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Abstract 
This paper presents a framework for dimensioning policing functions based on 
parametric stationary models of VBR video traffic carried over ATM networks. 
Parametric models for wide sense stationary processes such as AR and ARMA 
have been used to accurately model VBR video sources but have been limited to 
simulation studies because analytical studies of such queueing models are not 
tractable. This paper investigates the use of a stochastic bounding inteJVal (SBI) 
approach to characterise VBR video source traffic. Based upon such a 
characterisation, policing functions with a (a, p) constraint are then relatively 
easy to define. The approach described is fairly general and can be extended to 
other parametric models of wide sense stationary processes. 
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1 IN1RODUCTION 

In .recent years there has been significant progress towards the deployment of a 
high speed network capable of flexibly supporting digital video technologies. 
This Integrated Broadband Network (IBN) will enable services such as Video on 
Demand (VoD), video conferencing, broadcast IIDTV and a range of possible 
multimedia services. The major drivers for this development effort have been the 
ATM paradigm and video compression techniques such as the Motion Picture 
Expert Group (MPEG) standard. Amongst the many traffic classes carried by 
ffiNs, delay-sensitive Variable Bit Rate (VBR) video traffic presents a unique 
challenge to network providers, who hope to guarantee a stringent QoS for traffic 
adhering to its ATM traffic contract. This traffic contract will be negotiated 
between the network users and the network provider during the call establishment 
phase and the resultant parameters will form the basis of the connection. Usage 
Parameter Control (UPC) or "policing functions" will enforce this ATM traffic 
contract at the network interface to ensure that any unintentional or malicious 
behaviour of some network users will not result in performance degradation for 
others (ITU-TRec. 1.371,1993). 

Video and multimedia applications will constitute a major portion of broadband 
traffic, which suggests an urgent need to develop source models of VBR video 
traffic for its performance evaluation. Several traffic models have been proposed 
to characterise VBR video traffic by a stochastic process such as a Markov chain, 
AutoRegressive (AR), Transform Expand Sample (TES) and self similar. The 
adoption of a deterministic algorithm for conformance testing by international 
standardising bodies (ITU-T Rec. 1.371, 1993), namely the Generic Cell Rate 
Algorithm (GCRA) suggests the use of traffic models which have a similar 
characterisation as the GCRA. The GCRA has a simple traffic constraint function 
that provides an upper bound for traffic conforming to a particular GCRA. 

In this study an AR model for VBR video traffic is developed from real MPEG 
encoded video traffic streams (Rose, 1995a). This AR model is then transformed 
into a characterisation more suitable for dimensioning policing functions, i.e. a 
Bounding Interval Dependent (BIND) characterisation (Knightly, 1995) by 
obtaining time epsilon M,e(n) quantile curves. Finally, a framework for 
dimensioning GCRA policers on the basis of this characterisation is presented. 

The paper is structured as follows. Section 2 starts with a brief description of 
VBR video codecs and a review AR models for VBR video. It then briefly 
describes the (MPEG) standard for video compression and develops an AR 
'Group of Pictures' GOP layer based model of MPEG-1 video data traces. Section 
3 develops the stochastic BIND characterisation from the AR models of VBR 
video sources. Section 4 reviews peak and sustainable cell rate (SCR) policing 
and shows how (o, p) constrained policers may be used to ensure conformance at 
the ATM-UNI. The paper ends with some concluding remarks about this 
approach. 
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2 VBR VIDEO 'IRAFFIC 

A video clip is made up of a sequence of frames. Each frame consists of a 
number of lines of pixels (picture elements), where each pixel contains colour 
and brightness information. Thus, frames are bi-directional arrays of pixels. H 
encoded digitally, a bandwidth of approximately 160 Mbps is required to transmit 
uncompressed video sequences. Thus it is possible, even allowing for the huge 
capacity offered by optical fibre links, to saturate a high speed link with only a 
few video streams. The spatial and temporal redundancy of video sequences can 
be removed and a variety of compression algorithms are applied to reduce the 
required rate. Constant Bit Rate (CBR) codecs code each frame by approximately 
the same number of bits, which can cause some frames to be encoded at a better 
quality than others. Variable Bit Rate (VBR) codecs overcome this problem by 
generating a variable amount of bits per frame to keep the picture quality near 
constant: the number of bits per frame reflecting the activity associated with that 
frame. Such coding is ideally placed to exploit the statistical multiplexing 
associated with ATM networks and, consequently most studies focus on VBR 
video traffic (Rose, 1993). 

