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Some of papers in and just after Ph.D. Course in Waseda U.

Courtesy of dexchao - Fotolia.com
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The First Compiler Codesigned Multiprocessor
OSCAR (Optimally Scheduled Advanced Multiprocessor) in 1987
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AMD29325 32-bit Floating-point unit

H. Kasahara, "OSCAR Fortran Multigrain 
Compiler", Stanford University, 
Hosted by  Professor John L. Hennessy and 
Professor Monica Lam, May. 15. 1995. 

AMD29325 32-bit Floating-point unit



SIGMA-1 is a large-scale computer based on 
fine-grain dataflow architecture designed to 
show feasibility of fine-grain dataflow computer 
to highly parallel computation over 
conventional von Neumann computers. 
SIGMA-1 project was stated on 1984 and the 
128 processing element (PE) started working 
on 1988. SIGMA-1 was design and built at the 
Electrotechnical Laboratory (ETL for short), 
Ministry of International Trade and Industry, 
Japan. SIGMA-1 is still the largest scale 
dataflow computer so far built and it achieved 
more 100 Mflops as a maximum measured 
performance of the total system. As for the 
language for SIGMA-1, ETL developed 
Dataflow-C language as a subset of C 
programming language. Dataflow-C is a single 
assignment language that can compile C-like 
source programs to highly parallel executable 
dataflow machine codes (Fig. 1 ).

SIGMA-1
ETL(Electrotechnical Laboratory), 
Ministry of International Trade and 
Industry, Japan.  (AIST, METI)

https://link.springer.com/referenceworkentry/10.1007/978-0-387-09766-4_287 4

ACM '87: Proceedings of the 1987 Fall Joint Computer Conference on Exploring 
technology: today and tomorrow December 1987, Pages 578–585



https://ieeexplore.ieee.org/document/130111/similar#similar
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https://ieeexplore.ieee.org/document/1653942



1993年 スーパーコンピュータVPP500、数値風洞(NWT)

商用VPP5000 (仏気象庁他)

Mr. Hajime Miyoshi ACM/IEEE SC ‘94: Washington, D.C. November, 1994にて発表
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Cedar Supercomputer
University of Illinois at Urbana-Champaign, CSRD (Center for Supercomputing R&D)
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Univ. Illinois at Urbana-Champaign
Prof. Emeritus 
Founder of Kuck & Associates
 ILLIAC IV (Member)
 Parallelizing Compiler 

 Data dependence analysis
 Automatic vectorization 
 Automatic loop parallelization 
 Loop restructuring
 Cedar supercomputer (Alliant FX8)
 OpenMP 

Intel Senior Fellow (Past CTO):
 Intel Parallel Tuning Tools & 

Debuggers
 National Academy of Engineering Member 
 IEEE ACM Eckert-Mauchly Award
 IEEE Charles Babbage Award
 ACM/IEEE Ken Kennedy Award
 Okawa Prize
 IEEE Computer Pioneer Award

Prof. David Kuck

Hironori visited CSRD from 1989 to 1990.
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Earth Simulator
• Earth Environmental simulation like Global  Warming, 
El Nino, PlateMovement for the all lives onr this planet.

•Developed in Mar. 2002 by STA (MEXT) and NEC with 
400 M$ investment under Dr. Miyoshi’s direction.

(Dr.Miyoshi: Passed away in Nov.2001. NWT, VPP500, SX6)
40 TFLOPS Peak (40*1012 )
35.6 TFLOPS Linpack

(http://www.es.jamstec.go.jp/)

4 Tennis Courts

Mr. Hajime Miyoshi

2021年ノーベル物理学賞
プリンストン大 真鍋淑郎先生
大気・海洋大循環モデル
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June 2002 Top1
Cores: 5,120, Rmax:35.86TFlop/s
Rpeak: 40.96TFlop/s, Power: 3.2MW



SPARC64TM VIIIfx
（提供：富士通(株)） 

TOFUネットワーク
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“K” Supercomputer by Riken, No.1 in TOP500, June 20  & Nov.2,2011



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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Earliest Executable Condition Analysis for Coarse 
Grain Tasks (Macro-tasks)

A Macro Flow Graph
A Macro Task 
Graph 
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Generation of Coarse Grain Tasks
Ｍacro-tasks (MTs)
 Block of Pseudo Assignments (BPA): Basic Block (BB)
 Repetition Block (RB) : natural loop
 Subroutine Block (SB): subroutine

