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3 Relationship to Other Research Support

Miguel Anjos receives funding from NSERC and (jointly with Kankar Bhattacharya) from CFI. NSERC
funds his fundamental research on semidefinite programmings models for hard combinatorial problems
arising in engineering applications. Although there is some overlap in that both grants support work
on interior-point methods, the research supported by NSERC looks at the development of new interior-
point approaches for general combinatorial problems, whereas the research supported by MITACS is
concerned with the application of interior-point methods to the problems of interest to some of our
non-academic partners. Furthermore, the vast majority of funding from MITACS supports students
on research projects in the areas of power engineering and ambulance dispatch and deployment; these
projects are co-funded by industry or other non-academic partners, as detailed in this application. The
CFI New Opportunities grant supports EMSOL, the laboratory for electricity markets simulation &
optimization at the Faculty of Engineering.
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ankar Bhattacharya is holding a NSERC Discovery Grant (2008 - 2013) entitled, New Paradigms
in Operations and Planning of Power Distribution Systems in the Deregulated Environment, which
examines the electricity market impact on operations and planning aspects of power distribution
systems. One PhD student has graduated (Steve Wong) in Spring 2009, who examined the planning
aspects and developed optimization tools for the same. Another PhD student is currently working
with the NSERC funding to examine specific problems of the impact of wind power penetration on
systems operations. Detailed modeling work on the intermittent nature of wind generation, reactive
power generation modelling, and merging that with system operations studies is being carried out. The
present proposal to MITACS will extend the work on distribution system operations and planning to
examine the effect of Smart Grids and the inter-relationship between the DG sources, demand response
to real-time pricing, impact on system stability and control, and develop new strategies for improved
efficiencies in the system.

Bhattacharya is a co-researcher in an OCE funded project entitled, Energy Hub Management System:
Enabling and Empowering Energy Managers Through Increased Information and Control, 2008-20011.
The scope of this project is to develop mathematical models and hardware systems that will allow
energy users to manage effectively their energy requirements. The present proposal to MITACS is
significantly different from this OCE project in research direction and content.

Bhattacharya is also a co-researcher in an OCE funded project entitled, Large-Scale Photo-voltaic
Solar Power Integration in Transmission and Distribution Networks, 2009-20012. The scope of this
project is to examine the techno-economic feasibility, long term system impacts, environmental impact,
impact on system control and stability, due to penetration of large-scale solar PV generation in the
power grid. To this effect, specific solar PV generation system modelling and control aspects are to
be analyzed in detail. The present proposal to MITACS is significantly different from the above OCE
project in research direction and content.

Claudio Canizares holds an NSERC Discovery grant entitled ”Operation of Power Systems with Sus-
tainable Energy Resources in Competitive Electricity Markets” (2007-2012), which has been used to
complement the funds required to support some of the previously proposed MITACS work, as in the
case of the energy systems work by PhD student Amirhossein Hajimiragha, who has been mostly sup-
ported from NSERC and provincial OCE funds from a recently completed project (please see ” Current
HQP” statistical tables for more details). For the research work in DG and Smart Grids described in
the present proposal, which is also being supported with funds from ABB, NSERC funds will be likely
used to expand the scope and reach of the proposed work by supporting more students than the 2
PhD students that the current ABB-MITACS contract allows for. NSERC funds will also be used to
continue supporting research work in energy systems and electricity markets that it is not under the
aegis of the present proposal.

Canizares is also involved in the following multimillion OCE projects with a variety of industry part-
ners: "The Energy Hub Management System: Enabling and Empowering Energy Managers Through
Increased Information and Control” (2008-2012), ”Large-Scale Photovoltaic Solar Power Integration
in Transmission and Distribution Networks” (2009-2012), and ” Advancing Energy for the North: To-
wards Sustainable Energy Solutions for Remote First Nations Communities” (2010-2013). None of
these projects significantly overlap with the research proposed herein, as the agreements associated
with these projects require that the generated IP and the associated funds be used for the sole purpose
of these projects.

Antoine Deza’s current NSERC Discovery Grant overlaps with the current application to the extent
that it includes research on worst-case behaviour for interior point methods. While there is some
overlap with the research in this proposal, the NSERC proposal research focuses on the analogies
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between worst-case behaviour for simplex methods and for interior point methods. The MITACS and
NSERC are supporting different approaches towards understanding and characterizing polyhedra and
hyperplane arrangements yielding worst-case complexity for linear optimization algorithms.

Samir Elhedhli’s NSERC grant is for work on an analytic center cutting plane method for integer
programming, a completely separate research topic from that supported by MITACS. The MITACS
funding is for the project on ambulance deployment described in this project CV, in which three of
his students are involved.

Steve Vavasis receives funding from NSERC and (jointly with Henry Wolkowicz and Thomas Coleman)
from CFI. NSERC funds his research in preconditioning and matrix approximation. The NSERC
project is aimed at different applications, such as the solution of differential equations. The CFI funds
are specifically for a cluster computer for computational optimization.

Henry Wolkowicz’s NSERC Discovery Grant overlaps with the current application to the extent that
it included research on robust algorithms in sensor network localization. While there is some overlap
with the research in this proposal, the NSERC research focuses on developing robust algorithms for this
problem, while the MITACS-funded research is concerned with developing algorithms for large-scale
problems. Hence the two grants are supporting different facets of research on the same problem.

4 Current Investigators

This information is provided on our project website.
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5 Non-Academic Partners

Partners that are new additions since our last Project CV are indicated by an asterisk (*).

a) Industrial partners.

Organization Name:

Primary Contact:

Mailing Address:
Phone Number:
Fax Number:
E-mail Address:
Web Page:

Organization Name:

Primary Contact:
Mailing Address:
Phone Number:
Fax Number:
E-mail Address:
Web Pages:

Organization Name:

Primary Contact:
Mailing Address:

Phone Number:
Fax Number:
E-mail Address:
Web Pages:

Organization Name:

Primary Contact:
Mailing Address:
Phone Number:
Fax Number:
E-mail Address:
Web Pages:

Organization Name:

Primary Contact:
Mailing Address:
Phone Number:
Fax Number:
E-mail Address:

ABB Inc.

Le Tang, Vice President

Head of Corporate Research

940 Main Campus Drive, Raleigh, NC 27606, USA
+1 919 856-3878

+1 919 856-2411

le.tang@us.abb.com

http://www.abb.com/

Acculogic (Internship partner) (*)

Farouk Eshragi

175 Riviera Drive, Markham, Ontario, L3R 5J6
1-905-475-5907

1-905-475-5415

f.eshragi@acculogic.com
http://www.acculogic.com/

AFOSR (*)

Dr. Donald Hearn

875 North Randolph Street, Suite 325, Room 3112,
Arlington, VA 22203, USA

(703) 696-1142

(703) 696-8449

donald.hearn@afosr.af.mil

http://www.wpafb.af .mil/AFRL/afosr/

Algorithmics Inc. (Internship partner)
Helmut Mausser

185 Spadina Avenue, Toronto, ON, M5T2C6
+1-416-2171500

+1-416-9716100
helmut.mausser@algorithmics.com
http://www.algorithmics.com

IBM T.J. Watson Research Center (Internship partner)
Andrew J Davenport

P.O. Box 218, Yorktown Heights, NY 10598, USA

+1 914 945-1589

+1 914 945-3434

davenport@us.ibm.com


http://www.abb.com/
http://www.acculogic.com/
http://www.wpafb.af.mil/AFRL/afosr/
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Web Page:

Organization Name:
Primary Contact:
Mailing Address:

Phone Number:
E-mail Address:
Web Pages:

http://www.ibm.com/us/

Tata Consultancy Services (*)

Vijaysekhar Chellaboina

Advanced Technology Center, Tata Consultancy Services,
Hyderabad 500081, India

+91 40 6667 3588

vijay@atc.tcs.com

http://www.tcs.com/

b) Federal departments and agencies.

