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Abstract. SEE-GRID is based on the SEE++ software system for the bioamécal simulation of
the human eye. The goal of SEE-GRID is to extend SEE++ in gkstaps in order to develop an
efficient grid-based tool for “Evidence Based Medicine”,isfhsupports surgeons in choosing opti-
mal surgery techniques for the treatment of certain eyelityotlisorders. First, we have developed
a grid-enabled version of the simulation of the Hess-Latera®st, which is a medical examination
by which the pathology of the patient can be estimated. Baseldis, we work on a pathology fitting
algorithm that attempts to give sufficiently close estioraifor the pathological reasons of the dis-
order. Furthermore, we have started to develop a grid enddistributed database where both real
and simulated pathological cases can be collected, somedeaaluated for improving both the later
pathology fitting calculations and the future medical treants.

1. Introduction

SEE-GRID is based on the SEE++ [4, 10, 15] software systerth®obiomechanical 3D simulation
of the human eye and its muscles. SEE++ simulates the comygomescle surgery techniques in
a graphic interactive way that is familiar to an experiensejeon (see Figure 1). SEE++ offers the
possibility to use a client component for user interactiod @isualization and a server component for
running the actual calculations; the message protocol S®@ABed for communication between the
two components.

SEE++ deals with the support of diagnosis and treatmestrabismuswhich is the common name
given to usually persistent or regularly occurring misafigent of the eyes where eyes point in dif-
ferent directions such that a person may see double ima@ds+-Sis able to simulate the result of
the Hess-Lancaster tesfrom which the reason for the pathological situation of pla#ient can be
estimated. The outcome of such an examination consistsafaze patternsf blue points and of
red points respectively (see the diagrams on Figure 2). Tieefdwints represent the image seen by
one eye and the red points the image seen by the simulatedey#iign a pathological situation there
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Figure 1. The Output of the “SEE++ to Grid Bridge” and the GUI o f SEE++
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Figure 2. Gaze Patterns in SEE++: Intended (blue), Measurefgreen) and Simulated (red)



is a deviation between the blue and the red points. The dejaak pattern that is calculated from
the patient’s eye data by SEE++ contains 9 points. Biggee gatterns with 21 and 45 are possi-
ble and provide more precise results for the decision suppaase of some pathologies, but their
calculations are more time consuming.

It is also possible to give the measured gaze pattern of argats input. In this case, SEE++ takes
some default or estimated eye data and modifies a subsetrofuhi the calculated gaze pattern of
the simulated eye (red points) matches the measured gaeenp@reen points). This procedure is
calledpathology fitting

Strabismus can be rarely corrected sufficiently after thet furgical treatment. One of the main
goals of the SEE++ software system is to give support to ma&dreatment of strabismus easier
and more efficient. Still the doctors have to spend lots oétimith changing the eye parameters by
a manual trial and error method and waiting for the resultse Gurrent pathology fitting algorithm
is time consuming (it runs several minutes) and gives onlyogenor less precise estimation for the
pathology of the patient. Doctors want to see quickly theltesrom such a decision support system,
but for reaching adequate response times it is not suffitdems$e only local computational power.

The goal of SEE-GRID is to adapt and to extend SEE++ in segtepk and to develop an efficient
grid-based tool for “Evidence Based Medicine”, which supgdhe surgeons in choosing optimal
surgery techniques for the treatments of different syné®of strabismus. We have approached this
goal in three phases:

e We have implemented a parallel and grid-enabled versiohefiize pattern calculation, see
Section 2.

e We are currently developing a grid based medical databassufiporting medical treatments
based on searching for similar cases, see Section 3.

e We are going to work on a parallel grid-enabled pathologerfiigorithm explained in Sec-
tion 4. With this, the pathological reason from which a pattisuffers may be estimated more
precisely in a reasonable time.

The prototype of the SEE-GRID software is developed andwgredn the infrastructure of the Aus-
trian Grid [1].