Program

BPA

RB

SB

Near fine grain parallelization

Loop level parallelization
Near fine grain of loop body
Coarse grain
parallelization
Coarse grain
parallelization
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1st. Layer 2nd. Layer 3rd. LayerTotal
System
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MTG of Su2cor-LOOPS-DO400

DOALL Sequential LOOP BBSB

 Coarse grain parallelism PARA_ALD = 4.3
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• IBM XL Fortran for AIX Version 8.1
– Sequential execution              : -O5  -qarch=pwr4
– Automatic loop parallelization  : -O5  -qsmp=auto  -qarch=pwr4
– OSCAR compiler                    :  -O5  -qsmp=noauto  -qarch=pwr4

(su2cor: -O4 -qstrict)

Performance of APC Compiler on 
IBM pSeries690 16 Processors High-end Server 
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Performance of Multigrain Parallel Processing 
for 102.swim on IBM pSeries690
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Intel Ver.10.1
OSCAR 

Performance of OSCAR compiler on
16 cores SGI Altix 450 Montvale server

• OSCAR compiler gave us 2.32 times speedup
against Intel Fortran Itanium Compiler revision 10.1

Compiler options for the Intel Compiler:
for Automation parallelization: -fast -parallel.
for OpenMP codes generated by OSCAR: -fast -openmp
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Data Localization

MTG MTG after Division A schedule for 
two processors
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Decomposition of RBs in TLG

• Decompose GCIR into DGCIRp(1≦p≦n)
– n: (multiple) num of PCs,  DGCIR: Decomposed GCIR 

• Generate CAR on which DGCIRp&DGCIRp+1 are data-dep.
• Generate LR on which DGCIRp is data-dep.
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An Example of Data Localization for Spec95 Swim
DO 200 J=1,N
DO 200 I=1,M

UNEW(I+1,J) = UOLD(I+1,J)+
1    TDTS8*(Z(I+1,J+1)+Z(I+1,J))*(CV(I+1,J+1)+CV(I,J+1)+CV(I,J)
2       +CV(I+1,J))-TDTSDX*(H(I+1,J)-H(I,J))

VNEW(I,J+1) = VOLD(I,J+1)-TDTS8*(Z(I+1,J+1)+Z(I,J+1))
1       *(CU(I+1,J+1)+CU(I,J+1)+CU(I,J)+CU(I+1,J))
2       -TDTSDY*(H(I,J+1)-H(I,J))

PNEW(I,J) = POLD(I,J)-TDTSDX*(CU(I+1,J)-CU(I,J))
1       -TDTSDY*(CV(I,J+1)-CV(I,J))

200 CONTINUE

DO 300 J=1,N
DO 300 I=1,M

UOLD(I,J) = U(I,J)+ALPHA*(UNEW(I,J)-2.*U(I,J)+UOLD(I,J))
VOLD(I,J) = V(I,J)+ALPHA*(VNEW(I,J)-2.*V(I,J)+VOLD(I,J))
POLD(I,J) = P(I,J)+ALPHA*(PNEW(I,J)-2.*P(I,J)+POLD(I,J))

300  CONTINUE

DO 210 J=1,N
UNEW(1,J) = UNEW(M+1,J)
VNEW(M+1,J+1) = VNEW(1,J+1)
PNEW(M+1,J) = PNEW(1,J)

210 CONTINUE

UN
VO
Z

PNVN UO
PO CVCU
H

UN
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U PV

0 1 2 3 4MB
cache size

(a) An example of target loop group for data localization

(b) Image of alignment of arrays on 
cache accessed by target loops

Cache line conflicts occurs 
among arrays which share the 
same location on cache

DO 200 J=1,N
DO 200 I=1,M

UNEW(I+1,J) = UOLD(I+1,J)+
1    TDTS8*(Z(I+1,J+1)+Z(I+1,J))*(CV(I+1,J+1)+CV(I,J+1)+CV(I,J)
2       +CV(I+1,J))-TDTSDX*(H(I+1,J)-H(I,J))

VNEW(I,J+1) = VOLD(I,J+1)-TDTS8*(Z(I+1,J+1)+Z(I,J+1))
1       *(CU(I+1,J+1)+CU(I,J+1)+CU(I,J)+CU(I+1,J))
2       -TDTSDY*(H(I,J+1)-H(I,J))

PNEW(I,J) = POLD(I,J)-TDTSDX*(CU(I+1,J)-CU(I,J))
1       -TDTSDY*(CV(I,J+1)-CV(I,J))

