CCS:HPC seminar-2022

0

TRAXZFAERZHAR VS
CCS HPCLz=>—
GHS R T I

IR FRF
kobayashi@cs.tsukuba.ac.jp
TOERZFERFERY R T ABHRIFHIRR
HERPHE LY 5 —




CCS:HPC seminar-2022

WA RT Ly AT

- WHEBEE P —FTOF v

— DEIXED, EEXEL, SMP, NUMA...
- MEHAIBR Y KD —2D
- B RFT LDIBN




CCS:HPC seminar-2022

AR R T

- WHETERE (EHIBY R L) BEEKTHD, Oty
*D‘ (CPU), XEYU (memory), AR HESE (1/0) ZEDRER

BRAEOAIPC, 2V, 5 — AR U

° *Ey&ﬂ)jl:ltuﬂlaaﬁ%% B9 B/\— D7 DM

WHNCT OIS L%ZERTIDY I D7 DEHEH

- VAT ARRE2T70tty N S51000587O0L v HXT

- 2~870t v  IRETIEsingle chip TEIR (multi-core CPU)

- B+70tvY i AREELNILOOISRY, EEXTEUIRTA

- ¥e70tvy Yy —ERYSRY, NEIMPP (Massively
Parallel Processor)

- FF 0wy~ : MPP _ . \
multi-core CPUDEBIBICKD USRI THH A 70Oty UHER

ﬁb(L-)

- RJNAVEEIE 76,000,000 CPU cores DY RT A

@m

o <[ HPCI3¥IE (= MORAN) TIUBULAFELRDTI A | ]

o :




CCS:HPC seminar-2022

ANIBS R T LADBR

. —MREEPCE R ZHS
- I5HhOT70tyREEERY KO- (BEEEH -
Interconnection Network)

- 7°EI LY UEBEDRRDT —9ZXEVICRET I 2B

PRAEVBEYYY | BEBESHEISDT -9 (Xyt—Y) AT
%XfULﬁﬁ

- HEXEBUBTYY | XTYBAHIEX LERRD, WHIT
OtvUETHEEND
SFRBRIN— RO T PHRE
- KRB =/ D56 b H D
- ZOMOEMIEE
« YRATAEEE ] DICEF EHIDIEIEEE
- WA TO0OLYOHASHBAURER I 7MLV AT A



= _|_ % % G) N _I:I: CCSHRC seminar-2022
0 =0
~70tYy Y OHRIAD S5~ '

- BL2O0tvY

- RNOMILT70tYY = 20FIOR—/)\—IVE21—5TIEZD
YA TS h o7
- —DD 70ty U TITIEREEZ S RUIEC] &
- ANhS5—T0tvt:
x86 (IA32), Power, Arm

- IF(CHIFBRDTOY HDE)C
- VWILFIPHEECIEO>TEL
- Intel  AMD O70twvH =8~ 16 177 (x86)
- XZ—217(8~51207) b¥&i57 !
- IBM Cell Broadband Engine (8 377)
+ ClearSpeed (96 corex2)
- GPU (NVIDIA K20X 896 DP unit)
- Intel Xeon Phi (72 core)
- Fujitsu AB4FX (R/INDVEEICEEF =N TLS48377CPU) 5



CCS:HPC seminar-2022

ANS5T70tvH0or0v URKK @

| o

0 | AHDIRFE = I7 DEREE LIFBDFVLN...
| o BRI IPEEBAHNSHCTURTHHA || rem D

fe
(MHz)

2000

1000

N RISCZ—*T7T0FvICLDRE
1 O DDp R TEMBIANIEZT DHEH D,
w00 | BRERDZTEBED DERICEITI DAEHN) Z
BeDNT " g5
436.DX2 A 7 om

50
486 — -7 0.8

T . 19904 tEE TIF10ET10f2
ol - ZO#%10ET100£Z (RISCHL)

10 e

e — 1 . 2000EEH 5 3GHz{T TRIFD

3 = Iu

- - AHIORRE => YILFITPA

100

—Year

78 79 1980 31 82 83 84 85 86 87 8% 80 1990 91 92 93 o4 95 95 097 9% 900 2000 01 02 03 04 05

