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This paper discusses in-service methods and models for
monitoring of network performance parameters,
especially cell losses, in ATM networks. A model-based
method to estimate short-term parameters (the size of the
loss-free and loss periods) is applied to real traffic data.
Based on these results a new measure of the short-term
parameters in the cell loss process, expressed in terms of
OAM cells is presented.

���� ,1752'8&7,21

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. The need for Quality of Service (QoS)
guarantees is a growing trend amongst public broadband
network operators as well in the Internet community.
Unlike traditional telecommunication networks today’s
broadband technology integrates a wide range of
services, each with possibly different QoS obligations.
However, since ATM technology is based on packet
mode in order to increase efficiency, the network
performance characteristics are not deterministic,
uniform or static with respect to services, connections
and different time periods. Performance parameters in
fast packet networks, such as information losses and
delays, are clearly decisive for the final QoS experienced
by the end-users. Accordingly, performance management
(comprising monitoring, analysis and control) requires
more differentiated methods than prevalent in the
traditional networks. In ATM networks monitoring of
relavant parameters in the actual user traffic can be
performed via dedicated OAM cells
Cell losses are one of the main sources of performance
deterioration in ATM networks. The purpose of this
paper is to examine possibilities to monitor and estimate
the short-term behaviour of the cell loss process
exploiting in-service methods, as a complement to the
more general and often less informative long-term Cell
Loss Ratio (CLR). In previous research different models
for estimation of these short-term parameters in the cell
loss process, mostly supported by simulations, have been
suggested. The approach in this paper is to examine one
of these models using representative real traffic data
(provided by Telia), and based on the results in this case-

study evaluate the potentials of in-service monitoring
methods for estimation of the cell loss process.
In the remainder of section 1 the concept of OAM-cells
is presented, followed by a review of subsequent
developments in this field. In section 2 models for
estimation of parameters, such as the mean size of the
cell loss periods and loss-free periods, are analysed and
tested against real traffic data. A new, alternative
measure of these parameters expressed in terms of OAM
blocks is considered in section 3. An alternative
technique is also mentioned, followed by a summary in
section 4.

�����,Q�VHUYLFH�0RQLWRULQJ�8VLQJ�2$0�&HOOV

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. Besides 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 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 fig. 1.
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Fig. 1: 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).

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 fig. 2.
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Fig. 2: The format of the OAM cell used for performance
monitoring, starting with the cell-header at the left.



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. According
to the recommendation I.610 the following parameters
can be measured:

• Cell Error Ratio (CER).
• Severely Errored Cell Blocks (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.
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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, delimit and analyse performance
deterioration. Another model, that also uses OAM cells
as an infrastructure, based on intelligent agents for
surveillance and congestion control in ATM networks
has been presented by D. Gaiti and G. Pujolle [Pujolle].

The above examples of further development of OAM
cells indicate the need for more general-purpose
mechanisms in ATM layer management. The next
section focuses on measurement and estimation of the
cell loss process, which is one of the dominating sources
behind performance deterioration  in ATM networks.
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Cell losses in ATM networks are mainly caused by
overflow in buffers but also by cell discards due to
policing functions, misinserted cells and transmission
errors. The impact of cell losses on the QoS  is
considerable for a large range of telecommunication
services. For example the behaviour of transport
protocols such as TCP (Transmission Control Protocol)
is influenced by cell losses causing re-transmissions of
packets and impaired performance.
For a cell loss ratio of 10-8 and an average bit rate of 1.5
Mb/s the mean time interval between consecutive cell
losses is 1.7 days, and correspondingly 2.8 sec for a 135
Mb/s connection with CLR=10-6. However, several
studies show that cell losses are not uniformly distributed
but instead exhibit a bursty behaviour that could be
captured in terms of cell loss-free periods, cell loss
periods and CLR for the loss bursts [Telia1]. The
parameter CLR is a long-term average measure that does
not reveal the short-term properties of the cell loss
process. A cell loss period is defined as a block of cells
beginning and ending with lost cells containing less than
(or equal to) K consecutive cells, as shown in fig. 3.
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Fig. 3: Definition of a cell loss period beginning and ending with
lost cells (shaded) and containing less than (or equal to) K
consecutive ‘loss-free’ cells.

