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Top HPC systems in TOP500 lists
(most images are borrowed)
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What is TOP500?



AJProença, Advanced Architectures, MiEI, UMinho, 2020/21 3

LINPACK benchmarks (HPL)

HPL measures the sustained floating-point 
rate (GFLOPs/s) to solve a dense system 
of linear equations using double-precision 
floating-point arithmetic
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The Green500 list

The list ranks computers in terms of 
energy efficiency, typically measured 
as LINPACK FLOPS per watt.
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HPCG benchmark

HPCG is a self-contained C++ program with MPI and OpenMP support that 
measures the performance of basic operations in a unified code:

• Sparse matrix-vector multiplication
• Vector updates
• Global dot products
• Local symmetric Gauss-Seidel smoother
• Sparse triangular solve (part of Gauss-Seidel smoother)
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Outline

1. TOP500 
a) TOP10 lists from Nov’17 to Nov’20
b) Country distribution over the past 25 years
c) PU chip technology evolution in the past 25 years and since last year
d) Evolution of the accelerators since they were available
e) Analysis of some relevant systems and architectures

2. GREEN500
a) TOP5 list in Nov’20
b) Analysis of some relevant systems and architectures

3. HPCG500
a) HPCG vs. HPL: an overview
b) TOP10 lists from Nov’17 to Nov’20
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Top 10 HPC systems
Nov’17 TOP500

3x systems in Top10
w/ Xeon Phi KNL
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Top 10 HPC systems
Nov’18 TOP500
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Top 10 HPC systems
Nov’19 TOP500

Frontera (TACC):
successor of Stampede2
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Top 10 HPC systems
Nov’20 TOP500

3x
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Suggestion of homework
for discussion in next session

1. Go to the TOP500 website and analyse & comment:
i. The country distribution over the past 25 years, in #systems 

and aggregate performance in the TOP500 list 
ii. The evolution of the key PU chip technologies and the 

accelerator families in the past 25 years
iii. The overall impact of each processor technology and 

accelerator family in the past 3 years

2. EuroHPC is funding 8 supercomputing centres selected in 
June 2019: 3 pre-exascale & 5 petascale
i. Find & identify these 8 supercomputing centres
ii. Characterize the architecture of Deucalion in MACC
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Analysis of the key systems in 2020

1. #1 in Nov’20: Fugaku (Fujitsu A64FX, 48 cores), follow-up of 
#1 in Jun’11, K-Computer (SPARC64 VIIIfx, 8 cores)

2. #2 in Nov’20, #1 in Nov’18: Summit (IBM POWER9, 22 cores +
NVidia Volta GV100); +Sierra were the follow-up of

#1 in Jun’12, Sequoia (IBM POWER BGQ, 16 cores) 

3. #4 in Nov’20, #1 in Nov’17: TaihuLight (Sunway SW26010, 260 c)

4. #5 in Nov’20: Selene (AMD Epyc Rome 64 c + NVidia A100)

5. #6 in Nov’20: Tianhe-2A (MilkyWay-2A) (Intel Xeon 2592v2, 12c +
Matrix-2000 ), follow-up of 

#1 in Nov’10, Tianhe-1A (MilkyWay-1A) (Xeon, 6 c + NVidia Fermi)

6. #33 in Nov’20: SX-Aurora TSUBASA (AMD Epyc Rome + NEC VE)
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since Jun’20

Fugaku
1
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Fujitsu A64FX in Fugaku
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Fujitsu A64FX in Fugaku
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Tofu3:
6D mesh/torus interconnect 
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Fujitsu K computer 
(the Japanese word "kei" (京) means 10 quadrillion, 1016)

Jun’11: #1
Nov’11: #1
Jun’12: #2
Nov’12: #3
Jun’13: #4
Nov’13: #4
Jun’14: #4
Nov’14: #4
Jun’15: #4
Nov’15: #4
Jun’16: #5
Nov’16: #7
Jun’17: #8

Nov’17: #10
Jun’18: #16
Nov’18: #18
Jun’19: #20
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IBM POWER9 Summit
(Nov’19 #1 TOP500)

