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Abstract — In online multimedia systems resources (e.g. networkagpaare to be evenly distributed
among clients. These clients, however, usually have difta@oS needs, and thus their actual capacity
demands may vary considerably. In such conendistribution is not possible, bufir distribution,
based on subjective client satisfaction must be achivadads In this paper a new metriexponential
scarcity is proposed, that's based on clients’ subjective qualifyegience. It is shown, that a resource
distirbution, where this metric is minimal leads to a baladcsubjective satisfaction of the clients. As a
corollary, the ideal scaling of QoS variations of multimedbntent is proposed.
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1 Introduction

As the internet access becomes more and more widespreaak #relavailable bandwidth and the capacity
of home computers grow, the interest in multimedia conteegpecially movies and music is steadily
increasing [1, 2]. This growth of demand raises a lot of isduem the elaboration of appropriate formats
to the question of copyright and intellectual property.

In the case of multimedia content delivery, the most ressdemanding task is providing online and
realtime playback, for this is what requires the most riggrcompliance to quality parameters. There
is constant research in this area (Video on Demand) [3, 4],dastributed multimedia-servers offer the
most promising results [5, 6]. These systems are, howeaical in the sense that the components of the
distributed server have to be deployed manually onto déstidaost computers.

The Adaptive Distributed Multimedia Server (ADMS) devedapat Klagenfurt University tries to sat-
isfy the clients’ QoS demands with a different approach [Ifje server basically consists of three parts:
(1) Data Managerg¢DM) that store the segments of the multimedia contentD@p Collector§DC) that
collect the segments from the DMs, and stream them to thetsliand (3) a centr&luster Managethat
controls the connections of the two previous componentdtandlients.

In order to satisfy the quality demands as best as possitdeADMS deploys the DCs in a proactive,
dynamic way. Proactivity in this context means that — acicaytb predicted future client-demands — the
DC components are placed on appropriate points of the nktsathat the most clients can be served with
the best quality possible.

The problem of how to measure and compare clients’ satisfait a central question when the task is
to improve client experience. There are two extremes ofityuall services: in best effort QoS the client
can not specify the quality, but may use the resources, andytstem does its best to serve its clients. In
hard QoS the system accepts or rejects clients dependirtgeorguality needs. If a client is accepted, it
is ususally guaranteed that the quality will be providedmimtimedia services the clients usually define
the range of quality they accept. Its lower bound is the wacseptable quality, the upper bound is the
presentation capability of the client’s device. If the dewh#& accepted, the system tries to offer the client
a quality in the range thus specified.

When handling multiple client requests, each with a quadityge or quality list, a multimedia system
has to choose a setting where the most clients can be sengthey get the best quality possible. During
the elaboration of the cost function for the ADMS it was ouncern to provide the fairest possible demand
satisfaction, in other words, we wanted to serve the clieitts equal quality, not prefering anyone to the
others.



2 Related work

Measuring users’ perception of multimedia quality, speditbty QoS metrics is an important research area
in the field of video on demand services. Past results try ko the optimization of users’ satisfaction by
the use of raw QoS parameters [8]. These results, howevstlynaaldress perception regarding the defects
of data flow, like packet loss and rate variations. In the eomof ADMS our goal was to use such a metric
that can be used to compare clients’ satisfaction and to megcirce distribution as fair as possible.

If the clients’ satisfaction is to be taken into account,allsutwo options are used.[9]

e Low level QoS measuremenhere satisfaction is calculated by the measurement ofexdiom pa-
rameters (bandwidth, jitter, latency, etc.), and subyjeatiser experience is out of scope.

e Subjective impact on clientshere satisfaction is evaluated by the clients themseamda formu-
laire is filled in, which is later used to create cumulatechdat

The advantage of the first point of view is that in that casesueament is straightforward, proven
techniques can be applied, and the results can be easilyarethprhe drawback is that usually clients do
not have the knowledge to decide about the demanded vallew d¢ével parameters, and can get upset
or confused if they have to adjust such things. Furtherntbesactual mapping of low level parameters to
clients needs is not solved yet.

The second view eliminates the need to convert low level Qa8 idto the values of subjective experi-
ence, but rather handles these values directly. In that basesver, future demands can not be stated easily,
because a correct mapping from subjective experience ttelet QoS parameters would be needed.

Currently there are attempts of solving the problem econaltyi where measurable QoS levels are
priced, and the clients decide which level has the best ¥aiige ratio for them. For example in [10] an
auction based pricing scheme is proposed for news-on-désmtems. In that case the client admission
is driven by the search for an optimal profit/cost ratio. Tdgproach, however, aims at renegotiated Qos
for short time media access, which is out of our scope.

Our approach tries to give a simple mapping between subgeetiperience and low level QoS pa-
rameters, and tries to make it possible to make a fair digtibwof resources by introducing the term
'exponencial scarcity’.

