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Abstract-In the field of Multimedia processing, the
efficient processing of multimedia applications
(MMA’s) is one of the main issues. For processing
MMAs many architectures have been proposed such
as SIMD architectures, VLIW, superscalar (generalpurpose processor enhanced with a multimedia
extension such as MMX), vector architectures, and
reconfigurable computing devices. The question then
arises: which architecture can make sure the full use
of the characteristic features of MMAs the most? In
this paper, first, we explain the characteristics of
MMAs, after that we discuss the different
architectures that have been proposed for processing
MMAs. Afterwards, they are compared based on
their ability to exploit the characteristics of MMAs.
Superscalar processors with dynamic out-of-order
scheduling provide higher performance than VLIW
processors and from superscalar processors with inorder scheduling. Because superscalar architectures
include complicated control logic for out-of-order
execution, and because VLIW processors have to
decode every instruction slot in parallel and need a
register file with multiple read and write ports, they
are more complex than single-issue vector
architectures.
Keywords: Architectures, VLIW, SIMD, MMA
extensions.
I.

INTRODCUTION

Recently,different architectures have been proposed
for MMAs processing.Designs of these architectures
ranges from fully custom to fully programmable
dedicated architectures, and to General-Purpose
Processors
(GPPs)
with
multimedia
extensions.Architectural support for multimedia
applications has been classified in three categories by
Fritts
[01],
application-specific
processors,
multimedia extensions to a GPP, and media
processors. Talla [02] has distinguished those

common approaches for handling multimedia
application namely, GPPs with Single Instruction
Multiple Data (SIMD), Very Long Instruction Word
(VLIW) media processing, and Application Specific
Integrated Circuits (ASICs). The question then arises:
what architecture will be able to best exploit the
inherent features of MMAs? The aim of this paper is
to provide an overview of recent architectures for
multimedia applications processing, programmable,
adapted programmable, VLIW, SIMD, super scalar
and vector Architecture.We will also present a
comparison between thiese architectures. This paper
is organized as follow. Characteristics of multimedia
applications. Then : different classifications of
processors that, have been proposed for processing
MMAs and describes their advantages and
disadvantages systems distinguished for processing
of MMAs are given.Finally, conclusions are stated.

II.

CHARACTERISTICS OF
MULTIMEDIAAPPLICATIONS

A Multimedia Application is an Application which
uses a collection of multiple media sources e.g. text,
graphics, images, sound/audio, animation and/or
video. Hypermedia can be considered as one of
the multimedia applications. MMAs have many
characteristics that make themunique from GeneralPurpose Applications (GPAs). Themost important
ones are the following (Real-time response): MMAs
such as video conferencingand electronic commerce
often require real-time response.In addition, they
require a certain quality of service(Processing of
streaming
data): MMAs
can
keep
their
instructioncode on-chip and commonly stream data in
fromoff-chip (Significant fine and coarse grained
data parallelism):Typically, MMAs perform the same
operations on differentdata item (e.g., pixels). In
addition, many functions needto be performed on
these data values. Since these operations and
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functions are largely independent.(Small loops):
MMAs spend nearly 95% of their executiontime over
the two innermost loops. These loops tendto have a
large number of iterations, typically 10 or more,with
some loops having hundreds or thousands of
iterations. (High memory bandwidth requirement):
The applicationsprocess large data sets, putting a
severe burden on memorysystem. (Small data types):
MMAs typically use small integer datatypes of 16
bits
or
less.Additionally,
MMAs
perform
significantly more arithmeticoperations than GPAs.
MMAs more perform integer arithmetic operations
than floating-point operations.The proper numberof
integer ALUs and floating-point units for MMAs is
4and 1, respectively.Furthermore, the most important
data types in MMAsare usually small such as 8 and
16 bits. The data characteristicsof MMAs are
important for two reasons: First,subword parallelism
uses small data types to exploit SIMDparallelism.
Second,
media
processors
will
have
narrowerdatapaths than GPPs because the data types
aresmaller. Most instructions process integersof only
8 or 16 bits. The memory behavior of MMAs is
different from thatof GPAs. Most importantly,
MMAs have high spatial localitybut little temporal
locality. Typically, the processorloads a small
amount of data, processes it, and it never orrarely reuses the data again.Based on these characteristics,
MMAs require differentarchitectures than GPAs. So
the architectures that havebeen proposed for
processing MMAs are investigated inthe following
section [4].
III.

PROCESSOR ARCHITECTURES TO
SUPPORTMMA’s

Programmable architectures for processing MMAs
can be divided into flexible programmable
architectures, which provide moderate to high
flexibility, and adapted programmable architectures,
which provide higher efficiency [5-9] but less
flexibility. There are some approaches in the design
of programmable architectures such as Data-Level
Parallelism (DLP), Instruction-Level Parallelism (ILP)
and TLP or adaptation to special algorithm
characteristics
by
implementing
specialized
instructions and dedicated hardware modules that
result [10-18] in higher efficiency for a limited
application field.

