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Abstract
7KH� LQWURGXFWLRQ� RI� VZLWFKHG� YLUWXDO� FRQQHFWLRQV� DQG
YDOXH�DGGHG� VHUYLFHV� LQ� $70� QHWZRUNV� FUHDWH� QHZ
FRQGLWLRQV�IRU�QHWZRUN�PDQDJHPHQW��$�JHQHUDO�PRGHO�IRU
SHUIRUPDQFH� PDQDJHPHQW� LQ� VZLWFKHG� EURDGEDQG
QHWZRUNV�� EDVHG� RQ� LQWHUDFWLRQ� EHWZHHQ� PDQDJHPHQW
IXQFWLRQV� DQG� FRQWURO� IXQFWLRQV�� LV� SUHVHQWHG� LQ� WKLV
SDSHU�� )LQDOO\�� LQ�VHUYLFH� PHWKRGV� IRU� PRQLWRULQJ� RI
QHWZRUN�SHUIRUPDQFH��HVSHFLDOO\�FHOO� ORVVHV�� LQ�VZLWFKHG
$70�QHWZRUNV�DUH�FRYHUHG�LQ�PRUH�GHWDLO�

���,QWURGXFWLRQ
The current and expected introduction of more refined
products in the telecommunication networks, such as
multimedia and other value-added services, means that
management of broadband networks faces new
challenges. Network operators offering services with
specified guarantees for Quality of Service (QoS)
accordingly have to monitor and control relevant network
performance parameters. However, these management
services will be carried out in a more dynamic and
complex environment than today. Besides permanent
connections, a signalling system that enables end-users to
activate services on-demand is required when the number
of users, the variety of services and the traffic load grow.
Since the capability to provide services with different
levels of guarantees for QoS is a cornerstone in modern
telecommunication systems, flexible and effective
methods to monitor and control parameters pertinent to
network performance are unavoidable.
The purpose of this paper is to discuss these new
conditions for network management, focusing on
performance management in ATM networks. Besides a
background to the issue, a general framework for
performance management in switched broadband
networks is presented in section 2. In-service methods for
monitoring of network performance parameters,
especially cell losses, in the user plane in switched ATM
networks is the focus in section 3. The approach adopted

in this paper is believed to facilitate solutions for
performance management in a more complex
environment than today.

���3HUIRUPDQFH�0DQDJHPHQW�LQ�6ZLWFKHG
$70�1HWZRUNV
Unlike Permanent Virtual Connections (PVCs) in current
ATM networks, Switched Virtual Connections (SVCs)
are configured dynamically on-demand by the end-users.
These mechanisms, emerging in today’s networks, are
implemented in the user-to-network interface based on
standards such as UNI 3.1/4.0 (ATM Forum) and Q.2931
(ITU-T), and between network nodes based on protocols
such as P-NNI, B-ISUP and B-ICI.
In future signalling systems, separation between call
handling and connection handling is considered to
increase flexibility, and also to facilitate a more efficient
distribution of resources within the network (see e.g.
Magic [RACE], Expanse [Minzer] and DPCA [La
Porta]). Moreover, the introduction of different service
platforms in order to provide value-added services calls
for some kind of session control (or ‘service signalling’)
to handle the relation between the service logic and the
resources in the connectivity networks used by the
platform.
Performance monitoring of dynamically established VC
(Virtual Channel) connections is difficult to handle for
several reasons. The network management system may
not be aware of when and where the connections are set
up and released, and is not informed about the routing
throughout the network. These problems were recognised
as ‘open issues’ in a EURESCOM project [P515] and
were also addressed in a contribution to NOMS’96
[NOMS96].
Against this background, a framework for performance
management in switched broadband networks, focusing
on performance monitoring of the user plane in the ATM
layer, is discussed in the following subsections. The main
idea is that a close interaction between the call control
functions and the management functions provides



possibilities to differentiate performance monitoring of
switched virtual connections. This has to be based on a
policy that defines the aims and objectives for
performance monitoring.

