creating
solutions
TO ADDRESS GLOBAL CHALLENGES

research
STRATEGIC RESEARCH PLAN

RESEARCH THEME AREAS
“Creating Solutions to Address Global Challenges”
maps the future for transformational research in
eight theme areas:
» Characterizing matter:
Discovery and Design of Materials and Systems ...................... 4
» Sustaining earth and society:
Environment and Energy................................................................. 6
» Enhancing quality of life:
Health and Well-Being ..................................................................... 8
» Enabling the digital revolution:
Information and Communication Technology...........................10
» Enhancing industrial innovation:
Manufacturing and Devices............................................................. 12
» Connecting theory with applications:
Mathematical Sciences and Computer Science ........................14
» Supporting change:
Society, Culture, and Governance .................................................16
» Defining the future:
Quantum Information and Nanotechnology.............................. 18

COVER PHOTO: Computational
neuroscience researchers evolve
Spaun, the world’s largest functional
brain model, by creating specific brain
systems and new functions.
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Science researchers are leading
Canada’s contribution to the
international team responsible for
building the Cerro Chajnantor Atacama
Telescope (CCAT) — the world’s largest
single dish submillimetre telescope.
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CREATING SOLUTIONS TO ADDRESS GLOBAL CHALLENGES
For almost 60 years, the University of Waterloo has
been advancing knowledge through outstanding
scholarship and landmark research that address major
challenges arising from the intersection of social,
scientific, technological, health, and policy issues.
Innovation is at the core of Waterloo and characterizes the University’s
research. Groundbreaking research has fuelled new ideas and technologies,
and research excellence across all six Faculties continues to foster a vigorous
spirit of discovery and knowledge mobilization.
This spirit is reflected in the University’s Strategic Plan “A Distinguished
Past — A Distinctive Future.” As Waterloo actively pursues the goal of being
recognized as one of the top innovation universities in the world, the newest
Strategic Research Plan “Creating Solutions to Address Global Challenges”
maps a path for the future while building on its history.
Transformational research that transcends traditional disciplinary boundaries
has deep roots at Waterloo and embraces diverse research interests ranging
from connecting quantum theory with gravity to pioneering innovative
medical devices for the treatment of disease and illness. It is a differentiating
strength that supports Waterloo’s recognition as one of the most innovative
universities globally where world-class research centres and institutes serve
as a springboard for tackling grand challenges.
Internationally renowned researchers at the Institute for Quantum Computing
are at the forefront of quantum science making groundbreaking discoveries
that are leading to real-world quantum applications. The 125 members of the
Water Institute hail from departments across the University and are engaged
in revolutionary research on the sustainability of global water resources.
Innovation at the Schlegel-UW Research Institute for Aging is underpinning
new paradigms for the provision of care for the elderly. Research in
neuroscience/psychology, and at Waterloo’s Centre for Automotive Research
(WatCAR) and Institute for Nanotechnology (WIN), is generating new
knowledge that will change lives, enable the realization of societal goals,
and enhance industrial innovation.
Guided by this new Strategic Research Plan, Waterloo will continue to
support the discovery of new knowledge as well as its mobilization for
the benefit of society at large.

D. GEORGE DIXON
Vice-President, University Research,
University of Waterloo
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An array of screens in the Christie
Digital Suite at Waterloo’s Stratford
campus, known as the Personal
Immersive Environment (PIE), acts
as a staging area for the three-storey
MicroTile Wall where designers can
see their work before it goes live.
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RESEARCHERS ARE:

characterizing matter:
discovery and
design of materials
and systems
» Studying the mechanical behaviour of metals, composites,
and intermetallics,
» Enhancing microsystem functionality through materials
and process integration,
» Investigating the interaction between living systems
and so-called “soft matter,” which has applications in
biotechnology, biophysics, and materials biocompatibility,
» Creating self-driving autonomous vehicles,
» Conducting research in nanophotonics, quantum materials,
nanoelectronic materials, modelling, and fabrication,
» Participating in the design, planning, and construction
of civil infrastructures and the analysis of their reliability.

A system of micro-mirrors is one
of the optical imaging innovations
developed at Waterloo by Physics
Professor Melanie Campbell.
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World-leading researchers in the Faculties of Science and Engineering are
redefining current understanding of the physical world and applying this
knowledge to the creation of advanced materials and systems.
The scope of materials and systems research
conducted at the University of Waterloo ranges
from the smallest scale manipulation of light
and properties of subatomic matter to the
creation of projects that help shape the future
of large-scale infrastructure installations.
In the Faculty of Science, physical and chemical
characterization of matter is leading to the
creation of new materials, while biological
investigations include the compatibility and
applicability of new materials within living
systems. Diverse synthetic chemistry approaches
embracing organic, inorganic, and polymer
chemistry are used to develop new materials
for energy storage as well as optical and
magnetic communication, applications that
will significantly increase the capabilities of
future technologies.

