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B NIC (network interface
controller)
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« NUMA (Non-Uniformed Memory
Access)
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— GPU (Graphic Processing Unit)
&L TIXGPGPU (General Purpose GPU) EFE[ENn ., GPULTIR
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— FPGA (Field Programmable Gate Array)
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CBE (Cell Broadband Engine) = LANL Roadrunner
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Intel Xeon Platinum
8280

28

2.7 GHz

605 GFLOPS
1TB

141 GB/s

205 W

C, OpenMP, MPI
MIMD

Intel Xeon Phi 7250P

72

1.2GHz

1.1 TFLOPS

16 GB

450 GB/s

200 W

C, OpenMP, MPI
MIMD
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Nvidia Tesla V100

5120

1.53 GHz

7.8 TFLOPS

6 GB

900 GB/s

300 W

Cuda (C, Fortran)
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— static (direct) / dynamic (indirect)

— diameter (distance)
— degree (number of links)

-« EEEHEIR
— throughput
— latency
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» REMGEREFNMOD
— 2-D/3-D Mesh/Torus
— Hypercube

— Direct Tree
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Mesh/Torus (k-ary n-cube)

4 x4 2D torus

11511

Cost: N (=k")
Diameter: n(k-1) in mesh
nk/2 in torus
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Hypercube (n-cube)

2X2X2X2

n=4

"
I ANZL
o5 v ol V) v

Cost: N (=2")
Diameter: n

25
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— Crossbar

— MIN (Multistage Interconnection Network)
— HXB (Hyper-Crossbar)

— Tree (Indirect)

— Fat Tree
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switch

Cost: N2
Diameter: 1
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MIN (Multi-stage Interconnection (&3

Network)
PEO 0
PE1 1
PE2 — 2
PE3 — N\ 3
PE4 — 4
PE5S — 5
PE6 — 6
PE7 7  Cost: NlogN

Diameter: logN
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Tree

Cost: N/k
Diameter: 2logN

Fat Tree &

Cost: N/klog,N 8)&)8)&) 8)&)8)&) 5&356 8)&)5@

Diameter: 2log,N
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« VRATLDOYDEE

— MPP (BB 5|5t EH)
« FEK/BIL CP-PACS (SR2201)
- HH/E @ RavEa—~%
 LLNL/IBM Sequoia
 ORNL/Cray Titan

— KIRRELHARIRILETEHE
« NEC i3k SalL—%

— ANSHHNEEH (DSRIZEED)
- FURK/BI/ETLE PACS-CS
« FERKR-BEK-FEK/Appro-BiI-E1E T2K

— 7’7-l27l/ BAFINAT )R EHE

LANL/IBM Roadrunner

« I K/NEC-HP TSUBAME2.0
« F;EK/Cray HA-PACS, COMA
« NUDT Tianhe-2
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Green500

TOP500DH T. BHH-YD1EEE (MFLOPS/W)ZZ27tITLI=E D,
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BE6AE11A®D2MA., YURANEEH

http://www.green500.org/
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Oakforest-PACS (KNL Cluster)(@}

PACS

3 92
g
O

2016/12/07

JCAHPC (U. Tsukuba and U. Tokyo

ACHPC

)
Fujitsu PRIMERGY CX1640 M1 cluster

Intel Xeon Phi (KNL)

Intel OmniPath Architecture
interconnection

CCS:HPC seminar2021

TOP500#6 2016/11
68 cores/CPU
8208 CPU (nodes)

Peak 25PFLOPS
HPL 13.5PFLOPS
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Photo of computation node & chassis @

Chassis with 8 nodes, 2U size

Computation node (Fujitsu next generation PRIMERGY)
with single chip Intel Xeon Phi (Knights Landing, 3+TFLOPS)
and Intel Omni-Path Architecture card (100Gbps)

57 ACHPC  2016/12/07
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Full Bisection Bandwidth Fat-Tree by Intel Omni-Path
Architecture

12 of

768 port Director SW|tch
(Source by Intel)

A5 WEE 1N AR

Downlink: 24

Compute
11... |24 25 ] - --148 49 | - - | 72 Nodes
Firstly, to reduce switches&cables, we considered : Login Nodes 20
« All the nodes into subgroups are connected with FBB Fat-tree Parallel FS 64
« Subgroups are connected with each other with >20% of FBB
But, HW quantity is not so different from globally FBB, and globally FBB is IME 200
preferred for flexible job management. Mgmt, etc. 8

