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Parallelizing Compiler Directed Software Coherence

MasayosHI Maskg, ! Kenr KiMurat!
and HIRONORI KASAHARAT!

As multicore processor becomes widely used in various computer systems, the
number of cores integrated in a chip is increasing for improved performance and
reduced power consumption toward manycore era. However, cache coherency
hardware in manycore processors which integrates over 64 or 128 cores is hard
to implement both for circuit area and energy cost. This paper proposes a
parallelizing compiler directed software coherence for shared memory multipro-
cessor systems without hardware cache coherence mechanism that enables as
same parallelization as on hardware coherent cache. We implemented the pro-
posed method in OSCAR automatic parallelizing compiler and evaluated on
RP2, a multicore for consumer electronics integrating 8 cores, that can support
hardware coherent cache mode under 4 cores and non-coherent shared memory
multiprocessor mode over 4 cores. The evaluation results shows that auto-
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matic parallelization with the proposed software coherence mechanism achieves
as much or even better performance than hardware coherence under 4 cores.
Also, the software coherence gives us 4.88x speedup for 8 cores in average on 4
application programs against sequential execution.

1. I C&IC

HDABIEIRN S PC, A=AV Ea—RICERH LB BRI N T1Fv T LI
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Local Cache

V D tag data PEO PE1 PEn

V: valid bit Local Local Local

D: dirty bit Cache Cache e Cache

I I I
local cache control instructions ] ] ]
from the owner CPU - -
« self-invalidate Inter-connection Network (Bus, Crossbhar, Mesh, Ring, etc.) l
. and/or * flush

* writeback

Shared Memory

1 /Jrvae—LrbrFyw a7 —F70Fx
Fig.1 non-coherent cache architecture.
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Tty a7 REEEATYZEELTED, ThEho Tty 4 a7 e vy
T aZRoh, av—L Y UHIHON— R 2 7ERE TR0 Fa7oa—h)bF vy
TaDN—RT 7R, —RNEY A 7a7ay Y TRHHINTVE LI B&F vy a
F A VI valid bit & dirty bit ZfDOEDOEEL THY, £ty aricBnt
ZOF XYy aTAVHNENNE DD (valid bit), Fyv>aTFA Y EOT—EZRAEY
HitRAENTZICF vy ¥ a ETHEHEIN TV SN E S5 W (dirty bit) Z/N— KT =7 T
BT, Ihbb, ThZNO Oy a7 NE—DAEY 7 RL AN S N3 EE
MRS F vy > 2T 3T enBH5D, VI T T7 TRENEEIZHENDS.
H27aty a7 N BZEROMEF vy 2 LTWAEEI, o atydarh
FTOEREEHRTZLE, EFHINLF vy al T3 7oty a7icBnTRICZED
ZREBRT SRNCE Oy a7 DF vy a4 YONEEA 2N TF—k Liank
ity Y a7 HhEHT HHOH T2 EZRSTSRBLTLES. ki, ooty
Y a7 TEHENERESRT B, Bl akyda7idF vy v a L TER
LT =2 LR BATVICTA Ny 7 LT, HRIICATY ZEH T LICL-T,
o Taty Y THRAREL 155 T L R IRAET .
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F—3Ny ROREL ARS8, EELHEERS.
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Stale l&/N— R = 7OIRHEEL U TIZFEI CIRIETH 0, T84 FITHU B RHTRFOIRIES
HICBT BN TRAIL TV S, HOKREERICHBNT, —HEREE—F (load), A7
(store) FOT Ty P ATICEBZ ATV T /A ZERT. ZEHREAITOF vy a5
ADT A’y T (writeback) IV T A 223 F— b (self-invalidate) FDF vy 2
B RS, HETETR, ThoDF vy ¥ affEfsrzar /e SHEIERL, 27T
DAT MO T T DEWEICHEEI NG T L F vy ¥ a ffERITWED 5 ML 21T 5
TERMTHS. TV TEHBROAEY 7 RLADT—RIZDNT, EHOoa7o
F v > o THEIFHIC Modified DIRREL 72 550K 51, F Tz Stale JRAED & FIFHIAIAH
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DU, AWMTREROV I by 7av—L YU filllizlTS 72bn, a231S505R%IC
DNWTNS.
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load/store

Modified
(dirty)

store writeback

load —— [, ) writeback
Valid \___ Stale
(clean) store on another core (clean)
load self-invalidate

2 V7V TREBFyyvaae—L T ral
Fig.2 Software based cache coherent protocol.
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3.1 [EEHRERIE 2 X 7 L5 M0

ARG, BEREMRNGE 2 R RIS KRBT BE72 B FE AAELRLEE &2 X 27 S 3 AL 22 S el
T w7 av—L Iz 5.

