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Words from the Director

Scientists in the Center for Biomedical Computing (CBC) aim
at investigating how physics-based computational macropic
models of biomedical processes can contribute to bettemnatial
understanding and practice. Since the processes are exiegm
complex, computational models must be combined with imgebv
measurement techniques and deep medical insight. We believ
that it is the interplay between the different scienti c digiplines
that represents the real potential for clinical progresslificians
de ne the problems we target, and our choice of models and
computational tools is determined by what can be gained fram
clinical point of view. In parallel with these efforts, we delop
the computational methodology to be able to work with more-ac
curate and robust models in demanding future clinical peshb.

Previous annual reports have pointed out the increase in re-
search volume and quality we have experienced since the star
up in 2007. Looking back at the CBC activity in 2010, the most
characteristic feature now is not a further increase in pidation
volume, but rather the emerging research results with a pote
tial for major impact. Doing something important, whichrgai
academic, industrial, or social impact, has always been Key
goal for CBC, but it is a dif cult and challenging goal. It sees
likely that important problems and results arise more fresily
in research environments with the right atmosphere. Such an
atmosphere let creative minds dare to question the establsl
facts, dare to think great thoughts, dare to make ambitiouaps,
and dare to fail. This is the kind of atmosphere CBC has tried t
establish. The status and expectations related to being ar@er
of Excellence certainly provide crucial means for succesghis
direction, but the real implementation still depends on amu
ber of hard-working individual talents interacting to malieall
happen. Fruitful results from 2010 are brie y mentioned kmd
and indicate that we are on the right track toward the goal of
producing results of value and importance for the world oigts
CBC.

This year's featured articles concern two kinds of biomealic
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 ader
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 vesis.

By simulating the blood ow in a number of patient-speci c v&
sel geometries where it was known which aneurysms that had
ruptured and which had not, it appeared that the kinetic eggr
and the vorticity of the ow were signi cantly different in the
ruptured and the non-ruptured cases. These ow quantitiegayn
therefore provide new and better indicators for rupture. itdo
large-scale clinical studies are needed to validate the Usé&
ness of these alternative indicators, but the ndings repsent

a new line of research. The kinetic energy and enstrophy can
be captured by non-intrusive modern measurement techngue
Combining such patient-speci c measurements with imagegd
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
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a sunken brain, are correlated with the formation of a cyst in
the spine, which again is correlated with headache, douhilgan,
and motor dysfunction. Althoughthe symptoms can be treatsd
surgery, very little is understood about the fundamentalystical
and biological processes. In our search for increased usterd-
ing, we collaborate with a world-known American researctzerd
clinician, Prof. Victor Haughton, who has devoted two deesd
to studiying this disease. By treating the spine as a deforbla
porous medium we have recently developed a physical modat th
explains why cysts may form as a consequence of obstructed®CS
ow. This resultis a rst exciting step toward a better medial
understanding that may affect today's imaging procedurexia
improve diagnostics.

The FENICS software suite represents the core of the compu-
tational methodologies developed by CBC. The year of 201Gha
seen intensive investments in the FEniCS code base and its-do
umentation, being strongly pushed and managed by AndersjLog
and his collaborators. Making software at the level of FESC
complexity is a huge endeavor, and making it widely applieab
for the international computational science and enginegyicom-
munity is simply a grand undertaking. The preparations ef tist
of cial release of FEnIiCS and its associated book have regqd
enormous efforts by the developers. Not surprising, del&gse
been faced, but the release is very near a reality at the timé o
this writing. We have great expectations for FEniCS and will
follow up the release by events at conferences, focus on tuto
als, and other promotional activities. The book documegtihe
FENICS project has already exceeded 650 pages, with over 30
distinct authors from leading international research iitstions.
Hopefully, the text will attract widespread attention throgh its
demonstration of the power of FEniCS.

Outstanding candidates for academia and industry conggtu
one of the most important outcomes for CBC. A good example is
Bj rn Fredrik Nielsen, who entered a professorship at the M-
gian University of Life Sciences in 2010. He still keeps anjadct
position at our host institution and will continue to collairate.
Kristian Valen-Sendstad was offered a postdoctoral fell@hip
in the world-renowned group of Prof. Steinman in Torontolfha
a year before he handed in his Ph.D. We look forward to col-
laborating more closely with Prof. Steinman's group from120
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 Reselar
Council. Naturally, the extra resources mainly come fronogkr-
term external research projects. Several of these ended D02
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 sstan-
tial funding from competitive and prestigious research grams.
First, Kent-Andre Mardal was shortlisted for a Starting Gtdrom
the European Research Council, and for this reason the Reska
Council of Norway provided a substantial funding, whichield
to a major strengthening of the Biomedical Flows and Structu
activities in CBC. Second, Joakim Sundes was successfulhie t
Norwegian eScience progragVita with a proposal on modeling
of heart failure, which has been a key topic of CBC since the



start. Third, a Norwegian Center for Research Based Innmrgat ~ And nally, our fourth funding success is represented by Saetl
lasting 8 years, was awarded to Oslo University Hospital iose Wall who received a personal postdoctoral fellowship frorhe
collaboration with CBC and medical companies. The propdsal Research Council. We now aim at a gradual new reinforcement

this center, primarily put together by the CBC researchersiiy of the core activities based on the received funding.
Maleckar, Per Gr ttum and Samuel Wall, builds on research re
sults from the CBC project Cardiac Computations. This resda As we enter 2011 with still excellent publication metrics,

will now be taken one step further toward medical industrydn  several new research results of potentially high impactuionew
clinical practice. We are obviously very proud of being paft substantial grants, and a highly motivated and enthusiastaff,
yet another prestigious center and in particular that thigter there are good reasons to believe that future annual repowl
links the basic research in CBC to substantial innovatiorfets. also be an exciting read.

The gure shows the so-called dual velocity and dual mesh glacement elds used in thea posteriorierror analysis of an
adaptive nite element method for the simulation of fully capled, time-dependent uid-structure interaction probta.
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memg the Center

Organizational Changes

As described in last year's annual report, our host institut Sim-
ula has from 2010 departed from the organizational model een
tered around three large research departments, in favous abw
organization comprising ten research groups. The mainvattn
for the new organization was that the old departments had gno
considerable, the resposibilities of department managesweere
dif cult to combine with being a productive scientist, and was
believed that smaller and more focused units would lead to a
more dynamic and exible organization. The smaller unitswia
also offer an effective way for talented young researchers get
valuable experience in research management. Followingrire
organization, the core of CBC consisted of four researchgpe
at Simula, all operating under the supervision and leadépsbf
the CBC management.

The new organization proved to serve its purpose in religvin
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 Norwggia
from the Research Council of Norway. A third Simula reser-
ach group received a grant of similar size and duration frdra t
Ministry of Transport and Communication. Three groupsrsgei
substantial expansion motivated the Simula managementée r
think the organization once again, and make a small adjustine
to the recently adopted model. It became natural to build the
organization around the new and existing Centers, and to geer
the smaller research groups into this structure. The reselffec-
tive from January 2011, is a research organization congigtiof
seven large Departments or Centers.

CBC is tightly integrated in Simula's organization, and or-
ganizational changes in Simula will naturally affect CBCs/
consequence of this recent change, the core of CBC will castsi
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 SEénter for
Cardiological Innovation (CGNvhich is hosted by Oslo University
Hospital.

The establishment of the CCI raises fundamental issues on
how the research in cardiac electrophysiology and invergelp
lems shall be organized between CBC and CCI. These issuels wil
be addressed in 2011. What we know for certain, is that the
two centers will have very close links, since they addressoslely
related areas and have substantial potential for mutual ket
CCI will rely heavily on computational tools developed in CB
and will provide a very tight link to a relevant clinical comumity
and to medical industry. CBC and CCI will together form a ehai
of activities from fundamental long-term research to comroial
developments.

Although CBC has more or less automatically adopted the
organizational structure of its host organization, the inedual
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research units at Simula have substantial freedom to orgami
their internal activities as they see t. For CBC, this means
that the organization model described in the original prepbre-
mains virtually intact. However, from 2011 we have incorpoed
the Computational Biology and Inverse Problems projectsam
enlargened Cardiac Computations project. In addition, |-
known Computational Middleware, Robust Flow Solvers, ahd t
Biomedical Flows and Structure projects run as before. Sinc
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 recruitnrmeand
some turnover, we have seen a stable research staff in CBC
through 2010. One Ph.D. student, Omar al-Khayat, graduated
and was employed as a postdoc in the Computational Geosceenc
project. Furthermore, two new Ph.D. students were recrdite
CBC; Karen Helene St verud joined Biomedical Flows and $tru
tures, and Benjamin Kehlet joined the Computational Middéee
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 augro
with very limited resources, she has been highly succesful i
increasing the external connections and visibility of theaup.
Through the rst months of 2010 she was instrumental in the
writing of the SFI proposal Center for Cardiological Inntiea, in
close collaboration with Per Gr ttum and Sam Wall. The fumdj
of this center has lead to the establishment of th€aMo de-
partment, which from 2011 is headed by Maleckar. Through the
fall of 2010, Maleckar also held a key position in a large seal
initiative coordinated by theVirtual Physiological Human (VPH)
community. The VPH is a EU sponsored community for promoting
computational modeling in biomedical research and clihprac-
tice. Through 2010, the VPH coordinated a proposal for a so-
called FET Flagshiproposal, which are huge grants intended to
develop revolutionizing technology to bene t European dety.
The proposal turned out unsuccessful, but the writing presded
to extremely valuable connections which will undoubtedigsult
in new opportunities for European funding.

As reported in previous years, Simula and CBC have taken
several measures to improve the gender balance in scienpa-
sitions. The most speci ¢ initiatives include actively seehing
and recruiting talented female researchers, as well as a rhen
of general regulations to avoid any gender bias in employten
procedures. Recent recruitment statistics in Ph.D. and fubsc
positions show a very good development. Since the new mea-
sures were implemented, in fact half of the employed candiesm
in such positions were women (!). We do hope that we will
also see a good effect on the gender balance in senior scienti
positions with time.



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 midrtn
evaluation s to be concluded following a meeting with the &wu-
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 documentshe t
Research Council of Norway, including a Fact Sheet summipg u
a number of relevant metrics and statistics, a Host Assesamhe
prepared by Simula Research Laboratory, a Self Evaluatidthe
activities and results since 2007, and a Research Plan foreth
second ve year period of the CBC.

The result of the mid-term evaluation will be decisive foreh
future of the CoEs. With this perspective, substantial efftovas
put into preparing the required documents, in order to giveces-
itive and accurate presentation of the accomplishments dfet
CBC. However, to minimize any negative impact on the work ow
in the Center, all tasks related to the evaluation were haredl

Sclentific Activities

Through 2010 the scienti ¢ activities in CBC progressed aoading to

by the CBC management, in collaboration with the relevantma
agers at Simula. While this was obviously a time consuminfpetf
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 atetob-
tained results and see how they compare with the initial exgta-
tions. Although we have continuously monitored our effgrésd
collected statistics and relevant metrics for every annueadport,
the Self Evaluation document would include a far more degsil
assessment. Fortunately, the overall result was very favable.
All deviations from the original plan were minor, and wersués
of pursuing new and very promising opportunities ratherrihum-
foreseen problems in reaching the original goals. The Reska
Plan for the second ve year period also ended up with only min
deviations from the plans that were sketched in the originaio-
posal. Although the end result of the mid-term evaluationnst
known at the time of writing, the CBC managementwere pleased
with our own ndings, and remains optimistic with respect the
end result.

plan, with no major new activities or changes in éc Below we

give an overview of the main activities and the speci c redalobtained in 2010. The sections cover the six projects thative been
forming CBC through 2010: Computational Middleware, Roblew Solvers, Biomedical Flows and Structures, Cardiacn@uuting,
Inverse Problems, and Computational Geosciences. Theitiets at the Norwegian University of Science and Technojgiiie Norwegian
Defense Research Establishment and the University of Cygal contribute to the Robust Flow Solvers and the Biomedid¢dows and
Structures projects, but the size of these activities are moso substantial that the research is described in separatections.

