first model the system as a 
Markov chain with Markovian arrival and service processes and provide the conditions under 
which the system is stable. We then examine the dynamics of the system using a fluid 
approximation. 
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Dynamic Pricing of Multiple Products under Customers' Sequential Search 
Sajjad Najafi, University of Toronto, snajafi@mie.utoronto.ca (Presenting Author) 
Chi-Guhn Lee, University of Toronto, cglee@mie.utoronto.ca 
Sami Najafi-Asadolahi, Santa Clara University, snajafi@scu.edu 
Steven Nahmias, Santa Clara University, snahmias@scu.edu 
 
We consider a seller offering multiple types of substitutable products over a finite selling 
season. From classical revenue management perspective, customers evaluate all the available 
products in the store and choose the one generating the maximum utility (i.e., simultaneous 
search). We modify this classic setting by incorporating customers' sequential search. In this 
setting, customers incur a search cost for inspecting the products and consequently, may 
examine only a subset of the products. 
______________________________________________________________________________ 
 
Session: Supply Chain Risk Management (KC305) 
Cluster: Supply Chain Management 
Chair: Juan Camilo Serpa, Indiana University 
 
Creating Competitors: When Advertising Encourages Copycat 
Hubert Pun, hpun@ivey.uwo.ca (Presenting Author) 
Greg Deyong 
 
We examine the decisions of a manufacturer and a copycat firm using a two-period game 
theoretical model. The manufacturer decides the market expansion advertising investment in 
the first period and the pricing strategy in both periods; the advertising investment increases 
the “size of the pie”, which eventually ends up sharing the benefits with the copycat. After the 
first period, the copycat chooses the entrance decision and the pricing strategy if it enters. The 
customers are forward-looking strategic, and they decide whether or not to buy, when to buy 
and which product to buy. 
 
Strategic Risk Management Strategies in Supply Chains 
Xuan Zhao, xzhao@wlu.ca 
 
This paper studies two risk management strategies related to spot market to mitigate firms' 
exposure to demand uncertainty, namely, operational hedging and financial hedging. We find 
that The supplier charges a lower contract price when selling to operational hedger(s), which 
hurt the supplier. The operational hedger may not benefit from the lower contract price. By 
committing to opt out of the spot trading, the financial hedger benefit from competing with an 
operational hedger, who is forced to reduce his production. As a result, both incline to commit 
to financial hedging, which may lead to the Prisoner’s Dilemma. 
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Heterogeneity of Reference Points in the Competitive Newsvendor 
Sam Kirshner, UNSW Business School, s.kirshner@unsw.edu.au (Presenting Author) 
Anton Ovchinnikov, Queen's University, anton.ovchinnikov@queensu.ca 
 
Prospect theory explains a monopolist newsvendor's behavior when the utility function 
includes a reference point describing the level of optimism on profit realization. Extending the 
optimism based reference point to a competitive newsvendor setting with a single supplier, this 
talk explores how heterogeneity of reference points impacts (1) the equilibrium ordering 
quantities between two retailers and (2) the supplier’s optimal wholesale price. The model 
provides theoretical insights into the phenomenon of newsvendors ignoring competitor's 
behavior and rational for order variability. In addition, the model provides novel insights into 
the influence of optimism on the design of price-only wholesale contracts. 
______________________________________________________________________________ 
 
Session: PRACTITIONERS DAY - Extractive Industries I (KC304) 
Cluster: Applications of OR in Extraction Industries 
Chair: Andrew Bennett, Chevron Canada Limited 
 
Visual Analytic Techniques for Operational Efficiency and Performance Improvements 
Bertrand Groulx, Verdazo Analytics, bertrand@verdazo.com 
 
Downtime in Alberta amounted to at least billion dollars in unachieved revenue in 2015. 
Analytics is increasingly becoming the secret weapon that companies can use to identify 
downtime reduction opportunities, reduce costs and establish a competitive advantage. This 
visually stimulating presentation will outline an evolution of visual analytic techniques and 
approaches that have helped oil and gas producers overcome data obstacles to optimize 
production and reduce costs in challenging times. 
______________________________________________________________________________ 
 
Session: PRACTITIONERS DAY - The Problem of Adoption (KC306) 
Cluster: Business Analytics 
Chair: Osman Alp, University of Calgary 
 
Maximizing Combined Profitability and Utilization of Upstream and Midstream Operations 
Zaman Forootan, zaman.forootan@ca.pwc.com 
 
The gas industry is struggling to optimize company-wide cash flow given many uncertainties. 
Typical approaches based on individual well economics are inadequate. A multi-objective 
optimization model developed by PwC addresses this problem using historical and forecast data 
from client databases. The first stage of the model maximizes cash flow NPV by deciding which 
wells to turn on when, subject to constraints on egress and processing capacities. The 
maximum NPV is then relaxed to maximize midstream utilization. Without the model it is 
extremely difficult to find the optimal solution in a reasonable time for even a small number of 
wells. 
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The Problem of Adoption 
Daniel Haight, University of Alberta, dan.haight@ualberta.ca 
 
Analytics projects have an abysmal success rate. Some estimates suggest that up to 80% of the 
projects fail. In this talk, we'll look at some of the reasons for this lack of success, drawing 
examples from projects in professional hockey and the energy sector. 
______________________________________________________________________________ 
 
Session: PRACTITIONERS DAY - Graduate Programs in Business Analytics (KC308) 
Cluster: OR Education 
Chair: Armann Ingolfsson, University of Alberta 
 
Panel Discussion: Graduate Programs in Business Analytics 
Armann Ingolfsson, University of Alberta, armann.ingolfsson@ualberta.ca 
Mike Fry, University of Cincinatti, mike.fry@uc.edu 
Diego Klabjan, Northwestern University, d-klabjan@northwestern.edu 
Harish Krishnan, University of British Columbia, harish.krishnan@sauder.ubc.ca 
Murat Kristal, York University, mkristal@schulich.yorku.ca 
Yuri Levin, Queens University, yuri.levin@queensu.ca 
 
Representatives of several universities that offer graduate programs in analytics will discuss 
why one should study analytics, the advantages of studying analytics at their university, 
admission requirements, and career prospects for analytics graduates. 
______________________________________________________________________________ 
 
Session: Management of Forest Bioenergy Value Chains (KC310) 
Cluster: Applications of OR in Forestry 
Chair: Taraneh Sowlati, University of British Columbia 
 
Supply Chain Design and Techno-Economic Analysis for a Lignin and Forestry Residues 
Biorefinery 
Luana Dessbesell, Lakehead University, ldessbes@lakeheadu.ca (Presenting Author) 
Chunbao (Charles) Xu, Western University, cxu6@uwo.ca 
Reino Pulkki, Lakehead University, rpulkki@lakeheadu.ca 
Mathew Leitch, Lakehead University, mleitch@lakeheadu.ca 
 
Concerns and desire to move away from fossil fuels dependence and reduce emissions have 
encouraged researchers worldwide, especially Canada, to develop technology platforms for 
novel lignin-based materials and chemicals. Although there have been significant achievements, 
there are still challenges for scaling up these technologies. A reliable biomass supply chain is 
crucial to achieving commercial production of value-added high-value bioproducts. However, 
supply chain models addressing lignin-based products are lacking in the published literature. 
Therefore, this on-going study is developing supply chain design, techno-economic analyses and 
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a location problem for a Forest Biorefinery to produce value-added bioproducts from lignin and 
forestry residues. 
 
Integrated Biomass to Bioenergy and Biofuel Supply Chain Optimization 
Shaghaygh Akhtari, UBC, akhtari.shaghayegh@gmail.com (Presenting Author) 
Taraneh Sowlati, UBC, taraneh.sowlati@ubc.ca 
 
This study presents the development and implementation of an integrated optimization model 
for supply chain planning of biomass to bioenergy and biofuel products. This multi-period 
optimization model will maximize the profit generated from sales of products and address 
simultaneously the tactical and operational decisions related to biomass procurement and 
transportation, and inventory levels of biomass and products as well as variations in forest 
biomass availability and quality. The potential use of the model will be illustrated by using 
realistic data from a case study located in the Interior British Columbia. 
 
Optimization of Forest Bio-Refinery Supply Chain with Economic, Environmental and Social 
Criteria 
Taraneh Sowlati, University of British Columbia, taraneh.sowlati@ubc.ca (Presenting Author) 
Claudia Cambero, University of British Columbia, cambero.claudia@gmail.com 
 
A multi-objective optimization model is developed to maximize economic, environmental and 
social benefits of generating bioenergy and biofuel from forest-based biomass. Economic 
benefits considered the net present value of the supply chain investment. Environmental 
benefits are quantified by the life cycle GHG emission savings associated with the establishment 
and operation of conversion plants. Social benefits are assessed through the quantification of 
newly created jobs of different types in different locations. The model is applied to a case study 
in British Columbia, and a set of Pareto-optimal solutions is obtained using the augmented ɛ-
constraint (AUGMECON) method. 
______________________________________________________________________________ 
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Session: Plenary Session (Max Bell Auditorium) 
Cluster: Plenary 
Chair: Bernard Gendron, Université de Montréal 
 
Optimization of Energy Systems 
Pascal Van Hentenryck, University of Michigan, pvanhent@umich.edu 
 
The design, control, and operation of energy systems typically require the solving of 
optimization problems over physical laws. The resulting optimization programs are often 
computationally challenging and increasingly so with the integration of renewable energy, the 
need for more resilience, and network integration. 
 
This talk reviews recent progress in this area, including some surprising complexity results and a 
number of theoretical and computational advances that have radically changed the field in the 
last 5 years. The talk will then present some novel results in the design and control gas 
networks, which have become increasingly important in the energy mix. The talk will conclude 
by a review of some fundamental challenges in the field, including the integration of electricity 
and gas networks. 
______________________________________________________________________________ 
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Session: Applications II (KC201) 
Cluster: CPAIOR 
Chair: Willem-Jan van Hoeve, Carnegie Mellon University 
 
Balancing Nursing Workload by Constraint Programming 
Gilles Pesant, Polytechnique Montréal and CIRRELT, Gilles.Pesant@polymtl.ca 
 
Nursing workload in hospitals has an impact on the quality of care and on job satisfaction. On a 
version of the nurse-patient assignment problem given a fixed staffing of neonatal intensive 
care units, constraint programming (CP) was shown to perform better than competing 
optimization methods. We take advantage of recent improvements to the CP approach to solve 
the integrated problem of staffing and nurse-patient assignment. We then consider a more 
difficult but also more realistic version of the problem in which patients are categorized into a 
small number of types and the workload associated with each type is nurse-dependent. 
 
Designing Spacecraft Command Loops Using Two-Dimension Vehicle Routing 
Eliott Roynette, Airbus DS, eliott.roynette@gmail.com (Presenting Author) 
Bertrand Cabon, Airbus DS, bertrand.cabon@airbus.com 
Cédric Pralet, ONERA, cpralet@onera.fr 
Vincent Vidal, ONERA, vincent.vidal@onera.fr 
 
In the race to space, reduction of the weight of spacecrafts is an important issue to progress 
further and further. In this perspective, a key component in a spacecraft is the command 
system. The latter is a vital system which gives control over all devices. To reduce the cost of 
development of this command system, there is a need to define optimization techniques. This 
paper present the problem tackled, which is a kind of Vehicle Routing Problem which we call a 
Two-dimension Vehicle Routing Problem, and to compare several solution techniques. One of 
these techniques is currently used for production. 
 
Optimal Upgrading Schemes for Effective Shortest Paths in Networks 
Eduardo Álvarez-Miranda, ealvarez@utalca.cl (Presenting Author) 
Markus Sinnl 
Martin Luipersbeck 
______________________________________________________________________________ 
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Session: Experiments in Behavioral Operations (KC202) 
Cluster: Behavioral Operations 
Chair: Anton Ovchinnikov, Queens University 
 
Coordination in New Product Development: An Experiment 
Tingting Yan 
Dina Ribbink 
Hubert Pun, hpun@ivey.uwo.ca (Presenting Author) 
 
In New Product Development, the collaboration between buyer and supplier is becoming 
increasingly important. Using an experiment, we look at the contract parameters of buyer-
supplier interactions in the presence of different types of risk. 
 
Strategic Uncertainty in Assembly Systems: An Experimental Investigation 
P. Judson Kenney, McGill University, jud.kenney@mail.mcgill.ca 
 
This study investigates how supply chain partners in an assembly system react to three 
different strategies of communicating supply risk. Our behavioral experiment uses a minimum 
game to model suppliers deciding the on amount of capacity to build when facing certain end 
customer demand, but uncertain supply from their peers. We find effective communication 
strategies can significantly improve performance and such improvements are more significant 
under higher critical ratios. 
 
When to Hire the First Employee? Behavioral Evidence and Insights 
Anton Ovchinnikov, anton.ovchinnikov@queensu.ca 
 
Effectively any entrepreneur shifts from doing all the work him/herself to hiring someone to do 
part of that work. We use an analytical model and behavioral experiments to study when 
entrepreneurs should and do hire their first employee. Understanding both the optimal 
timing/conditions of hiring and the deviations of the hiring patterns from optima have the 
potential to provide insights to a very broad spectrum of entrepreneurs at the critical early 
stage of their new venture formation process. 
______________________________________________________________________________ 
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Session: Integrated Logistics Optimization (KC203) 
Cluster: Transportation and Logistics 
Chair: Leandro C. Coelho, Laval University 
 
The Multi-Plant, Multi-Product and Multi-Period Lot Sizing, Inventory and Distribution 
Problem 
Maryam Darvish, Laval University, maryam.darvish@cirrelt.ca (Presenting Author) 
Leandro C. Coelho, Laval University, Leandro.CallegariCoelho@cirrelt.ca 
 
Integrated optimization of production, inventory control and distribution is a common problem 
for many industries. This research investigates a multi-product multi-period capacitated lot 
sizing problem where customers’ orders need to be served before a specified due date. We 
propose a large MIP to model the problem. The objective is to minimize the total costs of 
production, inventory and distribution in a way that all customers are served within the 
specified time windows and the production, inventory, and distribution activities are all 
coordinated. Random instances are generated and the results are compared with respect to 
solution quality and run time. 
 
