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SUMMARY

Applications running on multicore platforms are difficult to program, and even more difficult to optimize,
mainly due to (1) the several layers where the optimizations occur and (2) the multitude of available re-
sources to be exploited in parallel. Although low-level optimizations only target code running on individual
cores, high-level optimizations (e.g. data- and task-parallelism) target the overall application performance.
In this paper, we focus on the latter, by evaluating possible mapping scenarios of a real application on a
heterogeneous multicore processor. Specifically, we focus on analyzing the impact of combining data- and
task-parallelism for a multimedia analysis application running on the Cell Broadband Engine (Cell/B.E.).
We find that both low-level and high-level optimizations are important for the overall application speed-up.
However, we show that a speed-up factor of over 20 for the application running on Cell/B.E. can only be
obtained if core utilization is increased by combining data- and task-parallelism. Thus, we consider this
case study essential for building expertise in both application optimization and performance analysis for
multicore platforms. Copyright © 2008 John Wiley & Sons, Ltd.
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1. INTRODUCTION

Evaluating and optimizing the performance of multicore systems are major concerns for both
hardware and software designers. The complexity of multicore architectures and the variety of their
potential applications have slowed down the development of extensive performance case studies for
these platforms. Furthermore, the lack of standard benchmarking suites and the lack of meaningful
metrics for comparison [1] have led to a rather sparse set of experiments, aimed at porting and
optimizing individual applications [2,3].

In general, porting an application on a multicore platform has followed a simple three-step path:
(1) split the applications into parallel tasks suitable—in terms of size and computation—to the
available cores, (2) port the tasks on the specific cores, and (3) iteratively optimize each of these
tasks for the specific core it is running on. These low-level, core-specific optimizations, although
leading to high task performance gains, may have a limited impact in the overall application
performance [4]. To alleviate this problem, an additional layer of application-level optimizations
must focus on the optimal mapping of the application tasks on the platform’s available cores.

In this paper, we present a performance case study for the Cell Broadband Engine (Cell /B.E.) pro-
cessor. The Cell has one power-processing element (PPE) and eight synergistic-processing elements
(SPEs), and it is considered revolutionary due to its architecture and its peak performance. Although
well known as the core of the Playstation 3 (PS3) game console, Cell/B.E. is now extensively used
for high-performance computing (HPC) applications. For example, previous experiments [2,5,6]
have shown that applications can be optimized to impressive levels of performance by using mainly
core-level optimizations. However, a thorough evaluation of the overall application performance is
still missing.

This high-level parallelization forms the target of this paper. For our case study, we use MarCell,
a multimedia analysis application, already ported on the Cell/B.E. [7]. We show that by combining
data- and task-parallelism, we can further increase the overall application performance because we
are able to increase core utilization. One of our results is a short list of generic guidelines for efficient
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Figure 1. The Cell Broadband Engine.
Copyright © 2008 John Wiley & Sons, Ltd. Concurrency Computat.: Pract. Exper. 2009; 21:85-100

DOI: 10.1002/cpe



% EVALUATING APPLICATION MAPPING SCENARIOS ON THE CELL/B.E. 87

application parallelization on this particular multicore processor. We claim that such guidelines,
extracted from case-study applications, provide fundamental knowledge for any attempts towards
an automated parallelization compiler or a performance predictor/estimator for multicore
processors.

In the remainder of the paper, we first introduce the Cell/B.E. processor in Section 2 and our
MarCell application in Section 3. In our previous work, we showed how successful the port of the
application was on Cell/B.E. and the level of achieved performance [4,7]. Still, due to low overall
core utilization, there is still room for significant performance improvement. Thus, we present
several scenarios for combining data- and task-parallelism for MarCell, and we show the impact of
these scenarios on the overall application performance in Section 4. In Section 5, we discuss how
a Cell/B.E. application has to be built to enable mapping scenarios construction and evaluation.
We provide relevant pointers to related work in Section 6 and we summarize our findings in
Section 7.