2
since Jun’20
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Summit/Sierra node architecture
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IBM Power BlueGene/Q Compute (Sequoia)

Jun’12: #1
Nov’12: #2
Jun’13: #3
Nov’13: #3
Jun’14: #3
Nov’14: #3
Jun’15: #3
Nov’15: #3
Jun’16: #4
Nov’16: #4
Jun’17: #5
Nov’17: #6
Jun’18: #8

Nov’18: #10
Nov’19: #12
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Sunway TaihuLight
(#1 in June’16 TOP500)
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Overview of the Sunway TaihuLight System

3

since Jun’20



AJProença, Advanced Architectures, MiEI, UMinho, 2020/21 22 ht
tp

://
w

w
w

.n
et

lib
.o

rg
/u

tk
/p

eo
pl

e/
Ja

ck
D

on
ga

rr
a/

PA
P

E
R

S
/s

un
w

ay
-r

ep
or

t-2
01

6.
pd

f

One cabinet
with 4 Supernodes

One Supernode 
with 32 boards

One board with 4 cards,
2 up & 2 down

Sunway TaihuLight
(#1 in June’16 TOP500)
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SW26010: the 4x64-core 64-bit RISC processor (w/ 256-bit vector instructions & only cache L1)

One card with two PU devices 
(two SW26010 chips)

Sunway TaihuLight
(#1 in June’16 TOP500)
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Overview of Tianhe-2A
(#1 in June’13 TOP500)
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Nov’20
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Overview of Tianhe-2A
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Replacing the KNC in Tianhe-2A:
the Matrix-2000 accelerator
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Next: Tianhe-3
with Fujitsu A64FX ARM-SVE + Matrix-3000 accelerators
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NUDT Matrix-3000 accelerator
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National University of Defense Technology (NUDT)
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NVidia Selene:
280 DGX A100 nodes

5
Nov’20

DGX A100 node
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NVidia DGX A100 node
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NVidia DGX-1 SaturnV:
before Selene

$149,000

Nov’18
Green500
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NEC SX-Aurora TSUBASA:
the 412-8 model

Nov’20

x30 racks

#1

6
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Architecture of NEC 
SX-Aurora TSUBASA:

8 vector coresAMD Epyc Rome

Earth Simulator
#1 from June 2002 till June 2004

VH: Vector Host
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NEC SX-Aurora TSUBASA:
the 412-8 model
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Architecture of 
NEC SX-Aurora SoC

The Vector Processing Unit (VPU):
• 32 Vector Parallel Pipelines (VPP)
• 8 Vector Reg Banks
• 8*32 64-bit Registers
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NUMA mode in NEC SX-Aurora
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By default:
NUMA disabled

When enabled:
mem & LLC 
not shared
between nodes
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Outline

1. TOP500 
a) TOP10 lists from Nov’17 to Nov’20
b) Country distribution over the past 25 years
c) PU chip technology evolution in the past 25 years and since last year
d) Evolution of the accelerators since they were available
e) Analysis of some relevant systems and architectures

2. GREEN500
a) TOP5 list in Nov’20
b) Analysis of some relevant systems and architectures

3. HPCG500
a) HPCG vs. HPL: an overview
b) TOP10 lists from Nov’17 to Nov’20
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The Green500 list
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Top Green500 systems
Nov’19

~Ghyoukou
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Top Green500 systems
Nov’20

~Selene

~Fugaku

#1 in Jun’20
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The MN-3 system
#1 in Jun’20 Green500 Nov’20

2x + 4x

Xeon 8260M 24c

MN-Core accelerator

MN-Core Board

MN-Core Server
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MN-3 (partial view)

inside
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MN-Core architecture

MN-Core Board 4 dies
each die

MAU: Matrix Arithmetic Unit
PE: Processing Element
MAB: Matrix Arithmetic Block
L1B: Level 1 Block w/ 16 MABs
L2B: Level 2 Block w/ 128 MABs
1 chip/die with 512 MABs
1 MN-Core package w/ 2048 MABs
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Gyoukou
ZettaScaler-2.2