2.1 AutoRegressive Traffic Models 

Autoregressive models defme the next random variable in the sequence as an 
explicit function of the previous variables within a given time window. A linear 
pth order AR process {y1} denoted by AR(p) is defmed by 

p 

Yt. EakYt-k +u, 
k=l (1) 

• { u1} is a zero mean independent and identically distributed (lid) process with 

variance o2u termed the 'innovation', 

• { ak, 0 ~ k ~ p} is a finite sequence of AR coefficients with "o = 1, aP * 0. 

AR models are particularly suitable for modelling VBR video traffic because 
successive frames within the same scene generally have very little visual 
variation. Only scene changes (and other visual discontinuities) result in abrupt 
changes in the frame rate. 

VBR traffic can be broadly classified into two types(Onvural, 1994): 

• Uniform Activity Level represents applications in which the change in 
information content is not significant between consecutive frames, e.g. video 
telephony. Analytical models for such video sources are characterised by an 
exponentially decaying correlation function. This property is also present in 
frame-buffered video sources. 
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• Nonuniform Activity Level represent high activity sources such as motion 
video. Here. in addition to the short-term fast decaying correlation. there is a 
long term slow decaying correlation. Thus. the correlation function for 
nonbuffered video sources consists of periodically occurring peaks called 
recorrelatioos' that decay exponentially. 

The fllSt autoregressive (AR) model of a single uniform-activity level video 
source was presented for a video telephone scene (Maglaris. 1988). In the same 
spirit. AR processes have also been used to accurately model uniform activity 
level VBR video sources (Nomura. 1989).(Heyman. 1992). 

Sequences with high motion activity representing the second class of VBR 
video sources have been modelled by more elaborate models constructed from 
composite AR processes. One study involves the use of two fllSt order AR 
processes to capture the autocorrelation and a third process to incorporate the 
extra bits generated during scene changes (Ramamurthy. 1992). In a second study 
the time varying AR parameters are determined from the state of a Markov chain 
(Yegenoglu. 1993). In another study. a composite AR model depending upon the 
level of motion-activity in the fields is described (Jabbari. 1993). It is also 
possible to model the periodic cell stream of a VBR video codec (conditional 
replenishment) without a frame buffer as an ARMA process (Grunenfelder. 
1991a. b). 

2.2 MPEG Video Traffic 

At present. the Motion Picture Expert Group (MPEG) coding standard seems 
poised to be adopted as the de-facto standard for transmitting video services on 
ATM networks in the near term. The standard specifies a digital video 
compression technique that is capable of reducing the raw bandwidth between 
twenty to fifty fold. depending on the application and the desired picture quality. 
This makes the transmission of VCR-quality images within a limit of 1.544 Mbps 
bandwidth possible. The MPEG standard uses block based motion compensation 
for reducing the temporal redundancy and utilises the discrete cosine transform 
for a reduction in spatial redundancy. Tbe.re are two MPEG standards for video 
coding. i.e. MPEG-1 and MPEG-ll. MPEG-n allows for layered coding and the 
compression of high-resolution signals at bit rates up to 10 Mbps while the 
MPEG-1 fuoctionalities constitute its subset. In a layered coding scl.leme. the 
most important video information is contained in a base layer. In addition to the 
base layer. one or more enhancement layers are used to improve the quality of the 
video sequence. This study focuses on single-layer MPEG-1 encoded video 
streams. 



306 Part Four Traffic and Congestion Control 

120 

90 
en 
CD 60 

(.) 

30 

0 
1 13 25 37 49 61 

Frames 

Figure 1 A Typical MPEG-I Encoded Sequence of Frames. 

Figure 1 illustrates the ATM cells per frame for a typical l\.1PEG-I encoded 
sequence. There are three coding modes, resulting in three types of frames: 

• I-frame: intra frame coded (this frame has the maximum number of bits per 
frame), 

• P-frame: predictive coded with reference to the previous frame, 

• B-frame: bi-directional predictive coded. 

