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e 2nd |ayer file system
e Monitoring and Log collection
o EM L DRBIES
o L

®, |||
RCCS



om
RCCS

= EilE



3 A==V E1-9EE] m

e 2014£EH575v4H3vI°20202 0319 MV FMA

o 20194F(C ¥¥HE§E‘I‘73‘ TU, 20204E5RIC2TD
sTH./— ROA N 5T

o zozma);smrﬁuz'a(._nut, SATAARERE il
o 2020F4ANS—EDETE ) — Rett ARSI,
EUTIR .

. FRERAILIESOYSA, covidl Ot HERE TF

o 20214F3A LDHAEMARI

T Ty ey ey

o & #xMUnEiZRE (ISC20, SC20, ISC21) TOP500  442.01 PFLOPS 158,976
e TOP500, HPCG, HPL-AI, Graph500 HPCG 16.0 PFLOPS 432 158,976
HPL-Al 2,004 PFLOPS 432 158,976

Graph500 102,955 GTEPS 432 158,976
ref. https://www.r-ccs.riken.jp/fugaku/
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Compute Rack

2
i
=@

i)

System Board (SB)

% | &=

Nodes 82,944+5,184 158,976

Racks 864 432
(24 compute nodes) (396 : 384 nodes)
(6 10 nodes) (36 : 192 nodes)

4 Nodes, 4 CPUs

1 CPU /1 Node

24 SBs, 96 Nodes, 96 CPUs
6 IOSBs, 6 Nodes, 6 CPUs

X8

Shelf

(Bunch of Blades) 48 Nodes, 3 BoBs
16 Nodes

EE'E _
: CPU

- =

CPode (CPU Memory Unit)

2 Nodes, 2 CPUs

Rack
384 Nodes, 8 Shelves

Courtesy of FUNTSU LIMITED 5
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CPU - Fujitsu A64FX

RIKZN

e A64FX
Arm 8.2-A SVE CPU made by Fujitsu (https://github.com/fujitsu/A64FX)

[ ]
. 48 cores for compute and 2/4 for OS activities ! mod
. . .. . . normal mode (2.0GHz
e TofuD interconnect interface is integrated into CPU chip @ ( )
8 SIMD x 2 (FMA) Network TofuD NIC
12core + 1 assistant core inter-nodes 6.8GB/s x 6
768 GFLOPS / CMG Silicon
Interposer
ruffrsu
CMG: Core-Memory-Group e NIC
y AG4FX
Corel || core2 |[ core 3 |[ core 4 || core 5 |['core 6 Gear BOX J
Core 7 || Core 8 || Core 9 ||Core 10 || Core 11 || Core 12 | | N
5 2
Q Q Q Q Q Q 2 [rcovG2 cMG3 1P
L2 Cache - —
5 a3
9 S M CMGO CMG1 1§
Memory Interconnect onchlp 1< <
Controller / L2 cache |nterface _-—
t t 8 MiB/CMG, HBM2 (2Gbps) Ring Network
16way 8GiB/CMG, 128GB/s x 2 (bidirectional)
Interconnect onchij s ; [ Support coherence between
emo ) (512KiB/way), 32GiB/node, pp
v (Ring bus 1024GB/s || 1024GB/s/node L2 caeie

ref. Toshio Yoshida, “Fujitsu High Performance CPU for the Post-K Computer, ” IEEE Hot Chips: A Symposium on High Performance Chips, San Jose, August 21, 2018



2 Interconnect e

e Tofu Interconnect D

e Features e Performance
. 6 RDMA Engines . 8B Put latency : 0.49-0.54 usec
. Hardware barrier support . 1MiB Put throughput : 6.35 GB/s
. Network operation offloading
capability

Comparison with Tofu

Tofu TofuD

Data rate (Gbps) | 6.25 28.05

IHHHIH 2 lanes x 10 ports

TNR(Tofu Network Router)

40.8 GB/s
(6.8 GB/s x 6)
Z Z Z _ _ _

TNI; Tofu Network Interface (RDMA engine)

Link bandwidth (GB/s) 5.0 6.8

# of TNIs / node 4 6

Injection bandwidth / node (GB/s) 20 40.8

ref. Yuichiro Ajima, et al., “The Tofu Interconnect D,” IEEE Cluster 2018, 2018.