None.

c) Provincial departments and agencies.

None.
d) Others.

Organization Name:
Primary Contact:
Mailing Address:
Phone Number:
Fax Number:
E-mail Address:
Web Pages:

Organization Name:
Primary Contacts:

Mailing Address:
Phone Number:
Fax Number:
E-mail Addresses:

Web Page:

Region of Waterloo Emergency Medical Services (*)
John Prno

120 Maple Grove Road, Cambridge, ON N3H 4R6
+1 519 650-8295 ext 8710

+1 519 650-3855

pjohn@region.waterloo.on.ca
http://www.region.waterloo.on.ca

Princess Margaret Hospital (Internship partner)

Drs. Tim Craig, Douglas Moseley, Michael Sharpe, and
Laura A. Dawson, MD, FRCPC

610 University Avenue, Toronto, Ontario, Canada M5G 2M9
+1 416 946-4501 x5025, x5594, x3340, and +1 416 946-2124
+1 416 946-6566

{tim.craig, douglas.moseley, michael.sharpe}@rmp.uhn.on.ca
and laura.dawson@rmp.uhn.on.ca
http://www.uhn.ca/pmh/index.htm


http://www.ibm.com/us/
http://www.tcs.com/
http://www.region.waterloo.on.ca
http://www.uhn.ca/pmh/index.htm
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6 Science (maximum 10 pages)

The ultimate objective of this project is to advance the theory and algorithms for high
performance optimization, and their effective use to solve engineering optimization problems
in the areas of matrix rank minimization, Very Large Scale Integration (VLSI) circuit
design, smart power grids, finance, and emergency medical services.

a) Summary of the state of knowledge in the field

Originally proposed by Karmarkar in 1984 for solving linear optimization problems, interior-point
methods (IPMs) have now been studied and developed for nonlinear optimization problems as well,
including the broad and powerful class of semidefinite optimization (SDO) problems. Although the
fundamental theory of SDO has been established several years ago [WSV00], important theoretical
and methodological contributions continue to flourish in the field, and rapid computation of solutions
can now be achieved for problems which were previously considered unapproachable.

IPMs - theory and algorithms:

After 15 years of research, there are now many algorithms and software packages for solving SDO
problems. Many of these algorithms were motivated by SDO relaxations of combinatorial problems,
and such relaxations continue to be used as benchmarks, see e.g. [WGMS09, WGY09]. Recently,
specialized bundle methods have demonstrated extremely good performance in branch-and-bound and
cutting-plane schemes for maximum-cut and equipartition problems [FGRS06, RRWar]. Nonetheless,
IPMs are often advantageous for general problems because of their overall stability and convergence
(in practice) in a nearly constant number of iterations regardless of the problem size. The advantages
of IPMs have motivated recent research to better understand and address their limitations.

One important theoretical question is to find examples of problems that achieve the worst-case com-
plexity for IPMs. The Klee-Minty cube is a well-known worst-case example for which the simplex
method takes an exponential number of iterations as the algorithm visits all the 2¢ vertices of the d-
dimensional cube. While such behaviour is excluded by polynomial IPMs, it turns out that by adding
an exponential number of redundant inequalities, the central path can be bent along the edges of the
Klee-Minty cube. This result highlights that, although the central path is a smooth analytical curve
in the interior of the set of feasible solutions, it might be severely distorted by constraints without
changing the feasible set. In particular, exponentially many constraints interacting with the geometry
of the problem may force the central path to take exponentially many arbitrary sharp turns. Our
recent construction gives a nearly worst-case example for path-following interior-point methods and
provides a counterexample for the conjectured maximal curvature [DNPT06, [DNTO0S8, [DTZ09].

One important algorithmic issue for IPMs is the need for efficient warmstarts. Unlike for the simplex
method, warmstarting IPMs for LP is still an active area of research. The fundamental issue is that
current iterates are often not (sufficiently or at all) in the interior of the feasible set. Different notions
of warmstarting exist for IPMs: one can restart from an earlier iterate (see e.g. [MB96]); adjust the
current point [GG03, [YW02]; or use IPMs that accept infeasible starting points [BS07]. Warmstarting
is important for many applications, such as for efficiently incorporating the use of valid inequalities
(cutting planes) within an IPM. It is unwise in practice to solve the relaxation of a combinatorial
problem including entire classes of inequalities. It is also well known that most valid inequalities are
not binding at the optimum, and hence need not be added at all to the relaxation. Hence, branch-
and-cut methods replace the full relaxation by a series of smaller-sized subproblems that are solved
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sequentially with cutting planes added and/or removed until a solution that satisfies all the inequalities
is found.

Well-aware of the importance and synergetic effects from a fruitful interplay between theory and
practical applications, in addition to the further investigation of fundamental theory underlying IPMs,
this project is maintaining and broadening its focus on the following applications in the areas of
electrical and financial engineering, compressed sensing and sensor networks, and the health services
sector.

Matrix Rank Minimization: Matriz rank minimization refers to the optimization problem of min-
imizing the rank of an unknown matrix X subject to the constraint that X lies in a certain specified
convex set C. This problem is NP-hard even when the set C' is an affine linear set, i.e., when X is
constrained to satisfy a system of linear equalities. Many useful applications of matrix rank minimiza-
tion have appeared in the literature, some of which are described below, and despite the NP-hardness
of the problem, it has emerged recently that interesting instances of matrix rank minimization can be
solved, sometimes to optimality, in polynomial time.

Let us first consider linear equality constrained matrix rank minimization, that is, the problem of
minimizing the rank of X subject to the constraint AX = b, where X € R™*" is the unknown matrix,
A R™™ — RPis a linear transformation that maps X to a p-vector, and b is a p-vector. This problem
is known to be NP-hard. In particular, in the special case that X is constrained to be diagonal, this
problem specializes to the “sparsest vector” problem (find the vector in a given affine space with the
fewest number of nonzero entries). The sparsest vector problem is NP-complete, a result known since
the 1970s.

In 2007, Recht, Fazel and Parrilo [RFP07| discovered the following intriguing result. If A is a randomly
chosen linear transformation in R(™*™*P (chosen according to a particular distribution that is quite
reasonable), and if there is a sufficiently low-rank solution X* to the constraint A4X = b, then this
optimal solution X* can be discovered by minimizing || X||. subject to AX = b. Here || - ||, denotes the
nuclear norm, that is, the sum of the singular values of X. This nuclear norm minimization optimiza-
tion is convex and indeed can be reformulated as a semidefinite programming problem. Therefore, the
nuclear norm relaxation can be solved to any desired accuracy in polynomial time.

