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Gedanken Experiment (1)
• Imagine a wealthy and powerful political
leader who wanted to give the ultimate gift:
a university
• Imagine that he wished to donate his own
choicest lands and a sizeable portion of his
fortune with the dream of benefiting the
upcoming generation of his realm
• Imagine that he consulted with the leading
universities of his day for guidance and for
the appropriate size of his founding gift, and
then doubled it

Gedanken Experiment (1)
• This experiment actually happened
• The result we call “Stanford University”
• Founded 1885 by Leland Stanford, former
Governor of California, in memory of his son
• Stanford University opened its doors six years
later to about 2,000 students
• The rest is history… Silicon Valley, etc…
• But not only history…
• This experiment is happening again

Gedanken Experiment (2)
• Imagine a country with a large GDP and large
reserves that has determined it will invest
more in R&D
• Imagine a country whose population has a
median age of 21.5 years that has
determined it will invest more in education

Gedanken Experiment (2)
• Imagine a wealthy and powerful political
leader, waiting in the wings to lead this
country for many years, who wanted to give
the ultimate gift: a university
• Imagine that he wished to donate his own
choicest lands and a sizeable portion of his
fortune with the dream of benefiting the next
generation of his realm, and the entire world
• Imagine that he consulted with the leading
universities of his day for guidance and for
the appropriate size of his founding gift, and
then doubled it

Imagine
www.kaust.edu.sa

*architect’s rendering: green under construction; red MCSE

Global Research Partnership
Inaugural Center Awardees

Stanford University
Center for Advanced Molecular Photovoltaics

University of Oxford
Centre for Collaborative Applied Mathematics

Efficiency and reliability in the conversion of solar
Development of mathematical solutions to real-world
energy to electric energy via molecular photovoltaic problems, such as modeling of plant and crop growth
collectors with elements made from refined petroleum
in stressed environments

Cornell University

Texas A&M

KAUST Center for Research & Education
Organic-inorganic hybrid nanomaterials as new
platforms for carbon dioxide capture and
sequestration, desalination of water, production of
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gas and oil, and solar energy conversion

Institute for Applied Mathematics and
Computational Science
Reservoir modeling, thermoacoustic and
photoacoustic imaging, models of gene expression,
and imaging of complex data such as seismic data

Understanding KAUST begins with
understanding oil
• For all the many appellations of our era
(the “information age”, the “age of
“bioinformatics”, etc.), we are still
squarely in the “petroleum age” or more
generally the “fossil age”
• About 67% of the energy harnessed by
humankind comes from oil and natural
gas, and another 20% from coal

The petroleum age will end
[C. A. S. Hall & J. W. Day,
“Revisiting the Limits to
Growth after Peak Oil,”
Amer. Sci., 97:230-237,
2009]

We all seek a culture of sustainability
• For a renewable resource (forests, fish, etc.),
the sustainable rate of use can be no greater
than the rate of regeneration of its source.
• For a nonrenewable resource (oil, ores, etc.),
the sustainable rate of use can be no greater
than the rate at which a renewable resource,
used sustainably, can be substituted for it.
• For a pollutant, (CO, Pu, etc.) the sustainable
rate of emission can be no greater than the
rate at which that pollutant can be recycled,
absorbed, or rendered harmless in its sink.
[H. Daly, “Towards Some Operational Principles for Sustainable
Development,” Ecological Economics 2:1-6, 1972.]

Enter KAUST…
… a research university sponsored by a country
known for its prime extractive industry, specifically
chartered to transition it to a leader in sustainable
practices, by means of a “clean slate” institutional
organization – with a remarkably prominent role for
mathematical modeling and computational simulation.

