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ABSTRACT 
In this papet by implementing a realistic MPEG-4 core 
profile decoder over the TriMediaTMDSP chip [7], we 
investigate a serious of important issues related to the use 
of a media-processor to satisfy multimedia compression 
and processing requirement. The realistic MPEG-4 
decoder optimized implementation by this DSP chip can 
support resolutions up to 4CIF (720 x 576) at 30fps. The 
issues we investigated include the overview of 
characteristics of media-processor architecture [8-151, the 
speedup of the MPEG-4 decoder based on the TriMediaTM 
DSP chip, multimedia co-processor or hardware 
accelerator based approaches, Very Long Instruction Word 
(VLIW) and Single Instruction Multiple data (SlMo) 
programming technique and the media-processor based 
solution for set-top box applications. 

INTRODUCTION 
Along with the high-speed development of semi-conductor 
technology, improvements in microprocessor architecture 
and performance have enabled general-purpose computer 
chips to process digital video, audio and graphics in recent 
years. But as the concept of Information Appliance (IA) 
has emerged, the similar functionality has shifted from the 
general-purpose to the so-called media-processor one. The 
processor is targeted to mass-produced consumer 
electronics devices, such as digital televisions, set-top 
boxes, DTV and as much qualifies as an embedded 
processor. Meanwhile, the progress of video compression 
techniques is maturing after years of efforts on 
development of many standard and de-facto codecs. The 
well-known moving picture expert group (MPEG) has 
worked out the newest version of video codec, MPEG-4 [I], 
possessing very low bit-rate and, yet acceptable quality. 
Recently, much research [2-61 has focused on considering 
the media-processor for these multimedia compression and 
processing requirements, such as the MPEG-4 decoder 
using a media-processor. The compelling reasons for it are 
flexibility and low-cost. A media-processor-based terminal 
architecture has to provide a cost effective (based on 
commodity pricing) execution environment for video 
applications because silicon resources are limited. 
Therefore, there are many challenges in designing and 

programming media-processors. 
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THE HIERARCHY ACCELERATION AND 
THE RELATED METHODOLOGIES 

Two years prior to this work, we investigated several issues 
centered on the MPEG-1, 2 video $decoder paired with the 
Intel MMX instruction set [16]. Relying on our previous 
findings, we first investigate the issue of speeding up the 
MPEG-4 decoder using the TriMediaTM DSP chip. The 
steps of acceleration can be considered as a hierarchy stage 
shown in Fig. 1. From top to bottom are the stages of 
Algorithm, Instruction Set and Assembly Level, 
respectively. As expected, based on previous research, the 
inverse discrete cosine transform (IDCT) and motion 
compensation (MC) are the two most processing-intensive 
tasks of MPEG-4 video decoder (As shown in the 
performance profile in Fig. 2). The performance profile is 
obtained by porting a pure C code and non-accelerated 
MPEG-4 decoder over the irriMediaTM DSP chip 
preliminary. After that, we demonstrated how to speed up 
MPEG-4 video decoder according to the VLIW 
architecture. First, we show how to use data and instruction 
parallelism by VLIW to enhance the inverse discrete cosine 
transform (IDCT), followed by then how to speed up the 
motion compensation (MC) module. Thirdly, we 
demonstrated how operations in the MPEG-4 video 
decoder are also enhanced by VLIW instruction set, as well 
as using the cache system of TriMediaTMDSP chip to 
exploit data locality. The methods for speed-up IDCT can 
summarize as (1) Fast algorithm [ 171 (2) Loop unrolling - 
to UNOII IDCT source code, we can schedule this module 
into VLIW architecture more compactly (3) In-place 
matrix transpose -just transposing matrix in place to avoid 
the matrix transpose in IDCT module. (4) TriMediaTM 
SIMD instruction. The approaches to optimize the MC 
module we used are as (1) Loop unrolling (2) TriMediaTM 
SIMD instruction. By using SIMI) instructions, we can do 
multiple motion compensation at a time. But some 
overheads caused by the lacks of some frequently used 
SIMD instruction supports by the Intel MMX & SSE 
instruction set reduce the performance improvement (c.f. 
Fig. 3). These methods conform to the concept of the 
hierarchy stages of acceleration. 

i 



CONCLUSION 
We compared the similarities and dissimilarities of the Intel 
and TriMediaTMDSP chip. The drawbacks and the further 
possible improvement of  the DSP chip are also discussed. 
By cooperation with the SetaBox Technology Corp. (STC), 
we also investigated the media-processor in set-top box 
application. This includes the current and potential market, 
as well as making practical solutions for set-top box 
application. 
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Figure 1 :  The hierarchy stages of acceleration 
and the related methodologies 
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Figure 2: The preliminary performance profile of the non-accelerated 
MPEG-I decoder over the Trih4ediarMDSP chip: The columns marked 
by the symbol * and # are the DSP cycles: instruction cycles and data 
cycles, executed by the MC and IDCT, respectively. 

Figure 3: The Used Customer Operations in MC 
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