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Abstract— One of the most curial issues in embedded systems
how to easily and quickly design MPSoC to get higherformance
systems. We developed in this paper an interactiv@pproach for
MPSoC exploration at virtual prototyping level. This approach
allows early hardware and software integration andvalidation in
the design process and provides precise performanamnalysis.
Exploration is performed through a graphical web-pavered layer
allowing fast and easy graphical exploration. The gproach was
validated using H264 encoder.

Index Terms— Interactive exploration, MPSoC, virtual
platform, virtual prototyping level and H264 encode.

I. INTRODUCTION

mbedded systems use an increasing hardware pisrallel

(Multi-Processor System-on-Chip MPSoC) to delivigthh

designer to take rapid and right decision to fiptiroal design
meeting performance objectives. To achieve our ,goe
proposed an approach to estimate MPSoC perfornmrtave
described an interactive technique of explorati@sed on
different HW and SW variations. The major contribot of
this work is that we enabled exploration througbraphical
web layer in order to make the technique of expiona
interactive. As case study, we realized experintemtawith
H264 encoder benchmark to prove the concept gbithposed
approach. The experiment shows that the proposed
environment permits to handle the complexity arexiBility
needed in the development of MPSoCs and the ealdgtion
of the best system meeting constraints.

This paper is organized into four sections. Sectibn

computation and communication performances. Thégdes Presents the problem statement. Section Il detdis

complexity is exponentially increasing which opans new
challenges for hardware (HW) and software (SW)dragon
while maintaining tight time-to-market requireme@n one
hand, classical design flow recommends designing &w!
SW in parallel way. However, HW is always desigfi@dtoo
late in the product development cycle. Thus, SW'tcha
checked for early internships in the design cy€kds implies

development of an interactive approach for expioratof
MPSoC at virtual prototyping level. Different resuland
interpretations of exploration of the parallelizd@d64 encoder
mapped on MPSoC are discussed in Section V.

[l. PROBLEM STATEMENT AND RELATED WORKS
The major problem faced when designing MPSoC is the

a huge gap between HW and SW integration. Virtualifficulty and complexity to interface the HW andVsS SW

prototyping seems to be a good candidate to respmribis
need. Indeed, the use of virtual prototyping sitark allows
early design validation. On the other hand, embeédgestem
SW is characterized by high-performance requirementd
designer has to extract the best applications lptisah to be

validation process depends on several importardilddike
drivers, memories, CPUs and communication. Thus, 8w/
be validated only on ready-to-use model of the Hatfprm.
In addition, HW is always far too late in the protu
development cycle. This leads to an outstandindecgesign.

mapped on the best MPSoC architecture which meetge development of HW and SW components in paraisi

constraints. Thus, designer needs interactive momhing on
the top virtual platform with graphical interfadesrapidly and
easily explore others alternative solutions.

may lead to incompatibilities and make unfeasilile early
check of SW. Virtual prototyping represents a gatidrnative
to respond this problem by allowing early desigregnation.
Several frameworks and environments using in batkétual

We propose in this paper an interactive approach fprototyping platform were developed in order to expeup

MPSoC exploration at virtual prototyping level. bigithis

exploration of MPSoC design. [1] and [2] proposerfeworks

approach, designer can make early HW and SW irttegra based on SystemC allowing higher simulation spei¢ul @arly

and validation in the design process. This apprqaohides
also precise performance analysis and consequéetiys

performance estimation. However, SystemC is HWrbeie
language and it is not the standard language tigrdesmplex



applications at algorithm level. Simulink and UMkeaalso
used inside frameworks for high level modeling. §8id [4]
propose frameworks enabling mixed HW/SW refineneamd
opening new facilities for exploration. However, edded
programmers are still reluctant to adopt Simulinlodels
because it quickly becomes unsuitable with complesigns.

Qemu was also used as the foundation for Yeh T&:Ch

projects [5]. These projects show that the commnabf
Qemu and SystemC can make the co-simulation atytble-
accurate level extremely fast. However, Qemu shiawk of
flexibility to configure specific HW architecturesd supports
only homogeneous designs. Meanwhile,
simulating complex heterogeneous and
architectures at high simulation performance whizim be
measured by hundreds of million instructions pecosd
(MIPS) [6]. Besides, OVP provides a large set ekeflopen

sources and standard models components providinge m

flexibility to configure complex HW system. OVP gséhe
same level of simulation but also tackles the satioh speed
problem by using advanced techniques for SW sinaauch
as OS simulation for the former and code morphmgtiie
latter. From the above mentioned raisons, OVP hesnb

OVP allow
homogeneao

* Phase 5: interactive technique of exploration:valitesigner
to explore various integration alternatives to beatisfy
defined performance requirements.

