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FOR EMBEDDED MULTIMEDIA SYSTEMS
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Résumeé: Le nombre croissant d’applications multimédia compk a soulevé de nouveaux défis
dans la conception des systemes multimédia embaroqubiles qui doivent pouvoir réagir a la
limitation des ressources et les fluctuations éavironnement externe pour fournir un service
acceptable. Dans ce projet, notre objectif finaldespermettre la continuité du service et garamtir
niveau de qualité minimal. Nous avons développétadenique d'adaptation permettant a un systeme
multitiche de s'adapter aux variations de la chdigerocesseur et la bande passante réseau en
utilisant l'allocation des ressources partagéda etconfiguration des applications. Les tests éiat
réalisés sur I'application de compression vidéo HA&¥C. Nous générons des configurations de
maniere automatique a l'aide de I'Optimiseur MO-P&Es résultats expérimentaux ont montré
I'efficacité de la méthode.

Mots clés: Systéeme embarqué, application multimédia, adapiagiartage de ressource, MO-PSO,
reconfiguration, H264/AVC

Abstract: The growing number of complex multimedia applicasidhas raised new challenges in
the design of embedded mobile multimedia systerhes& systems must be able to react to resource
limitations and external environment fluctuationgtovide an acceptable service. In this projeat, o
final goal is to enable the continuity of servicelgjuarantee a minimal quality level. We developed
multi-constraints adaptation technique enabling wtitask system to adapt to variations in both
processor-load and network bandwidth resourcesgusitared resource allocation and application
reconfiguration. Tests were done on the H264/AV@ewi compression application. We generate the
application configurations automatically using M®-PSO optimizer. The experimental results have
shown the effectiveness of the method.

Key-words: Embedded system, multimedia application, adaptatesource sharing, MBSO,
reconfiguration, H264/AVC
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General Introduction Mouna BEN SAID

General introduction

The growing number of embedded multimedia systemas lked designers and
manufacturers to compete in areas like cost, harlwneguirements, coding efficiency, and

error resilience and recovery.

However, the rapid development of multimedia agians has raised new challenges in
multimedia systems design due to their mobility:onder to provide a minimal acceptable
service, it is of great importance to be able tacteto resource limitations and external
environment fluctuations. These include limitati@mslocal resources imposed by weight and
size constraints, concern for battery power consgiompunpredictable variation in network
load, and lowered trust and robustness resultingh fexposure and motion. For instance,
multimedia applications such as streaming videat thse unreliable connections such as
Internet, wireless networks, must scale their caxipf according to the network bandwidth

availability in order to deliver meaningful resylise. acceptable video quality of service

(QoS).

The goals for maximizing QoS and minimizing comjepresent an inherent conflict in
mobile systems design methodologies: a high QoSIsee high utilization of system
resources such as CPU cycles and leads conseqtehilyh power consumption; a low QoS

would utilize few resources and so consume low ppiugt yields low performance.

Although the requirement of high performance andv lenergy consumption is
challenging, it is becoming achievable with theegnance of adaptable system layers ranging
from hardware to application. Indeed, multimediplaations have the ability to gracefully

adapt to resource fluctuations while keeping a nmeginl user’'s perceptual quality.

In the present work, we propose a multi-constraataptation technique for embedded
systems running CPU/bandwidth intensive multimegtiplications. This technique considers
adaptation at different time granularities and urdlfferent constraints. It adapts the system
to resource constraints and user preferencesadsla coarse-time granularity adaptation to
the changing CPU load (task entry or exit) and rgasa fine-time granularity adaptation to
external resource related to network bandwidthtflatton. We perform these adaptations by
dynamically reconfiguring the applications parametexccording to shared resources

allocations while maintaining a minimal service lipjyadefined as a user preference.
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As a case study, we consider a H264/AVC video emictmlapply these adaptations. We
focus on the method of generating the configuratifor complex applications exhibiting a
large set of possibly tuned parameters. We alssidenthe frequency of reconfiguration as
well as the coordination between different adaptatevels in order to maintain the system

stability.

This report consists of three chapters. The fire & a state-of-the-art of adaptation in
embedded systems. We present different adaptagiproaches that have been proposed in
the literature, and point out their benefits andité. In the second chapter, we detail our
proposed adaptation technique. We describe the difocture of our adaptive system and
detail the different design steps. The third chaptesents a case study application for the

implementation of our adaptation technique andetterimental results.
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Chapter 1: State of the art of adaptation Moun&lEAID

Chapter 1

Adaptation approaches: state of the art

1. Introduction

Embedded systems running soft real-time multimegiications, such as image, audio,
and video, are becoming an increasingly importamuting platform. For example, we can
already use a smart-phone to record and play wtps and use an iPAQ pocket PC to watch
TV. Compared to conventional desktop and serveterys embedded systems are often
subject to resource constraints such as limitedebatife, narrow memory space, and
environment variations such as sudden and unpeddigchetwork load. Thus, they are asked
to adapt internally to their limited computatiomald energy resources as well as to changes in

the external environment in order to support mutilia quality of service.

Researchers have then focused on the integrati@uaytation strategies in the design
flow of embedded multimedia systems. There have Imegnerous research contributions in
adaptation in both hardware and software (operagygiem, application) layers of mobile

multimedia systems.

In this chapter, we present a state of the artdafptation approaches in the different
layers of embedded multimedia systems. We alseptesome adaptation works particularly

related to video coding application which is thestrtoeated application in the literature.

2. Adaptation approaches

2.1 Adaptation in the hardware layer

Due to their modest sizes and weights, small matelaces have inadequate resources,
lower processing capabilities, memory, storage powder as compared to desktop systems.
These portable systems are mostly battery drivenofientimes have to run for considerable

time periods. The most serious limitation on thelewices is the available battery life.
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Chapter 1: State of the art of adaptation Moun&lEAID

Therefore power management has become a critisaé i®or those systems. Tackling power

dissipation and improving service times for theseicks are crucial research challenges. [1]

Diverse efforts have been made to improve poweragament in mobile devices using
hardware and software techniques. Dynamic Voltagdirg (DVS) [2] and dynamic power
management (DPM) techniques have been widely studge methods for optimizing the

power consumption.

DVS has been a key technique in exploiting the Wward characteristics of processors to
reduce energy dissipation by lowering the supplyage and operating frequency. The DVS
algorithms are shown to be able to make dramaterggnsavings while providing the
necessary peak computation power in general-purpgstems. However, for a large class of
applications in embedded real-time systems likdulzgl phones and camcorders, this
technique is not efficient. Indeed, the variableeraping frequency interferes with their
deadline guarantee mechanisms, which reduce DV®rpaance. To provide real-time
guarantees, researchers [3] developed a classvef atgorithms called real-time DVS (RT-
DVS) that consider deadlines and periodicity of-teme tasks, requiring integration with the
real-time scheduler. The RT-DVS modify the OS'd-tieae scheduler and task management

service to provide significant energy savings whilintaining real-time deadline guarantees.

The DPM is a design methodology that dynamicalbprgigures an electronic system to
provide the requested services and performancdslevith a minimum number of active
components or a minimum load on such componentie flindamental premise for the
applicability of DPM is that systems (and their gmnents) experience non uniform
workloads during operation time. In this technigagower-managed system is considered as
a set of interacting power manageable componeMC{$) controlled by a power manager
(PM). The fundamental characteristic of a PMC ie Hvailability of multiple modes of

operation that span the power-performance tradeoff.

With PMC'’s, it is possible to dynamically switchtiveen high-performance high-power

modes of operation and low-performance low-powerson

The Power State Machine (PSM) model of the StroRMASA-1100 is shown ifrigure
1. States are marked with power dissipation andop@idnce values, edges are marked with

transition times.
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P

=400mW

~-10us ~90us

P=50mW P=0.16mW

Wait for interrupt Wait for wake-up event

Figure 1. The PSM model of the Strong ARM SA-1100

DPM technique can be implemented with differenteses. Clock Gating: We consider
first digital components that are clocked. Thisssl@f components is wide, and it includes
most processors, controllers and memories. Powersutoption in clocked digital
components (in CMOS technology) is roughly promordl to the clock frequency and to the
square of the supply voltage. Power can be savedducing the clock frequency (and in the
limit by stopping the clock), or by reducing thepply voltage (and in the limit by powering
off a component).

Other middleware frameworks such as Odyssey [4gme an application aware
adaptation scheme which combines middleware natiio and control with application
adaptation to achieve good savings of the systdéal émergy. The PARM framework [1],
whereas, does not require the application to perfany energy adaptations. It presents a
distributed middleware framework that is inhererglywer-aware and reconfigures itself to

adapt to diminishing power levels of low-power d®a.

2.2 Adaptation in the OS layer

The role of the OS in an embedded real-time adaystem is to sense external events,
monitor and allocate scarce resources. OS adaptatianges the policies of allocation and
scheduling in response to application and resowagations. Many works have dealt with the
operating system layer to provide predictable CR&tation. In [5] [6] the managers of CPU
resources provide performances guarantees inealftime. Schedulers adapt the scheduling

policy to handle the variations of application ior [7] [8].
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In [9] the authors present an energy-efficient sedil-time CPU scheduler for multimedia
applications running on a mobile device. ESchedskeks to minimize the total energy
consumed by the device while meeting multimediantgmwequirements. To achieve this goal,
it integrates dynamic voltage scaling into the ittadal soft real-time CPU scheduling: It
decides at what CPU speed to execute applicatioreddition to when to execute what
applications. EScheduler makes these schedulingsides based on the probability’s
distribution of cycle demand of multimedia applioas and obtains their demand distribution

via online profiling.

2.3 Adaptation in the application layer

Application-aware adaptation is an essential cdpalmf mobile systems. A technique
that has been widely used is to change the apjplicatgorithms or parameter values to trade
off output quality for resource usage. Indeed, aeggers in the literature have focused on the
improvement of video codecs’ performance. Manyhefnt are interested in optimizing the
coding algorithms (reducing the computational tinmeproving quality). Many others focus
on the adaptation of codec according to input tgias. In our case, we are interested in the
adaptation aspect. We give in this section an aeenof some application-aware adaptation
frameworks. Then we present a state of the artdaptation techniques applied to video
coding and particularly to the MPEG2 and H264/A\M@nslards.

2.3.1 Overview

Several projects recommend the adaptation in tpécagion layer. For example, in [10]
authors discuss the importance of a mechanismssf adaptation even in the presence of
DVS or other power-reducing mechanisms, in ordemeke the best use of the available
energy resources. They developed a framework cdlleergy-aware Quality of Service
(EQo0S) that can manage real-time tasks running roemabedded device and adapt their
execution to maximize the system utility for a lied energy budget. They formulate energy
adaptation of task sets into a tractable, optiredetion problem. They consider a set of N
random periodic task¥1.....TNof which each tasKi hasmi different QoS levels randomly
generated as well. They formulate the basic enadgptation problem as a selection of QoS
levels combination under energy budget constrainti use simple optimal algorithms and

approximation heuristics for solving this problem.
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In [11], Mesarina and Y. rather consider a specifidtimedia application. They propose
a method to reduce the energy for the “decoding ®PEBpplication using parameter
modifications. [12] presents a QoS framework fdaefactive 3D applications where the QoS
management relies on high-level QoS parameters R&YNR) of quality scalable 3D objects.
This framework aims to guarantee the user spedifientactive frame rate through degrading
the 3D objects quality in such a way that minimatrall quality degradation over the scene is

obtained.

Other middleware frameworks such as Odyssey [4gme an application aware
adaptation scheme which combines middleware natiio and control with application

adaptation to achieve performance improvements.

2.3.2 Data-independent adaptation strategies

Many researchers have dealt with adaptation inMREG standard. In [13] S.C. Hsia
proposes a rate control scheme which is based @auaptive GOP that uses more P- and B-
frame coding, instead of a static group. The mairppse of the algorithm is the dynamic
modification of the GOP structure according to tim@poral correlation between inter-frames.
When a buffer under-flowing, a scene change, orga hccumulated error is detected, the

algorithm switches from the prediction mode codimghe I-frame coding.

The patent [14] presents a scalable decoding tgeérthat can dynamically adapt to
resource constraints. It selects a scaling strategfymeets a complexity requirement coming
from a Resource Manager. Each strategy is basedsehof scaling functions (e.g. scaling of

adaptive B-frame, IDCT, motion compensation, emleedasizing).

In [15] authors present a method for quality awaaene selection for MPEG decoding
under limited resources. They propose a frame skgpmethod to reduce the workload of the
decoder when the processor fails to decode all gsatimely. This method uses a frame
priority assignment that assigns for each frameiarify to be decoded or skipped. They
propose also a guarantee algorithm that takes st ithe video stream, the available
resources, and the priority values, and gives #gubwll frames which can be successfully

decoded in time according to the system load.
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2.3.3 Content-aware adaptation strategies

It is hard to conceive a universal algorithm tham perform well for all kinds of video
contents. However, if important characteristicsao¥ideo sequence can be identified and
utilized for adjusting various steps of video cafione can design an adjustable algorithm

that can tune its parameters to suit the vide@atlh

Plenty of works in the literature have dealt witle tadaptation in H264/AVC standard, in
particular in the motion estimation (ME) block. $eal motion estimation algorithms have
been proposed where the complexity of the seartfaded-off. They reduce the number of
candidate blocks processed for each current blotkvithout exploiting the statistics of the
input data. On the contrary, a class of predictilgorithms exploits the spatial and temporal
correlation that characterizes the input video[16] [17] and others, a technique that is
commonly used consists of comparing the distortiothe image with a set of predefined
thresholds to adjust some search parameters suttte amimber of reference frames (Nref)
and the size of search window (SR). Indeed, Masgarchers have focused particularly on
the video motion characteristic [18] [19] [20] [2122]. They generally use a motion
estimation algorithm that includes a pre-stageafoionline analysis of motion activity in the
input video. Based on this characteristic analysis, online algorithm reconfigures
dynamically the search parameters to allocate #oehcoder the adequate computational

resources. Some examples of such adaptation tessare presented hereafter.

2.3.3.1 Window-follower approach

The high computational load and the relevant menaagess requirements lead to high
power consumption. Therefore the conventional FBraach is not suitable for battery-
supplied devices where the low-power constraimiandatory. [16] proposed a technique that
exploits the input data variations to dynamicakganfigure the search-window size of an
exhaustive block-matching search thus avoiding cessary computations and relevant
memory accesses. It takes into account both spatitemporal correlations of the motion
vector (MV) field.