2016/12/07 ACHPC 38
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Specification of Oakforest-PACS system AN
7

Total peak performance 25 PFLOPS

Linpack performance 13.55 PFLOPS (with 8,178 nodes, 556,104 cores)

Total number of compute nodes 8,208

Compute Product Fujitsu PRIMERGY CX1640 M1

node Processor Intel® Xeon Phi™ 7250 (Code name: Knights
Landing),

68 cores, 3 TFLOPS
Memory High BW 16 GB, > 400 GB/sec (MCDRAM, effective rate)
Low BW 96 GB, 115.2 GB/sec (DDR4-2400 x 6¢h, peak rate)

Inter- Product Intel® Omni-Path Architecture

connect | ink speed 100 Gbps
Topology Fat-tree with (completely) full-bisection bandwidth

(102.6TB/s)

Login Product Fujitsu PRIMERGY RX2530 M2 server

node # of servers 20
Processor Intel Xeon E5-2690v4 (2.6 GHz 14 core x 2 socket)
Memory 256 GB, 153 GB/sec (DDR4-2400 x 4ch x 2 socket)

ACHPC 2016/12/07

39
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Specification of Oakforest-PACS system (I/O) @

Parallel File  Type Lustre File System
System Total Capacity 26.2 PB
Meta Product DataDirect Networks MDS server +
data SFA7700X
# of MDS 4 servers x 3 set
MDT 7.7 TB (SAS SSD) x 3 set
Object  Product DataDirect Networks SFA14KE
storage 4 of 0SS 10 (20)
(Nodes)
Aggregate BW 500 GB/sec
Fast File Type Burst Buffer, Infinite Memory Engine (by
Cache DDN)
System Total capacity 940 TB (NVMe SSD, including parity data by
erasure coding)
Product DataDirect Networks IME14K
# of servers (Nodes) 25 (50)
Aggregate BW 1,560 GB/sec

w0 ACHPC  5046/12/07
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Cygnus (Univ. of Tsukuba) @

41
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AiS: conceptual model of
Accelerator in Swtich @

invoke GPU/FPGA kernsls
data transfer via PCle

invoked from FPGA) Iy
FPGA can work both for
computation and oG
communication in PCle PGA PCle
unified manner comp. _ At —m——_————— :imp'
GPU/CPU can request 2o-mm collective or specialized comm~ )
application-specific ~= .l — _ _ communication __=-F
communication to > QSFP+ interconnect S
FPGA ]

Optical Network

KOBE 42
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Single node configuration (Albireo) (&3

SINGLE Network switch Network switch
NODE (100Gbps x2) (100Gbps x2)
(with FPGA)

Each node is equipped with
both IB EDR and FPGA-
direct network CPU
Some nodes are equipped
with both FPGAs and GPUs,
and other nodes are with

U u u U

CPU

Inter-FPGA Inter-FPGA
direct network direct network
(100Gbps x4) (100Gbps x4)

43 KOBE
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Single node configuration (Deneb) S

SINGLE Network switch Network switch
NODE (100Gbps x2) (100Gbps x2)

(with FPGA)

« Each node is equipped with
both IB EDR and FPGA-
direct network CPU

« Some nodes are equipped
with both FPGAs and GPUs,
and other nodes are with
GPUs only

CPU

CTUo®
CTUo®
CTo®
Co®

44 KOBE



Two types of interconnection network

Inter-FPGA direct network
(only for Albireo nodes)

FPG FPG FPG
A A A
FPG FPG FPG
A A A
FPG FPG FPG
A A A

64 of FPGAs on Albireo nodes (2
FPGAS/node) are connected by
8x8 2D torus network without
switch

45 KOBE
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InfiniBand HDR100/200 network for parallel processing
communication and shared file system access from all nodes

IB HDR100/200 Network (100Gbps x4/node)