Finally, designer can proceed to the final inteigrat
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Fig. 1. Proposed workflow of interactive exploratio

embraced as a primary solution to make easier myste

description (SW and HW integration) and faster sation
[7]. However, it uses scripts and textual-language dsgmm
to integrate HW and SW parts. Therefore, its spetibn
complexity rises with the rise of virtual platforoomplexity.
This becomes a new bottleneck in the HW/SW intégmaand
in the exploration of the best design meeting cairHs.
Indeed, designer needs interactive graphical ites running
on the top of OVP to easily explore others soludioim this
context, we didn't find any work or environment kit
graphical layer allowing interactive exploration. urO
contribution is to design a higher graphical lagerthe top of
OVP to allow an easy graphical interactive explorat
IIl. DEVELOPMENT OF AN INTERACTIVE APPROACH FOR MPSOC
EXPLORATION AT VIRTUAL PROTOTYPING LEVEL

A. General proposed workflow

To define an interactive approach of exploratiorg w
proposed a workflow handling different needed niilees to
design system meeting performance constraintsrgt stage:

» Phase 1. partitioning and mapping: select a salutid
partitioning and mapping tasks.

» Phase 2: configuration of the design: this phasgaios two
sub-actions achieved in parallel way:

- configuration of SW prototype: select differemtions and
features (OS, application), then generate SW pypént
configuration of the virtual MPSoC HW prototype:
instantiate different needed compounds and interections
with OVP, then generate virtual HW prototype.

» Phase 3: integration: integrate and simulate SWvadal
HW prototypes with OVP to make early integration;

» Phase 4: performance estimation: use the definpdbaph
to estimate performance of the configured system;

B. Define an approach to estimate performance of MPSoC

To define an approach of performance estimatioragph
4), we have to fix performance metrics. In our pobj we
proposed HW and SW performance metrics. The desiare
select or combine proposed metrics, evaluate easfigared
system and make decision.

» Used hardware resources:. Percentage of memory (Y%oMEM)
used by the process from the available physical ongrand
percentage of total CPU time (%CPU) that the preces
consumes from the elapsed CPU time.

» Average turnaround time: Time elapsed by the whole
application with the configured HW system depictwidely
used constraint to evaluate performance of thesyst

» Quality of Service: The QoS provided by the system depicts
an important aspect in SoC design. The QoS maiepedds

of the target application.

C. Define an interactive technique of exploration

We proposed a technique of exploration (phase 5) to
explore other solution alternatives. This technigubased on
several HW and SW variations which mainly affece th
performance of the system. Designer can modifyntiraber of
target CPUs and the SW parallelization levels. lda also
adjust the number of MIPS and the architecture avfet
CPUs. Distribution, type and size of used memorySyY
parameter setting can be also revised. Based afigelse can
improve some parts of the design to satisfy perémre
requirement. We developed graphical user interfécenake
the proposed technique of exploration interactived ao
control the different phases of the proposed amro@hen,
we implemented different scripts automating sevbeeakend
functions of these interfaces (configuration, cdatjgpn and
generation of the SW, integration of configured HWd SW
with OVP, storage of generated system in datalsiag,up of



configured system). Storing configured system iriablase 2)Impact of variation of the encoder parameters

allows designer to save effort to modify configureesign
without repeating all steps.
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Fig. 2. Proposed graphical interfaces.

IV. TESTS AND RESULTS

In order to evaluate our methodology, we performed

exploration with H264 encoder benchmark.

A. Mapping H264 on MPSoC
To parallelize H264, we split encoding the videdwezn

two processors. Each processor encodes each fofowi

buffered frames as if we have a video coming frooamera.
After encoding each buffered frames, each processty the

encoded frames in a shared memory. Then, a thvdegsor
reads encoded frames from the shared memory aretajes

the encoded video. For the parallelized H264, wefigared
with OVP an MPSoC which contains 3 sub-systems i(mah
design which boots Linux) based on ARM processor.