2. Parallel Gaze Pattern Calculation

As a first step of our work, we combined the SEE++ software with Globus (pre-Web Service)
middleware [6]. Our goal was to demonstrate how a noticesjidedup can be reached in SEE++ by
the exploitation of the computational power of the Grid.

2.1. The “SEE++ to Grid Bridge”

The initial component of SEE-GRID is the “SEE++ to Grid Br&dd?2], via which the unchanged
SEE++ client can get access to the infrastructure of therfusGrid (see Figure 3).
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Figure 3. The Current Architecture of SEE-GRID

The “SEE++ to Grid Bridge” acts as a SEE++ server to the SEBients and as a Globus client to
the Grid. When the “SEE++ to Grid Bridge” is executed, it f&8EE++ server processes on one
(or perhaps more) grid site(s) and then waits for computatitasks from its clients. The SEE++
server processes are started on the grid sites as normgbpgsdia the Grid Resource Allocation
Manager (GRAM). The SEE++ clients can communicate with éh@®cesses via the “SEE++ to
Grid Bridge” by the same messages as in the original SEE+twadé system; the usage of grid
resources is completely transparent to them. Messagesended in the SOAP protocol which can
be also used for communication within the grid.

2.2. Starting Server Processes in the Grid

The "SEE++ to Grid Bridge” acts as a GRAM client and submit®la fescribed by a Resource
Specification Language (RSL) expression to a particular gite through its gatekeeper.

When a SEE++ server is started, it attempts to bind itselffteeport in a predefined port range and
to send this information back to the “SEE++ to Grid Bridge’hfortunately this is not a trivial task,
because it is not possible to communicate through the GRAMIgeper connection interactively.
This connection is an https-stream and everything sentitrd is placed in the cache of the “Global
Access to Secondary Storage” (GASS, this service manageé#Qifiles of the applications in the
Globus environment). But there is no possibility to force &mptying of the GASS cache unless the
submitted job terminates or the GASS cache is filled by wgitiseless data to it.

For solving this problem, we have applied a technique that aleeady used in [14] in a similar

situation. According to this, after the server process s itself to a free port and sent the port
number to the client through the gatekeeper connectioripiks” itself and then terminates. The

gatekeeper perceives the termination of the program andiesrtpe GASS cache.

Fortunately, once the gatekeeper has started a program od sitg, this program will be able to
accept communication requests. Therefore, the “SEE++ i Brdge” will be able to connect to
the socket, which is still held active by the previously fedicopy of the SEE++ server.
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Figure 4. Parallelization of the Gaze Pattern Calculation

2.3. Data Parallelism

The “SEE++ to Grid Bridge” is able to split gaze pattern cétion requests of clients into subtasks
(which contain only some gaze points of the original pajtard to distribute them among the servers
(data parallelism), see Figure 4. Since the calculatioesiofi gaze points are completely independent
from each other, there is no communication among the sereeepses. The maximum number of
server processes we used in a session was 45, because dgamespated in medical examinations
can consist of at most 45 gaze points.

After the SEE++ servers have been started on a grid site aidpibrt numbers have been disclosed,
the “SEE++ to Grid Bridge” waits for connection requestsirSEE++ clients. When the user triggers

a gaze pattern calculation on a SEE++ client, the client s¢inel actual values of the eye model

parameters (see Figure 5) and the information of the intgdee pattern points in a SOAP message
to the “SEE++ to Grid Bridge”.

The “SEE++ to Grid Bridge” creates replicas of the receivesbsage with the eye model data and
distributes the received gaze pattern points among theeasphccording to granularity value This
value is given by the user as a command line argument of tiigdmand determines the maximum
number of gaze pattern points whose data will be sent futtgather in the same SOAP message to
a SEE++ server process.

