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Scientists in the Center for Biomedical Computing (CBC) aim
at investigating how physics-based computational macroscopic
models of biomedical processes can contribute to better clinical
understanding and practice. Since the processes are extremely
complex, computational models must be combined with improved
measurement techniques and deep medical insight. We believe
that it is the interplay between the different scienti�c disciplines
that represents the real potential for clinical progress. Clinicians
de�ne the problems we target, and our choice of models and
computational tools is determined by what can be gained froma
clinical point of view. In parallel with these efforts, we develop
the computational methodology to be able to work with more ac-
curate and robust models in demanding future clinical problems.

Previous annual reports have pointed out the increase in re-
search volume and quality we have experienced since the start-
up in 2007. Looking back at the CBC activity in 2010, the most
characteristic feature now is not a further increase in publication
volume, but rather the emerging research results with a poten-
tial for major impact. Doing something important, which gains
academic, industrial, or social impact, has always been thekey
goal for CBC, but it is a dif�cult and challenging goal. It seems
likely that important problems and results arise more frequently
in research environments with the right atmosphere. Such an
atmosphere let creative minds dare to question the established
facts, dare to think great thoughts, dare to make ambitious plans,
and dare to fail. This is the kind of atmosphere CBC has tried to
establish. The status and expectations related to being a Center
of Excellence certainly provide crucial means for success in this
direction, but the real implementation still depends on a num-
ber of hard-working individual talents interacting to makeit all
happen. Fruitful results from 2010 are brie�y mentioned below
and indicate that we are on the right track toward the goal of
producing results of value and importance for the world outside
CBC.

This year's featured articles concern two kinds of biomedical
�ows: blood �ow in the brain and cerebrospinal �uid �ow in the
spine. The research on both types of �ows has in 2010 led to
new insight that may change established theories and, in a longer
time frame, lead to improved clinical practice.

Our research on blood �ow in the brain tries to improve the
understanding of stroke caused by the rupture of aneurysms,
which are ballon-shaped structures on the wall of blood vessels.
By simulating the blood �ow in a number of patient-speci�c ves-
sel geometries where it was known which aneurysms that had
ruptured and which had not, it appeared that the kinetic energy
and the vorticity of the �ow were signi�cantly different in the
ruptured and the non-ruptured cases. These �ow quantities may
therefore provide new and better indicators for rupture. More
large-scale clinical studies are needed to validate the useful-
ness of these alternative indicators, but the �ndings represent
a new line of research. The kinetic energy and enstrophy can
be captured by non-intrusive modern measurement techniques.
Combining such patient-speci�c measurements with imagingand
medical experience may lead to improved diagostics.

Cerebrospinal �uid �ow is something that only a few have
heard of. With each heart beat, the water-like CSF pumps up
and down in the spine. Obstructions to this �ow, caused by

a sunken brain, are correlated with the formation of a cyst in
the spine, which again is correlated with headache, double vision,
and motor dysfunction. Although the symptoms can be treatedby
surgery, very little is understood about the fundamental physical
and biological processes. In our search for increased understand-
ing, we collaborate with a world-known American researcherand
clinician, Prof. Victor Haughton, who has devoted two decades
to studiying this disease. By treating the spine as a deformable
porous medium we have recently developeda physical model that
explains why cysts may form as a consequence of obstructed CSF
�ow. This result is a �rst exciting step toward a better medical
understanding that may affect today's imaging procedures and
improve diagnostics.

The FEniCS software suite represents the core of the compu-
tational methodologies developed by CBC. The year of 2010 has
seen intensive investments in the FEniCS code base and its doc-
umentation, being strongly pushed and managed by Anders Logg
and his collaborators. Making software at the level of FEniCS'
complexity is a huge endeavor, and making it widely applicable
for the international computational science and engineering com-
munity is simply a grand undertaking. The preparations of the �rst
of�cial release of FEniCS and its associated book have required
enormous efforts by the developers. Not surprising, delayshave
been faced, but the release is very near a reality at the time of
this writing. We have great expectations for FEniCS and will
follow up the release by events at conferences, focus on tutori-
als, and other promotional activities. The book documenting the
FEniCS project has already exceeded 650 pages, with over 30
distinct authors from leading international research institutions.
Hopefully, the text will attract widespread attention through its
demonstration of the power of FEniCS.

Outstanding candidates for academia and industry constitute
one of the most important outcomes for CBC. A good example is
Bj�rn Fredrik Nielsen, who entered a professorship at the Norwe-
gian University of Life Sciences in 2010. He still keeps an adjunct
position at our host institution and will continue to collaborate.
Kristian Valen-Sendstad was offered a postdoctoral fellowship
in the world-renowned group of Prof. Steinman in Toronto, half
a year before he handed in his Ph.D. We look forward to col-
laborating more closely with Prof. Steinman's group from 2011
on.

The size of CBC grew dramatically in the beginning. Already
in 2007, the CBC budget was in total three times larger than
the direct funding for a Center of Excellence from the Research
Council. Naturally, the extra resources mainly come from shorter-
term external research projects. Several of these ended in 2009
and 2010, resulting in a decrease of research power in CBC.
More reductions will come in 2012. However, at the end of 2010
CBC was extraordinarily successful with attracting new substan-
tial funding from competitive and prestigious research programs.
First, Kent-Andre Mardal was short listed for a Starting Grant from
the European Research Council, and for this reason the Research
Council of Norway provided a substantial funding, which will lead
to a major strengthening of the Biomedical Flows and Structure
activities in CBC. Second, Joakim Sundes was successful in the
Norwegian eScience programeVita with a proposal on modeling
of heart failure, which has been a key topic of CBC since the
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start. Third, a Norwegian Center for Research Based Innovation,
lasting 8 years, was awarded to Oslo University Hospital in close
collaboration with CBC and medical companies. The proposalfor
this center, primarily put together by the CBC researchers Molly
Maleckar, Per Gr�ttum and Samuel Wall, builds on research re-
sults from the CBC project Cardiac Computations. This research
will now be taken one step further toward medical industry and
clinical practice. We are obviously very proud of being partof
yet another prestigious center and in particular that this center
links the basic research in CBC to substantial innovation efforts.

And �nally, our fourth funding success is represented by Samuel
Wall who received a personal postdoctoral fellowship from the
Research Council. We now aim at a gradual new reinforcement
of the core activities based on the received funding.

As we enter 2011 with still excellent publication metrics,
several new research results of potentially high impact, four new
substantial grants, and a highly motivated and enthusiastic staff,
there are good reasons to believe that future annual reportswill
also be an exciting read.

The �gure shows the so-called dual velocity and dual mesh displacement �elds used in thea posteriorierror analysis of an
adaptive �nite element method for the simulation of fully coupled, time-dependent �uid–structure interaction problem.
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Organizational Changes
As described in last year's annual report, our host institution Sim-
ula has from 2010 departed from the organizational model cen-
tered around three large research departments, in favour ofa new
organization comprising ten research groups. The main motivation
for the new organization was that the old departments had grown
considerable, the resposibilities of department managemers were
dif�cult to combine with being a productive scientist, and it was
believed that smaller and more focused units would lead to a
more dynamic and �exible organization. The smaller units would
also offer an effective way for talented young researchers to get
valuable experience in research management. Following there-
organization, the core of CBC consisted of four research groups
at Simula, all operating under the supervision and leadership of
the CBC management.

The new organization proved to serve its purpose in relieving
the management and administrative burden of the CBC manage-
ment, since many of the tasks previously associated with the
CBC management could be handed over to the new group lead-
ers. The sharper focus and well de�ned strategies of the new
research groups also made them well positioned for growth by
seeking additional external funding.

The steps taken to increase the external funding of the new
groups proved to be very successful, and in late 2010 two re-
search groups at Simula were granted the prestigeous grants
Center for Research Based Innovation (abbr. SFI in Norwegian)
from the Research Council of Norway. A third Simula reser-
ach group received a grant of similar size and duration from the
Ministry of Transport and Communication. Three groups seeing
substantial expansion motivated the Simula management to re-
think the organization once again, and make a small adjustment
to the recently adopted model. It became natural to build the
organization around the new and existing Centers, and to merge
the smaller research groups into this structure. The result, effec-
tive from January 2011, is a research organization consisting of
seven large Departments or Centers.

CBC is tightly integrated in Simula's organization, and or-
ganizational changes in Simula will naturally affect CBC. As a
consequence of this recent change, the core of CBC will consist
of the BioCompDepartment at Simula. Some CBC activities will
also naturally belong in the newCaMo Department, headed by
Molly Maleckar, and forms a core part of the new SFICenter for
Cardiological Innovation (CCI), which is hosted by Oslo University
Hospital.

The establishment of the CCI raises fundamental issues on
how the research in cardiac electrophysiology and inverse prob-
lems shall be organized between CBC and CCI. These issues will
be addressed in 2011. What we know for certain, is that the
two centers will have very close links, since they address closely
related areas and have substantial potential for mutual bene�t.
CCI will rely heavily on computational tools developed in CBC,
and will provide a very tight link to a relevant clinical community
and to medical industry. CBC and CCI will together form a chain
of activities from fundamental long-term research to commercial
developments.

Although CBC has more or less automatically adopted the
organizational structure of its host organization, the individual

research units at Simula have substantial freedom to organize
their internal activities as they see �t. For CBC, this means
that the organization model described in the original proposal re-
mains virtually intact. However, from 2011 we have incorporated
the Computational Biology and Inverse Problems projects inan
enlargened Cardiac Computations project. In addition, thewell-
known Computational Middleware, Robust Flow Solvers, and the
Biomedical Flows and Structure projects run as before. Since
the Robust Flow Solvers deal with solvers beyond biomedical
�ows , we have decided to change its name to Robust Solvers
from 2011.

People, Recruitment and
Gender Diversity
After a couple of eventful years with substantial recruitment and
some turnover, we have seen a stable research staff in CBC
through 2010. One Ph.D. student, Omar al-Khayat, graduated
and was employedas a postdoc in the ComputationalGeoscience
project. Furthermore, two new Ph.D. students were recruited to
CBC; Karen Helene St�verud joined Biomedical Flows and Struc-
tures, and Benjamin Kehlet joined the Computational Middleware
project.

With the establishment of the research groups in January
2010, Molly Maleckar was selected to head the research group
on computational cardiac modeling. In spite of heading a group
with very limited resources, she has been highly succesful in
increasing the external connections and visibility of the group.
Through the �rst months of 2010 she was instrumental in the
writing of the SFI proposal Center for Cardiological Innovation, in
close collaboration with Per Gr�ttum and Sam Wall. The funding
of this center has lead to the establishment of theCaMo de-
partment, which from 2011 is headed by Maleckar. Through the
fall of 2010, Maleckar also held a key position in a large scale
initiative coordinated by theVirtual Physiological Human (VPH)
community. The VPH is a EU sponsored community for promoting
computational modeling in biomedical research and clinical prac-
tice. Through 2010, the VPH coordinated a proposal for a so-
called FET Flagshipproposal, which are huge grants intended to
develop revolutionizing technology to bene�t European society.
The proposal turned out unsuccessful, but the writing process led
to extremely valuable connections which will undoubtedly result
in new opportunities for European funding.

As reported in previous years, Simula and CBC have taken
several measures to improve the gender balance in scienti�cpo-
sitions. The most speci�c initiatives include actively searching
and recruiting talented female researchers, as well as a number
of general regulations to avoid any gender bias in employment
procedures. Recent recruitment statistics in Ph.D. and postdoc
positions show a very good development. Since the new mea-
sures were implemented, in fact half of the employed candidates
in such positions were women (!). We do hope that we will
also see a good effect on the gender balance in senior scienti�c
positions with time.
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CoE mid-term evaluation
From a management perspective, the most important event of
2010 was the evaluation of CBC, as part of the mid-term evalu-
ation of all Centers of Excellence granted in 2007. The mid-term
evaluation is to be concluded following a meeting with the Evalu-
ation Panel and the Research Council of Norway in March 2011,
but the main part of the preparations were made in 2010. The
preparations included submitting a number of documents to the
Research Council of Norway, including a Fact Sheet summing up
a number of relevant metrics and statistics, a Host Assessment
prepared by Simula Research Laboratory, a Self Evaluation of the
activities and results since 2007, and a Research Plan for the
second �ve year period of the CBC.

The result of the mid-term evaluation will be decisive for the
future of the CoEs. With this perspective, substantial effort was
put into preparing the required documents, in order to give apos-
itive and accurate presentation of the accomplishments of the
CBC. However, to minimize any negative impact on the work�ow
in the Center, all tasks related to the evaluation were handled

by the CBC management, in collaboration with the relevant man-
agers at Simula. While this was obviously a time consuming effort
during the fall of 2010, the process was smoothly handled and
did not have a substantial impact on any research activities.

Preparing documents for an evaluation is always associated
with some anxiety, since it involves taking a close look at the ob-
tained results and see how they compare with the initial expecta-
tions. Although we have continuously monitored our efforts, and
collected statistics and relevant metrics for every annualreport,
the Self Evaluation document would include a far more detailed
assessment. Fortunately, the overall result was very favourable.
All deviations from the original plan were minor, and were results
of pursuing new and very promising opportunities rather than un-
foreseen problems in reaching the original goals. The Research
Plan for the second �ve year period also ended up with only minor
deviations from the plans that were sketched in the originalpro-
posal. Although the end result of the mid-term evaluation isnot
known at the time of writing, the CBC management were pleased
with our own �ndings, and remains optimistic with respect tothe
end result.

Through 2010 the scienti�c activities in CBC progressed according to plan, with no major new activities or changes in focus. Below we
give an overview of the main activities and the speci�c results obtained in 2010. The sections cover the six projects thathave been
forming CBC through 2010: Computational Middleware, Robust Flow Solvers, Biomedical Flows and Structures, Cardiac Computing,
Inverse Problems,and Computational Geosciences. The activities at the Norwegian University of Science and Technology,the Norwegian
Defense Research Establishment and the University of Cyprus all contribute to the Robust Flow Solvers and the Biomedical Flows and
Structures projects, but the size of these activities are now so substantial that the research is described in separate sections.

Computational Middleware
The FEniCS software suite remains at the core of the Computa-
tional Middleware project. FEniCS was initiated at the University
of Chicago in 2003 as a collaborative project towards the devel-
opment of a mathematical framework and software for automated
solution of differential equations. The initial version ofFEniCS
consisted of the DOLFIN and FIAT libraries. Since then, FEn-
iCS has grown considerably and includes close to 20 different
software components. FEniCS is now developed in collaboration
between a number of research institutions and universities, has
been documented in a large number of journal publications, and
has attracted a substantial user base.

The FEniCS paradigm for automated computing includes as-
pects of generality, simplicity, reliability and ef�ciency. In other
words, the FEniCS project seeks to develop an automated com-
puting framework and associated techniques that target a large
class of problems (generality); that require a minimal amount of
user input (simplicity); that compute according to given quality re-
quirements (reliability); and that utilize an optimal (small) amount
of resources (ef�ciency). These are ambitious goals. And worse,
the goals are contradictory, thereby making the successfulreal-

ization of FEniCS a strong scienti�c result in itself.
In 2010, we have worked intensely towards the release of

the �rst stable version of the FEniCS project. With this in mind,
a strong focus has been on consolidation and maturity. The es-
tablished form language (UFL) and the form compilers (FFC/SFC)
have seen a period of stability in 2010. Since these components
are critical parts of the user interface to FEniCS, achieving this
level of stability is an important step towards a stable software
release.

At the same time, 2010 has beena year of pushing boundaries
by exploring highly sophisticated features such as interfacing ad-
vanced computationalgeometry libraries, automatederrorcontrol
and adaptivity, enhanced preconditioner features, improved par-
allel scalability and new multi-core features. These efforts have
deliberately targeted the reliability and ef�ciency of computa-
tions, and will be further intensi�ed in 2011.

The software components of the FEniCS project are moni-
tored by a set of buildbots that continuously build and test the
code on a variety of hardware and software con�gurations. In
2010, we have additionally established abenchbotfor the FEniCS
software. The benchbot compares the performance of older (dat-
ing back to 2003) and current software versions for a carefully
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selected set of benchmarks. The benchmark results are mon-
itored and evaluated; the benchbot thus automatically reports
improvements or regressions in the performance of the software
suite.

In 2010, we have also seen further improvements in the ease
of installation and availability of the FEniCS software. Inaddition
to the generic build package Dorsal, each release of the FEniCS
components is available as Debian/Ubuntu packages. The sup-
port for Mac and Windows has been enhanced; there are now
binary FEniCS installers available on Mac (one-click) and Win-
dows.

We have in 2010 also integrated computational geometry
algorithms into the DOLFIN library by interfacing the computa-
tional geometry libraries CGAL and GTS. In particular, thisin-
terface now provides advanced collision detection algorithms.
Additionally, alternative approaches for numerical integration by
quadrature on generic polyhedra have been implemented. These
features provide an implementational backbone for the realization
of Nitsche's method, as described in more detail below.

In 2010, automated adaptivity and error control have been
realized within the FEniCS project for stationary variational prob-
lems. The automated strategy mimics the theoretical state-of-
the-art techniques for goal-oriented error control. However, this
strategy places challenging demands on the �nite element soft-
ware framework. These demands involve a wide scope of tech-
niques ranging from high-level variational form manipulations in
Python to the ef�cient construction of function spaces on local
patches of elements in C++. The realization of this effort as
part of FEniCS stretches across all the layers of software com-
ponents, in particular UFL (form manipulations), FFC (generation
of code for additional derived forms), and DOLFIN (solutionof de-
rived variational problems, evaluation of error estimatesand error
indicators, re�nement of meshes). In addition, the implementa-
tion is available both in C++ and the Python layer, each language
posing separate challenges.

Together with our collaborators at University of California,
San Diego (UCSD) and University of Cambridge, we have imple-
mented multi-core �nite element assembly. Both pthreads and
OpenMP-based approaches have been tested and evaluated. An
OpenMP-based implementation of multi-core assembly is now
available as part of DOLFIN. Preliminary tests show almost linear
speedup up to eight-core processors. In the future, we plan to
consolidate and �ne-tune the parallel capabilities of DOLFIN, as
well as add matching support for multi-core linear algebra.