B. Methodology of exploration

The performance objective of our case study idetsign a

system which runs parallelized H264 with minimahei and

HW resources while keeping an acceptable QoS. As

mentioned in (111.B), QoS performance metrics daparainly

on target application. As we chose H264 codes,iitteresting

to measure the quality of the encoded video bectlsethe

most important characteristics of a codec. PSNEésmost

widely used video quality metric [8].

C. Exploration of parallelized H264
1) Impact of variation of the number of buffered frames

In this test, we used 4 different numbers of beffeframes

(10, 15, 20 and 25). Table 1 shows effect of tligation on
used memory. We remark that each processor usifeieit
amount of memory resources. This fact is due todtfferent
number of load of buffered frames to encode théahg
buffered frames. Indeed, loading
consumes considerable rate of memory.

TABLE |
EFFECT OF VARYING THE NUMBER OF BUFFERED FRAMES

Buffered frames Processor 1| Processor 2 Processor 3
10 39.12% 26.22% 27.8%
15 31.03% 26.22% 22.53%
20 31.03% 18.1C% 22.5%3%
25 20.26% 21.60% 15%

We used different presets (H264 encoder parameiéfs)

operated with Bitrate/Quality by using differentrates. H264
includes several profiles and preset options. Tabkhows

results of used presets for 25 buffered frames.ebeimg on
what the user needs for his payload device, hevee a fast
comparison. Thus, all conclusions ("better", "wdrséaster")

will be made from this point of view.

TABLE Il
EFFECT OF VARYING OF ENCODER PARAMETERS
PSNR Time

Bitrate 10C 29.21f (kb/s) 51.3((s)
Bitrate 500 35.236 (kb/s) 70.02 (s)
Bitrate 180(C 38.30¢ (kb/s) 113.1((s)
Profile Main 36.113 (kb/s) 79.80 (s)
Profile High 36.12¢ (kb/s) 78.2((s)
Profile Baseline 36.100 (kb/s) 77.76 (s)
Prese veryfas 35.86: (kb/s) 49.6((s)
VBV 35.563 (kb/s) 82.35 (s)

3) Exploration results

It is now easy to select the best system configamat

satisfying the fixed performance objectives. Thioygevious

exploration, we have to fix the number of buffefeaine to 25

and preset "veryfast" in order to use the minimalW H
resources and time while keeping an acceptable QoS.

approach of MPSoC at virtual

V. CONCLUSION

We proposed in this paper an interactive explonatio
prototyping level. Shi

approach helps designer to take the right decisioneach
optimal design meeting performance objectives atearly
stage in the design process of MPSoC.

we

(1]

(2]

(3]

[4]

[5]

the buffered frame

[6]
[7]

(8]

REFERENCES

Gerin, P. "Flexible and Executable Hardware/Sofenaterface
Modeling For Multiprocessor SoC Design Using Systém
ASP-DAC '07: Proceedings of the 2007 Asia and S&abific
Design Automation Conference, 2007, 390-395.

Mello, A. "Parallel Simulation of SystemC TLM 2.(@pliant
MPSoC on SMP Workstations", DATE '10: Proceedinfjthe
Conference on Design, Automation and Test in Eurap#0.
Popovici, K. "Simulink based hardware-software igie flow
for heterogeneous MPSoC", SCSC'07: Proceedingshef t
summer computer simulation conference, 2007, 49%-50
Popovici, K. "Mixed Hardware Software Multilevel Meling
and Simulation for Multithreaded Heterogeneous MESo
VLSI-DAT'07: VLSI Design, Automation and Test, 200 - 4.
Chen Yeh, T. "On the interface between QEMU ande3y€
for hardware modeling”, ISNE'10: International Syrsjum on
Next-Generation Electronics, 2010, 73.
http://www.ovpworld.org/technology.php#sectionFOS.

Ben Atitallah, R. "A fast MPSoC virtual prototypinépr
intensive  signal  processing  applications”, MICPRO:
Microprocessors and Microsystems Embedded Hardasgn
Journal, 176-189.

Wang, Y. "Survey of Objective Video Quality Measments",
WWIC'10: Proceedings of the 8th international coerfiee on
Wired/Wireless Internet Communications, 2010, 250-2



