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AGENDA

Introduction to Docker & DGX-1 SW Stack

Docker basic & nvidia-docker

&

Docker image management dOC er

Local registry
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DGX-1 & DOCKER



INTRODUCTION TO *”

docker

Docker

Container level virtualization

No machine virtualization resource Bins/Libs

Shares Host OS’s Kernel & Resources

Lightweight Bins/Libs | [Bins/Libs |  Bins/Libs
Docker Engine
Free to bU]ld & deploy application Host Operating System Operating System
Infrastructure Infrastructure
. (=) (— )
Enables virtual control L1 > 1 -

Hypervisor based Virtualization Container Virtualization

4 <ANVIDIA.



DOCKER’S ECHO SYSTEM

Orodepoce. €3 +'spuzon 7277 EENESED ) rectror [EERER © core

noﬂ‘?"ﬂ‘"k & OPENSHIFT Microsoft Azure nf.,\'-' (Qdebian fedora? P CentOS

ES @ @sagas saiEm Vandex

oo

FOUNORY

®W g
"')° © suwsoo BaQuay.io ’linode Gilliam| /\puPp'g't Chef @Jenkins sm@icx

Gougle

1 DEIS 23 s C R @

g mm ml _* " Big Data &

e O CrlEmlbmp Syncsort
- DeV TOO S f Shippable

 Ei —— @ dOCer - Service Discove

WFig W vacrant [H heroku s

»

2 Elllevreka g SkyDNS

- Official Repositories - Orchestration
il Omongon @ [ © o (G v @ ratrr © et I

tul
4 WORDPRESS
. = (vomor L System Integrators §

‘ red's NGiNX m VpDemand w wu'edcraft felevancolabx V| Zu R1
(_szbian 'I" SHADOWSS Flux7Z) ,\ D€V9 MomemumSI nfoSift

5 <ANVIDIA.



NVIDIA DGX-1

Al supercomputer-in-a-box

170 TFLOPS | 8x Tesla P100 16GB | NVLink Hybrid Cube Mesh
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Linux Server OS



NVIDIA DGX-1V

Al supercomputer-in-a-box

960 TFLOPS | 8x Tesla V100 16GB | NVLink Hybrid Cube Mesh
2x Xeon | 8 TB RAID 0 | Quad IB 100Gbps, Dual 10GbE | 3U — 3200W

DEEP LEARNING FRAMEWORKS

Caffe Ch{a?r:er ENNW-E-K

MatConvNet ?TensorFIO\N

theano "7 twrch

MANAGEMENT
NVIDIA Cloud Management
Service

SOFTWARE STACK
Accelerated Deep Learning

DEEP LEARNING USER SOFTWARE
NVIDIA DIGITS™

DEEP LEARNING LIBRARIES
NVIDIA cuDNN and NCCL

CONTAINERIZATION TOOL
NVDocker

GPU DRIVER
NVIDIA GPU Compute
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SYSTEM
GPU-Optimized
Linux Server OS



NVIDIA DOCKER & DGX-1 SW STACK

Docker Mounting for NVIDIA GPU Hardware
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BASIC DOCKER USE

CONTAINER LIFE CYCLE



DOCKER MANAGEMENT RESOURCES

container

netwaork

manages

Image source: https://docs.docker.com/engine/docker-overview

manages

Client
docker CLI

REST API

sServer
docker dasmon

image

manages —4l

data volumes

manages
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DOCKER ARCHITECTURE

(Gient) DOCKER_HOST) @_*

docker build .-{---4: Docker daemon
YA e =
/ E e T~

Va
y \ S~ @ WY
j : \ g _: \
docker run —f \, L, —'é NGiMX
i< |
i
I

. . NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE. 11 <A NVIDIA.
Image source: https://docs.docker.com/engine/docker-overview



DOCKER ARCHITECTURE

Client (CLI) Host registry I ..... .
daemon
Repository 1

docker pull

Containers | Images Image 1
docker run
Image 2
docker build @ "F’ Repository 2
theano Image 1

i i S caffe2 Caffe

PYTORCH Lﬁ‘ﬂ
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DOCKER VERSION

docker server (dockerd) & docker client (docker) version info

S docker version
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DOCKER SERVER INFORMATION

