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Abstract

Data ow application builders such as AVS, OpenDX and MeVisLab areupapand
effective tools for the rapid prototyping of visualisation algorithms. Thegbde re-
searchers to build applications by graphically connecting functional resdagether
to form a network. A usually hidden yet important aspect of these toolgisdhedul-
ing of network execution: Most of these environments can be classisednaploy-
ing event-driven or demand-driven scheduling. The schedulintegirdnas important
implications for the component developer. In this paper, we presemeoently open-
sourced data ow application builder, called DeVIDE, for the rapid prqtaty of med-
ical visualisation and image processing techniques. Apart from the emideraction
possibilities and ease of integration that it offers, DeVIDE differentiatesfifsom
similar environments by implementing a hybrid scheduling approach ttegtiadly
applies demand- and event-driven scheduling to a single network. Iwélyisease of
component development and execution ef ciency can be combined.

1 Introduction

A software platform that enables the rapid prototyping of rdgorithms is an important
component in the research and development of medical \ésti@h and image process-
ing techniques. Applications where functional networka && constructed graphically,
enabling visual programming, are a popular and effectivatiem. AVS [UFK* 89] and
DX [AT95] are early examples of this type of application, aiiwe will henceforth refer
to as data- ow application builders. MeVisLab is a more m#cexample that focuses on
medical visualisation and image processing.

An important aspect of data- ow application builders is teheduling of the functional
modules in the constructed network. The constructed n&twapology implies certain
data-dependencies and hence a speci ¢ execution sequétioe.output of module A is
connected to the input of module B, module A has to be execiitedutput data has to be
passed to module B, and then module B has to be executed.

There are two major scheduling models: event-driven andaderdriven. In the former,
an explicit scheduling is performed where the complete adtvis analysed and modules
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are centrally executed in the correct sequence. In the laibelel, when data is requested
at the output of any given module, that module requests daa its input module, which
requests data from its input module and so forth.

Demand-driven execution makes ef cient streamed exenuttatively straight-forward. If
a sub-block of data is requested at module B's output, moBuileed only request the data
from module A that it needs to generate that speci ¢ sub+ldt addition, only the parts
of the network that need to be executed to generate a speldiak lof data are executed
without the need for an explicit network analysis. Howetlee, component developer has
to go to more trouble to implement a well-behaved moduleim@uevent-driven execution,
an explicit analysis of the network can be performed in otdedetermine which parts
need to be executed, but generally speaking, completeedstai®e passed from module to
module. This is less ef cient, but has the important advgatéat module implementations
are far simpler, thus easing the burden of the componentiai®e Existing data- ow
application builders choose either one of these scheduoimdels. MeVisLab uses demand-
driven execution, AVS uses event-driven.

In this paper we present a newly open-sourced data- ow aptitin builder called DeV-
IDE, or the Delft Visualisation and Image processing Depaient Environment. DeVIDE
is a turn-key cross-platform application for medical vissation and image processing that
differentiates itself from similar applications in the lfmking ways:

Integrating new functionality is easier than with most otblatforms of this kind.

Pervasive interaction possibilities are offered: any db variable in the system
can be interacted with and modi ed by the user at run-timae, thie graphical user
interface and also via program code that can be inserted/giGnt.

We have combined event-driven and demand-driven scheginlia hybrid schedul-
ing approach that adaptively offers the ef ciency and sb#ity of demand-driven
execution and the programming simplicity of event-driveaaition.

The main technical contribution of this paper is the hybiiteduling approach and its
implementation. The freely available DeVIDE platform is amcillary contribution and
will also be extensively discussed. This paper serves asadhmpanion publication to the
open-source release of the software.

The rest of this paper is organised as follows: In section drey discuss related work.
In section 3, we document DeVIDE's functionality and arebture. We then detail the
scheduling approaches available in the software in sedti@onclusions and future work
are discussed in section 5.

2 Related Work

A number of data ow application builders, i.e. applicattotihat enable the graphical con-
struction of functional networks, are available for prgfohg visualisation and or image
processing algorithms. In this section, we discuss a snoatlber of representative exam-
ples.



As mentioned in the introduction, AVS [UFKB9] and the open-source OpenDX [AT95]
are some of the earliest examples. Both of these requirethpanent developer to develop
new modules in C and carry quite some programming overheath. &@nploy event-driven
scheduling.

