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Low Power Multi/Many-core Everywhere

| Multi-core from embedded to supércomputers

| > 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 > WSs. Deskside & Highend Servers

METI/NEDO Multicore for Real-time Consumer .
Electronics Project (Leader: Prof.Kasahara) |B|\/|(POW€I’4 5,6 7), Sun (Sparch,TZ), 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 (1GHz40W 8core128GFLOPS) -T (64 core,192GFLOPS:2011)
RIKEN Fujitsu “K” 10PFLOPS(8core SPARC64VI11fx, 128GGFLOPS)

The 37t (June 20,2011) &38th ~ High quality application software, Productivity, Cost
(Nov.14.2011) Top 500 No.1, Riken  performance, Low power consumption are important
Fujitsu “K” 705,024 cores Ex, Mobile phones, Games

Peak 11.28 PFLOPS, (88,128procs) Compiler cooperated multi-core processors are

LINPACK 10.510 PFLOPS (93.2%) promising to realize the above futures
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Power Reduction by Power Supply, Clock Frequency
and Voltage Control by OSCAR Compiler

» Shortest execution time mode

Ordinary scheduled results

PGO PG1
1 MT2 | T
MT1 | | vful | |®
VAull 0
]
:
MT3 | [m
N P Vifull | |
Time

* Realtime processing mode with dead line constraints

Ordinary scheduled results

Time

PGO PG1
MTI1
Vfull MT2
V-full -
_______ Dead Line

FV control
PGO PGi1

MT1
V:full

Time

BREEE

—_— .

FV control

Power control

PGO | PG1

MT1 .

V:full m

B

3%

)]

Time '

Power control
PGO PG1
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REDVZFATILFIATRP2 SHAASOTHEH

7’0t 90nm CMOS, 84, 3f&Vth

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

EREE 1.0V-1.4V(37), 1.8/3.3V(1/O)

ENERIES | 600MHZz

CPUtRE 8640 MIPS (Dhrystone 2.1)

Core#3

FPUMRE 33.6 GFLOPS

-CPUEIZHIILI-BRBER

-CPUa7 D/ AYI%EEILETS

Core#6 Core#7 ZY—FE—R

- CPUO7 D—8D /Ry %EELE
TAHANX vy aae—LY

Core#4 Core#5 {EFE 1 il HBERIRER S A R)—TE—F

-CPUO7 D ERHEEELTS
I EBREME—F

DDRPAD ' -URAMESYDCPUOT7 DER

or— BHAFELS LS 1—LER
QA7 EEVILFATLSIFYIEE bl

ISSCCO8FE F+: ISSCCO8 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 V2.0D$ER—E
Fortran & C FADN22EDNIE R H2EV METRX

it 5| 24T API y T —RERIEAPI

» parallel sections (*) » dma_transfer

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

» execution » dma_flag_check
AEYBEBAPI » dma_flag_send

» 7OtZL—A3API

» accelerator_task_entry
» Fyafl{HAP

» threadprivate (*)
» distributedshared
» onchipshared

» cache_writeback
RIAPI » cache_selfinvalidate O e
> groupbarrier » complete_memop ¢ E2METRX
& N HI{EHAPI » noncacheable » accelerator task
» fvcontrol » aligncache > oscar comment

» get_fvstatus
A4 —API

» get_current_time

(*) OpenMP$§RX
OSCAR: Optimally Scheduled Advanced Multiprocessor

11



Low-Power Optimization with OSCAR API

Scheduled Result
by OSCAR Compiler

VCO VClI

Generate Code Image by OSCAR Compiler

void void
main VCO() { main_VCI() {

#pragma oscar fvcontrol ¥

( (OSCAR_CPU(),0))

#pragma oscar fvcontrol ¥
(1,(OSCAR_CPU(),100)) $

12
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Intel Stamp Size Solar Powered Processor “Claremont” Announced In
Intel IDF 2011 September 13
“Haswell” on Market in 2013

Bl#t&H CTO Dr. Justin Rattner
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An Image of Static Schedule for Heterogeneous Multi-core

with Data Transfer Overlapping and Power Control
CPUO CPU1 CPU2 CPU3 DRPO
CORE | DTU | CORE A DTU | CORE | DTU | CORE | DTU CORE | DTU
(AA 1T+l LOAD | ~ ~ = 7 T LOAD
MTGH1 LOAD LOAD
| MT1-1 | gap | MT1-2
| SEND SEND
|
| MT1-3 MT1-4
! SEND
e LOAD SEND LOAD I\
MTG2 MT2-1 LOAD LOAD LOAD MTG3
LOAD LOAD LOAD
SEND MT3-1 LOAD LOAD
LOAD
MT2-2 MT2-3  5ap
SEND LOAD MT2—4 SEND | |
SEND LOAD - =
MT3-2 T0AD =
MT3-3 SEND
SEND
MT2=7 MT3-4
- SEND
SEND MT370 MT3-5
MT2-8 SEND
STORE
STORE MT3-7 MT3-8
STORE
A STORE Y, v
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337 NaviEngine )7 JLAA)LOS eT-Kernel Multi-Core EdltlonJ:'COD

3.00

2.50

2.00

speed up ratio
H
Ul
o

1.00

0.50 -

0.00 -

OSCAR APIZ FHL M= M SISAIRTERE G

NaviEngine (ARM11 MPCore) 400MHz 3 core SMP

(Renesas Electronics EC-4260)
2.45
2.05 2.03
1.95 1.95
1.75 1.77
1.64

_ W1PE

W 2PE

- 3PE

AAC Encoder MPEG2 Encoder  MPEG2 Decoder Optical Flow SPEC2000
(OpenCV) 183.equake

e 3O CIOTIZHREN237EDEE R L —/VHAHR
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Speedup Ratio

2

2

1.5

0.5

Performance of OSCAR Compiler & API on
ARMv7-cores Qualcomm MSM8960 Android 4.0 for
Smart Phones

1.87 1.90
1.72 1.73
_ m 1PE
m 2PE

AACENC MPEG2 DEC OMPM equake MPEG2 ENC
Application

1.81 times speedup by 2 cores on the average against 1 core
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