Computational Middleware

The FENICS software suite remains at the core of the Computa-
tional Middleware project. FEnIiCS was initiated at the Ugiisity

of Chicago in 2003 as a collaborative project towards the delv
opment of a mathematical framework and software for autoredt
solution of differential equations. The initial version &EnICS
consisted of the DOLFIN and FIAT libraries. Since then, FEn-
iCS has grown considerably and includes close to 20 diffeten
software components. FEnICS is now developed in collabaat
between a number of research institutions and universitiégs
been documented in a large number of journal publications] a
has attracted a substantial user base.

The FEnICS paradigm for automated computing includes as-
pects of generality, simplicity, reliability and ef cienc In other
words, the FEnICS project seeks to develop an automated com-
puting framework and associated techniques that target ade
class of problems (generality); that require a minimal amibof
user input (simplicity); that compute according to giveredity re-
quirements (reliability); and that utilize an optimal (si)@mount
of resources (ef ciency). These are ambitious goals. Andre,
the goals are contradictory, thereby making the successfeal-
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ization of FENICS a strong scienti ¢ result in itself.

In 2010, we have worked intensely towards the release of
the rst stable version of the FEniCS project. With this in nm,

a strong focus has been on consolidation and maturity. The es
tablished form language (UFL) and the form compilers (FFEZ$
have seen a period of stability in 2010. Since these compoten
are critical parts of the user interface to FEnIiCS, achieyithis
level of stability is an important step towards a stable softare
release.

Atthe sametime, 2010 has been ayear of pushing boundaries
by exploring highly sophisticated features such as intecfag ad-
vanced computationalgeometry libraries, automated ecantrol
and adaptivity, enhanced preconditioner features, imgaypar-
allel scalability and new multi-core features. These effsthave
deliberately targeted the reliability and ef ciency of coputa-
tions, and will be further intensi ed in 2011.

The software components of the FEnIiCS project are moni-
tored by a set of buildbots that continuously build and teshé
code on a variety of hardware and software con gurations. In
2010, we have additionally establishedbenchbotfor the FEniCS
software. The benchbot compares the performance of oldeit{d
ing back to 2003) and current software versions for a carelfyl



selected set of benchmarks. The benchmark results are mon-
itored and evaluated; the benchbot thus automatically repo
improvements or regressions in the performance of the saftev
suite.

In 2010, we have also seen furtherimprovements in the ease
of installation and availability of the FEniCS software. &ddition
to the generic build package Dorsal, each release of the RERi
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) anthW
dows.

We have in 2010 also integrated computational geometry
algorithms into the DOLFIN library by interfacing the cortgu
tional geometry libraries CGAL and GTS. In particular, this
terface now provides advanced collision detection algdwits.
Additionally, alternative approaches for numerical integion by
quadrature on generic polyhedra have been implemented.séhe
features provide an implementational backbone for the ieation
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 variatal prob-
lems. The automated strategy mimics the theoretical stabé-
the-art techniques for goal-oriented error control. Howay this
strategy places challenging demands on the nite elementfso
ware framework. These demands involve a wide scope of tech-
nigues ranging from high-level variational form manipidas in
Python to the ef cient construction of function spaces on lcal
patches of elements in C++. The realization of this effort as
part of FENICS stretches across all the layers of softwarerce
ponents, in particular UFL (form manipulations), FFC (gatien
of code for additional derived forms), and DOLFIN (solutbde-
rived variational problems, evaluation of error estimatesd error
indicators, re nement of meshes). In addition, the impleme-
tionis available both in C++ and the Python layer, each larage
posing separate challenges.

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

Anotherimportant change introducedin 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 ma
taining the build system.

Documentation has long been a weak point of the FEnICS
Project, partially explained by the dif culty of documentig a

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

Currently, there is a strong trend in scienti c computing o
wards the utilization of the computing powers of graphicalgp
cessing units (GPUs). GPUs have over the last years become
more suitable for scienti c computing after the introduain of
more conventional programming interfaces and double [wieai.
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 translatooxf nite
difference methods that generates highly optimized CUDA@
annotated, standard C source code. For the 4 commonly used
stencils tested, performance came to within 20% of aggressly
hand optimized CUDA. The translator enables the domainiscie
tistto bene tfrom expert knowledge in writing high-perfanance
GPU application software, and to focus on the domain science
rather than on implementation details of their software. 2011,
we plan on enhancing the optimizations used by the translato
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 pobje
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 thusto-
riously dif cult to compute. One important example is turkant
solutions of the Navier—Stokes equations. Another examjde
the Lorenz system, a seemingly simple system of three ordyna
differential equations but with chaotic solutions. We areuc-
rently investigating dynamical systems with a particulardus on
quantifying long-time predictability and computability.

In 2010, we investigated the computability of the Lorenz
system and demonstrated that chaotic dynamical systemselik
the Lorenz system are computable over long time intervalss A
part of our work, we presented a reference solution of the oz
system on the time intervaJ0; 1000] computed with a high-order
nite element method (order 200) and high precision (400 dtig).



Phase portrait of the solution of the Lorenz system

Robust Flow Solvers

During the year, we have continued our development of the
FENICS-based solver collection CBC.Solve. The solversiare
plemented in Python and provide simple and intuitive, yetyser-
ful, interfaces for solving a range of partial differentiafjuations.
In addition to improvements of the existing solvers, CBOWI|
and CBC.Twist, we have added a prototype version of a solver
CBC.Beat for the equations modeling the electrical actiyibf the
heart, CBC.Swing for uid-structure interactions, CBC.R¥S for
modeling turbulent ows, and CBC.Rock for geophysical mdsle
Many important problems of biomedical interest involve the
solution of challenging uid—structure interaction proems. For
these problems it is important to adaptively re ne the comfa+
tional mesh to make ef cient use of computational resourcek
uid—structure interaction problems, the mesh must be reed
based on a complex interplay between the three equationstha
compose the uid-structure interaction problem: the uidmb-
lem (Navier—Stokes), the structure problem (hyperelagtiy and
an auxiliary problem that accounts for the displacement dfet
uid mesh.

Adaptive solution of an FSI problem.

In 2010, we have developed, analyzed and implemented an
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on the taminterval[0; 1000] for u(0) = (1 ; 0; 0).

adaptive nite element method for the solution of uid—strature
interaction problems. The solver, called CBC.Swing, is leap
mented based on the CBC.Flow and CBC.Twist solvers. Prelimi
nary results demonstrate signi cant gains in ef ciency copared

to standard implementations on uniformly re ned meshes.

Finding an appropriate turbulence model for a given ow case
usually calls for extensive experimentation with both modend
numerical solution methods. In 2010 we have made substahtia
progress in this eld by creating a new exible software fram-
work for the design and implementation of numerical expegitts
in computational turbulence. The framework targets Reys!
averaged Navier-Stokes models, discretized by nite elente
methods. The novel implementation makes use of Python and
the FENICS package, the combination of which leads to contpac
and reusable code, where model- and solver-speci ¢ code re-
semble closely the mathematical formulation of equationada
algorithms. The presented ideas and programming techrique
also applicable to other elds that involve systems of nomlear
partial differential equations. The code framework, CBBIRS,
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 investige
error-controlled adaptive methods for multiphase ow thogh
porous mediatogetherwith our collaborators at the Depaemntof
Engineering at the University of Cambridge. Within CBC,qus
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 aneurys.

Asdescribedinthe Computational Middleware section abpve
a major goal for CBC has been to automate adaptive error cohtr
Automated error control allows a researcher to specify afdien-
tial equation, a functional of interest, and an error tolevee, and
then automatically compute an approximate numerical sabut
of the differential equation by the press of a button such ththe
error in the functional of interest is less than the given talance.



A freely available framework for automated error controlsitne
potential of rendering state-of-the-art goal-oriented ssr control
fully accessible to non-experts at no additional implemextional
cost for the user.

In 2010, we have integrated automated goal-oriented er-
ror control for stationary variational problems into the RES
project. The functionality has been veri ed and evaluated/ b
extensive testing for a range of linear and nonlinear, mixatd
non-mixed stationary variational problems including thavier—
Stokes equations and equations for polymer— uid gel mixas.
The results are very promising: the automatically genecéelap-
tive algorithm typically outperforms a corresponding siegnesh
uniform algorithm by three orders of magnitude. The framgwo
has been disseminated and presented at a number of confeesnc
and workshops and described in submitted manuscripts.

—

Uniform
o—o Adaptive
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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 tife per-
formance of the automated framework when applied to simula-
tions of blood ow in aneurysms. These investigations wileb
completed in 2011, and the conclusions used for optimizatiof
patient-speci ¢ simulations.

Arbitrary Lagrangian—Eulerian (ALE) formulations of did
structure interaction problems can easily fail if the struure un-
dergoes large deformations. Such cases typically requinenplex
mesh motion algorithms and/or remeshing at a high compwtaail
expense. As an alternative, xed mesh methodsin which theidu
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is described on a xed background mesh have gained much in-
terest over the last decade. In particular, Nitsche's methon
overlapping meshes has emerged as a very promising approach
However, the challenges faced in practical realizations of
Nitsche's method are substantial; 3D implementations irrzu-
lar have been virtually nonexistent. The implementatiouires
sophisticated techniques from computational geometry atine
extension of nite element algorithms to virtually arbitny poly-
hedra. However, with the extended geometry and assembly-fea
tures developed in the FENIiCS project in 2010, we have been
abletodevelopa exible framework capable of utilizing Nithe's
method on general geometries in 3D. The gure below shows an
elastic deformation of a cube with an embedded, non-matchin
rotor-like region and discontinuous material parametefie so-
lution is computed by a Nitsche method for overlapping donsai

Deforming cube with embedded rotor.

The developed framework has been successfully applied to
elliptic problems including problems with heterogeneousabn-
tinuous coef cients, and studies of rigid-body— uid coujphgs are
underway. In the coming year, we will focus on demonstrating
and investigating the applicability of Nitsche's methoddifferent
biomedical uid—structure scenarios.

Despite their increasing popularity, the theoretical foda-
tions for time-stepping schemes in xed background mesh et
ods are largely unresolved. In addition to the realizatioh o
Nitsche's method in DOLFIN, we have formulated a time-siagp
scheme in the context of coupled Eulerian—Lagrangian folau
tions. Furthertheoretical analysis, including a prioni@ranalysis
for the proposed time-stepping scheme, is scheduled for 201



Adaptive multiphase ow through porous media.

