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IEEE Computer Society I The first President from outside North America in 72 years history of IEEE CS I
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IEEE Quantum Technical Community (QRTC) was an IEEE Future Directions initiative launched in 2019 that serves as IEEE's leading community for all p “

quantum technologies. IEEE Quantum is supported by leadership and representation across IEEE Societies and OUs. The initiative has developed a proje
landscape of quantum technologies, identify challenges and opportunities, leverage and col
Quantum Initiative in the long-term. MTT-S
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IEEE Quantum Steering Committee IEEE

COMPUTER R Photonics
Initiative Co-Chairs Candace Culhane, Los Alamos National Laboratory SOCIETY oy
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Hausi Muller, University of Victoria
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IEEE Medal of Honor Nomination Deadline
(5
The IEEE Medal of Honor, established in 1917, is the highest IEEE DS

award. It is presented when a candidate is identified as having
made a particular contribution that forms a clearly exceptional

addition to the science and technology of concern to IEEE.

awards |EEE Awards
@IEEEAwards

Sponsor(s)

Congratulations to @IllinoisCS' David J. Kuck on his 2024 @|EEEorg
Frances E. Allen Medal, sponsored by @IBM, for pioneering work in vector
and #ParallelComputer architecture, s#oftware, and compilers that
enables many performance-sensitive applications: @ bit.ly/IEEEAwards-
Rec...

TR &R

Foundation

See more ®

IEEE Frances E. Allen Medal Nomination Deadline
15 June
The IEEE Frances E. Allen Medal was established in 2020 by the Jurie

IEEE Board of Directors, and is named in honor of Frances E.
Allen, computing pioneer in the compilers area and an IEEE and

IBM Fellow.

Sponsor(s)

See more @

IEEE Alexander Graham Bell Medal Nomination Deadline
15
The IEEE Alexander Graham Bell Medal was established in 1976 i

by the IEEE Board of Directors, in commemoration of the (
centennial of the telephone's invention, to provide recognition

for outstanding contributions to telecommunications.

before 5PM EDT today.

world. As an individual, Bell himself exemplified the
contributions that scientists and engineers have made to the
betterment of mankind.

Sponsor(s)

IEEE Edison Medal Nomination Deadline
15 June
The motivation for most scientific and technological advances J

has been derived from man's imagination and his dedicated
desire to achieve a better standard of living. Thomas Alva Edison

was endowed with many of those qualities and characteristics,

which are so necessary to bridge the gap between imagination
and realization

On 21 October 1879, Mr. Edison succeeded in producing the
first practical incandescent electric light bulb—the beginning of
modern illumination.

Twenty-five years later, on 11 February 1904, a group of Mr.

e "N e o) \ oo o ER | Edison’s friends and associates created a medal in his name to
) t )-J el b= 1 = = i o commemorate the achievements of a quarter of a century in the
W ] e S S b B e | art of electric lighting. In their words, "The Edison Medal should,
fel ligh h ds, "The Ed dal should,

during the centuries to come, serve as an honorable incentive to

\ L f p) = (" ] LR scientists, engineers, and artisans to maintain by their works the
JJ r r J r r J\ high standard of accomplishment set by the illustrious man
el r B S| el whose name and feats shall live while human intelligence

o continues to inhabit the world."

— — — —
- Em o E— Early Bird Registration and the Hotel Room block closes TODAY, 10 April. Be sure to register and book your room
Ci memend s - — e—
Jponsored py - e— - —-— before 5PM EDT today. ([RECETERNOWN
I 1 - Em Em e
— —— = . =
[ ———T The IEEE Edison Medal has been presented since 1909.
Sponsor(s)
SAMSUNG

https://corporate-awards.ieee.org/corporate-awards/




Recipients of the IEEE Medal of Honor

Prestigious IEEE Medal of Honor Prize: US $2 Million

IEEE Medal of Honor (2025) IEEE Medal of Honor

Broadc
/UCLA/
HFHX

T

NVIDIA
Jensen Huang Henry Samueli
“For leadership in the development of “For pioneering research and
graphics processing units and their commercialization of broadband
application to scientific computing and communication and networking
artificial intelligence.” technologies, and promotion of STEM

education.”
(2012) Medal of Honor

RISCZ Ot v,
MIPSEXIL T,
StanfordJt# &,
Google i1t
Alphabet& E

(2011) Medal of Honor

John L. Hennessy

Morris Chang

“For pioneering the RISC processor
architecture and for leadership in “For outstanding leadership in the
computer engineering and higher semiconductor industry.”

education.”

https://corporate-awards.ieee.org/recipients/ieee-medal-of-honor-recipients/

(2024) IEEE Medal of Honor

BIE
2 4]
)

A23—3y FDR
Robert E. Kahn

“For pioneering technical and leadership
contributions in packet communication
technologies and foundations of the
Internet.”