This result is closely related to compressive sensing, a topic that burst into the literature in about
2005 (see, e.g., [CT05, Don06]) with the publication of several hundred papers by now. The main
result of compressive sensing is that if A is a randomly chosen m X n matrix with m < n and z is a
sufficiently sparse vector (in particular, x has fewer than m nonzero entries), then = can be recovered
from the knowledge of b = Az using convex optimization. Thus, this result shows that the NP-hard
sparsest vector problem can be solved in polynomial time provided the instance is constructed in
this manner. Compressive sensing is expected to have widespread applications in signal and image
processing. Indeed, there are plans to build efficient digital cameras based on compressive sensing.
The Recht, Fazel and Parrilo result is quite intriguing but does not seem to be widely applicable
because rank minimization problems that occur naturally do not typically have constraints of the form
AX = b with a random transformation A. Other recent works consider rank minimization with more
natural constraints. For example, Candés and Recht and later Candés and Tao have considered the
matriz completion problem, which is the problem of minimizing the rank of a matrix B subject to the
constraint that certain entries of B are specified. They show that if the known entries follow a random
pattern and the singular vectors of the unknown matrix are uncorrelated with the coordinate axes,
then the nuclear norm relaxation is exact provided enough entries are specified (with respect to the
rank of the solution).
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Other important applications of matrix completion include distance geometry problems such as the
sensor localization problem, SNL, and the molecular conformation problem. The SNL problem consists
in finding the locations (in embedding dimension r = 2, (x,y), or r = 3, (z,y, z) coordinates) of n
sensors that form an intercommunicating network. The given data consists of the locations of a few
of the sensors (the anchors) as well as the Euclidean distance between certain pairs of sensors, usually
those that are within radio range of each other. The problem in general is also NP-hard. It can also
be framed naturally as rank minimization. In particular, let D be the Fuclidean distance matriz, that
is, the matrix whose (4, j) entry is the squared distance |z; — z;]|?, where for each ¢, x; denotes the
X

A )

location of the ith sensor. Let P = where the rows of X and A denote the positions of the sensors

and anchors, respectively. Then there is a linear relationship between the positive semidefinite matrix
B = PPT and D, denoted K(B) = D. The EDM completion problem can now be solved by finding
the positive semidefinite matrix B with the correct rank that corresponds to the given embedding
dimension (r = 2 or r = 3). The linear constraints are given by (K(B));; = D,;, for all known
distances D;;. However, convex relaxations of SNL often do not find a sufficiently low rank positive
semidefinite B that satisfies all the equality constraints. So and Ye [SY(07] propose a more sophisticated
relaxation that has guarantees of finding the low-rank solution under sufficient assumptions.

VLSI Circuit Design:

The problem of Very Large Scale Integration (VLSI) chip design is a prime example of a problem where
traditional exact solution algorithms are becoming impractical. As modern integrated circuits increase
in size, complexity and functionality, the combinatorial optimization problems of partitioning the chip
into modules, placement of the modules, and routing wires to the modules are becoming increasingly
complex. Due to the explosive growth in the technology for manufacturing integrated circuits, modern
chips contain millions of transistors. In the past, techniques such as simulated annealing, tabu search,
and interior-point-based heuristics have been used to solve the aforementioned problems, but they are
often computationally expensive and tend to become trapped in local minima. The need to look at
newer optimal design techniques is becoming more important because of the increasing pressures to
bring chips onto the market place in a short time. Semidefinite relaxation techniques have recently
been studied to solve VLSI design problems [Wol04]. Routing or wiring problems have also seen
more accurate modeling and corresponding results using an integer LP formulation that was initially
proposed to reduce the congestion that leads to hot spots, timing and delay problems. Our research
has shown that the relaxed LP problem yields 0-1 solutions, i.e., physical wiring solutions in most large
scale applications containing over 100,000 modules and wiring connections [YAV07, INYAT09]. The
main option for solving realistic routing problems that contain hundreds of millions of constraints and
variables is to use matrix-free IPMs as proposed by Gondzio [Gon09] that use matriz-free approaches
and allow the main projection step in IPMs to be regularized, that is, made more numerically stable
without the need to use direct factorization approaches that would not allow the matrices to be
efficiently stored.

Distributed Generation in the Context of Smart Grids: Local distribution companies (LDCs)
play a very critical and active role in today’s power system operations as an important part of Smart
Grids, which encompasses technological advancements in metering for real-time pricing, as well as
advanced grid automation and control technologies. The operation of these LDCs has an impact on
the electricity market and associated power system efficiency, customer electricity costs, reliability and
security. Although traditional operational problems in distribution systems, such as feeder overload-
ing, voltage profiles, high power losses, etc., continue to be important in a competitive environment,
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new issues have emerged in the context of Smart Grids with the penetration of distributed generation
(DG) sources and inter-ties, which make for complex arrangements both from the technical and eco-
nomic standpoints [AALOI]. Moreover, with the increased development of Smart Grid technologies
that allow demand-side participation in electricity markets, and with increasing customer choices and
options on procuring electricity, demand response programs and/or interruptible load programs, where
customers receive incentives to reduce or alter their consumption patterns, power flow patterns within
the distribution systems are being affected significantly, thereby affecting the economic efficiency of
the market as a whole [WNO04, [PBCVJ05, [GJO06]. This also has an effect on the operation and security
of the power systems of which LDCs are an integral part [JCK02, [ULR703, [ERS06]. The decision
making of LDCs in this context becomes a complex exercise, which should consider the dynamics of
the electricity market and its price fluctuations, as well as the effect of these decisions on the associ-
ated power system. In this context, the effects of DGs on LDCs and overall power system operation,
control, and security ought to be studied and understood in detail.

Robust Financial Optimization: Although financial optimization has been an area of active re-
search for the past forty years, dealing with uncertainty in parameter estimation remains among the
key issues that are still unresolved. For several decades, stochastic programming was one of the major
techniques used to address these problems, but recent advances in robust optimization have opened
up new approaches for modeling uncertainty and thus offering new opportunities in the emerging area
of Robust Financial Optimization (RFO) [PTWO0S§|. This novel framework captures the uncertainty
in a generic way without increasing the complexity of the original deterministic model and produces
computationally tractable formulations without the inherent limit to low dimensions of classical ap-
proaches. The novel RFO framework avoids some of the difficulties of the stochastic-based models,
where the size of the problem grows exponentially with the number of uncertainty sources and the
span of time horizon. It also relaxes the restrictive assumption that probability distributions need
to be known a priori. Many robust optimization models can be represented as a linear, second-order
conic, or semi-definite programming problems, so that interior-point methods and other algorithms for
conic optimization can be applied to solve instances of these models.

Ambulance Deployment:

Ambulance deployment is a challenging problem encountered in emergency medical services (EMS).
Recently, the Ontario Ministry of Health and Long-Term Care has implemented the new land am-
bulance response time framework which states that every upper tier municipality should develop an
annual response time performance plan, including response time commitments for each of 5 different
patient levels. In addition, each EMS must also report on the percentage of times that sudden cardiac
arrest patients received assistance from a defibrillator within six minutes from the notification of a
call by an ambulances communication services; and the percentage of times that an ambulance crew
has arrived on-scene to provide ambulance services to sudden cardiac arrest (or other patients at the
same urgency level) within eight minutes of the time notice is received respecting such services. This
new time framework requires the EMS managers to make strategic decisions on the location of the
ambulances on a daily basis, and of ambulance stations over a longer period of time.