The encoded sequence consists of frames arranged into a deterministic periodic 
sequence 'Group of Pictures' (GOP). In Figure 1, the GOP sequence is 
'IDBPBBPBBPBB'. The first frame of a GOP is an I frame. I frames refresh the 
frame sequence, prevent error propagation across OOPs and can only be 
moderately compressed. In Figure 1, frame numbers 1, 13, 25, 37 and so on are I 
frames. P frames are coded with reference to a previous I or P frame. In Figure 1, 
frame numbers 4, 7, 10, 16 and so on are P frames. The l\.1PEG standard allows 
backward in time prediction as well as interpolation by using previous as well as 
future frames for motion compensation and these bi-directional predictive coded 
frames are termed 'B' frames. In Figure 1, frame numbers 2, 3, 5, 6, 8, 9, and so 
on are B frames. The periodic GOP structure results in a variety of statistical 
properties (Rose, 1995b). 

A first look at a typical MPEG-I frame sequence (Figure 1) suggests that it 
would ideally be suited to seasonal time series modelling. In the context of 
Sustainable Cell Rate SCR policing of MPEG-I video sources, aggregate statistics 
play a dominant role and thus a model based on the GOP layer rather than the 
frame layer would be more appropriate. 
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2.3 A GOP Layer Based Model for MPEG Video Traffic 

This section develops and tests the efficacy of a discrete-time parametric model 
based on the GOP layer of MPEG-I encoded video sequences. These MPEG-I 
encoded video sets are available from the Institute of Computer Science at the 
University of Wtirzburg (Rose. 1995b). The data sets consist of the number of 
bits per I, B and P frame from several movies, TV sport events and TV shows and 
reflect the diversity of video traffic. 

All of the data sets are encoded using the following parameter set: 

• Each frame consists of one slice; 
• The GOP sequence is 'ffiBPBBPBBPBB' (12 frames); 
• Quantiser scales: 10 <n. 14 (P), 18 (B); 
• Motion vector search: logarithmic/simple; window: half pel; reference frame: 

original; 
• Encoder input 384x288 pels with 12 bit colour information; 
• Number of frames per sequence: 40000 (about half an hour of video) 
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Figure 2 Sample :MPEG-I GOP (bond) Sequence. 
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An MPEG-I bit stream per frame sequence can be reconstructed by interleaving 
the I, B and P bits per frame according to the deterministic 'mBPBBPBBPBB' 
periodic GOP sequence used to encode the video traffic sequences. A time 
series, {y1} consisting of the number of ATM cells in a GOP was calculated for 
each data set assuming a 44 bytes payload per ATM cell by reserving 4 bytes for 
the ATM adaptation layer. Figure 2 shows the ATM cells per GOP sequence for 
the James Bond movie 'Gold Finger' as an example of {y1}. 
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AR MODELLING OF MPEG-1 VIDEO 
The sample autocorrelation sequence { r k} of a time series is an important 

diagnostic tool in examining the dependence of a time series. Figure 3 shows the 
correlogram. i.e. the sample autocorrelation function for different lags k. for three 
sample sequences. 
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Figure 3 Sample Autocorrelation Sequences. 

In Figure 3 it can immediately be noticed that the sample autocorrelation 
function does not decay rapidly. Since. in qth order moving average MA(q) 
models the autocorrelation function is zero for lags beyond q. MA(q) models can 
be tentatively ruled out. 

The autocorrelation of an AR(p) series decays exponentially and remains non 
zero for a number of lags. For AR processes. the sample partial autocorrelation 
function at lag k denoted by { +' kk }is an extremely useful measure in determining 

the order p of the AR process. f+al is defmed as the correlation between the 
forwards and backwards prediction error and essentially is the correlation 
between 
Yt and Yt-k after removing the effect of the intervening variables Yt-J• y,_2 •...• 

Yt-k+I· For an AR(p) model. f+t.tl = 0 'V k > p. 
From their sample partial autocorrelations functions the video sequences can 

broadly classified into two categories. The first category can be approximated as 
an AR(l) process while the second category can be represented as an AR(2) 
process. 

