Modeling and Mapping of Multimedia
Applications on Multiprocessor

Architectures

A Thesis
submitted in partial fulfillment

of the requirements for the degree

of
Master of Technology

n

VLSI Design Tools & Technology
by

Basant Kumar Dwivedi

Under the guidance
of
Prof. M. Balakrishnan
Department of Computer Science and Engineering
Indian Institute of Technology, Delhi

and

Dr. Jan Hoogerbrugge Dr. Paul Stravers
IST, Philips Research, Eindhoven

Department of Computer Science and Engineering
Indian Institute of Technology Delhi
December 2000






Certificate

This is to certify that the thesis titled Modeling and Mapping of Multi-
media Applications on Multiprocessor Architectures being submitted
by Basant Kumar Dwivedi for the award of Master of Technology in
VLSI Design Tools and Technology is a record of bona fide work car-
ried out by him under our guidance and supervision at the Department of
Computer Science & Engineering, Indian Institute of Technology,
Delhi and Philips Research, Eindhoven. The work presented in this the-
sis has not been submitted elsewhere, either in part or full, for the award of

any other degree or diploma.

Prof. M. Balakrishnan Dr. Jan Hoogerbrugge
Department of Computer Science & Engg. IST, Philips Research
Indian Institute of Technology, Delhi Eindhoven, The Netherlands

Dr. Paul Stravers
IST, Philips Research
Eindhoven, The Netherlands






Acknowledgments

I am greatly indebted to my supervisors Prof. M. Balakrishnan of IIT Delhi,
Dr. Jan Hoogerbrugge and Dr. Paul Stravers of IST, Philips Research, Eind-
hoven for their invaluable technical guidance and moral support during the
course of project. I am grateful to Prof. Anshul Kumar for his suggestions dur-
ing our weekly project meetings. I am also thankful to Prof. G. S. Visweswaran
for his help during the project.

I would like to thank Anup Gangwar for his feedbacks during our informal
discussions and my other colleagues for their cooperation and support. I
would also like to thank the staff of Philips laboratory, IIT Delhi for their
help.






Abstract

The main objective of the project was to expose the parallelism present in
MPEG-2 decoder application and identify modeling issues, which can fur-
ther be used as guidelines to create parallel models and improve performance
of other applications. The application MPEG-2 decoder was modeled using
YAPI (Y-Chart Application Programmer’s Interface). The application model
was mapped onto multiprocessor architecture (SpaceCAKE architecture). Per-
formance data was collected at both application and architecture level to iden-
tify potential bottlenecks. Then MPEG-2 decoder model was fine tuned to

enhance the performance.
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Chapter 1

Introduction

1.1 Motivation

Recent advances in network and microprocessor technology have made it pos-
sible to introduce a new set of applications and services. High Definition TV
(HDTV), Broadcast Satellite Service, Video-conferencing, Interactive Storage
Media etc. are few typical examples. These applications need huge amount
of data processing both in video and audio domain. The high data rates

involved in the applications make computation very time consuming.

Designers mainly follow two architectural approaches for signal process-
ing systems, dedicated and programmable. Dedicated architectures target an
algorithm or a set of algorithms. These architectures fully exploit the compu-
tational features of algorithm and VLSI implementations of dedicated archi-
tectures are optimized for area, power and performance. A good overview of
architectural approaches for signal processing systems has been given in [1].
Though dedicated architectures provide good performance, they lack flexi-
bility to further extend the algorithm set.

On the other hand the programmable approach offers a number of advan-
tages. Programmable solutions offer greater flexibility, as the target algorithm
set can further be extended by applying proper software modifications. Since

a large number of applications can run on the same hardware, per application
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hardware cost is reduced. On the other hand, as computational properties of
algorithms are not fully exploited, it requires that both the architecture and
application models be faster. Architecture can be made faster by employing
multiprocessing strategy. Hence a parallel model of application running over
a multiprocessor architecture offers one of the potential solutions.

The computational resources of a multiprocessor architecture can be ex-
ploited fully only when the application model has sufficient parallelism. Par-
allelism present in signal processing applications can be made explicit using
models based on Kahn process networks [10]. Several variants of this model
have been reported including [13] and [3]. The drawback of models based
on Kahn process network is that they cannot model reactiveness. This lim-
itation is overcome in control flow models such as Statecharts, Esterel and
Polis. Once a parallel model of the application is built, significant speed up

can be achieved when application runs over a multiprocessor architecture.

1.2 Objectives

The main objective of this work was to identify several modeling issues in-
volved in creating a parallel model using YAPI [3], which can further be used
as a starting point to expand the application set and estimate the perfor-

mance of other application models.

1.3 Methodology

In this project, the Y-chart [12] approach has been followed. Figure 1.1 de-

scribes this approach. Hence, the work was divided into four stages:
1. Modeling of application MPEG-2 decoder using YAPI.

2. Mapping of application onto a specific multiprocessor architecture be-
ing developed within Philips. This architecture (SpaceCAKE architec-
ture) has been described in Chapter 5.
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3. Collection and analysis of performance data from simulations to iden-

tify potential bottlenecks.

4. Fine tuning of application to match architecture closely and repeating

various stages for satisfactory performance.

Application Architecture
« Modeling Modeling »

I |
1 ,'
| Mapping \ |
\\\ \ / /’/

~~._|Performancg’ .-
Analysis

Figure 1.1: Y-Chart approach

1.4 QOutline of Report

Chapter 2 discusses YAPI and Kahn process networks. Chapter 3 describes
MPEG-2 video sequence organization and discusses scope of parallelism in
MPEG-2 decoder application. Chapter 4 discusses various modeling issues
and describes MPEG-2 decoder application modeling in particular. Chapter
5 gives details of experiment set up. Chapter 6 provides details of analysis of

performance data and its feedback and Chapter 7 concludes.
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Chapter 2

YAPI

2.1 Introduction

Most of the signal processing applications are quite computation intensive.
These applications process large amount of data at high data rates. This is
especially true for video processing applications. Throughput requirements
of these applications can be met by exploiting inherent parallelism present in
the application. At this end YAPI [2, 3] facilitates exposing the parallelism
present in the application.

Application modeling is the first step in Y-chart [12] which is essentially
the functional specification of the system. Using YAPI the application can
be modeled based on Kahn process network [10] . This model can be reused
across various platforms. YAPI also provides a run time environment for
efficient execution on a workstation. The application model can be further

used as an input for platform dependent mapping and performance analysis.

2.2 Kahn Process Network

The Kahn Process Network is a model of parallel computation. In this model
a number of concurrent processes communicate through unidirectional FIFO

channels (Figure 2.1). A process follows sequential execution. At any given

5
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time, a process is either computing, waiting for information on one of its

input lines or sending a token.