SCIRurt [Par99] is aProblem Solving Environmetitat focuses on providing functional-
ity for computational steering in a visual programmingisett SCIRun has an interesting
scheduling approach where all modules are requested tatexatthe same time in paral-
lel threads. Because modules wait until they receive inpta iefore executing, network
execution occurs in the correct order. In its simplest fahig is equivalent to event-driven
execution where independent branches are executed idgba8CIRun and its modules
are implemented in C++ with some scripting support in Tcl/Tk

MeVisLab? is a fully functional medically oriented example that hasven itself in a large
number of successful research projects. MeVisLab makesfusemand-driven schedul-
ing. Due to this and its page-based central memory managdeinisrable to process large
datasets ef ciently. However, developing new modules caguite complex. This environ-
ment has good scripting integration in the form of Java$enigl Python, but much of this
functionality is available only in the commercial version.

VisTrails [BCC' 05, SVK' 07] is at the forefront of research with and on data ow for
visualisation prototyping. Also based on Python, this emuinent makes use of functional
network metadata to keep track of all experimentation wigualisation pipelines and
to perform high-level reasoning with these pipelines. B@meple, visualisation networks
can be compared and visualisations on new data can be ct@atathlogy with existing
visualisations. In contrast to this, DeVIDE focuses on nmovelevel interaction with the
visualisation internals as will be explained in section &2addition, DeVIDE specialises
on medical applications, and hence the modules operatdightyshigher semantic level,
as will be explained in the next section. VisTrails also emgplan event-driven execution
model.

3 System Description

We start the system description with a concise de nition enerview of the DeVIDE sys-
tem. We then describe the software from the user and compdegaloper perspectives.
The user interacts with the system mainly through the vipuagramming and black-box
interfaces and these are detailed rst. The pervasiveanten features are an important as-
pect of the visual programming interface and are discussadeéeparate subsection. Subse-
guently, we document component development issues. Thengyiescription is concluded
with a high-level architecture overview.

DeVIDE is a software environment for the rapid prototypirfigredical visualisation and
image processing algorithms. Its primary front-end is ggieal boxes-and-lines visual
programming interface that can be used to rapidly consamdiexperiment with functional
networks.
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Python [VRO1] has been used as the main implementation égy@gin a mixed-language
setup: Most processor-intensive processing has beenrnmeplied in more traditional low-
level languages such as C++ or Fortran whereas all highderetionality has been im-
plemented in Python. The choice of a high-level dynamicglhed language as main im-
plementation language is one of the most important factodetlying DeVIDE's unique
characteristics.

The software encapsulates a large spectrum of functignalamely the complete
VTK [SML99], ITK [ISNCO03], numpy [Oli07] and matplotlib [Ha07] libraries, as well as
various other smaller libraries. New external functiotyatian be easily added as module
kits, an abstraction for modular extensions described étige 3.5. In general, the func-
tional modules offered by DeVIDE operate at a higher levahtthe Iters in the libraries
that it encapsulates. For example, whereas the VTK abgtnactquires at least four dif-
ferent classes to display a triangle mesh, the slice3dVWReMIDE can take almost any
data as input and will automatically construct the relewésualisation pipeline behind the
scenes.

DeVIDE is turn-key in the sense that the binaries are corapyleelf-contained. They can
be installed on an otherwise clean system via a single cormmad the user can immedi-
ately start working.

3.1 Visual Programming Interface

As will be seen in section 3.5, the DeVIDE architecture alidar interchangeable inter-
faces, both graphical and non-graphical. The default gcapimterface is a boxes-and-lines
visual programming interface.

Figure 1 shows a screenshot of the visual programming agerivith a simple functional
network. A small set of DICOM les have been dropped on thevean causing the soft-
ware to create and con gure automatically a dicomRDR modtite output of the reader
module has been connected to a slice3dVWR, allowing the astatt visualising the data
in about three mouse clicks.

To the left of the canvas there are three sub-windows: moskedech, module categories
and the current module list. Each module can belong to melitiptegories and in that sense
it is more of a tagging system to facilitate nding the cotrewodules for any given theme.
One or more categories can be selected, in which case onijmdideilles that belong to
those categories are shown. By typing in the module searchdmy modules containing
the search terms in their names, keywords or documentatibbevshown in the module
list. In this way, applicable modules can usually be founidegguickly.

