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INTRODUCTION

In multimedia applications, media data such as audio and video are transmitted from
server to clients vianetwork according to some transmission schedules. Different fromthe
conventional data streams, end-to-end quality-of-service (Qo0S).is necessary for media
transmission to providejitter-free playback. Therefore, each datapacket has been assigned
with related timing constraints for transmission. As network resources are allocated
exclusively in fixed-size chunks to serve different data streams, it is simple to support
constant-bit-rate (CBR) transmission. Grossglauser and Keshav (1996) have investigated
the performance of CBR traffic in a'large-scale network with many connections and
switches. They concludedthat the network queuing delay for CBR transmissionislessthan
one cell time per switch even under heavy loading. Besides, resource alocation and
admission control are simple asthere are no variationsin resource requirements. However,
media streams are notably variable-bit-rate (VBR) in nature due to the coding and
compression technologies applied (Garrett and Willinger, 1994). The average data rate of
an MPEG-1 movieisusually lessthan 25% of itspeak datarate. Itisinherently at oddswith
the goals of designing efficient real-time network transmission and admission control
mechanisms capabl e of achieving high resource utilization (Sen et al., 1997). The conven-
tional CBR servicemodel that allocatesthe peak datarateto transmit the VBR streamwould
beawaste of bandwidth. Furthermore, it requiresalargesize of client buffer. Toameliorate
thisproblem, weneed agood traffic shapingal gorithmtotransmit VBR videoinalessbursty
(i.e., smoother) manner by expl aiting different performance measurements. Inamultimedia
system, we usually: measure the performance of atransmission schedule by the following
four indices: peak bandwidth, network utilization, initial delay and client buffer.
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. Peak bandwidth is the maximum network bandwidth allocated for media transmis-
sion. A user request is admitted if the peak bandwidth required is smaller than the
available bandwidth of the current network.

. Network utilizationistheratio of thetotal bandwidth consumedto thetotal bandwidth
allocated. Maximizing the network utilization is beneficial for the server and the
network, aswell asfor aclient who payson aper-unittimebasis. Generally, thehigher
the network utilization means more users can be served at the same time.

. Initial delay isthelengthof timeinterval from thetimethat the client sendsthe media
reguest tothetimethattheclient startsplayingthereceived data. Itisanimportant QoS
indicator for.users.

. Client buffer actsasareservoir toregulatethedifferencebetweenthetransmissionrate
and the playback rate. It isanimportant resource for usersto prevent playback jitters,
i.e. buffer overflow and underflow.

While serving a VBR media stream, a good transmission schedule is designed to
minimize the peak bandwidth, initial delay and buffer size required to keep the network
utilization aslargeaspossible. Then, thevarianceof transmission ratesisminimized (smoothed)
to reduce the traffic burst. Moreover, end-to-end QoS of media transmission needs to be
guaranteed for supporting jitter-free playback (Lam et ., 1994; Ott et a., 1992).

In past years, different approaches are-propased to shape the traffic burst for high
network utilization, smaller buffer sizeand shortinitial delay. In McManusand Ross (1996)
the CRTT (constant-ratetransmission andtransport) method waspresentedtotransmit VBR
media data by a constant bandwidth. By giving the available transmission bandwidth and
initial delay, CRTT minimized the required buffer size by the dynamic programming
technique. It takes O(n?logn) computation complexity wherenisthe number of dataframes
of the media stream. In Sen et a. (1997) a speedup algorithm that takes O(nlogn)
computation complexity is proposed. It examines the tradeoffs between the transmission
rate, the client buffer size, the network utilization and theinitial delay. Althoughthe CRTT
transmission approach wassimpleinadmission control and transmission schedule, it hadthe
drawback of requiring large buffer and delay. To reduce the required buffer, a piecewise
CRTT (PCRTT) method wasintroduced to evenly dividethe mediastream into sub-streams
and applied CRTT to each sub-stream. Based on the similar-idea, the RCBR (renegotiated
CBR) method (Grossglauser et al., 1995) was proposed to use the average data rates in
different sub-streams. Giveninitial delay and client buffer, the MCBA (minimum changes
bandwidthallocation) (Fengetal., 1996) and CBA (critical bandwidthallocation) (Fengand
Sechrest, 1995) methodswere proposed to minimize the number of bandwidth changesand
the peak bandwidth required; respectively. In Salehi et al. (1996) the MVBA (minimum
variability bandwidth all ocation) method wasproposed to minimizethebandwidthvariation
for mediatransmission by the shortest-path algorithm (Reibman and Berger, 1995).

Althoughthe conventional traffic shaping methods had reduced some problem param-
etersinmediatransmission, they did not achi evethe optimize schedul eresultsthat minimize
theinitial delay, theclient buffer and thebandwidth utilization at the sametime. For example,
in MVBA, the allocated initial delay and the bandwidth utilization were not optimized as
discussed in Zhang and Hui (1997). In this chapter, a novel traffic shaping approach is
presented to optimize both the resource allocation and utilization for VBR mediatransmis-
sion. Then, we extend this idea to online transmission problems. More issues about the
admission control can'be found'in Chang et al. (1998). It takes O(nlogn) computation
complexity toexaminethetradeoffsbetweenthetransmissionrate, theclient buffer size, the
network utilization and the initial delay. (Different from the CBR transmission schedule
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