Process Network

Figure 2.1: Kahn Process Network

Communication channels are the only way of communication among pro-
cesses. A communication channel transmits information within an unpre-
dictable but finite amount of time. Moreover only one process is allowed to
put information into a particular channel and only one process is allowed to

receive information from that channel. Reads on the channels are blocking.

The behavior of communication channels makes the Kahn process network
deterministic. The information moving in a channel is determined by only
input data. The order in which processes are being executed does not affect
this. This deterministic property can be exploited to create parallel models for
signal processing applications irrespective of order of execution of processes.

Kahn process network does not model reactiveness. The reason is that non
deterministic events cannot be made known to processes. This limitation is
overcome in control flow models such as finite state machines. In [13] several

variants of Kahn process network are discussed.
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2.3 YAPI

YAPI is a C++ library with a set of rules which can be used to model signal

processing applications as a process network.

2.3.1 Process Network

A process network in YAPI is an instance of class ProcessNetwork. Its mem-
ber objects are a set of processes, process networks and FIFOs. In a process
network a process represents a computing station and a FIFO represents com-
munication channel through which two processes interact with each other.
A process network can be part of another process network, an hierarchy of
process networks can be created as per requirements of the application. Fur-
thermore, a process network does not have any member function to define its
functionality, rather its definition comes from its member objects (processes
and process networks). Figure 2.1 shows a simple process network consisting

of two processes, A and B communicating over FIFO F.

2.3.2 Process

A process is an instance of class Process. It has two parts, interface and
behavior. The process defines its behavior in the member function main,
which can call any other member function. The process follows sequential
execution and interacts with its environment through input and output ports.

A process can be in one of the three states:

1. Running state This indicates that process is doing some computa-

tion.

2. Blocked state A process is blocked when it tries to read some data at
its input port and FIFO connected to that port is empty or when
it tries to write some data at its output port and FIFO connected

to that output port is full.
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3. Ready state In this state the process in no longer in blocked state,

but it is waiting for its turn to get scheduled.

The interface part of the process is described by its constructor. The ar-
gument list of the constructor includes input and output streams. An input
stream is an object derived from template class In and an output stream is
an object derived from template class Qut. The process actually communi-
cates with its environment using ports. Port types are InPort and QutPort.
When a process is created input and output streams defined in constructor
argument list are bound to input and output ports respectively. These ports

are connected to FIFOs in the process network at higher level.

2.3.3 Communication

Processes communicate with each other via unidirectional FIFO channels.
A channel is an instance of template class Fifo. It has one input and one
output end. There is exactly one process which reads from the channel and
exactly one process which writes into the channel. There are three kinds of

primitives provided by YAPI for communication:

Read This is used to read data from input channels.
Write This is used to write data into the output channel.

Select This is used for non deterministic applications. At run time this prim-
itive identifies the port that is connected to the process and that has
committed to communicate. The function terminates if such a process

can be selected, otherwise it blocks.

2.3.4 Workload Analysis

Two important properties of the application are its computation and com-
munication workload, given the input data. In YAPI the communication

workload is measured by counting the number of tokens that are written into
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FIFOs. To get computation workload, thread corresponding to each process
provides the time taken by that process to complete its job. This workload
analysis gives important feedback to fine tune the application. Functions
printCommunication Workload() and printComputation Workload() are used

to get workload information.
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Chapter 3

MPEG-2

3.1 Introduction

Development of MPEG-1 [16] standard was motivated by the need to remove
the incompatibilities present in the systems for video and audio applications
and to propose a standard widely accepted by different research communities
and industries. MPEG-1 was mainly aiming at bit rates around 1.5Mbits/s
and therefore it is more suitable for storage media applications. MPEG-2 [14]
evolved from MPEG-1 and addresses more diverse applications such as High
Definition TV (HDTV), Video Conferencing, Broadcast Satellite Service and
many more.

The main reason of widespread use of MPEG standards is very high
technical quality. Even after a number of years, no errors are found in the
specification. This led to a large number of implementations based on these
standards.

Most of the video processing applications require large amount of data
processing and they have to meet real time deadlines because of high bit rates.
Though there are constraints such as large amount of data processing and
real time deadlines, researchers have been exploring implementations fully in
software [5, 9, 11, 15]. Motivation of this is not only to find methodologies
(such as parallel models) to speed up the application (e.g. MPEG-2 encoder

11
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and decoder) but also to explore the large design space of next generation
computer architectures. In this project, we further extend this exercise by
creating a parallel model for MPEG-2 decoder and using this model to study
the behavior of SpaceCAKE architecture (Subsection 5.3.1).

This chapter looks at MPEG-2 standard and tries to find places where
parallelism can be extracted to create a parallel model for MPEG-2 decoder.
Section 3.2 discusses structure of bit stream. Section 3.3 looks at algorithm

and discusses the scope of parallelism.

3.2 MPEG-2 Video Sequence

Figure 3.1 gives an overview of different layers of MPEG-2 video sequence.
An MPEG-2 video sequence starts with a sequence header immediately fol-
lowed by extension_start_code'. After the required sequence extension, Group
of Pictures (GOP) headers and picture(s) repeat. The sequence ends with se-
quence_end_code.

The GOP header is always optional?. GOP header may be followed by
user data. At least one picture always follows each GOP header.

A picture header is always followed by the picture coding extension, other
extensions, optional user data and picture data. There are three different
types of pictures, I, P and B. I picture (intra-coded picture) is coded in-
dependently. P picture (predictive-coded picture) obtains predictions from
preceding I or P picture. B picture (bidirectional-coded picture) obtains pre-
dictions from the nearest preceding and/or upcoming I and P pictures in the
sequence. The picture data consists of several slices. Each slice has its own
header followed by several macroblocks.

A macroblock has 6 to 12 blocks depending on chroma format. For 4:2:0
chroma format there are 6 blocks, 4 luminance blocks and 2 chrominance

blocks. For the 4:2:2 or 4:4:4 optional formats an additional two or six blocks

L Absence of extension_start_code indicates MPEG-1 sequence.
2Fields followed by * in Figure 3.1 are optional.
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sequence | sequence | GOP header* ?séqﬁén_cé:_e_c;p_h_ead_eF sequence
header | extension | and pictures header* and pictures | end_cod

—_—— - - - =

GOP user icture | picture | picture'

header* | data* P pICture | - picture,
picture | picture coding| extension slice slice : slice |
header | extension and user data L
slice macroblock macroblock : macroblock |
header | | L X
blockO block1 block2 block3 block4 block5

Figure 3.1: Data organization in MPEG-2 video sequence

may be coded. Blocks make the bottom layer of sequence. If it is an intra-
coded block, differential DC coefficient is coded first. Rest of the coefficients
are coded as runs and levels. end_of-block (EOB) terminates the variable

length codes for that block.

