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Frontier
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The List.

https://www.top500.org/

HPE Cray EX2353, AMD Opt 3rd Gen EPYC (64C 2GHz), AMD Instinct MI250X, Slingshot-11

HPE Cray EX - Intel Exascale Compute Blade, Xeon CPU Max 9470 (52C 2.4GHz),
Intel Data Center GPU Max, Slingshot-11

Microsoft NDv5, Xeon Platinum 8480C (48C 2GHz), NVIDIA H100, NVIDIA Infiniband NDR
Fujitsu A6AFX (48C, 2.2GHz), Tofu Interconnect D

HPE Cray EX2353, AMD Opt 3rd Gen EPYC (64C 2GHz), AMD Instinct MI250X, Slingshot-11
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https://olcf.ornl.gov/wp-content/uploads/Frontiers-Architecture-Frontier-Training-Series-final.pdf

OLCF Systems by the numbers

Titan (2012) Summit (2017) Frontier (2021)
Peak 27 PF 200 PF 2.0EF
# nodes 18,688 4,608 9,408
Node 1 AMD Opteron CPU 2 IBM POWER9™ CPUs 1 AMD EPYC “Trento” CPU
1 NVIDIAKepler GPU 6 NVIDIA Volta GPUs 4 AMD Instinct MI250X GPUs
Memo 06 PBDDR3+0.1PB 24PBDDR4 +0.4HBM+ 4.6 PB DDR4 + 4.6 PB HBM2e +
"y GDDR 7.4 PB On-node storage 36 PB On-node storage, 75 TB/s Read 38 Write
On-node PCl Gen2 NVIDIA NVLINK AMD Infinity Fabric
interconnect  No coherence Coherent memory Coherent memory
across the node across the node across the node
System Cray Gemini network Mellanox Dual-port EDR B Four-port Slingshot network
Interconnect 6.4 GB/s 25 GB/s 100 GB/s
Topology 3D Torus Non-blocking Fat Tree Dragonfly
32 PB, 1TBs, 250 PB, 2.5 TB/s, IBM 695 PB HDD+11 PB Flash Performance Tier,
Storage Lustre Filesystem Spectrum Scale™ with 9.4 TB/s and 10 PB Metadata Flash
GPFS™ Lustre
. Power 9 MW 13 MW 29 MW




INDUSTRY https://www.ans.org/news/article-5842/amazon-buys-nuclearpowered-data-center-from-talen/

Amazon buys nuclear-powered data center from Talen

Thu, Mar 7, 2024, 10:01PM Nuclear News
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Susquehanna nuclear plant in Salem Township, Penn., along with the data center in foreground. (Photo: Talen Energy)

Talen Energy announced its sale of a 960-megawatt data center campus to cloud service provider Amazon Web Services
(AWS), a subsidiary of Amazon, for $650 million.

The data center, Cumulus Data Assets, sits on a 1,200-acre campus in Pennsylvania and is directly powered by the
adjacent Susquehanna Steam Electric Station, which generates 2.5 gigawatts of power.



From Smartphones, Smart Cars to HPC use Multicores & Accelerators
Cores: ARM, IBM, Renesas, Infineon, SPARC, RISC V, Accelerators: NVIDIA, Intel, AMD, etc.

Launched September 14, 2021
64-bit  Designed by Apple Inc.
iPhone 13 Common manufacturer(s) : TSMC

2021 Max. CPU clock rate to 3.23 GHz in iPhone 13 Pro

Technology node: S nm

6 Cores: 2 “Avalanche“High Perf. & 4 ”Blizzard” Low Power
Instruction set: ARM A64, Transistors: 15 billion (15{E1{&)
GPU(s): Apple-designed 5 core GPU in iPhone 13

https://en.wikipedia.org/wiki/Apple A15

https://www.apple.com/jp/shop/buy-iphone

leen F ugaku Topl June, 2020-Nov.2021

' ' . RIKEN Center for Computational Science,
Fujitsu (arm based processor)
Cores:7,299,072; Memory:4,866,048GB ;
Processor:A64FX 48Cores, 2.2GHz
Interconnect: Tofu interconnect D
% | Linpack (Rmax)415,530 TFlop/s;
Theoretical Peak (Rpeak): S13PFLOPS
HPCG [TFlop/s]13,366.4; Power: 28.3MW

48cores/chip, 2.2GHz, 7 nm FinFET,
%’J7E3075:17 28MW

ei.jp/fugaku/ https //www r-ccs. rlken Jp/en/fugaku/about/ EE =l - I::Sl = [O] 33 & /J\ - e / J'\
https://japanese.engadget.com/arm-super-computer-fugaku-top-500-034015910.html 2020 E6 ﬁ H# f_i

ps://tugaku




https://www8.cao.go.jp/cstp/english/moonshot/sub3_en.html

£ Cabinet Office AIREC (Al-driven Robot for Embrace and Care) Led by Prof, Sugano

f"MOQNSHOT Supported by Japanese Government "Moonshot” Project from 2020

ESEARCH & DEVELOPMENT PROGRAM

caring sick persons , :
helping house business
helping remote diagnosis

¢

Universal Smart Robot cares Family's
Life-time from babysitting to elderly
care as a Family member,

caring elderly persons caring children ~ house keeping




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

MPEG2 Decoding with 8 CPU cores

Without Power Control 7 17— With Power Control
(Frequency, Resume Standby: Power shutdown

(Voltage : 1.4V) .
6 6 +— & Voltage lowering 1.4V-1.0V)
v
5 v T W ! |
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P T E——
Avg. Power 73 50, power Reduction Avg. Power

5.73 [W] 1.52 [W]



Demo of NEDO Green Multicore Processor for Real Time Consumer
Electronics at Council of Science and Engineering Policy
on April 10, 2008

http://www8.cao.go.jp/cstp/gaiyo/honkaigi/74index.html

B | m7amea R liRR (PR206E4H 10H) Codesign of Compiler and
Multiprocessor Architecture

since 1985
4 core multicore RP1 (2007), 8 core multicore RP2 (2008)

and 15 core Heterogeneous multicore RPX (2010)
developed in NEDO Projects with Hitachi and Renesas