����3ROLF\�%DVHG�3HUIRUPDQFH�0DQDJHPHQW
An overall performance management service, comprising
monitoring, evaluation and control, covers the user plane
as well as the control plane (e.g. discussed at IS&N’95 by
[Georgatsos]). This section focuses on objectives for
performance monitoring of the user plane in ATM
networks.
One obvious purpose is to support performance analysis
of the network as a whole, specific subnetworks or links.
Another goal for performance monitoring is to verify the
QoS offered to customers in traffic contracts or Service
Level Agreements, which also might require translations
of network parameters into QoS parameters. Unlike the
traditional telephony network where every call exhibits
similar performance characteristics, ATM networks
enable integration of different service classes, which
means that the QoS parameters vary for each individual
call or connection. For that reason operators and their
customers have an interest in performance reports that
reveal more detailed information than merely general
descriptions of the aggregated traffic on the links in the
network. Hence, for monitoring purposes, a set of
relevant network performance parameters, representing
mainly loss of information and delays, has to be
specified. An operator also has to decide whether end-to-
end connections and/or certain segments within the
connections are meant to be monitored. Furthermore, the
focus might be on all or certain service/traffic categories,
or possibly on particular parameters in connections used
by specific customers. The measurements needed for this
variety of surveillance objectives are preferably carried
out using in-service methods applied to the actual user
traffic. One example of a measurement function is
collection of samples of specified parameters from
connections belonging to specific service classes or from
every connection belonging to certain links during a time
interval. However, in order to achieve reliable and
significant results in a cost-efficient way, a trade-off
between continuous measurements and sampling has to
be considered. Thus, performance monitoring functions
include the pertinent network parameters (and threshold
values), the entities (or domains) to be monitored such as
links, connections and services, the method for
monitoring (e.g. in-service methods) and the appropriate
statistical methods to be used.
From a network provider's point of view it would be
advantageous to specify the monitoring functions in terms
of different monitoring policies (possibly for different
domains), in order to hide implementation details and

concentrate on the functional level. As the complexity of
distributed, heterogeneous networks and services
increases, the idea of policy-based management is
becoming even more important for network operators
(see e.g. [Sloman] and [Cisco]).

����$�*HQHUDO�)UDPHZRUN
A general framework for performance management in
switched ATM networks has to include a model for
interaction between what is referred to as the
management plane and the control plane in the ATM
reference model [I.321]. Information that the
management system lacks concerning the dynamic
behaviour of the connections is hidden in the call control
system. These mechanisms (signalling, routing, resource
handling etc.) are in possession of the information needed
to carry out performance monitoring such as when a
session is being set up, the participants in the session and
the route in the network. Provided that data from the
control plane and management plane is regarded as a
common resource this information base is available for
the management functions as well. The question is rather
if it is feasible to synchronize these functions from
different domains and possibly different time scales, and
how it can be implemented.
A general model for interaction between the management
plane, consisting of plane and layer management in the
switching systems, the network management system and
the control plane functions is depicted in figure 1.
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Fig. 1. Control and management functions.

The network management system is responsible for the
overall monitoring objectives throughout the network.
The plane management function in the switching systems
co-ordinates all management activities in a node and
handles communication with the central network
management system. Performance monitoring of the
ATM layer in the nodes is carried out by Layer
Management and can be implemented using in-service
methods, such as dedicated monitoring cells (further
developed in section 3).
The control system detects a pending service/call through
the ‘set-up’ message that comprises information about the
end users, the service class, the QoS parameters etc.



Moreover, the control system carries information about
the chosen route in the network and the  bandwidth
allocated for the connections being set up. The layer
management system is notified and may, depending on
the monitoring policy, activate monitoring cells (or use
other possible techniques) between the endpoints of a
connection or for segments along the connection. The
collected information is then stored in a management
information base supervised by the network management
system. However, this additional functionality provided
by the above or similar models increases complexity and
processor load in the systems as well.
The above reasoning assumes that the assignment of
logical channels is not structured with respect to different
service categories. In ATM networks Virtual Path
Connections (VPCs) provide convenient means of
grouping similar Virtual Channel Connections (VCCs).
This possibility, often referred to as network resource
management [ATMForum], to separate traffic flows
according to various service characteristics could
facilitate performance monitoring. Coordination between
performance management functions and network resource
management and routing is a way to simplify monitoring
of various service classes and groups of connections in
the network. On the other hand, monitoring of SVCs
requires synchronization of call control and management
functions as demonstrated earlier. A comparison between
these two different but not excluding approaches is
however a subject for a separate paper.