Another important change introduced in 2010 was to replace
the build system of DOLFIN with a new build system based on
CMake. This change has improved the portability of DOLFIN to
new platforms as well as decreased the efforts involved in main-
taining the build system.

Documentation has long been a weak point of the FEniCS
Project, partially explained by the dif�culty of documenting a

moving target. In 2010, we made large strides towards complet-
ing the documentation for the FEniCS Project. As part of this
effort, we have developed an extensive online documentation,
including a tutorial, a programmer's reference, documented demo
programs and instructions for download, installation and usage.
We have also made very good progress with the completion of
the FEniCS Book Project, planned to be published with Springer
in 2011. With close to 40 chapters contributed from developers
and users of FEniCS, the book will provide FEniCS users with
a comprehensive documentation of the methodology and soft-
ware developed as part of the FEniCS Project. The book also
presents a number of chapters that highlight the use of FEniCS in
applications.

Currently, there is a strong trend in scienti�c computing to-
wards the utilization of the computing powers of graphical pro-
cessing units (GPUs). GPUs have over the last years become
more suitable for scienti�c computing after the introduction of
more conventional programming interfaces and double precision.
However, although the programming of GPUs has become more
tangible, it is still very much a �eld for experts.

In 2010, our group members at UCSD have developed and
implemented a prototype translator (the Mint translator) for �nite
difference methods that generateshighly optimized CUDA C from
annotated, standard C source code. For the 4 commonly used
stencils tested, performance came to within 20% of aggressively
hand optimized CUDA. The translator enables the domain scien-
tist to bene�t from expert knowledge in writing high-performance
GPU application software, and to focus on the domain science
rather than on implementation details of their software. In2011,
we plan on enhancing the optimizations used by the translator
and validate the translator on full scale applications.

In the years to come, the seamless integration of GPU ac-
celerated computing with key components of the FEniCS project
would be of de�nite interest.

Computability of the Lorenz system. Computational models of
nature often take the form of dynamical systems. Sometimes,
these systems exhibit solutions which are chaotic and thus noto-
riously dif�cult to compute. One important example is turbulent
solutions of the Navier–Stokes equations. Another exampleis
the Lorenz system, a seemingly simple system of three ordinary
differential equations but with chaotic solutions. We are cur-
rently investigating dynamical systems with a particular focus on
quantifying long-time predictability and computability.

In 2010, we investigated the computability of the Lorenz
system and demonstrated that chaotic dynamical systems like
the Lorenz system are computable over long time intervals. As
part of our work, we presented a reference solution of the Lorenz
system on the time interval[0; 1000] computed with a high-order
�nite element method (order 200) and high precision (400 digits).
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Phase portrait of the solution of the Lorenz system on the time interval[0; 1000] for u(0) = (1 ; 0; 0).

Robust Flow Solvers
During the year, we have continued our development of the
FEniCS-based solver collection CBC.Solve. The solvers areim-
plemented in Python and provide simple and intuitive, yet power-
ful, interfaces for solving a range of partial differentialequations.
In addition to improvements of the existing solvers, CBC.Flow
and CBC.Twist, we have added a prototype version of a solver
CBC.Beat for the equations modeling the electrical activity of the
heart, CBC.Swing for �uid-structure interactions, CBC.RANS for
modeling turbulent �ows, and CBC.Rock for geophysical models.

Many important problems of biomedical interest involve the
solution of challenging �uid–structure interaction problems. For
these problems it is important to adaptively re�ne the computa-
tional mesh to make ef�cient use of computational resources. In
�uid–structure interaction problems, the mesh must be re�ned
based on a complex interplay between the three equations that
compose the �uid–structure interaction problem: the �uid prob-
lem (Navier–Stokes), the structure problem (hyperelasticity) and
an auxiliary problem that accounts for the displacement of the
�uid mesh.

Adaptive solution of an FSI problem.

In 2010, we have developed, analyzed and implemented an

adaptive �nite element method for the solution of �uid–structure
interaction problems. The solver, called CBC.Swing, is imple-
mented based on the CBC.Flow and CBC.Twist solvers. Prelimi-
nary results demonstrate signi�cant gains in ef�ciency compared
to standard implementations on uniformly re�ned meshes.

Finding an appropriate turbulencemodel for a given �ow case
usually calls for extensive experimentation with both models and
numerical solution methods. In 2010 we have made substantial
progress in this �eld by creating a new �exible software frame-
work for the design and implementationof numerical experiments
in computational turbulence. The framework targets Reynolds-
averaged Navier-Stokes models, discretized by �nite element
methods. The novel implementation makes use of Python and
the FEniCS package, the combination of which leads to compact
and reusable code, where model- and solver-speci�c code re-
semble closely the mathematical formulation of equations and
algorithms. The presented ideas and programming techniques are
also applicable to other �elds that involve systems of nonlinear
partial differential equations. The code framework, CBC.RANS,
has been released through Launchpad as open source and de-
scribed in a comprehensive upcoming journal paper.

We have in 2010 extended previous work on error-
controlled adaptive methods for turbulent �ow to investigate
error-controlled adaptive methods for multiphase �ow through
porous media together with our collaborators at the Department of
Engineering at the University of Cambridge. Within CBC, porous
media �ow is a central theme in geoscience, in CSF �ow in the
brain and the spine, as well as for blood �ow in coiled aneurysms.

As described in the ComputationalMiddleware section above,
a major goal for CBC has been to automate adaptive error control.
Automated error control allows a researcher to specify a differen-
tial equation, a functional of interest, and an error tolerance, and
then automatically compute an approximate numerical solution
of the differential equation by the press of a button such that the
error in the functional of interest is less than the given tolerance.
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A freely available framework for automated error control has the
potential of rendering state-of-the-art goal-oriented error control
fully accessible to non-experts at no additional implementational
cost for the user.

In 2010, we have integrated automated goal-oriented er-
ror control for stationary variational problems into the FEniCS
project. The functionality has been veri�ed and evaluated by
extensive testing for a range of linear and nonlinear, mixedand
non-mixed stationary variational problems including the Navier–
Stokes equations and equations for polymer–�uid gel mixtures.
The results are very promising: the automatically generated adap-
tive algorithm typically outperforms a corresponding single-mesh
uniform algorithm by three orders of magnitude. The framework
has been disseminated and presented at a number of conferences
and workshops and described in submitted manuscripts.

Computed wall shear stress with adaptive and �xed meshes.

In collaboration with the Biomedical Flows and Structures
project, we have also initiated in-depth investigations ofthe per-
formance of the automated framework when applied to simula-
tions of blood �ow in aneurysms. These investigations will be
completed in 2011, and the conclusions used for optimization of
patient-speci�c simulations.

Arbitrary Lagrangian–Eulerian (ALE) formulations of �uid–
structure interaction problems can easily fail if the structure un-
dergoes large deformations. Such cases typically require complex
mesh motion algorithms and/or remeshing at a high computational
expense. As an alternative, �xed mesh methods in which the �uid

is described on a �xed background mesh have gained much in-
terest over the last decade. In particular, Nitsche's method on
overlapping meshes has emerged as a very promising approach.

However, the challenges faced in practical realizations of
Nitsche's method are substantial; 3D implementations in particu-
lar have been virtually nonexistent. The implementation requires
sophisticated techniques from computational geometry andthe
extension of �nite element algorithms to virtually arbitrary poly-
hedra. However, with the extended geometry and assembly fea-
tures developed in the FEniCS project in 2010, we have been
able to developa �exible framework capable of utilizing Nitsche's
method on general geometries in 3D. The �gure below shows an
elastic deformation of a cube with an embedded, non-matching
rotor-like region and discontinuous material parameters.The so-
lution is computed by a Nitsche method for overlapping domains.

Deforming cube with embedded rotor.

The developed framework has been successfully applied to
elliptic problems including problems with heterogeneous discon-
tinuous coef�cients, and studies of rigid-body–�uid couplings are
underway. In the coming year, we will focus on demonstrating
and investigating the applicability of Nitsche's method indifferent
biomedical �uid–structure scenarios.

Despite their increasing popularity, the theoretical founda-
tions for time-stepping schemes in �xed background mesh meth-
ods are largely unresolved. In addition to the realization of
Nitsche's method in DOLFIN, we have formulated a time-stepping
scheme in the context of coupled Eulerian–Lagrangian formula-
tions. Further theoretical analysis, including a priori error analysis
for the proposed time-stepping scheme, is scheduled for 2011.
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Adaptive multiphase �ow through porous media.

Biomedical Flows and Structures
The purpose of the Biomedical Flows and Structures (BFS) project
is to apply the numerical methods and software developed in the
Computational Middleware and Robust Flow Solvers projectsin
a few selected important applications that have the potential for
making an impact on clinical medicine.

The �rst application concerns the blood �ow in the Circle of
Willis, an arterial network located at the base of the brain.The
project is motivated by the fact that during a lifetime, 1-6%of
the general population develop aneurysms in or near the Circle of
Willis. Aneurysms are balloon-shaped bulges of the vessel wall,
which may rupture and lead to a fatal stroke. However, the risk
for rupture of an existing aneurysm is low – usually estimated to

less than 1% annually. Surgical treatment of cerebral anuerysms
is complicated and risky, and deciding whether to interveneor not
is therefore extremely dif�cult. Accurate assessment of the risk
of rupture would make this decision easier, but this is dif�cult to
do in a patient-speci�c manner. We are investigating how com-
putational �uid dynamics can be used to improve individual risk
determination. The reasoning behind this effort is that thevessel
anatomy varies a lot between patients and that this variation nat-
urally causes differences in the �ow pattern and forces acting on
the vessel wall. Our aim is to establish �ow characteristicsthat
can assist neurosurgeons in their assessment of which patients
and aneurysms to treat. More on cerebral blood �ow can be found
in the Featured Research section on Page 18.

The second application addressed by the BFS project con-
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cerns the oscillating �ow of cerebrospinal �uid (CSF) in the
cranio-cervical region, and the �ow's association with thede-
velopment of syringomelia (cysts within the spinal cord). Such
cysts are often found in patients with the Chiari I malformation, a
state characterized by having abnormal position of the cerebel-
lar tonsils (i.e., the brain is somewhat sunken down in the neck).
The abnormal position of the tonsils obstructs the natural �ow
of CSF, and it is hypothesized that the abnormal �ow pattern
is a cause for syringomelia. The knowledge of the fundamental
physical and medical processes is still limited, but surgery has
proven to be an effective treatment. To increase the understand-
ing of syringomelia and the effect of tonsilar obstructionson CSF
�ow, we use advanced medical imaging techniques and �uid dy-
namics simulations to get a detailed picture of the velocity�eld
and in particular the resulting stress that acts on the spinal cord.
We work with both idealized and patient-speci�c geometries.
The research on CSF �ow is done in close collaboration with
neuroradiologist Victor Haugthon from the University hospital in
Wisconsin. In 2010, we have also worked with our collabora-
tors at the Norwegian Defense Research Establishment (FFI)on
studying velocity and pressure differences using advancedCFD
simulations on idealized geometries representing normal individ-
uals and Chiari patients. More on CSF �ow can be found in our
Featured Research article on Page 16.

In addition to the main focus on clinically relevant medical
applications, researchers in the BFS project have been involved
in work on numerical methods. Four papers on order optimal
solution algorithms and inverse problems have been accepted
or published in 2010. In particular, we mention a comprehen-
sive review on the construction of preconditioners for systems
of PDEs written together with Ragnar Winther at the Center of
Mathematics for Applications, and a paper on the construction
of preconditioners for rather general inverse problem written to-
gether with Bj�rn Fredrik Nielsen (Norwegian University ofLife
Sciences/CBC). These works are good starting points for ourfu-
ture plans of addressing inverse �ow problems. In 2011, the BFS
group will see a signi�cant expansion following the fundingof
the project "Patient-Speci�c Mathematical Modeling with Ap-
plications to Clinical Medicine: Stroke and Syringomyelia". The
grant was originally submitted to the European Research Council
(ERC) Starting Grant program, and was found worthy of support
but did not receive funding due to budget constraints. Based
on this result, the project was instead funded by the Research
Council of Norway, as part of their policy to promote Norwegian
proposals to the ERC. On a �nal note, researchers in the BFS
project have made substantial contributions to the FEniCS book,
which will be published in 2011.

CBC@NTNU
TheBiomechanics Divisionat the Department of Structural Engi-
neering at the Norwegian University of Science and Technology
(NTNU), known as CBC@NTNU in the CBC context, has a focus
on mathematical modeling of cardio-vascular and orthopedical
systems. The focus has mainly been on numerical simulationsfor
improved physiological understanding of the mitral valve,�uid-
structure interaction in the left part of the heart, wave propagation
in elastic arteries subjected to pulsating blood �ow, patient spe-

ci�c hip prostheses in total hip arthroplasty, and leg lenghtening
(distraction osteogenesis) analysis.

Some of the topics have a relatively clinical scope, whereas
others are of a more fundamental research type. Substantial
efforts are put into establishing representative materialmodels,
which are of paramount importance in computer simulations.Ad-
vanced material modeling remains at the core of the activities at
CBC@NTNU,and the group's strong competence in this area is in-
ternationally well recognized. Nonlinear �nite element and �nite
volume methods are the basic numerical approaches for solving
the governing equations. Irrespective of having to solve basic re-
search issues, the overall goal is to develop tools that can assist
in clinical practice by means of better diagnosis and treatment.
A strong interaction with clinicians and researchers with medical
background is required to make success in this direction.

The mitral valve, located between the left atrium and left
ventricle of the heart, is one of the four valves of the heart.The
mitral valve prevents blood from �owing back into the atrium
when the ventricle contracts. Recently, we presented a novel
transversely isotropic hyperelastic material model for solid ele-
ments for the mitral lea�ets in which we add a contractile element
in order to simulate the mechanical function of the muscle cells
present in the lea�ets. Then, �nite element analysis of a porcine
mitral valve was conducted in order to investigate the in�uence of
the contractile force of the muscle �bers on the valve response
between beginning and peak systole. Our simple approach to
model the contractile cells in the lea�ets shows that their con-
traction promotes the �at shape to the closed mitral valve. A
paper addressing this is accepted for publication in Journal of
Biomechanics and Modeling in Mechanobiology. Further work
has been carried out, de�ning the extent and phenotype of mus-
cle �bers in human mitral valves. A paper adressing these topics
has recentely been submitted for publication.

A study on constitutive modeling of the fetal umbilical vein
and ductus venosus is pursued by a Ph.D. student. The study
resulted last year in a conference article, where several differ-
ent approaches for vascular material parameter estimationwas
tested on existing experimental in vitro data. A pilot studyand
preparation for future in vitro study on the material behavior of
human umbilical veins was done at the Technical University Eind-
hoven. Ongoing work on 2D/3D wave propagation in the umbilical
vein and ductus venosus with the implicit and partitioned FSI code
Tango, which (in this case) strongly couples the solid mechan-
ics code ABAQUS and the computational �uid dynamics solver
ANSYS FLUENT. With Tango we can address FSI problems us-
ing industry-standard computational mechanics software,and a
careful evaluation of the numerical performance of this approach
will provide important input to the further development of fully
coupled FSI solvers in the FEniCS framework.

We have also developedan FSI algorithm for the implicit cou-
pling of two rigid lea�ets, modeling the mitral valve in the left
ventricle of the heart. Simulations of the opening of the valve
have been performed using a patient speci�c rendering of theleft
ventricle. A 2D study has been carried out to investigate whether
the inlet boundary conditions in the left atrium are important for
the left ventricle hemodynamics and mitral valve dynamics.Ac-
cording to our results, important features of the �ow �eld may
not be predicted in the absence of an adequate model for the left
atrium, particularly during diastasis and atrial contraction. A new
study has been started where we look at the hemodynamics in
the ventricle during systole.
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CBC@FFI/UCy
Members of theApplied Fluid Mechanicsgroup at Norwegian
Defence Research Establishment (FFI) and theUCy-CompSci
Center at the University of Cyprus contribute with their �uid
mechanics competence to the biomedical �ow activities in CBC.
Their contribution is organized as a part of the consortium project
“Aerosols: Dispersion, Transport, and Consequences”, managed
by Bj�rn Anders Pettersson Reif at FFI. The purpose of the project
is to advance our ability to computationallypredict the dispersion
and transport of aerosols (droplets or solid particles) in open air
and in the human airways. The dispersion of aerosols is important
in a wide range of biomedical, security, and environmental appli-
cations, ranging from medicine delivered in the form of aerosols
through the use of inhalator sprays to the dispersion of chemical,
biological, and radiological (CBR) agents due to serious accidents
or terrorist acts.

To attack the challenges in this project, a series of funda-
mental �uid mechanics and numerical problems must be solved,
which have numerous applications to other activities in theCBC
projects Robust Flow Solvers and Biomedical Flows and Struc-
tures. Some research in this project also uses FEniCS software
components developed in the two mentioned projects.

By nature, the prediction of the aerosol transport and disper-
sion processes is extremely complex. The complexity arisesfrom
interdependency of the many physical processes involved, such
as turbulence, agglomeration/break-ups, gravity, deposition, and
physical characteristics and size of the aerosol itself, and its de-
pendence on for instance humidity, sun light, and temperature.
The present project is concerned with numerical simulations at
various levels of sophistication and with different objectives. Di-
rect numerical simulations (DNS) are employed to systematically
study fundamental physical characteristics, whereas computa-
tional �uid dynamics (CFD) models such as Large-Eddy simula-
tions (LES) and the Reynolds averaged Navier-Stokes (RANS)
approaches are employed in applications.

The CBC.RANS software framework for modeling laminar
and turbulent �ows is brie�y described as part of the Robust
Flow Solver project. This framework was developed with sub-
stantial efforts from FFI in close collaboration with researchers at
CBC@Simula. With CBC.RANS we can quickly implement new
turbulence models, couple equations as desired, easily experi-
ment with different types of linearizations, experiment and with
higher-order discretizations. In this way, CBC.RANS provides a
testbed of signi�cantly higher �exibility than what is possible
with today's commercial CFD software.