KAUST’s first public symposium
•
•
•
•

“Sustainability for a Changing Climate”
24 September 2009
1,200 national and international guests
12 panelists, including
–
–
–
–
–
–
–

Former Secretary, US Department of Energy
Former Director, US National Institutes of Health
Current Sci &Tech Advisor, US Department of State
Former Science Advisor, UK House of Lords
3 university presidents
3 sustainability institute heads
2 Nobelists

Panelists,
KAUST Sustainability Symposium
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Sustainability goals

• To make KAUST a model of the

innovation that will be the focus of the
university’s research
• To use KAUST to demonstrate the highest
level of energy conservation
• To demonstrate new ways to build in the
region, and a new way to live that promotes
health and environmental stewardship
through energy, water and materials
conservation.
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KAUST’s LEED certified campus

The USGBC LEED rating system is an internationally
accepted benchmark for the design, construction,
and operation of high performance green buildings.
LEED promotes a whole-building approach to
sustainability by recognizing performance in five
key areas.
KAUST obtained platinum LEED for its Thuwal
campus in September 2009, the largest such project
and the first in the Middle East.
KAUST King Abdullah University of Science and Technology

Balance of presentation
• KAUST: what, where, when, who, why
and how?
• MCSE Division’s programs and
resources
• Special opportunities at KAUST for
enabling Computational Science &
Engineering (CS&E) research
• Personal reflections, as an inaugural
KAUST chair
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Facts in brief
• Language of instruction is English
• At maturity (ramping up over four years), KAUST will
have ~2,000 students (both M.S. and Ph.D. included)
• At maturity, KAUST will have ~225 faculty members
• Full research community at KAUST will consist of
~1,500 people, in addition to the thesis students
• At maturity, the KAUST community will have ~20,000
residents
• Holds one of the top few university endowments
• “Caltech-sized university on a Yale-sized endowment”
KAUST King Abdullah University of Science and Technology

KAUST degrees

• M.S. - A three-semester degree, ideally including an
internship with a KAUST academic or industry partner
and a research experience in the final semester;
offered as a terminal degree or as a gateway to the
Ph.D. program.
• Ph.D. - Typically a three- to four-year, post-master’s
degree; traditional original research requirement,
culminating in a dissertation.

KAUST King Abdullah University of Science and Technology

A global research university
with entrepreneurial dimension

KAUST King Abdullah University of Science and Technology
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Where is KAUST?

Built on 36 square kilometers (14 square miles) on the Red Sea in Thuwal,
just south of the Dubai-like King Abdullah Economic City development
KAUST King Abdullah University of Science and Technology

The host country
Saudi Arabia key facts
GCC
Saudi Arabia
33.9

Total
population
(2004), m
Total area,
m km2

Saudi Arabia is the largest
economy in the GCC and has
shown strong growth since 2002.
GDP has grown at an annual rate
of 14% in the 5 years preceding
the global recession, for which
data is readily available

24.7

2.67

2.24

It is the world’s largest net oil
exporter, with a quarter of the
world’s proven oil reserves

Saudi Arabia GDP growth
GDP, $billion
*

*

‘*

‘*

‘*

The country is now embarking
on an ambitious strategy to
diversify its economy through
infrastructure spending and the
development of new economic
mega-cities

‘*
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*

King Abdullah, who ascended in
2005, has become a leader in
reshaping the region through
economic and foreign policy
initiatives

When is KAUST?
• In planning since 2006, by Aramco, the Washington Advisory
Group, and SRI
• Throughout 2007: global tour of leading research institutions and
Jeddah-hosted conferences on “best practices”
• Since early 2008: alliances and research partnerships in place
• First class of 350 students now matriculated
• First faculty of 72 members now teaching
• First day of instruction: 5 Sept 2009
• Typical academic year calendar
• Fall semester: 1 Sept - 20 Dec
• Mid-year break: 20 Dec - 10 Jan
• Winter enrichment period: 10 Jan - 10 Feb
• Spring semester: 10 Feb - 30 May
• Summer period: 1 Jun - 30 Aug
KAUST King Abdullah University of Science and Technology
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Inter-semester activities
Special short courses and seminars between the fall and spring semesters: e.g. KAUST
Technical Symposia, lectures by KAUST Investigators, and GRP Members.

MIT-like January of programs for the “whole person”

Communication skills

Technology and
society, ethics

Management and
entrepreneurship

Arts and humanities
enrichment
programs

KAUST King Abdullah University of Science and Technology

Who is KAUST?

