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Compiler for NEC SX-Aurora TSUBASA
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The first President from the outside of USA 
and Canada in 72 years history of IEEE CS



IEEE CS Awards Ceremonies with CS President 2018

Computer 
Pioneer Award 
to C++ Bjarne 
Stroustrup in 
COMPSAC, 
Tokyo

June BoG Award Dinner
with CS Award Winners and 
their Families, Phoenix

Technical 
Achievemen
t  Award, in 
COMPSAC,
Tokyo

Award Ceremony in SC (Super Computing 2018 with 13 thousands participants), Dallas

B. Ramakrishna 
Rau Award in 

MICRO,
Fukuoka 
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ACM/IEEE SC(SuperComputing)19, Denver, Nov.17-22, 2019

Cornel Univ. Prof. Steven Squyres火星探査、CalTech. Dr. Katie Boumanブラックホールの可視化等のる講演等
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Multicores for Performance and Low Power

IEEE ISSCC08: Paper No. 4.5,   
M.ITO, … and  H. Kasahara, 

“An 8640 MIPS SoC with 
Independent Power-off Control of 8 
CPUs and 8 RAMs by an Automatic 

Parallelizing Compiler”

Power ∝ Frequency * Voltage2

(Voltage ∝ Frequency)
Power ∝ Frequency3

If Frequency is reduced to 1/4
(Ex. 4GHz1GHz),

Power is reduced to 1/64 and 
Performance falls down to 1/4 .
<Multicores>
If 8cores are integrated on a chip,
Power is still 1/8 and 
Performance becomes 2 times.
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Power consumption is one of the biggest problems for performance 
scaling from smartphones to cloud servers and supercomputers 
(“K” more than 10MW) .



Earthquake wave propagation simulation GMS developed by National 
Research Institute for Earth Science and Disaster Resilience (NIED)

 Automatic parallelizing compiler available on the market gave us no speedup against execution time on 1 core on 64 cores
 Execution time with 128 cores was slower than 1 core (0.9 times speedup)

 Advanced OSCAR parallelizing compiler gave us 211 times speedup with 128cores against execution time with 1 core 
using commercial compiler
 OSCAR compiler gave us 2.1 times speedup on 1 core against commercial compiler by global cache optimization
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Parallel Soft is important for scalable 
performance of multicore (LCPC2015)
 Just more cores donʼt give us speedup
 Development cost and period of parallel software 

are getting a bottleneck of development of 
embedded systems, eg. IoT, Automobile

OSCAR 
Compiler gives 
us 211 times 
speedup with 
128 cores

Commercial 
compiler gives 
us 0.9 times 
speedup with 
128 cores (slow-
downed against 
1 core)



Power Reduction of MPEG2 Decoding to 1/4 
on 8 Core Homogeneous Multicore RP-2 

by OSCAR Parallelizing Compiler

Avg. Power
5.73 [W]

Avg. Power
1.52 [W]

73.5% Power Reduction
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MPEG2 Decoding with 8 CPU cores
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Without Power 
Control
（Voltage：1.4V)

With Power Control 
（Frequency, 
Resume Standby: 
Power shutdown & 
Voltage lowering 1.4V-1.0V)



To improve effective performance, cost-performance 
and software productivity and reduce power

OSCAR Parallelizing Compiler

Multigrain Parallelization(LCPC1991,2001,04)

coarse-grain parallelism among loops and 
subroutines (2000 on SMP), near fine grain 
parallelism among statements (1992) in 
addition to loop parallelism

Data Localization 
Automatic data management for distributed 
shared memory, cache and local memory
(Local Memory 1995, 2016 on RP2,Cache2001,03)
Software Coherent Control (2017)

Data Transfer Overlapping(2016 partially)

Data transfer overlapping using Data
Transfer Controllers (DMAs)

Power Reduction
(2005 for Multicore, 2011 Multi-processes, 2013 on ARM)

Reduction of consumed power by
compiler control DVFS and Power
gating with hardware supports.
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Low Power 
Heterogeneous 
Multicore Code 

Generation
API

Analyzer
(Available 

from 
Waseda)

Existing 
sequential 
compiler

Multicore Program Development Using OSCAR API V2.0
Sequential Application

Program in Fortran  or C
(Consumer Electronics, Automobiles, 
Medical, Scientific computation, etc.)

Low Power 
Homogeneous 
Multicore Code 

Generation
API

Analyzer
Existing

sequential 
compiler

Proc0

Thread 0

Code  with 
directives

Waseda OSCAR
Parallelizing Compiler

 Coarse grain task 
parallelization

 Data Localization
 DMAC data transfer 
 Power reduction  using 

DVFS, Clock/ Power gating

Proc1

Thread 1

Code  with 
directives

Parallelized 
API F or C 
program 

OSCAR API for Homogeneous and/or 
Heterogeneous Multicores and manycores
Directives for thread generation, memory, 

data transfer using DMA, power 
managements

Generation of 
parallel  machine 

codes using 
sequential 
compilers 
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OSCAR: Optimally Scheduled Advanced Multiprocessor
API： Application Program Interface

Homegeneous
Multicore s 

from Vendor A
(SMP servers) 

Server Code 
Generation
OpenMP 
Compiler

Shred memory 
servers

Heterogeneous
Multicores

from Vendor B 

Hitachi, Renesas, NEC, 
Fujitsu, Toshiba, Denso, 
Olympus, Mitsubishi, 
Esol, Cats, Gaio, 3 univ.