2 Tofu (Torus fusion) Interconnect D m

e High communication performance and fault-tolerant network
e Network topology : 6D mesh / torus network
e Each node has 10 links (28 GB/s x 2 bandwidth)
« 4 links for making a Tofu unit (2x3x2 mesh / torus, a,c:mesh / b:torus) and 6 links for XYZ link (XZ:torus / Y:mesh)
o Networksize : (X, Y, Z, a, b, c) = (24, 23, 24, 2, 3, 2)
e Multi-path routing by a combination of XYZ link and 2x3x2 mesh / torus network enables to make a detour of faulty nodes
e From user’s point of view, network topology of the job is 1,2 or 3D torus network.

e This torus network is dynamically configured when the job starts.

v :
D ¥ 3 “i '0
OO e L ep
£ | SR
- —O0-—0

sarg===e Juillk
e

CE o]
z PP
%a Tofu unit y & & o
(2x3x2 mesh / torus)
\ J

Tofu La(nits form 3D torus.

Neighboring Tofu units are
connected by 12 links.



2 System Configuration m

Compute Node + Compute&IO Node e Compute node

e 432 racks (158,976 nodes)
Each rack consists of 384 nodes, but 36 racks

o includes half nodes)

Login Nodes

CN

el
&] sl

\ CN [oe .:'N C.N

C&SION CN_ eee C&SION CN_ Jeee

.0
=

CN  |ess

o
=

CN

CN  |eae CN CN  |ese CN  |ses

Cloud Storage e Interconnect

+ Vlisualization Nodes

C&SlON wee C-N aee c&s:|0N s C-N aee (;N eee
E Foy Gateway Nodes e TofuD (28 Gbps x 2 lanes x 10 ports)
: : : : : Pre/Post Processing . 6D mesh/torus (Physical configuration)
[ CN [oe C.N | C‘N oes C.N | C.N [ose C.N oo Nodes
e e e Y e e - Large-Memory Nodes . 3D torus (Logical configuration)

@@

|

e Storage system

| I/O Network e 1stlLayer
( Network . Cache for 2nd Layer file system
| | . Temporary file systems
| Shared File Systems | - Local file system for compute node
5_14_[)_5";4;5“;1;;_5_ _p.;(.;S__i E— 0SS = 0SS i - Shared file system for a job
i g g i i i e 27 Layer
i i I i . Fujitsu FEFS: Lustre-based file system, about
: MDT MGT : 0sT : 150 PB

3rd Layer

lj .‘ °
B
j .i . Cloud storage services are considered

2" Storage
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Types of nodes RS

Tofu unit : : : :
axbxc=2x3x2:12 nodes j:/ L
(= L
_l__l_ 1
Tofu unit including 3 BIO nodes [Bialot sl :_ [
. h —J--
1 —_ -

Tofu unit including 3 SIO nodes

Tofu unit including 3 SIO nodes
and a GIO node

Range of compute nodes using
the same SIO node

(1 shelf: 3 BoBs: 4 Tofu units:
48 nodes)

Interconnect cable —)

z
QY
X Internal configuration of 1 rack

fig. Internal configuration of compute rack.

e Compute node
e Two assistant cores
. they improve yield and reduce power
e Compute node with I/0 (I/0 node)
e Four assistant cores
. they serve I/O operations as well as OS operations
e Three types of I/O nodes
. BIO (Boot I/O node)

- a boot server including boot storage, one BIO in a BoB
(16 nodes)

. SIO (Storage I/0 node)

- a storage server including SSD of 1st layer storage, one
SIO in a BoB

. GIO (Global I/O node)

- a relay node over InfiniBand for FEFS, which is a cluster
filedsyﬁtem of 2nd layer storage, two GIOs in a rack (384
nodes



2 IB Network configuration m

Spine Spine Mellanox
switch C87510

Leaf Leaf Mellanox 55
switch SB7800

*1 Note that 36 racks out of 432
racks consist of 192 nodes.

36 units *2 Each leaf switch is connected
to two spine switches via nine
InfiniBand EDR links each.