RP-1(85CC2007 #5.3) | RP-2(1S5CC2008 #4.5) RP-X($SCC2010 #5.3)

e &~ s —ad S Er H "
BTAEGR SR EAORT (1) 2 HORT() : o |

Peripherals

SNC
Core6 Core? F
e
Cored ;
GCPG-'EI_ :

g e R,
® mm ey

90nm, B-layer, triple-Vth, CMOS | 0nm, 8-layer, triple-Vih, CMOS 45nm, B-layer, tnple-Vth, CMOS
976 (9.68 x9.68 mm) 1048 mm? (10,61 x 9.68 mm) 1638 mm? (12 4x 12 4 mm)
e 2 : : 10V (intemal), 1883V (10) | £.0-1.4V (intemal), 1873V 10) 1.0-42V (internal), 1.2-3.3V (10)
e .!- r v 9 v - 600MHz 4.32 GIPS, 16,8 GFLOPS | 600MHz , 854 GIPS, 336 GFLOPS | 648MHz, 13.7GIPS, 115GOPS, 36 2GFLOPS
O RF R RO T (3) FHERORARAORT ) HAGOPSW(IDMN) | 183G0PSW (M) 373 GOPSW (20 14%)

Prime Minister FUKUDA is touching our multicore chip during execution.



A Strategic Initiative of Computing: Systems and Applications
(SISA)- Integrating HPC, Big Data, Al and Beyond, Jan.18-19, 2017

A Strategic Initiative of Computing:Systems and Applications
(SISA) --Integrating HPC, Big Data, Al and Beyond-- Jan. 18-19,2017
Opening: Prof. Gao, Prof. Kasahara |l Extreme Scale and Beyond

Waseda VP Shuji Hashimot®eynote: Paul Messina ANL, USA
|. Architecture and Applications » Motoaki Saito, PEZY, Japan

Keynote: William J. Dally, » Eiji Ishida, MEXT, Japan
NVIDIA and Stanford University, USk Depei Qian, BUAA, China
» Kimihiko Hirao, RIKEN, Japan » Toshiyuki Shimizu, Fujitsu, Japan
» G. W. Yang, Tsinghua Univ, China  1V.Integration of HPC, Big Data, and Al _
> ). Sexton, IBM, USA Keynote: Thomas Sterling, Indiana Univ., USA

Il. System Software and Applications ~ Masaru Kitsuregawa, Niland
Keynote : Rick. Stevens ANL, USA  N"0fTokyo, Japan

S Mikham » Thomas Schulthess, ETH, Swiss

» Fred. Streitz, LLNL USA » Moriyuki Takamura/Toshiaki Kitamura,

» R. Govind, IIS, India Oscar Tech, Japan LK Hl" H IE\HH

LI |

sl LT me

» H. Hironori Kasahara,
Waseda Univ,




The First Compiler Codesigned Multiprocessor
OSCAR (Optimally Scheduled Advanced Multiprocessor) in 1 987

HOST COMPUTER
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CONTROL & IO PROCESSOR CENTRALIZED SHARED MEMORY1
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https://ieeexplore.ieee.org/document/130111/similar#similar
Parallel processing of near fine grain tasks using static
scheduling on OSCAR (optimally scheduled advanced
multiprocessor)

H. Kasahara; H. Honda; S. Narita All Authors

Published in: Supercomputing "90:Proceedings of the 1950 ACMIEEE Conference

o !';i:.;w-":r mpeLtEng

https://ieeexplore.ieee.org/document/1653942

Journals & Magazines > Computer > Volume: 15 Issue: 2 @

A Second Opinion on Data Flow Machines and
Languages

Gajski ; Padua : Kuck: Kuhn Al Authors Flg.10 A kind of dataflow grafeh with near fine grain tasks
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NWT(VPP500) First Japanese Supercomputer became Top1, 1993
ACM/IEEE SC ‘94: Washington, D.C. November, 1994

{"' 5 S S
Mr. Hajim Miyoshi
AN—aVE1—FINWTD MR

CMOS LSI

B RVPP5000 ({ASZ [T fth)

F=3rrrvaAER

Machine Cycle Time 9.5ns (105MHz)

PE Performance 1.68GFlops :

PE Memory Size 256MB/PE = |

Crosshar Bandwidth 4B/cycle x 2 (send/receive simultaneous)/PE
=421MB/s x 2 /PE




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

 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 MS$ investment under Dr. Miyoshi’s direction. o

(Dr.Miyoshi: Passed away in Nov.2001. NWT, VPP500, SX6)  Mr. Hajime Miyoshi

40 TFLOPS Peak (40%10'2)
35.6 TFLOPS Linpack

_-.‘_7-.\;--;‘!--.;4}, Cartridge Tape Libranfﬂsffrj_] June 2002 TODI
o Cores: 5,120, Rmax:35.86TFlop/s

Rpeak: 40.96TFIOB/Si Power: 3.2MW

——

Image of Earth Simulator 4 Tennis Courts

‘ Processor Node (PN) : (. _ '
Cabinets (320) [l L

i %network(lN)
Cabinets (65)

[Air Conditioning System] T

Power Supply System |




“K” Supercomputer by Riken, No.1 in TOP500, June 20 & Nov.2,2011
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IEEE Computer Society I The first President from outside North America in 72 years history of IEEE CS I

| Bjarne Stroustrup: Morgan Stanley & Columbia Univ.
g 2018 IEEE Computer Society Computer Pioneer Award

IEEE COMPSAC2018 Keynote & Award Ceremony

International Conferences

IEEE
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e o, “"-7‘ 35 Journals

| July 26, 2018, Keynote,
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ACM/IEEE SC (SuperComputing) 19, Denver, Nov.17-22, 2019

IEEE
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soc@v :

IEEE
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Kennedy Award

IEEE
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m#"

Ken Kennedy Award

® © Bpgm
.