ADVANCING MATERIALS PROCESSING
Groundbreaking research in advanced materials
processing and joining techniques is underway
in the Faculty of Engineering. New strategies
for processing composite materials including
cement and concrete, intermetallics,
nanostructured materials, and thin films,
as well as materials for hydrogen storage,
superconductivity, and other energy conversion
applications are being developed. In particular,
the design, planning, and construction of
civil infrastructures, including the study
of their reliability, are a focus of materials
science research.

The complementary research strengths
of Waterloo Science and Engineering are
brought together by the Waterloo Institute
for Nanotechnology (WIN), housed in the
Mike & Ophelia Lazaridis Quantum-Nano Centre.
WIN plays a pivotal role in enabling cuttingedge, transformational research related to the
discovery of materials and design of systems.
Among its many distinctions are WIN’s leading
nanofabrication and metrology facilities, which
are among the most advanced of their kind
in the world.

ENSURING SAFETY STANDARDS
Opportunities to incorporate new materials into
on-board systems in vehicles have never been
greater. At the Waterloo Centre for Automotive
Research (WatCAR), the ability to model and
predict multi-material lightweight structural
component behaviour, ensuring safety standards
continue to be met or exceeded, is facilitating
highly significant product development-driven
research in this area. From 10,000-frame
per second camera images of crash impacts
to complex powertrain simulation models,
Waterloo’s mechanical and mechatronics
engineering competencies are widely recognized
and in high demand from vehicle assemblers,
parts manufacturers, and materials suppliers
across the globe.
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RESEARCHERS ARE:

sustaining earth and
society: environment
and energy
» Creating new battery technologies with high energy capacity and energy
density, and third-generation solar cells based on organic electronics
and quantum dots,
» Studying renewable energy (i.e., wind, solar, bioenergy, geothermal)
and energy harvesting,
» Making key contributions to ecotourism, urban recreation geography,
as well as tourism forecasting and trend analysis,
» Decreasing emissions and improving fuel economy through vehicle
weight reduction,
» Investigating environmental fluid dynamics and developing mathematical
and computational models which assist in the management of our
natural environment,
» Analyzing earth surface processes, conducting studies of terrestrial
ecology and environmental protection, reclamation and remediation,
» Using nanotechnology to create high-performance and high-function
products that are environmentally safe and have a lower carbon footprint
than petroleum based alternatives,
» Developing sustainable systems for providing high-quality drinking water,
» Leading research in air quality assessment, weather analysis, atmospheric
chemistry and modelling, and greenhouse gas-source analysis,
» Providing valuable policy advice to all levels of government.

Researchers explore unique solutions
for the world’s environmental and
energy challenges.
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Environmental and energy challenges command the world’s attention,
while a healthy environment and energy equation requires balance
amongst existing resources and those still to be discovered.
Sourcing of primary energy as well as its
transmission, storage, and distribution are
critical elements of societal infrastructure that
are impacted by environmental issues. Aware
that development of “smart regions” can only be
achieved through collaborative, interdisciplinary
research, University of Waterloo researchers across
various disciplines are collectively addressing such
issues as climate change, food systems, ecological
restoration, and urban planning, as well as how
these issues impact sustainable energy.

IMPROVING ENERGY GENERATION
The Waterloo Institute for Sustainable Energy
(WISE) is Canada’s largest concentration of
academic researchers devoted to sustainable
energy. WISE has identified three major research
directions to address the scientific complexity
and interrelated nature of energy challenges:
achieving a global low-carbon energy system,
smart urbanization and growth of cities, and offgrid energy access. Although it’s clear there is no
single solution to the world’s energy challenges,
researchers at Waterloo are finding ways to improve
energy generation methods and incorporate
new energy sources, convert and deliver energy
more efficiently, create smart energy grids,
microgrids, and networks, as well as engage in
the advancement of energy policy and planning.

