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Abstract. The explosive growth of new multimedia services over the Internet 
necessitates efficient network management. Improved network management 
systems are expected to simultaneously provide diverse multimedia traffic 
services and enhance network performance. In this paper, we propose a new 
online network management algorithm that implements adaptation, reservation, 
and call-admission strategies. Our online approach to network management 
exhibits dynamic adaptability, flexibility, and responsiveness to the current 
traffic conditions in multimedia networks.  

1   Introduction 

Multimedia is a keyword in the evolving information age of the 21st century. In 
recent years, the growth of multimedia applications that can be represented through 
audio and, video streams, images and animations has greatly increased the research 
interest in quality of service (QoS). The ultimate goal of network QoS support is to 
provide applications with a high-quality data delivery service [1]-[2]. 

The different types of multimedia service provided over networks not only require 
different amounts of bandwidth but also have different policy assumptions. The 
heterogeneous multimedia data usually categorized into two classes according to the 
required QoS: class I (real-time) and class II (not real-time). The class I data type has 
a higher priority than class II data type and so a multimedia network should take into 
account the prioritization among different multimedia traffic services [1]-[2]. 

Internet multimedia services have continued to emerge thanks to the benefits 
associated with the stateless architecture of the Internet Protocol (IP), and has made 
the provision of QoS-sensitive multimedia data services an area of great importance. 
However, the Internet is currently not designed to support the performance guarantees 
such as bounded delay and minimum throughput that are generally required for the 
higher priority class I applications [3]. 

QoS provisioning requires the management of admission control [1]-[3]. An 
essential role of call admission is to protect admission-controlled traffic from non-



admission-controlled traffic. The bandwidth of a link on the Internet is shared 
dynamically between class I and class II data services. Since - each service has 
different operational requirements - different admission control rules are applied to 
each application type. For example, based on traffic priority, there can be class I 
applications with strict admission control rules and class II applications with non-
controlled admission rules [3].  

The call-admission mechanism is used to reserve bandwidth. In a reservation 
procedure, some of the available bandwidth is reserved for use by higher priority 
traffic services. Therefore, admission-controlled class I data services can actually 
benefit from bandwidth reservations for QoS guarantees [1]-[3]. 

Efficient network management requirements control decisions that are dynamically 
adjustable. However, at any point in time the future rate of traffic arrival is generally 
not known, and there can be dramatic short-term variations in traffic patterns.  These 
control decisions therefore have to be made in real time.  

Online algorithms [4] are natural candidates for the design of efficient control 
schemes in QoS-sensitive multimedia networks. An algorithm employing online 
computations is called an online algorithm, and the term ‘online computation 
problem’ refers to decision problems where decisions must be made in real time 
based on past events without information about the future.  

Motivated by the above discussion, we propose a new online network management 
algorithm for QoS-sensitive multimedia networks. Our algorithm is designed to 
handle control decisions in an online manner. Due to the uncertain network 
environment, an online strategy based on real time measurements of the current 
network conditions plays an important role in determining the network performance.  

The important features of our algorithm are (i) the inclusion of a QoS guarantee 
that does not reduce the network capacity, (ii) the ability to adaptively control 
congestion so as to maximize network performance, (iii) a low complexity that makes 
it practical for real-world implementation, and (iv) the ability to respond to current 
network traffic conditions for appropriately balancing the performance between 
contradictory QoS requirements.  

2   Proposed Network Management Algorithm 

There are many alternative ways to implement admission control in IP networks with 
a bandwidth broker (BB) being popular in recent years [3].  

Call admission decisions are made according to bandwidth reservation. Therefore, 
this paper focuses on the BB approach for class I call-admission and reservation 
controls. In each routing domain, a BB controls bandwidth reservation and makes 
class I call-admission decisions based on the measured link load information on 
source-to-destination paths. Other BBs in neighboring domains may also have to be 
consulted if the destination is not in the same domain. If there is sufficient available 
bandwidth on the path, a class I connection request is admitted and - the requested 
bandwidth is allocated for all links along the path; - otherwise, this type of call 
request is rejected. 



In multimedia networks, class I traffic services create very regular traffic patterns 
from source to destination, and service levels are specified as a desired peak bit-rate 
for a specific flow. Therefore, controlling call admission and bandwidth reservation 
will allow the QoS for higher priority class I data services to be guaranteed. For 
adaptive online control, our proposed mechanism provides a coordination paradigm 
by employing two approaches: (i) an event-driven approach for call admission and 
(ii) a time-driven approach for bandwidth reservation. This cooperative combination 
provides adaptive online QoS management in multimedia networks.  

The purpose of bandwidth reservation is to ensure some network capacity for class I 
traffic. However, using a strict reservation policy can result in a serious 
underutilization of the bandwidth efficiency. Therefore, reservation strategy allows 
trading-off between bandwidth utilization and QoS guarantees.  

For a given traffic load, there is an optimal amount of bandwidth that should be 
reserved, but this amount naturally varies with the network traffic. To determine the 
optimal amount dynamically, we partition the time-axis into equal intervals of length 
unit_time. Our proposed online algorithm adjusts the amount of reserved bandwidth 
(ResB) based on real time measurements during every unit_time.  

To maintain the reserved bandwidth close to the optimal value, we define a traffic 
window, that is used to keep the history of class I traffic requests (Wclass_I). The traffic 
window is of size [tc - tclass_I, tc], where tc is the current time and tclass_I is the window 
length, and this size can be adjusted in time steps equal to unit_time. The traffic 
window size is increased and decreased if the call blocking probability (CBP) for new 
class I service requests is larger or smaller than its predefined target probability 
(Pclass_I), respectively. The values of ResB can be estimated as the sum of requested 
bandwidths by class I calls during the traffic window: 
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where Ni  and Bi  are the number of class I data requests and the corresponding 
bandwidths of data type i, respectively. Therefore, by using this traffic window, we 
can adjust the amount of the reserved bandwidth (ResB) at every unit_time, which is 
more responsive to changes in the network condition after the bandwidth has been 
reserved.  

A BB monitors the traffic load of each link in its own domain and updates the link 
database by calculating the current amount of unoccupied (UBlink) and reserved 
(RBlink) bandwidth. The total available bandwidth (ABlink) for class I services can be 
estimated as the sum of UBlink and RBlink:  

ABlink =  linklink UBRB +       (2) 



Based on ABlink information, our call-admission mechanism can measure the 
minimum available link bandwidth from source node i to destination node j 
(MABpath(i,j)) according to  
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MABpath(i,j) is used to makes call-admission decisions. 

The bandwidth utilization will be suboptimal - if class I services claim all the 
reserved bandwidth. Since link bandwidth should be shared dynamically between 
class I and class II traffic, our mechanism allows reserved bandwidth to be borrowed 
temporarily for under-allocated or burst periods of existing class II call connections. 
This adaptive bandwidth allocation of reserved bandwidth reduces bandwidth waste 
associated with the reservation process.  

3   Summary and Conclusions 

Heterogeneous multimedia networks such as the Internet should provide QoS 
guarantees through scalable service differentiation, especially under conditions of 
heavy network congestion. In this paper, we propose the network management 
algorithm that balances between a high bandwidth utilization and QoS provisioning 
under a wide variety of network traffic loads. This is achieved by applying ideas from 
the online call-admission mechanism to network congestion controls, with this 
collaborative combination supporting QoS provisioning without sacrificing 
bandwidth utilization.  
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