(2008) Medal of Honor

FEEL—T DEE
Gordon E. Moore
“For pioneering technical roles in
integrated-circuit processing, and
leadership in the development of MOS
memory, the microprocessor computer
and the semiconductor industry.”
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{51 : ARM,IBM Power,Renesas RH850, Infineon,SPARC,RISC V

Launched September 14, 2021
64-bit Designed by Apple Inc.
‘;;';‘;“e 13 Common manufacturer(s) : TSMC

Max. CPU clock rate to 3.23 GHz in iPhone 13 Pro
Technology node: 5 nm

6 Cores: 2 “Avalanche“B14$8ET 7 & 4 ”Blizzard”& T+ 7
Instruction set: A64, Transistors: 15 billion (15{&{&)

S core GPU(s): Apple-designed GPU in iPhone 13

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

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

EEETEEX—/ \—:ul: 1—% 2020£|56ﬁ Mi520214E11 A ETHRNo.1

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

l lll Linpack (Rmax)415,530 TFlop/s;

é Theoretical Peak (Rpeak): S13PFLOPS
HPCG [TFlop/s]13,366.4; Power: 28.3MW

487 /Fv7,2.2GHz, 7 nm FinFET,
%’J7E3075:17 28MW

ps://tugaku ei.jp/fugaku/ ' https //www r-ccs. rlken Jp/en/fugaku/about/

https://japanese.engadget.com/arm-super-computer-fugaku-top-500-034015910.html 2020 ﬂE6 H H# )J—'_l E

EERE SR 51 FEZRE/MNAUEE /P
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httpS ://hc2 023 .hOtChipS.Ol’g/ Single-Chip Inference Performance - 1000X in 10 years

4500.00

Hardware for Deep Learning gt
3500.00
Hot Chips ot
August 29, 2023 R Sparsity
% 2000.00
FP32
FMA
1500.00
Bill DaIIy 100000 |
Chief Scientist and SVP of Research, NVIDIA Corporation 53000 e
K20X )
Adjunct Professor of CS and EE, Stanford oo 3 680 2120
4112 8/14/13 12/27)14 5/10/16 ol2217 2/a/19 5/18/20 1031721 15/

@nvibia.

The Importance of Staying Local

LPDDR DRAM
(€]=]
4 ' = &
i ) 640pJ/word
Cost of Operations ‘ pJ/
Relative Energy Cost Relative Area Cost

Operation: Energy (pJ) Area (um?) On—Chlp SRAM

8b Add 0.03 | 36 MB

16b Add 0.05 . 67

32b Add 0.1 ] 137

16b FP Add 0.4 _ 1360 50pJ/word

32b FP Add 0.9 _ 4184

8b Mult 0.2 - 282

32b Mult 31 [ 3495 Local SRAM

16b FP Mult 1.1 _ 1640 KB

32b FP Mult 37 7700

32b SRAM Read (8KB) 5 N/A

325 DRAM Read Za NIA j, 5pJjword

1 10 100 1000 10000 1 10 100 1000
Energy numbers are from Mark Horowilz “Compuling's Energy Problem (and whal we can do aboul il)”, ISSCC 2014
Area numbers are from synthesized result using Design Compiler under 1SMC 45nm tech node. P units used DesignWare Library.

o



Wormhole Routing: Prof. Bill Dally
THE WHITE HOUSE m

PRESIDENT'S COUNCIL OF ADVISORS ON SCIENCE AND TECHNOLOGY

WILLIAM DALLY, PHD

CHIEF SCIENTIST AND SENIOR VICE PRESIDENT FOR RESEARCH AT
NVIDIA

https://www.whitehouse.gov/pcast/members/william-dally/




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

Amazon buys nuclear-powered data center from Talen
5 & o = uciear ews - 7 I:‘

Susqquehanna 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 Adamazon Web Services
(AWVVS), a subsidiary of Amazon, for $650 miillion.

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.

- | Laramie County approves
= construction of what could become
the largest data center in US

Wyoming is poised to become an artificial-
! intelligence powerhouse after Laramie
County commissioners earlier this month
unanimously voted to move forward with

! the construction of a 1.8 gigawatt data
center designed to eventually scale up to 10
gigawatts, which would be the largest single
Al campus in the U.S.