As described in the section on the BFS project on page 10,
staff from FFI have through 2010 contributed considerably to
the investigation of �ow characteristics in blood �ow and CSF
�ow. For the blood �ow project, determining the presence of
turbulence is of fundamental importance. Aneurysm growth and
rupture is believed to be closely linked with shear stresses, and
these are considerably higher in turbulent than in laminar �ows.

In 2010 we have also continued our study of a biomedical
�ow application concerning air pollution from an existing large-
scale industrial site. More precisely, we study dispersionand
transport of aerosols containing biological material released from
the site and their ability to be transported over long distances.
The study was motivated by the largest outbreak of legionnaires'
disease ever recorded in Norway which occured in 2005 and
2008. These outbreaks resulted in 10 deaths and more than 100

infected people. The present study is the �rst of its kind to be con-
ducted and it is a combination of numerical simulations and wind
tunnel experiments. One of the objectives of the investigations
was to assess wether or not the aerosol plumes released from this
particular industrial site prevailed at high enough concentration
levels at distances up to and beyond 10 km to pose a signi�cant
risk for the population. The study concludes that this is very
unlikely. This conclusion is important, as a previously published
study, carried out by medical experts and health care personnel,
arrived at the opposite conclusion. We think our study is a primary
example on how accurate physics-based computational models
and laboratory validations can increase the reliability inscienti�c
explanations of important questions and events for society.

In our previous work on the air�ow and particle deposition in
the lungs, we had focused only on steady inhalation. In 2010,we
took the �rst steps in preparing for simulations of the full breath-
ing cycle. For this purpose,we chose to study the pulsatile �ow in
a cerebral aneurysm geometry. In pulsatile �ow, the �uid motion
does not completely reverse directions, as is the case during a full
breathing cycle. Still, pulsatile blood �ow captures some of the
instabilities that can be induced by �ow oscillations in complex
geometries. The code used for the air�ow modeling was modi�ed
as necessary in order to study pulsatile �ow in the CCA aneurysm
geometry. We discovered that even without introducing arti�cial
forcing to perturb the �ow, the �ow conditions and the geometry
were suf�cient to induce transition to turbulence after 11 or 12
cycles. In addition to preparing the grounds for investigations of
reversible �ow in the airway systems, results of the studiesof
pulsatile �ow could have important implications for our under-
standing of aneurysm �ow dynamics. The possible excistenceof
turbulence in low Reynolds number pulsative/oscillatory �ows
and its overall effects in complex geometrical systems are asso-
ciated with considerable challenges. The activities at CBC@FFI
will mainly focus on these issues in 2011/2012.

Cardiac Computations
In line with the overall goals of CBC, the Cardiac Computations
project shares its focus between developing computationaltools
for simulations of heart electrophysiologyand mechanics,and ap-
plying these tools in fundamental biophysical research andclini-
cally relevant applications. In terms of tools development, work
in 2010 includes mesh improvements and generation of volumet-
ric meshes from reconstructedgeometries (of arbitrary structures,
but primarily of cardiac origin and diverse scale in our case). The
Geometry-preserving Adaptive MeshER(GAMer), a mesh improve-
ment library, has been considerably improved, including exposure
of original algorithms and addition of a command line frontend to
GAMer. The library has also been wrapped in Python, paving the
way for the development of a plugin to Blender (an open source
CGI software). As a result, surface meshes can now be read
directly into the graphical user interface of Blender and quality
can be improved interactively using both tools from Blenderand
GAMer. Built-in Blender functions, such as boolean operations
and the application of material properties, have been leveraged
to generate marked volumetric �nite element meshes, and the
GAMer plugin to Blender has been successfully used to improve
reconstructed meshes of the subcellular environment in murine
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cardiomyocytes. The plugin has also been used by close collab-
orators to improve reconstructed meshes: human hearts in the
Cardiac Mechanics Research Group at UCSD, led by Prof. An-
drew McCulloch, and neuronal tissues from the Computational
Neurobiology Laboratory at the Salk Institute led by Prof. Terry
Sejnowski.

Furthermore, in addition to general improvements of our soft-
ware for cardiac electro-mechanics, 2010 resulted in new simu-
lation software for arbitrary reaction diffusion equations. Subcell,
an open source simulation software based on FEniCS, has been
developed in concert with other CBC researchers. It features
a simple, yet powerful, declarative language for describing ar-
bitrary domains, species, reactions, and �uxes (in our context
focused on the intracellular environment of the cardiomyocyte).
It also includes declarations of discrete and stochastic handling
of boundaries for subcellular simulations, facilitating coupling to
discrete molecular channel dynamics. Code eventually usedto
solve declared equations is generated dynamically and compiled
just in time, combining high performance with high level problem
de�nition.

Our applied research aims to elucidate mechanisms behind
cardiac pathologies and to identify targetable processes,thus
hopefully contributing not only to a better understanding of car-
diac arrhythmias and mechanical dysfunction, but also improving
medical prevention and intervention techniques. Recently, our re-
search has focused on the role of several factors in�uencingand
modulating arrhythmias and cardiac disease; pharmacotherapies
in cardiac muscle cells and tissues, stability of cardiomyocyte
electrodynamics, the dynamics of subcellular calcium release in
the cardiomyocyte, and cardiac electromechanics aimed at un-
derstanding mechanical dysfunction at the organ level.

Despite the fact that literally thousands of novel drug ther-
apies to combat cardiac electrical and mechanical dysfunction
have been developed and marketed in past decades, very few
have actually been proven to have a signi�cant therapeutic ef-
fect. Novel strategies for drug therapy in cardiac disease are
urgently required, and this diverse sub�eld is ripe for contribu-
tions and insight from modeling and simulation. We have used
cardiac cell models to predict the effects of theoretical drugs
targeting cells with mutations in the sodium channel, whichis a
crucial component in electrical activation of the cell. Theaim is
to compute advantageous properties of a hypothetical drug by
deriving model parameters of the drug action that restore sodium
channel function and minimize the difference between wholecell
currents in drugged mutant and wildtype cells. This methodology
is highly applicable to diverse scenarios of ion channel dysfunc-
tion and potential drug therapies and will be used in subsequent
studies.

In the �eld of cardiac arrhythmias, the initiation of an arrhyth-
mia in the heart has been a subject of intense study for decades.
It is well-established that one mechanism of arrhythmia genera-
tion and maintenance involves ectopic foci: electrical activations
arising inappropriately from outside the sinoatrial node (which
signals contraction via a regular electrical signal duringnormal
function). Much theoretical and computational work has focused
on what happens to waves initiated from an ectopic site, but very
little on the origin of the beats themselves. The latter has been
a research focus of the Cardiac Computations project duringthe
last calendar year. Several pathological states are associated
with increased ectopic activity, and so we postulated that these
pathologies have effected the stability of the resting state of car-

diac tissue such that spontaneous activity can be easily initiated
via small, random perturbations. Examination of several models of
pathologies using eigenvalue analysis has uncovered that tissue
resting states typically become less stable as diseases become
more pronounced, leading to a state wherein a small perturbation
to the system can more easily initiate an ectopic beat. Several
manuscripts on this topic have been prepared and submitted dur-
ing 2010, and two have been accepted for publication in leading
international journals to date.

Calcium links electrical and mechanical events in cardiac
muscle. As such, it plays a multifaceted and complex role in both
normal and pathological cardiac function. Speci�cally, incardiac
myocytes, intracellular calcium links membrane excitation (the
action potential) to sarcomere contraction. Calcium dynamics
include both synchronous oscillations and nonlinear wave phe-
nomena, both arising from spatially localized stochastic events
within the cardiac cell. Three-dimensional cell geometries with
realistic spatial distribution of subcellular features have been re-
constructed from confocal microscopy of ventricular myocytes.
This model provides a computational platform to study intracel-
lular calcium with the ability to interact with experimental mea-
surements of subcellular structures, and will lead to improved
understanding of the subcellular calcium dynamics that in�uence
cardiac excitation and contraction in health and disease. In 2010,
our work on subcellular calcium dynamics, in collaborationwith
Prof. Andrew McCulloch's group at UCSD, and the Institute for
Experimental Research at Oslo University Hospital, Ullevål, has
continued. An exciting current and future application areais
understanding of calcium spark generation in failing murine car-
diomyocytes in concert with our experimental collaborators.

Cardiac arrhythmias can be initiated by ectopic beats
arising in the resting state of the heart.

Computational Biology. Computational biology activities in the
Cardiac Computations group are diverse, and were originally borne
out of an additional project on evolution, which will conclude
early 2011. This original project has focused on the dynamics
and outcomes of evolutionary processes, as well as the meth-
ods by which such processes can be studied computationally.
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Expanded computational biology activities include electrophys-
iological modeling of diverse, non-excitable human cell types,
including cardiac and synovial �broblasts, as well as the synovial
chondrocyte (detailed below), in collaboration with international
experimental partners. These new electrophysiological models
may, in the future, help elucidate detailed biophysics and signal-
ing mechanisms at play in the context of human connective tissue
disorders. The �rst model of this kind is currently being developed
in concert with the support of our experimental collaborators at
the University of Calgary, Alberta, Canada. A �rst article,focus-
ing on presentation of the novel model and its application tothe
study of the effect of local pH on the chondrocyte, is expected
mid-2011.

Inverse Problems

In the Inverse Problems project we investigate, in collaboration
with Oslo University Hospital, the possibilities for improving elec-
trocardiographic (ECG) technology.

The ECG records the electrical activity of the heart on the
body surface and is the recommended and most used tool for
diagnosing ischemic heart disease, such as infarction and angina
pectoris, which is the single most frequent cause of death glob-
ally. However, current ECG technology lacks sensitivity, is blind
to ischemia in certain regions of the heart, and is largely qualita-
tive. The analysis is based on simple measurements of amplitudes
and time intervals that do not re�ect the 3D anatomical complex-
ity of the disease.

The aim of our research is to improve the detection capabili-
ties of the ECG and enable 3D imaging of ischemic lesions in the
heart through the use of inverse solutions. There are three novel
advantageous clinical aspects in our research. First, the inverse
solution is carried all the way into the myocardium, as opposed
to standard inverse solutions that compute only the potentials
on the outside of the heart. The new approach will provide in-
formation about the anatomical position and size of the ischemic
lesions. Second, an optimal lead set can be developedby discrete
optimization. This will overcome on one side the impracticality of
high-density body surface mapping and on the other the lacking
sensitivity of the current 12-lead ECG. Third, real-time imaging of
the temporal evolution of ischemia can be achieved by carefully
designing and optimizing the inverse solver.

We started testing our methods on patients being examined
for ischemic heart disease at RikshospitaletUniversity Hospital in
2008, and this clinical trial is still ongoing. As part of theclinical
evaluation the patients undergo heart MR imaging, angiography
and exercise testing with myocardial perfusion scintigraphy. In
conjunction with the exercise test we record a 72 lead body sur-
face potential map that together with the MR images form the
basis for the inverse procedure. The computed size and location
of the lesions will be compared with those from angiography and
scintigraphy, and we are currently starting to develop the metrics
of the golden standard.

Geometric model computed from MRI data.

A further research task will be to determine the sensitivity
of the results to model assumptions and patient-speci�c param-
eters. We have an ongoing collaboration with Rikshospitalet,
giving us access to a branch of a large EU study that evaluatesdi-
agnostic tools for ischemic heart disease. The study started early
2010 and Rikshospitalet will recruit about 150 patients over a
period of 2 years. This provides us with enough data to optimize
the technology and draw reliable conclusions about its clinical
value. The collaboration with the cardiologists from Rikshospi-
talet proves to be fruitful, and has strengthened the competence
pro�le of the project. The CBC part of the project consist of three
20% positions, funded by our host institution, bringing together
researchers from Telemark University College, The University of
Oslo and The Norwegian University of Life Sciences in addition to
the researchers from Rikshospitalet.

There is an ongoing process of �nding Norwegian investors
for the project through Simula Innovation, as well as industry
partners to move towards commercial utilization of the devel-
oped technology. Our initial initiatives towards the US company
Heartscape Technologies have been put on hold, as they unfor-
tunately no longer are able to enter into a collaboration involving
research and knowledge transfer.

Computational Geosciences
The Computational Geosciences (CG) project has continued to
combine geoscienti�c research with the development of compu-
tational tools that have broad applicability in biomedicalas well
as geophysical science. In the following description we highlight
some of the research areas that have direct applications in both
biomedical and geolocial research.

Particle laden �ow has a wide range of applications in both
biomechanical and geological modelling. Researchers in the CG
project have been steadily developing a novel approach to sim-
ulate �uid �ow In contrast to other approaches, the modelling
framework computes the evoulution of mesoscopic computa-
tional entities known as "particle lumps" in order to simulate the
particle �ow. The modelling framework has been successfully
applied to dense particle �ows where inter-particle reactions are
relevant, and a multiscale phenomenology has recently beende-
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veloped. Researchers in the CG project are now pursuing new
applications of the framework, including the deposition ofparti-
cles in pipe �ow, and the large scale transport of sand into the
deep ocean �oor.

In seismic forward modelling arti�cial seismic data are simu-
lated given a model of the geological domain. Solutions to these
equations can be interpreted as �rst-arrival times of a propagating
front, typically the body and surface waves in terms of seismol-
ogy. The governing mathematicsare differential equationsknown
as Eikonal equations. The traditional discretization of the Eikonal
equation makes use of only edge connected neighbours. If diag-
onally connected neighbours are used the accuracy increases by
a signi�cant amount, since the angular resolution of the arriving
wave is better estimated.

A potential application of high accuracy methods might have
a large impact on the (medical) imaging industry. In the imaging
industry solutions of Eikonal equations are used as segmentation
tools. However, often they are too inaccurate to be very helpful,
and other tools needs to be used in combination. A highly ac-
curate arrival �eld can help locate weak connections, that with
the current methods are left undetected, and at the same time
minimize the image noise.

In 2010, the CG project started began the development

of a FEniCS based solver for traditional geoscience problems:
�uid motion problems in the Earth's mantle. Such problems in-
volved the solution of coupled equations, non-linear materials
and strongly varying material properties. Benchmarking FEniCS
for geoscience applications will improve the user base and expand
the material parameterisations available to bio-domain modellers.

Mathematical models are approximations to real phenomena,
and the usefulness of a model depends on our knowledge of the
properties of the approximations involved. This situationapplies
equally to geoscience and biomedical models. As such, we have
mapped the uncertainty in a speci�c class of models, described
by a very simple ordinary differential equation, and discussed a
range of approximation aspects that are related to such a model.
Extensions in 2011 will cover a series of partial differential equa-
tion models of increasing complexity, approaching the real-world
models of the bio and geo applications within CBC. We hope to
use such a series of models as the basis for a CBC course in
uncertainty quanti�cation as well as a suite of tools that can
be used to add an uncertainty calculation to an existing com-
putation. In particular, the long-term goal is to automatically
equip FEniCS-based solvers with uncertain quanti�cation,and as
a natural by-product, sensitivity analysis and support forparam-
eter identi�cation (inverse problems).

Tetrahedral mesh of sub-cellular structures in a cardiac cell, used in modeling of calcium dynamics.
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Syringomyelia, Chiari Malformation
and the Flow of Cerebrospinal Fluid
The cerebrospinal �uid (CSF) surrounds the brain and spinalcord.
This �uid plays a fundamental part in the central nervous system
as it pulsates between the head and body, allowing the brain to
expand and shrink as a function of the pulsating blood pressure.
Other important functions of the CSF include protecting thebrain
and spinal cord from trauma and facilitating a stable chemical
environment for the central nervous system.

The Chiari I malformation, occurring in 0.7% of individuals,
is characterized by lower parts of the brain being sunken down
in the neck. More precisely, the malformation features a down-
ward displacement of the cerebellum, secondary to incomplete
developmentof the skull. Therefore the cerebellar tonsilsare dis-
placed through the base of the skull (foramen magnum) into the
spinal canal. The malformation causes many symptoms including
syringomyelia, dizziness, weakness, vision problems, headache
and paralysis. Cysts or �uid �lled cavities in the spinal cord,
termed syringomyelia, occur in about half of Chiari patients. The
cysts may elongate and expand over time, compressing spinal
cord tissue and impairing neurologic function.

Our collaborators, neuroradiologist Prof. Victor Haugthon and
co-workers at the University of Wisconsin (Madison), have doc-
umented that the CSF �ow velocity in Chiari I patients exceeds

those in normal individuals. More speci�cally, the CSF �ow in
Chiari patients exhibit more complex bidirectional �ow patterns,
including jets with velocity magnitudes twice that of healthy
volunteers. In a series of papers, we have focused on the dif-
ferences in �uid velocities and pressures in idealized geometries
representing normal individuals and Chiari malformation patients.
The �gure below illustrates �ow differences in idealized mod-
els of normal individuals and Chiari malformation patients. The
uppermost left image shows the velocity magnitude of a sagi-
tal cross section in an idealized geometry representing a normal
individual. The geometry is shown in the middle image, whilea
sagital cross section of an MR image of a normal individual is
shown to the right. The downmost left image shows the velocity
magnitude in a sagital cross section in an idealized geometry rep-
resenting a Chiari patient. The corresponding geometry is shown
in the middle image, while a sagital cross section of an MR image
of a Chiari patient is shown to the right. Both velocity images
show velocities at maximal systole. Notice that there are clear
differences between the two images, in particular there arehigh
speed jets in the idealized Chiari patient at the foramen magnum
(and corresponding increased pressure gradients). The computed
velocities compare well with velocities from MR measurements.
The corresponding CSF pressure increase in the idealized Chiari I
malformation patients amounts to 14-30 %.

Velocity difference between idealized normal geometries and Chiari I geometries.