FEERTRIRLE 2 X 75T, Tad o L3EART Ty 7 (BB), V—7HOEDIR
L78v 7”7 (RB), BT T IL—F VO LEDY T )V—F > T 1w 7 (SB) HD< 7
OX A7 LTHEEN, 7k AVEoay hu—)7u—& 5 —2{kizd o W Ez
M Liex /a2 22557 LTRBEENSY, #0KEL7ay Y (RB) &H 7 L—F
»7aw 7 (SB) EZDONERICDOWTEREENICY 70X A7 ZER LTV, £, Jb—
TR LD — T LRI, JV— 7% & O HIRIE &2 2 7 f i n
FhLE 2 2 7 WHEORHSHA THRbN .

FEREHIFIRLE 2 2 7 WD A A=V %K 3I1RY. Tud T LIEBNGS 7o X X
U757 UTRHIN, 870X X7 0RO Zicar /st onaeyyay
DIN—=EUTETS. BB NV— T LkTatyy I — AV a—) 5
TS T LT, BENRLEHINEEEFIRT 5.
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Centralized
scheduler code

$OMP PARALEL SECTIONS
SECTION = — m e e SECTION

PE4| PE5|PE6|PE7|

1 st |ayer Static scheduling

Distributed
g&f scheduler code
MT1_3 \

MT1_4
RB

MT1_3
[53] [ia] [sa]

2nd Jayer I
Centralized Dynamic scheduling $OMP END PARALLEL SECTIONS

I ¥

3 layer Processor Processor
Distributed Dynamic scheduling Group0 (PGO) Group1 (PG1)
(a) BEBHIRVOBRYT 5T (b) I—R&ERA A=

3 FEFERTHIRLE 2 X 7 WBLB DA A—2

Fig.3 Hierarchical coarse grain task parallel processing image.

WKRLUT, TatydZIL—TEE0 LT TN, COBEBRTHERO T aty¥ 4 )L—
THEND YT ENEBICOWT, HAEX X7 MHNEN TS, 22 TEEBO 0
Y I—THE O YT ENEREEICBNT, WM NS RS ZEZ AT D AE
U7 7R AN S, THIVAT 27V THRETZAHEENDH 20 E 5 S 5.
3.3 EHBEBOTSA VAV

£, THNVAY TV VI OEEO SIS, Oty § a7 B THEA T B EROEE T
RLAZZNEFNF vy P2 T A VEFANT T4 A2 M UTHIET %. malloc FTHIM
HRENZ e —TEHICDOWTE, KHT RLADF Yy 2 a T4 VORBICT T4 VA Y
FENBEDET B, KD BEEZEHANDBIIC KD T HIVAT 27V J g
Beliic, BYPRERSEONHERICNTET7 7 ACKB TAHIVAT 2TV T OMK
H & E 2 TN 375,

3.4 T7HIVRI TV VT OMEN

AEITE, SEBOLHENPF Yy 254 VOERICTSA VAV FENTWS T LER]
RE LIHEIC, ZOEBONHTDOAEVEMICONT, THIVAT 27 Y INFAET S
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AEEED S 20 E 5 RS 2 FikzEiRR%.

T ORI B D F2 b DR AT BEFED R AT TS5 TCHBIBEEATDAEYT
b AHHAERNTS . MHUBED T2 D X X T 3 EINMTONBE XA Y, TixbbBiisi—
TRTF—=2U—hTA¥—2 3 VORREHEINIIV—TICDNTIE, 2RI 7EIBDT
Y AFHEBEBLTIAINAT 27V TOREETS. TTTR, mADEETERY
BREILEE, TAbEIL—T 1AL —a VR A7 55 K5 E58%EE2T
TAWVAY 2T VTR ET BN EEZ . FRATDAEY T 72 AHPICEHZ D
WL, ZN5D7 7 AFHOERZ X2 CF vy ¥ a T4 VMFELETNE, 74V
ATV VIR ELBENT L EFETES.