Several travel time models for predicting ambulance coverage have been developed. The models are to
be used to develop coverage maps for the network, and act as input to optimal ambulance deployment
strategies, the second subproject. There are two main approaches for estimating ambulance travel
time: 1) find a relationship between distance and travel time or 2) estimate distance and average
speeds on different types of roads through a road network and regress travel time against them. Under
the first approach, Kolesar et al. [KWHT5] assume that the vehicle accelerates from the origin at a
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given rate until reaching a cruising speed which is maintained until the vehicle begins to decelerate (at
the same rate) approaching the destination. Under the second approach, Goldberg et al. |[GDCT90]
regressed actual average travel time against travel distances for four different types of roads. Erkut
et al. [EFKT01] regressed travel times against distances on three road types, time of day (rush vs.
non-rush), and season (winter vs. summer).

Dynamic ambulance relocation models take into account the current location of the ambulances to
provide a redeployment strategy that is aimed at re-establishing maximum coverage after an ambulance
is dispatched to answer an emergency call. Dynamic relocation models are repeatedly solved in real
time, and since it is critical to find a relocation strategy in a very short time, heuristics have been
typically applied. Gendreau et al. [GLS01] presented a double coverage model for dynamic relocation
and applied a tabu-search algorithm for solving the resulting model. In [GLS06], Gendreau et al.
formulate and solve a dynamic problem arising in the relocation of physician vehicles. A survey of
EMS location problems is presented in [BLS03].

b) Summary of the project’s main achievements since the last Project CV

IPMs - theory and algorithms: We made notable advances in various areas:

—  SDO Software and Development: Between 2004 and 2008, several notable performance improve-
ments to SeDuMi were achieved by T. Terlaky and I. Polik of McMaster University (now both
at Lehigh University). This software has gained much attention in the optimization community
and is currently used by hundreds of academic and industrial researchers worldwide, and the web
site http://sedumi.mcmaster.ca attracted over 800,000 visitors. (The website has moved to
http://sedumi.ie.lehigh.edu.)

—  Solving Large-Scale LPs: A new IPm is proposed that solves large-scale well-conditioned LP prob-
lems faster and more accurately than the normal equation approach [GLWWO0§]|. It uses LSQR -
an iterative solver - to find the search direction and so can exploit sparsity. Also, the approach
allows for warm starts.

—  Warmstarting IPMs for LO: The paper [EAV0§| applied the strategy from [ABOT7] to obtain a
new warmstarting technique for linear programming that is supported by a theoretical complexity
analysis and achieves iteration savings around 50% on average for perturbations of the Netlib
benchmarks and successive LP relaxations of maximum-cut and traveling-salesman problems.

—  HIPCUT Algorithm: The aforementioned warmstarting technique is central to the success of our
innovative hybrid interior-point cutting-plane method for SDP that uses feasibility indicators to
dynamically add and remove cuts. Computational results indicate that this method finds optimal
solutions in less time than solving the final relaxation with all relevant cuts known in
advance [EAV09).

Matrix Rank Minimization: We have made the following important contributions:

—  Nonnegative matrix factorization (NMF) is used to find features in image, text and biochemical
experimental databases. We have already completed two papers recently with novel results about
NMF. In one paper [Vav09], we proved that NMF is an NP-hard problem. In the other [BGV0S],
we proposed a new greedy heuristic for the problem that comes with some theoretical guarantees.

—  Ames and Vavasis [AV(09]) consider the maximum clique and biclique problems (both NP-hard)
and They also show the strength of the nuclear norm relaxation when diversionary edge insertion
is allowed for both problems, either by an adversary or at random. Finally, they show that their
algorithm is able to find hidden structure under the assumption that it is present but is perhaps
obscured by noise.


http://sedumi.mcmaster.ca
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Krislock and Wolkowicz [KW09a]) show that the SNL problem is implicitly highly degenerate,
and that an algorithm called facial reduction can use the degeneracy to solve huge instances
very efficiently. This information can be used to iteratively collapse the problem to a very small
semidefinite programming problem. Problems with up to 10° sensors are solved in minutes on an
ordinary laptop.

VLSI Circuit Design: We developed new modeling techniques which allowed the application of
new algorithms for solving VLSI problems. Further advances in IPMs and SDO enabled to solve large
routing and placement problems of VLSI design.

New Algorithms: A new convex optimization framework was studied for unequal-areas facility lay-
out design [JLAVQT7]. Two new algorithms based on nonlinear convex optimization were proposed
for large-scale VLSI fixed-outline floorplanning [LAV07, [LAVO0S].

Global Optimal Solutions for One-Dimensional Floorplanning: An SDO relaxation combined with
triangle inequalities was used to compute globally optimal layouts for single-row facility layout
problems with up to 30 facilities, some of which had remained unsolved for nearly 20 years [AV0S].
This has been deemed a real breakthrough by researchers in the area. Subsequently, an improved
SDO relaxation allowed the computation of high-quality global lower bounds for instances with up
to 100 departments, a problem size that was deemed unattainable only a few years ago [AY09].
Integer Solutions for Large-Scale VLSI Problems: An LP relaxation has been used to obtain
physical wiring solutions for practical VLSI problems containing over 100,000 modules and wiring
connections [YAVOT, NYAT09.

Distributed Generation in the Context of Smart Grids: For the past 2 years, we have made
significant progress on the following topics:

Reactive Power Management: This has been one of our main research thrusts, co-funded by ABB
and OCE. In this area we have concentrated on the development, implementation and testing of
reactive power markets and associated mixed integer nonlinear program (MINLP) optimization
models and solution techniques. As a result of this work 4 high-quality journal papers |[CBEST09,
TCVZ09, LCHO9, [ESBCT08] and one technical report [HCBES08| have been published, and our
PhD student Ismael El-Samahy received the 2008 MITACS Best Novel Use of Mathematics
in Technology Transfer Award.

Energy Systems: In this area, we have concentrated on the modeling, analysis and optimization of
energy systems with multiple energy carriers, especially hydrogen and electricity. In particular, the
use of hydrogen as a means to store electricity from wind power and the production of hydrogen
from the power grid for transportation purposes have been studied in detail. The latter has led
to some preliminary studies of the optimal use of the power grid for charging PHEVs. This work
has been published in 4 high-quality journal papers [HCFEQ9, HFC09, TFCV09, TCFV08a] and 2
papers presented at top international conferences [TCFV08b, [HFEC0S§], and led as well to our PhD
student Amirhossein Hajimiragha receiving the 2009 MITACS Best Novel Use of Mathematics
in Technology Transfer Award.

Stability-constrained Optimal Power Flows: This work has concentrated on the development, anal-
ysis and testing of optimal power flow models that more accurately represent power system se-
curity for market clearing and dispatch applications. This work has led to 2 paper submissions
[BCCT09, GMCFE™09] and 2 published papers [ACMCQ9, [KCO7] in top journals in power systems,
as well as 1 invited conference paper [ACAQ§] at the premier conference in the area.

Distribution System Planning: This work has led to the development of new mathematical opti-
mization models for electric power distribution systems planning considering the penetration of
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DG resources in a deregulated electricity market environment [WBEnt].