The Interrupted Poisson Process (IPP), that is used in
several analysis to model the bursty nature of the cell
loss process, was originally presented by Kuczura (1973)
to describe overflow traffic in the telephony network
[Kuczura]. This model, or the discrete counterpart IBP
(Interrupted Bernoulli Process), can be seen as a special
case of a Markov Modulated Poisson Process (MMPP)
primarily utilised to model traffic sources (see e.g.
[Onvural] and [Maglaris]).
The IPP model represents a Poisson process that is
turned on for an exponentially distributed period of time
(active or busy period) and turned off for another
exponentially distributed period of time (silent period).
In this case the active periods correspond to a cell loss
bursts, and the silent periods correspond to loss-free
periods. The inter-arrival distances between losses within
the cell loss periods are also assumed to be exponentially
distributed. For the IBP model, which is a discrete
version of IPP, these periods are geometrically
distributed. Let 1/α and 1/β denote the average duration
of the active (loss) period and the silent (loss-free) period



and let λ denote the loss generating rate during a loss
period. The probability distributions are then given by:

Pr{X≤t}=1-e-αt  ; Pr{Y≤t}=1-e-βt  ; Pr{Z≤t}=1-e-λt.
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Two possible cases of performance monitoring scenarios
are illustrated in the measurements presented below. The
first measurement (performed on Telias commercial
ATM network) represents a case where a PVC
(Permanent Virtual Connection) configured for typical
LAN traffic utilises the remaining capacity on a link that
carries CBR (Constant Bit Rate) traffic. LAN traffic
between two routers has been recorded during 24 hours
as shown in fig. 4 [Telia2].
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Fig. 4: LAN traffic measurement. The buffer with CBR traffic is
given priority in the multiplexing process.

Before entering the buffer (size=630 cells) sequence
numbers and time stamps are assigned to the cells. The
average rate of the user traffic is 1.6 Mb/s and the peak
rate is 9 Mb/s during the 24 hour period. This traffic is
multiplexed together with CBR traffic (from a generator)
that could be chosen arbitrary in order to achieve a
desired level of cell loss ratio. The CBR traffic, that
passes a separate buffer, is given priority which in this
loaded case results in a cell loss ratio in the order of
5∗10-5 for the recorded data traffic (and an equivalent
bandwidth of 23400 cps). If the cell losses were
uniformly distributed the time interval between two
consecutive losses would be approximately 5 seconds.
However, the fact that cell losses appear in bursts is not
evident from the overall CLR measure.
While the first case represents typical LAN traffic, the
second measurement, that was performed on Stockholm
Gigabit Network, concerns video traffic [SGN]. Cell
losses from VBR video traffic (cell B coded, Sun video)
and CBR background traffic that use a common buffer
were recorded during half an hour. In both measurements
instruments developed in the RACE project PARASOL were
used.
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The short-term parameters of the cell loss process from
the measurement data were analysed using MATLAB®
and MATEMATICA®. The statistical properties of the size
of the cell loss periods, the cell loss-free periods and the
distances between losses in the loss period were studied
for K=32, 64, 128, 256, 512 and 1024 cells (in
accordance with the definition illustrated in fig. 4). In fig.
5-8 the histograms of these periods (for K=32) from the

24 hours measurement of data traffic are shown. The
distribution of the length of the loss period (fig. 5)
exhibits a general shape that resembles the exponential
distribution, while the histograms of the loss-free period
(fig. 6-7) seem more akin to the H2 distribution. The loss-
free periods contain rare events of great magnitude
(1.2∗108 cells) while the main part of the loss-free
periods are substantially lower (75% of the loss-free
periods are shorter then 1600 cells). The ratio between
the mean length of the loss-free period and the mean
length of the loss period is around 10000:1 for K=32
cells and 4300:1 for K=1024 cells. Fig.8 shows that in
approximately 95% of the all cases the distance between
losses in  a loss burst is one or two cells.
A comparison between the exponential distribution and
statistical data for these periods shows that the duration
of the loss period is accepted as an exponential
probability distribution (according to the χ2

0.05 test) for
K=32, 64, 128 and 256 cells (and rejected on the 5%
level for K=512 and K=1024). When K increases the
number of loss periods are reduced and the distribution
loses more and more of its exponential nature. The
hypothesis that the loss-free period and the distance
between losses in the loss period behave according to an
exponential probability distribution was rejected on a 5%
risk level according to the χ2 test for all values of K. The
loss-free period is probably better approximated by the
H2 distribution.
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Fig. 5: Histogram of the length of the loss period, K=32. Mean
value = 121 cells and the standard deviation, σ=125 cells.
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Fig. 6: Histogram of the length of the loss-free period, K=32.
Mean value = 1.2∗106 cells and σ=8.6∗106 cells.
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Fig. 7: The first part of the distribution of the length of the loss-
free periods in fig. 6. (75% of the events ). As seen in fig. 6 the
tail stretches up to 1.2∗108 cells.
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Fig. 8: Histogram of the inter-arrival distances between losses in
the loss period, K=32. Mean value=1.7 cells and σ=2.6 cells.