CREATING NEW BATTERY TECHNOLOGIES
At the Waterloo Institute for Nanotechnology (WIN),
third-generation solar cells based on organic
electronics and quantum dots are being developed.
Nanotechnology is also supporting the creation of
new battery technologies with high energy capacity
and energy density. Researchers at both WIN and
WISE provide critical policy advice to stakeholders,
including government and the private sector.
In the Faculties of Science and Environment,
specializations ranging from advanced analytical
geoscience (including studies of tectonic to
hydrological processes) through environmental
monitoring and ecosystem modelling to the
environmental applications of metagenomics are
being pursued. Research encompasses studies
of mineral and energy resources, climate change,
aquatic systems, earth surface and subsurface
processes, the cryosphere, and sustainable food
systems. Genomics and proteomics coupled with
structural biology and modelling are used to better
understand basic biological processes such as
brain function and how environmental stimuli,
including contaminants, impact the function of
cells and organisms.
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An additional strength is the Water Institute
with its multidisciplinary capability to address
surface and groundwater issues such as
watershed management, water and energy,
emerging contaminants, and water treatment
using nanotechnology. Waterloo researchers
are modelling the impact of urbanization and
agricultural practices on wetland ecosystems,
engaging in research on river-engineering,
eco-hydraulics, and fluvial geomorphology,
engineering new water purification technologies
for developing countries, and conducting
environmental simulations.

Issues involving water are some of the topics
that raise questions of governance, ethics, and
science policy. Meeting the food needs for a
world population expected to reach nine billion
by 2050 will have important implications for the
natural environment. Waterloo’s research strengths
in climate change, plant biology, agricultural
biotechnology, ecological agriculture, and soil
science can influence and support solutions to
the challenge of providing food for a burgeoning
population. As well, researchers in Waterloo’s
Global Food Politics Group explore the politics
and governance of food, agriculture, and
the environment.
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RESEARCHERS ARE:

enhancing
quality of life:
health and
well-being
» Addressing key health challenges in the aging population,
including the provision of health services such as geriatric care
and rehabilitation, and management of age-related conditions
in primary and long-term care,
» Developing new modelling approaches to characterize
the morphology, physiology, and mechanics of both diseased
and healthy tissue, and to localize and grade the severity of
malignancies, occlusions, and other abnormalities,
» Identifying both natural and synthesized compounds that
serve as therapeutics for conditions such as cancer, Alzheimer’s
disease, heart disease, diabetes, and infectious diseases caused
by bacteria and viruses,
» Leading mathematical, statistical, and computational research
into brain activity,
» Improving performance of diagnostic equipment used in
healthcare settings at lower cost,
» Studying the national and international significance
of health policy in Canada (e.g., ethical and structural
considerations of disability and accessibility).

Improving health and well-being is a
significant factor in improving quality of
life for Canadians and communities.
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Health and well-being is an area of research that increasingly leads to
the development of life-changing technologies with significant impact
on individuals and communities.
The University of Waterloo is a global leader in
advanced research on chronic disease prevention
and management, healthy active aging, youth health,
public health policy and practice, nutrition, and human
movement, all of which lead to the development of
strategies that improve well-being.
The Schools of Pharmacy and Optometry & Vision
Science in the Faculty of Science are active in clinical
healthcare practice research as well as ocular disease
prevention. Interdisciplinary areas of research include
fundamental molecular, genetic, and biophysical
research of disease states, and the development of
biomedical imaging techniques. At the Propel Centre for
Population Health Impact, a unique partnership with the
Canadian Cancer Society, solution-oriented programs of
research, knowledge exchange, and capacity-building
are strengthening communities through international
tobacco control policies, digital applications for smoking
cessation, and improving the health of Canadian youth
through nationwide data collection and analysis.

IMPROVING DIAGNOSTIC PROCEDURES
AND DRUG DESIGN
Mathematics and engineering research also focuses
on health and well-being. Biostatistical methods play
a critical role in the design and analysis of studies of
risk factors for disease, disease progression, and the
effects of therapeutic interventions. Breakthroughs
in bioinformatics are improving medical diagnostic
procedures and drug design, while computational
research findings in artificial intelligence are being
used to deliver personalized care for medical
conditions such as Alzheimer’s disease.

FINDING SOLUTIONS TO HEALTH
SYSTEM CHALLENGES
Researchers in the School of Public Health and Health
Systems are helping to improve the quality of health
services for vulnerable populations, including the frail
and elderly. This includes interRAI Canada’s clinical
assessment tools that evaluate and respond to the
strengths, preferences, and needs of more than a
million Canadians. The Geriatric Health Systems
Research Group works with health system partners
and seniors to understand and find solutions to health
system challenges that affect the quality of life for
older persons.

