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Name

CPU [Core]
90% (42.5/47.0)
99% (46.5/47.0)
97% (45.5/47.0)

101% (47.5/47.0)

Memory [GiB]
75% (280.67/374.07)
79% (296.67/374.07)
95% (354.67/374.07)

99% (370.67/374.07)

GPU

MN-Core
0% (0/4)
100% (4/4)
26% (1/4)

100% (4/4)

Links

Issue bmcURL

Issue bmcURL

Issue bmcURL

Issue bmcURL

Notes
(alpha)
(alpha)
{alpha)

(alpha)

The
GREEN

50Q CERTIFICATE

MN-3 - MN-Core Server, Xeon 8260M 24C 2.4GHz, MN-Core, RoCEv2/MN-Core
DirectConnect

Preferred Networks, Japan

is ranked

among the World's TOP500 Supercomputers

on the GreenS00 List published at ISC 2020 Digital Conference, June 22nd, 2020

Congratulations from the Green500 Editors

i

Wu-chun Feng Kirk Cameron
Virginia Tech Virginia Tech
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Manufacturing Transportation Bio & Healthcare
Business Personal Robot Visual Inspection Entertainment
Computer Vision (a>vEa—4EY3Y) Data Analytics (7—#% fi&#7)
Object Detection (#{A#H) Pose (FR—XH#ERE) Anomaly Detection (E&E#&R%N)
Navigation (FE#— 3 >) Scene (L — ) Optimization (&#1t)
PFN Visual Inspection (S ERIRE) Image Segmentation Time series data (B5&R3T—%)
Technology

Machine Learning and Deep Learning (##%E & RZB2E)

Infrastructure (A > 7 5 i)
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The graph was excerpted from https://leonardoaraujosantos.gitbooks.io/artificial-inteligence/content/object_localization_and_detection.html

*http://memkite.com/deep-learning-bibliography/ 2014E D —REERE T VT X ~ TEBELT-

22[&h 5 73 B MGooglLeNetD i [Google 2014]



Image Classification MiES>

Classification Error

Classification Results (CLS)
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The graph was excerpted from Eunbyung Park (2017).
Overview of ILSVRC 2017

2012: AlexNet
2014: GoogLeNet
2016: ResNet

EE‘: A @E’E‘Eﬁﬁ% ;E
HBZz220H5



HiR

e PFNIC&E D COETEEENDAIE T

o KFEH/2Deep LearningERI\LFE
o RESTOtYHRELRDH ?

e MN-CoreDMIE EHFEF—LDEET
o« EILDMAR



Deep Learning O&EiRAL

e Scale-out (DEUEREFR) e Scale-up (BER77t5L—4%)
- E<EADT Oy B ZDIRT TERIL —FonJoeyYEFE->TERIE
e Keywords: T—#A 5|, ETI/ILIEG|, HELBEED e Keywords: Inference/TraininggEl7 Y 5 L—4
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o [EIHREIT—AMFCK DT, 2FFTI00BULEZFRIEL TS
— RADORXTEFSMOGPUTHERMEL TLV=1DMF, $+°2.2min

— NYTFHAL XHFEOELHBREICDONTIE, GPUEHIZH L TIFIXY) Z 7 IZtEgeR L AE
RTEDREREIZ/ DN\ID=FYDD2HD

e HBICHEATEDHEERFETIEIIRL)
RV TFHA REES L THEEOEBOREM(CRIEA KA NE TILO(C )M E A

Company Processor Date | Training time
PFN TITAN X *128 17/1 4h - N \
Facebook | P100 *256 17/6 | 1h [ Forward 1 Backward ] [l Opiimize ::>
PEN w 17/11 15min I:' Forward ‘:' Backward ‘: I?xrcahdailelgte : Optimize >
. 7\ < Allreduce —_—
SONY V100 *2176 18/11 | 3.7min . | P
- | Forward || Backward || | | Optimize :>
Google TPUv3 *1024 18/11 | 2.2min N J\ J\ VAN J




Al Chip Landscape V0.7 Dec., 2019 S.T.

