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Abstract

Software developmentis getting more and more comple, espe-
cially within distributed middlevare-basecervironments. A major
dravbackduringthe overall softwaredevelopmentprocesss thelack
of on-linetools,i.e. toolsappliedassoonasthereis a runningproto-
type of an application. The MIMO Middleware MOnitor providesa
solutionto this problemby implementinga frameawvork for anefficient
developmenof on-linetools.

This paperpresentsa methodologyfor developing on-line tools
with MIMO. As anexamplescenariowe choosea distributed medi-
calimagereconstructiorapplicationwhich representatestcasewith
high performanceequirements.Our distributed, CORBA-basedap-
plicationis instrumentedor beingobsered with MIMO andrelated
tools. Additionally, load balancingmechanismsareintegratedfor fur-
therperformancémprovements.

As aresult,we obtainanintegratedtool environmentfor observing
andsteeringtheimagereconstructiorapplication.By usingour rapid
tool developmentprocessthe integrationof on-linetoolsshavs to be
very corvenientandenablesan efficienttool deployment.



1 Intr oduction

Supportingthe softwaredevelopmentprocesswithin complec distributederviron-
mentsis still a problemdueto the lackingon-linetool infrastructures Especially
application-oriergd approachesor developingintegratedandtool-supportedap-
plicationsarerare.

In thispaperwe presentheMIMO approachwhichproposesninfrastructure
andmethodologyfor developingon-line tools for distributed heterogeneousrvi-
ronmentsAs theMIMO approachs application-orientedwveillustrateit by means
of areal-world applicationscenario:We shav how to integrateon-line tool func-
tionality into a medicalimage-processingpplication. The characteristic®f this
applicationarethe high performanceequirementshatmake it necessaryo build
a parallelanddistributedversionin orderto limit processingimes. Furthermore,
an automaticload balanceris appliedto the applicationfor performanceeasons,
suchthatthe applicationcanbe executedn parallelwithin a clusterof distributed
workstations.

As the on-line tool supportshouldnot be limited to the pure developmentof
applications,we provide a tool ervironmentthat supportsboth the development
andthe subsequerdeploymentof theapplication.During developmentthe obser
vation of the distributed applicationcanbe usedfor dehugging and performance
tuning purposeswhile during deploymentthe steeringfacilities can be usedfor
maintenancdasks. For example,for managemenpurposesall computationob-
jects might have to be migratedaway from a specificnode, what can easily be
carriedout usingour tool ervironment,without interferingthe runningcomputa-
tion.

In thefollowing, wefirst give anintroductioninto thecomponentgarticipating
in our environment,which arethe medicalimage-processingpplication theload-
balancerandthe MIMO system. Subsequentjywe describethe compositionof
thesecomponentsnto an integrated,tool-supportedeal-world application. The
evaluationwith a genuinetestcaseprovesthe applicability of ourapproach.

Altogether this paperthereforecontribtutesto an enhancedool development
andusageprocesdor comple distributed applications. The MIMO systempro-
videsthe basisfor this approachwhile thetool developmentmethodologyshawvs
to beanappropriatgprocedurdor its efficientdeployment.



2 The Medical Image-ProcessingApplication

We explore our conceptsby meansof the parallelmedicalimage-processingp-
plication describedn [1], [2]. In this application,a realignmentprocessforms
part of the StatisticalParametricMapping (SPM) applicationdevelopedby the
WellcomeDepartmenif Cognitive Neurology[3]. SPMis usedfor processing
andanalysingtomographmagesequencessobtainedfor exampleby functional
MagneticResonancémaging (fMRI) or PositronEmissionTomography(PET).
Suchimagesequencesare usedin the field of neuro-sciencefor the analysisof
actwities in differentregionsof the humanbrain during cognitive andmotoric ex-
ercises.