B 4(a) DR ALY TS5 T71&, AWHIMEHLE F—20—hY 7 ¢ Bi(b!? AR S5k,
RDEBCHEEND LET % LR 4(b) DX S IR AT 5EIMTbn%. TCTT, 71
T L EDT =2 MAFIZT 2B R L THFNRE NS ATRENED D 5 2 X7, BIAIE doalll 1
& doalll 2 % doalll 2 & doalll .3 DAE) 7 7L AHEEMN TS L, ThETNDRZ
ICR—F vy ¥ asA rEER Oy a7 CURHCERT R AREENH D, THIVA
7V I KB SMEAE (Write after Write) %% 2 WV h%. iz, loop3.l &
doall2 2 IZHBWVTIX, doall2 2 THRI BF vy 2T A 2% loop3_.1 TEHT %728, 7%
WAL 27 VA KB WHEAE (Write after Read) %% Z WV h%. E5IC, loop32
& doall4_1 ICBWVTIE, doalld 1l THBMT ZF vy 2T 4 2% loop3 2 THHT 5728
THIWVAY 27 YT KB T a—kiF (Read after Write) WdH 5 T LN 5.

TOEXIC, THNVAY LTIV ITWRETIRNEND B 2 A THEE, ROz i
ML, ZHNVAT 2TV TICEBT—2MAFZ2 T 5. A4 TDTDEDT 2 —R
Tld, 7HIVAT 27V VT OO DR ZTT, & UILEET & e G513
MENTTHIVAT 27V VT KB T — EAFERICE DV TR T NS,

3.5 7#IVRI TV V7O

AFETCRE TR LT ANV AT 27V VIS E BT —ZREFEICH LT, ByT—%
DRI, NV—TORENBOFEE, Frv ozt Lz ATV #EE Loy 770
fiIH, CPU a7 7oA X—b+7T—2OFH & HEFEHANDOEZEER LBEX(LETTS T LT,
TAWVAY 27 G %S 5.

3.5.1 FT—R2LAT7VIEHR

T—R2LAT Y NERE, HEIEROERESZEHRTSH LT, T—AZLATU M
ZHETLEETH S, BHONRT 4 VT BEICIF AR vay, RERDT +—IV R
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()IL—T 5 EI7] LIL—T D Ek

Mod : A[i:i][0:49] A A
doall 1 doall 1_1 doall 1.2 doall 1.3
Mod: A[0:0][0:49! Mpd: A[1:1][0:49] Mod: A[2:2][0:48]
2Rt H TFalse Sharing
(Write After Write)
doall 2_1 doall 2 2 oall 2.3
doall 2 | Use : BIii][0:49] Usde:B[0:0][0-40] B se: B[1:1][0:49] se: B[2:2]0:49]
ZIZ'E_ EiFalse Sharing loop 31
?Lod: B[0:0][0:4p]
$eq loop 3 Mod : Bli:i][0:49]
loop 3.2
2Rt H TFalse Sharing Mod: B[1:1][0:49
Read After Write
doall 4 |Use : B[i:i][0:49] B hol

doall 4_1 doall 4.2 doall 4.3
se:B[0:0][0:49) Use: B[1:1][0:49]  |Use: B[2:2][0:49

TS LEDOT—AIKTE
False SharinglZ&dT—2KTE

B4 HEEOEHIV—TICET ST F VAT 27 v T O/t
Fig.4 False sharing detection on decomposed partial loops.

DIRT 4 27X 0itbNd. N7V TOHIEK 5IRT. 700 T LOEHESD int
al6][6] TWEIMUID i )V— T ZHE0E U CUFNEZITS L THIVAS 27V 2V THFAEL
TLES. 22T, EYOESY A RAELEL, int al6][8] £95Z & T, I—T7E%D
RATDAEY T 7 AHPOBEREF Yy ¥ a T4 VERMNESL, THIVAT 2TV
kAT BT N TES.

