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Abstract

The Cell Broadband Engine platform is a heterogeneous, lais&d memory multiprocessor
architecture consists of a Power Processor Unit (PPU) amttaeSynergistic Processor Element
(SPE). The Cell platform supports pipeline parallellism mgkit very suitable for mapping
streaming application. The Synergistic Processor Elenngpiemented in the Cell is a single-
threaded processor and is limited to execute only a single tdhis thesis present a model
for mapping stream-processing applications on the Cell al suway that it provides facilities
to map multiple tasks on a Synergistic Processor ElemerteofCell processor. The model is
designed in the context of the SBF dataflow model. Using thefldat rather then a thread model
we are able to map multiple tasks on an SPE.
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Chapter

Introduction

Heterogeneous multi-processor architectures are ofteriomed as the hardware platform to be
used in modern electronics systems. They are composed ahhiration of processor cores
of varying type and offers good potential for computatioetiiciency for many applications.
Although providing high performance, such architectuiads new design challenges as well as
increased complexity in developing software for thesefpiats.

Writing efficient parallel applications that utilize the cpating capability of many process-
ing cores may be even more challenging. Manually derivinglfg code from a sequential
program is very difficult. It is a very error prone and time soming process. Another ap-
proach is required to increase programmer productivity. Qiansupport is needed to generate
multithreaded parallel code from a single threaded seplgmbgram.

The Cell Broadband Engine (Cell BE) [1] is such a heterogeneolits-omie processor com-
prised of control-intensive processor and compute-inkersSIMD processor cores, each with its
own distinguishing features. To get the most out of the Cetisddible computational capability,
it is necessary for each programmer to consider the diftm®between the two processor cores
and utilize them appropriately in a way to suit the intendpgliaation.

Streaming application are suitable to execute on the Cdfigpia because of it's platform
characteristics. It can chain its compute-intensive psgecores together to perform streaming
operations in a sequence. For example, an processor coledata from an input into it’s local
store, performs the processing step and stores the retultsriocal store. The second processor
reads the output from the first processor local store andegeas it and stores it in it's output
area. Streaming applications have become increasinglgriiaapt and widespread. Examples of
streaming applications include Internet audio and videsashing, automatic target recognition
(ATR) found in radar digital signal processor (DSP) systeStseaming applications operate on
a continuous stream of data and are usually compute-inen$he Cell architecture increases
the performance of streaming applications by introduciygiesm-level parallelism as oppose to
instruction level parallelism. It exhibit system-levelrpkelism by using a CPU and multiple
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12 Chapter 1. Introduction

COprocessors.

The aim of this thesis project is to build a design environtrfen mapping stream-based
application on the Cell architecture, with the focus on magpnultiple tasks on the very high
performance processors of the Cell, called SPE. The maiivdtr exploiting the SPEs capa-
bality is that the Cell may get close to it's theoretical masimperformance when the SPEs
processors compute heavy streaming applications. Forin@gpeaming applications on the
Cell we need a model that fits well into it's platform specificat We used the Kahn Process
Network (KPN) Model of Computation, which is a widely used mabtb specify task level par-
allelism in streaming application. Since the KPN model i$i@ad based model and an SPE
is a single threaded processor, using the KPN model, we canomlgt a single task on a SPE.
To be able to map multiple tasks on a single threaded SPE, aetodranslate the KPN into a
dataflow model. We use the SBF model [8] to express processeddtaflow format. Using the
dataflow model specification, we are able to map mutiple taskan SPE.

This thesis offers the following research contributions:

e A new model of computation to express streaming applicatiora dataflow format. This
model offers the possibility to execute multiple processes single threaded processor
by exploiting the dataflow concept as opposed to the threadegi.

e Showed that we can use SBF model to realize SCO concept.

e The design and implementation of a fully automated tool fidciently mapping streaming
applications in SCO format onto the Cell architecture.

