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SUMMARY

Variable Bit Rate (VBR) video is currently by far the most interesting and challenging
red-time gplicaion. A VBR encoder attempts to ke the quality of video ouput
constant, and at the same time reduces bandwidth requirements snce only a minimum
amourt of information hes to be transferred. On the other hand, as VBR video traffic is
both highly variable and delay sensitive, high-speed networks (e.g. ATM) are generaly
implemented by assgning pe&k rate bandwidths to VBR video applicaions. This
approach may however be inefficient in a satellit e network based ona TDMA scheme.
To owercome this problem, we have designed a demand-assgnment satellit e bandwidth
alocation algorithm in TDMA, named V2L-DA (VBR 2 Level-Demand Assgnment),
which manages the VBR video traffic acording to a dynamic bandwidth allocaion
algorithm. In this paper we discuss how to tune the propaosed algorithm in order to
optimise network utili sation when MPEG-1 VBR video traffic is being transmitted. Our
results indicate that most of the time only 40% of the pe&k rate bandwidth is needed to
satisfy the VBR source, and the remaining 6% of the pe&k rate bandwidth can be used
to transmit the datagram traffic queued in the network stations.

Keywords:  satellite, TDMA asdggnment, red-time traffic, non red-time treffic,
VBR traffic, MPEG coding, traffic model

1. Introduction

A variety of new applications, such as the transport of pictures, teleconferencing, video,
and a large volume of interadive cmmputer data must be suppated in an integrated

* Work caried ou in the framework of the Italian co-ordinated projed “Advanced applications for next
generation packet-switching networks” funded bythe National Reseach Courcil (C.N.R.)
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manner by today’s high speead networks. These gplicaions have diversified quality of
service (QoS) requirements and traffic statistics (ranging from the high bustiness of
video appli cations to the smoath continuous traffic generated by large fil e transfers).
Variable Bit Rate (VBR) video is currently by far the most interesting and challenging
red-time gplicaion. A VBR encoder attempts to ke the quality of video ouput
constant and, at the same time, reduces bandwidth requirements, since only a minimum
amourt of information hes to be transferred.

As VBR video traffic is both delay sensitive and hes a high degree of burstiness it is
commonly believed that a bandwidth correspondng to the source pe&-rate must be
reserved for this application to satisfy its QoS requirements. In ou TDMA satellite
network the pek-rate dlocaion is extremely inefficient, becaise only the station
reserving the bandwidth is authorised to utili se it. Taking into consideration that the
ratio between the pe& and the average bit rate for VBR video is generally high (for
example, in the MPEG 1 movie used in this paper it is equal to five, see Sedion 3.2,
this implies that a large portion d the network bandwidth remains unused uressthe
station transmitting the movie has enoughlow-priority traffic as well. To increase the
efficiency in bandwidth alocaion, we designed an algorithm which dyramicdly
all ocates bandwidth to VBR video onthe basis of the adual sourcerate. This agorithm
IS integrated into a centralised control demand-assgnment satellite acces €heme,
named V2L-DA (VBR 2-Level Demand Assgnment). The results presented here show
that V2L-DA can efficiently and simultaneously suppat two classes of traffic, caled
datagram and stream, respedively.

According to the traffic caegories as defined in the ATM Forum TM4.0 (“ATM
service caegories’) [12], the first class includes al the jitter-tolerant applications
(unspedfied bt rate, UBR , and avail able bit rate, ABR, service caegories), while the
seaond includes al the red-time gplications (constant bit rate, CBR, and variable bit
rate, VBR, service caegories). This paper focuses on the dficiency of the V2L-DA
when the strean service is used to transmit the VBR traffic, though the dlocaion
schemeis also suitable for CBR traffic.