Realignments a costintensie computatiorperformedduringthe preparation
of raw imagedatafor the forthcomingstatisticalevaluation. It computesa 4 x 4
transformatiommatrix for eachimageof the sequencefor compensatinghe effect
of small movementsof the patient,causede.g. by his breath. The imagesare
realignedrelatively to thefirstimageof the sequence.

The realignmentalgorithm for image sequencess obtainedby fMRI will
briefly be presentedOnehasto distinguishtwo cases:

1. Realignmenbf onesequencef images:
Thereferencedatasetandthefirst matrix is obtainedby performinga num-
berof preparatorycomputationsisingtheimagedataof thefirstimage.The
matricedfor all remainingimagesarecalculatedisingthereferencelataset.

2. Realignmenbf multiple sequencesf images:
The referencedatasetandthe first matrix of the first sequencere calcu-
lated. Thereafterthe first imagesof all remainingsequencesarerealigned
relatively to the first imageof the first sequencandits referencedataset.
Finally, therealignmentalgorithmasdescribedn thefirst caseis appliedto
all sequencemdependently

At this point the only preconditionfor the calculationof the transformation
matrix is theavailability of thereferencalataset,whichis calculatednly oncefor
eachsequenceOncethereferencalataset(s)is(are)available,the matricesof the
sequence()anbe computedndependently

As the realignmentprocesshas high performancerequirementsit is paral-
lelised using Java and CORBA as a programminglanguageand communication
platform. Computationalpartswritten in C++ are integratedby using the Java
Native Interface(JNI).

The following sectionsdescribethe load managemensystemusedfor tuning
the performancef therealignmentpplication,andthe monitoringapproactused
to obsene andsteertherunningapplication.



3 The Load ManagementSystem

In orderto improve the performanceof the parallelrealignmentapplication,the
load managemenapproachdescribedn [4] is applied. In generalJoad manage-
mentsystemscan be split into threecomponentsThe load monitoring, the load
distribution, andtheload evaluationcomponent.They fulfil differenttasksat dif-
ferentabstractiorevels. This easeshedesignandtheimplementatiorof the over-
all system. Figure 1 shavs the component®f a load managemensystemand a
runtimeervironmentcontainingapplicationobjects.

The load monitoringcomponenprovidesbothinformationon available com-
puting resourcesandtheir utilisation, andinformation on applicationobjectsand
their resourceusage. This information hasto be provided dynamically i.e. at
runtime,in orderto obtainknowledgeaboutthe currentstateof the runtimeervi-
ronment.

Load distribution provides the functionality for distributing workload. Load
distribution mechanismgor systemlevel load managemendreinitial placement,
migration,andreplication.

Initial placement standsfor the creationof an objecton a hostthat hasenough
computingresource$n orderto efficiently executeanobiject.

Migration meanghemovemenbf anexisting objectto anothehostthatpromises
a moreefficient execution. As migrationis appliedto existing objects,the
object statehasto be considered. The objects communicationhasto be
stoppedandits statehasto betransferredo the new object,andall commu-
nicationhasto beredirectedo the new object.

Replication is similar to migrationbut the original objectis not remored, sothat
identicalobjectscalledreplicasarecreated Furtherrequests$o theobjectare
divided amongits replicasin orderto distribute workload (requestsamong
them. Replicationis restrictedto replicationsafeobjects. This meansthat
an object canbe replicatedwithout applying a consisteng protocolto the
replicas.

Finally, the load evaluationcomponentmakes decisionsaboutload distribu-
tion basedon the informationprovided by load monitoring. The decisionscanbe
reachedy a variety of stratgies. The aim of the diversestratgiesis to improve
the overall performanceof the distributed applicationby compensatindgoad im-
balance. Thereare two main reasondor load imbalancein distributed systems.
First, backgroundoad cansubstantiallydecreasé¢he performanceof a distributed
application. Secondyequestbverloadthatis causedby too mary simultaneously
requestingclients increaseghe requestprocessingime and thus, decreaseshe
performancef the overall application.Both sourcesf loadimbalancehave to be
consideredy aload manager

Distributed objectorientedervironmentslike CORBA [5] or DCOM [6] are
basedon somekind of objectmodel. CORBA objectsare connectedo the mid-



dlewareby the PQA (PortableObjectAdapter). The objectadapteiprovidesfunc-

tionality for creatingand destrging objects,andfor assigningrequestgo them.