Order Picking under Weight, Fragility and Category Constraints 
Thomas Chabot, Université Laval, thomas.chabot@cirrelt.ca (Presenting Author) 
Rahma Lahyani, College of Business, Al Faisal University, Rahma.lahyani@cirrelt.ca 
Leandro C. Coelho, Université Laval, Leandro.Coelho@cirrelt.ca 
Jacques Renaud, Université Laval, Jacques.Renaud@cirrelt.ca 
 
Warehouse order picking activities are the ones that impact the most the warehouses 
performances. In this paper we incorporate many product specific characteristics such as 
weight, fragility, and category. We propose two mathematical models to formulate the 
problem, and we present four heuristic methods, including the largest gap, mid point, and S-
shape heuristics. The fourth one is an implementation of an adaptive large neighborhood 
search algorithm specifically designed for the problem at hand. We assess the performance of 
all our methods on a set of instances generated from our real-life observations. 
 
Symmetry Breaking in Distribution Problems 
Leandro Coelho, CIRRELT and Univ Laval, leandro.coelho@cirrelt.ca (Presenting Author) 
Raf Jans, HEC Montreal, raf.jans@hec.ca 
 
In this talk we introduce and evaluate several symmetry breaking strategies for distribution 
problems. We formulate an inventory-routing problem with several homogeneous vehicles and 
model various symmetry breaking constraints for this problem. We then show that input 
ordering can have a major impact on the performance of the solution procedure depending on 
the type of symmetry breaking being used. Detailed and extensive computational experiments 
are used to support our findings. 
______________________________________________________________________________ 
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Session: Large-Scale Optimization (KC205) 
Cluster: Mathematical Programming and Optimization 
Chair: Samir Elhedhli, University of Waterloo 
 
An Improved Version of the Integral Simplex Using Decomposition Algorithm 
Abdelouahab Zaghrouti, Polytechnique Montréal, abdelouahab.zaghrouti@gerad.ca (Presenting 
Author) 
Issmail El Hallaoui, Polytechnique Montréal, issmail.elhallaoui@gerad.ca 
Francois Francois.Soumis, Polytechnique Montréal, francois.soumis@gerad.ca 
 
ISUD (Integral Simplex Using Decomposition) is a method that solves efficiently Set Partitioning 
Problems for the transportation industry. We introduce a new version of the ISUD algorithm 
that improves both quality and performance. Optimal solutions are encountered, in less than a 
minute, for large instances with up to 570000 columns. 
 
Vehicle Routing for Targets with Floating Locations 
Joe Naoum-Sawaya, Ivey Business School, jnaoum-sawaya@ivey.ca (Presenting Author) 
Claudio Gambella 
Bissan Ghaddar 
 
We present a generalization of the vehicle routing problem which consists of intercepting non-
stationary targets with a fleet of vehicles in order to bring them to a common destination. We 
propose a novel Mixed Integer Second Order Cone Program for the problem and exploit the 
problem structure using a Lagrangian decomposition and propose an exact branch-and-price 
algorithm. 
 
A Layered Branch-And-Price Approach for 3D Bin Packing 
Samir Elhedhli, University of Waterloo, elhedhli@uwaterloo.ca (Presenting Author) 
Burak Yildiz, University of Waterloo, byildiz@uwaterloo.ca 
Fatma Gzara, University of Waterloo, fgzara@uwaterloo.ca 
 
We propose a new formulation and a branch-and-price algorithm for the three-dimensional bin 
pocking problem based on a layering approach. Building layers as opposed to towers is a very 
desirable practical feature for stability and item compatibility reasons. Numerical results based 
on real data are presented. 
______________________________________________________________________________ 
  



2:45 pm – 4:00 pm, Tuesday, May 31, 2016 

89 
 

Session: Optimization Software (KC208) 
Cluster: Mathematical Programming and Optimization 
Chair: Michael Winkler, Gurobi GmbH 
 
Recent Advances in the Artelys Knitro Nonlinear Optimization Solver 
Maxime Fender, Artelys, maxime.fender@artelys.com 
 
Artelys Knitro is the premier solver for nonlinear optimization problems. This software 
demonstration will highlight the latest Knitro developments, including a new mixed-integer 
nonlinear programming (MINLP) algorithm able to handle non-relaxable integer variables, and 
new object oriented and R interfaces. The demo will also provide an overview of how to 
effectively use Knitro in a variety of environments and applications. 
 
Parallelization of the FICO Xpress Optimizer 
Timo Berthold, Xpress Optimization, FICO, timoberthold@fico.com 
James Farmer, Xpress Optimization, FICO, jamesfarmer@fico.com 
Stefan Heinz, Xpress Optimization, FICO, stefanheinz@fico.com (Presenting Author) 
James Farmer, Xpress Optimization, FICO, michaelperregaard@fico.com 
 
We present recent MIP advances in the FICO-Xpress Optimizer, with an emphasis on its new 
parallelization concept. To achieve reasonable speedups from parallelization, a high workload 
of the available computational resources is a precondition. We address this challenge by 
following a partial information approach and separating the concepts of simultaneous tasks and 
independent threads from each other. Computational results indicate that this leads to a higher 
CPU workload and to an improved scaling on modern high-performance CPUs. As an added 
value, the solution path that the Optimizer takes is not only deterministic, but on top of that 
platform- and thread-independent. 
 
Gurobi - Performance Improvements and New Features 
Michael Winkler, Gurobi, winkler@gurobi.com 
 
The talk gives an overview on performance improvements for different problem classes and 
introduces new features of the current Gurobi release. In detail, the talk focuses on some 
special tricks and ideas that are the foundation for these improvements. 
______________________________________________________________________________ 
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Session: Stochastic Finance (KC210) 
Cluster: Finance and Risk Management 
Chair: François Watier, Universite du Quebec a Montreal 
 
Price Dynamics in a General Markovian Limit Order Book 
Jonathan Chavez Casillas, University of Calgary, jonathan.chavezcasil@ucalgary.ca 
Robert J. Elliott, University of Calgary, robert.elliott@haskayne.ucalgary.ca 
Bruno Rémillard, HEC Montreal, bruno.remillard@hec.ca (Presenting Author) 
Anatoliy Swishchuk, University of Calgary, aswish@ucalgary.ca 
 
We propose a simple stochastic model for the dynamics of a limit order book, extending the 
recent work of Cont and de Larrard, where the price dynamics are endogenous, resulting from 
market transactions. We also show that the diffusion limit of the price process is the so-called 
Brownian meander. 
 
Monte Carlo Valuation of Multiple Exercise Options: A Structured Regression Approach 
Mark Reesor, Western University, mreesor@uwo.ca (Presenting Author) 
Rahim Khorasany, Western University, rmohamm7@uwo.ca 
 
Recent work by Letourneau and Stentoft (2014) shows American option price estimator bias is 
reduced by imposing additional structure on the regressions used in Monte Carlo pricing 
algorithms. We extend their methodology to the Monte Carlo valuation of multiple exercise 
options by requiring additional structure on the regressions used to estimate continuation 
values. The resulting price estimators have reduced bias, particularly for small sample sizes, and 
results hold across a variety of option types, maturities, moneyness. 
 
Weighted Mean-Variance Strategy under a No-Bankruptcy Constraint 
François Watier, Universite du Quebec a Montreal, watier.francois@uqam.ca 
 
Following the usual Black-Scholes market model, we consider a stochastic portfolio 
management problem where the investor wishes to attain an expected financial goal at a given 
terminal date while minimizing a mean-variance based risk measure where more weight (or 
penalty) is given on downside returns. Under a positive wealth constraint, we show that there 
exists an explicit optimal strategy given in feedback form. 
______________________________________________________________________________ 
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Session: Contributed III - Healthcare (KC301) 
Cluster: Healthcare Operations 
Chair: Mohammed Baki, University of Windsor 
 
Operating Room Slate Scheduling Using a 2-D Bin Packing Model 
Amin Abedini, University of Kentucky, aab249@g.uky.edu 
Wei Li, University of Kentucky, wei.mike.li@uky.edu (Presenting Author) 
Barrie R. Nault, Haskayne School of Business, nault@ucalgary.ca 
 
Operating rooms (ORs) are “the engine that drives the hospital”. Bin packing (BP) models are 
used to improve OR performance. The traditional BP model is one dimensional, and focuses on 
the performance of ORs only. However, the peri-operative process consists of three stages, pre-
operative, intra-operative, and post-operative, and ORs are in the intra-op stage. Performance 
improvement of one stage does not necessarily indicate the overall performance improvement. 
We use a 2-D BP model to link intra-ops with post-ops. Based on the utilization and length of 
stay for each stage, our 2-D BP model performs better than a 1-D BP model. 
 
Mathematical Programming and Heuristics for Order Set Optimization 
Daniel Gartner, Cardiff University, gartnerd@cardiff.ac.uk (Presenting Author) 
Yiye Zhang, Carnegie Mellon University, yiyez@andrew.cmu.edu 
Rema Padman, Carnegie Mellon University, rpadman@cmu.edu 
 
Order sets are consensus-based clusters of order items in CPOE that aim to simplify the process 
of ordering multiple items at a time for each patient. We develop a mathematical programming 
model to minimize clinicians' physical and cognitive workload from order set utilization. Using 
order data of Asthma patients, our optimization model and exact solution procedure reduces 
the current physical workload by 12% to 65% and cognitive workload by 21% to 23% under 
varying scenarios. 
 
Min-Max Appointment Scheduling Problem 
Mohammed Baki, University of Windsor, fbaki@uwindsor.ca (Presenting Author) 
Jianbo Qian, University of Windsor, jianbo.qian@gmail.com 
Vedant Bajaj, University of Windsor, bajajv@uwindsor.ca 
 
We have a set of jobs that need to be sequentially processed on a single processor. The 
processing duration of each job is stochastic and can assume any value within a given range. 
Every job must be completed on-time. When a job finishes earlier, there is an underage cost 
and when a job finishes late, there is an overage cost. The problem is to find appointment times 
that minimizes the maximum total underage and overage cost. We discuss some preliminary 
results. 
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Session: Models and Analysis of Emergency Medical Services (KC302) 
Cluster: Healthcare Operations 
Chair: Armann Ingolfsson, University of Alberta 
 
Dynamic Long-Term Planning of Ambulance Locations and Assignments 
Oleksandr Shlakhter, Alberta Health Services, oleksandr.shlakhter@albertahealthservices.ca 
(Presenting Author) 
Dmitry Krass, Rotman School of Management, Univ. of Toronto, krass@rotman.utoronto.ca 
 
In this paper we analyze Emergence Medical Services (EMS) with stochastic dynamic demand. 
We present new perspectives on the problem of long-term planning of emergency medical 
services, including station locations and ambulance assignments. The problem is formulated as 
multi-period location/queueing model with two non-preemptive priority classes of events 
(calls), with each class consisting of two types of events: events which require transport to a 
hospital and events without transport 
 
Dynamic Programming for Ambulance Fleet Management 
Amir Rastpour, Ivey Business School, University of Western Ontario, amir.rastpour@ualberta.ca 
(Presenting Author) 
Armann Ingolfsson, Alberta School of Business, University of Alberta, 
armann.ingolfsson@ualberta.ca 
Greg Zaric, Ivey Business School, University of Western Ontario, gzaric@ivey.uwo.ca 
Mehmet Begen, Ivey Business School, University of Western Ontario, mbegen@ivey.uwo.ca 
 
We use dynamic programming to model ambulance systems. Our model can potentially assist 
ambulance dispatchers to proactively avoid states at which most, or all, of scheduled 
ambulances are busy by taking appropriate actions timely. Possible actions that we consider 
are: Calling in additional ambulances from neighboring cities, expediting the service, and 
repositioning available ambulances following a desired compliance table. The objective is to 
maximize the expected proportion of time that the system spends in states with low utilizations 
by using reward functions that penalize being in high-utilization states. We use a detailed 
simulation model to validate our results. 
 
Inventory Is People: How Load Affects Service Times in Emergency Response 
Armann Ingolfsson, University of Alberta, aingolfs@ualberta.ca 
 
In many service systems, the most important inventory in the system is people. Most queueing 
models assume that people and objects are interchangeable. While most people recognize the 
significant difference, the academic literature on how that difference manifests itself is still 
young. We analyze a large data set of emergency medical service responses in the city of 
Calgary to explore and understand how the inventory of patients in the system adapts as a 
function of load. 
______________________________________________________________________________ 
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Session: Scheduling, Routing, and Strategic Queue Control (KC303) 
Cluster: Applied Probability and Stochastic Optimization 
Chair: Rhonda Righter, UC Berkeley 
 
Managing Perishable Inventory Systems with Multiple Demand Classes 
Rui Chen, Rotman School of Management, University of Toronto, 
Rui.Chen@Rotman.Utoronto.Ca (Presenting Author) 
Hossein Abouee-Mehrizi, Department of Management Sciences, University of Waterloo, 
haboueemehrizi@uwaterloo.ca 
Opher Baron, Rotman School of Management, University of Toronto, 
Opher.Baron@Rotman.Utoronto.Ca 
Oded Berman, Rotman School of Management, University of Toronto, 
Berman@Rotman.Utoronto.Ca 
 
We consider a multi-period stochastic inventory control problem where the firm sells 
perishable products to multiple demand classes. Each demand class only accepts products that 
have lifetime larger than or equal to a certain threshold. The firm can also salvage inventory of 
any age at each period. An example is a food supplier selling products to retailers that have 
different market size or have different geographical locations. We characterize the structure of 
the optimal replenishment, allocation and disposal policies and for large instances propose a 
simple heuristic. 
 
