CAST — A Task-Level Concurrency Analysis Tool
(ExtendedAbstract)

SandelStuijk, TwanBastenandJanYpma
EindhovenUniversity of TechnologyPOBox 513,NL-5600MB, Eindhosen, TheNetherlands.
s.stuijk@tue.nl

Abstract

CAST is a systemlevel software tool for target-
architecture-independent concurrency optimization of
streaming applications. It includes a design exploration
method to guide a system designer in an intuitive way
through the design-space.

1. Intr oduction

Next-generatiorembeddednulti-mediasystemswill of-
ten be built on multi-processorsystemsto obtain high
computepower at relatively low enegy cost. To exploit
the concurreng inherently presentin thesesystems,the
parallelism available in an application mappedonto the
multi-processosystemmust be madevisible in the map-
ping and programmingtrajectory This abstractpresents
a system-leel softwaretool andaccompaying designex-
plorationmethodto extracttask-lezel concurreng from an
executablespecification. The optimizationcriteria arein-
spiredby thoseusedin performanceanalysisbut targeted
towards streamingand concurreng. The novelty is that
we performtarget-architecture-indepepd optimizationat
the executable-specificatiofsource-codelevel. Usingthis
optimization,we areableto derive a specificationthatcan
easilybe optimizedfor mary differentplatforms. In other
words, it helpsin makingre-usablespecifications.For de-
tails, thereaderis referredto [5].

2. Models of Computation and Concurrency

Our model of computation the computational-netark
model,assumeshata parallelcomputatioris organizedas
ahierarchicakollectionof autonomousomputenodeghat
areconnectedo eachotherby meansof point-to-pointcon-
nectionscorrespondingo datastreamsA givennodecom-
puteson datait receivesalongits inputsto produceoutput
on someor all of its outputs. The actionsperformedby a
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Figure 1. A network with event diagram.

nodeare modeledas a totally orderedsequencef events,
andthe actionsof a network as a partial order of events.
To reasoraccuratelyabouttiming aspectsvithoutreferring
to concreteimplementationswe use an adaptedversion
of Lamport’s logical clocks [4], associatinga delay with
eventsandwith communicationFigurel shavsacomputa-
tional network with an eventdiagram. The computational-
network model is usedto model applicationsfor image,
video and graphicsprocessinge.g. a JPEGdecoderor a
motion estimator).It captureghe coreof parallel(stream-
ing) applications,and nothing more. It allows for mary
instantiations. In our implementationwe usea C++ im-
plementatiorof Kahn Process\Networks[1], namelyYAPI
[3]. Other models, like synchronoudata-flav, are also
amenabléo ourtechniques.

Our concurreng model aims at performing a tamet-
architecture-independergoncurreng optimization. Its
measuresbstractfrom the ervironmentin which a net-
work operates. Five aspectof concurreng are covered.
First, the computation load is the ratio betweenthe time
spenton computationand the time spenton computation
and communication.Second sincefor a concurrentcom-
putationit is importantthatthe workloadis balancecdover
individual nodes workload balanceis capturedn the exe-
cution load. Third, anabstrachotionof thethroughpuof a
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Figure 2. Overview of CAST.

computationahetwork is provided by the restart measure.
Fourth, the synchronization compareshe executiontime of
anodein the parallelcomputatiorwith the total execution
time of all nodeswhen executedin sequence Finally, the
structure measureprovidesa notion of the numberof dif-
ferentdatastreamsin a network. Given a computational
network andan eventdiagram the five measuresreeasily
computed.The concurreng modelalsoprovidesmeanso
identify concurrenyg bottlenecks.Potentialbottlenecksare
for examplecomputenodeswith a poor computationload
or nodesin which mary data-streamsometogether

3. CAST Implementation Overview

CAST canbeusedto computeheconcurreng measures
for agivencomputationahetwork. Theoverview of CAST
is shavn in Figure2. The actualcomputationof the mea-
sureds performedn theanalyzer Thedatarequiredfor this
analysisis gatheredthrougha simulationof the network.
Beforesimulation theparseistepannotateshe sourcecode
of the computationahetwork with functionsto log the exe-
cutionof eventsduringsimulation.Delay settingsfor com-
municationeventscanbe provided by the designerdelays
for other events, i.e., executionsof C++ statementsare
basednthenumberof instructionseededo executethese
events,usinga standarccompiler

Information gatheredoy CAST is storedin a database.
This datais availablefor useby the graphicaluserinterface
(seeFigure3). The userinterfaceprovidesa directmethod
of feedbackon the network analysisresults. The network
is displayedasa graphwith a customizablenappingof the
measuresnto the nodesizesandnodecolors. This makes
it very easyfor a designeto identify potentialconcurreng
bottlenecks.Using the hierarchyin the network, low-level
detailscanbe hidden. Whena bottleneckis identified, the
designercandirectly jump to the correspondingC++ state-
ment(s)in the sourcecode. This allows for easyround-trip

Figure 3. Screen-shot of CAST.

engineering.

CAST supportsa designmethodfor optimizing a de-
signconsistingof four steps.In thetask-anddata-splitting
stepsall concurreng is extractedfrom a specification.The
communication-granularitand memging stepsthen opti-
mizethegranularityof inter-taskcommunicatiorandmeige
taskstowardsanoptimalworkloadbalance CAST contains
a statisticalanalysismodulethat can be usedto minimize
effectsfrom specificsimulationinputsor delaysettings.

4. Results

CAST hasbeentestedon, amongothers,a JPEGde-
coder Theperformancef our solution,whenmappednto
a homogeneoumulti-processoplatform, turnedout to be
similar to the performanceof a JPEG decodermanually
optimizedfor this platform[2]. The resultsillustrate that
CAST is a versatiletool for architecture-independeanal-
ysis of task-lesel concurrenyg in streamingapplicationsat
the executable-specificatiolevel.
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