Advantages:
It is flexible,high performance, supporting a complete
multimedia environment, and cost-effectiveness.
Additionally, programmable architectures can
implement different tasks controlled by software. The
main advantage of programmable architectures is the
increased functionality.
Disadvantages:
Hardware for control and program storage and
software development time are their disadvantages.
An example of flexible programmable architectures
isthe Multimedia Video Processor (MVP). The MVP
combines a 32-bit RISC master Processor and four
32-bit DSP processors in a crossbar-based SIMD
shared-memory architecture. The RISC master
processor can be used for control, floating-point
operations, audio processing, and 3Dgraphics.
IV.

ADAPTED PROGRAMMABLE
ARCHITECTURES

Adapted programmable Architectures provide
increased efficiency by adapting the architecture to
the specific requirements of video coding
applications [19-22].
These architectures provide dedicated modules for
several tasks of the video coding/decoding (codec)
algorithm such as DCT module, or Variable Length
Coding (VLC). One example of this group is the
Video RISC Processor (VRP) from C-cube Micro
system. The VRP consists of a 32-bit RISC processor
and two special functional units for VLC and motion
estimation [23-29]. Specially designed instructions in
the RISC processor provide an efficient
implementation of the DCT and other video-related
operations. The VRP can perform real-time MPEG-1
encoding and decoding. Advanced dedicated
multimedia processors use SIMD and VLIW
architectural schemes and variations to exploit.

A. VLIW ARCHITECTURE
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A VLIW processor has a multiple independent
function units and executes several operations in
parallel. These operations are placed in a very long
instruction word. It is the compiler’s responsibility to
find independent instructions that can be grouped in a
VLIW. VLIW processors can achieve high
performance by utilizing ILP and DLP, where an
instruction contains three Op codes, and three
registers for each operation, two sources and one
destination [30-33]. Different fields of the long
instruction word contain the operations that activate
different functional units.
Advantages:
VLIW processors employ static instruction
scheduling performed at compile-time rather than
dynamic scheduling performed at run-time as in
superscalar processors which require much more
hardware. Furthermore, packing and unpacking
overhead is minimal. Since data items maintain their
individual identity, it is not required to always treat
them as a group[3] [34-39]. Aim at speeding up
computation
by
exploiting
instruction-level
parallelism.
An instruction is consisted of multiple operations;
typical word length from 52 bits to 1 Kbits.All
operations in an instruction are executed in a lockstep mode.One or multiple register files for FX and
FP data.Rely on compiler to find parallelism and
schedule dependency free program code.Receive
(very) long instruction words, each comprising a field
(or opcode) for each execution unit. VLIW register
connectivity is more expensive than that of an SIMD.
A packed SIMD architecture uses a single register
file port to read or write multiple values, but a VLIW
requires multiple ports, one per functional unit.
The processor has an instruction set that is optimized
for processing audio, video, and graphics. The
TriMedia
TM-1000
is
a
generalpurpose
microprocessor for real-time processing of audio,
video, graphics, and communications data streams.

becoming simple, Potentially higher clock rate,
Higher degree of parallelism with global program
information.
Disadvantages:
Higher complexity of the compiler:
Compiler optimization needs to consider technology
dependent parameters such as latencies and load-use
time of cache.

B. VECTOR ARCHITECTURE
Each result is independent of the previous result. It
has long pipeline, compiler ensures no dependencies.
it has a high clock rate. Vector instructions access
memory with known pattern. It has a highly
interleaved memory and amortize memory latency of
over
64 elements. It has no (data) caches
required! (Do use instruction cache) and has Reduces
branches and branch problems in pipelines. Single
vector instruction implies lots of work (
loop)
and fewer instruction fetches.
Components of Vector Processor:
Vector Register: fixed length bank holding a single
vector. It has at least 2 read and 1 write ports and
typically 8-32 vector registers, each holding 64-128
64-bit elements.
Vector Advantages:
They are independent and use same functional unit,
access disjoint registers, access registers in same
order as previous instructions. Itaccess contiguous
memory words or known pattern and can exploit
large memory bandwidth. it hide’s memory latency
(and any other latency). Scalable (get higher
performance as more HW resources available).
Compact: Describe N operations with 1 short
instruction (v. VLIW). Predictable (real-time)
performance vs. statistical performance (cache).It has
Mature, developed compiler technology.
Vector Disadvantage: Out of Fashion