Year of first volume shipment



CCS:HPC seminar-2022

AT EEDZEE

- BIRRMEE@IFANI N0ty
- —TEOIAHIE B E ABRED (1TS54 VitFl)
- RO RLTFOEY SEEBIEDIFING ~ILHES
- 2HWST7O0tvHER—Z(C US| ETES
- ~10070t v HIREDEEXEUTYY (SGIZ)

— quad-core CPUDEIZICK D, 8 coreFBETHNIET RO L
7°PCTB§:'Eﬁ>(:EU WA AT LAERRD

- MPP (Massively Parallel Processor) : 1980FR#&¥ N 5%
HEG=>—LERZTEHUDDOH D (ESIIMPPY R T LA)

* 9 729@01- %@ﬁi@
- LLEj(E NOW (Network of Workstation), COW (Cluster of
Workstation) & E(FTLV

— Linux PC ZAAWEHDNIREDER (LinuxhBAA—T VI RF
L©THD=H. MPIEDILFTELY —ILEFEE)

- BTF70LYyURBREREOHONLHBER=NTND




CCS:HPC seminar-2022

AT ER T —XF T O F v

PRAEVRIYRT A
- 70y TRIMBOXEVZRS, RV ED—0ZALVX
VI NNy I VTICE>TT —IRMZEITS
- B0ty YOXEY RO TOtY UHSERE? Y LRAT
- FEXEVEIYRT A

7\

- W70ty HETYIRRNICHBSNA3EEXEU ZH 5,
E70CvUHhEEREDODO— R/ RANPHSZHKHILTT—5D
o;uaiigﬁﬁ’B

—FTIOFvDYAMTEULTSMPENUMALH B
: /\47") v RBIY T A
HEXEVUIRTLAZDEXEVEISHEESLIEDBD
—Fﬁ®7w?37mmwg%ﬂb;nﬁ%ﬁkﬁjfét

- /—FARTPIOECSIL—YZERUINT DY Z P RERE L
DETEEOIBA TS

S|



DRI E ) BT ST E 1

B aiEEHs
(%5 : InfiniBand)

FEOO0LYURT
Xwt—I7ZERE

P ... Processor
M ... Memory

B NIC (network interface
controller)

CCS:HPC seminar-2022

OCPUEXED EWVLWDS—DDET
B RTL (/—K) B R
v RD—=DOTRHESNTWDY
AT

O TNENDFEETEITSNT
WBTOTSAGFRY D=5
ZBUTC. T—% (Xyt—Y
) EIAL. EBET D

O LLERBVRG B (CIBEROIRE - haRE
(scalability) H'& LY
& EBIFFTER (MPP :
Massively Parallel
Processing)

® O S RYBHEHK



AEAEVRIIGHERORY S

- BEARBIICCPU+memory(+1/0) &LV S3 /ADJr S S TBR
AShDRY kD—2 (B or AA) THESLTWS
7=, \N—RHT7PHICIVTIL

- 70735 L EHSDBAREYEmessage passing CiE(E
ZiI5kO1I-T005= V0 3EE
- MPI (Message Passing Interface)® & 5 7@ 1Z2X#89732Y —)LH

RftEsn<Tun3
- VIR T7nEHREXTBYICEKBEELRP TV -3 VEE
MDA E

— domain decomposition® & 3 R8T — F A5,
master/workerBDAIE (I LLERBVS S [C SR O BE

- YRATLAERERELADOTOEY Y/ XEU DM, BEE
SDHEEICK > TKREKEEEND

- 1980FNEBFHNSMPPOARINIRERE UTEE, IR
TERJEPCOSRYDEARN T —FTIF v EEO>TWVD

10




CCS:HPC seminar-2022

HEXEBRGERK

O EHDCPUN—DDXEV(ICFD

LRITBIVRTA
O FNFNDCPUTETEINTLS
JO095Ah (RLYER) . XEY
J:GDT‘ 9(;3515_\,\(;} ORI S
Memory O EHCPUV T Y ROV —R—K
BB D KREY — )\
v oI (XTOLY Y 1 ENEHDT
D70ty VD 5D Oty IPOREXEUIRFTA
[GIfF 7O 7R a7 IET S (Ch>TWLWS