The paper is organised as follows. Sedion 2 pesents the satellit e bandwidth all ocaion
scheme together with the aiteriato dmension the buff ers needed to compensate for the
jitter of VBR data. Sedion 3 describes the MPEG traffic charaderistics and its model,
and dscusses the tuning d the parameters used in the dlocaion algorithm. The tuning
study is based onan MPEG-encoded Star Wars movie. Sedion 4concludes the paper.

2. The stream bandwidth allocation on the satellite channé€l

The satellite bandwidth alocaion pdicy which we studied haes a centralised control.
The dhannel dispatcher functionis assumed by a antrol stationwhich isresporsible for
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allocating the bandwidth on the basis of the requests received from the traffic stations
(requesters), where the traffic from various applications is collected. A distributed
control algorithm would save the time needed to send the assignment request to the
control station (one round trip time). On the other hand, it would be more complex,
because of the need to prevent any possible misunderstanding among the stations from
provoking collisions, or stopping the transmissions, thus paralysing the whole network

[14, 15].
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Figure 1. TDMA frame structurein V2L-DA

The TDMA frame structure used in V2L-DA is shown in Figure 1. RB is the reference
burst sent by the channel dispatcher for allocations and synchronisation. The stream
traffic cannot go over afixed boundary S in the frame; the rest of the frame is devoted
to datagram traffic. On the other hand, datagram traffic can temporarily expand in the
TDMA frame if the stream traffic does not reach the S boundary. In Figure 1 the space
in the frame devoted to the datagram traffic is expressed by C -S+ ¢ (S-B), where
0< € <1 isthefraction of stream allocation unused by the stream traffic.

The allocation algorithm for datagram traffic is not addressed in this paper; one of the
policies proposed in the literature [2, 3, 4, 5, 6] is assumed to have been adopted.

A new request for a stream allocation is accepted by the channel dispatcher if and only
If the sum of the new request plus the current stream allocations does not exceed the
boundary S. A couple of parameters (R P), where R<P, are used by a stream
application to declare two values of its throughput to the relative earth station: R,
chosen as explained below, is the basic throughput required, while P is the booked rate.
The earth station sends the request to the channel dispatcher to get the bandwidth
alocation. The values of parameters R and P depend on the type of stream traffic that
generates the request. If R=P, a request for CBR traffic is issued, which is easy to
manage. If accepted, a set of time sots corresponding to P is reserved in al the time
frames, until released. If R < P, arequest for VBR traffic is issued, which represents
our main interest. In fact, hereafter we will focus on the handling of VBR traffic. The
channel dispatcher tries to book a bandwidth P. If it succeeds, in each frame atime slot
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correspondng to a bandwidth R is all ocaed to the requester, whil e still maintaining the
bookng for the P allocaion. The channel dispatcher grants the bookng for P only if
the sum of all the bookings does not exceal the S boundxry. Due to the variability in
traffic intensity, the bandwidth allocated may nat be completely used in every frame.
The unused bandwidth can be employed by the requester to transfer its datagram data,
if any is queued in the station (Figure 2).

Heredter P will be referred to as the booked bandwidth, while we spek of allocated
bandwidth when referring to the aurrent value (either P or R) which is given to the
station for its exclusive use. The dlocaed bandwidth is granted to a station by the
master uponthat station's request.

P P P

data_gra_m traffic ¢f VBR peak traffic of datagram traffic of the whole
the whole satellite station i (multiplexed wi h?atelglite network
network datagram from station ifi

R P not reached) R

VBR traffic of station i (multiplexed with datagram of statioR iniét reached
| | | | | | | | | | | | | | | |

.... TDMA time frames....

Figure 2. Relationship between the booked bandwidth P (dashed
line) and the allocated bandwidth, either R or P (solid line).

