CCS:HPC seminar. 2019

RERFHERERAR TS
CCS HPCtz7—
K] PySIN

N
taisuke@cs.tsukuba.ac.jp
FURRFRFERIVATLIERIZHARH
STEREMEEUS-



[3

SO AT LIRS

ST ER 7 —FTDFv

— SEIATY. B AEY,. SMP, NUMA, . . .
i FI AR Ry R —5
EIATLDFEIT

CCS:HPC seminar. 2019




CCS:HPC seminar. 2019

M 51| 03 O AT L @

o i 5| 5+ E % (3lf 51 AL TE */ZTA)’E)H+§$%'C%U~7°D1Z yH (
CPU) AEY(memory) . AMNEE (I/IO)FDERERE
Hom (ata_«ﬁwrﬁ*%ztﬂ U

« EROTOLYUEERHEITS/N\—FII VDL HEH
s WHICTOTILEEITITSYVIMNIIT7DiLHEH

- YATLRBI2TOLYy ML 100BBTOLYHET
— 2~870tvH : IIETlIsingle chip THEIR (multi-core CPU)
- #H+70yY  HEZELANILODIAR, EFEAEUVATL
- ETAtvY tUA—ERDIAS, INEYMPP (Massively Parallel
Processor)

- F7O0tvH~: MPP )
(multi-core CPUNEBEICENDI AN TEE A 7Oy NEIRAIEE(D)
« MEEELTHAZRSDHDIE(TOP500LD)
Summit (XE) 2,414,592 CPU cores (95 2,211,840 GPU cores)




CCS:HPC seminar. 2019

I 5L S AT LOE R S

« BRRETEHEETBSENS
— fAoho7OtydREFEERY )0 (B EFEE M : Interconnection
Network)
— JOEYHRIBEDIERDT—AZAENICIRFT 514
o NEATBVEIRY Y HEFEEMEIoDT A (Avt—Y) AR ZAEIICRE
o HEFARVBRIIV YV ARVBERNZERVATLEERRBD, 57O YR TH
BEnD
SEEBN—FOI7 N E
— BB REABBEZE DIEZELHD
— FOMDEDEE
o IATLEMREIDICFEHD EIRHGE
o WHTOCLYIHLHEREEBIPMIVIAT L




CCS:HPC seminar. 2019

HEROES

E707O0EvY
— AOMV7aEYY = 20FRIOA—/N—0VE1—A TR IDAATH & hofk:
« —O0O7OLEYYTITIEREF 2SR NIEAHE
— ANT-=JOtvY:
x86 (IA32), Power, ltanium-(1A64), Sparc, ARM

RIIOTOLYHDE [
— multi-core MEEE(CII->TE
- 'éb('_many core (BUE ~%+17) 7Oy EIHZGLDDHS
Intel & AMD = 4~16 core |IA-32
» |IBM Cell Broadband Engine (8 core)
» ClearSpeed (96 core X 2)
* Intel MIC: Xeon Phi (72 core), ...



CCS:HPC seminar. 2019

AH7570tyH0H0OvDE K

f. | o
otk
3000 4
source: Deszo sS1ma
by . . J ok 3 -
Pentium 4 = 009
2000 =

U i3p
=100 1lvears “'/ 0.18p

1000 v
Pentium n;,/ 0.18u
"

300
Pentium IT '
» A2su
200 ;f* a f;_, _
Pentium entium Pro
186-DX4 _,‘»ﬂ-”; 0351
100 S
~10%/10vears 186.DX2 _— rC 0.6p
50 _,,:-. -

e

86 — _- 0.8u

By e 1990 EFTIZ10ET10/E

A\

. o . Z0O% 104 T1004E (RISCIE)

Lo e . 20004 EENH3GHZ L CEIFT
- Cooling®fRF . ¥ILFI71E

1 —Year

78 79 1980 81 82 83 84 85 86 87 8% 89 1990 91 92 93 94 95 95 97 93 99 2000 01 02 03 04 03

