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What is HPC ?

= Today’s science (domain science) is driven by three elements
= — Experiment
= — Theory
= — Computation (Simulation)

= In many of these problems, computation performance and
capacity are required to be larger and larger
= — Floating point operation speed
— Memory capacity (amount)
— Memory bandwidth (memory speed)
— Network bandwidth (network speed)
— Disk (2nd storage) capacity

= "High Performance” does not mean only the speed but also
capacity and bandwidth

Lecture on Basic Computational Biology



Computational science

= Large-scale simulations using supercomputers
= Critical and cutting-edge methodology in all of science and engineering disciplines

= The third “pillar” in modern science and technology

supercomputers

climate

structure

Experiment/
observation

Protein analysis

Relativity
(Einstein)

Particle accelerators astronomy
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What computational science can do ...

B To explore complex phenomenon which
cannot be solved by "paper and pencil”
= Particle physics to explore origin of materials

= Phenomenon caused by aggregation of DNAs and
protein

B To explore phenomenon which cannot be
solve by experiment
= Origin of universe
= Global Warming of the earth

B To analyze a large set of data "big data"
= Genome informatics

B To reduce the cost by replacing expensive
experiments
= car crash Simulation
= CFD to design air craft

First principal method: computer simulation based on
only computation without "experimental parameters.
But it may require a huge computations




"First principal computation®...

= Schrddinger equation

he d°
2m dx*

Hy =Ly #2|

= "first principle calculation(computation)" in
computational material

+ V(x) |y




Basic Structure of Computer T

e The current computer (Neumann type) consists
of a processor (CPU, core) and memory.

e Memory is a part to store programs and data

e The processor reads the program and data from its memory and
executes the program.

Control part: Interpret (?) the program and command
ALU (Arithmetic Unit) : Add and Multiply, etc ---
Processor (CPU chips)

/ ' A‘xﬁsus; 3 . |

. | Memory
Input/ <,\:> Anthm Control (program
Output etic And and

(KES) Decode Data)

- /
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What is “program”? RES

e Instructions for computer (9 )

e Stored in memory, and the
CPU reads from the memory
one by one and executes it.

Set the register to 0.

Read data from address 100
Add to register

Read data from address 101
Add to register

Read data from address 102
Add to register....

e Memory is a box that store
data. There is a number
called an address.

NonkwWwNRE

e Register: Temporary
memory for arithmetic unit.

register |/27_‘ @ Y,
10 14 3

10141 3

Address 100 101 102
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For calculating the sum of 1000 humbers:- %

777777 /‘"@"

1 2 3 4 1000

e The program simply reads the numbers in the 1000
memory and adds them.

e It takes 1000 seconds to fetch numbers and add them,
assuming that one addition takes 1 second and
calculates 1000 numbers.

e By the real computer, one addition can be executed in
tens of nanoseconds (one billionth of a second), so it
can be calculated in a few microseconds (one millionth

of a second)!
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How to make Computer fast ...

= (D By making electric circuit work fast
= Increasing clock speed
(Frequency of processors used in PC: 2~3GHz)
= Using fast transistor

» Microprocessor

A computer with all blocks of CPUs in one chip.
Used in PCs, the current microprocessor is far
faster than an old supercomputer!

10



A progress of “computer” speed!

Metric of speed of computation: arithmetic operations (floating point) per
second

= MFLOPS: Millions of FLoating Point OPerationS.
= GFLOPS: 10° ops, TFLOPS: 1012 ops, PFLOPS: 101> pos. Exa

Rapid progress of microprocessor (all components in a chip) used for PC -
-- "killer micro"

= Moore's Low: integration (density) of transistor increase double per
1.5 year

= 4004 (first microproessor, 1971, 750KHz) 8008(1972. 500KHz.
Intel) 8080(1974. 2MHz. Intel)

=« Pentium 4 (2000, ~3.2GHz)

= Clock speed increased from 1MHz to 1GHz in the
last three decades
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To make computer fast ...

= (@ By good mechanisms (architecture) in computer

= mechanism to execute many instruction at a time (in one
clock ...)

= Vector supercomputer: a computer with computing unit to
execute vector computation frequently used in scientific
computation

(1980's)

.

Fujitsu VPP5000 ‘ . .

NEC SX-5
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To make computer fast ...