The PQA is configuredby the developervia policies. The ORB (ObjectRequest
Broker) provides functionality for creatingobject adaptersand for requesthan-

dling. A requesto anobjectarrivesatthe ORB thattransmitst to theappropriate
PQA. Subsequent/ythe objectadapterstartsthe processingf the requestby an

implementatiorof the object(Senant).

The load managemenfunctionality especiallyjoad monitoringandload dis-
tribution, have to be integratedinto the ORB andthe POA becauseve decided
to make a systemlevel implementation. Therefore we addedsomepoliciesand
interfacesto the POA in orderto enablestatetransferandthe creationof replicas.

Themigrationandreplicationof objectsis realisedusingnew policiesthatde-
terminethe creationof objectsby meanof factoriesanda persistencgolicy that
allows to migratethe stateof anobject. Requestedirectionis performedby the
CORBA Location Forward mechanisni7]. It enableso handover objectrefer
encedo clientsby raisingan For war dRequest exception. The client runtime
transparentlyeconnectso theforwardedreferenceThis guaranteemigrationand
replicationtransparenc

4 MIMO

This sectionintroduceghe MIMO MlddlewareMOnitoring systemaninfrastruc-
turefor monitoringandmanagingistributed,heterogeneousiddlevare[8].

To handleheterogeneityMIMO is basednamulti-layermonitoringapproach
which classifiescollectedinformation using several abstractiorlevels and there-
fore senesasa foundationfor integratingdiversemiddlewvare. In orderto enable
a rapid and flexible tool designand construction,MIMQ’ s structurerelies on a
three-tiermodelseparatindools, the monitoringsystemandtheinstrumentedap-
plication throughgenericinterfaces. Theseinterfacesmake it possibleto usethe
coreMIMO infrastructurdor building toolsandapplicationinstrumentatiorin an
appropriatédashionfor the monitoredmiddlevare. Finally, in orderto designGUI
toolsadwantageous|ythe component-basellVIS tool framewnork canbe usedto
integratenew tool functionality easilyby meansof Javabeans.

4.1 Multi-Lay er-Monitoring

Figure2 shavs anillustrationof atypical distributedmiddlevareervironmentthat
we consider The obsered systemconsistsof six abstractionayersfrom which
the monitor collectsinformationandprovidesit to tools.

The highestabstractiorlevel within the systemis the applicationlevel. Here,
only completeapplicationsare of interestfor the monitoring system. Within an
application,the whole functionality exportedby the componentss describedoy
interfaces. Theseinterfacesare definedin an abstractway in the interfacelayer.



Theimplementatiorof the behaiour describedy theseinterfacesis doneby ob-
jectswithin the distributed objectlayer Theseobjectsmay still be considerechs
abstractentitiesresidingin a global objectspace. In orderto enablecommuni-
cationbetweenthe distributed objects,sometype of middlevareis required,and
especially a mechanisnto defineanduniquelyidentify objectswithin the object
spacds needed.

As objectson the distributed objectlevel are still abstractentities,they need
to be implementedin a concreteprogramminglanguage. This implementation
of the objectsis consideredn the subsequenimplementationayer. Finally, the
implementatiorobjectsare executedwithin a run-timeervironmentwhich canbe
anoperatingsystenor avirtual machineontop of anoperatingsystemnthatis being
executedby theunderlyinghardwarenodes.

For variousmiddlevare platformsor applications this abstractmodel canbe
mappedto concreteentity typesrelatedto the respectie ervironments. We will
shav themappingof therealignmentpplicationto theMLM modelin thefollow-
ing section.