Cornel Univ. Prof. Steven Squyres: Mars Exploration, CalTech. Dr. Katie Bouman: Visualization of Black Hole
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OSCAR Parallelizing Compiler

To improve effective performance, cost-performance

Multigrain Parallelizationa.crci991,2001,04)

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 Transter Overlappingoie partiany)

Data transfer overlapping using Data .. —,
Transfer Controllers (DMAs) T e

CF{;:;::ge : 1.4V)
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. —— —

CPU3 DRPO

CORE | DTU

MTG3

LOAD
MT2-3 ||

MT2-4

MT2-6

MT3-6

10D
SED
STORE
MT3-8
STORE
STORE




Earliest Executable Condition Analysis for
coarse grain tasks (Macro-tasks)

Data Dependency
---------- Control flow
O Conditional branch

1 BPA
BPA Block of Psuedo
Assignment Statements b | |
() -

‘z BPA| ‘3 BPA‘ RB  Repetition Block :

6 RE J.‘_'._ - ; o
: /| BPA

BP&
e ';I +

Data dependency
""""" Extended control dependency
() Conditional branch

T OR H-.."‘--\_}‘__.__ ,__.--"'F.J

""-.‘ ‘\"\.\ 2 BPA
"‘-. "=.: T . AND 14

\iy A Macro Flow Graph > Original control flow
A Macro Task Graph

‘.’%'



MTG of Su2cor-LOOPS-D0O400
Coarse grain parallelism PARA_ALD = 4.3

Bl DOALL [ Sequential LOOP [CJ1SB BB



Generated Multigrain Parallelized Code

(The nested coarse grain task parallelization is realized by only
OpenMP “section”, “Flush” and “Critical” directives.)

1st layer

MTI1_1

[ T~

MT1_2
DOALL

MT1_4
RB

Distributed
scheduling
code

2nd layer

1_3_5|

2nd layer

SECTIONS

SECTION
TO‘T1‘T2 ‘TS Talts |16 | T7
| I | |

Centralized
scheduling
code T

““““““““ SECTION

MT1_1

LSOC D

MT1_2 MF13
I
MT I_ 7 EX |EX]
E d e B — |1—3—2| |1—3—2| .-...
14 1 14 1
| Ill | I' | |1—3—3| |1—3—3|
142 142 I
T— — 1.3 4{j[1_3 4
143 143
'l' | I " | I1—3—5| |1—3—5|
14 4 144
. ] 1_3_6|| [1_3_6|| [1_3_6]
v v v A v v v v
END SECTIONS
— ~- ~ ~ hd -
Thread Thread
group0 group1



a

Sequential Application

Program in Fortran orC

(Consumer Electronics, Automobiles,
Medical, Scientific computation, etc.)

Manual
parallelization /
power reduction

Hetero

OSCAR API for Homogeneous and/or
Heterogeneous Multicores and manycores

Directives for thread generation, memory,
data transfer using DMA, power

Accelerator Compiler/ User

Add “hint” directives

Homogeneous

specify it is executable by
the accelerator with
how many clocks

before a loop or a function to

ased
Parallelizing Compiler
Multigrain Parallelization

including Coarse grain task
and Loop parallelization

Data Localization: Data reuse
DMAC data transfer

Power reduction using
DVFS, Clock/ Power gating

Hitachi, Renesas, NEC,
Fujitsu, Toshiba, Denso,
Olympus, Mitsubishi,

Esol, Cats, Gaio, 3 univ.

managements
=] )
Low Power
Parallelized Homogeneous
APl ForC Multicore Code
program Generation
Proc( A AIPI ExistintgI
i nalyzer | sequentia
Code with compiler
directives
Thread 0 Low Power
Heterogeneous
roc Multicore Code
. Generation
%‘l’g"ctxg;‘ APl | Sequential
Analyzer | compiler
Thread 1 (Available for CPU
Wefl?e"&a) and Acc.
or linking
Accelerator 1 ACC
Code | Library
Accelerator 2 .
Code \ Server Code
: Generation
: OpenMP
Compiler

aHeterogeneous Multic):ore Programing with OSCAR API V2.0

Generation of

parallel machine

codes using
sequential
compilers

Homegeneous
Multicore s
from Vendor A
(SMP servers)

Heterogeneous
Multicores

from Vendor B

CC-NUMA
servers

Executable on various multicores

21



— OSCAR compiler : -O5 -gsmp=noauto -qarch=pwr4
(su2cor: -O4 -gstrict)
12.0
3.4s 3.1s 3.55 O XL Fortran(max)
00 3.5 times speedup 8 |mapcimax)
| in average
o 80
@
560
0
o)
Q
D40
105,05
13.0s
2.0
23-’§I 4 s msas 18E 28245 3214s
1 N | il
Pl B3k 215 03 is Ass 95 28 85.85 JB8s 1265 0765 125 grats 2s2ds s
5 S ¥ K QY F R P TIFFT L
o N Q; O O Q N\ (bQ Q N & & Q N\ Q@ )
\9&9@0@66@@ xQ$@$0Q6@®q&Qé\¢®Q

Performance of APC Compiler on

IBM pSeries690 16 Processors High-end Server
IBM XL Fortran for AIX Version 8.1 |

— Sequential execution

— Automatic loop parallelization

: -O5 -qarch=pwr4
: -O5 -gsmp=auto -qarch=pwr4




Performance of Multigrain Parallel Processing
for 102.swim on IBM pSeries690

—e— XLF(AUTO)
—8— OSCAR

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Processors




MPCore™

Configurable number of
hardwiare interrupt li

ARM and NEC Collaboration

M NC[})Core Embedded 4 core SMP

IIIII - gy f—

4.5 8 g77
4 B oscar
3.5
iy
g o N B o o . B
2 s AEEEEER o AEEEEEEEE R
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N EEE I EEEI EEEI BRI EEEIEEEIEEE
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12,341,234/ 1,234 1|23 4,123 4|12 3, 4/1]2 3|4
toamcatv swim su2cor hydro2d mgrid applu turb3d
SPEC95