Inter-FPGA torus network

Albireo nodes

Deneb nodes

For all computation nodes (Albireo and Deneb) are connected by
full-bisection Fat Tree network with 4 channels of InfiniBand
HDR100 (combined to HDR200 switch) for parallel processing
communication such as MPI, and also used to access to Lustre
shared file system.
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Specification of Cygnus S

tem | Specification G Y GNUS
Peak performance 2.4 PFLOPS DP
(GPU: 2.24 PFLOPS, CPU: 0.16 PFLOPS + FPGA: 0.64 SP FLOPS)
# of nodes 80 (32 Albireo nodes, 48 Deneb nodes)
CPU / node Intel Xeon Gold x2 sockets
GPU / node NVIDIA Tesla V100 x4 (PCle)
FPGA / node Nallatech (Bittware) 520N with Intel Stratix10 x2 (each with 100Gbps x4
links)
NVMe Intel NVMe 1.6TB, driven by NVMe-oF Target Offload
Global File System DDN Lustre, RAIDG, 2.5 PB
Interconnection Network Mellanox InfiniBand HDR100 x4 = 400Gbps/node (SW=HDR200)
Total Network B/W 4 TB/s
Programming Language CPU: C, C++, Fortran, OpenMP
GPU: OpenACC, CUDA FPGA: OpenCL, Verilog HDL
MPI MVAPICHZ2, IntelMPI with GDR + original FPGA-GPU-communication library
System Integrator NEC
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S

0¥ GNUS

IB HDR100 x4
= HDR200 x2

100Gbps x4
FPGA optical
network

IB HDR200
switch (for
full-bisection
Fat-Tree)
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Linpack 442PFLOPS (Peak 520PFLOPS), #1 in TOP500 on 2020/06 and 2020/11

CPU: Fujitsu original A64F X, 48 core/chip (many-core) x 150k node
water cooling on CPU chips and interconnection driver chips, single CPU chip/node (in the above photo,
two CPU chips share a motherboard but they are separated into two nodes actually)

Interconnection Network: TOFU-D (6-D Torus, but user can access 3-D Torus)

Operation: RIKEN R-CCS (Riken Center for Computational Science)

ARM-base CPU with high performance SIMD instruction set, supporting FP64, FP32 and FP16 (for Al)
While most of top10 machines are equipped with accelerators (GPU), Fugaku is equipped with general
purpose many-core CPU for easy programming and application porting.

48 2020/12/16



® Armv8.2-A (AArch64 only) + SVE (Scalable Vector

CPU Architecture: A64FX

Extension)

e FP64/FP32/FP16 (https://developer.arm.com/products/architecture/a-

profile/docs)

® SVE 512-bit wide SIMD
@ # of Cores: 48 + (2/4 for OS)

Co-design with application developers and
high memory bandwidth utilizing on-package
stacked memory: HBM2(32GiB)

Leading-edge Si-technology (7nm FIinFET),
low power logic design (approx. 15 GF/W
(dgemm)), and power-controlling knobs

PCIe Gen3 16 lanes

Peak performance

e > 2.7 TFLOPS (>90% @ dgemm)

e Memory B/W 1024GB/s (>80% stream)
e Byte per Flops: approx. 0.4

2019/08/27
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€ “Common” programing model will be to run
each MPI process on a NUMA node (CMG)

CMG(Core-Memory-Group): NUMA

Tofu
Interface

PR

node
12+1coTE
PCle
Controller
L )
| o) (c][c i‘ "
: 3 = _EJEHS ¢
L= ([F(J(J( /I
= EEE |
| 3 @ .: |
.~ ﬂﬂﬂm)

________

_____

e — = —

_____

————

HBM2: 8GiB

with OpenMP-MPI hybrid programming.
@ 48 threads OpenMP is also supported.
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« National Supercomputer Center in
Wuxi

«  Sunway SW26010 CPU (original)
* InfiniBand FDR
« TOP500#1 2016/6-

e (64 thin core + 1 thick core) * 4/
CPU

« 40960 CPU (10649600 cores)

2016/12/07 ACHPC

Peak 125PFLOPS
HPL 93PFLOPS

Awarded as 2016 ACM Gordon Bell
Prize machine (climate code)
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CPU (SW26010) of TaihuLight @

W1 s . Highly FLOPS-intensive architecture
]l T + 3TFLOPS/chip with 256 thin cores + 4 thick
| A= cores
| il | « Each core has very small amount of local
jo— memory
« Medium class main memory is shrared by
l f— \ e 260 cores
L = ﬁlﬁ & M - Unbalanced B/F (very weak for memory-
\EEEEEE] | | s intensive applications)
T — » Interconnection with InfiniBand FDR (7GB/s)
D is also poor compared with 3STFLOPS CPU
Trics; performance

 Difficult to tune the performance, but
received 2016 ACM Gordon Bell Award

2016/12/07 ACHPC >
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« National Supercomputer  TH Express-2 interconnection (same
Center in Guangzhou perf. of IB QDR (40Gbps) x2)

« Top500 2013/6 #1, « CPU Intel IvyBridge 12core/chip,
33.8PFLOPS (efficiency 62%), 2.2GHz
16000node(2 Xeon(12core) + . ACC Intel Xeon Phi 57core/chip,
3 Phi(57core), 17.8MW, 1 1GHz

1.9GFLOPS/W 162 racks (125 rack for comp.