2. CELL BROADBAND ENGINE

The Cell/B.E. is a heterogeneous multicore processor, featuring the main core of the PS3 game
console. Nevertheless, its complex architecture and its impressive announced peak performance
recommend it as a good target platform for multicore programming experiments.

A block diagram of the Cell processor is presented in Figure 1. Cell has nine cores: the PPE, acting
as a main processor, and eight SPEs, acting as co-processors. These cores combine functionality
to execute a large spectrum of applications, ranging from scientific kernels [5] to real-time ray
tracing [6] or bioinformatics [3].

The PPE contains the power-processing unit (PPU), a 64-bit PowerPC core with a VMX unit,
separated L1 caches (32 kB for data and 32 kB for instructions), and 512kB of L2 Cache. Its main
role is to run the operating system and coordinate the SPEs. An SPE contains a RISC-core (the
SPU), a 256 kB local storage (LS), used as local memory for both code and data and managed
entirely by the application, and a memory flow controller. All SPU instructions are 128-bit SIMD
instructions, and all the 128 SPU registers are 128-bit wide. All processing elements are connected
by a high-speed high-bandwidth element interconnection bus (EIB), together with the main system
memory, and the external I/O. The maximum data bandwidth of the EIB has a theoretical peak at
204.8GBs~! [8].

Cell programming is based on a simple multi-threading model: the PPE spawns threads that
execute asynchronously on SPEs, until interaction and/or synchronization is required. The SPEs
can communicate with the PPE with simple mechanisms such as signals and mailboxes for small
amounts of data, or DMA transfers via the main memory for larger data.

For the work presented in this paper, we have run our experiments on two platforms: the
Playstation3, a game console, and the Q20 Cell-blade, a platform targeted towards HPC and pro-
vided for remote access by IBM. PS3 has one Cell/B.E. processor, running at 3.2 GHz, with six out
of the eight SPEs fully available for programming; the Q20 blade has two Cell/B.E. processors,
allowing uniform access to 16 SPEs, allowing for better scalability experiments. Both machines
had Fedora Core 6 Linux and IBM’s SDK2.1 installed for development and testing purposes.
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3. MARCELL

In this section, we briefly present MarCell, the application we have used for our performance case
study.

3.1. From MARVEL to MarCell

By multimedia content analysis, one aims to detect the semantic meanings of a multimedia document
[9], be it a picture, a video, and/or audio sequence. Given the fast-paced increase in available
multimedia content—from personal photo collections to news archives—automated mechanisms
for content analysis and retrieval must be developed; for such applications, execution speed and
accuracy are the most important performance metrics.

An example of an automated system for multimedia analysis and retrieval is MARVEL, developed
by IBM Research. MARVEL uses multi-modal machine learning techniques in an initial training
phase, generating a specific set of models. The models are further used to automatically annotate
multimedia content, thus allowing for later searching and retrieval of the content of interest. The
main goal of MARVEL is to make organizing large multimedia collections much more efficient,
thus requiring very fast and accurate processing.

MarCell is the Cell/B.E. version of MARVEL [7]. In the porting process, the focus was placed on
the computation-intensive part of the original application, namely the image classification portion.
The processing flow of this engine, presented in Figure 2, consists of a series of feature extraction
filters performed on each image in the available collection, followed by an evaluation of these
features against the precomputed models. In MarCell, each of the filters, as well as the concept
detection, runs on the SPEs. To allow this migration, the C++ code from MARVEL had to be
ported to plain C code, and then aggressively optimized for the SPE cores. However, due to our stub-
based strategy, the overall C++ application structure, functionality, and data flow are completely
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Figure 2. The processing flow of MarCell: (a) the sequential flow of the original application and (b) the data
flow diagram. The shaded part is executed on the SPEs.
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Table 1. The speed-up factors of the SPE-enabled version of MarCell over the original MARVEL version.

