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A FX1000. Cascade Lake. V100

A CPU
I Stream
) A Type | TCS 1.2.26
I HPL A Type Il Intel 2019.5.281, CUDA 10.2, PGI 20.4
I HPCG A Intel 2019.5.281
A

I OSU Micro-Benchmarks

I IOR



Stream Triad (N=20,000,000)

A Type |

A Typell

1
A
A
A

1

A -qopt - streaming - stores

1

1

826 GB/s

- Kfast,openmp,zfill

XOS MMM _ L PAGING_POLICYdemand:demand:demand

zfil  demand

2CPU 202 GB/s (-xHost -gopenmp -gopt -zmm -usage=high)

1GPU 777 GBJs

4CPU 338 GB/s

C Fortran

stream OpenACC

auto

A AG4FX HBM
A 4CPU

2CPU Type ll




HPL

A Type |
i1 2.4849 TFLOPS 2.4849/3.3792=73.5%
i 6.6178 PFLOPS 6.6178/7.782=85.0%
A TOP500 2020 6 36 5 ABClI OFP TSUBAME3.0
A 1
A Typell GPU
i1 24.440 TFLOPS 24.440/33.888=72.1%
i 4.880 PFLOPS TOP500 51 4.880/7.489=65.2%
A
i1 3.25 TFLOPS 3.250/5.376=60.5%
A GPU
AB4FX
i Type |, Il

I Intel 2019.5.281 MKL mp_linpack



HPCG

A Type |
i1 105.956 GFLOPS 105.956/3379.2=3.14%
i 230.594 TFLOPS 230.594/7782=2.96%
A HPCG 2020 6 16 4 2% 2.6%
A
A Typell GPU
. N A HPL GPU
i1 550.6 GFLOPS 550.6/33888=1.62% AGAEX
i 100 48.2544 TFLOPS 48.2544/33888=1.42%
A 100 TFLOPS
A HPCG Web HPCG3.1 (2019.12.05 ) 60
A
i1 1CPU 1MPI 16.6079 GFLOPS 16.6079/1344=1.24%
i1 ACPU 4MPI 61.7766 GFLOPS 61.7766/5376=1.15%

A Intel 2019.5.281 MKL 60




OSU Micro - Benchmarks

A
I Typel Typell
A latency
A allreduce , alltoall



OSU Micro - Benchmarks

latency

Latency (us)

1000

100

10

0.1

A

A Typell CPU

A Typel CMG GPU

OpenMPI

Size (Byte)
—@—Type | 1 CMG
=0 Type Il IntelMPI 1 CPU
—=@=—Type Il OpenMPI 1 CPU
=0=Type || OpenMPI 1 GPU

16384
32768
65536
131072
262144
524288
1048576

1000

100

10

Latency (us)

2097152
4194304

0.1

A Typell OpenMPI
A Typel
A GPU
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O N IO 4 N & OO O 0 O
— N IO O O O <« M I~
— N < 0 O
— ™M
Size (Byte)

—=0=—Type | 2 =0=—Type Il IntelMPI 2

—=@="Type || OpenMPI 2 CPU ==@=Type Il OpenMPI 2

65536
131072
262144
524288

1048576
2097152
4194304

CPU
GPU
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O N <
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4096
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-
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y

A\g LatepCy(us)
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262144
524288
1048576

—@=—Type | 12
—@—Type | 12
=0—Type | 120
—@—Type | 120
=0—"Type Il 12
—=0=—Type Il 120

torus

mesh
torus
mesh
near

near

Type I

A GPU to GPU
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OSU Micro -Benchmarks = allreduce , alltoall

10000 100000
allreduce alltoall
10000
1000

E) 3 1000
> —e—Type | 12 torus >
c c
g 100 —e—Type | 12 mesh =
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Sy —o—Type |1 120 torus o 100
< <

—e—Type | 120 mesh
10 —e—Type Il 12 CPU
—o—Type Il 12 GPU 10
1 1
X o X o A% o & 0 X A0 N % o X (O * Jo * 40 % Al
N AP S VAR S DS M AN S AP AP Q VARSIt N SEAN
N N
T e OpdnMPI(HPC-X
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A Type Il A GPU to GPU

A Type!t




Avg Latency (us)

Type |

allreduce

96

12

100000
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1000

100

10

16
32
64
128
256

512

96nodes:torus

< 0] (e}
AN < [}
o O O
— N <
Size (byte)

