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I\/Iult|/I\/Ian>/ core Everywhere

Mulfti-core from embedded to supercomputers
,' > Consumer Electronics (Embedded)

Mobile Phone, Game, TV, Car Navigation, Camera,
IBM/ Sony/ Toshiba Cell, Fujitsu FR1000,

Panasonic Uniphier, NEC/ARM MPCore/MP211/NaviEngine,
Renesas 4 core RP1, 8 core RP2, 15core Hetero RP-X,

Plurarity HAL 64(Marvell), Tilera Tile64/ -Gx100(->1000cores),
DARPA UHPC (2017: 80GFLOPS/W)

| » PCs, Servers

Intel Quad Xeon, Core 2 Quad, Montvale, Nehalem(8cores),
Larrabee(32cores), SCC(48cores), Night Corner(50 core+:22nm),
AMD Quad Core Opteron (8, 12 cores)

OSCAR Type Multi-core Chip by Renesas in | . .
METI/NEDO Multicore for Real-time Consumer > WSS’ Deskside & nghend Servers 3y
Electronics Project (Leader: Prof.Kasahara) IBM(Power4,5,6,7), Sun (SparcT1,T2), Fujitsu SPARC64fx8

» Supercomputers
Earth Simulator:40TFLOPS, 2002, 5120 vector proc.
BG/Q (A2:16cores) Water Cooled20PFLOPS, 3-4MW (2011-12),
BlueWaters(HPCS) Power7, 10 PFLOP+(2011.07),
Tianhe-1A (4.7PFLOPS,6coreX5670+ Nvidia Tesla M2050),
Godson-3B (LGHz40W 8core128GFLOPS) -T (64 core,192GFLOPS:2011)
RIKEN Fujitsu “K” 10PFLOPS(8core SPARC64VI11fx, 128GGFLOPS)
High quality application software, Productivity, Cost

performance, Low power consumption are important
(Nov.14.2011) Top 500 No. 1 Riken Ex, Mobile phones, Games
Fujitsu “K* 705,024 cores Compiler cooperated multi-core processors are

Peak 11.28 PFLOPS, (88,128procs) .. .
LINPACK 10.510 PFLOPS (93.2%6) promising to realize the above futures



プレゼンター
プレゼンテーションのノート
SMP systems have been widely used from single chip multiprocessor to high performance computer.
However, the gap between peak performance and effective performance is getting larger with the increase of the number of processors.
Moreover, it is very difficult for ordinary users to program effectively for  the application performance improvement.
To cope with these problems and improve cost performance, advanced automatic parallelizing compiler is required.
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OSCAR API v2.0
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U — /AR EEENEMEELEFITOTSLETLRTE-ODYINITIEHE
> NEDOZRPx/TREIFL. 2008511 R 148 IZABAL=RES =7 X< ILFI7FHOSCAR API ver.l. 0 R ESH71-.
22{EDCHR U FortranE BN AV NAFHREXDESE (LIZ2DDEVMETRXEY)
> ERBNINSKO VT LT DY S, BIRNTRETERE,
> BAFIEIERXICKY., ChHBWLIEFortranF AT S LhhS, 7Oy H a7, AEY, ARILavRwxybT—IOD
EERIES. BE. EREMBITZAD=0. FYTHEEHDKIEHIR THE
> BERHEZFOHAIATLTERINSGN—FUTZILALLDBHITZDEIC, 24T—EEBHBEE. O—hILATEY,
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> OSCAR APl ver2 0CERi SN =15 T 0T 5 LI, BFEHAKXFOSCARMS{EaV /[ (FIZ&kY . BRTAT S LM H
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F1HAIILFa7 -7 —FTUF v -APIFRETE B £(2005-2008)

NEDO )7 ILAA LIBHRREBRATILFIAT M DOHAEEFHF
OSCAR API Version 1.0
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OSCAR APIV2.0DIERX—E&
Fortran & C AN 22BN IR +2EVMETRX

3t 51 SE4TAPI » T —HERIEAPI
» parallel sections (*) dma_transfer

>

» flush (*) » dma_contiguous_parameter
» critical (*) » dma_stride_parameter

» dma_flag_check

» dma_flag_send
» POESL—3API

» accelerator_task_entry
» Ay AP

» execution

XA EVBECEAPI

» threadprivate (*)
» distributedshared
» onchipshared

» cache_writeback
FIAAPI » cache_selfinvalidate e
> groupbarrier » complete_memop ¢ £ METRX
B AFIfHAPI » noncacheable » accelerator task
» fvcontrol » aligncache » oscar_comment