January 20, 2026

[—

https://wyofile.com/laramie-county-approves-construction-of-what-could-become-the-largest-data-center-in-us/



Self Driving Cars (B E13&E%5)

NVIDIA DRIVE AGX Thor -
Development Platform Deep Leaning (ZE=21—FILRYI)

December 2025 *Egﬁ (Reasoning)
DRIVE Developer Kit Roadmap Spec OverView

DRIVE AGX Components

Thor

GPU Integrated Blackwell CUDA Tensor Care GPU

Programmahle Vision Accelerator (PVA)

ThorSoC | Accelerat
orse crelerators Optical Flow Accelerator (OFA)

DRIVE AGX
Ve Rox B CPU ARM Neoverse V3AE. Arm64 v9.2-A), SMP
Xavier | Pegasus - A
e, e G, Sty ML Renesas UZALS
: Storage 256 GB UFS
2016 2018 2021 2024
2x Parkerfgg;‘zzzajca‘ iGPU 2x Xj\i%ﬂi’:jildiz!\u‘éi:iGPU 1x Orin-X SoC j’?‘;‘g‘::er architecture 1x Thor-X 51[105;;:?:)(\4\19\\ iGPU Power Su pply Bull |t—‘ n
NVIDIA Blackwell DRIVE AGX Thor DevKit Vehicle Wiring Harness Additional Accessory
— Driveoszutornotive System Software
Ty e .
_ P to 1000 INT8 TOPS | 350 W Perfarmance
DL Inference Upto 1,000 INTB TOPS | 2,000 FP4 FLOPS
Memory Bandwidth 273 GBfs
\ System RAM 64 GB LPDDRSX at 4266 MHz
General access target Q4 2025 Opera‘ing Parameters
TSMC 4NP 7 H tz ™ Temperature 010 35°C(SKU10) | 0to45°C(SKU12)

https://www.nwdm.com P S R . Poyer 350W

/ja-jp/data- oS

center/technologies/bla s e Voltage 9Vto 16V (Static), 7 V to 32 V (Transient)

: b = | =ee |
ckwell-architecture/
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o Knowledge “power tools”

g Suchas image-
o Andmany others... weare arted!
o compute to run these tools -

o Butweare fimited by th
=

o Researchis needed in:
» Reliable computing (@t yotta 10%and ronna 107" 0P scales) ~ o s
o Composite models (mixture of

o And many others i

experts)

| Image generation
o Language
W Multimodal
8 Other
W Speech
| Vision



ACM/IEEE ISCA’ZS Super Panel June 22 2025 7 aseda

Ir-

! Special Invited TaIk on Sunday T = A 3 b <

? Time: 3:30 PM - 4:30 PM June 22™ JST - ¥ Yaie Patt Guri Sohi Carole-Jean Wu
\Venue: Okuma Auditorium, Waseda University aaustin g Wisconeln Lniv. ]

. Speaker: Prof. Yale Patt (UT Austin) [

WTitle: “Solving the Sustainability Problem -- ‘, % Time: 4:45 PM - 6:15 PM, June 22™ JST
What must come first. ...and 2", ...and 3<,” B¢ Venue: Okuma Auditorium, Waseda University -

! General Co-Chairs
E Prof. Jean-Luc Gaudiot (U. California, Irvine) Q (]
Prof Hironori Kasahara (Waseda U.) ’

1




https://top500.org/statistics/sublist/ El Capitan achieves top Nov. 18, 2024.
300  Nov. 18, 2-25. ACM/IEEE SC2025

The List. Rmax Rpeak Power
Rank System Cores (PFlop/s) (PFlop/s) (kW)
1 ELl Capitan - HPE Cray EX255a, AMD 4th Gen EPYC 24C 11,340,000 1,809.00 2,821.10 29,685
1.8GHz, AMD Instinct MI300A, Slingshot-11, TOSS, HPE R e T T e TP T TS
DOE/NNSA/LLNL ps: puting.finl.gov/rv

B

o 3 _to-al- a
United States < computing/road-to-el-capitan

2 Frontier - HPE Cray EX235a, AMD Optimized 3rd 2.066,176 1.353.00 2,055.72 24,607
Generation EPYC 64C 2GHz, AMD Instinct MI250X,
Slingshot-11, HPE Cray 0S, HPE
DOE/SC/Oak Ridge National Laboratory
United States

3 Aurora - HPE Cray EX - Intel Exascale Compute Blade, 2.264,128 @208 1,2980.01 38,698
Xeon CPU Max 2470 52C 2.4GHz, Intel Data Center GPU
Max, Slingshot-11, Intel
DOE/SC/Argonne National Laboratory
United States