Speed-up Speed-up Speed-up Overall
Kernel SPE (ms) vs PPE vs desktop vs laptop contribution (%)
App start 7.17 0.95 0.67 0.83 8
CH Extract 0.82 52.22 21.00 30.17 8
CC Extract 5.87 55.44 21.26 22.45 54
TX Extract 2.01 15.56 7.08 8.04 6
EH Extract 248 91.05 18.79 30.85 28
ConceptDet 0.41 7.15 3.75 4.88 2

preserved [4]. The preprocessing step (AppStart) includes the image reading, decompressing,
and storing in the main memory (as an RGB image). The four feature extraction techniques that
have been entirely ported to run on the SPEs are color histogram (CHExtract) [10] and color
correlogram (CCExtract) [11] for color characteristics, edge histogram (EHExtract) [12] for
contour information, and quadrature mirror filters for texture information (TXExtract) [13]. The
concept detection is based on an SVM algorithm, which computes a final classification coefficient
using a series of weighted dot-products [14]. From the resulting coefficients, the image can be
properly categorized according to the given models.

3.2. MarCell: first performance measurements

After the application was divided into potential parallel tasks, all five kernels are implemented
in C. Furthermore, we have performed manual core-level optimizations (e.g. code SIMDization,
branch elimination, loop unrolling and/or interchanging, etc.), DMA multi-buffering, and even
slight algorithm tuning has been performed on each of these kernels. To have a first idea of the
optimized kernels performance, we have compared their execution times on Cell/B.E. with those
obtained by the original kernels running on the PPE, as well as on two reference commodity
systems®: a desktop machine with a Pentium D processor (dual-core, running at 3.4 GHz), from
now on called ‘Desktop’, and a laptop with a Pentium Centrino (running at 1.8 GHz), from now on
called ‘Laptop.” The performance numbers are presented in Table 1.

Further core-level optimization for any of these kernels is beyond the purpose of this paper. Thus,
in the remaining sections, we considered these kernel performance numbers as the reference ones,
and use them just to compose and evaluate the scheduling scenarios for the complete application.

4. PARALLELIZATION SCENARIOS
In this section, we explore three types of scenarios for optimizing a parallel version of MarCell,

by combining data- and task-parallelism at different granularities. We present our experiments and
we comment on their results.

¥Note that the reference machines have only been chosen as such for convenience reasons; there are no optimizations
performed for any of the Pentium processors.
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4.1. Task-parallelism

For the first version of MarCell, we have preserved the sequential nature of the original MARVEL.
In this first scenario (called SPU_seq from now on), we have statically assigned each one of the five
kernels to a dedicated SPE. The main application, running on the PPE, executes them sequentially,
in the same order as the original, general-purpose MARVEL, schematically presented in Figure 3(a).
By sequential, we mean there is no task-parallelism between the SPEs, as the PPE is firing only
one SPE kernel at a time, waiting for its completion before firing the next (see Figure 3(b)).

Once the code is assigned to the SPEs, the PPE can enable task-parallelism by firing all four feature
extraction kernels in parallel, waiting for them to complete, and then run the concept detection. Note
that the concept detection for each feature cannot start before the feature extraction is completed.
To preserve this data dependency, we consider three mapping options for the concept detection
kernel (also seen in Figure 4): SPU_par_5 runs the kernel sequentially, using only one additional
SPE (five in total), or runs the CD kernel in parallel, either by using four separate SPEs (eight in
total) in SPU_par_8, or combining each feature extraction kernel with its own concept detection,
using no additional SPEs (four in total) in SPU_par_4. In general, to implement the task-parallel

On PPE

On PPE

On 5 SPEs,
sequentially

(b) sequential

Figure 3. Task-parallelism: (a) the original application, with all kernels running on the PPE and (b) all kernels
are running on SPEs, but they are fired sequentially.
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Figure 4. Task-parallelism scenarios: (a) SPU_par_5: CD running on one SPE; (b) SPU_par_8: CD
running on four separate SPEs; and (c) SPU_par_4: CD is combined with feature extraction kernels,
running on the same four SPEs.
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behavior, the PPE code is modified such that (1) the calls to the SPE kernels become non-blocking,
(2) the busy-waiting on an SPE’s mailbox is replaced by an event-handler, and (3) eventual data
consistency issues are solved by synchronization. Overall, these are minor modifications.