3.3 MPEG-2 Video Sequence Decoding

3.3.1 Algorithm

Figure 3.2 gives a simplified MPEG-2 video sequence decoding algorithm,
skipping all header details. In this figure 'C’ like commenting style has been

used. So anything between "\*’ and "*\’ is a comment.
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mpeg—-2_decode(){
get_seq_header();
get_seq_ext();
do{
\* decode GOP *\
get_gop_header();

next_start_code();
while(pic_start_code){
\* decode picture *\
get_pic_header();
get_pic_ext();
next_start_code();

while(slice_start_code){

\* decode slice *\
get_slice_header();
dof
\* decode macroblock *\
dof
\* decode block *\
get_block();
}while(any block within macroblock is le

twhile(any macroblock within slice is left)

}
lwhile(end_of seq)

Figure 3.2: Simplified representation of MPEG-2 video sequence decoding
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It can be seen from the algorithm that MPEG-2 decoding is essentially a
nested loop algorithm which gives enough room to exploit parallelism. Quite
a few approaches are possible to extract parallelism present in the algorithm.
Compilers are there that are able to extract instruction level parallelism at a
very fine level of granularity. The drawback is that they are unable to exploit
coarse grain parallelism offered by the architecture (presence of coprocessors
such as IDCT).

Other approach is to represent the algorithm as a network of concurrently
executing processes (Kahn process network). This representation makes par-
allelism explicit and makes mapping of algorithm onto architecture easier
by putting the processes either on microprocessor or its coprocessor. Both
automatic and manual construction of process network is possible from se-
quential specification. In [6] a methodology has been described, which tries
to build process network using very aggressive data dependency analysis of
single assignment code. However, in this project we do not try to explore such
approach, rather we try to extract data parallelism using manual analysis at

levels such as slice, macroblock or block in MPEG-2 decoder application.

3.3.2 Scope of Parallelism

A number of nested loops can be seen in Figure 3.2. These loops are present
at all the levels i.e., at GOP, picture, slice, macroblock and block level. This
suggests possibility of extracting parallelism at all levels.

The first picture of a GOP should be an I picture or B picture and the
last picture should be an I picture or P picture. It is possible to process two
GOPs in parallel provided GOPs are closed?. If the GOP is not closed, data
dependency is created between two consecutive GOPs and decoding of GOPs
in parallel is not possible. In [5] a parallel model for MPEG-2 decoder has
been described assuming closed GOPs in video sequence.

Since P and B pictures depend on other pictures for their decoding, par-

3A GOP is said to be closed when the first picture is either I picture or a B picture

which does not depend on pictures in previous GOP.
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allelism at picture level is not possible. Within a picture each slice is coded
independently. Moreover a slice is identified with slice_start_code followed by
a header. So slices have proper boundaries. This makes parallelism possible
at slice level.

Within a slice each macroblock is independent, but there is no mac-
roblock header to define boundaries of macroblocks. So macroblocks and
blocks within a macroblock can be processed in parallel only after variable
length decoding. In [9] and [4] parallel models for MPEG-2 decoder have
been described exploiting parallelism at slice and macroblock level. We fur-
ther extend this exercise by incorporating parallelism present at both slice

and macroblock level in our MPEG-2 decoder model.



Chapter 4

MPEG-2 Decoder Modeling

Application modeling is the first step in Y-Chart [12]. In this chapter various
aspects of application modeling (MPEG-2 decoder in particular) using YAPI

has been discussed in detail.

4.1 The Early Structure

The basic tasks required for MPEG-2 video sequence decoding are sequence
header extraction, variable length decoding, inverse quantization, inverse
DCT, motion compensation (This can be further divided into motion vector
decoding and prediction) and frame memory management. Based on these
tasks, a parallel model for MPEG-2 decoder was suggested in [15] using YAPI
(Figure 4.1). In YAPI each node is a Process and each communication chan-
nel is a FIFO . The application model described in this section is our starting
point. The MPEG-2 decoder described in Section 4.3 has been derived from
this model.

4.1.1 The Configuration
Description of all the processes in Figure 4.1 is as follows:

17
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Process Tinput

The process Tinput has an exclusive access to the MPEG-2 encoded video
sequence. This process is responsible for reading the bit stream and passing
bit stream to the process Tvld for further processing. No other process has
direct access to the bit stream. Other processes get access to bit stream

through buffering mechanism.

Process Thdr

The process Thdr is responsible for extracting and interpreting header in-
formation from the bit stream. To get access to the bit stream, Thdr hand-
shakes with the process Tvld. Thdr parses bit stream and builds picture
and sequence properties. Picture and sequence properties are transferred to

different processes for further operations.

Process Tvid

The process Tvld stands for variable length decoding. Responsibilities of the

process Tvld are:

e Giving access to bit stream to the process Thdr through handshaking.

e Extracting motion vector, prediction and DCT coefficients properties

by parsing the bit stream.

e Variable length decoding of DCT coefficients.

After extraction, motion vector and prediction properties are transferred
to the process TdecMV. DCT coefficient properties and variable length de-
coded coefficients are transferred to process Tisiq. These transfers are at

macroblock level.
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Process Tisiq

The process Tisiq has following responsibilities:

e Extracting DC! DCT coefficients for intra-coded macroblocks

e Inverse scan of AC DCT coefficients

e Inverse quantization of DCT coefficients

After inverse quantization, DCT coefficients are transferred to the process
Tidct for IDCT operation.

Process Tidct

The process Tidct is responsible for inverse DCT operation. After the pro-
cessing of macroblock, it is transferred to the process Tadd for addition with

prediction component.

Process TdecMV

The process TdecMV decodes motion vectors. These motion vectors are
transferred to the process Tpredict on macroblock basis for prediction.

Process Tpredict

The process Tpredict receives motion vectors from the process TdecMV and
provides necessary prediction. Since intra-coded macroblocks are coded inde-
pendently, so prediction is provided only for non-intra macroblocks. Tpredict

receives addresses of reference frames from the process TmemMan.

Process Tadd

The process Tadd simply adds motion compensated component with inverse

DCT component and constructs fully decoded macroblock. This macroblock

IThe first coefficient of intra-coded block is DC coefficient. Rest of the coefficients are

AC and they are coded using runs and levels.
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is transferred to the process TwriteMB which writes them into the frame

memory.