Year of first volume shipment



WHETEHEDE E @) W

o BEHEMEFTERIADMNLTOEYY
— —fEQIMFNEHEBEHBESD(IN1TS(1 VUi 5))
— NN 7Oy e EHEF DM FIAD MLH &5
o ANFTOLYHEA—AICLI 5 5T FE #
— ~10070tvHEEEOHXBFAEIYVY (SGIF)
— quad-core CPUDZEIZICLD. 8 corefRETHNIETAD My TPCTH
HEAEVMF| AT LEGD
— MPP (Massively Parallel Processor): 19804F (X1 3 hb % $h & 15
>—EBeREEHBLODOHS
o DIANBETEHDE IS
— LLRIIE NOW (Network of Workstation), COW (Cluster of
Workstation) FEFE(EIN TLVE
— Linux PC ZRAWLVZEDNIRED E TR (LinuxhA—T VI AT LTHBT:
H. MPIZFDIEF{EY—ILEFEE)
— MFTOCLVHRABEOLON S HEEIN TS




CCS:HPC seminar. 2019

I 5E 7 —FTDOTF v

« R 7T

— SEATYE Y AT L\(distributed memory system)
ETALYYRBIRBEOAT) (fOTOLYYNORBEZET VAT ATHE) &
B5 MEFERETANVEAY I NI VTICE TTF AR =T

H B ATYE Y 2T Ls(shared memory system)
:’[tﬁ']?’lilt J*DLFEEI'CCF%IEEI’](._ tH NS EH AT (shared memory) z
5, &0y hEEDIoad/storefi T EHRITLTT—ANZHZAHESE

E175

o Solc, HBEARVVATLZEAEVEICHES Lichybrid® &
27 Ls (constellationE) £, 2
= 51T D multi-core CPU D& b, cNHNEREICHEHTE
7_

e )—RRICTZDEIL—9%EHUEATOV7AEREEDHE
Hat 18> T &




CCS:HPC seminar. 2019

TTERATUER I 5 F

OCPUEAEIELVY—DDETERED A
TL(/J=F)D, 2y I)=DTEEE
NCWVBVATL

O ZNENDOEMTETINTIS
TS5 LE%y FI—DEBLT, F—

FHEESL BAvte—Y) &L, BETS
FE0FOryHRET ® Lt BRI R B (CAR 2 T RE - Hh R 1%
At — %L SIS (scalability) ¥y

& B 5 ETEH (MPP:
P ... Processor Massively Parallel Processing
M ... Memory \ ISP CEEN-L;"
B NIC (network interface
controller)



CCS:HPC seminar. 2019

7T RRAE B A BN T E A D FF K

. ZIKEI’J(._CPU+memory(+I/O)tL\’)J_«kJﬁ’ﬁz*ﬁhﬂi’éﬁ%h‘
0)? yED—=D(FER or WA) THELTWBTEH. N\—Fo17
BICOVTIL
» JOY5LENGOBATRHGmessage passing CIRIEEITIT
Hh1—-Y7O005307EmEE
— MPI (Message Passing Interface)D&OBIZEMLZY—ILHMR SN
(A%

— VYIMIIT7 IR BATVCLEREER 7TV — Y3Vl DiEH# b

— domain decomposition® & 37z B flilg 7 — Al 51] 4, master/worker
BIDANIR (G LLE IR 5 (CEC 1R AT RE

o VATLMEEE2DTOEYY AE)DM, HAEFZSHEDME
BEICF O TRECERIND

« 1980FREZEFNOMPPOHE B M GREEL TS, TR
PCOZARDERHI 7 —FTDFvEGHOTIVS

10



HEAEVBR T E

Memory

i

BEHDTOtvT 6D
[ 7R EEIET S
CEDWE

CCS:HPC seminar. 2019

S

O EIMDCPUN—DDAEIICTHEAT
BIATL

O FNFNDCPUTEITINTLNBTOY
FSLALYR)E A EDT—RICHE
WCTPDEATBRIET., T—R%FHML.
#}IETD

O K FRIET—)\

o alE 7Oy 1 8 EHOTOLY
HAVDEBFAEYDIATLICESTINVS

O/ —FTDFrRIICIESHhICSMPE
NUMAIZ DN 3 (#& k)

11



EEARVICHITET7DEA

Node 1

‘\ Memory A
/ S}
.\6m

6

Node 2

1
+1
+1
6

rx'r
=)

Node 1

\
/
e .