4 JUPITER Booster - BullSequana XH3000, GH Superchip 4,801,344 1,000.00 1,226 .28 15,794
72C 3GHz, NVIDIA GH200 Superchip, Quad-Rail NVIDIA
InfiniBand NDR200, RedHat Enterprise Linux, EVIDEN
EuroHPC/FZJ
Germany

5 Eagle - Microsoft NDv5, Xeon Platinum 8480C 48C 2GHz, 2,073,600 561.20 846.84
NVIDIA H100, NVIDIA Infiniband NDR, Microsoft Azure
Microsoft Azure
United States

6 HPC6 - HPE Cray EX235a, AMD Optimized 3rd 8143 ,520 LT 2D 606.927 8,461
Generation EPYC 64C 2GHz, AMD Instinct MI1250X,
Slingshot-11, RHEL 8.2, HPE
Eni S.p.A.
ltaly

7 Supercomputer Fugaku - Supercomputer Fugaku, 7,630,848 442 .01 537 21 29,8992
A6LFX 48C 2.2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science
Japan



https://olcf.ornl.gov/wp-content/uploads/Frontiers-Architecture-Frontier-Training-Series-final.pdf

Frontier Overview Built by HPE  Powered by AMD

Extraordinary Engineering

!@Pﬂkl“hﬂ
“ats ial |ty

B iERGY

AN TR

--‘#——.
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AMDR

System

* 2.0 EF Peak DP FLOPS

* 74 compute racks

* 29 MW Power Consumption

* 9,408 nodes =

* 9.2 PiB memory

(4.6 PiB HBM, 4.6 PiB DDR4)
‘ * Cray Slingshot network with

dragonfly topology

* 37 PB Node Local Storage
* 716 PB Center-wide storage
* 4,000 ft2 footprint

OAK RIDGE

National Laboratory

LEADERSHIP
COMPUTING
FACILITY

Olympus rack

* 128 AMD nodes
« 8,000 Ibs

* Supports 400 KW

Powei
Distribubon Unit

Powor & water

AMD node

* 1 AMD “Trento” CPU

* 4 AMD MI250X GPUs

* 512 GiB DDR4 memory on CPU

* 512 GiB HBM2e total per node
(128 GiB HBM per GPU)

* Coherent memory across the node
* 4 TB NVM

* GPUs & CPU fully connected with AMD
Infinity Fabric
* 4 Cassini NICs, 100 GB/s network BW

Compute blade o
+ 2AMDnodes  ZBes

All water cooled, even DIMMS and NICs



https://olcf.ornl.gov/wp-content/uploads/Frontiers-Architecture-Frontier-Training-Series-final.pdf

What is a Dragonfly fopologye =

o A sef of groups that are
connected al-fo-all

- Every group has one or more
links to every other group

Another view of a Dragonfly Topology

¢ A group of endpoints
connected to switches
that are connected all-to-all

* A set of groups that are
connected all-to-all

- X % 3
)
K/ v
5
bt N
S Ve

BQAKRIDCE 5757
Technology-Driven, Highly-Scalable Dragonfly Topology”

John Kim William J. Dally Steve Scott Dennis Abts

Northwestern University Stanford University Cray Inc. Google Inc.
Evanston, IL 60208 Stanford, CA 94305 Chippewa Falls, W1 54729 dabts@google.com

jik12@nothwester.edu dally@ stanford.edu sscott@cray.com

@ computer 1063-6897/08 $25.00 © 2008 IEEE

society DOT 10.1109/ISCA.2008.19
$OAK RIDGE it

National Laboratory | FACILITY




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
)
£ ~ ek ';';--—.ﬁ';";.;‘i%
/p—-"’” U iw T 1 i-;f‘ I' ‘."l :E'ji, _‘ i, 4 1
8 /\_,-*” %:&":T [‘ ﬂmﬂﬂhhnﬁ_!r:iﬁiifﬁgaig %‘ﬂ'a -
ar raE R g
 © e
ﬁﬁﬁ&?ﬁﬁn f;&]&?% u;‘“.
Four “Zen 2” VR e e e Y N
Cores+L3 HEe gﬁg 5&?,%32@%%%4
il e O TR R
- H FEEHEEEEE b g

Four “Zen 2”
Cores+L3

22 | AnOverview of Chiplet Technology for the AMD EPYC™ and Ryzen™ Processor Families | |EEE Industry Spotlight