We have implemented all three task-parallel versions of MarCell and measured their execution
times on both the PS3 and the Cell-blade. Because the PS3 has only six SPEs available, the
implementation of the SPU_par_8 requires thread reconfiguration for at least two of the four
SPEs involved. Due to the thread-switching overhead, the application execution time increases by
20%. Using the Cell-blade, the same scenario runs using dedicated SPEs for each kernel, thus the
execution time is significantly lower. Also note that combining the concept detection with each of
the feature extraction kernels caused a slight decrease in the performance of the extraction kernels! .

To evaluate the performance of the task-parallel implementations, we have compared the SPU_par
scenarios with the SPU_seq scenario and with the original sequential application running on the
PPE and on both reference systems. We have performed experiments on a set of 100 images,
352 x 240 pixels each, and we report the results as the average over the entire set. Figure 5 presents
the speed-up results of all these scenarios, whereas Figure 6 shows the corresponding platform core
utilization. For reference purposes, we have normalized the speed-up with the execution time of the
Desktop machine (the fastest execution of the original MARVEL code). The speed-up of the parallel
version is smaller than expected because the PPE waits for all feature extraction kernels to finish,
thus being limited by the speed-up of the slowest one (in this case, the color correlogram kernel,
which represents more than 50% of the execution time). The performance differences between the
three SPU_par scenarios are small due to the very low contribution of the concept detection kernel
in the complete application.

Application Speed-up
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Figure 5. Speed-up results of the task-level scenarios of MarCell.

1To maximize the performance for a given kernel, the programmer uses most of the non-code LS space for DMA operations;
once a new piece of code is added, together with its own memory requirements, this DMA slack space is reduced, thus
more DMA operations are required; this can significantly impact the kernel performance.
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Core utilization for task—level scenarios
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Figure 6. Overall platform utilization of the task-level scenarios of MarCell.

4.2. Data-parallelism

As seen before, task-parallelism is often too coarse grained to achieve good resource utilization, thus
leading to poor overall application performance. Attempting to increase the core utilization on the
available Cell/B.E. platforms, we have implemented the data-parallel version of the application. In
this case, each one of the kernels was parallelized to run over a given number of SPEs, performing
computations on slices of the input image. The merging of the results is done by the PPE, such that
the communication overhead induced by the SPE-PPE communication (i.e. the number of DMA
operations, in the case of Cell/B.E.) is not increased.

We have measured the data-parallel versions of the kernels running individually on the Cell/B.E.
The results show almost linear speed-ups for both TXExtract and CCEXtract for up to eight
kernels. This limitation is due to the input picture size—a data set with larger pictures would move
this threshold higher. The CHExtract kernel fails to provide better performance with the number
of SPEs it uses due to its small computation-to-data transfer ratio. Running on image slices, one
kernel may execute faster due to less computation and smaller communication, a combination that
can lead to slightly superlinear speed-up, as in the case of the EHExtract; however, even in this
case, EH_Extract only obtains speed-up on up to seven SPEs.