A second study, focusing on the poro-elastic models of the
spinal cord has recently been accepted in a prestigious medical
journal. This study proposes a new explanation for the relation
between the Chiari I malformation and syringomelia; that is, the
porosity of the spinal cord and in particular the central canal allow
the increased stress associated with the Chiari malformation to
progress several centimeters downwards in the spinal cord and
forming a syrinx. Many theories have been proposed to explain
syringomyelia in the presence of the Chiari malformation, but by
no consensus exists. The main weakness of the theories on the
relationship of the malformation and syringomyelia is the failure
to explain the relatively large distance between the malforma-
tion and the syrinx. Therefore we have modi�ed the conventional

models to include the speci�cation of porosity within the spinal
cord. Porosities have been assigned to the gray matter, white
matter and central canal in the spinal cord and the Biot equations
for coupled �uid �ow and elastic deformationshave been applied.

Porosity changes the �ow and pressure in the spinal cord,
as can be seen in the �gure below. The left panel shows an MR
image of a patient with syringomyelia, where a region of interest
is indicated to show the modeled region. The middle panel shows
the pressure �eld obtained from assuming different permeability
of the central canal, grey and white matter. The rightmost panel
shows the velocity pro�le for the region with steepest pressure
gradient. The colors indicate the magnitude and the arrows the
direction of the �ow of the interstitial/extracellular �ui d. Fluid
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enters the spinal cord in regions of high pressures. The main
result of the study was that the model with the inclusion of
porosity could better explain the distance between the location
of the tonsils and that of the syringomyelia.

We are extremely satis�ed with our on-going collaboration
with clinical researcher Victor Haugthon and his co-workers.
Prof. Haughton is a world-leading researcher on CSF �ow and
has spent two decades on increasing the medical and physical
understanding of abnormalities in the �ow and their relations to
syringomelia. To this date, four CBC papers have been accepted

or published in high impact clinical journals such as the American
Journal of Neuroradiology. We think this is an amazing result,
given the short time life span of our CSF studies.

Several new subprojects have been started within this
project. Most notably we aim at investigating spinal cord ta-
pering of Chiari patients compared to healty volunteers, studying
several patient-speci�c geometries, analyzing the importance of
the porosity of the cord with Biot and Brinkman �ow models, and
evaluating the effect of decompression surgery in our idealized
computational model.

Simulated CSF pressure and velocity �elds for a patient withsyringomelia.
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Computational Hemodynamics
Cardiovascular diseases, like cerebral strokes, are amongthe
main causes of death in the industrialized world. As described in
the section on the BFS project above, a particularly severe form
of stroke results from the rupture of a cerebral aneurysm. The
bleeding which follows rupture of a cerebral aneurysm will typi-
cally occur in the subarachonoid space that surrounds the brain,
and is calledsubarachnoid hemorrhage.The subsequent pressure
increase in the brain will obstruct the blood supply, and there-
sulting lack of oxygen to the brain results in death within 30days
in 50% of the cases. The surviving patients will typically suffer
from severe neurological de�cits.

Aneurysms often develop in or near a network of blood ves-
sels in the brain called the Circle of Willis (CoW). Althoughthe
classical CoW is a symmetric, circle-like structure, it is common
that one or more blood vessels in the CoW are underdeveloped
or missing, and only 40% of the population �t the classical sym-
metric description. Aneurysms typically occur in places where
there is disturbed �ow or where the vessels divide, and this may
explain their occurence in the complex vessel structure of the
CoW. In addition, the blood vessels in CoW are thinner than other
blood vessels at a similar distance from the heart.

The relation between vessel topology and aneurysms may
indicate the in�uence of wall shear stress (WSS). It is believed
that aneurysms can be initiated because of an alteration of the
stresses caused by the �owing blood. Increased and oscillating
surface stress may lead to cell damage, which may in turn trigger
in�ammatory and degenerative processes. This may damage the
structureal integrity of the vessel, and initiate the formation of an
aneurysm.

Angiography of cerebral arteries with an aneurysm.

Autopsy studies have shown that 1-6% of the populationwill
harbour an aneurysm during lifetime, and for a given aneurysm the
annual risk of rupture is around 1%. Treatment methods are as-
sociated with a high risk for the patient, and it is desirableto
only treat those aneurysms that are likely to rupture. However,
performing a patient-speci�c risk assessment is dif�cult,since
both the initiation and rupture of aneurysms are in general poorly
understood. In order to better estimate the risk of rupture,there
is substantial focus on the non-linear viscous behaviour ofblood,

and even more attention is given to the dynamic interactions
between the blood �ow and vessel walls.

Since it is known that disturbed �ow patterns are related
to aneurysm development and growth, we wanted to investi-
gate whether complex �ow patters could also be correlated with
rupture. In particular, we have investigated new indicators for as-
sessing risk of aneurysm rupture based on �uid mechanical prop-
erties such as the kinetic energy( 1

2 mv 2 ), vorticity (~! � r � ~u)
and pressure drop over the aneurysm. The background for study-
ing these factors is that a complex vessel and aneurysm geometry
may lead to a concentration of energy, which locally resultsin a
more complex �ow. The complexity of the �ow (increased vor-
ticity) could affect the endothelial cell alignment and alter the
structural integrity of the wall. Furthermore, the overallshear
rates would increase and more energy would be required to drive
the �ow, visible as a larger pressure drop over the aneurysm.
This additional energy must be exerted on the wall and could
thus possibly be related to aneurysm rupture.

To simulate the blood �ow we solved the Navier-Stokes
equations which describes the motion of a �uid;

_u + ur u � r � � = f; (1)

r � u = 0 : (2)

Here,u is the unknown velocity �eld, and� is the Cauchy stress
tensor which for a Newtonian �uid is de�ned as

� (u; p) = 2 �" (u) � pI; (3)

wherep is the unknown pressure,� is the (kinematic,�=� ) vis-
cosity, f is the body force per unit volume, and� (u) is the strain
rate tensor:

� (u) =
1

2
(r u + r u> ): (4)

Through 2010 we conducted a study of 12 patient-speci�c
cerebral aneurysms, where different �ow characteristics were
related to whether the aneurysms had ruptured or not. It was
found that the �ow was signi�cantly different in the aneurysms
that had ruptured. In fact, the aneurysms that eventually ruptured
appeared to have a shape that had a tendency to distribute the
kinetic energy within the aneurysm dome, generating powerful
vortices and corresponding oscillating wall shear stress.

The intracranial vasculature from 12 patients with intracra-
nial aneurysms were used for creating computational meshes.
CFD simulations were carried out with a realistic waveform inlet
pro�le, and resistance out�ow boundary conditions to modelthe
downstream vasculature. The visualizations of the �ow showed
different �ow patterns in ruptured versus unruptured subjects. In
the ruptured aneurysms, the �ow impinged with a more perpen-
dicular angle at the opposing wall compared to the unruptured
aneurysms. The blood �ow in the aneurysms that would rup-
ture had a higher kinetic energy inside the aneurysm dome which
resulted in a more unstable �ow with higher values of vorticity
and pressure drop. Increased kinetic energy and vorticity values
showed a stronger correlation with rupture when compared to
values for WSS, and can possibly be a better indicator for risk
assessment of aneurysm rupture.
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Enstrophy in ruptured (left) and unruptured (right) aneurysms.

In a second study, we investigated whether turbulence was
present in the blood �ow related to one representative cerebral
aneurysm, using a direct numerical simulation assuming Newto-
nian �ow and rigid walls. The simulations indicated that turbulent
or transitional �ow was present in the the aneurysm. This �nding
may have a signi�cant impact on the modeling of blood �ow in
cerebral aneurysms, since developmentand rupture of aneurysms
is believed to be tightly linked to wall shear stress. The wall shear
stress is known to increase dramatically as the �ow turns tur-
bulent. The largest direct numerical simulations of the problem
have been conducted at FFI using the high-performance CDP
software1 on computational meshes containing near 20 million
tetrahedral elements.

There are many indications of transitional or turbulent �ow
in the cardiovascular system. It is well known that the circula-
tory system produces sound, but experiments have shown that
people with aneurysms have a different sound. In an experiment,
the recorded frequencies were of rougly 500 Hz, and was found
in 60% of the aneurysms. There are many theories for the source
of this sound, but no theory can currently explain all the obser-
vations. We believe that the source of the sound is turbulence.
There has been remarkably little focus on the presence of tur-
bulence in cerebral arteries, and the assumption of laminar�ow
is commonly accepted. The relevance of determining whether
a �ow is laminar or turbulent, is revealed when examining the
characteristics of turbulent �ows. Turbulent �ows are known to
be far more chaotic and energy dissipating, resulting in highly in-
creased magnitude of WSS, and increased frequency of pressure
�uctuations and direction changes in WSS. The effect of these
�ow characteristics on cell and vessel remodeling is currently
unknown, but the effects might be substantial.

There seems to be a gap between the experiments and the
hemodynamic simulations that are performed. We wanted to
challenge the assumption of laminar �ow and investigate the
presence of turbulence in an aneurysm focusing on realistic�ow
models of cerebral blood �ow, and their potential usage in under-
standing cerebral strokes. The objective of the present study was
to determine if turbulence can occur in an intracranial aneurysm,
and to determine the effects of the turbulence on the aneurysm
wall, using very high resolution CFD. A Direct Numerical Simula-
tion (DNS) is performed if all characteristic scales of a turbulent
�ow are included in the simulation. The DNS simulations in this
study were conducted by our collaborating partners at FFI. The
turbulence is not modeled, but resolved within a very �ne spa-
tial mesh and short time step. A properly executed DNS can
capture physically complex phenomenon like transition to tur-

bulence and relaminarization. The computational geometrywas
recreated from medical images obtained from our collaborators
at the University Hospital of North Norway. We used a realistic
patient-speci�c waveform on the inlet and an equal �ow division
on the outlets, which is determined the complex downstream
vasculature.

Enstrophy visualized as a slize through the aneurysm.

The �ow showed transition to turbulence just after peak
systole, and the turbulent �uctuations increased in intensity until
mid deceleration, before relaminarization occurred during dias-
tole. The �gure above illustrates the complexity of the �ow,as
the magnitude of the vorticity (enstrophy), just after peaksys-
tole. We measured the velocity and pressure in a point located
at the center of the aneurysm dome, and the three velocity com-
ponents and pressure are shown in the �gure on Page 20, for the
two heart beats (out of 13 total). The high spatial gradientsare
clearly visible, and the departure between the signals between
the two heart beats quanti�es the existence of turbulence. The
WSS magnitude had a maximum value of 41.5 Pa, similar to the
value where the cells are known to be damaged. The recorded
velocity frequencies were predominantly in the range of 1-500
Hz, and the peak pressure �uctuations had a frequency of roughly
100 Hz and 1.5 mmHg.

The current study con�rms, through properly resolved CFD
simulations, that turbulence can occur in intracranial aneurysms.
Even though we have only studied a single aneurysm so far,
the �ndings are similar to experiments performed during surgery
where turbulence was found in 10 of 17 aneurysms. We have
demonstrated computationally that turbulence can explainthe
experimentally observed phenomena and shown that the effects
on the vessel wall can be orders of magnitudes larger than previ-
ously assumed. New series ofin vivo experiments should there-
fore be performed to investigate how the vessel wall reacts to the
increased WSS, the frequency at with the WSS changes direction
and the rapid pressure �uctuations.

1www.stanford.edu/group/cits/research/combustor/cdp.html
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Velocity and pressure measurements over two heart cycles.
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The Simula School (SSRI)
Being hosted by Simula Research Laboratory, CBC has access to
a well-developed infrastructure for education of new researchers
through doctoral and postdoctoral studies. In particular,all
Ph.D. students and postdoctoral fellows at CBC are af�liated
with the Simula School of Research and Innovation, which is the
organizational instrument for all levels of education at Simula
Research Laboratory. This ensures a professional framework for
our Ph.D. students and postdocs with respect to their research
and career development. The added value of our association
with SSRI consists of enhanced support in supervision, mentor-
ing and recruitment, as well as special courses on topics such as
communication of scienti�c research and entrepreneurship.

The aim of SSRI is to educate highly quali�ed researchers
within the research �elds of Simula, as an attractive resource for
academia, industry, and the society at large. In addition tothe
traditional researcher education, management development pro-
grams and career guidance at postdoctoral level are key elements
of the school's activities. SSRI encourages and assists thestu-
dents in establishing close connections with industry as a result
of exchange programs and international collaboration. Through
speci�c initiatives and activities the school will ensure the nec-
essary academic and social conditions to allow the studentsto
focus on their work and conduct their research effectively.

SSRI is organized as a limited company co-owned by Simula
Research Laboratory (56%), Statoil (21%), B�rum Municipality
(14%), Telenor (7%), SINTEF (1%), and The Norwegian Computing
Center (1%).

In the evaluation of Simula conducted in 2009 by the Re-
search Council of Norway, the evaluation committee recom-
mended increased interaction with other universities thanthe
University of Oslo and increased international exposure. During
2010, SSRI has performed a dedicated search for an educational
partner in the United States. After careful examination of several
top-ranked institutions, the search has concluded with Univer-
sity of California San Diego (UCSD) as the preferred partner. This
partnership is also strongly supported by UCSD faculty and top
management.

UCSD is a public university with more than 27,000 students,
that is of about the same size as the University of Oslo (UiO).In
the 2010 ARWU (Shanghai) ranking, UCSD holds 10th place in
Engineering/Technologyand Computer Sciences, and 14th place
overall. This university conducts world-class research within
the areas of communication systems, scienti�c computing, and
software engineering applied to biomedical problems. At the
graduate level, the National Research Council ranks UCSD �rst
in the United States in bioengineering, biological sciences, and
oceanography and atmospheric sciences. These �elds are rele-
vant to Simula's research areas, and the �rst �eld listed is par-
ticularly relevant to to the activities in CBC. The university also
scores strongly overall, with almost two-thirds of the doctoral
programs ranked in the top 20 in their �eld, and is the second
best public university in the United States after University of
California, Berkeley.

In December 2010, Simula submitted a formal proposal for
the “Simula Graduate School of Computing” to the Norwegian
Ministry of Education and Research. This proposal describes an

educational program involving Simula, UCSD, and UiO covering
60 study seats at master's level and 60 Ph.D. positions,leading up
to joint degrees. The proposal also recommends the allocation of
90 study seats at the bachelor's level at UiO, to streamline highly
quali�ed candidates for the graduate studies. This collaboration
has the potential of becoming the most ambitious Norwegian-
American educational alliance to date. This initiative aligns well
the evaluation committee's statement concerning the potential
of SSRI:SSRI could well grow to become a national resource for
science education and take on a role as a coordinating center
across several universities.

Through 2010, the SSRI has continued close collaboration
with Statoil through research programs that include Ph.D. and
postdoc positions. The school has also been awarded its second
period of funding from the Municipality of B�rum, providingone
million Norwegian kroner annually for the period 2011-2015.
During the year, SSRI has also started a dedicated campaign
for stimulation of young people's interest in Science. Thiscam-
paign, named Prepare, is co-funded by the Municipalities ofAsker,
B�rum, and Oslo, and Akerhus fylke. It is based on the Engineer-
ing Ambassadors program developed at Penn State Universityin
the United States,which has proven to be successful in attracting
students to engineering studies. Through training and guidance,
young university students are prepared to become mentors, giv-
ing tailored talks about science to pupils in secondary and upper
secondary schools. In its �rst phase, the Prepare campaign has
a special focus on recruiting females to science studies, partly
through selecting female mentors and partly by the design of
the message delivered through the mentors' presentation. The
training of the mentors has been designed and implemented in
close collaboration with communication experts from Penn State
University.

Python for Scienti�c Computations
CBC continued its efforts with bringing Python-based software
development technology out to the national and international
computational science community of students and researchers.
More details about this activity is described in the annual report
of 2008.

We work further with developing the introductory program-
ming course for science students (INF1100) at the University of
Oslo. The annual report of 2007 has more detailes about this
popular course, which lays the foundation for a key activityat
UiO, the Computers in Science Project (see below).

Scienti�c Software to the World
The most important outreach project at CBC is probably the FEn-
iCS software suite, which is described in detail under the heading
“Featured Research 2009 – Finite Element Software” in the an-
nual report for 2009. CBC researchers and collaborators spent
much efforts in 2010 on writing chapters to the upcoming book
about FEniCS. This production of documentation also led to quite
some work with redesigning interfaces in FEniCS in order to in-
crease the user friendliness. We expect the launch of the book
together with the �rst of�cial release of FEniCS in 2011 to be
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a major event in the history of CBC that will attract widespread
attention in the international computational science community.

Linux (or formerly Unix) has been, and probably will be, the
dominating operating system for large-scale, high-performance
computing. Therefore, distributing scienti�c software via the
most important Linux channels is a key strategy for widespread
use. The popularity of Ubuntu Linux has increased greatly inre-
cent years, mostly due to its user friendliness. Ubuntu applies
Debian packages for distributing software, and it is demanding,
but correspondingly awarding, to get software accepted in De-
bian. As mentioned in the annual report of 2009, FEniCS and
other software packages from CBC (SciTools and Swiginac) are
now of�cial packages in standard Debian. This is an important
achievement as Debian over the last few years has grown to
be the leading repository for mathematical software. Installing
very complicated software suites, such as FEniCS, depending
on dozens of huge packages, is a matter of a simple one-line
command (or click) in Debian-based operating systems. The high
quality of mathematical software in Debian has lead us to rec-
ommend running Ubuntu Linux as virtual (or dual boot) operating
system on Mac and Windows machines for all students and re-
searchers associated with CBC. This strategy has proved to sub-
stantially remove much of the hazzle with installing the needed
mathematical software on Mac and Windows platforms.

University Teaching
Almost all senior CBC researchers are involved with university
teaching. The Simula staff lecture at the University of Oslo, De-
partment of Informatics. Our collaborating Biomechanics Division
at NTNU gives courses at the Department of Structural Engineer-
ing at NTNU, collaborators at FFI have created courses in �uid
mechanics at the University of Oslo, and CBC associates in San
Diego are involved with teaching computer science courses at
the University of California at San Diego.