4.2 MIMO Designand Ar chitecture

TheMIMO MIddlewareMOnitor providesa framework for onlinemonitoringand
managemernbolswhichis compliantto themulti-layermonitoringapproachThe
fundamentalrchitecturerelies on the separatiorof the tools from the monitor
ing systemand the obsered applications[9]. Figure 3 illustratesthe resulting
3-tiermodel,which shavs toolsmakinguseof MIMO by meansf atool-monitor
interface, while MIMO collectsinformationfrom the monitoredapplicationsby
meansof intrudersor adaptersvhichcommunicatavith MIMO throughaintruder
monitorinterface. The differencebetweenintrudersandadapterss thatintruders
aretransparentlyntegratedinto the application,while adaptersnight be built by
insertingcodeinto theapplication.

Toolsinteractwith themonitorsystenmby meanof astandardisetbol-monitor
interface,while instrumenteccomponentsnake useof a genericintrudermonitor
interfacethatallows to exchangeary kind of event-basednformation.

4.3 MIVIS Tool Framework

MIVIS (MImo VISualizer)representagenerapurposdramenork for GUI-based
tools. It containsbasicvisualisationfunctionality neededor sophisticatedbser
vationof any middlevare,andallows for easyextensionto includeotheradwenced
tool functionality The genericMIVIS framavork caresfor the interactionwith
MIMO andpresentsiatait recevesin anadwantageousvay to theuser

To fulfil the requirementof uncomplicatedextensibility of the visualisation
tool, it is split into a main programand se/eral JavaBeanssoftware components.
Themainprogramtakescareof thecommunicatiorwith MIMO andtheprocessing
of thedata,andthe JavaBeanglo the graphicaldisplay Hereby all JazaBeansare



discoreredby MIVIS atstartuptime, andgetdynamicallyintegratedinto the GUI.
If adifferenttype of displayis neededa usercanprogramthatdisplaytype using
Javaandturnit into aJJavaBean.This components placedinto a specificdirectory
sothatMIVIS canfind anduseit. The mainprogramdoesnot have to be changed
at all, the only requirementis that the JavaBeanimplementsa minimal interface
thatenableghe mainprogramto communicatevith thebean.
Thebean-specifipropertiescanbe setby theuser MIVIS knows aboutthese
propertiedy meansf theintrospectiormechanisnandprovideseditorsto change
the settingsof theseproperties.Additional editorsfor propertiesof a specialdata
type canbe placedinside the JaszaBeanand usedinsteadof the standardeditors.
Hence this approactoffers a very dynamicandflexible way to configurethe be-
haviour of variousdisplaytypes.More detailsaboutMIVIS canbefoundin [10].
In the following, we make useof the MIMO capabilitiesto monitorandsteer
ourload-balancedealignmentpplication.

5 Integrating the Load-Balanced
RealignmentEnvironment

In this section,we now describehow to monitor and steerthe load-balancede-
alignmentapplication. First, we begin with a generalovervien of thetool devel-
opmentprocesgproposedy MIMO, beforewe subsequentlighav theintegration
of therealignmentpplication.As aresult,we obtaina visualisationtool shaving
the actuities of the realignmentapplication,anda steeringpossibility thatallows
to migrateor replicateobjectsusinginteractve drag-and-dropnechanisms.

5.1 Tool Developmentwith MIMO

To enablemonitoring of a new middlewvare with MIMO, a generalmethodology
consistingof threemajorstepsexists:

e Definerelevantmiddlevare entitiesand mapthemto the MLM model:
The first stepis to define entities within the middlevare which are rele-
vantfor beingmonitoredwith MIMO. This caneithercompriseapplication-
specific entitieslike business-objectspr middlevare-specificentitieslike
e.g. CORBA objects. The choiceof theseentitiesdependson the focus of
interestandstronglyinfluenceghe furtheractuities.