When the VBR traffic fill s the station's input queue beyond a given threshold T, the

station sends a request to the dnannel dispatcher to use the extra bandwidth P - R which
it has booked beforehand. This request is needed because, when the bandwidth P - Ris
not used by the booking station, it is assgned bythe dhannel dispatcher to al the adive
stations that require datagram all ocations. When the station is all ocaed a bandwidth R,
itsinpu queue is empty as longas the throughpu of the input traffic does not exceed R.
We asaume that the input traffic is snmoothed by wing a pre-buffering after the MPEG
coder, so the traffic & the output of the MPEG source has a constant rate for the whole
duration d a Group d Pictures (GOP, that is 12 frames, which corresponds to 0.5
seands for amovie — seeSedion 3.1). Asaside dfed, the smoather delays the video
stream by the time length of a GOP. After exiting the MPEG source, padets arrive &

the inpu station after having crossed a network that may be quite complex, so they are
generaly affeced bytime jitter. In order to choose T, in such away as to avoid more

than ore switch per GOP from R to P, thethreshdd T, must be big enoughto absorb
a spurious burst of inpu traffic. We use athreshold onthe queue length rather than on
the bandwidth to avoid a limiti ng case in which the latter would fail. In fad, suppce
we docse athreshold T> R in oder to provide histeresys. A jitter-freeinpu traffic
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with throughpu higher than R but lessthan T would thus not cause any request for the
high allocaionlevel P, and would eventualy fill the input buffer, whatever its sze
When the throughput of the traffic generated by the gplicaion gaes below R the
bandwidth P - R is released, and the station continues to use the bandwidth R, while
still maintaining the booking for P. All the dlocaion is eventually released orly on
explicit request of the station a when the station itself is dedared dead.

The inpu queue of the station rever grows when the station is granted the high
alocationlevel P, and orce anpty it remains empty. For this reason, in arder to release
the extra bandwidth, we use athreshold Ty based on a negative virtual queue, whase
medanism we will detail below. The coice of Tq must provide for a histeresys
sufficient to avoid false triggers, that is, to avoid jumping to the low all ocaion level R
because of the time jitter of input padkets.

2.1 Video data delay and buffers

To analyse more dosely the behaviour of this allocation scheme, we refer to Figure 3,
using the subscriptsi, o, r when referring to the inpu (station a link), ouput (station),
and recaver (MPEG or link), respedively. We negled the dfed that the framing o
the satellite dhannel has onthe buffers’ size and the data delays.

MPEG source R MPEG receiver
=]
GOP Playback
smoother I . Buffer
input npu receiv Bp
Buffer -
. P ourer ik
GOP

LS

video coder video decoder

input station output station

Figure 3. The cmmmunication chain.

When the aurrent allocaionis at the low level R, the station continuowsly monitors the
length of its input queue, which is normally empty, and isaues a request for the high
alocationlevel P when thethreshold Ty, is excealed.

We asaume that there is a resource reservation onthe inpu link which guarantees a
bounded padket delay, and we cdl J; the maximum jitter of the padkets entering the
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inpu station, that is, the difference between their maximum and minimum delay. In
order to avoid afalsetrigger of the dlocation request for P, we must set

T,=Ji R (1)
On recaving the station's request, the dispatcher grants the new alocaion P. For a
satellit e network with centralised control, the delay D, between request sending and
alocation receving is equal to 2r. While waiting for its request to be granted, the
station gueues the excessinpu traffic in an inpu buff er, whose size must then be

B = Ty+DalP-R)*JP. (2
The last term in (2) acmurts for traffic bursts due to input jitter when the inpu traffic
rateis P (seeFigure 4).
Padkets coming ou of the output station experience variable delays in traversing the
satellit e link, from a minimum of 7 to 7 plus the maximum queuing time & the inpu
station. The maximum jitter Jo of the padkets exiting the output station is then equal to

the maximum queuing time & the inpu station, that is (seeFigure 4)

h=g 3

nputontput data

Figure 4. Buffer requirements and queuing times relationships
in the transition from all ocation R to al ocaion P (worst case).
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The receiving MPEG application should begin playing the video after a time interval
Dp, which is caled the playback delay. Dp is equal to the maximum jitter of the
arriving packets, that is

