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Parallel Processing on MPEG2 Encoding
for OSCAR Chip Multiprocessor

Takesul Kopaka? | Hironumt Nakano! | Keur KiMuraft  and HIRoNoRI KASAHARA T

Recently, multimedia applications with visual and sound processing are popular on mobile phones and PDAs. To satisfy
the needs for efficient multimedia processing, development of low cost, low power consumption and high performance
processors for multimedia applications has been expected. Chip multiprocessor architectures which allows us to attain
scalability using coarse grain level parallelism and loop level parallelism in addition to instruction level parallelism are
attracting much attention. However, to realize efficient processing on chip multiprocessor architectures, parallel processing
techniques such as decomposing a program into adequate tasks considering characteristics of a program and assigning these
tasks onto processors are essential. This paper describes a parallel processing scheme for MPEG2 encoding for a chip
multiprocessor and its performance.

1 0000 O000000000ONECMP982 000 MeP?
0000 1000000000000000000
0000000000000 00O00DOnoog
0000000000000 D00D00D00000O0
0000000000 SIMDOVLIWOD ODDOO
0000000000000 0000000O0nO
00000000000 0000O00000000n
0000000000000 D000D0D0000OO
00000000000 00000D0O0oono
000000000000 D0DO00000DO00n
0000000000000 D000O0D0O000OO
0000000000000 0000000oonO
000000000 000000000000OO0
000000000 O0D0D0OO00O0ODOO0O0O0onoono
ooQg

0000000000000 000000O0
0000000000 00D00000000000
MPEG2000000000D0DO0O0ODOOOOD
t00000000O00ODODO000DoOO0DODOOoOooO Hooouooon

Dept. of Computer Science, Waseda University O0o0200000000000000300 MPEG2
ttooooooooonnooood 0000000000 0000004000000

Advanced Research Institute for Science and Engineer-
ing, Waseda University

0000000000000 000000000
00000000 DO000000O0O0O0DoOoOOo
000000000000 O0D000000000O0
00000000000 0000000D00O0DO
000000000000 00000000onoOn
oooo

00000000000 D0O00D0DOOOOOOon
00 FR500V000 SH4Y» 00 0DO0ODDOOOO
0000000000000 0DD0OD0O00nO
000000000 0ODOO0O0OD0OO0O0OD0OOoOOoOonog
0000000000 VLIWOOODO00000O
000000000000 O0SIMDOODDODOD
0000000000000 D00000000O
00000000000 DO00000O0O0ooono
0000000000000 00000o0ononon
oooQ

0 550


研究会Temp 
社団法人 情報処理学会　研究報告IPSJ SIG Technical Report

研究会Temp 
2003－ARC－154　　(10)

研究会Temp 
2003／8／5

研究会Temp 
－55－


00000 OoSCAROOIOOOOoOooOoooOooo
OO00O0oooooOoos500 MPEG2O0OO00OO
oooooo

2 OJoboooobogd

O000O00O0OSCAROOOOOOOODOOOO
00000000000000000000000
00000000000000000000000
00000000000000000000000
000000 (00000000000)Y0000
00000000000000000000000
00000000000000000000000
0000000000000000%®00000
00000000000000000000000
0000000

2.1 00O00O0O0O0OOO®
(0000000 000O0)

0000000000000000000000
0000000000000 (BPA)OOODOODO
000 (RB)0ODDOOO0O0D0O0ODO(SB)OOOO
0000000 (000000 (MT))000000
000O0BPAODOOODOOOOOOOOOOOOO
00000000000000000000000
00000000000000000000000
0000 BPAOOOOOOMTOOOOOOODO
00 BPAORBOSBOO MTOOOOOOOOO
00000000000000000000000
00000 (MFG)OOOOOO0O0O0O0 MFGOO
MTOOOO000000000000000000
00000000000000000 (MTG)OO
0000000000000000 MTGOO MT
00000000000000000000000
(PE)0000O0O0000D00000000 (PG)O
00000000000000000000000
00000000000000000000000
00000000000000000000000
oooo

22 0000000 (@QOOOOODO)

PGOOOOOOODO MTO DoallDODO RBO
0000000 RBO PGOOOOOOOOODO
OO0 (PE)ODO0O0O00ODCOOODOOOOOOOOO
ogoo

23 O0O000OOOOO®

pGOOOOOOOCO MTOOBPAOOODOO
obobooooboobooooobooobooooo
ooobooOoRBOODODOODOOODOODDOOO
goooooooooooooopGOO PEOO
gboooooogno