The motion activity of a scene directly relateghe values of the relevant MV field. In
the case of high motion activity a large searcheoim size permits to get a MV that results in
small estimation error. When the amount of motinrthie scene is small searching over a

large search area is not necessary. Based ondbrsglerations, and taking into account the
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spatio—temporal correlation of real-world MV fieJds is possible to devise a window-
follower motion estimator in which the search windeize, for all the blocks of a frame,
depends on the maximum displacement in the MV dielidthe current and/or previous frame.
This way, the size of the search window follows M¥ field. The proposed algorithm

consists of two steps.

Step 1:From the complete list of MV of the previo(is_ 1" frame, compute the maximum

horizontal and vertical displacement, hereafteleddD, defined as
D= maXy [dt]
Being d = max [MV{, MVty]

Step 2:Compute MV for all the blocks of tHd' frame by adopting an exhaustive search with
a window displacememt; for the generi¢™ block, sized according to the following mutually

exclusive rules:

() SAD.,, = TH; — F=landp, = pu

(ii) TH,<SAD,,, <TH;and F=1—p,=1+max(D.d, ;)
TH; < SAD,,, <TH,and F=0—=p,=1+D

(iii) SAD,,;, , < TH, and F =1 — p, = max(D.d, )
SAD,;, , <TH, and F =0 —p,=D

Figure 2. Window follower algorithm

For the first frame = pmax SADmint_1 and dt_1 represent, respectively, S&min

and the maximum MV displacement for ttte 1)" block of the current frame.

The thresholds used to evaluate the efficiencyhefrhotion prediction are TH1 = 4096
and TH2= 2048 are. Practically, when a motion ckaogcurs and the actual search size is
not large enough, the increase of the predictioorend of the relevarBADminis detected
by TH1 (changement brusque de motion) that setse¢hech displacement to the maximum
value. The threshold TH2, instead, is useful inecag gradual motion changes to avoid
unnecessary search size increments. This workdahed the same FS performance while

considerably reducing power consumption.

Master 2009/2010



Chapter 1: State of the art of adaptation Moun&lEAID

2.3.3.2 A dynamic control of three ME search parameters

[17] proposed a technique that optimizes 3 ME deg@arameters in the same control
environment (3 algorithms combined together).

» Reference Frame Control algorithm

This control decides the maximum number of refeeeinames to be used for the ME of
each 16x16 macroblock (MB) and its enabled subtmars. Figure 3illustrates this first

algorithm.
Max referance frames 5 s -_:_: ESAD f !-__-_l | =
Tfor othver 6 pastitions : min<THR3 R H
of ME i, frame bl —ae- ....iSADmm{-THR,qE".I =+1 '|:
——[SaDmin<THRS|--| R+2 |:
ME | rame W}
1616 pewtition .. P e L LR .
ME =AD min : .
R = opt, ret 14— [SADmn<THR1]-| 1 |
i [SADmin<THRZ]| =] B
| Else i1 5 B
Mias: reference frames for 1616 partition of &MB i, frame N +1
Fig. 1. Reference frames control: thresholds determime bow mamy
reference frames must be used for all subpartitions in the corrent frame
N and for the 16x16 partidon in the next frame ™N+1

Figure 3. Reference Frame Control algorithm

The thresholds determine how many reference frames be used for all sub-partitions
in the current frame N and for the 16x16 partitiorthe next frame N+1. The moS8BADmMIn
increases the more the number of reference frafexreases too. The best number of
reference frames depends on the dynamism of viteat,ii.e. static videos often need only

one reference frame, and fast moving videos neeé mo

= Block mode control algorithm

H.264/AVC can encode a MB using 7 possible blocklesofrom 16x16, 16x8 ...to 4x4.
Figure 4 presents the proposed block mode seleatgorithm where the more the SADmiIn

increases the more additional smaller sub-parsteme enabled.
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Cost COmparson Allowed patitions
r{SADmin<THR3|-|16x8, Bx16, 6x8 |
MBI frame N i _
5018 erition mmmmj-{SADmln-::TH R4|-|16x8, 8x16, 8x8, 8x4 |

ME SADmIn E-{SADmin-::TH REH 16%8, 8x16, Bx8, Bx4, dx8

{Else H[16x8, 8x16, 8x8, 8x4, 48, 4x4

Figure 4. Block mode selection algorithm

= Search area control algorithm

There are algorithms that reconfigure the seareh,dor Full Search (FS) ME algorithm,
according to the input signal statistics. The dealisplacement is configured on the basis of
the MV field of neighboring blocks. Authors havedeahe porting of this technique to EPZS
and UMHS ME algorithms.

2.3.3.3 A Region Of Interest based adaptation

K. Kanur and B. Li present in [22] a framework winiallocates the computational power
of the encoder adaptive to video contents, and sdstes with the available battery power
using a Region Of Interest (ROI) classification hnoet They combine the ROI-based
encoding (video segmentation into ROI and backgilobased on motion analysis) with a
power scalable encoding parameter set selectiowepso This process allocates high
computational resources to the slice group with ,R@I coded with all partition modes and
higher search range, and the static backgroun@negihaving little or no motion) can be
coded with a restrictive parameter set by excludimgller partition modes and using small

search range.

2.4 Cross- layer Adaptation

The above adaptation techniques have been shol éffective for both QoS provision
and energy saving. However, most of them adapt ardingle layer or two joint layers. For
example, [23] presents an application-aware adaptatrategy of collaborative partnership
between the operating system and individual apjpdica to better cope with the problems

induced by mobility in the context of shared dateess.

More recently, some groups have proposed cross-gaptation frameworks in which
different system layers adaptations are coordinateorder to fully exploit the adaptation

Master 2009/2010 11



Chapter 1: State of the art of adaptation Moun&lEAID

benefits. Some of these cross-layer approacheq424Dhdapt only at coarse time granularity,
e.g., when an application joins or leaves the sysiéhis infrequent adaptation is proven to be
insufficient to deal with small changes in the systenvironment and processed data. Then,
some other cross-layer adaptive frameworks have peeposed to adapt systems at both
coarse and fine time granularities. We presentdfinetwo recent cross-layer adaptation

approaches.

24.1 GRACE project

The GRACE project (Global Resource Adaptation thlouCoopEration) [6] [25]
proposes a cross-layer adaptation framework thaptadmultiple system layers at multiple
time granularities. It addresses the conflict of@dtion scope and frequency through a

hierarchical solution (cKigure § which combines different adaptation levels:

- An infrequent expensive global adaptation thatrojates energy for all applications in
the system. It only occurs occasionally at larggesy changes such as application entry
or exit.

- A frequent inexpensive limited-scope per-applicatedaptation that optimizes for a
single application at a time. It is invoked evergnie, adapting all system layers to the
application’s current demands. An internal adaptaidapts only a single system layer

and may be invoked several times per applicatiamé.

() Flobal coross-layer (b} Per-sppBcation cross- {c) Intermal, per-layer
JF——— bayer adaptatioe sdsptarisn

Figure 5. GRACE adaptation hierarchy

GRACE's first generation implementation, called GERAl [6] coordinates the
adaptation of the CPU speed in the hardware lagBt) scheduling in the OS layer, and
multimedia quality in the application layer, in pesise to system changes at both fine and

coarse time granularities. It focused also on therdination between these cross-layer
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adaptations in order to reap their full benefit. BFE-1's focus was on cross-layer global
adaptation, for which it showed significant enebgyefits. It reported a few experiments with
hierarchical adaptation in the CPU and schedulet,dhowed only modest benefits over

global adaptation when running multiple applicasion

Later, GRACE demonstrates the benefits of the hsbreal adaptation through a second
generation prototype, GRACE-2 [25]. This prototypglements a global adaptation in the
CPU, application, and soft real-time scheduler;-ay@y adaptation in both CPU and
application layers; and internal adaptation ingbkeduler. It respects the constraints of CPU
utilization and network bandwidth (assumed to bestant), while minimizing CPU and

network transmission energy.

The fundamental difference between the GRACE-1 @RIACE-2 systems is that
GRACE-2 is network-aware. It adds a network banthvicbnstraint in the global and per-
application controller and considers global andag®y application adaptations that are driven
by the tradeoff in CPU time and network bandwidd#age. GRACE2 has demonstrated that
the lack of any network awareness results in vepdest benefits from the hierarchical
adaptation while running multiple applicationshits also shown that in a network bandwidth
constrained environment, per-app application adiaptayields significant energy benefits
over and above global adaptation. However, we havenention that these observations
concerning network constraint were made by assuraimgn-adaptive (simulated) network

layer with fixed available bandwidth.

2.4.2 Adaptation approaches proposed in CES laboratory in cooperation with lab STICC

The previously described cross layer adaptatiohnigoe has limited HW adaptation
since it manages CPU frequency and voltage whiclotisllowed for all processors. Besides,
cross layer techniques were adopted in laptops @b servers which are not typically
embedded systems. For those purpose, many issueswtediscussed such as the cost of the
adaptation technique that must match the limitsdueces of embedded systems. To address
those problems, an adaptation technique was deselap the research unit CES (ENIS,
Tunisia) in cooperation with the lab STIGQLorient, France), particularly with the professor

Jean Philippe Diguet. We present this techniquerfollowing sub-sections.

! http://www.ceslab.org/
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2.4.2.1 Approach proposed by N. Ben Amor

N. Ben Amor proposed in [26] a multi-constraintsapiétion approach. It combines
adaptation on HW level and application level. Addiph on HW level is based on the
selection, at run time, of a configuration fromed sf previously characterized ones. Those
configurations run different architecture scheméshe application. Each one has specific
energy and performance levels. In general, higliopeance configuration is based on a
processor enhanced with specific hardware ciraatthat it will be less energy efficient than
a configuration with a single processor. Adaptatiased on application level modifies some
application parameters to manage the desired Qd$hardesired lifetime. This approach was
validated by a high-level simulator using the 3Dage synthesis as a case study. Figure 6
gives an overview of this simulator.
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Figure 6. A high-level simulator for adaptation in the 3D igeasynthesis

The author has developed a QoS function that matel8D image quality. He uses an
accurate battery model (Rakhmatov model) that gaveaccurate value of the system lifetime
using consumed current values. The use of thergditetime as a constraint instead of the
consumed energy is depicted with several worksvei@ configurations were built around

the NIOS processor ranging from simple software figonation to high performance

? http://recherche.telecom-bretagne.eu/lab-sticc/
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configuration. Power consumption models are usedhe high level simulator to have

accurate system output values (lifetime, QoS, xedwion time).

2.4.2.2 Approach proposed by K. Loukil

The previously described approach was enhanced.lbyukKil in [27][28]. He presents a
coordinated cross layer adaptation approach im#rdware, OS, and application layers for
embedded multimedia reconfigurable systems Egfire ). The proposed approach makes it
possible to improve the quality of service whilspecting the system constraints (real time,
lifetime, Qo0S) and the user preferences (level ofimum QoS, lifetime). It also deals with
the coordination between the different system kydro address this problem, authors
propose an additional middleware layer which cosg®i

- a global manager which coordinates between thee ttagers in order to answer the
great variations of the system constraints and pisaferences. It chooses the adequate
configuration of the system starting from a confagion base.

- a local manager that intervenes only in the apfitinaand OS layers. It is set up to
essentially control the respect of the systemtiegad constraint. It can also question the
global manager if it does not manage to find atsmuto solve a problem of timing

constraints violation.

In the hardware layer, adaptation is done using ohehe different application
implementations called configuration that are prasly set up and characterized. Those
configurations vary from a pure SW configurationalled config_sw) to a mixed
implementation with several HW components (calledfig_hw). As config_sw involves
only CPU resources, it will consume less energy ttanfig_hw but will less performing. So
those, the system can choose the adequate conitgueecording to the constraints and the

user preferences.

Adaptation in application layer is performed by nfigidg the application parameters or
algorithms according to the imposed constraints.3B object synthesis application is
considered when implementing this work. The paransetio tune are the number of triangles
composing the 3D object and the shading algorititat( Gouaud). This technique is
implemented on the uC/OSIlI and run on a Stratix APG
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The third adaptation level is made in the operasggtem layer in order to allocate
necessary CPU time for each task. In [29], we psepa technique for the control of
application timing constraints that is hooked itlte OS kernel. It deals with the problem of
task deadline exceeding to adapt to data variatwimnish may cause real time constraints
violation. This technique monitors tasks executignmeans of watchdogs in order to detect
possible deadline violation. The detection ressilthen used to tune the target application
parameters in order to satisfy the real time cainsis for the further computation iterations.

Task adaptor Adapt Tack

v

b

-~._,_f-"._pp|i|:atinn parameters o
Application layer

Real time constraints
Global manager L »

Execute

QoS min

05 Adaptor Operating

system

05 layer

Figure 7. Structure of a cross-layer adaptation approach

3. Conclusion

With reference to the state of the art presentedhis chapter, different adaptation
approaches were proposed in the literature. Thegider different constraints (mono/multi
constraints), different system layers combinaticars] different objectives (minimize total
system energy, maximize QoS...). However, most addhepproaches were not dedicated to
embedded systems. They have been developed forpéxafor PCs or web servers.
Adaptation techniques that were developed for emdadsystems were, to our knowledge,

limited to a single constraint, mainly the remagienergy of the system. Whereas, as
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embedded systems are usually mobile, they must anol@m increasing number of constraints

related to the external environment, the natuthetarget applications, and the user choices.

To address this problem, a new cooperation researoject called “ConcEption de
Systémes Adaptatifs multi-niveaux pour le traitetn@ultimédia Embarqué” (Césame) has
started. The purpose of this project is the desigan adaptive architecture for a complex
multimedia application (video compression and 3Dagm synthesis). Adaptation should
satisfy many constraints such as energy, CPU time&work bandwidth, QoS, and user

preferences.

Our present work is included in this project. Wepgwse a multi-constraints adaptation
technique that will be applied to the video compi@s application. In the next chapter, we

give details of the proposed technique.
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Chapter 2

Design of a multi-constraints adaptation technique

1. Introduction

As we mentioned in the previous chapter, the pteserk is involved in the “Césame”
project which deals with adaptation in embeddedtimeldia systems. In this chapter, we start
by introducing the “Césame” project in order torifiathe position of the present work.