Biomedical Flows and Structures

The purpose of the Biomedical Flows and Structures (BFS)geb
is to apply the numerical methods and software developedliret
Computational Middleware and Robust Flow Solvers projeitts
a few selected important applications that have the poteatifor
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 brairThe
project is motivated by the fact that during a lifetime, 1-6%f
the general population develop aneurysms in or near the [@inf
Willis. Aneurysms are balloon-shaped bulges of the vessealliy
which may rupture and lead to a fatal stroke. However, thekris
for rupture of an existing aneurysm is low — usually estimat&o

less than 1% annually. Surgical treatment of cerebral anysms
is complicated and risky, and deciding whether to intervesranot
is therefore extremely dif cult. Accurate assessment of ghrisk
of rupture would make this decision easier, but this is dititt to
do in a patient-speci c manner. We are investigating how cem
putational uid dynamics can be used to improve individuak
determination. The reasoning behind this effort is that thessel
anatomy varies a lot between patients and that this variatioat-
urally causes differences in the ow pattern and forces actg on
the vessel wall. Our aim is to establish ow characteristichat
can assist neurosurgeons in their assessment of which patge
and aneurysmsto treat. More on cerebral blood ow can be faln
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 thde-
velopment of syringomelia (cysts within the spinal cord).uch
cysts are often found in patients with the Chiari | malformai, a
state characterized by having abnormal position of the ched
lar tonsils (i.e., the brain is somewhat sunken down in thechg
The abnormal position of the tonsils obstructs the naturabw
of CSF, and it is hypothesized that the abnormal ow pattern
is a cause for syringomelia. The knowledge of the fundaménta
physical and medical processes is still limited, but surgdras
proven to be an effective treatment. To increase the undenstl-
ing of syringomelia and the effect of tonsilar obstructioos CSF
ow, we use advanced medical imaging techniques and uid dy-
namics simulations to get a detailed picture of the velocitgld
and in particular the resulting stress that acts on the spiheord.
We work with both idealized and patient-speci ¢ geometries
The research on CSF ow is done in close collaboration with
neuroradiologist Victor Haugthon from the University haspin
Wisconsin. In 2010, we have also worked with our collabora-
tors at the Norwegian Defense Research Establishment (ffal)
studying velocity and pressure differences using advanc@eD
simulations on idealized geometries representing normaivid-
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 imed
in work on numerical methods. Four papers on order optimal
solution algorithms and inverse problems have been accepte
or published in 2010. In particular, we mention a comprehen-
sive review on the construction of preconditioners for sgshs
of PDEs written together with Ragnar Winther at the Center of
Mathematics for Applications, and a paper on the constrocti
of preconditioners for rather general inverse problem wenit to-
gether with Bj rn Fredrik Nielsen (Norwegian University bife
Sciences/CBC). These works are good starting points for fux
ture plans of addressing inverse ow problems. In 2011, thé-B
group will see a signi cant expansion following the fundingf
the project 'Patient-Speci ¢ Mathematical Modeling with Ap-
plications to Clinical Medicine: Stroke and SyringomyeliaThe
grant was originally submitted to the European Research Goili
(ERC) Starting Grant program, and was found worthy of suppor
but did not receive funding due to budget constraints. Based
on this result, the project was instead funded by the Resebrc
Council of Norway, as part of their policy to promote Norwagi
proposals to the ERC. On a nal note, researchers in the BFS
project have made substantial contributions to the FEniC&l,
which will be published in 2011.

CBC@NTNU

TheBiomechanics Divisiorat the Department of Structural Engi-
neering at the Norwegian University of Science and Techmpio
(NTNU), known as CBC@NTNU in the CBC context, has a focus
on mathematical modeling of cardio-vascular and orthomadi
systems. The focus has mainly been on numerical simulatfons
improved physiological understanding of the mitral valveid-
structure interaction inthe left part of the heart, wave ppagation

in elastic arteries subjected to pulsating blood ow, patig spe-

ci ¢ hip prostheses in total hip arthroplasty, and leg lenggning
(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 materiadodels,
which are of paramountimportance in computer simulatiofd-
vanced material modeling remains at the core of the actiedtiat
CBC@NTNU, and the group's strong competencein this argaisi
ternationally well recognized. Nonlinear nite element annite
volume methods are the basic numerical approaches for sgjvi
the governing equations. Irrespective of having to solvestzare-
search issues, the overall goal is to develop tools that cassast
in clinical practice by means of better diagnosis and treamn.

A strong interaction with clinicians and researchers wittredfical
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 hearThe
mitral valve prevents blood from owing back into the atrium
when the ventricle contracts. Recently, we presented a ndve
transversely isotropic hyperelastic material model forlsbele-
ments for the mitral lea ets in which we add a contractile elment
in order to simulate the mechanical function of the musclelise
presentin the lea ets. Then, nite element analysis of a pome
mitral valve was conducted in order to investigate the in unee of
the contractile force of the muscle bers on the valve respee
between beginning and peak systole. Our simple approach to
model the contractile cells in the lea ets shows that their on-
traction promotes the at shape to the closed mitral valve. A
paper addressing this is accepted for publication in Jouroé
Biomechanics and Modeling in Mechanobiology. Further work
has been carried out, de ning the extent and phenotype of mus
cle bersin human mitral valves. A paper adressing these tcp
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 severaffdr-
ent approaches for vascular material parameter estimatioas
tested on existing experimental in vitro data. A pilot studynd
preparation for future in vitro study on the material behawiof
human umbilical veins was done at the Technical Universityd=
hoven. Ongoing work on 2D/3D wave propagation in the umhilic
vein and ductus venosus with the implicit and partitionedIE8de
Tango, which (in this case) strongly couples the solid meoha
ics code ABAQUS and the computational uid dynamics solver
ANSYS FLUENT. With Tango we can address FSI problems us-
ing industry-standard computational mechanics softwaesd a
careful evaluation of the numerical performance of this appch
will provide important input to the further development ofiffy
coupled FSI solvers in the FEniCS framework.

We have also developed an FSl algorithm for the implicit cou-
pling of two rigid lea ets, modeling the mitral valve in theelft
ventricle of the heart. Simulations of the opening of the val
have been performed using a patient speci ¢ rendering of fleé
ventricle. A 2D study has been carried out to investigate wiher
the inlet boundary conditions in the left atrium are impontzafor
the left ventricle hemodynamics and mitral valve dynamidsc-
cording to our results, important features of the ow eld mga
not be predicted in the absence of an adequate model for thé le
atrium, particularly during diastasis and atrial contramt. 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 t€y-CompSci
Center at the University of Cyprus contribute with their uid
mechanics competence to the biomedical ow activities in @B
Their contribution is organized as a part of the consortiurjpct
“Aerosols: Dispersion, Transport, and Consequences” ageah
by Bj rn Anders Pettersson Reif at FFI. The purpose of the jeict
is to advance our ability to computationally predict the glisrsion
and transport of aerosols (droplets or solid particles) ipen air
and in the human airways. The dispersion of aerosols is irtgdr
in a wide range of biomedical, security, and environmenfgbla
cations, ranging from medicine delivered in the form of amis
through the use of inhalator sprays to the dispersion of chiea,
biological, and radiological (CBR) agents due to seriousidents
or terrorist acts.

To attack the challenges in this project, a series of funda-
mental uid mechanics and numerical problems must be solyed
which have numerous applications to other activities in tR8C
projects Robust Flow Solvers and Biomedical Flows and Struc
tures. Some research in this project also uses FEnIiCS sofeva
components developed in the two mentioned projects.

By nature, the prediction of the aerosol transport and dispe
sion processes is extremely complex. The complexity arifesn
interdependency of the many physical processes involvedgls
as turbulence, agglomeration/break-ups, gravity, degmsi, and
physical characteristics and size of the aerosol itself, dits de-
pendence on for instance humidity, sun light, and temperatu
The present project is concerned with numerical simulasaat
various levels of sophistication and with different objeges. Di-
rect numerical simulations (DNS) are employed to systeraity
study fundamental physical characteristics, whereas coutg-
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 FFl in close collaboration with resezners at

infected people. The presentstudy isthe rstofits kind todocon-
ducted and it is a combination of numerical simulations anihev
tunnel experiments. One of the objectives of the investigaits
was to assess wether or not the aerosol plumes released frdst
particular industrial site prevailed at high enough condeation
levels at distances up to and beyond 10 km to pose a signi cant
risk for the population. The study concludes that this is yer
unlikely. This conclusion is important, as a previously psibed
study, carried out by medical experts and health care pemseh
arrived at the opposite conclusion. We think our study is apary
example on how accurate physics-based computational madel
and laboratory validations can increase the reliabilityscienti 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 201
took the rst steps in preparing for simulations of the fullteath-
ing cycle. Forthis purpose, we chose to study the pulsatilew in
a cerebral aneurysm geometry. In pulsatile ow, the uid mion
does notcompletely reverse directions, as is the case dgratfull
breathing cycle. Still, pulsatile blood ow captures somefdhe
instabilities that can be induced by ow oscillations in coplex
geometries. The code used for the air ow modeling was modi e
as necessary in order to study pulsatile owinthe CCA anewy
geometry. We discovered that even without introducing acial
forcing to perturb the ow, the ow conditions and the geomey
were suf cient to induce transition to turbulence after 11 p12
cycles. In addition to preparing the grounds for investimgpets of
reversible ow in the airway systems, results of the studiesf
pulsatile ow could have important implications for our ued-
standing of aneurysm ow dynamics. The possible excisterafe
turbulence in low Reynolds number pulsative/oscillatoryows
and its overall effects in complex geometrical systems aresa-
ciated with considerable challenges. The activities at CBT-FI
will mainly focus on these issues in 2011/2012.

Cardiac Computations

CBC@Simula. With CBC.RANS we can quickly implement new |, |ine with the overall goals of CBC, the Cardiac Computatio

turbulence models, couple equations as desired, easily &xp
ment with different types of linearizations, experiment drwith

higher-order discretizations. In this way, CBC.RANS pded a
testbed of signi cantly higher exibility than what is possble

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 t
the investigation of ow characteristics in blood ow and C&
ow. For the blood ow project, determining the presence of
turbulence is of fundamental importance. Aneurysm growtida
rupture is believed to be closely linked with shear stressesnd
these are considerably higher in turbulent than in laminaws.

In 2010 we have also continued our study of a biomedical
ow application concerning air pollution from an existingulge-
scale industrial site. More precisely, we study dispersiand
transport of aerosols containing biological material raled from
the site and their ability to be transported over long distees.
The study was motivated by the largest outbreak of legionres'

project shares its focus between developing computatiotabls

for simulations of heart electrophysiology and mechaniasd ap-
plying these tools in fundamental biophysical research acithi-
cally relevant applications. In terms of tools developmemtork

in 2010 includes mesh improvements and generation of volime
ric meshes from reconstructed geometries (of arbitrarystures,
but primarily of cardiac origin and diverse scale in our casthe
Geometry-preserving Adaptive MeshER (GAMer), ameshirapro
ment library, has been considerably improved, includingasure

of original algorithms and addition of a command line framieo
GAMer. The library has also been wrapped in Python, pavireg th
way for the development of a plugin to Blender (an open source
CGl software). As a result, surface meshes can now be read
directly into the graphical user interface of Blender and ajity
can be improved interactively using both tools from Blendsrd
GAMer. Built-in Blender functions, such as boolean operas
and the application of material properties, have been leaged

to generate marked volumetric nite element meshes, and the

disease ever recorded in Norway which occured in 2005 and GAMer plugin to Blender has been successfully used to imgrov

2008. These outbreaks resulted in 10 deaths and more than 100

reconstructed meshes of the subcellular environment in imer
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cardiomyocytes. The plugin has also been used by close dwnlla
orators to improve reconstructed meshes: human hearts ia th

Cardiac Mechanics Research Group at UCSD, led by Prof. An-

drew McCulloch, and neuronal tissues from the Computationa
Neurobiology Laboratory at the Salk Institute led by Proferfy
Sejnowski.

Furthermore, in addition to general improvements of out-sof
ware for cardiac electro-mechanics, 2010 resulted in newrsi-
lation software for arbitrary reaction diffusion equatisnSubcell,

an open source simulation software based on FEnICS, has been

developed in concert with other CBC researchers. It featare
a simple, yet powerful, declarative language for descripiar-
bitrary domains, species, reactions, and uxes (in our cexit
focused on the intracellular environment of the cardiomybe).

It also includes declarations of discrete and stochasticdling
of boundaries for subcellular simulations, facilitatingepling to
discrete molecular channel dynamics. Code eventually used
solve declared equations is generated dynamically and cdet
just in time, combining high performance with high levellplem
de nition.