CBC teachers take particular interest in theComputers in
Science Education(CSE) project at the University of Oslo (see
http://tinyurl.com/yjeksn2 ). The goal of this project is to intro-
duce numerical programming and simulation in all relevant science
courses at all education levels. That is, CSE is a computational
science reform that aims at implementing computer simulations in
existing courses, rather than doing this in a new separate “Compu-
tational Science” student program,which is the common approach
elsewhere. Furthermore, CSE aims at introducing programming
and simulation from day one (through the course INF1100 men-
tioned above) and not wait until the master or Ph.D. level as is
usual elsewhere.

The CSE project has received quite some international recog-
nition as one of the very few successful attempts to modernize
existing science education in a substantial way. So far, about a
dozen of science courses have undergone a major modernization,
building on the new numerical knowledge that the students gain
in the �rst semester. This modernization also has three impor-
tant pedagogical aspects: 1) programming is an effective tool for
increasing theunderstanding2; 2) numerical solutions move the
attention from lengthy algebra to a focus on problem formulation
and interpretation of solutions, i.e., physical understanding; and
3) computer simulations allow more realistic and inspiringprob-
lems to be studied, and give students insight into current research
problems. For CBC the CSE project is about bringing the tools
and working habits of our research to students. Hopefully, this
modern approach can improve recruitment and draw attentionto
the subjects we are dealing with in the center.

The Ministry of Education asked key contributors in the CSE
project to form a national committee with the purpose of looking
into how the project can be implemented at colleges and uni-
versities in Norway. The Ministry regards the project as a great
success, and this view is shared by many of our colleages at
universities outside Norway. CBC aims to strengthen its contri-
butions to the project in the years to come.

2To cite one of Norway's two greatest contributors to computer science, Kristen Nygaard: “Programming is understanding”.
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In the appendices below, we use several abbreviations:

ADM The Administration unit at Simula
BFS Biomedical Flows and Structures (CBC project)
CBC Center for Biomedical Computing
CC Cardiac Computations (CBC project)
CG Computational Geosciences (CBC project)
CM Computational Middleware (CBC project)
F Female
FFI Norwegian Defence Research Establishment
HOST Simula Research Laboratory (SRL)
IP Inverse Problems (CBC project)

M Male
NTNU Norwegian University of Science and Technology
RCN Research Council of Norway
RFS Robust Flow Solvers (CBC project)
SRL Simula Research Laboratory (CBC host institution)
SSRI Simula School of Research and Innovation
UCy University of Cyprus
UiO University of Oslo
UMB Norwegian University of Life Sciences
UmU Umeå University
UW University of Wisconsin

Staff and Budget

Senior scientists 2010: 24 people, 10.5 man-years

Name Gender Period CBC share Project Funding

Achim Schroll M 01.01.2008-31.12.2010 20% CG, CM SSRI
Anders Logg M 01.04.2007-31.12.2011 100% RFS, CM HOST
Andrew D. McCulloch M 01.07.2009-30.06.2011 10% CC CBC
Are Magnus Bruaset M 01.01.2008-31.03.2017 10% CG, CM SSRI
Aslak Tveito M 01.08.2007-31.03.2017 25% CC HOST
Bj�rn Anders Pettersson Reif M 01.01.2008-31.12.2012 20% RFS, BFS, Labexp CBC
Bj�rn Fredrik Nielsen M 01.08.2007-31.03.2017 73% CC HOST
Bj�rn H. Skallerud M 24.05.2007-31.03.2017 45% BFS NTNU
Glenn Terje Lines M 01.08.2007-31.03.2017 100% CC HOST
Hans Petter Langtangen M 01.04.2007-31.03.2017 50% CM, RFS, BFS HOST
Harald Osnes M 01.08.2007-31.12.2010 10% CC, CM UiO
Joakim Sundnes M 01.04.2007-31.03.2017 50% CC, RFS HOST
Kent-Andre Mardal M 01.01.2009-31.03.2017 100% BFS, CM, RFS, CC CBC
Kirsten ten Tusscher F 01.12.2009-31.05.2011 10% CC HOST
Leif Rune Hellevik M 24.05.2007-31.03.2017 45% BFS NTNU
Mats G. Larson M 01.04.2007-31.05.2011 40% CM, RFS 50% UmU + 50% CBC
Mikael Mortensen M 01.01.2008-31.12.2012 60% RFS,CM, BFS, Labexp FFI/UCy
Ola Skavhaug M 01.04.2007-31.01.2011 100% CC HOST
Per Gr�ttum M 01.08.2007-31.12.2010 20% CC HOST
Scott Baden M 11.06.2007-10.06.2011 20% CM CBC
Stavros Kassinos M 01.01.2008-31.12.2012 10% RFS, BFS, Labexp FFI/UCy
Svein Linge M 01.04.2007-30.06.2011 20% BFS CBC
Victor Haughton M 15.06.2008-15.06.2011 20% BFS 70% UW and 30% CBC
Xing Cai M 01.04.2007-31.03.2017 100% CG, CM, RFS, CC HOST
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Postdoctoral candidates 2010: 16 people, 9.9 man-years

Name Gender Period CBC share Project Funding

Anders Helgeland M 01.01.2009-31.12.10 20% BFS FFI
Dimokratis Grigoriadis M 01.01.2008-31.12.2010 10% RFS, Labexp UCy
Harikrishnan Radhakrishnan M 01.01.2008 - 31.12.2010 50% RFS, BFS, Labexp FFI/UCy
Harish Narayanan M 24.06.2008-23.06.2010 100% RFS RCN grant 180450/V30
Harish Narayanan M 24.09.2010-23.09.2011 100% CC University of Toronto + HOST
Johan Elon Hake M 02.11.2009-31.12.2011 20% CC, CM CBC
Lyudmyla Vynnytska F 01.05.2010-30.04.2011 100% CG, CM SSRI
Marie Rognes F 02.06.2009-31.12.2012 100% RFS, CM RCN grant 180450/V30
Molly Maleckar F 01.01.2009-31.12.2012 100% CC CBC
Murat Tutkun M 03.10.2008-03.10.2012 80% RFS, Labexp CBC
Ola Marius Lysaker M 01.05.2010-31.12.2011 44% CC HOST
Omar al-Khayat M 28.05.2010-27.05.2012 100% CG, RFS SSRI
Robert Artebrant M 01.10.2007-01.03.2010 100% CC HOST
Samuel Wall M 26.05.2008-25.05.2012 100% CC, RFS HOST
Stuart Clark M 01.01.2008-31.03.2011 100% CG, RFS SSRI
Victorien Prot M 01.09.2008-31.12.2010 100% BFS NTNU
Votyakov Evgeny M 01.01.2008 - 31.12.2010 50% RFS, Labexp FFI/UCy

Ph.D. students 2010: 19 people, 15.9 man-years

Name Gender Period CBC share Project Funding

Andre Massing M 01.04.2009-31.03.2012 100% RFS, CM RCN grant 180450/V30
Anna Blechingberg F 28.05.2010-27.05.2013 100% BFS Medinova + CBC
Aron Wahlberg M 08.09.2009-07.09.2012 100% RFS RCN grant 180450/V30
Benjamin Kehlet M 01.09.2010-31.08.2013 100% RFS UiO + CBC
Didem Unat F 11.09.2007-10.09.2011 100% CM CBC
Fahrsad Goudarzi M 10.01.2010-09.01.2014 100% BFS NTNU
Joachim Berdal Haga M 01.01.2008-30.11.2010 100% CG, RFS SSRI
Jonathan Feinberg M 15.08.2009-14.08.2013 100% CG, CM SSRI
Karen-Helene St�verud F 01.01.2010-31.12.2013 100% BFS UiO + CBC
Kristian Valen-Sendstad M 21.05.2008-20.05.2011 100% BFS, RFS SSRI
Kristoffer Selim M 01.01.2008-31.03.2011 100% RFS RCN grant 180450/V30
Omar al-Khayat M 01.01.2008-27.05.2010 100% RFS, CG SSRI
Paul Roger Leinan M 10.09.2007-10.09.2011 100% BFS NTNU
Rainer Nerlich M 05.10.2010-04.10.2013 100% CG SSRI
Rolv Erlend Bredesen M 01.04.2007-13.03.2012 100% CM, CG 90% UiO + 10% CBC
Sigrid Kaarstad Dahl F 15.08.2008-14.08.2011 100% BFS SSRI
Tim Dorscheidt M 01.11.2008-01.04.2011 100% CC CBC
Tor Gillberg M 01.03.2010-28.02.2013 100% CG Kalkulo AS
Wenjie Wei M 01.10.2008-01.10.2011 100% CG, CM SSRI

Technical and administrative staff 2010: 9 people, 3.3 man-years

Name Gender Period CBC share Project Funding

Benjamin Kehlet M 01.03.2010-31.08.2010 80% CBC@Simula RCN grant 180450/V30
Emma Wingstedt F 01.01.2008-31.12.2012 10% CBC@FFI FFI/UCy
Hege Johnsrud K 01.04.2007-31.03.2017 10% ADM HOST
Johannes Hofaker Ring M 01.01.2008-31.03.2017 100% CBC@Simula CBC
Kristian Oelgaard M 01.04.2010-30.09.2010 40% CBC@Simula RCN grant 180450/V30
Rainer Nerlich M 05.10.2009-04.10.2010 100% CBC@Simula SSRI
Steve Cole M 01.01.2010-31.03.2017 5% ADM HOST
Tom David Atkinson M 01.05.2007-31.03.2017 50% ADM CBC
Tor Gillberg M 15.09.2009-28.02.2010 100% CBC@Simula SSRI

24



Guest researchers 2010: 2 people, 0.5 man-years

Name Gender Period CBC share Project Funding

Hans Ekkehard Plesser M 01.02.2009-01.02.2010 100% UMB
Ralph Lorentzen M 01.01.2008-31.12.2010 40% CG HOST

Development of staff (no. of individuals/man-years)

Position 2007 2008 2009 2010

Senior scientists 19/7.1 28/13.4 28 /13.8 24/10.5
Post docs 8/4.1 17/8.8 14/10.1 16/9.9
Ph.D. students 7/3.2 16/11.3 18/13.7 19/15.9
Technical and administrative 10/3.5 12/5.8 11/4.1 9/3.3
Guest researchers 0/0 2/0.7 2/1.5 2/0.5

Accounting and Budget

Below, we present the main �gures regarding the CBC budget and funding. The operating revenues and expenses represent the funding
and cost that we control our selves. The income in kind and operating expenses in kind presents representative �gures from activities
(people) within the CBC project, but with the funding and costs outside of CBC's books. By further expanding the scope of CBC
and establishing collaboration with The Norwegian DefenceResearch Establishment, the University of Cyprus and the Computational
Geosciences project �nanced by Statoil through Simula School of Research and Innovation the SFF grant from the ResearchCounsil
of Norway now representsless than 25% of the total funding ofCBC activities, instead of the approximately 65% that was originally
intended in our proposal.
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Operating Revenues Note Account 2009 Budget 2010 Account 2010 Budget 2011

RCN CoE founding 8,160 8,180 8,180 8,201
Allocation from earlier years -117 -1,390 -1,390 0
Host - Simula Research Laboratory 9,349 8,502 8,182 4,598
Other income RCN 1 3,475 3,358 3,435 1,883
Other income 2 516 696 0
Sum operating revenues 21,381 19,150 20,376 14,589

Income in kind:
SSRI 3 6,763 6,000 7,865 4,000
NTNU 4 1,913 2,000 3,217 1,400
University of Oslo 5 893 1,600 1,460 1,700
University of Umeå 6 160 160 165 165
Host – Simula Research Laboratory 7 1,000 500 288
Kalkulo AS 8 687 850
FFI and University of Cyprus 9 2,640 2,000 1,577 1,700
Norwegian University of Life Sciences 10 733 67 68
Medinova 11 445
University of California, San Diego (UCSD) 12 459 300
University of Wisconsin 13 54
Sum income in kind 14,102 12,327 16.285 10,115
Total income 35,485 31,447 36,778 24,704

Operating Expenses Note Account 2009 Budget 2010 Account 2010 Budget 2011

Cost of labour 17,287 14,305 14,039 12,013
Indirect costs 14 3,938 3,095 3,970 1,576
Outsourcing of R&D services 200 614
Equipment 144
Other operating expenses 15 1,548 1,550 219 1,000
Sum operating expenses 22,773 19,150 18,986 14,589

Operating expenses in kind:
Cost of labour 10,151 8,629 11,574 7,075
Indirect costs 14 2,545 2,465 3,126 2,110
Other operating expenses 15 1,406 1,233 1,585 930
Sum operating expenses in kind 14,102 12,327 16,285 10,115
Total operating expenses 36,875 31,477 35,271 24,704
Year end allocation -1,390 0 0 0

Source of CBC funding 2010.
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Note 1: Other income RCN (= 3,435):
200879/V11: Funding for travelling, Xing Cai (= 166)
180450: YFF - Automation of Error Control with Application to Fluid-Structure Interaction in Biomedicine (= 3,269)

Note 2: Other income (= 696):
University Hospital of Northern Norway (= 449)
University of Calgary (= 206)
University of Oslo (= 41)

Note 3: Contributions in kind from the Simula School of Research andInnovation (SSRI) (= 7,865):
Simula Research Laboratory's subsidiary Simula School of Research and Innovation (SSRI) is responsible for all educational activities in Simula Research
Laboratory. The Simula School has �nanced the work of 2,75 man-year post docs (S. Clark, O. al-Khayat, L. Vynnytska, and R. Artebrant), 0,2 researchers
(A. Schroll), and 5,6 man-year Ph.D. students (O. al-Khayat, J. B. Haga, K. V. Sendstad, J. Feinberg, R. Nerlich, S. K. Dahl and W. Wei), and two research
trainees for parts of the year (T. Gillberg and R. Nerlich).

Note 4: Contributions in kind from the Norwegian University of Science and Technology (NTNU) (= 3,217):
NTNU has �nanced in kind a total of 0,90 man-years of senior scientists (Prof. B. Skallerud and Prof. L. R. Hellevik), 1 man-year post doc (V. Prot), and the
equivalence of 2 man-years of Ph.D. students (P. R. Leinan and F. Goudarzi).

Note 5 Contributions in kind from the University of Oslo (= 1,460):
Three Ph.D. students, equaling 2 man-years (R. E. Bredesen,K. St�verud and B. Kehlet) and part-time funding of researcher (H. Osnes) with 0,1 man-year.

Note 6: Contributions in kind from the University of Umeå (= 165):
Part time funding of one senior scientist (Prof. M. Larson)

Note 7: Contributions in kind from the host, Simula Research Laboratory (= 288):
Funding of two part-time senior scientists (Prof. A. Tveitoand Prof. A. M. Bruaset), two postdocs (P. Li and R. Artebrant) as well as administrtive services.

Note 8: Contributions in kind from Kalkulo (= 687):
Part time funding of one Ph.D. (T. Gillberg)

Note 9: Contribution in kind from the Norwegian Defence Research Establishment (FFI) and University of Cyprus (UCy) (= 1,577):
0.9 man-years of senior scientists (shared between B. A. P. Reif, M. Mortensen and S. Kassinos), 1.9 man-year of post doc positions (D. Gregoriadis,
H. Radhakrishnan, E. Votyakov and M. Tutkun), and 0,3 man-years of technical staff (A. Helgeland and E. Wingstedt).

Note 10: Contributions in kind from the Norwegian University of LifeSciences (= 68):
Funding of guest senior scientist (H. E. Plesser) in January.

Note 11: Contributions in kind from Medinova AS (= 445):
Funding of Ph.D. student (A. Blechingberg).

Note 12: Contributions in kind from University of California, San Diego (UCSD) (= 459):

Funding of senior researchers (S. Baden, A. McCulloch and J.Hake) and Ph.D. student (D. Unat).

Note 13: Contributions in kind from the University of Wisconsin (= 54):
Funding of adjunct researcher (V. Haughton).

Note 14: Indirect costs cover the expenses of of�ces and infrastructure for all employees.

