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Abstract

The growing demand for high quality compressed video
has led to an increasing need for real-time MPEG decoding
at greater resolutions and picture sizes. With the widespread
availability of small-scale multiprocessors, a parallel software
implementati on may provide an effective solution to the decod-
ing problem.

We present a parallel decoder for the MPEG standard,
implemented on a shared memory multiprocessor. Goal of
thiswork is to provide an all-software solution for real-time,
high-quality video decoding and to investigate the important
properties of this application as they pertain to multiprocessor
systems.

Both coarse and fine grained implementations are consid-
ered for parallelizing the decoder. The coarse-grained ap-
proach expl oits parallelismat the group of pictureslevel, while
the fine-grained approach paralldizes within pictures, at the
dicelevel. Acomparative eval uation of these methodsis made,
with results presented in terms of speedup, memory require-
ments, load balance, synchronization time, and temporal and
gpatial locality. Both methods demonstrate very good speedups
and locality properties.

Keywords: Image processing, MPEG, paralel computing,
video compression, real-time, shared memory.

1 Introduction

Recent advancesin network and microprocessor technol ogy
have placed video applications within our reach. High Defi-
nition Television (HDTV), Broadcast Satellite Service, Elec-
tronic Cinema, I nteractive StorageMedia, MultimediaMailing,
Networked Database Services, corporate Internet training and
conferencing, Remote Video Surveillance and others are now
becoming “practica” applications. The huge amount of data
needed to make video available in all these cases has led to
the adoption of the MPEG-1 and MPEG-2 standards for mo-
tion video compression and decompression. These standards
greatly reduce the bandwidth and storage space required. Con-
sequently, MPEG-1 and MPEG-2 are already being used in
many video applications.

Inthispaper, weexaminehow effectively increasingly popu-
lar cache-coherent bus-based shared memory multiprocessors

can be used to speed up software MPEG decoding.  We
present two paralle implementations of the MPEG-2 decoder
provided by the MPEG Software Simulations Group® [9]. The
first version exploits very coarse-grained paralelism across
groups of pictures in the video sequence, while the second
exploitsfine-grained parallelism within each picture. Weeval-
uate their performance and resource requirementsfor different
picture sizes and numbers of processors on a 16-processor Sil-
icon Graphics Challenge multiprocessor, that, though a fairly
expensive multiprocessor, uses the same parallel agorithms
and techniques as would be used by less expensive desktop
servers. Detailed measurements with performance monitoring
toolsare used to understand the role of potentia bottlenecksto
good performance. Finally, we use multiprocessor simulation
to characterize the spatia and temporal datalocality properties
of theparallel versionsand to understand how they will interact
with aternative memory system architectures. Both methods
demonstrate very good speedups and locality properties.

Due to space limitations we omit most of the background
information on MPEG. An expanded version of thispaper can
befoundin[4]. Section 3 describesthetest-bed that was used
for implementing and benchmarking the different algorithms.
In Section 4 we present the methodology for parallelizing the
decoder and the parallel implementationswith their results. In
the same section we also study the locality properties through
simulation. Section 5 discusses related work, and conclusions
are drawn in Section 6.

2 MPEG Overview

The MPEG coding standard defines a lossy? compression
techni que which takes advantage of spatial and tempora corre-
lation to achieve high compression ratios. In exploiting spatial
correlation, compression isachieved by finding the similarities
within each picture and using those similarities to eliminate
redundancy. Spatial correlation alone, however, provides only
moderate compression, so tempora correlation must aso be
exploited. Successive pictures within the video sequence are
examined for similarities, and these are used to remove tempo-
ra redundancies. By using both spatial and temporal correla-

10ther sequential software M PEG encoders-decoders(codecs) are publicly
avallableaswell [6, 10, 5, 9].

2A lossy compression scheme is one in which data are lost. Only partial
recovery of the original unencoded datais possible.
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Figure 1. High level bit-stream organization in MPEG

tion, the M PEG standard provideshigh degrees of compression
on video sequences.