Dp=Jo+J, 4
where J; is the packet jitter caused by the receive link. The size of the playback buffer
must accommodate twice the data received at maximum throughput during the
playback delay:

Bp=2DpP. (5)
The factor 2 in (5) is necessary because the delay of the first packet received could be
anything between 0 and Dp, since we want to provide for a receiver that can be turned

on when the transmission has already begun.
The transmission delay D, experienced by packets from the output of the MPEG coder

to the input of the video decoder is evaluated as
Dt =Teop ¥ T+ Jo + T+ 7, +J, + Dy, (6)

where Top iSthe GOP duration time, and 7j and 1y are the latencies of the input link
and receive link, respectively. To account for the image delay, from the moment a
picture is taken to when it is shown, one should also add the coding and decoding
delays of MPEG. Also, delays induced by framing and packetisation should be
accounted for in (6) if adetailed estimation of the end-to-end delay is required.

We have followed the data path from the MPEG source to the MPEG receiver, and
have computed the overall link delay taking into account what happens when the
allocation switches from R to P. Now we consider the opposite switch, which happens
when the current alocation is at the high level P. In this state, the station maintains a
virtual input queue, that is, a counter which is incremented at the rate of the input
traffic and decremented at rate R. The counter is never incremented above O, so it
always contains a nonpositive number. When the input traffic has a rate greater than R,
the virtual queue is 0. When the virtual queue drops below the threshold -Tg, the station
issues a request for the low allocation level R. This mechanism is specular with respect
to the one used for switching from alocation R to allocation P, so the threshold is

computed with the same criterion, and
Td = ‘]i R. (7)

3. Tuning the parameters of the allocation algorithm for MPEG
applications

Below we study how parameters P and R must be set to optimise the utilisation of the
satellite network capacity when the stream traffic is an MPEG-1 encoded movie.
3.1. MPEG-1 traffic characteristics
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An urcompressed video source may generate bits at rates as high as hundeds of Mbps.
Data cmpresson tedhniques are therefore used to reduce the video-source bit rate
which is transmitted over the network.

MPEG-1 is a spedaficaion for coding vdeo, developed by the 1SO Joint Motion
Pictures Experts Group [7, 13. The standard is well suited for a large range of video
applications at a variety of bit rates. Compresson d a combination d video and audio
information, particularly for “movie” applicaions, isalso passble. Typicd compresson
ratios are in the range of 50:1 to 2001 [§].

MPEG-1 is an interframe ader. Coders in this class exploit, in addition to intraframe
coding, the temporal redundancy that exists between adjacent frames by predicting the
next frame from the arrent one. A key feaure that distingushes MPEG-1 from
previous coding algorithms is bi-diredional temporal prediction. For this type of
prediction, some of the video frames are encoded using two reference frames, ore in the
past and ore in the future, which leads to higher compresson gains.

As indicated above, when applying MPEG-1 to video, ore of three different coding
modes can be used for ead frame. The terminodlogy wsed for the resulting frame is
related to the model used as foll ows:

. [-frame: intraframe @ded,

. P-frame: predictive aoded with referenceto the previous P or | frame,

. B-frame: bi-diredional predictive coded.

I-frames provide accespoints for randam accessbut only with moderate compresson.
Predictive coded frames are generally also used as a reference for future P-frames. The
frames of type B provide the highest amourt of compresson bu require both a past and
future reference prediction.

Group of frames

13 14 15 16 Frame

Figure 5. A sequence of MPEG-1 video frames and their relationship

In the encoded sequence, the frames are aranged into groups, as xown in Figure 5. In
this case agroup consists of 12 frames - one I-frame, three P-frames and eight B-
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frames. Figure 5 also shows the relationship between the frames. We can see that |-
frames are independent, P-frames are predicted, and B-frames bidirectionally predicted.