Note 15: Other operating expenses include the cost of scienti�c equipment, travelling, workshops, seminars, and visitors.
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Collaboration partners

Title Name Af�liation Country Project

Prof. D. Abramson Monash University, Melbourn Australia BFS
Prof. G. Holzapfel Graz University of Technology Austria CBC@NTNU
Dr. G. Sommer Graz University of Technology Austria CBC@NTNU
Mr. J. Degroote Ghent University Belgium CBC@NTNU
Prof. J. Vierendeels Ghent University Belgium CBC@NTNU
Mr. S. Annerel Ghent University Belgium CBC@NTNU
Prof. R. W. Dos Santos Federal University of Juiz de Fora Brazil CC
Prof. J. Ho Defence Research and Development Canada Canada CBC@NTNU
Dr. W. R. Giles University of Calgary Canada CC
Prof. R. J. Spiteri University of Saskatchewan Canada CC
Prof. W. Chen Hohai University China CM
Dr. P. Moireau Institut national de recherche en informatique et en automatique, INRIA France CBC@NTNU
Prof. H.-P. Bunge Ludwig-Maximilian University (LMU), Munich Germany CG
Prof. U. Ruede University of Erlangen Germany CG
Prof. M. Burger University of Munster Germany IP
Dr. L. Antiga Mario Negri Institute for Pharmacological Research, Ranica Italy BFS
Prof. R. Winther CMA, University of Oslo Norway BFS, RFS
Prof. R. Haaverstad Haukeland University Hospital Norway CBC@NTNU
Dr. S. Glimsdal Norwegian Geotechnical Institute Norway CM
Prof. E. Ronqvist NTNU, Institutt for Matematiske Fag Norway RFS
Prof. O. M. Sejersted Oslo University Hospital Norway CC
Prof. P. K. Eide Oslo University Hospital Norway BFS
Dr. W. Louch Oslo University Hospital Norway CC
Prof. A. Malthe-S�rensen PGP, University of Oslo Norway CM
Dr. A. Stray-Pedersen Rettsmedisinsk Institutt Norway BFS
Dr. S. Bakke Rikshospitalet University Hospital Norway BFS
Dr. F. Strisland SINTEF Norway BFS
Dr. A. Thurmond Statoil Norway CG
Dr. J. Skogseid Statoil Norway CG
Dr. T. L�seth Statoil Norway CG
Dr. T. O. S�mme University of Bergen Norway CG
Dr. B. H�yland University of Oslo Norway CM
Mr. J. Nilsen University of Oslo Norway CM
Mr. K. Mathiassen University of Oslo Norway BFS
Dr. J. Isaksen University of Troms� and University Hospital of Northern Norway Norway BFS
Prof. T. Ingebrigtsen University of Troms� and University Hospital of Northern Norway Norway BFS
Prof. W. George Chalmers Institute of Technology Sweden BFS
Prof. F. N. van de Vosse Eidhoven University of Technology The Netherlands CBC@NTNU
Mr. K. Oelgaard TU Delft The Netherlands RFS
Dr. B. Verheij University of Groningen The Netherlands CB
Prof. D. G. M. Beersma University of Groningen The Netherlands CB
Dr. A. V. Pan�lov Utrecht University The Netherlands CB
Prof. P. Hogeweg Utrecht University The Netherlands CB
Dr. G. N. Wells University of Cambridge United Kingdom CM, RFS
Prof. J. Zhang Carnegie Mellon University USA BFS
Prof. W. Wang Carnegie Mellon University USA BFS
Prof. Y. Zang Carnegie Mellon University USA BFS
Dr. N. Trayanova Johns Hopkins University, Baltimore USA CC
Dr. J. Zhu Kentucky Geological Survey USA CG
Ms. H. C. Bender Missouri University of Science and Technology USA CG
Prof. M. G. Abdelsalam Missouri University of Science and Technology USA CG
Prof. R. C. Kirby Texas Tech University USA CM
Prof. J. T.-C.Yeh University of Arizona USA CM
Dr. A. P. Michailova University of California, San Diego USA BFS
Mr. F. V. Lionetti University of California, San Diego USA CM, BFS
Prof. J. A. McCammon University of California, San Diego USA BFS
Dr. J. H. Omens University of California, San Diego USA BFS
Prof. M. Holst University of California, San Diego USA BFS
Dr. M. Hoshijima University of California, San Diego USA BFS
Dr. M. G. Knepley University of Chicago USA CM
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Title Name Af�liation Country Project

Prof. R. Scott University of Chicago USA RFS
Prof. D. N. Arnold University of Minnesota, School of Mathematics USA RFS
Dr. A. Terrel University of Texas at Austin USA RFS
Prof. C. Strother University of Wisconsin, Madison USA BFS
Dr. J. Jiang University of Wisconsin, Madison USA BFS
Dr. O. Wieben University of Wisconsin, Madison USA BFS
Dr. P. Li Washington University, St. Louis USA CC

Publications
CBC only reports publications where a signi�cant part of theresearch has been funded by CBC. By this we mean that at least one of
the authors of the reported publications must have his/her main af�liation with CBC, and has contributed to the publication as laid out
in Simula's publication guidelines:http://simula.no/research/publication-guidelines.

Publications from people with part time positions at CBC aregenerally not counted, unless the research is particularlyrelevant for
a CBC project. Such exceptions from the main rule are few, andmust in all cases be approved by the director of the center.

In the annual reports for 2007-2009, the counters for the items in the various publication categories have continued counting from
the numbers in the previous year's report. The careful work with establishing a complete and accurate publication list for the mid-term
evaulation of CBC revealed some tiny inaccuracies in the counting data in previous annual reports. Therefore, we have decided to not
use counters that run through several annual reports, but instead let all counters start at 1 each year from now on. Tiny inaccuracies in,
e.g., the publication year, or even a missing item, are unavoidable and just�es the new model for numbering publications.

Publication 2007 2008 2009 2010 TOTAL

Articles in International Journals 22 31 49 35 137
Refereed Proceedings 8 9 28 19 64
Proceedings without referee 0 10 10 6 26
Books 0 1 1 2 4
Edited Books 0 1 3 0 4
Chapters in books 2 3 6 4 15
Technical Reports 1 0 0 0 1
Manuals 3 0 1 0 4
Talks 51 76 69 70 266
Ph.D. theses 0 2 5 1 8

Articles in International Journals

[1] O.Al-Khayat,A.M.BruasetandH.P.Langtangen.A Lumped
Particle Modeling Framework for Simulating Particle Trans-
port in Fluids.Communications in Computational Physics,
vol. 8(1), pp. 115–142, 2010.

[2] M. S. Aln�s and K.-A. Mardal. On the Ef�ciency of Sym-
bolic Computations Combined With Code Generation for
Finite Element Methods.ACM Transactions on Mathemat-
ical Software, vol. 37(1), 2010.

[3] R. Artebrant, A. Tveitoand G. T. Lines. A Method for An-
alyzing the Stability of the Resting State for a Model of
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Pacemaker Cells Surrounded By Stable Cells.Mathemat-
ical Biosciences and Engineering, vol. 7(3), pp. 505–526,
2010.

[4] F. Bengzon andM. G. Larson. Adaptive Finite Element Ap-
proximation of Multiphysics Problems: a Fluid-Structure In-
teraction Model Problem.International Journal for Numeri-
cal Methods in Engineering,vol. 84, pp. 1451–1465,2010.

[5] R. E. Bensow andM. G. Larson. Residual Based VMS Subgrid
Modeling for Vortex Flows.Computer Methods in Applied
Mechanics and Engineering, vol. 199(13-16), pp. 802–
809, 2010.

[6] M. Burger,K.-A. MardalandB. F. Nielsen. Stability Analysis
of the Inverse Transmembrane Potential Problem in Elec-
trocardiography.Inverse Problems, vol. 26(10), 2010.

[7] S. G. Campbell, F. V. Lionetti, K. S. Campbell andA. D.
McCulloch. Coupling of Adjacent Tropomyosins Enhances
Cross-Bridge-Mediated Cooperative Activation in a Markov
Model of the Cardiac Thin Filament.Biophysical Journal,
vol. 98(10), pp. 2254–2264, 2010.

[8] V. Carey, D. Estep, A. Johansson,M. G. Larsonand S.
Tavener. Blockwise Adaptivity for Time Dependent Prob-
lems Based on Coarse Scale Adjoint Solutions.SIAM Jour-
nal on Scienti�c Computing, vol. 32(4), pp. 2121–2145,
2010.

[9] M. Endregård,B. A. P. Reif, T. Vik and O. Busmundrud.
Consequence Assessment of Indoor Dispersion of Sarin-A
Hypothetical Scenario.Journal of Hazardous Materials,vol.
176(1-3), pp. 381–388, 2010.

[10] J. D. Feala, J. Cortes, P. M. Duxbury, C. Piermarocchi,A.
D. McCullochand G. Paternostro. Systems Approaches and
Algorithms for Discovery of Combinatorial Therapies.Wiley
Interdisciplinary Reviews: Systems Biology and Medicine,
vol. 2(2), pp. 93, 2010.

[11] D. G. E. Grigoriadis, I. E. Sarris andS. C. Kassinos. MHD
Flow Past a Circular Cylinder Using the Immersed Bound-
ary Method.Computers & Fluids, vol. 39(2), pp. 345–358,
2010.

[12] P. Hansbo, D. Heintz andM. G. Larson. An Adaptive Finite
Element Method for Second-Order Plate Theory.Interna-
tional Journal for Numerical Methods in Engineering, vol.
81(5), pp. 584–603, 2010.

[13] S. Hentschel, K.-A. Mardal, A. E. L�vgren, S. Lingeand
V. Haughton. Characterization of Cyclical CSF Flow in the
Foramen Magnum and Upper Cervical Spinal Canal With MR
Flow Imaging and Computational Fluid Dynamics.American
Journal of Neuroradiology,vol. 31(6), pp. 997–1002,2010.

[14] K. H. Karlsenand T. K. Karper. A Convergent Nonconforming
Finite Element Method for Compressible Stokes Flow.SIAM
Journal on Numerical Analysis, vol. 48(5), pp. 1846–1876,
2010.

[15] R. C. P. Kerckhoffs, J. H. Omens,A. D. McCullochand
L. J. Mulligan. Ventricular Dilation and Electrical Dyssyn-
chrony Synergistically Increase Regional Mechanical Non-
Uniformity But Not Mechanical Dyssynchrony; a Computa-
tional Model.Circulation: Heart Failure, vol. 3(4), pp. 528–
536, 2010.

[16] P. Li,W. Wei,X. Cai, C. Soeller, M. Cannell and A. V. Holden.
Computational Modeling of the Initiation and Development
of Spontaneous Intracellular Ca2+ Waves in Ventricular
Myocytes.Philosophical Transactions of the Royal Society
A, vol. 368(1925), pp. 3953–3965, 2010.

[17] H. Lindekleiv, K. Valen-Sendstad, M. K. Morgan,K.-A.
Mardal, K. Faulder, J. Magnus, K. Waterloo, B. Romner and
T. Ingebrigtsen. Sex Differences in Intracranial ArterialBi-
furcations.Gender Medicine, vol. 7(2), pp. 149–155, 2010.

[18] S. Linge, V. Haughton, A. E. L�vgren, K.-A. Mardaland H.
P. Langtangen.CSF Flow Dynamics at the Cranio-Vertebral
Junction Studied With an Idealized Model of the Subarach-
noid Space and Computational Flow Analysis.American
Journal of Neuroradiology, vol. 31(1), pp. 185–192, 2010.

[19] A. Loggand G. N. Wells. DOLFIN: Automated Finite Element
Computing.ACM Transactions on Mathematical Software,
vol. 37(2), 2010.

[20] W. E. Louch,J. E. Hake, G. F. J�lle, H. K. M�rk, I. Sjaastad,
G. T. Linesand O. M. Sejersted. Control of Ca2+ Release By
Action Potential Con�guration in Normal and Failing Murine
Cardiomyocytes.Biophysical Journal,vol. 99(5), pp. 1377–
1386, 2010.

[21] K.-A. Mardaland R. Winther. Preconditioning Discretiza-
tions of Systems of Partial Differential Equations.Numeri-
cal Linear Algebra with Applications, 2010.

[22] K. McDowell, H. Arevalo,M. M. Maleckar, R. C. Blake and
N. A. Trayanova. Fibroblast-Myocyte Coupling Induces Al-
terations in Potassium Currents That Trigger Regional Ac-
tion Potential Duration (APD) Prolongation in Infarcted My-
ocardium.Heart Rhythm, vol. 5S(7), pp. 163–164, 2010.

[23] M. Mortensen,B. A. P. ReifandC. E. Wasberg. Assessment
of the Finite Volume Method Applied to thev2 � F Model.
International Journal for Numerical Methods in Fluids, vol.
63(4), pp. 495–516, 2010.

[24] H. Narayanan, S. N. Verner, K. L. Mills, R. Kemkemer and K.
Garikipati. In Silico Estimates of the Free Energy Changes in
Growing, Avascular, Tumor Spheroids.Journal of Physics:
Condensed Matter, vol. 22(19), 2010.

[25] B. F. Nielsenand K.-A. Mardal. Ef�cient Preconditioners
for Optimality Systems Arising in Connection With Inverse
Problems.SIAM Journal on Control and Optimization, vol.
48(8), pp. 5143–5177, 2010.

[26] J. K. Nilsen,X. Cai, B. H�yland andH. P. Langtangen. Simpli-
fying the Parallelization of Scienti�c Codes By a Function-
Centric Approach in Python.Computational Science & Dis-
covery, vol. 3(0), pp. 015003, 2010.
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[27] T. K. Nilssen, G. A. Staff andK.-A. Mardal. Order Optimal
Preconditioners for Fully Implicit Runge-Kutta Schemes Ap-
plied to the Bidomain Equations.Numerical Methods for
Partial Differential Equations, 2010.

[28] E. Nordlie andH. E. Plesser. Visualizing Neuronal Network
Connectivity With Connectivity Pattern Tables.Frontiers in
Neuroinformatics, vol. 3(39), pp. 1–15, 2010.

[29] V.E.Prot,B.H.Skallerud, G.Sommer and G.A.Holzapfel.On
Modelling and Analysis of Healthy and Pathological Human
Mitral Valves: Two Case Studies.Journal of the Mechanical
Behavior of Biomedical Materials, vol. 3(2), pp. 167–177,
2010.

[30] M. E. Rognesand R. Winther. Mixed Finite Element Meth-
ods for Viscoelasticity With Weak Symmetry.Mathemati-
cal Models and Methods in Applied Sciences (M3AS), vol.
20(6), pp. 955–985, 2010.

[31] V. L. Russa,B. H. Skallerud, J. Klaksvik and O. A. Foss. Wire
Tension Versus Wire Frequency: an Experimental Ilizarov
Frame Study.Journal of Biomechanics, vol. 43(12), pp.
2327–2331, 2010.

[32] B. H. Skallerud, V. E. Protand I. Nordrum. Modeling Ac-
tive Muscle Contraction in Mitral Valve Lea�ets During
Systole: a First Approach.Biomechanics and Modeling in
Mechanobiology, pp. 1–16, 2010.

[33] A. L. Wentland, O. Wieben, F. R. Korosec andV. Haughton.
Accuracy and Reproducibility of Phase-Contrast MR Imag-
ing Measurements for CSF Flow.American Journal of Neu-
roradiology, vol. 31(7:), pp. 1331–1336, 2010.

[34] B. Y., M.-C. Hsu, Y. Zhang, W. Wang, T. Kvamsdal,
S. Hentscheland J. G. Isaksen. Computational Vascular
Fluid–structure Interaction: Methodology and Application
to Cerebral Aneurysms.Biomechanics and Modeling in
Mechanobiology, vol. 9(4), pp. 481–498, 2010.

[35] Z. L. Zhang andB. H. Skallerud. Void Coalescence With
Or Without Prestrain.International Journal of Damage Me-
chanics, vol. 19(), pp. 153–174, 2010.

Books
[1] P. A. Durbin andB. A. P. Reif. Statistical Theory and Mod-

eling for Turbulent Flows, second edition,Wiley, 2010.

[2] A. Tveito, H. P. Langtangen, B. F. NielsenandX. Cai. Ele-
ments of Scienti�c Computing,Springer, 2010.

Chapters in Books
[1] J. Aguado-Sierra, R. C. P. Kerckhoffs, F. V. Lionetti, D.Hunt,

C. Villongco, M. Gonzales, S. G. Campbell andA. D. Mc-
Culloch. A Computational Framework for Patient-Speci�c
Multi-Scale Cardiac Modeling InPatient-Speci�c Modeling
of the Cardiovascular System; Technology-Driven Person-
alized Medicine, edited by R.C.Kerckhoffs, Springer, 2010.

[2] S. Glimsdal, G. K. Pedersen, H. P. Langtangen, V. Shu-
valov and H. Dypvik. The Mj�lnir Tsunami InThe Mj�lnir
Impact Event and its Consequences, edited by F. Tsikalas,
H. Dypvik and M. Smelror, Springer, 2010.

[3] D. Grigoriadis, C. Langer andS. C. Kassinos. Diagnostic
Properties of Structure Tensors in Turbulent Flows, InDi-
rect and Large-Eddy Simulation VII, edited by V. Armenio,
B. Geurts and J. Fröhlich, Springer, 2010.

[4] J. T.-C. Yeh,X. Cai, H. P. Langtangen, J. Zhu and C.-
F. Ni. Parallel Computing Engines for Subsurface Imaging
Technologies InAdvanced Computational Infrastructures
for Parallel and Distributed Adaptive Applications, edited
by X. L. M. Parashar, John Wiley & Sons, Inc., 2010.