HBIEBICHT S, T—HLAT Y MEWEITI BRI, TOMNROEHETA) T AT
ZHEENDOH B2 TOERITH L TT—Z LA 7Y NEBEMTT 20808 H 5. ZTDXD
BRI RA V ZFFER K OBITL, $eDTT—RL ATy NEREHNT 3. 1,
FNEOEREIRTRA VZOIICDONTE, DB TEHEETS.

3.5.2 FyyvraTAVERICEDERIV—T5E

WROBEONIEAN T vy ¥ aFA VORIEICT SA VAV FENTWBRIEEER, V—7

NEMEDA ZL— 3 VEEBYNCREST BT LT, DEBOENRZRATZICKET—RT 7
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Memory
a (1,0)(1,141,211,3)¢ cache line
1.4X1.5X1.6X1.7)¢ int a[6][8] __attribute__((aligned(16)));
N [* aEF vy a5V DEHEIERE */
20) < I PEOMTHHR
PEO PE1
sl for (i=0;i<3;i++) { for (i =3;i < 6; i++) {
for (j = 0; j < 6; j++)

for (= 0;j < 6; j++)
alillil=i*j;

} }

1 1

PEIAT7 IR

B 5 BSND/IST ¢ YT LBTHIVAY 2T T Dl
Fig.5 False sharing avoidance by array padding.

alill]l =i *j;

Y RHPHOBERNF vy ¥ 2T A VERE—BL, TANVAT TV ITNRELENT &
TIRAETE 5.

X 6 10 BH5] a lcDWTIE, PEOIC 4 A XL— 3y, PELIC2A4 X L— 3 VE|
DYTENE KN —THEEEN TSI ETTAINVAY 2T ) V7 ZE#LTOS. O
3.5.3 /UFvv v TIWIN\y 7 7 EBVWGEEDOEA

=T HRICEBOERANDEZABDH D, ThENDT IV AROA Ty M EE 3
72, W—=TREDBRTIETAINVAY 27V FREMTERD. ZOX S BIGEICE, B
SRS DWW TIE—BFIC / VY F vy v TIVis/Ny T 7 NMERKSIR L, Z0/3y T 7%
WOBEZRITOARD S AT

X 6 OES b OFITIE, BH a DT 77X 22— &b OV—TRE1%EH LTz
BAEE, B b IZDOWTRDEEDO AT 7 7 AR E F vy 2 T4V OERNES
L7EW. 2078, BHRFHEICDOWTIE—E )/ Y F vy vy TNy T 7 ICEHEAR, FD
Ny T 7 EACTEZERET A2 LT, 7HNVAY 27D YT %L TN 5.

3.5.4 EHOO—HIVELEEETRLOERIL

BTty a7 CHEABREITOIBEBICBIZT IV ZRE—UDNANIA RT7 7R A
HTETOvy a7 N T Vv AT EHEICER O BNH 55, 2loa—hfbeE
TRLDOZEXZTTD. EBEDBIEOR [E DR LI DTS ThRENF vy > a T4 T
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a(0,0 « cache line
1,0

< PEORS T HER

int a[6][6] __attribute__((aligned(16)));

[* aZ X v aTAUDEEICTERE */

int nc_buf[1][6] __attribute((section(“UNCACHE")));
/* nc_buf& /vy A BEICECE */

PEIAT7 X PEO PE1

\
l \U$

) for (i=1;i < 4 i+ { for (i =4;i < 5; i++) {
b (0,0 « cache line for =0 < 6+ for =0 < 6;3+4)
10 alil] =i*j; alilll =i*j
) <) PEOATHHR ] bli-110] = i *j; ne_bufli~41(] = * j;
T & } }
2'0 for (i =4;i < 5; i++) { for (i = 5;i < 6; i++) {
3 for (j=0;j < 6;j++) { for j=0;j <6 j++) {
30) | [/ TFERAVT| | b = no bufli-4l alilli] =1+ ;
— &E } bli-110] =i % ;
— }

}

—_—
(

}

PEIAT7 VR

6 FyviaTAVERICTEALIV—TRnEIE ) VFR vy v TIVWNY T 7 2O TSEEDERK
Fig.6 Loop division aligned to cache line boundary and communication generation using
noncacheable buffer.