US/Canada
8%

Asia
23%

Saudi Arabia
21%

Students in inaugural class
come from 60 countries;
percentages shown predate
actual Fall 2009 data
KAUST King Abdullah University of Science and Technology

Africa
2%

MENA
28%

Europe
4%
Latin America
14%

Academic Excellence Alliances
Area of Study
University
$30M, five-year contracts to develop curriculum, hire faculty, host faculty
and students until KAUST campus and laboratories are complete, serve on
Chemical
Engineering
College - London
doctoral
committees,
fill instructional gaps, Imperial
conduct collaborative
research

Materials Science

Imperial College - London

Computational Earth Science and
Engineering

University of Texas - Austin

Applied Mathematics and
Computer Science

Stanford University

Mechanical Engineering

University of California Berkeley

Bioscience and Bioengineering

Cambridge University

KAUST King Abdullah University of Science and Technology

Global Research Partnership (GRP)
Global network of researchers & research
activities – essential for rapid
development and recognition of KAUST Research

KAUST King Abdullah University of Science and Technology

Special Partnerships
Collaborations with specialized institutions to capture unique research
and academic opportunities important to KAUST development

KAUST King Abdullah University of Science and Technology

Special Partnerships:
collaboration examples

Catalysis Research
Red Sea Research
World Digital Library
Water and Solar
Research

Water and Energy Management
and Nanotechnology Solar Energy and
Fundamental and
Visualization
AppliedMathematical
Chemistry Modeling
Research Center
Marine Genomic
Research
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KAUST Innovation Center

Incubation
IP Protection
rsity
e
v
i
n
U
us
p
m
a
C

Innovation
Center

Product Development
Marketing
Commercialization
Company launching
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Initial Industrial Partners
Signed on:
• IBM
• Boeing
• Dow
• Schlumberger
• Siemens
• Sumitomo Chemical
• Halliburton
• Aramco
• out of 15 so far
KAUST King Abdullah University of Science and Technology

“We want the KAUST
lens to focus the
Aramco starburst on
the Dow diamond.”
Andrew Liveris,
Chairman, Dow Chemical

KSA’s new Economic Cities
(under construction)

KAUST King Abdullah University of Science and Technology

KAUST’s inaugural
Board of Trustees
Ten within the KSA and ten international, including:
KSA Minister of petroleum and minerals
Three of the princes
Chairman of Vanguard Group
Chairman of Schlumberger

Former Director of NIH
Director Designate of CERN
Chairman of Singapore NRF
Rector of King Fahd UPM

Mary Robinson

Frank Rhodes

Former President of
Ireland,
UN Human Rights
Commissioner

Former President of
Cornell University

Jie Zhang

Shirley Tilghman

President of Shanghai
JiaoTong University

President of Princeton
University

See, for details: http://www.kaust.edu.sa/about/board-trustees.aspx
KAUST King Abdullah University of Science and Technology

Why is KAUST?

three-fold mission:
Leadership in science and engineering research & education
Diversification of host economy through innovation
Transformation of host society through aspiration

KAUST King Abdullah University of Science and Technology

How is KAUST?
The VISION
The EXECUTION

The DESIGN

KAUST King Abdullah University of Science and Technology

Roles of the MCSE Division
• Research in
– mathematical sciences
– computer sciences
– computational science & engineering

• Instruction in these three fields
• Enabling the KAUST science & engineering
community to prosper in the application of
– modeling
– simulation
– understanding/exploration of massive data sets

Synergy: economy in specialized applications
and general-purpose enabling technologies

Applications

Many
applications
drive

Math
CS
“SciDAC Model”

Enabling
technologies
respond to all

KAUST’s unusual structure
• On campus, matrix management:
– People/careers managed within Divisions
– Projects/budgets managed within Research
Centers

• Off campus, a “zoo” of programs
– GRPs, AEAs, SRPs, Industrial partners
• Partners strongly vested in KAUST’s success
• Personnel exchanges, co-delivery of research and
research training, co-composition of thesis
committees

KAUST matrix structure, Fall 2008
LC S&E

MC S&E

P S&E

Catalysis
Clean Combustion
Comput Biosciences
Geom Modeling & Viz
Membranes

funds

Plant Stress Genomics
Red Sea S&E
Solar Alt Energy
Water Desalination

people

KAUST’s Boards of Study
•
•
•
•
•
•
•
•
•
•
•

Applied Mathematics and Computational Science
Biological Sciences
Chemical Sciences
MCSE
Chemical and Biological Engineering
Computer Science
Earth Science and Engineering
Electrical Engineering
Materials Science and Engineering
Environmental Science and Engineering
Marine Science and Engineering
Mechanical Engineering

