S REEH ERCEH

Machine Learning / Deep Learning

B RS HTRER
Z&t{l , Louis Lo

December 22, 2017 vmware

© 2017 VMware Inc. All rights reserved.




He

1 SVEEERE#E
2 Deep Learning &8I 24
3 VMware BEEERE R H /0

vmware




He

1 SVEEEREE L
2 Deep Learning &8I 24
3 VMware BEEERE R H /0

vmware




S EEIER / jc%t?% Al EREE RS ERIEREERE

%U/s{jr: Medical

Thermodynamics

Financial
()
>< Biorgr‘ic‘
Messaging
| Machin
Calendars B|g Data ac : € HPC
SRl ¢ Learnin g High ‘Military

M BT

€0t Performance

aLO- :

s D ¥ - Computing ok %
Fa Learning

Social Media
E-Commerce
4 111
B

G

Automotive
Biology  Financial

. et D
Sensors

-

44




EEEE  KEHR /Al EFREAESERERANERTR

cloudera

@ i,
& _—
AAAAAA a7 o
Spark: O° N
ﬁ‘!ﬁ‘]ﬁ\ i M a‘C h I n e ?_Bg SIMULIA
Hortonworks B | g D at a : H P C 2.
Learning BT, Ny
P
MAPR Computing
\ — - -
N >
VAR theano IS

@ — TensorFlow Caffe
vmware ‘ ‘



S EEIEE | KR / Al EAREXEE EHRFAERAREERNEIR

GPU GPU
FPGA FPGA
NVM : Machine @ ROCE
Big Data . HPC

. Learning SNt

Distributed Performance B2 ) Inifiniband
CPU b Computing

Learning




HPC Workloads

- RIBMRESTES=
RRmEEEFMES

- FEEEEZEFWIO

Mechanical Design / Drafting
Chemical Engineering
Economics/Financial

Weather

Electronic Design Automation (EDA)
Geosciences

rN,

\

aa&

S

- BRONIEITERZE Defense
Computer-Aided Engineering (CAE)
Bioscience

Government Lab
University/Academic

-

e 2 E
Message

Throughput HPC MPI Passing
Jobs Cluster Jobs Interface

vmware



2 1= 20 A A

: BREREF Y

Native DPDK DirectPath 10 Total
RDMA SRIOV Bypass

Application

Hypervisor Kernel -

Device

No Bypass Bypass Bypass

OS Kernel Hypervisor All

vmware



[ERBEHEBARNER, KREFRERFEIRINFRER

LR T

Simulation ~ Machine Data Developer App
Engineer Learning Scientist Admin
Expert

Gromacs

fast \".

5 Y
flexible W&
free

AN

Websites

Dev & Test, Staging
LoB Applications

Small to mid-size DB
SAP, Oracle,SharePoint
Cluster computing
Enterprise applications

z ] am

ERICSSON ¥ TensorFlow C‘“’ —

mongoDB
Wlndqu 10
theano s =S cloudera

AN NN N Y NN

FPGA

VMFS

VSAN

VI Admin

vmware




7 ML/DL R A—
vSphere & DirectPath 10 £ GPU &iR

CUDA CUDA Data Data
Developer Developer Scientist Scientist

¥ TensorFlow
GPU GPU
GPU | GPU

vSphere
vSphere

GPU

vmware




7 ML/DL ERARZ
vSphere €/ Pass-through 753\ — SRIOV or NVIDIA GRID

CUDA CUDA Data VDI CUDA CUDA VDI Data
Developer Developer Scientist User Developer Developer User Scientist

‘¥ TensorFlow | ¥ TensorFlow

nnnnnnnnnnnn

VMware vSphere

GPU Vendor HW Virtualization Driver

GPU

vmware




Virtual Machines 1Zfit:
N . X . BEETA
S REIE HIEITERAIZEZ YR  sHEEEREE
R
 BSEEHE

4 h0

VMZ QoS - BiARE
| - AT

IR

=
=
o
VAN
-
304
1=
AN
=

O] S48 &

vSphere

vSphere

GPU GPU GPU GPU GPU GPU GPU GPU
| FE8 B b
vmware




He

1 SVEEERE#E
2 Deep Learning &8I 24
3 VMware BEEERE R H /0

vmware




ROAIERIEELH: - Native GPU vs Virtual GPU Comparison

Native Configuration Virtual Configuration
« TensorFlow 0.10 « TensorFlow 0.10
« Cent0S 7.2 e Cent0S 7.2

« ESX6.X

Dell R730 — Intel Haswell CPUs + 2 x NVidia GRID M60 Dell R730 - Intel Haswell CPUs + 2 x NVidia GRID M60

24 cores (2 x 12-core socket) E5-2680 V3 24 cores (2 x 12-core socket) E5-2680 V3
768 GB RAM 768 GB GB RAM

vmware



HAlEIBFEEESSE SR, - Native GPU vs Virtualized GPU

Workload

Complex Language Modelling
Given history of words, predicts next word

Neural Network Type: Recurrent Neural Network

Large Model
1500 LSTM units /layer
Penn Tree Bank (PTB) Database:
929K training words
73K validation words
82K test words
10K vocabulary
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BHIZSR: Training Times on native GPU vs virtualized GPU