ENHANCING CARE FOR OLDER ADULTS
The translation of research to improve the health of
Canadians is a key focus at Waterloo. The Schlegel-UW
Research Institute for Aging, based in the Faculty of
Applied Health Sciences, enhances the care of older
adults through the development and implementation
of innovative research and training programs. A
unique collaboration with the Royal Bank of Canada
has established the RBC Retirement Research Centre
to empower people to understand and prepare for
physical, psychological, and financial well-being
in retirement. The Murray Alzheimer Research and
Education Program integrates research and education
to enhance dementia care practices in Canada.
The provision of clean and reliable sources of water
for human consumption is also a research focus at
Waterloo. Research in the Faculty of Science includes
water quality assessment, environmental toxicology,
identification of contaminant sources and mitigation
measures, as well as the use of stable isotopes to trace
contaminant migration and biogeochemical cycles.
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Biomedical engineering is one of the fastest
growing research areas at Waterloo, resulting in
the establishment of the Centre for Bioengineering
and Biotechnology embedded in the Faculties of
Engineering and Science. Biomedical engineering
research spans conceptual development and design
through clinical-grade prototyping and evaluation,
requiring extensive engagement with potential
end-users in the healthcare system, as well as the
high-tech and manufacturing sectors to ensure clear
commercialization pathways. Waterloo researchers are
also developing new and improved technologies for the

controlled and targeted release of therapeutic agents,
including viral and non-viral drug and gene delivery
systems, as well as lab-on-a-chip technologies,
micro- and nano-biomedical sensors, and new
and improved processes for the development of
biopharmaceuticals and vaccines. In addition, advances
in sensor technologies and information processing
will lead to highly accurate and non-invasive diagnostic
and screening instruments.
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RESEARCHERS ARE:

enabling the digital
revolution: information
and communication
technology
» Developing new tools for the future, including cutting-edge
optimization models needed for the management of a variety
of organizations,
» Working on systems that use machine intelligence to learn
behaviours and anticipate responses,
» Creating the first evidence-based smartphone application
to aid smoking cessation for youth,
» Exploring the human side of game-related technologies and
interactions with the goal of understanding the compelling
user engagement that games deliver,
» Using health bioinformatics to research how chronic diseases
can be monitored by wearable sensors,
» Developing complex algorithms, intelligent antennas, and
embedded software,
» Enhancing the development of practical quantum computing,
» Providing valuable policy advice to stakeholders.

Siftor, an interactive art installation,
tracks people’s movements and
translates them into unique
interactions. The data is used to
explore human-computer interaction.
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Researchers at the University of Waterloo are poised to revolutionize
information and communication technologies.
Research in this area extends well beyond improving
existing technologies — it embraces the discovery of
new knowledge that is being used to develop entirely
new and innovative state-of-the-art technologies.
Information technology deployed in today’s
organizations rests on a solid foundation in computer
science and mathematical sciences. As commodity
processors trend toward multiple cores, and speeds
and latencies of memory and networking shift,
researchers are designing operating systems adapted
to their hardware environments that ensure highspeed provision of new services such as streaming
content delivery. With the worldwide use of social
and business networks increasing, researchers are
designing technology that enables vital processes
such as information discovery, spam filtering, and
multilingual, speech-based systems on mobile devices.

DRIVING TECHNOLOGY WITH
CUTTING-EDGE MODELS
Financial analysis and risk management in banking
and insurance depend on sophisticated mathematical
models for the pricing and hedging of complex
instruments and portfolios, advanced statistical
analysis, and modern optimization techniques.
Waterloo researchers are providing important tools
for the future including cutting-edge optimization
models that drive technology needed for the
management of a variety of organizations.

Drawing on strengths in Applied Health Sciences,
as well as information technology and Science,
researchers are developing the data management
capabilities essential for the advancement of health
informatics and health policy. Health informatics is
a platform for creating and disseminating scientific
knowledge in all areas of health sciences, wellness,
and medical research.

