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Introduction of AIST

* A research institute as a part of the Ministry of Economy, Trade and Industry

(METI) of Japan
e QOur mission

— Integrate scientific and engineering
knowledge to address industry and

society needs

— Bridge the gap between innovative
technological seeds and

commercialization

Building a sustainable society

Technology to society

Life Technology for healthy, ufe
and secure living
Uh Sclence and

Green Technology for a rich and
eco-1riendly society

Energy and Environment

An international research and
development base for renewable
energy (Fukushima Renewable

Energy Institute (FREAJ) Creatisn, sarage ard
conserviation of energy
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Close collaboration with small and
medium-sized enterprises of regions
AIST seven regional research bases

AIST labs on campars
{open innovation Lboeatorses (OILs))

We built ABCI for popularize Al technologies in Japan

A base for integrated research in IT and \J " ¢ 1
life sclences (AIST Tokyo Waterfromt) h NS ol

Information Technology for

Information, Todmology and
lhman Factors,

L

Metrology Standards

Measirement stangards
Advaeced masssremernts

An open innovation hub for
semiconducton and nanotechnology
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ABCI: The World’s First Large-Scale
Open AI Infrastructure

RENT 2 AIST
" —~ABCI AI Bridging Cloud Infrastructure

‘ m World Top-Level compute and data process
Apr mer S capability

m Open, Public, and Dedicated infrastructure
for Al & Big Data Algorithms, Software, and
Applications

m Open Innovation Platform to accelerate joint
academic-industry R&D for Al

Peak Performance:

550 PFLOPS (FP16)
37 PFLOPS (FP64)

Effective Performance: (as of Jun 2019)
19.88 PFLOPS (#8 in TOP500)
14.423 GFLOPS/W (#3 in GREEN500)
508.85 TFLOPS (#5 in HPCG)

P : < 2.3 MW
OPERATED SINCE AUGUST 15T, 2018 IS E - 11 (Eotimated)




Some of 1 Year Achievements

100+ projects, 1000+ users
— Academia, research institutes and companies

« Large Japanese companies start to use ABCI as their R&D platform
« ABCI supports NGC containers

<A NVIDIA
* SONY and Fujitsu lab achieved good | —
perfOrmance Of ImageNet-1 k Japan’s Fastest Supercomputer Adopts NGC, Enabling Easy Access to
classification on ABCI Deep Learning Frameworks

* Two research papers that use ABCI
were accepted by SC19

ai» .

https://blogs.nvidia.com/blog/2019/06/17/abci-adopts-ngc/
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W World’s Highest Speed in ImageNet-1k Training

ImageNet / ResNet-50 (Relative speedup & Accuracy)
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Fujitsu lab’s work MLPerf Training v0.6
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AIST ABCI Hardware Overview

High-Performance Computing System
550 PFlops(FP16), 37.2 PFlops(FP64)
476 TiB Memory, 1.74 PB NVMe SSD

Computing Nodes (w/ GPU) x 1088

£X cru NVIDIA Tesla V100 SXM2 x 4

= CPU Intel Xeon Gold 6148 (2.4GHz/20cores) x 2
E Memory  384GiB
=) | ocal Storage  Intel SSD DC P4600 (NVMe) 1.6TB x 1

""" Interconnect  InfiniBand EDR x 2

Multi-platform Nodes (w/o GPU) x 10

* Intel Xeon Gold 6132 (2.6GHz/14cores) x 2
+ 768GiB Memory, 3.8TB NVMe SSD, 1.5TB Intel Optane x2

Interactive Nodes x 4 Manageient and Gateway Nodes x 15

Interconnect (InfiniBand EDR)

* Mellanox CS7500 x 2
» Mellanox SB7890 x 229

Service Network (10GbE)

—

Large-scale Storage System

1 PB Lustre (Home Directory)

DDN SFA14KX (w/ SS9012 Enclosure x 10) x1
» 7.68TB SAS SSD x 185 for data
* 960GB SAS SSD x 13 for metadata

22 PB GPFS (Group Shared Directory, etc.)

DDN SFA14K (w/ SS8462 Enclosure x 10) x3
* 12TB 7.2Krpm NL-SAS HDD x 2400
» 3.84TB SAS SSD x 216

17 PB Object Storage (Preparing)

HPE Apollo 4510 Gen10 x 24
+ 12TB SATA HDD x 1440
« 3.2TB SSD x 24

!