Animportant aspect of theversatility of MPEG isitslayered
structure[3, 1]. Thehierarchy of layersinan MPEG bit-stream
isarrangedinthefollowingorder: Sequence, Group of Pictures
(GOP), Picture, Sice, Macro-block, and Block. (seeFigurel).
The different parts of the stream (except macro-blocks and
blocks) are marked with unique, byte aligned codes called
start-codes. These start-codes are used both to identify certain
parts of the stream and to allow random access into the video
stream. The random access ability isvital to parallelization.

The highest level in the layering is the sequence level. A
sequence is made up of groups of pictures (GOPs). Each
GOP is a grouping of a number of adjacent pictures. The
purpose in creating such an identifiable groupingis to provide
apoint of random access into the video stream for play control
functions (fast forward, reverse, etc.).  Within each GOP
are a number of pictures.  Pictures are further subdivided
into dlices, each of which defines a fragment of a row in the
picture. Slices comprise a series of macro-blocks, which are
16x16 pixel groups containing the luminance and chrominance
datafor thosepixelsinthedecoded picture. Macro-blocksare
dividedinto blocks (6 to 12 depending uponformat). A block is
an 8x8 pixel group that describestheluminance or chrominance
for that group of pixels. Blocks are the basic unit of data at
whichthedecoder processestheencoded video stream. Macro-
blocksand bl ocksdo not have start-codes associ ated with them;
their boundaries are discovered implicitly while decoding.

Pictures in MPEG are encoded into one of three types 3.
All picturetypes use spatial correlation, but not all use tempo-
ral correlation. The first picture type, the intra coded picture
(I-Picture), uses only spatial correlation. Since their decod-
ing isindependent of other pictures, I-Pictures provide access
pointsinto the coded stream where decoding can begin. How-
ever, using just spatia correlation, they achieve only moderate
compression. The second type of picture, the predictive coded
picture (P-Picture), is coded more efficiently by also using
tempora redundancies from a past | or P-Picture. These P-
Pictures are then used for reference in further prediction. The
final picture type, the bidirectionally-predictive coded picture
(B-Picture), usestemporal redundanciesfrom both past and fu-
ture reference pictures, and consequently achieves the highest
degree of compression. B-Picturesare never used asreferences
for prediction.

SMPEG-1 actually supports a fourth picture type, the DC-coded picture
(D-Picture) type. However, this typeis little used and was eliminated from
MPEG-2

3 System Environment

This section describes the hardware and software environ-
ment aswell as the testing methodol ogy we used to benchmark
the different algorithms.

The Multiprocessor platform: The SGI Chalenge multi-
processor is a cache-coherent, bus-based, centralized shared
memory multiprocessor. The machine we use has 16 proces-
sors connected by a 256 bit-wide bus with peak bandwidth of
1.2 GBytes/sec. Each processor is a 150MHz MIPS R4400
with peak performance of 75 MFlops. Each node has first
level data and instruction caches of 16 KBytes each (direct-
mapped) and a unified second level cache of 1 MByte (2-way
set-associative).  The system has 1 GByte of main memory
that is 8-way interleaved, out of which we could use up to 500
MBytes for our program. The system can support up to 4 1/0
buses, each 320 MBytes/sec pesk. The operating system is
IRIX 5.3.

Since the machine supportsashared address space program-
ming abstraction, shared data can simply be alocated as such
and then referenced directly by any processor. Our parald
programs are written in C, augmented with thepar macs par-
allel programming macros from Argonne National Laboratory.
Porting the program to other shared address space architectures
iseasily achieved by using the proper version of the par macs
system for the architecture under consideration.

| Stream | Resolution | GOPsize | Picturesize |

1-4 176x120 | 4,13,16,31 22K
5-8 352x240 | 4,13,16,31 82.5K
9-12 704x480 | 4,13,16,31 330K
13-16 | 1408x960 | 4,13,16,31 1320K

Table 1. Description of test streams.