Spine Spine

o — - — -9 EDR (1 cable)
——= EDR (6 cables)
(
(

S oo @ @ EDR (8 cables)
Leat || Leat | | Leaf | (el EDR (9 cables)
16 units r 4 3 o«
/, \ \\
4 ! AN ~
s 7 1 N\ ~
s 7 1 \ ~
o »
- Logi‘n Logn Login | |Login Manz;?ement_
(e o oo [nedo| | | Lo [puie| | e
Object héi!ta Managt] Login Login
Soey| 0SS || 0SS || 0SS server| [ MOS || | | Sorver| | MES node node
0S5 (MDS) (MGS)
&5 Management Management
server i | server ==

2" Layer storage



2 Comparison with K computer m

Architecture
Cores
Peak DP performance
Node Main memory
Peak Memory Bandwidth

Peak Network performance

ABAFX (Armv8.2-A SVE + Fujitsu Extension)

48 cores for compute and 2/4 for OS activities
3.072 TF (3.3792 TF)

HBM?2 32 GiB

1024 GB/s

TofuD (28 Gbps x 2 lane x 10 port), 40.8GB/s

Sparc64 VIlifx

8 cores

0.128 TF

DDR3 16 GiB

64 GB/s

Tofu (5 Gbps x 2 lane x 10 port), 20GB/s

Technology 7 nm FinFET 45 nm CMOS

Nodes 384 or 192 102
Rack
Peak DP performance 1.2 /1.3 PF <0.013 PF
Racks 432 (36 racks is a92 nodes) 864
Peak DP performance 488 PFLOPS / 537 PFLOPS 11.28 PFLOPS
System

Power (HPL) 29.9MW 12.7MW
Rpeak 442 PFLOPS 10.51 PFLOPS

HPL Performance is about 42x , but power consumption is only 2.4x
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2 Storage system m

e Three-layer storage system

o 15t Layer
Compute& ces Compute cee ses eee Compute oo Compute vee One Of 16 com t d SIO d h
BIO Node Node Node Node . pute nodes, noae, nas
5 . g : SSD about 1.6 TB
Compute& Compute | .. esee eos Compute oo Compute& | o H
510 Node | ***|_ Node Node GIO Node Services on SIO node

- Cache for 2nd layer

ses e
LN NN ]
ess s
LA LN NN ]
eee e

Storage .
- Temporary file systems
C ORI ese Compute eee ooe oo Compute eee Compute see .
BIO Node Node Node Node - Local file system for compute node
. : . : - Shared file system for a job
Compute& |, , . Compute cos aee  eae Compute .ee Compute& o q
SIO Node Node Node GIO Node ° 2n Laye r

1" TLayer
Storage

. FEFS (Fujitsu Exabyte File System):
Lustre-based file system, about 150 PB

d
Storage ‘ . . Cloud storage services are considered
HPCI storage

ssesee
LA R RN} ]
eeseeee
sse e
sss s

Cloud Storage
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R LLIO: Lightweight Layered I/0O Accelerator QM

o LLIOLIX, WMHNDERIT7ANSATATHBFEFSLFEH ) — ROBEICAIET S,
SSDZERUEERMHRERIFAINIAT L, FRIFENZRIRY S5l

o TITAD—BFI7/ I ZFEFSICEEHIRL), FIFLLIONSFEFSADE L
Uzt ELIRR(CIEFEEAICI T CE TRE b= 3EIR

B R
o J/—RAFVRFUsHIE
= LLIO (SSD) ® ;tﬁ;>/-ﬁ5Uﬁi§2

o B2[EBAMN —S DI 10R1E

2beE FEFS (HDD)
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B1pEE
A=

B2pEE
A=

1-YAD>3Jd
&R || st&/-R || 5t&/-R
77 77 77
I A 14
______ K ___________¥__¥_¥_____

_______

et

EE———

—
| /share/fileB|

| Frysa7r—4 |

'
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R-BXREOEK

write read

b1

®J—-RAFYRS YUk

QHBETF RSV
QE2RBAN—-SD

PO I DAL

! 1-YBO>3J |

| tEs—k || srEo-k || srE-K |
T 77 7 ||
i A A A i

i ~—— - = [ % | — ]