The rest of the thesis is organized as follows. Section 2riescthe problem we are inves-
tigating in this thesis project. Section 3 shows other apgnes that are mainly related to our
work. In Section 4 we briefly explain our approach to map sivieg applications on the Cell
architecture and give an in-depth example in Section 5. kahenple shows the steps required
to translate a process from KPN format into SCO format andyréade mapped on the Cell
architecture. Section 6 shows some experiments and résulise M-JPEG application using
different mappings. Finally, we conclude the thesis in Bect.



Chapter

Problem description

Cell technology has been developed as a solution to the nea@yfeer performance. The Cell is
a heterogeneous multi-core processor comprised of oneotantensive processor core (PPE)
and eight compute-intensive processor cores (SPEs) gatifferent functions. A picture of the
Cell is shown in Fig. 5.1. A high-speed bus called the Elemetartonnect Bus (EIB) is used
for connecting these processor cores within the Cell. ThedidB provides connections to main
memory and external I/0O devices, making it possible for pssor cores to access data from var-
ious sources. The PPE shares program processing with the $R&gram processing is further
shared among the SPEs that perform Single Instruction Melbata (SIMD) calculations to
maximize the Cells computational performance.

SPE SPE SPE

| SPE

| I
{| ppe | [Grapnics
1 e 4—;-)' Device
= -1 EIB '
] | al
| <+« 0
il i :
Main z t t t i | Devices
Memory | | |
| | 1
] ]
l SPE SPE | SPE SPE !
] |
1

Figure 2.1: Cell Structure Diagram

Like conventional processors, the PPE allows executiohebperating system and applica-
tions. It also performs input/output control when the opiagasystem accesses the main memory
and external devices, and provides control over the SPEsPHE is designed to handle multi-
threading. The SPEs are less complex processing unitsite&RE, in that they are not designed
to perform control-intensive tasks. The SPEs are designgdrate simple operations necessary

13



14 Chapter 2. Problem description

for processing multimedia data. The Cell delivers an exoepticomputational capability by
combining these compute-intensive processor cores. Dmgases the focus of our research.
How can we utilize the compute power of these compute-intergrocessor cores as efficient
as possible for stream based applications? The SPEs deapport multithreading and as con-
sequence it can’t execute more than one task. This causésaticsi where most of the SPE
compute power remains unused as there is not enough worklaadingle task. The Cell will
be working the hardest when the SPEs are working on compatey lagplications. Stream based
applications are heavy in compute and the type of applisatom which we focus in the remain-
der of this thesis. It’s in these applications that the Cel gpet close to it’s theoretical maximum
performance. Thus, improving the assignment of tasks ®etl$Es is very important.

Fig. 5.2 shows a process network with six processes, pl, 32p4 p5 and p6, that are
connected with each other. This is a typical configuratiorrvprocessing stream based ap-
plications. If we map these processes onto the Cell processiog the thread concept that is
supported by the Cell, then the mapping would look like thepedture of Fig. 2.3, where only
single processes are mapped on SPEs. We actually want ge toapping of the right pic-
ture, where multiple tasks can be mapped on single SPEs.eAsic¢ture depicts, p2 and p3 are
mapped on one SPE, p4 and p5 are mapped on another SPE and pd amedmapped on the
PPU. The problem is how to map multiple tasks on the singleaitied processors of the Cell

platform?
. s ~
pl p2 p3 pd pS | pé
Figure 2.2: An example of a process network
SPE SPE SPE SPE , | I SPﬂ SPE SPE SPE
{ pl | _fpl p3
. O I :gm?m] ;7J¢ 3
> |Q-b Device — ‘Q—-—D Device
Xp6 ~ EIB e— ] L= pb EIB

] = -
| et T T 1 |
MIICEIIES

P s s
| ]
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Figure 2.3: One-to-one versus many-to-one mapping
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2.1 KPN to DataFlow M odel