Test streams:  We tried to be as consistent as possible in
choosing the input sequences. Most public domain sequences
are smal, not consistent, and do not explore the parameter
space in any systematic way. We therefore created our own set
of test streams. Starting with a small public domain stream, a
moving view of aflower garden with 150 pictures and resolu-
tion of 352x240 pixels (flowg.mpg, from Stanford), we created
larger streamsby repeating anumber of picturesin acontinuous
video sequence and scaling each picture using interpolation.
Each resulting stream is composed of atotal of 1120 pictures,
has a 30 pictures/sec display rate and 5 or 7 Mbits/sec bit rate.



The |-P picture distance is 3, thus there are 2 B-Pictures be-
tween any two consecutive reference | or P-Pictures. Table 1
shows the characteristics of the streams®.

We vary only two parameters in our test streams: the reso-
[ution and the number of pictures per GOP. These are impor-
tant because they define the amount of processing required to
decode a picture as well as the memory requirements of the
system. Asseen in Table 1, we use four different resolutions
(176x120, 352x240, 704x480, 1408x960)° and four different
numbers of pictures per GOP (4, 13, 16, 31) for atotal of 16
streams.

The public domain MPEG-2 encoder [9] we used to create
the streams creates one dlice for each row of apicture. Simi-
larly, most public domain video sequences we found & so have
asmall number of dlices per picture (usually one per row).

One other parameter of video streams that is of great im-
portance isthe bit rate. The bit rate of a video stream provides
a measure of both the degree of compression and the relative
quality of the video. The streams used in this paper assume a
fixed bit rate of 5 Mbits/s for the 352x240 and 704x480 pic-
ture sizes and 7 Mbits/s for the 1408x960 picture size. Since
bit rates can vary considerably according to the desired degree
of compression or video quality, we also examined the effect
of different bit rates on paralelism. Using streams of widely
varying bit rates, we found that the decoding times for streams
of agiven picturesizearetypically within 10%-15% of thetime
measured for our test streams. This decoding time differential
is seen to a proportionate degree with an increasing number of
processors, so the speedups we observe are consistent across
bit rates.

4 Exploiting Parallelism

The amount of work associated with decoding different pic-
tures, and even with different parts of the same picture, is
variable and unpredictable. Maintaining a balanced workload
requiresthat we use someform of dynamic tasking mechanism.
Static assignment of tasksto processesis also difficult because
tasksare not known ahead of timebut are created astheinputis
read, in paralldl with the actual computation. We present two
different methods for exploiting parallelism. In both methods
the incoming stream is decomposed into tasks that are put in
task queues and can be processed in paralel. The difference
isin the nature and granularity of the tasks, which affects the
performance and characteristics of aparalel implementation.

The possible choices for a task in MPEG are:  sequence,
group of pictures(GOP), picture, slice, macro-block and block.
Given the encoding scheme in MPEG, only a GOP and adlice
are reasonabl e choices, as we shall see.

The first type of pardlelism is across pictures. Since P
and B-Pictures depend on other nearby pictures, assigning ad-
jacent pictures to different processors leads to many seridiz-
ing dependencies, and associated synchronization and com-
munication among processors. Parallelizing across either se-

4In MPEG-2 terminology, all the streams have a main profile and a high
level.

5The last two streams are more commonly found with pictures sizes of
720x480 and 1440x960. We used the uncommon sizes to maintain consistent
picture size ratios.

guences or GOPs might work; however parallelizing across
sequences may lead to tasks which are too large and create
load imbalance®. Therefore, parallelizing across GOPs is a
more reasonable choice. Tasks are coarse-grained, but, since
GOPs are relatively independent there is essentialy no inher-
ent communicationintheparallel algorithm except inaccessing
shared task queues. This forms the first approach, which we
cal the GOP level implementation.

In the second type of paralelism, parallelism within a pic-
ture, the only plausible approach is to use dlices as tasks since
they are marked with start-codes in the input stream. Macro-
blocks and blocks would lead to smaller tasks but they do not
have start-codesto identify them without actually decoding the
input stream.  Our other paralel implementation, caled the
dice level implementation, defines the task unit to be a dice.
We shall discusshboththese parallel versionsand their tradeoffs
further in subsequent sections.