3.48 times speedup by OSCAR compiler against sequential processing
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		oscar		3896		1896.6		1282.14		959.48		2795.39		1416.31		954.54		716.17		3642		1918.49		1348.29		1021.97		15695		8022		5608		4083

		speedup

				toamcatv								swim								hydro2d								mgrid								applu

				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4

		g77		1								1								1								1

		oscar		1.0051334702		2.0647474428		3.0542686446		4.0813774128		0.9995242167		1.972774322		2.9271272026		3.9013921276		0.9917627677		1.8827306892		2.6789488908		3.5343503234		1.0006371456		1.9577412117		2.8004636234		3.8464364438

				1.0051334702		2.0647474428
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		applu(10x10x10)

		turb3d

		time

				applu								applu.acr

				1		2		3		4		1		2		3		4

		g77		1499.59								1499.59

		oscar		1489.97		968.36		843.7		711.74		1492.04		777.77		584.06		414.74

		speedup

				applu								applu.acr

				1		2		3		4		1		2		3		4

		g77		1								1

		oscar		1.0064565058		1.5485873022		1.7773971791		2.1069351168		1.0050601861		1.9280635663		2.5675273088		3.6157351594
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		tomcatv (128x128)

		swim(128x128)

		hydro2d(100x40)

		mgrid(2^5)

		applu(10x10x10)

		time

				toamcatv								swim								su2cor								hydro2d								mgrid								applu								turb3d								apsi								fpppp								wave5

				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4

		g77		3916								2794.06								1317.17								3612								15705								1499.59								12242

		oscar		3896		1896.6		1282.14		959.48		2795.39		1416.31		954.54		716.17		1317.17		698.08		683.09		596.2		3642		1918.49		1348.29		1021.97		15695		8022		5608		4083		1492.04		777.77		584.06		414.74		12311		6897		5013		3828

		speedup

				toamcatv								swim								su2cor								hydro2d								mgrid								applu								turb3d								apsi								fpppp								wave5

				1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4		1		2		3		4

		g77		1								1								1								1								1								1								1

		oscar		1.0051334702		2.0647474428		3.0542686446		4.0813774128		0.9995242167		1.972774322		2.9271272026		3.9013921276		1		1.8868467797		1.9282524997		2.2092754109		0.9917627677		1.8827306892		2.6789488908		3.5343503234		1.0006371456		1.9577412117		2.8004636234		3.8464364438		1.0050601861		1.9280635663		2.5675273088		3.6157351594		0.9943952563		1.7749746266		2.4420506683		3.198014629

		speedup

				toamcatv		swim		su2cor		hydro2d		mgrid		applu		turb3d

		oscar		4.0813774128		3.9013921276		2.2092754109		3.5343503234		3.8464364438		3.6157351594		3.198014629
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Just more cores don’t give us speedup
> Development cost and period of parallel software are
getting a bottleneck of development of embedded
systems, eq. IoT, Automobile

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

M criginal (sun studio)
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211.0

Fjitsu M9000 SPARC
Multicore Server

OSCAR
Compiler gives
us 211 times

speedup with

128 cores

128pe

Commercial

compiler gives

us 0.9 times
speedup with

128 cores (slow-

downed against

1 core)

»  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



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

ompiler options for th
6 [ Intel Ver.10.1 for Automation parallelization: -fast -parallel.
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OSCAR compiler gave us 2.32 times speedup
against Intel Fortran Itanium Compiler revision 10.1
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Intel Ver.10.1

OSCAR

speedup ratio
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		spec95

		time

				spec95																				spec2000

				tomcatv		swim		su2cor		hydro2d		mgrid		applu		turb3d		apsi		fpppp		wave5		swim		mgrid		applu		apsi

		Intel 逐次 チクジ		9.74		4.93		6.2		7.29		6.42		5.62		24.16		10.47		45.66		8.67		59.89		67.67		49.1		100

		Intel		9.74		4.93		6.2		7.29		6.42		5.62		24.16		10.47		45.66		8.35		59.89		36.78		49.1		100

		OSCAR		2.04		1.02		6.2		4.09		4.95		5.62		4.67		9.72		49.39		8.67		10.94		17.58		43.55		100

		speedup ratio

				spec95																				spec2000

				tomcatv		swim		su2cor		hydro2d		mgrid		applu		turb3d		apsi		fpppp		wave5		swim		mgrid		applu		apsi		avg.

		Intel Ver.10.1		1		1		1		1		1		1		1		1		1		1.0383233533		1		1.8398586188		1		1		1.0627272837						avg.

		OSCAR		4.7745098039		4.8333333333		1		1.782396088		1.296969697		1		5.1734475375		1.0771604938		0.9244786394		1		5.4744058501		3.8492605233		1.1274397245		1		2.4509572636						all		spec95		spec2000

		OSCAR / Intel		4.7745098039		4.8333333333		1		1.782396088		1.296969697		1		5.1734475375		1.0771604938		0.9244786394		0.9630911188		5.4744058501		2.0921501706		1.1274397245		1		2.3228130326						2.3228130326		2.2825386712		2.4234989363
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110 Times Speedup against the Sequential Processing for
GMS Earthquake Wave Propagation Simulation on

Hitachi SR16000
(Pwer7 Based 128 Core Linux SMP) wcrc2o1s)

M Proposed method —Proposed method (Speed Up Ratio)
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AMD Chiplet for 64 cores: Zen2

Processor Chiplet 7nm, Memory Chiplet: 12nm

Technology-optimized Chiplet Organization

Keep in mature

12nm process

Four “Zen 2”

Cores+L3
oo

Four “Zen 2”
Cores+L3

DDR DDR DDR DDR

Four “Zen 2”
Cores+L3
-_ﬁﬂn-q
Four “Zen 2”
Cores+L3

Four “Zen 2”