200 CONTINUE

DO 300 J=1,N
DO 300 I=1,M

UOLD(I,J) = U(I,J)+ALPHA*(UNEW(I,J)-2.*U(I,J)+UOLD(I,J))
VOLD(I,J) = V(I,J)+ALPHA*(VNEW(I,J)-2.*V(I,J)+VOLD(I,J))
POLD(I,J) = P(I,J)+ALPHA*(PNEW(I,J)-2.*P(I,J)+POLD(I,J))

300  CONTINUE

DO 210 J=1,N
UNEW(1,J) = UNEW(M+1,J)
VNEW(M+1,J+1) = VNEW(1,J+1)
PNEW(M+1,J) = PNEW(1,J)

210 CONTINUE

UN
VO
Z

PNVN UO
PO CVCU
H

UN
PNVN

UN
VOPNVN UO

PO

U PV

0 1 2 3 4MB
cache size

(a) An example of target loop group for data localization

(b) Image of alignment of arrays on 
cache accessed by target loops

Cache line conflicts occurs 
among arrays which share the 
same location on cache
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PARAMETER (N1=513, N2=513)

COMMON  U(N1,N2), V(N1,N2), P(N1,N2),
*        UNEW(N1,N2), VNEW(N1,N2),
1        PNEW(N1,N2), UOLD(N1,N2),
*        VOLD(N1,N2), POLD(N1,N2),
2        CU(N1,N2), CV(N1,N2),
*        Z(N1,N2), H(N1,N2)

Data Layout for Removing Line Conflict Misses 
by Array Dimension Padding

Declaration part of arrays in spec95 swim

PARAMETER (N1=513, N2=544)

COMMON  U(N1,N2), V(N1,N2), P(N1,N2),
*        UNEW(N1,N2), VNEW(N1,N2),
1        PNEW(N1,N2), UOLD(N1,N2),
*        VOLD(N1,N2), POLD(N1,N2),
2        CU(N1,N2), CV(N1,N2),
*        Z(N1,N2), H(N1,N2)

before padding after padding

Box: Access range of DLG0

4MB 4MB

padding
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8 Core RP2 Chip Block Diagram

LCPG: Local clock pulse generator
PCR: Power Control Register

CCN/BAR:Cache controller/Barrier Register
DSM: Distributed Shared Memory
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http://www8.cao.go.jp/cstp/gaiyo/honkaigi/74index.html

Demo of NEDO Green Multicore Processor for Real Time Consumer 
Electronics at Council of Science and Engineering Policy 

on April 10, 2008

Prime Minister FUKUDA is touching our multicore chip during execution.

Codesign of Compiler and 
Multiprocessor Architecture
 since 1985
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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

MPEG2 Decoding with 8 CPU cores

0
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4
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7

0
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2

3

4

5

6

7

Without Power 
Control
（Voltage：1.4V)

With Power Control 
（Frequency, 
Resume Standby: 
Power shutdown & 
Voltage lowering 1.4V-1.0V)
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Power Reduction by Power Supply, Clock Frequency
and Voltage Control by OSCAR Compiler

• Shortest execution time mode
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An Example of Machine Parameters 
for the Power Saving Scheme

• Functions of the multiprocessor
– Frequency of each proc. is changed to several levels
– Voltage is changed together with frequency
– Each proc. can be powered on/off

state
frequency
voltage
dynamic energy
static power

FULL
1
1
1
1

MID
1 / 2
0.87
3 / 4

1

LOW
1 / 4
0.71
1 / 2

1

OFF
0
0
0
0

state
FULL
MID
LOW
OFF

FULL
0

40k
40k
80k

MID
40k
0

40k
80k

LOW
40k
40k
0

80k

OFF
80k
80k
80k
0

state
FULL
MID
LOW
OFF

FULL
0

20
20
40

MID
20
0

20
40

LOW
20
20
0

40

OFF
40
40
40
0

delay time [u.t.] energy overhead [μJ]

• State transition overhead

プレゼンター
プレゼンテーションのノート
Next, I’ll show the an example of machine parameters for the power saving scheme. this scheme assumes multiprocessors have next functions.Frequency of each proc. is changed in several levels. Second, Voltage is changed as to the frequency. Third, each proc. can be powered on or off.  This table shows an example of the rates of voltage, dynamic energy and static power at each frequency. Frequency is changed to FULL, MID whose freq. is half of FULL, LOW whose freq. is a quarter and OFF. and the optimal voltage for each frequency is fixed. Dynamic and static energy is calculated by using V and F.This scheme also considers the state transition overhead. For example, when the frequency is changed from FULL to MID, it needs 40,000clock delay time and 20 uJ energy overhead.