•
•
•
•
•

KAUST’s Academic Excellence
Alliances

Berkeley
Cambridge
Imperial
Stanford
Texas

MCSE

KAUST’s Global Research Partners
•
•
•
•

Cornell
Oxford
Stanford
Texas A&M

MCSE

•
•
•
•
•
•
•
•
•
•
•
•

Berkeley
Caltech
Cambridge
Chalmers
Georgia Tech
La Sapienza
MIT
Oxford
Penn State
Stanford
Tokyo
Toronto

KAUST’s research centers
•
•
•
•
•
•
•
•

Catalysis
Clean Combustion
MCSE
Computational Biosciences
Geometric Modeling and Visualization
Membranes
Plant Stress Genomics and Technology
Red Sea Science and Engineering
Solar and Alternative Energy

• Water desalination

KAUST’s core facilities
•
•
•
•

Nano-fabrication
Imaging and characterization
Bioscience and genomics
High performance computing and data center
(Shaheen)
• Visualization facility (Cornea)

MCSE

KAUST’s petascale system from
#14 in the world, June 2009
#2 in academia, June 2009
beginning on-campus user
service this month

System

16 racks

Rack

32 node cards

222 TF/s
32 TB

Node Card

32 compute cards

14 TF/s
2 TB

Compute Card

1 chip
435 GF/s
64 GB

Chip

4 processors

13.6 GF/s
8 MB EDRAM

13.6 GF/s
2 GB DDRAM

IBM’s BlueGene/P:
16K quad-core procs
with 2 FMADD/cycle
@ 850 MHz
= 222 Tflop/s

KAUST and IBM Center for Deep Computing Research

Progression of high performance computing
Capability
• For computation involving systems with multiple scales
• Spatial scale determines required work per “computation step” (cells,
particles, agents, etc.)
• Temporal scale determines number of steps

Complexity
• For computation combining multiple components to produce an
integrated model of a complex system
• Individual components may each require high capability
• Coupling between components requires that all components be
modeled simultaneously

Understanding
• For computations executed many times with varying model parameters,
inputs and boundary conditions
• Goal is to develop a clear understanding of behavior / dependencies /
and sensitivities of the solution over a range of parameters, which may
be uncertain

KAUST and IBM Center for Deep Computing Research

KAUST-IBM Supercomputing Laboratory
• Approximately 10 “technical research officers” hired by IBM,
trained last spring in Yorktown Heights, and placed on campus
• These are among approximately 100 technical staff, not
including faculty, post-docs, and students, under the direction
of the Vice President for Research (not the Provost) for all of
KAUST’s centrally supported laboratory facilities
• Plus approximately 14 staff members at IBM T. J. Watson
Research Center, including two (Jim Sexton and John
Gunnels) with multiple Gordon Bell Prizes, on a part-time basis
• Role is to enable faculty, students, and post-docs to make
effective use of KAUST’s supercomputing resources
• IBM has similarly close relationships with ANL, LLNL, and
UIUC, among others, but it is a rare university that engages
IBM this closely

KAUST and IBM Center for Deep Computing Research

Research Themes
Applications
Research to enable high-end applications by engaging closely
with teams requiring deep computing solutions
► In this application work, the Center will identify the
computational and computer sciences research challenges
required for enablement of these deep computing solutions
►

Computational Science
►

Research in fundamental algorithms, in programming
approaches, in messaging approaches, in library
development, in applications performance for deep computing
solutions

Deep Computing Computer Science
►

Research into those aspects of computer science which can
enable better management and usage of data, of work flow,
and of systems for deep computing solutions

Evolving role of simulation (schema)
confirm

typical research
institution

KAUST &
partners

discover

Experimentation
& Observation simulation

Los Alamos

SciDAC

predict

KAUST

understand
1950

2000

2050

Capability – multiple scales
λ

Multiple spatial scales
ν interfaces, fronts, layers
ν thin
relative to domain
size, δ << L

λ

Multiple temporal scales
ν fast waves
ν small transit times relative
to convection or diffusion,
Richtmyer-Meshkov instability, c/o A. Mirin, LLNL
τ << T
Analyst must first isolate dynamics of interest and model the rest in
a system that can be discretized over modest range of scales

λ

λ

Often involves filtering of high frequency modes, quasi-equilibrium
assumptions, etc.