41 Parallelism at group of pictures level

Since consecutive GOPs’ may be decoded by different pro-
cessors, GOPs need to be closed. Although the assumption
that all GOPsinthe stream are closed is not necessarily true of
the streams generated by encoders, it isinfact not very restric-
tive. Oneway to overcome it even when the GOPsin theinput
stream are not closed is by taking advantage of the fact that
the stream contains start-codes for pictures and identifiestheir
type using a type field. This parallel design does not require
that tasks be GOPs as defined in the input stream, but rather
any closed set of pictures that can be decoded independently.
The scan process could scan the stream and construct closed
tasks.

Figure 2 shows the architecture of the parallel decoder. We
dedicate one process, the scan process, to reading the stream
from the disk (or network or other source) and identifying the
tasks. While reading the stream into memory, it scans the
stream for start-codes that mark the beginning of each task.
All but one of the other processes are worker processes which
dequeue tasks from the task queue and decode the correspond-
ing GOP. The last process is assigned as the display process.
Itisresponsiblefor displaying the picturesin the correct order,
which may have been processed and inserted in the display
gueue out of order. It is aso responsible for dithering the
pictures. However, we do not include dithering time in our
measurements since it isnot a necessary part of decoding. The
dithering cost can vary greatly depending on the characteristics
of the display device.

The speed at which the scan process is placing picturesin
the task queue is shown in Table 2. Here we assume (quite
reasonably) that the scan process can be fed with data at the

5Recall that in MPEG-2 the GOP level is optional. When the GOP level is
used, sequencesare typically large, but when it is not used, sequencesizes are
usually smaller. Hence, when the GOP level doesnot exist, the sequencelevel
may be used for parallelization.

“A GOP consists of any number of pictures. By definition, a GOP must
contain at least onel-Picture. Also, thefirst picture (in display order) ina GOP
must be an I-Picture or a B-Picture, and the last picture in a GOP must be an
I-Picture or a P-Picture. If thefirst pictureis an I-Picture or a B-Picture that
does not depend on the pictures of the previous GOP, then the GOP is defined
asaclosed GOP and it can be decoded independently.
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Figure 2. Architecture of the parallel decoder

required bit rate. Doing this under avariety of conditionsisa
topic of current research in networking and 1/O.

| Picturesize | 352x240 | 704x480 | 1408x960 |
File sze(MBytes) 25 25 45
Number of pictures 1120 1120 1120
Scan time(sec) 4565 | 4565 11-14
Scan rate(pics/sec) | 170-250 | 170-250 | 80-100
Max pictures/sec 69.9 26.6 7.3

Table 2. Scan rate in the scan process and max-
imum number of pictures/sec decoded for each
picture size.

411 Reaults

We tried to capture the behavior of the decoder in terms of
speedups, memory requirements, load balance, and the com-
ponents of execution time including memory overhead. We
omit the results obtained for the smallest resol ution (176x120)
inall cases due to space limitations.

Performance and speedup: We measure speedup as the
ratio of the number of pictures per second that P worker pro-
cesses (P + 2 total processes) can decode to the number of
pictures per second that are decoded by one worker process (3
total processes). This is different than the speedup obtained
over a uniprocessor system, which would multiplex the scan
and display processes with theworker processin the uniproces-
sor baseline and hence likely inflate the speedups. The results
show that the speedup is dmost linear in al cases. Table 2
givesthe maximum number of pictures per second decoded for
each picture resolution, using 14 worker processes.

L oad imbalance: To capture load imbal ance we measured
the minimum, maximum and average computing times among
the worker processes. The results show that when the number
of picturesper GOPissmall, the minimum and maximum times
are very close to the average. This means that all the worker
processes spend approximately the same amount of time com-
puting. Asthe number of pictures per GOP increases, theload
imbal ancesbecome more apparent because tasksbecomelarger
and fewer. Inreality even thisisjust an artifact of therelatively

short input stream, and load imbalance among workersis not
likely tobeaproblemfor real streamsthat contain many GOPs.