C EDWE
—FXFOFvrICEESSIC

SMPENUMAI(ICHND (&h)
1



y \ﬁ

CCS:HPC seminar-2022

XEVICEFBDPIOLEREHRE @

AR cAYAy I Jo0twvH 2 Oty JO0twvh 2

+1

\I\/Iemory A

4/53/

o “
\ +1 ol
'\6A V +1 '\GA -

6 N

'\ Memory A

5

12



HE XEY RIS ER DG S

s N—=ROTPICEBDHEXEVDREICKD, 21—

EODTCTPTIVT—=I3NERBICEZTFHL)

— multithread 70405 =V 4J1E1E (POSIX thread%)

- HEAEUEHRE UBSLIRRY 27 A (EEH5E0
(£OpenMP)

- ITXEY ) EWSIRO Tprimitive’ldiBRERZEHEFLL
TWB®., ez LITBICIIIERBICEZLLD/I\—FD T
7B, P—FTOF v IERHDDE

- ZEOTOYvUYN T DDOXEUEBREZTFZIELRIT DK
NGB (CEERTE., WIRAMEENNILRYIZE LS
L)

- Y27 hDscalabilityDFEERERHAEEE (B 70t v UHERR)

- BERBICERIBED KL SBRHEFT/INRADA X—=ITEHNERR(C

(EscalabilityZiE{R I D7D XD EMICIE>TWND

13



CCS:HPC seminar-2022

HH X T RGTEROBR D+

- system scalabilityZz iR 9 7. B/ \REEDH
BXEL JZTA(J%(J’@?_?_L/?EL\

— bus bottleneck (buslE—B8FIC(E1DDtransactionTEBE =N
TULES)

- BEbUSERF DIV RTLAENDTUEIH o7
- HEXTEUANDT7 OV CRERZEITDIEHDIK
— memory banka (7 EHEQRFP KLRTOv o&E(ICRIDmemory
modulelCELL THRD 73 (F

— crossbar network@%)\ 0ty EXTEYDBENERRIC
(FRA Y TFREEICIEO>TULDS

— coherent cache : 70 v EEBEDF v v a1%&iF5,
RIEIZFDT—5aSRI D, 7Oty HICLDT— 57%*)?
X vFL, D2FBPDFvvYalcRIRT D,

- NUMA (Non-Uniformed I\/Iemory Access) : PRI (X
memory moduleM D E L TWT, P L RICFDXEUADE
BMOEHTFET D, coherent cache&HEICAHAWLWSNZDOHERE

14




Je—LYhrTHWEPyY: &

1. P1AMem:uZzsiisHEd
P P2 P3
4. P11 Mem:uzsiH B I I

| 3
$:u=5 $ $:u=7
TTDBu=5ZGZHELUTULED 2
(XEYDRHT—FEELIC
FrwvwIalcHdEEOT

]
Mem: u=7

2. P3nhMem:uzsiArtB9

P3HA'Mem:ulCEZ AT

15



CCS:HPC seminar-2022

Je—LYbk*xvPwvIia S

1. P1AMem:uZzitart9

4. P11 Mem:uzsiH B

XEUHMNSIEUWMEZ

2. P3nhMem:uzsiArtB9

P1 P2 P3
P3H'Mem:ulCEZRAD
Sl - SUST 0 o1 vy 2 2ty
S0 g ] (Invalidate)
Mem: u=7

16



HEEXEUP—FTDOF v :SMP @

- SMP (Symmetric Multi-Processor)

- E70tyUhHhs5RTEDmemory
module\DEEEEHFE L L) @ @ @ @

- BRELTIE, B0 70ty UhHE
DINRFXERBRAMvFERBLT, FL twork (switch)
<memory module (&%) [CiEHR=NT NEWOTK ASWITC
LS

- RIBIEIV AT ALAEUTIEELED
HPC2500>J —X, BiZISR16000
—XENZLET D

— coherent cache& O HEBEH—AREY

- D70ty UhSHET—INFERIC
HDDTRD ZDEc LIR < TKLY

- rS 74 vODEPUEEICHEEERT
e BHIF 730

memory (bank)