The “SEE++ to Grid Bridge” distributes the newly created JOAessages among the SEE++ server
processes by a simple static load balancing mechanism. fldgelsimply counts the number of the
active computational tasks (which were sent in a messagejther their results still have not arrived
back or they are not aborted) in the case of each startedrgmaeess and it always send the next
calculation request either an idle or the most slightly Bth@EE++ server process. Of course this
solution is less efficient than a load balancing accordinthéoreal workload of the CPUs, but it is
still sufficient for our current requirements.

As in SEE++, the client regularly sends another SOAP mestatee “SEE++ to Grid Bridge” in
order to check the status of the gaze pattern calculatioe. bFillge broadcasts this message to the
corresponding SEE++ server processes to receive the sfatus calculations of the corresponding
gaze pattern points. When the servers returns with the picatus information about the requested
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Figure 5. Adjusting the Parameters of the Eye Model in SEE++

computations, the “SEE++ to Grid Bridge” sums the receiv@des and sends back a percental status
information about the whole gaze pattern calculation.

The reason why this kind of pulling strategy is applied teeree the status information is that a server
process (or a bridge) may be not able to initiate a call baokeotion to a client (or to a bridge) which
resides behind a firewall. Furthermore, since a gaze pattculation may take some minutes, the
usual two-way SOAP messages cannot be employed for regaiveresults, because the sockets
used by these messages may not remain open for such a longtwerefore, the client has to trigger
the returning of the results, when the computation is firdshe

If the “SEE++ to Grid Bridge” receives the status informattbat one of the requested computations
has been completed, it issues a third kind of message fanguhe results from the corresponding
SEE++ server process. The bridge subsequently joins thalatéd gaze points to one gaze pattern.

When the client eventually receives the status informatiahthe gaze pattern calculation is done, it
sends a SOAP message to the “SEE++ to Grid Bridge” for puthegesults. The bridge then returns
the entire pattern.

2.4. Benchmarks

We have investigated the effectiveness of our grid-pdratution in different situations where 1,
3, 9, 25, 30 or 45 processors were used on the grid (one SEEver ggocess was started on each
processor). We also used three different gaze pattern siaeeely 9, 21 and 45 points. The granular-
ity value (the number of gaze pattern points sent togetharserver processes) was 1 in every case,
because our experience indicated that more speedup caadiedewith a smaller granularity value
than the greater ones (despite of the higher communicatierneads).

Each value in Figure 6 depicts the average execution timedtédmputations of 45 gaze points.
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The test cases were executed on the Austrian Grid site gktixdustriangrid.at, which contains 64
Intel Itanium processors (1.4GHz) and resides at the Ja&salkapler University (JKU) in Linz. The

“SEE++ to Grid Bridge” and SEE++ clients were always exedwethe RISC Institute located in
Hagenberg which has a one Gigabit/sec connection to the JK&J L

In case of 25 or more processors, we also started some SEBE#rs@Ip to 10) on another (distant)
grid site called altix1.uibk.ac.at in order to investigtte influence of higher communication latency
for the measured values (see the benchmark results in titedas columns in Figure 6). This second
grid site resides in Innsbruck and consists of 16 pieceseo$fime kind of Intel Itanium processors.

The testcases are artificial pathological situations, @lrethe first case only one eye model param-
eter was changed on one eye muscle, in the second case thepaemeeters are modified on two
muscles in the same eye and in the last case the same pamaretenodified on more muscles in
both eyes. As one can see from the measured values, there aomsiderable differences between
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the execution times of the 3 test cases, independently haw perameter values were changed.

In case of 25 or more processors (of the grid site in Linz), peesled up the simulation of the Hess-
Lancaster test by a factor of 14-17, see Figure 7. If we stanel used some processes on the far grid
site in Innsbruck as well, we got slightly worse results wviita speedup limited to a factor 12-14.

3. A Grid Enabled Medical Database

In SEE-GRID, a distributed grid-based database is goingetaded for storing and sorting patient
data with gaze patterns and eye data. Thus a huge number afaheaises will be easily available
for users/surgeons, and for the grid variant of the pathofibgng described in Section 4.