Memory subsystem and synchronization overheads: The
time spent executing instructions stalled in memory andwaiting
at synchronization pointswas measured by pi xi e, pr of and
source level instrumentation. The pi xi e and pr of timing
indicate that in al cases 10%-30% (with an average of 20%)
of thetimeis spent stalled in memory. We shall study cache
miss rates and memory system interactionsthrough simulation
later.

Synchronization time among the worker processes is min-
imal. They only need to synchronize when accessing shared
resources like the task queue. The time spent on locks was
measured to be negligible compared to the processing timein
each worker.
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Figure 3. Actual memory requirements for the
GOP approach. The x axis is the number of
worker processors used.

Memory requirements. The maximum memory required
by the system depends on the number of processors and the
picturesize. Each processor needs to keep up to three decoded
pictures in memory (two reference pictures and the one cur-
rently being decoded). The speed of the scan server affects
the memory requirementsas well. It allocates memory to store
the data it reads from disk, potentially increasing memory re-
quirements when it out-paces the decoding. In Figure 3 we
plot the maximum amount of memory used by the decoder for
each test stream. We see that the memory used by the system
grows with the size of the GOP, the size of the picture and the
number of processors used. In many applications thisis not
a problem because the size of a GOP is relatively small. For
instance, applicationsthat require random access, fast-forward



playback, or fast-reverse playback favor the use of short GOPs.

In addition to the large memory requirementsfor large pic-
ture and GOP sizes this method aso has the problem that it
has large random access latency for play functions. For exam-
ple, should the user fast-forward to alater section of the video
sequence, decoding must begin anew at that point, with each
processor grabbing a different GOP. Because only one proces-
sor processes a GOP, the speed at which the video begins to
display at that point is dependent upon one processor, not all
the processors. As aresult, the GOP paralel method is better
suited to continuous play.

4.2 Slicelevel parallelism

While GOP level pardldism is very simple, addressing
these problemsled us to consider dlice level parallelism.

In the most general casg, it is not necessary for dices to
cover the entire picture. Areas not enclosed in a dice are not
encoded. However in al the profiles defined so far by the
standard a restricted dice structure is used, in which every
macro-block in the pictureisenclosed in adlice.

The architecture of the decoder is basicaly the same as
in the first approach. However, because of the need of the
processorsto access picture header informationwhiledecoding
dlices and the need to synchronize at picture boundaries, a2-D
task queueisused (Figure 2). Thefirst level of the task queue
holds pictures, while the second level holds the dlices within
those pictures.

Simple Slicel mplementation: In our first implementation
(simple dice version), processors synchronize globally at the
end of every picture, so paralelismis only exploited within a
picture. Also, no attempt is made to preserve locality across
the dices from different pictures that are assigned to the same
processor.

Two important differences from the GOP level approach are
that the memory requirements are much lower and the closed
GOP assumption is not necessary. Since all the processors
in the system work on the same picture, which is in shared
memory, at most three picturesin al need to be in memory at
atime (versus at least three pictures per processor as required
by the GOP version).

The other benefit of the dlice versionisthat it does not have
the random access latency problem for play control functions.
When aplay control function causes play to begin from anew
positioninthevideo stream, al worker processors, not just one,
immediately begin decoding the new picture, dice by dice, in
parallel.

Thedisadvantages of the slice approach are synchronization
and inherent interprocess communication. Processes commu-
nicate as they access the same macro blocks from the refer-
ence pictures, particularly if those macro-blocks (dices) were
assigned to and written by other processes in the reference
picture.

Improved Slice Implementation: Since most test se-
guenceswe found used only oneslice per row of macro-blocks,
each picture usualy contains a small number of dices (the
vertical resolution divided by 16, the vertical size of a macro-
block). This has an important impact on load balance and
performance when synchronizing after every picture. For ex-
ample, a704x480 picturehas 30 dices. If we use 14 workersto

decode such a picture, two workerswill get three dices while
the other twelve only get two and will be idle while the first
three are decoding their fina dice. Figure 4 shows how this
creates a serious problem in speedups. Execution time im-
proves as processors are added only when the load is divided
equally between all the processors.