_ 66% of die area benefits

AMDZ1



https://hc2023.hotchips.org/

AMD Next Generation "Zen 4" Improves on Successful "Zen 3" Microarchitecture
"Zen 4" Core and N " D
4th Gen AMD EPYC™ # rey, R0, - ”2’::;9"::;:;2;;” A
9004 Server CPU ' '

Kai Troester
AMD Fellow Silicon Design Engineer
"Zen 4" Lead Architect

Ravi Bhargava
AMD Senior Fellow . o e e o a1 Ve 0
"Zen 4" EPYC™ Performance Architect W “ Zen3 Zen 4 Zen3 Zen 4 Zen3 Zen 4
Microarchitectural 5nm technology and 5nm technology and
improvements frequency improvements beyond microarchitectural and
Hot Chips 2023 ‘ technology scaling physical design improvements

"Zen 4c™ Doubles Cores Per Compute Die

"Zen 4" CCD "Zen 4c" CCD Snm

T FTTT Rty | TITTLITTHITII T

= - ™ PR
Core + L2 Core ¥ Core+ |

Core +
L2

Core + L2 |

Core + L2

32 MB L3

(PR AR R A ISR EnT IR S

Core + L2 l

Cores

L2 cache/core

L3 cache/core

AMD “Zen 4" EPYC™ Family Processor Architecture | Hot Chips 35 August, 2023
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BEOEBEERTISMAT2EICHES] &S5 EERE,

b1 —FOEHEREELEERENEICERILFIATHBE

RAME TS

| Power « Frequency * Voltage?

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

1 - &R Frequency 14129 5 &
—| Core#6 |

: | (Ex. 4GHz>1GH2z),
| [;EEE NI 176412 Bl

HERE( 1/4I2IBTF .
IEEE ISSCCO08: Pper No. 4.,

< JLFOAT>
IR s | Scores EF v TIHMT B &,
CPUE and 8 RAMS by an antomatic | .27 [ #PR1/8 CHERE (2 fEM].E

Parallelizing Compiler”




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

HOST COMPUTER
[
CONTROL & IO PROCESSOR CENTRALIZED SHARED MEMORY1
(Simultaneous Readable)
RISC Processor | |I/O Processor
} — — I Bank1 | | Bank2 || Bank3
Addr.n||Addr.n|(Addr.n(}|csm2 | |lcsma
Data Prug. Distributed '
= Memory ||| Memory||| Shared | |
=Z Memory
Z Z Read & Write Requests
= g Bus Interiace Arbiirator
ZZ S =
=ZZ
= =
ZZ
 Laeaf Distributed
R P . Shared Memory
' L . . . Dual Port
AMD?29325 32-bit Floating-point unit (CP)
-SMFLOPS,32bit RISC
Processor (cP) | (CP) (CP) (CP)
H. Kasahara, "OSCAR Fortran Multigrain || ganes et o
Compiler", Stanford University, Memery
Hosted by Pro.fessor John L. Hennessy and "DMA Cortrollar
Professor Monica Lam, May. 15. 1995. PE5 | | PE6( |PES || PE9 | |PE10||PE11( |PE15||PE16
-=— 5PE CLUSTER (SPC1) SPC2 SPC3 ——
~+— 8PE PROCESSOR CLUSTER (LPC1) —»—= LPC2 -

Hierarchical Group Barrier Synchronization Hardware
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“NWT : BB & R”, “Earth Slmulator tlthyzle/—Gt" and “K: X"

BAX/Rav DR
ZIFHEK 4 . NWT: #{E &R
O e LT o . /Y- (Numerical Wind Tunnel),

BEfBXEHFE 1993,1.68GFLOPS

Father of Japanese <Fu1|tsu VPP 500, 5000>
Supercomputer . :

Machine Cyclellw ime 9.5ns (105MHz)
Mr. Hajlme MlyOShi, PE Performange 1.68GFlops

PE Memory Size 256MB/PE

Waseda Alumnus, : Crossbar Bandwidth f?;cza:;szx(;e;;/recelve simultaneous)/PE

Leader of NWT, rerof PEs P 40PE
Earth Simulator ;

- mmpuur cente-r, Chofu, Tokyo, F;b- 1, 19‘93
40 TFLOPS Peak (40%10'2)
35.6 TFLOPS Linpack

3.2MW K T5,
2011 [ ,

= | Camie"lzap-ei ‘Librar-y System | 10 P F Lo PS N

Earth Simulator,
2002

Processor Node (PN)
Cabinets (320) e

SO 20216 ) — A LipE
NN JULREUk 'é'Ellﬁ'Egt._
”‘xﬁ BEXBEEBETIL




. 2N oy
Earth Simulator(#t¥k2aL—%) @
(http://www.es.jamstec.go.jp/) b=
« 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. Mr. Hajime Miyoshi

(Dr. Miyoshi, who led NWT (VPP500) and ES (SX6) projects, =IFHEK
passed away in Nov. 2001. just before the completion of the ES.)