Cores+L3
e e |

Four “Zen 2”
Cores+L3

§ Move cores and
i cache to 7nm
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Performance on Multicore Server for Latest Cancer

Treatment Using Heavy Particle (Proton, Carbon Ion)
327 times speedup on 144 cores

Hitachi 144cores SMP Blade Server BS500:
Xeon E7-8890V3(2.5GHz 18core/chip) x8 chip

e #3350 . , 32766
Y - i 100 327.6 times speed up with 144 cores
A 200
LA & 1w
/e 100
I Lmsmm ‘ 30
P AEPA BOKA: A | R
& \ ! ' ' '
N N\ 1PE 32pe 64pe 144pe
i

» Original sequential execution time 2948 sec (50 minutes) using GCC was
reduced to 9 sec with 144 cores(327.6 times speedup)

» Reduction of treatment cost and reservation waiting period is expected



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

+ TLLEPro64

0Speed-ups on TILEPro64 Manycore
|
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- -l 55 times speedup with 64 cores
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Engine Control by multicore with Denso Automatic Parallelization of an Engine Control
Thoughso far paralel processingof the engine conyrolon 09 ram with 400 thousands lines on

multicore has been very diffcult, Denso and Waseda succeeded AUTOSAR on 2 cores of Infineon AURIX TC277
1,95 times speedup on 2core V850 multicore processor,

Abbreviations :

Infineon AURIX oo, Ssomser

» : : BSPR  Prosrom Soraton.pad RAM
Hard real-time automobile TC277 PSPR  Program Scratch-Pa
. f PFlash: Program Flash
engine control by multicore %h §§f§5§§'§%ﬁ§§w)
' N N aster Interftace
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AMD EPYC 7702P - Benchmark results on upto 8 cores

O x86-64 based Architecture, 64 Cores, 2.0 GHz - 3.35 GHz
0 16 MiB L3 cache per 4 core cluster, © NAS parallel benchmark suite

= BT: Block Tri-diagonal solver

O Shared W|th|n the Cluster = CG: Conjugate Gradient computation

= SP: Scalar Penta-diagonal solver
O SPEC2000
= art: Image recognition / Neural networks

O speedup to sequential version = equake: Seismic wave propagation
= swim: Shallow water delli - Fortran 77
D gCC 1aOS baCkend O Meslia:enc:li:M?'Ee(;‘.zmeon::dinng; orran
. . . ' - - : [doaiiz
B ) OrES I - [doall3d[ bbT]

|doall4|::|osum{5

T 9
= 8
g 7
g o6 N scores pm
8 O b [Bb6
o T T T s -
= B T B (52117
Q 2L BN Bae 0 AN
)
& 1L fosump
0
_ [B59]
BT CG P at equake MPEG2 swim
0O CG and swim show superlinear speedup g macrotask graph FoaTTTp
= CG: seq.: 0.86 s, 8 core OSCAR: 0.09 s L3 cache Optimization by ,E
emtil

Data Localization



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

O

O0Oo0

X86-64 based Architecture, 12 Cores, 2.2 GHz - 2.9 GHz

30 MiB shared L3 cache,
L3 Cache: Shared by all cores

speedup to sequential version
gcc as backend

O NAS parallel benchmark suite
m BT: Block Tri-diagonal solver
m CG: Conjugate Gradient computation
m SP: Scalar Penta-diagonal solver
o SPEC2000
= art: Image recognition / Neural networks

= equake: Seismic wave propagation
simulation

= swim: Shallow water modelling - Fortran 77
O MediaBench II : MPEG2 encoding

1 Core
2 Cores

Jeedup to Sequential
O =~ NN W & O1 OO N 0

BT

CG P

art

equake MPEG2 swim

O swim shows superlinear speedup and 1 core speedup

. seq.: 58.1s, 1 core OSCAR: 33.2 s, 4 core OSCAR: 10.5s




NVIDIA Carmel ARMvS8.2 - Benchmark results on upto 4 cores
O Arm v8.2 based Architecture, 6 Cores, 1.4 GHz

I 0 NAS parallel benchmark suite
D 4 MIB Shared L3 CaChe/ m BT: Block Tri-diagonal solver
0 L3 Cache: Shared across all cores = £G: fonjugate Gradient computation

m SP: Scalar Penta-diagonal solver
O SPEC2Z2000
art: Image recognition / Neural networks

O Speedup to Sequential versior - equake: Seismic wave propagation

simulation

O gcc as backend G MealaBench IT ; MPEGS ancoding
3 [ | T I T I I

© 9 1Core ]

= S 2 Cores mammm

% 2 4 Cores wommmn

B

s 1.5 F 008 S 8

S 1 .

©

& 0.5

8_ .
0

BT CG S at equake MPEG2 swim

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



SiFive Freedom U740 - Benchmark results on upto 4 cores
O RISC-V based Architecture, 4 Cores, 1.2 GHz

O 2 MlB Shared LZ CaChe 0 NAS parallel benchmark suite
= BT: Block Tri-diagonal solver
O L2 Cache: Shared across all cores = CG: Conjugate Gradient computation

= SP: Scalar Penta-diagonal solver
O SPEC2000
= art: Image recognition / Neural networks

O speedup to sequential version = equake: Seismic wave propagation

simulation

D gCC as baCkend = swim: Shallow water modelling - Fortran 77

0 MediaBench II : MPEG2 encoding

4.5 . . . . . . .
4
3.5
3
2.5
2
1.5
1
0.5
0]

Speedup to Sequential

CG SP art equake MPEG2 swim

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



Speedups of NPB/CG Scientific Code by OSCAR Compiler
on NEC SX-Aurora TSUBASA A100-1 8 cores 10C VE

