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Virtualization
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cf. Emulation
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Why Virtualization?
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Why Virtualization?

e macOS

=» trash ./test
hello world!

 Ubuntu

appleseed@ssal : $ ./test

-bash: ./test: cannot execute binary file: Exec & 4| =

aT



Why Virtualization?
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Why Virtualization?
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Docker
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Full Virtualization
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QIM 1A Full virtualization
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OS-level Virtualization

A9l OS-level Virtualization
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OS-level Virtualization

Containerized Applications

Virtual Machine | | Virtual Machine | | Virtual Machine
O (o)
) )
< < Guest Guest Guest
Operating Operating Operating
System System System
Host Operating System

Hypervisor

Infrastructure

Infrastructure



Docker Explained: Fundamentals
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Docker Explained: Fundamentals

e libcontainer: Linux?| virtualization

features = O|85H7| €& F2

E|-0|EE-I El Docker
libcontainer

« FM3}E virtualization interfaceS 9! [1;][ » ][sysl'emd-‘
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Docker Explained: Container & Image

« ZAH|0|H Container: 42| =l oF 2t49| HHE
- =EHOQ Linux 7|7|2} Of & FAISHA &=
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« ubuntu:latest, centos:latest, ubuntu:16.04, ubuntu:xenial, ...



ChE 7het=tof H|S &S performance
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FAQ
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FAQ
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Let's practice Docker!

e ssh wheelseminar@15.164.55.89

e HEUHS =  OFA|E?

« $ docker --version

wheelseminar@ip-172-31-33-32:~% docker --version

Docker version 18.09.7, build 2d0083d

« Ubuntu®l|A|.= apt install dockerioZ &X| 75
« add-apt-repository O| % docker-ce2 & X|St= 0| best practice

« M3t instanced|= 0|0 AX|E|0] /JUS



ocker Basics

wheelseminar@ip-172-31-33-32:~$ docker --help

° d OC ke r CO mm a N d E % _IEI_ 9'— % AI_ O | Usage: docker [OPTIONS] COMMAND

A self-sufficient runtime for containers

OFol7 I:lo.” Eool A TlOo '
E|- O ol' | [[H —|—| f E 1 E E config string Location of client config files (default "/home/wheelseminar/.docker")

debug Enable debug mode
s host list Daemon socket(s) to connect to
H I- E - log-level string Set the 13991119 level ("debug"|"info"|"warn"|"error"|"fatal")
E O x I (default "info")
— | . -tls Use TLS; implied by --tlsverify
-tlscacert string Trust certs signed only by this CA (default

/home/wheelseminar/.docker/ca.pem")

-tlscert string Path to TLS certificate file (default
Y $ d k [ m m d] — h I | ""/home/wheelseminar/.docker/cert.pem")
OC er CO a n e eSS --tlskey string Path to TLS key file (default "/home/wheelseminar/.docker/key.pem")

--tlsverify Use TLS and verify the remote
-v, --version Print version information and quit

Management Commands :
builder Manage builds
config Manage Docker configs
container  Manage containers
engine Manage the docker engine
image Manage images
network Manage networks
node Manage Swarm nodes
plugin Manage plugins
secret Manage Docker secrets
service Manage services
stack Manage Docker stacks
swarm Manage Swarm
system Manage Docker
trust Manage trust on Docker images
volume Manage volumes

Commands :
attach Attach local standard input, output, and error streams to a running container
build Build an image from a Dockerfile
commit Create a new image from a container's changes
cp Copy files/folders between a container and the local filesystem
create Create a new container
diff Inspect changes to files or directories on a container's filesystem
events Get real time events from the server
exec Run a command in a running container
export Export a container's filesystem as a tar archive
history Show the history of an image
images List images
import Import the contents from a tarball to create a filesystem image




Docker Basics

docker ps / docker container list: 1M HHF 0l H 0| &

. --all: #™ASO0| Ofl AH|O|HIHX| 2% &
docker images / docker image list: 272t O|0|X| =&
docker pull [image]: remote A& A0|A [image]& 7t M=

docker search [text]: remote A& A0 A [text] O|O| X[ & Ak

o MZEAQl docker hub= F O LI



 docker run [image] [CMD]:

Docker Basics

HOIHS Al

74
I_

Of

O o = O

l

[CMD]: ZH|O[H7F 2
-i (interactive): Keep STDIN open even if not attached

-t (tty): Allocate a pseudo-TTY

-d (detach): ZAH|O|HE AWM= FA| detach

--name [name]: ZH|O|H O|&= K|, gl HEHO= MY
--privileged: ZAH|O|H0| HE S =AFst =7} At 20

-p [port] / -P: ZES 2F = H|E / 2F 2 Lt= ZE 25 I

« docker exec [CMD]: 7Z1H|0|LH QtOf| A [CMD] & &

. — = A
-1, -t 69— %An_:l E =2 T A



Docker Practice 1

Ubuntu $/0|Al CentOS ZAH|O|H & Bt=O{ E X}
docker run -it --name [id]_test centos_update /bin/bash
docker exec -it centos bash

uname -a — Ubuntu HX 0| &2 =(?)
« uname HHO = A|AEIC HE HEE =89V 20, 2AE
=X HE QEE =45t &