On Robust Size-Based Scheduling 
Douglas Down, McMaster University, downd@mcmaster.ca (Presenting Author) 
Rachel Mailach, McMaster University, mailacrs@mcmaster.ca 
 
We study the problem of scheduling (both routing and local scheduling) in a system of parallel 
queues, where size information is available, but the size information may have errors. We 
discuss the sensitivity of some well-known schemes to errors and leverage the insights gained 
to suggest that class-based scheduling schemes, where classes are determined dynamically, 
may perform well in such error-prone settings. The determination of classes is performed using 
a distribution-free approach suggested by Jelenkovic et al., with a slight modification to 
improve performance. 
 
Scheduling in Systems with Redundant Requests 
Kristy Gardner, Carnegie Mellon University, ksgardne@cs.cmu.edu (Presenting Author) 
Rhonda Righter, UC Berkeley 
Mor Harchol-Balter, Carnegie Mellon University 
 
A great deal of recent computer systems research has focused on the use of redundant 
requests to reduce latency. The idea is to send copies of the same job to multiple servers and 
wait for the first copy to complete service. While empirical studies have demonstrated that 
redundancy can greatly improve response time, redundancy can also hurt jobs that are non-
redundant, and there remains relatively little theoretical work on understanding this tradeoff. 



2:45 pm – 4:00 pm, Tuesday, May 31, 2016 

94 
 

In this talk, we introduce several scheduling policies designed to balance the benefits and 
drawbacks of redundancy and discuss our theoretical results on these policies. 
______________________________________________________________________________ 
 
Session: Advances in Inventory Management (KC305) 
Cluster: Supply Chain Management 
Chair: Saman Hassanzadeh Amin, Shannon School of Business, Cape Breton University 
 
Economic Inventory Retention Decision Model 
Michael Pouy, LMI, mpouy@lmi.org 
 
In the world of spare and repair parts inventory, economic retention of surplus stock is a 
delicate balancing act. Keeping too much raises storage cost, but disposing might mean future 
repurchase costs. This is especially true in business sectors where demand is uncertain, end 
item equipment is aging, and sources are limited. Our model harnesses demand uncertainty 
and applies standard economic analysis principles to develop a net present value expected cost 
to keep vs retain a given amount of stock. 
 
Returnable Container Inventory Management 
Marcela Monroy-Licht, DeGroote School of Business, McMaster University, lichti@mcmaster.ca 
(Presenting Author) 
Kai Huang, DeGroote School of Business, McMaster University, khuang@mcmaster.ca 
 
One manufacturer deliveries gas cylinders to multiple customers. The customers consume the 
gases at different rates and empty cylinders are picked up by the manufacture. The problem 
consists of defining the inventory levels in each period and determining the collection strategy 
of empty cylinders. The manufacturer looks for minimizing the holding inventory cost and the 
cost of visiting customers. We present the formulation of the problem and some preliminary 
results using a decomposition method to solve the problem. 
 
Analyzing the Effects of Uncertainty in a Tire Closed-Loop Supply Chain Network 
Saman Hassanzadeh Amin, Shannon School of Business, Cape Breton University, 
saman_amin@cbu.ca (Presenting Author) 
Guoqing Zhang, Faculty of Engineering, University of Windsor, gzhang@uwindsor.ca 
 
In a closed-loop supply chain (CLSC) network, there are both forward and reverse supply chains. 
In this talk, design and optimization of a tire remanufacturing CLSC network are described. The 
objective of the optimization model is to maximize the total profit. The optimization model 
includes multiple products, suppliers, plants, retailers, demand markets, and drop-off depots. 
The application of the model is discussed in a realistic network located in Toronto. The effects 
of uncertainty in the network are analyzed by using decision trees. 
______________________________________________________________________________ 
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Session: PRACTITIONERS DAY - Extractive Industries II (KC304) 
Cluster: Applications of OR in Extraction Industries 
Chair: Andrew Bennett, Chevron Canada Limited 
 
Statistically Enhanced Decline Analysis Yields Accurate Developed Proved Deterministic 
Reserves 
Randy Freeborn, Energy Navigator, rfreeborn@energynavigator.com 
 
The preferred method of reserves evaluation for producing wells is deterministic. However, 
when deterministic methods are used, evaluators cannot reliably assign reserves that satisfy 
the prescribed certainty for each reserves category. In addition, they have no method to 
quantify the impact that aggregation will have on reserves certainty. The objective of this paper 
is to demonstrate how evaluators may overcome these deficiencies and improve the accuracy 
of their reserves reporting through a new method of statistically enhanced decline analysis 
(SEDA). 
______________________________________________________________________________ 
 
Session: PRACTITIONERS DAY - Airline Analytics (KC306) 
Cluster: Business Analytics 
Chair: Daniel Haight, University of Alberta 
 
Operations Research at WestJet: Three Applications 
Glen Phillips, WestJet and The Haskayne School of Business at the University of Calgary, 
gphillips@westjet.com 
 
This presentation will outline applications of Operations Research methodologies at WestJet to 
three areas: fuel consumption, check-in, and schedule planning. 
______________________________________________________________________________ 
 
Session: PRACTITIONERS DAY - Presenting the Graduating Students I (KC308) 
Cluster: OR Education 
Chair: Janice Eliasson, Haskayne School of Business, University of Calgary 
 
This special session will showcase students planning to go on the job market this year. Students 
will have the opportunity to present themselves and give a brief summary of their research 
interests and accomplishments. Prospective employers from academia and industry will get an 
early look at the new crop of graduates in operations research and analytics. Afterward, there 
will be time to get to know these students better and have further individual discussions. 
______________________________________________________________________________ 
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Session: David Martell Student Paper Prize in Forestry (KC310) 
Cluster: Applications of OR in Forestry 
Chair: Jean-Francois Audy, Université du Québec à Trois-Rivières 
 
Real-Time Management of Transportation Disruptions in Forestry 
Amine Amrouss, Université de Montréal, amrouss.amine@gmail.com 
 
In this paper, we present a mathematical programming model based on a time- space network 
representation for solving real-time transportation problems in forestry. We cover a wide range 
of unforeseen events that may disrupt the planned transportation operations (e.g., delays, 
changes in the demand and changes in the topology of the transportation network). Although 
each of these events has different impacts on the initial transportation plan, one key 
characteristic of the proposed model is that it remains valid for dealing with all the unforeseen 
events, regardless of their nature. Indeed, the impacts of such events are reflected in a (...) 
 
Dynamic Safety Stock in Co-Production Demand-Driven Wood 
Rezvan Rafiei, Université Laval, rezvan.rafiei.1@ulaval.ca 
 
This paper studies the production planning problem of a wood remanufacturing mill involved 
with uncertain demands, a co-production system, sequence-dependent setup times and finite 
production capacity. The objective is to increase the service level and to keep the stock in a 
reasonable size. A mathematical model which includes a sequence-dependent setup time 
formulation is sketched as a base case. It is used with a periodic re-planning strategy. Then, in 
order to benefit from the idle production capacity, we propose a two-phase method combined 
with the periodic re-planning strategy. This method uses the idle production capacity in each 
period to (...) 
 
A Framework for Sustainable Forest Resource Allocation: A Canadian Case Study 
Tasseda Boukherroub, Interuniversity Research Centre on Enterprise Networks, Logistics and 
Transportation (CIRRELT), tasseda.boukherroub@cirrelt.ca (Presenting Author) 
 
This paper addresses the problem of public-owned forest resource allocation observed in 
Canada. An integrated framework based on mill abilities to create value (expressed as 
economic, environmental and social benefits) is proposed. It encompasses three phases: (1) 
election of sustainable allocation criteria, (2) evaluation of mill performance with regard to the 
allocation criteria and (3) allocation of wood volumes according to mill performance. The 
framework is applied to a case study proposed by Ministry of Forests, Fauna and Parks (MFFP) 
in Québec. It is implemented as follows: first, the international standards, Forest Stewardship 
Council (FSC) and Global Reporting Initiative (...) 
______________________________________________________________________________ 
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Session: Parallelization and Portfolios (KC201) 
Cluster: CPAIOR 
Chair: Jean-Charles Regin,  
 
Multi-Language Evaluation of Exact Solvers in Graphical Model Discrete Optimization 
Barry Hurley, barry.hurley@insight-centre.org (Presenting Author) 
Barry O'Sullivan, b.osullivan@cs.ucc.ie 
David Allouche, david.allouche@toulouse.inra.fr 
George Katsirelos, george.katsirelos@toulouse.inra.fr 
Thomas Schiex, thomas.schiex@toulouse.inra.fr 
Matthias Zytnicki, Matthias.Zytnicki@toulouse.inra.fr 
Simon De Givry, degivry@toulouse.inra.fr 
 
By representing the constraints and objective function in factorized form, graphical models can 
concisely define various NP-hard optimization problems. They are therefore extensively used in 
several areas of computer science and artificial intelligence. In this paper, we report on a large 
comparison of exact solvers on deterministic and probabilistic graphical models coming from a 
number of international competitions. To our knowledge, this is the first evaluation that 
encompasses such a large set of related NP-complete optimization frameworks, despite their 
tight connections. Results show that a small number of evaluated solvers are able to perform 
well on multiple areas. 
 
Parallelizing Constraint Programming with Learning 
Thorsten Ehlers, the@informatik.uni-kiel.de (Presenting Author) 
Peter J. Stuckey, pstuckey@unimelb.edu.au 
 
Parallel Constraint Programming (CP) solvers typically split the search space in disjoint 
subspaces, and run solvers independently on these. Parallel Boolean Satisfiability (SAT) solvers 
typically run a portfolio of solvers, all solving the same problem but sharing some limited learnt 
clause information. In this paper we consider parallelizing a lazy clause generation (LCG) 
constraint programming solver, which is a constraint programming solver with learning. We 
give examples of very different kinds of optimization problems we wish to parallelize and show 
that a hybrid approach to parallelization can provide a robust and high performing parallel LCG 
solver. 
 
Parallel Composition of Scheduling Solvers 
Daniel Fontaine, daniel.fontaine@gmail.com (Presenting Author) 
Laurent Michel, ldm@engr.uconn.edu 
Pascal Van Hentenryck 
 
Recent work in model combinators, as well as projects like G12 and SIMPL, achieved significant 
progress in automating the generation of hybrid solvers from high-level model specifications. 
This paper extends model combinators into the scheduling domain. This is of particular interest 
as, today, both Constraint Programming (CP) and Mixed-Integer Programming (MIP) perform 
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well on scheduling problems providing different capabilities and trade-offs. The ability to 
construct hybrid scheduling solvers to leverage the strengths of both technologies through 
high-level model combinators provides new opportunities. Complex parallel hybrids can be 
synthesized with minimal effort and provide substantial performance benefits over standalone 
solvers. 
______________________________________________________________________________ 
 
Session: Topics in Behavioral Operations (KC202) 
Cluster: Behavioral Operations 
Chair: Anton Ovchinnikov, Queens University 
 
How Analytic Reasoning Style Relates to Understanding Stocks and Flows 
Justin Weinhardt, University of Calgary, justin.weinhardt@haskayne.ucalgary.ca (Presenting 
Author) 
Rosa Hendijani, University of Calgary, rosa.hendijani@gmail.com 
Jason Harman, Louisiana, jasonlharman@gmail.com 
Coty Gonzalez, Carnegie Mellon University, coty@cmu.edu 
Piers Steel, University of Calgary, piers.steel@haskayne.ucalgary.ca 
 
Understanding stock-flow relationships is fundamental to operational systems. Previous studies 
have shown that even experts, make persistent errors when inferring the behavior of 
accumulation over time. However, little is known about what individual characteristics lead to 
better decisions. In this paper, we report the results of investigating the relationship between 
analytical-intuitive thinking on performance in a simple stock-flow problem. We find that 
individuals with an analytical thinking style, rather than an intuitive one, perform significantly 
better on a stock-flow problem. However, more work is needed to better understand what 
cognitive abilities are required is understand how people solve these problems. 
 
Price Competition in the Presence of Social Comparison and Demand Uncertainty 
Yun Zhou, Roman School of Management, University of Toronto, 
Yun.Zhou13@Rotman.Utoronto.Ca (Presenting Author) 
Ming Hu, Roman School of Management, University of Toronto, Ming.Hu@rotman.utoronto.ca 
Tony Haitao Cui, Carson School of Management, University of Minnesota, tcui@umn.edu 
 
We consider the price competition between a duopoly selling substitutable products under 
demand uncertainty. Firms' decisions are influenced by social comparison. Conventional 
wisdom suggests social comparison behaviors, such as behind aversion and ahead seeking, all 
tend to intensify competition. We demonstrate how opposite-directional social comparisons 
interact with demand variability to change competitive behaviors. We show that the stronger 
the behind aversion, the more intense the price competition. Surprisingly, there is a threshold 
on the market variability above which price competition is more alleviated and below which 
price competition is more intensified, when the firms exhibit stronger ahead-seeking behavior. 
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Which Customers Are More Valuable in a Dynamic Pricing Situation? 
Jue Wang, Smith School of Business, Queen's University, jw171@queensu.ca (Presenting 
Author) 
Anton Ovchinnikov, Smith School of Business, Queen's University, 
anton.ovchinnikov@queensu.ca 
 
We consider a firm that dynamically price its inventory and examine whether customers who 
purchase at higher prices indeed add higher marginal value to the firm. We present modeling 
and computational results which are calibrated on a unique data set from a major travel firm. 
______________________________________________________________________________ 
 
Session: Advances in Scheduling (KC203) 
Cluster: Mathematical Programming and Optimization 
Chair: Lama Asaad, University of Manitoba 
 
Availability-Based Maintenance Scheduling: The Case of Domestic Hot Water Subsystems of 
HVAC 
Omid Pourhosseini, Concordia University, pourhoss@alumni.ntnu.no (Presenting Author) 
Fuzhan Nasiri, Concordia University, fuzhan.nasiri@concordia.ca 
 
A proper maintenance scheduling, can contribute to cost efficiency gains by improving the 
availability and reliability of a system. In this sense, setting the maintenance time intervals and 
frequencies is of a significant importance to reduce the risk of disruption as well as to avoid 
over maintenance. In this research, maintenance scheduling of a domestic hot water subsystem 
is formulated and analyzed using an availability-based method. We propose a framework to 
maintain the availability of the system while optimizing on maintenance cost efficiency gains. 
 