Figure 6 shows a small extraction from the output of the MPEG-1 coded Star-Wars
movie released by M. Garret at Bellcore. Specifically, frames are coded into GOPs as
defined in Figure 5 (i.e. the frame pattern is IBBPBBPBBPBB).

As shown in Figure 6 the bandwidth required to transmit consecutive frames is highly
variable and very much depends on the frame types, I, P and B. Furthermore, as
expected (due to the coding scheme algorithm), the shape of the output is repeated every

twelve frames.
100000 -
T [
£ 75000
12
2 50000 -
=
B
2
2 25000 -
[an]
0 I} I} I} L}
1 13 25 37 49

Time (frames)

Figure 6. Part of the MPEG-1 coder trace, revealing group length and frame pattern.

To simplify the study of the bandwidth allocation algorithm we assume a twelve frames
pre-buffering before the transmission, and we only look at the aggregate bit rate
produced by the coding of a group of twelve frames. Thus, hereafter, we only consider
the aggregate sequence obtained by summing the amount of bits generated in every
GOP. This aggregate sequence has a period of twelve frames. In Table 1 the basic
statistics of the MPEG-1 Star Wars aggregate sequence are presented.

Below we present a model developed to characterise the aggregate sequence obtained
by the output of an MPEG-1 codec. More details on the modelling of an MPEG-1 video
source can be found in [11]. The model is used as a synthetic traffic descriptor for
analysing the performance of various bandwidth allocation schemes without requiring
the huge amount of data describing the actual traces.

3.2. The model

The analysis presented in [11] shows that in the aggregate sequence there is both a short
range dependency which lasts for a small number of groups (15 seconds), and long
range dependencies which last for thousands of groups (10-20 minutes). To capture both

Preprint of an article published on the INTERNATIONAL JOURNAL OF SATELLITE COMMUNICATIONS, VOL. 15, No. 6
Copyright 1997 by John Wiley & Sons, Ltd. <URL: http://www3.interscience.wiley.com/>



Nedo Celandroni, Marco Conti, Erina Ferro, Enrico Gregori, Francesco Potorti: A bandwidth assignment algorithm on a satellite channel for VBR traffic

types of dependencies a bidimensional Markov chain {Ly, Hx|k=> O} is used. Hy isthe
k-th GOP size and Ly isthe status of alow frequency processmoduating the k-th GOP
size

{Hk|k2 O} describes the bit rate per group d an MPEG encoder. To avoid unrecessary
complexity (in the state spaceof {Hk| k> O}) we quantizein a uniform way the bit rate
into a number of levels. The number of quantization levels for the process will
heredter be denoted by N, i.e. Hy 0{0,1....,N—1}. Spedficaly, let max and min

dencte the maximum and minimum bit rates observed in the aygregate sequence, the
posshle bit rates are quantized with a cnstant step size A = (max - min)/N. By
applying this quantization procedure the average bit rate asciatedto H =i is

min+(i +1)[A. (8)
The min and max values are reported in Table 1 together with the average, u, and
standard deviation, o, of the GOP size

Table 1: Star Wars basic statistics in Kbits
u g min max
GOP statistics 187.2 72.5 77.754 932.71

We use the GOP as the time unit. To represent the low-frequency comporent of our
source, a moduating pocess {Lyxlk=0} is included in the model as well

(Lk D{O,LZ,...,M—l}). In the traedories of the Markov chain, the Hy value
frequently changes (every few time units, onaverage) while the Ly value dnanges ona

much longer time scde (abou 70-100time units).

The transition probabiliti es of the Markov chain {Ly, Hx | k = 0} are estimated from the
MPEG 1 Star Wars traceby applying the procedure presented in [11].

