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Intel Xeon Platinum

8280
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2.7 GHz

605 GFLOPS
1TB

141 GB/s

205 W

C, OpenMP, MPI
MIMD
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Intel Xeon Phi 7250P NVIDIA Tesla V100

72

1.2GHz

1.1 TFLOPS

16 GB

450 GB/s

200 W

C, OpenMP, MPI
MIMD

5120

1.53 GHz

7.8 TFLOPS

6 GB

900 GB/s

300 W

CUDA (C, Fortran)

STMD
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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)
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Cost: N (=2")
Diameter: n

25



CCS HPC Seminar 2023

Feﬁhzmﬁ (E—}JH/JII‘i )

- =R SE—RICTIRKDOUYODH HIHHD)

- BII—RHS5DUVOETI DUEDRA Y FTRESLTR
v D —D &Rk

s RAYVFTDIL—T 1« VIHER

- ROV EIEE

— Crossbar
- MIN (Multistage Interconnection Network)

— Tree (Indirect)
— Fat Tree

26



CCS HPC Seminar 2023

Q)

=
o
\.l.w

Crossbar
OB b s 088

Q B

Cost: N2

R

® H N
Ohn B

O = = = =5

O B = = B =

000000

Diameter: 1

27



CCS HPC Seminar 2023

MIN (Multi-stage Interconnection (&3

PEO
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PE2
PE3

PE4
PES

PEG
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Network)
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Cost: NlogN
Diameter: logN
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Tree

Cost: N/k
Diameter: 2logN

Fat Tree &

Cost: N/klog,N 8)&)8)&) 5&)6&) 555&) 6550

Diameter: 2log,N
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Oakforest-PACS (KNL Cluster)(@)

PACS

(7
9 ()
oy
"o

%

O

JCAHPC (U. Tsukuba and U. Tokyo) *  TOP500#6 2016/11

Fujitsu PRIMERGY CX1640 M1 cluster ~ * 68 cores/CPU
Intel Xeon Phi (KNL) * 8208 CPU (nodes)
Intel OmniPath Architecture « Peak 25PFLOPS
interconnection HPL 13.5PFLOPS

(R/RAVERERELYEREAELY)

2022 £ 3 BRZEI O TCURTLEZELL, IRXRTOY—EREZKLTLELS:
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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)

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

qu

g ol

12 of :

768 port Director Switch = S
(Source by Intel) gf;

Compute
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
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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)

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)

: '

er for Computational Sciences
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CHARM: Cooperative Heterogeneous ces e seminar 202

Acceleration with Reconfigurable (Os >
Multidevices

Basic cluster with GPUs (by InfiniBand)

\
( \

« FPGA can work both for | (o PCle switch )

. invoke GPU/FPGA kernels i ;
computation and | CPU Acgelerator
communication in . )
o o data movement via PCle Node |r1mmun Node
unified manner Computation - Communicacio| (invoked from FPGA)

+ CPU / GPU can request 0% e
application-specific \ ‘ﬂ'tge?;iﬁi‘é‘it

COmmu nICation tO FPGA i| | Applic;tion oriented IEPGA-FPGA comm. ‘ i



Single node configuration (Albireo) @

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

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

43
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Albireo node

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

CPU

e

PCle network (switch) PCle network (switch)

FPGA

\A Al \A A4
(B B ( B B

Inter-FPGA Inter-FPGA

direct network direct network
(100Gbps x4) (100Gbps x4)
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Single node configuration (Deneb) @

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

Each node is equipped with (without FPGA)
both IB EDR and FPGA-
direct network

« Some nodes are equipped
with both FPGAs and GPUs,

and other nodes are with
GPUs only PCle network (switch) PCle network (switch)
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S

Two types of interconnection network

FPGARIE 4 (Albireod &)

|

FPGA FPGA

I

N o m_ FPGA

N - ﬂ FPaA

ool

Albireo/ — F D645 DFPGA (2
FPGA/node) l$2RTb—Z7 X% v
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IB HDR100/200 Network (100Gbps x4/node)

Albireo nodes  FPGARIE#iE

Deneb nodes

P/ — RHEBOWIIESR y b7 — 7 LInfiniBandIZ L 285 D
v b7 =277, MPIZIC L 55LIEBEA A EE, CPUKUGPU®D
BEICAWS A, FPGANSCPUA L TOIEBIEL AIRE,
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Specification of Cygnus