3.1. Prototype Implementation

As a starting point of our work, a database for SEE++ was desig11] and prototyped as a web
service application, see Figure 8. The SEE++ client intsraith the database via the SOAP proto-
col, the communication protocol of SEE++ was extended bytimhdl SOAP messages used by the
database application.

The medical data of SEE++ (patients’ data, eye model paes)jeheasured gaze patterns, results of
medical experiments, etc.) are stored in the patient dagabBhe data model does not only support
the needs of SEE++, it was designed for supporting generdicaledatabases [11]. Hence, the
data model is based on a metamodel, which consists of ggnapgllicable data structures based on
various design patterns [5, 13] instead of specific datastyysed by SEE++.

For exploiting this general structure and keeping the maxrimflexibility of the application, we used
anObject/Relationa{O/R) mapping solution (namely Hibernate together withilgpr[8]. The O/R
mapping technique ensures that the conversions betweeabjbet-oriented and the relational data
structures are transparent to the source code.

Since the SEE-GRID database is designed for storing pageotds, security is a very important as-
pect. The user database contains the user authenticaticaudéimorization information of the system.
The security implementation ensures that every Web Secaites secured appropriately by checking



the caller’s identity. Furthermore, the persistence camepbemploys many techniques to maximize
security like:

e intercepting every Web Service method call and checkingatiteorization for each method
separately;

e supporting certificate-based and username/password-batigentication;

e applying strong encryption of stored user passwords witAlA-S12 salted hash code.

The cryptographic algorithms used in the prototype aredaseproven standards to maximize se-
curity [9, 16, 17]. Since the security component is not tiedhe persistence component, it can be
maintained separately and also used for other purposes.

Currently, the Web Service functionality on the databade & provided by the Apache Axis frame-
work. We plan to supplement it by a grid-enabled databasefadte component in a later phase (see
Section 3.2.).

3.2. Grid Enabled Version

Our next steps concentrate on developing a distributedegrabled database system that allows SEE-
GRID to give efficient support to "Evidence Based Medicin&his grid-based database also has to
be able to perform variougata miningalgorithms on its data sets.

According to our scenario, the doctors produce data for theal databases by the manual insertion
of patient data. The data sets may be collected in a grid dsgaby automatic transfer of medical
data (like measured gaze patterns, eye model parametejseptered in local databases as well as
by automatic insertion of the computed simulation data ¢dmputed gaze patterns are never stored
in databases, because these simulated patterns alwaysddapéhe biomechanical eye model used
by the SEE-GRID software system; however they can be releddziirecovered from the stored eye
model parameters).

To establish this proposed database without any major neatidn in the existing data access layer,
an abstraction layer has to be introduced. Therefore, thegsed grid database will be based either
on theGrid Seamless Data Access Middlewé&B SDAM) [7] developed by the Institute for Applied
Knowledge Processing (FAW) or on tigeb Service Resource FramewdWSRF) integrated in
Globus 4.

As for the first possibility, G-SDAM is an open and easy exilglesyrid-based software system focus-
ing on seamless data access. It is developed as a standalbn@adygleware, which does not require
any underlying software layer (like Globus), however itaakover and uses the applications Grid CA
and GridFTP developed by the Globus project.

G-SDAM is capable to add or remove data sources/resourgesitane. Its other core features are
the possibility to distribute and launch a query on all ggoaating distributed data source and then to
collect and compose the query results received from vagates sources into one query result. To
a client the query seems to be processed in a central datali@asémplementation of the G-SDAM
architecture is not yet complete, such that we may only useplified version of it. This will yield



the previously mentioned advantages without the supporntodies containing heterogeneous data
structures.