Then, through observations of the first chaptetestd-art, we could identify a number of
important issues in the area of adaptation as walivaluable techniques enabling high
adaptation performance. In a second section, wersuine these observations and explain

our contribution through an adaptation technique.

In the next sections of this chapter, we descritee groposed technique and detail the
design strategy that we followed.

2. The CESAME project

“Césame” is a cooperation project (CMCU) betweea thsearch unit CES (ENIS,
Tunisia) and the lab STICC (Lorient, France). Theppse of this project is the set up of a
design methodology of adaptive and robust systeopmpating a variety of complex
multimedia and concurrent applications. It will balidated by a demonstrator based on
Xilinx FPGA technology. The target applications #re H.264 video compression combined
to the OPEN GL ES 3D image synthesis applicatidmesé complex applications involve
many problems that must be resolved. On the onal,hte space of the algorithmic
configurations is important because each of thdiegipns has its own process and its large
number of tunable parameters. This big solutionacepimposes the use of complex
adaptation with important cost. Therefore, the gtofdthe compromise robustness/cost of the

adaptation must be considered in a detailed way.
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The choice of the application {3D+H.264} emanatesf the improvements in the field
of media applications which are being based onewfit media formats coming from
different sources. Such composite applications lm@mg used in different domains like

military, medicine and Remote assistance.

The design of a system that executes such compipkcations puts further design
constraints like the choice of hardware accelesattie memory management, and the energy
consumption. For this purpose, high performanahitacture capable of executing those
applications efficiently must be set up. It is mhg: a multiprocessor architecture using
specific computation units (coprocessor, hardwacelarators). An RTOSs used to manage
the complexity of both the application and the @edture. A camera is used for image

capture and a network connection is used for vateb3D animations transmission.

This architecture is flexible and can run a sethafdware configurations using the

technique of the dynamic reconfiguration allowedtwy Xilinx FPGA.

3. Contribution

Our master project deals with the set up of an tatiap technique applied to the H.264
application. This technique is applied in the agadion level with no hardware support. The
adaptation is based on the modification of algamnithparameters of a purely software H.264

coder.

The essence of our proposed adaptation techniqueaisit considers adapting an
embedded system to both internal (e.g. CPU load)external (e.g. available Bandwidth)

resources. It is derived from observations of tagesof-the-art adaptation models.

We consider adapting a multi-task system to ressuohange by scaling its QoS level
according to resources availability. In fact, Q&vel reduction has an influence on CPU
utilization. Indeed, by selectively reducing the evel provided to individual tasks of a

multi-task system, we can achieve a reduced tgsaésload [10].

® Real Time Operating System
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Scaling the system overall QoS level can be acdi®yenumerous techniques as it was
presented in the state of the art. For instanceantbe obtained by changing the application
computational complexity through algorithms andapagters modification in the application
layer, and adapting scheduling policies to resaiveiation in the OS layer.

Among all these techniques, multiple previous wdnkse shown the effectiveness of
application adaptation and the importance of irg#gg network adaptation in multi-
application network constrained systems. Authors[4h show that application-aware
adaptation offers the most general and effectiygagrh to mobile information access. The
GRACE project has shown in [1The importance of both per-app application and ngtw
adaptation. It has also demonstrated that whilaingymultiple applications the lack of any
network awareness results in very modest benefi®s the hierarchical adaptation (global
and local adaptation). It has also shown thatnetavork bandwidth constrained environment,
per-app application adaptation yields significanergy benefits over and above global

adaptation.

Therefore, since our target system is network badithvconstrained and has to run
multiple concurrent applications, we consider depilg an adaptation technique which is
network-aware and based on per application adapta®@ne of the major features of our
adaptive technique is that it considers adaptingeabedded system not only to internal
resources such as CPU time, but also to externairoemment such as network load
fluctuation. It manages adaptations to differesbregces at application level at different time
granularities. The advantage of application levéa@ation is that it is portable to any
platform unlike other techniques such as DVS wischot supported by all processors.

Yet, it is obvious that when designing such appliceaware adaptive technique, target
applications characteristics have to be takenactmunt. As we mentioned before, our target
system is an embedded system running multimedidcagipns such as video compression
and 3D synthesis. Such systems are sensitive tanaigally varying and multiple resource
constraints (e.g., variations in available CPU tianed bandwidth) which affect the perceived
guality and consequently the user’s satisfacticendé, they must provide a minimum QoS in
order to guarantee the continuity of service in gresence of fluctuating environment.
Fortunately, the soft real-time nature of multineedipplications offers more opportunities
than others for QoS trade-off. For example, videdecs, such as H264/AVC, are highly

configurable. They offer a large number of possibiyed parameters to encode and decode
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videos with different compression ratio, differesdmputational complexity, and variable

output quality.

According to the above observations on multimedgaliaations, we had the idea to
profit from their high configurability to achieveiférent QoS levels and so better
management of QoS/resources availability tradeM. propose a global resource allocation
manager which enforces a per-application softwam®nfiguration in such a way that the
system overall output quality is maximized undeaikable resource constraints, which are the
CPU time and the network bandwidth.

Nevertheless, when adapting multimedia systemsguapplication reconfiguration we
face a key problem which is their operational colptite. QoS-levels definition and selection.
Adaptation based on application QoS-levels vanati@s been used in the literature, but
methods to define these levels are still underamgol. For example, authors in [26] and [27]
define hardware and software configurations for & 8ynthesis application. These
configurations yield a very limited number of tunpdrameters (number of triangles of an
object and shading algorithm) and are thus easdpgqred in a manual way. However, such a
method is inappropriate for more complex applicgagisuch as video coding which exhibit a
very important number of possibly tuned parametensis, we propose a novel method of an
automatic generation of QoS-levels for applicatiomgh a large set of configuration
parameters. It is based on the Multi-Objective iBlartSwarm Optimization algorithm.
Besides automation, this method enables the gemerat non-dominated QoS-levels and

thus obtaining a maximized system output quality.

4. Work flow

Our adaptation is based on a tradeoff between tgueafi service (reflects the user
satisfaction), available network bandwidth (limarfthe output bit rate), and real time

constraint (limit for the CPU time allocated forchaapplication). This implies:

- the existence of various application configuratioffering different levels of QoS and
complexity

- the ability of the system to share the availabs®uveces among competing tasks.

- the ability of the system to move from one confajion to another dynamically in

response to changes in system load and bandwiditaknity.
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Our work flow is composed of two main steps:

= Offline characterization step (figure 8): we idéntihe different operational modes of the
applications (configurations). This step is basedaastudy of the target applications in order
to select the set of attributes that are more Ykl influence the compromise QoS/
bandwidth/CPU time (configuration parameters). Ehaattributes are purely software
parameters selected from the list of the applicationfiguration parameters. We also need to

select the set of parameters that will be constiéverepresent the QoS of the application
(QoS parameters).

| Define the T. Applications set |

Adaptation tolerant applications

T. Application Study of the T. application i Apphcan.on
. documentation

Statistics $

Selection of config.

; Selection of QoS parameters
parameters

Config. parameters set QoS parameters set

T. Application
MO-PSO/ T. Application interfacing

T Application.exe

———{  MO-PSOtuming |

MO-PSO.exe

Source
Bad result | MO-PSO run |

Pareto front of non-

domination config. Config. : Configuration

| Result observation | T. Application : Target Application

Convenient result QoS : Quality of Service

Legend

MO-PSO : Multi-Objective Particle Swarm Optimization
| Save to a config. table file |

Figure 8. Work flow 1: offline characterization step

The result of parameters selection step is thetiopihe composite step of automatic
configurations generation using the MO-PSO optimizZais latter step consists of interfacing
the MO-PSO with the target application and tunitgy parameters to generate at the end

executable files for both the optimizer and theliappon. Finally, we run the MO-PSO to
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generate the non dominated configurations. We @bdée result to decide whether to keep it

as a configuration table or to reject it, re-tume dptimizer and generate another pareto set.

= Online adaptation step (figure 9): we conceive ahne adaptation platform whose
objective is to maximize the system QoS under GRig aind network bandwidth constraints.

Adaptive applications have to get reconfiguredritheo to meet these constraints.

Define the system Define the adaptation
constraifs objective
CPUand BW. o
Maximize
system QoS
Conseive and impl. a Conseive and impl. &

CPU load controller BW. variation controller

CPU contraint BW contraint

Config. Conseive and impl.
tables optimization module

Adaptation-
tolerant
applications

k!

Enable applications
Applications configs. reconfigurability
A
- , . Reconfigurable applications
Conseive and impl. the applications
reconfiguration modules
Legend

outee
ade

impl.: implement
Config. : Configuration
Buw.: Bandwidth

Qo8 : Quality of Service

Figure 9. Work flow 2: online adaptation step

For more understanding, let's have an examplealfseenario. Consider a mobile device
running a video application. When it enters an asédow network coverage, its high
bandwidth connectivity is lost. Being adaptive, tieeo application is notified by this

change. It responds by reconfiguring itself to ekalia worse video with lower bit rate. When
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a considerable improvement in the bandwidth corvigcis detected, the application is also

notified to revert to its best previous configuoati

Therefore, different modules have to be definedunwork flow. First, we conceive and
implement resource controllers which monitor CPUl &andwidth variations. Second, we
conceive and implement an optimization module #elects from configuration tables a
combination of application configurations that bestets the system objective under the
resource constraints coming from the resource obbets. This module has to consider
fairness among competing tasks when allocating eshaesources. The last step is to
reconfigure the applications using the selectedigorations. For this purpose, we first need
to develop adaptive applications that are dynaiyicaconfigurable. Then, we conceive and
implement application-specific reconfiguration mtefu which reconfigure each adaptive

application according to the selected configuration

5. The multi-constraints adaptation technique

In this section we describe the structure of oultingonstraints adaptation technique. We

present the different design steps that we follawed

5.1 Global overview

The essence of our adaptation technique is thedowdion between resource allocation
and application adaptation in response to dynaesource changes in a multi-task mobile
system.The change may be caused by variation in a resosupply due to fluctuant
environment or system mobility, or by changed demn&or it by concurrent tasks (an

application is assumed to be one task).

In this work, we consider two kinds of variatiomtanges in task number (i.e., task entry
or exit) and changes in the network bandwidth awdity. These variations trigger
adaptations at different time scales. The formerdhes large system changes at coarse time
granularity, and requires reallocating both CPUetiand bandwidth among tasks (e.g., in
minutes or per-task), while the latter adapts teeegated bit rate according to the available

bandwidth at fine time granularity (e.g., in tefisilliseconds or per job).

The structure of the proposed technique is depict&igure 10
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Figure 10. Structure of the multi-constraints adaptation teicjue

Resource monitoring is handled by two modulespgc#ic resource controllers which
notify at different time scales ii) a global resoe&imanager (GRM) of resource variations and
claim resource re-allocation. We define a CPU aiietr which manages the infrequent
variation of processor load. It notifies the GRMwairiation in total CPU budget demand at
every task entry or exit event. We also definetavaek controller which handles both system
load variation and frequent network bandwidth fliation. It notifies, as well, the GRM of
the total available bandwidth in response to a taditth fall or rise event due to change in
either the CPU or the network load.
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Upon receiving a new resource constraint, the GRes this latter, preserves complete
budgets demands for non-adaptive applications, rarallocates budgets for adaptive ones.
Regarding the CPU constraint, it performs a scleddlily analysis of the running task set. It
adjusts adaptive CPU budgets so that it fully explavithout exceeding, the total CPU time.
As for the bandwidth constraint, the GRM adjustaltbandwidth budget to the new available
bandwidth by acting on the adaptive bandwidth btslg&'e should note that the GRM deals

with both over and under resource utilization.

After resource budgets re-allocation, the GRM sendw/ per-application resource
budgets to application adaptors. Each applicatidaptr maps the received budgets

allocation to application-specific configuration.

First, a selector picks a configuration from a pstablished configuration table that best
responds to resources allocated budgets. After, tratapplication-specific Configurator
dynamically reconfigures the adaptation choiceshiwitthe application. Thus, each
application needs to have a corresponding Configura

In such structure, resource management modulesdwoeht applications generically.
Per-application adaptors would be entirely resgwasifor differential handling of

applications.

5.2 Problem formulation

Formally, we describe our adaptive system as fdldvet's have a set of n periodic tasks
Ti...... Th running concurrently on the system. Each taskas m different configurations,
that we also call QoS levels and are defined.as....Lim. For each configuratioh;; we
specify the task real-time characteristics. Bgtbe its period, andCi; be the average CPU
processing time per job. For example, a video eeicatla frame rate equals to 25 fps has a
period 40 ms for each frame coding job. We spealp an average bit raBg; and QoS value
Q.. Let Bw be the available network bandwidth &pidudithe CPU budget required by each
taski.

If we want to adapt a mono-task system, we simpidnto select the configuration of the
running application that best satisfies the CPUetioonstraint (i.eCi; < P;;), and the

bandwidth availability (i.eB;j < Bw), while maximizing the individual application QoS.
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However, since we consider a multi-task environmérgn the problem becomes very
complex. In this case, the purpose of our adaptatimdel will be the selection of a
combination of per-task QoS-levels L1,j...... Ln,k tmasdximizes the system overall quality
subject to resource constraints. We formulate Hiedhis problem as a constrained

optimization problem.
We consider a binary variable xij such that:
xij | 1 the{ configuration of the"! application is selected
0 else

The adaptation scheme has to select a combinatiadaptive applications’ QoS-levels

to:
(MaX|m|ze(Z 1Z]"‘lle|<xij) (E2)
Subject to:
¥ A S e xi < 1 (2
=12 L Bij * xij < BW €23
mhxij=1 Vi=12..n i 4)
N

We propose a simple method to solve this compl@blpm. It is to allocate for each
applicationi a budget of available CPU time, CPUbgt i, and labé network bandwidth,
BWhbgt _i. The sum of allocated budgets has to comypth the CPU and BW constraints
(E2,E3). Then, each application has a specific tdaphich is responsible for selecting the
best configuration that maximizes the quality aneeta the allocated budgets. This way, we
guarantee that resource constraints are met aralvérall system quality is maximized, since
we have maximized the local quality of each appilbca

At this level, two questions arise: how do we slearailable resources among competing
tasks? And how do we define the application comfgan set that facilitates the step of the
best configuration selection? To answer the firsesgion, we define a resource sharing
algorithm that enables fair resource budgets dilmsafor adaptation purpose. As for the

second question, we use a multi-objective optinomaalgorithm that:
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Max ( Qi,j)
Min ( Ci,j )
Min ( Bi,j)

This algorithm should give us the optimal, non-doamt solutions, i.e. the set of
application configurations that generate the bex® €r a given processing time and bit rate.
Then, what remains is just seeking for a configamgtamong the generated ones that best
meets both of real time and bandwidth constraints.