8192
16384

32768
65536
131072
262144
524288

1048576

100000
10000
=@==0SU_reduce -
=@ 0sU_allreduce default v 1000
=@==0sU_allreduce trix3 S
c
—e—o0su_allreduce trix6 %
-
=@=0sU_allreduce rdbc <z>Em 100

=@==0sU_allreduce segmented_ring
=@=0su_allreduce ring

=@=0su_allreduce recursive_doubling 10
== 0sUu_allreduce nonoverlapping

== 0su_allreduce basic_linear

16

32

64

96nodes:mesh

128

(o] N < [ee] (o]
Lo —l N < (o2}
N N O O O
— N <
Size (byte)

8192

16384
32768
65536
131072
262144
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Type | _allreduce

96 torus

mesh

13

mesh

1.20
1.15
1.10
1.05

1.00

ratio

0.95
0.90
0.85

0.80

torus

96nodes, torus/mesh

Size (byte)

=@=0sU_reduce -

=@=0sU_allreduce default
=@==0sU_allreduce trix3
=@=0sU_allreduce trix6
=@=0sU_allreduce rdbc

=0 0SU_allreduce segmented_ring
== 0su_allreduce ring
=—=@=0su_allreduce recursive_doubling
=@=0su_allreduce nonoverlapping

=@=0su_allreduce basic_linear

A 4Byte, 8Byte torus
A recursive_doubling

+ 5%




MDS1 MDS2 MDS3 MDS4

IOR . 1/2
A IOR =l o || |\
i Typel el /s e
I N
/data/groupl i
A File Per Process R/W 100GB/s 7
A Single Shared File R/W 80GB/s
File Per Process 1HE Single Shared File 145E
TRV R OST write I read “FHHE  write “FHIfH read V(i
T4LZ RV 7247 ML [MiB/sec] [MiB /sec] [MiB /sec] [MiB /sec]
/data/groupl 576 93130.36 106612.15 34112.94 83286.16
/data/group2 288 33770.22 38685.99 32984.10 36369.85
/home 144 17928.59 22037.02
/data/tmp 144 12697.28 13242.41

writed+read §5HHE  169052.000 write+read S 118381.525
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|IOR
8
/data/groupl
Type |, 144 576
A 200MiB/sec
Type |, 144 576

A Max Write 1002.35 MiB/sec
A Max Read 908.24MiB/sec

Type Il, 15 120

A Max Write 1048.00 MiB/sec
A Max Read 391.36MiB/sec
Type II, 15 120

A Max Write 918.37 MiB/sec
A Max Read 345.59MiB/sec

mpiexec ./ior -w -r-C-g-13-vv-s13000-b1m -t1m

, POSIX

, MPI-10

, POSIX

, MPI-10



' 16

haY Ala " 4 S o .Y .4

A FEXRVFI—27O075 LI & 2 M4EESH
A COZyBOBBKR - FIBRKR
A TRE)] OBHEMLHEEE - BRLHEE - FIBALDOIE

Type | SSD




17

To Io o Ix

*-extra

HW



To o

0

18

A Type |
:

I -

A Typell
:

A

I -

A Type lll

GPU

100

UNCAI

V100

UNCAI
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Type | vs Type I

UNCAI
58

Linux

NVMesh
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Type ll

$ pjsub -- interact
1

$ pjsub -- interact

fx -interactive, cx  -interactive,  cxgfs-interactive, cl

- L rscgrp =cx- interactive

- L rscgrp =cx- interactive,elapse

=2:00:00

Type |

- Interactive
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ODA

ODA

1:2020 7 1

2:2021 2 1

PetaSite Library
88

484 TB /484 TB
6
1

PetaSite Library
1,980

6 PB/10.89 PB
20
4

100
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10

50TB

190,000

10,000
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A Type Il Type lIl
i Typell NVMeSSD 6.4 TB/node
I Type llll NVMeSSD Fibre Channel

A Typell
'r

A NVMe SSD
I SSD

A BeeOND
| PJM_BEEOND=1
:

A NVMesh

I cxgfs NVMesh

BeeGFSIBeeOND/NVMesh

PJM_LOCALDIR

PJM_BEEONDDIR
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CPU ) ) *) NVMeSSB.4TB BeeOND BeeGF@®VMesh
( )
cxinteractive 1 1 1 24 338 Git o
cxdebug 4 160 1 1 338 GiB x o
cx-extra 8 320 1 12 338 GiB x o 12
cx-share 1/4( ) 10 1 168 84 Gib o ( ) (**) 1/4
cxsingle 1 40 1 336 338 GiB x o
cx-small 8 320 1 168 338 GiB x o
cxmiddle 16 1,280 1 72 338 GiBx 1 o
cxlarge 64 3,840 1 72 338 GiBx 6 )
cxspecial 221 8,840 unlimited unlimited 338 GiB x 22 o ohu
cxmiddle2 16 1,280 1 72 338GiBx 1 o 040
cxgfsinteractive 1 40 1 168 338 GiB x
cxgfssingle 40 1 336 338 GiB x
cxgfssmall 8 320 1 168 338 GiB x
cxgfsmiddle 16 1,280 1 72 338GiBx 1
cxgfsspecial 50 2,000 1 72 338 GiBx 5 ohu
) ( ) unlimited unlimited 338GiBx o
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open/close
1. singleio MPI
A 1 1
2. singlefile fread/fwrite 1
3. multifile 1 fread/fwrite

4. mpiio MPI-IO 1

i 12 1 /1 Tofu-D
I {1M,10M,100M,1G}elements/process
I double 8byte
A 100M elements/process
github
I https://github.com/exthnet/iotest

MPI_File_set view , MPI_File_write /read_all)

12:mesh Type Il 12
100M 10M
800MB 1 9600MB/sec


https://github.com/exthnet/iotest
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1 =9600MB/sec

1 [1 100M

mpiio W

avg

Type I Type Il Type Il SSD Type Il: BeeOND Type Il: NVMesh
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—o—min =—e=—max avg —o—| min, max, avg 12 min, max, avg }avw —e—min =—e=—max
A multifile max

A Type |l Type ll

A mpiio
A TSUBAME3

A @
A SSD

W/R=4.82/3.27, 0.79/0.28, 0.56/0.26, 0.27/0.34, 0.52/0.39

BeeOND NVMesh
BeeOND mpiio

singlefile

mpiio R



A Typell Singularity
I Docker
I GPU
,

A

.. Type |l jobenv
' Web jobenv

A Singularity

I module load singularity singularity W
:

jobenv =singularity

A
I --nv GPU

I cx-interactive  cxgfs-interactive
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mnist_sample.py

TensorFlow - MNIST

import tensorflow as tf
= tf.keras.datasets.mnist

(x_train , y_train ),( X _test, y test)= mnist.load_data ()
: = x_train /255.0, x test /255.0

= tf.keras.models.Sequential ([
tf.keras.layers.Flatten (input_shape=(28, 28)),
tf.keras.layers.Dense (512, activation= tf.nn.relu ),
tf.keras.layers.Dropout  (0.2),
tf.keras.layers.Dense (10, activation= tf.nn.softmax )

)

model.compile(optimizer= ' adar,
loss=" sparse_categorical_crossentropy ',
metrics=[ 'accuracy' ])

model.fit(x_train, y_train, epochs=5)
model.evaluate (x_test, y test)

GPU
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MNIST 1/4

$ pjsub --interact -L rscgrp =cx- interactive,jobenv
[INFO] PJM 0000 pjsub Job 24138 submitted.

[INFO] PJM 0081 .connected.

[INFO] PJM 0082 pjsub Interactive job 24138 started.
$ module load singularity

$ singularity shell docker://tensorflow/tensorflow:latest
INFO: Converting OCI blobs to SIF format

INFO: Starting build...

Getting image source signatures

Copying blob 7ddbc47eeb70 done

Copying blob 43988fbe2254 done
Copying blob 019211ded66e done
Copying config 7815e5bf64 done
Writing manifest to image destination
Storing signatures

=singularity - jobenv =singularity

-gpu  docker
jobenv =singularity
Creating SIF file...
ERROR : Failed to create mount namespace: Operation not
permitted

2020/08/29 15:41:12 info unpack layer: sha256:7ddbc47eeb70dc7f08e410a6667948b87{f3883024eb41478b44ef9a81bf400c

2020/08/29 15:41:41 info unpack layer: sha256:019211ded66e3878a78e08489b7edfc9be46737f1646bb89ch5cac7688d77456

INFO: Creating SIF file...
Singularity>
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A MNIST

Singularity> python ./mnist_sample.py

2020 0829 15:44:22.593081: 1 tensorflow / stream_executor/platform/default/dso_loader.cc:48] Successfully opened dynamic library libcudart.s0.10.1
2020 08-29 15:44:25.566391: 1 tensorflow / stream_executor/platform/default/dso_loader.cc:48] Successfully opened dynamic library libcuda.so.1