At the bottom left, the documentation of the currently seddamodule is shown. At the
bottom right behind the 3-D visualisation is a sub-windowhAbg messages.

A module can be placed on the canvas by dragging and droppfragm the module list,
or by pressing th&nter key if the module has been selected by a search. Modules are
connected by dragging from the output port of one module aogping on the input
module of another module. In general, modules have a viewmgaration window which
can be accessed by double-clicking on the module.

By default, DeVIDE makes use of explicit network executioggardless of whether the



Figure 1: Screenshot of DeVIDE. A collection of DICOM les¥&been dropped on the
canvas, at which point a dicomRDR is automatically creaBahnecting the output of the
dicomRDR module to a slice3dVWR is all that is needed to startalising the data.

network is being executed in event-driven or hybrid modee A& network has been con-
structed and con gured, the user has to request executipliciély. During network exe-
cution, the progress bar and message at the top of the iceeafawell as the log window
at the bottom right give detailed feedback on network exenutf an error occurs at any
point, either during the execution of a module or the transfedata from one module to
the next, the user is informed with a detailed error messaiteen containing information
down to the speci c line of code causing the error.

3.2 Pervasive Interaction

We start this section with an illustrative example. The s@Qu&dric module generates both
an implicit function and a triangle mesh with a user-con ghle super-quadric function.

Connecting a superQuadric to a slice3dVWR results in thealisation shown on the right

of gure 2. On the left the default con guration window of treuperQuadric module is

shown. Any of the parameters can be modi ed and the networkhminstantaneously

updated to see the changes in the visualisation. By expetingewith more complex setups
in a similar fashion, visualisation approaches can be egglointil a suitable solution is

found.

In DeVIDE, the user is also allowed to interact with the in&s of any functionality at run-

time. In this case, a program code dialogue can be initiafddthhe superQuadric module
via its introspection interface. Figure 3 shows this inpeion interface. In the bottom



Figure 2: On the left the default con guration window of thggerQuadric module is shown
and on the right the resultant triangle mesh as visualisatidglice 3dVWR.

subwindow, the user is experimenting with module internadsisted by code-completion
functionality. In the top subwindow, code has been entdnatidnimates the superquadric
surface visualisation over a range of one of its parameBesides the code-completion,
the interface also shows method documentation wherevédablea

Similar introspection interfaces are available in the nigierface and also in a re ned form
in the CodeRunner module, brie y discussed in section 3hs Tunctionality enables the
advanced user to interact with and modify any code objecaoapeter and also to script
complex program behaviour, all at run-time. The combimatib this type of interaction,
available at every point in the application, combined witbrentraditional data ow appli-
cation builder user interface functionality as well asamtvisual feedback on all changes,
makes possible an ef cient form of prototyping where therusan rapidly converge on
suitable solutions to visualisation problems.

3.3 Black-box interface

As mentioned in section 3.1 and 3.5, the main DeVIDE interfean be easily replaced.
A complementary interface to the visual programming irstegfis the black-box interface.
This is a GUI-less mode where DeVIDE can be run on computeswaiteout any kind of
display, for example on a cluster or a grid. This is usefulferforming parameter sweeps,
where the same operation has to be performed a large numti@esfto determine the best
combination of parameters for a particular problem, or foplging the same operation to
a large number of datasets in parallel.

In this mode, DeVIDE can be con gured to load data ow netwsitkat have been saved
from an interactive session, and apply these networks tibranp datasets. This means
that a complete data ow network can function as a black-bomponent inside another
data ow application builder, or a coordination framewosdych as Nimrod/G [BAGOO].
This also enables DeVIDE to function in both the initial deygnent and in the later tuning
and evaluation stages of the medical image analysis réspgreline [OSBBO7].



Figure 3: Introspection interface to the superQuadric nedavoked by selecting “Intro-
spect the Module (self)” option from the module view. In thatbm window, the module
is being queried via a line-by-line dialogue. In the top wingd code has been entered that
animates the superquadric visualisation over a range obbiteparameters. The code can
be executed by selecting “Run current edit” from the “Filegmo.

