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Abstract: Asynchronous Transfer Mode (ATM) is an emerging standard for broadband networks, packetized
video is likely to be one of the most significant high-bandwidth users of such networks. The transmission of
variable bit-rate (VBR) video offers the potential promise of constant video quality but is generally accompanied by
packet loss, delay and delay jitter which significantly diminishes this potential, so it is necessary to provide
requested QoS. In this paper, two new dynamic bandwidth allocation algorithms for MPEG videos over ATM are
proposed, one is dynamic measure algorithm, another is dynamic virtual buffer algorithm, in which the authors
dynamic adjust the bandwidth of MPEG video sources with a specified allowed cell loss ratios to provide QoS
guarantees in an ATM network.
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MPEG videos traffic in networks requires control of such quality of service (QoS) parameters as average delay,
delay variation, and loss rate. To ensure that QoS requirements will be met, the normal approach is to require the
application to describe its traffic, using such statistics as the period, deadline, average and worst-case processing time or
packet size, etc. These statistics are often conservative estimates, and are statically declared. Based upon these statistics, a
calculation is made of the resources (buffer space, network and disk bandwidth, etc.) needed to provide the regquested
QoS.

QoS guarantees for video traffic are difficult for following reasons: first, when the traffic is processed in
real-time, it is impossible to predict precisely what the actual behavior will be. Second, the traffic itself may be
highly variable, which makes a peak-rate model excessively conservative. Third, compressed video can exhibit
long-range dependency!™?, which implies that the standard statistical traffic models are probably inadequate. For
these reasons, efficient resource allocation, along with good control of QoS, is a challenging problem.

To date, a variety of bandwidth allocation methods for MPEG videos have been proposed, which can be
categorized as either off-line methods or on-line methods. Off-line methods will make allocation decisions before
any traffic is transmitted, an example of a static off-line method is the peak-rate allocation which is used for most
real-time applications. This approach has the advantages of simplicity and predictability, but suffers from the
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problems noted above, as well as low resource utilization if the peak-to-mean ratio is high.

Real-time videos can also be supported by using on-line measurement based approaches to dynamically
allocate the required bandwidth to support the QoS. Some methods®? use the previous frame sizes to predict the
size of the future frames and future bandwidth requirements. While these methods which allocate bandwidth on a
frame-by-frame basis are efficient in theory, they may not be feasible in practice since it may be difficult for the
network to dynamically allocate bandwidth as frequently as each frame period (i.e. 24~30 times per-second). Other
methods'® use a large time window to reduce the frequency of bandwidth allocation, a problem with aimost all these
approaches is that they are not easily scalable because they focus only on a single video source.

In Refs.[9,11], they have studied dynamic bandwidth allocation based on measured cell loss ratios (CLR). The
measurement time interval of these methods is inversely proportional to the CLR. When the target CLR is small, a
very large time window will be required to collect the statistics for CLR estimation. For example, measuring a CLR
of 10°® with meaningful statistics requires at least 10’ cell arrivals to be monitored. However, it is not feasible to use
very large time windows to dynamically alocate bandwidth since the traffic conditions may have changed
significantly before accurate measurement can be obtained. Furthermore, these mechanisms do not control
short-term QoS violation, which may lead to poor quality in video transmission for a short period of time.

In this chapter, we propose two dynamically bandwidth allocation algorithms(dynamic measure algorithm and
dynamic virtual buffer algorithm)to the aggregate traffic of videos. Our approach has severa advantages. First,
considering the aggregate traffic reduces the complexity associated with keeping track of the individual sources and
also improves the accuracy of the bandwidth prediction. Second, bandwidth can be reallocated within a reasonable
time window (2s to 10s). Third, resources are allocated based on measured QoS so that it does not require the source
to specify precise traffic models.

1 Dynamic Bandwidth Allocation Algorithm for MPEG Videos

1.1 System model

Network must allocate a variety of resource in order to provide the desired QoS for MPEG videos, in this paper,
the QoS parameter we are most interested in is cell lost ratio (CLR). For simplicity, We assume that the QoS (CLR)
requirement for each video source is the same. Our objective is to allocate the minimum bandwidth which will meet
the specified cell loss ratio parameter Q for each video source. Q is a constant value which is pre-designed.