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

Calcium links electrical and mechanical events in cardiac
muscle. As such, it plays a multifaceted and complex role othp
normal and pathological cardiac function. Speci cally, gardiac
myocytes, intracellular calcium links membrane excitati¢the
action potential) to sarcomere contraction. Calcium dynam
include both synchronous oscillations and nonlinear waveep
nomena, both arising from spatially localized stochastieemts
within the cardiac cell. Three-dimensional cell geomegi@ith
realistic spatial distribution of subcellular features e been re-
constructed from confocal microscopy of ventricular myoesy.
This model provides a computational platform to study irded

Our applied research aims to elucidate mechanisms behind lular calcium with the ability to interact with experimentanea-

cardiac pathologies and to identify targetable processdbus
hopefully contributing not only to a better understanding ocar-
diac arrhythmias and mechanical dysfunction, but also iayimg
medical prevention and intervention techniques. Recendyr re-
search has focused on the role of several factors in uenciagd
modulating arrhythmias and cardiac disease; pharmaca@pies
in cardiac muscle cells and tissues, stability of cardiontyte
electrodynamics, the dynamics of subcellular calcium rade in
the cardiomyocyte, and cardiac electromechanics aimed at u
derstanding mechanical dysfunction at the organ level.

Despite the fact that literally thousands of novel drug ther
apies to combat cardiac electrical and mechanical dysfuioct
have been developed and marketed in past decades, very few
have actually been proven to have a signi cant therapeutié-e
fect. Novel strategies for drug therapy in cardiac diseaseea
urgently required, and this diverse sub eld is ripe for caittu-
tions and insight from modeling and simulation. We have used
cardiac cell models to predict the effects of theoretical dgs
targeting cells with mutations in the sodium channel, whigha
crucial component in electrical activation of the cell. Trem is
to compute advantageous properties of a hypothetical drug b
deriving model parameters of the drug action that restoredaam
channel function and minimize the difference between whalel
currents in drugged mutant and wildtype cells. This methésigy
is highly applicable to diverse scenarios of ion channel tiysc-
tion and potential drug therapies and will be used in subseqa
studies.

Inthe eld of cardiac arrhythmias, the initiation of an aryth-
mia in the heart has been a subject of intense study for decade
It is well-established that one mechanism of arrhythmia gea-
tion and maintenance involves ectopic foci: electrical agtions
arising inappropriately from outside the sinoatrial nodehfch
signals contraction via a regular electrical signal duringrmal
function). Much theoretical and computational work has teed
on what happens to waves initiated from an ectopic site, bugry
little on the origin of the beats themselves. The latter hagbn
a research focus of the Cardiac Computations project durihg
last calendar year. Several pathological states are assateid
with increased ectopic activity, and so we postulated thalhése
pathologies have effected the stability of the resting statof car-

surements of subcellular structures, and will lead to immex
understanding of the subcellular calcium dynamics that irence
cardiac excitation and contraction in health and disease 2D10,
our work on subcellular calcium dynamics, in collaboratieith
Prof. Andrew McCulloch's group at UCSD, and the Institute fo
Experimental Research at Oslo University Hospital, Ullgvéas
continued. An exciting current and future application aréa
understanding of calcium spark generation in failing maraar-
diomyocytes in concert with our experimental collaborasor

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 origyrtafne
out of an additional project on evolution, which will conde
early 2011. This original project has focused on the dynamic
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 elemphys-
iological modeling of diverse, non-excitable human celpés,
including cardiac and synovial broblasts, as well as theisgvial
chondrocyte (detailed below), in collaboration with inteational
experimental partners. These new electrophysiologicaldats
may, in the future, help elucidate detailed biophysics aridrsal-
ing mechanisms at play in the context of human connectivestie
disorders. The rst model of this kind is currently being deleped
in concert with the support of our experimental collaboratoat
the University of Calgary, Alberta, Canada. A rst articl&gcus-
ing on presentation of the novel model and its applicationttze
study of the effect of local pH on the chondrocyte, is expeadle
mid-2011.

Inverse Problems

In the Inverse Problems project we investigate, in collabbon
with Oslo University Hospital, the possibilities for impfiag 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 andina
pectoris, which is the single most frequent cause of deattogk
ally. However, current ECG technology lacks sensitivity hlind
to ischemia in certain regions of the heart, and is largelyadjta-
tive. The analysis is based on simple measurements of amgés
and time intervals that do not re ect the 3D anatomical comex-
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 ia th
heart through the use of inverse solutions. There are threwal
advantageous clinical aspects in our research. First, thedrse
solution is carried all the way into the myocardium, as oppds
to standard inverse solutions that compute only the poteail$
on the outside of the heart. The new approach will provide in-
formation about the anatomical position and size of the igghic
lesions. Second, an optimallead set can be developed by dise
optimization. This will overcome on one side the impracligeof
high-density body surface mapping and on the other the laxki
sensitivity of the current 12-lead ECG. Third, real-timedging of
the temporal evolution of ischemia can be achieved by catifu
designing and optimizing the inverse solver.

We started testing our methods on patients being examined
forischemic heart disease at Rikshospitalet University $gatal in
2008, and this clinical trial is still ongoing. As part of thelinical
evaluation the patients undergo heart MR imaging, angiqira
and exercise testing with myocardial perfusion scintigtgp In
conjunction with the exercise test we record a 72 lead bodyisu
face potential map that together with the MR images form the
basis for the inverse procedure. The computed size and |aat
of the lesions will be compared with those from angiographya
scintigraphy, and we are currently starting to develop thestrics
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 ¢ pamn-
eters. We have an ongoing collaboration with Rikshospitale
giving us access to a branch of alarge EU study that evaluatiés
agnostic tools for ischemic heart disease. The study stattarly
2010 and Rikshospitalet will recruit about 150 patients ovea
period of 2 years. This provides us with enough data to opzeni
the technology and draw reliable conclusions about its étal
value. The collaboration with the cardiologists from Rilcspi-
talet proves to be fruitful, and has strengthened the compeice
pro le of the project. The CBC part of the project consist ohtee
20% positions, funded by our host institution, bringing &iger
researchers from Telemark University College, The Unitgisf
Oslo and The Norwegian University of Life Sciences in addito
the researchers from Rikshospitalet.

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

Computational Geosciences

The Computational Geosciences (CG) project has continuzd t
combine geoscienti c research with the development of coonp
tational tools that have broad applicability in biomedica$ well

as geophysical science. In the following description we hiight
some of the research areas that have direct applications wtlp
biomedical and geolocial research.

Particle laden ow has a wide range of applications in both
biomechanical and geological modelling. Researchers @G
project have been steadily developing a novel approach tmsi
ulate uid ow In contrast to other approaches, the modellig
framework computes the evoulution of mesoscopic computa-
tional entities known as "particle lumps" in order to simtédahe
particle ow. The modelling framework has been successfull
applied to dense particle ows where inter-particle reaatns are
relevant, and a multiscale phenomenology has recently belen
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veloped. Researchers in the CG project are now pursuing new of a FEnIiCS based solver for traditional geoscience probdem

applications of the framework, including the deposition prti-
cles in pipe ow, and the large scale transport of sand into ¢h
deep ocean oor.

In seismic forward modelling arti cial seismic data are sim
lated given a model of the geological domain. Solutions te#e
equations can be interpreted as rst-arrival times of a pragating
front, typically the body and surface waves in terms of seist
ogy. The governing mathematics are differential equatiknewn
as Eikonal equations. The traditional discretization oétkikonal
equation makes use of only edge connected neighbours. I§dia
onally connected neighbours are used the accuracy increabg
a signi cant amount, since the angular resolution of the afing
wave is better estimated.

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

In 2010, the CG project started began the development

uid motion problems in the Earth's mantle. Such problems in
volved the solution of coupled equations, non-linear matds
and strongly varying material properties. BenchmarkingnieEs
for geoscience applications willimprove the user base angand
the material parameterisations available to bio-domaindebers.
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 situatiapplies
equally to geoscience and biomedical models. As such, wedav
mapped the uncertainty in a speci c class of models, des@ib
by a very simple ordinary differential equation, and dissed a
range of approximation aspects that are related to such a rebd
Extensionsin 2011 will cover a series of partial differemtiequa-
tion models of increasing complexity, approaching the readrld
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 ca
be used to add an uncertainty calculation to an existing com-
putation. In particular, the long-term goal is to automadity
equip FEniCS-based solvers with uncertain quanti cati@md as
a natural by-product, sensitivity analysis and support foaram-
eter identi cation (inverse problems).

Tetrahedral mesh of sub-cellular structures in a cardiadlcased in modeling of calcium dynamics.
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Featured Researcn 2010

Syringomyelia, Chiari Malformation
and the Flow of Cerebrospinal Fluid

The cerebrospinal uid (CSF) surrounds the brain and spoat.
This uid plays a fundamental part in the central nervous sgsn
as it pulsates between the head and body, allowing the bram t
expand and shrink as a function of the pulsating blood pressu
Other important functions of the CSF include protecting theain
and spinal cord from trauma and facilitating a stable chealic
environment for the central nervous system.

The Chiari | malformation, occurring in 0.7% of individuals
is characterized by lower parts of the brain being sunken dow
in the neck. More precisely, the malformation features a dow
ward displacement of the cerebellum, secondary to incontple
developmentofthe skull. Therefore the cerebellar tonsilee dis-
placed through the base of the skull (foramen magnum) inte th
spinal canal. The malformation causes many symptoms inalgid
syringomyelia, dizziness, weakness, vision problems,dsede
and paralysis. Cysts or uid lled cavities in the spinal cat,
termed syringomyelia, occur in about half of Chiari patienThe

those in normal individuals. More speci cally, the CSF ow i
Chiari patients exhibit more complex bidirectional ow p&rns,
including jets with velocity magnitudes twice that of hedtty
volunteers. In a series of papers, we have focused on the dif-
ferences in uid velocities and pressures in idealized geetries
representing normal individuals and Chiari malformatiatignts.
The gure below illustrates ow differences in idealized mad-
els of normal individuals and Chiari malformation patienfhe
uppermost left image shows the velocity magnitude of a sagi-
tal cross section in an idealized geometry representing amal
individual. The geometry is shown in the middle image, while
sagital cross section of an MR image of a normal individual is
shown to the right. The downmost left image shows the velocit
magnitude in a sagital cross section in an idealized george&p-
resenting a Chiari patient. The corresponding geometryhisven

in the middle image, while a sagital cross section of an MR graa
of a Chiari patient is shown to the right. Both velocity image
show velocities at maximal systole. Notice that there areedr
differences between the two images, in particular there anigh
speed jets in the idealized Chiari patient at the foramen nmagn

cysts may elongate and expand over time, compressing spinal (and corresponding increased pressure gradients). Thexaet

cord tissue and impairing neurologic function.

Our collaborators, neuroradiologist Prof. Victor Haugtrend
co-workers at the University of Wisconsin (Madison), haveced
umented that the CSF ow velocity in Chiari | patients excesd

velocities compare well with velocities from MR measurenten
The corresponding CSF pressure increase in the idealizeidiCh
malformation patients amounts to 14-30 %.

Velocity difference between idealized normal geometrieséChiari | geometries.

A second study, focusing on the poro-elastic models of the
spinal cord has recently been accepted in a prestigious noadli
journal. This study proposes a new explanation for the réat
between the Chiari | malformation and syringomelia; thattlse
porosity of the spinal cord and in particular the central calrallow
the increased stress associated with the Chiari malfornuatito
progress several centimeters downwards in the spinal corttla
forming a syrinx. Many theories have been proposed to explai
syringomyelia in the presence of the Chiari malformationt by
no consensus exists. The main weakness of the theories on the
relationship of the malformation and syringomyelia is ttalire
to explain the relatively large distance between the malfoa-
tion and the syrinx. Therefore we have modi ed the conventa

models to include the speci cation of porosity within the spal
cord. Porosities have been assigned to the gray matter, wehit
matter and central canal in the spinal cord and the Biot eqiats
for coupled uid ow and elastic deformations have been apield.

