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Abstract

Accounting for the perceing conditions that makup the deliery ewiron-

ment of an application helps impetheefficiencyof QoS preisioning sys-

tems. It is useless to transmit information whose absence cannot be noticed
by the end-user under the actual pefiogi conditions. Until nav, QoS archi-
tectures mostly focused on the transport system and did ngtataethe
studies achied in the psychoptsics area. In this papexre propose a QoS
framework that accounts for the pereig conditions. Moreeer, our frame-

work is bothflexible - i.e., customizable at will by the manager - amatu-

lar, with a clear and fine-grained layering. iNenechanisms and their
supporting characteristics, such aperimental curgs, may be ery easily
introduced and managed in the proposed architecture. A case study is carried
out, which shas the applicability of the frameork for a video-on-demand
provisioning system.
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1. INTRODUCTION

Mapping the Quality of Service (QoS) from the useidy down to the netwrk infrastructure

is one of the &y issues to be addressed with thevgion of multimedia services. This map-
ping is useful in manrespectskirst, it is helpful for optimizing resource allocation both in the
end-systems and within the nefk, meaning a (negoptimum estimation of the amount of
resources to be dedicated to wegi task. This is actually the major goal of QoS mapping. The
estimated amount of resources is compared withviaikaale resources which may be ifsuf
cient for the task to be performed; if this is the case, the maplagSince the parameters to
be considered in the mapping are numerousymaapping rounds may takplace before the
optimum is foundSecondonce the mapping has determined the part of the global QoS to be
fulfilled by each resourcevnlved in the communication, QoS monitoring may beyveasy
and, finding out the QoS bottlenecks (resources that are not meetingdtiated QoS) may

be dramaticallydcilitated.

An efficient and compreheng QoS mapping frammerk must tak into account the end-

users perception in order to optimize the amount of resources to be used. It is useless to trans-
mit data that the end-user is unable to notmercgeptual edundancy In the video coding

area, high compression ratio may be reached by trying to eliminate the perceptual regdundanc
as much as possible, in addition to reducing the spatial and temporal redundancies. The per-
ceptual redundagacorresponds to video information still present in the bit stream after spatio-
temporal compressiorubwhich is not perceed by the end-usérdence, for a gen amount of

bits to be allocated to a video sequence, the repartition of these bits among and within the pic-
tures may beery different whether the user perception is considered or not. Anotepée

is the transmission of videwer paclet networks in which pacét loss may occur introducing
perceptual dgradation in the reconstructed video. The impact of data loss isesilbhfficult

to predict due to the structure of the encoded video streaweMdn this impact may be ana-

lyzed from the user perspeaatithanks to a perceptual video quality metric (i.e., a quality met-

ric based on a complete spatio-temporal model of the human visual system [1]). This
introduction of the vision science kmtedge into the video coding and transmission domain
may lead to gry interesting results [2,3,4]. Theigting QoS mapping schemes, essentially
those described in [5], [6] and [7], do not address this issue.

In this paperwe essentially intend to bridge the results from [5], [6] and [7] with studies car-
ried out in both the vision science and video coding areas in ordeitdaup an dicient, flex-

ible and modular QoS mapping fram@k. Efficiencyis improved by considering the user’
perceptual features. Hiexibility andmodularity we mean the ability of the framverk to be
easily customized by the application designer who isvalibto select the fram@rk compo-
nents (nodule$ that best match its intentions.

Our interests herein at@ofold First, we aim at describing the information needed for achie
ing the mentioned mapping. The resulting information model witliet the parameters
which are releant to the user perception of vidé&econdwe intend to praide a functional
model which shas the actual rgotiation of QoS among the entitiesatved in the communi-
cation session. This functional model will introduce some of our egplgrenental results in

the investication of the impact of vision science on video coding and transmission applications.