Process TwriteMB

The process TwriteMB calculates the position of macroblocks within the
frame and writes them into the frame memory. The address of current frame
is given by the process TmemMan and calculation of position of macroblock
is based on macroblock properties.

As soon as TwriteMB receives a macroblock property token with start_of_pic
tag, indicating decoding of new picture, it sends request for current frame
address to the process TmemMan. Once TwriteMB receives the address, it

can start writing the macroblocks into the frame memory.

Process Toutput

The process Toutput reads the frame from frame memory specified by Tmem-
Man and outputs in some standard format (e.g. PGM format). As soon as
Toutput finishes its job, it notifies TmemMan that the address given to it
can be reused for other purpose (such as writing new picture macroblocks

into it).

Process TmemMan

The process TmemMan keeps track of reference frames, frame which is be-
ing currently read by the process Toutput and frame where the process
TwriteMB is writing macroblocks. TmemMan ensures that the process TwriteMB
writes at the frame address which is neither used as reference frame nor being
read by the process Toutput. When TwriteMB requests for frame address,
TmemMan searches space for new picture in the frame memory.

Processes Tstore, TpredictRD and ToutputRD are dummy processes.

These processes don’t contribute towards actual decoding.
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4.1.2 Drawbacks of the Model

The model for MPEG-2 decoder described in Figure 4.1 breaks the function-
ality into several processes and combines them in a pipelined manner. Though

the model shows a certain degree of parallelism, it has some drawbacks.

Less Parallelism

The model does not fully exploit the independence present at slice and mac-
roblock level. Though different macroblocks are present at different stages in

the pipeline, number of such macroblocks is less at any time.

Bidirectional Communication

There are two processes Thdr and Tvld which require access to the bit stream.
Thdr gets access to the bit stream by request and grant mechanism with the
process Tvld. This handshaking may be quite expensive in a multiproces-
sor environment where these two processes might be running on different
processors and there is a constant contention for communication resources.
Moreover request for number of bits by Thdr at any time is not very high.

This leads to more number of requests and more communication cost.

Unbalanced Pipelines

In Figure 4.1 there are two paths emerging from the process Tvld. The upper
path corresponds to motion compensation and lower path corresponds to
inverse quantization followed by inverse DCT. Experiments show that latency
of lower path is higher than upper path. Moreover, since intra-coded frames
don’t require motion compensation, computation in the upper path is quite
less in this case. This latency difference reduces effective parallelism and puts

further requirement to reduce latency in the lower path.
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Presence of Feedback Loop

Processes TwriteMB, TmemMan, Tpredict and Tadd make a small feedback
loop. Since the process TmemMan has to ensure that TwriteMB writes at a
valid location, TmemMan might have to wait until Toutput finishes reading
the frame which is being output. This may cause additional delay. The process
Tpredict does not get addresses of reference frames until TwriteMB is granted
its request. Since TwriteMB cannot proceed, it may cause some processes to
get blocked in both upper and lower path. This will increase number of
context switches and more delay in decoding. Therefore this feedback loop
should be broken and TwriteMB should be given the frame address for new
frame slightly ahead of time (e.g. as soon as Tvld knows that a new picture

has arrived).

Single Decoder

The model does not suggest how multiple MPEG-2 decoders can be run in
a bigger application set up.

4.2 Modeling Issues

Discussion in the previous section highlights various issues. Based on these is-

sues different models can be evaluated and optimized for better performance.

4.2.1 Amount of Parallelism

The amount of parallelism present in the application depends on application
itself. Thorough data dependency analysis of application is required to fully
extract the data and functional parallelism present in the application. For
example, in MPEG-2 decoder application, several independent tasks such as
variable length decoding, motion compensation, IDCT etc. can be identified
and data parallelism present at slice, macroblock or block level can be ex-

ploited by providing more instances of these tasks. It is very likely that an
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application model, having more parallelism, will improve performance, pro-
vided total number of tokens communicated among processes do not increase

much.

4.2.2 Unidirectional Communication

An application model where processes are handshaking with each other (re-
quest & grant of tokens between two processes), may lead to a deadlock.
Handshaking also increases number of tokens transferred and violates the
streaming behavior, where data flows in one direction.

An application model, which has unidirectional communication among
processes, is likely to give better performance. This improvement comes from
two sources, reduction in number of context switches and number of tokens
being communicated. Since data flows only in forward direction in unidirec-
tional communication, it also reduces synchronization overhead and debug-

ging time.

4.2.3 Communication Overhead

In a multiprocessor configuration, there are conflicts for communication re-
sources. As the number of processors increases in the architecture, commu-
nication becomes more expensive. So an application model, optimized for
reduced communication, will give better speed. This can be achieved by care-
fully choosing token structure and controlling the number of tokens trans-

ferred over communication channels.

4.2.4 Granularity of Operation

Granularity of operation significantly affects structure of application model.
Compilers are there which are able to extract instruction level parallelism at
a very fine level of granularity. Here we mainly concentrate on coarse grained

parallelism.
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In signal processing applications parallelizing at finer granularity may

have the following effects:
e Data parallelism present at finer granularity can be exploited.

e Communication primitives are called more frequently, as less number of
tokens are transferred during any transfer. So communication workload

increases.
e It is more likely that total amount of data transfer also goes up.

Hence, at finer granularity, data parallelism can be increased, but it also in-
creases communication workload. So performance improves only when com-

putation workload relatively decreases.

4.2.5 Balanced Pipelines

In a process network, processes communicate with each other in a pipelined
manner. The slowest process in the pipeline determines its throughput. If
the computation is not properly balanced among processes, it will reduce
effective parallelism present within the application model.

Figure 4.2 shows two pipelines which converge at process Sink. If the
latency of lower path is more, because of finite space in FIFOs, processes in
the upper path will get blocked more often. This will increase the number
of context switches and reduce the effective parallelism in the application.
Hence, in such a situation, an application model will perform better which

has balanced pipelines.

4.2.6 Synchronization Overhead

In YAPI an application is modeled as a process network. Processes commu-
nicate with each other over FIFOs by transferring tokens. Then it becomes
important at what place a process sends or receives tokens. Further, there is

need for mechanisms using which global events can be notified and actions
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Figure 4.2: A process network demonstrating two pipelines
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can be started. For example, arrival of new picture in MPEG-2 decoding is a
kind of global event. All the processes within MPEG-2 decoder model should
be notified about this, so that they can update picture properties required
for correct decoding. So, the application programmer has to take care of the

following:

e Identification of the points at which, a token required for synchroniza-

tion should be sent.

e Mechanism of notifying processes about global events. One solution is
to employ broadcast mechanism, in which case some special tokens are

communicated to all the relevant processes.

e Mechanism of communicating (sourcing or sinking) tokens with the

processes repeating same operation (e.g., IDCT).