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 irést
is indicated to show the modeled region. The middle panehsko
the pressure eld obtained from assuming different permédip
of the central canal, grey and white matter. The rightmostrp
shows the velocity pro le for the region with steepest presse
gradient. The colors indicate the magnitude and the arrows t
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 or published in high impact clinical journals such as the Ainan
result of the study was that the model with the inclusion of  Journal of Neuroradiology. We think this is an amazing resul
porosity could better explain the distance between the lotan given the short time life span of our CSF studies.
of the tonsils and that of the syringomyelia. Several new subprojects have been started within this
We are extremely satis ed with our on-going collaboration  project. Most notably we aim at investigating spinal cord-ta
with clinical researcher Victor Haugthon and his co-worker  pering of Chiari patients compared to healty volunteers,dying
Prof. Haughton is a world-leading researcher on CSF ow and several patient-speci c geometries, analyzing the imparice of
has spent two decades on increasing the medical and physical the porosity of the cord with Biot and Brinkman ow models, an
understanding of abnormalities in the ow and their relatis to evaluating the effect of decompression surgery in our ideabl
syringomelia. To this date, four CBC papers have been acedpt computational model.

Simulated CSF pressure and velocity elds for a patient witsyringomelia.
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Computational Hemodynamics

Cardiovascular diseases, like cerebral strokes, are amaing
main causes of death in the industrialized world. As deseskin
the section on the BFS project above, a particularly seveoarh
of stroke results from the rupture of a cerebral aneurysm. eTh
bleeding which follows rupture of a cerebral aneurysm wiigti-
cally occur in the subarachonoid space that surrounds theibr
and is calledsubarachnoid hemorrhagehe subsequent pressure
increase in the brain will obstruct the blood supply, and the-
sulting lack of oxygen to the brain results in death within 3fays
in 50% of the cases. The surviving patients will typically Ser
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). Althoughe
classical CoW is a symmetric, circle-like structure, it iDmmon
that one or more blood vessels in the CoW are underdeveloped
or missing, and only 40% of the population t the classical sy
metric description. Aneurysms typically occur in places erb
there is disturbed ow or where the vessels divide, and thisay
explain their occurence in the complex vessel structure dfet
CoW. In addition, the blood vessels in CoW are thinner thahet
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 beled
that aneurysms can be initiated because of an alteration diet
stresses caused by the owing blood. Increased and oscillaj
surface stress may lead to cell damage, which may in turngeg
in ammatory and degenerative processes. This may damage th
structureal integrity of the vessel, and initiate the forntian of an
aneurysm.

Angiography of cerebral arteries with an aneurysm.

Autopsy studies have shown that 1-6% of the population will
harbour an aneurysm during lifetime, and for a given anemrifse
annual risk of rupture is around 1%. Treatment methods are as
sociated with a high risk for the patient, and it is desirabte
only treat those aneurysms that are likely to rupture. Howay
performing a patient-speci ¢ risk assessment is dif cultsince
both the initiation and rupture of aneurysms are in generabply
understood. In order to better estimate the risk of ruptuthere
is substantial focus on the non-linear viscous behavioutdbod,

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 i
rupture. In particular, we have investigated new indicador as-
sessing risk of aneurysm rupture based on uid mechanicalpr
erties such as the kinetic energy% mv?), vorticity (+ r )
and pressure drop over the aneurysm. The background fonstud
ing these factorsis that a complex vessel and aneurysm geadmye
may lead to a concentration of energy, which locally resultsa
more complex ow. The complexity of the ow (increased vor-
ticity) could affect the endothelial cell alignment and &t the
structural integrity of the wall. Furthermore, the overahear
rates would increase and more energy would be required toelri
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+urur

; oy
)

O

ru =

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) pl 3)

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

(u) = %(r u+ru’): 4)

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

The intracranial vasculature from 12 patients with intrar
nial aneurysms were used for creating computational meshes
CFD simulations were carried out with a realistic wavefonmheit
pro le, and resistance out ow boundary conditions to modéte
downstream vasculature. The visualizations of the ow shead
different ow patternsin ruptured versus unruptured sulgs. In
the ruptured aneurysms, the ow impinged with a more perpen-
dicular angle at the opposing wall compared to the unruptdre
aneurysms. The blood ow in the aneurysms that would rup-
ture had a higher kinetic energy inside the aneurysm domeolvhi
resulted in a more unstable ow with higher values of vortigi
and pressure drop. Increased kinetic energy and vorticajues
showed a stronger correlation with rupture when compared to
values for WSS, and can possibly be a better indicator forkris
assessment of aneurysm rupture.
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Enstrophy in ruptured (left) and unruptured (right) anesms.

In a second study, we investigated whether turbulence was
present in the blood ow related to one representative ceredl
aneurysm, using a direct numerical simulation assuming tdew
nian ow and rigid walls. The simulationsindicated that toulent
or transitional ow was presentin the the aneurysm. This ridg
may have a signi cant impact on the modeling of blood ow in
cerebral aneurysms, since developmentand rupture of agsons
is believed to be tightly linked to wall shear stress. The wahear
stress is known to increase dramatically as the ow turns tur
bulent. The largest direct numerical simulations of the ptem
have been conducted at FFI using the high-performance CDP
software! 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 cirtau
tory system produces sound, but experiments have shown that
people with aneurysms have a different sound. In an experitne
the recorded frequencies were of rougly 500 Hz, and was found
in 60% of the aneurysms. There are many theories for the seurc
of this sound, but no theory can currently explain all the odrs
vations. We believe that the source of the sound is turbulenc
There has been remarkably little focus on the presence of-tur
bulence in cerebral arteries, and the assumption of lamiroay
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 know to
be far more chaotic and energy dissipating, resulting inftygn-
creased magnitude of WSS, and increased frequency of pressu

uctuations and direction changes in WSS. The effect of thes
ow characteristics on cell and vessel remodeling is curréyn
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 realishiw
models of cerebral blood ow, and their potential usage in der-
standing cerebral strokes. The objective of the presentdiuvas
to determine if turbulence can occur in an intracranial amgsm,
and to determine the effects of the turbulence on the aneurgs
wall, using very high resolution CFD. A Direct Numerical G
tion (DNS) is performed if all characteristic scales of a budent

ow are included in the simulation. The DNS simulations inigh
study were conducted by our collaborating partners at FRieT
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 tor{

Lwww.stanford.edu/group/cits/research/combustor/cdgtml

bulence and relaminarization. The computational geometas
recreated from medical images obtained from our collaborat
at the University Hospital of North Norway. We used a reaicst
patient-speci c waveform on the inlet and an equal ow divien
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 intelity until
mid deceleration, before relaminarization occurred dgriias-
tole. The gure above illustrates the complexity of the owas
the magnitude of the vorticity (enstrophy), just after pealys-
tole. We measured the velocity and pressure in a point locdte
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 gradientse
clearly visible, and the departure between the signals beden
the two heart beats quanti es the existence of turbulence. hie
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 D®
Hz, and the peak pressure uctuations had a frequency of rdug
100 Hz and 1.5 mmHg.

The current study con rms, through properly resolved CFD
simulations, that turbulence can occur in intracranial amgsms.
Even though we have only studied a single aneurysm so far,
the ndings are similar to experiments performed during gery
where turbulence was found in 10 of 17 aneurysms. We have
demonstrated computationally that turbulence can explaine
experimentally observed phenomena and shown that the effec
on the vessel wall can be orders of magnitudes larger thanyire
ously assumed. New series a@f vivo experiments should there-
fore be performed toinvestigate how the vessel wall reacts the
increased WSS, the frequency at with the WSS changes directi
and the rapid pressure uctuations.
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Velocity and pressure measurements over two heart cycles.
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Education and Outreach

The Simula School (SSRI)

Being hosted by Simula Research Laboratory, CBC has access t
awell-developed infrastructure for education of new resehers
through doctoral and postdoctoral studies. In particulal|
Ph.D. students and postdoctoral fellows at CBC are af liate
with the Simula School of Research and Innovation, whichhig t
organizational instrument for all levels of education atr8ula
Research Laboratory. This ensures a professional framévior
our Ph.D. students and postdocs with respect to their reselr
and career development. The added value of our association
with SSRI consists of enhanced support in supervision, nwent
ing and recruitment, as well as special courses on topics buas
communication of scienti ¢ research and entrepreneurship

The aim of SSRI is to educate highly quali ed researchers
within the research elds of Simula, as an attractive resoee for
academia, industry, and the society at large. In additionthe
traditional researcher education, management developtnen-
grams and career guidance at postdoctoral level are key edans
of the school's activities. SSRI encourages and assists tte-
dents in establishing close connections with industry asesult
of exchange programs and international collaboration. dgh
speci ¢ initiatives and activities the school will ensurette nec-
essary academic and social conditions to allow the studertts
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 Municipsl
(14%), Telenor (7%), SINTEF (1%), and The Norwegian Corgputi
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 théime
University of Oslo and increased international exposureuring
2010, SSRI has performed a dedicated search for an educadion
partner in the United States. After careful examination afeeral
top-ranked institutions, the search has concluded with War-
sity of California San Diego (UCSD) as the preferred partrighnis
partnership is also strongly supported by UCSD faculty aropt
management.

UCSD is a public university with more than 27,000 students,
that is of about the same size as the University of Oslo (Ui@).
the 2010 ARWU (Shanghai) ranking, UCSD holds 10th place in
Engineering/Technology and Computer Sciences, and 14#cpl
overall. This university conducts world-class researchthn
the areas of communication systems, scienti ¢ computingjca
software engineering applied to biomedical problems. Aeth
graduate level, the National Research Council ranks UCSBt r
in the United States in bioengineering, biological sciescand
oceanography and atmospheric sciences. These elds are+el
vant to Simula's research areas, and the rst eld listed isgy-
ticularly relevant to to the activities in CBC. The univetgialso
scores strongly overall, with almost two-thirds of the dootal
programs ranked in the top 20 in their eld, and is the second
best public university in the United States after Univergitof
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 desiae

educational program involving Simula, UCSD, and UiO cowgeri
60 study seats at master's level and 60 Ph.D. positions, lead up

to joint degrees. The proposal also recommends the allozabf

90 study seats at the bachelor's level at UiO, to streamlinaghly
quali ed candidates for the graduate studies. This collatadion
has the potential of becoming the most ambitious Norwegian-
American educational alliance to date. This initiativegals well
the evaluation committee's statement concerning the potet

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.Dnca
postdoc positions. The school has also been awarded its seto
period of funding from the Municipality of B rum, providingne
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. Th&sm-
paign, named Prepare, is co-funded by the Municipalitieasker,

B rum, and Oslo, and Akerhus fylke. Itis based on the Engimee
ing Ambassadors program developed at Penn State Univerisity
the United States, which has proven to be successful in atttang
students to engineering studies. Through training and guice,
young university students are prepared to become mentorg; g
ing tailored talks about science to pupils in secondary anpper
secondary schools. Inits rst phase, the Prepare campaigash
a special focus on recruiting females to science studies,ripa
through selecting female mentors and partly by the design of
the message delivered through the mentors' presentatiorhe T
training of the mentors has been designed and implemented in
close collaboration with communication experts from Pentat
University.

Python for Scienti c Computations

CBC continued its efforts with bringing Python-based sofewe
development technology out to the national and internatiain
computational science community of students and researnche
More details about this activity is described in the annuaport
of 2008.