S docker info



LIST OF INSTALLED DOCKER IMAGES

Name, Tags, ID, Age, Size

S docker images

[~]1$




LIST OF CONTAINERS

List of running process image, age, status, name, and port information

S docker ps

Options
—a: all (including Exited)
—-f name=[]: name filter
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RESOURCE UTILIZATION MONITORING

S docker stats

MEM USAGE / LIMIT NET 1/0 BLOCK I/0

1.562 MiB / 15.55 GiB 0. 23.16 kB / 648 B OB / O B
1.363 MiB / 15.55 GiB  0.0: 27.13 kB / 648 B QB / 0 B
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DOCKER LIFE CYCLE

Overview
Client (CLI) | Host Docker hub g™ ]—
.
docker pull Repository 1
: | ps ) images Image 1
| g
docker run Containers mages » L
. Image 2
docker bulld e EQ:Q f Repository 2

theano _—> Image 1

=
i i .Spcwr‘f(z Caffe-
~—

N
\

- push
stop‘&_rt/ L run | build Dockerfile
\ /
H J
rm\ rmi
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S docker run [OPTIONS] IMAGE][:TAG]

CONTAINER CREATION

Options
—-—name: container name

-d:

run container 1in background mode

—-—rm: remove when 1t exits

-V:
-p:
-e:
-t:
-1:

volume mount

port forwarding (-P: open all)
set environment in container
terminal

STDIN open (-ti: -t -1)

set user UID

working directory in container
memory limit

—-—-cpuset-cpus: limit cpus to run
—-—add-host: custom host:ip setting
—--privileged: open kernel functions

[COMMAND] [ARG...]

Docker running defines

detached or foreground running
container identification
network settings

runtime constraints on CPU and memory

19
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NVIDIA-DOCKER

Enables NVIDIA GPU use from containers

nvidia-docker run --rm nvidia/caffe nvidia-smi

use once when container create initially

Enables GPU selection (with NV_GPU option)

NV GPU=1, 3 nvidia-docker run --rm nvidia/caffe nvidia-smi

[~1$ NV_GPU='1,3"' nvidia-docker run --rm compute.nvidia.com/nvidia/cuda nvidia-smi
Tue Nov 15 14:06:28 2016

Name
Temp Perf

Volatile Uncorr. ECC |
GPU-Util Compute M.
T EEEEEEEEEEEEE |

0 |

Default |
______________________ -+
0 |

Default |
______________________ +

Tesla P10@-SXM2... Off | 0000:07:00.0
P@ 31w / 300w | @MiB / 16280MiB
B e e e e e e e e
Tesla P100-SXM2... Off | 0000:0B:00.0
P@ 32W / 300w | @MiB / 16280MiB

B B

+
I
[

+
I
I

+
I
I

+
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MULTI GPU SELECTION

! !

- PCle PCle D am—
e Switch Switch

— | P100 P100 | «— — | P100 P100 | «—
—— | P100 P100 | «— —— | P100 P100 | +—
<«—> PCle
nvidia-docker run --rm nvidia/cuda:8.0-cudnn6-devel-ubuntul6.04 nvidia-smi topo -m
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|

— | P100

— | P100

DGX DOCKER & NVIDIA/DOCKER

w

PCle — —>
<« e

P100 | <«— —

B «—— —>

<+—» PCle

PCl PCle ——
Switch Switch B

P100

P100

!

!