Spedficdly, the model used for results presented in this paper is obtained with
parameters M=8 and N=8. The acwaracy of this model was investigated in [11]. The
results obtained indicate that both the qualitative properties (i.e. burstinessand owerall
appeaance of the traces) and the statisticd properties (maximum, minimum, average,
standard deviation and autocorrelation function) of the GOP size sequence generated
with ou Markov model are very similar to that of the red trace

4. Tuning the allocation algorithm: a case study based on MPEG-
encoded Star\Wars movie

In this sdion we study the setting d the P and R parameters to transmit the MPEG 1
“Star Wars’ movie on the satellite link, together with some low-priority data. The
choice of the P and R values is made by minimising the bandwidth allocaion cost.
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Minimising the end-to-end delay is not a primary target since the delays aready caused
by the MPEG coding, the pre-buffering and the satellite transmission make this
technology unsuitable for interactive video applications. As described in Section 3, we
divided the source bit rate into eight levels (i.e. H=0,.,7). However, as shown in [11],
states with H equal to 5, 6 and 7 are rare (i.e. they only occur a few times in the two-
hour sequence, and never consecutively), thus we do not consider these states for
bandwidth allocation. In fact, a two-level alocation scheme (like the one presented
here) would be extremely inefficient if P were set equal to the highest bandwidth level
(i.e. H=7). Hereafter it is therefore assumed that when a group with throughput higher
than H =4 occurs, the traffic exceeding the alocated bandwidth is transmitted with a
best effort policy (e.g. as datagram traffic).

The bandwidth allocation problem, as shown in Table 2, is thus reduced to the study of
four cases. P is set to the bit rate corresponding to H =4, while the R parameter can be
set equal to the bit rate corresponding to one of the states 0, 1, 2, 3.

Case Allocation Level Positions
1 R=0 and P=4
2 R=1and P=4
3 R=2 and P=4
4 R=3 and P=4

Table 2. Cases of allocation positions

To identify the optimal alocation parameters setting we evaluate the cost of
transmitting a VBR video source and some EDP data traffic. We assume a cost equal to
1 for each unit of bandwidth allocated to the VBR traffic. The cost for each unit of
bandwidth reserved for the low-priority traffic is assumed to be less than 1 and will be
denoted by B (0<B<1).

As stated in Section 2, the unused stream bandwidth (i.e. booked for VBR traffic but not
used for it) can be used to transfer datagram data. The maximum amount of such datais
U, which isthe difference between the peak and average bandwidth of aVBR video:

U=Y m(P-i)
i
wherers isthe probability of abit ratei for the VBR source.

When studying the bandwidth allocation we considered U as the maximum amount of
data that could be transmitted by the station. The bandwidth exceeding U always needs
to be allocated as a datagram bandwidth for all possible parameter settings (see Table
2), and thus its cost does not depend on the bandwidth allocation strategy. Hence, we
assume that the station has to transfer a percentage p of U, and p[U is the amount of

datatraffic.
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To simplify the presentation, in the computation of the bandwidth allocation costs we
first focus on an idea case in which the transients for switching between the two
allocation levels (P and R) are negligible, i.e. when the bit rate is greater/lower than R
the allocated level isP/R.

Under this assumption, a station with an MPEG-1 video source and p[lU data traffic

has to pay the following two costs for the required bandwidth.

A

Bit rate
P

4P

time

? A codts /\/ source bit rate
\/

Figure 7. Allocation costs in the ideal case.

1) Excess Sream cost. This cost takes into account only the real-time bandwidth that is
not used by video. As shown in Figure 7 this cost is the difference between the allocated
bandwidth (bold line) and the source bit rate.

The amount of bandwidth used for transmitting the MPEG-1 traffic is obviously the
same in al the allocation cases (see Table 2). Unused video bandwidth can be used by
the same station to transfer its datagram data (if any), but it is alocated as stream

bandwidth and thus it has a cost equal to 1. The excess stream cost is therefore given by

4 )
IESLICORDAV O B ©)

where
7% isthe probability of bandwidth level i,
A(i) isthe allocated level.
The 1z probability is computed from the Markov chain which characterises the source

(see previous section) and it is equal to

7'4=|ZP{Lk=I,Hk:i}.
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2) Requested Data Bandwidth Cost. A portion of the unused bandwidth in each TDMA
frame (see Figure 1), i.e. the datagram bandwidth, can also be used for data transfer if
resources given by (9) are not sufficient to transmit all the low-priority data of the
station. The additional bandwidth needed for datagram is then

Ag=[p-A ] (10)
where [y]” isy for positivey, and zero otherwise.