The aforementioned interests will be addressed asm®llin Sec. 2, the QoS layers across



which the mapping tas place are described as part of a QoS architecture uveérpleent

in our laboratoryThe information model needed for describing the mapping of QoS parame-
ters across the QoS layers is presented in Sec. 3. Section 4 describes some functional compo-
nents needed within the QoS architecture. A complete case study related to the transmission of
MPEG-2 streamswer ATM networks is dealt with in Sec. 5. Finallgoncluding remarks are

given in Sec. 6.

2. A QOSFRAMEWORK

Figure 1 depicts the QoS architecture in support of all i wescribed in this pap€eFhis
architecture xhibits 8 layers and 4 planes. The layers describe the processing sodgsdim
communications between pairs of end-systems. The planes are projections of the QoS frame-
work with respect to specific concerns. Hence, the information collecting and management
plane represents the information needediitnlup the frameork, especially the estimation of
parameters that influence QoS dety. Planes and layers are described in turn in thewWollp
subsections (2.1 and 2.2). Aneoview of closely related wrks is gven in subsection 2.3.

O
é;’\\(%\,ag\e J/management plane

N S
et control plane
(P | T
& 6«3&\ user plane
\ o data data
. vement rocessing_— 1 7
}74{ End-user layer
. . Main
—=>| Presentation layer < ,, ”:)éResources
ey . gt
}74{ Session layer < '4(08
= +
<< | Transport layer “ = o an
/;4 Network layer “ CPU) y
| > Networking device layer |4
Connectivity layer

Figure 1: A QoS Framework

2.1 The QoS Framework Layers

The compleity of information processing between end-parties is émolp into 8 layers,
namely the end-useapplication, presentation, session, transport, orétwetworking device,
connectvity. The main processing resources entity represents the resourceegroy the
host.

The end-user layer is concerned with the end-useféatures and theadilities used for captur-

ing the uses requests. Peraging conditions are the most important features at this.layey
describe the actual userv@onment, e.g., in terms of the distance between the end-user and
the screen, the surrounding luminosiggc. The conditions related to video perception are
defined in the ITU-R Rec. 500-3 [8].



The application layer deals with a first refinement of the information carried in from the end-
user layerThis refinement process essentially confronts theuQ®aS demands with its per-
ceptual features and the selected type of application (videoconferencing, teleteaching, video-
on-demand, etc.). The QoS parameters to be requested fromvérddgers are then deed

by the refinement process.

The presentation layer contains the deces needed for capturing and rendering information in

a meaningful shape for the end-udére presentation concerns include information capturing/
displaying, intetrmedia synchronization, and compression/decompression. Therefore, the pre-
sentation layer is the last in the order of our description which is directly influenced by the end-
users perceptual features.

Thesession layer senes as a coordination layer between the presentation and application lay-
ers, and the transport system. This coordination layer is usually implemented by the so-called
soclets.

Thetransport layer controls the transfer of information on an end-to-end basis.

The network layer implements functions that shield the upper layers from the discrepancies
among netwrk technologies (AM, Ethernet, FDDI, etc.).

The networking device layer may relate both to the Netwk Interface Card (NIC) and &n
other similar deice inside the netark. The acirities achiged by this layer are tightly depen-
dent on the underlying netnk technology

The connectivity layer abstracts wer the connectity between netarking devices. This con-
nectvity may be conferred dérent dgrees of abstraction as illustrated in Figure 2. In case the
network is considered as a “black boximplicit connectivity), the connectity layer represents
the end-to-end connecity service ofered by the netark infrastructure. The layer in question
may also abstracter a plysical link sgment between twvadjacent nodegxplicit connectiv-

ity). This detailed vier of the connectity may be used by the netwk control system to dis-
tribute the QoS required from the netk over the switches or routers or other elements along
the path between the end-systenwlved in the communication.