In the next sections, we detail both of the twaathms we’ve just mentioned.

5.3 The Global Resource Manager

The ability to execute multiple applications comeutly on a mobile system is
increasingly becoming essential. Although thisigbit taken for granted on desktops, there
continues to be disbelief about its value in molsjstems. This doubt is fueled by the
popularity and dominance of mobile devices exegutimly one application at a time.
However, the sharp competition between actorsarfitid of mobile systems is inducing new

services including the multi-tasking.

The multi-tasking presents a new challenge for eldbd systems. In fact, to effectively
accommodate concurrent applications, we need ttraldheir use of limited resources. For
this purpose, we have established in our systemesmaources monitors and a global
resource manager. While designing the GRM, we flaegoroblem of fairly dividing a scarce
resource among a set of competing tasks, each afwtas an equal right to the resource, but
some of whom demand fewer resources than othens, Hhen, should we divide resources
amongst tasks to preserve the system global psopatted “fairness”? And how do we

include adaptation mechanism in the resource dpéerchnique?

5.3.1 CPU adaptation
The basic idea of the CPU adaptation is to adhestGPU allocation for each task based

on a schedulability test using task execution tame period.

Let's consider a set of taskBl...Tn and their time constraints. Léf...t, be their

processing times arg...p, be their periods.
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The schedulability analysis is the study of tadkgsibility using the scheduling policy
used. In other words, it is the fact of checkingttall task jobs meet their timing constraints
for any trajectory of the system task model. Therschedule is said feasible if all tasks

resources and timing constraints are met.

We assume a set of tasks that are scheduled ®athest deadline first (EDF) algorithm.
It is a preemptive scheduler based on a dynamikcpasrities assignment (the closer the task
deadline, the higher the task priority). Under ¢hassumptions, Liu and Layland give in [30]
a necessary and sufficient condition for the taskde schedulable based on processor

utilization. The task set is schedulable if andyahl

ti
i=13; <1 (E5)

5.3.2 Bandwidth adaptation

Our bandwidth adaptation is dedicated essentiallglé¢al with the problem of video
quality control for streaming video over drastigathanging networks. In fact, the frame rate

of the video streaming is affected by the netwakdwidth availability.

The final aim of this network adaptation mechanisnio guarantee the continuity of
service with acceptable quality despite variationaetwork bandwidth. Thus, our goal is to
maximize the quality of the delivered signal, takimto account the available bandwidth.
Bandwidth adaptation is triggered when detectinigegia shortage or an under-utilization of
the available bandwidth.

5.3.3 Resource sharing technique

To establish the resource sharing technique useldeb§sRM bloc, we should first define
the notion of fairness. Then, we give a brief ow@mwof some resource sharing algorithms
proposed in the literature, to arrive after thadbo proposed algorithm designed for CPU and

bandwidth allocation.

5.3.3.1 Notion of fairness

Researches in the literature have dealt with fasres a system-wide property. Authors
in [31] represent the notion of fairness as follo@snsider a set dfl flows, competing for a

single shared resource R. Each flovg assigned a weighti indicating its relative right to
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share the resource. For example, weights in adfest-network are typically the same for all
flows. Letdi be the demand of flowfor the shared resource, aaidbe its allocated resource.
The normalized demaridi of flow i, which isthe fractional share of the demanded resource,
is defined as follows:

Di = di/lR (E 6)

The normalized allocatio®\i of flow i, which indicates the fractional share of the

allocated resource, is defined as follows:

Ai = ai/lR (E7)
Thus, given the resource consumption rates demamgéuak flow, the notion of fairness
specifies how to distribute the allocated fracticstaare of the resource to each flow. In other
words, it defines a particular rate of resourcescomption for each flow. Authors in [31]

represent any given notion of fairness as a funcm®follows:

[Ai] = F(C, [Di], [wi]) (E8)
Where C is the constraint imposed on the systenj, [Bi], and [wi] are the vectors of,

respectively, the normalized allocations, normalizéemands, and flows weights. The

function F is different for different notions ofifaess.

Multiple formal notions of fairness have been pregumb in the literature to precisely
define what is fair in resource allocation amongminpeting flows. These include, among
others, max-min fairness and proportional fairrjagk

5.3.3.2 Max-min fair share

A sharing technique that is widely used in pracigenax-min fair share, also called
“progressive filling”. Intuitively, a fair share lakcates a user with a "small" demand what it

wants, and evenly distributes unused resourcdeetthig” users.

Formally, we define max-min fair share allocatiorbe as follows:

» Resources are allocated in order of increasing ddma
= No source gets a resource share larger than itamim

= Sources with unsatisfied demands get an equal sidéine resource
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The “max-min” calling comes from the fact that tlaocation maximizes the share of

sources with minimum demand, thus, gives relatierity to smaller sources.

This formal definition corresponds to the followingerational definition. Consider a set
of sources 1, ..., n that have resource demands2x1.., xn. Without loss of generality, order
the source demands so that x1 <= x2 <= ... <= wt.the server have capacity C. Then, we
initially give C/n of the resource to the sourceghmhe smallest demand, x1. This may be
more than what source 1 wants, perhaps, so we a@aimae the process. The process ends
when each source gets no more than what it askarid, if its demand was not satisfied, no

less than what any other source with a higher irgiex

For better understanding of the algorithm, let'senghe following example. Consider a
set of four sources with demands 2, 2.6, 4, 5, antktwork resource with a capacity of
10Mbps. We compute the fair share in several rowfdsomputation. In the first round, we
tentatively divide the resource into four portiarisize 2.5. Since this is larger than source 1's
demand, this leaves 0.5 left over for the remairttmge sources, which we divide evenly
among the rest, giving them 2.66... each. Thiangdr than what source 2 wants, so we have
an excess of 0.066..., which we divide evenly amibiegremaining two sources, giving them
2.5+ 0.66... + 0.033... = 2.7 each. Thus, thedHacation is: source 1 gets 2, source 2 gets

2.6, sources 3 and 4 get 2.7 each.

5.3.3.3 Max-min weighted fair share

The previous definition of fairness is based onntzaning high budget for the sources
with smallest demands. However, we may need in stases to favor some sources over the
others. That's why the max-min fair share concegd heen extended to include weights by

defining the max-min weighted fair share algorithm.

The essence of this weighted algorithm is thatvég) some sources a bigger share than
others. We need to associate weights wl, w2, ... Wm sources 1, 2, ..., n, which reflect

their relative resource share. This algorithm igneéel as follows:

» Resources are allocated in order of increasing ddmeormalized by the weight
= No source gets a resource share larger than itamitm

= Sources with unsatisfied demands get resourceshmapzoportion to their weights
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The following example shows how to achieve thigpractice. Let’'s compute the max-
min fair allocation for a set of four sources withmands 4, 2, 10, 4 and weights 2.5, 4, 0.5, 1

when the resource has a capacity of 16.

The first step is to normalize the weights so that smallest weight is 1. This gives us
the set of weights as 5, 8, 1, 2. We can now pdeteat the number of sources, instead of
being 4,is5+8 + 1 + 2 = 16. We therefore divide resource into 16 shares. In each round
of resource allocation, we give a source a shaspgstional to its weight. Thus, in the first
round, we compute C/n as 16/16 = 1. In this rouhe,sources receive 5, 8, 1, 2 units of the
resource, respectively. Source 1 gets 5, and agdygls14, so we have 1 unit extra. Similarly,
source 2 has 6 units extra. Sources 3 and 4 akdogged, since their share is less than their
demand. We now have 7 units of resources which bae distributed to sources 3 and 4.
Their weights are 1 and 2, and the smallest wegtl, so there is no need to normalize
weights. We give source 3 an additional 7 x 2/3sufsince its weight is 1), and source 4 an
additional 7 x 2/3 units (since its weight is 2higincreases source 4's shareto 2 + 7 x 2/3 =
6.666 units, which is more than it needs. So we gine excess 2.666 units to source 3, which
finally gets 1 + 7/3 + 2.666 = 6 units. The finhlses are, therefore, 4, 2, 6, 4. This is the

max-min weighted fair share allocation.

5.3.3.4 Proposed adaptation-aware resource sharing alganith

The sharing algorithms we have previously descritbeal with competing entities with
no regard to their specific constraints. They doakie into consideration the tolerance of the
entities to resource adaptation. For this purpasewere brought to define a custom resource
sharing algorithm that supports our adaptation mecm. On the one hand, this algorithm
makes a difference between tasks by prioritizing-adaptive tasks over adaptive ones. It
divides the shared resource so that non-adaptbks tare allocated their full demands. On the
other hand, it guarantees that adaptive tasks |Ereated the minimum necessary resource
budget enabling them to achieve their minimal adgp quality. The remaining amount of

resource is divided among all adaptive tasks ptapumlly to their weights.

» The algorithm

We define for each task two types of resource bisdge minimum resource budget,
minR_Bgt and an adaptive resource budgadaptiveR_Bgtif the task is adaptive. The
adaptiveR_Bgtis the difference between the task total allocatedget,R_Bgt and its
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minR_Bgt We also define a total minimum budgetMinR_Bgt and a total adaptive budget,
totAdaptiveR_BgtThe former is the sum ohinR_Bgtof all running tasks. It is used to check
the worst case feasibility of a task set at evew task entry event. The latter is the sum of
adaptiveR_Bgof all adaptive tasks. Adaptive task weight isimied as a function of task
adaptiveR_Bgproportion of thdotAdaptiveR_BgtThe total budgetotR_Bgt is the sum of
all running taskfR_Bgs.

The GRM performs the resource sharing at every &asky, task exit, or bandwidth
variation event. The two first events trigger b@RU and bandwidth budgets re-allocation,
while the latter requires only bandwidth budgetgistinent. We give hereafter the algorithms
triggered by each of the three events. We note tthege algorithms are performed with
coordination between the resources controllerstaedsRM. For generality purpose, we use
the letter “R” to designate the resource. The dlgars fit both CPU and bandwidth

resources.
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1)

Task Entry (R, maxR, minR)

Algorithm:

Beg

End

in

MinR_Bgt €%

TotMIinR_Bgt¢ totMinR_Bgt + minR
If (totMinR_Bgt>1) Then

Reject new task
Exit

EndIf

maxR

R_bgt €« =
totR_Bgt< totR_Bgt + R_bgt

If (task isadaptivg Then

AdaptiveR_Bg& R_bgt — minR_Bgt
totAdaptiveR_Bg¥ totAdaptiveR_Bgt + adaptiveR_Bgt

Else
AdaptiveR_Bg& 0
EndIf

For each adaptive task

adaptiveR_Bgt
totAdaptiveR_Bgt

R_bgt< R _bgt-
maxR€ R_bgt* R
EndFor

totR_Bgt<1
totAdaptiveR_Bg& 1 —totMinR_Bgt

Description:

minR, of resource demands. R is the amount of @&l resource used to calculate task
budgets. For CPU time resource, R represents thedpef the task. For network bandwidth,
it designates the total bandwidth available forghstem.

* (totR_Bgt- 1)
AdaptiveR_Bg& R_bgt — minR_Bgt

Our algorithm is performed in a single iteratiorotigh the running task set.

When a task enters the system, it has to definee@mum, maxR, and a minimum,
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The new task undergoes an admission test ustMjnR_Bgt It is based on a feasibility
test of the worst case trajectory of the new tastk ise. when all tasks are assigned their
minimum requested budgets. If the worst case t@jgds not feasiblettMinR_Bgt> 1)
then the new task is rejected. Otherwise, it iseptad. If the new task entry is performed
successfully then go through all tasks to re-atl®daudgets. If the task is non-adaptive, its
R_bgtis not altered (i.e. fully allocated). If it is @gtive, it is allocated aR_bgtproportional
to its defined weight. At the end, the total al@chresource budget and the total adaptive

resource budget are updated.

2) Task Exit (idx)
Algorithm:

Begin
totR_Bgt< totR_Bgt - R_bgt
totMinR_Bgt< totMinR_Bgt - minR_Bgt

If (task is adaptive)Then
totAdaptiveR_Bg¥- totAdaptiveR_Bgt — adaptiveR_Bgt
EndIf

Task deleted

For each adaptive task

adaptiveBgt
R_bgté R_bgt- m * (tOtR_Bgt— 1)

AdaptiveR_Bg& R_bgt — minR_Bgt
maxR < R_bgt* R

EndFor

totR_Bgt€1
totAdaptiveR_Bg¥ 1 —totMinR_Bgt
End

Description:

What makes this algorithm different from TaskEntase algorithm is just the update of
total budgets before resource re-allocation. I, fatien a task of indexdx’ exits the total
budget and minimum budget decrease. And if tagkléptive, total adaptive budget decreases

too. After budgets re-allocation, these total busigee updated just like the previous case.

Master 2009/2010 35



Chapter 2: A multi-constraints adaptation technique Mouna BEN SAID

3) Bandwidth variation (availableBw)
Algorithm:

Begin
Bw ¢ availableBw
Calculate the new totMinBw_Bgt using the new Bw
If (totMinBw_Bgt >1)then
Bw €& total minimum Bw

For each task

minBw

minDiff &
Bw
minBw_Bgt¢

- old minBw_Bgt
minBw
Bw

Bw_bgt < Bw_bgt + minDiff

totBw_Bgt< totBw_Bgt + minDiff

totMinBw_Bgt < totMinBw_Bgt + minDiff
EndFor

For each adaptive task

Bw_bgt& Bw_bgt- —229PveBWBIL s gy Bgt- 1)
totAdaptiveBw_Bgt

AdaptiveBw_Bg& Bw_bgt — minBw_Bgt
maxBw €<Bw_bgt* Bw

EndFor

totBw_Bgt<1
totAdaptiveBw_Bg&1 —totMinBw_Bgt
End

Description:

This scenario differs from the two previous oneshwy fact that the bandwidth resource
has changed. That's why we have to update the baradwidth budgets differently. First, we
calculate the new total minimum requested budgeigutie new available bandwidth. We do
this to test if the bandwidth decrease has an teffeche user minimum budgets preferences.
If it has, we suppose that the available bandwisi#qual to the total minimum bandwidth of

the task set in order to minimize the damage.