» get_fvstatus

B4 <T—API

» get_current_time

(*) OpenMP#ERX
OSCAR: Optimally Scheduled Advanced Multiprocessor



OSCAR API Version 1.0 L4 3

RET=T AHOSCARAEY T —FT 7 F %
(SMP, ¥FAEY+n—hNRAEY [H5BIEFAEY, DMAC, EH#l#H, NV 7 RHE)

TILFATFYIO0 2ILF
PC 2
(j’qubﬂ' CPU F PC PC Fv7m CSM j
a70) I 1 n
(7o
TIMER EDMh and/or | | DTC i
izt acne ‘ 2 (F—4 a71) —
‘ —b) E—HLF—% | Emxas TRty
FVR @ PENEYIZA)| |t B offchip
HLSRA) DSM = || CSM
(B ATY)
GROUPBAR A
(T I—F YT E1)
FIERHEAS)
[ | [ ]
I D
onchip CSM FVR
(AL FuTE it AE) FVR | FVR FVR
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BHBOSCARAVNLSHIRAE T —XTIF v
REDZ 7:(7)»9‘-:7RP2 SH4A8a 7 H

7°RtA 90nm CMOS, 8[& 4, 3F&Vth

FYTH4R 104.8mm?2 (10.61mm x 9.88mm)

Core#l EEET 1.0V-1.4V(37), 1.8/3.3V(I/O)

BMERBEH 600MHz

CPUTMRE 8640 MIPS (Dhrystone 2.1)

Core#2 Core#3

FPUTRE 33.6 GFLOPS

"CPUBICHIL-BRBER

-CPUa7DH/OvoEEILET S

Core#6 Core#7 ZY—FE—f

- CPUa7 DO—FD/Ovr%FIE
T5hFvyaae—LoY

Core#4 Core#b {EEAFE HRTRELGS AR —FE—F

CPUO7DEREREFEILTS
IV ERESE—F

DDRPAD -URAMELSFDCPUa7 DER

3 o BSEELTBLO1— LR
8Sa7ERETIILFIATFLSIFYIEE i

ISSCCO8F F: ISSCCO08 X &E S 4.5 M.ITO, et al., “An 8640 MIPS SoC with Independent Power-off Control of
8 CPUs and 8 RAMs by an Automatic Parallelizing Compiler”
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OSCAR API Version 2.0 Cill

(FNT v 7T B OVERD AT BE 7R

NT RV T RAREGREV =T AN F a7 T —%TI7F ¥
WRarT+7 7851 —% (R7Z—/[SIMD/GPU%) ,A=—a7 (/vak—L 2 kA

VC(0),VPC(0)

CPU DTU

I i

LDM

LPM J

FVR
|
Network Interface

DSM

Network Interface

FVR I DSM

LPM " LDM

, i
R

CPU ’ DTU

ACCa_0

VC(n+1
VPC(n+1)

VC(1),VPC(1

ACCb_0 |

VC(n+m+1

ALw REZEITURLDT
VPCESZFCIRAW

OffChip
CSM

Memory
Interface

|

> bO—3EU
roesL—4
({EBDCPUMNS
hll eI #E

\

J
N

> bO—54&
roesL—%

v

DTU
»  Data Transfer Unit
LPM

»  Local Program
Memory

LDM
» Local Data Memory
DSM

» Distributed Shared
Memory

CSM

»  Centralized Shared
Memory

FVR

»  Frequency/Voltage
Control Register



Cluster #1

15a7~FTu=7 A</LF a7 RP-X

Cluster #0

=

=

SHwyY#HO0 address=40.Data=128)

SHwWYHT (Address=40.Data=28)

| | | | | .
DBSC|IDMAC VPUS DMAC||DBSC|| MX2
#0O #O #1 #1 #O-I-.
HPB SHWY#Z(Address=32,Data=64)
PCI H
exp SATA ||SPU2||LBSC

Y.Yuyama, et al., "A 45nm 37.3GOPS/W Heterogeneous Multi-Core SoC”,

ISSCC2010
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EHMFE~/ILF a7 RP2%