57 times speedup for 8 vector cores by OSCAR Parallelization

& NEC Vectorization against NEC 1 core Vectorization
mExecution Time  ==Speedun

Core Core 000
14000 - |
0 12000 11554 [S] 50.00
£ il
= 10000 Q
Y 0.00 -LI =
c ﬁ 0 ? T
0 ﬂf | Jo.anﬁ 8
5 b o
o 20.'UU+* 0
3 {“K | 10 UU'J
I.I.I uuuuuuu 2.03[5] U,
. |
000 ' — m— 0.00
NECTcore  1core 2 core deore § core NEC
Vectorization ¢ — »  Parallelization
”' OSCAR Parallelization + NEC .
PCie Gend Vectorization and
il Vectorization
NEC Corporation. (2021) SX-Aurora TSUBASA for 8 cores

Performance Tuning Guide. [Online]. Available:
https://www.hpe.nec/documents/guide/pdfs/AuroraVE TuningGuide. pdf



Speedups of Deep Learning Winograd 2D-Convolution generated by TVM on NEC

Personal Vector Supercomputer SX-Aurora TSUBASA 8 Core Type 10C
OSCAR Parallelization and NEC Vectorization gave us 363x Speedup against a Scalar Core

. . . 160 izati i izati 400
Parallelization of Deep Leamng OSCAR Parallelization + NEC Compiler Vectorization

C C{]de generated by TVM 363.17)( (vs w/o Vectorization) ;
122" By OSCAR Parallelization & NEC Vectopization

350

CNN model information

Y

' 300
Joint Use of

Generation OSCAR &
TVM 100 NEC Compilers 250
+ B bty google com e e A T E R TR RO e 201.03x gave us S.SX

| ebkcd=&ved=lahUKEniS0pmivEl ALXayYsBHeTq DBIQFn0
| ECAIQAQGurl=hitps0434942F%2Fwww. hpc.nec 4 2Fapith 2Fv 3.06x

against NEC 200
single Compiler

80

Generated C Code

Bypass OSCAR +OSCAR Parallelization

OSCAR Compiler ~ [Paraleization

| 1962Fforum42Ffiledi 2Fdownload i3Fid HID XPILL Xfusg=4
| OVVan2LGHpDIINPObepBILTix

130.68x
1,99y

NEC Compiler Parallelization + Vectorization
150

65 . 69)( (vsw/fo {/ectorization}

o
o

Inference Execution time [s]
Speed-ups against
MNEC compiler sequential execution w/o vectorization

+ % | 100
"1 0o 56,61 gLE1x :
: r 0.86x 22 —d
Parallelized C Code N g S
+ By NEC Parallelization & Vectorization
. Vectorization, and 2.041[¢] 3_2022[;]49 [512‘364[ﬁl 1.0250] 2.192[5] 0.6661s] 2.039[s] 0.369 [s]
NEC Compiler  |Parallelization i 0 = = -— -
not parallelized 1 2 4 8
+ Cores
. B No Vectorization NEC Compiler Vectorization Only
VE ExeCUtable B NEC Compiler Parallelization + Vectorization B OSCAR Compiler Parallelization + NEC Compiler Vectoriz




L—7T DER|DFRE (End of Moore’s Law)

L—T DiERl(Mooreslaw): A U TILEIEED—ATHASIT—F> - Ls—7F (Gordon
E. Moore: IEEE Computer Pioneer Award)ht, 19655 MR TiEIE L F-#EExH|:
“HEAEDEREEIL18H) A T2EIZ1E 5 “Transistors on a chip 2 X every 1.5 year”
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Power o Frequency * Voltage?

:> (Voltage o« Frequency)
Power o« Frequency?

- iR ¥ Frequency Z1/4[29 5 &
—| Core#6

: (Ex. 4GHz->1GHz),
| | TERE(E 174, HEE NI 1/64

| Performance 1/4, Power 1/64
IEEE ISSCCO08: Paper No. 4.5,
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Independent Power-off Control of 8

CPUS and 8 RAMS by an Automatic | P€rformance 2 times T Power(d 1/8

Parallelizing Compiler”




8 Core RP2 Chip Block Diagram

Share
Memory

Share
Memory

Cluster Cluster
#0 |C0re #3 Core #7 | #1
IJLD.LLEZ ] Core #6 |
Core #1  —> Core #5
Core #0 Core #4
LCPGONI| CPU| FPU ||| FrPU| CPU [|[}£%
PCR3 —t PCR
IS | D$ |CCN CCN DS | 1
PCR2 MBAR N 1711 JJ.OKI_LGKBA K16 PCR
Local Memory - Local Memory
PCRIfII| 1:8K. D: 32K || |1:8K, D: 32K ||| PcR
PCRQl DSM 64K -1 | DSM 64K PCR4
i T 1111 1 11 T T 1 |
v v . v i
LCPG: Local clock pulse generator
c%;?tﬁ%] C%EtAm] clgll}fﬁ‘,l PCR: Power Control Register
OTfchi On-chi CCN/BAR:Cache controller/Barrier Register

URAM: User RAM (Distributed Shared Memory)



Power Reduction by Power Supply, Clock Frequency and

Voltage Control by OSCAR Compiler

Frequency and Voltage (DVFS), Clock and Power gating of each cores are scheduled
considering the task schedule since the dynamic power proportional to the cube of F (F3)
and the leakage power (the static power ) can be reduced by the power gating (power off).
*  Shortest execution time mode
Ordinary scheduled results

T_im

PGO PG1
MT2 | T
MT1 | | vrunl | |
VoAl n
H
B
MT3 | [m
_______ Vifull | )

=)

Ordinary scheduled results

PGO0 PG

MT1
ifull

MT2

Time

V:full

Dead Line

T-i}:ne
* Realtime processing mode with dead line constraints

FV control

PGO PG

FV control

=

DFRMEE

Power control

PGO PG

Time

A
=@ .

DREE

E

Power control

PGO PGI
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In this Fig.

Frequency
Full, Mid,
Low

Power OFF:
Power
Gating



 Functions of the multiprocessor

state
FULL
MID
LOW
OFF

state

frequency

voltage

dynamic energy

static power

e State transition overhead

FULL
0
40k
40k
80k

MID
40k
0
40k
80k

FULL
1

1
1
1

LOW
40k
40k

0
80k

delay time [u.t.]