����,QWHUDFWLRQ�%HWZHHQ�WKH�0DQDJHPHQW�3ODQH
DQG�WKH�&RQWURO�3ODQH
As discussed in the previous section interaction between
management and control is a key issue in management of
switched ATM networks. However, this integrated
approach is not limited to performance monitoring. The
ACTS project REFORM is an example of integration
between fault management, resource management and
control in ATM based networks. More specifically, the
purpose is to integrate load balancing, OAM restoration,
dynamic routing and resource management [IM97].
Generally there are obvious advantages in regarding data
used by respectively control and management systems as
parts of a common information base. As an example the
routing and signalling system P-NNI collects and uses
information about faults and performance parameters
throughout the network, while at the same time the
performance management system collects similar data.
In recent years architectures for providing services in
telecommunication networks, sometimes referred to as
service platforms built upon different connectivity
networks, have attracted considerable interest. In this
context, management is often treated as an integrated and
dynamic part of the telecommunication service.

Configuration, alarm handling and other functional
components are in that approach tied to the service
through interfaces (e.g. according to a ‘pick and mix
principle’[TINA]), which underlines the need for
interaction between management functions and, in this
case, service (session) control functions.
The platform X-bind (a broadband kernel for multimedia
services from CTR at the University of Columbia, New
York) has an architecture that integrates management and
signalling based on a common information structure
[Lazar]. Differences regarding functionality, but also
various real-time requirements, are the main reasons for a
division of this framework into specific layers
(information transport, connection management, resource
control and network management). Each function utilises
a common information base, the Binding Interface Base
(BIB), shared by the whole system via different
interfaces.

���$Q�,QIUDVWUXFWXUH�IRU�,Q�6HUYLFH
0RQLWRULQJ�RI�WKH�$70�OD\HU
A general model for performance management in
switched broadband networks was discussed in the
previous section. However, a prerequisite for
implementation of these management services is that
efficient methods to measure and monitor relevant
network performance parameters exist. The following
section presents in-service methods as a feasible
infrastructure for performance monitoring of ATM
networks. These dedicated monitoring cells, periodically
inserted between user cells, provide a mechanism for
measurements that reflect relevant parameters in the
actual user traffic.

����,Q�6HUYLFH�0HWKRGV
OAM cells, standardised by ITU-T [I.610], can be
regarded as an infrastructure for in-service monitoring of
the ATM layer in the networks. ATM layer management
is co-ordinated and supervised by the overall plane
management, which is responsible for other functional
areas as well (fault, configuration, security and
accounting management) in a switching system. Plane
management also handles communication with the
network management system, for example a TMN system
using SNMP or CMIP over a ‘Q like’ interface (see
[I.321], [I.311] and [Chen2]). Besides in performance
management, OAM cells are also defined for fault
management.
On the Virtual Path level (the F4 flow) monitoring cells
are identified by certain reserved VCI (Virtual Channel
Identifier) values, and on the Virtual Channel level (the
F5 flow) the Payload Type Identifier (PTI) indicates
whether a cell contains user data or OAM information.



The F4 and F5 flows and surrounding layers are
illustrated in figure 2.
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Fig. 2. OAM principles for ATM and surrounding layers.

The main idea is that OAM cells should experience the
same conditions as the cells that carry user traffic. These
monitoring cells are periodically inserted between blocks
of user cells as illustrated in figure 3. The length of the
block size and the direction (forward monitoring and
backward reporting) of the monitoring process are
decided in the activation procedure. The format of the
monitoring cell is shown in figure 4.
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Fig. 3. The average size of the monitoring blocks defined
by ITU-T (the block size is permitted to vary 50% up or
down from these nominal values.
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Fig. 4. The format of the OAM cell used for performance
monitoring, starting with the cell-header.