The other possibility is to deploy data (re)sources as gmdises in Globus 4. In this case, we must
develop a parallel/distributed search algorithm so thatwlide able to access and collect the desired
information from the distributed database. For achieving,twe plan to utilize some of the features
of WSREF, like

e Resource Propertig®r discovering the available data source nodes,

e Stateful Servicefor performing queries and for submitting some computatigobs (see Sec-
tion 4.2.),

o Notificationeither for reporting the changes in the database triggeyatifterent operations
(e.g.: insert, update, delete) or for informing the clidnbat the status of the ongoing/finished
computations (see Section 4.2.) and

e BaseFaultfor handling the reported faults during the Web Service aatmns.

Since both the G-SDAM and the Web Service Architecture inb@$4 are able to communicate via
the SOAP protocol with other grid-based applications, @iabase implementation is flexible enough
for later adaptation.

4. Grid-Based Pathology Fitting

Pathology fitting is an automatic modification of a subsethefpatient’s eye model parameters (see
Figure 5) until the calculated gaze pattern matches the unead®ne. Unfortunately, a gaze pattern
does not uniquely determine the values of eye model parasetaurther difficulties are that the
gaze pattern cannot be measured with perfect precisioseh#re simulated gaze patterns cannot be
completely the same as the measured one (see the diffelestvesen the green and the red patterns
in Figure 2).

Therefore, the pathology fitting either has to produce adiggge solutions and present them to the
doctors (who can choose the correct one), or the doctors givestidditional input data which are
based on their own experiences and/or which are derived$mne other medical investigations (e.g.
choosing the affected eye(s), assuming the syndrome, megsloe eye muscle forces, etc.).

Atthe moment, we use a heuristic that is able to exclude nfdlsegathologically irrelevant solutions
(solutions which are possible in the mathematical moddlchanot occur in a real human eye) and
gives an approximation of the correct solution. This heigronsists of a list of particular eye model
parameters in a specific order representing the weight bgtwihie parameters affect the presumed
strabismus syndrome. This list specifies a strict sequengédification order for the pathology fitting;
modifying the parameters in this order excludes most irmbigolutions. The heuristic is determined
by the user/doctor from her own experiences and from othelicakexaminations.

Pathology fitting is essentially a non-linear optimizatigmoblem in a multidimensional parameter
space. However, the desired solution may not always be timbminimum, for instance the previ-
ously described heuristic sometimes leads the algorithsotee desired local minimum.

10



* /*

Eye : Initial Eye Model P :aType of Eye Model Parameter
M  : Measured Gaze Pattern El :Eye Model
H : Heuristic M  : Measured Gaze Pattern
*/ */
pathologyFitting(Eye, M, H) optimization(p, E1, M)
El :=Eye v = vector of the p parameter values
C1 := gazePattern(E1) on the six eye muscles in E1l
if C1 matches M return E1
loop
loop C2 := gazePattern(E1, v)
p := nextParameterVariation(H) if IM—C2|l <€ return El
if p is equal to NULL return E1 v2:= OptimizationStep(v, IM—C2I) /* with Jakobian
E2 := optimization(p, E1, M) and Hessian matrix calculations */
C2 := gazePattern(E2) Update parameter p in E1 by v2
if C2 fits M better than C1 v:i=v2
El1:=E2
Cl:=C2

if C1 matches M return E1

Figure 9. A Draft of the Pathology Fitting Algorithm

The pathology fitting process receives as its input an irefla model, the measured gaze pattern and
the heuristic. Roughly, the pathology fitting works in thédwing way (see Figure 9):

¢ On the highest level, the algorithm selects the differentlkdf eye model parameters contained
by the heuristic one by one. The eye model is updated basdtkaratculated one if and only
if the fitting of the currently modified parameter yields anyprovement (its calculated gaze
pattern matches the measured gaze pattern better).

e On the lower level, a non-linear optimization algorithm ni@d the model parameters selected
by the heuristic in several iterative optimization steps.

e On the level of the optimization steps, the algorithm perf®isome computations by which it
tries to determinate the next improvement. At the end of egtimization step, a gaze pattern
is calculated with the modified eye model data for the evalnaif the improvement.