CCS:HPC seminar. 2019

S

Node 2
Memory A
5 /
\\
\\\
Al

12



LA/ AEYEL

CCS:HPC seminar. 2019

B ET R DFHE @

N—FOI7(CLBHEFARIDERHEICED, I—TICEDTT7 TV

—avhIEEICEZSZ

— multithread 70553071215 (POSIX thread %)
— HFARVEFHRELVEE ZAFER AT LEEMNLBEDIT

OpenMP)

[AEYJELDIBH Cprimitive TR ERZTEHIELTNSTZH
EREE E(FBICIIIERBICZLDN—-FII 78, 7—FTDFvEY

TR E

ZHOTOLIYYMI DDATVERRE7VEAT SRR NG E(C

Lk T, B im/3 MERER

MLAYDEEL S

— VAT LMscalabilityDFE RN EEE (BB 7OV N RESR)

BESRIICIZATIE DL HBNADS A—ITEHERRICIE
scalabilityzfE R Tz LNEHICEOTD

13



HA AR IO RO =

» system scalabilityzfE{R 95728, BFNAEEDH B ALY
VAT LIFEERFEELEL
— bus bottleneck (busld—B¥(CIE12DtransactionTCH B INTLED)
— BEHbUsZEHEOVATLENDTIEH7Z

o« HEATRINDT7ILAEREZEITEIHDI X

— memory bank7 T @ HA Y FLATAYDEICAIDmemory modulelc

PELLTIRD 7217
— crossbar network@iE A : JOYHEATDFEE N ERRICIE A vF§E
EICEoTLVS

— coherent cache: & 7OtV BB DF vy 12#F5 . BERITEDT—
ReSHRT 5, thDTOvHICLS T AEFHEzFvvF L. DB 7D+
Ywall RT3,

— NUMA (Non-Uniformed Memory Access): ¥ (C[Ememory
moduleB’ 2 EILTIVC., 7 FLAICEBRAEIANDIEEBEDENTFETET B,
coherent cache&&(CAVLNZ DN EE,

14



=LY TR YYD S

1. P1h"Mem:uZzisd BT
P1 P2 P3

4. P1hMem:uEinas T I

2. P3h Mem:uZEisH HT

P3hMem:ulcEEAE

| | ;

$:u=5 $ $:u=7

TTDIEU=5%FHHLTLED 1

Mem: u=7

15



CCS:HPC seminar. 2019

B | wd VA = 2

1. P1fiMem:uzatds Y 2. P3hMem:u%d HT

P1 P2 P3
- \ : :% AT
4 P1h{MemU§Eﬁa}|‘i‘|j— I I I P3H'"Mem:ul ZTAD
P& vy 1B BN
$:u=7 $ $:u=7 §
AEUMBIE LLMER S T | : | )
Mem: u=7

16



CCS:HPC seminar. 2019

— /

« SMP (Symmetric Multi-Processor)
- &70tvyyhb R TEDmemory module

ADEEEELZ L) @ @P @P @P
— BERELTIE.,. EHE0TOy L EDn/N

AFZEAM9F&=#ERB LT, F L<{memory
module (Bf) (CHEERR SN TS

— AEF14T14AN770tvHELTIE. Intel7O
yHNCDA

— KHREIATLELTIEE T EDOHPC2500
)= BHILISR16000V—AEHz Y
ERR

— coherent cachetDF AN —HEHY

— ED7OtvYh ot T 9N ERH#ICHED
ClRDEIDBEELAECTLLY

— FOavORER U SICHEREIE T 2R
(F73 0

network (switch)

memory (bunk)

