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Advanced Architectures

Master Informatics Eng.

2019/20

A.J.Proença

HPC systems: TOP500 lists
(some slides are borrowed)
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Outline

1. TOP500 
a) TOP10 lists from Nov’17 to Nov’19
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’19
b) Analysis of some relevant systems

3. HPCG500
a) HPCG vs. HPL: an overview
b) TOP10 lists from Nov’17 to Nov’19
c) Analysis of some relevant systems

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

5. And next?...
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Measuring performance in TOP500
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Top 10 HPC systems
Nov’17 TOP500
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Top 10 HPC systems
Nov’18 TOP500



AJProença, Advanced Architectures, MiEI, UMinho, 2019/20 6

Top 10 HPC systems
Nov’19 TOP500
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Country distribution over the past 25 years
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Chip technology in the past 25 years
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Xeon E5
(Sandy
Bridge)

Xeon E5
(Ivy 
Bridge)

Fujitsu
Sparc64

AMD
Opteron

Xeon 
Gold

Processor generations
Nov’17 & Nov’18

Intel Xeon E5
(Broadwell)

Xeon E5
(Haswell)

Xeon Phi
(KNL)

Xeon E5
(Ivy Bridge)

AMD
Opteron

Power
BQC

Nov’17 Nov’18 



AJProença, Advanced Architectures, MiEI, UMinho, 2019/20 10

Processor generations
Nov’19
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Accelerator families in the past 25 years
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Accelerators
Nov’11 - Nov’19
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Accelerator family distribution 
Nov’17 & Nov’18

Nvidia
Kepler

Nov’17 Nov’18 
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Accelerator family distribution 
Nov’19
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IBM POWER9 Summit (Nov’19 #1 TOP500)
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22-core IBM POWER9
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IBM POWER9 + NVidia V100
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Summit 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
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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 nodes 
(two SW26010 chips)

Sunway TaihuLight 
(#1 in June’16 TOP500)



AJProença, Advanced Architectures, MiEI, UMinho, 2019/20 23

Overview of Tianhe-2A
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Overview of Tianhe-2A

ht
tp

s:
//w

w
w

.n
ex

tp
la

tfo
rm

.c
om

/2
01

8/
02

/1
4/

lo
ok

-w
ha

ts
-s

to
re

-c
hi

na
s-

tia
nh

e-
2a

-s
up

er
co

m
pu

te
r/



AJProença, Advanced Architectures, MiEI, UMinho, 2019/20 25

Replacing the KNC in Tianhe-2A:
the Matrix-2000 accelerator
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Next: Tianhe-3:
Fujitsu A64FX ARM-SVE + Matrix-3000 accelerators
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NUDT Matrix-3000 accelerator

ht
tp

s:
//w

w
w

.n
ex

tp
la

tfo
rm

.c
om

/2
01

9/
05

/0
2/

ch
in

a-
fle

sh
es

-o
ut

-e
xa

sc
al

e-
de

si
gn

-fo
r-

tia
nh

e-
3/

National University of Defense Technology (NUDT)
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Intel presence at TOP500:
the Xeon Processor Scalable Family

(formerly code-named Skylake-SP)
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Intel Xeon Scalable Processor
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Next PU generations for HPC:
Intel Xeon Processor Scalable Family
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Intel levels of AVX512
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Intel Xeon Scalable Processor :
the AVX512 VNNI extension
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Intel Xeon Scalable Processor:
the AVX512 VNNI extension
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Intel Xeon Scalable Processor:
the AVX512 VNNI extension
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Intel Xeon Scalable Processor:
the Advanced Performance (AP) serie

FCBGA5903

8200 die,
up to 28 cores

up to 112 cores, ~$100,000
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Next at Intel:
the Sunny Cove micro-architecture

(for the Ice Lake chip and ...)
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Key Intel Xeon competitor:
AMD Epyc (Zen, Zen 2, 3, 4)
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AMD Epyc:
from Zen 2 (Rome) to Zen 3 (Milan)
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The new Cray cluster for NERSC:
Perlmutter

Design for the set of racks

AMD Epyc Milan
(Zen 3)

Nvidia Volta-next
(next-gen Volta)



AJProença, Advanced Architectures, MiEI, UMinho, 2019/20 41

Intel Xeon vs. AMD Epyc
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Intel Xeon vs. AMD Epyc
(both launched 1st half 2019)