Refereed Proceedings
[1] S. R. Clark,W. WeiandX. Cai. Numerical Analysis of a Dual-

Sediment Transport Model Applied to Lake Okeechobee,
Florida InProceedings of the 2010 Ninth International Sym-
posium on Parallel and Distributed Computing, 2010

[2] J. E. Hake, G. F. J�lle, H. K. M�rk, I. Sjaastad, O. M. Se-
jersted, W. E. Louch andG. T. Lines. Control of Ca Release
Synchrony By Action Potential Con�guration in Murine Car-
diomyocytes InBiophysical Journal, 2010

[3] M.Hanslien, N.Holden and J.Sundnes..A Note on Discontin-
uous Rate Functions for the Gate Variables in Mathematical
Models of Cardiac Cells InProceedings of the International
Conference on Computational Science, ICCS, 2010

[4] L. R. Hellevik, M. Astorino, P. Moireau,V. E. Prot, B. H.
Skallerudand J. F. Gerbeau. FSI Simulation of the Mitral
Valve With Contact and Active Anisotropic Material Mod-
els In6th World Congress of Biomechanics, 2010

[5] N. Kanaris, X. Albets-Chico andS. C. Kassinos. Transition
to Turbulence in the Wake of a Con�ned Circular Cylinder
InProceedings of the 8th International ERCOFTAC Sympo-
sium on Engineering Turbulence Models and Measurements
(ETMM8), 2010

[6] B. KehletandA. Logg. A Reference Solution for the Lorenz
System on [0, 1000] InAIP Conference Proceedings, 2010

[7] P. R. Leinan, L. R. Hellevik, V. E. Prot, T. Kiserud andB.
H. Skallerud. Initial Study on Material Modeling of Umbilical
Veins in Fetal Sheep In6th World Congress of Biomechan-
ics, 2010

[8] F. V. Lionetti,A. D. McCullochand S. Baden. Source-to-
Source Optimization of CUDA C for GPU-Accelerated Car-
diac Cell Modeling InThe Sixteenth International Confer-
ence on Parallel Computing, EuroPar '10, Ischia, Italy, Aug
31-Sept 3, 2010, 2010

[9] A. Loggand G. N. Wells. Building Flexible User Interfaces
for Solving PDEs InAIP Conference Proceedings, 2010

[10] A. Massing, M. G. Larsonand A. Logg. Towards an Imple-
mentation of Nitsche's Method on Overlapping Meshes in
3D InAIP Conference Proceedings, 2010

[11] B. L. d. Oliveira,J. Sundnesand R. W. dos Santos. The
Development of a New Computational Model for the Elec-
tromechanics of the Human Myocyte InProceedings of the
32nd International Conference of the IEEE EMBS, 2010
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[12] H. RadhakrishnanandS. C. Kassinos. Numerical Modeling
of TurbulentAir�ow and Particle Deposition in a Bifurcating
Airway Model InWorld Congress on Medical Physics and
Biomedical Engineering, September 7 - 12, 2009, Munich,
Germany, 2010

[13] H. Radhakrishnan andS. C. Kassinos. CFD Analysis of Tur-
bulent Flow and Particle Deposition in a Symmetrically Bi-
furcating Human Airway Model In6th World Congress on
Biomechanics, 2010

[14] H. Radhakrishnan andS. C. Kassinos. Computation of Tur-
bulent Flow for Some Benchmark Cases Using the ASBM
RANS Model InProceedings of the 8th International ER-
COFTAC Symposium on Engineering Turbulence Modeling
and Measurements, 2010

[15] M. E. RognesandA. Logg. Exploring Automated Adaptivity
and Error Control InAIP Conference Proceedings, 2010

[16] B. H. Skallerud, B. K. Hauge, E. Berg, K. Holthe and E. Ols�.
Ductile Fracture Analysis of Plates and Shells With Em-
bedded Defects In18. European Conference on Fracture,
Dresden, 2010

[17] K.-H. St�verud, K.-A. Mardal, V. HaughtonandH. P. Lang-
tangen. CSF Flow in Chiari I and Syringomyelia - From the
Perspective of Fluid Dynamics InProceedings of the XIX
Symposium Neuroradiologicum, Bologna, Italy, 2010

[18] A. Tveito, G. T. Lines, M. Maleckar andO. Skavhaug. Sim-
pli�ed Mathematical Models of De�brillation InConference
Abstracts, VPH 2010, 2010

[19] X.Albets-Chico, D. Grigoriadis, V. Akylas andS. C. Kassi-
nos. Structure Dimensionality Tensors for the Description
of Turbulent Passive Scalar Fields InProceedings of the
8th International ERCOFTAC Symposium on Engineering
Turbulence Modeling and Measurements, 2010

Proceedings without referee
[1] M. Cannataro, R. W. d. Santos andJ. Sundnes. Biomedical

and Bioinformatics Challenges to Computer Science InPro-
ceedings of the International Conference on Computational
Science, ICCS,, 2010

[2] S. R. Clark. Geodynamic Models Assist in Determining the
South Loyalty Basin's Slab Location and Its Implications for
Regional Topography InGeophysical Research Abstracts,
2010

[3] J. Ma,H. Narayanan, K. Garikipati, K. Grosh and E. M. Ar-
ruda. Experimental and Computational Investigation of Vis-
coelasticity of Native and Engineered Ligament and Tendon
InCellular, Molecular and Tissue Mechanics, 2010

[4] H. Radhakrishnan andS. C. Kassinos. Modeling Pulsatile
Flow in an Aneurystic Carotid Artery InProceedings of the
8th Euromech Fluid Mechanics Conference, 2010

[5] A. Schroll. Automatic Calibration of Depositional Models In
Book of Abstracts, Scienti�c Computing Seminar, 2010

[6] A. Schroll. On High-Resolution Shock Simulations - Break-
ing the Course of Godunov's Theorem InBook of Abstracts,
Cut Cell Methods for Atmosphere and Ocean Modeling,
2010

Theses
[1] O. Al-Khayat. Mesoscale Modeling of Particle Flow, Ph.D.

Thesis, Department of Informatics,University of Oslo,2010.

Talks
[1] O. Al-Khayat. A Lumped Particle Modeling Framework for

the Transport of Particles, CBC Workshop on Tsunami Mod-
eling, June 3-4, 2010.

[2] O. Al-Khayat. A Multiscale Lumped Particle Modeling
Framework for the Simulation of Turbidity Currents, Poster
at the 7th EGU General Assembly, vol 12, Vienna, 2010.

[3] S. Baden. Technological Disruption: Opportunities for
Change, International FEniCS'10 workshop, KTH, Stock-
holm, 2010.

[4] S. Baden. GPUs: Supercomputers for All, Opportunities and
Folklore, Section for Scienti�c Computing, Technical Uni-
versity of Denmark, 2010.

[5] S. Baden. GPUs: Supercomputers for All, Opportunities and
Folklore, PDC/CSC, KTH, Stockholm, 2010.

[6] H. C. Bender, A. K. Thurmond, J. Skogseid andS. R. Clark.
Microplate Modeling of the Afar Depression Using 4D Litho-
spheric Model (4DLM) and Splates: Implications for Devel-
opmentof Plate Boundaries, GeologicalSociety of America,
2010.

[7] A. Blechingberg. Computational Simulations of the Shaken
Baby Syndrom - History and Challenges, AC/DC seminar
series, 2010.

[8] A. Blechingberg,K.-A. Mardal, F. Strisland,J. Sundnes, T. O.
Rognum, Å. Vege, M. Weensvangen and A. Stray-Pedersen.
The Baby Justicia Project: Biomechanical Investigations of
the Shaken Baby Syndrome (SBS),, WCB2010, Seminar
session, Head/Brain Injury - Models, 2010., 2010.

[9] R. E. Bredesen. Comparisons Between the Runup-Models
MOST and GEO- CLAW in 2HD, CBC Workshop on Tsunami
Modeling, June 3-4, 2010.

[10] X. Cai, D. UnatandS. Baden. Detailed Numerical Analyses
of the Aliev-Pan�lov Model on GPGPU, Para 2010: State
of the Art in Scienti�c and Parallel Computing in Reykjavík
on June 6-9, 2010.

[11] X. Cai. Parallel Programming Using Python, CBC Seminar
on advanced use of Python programming language, 2010.

[12] S. K. Dahland B. H. Skallerud. Effect of Mitral Valve
Shape on Flow Dynamics During Left Ventricular Contrac-
tion, World Congress in Biomechanics, Singapore, 2010.

[13] S. K. Dahl. Mitralklaffens Form I Systolen, Rikshospitalet
University Hospital, Oslo, Norway, March, 2010.

32



[14] S. Glimsdal, C. B. Harbitz,G. K. Pedersen, R. E. Bredesen,
A. Jensen and F. L�vholt. Propagation and Run-Up of Rock-
slide Generated Tsunamies in Complex Fjord Systems, EGU
General Assembly, Geophysical Research Abstracts (Euro-
pean Geoscience Union), Copernicus, GmbH, 2010.

[15] J. E. Hake. Modeling of Ca Dynamics in the Dyadic Cleft:
Mixing Continuous Description of the Diffusive Process
With Discrete Channel Dynamics, Biological Diffusion and
Brownian Dynamics Brainstorm 2, 2010.

[16] V. Haughton. On Cerebrospinal Fluid Flow, CBC Workshop
on Cerebrospinal Fluid Flow in the Brain and Spinal Canal -
Clinical, Experimental and Mathematical Models and Prob-
lems, Simula, May 28, 2010.

[17] B. Kehlet. Analysis and Implementation of High-Precision
Finite Element Methods for Ordinary Differential Equations
With Application to the Lorenz System, AC/DC seminar
series, 2010.

[18] B. Kehlet. Meshbuilder Brainstorming, AC/DC seminar se-
ries, 2010.

[19] B. KehletandA. Logg. A Reference Solution for the Lorenz
System on [0, 1000], 8th International Conference of
Numerical Analysis and Applied Mathematics (ICNAAM),
Rhodes, Greece, September 19-25, 2010.

[20] H. P. Langtangen. Computational Modeling of Huge
Tsunamis From Asteroid Impacts, Computational Geo-
science Seminar, 2010.

[21] H. P. Langtangenand X. Cai. HPC Needs for Biomedical
Flows and Productivity of Future Computational Scientists,
National Seminar on Future Needs for eInfrastructure in Nor-
way, 2010.

[22] A. Logg.Nya Verktyg, Nyy Möjligheter, Sveriges matematik-
lärarförening (SMaL), 2010.

[23] A. Logg. FEniCS 1.0 (?), International FEniCS'10 workshop,
KTH, Stockholm, 2010.

[24] A. Logg. Automated Scienti�c Computing, Chalmers Uni-
versity of Technology, 2010.

[25] A. Logg. Implementation of FEM Assembling in DOLFIN,
AC/DC seminar series, 2010.

[26] A. LoggandM. E. Rognes. Automated Goal-Oriented Error
Control, China–Norway–Sweden Workshop on Computa-
tional Mathematics, 2010.

[27] A. Logg. Automated Scienti�c Computing, 23rd Chemnitz
FEM Symposium, 2010.

[28] A. Logg. FEniCS: Automated Scienti�c Computing, 8th In-
ternational Conference of Numerical Analysis and Applied
Mathematics (ICNAAM), Rhodes, Greece, September 19-
25, 2010.

[29] F. L�vholt, S. Bazin,R. E. Bredesen, C. B. Harbitz, D. Kohn
and H. Bungum. Stochastic Variation of Tsunami Run-Ups
Due to Heterogenous Slip on Reverse Faults, 7th EGU Gen-
eral Assembly, Geophysical Research Abstracts (European
Geoscience Union), Copernicus, 2010.

[30] M. M. Maleckar. Right Through the Heart: Perspectives and
Problems, CBC Workshop, Right Through the Heart: Snap-
shots of Current and Future Research in Cardiac Modeling,
2010.

[31] K.-A. Mardal. CSF Str�mning I Forbindelse Med Chiari Mal-
formasjon Og Syringomyelia, CBC Workshop on Clinical Is-
sues Related to the Cerebrospinal Fluid, 2010.

[32] K.-A. Mardal, H. P. Langtangenand P. R�tnes. Is Zombies a
Threat to Mankind, International FEniCS'10 workshop, KTH,
Stockholm, 2010.

[33] A. Massing. Convergence Theory for Adaptive Finite Ele-
ments, AC/DC seminar series, 2010.

[34] A. Massing. Nitsche's Method on Overlapping Meshes in 3D,
AC/DC seminar series, 2010.

[35] M. Mortensen. Introduction to Turbulence Modeling With
FEniCS (CBC.RANS), CBC Workshop on Aerosols: Disper-
sion, Transport and Effects, Simula, November 10, 2010.

[36] M. Mortensen. The G2 Navier Stokes Solver – on Why It
Failed the Benchmark Test, CBC Workshop on Aerosols:
Dispersion, Transport and Effects, Simula, November 10,
2010.

[37] H. Narayanan. What Is CBC.Twist, AC/DC seminar series,
2010.

[38] H. Narayanan. An Automated Computational Framework for
Hyperelasticity, Fourth European Conference on Computa-
tional Mechanics, Paris, France, 2010.

[39] H. Narayanan. An Adaptive,Error-Controlled Scheme for the
Navier-Stokes Equations With Applications to Biomedical
Flow, International FEniCS'10 workshop, KTH, Stockholm,
2010.

[40] H. Narayanan. What Is Cbc.twist?, AC/DC seminar series,
2010.

[41] B. F. Nielsen,O. M. LysakerandP. Gr�ttum. Theoretical and
Practical Aspects of the Inverse Ischemia Problem, Karl-
sruhe Institute of Technology, Germany, 2010.

[42] B. F. Nielsenand K.-A. Mardal. An Operator Theoretical
Approach to Preconditioning Optimality Systems, European
Multi-Grid Conference, EMG, 2010.

[43] M. E. RognesandA. Logg. Automated Goal-Oriented Error
Control for Stationary Variational Problems, International
FEniCS'10 workshop, KTH, Stockholm, 2010.

[44] M. E. Rognesand A. Logg. Automated Goal-Oriented Er-
ror Control for Stationary Variational Problems, European
Finite Element Fair, University of Warwick, 2010.

[45] M. E. RognesandA. Logg. Automated Goal-Oriented Error
Control With Applications to Fluid Flow, CBC Workshop
on Cerebral Blood Flow and Stroke - Clinical, Experimental
and Mathematical Models and Problems, 2010.
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[46] M. E. Rognesand A. Logg. A Framework for Automated
Goal-Oriented Error Control, BIT 50 – Trends in Numerical
Computing, 2010.

[47] M. E. RognesandA. Logg. Automated Goal-Oriented Error
Control With Applications to Nonlinear Elasticity, DSPDEs
2010 - Emerging Topics in Dynamical Systems and Partial
Differential Equations, Barcelona, 2010.

[48] M. E. Rognes. Automated Goal-Oriented Error Control, 8th
InternationalConference of Numerical Analysis and Applied
Mathematics (ICNAAM), Rhodes, Greece, September 19-
25, 2010.

[49] A. Schroll. Scienti�c Computing - the (he)art of Modern Sci-
ences, Forskningens Dag, SDU, 2010.

[50] K. Selim. An Adaptive Finite Element Method for Fluid
Structure-Interaction Problems, International FEniCS'10
workshop, KTH, Stockholm, 2010.

[51] K. Selim. A Posteriori Error Analysis of Adaptive Finite Ele-
ment Methods for Fluid-Structure Interaction, AC/DC sem-
inar series, 2010.

[52] O. Skavhaug. Using Python for Scienti�c Computing, CBC
Seminar on advanced use of Python programming language,
2010.

[53] K.-H. St�verud, K.-A. Mardal, V. HaughtonandH. P. Lang-
tangen. Cerebrospinal Fluid (CSF) - Oscillating Flow and
Pressure, CBC Workshop on Aerosols: Dispersion, Trans-
port and Effects, Simula, November 10, 2010.

[54] K.-H. St�verud, K.-A. Mardal, V. HaughtonandH. P. Lang-
tangen. CSF Hydrodynamic in Patients With Syringomyelia
and Chiari I Malformations, Annual NUPUS meeting in
Freudenstadt, 2010.

[55] K.-H. St�verud, K.-A. Mardal, V. HaughtonandH. P. Lang-
tangen. Cerebrospinal Fluid (CSF) - Oscillating Flow and
Pressure, Selected Topics Seminar IWS Stuttgart, 2010.

[56] K.-H. St�verud, K.-A. MardalandH. P. Langtangen. From a
Physical Problem to Computer Simulations, CBC Workshop
on Cerebrospinal Fluid Flow in the Brain and Spinal Canal -
Clinical, Experimental and Mathematical Models and Prob-
lems, Simula, May 28, 2010.

[57] K. ten Tusscher. Evolution of Functional -Not Architectural
Modularity in Body Plan Patterning, EuroEvoDevo confer-
ence, Paris, 2010.

[58] K. ten Tusscher. Evolution of Functional -Not Architectural
Modularity in Body Plan Patterning, Dutch Theoretical Bi-
ology conference, Schoorl, 2010.

[59] K. ten Tusscher. Evolution of Complex Animal Body Plans,
Dynamics of Patterns and Complex Systems meeting, En-
schede, 2010.

[60] D. Unat, X. CaiandS. Baden. Optimizing the Aliev-Pan�lov
Model of Cardiac Excitation on Heterogeneous Systems,
Para 2010: State of the Art in Scienti�c and Parallel Com-
puting in Reykjavík on June 6-9, 2010.

[61] D. Unat. Revisiting Finite Element Matrix Assembly, AC/DC
seminar series, 2010.

[62] D. Unat. Accelerating Finite Difference Method on Graphic
Processors (GPUs), CBC Talk, 2010.

[63] D. UnatandS. Baden. Introduction to Programming a GPU
With CUDA and a Case Study: Accelerating Stencil Com-
putation With GPUs, CBC Seminar on GPU Programming
and Computing - May 4, 2010.

[64] D. Unat. Mint: an OpenMP to CUDA Translator, GPU Tech-
nology Conference, San Jose, CA, 2010.

[65] K. Valen-Sendstad. A Note on the Ef�ciency and Accuracy
of Some Common Finite Element Schemes for the Incom-
pressible Navier-Stokes Equations, AC/DC seminar series,
2010.

[66] K. Valen-Sendstad. Presence of Turbulence in Intracranial
MCA Aneurysms, CBC Workshop on Aerosols: Dispersion,
Transport and Effects, Simula, November 10, 2010.

[67] A. Wahlberg. Towards a Virtual Lung, International FEn-
iCS'10 workshop, KTH, Stockholm, 2010.

[68] A. Wahlberg. Meshing the Human Lung, AC/DC seminar
series, 2010.

[69] S. Wall. Basic Electromechanical Simulations,CBC Seminar
Series on Computational Cardiac Modeling, 2010.

[70] W. Wei. Parallel Programming, OpenMP, CBC Lecture on
Parallel Programming, OpenMP, March 17, 2010.
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Overview of CBC publications 2007-2010.

We have used the following rule of thumb to make a distinc-
tion between conferences, workshops, and seminars:

Conference: A formal event over several days, with at least
50 participants. It may include one or more workshops,
seminars and poster sessions.

Workshop:A formal event, containing several talks organized
in sessions.

Seminar: A less formal meeting between researchers which
includes one or more talks with discussions.

CBC hosted 6 workshops, 16 seminars, and 7 invited talks
in 2010, with a total number of 69 presentations and more than
378 participants.

FSI seminar series
The purpose of the seminar series is to present the current status
and challanges for the projects and create a forum for discussion
of scienti�c topics related to the work in CBC. The seminars are
open and attendance of and contributions by other interested
people are highly welcome.
04.02.10:
Implementation of FEM assembling in DOLFIN, by Anders Logg
11.02.10:
Automated Adaptivity - Current Status, by Marie R. Rognes
18.02.10:

A posteriori error analysis of adaptive �nite element methods for
�uid-structure interaction, by Kristoffer Selim
25.02.10:
Convergence theory for adaptive �nite elements, by Andre Mass-
ing
05.03.10:
Analysis and implementation of high-precision �nite element
methods for ordinary differential equations with application to
the Lorenz system, by Benjamin Kehlet
25.03.10:
Meshbuilder brainstorming, by Benjamin Kehlet
08.04.10:
Meshing the human lung, by Aron Wahlberg
22.04.10:
What is cbc.twist, by Harish Narayanan
03.06.10:
A Note on the Ef�ciency and Accuracy of Some Common Finite
Element Schemes for the Incompressible Navier-Stokes Equa-
tions, by Kristian Valen-Sendstad
10.06.10:
Short talks by Aron Wahlberg "Short introduction for the
streamline-diffusion method for convection-diffusion equations",
Tor Gillberg "The Mathematics of Reservoir Simulation" and
Karen-Helene St�verud "Mixed Finite Element for the Stokes
Equation"
24.06.10:
Revisiting Finite Element Matrix Assembly, by Didem Unat
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16.09.10:
Computational simulations of the shaken baby syndrom - history
and challenges, by Anna Blechingberg
25.11.10:
Nitsche's method on overlapping meshes in 3D, by Andre Massing
12.01.10:
Parallel computing in DOLFIN, by Anders Logg

Total number of participants: 141
Total number of speakers: 12
Total number of talks: 16

CBC Workshop on Clinical Issues Related to
the Cerebrospinal Fluid - February 12, 2010
This workshop addressed clinical issues related to the cere-
brospinal �uid �ow. One goal was to review the current status
of the research and make future plans.

