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Abstract— Efficient dynamic resource provisioning algorithms
are necessary to the development and automation of Quality of
Service (QoS) networks. The main goal of these algorithms is to
offer services that satisfy the QoS requirements of individual users
while guaranteeing at the same time an efficient utilization of net-
work resources.

In this paper we introduce a new service model that pro-
vides quantitative per-flow bandwidth guarantees, where users
subscribe for a guaranteed rate; moreover, the network period-
ically individuates unused bandwidth and proposes short-term
contracts where extra-bandwidth is allocated and guaranteed
exclusively to users who can exploit it to transmit at a rate higher
than their subscribed rate. To implement this service model we
propose a dynamic provisioning architecture for intra-domain
Quality of Service networks. We develop an efficient bandwidth
allocation algorithm that takes explicitly into account traffic
statistics to increase the users’ benefit and the network revenue
simultaneously. We demonstrate through simulation in realistic
network scenarios that the proposed dynamic provisioning model
is superior to static provisioning in providing resource allocation
both in terms of total accepted load and network revenue.

Index Terms: - Dynamic Bandwidth Allocation, Service Dif-
ferentiation, Service Model.

|. INTRODUCTION

Efficient dynamic resource provisioning mechanisms are
necessary to the devel opment and automation of Quality of Ser-
vice networks. In telecommunication networks, resource alo-
cationis performed mainly in astatic way, on time scales onthe
order of hours to months. However, statically provisioned net-
work resources can become insufficient or considerably under-
utilized if traffic statistics change significantly [1].

Therefore, a key challenge for the deployment of Quality of
Service networks is the development of solutions that can dy-
namically track traffic statistics and allocate network resources
efficiently, satisfying the QoS requirements of users while aim-
ing a maximizing, a the same time, resource utilization and
network revenue. Recently, dynamic bandwidth allocation has
attracted research interest and many a gorithms have been pro-
posed in the literature [1], [2], [3], [4].

In this paper we introduce a new service model that, first,
provides a quantitative bandwidth guarantee to users and then
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exploits the unused bandwidth individuated periodically in the
network to propose short-term guaranteed extra bandwidth. To
implement this service model we propose a dynamic provi-
sioning architecture that allows, based on traffic statistics mea-
sured on-line, to react automatically to changes in bandwidth
availability and to allocate resources efficiently within a service
provider's network.

In the rest of this abstract we describe in some detail our
proposed service model and provisioning architecture and we
evaluate the performance of the proposed scheme in realistic
network scenarios.

. SERVICE MODEL AND DYNAMIC PROVISIONING
ARCHITECTURE

In this paper we propose a new service model that provides
quantitative per-flow bandwidth guarantees, where users sub-
scribe for a guaranteed transmission rate. Moreover, the net-
work periodically individuates unused bandwidth and proposes
short-term contracts where extra-bandwidth is alocated and
guaranteed exclusively to users who can better exploit it to
transmit at a rate higher than their subscribed rate. To imple-
ment this service model we propose a distributed provisioning
architecture composed by core and edge routers; core routers
monitor bandwidth availability and periodically report thisin-
formation to ingress routers using signalling messages like
those defined in [2]. Moreover, if persistent congestion is de-
tected, core routers notify immediately ingress routers. Ingress
routers perform a dynamic tracking of the effective number of
active connections, as well as their actual sending rate. Based
on such information and that communicated by core routers,
ingress routers all ocate network resources dynamically and ef-
ficiently using a modified version of the max-min fair alloca-
tion algorithm proposed in [5]. Such allocation is performed
taking into account users' profile and willingnessto acquire ex-
tra bandwidth based on their bandwidth utility function. The
alocation is then enforced by traffic conditioners that perform
traffic policing and shaping.

I11. NUMERIC RESULTS

In this Section we comparethe performance, measured by the
average accepted load and network revenueversusthe total |oad
offered to the network, of the proposed dynamic bandwidth al-
location algorithm with a static provisioning strategy. Network
revenueis defined as the average extra utility that derives from
extra-bandwidth allocation. We refer to different network sce-
narios to cover awide range of possible environments.



In the first scenario we gauge the effectiveness of the pro-
posed traffic-based bandwidth alocation algorithm. We con-
sider, in line with [1], [2], a scenario that consists of a
single-bottleneck with 2 core nodes, 24 end nodes (12 source-
destination pairs) and traffic conditioners at the edge. All links
are full-duplex and have a propagation delay of 1 ms. The ca-
pacity of the links connecting the two core nodes is equal to
3 Mb/s, and that of the links connecting the end nodes to core
nodesis 2 Mb/s. We use 12 Exponential On-Off traffic sources;
the average On time is set to 200 s, and the average Off time
is varied in the O to 150 s range to simulate different traffic
load conditions while at the same time varying the percentage
of bandwidth left unused by every connection. Six sources have
apeak rate of 40 kb/sand a subscribed rate of 100 kb/swhilethe
remaining sources have a peak rate of 1 Mb/s and a subscribed
rate of 300 kb/s. The algorithm updating interval isset to 20 s.
We assume, for ssimplicity, that all users have the same utility
function proposed in [3], [6], U(z) = 1 — e=+%, that models
the perceived utility of real-time elastic traffic for an alocation
of z bandwidth units. The parameter 4 is set asin [6].
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Fig. 1. Averagetota accepted load versus the average total load offered to the
network in the single-bottleneck topology
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Fig. 2. Average total network revenue obtained versus the average total load
offered to the network in the single-bottleneck topology

Figures 1 and 2 show, respectively, the average total load ac-
cepted in the network and the corresponding total revenue as a
function of the average total load offered to the network. It can
be observed that our dynamic provisioning algorithmis very ef-
ficient in resource allocation compared to a static provisioning
algorithm for all values of the offered load, providing improve-
ments up to 60% in the total accepted traffic.

We then considered a more realistic scenario that consists of

6 nodes and 8 bidirectional links, all having a capacity equal
to 2 Mb/s and propagation delay of 1 ms. In this topology, 6
Exponential On-Off traffic sources are considered: 3 sources
have a peak rate of 100 kb/s and a subscribed rate of 250 kb/s;
2 sources have a peak rate of 1 Mb/s and a subscribed rate of
500 kb/s and the last one has a peak and subscribed rate of 1
Mb/s. All other parameters are set as in the previous scenario.
In this scenario, various connections compete for network ca-
pacity with different connections on different links.

Also in this scenario the dynamic allocation algorithm out-
performs static allocation, as shown in Figures 3 and 4, thus
proving the benefit of the proposed scheme. These results ver-
ify that our allocation algorithm allows service providersto in-
crease network capacity utilization and conseguently network
revenue with respect to static provisioning techniques.
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Fig. 3. Averagetota accepted load versus the average total load offered to the
network in the second topology
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Fig. 4. Average total network revenue using dynamic bandwidth allocation
versus the average total load offered to the network in the second topol ogy
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