After defining the relevant entities, they needto be mappedto MIMO’ s
multi-layermonitoring model describedbefore. Here, a certaindegree of
freedomexists and be exploited for the respectie goals. The resultis a
middleware-specifitayermodelwith amappingto thegeneraMIMO MLM.

e Definerelevantevents:
After definingthe entities,relevanteventsthatmayoccurwithin themiddle-
wareor applicationhave to be determined.For example,theseeventsmay



include generationor deletionof entities,or interactionsbetweenentities.
As before,the definition of relevant eventshighly dependson the focus of
the monitoring goalsand canbe completelyuserdefined. In ary case the
resultis alist of eventnamesandtheir correspondingarameterthathave to
be passedvith them. Also, it is possibleto passeventsfrom the application
to the tools, aswell aspassingoackcommanddrom tools to the intruders
or adaptergesidingin the applicationin orderto manipulatethe running
application.

e Implemeninstrumentatiorcodeandtool:
The last stepin our methodologyis the actualimplementationof intrud-
ers/adapterandthetoolsbasedon the previous entity andeventdefinitions.
Here, MIMO senesasa commonmonitoring framevork, andthe MIMO
core can be usedas an intelligent communicationinfrastructurebetween
tools andintruders/adaptersMoreover, the MIVIS tool framevork canbe
usedfor easydevelopmentof GUI tools.

Hencewith thisproceduranew platformscaneasilybeintegratedto theMIMO
systemby following a fixed setof rules. This generalapproachthereforeenables
arapid and easytool developmentwhich is highly application-and middlevare-
oriented suchthatdeveloperscanconcentrat@ntool developmentwithoutworry-
ing aboutgeneramonitoringissues.The stepsof thetool developmenimethodol-
ogy aresummarisedn Figure4.

5.2 Integrating the RealignmentApplication

Basedon the generaltool developmentprocesswe now shav the integration of
the realignmentapplicationinto the tool environment. Figure5 depictsthe struc-
ture of the realignmentapplication. The serviceoffered by the sener objectis
theconput e() servicewhich calculateghetransformationmatrix for animage.
The stateof a sener objectconsistsof a referencedataqueue(cache). Therefore
it is replicationsafesinceit canbereplicatedwithout applyinga consisteng pro-
tocol to its replicas,i.e. the requiredcachedatacan easily be reestablished A
get Ref er enceDat a() serviceis offeredby eachclient andprovidesthe spe-
cific referencalatato the senerif it is notalreadycached.

For integratingthesecomponentsithin MIMO, the relevant entitieshave to
be determinedatfirst. Theresultingmappingof realignmenentitiesto the MIMO
MLM modelis illustratedin Tablel.

The next stepis to defineappropriateeventsof interest. Theseinclude both
eventsfor observingthe progressof the realignmentprocessaswell assteering
eventsallowing to manipulatethe running application. The main eventsbeing
traclked by MIMO areasfollows:

¢ Creationanddeletioneventsfor new clientandsenantobjects

e Replicationof objects



e Migration of objects

¢ Informationeventsreportingthe load of nodesandobjects
For steeringtherealignmenprocesstwo eventsareused:

e Migrateobject

e Replicateobject

The parametersor thoseeventsincludethetarget objectandthe respectie desti-
nationnode.More exactdetailsaboutthe eventsandtheir parametersanbefound
in [1].

5.3 Example Scenario

Thefinal stepof ourintegrationis the developmentof avisualisationbeanmaking
useof the MIVIS framavork. We developeda new displaythatis usedfor the
visualisationof the processeslescribedbefore. Figure 6 presentghe basiclay-
out of the graphicalon-linetool. Client andsener objectsarelocatedwithin the
respectie rectanglegepresentinghe client and sener hosts. In addition, sener
objectload (numericalrepresentationfind sener hostload valuesare depicted
(numericaland graphicalrepresentation).The CORBA methodconput e() is
represente@sblack arrov with a counterandget Ref er enceDat a() asoff-
setturquoisearron. ReplicationsandMigrationsarerepresentedswhite andred
arravs respectrely. ReplicationandMigration actionscanbe initiated manually
with adrag-and-drofunctionality; the usercanthereforeeasilymigrateobjectsto
othernodespr replicatethem,if adequate.