Oo0o00O000O00000O0DODOOO BPAD
00000000000 DO IF-THEN-ELSE OO
gooooobboboooooooboooboboobooo
goooooooobbooboooboooooo
gboooboooboooboobooboooooooo
goboooobooooooobooooooooooo
goobobbooooooboooboboooooo
oo00o0oD0oo0o0oO0oDbOob0 PEOOODDOOOO
gobooooooooobobooooobOoPEO
goooboobobobooooooboooooboooo
goboobooobooboooooobooooono
OPrPEOOOOODOOOOCOOOOOOOO

3 MPEG20O0O0OOO0OOOOOO
goad

J00ooooboooooo MPEG20000
0000000 oobOooooooonoodMPEG2
00000 oooooOooooooOoooo

00000 MPEG20OOQOOOOOCODODODOO
000000000 MediaBench”? 0000000
O “mpeg2encode” 000000000000 0OOO
0000000000 1000 MediaBenchO OO
000000000 0bOOoU0oooOoOoooooo
00000000 0000000 QCIFO 176x1440
googo

MPEG200O0O0O0OOOOOOOO 10000
ooooooooOoMPEGOOOOOOOOCODO
00000 GOPO Group of PictureDO OO OO O
goooGorPOOOOO0OODOODOOOODOOO

0560


研究会Temp 
－56－


0 1: MPEG200 00000000000
# of frames in GOP 15

I/P frame distance 3(IB1B2P...)
Picture type frame picture

Aspect ratio information | 4:3

Frame rate 30 frames/sec.

Bit rate 5000000.0 bits/sec.

Profile Main

Level Main
chroma format 4:2:0

video format NTSC

vbv buffer size 112kbit
progressive sequence false

intra dc precision 8bit
quantization scale type non-linear
entropy scan type Zig-Zag scan

P:11x11
B1:3x3(forw),7x7(back)
B2:7x7(forw),3x3(back)

search window size

GOP

Loy

Video Sequence

Slice 0 Macroblock |

Slice 1

Slice n ﬁ'

Pictutre  Block —— Chrominance Block
Luminance Block

0O 1: MPEG20 0000

0o00o0ooooooooooooooooooo
000000 00o0ooooooobOobooon
0000o0oooooOoebOODOODOOD4000
doDoodoodo2000b000000o00o00
do0o000oo0ooooo1loooon 8x80ooo
oooooono

MPEG20 000000000000 20000
MPEG20 0000 0OO0O700000000000
0 O 00 motion estimation 00 0 O 0 OO predict 00
DCTOOOODOOO det type estimationd000 O
0000 transformO00000000O0OOO0O
0O putpict00 0 0 0 O0 iquantize OO OO OO O O
OitransformO0 0000000000000 0OOO
oono

gboog ooooboobooboboooboan
goooobooboooooobboooooon
oboobooooobooooboobooooo
goboobooooooboooboooboo

gobooooooooooboobooogon
gooooooooooooooooooa
googo

oobOo oboboboooboooooobooooboo
gbbOooooooboobobooooobo
oogd

DCTOOOOODO ODOOOODOOOO0oOoooo
gooooOooOooooooOooo beTo
goooooOooobooo bcrooooo
oooogo

00000 oooooogooo bcrooon
oo0ooooo bcroooooooooon
gooogooobcrooooogno

oOooooooooo bpCrooooOoooooo
gbooboooooobooboboood
gobobobooboboboboobobooodg
gbooooooooboooo

gboo0 gobboobboobooobobooon
gooooobood

OO00O0o0O0 oOooooooooooooo beT
ooooooooooogooono

oo0OoooOoooOooooooooooood
oooooooooooogo

“mpeg2encode” 00000000000 Sun Ul-
tra800 UltraSPARC-II 450MHz x4 000000
oooooooooOL200ooo4MOon oon
OOoooooooono «pg-02700000000
O0O00OD0gprof0O0DODOOOODOOOOOOOO
O003000000000000000MPEG2
O00O0o0OO0O0OO0O0OO0O0O00 000000 motion
estimation00000000O0DO0O

MPEG200000000OO0ODOCOCOOOO
gooooOoOoOoooUoooOooooooooooo
oOoooooooOoooooOooooobooOoon
0000000000000 00ooooooooo
000000000000 0000ooooDOoooon
oooobroooooooooooooooo
ooooooooooOoooOoooooooooo
O000000o0oooOoOoo0o0ooooOooooo
0000000000 oO0ooooooooooo
oooooooooooooooodgooooon

gs7o


研究会Temp 
－57－


current frame

Bitstream

picture )
[ motion

estimation predict

dct type
estimation

Output

transform putpict

reference
picture

Buffer itransform

Encoded
Frame Data

iquantize

O 2. MPEG200000 ODODOOO

I motion_estimation (87.9%)
W predict (0.2%)

[ dct_type_estimation (0.2%)
Otransform (4.1%)

M putpict (1.9%)