17



NUMAX B AEY7—FTDF % (@)

« NUMA (Non-Uniformed Memory
Access)
— CPUICfFBELTEHE Odmemory moduleh'® 3

— HENRFEREAM9FEN LT, OCPUD P
memory modulet B 7D AT &t @ Q

— = EEBEmemory moduleND 7O AICIERFREIN R memory memory
EHchhv% (non-symmetric)
— JET4T4AN570€y5ELTIEZAMD (Opteron)ht

OV E= bus or network
= &b, Intelt F{ERD 7 —F THF vl
(Nehalem)
— KIBEIATLELTIESGI Origin, Altix)—X% memory memory
ez s
_ FoaE3EHEL. sEoBmsEr st (P) (P)

BEZE KIE(CM _ERBE(AEV T 71Z71)
— RO AROELEREENICSEE

18



CCS:HPC seminar. 2019

3
guéh':
N\
‘4
_ﬁrl_
x

E )N Ty R

YYD [PPDF] |PDYT) eee

Network

HEARIERTEHATIDHH EDE
DEATVEIATLDE ) — FENB B HREATYT7—FTIOFv(CBHTIVS
(SMP or NUMA)

1070ty BRI FYy T THEEATVER (RIVFI7) EB-TVBIEN K
SRER. FEEOVIIFIA7IOVHE RICLNEKICEREL O

19



CCS:HPC seminar. 2019

7ot50—84F

15| AT Ls

« DHAEVEEEHKOZ /- FHRBECPULIT TR CER M6E
’AE)JI]JE?%}\ RYIT (FPOEIL—4) &S

— GPU (Graphic Processing Unit)
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b Xeon™
W . Ocessor

rey
Freer,:

Intel Xeon Platinum Intel Xeon Phi 7250P Nvidia Tesla V100
8280

28 72 5120

2.7 GHz 1.2GHz 1.53 GHz

605 GFLOPS 1.1 TFLOPS 7.8 TFLOPS

1TB 16 GB 6 GB

141 GB/s 450 GB/s 900 GB/s

205 W 200 W 300 W

C, OpenMP, MPI C, OpenMP, MPI Cuda (C, Fortran)
MIMD MIMD STMD
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— diameter (distance)
— degree (number of links)

.« MERETEAE
— throughput
— latency
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— Direct Tree

24



Mesh/Torus (k-ary n-cube)

4 x4 2D torus

IhNASAL ALY

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

2X2X2X2

n=4

’.‘ii‘&m!}v-\‘
P =)
o5 ol Vo) v

Cost: N (=2")
Diameter: n
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— Crossbar

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

— Tree (Indirect)

— Fat Tree
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MIN (Multi-stage Interconnection (&3

Network)
PEO 0
PE1 1
PE2 — 2
PE3 — \ 3
PE4 — 4
PE5 — 3)
PE6 — 6
PE7 I Cost: NlogN

Diameter: logN
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Tree

Cost: N/k
Diameter: 2logN

Fat Tree &

costnmean 0000 0000 VOO0 OO0

Diameter: 2logN
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— MPP (i 5|5t EH)
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« LLNL/IBM Sequoia
 ORNL/Cray Titan
— RIREAHANT MVETER
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« SURA/BIL/EL @& PACS-CS
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 LANL/IBM Roadrunner
« BT XK/NEC-HP TSUBAME2.0

R K/Cray HA-PACS, COMA
« NUDT Tianhe-2
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TOP500Y R @
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BECAL11AD2[E, YANEEH
http://www.top500.0rg
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BIREDFEHELT
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Green500