P100 | <+—

Bl00| —

Framework optimized

NCCL Library

1.3.1: pcie enabled library (public)
1.6.1: NVLink enabled library (private)

2.0.3: pcie/nvlink enabled library
- inter-node & public
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DOCKER CONTAINER LIFE CYCLE

Container run

Client (CLI) Host Pocker hub ™ |
docker run - .y : Repository 1
Containers | Images Image 1
docker pull On . —
docker build e 64@ @ f Repository 2
't h eano Image 1
i i Spark® Caftfe

Dockerfile
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docker run ubuntu




DETACHED OR FORGROUND MODE

Detatched Mode (with —d option)

$
Foreground Mode (without —d option)
$
Foreground mode with interactive terminal option
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INTERACTIVE TERMINAL OPTION

-t option -1 option
Enables shell can show enables shell input key put
container default shell’s stdout to the launched container default shell

-ti or -it option
enables interactive terminal to the container default shell

25 NVIDIA.



TMAGE CREATED STATUS PORTS e
rm --name ubuntu ubuntu which bash

$ d O« ar
sl e COMMAND CREATED STATUS PORTS NAMES

s

26 <INVIDIA.



DOCKER CONTAINER LIFE CYCLE

Docker image

. pause
running » paused
4/ unpause \\

restart
kill/stop

Exited
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CONTAINER LIFE CYCLE

Example

Container status transition test with 4 containers...

Test will be done below,

run

container_1 < no operation

container_2 < stop running Pt | paused
. ) unpause \\

container_3 < pause rm -f

removed restart

container_4 < Kkill start kill/stop

rm Exited
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CONTAINER LIFE CYCLE EXPERIMENT #1

docker stats at this situation




CONTAINER LIFE CYCLE EXPERIMENT #2

S docker rm {container-name}

-

rm container_1l container_2 container_3 container_4

COr

You cannot remove a running container h6QdB4e8le. Stop the container before attempting removal or
container 6e8bd7 d@775. Stop the container before attempting removal or

$ docker rm -f container_1l container_3
container_1
Error e WdA775, cannot remove

r unpause container_3 && docker rm -f container_3
container_3

2

container_3
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CONTAINER IDENTIFICATION & USER

Container naming
docker run --name cuda -v $ (pwd) :/workspace -v /mnt/vol:/data image-name

[~]1$ docker run -d --name cuda nvcr.io/nvidia/cuda:8.0-cudnn5.1-devel-ubuntuld. @4
cb850d363a2bfe664edald32923e3751541489871ccc@44a730211c513933e3e
NAMES

[~1$ docker ps -a

CONTAINER ID IMAGE COMMAND CREATED STATUS

cb850d363a2b nvcr.io/nvidia/cuda:8.0-cudnn5.1-devel-ubuntul4. 04 "/bin/bash" 3 seconds ago Exited (@) 2 seconds ago cuda
"/bin/bash" 38 minutes ago Exited (@) 38 minutes ago peaceful_kare

7d371bel4c23 nvcr.io/nvidia/cuda:8.0-cudnn5.1-devel-ubuntul4. @4

User forwarding
docker run -u $(id -u) :S(id -qg)

image—-name
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HOST RESOURCE MOUNT
FROM CONTAINERS



CONTAINER AS A ISOLATED ENVIRONMENT

Client (CLI)

Docker provides isolated environment

docker ...

Host

. daemon

Containers

va
=y

—”
b“-—

Images

@ ."l"\

theano

Host and container
isolation

Volume & network
should be shared



DOCKER MANAGEMENT RESOURCES

Reminding.. docker can manage data volume

container image
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MOUNT FOR HOST RESOURCES

Volume mount:
-v {host-volume}: {container-volume} [:ro0]

docker run -v $(pwd) :/workspace -v /mnt/vol:/data image-name

Home creation: user mounts to home space with HOME environment

docker run -u $(id -u):$(id -g) —-e HOME=SHOME -v S$HOME:S$SHOME image-name

Port forwarding: -p {host-port}:{container-port}

docker run -p 8888:8888 image—-name

35 NVIDIA.



DOCKER IMAGE MANAGEMENT



Client (CLI)

docker run
docker pull -

docker build

pul

GETTING DOCKER IMAGE
pulling / loading

Host

> daemon

Containers Images

=9 =
& &F | | s

®
thea'rs/

Caftte-t-

/

@
Jog

Repository 1

= |mage 1

Image 2

Repository 2

Image 1

\\load

docker pull hello-world

Dockerfile

e

—

file
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DOCKER PULL

Loading docker image to the host

docker pull ubuntu :