For the fU"St category. the sample partial autocorrelations { +' kk} are statistically 

significant at lag 1 and rapidly fall to zero for all lags greater than 1. Figure 4(a) 
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shows the sample partial autocorrelations {ell' kk Vs. lags k} for a number of 
representative of the GOP sequences. Figure 4(a) clearly demonstrates that for 
these sequences { cjl' kk} attenuates rapidly after the first lag and. thus, these MPEG 
video sequences could be modelled by an AR(l) process. 
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(a) Category # 1. 
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Figure 4: The Partial Autocorrelation Function W kk Vs. k ). 
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Table 1 AR Estimates for the GOP Sequences 

Sequences MeanE{yJ Std [yJ AR(l) (AR2) constant (c) 

[yJ (cells/GOP) (cells/GOP) (al) (tlz) (cells/GOP) 

term 372.2 128.33 0.6818 118.4 

talk1 497.3 160.62 0.8924 53.5 

mtv1 839.5 390.86 0.737 140.7 

soccer_f 923.6 351.69 0.9902 -0.164 161 

race 1047.8 395.21 0.9767 -0.136 166.9 

bond 829.0 310.11 0.9983 -0.106 89.3 

In the second category. the sample partial autocorrelations { +' kk} are nearly 
unity for the first lag. { +' kk} are negative in the range minus 0.1 to minus 0.3 for 
the second lag and rapidly attenuate for lags beyond two. The presence of a pole 
near unity results in the slow decay of their autocorrelation functions. Figure 4(b) 
shows the sample partial autocorrelations { +' kk V s. lags k} for typical sequences 
representing this category. From Figure 4(b), it is evident that this category of 
MPEG video sequences could be more suitably modelled by an AR(2) process. 

Table 1 shows the AR estimates obtained using the criterion of unconditional 
least squares for the sequences (Minitab, 1994). All the sets were found to be 
heavily correlated with a single pole generally in the region of 0. 7 to 0.9 or with a 
pole close to unity and another in the range -0.1 to -0.3. Using the AR 
coefficients in Table 1, to determine parameters the GOP sequences can be 
approximated by: 

t:?!O (2) 

For example, the cells/GOP sequence for 'term' (Terrminator 2) can be 
represented by: 

Y1 • 0.6818 y1_1 + 1184+u1 t:?!O (3) 
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3 BIND CHARACTERISATION 

A Bounding Interval Dependent (BIND) characterisation of a traffic source 
captures the source's behaviour over different time scales. An intuitive property 
of such a characterisation is that, over longer intelVal lengths, a source may be 
bounded by a rate lower than the its peak rate and closer to its long term average 
rate. The time e-quantile functions 'MJn)' of a traffic source for a particular 
quantile level 'e' are a stochastic BIND characterisation and specify the 
maximum number of arrivals in an inte1Val of length nT for a given probability 
(1-e). where Tis the slot duration and n is the number of slots. 

A first order mean centred Gauss-Markov process resembles an AR(l) process 
except that it starts at t = 0 and, hence. may not be Wide Sense Stationary 
(WSS)*. The process is asymptotically stationary as the effects of the initial 
conditions become negligible as I-+ oo, thus 

1:::!:0 (4) 

where la11< 1. is necessary to ensure stability of the process. If the number of 
cells arriving per GOP is distributed as a Gauss Markov process. then the number 
of cells arriving in n successive OOPs {Snl can be iteratively calculated as 
follows: 

sl = Y1 = "1 

S2=y2+St=U2 +(al+l)·ul 

S3 =y3 +S2 =u3 +(a1 +1)·u2 +(a12 +a1 +1)·u1 

(5) 

This effectively gives the number of cells arriving in the intelVal (0, nT), where T 
is the period of a frame. {Snl is a scaled sum of n iid Gaussian random variables. 
The variance propagation equation defines the variance of this sum. thus 

(6) 
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The time £-quantile functions for the asymptotically stationary AR (Gauss
Markov) processes can now be evaluated by obtaining a numerical solution to the 
equation: 

co 

Jf(x)·dx=e (7) 
Me(n) 

wberej(x) is the pdf of {Snl· Figure 5. illustrates normalised ME(n)/n curves for a 
first order Gauss Markov process with a unit variance zero mean Gaussian 
innovation process. The Min)/n curves in Figure 5, have been normalised to Ko 
u• where ou is the standard deviation of the innovation and the scaling parameter 
K = 1. K gives the deviation from the mean in units of standard deviation. For a 
particular £-quantile, K can be obtained by solving P[Sn lou> K] = E. 
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Figure 5 Normalised Min)/n Curves for an AR (Gauss-Markov) Process. 