TOP500D T, BHABHNDERE (MFLOPS/W) &S VD fTIFLIZR D,
EF BEARBNRRRLSIEFFHONFLRIDD—2eONTHED, X
HSNTL\%,

BEOAEL11AD2E], YUAMZEH
http://www.green500.org/

M REEELCTOPS500MEZ ALVTC VS8, TOP500E B+ DEEN H5
TOP500[CA-TWBCENFEHTHEIN ., TNEHIRIZIEKEFLERD
(10MW — 30kW), —fiZRBIIC/NE N Y ATLDIFOINE N HZNDMEEEE S
PTLDT, BE—DIEETR W ERDIHS, DTz, KFEEERLTNS
IVVDHFTEFTEBIVVEFRICRELEDLTIVS,
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COMA @

« FRKRFEFAEHFZEHARLY
R— 2014/4LDERABE

« 1/—FIC2 Xeon&2 Xeon
Zhi’é%’ﬁ@“é%:—]?’ﬁl

- FIERFERE

393 node = 7860
(10x2x393) CPU core +
47160 (60x2x393) Xeon
Phi core

« 1001 (=157 + 844)
TFLOPS

40 TByte memory
 17rack

« #51 TOPS00 2014/7
746 TFLOPS

R%£:17:00 - 18:00 @34
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Oakforest-PACS (KNL Cluster)(@)

PACS

7
HPC '\J’)
e
%
O

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

« Peak 25PFLOPS
HPL 13.5PFLOPS

« JCAHPC (U. Tsukuba and U. Tokyo
* Fujitsu PRIMERGY CX1640 M1 cluster
* Intel Xeon Phi (KNL)

* Intel OmniPath Architecture
interconnection

2016/12/07 ACHPC
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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)

s ACHPC  2016/12/07



Architecture
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Full I_3|sect|on Bandwidth Fat-Tree by Intel Omni-Path @
P’

AHE WEE 08 1Re

Uplink: 24

HHE HEE 1 LY

HHE HEE 1 A

12

| 768 port Director SW|tch
(Source by Intel)

of

362 of

AHE WHE WER AR

Nm™ \mt™ g™ 48 port Edge Switch\ g™

Downlink: 24

1

24

25

48 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.

2016/12/07

ACHPC

40

Compute 8208
Nodes

Login Nodes 20
Parallel FS 64
IME 200
Mgmt, etc. 8
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Specification of Oakforest-PACS system AN
N 4

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



Specification of Oakforest-PACS system (l/O) @

Parallel File
System

Fast File
Cache
System

49 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. 2019

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



TOP500 list on Jun. 2018

Rmax
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Machine Architecture (TFLOPS) R MFLOPS/W
1  Summit, ORNL 3'1‘6%*)”("3“"’ GPU USA 122,300.0 187,659.3 13889
TaihuLight, MPP (Sunway, !
2 (o SW26010) China 93,014.6 125,435.9 6051
3 Sierra, LLNL 3'1‘:)3(;)”('5“"’ GRU USA 71,610.0 119,193.6 277
Tianhe-2
4 (MilkyWay-2), Cluster (NUDT,CPU=+ ¢\ 61,4445  100,678.7 3325
Matrix2000)
NSCG
5 ABCI, AIST 3'1%3(;)‘” (Fujitsu, GPU ;. 19,880.0 32576.6 12054
6 Piz Daint, CSCS I|\3I|1P0F('))(Cray, XC50: GPU gw'tze"a" 19,590.0 25.326.3 10398
7 Titan, ORNL ggs)(Cray, XK7: CPU+ ;s 17,590.0 27,112.5 2143
8 Sequoia, LLNL MPP (IBM, BlueGene/Q) USA 17,173.2 20,132.7 2177
Trinity, NNSA/ i
9 BN SN MPP (Cray, XC40: MIC) USA 14,137.3 43,902.6 3678
10 E;:’LNERSC' MPP (Cray, XC40: KNL) USA 14,014.7 27,880.7 3558

43



TaihuLight (A2 3%, Sunway)

« National Supercomputer Center in
Wuxi

«  Sunway SW26010 CPU (original)
* InfiniBand FDR

« TOPS500#1 2016/6-

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

* 40960 CPU (10649600 cores)