ADVANCING TECHNOLOGIES
The breadth of technologies that will be advanced
is enormous — advances in sensor technologies
and information processing will lead to highly
accurate and non-invasive diagnostic and screening
instruments. Advanced robotics, intelligence, control,
and biomechanics and mechatronics modelling will
lead to new devices in healthcare for treatment,
rehabilitation, and training. Further advances in
communications, smart biosensor technologies,
integrative data processing and interface design
will lead to large-scale mobile health networks and
healthcare operations management protocols.
The Internet of Things, Mobile Internet, and
Machine-to-Machine communications are broad
application areas enabled through information and
communication technologies. Smart infrastructure
able to monitor the state of structural building
components will provide an alert when tension/
compression forces move outside of established
parameters, resulting in improved safety and cost
savings due to the elimination of unnecessary repair
work. Topics ranging from real-time embedded
systems to cloud computing, and the assurance
of connectivity throughout these systems are
domains where research will be a strong strategic
fit at Waterloo.
Waterloo researchers are also developing data
security technology that integrates rigorous software
protocols, deep algorithms from computational
mathematics, performance guarantees in networking,
and critical mobile privacy designs.
Along with the technical aspects, researchers
are also advancing knowledge on socioeconomic,
political, and cultural questions that arise related
to the effects of technology use on people and
communities through the Games Institute and
other research centres.
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An area of focus in the Faculty of Science is the
development and application of quantum theory to
the transmission of information using devices that
encode information as the superposition of states.
The applications of this include advanced encryption
for secure communication and the development
of practical quantum computing. Using physical
and computational tools, researchers are hoping to
make unprecedented optical and microwave-based
communication possible.

Engineering researchers at Waterloo are prominent
in the fields of networking, wired and wireless
communications, and signal processing — disciplines
that enable advancements in state-of-the-art transfer
of information over various media. Sensors that
capture audio, video, or environmental data
will generate and communicate vast quantities
of information that will need to be stored.
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enhancing industrial
innovation:
manufacturing
and devices
RESEARCHERS ARE:

» Improving efficiencies and reducing costs in the automotive sector,
» Conducting cutting-edge research in radio frequency (RF) technologies
including RF Micro-Electro-Mechanical Systems (MEMS), miniature RFID,
wireless intelligent systems, filters and multiplexers, superconductivity, novel
materials, computer-aided circuit diagnosis, simulation, and modelling,
» Developing intelligent transportation systems resulting in lower fatality
rates and increased comfort through improved traffic management and
next-generation electric vehicles,
» Pioneering corrective devices to treat disease and illness, including
contact lenses and non-invasive drug delivery methods,
» Developing assistive technologies (e.g., wearable sensors) to promote
independence and work-related health, reduce the risk of injury, assess
mobility of older adults, and guide clinical decision-making,
» Collaborating to build next-generation telescope and satellite technologies
that will provide unprecedented understanding of the earth and furthest
points of the visible universe,
» Developing a system to handle minute volumes of liquid for analysis
in a variety of applications,
» Helping managers in manufacturing make tough decisions more
confidently, boost productivity, lower costs, and reduce transport time.

Researchers in the Multi-Scale Additive
Manufacturing Laboratory use 3-D
printing technology to produce parts
such as bone replacements.
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Although traditional manufacturing has experienced a decline in North
America, industry, government, and academic institutions are working together
to foster a shift toward more competitive manufacturing through innovation
and technology.
Researchers at the Waterloo Centre for Automotive
Research (WatCAR) interested in vehicle assembly
are pursuing design and development processes onscreen, in a virtual environment, with the objective
of achieving more rapid and economical product
development. This is playing a growing role in the
development and deployment of technologies such as
fractal analysis of vehicle component structures and
vehicle-to-vehicle communication. WatCAR is creating
cars with increased efficiency and stability that
are more crash-proof and recyclable.

that have spawned devices such as lab-on-chip, where
several lab functions can be performed on a relatively
tiny device. New materials such as graphene and
carbon nanotubes are driving innovations such as
printed electronics in traditional industries. Researchers
are also investigating nanowire materials such as
ZnO and hybrid nanowire/thin film structures for
solar cell and sensor applications.

IMPACTING THE MANUFACTURING PROCESS

As an institution that seizes opportunities to lead in
new and emerging areas, Waterloo is leading the way
to a renewed future for manufacturing and devices
that will revolutionize not only the auto industry but
other sectors as well that are heavily dependent on
manufacturing. The improvements in manufacturing
emanating from this research will be manifest in
virtually all consumer products, from those that
have only recently begun to make our lives easier
to those that are now taken for granted.

Advanced manufacturing improvement is a continuous
pursuit in the automotive sector, with all segments of
the supply chain striving to realize efficiencies while
reducing costs. In particular, flexible manufacturing
systems and reduced-size devices are paramount for
assemblers. Research at WatCAR is leading to fewer
and more intelligent manufactured components,
improved assembly line designs that reduce repetitive
strain injury and improve productivity, parts-movement
within a just-in-time logistics integration system for
improved efficiency, as well as deeper integration of
sensors to expand functionality of on-board devices.
Researchers are also building sophisticated models
that map the impact of the manufacturing process on
resulting material properties and ultimately product
performance. These models then feed into process
optimization and control.