4.1. Initial Studies

We have already extended the pathology fitting componentE&+S by parallel gaze pattern cal-

culation [3], since a pathology fitting process often regsiithe calculation of approx. 60-100 gaze
patterns. The speedup achieved by this implementationiwgted to a factor of two, because the

gaze pattern calculations are triggered by consecutiven@attion steps.

Based on this initial result, we have further evaluated hopairallelize the pathology fitting algorithm
itself on various levels of the algorithm:

11



1. On the highest level, the different kinds of eye model paters have to be modified in the
specific order given by the heuristic. Hence, the only palésilior parallelizing the algorithm
on this level is to find a non-sequential heuristic insteathefcurrent one.

2. At the medium level, the applied non-linear optimizatadgorithm (Levenberg-Marquard) it-
self is an iterative algorithm where in each step a (JacohmhHessian) matrix is computed
which can be speeded up by parallel algorithms that applyatdodecomposition methods [12].
However in our case, the pathology fitting uses matricesdatatoo small to profit from this
strategy (each matrix computation takes less than 1 second)

3. Another approach would be the separate optimization efetfe muscles which can be per-
formed concurrently on some processors. In case of a hédilay eye, the 6 eye muscles
are working in pair [4] (the pairs are independent from editter). But in a diseased eye, it
cannot be predicted whether an eye muscle is independentdnmther one. Therefore, the
optimization algorithm has to modify the eye model paramseté the six eye muscles of one
eye together.

Since from these investigations a straight-forward paliaiition of the current optimization algo-
rithm does not seem very promising, we have started to iigagstradically different optimization
approaches (like simulated annealing) that may offer moteryial.

4.2. The Proposed Grid-Based Pathology Fitting

Rather than for speeding up a single pathology fitting preoge may use the grid to perfommultiple
pathology fitting processes and thus improve the existiggrahm as follows: Since a gaze pattern
does not uniquely determine a simulation model and the ouakgorithm may not find always the
best solution (despite of the introduced heuristic, thdityjuaf outcome still depends on the initial
estimation for the current pathological case), we can eitle grid infrastructure to attempt to find
better solutions. In the SEE-GRID database, a huge numb®edfcal cases will be available for
users/surgeons, which can also be utilized for the purpbge@roposed parallel pathology fitter:

1. by searching in the database concurrently for similag€as the one presented to the pathology
fitter and
2. by starting concurrent pathology fitting processes widse cases as the starting points of the

optimizations (parameter study).

This strategy requires the computational power of the gritke numerous similar cases may exist in
the database. As a consequence:

e Wwe may get better solutions than in the case of the existogrghm;

e We may get more than one solution relevant to the actual fmaghoal situation of the patient;

e the execution of the solutions may take less time, since we faod estimations at the very

beginning.

The computed results will then be stored in the databaseedbéek for providing better and better
initial estimations for later computations.

12



5. Conclusions

By our developments, SEE-GRID may become an efficient tooképporting and improving the
medical treatment of strabismus. Based on the results aedtigations described in this paper, our
ongoing research work has three main directions:

Implementation of the grid-based databaseWe currently work on the adaptation of the existing
prototype implementation of the SEE-GRID database to thé.Gr

Algorithmic improvements We have started to investigate different strategies andilpdises in
order to achieve a better understanding of the fundameathbjogy fitting algorithm and thus
to devise new, faster sequential or parallel algorithms.

Development of a grid-based pathology fitting methodWe are going to implement a variant of
pathology fitting that applies a grid-based parallel seaéechnique to find cases in the SEE-
GRID database that are similar to measured patient datag tisese cases as starting points,
the method executes multiple independent pathology fifiragesses on the grid.