A large deviation result for the asymptotics of the sum of Gauss-Markov 
random variables with a correlation coefficient 'a1' and innovations {un} is that 
they are the same as the asymptotics of a sum of lid random variables with a 
modified distribution u1/(l-a1) (Bucklew, 1990). The Min)/n functions for the 
sum of lid Gaussian random variables converge at a rate llvn or identically: 

Min)/n = Mil>Nn (8) 
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This makes it trivial to calculate M,j.n)/n once Me(l) has been obtained from a 
solution to Equation 7. By applying large deviation theory. an approximate 
solution to Equation 7, for a stationary Gaussian AR(p) traffic source with mean 
m and variance o2 can obtained by a numerical solution 
(COST 224, 1991) to: 

(9) 

A statistical analysis of the sequences reveals that the innovation processes are 
Gaussian for only two sets, i.e. talk2 and sbowl. For the remaining sets, a 
lognormal or gamma distribution are better fits (Rose, 1995a). Once again the 
large deviation result gives the asymptotics of the sum. It is not a trivial matter to 
obtain a closed form expression for the distribution of the sum of iid lognormal 
random variables. However, the distribution of the sum of n iid gamma random 
variables with shape and scale parameters a and A.. i.e. 'GAM(a • A.)' is 
GAM(na • A.). Once again, the distribution of {S,/nl and consequently the 
Me(n)/n functions for the sum of iid gamma random variables converge to the 
mean at a rate lf..Jn· 

4 POLICING VBR 1RAFFIC 

The ATM traffic contract, as specified in (ITU-T Rec. 1.371, 1993), consists of 
the connection traffic descriptor, the requested QoS class and the definition of a 
compliant connection. According to (ATM Forum, 1993), this conformance 
defmition is based on the Generic Cell Rate Algorithm (GCRA) and 
unambiguously specifies the conforming cells of an ATM connection at the User 
Network Interface (UNI). Conformance applies to cells as they pass the UNI and 
are, in principle, tested according to some combination of GCRA algorithms. The 
GCRA is a virtual scheduling algorithm or a continuous state leaky bucket 
algorithm. The network operator may use any UPC device as long as its operation 
does not violate the QoS objectives of compliant connections. The precise 
definition of a compliant connection is left to the network operator. Based on the 
actions of a UPC, the network may decide whether a connection is compliant or 
not. 

It is necessary for all network users to declare the peak cell rate (PCR=1m of 
their traffic source. The cell delay variation (CDV=~) tolerance is a mandatory 
connection traffic descriptor and will either be explicitly or implicitly specified at 
connection set up as recommended by (ITU-T Rec. 1371, 1993). Variable bit rate 
(VBR) connections may be specified by two further parameters: the sustainable 
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cell rate (SCR=l{/'8) and burst tolerance (18). Thus, VBR traffic will be 

characterised by both a PCR and an SCR. The SCR is an upper bound on the 
conforming average rate of an ATM connection. The burst tolerance together 
with the SCR and the GCRA determine the maximum burst size (MBS) that may 
be transmitted at the peak rate for a compliant connection, i.e. GCRA(T8 , 18). 

Ideally. policing functions will allow conforming cells to pass through the UNI 
transparently whereas non-conforming cells are either tagged or discarded. A cell 
is tagged by setting its cell loss priority (CLP) bit to one in the ATM cell header. 
The CLP bit indicates the priority of a cell and a low priority cell with Cl.P = 1, 
may be discarded at proceeding network elements if congestion occurs. Policing 
functions must operate in real time. This means that they have to test the validity 
of the cell "on the fly" and take a decision about its fate. Failing to detect or 
respond to contract violations fast enough could result in a QoS degradation for 
the customer or other network users. 

In the following subsections, peak and SCR policing of VBR traffic are 
discussed with specific focus upon policing MPEG video traffic. 