Gateway and Firewall

* Nexsus 3232C x2
* FortiGate 1500D x2
 FortiAnalyzer 400E x1

100Gbps
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2 ABCI Software Stack

Operating System RHEL / CentOS 7.6
Job Scheduler Univa Grid Engine 8.6.3

. . Docker 17.12.0 (Users can use only supported container images)
Container Engine : . : :
Singularity 2.6.1 (Users can use any container images)
Intel MPI 2018.2.199
MVAPICH2 2.3rc2, 2.3 / MVAPICH2-GDR 2.33, 2.3rc1, 2.3, 2.3.1
OpenMPI 1.10.7,2.1.3,2.1.5,2.1.6,3.0.3,3.1.0,3.1.2,3.1.3

Intel Parallel Studio XE Cluster Edition 2017.8, 2018.2, 2018.3, 2019.3
PGI Professional Edition 17.10, 18.5, 18.10, 19.3

NVIDIA CUDA SDK 8.0, 9.0, 9.1, 9.2, 10.0

Development tools cuDNN 5.1,6.0,7.0,7.1,7.2,7.3,7.4,7.5
NCCL1.35,2.1,2.2,2.3,2.4

Intel MKL 2017.8, 2018.2, 2018.3, 2019.3

GCC, Python, Ruby, R, OpenlDK, Go, Perl

Caffe, Caffe2, TensorFlow, Theano, Torch, PyTorch, CNTK, MXnet, Chainer, Keras, etc.
(Frameworks provided by NVIDIA GPU Cloud can also be deployed)

Big Data Processing Hadoop, Spark

Deep Learning
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= ABCI Compute Node

FUJITSU PRIMERGY Server (2 servers in 2U)
Xeon Gold 6148 (27.5M Cache, 2.40 GHz, 20 Core) x2

CPU

NVIDIA Tesla V100 (SXM2) x4

384GiB DDRA 2666MHz RDIMM
Local Storage 1.6TB NVMe SSD (Intel SSD DC P4600 u.2) x1

Skylake Skylake

128GB/s | nhR4.2666

Xeon Gold IZlER &1 Xeon Gold
32GB x 6

< I
»

128GB/s

DDR4-2666
32GB x 6

IB HCA (1 ’ >
S N PGl gen3 x16 PCle gen3 x16 b s
Poie gens e e

x64 switch

PCle gen3 x16

—p x48 switch

NVLink2 x2
< Tesla V100 SXM2

Tesla V100 SXM2 ;.‘
e S

< Tesla V100 SXM2

Tesla V100 SXM2 ,
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= ABCI Node Rack / Interconnect

SPINE#1| |SPINE#2

CS7500 | | CS7500 N Dense -packaged rack: 34 nodes, 136 Tesla V100
» : Theoretical peak performance per rack :
1/3 OvIeBr_sEugsF»{c;ir;tLon BW 1.16 PFlops (FP64), 17 PFlops (FP16)

c.f. Google TPU 3.0 Pod (>100PFlops/8racks)
« Power consumption per rack: 67.33 kW

FBB#1 | FBB#2 | FBB#3 FBB#1 | FBB#2 | FBB#3
SB7890|SB7890|SB7890 SB7890|SB7890|SB7890 B Interconnect
Full bisection BW Full bisection BW - Fat-tree tOpOIOgY )
IB-EDR x 72 IB-EDR x 72 « Intra-rack: full bisection BW
« Inter-rack : 1/3 over-subscription (2400/6800)
LEAF#1|LEAF#2|LEAF#3|LEAF#4 LEAF#1|LEAF#2|LEAF#3|LEAF#4 . . . .
SB7890|SB7890|SB7890|SB7890 SB7890|SB7890|SB7890|SB7890 W!thOUt adoptive routing
« Without Mellanox SHARP
[ /1) KX A [~ ] [/ 1.)F XX A [~ ]
- ™| - o<
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oo NN AN ] ceennnnnnns el oo oo AN || ceennnnnnne e
XXX X% > XXX X< <
ool ool |olo Sl ol|o|l|olol] oo SIS
CX400 | CX400 | CX400 CX400 CX400 | CX400 | CX400 CX400 InfiniBand EDR x4
#1 #2 #3 #17 #1 #2 #3 #17 InfiniBand EDR X6