17



CCS:HPC seminar-2022

NUMAEXBXEYP—FFT O F v

NUMA (Non-Uniformed Memory
Access)
- CPUICfIBEL TEB Dmemory moduleh'd

)

- %ﬁ/f]it(i]’f“/??ﬂbfx D CPU @ @
dmemory module® 817”0 7 X 0] & memory memory

- =IEREmemory moduleND 7 D £ R (C (X85
DRETCHD D (hon-symmetric)

~ D:Ej_'\\'f?_"f\ 27357@@“/"7(‘.’_ L TIEAMD bus or network
(Opteron)hg=#lIc AR ZEXD AN
= STCIMREICTZO>TND

- KREY X T L& LTIESGI Origin, Altix> U memory memory
—XEFENZSS
> HSFHE LAV (NUMABCPUR—FLET  (P) (P)
MDF*)

- F—HESEHEUL. SBOBAIENED
SnEEREABICR LAREY T T
T A
- EIEEE T O L AR ORIERRIEICEE
18



CCS:HPC seminar-2022

HE/HEAEY - MTUVE S

fa e i

Network

HEXEV EDHXEY OfAEDLE

- PDERAEBVEIRTLADE/ —RHRZENBEHEEXEV P —FTIOF
[C78 > CTWL\D (SMP or NUMA)

.
NA4o070evoB8u® 1 Fy TTHEXEUER (%)
BTV EARERER, WEDVILFIF IOy ERIEK
D%/%&((—El}ilitf 37‘—

19



CCS:HPC seminar-2022

oo =9I RT A =

P/
- DEIXEVERSHAEEOE / — KANNABCPULE(F TR &

BRAEIIRS 3/\— ROTT (FOESL—%) &

J

— GPU (Graphic Processing Unit)
& CIEGPGPU (General Purpose GPU) &E (N, GPUL
TANB7O00>=VJH08eC
- FPGA (Field Programmable Gate Array)
YRR R (T [CBBA O BER/\— kD T 7
- SNR7 OS5 L—%
ClearSpeed%
- 70y UBENMTOIZ7 RER
CBE (Cell Broadband Engine) = LANL Roadrunner

20



S

CCS:HPC seminar-2022

——

Intel Xeon Phi 7250P  NVIDIA Tesla V100
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Intel Xeon Platinum

8280
28

2.7 GHz

605 GFLOPS

1 T8

141 GB/s

205 W

C, OpenMP, MPI
MIMD

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
21
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Hypercube (n-cube)

Mesh/Torus (k-ary n-cube)

4 x4 2D torus 2X2x2x2

" .'..—

FITTI LN

"""g"-'i \‘
o5 Rl Vo) v

Cost: N (=2")
Cost: N (=k) Diameter: n
Diameter: n(k-1) in mesh
nk/2 in torus
25
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switch

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

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

Diameter: logN
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Oakforest-PACS (KNL cluster)&5

PACS

(7
0 1,‘. \’(]2
e
&
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

HPL 13.5PFLOPS

interconnection - I —
(RNAVRERKYEENELY)

2022 £ 3 AREZEI O TCURTLEELEL. TRTOY—EREZRTLELS:
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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)

37 2016/12/07



Full Bisection Bandwidth Fat-Tree by Intel Omni-Path

Architecture

12 of

TETTETTTNY

VVVVV

Uplink: 24

Downlink: 24
1 1... 2410251 - --[481[49] - - [72

Firstly, to reduce switches&cables, we considered :

« All the nodes into subgroups are connected with FBB Fat-tree

» Subgroups are connected with each other with >20% of FBB

But, HW quantity is not so different from globally FBB, and globally FBB is
preferred for flexible job management.