OFF
80k
80k
80k
0

MID

1/2

0.87

3/4
1

174

0.71

1/2
1

state
FULL
MID
LOW
OFF

energy overhead [uJ]

LOW

FULL
0
20
20
40

Cooomm

MID
20
0
20
40

An Example of Machine Parameters
for the Power Saving Scheme

— Frequency of each proc. is changed to several levels
— Voltage is changed together with frequency
— Each proc. can be powered on/off

LOW
20
20

40

OFF
40
40
40
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A macrotask graph assigned to 3 cores

i

Power Reduction Scheduling
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1 i i
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| [ MT8 ] |
: : Margin
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| Phase 1

Phase 2

" Phase 3
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lime
A power schedule for fastest execution mode

Realtime scheduling mode

MTs 1,4,7,8 are on Critical Path (CP)

iy 4

200ML

L0O0OMN —+

SOOMNL

k

PEO

TS0 T i
L= L0

4

LOW

I e |

1) Reduce frequencies (Fs) of MTs on CP

considering dead line.

2) Reduce Fs of MTs not on CP. Idle: Clock or
Power Gatlng considering overheads.

PE PE> PES
T ] e
AP w——— LON
DoATITS coorc | ]
o T I Ol B ]
LOW DT
1w FF1E
=20

COFE |
cl
A power schedule for SPEC95 APPLU for fastest execution mode

Doall6, Loop 10,11,12,13, Doall 17, Loop 18,19,420, 21 are on CP




Low-Power Optimization with OSCAR API

Scheduled Result Generate Code Image by OSCAR Compiler
by OSCAR Compiler void void
VC0 VC1 main_VC0() { main_VCI1() {

#pragma oscar fvcontrol ¥

(((OSCAR_CPU(),O))

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

}

N
|

-



Power Reduction by OSCAR Parallelizing Compiler

for Secure Audio Encoding
AAC Encoding + AES Encryption with 8 CPU cores

Without Power With Power Control
Control ; (Frequency,

(Voltage : 1.4V) Resume Standby:
I Power shutdown &

- Voltage lowering 1.4V-
S T 1.0V)

S ) .

Avg. Power 88.3% Power Reduction Avg. Power

5.68 [W] s 0.67 [W]



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

by OSCAR Parallelizing Compiler
MPEG2 Decoding with 8 CPU cores

Without Power With Power Control
Control (Frequency,

7 (Voltage : 1.4V) | Resume Standby:

Mr" Power shutdown &
5 | J

17— Voltage lowering 1.4V-1.0V) —
= BORYy B
, 22k L

B

. TEm ¥

1 - SR - . |

Avg. Power 73 59, power Reduction AVE. Power

5.73 [W] ssssssmm————) 1.52 [W]



Automatic Power Reduction for

MPEG2 Decode on Android Multicore

ODROID X2 ARM Cortex-A9 4 cores

http://www.youtube.com/channel/UCS43INYEIkC81 KIgFZYQBQ
Without Power With Power

Reduction Reduction

3.00

= 2.50 -

g
o
S

1.50

1.00

o

U

o
|

wer Consumption [W

(-61.9%)

5 0.00 -

No. of Processor Cores 1 2 3
* On 3 cores, Automatic Power Reduction control successfully reduced power to 1/7
against without Power Reduction control.

* 3 cores with the compiler power reduction control reduced power to 1/3 against
ordinary 1 core execution.
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Power Reduction on Intel Haswell

for Real-time Optical Flow

For HD 720p(1280x720) movmgplctures
_Intel CPU Core i7 4,'77OK 15fps (Deadline66.6[ms/frame])
® without power control & with power control

w b
Ul O

O _
number of PE 1PE 2PE 3PE

Power was reduced to 1/4 (9.6w) by the compiler power optimization on the same 3 cores
(41.6W).

average power consumption [W]
o
|

Power with 3 core was reduced to 1/3 (9.6w) against 1 core (29.3w).
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OSCAR Heterogeneous Multicore

' VC{O)VPC(O) ¥ vC{)VPCQ)

“m

LPM

Network Interface

vl vPein .
Memory
Interface
: .

Network Interface

i

VPCinH

VC{rtmH)

VPC(rtmH)

Network Interface
i s
)
=

VC{rtmt2)
VPC{mmt?)

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

50



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

CPUO CPUI1 CPU2 CPU3 DRPO
CORE | DTU | CORE | DTU | CORE | DTU | CORE | DTU CORE | DTU
Ve - = = = ~N|
'MTG1 o i
: MT1-1 540 MT1-2
| SEND SEND
|
| Sllas MT1-4
I SEND
e LOAD SEND LOAD A\
MTG2 MT2-1 LOAD LOAD LOAD MTG3
LOAD LOAD LOAD
SEND MT3-1 LOAD LOAD
MT2-2 MT2-3 - oap
SEND LOAD MTo—d SEND | |
SEND LOAD - =
MT3-2 LOAD =
MT3-3 SER
SEND
MT2-5 SEND MT2-6
MT2=7 MT3-4
- SEND
SEND MT3-6 MT3-5
MT2-8 SEND
STORE
store | MT3-7 MT3-8
STORE
A STORE Y, v




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

List of Directives (22 directives)

» Parallel Execution API
parallel sections (¥)
flush (¥)
critical (¥)
execution

» Memoay Mapping API
threadprivate (*)
distributedshared
onchipshared

» Synchronization API
groupbarrier

» Data Transfer API
dma_transfer

dma_ contiguous parameter
dma_stride parameter

dma_flag check
dma_flag send

(* from OpenMP)

» Power Control API
fvcontrol
get fvstatus

» Timer API

get current time

» Accelerator
accelerator task entry

» Cache Control
cache writeback
cache_selfinvalidate
complete _ memop
noncacheable
aligncache