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

Scienti ¢ Software to the World

The most important outreach project at CBC is probably thelFE
iCS software suite, which is described in detail under theddéng
“Featured Research 2009 — Finite Element Software” in the-an
nual report for 2009. CBC researchers and collaborators spe
much efforts in 2010 on writing chapters to the upcoming book
about FENICS. This production of documentation also ledudey
some work with redesigning interfaces in FEniCS in orderrto i
crease the user friendliness. We expect the launch of the koo
together with the rst of cial release of FEnIiCS in 2011 to be
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a major event in the history of CBC that will attract widespael
attention in the international computational science conmity.
Linux (or formerly Unix) has been, and probably will be, the
dominating operating system for large-scale, high-perf@nce
computing. Therefore, distributing scienti ¢ software avithe
most important Linux channels is a key strategy for widespce
use. The popularity of Ubuntu Linux has increased greatlyan
cent years, mostly due to its user friendliness. Ubuntu aiegl
Debian packages for distributing software, and it is demarg)
but correspondingly awarding, to get software accepted ire-D
bian. As mentioned in the annual report of 2009, FEnIiCS and
other software packages from CBC (SciTools and Swigina® ar
now of cial packages in standard Debian. This is an importan
achievement as Debian over the last few years has grown to
be the leading repository for mathematical software. InBiag
very complicated software suites, such as FEnIiCS, depegdin
on dozens of huge packages, is a matter of a simple one-line
command (or click) in Debian-based operating systems. Tigh h
quality of mathematical software in Debian has lead us to rec
ommend running Ubuntu Linux as virtual (or dual boot) opiexat
system on Mac and Windows machines for all students and re-
searchers associated with CBC. This strategy has proved ths
stantially remove much of the hazzle with installing the need
mathematical software on Mac and Windows platforms.

University Teaching

Almost all senior CBC researchers are involved with univigrs
teaching. The Simula staff lecture at the University of Osbe-
partment of Informatics. Our collaborating Biomechaniégi§ion

at NTNU gives courses at the Department of Structural Engine
ing at NTNU, collaborators at FFI have created courses ind ui
mechanics at the University of Oslo, and CBC associates imSa
Diego are involved with teaching computer science coursds a
the University of California at San Diego.

CBC teachers take particular interest in th€omputers in
Science Educatior{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 relevaigsce
courses at all education levels. That is, CSE is a computatib
science reform that aims atimplementing computer simwas in
existing courses, rather than doing this in a new separatehpu-
tational Science” student program, which is the common aygwh
elsewhere. Furthermore, CSE aims at introducing programgmi
and simulation from day one (through the course INF1100 men-
tioned above) and not wait until the master or Ph.D. level &s i
usual elsewhere.

The CSE project has received quite some international recog
nition as one of the very few successful attempts to modersiz
existing science education in a substantial way. So far, alb@a
dozen of science courses have undergone a major moderrumati
building on the new numerical knowledge that the studentsiga
in the rst semester. This modernization also has three inmpo
tant pedagogical aspects: 1) programming is an effectiveléor
increasing theunderstanding; 2) numerical solutions move the
attention from lengthy algebra to a focus on problem formtiden
and interpretation of solutions, i.e., physical understtng; and
3) computer simulations allow more realistic and inspiripgb-
lems to be studied, and give students insight into currensearch
problems. For CBC the CSE project is about bringing the tools
and working habits of our research to students. Hopefullizig
modern approach can improve recruitment and draw attentmn
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 |oiokg
into how the project can be implemented at colleges and uni-
versities in Norway. The Ministry regards the project as aajr
success, and this view is shared by many of our colleages at
universities outside Norway. CBC aims to strengthen its ¢ton
butions to the project in the years to come.

270 cite one of Norway's two greatest contributors to computscience, Kristen Nygaard: “Programming is understariding
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Appendix

In the appendices below, we use several abbreviations:

ADM The Administration unit at Simula I\N/ITNU
BFS Biomedical Flows and Structures (CBC project)
. . . RCN
CBC Center for Biomedical Computing RES
CcC Cardiac Computations (CBC project) SRL
CG Computational Geosciences (CBC project) SSRI
CM Computational Middleware (CBC project)
UCy
F Female Uio
FFI Norwegian Defence Research Establishment UMB
HOST Simula Research Laboratory (SRL)
. Umu
IP Inverse Problems (CBC project) UW

Staff and Budget

Male

Norwegian University of Science and Technology
Research Council of Norway

Robust Flow Solvers (CBC project)

Simula Research Laboratory (CBC host institution)
Simula School of Research and Innovation
University of Cyprus

University of Oslo

Norwegian University of Life Sciences

Umea University

University of Wisconsin

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% RS, 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, RASFS 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% UmUGRGCBC
Mikael Mortensen M 01.01.2008-31.12.2012 60% RFS,CM, BFS, Labex; 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

()



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% RFStexp UCy

Harikrishnan Radhakrishnar 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 gras0450/vV30

Harish Narayanan M 24.09.2010-23.09.2011 100% CC Univeysof 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 S8R

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 IRFCy
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 grag0450/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 0850/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 BIS

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 @ + 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 grat80450/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 BOUIO + 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 mayears

Name Gender Period CBC share  Project Funding

Benjamin Kehlet M 01.03.2010-31.08.2010 80% CBC@Simula RQyrant 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
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Guest researchers 2010: 2 people, 0.5 man-years

Name Gender Period CBCshare 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 713.2 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 budgethfiunding. The operating revenues and expenses represeaftimding
and cost that we control our selves. The income in kind and ogdeng expenses in kind presents representative gures fnaactivities
(people) within the CBC project, but with the funding and desoutside of CBC's books. By further expanding the scope dC
and establishing collaboration with The Norwegian DeferiResearch Establishment, the University of Cyprus and then@tational
Geosciences project nanced by Statoil through Simula Sai@f Research and Innovation the SFF grant from the ReseaCcunsil
of Norway now representsless than 25% of the total funding 6BC activities, instead of the approximately 65% that wasiginally
intended in our proposal.
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Operating Revenues Note  Account2009 Budget2010 Account20 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 Ume& 6 160 160 165 165
Host — Simula Research Laboratory 7 1,000 500 288

Kalkulo AS 8 687 850
FFIl 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  Account2009 Budget 2010 Account20 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 Applicatiol 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 dndovation (SSRI) (= 7,865):
Simula Research Laboratory's subsidiary Simula School esdarch and Innovation (SSRI) is responsible for all edimzdl activities in Simula Research
Laboratory. The Simula School has nanced the work of 2,75 mgear post docs (S. Clark, O. al-Khayat, L. Vynnytska, anddRebrant), 0,2 researchers
(A. Schroll), and 5,6 man-year Ph.D. students (O. al-KhaylatB. Haga, K. V. Sendstad, J. Feinberg, R. Nerlich, S. KI Bxath 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 Soée and Technology (NTNU) (= 3,217):
NTNU has nanced in kind a total of 0,90 man-years of seniorientists (Prof. B. Skallerud and Prof. L. R. Hellevik), 1 mgear post doc (V. Prot), and the
equivalence of 2 man-years of Ph.D. students (P. R. Leinad &xGoudarzi).

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

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

Note 7: Contributions in kind from the host, Simula Research Laltora (= 288):
Funding of two part-time senior scientists (Prof. A. Tve#od Prof. A. M. Bruaset), two postdocs (P. Li and R. Artebjaag 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 Researclebtishment (FFI) and University of Cyprus (UCy) (= 1,577):
0.9 man-years of senior scientists (shared between B. A. RilR M. Mortensen and S. Kassinos), 1.9 man-year of post dositons (D. Gregoriadis,
H. Radhakrishnan, E. Votyakov and M. Tutkun), and 0,3 masyef technical staff (A. Helgeland and E. Wingstedt).

Note 10: Contributions in kind from the Norwegian University of LBeiences (= 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, SareBo (UCSD) (= 459):
Funding of senior researchers (S. Baden, A. McCulloch arthke) and Ph.D. student (D. Unat).

Note 13: Contributions in kind from the University of Wisconsin (=4
Funding of adjunct researcher (V. Haughton).

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

Note 15: Other operating expenses include the cost of scienti ¢ equment, travelling, workshops, seminars, and visitors.

(=)



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 CcC

Prof. J.Ho Defence Research and Development Canada Canada BC@NTNU
Dr. W. R. Giles University of Calgary Canada CcC

Prof. R.J. Spiteri University of Saskatchewan Canada CcC

Prof. W. Chen Hohai University China CM

Dr. P. Moireau Institut national de recherche en informa#iget 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 P

Dr. L. Antiga Mario Negri Institute for Pharmacological Besch, 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 Noywa RFS

Prof. O. M. Sejersted Oslo University Hospital Norway CcC

Prof. P.K.Eide Oslo University Hospital Norway BFS

Dr. W. Louch Oslo University Hospital Norway CcC

Prof. A.Malthe-Srensen 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.0.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 Nay Norway BFS

Prof.  T.Ingebrigtsen University of Troms and Universitgdgital of Northern Norway Norway BFS

Prof. W. George Chalmers Institute of Technology Sweden BFS

Prof.  F.N.vande 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 CcC

Dr. J. Zhu Kentucky Geological Survey USA CG

Ms. H. C. Bender Missouri University of Science and Techmpolo 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 Matlzatics 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 thesearch has been funded by CBC. By this we mean that at lease®f
the authors of the reported publications must have his/heam af liation with CBC, and has contributed to the publicain as laid out
in Simula's publication guidelinesttp://simula.no/research/publication-guidelines

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

In the annual reports for 2007-2009, the counters for the itas in the various publication categories have continued ntog from
the numbers in the previous year's report. The careful workwestablishing a complete and accurate publication ligtrfthe mid-term
evaulation of CBC revealed some tiny inaccuracies in the nting data in previous annual reports. Therefore, we haveided to not
use counters that run through several annual reports, bugterd let all counters start at 1 each year from now on. Tinyaecuracies in,
e.g., the publication year, or even a missing item, are undable and just es the new model for numbering publicatians

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 B 1 8
Articles in International Journals [2] M. S. Alns andK.-A. Mardal On the Ef ciency of Sym-

bolic Computations Combined With Code Generation for
Finite Element MethodsACM Transactions on Mathemat-
[1] O.Al-KhayatA.M.BruaseandH. P.LangtangenA Lumped ical Software, vol. 37(1), 2010.
Particle Modeling Framework for Simulating Particle Trans
port in Fluids.Communications in Computational Physics [3] R. Artebrant A. Tveitoand G. T. LinesA Method for An-
vol. 8(1), pp. 115-142, 2010. alyzing the Stability of the Resting State for a Model of

()



(4]

(5]

(6]

(7]

(8]

El

[10]

[11]

[12]

[13]

(14]

Pacemaker Cells Surrounded By Stable Celidathemat-
ical Biosciences and Engineeringol. 7(3), pp. 505-526,
2010.

[15]

F. Bengzon andV. G. LarsonAdaptive Finite Element Ap-
proximation of Multiphysics Problems: a Fluid-Structune |
teraction Model Probleminternational Journal for Numeri-
cal Methods in Engineering/ol. 84, pp. 1451-1465,2010.  [16]
R. E.Bensowanil. G. LarsorResidual Based VMS Subgrid
Modeling for Vortex FlowsComputer Methods in Applied
Mechanics and Engineeringvol. 199(13-16), pp. 802—
809, 2010.

[17]
M. BurgerK.-A. MardalandB. F. NielsenStability Analysis
of the Inverse Transmembrane Potential Problem in Elec-
trocardiographylnverse Problemgsvol. 26(10), 2010.

N [18]

S. G. Campbell, F. V. Lionetti, K. S. Campbell akdD.
McCulloch Coupling of Adjacent Tropomyosins Enhances
Cross-Bridge-Mediated Cooperative Activation in a Markov
Model of the Cardiac Thin FilamerBiophysical Journal
vol. 98(10), pp. 2254-2264, 2010.

[19]
V. Carey, D. Estep, A. JohanssoM. G. Larsonand S.
Tavener. Blockwise Adaptivity for Time Dependent Prob-
lems Based on Coarse Scale Adjoint Solutiol®AM Jour-
nal on Scienti c Computing vol. 32(4), pp. 2121-2145,
2010.