4% of overhead for both GRID vGPU & DirectPath I/O compared to native GPU

Language Modelling with RNN on PTB
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VMDirectPath I/O for High-End Devices on vSphere 6.5ul

- Special settings needed for large-BAR PCI devices (16GB+)
= Examples: nVidia P100, nVidia K80, nVidia K40m, Intel Xeon Phi, FPGA

size 17179869184
size 33554432 f1

2017-03-07T07:40:38.467Z1 wvmx| I125: PCIPassthru: Device |0000:09:00.0 |barIndex 1 type 3 realaddr @x3b
2017-03-07T07:40:38.467Z1 wvmx| I125: PCIPassthru: Device |0000:29:00.0 |barIndex 3 type 3 realaddr @x3b

- BIOS: Enable “above 4GB decoding” or similar, depending on vendor

lags 12

2017-03-07T07:40:38.467Z1 vmx| I125: PCIPassthru: Device |0000:09:00.0 barIndex @ type 2 realaddr @xco@@@00d|size 16777216 flags [12
s 12

- Enable EFI boot and perform EFI guest OS installation

- VMX file entries:
" pciPassthru.use64bitMMIO= “TRUE”

= pciPassthru.64bitMMIOS1zeGB = “NN”
= NN = ROUND-UP-TO-NEXT-POWER-OF-TWO ( (# high-end passthrough devices) * 16 )
» Two-device example: NN = ROUND-UP-TO-NEXT-POWER-OF-TWO (32) = 64
- Enable Passthrough devices in ESX and VM, as usual. For details and further help:
https://octo.vmware.com/enable-compute-accelerators-vsphere-6-5-machine-learning-hpc-workloads/
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NVIDIA BEI¥1HS vSphere BB 258

SW Product

Pack H isor/BM HW rted’
ackage ypervisor. (0153 R Supported Guest OS Support
M6, M10, M0, Win 7 (32/64-bit), Win8/8.1 (32/64-bit), Win 10 (32/64-bit)
GRID for vSphere 6.5 [ESXi 6.5 VGPU, VDGA, o, ‘o6 pao, P100*
- - As H] ) ) . " .
vSG Since 5.1: P100 12GB? WinServer 2008 R2, WinServer 2012 R2, WinServer 2016
RHEL 6.6/7.x (64-bit), Ubuntu 14.04 LTS/16.04 LTS (64-bit)
M6, M10, MO, Win 7 (32/64-bit), Win8/8.1 (32/64-bit), Win 10 (32/64-bit)
GRID for vSphere 6.0 ESXi 6.0° VGPU, VDGA, o, o6 pao, P100*
P ' ' vSGA3 T ’ WinServer 2008 R2, WinServer 2012 R2, WinServer 2016

Since 5.1: P100 12GB*

RHEL 6.6/7.x (64-bit), Ubuntu 14.04 LTS/16.04 LTS (64-bit)

http://docs.nvidia.com/grid/5.0/product-support-matrix/index.htmi

vmware
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« TensorFlow RNN

- SuperMicro dual 12-core system

- 16GB NVIDIA P100 GPU

- Two VMs, each with an 8Q GPU profile
* NVIDIA GRID 5.0

- ESXi 6.5

TensorFlow TensorFlow

CUDA & CUDA &
Driver Driver

=

GRID driver

NVIDIA P100 GP Scheduling policies:

Host - Best effort

- Equal share
- Fixed share
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‘ | vsphere@hpedsbonca |
[VMware vCenter - Alarn X
& ' """ jedsb.on.ca
| vsphere@hpedsb.on.ca [nter - Alarn
[VMware vCenter - Alarn  jedsb.on.ca (= |l
| vsphere@hpedsb.on.ca [nter - Alarn
[VMware vCenter - Alarn  ledsb.on.ca
| vsphere@hpedsb.on.ca |nter - Alarn » ooy
[VMware vCenter - Alarn  jedsb.on.ca V= E
1 vsphere@hpedsb.on.ca [nter - Alarn
[VMware vCenter - Alarn  jedsb.on.ca " . o b
_-| vsphere@hpedsb.on.ca [nter-Alarn
[VMware vCenter - Alarn  jedsb.on.ca L 1
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= __|- E Elzﬁ ,L\El @ $ é %é /El\ Nvidia Grid Environment Overview  Actions v All Dashboards v
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0 43 % VM-PMTEAM-7-vGPU 1 VGPU a S [Name aliecicalute PID 4736
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Criti:ality Alert Trigge red On o m 1-15 of 15 items m 1-20f 2items m 1-20f 2items
‘ GPU Utilization is high GPU 12 Qg Alerts Memory Utilization
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Welcome, Tony Anfeater = Preferences = Logout
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Catalog ltems Requests Inbox Design Administration Infrasiructure Containers Business Management

Service Catalog On behalf of: ‘cclin@sysage.com
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vmware vRealize® Automation Welcome, colin. | Preferences | Help | Logout
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