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Parallel Processing of MPEG2 Encoding
on a Chip Multiprocessor Architecture

TAKESHI KODAKA,"7 HIROFUMI NAKANO," KEIJT KIMURAT
and HIRONORI KASAHARAT

With the popularization of multimedia applications like image and audio processing on
PCs, mobile phones and PDAs, development of low cost, low power consumption and high
performance processors for multimedia applications has been expected. To this end, chip mul-
tiprocessor architectures that allows us to exploit multi-grain parallelism such as coarse grain
level parallelism, loop level parallelism and instruction level parallelism have been extensively
researched. However, to realize efficient parallel processing on chip multiprocessor architec-
tures, sophisticated techniques are required for decomposition of a program into adequate
grain of tasks, analysis of parallelism and scheduling of the tasks onto processors considering
data locality. This paper describes a parallel processing scheme for MPEG2 encoding using
data localization which optimizes execution efficiency assigning coarse grain tasks accessing
the same array data on the same processor consecutively on a chip multiprocessor and data
transfer overlapping technique which minimize the data transfer overhead by overlapping task
execution and data transfer. Performance of the proposed scheme is also evaluated. As the
evaluation result on an OSCAR chip multiprocessor architecture, when the clock frequency is
assumed as 400 MHz, the proposed scheme gave us 1.24 times speedup for 1 processor, 2.47
times speedup for 2 processors, 4.57 times speedup for 4 processors and 7.97 times speedup for
8 processors against sequential execution without the proposed scheme respectively. Similarly,
when 2.8 GHz, the proposed scheme gave us 1.36 times speedup for 1 processor, 2.61 times
speedup for 2 processors, 4.46 times speedup for 4 processors and 6.54 times speedup for 8
processors against sequential execution without the proposed scheme respectively.
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Fig.1 OSCAR CMP architecture.
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Table 1 MPEG?2 encoding parameters.

# of frames in GOP
I/P frame distance
Picture type

Aspect ratio information
Frame rate

Bit rate

Profile

Level

chroma format

video format

vbv buffer size
progressive sequence
intra dc precision
quantization scale type
entropy scan type

search window size

15
30IB1B2P..0
frame picture
4:3

30 frames/sec.

5000000.0 bits/sec.

Main

Main

4:2:0

NTSC

112 kbit
false

8 bit
non-linear
Zig-Zag scan
P:11x11

B10 forw.[ 3x3
B10O backw.[T 7Xx7
B20 forw.[D 7X7

B20 backw.[] 3x3
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Fig.2 MPEG2 data structure.
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Fig.3 Block diagram of MPEG2 encoding.
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Table 2 Specification of PC.

oooo DELL PRECISION 450
CPU Intel Xeon DO0OO0O0 2.8 GHz
hoge with HT Technology x2
L1I Cachel TCD 12K pops
L1D Size 8KB
Cache | Way 4-way
Line Size 64 B
Latency 2 clocks
‘Write Policy | Write Through
L2 Size 512KB
Cache | Way 8-way
Line Size 128 B
Latency 7 clocks
Write Policy | Write Back

Main Memory Dual Channel

hoge DDR-SDRAM 333 MHz 2 GB

0 3 Intel Xeon 0O PCOOOOODOO
Table 3 Evaluation result on Intel Xeon PC.

SSE 00O SSE 00O

0000 [ms] 1,047 427

04 DODOOOODOO
Table 4 Cache hit rate.

SSEOD [%] | SSEOD (%]
L1D Cache 97.4 97.0
L2 Cache 99.8 99.8
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Table 5 Execution time and ratio of each encoding stage.
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ENDDO
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Fig.5 Code fragment of MPEG2 encode and macro task
graph.
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Fig.6 MacroTask Graph of MPEG2 encoding with data
localization.
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