Miquantize (0.4%)
Witransform (0.5%)

Oete. (3.5%)

0 3: MPEG2O00000O

gooooboobooboooooobooooboooon
gooobooogbobobobboooooobooo
ggobobooobboooooooooboon
goobobooooboboooooooooooo
gooooooboooboobooooooooog
goboooobobooboogoboooooboon
gooboboooboogoooo

4 OSCAROOOODOOOOOO
oooooooo®

O000000SCAROOODOODOOODOO (CMP)
uboooooooobooboobobooobooo
gobooooooooo

4.1 0OO00OO0OOOOOOO

OSCARCMPOOODOOOODOOOOCOOOO
oooOooooo4000000 cpUOOOOOO
OocpUOOOOOOOOOOOOOOOOOOO
000oooo (bTU)DO00OO0 cPUOOOOO
gboboboobooobooobobooboobooo
(LPM)OPECOOUOODOOOOOOUOOOOOOO

CHP
PEO
PE2| | PEn
CcPU DTU
DSM|__]
LPM ]
LDM

[ Bus Interface |
|

I | |
| I nt erconnecti on Network |

| Csm |

0 4: OSCARCMPOOOODOOO

OooOo (LbM)OO PEOO PEODOOOOOOO
oo booooooooon
O(dsM)DoOooOoooooouooo (PE)yOO
0000 (Uoooooooooooo)oooo 1
gobdioooooooobooboooooo
ooooobDTUDOODDODOO0Oo0ooooooooo
00000000000000000000000
000000000000000 PEODOOOO
ooo300o0o0oooo

goodooobooobouoobooooood
OLDMOOOO 26KO0 00000000000
000100000000 bSMOODOO 16KO O
000 pPEOOODOOOOOODOOO1IO0DOO0OOO
PEOODODOOOOOOOOO 400000000
gooooocSsMOOoOooOooDooooooon
odoooooooooooo 2000000004ada

OSCARCMPOOOODOO 400000000
000000000000 000000000oo
000000000000 00O0

OPEOOO CPUOOSPARC VOO OODOOO
000000000 Sun Microsystems (0 0 Ultra-
SPARCII® 000000000000 0OOOO
00000oo00oooooooooooooon
goooooooboboooooobuobooon

0580


研究会Temp 
－58－


000000000 OSCARCMPOODOOOO
O000000o0ooooo (IEU)0 100000
000o0o0ooo (LSU)o 1000ooooooo
0O (FPU)U 1000000000000000O0O
oboogoooo

5 Uogg

OO00O0O0OMPEG200000CODODODOO
O00300000000000000000SCAR
goooooooooooceMpPODODOOOOODOO
goodooOooooDOo0O0oDooOoOoOoOoooo
goboooooooood

000000000 D0O0O0OOdMediaBenchO OO
00o0do MPEG20000000D0O0ODODO
“mpeg2encode” 1 00000000 O0DOOOOO
OO0OMPEG200000D0D0DOO0ODOODOODOO
gooDOopoooooobCcToODOooOoDOooOoO
00oDo0oooooboooooooooooon
oo00ooooooobOooooOobooobobooo
gooooooboooobooooobbooooo
OSCARUDOOUOODDODOOOODOODOOOOD
JodooooooooooOoobOoooooOooo
OO0O0O0ooooooo OSCARCMPODOOOO
ob0oo0oOo0ooOooobooObbOOoboboOoooo
000o0o0dooooooooooooooooo
000o0doooooooooooooooooo
o0OoddodoboooO0boboOobbOOoobboobo
ODOO00OC0OOO0ODOODODOOOMediaBenchO OO
00000000 compo.tar.gz O O rec*.[YUV]|OD
00000000 000000Ooo 176x1440 00
oo0oboooooOoOooboooooboboooboo
00000000000 DOO0DO0OD0DO MediaBench
000000000000 “mpeg2encode” 0 00O
obooOoOobbOOoOOoOoOoobOOoogooo

OSCAR CMPOOOODOOOOOODOOODO
o000 1PGIPEODODOOOODOODOODOO
00000 5000000000 ooogooao

0 motion estimation 00 0 0 0 00 predict 00 DCT
0000000 det type estimationd0 0 OO OO
O transform00 0 0 0 00 iquantizeOO OO0 O OO
OO0 itransformO000000000000O0O0O0OO
Oo0oooooooooo “1pGIPE’O20000
go0ooooOoooooooooog “2PGIPE’O