In the second measurement of cell losses (from traffic
consisting of video sessions and CBR background
traffic) the histograms of the loss-free and the loss
periods exhibit properties that resemble the exponential
distribution in both cases. However, none of the loss or
the loss-free periods were accepted as an exponential
distribution on the 5% risk level in the χ2 test. Compared
to the former case with LAN traffic the ratio between the
lengths of the loss-free periods and the loss periods are
substantially lower, 20:1 for K=32 cells and 2:1 for
K=1024 cells.
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A prerequisite for the statistics presented above is access
to special test measurement equipment, something that is
not feasible for extensive performance management of
entire networks. As demonstrated in section 1.1 an
infrastructure of dedicated OAM cells is a possible
method for monitoring of ATM networks. Amongst
others Murakami et al have presented a method for
estimation of the short-term parameters in the cell loss
process that uses OAM cells. This method, based on the
Interrupted Poisson Process, is supported by simulations
of multiplexed voice and data transmissions (see [NTT]
and [ICC91]). In our study the above method has been

applied to the cell loss measurements presented in
section 2.1-2.2. The question is how well the short-term
parameters in the cell loss process can be estimated by
means of monitoring cells and a model-based approach.
In [NTT] a relationship between the probability of a
single cell loss OAM block1 and the mean length of the
cell loss period is presented. The prerequisite is still that
the cell loss process acts according to an interrupted
Poisson (or Bernoulli) process (with alternating
exponentially/geometrically distributed loss periods and
loss-free periods). Given certain input data from the
measurements (the number of lost cells, sent cells, loss
bursts and also the number of OAM blocks that contain
exactly one loss burst), the mean duration of the loss
period and of the loss-free period as well as CLR for the
loss bursts can de estimated. The result from the
estimation of the short-term parameters in the cell loss
process originating from the LAN traffic measurement is
summarised in table 1.

OAM
BLOCK
(CELLS)

LOSS
PERIOD
(CELLS)

LOSS-FREE
PERIOD (CELLS)

CLR WITHIN
CELL LOSS
PERIODS

1024 1300/839
(55%)

3.55∗106/3.64∗106

(2%)
0.17/0.26
(35%)

512 435/423
(3%)

2.60∗106/2.65∗106

(2%)
0.37/0.38
(3%)

256 285/293
(3%)

2.18∗106/2.21∗106

(1%)
0.47/0.46
(2%)

128 250/203
(23%)

1.76∗106/1.80∗106

(2%)
0.44/0.54
(19%)

Table 1: The mean length of the cell loss period and the loss-
free period and also CLR for the loss period. The format is
‘estimated/measured’ values with the relative error in brackets.

The estimation of the mean length of the loss period is
quite uncertain with relative errors ranging from 1% up
to 55% compared to the actual measured values. Since
the mean length of the loss-free period is considerably
longer, the relative errors become small. In the second
measurement (video and CBR traffic) the relative errors
concerning the duration of the loss period range from 1%
to 18%, and from 1% to 5% for the loss-free periods.
However, a prerequisite for the model is that the number
of loss periods is measured accurately. The results shown
in table 1 are obtained from the true (measured by
sequence numbers) number of loss periods. In fact, it is
not feasible to exactly measure the number of loss bursts
via monitoring cells. The reason is that OAM cells are
not aware of ZKHUH�in the monitoring block the lost cells
were located. Consider the following event: a loss period
ends in the beginning of one OAM block and (K or more
cells ahead) a new loss period begins in the next OAM
block. Although two different loss periods actually have
occurred only one loss period will be detected and
registered. Hence, the method will underestimate the
actual number of loss bursts2 which results in additional

                                                          
1 i.e. the ratio between the number of events when a loss burst is
completely enclosed between two consecutive OAM cells (an OAM
block) and the sum of all loss bursts. The largest number of
consecutive cells between lost cells (K) in a loss burst is equal to the
length of the OAM block.
2 In this study the estimated number of loss bursts, using OAM cells, is
16%  (in mean) beneath the measured value.