The main processing resources entity provides resources for thexecution of the functions
incorporated in layers that lackvo processing capabilities. This is generally the case of layers
implemented in softare such as the session, transport andar&tlayers. The main process-

ing resources entity considers the actual implementation of the communication architecture in
the end-systems. More importantiiyshavs that tvo layers may not be using the main pro-
cessing resources at the same time. This situation must be accounted for when mapping the
delay introduced by the end-system in an end-to-end communication.
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Figure 2: Example of abstraction degrees encompassed by the connectivity concept
2.2 The QoS Framework Planes

Each plane abstractser the global framgork with respect to specific purposesuF planes
which cover different perspeactes are considered: the user plane, the control plane, the man-
agement plane, and the information collecting and management plane.

As depicted in Figure 3, theser plane is concerned with media transfer and it sstwo pur-
posesFirst, it provides the data path through the end-system (datement sub-plane). In

Figure 3, anxample is gren, where an image is first captured by a camera, and then copied
into the application space. The session layer copies the image file into its memory space and
waits until the transport layer is ready to process data. Then, the session layer writes the
data into the transport layer memory space. After all the processing related to the transport and
network layers is performed, the data is written into the ngtwdaptes memory from where

it will be transmitted wer the connection set up for the purpoSeondthe user plane con-

trols the media transfer across the layer by performing so-called protocol functions (data pro-
cessing sub-plane). Generic functions are: sequence contnokdidrol, congestion control,
replicate control, data corruption control, acktexlgment, retransmission, error detection,
error correction, ggmentation, reassemblgtream synchronization, and encoding/decoding as
outlined in [9].

The choice of the functions to be performed for\aegiconnection is made by tkentrol

plane. In other vords, the control plane configure the user plane to suit the needs of the con-
nection. The control plane is used fogagating or re-ngotiating QoS, and for performing
other comple tasks with the support of the user plane, especially the data processing sub-
plane. The control plane perforrvgo kinds of mappingrhefirst mapping consists in select-

ing the data processing functions that best suit the needs of the servisecanda mapping

takes place for QoS parameters. Aynthese mappings may be performed is described in Sec.
4.
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Figure 3: Interactions among the framework planes

The management plane, as illustrated in Figure 3, is used fofeating the parameters associ-

ated with the control and data processing tasks.ifistance, the parameters of the layer
admission control algorithm may be changed by the layer management Bmg parame-

ters may be the amount of resources to be used, the number of simultaneous connections, the
traffic classes to be considered, etc.

The information collecting and management plane monitors the dctors that influence QoS

and preides mechanisms for estimating theaetérs. The estimation results are used by the
user control and management planes. The information collecting and management plane may
also be used for storing management information which may be accessed by means of the con-
ventional management protocols, specifically SNMP (Simple dr&tManagement Protocol)

[14] and CMIP (Common Management Information Protocol) [15]. The introduction of the
information collecting and management plane has beewatedi by the heterogeneity among
end-systems. Theay factors that influence QoS are estimated may liereift from one sys-

tem to anotherdepending on the systesrdevices. Therefore, separating this estimation from

the other planes impves the flgibility of the frameavork as to cope with diéring erviron-

ments. Morewer, the plane of concern may be used for influencing the QoS mapping process
as will be eplained in subsection 3.3 and more concretely settled in the case study in Sec. 5.

2.3 Related Work

A relevant review of QoS architectures has been aehikin [10]. For the sak of conciseness,
all these architectures are not mentioned herauegr, it is worth noticing thatwo of them -
specifically the OSI reference model [12] and Qo0S-A from Lancasteeldity, UK, [13] -
shav mary architectural similarities with the framverk proposed in this paper

Our framevork may relate, at first sight, to the OSI model [12]wieeer, the two architectures
do differ in their underlying philosophies and layerings. The OSI philosaamsists in
describing the inteaices between the layershéited by the architecture, some of which are
termed the same in our architecture. On the other hand, oumfcaikndepicts a QoS mapping



scheme which quantifies the layers in terms of their induced, gefatyability of loss, jitter

etc. Our philosophis rather motiated by the pngsion of a simple &y to estimate the QoS to

be requested from the layersorFQoS mapping purposes, the important is the QoS to be
requested from both the end-systems and theamket8plitting the end-systems adtiies into
layers as we did just helps cope easily witlfiedént end-system capabilities.