λ

May lead to infinitely “stiff” subsystem requiring implicit treatment

λ

Resulting implicit subsystem may be very ill-conditioned

Complexity – multiple components
λ

Interfacial coupling examples
ν

Ocean-atmosphere
coupling in climate

ν

Core-edge coupling in
tokamaks

ν

Fluid-structure vibrations
in aerodynamics

ν

Boundary layer-bulk
phenomena in fluids

ν

λ

Surface-bulk phenomena
in solids

SST Anomalies, c/o A. Czaja, MIT

λ

Bulk-bulk coupling examples
ν

Radiation-hydrodynamics

ν

Magneto-hydrodynamics

Coupled systems may admit destabilizing modes not present in
either system alone

Understanding – multiple parameters
λ

Subsurface contaminant
transport and petroleum
recovery

λ

Climate prediction

λ

Medical imaging

λ

Stellar dynamics, e.g.,
supernovae

λ

λ

λ

Waves in inhomogeneous
media
Nondestructive evaluation
of bridges, other structures

Subsurface property estimation, c/o Roxar

λ

Uncertainty can be in
ν

constitutive laws

ν

initial conditions

ν

boundary conditions

Sensitivity, optimization, parameter estimation, boundary control
all require the ability to apply the inverse action of the Jacobian of
the system – a capability present in all Newton-like implicit
methods

Forward vs. inverse problems
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2009-2010 MCSE faculty

Bajic

Calo

Ketcheson

Keyes

Ramadan

Rockwood

Hadwiger

Kirati

Hoteit

Mitra

Shihada Stenchikov

Kalnis

Kasimov

Moshkov

Pottman

Sun

Tempone

2009-2010 MCSE Faculty
• Vladimir Bajic, U Zagreb, 1989
• Victor Calo, Stanford, 2005
• Markus Hadwiger, U Vienna,
2004
• Ibrahim Hoteit, U Grenoble,
2000
• Panos Kalnis, HKUST, 2002
• Aslan Kasimov, U Illinois, 2004
• David Ketcheson, U Washington,
2009
• David Keyes, Harvard, 1984
• Meriem Kirati, INRIA, 2008
• Niloy Mitra, Stanford, 2006

• Mikhail Moshkov, Moscow St U,
1983
• Helmut Pottman, Vienna T U,
1983
• Hany Ramadan, U Texas, 2009
• Alyn Rockwood, Cambridge,
1986
• Basem Shihada, U Waterloo,
2007
• Georgy Stenchikov, Moscow T I,
1977
• Shuyu Sun, U Texas, 2003
• Raul Tempone, KTH, 2002

CS&E specializations of KAUST MCSE
Applications
λ
λ

Enabling Technologies

Climate

λ

Genomics

λ
λ

λ

Geometry

λ

Reacting flows

λ

Reservoirs

λ

λ

Signal processing

λ

λ

Wave phenomena

λ
λ

λ

Data assimilation
Databases
Inverse problems
Machine learning
Multiscale methods
Parallel algorithms
Uncertainty
Quantification
Visualization and
rendering

KAUST’s Advanced
Visualization Facility
• One of the world’s most advanced visualization and virtualreality facilities is available to KAUST researchers
• The KAUST Advanced Visualization Facility will attract
advanced users in science and engineering and
developers of content of the first caliber in the fields of
visualization and virtual reality
• This specialized visualization facility will feature the highest
resolution available virtual reality devices, designed and
built by Mechdyne Corporation.
• Dr. Steve Cutchin, KAUST
Visualization Lab Manager

The Role of Visualization in
Science, Engineering & Education
• Vision and hearing are our dominant senses for
the acquisition of information
• Greater than half of the human brain is used for
processing visuals and audio
• Visualization has four main roles in KAUST
computing:
–As an instrument to view and understand complex sensor and
collected data (as from a microscope)
–To validate algorithmic results (as from a computational
simulation)
–To explain these complex results to students, government
policy makers, and the general public
–To inspire the next generation of scientists and engineers

• 24 of the highest
native resolution
projectors available
(4096x2160 pixels
each)
• Fully immersive
stereoscopic visual
environment
• 100 million pixels
• Allows up to 8 viewers
in the virtual reality
environment
• Mechdyne/Iowa State
Design

3m

10m

KAUST visualization objectives
1) KAUST students will be exposed to and trained in advanced visualization technologies,
providing literacy in visualization.
2) KAUST graduates will have the skills to start new companies and create visualization
labs within existing companies, universities, and government institutions.
3) New KAUST visualization technologies and techniques will be developed and used by
researchers and practitioners globally.
4) Visualization will be widely integrated into outreach and training at KAUST, regionally
and globally.
5) KAUST scientists will steer simulations on Shaheen using Cornea as a means of
discovery.