Power Reduction Scheduling
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Low-Power Optimization  with OSCAR API

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

29

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.



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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en
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us

 

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 
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プレゼンター
プレゼンテーションのノート
	



https://www.computer.org/product/education/multi-core-video-lectures-bundle

Created by Multicore STC 
Chair Hironori Kasahara
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IEEE Computer Society

IEEE754, 
802

The first President from outside North America in 72 years history of IEEE CS
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ACM/IEEE SC(SuperComputing)19, Denver, Nov.17-22, 2019

Cornel Univ. Prof. Steven Squyres: Mars Exploration、CalTech. Dr. Katie Bouman: Visualization of Black Hole 33



 speedup to sequential version 
 gcc as backend

 swim shows superlinear speedup and 1 core speedup
 seq.: 58.1 s, 1 core OSCAR: 33.2 s, 4 core OSCAR: 10.5 s

Intel Xeon E5-2650v4 – Benchmark results on upto 8 cores

2021/10/14
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 x86-64 based Architecture, 12 Cores, 2.2 GHz – 2.9 GHz
 30 MiB shared L3 cache, 
 L3 Cache: Shared by all cores

34

プレゼンター
プレゼンテーションのノート
SP, art: High task granularity and high overhead (sync, data transfer)



AMD EPYC 7702P – Benchmark results on upto 8 cores

35
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 x86-64 based Architecture,  64 Cores, 2.0 GHz – 3.35 GHz
 16 MiB L3 cache per 4 core cluster, 
 shared within the cluster

 speedup to sequential version 
 gcc as backend

 CG and swim show superlinear speedup
 CG: seq.: 0.86 s, 8 core OSCAR: 0.09 s

CG macrotask graph
L3 cache Optimization by 
Data Localization 35



 speedup to sequential version 
 gcc as backend

 overall good speedup is observed
 equake: seq.: 19.0 s, 4 core OSCAR: 7.18 s

NVIDIA Carmel ARMv8.2 – Benchmark results on upto 4 cores
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 Arm v8.2 based Architecture, 6 Cores, 1.4 GHz
 4 MiB shared L3 cache, 
 L3 Cache: Shared across all cores

36

プレゼンター
プレゼンテーションのノート
with the scheduling, 2 cores can fully utilize each 2mib cache cluster, with 4 cores, at least 2 cores must share cache



 speedup to sequential version 
 gcc as backend

 overall good speedup is observed, swim superlinear
 BT: seq.: 2041 s, 4 core OSCAR: 551 s

SiFive Freedom U740 – Benchmark results on upto 4 cores

2021/10/14
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 RISC-V based Architecture, 4 Cores, 1.2 GHz
 2 MiB shared L2 cache
 L2 Cache: Shared across all cores
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Heterogeneous Multicore Architecture 
targeted by OSCAR API

• 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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OSCAR API Ver. 2.0 for Homogeneous/Heterogeneous 
Multicores and Manycores

(LCPC2009 Homogeneous, 2010 Heterogeneous)
Specification: http://www.kasahara.cs.waseda.ac.jp/api/regist.php?lang=en&ver=2.1
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An Image of Static Schedule for Heterogeneous Multi-
core with Data Transfer Overlapping and Power Control
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＜R & D Target＞
Hardware, Software, Application 
for Super Low-Power Manycore 
More than 64 cores
Natural air cooling (No fan)

Cool, Compact, Clear, Quiet
Operational by Solar Panel
<Industry, Government, Academia>
Hitachi, Fujitsu, NEC, Renesas, Olympus,
Toyota, Denso, Mitsubishi, Toshiba, 
OSCAR Technology, etc
＜Ripple Effect＞
Low CO2 (Carbon Dioxide) Emissions
Creation Value Added Products
Automobiles, Medical, IoT, Servers

Green Computing Systems R&D Center
Waseda University

Established by Prof. Kasahara supported by METI (Mar. 2011)

Beside Subway Waseda Station,
Near Waseda Univ. Main 
Campus

Hitachi SR16000:
Power7 128coreSMP

Fujitsu M9000
SPARC VII 256 core SMP
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The 25th International Workshop on Languages and Compilers for 
Parallel Computing (LCPC2012), September 11-13, 2012

at Waseda U. Green Computing Center
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A Strategic Initiative of Computing: Systems and Applications
(SISA)- Integrating HPC, Big Data, AI and Beyond, Jan.18-19, 2017 