Waterloo has long been recognized for its cutting-edge
research in radio frequency (RF) technologies, including
RF Micro-Electro-Mechanical Systems (MEMS),
miniature RFID, wireless intelligent systems, filters
and multiplexers, superconductivity, novel materials,
computer-aided circuit diagnosis, simulation, and
modelling. New circuits and diagnosis will be required
for systems that experience mechanical strain while
operating, including integration of disparate materials
and flexible platforms for both enhanced functionality
and performance.
Researchers at Waterloo have their eyes on another
enabling technology — additive manufacturing, also
known as 3-D printing. The engineering research that
makes this mass customization and rapid prototyping
possible includes bio-fabrication, opto-mechanical
sensor development, and laser-assisted microdeposition. Fundamental research is also underway
in welding and joining with emphasis on micro-welding,
nanojoining, impact welding, and brazing.
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With strength in device development at the nanoscale
in several departments in the Faculty of Engineering,
research in manufacturing and devices at the University
of Waterloo will continue to be robust and innovative.
In addition, a broad spectrum of new technologies
is being developed at the Waterloo Institute for
Nanotechnology (WIN) including transparent, flexible
display screens, nano-enabled biodiagnostic medical
devices, and nanocellulose and nanofibre modified
plastics. Quantum computing and nanotechnology
have opened new doors for novel research in nanobio-based quantum devices, furthering investigations

REVOLUTIONIZING THE FUTURE
OF MANUFACTURING

13

RESEARCHERS ARE:

connecting theory
with applications:
mathematical sciences
and computer science
» Applying mathematical theories to human-machine interaction,
cyber-physical systems, and artificial intelligence,
» Designing fast algorithms and memory-efficient data structures to improve
software performance,
» Modelling complex systems ranging from the smallest units of light and matter
to the behaviour of black holes, galaxies, and large-scale structure in the universe,
» Analyzing the processes underpinning technological innovation including
implementation, diffusion, adaptation, and the socio-economic ramifications
of technology,
» Focusing on mathematical and statistical problems, ranging from
conceptual foundations of mathematical logic and probability to applied
issues in econometrics, finance, and health,
» Conducting research at centres and institutes such as Waterloo’s Centre for
Computational Mathematics in Industry and Commerce, Institute for Computer
Research, Centre for Applied Cryptographic Research, and Institute for Quantum
Computing, as well as mathematical, medicine, and biology research labs,
» Advancing statistical models and methods for analyses in finance
and insurance,
» Creating innovative methods for the rigorous and efficient design
of studies for clinical and population health research.

Researchers use vibrant dye to
illustrate the mathematical science
within an interior of a lake.
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With an outstanding track record of integrating theoretical developments
in mathematical and computer sciences with real applications, the University
of Waterloo continues to lead in transformational research.
New frontiers of knowledge that cut across a diverse
set of traditional disciplines are changing the world,
and sophisticated mathematical and computational
methodologies and tools play a critical role.
Waterloo is leading advanced research in many fields
including fundamental contributions in foundational
areas of mathematical sciences such as combinatorics,
algebra, logic, geometry, graph theory, analysis, and
statistical theory. Breakthroughs are also being made
in a diverse range of areas of critical importance to
other fields of science and technology. Waterloo’s
engagement by researchers in the mathematical,
statistical, and computer sciences includes areas
such as data mining, finance, health research and
mathematical medicine, mathematical physics, control
and dynamical systems, fluid mechanics, and scientific
and symbolic computing. These all provide invaluable
new insights for a diverse range of natural and
technological processes.

ADDRESSING CHALLENGES
Waterloo develops innovative approaches to
modelling and associated computational and
statistical techniques, addressing challenges arising
in environmental science, finance, chronic disease,
and industrial processes. Waterloo’s actuarial science
research centres on reinsurance strategies, pension
plan management, and risk management. Machine
learning, clustering and constraint programming,
combined with new algorithmic and mathematical
techniques for optimization, are being applied to
critical applications such as assistive technologies in
healthcare and modelling of environmental systems.