Applications that have to be executed on multi-processahnitactures are typically specified
in a imperative language, like C or Matlab. To obtain patatlede that can be mapped on
the Cell architecture we use the COMPAAN compiler [7]. The COMRAtool automatically
extracts parallelism from a single threaded program writteMatlab. It transforms a nested loop
program written in Matlab into a Kahn Process Network speaiion. In the KPN specification
an application is modelled as a collection of concurrentgsses communicating through FIFO
channels. The processes communicate with each other ukiokirg read and non-blocking
write operations. Writing to a channel is non-blocking besgathe FIFO sizes are infinite. Since
the Cell architecture doesn’'t have infinite memory, we useocalihg write primitive in our
approach. Processes are arbitrary sequential programagrtfcess tries to read from an empty
input it is suspended until enough input data is availablea®y given point, a process is either
executing code or blocked waiting for data on one of its cletgin

The Kahn Process Network model of computation fits well with tharacteristics of the
Cell architecture. They both have distributed memory androbnThe Kahn Process Network
is composed of processes and the Cell architecture is compdseultiple processing compo-
nents, making the mapping of Kahn processes on the Cell miogesomponents easier. The
processes in the Kahn Process Network are running contlyregrd atomically in the same way
an SPE executes. According to these features expressaagrstrg applications as kahn process
networks are very suitable for mapping on the Cell platform.

Although the KPN model is a very good model for the Cell arditee, it has some lim-
itations. First, processes in an KPN model are thread basedcue controlled by the thread
scheduler. Each process in a kahn process network executetheead. That means that when
a process start executing we can not interrupt until it effid®r some reason a process blocks
(waiting for data) while executing we can not do anythingyathle thread scheduler can yield
control to another thread. Second, because processesexastthreads and the SPE is a single
threaded processor, using the KPN model we can only map ke singcess on an SPE. We could
develop a multithreading environment for the SPE. But thislidide a lot of work and will lead
to a performance lost. Since we are interested in mapping than one process on a single SPE,
we need another model rather then the KPN model to expresartiet applications. Therefore,
we translate the thread model into a dataflow model. Each K@hocess becomes an actor with
define firing rule and function as shown in Fig. 2.4. The exeoutf a process then depends on
these firing rules instead on the thread control.

In the dataflow model, an application is represented as atdolegraph, where nodes repre-
sent processes (actors) and arcs represent the FIFOs timstatdhese processes. Each actor or
process has a set of firing rules and can fire only if these fitihgs are satisfied. Furthermore,
specifying processes in a dataflow format allows to expfiaefine a scheduler for the firing
rules, which will evaluate the firing order of these firingesll The execution of a process is then
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Kahn Process Network + Firing mssssssjp»- data-flow network

Figure 2.4: Extend Kahn Process Network with firing ruleslitaon Dataflow network

handled by this scheduler. By using firing rules with a self eled scheduler we can guaranteed
to get the thread control during execution back and prevenbtocking of a processor. Instead
of idling we can do some other calculations which reduce thitirsy time drastically leading to
more performance.

The key difference between the thread and dataflow modelisttie thread model only
model the control. In this model a process don’t know whem dative. The time of arrival
often matters more than the data. Instead in the datalow Imodmntrol is modeled, data arrive
in regular streams and the data matters the most. In the @atafbdel the data availability is
checked before it is read. The thread model on the other haasnt performed this check,
it directly tries to read the data without being aware if tlag¢adis available. If there is no data
available the process blocks. The execution of a procesandléd by the thread control. The
dataflow model defines firing rules, an execution occurs if @amg if a firing rule is satisfied,
means if all data for the particular firing is available.

The thread and dataflow model behavior is depicted in Fig. Pt left picture shows the
thread model and the right picture shows the dataflow mode\er. In the dataflow model we
read the data, execute the function and exit. We can’t blocthe read since data availability
is checked before reading by the scheduler. This scheduémks for availability of data until a
firing rule is satisfied. If a rule is satisfied, the schedu#disahe fire function that is guaranteed
to terminate giving back control to the scheduler. This femed as the fire-exit behavior. In
the KPN model, the read blocks, we get the thread back if alp iterations are performed. If
the read blocks in each iteration then we can imagine thingtaime this process creates for an
processor.
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Thread model Fire-and-Exit model
Thread Scheduler, but is not Explicit modeled a Scheduler
under our control

fork=1:1:10
forj=1:1:10 fire() {
read(); read();
func(); func();
}
Blocked: cannot set the thread back Thread guaranteed to come back

until all iterationsare finished

Figure 2.5: Thread versus DataFlow model
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Chapter 3

Related Work

In this section, we discuss related work for mapping stregrapplications on the Cell architec-
ture and also mapping multiple processes on a single thdgadeessor.