128node/rack)
2014/12/24 ACHPC 52
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Compute Node of Tianhe-2

Compute Node

* Neo-Heterogeneous Compute Node

a Similar ISA, different . .
omm. Pol ,_ al Gigabet
ALU ; &£

a 2 Intel lvy Bridge
CPU + 3 Intel Xeon
Phi

a 16 Registered ECC |
DDR3 DIMMs, 64GB

a 3 PCI-E 3.0 with 16
lanes GOORS . 16X PCIE,

o PDP Comm. Port
o Dual Gigabit LAN

a Peak Perf. :
3.432Tflops

16X PCIE
—

CPU x 2: 2.2GHz x 8flop/cycle x 12core x2  CPU: 422.4 x 16000 = 6.75PFLOPS

= 422.4GFLOPS 64GB x 16000 = 1.0 PB
MIC x 3: 1.1GHz x 16flop/cycle x 57core x 3 MIC: 3010 x 16000 = 48.16PFLOPS
= 3.01TFLOPS 8GB x 3 x 16000 = 0.384 PB

2016/12/07 ACHPC 53
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ABCI (AIST)

-

lf“‘l‘

i 7| =

A g |
s I

1?.": llll“"l"lll

il
I

ﬁ“ ,mmmn g

o AIST(E#H)  InfiniBand EDRx2 (non-full fat tree)
* Fujitsu PRIMERGY CX2570M4 CPU Intel Xeon Gold 6148, 2.4GHz
 Top500 2018/06 #5 « GPU NVIDIA Tesla V100

19.9PFLOPS (efficiency 61%), FEERE (16bit FEN/NSE) THNIEH

43520 CPU core + 4352 GPU, 0.5EFLOPS (Deep Learningml ()
3MW, 6.6 GFLOPS/W

2014/12/24 ACHPC 54
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Corl Phase-ll (Cray XC4O W|th K

« NERSC, LBNL 68 cores/CPU

« Cray XC40 with Intel * 9152 CPU (nodes)
Xeon Phi (Knights  Peak 27PFLOPS
Landing) HPL 14.0PFLOPS

» Cray Aries Interconnect
« TOP500#5 2016/11

2016/12/07 ACHPC 55
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Dragonfly network topology of Cray’s Arieg=

network chip (used in Cori)
00993099 P 9P9PQ9 999 9999
G, G, 28 G,  in “Island”, all nodes are completely

connected by Local Channels
« from an Island to other Islands, at

least one Global Channel is
= connected with each other
N . R
[g R R h Global channels « for different Island, different router
, 0‘ , " . 21 1 31 \ is used to connect to avoid traffic
G O O W W W i
ey @0 CE ®E  Local channels congestion

« Tough for random transfer while
reducing the total network links

Example: N =72

2016/12/07 ACHPC 56
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— OAFTATAHANS—T Oty (64bit IA32=x64)
— AETATAHERYNT—DERAMYF
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FED @

o WHMIBURTLT—XTIF¥
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DFRIEH A EE
— 2DMDHREAR) Y% :throughput & latency
- A F|NIBL R T LDOER
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ZETE#ORKRMEEEIZDWT, a7 Hhi=Y. FyTHi=Y. /—FHT1=Y.

VAT LERIZODVWTRE, A7 H=YIZTDOWTIE, ZDIENERT

Eo 212U/ —FEMANTROZT RIS
LIRT L,

2. LinpackZE{TRD I AT LEERDE
MOEZERINDIBEHE#HOIFHIZOWTIHER K, 4HE. Top500M 1) R
~Zhttp://www.top500.ora/MEITHE LD TEAHO—KTE5S,

BROIGEFEBHERIZONT

LEEBL TR &,

=1 BITIELZETops00M ! A+
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