Meta-Heuristic Algorithm to Solve the Identical Parallel Machine Scheduling Problem with 
Unequal Job 
Lama Asaad, University of Manitoba, asaadl@myumanitoba.ca (Presenting Author) 
Yuvraj Gajpal, University of Manitoba, Yuvraj.Gajpal@umanitoba.ca 
Tarek ElMekkawy, University of Manitoba, Tarek.ElMekkawy@umanitoba.ca 
 
The identical parallel machine scheduling problem, with unequal jobs release time to minimize 
the total flow time, exists in various industrial and service systems, such as manufacturing and 
healthcare systems. The solution proposed an improved meta-heuristic algorithm (T-MFHA). 
The performance of the developed T-MFHA algorithm has been evaluated by comparing its 
results with the results of developed mathematical model as well as the other reported 
heuristics from the literature. The obtained results of the proposed T-MFHA algorithm have 
very small gap from the optimal results obtained by the mathematical model and better results 
compared to the reported heuristics. 
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Multi Period Scheduling of Aluminum Plant 
Abdulrahim Shamayleh, American Universty of Sharjah, ashamayleh@aus.edu 
 
This work is concerned with scheduling of an aluminum plant with multiple parallel production 
lines. A typical aluminum extrusion plant consists of extrusion lines, before and after extrusion 
facilities, and ageing ovens are placed at the end to strengthen the extruded profiles. The 
problem is viewed as a scheduling problem of parallel machine, multiple levels, and setup time. 
It is modeled using MIP with the objective of minimizing the total cost while achieving higher 
customer satisfaction. The total cost consist of operating cost, setup cost and holding cost. 
Operating and setup costs depends on die selection and scrap rate. 
______________________________________________________________________________ 
 
Session: Advances in Optimization Algorithms (KC205) 
Cluster: Mathematical Programming and Optimization 
Chair: Warren Hare, UBC 
 
The Douglas-Rachford Algorithm for the (Possibly) Inconsistent Sum Problems 
Walaa Moursi, UBC, walaa.moursi@ubc.ca 
 
The Douglas-Rachford algorithm is one of the most successful methods for feasibility and 
optimization. In this talk, we report on recent progress on the understanding of this operator. 
We will focus on the sum problem in the inconsistent case. New convergence results will be 
presented. 
 
Computational Study of Some Valid Inequalities to k-Way Graph Partitioning 
Vilmar Jefte Rodrigues de Sousa, Polytechnique Montréal, vilmar.de.sousa@gerad.ca 
(Presenting Author) 
Miguel F. Anjos, Polytechnique Montréal, miguel-f.anjos@polymtl.ca 
Sébastien Le Digabel, Polytechnique Montréal, sebastien.le-digabel@polymtl.ca 
 
In this paper we focus on identifying the strongest inequalities to tight the semidefinite 
programming (SDP) relaxation of the maximum k-cut problem. Therefore, we conduct an 
experimental study for four families of inequalities: Clique, General clique, Wheel and Bicycle 
wheel. In manner to identify the strongest families we tested 147 instances (77 dense and 70 
sparse) for four values of k = {3, 4, 5, 7}. Our computational results suggest that the bicycle 
wheel and wheel are the strongest inequalities for k = 3, and that for k = {4, 5, 7} the wheel is 
the strongest by far. 
 
Error Bounds, Quadratic Growth, and Linear Convergence of Proximal Methods 
Dmitriy Drusvyatskiy, University of Washington, ddrusv@uw.edu 
 
Convergence analysis of proximal algorithms often simplifies by postulating that the step-
lengths of the scheme linearly bound the distance to the solution set. I will explain that this 
error bound property is equivalent to a classical quadratic growth condition for the proximal-
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gradient method and more generally for the prox-linear algorithm for minimizing compositions 
of convex and smooth mappings. This new-found understanding naturally leads to interesting 
linear convergence guarantees of the aforementioned methods, even for problems lacking 
strong convexity. 
______________________________________________________________________________ 
 
Session: Optimization in Finance (KC208) 
Cluster: Mathematical Programming and Optimization 
Chair: Roy Kwon, Financial Optimization and Risk Management Lab, University of Toronto 
 
DEA of Corporate Failure for Non-Manufacturing Firms Using a Slacks-Based Measure 
Joseph Paradi, Centre for Management of Technology and Entrepreneurship University of 
Toronto, paradi@mie.utoronto.ca (Presenting Author) 
D’Andre Wilson, Centre for Management of Technology and Entrepreneurship University of 
Toronto 
Xiaopeng Yang, Centre for Management of Technology and Entrepreneurship University of 
Toronto 
 
Problem of predicting corporate failure intrigued many in the investment sector, corporate 
decision makers, business partners and others, hence the intense research efforts by industry 
and academia. Majority of former research efforts on this topic focused on manufacturing 
companies with considerable assets commensurate with their size. But there is a dearth of 
publications on predicting non-manufacturing firms’ financial difficulties since they typically 
don't have significant assets or, any need for them as their work does not rely heavily on assets 
as a key variable. Our research shows that the slack-based measure DEA model has advantages 
in predicting corporate financial stress. 
 
Increasing Plant Reliability of Offshore Gas Installations 
Yuri Lawryshyn, Centre for Management of Technology and Entrepreneurship University of 
Toronto, yuri.lawryshyn@utoronto.ca (Presenting Author) 
Rogelio Miramontes, Centre for Management of Technology and Entrepreneurship University 
of Toronto 
 
On an offshore oil platform, failure of a single component can lead to production and financial 
losses. Maintenance is a well-known methodology to prevent failures, however, it represents a 
significant proportion of an oil company’s operating budget and can reach up to 70% of 
production costs. Hence, reducing maintenance costs and system down time can have a 
significant impact on a company’s bottom line. Application of maintenance involves component 
restoration. The degree of component restoration is known as the improvement factor (IF). We 
introduce a novel methodology for calculating the IF based on fuzzy logic, human error, and a 
survey. 
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Accounting for Market Related Timing Risk in a Real Options Framework 
Matt Davison, Western University, mdavison@uwo.ca 
Yuri Lawryshyn, University of Toronto, yuri.lawryshyn@utoronto.ca (Presenting Author) 
 
Managers are often faced with prioritizing early stage project investment opportunities. Timing 
risk that has systematic and idiosyncratic components can have a significant impact on the 
valuation of a given investment opportunity. In this work we develop a real options model 
based on the matching method. We introduce a market sector indicator, correlated to a 
tradeable market index, to drive the project's cash-flow estimates. Another indicator, partially 
correlated to the market, is used to account for timing risk. This provides a mechanism for 
valuing real options of the cash-flow in a financially consistent manner under the risk-neutral 
minimum martingale measure. 
______________________________________________________________________________ 
 
Session: Sports Analytics (KC210) 
Chair: Martin L. Puterman, Sauder School of Business - UBC 
 
A Handicap System for Tennis 
Timothy Chan, University of Toronto, tcychan@mie.utoronto.ca (Presenting Author) 
Raghav Singal, Columbia University, r.singal@mail.utoronto.ca 
 
Handicap systems are used in many sports and games to improve competitive balance and 
equalize the probability of winning a match between two or more players. In this paper, we 
develop a handicap system for tennis using a MDP model to quantify the appropriate handicap 
between two players of unequal ability. We apply the model to real match data to estimate 
professional handicaps. We also demonstrate how our handicap can be mapped to a tennis 
rating system, which can facilitate broader uptake at a grassroots level. 
 
We Are the Champions: Developing a Spreadsheet Simulation Model to Predict Canadian 
Football Results 
Keith Willoughby, willoughby@edwards.usask.ca 
 
The Canadian Football League (CFL) is a 9-team professional sports association. Teams play an 
18-game regular season lasting from late June until early November. The season concludes with 
three weeks of playoff games, culminating with the bestowal of the Grey Cup to the 
championship team. We describe a spreadsheet simulation model for determining the 
probabilities of any CFL team winning the Grey Cup. The model considers each team’s current 
performance as well as the remaining opponents to be played. Starting in 2014, weekly model 
results have been featured on the CFL's website. 
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Does the Current Golf Handicap System Bias Match Play Outcomes? 
Martin L. Puterman, Sauder School of Business - UBC, martin.puterman@gmail.com 
Timothy Chan, Department of Mechanical & Industrial Engineering Faculty of Applied Science & 
Engineering | University of Toronto, tcychan@mie.utoronto.ca 
David Madras, Department of Mechanical & Industrial Engineering Faculty of Applied Science & 
Engineering | University of Toronto, david.madras@mail.utoronto.ca (Presenting Author) 
 
In amateur golf, lower handicap players “give strokes” to higher handicap players on the basis 
of the difference between handicaps so as to make head-to-head matches fairer. In a match, 
the “standard way” to allocate handicap strokes is on the basis of the course hole difficulty 
ranking. Using a data driven simulation based on over 600 rounds, we show that standard 
stroke allocation and hole rankings favor the superior player. We investigate the simultaneous 
impact on match fairness of alternative hole rankings, allocations of handicap strokes to specific 
holes and awarding extra strokes to higher handicap players. 
______________________________________________________________________________ 
 
Session: Contributed II - Healthcare (KC301) 
Cluster: Healthcare Operations 
Chair: Nadia Lahrichi, Ecole Polytechnique de Montreal 
 
Atlantic Canada Children’s Effective Service Strategies 
Michael Zhang, Saint Mary's University, michael.zhang@smu.ca 
 
Funded by one of CIHR Signature Initiatives Community-Base Primary Health Care, Atlantic 
Canada Children’s Effective Service Strategies (ACCESS-MH) aims to examine how the mental 
health services for children & youth are delivered and how the system can be better integrated, 
coordinated, and funded using both qualitative and quantitative approaches including 
Operations Research (OR) and Big Data Analytics. The presentation will provide a brief overview 
of the research program, and illustrate the application of OR techniques. 
 
Improving the HIV Care Delivery Process: A Site-Level Examination in Kingston, Jamaica 
Margaret Brandeau, Stanford University, brandeau@stanford.edu (Presenting Author) 
Geoffrey Barrow, Stanford University, barrow@stanford.edu 
 
Effective treatment for human immunodeficiency virus (HIV) greatly reduces infectivity of 
treated individuals and thus can help reduce the spread of the disease. To achieve this goal, 
effective care delivery programs are needed. Analysis of the HIV care cascade (from HIV 
diagnosis to enrollment in care, receipt of antiretroviral treatment, adherence to treatment, 
monitoring and viral load testing, and viral load suppression) can identify gaps in program 
delivery and the areas requiring strengthening. We analyze data for a single hospital-based HIV 
treatment site in Kingston, Jamaica over a four-year period. We identify key areas for 
improvement in program delivery. 
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Biomarker-Based Screening Strategies for Early Detection of Prostate Cancer 
Brian Denton, University of Michigan, btdenton@umich.edu (Presenting Author) 
Christine Barnett, University of Michigan, btdenton@umich.edu 
Scott Tomlins, University of Michigan 
John Wei, University of Michigan 
James Montie, University of Michigan 
 
Prostate cancer is the most common cancer that affects men in North America. Early detection 
is difficult because symptoms often do not arise until an advanced stage. This talk will describe 
new biomarkers for early detection of prostate cancer and stochastic models for the design of 
screening strategies based on these biomarkers. The challenges of formulating and validating 
models for cancer screening, and the challenges faced in solving them to find optimal policies 
will be discussed. Finally, results estimating the impact of new biomarkers will be presented 
and conclusions will be drawn about their viability in practice. 
______________________________________________________________________________ 
 
Session: Emergency Department Operations (KC302) 
Cluster: Healthcare Operations 
Chair: David Stanford, Western University 
 
An Empirical Study of Patient Prioritization in Emergency Department Triage Systems 
Daniel Ding, UBC, daniel.ding@sauder.ubc.ca (Presenting Author) 
Eric Park, UBC, eric.park@sauder.ubc.ca 
Mahesh Nagarajan, UBC, mahesh.nagarajan@sauder.ubc.ca 
Eric Grafstein, UBC, egrafstein@providencehealth.bc.ca 
 
We analyze the physician’s patient discharge decision in EDs. We study how inpatient wards 
play a role as additional resources to the ED in the discharge process. We study over 530,000 
patient discharges in five Canadian EDs. 
 