A UAVEFENTVBANESHORHAEEICE, cou—hUEEEZXRLORXAE

v

N

3.6 FvvraDEIWTAUN)T— I EKUTA MNVY TEOBA

AFEETIE, 3210507 —ZFIRIRHONHEREK O, <71k X7 OFTHAIS,
DT Tty a7 TEHINT Stale JREEL 72> TV BERICDONWT, HATDF vy a
ZRIVTAVN)TF—hF22LT, TN TARERRBRINGENEIICTS. £z, <
TURRAT DERITETRICM T TRITT 3% /02 X7 TERT L8 F vy oa
FFET B GEE, TOT—2EHAEATY FICSA MXw rTBTeickD, iary
FTOEREBIBTELEIICTS. KSR AT Ar Y a—) V7RI Tak vy 5
N—=TEE ST =REFEDONT AV SHRHT— ROEREFTI RIS, Frvia
BIEHEREH DR THAT 3.

RIVORRAYT57 LIlFET HMKFET Y Dk, 7o—ki7, ks, WikEo 35
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PEO PE1
o B
| [ eeroruse
EHRADF vy REE PEO PE1 EHADF vy KB
Modified SB1(); /# def A */ Stale
Valid AZSA VYD,
sync flg = 1; do { .
sync_flg&Z 1/ V2, sync flgE )L I 127\
T—HK
} while (sync flg != 1);
. AERILTAVINF—h Invalid
Valid
Stal SB2(); '
or Stale SB3(); /* def or use A */ Valid
or Modified

7T FrvTadNTAUNYT— MRGTA RNy JEEHEROMA
Fig.7 Inserting cache self-invalidate and writeback operations.

HEixd. TD>L, 7O—{KfF (Read after Write) 38 & UHJIKTE (Write after Write)
DEFNCDOWTR 7T DX ICF vy ¥ a B RZAT 5. /2L, WK(F (Write after
Read) ICDOWTRFAMIIHETH 2D, T— 2T 5F vy ¥ aBFHERIFFHA LA T
K.

4. AVIN S DORELRTEFRIES KLU API

ARETIRETSY 7 b7 ae—L Y VHIATER, N aro L0V —Aa—RL
NIVOEHTHRET BT N TES. RFEEZEL OSCAR V31 T TRERT 1
TS LEANEL, TS LOTF=2EEL Oy Fa—)L 7 a—OrkEE K O BB
L2170, OSCAR API'™® Ttk & N7ziis 7o /'S LxHEAEKT 3. V7 v a7 a
t—L VRO DDF vy ¥ 2 R AERLEIC DV TIE, OSCAR API OARICHT
T2 EERE TS T & T, AE N7 0TS L0 a— RERETS.

4.1 />3de—LYbr*vy¥a@Eit OSCAR APIIERX

OSCAR API X HHEEH OIS APT & LTHREENTHED, OpenMP DY 712y
FTd %, parallel sections, flush, critical fE/R3CIC K B WFIE AT OfRINAZ T,
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WICER LT — 2D AT VEE, 7—Xigk, BARWE, 70—\ 7HEABIUTAX
AR SRR ENS. OSCAR API DB RICB VT, BFAL Y ROLHIZE O
TIENA Y RENTVS T EZFHRCUB 21T T L2 ML TV 5.

ARETRETZ AV TICKBY T by 7 ae— Ly UflilizRild 51chiz0, DL
TD 5 DDFR RIS EM U T

e noncacheable: Z87% / VF vy ¥ TIICT S

e aligncache: ZHDLHZF vy aTA VERIITSA VAV TS
e cache_writeback: a7 DF vy ¥ a LDX—T 4 T4 VDOHEEZREL
e cache_selfinvalidate: HI7 DF vy > a2 T4 O
e complete_memop: AEVHEEDIK T

4.2 OAVINASDRE

ARETIE, ae—L 2 UHlEARERF vy ¥ a B EDRERREANCBWNT, £ EF vy
Y aBRERBICF vy ¥ a B ERITS K IWKFEEL, FMiziTotz. £z, BILTA N
VF—b+H20ETA M3y IBRBEREICOWT, 2TCFrvralIvya, 34D
BWROF Yy a T4 025414 by I LIRSV T AN TF— T 58EZ1T75 %
DELTHRELTWVAS.