3.4 Component development

Component development refers to the extension of DeVIDE wéw functionality. This
can occur in the form of module kits, modules, the CodeRumnmedule or snippets. A
common theme of DeVIDE component development is that casé&ben taken to alleviate
the task of the developer. In all cases, development ovdrisdeept to a minimum.

3.4.1 Module Kits

The module kit is an abstraction for encapsulating and matétg external libraries such as
VTK, ITK or the graphical user interface library wxPythbiThe module kit programmer
has to supply an initialisation function and an optionatesh function that can be used
to reload a changed library. In general, this code is minicoahpared to the functionality
in the library itself, and is mostly responsible for makihg fibrary functions available to

other DeVIDE components. During startup, all module kies @necked for loading errors
and are removed from the list of available kits if necess@hg software can also easily
be con gured to start up with any subset of the available nidkits, thus customising

DeVIDE for different use scenarios and freeing up extra nrgmo
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3.4.2 Modules

Modules are the algorithmic components used to build uptfonal networks. Each mod-
ule represents a different visualisation or image proogssigorithm.

The canonical way to create a new module is to implement aoRyttass with the methods
shown in theModuleclass in gure 4. The rst two methods are called when inputada
pointers are transferred or when output data pointers agegl The execute methods are
called respectively during traditional event-driven exan and during hybrid execution if
this is the last module in a streamable subset (see secfipthit method is optional). The
last two methods, also optional, are responsible for mosketialisationget _config()
should return a data structure so that when this data steuguwsed as a parameter to
set _config() ,the module is returned to the state it was in wigeh _config()  was
called. By making use of these calls and storing network ltape DeVIDE can save a
complete functional network for later use.

Theview() should activate the module view or con guration window. Téwmmponent
developer has almost complete freedom in the de nition @& thethod. Complete new
graphical interfaces can be programmatically createdy asahat of the slice3VWR, pre-
de nined module user interfaces can be used, or the progexroan request that DeVIDE
create a con guration window automatically by specifyingnish parameters should be
adjustable. DeVIDE takes care of all sanity checking ana@@seing of user input in this
case.

Any functionality that can be invoked from Python and thadserts a data ow architecture
can be integrated as a module. For example, we have creatddleachat invoke shell
commands behind the scenes, taking care of all parametargset le handling and so
forth. This is useful for hiding the complexity of existingrmmandline-based simulation
and processing software from the user. Modules could fangkaalso query web services
or websites.

Besides the canonical way to create new modules, a numbesefdlasses and pre-de ned
methods are de ned that ease component development. FarpdeaVTK objects can
be wrapped in ve lines of Python code. These modules havenaaiically created user
interfaces that gives access to all VTK class attributessapghort con guration handling
so that they can be saved and restored. As a proof of concé, laundred of the VTK
Iters were automatically wrapped using this base class.

The highly dynamic nature of Python enables an effectiveehotlprototyping. When a
new module is created and added to the necessary con gorégiat is added to the list of
available modules at run-time and can be immediately coetbirith an existing network.
If changes are made to the module source code, it can be esldaglace, without exiting
the application, and the effects of the change can be examliogether with the pervasive
interaction discussed in section 3.2, this enables a ragd-cun-view-code cycle during
which new functionality can be created and ne-tuned for acjg problem.

3.4.3 CodeRunner

The CodeRunner is a special "blank” module that allows ther tis create new module
functionality with low programming overhead. The modul@ ¢t integrated with a func-



tional network and will be scheduled with the rest of the rezkwlts interface is similar to
the introspection interface shown in gure 3, except thats three tabs in the top subwin-
dow: scratch, setup and execute. Code entered into the tedtigpexecuted once for every
time that it is modi ed by the user. This can be used for sgttip VTK or ITK pipelines for
example. Code entered into the execute tab is executed wdrathe module is scheduled.
Module inputs and outputs are easily accessible. The $cralbds for experimentation and
will not be executed during network scheduling.

By using CodeRunner modules, new ideas can be quickly padkaigh minimal overhead
in modular form and integrated with existing complex netiwgor

3.4.4 Snippets

Snippets represent another extension possibility. Theseraall scripts that can be loaded
into any of the introspection interfaces introduced in isecB.2 and perform functions
such as creating animations of evolving level sets, or cimgrifpe colour map of a slice of
DICOM data.