= 3 by using many computer at a time
= Parallel computers, parallel processing ...
= This is a main stream in supercomputer !

= You can find 2 or 3 processors in a PC or
"smart phone"!

AMD®Mquad core® 7Oty

13



Adding 1000 humbers using 4 computers ...

f 777777 f""’

1 2 3 4 1000

\1 2 250 )\ 251 500 / \_ 501 750 J \_ 751 1000 /

computer 1 computer 2 computer 3 computer 4
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Adding 1000 humbers using 4 computers ...

e It takes 1000 seconds to fetch numbers and add them,
assuming that it is 1 second and 1000 numbers.

e When using four computers, store 250 humbers on each
computer, so you can calculate them in 250 seconds + a.
About 4 times faster!

-

\1 2 250 ) \_ 251 500 / \_ 501 750 J \_ 751 1000 /

computer 1 computer 2 computer 3 computer 4
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Moore’s Law re-interpreted

10,000,000

= Progress of clock
speed stops after
2000's

= Still increasing the
number of transistors

100,000

10,000

1,000

T 100
= Multicore
= Core (computer) in "
onechip
. 1 1 } t t s m Transistors (000) | —
= double in the number of Sric X » clock sped (i)
# PerfiClock (ILP)

cores every 18 months

0
1970 1975 1980 1985 1990 1995 2000 2005 2010

16



TOP 500 List: How to measure (rank)
performance of supercomputers
http://www.top500.0rg/

= Ranked by the performance of benchmark program
"LINPACK"

= LINPACK solves a huge size of linear equations
« the size is more than 10 millions

= Different from the performance of "real" applications

= It does not necessarily reflect the performance of "real"
applications

= The power consumption is indicated since 2008
= The power saving is import now !

17



TOP500: The list of the fastest computers
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RIAVEa1—4 “The K computer”

ORIKEN
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Facts of the K computer

= The number of racks (boxes) 864

s the number of chips 82,944

s The number of cores (computers) 663,552

s Linpack perf
10.91PF
(Power 12.66MW)
2011/11 A




The tsunamis were captured by seafloor
pressu re gauge Courtesy: T. Furumura (U. Tokyo)

Sea height data s T
Seafloor cable tsunam|

Big tsunami " gauge off Kamaishi City

over 5m in ,, 2, at 50 and 80km
height are AT .

! heading toward
the coast

. i B | Estimated fault slip motion
"f.nh- g3 ;_ Maeda et al. (2011)

400 600 800 1000 1200 1400
Elapsed Time from the Earthquake [s

]
Pl - a M z . 4"“‘?’ ’.,-':. :._‘l’ 73
o f 1 < S » > _'

Relative Sea Height [m]

Fault motion of
55m near Japan
Trench




The combination of deep and shallow plate slips

generated the big tsunamis Courtesy:

T. Furumura (U. Tokyo)

(a) Slip of deep plate boundary only (b) Slip of deep and shallow plate boundary

Seafloor tsunami gauge

Trench

Relative Sea Height [m]

| Maeda et al. (2011) | |

200 400 600 800 1000 1200 1400 Deep plate boundary

Elapsed Time from the Earthquake [s]

Shallow part
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Amdahl’s low

= Question: How much do parallel
computers became fast by increasing
the number of processors???

o—2 7 LF—)L (Gene Amdahl.
1922F 118168 - )IX. 7A)AAD
AVE1—37—FXTILC.EERH
B, HDEBIXIBMB LURDAIZRL
& GFICT7 LI —ILD)IZE TS,
AMUITU—LDERETTHDH, MFH[O
Eoa—T420 OEERWLGTERELTT
LF—I)LDEBIN BN TS,
(wikipediakY)



Speedup by parallel computing: “Amdahl’s low”

= Amdahl’s low

= Suppose execution time of sequential part T,, ratio of sequential
part a, execution time by parallel computing using p processors T,
is (no more than) T, = a*T; + (1-a) *T,/p

= Since some part must be executed sequentially, speedup is limited
by the sequential part.

N
\
Exec \\
. \
tme parallel  1/p
part,
\
‘ N
== sequential
- - part
Sequential Parallel Execution
execution by p processors
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Breaking “Amdanhl’s low”

= 'Gustafson's low": what about performance of real apps?