4.2.7 Multiple Instance of Processes

The process network in Figure 4.3 has n instances of process P. In this process
network, throughput at this stage of process P should increase roughly by
a factor 'n’. However, this scheme increases synchronization overhead. Now
the process Source must adopt some policy to distribute the tokens properly
among processes Pi and similar policy must be adopted by the process Sink

to collect tokens.
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in_P1 out_P1

P1

in_P2 out_P2
Source P2 Sink

in_Pn out_Pn
Pn

Figure 4.3: A process network demonstrating multiple instance of process P

If 'n’ becomes large, processes Source and Sink may not respond to de-
mands of processes Pi quickly, which may further lead to increase in context
switching. So for a large value of 'n’ performance improvement may get sat-

urated.

4.2.8 Memory Usage

On chip memory speeds up system performance, but it is limited in amount.
This suggests memory usage should be optimized. Increase in parallelism
increases number of processes and communication channels within the ap-
plication model. This further increases memory requirements. So there is a
trade off between size of parallelism and space requirements. Though this
cannot be eliminated fully, the problem can be reduced by fine tuning the

sizes of FIFOs after few experiments.

4.2.9 Scalability

Scalability of the model defines its capability to grow. An application model
is scalable if more data parallelism can be provided by just plugging more
instances of processes (e.g. by providing more IDCT processes in MPEG-2

decoder application).
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4.3 Refined MPEG-2 Decoder Model

We created a new MPEG-2 decoder model using YAPI starting from the
model described in Figure 4.1. We have tried to optimize the model based

on modeling issues discussed in Section 4.2.

4.3.1 Top level view

Figure 4.4 gives the overview of complete application.

Infile | | sync
Tsource MPEG-2 d Tsink
Decoder_1

Figure 4.4: Top level view of complete application

Process Tsource

The process Tsource has been put so that multiple MPEG-2 video sequences
can be decoded in parallel. Tsource reads initialization file for locations of

MPEG-2 video sequences and transfers this information to corresponding
MPEG-2 decoder.

Process Tsink

The whole application should terminate only when all the MPEG-2 decoders
have finished their jobs. The process Tsink collects sync token from all the
MPEG-2 decoders. After collecting all sync tokens, Tsink gives profile infor-

mation for the whole application and terminates it.
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4.3.2 Process Network MPEG-2 Decoder

Figure 4.5 gives the configuration of MPEG-2 decoder. In this configuration,
a number of instances of the process network TsliceDec can be created. By in-
stantiating more T'sliceDec, parallelism in application model can be increased.
Furthermore, TsliceDec can also be made more parallel by instantiating more

process networks Tig_idct_add within it.

Process Tinput

The process Tinput receives video sequence location from the process Tsource.
Then Tinput reads the sequence, buffers the bit stream and transfers bit
buffer to the process Thdr. Thus only process Tinput has direct access to the

bit stream.

Process Thdr

The process Thdr has following responsibilities:

e Parses the bit stream and extracts sequence and GOP header informa-

tion.

e Extracts slices including slice headers and transfers them to process
networks TsliceDecs on round robin basis (i.g., If there are only two
TsliceDecs, first slice is given to TsliceDecl, second to TsliceDec2 and
third is given back to TsliceDecl).

e Sends start_of_picture command to the Process TmemMan and thus,

activates TmemMan to determine frame address for new picture.

Process TmemMan

The process TmemMan gets start_of_picture command from the process Thdr.
Then it sends reference frame addresses and frame address, where the next

frame is to be written after decoding, to the process networks TsliceDecs.
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In present configuration, TmemMan determines the frame addresses much
ahead of the time, when decoded macroblocks can actually be written into
the frame memory. This might create situation when the Process Toutput is
reading and one of the the process networks T'sliceDec is still writing decoded
macroblocks at the same location. To avoid this situation, TmemMan does
not give the address of current frame being decoded to the process Toutput
at the start of next frame, rather it waits for one more frame to arrive. Here
TmemMan assumes that this two frame interval will give enough time to the
process network TsliceDec for decoding of at least first frame.

Let us assume that the sequence of decoded frame is {f0, {1, 2, ...}. In
this scheme, address of f0 is given to the process Toutput only when the
frame 2 has already arrived before decoding. This time interval is sufficient
for processing of frame fO at all TsliceDec. Though this scheme introduces
delay of one frame for sending frame address to Toutput in the beginning,
afterwards frames are displayed at regular intervals.

This configuration removes request-grant mechanism present in Figure
4.1 for frame addresses. This not only speeds up decoding, but also facili-
tates instantiation of multiple process networks TsliceDec easier, by making

MPEG-2 decoder process network simpler.

Process Toutput

This process receives address of frame to be displayed from TmemMan. It
sends sync token to the Process Tsink as soon as it receives end_of_seq token.
Furthermore this process notifies process TmemMan about end of reading

the frame by sending a token over FIFO TmemMan_rdy_mem_id.

Process Network TsliceDec

The process network TsliceDec gets slices (This includes slice header) and
decodes it. Its structure is described in Subsection 4.3.3. The purpose of

creating this process network is to exploit parallelism at slice level.
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All the process networks TsliceDec need properties of the picture for cor-
rect decoding. In the configuration where several TsliceDecs are present, it
becomes necessary to notify all TsliceDecs that new picture has arrived. To
implement this, a broadcast mechanism has been adopted. Special tokens
are transferred, for new picture, over all the FIFOs corresponding to slice
property or macroblock property (FIFO TsliceDec_prop_slice in Figure 4.6
and FIFOs with suffix prop-mb in Figure 4.6 and Figure 4.8). Thus creating
multiple instances of processes or process networks may impose new synchro-

nization requirements.

4.3.3 Process Network TsliceDec

Figure 4.6 describes the process network TsliceDec. TsliceDec receives slice
(including slice header), extracts macroblocks and writes them into the frame
memory. Within TsliceDec, it tries to exploit parallelism present at mac-
roblock level. At this level, model has flexibility to increase number of in-
stances of the process network Tiq_idct_add to enhance parallelism present

in the model.

Process Tvid

Responsibilities of the process Tvld include:
e Extraction of slice header
e Extraction of motion vector and macroblock properties?

e Variable length decoding of maroblock coefficients (this includes dif-
ferential DC coefficient of intra coded blocks) and transfer to process

networks Tiq_idct_add. This transfer is on round robin basis.