The approach presented in [2] developed the automated@&hll . CC, that maps streaming
applications specified as Kahn Process Network (KPN) on tHepzagform. This tool is ca-
pable of mapping single tasks on the compute intensive psacs (SPES) of the Cell platform.
Each process in the KPN model corresponds to a thread anel tsiaSPEs are single threaded
processors only one-to-one mapping is possible. The KPNeimggiks blocking read primitive
to synchronize the communication between processes. iftarsprocess tries to read from an
empty FIFO it blocks until data is available. This can causeuation where an SPE spend most
of the time waiting for data instead of processing data. &wwe are interested in optimizing
the workload of an SPE, mapping multiple processes simeittasly on an SPE with the thread
approach implemented in CELLCC is not possible.

Our work is different from the approach mentioned above. &pproach relies on a dataflow
model for specifying streaming applications in a dataflowTat in order to map on the Cell
platform. Using the dataflow model as opposed to the KPN madehre able to map multiple
processes on an SPE.

Another approach to map streaming applications on the Catfiquim is presented in [3]. In
this approach the Synchronous DataFlow (SDF) model [5] &xlus specify streaming appli-
cations in a dataflow format. The StreamIT [4] programmingglaage is used to implement
the synchronous dataflow programming model. StreamIT isxphcgly parallel programming
language for streaming applications and includes strgaenific abstractions and representa-
tions that are designed to improve programmer productivityte SDF model consist of actors
that communicate exclusively through FIFOs. The SDF adtax® a single firing rule. They
consume and produce a fixed number of data tokens in each fifimg SDF model is a more
restrictive model then the KPN model. As a result, an optiocwehpile-time scheduling can be
found. However, the SDF model has limited expressivenessani not express the control of a

19



20 Chapter 3. Related Work

process as in the KPN model. As a consequence, an actor iDfhenBdel can’t switch between

different FIFOs to select input and output FIFO since it camioate through only one FIFO.

Furthermore, this approach implements one-to-one mappinlyg a single actor can be mapped
on an SPE. In contrast, our approach use the SBF dataflow nmdpétify streaming applica-

tions in a dataflow format, which is capable to express thérobaof a process. The SBF model
has more expressiveness then the SDF model since it is a catian of dataflow and process
network models.

The mapping of streaming applications on a FPGA hardwatéopha using the ESPAM tool
is presented in [6]. We relate our work to this work since aGRRilso has multiple processing
elements as the Cell Broadband Engine and since this approasénp single and multiple task
mapping on the MicroBlaze processors of an FPGA. This apprdascribes streaming applica-
tions as Kahn process networks as we do and uses the ESPAb taslomatically map these
applications on the target FGPA platform. The ESPAM toabval one-to-one mapping (one
process per processor) as well as many-to-one (more thaprooess per processor). In this
approach three different mappings are implemented for tivedlaze processors:

1. Thread model: map single process on a processor.

2. Merged thread model: multiple processes are merged m#goocess and mapped on a
processor. In this case a valid schedule need to be foundebeferging.

3. OS supported thread model: execute an operating systarpratessor. For this mapping
multithread support is needed and no valid schedule is redjait compile time.