i jf j /1c cal/ﬁleﬁ/r
i S— v )/i/
i | /share/fileE | ;
jp— -
! Fry>a17—4

v
ﬁ/oIOOON/groupA/userA/fiIeA |

> J1—-HA
s 1-YB

aOJ4>J)—k




3 J—RAFYRSU4ER m

o JAT(CEIDYTSNEENETNDEHE
e || ostE | B J—RTHIATES—IFnAlE

J=K J—K o o TITBIMARBFICIERR, & THRHCHIBR

\{\”‘W - o SIOIIERHENILSSDZ 168 D:H
/—RTHEB

SIO e &KX 87GiB/ J—R

o SIONASYT—HY—=)V
SSD
(1.6TB)




3 IORDEE m

50.0 10000

40.0 8000
- =o=—read =e=write SIO
(7]
N

30.0 6000 @
= o
- (7]
‘5’ Y
2 o
oo 200 4000
>
o
S
=

10.0 2000

0.0 0

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000

# of nodes

e 1proc/node, 1GiB, 1 stripe count
o TH8EIZSIOZRICLEHI



3 BT YRS U4E m

ST ICTHA S ENEE — REE o AT ICTPH1YENIHTE /- RiEITit
B B =] By =] B =] ﬁ-c‘ 357_->l-ﬁ5 Uﬁiﬁﬁ
it I L ato || st R BrGiB

$ o SSD_LICOMHFTE
Tofu D . ERBAEESHEINAL
o YT CTERATZEBSIODEUISITH

SIO | e SIO Emg-%j_ F&T‘(:tb{y“

— — o D KENTITE, SIOZEHHI
= = BN/~ REEIDHT

o LLIOHDOMDSZR=E



IORDFER e

10000

50.0
40.0 8000
- —eo—read —e—write SIO
SN
o 30.0 6000 @
E 8
= 2
o o
o
£ 20.0 4000
=]
o
S
L
= 100 2000
—
0.0 — 0
0 20000 40000 60000 80000 100000 120000 140000 160000
# of nodes

e 4proc/node, 1GB(-13,824 nodes), 4GB(55,296- nodes), 1
stripe count

o SIOZRICEEHIL TIEREIXFR EFZEDHIDHV T



TE

Ik b

BBBAN —-IFrYSa e

S JCTHA > SNIETE ) — REE
ET% ------------- E-I-%
J—R J—R
Tofu D

o E_EBEBAMN —IDFrYvS 1HkEE
o F/3EREIO-Z
o JATCTPHAIENRTOETE ) —Rb
S& RN gE
o TATRIIARFICIERR, 2T HF(CHIFR
o HEBFHMIAHIT7AIND—FERIEHEEE

o BEPHIEATIE, —ODSIO F(Hpy
SAMESNBIES, £~ 5077
T I AERENME T

e llio_transferd¥>R

. 2TOSIOLIUNEVERKRL, BRIy
AIWT7IER%ER



3 IORDEE m

50 10000

40 8000
) . .
= —=@—\\rite == read sio
[
£ 30 6000 w
£ o

(7]

£ =
& o
S 20 4000 #t
<)
S
L
=

10 —0 2000

/ =0
0 0
0 20000 40000 60000 80000 100000 120000 140000 160000
# of nodes

e 4proc/node, 4GiB, 1 stripe count
e MDSOD*EETERFTS



2 llio_transfer®*hR >

o IME
o HBEIFPAIIOEMINR (llio_transfer) ZEAULIXITICR-T—F77CAD %R
o FEFS7HtRE, llio_transferzfERAUISEDEEEX LEER
o ERSZE
o mpiexec OEITREZAIE
. AFTIER: import DFHDpython AT R DOECE) (%) 600 files)
. TATILR: dd T 170tRAHID256MIBOT —45%55HAH
. llio_transfer QUBRFEIZEE
o ESRMA
e nodes: {48, 384, 1536:8x6x32} (48, 384(%/—RAZIRIETEEEL)
o 470X/ J—R
e rank-map-bychip
e llio-async-close off
o stripe-count 24
o BEEERARFOMIITHIRNTORMREETHRIE
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i
=@

