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Outline of This Talk

B The supercomputer Fugaku
Fugaku: Rank #1 Top500,HPCG,HPL-AI,Graph 500 @SC 20, Nov.2020
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Benchmarks | Rank #1 Records Rank #2 | Records | zt*

TOP500 Fugaku 442 PFLOPS| Summit 148.6 2.97
HPCG Fugaku 16.0 PFLOPS| Summit 2.93 5.46
HPL-AI Fugaku 2.00 EFLOPS| Summit 0.55 3.64
Graph500 | Fugaku |[102,956 GTEPS| Sunway | 23,756 4.33

B Fugaku LLIO FEFS Update

Overview of the supercomputer Fugaku filesystem
Preliminary LLIO FEFS Performance Evaluation

B FEFS Lustre Status

Bug Fix Statistics Information
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Overview of
the supercomputer Fugaku
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High Performance Arm CPU “A64FX” sy

" (MG (Core Memory Group) 1/0 u ArChItECtU e featu I'es

TofuD PCle Gen3 16 lanes ISA Armv8.2-A (AArch64 only) SVE (Scalable Vector Extension)
28 Gbps x 2 lanes x 10 ports

specification
13 cores
L2 Cache 8 MiB

Mem 8 GiB. 256 GB/s SIMD width 512-bit

Precision FP64/32/16, INT64/32/16/8
# of cores 48 computing cores + 4 assistant cores (4 CMGS)

| Memory HBM2: Peak B/W 1024 GB/s

Interconnect TofuD: 28 Gbps x 2 lanes x 10 ports
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Software Stack for Fugaku FUjiTsu

B Fugaku system supports SBSA/SBBR
m Keeping binary compatibility with the other Aarch64 based systems.

Fugaku Applications

FUJITSU Technical Computing Suite / RIKEN Advanced System Software
Wagementgscmmﬂ:hi’cal File I/O Software Programming Environment

System management
for highly available &
power saving
operation

MPI (Open MPI, )
OpenMP, COARRAY, Math Libs.

Job management for Lustre-based _
Compilers (C, C++, Fortran)

higher system distributed file system

utilization & power FEFS
efficiency

Debugging and tuning tools

arm Linux OS (RHEL)/ McKernel (Lightweight Kernel)

Fugaku System Hardware
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K computer vs. Fugaku(l Peta FLOPS System)ujitsu

B K computer B Fugaku

m 80x compute racks & 20x disk racks ®m 1x rack w/ SSDs

SPARC64 VIIIfx =9
B | B

Compute nodes  7,680(=96x80)
10 nodes 4,80(=6x80)
Footprint (m?) 128(=4x32) 1.1

384

More applications as well as
system software will come in
collaboration with
Open Source Community

6 Copyright 2020 FUJITSU LIMITED



(o8,
FUJITSU

The supercomputer Fugaku
fillesystem design
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K computer File System Design FUjiTSU

B Pros: JLUG2018
m Stable Application Performance for Jobs

m Cons:
®m Requiring three times amount of storage which a job needs

m Pre-defining file name of stage-in/out processing lacks of usability

m Data-intensive application affects system usage to down because of waiting pre-
staging-in/out processing

Computing Node
Application
Linux

Local File System
using FEFS

y ___/
-
Job Control > Login :
Node Node r.-“

v Global File System </ Users
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Fugaku File System Design FUjiTSU

B Introducing three level hierarchical storage. JLUG2018
m 1st Jevel storage: Accelerating application file I/O performance (Local File System)
m 2nd [evel storage: Sharing data using Lustre based file system (Global File System)
m 3rd |evel storage: Archive Storage (Archive System)

B Accessing 1st level storage as file cache of global file system and local storage
m File cache on computing node is also used as well as 1st level storage

Computing Node

Application

\% SSD Based
m 1st Level Storage
——

1 =
S Z
Job Global File System
Control ustre based file system on 2" Level Storage
Node e o

-
| Archive Storagefor 3™ Level Storage I
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Performance of the First Layer:
LLIO File System
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LLIO T4¥8E51 FUjiTSU
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LLIOM&E: /— RT3 FUJTSU

B [OR WRITE(File/Proc): 18.6 TB/s@158,963 nodes | ornL summit: (mmstsse)

WRITE: 9.7 TB/s

B JOR READ(File/Proc): 45.2 TB/s@158,963 nodes READ:26.7 TB/s
2R — S BBORSH/\— RITT ML HBIL EREIERY, | | World Record

on Single System

J—=RARTMIY (write) J—RAF>iN3U(read)
100.0 100.0

|
o
o

10.0

ZIV=Twhk [TB/s]
ZI =Tk [TB/s]

—
o

1.0 <

0.1 0.1
1,000 10,000 100,000 1,000,000 1,000 10,000 100,000 1,000,000

J—R#% [node] J—R#% [node] File Size 1GB
Collaborative work with RIKEN on the supercomputer Fugaku
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LLIO4gE: 56 2 f&E+vv>1 FUJTSU
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Collaborative work with RIKEN on the supercomputer Fugaku

17 Copyright 2020 FUJITSU LIMITED



(o8,
FUJITSU

Performance of the Second Layer:
FEFS File System
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FEFSODE
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Lustre 2.10.8 Testing Results @Fujitsu FUJITSU

m Failure Analysis on FEFS (Lustre 2.10.8)
mTotal Fix 59: 5 in LU-ticket (Known bugs)

Failure by Components Reason

M DNE2 uLNET ®QUOTA m Logic Error
MPTLRPC  ®UMOUNT ®REFCOUNT Wrong Error Handling
M FAILOVER uWMEMORY M RECOVERY Wrong |mp|ementation

HLOCK u KERNEL HETC
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