With regard to QoS-A, its layering isevy similar to the OSI reference model [12{cept that

the 3 upmost layers in the latter modevddeen replaced by bMayers called orchestration

and distriluted systems platform layerhe orchestration layer essentially deals with synchro-
nization among seral (media) connections belonging to the same communication session. In
other words, the orchestration layer is concerned with intedia synchronization. The dis-
tributed systems platform layer implements the functionalities needed for coordinating interac-
tions among a set of end-systems. Q0S-A addresses most of the mechanisms needed within a
QoS framwvork.

The major diference between Qo0S-A and our framoek lies inthree facts. First, we consider

the main processing resources as a whole efftiggrefore, the mechanisms in support of real-
time requirements easily fit into our frawmrk and are unambiguously stressgetond, we

feel that intermedia synchronization should be dealt with at they\ast processing steps.
Therefore, intemedia synchronization should be comprised by the presentation layer (in our
framework) which is in chage of decompressing and displaying the informatidmrd, and

more importantlythe end-uses’ perceptual features are éakinto account in our framerk,

which have not been addressed in QoS-A yet.

In this Section, we h& described the fram®@rk in which all of the follaing results will fit.

At this point, ay factual @idence of the use of results from the psyclyspts domain has not

been clearly gien yet. A first step teards this eidence is achied in the ensuing Section
through the modeling of QoS related information at the layers to which the end-users percep-
tual features are directly influencing.

3 AN INFORMATION MODEL FOR THE QoS FRAMEWORK

In this section, we focus on the information necessary for taking into account tisepeseep-
tion of the delered QoS. Olnously, the influence of the ussrperceptual features will “prop-
acate” from the end-user to the presentation laje session layer as well as the layersvbelo
are not directly décted by those features. Therefore, weotke this section to ganizing the
information that influence the mapping of the QoS from the end-useidaen to the presen-
tation layer

3.1 Modedling the end-user layer

As depicted in Figure 4, the end-user layer aggjes the end-user and the layer controller
(EUL_Controller). The end-uses’ perception is influenced by the pevosy conditions that
describe the actual conditions in which the usant® the application to be pided. Percet-

ing conditions are essentially composed ofwmg conditions - which influence the perception
of video information - and hearing conditions whicfeef the perception of audio informa-
tion.

The end-user also may select the media that he or she is willing tovbgedravith. These
media may need to be synchronized with one andihereorer, each medium is constrained



by QoS requirementxpressed by the end-user in terms of a Quél |generally in range 1 to
5 as recommended in [8] for video servicesSttsobject collects statistics about the deli

ered QoS. Thewerall cost that the user is willing to incur for the application is imposed thanks
to theCostobject.

The controller is in chge of supervising the aciiies at the end-user layeét is supported by
some functions such asserinterface which captures the usertlesiderata, anéarameter-
sConsistengywhich checks the consistgnef the parameters supplied at the layer befoye an
further request is issued to the layer keléor instance. The layer functions may call one
another and ask for assistance from the application. layer

Note that we represent functions here as objects, which may shock puedtel\What func-
tions can be updated, changed, triggered, deiet at will by the user or the managérere-
fore, representing functions as objects asagense.

e 1..n Association ‘End-UserLayer ‘

<> Aggregation | |
2 Inheritance

End-user EUL_ControIIe%
L1 Object class

int applType
is ianW selects imposes
i EUL_Function
‘ Percei/ingCondition% Medium Cost Stringname
> int medype ;:oat min String paramList
i oatmax Stringdescr
is synchronized
EUL_QOS with calls uses