We improve the simple dice implementation by taking ad-
vantage of application knowledge, and having theworkerssyn-
chronize only after certain picturetypes, not after every picture.
The key observation is that al B-picturesin a series use the
same reference pictures and are not themselves used as refer-
ence pictures. Thus, since the next picture does not depend
on the picture currently being decoded, available workers can
begin decoding the next picture after completing their tasks
in the current picture. Synchronization is needed only at the
end of an | or P-picture. This does not exploit the maximum
concurrency, but that would require complex synchronization
at thedlicelevel.

421 Resaults

Results for the dlice implementation are presented in the form
of speedup, synchronization time (load imbalance) and ideal
versus actua time. Compared to the results for the GOP ap-
proach, memory requirements are very low and practicaly in-
dependent of the number of processors and the GOP size. We
present synchronization wait time results for load imbalance
rather than max-min-average results over the whole execution
since worker processes synchronize during execution at picture
boundaries. Since the effectiveness of the dlice approach does
not depend on the number of picturesin a GOP, we only vary
the size of the pictures and keep the GOP size constant at 13
picturesin this case.
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Figure 4. Frames/sec for the slice approach. The
x axis shows the number of worker processors.

Performance and speedup: Speedups are measured in the
same way as in the GOP approach. Figure4 showsthe perfor-
mance of both dice implementations. We see that if the pro-
cesses synchronize at every picture, then speedups are nearly
linear only for large pictures (which contain many dices). The
knees in the simple version, especialy in the 704x480 and
352x240, happen when theinteger ratio of the number of dices
in a picture over the number of processors, is reduced by one.
In the 352x240 case each picture contains 15 dlices so perfor-
mance doesn’t increase for more than 8 processors.

The improved version greatly reduces thisimbalance. The
number of dices processed before globa synchronization in-



creases with the 1-P distance in the stream. This implemen-
tation exposes enough dlice level concurrency for the numbers
of processors used and achieves very good speedups for all
picture resol utions.

| Framesize | 352x240 | 704x480 | 1408x960 |
Simple version 27.7 151 5.6
Improved version 54.7 216 6.8
GOP version 69.9 26.6 73

Table 3. Maximum number of frames/sec de-
coded for each picture size.

Table 3 gives the maximum number of frames per second
decoded for each pictureresolution. Fromthistablewe seethat
theimproved dliceversion approachestheparallel performance
of the GOP version without the memory and random access
problem. Itisslower duetotheincreased overhead in managing
the finer tasks and the additional synchronization time needed
at picture boundaries.
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all worker processes versus the number of pro-
cessors in the slice method. The x axis shows
the number of worker processors.

Synchronization overhead: Figure 5 shows the average
ratio of synchronization wait time to execution time for al
workers as a function of the number of worker processes. It
clearly shows that the improved version performs better. The
times reported include both the time accessing the task queue
and thetime spent at synchronization points, though theformer
iscomparatively very small. Thus, athough task granularity is
much smaller for this version, using a centralized task queue
does not congtitute a problem for the dice approach either, at
these processor counts, which are quite large for decoding.

Memory subsystem: Using pr of and pi xi e we found
the stall time on loads and stores on average less than 5% of
theoverall execution time, which means that cache misses cost
very littlein thisapproach as well.

L et usnow examinethememory systeminteractionsof these
versions more closely to determine the expected scaling when
using larger machines and larger picture sizes, and to see how
different cache organizationsimpact performance.
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4.3 Locality properties

To understand thetemporal and spatia datalocality, we per-
formed software simulations of the multiprocessor execution
for the program. The simulations were done using the Tango-
Lite execution-driven reference generator coupled toamemory
system simulator. The simulator model s acache-coherent mul-
tiprocessor with onelevel of cache per processor andisflexible
in setting architectural parameters.