Emergency Department Wait Time Announcements 
Zhankun Sun, University of Calgary, zhankun.sun@haskayne.ucalgary.ca 
Marco Bijvank, University of Calgary, marco.bijvank@haskayne.ucalgary.ca (Presenting Author) 
 
A number of Canadian hospitals have started publishing live emergency department (ED) wait 
times online in an effort to provide patients with expectations on how long they will have to 
wait to be seen for non-urgent care after initial assessment by a triage nurse. The goal of this 
study is to accurately predict the real-time ED wait times and to study the impact of different 
prediction techniques on patient flow and patient care. We use a decomposition approach of 
continuous-time Markov chains. 
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Short-Term Predictions of the State of an Emergency Department 
Maryam Mojalal, Dept. Statistical & Actuarial Sciences, Western University, mmojalal@uwo.ca 
(Presenting Author) 
David Stanford, Dept. Statistical & Actuarial Sciences, Western University, 
stanford@stats.uwo.ca 
Azaz Sharif, Dept. Statistical & Actuarial Sciences, Western University, asharif@stats.uwo.ca 
Gregory Zaric, Richard Ivey School of Business, Western University, gzaric@ivey.uwo.ca 
Alim Pardham, Faculty of Medicine, McMaster University 
 
Short-run predictions of ED censuses (up to 24 hours) can aid ED staffing, if an ED manager can 
take corrective action in advance of an anticipated surge in ED traffic. We have model ED 
arrivals and discharges using both parametric and non-parametric methods involving either a 
Markov chain or a statistical model. We present results for predictions and associated 
confidence intervals for hourly ED censuses for high and low acuities, based upon two of these 
methods. Finally, we consider two interventions (adding staff or extending a physician’s shift). 
We illustrate our approach for the ED of a hospital in Ontario. 
______________________________________________________________________________ 
 
Session: Stochastic Models and Applications (KC303) 
Cluster: Applied Probability and Stochastic Optimization 
Chair: Steve Drekic, University of Waterloo 
 
An (s, k, S) Fluid Inventory Model with Exponential Lead Times and Order Cancellations 
Yonit Barron, Ariel University, ybarron@ariel.ac.il 
 
We consider a stochastic fluid inventory model based on an (s, k, S) policy. The content level I 
increases or decreases according to a fluid-flow rate modulated by an n-state CTMC. I starts at 
I(0)=S; Whenever I(t) drops to s, an order is placed, which will carry out after an exponential 
leadtime. However, if during the lead time the content level reaches k the order is suppressed 
and a penalty cost is paid. We assume set-up, delivery, holding and penalty costs. Applying a 
multi-dimensional martingale and fluid flow techniques, we obtain explicit formulas for the 
expected discounted costs. 
 
Non Monte-Carlo Solutions for Discrete-Time Discrete Event Systems 
Winfried Grassmann, University of Saskatchewan, grassman@cs.usask.ca 
 
We discuss how to find the transition matrices of general discrete-time discrete event systems 
as they are commonly used in simulation, and how to find their equilibrium solutions. Finding 
these solutions have to overcome the curse of dimensionality, which is only possible due to the 
tremendous increase in computer power. Still, reducing dimensions is essential, and to help 
this, we introduce the next event logic as it is practiced by most packages using Monte-Carlo 
methods. Though the formulation of the next event logic can be challenging, the savings in 
computer time can be substantial. 
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Appointment Scheduling with Strategic Patients 
Lawrence W. Robinson, Johnson School of Management, Cornell University, lwr2@cornell.edu 
(Presenting Author) 
Tava L. Olsen, Univeristy of Auckland, t.olsen@auckland.ac.nz 
 
The appointment scheduling literature generally assumes that patients will arrive promptly. In 
this paper, we instead model the doctor as a Stackelberg leader who sets the appointment 
times. Her patients act as Stackelberg followers, who then choose a target arrival time 
conditional on these appointment times. Patients wish to minimize their expected waiting time, 
but need to maintain a good working relationship with the doctor, which we model by their 
incurring a psychic “guilt aversion cost” if they make her wait. We investigate the effect that 
strategic patient behavior has on the physician’s optimal appointment schedule. 
______________________________________________________________________________ 
 
Session: Risk and Inventory Management in Supply Chain (KC305) 
Cluster: Supply Chain Management 
Chair: Mojtaba Araghi, Wilfrid Laurier University 
 
Incentive Alignment in an Inventory System under Asymmetric Information and 
Unobservable Shortages 
Osman Alp, University of Calgary, osman.alp@ucalgary.ca (Presenting Author) 
Alper Sen, Bilkent University, alpersen@bilkent.edu.tr 
 
We consider an inventory system in which a principal needs to sell a commodity over a finite 
horizon under uncertain demand. Replenishment is only possible before the horizon and its 
decision is taken by an agent on behalf of the principal. Agent has complete information about 
the demand process, whereas the principal has partial information and cannot observe 
unsatisfied demand. The problem is how to incentivize the agent such that he makes an order 
quantity decision that minimizes the principal’s expected overage and underage costs. We 
propose different incentive schemes and show the conditions for perfect alignment. 
 
Inventory Routing in a Two-Echelon Supply Chain with Cross-Docks 
Forough Pourhossein, Department of Management Sciences, University of Waterloo, 
fpourhossein@uwaterloo.ca (Presenting Author) 
Hossein Abouee-Mehrizi, Department of Management Sciences, University of Waterloo, 
haboueemehrizi@uwaterloo.ca 
James Bookbinder, Department of Management Sciences, University of Waterloo, 
jbookbinder@uwaterloo.ca 
 
We consider a two-echelon supply chain in which a set of suppliers serves customers on 
multiple routes through several cross-docks. We derive the total handling cost at cross-docks, 
considering feasible delivery schedules at both echelons, and provide a node-based formulation 
with two sets of decision variables. We demonstrate several structural properties of the 
problem, and develop an edge-based model with a single set of decision variables. We show 
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that this model can be restructured as a set-covering problem and develop a column generation 
algorithm to solve it. We demonstrate the efficiency of the algorithm numerically, and provide 
some sensitivity analyses. 
 
Cutting Risk by Helping Rivals Operate Safer 
Alireza Azimian, Wilfrid Laurier University, azim9110@mylaurier.ca (Presenting Author) 
Hamid Noori, Wilfrid Laurier University, hnoori@wlu.ca 
 
Firms are not only at risk of supply and demand disruption resulting from the failure of their 
suppliers and buyers , but also are vulnerable to the negative externalities initiating from their 
rivals’ failure and spreading through social and behavioural links. Our research explores 
whether contributing to the safety of a rival can mitigate the latter risk. 
______________________________________________________________________________ 
 
Session: PRACTITIONERS DAY - Extractive Industries III (KC304) 
Cluster: Applications of OR in Extraction Industries 
Chair: Andrew Bennett, Chevron Canada Limited 
 
Evaluation, Entry, Efficiency, and Materiality Strategies in Energy and Infrastructure Projects 
William Haskett, Decision Strategies, bhaskett@decisionstrategies.com 
 
Source rock exploration and resource exploitation has created a revolution in the energy 
industry. The valuation and assessment of unconventional or “continuous resource” 
opportunities is not feasible using traditional probabilistic, reservoir level, volumetric-based 
methods. New methods for uncertainty and decision management had to be developed for the 
burgeoning business model. We will involve the hidden decision concepts of Pain and Regret as 
well as recognize the importance of asymmetric threat assessment. This leads directly to a 
prioritized Learning Value approach for uncertainty management. 
______________________________________________________________________________ 
 
Session: PRACTITIONERS DAY - Data Visualization for Business Analytics (KC306) 
Cluster: Business Analytics 
Chair: Armann Ingolfsson, University of Alberta 
 
Data Looks Better Naked: Ensuring Your Visuals Are Revealing 
Joey Cherdarchuk, Darkhorse Analytics, joey@darkhorseanalytics.com 
 
An explanation of why visualization is important, how to ensure your visuals communicate 
effectively and why these techniques are effective. We'll also review some of the best practices 
for choosing visuals and explain why other practices may be poor choices. 
______________________________________________________________________________ 
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Session: PRACTITIONERS DAY - Presenting the Graduating Students II (KC308) 
Cluster: OR Education 
Chair: Diane Bischak, Haskayne School of Business, University of Calgary 
 
This special session will showcase students planning to go on the job market this year. Students 
will have the opportunity to present themselves and give a brief summary of their research 
interests and accomplishments. Prospective employers from academia and industry will get an 
early look at the new crop of graduates in operations research and analytics. Afterward, there 
will be time to get to know these students better and have further individual discussions. 
______________________________________________________________________________ 
 
Session: Eldon Gunn: Contributions to Strategic Forest Planning (KC310) 
Cluster: Applications of OR in Forestry 
Chair: Evelyn W. Richards, University of New Brunswick 
 
Assessing the Ongoing Process of Strategic Forest Management Planning 
Evelyn W. Richards, University of New Brunswick, Evelyn.Richards@gmail.com 
 
The ongoing process of strategic forest management is characterized by significant gaps 
between the goals and information available to the two main parties, the strategic forest 
management planners and the industrial harvest planners. Planners execute a volume 
management process on two or more species aggregates, and produce targets for sustainable 
harvest volumes over time, often described as the annual allowable cut. This is not sufficient for 
sustainability. 
 
Developing a Strategic Systems Engineering Process for the Transformative Technologies 
Characterized 
David Martell, University of Toronto, David.Martell@Utoronto.ca 
 
The forest biorefinery implies new investment in processes and plants. Investment requires a 
sustainable, predictable economic wood supply. The forest biorefinery needs to be thought of 
as the entire process from forest harvesting, transportation and material handling logistics, flow 
through a network of solid wood processing, fibre processing and new thermochemical and 
biochemical processes. Thoughtful conceptual design of the overall forest biorefinery is 
necessary to inform policy makers in both government and industry, of what makes sense in 
putting together regional biorefinery systems that can produce the maximum value from the 
forests. 
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Sawmill Manufacturing Planning, Scheduling and Control: Moving Towards Lean 
Corinne MacDonald, Dalhousie University, Corinne.MacDonald@dal.ca 
 
Sawmills are process industries with highly divergent manufacturing processes. Automation and 
variable yields limit the control methods that can be used to match production to demand. In 
this work, mechanisms were developed to represent the outputs from a class of logs that might 
correspond to a campaign and to vary these outputs in ways that correspond to the price-list 
based control systems typically found in sawmills. These campaigns can be used as input to 
production planning models that respond to customer demand. 
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Session: Constraint Reasoning (KC201) 
Cluster: CPAIOR 
Chair: François Fages, Inria 
 
Finding a Collection of MUSes Incrementally 
Fahiem Bacchus, University of Toronto, fbacchus@cs.toronto.edu (Presenting Author) 
George Katsirelos, MIAT INRA, george.katsirelos@toulouse.inra.fr 
 
Minimal Unsatisfiable Sets (MUSes) are useful in a number of applications. In general there are 
many different MUSes, and each application might prefer a different MUSes. Typical Muser 
systems produce a single MUS without much control. In this paper we describe an algorithm 
that can efficiently compute a collection of MUSes, thus presenting an application with a range 
of choices. Our algorithm improves over previous methods for finding multiple MUSes by 
computing its MUSes incrementally. This allows it to generate multiple MUSes more efficiently; 
making it more feasible to supply applications with a collection of MUSes rather than just one. 
 
A Bit-Vector Solver with Word Level Propagation 
Wenxi Wang, wenxiw2@student.unimelb.edu.au (Presenting Author) 
Harald Sondergaard, harald@unimelb.edu.au 
Peter J. Stuckey, pstuckey@unimelb.edu.au 
 
Michel and Van Hentenryck have proposed an interesting approach to bit-vector constraint 
propagation on word level. Most of the operations are constant time, assuming the bit-vector 
fits in a machine word. On the other hand, bit-blasting often introduces intermediate variables 
which are useful for search and learning. Since each approach has advantages, we describe an 
approach using word-level propagation with learning which can combine their benefits. We 
provide alternative word-level propagators and give the first empirical evaluation of Michel and 
Van Hentenryck’s approach. We show that with careful engineering, word-level solving can 
compete with or complement bit-blasting. 
 
Forward-Checking Filtering for Nested Cardinality Constraints 
Cyrille Dejemeppe, UCLouvain, cyrille.dejemeppe@gmail.com (Presenting Author) 
Pierre Schaus, UCLouvain, pschaus@gmail.com 
 
We propose to re-organize production plans of industrial sites to minimize their energy costs. 
The idea is to shift the production of batches requiring more energy when electricity prices are 
lower. We propose a CP model of the production plan of a paper tissue factory. Deadlines from 
order books are aggregated in a Nested-GCC. We propose a pre-processing procedure to 
strengthen the filtering of Nested-GCC propagation in FWC. We also present a global algorithm 
reducing the amortized computation cost to O(log(p)) instead of O(p). Experiments on real 
historical data illustrate scalability of the approach using a Large Neighborhood Search (LNS). 
______________________________________________________________________________ 
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Session: Vehicle Routing III (KC203) 
Cluster: Transportation and Logistics 
Chair: Jean-Francois Cote, University Laval 
 
Heuristics for the Clustered Vehicle Routing Problem 
Md. Anisul Islam, Department of Mechanical Engineering, University of Manitoba, 
islamma@myumanitoba.ca (Presenting Author) 
Yuvraj Gajpal, Asper School of Business, Department of Supply Chain Management, University 
of Manitoba, Yuvraj.Gajpal@umanitoba.ca 
Tarek ElMekkawy, Department of Mechanical and Industrial Engineering, Qatar University, 
tmekkawy@qu.edu.qa 
 
This paper considers a variant of the classical Capacitated Vehicle Routing Problem, called 
Clustered Vehicle Routing Problem (CluVRP). In CluVRP, customers are grouped in different 
clusters. A vehicle visiting a cluster cannot leave the cluster until all customers have been 
visited. We propose Nearest neighborhood and Sweep algorithm independently to solve the 
problem. The implementation of the proposed heuristics lay on their basic procedures used for 
CVRP but it is modified according to characteristic of the CluVRP. A total of 49 instances from 
the literature have been adopted as benchmark dataset. The results are compared with existing 
algorithms. 
 
Optimization of Omni-Channel Distribution Systems 
Mohamed Abdulkader, University of Manitoba, abdulka3@myumanitoba.ca (Presenting 
Author) 
Yuvraj Gajpal, University of Manitoba, Yuvraj.Gajpal@umanitoba.ca 
Tarek ElMekkawy, Qatar University, tmekkawy@qu.edu.qa 
 
This paper presents the vehicle routing problem for distribution systems arising in omni-
channel retailing business. In omni-channel retailing business, consumers can order products 
online and get them delivered at home or they can visit the retail store physically to get the 
products. The online ordered products are satisfied from the products available at the retail 
stores. We present a mathematical model for the problem and propose a meta-heuristic to 
solve the problem. We generated new benchmark problem instances which will be used to 
evaluate the performance of the proposed meta-heuristic. 
 