Advantages:
Reduce hardware complexity,Tasks such as decoding,
data dependency detection, instruction issue, etc.
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SIMD ARCHITECTURE
SIMD(single instruction multiple data) instructions
are probably the best placeto use assembly since
compilers usually notdo a good job on using these
instructions. SIMD architecture performs the same
operation onmultiple data elements in parallel.The
SIMD unit architecture is quite general and can be
added to several embedded processors. In our studies,
we have focused on MIPS processors and extended it
with our SIMD unit for data streaming applications.
The unit was integrated into MIPS processor by
defining two new SIMD instructions. SIMDLD is a
load instruction, which performs the loading of
vector registers (VR1 or VR2). SIMDSAD
instruction performs the SAD operation by taking
VR1 and VR2 as input operands and writing the
result, sum of the absolute difference, in the target
register.
SIMD unit is integrated in the normal flow of the
instruction pipeline of the processor. At the
instruction decode stage SIMD instruction is
identified and redirected to SIMD unit. Depending on
the instruction, SIMDLD or SIMDSAD, it is
executed differently.
The SIMDLD result’s in loading SIMD-vector
registers VR1 or VR2. Each vector register consists
of 16 8-byte registers. The bandwidth of the
connection between the data cache and the SIMD
unit is 64-bits, thus resulting in two or three accesses
for loading each vector register. The three accesses
are needed for alignment of data. Alignment is
performed on the current frame macroblock. This is
done by reading three 8-bytes from memory. These
24 bytes are then shifted left so that they become byte
aligned, i.e., we get two 8-byte aligned data.The
connection from memory to SIMD unit is 64-bit wide.
SIMDSAD instruction operates on two vector
registers, performing in parallel a sum of absolute
differences. The SIMD unit can be compared to a
multi staged floating point unit, which is located
often in parallel with the processors own Arithmetic
Logic Unit (ALU). Result of SAD operation is a
single value, which is placed back in one of the

processor registers for use by the video encoding
application. Processing unit together with the two
vector registers and alignment unit is the core of the
SIMD extension.Introducing this extensive SIMD
support affects many parts of the system, especially
memory system and data path. This creates a need for
investigating the architecturaldesign tradeoffs. One
such tradeoff is how we can load the 32 SIMD vector
registers with aligned data with as short as possible
latency. This clearly introduces a classical bottleneck
in the system.
Adding SIMD extension to an embedded processor
for increasing the performance is one way of solving
the shortcomings of today’s embedded processors.
One of the benefits with this solution is its flexibility.
Instead of adding a hardwired solution beside the
processor, tailored for a certain standard, we use
flexibility and programmability of general purpose
processors [40-42]. The cost for this solution is small
and insignificant with regards to power increase.
The most interesting observation is the increased
importance of data paths. By increasing the
performance of the processor, new problems arise on
how to provide the processor with enough data so the
increased processor performance is not lost. The
increased cache size and its right configuration,
together with increased memory bus width produce a
significant improvement in the overall performance
of the system. In addition to the SIMD nature of
multimedia processing, most applications also need
to be able to reorganize the individual data
components efficiently to adjust for various data
stream layouts. Therefore, MMAs are not well suited
for traditional SIMD architectures where data
reorganization can be expensive.
SUPER SCALER ARCHITECTURE
Superscalar processing is the ability to initiate
multiple instructions during the same clock cycle.A
typical Superscalar processor fetches and decodes the
incoming instruction stream several instructions at a
time.Superscalar architecture exploit the potential of
ILP(Instruction Level Parallelism).The outcomes of
conditional branch instructions are usually predicted
in advance to ensure uninterrupted stream of
instructions. Instructions are initiated for execution in
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parallel based on the availability of operand data,
rather than their original program sequence. This is
referred to as dynamic instruction scheduling.
Upon completion instruction results are resequenced
in the original order.
It thereby allows faster CPU throughput than would
otherwise be possible at the sameclock rate. All
general-purpose CPUs developed since about 1998
are superscalar. The major problem of executing
multiple instructions in a scalar program is the
handling of data dependencies. If data dependencies
are not effectively handled, it is difficult to achieve
an execution rate of more than one instruction per
clock cycle.

V.

CONCLUSIONS

Recently, multimedia processing is the technology
for a wide variety of applications. Multimedia
processing poses very high demands on devices for
transmission, storage, and computation. The growing
number of international multimedia standards such as
MPEG-1, 2, 4, and 7 presents challenges for both
hardware and software that should perform complex
multimedia processing in realtime, because every
application in a multimedia environment requires
different algorithms, processing techniques, and
hardware. MMAs have some features such as
realtime response, intensive computation for highly
regular operations, and organized by small loops. The
efficient processing of MMAs is currently one of the
main issues in the field of media processing. many
architectures have been proposed for processing
MMAs such as programmable architectures, Adapted
programmable
architectures,
VLIWs,
vector
architectures, SIMD architectures, superscalar
architecture etc. Programmable architectures offer
more flexibility, but their power dissipation is usually
high. Adapted programmable architectures provide
dedicated modules for several multimedia tasks, but
they are not suitable for multi-standard and multiformat of media applications.. Vector processors
provide performance benefits for both partially
Vectorizable program with short vectors and highly
vectorizable benchmarks. Superscalar processors
with dynamic out-of-order scheduling provide higher

performance than VLIW and superscalar processors
with in-order scheduling.
parallel media processors are expected to be best
candidate for processing the next generation of
multimedia applications, because they can provide
both the performance and flexibility
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