2Motion vector properties include fields such as motion vector format, motion code, dual
motion vector etc. and macroblock properties include fields such as DCT type, quantization

scale code, intra dc precision etc.
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Figure 4.6: Process Network TsliceDec
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To reduce communication overhead, only non zero DCT coefficients are

transferred to process networks Tig_idct_add.

Process Network Tiq_idct_add

The activities of the process network Tiq_idct_add include inverse quantiza-
tion, inverse DCT and addition with prediction blocks. Its structure has been

described in subsection 4.3.5.

Process Network Tmc

The process network Tmc receives motion vector properties from Tvld and

provides motion compensation. Subsection 4.3.4 discusses more about Tmec.

TwriteMB

The process TwriteMB receives decoded macroblocks from process networks
Tiqg-idct_add and picture properties from Tmc. It adopts the same round
robin policy, as adopted by Tvld, to communicate with process networks

Tiq_idct_add. Now there is no request to TmemMan for frame addresses.

4.3.4 Process Network Tmec

The process network Tme (Figure 4.7) provides motion compensation.

Process TdecMV

The process TdecMV is responsible for motion vector decoding.

Process Tpredict

The process Tpredict gets motion vectors from TdecMV and provides predic-
tion. It receives information, regarding which Tiq_idct_add process network
should be selected to write predicted blocks, from TdecMV, which in turn

receives that information from Tvld.
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Figure 4.7: Process Network Tmc

4.3.5 Process Network Tiq_idct_add

Figure 4.8 describes the structure of the process network Tiq-idct_add. Since
the process Tidct (this process performs IDCT) is quite computation inten-
sive, multiple such processes are provided to increase the speed. The number

of Tidct processes, present in the process network, is flexible.

Process Tisiq

Inverse scan and inverse quantization is performed by the process Tisiq. This

process has two additional features:

e This process communicates (transfer of macroblocks) with a number of

Tidct processes using round robin policy.

e DCT coefficient matrix of a block is sparse in nature. Since a number of

entries are zero, only non-zero coefficients are transferred to the process
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Tidct. This transfer takes place after compression of blocks using simple
sparse matrix representation. Each non-zero entry maintains two fields,
value and index. Later, process Tidct does decompression and extracts

the macroblock.

The mode of macroblock transfer increases computation overhead for
compression and decompression, but it gains more by reducing com-

munication overhead.

Process Tidct

The process Tidct performs inverse DCT operation.

Process Tadd

The process provides necessary addition after motion compensation. It re-

ceives macroblocks from all the Tidct processes using round robin scheme,

same as the process Tisiq.

4.4 Salient Features of The Model

e The process network MPEG-2 decoder is identified by MPEG_ijk. Num-

) )

ber of slice decoders (process network TsliceDec) is indicated by 'i’, ’j
indicates number of Tiq_idct_add process networks within the process
network TsliceDec and 'k’ indicates number of Tidct processes within
process network Tiq_idct_add. Different configurations can be created
by instantiating MPEG_ijk corresponding to different ’i’, ’j’ and 'k’

combinations.

In the MPEG-2 decoder process network parallelism has been extracted
at slice level and within the process network TsliceDec, parallelism at

macroblock level has been exploited.
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Chapter 5

Experimental Environment

5.1 Introduction

The simulation setup is composed of 4 layers (Figure 5.1). Uppermost layer is
application. Application has been modeled using primitives of YAPT (Chapter
2 discusses YAPT in detail). YAPT further uses thread scheduler to provide
its services. Thread scheduler is responsible for thread management activities
such as context switches, maintaining status of threads etc. The bottom layer

is architecture which runs under control of thread scheduler.

Application

YAPI
Thread Scheduler

Architecture

Figure 5.1: Layers of experimental environment
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5.2 Thread Scheduler

Figure 5.2 gives an overview of thread management.

Thread
Thread pool stealing Thread pool
of CPUO of CPU1
Thread scheduler Thread scheduler
of CPUO of CPU1
CPUO CPU1

Figure 5.2: Thread scheduling

Activities of thread scheduler are as follows:
e Creating threads and maintaining thread pool for each processor.

e Facilitating context switches. At the time of initialization, all the threads
go to the thread pool of one processor. When thread scheduler of any
processor looks at its thread pool for a thread to schedule and its thread
pool is empty, it tries to steal a thread from thread pool of other pro-
cessor. This thread stealing mechanism enables all the processors to

build their thread pool after initialization.
e Maintaining the status of threads.
e Implementation of semaphore operation.

Every CPU has its own thread scheduler. The thread scheduler is like a

small operating system, which manages the resources of the CPU.
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5.3 The SpaceCAKE Architecture

The SpaceCAKE Architecture is a homogeneous multiprocessor architecture.
This architecture addresses re-usability and scaling and targets very compu-

tation intensive applications such as video processing.

5.3.1 The Architecture

The SpaceCAKE Architecture (Figure 5.3) is essentially an homogeneous
multiprocessor architecture. The basic unit of repetition is a tile. A tile
consists of a heterogeneous mix of memories, general purpose processors
(like the MIPS 1900 or ARM), DSPs, configurable function units and high-
performance special-purpose functional units. All tiles on a chip are exactly
the same and they are laid-out in a 2-dimensional fashion with a high-speed
message passing network to interconnect them. The interface of the tile and

interconnection network are further topic of research.

TileQ |«——— Tilel

X

Tile3 |=————— Tile2

Figure 5.3: The SpaceCAKE Architecture

5.3.2 The Tile

Tile is the basic unit of repetition in SpaceCAKE Architecture. Figure 5.4
shows the present structure of tile. It essentially consists of a number of gen-
eral purpose processors, memory bank, a snooping bus, a BCU (bus control

unit) and a proxy (to implement system calls).
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CPUO CPU1 MEM MEM
A A A A
\i \i \i \i
BCU |w—m» Snooping Bus PROXY
A A A A
\i \i \i \i
CPU2 CPU3 MEM MEM
Figure 5.4: Structure of tile
The CPU

The CPU present in the tile is a MIPS-32 micro-controller, which is close to
PR1910 [17]. Apart from supporting normal PR1910 features, it also supports
MST" cache coherence protocol [8], so that it can be used as node in a cache
coherent multiprocessor system. Moreover this also supports upto two bus

adapters that can be active concurrently. Bus adapters either connect to a
32-bit PI-bus or to a 64-bit DVP-DMA bus.

Bus

The snooping bus shown in Figure 5.4 is Peripheral Interconnect (PI) Bus
[19]. Apart from supporting clock synchronous and multi-master bus op-
eration, it also supports memory coherency. Support for multi master bus
operation and memory coherency enables it to be used in a multiprocessor

configuration.