In areal case, as explained in Section 2, transient intervals occur both to obtain and to
release the (P - R) extra bandwidth. Figure 8 highlights the differences between the
ideal case and the real one. Specificaly, in the allocation and deallocation transient
intervals, the dashed line represents the bandwidth allocation in the ideal case while the
continuous line shows the real bandwidth-allocation level. Comparing Figure 7 and
Figure 8 shows that there are differences only in the two dashed areas which correspond
to the allocation and deallocation transients. To take into account the effect of these
transients the allocation and deallocation costs must be added to the cost function.

3) Allocation cost. In the ideal case, the excess-stream cost was computed by assuming
in this period an alocation level equal to P, and hence during this transient period, it
provides a cost overestimation with respect to the real case in which the alocation level
is still R. The real cost is negative. During this transient the buffer size increases and
this backlog is transmitted by using future unused bandwidth. For this reason it must be
considered as a negative cost with respect to the excess-stream cost computed in the
ideal case. To remove this overestimation we need to subtract the allocation transient
area (see Figure 8). The allocation transient lasts for the sum of atime interval, say X,
required to fill the buffer up to the T, level, plusthe allocation time D,.

Hence, the dashed areaiis:

(D, +x){P-R).

The exact computation of x is complex. However, using our source model it is possible
to estimate the value of x when the source changes its level fromi to j, x j @. In this

case
S ITI
XLJ H - R’
]
and hence, the average allocation cost for the bandwidth allocation ()\up) is:

() This computation is performed under the assumption that during the transient the source level j does

not change.
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R
ApO(P-RY ¥ (Da +xi,j)D'qqi'j

i=0j>R
where 71 is the steady-state probability for VBR video to be in level i, G, is the
R
probability that the video moves from level i to level j, and hence ) % 7q ; isthe
i=0j>R

frequency of the Rto P transitions in the bandwidth allocation levels.

4) Deallocation cost. In the real case an additional cost is introduced whenever a station
wants to release the (P - R) bandwidth because a (D, + y) delay (at least 500 ms) must

be kept into account, i.e. the time between the transmission of a relinquish request and
confirmation from the satellite network.

Bit rate
P

allocatiorvdeallocation
transents

), costs /\/ sourcehit rate
u

Figure 8. Real-time bandwidth lost due to dynamic allocation.

The situation is symmetrical with respect to the previous case, so the average cost for
the bandwidth deallocation (A 4o, ) iS:

P

Adonn =(P-R)) Z(Da +yi,j)7TiGIi,j
i>RjsR . (11)
T

being Yij :—d—R_ o,
j
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By exploiting the cost functions defined in this section, we are now ready to compare
the global cost for each of the bandwidth allocation parameter settings defined in Table
2. The cost is clearly the sum of the following components:

Cost =1[Agoun + 1Ay +BQAg —10Ay, - (12)
Results obtained by applying Formula (12) to the four allocation cases of Table 2 are
presented in Figures 9a-9c. These figures assume Dy = 500ms and a price for a data
bandwidth level, 3, set to 0.4, 0.6 and 0.8, respectively.
Clearly, case 2 is the winner in this comparison, irrespective of 8 and p. Hence we can
conclude that allocating to the VBR video a level corresponding to H=1 as the
minimum level (the R parameter) and a level corresponding to H =4 as the maximum
level (the P parameter) is the optimal solution whatever the amount of data traffic to be
transmitted by the station.