Total number of participants: 6
Total number of guests outside of CBC: 1
Total number of speakers: 3
Total number of talks: 3

CBC Seminar on Basic Electromechanical
Simulations - March 5, 2010
This seminar discussed the rational for developing electrome-
chanical models of the heart as well as the methods Simula is
pursuing to produce clinically relevant results. Speci�cally, the
use of models to investigate infarct injuries in the heart was pre-
sented, highlighting their potential use to examine function and
dysfunction of injured ventricles as well as theoreticallyevaluate
various treatment options. Current methodologies and future di-
rections of coupled electromechanical cardiac simulations were
discussed.

Total number of participants: 6
Total number of guests outside of CBC: 0
Total number of speakers: 1
Total number of talks: 1

CBC Lecture on Parallel Programming,
OpenMP - March 17, 2010
This session focused on introducing OpenMP, an easy to use,
portable, and �exible environment for developing parallelC/C++
and Fortran applications.

Total number of participants: 15
Total number of guests outside of CBC: 5
Total number of speakers: 1
Total number of talks: 1

CBC Seminar on GPU Programming and Com-
puting - May 4, 2010
Professor Scott Baden and Ph.D. Didem Unat, University of
California at San Diego, held an open one-day-course on GPU

Programming and Computing for the CBC researchers and other
interested parties.

Total number of participants: 36
Total number of guests outside of CBC: 24
Total number of speakers: 2
Total number of talks: 2

CBC Workshop on Cerebrospinal Fluid Flow
in the Brain and Spinal Canal - Clinical, Exper-
imental and Mathematical Models and Prob-
lems - May 28, 2010
In this workshop, three topics on computational modeling ofCFS
�ow were discussed: the Chiari I malformation, syringomyelia
and normal pressure hydrocephalus. The audience covered both
clinical and computational researchers.

Total number of participants: 10
Total number of guests outside of CBC: 3
Total number of speakers: 4
Total number of talks: 4

CBC Workshop on Tsunami Modeling - June
3-4, 2010
This two day workshop was dedicated to the subject of tsunami
modeling. Several scenarios causing tsunamis, methods of sim-
ulation, and other related problems was covered by a range of
highly respected speakers.

Total number of participants: 23
Total number of guests outside of CBC: 10
Total number of speakers: 11
Total number of talks: 10

CBC Workshop on Cerebral Blood Flow and
Stroke - Clinical, Experimental and Mathe-
matical Models and Problems - June 8, 2010
This workshop concerned computational models for aneurysms
development and rupture, with participants who were both clini-
cal and computational researchers.

Total number of participants: 13
Total number of guests outside of CBC: 7
Total number of speakers: 7
Total number of talks: 7

CBC Workshop. Right through the heart:
snapshots of current and future research in
cardiac modeling - June 29-30, 2010
The speakers presented current work pertaining to a varietyof
research topics within the �eld of computational cardiac model-
ing. Notable guest speakers include Natalia A. Trayanova from
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Johns Hopkins University and Gernot Plank from Oxford Univer-
sity/University of Graz.

Total number of participants: 17
Total number of guests outside of CBC: 4
Total number of speakers: 10
Total number of talks: 9

CBC Seminar on advanced use of Python pro-
gramming language - August 26, 2010
This half-day seminar focused on exchanging experience with
Python programming and computing. The researchers at CBC
were joined with biologists from the Oslo University Hospital
(Radiumhospitalet/Rikshospitalet), as well as statisticians and
computer scientists from the University of Oslo. The main focus
of this seminar was on how to facilitate large-scale data mining
and computing through advanced use of the Python programming
language.

Total number of participants: 11
Total number of guests outside of CBC: 6

Total number of speakers: 4
Total number of talks: 2

CBC Workshop on Aerosols: Dispersion,
Transport and Effects - November 10, 2010
The purpose of this workshop was to discuss computational ap-
proaches to various biomedical �ows: blood �ow in the vicinity
of aneurysms, �ow and aerosol transport in the human airways,
and �ow of cerebrospinal �uid in the spinal canal and the spine.
Software and numerical methods for computing such �ows was
also addressed. The most recent results from the collaboration
between CBC@Simula and CBC@FFI were presented.

Total number of participants: 14
Total number of guests outside of CBC: 0
Total number of speakers: 4
Total number of talks: 5

For more information on Workshops, Seminars and Talks,
please visit our website: cbc.simula.no

Other Activities

Media Appearances
1. Politikkavisen.no; November 2010: “Tre tildelinger til

Norge”
The article mentions that CBC researcher Kent-Andre
Mardal will recieve a grant from The Research Council of
Norway for being a runner up in the prestigious European
Starting Grant (ERC). The project "Patient-Speci�c Math-
ematical Modeling with Applications to Clinical Medical:
Stroke and Syringomyelia", will receive 75% of the amount
applied for in the ERC Starting Grant application. Of the
2873 applicants for the ERC Starting Grants, 40 were from
insitutuions in Norway. Eight Norwegian applicants made
it to the second round, but only three got founding from EU
due to budgetary limits.
http://www.politikkavisen.no/www__Dforskningsradet
__Dno/_Tre-tildelinger-til-Norge.php.

2. INNO DESIGN (News about Norwegian Innovation and De-
sign); 09.11.10: “Får 12 millioner hver til forskning”
The article mentions that CBC researcher Kent-Andre
Mardal will recieve a grant from The Research Council of
Norway for being a runner up in the prestigious European
Starting Grant (ERC). The project "Patient-Speci�c Math-
ematical Modeling with Applications to Clinical Medical:
Stroke and Syringomyelia", will receive 75Of the 2873
applicants for the ERC Starting Grants, 40 were from insi-
tutuions in Norway. Eight Norwegian applicants made it to
the second round, but only three got founding from EU due
to budgetary limits.

http://innodesign.no/FoU-Offentlig/Faar-12-millioner-
hver-til-forskning

3. Research Council of Norway News; 03.11.10: “CBC re-
searcher receives ERC runner-up grant from RCN”
As one of �ve Norwegian researchers, CBC researcher
Kent-Andre Mardal receives a grant from The Research
Council of Norway for being a runner up in the presti-
gious European Starting Grant (ERC). The project "Patient-
Speci�c Mathematical Modeling with Applications to Clin-
ical Medical: Stroke and Syringomyelia", will receive 75%
of the amount applied for in the ERC Starting Grant appli-
cation.
href="http://www.forskningsradet.no/no/Nyheter/Vil_
�nansiere_nestenvinnere/1253962770775

4. Software Carpentry; 18.06.10: “An Interview with Hans
Petter Langtangen”
An interview with the Director of CBC focusing on software
use and development, and his books and courses on Python
scripting and programming. The interview is a frank exposi-
tion of the CBC researchers' attitude to software issues.
http://software-carpentry.org/blog/2010/07/an-
interview-with-hans-petter-langtangen/

5. Research Council of Norway News; 28.10.10: “An article
about CBC contriburion to EU “Future Emerging Technolo-
gies” initiative”
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There are 20 initiatives towards this 100 Million Euro/year
initiative. Five to six of these initatives will be invited to
do a pilot studies. The CBC researcher Molly Maleckar, is
contributing to one of these initiatives.

href="http://www.forskningsradet.no/no/Nyheter/EU_
satser_stort_pa_fremtidsteknologier/1253962729855?
WT.mc_ id=nyhetsbrev-ForskningsradetNorsk

Refereeing Activities
During 2010, employees at CBC have refereed manuscripts for:

• ACM Transactions on Mathematical Software
• American Journal of Neuroradiology
• American Journal of Physiology - Heart and Circulatory

Physiology
• Annals of Biomedical Engineering
• Automated Scienti�c Computing
• Automatica
• Biomechanics and Modeling in Mechanobiology
• Biosystems
• BIT Numerical Mathematics
• Chemical Physics Letters
• Computer Methods in Applied Mechanics and Engineering
• Engineering Fracture Mechanics
• European Journal of Mechanics A/Solids
• Fatigue and Fracture of Engineering Materials and Struc-

tures
• Flow, Turbulence and Combustion
• IEEE Journal of Parallel and Distributed Systems
• IEEE Transactions on Biomedical Engineering
• IEEE Transactions on Information Technology in BioMedicine
• International Journal of Computational Methods
• International Journal of Heat and Fluid Flow
• International Journal of Heat and Mass Transfer
• International Journal of Solids and Structures
• International Journal of Supercomputer Applications
• Journal of Biological Physics
• Journal of Biomechanics
• Journal of Computational Physics
• Journal of computational science
• Journal of Electrocardiology
• Journal of Fluid Mechanics
• Journal of Mathematics in Industry
• Journal of Neurosurgery
• Journal of Parallel and Distributed Computing
• Journal of Turbulence
• Mathematics and Computers in Simulation
• Medical & Biological Engineering & Computing
• Numerical Algorithms
• Parallel Computing
• Physical Review E
• Physics of Fluids
• Radiology
• SIAM Journal on Numerical Analysis
• SIAM Journal on Scienti�c Computing
• SIAM Review
• Simulation Modeling Practice and Theory
• The Journal of Physical Chemistry

Committee Work and Recognition
S. Kassinos:

1. Jury Member of the Jury for the European Young Scientists
Contest

2. Associate Dean of Engineering, School of Engineering, Uni-
versity of Cyprus

3. Invited member of ESF pool of reviewers
4. European Commission (review of Marie Curie grant propos-

als)
5. National Contact Point of the European Aerospace Science

Network (EASN) for Cyprus

H. P. Langtangen:
1. Member of the scienti�c committee for Basic Re-

search Projects in Engineering and Information Technology
(“FRITEK”), Research Council of Norway

A. McCulloch:
1. Jacobs School Distinguished Scholar (2009-2014)
2. Cardiac Biomedical Science and Engineering Center

M. Malecar:
1. co-chair of Virtual Physiological Human Network of Excel-

lence (VPH) for international grant proposal

A. Tveito:
1. Member of the National Biomedical Computation Resource

– Resource Advisory Committee (NBCR RAC) in the United
States,http://www.nbcr.net/

Editorial Boards
Employees of the center are on the following editorial boards:

S. Baden:
1. Europar conference series

X. Cai:
1. International Journal of Web Sciences

V. Haughton:
1. American Journal of Neuroradiology
2. Neuroradiology

H. P. Langtangen:
1. Advances in Water Resources
2. BIT Numerical Mathematics
3. International Journal of Computational Science and Engi-

neering
4. International Journal of Computing Science and Mathemat-

ics
5. International Journal of Oceans and Oceanography
6. Mathematical Modelling and Applied Computing
7. Open Research Computation (physmathcentral.com)
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8. Journal of Computational Science
9. SIAM Journal on Scienti�c Computing

A. McCulloch:
1. American Journal of Physiology: Heart & Circulatory Phys-

iology
2. Biophysical Journal
3. Cellular and Molecular Bioengineering
4. Cellular and Molecular Bioemechanics
5. Computer Methods in Biomechanics and Biomedical Engi-

neering
6. Drug Discovery Today: Disease Models
7. Experimental Physiology
8. Frontiers in Systems Physiology
9. PLoS Computational Biology

10. Synthetic and Systems Biology

B. A. P. Reif:
1. International Journal of Heat and Fluid Flow

B. Skallerud:
1. International Journal of Applied Mechanics

J. Sundnes:
1. Simulation Modeling Practice and Theory, International

Journal of the Federation of European Simulation Societies
(EUROSIM)

A. Tveito:
1. Computing and Visualization in Science
2. SIAM Journal on Scienti�c Computing

Conference Committees
X. Cai:

1. 9th International Symposium on Parallel and Distributed
Computing (ISPDC 2010), Istanbul, Turkey, July 7-9 July,
2010

2. The 11th IEEE International Workshop on Parallel and Dis-
tributed Scienti�c and Engineering Computing (PDSEC-10),
Atlanta, USA, April 19-23, 2010

3. The 2010 International Workshop on HPC and Grid Ap-
plications (IWHGA2010), Huangshan, China, May 28-31,
2010

4. Computational Sciences and Optimization (CSO 2010),
Huangshan, China, May 28-31, 2010

V. Haughton:
1. American Society of Spine Radiology Annual Symposium

(ASSR 2010), Las Vegas, USA, February 18-21, 2010
2. World Federation of Neuroradiological Societies (WFNRS),

Bologna, Italy, October 4-9, 2010

A. McCulloch:
1. International Scienti�c Program Committee member, Inter-

national Congress of Physiological Sciences, Birmingham,
2013

2. Chair, IUPS Physiome and Systems Biology Committee

Organization of Minisymposia and Workshops
at Conferences
S. Baden:

1. “Tools and environments for accelerator based computa-
tional biomedicine” at the Para'10 Conference, Reykjavik,
Iceland, June 6-9, 2010

J. Sundnes:
1. “Biomedical and bioinformatics challenges to computer sci-

ence”, at the International Conference of Computational
Science (ICCS), Amsterdam, The Netherlands, May 31 -
June 2, 2010

K. t. Tusscher:
1. “The role of gene regulatory network architecture and non-

linear interactions” at the EuroEvoDevo, Paris, France, July
6-9, 2010

Released software packages
In 2010, our work on the FEniCS software suite continued with
new releases of all major FEniCS components, including DOLFIN
0.9.9, FFC 0.9, UFL 0.5 and UFC 1.4. In addition to bug �xes
and improvements in anticipation of the �rst stable releaseof
FEniCS 1.0 in 2011, notable improvements include the addition
of automated adaptive error control to DOLFIN and improved par-
allel scaling. New packages for scienti�c talks, papers andbooks
were eventually released in 2010 at googlecode.com: LaTeXS-
lides, Ptex2tex and Doconce. During the year, we have also
contributed to and made new releases of Swiginac, NSbench,
CBC.Solve, AsCoT, Dorsal and GAMer/FEtk.

• AsCoT:0.8

• CBC.Solve:development version (not yet released)

• DOLFIN:0.9.9

• Dorsal:0.8

• FFC:0.9

• GAMer/FEtk:1.5

• NSbench:development version (not yet released)

• SciTools:0.7

• Swignac:1.5

• UFC:1.4

• UFL:0.5

• LaTeXSlides:0.3

• Ptex2tex: 0.3

• Doconce:0.4
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List of International Guests in 2010
In 2010 CBC had 26 international guests from 12 different countries. The 45 Norwegian visitors are not listed.

Period Name Af�liation Nationality

January 1-31 Assoc. Prof. Hans Ekkehard Plesser Dept. of Mathematical Sciences and Technology Norwegian
University of Life Sciences

German

February 5, June 3-4 Dr. Galen Gisler PGP, University of Oslo American
March 17 Mr. Wei Lin Guay Simula Research Laboratory Chinese
March 17 Dr. Carsten Griwodz Simula Research Laboratory German
March 17 Dr. Qin Xin Simula Research Laboratory Chinese
May 4 Mr. Guay Wei Lin Simula Research Laboratory Chinese
May 4 Dr. Qin Xin Simula Research Laboratory Chinese
May 4 Mr. Tangui Morvan Kalkulo French
May 4 Mr. Wenjing Lin Simula School of Research and Education Chinese
May 27 Dr. David Waltham Earth Science Department, Royal Holloway University of Lon-

don
English

June 2 Prof. Rob MacLeod Assoc. Director, Scienti�c Computing and Imaging Institute
(SCI). Assoc. Director, Nora Eccles Harrison Cardiovascular
Research and Training Institute (CVRTI)

Canadian

June 2-4 Dr. Matthias Rotenau GFZ Potsdam, Germany German
June 2-4 Mr. Nuno Lopez CMAF, University of Lisbon, Portugal Portugese
June 2-4 Mr. Widodo Pranowo Alfred Wegener Institute Bremerhaven, Germany Indonesian
June 3-4 Dr. Sascha Brune GFZ Potsdam, Germany German
June 8 Prof. Charles Strother University of Wisconsin American
June 8 Dr. Jinfeng Jiang University of Wisconsin American
June 29-30 Prof. Natalia A. Trayanova Johns Hopkins University American
June 29-30 Prof. Gernot Plank Medizinische Universitat Graz Austrian
June 29-30 Dr. Steven Niederer University of Oxford Brittish
July 27-30 Prof. Gerhard Zumbusch Friedrich-Schiller-Universität Jena German
August 25 - Sept 4 Dr. Margarete Jadamec Monash University Australian
August 25 - Sept 4 Dr. Matthew Knepley University of Chicago American
September 1 Mr. Fabrice Prieur Dept. of Informatics, University of Oslo French
September 1 Dr. Peter Nasholm Dept. of Informatics, University of Oslo Swedish
September 9 Mr. Patrick Boyle Department of Electrical and Computer Engineering at The

University of Calgary
Canadian
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CBC aims at changing clinical practice through
analyzing challenging medical questions by novel

mathematical software

CBC aims to develop and apply novel simulation technologiesto selected
medical problems where insight from mathematical modelingcan contribute to
changing clinical practice.

We aim to make pplication-driven simulation methodologiesaccessible to
computational scientists and engineers at large through professional and novel
open source software.

Visiting address: Martin Linges v. 17, 1364 Fornebu
Mailing address: P.O.Box 134, 1325 Lysaker, Norway
Phone: +47 67 82 82 00, fax: +47 67 82 82 01
Email: post@simula.no
Org.#: 984 648 855