20 immersion tanks
each tank 16 bricks
each brick 32 PEZY

each PEZY
~2K 8-way SMT cores

=>
each tank ~1M cores

10,000 PEZY-SC2 + 1,250 16-cores Xeon =
19.84 M PEZY cores + 20 K Xeon cores 

Nov’17

NA-1, #3 in Jun’20 is similar to
Gyoukou, but w/less cores
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Gyoukou
ZettaScaler-2.2
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PEZY-SC2: 2048 cores
+ 8x MIPS cores (2017)

PEZY-SC3: 8192 cores
(due in 2019, but…)

PEZY-SC4: 16384 cores
(due in 2020, but…)

8-way SMT

PEZY-SC2 in ZettaScaler-2.2
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Advanced Computing System (PreE)
(the Hygon Dhyana x86 device in a Sugon cluster)

Hygon Dhyana:
32-core 2.0GHz

Similar to:
AMD EPYC 7501

“CPU”:
32-core Hygon Dhyana

DCU:
GPU accelerator

2 nodes

Nov’19
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Outline

1. TOP500 
a) TOP10 lists from Nov’17 to Nov’20
b) Country distribution over the past 25 years
c) PU chip technology evolution in the past 25 years and since last year
d) Evolution of the accelerators since they were available
e) Analysis of some relevant systems and architectures

2. GREEN500
a) TOP5 list in Nov’20
b) Analysis of some relevant systems and architectures

3. HPCG500
a) HPCG vs. HPL: an overview
b) TOP10 lists from Nov’17 to Nov’20
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TOP500: HPCG vs. HPL
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TOP500: HPCG vs. HPL
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TOP500: HPCG vs. HPL
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http://www.hpcg-benchmark.org/
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Top 10 HPCG systems
Nov’17
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Top 10 systems
Nov’18
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Top systems
Nov’19
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Top systems
Nov’20

5.5x
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Outline

1. TOP500
a) TOP10 lists from Nov’17 to Nov’20
b) Country distribution over the past 25 years
c) PU chip technology evolution in the past 25 years and since last year
d) Evolution of the accelerators since they were available
e) Analysis of some relevant systems and architectures

2. GREEN500
a) TOP10 lists from Nov’17 to Nov’20
b) Analysis of some relevant systems

3. HPCG500
a) HPCG vs. HPL: an overview
b) TOP10 lists from Nov’17 to Nov’20
c) Analysis of some relevant systems

4. HPL-AI
a) High-performance Linpack (HPL) and artificial intelligence (AI) workloads

5. GRAPH500
a) Performance Metric (TEPS)
b) Breadth-First Search (BFS) & Single Source Shortest Paths (SSSP)
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HPL-AI Mixed-Precision Benchmark
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HPL-AI List 
(Nov’20)
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The GRAPH500 benchmark

• Description

• Performance metric: traversed edges per second (TEPS)

• List of benchmark problems
• Breadth-First Search (BFS)
• Single-Source Shortest Paths (SSSP) ht
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The GRAPH500 BFS list
(Nov’20)

1

4

19

2

6
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The GRAPH500 SSSP list
(Nov’20)
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TOP500 Overview

1. TOP500
a) TOP10 lists from Nov’17 to Nov’20
b) Country distribution over the past 25 years
c) PU chip technology evolution in the past 25 years and since last year
d) Evolution of the accelerators since they were available
e) Analysis of some relevant systems and architectures

2. GREEN500
a) TOP10 lists from Nov’17 to Nov’20
b) Analysis of some relevant systems

3. HPCG500
a) HPCG vs. HPL: an overview
b) TOP10 lists from Nov’17 to Nov’20
c) Analysis of some relevant systems

4. HPL-AI
a) High-performance Linpack (HPL) and artificial intelligence (AI) workloads

5. GRAPH500
a) Performance Metric (TEPS)
b) Breadth-First Search (BFS) & Single Source Shortest Paths (SSSP)