44
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110 Times Speedup against the Sequential Processing for 
GMS Earthquake Wave Propagation Simulation on 
Hitachi SR16000
（Power7 Based 128 Core Linux SMP） (LCPC2015)

Fortran:15 
thousand lines

First touch for distributed shared 
memory and cache optimization over 
loops are important for scalable speedup

45

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



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

Parallel Soft is important for scalable 
performance of multicore (LCPC2015)
 Just more cores don’t give us speedup
 Development cost and period of parallel software 

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

Fjitsu M9000 SPARC
Multicore Server

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)
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64cores
0.18[s]
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Speed-ups on TILEPro64 Manycore

1core
10.0[s]

Automatic Parallelization of JPEG-XR for 
Drinkable Inner Camera (Endo Capsule) on Tilera

Waseda U. & Olympus 47

• TILEPro64

55 times speedup with 64 cores

47
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欧州農耕作業車エンジン制御計算をインフィニオン
2コアプロセッサ上で8.7倍の高速化に成功。

日本乗用車のエンジン制御計算をデンソー2コアECU
上で、1．95倍の速度向上に成功。 (見神、梅田）
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Macro Task Fusion for Static Task Scheduling 

MFG of sample program 
before maro task fusion

MFG of sample program 
after macro task fusion

MTG of sample program 
after macro task fusion

Fuse branches and 
succeeded tasks

Merged block
: Data Dependency
: Control Flow
: Conditional Branch

Only data dependency

50

プレゼンター
プレゼンテーションのノート
In the result of fusing tasks.These figures show MFG and MTG of sample program after task fusion.Because compiler succeed hide conditional branches, compiler can schedule tasks statically in order to guarantee real-time constraint and reduce run-time overhead.We fuse MTs surrounded blue line and green line
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Software Coherence Control Method 
on OSCAR Parallelizing Compiler

 Coarse grain task parallelization with 
earliest condition analysis (control and data 
dependency analysis to detect parallelism 
among coarse grain tasks).

 OSCAR compiler automatically controls 
coherence using following simple program 
restructuring methods:
 To cope with stale data problems:

Data synchronization by compilers
 To cope with false sharing problem:

Data Alignment
Array Padding
Non-cacheable Buffer

MTG generated by 
earliest executable 
condition analysis 53



Preliminary Performance of Software Coherence 
Control by OSCAR Compiler on 8-core RP2
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3.57x Speedups for NIOS and 3.68x for RISCV using 4 cores for NPB CG

OSCAR Software Cache Coherent Control 
for NIOS and RISCV cores on FPGA 
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Automatic Local Memory Management
Data Localization: Loop Aligned Decomposition

• Decomposed loop into LRs and CARs
– LR ( Localizable Region): Data can be passed through LDM
– CAR (Commonly Accessed Region): Data transfers are 

required among processors
Single dimension Decomposition

Multi-dimension Decomposition

56

プレゼンター
プレゼンテーションのノート
Moreover, the Inter-Loop Dependence analysis phase detects Localizable Regions and Commonly Accessed Regions, This figure shows an example of decomposition loops which have a single dimension array.and this figure shows an example multi-dimension array.Decomposed loops that access the same iteration ranges are grouped together into Data Localizable Groups, DLG. Compiler decides Macro Task scheduling utilizing Data localizable Groups. Macro Tasks in a Data Localizable Group are placed and executed on the same processor core to achieve data locality. For example, Processor 0 executes MTs in DLG0, processor 1 executes DLG1 and processor 2 executes DLG2.



Adjustable Blocks managed 
by Compiler
A suitable block size for each application

 different from a fixed block size in cache
 each block can be divided into smaller blocks with 

integer divisible size to handle small arrays and scalar 
variables 

57

プレゼンター
プレゼンテーションのノート
Thus far, I explained the method of data decomposition and scheduling.But, the challenge of mapping and evicting decomposed data for LDM still remains.The LDM management phase of the method utilizes scheduling result of DLGs.For the actual mapping of the decomposed data onto LDM, the method adopts Adjustable Blocks and Template Array.Running the programs, processor handle ... Using Adjustable Blocks, proposed method avoids memory fragmentation and efficiently utilizes limited size local memory.