Consequentlythe combinationof MIMO andMIVIS providesa flexible and
extensibleinfrastructurefor the developmentandthe maintenancef large scale
distributedapplications.

6 Evaluation

In orderto prove the efficiency of the presentedoad managementonceptandits
implementationwe presenta testcasefor our integratedrealignmentapplication
[11].

The hardware consistsof threemachineswith equalconfiguration. Thereis
no backgroundoad on the machines. The examinedCORBA applicationis the
medicalimage-processingpplicationdescribedn section2 with two simultane-
ously requestingclients. The applicationis replicationsafeasalreadymentioned
in section3. Thus,migrationandreplicationcanbe appliedto this application.

Figure 7 shawvs the processingime perimageagainstthe numberof the pro-
cessedmagefor bothclients. At the beginning, one sener objectis createdand
placedon a machine(initial placementandthe clientsstartrequestinghe sener.
The imageprocessingime is equivalentfor both clientsnowv becausdhe sener
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alternatelyprocessesheir requests. After a while the load managemengystem
recogniseshatthe sener is overloadedbecauséoth clientspermanentlyrequest
the sener. Accordingly replicationis performed,i.e. a secondsener object
(replica)is createdandeachclientgetsareplicaonits own. In consequencef the

replication,the imageprocessingime of eachclient decreaseabout50%. Some
time later backgroundorocessotoadis generatedn the machinethatis usedby

the secondclient’s replica. Hence theimageprocessindime of the secondclient

substantiallyincreases.Again, the load managemensystemrecognizeghe pro-

cessomverloadandmigratesthe affectedreplicato the third machinewhich was
not usedso far. The consequences thatthe imageprocessingime returnsto its

normallevel.

Thetestcaseshavs how theload managemenrdystemis ableto dealwith dif-
ferentkindsof overload.Requesbverloadis compensateby replication,whereas
backgroundoadis compensatetly migratinganobjectto alessloadedhost. Con-
sequentlythe load managemengystemsmprovesthe performancexindthe scala-
bility of the medicalimage-processingpplication.

Additionally, theintegratedtool environmentmalesit possibleto visualiseand
manuallysteertheload-balance@pplicationwhatis helpful for performanceun-
ing aswell asfor maintenancéasks.

7 Conclusionand Futur e Work

In this paper we have presentednapproactfor developingon-linetools for dis-
tributed middlevare-based@pplications.By meansof our load-balancednedical
realignmengpplicationwe have shavn how to integratemonitoringfunctionsand
to implementa visualisationand steeringtool, which canbe usedfor both devel-
opmentanddeplo/menttasks.

The MIMO infrastructureprovides an infrastructurefor implementinginte-
gratedtool ervironments.Thetool developmentmethodologycaresfor a system-
aticandconcertedlevelopmentprocesdor toolsandinstrumentatiorcomponents.
Finally, we have presentedh real-world applicationscenaridhat provesthe appli-
cability of ourapproach.

Futurework includesthe elaborationof furthertool interoperabilityconcepts,
whichenableacoordinatedindsimultaneouspplicationof severaltoolsto asingle
application.Theintegrationof ourload-balanceandthevisualisatiorandsteering
tool is afirst steptowardsthis direction.

Theglobalgoal of ourende&oursis to contrikute to anenhanceaverall soft-
ware developmentand deployment processhy improving the tool supportfor the
“on-line phases’of the softwarelifecycle. We aim at anincreasecdacceptancef
on-line tools by shaving an approachfor their rapid developmentand efficient
usage.



| RealignmenApplication | MIMO MLM Entity |

Realignmen®pplication | Application
Compute-Interice Interface
Compute-ObjectOR DistributedObject
JavaRealignmenClass | Implementation
RealignmenProcessD | Runtime

Node Hardware

Table1: Mappingof the Realignmen/pplication
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Figure6: Visualisationof areplicationandof objectinteractions
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