Our approach differs from this approach in the sense thaEBRAM tool uses dedicated
hardware FIFO but our CellFlow tool uses a software modell€®Hibrary. Our FIFO library
uses DMA, messages and signals to realize the communidagittveen processes. Since the
Cell architecture doesn’t provide any hardware FIFOs we havwamodel the required FIFOs
in software. Furthermore, in the ESPAM tool multithreadsugpport is implemented for an Mi-
croBlaze processor, making it capable to run an operatirtg@isyAs a result, multiple processes
can be mapped on an MicroBlaze processor. To tackle the pnobleour reserach, we could
also implement multithreading support for an SPE. Sincetithtdading support creates over-
head and affect the performance of an processor, we donttte@neate multithreading support
for an SPE. In our approach, multiple process mapping relethe way we specify streaming
applications rather than implementing extra functiogdtir an processor that isn’t provided by
the hardware platform. We use a dataflow model with speedlcharacteristics, which offers
the possibility to map multiple processes on an single thed<&SPE.

Figure 3.1 illustrates the mapping possibility of our Cedi¥ltool compared to the CELLCC
and ESPAM tool. As depicted in the picture, the CELLCC tool iempént the tread model where
only single tasks can be assigned to SPE processors. Asiapled@igure 3.2 show the mapping
of a producer/consumer pair for the CELLCC tool. The picturenghthe matlab code with the
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process network that is derived from it. Each process is mdmn different processors and
executes different part of the matlab code.

CELLCC ESPAM CellFlow

0s
Thread Thread Merged Supported Dataflow
thread
model model thread model
model
model

Figure 3.1: Position CellFlow with the CELLCC and ESPAM tool.

fori=1to 10 Kahn Process Network
a(i) = init; p 1

end |:>

for j=1 to 10
(=g Lc

end 2 l l
Matlab Code Mapping on Cell

Processor A ProcessorB

Eram—©

thread model

for i=1 to 10 for j=1 to 10
a(i) = init; [1 = glali);
end end

Figure 3.2: Mapping possibilities with CELLCC

As described above, the ESPAM tool is capable to implemeatttifferent mappings such
as the thread model, merged thread model and OS suported tmedel. In Figure 3.3 the same
producer/consumer example is used to illustrate the diftemapping possiblities. The thread
model mapping is the same as implemented by CELLCC. In the méngead model, the piece
of code of both processes are merged into one progam and thap@eprocessor. The execution
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of the merged code is handled by a single thread. In the O8dhr®del each process executes
a thread. In this model multiple threads runs in parallel.

fori=1 to 10
a(i) = init;
end P

for j=1 to 10
[] = gla(i)); }C

Kahn Process Network

= (> —mm—(c)
SN

end
Matlab Code Mapping on FPGA Processor A
Processor A
Processor A ProcessorB
Merged
thread model thread model
- thread model
for i=1 to 10 for j=1 to 10 for i=1to 10 Tori=1 10 10
afi) = init; [1 = el a(i) = init; ali) = init; } P
end end [1 = glali)) end
end for j=1 to 10 C
] = g(a(i));

Figure 3.3: Mapping possibilities with ESPAM

Our CellFlow tool offers multiple process mapping on a sinthpieeaded processor by ex-

ploiting the dataflow concept of our dataflow model of compata The dataflow model allows

one-to-one as many-to-one mapping as depicted by Figure 3.4
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fori=1 to 10
a(i) = init;
end P
for j=1 to 10
[1=e@0); |c

end

Matlab Code

Processor A ProcessorB

Kahn Process Network

Mapping on Cell

Processor A

Schedule P Schedule C

Schedule P
Schedule C

Single process mapping

Multiple process mapping

Figure 3.4: Mapping possibilities with CellFlow
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Chapter I

Solution Approach

The problem that is investigated in this thesis is how to majitiple processes on the single
threaded SPE processors of the Cell architecture. In thieoeese propose the model of com-
putation that allows many-to-one mapping on a SPE.

41 SCO Modd

To specify streaming applications in a format that allowsyfteone mapping on a SPE we
propose the SCO model. The SCO model is a dataflow model, thanpased of three separate
components as shown in Fig. 4.1:

e Schedule
e Communication
e Observe

In the SCO model, processes consists of firing rules that fikg ibtheir firing rules are sat-
isfied. This is controlled by the scheduler. The communicabetween processes is done in
the communication phase. In the SCO model, the computatidc@mmunication of processes
are seperated. This is the key to map multiple processes owgle shreaded processor. The
following sections describes the several parts of the SCCemptb more detail.