The total budget is then changed by updating trdgéts of non-adaptive tasks and the

minimum budgets of adaptive ones which are detexthby the ratio of the task minimum bit
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rate (for non-adaptive tasks minBw equals maxBwihwihe new available bandwidth. The
total adaptive budget does not change since whatdded to the total budget and the
minimum total budget are changed equally.

If the bandwidth has decreased, the total bandvidtlget increases, i.e. exceeds 1, and
then the budgets of adaptive tasks decrease, amedwarsa. In both cases, the adaptive

bandwidth budgets are re-allocated using the samession as the previous algorithms.
Fairness goals
The fairness goals of our sharing algorithm areobews:

= Allocate resources fairly based on tasks weights
= Allocate full requirements of non-adaptive tasks
= Guarantee a minimum of quality for every task

= Enable full utilization of resource if no contensler

6. Generation of application configurations

Our adaptation framework is based on a configunatatle whose records represent the
generated QoS levels. The construction of the gardition table is a composite process of

several steps described in the following sections.

6.1 Design of an application configuration

The first step in the table construction proceswisletermine the set of configuration
parameters of the target application (i.e. whodeegacan be changed dynamically), the QoS

parameters and their value domains.

Multimedia systems are characterized by QoS paemethich represent performance
attributes. Some relevant QoS parameters are: Videoe rate, level of resolution and
number of colors (application layer); processorney@nd task periods and deadlines (system
layer); display resolution, power processing andnmg capacity (devices layer); and bit

rate, network delay and packet loss rate (netway&r).
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QoS parameters can suffer uncontrolled variationgheir values during delivery of
continuous media data mainly due to network congesand system load. Such variations

affect the perceived quality and, consequentlyutbes’s satisfaction.

We design a QoS level as follow. Each QoS levetharacterized by a set of n
configuration parameters { p1, p2, ...pn } and p QmBameters { QoS1, Q0S2, ...QoSp}
which are application dependent. A QoS level, whgchn entry of the configuration table, is
then a multidimensional variable of a (n + p)-tgptepresenting a combination of values of

the n configuration parameters.

6.2 Automatic configurations generation

For the purpose of automation of the configuratigenheration, we use the Multi-
Objective-Particle Swarm Optimization (MO-PSO) altion [33]. The parameters previously
selected are introduced in the MO-PSO algorithngegnerate QoS scalable parameter sets
which range from < highest quality/highest compiexk to < lowest quality/lowest

complexity>.

6.2.1 Algorithm choice

Many real-world optimization problems have multiplgiectives which interact and even
possibly have conflicts with each other. In genesamulti-objective minimization problem

with m decision variables (parameters) and n oljjestcan be stated by (E9) as follows:

Minimize y = f(x) = (f(x),..., f(X)) (E 9)
Where X=(X..., %) € X
y=0n.. WEY

The MO-PSO algorithm has been proposed for sucim@ation. Many reasons have
been behind our choice of the Particle swarm ogttion. First, it is very widely used across
a wide range of applications. Some tests in tleeditire [34] have found its implementation
to be effective with several kinds of problems anghs been found to be very effective in a
wide variety of applications, being able to produeery good results at a very low
computational cost. In addition, it comprises apgenconcept, i.e. requires only primitive

mathematical operators, and is computationally peesive in terms of both memory
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requirements and speed compared to other evoluyi@igorithms. Also, many source codes

of PSO are available in the Internet.

6.2.2 MO-PSO overview

J. Kennedy and R. C. Eberhart [35] originally pregd the PSO algorithm for
optimization. PSO is a population-based searchrigigo based on the simulation of the

social behavior of birds within a flock [33].

6.2.2.1 Common terminology

For good understanding, we start by providing sdefeitions of several technical terms

commonly used:

Swarm:Population of the algorithm.

Particle: Member (individual) of the swarm. Each particle regents a potential
solution to the problem being solved. The positdra particle is determined by the

solution it currently represents.

- pbest(personal best Personal best position of a given particle, so Témat is, the
position of the particle that has provided the tgslasuccess (measured in terms of a

scalar value analogous to the fitness adoptedafuggnary algorithms).

- Ibest(local bes}: Position of the best particle member of the neighbod of a given

particle.
- gbest(global besk Position of the best particle of the entire swarm.

- Leader:Particle that is used to guide another particleatols better regions of the
search space.

- Velocity (vector):This vector drives the optimization process, tlsatiti determines
the direction in which a particle needs to “fly” ¢ne), in order to improve its current

position.
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6.2.2.2 Algorithm

Begin

Initialize swarm
Initialize leaders in an external archive
Quality (leaders)
g=0
While g < gmax
For each particle

Select leader
Update Position (Flight)
Mutation
Evaluation
Updatepbest

EndFor

Update leaders in the external archive
Quality(leaders)
g++
EndWhile
Report results in the external archive

End

Figure 11.Pseudo-code of a general MO-PSO algorithm

Figure 11 shows the way in which a general MOP &0rdahm works. First, the swarm is
initialized. This initialization includes both ptisins and velocities. Then, a set of leaders is
also initialized with the non-dominated particlesni the swarm. The set of leaders is usually
stored in an external archive. Later on, some @oquality measure is calculated for all the
leaders in order to select (usually) one leader dach particle of the swarm. At each
generation, for each patrticle, a leader is seleatetithe flight is performed, i.e. the particle

flies through the search space through updatingoisstion.

Most of the existing MOPSOs apply some sort of momaoperator after performing the
flight. Then, the particle is evaluated and itsresponding pbest is updated. A new particle
replaces its pbest particle usually when this plaris dominated or if both are incomparable

(i.e., they are both non-dominated with respe@ach other). After all the particles have been
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updated, the set of leaders is updated, too. Firthié quality measure of the set of leaders is

recalculated. This process is repeated for a ceftaually fixed) number of iterations.

6.2.2.3 Output

The solution set of a problem with multiple objge8 does not consist of a single
solution (as in global optimization). Instead, imltrobjective optimization, we aim to find a
set of different solutions (the so-called Parettinogl set). The optimal trade-off solutions

among objectives constitute the Pareto front [36].

In general, when solving a multi-objective problethree are the main goals to achieve
[33]:
- Maximize the number of elements of the Pareto agitset found.

- Minimize the distance of the Pareto front produbgdour algorithm with respect to

the true (global) Pareto front (assuming we kn@aatation).

- Maximize the spread of solutions found, so thatcae have a distribution of vectors

as smooth and uniform as possible.

6.2.3 Configuration of the MO-PSO

Four main steps have to be performed in order tierfecce the MO-PSO with the target

application:

- Define the population variables (or particles) whace the application configuration

and QoS parameters previously determined.
- For each particlpi set the domain of valuesiiipin, pmax].

- Define the objective functions: number of objecsiveptimization type (minimization

or maximization), and evaluation functions.

- Put constraints, if any, on particles to deterntivear feasibility when added to the

solutions archive.

Since different combinations of configuration paeten values can have similar
requirements of bit rate or processing time, orgsent similar qualities, we need to put some
assumptions on the generated QoS levels in orddistard undesirable ones. For example,

let’s consider two QoS levels Li and Lj of a vida@gplication, with two QoS parameters: QoS
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for video output quality and B for its bit rate.QoSi > QoSj, but Bi < Bj , the table should
held only Li. That is, it should be kept only Qo&éls with quality degrees as highest as
possible and requiring less bandwidth. The samengstson is applicable for the processing
time. These assumptions are a priori considereitidy1O-PSO algorithm since it provides a

Pareto front composed of the non-dominated optirade-off solutions.

At the end of this step, we obtain a set of appbcaconfigurations. It will be used in the
online adaptation step when we have to select #s& bonfiguration that satisfies the

resources constraints.

7. Application adaptor

The application adaptor design is the final stepum work flow. We focus on two

essential points: the best configuration selectiot the adaptation stability.

7.1 Configuration selection

First, a selector picks the best configuration frarpre-established configuration table
that:

)] maximizes the quality of service,

i) best meets the received constraints. It considessuring the coordination
between coarse and fine time granularity adaptatioe. the first respects the
resource allocations made by the last, and vicsaver

After selecting the best configuration, the appiarahas to be reconfigured dynamically.

Our adaptive technique offers a flexible designtafe for accommodating new
applications, without loss of generality and couofapility. To fully support a new
application, an appropriate application-specifia@dr has to be written and incorporated into

our adaptive system.

7.2 Adaptation stability

Our application-aware adaptation technique needsbdoaware not only of the
application-specific adaptation objectives but alddhe system-wide requirements such as
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stability and fairness among concurrent applicaioVe introduce hereafter these system-

wide properties which then need to be thoroughlgisd.

When designing an adaptive system, it is obviouhittk about the adaptation stability it
shows. To avoid all-time adaptation which leadsnstable system, threshold adaptations can
be used. When variations in resource availabilitgeed threshold, adaptation must be
activated. This is an important solution that weyntansider in order to guarantee the
stability of the system. Furthermore, researchetbe literature, such in [37], have dealt with
adaptation stability analysis and have definedsitt@ be related to two categories of the

system dynamics:

1) Statistical multiplexing. In an environment of canment tasks sharing limited
resources, when the number of active tasks is fisgstem resources allocated to each task
should settle down to an equilibrium value in arded period of time. This also implies that,
if a new task becomes active, existing active tagksadjust their resource usage so that after
a brief transient period, the system settles dananriew equilibrium.

2) Disturbances. Stability also implies that adapta#otivities do not suffer from
oscillations despite variations in resource avditgtdue to unpredictable and physical
causes, such as network congestion or volatilel@giseconnection. Oscillations are
undesirable because they affect the user-percemiility and attempt to occupy so many

resources because of an excessive amount of adapfiatportant overhead).

With regard to the first point, our system is atdeconverge to an equilibrium value of
resources allocated to each task. This is possii@deks to the coordination between the
resource controllers and the GRM which permitsanut adjustment of resource budgets in

response to a resource variation event.

As for the second point, adaptation approaches ndesil with the considerable
uncertainty related to congestion determinationthasnetwork load oscillates very suddenly
and drastically. Since we manage soft real timeliegtppns that accept some resource
exceeding, a trivial solution to reduce adaptateaillations is the use of tolerance intervals.
Other solutions have been proposed in the litegatoirdeal with resource control vagueness
and uncertainty. For instance, in [37] and [38]hauwt have adopted soft computing
techniques, such as fuzzy control, artificial néumatworks and neuro-fuzzy control. They

have proposed adaptation approaches specificabgedan fuzzy controllers and have
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demonstrated them to be promising approaches istiags QoS adaptation in distributed
multimedia systems. However, we have to note thedd approaches have been dedicated to
distributed Client/Server systems which differ frembedded systems at multiple levels (e.g.
resource limitation, external environment variafioMoreover, fuzzy controllers have a
significant HW integration cost. So, much effortshbe done to efficiently integrate them in
an embedded system. Thus, we plan in future warkstégrate soft computing techniques in

our adaptation approach and study their effectiseher embedded systems (i.e. overhead).

8. Conclusion

In this chapter, we developed our multi-constrasdsptation technique which enables
embedded systems to adapt to changes in systenaihahdetwork resource at different time
granularities. We presented our adaptation asdeafbetween quality of service, available
network bandwidth, and real time constraint. Weegavformal description of the system and

formulation of the problem.

Thereafter, we detailed the different design stepswe followed to build the adaptation
technique. It consists of an offline charactermatstep for QoS levels generation, and an in-
line adaptation step that changes the applicatadtware configuration so that the output
quality is maximized while the resource constraars met (CPU and bandwidth allocation).
We proposed a novel method for an automatic geperaif QoS-levels dedicated for
applications holding a large set of configurati@mgmeters. It is based on the Multi-Objective

Particle Swarm Optimization algorithm.

In the next chapter, we detail the implementatibthe proposed technique and present

the obtained results.
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Chapter 3

Experimentation and validation

1. Introduction

Our target systems are embedded systems runningnmadia applications. As a case
study to apply our adaptation mechanism, we consadeomplex multimedia application
which is the H264/AVC video coding.

In this last chapter, we give an overview of the6B/AVC video coding system, and the

additional features it brings.

We can note that the operational control of theodec is a key problem in video
compression. In fact, to encode a source videoyrnading parameters such as profile, level,
QP, ME search algorithm, and macroblock modes taee determined. The chosen values
of these parameters determine the coding efficieafcthe produced bit-stream of a given
encoder. Therefore, as a first step to generat@pipécation configurations, we realize the
study of the application and the selection of gugdiuned configuration parameters as well
as the set of QoS parameters. Then we preseninfflementation and tests of the adaptation

technique using the video coding application.

2. Target system

Our technigue is dedicated to embedded systemsinginconcurrent multimedia
applications, such as audio and video codecs tlealoag-lived (e.g., lasting for minutes or
hours) and CPU-bandwidth intensive. We are paditylinterested in streaming video

application. Figure 12 presents the general comteatir target system.

E *-i ~|Er'::\::ir'.g -

Figure 12.Target system structure
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In the Césame project, Xilinx FPGA is used as tmbedded system technology. We
plan to use two Xilinx Virtex-5ML 507 FPGA boards connected using Ethernet port to
exchange a direct video. Before implementation losn EPGA board, we first validate our

technique using a PC. Figure 13 illustrates the3@L board.

Figure 13.ML 507 FPGA board

This board is very rich in multimedia and netwogkipherals. It is essentially composed

of:

= DDR2 memory (256 Mo)

= USB (2) connectors

= PS/2 (2) — keyboard, mouse

= RJ-45-10/100/1000 networking

= RS-232 (Male) — serial port

= Video VGA Input

= Video (DVI/VGA) output

= Audio In (2) — line, microphone

= Audio Out (2) — line, amp, SPDIF, piezo speaker

= PCI Express edge connector
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Targeted markets of the ML 507 FPGA board are ittgugelecom, medicine, military
and aerospace. Its targeted applications are, anmmthgrs, data transmission and
manipulation, serial connectivity, digital videajdinterface and high speed design.

3. H264/AVC: a case study application

In this section, we present the video coding temimias an example of multimedia
application. We start by describing the generaliakatk diagram of a video coding system.
Then, we describe the new coding features that lagypeared with the H264/AVC video
coding standard. More detailed description caroo@d in [39] [40] [41] [42].