4.1 Peak and SCR Policing of VBR Traffic 

Peak cell rate policing is achievable by dimensioning the GCRA(T. 1) policer 
such that 1{/' is very close to the PCR and the CDV tolerance ( 1) is set to cater for 
CDV in the ATM cell stream. In leaky bucket terminology, this is equivalent to 
setting the leaky rate of the bucket at a fraction greater than the PCR of the ATM 
connection and dimensioning the bucket to a relatively small depth depending the 
background traffic to cater for CDV. However, for VBR connections, in order to 
fully benefit from statistical multiplexing, it would be advantageous to dimension 
resources to be less than the PCR, ideally the mean cell rate. This presents a 
challenging problem which is compounded by the fact that a precise defmition of 
the mean cell rate is yet unavailable. There are two fundamental problems with 
respect to mean rate policing which give rise to a certain probability of incorrect 
policing decisions: 

• The characteristics of the source must be estimated on the basis of a relatively 
short sample. Large sampling times increase the reaction time of the policing 
mechanisms. 

• Inaccuracies and uncertainties about relevant parameters, in the establishment 
phase of the call, cause the margins between the policed bit rate and the actual 
bit rate to increase. This results in a loss of effectiveness of the policing 
mechanism. 

The fust problem arises in connection with a fundamental question; the mean 
cell rate over what time scale? This has led to the concept of an SCR or an upper 
bound to the mean cell rate. Thus, for VBR connections, an SCR is recommended 
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along with a PCR. The SCR lies somewhere between tbe mean cell rate and is 
upper bounded by the PCR of a connection. With regards to the second problem, 
an explicit or implicit knowledge of certain traffiC descriptors such as the 
minimum silence period and the maximum burst size significantly improves the 
policing and/or resource allocation capabilities of the network (Jadoon, 1996). 

The frame sequences have a Hurst parameter ranging from 0.5 to 0.99 
indicating the presence of long range dependence (LRD) [Rose, 1995b]. This may 
be a cause for concern in dimensioning policing functions, especially tbe SCR. 
Recent results suggest the existence of a 'cross-over' effect. The cell loss 
probabilities are smaller for LRD than for short range dependent (SRD) traffic in 
small buffers and the converse is true for large buffers (Rao, 1996). The bucket 
depth in leaky bucket policers in analogous to a buffer although no cells are 
actually queued. In fact, the cell loss statistics are the same as a G/D/1/K. system, 
where, the leaky rate is D and tbe bucket depth K+1. Increasing tbe leaky rate, 
i.e. the SCR of the policer would decrease the buffer occupancy. However, it still 
remains to be explored how the Hurst parameter relates to the cross over point, 
the bucket depth and the SCR. 

A worst case rate function r(n) defining the maximum number of cells allowed 
in a window length of 'n' slots can be used to characterise the detection capability 
of a policing function. The response time of a policing function is defined as the 
time that a mechanism needs to identify that a source is not behaving according 
to its contracted parameters. An equivalent constraint for a leaky bucket with a 
leaky rate 'p' and a bucket depth 'o' is its (o, p) constraint. This defines the 
maximum number of cells that can arrive in tbe interval [0, n] and is 
approximately equal to o + fJ'R cells, where 'n' is measured in slots. These 
parameter values can be directly translated to realise a GCRA(T, '1). The exact 
value of r(n) for a leaky bucket is given by: 

(10) 

where LnJ denotes the greatest integer smaller than n. Figure 6 shows a set of rate 
function curves for sustainable cell rate GCRA(T8, "s) policers with (o, p) pairs 
(100. 0.2), (50, 0.2) and (10, 0.2). where the leaky rate 'p' has been normalised to 
the peak cell rate of the associated peak cell rate policer. 
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Figure 6 Normalised r(n)/n Function Curves for (o, p) Constrained Policer. 

From Figure 6, it is evident that the normalised r(n)/n curves for a GCRA 
policer asymptotically tend to the leaky rate of the policer. This characteristic is 
common to the normalised time £-quantile function 'Me(n)/n' curves. However, if 
the correlation between terms is sufficiently large, the Me(n)/n curves have an 
initial rise before settling to their asymptotic means. 