2016/12/07 ACHPC

CCS:HPC seminar. 2019

W

Peak 125PFLOPS
HPL 93PFLOPS

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

\\\\\

2016/12/07

ACHPC

CCS:HPC seminar. 2019

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 shrared by
260 cores

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

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

Difficult to tune the performance, but
received 2016 ACM Gordon Bell Award
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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 46
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Compute Node of Tianhe-2 @

Compute Node

* Neo-Heterogeneous Compute Node

a Similar ISA, different
ALU Comm. Port : 1 Dual Gigabf;\LAN

|8
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 p— 16X PCIE,

a PDP Comm. Port
a Dual Gigabit LAN

a Peak Perf. :
3.432Tflops

16X PCIE
—

CPU x 2: 2.2GHz x 8flop/cycle x 12core x 2  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 47
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ABCI (AIST)

« AIST (FEEFLHT)  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%), . y:£ps (16bit ;2 EH/NIS) THNIEH
43520 CPU core + 4352 GPU, 0.5EFLOPS (Deep Learning®] ()

3MW, 6.6 GFLOPS/W

2014/12/24 ACHPC 48
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Corl Phase—ll (Cray XC4O W|th K

_" z ~ <1}
i :J!;l -

1 1 'H“!

¢ RSC

- NERSC, LBNL « 68 cores/CPU

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

* Cray Aries Interconnect
« TOPS500#5 2016/11

2016/12/07 ACHPC 49
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Dragonfly network topology of Cray’s Arieg=

. . . Sy
network chip (used in Cori)
PP Q9P QP 9P 9999Q9 9999 9999
G, G, eee 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
WY ' . .
[R 1 [ h Global channels - for different Island, different router
I °‘ , ‘\ : 31 : " \ is used to connect to avoid traffic
. N A S A N A i
CeEn 269 PHP) ®ED  Local channels congestion

« Tough for random transfer while
reducing the total network links

Example: N =72

2016/12/07 ACHPC 50
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i 51 AR S AT LDE [F] @

MPPIHRRICEIR (BFEI YV DFHIELE)
AETAT41IEDNES (DS ADEEE)
— JETAT4RANTI—TOLYY (64bit IA32=x64)
— JETFATABRYRI=DERMYTF
* Infiniband (EDR 100Gbps. & #kigzFT iR < ICM@I&ET)
SRMIC, JBEEMEEE: ATV e BIEMHEEDNIVANEIL
— SEEMEEE IOty Omulti-core{t FICLDIBEEE M £
— AEUMEEE )\ FiE) (FFEXBIICIE T (TR YHNET ES)
— BIEMEEEFERPERIICENH>TIK(IBE)
— 7Oty IAMION)TZEH %Y FID—=DAMEIO(N log N)FZEE 1z D THE >
HICOAT L& z£E
— FERMICH T NIBTNERE E(FEONEH UG TETLVD, LN—ED7I
JVALVIMNIIP EOIT RDWNE,
Exa FLOPS YV VICRITMERFELIREOTLVS
— HRE/END100ERREDR EHRE
— 1000R M5 N BIFIATESVILTUXLDOERF
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FEH

o WHMEBIATL T7—FTDFv
- i@ﬁzjﬂt“ﬁ)‘(]?) HEEDRFRICED ., AR MEEF I H WIR(CFELS 57T
\
— TEBEEEMEFE LD DHLEETE (scalability) ZHE{R
— TEAEY I HBEAEY
o WHIMEBRYRT—=H
— scalabilityh' izt EE
— LIRIIEMPPREIIT. JRTE(Fcommodity network® FEE(C L Dfat-tree ThiaHD
(RN AT EE
— 2DMEEEA M)YD  throughput & latency
o IR RTLDERE
— B00/RI7MEFTHL K. sxELinpackfgE4933PFLOPS
— EXREHEATY VAT LED multi-coreD—fR1EICENNA TV FHE AR
— 7OESL-AnEESNTIVS
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