6) KAUST visualization will be recognized worldwide.

Why come to KAUST:
help implement our
reports!

Mathematical
Challenges for the
Department of
Energy

2002

January 2008

2003-2004 (2 vol )

in areas
newly ripe
for simulation!

2006
2007
2008

Reasons to work at KAUST
• A pivotal chance to develop Computational
Science & Engineering
• A globally relevant portfolio of applications
emphasizing sustainability themes, on which to
collaborate,
• A revolutionary university structure to
demonstrate
• A enthusiastic welcome from a host nation that
is preparing to break new ground societally
through the university
• Wonderfully talented and spirited people with
whom to work

Reasons to work at KAUST
• “The world’s first CS&E University”
– Basically invented and implemented by former
research university presidents breaking out of
the disciplinary ossification that they could not
fully overcome while at their own institutions,
using resources that, for financial and political
reasons, could not be assembled in one place
elsewhere
– It has to succeed, so that its structure and modus
operandi can be repatriated, under “Sputnikstyle” motive to stay competitive

Reasons to work at KAUST
• The first such dramatic overture to the culture of
the West by the modern Kingdom of Saudi
Arabia
– A critical country to the world’s energy supply for at
least twenty years (the only producer that can swing
the production dial widely – all others are near peak)
– A critical country for stabilization of the Middle East
– “Last chance” to transform a large country with a
single-commodity economy and 50% of the population
under 21.5 to a diversified economy with meaningful,
creative jobs
– KAUST has to succeed for social reasons, as well as
educational

Reasons to work at KAUST
• Resources that cannot easily be found elsewhere*
– $1B to spend on “science toys” to equip the nascent
campus (petascale computer, world’s most highly
resolved 6-wall CAVE, ocean-going research vessel, a
materials imaging laboratory of SEMs, TEMs, and
NMRs galore, a world-class nano-fab and
bioinformatics laboratories, etc.)
– Long-horizon funding for post-docs and students for an
interesting portfolio in sustainable technologies

* except, perhaps, during a stimulus windfall ☺

Reasons to work at KAUST
• Networking opportunities with 42 of the
world’s leading research universities plus
major multinational corporations
– AEAs
– GRP centers
– GRP investigators
– SRPs
– On-campus industrial park
– Adjacent-to-campus King Abdullah Economic
City (developed by EMAAR), the “silicon valley”
to which KAUST is to pitch)

Reasons to work at KAUST
• Adventure
– Create a new style of university from scratch
– See the Middle East
– Expand cultural boundaries
– Live on an island – a different island than
Manhattan – for variety ☺

Vision for KAUST MCSE
• Cultivate a bouquet of projects
– Attractive to in-Kingdom sponsors
– Effective in building global reputation

• Create intellectual capital
• Emphasize how the whole exceeds the sum of
the parts
– Not just the elements, but the organization of those
elements, will enable KAUST to leapfrog
– Elements are drawn from the best institutions, so
merely duplicating them brings at best equality
– Combining them in fresh ways allows possibility to
create new greatness for repatriation

March 2009

What (else) KAUST represents
• A “green field” university for experimentation
• “Free energy” for expansion of globally
relevant, non-export-controlled knowledge

Thanks for listening!
Join the fun!
Look for math, CS, and CS&E job postings at the
KAUST, Stanford, and UCSD websites, e.g.:
http://cs.stanford.edu/info/jobs#job2
http://www.kaust.edu.sa/employment/employment.html

For hundreds of campus photographs, see
http://www.photo-pcp.com/galeries/KAUST8/
http://www.photo-pcp.com/galeries/KAUST7/
http://www.photo-pcp.com/galeries/KAUST6/

etc.