Explore  Help NSIgRUP T Sign in

[~/workspacel$

OFFICIAL REPOSITORY

ubuntu ¥

Repo Info Tags
Short Description Docker Pull Command [ &)
Ubuntu is a Debian-based Linux operating system based on free software. docker pull ubuntu

Full Description

Supported tags and respective Dockerfile links

* 12.04.5, 12.04, precise-20170214, precise (precise/Docke
* 14.04.5, 14.04, trusty-20170214, trusty (t
* 16.04, xenial-20170214 , xenial , latest (xer
e 16.10, yakkety-20170224 , yakkety (yakkety/Doc
* 17.04, zesty-20170224 , zesty , devel (zesiy/Dock

For more information about this image and its history, please see the relevant manifest
file ( 1ibrary/ubuntu ). This image is updated via pull requests to the docker-
library/official-images GitHub repo.

[~/workspacel $
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EMBEDED IMAGE PULLING

Retrieves docker images registry when no image found on the host
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GETTING ADDITIONAL DOCKER IMAGE

From docker hub

docker pull [image name] [:tag]
From NVIDIA DGX registry
docker pull nvcr.io/nvidia/[framework]:[tag]

From local registry

docker pull [local-registry addr]/[group name]/[image name] [:tag]
From file

docker load --input {file-name}.tar.bz?2
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" Client (CLI)

docker pull
docker commit

docker push

/.

DOCKER IMAGE BACKUP

push / save

Host

/

Containers

Images [———

OTH

theano

Sﬁ6ﬁ3<3&ﬁé~

. daemon

=)

Repository 1

______ 4. —. —

Image 1

Image 2

Repository 2

Image 1

Dockerfile

e

\save

—

N
N
~
~
S~

file
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BACKUP DOCKER IMAGE

To docker hub
docker push [docker hub i1d]/[image name] [:tag]

To NVIDIA DGX registry

docker push nvcr.io/[group name]/[image name] [:tag]

To local registry

docker push [local-registry]/[group name]/[image name] [:tag]

To file

docker save [image name] | bzip2 > {file—-name}.tar.bz?2

42
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HOW TO PUSH OUTER IMAGE TO REGISTRY

Pulling other’s docker image

Getting basic dgx docker image from NVIDIA DGX Registry

docker pull nvcr.io/[group name]/[image—-name] [:tag]

Getting docker hub’s public image
docker pull [docker hub id/] [image-name] [:tag]

Setting new docker image name

docker tag {/}[image-name] [:tag] {local-registry}/[group—-name]/[image-name] [:tag]

Commit user modified docker image to DGX registry

docker push {local-registry}/[group-name]/[image-name] [:tag]



HOW TO PUSH OUTER IMAGE TO REGISTRY

Pulling other’s docker image

Getting basic dgx docker image from NVIDIA DGX Registry

docker pull nvcr.io/[group name]/[image—-name] [:tag]

Getting docker hub’s public image
docker pull [docker hub id/] [image-name] [:tag]

Setting new docker image name

docker tag {/}[image-name] [:tag] nvcr.io/[group-name]/[image-name] [:tag]

Commit user modified docker image to DGX registry

docker push nvcr.io/[group-name]/[image-name] [:tag]



DOCKER IMAGE REMOVE

docker rmi [image-name] [:tag]

[~/docker]$

[~/docker]$

[~/docker]$

[~/docker]$
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DOCKER IMAGE CREATION



CONTAINER BACKUP

commit
' Client (CLI) Host Docker hub g™ ]—
.
docker pull ; Repository 1
1 . .
' Image 1
docker commit — Containers
Image 2

docker push .
Repository 2

Image 1

ie

Dockerfile
[—

docker commit [container-name] [image-name][:tag]
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WHY THIS IS MATTER?