ViewingConditions (*) | Hearing-
Conditions float level

float viewing_aperture
float peak_luminance
floatcut_of _ratio

ApplicationLayer

is associated with

floatlimit_lum_ratio EUL Statistic%

floatback_chroma —

floatroom_illum viewing_aperture: ratio of vieing room illum: other room illumination

float solid_angle_ratig distance to picture height solid_angle_ratio: ratio of solid angle EUL_Function

float back to pict lum | Péak-luminance: peak luminance substended by a compliant backgrouing =

_10_pict_| . _on the screen to that substended by the picture
cut_of_ratio: ratio of luminance back_chroma: chromaticity of
. . of inactive tube screen to peak luminance - background

(*) Defined in [8] limit_lum_ratio: ratio of screen luminance  appType: {videoconference @D, etc.}
in dark room to that at peak white EUL_*: End-User Layer *
back_to_pict: ratio of luminance of backgrounghedType: {audio, video, tet, etc.}
behind picture monitor to peak luminance paramList: list of supplied parameters Userl :
level: QoS leel (1..5) descr: function description [Userinterface]

Figure 4: A modeling of QoS-related information at the end-user layer

3.2 Modeling the Application L ayer

The application layer performs a first refinement of the information supplied by the end-user
layer. Each layer may incorporate nyaapplication objects which relate to the end-sspuir-

poses about the service to be yided. Examples of application are videoconferencing,
teleteaching, corersation, cooperate work, etc. The prasion of these applications is possi-

ble thanks to underlying services which are application-independent. Hence, the tekghon
vice may be used for both cmrsation between end-users, and data transfer between tw
computers. In other evds, the same service may sesaeral purposes kmen as applica-

tions.



Each application wolves a number of media which are coerced by QoS constraints. In the
case of video applications, these constraints applygiomne of interest determined either by
the end-user or automatically by a dedicated function in the systenmskance, the ggon of
interest during a videoconference may be #ee$ of the conferees. The QoS requested for
this region should be more stringent than the one for the otj@n® Automatic detection of
regions of interest is intended for MPEG-4 codecs [11fi&es of interest are characterized
by their shape (rectangle, circle, etc.), and their associated QoS in terms of the minielum le
(in range 1 to 5), thevarage leel over the time of the communication, and thgrdelation
burst size. The latter metric denotes the maximum period of ti@ewhich maximum QoS
degradation (minimum QoSvel) can be tolerated. 8\have introduced this metric to allate
drawbacks of using statistics, which only describe a radbtilong-term vision of situations.
Particularly as to QoS concerns, this kind of vision is too lacking, since the end-usey is v
sensitve to urst of dgradation and it will remain unsatisfiedes if the aerage QoS rgoti-

ated has been dedired.

As in the case of the end-user Igythe application layer contains a controller which is respon-
sible for deplging the appropriate functions in response to requests from the adjacent layers.

e 1..n Associatio
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[ 1 2 Inheritance
Application | AL_Controller | 3 Object class

String serviceYpe deploys

AL_Function
Medium .
j Stringname
. - String paramList
is synchronize

P Stringdescr

with AL_QoS ’
_ AL_*: Application Layer *
i calls QoR: Quality of Rgion
uses servicepe: {telephor, multicast, etc.}
\ \ uses QoA: Quality of Audio
AL_QoR AL__QOA‘ AL_A_Stats: Application Layer Audio Statistigs
— - End_UserLayer AL_R_Stats: Application Layer Rgon Statistics
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float avgLevel AL A Stats avglLevel: average QOR el
float minLevel - = - minLevel: min, QoR (1..5)
float degradBurstSize PresentationLayer degradBurstSize: dgadation brst size

Figure 5: A modeling of QoS-related information at the application layer

3.3 Modeling the Presentation L ayer

The presentation layer is concerned with accommodating the information to the eagbeiser’
ception. It aggrgates the media required by the application layer and a controller which plays
the same role as in the layers described@biéach medium agggates the adequate process-
ing devices, a medium QoS controlleand some mechanisms.eVWeliere thatfour main
groups of mdtanismsmay be designed in order to control #rcoding pocess of a video
source the rate control, the quality control, the ustness and the tools based on psycy®ph

ics groups (see [3] forxamples). Theate contol mechanism group aims atgrdating the
encoded video stream in order to produce either a constant or a conteoisdalevbit rate
stream. This group of mechanisms optimizes the user requirements in terms ofithehaaf



acteristics. It also helps the video source comply with thiecticdfaracteristics mptiated with
the netvork, thus &oiding trafic violation by the source.