38
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-

Compute

Nodes

Login Nodes 20
Parallel FS 64
IME 200
Mgmt, etc. 8



Specification of Oakforest-PACS system f-\

39

Total peak performance
Linpack performance

Total number of compute nodes
Compute Product

node Processor

Memory  High BW
Low BW

Inter- Product
connect | ink speed

Topology

Login Product
node # of servers
Processor

Memory
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25 PFLOPS
13.55 PFLOPS (with 8,178 nodes, 556,104 cores)

8,208
Fujitsu PRIMERGY CX1640 M1

Intel® Xeon Phi™ 7250 (Code name: Knights
Landing),
68 cores, 3 TFLOPS

16 GB, > 400 GB/sec (MCDRAM, effective rate)

96 GB, 115.2 GB/sec (DDR4-2400 x 6¢h, peak rate)
Intel® Omni-Path Architecture

100 Gbps

Fat-tree with (completely) full-bisection bandwidth
(102.6TB/s)

Fujitsu PRIMERGY RX2530 M2 server

20

Intel Xeon E5-2690v4 (2.6 GHz 14 core x 2 socket)
256 GB, 153 GB/sec (DDR4-2400 x 4ch x 2 socket)



Specification of Oakforest-PACS system (1/0O) @

Parallel File
System

Fast File
Cache
System

40 ACHPC

Type
Total Capacity

Meta Product
data

# of MDS
MDT
Object  Product

storage # of OSS
(Nodes)

Aggregate BW
Type

Total capacity

Product
# of servers (Nodes)
Aggregate BW

2016/12/07

CCS:HPC seminar-2022

Lustre File System
26.2 PB

DataDirect Networks MDS server +
SFA7700X

4 servers x 3 set

7.7 TB (SAS SSD) x 3 set
DataDirect Networks SFA14KE
10 (20)

500 GB/sec

Burst Buffer, Infinite Memory Engine (by
DDN)

940 TB (NVMe SSD, including parity data by
erasure coding)

DataDirect Networks IME14K
25 (50)
1,560 GB/sec
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Center for C : \—2 Center for Computational Sciences
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CHARM: Cooperative Heterogeneous  sHiasnin

Acceleration with Reconfigurable S
Multidevices O

Basic cluster with GPUs (by InfiniBand)

\
( \

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

. | invoke GPU/FPGA kernels -
Computathn and CPU Accelerator
communication in pan SE)
o (o data movement via PCle Node |1umunm Node
unified manner Computation - Communicatio| (invoked from FPGA)

» CPU / GPU can request = e
application-specific intarconnect

COmmunICation tO FPGA < |App|ic;tion oriented I;PGA-FPGA comm. ‘ i
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Single node configuration (Albireo) @

Albireo node

SINGLE Network switch Network switch
NODE (100Gbps x2) (100Gbps x2)
Each node is equipped with | (WIthFPGA)
both IB EDR and FPGA-
direct network
« Some nodes are equipped CPU

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

43

L

PCle network (switch)

FPGA

\A A/
N N

Inter-FPGA
direct network
(100Gbps x4)

PCle network (switch)

A A4
ENE

Inter-FPGA
direct network
(100Gbps x4)




Single node configuration (Deneb) @

44

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

(without FPGA)

PCle network (switch)

PCle network (switch)
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Two types of interconnection network

FPGAEIE M (Albireod &)

FPGA FPGA pm=s
PEN FPGA FPGA FPGA

FPGA FPGA FPGA

+——>

Albireo / — K645 DFPGA (2
FPGA/node) 32XTTh—Z7 X% v
FT7—21C&Y XAy Fi L THESE
N3

£/ — RNICHAE

HEREH

IHWHNIEB/ X L -2 T 7t XA

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

T ¥ FPGARIEEE
Deneb nodes Albireo nodes ES

L/ — REBOWHTNIER Y b7 —2ZInfiniBandiC L 2@E D
v b7 =277, MPIZFEIC L 5 WL50EBAFEE, CPUKRKTUGPU®D
BEICAWSD, FPGANSCPUEN L TO@ED AlaE,



Specification of Cygnus
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tem | Specification

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, RAIDG, 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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IB HDR100 x4

“ A \‘>,/\/ /
=y &
Y S . = HDR200 x2
‘21.-'..”-
. "3 1
100Gbps x4
FPGA optical
network
IB HDR200
switch (for
full-bisection

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

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

CPU Architecture: A64FX

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 FinFET),
low power logic design (approx. 15 GF/W
(dgemm)), and power-controlling knobs

PCle Gen3 16 lanes

Peak performance

e > 2.7 TFLOPS (>90% @ dgemm)