350

AT It X b5kE

300

N
(%)
o

M llio_transfer

N
o
o

W FEFS

Time (sec)

= =
O] o (%
o o o

o

—_ wmil B
384

48 1536
# of nodes

o J—RIFRE(CLEHIU TIERED ML

50

40

Time (sec)
N w
o o

=
o

o

llio_transfer AIERZRE i

T—I T IR

M |lio_transfer

M FEFS
I = .lll II
48 384 1536

# of nodes

o AFTICR-T—HTILALEIC, SIOGEICLDMEREDRNLRYINEREEN,

(L

25
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B2MREEAMN —SERK e

IB EDR Network

ControllerO

T
Controllerl

E—

10TB HDD (7.2krpm) x 688

RAID6

/

- X5

e FEFS (Fujitsu Exa-scale File System)

o ETENFHFELL Lustren—Z(Ver.2.1)
DIFPAIWNZ AT I

[R 1 DBFDEFifEER% 2 BR

aSit8= 150PB

° 67|'\U:L—A(Zﬁ§u
1volme DO#&R (DDNEESE THERK)
- B=:25PB
- 20 0SSs, 60 OSTs

e QOS%ZENIE
o STE/—-R & DOJA>)— R
o 1—HT]

27
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Ze

1E{& (4 OSSs)D*%hE e

80,000 T m write

70,000 M read

60,000

50,000
40,000
30,000
20,000
= [

192 384 768 192 384 768 192 384 768 192 384 768 192 384 768 192 384 768

throughput (MB/s)

o

1024K 2048K 4096K 8192K 16384K 32768K

thread_num, (Lustre obdfilter-survey)

e 60G B/SE’:’:D-CEEHB Xfer Size

28



3 IORDEE m

ZIL—w ~(MB/s)

250,000
B write
200,000
M read
150,000
100,000
50,000 I I I
0 o - ] | I I

1 384:4x6x16 1536:8x6x32 6144:16x12x32 18432:48x12x32

e ior -b 1g -t 16m, 1proc/node

o GIODHICLEHULTIHEED M LTSDD, readDTEEEHE
o IALTIEANRE

o E2RBEI7AINIATLDOSSOTIERETERFTSIC

29



3 AT I A4 HE m

o NOFN—Y
e mdtest-3.4.0+dev
o AJ23>: -i 3 -n 25 -u-F-d OUT_DIR
. EAMEOTA

o HIESRMF
e nodes: {48:2x3x8, 384:4x6x16, 768:4x6x32, 1536:8x6x32}:strict-io
o 470tR/ J—R
e rank-map-bychip
e llio-async-close on
e Sio-read-cache off
e Stripe-count 1
o EEERKOMZITHRNTORVARETRIE
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1.E+08

1.E+07

1.E+06

1.6405 4

1E+04 £

1.6403 -

Node Temp Shared Temp " d 2nd_cache FEFS
nodes

o J—RATVRI UL/ — RBUR (SIO#) (CLEFILTiEEED L

o HBEFUNSVUMI, E2BEBAMN —SDFvrySa1ffls, FEFSEIAY7IEAZN
HI3HBOMDSHNNLRYIERD) — FRIEDIBIICHL, THaEFR L #E{E

31



R F—AT7 I A MRS ..
o NIFN—Y
e IOR-3.4.0+dev
o A733>: -a POSIX -b 1g -t 16m -i 3 -e -F -v -0 dir/out.dat
. EAEDETAI

o AIFESRM

e nodes: {48:2x3x8, 384:4x6x16, 768:4x6x32, 1536:8x6x32}:strict-io
o 470tX/ J—R

e rank-map-bychip

e llio-async-close on

e sio-read-cache off

o stripe -count 1

o EEERRFOMITHRNTORVIREETRIE
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GByte/s

GByte/s

300 ~

250 +

200 ~

150 o

100 o

50 A

300 o

250 o

200 A

150

100 +

50 A

T—IT7 IV AERE BITERER e

Write

H Node Temp
Shared Temp
m 2nd_cache(async)