The algorithm dynamically renegotiates with the access node, and a proper bandwidth would be allocated in
order to meet a desired QoS. Cell arrivals and losses from the queue are monitored throughout the duration of the
application. Bandwidth changes are renegotiated at discrete instances of time. We denote the n' re-negotiation
instant as t,, and the interval between re-negotiation points t, and t..; as the n'" update interval C(tn,ther). The
bandwidth during {(tnt..+1) is constant and is denoted C(n). Bandwidth is reallocated at time t; (i=1,2,3,...) to
accommaodate the highly bursty nature of VBR video. Let A(n) and L(n) denote the number of cells that arrive at the
buffer and the number of cells lost due to buffer overflow during the n'" measurement period. The CLR during the
n measurement period is P,=L(n)/A(n). The cumulative cell loss ratio for all intervals up to and including the n™"
interval is denoted:

P =2 LOIY A @

1.2 Dynamic measure algorithm (DMA)

The goal of DMA algorithm is to adjust the bandwidth to a minimum value C*, while the CLR approaches
Q, another goalsis simply to be implemented.
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Figure 1 shows the pseudo code of DMA algorithm at one renegotiating instant t;. DMA algorithm updates the
network bandwidth C(i), based on the observed CLR during the i"" interval. This measurement along with the
desired CLR value, Q are used in the error function In(P;/Q). The non-linear error function provides either a
positive or negative feedback value based on the observation taken during the most recent interval. To keep the
bandwidth at a more stable value, the feedback becomes smaller as measured CLR approaches the desired value.
The error function is also appropriate due to the very small loss rates that are normally desired. In Fig.1, y
represents the bandwidth re-adjustment factor. It can be set according to experience.

As shown in the Fig.1, the re-negotiation interval is lengthened in two cases: if the cumulative CLR & and the
CLR during the most recent interval P; are both better than required, or when P; and P;_; are on different sides of
(one greater than, the other less than) the desired CLR. Doubling the interval length also reduces the number of
re-negotiations required over time.

if((9<Q) AND (R <Q)) then
C(tig b )= 2% G( , by ) 5
else
{
/* adjust the re-negotiation interval */
if (In(P;_/Q) x In(P;//Q)< 0) then
C(tig i )= 2% 8( by ) 5
/* update the bandwidth */
if (P>Q) then
C(i+1) « C(i) +y x In(P/Q)
else
C(i +1) « C(i) +y/2 x In(P/Q)

Fig.1 DMA agorithm
1.3 Virtual buffer algorithm

In DMA algorithm, it requires that Q be large enough to be measured accurately within a measurement period,
if the Q is small or the measurement is short, the variance of the measured CLR in each measurement period can be
very large. To reduce the variance, we propose another method to estimate small CLR. In Refs.[9,11] presented
measurement-based schemes to calculate CLR, however, those methods require that the Q be large enough to be
measured accurately within a measurement period. If the Q is small or the measurement period is short, the variance
of the measured CLR in each measurement period can be very large. To reduce the variance, we apply the virtual
buffer method to estimate small CLR.

Here, we introduce the Dynamic Virtual Buffer (DVB) method for performance monitoring of small Q value.
We consider an ATM multiplexer loaded with N MPEG video source, the multiplexer has a finite buffer of size K
cells and serves cells on a FIFO-served basis at rate C cells per-second. Here, the DVB uses a parallel set of
counters to simulate virtual cells being multiplexed into several virtual buffers with different service capacities, Itis
conceptually similar to the parallel virtual buffers described in Ref.[9]. The major difference is that the Q in Ref.[9]
must be large enough to be measured directly (=107%). Our algorithm does not have this limitation because the
small Q (e.g., 107°) is obtained by prediction instead of direct measurement.

In DVB algorithm, There are M parallel virtual buffers with services rates C,, m=1,...,.M. Without loss of
generality, we assume that0<C, <C, <...<Cy, <C,, Where C, is the reserved capacity according to the CAC
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mechanism when a video is accepted into system. This reserved bandwidth is dedicated to the VBR video sources
and cannot be used by other bandwidth guarantee services. At the beginning of each measurement period, the buffer
occupancy of each virtual buffer is set equal to the actual buffer occupancy. The number of cells that arrive A(n) and
cells that are lost L(n) are measured for the m" virtual buffer in the n'™ measurement period. For the m™ virtual
buffer with capacity Cy, we calculate the CLR B, (n) =L,,(n)/ A(n). Those virtual buffers with smaller service
capacities have higher virtual CLRs.