IMSTI stands for Modified Shared Invalid
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Bus Control Unit

Bus Control Unit (BCU) controls the operation of bus. Functions are:
e Bus ownership assignment and address dependent slave selection
e Initiation of memory coherency protocol
e Unification of acknowledgment control information

e Detection of illegal addresses and time-out bus faults

PROXY

This component of tile handles system calls. Whenever any CPU has any
system call, CPU sends request to PROXY to implement that. If there is only
one request, the request is granted immediately. If more CPUs are sending

requests, PROXY selects one CPU at a time and grants its request.

Memory

This component of tile refers to storage available within the tile besides cache
memory inside the CPUs.

The present configuration of tile shows only MIPS CPUs, the configura-
tion can be extended later to accommodate other components also such as

DSPs, coprocessors etc.
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Chapter 6
Experiments and Results

Motivation behind doing experiments, using YAPI application model, is to
fine tune the application model to increase its speed and to collect perfor-
mance data to explore the architecture design space. Experiments were done
at both application level (YAPI provides information about computation
overhead and communication overhead of the application) and system level
using TSS. Section 6.1 analyzes application level and Section 6.2 analyzes

system level performance data.

6.1 YAPI Level Simulations

Computation and communication overhead is obtained from YAPI, when
the application is run on a workstation in a multi-threaded environment.
The data referred in this section are obtained by running application on sun
platform (SunOS 5.7) and input MPEG-2 video sequence is tennis.m2v (8

frames, frame size 576x704).

6.1.1 Computation Overhead

Threads are created corresponding to each process in the application model.
Computation overhead refers to the total time taken by the whole applica-

tion (decoding of video sequence tennis.m2v) and time distribution among

45
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processes (threads). This distribution refers to the total time taken by any
process to perform computation on data, which it gets during decoding of
whole sequence (tennis.m2v, 8 frames, frame size 576x704). This information

can be used in the following way:
e Different models can be compared for speed up.

e Percentage of time taken by different processes can be used to find
out which process takes more time and is more computation intensive.
Moreover timing information enables to find out which pipeline has

more latency and can be a source of bottleneck.

Table 6.1 gives time distribution of processes for model described in Figure
4.1. This model has two parallel paths emerging from the process Tvld. First
corresponds to motion compensation and second corresponds to inverse DCT.
They finally merge at process Tadd. From the table it can be seen that second
path takes more time to complete its task. The first path takes total 18.57%,
whereas second path takes total 27.89% time. So, to speed up the application,
second path should be made faster (by providing more processes).

YAPI provides more information about application by giving Number of
context switches (total number of switches among threads on the CPU) and

Parallelism number.

Number of context switches This is the total number of thread switch-
ing on the processor. A context switch takes place when a process gets

blocked. So this indicates how often processes get blocked.

Parallelism number This is the average number of processes (threads) in
the ready list of the processor. This gives an indication of effective
parallelism present in the model. If N, indicates Number of context
switches and Nthr; indicates number of threads in the ready list of
the processor at i"" instance of context switch, Parallelism number is

calculated as follows:
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Name of process | Time taken | % Computation time
ToutputRD 0.114250s 1.48
Toutput 1.074277s 13.9
TmemMan 0.031361s 0.4
TpredictRD 0.409410s 5.2
Tpredict 1.293022s 16.8
TdecMV 0.136052s 1.77
Tstore 0.058771s 0.65
TwriteMB 0.610476s 7.9
Tadd 1.045679s 13.5
Tidct 1.276872s 16.6
Tisiq 0.867145s 11.29
Tvld 0.708408s 9.22
Thdr 0.013470s 0.17
Tinput 0.041562s 0.53

Table 6.1: Computation workload

v (6.1)

Parallelism number =

Total time This is the total time taken by the application when run on
multi-threaded workstation given the input video sequence (tennis.m2v).
This is not a very accurate measurement of speed of application, but
it gives feedback about relative speed up. More accuracy is obtained
when application is run in TSS environment (TSS is a cycle accurate

simulator).

Table 6.2 shows that Number of context switching comes down by increas-
ing the value of i’ in models mpeg_ijk, but increases when j goes from 2 to
4. This implies that it is quite possible that after a certain point by provid-
ing more instances of processes or process networks will increase Number of

context switches even if Parallelism number increases.
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Model Number of Total time | Parallelism

name | context switches | taken (sec) | number
old_model 346763 7.68 3.87
mpeg_122 21786 5.78 7.81
mpeg_222 20506 5.71 13.58
mpeg_242 31826 6.04 22.89
mpeg_422 19919 D.77 23.87
mpeg_442 31965 6.02 39.6

Table 6.2: Comparison among various application models

6.1.2 Communication Overhead

Communication overhead refers to total number of tokens transferred and
hence, total amount of data transfer over FIFOs. This information can be
used to change the sizes of FIFOs to reduce memory usage and to reduce num-
ber of times processes get blocked. For example, size of FIFO, which transfers
less number of tokens, can be decreased and size of FIFO, which transfers
more number of tokens, can be increased. This resizing should reduce the
number of situations, when a process gets blocked on write. Furthermore,
resizing of FIFOs can increase memory used by the application, so there is a

trade off between space and speed.

6.2 TSS Level Simulations

The application is mapped onto the architecture to get architecture per-
formance data. Different YAPI models of MPEG-2 decoder were mapped
onto the tile (Figure 5.4) of SpaceCAKE architecture (Figure 5.3). Since, at
present, tile has a number of MIPS CPUs, we compiled different configura-
tions of MPEG-2 decoder for MIPS and obtained executables. Then this is
run on TSS [18] (Tool for System Simulation) model of architecture (single

tile within SpaceCAKE architecture). We used tennis.m2v (8 frames, frame
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size 576x704) as MPEG-2 video sequence. We simulated for three different
tile (Figure 5.4) configuration, with 2, 4 and 8 CPUs.

6.2.1 Application Behavior
Number of Cycles

Figure 6.1 shows simulation results for total number of cycles, taken by the
MPEG-2 decoder model to decode the video sequence tennis.m2v. The plot
shows normalized values at Y-axis. These are normalized against total num-

ber of cycles during simulation of old_model (Figure 4.1) with 8 CPUs.

CyClesmodel_name

Normalized number of cycles = x 100 (6.2)

CyCleSold_model_Scpus

Except two models (old_model and mpeg_122') other models show de-
crease in number of cycles with increasing number of processors in archi-
tecture. The possible reasons why old_model and mpeg_122 models show

deviation, could be:
1. Less parallelism

2. More communication cost. Processors wait for data for significant amount

of time.

