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V |/I\/Ian>/ core Everywhere

Mulfi-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)

SCAR Type Multi-core Chip by Renesas in - -
METI/NEDO Multicore for Real-time Consumer > WSs, Deskside & nghend Servers B
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, 3-4AMW (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 SPARC64VI111fx, 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
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Supercomputing

ParalleliZing Lompzkr e

Clean Energy \IduyCOre

Contents | News
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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
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-CPUa7 D/ AYI%EEILETS
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Core#4 Core#5 {EFE 1 il HBERIRER S A R)—TE—F

-CPUO7 D ERHEEELTS
I EBREME—F

DDRPAD v -URAMESYDCPUOT7 DER

or— BHAFELS LS 1—LER
QA7 EEVILFATLSIFYIEE bl

b "

ISSCCO8FZK: ISSCCO8 Fm X EFE S 4.5, MLITO, 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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MTG of Su2cor-LOOPS-D0O400

Coarse grain parallelism PARA_ALD =4.3
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Data Localization
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OSCARaAVNASMNBEIEMT HILFIATAPI
(OpenMPE#E) FIFH. BEB<ILFI LAY

1 421 431|144

3rd layer

Ist layer
Distributed
MT1 1
/) T~ scheduling
MT1 2 code
DOALL
MTI 3
SB
MTI 4
RB
/ > N TN — == = -
N\
N 131
141

2nd layer

WHTOTSLDA A=

Centralized
scheduling
code
SECTIONS
SECTION ~—==========-==------- SECTION
10| T4 12| 73| T4 75| T6| T7
MT1 1
MT1 2 |v||r1-3 |
> i |\/iT1-4 i |1_I3_1| |1_i,_1| |1_i°,_1|
— = | =—F—"|| |13 2||[1.3 2|} [132]|| eT
141 141 1 | |
1 —1F——||[2_3_3]} [2_3_3]| [_3_3]
142 14 2 | |
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j I ] 13 6|}[136/]|13 6
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Thread groupl
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NBHOSCAR API v1.0MIERX

(ver.1.0:7REZ=ZF7AVILFOT7H)

» A F|ZEITAPI
» parallel sections (*)
» flush (*)
» critical (**)
» execution
» AEBECIEAPI
» threadprivate (*)
» distributedshared
» onchipshared
» [EIEAAPI

» groupbarrier

(* OpenMPH 5D FETRX)

» T —REREAPI
» dma transfer

» dma contiguous parameter

v

dma stride parameter
dma flag check

v Vv

dma flag send
» BB NHIEIAPI

» fvcontrol

» get fvstatus
» B4 ~X—API

» get current time

17
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Performance of OSCAR Compiler Using the multicore API
on Fujitsu FR1000 Multicore

3.76

/3.75

100I | | | ‘

2.81
/ 1.94
71.00 |
1 2 3 4
MPEG2enc

2 3 4 2 3 4
MPEG2dec MP3enc

/ 3.47
2.55
1.98
1.00 |
1

2 3 4

JPEG 2000enc

3.38 times speedup on the average for 4 cores against

a single core execution
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Performance of OSCAR Compiler Using the Developed API on
4 core (SH4A) OSCAR Type Multicore

4.0

3.5
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2.5

2.0

1.5

1.0

0.5

0.0

- /» 3.35
) 2.57

i 1.78

1!00

:I

re
/
2.53
1.86
l I
1.00

1

/ 3.50
2.71
1.88
.,00
I

1

//»317

1 2 3 4
MPEG2enc

1 2 3 4
MPEG2dec

1 | 2 | 3 | 4
MP3enc

1 | 2 | 3 | 4

JPEG 2000enc

3.31 times speedup on the average for 4cores against 1core
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Performance of OSCAR compiler on
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Compile Opiion : -O3
OSCAR compiler gave us 3.43 times speedup against 1 core for Fortran
and 3.13 for C on ARM/NEC MPCore with 4 ARM 400MHz cores
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Low-Power Optimization with OSCAR API

Scheduled Result Generate Code Image by OSCAR Compiler
by OSCAR Compiler void void
VCO VClI main_ VCO() { main VCI() {

#pragma oscar fvcontrol ¥

- ( (OSCAR CPU(),0))

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

i VC{DVPCO) X VC{)VPCQ) VC{nVPC(n
DTU
— Data Transfer Unit
_ Memory LPM
Interface — Local Program
Memory
——

— LDM

— Local Data Memory
Network Interface

T

Memory

CSM
—  Centralized Shared
Memory
FVR

— Frequency/Voltage
Control Register

— Distributed Shared
)
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An Image of Static Schedule for Heterogeneous Multi-core with
Data Transfer Overlapping and Power Control

CPUO CPU1 CPU2 CPUS3 DRPO
CORE | DTU CORE | DTU CORE DTU CORE DTU CORE DTU
(AA 1T+l LOAD | ~ ~ = 7 T LOAD
MTGH1 LOAD LOAD
: MT1-1 —5ap MT1-2
| SEND SEND
|
| MT1-3 MT1-4
! SEND
e LOAD SEND LOAD )
MTG2 MT2-1 LOAD LOAD LOAD MTG3
LOAD LOAD LOAD
SEND MT3-1 LOAD LOAD
MT2-2 MT2-3 —oao
SEND LOAD — SEND | |
SEND LOAD - =
MT3-2 COAD =
MT3-3 SEND
SEND
MT2-5 SEND MT2-6
MT2=7 MT3-4
- MT3-6 SEND
SEND MT3-5
MT2-8 SEND
STORE
STORE MT3-7 MT3-8
STORE
A STORE J
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Whole Chip Power Consumption executing Multiple Light
Computational Load Applications (2, 4, SAAC Encoders) on RP2

4

3.5

Power Consumption [W]
N

Power consumption of 8core SAAC
reduced 47% against 1 core 1AAC
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Not-power
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H4AAC
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59 0.66

k

IPE
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Number of Processors

With 1TAAC, power consumption 1s invariable (0.60W)
even if number of processors are increased to 2, 4, 8.




Waveform of Power Consumption when executing
Multiple Light Computational Load Applications
(8 AAC Encoders) on RP2
Waveform of 1PE 1AAC Waveform of 8PE 8AAC
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Supply Voltage is change from 1.4V to 1.0V by power control.
Power Consumption increase only 29% by 8 AAC Encoders against 1 AAC Encoder.



Whole Chip Power Consumption executing Multiple
Middle Computational Load Applications (ZMPEG

4.00

Decoders) on RP2

. . 4PE IMPEG2dec reduce 49% power
Against 1PE IMPEG2dec
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Power consumption of (4PE 1IMPEG2dec) x2
1s lower than 1PE IMPEG2dec.

At this time, 51% power reduction for one MPEG2dec.
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Waveform of Power Consumption when executing Multiple Middle
Computational Load Applications
(IMPEG2 Decoder) on RP2
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49% power reduction against 4PE IMPEG2dec 35



Waveform of Power Consumption when executing Multiple Middle

Computational Load Applications
(IMPEG2 Decoder) on RP2
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49% power reduction by using 4x cores is almost same as power consumption of IMPEG2dec
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Process 90nm, 8-layer, triple-Vth,
Technology | CMOS
Chip Size 104.8mm?
(10.61mm x 9.88mm)

CPU Core 6.6mm?
Size (3.36mm x 1.96mm)
Supply 1.0V-1.4V (internal),
Voltage 1.8/3.3V (I/0)

| Clock 600MHz, 300MHz,
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Power 17 (8 CPUs, 8 URAMSs,
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M. Tto, 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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