ENHANCING PRIVACY
Internet privacy and security are an
important focus of Waterloo research, and their
importance increases as cyber-physical systems
become prevalent. Foundational research in number
theory and public-key cryptography has led to
successful spinoff activity and international standards,
and it addresses how encrypted information can
be kept secure in an emerging era where quantum
technologies and new algorithms can break some
of the most important cryptographic tools. Privacy
enhancing technologies and location-aware privacy
protection are important for Internet and mobile
device users. Networked physical systems, such
as medical devices, manufacturing supply chains,
autonomous vehicles, and the Internet of Things
further raise the importance of security.
In addition, mathematical and computational research
conducted in the Faculty of Science centres on
constructing new tools to study and understand the
natural world. Larger-scale modelling studies include
tools developed by the department of earth and
environmental sciences that are used around the
world to study tectonic and hydrological processes
up to a global scale.
The interplay between theory and application drives
progress in the mathematical and computer sciences,
and the links between mathematics, statistics,
computer science, and technology highlighted and
fostered at Waterloo will shape the future of these
disciplines and society as a whole.

UNIVERSITY OF WATERLOO RESEARCH |

Computer science research at Waterloo has been
at the forefront of the field since its inception, and
continues to meet modern challenges. Studies of
efficient algorithms and data structures, humancomputer interaction, modelling complex scientific

phenomena, and the management, analysis, and
visualization of massive and dynamic data sets
are applied to, for example, bioinformatics and
medical informatics, online social networks, smart
energy distribution systems, text analytics,
and information retrieval.
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supporting
change: society,
culture, and
governance
RESEARCHERS ARE:

» Analyzing complex systems and decision-making techniques,
» Advancing the understanding of governance at levels
ranging from regional to global,
» Understanding how health and well-being are enhanced
through the effective use of leisure, including its social,
psychological, economic, and environmental aspects,
» Improving financial management and economic forecasting
related to social security, pension plans, and the needs of an
aging population,
» Guiding strategic policy planning on public health and
developing new healthcare practices and policies that shape
how individuals and communities receive care,
» Transforming urban landscapes and architectural design,
» Providing policy guidance to government.

Waterloo researchers partner with indigenous
communities such as the Musqueam First Nation
on projects related to understanding heritage
resources and cultural property.
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In a rapidly changing world, the impact of change on people and how they
react to it opens new doors for a pivotal understanding of society, culture,
and governance.
At the University of Waterloo, the social and cognitive
basis of reasoning and decision-making is an area of
pure research strength that has powerful implications
for applied and practical issues in governance,
economics, health, science policy, and ethics. In
addition, researchers are changing the landscape of
social sciences and humanities research by harnessing
new technologies. This generates new insights into
the human condition in areas such as finance and
accounting, clinical and social psychology, digital
media, languages, literature and culture, international
governance, and public policy.
Through a focus on contemporary processes, and
contextualizing social and historical factors, research
will advance the understanding of governance at
levels ranging from regional to global. Some of
these investigations include strategic partnerships
in research initiatives such as the Balsillie School of
International Affairs; others such as the International
Tobacco Control Policy Evaluation Project focus on
analyzing specific policy problems and proposing
innovative solutions. Scholarship of finance and
taxation is also driven by researchers working in
connection with industry partners in the School of
Accounting and Finance.
Burgeoning research networks are growing around
the University’s strength in language-related
themes. This includes not only research on language
instruction, arising from the languages department in
the Faculty of Arts, but a cluster of research strengths
across campus, including language pragmatics,
computational linguistics, and both critical and
applied approaches to rhetoric.

INVESTIGATING THOUGHT AND BEHAVIOUR

A critical dimension of change for Canadians and
people around the world is technological. Politics,
art, trade, commerce, scholarship, education, and
even friendship and romance are being restructured
around the globe by technology. Scholars at research
centres such as the Games Institute collaborate
campus-wide with innovators beyond the University,
and with digitally entrepreneurial students, to
advance knowledge of these technological changes.
Technology-enabled research resources will deepen
research capacity for scholars worldwide, including
through the MARGOT Renaissance text project, Survey
Research Centre, and Southwestern Ontario Research
Data Centre.