Container will lost all works when exit

Solution
1. Code & dataset
=» USE volume mount to host volume

P [[APP2  App3 2. Environment work
Bies 28| [BinS/liBs| Bins/Libs =» docker commit

Docker Engine

Operating System

Infrastructure

[ =-
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BUILDING NEW IMAGE

Docker image build with script description

Client (CLI) | Host Docker hub g™ ]—
docker pull 7 Repository 1
. Containers | ‘ Image 1
docker run @
! Image 2

docker build - Repository 2

Image 1

i i ‘/'
<« —|-.
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DOCKERFILE

docker image build script file

Any image can be customized from base image

Use provided CUDA docker image to build custom GPU accelerated image

Detailed Guidance are, Examples
Dockerfile reference nvidia/cuda  Tensorflow
Best practice for writing Dockerfile nvidia/caffe  pytorch

50 <4 NVIDIA.


https://docs.docker.com/engine/reference/builder/
https://docs.docker.com/engine/userguide/eng-image/dockerfile_best-practices/
https://hub.docker.com/r/nvidia/caffe/
https://hub.docker.com/r/nvidia/cuda/
https://github.com/tensorflow/tensorflow/tree/master/tensorflow/tools/ci_build
https://github.com/pytorch/pytorch/blob/master/Dockerfile

WRITING DOCKERFILE

Options Dockerfile example (tensorflow-gpu)

FROM base docker image

RUN launch operation

COPY copy specified directory to image

CMD set default launch command

USER specify container user name
(default: root)

ARG Dockerfile argument

EXPOSE expose port or volume to host

WORKDIR move current workdir

X Excluded specified file or directory when COPY
Put .dockerignore file in current path

# comment

* /temp* # exclude subdirectory
temp? # exclude with filter
temp # exception of exclude 51 <ANVIDIA




DOCKER IMAGE CREATION

$ docker build -t IMAGE[:TAG] —-f Dockerfile {dockerfile path}

Pulling the base image
Install dependencies

Build source codes & install
Environment setting

Default command setting
default (no spcification): /bin/bash

Dockerfile example (tensorflow-gpu)

52
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LOCAL REGISTRY



Client (CLI)

docker run
docker pull

docker build

—

pul

DOCKER HUB

pulling / loading

Host
> daemon
Containers Images

i

theanO«////
Spor‘f(z Caffe-{-

EPE

Repository 1

= |mage 1

Image 2

Repository 2

Image 1

\\load

docker pull hello-world

Dockerfile

e

—

file
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DGX REGISTRY

Private docker registry & Update service

" Client (CLI)

docker pull
docker commit

docker push

Host

daemon

Containers

Images

-

@1‘_;/.‘.

theano

Caffe cNTK <

¥ Microsoft

-_—

—
—

DGX Registry @ ]—

 — —

User Registry
S Image 1
Image 2
NVIDIA Registry
.—— nvcr.io/nvidia
Dockerfile
/-
= I
file
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DGX REGISTRY

Provides monthly updated deep learning frameworks via docker images

DGX users can use private registry service nvidia
caffe
Requires registry login for every host user caffe?
docker login nvcr.io cntk
cuda
Put given password after registration from nvidia support digits
Username: Soauthtoken —_
Password: k7cgFTUVKKdiwGsPnWnyQFYGnlAlsCIRm1P670xa rorch
pytarc
tensorflow
theano

DGX Registry Documentation

torch

NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE. 56
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DGX REGISTRY USAGE GUIDE

Getting updated docker image from nvcr.io

docker pull nvcr.io/nvidia/[image-name]:[tag]

Setting new docker image name

[docker tag nvcr.io/nvidia/[image-name]:[tag] nvcr.io/[group-name]/[image-name]:[tag] ]

Commit user modified docker image to DGX registry

[docker push nvcr.io/[group-name]/[image-name]:[tag]
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HOST CONFIGURATION

Setting Docker daemon options,
- Change docker volume storage driver to overlay 2 (optional; recommended)
- Let docker daemon work with non-official registry (for local registry)
- Let recent docker deamon(docker-ce >= 17.03) works with DGX registry

Ubuntu 14.04

buntu 16.04

DGX-1 uses docker 1.12.6
- storage volume is set, no need for DGX registry setting & local-registry is custom
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LOCAL REGISTRY



SECURED NETWORK PROBLEM

Images

oo |
Host |

Images

Repository 1

Image 1

Image 2

Repository 2

Image 1
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LOCAL REPOSITORY!!