3 -
case 4
25
2 -
w
8 case 3
15
case 1l
17 case 2
0.5 T T T T T T T T T i
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1
p
a)
35 -
3 -
ot case 4
g 24
° 3
15 case
case 1l
15 case 2
0.5 [} [} [} [} [} [} [} [} [}
0 0.1 0.2 03 0.4 05 0.6 07 0.8 0.9
b)
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3.5
3_
55 case 4
B 24
° case 3
15
casel
1 case 2
0.5 T T T T T T T T T i
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

c)
Figure 9. Cost 8 equa to 0.4 (a), 0.6 (b), 0.8 (c) respectively.

The above results show that the best valuesfor P and R must be cal culated considering
H=1 and H =4, respectively. Table 3 summarises the results obtained so far for our
case study, in which 1 GOP is equal to 12 frames and the frame rate is 24 frames/s. We
assume that some sort of resource reservation is made on the input and receive links
(see Figure 3), so that packets traversing those links have a bound on their maximum
delay. The values assumed for the latency and the max jitter are typical of a wide area
terrestrial route.

Parameter Reference Value
GOP peak rate of the stream Table 1l 1865 [Khit/s]
GOP mean rate of the stream Table 1 374 [Kbit/s]
Booked bandwidth P Figure 2 1220 [Kbhit/g]
Low level bandwidth R Figure 2 583 [Kbit/g]
GOP length 1gop Figure 3 500 [ms]
Link latencies 1j = 1r Figure 3 50 [mg]
Satellite link latency 1 Figure 3 250 [ms]
Max jitter induced by links Jj = J; Figure 3 200 [mg]
Allocation delay Dy Section 3 500 [mg]
Threshold levels Ty =Ty Formulas (1), (7) 14 [KB]
Input station buffer size B; Formula (2) 83 [KB]
Playback delay at the MPEG receiver Dy Formula (4) 757 [ms]
Playback buffer size at the MPEG receiver By Formula (5) 226 [KB]
Reproduction delay Dg Formula (6) 2360 [mg]

Table 3. Key parameter values for Star Wars case study.
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It isinteresting to nae that the buffer sizes Bj and Bp are propational to the data rate of
the MPEG stream, whil e the delays are naot.

5. Conclusions

The V2L-DA agorithm guarantees the pee&k bandwidth (P) for a VBR video
applicaion, while maintaining good efficiency in the overall channel bandwidth
alocaion.In faad, the throughpt of aVBR applicéionis often several times lower than
its pe&k throughpu (five times in ou case), and this leads to an inefficient use of the
channel bandwidth if pe& rate dlocaion is adoped. To increase the dficiency in
bandwidth allocaion, when the throughpu of a VBR applicaion is below a cetan
threshod R, only a bandwidth upto R is adualy allocaed to this applicaion, while
the difference P —R is booked for this applicaion bu (until requested) is used by the
channel dispatcher to satisfy the datagram traffic of all the network stations. As onas
the throughpu of the VBR encoder exceals R, the channel dispatcher allocaes all the
bandwidth P aready booled by this applicaion. We have discussed the setting o
parameters P and R in oder to opimise the utilisation d the network capadty.
Spedficdly, by considering the transmisson d the traceof a movie produced by an
MPEG-1 encoder, the optimal bandwidth allocation for this VBR video applicdion is
obtained by setting R to abou 40% of the booked bandwidth P@. Taking into
consideration that most of the time the source bit rate is below R [11], it follows that
60% of the bandwidth booled by a VBR video applicaion can be used to satisfy
datagram transmissons of all the stations.

In this work we have assumed that, when the traffic exceals the maximum all ocable
bandwidth (spikes), a best effort padlicy is used (e.g. byexploiting the datagram traffic).
Although \ery rare, these events prevent professonal quality transmissons. To avoid
this limitation, future work will be devoted to extending the stream allocaion pdicy to
more than the two bandwidth levels currently used. The highest level shoud be used to
manage the spikes.
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