The gain in speed, while going from 4 CPUs to 8 CPUs, is less compared
to gain from 2 CPUs to 4 CPUs. The reason is more conflict to get access on
communication resources (bus). This is verified by increase in bus_wait_cycle
(Figure 6.3). Among shown application configurations model mpeg_222 is the

fastest.

! The application model mpeg_ijk indicates that there are i’ TsliceDecs, ’j’ Tiq-idct_add
process network within TsliceDec and 'k’ Tidct processes within Tiq_idct_add process

network.
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Figure 6.1: Number of cycles vs Number of CPUs

Cycles per Instruction (CPI)

CPI? is the ratio of total number of cycles over total number of instructions,
taken by the application to decode tennis.m2v during TSS simulation. In
Figure 6.2, except old_model all other models show increase in CPI, which
indicates decrease in total number of instructions relative to total number of

cycles.

Bus Wait Cycles

Figure 6.3 shows variation of bus_wait_cycles for different configurations. In
this plot, bus_wait_cycles indicates the average number of cycles a CPU is
blocked while a cache fill request is in progress. Except old_model all other
models show the same kind of behavior and variation is not very high. The

curve is nearly straight line. So increase in bus_wait_cycles is almost 9 units

2This is the average CPI value over all the processors.
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Figure 6.2: CPI vs Number of CPUs

per processor, whereas old_model show slightly different behavior and in-
crease in bus_wait_cycles is 6.4 units per processor. The reason for increase
in bus_wait_cycles is that now there are more CPUs to share the only com-

munication resource (bus).

Cache Coherence

Figure 6.4 shows the total number of snooping requests®* made by CPUs
for cache coherence. The TSS model of the CPU uses MSI cache coherence
protocol for cache coherence among CPUs. It is clear from the plot that as
the number of CPUs is increased, required snooping requests also go up.
The curves are again nearly straight lines. Increase in snooping request is
approximately 3.83 units per CPU for old_model and 1.1 units per CPU
for others. Hence relative decrease, in number of snooping requests in new

models compared to old_model, is by a factor of 3.4, which indicates there is

3This is the average number of snooping requests made by all the CPUs
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Figure 6.3: Bus wait cycles vs Number of CPUs

relatively much less cache coherence activity compared to old_model.
Number of coherence writes can be seen in Figure 6.5. As expected, this
increases by increasing number of CPUs in the tile, as with more CPUs it is
more likely that two communicating processes are running on different CPUs,
necessitating coherence write traffic from the producer to the consumer. Fur-
ther, Number of coherence writes reduces drastically for our MPEG-2 decoder
model because of lesser communication overheads. However, by increasing
parallelism in mpeg_ijk models, coherence writes are reduced but not much.
This indicates that if the number of tokens transferred does not increase

much, increasing parallelism helps to reduce cache coherence writes.

Parallelism Number

In Figure 6.6 Parallelism number have been taken from YAPI level simula-
tions. It can be seen that variation in the total number of cycles taken during

the TSS simulations is not large for a particular number of CPUs. This im-
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Figure 6.4: Number of snooping requests vs Number of CPUs

plies that ideally total number of cycles taken during TSS simulations should
decrease as Parallelism number increases, but the communication bottleneck

prevents this.

6.2.2 Architecture Behavior

Figure 6.7 shows variation of architectural parameters for application mpeg_222
model when run on 8 CPU tile configuration given input video sequence
tennis.m2v. CPI is almost same for first few CPUs and then rises in a lin-
ear manner. Number of snooping operations performed by all the CPUs are
nearly equal. The most surprising variation is seen in number of bus wait
cycles. The curve indicates that few of the CPUs seem to be waiting much

more than other CPUs. Further this variation is linear.
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Summarizing, more than 100% speed up is achieved for models of type
mpeg_igk compared to old_model, when application was run on a tile with 4
and 8 CPUs. Furthermore, as the number of CPUs is increased, conflicts to

get access to bus increases and communication resource becomes expensive.
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Chapter 7

Conclusions

7.1 Conclusions and Contributions

We modeled an MPEG-2 decoder using YAPI. The model has following fea-

tures:

e New model is more than 100% faster when run on SpaceCAKE archi-

tecture with more than 4 CPUs.

e More than one MPEG-2 decoders can be instantiated, working on dif-

ferent video sequences.

e A number of configurations can be obtained by instantiating more pro-
cesses or process networks at different levels (at whole application level,

slice decoder level or within slice decoder).

e The model is optimized for lesser communication overhead by resizing

FIFOs and reducing amount of data transfer over FIFOs.

There are a number of factors which directly affect the performance of an
application model. Unidirectional communication, balanced pipelines, gran-
ularity of operation are a few typical examples. The model features such as
bidirectional communication, unbalanced pipelines, feedback loops etc. could

reduce the speed significantly and might lead to deadlocks.

57
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We mapped the application model onto SpaceCAKE architecture to study
architectural performance parameters. We observed that an application, which
has more parallelism, runs faster (takes lesser number of cycles). Further com-
munication structure of application is equally important. Application model
should be optimized for lesser communication overhead.

We found from experiments that as the number of processors in the ar-
chitecture increases, conflicts for communication resources increases. So af-
ter a certain number of processors, increasing the number of CPUs does not
improve performance significantly. We also observed that for our MPEG-2
decoder application, presence of 4 CPUs in the tile gives performance which
is good enough. Adding more CPUs must be backed up with more commu-
nication bandwidth. We also observed that for fixed number of CPUs in the
architecture, there is a limit beyond which increasing the number of processes

in the application model does not improve performance much.

7.2 Further Research

Faster MPEG-2 decoder

In the current implementation of MPEG-2 decoder model, we allowed only
one process (i.e. Tinput) to get access to video sequence directly. Rest of the
processes get access using buffering mechanism. The model can be further
improved by reducing buffering and allowing more processes (particularly

variable length decoders) to have direct access to video sequence.

More Applications

The application set can be expanded by utilizing our MPEG-2 decoder model.
This extension includes applications such as picture scaling, picture in pic-
ture, MPEG-2 decoding followed by various picture quality improvement
algorithms etc. The bigger application set can be utilized more effectively for

design space exploration.
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Performance Visualization

At present we do not get a dynamic view of application running over Space-
CAKE architecture. Similar is the case with architecture. The application
model, thread scheduler and architecture can be extended to generate traces
in some specific format. These traces can be given as input to performance
analysis tool [7] and dynamic view of whole simulations can be visualized.
This activity may help in identifying problems in both application and ar-

chitecture.
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