New York Times§g : A 7— k=% (Sputnik) 3 v 7ICHEET S

QY Ea— k=% (Computenik)¥ 3 v & DFEEHLIEH
Image of Earth Simulator 4 Tennis Courts Peak 40 TFLOPS (40%1012)
| LINPACK:35.86TFLOPS
<No.1> 2002 Jun- 2004 Jun

<N0.2>ASCI-Q: 7.73TEFLOPS
https://top500.org/lists/top500/2002/06/

Processor Node (PN) X
Cabinets (320) Lo

Air Conditioning System

Power Supply System [ _

| Double Floor for Cables




Riken “K”TR : umatE<20124 | RESS/MNUSEEERD>
TOP 1in 2011 June & Nov
June 2011: Linpack: 8.16 PFLOPS

Nov. 2011 Linpack: 10.51 PFLOPS

A (1.0513ERE/ N R EEER)
No. of CPU: 705,024
Peak: 11.28 PFLOPS

TOPS00 LIST - JUNE 2012

Rmax Rpeak Power
Rank System Cores (TFlop/s) [TFlop/s) (kW]
1 Sequoia - BlueGens/Q, Power BAC 14C 1,572 8564 1632475 2013266 7,890
1.60 GHz, Custom, IBM
DOE/MMNSASLLHL
United States
2 K computer, SPARCEE Vilifx 2.0GHz, Tofu 705,024 10,510.00 11,280.38 12,660

nterconnect, Fuptsu
RIKEM Advanced Institute for

Computational Science [AICS] httpS://tOpS00.0l‘g/]iStS/tOPSOO/HSt/ZO12/06/
Japan




SVE (Scalable Vector Extension) : 2 Floating Units (FLA/FLB):

Fug aku A64FX 512 bit SIMD, Multiply & Add operations/ Cycle,

TSMC®7 nm CMOS Process 1, 53?_ ]ghonlﬁlble Precision Floating Operations Per Cycle on a chip
a7 |7 |37 |37 (37|37 |AF|aF|(3F7 |37 37 37;5% 12 Cores +
TofuD PCle .
MG [j?hn—ﬁ—][jyhn—ﬁ—] }HSGB“TI Tl 11 Tl TI TI LT 11 11 11 11 Tl 1 Assistant
\rv““:“*“ B >57 Gstl — 5 al:l;ucI - “h: = 1"l core
- I ' -
: 9%3%7 J ' D%% L2: 8MiB, X N . N https:/[www.computer.
HBM2 — [—:I-J_""-X-‘I:E, iyl s anls HBM2 16way, 2*53?;" S 2""}?:; w1 | org/esdVmagazine/mi/2
j [ S V) Line: 256B 022/02/09658212/1zw1
:\ E] | 'E; DDDG A A Y A~ njCTTeU
_________ X Z U—m it
OO0 | = || 0000 5 [t L ek
HBM2 — DDD FAREN Ho GDD — HBM?2 > 256 GB/s| O —— > :-5
L) _/ HEE 2 i >57 GBIs £
[_][_][_] [_][_][_] Ell < .—>= >57 GBIs > 2
7 XEU—THHL (2)T02) 1
=115 GB/s
HBM2 : High Bandwidth Memary 2 5 ~
Memory Architecture of A64FX CPU: Tag Dlge%oryggsed CC-NUMA
JIvF T:l [N 1T —K =5 AEU—=FOER 7
. ? =_ e . --_l_I
il [ 6.5%5%']@513"""‘; i RWELEE 1 IXFryyal || ekl
e T e B
r R ||
| U R—23 B Dl mee) v
CMG CMG AT —Y3v LIZ5
#2 #3 =]
A FHEEUTICR , " IJZ?":_J;E—S
A4 AY >115 GBfs | TR T
Ut —as
A7—2321 M
A64FX/ \47 7»{/
e Pipeline in A64FX |
Tofub HBM2 PCI-GEN3

https://www.fujitsu.com/jp/about/resources/publications/technicalreview/2020-03/article03.html
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weaHFRW=R(FER205E4A108)TO

NEDOUZ W EA LIBHRRERZNFIATFVIT(FERI)—4—) -TEDEF
http://www8.cao.g0.jp/cstp/gaiyo/honkaigi/74index.html 1985 X Ya /45 (VT k)