Peak performance

# of nodes

Memory

CPU / node
GPU / node
FPGA / node

Global File System

Interconnection
Network

Programming
Language

System Vendor

2.43 PFLOPS DP

(GPU: 2.27 PFLOPS, CPU: 0.16 PFLOPS, FPGA: 0.6
PFLOPS SP)

= enhanced by mixed precision and variable precision on
FPGA

81 (32 Albireo (GPU+FPGA) nodes, 49 Deneb (GPU-only)
nodes)

192 GiB DDR4-2666/node = 256GB/s, 32GiB x 4 for
GPU/node = 3.6TB/s

Intel Xeon Gold (SKL) x2 sockets
NVIDIA V100 x4 (PCle)

Intel Stratix10 x2 (each with 100Gbps x4 links/FPGA and x8
links/node)

Lustre, RAIDG6, 2.5 PB

Mellanox InfiniBand HDR100 x4 (two cables of HDR200 /
node)
4 TB/s aggregated bandwidth

CPU: C, C++, Fortran, OpenMP, GPU: OpenACC, CUDA
FPGA: OpenCL, Verilog HDL

NEC
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Pegasus (Univ. of Tsukuba) &3

« 4th Gen Intel Xeon SP, NVIDIA H100 Tensor Core PCle GPU,

Intel Optane persistent memory % & L,
£y T — X EAIFRIICHET S
RNy
7"
[JEGASIUS

i

Parallel File System
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Pegasus DR st BE

c KRBREAEYTHOEUERA N -V THANERMEXEY Z7FAL,

KRBT — 29 Ey 77— %Al %2 5%
« KRBT — XM EY ST —RAIOFRT 7TV r—a >,
SRATFLY T M THROFH B AR

¢ 2022 FFEAVYHHA (T E A NEC LX BlOOOE Blade Enclosure

» Total Performance
e 120 nodes, 6.5 PFlops, 240 TiB Pmem

e / — F{EH&

« 3.2 TFlops Intel Xeon Platinum 8468 (Codenamed Sapphire Rapids)

200Gbps full bisection

« 51 TFlops NVIDIA H100 PCle GPU (80GB mem)
« 128 GiB DDR5 DRAM (282 GB/s)

« 2 TiB Optane DCPMM 300 series

« 6 TB NVMe SSD (7 GB/s)

 Interconnection Network
 NVIDIA Quantum-2 InfiniBand platform
NDR200 (200 Gbps) full bisection
« Parallel File System
« 7.1 PByte DDN EXAScaler (40 GB/s)

NEC LX 1OZBk 6

4th
Gen
Xeon

o o o
128GiB DDRb
2TiB Optane 120 nodes
PM 300
NVMe SSD 6 49
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® 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  Peak 125PFLOPS

Wuxi HPL 93PFLOPS
« Sunway SW26010 CPU (original)  Awarded as 2016 ACM Gordon Bell
e InfiniBand FDR Prize machine (climate code)

« TOPS500#1 2016/6-

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

« 40960 CPU (10649600 cores)
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S

Highly FLOPS-intensive architecture

3TFLOPS/chip with 256 thin cores + 4 thick
cores

Each core has very small amount of local
memory

Medium class main memory is shared by
260 cores

Unbalanced B/F (very weak for memory-
intensive applications)

Interconnection with InfiniBand FDR (7GB/s)
Is also poor compared with S TFLOPS CPU
performance

Difficult to tune the performance, but
received 2016 ACM Gordon Bell Award
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Frontier (ORNL)

L
4
9

OAK RIDGE

Natic nal Labor: tory

RO TR

e N —

https://www.olcf.ornl.gov/frontier/
202346 A B /= TTop5005 > F 9 114

« DOE/SC/Oak Ridge 64 cores/CPU
National Laboratory - 9408 CPU, 37,632 GPU
« HPE Cray EX235a with « Peak 1.7 EFLOPS
AMD EPYC CPU and HPL 1 2EFLOPS
AMD Instinct MI250X
« HPE Slingshot-11 55

interconnect
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