errors. Using these values measured by OAM cells in the
estimation of the mean length of the loss-free period will
result in relative errors that range from 10% to 35%.
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There are basically two different obstacles in estimating
the short-terms parameters in the cell loss process. First,
the statistical behaviour of the cell loss process in the
studied material is not always in accordance with the
exponential distribution, which is required by the applied
model. Especially this seems to be the case for the length
of the loss-free period in the LAN measurement, but also
regarding the length of the loss period when K is large.
These deviations from the model assumptions probably
explain the relatively high errors in estimating the mean
length of the cell loss period. If the loss-free periods are
considerably longer than the loss periods, the relative
errors concerning the loss-free periods become rather
small. Hence, provided that the ratio between the length
of these periods is high, the model seems to produce
reasonable estimations of the mean size of the loss-free
period, even though the statistical prerequisites are not
fulfilled. It seems, however, that the cell loss process in
the LAN traffic case is too complex for the IPP model to
handle with stable and accurate results.
The second obstacle concerns the limitations in feeding
the model with correct input data. Although OAM cells
are suitable for monitoring of the user traffic in many
respects, they are however not able to count the actual
number of cell loss periods (which is necessary input
data for the model). Even though it might be possible to
improve the method and also to obtain a better
approximation of the number of loss bursts, the
fundamental shortages still remain. For that reason it
seems appropriate to consider alternative ways to
approach the problem as well.
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A new measure of the relevant parameters in the cell loss
process using OAM cells as an infrastructure for
measurements can be defined in terms of the size of the
monitoring block (the number of user cells between two
consecutive OAM cells). The length of the cell loss
period can be expressed as the number of consecutive
OAM blocks that contain lost cells. In the same manner
the length of the loss-free period can be expressed in
terms of the number of consecutive OAM blocks without
any lost cells in the payload. The cell loss ratio for the
loss bursts (CLRB) is accordingly defined as the ratio
between lost cells and totally sent cells in those OAM
blocks that constitute the loss period. In a way this
measure is similar to SES and SECB regarding bit
errors3. The number of consecutive OAM blocks for each
period can be measured directly and the estimation
procedure is no longer needed. The mean length of the
loss-free period in the LAN traffic case is 4741 OAM
blocks (σ=16158) and the number of loss periods are 60
during the 24 hour monitoring period (with OAM blocks
                                                          
3 SES is Severely Errored Seconds and SECB is Severely Errored Cell
Blocks.

of 1024 cells). The mean length of the loss period is 2.5
OAM blocks (σ=2.1) and CLRB=0.12. Additional
valuable information about the distribution of these
parameters can be obtain from fig. 9-11 for further
statistical analysis. This new proposed measure differs
from the former definition of a loss period (in section 2)
in some respects.
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Fig. 9: Histogram of the length of the cell loss period expressed
in number of OAM blocks (1024 cells).The mean value is 2.5
OAM blocks.
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Fig. 10: Histogram of the distribution of the length of the loss-
free period expressed in number of OAM blocks (1024 cells).
The mean value is 4741 OAM blocks.
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Fig. 11: Histogram of the number of lost cells in OAM blocks
(1024 cells) in cell loss periods. The mean value is 121 cells.

As previously explained it is not possible to trace the
positions in the OAM block that the lost cells occupied,
which explains why a number of relatively small loss-



free periods are not detected. Since the lost cells are not
uniformly distributed over the entire OAM block the
actual size of a loss period is often shorter than the OAM
block (see fig. 11). Altogether this means that the
proposed method will underestimate the number of
periods (loss periods as well as loss-free periods) and
overestimate the mean size of both periods compared to
the former definition of a loss period in section 2.
However, these differences decrease if the size of the
OAM block is shorter.
Considering the demonstrated shortages of the model-
based estimation of short-term parameters of the cell loss
process this proposal to express those periods in terms of
the number of consecutive OAM blocks seems robust
and useful. In future work it is feasible to further improve
the measure through statistical analysis of the
distributions exemplified in fig. 9-11, but also in
examining alternative techniques.
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A well known problem in monitoring cell losses under
normal conditions (in the network not as loaded as the
cases in this study) is the exceptionally long
measurement times often needed to determine whether a
certain limit of the cell loss ratio has been reached or not.
One method  to overcome the problem, discussed in
several papers, is to monitor the arrival process. This
approach utilises the linear relationship between the
buffer size and the logarithm of the CLR. The method is
valid for Markovian sources and even under more
general condition, see e.g. [Zhu] and [Crosby]. Small
virtual buffers are used to detect CLR in the order of say
10-2-10-3 and these results can then be extrapolated to the
actual size of the physical buffer, a procedure that
considerably shortens the monitoring times. Since buffer
management techniques, such as ‘per VC-queuing’, are
emerging for ATM switches this method for CLR
monitoring might be extended to handle separate
connections as well as aggregated traffic.
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The need for Quality of Service (QoS) guarantees is a
growing trend amongst public broadband network
operators as well in the Internet community. One of the
main sources of performance deterioration in ATM
networks are cell losses. The bursty nature of the cell
loss process, illustrated in the paper by statistics from
measurements of data and video traffic, is not clear from
the overall CLR measure. This contribution has focused
on in-service methods and statistical models for
monitoring and estimation of these short-term parameters
in the cell loss process. The study shows that estimation,
based on an IPP model, of the length of the loss-free and
loss periods using OAM cells exhibit quite uncertain
results. The reasons are mainly two; first the inability of
OAM cells to accurately measure necessary parameters
(such as the exact number of loss bursts), and secondly
the deviation of the cell loss process in the studied traffic
data from the required exponential distribution of the
length of the loss-free and the loss periods. Considering
these shortcomings a new measure of the mean size of

these periods, based on monitoring cells and expressed
solely in terms of the number of consecutive OAM cells
that these periods comprise, is suggested.
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