[20]

M. EndregérdB. A. P. Reif T. Vikand O. Busmundrud.
Consequence Assessment of Indoor Dispersion of Sarin-A
Hypothetical ScenarioJournal of Hazardous Materiala/ol.
176(1-3), pp. 381-388, 2010. [21]
J. D. Feala, J. Cortes, P. M. Duxbury, C. Piermarocahi,
D. McCullochand G. Paternostro. Systems Approaches and
Algorithms for Discovery of Combinatorial Therapiééley
Interdisciplinary Reviews: Systems Biology and Medicine
vol. 2(2), pp. 93, 2010.

[22]

D. G. E. Grigoriadid. E. Sarris an&é. C. KassinosMHD
Flow Past a Circular Cylinder Using the Immersed Bound-
ary Method Computers & Fluidsvol. 39(2), pp. 345358,
2010.

(23]

P. Hansbo, D. Heintz anil. G. LarsonAn Adaptive Finite
Element Method for Second-Order Plate Theohyterna-
tional Journal for Numerical Methods in Engineeringol.
81(5), pp. 584-603, 2010.

[24]

S. Hentsche] K.-A. MardaJ 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 Dynamigmerican
Journal of Neuroradiologyol. 31(6), pp. 997-1002, 2010.

[25]

K. H.Karlserand T. K. Karper. A Convergent Nonconforming [26]
Finite Element Method for Compressible Stokes FIGIAM

Journal on Numerical Analysjol. 48(5), pp. 1846-1876,

2010.

()

R. C. P. Kerckhoffs, J. H. Omen#. 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 Failurgvol. 3(4), pp. 528—
536, 2010.

P.LiW. Weij, X. Caj C. Soeller, M. Cannelland 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.

H. Lindekleiv, K. Valen-Sendstad M. K. MorganK.-A.
Mardal K. Faulder, J. Magnus, K. Waterloo, B. Romner and
T. Ingebrigtsen. Sex Differences in Intracranial ArteBal
furcations.Gender Medicinevol. 7(2), pp. 149-155, 2010.

S. Linge V. Haughton A. E. L vgren K.-A. Mardaland H.
P. LangtangenCSF Flow Dynamics at the Cranio-Vertebral
Junction Studied With an Idealized Model of the Subarach-
noid Space and Computational Flow Analysi&merican
Journal of Neuroradiologyol. 31(1), pp. 185-192, 2010.

A.Loggand G. N. Wells. DOLFIN: Automated Finite Element
ComputingACM Transactions on Mathematical Software
vol. 37(2), 2010.

W. E. Louch,). 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
CardiomyocytesBiophysical Journalvol. 99(5), pp. 1377—
1386, 2010.

K.-A. Mardaland R. Winther. Preconditioning Discretiza-
tions of Systems of Partial Differential Equationdlumeri-
cal Linear Algebra with Applications2010.

K. McDowell, H. ArevaloM. M. MaleckarR. C. Blake and
N. A. Trayanova. Fibroblast-Myocyte Coupling Induces Al-
terations in Potassium Currents That Trigger Regional Ac-
tion Potential Duration (APD) Prolongationin Infarcted My
ocardiumHeart Rhythmvol. 55(7), pp. 163-164, 2010.

M. MortensenB. A. P. ReifandC. E. WasbergAssessment
of the Finite Volume Method Applied to the? F Model.
International Journal for Numerical Methods in Fluidgol.

63(4), pp. 495-516, 2010.

H. NarayanapS. N. Verner, K. L. Mills, R. Kemkemer and K.
Garikipati. In Silico Estimates of the Free Energy Changesii
Growing, Avascular, Tumor Spheroidsurnal of Physics:
Condensed Matteyvol. 22(19), 2010.

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

J.K.NilsenX. Cai B. H yland andH. P. LangtangenSimpli-
fying the Parallelization of Scienti ¢ Codes By a Function-
Centric Approach in PythorComputational Science & Dis-
covery, vol. 3(0), pp. 015003, 2010.



[27] T. K. Nilssen, G. A. Staff an#.-A. Mardal Order Optimal [3]

(28]

[29]

(30]

Preconditioners for Fully Implicit Runge-Kutta Schemes-Ap
plied to the Bidomain EquationdNumerical Methods for
Partial Differential Equations2010.

E. Nordlie andH. E. PlesserVisualizing Neuronal Network [4]
Connectivity With Connectivity Pattern Tablegrontiersin
Neuroinformaticsvol. 3(39), pp. 1-15, 2010.

V.E.ProtB. H. SkallerudG. Sommerand G. A. Holzapfel. On
Modelling and Analysis of Healthy and Pathological Human
Mitral Valves: Two Case Studiedournal of the Mechanical

D. Grigoriadis, C. Langer arfl C. KassinosDiagnostic
Properties of Structure Tensors in Turbulent Flows,Di
rect and Large-Eddy Simulation Vidited by V. Armenio,
B. Geurts and J. Fréhlich, Springer, 2010.

J. T.-C. Yeh,X. Caj H. P. LangtangenJ. Zhu and C.-

F. Ni. Parallel Computing Engines for Subsurface Imaging
Technologies InAdvanced Computational Infrastructures
for Parallel and Distributed Adaptive Applicationsdited

by X. L. M. Parashar, John Wiley & Sons, Inc., 2010.

Behavior of Biomedical Materialsvol. 3(2), pp. 167-177, Refereed Proceedings

2010. 1]

M. E. Rognesind R. Winther. Mixed Finite Element Meth-
ods for Viscoelasticity With Weak SymmetriMathemati-
cal Models and Methods in Applied Sciences (M3ASyol.

20(6), pp. 955-985, 2010. 2

[31] V.L.RussaB.H. SkallerudJ. Klaksvikand O. A. Foss. Wire

[32]

Tension Versus Wire Frequency: an Experimental llizarov
Frame StudyJournal of Biomechanicsvol. 43(12), pp.
2327-2331, 2010. )
B. H. Skallerud V. E. Protand I. Nordrum. Modeling Ac-
tive Muscle Contraction in Mitral Valve Lea ets During
Systole: a First ApproactBiomechanics and Modeling in
Mechanobiology pp. 1-16, 2010.

[4]

[33] A.L.Wentland, O. Wieben, F. R. Korosec aidHaughton

(34]

[35]

Accuracy and Reproducibility of Phase-Contrast MR Imag-
ing Measurements for CSF Flowmerican Journal of Neu-
roradiology vol. 31(7:), pp. 1331-1336, 2010.

5
B. Y., M.-C. Hsu, Y. Zhang, W. Wang, T. Kvamsdal, [5]

S. Hentscheland J. G. Isaksen. Computational Vascular
Fluid—structure Interaction: Methodology and Applicatio
to Cerebral AneurysmsBiomechanics and Modeling in
Mechanobiology vol. 9(4), pp. 481-498, 2010.

Z. L. Zhang and. H. Skallerud Void Coalescence With [6]
Or Without Prestraininternational Journal of Damage Me-
chanics vol. 19(), pp. 153-174, 2010. 7]

Books

(1]

(2]

P. A. Durbin and. A. P. Reif Statistical Theory and Mod-

eling for Turbulent Flows, second editiowiley, 2010. 8]

A. Tveitg H. P. LangtangenB. F. Nielserand X. Cai Ele-
ments of Scienti c ComputingSpringer 2010.

Chapters in Books

(1]

(2]

J. Aguado-Sierra, R. C. P. Kerckhoffs, F. V. LionettiHDnt, [9]
C. Villongco, M. Gonzales, S. G. Campbell ahdD. Mc-
Culloch A Computational Framework for Patient-Speci ¢
Multi-Scale Cardiac Modeling Patient-Speci ¢ Modeling [10]
of the Cardiovascular System; Technology-Driven Person-
alized Medicine, edited by R. C. Kerckhoffs, Springer, 2010.

S. Glimsdal G. K. PedersenH. P. LangtangenV. Shu- [11]
valov and H. Dypvik. The Mj Inir Tsunami The M;j Inir

Impact Event and its Consequencesdited by F. Tsikalas,

H. Dypvik and M. Smelror, Springer, 2010.

(22)

S. R. ClarkW. WeiandX. Cai Numerical Analysis of a Dual-
Sediment Transport Model Applied to Lake Okeechobee,
Florida IfProceedings of the 2010 Ninth International Sym-
posium on Parallel and Distributed Computing010

J. E. Hake G. F. Jlle, H. K. Mk, |. Sjaastad, O. M. Se-
jersted, W. E. Louch an@. T. LinesControl of Ca Release
Synchrony By Action Potential Con gurationin Murine Car-
diomyocytes IrBiophysical Journal2010

M. HanslienN. Holden and J. Sundnes.. A Note on Discontin-
uous Rate Functions for the Gate Variables in Mathematical
Models of Cardiac Cells IRroceedings of the International
Conference on Computational Science, ICC®10

L. R. Hellevik M. Astorino, P. Moirea/. 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 Biomechani¢2010

N. Kanaris, X. Albets-Chico anfl. C. KassinosTransition

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
(ETMMS), 2010

B. KehletandA. Logg A Reference Solution for the Lorenz
System on [0, 1000] InAIP Conference Proceeding2010

P. R. LeinanL. R. Hellevik V. E. Prot T. Kiserud and.
H. Skallerud Initial Study on Material Modeling of Umbilical
Veins in Fetal Sheep I6th World Congress of Biomechan-
ics, 2010

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

A. Loggand G. N. Wells. Building Flexible User Interfaces
for Solving PDEs IMIP Conference Proceeding2010

A. Massing M. G. Larsorand A. Logg Towards an Imple-
mentation of Nitsche's Method on Overlapping Meshes in
3D InAIP Conference Proceeding2010

B. L. d. OliveiraJ. Sundnesand R. W. dos Santos. The
Development of a New Computational Model for the Elec-
tromechanics of the Human Myocyte Rroceedings of the
32nd International Conference of the IEEE EMB3)10



[12] H. RadhakrishnaandS. C. KassinosNumerical Modeling
of Turbulent Air ow and Particle Deposition in a Bifurcatgn
Airway Model InWorld Congress on Medical Physics and
Biomedical Engineering, September 7 - 12, 2009, Munich,
Germany2010

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

Theses

[13] H. Radhakrishnan an8. C. KassinosCFD Analysis of Tur-
bulent Flow and Particle Deposition in a Symmetrically Bi-
furcating Human Airway Model 16th World Congress on

Biomechanics2010

[1] O. Al-Khayat Mesoscale Modeling of Particle Flow, Ph.D.
Thesis, Department of Informatics, University of Oslo, 201

Talks

[14] H. Radhakrishnan an8. C. KassinosComputation of Tur-
bulent Flow for Some Benchmark Cases Using the ASBM
RANS Model IrProceedings of the 8th International ER-
COFTAC Symposium on Engineering Turbulence Modeling
and Measurements2010

[15] M. E. RogneandA. Logg Exploring Automated Adaptivity
and Error Control IlAIP Conference Proceeding2010

[16] B. H. SkallerudB. K. Hauge, E. Berg, K. Holthe and E. Ols .
Ductile Fracture Analysis of Plates and Shells With Em-
bedded Defects In8. European Conference on Fracture,
Dresden 2010

[17] K.-H. Stverud, K.-A. MardaJV. HaughtorandH. P. Lang-
tangen CSF Flow in Chiari | and Syringomyelia - From the
Perspective of Fluid Dynamics IRroceedings of the XIX
Symposium Neuroradiologicum, Bologna, Ite2p10

[18] A. Tveitq G. T. LinesM. Maleckar an®. SkavhaugSim-
pli ed Mathematical Models of De brillation IfConference
Abstracts, VPH 201Q 2010

[19] X.Albets-Chico, D. Grigoriadis, V. Akylas ai&d C. Kassi-
nos. Structure Dimensionality Tensors for the Description
of Turbulent Passive Scalar Fields Rroceedings of the
8th International ERCOFTAC Symposium on Engineering
Turbulence Modeling and Measurement2010

Proceedings without referee

[1] M. Cannataro, R. W. d. Santos addSundnes Biomedical
and Bioinformatics Challenges to Computer Sciencého-
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 fo