T
Host |

T
Host |

Repository 1

Image 1

Image 2

Repository 2

Image 1

Repository 1

Image 1

Image 2

Repository 2

Image 1
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QUICK START LOCAL REPOSITORY

Getting repository image

docker pull registry

Start container

docker run -d -p 5000:5000 --restart=always --name localrepository registry

Tag target image

docker tag {source image} {local-registry}:{port}/{image-name}:{tag}

Push/pull target image

docker push {local-registry}:{port}/{image-name}:{tag}

List of local repository
Visit: http://localhost:5000/v2/_catalog
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LOCAL REGISTRY VOLUME MOUNT

Registry data is stored as a docker volume on the host system.

/var/lib/registry is default location

docker run -d -p 5000:5000 --restart=always \
-v S (pwd) /registry:/var/lib/registry/ —--name registry registry
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PRIVATE DOCKER REGISTRY EXAMPLE

)

Local registry ] y

' O
User Registry amE
| 1 Ubuntu EEEEE Created Image
mage .
S Pulled Image
Image 2

Developed Image
Group Registry

nvcr.io/nvidia

- N
!
» W
Lt S
NP0 A NERORRELTONAT My
L : T
= i
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DOCKER LOGIN FOR LOCAL REGISTRY

Host authorlization

docker login <addr-local-registry>

H Local I’egiStry I-SI ]_ ' l
| i =
User Regist
ser Registry .===. Created Image
Pulled Image

Developed Image

Image 1

Image 2

Group Registry

nvcr.io/nvidia

4 “\“
i
Aoy
1070 el ERORRALTeS =y
| I
‘ =
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CONCLUSION



DOCKER LIFE CYCLE

Overview
Client (CLI) | Host Docker hub g™ ]—
.
docker pull Repository 1
: | ps ) images Image 1
| g
docker run Containers mages » L
. Image 2
docker bulld e EQ:Q f Repository 2

theano _—> Image 1

=
i i .Spcwr‘f(z Caffe-
~—

N
\

- push
stop‘&_rt/ L run | build Dockerfile
\ /
H J
rm\ rmi
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EXAMPLE OF DOCKER USE IN DGX-1

CUDA

nvidia-docker run --rm -ti -u $(id -u):$(id —-g) --name cuda \
nvcr.io/nvidia/cuda:8.0-cudnno-devel-ubuntul6.04 nvidia-smi

Caffe
nvidia-docker run --rm -ti -u $(id -u):$(id —-g) —--name caffe
-v $ (pwd) : /workspace
nvcr.io/nvidia/caffe:17.06 caffe train --solver=solver.prototxt
Tensorflow
nvidia-docker run --rm -ti -u S$(id -u):$(id —-g) --name tensorflow \

-p 8888:8888 -p 6006:6006 -v $(pwd) :/workspace \
nvcr.io/nvidia/tensorflow:17.06 python train.py

Digits
nvidia-docker run -d -u $(id -u):$(id —g) —--name digits \
—--shm-size=1g --ulimit memlock=-1 --ulimit stack=67108864

-p 5000:5000 -v /mnt/dataset:/data -v /mnt/digit-work:/workspace \

nvcr.io/nvidia/digits:17.06

fIDIA.



SOME USERFUL CLEANUP COMMANDS

Docker volume clean up
docker volume rm $ (docker volume 1ls -gf dangling=true)

Docker image clean up
docker rmi -f $(docker images -q)

Docker images clean up which name is <none>
docker rmi -f $(docker images | grep "<none>" | awk "{print \$3}")

Docker container clean up which is Exited
docker rm $(docker ps -a -f status=exited)
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