In the forward direction a Monitoring Cell Sequence
Number (MCSN) keeps track of lost OAM cells. The
Total User Cell Number (TUCN) is the number of ATM
cells transmitted since the last OAM cell. A Block Error
Detection Code (BEDC) is calculated over the preceding
block and an optional time stamp can be inserted. In the
backward reporting section the Total Received Cell
Count (TRCC) is indicated together with the result of the
block error check. The monitoring procedure can be
defined between the endpoints of the connection (VPC or
VCC) or for segments within the connection. Segment
mode gives a possibility to delimit the source of
performance deterioration along a connection. Keeping to
the recommended format in I.610 the following
parameters can be measured:

• Cell Error Ratio (CER).
• Severely Errored Cell Block (SECB), meaning more

than M errored cells or more than K lost or
misinserted cells.

• Cell Loss Ratio (CLR). Notice that the case where the
number of lost cells equals the number of misinserted
cells is interpreted as if no cell losses existed.

• Cell Transfer Delay (CTD) and Cell Delay Variation
(CDV). This requires some kind of synchronization
between the clocks in the switches.

����,QWHUDFWLRQ�ZLWK�6LJQDOOLQJ
For Permanent Virtual Connections (PVCs) OAM cells
can be activated through a management system when the
PVC is configured. However, depending on the
monitoring policy these configurations might have to be
adjusted. A management system should enable the
network operator, or possibly a customer-based
management system, to change the rules for activating
monitoring cells.
On the other hand, a management system is not aware of
when and where Switched Virtual Connections (SVCs)
appear in the network. Thus, activation of OAM cells (a
layer management function) has to be triggered by the
signalling system (a call control function). This could for
example be implemented using parameters in the
signalling messages. When a call is being set up the
decision whether monitoring cells are to be activated or
not is made by the layer management system, based on
the rules in the monitoring policy deployed in the
network by the network management system as
demonstrated in section 2.1.

����*HQHUDO�SXUSRVH�0DQDJHPHQW�&HOOV
Besides these monitoring functions, Chen et al.
recommend a broader definition of management cells
carrying for example network state information (e.g.
congestion levels, available bandwidth), control
information (e.g. routing changes, bandwidth allocation)
and administrative information (e.g. resource usage,
encryption keys). The proposal can be viewed as an
adjunct protocol defined for a special class of control
packets similar to Internet Control Message Protocol
(ICMP) messages in the Internet Protocol. Furthermore,
Chen et al. suggest that intermediate nodes along a
connection should have the ability to add information to
the OAM cell. This extended function facilitates
measurements of CTD/CDV without clock
synchronization and also a more detailed analysis of
information collected along a connection that comprises
several nodes [Chen1]. A model for estimation of CDV
and CTD without clock synchronization has been put
forward by C. Roppel exploiting round-trip
measurements with OAM cells and a model for
estimation of the differences between the clocks
[Roppel].



In the same spirit a ‘hybrid performance management
scheme for OAM functions supporting OoS management
in ATM networks’ is suggested by Young-Il Kim et al.
[ICC97]. In this proposal a management system has the
capability to switch between the F4 and F5 levels, and
also between end-to-end and segment monitoring modes
in order to detect and analyse performance deterioration.
Another model, also using OAM cells as an
infrastructure, that is based on intelligent agents for
surveillance and control of congestion in ATM networks,
has been presented by D. Gaiti and G. Pujolle [Pujolle].
Murakami et al. have used a model based on
measurements provided by OAM cells in order to
estimate parameters in the cell loss process [NTT]. The
above examples of further development of OAM cells
indicate the need for more general-purpose mechanisms
in ATM layer management.