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

2019/08/27

CCS:HPC seminar-2022

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

CMG(Core-Memory-Group): NUMA

node

121+ 1 core
PCle
Controller

Tofu
Interface

_____________

Sy

- = o

________

— —— -

f— — — — -

————

————

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
« InfiniBand FDR Prize machine (climate code)

« TOP500#1 2016/6-

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

« 40960 CPU (10649600 cores)

50



CPU (SW26010) of TaihuLight
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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 3STFLOPS CPU
performance

Difficult to tune the performance, but
received 2016 ACM Gordon Bell Award
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« National University
for Defence
Technology

- MHBEMAR

« 2013F5ERK

o REMCPUEA=—I
TEEMEEEICEK
BINAT)YRISRAE

« 32000 CPU + 48000

MIC
= 54.9 PFLOPS

« 2013/053REH R &

= T4 RE

Tianhe-2[ X;A[25 |
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ABCI (AIST)

MIHW %%

\‘[ “‘ |

,

=z . Al :i.'",’ -ullllll""l =

72

: = W ,ﬂmmn i

« AIST(EHHF) « 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%), FA5E (16bit FE/NR) THNILH

43520 CPU core + 4352 GPU, 0.5EFLOPS (Deep Learning@l (1)
3MW, 6.6 GFLOPS/W
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Corl Phase 1 (Cray XC4O W|th K

7
Ne RSC

1 e
,“f,’T\ \| fl;
\ yllhl‘l

- NERSC, LBNL 68 cores/CPU

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

« Cray Aries Interconnect
« TOP500#5 2016/11
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Frontier (ORNL)

OAK RIDGE

Nati¢ nal Labor: tory

https://www.olcf.ornl.gov/frontier/

20224E9 A B 5 TTop5005> 24 143

« DOE/SC/Oak Ridge * 64 cores/CPU

National Laboratory - 9,408 CPU, 37,632 GPU
« HPE Cray EX235a with « Peak 1.7 EFLOPS

AMD EPYC CPU and HPL 1.1EFLOPS

AMD Instinct MI250X

« HPE Slingshot-11
interconnect
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95


https://www.olcf.ornl.gov/frontier/

CCS:HPC seminar-2022

5B 2T ADEG
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JDET A4 TA4EHED (OSRYDEEE)
- DT A4T4RRANDS>—70tvY (64bit IA32=x64)
- DT ATABRYRND)—DERSYF
- InfiniBand (EDR 100Gbps. Si#k#%ss7Z o TeHMR A [CHIBIET)
- %ﬂéﬂ":’(zx BEMRE © XTEUMEE | BEMRED/I\S VAN
- SBEMEEI O Y HOmulti-coreltZF(C K DB ICE L
- XEUMEE (VY ERIE) (IMENICET (o0EyUhERITED)
— BEMREIFEREMICENA > TV (IBS)
- ZO0EyHIZRREONEDLRY KD—2 IR EON log Mg
EROTHEENICY R T A2 E8
— BROICHFNIBZHERZE E(FDDHEHE UK TETLVND, £D—
BOPILIUXAL, VIO EOITRHNHE,
- Exa FLOPS Yy VI ICOIFARRAARDBIBER > TLD
— 2022F6BICDOWCI oY D20y TRZEERT BV IUHES |
- H8E/EHD 1 0 OBFEEDQ LAINE (POoELS L—YD;EA)
- 1000 P ZWERLLLFABTESZILI U X LDRFE
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WHIIRS RT N/ TP —FTDOF %
- ERTOtvY (37) HEDRFRICED. £EMREIFINIRICHE
5EBDZEFEL
— MEEZEHERF U D DHARME (scalability) ZHE(R
- DEIXEY | HBXEV
WHIERY KD —D
— scalability"RHEE
- LEIEMPPE@I(F. IRTE[Fcommodity networkFEEIC &K Dfat-treeT
DR D DIFIEH T 8E
- 2DD%EEX KU w2 : throughput & latency
WAHALIR S R T D ERR
- 300/ I7RERXTILK. &=ELinpackfgERy 3 3PFLOPS
- BEREHDEAETY VY RTFT ATED multi-coreD—RRILICK DI\ T U v
ROEAR
- POLESL—9MFB=NTVS
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