The Stochastic Multi-Period Time Windows Assignment Problem 
Jean-François Côté, Université Laval, jean-francois.cote@fsa.ulaval.ca (Presenting Author) 
Alice Raffaele, University of Brescia 
Renata Mansini, University of Brescia 
 
This talk presents the stochastic multi-period time windows assignment problem. We consider 
a home delivery company that is planning the delivery schedules across its delivery areas. The 
solution approach is based on the concept of a priori optimization. Time windows are assigned 
to the delivery areas in the first stage without taking into account the future demand. In the 
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second stage, future customers are known and routes satisfying the first stage solution are 
planned. The objective is to minimize the expected cost of the second stage. Both stages are 
solved using metaheuristics. Computational experiments demonstrate the value of this 
approach. 
______________________________________________________________________________ 
 
Session: TUTORIAL - The Arithmetic of Uncertainty: A cure for the Flaw of Averages (KC205) 
Cluster: OR Education 
Chair: Diane Bischak, Haskayne School of Business, University of Calgary 
 
The Arithmetic of Uncertainty: A Cure for the Flaw of Averages 
Sam Savage, ProbabilityManagement.org, sam@probabilitymanagement.org 
 
The Flaw of Averages is a set of systematic errors that occur when uncertainties are 
represented as single numbers. The open SIPmath(tm) standard is curing the Flaw of Averages 
by communicating uncertainties as auditable data, and calculating uncertainties in native Excel, 
Matlab, R and many other environments. From Middle Schoolers through C Suite Executives the 
Arithmetic of Uncertainty is doing for probability distributions what Arabic Numerals did for 
numbers. 
______________________________________________________________________________ 
 
Session: Applications of Optimization (KC208) 
Cluster: Mathematical Programming and Optimization 
Chair: Bahram Alidaee, University of Mississippi 
 
A Multi-Objective Model for Maritime Search and Rescue Location Considering Vessel 
Relocation 
Amin Akbari, Dalhousie University, amin.akbari@dal.ca (Presenting Author) 
Ronald Pelot, Dalhousie University, ronald.pelot@dal.ca 
H.A. Eiselt, University of New Brunswick, haeiselt@unb.ca 
 
This study proposes a multi-objective model to optimize the Location/Allocation of Maritime 
Search and Rescue Resources with regard to several criteria, including primary and backup 
coverage and mean access time. Atlantic Canada serves as the study area and the Canadian 
Coast Guard has provided the datasets and contextual information. A potential seasonal 
relocation of vessels is taken into consideration. The optimal solution is compared to the 
current arrangement of SAR resources, as well as the scenario without vessel relocation, and 
some insights are provided for decision makers to make more informed decisions with regard 
to managing resources. 
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Planning and Scheduling Processes in Molded Pulp Packaging Industry 
Karim Pérez Martínez, Federal University of São Carlos, karim@dep.ufscar.br (Presenting 
Author) 
Reinaldo Morabito, Federal University of São Carlos, morabito@ufscar.br 
Eli Vitor Toso, Federal University of São Carlos, eli@ufscar.br 
 
Production planning in molded pulp packaging industry focuses on defining which processes 
should be used, for how long and the sequence they should be scheduled. These processes are 
called molding patterns. This research proposes integrated integer mixed models to generate 
molding patterns and approach the lot sizing and scheduling decisions. The main challenges of 
modelling this problem include capacity constraints, operational specific constraints that must 
be complied to generate feasible molding patterns and different types of setups, which are 
sequence-dependent. These models represent adequately the decisions involved and provide 
feasible solutions for several sets of instances. 
 
Heuristic Approaches for General Integer Multi-Dimensional Knapsack Problem 
Bahram Alidaee, University of Mississippi, balidaee@bus.olemiss.edu (Presenting Author) 
Haibo Wang, Texas A&M International University, hwang@tamiu.edu 
Vijay Ramalingam, University of Mississippi, vramalingam@ncche.olemiss.edu 
 
Multi-dimensional knapsack problem (MDKP) has variety of applications. Almost all published 
approaches targets the problem with binary variables. In this research we concentrate on 
general integer MDKP. Several greedy approaches as well as a sophisticated critical event 
memory tabu search is presented. Extensive computational experiment will be presented. 
 
An Iterative Algorithm for Two Level Hierarchical Time Minimization Transportation Problem 
Kalpana Dahiya, UIET, Panjab University, kalpanas@pu.ac.in 
 
A polynomial time iterative algorithm is proposed to solve the two level hierarchical time 
minimization transportation problem, in which the whole set of source-destination links 
consists of two disjoint partitions namely Level-I and Level-II links. Some quantity of a 
homogeneous product is first shipped by Level-I decision makers using only Level-I links, and on 
its completion the Level-II decision maker transports the remaining quantity of the product in 
an optimal fashion using only Level-II links. The objective is to find that feasible solution for the 
sum of shipment times in Level-I and Level-II is minimum. 
______________________________________________________________________________ 
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Session: Healthcare Applications III (KC301) 
Cluster: Healthcare Operations 
Chair: Michael Carter, University of Toronto 
 
Simulation Modelling of Capacity and Wait Times for Stem Cell Transplantation in Ontario 
Saba Vahid, Cancer Care Ontario, Saba.Vahid@cancercare.on.ca (Presenting Author) 
Jonathan Wang, Cancer Care Ontario, Jonathan.Wang@cancercare.on.ca 
Shelley Yu, Cancer Care Ontario, Shelley.Yu@cancercare.on.ca 
Sherrie Hertz, Cancer Care Ontario, Sherrie.Hertz@cancercare.on.ca 
C. Tom Kouroukis, Juravinski Hospital and Cancer Centre/Hamilton Health Sciences, 
kourouk@hhsc.ca 
 
Cancer Care Ontario (CCO) is responsible for planning stem cell transplant (SCT) services in 
Ontario. In this project, we developed System Dynamics and Discrete Event simulation models 
to investigate the impact of varying demand and bed capacity on wait times of allogeneic 
transplant (ALLOSCT) patients in SCT centres. Three SCT centres were modelled, parameterized 
with data from CCO, Discharge Abstract Database, hospital and clinical expert input. Models can 
be used to plan for capacity expansion to meet provincial wait time benchmarks, as well as 
investigating the impact of applying alternative resource inputs and patient flow patterns. 
 
Predictive Analytics Model for Healthcare Planning and Scheduling 
Shannon Harris, Katz Graduate School of Business, sharris@katz.pitt.edu (Presenting Author) 
Jerrold May, Katz Graduate School of Business, jerrymay@katz.pitt.edu 
Luis Vargas, Katz Graduate School of Business, vargas@katz.pitt.edu 
 
Patient no-shows complicate appointment scheduling systems. We present a new model for 
predicting no-show behavior based solely on the binary representation of a patient’s historical 
attendance history. The model is a parsimonious, pure forecasting model that combines 
regression modeling and the sum of exponential functions to produce probability estimates. It 
also generates parameters that give insight into how past human behavior effects future 
behavior. We illustrate our approach using data from patients’ attendance and non-attendance 
at VA outpatient clinics. 
 
Identification of Flu Hubs Using a Scale-Free Network of Flu Distances 
Hootan Kamran Habibkhani, University of Toronto, hootan@mie.utoronto.ca 
 
Influenza is among the leading causes of death in the world. Rapid changes in influenza virus 
make permanent immunity through vaccination an unviable solution, and signify the 
importance of surveillance systems. Current systems aggregate data based on predefined 
geopolitical divisions, and neglect historically significant inter-regional time connections. We 
have devised a network structure to model historic inter-regional flu distances in Ontario. We 
show that the resulting network is not a random network and in fact, exhibits behaviors of a 
scale-free network. The scale-free property helps us identify highly-connected regions as flu 
hubs, which can be prioritized in containment policies. 
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Session: Models and Data for Intensive Care Units (KC302) 
Cluster: Healthcare Operations 
Chair: Armann Ingolfsson, University of Alberta 
 
A Delay-Differential Equation Fluid Model with Adjustable Speed of an Intensive Care Unit 
Eman Almehdawe, University of Regina, eman.almehdawe@uregina.ca (Presenting Author) 
Armann Ingolfsson, University of Alberta, aingolfs@ualberta.ca 
 
We investigate a fluid model of an intensive care unit, in which patients are discharged at an 
adjustable speed, which influences the proportion of patients that are readmitted after a delay. 
We formulate the model as a delay-differential equation. We study the transient and steady-
state behavior of the system occupancy in four different regimes and we obtain conditions 
under which speedup reduces average occupancy. 
 
Fitting and Validating Simulation Models of ICUs 
Mohamad Soltani, University of Alberta, soltani@ualberta.ca (Presenting Author) 
Armann Ingolfsson, University of Alberta, aingolfs@ualberta.ca 
 
We investigate patient flow data from a University of Alberta hospital intensive care unit. We 
aim to understand the queuing system by fitting a grey-box model to the data. We discuss 
difficulties encountered in validating simulation models of the ICU. 
 
Quality and Performance Measures of Strain on Intensive Care Capacity 
Armann Ingolfsson, University of Alberta, armann.ingolfsson@ualberta.ca 
 
We discuss possible measures of “intensive care unit (ICU) capacity strain,” defined as a time-
varying disruption in the ability of an ICU to provide well-timed and high-quality intensive care 
support to patients. We outline plans for conducting a systematic review to identify, appraise, 
and evaluate quality and performance measures of strain on ICU capacity and their association 
with relevant patient-centered, ICU-level, and health system-level outcomes. 
______________________________________________________________________________ 
 
Session: Asymptotic Analysis of Stochastic Systems (KC303) 
Cluster: Applied Probability and Stochastic Optimization 
Chair: Ohad Perry, Department of Industrial Engineering and Management Science, 
Northwestern University 
 
Asymptotic Optimal Control of Perishable Inventory 
Jiheng Zhang, Hong Kong University of Science and Technology, jiheng@ust.hk 
 
We study joint replenishment and clearance of perishable products when the demand rate is 
large. We proposes two control policies. The fluid based policy can achieve asymptotic 
optimality with the gap explicitly computed. The policy based on news vendor problem can 
significantly improve the gap when the initial inventory is small. When the initial inventory is 
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large, we propose an algorithm, which is much simpler than the original dynamic programming, 
to achieve asymptotic optimality with the improved gap. Numerical experiments shows that our 
proposed policy works well comparing to the true optimal policy by solving the stochastic 
dynamic programming. 
 
Service Systems in the Presence of Correlated Service and Patience 
Allen Wu, Department of Industrial Engineering and Management Science, Northwestern 
University, allenwu@u.northwestern.edu (Presenting Author) 
Achal Bassamboo, Kellogg School of Management, Northwestern University, a-
bassamboo@kellogg.northwestern.edu 
Ohad Perry, Department of Industrial Engineering and Management Science, Northwestern 
University, ohad.perry@northwestern.edu 
 
Most of existing works on service systems assume that a customer’s patience time and service 
times are independent. However recently, a correlation between service and patience times is 
empirically observed in data. We capture the correlation in a many-server queuing model and 
explore the implications of the correlation on capacity decisions that maximize profit. The profit 
is driven by serving customers that generate revenue and personnel cost associated with 
capacity. The throughput rate (average service completions per unit time) becomes key to 
computing the revenue. We demonstrate a nontrivial relation between throughput and 
capacity in the correlated system. 
______________________________________________________________________________ 
 
Session: Business Analytics in the Service Sector (KC304) 
Cluster: Business Analytics 
Chair: Michele Samorani, University of Alberta 
 
A Multi-Objective Approach to Optimal TV Advertising 
Rommel Regis, Saint Joseph's University, Department of Mathematics, rregis@sju.edu 
(Presenting Author) 
Vivian Evangelista, Saint Joseph's University, Department of Decision and System Sciences, 
vevangel@sju.edu 
 
We present a multi-objective integer programming formulation of a TV advertising problem. It 
involves deciding on which commercial breaks to air the ads of various brands in order to jointly 
maximize Reach or GRP (Gross Rating Point) for the different brands subject to budget 
constraints, brand competition constraints, and other scheduling constraints. Next, we review 
and implement algorithms for generating Pareto-optimal solutions and provide reduction and 
visualization procedures that can be used to aid a decision maker in choosing a suitable Pareto-
optimal solution. Finally, we perform preliminary experiments to test the formulation and the 
algorithms on a small advertising problem. 
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Wait Time Analytics–An Information System for Integrated Healthcare Resource Planning and 
Management 
Oleksandr Shlakhter, Alberta Health Services, oleksandr.shlakhter@albertahealthservices.ca 
 
Hospitals in Alberta are facing increasing challenges due to growth in patient demand for 
surgeries. In this project we develop an information management/ decision support system for 
integrated healthcare resource planning and management. The system allows analyzing wait 
time history for more than 1500 types of procedures grouped by providers, hospitals, cities and 
geographical regions within Alberta. It utilizes predictive modeling tools to estimate expected 
demand for each procedure and discreet-event simulation/ optimization techniques to 
estimate the amount of resources requirements to meet target thresholds. 
 