—  Other results: novel optimal power flow solution technique, resulting in 1 journal submission
[STC09]; interval arithmetic techniques to study data uncertainty in power flows, resulting in 1
journal paper [VCV09b|] and 1 conference paper [VCV(09al; and electricity market studies, leading
to 2 journal papers [ZBCQ9, [ZCBQT7].

Robust Financial Optimization: This new area of research has begun with the recent paper

[PTWO§| that represents the transaction costs for portfolio optimization by using an objective function

that is piecewise linear and separable. The non-smoothness of the objective function is handled using

spline approximations. The problem is then solved using a primal-dual IPM with a crossover (near
optimality) to an active set method. Computational results show that this method can solve large-scale
problems efficiently and accurately.

Ambulance Deployment: The first outcomes of this new and most important line of research are:

—  We developed a new regression model that relates actual travel times with the distances travelled;
speeds are accounted for by taking into account the percentage of each distance travelled on
highways, regional roads or municipal roads. It was found that using this segmentation of the the
data, the travel times have lognormal distributions with means that depend on the mean travel
distance.

—  The regression model is used in conjunction with a novel optimization model that extends the
MECRP of Gendreau, Laporte and Semet [GLS06] and refines the model MEXCLP+PR of In-
golfsson et al. [BIEOS]. We have successfully incorporated fire trucks as additional emergence
response units for sudden cardiac arrest patients, and we take into account the different response
time requirements according to each patient’s triage level. This complete package provides the
support needed by the EMS manager to develop the annual response time performance plan.

—  We modeled the dynamic ambulance relocation problem as a stochastic optimization model. Solv-
ing the dynamic model to optimality is computationally expensive and cannot be implemented as
a real-time system. We developed a search heuristic that provides good quality solutions in a very
short amount of time.

c) Statement of project objectives

The overall project objective is to advance theory, methodology, and implementation of High Perfor-
mance Optimization algorithms to enhance the solution of large-scale problems arising in engineering
applications. To accomplish this goal, we focus on IPMs, SDO, MISDO, and MINLO as well as prob-
lems of critical importance in electrical, financial, and biomedical engineering. Through fundamental
theoretical investigation, algorithm development, and modeling of engineering problems we are deter-
mined to pursue our research towards highly efficient modeling, algorithms and software tools not only
for our own benefit, but also for the benefit of the entire optimization and engineering community.
Some specific goals follow.

IPMs - theory and algorithms:

—  Develop new feasible and infeasible IPMs.

—  Generalize the IPM warmstarting in [EAV09] to second-order conic optimization and SDO.

—  Develop, text, and benchmark high performance IPM software.

Matrix Rank Minimization:

— Investigate the use of nuclear norm and other convex relaxations for further data mining problems.

— Develop new approaches for sensor localization based on our facial reduction combined with
Candes-Tao.
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— Another interesting question is whether facial reduction works for noisy distance data.

—  Solution approaches based on solving a polynomial number of convex programming problems, as
opposed to a single convex problem.

VLSI Circuit Design:

—  Study VLSI circuit design problems that arise in multi-layer chip design.

—  Develop the more detailed models for routing in VLSI circuits.

— Apply a matrix-free IPM to obtain 0-1 optimal solutions for truly practical VLSI problems.

—  Implement and test global VLSI circuit design software.

Distributed Generation in the Context of Smart Grids: The main objectives of the proposed

research work will be to:

—  Develop short-term operational analysis tools for Smart Distribution Grids operating in a retail
competition environment, accounting for various technical constraints and economic objectives.

—  Develop mathematical models of short-term operation of LDCs, considering electricity market
dynamics and issues pertaining to Smart Grids for decision-making by LDC operators in day-
ahead and real-time.

—  Study the effects of LDC operation and market decisions in power system operation and security
in the context of Smart Grids.

Robust Financial Optimization:

—  Extend the results in [PTWOS] to the special structures that arise in RFO.

—  Develop specialized algorithms and software tools that enable the solution of large-scale RFO
models within the required time frame in practice.

—  Establish the connection between risk measures and robust uncertainty sets and develop better
models for portfolio optimization, Sharpe ratio maximization, and asset liability management in
multi-stage and uncertain environments in the presence of realistic constraints and assumptions.

—  Develop novel methods and techniques based on novel parametric programming methods to pro-
duce the efficient (Pareto) frontier when multiple conflicting objectives are present.

— Implement these algorithms efficiently for applicability to industrial large-scale problems.

Ambulance Deployment:

—  Develop and evaluate alternate models for predicting ambulance coverage in an urban network
where the nodes are geographical regions of 1 square km.

— Develop a new contingency table for ROWEMS that provides the optimal location for a given
number of ambulances, when there are multiple levels of response time goals.

—  Study the operational problem of how to dynamically redeploy ambulances when the number of
available ambulances changes.

d) Methodology

The study of high performance optimization and its applications cries out for researchers with strong
backgrounds in a variety of mathematical, computer science and engineering disciplines. One need to
take particular care in developing clear and sound proofs of the new theory and algorithms, to study
their complexity, and to further develop highly efficient software. New algorithms must be implemented
and tested on real engineering problems. These engineering problems must be modeled carefully to
insure accurate conclusions.

IPMs - theory and algorithms: Future focus will examine how to reduce the effort required
in calculating the Newton steps in IPMs, how to deal with round-off errors appropriately, and how
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preprocessing and warmstarting can aid in IPMs.

Matrix Rank Minimization: Our methodology addresses NP-hard problems with convex relax-
ations. This is an old technique; for example, the traveling salesman problem was addressed with
linear programming heuristics even in the 1960s. The recent methodological and theoretical break-
throughs are the proofs in many papers that this relaxation is exact (i.e., it returns the exact solution
to the NP-hard problem) for input instances constructed in a certain way. In the case of clique, for
example, our relaxation is exact for graphs that consist of a clique united with many edges inserted at
random that hide the clique.

VLSI Circuit Design: A new focus on the theoretical development and new solutions techniques
for MINLO models, as well as new SDO relaxation techniques will be used to advance knowledge in
VLSI design.

Distributed Generation in the Context of Smart Grids: In order to accomplish the afore-
mentioned objectives, proper simulation and optimization models of the power distribution network
with DG penetration, considering Smart Grid technologies such as real-time measuring and interactive
control capabilities at the customer and utility levels, will be developed while also including upstream
transmission system effects and impact of external electricity market dynamics. The models will be
used to evaluate the optimal and secure operation of DG units as an integral part of Smart Grids,
and to study their effects on distribution systems and the overall grid. The development of new op-
timization models and solution methods associated with the aforementioned research objectives, as
well as their practical implementation are at the core of this work. Hence, a good understanding of
power systems’ modeling and analysis, DG and smart grid technologies, and electricity markets, as
well as LP, NLP and MINLP models and solution techniques and tools are necessary to accomplish
these objectives.

Robust Financial Optimization: The research focuses on theoretical development in the areas of
risk theory and robustness and on implementing efficient algorithms for solving large-scale real financial
optimization problems.