3.1 H264/AVC vs. previous standards

The standard H.264 or MPEG-4 part 10 Advanced ViB@eding (AVC) is one of the
most important developments in video coding In ld& few years that has been defined
jointly by the Joint Video Team (JVT) of the ITUdthe ISO/IEC. It is the latest standard in
a sequence of the video coding standards H.2610j198PEG-1 Video (1993), MPEG-2
Video (1994), H.263 (1995, 1997), MPEG-4 Visual part 2 (1998). These previous
standards reflect the technological progress irwidompression and the adaptation of video
coding to different applications and networks [39].

Although these standards define similar coding rdigms, they contain features and
enhancements that make them differ. The improvesneraide by H264 involve mainly the
formation of the prediction signal; the block sizesed for transform coding, and the entropy
coding methods. In [40] the performance of the asistandards is compared by means of
PSNR and subjective testing results. The resutlieate that H.264/AVC compliant encoders
typically achieve essentially the same reproductioality as encoders that are compliant

with the previous standards while typically requiri60% or less of the bit-rate.

3.2 H264/AVC overview

3.2.1 Block diagram of video encoder

All Standardized ITU-T and ISO/IEC JTC1 video cagliechniques like MPEG-1, 2, 4,
H.263, H.264/AVC, have in common that they are dase a block-based hybrid video
coding.Figure 14shows the generalized block diagram of this hybitigo encoder [39].
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Figure 14.Block diagram of hybrid video encoder (especialyH.264/AVC)

Each image of the input video signal is partitionetd fixed-size macroblocks of 16x16
samples. These macroblocks are coded in Intrater tnode.

In Inter mode, a macroblock is predicted using nrotompensation, exploiting temporal
statistical dependencies between different pictuFes motion compensated prediction, a
displacement vector (motion vector) is estimated teansmitted for each block (motion data)

that refers to the corresponding position of itag® signal in an already transmitted reference
image stored in memory.

In Intra mode, former standards set the predicsignal to zero such that the image can

be coded without reference to previously sent mettron.

The prediction residual, which is the differencéween the original and the predicted
block, is then further compressed using a transftrmemove spatial correlation inside the
transform block before it is quantized and entropgled.

In order to reconstruct the same image on the d@cide, the quantized coefficients are
inverse-transformed and added to the predictiomasigThe result is the reconstructed

macroblock that is also available at the decoaks. sihis macroblock is stored in a memory.

Master 2009/2010 48



Chapter 3: Experimentation and validation Mouna BEN SAID

3.2.2 Picture coding modes

In a video codec, an individual frame may be endaggng one of three modes: I, P or B
(c.f.Figure 15).

\._//\_./

Figure 15.lllustration of Inter-Frame Prediction in I, P arel Frames

In INTRA coded pictures or I-pictures, all macrotke are coded independently without

referring to other pictures in the video sequemgenfotion compensation).

P and B-pictures are predictive-coded pictures w/igically one of a variety of INTER
coding modes can be chosen to encode each madtoBldames are coded using MC with a
previous frame as reference (forward predictionjraBnes or bi-directional predicted frames

are predicted from both past frames as well asdsashated to appear after the current frame.

3.2.3 Video bitstream hierarchy

A video bitstream is usually arranged in layers;heaorresponds to a hierarchy, as is
shown in Figure 16 [43].
- Video sequence: it is the highest layer. It cosstdtsequence header, the number of
group of pictures (GOP), and end-of-sequence code.

- Group of pictures: it consists of a series of onenore pictures intended to allow

random access into the sequence. A GOP always st#int an I-picture.

- Picture: The picture is the primary coding unitloé video sequence which consists of
3 rectangular matrices representing one luminaviceapnd two chrominance (Cb and
Cr) components.
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Figure 16.Video bitstream hierarchy

- Slice: A slice is the layer for Intra frame addmegsand (re)synchronization. It
consists of one or more contiguous macroblocksceSlishould have the similar

amount of data.

- Macroblock (MB): Each macroblock consists of theeéhcomponents Y, Cr and Cb.
Due to the fact that the human eye system is lessitsre to the chrominance than to
the luminance, the chrominance signals are bothsauoipled by a factor of 2 in
horizontal and vertical direction. Therefore, ait@b macroblock consists of one block
of 16 by 16 picture elements for the luminance congmt and of one or two blocks of
8 by 8 picture elements for the color componenisedding on whether it is 4:2:0 or

4:2:2 sub-sampled. The MB is the basic unit forioroprediction and compensation.

- Blocks: A block is an 8x8 pixel section of luminanor chrominance components. It

is the basic unit for DCT based Intra frame coding.

3.24 Profilesandlevels

In order to manage the large number of coding toawkided in standards and the broad
range of formats and bit-rates supported, the qunoé profiles and levels is typically
employed to define a set of conformance points,hetrgeting a specific class of
applications. These conformance points are desigoe@cilitate interoperability between
various applications of the standard that have lamfunctional requirements. A profile
defines a set of coding tools or algorithms that ba used in generating a compliant bit-
stream, whereas a level places constraints onicdwty parameters of the bit-stream, such as

the picture resolution and bit-rate.
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3.25 H264/AVC new features

In the following, we give a description of the H26éw features which are behind its

great performance enhancement.

While H.264 uses the same general coding technigsiggevious standards, it has many
new features that distinguish it from previous dtads [41], that combined improve coding
efficiency. The main differences are summarizedhm encoder block diagram kigure 17

and are also briefly described below.
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Figure 17.H264 block diagram, new features

3.2.5.1 Intra picture prediction

H.264 uses spatial domain Intra prediction to prethie pixels in an Intra-MB from the
neighboring pixels in adjacent blocks. The predittiresidual along with the prediction
modes is coded rather than actual pixels in theckblorhis results in a significant

improvement in intra coding efficiency.
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Figure 18.Intra 4_4 prediction: samples and directions

In all slice-coding types, two primary types ofrentoding are supported: Intra 4x4 and
Intra 16x16 prediction. Chroma Intra predictiotie same in both cases. A third type of Intra

coding, called | PCM, is also provided for use imusual situations.

The Intra 4x4 mode is based on predicting eachldw¥a block separately and is well
suited for coding of parts of a picture with sigreint detail. The Intra 16x16 mode, on the
other hand, does prediction and residual codingherentire 16x16 Luma block and is more
suited for coding very smooth areas of a pictureadldition to these two types of luma

prediction, a separate chroma prediction is coretlict

In contrast to previous video coding standardsdeisfly H.263 and MPEG-4 Visual),
where Intra prediction has been conducted in thestorm domain, Intra prediction in
H.264/AVC is always conducted in the spatial dombinreferring to neighboring samples of
previously decoded blocks that are to the left @andbove the block to be predicted. In Intra
4x4 mode, each 4x4 luma block is predicted frontialiya neighboring samples as illustrated
on the left-hand side of Figure 18. The 16 sampeshe 4x4 block, marked a—p, are
predicted using position-specific linear combinasi®@f previously decoded samples, marked
A-M, from adjacent blocks. The encoder can selghee“DC” prediction (called mode 2,
where an average value is used to predict theeeblmck) or one of eight directional
prediction types illustrated on the right-hand sadeFigure 18. The directional modes are

designed to model object edges at various angles.

In Intra 16x16 mode, the whole 16 16 Luma compownéthe macroblock is predicted at
once, and only four prediction modes are supponedical, horizontal, DC, and plane. The
first three are similar to the modes in Intra 4xddiction except for increasing the number of

samples to reflect the larger block size. Planedipten uses position-specific linear
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combinations that effectively model the predictéatk as a plane with an approximate fit for

the horizontal and vertical variation along thedidedges.

The chroma samples of an Intra macroblock are @iedliusing similar prediction

techniques as for the luma component in Intra 16r&a6roblocks.

3.2.5.2 Inter picture prediction

Inter-frame coding in H.264 leverages most of thg features in earlier standards and
adds both flexibility and functionality, includingultiple options for block sizes for motion
compensation, quarter-pel motion compensation, ipiedteference frames, generalized bi-

directional prediction and adaptive loop de-blogkin

= Variable Vector Block Size

Motion compensation can be performed using a nundfedifferent block sizes.
Individual motion vectors can be transmitted favdids as small as 4x4, so up to 32 motion
vectors may be transmitted for a single MB in thesec of bi-directional prediction. P
macroblocks can be partitioned into smaller regiéms motion-compensated prediction
(MCP) with luma block sizes of 16x16, 16x8, 8x16d@x8 samples. When 8x8 macroblock
partitioning is chosen, an additional syntax eleimentransmitted for each 8x8 partition,
which specifies whether the 8x8 partition is furtipartitioned into smaller regions of 8x4,
4x8, or 4x4 luma samples and corresponding chrampkes (see Figure 19).

l6xl6 [6x8 Sxla &xd
Macroblock 0 ol 1
(lenl6) ] ol
Types 1 213
Qi &x8 Bxd 4x8 4xd
macroblock 0 0 1
(8x8) 0 01
Types 1 2]

Figure 19. Segmentations of Macroblock and 8x8 partitionsM&@

Smaller block sizes improve the ability to handlefmotion detail and results in better
subjective quality including the absence of larpeking artifacts.
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The prediction signal for each predictive-coded dulbtock is obtained by MC, which is
specified by a translational MV and a picture refere index. The syntax allows MVs to
point over picture boundaries. The MV values afeedkntially coded using either median or
directional prediction from neighboring blocks. Nt¥ value prediction (or any other form of

prediction) takes place across slice boundaries.

= Multiple reference frames

Indeed, the syntax supports multipicture MCP. Up@dlifferent reference frames can be
used for inter-picture coding. Previously decodeéctupes are stored in a decoded picture
buffer (DPB) as directed by the encoder, and a D#f&ence index is associated with each
motion-compensated 16x16, 16x8, 8x16, or 8x8 lutoakh MCP for smaller regions than
8x8 uses the same reference index for predicting@dks in an 8x8 region.

Providing multiple reference frames results in éreubjective video quality and more
efficient coding. It can also help make the H.2&4tkeam more error resilient. However, this
feature leads to increased memory requirement dtin the encoder and the decoder since

multiple reference frames must be maintained in orgm

» Fractional-sample-accuracy

Motion compensation is improved by allowing halkgliand quarter-pixel motion vector
resolution. This refers to the use of spatial @dispiment MV values that have more than

integer precision, thus requiring the use of indéaxpon when performing MCP.

= Adaptive Loop De-blocking Filter

H.264 uses an adaptive de-blocking filter thatrafgs on the horizontal and vertical
block edges within the prediction loop to removifarts caused by block prediction errors.
The filtering is generally based on 4x4 block baans, in which up to three pixels on either
side of the boundary may be updated using a 4itap. f

= Integer Transform

Previous standards that use DCT had to define iogretror tolerances for fixed-point
implementations of the inverse transform. Drift ®2al by mismatches in the IDCT precision

between the encoder and decoder were a source atityqloss. H.264 gets around the
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problem by using an integer 4x4 spatial transfowhich is an approximation of the DCT.

The small 4x4 shape also helps reduce blockingiagdhg artifacts.

= Quantization and Transform Coefficient Scanning

Transform coefficients are quantized using scalangjzation with no widened dead
zone. Different quantization step sizes can beamdsr each MB, similar to prior standards,
but the step sizes are increased at a compounatiegt approximately 12.5%, rather than by
a constant increment. Also, finer quantization sgges are used for the chrominance

component, especially when the luminance coeffisiane coarsely quantized.

= Entropy Coding

Unlike previous standards that offered a numbestafic VLC tables depending on the
type of data under consideration, H.264 uses a eXo#tdaptive VLC for the transform
coefficients and a single universal VLC approacahdibthe other symbols. The main profile
also supports a new Context-Adaptive Binary Aritiim€oder (CABAC). The CAVLC is
superior to previous VLC implementations but withthe full cost of CABAC.

CABAC uses a probability model to encode and dedbeesyntax elements such as
transform coefficients and motion vectors. To iase the coding efficiency of arithmetic
coding, the underlying probability model is adaptedhe changing statistics within a video
frame through a process called context modelingit€d modeling provides estimates of
conditional probabilities of the coding symbolsiliding suitable context models, the given
inter-symbol redundancy can be exploited by switgtbetween different probability models,
according to already coded symbols in the neighdmmathof the current symbol. Each syntax
element maintains a different model (for exampletiam vectors and transform coefficients
have different models). CABAC can provide up to @wbd0% bit rate improvement over
CAVLC.

= Weighted Prediction

It forms the prediction for bi-directionally intesfated macroblocks by using the
weighted sum of forward and backward predictionsictv leads to higher coding efficiency

when scene changes fade.
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3.3 H264/AVC software

As an implementation of the H264/AVC, we used tipero source JM software. The
software package contains a Visual Studio .NET wpake including a H.264/AVC reference
encoder “lencod” and a H.264/AVC reference decdttbrcod” [44]. This software can be
found at [45].

To run the JM encoder, we need the lencod.exe fiile, configuration file named
“encoder.cfg” and the input video sequence (YUVnfat). The current software only
supports concatenated input sources (i.e. all coemts and frames should be included in a
single file).

The JM software generates output rate/distortiatissics for every coded frame, such as

number of bits, PSNR, frame encoding time and Mteti

Frame Bic/pic QP SnryY SnrT Snr Time (ms)

TVE) 168

IDR) 26048 28 38.858 :! 835

B} 2738 2z 37.742 4 1005
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F ] 80 ZE 37.561 4 1539

I ) 1z 28 S8.93%9 4 aQ 3 859

F ] a0 ZE 37.888 42 .010 43.788 2175

F ] 84 ZE 37.731 41 .775 43. 4 2137

F ] 08 ZE 37.636 41 1 43 =] 2147

I ) TEa 28 39.008 4 = 43 =] 854

F ) 8 ZE 38.101 S 43 T 2189
Total rames 10
—————————————————— Awverage data all frames —_————————— - - - - — ————————————————— —
Total encoding time for the =eq. 15.018 =ec (0.6 fr=)
Total ME time for seguence H 6.720 sec
¥ { PSNR (dB)}, cSHNR (dB) SE 38.105 32.0869, 10.14317
O { PSHMER (dB), c3HER (dB) SE 41 .827 41.821 4.27513
W { PSHER (dB), c3HR (dB) SE 43 .636 43.625 Z2.82244
Total bits 107128 (I 80936 F 28024 IWVE 168)
Bit rate (kkit/=) @ 25.00 H=z 2867 .82
Bit=s to awvoid Startcode Emulation o
Bit=s for parameter sets 168
Bits for filler data o
Exit JHM 16.2 (FRExt) encoder wver 1&6.2

Figure 20.Example of JM output rate/distortion statistics

At the end of the encoding process the encoderubyiyesents also cumulative results
such as total encoding time, total ME time, averBGNR and bit rate (c.Figure 20. We
need these statistics to generate our applicaborfigurations. Another cumulative statistic

that we need to add is the average encoding tim&aae.
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4. Implementation and test of the offline characterizéion step

Configurations generation requires the determimatdd both QoS and configuration
parameters set, then the interfacing of the apmhcavith the MO-PSO algorithm. These
steps are described in the next sub-sections.

