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Abstract
The provisioning of end-to-end services in the presence of trac aggregation is evaluated in the framework of the
Dierentiated Services (diserv) QoS architecture. The eect of stream multiplexing on delay and jitter-sensitive trac
is analyzed through an experimental approach. Aggregation is evaluated in three dierent scenarios: with dierent
aggregate trac loads, with a variable number of ¯ows multiplexed in the same class, and with dierent packet sizes.
Two dierent scheduling algorithms are considered: Priority Queuing (PQ) and Weighted Fair Queuing
(WFQ). Ó 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
The Dierentiated Services (diserv) QoS architecture, speci®ed in RFC 2475, is based on the
aggregation of streams into classes and on the
provision of QoS to the class instead of the single
¯ow [1,2,4,5]. The per-class packet treatment is
de®ned by the Per-Hop Behavior (PHB), which
describes the packet handling mechanism a given
class is subject to [3]. Packets are classi®ed by access routers or hosts through trac ®lters: the class
to which a packet is bound is identi®ed by a speci®c code in the diserv ®eld called DSCP (DiServ
Code Point) as speci®ed in RFC 2474. Classi®cation and marking are performed at the ingress of a
given domain. Only edge routers have access to the
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policy for the binding between packets and classes.
Core diserv nodes only manage classes; i.e., no
per-¯ow information is deployed in the core. This
is to move the network complexity from the core
to the edge.
In this paper, we focus on one aspect of diserv:
the provision of end-to-end services in the presence
of trac aggregation. While the mixing of dierent
streams into one class is an inherent property of
diserv and is fundamental for improved scalability of the architecture, the interference between
packets of multiple ¯ows ± that are treated in an
undierentiated way within a class ± can have an
in¯uence on the end-to-end performance of the
single stream.
While aggregation is of relevance to diserv,
this issue does not arise in QoS architectures, such
as ATM and intserv [7±9], that provide ®nely
grained QoS by supporting quality of service to the
¯ow: both the stream and the reservation pro®le
are advertised through a signaling protocol so that
streams are treated independently. The problem of
per-¯ow performance under aggregation is a topic
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that still needs more research for better understanding. In this work, we address the problem
through an experimental approach by running
tests over a diserv test network. Given a reference
stream to which measurement applies, the endto-end performance of one stream in the class is
evaluated in dierent scenarios: for dierent aggregation degrees, dierent loads, and dierent
packet sizes.
In order to keep the end-to-end behavior of a
¯ow in accordance with the contract, policing,
shaping or other forms of trac conditioning may
be adopted. In this work, we call stream isolation
the capability of a network to preserve the original
stream pro®le when it is transmitted over one or
more diserv domains in an aggregated fashion.
The maximum degree of trac isolation is similar
to that achieved when a dedicated wire carries each
stream. In this work, we estimate the trac isolation supplied in dierent trac and network scenarios in order to evaluate the feasibility of the
QoS architecture being tested and to identify the
conditions for maximum isolation.
2. Trac aggregation
The behavior of a diserv network is related to
the type of packet treatment in use, in particular to
the scheduling algorithm adopted. Given the large
variety of schedulers, we restrict our study to two
well-known solutions: Weighted Fair Queuing
(WFQ) [15±21] and Priority Queuing (PQ) [22,
23,29]. We develop the study of PQ in detail and
compare the performance of the two.
According to the WFQ algorithm, packets are
scheduled in increasing order of forwarding time,
which is an attribute computed for each packet
upon arrival. It is a function of both the packet
size and the weight of the queue the datagram
belongs to. On the other hand, with PQ [8,9], every
time the ongoing transmission is over, the priority
is checked: the priority queue is selected for
transmission if it contains one or more packets,
while the transmission control is released only
when/if the priority queue is empty. While WFQ
provides a fair distribution of link capacity among
queues, PQ is starvation-prone.

Given the dierence between the two algorithms, their performance is compared under different trac scenarios to identify the most suitable
approach for the provision of delay, jitter and
packet loss guarantees. The goal is to identify
con®guration guidelines for the support of the
Expedited Forwarding (EF) [6] PHB for the support of services. End-to-end performance measurement is applied to a single stream in a class,
which we call a reference stream in this paper. We
assume that the class the reference stream belongs
to applies for the EF PHB, since the goal of con®guration tuning is the limitation of one-way delay, jitter and packet loss. Nevertheless, the results
of this work can be applied to any trac class that
is subject to PQ or WFQ.
Given a diserv node, aggregation occurs when
bundles of streams, coming from two or more
dierent input interfaces, belong to the same PHB
or PHB group and are sent to the same output
interface. It can happen that in the long or short
term ± depending on the packet rate of the streams
± arrival times of packets belonging to dierent
bundles are close to each other, so that packet
collision occurs. Collision can produce packet accumulation, i.e., instantaneously non-empty
queues as illustrated in Fig. 1. As stated in [6,10],
given a diserv node, packet clustering in the
queue can be avoided if the minimum departure
rate, i.e., the output rate of a given trac class, is
strictly greater than the maximum arrival rate, i.e.,
the maximum instantaneous input rate, when
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Fig. 1. Aggregation of streams and packet clustering in the
output queue.