2020 08- 29 15:44:25.566468: E tensorflow / stream_executor/ cudacuda_driver.cc:314] failed call to culnit : UNKNOWN ERROR)(

2020 08-29 15:44:25.566512: 1  tensorflow / stream_executor/ cudacuda_diagnostics.cc:169] retrieving CUDA diagnostic information for host: cx110

2020 08- 29 15:44:25.566522: | tensorflow / stream_executor/ cudacuda_diagnostics.cc:176] hostname: cx110

2020 0829 15:44:25.566596: |  tensorflow / stream_executor/ cudacuda_diagnostics.cc:200] libcuda reported version is: Not found: was unable to find
libcuda.so DSO loaded into this program

2020 0829 15:44:25.566637: 1 tensorflow / stream_executor/ cudacuda_diagnostics.cc:204] kernel reported version is: 440.64.0

2020 08-29 15:44:25.566951: | tensorflow /core/platform/cpu_feature_guard.cc:142] This TensorFlow binary is optimized with oneAPI Deep Neural Network
Library (  oneDNJtb use the following CPU instructions in performance - critical operations: AVX2 AVX512F FMA

To enable them in other operations, rebuild TensorFlow with the appropriate compiler flags.

2020 08-29 15:44:25.588987: | tensorflow /core/platform/ profile_utils  /cpu_utils.cc:104] CPU Frequency: 2100000000 Hz

2020 08-29 15:44:25.591255: | tensorflow /compiler/ xla /service/service.cc:168] XLA service 0x5de8470 initialized for platform Host (this does not
guarantee that XLA will be used). Devices:

2020 08-29 15:44:25.591295: | tensorflow /compiler/ xla /service/service.cc:176] StreamExecutor device (0): Host, Default Version
Epoch 1/5

1875/1875 [m===========================c=Fs 2ms/step - loss: 0.2219 - accuracy: 0.9333

Epoch 2/5 A CUDA
1875/1875 [============================c=Fs 2ms/step - loss: 0.0963 - accuracy: 0.9708

Epoch 3/5

1875/1875 [============================c=Fs 2ms/step - loss: 0.0707 - accuracy: 0.9776

Epoch 4/5

1875/1875 [============================c=3s 2ms/step - loss: 0.0531 - accuracy: 0.9831

Epoch 5/5

1875/1875 [============================c==3s Ims/step - loss: 0.0438 - accuracy: 0.9852

313/313 [==============================()s 923us/step - loss: 0.0688 - accuracy: 0.9800
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A singularity shell ' singularity exec

$ singularity shell -- nv docker://tensorflow/tensorflow:latest -gpu
- NV Singularity> nvidia - smi
Sat Aug 29 15:45:53 2020
4GPU S .\
| GPU I NVIDIA-SMI 440.64.00 Driver Version: 440.64.00 CUDA Version: 10.2 |
------------------------------- R R +
nvidia - smi - | GPU Name Persistence - M| Bus-Id Disp.A | Volatile  Uncorr. ECC |
| Fan Temp Perf  Pwr:UsagéCap| Memory -Usage | GPUULtl Compute M. |
|::::::::::::::::::::::::::::::=+===:::::::::::::======+===============:
| O TeslaV100 -SXM2... On | 00000000:3D:00.0 Off | 0|
| NJ/A 29C PO 42W/300W| OMiB/32510MiB| 0%  Default |
SRS, S RS +
| 1 TeslaV100 -SXM2... On | 00000000:3E:00.0 Off | 0]
| N/A 28C PO 41W/300W | OMiB/32510MiB| 0%  Default |
S, S e +
| 2 TeslaV100 -SXM2... On |00000000:B1:00.0 Off | 0]
| N/A 29C PO 41W/300W | OMiB/32510MiB| 0%  Default |
SRS oo S +
| 3 TeslaV100 -SXM2... On |00000000:B2:00.0 Off | 0]
| NJA 30C PO 41W/300W | OMiB/32510MiB| 0%  Default |
o el oo oo +
A i ii +
| Processes: GPU Memory |
| GPU PID Type Process name Usage |
I:::::::::::::::::::::::::::::::::::::::::::::::::: —_—— —— === TE
| No running processes found |
. +
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A GPU —-nv MNIST