4.1 Configuration parameters selection

In order to select the configuration parameters feetthe H264/AVC encoder, we
analyzed the complexity of key functional blocks this latter to determine the most
important parameters having great effect on videality and encoding complexity. We have
focused on some genemicoder control parametessich asquantization parameter (QRptra-
period,search range and number of reference fraMés have also focused in particular on the
control parametersf the ME block, which is a key enhancement modoad®rporated in the
H264/AVC standard, but is also heavy on procesgdeaonsumption.

[22] gives a quantization of the complexity of MBd It defines it as a function of MB
size NXN, integer pixel and fraction pixel full se ME computations for a MB, search
range, number of reference blocks, the ME metromatation cost, and the interpolation cost

for a MB in fraction pel ME.

We have also synthesized from other works [46] [39] a complexity analysis of key

parameters in ME block which is summarized in tdble

* Number of reference frames (Nref) (up to 16),

» Search range (SR)

* ME algorithm (SearchMode)

» Bloc size (taille de Bloc de 16x16, 16x8, 8x16, 8884, 4x8 et 4x4)

» pixel resolution (full, half and quarter pixel acaay)
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Table 1.Complexity analysis of key parameters in ME block

Sizes

H264 encoding Complexity
tools
Access frequency Quality
Variable Block Linear increase;: more than 2.5%it rate reduction between 4 a

complexity increase for each additior
mode  while the  correspondin
compression gain saturates

#0% (for the same quality)
g

Displacement
vector resolution

- About 10% access frequency and

processing time reduction  wheg
searching for MV only at % pixe
positions instead of ¥4

- Up to 30% coding efficiency increa
when using 1/4 pel MV except for ve
low bit rates.

2N

Iy

RD-Lagrangian
optimisation

Increase in the order of 120%

Up to 9% bit rathuotion

Up to 0.35dB

improvement.

Search Range

Up to approximately 60 times whg
increasing search size and Nref

arMinimal impact on PSNR and b
rate performances

Multiple reference
frames

Linear model increase: 25% complex
increase for each added frame

ty A negligible bit rate gain (leg
than 2%) for low and medium b
rates,

achieved for high bit rat

sequences (up to 14%)

PSNR

- More significant savings can be

it

n

it

112

From the previous study, we find that many possiés exist for the selection of

adaptive QoS parameters for the application H264Adhcoder. We have tried different

parameter sets including essentially the follonpagameters:

value of O (default) implies that only the firsafne will be coded as intra.

are in the range of 0 to 51. Default value is 24.

SearchMode,the ME algorithm whose options are givemahle 2

IntraPeriod, Max period of I-coded frames (non IDR) in the ermdequence. A

QPISlice,which sets quantization parameter (QP) value for | slidgdlawable values

Master 2009/2010

58



Chapter 3: Experimentation and validation Mouna BEN SAID

Table 2.ME algorithm options

Option Search algorithm

-1 Full Search

0 Fast Full Search (default)

1 UMHexagon Search

2 Simplified UMHexagon Search

3 Enhanced Predictive Zonal Search (EPZS)

- Inter Mode Prediction Control such as PSliceSearch8x4, PSliceSearch4x8,
PSliceSearch4x4, which control which inter predictimodes could be used for
encoding purposes. For example, PSliceSearch4aBlesn 4x4 Inter Prediction &

Motion Compensation in P Slices. The default vaduk (enabled).

4.2 QoS parameters selection

Concerning the QoS application parameters, we densi set of three paramet§iQoS,
Br, Tex}which are respectively a video quality metric, #werage encoding time/frame and
the bit rate. The choice of the two latter paramseig explained by the fact that our system is
CPU and bandwidth constrained. As for the formes,uideo quality metrics represent a large
field of research that is still under developmedditferent video quality metrics have been
proposed in the literature. There are usually thwags of measuring the coding quality or
fidelity [43]:

(1) Subjective Assessment, where human observeakiae the reconstructed video

focusing on aesthetic acceptability;

(2) Objective Assessment. That is, to numericatiynpare the pixel values before and

after coding;

(3) Perceptual Metrics. These are computatiorgdrahms that could accurately predict
the resulting scores of the subjective assessnidwat is by comparison with the human

perceptual mechanism.
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4.2.1 Subjective Assessment

A group of human subjects is invited to judge thmldy of video sequences under
defined conditions. The main subjective quality noels are Degradation Category Rating
(DCR), Pair Comparison (PC) and Absolute Categatrg (ACR). The human subjects are
shown two sequences (original and processed) andsked to assess the overall quality of
the processed sequence by scoring it on a scam (@ to 5 or 9) corresponding to their

mental measure of the quality --this is termed M@aserver Score (MOS).

It is noted that subjective assessment reflectspthreeptual nature of the video signal
under assessment. It is an extremely expensiveigedconsuming process. Indeed, it might
not be consistent as human observers are easdgtedf by the circumstances which include

their psychological condition, personal prefereneesl viewing condition.

4.2.2 Objective Assessment

Subjective Video Analysis is only applicable fovdpment and evaluation purposes; it
does not lend itself to operational monitoring opduction line testing. The need for
Objective Video Quality Testing arose from the nded quantitative, repeatable video

analysis.

The two most commonly used objective measuremesed to assess the quality of the
compressed video is the Mean Square Error (MSE) thedPeak Signal to Noise Ratio
(PSNR). This comparison is typically done on a fedoy-frame basis. The MSE is the
cumulative squared error between the compresseasb iithme and the original frame. The

PSNR is a measure of the peak error. The MSE aiRR8e defined mathematically as:

v 1 AT
v —

A 1N -1
- 1 = o
}llt‘f‘J = W E E : [Jr o _!'.lll' == I :_..!'_ :!_,|'|] o

y=0 =0 (E 10)

55

vMSE

| ks

PSNR =20 log

=311

(E 11)
Where I(x, y) is the original video frame, |_(X, ig)the reconstructed frame and M and N
are the dimensions of the video frame. A small @adtiMSE means lesser error, that is good
guality, and this translates to a higher value 8NR. A lower PSNR value represents poorer

quality.

Master 2009/2010 60



Chapter 3: Experimentation and validation Mouna BEN SAID

The advantage of objective assessment is thasitriple and straight forward. However,
the results it delivers do not correlate well wyhbrceived picture quality. For example,
similar PSNR in the texture area and the smootla afean image will exhibit different
distortions when perceived by the human eye. The&iuVision System is less sensitive to

errors in the texture area than the smooth area.

4.2.3 Perceptual Metrics

The aim of developing a perceptual metric for vidgality is to find a better prediction
for the human perception than the MSE/PSNR mea3inere have been substantial research
efforts in perceptual visual quality evaluation.e§b perceptual metrics have a better
performance than the traditional MSE/PNSR measaresbme specific applications; it is

difficult to find a general perceptual metric sbi@for all applications.

The Video Quality Experts Group (VQEG) has evaldaen perceptual metrics which
have been proposed by different researchers buwg¢ nbthem is statistically better than the
PSNR.

We therefore choose the PSNR as a video qualityien&e plan in future works to

define a new metric that is better than the PSNR.

4.3 MO-PSO/H264 interfacing

The main steps needed to link the JM encoder tdtBeP SO algorithm are as follow.

First, we give the definition of particles in imtize_pop() function. We define for each
particle the composing variables and their valueges that we have just mention in the

previous section.

Second, since we need to optimize the trade-offvden the output quality, the bit rate
and the encoding time, we define three objectivections, H264 Q() H264 BR()and
H264_Tex() which return respectively the QoS, Bit rate amdcpssing time values for a
given particle. Then, we mention the optimizatigpe for each function (maximization or
minimization). Initially, the MO-PSO code doesnipport different optimization types. Thus,
we were brought to make some modification of itsree code to enable this property.
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Thereafter, we need to specify how to evaluateighestin population in thevaluate()

function. In our case, we execulerfcod.exéfor each particle with the command line
-p <ParameterName = ParameterValue ...ParameterNan®arameterValue >

Where parameterNameis the name of the variables composing the partidnd

ParameterValueés the current values of these variables in thiégbai.

We give in Figure 21 an example of MO-PSO/H264rfat@ng. We consider 4 variables
per particle which ar8earchMode, IntraPeriod, QPISliemdPSliceSearch4x4

S ns | o A —=%A Tn+ 5 1= ~ADToY - -3 o714 o hAuvd=2A0

sprintf (enc cmd, "lencod.exe -p SearchMode=3d -p IntraPeriod=3d -p QPISlice=%d -p PSliceSearchdx4=3d",
o TT <1101 o TT T<1111 e 1T <1171 e TT T=107427%
(int)popVar[i] [0], (int)popVar[i] [1], (int)popVar[i][2], (int)popVar[i][3]);

- - A - 1 J - - - - 1

system(enc cmd); run lencod.exe with the ith particle's values

O P -1 ol AT s - - £ " ] [P
getEncOutput(); //retrieve Qo5 parameters values from "encoder out.txt

Figure 21.Sample code for MO-PSO/H264 interfacing

After running the encoder, the MO-PSO retrieves dgput QoS parameters values
which are the average encoding Time/frame, theRBite and the average PSNR. These
values are saved to a file, "encoder_out.txt", Whie update at the end of every lencod.exe’s

execution.

4.4 Assumptions on resources ranges

The last available version of the JM software is-pptimized so that the encoding time
per frame is high. Thus, we make assumptions ofirtlies of system resources, namely the
CPU time and network bandwidth, which are takeno iccount in the generated
configurations. We used the MO_PSO algorithm to enak approximation of the minimum
allowable encoding time per frame. We found a mumm encoding time of about
150ms/frame, i.e. a maximum of about 6.66 framegaseond (fps). Therefore, in order to
have a sufficient encoding time range to test eshnique, we assume that a maximum of

encoding time/ frame is equal to 500ms, i.e. a mim of 2fps.
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Concerning the bit rate, it ranges from tens taufamds of kbits. We assume that the

maximum allowable bit rate is equal to 1.4Mb/s.

45 MO-PSO results

There are no explicit rules to tune the paramatéithe MO-PSO. The best parameters
tuning depends on the application considered fdmmopation, and are determined after

multiple tests.

Let’s consider the configuration of the MO-PSO waite presented ifable 3 It contains

the configuration parameters we tune.

Table 3.Example of MO-PSO configuration

Parameter Valu Test application values
e
Population 50
size
Number of 50
generations
Archive size 50
objective 3 H264 Tex(), H264 BR(), H264 _Q()
functions
Number of 7 SearchMode, IntraPeriod, QPISlice, QPPSlice
variables PSliceSearch4x4, PSliceSearch4x8, PSliceSearch8x4,

The video type we consider for test is speakingthadeos with QCIF format (Quarter
Common Intermediate Format, 176x144px) like “foremyav” and “news.yuv”. We perform
multiple tests with different configurations of tMO-PSO. Each time we tune the number of
particles, the number of generations and the agchize. We also change the configuration
parameters of the H264/AVC encoder. We give hesed#fie results of some examples of tests

that help us to choose better configuration gioetier solutions.

We first run the MO-PSO with 50 generations, 5tar solutions but only 30 particles.
The result of this test is illustrated fiigure 22 We remark that there is an accumulation of
many solutions in a certain range of QoS parametdiis is due to the fact that the number of

particles is not big enough to enable the swarftytsufficiently.
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Figure 22.MO-PSO pareto front for 50G-30P-50A

Therefore, we perform a second test with a greatenber of particles. Figure 23
illustrates the generated pareto front with 50 ipl@g, 50 generations and 50 archive
solutions. We obtain a better result, illustratadrigure 23 where the solutions are more

spread out and the pareto front is finer.
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Figure 23.MO-PSO pareto front for 50G-50P-50A, bit rate vVENR
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However, we remark that sometimes the MO-PSO presesolutions with different
PSNR for nearly the same bit rate (e.g. solutior@reled on Figure 23 have different PSNR
for the same bit rate 63.7kb/s). This is explaibgdhe fact that we optimize three objective
functions at a time: maximizing PSNR while mininmgibit rate and encoding time. Solutions
with lower PSNR are then preserved by the MO-PS€auge they offer lower encoding time.
This is clearly illustrated in Figure 24 which peess the bit rate in function of the encoding

time per frame.

S0G-30P-30A
1400
*,
1200 "’.:
1000 — o *** "
a 1 ! *‘-“
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g i o
= ¥
g 500 s :
= ‘* Sériel Point 63,7
200 Lot® [63.7, 740}
200
0
a =0 100 150 200
Bit rate

Figure 24.MO-PSO pareto front for 50G-50P-50A, bit rate uscading time/frame

This figure shows the coordinates of the same imnludepicted in the previous figure
which offers lower PSNR but lower encoding timertliae solution that is encircled with (i.e.
Bit rate=63.7kb/s, PSNR=43.67db and Time=740).

We perform a third test with the same previous nemd§ generations and patrticles, but
higher archive size. A problem that can be encoadtevith such configuration is that the
generated optimal solutions are too close to eflobrs i.e. Q0S parameters are so close that
we obtain many configurations covering a limiteshga of QoS levels and with reduced
tolerance intervals. Therefore, in order to enlatgecovered QoS level range and space out
the retained solutions, we have to tune the sizeeobptimal solutions’ archive.

To conclude, the results obtained from the secastl are enough convenient for our
adaptation needs. In fact, it gives us a set ofigorations that covers better QoS levels
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ranges and different scenarios of resources vaniatnly CPU constraint, only bandwidth
constraint, or both CPU and bandwidth constraints.

The generated QoS levels are saved to a file tleatcall “cfgTable file.txt”. Each
configuration is represented by three fields, whacd the maximum number of parameters,
the set of configuration parameters and the s€af parameters. The first field is used to

enable the support of configurations with differeahfiguration parameter sets.