A traffic source would be non conforming with respect to the conformance 
definition of a GCRA(T, 1) if for any time n its time £-quantile function Min) 
function exceeds the GCRA(T, 1)'s constraint function r(n). A GCRA based 
sustainable cell rate policer can now be dimensioned by selecting (T, 1) such that 
no part of the normalised r(n) curve lies below the normalised time £-quantile 
function Me(n) of the ATM traffiC source (Lague, 1994). 

4.2 Dimensioning GCRA Policers 

In the preceding Sections, an AR characterisation of the GOP layer sequence for 
MPEG-1 video traffic has been developed. It has been observed that no single 
model can effectively characterise all the video sequences. However, in order to 
police the mean cell rate of a VBR source, the aggregate behaviour of a source 
may be approximated by a suitably coarse AR characterisation. Dimensioning 
sustainable cell rate GCRA(Ts• '~s> policers is possible by calculating the 
normalised time £-quantile functions Me(n)/n. The method of calculating these 
functions would be exactly the same as that described in Section 3. Thus, for a 
given correlation coefficient (a1), the normalised timeE-quantile functions 
Me_{n)/n are similar to those shown in Figure 5 and a SCR policer can be 



An SBJ approach to policing MPEG video traffic 317 

dimensioned by choosing its noonalised rate function r(n)/n to lie above the 
envelope of the normalised time e-quantile function Min)/(n). 

As an example, consider the MPEG-1 encoded sequence 'term'. This sequence is 
a result of encoding approximately 1600 seconds of the movie Terminator 2. The 
peak and mean cell rates of this sequence are 1158 and 372.22 cells per GOP 
respectively. Thus, the peak to mean ratio of the ATM cells per GOP sequence is 
3.11. Normalising with respect to the peak cell rate. the mean cell rate per GOP is 
then 0.3125. The peak cell rate of the PCR policer is set to 1 with a CDV 
tolerance of a few cells to allow for CDV. The sustainable cell rate of the SCR 
policer can be set to any value between the mean and the peak cell rate, i.e. 
0.3125 and 1. From Table 1, the coefficient of correlation (a1)for the 'term' GOP 
sequence is approximately 0. 7. 

Figure 7 shows a ME(n)/(n) for a 0.3125 mean first order Gauss-Markov process 
with a1 = 0.7 and the rate curve r(n)/n for a (0.375. 8) constrained policer. This 
corresponds to a sustainable cell rate which is 20% higher than the mean cell rate 
of the traffiC source. 
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0.6 

-r(n)/n 

0.4 
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101 201 301 401 501 
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Figure 7 The Normalised source Min)/(n) and GCRA r(n)/n function curves. 

From the above curve, it is evident that no portion of the normalised time 
e-quantile function Min)/(n) lies above the normalised worst case rate function 
r(n)/n curve of the policer. Thus, it is possible to set the sustainable cell rate of 
the SCR GCRA to 0.375x1158=434.25 cells per GOP and its bucket to a depth of 
8x1158 = 9264 cells to ensure a cell loss probability less than e. In Figure 7. 
Mil) = 0.7125 and is deviated from the mean by 0.7125-0.3125 = 0.4. Thus, 
K = 0.4xll58/ou or K = 3.44. The value for E is calculated as 1.3x10"3 by fitting 
a gamma distribution to the residuals (Maple V, 1994). No cells were actually 
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lost when a cell based simulation of the real frame sequences was passed through 
the SCR GCRA policer. Thus, M,.(n)/(n) provide upper bounds to the cell loss of 
traffic sources. The higher prediction of cell loss probabilities is attributed to the 
fact that real sequences have a finite upper bound. 

5 CONCLUSIONS 

Sustainable cell rate policing of VBR video sources is achievable by 
dimensioning the policing mechanism on the basis of an Autoregressive 
characterisation of the input stream. The correlation coefficient between frames 
for uniform activity level sources or OOPs for MPEG-1 (a nonuniform activity 
level source) is the main factor influencing the choice of parameters as expected. 
Linear parametric models of wide sense stationary processes, such as the AR and 
ARMA models, have a rich and elegant theory and are extensively used in digital 
signal processing and other areas. In this paper a fairly general approach to 
dimensioning policer functions on the basis of an AR characterisation has been 
developed which can readily be extended to other parametric models. 
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