. = — K i
I HTARE SRR SE (F20E4H10H] 20084 E;-?i;gzz‘jfﬂ'd)&)ﬁmnﬂ

core multicore RP1 (2007), 8 core multicore RP2 (2008)
nd 15 core Heterogeneous multicore RPX (2010)
eveloped in NEDO Projects with Hitachi and Renesas

RP-1 (138CC2007 #5.3)

RP:2(185CC2008 #4.5)

RP-X(135CC2010 #5.3)

OM

{
Core 0 I Cora 1
-

Peripherals

B0rm, &-ayer, tple-Vih, CMOS

H0nm, B-ayer, riple-Vh, CMOS

4énm, B-layer, liple-\th, CMOS

76 mn’ (9,68 x 988 mm)

1048 mm (1081 x 88 mm)

{53 8mm (124 x124mm)

i 0V (internal), 1.83.3V (10)

.0-1.4V (intemal), 1 833V (1C)

1012 (internal), 1.2-3.3V {10)

FO0MHz 4.32 GIPS, 16,8 GFLOPS

G00MHz , 864 GIPS, 33 6 GFLOPS

64BMHz, 13 7GIPS, 115GOPS, 36 2GFLOPS

%?-’JIE'IE: A2 pﬂﬁJEfH}

14 GOPSIW (32018 %)

16.3 GOPSM (32045

3T 3GOPSW (3208
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¥4 /NEDOZTADIHMZT, B%
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X% - B R4EFR-

il Ny
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IR HRILZbAO=HRA

A BAFEL T

-Hﬁ.@a):/, \A 7’@&7")—/7»9‘-:7 RP2 Fv

e
NEFERAMTIL
FaAFFvITE
L TEA%.
£7a€ vy,
AEYED 21—
IWED., BiE#
BEFIE., TS
EERHIEHZD >
NASMNRITSC
E&xA[gEE LT-

Cluster Bakrher Cluster
#0 Core 73 Sync|. ILines Core #]_#]
Core #2 Core #6|
Core #1 [ Core #5
Core #0 — 2 :«-n Core #4
LeeGdll cpul rru ||| MR 2P || FRU| cPU |[fLCPet
O e
PR3 I$‘D$‘CC1\' 12l |ECTTL [celDsT 18
[PCR2 BAR T S| ] ST B
Local memory ol ol Local memory
CRIJl) 1.8k, D:32K| [ |gff |1g] Y| _LSK. D:32K
URAM 64K | |4l [|&] H [ URAM 64K ||[PCR
t veve 171 fel |1 vevd [T1T 1
On-chip system bus (SuperHyway)
v ! ¥ LCPG: Local clock pulse generator
DDR2|I SRAMI| DMA | PCR: Power Control Register
control | [control | [control [CCN/BAR:Cache controller/Barrier Register
OTf-chfp ~On-chi URAM: User RAM (Distributed Shared
Sl Sl Memory

IEEE ISSCCO08: Paper No. 4.5, ML.ITO, ... and H. Kasahara, “An 8640 MIPS SoC with Independent
Power-off Control of 8 CPUs and 8 RAMs by an Automatic Parallelizing Compiler”
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https://top500.org/statistics/sublist/ El Capitan achieves top Nov. 18, 2024.
300  Nov. 18, 2-25. ACM/IEEE SC2025

The List. Rmax Rpeak Power
Rank System Cores (PFlop/s) (PFlop/s) (kW)
1 ELl Capitan - HPE Cray EX255a, AMD 4th Gen EPYC 24C 11,340,000 1,809.00 2,821.10 29,685
1.8GHz, AMD Instinct MI300A, Slingshot-11, TOSS, HPE R e T T e TP T TS
DOE/NNSA/LLNL ps: puting.finl.gov/rv

B

o 3 _to-al- a
United States < computing/road-to-el-capitan

2 Frontier - HPE Cray EX235a, AMD Optimized 3rd 2.066,176 1.353.00 2,055.72 24,607
Generation EPYC 64C 2GHz, AMD Instinct MI250X,
Slingshot-11, HPE Cray 0S, HPE
DOE/SC/Oak Ridge National Laboratory
United States

3 Aurora - HPE Cray EX - Intel Exascale Compute Blade, 2.264,128 @208 1,2980.01 38,698
Xeon CPU Max 2470 52C 2.4GHz, Intel Data Center GPU
Max, Slingshot-11, Intel
DOE/SC/Argonne National Laboratory
United States