For example, the first QoS level is (2, 1, 50, 150, 1, 22.57, 5.9, 405). This means that
it uses the Simplified UMHexagon Search mode, cadesy frame in intra-coding, with a
QP for 1 slice equals 50 and without 4x8 inter jrBdn mode. The corresponding average
encoding time per frame is 405 ms, the bit rathisut 6 Kb/s and the PSNR is 22.57 db. The
configuration table file is then added to the skfiles needed for the functioning of the
adaptive encoder.

5. Implementation and test of the online adaptation

5.1 Adaptation API

As we already mentioned in the previous chapteratfaptation APlis composed of two
parts: an application independent part which masmagsource variation and an application
specific part that is hooked into the applicatiorehable its reconfiguratioable 4presents
the main adaptation functions. The two last funimf the table, setNewConfig() and

reconfigure_H264 app() represent the applicati@tifip code.

4 Application Programming Interface
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Table 4. The new adaptation API

Operation

Description

taskEntry(const char *name, float tim
float minT, float period, floa
desiredBR, float minBR, int adapt)

eManages the task entry event. It adjusts C

PU

and bandwidth budgets of adaptive tasks, then

claims the application reconfiguration

necessary.

if

taskExit (int taskindex)

Manages the task exit event. It adjusts b
CPU and bandwidth budgets of adaptive ta
then claims the application reconfiguration

necessary.

oth

BW_controller()

Triggers a bandwidth variation event.

BW_request(float BW_constraint)

Manages the bandwidth variation event.

adjusts the bandwidth budgets of adapti

tasks, then claims the  applicati

reconfiguration if necessary.

setNewConfig(EncoderParams

*p_Enc)

Searches for the best configuration and triggers

reconfiguration.

reconfigure_H264_app(EncoderPara

*p_Enc)

Reconfigures the H264/AVC encoder with the

new configuration.

In order to enable dynamic reconfiguration of thd éncoder, we select the best

configuration that respects the incoming constra@md then we save it to a file

“reconfigure.cfg” to be read as a new

5.2 Example of adaptation test

We present hereafter a test scenario and the sexfulhe adaptation technique. We focus

configurafi@n[47].

on the resources allocation evolution and the riggoration behavior following the resources

variation events.
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5.21 Test scenario

Let’s consider a scenario of system task set witkrént resource variations (task entry,
bandwidth variation, and task exit). Table 5 préseine list of tasks that enters (event TE) or
exits (event TX) from the system with the corresfing time of occurrence (the frame
number). We consider a set of 4 tasks: a video dmrctask, H264 enc, and 3 other
multimedia tasks MM2, MM3, and MM4. The MM2 tasknen-adaptive and the three others

are adaptive ones.

Table 5. A task set scenario

Ev Ta adap Texe( MinTexe Period BR(k MinBR(
Nb frame
t m (ms) ( b kb/s
[ S m / )
v ) s) s
e )

0 T H2 1 500 100 500 1400 28
32 T M 1 300 100 300 800 300
60 TE M 0 30 30 100 50 50
120 TE M 1 100 80 300 500 100
140 T M - - - - - -
220 T M - - - - - -

5.2.2 Validation of the resource allocation

We depict inTable 6the evolution of the H264 task resource budgets &hch resource
variation event. We give the amounts of allocataddwidth and CPU time. We also give the
total adaptive CPU and bandwidth budgets evolutidre last line of the table presents the

selected configuration number in order to illusrdte reconfiguration occurrence.
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The first task that enters the system is the H2@bder. It is allocated the totality of the
resources (500ms, 1400kb/s). The entry of the sktask MM2, which occurs at frame 32
encoding time, causes a substantial decrease iGRikand bandwidth budgets of the H264
task. They drop to about the half. This is becdahsenew task MM2 requires high resource
allocation (required CPUbgt =1, required BWbgt =57). As a consequence, a
reconfiguration is needed to decrease the qualitgllof the encoder. Later Figure 28 we
can notice a difference between the video qual@fote (image (a)) and after (image (b))
MM2 entry.

Table 6. The H264 resources allocation and reconfiguration

Eve H M B M B B M T B B B T B
n
t
S

Nb

F
r 3 4 6 8 1 1 1 1 1 1 2 2
a 0
m
e

Tot.
B 1 1 8 8 7 8 8 8 1 9 L L 9
W

Texe 2 2 1 1 1 1

5 3 3 3 3 5 5

CPU 0 0 0 0 0 Oly
b R 0 0 0 O
9 L 1 1
t N\

Bitra 8 3 3 3 3
t 1 3 8 9 9 1 1 9
e

BWb 0 0 0 0 0 0 Og Q 0 Og
g 1 ) ) 7 A ) L L
t N
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Tot

O < T T O QD

~@ o CcTO

Tot

O < T T O QD

~Q T < W

Conf

When the third task MM3 enters, the CPU budgethef 264 task drops to 0.291 (i.e.
145.455ms), and its bandwidth budget beconoess (i.e. 349.01Kb/s). The worst
configuration (cfg.0) existing in the configuratitable we use offers a minimum encoding
time of about 200ms with a bit rate of nearly 222KHn this case, even if cfg.0 gives an
encoding time higher than the requested one, wepadcas a new configuration for the new
set of the allocated resources budgets. This aaraigpn selection remains until the first task
exit occurs at frame 140 encoding time. At that motnthe CPU and bandwidth budgets

allocated to the encoder increase greatly (70%Ri @me and 94.2% of bandwidtiBigure
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25 depicts the resource allocation and the diffetetal budgets values for the task set that is
obtained just after the entry of the task MM3.

""""""""""""""""""""""""" TRSK ENT R oo o o e o o R R R R R R R R R R R R R R R R R R
Task adaptive Texe (ms) Period(ms) CPUkbgt in CPUbgt

M3 4] 30.000 ms 100.000 0.300 3

L CPUbgt SR (kb/3) MinBR (kb/s) b n_BWbgt L BWbgt

0.000 50.000 50.000 kb/s 0.061 0.061 0.000

Mew task has been RCCEPTED (votal minCPUkgt = 0.833 total minSWbet = 0.483)

(total CPUbgr @ 1.300 , total m

= EP'Jbg: t 0,833 , total adaptive CPUbgt @ 0.467]
[total BWbgt : 1.061 , total minBWbgt : 0.463 ,total_adaptive BWbgt : 0.538]
CPU BUDGETS RE-ALLOCATICHN

BW BUDGETS RE-ALLOCATICN

[total CPFUbgt = t @ 0.833 v, total adaptive CPUbgt : 0.167]

(total EWbkgt : 1.000 fotal m Wbgt @ 0.4 63’ 4' total adaptive EWbgt 0.53

[Current av. BW : 816.000 j\‘ ___________ -7

"""""""""""""""""""""""""""""" IEFLAY TASE SEIrrr r s SRS R E R s R AR mr s s nm s n s
Task Texe (ms) pericd(ms) CPUbgt (pc) MinCPUbgt (pc) A CPUbgt (pc) Bitrate BWbgt (pc) MinBWbg adaptive
H264 enc 145.455 500.000 0.291 ) 0.091 349.013 0 -

M2 122.727 ) 416.987 a 1

3 30.000 1 0o 0.300 4] 50.000 a 0

Reconfiguration needed, new cfg 0

H2€4_enc Reconfiguration .......

Figure 25.Example of the system task set status (after 3etatsies)

We notice that the non-adaptive task MM3 is alledathe entire requested resource
budgets on top of the figure. We also notice thatdum of each resource allocated budgets is
equal to 1, i.e. the resources are fully utilizethwespect of tasks timing constraints. We

remark as well that the total minimum budgets ass lthan 1. That means that the system is
able to host more tasks but with lower quality exfvice.

However, when the user desires to enter the folath MM4 the system reject this
request. This is because the CPU load will be gmrant that the processor will not be able
to guarantee the minimum requested resources lfdasds. This is indicated in Figure 26

which illustrates that the calculated total minim@®AU budget with task MM4 exceeds 1.

Sorry !! new task has been REJECTED \l,’\:—,:a'_ minCPUbgt = 1 100 >

Figure 26.New task denial
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As for the total adaptive budgets, it is obvioustirthe table that they are proportional to
the available resources. Whenever there is a res@garce, the adaptive tasks have their
budgets decrease and therefore their ability opdi@n decreases too.

5.2.3 Reconfiguration behavior

We summarize in the curves depicted by Figure 27bdndwidth variation during the
test scenario. We indicate with colored points thecurrence of the H264 encoder

reconfiguration.

H264 reconfiguration
1400
1200 \ W 1040
E ] BW 961 //_-‘\
i 1000 T {
E TE M2 B O15 Total bandwidth
;g 800 1 T TEMM2 —4— H264 adaptive BW
-
_ ba non-adaplve Sw
g 500 H2E4 laptive BW
100 \‘ ‘-*—-4/"'“'/
TEM3
g A—_
a 50 100 150 200 250 300
Mhb frame

Figure 27.Reconfiguration behavior of the encoder followiegaurce variations

We designate by the green point a reconfiguratios td a task entry event. In our case,
the encoder needs to reconfigure in both MM2 and 3Viisisk entries because these need
important CPU and bandwidth resources. The recordigons due to bandwidth variation are
designated by the red points. We remark that th@icgtion doesn’t reconfigure at every
bandwidth variation and thus is able to achievéaals status during different intervals not
only when the environment is stable but also winemet are small resource variations. This is

thanks to the interval tolerance that has beeneémphted in the application adaptor.

The red line designates the requested bandwidtevai a non adaptive video encoder

during the test scenario. It is obvious that withthe adaptation mechanism the application
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bit rate usually exceeds enormously the availabdedividth. The output video will

consequently present many problems such as jigdwork delay, and packet loss.

5.24 Impact of the adaptation on video quality

Every resource variation event that provokes anfgoration of the H264 encoder
induces a change in the resulted video quality. iNMstrate inFigure 28the major quality

variation of the encoded video. We use the testorifioreman.yuv” with a QCIF format.

- Lf
‘1!‘ Sy,

} MMZ entry

i U
e
- gl r

BT . 4 | ] o . < o l\:i‘.h\_'gﬂi
(d) MM3 entry e} Before Tx M2 if} After Tx MM2

Figure 28.Impact of adaptation on video quality

We notice that the encoder manages to scale isowviphality according to the system
resources availability in order to maintain the samdeo frame rate. The video quality
decreases whenever the number of tasks increaseggs (b) and (d)) or a bandwidth
shortening occurs (image (c)). However, it is diedepicted in the image (f) that a decision
of reconfiguration has been taken to upgrade ttieovguality when an increase of the system

available resources occurs (task MM2 exits).

5.3 Adaptation overhead

We calculate the average overheads of the diffex@aptation modules using a HP laptop
with a 1.78GHz processor. They are depicted in 8abl These overheads are negligible
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compared to CPU intensive multimedia applicatianst 500ms in our case) which, indeed,

tolerate constraints exceeding to some extent.

Table 7.Adaptation overhead

Adaptation module Overhead (ms)
Adjust Bandwidth budgets 0.07
Adjust CPU budgets 0.07
Reconfigure H264 application 6 ms

The overhead of the resource adjustment modulgsrdportional to the number of

running applications but the complexity of the aition is linear.

The reconfiguration module is application-specifidwus, its overhead depends on the

complexity of the application reconfiguration.

6. Conclusion

In this chapter, we presented the implementatiepssof our adaptation technique using
the H264/AVC video coding as a multimedia CPU-baidth intensive case study

application.

As a first part, we defined the application QoSapagters and determined the set of
configuration parameters to be mainly consideredndguQoS levels generation. Then, we
detailed the MO-PSO/H264 interfacing in order tograte the QoS levels table.

In the second part, we presented the implementaimhtest results of the adaptation
mechanism. We proposed a test scenario composditfeyent resource variation events and
presented the effect of adaptation on resourceain and configuration behavior of the
H264 task.

The results confirm that the prototype is abledspond to resource constraints while
maintaining a minimum of acceptable QoS and a naptis service with stability intervals.

Such results uphold the importance of the appboasiware adaptation.
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Conclusion & perspectives

Embedded systems are often subject to resourceramts such as limited battery life,
narrow memory space, and environment variationh ascsudden and unpredictable network
load. Thus, they are asked to adapt internallyhrtlimited computational and energy
resources as well as to changes in the externaloamnvent in order to support multimedia

quality of service (Qo0S).

Many works in the literature have dealt with adépta Researchers have proposed
adaptations in several system layers (hardwardicafipn, operating system, and network),
different time granularities (coarse and fine-tigi@nularities), and under various sets of
constraints (energy, CPU time, real-time constramgtwork bandwidth). A widely used
adaptation technique to save energy and preserferpance is to dynamically reconfigure

the system resources in response to changes ircappt demands and resource availability.

It is important to note that the adaptation worleslanot attempt to provide resource
guarantees to applications. Such guarantees, tlypieacountered in real-time systems,
require guarantees from lower layers of the systBuot the environment of a mobile
computer is too unpredictable for such guarantdeace, such work only promises to inform
applications when their environment changes, ataitbetween applications competing for

scarce resources, and reconfigure the applicatiomeet resource constraints.

In this work, we have proposed an adaptive systeutctsre that allows the system to
adapt to i) external changes due to its externalr@mment; we considered the available
network bandwidth, and ii) CPU load that varieshmttie number of running applications; it
coordinates the adaptation of CPU time dependinghennumber of running applications.
These changes adjust the settings of applicationegponse to the constraints of resources
while maximizing the QoS.
We applied those changes on a complex multimediicapion, the video compression with
the H264/AVC standard. The adaptation technique wemted using an automatically
generated configuration database for the H264/At4Gdard.

Tests are made by a modification of the system kadl the network bandwidth. The

evaluation confirms that the technique does a gobdof balancing adaptation to resource
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constraints and stability of the system. It sholat thanks to the adaptation mechanism, the
system is able to scale its output quality accaydim the environment fluctuation while

guaranteeing the continuity of the service. It alggholds the importance of applying
adaptations in the application level.

At the same time, our model suggests avenues ftireiuimprovements. Concerning the
adaptation aspect, we plan as next steps to magptiecation on an RTOS and run it on the
target system to test its auto-adaptation and coerecy management capabilities. A more
thorough study of the system stability is needesifék the target multimedia application, we

consider looking more in depth for better metricmbining different QoS parameters to better
guantify the video quality.
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