For spatial locality, Figure 6 showsthe read missrate of the
GOP version versus the size of the cache linefor a1 MByte,
fully associative, cache. We see that the missrate hal ves when-
ever the cache line size doubles, which indicates that the pro-
gram has very good spatial locality. The results are for the
GOP version, but the dice version has similar behavior.

The size and scaling of a program’s working sets (i.e. its
tempora locality) are important to understanding how data
traffic and performance will scale to larger problems and ma-
chines, and for determining what cache sizeswill be necessary
for good performance. We measure the working sets of the
program by plotting the read miss rate versus the cache size
(per processor) used in the smulations. Since the GOP ap-
proach doesn’t have any sharing among the worker processes
(which all do similar work) we assume a one processor execu-
tion and one-way, two-way and fully associative caches with a
64-bytecachelinesize. For the dicelevel approach we present
results using eight worker processors. The results for asingle



worker processor will be essentially the same as for the GOP
approach. The simulation resultsindicate that the missratefor
realistic second level cache sizes is dominated by cold misses
rather than capacity misses even in thiscase. The number of
true sharing misses is small in comparison, and false sharing
negligible.

Asfor capacity misses, wefind (Figure 7) that theread miss
rate dropsdramatically for cacheslarger than 16K or 32K bytes
as long as the caches have some associativity. Direct mapped
(one-way associative) caches may need to be larger than 64K
bytes to fit the working set. This suggests that the working
sets are relatively small, and capacity miss rates and traffic
do not congtitute a bottleneck for modern caches. The results
also show that the working set size does not change with the
picturesize or the number of processors, even for thedlicelevel
version, suggestingthat it isdetermined by thedataused for the
reconstruction of asingle macro-block or set of macro-blocks,
which isindependent of these parameters.

5 Redated Work

Past work on paralldd MPEG-2 has focused on message-
passing systems, and mostly on the encoding process with
its considerably greater computational costs. Reported work
has not analyzed the bottlenecks or the important data locality
characteristics either.

A paralled MPEG-2 encoder for large scale multiproces-
sorsispresented in [2]. Paralelismis exploited at the block
and macro-block level. A paralldl decoder that exploitspara-
Ielization at the GOPlevel inamessage-passing environment is
presented in [7]. Thiswork deals only with MPEG-1 streams.
An MPEG-2 video encoder for a LAN of workstationsis pre-
sented in [11]. They conclude that for their approach the best
paralel scheme should bebased ondices. Work hasal so been
done in designing hardware or combined hardware-software
codecs that achieve real-time performance. A software solu-
tion onthe MultimediaVideo Multiprocessor (TM S320C80) is
presentedin [8]. They report real-timeresultsfor small picture
encoding-decoding.

6 Conclusions

We have investigated the behavior of two parale imple-
mentations of MPEG-2 decoding on shared memory multipro-
cessors. Paraldization was performed at the GOP and dlice
levels. Both GOP level and dlice level approaches give good
speedups, though the latter uses much less memory. While
the memory requirements of the former increase linearly with
GOP size, picture resolution and number of processors, the
requirements of the latter depend only on picture resolution.
Additionally, the GOP level approach has long random access
latency for play control functions. On the other hand, the
dice level version has somewhat higher synchronization and
communication needs, which reduce its speedup. The results
presented were obtained using an SGI Challenge system, but
the two implementations are portable across a large number
of shared address space platforms. We also used a simulator
to investigate the cache behavior of the decoding process, and

found excellent spatia and tempora locality. Our results show
that communicationissmall, capacity misses are not aproblem
and working sets do not grow with picture size.

The good parallel speedups alow us to achieve real time
decoding for reasonable sized pictures (352x240, 704x480)
on small-scale shared memory multiprocessors. For larger
pictures (e.g. 1408x960), close to real-time performance may
be achievablewith high end systemsusing thelatest processors,
and perhapsfurther optimization of the serial uniprocessor code
(we have not tried to optimize the code from the Software
Simulation Group other than through the compiler).
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