Ambulance Deployment: Incorporate the results already achieved into a complete solution that
meets the needs of ROWEMS, and of the Ministry’s new framework. The models will be tested and
validated using ROWEMS data, but the general modelling principles and techniques will be published
and extended for applicability in other areas with similar locational and deployment fleet problems.

e) Description of subprojects

IPMs - theory and algorithms: The study of IPMs focuses on further enhancing the theory behind
IPMs and designing new algorithms based on the basic principles of IPMs.

Matrix Rank Minimization:

VLSI Circuit Design: Work of VLSI design focuses on developing novel algorithms to solve the
partitioning, placement, and routing subproblems of chip design.

Distributed Generation in the Context of Smart Grids: This subproject will examine critical
aspects of operation, control, stability and planning of power distribution networks with DG resources
in the context of Smart Grids.

Robust Financial Optimization: New theoretical investigation of relationships between risk mea-
sures and robustness. New models and algorithms for large-scale financial problems.

Ambulance Deployment: New modeling approaches to fleet deployment, with a focus on ambu-
lances and other emergency vehicles. Development of optimization techniques to solve these models
and obtain solutions satisfying the prescribed requirements.

f) Significance of results obtained: Industrial, economic, and social relevance
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With the development of new optimization tools and algorithms, problems once considered out of
reach are now approachable by modern optimization methodology and thus ignite renewed interest
in modeling and solving real-life problems via High Performance Optimization. Besides the well-
documented scientific contributions and major breakthroughs of our team to the state-of-the-art of
the theory and practice of IPMs and SDO, our overall achievements reach far beyond to also create
impact in various areas of industrial, economic and social human activity.

Among our recent examples of the success of convex relaxation for data mining problems have been
the clique and biclique problems. The clique and biclique problems were chosen for this study because
they both arise in data mining. In particular, the clique problem has been used in the study of brain
activity leading up to seizures in epileptic patients [IPSS01], and the biclique problem has been used to
find features in image databases [GGO08]. For any kind of data mining problem, a reasonable question
to ask is whether an algorithm is able to find the hidden structure under the assumption that it is
present but is perhaps obscured by noise. Our answer is affirmative for the nuclear norm algorithm
for both clique and biclique under suitable assumptions.

The SNL problem has broad applications in environmental monitoring, physical security of facilities,
and even magnetic resonance imaging of large molecules such as proteins. For example, in the envi-
ronmental setting, a collection of sensors may be deposited in a remote area by helicopter, and it is
crucial that the sensors calibrate their positions in order to perform their monitoring task. Another
important example is the tracking of humans, animals, equipment, or weather. The sensors are often
referred to as smart dust. And to quote Horst Stormer (Nobel Prize, Physics) in ‘21 Ideas for the 21st
Century”, Business Week. 8/23-30, 1999:

Untethered micro sensors will go anywhere and measure anything - traffic flow, water level,
number of people walking by, temperature. This is developing into something like a nervous
system for the earth, a skin for the earth. The world will evolve this way.

The advances in modeling techniques and robust SDO algorithms have prompted great consequences
for the industrial sector, which is now able to actively employ new and more powerful models for MRI
design, molecular conformation and protein folding for better gene prediction and drug design, network
stability of power systems, and the improved efficiency of electricity networks and market auctions.
For VLSI, our methods achieved notable reductions of current wire lengths yielding significant cost
savings for the chip producing industry [LAV0S].

The research on Smart Grids and the role of DGs in power distribution systems is envisaged to bring
in important findings in efficient system operations and control. The research will also consider the
critical role of the demand-side, i.e. electricity customers and the effect of real-time pricing on their
response and consequently on the grid. The research will also examine the role of demand elasticity
and conservation, penetration of renewable energy sources and the long-term impact on environmental
emissions.

Finally, of social relevance are the novel way to control the operation of sensor networks [KW09b]
due to their high relevance for natural habitat monitoring, earthquake detection, and disaster relief,
as apparent from the 2004 Indian Ocean earthquake or the 2005 Hurricane Katrina, and our recent
contributions to ambulance deployment and planning.
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7 List of Publications

This information is provided on our project website.

8 Development of Highly Qualified Personnel

The project’s dedication to the development of highly qualified personnel can primarily be seen in our
remarkably successful and steadily growing graduate programs, our strong and distinguished conference
and seminar series, and our members’ various contributions to summer schools and short courses both
as organizers and as invited lecturers. Over the last two years, we have seen a spectacular growth
in the number of graduate students trained as part of our regular curricula and through their active
involvement in the research projects outlined in this proposal. To maintain and further strengthen the
expertise of our current and coming personnel and train our students and visiting fellows to become
future leaders in academia, industry, and/or government, we are heavily committed to use most of
the requested funds for the continued support of our successful graduate students and postdoctoral
fellows.

a) HQP Involvement with Partner Organizations

Based on the determined goal to prepare our students for successful careers and lasting impacts in
academia, industry and government, we strongly support and create many networking opportunities
for students to also interact with our non-academic partners (also consult the Section “Networking” of
this project proposal). While the invitation of external guest speakers to our Seminar Series regularly
opens the basis for first informal contacts, stimulating conversation on topics of relevance, and vivid
exchange of ideas for further research, recently we were also successful to arrange for several internships
of our HQP with one of our collaborating partners.

Student Feng Xie of McMaster University worked at IBM Watson through an internship aimed at tack-
ling some of the engineering challenges in implementing a constraint programming-based scheduling
engine to scale well on massively parallel computer hardware. In particular, we have been targeting
our solvers to work in high performance computer environments such as the IBM Blue-Gene/P super-
computer. On such hardware parallelism is enabled at the software level using message passing, based
on the MPI standard. Feng investigated a parallelization scheme based on a dynamic decomposition
and reallocation of the search space during search. The initial results show good scaling behavior
on challenging resource-constrained project scheduling problems up to 1024 processors on the IBM
BlueGene/P supercomputer.

During the past two years, McMaster Ph.D. student Olesya Peshkoo and postdoctoral fellow Yuriy
Zinchenko were involved in a total of 16 months internships with Princess Margaret Hospital
(PMH) in Toronto, which is well-known and recognized as one of the leading cancer-research hospitals
in the world. In collaboration with the Ontario Cancer Institute hosted at PMH, Olesya’s PhD thesis
is co-supervised by Douglas Moseley from PMH and Tamés Terlaky at McMaster University, opening
a fruitful dialogue and ensuring continued collaboration between the two partners in the following
years. Doron Pearl and Voicu Chis, two other McMaster students, are also working on collaborative
projects with the PMH, and the Windsor Regional Cancer Center offered an 8-month internship for
one of Chitra Ragan’s students in Windsor in January 2008.

On a separate front, Waterloo Ph.D. student Joe Naoum-Sawaya and Masters students Kian Alladini
and Jie Hu have been involved in a collaboration with the Emergency Medical Services of the Region
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of Waterloo (ROWEMS). Although this work is still in its early stages, a recent presentation was
given at ROWEMS headquarters by most of the researchers and students involved, and ROWEMS
personnel are very pleased with the results to far. It is expected that the results of this research will
be operationalized by ROWEMS within the next 12 months in order to meet the deadline imposed
by the Ontario Ministry of Health and Long-Term Care for implementing the new land ambulance
response time framework.