The Analytics of Product Return Episodes in Retailing 
Michele Samorani, University of Alberta, samorani@ualberta.ca (Presenting Author) 
Aydin Alptekinoglu, Penn State, aydin@psu.edu 
Paul Messinger, University of Alberta, paulm@ualberta.ca 
 
A product return episode is a sequence of transactions composed of the purchase of a product, 
a return of that product, a repurchase of a similar product, etc., concluding with a final 
purchase or return. We empirically study return episodes on the data set of a large consumer 
electronics retailer, and detect findings that may help decision makers to select return policies. 
______________________________________________________________________________ 
 
Session: Emerging Issues in Managing Operations (KC305) 
Cluster: Supply Chain Management 
Chair: Walid Abdul-Kader, University of Windsor 
 
Advanced Technological Platforms, Relationship-Based Networks, Operational and 
Environmental Outcome 
Pervaiz Akhtar, Hull University Business School, Pervaiz.Akhtar@hull.ac.uk (Presenting Author) 
David Menachof, Hull University Business School, d.menachof@hull.ac.uk 
Maria Kapsali, Hull University Business School, M.Kapsali@hull.ac.uk 
 
This research addresses the knowledge gap by scrutinizing the links between advanced 
technological platforms (ATPs), relationship-based networks (RBNs), operational and 
environmental outcomes based on the data collected from chief executive officers, managing 
directors and senior managers working in global agrifood networks. The results show that ATPs 
and RBNs are important attributes to achieve better operational and environmental outcomes. 
Further investigations also demonstrate that firms with stronger RBNs achieve better 
operational and environmental outcomes compared to those which less focus on RBNs. 
Consequently, the findings provide a deeper understanding of the mechanism of how managers 
can achieve better business outcomes. 
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A Dynamic Model of Cooperative Advertising 
Salma Karray, University of Ontario Institute of Technology, salma.karray@uoit.ca 
 
We investigate the long-term effects of advertising in a distribution channel where 
manufacturers can share the cost of retailer’s advertising through a cooperative advertising 
program. We solve a game theoretic model and obtain closed-form solutions for two games: 
with and without cooperative advertising. Comparison of equilibrium profits shows that, under 
some conditions, the retailer should refuse to accept the manufacturers’ cooperative 
advertising offering and ask for additional transfers. 
 
Performance Estimation of a RL Enterprise– An Agent-Based Modelling Approach 
Gowtham Ravi Sankara Pandian, University of Windsor, ravisang@uwindsor.ca 
Walid Abdul-Kader, University of Windsor, kader@uwindsor.ca (Presenting Author) 
 
The RL network is governed by many uncertainties such as time, quality and quantity of 
returned products that can be remanufactured, have parts harvested, or be disposed safely. It 
is significant to tackle these operations in a cost-effective manner. The aim of this research is to 
estimate the performance of a RL enterprise with the help of agent-based modelling 
techniques. As the major entities in the RL network act independently and for the purpose of 
this research work, different agents are considered. These are Collector Agent, Sorting-Cum-
Reuse Agent, Remanufacturing Agent, Recycler Agent, Supplier Agent, and Distributor Agent. 
______________________________________________________________________________ 
 
Session: Policy Issues in Sustainability (KC306) 
Cluster: Energy and Sustainable Operations 
Chair: Marshal Wang, Environment and Climate Change Canada 
 
New Developments of Integrated Assessment Model on New Bio-Energy Study 
Marshal Wang, Environment and Climate Change Canada, cheng-marshal.wang@canada.ca 
 
Our Integrated Assessment Model is a hybrid intertemporal model includes domestic and 
international economy, energy and non-energy related GHG emission, and the global climate 
module. It can study global temperature scenarios combined with other policies like carbon tax, 
mitigation targets or policies on specific sectors or technologies. In the new developments, the 
Bio-energy and Bio with CCS are modeled in order to study the feasibility of low temperature 
change scenarios replying heavily on deployments of advanced bio-energy technologies. 
 
A Nash-Bargaining Model to Price Initial Discharge Permits for Lake Tai Basin Industries 
Huimin Wang, Hohai University, hmwang@hhu.edu.cn 
Gang Liu, HOHAI University, lglhm@msn.com (Presenting Author) 
 
This article addresses the pricing problem of initial discharge permits for industries in the Lake 
Tai basin. Taking the textile and dyeing industry in the Lake Tai Basin as an example, analytical 
results show that: the bargaining power parameter has a significant impact on the Nash-
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Bargaining pricing model; a reasonable range of λ is 0.5≤λ≤0.7; the current price 0.3＜λ＜0.4 

for NH3-N initial discharge permits is not beneficial for sustainable use of initial discharge 
permits. As such, this research suggests an increase in the initial NH3-H discharge permits price. 
______________________________________________________________________________ 
 
Session: Forest Management Under Uncertainty (KC310) 
Cluster: Applications of OR in Forestry 
Chair: Catalin Ristea, FP Innovations 
 
Stand Level Uncertainty as a Barrier to Spatial Models in Tolerant Hardwood Management 
Dirk Kloss, Ontario Ministry of Natural Resources and Forestry, Dirk.Kloss@ontario.ca 
 
Strategic forest analysis projects forest conditions over time horizons typically longer than one 
rotation. In extensively managed forests, a lack of inventory attributes causes uncertainty in 
determining a stand's development type. For tolerant hardwoods, the stand quality attribute 
determines whether stands are managed as shelterwood or selection forests. In aggregate 
models, such classification errors offset each other. Such errors are, however, barriers to the 
use of spatial models for tolerant hardwood forests. This presentation examines the 
uncertainty problem and discusses strategies to incorporate this type of uncertainty into spatial 
models. 
 
Exploring the Impact of Commercial Thinning Yield Uncertainty on Optimal Multi-Stand 
Policies 
Jules Comeau, Université de Moncton, jules.comeau@umoncton.ca 
 
This study explores yield uncertainty in commercial thinning operations as it pertains to the 
impact it has on the ability of a timber company to fully implement its tactical-level 
management plans. More specifically, we are interested in understanding the impact of stand-
level harvest-time commercial thinning yield uncertainty on the robustness of optimal multi-
stand multi-period policies. 
 
On the Uncertainty of Data Used for Solving Constraint Satisfaction Problems in Forest 
Management 
Mihai Pavel, FPInnovations, mihai.pavel@fpinnovations.ca 
 
Constraint satisfaction problems (CSPs) are often encountered in Forest Management and 
Planning and are used for modeling and solving different types of questions related to timber 
supply analysis, log allocation, transportation, etc. Mathematical models implementing CSPs 
use as input volume of wood by species and/or by end-use log sort. Different methods have 
been developed in various jurisdictions to accurately quantify the volume of wood by log sort in 
complex natural stands. This presentation discusses the uncertainties associated with the 
volumes of wood input in CSPs and the difficulties related to quantifying and reducing these 
uncertainties in practical applications. 
______________________________________________________________________________ 
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Session: Vehicle Routing (KC201) 
Cluster: CPAIOR 
Chair: Andre Augusto Cire, University of Toronto 
 
A Branch-and-Price-and-Check Model for the Vehicle Routing Problem with Location 
Congestion 
Edward Lam, NICTA, edward.lam@nicta.com.au (Presenting Author) 
Pascal Van Hentenryck, University of Michigan, pvanhent@umich.edu 
 
This paper considers a vehicle routing problem with location congestion. Locations provide a 
number of cumulative resources that are utilized by vehicles either during service (e.g., forklifts) 
or for the entirety of their visit (e.g., parking bays). Locations can become congested if 
insufficient resources are available, upon which vehicles must wait until a resource becomes 
available before proceeding. The main contribution of this paper is a branch-and-price-and-
check model that uses a branch-and-price algorithm that solves the underlying vehicle routing 
problem, and a constraint programming subproblem that checks the feasibility of the location 
resource constraints. 
 
Cyclic Routing of Unmanned Aerial Vehicles 
Nir Drucker, Technion, nirdru@gmail.com (Presenting Author) 
Michal Penn, Technion, mpenn@ie.technion.ac.il 
Ofer Strichman, Technion, ofers@ie.technion.ac.il 
 
Various missions carried out by Unmanned Aerial Vehicles (UAVs) are concerned with 
permanent monitoring of a predefined set of ground targets under relative deadline constraints 
(i.e., there is an upper bound on the time between two consecutive scans of that target). The 
targets have to be revisited `indefinitely' while satisfying these constraints. Our goal is to 
minimize the number of UAVs required for satisfying the timing constraints. We develop a 
lower-bound on the number of required UAVs, show a reduction of the problem to a Boolean 
combination of `difference constraints', and present numerical results based on our 
experiments. 
 
Optimization Models for a Real-World Snow Plow Routing Problem 
Joris Kinable, Carnegie Mellon University, jkinable@cs.cmu.edu (Presenting Author) 
Willem-Jan van Hoeve, Carnegie Mellon University, vanhoeve@andrew.cmu.edu 
Stephen F. Smith, Carnegie Mellon University, sfs@cs.cmu.edu 
 
Snowstorms can have a significant disruptive effect on both mobility and safety in cities. Yet in 
most cities, plans for snowplowing are developed using simple, inefficient allocation schemes. 
In this paper we consider the problem of optimizing the routes of a fleet of snow plows, subject 
to street network topology, vehicle operating restrictions, and resource constraints. We 
compare three different optimization models: a MIP model, a CP model, and an iterative local 
search. Experiments are performed on real-world data from Pittsburgh PA. The results illustrate 
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the differential strengths and weaknesses of each model, and suggest an alternative hybrid 
solution approach. 
______________________________________________________________________________ 
 
Session: Computational Variational Analysis (KC208) 
Cluster: Mathematical Programming and Optimization 
Chair: Dmitriy Drusvyatskiy, University of Washington 
 
Variational Projection with Applications 
Aleksandr Aravkin, University of Washington, saravkin@uw.edu 
 
Variable projection is a popular technique for solving structured nonlinear optimization 
problems, where decision variables can be naturally partitioned into two blocks (and one block 
can be 'projected' out). We describe classic formulations and the approach, and then show that 
the idea extends nicely to new contexts, with numerous applications including PDE constrained 
optimization, nuisance parameter estimation, statistically robust techniques, multiple kernel 
learning, and nonsmooth regularizations of classic formulations. 
 
The Affine Matrix Fractional Function and Applications 
James Burke, University of Washington, jvburke@uw.edu (Presenting Author) 
Tim Hoheisel, University of Wurzburg, hoheisel@mathematik.uni-wuerzburg.de 
Yuan Gao, University of Washington, yuangao@uw.edu 
 
A new class of matrix support functionals is presented which establish a connection between 
optimal value functions for quadratic optimization problems, the matrix-fractional function, the 
pseudo matrix-fractional function, the nuclear norm, multi-task learning, and variational Gram 
functions. In this talk we introduce this function and its various properties. We then discuss its 
connection to a range of applications and its uses in computation. 
 
A DFO Proximal Point Bundle Method 
Chayne Planiden, UBCO, chayne.planiden@alumni.ubc.ca 
 
We present an inexact bundle method to find the proximal point of a convex function at a given 
point. Our method assumes that exact function values are at hand, but exact subgradients are 
either not available or not useful. We use approximate subgradients to build a model of the 
objective function, and prove that the method converges to the true prox-point within 
acceptable tolerance. The algorithm includes a tilt-correction step applied to the approximate 
subgradient, which to our knowledge has not been done to date. 
______________________________________________________________________________ 
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Session: Contributed IV - Healthcare (KC301) 
Cluster: Healthcare Operations 
Chair: Anahita Safarishahrbijari, University of Saskatchewan 
 
Impact of Care Discontinuity Using a Natural Randomized Control Experiment 
Kimia Ghobadi, MIT, kimiag@mit.edu (Presenting Author) 
Rhodes Berube, Massachusetts General Hospital 
Andrew Johnston, MIT 
Retsef Levi, MIT 
Walter O'Donnell, Massachusetts General Hospital 
 
We study the impact of care team signoffs on inpatients in the Medicine Department in a large 
academic hospital. We define a natural random control experiment and compare resident 
teams with similar patient mix. We quantify the impact of care team signoff on patient's length 
of stay, and build a predictive model to identify patterns in the intensity of care delivery and 
remaining length-of-stay, controlling for patient mix and exogenous hospital factors. 
 
Combining Machine Learning and Medical Reasoning for Major Diagnostic Categories (MDC) 
Prediction 
Lior Turgeman, University of Pittsburgh, tur.lior@gmail.com (Presenting Author) 
Christina Kelsey Zigler, University of Pittsburgh, christykelseyzigler@gmail.com 
Jerrold H. May, University of Pittsburgh, jerrymay@katz.pitt.edu 
Johnson Moore, University of Pittsburgh, johnson.moore@gmail.com 
 
Major Diagnostic Categories (MDC) are formed by dividing all possible ICD principal diagnoses 
into 25 mutually exclusive groups. The diagnoses in each MDC correspond to a single organ 
system or etiology. We present a systematic framework for combining a Naïve Bayes classifier 
and a free-text-based model for predicting the MDCs. We demonstrate the power of 
framework by reducing the number of possible MDC outcomes, as well as to discriminate 
between correct and incorrect predictions of the text-based model. Based on our results, such a 
framework might also provide clinical decision support to physicians at early stages of patient 
admission. 
 
Particle Filtering in Epidemiological Projections 
Anahita Safarishahrbijari, University of Saskatchewan, ans911@mail.usask.ca (Presenting 
Author) 
Trisha Lawrence, University of Saskatchewan, trl895@mail.usask.ca 
Nathaniel Osgood, University of Saskatchewan, nathaniel.osgood@usask.ca 
 
Numerous studies have been conducted using simulation models to predict the epidemiological 
spread of H1N1 and understand intervention trade-offs. However, existing models are generally 
not very accurate in H1N1 model predictions. In this research, we explored the performance of 
particle filtering and traditional calibration in a System Dynamics compartmental SEIRV 
(susceptible, exposed, infected, recovered and vaccinated) model. The particle filtering was put 
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forward to readily read data and further correct the model output using historic data. In 
addition to particle filtering contributing to the estimation of model states, particle filtering also 
aided in estimating the model parameters. 
______________________________________________________________________________ 
 
Session: Approximation and Control of Service Systems (KC303) 
Cluster: Applied Probability and Stochastic Optimization 
Chair: Chihoon Lee, Stevens Institute of Technology 
 
Optimal Routing to Remote Queues 
Yunan Liu, North Carolina State University, yliu48@ncsu.edu (Presenting Author) 
Shuangchi He, National University of Singapore, heshuangchi@nus.edu.sg 
Yao Yu, North Carolina State University, yyu15@ncsu.edu 
 
We develop optimal routing policies for remote queueing systems, in which each arrival, after 
being routed to join one of several single-server queues in parallel, will experience a pre-arrival 
delay. In order to reduce the waiting time and to minimize the total queue length, we propose a 
new state-dependent probabilistic routing policy; we route a customer to the shortest queue 
with a bias that is proportional to the square root of the fraction of idleness. We prove that, 
under the proposed new policy, the parallel system is asymptotically equivalent to the pooled 
system as the traffic intensity approaches one. 
 