Regional Topography IGeophysical Research Abstracts

2010

[3] J. Ma,H. NarayananK. Garikipati, K. Grosh and E. M. Ar-
ruda. Experimental and Computational Investigation of-Vis

coelasticity of Native and Engineered Ligamentand Tendon [11]

InCellular, Molecular and Tissue Mechani¢2010
[4] H. Radhakrishnan an&. C. KassinosModeling Pulsatile
Flow in an Aneurystic Carotid Artery IRroceedings of the
8th Euromech Fluid Mechanics Conferenc2010

[5] A. Schroll Automatic Calibration of Depositional Models In
Book of Abstracts, Scienti c Computing Semina2010

(2)

(10]

[12]

[13]

[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
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B. Kehlet Meshbuilder Brainstorming, AC/DC seminar se-
ries, 2010.
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System on [0, 1000], 8th International Conference of
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H. P. Langtangen Computational Modeling of Huge
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(36]

[37]

(38]

[39]

A. Logg Nya Verktyg, Nyy Mojligheter, Sveriges matematik-
lararférening (SMaL), 2010.

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

A. Logg Automated Scienti c Computing, Chalmers Uni-
versity of Technology, 2010.
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AC/DC seminar series, 2010.
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M. M. MaleckarRight Through the Heart: Perspectives and
Problems, CBC Workshop, Right Through the Heart: Snap-
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K.-A. Mardal CSF Str mning | Forbindelse Med Chiari Mal-
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M. Mortensen Introduction to Turbulence Modeling With
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Failed the Benchmark Test, CBC Workshop on Aerosols:
Dispersion, Transport and Effects, Simula, November 10,
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Hyperelasticity, Fourth European Conference on Computa-
tional Mechanics, Paris, France, 2010.
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M. E. Rognesnd A. Logg Automated Goal-Oriented Error
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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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K.-H. St verud, K.-A. MardaJV. HaughtorandH. P. Lang-
tangen Cerebrospinal Fluid (CSF) - Oscillating Flow and
Pressure, CBC Workshop on Aerosols: Dispersion, Trans-
port and Effects, Simula, November 10, 2010.
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K.-H. St verud, K.-A. MardaJV. HaughtorandH. P. Lang-
tangen CSF Hydrodynamic in Patients With Syringomyelia
and Chiari | Malformations, Annual NUPUS meeting in
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K. ten TusscherEvolution of Functional -Not Architectural
Modularity in Body Plan Patterning, EuroEvoDevo confer-
ence, Paris, 2010.

K. ten TusscherEvolution of Functional -Not Architectural
Modularity in Body Plan Patterning, Dutch Theoretical Bi-
ology conference, Schoorl, 2010.

K. ten TusscherEvolution of Complex Animal Body Plans,
Dynamics of Patterns and Complex Systems meeting, En-
schede, 2010.

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 ¢ and Parallel Com-
puting in Reykjavik on June 6-9, 2010.

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

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

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.

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

K. Valen-SendstadA 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.

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

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

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

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

W. Wei. Parallel Programming, OpenMP, CBC Lecture on
Parallel Programming, OpenMP, March 17, 2010.



Overview of CBC publications 2007-2010.

Conferences, Workshops and Seminars

We have used the following rule of thumb to make a distinc- A posteriori error analysis of adaptive nite element metts for
tion between conferences, workshops, and seminars: uid-structure interaction, by Kristoffer Selim
25.02.10:

Conference: A formal event over several dayS, with at least Convergence theory for adaptive nite e|ementS, by Andre §8a
50 participants. It may include one or more workshops, ing

seminars and poster sessions. 05.03.10:

Analysis and implementation of high-precision nite elemie
methods for ordinary differential equations with applican to
the Lorenz system, by Benjamin Kehlet
Seminar: A less formal meeting between researchers which 25.03.10:
includes one or more talks with discussions. Meshbuilder brainstorming, by Benjamin Kehlet
08.04.10:
CBC hosted 6 workshops, 16 seminars, and 7 invited talks Meshing the human lung, by Aron Wahlberg
in 2010, with a total number of 69 presentations and more than 22.04.10:

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

378 participants. What is cbc.twist, by Harish Narayanan

03.06.10:
FSI| seminar series A Note on the Ef ciency and Accuracy of Some Common Finite
The purpose of the seminar series is to present the currertists Element Schemes for the Incompressible Navier-Stokes Equa

and challanges for the projects and create a forum for dissias tions, by Kristian Valen-Sendstad
of scienti ¢ topics related to the work in CBC. The seminarsa 10.06.10: ) ) ]
open and attendance of and contributions by other interegte  Snort talks by Aron Wahlberg "Short introduction for the

people are highly welcome. streamline-diﬁusion method fqr convection-diffusic_)n eqtipns",
04.02.10: Tor Gillberg "The Mathematics of Reservoir Simulation" and
Implementation of FEM assembling in DOLFIN, by Anders Logg Karen‘-HeIene St verud "Mixed Finite Element for the Stokes
11.02.10: Equation”

Automated Adaptivity - Current Status, by Marie R. Rognes 24.06.10: _ _

18.02.10: Revisiting Finite Element Matrix Assembly, by Didem Unat
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16.09.10:

Computational simulations of the shaken baby syndrom - bist
and challenges, by Anna Blechingberg

25.11.10:

Nitsche's method on overlapping meshesin 3D, by Andre Magsi
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 eleate
chanical models of the heart as well as the methods Simula is
pursuing to produce clinically relevant results. Speci g, the
use of models to investigate infarct injuries in the heart ware-
sented, highlighting their potential use to examine funati and
dysfunction of injured ventricles as well as theoreticalgvaluate
various treatment options. Current methodologies and figuli-
rections of coupled electromechanical cardiac simulatsonere
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
OpenMP - March 17, 2010
This session focused on introducing OpenMP, an easy to use,
portable, and exible environment for developing parall@/C++

and Fortran applications.

Programming,

Total number of participants: 15

Total number of guests outside of CBC: 5
Total number of speakers: 1

Total number of talks: 1

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@FS
ow were discussed: the Chiari | malformation, syringomigel
and normal pressure hydrocephalus. The audience covergd bo
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, methodsimof s
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 aneurysm
development and rupture, with participants who were bothit
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

CBC Seminar on GPU Programming and Com-cardiac modeling - June 29-30, 2010

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

The speakers presented current work pertaining to a variefy
research topics within the eld of computational cardiac ndel-
ing. Notable guest speakers include Natalia A. Trayanowarfr
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Johns Hopkins University and Gernot Plank from Oxford Unive  Total number of speakers: 4
sity/University of Graz. Total number of talks: 2

Total number of participants: 17
Total number of guests outside of CBC: 4 . .
Total number of speakers: 10 CBC Workshop on Aerosols: Dispersion,
Total number of talks: 9 Transport and Effects - November 10, 2010
The purpose of this workshop was to discuss computationat ap
) proaches to various biomedical ows: blood ow in the vicityi
CBC Seminar on advanced use of Python pro- of aneurysms, ow and aerosol transport in the human airways
gramming language - August 26, 2010 and ow of cerebrospinal uid in the spinal canal and the sp&
This half-day seminar focused on exchanging experiencenwit Software and numerical methods for computing such ows was
Python programming and computing. The researchers at CBC also addressed. The most recent results from the collabdwat
were joined with biologists from the Oslo University Hosgit ~ Petween CBC@Simula and CBC@FFI were presented.
(Radiumhospitalet/Rikshospitalet), as well as statistiens and
computer scientists from the University of Oslo. The maisis Total number of participants: 14

of this seminar was on how to facilitate large-scale data niriy Total number of guests outside of CBC: 0
and computing through advanced use of the Python prograngmin  Total number of speakers: 4
language. Total number of talks: 5
Total number of participants: 11 For more information on Workshops, Seminars and Talks,
Total number of guests outside of CBC: 6 please visit our website: cbc.simula.no
Other Activities
Media Appearances http://innodesign.no/FoU-Offentlig/Faar-12-millione-

1. Politikkavisen.no; November 2010: “Tre tildelinger til hver-til-forskning

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 ¢ 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

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 ¢ 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/

2. INNO DESIGN (News about Norwegian Innovation and De-
sign); 09.11.10: “Far 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 ¢ Math-
ematical Modeling with Applications to Clinical Medical:
Stroke and Syringomyelia”, will receive 750f the 2873
applicants for the ERC Starting Grants, 40 were from insi-
tutuions in Norway. Eight Norwegian applicants made it to 5. Research Council of Norway News; 28.10.10: “An article
the second round, but only three got founding from EU due about CBC contriburion to EU “Future Emerging Technolo-
to budgetary limits. 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 inviteda

do a pilot studies. The CBC researcher Molly Maleckar, is
contributing to one of these initiatives.

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

e 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

 |EEE Transactions on Biomedical Engineering

» IEEE Transactions on Information Technology in BioMeglicin

* 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

e The Journal of Physical Chemistry

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

Committee Work and Recognition

S. Kassinos:
1. Jury Member of the Jury for the European Young Scientists

Contest

. Associate Dean of Engineering, School of Engineering; Un
versity of Cyprus

. Invited member of ESF pool of reviewers

. European Commission (review of Marie Curie grant propos-
als)

. National Contact Point of the European Aerospace Science
Network (EASN) for Cyprus

H. P. Langtangen:
1. Member of the scientic 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 Exeel
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 board

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
International Journal of Computing Science and Mathemat
ics
International Journal of Oceans and Oceanography
Mathematical Modelling and Applied Computing
Open Research Computation (physmathcentral.com)

o
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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
Biophysical Journal
Cellular and Molecular Bioengineering
Cellular and Molecular Bioemechanics
Computer Methods in Biomechanics and Biomedical Engi-
neering
Drug Discovery Today: Disease Models
Experimental Physiology
Frontiers in Systems Physiology
PLoS Computational Biology
Synthetic and Systems Biology

arwn
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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
The 11th IEEE International Workshop on Parallel and Dis-
tributed Scienti c and Engineering Computing (PDSEC-10),
Atlanta, USA, April 19-23, 2010
The 2010 International Workshop on HPC and Grid Ap-
plications (IWHGA2010), Huangshan, China, May 28-31,
2010
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
World Federation of Neuroradiological Societies (WFNRS
Bologna, Italy, October 4-9, 2010

A. McCulloch:

1. International Scienti c Program Committee member, Inte
national Congress of Physiological Sciences, Birmingham,
2013
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 computeirs
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 Ron
linear interactions” at the EuroEvoDevo, Paris, Francdy Ju

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 DBLF
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 releasef
FENIiCS 1.0 in 2011, notable improvements include the adufiti
of automated adaptive error control to DOLFIN and improvad p
allel scaling. New packages for scienti c talks, papers armwboks
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.

* AsCoT0.8

* CBC.Solvedevelopment version (not yet released)
* DOLFINO.9.9

» Dorsal:0.8

e 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

* LaTeXSlides0.3

* Ptex2tex: 0.3

e Doconce:0.4
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List of International Guests in 2010

In 2010 CBC had 26 international guests from 12 different catries. The 45 Norwegian visitors are not listed.

Period Name Af liation Nationality

Assoc. Prof. Hans Ekkehard Plesser Dept. of Mathematical Sciences and Technology Norwegi. German
University of Life Sciences

January 1-31

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 n@er
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, Royaldehy University of Lon-  English

don
June 2 Prof. Rob MacLeod Assoc. Director, Scienti c Computing and Imaging Instéut Canadian

(SCI). Assoc. Director, Nora Eccles Harrison Cardiovasct

Research and Training Institute (CVRTI)
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 Brerhaven, 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 Univgrs 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-Universitat 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, Ursitgof Oslo French
September 1 Dr. Peter Nasholm Dept. of Informatics, University of Oslo Swedish
September 9 Mr. Patrick Boyle Department of Electrical an@r@puter Engineering at The Canadian

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