Rack #1 Rack #2 InfiniBand EDR x1
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Grounds for the Interconnect Design

« 1/3 over-subscription network
— A cost effective solution

« Many DL training apps do not use large number of nodes
« High bandwidth network is required by only a small set of nodes

« Without adoptive routing

— InfiniBand is shared by compute and IO communication, and the delivery
vendor suggested not to use adaptive routing on such a configuration

 Without Mellanox SHARP

— We use EDR and switches which do not support large size message in
SHARP
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Distribution of Number of Used GPUs/Nodes in DL Jobs

Single GPU, Single Node # Used Nodes in Multi Node
and Multi Node jobs Jobs

« Workload is collected from pre-
ABCI system, AAIC

— A system dedicated for Al research

« Single GPU Jobs are dominant and
degree of parallelism is low

« ABCl is designed for a capacity

; . I 2 Nodes ( 16 GPUs): 1505 (82.69%) M
0L P RS e (36,21 =3 lodes (2 GPU) 16 ( 0.60% computing system for Al
— Single Node, Multi GPU Jobs: B 4 Nodes ( 32 GPUs): 110 ( 6.04%)
11850 ( 3.28%) B 5 Nodes ( 40 GPUs): 6 ( 0.33%)
mm Multi Node Jobs: i W= 7 Nodes ( 56 GPUs): 1 ( 0.05%)
1826 ( 6.56%) 3 Nodes ( 64 GPUs): 87 ( 4.78%)
10 Nodes ( 80 GPUs): 9 ( 0.49%)
B 16 Nodes (128 GPUs): 52 ( 2.86%)
32 Nodes (256 GPUs): 34 ( 1.87%)
#Nodes: 32-38
#GPUs/Node: 8
#GPUs: 256-304 Workload is published under: https://github.com/aistairc/aaic-workload
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Performance Impact on MPI
under 1/3 over-subscription without adoptive routing

e Measured P2P host-mem to host-mem transfer
nerformance using OpenMPI 2.1.6

o ntra_rack: ']7 - 17 nodes GroupO (RackO) Groupl (Rackl)
e Inter-rack: 34 - 34 nodes
* Increase # of node pairs

' \[ [/
VAAA

[/
SAAA

[/
UAA
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Intra-Rack P2P Performance

Per-Node Average Throughput Aggregated Throughput
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More than 80% of the theoretical performance is achieved.
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Per-Node Throughput (GB/s)
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Inter-Rack P2P Performance
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Large performance degradation at 6 and 20 connections, and far from Ideal performance
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Collective Comm. Performance on ABCI

« Measured performance of two collective comm. patterns

— Allreduce: essential in distributed training of DL
— Reduce: the most heavy comm. in our application

« Used OSU Micro-Benchmarks 5.6.1 GCC4.8.5
— NCCL Bench 2.0.0 is used for NCCL 10.0.130
— Default parameters
Host to host Transfer GPU to GPU Transfer
MVAPICH2 MVAPICH2 2.3.1 MVAPICH2 MVAPICH2 2.3.1
IntelMPI IntelMPI 2018 Update 2 MVAPICH2-GDR MVAPICH2-GDR 2.3.1, gdrcopy 1.2
OpenMPI OpenMPI 3.1.3 OpenMPI OpenMPI 3.1.3

NCCL NCCL 2.4.7

TTTTTTTTTTTTTTTTTTT ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




H2H AllReduce

Intra-Rack (34 Nodes)

Inter-Rack (68 Nodes)
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—e— MVAPICH2
IntelMPI
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1K 16K 256K 4M  64M
Message Size (Bytes)

* MVAPICH2 is comparable to InteIMPI
* Performance do not suffer from 1/3 over-subscription inter-rack bandwidth

4 64 1K 16K 256K 4M  64M
Message Size (Bytes)
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Time (Micro-second)

H2H Reduce

Intra-Rack (34 Nodes)

Inter-Rack (68 Nodes)
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MVAPICH2 is better than others in small message, but IntelMPI outperforms MVAPICH in large message
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Time (Micro-second)

Intra-Rack (34 Nodes)

D2D AllIReduce

Inter-Rack (68 Nodes)