When composing the entire application as a sequence of data-parallel kernels, as in Figure 7, the
overall performance is highly influenced by kernel reloading/reconfiguration, which must happen
after each SPE kernel execution, on all available SPEs. There are two options for implementing
this switching:

e Thread re-creation, which can accommodate kernels with bigger memory footprints, at the
price of a higher execution time; the solution is not suitable for applications with low
computation-to-communication ratios. In the case of MarCell, for more than two SPEs, the
thread switching becomes dominant in the application performance.

e Transparent overlays, which combine several SPE programs in an overlayed scheme; the
reconfiguration is done transparently to the user, who invokes the kernel like it would already

Copyright © 2008 John Wiley & Sons, Ltd. Concurrency Computat.: Pract. Exper. 2009; 21:85-100
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Figure 7. Data-parallel MarCell: each kernel is running over multiple SPEs, but
no different kernels run in parallel.
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Figure 8. The overall performance of the data-parallel application.

be loaded in the SPE memory. When the kernel is not available, it is automatically loaded in
the SPE local store via DMA, replacing the previously available kernel(s). The use of overlays
leads to a more efficient context switching, but the combination of the SPEs codes in the
overlayed scheme requires additional size tuning for data structures and/or code.

Figure 8 presents the application speed-up with the number of SPEs for the two proposed context
switching mechanisms, measured on both the PS3 and the Cell-blade. We have only showed the
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measurements up to eight SPEs because no significant improvement of the speed-up is achieved on
more than seven SPEs. Furthermore, although the data-parallelized kernels have linear performance
with the number of used SPEs, the relationship does not hold for the overall application due to the
very expensive context switching. Note that the performance of the thread re-starting implementation
worsens much faster because the number of reconfigurations is linearly growing with the number
of used SPEs.

From the experimental results, we conclude that data parallelization on Cell/B.E. is not efficient
on its own for applications that require the kernels code to be switched too often. Furthermore,
any efficient data-parallel implementation for an SPE kernel should allow dynamic adjustment of
both its local data structures (i.e. LS memory footprint) and its input data size (i.e. the image slice
size): when less LS memory may be needed for a slice, more space for DMA-transferred data can
be available, thus lowering the transfer overheads.

4.3. Combining data- and task-parallelism

Next, we have evaluated the solutions to combine data-parallel kernels (i.e. running over multiple
SPEs) and task-parallelism (i.e. multiple feature extractions running in parallel). As mentioned
earlier, the concept detection can be run only after the completion of the corresponding feature
extraction, as it requires the complete feature vector (i.e. all slices) for its computation. For a
complete set of experiments, we have measured the performance of all the possible static mappings.
A static mapping includes no kernel reconfiguration; thus, one SPE is running only one feature
extraction kernel, followed by a concept detection operation for the same kernel (i.e. the concept
detection is parallelized on the same number of SPEs as the feature extraction kernel).

The results of these measurements on the PS3 platform are presented in Figure 9/ For the PS3,
the best mapping, with 7,y =9.58, is 1-3-1-1, which is an intuitive result given the significant
percentage of the overall application time spent on the CCExtract kernel. We have repeated the

Data and task parallelism
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3-1-1-1

1-1-1-2
1-1-1-3
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1-1-3-1
1-2-1-1

Kernel combinations

Figure 9. Using combined parallelism for mapping the application on PS3.

I'The notations of the scenarios has the form x-y-z-w, coding the number of SPEs used for each feature extraction, in the
order CH,CC,TX,EH.
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same type of experiments on the QS20 blade. Figure 10 presents the clustering of the execution
times for a specific number or used SPEs (from 4 to 16); Figure 11 shows the best scenario when
considering the number of utilized SPEs varying between 4 and 16. Note that the best mapping,
with T,, =8.41 ms, is 3-4-3-4. Also note that this mapping is not utilizing all available SPEs,
which shows that for the given input set, the application runs most efficiently on 14 SPEs, whereas
a very good ratio performance/utilized cores is already obtained by 2-4-2-2, using only 10 SPEs.

Given the overall application performance, we conclude that combining data- and task-parallelism
on Cell is the best way to gain maximum performance for applications with multiple kernels, as
seen in Figure 12. This significant performance improvement is mainly due to the increase in overall
core utilization for the entire platform.
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Figure 12. Maximized application speed-up for each of the presented scenarios.