. |[o1PG1PE
O2PGIPE
" [m4PGIPE

speedup vs 1PG1PE

05 MPEG20000O0COCOOOOOO

40000000000DDOOOOODDOO
“4PGIPE’0D0O0O0O

Ooooooooooob 20000 “2PGLPE”
goooooooboobobboboobooboong 1.95
OOo00000 1.9300DbCTODOOOOODODO 2.00
oboooooo2o0b000000 1.9000¢0
gooooo 20000000000 0O00O00ODO
OoOO000ooUooOooDooOoooO MPEG2O
gooooooooboooooooboooooon
gobooooboboooooooboobooan
gobooboooboooooooboobooobo
goboooboooboooboooooooooooo
gooobobooooooobooboboooooboooo
goboooooooooooebOoboboOoOoOOn
OO00O0000b00oOoOoOoo ecOoPGOOPGIOO
pGOOOOOOOCODOOOOODOOOOOMTOO
oooooDoooboO0000oooo0gg“MTn”
OMTOODOOOOO dled0O0OO0OOO0OODODO
gooboooobboooooooobooboooo
gooboooobobooboboboooooogooo
uoboobooboooboobboooooooo
Oo000oO0oooooooebboOOOPGOO
gboooooooooboooooooooo

OoOoooooooooo 40000 “4PGLPE”
oo000oooooooooooooooogoon 3
OO00D0O0 3.6400DCTOOOOOODO 3.56
gbooooboo 39uoooboono 372000
goooog3esooooooooooooaon
gboboooobooooboobob.ooboooooo
goboboooobooooboboooooboooon
OO000000000OQCIFD 176x144000 00
gboboboobooobooooooboobbonbn
gbdodgo 1iooboooooobobobooooon

0 590


研究会Temp 
－59－


-~
o1 }H

o oyl

MT57
NIT58
MT79
MTE0

&

Te:
e
=F—
|__MT68
-
70
71
3
z
5

600000000000

oob4000000000000DO0O0OO0OO
OO0 PGO 270270280280 00000000CO
gooboobobooobooboooooobooboogooo
gooobooooooooboooooo

gobooooboooooobooobooboboo
gooooboooobooboooogoooogan
oooboboooooboooooboobooooo
gbooooooooboooooobooooo
goobooboooboooobobooobooooon
goooooogoooooobooob pGO PEDODO
gboooboooobboooboboobooo
MPEG200O0O000O0O0OO00OOOOOOOOO
goobooboobobobooooooboooooo
ooooooooo

6 UOO

CooooOoMPEG200000DOOOOOO
000000000000000D0O000 OSCAR
gobOobooooooboboobooobobooonbn
0000000 400000000000000
oooooogooooo 371ooboobogn 3.64
OODCTOOOODOOO 35600000000 3.90
O000D00D 372000000000 3.6500
oooOoOooooooMPEG200C0OC000OCDO0O
goobooooooo

OOoooOooO0oooMPEG20000000DOO
gboooobooooooooboobobooobobooo
gobboooooooobooboobobooobooDoo
gooboobooboboboooboobooboo
gobooOoooooooo

0 600

HEN

O00D0OD0DO0OO0OSTARCOOOODODOOOOO
goobooobooboooboooobboooooo
ubooooboobooooobooboboboooo
gobooobooooooooboboobooo
oboobooooobooobooooooooboooon
OO0O0O0O0O0STARCOODOOOOOOOOOOOO
ubobooboobooooobobooooobooboo
gooooooooooboboog

godgd

[1] A. Suga and K. Matsunami: Introducting the
FR500 Embedded Microprocessor, IEEE MICRO,
Vol. 20, No. 4 (2000).

[2] F. Arakawa, O. Nishi, K. Uchiyama and N. Nak-
agawa: SH4 RISC Multimedia Microprocessor,
IEEE MICRO, Vol. 18, No. 2 (1998).

[3] M. Edahiro, S. Matsushita, M. Yamashita and
N. Nishi: A Single-Chip Multiprocessor for Smart
Terminals, IJEEE MICRO, Vol. 20, No. 4 (2000).

[4) O0OO0O0O, OO0: A single-Chip MPEG-2 Codec
Based on Customizable Media Microprocessor,
ICD2002-20 (2002).

[6] H. Kasahara, M. Obata and K. Ishizaka: Auto-
matic Coarse Grain Task Parallel Processing on
SMP using OpenMP, Proc. 12th Workshop on
Languages and Compilers for Parallel Computing
(2000).

[(] DO0O0O,0000,0000: 0000000000
goboooooooboooooboboobooboooooo
0000,000000000, Vol. 42, No. 4 (2001).

[7] C. Lee, M. Potkonjak and W. H. Mangione-Smith:
MediaBench: A Tool for Evaluating and Synthe-
sizing Multimedia and Communications Systems,

30th International Symposium on Microarchitec-
ture (MICRO-80) (1997).

[8] Sun Microelectronics:
Manual (1997).

UltraSPARCTM  User’s


研究会Temp 
－60－