# nodes

Read

2nd_cache
FEFS I I

48 384 768

1536

M Node Temp
Shared Temp
2nd_cache
FEFS

48 384 768

1536

o J—RIFURSUSEIRIL /— RiREE
(SIOR) ELHILTRI—Ty M

o HEFVRSVSEI, B2REBOAN —
SOFvvS1n8ls, FEFSE./— RIRIE(IC
EEBIL TR —y MEgED R

o FEFS(Z)tZI\I/—/*DL JUHIRNL R ETR
— REUMEZ TEH 250GB/s {4
'CIE efR5T

o FE2ME ZI\I/—/O):FW/:LD,J'JZ(I
cIoseH%(Lfs ngHchLL\i SIOAD
GTOth‘meILH%,"J—i'GE)m@“Zo
Ubw ritefLIBH\ =k




2 QoS m

o ;tEH/—KFHhSOKREOUIIAMDEZET, OJ14>)—RhSDUNE(TEIENF L
o F2EBAMN, —IICQOSEHTE

o St&/—ReOJ1>./)—RRE

o 1-YBOLIR

o SHEANE

oo«4>/)—kR:#8/—F OJ91>/)—R fE/—R
MDS 5:95 30% 80%
0SS 20:80 = 80%

. ZL Y REDERS dA—HEDAL Y R RIS



3 JATLEEREOVINEE m

o OJEANIYIDUNEE o EZAUVI SR
e 0V » DB
. Logstash/Filebeat . Elasticsearch, PostgreSQL
o XRUWY o EZHU
. Prometheus . Prometheus
o AIRRAL

. kibana, redash, Grafana



2 FEFSH—)\Drequest que, thread DEE# m

o

00 2o o410 o500 os00

MDS 1873 DX 0SS 1870 DR

o UIdBOYIIAM1-ATORSRE, ALY REIDHTROETRE, U
JIAMLEZZRR
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o IOEMAO-AIYERBIdIMOOVIEISFsZECLEY3T

ZPuidD ALY ROFEER] RIZEDuidD A L v ROFEEHE



2 FEFSOEZAH - 55drAHIFREIDER
o TEHANICROSTDEZAH A HIFRIZESR

FEFS Data (dd) Real Time vol0006 (OST)

current

0
10/22 00:00 10/23 00:00 10/24 00:00 10425 00:00 10/26 00:00 10/27 00:00 10/28 00:00

FEFS Data (dd) Real Time vol0006 (OST) MB/s

current
718 MBs

718 MBs
692 MBs
619 MBs
605 MBs
630 MBs
640 MBs
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EH L DR RS
o LLIORSBI7ANDT I LAKREEVD, 1I7IIFIEANERTS
BAICRIESBD
o BAFIOMPI-I0ZFEEF 77 ZHIBRNSIIFENEELLY

o H.;%@MDS(ZI::/“ED“EH'C‘?J&&%T:U), MDSDIEEEN RV IICIE 515
ah&d

o J—RAFVRSVMRIBEHATIRESITRITIFANTICAO T RN E

° ;T;g }b79127sb\$§:’r“ﬁ73‘~72:&), A BEREICERHOTVBAD I - D DIRTI3DH
F3

o LLIODHEE TEYS TE5I7 4L I00T 0T VERES LIRS TES
e, SHELEUG SATCEBFRNUE



@ =3a) m
o [BEEIF2020F5AICR2TOHE/—ROEENTTU, 2021F3AH S5 HERERHIG
o 3SHAEHTIURTIERY, (ISC20, SC20, ISC21)
. TOP500, HPCG, HPL-AI, Graph500

o [EEIDIFANIATLISIEEIBAN
o SE1PERBICLLIOLIF(INZETE.) — REE2EEBORIAIE T 2R I7MII AT L2 ER
. J—RAFVRSUSE, HETRSUSESE, S2MEAN —S0TryS 158
. LLIOBERTBILT, TP 7T CAMEAR LEBBIENTESN, FIF LOHIRE
o ZE2BS/BEFEFS (6 volume, 51250PB)

o J3J DIOKIEICEDREFASEEIRERP
o Z3JDIOTOTFANDDITNEE
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