Block Replacement Policy 
by OSCAR Compiler

 Compiler Control Memory block 
Replacement
 using live, dead and reuse information of each 

variable from the scheduled result
 different from LRU in cache that does not use 

data dependence information 
 Block Eviction Priority Policy

1. (Dead) Variables that will not be accessed later 
in the program

2. Variables that are accessed only by other 
processor cores

3. Variables that will be later accessed by the 
current processor core

4. Variables that will immediately be accessed by 
the current processor core

58

プレゼンター
プレゼンテーションのノート
To adjustably utilize LDM during the runtime of the program, the proposed method have to evict memory blocks. ... listed here from most to least significance.These are actual LDM mapping and eviction method.



Speedups by OSCAR Automatic Local Memory Management  
compared to Executions Utilizing Centralized Shared Memory on 

Embedded and Scientific Application on RP2 8core Multicore

Maximum of 20.44 times speedup on 8 cores using local memory 
against sequential execution using off-chip shared memory
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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

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

clean usable inside OP room

Advanced medical systems Personal / Regional 
Supercomputers

62



63


	スライド番号 1
	スライド番号 2
	The First Compiler Codesigned Multiprocessor�OSCAR (Optimally Scheduled Advanced Multiprocessor) in 1987
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	Earth Simulator
	スライド番号 9
	スライド番号 10
	Earliest Executable Condition Analysis for Coarse Grain Tasks (Macro-tasks)
	スライド番号 12
	MTG of Su2cor-LOOPS-DO400
	スライド番号 14
	Performance of APC Compiler on � IBM pSeries690 16 Processors High-end Server 
	Performance of Multigrain Parallel Processing for 102.swim on IBM pSeries690
	NEC/ARM MPCore Embedded 4 core SMP
	Performance of OSCAR compiler on� 16 cores SGI Altix 450 Montvale server
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	Power Reduction of MPEG2 Decoding to 1/4 �on 8 Core Homogeneous Multicore RP-2 �by OSCAR Parallelizing Compiler
	Power Reduction by Power Supply, Clock Frequency�and Voltage Control by OSCAR Compiler
	An Example of Machine Parameters for the Power Saving Scheme
	Power Reduction Scheduling
	Low-Power Optimization  with OSCAR API
	Multicore Program Development Using OSCAR API　V2.0 
	スライド番号 31
	IEEE Computer Society
	ACM/IEEE SC(SuperComputing)19, Denver, Nov.17-22, 2019
	Intel Xeon E5-2650v4 – Benchmark results on upto 8 cores
	AMD EPYC 7702P – Benchmark results on upto 8 cores
	NVIDIA Carmel ARMv8.2 – Benchmark results on upto 4 cores
	SiFive Freedom U740 – Benchmark results on upto 4 cores
	Heterogeneous Multicore Architecture targeted by OSCAR API
	スライド番号 39
	スライド番号 40
	スライド番号 41
	スライド番号 42
	The 25th International Workshop on Languages and Compilers for Parallel Computing (LCPC2012), September 11-13, 2012�at Waseda U. Green Computing Center　
	A Strategic Initiative of Computing: Systems and Applications�(SISA)- Integrating HPC, Big Data, AI and Beyond, Jan.18-19, 2017 �　
	110 Times Speedup against the Sequential Processing for GMS Earthquake Wave Propagation Simulation on Hitachi SR16000�（Power7 Based 128 Core Linux SMP） (LCPC2015)�
	Earthquake wave propagation simulation GMS developed by National Research Institute for Earth Science and Disaster Resilience (NIED)
	Automatic Parallelization of JPEG-XR for �Drinkable Inner Camera (Endo Capsule) on Tilera �
	スライド番号 48
	スライド番号 49
	Macro Task Fusion for Static Task Scheduling 
	スライド番号 51
	スライド番号 52
	Software Coherence Control Method on OSCAR Parallelizing Compiler
	Preliminary Performance of Software Coherence Control by OSCAR Compiler on 8-core RP2
	3.57x Speedups for NIOS and 3.68x for RISCV using 4 cores for NPB CG
	Automatic Local Memory Management�Data Localization: Loop Aligned Decomposition
	Adjustable Blocks managed by Compiler
	Block Replacement Policy by OSCAR Compiler
	Speedups by OSCAR Automatic Local Memory Management  compared to Executions Utilizing Centralized Shared Memory on Embedded and Scientific Application on RP2 8core Multicore
	スライド番号 60
	スライド番号 61
	Future Multicore Products with Automatic Parallelizing Compiler
	スライド番号 63