3 Exponential scarcity

Let’'s assume that each client defines a demand list, wheramdescribes the best quality, demand
the worse. We want to offer each client the demand with theetdwndex possible. For each client let’s
call the index of the accepted demand titeepted indexFirst we defined linear scarcity, that was the sum
of the accepted indices (for clieait is I¢):

Sin: Z |c

veeC

Minimizing this metric we wanted to achive the above goale Tinoblem is that this metric ignores
the differences between the level of qualities each clietd.d_ets consider an example setting, with three
clients, the accepted indexes are:

1=2; l2=2; I3=2;, Sin=6
If we offer client 1 better quality and client 2 worse, then
l1=1; 12=3; I3=2; Sin=6

the linear scarcity is the same, while one client is prefbtoethe others. If the latter setting has less
network demand, it is chosen. It's possible, that a few tdievill get very good qualities, while the rest
only much worse. This is why we call linear scarcity ‘elitist
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Figure 1. Example of exponential scarcity. On the figure eaghrepresents the demand list of a client.
For each demand at the top its index, at the bottom its sgangtght are shown. On this example the
accepted demands are marked with a box, their weights avensh®a wide arrow.

To avoid this phenomenon, we wanted to prefer clients withéi accepted indices (the ‘poor’) to
those with lower indices (the ‘rich’). The metric became exential

Sexp= Z 2k
veeC
This metric is better than the previous, because, if theuress allow, we get a smaller value when
decreasing a higher acceptance index. Minimizing this imate push the accepted indices from above.
The higher the index, the greater its impact (see figure 1).

4 Detailed analysis

The above considerations assume that the clients havéddisiemand lists. In reality clients usually have
very different demands, with different lower and upper basirin that case, how should a demand list be
composed so, that for all clients the percieved subjectigity is almost the same?

In the analysis we use the following model. The resource deimare described by a single real
value. Bigger value means more demand. The clients defingperwand a lower bound, the demand
list is composed by dividing the range. The question is hasdivision should be made. The perceived
subjective quality is the ratio between the upper bound hadtcepted demand quality.

For clientc let uc be the upper boundg the lower bound. The accepted indexddsthe demand at
this indexd.. For each following case we make a calculation, that shoep#rceived subjective quality
in function of the amount of available resource. The lattgrges from O tg .uc. The accepted indexes
are chosen to give a minimum of exponential scarcity, wiiketbtal demang . d. is within the amount
avaliable resources.

1. Two clients, same bounds, different division.

Let’s have two clients that define the same bounds{ u, = u, I, = |, = 1), but the second client
has a shorter list.

Results show that the second client always gets worse yiladin the first, except when there are
enough resources available to serve the upper limits fdr bbthem.

Conclusion: if the upper and lower bounds are the same, faalég the demand list has to have the
same length.
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Figure 2: Example of two clients with same upper (16) butedéht lower bounds (1 and 8 respectively),
and same lengths of demand lists (20). The demands arddistlilinearly.

2. Two clients, same upper bounds, different lower boundsedangth of demand list.

Let's have two clients with the same upper boung=£ u; = u), but different lower boundsy < I7),
and let their lists have the same length. An example setinge seen on figure 2.

As long, as the available resourcesdre less, than the lower bound of the second clierty), the
first client is served. When> |, the second client is be served also, and, because the exjfadine

scarcity is minimal if the accepted indexes are near equalsécond client gets better quality.

The above examples show, that although the clients’ geeraifft quality of service, their accepted
indices are close. Based on that result we can calculateptiraa length of demand lists of the clients.
If the accepted range of quality is to be split exponentialigen the quality served to clieais (n is

the length of the list):

The percieved subjective quality is
lc
_Ge (™ _ &
pe(le) = e (Uc> =0c
Clients with the same accepted indices should have the sarneiped subjective quality, thus

-
ve,d o g =q4; where lc=lq4
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Therefore the length of the list vary with the logarithm oé tipuotient of the lower and upper demand.
Cis an arbitrary constant, which impacts the length of ths.li&n example can be seen on figure 3, which

shows that the perceived subjective quality is indeed agpprately the same.
Note, that the ratio between two consecutive demands in edisbe written as

1The human senses usually perceive external signals witlrithnic scale (e.g. loudness, pitch, luminosity). Therefit is
recommended to use exponential scales in multimedia gsttin
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Figure 3: Example with five clients (only first two shown). Wpmand lower bounds are {16,1}, {8,1},
{8,1}, {8,1}, and {20,2} respectively. The length of the tis varies with the logarithm of the quotient of
the upper and lower bounds, the distribution of the demarntigden the bounds is exponential.
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This result is the same for all clients, thus for all cliertte ratio between consecutive demands is
é. For every client the demands can be selected from the satia $et. If the demands describe the
parameters of multimedia materials, then there is no needeate for each client an own variant of the

material, they can use already existing materials instead.

5 Conclusion

If clients are to be served by Video on Demand servers, theesdias to decide what QoS to provide
to each client. In this paper we proposed a simple medsiponential scarcityhat makes it possible to
provide fair distribution of resources among the clientss proven both theoretically and by simulations
that optimization based on this metric leads to a solutioenalsubjective client satisfaction is nearly the
same even when resources are scare.

As a corollary, it was shown that there is no need to createdoh client an own variant of the material,
for every client the demands can be selected from the saried B@t, and already existing materials are to
be used only.
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