4.1.1 Schedule

The schedule phase of the SCO model controls the computdt@prcess. In this phase the
function that needs to be executed in a process is execudsddion function variants [10]. It
defines the execution order for the function variants of &@se. In each function variant, the
same function is executed, only different input ports ardu® read the data that is needed to

25
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SCO Format

init();

- Schedule

V = selectVariant();
fireVariantV() {
if (isDataPresentV())
executeV();

update();
| }
N

Communicate

communicate();

Observe

Figure 4.1: Schedule Communication Observe Model

execute the function and different output ports are usedite the result that is produced by the
function.

V = sel ectVariant();
firevariantV() {
if (isDataPresentV()) {
execut eV();
updat e() ;

Figure 4.2: Schedule algorithm

The structure of the shedule algorithm is listed in Fig. 4 Be first step is to select which
function variant to execute. This is done by gwectVarianimethod. After a variant is selected
it can be fired using théreVariant function. Before a variant can fire, the scheduler has to
check if all data is available for the inputs of the functiordaoom is available for writing away
produced data. The checking of data is performed bysbataPresentunction. This method
will iterate over all buffers connected to the read and wpitets active for varian¥. For the
buffers connected with the read ports it will checks the latdity of data. At the write ports
it will checks for space in the output buffers. This functi@turns a boolean value and if it
returns the valugrue then the scheduler can executes varidrdand updates the state. In the
executanethod, the function reads data from the input buffers andymres the output value that
is written to the output buffers. After each execution theestuler has to update the state, which
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is done by thaipdatemethod.

4.1.2 Communication

The communication part transfers data that is produced éystihedule part. The schedule
produces tokens and store them in local buffers. The conpation part reads the tokens from
the schedule local buffers and transfer it to the commuimiggtrocess’s local buffers. In Fig. 4.3
a producer-consumer process network is shown. The pracasseommunicating through three
channelsED_1, ED 2 and ED_3. These channels are realized using the Cell’'s infrastractur
involving DMA (Direct Memory Access) and messages. Supptss the producer is mapped
on the PPU and the consumer is mapped on a SPE. The resukisigi#ig. 4.4.ED 1, ED 2
and £ D _3 are local buffers for the schedule part of both the produoertae consumer. The
producer process uses these local buffers to store the ggddakens and the consumer process
uses the local buffers to consume tokens from it. The PPUserit the content of a local buffer
via DMA to the other local buffer on the SPE. The synchronarabetween the PPU and SPE is
done using message passing.

ED_1

Figure 4.3: Producer-Consumer Process Network

To realize the FIFO implementation, we have developed a camcation library. Since the
PPU and SPE have slightly different synchronization meismas, four different communication
types need to realized, PPUSPE, SPESPE, SPESELF and SPE&Rhk producer-consumer
example given above, the PPUSPE communication type is sgetk there is only outgoing
edges from the producer (PPU) to the consumer (SPE).

The communication is performed by iterating in a round rabenner over all ports as de-
picted in Figure 4.5. At each port data is transferred if tatads available. For input ports we
check if data is to be received and for output ports if data iset send. The schedule phase pro-
duces the data and the communication phase transfer thissbuddhere is no relation between
the schedule and communication. They operate independemth each other.
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SPU

PPU
2
/ DMA and Message / communicate

Communication
D_3

,Ef [:f:j

Figure 4.4: Mapping Producer/Consumer pair on Cell BE usingth® Model

ip1 opl
p
is data to be received isdatato be send
> 02 op2 ———
ip3 op3
ip4 op4

Figure 4.5: The communication is performed in a round robamner

4.1.3 Observe

The purpose for the observe partin SCO model is to detectadeaslituations. Since the observe
phase show as less relevant for our research we will notdensiin this thesis.