To relate the statistics of cell losses of these virtual buffers to those of physical buffer, we need to find a
relationship between the service capacity and CLR. The simplest relationship in the literatures is the Gaussian
approximation'™®, which basically provides a quadratic relationship between log (CLR) and service capacity C.
Thus, we assume the following quadratic function to relate log (CLR) and C:

log(CLR) = a,C? + aC + a,, 2

where g’s are constants to be determined by minimizing the least squares error as follow:

2

mini[log(Pi)—(aOCf+a:LCi +a2)} , (3)

where M’ is an positive integer < M.

Once we have determined the coefficients a;’s, we can use equation (2) to estimate the required bandwidth to
support the target Q value. The proposed algorithm is flexible since it makes no assumptions about the arrival
process of the video sources. The regression method only requires to know the CLRs of the multiplexer when the
service capacities are small. These are obtained from measurement using the set of parallel virtual buffers, i.e.
(Cm,Pm), m=1,2,....M.

The proposed bandwidth allocation mechanism operates as follows. For every measurement period, we apply
the DVB method to obtain M pairs of (C,Pr). These data are used to determine a;’s in equation (2). Then Eq.(2) is
used to estimate the bandwidth C4(n) that guarantees the Q during the n'" measurement period. The allocated
bandwidth for the (n+1)"" measurement period is given by:

Ca(n+1) =aC,(n) + 1-a)Ce(n) , )
where « €[0]] is the weight for the estimated bandwidth, and C,(n) is the allocated capacity in the n"
measurement period. We set C, (1) =C, . Formulation 4 is a simple exponential forecasting commonly used in
time series prediction. Accordingly, the residual bandwidth that can be used by other services is simply equal to
Cies —C,(n) inthe n'™ measurement period.

The advantages of this approach are: (1) it is efficient and flexible since it attempts to allocate the minimum
required bandwidth to satisfy the target QoS without assuming any particular traffic model; (2) it allows a much
lower CLR to be specified while using a reasonable measurement interval.

1.4 CLR control in short period

Real time video is highly bursty and difficult to predict. When there is a sudden jump in the arrival rate due to
scene changes, we may under-allocate the required bandwidth in one particular measurement period. Excessive cells
may be lost in this particular period. Although error correction technique, such as error concealment, can handle to
certain degrees this kind of short-term cell loss, it may cause a sudden drop in picture quality for a short period of
time. This may be totally unacceptable from the users’ point of view. Furthermore, the cumulative CLR may also
violate the guaranteed QoS due to this large short-term cell loss. Since we do not control such short-term cell losses
in our proposed algorithm in Section 1.3, we call this algorithm to be Uncontrolled Dynamic Virtual Buffer
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Algorithm (U-DVBA). In the following, we suggest two methods based on U-DVBA to control such short-term cell
loss due to under-allocation of bandwidth.

(1) p-factor alocation method

The p-factor Allocation method simply specifies p, a target bandwidth utilization, and allocates C,(n)/p instead
of C,(n) in the n™ measurement period. We find that setting p between 0.85~0.95 is sufficient to handle the effect of
sudden surges in arrival rates for most cases. While this method is simple, it wastes bandwidth because the
U-DVBA agorithm only occasionally under-allocates bandwidth.

(2) Re-Allocation method

The Re-Allocation (RA) method avoids excessive cell loss by changing the bandwidth within a measurement
period. For each measurement period, a target value of short-term cell l0oss L4 is specified. If insufficient
bandwidth is allocated during the measurement period, more than L, cells will be lost, which triggers the
immediate increase of bandwidth to the reserved bandwidth C, for the remaining interval.

When the bandwidth allocation is accurate (i.e., the bandwidth allocation is approximately equal to the input
rate), the expected number of cell losses allowed in a measurement period is Qx4 xCy(n), where Q is the target
long-term CLR, C,(n) is the allocated capacity in n™ measurement period and 4 is the length of the measurement
period. Suppose the U-DVBA algorithm fails S percent of the time. To maintain the cumulative CLR to satisfy the
target value Q, the maximum number of cells that are allowed to lose in a measurement period can be approxi mated
by Qx4 xCy(n)/S.

Generally speaking, larger S gives smaller Lgot and hence bandwidth reallocation is activated more
frequently. Thisin turn gives smaller cumulative CLR but requires more bandwidth.