3.5 Architecture overview

Figure 4 shows the high-level architecture of DeVIDE. Theecacts as the communica-
tions hub of the other architectural components. The iaterfclass should support basic
logging, error handling and progress feedback methods.dasily interchangable. At the
moment, DeVIDE has a visual programming and black-box faters, described in sec-
tions 3.1 and 3.3 respectively, but one could envision argdbr example a web server
interface. The scheduler class encapsulates all funditiprexplained in section 4. The
network manager is responsible for loading and saving mésvo

The module manager encapsulates quite a large fraction \6fl¥e functionality as it is
concerned with the central activity of module housekeeplingatalogues available mod-
ules, instantiates, destroys and queries them for docwatient all at the request of other
components. It is also responsible for the lower level Idgihind the saving and restoring
of complete networks. Finally, the module manager has ammésponsibilities with regard
to module kits. It takes care of initialising, error-cheufiand making available the kits to
other components of DeVIDE.

The module class is shown in more detail at the bottom righgafe 4. Its methods and
working are described in more detail in section 3.4.2.

4 Scheduling

In this section, the scheduling functionality in DeVIDE isadimented. First the default
event-driven scheduling is explained, followed by the iylscheduling approach.
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Figure 4: Diagram of the high-level DeVIDE architecture.€Xo its important role, more
detail on the module class has been included.

4.1 Default scheduling

By default, an event-driven scheduling is applied to neksavhen execution is requested.
Before execution, the network is topologically sorted. Tégult of this operation, shown

in algorithm 1, is a single list of modules that is orderedhstiat no module is dependent
on any other module that comes after it. The topologicalisarhly applicable to directed

acyclic graphs. DeVIDE does allow certain cycles, as theyuseful for user interaction

to be fed back into a functional network. These cycles areovea from the network be-

fore sorting and recorded for later use. If any remainingeyare detected, sorting and
execution are not performed.

Algorithm 1 Topological sort
V ( all modules
S (fg
while V 6 fg do
Vi ( nal _verticesy)
S( S+ V
ViV VW
end while
reverse§)
S is the topological ordering of the origingl

The topologically sorted list is traversed. At every itéyaf pointers to datasets are trans-
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ferred from module outputs supplying the current modulé, then the module is executed
via its execute _module() method. In this setup, each module may assume that com-
plete datasets are available at its inputs and it has to peothimplete datasets at its outputs.
This greatly simpli es module development.

Special care is taken to work around libraries such as VTKIaKdvhere an update query
on output data is able to initiate an execution of its prodgditer. The data is disconnected
from its producing lter before passing its pointer to thexnmodule.

A straight-forward form of execution caching is employedbdviles are only executed if
they have been modi ed since the previous execution, formgta by parameter changes,
or if data pointers have been transferred to their input$aPainters are only transferred
if the modules that produce them have been executed singaréhi®us transfer. In this
way, only the necessary parts of a network have to be re-tegediter modi cations. The
scheduler keeps track of all data transfers, module motiboaand module execution times
with three sets of timestamps.

4.2 Hybrid Scheduling

The idea behind hybrid scheduling is that the largest stadd@subsets of a network are
extracted and separately executed in streaming mode. Shefrthe network is executed
in the traditional way as explained in the previous sectigithough the idea is rather
straight-forward, its implementation is interesting angblications signi cant.

We have created algorithm 2 to nd the largest subsets oésteble modules. A module
is considered streamable if it offersseeaming _execute _module() method. The
algorithm iterates through all streamable modules in togichl order. If it nds a module
that is not part of a streamable subset yet, it creates a nesesut then uses a depth- rst
graph search to traverse the rest of the connected netwaaiggall streamable modules
to the streamable subset. The search is terminated at anylenatiere that module has
one or more non-streamable consumers. All terminating tesdare recorded.

When a network execution is requested, the network is tradeand executed as for
the traditional event-driven execution. However, if anydule that is iterated over be-
longs to a streamable subset, data pointers are transfegmedits producer modules
without the disconnection work-around. Importantly, th@dule is not executed, un-
less it is one of the terminating modules of a streamable etulis which case its
streaming _execute _module() method is called.