4 JUPITER Booster - BullSequana XH3000, GH Superchip 4,801,344 1,000.00 1,226 .28 15,794
72C 3GHz, NVIDIA GH200 Superchip, Quad-Rail NVIDIA
InfiniBand NDR200, RedHat Enterprise Linux, EVIDEN
EuroHPC/FZJ
Germany

5 Eagle - Microsoft NDv5, Xeon Platinum 8480C 48C 2GHz, 2,073,600 561.20 846.84
NVIDIA H100, NVIDIA Infiniband NDR, Microsoft Azure
Microsoft Azure
United States

6 HPC6 - HPE Cray EX235a, AMD Optimized 3rd 8143 ,520 LT 2D 606.927 8,461
Generation EPYC 64C 2GHz, AMD Instinct MI1250X,
Slingshot-11, RHEL 8.2, HPE
Eni S.p.A.
ltaly

7 Supercomputer Fugaku - Supercomputer Fugaku, 7,630,848 442 .01 537 21 29,8992
A6LFX 48C 2.2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science
Japan



Parallel Soft is important for scalable

performance of multicore (LcPCc2015)

> 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 Institﬁe for_Earth Science and D1s er Res1hice (NIED)
-::nrlglna sun Stl.J pr-::upn:uf.ed m Eth od Fujitsu M9000 SPARC

Multicore Server

g 211.0| Cooic
. Compiler gives
_-E 200 us 211 times
.E E speedup with
E = 128 cores
= 2 150
L
=
m
.I:-l. E 100 Commercial
? E" compiler gives
= wn 50 us 0.9 times
E E speedup with
W 128 cores (slow-
-? O downed against
o 1pe 32pe 64pe 128pe | lcore)

»  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




110 Times Speedup against the Sequential Processing for
GMS Earthquake Wave Propagation Simulation on

Hitachi SR16000

(Power7 Based 128 Core Linux SMP) w.crc20s)

loops are important for scalable speedup

M Proposed method —Proposed method (Speed Up Ratio)

2012-05-16 11:00 - 2012-05-17 11:00 V::_:'Il'lllt :’_)‘. axis Max is 1300) 25000 mmmmmmmm 120
ReEiL . /110.7
P 20000 - 0

S R

0
T =J 80 %
E 15000 - WASEDA Uniy '
= Q
c A7 - 60 _3
£ 10000 0
5 / 0 2
3 ]
w
2000 27 -0
:1
" thousand fines 100 3 19
-_ﬁ—
First touch for distributed shared 0 0
memory and cache optimization over Tpe 3)pe 6dpe 128pe



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
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» Hard real-time automobile
engine control by multicore

using local memories

I » Millions of lines C codes

147301

consisting conditional
hranches and basic blocks
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1 core
Bx

@ Engine Control by multicore with Denso
Though so far parallel processing of the engine control on

multicore has been very difficult, Denso and Waseda succeeded AUTOSAR on 2 cores of Infineon AURIX TC277
195 times speedup on 2core V850 multicore processor.,

2 cores
it

Automatic Parallelization of an Engine Control
C Program with 400 thousands lines on

Infineon AURIX

Abbreviations :
PCACHE:

Program Cache

DCACHE: Data Cache
DSPR: Data Scratch -Pad RAM
PSPR Program Scratch-Pad RAM
BROM Boot ROM
PFlash: Program Flash
DFlash: Data Flash (EEEPROM)
: SRI Slave Interface
E : SRI Master Interface
System Peripheral Bus (SPB)
—n
,,,,,,,,,,, [ il
| I | FPU | I | LMU
Dmi DMI 32 KB
I:l\:ls TC1.6P _ . :::IEP TC1.6P _ RAM
S I e I e I o
[ws | [ws ] [ws ] ws ] =1
TT SRI Cross Bar Interconnect T T(XB r_SRI) TT TT TT
1 XBAR
| = Il Il :|
Lws | FPU Lws | L=
PMI DMI | | DFlash H
a v porR TC1.6E U 3:2'4_:;3 2 MB . 5eg 10 (0xA): Non-Cached :
BECACHEL Ceketen Bcache or_uce Seg 8 (0x8): Cached
|| PMU ‘ ‘
7T

R L P LA L
(I v [
OSCAR 1 Core execution

29700

Wi
16400 cycles

cycles

L

fginat co

0SCAR 2 Core execution(data mapped)

|
e

., ® " @ MW M,

145500
cycles

MTG - 16ms

L
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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




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
0 - T T T T T T nH
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http://www.youtube.com/channel/UCS43INYEIkC8i_KIgFZYQBQ _ oy
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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



» https://www.jst.go.jp/jisedai/mirainohakushi2025/
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