For the Smart Grid research, the researchers will interact with the supporting organization, namely
ABB, with the students working in close collaboration with the partner company to develop new
techniques and tools for analysis of power systems in the presence of DG sources in a Smart Grid
environment using a variety of tests with realistic data and on the requirements and needs of the
company. The proposed project is mainly geared towards training highly qualified personnel to work
in industry and/or academia, as most of the requested funds will be used to fully or partially support
Ph.D. students Postdoctoral fellows and Research Associates. At least 2 PhD students will be directly
and fully funded from the requested funds to carry out the proposed research work. This trained
manpower will be readily available to work in the power industry and/or academia in Canada.

We are eager to intensify these and other emerging relationships which do not only create significant
new training opportunities for our own students, but which will also produce higher qualified personnel
in these critical and steadily expanding application areas.

b) Initiated Training Activities

Our commitment to personnel training of students and visiting scholars as well as our substantial
engagement in lasting contributions to Canadian’s educational infrastructure in the Engineering Sci-
ences is clearly laid out in a number of recent developments, highlighted by but not limited to the
recently opened “McMaster School for Computational Engineering and Science” and the further grow-
ing “Electricity Market Simulation and Optimization Laboratory” at the University of Waterloo (see
the previous paragraph).

The McMaster School for Computational Engineering and Science (MISCES) was estab-
lished on July 1, 2005. The School is an equal partnership between the Faculties of Engineering and
Science, with outreach to the School of Business and the Faculty of Health Science, and leverages Mc-
Masters existing expertise and excellent infrastructure in computational sciences and computationally
intensive engineering. Its new curriculum emphasizes industry relevant academic research and de-
velopment to prepare masters students for a career in industry or the public sector where independent
critical thinking and advanced state-of-the-art knowledge of modern computational methodology are
indispensable.

Two other developments indicate the active engagement of our team into University Administration
and Educational Training. Anthony Vannelli, formerly Professor and Chair in the Department of
Electrical and Computer Engineering and Associate Dean of Research and External Partnerships in
the Faculty of Engineering at the University of Waterloo, has recently accepted a position as Dean of
the College of Physical and Engineering Sciences (CPES) at the University of Guelph. During
his earlier tenure as chair in Waterloo, his department had introduced interdisciplinary programs in
software engineering, nanotechnology engineering, and a new online graduate degree program in the
power area, and following his tremendous achievements and contributions at Waterloo he looks forward
to also integrate newer disciplines and strategic directions into the existing research and teaching
curricula at Guelph.
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At Waterloo, Miguel Anjos was Associate Chair for Graduate Studies and Research in
the Department of Management Sciences for 2007-2009. He played a leading role in coordinating
curriculum development and other teaching activities in his department. In particular, he was actively
involved in the significant expansion of the graduate program that nearly doubled the number of
Master and PhD students to over 200 in the Fall term 2009. In the period 2007 to 2009, he hosted and
trained five postdoctoral fellows (one current), four PhD students (one current), eight Master students
(five current), and four undergraduate research assistants funded through the project.

In the same department at Waterloo, department chair Elizabeth Jewkes and Associate Chair for
Undergraduate Studies Samir Elhedhli have led the development, approval and launch of a new
undergraduate program in Management Engineering. The first class was admitted in September
2009 into this program, the first of its kind in Canada. In the period 2007 to 2009, Jewkes and Elhedhli
together are hosting and training three PhD students and two Masters students involved in and funded
(fully or partially) through our project.

Also at Waterloo, Claudio Canizares has been recently awarded the Hydro One Endowed Chair,
which is a 5-year research chair position, renewable in perpetuity, supported by a $1.5 million endow-
ment from Hydro One to support the research program undertaken by the Chair in support of Hydro
One activities, particularly in the area of Smart Networks and Emerging Industry Infrastructure.
The funds made available through this endowment will be mainly used to support graduate students
working to support the research initiatives of the Chair. Given the overlap of research activities of
the present proposal in the area of Smart Grids with the endowed chair position, it is important to
highlight the fact that these endowment funds will be used to further support the proposed research
program and especially the students working in the Smart Gird research topics.

Together with Kankar Bhattacharya, Canizares introduced an online course-based Master of En-
gineering / Graduate Diploma Program in Electric Power Engineering. The program received full
approval from the Ontario Council on Graduate Studies in November 2005. It was established with
the strong support of Hydro One Inc., the leading power transmission and distribution company based
in Ontario. The main objective of the program is to provide advanced state-of-the-art training, skill
development and education to power engineering personnel employed at various power companies so
as to help develop specialized manpower base for employment in the power and energy business. The
courses offered are relevant to the power industry to help re-train their personnel with up-to-date
knowledge of the advancements in the field. The courses are also available to electrical engineering
graduates and professionals working in other areas and wishing to make a career in the power and
energy sector. This is a unique on-line MEng program in Canada and possibly globally
offering such a facility for HQP training. Currently the Program offers 18 on-line courses covering a
wide range of topics in electric power engineering, such as electric power systems, high voltage en-
gineering and power electronics and drives. All the courses are conducted on-line in a multi-media
e-learning environment that encourages a learn-while-you-work philosophy through the use of internet
and other associated modern-day communication technologies. The Program has already graduated
more than 25 students with the MEng / GDip degrees and there are more than 70 participants enrolled
in the program currently. The program participants are mainly from the power industry in Canada,
although in recent years there have been participants from other countries, including the U.S.A., U.K.,
and Qatar.

At McMaster, Antoine Deza was recently appointed Associate Chair (Graduate) in the Depart-
ment of Computing and Software and is responsible for over 100 research students, playing a leading
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role in the graduate teaching of the department. He has been training 14 students in the last two
years, of which 5 are PhD students supported through this project.

Our training of highly qualified individuals is further enhanced by the ongoing organization of our
well-attended Optimization Seminar Series. Both McMaster and Waterloo host weekly seminars
that broaden the understanding of optimization and its applications. The Advanced Optimization
Laboratory at McMaster also hosts a weekly student seminar, which provides new students with a
valuable platform to train their public speaking skills. The Continuous Optimization Seminar
Series was re-launched at Waterloo by Anjos and Wolkowicz in Fall 2007. It brings together opti-
mization researchers from the Faculties of Engineering and Mathematics at Waterloo, and nurtures
their interactions both within Waterloo and with outside researchers.

Some of our students are also involved in MITACS student activities. In particular, Elspeth Adams,
supervised by Anjos at Waterloo, is a member of the MITACS Student Advisory Committee, and
Olesya Peshko has served as a McMaster University representative on the MITACS student council.

Finally, our group continues its involvement in numerous workshops and conferences, in Canada and
around the world, supporting a high level of student involvement in terms of both organizational and
presentation contributions. All the details of these activities within the last two years are on our
project’s webpage.

c) Successes of Past and In-Course Trainees

Our remarkable success in training graduate students to produce and present research results of high
scientific quality and relevance is well-reflected in the numerous Modeling and Paper Prizes and
Presentation Awards they have received over the years. The list below collects only prizes awarded
during the last 2 years.

—  Ismael El-Samahy from the University of Waterloo was awarded a 2008 MITACS Best Novel Use
of Mathematics in Technology Transfer Award for his work on a novel reactive power market
structure and an MINLP model for the optimal procurement of reactive power in competitive
electricity markets. His work was supervised and co-authored by K. Bhattacharya, C. Canizares
and M.F. Anjos.