10° 3
104 3
103 3
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101 ]

| —— MVAPICH2

MVAPICH2-GDR

{1 —— OpenMPI
| —e— NCCL
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o
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1K 16K 256K 4M  64M
Message Size (Bytes)

MVAPICH2-GDR and NCCL outperforms others in large messages
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Time (Micro-second)

Intra-Rack (34 Nodes)

D2D Reduce

53 —«— MVAPICH2

10> ; MVAPICH2-GDR

] —— OpenMPI
Loe | — Neal
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4 64 1K 16K 256K  4M 64M

Message Size (Bytes)
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Inter-Rack (68 Nodes)
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MVAPICH2-GDR

] —— OpenMPI
| —e— NCCL

4 64 1K 16K 256K  4M
Message Size (Bytes)

MVAPICH2-GDR achieves the best performance

64M
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Application Performance: iFDK

« A high-speed and high-resolution CT image reconstruction framework
running on GPU clusters Micro-focus

— Create 3D images from multiple 2D x-ray images Xray source |
[FPD

— Demands for high-resolution CT image:
non-invasive inspection, reverse engineering, etc.

« What we done

— GPU kernel whose compute cost is 1/6 of the standard
algorithm

— Efficient FDK computation by overlapping CPU comp.,

GPU comp. and comm.

(a)

— 1 Distributed framework for high-resolution CBCT geometry and trajectory

Image reconstruction

Peng Chen, Mohamed Wahib, Shinichiro Takizawa, Ryousei Takano, Satoshi Matsuoka.
Will be presented at SC19 | iFDK: A Scalable Framework for Instant High-resolution Image Reconstruction
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Distributed Framework for High-resolution
Image Reconstruction

X | I _ .

Load Filtering [ Back-proiectio'n ) Store
Load Filtering ) "Back-projection ) Store
Load Filtering ] [ Back-projection Store
Load Filtering | Back-projection ] Store
Load Filtering ) Back-projection )

Load Filtering ) "Back-projection

Load Filtering J [ Back-projection '}

Load Filtering Back-projection )

TTTTTTTTTTTTTTTT

AllGather

" Reduce

[ Output ]

fwd

W=

Q7

(5B
M

ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)



Example Case
Input: 4k count of 2k image, Output: 4k*3, 32 Nodes

16 MB/img x4096
Input: 2D PrOJectlons>

Output: 3D volume Y Y Y Y
: (r N (. N (Y (D
R 7 I CO I I Cl I | CZ I | CS I
. I -l - I- = = == + - === F~ Q
Poscon I ms S mas e S — - ->|, | P! P P! ;19
. &7 - R, oo |, af 32, tfea |, 1] o6 ]| 15
________ ___wolo________} .~ //I\______:_———I——:———-I-—:————I-—:————I—/é’
________ ':______\lQl_l__________’ 7 ,——————r———:——|————:—-I———-Il—r———lle
| / : Rl : 1| : 9 |1 : 17 | : s |1
I // S—————- |————:—-t————:—1-———:——|————:—’
[ ! vo l ‘ l
4_ ________________________ L2 ] / I [ ] [ ] I... o 06j06 O 06 0606 o0 O o 00
e L 2t (—————- r==-=-bLbp---Jdeqo--dp--L.
4 ! R o Y - 63 - N A
A T Ry I 31 | I I !
A_,«___________\I_O_I__6_2_ ________ - o o o - - I____I__',____I_i____l__l____l_l
L vol 63 8 GB/vol x64 N G R G R U

Allgather
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Performance Result

« Large performance gap between

Input: 4k count of 2k image, Output: 4k” 3, 32 Nodes , .
MPI implementations.

500 : :
— Mainly by Reduction
T 40 — Used IntelMPI in the paper
S 300
3
o 200
£ o « Next step
. — Tune parameters for collectives
0 .

— Use CUDA-aware MPI collectives
IntelMPI MVAPICH2 OpenMPI

M Allgather Reduce 1O Compute
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Summary
 Introduce ABCI, an open Al platform d
— Architecture, software stack and latest achievements ABCI

— Detail network architecture

« MPI communication performance on ABCI

— Effect of 1/3 inter-rack over-subscription bandwidth on P2P and
collectives

— An application performance example
« Future work
— Evaluate the latest MVAPICH2 and MVAPICH2-GDR
— Provide detail comm. performance results on ABCI to users

https://abci.ai/
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