5. DISCUSSION

In this section, we discuss how generic our parallelization approach is. We present both MarCell’s
and Cell’s relevance in the current multicore era and we list our generic guidelines for enabling
high-level performance tuning on the Cell.

5.1. MarCell relevance

The code base for Cell/B.E. performance analysis is currently a sum of various ported applications,
such as RAXML [3], Sweep3D [2], real-time raytracing [6], CellSort [15], digital signal process-
ing [16], MarCell, etc. Although each one of them has been analyzed individually, they can be
thought of as representatives for larger classes of potential Cell applications. Because there are no
benchmark suites for heterogeneous multicores (yet), the performance analysis and results obtained
by these applications provide a better understanding of the Cell’s performance characteristics.

MarCell is the first multimedia analysis application running on the Cell/B.E.. It is a valid use-
case for multicores, because its processing performance influences directly its accuracy. Further,
MarCell provides a series of practical advantages for a mapping study on such a platform. First,
the task-parallel application has a low number of non-symmetrical tasks. Each of these tasks is
highly optimized, and the difference between the high individual speed-ups and the relatively low
overall application speed-up makes the mapping investigation worthwhile. The low data dependency
between the tasks allows the evaluation of several scheduling scenarios.

MarCell is an example of a series—parallel application [17]. On a platform such as Cell/B.E.,
for any SP-compliant application, the simplest way to increase core utilization (and, as a result, to
gain performance) is to combine data- and task-parallelism. For more data-dependent applications,
there are still two options: to parallelize them in an SP form or to use more dynamic parallelization
strategies, such as job-scheduling.
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5.2. Cell/B.E. relevance

Combining data- and task-parallelism is not a new idea in parallel computing—it has been in-
vestigated before for large distributed systems (e.g. [18]). However, the scale differences between
multi-core processors and such large multi-processors are too big with respect to both the appli-
cation components and the hardware resources. Thus, previous results cannot be directly applied.
A new, multi-core specific investigation is required to establish (1) if such a combination is pos-
sible on these platforms, (2) how large the programming effort is, and (3) if it has any significant
performance impact.

We have chosen the Cell/B.E. as a target platform able to answer all these questions. None of
the immediately available alternatives is suitable for such an investigation: GPU architectures are
massively data-parallel, embedded multi-cores are very limited in resources, and generic-purpose
multi-cores are (so far) only homogeneous. Even further, being a high-performance processor, the
Cell/B.E. will continue to be the target for many computation-intensive applications [19]. Based
on our results, it is evident that all these applications must take into account the mapping factor as
a potential performance booster.

5.3. Cell/B.E. parallelization guidelines

What makes programming on the Cell/B.E. difficult is the complexity of the architecture combined
with the five parallelization layers the programmer needs to exploit. In many cases, the choice is
guided only by trial and error or by experience. We are able to synthesize our experience in four
empirical guidelines. Following them should enable any application parallelization for the Cell /B.E.
to efficiently use, combine, and optimize data- and task-parallelism.

1. Focus on the problem parallelism, not on the architecture resources: the application has to be
explicitly decomposed down to the level of its non-parallel units. Such a unit, characterized
by both its computation and its data, can be scheduled in parallel or in sequence with other
units, but never further decomposed. The algorithm is then built as a scheduling graph of
these units. For MarCell, an example is CHExtract (slice).

2. Optimize all SPE code with low-level techniques. Ideally, this step is done by the compiler,
but currently there are still many optimizations (e.g. SIMD-ization, DMA multi-buffering) to
be performed by hand. This step typically leads to a significant performance gain, but it is
also the most time-consuming optimization step. For MarCell, it took 2.5 person-months for
the five kernels.

3. Take the scheduling decisions only on the PPE, distributing work and data either to maximize
a static metric (for MarCell, we have chosen core utilization) or following a dynamic strategy
(FCFS, round-robin, etc.). The PPE should map data-dependent kernels on the same core, to
minimize data copying.