���&RQFOXVLRQV
A general model for performance management, especially
performance monitoring, in switched ATM networks
based on interaction between different levels of
management and control functions has been presented. In
this context, some components in a policy-based
performance monitoring service, provided by the network
management system, have been identified. Dedicated
monitoring cells constitute a feasible infrastructure not
only for in-service monitoring of the actual user traffic
but is also for more general-pupose management
functions. Since the capability to provide services with
guarantees for QoS is a cornerstone in modern
telecommunication systems, the development of flexible
and effective methods to monitor and control pertinent
performance parameters are necessary. The approach
outlined in the paper is believed to facilitate such
solutions for performance management in more complex
environments than today.

5HIHUHQFHV
[ATMForum] UNI 3.1, section 3, Traffic control functions, pp.
92-94, ATM Forum, 1994.
[Chen1] T. Chen, S. Liu, D. Wang, V. Samalam, M. Procanik,
D. Kavouspour: Monitoring and control of ATM networks
using special cells, IEEE Network, Vol 10 No 5, Sept/Oct
1996, pp. 28-38.
[Chen2] T. Chen, S. Liu: ATM Switching Systems, Artech
House, 1995.
[Cisco] Switched management migration, policy-based Intranet
services, Cisco whitepaper.

[Georgatsos] P. Georgatsos, D. Griffin: Management services
for performance verification in broadband multi-service
networks, proceedings from Third international conference on
intelligence in broadband networks (IS&N’95), Lecture notes in
computer science (Springer) pp. 275-289, Greece, October
1995.
[I.311] B-ISDN general network aspects, ITU
Recommendation I.311, ITU-T, 1993.
[I.321] B-ISDN protocol reference model and its application,
ITU Recommendation I.321, ITU-T, 1991.
[I.610] B-ISDN operation and maintenance principles and
functions, ITU Recommendation I.610, ITU-T, 1995.
[ICC97] Young-Il Kim, Jai-Hoon Chung, Chang-Soo Lim, Jai-
Yong Lee, Sang-Bae Lee: A hybrid performance management
scheme for OAM functions supporting QoS management in
ATM networks, ICC 1997, Montreal, 8-12 June 1997.
[IM97] S. Sartzetakis, P. Georgatsos, G. Konstantoulakis, G.
Pavlou, D.P. Griffin: Unified fault, resource management and
control in ATM-based ICBN, IM’98, San Diego 1998.
[La Porta] T.F. La Porta, M. Veeraraghavan: An experimental
signaling architecture and modular signaling protocols, XV
International Switching Symposium (ISS95), Vol 2, pp. 244-
248, Berlin April 1995.
[Lazar] M.C. Chan, J.F. Huard, A. Lazar, K.S. Lim: On
realizing a broadband kernel for multimedia networks, CTR,
Columbia University.
[Minzer] S. Minzer: A signalling protocol for complex
multimedia services, IEEE Journal on selected areas in
communications, Vol. No 9, pp. 1383-1394, December 1991.
[NOMS96] W. Donnelly: The Management of VC-based
switched ATM networks, Network operations and management
symposium, NOMS’98, Kyoto, Japan, April 1996, pp. 145-154.
[NTT] H. Murakami, N. Sato, T. Okamoto: Monitoring method
for cell transfer performance in ATM networks, NTT Review,
Vol 4, No 4, July 1992.
[P515] European switched VC-based ATM network studies,
EURESCOM project P515, 1996.
[Pujolle] D. Gaiti, G. Pujolle: Performance management issues
in ATM networks: traffic and congestion control, IEEE/ACM
Trans. on networking, Vol 4, No 2, April 1996.
[RACE] A. Paglialunga, L. Ronchette, L. Faglia, S. Minzer:
The control of network resources for complex B-ISDN services,
IFIP TC6 second international conference on broadband
communications, Paris, 2-4 March, 1994.
[Roppel] C. Roppel: Estimating cell transfer delay in ATM
networks using in-service monitoring methods, Proceedings of
Globecom 1995, Singapore, pp. 904-908.
[Sloman] M. Sloman (editor): Network and distributed systems
management, Addison-Wesley, 1994.
[TINA] TINA-C Service Architecture 4.0, TINA-C, October
1996.