The fraction of parallel part often depends on the size of problem
For example, n-times larger problem to be solve by n-times larger parallel computers.

Weak scaling — Scaling with constant size per processor « in the case of large scale
scientific applications

Strong scaling —Scaling with constant size problem <« We need fast one-processor.

\
\
\
\
\
\
\
Y
. e E
seq parallel seq exec paralle exec
exec comp by n proc of n-times of n-times

large problem large problem



How different between the K computer and your PC?

= [he processors (computer) used are almost the same!

= Even slow clock for the K computer, but some enhancement in
computing unit.

= The K computer consists of many "processors"
= 80,000 chip. 0.64 M cores
= Fast network between processors is required!

= The programmer is forced to make parallel program to make
use of many processors

= The program running on the PC (sequential program) does not run
fast |
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FLAGSHIP2020 Project Res

O Missions

* Building the Japanese national flagship supercomputer, “Fugaku” (a.k.a Post-K), and

* Developing wide range of HPC applications, running on Fugaku, in order to solve social
and science issues in Japan

O Planned Budget (from 2014FY to 2020FY)

* 110 billion JPY (about 1 billion USS if 1USS=110JPY, total) includes:
e Research and development, and manufacturing of the Fugaku system
* Development of applications

O Project organization ® Applications

* The government selected 9 social
& scientific priority issues and
their R&D organizations.

e Additional projects for
Exploratory Issues were selected
in June 2016

ol 2014|2015 |20 __|2017 __|2018 __[2019 _[2020 2021|2022

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 4

: : ] ; Manufacturing, :
Basic Design Design and Implementation > instaliaton, and Tunin>>>@>>

p’ 2019/6/24

RIKZH

® System development
* RIKEN is in charge of development
* Fujitsu is vendor partner.
* [nternational collaborations: DOE,
JLESC, CEA ..




Target science: 9 Priority Issues

om
RCCS

————

RIKEN Quant. Blology Center

Innovative Design and
Production Processes for the
Manufacturing Industry in the

Near Future

@New Functional Devices and

High-Performance

Inst. For Solid State Phys., U.

r20018/02¢2

: : )
@Personalized and Preventive | ~ @Hazard and Disaster induced by
Medicine Earthquake and Tsunami
Inst. Medical Science, U. Tokyo |
N

@Environmental Predictions
with Observatlonal B|g Data

©®Fundamental Laws and
Evolution of the Universe

Cent. for Comp. Science, U. Tsukuba Center for Earth Info., JAMSTEC

®High-Efficiency Energy
Creation, Conversion/Storage
and Use

®Innovative Clean Energy
Systems

oot vortices

@0 degs,

-l

Grad. Sch. Engineering, U. Tokyo

Inst. Molecular Science, NINSi N .




Target science: Exploratory Issues S

R-CCS

B d’

N

Interactive Models of Socio-

Economic Phenomena and their Projects (more than 10 teams) were
Applications

m selected in Jun 2016

Frontiers of Basic Science -
challenge to extremes -

- Formation of exo-planets (second
Earth) and Environmental
Changes of Solar Planets

3

Mechanisms of Neural Circuits
for Human Thoughts and Atrtificial
Intelligence

0018/02/2



om
The name of our system (a.k.a post-K) was announced <

as “Fugaku” (May 23, 2019)

=i (Fugaku)
1
Mt. Fuji

* The highest
mountain in
Japan

 Wide foot area
around the
mountain

RIKZH



FLAGSHIP2020 Project: Status i

O Status and Update

_________ « March 2019: The Name of the system was
T e LT decided as “Fugaku”
::::E:::::_';_f:?::‘: g l\‘('_:_‘:Z(ZZZZZjZ:’I ° Aug- 2019: The K Computer
L L C LT L= decommissioned, stopped the services and
L) EEEE |sioiel ) |2 SE shutdown (removed from the computer
Fujitsu A64FX processor room)
0 Overview of Fugaku architecture ) Stgtrtze%lg: access to the test chips was
Node: Manycore architecture « Nov. 2019: Fujitsu announce FX1000 and
* Armv8-A + SVE (Scalable Vector Extension) FX700, and business with Cray.
* SIMD Length: 512 bits « Nov 2019: Fugaku clock frequency will be
» #of Cores: 48 + (2/4 for OS) (> 2.7 TF / 48 core) 2.0GHz and boost to 2.2 GHz.