EXAMINING QUALITY OF LIFE
Research related to society, culture, and governance
isn’t restricted to the Faculty of Arts. Scholars
within the Faculty of Applied Health Sciences, for
example, continue to make internationally recognized
contributions to understanding how health and
well-being are enhanced through the effective
use of leisure, including its social, psychological,
economic, and environmental aspects. This research
encompasses outdoor recreation, park planning and
governance, urban recreation leisure and identity,
tourism and sport policy, non-profit management,
marketing, gender and sexuality, the social nature of
leisure, and consumer behaviour. The Canadian Index
of Wellbeing is an innovative composite index that
examines overall quality of life measures, and also
identifies and develops statistical measures that report
on progress toward quality of life and the well-being
goals and outcomes sought by Canadians.
As Waterloo continues its pursuit of transformational
research, a focus that supports research in the
humanities, social sciences, and creative arts, and
enables flexible and relevant research on topics of
social, cultural, political, and creative significance,
will be key to advancing this core area.
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Research into the neurological, cognitive,
and social bases of thought and behaviour
will be fostered by existing research centres
and initiatives, including the Centre for Theoretical
Neuroscience, Centre for Behavioural Decision
Research, Waterloo Centre for Child Studies, and
Centre for Mental Health Research. Collaborators on
these interrelated issues include researchers

in psychology, philosophy, economics, computer
science, accounting, engineering, science, and applied
health sciences.
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defining the
future: quantum
information and
nanotechnology
RESEARCHERS ARE:

» Connecting quantum theory with gravity,
» Investigating quantum aspects of photonics, optical
information processing, superconducting devices, circuit
cavity electrodynamics, and fault-tolerant computation,
» Exploring nanomaterials critical to novel nanometre-sized
devices such as field-effect transistors, self-assembled drug
delivery systems, energy storage/generation materials,
and molecular recognition elements,
» Creating nano-sized sensors to monitor and regulate
engine combustion temperature,
» Using nanotechnology to address issues such as
watershed management, climate change, emerging
contaminants, and water treatment.

This tool will be used to
produce a range of quantum
materials, including magnetic
materials, superconductors,
and topological insulators.
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Just as advancements in microelectronics led to the transistor, the computer,
the Internet, and today’s smartphones and mobile devices, quantum
information and nanotechnology are transforming the next generation
of information technologies.
The application of discoveries borne out of
fundamental research at the University of Waterloo
in advanced fields of mathematics, quantum physics,
and chemistry promises to deliver technologies
in the 21st Century that will be as revolutionary
in their impact as the industrial revolution of the
19th Century or the information revolution of
the 20th Century.
One of the centres at the leading edge of discovery
at Waterloo is the Institute for Quantum Computing
(IQC). Bringing together internationally recognized
researchers from the Faculties of Mathematics,
Science, and Engineering, IQC is one of the most
advanced research facilities in the world, where
the biggest ideas are about what happens on the
smallest of scales.

HARNESSING THE RULES OF
QUANTUM MECHANICS
As the size of the transistor approaches the atomic
scale, the rules change. Quantum mechanics
come into play and rule the world of atoms and
molecules. Quantum information science provides
the language to manipulate information-using
systems at these scales and to navigate the
nanoscale world. By harnessing the rules of
quantum mechanics, information can be processed
with incredible efficiencies; efficiencies with
no counterpart in today’s classical computers.
Quantum research at Waterloo has already led to
commercialized quantum technologies in areas
such as oil exploration and scientific devices, and
promises to continue to revolutionize an everincreasing number of fields through its application.

Exciting nanotechnology research is underway
in the Faculties of Engineering and Science. The
intersection of nanotechnology with many other
fields is resulting in virtually unlimited opportunities
for novel research. Waterloo’s footprint in this area
is broadly based and includes expertise in organic
optoelectronics, photonics, photovoltaic devices,
semiconductor quantum devices, nanoelectronics,
micro- and nano-fabrication, microfluidics,
nanomaterials, and micro-electromechanical
systems. Applications of nanotechnology at
Waterloo include the development of methods for
targeted drug delivery inside the human body, the
use of magnetic nanoparticles for water treatment,
and nanocomposite membrane fabrication for use
in fuel cells. At the Waterloo Centre for Automotive
Research (WatCAR), researchers are exploring
the possibility of reducing the size of automotive
components and parts to the nanoscale, which will
directly contribute to reduced vehicle weight and
improved fuel economy.
Waterloo will continue to focus on transformational
research in quantum information science in
four main areas: quantum computing, quantum
communication, quantum sensors, and quantum
materials. It is expected that quantum research at
Waterloo will help to underpin a global quantum
industry embracing technologies that have broad
societal impact in areas such as material science,
information security, health diagnostics, and much
more that has not yet been imagined.

UNIVERSITY OF WATERLOO RESEARCH |
19

This page has been intentionally left blank

20 UWATERLOO.CA/RESEARCH/SRP

University of Waterloo strategic plan:
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