Singularity>  python ./mnist_sample.py

2020 08-29 15:46:04.101633: 1 tensorflow / stream_executor/platform/default/dso_loader.cc:48] Successfully opened dynamic library libcudart.so0.10.1
2020 08-29 15:46:06.099728: 1 tensorflow / stream_executor/platform/default/dso_loader.cc:48] Successfully opened dynamic library libcuda.so.1
2020 08-29 15:46:06.224375: 1 tensorflow /core/ common_runtimegpugpu_device.cc:1716] Found device 0 with properties:

pciBusID: 0000:3d:00.0 name: Tesla V100 - SXM22GBcomputeCapability : 7.0

coreClock: 1.53GHz coreCount 80 deviceMemorySize31.75GiB deviceMemoryBandwidth836.37GiB/s

2020 08-29 15:46:06.225950: 1  tensorflow /core/ common_runtimegpugpu_device.cc:1716] Found device 1 with properties:

pciBusID: 0000:3d:00.0 name: Tesla V100 - SXM232GBcomputeCapability : 7.0
coreClock: 1.53GHz coreCount 80 deviceMemorySize31.75GiB deviceMemoryBandwidth836.37GiB/s

2020 08-29 15:46:07.401088: 1 tensorflow /core/ common_runtimegpugpu_device.cc:1858] Adding visible gpu devices: 0, 1, 2, 3

Epoch 1/5

2020 08-29 15:46:11.574009: 1 tensorflow / stream_executor/platform/default/dso_loader.cc:48] Successfully opened dynamic library libcublas.so.10
1875/1875 [m===========================c3s 2ms/step - loss: 0.2177 - accuracy: 0.9356

Epoch 2/5

1875/1875 [m===========================cs Ims/step - loss: 0.0965 - accuracy: 0.9712

Epoch 3/5 A GPU
1875/1875 [============================c=:]5 920us/step - loss: 0.0686 - accuracy: 0.9784

Epoch 4/5 A GPU
1875/1875 [z===========================c:j5 877us/step - loss: 0.0533 - accuracy: 0.9826

Epoch 5/5

1875/1875 [============================c3]s 836us/step - loss: 0.0426 - accuracy: 0.9863

313/313 [m=============================)s 967us/step - loss: 0.0728 - accuracy: 0.9775
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A MNIST

singularity exec  -- nv

I Python

#l/bin/ bash

#PJM- L rscgrp =cx- extra
#PJIM-L node=1

#PJM- L elapse=10:00
#PJM-L jobenv=singularity
#PJIM-|

#PJIM-S

module load singularity
singularity exec  -- nv docker://tensorflow/tensorflow:latest
python mnist_sample.py

-gpu ¥

#!/bin/ bash

#PJM-L rscgrp =cx-extra
#PJM-L node=1

#PJIM- L elapse=10:00
#PJM-L jobenv=singularity
#PJIM-|

#PJIM- S

module load singularity
singularity exec  -- nv docker://tensorflow/tensorflow:latest
“import tensorflow as ftf

mnist = tf.keras.datasets.mnist

(x_train , y train ),( x_test, y test)= mnist.load data ()
X_train , x_test = x_train /255.0, Xx test /255.0

model = tf.keras.models.Sequential ([
tf.keras.layers.Flatten (input_shape=(28, 28)),
tf.keras.layers.Dense (512, activation= tf.nn.relu ),
tf.keras.layers.Dropout  (0.2),
tf.keras.layers.Dense (10, activation= tf.nn.softmax )

)

model.compile(optimizer=" adarh
loss=" sparse_categorical_crossentropy ',
metrics=['accuracy'])

model.fit(x_train, y_train, epochs=5)
model.evaluate (x_test, y test)"

-gpu python -c ¥




' 36

haY Ala " 4 S o .Y .4

A FEXRVFI—27O075 LI & 2 M4EESH
A COZyrBoB®RKR - FIBRRKR
A TRE)] OBHEMLHEEE - BRLHEE - FIBALDOIE

Type | SSD




37

Qs ™ AN

A TRE] ICBII3EBRUYFI—TDIER.
[FRE) BEBEHL S RIIO_ 4 BOBEIR R « FIBRKR.
(RAZE] DWW DOHhDEEEE ICDOWTHBNMLELL:

A TRE] IFHORBRIEROFEY T AT LD SEBRINTED., HRLBFAE - 7
RAAENBEINZ O, FLEFTDICHR—FLEINTULVLBULWREREDHERINTULEZD
NIRRT

A FEALRER Y IIWebDQEAY 27 L (£7-i3F4 £ TEE) SHLEDE LI

A AB - 8 - ZVLBECRLBHEIRDHI1-HETOVIIAMITCICHBTEFZHITT
EHD FEAD, BEERSOTHR—FLTWVWEXT
i FAQ/Tips
|
.