BRATICEBIT B AT T 72 AGH O TEHRN S, MEOATVHEBEZIEELT, Z
ANy IRV T AN F—=DF vy ¥ a BERRNCITS T LT, KDRRNRHE
WHREEEZBND. DD, ARMTOFHMEY 7 by 27 ae—L VUil N—Z S
A VORI E 7R D, FEIRNGF vy & 2 BEDSE L FMIE S %R OME L 12 5.

5. 1f & 5F ff

ARTIRETZYV T by o7 ae— LY UflEiTFikz OSCAR BENFEa > /81 Tl
JEEL, SHWKBEBR~IVF a7 RP2 Z WV CZDANIERTMN L 7.

5.1 EHRREATIVFIT RP2

MHRKEA~ILF a7 RP2 070y V7RZX 8 IT/Rkd. RP2 11X SH4A O7 7% 8 a7 4
BULEVFaAT7THsH, NG I A ZMiEEE->TED, ab—L Y UilEizEiT>
IN=RULT7%ZFED4TT7DSMP BT T ARZRRLTED, VI AXETEN—FRT
Ti&Bae—L Uiz TDRy. 3hbb, 5 a7UETHATEHEEIEY 7 MU
TICEbav—Lr a2 08N H 5.

RP2 ¥ vy ¥ a BRI ET 205 %H->TED, HA7OXNROF vy 251
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Cluster 0 Cluster 1
I re 7
gl ingal
alllle
goret | |&>Z|[||Z 1P| |Cores
Core 0 d sl = 5| [care s
L 51 s L
LOPGO cPU FPU L2 | 2 el cPU ‘ FPU LoPGT
PCR3 1§ TccrR[ D§ |1 2l 5 H|[ 1§ TJccr| D$ PCR7
Sore 16K | BAR | 16K R ERE 16K | BAR | 16K
1RAM | o Totram| | iR | 81||[ & & [ | H [TRAM | oy [OLRAM] |(LPCRS
PCRI1 8K 32K 7y & ||| & A 8K 32K PCRS5
PORO URAM 64K *F = URAM 64K PORE
7Y 2| AllA 7Y 7Y
v YVVVY V V¥V VYVVV Y v
‘ On-chip system bus (SuperHyway)

‘ LBSC ‘ DBSC

SRAM DDRZ SDRAM

CSM
128K

8 HFEH~<IVFIAT RP2 D70y 7K
Fig.8 Block diagram of a multicore for consumer electronics RP2.

VIERT B TA RRw Y (OCBWB #@4), « >3 F—b (OCBL &%), T4 M3 70D
BICA VN TF—=bEITHF vy > 275y a(0OCBP &) BWRIFREETH . a8
AT EKBF vy Y aBHERICEKD, TNSDF vy ¥ o fEmaNETINS T Lick
%. 7B, RP2ODT—XF vy ald 16KB THH, T4 YA Xt 32Byte TH 5.

F/z, RP21EEa7THET 242 F YT CSM ZHi->THED, ThEEEHD ./ VFry
Ty TNy T 7 e LTHWE.

5.2 FFM &4

BXC 7175 L% OSCAR a2 /84 S THIGAIEL, OSCAR APT'® &M 7zilf
fla— REEBERT 2. TS TT55 L%, API RERER > 72 SH C a234
FTAVNNAIVT R LT, FERa— FZ2ENT 5.

R TlE, 4 a7 ETON—RuzT7Iickbae—Lrofilflle, saryEcoay
AT EBY T b7 ae—LrUEoONEREDIEAFTS. VI b7 ae—
L VORI I3 N— R 2 7IC & B a b — L v U HIlESRE R RN £ 72 % K 5 123&E
Eiiot. iz, FERRVU XY g Vb= OBRFEICE T % a7 RO@EEICDOVTIE,
WINOFHEE A >V F v 7 CSM LD/ vy vy TIVEBEFIHT 25D LT 5.