e Co-design with application developers and high « Mov 2019: Green 500 1st position!
memory bandwidth utilizing on-package stacked Oct-Nov 2019: MEXT announced the

memory (HBM2) 1TB/s B/W Fugaku “early access program” to begin
* Low power : 15GF/W (dgemm) around Q2/CY2020
Network: TofuD « Around Jan 2020: Installation of “Fugaku”

» Chip-Integrated NIC, 6D mesh/torus Interconnect will be started.

o m_mm_m_mqm_m

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 G4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 4

: : . : Manufacturing, :
Basic Design Design and Implementation } estallation, 6 Tunin>>>@>
I

p’ 2019/6/24

RIKZH




No.1l in Green500 at SC19! om

R-CCS

Announce from
Fujitsu at SC19

Green500, Nov. 2019

AbB4FX prototype -
Fujitsu Ab4FX 48C 2GHz

ranked # | on the list

768x general purpose Ab4FX
CPU w/o accelerators

« 1.9995 PFLOPS @ HPL, 84.75%
« 16.876 GF/W
« Power quality level 2

The
GREEN

pro)
500 FUJITSU

NOVEMBER 2019

Cores  (TFlop/sl W] [GFlaps/watts)

FUJITSU CONFIDENTIAL

3 Copyright 2019 FUJITSU LIMITED

p’ Nov/29/2019

RIKZH
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Advances from the K computer o
K computer Fugaku| ratio
# core 8 48 <:| Si Tech
Si tech. (nm) 45 7
Core perf. (GFLOPS) 16 > 64 q
Chip(node) perf. (TFLOPS) 0.128 >3.0 24 CMG&Sl Tech
Memory BW (GB/s) 64 1024
B/F (Bytes/FLOP) 0.5 0.4
#node / rack 96 384 4
Rack perf. (TFLOPS) 12.3 >1179.6 96
#node/system 82,944 > 150,000 More than 7.5 M
System perf.(DP PFLOPS) 10.6 > 460.8 43 | |General-purpose

e SVE increases core performance
e Silicon tech. and scalable architecture (CMG) to increase node performance
e HBM enables high bandwidth

' o Nov/29/2019

RIKZH

cores!
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om
RCCS

Comparison of Chips

Memory mounted in Silicon substrate

a ok | ] . :
= i T _ ] ,
- 1 !F-
{
Core @l Core |l Core @ Core (nle (nie e il Core J§ Core |l Core [} Core | Core
=
ﬂ

m

or
" g 2.
. ‘II
ml ’
g

Fugaku A64FX chips
48 core (+4 core)

NIC and 10 (PCle) integrated

DDR3 interface

K computer chip. 8 cores

®
RIKEN



Comparison of Boards ]

K computer board
Apx. 50cm x 50cm
6 chips and external DDR memories

Fugaku’s board
Apx...20cm x 20 cm, 2
CPU Chips are mounted

AOC i

. ’—;i_lr d r"“',“.%f“““" ;

Cables PR (r P4 P
me{  [AOC | eSEALIOWN |
[} | 3 : Electrical signals
2 CPU / CMU B
= = TNy
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Comparison of Rack RUS

K computer rack

96/ — K (CPU)

Fugaku’s Rack
384 CPUs

Installed on both
Front and Back
side

mr.u 20019/11/10 RIKEN Center for Computational Science 41



System Performance RUS

e Peak performance, more than 38 times faster.
e #node is more than 150K

e 10 racks of Fugaku will provide the same peak performance
to the K system

e Power consumption . 12MW = 30~40 MW (about 3 times
larger)

©RIKEN
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Challenges for the future supercomputer %

e More power-performance

o It is necessary to increase the power to achieve higher performance,
but the power is limited.

e Supercomputers in the US (and China) use accelerator mechanism
(GPU, etc.) to improve power efficiency, but they cannot be applied to
all apps or have to rewrite the program.

e The slow-down of the progress of silicon technology
e The end of “Moore’s” low, post-Moore tech, a new device -
e A new computing paradigm, such as quantum computing

e Integration of Big data and AI technologies

e Since it will be possible to execute many cases of relatively large
simulations, data processing and integration with data processing are
required

e A new market called AI or a new computing technology called Al

g 20019/11/10 RIKEN Center for Computational Science 43