Uniform Stochastic Approximations to Non-Homogeneous Queues 
Harsha Honnappa, Purdue University, honnappa@purdue.edu 
 
We present ``regime-free" diffusion approximations to the workload in a general 
nonhomogeneous queueing model. The stochastic process approximations that emerge display 
uniform fluctuations in a high-intensity scale. We will contrast the regime-free approximations 
with the previously developed ``population acceleration’’ (PA) regime. The PA diffusion 
approximation displays non-uniform fluctuations, depending on whether the operating 
condition of the queue is overloaded, underloaded or balanced (in an appropriate sense). The 
newer regime-free diffusion approximation, in contrast, has uniform fluctuations under all 
operating conditions. This makes the approximation more amenable for control and 
optimization of the queueing system. 
 
Strong Approximations for Time Varying and Non-Markovian Queues 
Jamol Pender, Cornell University (ORIE), jamol.pender@gmail.com 
 
In stochastic systems, the arrival and service processes may not be renewal. For example, in 
telecommunication systems such as internet traffic, data traffic is bursty and the inter-arrival 
times and service times are often dependent. One way to model this non-renewal behavior is to 
use Markovian Arrival Processes (MAP’s). MAP’s allow for inter-arrival and service times to be 
dependent, while providing the analytical tractability of simple Markov processes. To this end, 
we prove fluid and diffusion limits for both the MAPt/MSPt/∞ queue by constructing a new 
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Poisson process representation for the queueing dynamics and leveraging strong 
approximations for Poisson processes. 
______________________________________________________________________________ 
 
Session: Analytics Potpourri (KC304) 
Cluster: Business Analytics 
Chair: Xiaojia Wang, City University of Hong Kong 
 
Risk Bias in Market Scoring Rule Prediction Markets 
Majid Karimi, University of Waterloo, majid.karimi@uwaterloo.ca (Presenting Author) 
Stanko Dimitrov, University of Waterloo, sdimitrov@uwaterloo.ca 
 
We present recent findings in the analysis of the effect of risk preferences on agents reporting 
in market scoring rule prediction markets. For a risk-averse or a risk-seeking agent, unless the 
current market estimate is identical to the agent's personal belief, there always be a difference 
between the agent's reported belief and personal belief, termed as deviation. We provide the 
sufficient and necessary conditions for market scoring rules that increases the deviation. We 
also provide a close relationship between a market scoring rule's deviation and its cost function 
market maker's market depth. 
 
The Best Strategy in Using an Option-Based Mechanism to Reduce Overbooking Risk for Allied 
Airlines 
Xiaojia Wang, City University of Hong Kong, xiaojia.sunny@gmail.com (Presenting Author) 
Y.K. Richard Fung, City University of Hong Kong, richard.fung@cityu.edu.hk 
 
In the context of parallel alliances, we propose an option-based mechanism that allows an 
airline to transfer bumped passengers to its alliance partner’s flight. Based on an analytical 
model built to calculate the net benefit that the airlines can obtain from the proposed 
mechanism, we develop a simulation-based algorithm to derive the best strategy in using the 
mechanism, namely how many options the allied airlines should transact between each other 
and how much the option should be priced. We provide scenario analysis to show the 
effectiveness of the proposed mechanism as well as the simulation-based algorithm. 
______________________________________________________________________________ 
 
Session: Theoretical and Empirical Analysis on Modern Supply Chain Issues (KC305) 
Cluster: Supply Chain Management 
Chair: Changmin Jiang, University of Manitoba 
 
Adaptation to Climate Change in Supply Chain Management: A Risk-Based Analysis on Ports 
Adolf K.Y. Ng, University of Manitoba, adolf.ng@umanitoba.ca 
 
This paper presents a model that can be applied to the economic analysis of port’s climate 
change adaptation measures based on risk analysis. Information produced through fuzzy risk 
analysis is used, and an evidential reasoning is employed to synthesis the risk analysis results 
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and economic evaluation of port adaptation measures to process the constructed model. The 
model can help the industry and policymakers in developing efficient adaptation measures that 
take into account the reduction of probabilistic risks, possible consequences, timeframe, and 
the need of costs incurred. 
 
Combating with Counterfeits in the Diffusion Process: Considering Quality 
Bo Feng, fengbo@scut.edu.cn 
 
Counterfeits threaten authentic firms whereas previous researches show that counterfeits have 
advertising effect on authentic products. Therefore, how to trade-off the effect between 
advertising and threating is a sophisticated decision for authentic firms. This paper studies the 
diffusion process of products and uncovers the anticounterfeiting strategies for firms with 
considerations of quality gap between authentic products and counterfeits and integrating 
diffusion models into game modeling. We first introduce Stackelberg game to untangle the 
optimal price and the tolerance, and then explore the quality choice. This study provides 
guidelines for authentic firms for combating with counterfeiters. 
 
Single Sourcing vs. Multiple Sourcing: Empirical Evidence from the US Airline Industry 
Changmin Jiang, University of Manitoba, changmin.jiang@umanitoba.ca 
 
This study empirically investigates major US network carriers’ sourcing strategies (single vs. 
multiple sourcing) with regional carriers in domestic routes. We find that the higher the 
frequency of adverse weather (measured by snowfalls) in a route market, the more likely that a 
network carrier would contract with more than one regional carrier, conditional on the fact that 
the market is outsourced. This confirms the hypothesis that higher uncertainty/risk triggers risk 
pooling. We also show that the on-time performance of the two airports involved in a route 
market is negatively correlated with the network carriers’ decision of multiple sourcing. 
______________________________________________________________________________ 
 
Session: Sustainable Operations (KC306) 
Cluster: Energy and Sustainable Operations 
Chair: Kevin Li, University of Windsor 
 
A Simulation Model for the Innovation Process 
Lei Hua, Nanjing University of Information Science & Technology, 18611550@qq.com 
 
This paper construct a simulation model to describe the knowledge dynamics of innovation 
process, and then runs this model on a test set of networks to find out the impact of two key 
network structure characteristics, namely average shortest path length and average clustering 
coefficient, on innovation efficiency. The results indicate that short path lengths between 
vertices are conductive to high efficiency of explorative innovations, dense clusters are 
conductive to high efficiency of exploitative innovations, and high small-worldness is conductive 
to high efficiency of the hybrid of these two innovations. We also discussed the reason of the 
results. 
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Outsourcing or In-house Production with Green Design, Green Manufacturing and Green 
Marketing 
Peng Ma, Nanjing University of Information Science and Technology, mapeng88@126.com 
 
We consider a three-stage supply chain with a manufacturer, a contract manufacturer and a 
retailer. The manufacturer will invest in efforts for improving green design while the retailer will 
invest in green marketing. The manufacturer will exert green manufacturing efforts or 
outsource the green manufacturing to the contract manufacturer. We will investigate the 
following cases: (1) The manufacturer exerts green manufacturing; (2) The contract 
manufacturer exerts green manufacturing; (3) The central decision maker makes decision. The 
objective of this paper is to determine the retail prices, green efforts, and profits of supply 
chain members. Finally, we give the numerical examples. 
 
Environmental Taxation and Distribution Channel Strategies 
Junsong Bian, RMIT University, junsong.bian@rmit.eud.au 
Xiaolei Guo, University of Windsor, guoxl@uwindsor.ca 
Kevin Li, University of Windsor, kwli@uwindsor.ca (Presenting Author) 
 
We study manufacturers’ distribution channel strategies under endogenous environmental 
taxation where the government optimizes the tax rate conditional on manufacturers’ 
technologies and the industry structure. We find that, the environmental tax becomes less 
stringent when the distribution channel structure becomes more decentralized. This has 
important implications on manufacturers’ channel strategies. First, contrary to the classic 
double marginalization problem, a monopolistic manufacturer benefits from decentralization 
when its technology is sufficiently polluting. Second, with two competing manufacturers, both 
are more likely to decentralize in equilibrium when their technologies are more polluting. 
______________________________________________________________________________ 
 
Session: Interfirm Collaboration in the Forest Sector (KC310) 
Cluster: Applications of OR in Forestry 
Chair: Jean-Francois Audy, Université du Québec à Trois-Rivières 
 
Developing Harvesting Production Management Practices in Norwegian Wood Supply 
Dag Fjeld, Norwegian institute for bioeconomics, dag.fjeld@nibio.no (Presenting Author) 
Eva Skagestad, Norwegian forestry extension institute, eva.skagestad@skogkurs.no 
Birger Vennesland, Norwegian institute for bioeconomics, birger.vennesland@nibio.no 
 
This paper presents a pedagogical project developing training to improve harvesting production 
management in Norwegian wood supply. Production management routines were captured 
using business process mapping methods at three forest owners’ associations. Two main 
process models were identified and a short course module (2-3 days) was developed to 
compare the alternative models in terms of their ability to achieve overall wood supply balance 
and high machine utilization. After comparing goal fulfillment for manual solutions, participants 
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use a simple mixed integer programming approach to solve the more difficult planning 
scenarios, such as varying bearing capacity during the spring thaw. 
 
The Selection of Harvest Areas and Wood Allocation Problem – Multi-Objective Optimization 
Azadeh Mobtaker, École de Technologie Supérieure (ÉTS), azadeh.mobtaker.1@ens.etsmtl.ca 
(Presenting Author) 
Mustapha Ouhimmou, École de Technologie Supérieure (ÉTS), 
Mustapha.Ouhimmou@etsmtl.ca 
Mikael Rönnqvist, Laval University, mikael.ronnqvist@gmc.ulaval.ca 
Marc Paquet, École de Technologie Supérieure (ÉTS), Marc.Paquet@etsmtl.ca 
 
The tactical level of planning in forest management involves the selection of harvesting areas 
over a horizon of several years and allocation of logs to specific mills in order to fulfill certain 
demand. At this level, forest managers need to include several optimization criteria to fulfill 
new sustainable forest management policies. This study proposes a decision support system 
based on multi-objective optimization to enable an efficient tactical planning process of wood 
supply chain at the forest management unit level. Preliminary results of applying the model to a 
case study in the province of Québec will be presented and discussed. 
 
Deployment by a Shipper of a Collaborative Approach with Its Carriers: Outcomes from a Pilot 
Project 
Jean-Francois Audy, Université du Québec à Trois-Rivières, jean-francois.audy@uqtr.ca 
(Presenting Author) 
Pierre-Olivier Bédard, Université Laval, pierreolivierbedard1@gmail.com 
Éric Lapointe, Domtar Inc., eric.lapointe@domtar.com 
Mikael Rönnqvist, Université Laval, mikael.ronnqvist@gmc.ulaval.ca 
 
Forest-mill transportation account for a significant part of the wood procurement cost. By 
reducing overall travelling distances, vehicle backhaul generate savings and the potential will 
increase through interfirm collaboration. OR allow to appraisal the maximum potential 
(theoretical upper-bound). When a shipper aim more backhauling among its carriers, 
collaborative approaches following an increasing continuum in collaboration level are of great 
interest. Field testing an approach can analyse how close (gap) is to the theoretical upper 
bound. This talk will present the outcomes of a pilot project supporting collaborative 
backhauling among five carriers of an integrated wood supplier (10,000 loads per year). 
______________________________________________________________________________ 
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Session: Packing and Covering (KC201) 
Cluster: CPAIOR 
Chair: Claude-Guy Quimper,  
 
A Stochastic Continuous Optimization Backend for MiniZinc with App’s to Geometrical 
Placement Prob’s 
Thierry Martinez, Inria, Thierry.Martinez@inria.fr (Presenting Author) 
François Fages, Inria, francois.fages@inria.fr 
Abder Aggoun, KLS Optim, abder.aggoun@klsoptim.com 
 
MiniZinc is a solver-independent constraint modeling language which is increasingly used in the 
constraint programming community. It can be used to compare different solvers which are 
currently based on either Constraint Programming, Boolean satisfiability, Mixed Integer Linear 
Programming, and recently Local Search. In this paper we present a stochastic continuous 
optimization backend for MiniZinc models over real numbers. More specifically, we describe 
the translation of models into fitness functions for the CMA-ES solver. We illustrate this 
approach with the declarative modeling and solving of hard geometrical placement problems, 
involving mixed square-curved shapes and shapes defined by Bézier curves. 
 
A New Solver for the Minimum Weighted Vertex Cover Problem 
Hong Xu, University of Southern California, hongx@usc.edu (Presenting Author) 
T. K. Satish Kumar, University of Southern California 
Sven Koenig, University of Southern California 
 
Given a vertex-weighted graph G = <V,E>, the minimum weighted vertex cover (MWVC) 
problem is to choose a vertex cover with minimum total weight. While there are good solvers 
for the unweighted version of this NP-hard problem, MWVC remains understudied despite its 
common occurrence in many areas of AI—like combinatorial auctions, weighted constraint 
satisfaction, and probabilistic reasoning. In this paper, we present a new solver for the MWVC 
problem based on a novel reformulation to a series of SAT instances. We show that our SAT-
based MWVC solver (SBMS) significantly outperforms other methods. 
 
Constraint Programming Approach for Spatial Packaging Problem 
Abdelilah Sakti, saktia@utrc.utc.com (Presenting Author) 
Lawrence Zeidner 
Tarik Hadzic, HadzicT@utrc.utc.com 
Brian St Rock 
Giusi Quartarone 
______________________________________________________________________________ 
 
 