Y e

o — 4
IUNA FIZED I — L R
Cluster 0 - Cluster 11 Process 90nm, 8-layer, triple-Vth,
|r| e o [T |l = | Technology | CMOS
Core we-H I HeuliEE | Chip Size | 104.8mm?
e —o THITFER = = T - ™ n - (10.61mm x 9.88mm)
LCPGO it e | e LCPGI .
| PCR3 5 |ccR| Df : : - 15 [ccr| D3 rcrr ||| CPU Core 6.6mm
| 16K | BAR | 16K sl 3 16k |Bar | 18k || | si
| Pere |l i ran o7y |OLRAM 2|l 2 [ Ram | [oLram| || PORE | SIZE (3.36mm x 1.96mm)
[ PeRi B | 32K = & & BK_ | 32| Mpcrs :
[ PoRo URAM B4K = URAM B4K = Supply 1.0V-1.4V (internal),
# : - * | Voltage 1.8/3.3V (I/O)
Do—chip aystem bus [Superbhway ClOCk 6OOMHZ’ 3OOMHZ’
‘lv J’ Jr frequency 150MHz, 75MHz
LBse I | CSM Power 17 (8 CPUs, 8 URAMs,
i Domains common)

M. Ito, et al., "An 8640 MIPS SoC with Independent Power-off Control of 8 CPU and 8 RAMS
by an Automatic Parallelizing Compiler”, ISSCC2008
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OSCAR APHRZEMRIVFAT L ATL  sunasey
OSCARAE)F—FTIF¥ fivoiroareAhand
(Optically Scheduled Advanced Multiprocessor) -&A#l#REFVR

CMP , (=iLFa7Fv70)

PC
:70) ( I:lt‘J'U')
LDM/
LPM/ D-cache [()%T,S: m) 0
(D—Ijj)bz_f:G' o g csp
|-Cache st || e k
(O—Ah)L7o (AH
95 LAEY DSM =
wRFvryia) (53 BRI F AEY)) . CSM | =F
EHH (& =
FVB“( EAHEA Nl (ryrT—5428—T2(R) #*E Fv7
ORA) I AED)
« | IntraCCN zvomeam: w120z
. | . .
- CSM /L2 Cache FVR |4 .
- EFHEAE)HIVEL2Frya) - . FVR FVR FVR

INterCCN (Fvrmia@. &8/ R, I0R/1— BBRyrT—4%) | FVR
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API: Application Programming Interface
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プレゼンター
プレゼンテーションのノート
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MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA_ALD =4.3
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Data Localization

E&

dlg3

K&\

Data Localization Group

MTG after Division
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3]

A schedule for two processors
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3rd layer

Thread groupO

OSCARAV/NASHBEREMT ST ILFIATAPI |
(OpenMPE ) FIF. BEBRILFT LA el
H5TQT5LDAA—D code 1
SECTIONS
1st layer SECTION ~~—========-==--=---=------ SECTIOIN
— Distributed TO‘ '|I'1‘ le‘ '|;3 ATS51T6l T7
S~ scheduling MT1 1
MT1_2 code w
DOALL
M1L3 MT1 2 | |v||r1-3 | |
MT1_ 4 . . 1 (1.3 1]|[251]|[1_31]
i j '|' I\IIT:!- 4'1 I 'I I ! |1_I3_2| |1_:IJ,_2| |1_I3_2| T
' N T ee——= il ===l S [ ) [
I > 131 s 112 |13 4] |1g4| [1.3 4]
] [N S o
1_6471 1_3_2 I - LI]- 4. .1 41_ 4. |1_3_5| |1_ii’»_5| |1_3_5|
TN\ -5 — T — — 136|013 6/)|136
|1_3_5| |1_3_6| l ‘ l l ‘ l i i i i
14211431144 END SECTIONS
2nd layer - ~ ~ ~ -

Thread groupl
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OSCAR APLIZ L AWH | 7T LAERA XA —
(AL RER., B—H NV AT ~OEKERE. 71/ 5 ARFEH)

int flagl _1;
int myver; void void _ Void e
f#pragma omp ¥ main_VCO() { main_VCI(){  main_VC4({

threadprivate(myver) 1 waiting f
: : g for
int main() { , - - signal fromVCO */
#pragma omp parallel sections do {

. #pragma omp flush #pragma omp flush

#pragma omp section flagl | = myver; M } while (flag] _

{ main_VCO0(); } #pragma omp flush 1= myver)°
#pragma omp section ’
#pragma omp section
#pragma oscar ¥ '

distributedshared(flagl _I) ) i i

{ main_VC4(); }

}
return 0;

Yoy 23


プレゼンター
プレゼンテーションのノート
This is a simple example of one-time single level thread creation with OSCAR API.
As shown here, all threads are forked in the main function by parallel sections directive.
An One-to-one synchronization is processed by a combination of an assignment statement and a busy-waiting loop with flush directives.
Note that flag1_1 variable is annotated with the distributedshared directive right after the section directive for Core4.
This directive places flag1_1 on the distributed shared memory onto Core4.
Thus, the assignment statement against flag1_1 is processed as data-send to Core4.