The video quality is controlled thanks to tpgality contol group of mechanisms, which may

for instance, be requested to produce a constant video quadityiroe. In the case of an eror

prone emironment, one may wish to increase theusihess of the encoded video stream. The
robustnesgroup of mechanisms aims at reducing the impact of an error on the video quality of
the reconstructed video sequence by adding syntactic redundancies (e.g., by reducing the slice
size in the case of MPEG-2 encoding [16]). Each of these groups may or may nottasksthe
based on psychophics described in [3], specifically video quality and\distimetrics based

on a complete model of the human visual system.

The mechanisms are selected by the QoS controller aypéfthet the deices acwities. The
QoS controller object aggyates man statistics objects and maipresentation layer QoS
objects, which may represent video QoS or audio QoS. As mentionee, dbe video QoS
object is an agggation of Quality of Rgion (QoR) objects. QoR is characterized here by the
frame rate, frame size, color depth, etc.

‘ PresentationLayer
Medium PL_Controller
int medType deploys
is controlled, i | d ‘ PL—FunCtion
s e QoS Controller .
by by Stringname
! \ String paramList
Device Stats ‘ MechanismStats‘ J J Stringdescr
Stats ‘ P_QoS ‘ calls
float gualityCharacteristics
float gitratg(:haracteristicsb uses

uses

ApplicationLayer

e 1..n Association P_QoR P_QoA
< Aggre_gation int frameRate - SessionLayer
A Inheritance int frameHeight

7 Object class int frameWdth
int peakBitRate

Figure 6: A modeling of QoS-related information at the presentation layer

In this Section, we ha described the information needed for computing and satisfying QoS at
the three layers directly fatted by the end-users perceptual features. In tkteSsetion, we

are going to describe WoQoS satisdction may be functionally achlved within our frame-
work.

4. A FUNCTIONAL MODEL FOR THE QoS FRAMEWORK
The goal of this Section is to skdwow the fram&vork processes QoS demands Wl par-

ticularly explore simple vays to perform control and management operations within our archi-
tecture.
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Figure 7 depicts the processing of a control request issued by layer (N+1) to layeintfN). W
respect to the frammerk in Figure 1, Figure 7 maps to the processing carried out within the
control plane. The layer controllewhich receres the request, first checks the parameters
passed in by layer (N+1) for correctness and consigtémaase this checking succeeds, a
parameter mapping is performed to determine the correspondence between the parameters sup-
plied by layer (N+1) and those reént to layer (N). After the mapping is acked, another
consisteng check is performed for the same reasons as aforementioned. Then, the QoS con-
troller block is called to identify the mechanisms corresponding to the parameters that came
out of the mapping process.

2 1
_ 1. QoS equest
( (N)-Layer Controller ) 1.1 Ched consistency among the
supplied paametes
21 1.2 11 1.2 If consistency finghen map pametes
Y Y 1.2.1 Chek consistency among the mappe

. 1.2.1/ Parameters parametes
@ ,aagggﬁéer %@ 1.2.2 Ask the QoS comtller to select the
needed md@nisms

1.2.2.1 Select métanism
0S

1221 1222 Itftevtehrytlhing f:)nelthen issue QoS
Q Mechanism request to the layer below
211 Controller

2. QoS monitoringequest
1222 2.1 Activate the monitoring function
2.1.1 If more information is needed,
which cannot be obtained at this layer

( (N-1)-Layer Controller ) then ask the layer below

Figure 7: A processing model for control requestsissued to layer (N)

As will be explained in Sec. 5, thearameterMappingMedanism andQoS contoller blocks

are likely to use gperimental curgs stored in the information collecting and management
plane. These cues as well as the functions and mechanisms in each layer may be changed,
updated, and introduced. These operations define managewiétié$ that should be f&red

by the QoS frameork. Figure 8 depicts the sequence of actions that implement Huagest.