4.2 Merging with SCO Modd

The SCO model provides the possibility the map multiple psees on a single threaded proces-
sor because of the way it expresses processes. In this modelgses consists of firing rules and
can fire only if their firing rules are satisfied. After cheakieach firing, we jump out of the pro-
cess computation phase and execute the communication ghthseparticular process as shown
by the code given in Fig 4.6. This behavior allows us to putertban one process next to each
other into a single thread. We can simply add more firing rtdesccomodate a new process.
Similarly, we can simply add more communication ports tocoaecodate additional communica-
tion. Extending the set of firing rules, means that if one effinng rule of a process does not
satisfy, the firing rules of the other process may be firedjeed) in this way the processor time
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while(l) {
Schedul e();
Comuni cate();

Figure 4.6: Cell code in SCO format

spent on idling. By exploiting the dataflow concept of intaimg computations, we are able to
map more than one process on a single thread processor. d&rapkx if we have two process P1
and P2 as shown in Fig. 4.7 and we want to map both processesed®RE, then the SPE code
in SCO format resemble the code listed in Fig. 4.8. If the datgfocess P1 is available, it

P1=> V1, V2, V3, V4, V5, V6
P2=> Bl1l, B2, B3, B4

Figure 4.7: Process P1 and P2 with their variants

while(l) {
V = sel ect Vari ant P1;
firevariant V() ;
B = sel ect Vari ant P2;
firevariantB();
Conmmuni cat e;

Figure 4.8: SPE code in SCO format for Process P1 and P2

can execute one of its variant. Otherwise the data avathabil process P2 is checked. If data is
available the execution of its variant is performed. A pblesexecution order that may result at
runtime for both processes is listed in Fig. 4.9. In our apphowe merge process P1 and P2 at
runtime. However this could also be done at compile timeherdlass of nested loop programs.
This would make the “selectVariant” code much simpler arsefia At the same time, the firing
shown in Figure 4.8 could be influenced at run-time by infararagathered in the observation
phase of the SCO model. For example, if the observer phasetsi¢hat a particular resource
like the bus is heavily loaded between processes, it coutdldd to give one process a higher
priority until the bus gets less loaded.

To realize the SCO model concept for the Cell architecture,ave build the CellFLow tool,
which is described in Section 6. This tool is capable to perfauntime merging on the single
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Vi, B1l, V2, B2, V3, B3, V4, B4, V5, V6

Figure 4.9: Execution order of process P1 and P2 variants

threaded SPE processors. The number of processes that czapped on an SPE depends on
the SPE memory storage and the memory usage of the processes.
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Working out

To convert Matlab code into the SCO model specification, weld@ed the tool chain as shown
in Fig. 5.1. First, the COMPAAN tool is used to convert Matladde into a Kahn Process
Network. Next, the Kahn Process Network is converted into $IBF model specification by
the CLooG tool. Finally, the CellFlow tool converts the SBF micgeecification into the SCO

model specification.

Figure 5.1: Tool chain to convert Matlab code into SCO desorip

We already know how to translate Matlab code into a Kahn R®odeetwork specification.
The COMPAAN tool is available to us and can automatically qerf this translation. The
problem is how can we translate a Kahn Process Network spetoin into the SCO model
specification. We use the SBF dataflow model as an intermeutiatie| to close the translation
gap between Kahn Process Network specification and SCO mpeeilfisation. The schedule
phase of the SCO model is implemented using the SBF model syaicif. We first describe this
model in the next section, and describe how the SCO schedd&riised from this SBF model
using the CLooG tool. We also give an example, which shows haild¥ code is translated
into the SCO model specification. In Section 6, we present oliFIGe tool that automatically
translate streaming application written in Matlab into SCQdel specification.

31
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51 SBF Mod€

The Stream-Based Function (SBF) model is used to close thesgapén Kahn Process Network
specification and SCO model specification. The SBF model is @ldat model that is well
suited to specify task parallelism in stre