Accelerator 1
Code  

Accelerator 2
Code  

H
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og
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Accelerator Compiler/ User 
Add “hint” directives

before a loop or a function to 
specify it is executable by 

the accelerator with 
how many clocks

H
et

er
o

Manual 
parallelization / 
power reduction 



Automatic Pallalelization Tool of MATLAB/Simulink: 
OSCAR Tech “OSCARator” https://www.oscartech.jp/en/

• OSCARator is a simulation accelerator of MATLAB/Simulink on multicore processor
– based on “OSCAR Compiler” Automatic Parallelization Technology developed by Kasahara and 

Kimura Lab. Waseda University

Original Simulink Model

make a “Subsystem” with blocks
which you want to accelerate Start OSCARator from right click menu,

OSCARator will automatically configure 
settings.

<FULLY AUTOMATIC>
• Simulink Coder C-Code Generation
• Automatic Parallelization
• S-Function MEX Build
• Replacing Subsystem with S-Function Block

New Accelerated Simulink Model

Same Result and
Shorter Simulation Time

MEX: Dynamically linked subroutine executed in the MATLAB environment.

HybridVehicle



Speedup of Simulink Models by OSCARator
on 4 cores Intel Core i5 Processor

https://www.oscartech.jp/en/

Intel Core i5 7400T 2.4GHz (4 cores)
16GB (SODIMM 2400MHz)
Windows 10 Pro (1903)
MATLAB R2019a Update 5
MinGW GCC 6.3

• RoadTracking
• from Computer Vision Toolbox
• https://jp.mathworks.com/help/vision/exam

ples/color-based-road-tracking.html

• VesselExtraction
• from MATLAB Central
• modified for Simulink Model
• https://www.mathworks.com/matlabcentral/

fileexchange/24990-retinal-blood-vessel-
extraction

• HybridVehicle
• Hybrid Vehicle Powertrain
• developed by Kusaka Lab. Waseda 

University
• http://www.f.waseda.jp/jin.kusaka/

6.51 times speed up on 4 cores against 1 core MATLAB Accerelator
Mode for VesselExtraction
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: MATLAB Accelerator Mode

: OSCARator (using 2 cores)

: OSCARator (using 4 cores)

RoadTracking VesselExtraction HybridVehicle

(Compared with MATLAB Accelerator Mode Simulation)



Low-Power Optimization  with OSCAR API
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MT1

VC0

MT2

MT4MT3

Sleep

VC1

Scheduled Result
by OSCAR Compiler void

main_VC0() {

MT1

void
main_VC1() {

MT2

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

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

Sleep

MT4MT3

} }

Generate Code Image by OSCAR Compiler



H.264 decoder & Optical Flow (3cores)
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-70.1%
(1/3)

-57.9%
(2/5)

-76.9%
(1/4)

-67.2%
(1/3)

Automatic Power Reuction on Intel Haswell

Power for 3cores was reduced to 1/3～1/4 against without software power control 
Power for 3cores was reduced to 2/5～1/3 against ordinary 1core execution

H81M‐A, Intel Core i7 4770k
Quad core, 3.5GHz〜0.8GHz



OSCAR Heterogeneous Multicore
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• DTU
– Data Transfer 

Unit
• LPM

– Local Program 
Memory

• LDM
– Local Data 

Memory
• DSM

– Distributed 
Shared Memory

• CSM
– Centralized 

Shared Memory
• FVR

– Frequency/Volta
ge Control 
Register
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An Image of Static Schedule for Heterogeneous Multi-
core with Data Transfer Overlapping and Power Control
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Speedup of NPB/CG by OSCAR Compiler on 
NEC SX-Aurora TSUBASA A100-1 8 cores 10C VE

57 times speed up for 8 core Parallelization by OSCAR Compiler 
& NEC Vectorization against NEC 1 core Vectorization

OSCAR Parallelization +  NEC 
Vectorization  
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Target: 
 Solar Powered

 Compiler power reduction.
Fully automatic parallelization and 
vectorization including local memory 
management and data transfer.

OSCAR Vector Multicore and Compiler for 
Embedded to Severs with OSCAR Technology

Centralized Shared Memory

Compiler Co-designed Interconnection Network

Compiler co-designed Connection Network

On-chip Shared Memory

Multicore Chip

Vector
Data 

Transfer
Unit

CPU

Local Memory
Distributed Shared Memory

Power Control Unit

Core

×４
chips



Future Multicore Products with 
Automatic Parallelizing Compiler

Next Generation Automobiles
‐ Safer, more comfortable, energy efficient, environment 
friendly
‐ Cameras, radar, car2car communication, internet 
information integrated brake, steering, engine, moter
control

Solar powered with more than 100 
times power efficient :  FLOPS/W
• Regional Disaster Simulators

saving lives from tornadoes, 
localized heavy rain, fires with 
earth quakes

‐From everyday recharging to 
less than once a week
‐ Solar powered operation  in
emergency condition
‐ Keep health 

Smart phones
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Cancer treatment, 
Drinkable inner camera
• Emergency solar powered
• No cooling fun, No dust ,

clean usable inside OP room

Advanced medical systems Personal / Regional 
Supercomputers