—  Amirhossein Hajimiragha from the University of Waterloo was awarded a 2009 MITACS Best
Novel Use of Mathematics in Technology Transfer Award for his work on an MILP model to
analyze in detail the optimal utilization of Ontario’s power grid during off-peak hours for hydrogen
production for transportation applications.

—  Tams Terlaky from McMaster University was awarded a 2008 MITACS Award for Excellence
in Mentorship.

—  Yuriy Zinchenko from McMaster University was awarded a 2008 MITACS Best Novel Use of
Mathematics in Technology Transfer Award.

—  Oleksandr Romanko from McMaster University was awarded 2nd Place at the MITACS 2009
Annual Meeting Poster Competition for his poster Credit Risk Portfolio Optimization.
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9 Networking

9.1 List of Networking Events

The list of networking events is provided on our project website.

9.2 Future Networking Events

We intend to continue a number of networking activities that have been carried out regularly in recent
years. These include the weekly “Advanced Optimization Seminar Series” at McMaster, the weekly
“Continuous Optimization Seminar Series” at Waterloo, and the “Industrial Optimization Seminar
Series” at the Fields Institute. In the past, these seminar series have successfully brought high-profile
individuals from both the academic and industrial sectors to speak and network with the project
members.

The project has already resulted in a very high level of collaboration and networking activities between
the researchers working in the area of electricity markets and energy systems with those working in
mathematical optimization, as well as colleagues in other filed and foreign research labs. The Smart
Grid project will continue to develop and build upon the existing collaborative research between the
power engineering researchers (Canizares and Bhattacharya) with researchers working on optimization
techniques (Anjos, Vannelli and Fuller). New optimization tools and methods will be applied to solve
complex problems arising in power grid operations and planning in the context of Smart Grids. There
will be co-supervised PhD students between the two research groups to further strengthen the existing
network.
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10 Knowledge Exchange and Technology Transfer

Based on the project’s main emphasis to advance theory and implementation of high performance
optimization algorithms for application in the engineering sciences, a large number of research reports
and refereed journal articles has appeared whose copyrights are typically transferred to the respective
publisher.

Profs. Canizares and Bhattacharya’s work on reactive power procurement and dispatch, under the
auspices of ABB, NSERC, OCE, OPA and the IESO, is the main reason for the support this proposal
is receiving from ABB. As a matter of fact, the proposed research work has been already approved and
funded by ABB and MITACS through a 2-year research contract signed back in April 2008, and the 2
PhD students that will be carrying out the main research activities have started in the project back in
September 2008. ABB is an international corporation with significant corporate presence throughout
Canada, and ABB US Corporate Research is in charge of funding research initiatives of ABB’s direct
interest throughout the US and Canada, particularly in the areas related to Smart Grids, as this is
now a strategic priority for the company:
(http://www.abb.com/cawp/db0003db002698/145abc3534b16460c12575b300520d8b . aspx).

ABB’s participation will follow the model that has been successful applied to previous collaborations,
which includes bi-annual live meetings with the member of ABB’s technical staff assigned to manage
the project. The project manager will closely monitor progress and fulfillment of the aforementioned
research objectives, as well as provide advice to the research team from a practical standpoint. Con-
tinuous channels of communication will be maintained between the project manager and the research
team through electronic means. Finally, besides written reports, the industrial partner will be given
copies of all models, techniques and tool prototypes developed for the project.


http://www.abb.com/cawp/db0003db002698/145abc3534b16460c12575b300520d8b.aspx
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11 Additional Information

Our tremendous qualifications and past experiences in the proposed project area of High Performance
Optimization put us into an excellent position to achieve many significant research results of importance
to scientific researchers and practitioners in academia or industry and the economic or government
sectors. In addition, we are committed to the steady development and training of new and highly
qualified individuals that will manifest the workforce of tomorrow and become future leaders in many
different areas of human activity. Therefore, we are convinced that our funding request is reasonable
and necessary to fully accomplish the proposed project objectives and to achieve the maximal outcome
from our team effort for the benefit of our students and, thus, the society at large.

The expected success of our project is based on our the large number of previous research papers at
flagship conferences and leading journals in the field of theoretical and computational optimization
(see the Section “List of Publications” and our project website). In addition, our regular presence
at conferences, workshops, or seminars gives a clear indication of the high reputation we have gained
for our contributions in each of our respective areas of expertise (see Subsection b) in the Section
“Development of Highly Qualified Personnel”). Our well-trained students are among the best in the
field and key to the many current accomplishments summarized in this proposal, which is prominently
recognized by the number of awards granted by experienced professionals and researchers at leading
conferences or other modeling and paper competitions (see Subsection c) in the same section as above).
Based on their strong self-motivation and discipline, some of our students are also already engaged in
independent consulting activities significantly adding to their personal learning process.

Among the many important goals of this project is also to increase and create new collaborations be-
tween the individual institutes involved in this project themselves. For example, through the networks
created as part of this project, many joint research projects have been initiated across departments
and between the participating universities. These new connections have also resulted in the ability
to jointly host post-doctoral fellows and other visitors and motivated team members to spent their
sabbatical years at one of the other partnering institutions.

The Smart Grid project has resulted in some critical and important partnerships between the partic-
ipating researchers and the industry. In particular, the previous phase of the Smart Grid subproject
has led to strong collaborations between the associated researchers (Canizares and Bhattacharya) with
ABB Inc., Hydro One, IESO and other utilities. In fact, funds from ABB Inc. have already been se-
cured for the proposed research work in Smart Grids. The research results have provided some new
findings of importance to the power industry and has proposed some new paradigms in operations of
power systems.

We are excited about pursuing and extending our collaborative achievements, and we are certain that
the coming years will yield continued successes and growing societal impact.
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Short Project Description

(suitable for public release)

Whether computers become faster, power supply more reliable, or cancer treatment more
effective, the common driving force underlying modern technological, economic, and social
prosperity is high performance optimization. The multidisciplinary “High Performance
Optimization” team combines leading experts and researchers in the areas of mathematical
and engineering sciences who are developing novel sophisticated models and state-of-the-art
optimization algorithms to solve these models with the ultimate goal to achieve innovative
solutions to problems of critical importance in electrical engineering, financial engineering,
and the health services sector.

The main objective of the research being carried out by the High Performance Optimization
team of researchers is to develop highly efficient optimization algorithms for solving im-
portant engineering optimization problems in the areas of matrix rank minimization, Very
Large Scale Integration (VLSI) circuit design, smart power grids, finance, and emergency
medical services

For some of the most complex circuit design and wireless communication problems, the
team has provided powerful approximation algorithms that have excellent theoretical bounds
and find close to optimal solutions of guaranteed quality in very short time, outperforming
even the best previously known heuristic methods. The team has also been developing
novel game theoretical models to enable secure, reliable and affordable power supply in
competitive electricity markets and explored innovative approaches for maximizing system
security in optimization-based dispatch and pricing tools. In the context of the Smart
Grids, we have already proposed some novel operating paradigms with regard to reactive
power markets settlement, pricing and dispatching and new solution algorithms have been
developed that can handle large-sized practical power systems. It is envisaged that the
project will continue to work on critical issues pertaining to Smart Grids and evolve so-
lutions to problems with DG penetration and the complexities arising in stability, control
and operations.
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