= MLPerf results available = Al-Benchmark results available

—  Tech Giants/System — — IC Vendor/Fabless — — Startup in China =] Startup Worldwide ———— = |P/Design Sevice —/
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IRESDLER IS L —FRFELRON ?

o [RELETEEINDVE] EVLWDODERBOEHRLUIMNIE., /\— RO V7HEZ
IMRETEDIEENHDD
— Deep LearningD I AEEMAERK L TLNVS C &
— PHEETCHEREIN LN - O—FA—EEET S
— Deep Learningl2E W THELE SN HBEERENINETCORERMAELRLGS L
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AR (C DUV C(Training)

o Training CIXEEHBE (fpl6FRE+p32NB)DERAMNEEETNTULS
— NVIDIA Volta: Tensor Core (4x4D;E&EEFER, fpl6 matmul, fp32 accumulate)

— Google TPU: BFLOAT16 (brain float) & ex:z_nem fra:.-m
its 7 bits
* fp]_6J: , :E)dynamic range;ﬁﬂ\ﬁ:(,\ Eﬂgztlf;-aemﬁe;a ele elefe e e e[m[m[m[m[m[m]m]
8 bits 23 bits
+ BECDunderflowxt 5k B 1036 elee eie e e efmmimmfmmfm|-[mfm|mfm]m]
5 bits 10 bits

foatte vwose 51 E €€ & & ] w (][ [w]]w]
o Deep learningC RBEIRFUETRIR & (FIR(CH ? EWVVDRIBEICIFEFZ(FH TLVRLY

— fp16TEHLCNN, RNN, GANZ EDTraininghAH AFEES FL LW EWSHRE
— FS5E A TIZCUDNNAE ENRIEZEIBHTULAM, ELLFIBATEE=HIZIE/ 9O RBE

The figure was excerpted from https://cloud.google.com/tpu/docs/bfloat16


https://arxiv.org/pdf/1905.12322.pdf

AR [C DUV T (Inference)
o InferenceTld. KD AggressiveldgiE{LH EIEE

— Int8, Int4, binary
o FBRBAHETINZYI—TY N —FFIFvICHUTHRBEILTD

— ETILDOEF1E (Quantization)

o ETILON-bitEH1E
— ETILOELZE (Pruning)

+ BEEHETILDOSparselt (EIZSpMV Accelerator & DA EHE)
— INEWVWETILADZE (distillation)

o INSTBETIVIZHBETILONHEZEEIED

o Emerging deviceZFIFH U EDEARLIBEN DD (D, IREFRTEERL
MNIST/& EDToy Problemh¥iZl T DIRE E LV DEIR)
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MN-CoredDiii =

o BAME/RSIMDETTOtYVY
O  Single Instruction, Multiple Data
(BE—ff - BT —F)
o ZREDAEVIKBIZTOTS
L HVH fE(scratchpad)
o RPEERITIEINEC. #FE. MuX. #EY
EWVD BB DERXE— RZH/R—

HEEND (W, FiHE) 500 (4die, 1package& it)

E—7 148 (TFLOPS, &&tHiE) | 32.8 (f5#5FE) / 131 (HARE) / 524 (FHEE)

EHMEEE (TFLOPS /W, %&5HE) | 0.066 (f545/%) / 0.26 (H¥EE) /1.0 (FHEE)
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MN-Core’ztgsk U7z 5 X5 (MN-3)

e lrackidD 4MN-Core Server
® 1MN-Core ServeriZD4MN-Core Board
O H—/\[§IZRoCEV2 Tk
® 1MN-Core BoardiZJD 1MN-Core Chip
O MN-Core BoardfEl I&MNCore
DirectConnect TAEE &%
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MN-Core®izsbdDY) T SO T 7 (HFER)

(—
1 .

e MN-CoreZEifFxt33IC e '
HDERAZ IXruntime & ONNX L
software pytorch Tg:’_clz_h fngelf] C;?ggil':r ?I\!N_X+ Compiler | | PFVM : PFVM

d raining code gen IR 1|| Runtime

o HEISINSH ce en !

| v
M N 'CO rerET_I ‘/j-j I:IO jA T : OpenVINO
1

% g EjJEEEE 3_ 5 TC&JO) :l i Workflow — interact  mppy  Experiment Output for current ML-based -' TenestgrRT
|

e mm mm mm o mm mm Em o o o E Em oEm

R argo Engine N Environment Management businesses
INAS

MPI support ~
In-house Cluster Dashboard
. 1 I F j I\ O) a & /7:R Priority and Preemption (with “Grand Challenge” support)
/J \ BE (g j:[l] 2 5 7:': @O) l -_— GPU Type Aware Scheduling
Highspeed Interconnect(InfiniBand, RoCEv2) Pods
) Multi Network Interface Pods
U [a] (/TI / F MN-1 MN-1b MN-2 MN-3

Fair Scheduling
X Grand Challenge: Large scale experiments which occupies the whole cluster
o JSRHID—EBIEULTE

Network Topology Aware Scheduling

Gang Scheduling
= Name CPU [Core] Memory [GiB] () MN-Core Links Notes
EEEBDIZ8HDKkBsT»