4. Build and evaluate all possible mapping scenarios, eventually adding particular constraints
(such as, for example, use the minimum number of SPE cores). To evaluate performance, one
can easily instantiate and execute all these scenarios. A better alternative is to (easily) build
an automated tool to generate all possible mappings and calculate their execution times using
a generalized form of Amdhal’s law [4].
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6. RELATED WORK

Most of the performance evaluation for applications running on Cell aims to show the very high
level of performance that the architecture can actually achieve, by combining mostly optimizations
on the SPE side [20]. For example, the first application that emphasized the performance potential
of Cell/B.E. has been presented by IBM in [21], where a complete implementation of a terrain
rendering engine is shown to perform 50 times faster on a 3.2 GHz Cell machine than on a 2.0 GHz
PowerPC G5 VMX. Besides the impressive performance numbers, the authors also present a very
interesting overview of the implementation process and task scheduling, but no alternatives are
given. Another interesting performance-tuning experiment is presented in [6], where the authors
discuss a Cell-based ray tracing algorithm. In particular, this work looks at more structural changes
of the application and evolves towards finding the most suitable ray tracing algorithm on Cell.
Finally, the lessons learned from porting Sweep3D (a high-performance scientific kernel) on the
Cell processor, presented in [2], were very useful for developing our strategy, as they pointed out
the key optimization points that an application has to exploit for significant performance gains.
Again, none of these two performance-oriented paper look at the coarser grain details of resource
usage.

Although core-level optimizations lead to very good results [7], the overall application perfor-
mance is many times hindered by the mapping and/or scheduling of these kernels on the Cell/B.E.
platform resources [4]. A similar intuition with the one we had when optimizing MarCell forms
the main claim of the work presented in [3,22]. Here, the authors take a task-parallel application
and try to change the granularity of the parallelization on-the-fly, based either on previous runs or
on runtime predictions. The results of this multi-grain parallelization are similar to ours, showing
how combining two different approaches significantly increases application performance. Still, due
to the specific applications used as case studies, the granularity at which the scheduling decisions
are taken is significantly different.

7. CONCLUSIONS AND FUTURE WORK

In this paper we have presented a performance case study of running multi-kernel applications
on Cell/B.E. For our experiments, we have used the MarCell, a multimedia analysis and retrieval
application, which has five computational kernels, each one of them ported and optimized for an
SPE. Our measurements show that combining these core-level optimizations leads to an overall
application speed-up of more than 10, even when using the SPEs sequentially. Furthermore, we
have tested task and data parallelization of the application, by either firing different tasks in parallel
(MPMD) or by using all available SPEs to compute one kernel faster (SPMD). The results showed
how task parallelization leads to a speed-up of over 15, whereas the data parallelization worsens
performance due to a high SPE reconfiguration rate. Last but not least, we have shown how various
scheduling scenarios for these kernels can significantly increase the overall application speed-up.
In order to detect the best scenario, we have performed a large number of experiments, evaluating
all possible schedulings without SPE reprogramming. For our two Cell-based platforms, we have
found the best speed-up factors to be over 21 for the PS3 (6 SPEs available) and over 24 for the
Cell-blade (16 SPEs available).
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We have drawn three important conclusions. First, we have not only proved how task-parallelism
can be a good source of speed-up for independent kernels, but we have also shown how a significant
imbalance in the execution times of some of these kernels can alter overall performance. Second, we
have shown how data-parallelism is, in most cases, inefficient due to the very high overhead of SPE
reprogramming. Finally, we have shown how an application combining the two approaches—data-
and task-parallelism—can gain the advantages of the two; however, this reconfigurability potential
does come at the price of programming effort, because all kernels need to be programmed to accept
variable /O data sizes and local structures, and the main thread needs to be able to run various SP
combinations of these kernels.
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