With respect to the fram@rk in Figure 1, Figure 8 maps to the processing carried out within
the management plane. Management requests are issued to the layer manager which triggers
the checking of the consistgnof the information supplied through the request. Since there
may be some relationships among the espymechanisms and functions supplie@uave-
Medanism-Functiorassociation block is called to bind the elements of concern to each other
For instance, when a wecurnwe is introduced, one has to define the mechanism or function
with which it should be associated. The layer binds theectar¢he mechanism or function of
interest and notifies the layer controller and the QoS controller of the change. The layer con-
troller needs to bewaare of the functionsvailable in the layerand the QoS controller needs to
know about the mechanisms to be triggered and their characteristics as well.

11



1

C (N)-Layer Manager >

11
CCurve Mechanism Funcn@s
Consisteny 1. Management request (introduce, update, change
1.1.1 curves, mechanisms or functions)
1.1 Are the supplied parameters consistent?
Curve-Mechanism-Functio 1.1.1 If they are, then bind them to each other
Assomatlon 1.1.1.1 Notify the QoS controller of the change

1.1.1.1.1 If the change may affect the layers below,
111 1 1 112 issue management request to them

8 N) Layer 1.1.1.2 Notify the layer controller of the change
ontroIIer ontroller

1 1111
( (N 1)-Layer Manager )

Figure 8: A processing model for management requestsissued to layer (N)

In this Section, we ha& essentially described oneaythe QoS control and management
requests can be processed within a laieis functional description is used in thexn8ection

with a concretexample, specifically a video-on-demand application. The steps that lead to the
choice of the mechanisms to be performed are outlined.

5 CASE STUDY: A VIDEO ON DEMAND APPLICATION

This section deals with the description of a concratemple related to the transmission of
MPEG-2 video streamsver terrestrial AM networks. We actually aim at finding the best
trade-of between the perceptual video quality and the service cost for a video on demand
(VoD) application. In other wrds, we consider that the user imposes a qualigt et does

not specify the cell loss ratio nor the encoding bit rate. The stream supplied by the video serv
Is assumed to be scalable, so thded#nt levels of quality may bevailable. W& shav now the
decisions the system has to reak order to map this user requirement onto inputs to be sup-
plied to the control mechanisms (Figure 9). Also, the system should be able to send back to the
end-user the bandwidth and the cell loss ratio to betraged with the netark, as well as the

price of the proposed session. Morep since the user does not supply arformation about

the perceiing conditions, these are set to theiraidf values as recommended in [8].

VoD(QualityLevel=4.5) VoD(QualityLevel=4.5)
_—
Networ

-

ProposedSessmn(BR 6.7Mbit/s, ProposedSessmn(BR 6.7Mbit/
CLR=10°, Price=$25) CLR=10°, Price=$25)
End-user i
CLR: Cell Loss ratio Video server
BR: Bite Rate

Figure 9: A video on demand provisioning system

We assume that the video on demand system conforms to the specification proposed by the
ATM Forum in [17]. This specification recommends the transmission of MPEG-2 Single Pro-
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gram Transport Streams (SPTS) at a constant gtackte (CPR) wer the AM Adaptation
Layer 5 (AALS).

The implications of deliering CPR ardwofold. First, the QoS controller has to select a rate
control mechanism which gelates the seer’'s output at a constant bit rate. Therefore, the
only trafic descriptor that has to be determined is the peak bit rate (i.e., the encoding bit rate).
However, this constant bit rate encoding does notvallor the selection of the quality control
mechanism which maintains the qualityeotime at a desiredvel. Second, delvering CPR
implies that a gry small cell loss ratio isxpected from the terrestrialTM network. More-

over, it has been shmn in [4] that a CLR up to I8did not introduce anperceptual dgrada-

tion in the reconstructed video sequenceyipled some basic error concealment techniques
are used. This means that noustmess mechanisms need to be selected by the QoS cantroller
according to the functional model in Sec. 4.