2 hint directives for OSCAR compiler

. accelerator task
. oscar _comment
fromV2.0




Speedups & Power Reduction on RP-X Heterogeneous Multicore with 8§ CPUs and 4 DRPs

33 Times Speedup Using OSCAR Compiler and APTon  Power Reduction in a real-time execution controlled
Renesas RP-X with 8 CPUs & 4 DRP Accelerators by OSCAR Compiler and OSCAR API on RP-X

(Optical Flow vith  band-tued brar (Optical Flow with a hand-tuned library)
Cluster0 Clusert ¢ = %{‘i 65~ Without Power Reduction WiFh Power Reduction
: bt . by OSCAR Compiler
= 10% of power reduction
26.71

Average:|.T6[W] » Average:0.54[W]

| [ 1 | | |
DBSCIDMACH s | | |.FE JDMACDBSCIf X2 ”
i | # N ENEREY 18.85 '

JO s

§1.s
5

[SHPE] [ SHWflsesuns |
[ 1 |
Pl Jouma[spuaLese] CFPB_]

=Vl 3 =\l
Y. Yuoyama, et . "A 450m 37 3GOPSY Heteogeneous k- Core SoC, : _P"m[:? DAY . - _Pm::fw
135CC2010 H 3

pProcessor

Speedups against a single SH
Power [W] / Voltage [V]

5_

0 00 4 600 800 1000 0 300 400 600 400 1000
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Automatic Power Reduction of OpenCV Face
Detection on big.LITTLE ARM Processor

_ 6
E 4.9w
- 5
R=)
B4
= 3 -67% (1/3)
(77]
c
S 2
o

0

3PE 3PE
W/O Power Control W/ Power Control

e ODROID-XU3 =Cortex-A7 mCortex-Alb

« Samsung Exynos 5422 Processor

« 4x Cortex-Al15 2.0GHz, 4x Cortex-A7 1.4GHz big.LITTLE Architecture

« 2GB LPDDR3 RAM Frequency can be changed by each
cluster unit



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

Compiler Co-des

igned Interconnection Network

Multicore Chip

X4
chips

Data

Unit

Transfer

AV

\
VRN

Target:

> Solar Powered

> Compiler power reduction.

>Fully automatic parallelization and
vectorization including local memory
management and data transfer.

Vector Accelerator

Features
* Attachable for any CPUs (Intel, ARM, IBM)
* Data driven initiation by sync flags

Host /
Main memory Pone
(DSM,

= interleaved)

Function Units [tentative]
* Vector Function Unit
* 8 double precision ops/clock
. 64 characters ops/clock
*  Variable vector register length
= Chaining LD/ST & Vector pipes
* Scalar Function Unit
Registers[tentative]
* Vector Register 256Bytes/entry, 32entry
Scalar Register 8Bytes/entry

* Floating Point Register 8Bytes/entry
* Mask Register 32Bytes/entry
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coweuren  hittps://www.computer.org/product/education/multi-core-video-lectures-bundle

Multi-Core Lecture Series consists of 1| ane-hour Multi—-core Roundtable Discussion
Created by Multicore STC . Video Lecture
Chair Hironori Kasahara lectures by some of the world's leading TR T TS e T

researchers in the fiald, This seriesis not a
course and it consists of the presentation for

those who are in the research field, This is more

M u Iti -core Video 3 intended for researeh infarmation e.harin{_; than

' etlucational training. Tﬁpltﬂ that aré covered i
Lecture Senes v Dependences and Dependence

during these lectures are listed below. This Anal Vs is Video Lecture
series 3150 includes an hour discussion of the

MULTI-CORE VIDEO SERIES

Dependences and Dependence Analysis by
Utpal Banerjee Utpal Banerjee's research

$ i

Video Presentations: lecturers,

¥ f'llln.][{:'nr i |'.|1 C i:\il_:” :|| !H:i.-'lri: Tal§ l:l_r, r.:l.'il'n'i:J p-."?fjnf.'l interests in computer s.cu_'-ncr_' are in the gc:-nural
area of parallel processing and he has published

: i ' ' four books on loop transformations and

o Autoparallelization for GPUs by Wen-Mel Hwu duanciaciow srbvaks vith & fHth ors o

instruction level parallelism on the way.

+ Dependences and Dependence Analysis by Utpal Banerjee

» Dynamic Parallelization by Rudolf Eigenmann Multigrain Parallelization and
o Instruction Level Parallelization by Alexandru Nicolau Power Reduction Video Lecture

it g i :I-| ilalis PR } - ikl P e i sl Multigrain Parallelization and Power
+ Multigrain Parallelization and Power Reduction by Hironori Kasahara Reduction by Hironorl Kasahara. Professor
Kasahara has been ressarching on OSCAR
aa Pl b b A s . W = ok Autormatic Parallelizing and Power Reducing
¢ [he Folyhedral Model by Paul Feautrier Compiler and OSCAR Multicore architecture for
rmore than 30 yvears, and led four Japanese
national projects on parallelizing compilers,

multicores, and green computing

o Vector Computation by David Kuck

o Vectonzation by P, Sadayappan
» Vectorization/Parallelization in the IBM Compiler by Yaoging Gao

» Vectorization/Parallelization in the Intel Compiler by Peng Tu

» Roundtable Discussion by all presenters



g, 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

d

Smart phones Advanced medical systems

Personal / Regional
Supercomputers

Ly

1

e e ' s
-From everyday recharging to
less than once a week

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

- Solar powered operation in . saving lives from tornadoes,
* No cooling fun, No dust,

emergency condition | ble inside OP localized heavy rain, fires with
- Keep health clean usable inside room earth quakes

Cancer treatment,
Drinkable inner camera
* Emergency solar powered



ISCA2025, June 21-25, 2025, Waseda University, Tokyo, Japan

AN General Co-Chairs: Jean-Luc Gaudiot (Prof. UCI) J—
Hironori Kasahara (Prof. Waseda) TCCA

Technical Committee on Computer Architecture
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