WROTTVr—2a 80T, RVFATAT7 7TV r—arhb, AAC Ty d—
X, MPEG2 > a—&&, REEHEIENS SPEC2000 & D art & equake 7z FWCHE
&> 7z, SR ET 271055 L Parallelizable C TitidE N, a2 84F1c& 3
HENGYHEAEH ATHE & 72> T B,
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5.3 MWF0LIEMEEE

N—FRUz7ickdae—LrUilizamhic Lz a0 SMP RIS I 5 351 LE
MBI T, "Rz 7ic&kpa—LrUlliEENc LY 7 by Tic kB ake—
Lo VliizER LIZgan /> ae—L0 2 FF vy ¥ a MBI B0 B 5B MERER K 9
WRT. KM OBEIDFHUL 7 7V 77— a v M PE S, fiae—L > hFyvia
(SMP) E— FOZBRFATREO MR T 28 E R LR L x> T3, LEfllD/N—H SMP
E— ROMEE, HUON—Na—L 2 EY T N7 THET 3./ ae—L > by
¥ 2 (NCC) E— ROMEEER LT3,

%9, SMP £E—F& NCC E—FOD 1 a7 {liROMREZLENS &, NCC E—FTi&
art [ZBWV TR 7%1E EMRENH LT 2H, chudae—L v filflinN—RY 704 —
IN—A RIGERTZEDTHB. KT, 4 AT7HHREOMRER TS &, 5 K07 T
r—yary7aZ s LB T, MPEG2 T I—XIZHBWT SMP & Hilif L THRA 5%D
MEEHENRENED, WRFRFOHREMESN, art TiE 13%DMEREN LR SN,

NCC €&— R T 8 a7 FHRIc & 2D F £MEEm LR SN, ZhZFN SMP E—F0D
BRIATRFE EIR LT, AAC T2 I—X T 5.78 %, MPEG2 > a—X T 5.74 {5, art
T 34715, equake T 4.41 f5OMREA EAME SN, T4 4.88 {GOME N EAE 5N,

AREOFETIE, V7 b7 ae—L Y IURINc B %5 vy ¥ 2 e IER ISR
WCHELICBEDST, N—RUo7ic&kbae—L il BEaoig, Euorkhe
/BT ENTET.

54 VY7boz7ab—LrIHEIckZRE

V7 bz 7ae—LrIfilien— Ry 2 7ic kb ae— Ly URlEoNEEE gL
B, MEEICHEERE G X ZHEMCOWTIHMEE T, V7 b7 ak— Ly UHiliEtT
5 T LI KB MREZEIE, (1) N— Ry o7 ae—L vl (2) a>/37
FILKBTANVAT 2TV VT, BXU (3) HRNEF v ¥ alE (FyvyaTgoy
) KK BHENEZOND. LEHOBREZNT S0, N—FUzT7OFELIY
IATH T a v BREHELUFHEE Tz, K 10 ICFHMlfSRZ R, KRORHD 7 7Y
F—yarBIO@EHaATE, #NY 7 ho o7 ae—L U Uik EEE L U, &4
Ty avOUETH S, INROZNZNORMIELTO@ED TH 5.

e NCC (software coherence) : #HEL 722V 7 b =7 J— L T HilEE RO MERE.
e NCC (hardware coherence enabled): V7 b =7 ab—L > Vilfliz Td> S s <

LEN=RY 27 ae =Ly EEINC UTIRIETHEIT LB OMEE, I74bB5 (1) D
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7.00
E SMP (Hardware Coherence)
E NCC (Software Coherence)

6.00 5.78 5.74

5.00 441

4.00

3.00

2.00

1.00

0.00

‘ 183.equake ‘

AAC Encode ‘ MPEG2 Encode ‘ 179.art

9 RP2 IZHU) 2 M 5 UL MERE

Fig.9 Parallel processing performance on RP2.