Separate sets of timestamp datastructures are maintanexdcution and data transfer
caching, similar to those mentioned in the previous sectizuring hybrid scheduling,
timestamps for event-driven execution are invalidatedl, &ine versa, so that caching is
also invalidated for streamable subsets when the userdsggheduling modes.

Because only the terminating modules in streamable subsetexecuted during hybrid
scheduling, this is akin to demand-driven execution. Iregah streaming execute methods
make use of the streaming functionality of the underlyirgdries. This allows one to
combine adaptively the simplicity of event-driven schéuyy even with libraries that are
natively demand-driven, with the ef ciency of demand-anivscheduling.
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Algorithm 2 Streamable subset nder
1: S ( topological sort of all module¥
2. Sg ( all streamable modules @, in order
3: Vss (fg
4: Mg (fg
5: for eachm in Sg do

6: if notm in Vg then fm is not in a streamable subset get
7: create streamable subdét
8: addmtoM
9: if any consumer afn is non-streamable an has no consumetken
10: setm as terminating module
11: else
12: add all consumers ah toM
13: for each consumer af do
14: m ( consumer
15: goto line 9
16: end for
17: end if
18: addM to M 4
19: add elements d¥1 to Vs
20:  endif
21: end for

22: M 4 is a list of streamable subsets of all modwles
23: Vs is a list of all modules in streamable subsets

5 Conclusions and Future Work

In this paper we have presented DeVIDE, a data ow applicatioilder for medical image
processing and visualisation. Besides serving as the aompaublication to the open
source release of DeVIDE, the main technical contributibrihis paper is the hybrid
scheduling approach that has been implemented.

DeVIDE differentiates itself from similar platforms in thellowing ways:

Hybrid scheduling The scheduling approach in DeVIDE combines aspects of event
driven and demand-driven scheduling. We summarise thitiénfellowing para-
graphs.

Pervasive interaction The software makes it possible to interact with the systenurat
time even down to the code level, and to get immediate feddbachanges.

Ease of integration We have focused on making it as easy as possible for devsloper
integrate new components. By employing a high-level dyattyi typed interpreted
language, by supplying a number of different ways in whiciecoan be added and
through the pervasive interaction possibilities, we helithat we have simpli ed the
process of adding new functionality.
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Networks are usually scheduled via straight-forward exivien execution. This greatly
simpli es module implementation. However, in cases wheme modules are capable of
more complex demand-driven execution, the hybrid schadtilinctionality is able to anal-
yse such a network and adaptively execute it, applying derdaien scheduling where
possible and event-driven where it is not. The schedulirgptsdto every new network
and combination of event-driven and demand-driven moddlas is transparent to the
user, who bene ts from the simplicity of event-driven ané #f ciency of demand-driven
scheduling.

The software has been used for the segmentation of patlkalagiioulders from CT data
for use in a pre-operative planning solution [KBU6], analysis and biomechanical mod-
elling of the pelvic oor muscles [vJ06], parts of the rectustion of the visible orbit
dataset [vZBW 06], running on the grid via Nimrod/G [MOB07], retrobulbar fat analy-
sis [BAGS 07] and various other studies that are still in progress. Bt simplicity and
interaction possibilities, it is also a useful educaticioal.

DeVIDE has several limitations, rst of which is an implidan of the fact that it runs as a
single process that allows the user access to all intefBglsausing one of the underlying
libraries to generate a program fault, such as a null poaeezference, the whole applica-
tion is halted. Although we would like to alleviate this pteim, it is currently seen as an
unavoidable side-effect of the exibility of the software.

In future work, we are planning to integrate simple pargtiEdcessing capabilities via
Parallel Pythofy a robust multi-process based solution. As a rst step wepéaning to
extend the scheduler to decompose functional networksriaependent subsets. We are
also planning to create a new interface whereby DeVIDE castdn¢ed up with a module
view or con guration window as the primary and only interéad his will enable module
developers to deploy simple graphical front-ends to theérs, thereby using DeVIDE as
a run-time environment.

References

[AT95] Greg Abram and Lloyd Treinish. An extended data- ovchitecture for data
analysis and visualization. IRroc. IEEE Visualization '95page 263. IEEE
Computer Society, 1995.