2 90% (42.5/47.0) 75% (280.67/374.07) - 0% (0/4) Issue bmcURL (alpha)
t 3 99% (46.5/47.0) 79% (296.67/374.07) - 100% (4/4) Issue bmcURL (alpha)
Middleware& DOfi S i
4 97% (45.5[4710) 95% (354.67,’374.07} - 25% (1/4) Issue bmcURL (alpha)
5 101% (47.5/47.0) 99% (370.67/374.07) - 100% (4/4) Issue bmcURL (alpha)



MN-CorelFHEF— LA

o I\=RITT7/VIRITTIDZZTDIERZLS TLFZTILICENTND
— ZLZLREBL L CRAID MBI E LTHEEL TR
o HDLZYV I NI T TVIDDZTNHEH# DD« + - 1RERELLHD

~ “_ . . 1
ME K B E— IR L LR T %%%zn (—&R)
7—XFHF A RHAEER




MN-Core®DRIFE

o J\—ROTT7RE .V7h@17ﬁ% o VATLELTORE
o 7T—FT/UFviit KEEEBERIIAY 7 by 7RE — R— K —/\DE&ET
o #‘fﬂﬁ’l‘%#ﬁd o SUMMHERAT IV — a3 DER — IERTYa—)L
o S o SUBALITAINA SDEITRR — VAT LOYEREE
® #%IE |:|+
® @nIE

70O+ ¥ tapeoutx T (—fl): AEREXELTLVET A

O+ v HESAF#E

e VI b THFE o VATLELTHEE
o I/INASMDEAH — #tAk8s & DIREE
e GREEN500 BenchmarkBdF — Monitoring

o ETILRE/ARNTOHEFAA

o BRLGEENHAM. W—FIOTT7IVI DT T7IUOZF7 TCHELZRYYYMN
HADITTIEAE LY
 BHICE S TENTNEEDOEENBEFILAALEENBYED>TULS
o X BENDTOtLYHLETEELEN—RILEZELDHIEELAR. FyIATEEETIEE
SAMES F v TOHERIELTWNV YT S



MN-CoreF—LDRHFEAT 1)L

o HW/SWE—DDURS KU THFEZITD TLIB(monorepo)
o HARDEFE KR k) DActvity: 5000+PRs, 20KCommits < i LY
o ETIHAUNASEBORAENINELTNSADTELDEEZTWSIET

o ClZzKYICTBDXUENDD
— PROFEZHFECEICEBFHMICRTL SimAFENTY ., E#EH V-0 2 /\1 5 Dtest-runhE %
— Weekly THRREEDIR RO /81 SDMEREL EIZRET 2 BECIAE S
— MEYKREBELGLOI—FR—XT, KABTHEEZLTWA=HM LY KXE

o EARMI(CMHE(Islack L, B1EEETHEC &(CEH!
— OOFTEREICYUE—FHFICBYFELEADLECELSWROANIZIEHFETYEELL
— HWRDO AL, EROFHAGEZRSEVE—FTHLTEDZ LB
¢ RTLSIMD &L S LGHFLHREARIMERDIZEE. VE—FDIESNKYEELARMN>zEL
SV —EHo=YT S
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TOP500& Green500

TOP500(d. tHRHBCHDI /O DTOT S AERTRORSMICKDIEAZIRX N THD
o EI—RAEXZLUNEEZ AL TH < Workload
TOP500.orglcEREFEE=NZS X5 AMEEZNO0. 17 5N0.500F TU X M UZEBED
1993 (CiaE D . UIBBFH E11RAICEFHNET
Green500(&. TOP500(CEREENTZS X AMEEZN0.115N0.500FK TUX M UTZED
DEreZ. HEBHTHRELU T, EHHIEDEREZRD. BV MMIULZED

fEHE-BALE



GREENS500 Challenge
o 2020/06: 21.11GFlops/W (#1 in the world, 1.621PFlops) at zone0O+1

o #2is aNVIDIA DGX SuperPOD (21.108GF/W)
o 2020/11: 26.04GFlops/W (#2 in the world, 1.652PFlops) at zoneO

o #1is aNVIDIA DGX SuperPOD (26.195GF/W)
e 2020/06 -> 2020/11TEN3hZE20%LA EUP, 40->32_/ — R TRmaxE%E

——z70hel-— —Z0Ne1= 25 CERTIFICATE

DirectConnect

Preferred Networks, Japan
among the World's TOPS00 Supercomputers

Congratulations from the Green500 Editors
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MN-3 - MN-Core Server, Xeon 8260M 24C 2.4GHz, MN-Core, RoCEv2/MN-Core
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Top/Green500 Challenge CESNIZHD

SATLAER(TOCSL—F/RANAAIART NN EEMNDEMEEIC. —TEDHARIE
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50Q

Revernue Grade(ANSI C12.20)

MN-3, a Preferred Networks Systems at
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or, RETHME 1% E Preferred Networks, Japan
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