HRZRT.

e false sharing avoidance (hardware coherence): ¥V 7 b =7 a2t —L > T HilfHlIORE R
HRDOSEAVIAFICR BT AIVAY 27V T ORBOHZEH L, N—KT T
b —LVIHNC X O FEIT LG GO, 374b5 (2) OERZRY.

e stale data handling (hardware coherence): ¥ 7 b =7 b —L YV UflHIDE: 5 —
DOMRERTH D, A3 FICK BRI F vy ¥ 2 B RO A DH 21T >
B OMRE, $hbD5 (3) DERZRT.

e SMP (hardware coherence): Y 7 b =7 At —L Y IHlHIDTDD 315 DI
ez VYIS, ab—L Y bFyyamidicar o)L Lot

FHIERZRZ L, WINDOT TV r—2 3 DV TH, NCC (software coherence) A
NCC (hardware coherence enabled) & D & EWWEREL X>THD, N—Frz7ak—L
VUL LTz 2 LI KB MREM LD RSN TWB T Vb 5. KFIC art, equake
TEIN—FRY 7 & B ae—L Uil b U7 a O tERER K E L, RERANIC
VI U7 at— LY UHONRENN— R 27 3 — L UiIlOMRER art T4 3
7 EHIFFIC 13.0%, equake T 4 I 7{EIIF 4.2% LF > T 5.
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1.10 =0=NCC (software
coherence)

1.05
=EFNCC (hardware

1.00 TO=fmmim—(—gi
W coherence enabled)

0.95 -
- B/A false sharing
0.90 s ;
: avoidance (hardware
0.85 P coherence)
=>=stale data handling
0.80 - (hardware coherence)

SMP (hardware
coherence)

AAC Encode ‘ MPEG2 Encode 179.art ‘ 183.equake

10 V7 Y7 ae—L IRl Bl 3 HERENORETER
Fig. 10 Performance influence factors on software coherence.

—J7C, AAC T2 I—& ¢ MPEG2 I a—X&ICHBWV\TIE, stale data handling (hard-
ware coherence) 7% SMP (hardware coherence) I U THREIK 22 LD, HRIM
BE Yy VA BEERICKZEENRZI TV, ZTORE, AACTYI—XRTld4 a7
FEHC 1.7%DOMREM Fic e EF D, MPEG2 T a—XCld 4 2 7 {HEHERC 3.6%DM:AE
K RZERZ LTV, 2L, AROFHATIE, Fvy ¥ a BB OV TEF vy otk
DT Ty aZiTd LV FA—TERERITT>TOBD, 5%IA My 7 e)LTA
VN F— N DEERF vy ¥ a BERRO X BV HEBORESOR#EL i To T Tk
T, V7 bvz7ae—LrUilAokiERn EARAENS. L LEDNS, RP2DXS
KT —2F vy ¥ 2 ORED 16KB BEL/INERET —FT77F v TR, Frvia2kz
TIwyadRRECBNTE 36REEDOMURELLICE EE > TN 5.

6. ¥ & &

ARCW, MWk ST &kB V7 b7 ae—L U UllETEERE L. AT
BRE—MMNEF vy 2 anN—FU 27 THARRETH D, RETHEZ OSCAR I 315
ICFEL, 8 aATEROBHRENYILF AT THB RP2ICBVT, VI MY TIcL3
dbe—LYIHc &b, N—FUz7ic&kdab—L 2 bFry o LHFEROM,, &
MEEMMES NIz, EBIC, VI Py 7Iic&k3a— Ly UHlliTidNn— Ry 2 7B R—
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LW 8 AT HHIFE TR =V T v 7L, SIVF AT ¢ 7S X ORI RO 4
TITVr—a DT, aAb—L Y hFyy ¥ a OBFREITRED 4.88 5O MRENGS
nr-.

VI hyz7ae—LrUliz IS S TEHBCTS T ik D, N—Ro T
XZabe— LV IHIESREN R E L KD, FHCHAAFRDORIVF AT EFIBNT, IR
b PR & &/ NS KA B T EMAEEICIE . E5IC, 2L DATEE THREN AT —
W7y TEB, 32aA7h56 6437, EHIC128 AT EMAZA=—a7 Taky YT AT
LKA N TRBICHAETES K210k, FEROKBE< IV Ot v YREERE DA
ERMICEDEEZLNS.

B ARWZEO—EBIE NEDO“BHREKEHNT O =7 X » )VF a7 il DR,
YEEBEBNA=Z—a7 - Tty XFLEH (JU—=2IT 7avz 7 b)) OeEm
72 BXUBRRAKREZ 00—V COE“7 Y ELY b SoC” DXIEICE biTbhiz.
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