L2/ 1MiB/core/

/Bandwidth /131.13 GiB/s

512 KiB/core/

/190.7 GiB/s

(Rome)

2.25 GHz – 3.4 GHz 2.7 GHz – 4.0 GHz
AVX512: 1.8 – 3.7 GHz

14 nm
single-die, 2 SNC

7 nm, I/O 14 nm
9-die package

14 nm
2-die 82xx, 56 cores
12 memory channels
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Outline

1. TOP500
a) TOP10 lists from Nov’17 to Nov’19
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’19
b) Analysis of some relevant systems

3. HPCG500
a) HPCG vs. HPL: an overview
b) TOP10 lists from Nov’17 to Nov’19
c) Analysis of some relevant systems

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

5. And next?...
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The Green500 list
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Top 10 greener-HPC systems
Nov’17 Green500
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Top systems
Nov’18 Green500
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Top systems
Nov’19 Green500
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Energy efficiency:
Green500 in Jun’19
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NVidia DGX-1 SaturnV

$149,000

Nov’18
Green500
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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 Green500
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Gyoukou
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

x2

Nov’19 Green500
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Outline

1. TOP500
a) TOP10 lists from Nov’17 to Nov’19
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’19
b) Analysis of some relevant systems

3. HPCG500
a) HPCG vs. HPL: an overview
b) TOP10 lists from Nov’17 to Nov’19
c) Analysis of some relevant systems

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

5. And next?...
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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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Top 10 HPC systems
Nov’17 HPCG-500
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Top 10 systems
Nov’18
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Top 10 systems
Nov’19
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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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Next PU generations for HPC:
Fujitsu, from SPARC64 to ARMv8

Tofu3
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ARM brand: a bit of history...
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HPCs with ARMv8:
server-level competitors

1. Marvell ThunderX product family

2. Fujitsu A64FX Arm chip

3. Ampere eMAG 8180 Arm Processor

4. Neoverse N1 hyperscale reference design

5. Huawei HiSilicon Kunpeng 920 
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The Marvell/Cavium ThunderX2
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The Marvell/Cavium ThunderX2
architecture block diagram

Scalability
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Broadwell, Skylake & ThunderX2
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HPC systems with ARMv8:
Astra Apollo 70

HPE Apollo 70
Cavium TX2 Node

Dual-socket ThunderX2 CN9975
28-core @ 2.0GHz

8 DDR4 controllers/socket
1x 8GiB DDR4-2666 DIMM/socket
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HPC systems with ARMv8:
Cray & BSC are also betting on ThunderX2 
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Fujitsu’s A64FX ARM Chip 

ht
tp

s:
//w

w
w

.n
ex

tp
la

tfo
rm

.c
om

/2
01

8/
08

/2
4/

fu
jit

su
s-

a6
4f

x-
ar

m
-c

hi
p-

w
av

es
-th

e-
hp

c-
ba

nn
er

-h
ig

h/



AJProença, Advanced Architectures, MiEI, UMinho, 2019/20 71

Tofu3:
6D mesh/torus interconnect 
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Ampere eMAG chip
Ampere Computing ... led by former Intel president Renee James

No support yet for 2-sockets
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Arm Neoverse N1
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Arm Neoverse N1

CMN
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Amazon Web Services (AWS):
the new Graviton2 with custom Arm Neoverse N1 cores
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The Huawei Kunpeng 920
(previously known as HiSilicon Hi1620) 

The Huawei Kunpeng 920 is based on the TaiShan V110 core, a semi-custom ARM Cortex-A72

• 128-bit Advanced SIMD unit
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The Huawei Kunpeng 920:
a multi-chip 48-64 cores

SCCL:
Super CPU cluster

SICL:
Super IO Cluster

CCL:
CPU Clusters
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The Huawei Kunpeng 920:
multi-socket support
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Outline

1. TOP500
a) TOP10 lists from Nov’17 to Nov’19
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’19
b) Analysis of some relevant systems

3. HPCG500
a) HPCG vs. HPL: an overview
b) TOP10 lists from Nov’17 to Nov’19
c) Analysis of some relevant systems

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

5. And next?...
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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)
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The GRAPH500 BFS list
(November’19)

3

12

22

1

9

13

14
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The GRAPH500 SSSP list
(November’19)