AFVYEREBIETRTY =RV 7A% 4 MR & EERL)

» A—AILT—2AFY(LDM)IZE#HZEE

#pragma omp threadprivate (C)

I$omp threadprivate (Fortran) | B K

OpenMPMD 15 R XIZx§ 9 L5k
» DPEAEB AT DSM)IZEHEEE
#pragma oscar distributedshared (C)

!$oscar distributedshared (Fortran)
y AU FvTERHEF AT (onchipCSM)IZEHFELE

#pragma oscar onchipshared (C)

'$oscar onchipshared (Fortran)

24
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7 B BRI

(B—=TNVAEY « FBEFEAEIVRAFOLT—N—=TF v U T T — FiRik)

» T—REREIAVO—FITKDERE AFDIEE
#pragma oscar dmatransfer (C)
$oscar dma_transfer (Fortran)
» ERETRED T —3ERE
#pragma oscar dma_contiguous_parameter (C)
$oscar dma_contiguous_parameter (Fortran)
» AMZANERE
#pragma oscar dma_stride_parameter
'$oscar dma_stride_parameter
scatter/gather#niX 4+ A] BE
» T —RERE M D[R HA
#pragma oscar dma_flag check
!$oscar dma_flag check
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OSCAR Comepiler[Z&k % OSCAROAV/INASDEROA—F A A=
RToa—Yo T DA A= void void
VCO VCI main_VCO0() { main_VCI() {

#pragma oscar fvcontrol ¥
( ((OSCAR_CPU(),0))

#pragma oscar fvcontrol ¥
(I,(OSCAR_CPU(),100))


プレゼンター
プレゼンテーションのノート
This figure shows an image of low-power optimization by OSCAR compiler with OSCAR API.
The fvcontrol directive here uses OSCAR module description.

The left figure shows an image of scheduled result by OSCAR compiler.
By applying power optimization, the compiler puts core-1 into sleep mode.
At the code generation phase of the OSCAR compiler, the fvcontrol directives are inserted like this.
After MT2, Core2 falls in asleep.
Parameter 0 stands for sleep mode.
If -1 is specified here, core-1 is shut down.
After MT1 on core-0, the fvcontrol here wakes core-1 up.
Parameter 100 stands for the maximum frequency.
If 50 is specified here, core-1 execute at the half of the frequency.
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BEZPE U H LIZaccelerator task

EbTALOTAITDEMENT=AY—R

sloopl, loop2, loop3lEx 7 V5L —4
O ZTAV /A JLATEE
funcl (X547 5B

Sample.c

main() {
int a,b[10];

#pragma oscar_hint acccelerator_task
(ACCa) cycle(1000) in(a, b[0:9])

out(b[0:97) :
task_func(); B#FUHL J l—L
}
task_func() {
for (...) {...}/[ loopl
for (...) {...}/ loop2
#pragma oscar_comment “XXXXX”
funcl (...) /] funcl
for (...) {...}// loop3

}

#pragma omp parallel sections

{

#pragma omp section

{
[*VCO,VPC 0 *#/

oscartask_CTRLO_task_func();

;' 75tSL—4RIC
y BAAIF U LD ESmS

= — R4

Sample.omp.c |CPU+IACCH
main() { it 51| {EAPIY—X

ACCa 0FY—2X

Sample.VCl .c

#pragma oscar accelerator_task_entry
controller(0) oscartask_ CTRLO_task func
oscartask_CTRLO_task_func() {
for (...) {...}// loopl
for (...) {...}// loop2
#pragma oscar_comment “XXXXX”
oscarlib_CTRLO_ACCELI_funcl (...)//

funcl

S8 A D FEh A
for (...) {...}// loop3 [ - Kgyu{&gng

}

J
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cache_selfinvalidate
XrulasM4UDEMIE
» AEVESEIETX
noncacheable
EREX vy 1TNGOAEYBERICEET S
aligncache
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complete_memop
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プレゼンター
プレゼンテーションのノート
実時間0.08秒の地震をシミュレーション
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