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Abstract
It is necessary to control service requests with definite

criteria in order to ensure end-to-end guarantee of Quality of

Service (QoS) in the constraints limited system capacity. For

including the aspect of system operation in the performance

index, we define a system cost function as 'GAIl' with the

terms 'reward' and 'penalty' respectively. Thus we find the

allocation set which maximizes the system GAIL and the

service guaranteed conditioning. For the performance

analysis, we show that the system can be modeled as

M/G/m/m with limited capacity, investigate GAIL under

various traffic conditions in context ofNGN realization.

1 Introduction

Multimedia service mentioned as a representative
service in NGN, usually takes up lots of resources

because of its characteristic such as the amount of data

transferred and specified user groups, etc. Hence for

supporting these kinds of service such as IP TV and
Video-on-Demand (VoD), multicast technology is

usually deployed in order to make the best utilization
of limited resources. Deploying multicast for

convergent solutions from QoS-guarantee perspective
to user demands for specified user groups is an issue
that needs to be effectively addressed for NGN

realization.
To address mentioned issue, we propose a system

resource allocation algorithm for supporting
multimedia services efficiently using multicast

technology based on limited system capacity.
Considering the aspect of the performance of the

system, which has the authority for controlling service

requests, three classes of service priority are assumed
in this paper.

We describe briefly network architecture, system

modeling in chapter 2 and cost model in chapter 3 and
propose system resource allocation algorithm. In

chapter 4, we perform the performance analysis to

show the optimal system resource allocation set and
how it is dependent with traffic conditions.

2 Network Architecture and System Model
For the multicast service in NGN, it is assumed there
are one service provider and multiple receivers.
Service request is usually controlled by the ingress
system. However, in a practical integrated NGN

deployment scenario, the egress system instead of the
ingress one would execute admission control under
the assumption that transmission between the ingress
and egress system is reasonably guaranteed. This is

compatible with traditional models of ingress
-controlled admission control.

For the one service, we start with three kinds of
service requests: Guaranteed Service (GS), Premium
Service (PS) and Best Effort Service (BES) in the
order of descending priority (GS >PS >BES). Based
on the priority, service degradation should be
considered in this paper.

For the egress system modeling, we assume that
the egress it has the authority to limit the client

requests per class and allocates the total system

capacity N into nGS , nps and nIBES sub-capacities

corresponding to GS, PS and BES respectively. Within
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a class, admitted service requests occupying system

capacity can be serviced equally by means of the
multicast copy function performed in egress system.

Accordingly, all service requests are assumed to be
Poisson processes with rate 2 and service time is
generally distributed [1, 2] with mean 1/,. Each

request requires one unit capacity directly mapped to

the unit client. Based on the above assumptions, the
system can be modeled as a MlGlmlm queueing
system [3] which can maximally service N clients
considered to comprise three parallel subsystem such
asAI GI G In GSI M cGI nPslnpsand M CGInBES InBES -

M I GI GS InGS queue is for GS clients only with the

arrival rate equal to <GS. service rate is ip where

there are i GS clients being served, and the number

of GS multicast sessions equal to nGS Subsystems

for PS and BES can be applied as the GS queue

structure except that there can be service requests
more than one class according to the service
degradation policy.

Fig 1 Eges Syte Moeln

Fig. 1illustrates the egress system modeling

Fig I Eges Syste ModeinMgrMf

Fi.I ilutae the eges sytem mdln

comprising of three sub-systems which administrate

admission control for service request.

3 Cost Model

The performance index being considered takes both
4rewards' and 'penalties' of clients into consideration.
It is termed as the system total pay-off rate and

referred to as 'system GAIN'. It is first introduced in

[4, 5] as the average amount of reward received by the

system per unit time of serving a request.
As the aspect of system, reward and penalty is

assigned to a value when the client is serviced

successfully or rejected. The value is expressed as the

weighting factor by letting the reward and penalty of
BES be absolute value '1'. For example, if the system

on average services N, clients per unit time and rejects

M, clients per unit time, then the system GAIN is

E N,RX -Z MXLX (1)

Rx and Lx denoting the reward and penalty (loss)

of X where X = GS, PS and BES.

4 Performance Analysis
Having described details of our revenue based
resource allocation algorithm, we now turn to

evaluating its performance using numerical analysis.

A. System GAIN
Now we analyze the performance index system
GAIN. For the calculation of degraded service

request, we consider the loss model of MIGImlm
system. Where the average arrival rate is A and

service time is X, the MlGlmlm loss model and its
equilibrium state probabilities are defined in [3] as

k
p

Pk =
in n k=0J m (2)

n=O n!

where p = A / u and the blocking probability
PB = Pm Using (1) and (2), we can derive the GS, PS

and BES sub-system GAINs and total system GAIN

by summing each sub-system GAINs.

B. System GAIN
Fig. 2 shows the example of system GAIN under the
condition where system capacity N is 100, request
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arrival rates of GS, PS and BES are equally 40, mean

service time is 1, the reward and penalty ratio of

BES:PS:GE are equal to 1:2:4 and 1:2:3 respectively.
Then we find the optimal allocation set as (43, 45, 12)

which maximizes the revenue and its corresponding
system GAIN is 203.08.

Fig. 3 Optimal Allocation Set for Heavy Traffic Load

Fig. 2 Distribution of System GAIN

In addition, we investigate the optimal allocation
pattern when the traffic intensity changes. Fig.3 shows
the result under the condition traffic load is light as

,GS (GS service request arrival rate) increases. Notice

that light traffic load is assumed when the service
request arrival per each class is equal to 40. Also the
heavy traffic load denotes when the service request

arrival per each class is equal to 80 respectively. The
resource for GS is linearly intended to increase

according to A,,. However, the resource for PS and

BES is reducing slightly. For the case of heavy traffic
condition pictured in Fig.4, the resource for GS is also

linearly risen according to2GS . On the other hand, the

BES resource is not allowed to service due to the
reward ratio. Economically says, the opportunity cost

for BES is much smaller than one of GS and PS class.

Thus the resource for BES is apt to be neglect as 2GS

increases when the traffic load is heavy.

Fig. 4 Optimal Allocation Set for Light Traffic Load
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