As mentioned previously, a fixed amount of bandwidth C, has aready been reserved for the VBR
connections in the call admission phase. In the n" measurement period, we allocate C4(n) to the VBR traffic and the
residual bandwidth C,s—C,(n) is released to support other services. If more than Lg cells are lost in a
measurement period, reallocation of bandwidth will be activated.

2 Simulation and Results

Real video traces are used to study the performance of our bandwidth allocation mechanisms. Those video
traffic characteristics are summarized in Table 1.

2.1 Numerical result of DMA algorithm

In this section, the performance of DMA algorithm is investigated using MPEG-compressed videos, which are
listed in Table 1. The desired QoS was a CLR of 1*10>. Table 1 shows the performance of DMA and an off-line
peak-rate allocation algorithm.

For DMA algorithm, the initial re-negotiation interval was 4 seconds, y was 100K bps. Asindicated in Table 1,
DMA algorithm requires fewer bits than peak-rate allocation. Savings of DMA algorithm as compared to peak
allocation ranged from 15.3% to 134.1%. In each experiment DMA algorithm reduced the bandwidth allocated
while maintaining the desired QoS.

2.2 Simulation results of DVBA algorithm

In this subsection, we evaluate the performance of VBA algorithms using MPEG video sources (videos'
characterization are list in Table 1). We consider an ATM multiplexer with a finite buffer of size K. There are N
video sources multiplexed to form the incoming traffic. Simple FIFO policy is used and cells which arrive at a full

buffer are simply dropped. We assume that within each source, the cell arrivals are equally spaced within each
frameinterval.
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Tablel Video trafficand DMA algorithm performance

Video Peak/Mean DMA algorithm (100M hit/s) Peak-Rate algorithm (100M bit/s)
Tennis 8.69 5.61 7.64
Tak 7.20 2.46 4.62
News 9.01 4.69 7.78
Term 7.29 1.88 3.18
Soccer 6.9 6.50 7.49
Bowl 5.99 4.01 5.63
MTV1 9.31 6.39 9.18
MTV2 6.02 5.89 8.98
StarWars 14.3 6.23 10.08
Simpsons 129 4.83 9.62
Dino 10.1 5.20 9.79
Mr.Bean 13.0 3.92 9.18
Race 9.15 291 478
Lambs 184 3.12 5.37
Movie 121 4.85 7.0
Bond 6.31 6.32 9.34
Asterix 6.59 371 5.92
Talk2 7.01 5.34 8.30

We consider 20 MPEG video sources being multiplexed into a buffer of size 500 cells with target cell loss
ratio be 107°. We thus apply the algorithm proposed in section 2.3 and 2.4 to allocation bandwidth dynamically. In
the simulation, the weight o is set to 0.9 and measurement period 4 =4s. We also set the parameters 0=0.90, and
L min=10% for the two methods respectively.

Table 2 summarizes the performance of the p -factor Allocation method, Re-Allocation method, and U-DVBA

algorithm.
Table2 Comparison along U-DVBA, p -factor allocation and re-allocation methods
. . Allocated mean . Worst CLR
Bandwidth allocation methods bandwidth(cells's) Cumulative CLR in a measurement period
U-DVBA 3.05x10° 1.3x107 3.98x1072
p -factor allocation method 3.23x10° 6.3x10°° 4.43x10°°
Re-Allocation method 3.02x10° 1.01x10°° 1.13x10°2
Static allocation 3.54x10° 5x107° 1.10x1072

3 Conclusions

In this paper, we introduce two dynamic bandwidth allocation algorithms (DMA and DVBA), which
efficiently allocate resource to provide a required QoS. They adjust the bandwidth of MPEG video sources with a
specified allowed cell loss ratios.

We also discuss the potential problem of short-term cell losses with our U-DVBA scheme and then introduce
two solutions, namely the p-factor Allocation and Re-Allocation schemes, to control cell losses. Through
simulation, we show that the Re-Allocation scheme can be more efficient than the p-factor Allocation scheme if
dynamic adjustment of bandwidth within a measurement window is allowed.

Using numerical examples, we show that our proposed dynamic bandwidth schemes is more efficient than the
static bandwidth allocation scheme, which requires accurate traffic information. Finally, we examine the effects of
different parameters on the performance of our proposed algorithms.

In summary, the major advantages of our proposed measurement-based schemes are: they do not require the
user to specify accurate traffic parameters; they can be applied to a wide variety of traffic sources; they adapt
quickly to the traffic variation within small measurement intervals; the complexity of the algorithmsis small.
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