[BAGOO] Rajkumar Buyya, David Abramson, and Jonathan Giddiynrod/g: An ar-
chitecture for a resource management and scheduling syrsgegiobal com-
putational grid. InProc. High Performance Computing in the Asia-Paci c
Region pages 283-289, 2000.

[BCC* 05] Louis Bavoil, Steven P. Callahan, Patricia J. Crossuliada Freire, Carlos E.
Scheidegger, Claudio T. Silva, and Huy T. Vo. Vistrails: Blivag interactive
multiple-view visualizations. IrProc. IEEE Visualizationpages 135-142,
2005.

[BAGS' 07] Charl P. Botha, Thijs de Graaf, Sander Schutte, Ronadt,Riotr Wielopol-
ski, Frans C.T. van der Helm, Huibert J. Simonsz, and FritPskt. Visu-

“http://www.parallelpython.com

13



alization in Medicine and Life Sciencezhapter MRI-based visualisation of
orbital fat deformation during eye motion, pages 221-23@athédmatics and
Visualization. Springer Verlag, 2007.

[HunO7] John D. Hunter. Matplotlib: A 2D graphics environmhie Computing in
Science & Engineeringd(3):90-95, May/June 2007.

[ISNCO3] Luis Ibanez, Will Schroeder, Lydia Ng, and JoshwdeS.The ITK Software
Guide Kitware Inc., 2003.

[KBV* 06] PeterR. Krekel, Charl P. Botha, Edward R. Valstar, Paud&Bruin, Piet M.
Rozing, and Frits H. Post. Interactive simulation and comrafdze visuali-
sation of the bone-determined range of motion of the humanulder. In
Thomas Schulze, Graham Horton, Bernhard Preim, and Stefdetweg,
editors,Proc. Simulation and Visualizatigpages 275-288. SCS Publishing
House Erlangen, March 2006. Best Paper Award.

[MOB™* 07] Ketan C. Maheshwari, Silvia D. Olabarriaga, Charl P.Hagtleroen G. Snel,
Johan Alkemade, and Adam Belloum. Problem solving envimmmior
medical image analysis. BBMS '07: Proceedings of the IEEE International
Symposium on Computer Based Medical Systpages 165-170, 2007.

[Oli07] Travis E. Oliphant. Python for scienti c computingComputing in Science
& Engineering 9(3):10-20, May/June 2007.

[OSBB07] Slvia D. Olabarriaga, Jeroen G. Snel, Charl P. Botha, andelRdb. Belle-
man. Integrated support for medical image analysis metHoate develop-
ment to clinical application]lEEE Transactions on Information Technology
in Biomedicine11(1):47-57, January 2007.

[Par99] Steven Parkelhe SCIRun problem solving environment and computational
steering software syster®hD thesis, The University of Utah, 1999.

[SML99] Will Schroeder, Ken Martin, and Bill LorensenThe Visualization Toolkit
Prentice Hall PTR, 2nd edition, 1999.

[SVK* 07] Carlos E. Scheidegger, Huy T. Vo, David Koop, Julianarér@and Claudio T.
Silva. Querying and creating visualizations by analoEE Transactions
on Visualization and Computer Graphjds3(6):1560-1567, 2007.

[UFK*89] C. Upson, T Faulhaber, D. Kamins, D. Laidlaw, D. Schlkige Vroom,
R. Gurwitz, and A. van Dam. The Application Visualizationsggm: A
Computational Environment for Scienti ¢ VisualizationlEEE Computer
Graphics and Applicationgpages 30-42, July 1989.

[vJo6] Stepan Janda.Biomechanics of the pelvic oor musculaturePhD thesis,
Delft University of Technology, 2006.

[VRO1] Guido van Rossunkython Reference ManudPython Software Foundation,
April, 2001.

[vZBW™ 06] Joris E. van Zwieten, Charl P. Botha, Ben Willekens, 8ai8thutte, Frits H.
Post, and Huib J. Simonsz. Digitisation and 3D reconstonabf 30 year old
microscopic sections of human embryo, foetus and orbit..I@&mpilho and
M. Kamel, editorsProc. 3rd Intl. Conf. on Image Analysis and Recognition
(ICIAR 2006) volume LNCS 4142 of ecture Notes on Computer Science
pages 636—647. Springer, 2006.

14