Later we plan to extend the SEE-GRID medical decision sugystem by a surgery fitting algorithm
that is able to give suggestions to the doctors for the optireatment of patients.

6. Acknowledgements

The G-SDAM framework mentioned in Section 3.2. is developgthe Institute for Applied Knowl-
edge Processing (Institut Fir Anwendungsorientiertes@fisverarbeitung — FAW) as a partner of
the SEE-GRID project.

References

[1] Austrian Grid home pagéat t p: / / www. austri angri d. at

[2] Karoly Bosa, Wolfgang Schreiner, Michael Buchbergdnpihas KaltofenThe Initial Version
of SEE-GRID Austrian Grid Deliverable Alc-1-2005, Research Institisr Symbolic Compu-
tation (RISC), Johannes Kepler University, Linz, March 200

[3] Karoly Bosa, Wolfgang Schreiner, Michael Buchbergdnpinas KaltofenA Prototype of the
SEE-GRID Pathology FitterAustrian Grid Deliverable A1c-3-2005, Research Inséifor Sym-
bolic Computation (RISC), Johannes Kepler University 4,.iduly 2005.

[4] Michael BuchbergerBiomechanical Modelling of the Human Eyeh.D. thesis, Johannes Ke-
pler University, Linz, Austria, March 2004.
htt p: / / www. see- ki d. at/ downl oad/ Di ssertati on_MB. pdf

[5] Martin Fowler,Analysis Patterns: Reusable Object Modd@ddison-Wesley, 2004.

[6] The Globus Tookitht t p: / / www. gl obus. or g/ t ool ki t/

13



[7] A Reporton a Unified Grid-aware Access Layer for SEE-GRIDaCgsts Austrian Grid Deliv-
erable M-4aA-1c, FAW Institute and RISC Institute, JohanKepler University, Linz, August
2005.htt p: / / www. faw. uni -1i nz. ac. at

[8] Hibernatehome page, 200%t t p: / / www. hi ber nat e. or g/
[9] Michael Howard and David LeBlan®Vriting Secure CodeMicrosoft Press, 2nd edition, 2003.

[10] Thomas KaltofenDesign and Implementation of a Mathematical Pulley ModeBiomechan-

ical Eye SurgeryDiploma thesis, Upper Austria University of Applied Sates, Hagenberg,
June 2002.

htt p: / / www. see- ki d. at/ downl oad/ Pul | ey Mbdel _Thesi s. pdf

[11] Daniel Mitterdorfer,Grid-Capable Persistance Based on a Metamodel for Medicadiflon
Support Diploma thesis, Upper Austria University of Applied Sates, Hagenberg, July 2005.

[12] N. N. R. Ranga Suri, Dipti Deodhare, P. Nagabhushirarallel Levenberg-Marquardt-Based
Neural Network Training on Linux ClusterCVGIP 2002, 3rd Indian Conference on Computer
Vision, Graphics and Image Processing, Ahmadabad, India.

[13] NHS Healthcare Modelling Programm&995,
htt p://ww. st andar ds. nhsi a. nhs. uk/ hcni i ndex. ht m

[14] Herbert Rosmanith and Jens Volkgibgin - Interactive Connectivity for the GridProc. of
DAPSYS 2004, 5th Austrian-Hungarian Workshop on Distoléind Parallel Systems, Kluwer

Academic Publishers, Budapest, Hungary, pp. 3-11 (Sep4)2t t p: / / www. gup. uni -
linz.ac.at/gl ogin/

[15] SEE-KID home page, 20061t t p: / / www. see- ki d. at

[16] Douglas Schmidt, Michael Stal, Hans Rohnert, FrankdBusann,Pattern-Oriented Architec-
ture, Vol. 2: Patterns for Concurent and Networked Objects, JoHiey and Sons Ltd, 2000.

[17] Bruce SchneieCryptanalysis of SHA512005.
htt p: / / www. schnei er. cont bl og/ ar chi eves2005/ 02/

14