In a word, onlyone mechanismis needed for prading the \6D application considered in this
case studyThis mechanism is thrate control which is requested to produce a constant bit rate
at the video sees’s output. In the follwing paragraphs, we describe thaythe selected
mechanism may be depied, and we identify the parameters to be supplied to it.

The QoS mapping function has to find the best tratibativeen the perceptual video quality

and the service cost using information - specifically empiricalesur\stored in the informa-

tion collecting and management plane (IC&M) (see subsection 2.2). Figure 10 illustrates an
empirical cure shaving the quality rating @rsus both the constant encoding bit rate and the
cell loss ratio in the case of @l application ger an AM network using AAL5 (see [3] and

[4] for more details).
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Figure 10: Empirical curve showing the video quality vs. the bit rate and and the cell lossratio

The CLR haing been set to 19 the working point is determined in the dezdl two-dimen-

sionnal graph represented in Figure 11 and stored in the IC&M plang-asy1 -2 *?)
whereq denotes the qualityvel, r the encoding bit rate, armdandb two parameters which,
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in our case, wluate to 0.45 and 0.2, respeely. Given that cure, we can easily find the
working point.

Let us define the arking point as the encoding bit rate ebavhich the diierence in quality is
less than or equal to 0.1 for an increase of the bit rate of 1 Mbit/s. According to that definition,

the optimal encoding bit rate isvgn by: ‘%’“%EE* bd, which in our case yields 6.7 Mbit/s.
The corresponding price is assumed to be $25. Hence, the session proposed to the user is char-

acterized by the bit rate (6.7 Mbit/s), the cell loss ratic®jLehe price ($25), and the quality
level (4.5). Upon receipt of this session descripttoe user mads the decision whether he or
she wishes to see the w® or not. Another alternat to aoid mary price ngotiation rounds
would be for the user to specify the price he or she is willing to incur for thesiom of the
service. On this basis, the serwould find the optimum wrking point for the session. This
supposes a pricing scheme which weehaot studied yet; this is the reasonywhat alterna-
tive has not been considered.

>

Quality rating
N w »
N (9] \5)) [9)] = [62]
T T T

=
&
T

i

L L L L L
5 10 15 20 25 30
Bit rate (Mbits/sec)

Figure 11: Focusing Figure 10 for CLR = 10°®

6 CONCLUSION

In this paperwe hae investigated the introduction of results obtained in the psycysiph

area into the QoS deéry system. W hare proposed a QoS framerk which abstractsver

this system, yet with a tight connection with the actual processing stepgameldyy the
information coneyed between te end-users. The framwerk is composed of 8 layers - the
end-userapplication, presentation, session, transport, ortwietworking device, connecti-

ity layer - and 4 planes - the useontrol, management, and information collecting and man-
agement plane. The pergeig conditions which &&ct the QoS percegd by the end-user are
taken into account within the end-user layEne influence of those conditions will propaey
directly davn to the application and presentation layers. The other layers are not directly
affected by the perceing conditions. Therefore, we Y& focused on describing the informa-
tion to be controlled and managed at the end-apg@lication and presentation layerse Wae

also proposed a functional model which depicts the processing of control and management
requests issued to a generic layer (N). A scenario afratied use of the information and func-
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tional models has been studied in the case of a video-on-demand application.

Due to the lack of space, we could not report on the real mapping of the QoS parameters across
the layers of the frameork. Early results are proposed in [7]. Morep the implementation of

the entire set of mechanisms to be selected at the presentation layer in order to cope with the
perceving conditions is on the ay. These mechanisms are essentially rate contralstobss,

and quality control.
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