apt update - command not found

yum update — I{7|X| Z =& RHO|E

« CentOS2| T§Z|X| OfL|X= yumO|7] 20| Ubuntul| aptX & AtE



Docker attach / detach

attach / detach: XY stdin, stdout, stderrS Z1E|0|H 2| Zd1}
A4 /) HZ oA

docker attach [name]: [name] Z1H|0| 42} attach

Ctrl + P + Q Z4H|O|LH 0| A| detach

docker commandO| A ZAH|O|LHE 7t2|Z 0|l = container id2|

NS =XE M8 &2, AHO[H2| O|F5 AFEdl = E

CONTAINER ID IMAGE NAMES

a484ca805628 centos zen_shaw



Docker Container Status

Created: ‘8“3 &, Running: &&5, Stopped: ‘S X| &, Paused:
= PNESINE=
RS

2 7H[0|{E BYO| SIS M3t 5 S Al stopped
AI‘EH L==Ne]
o =

H

L _I

OI-

QX O = SPARCSO|M = AH|O|HE Aot 2 sshd daemonO|
AlSHZ=0| MEJO|A] CMDE /bin/bashE Aldl - Q&2 C|7|5}7|
20| Running &EHE FX|

interactive & tty &M= 0|85t stdinO| A& RI8S
1Ct2| =& ot EHO|E 2 Sdll ZAH|0|LH 2| bashl} &€=

SO & attachE® = US



Docker Container Status

« Status management commands

« docker [status] [name]
« start: stopped ZEH|O|HE run
« stop: running Z1H|O|H & stop
« pause: running 7Z1H|O|HE pause
« unpause: paused ZH[O|HE run
o kill: ZAE|O|] AEHQt TA QO] RE T2 MAE kill, ZAH|O| stop

* restart: Z1H|O|H & RHA|EL



Docker Container Status

~ stop
r— kill <€ die die
—docker run=>| create T docker stop restart
docker kill
— docker create create created —docker stan;; start running docker restart —> die > start
v docker start
| docker pause
docker rm ves @i
container
sneit process
exited pause paused
docker rm killed by
die out-of-memo
deleted destroy Y "y

No Should

unpause [€———— docker unpause

OOM




Docker Practice 2

2=2| ZH: ssh daemon= H&dtD 7AH|O[H 0| sshE2 57
Of77} BtE ZAH| 0| E AMK| IR} (CentOS7F A0 HE 2R )
docker stop [name] — docker rm [name]

docker run -it --name [name] ubuntu:bionic /bin/bash

apt update && apt install ssh

service ssh status

service ssh start

AH O[] 22 ZEJF SIWE[0] JUX| HLEE dlfjs 84 =7t



Docker Image

« docker commit [name]: 71H|O|H & O|O|X|Z BtxF

— 20

» TS0 O|0fX|= O|S(2 %, Ef )0 Bl= <Hf

o

« docker images A&l A| tagZ} H|O{ Q= O|O|X| 7t M=l A

A —
ol
AN O

« 2] 7| EXStE B2 sha2s6df A H X2 E S5 ¢
« docker tag [hash] [repository]:[tag]: O|O|X|0f & Zt Ej1E F0f

« “[tag]"’t Y™ XIE2Z latest AFHE

* docker images &2 Al gi|Ze} Ef17F ROl A

« MME| O|0/X|2 docker run A3l A| 2t S



Docker Practice 3

Y= U=UE HHO|HE O|0|X|=2
=0 2 X}

UK ssh2 H&E KK 44

adduser wheelseminar

« HIYHS £ A ZHAICE '1234qwer’

Ctrl + P + Q= detach

e exit 2 42, 7AHO|H = /bin/bashE =¥ &=

ZAH| 0] 4 7} stop &

=1
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E JHetSi A CRA|
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Docker Practice 3

docker commit [name]

- Y= o2 A 8AtE| WEE OF2f0| A ALE
docker images — 2| =22t E§ 17t = O|0|X| = d-d &
docker tag [hash] [id]:1.0 — O|O|X|0f| 2{[==<e} Ef17} 4 Z
docker run -it -p 22 [id]:1.0 [id]_ssh /bin/bash
Z1E| 0| L] QtOf| M, service ssh start 2 Ctrl + P + QZ detach

docker ps2 22H ZEO| HIHZ2 ZLE HS =0l

Jlor

ssh wheelseminar@localhost -p [port]



Docker Image

docker save [imagel:[tag] -o [output file]

O|0|X| & tar LtEZE MF

docker load -i [input file]

- tar ItAS O|O|X| 2[2E0| 2=

AXf| L H=0f MU= A

L S-S0 A docker save [my image] -o image.tar
scp image.tar [remote] — ssh [remote]

docker load -i image.tar — docker run [my image]
CHE HAIO|AM 275 s &t Bty 28 Aol

=
HER3 & 28T BT = 20| €S 29 7ts

HOIHE A2 AWSH A FS5t=

HI o
o d



Dockerfile

 docker O|0|X|&= ZIH|O|LH 2| MEE He| AL E EESIX|B
OfEA O ZAH 0|7 A™EEY=X0 Tt HEE= QS

« dockerfile?| HE{ZE O|O|X|E BIE

= 82 7|25t
dockerfileZ5E O[|0|X|E MAY += UAS

« docker build [path]: dockerfileE O|0|X| 2 Y ESt
« [path]/DockerfileO| default dockerfile &=
« -f [file]: TtLHO| DockerfileO| Ot AL [file]2 FA|
« -t [repo]:[version]: O|O|X| & E{j 1%t

e -q: 25 MHO| stdout= FA



Docker Practice 4

 mkdir [id] && cd [id]

« cp ../appleseed/Dockerfile ./ && cd ..
« docker build [id] -t [id]:2.0

 docker images

e docker run -d -it -P --name [id]_ssh_2 [id]:2.0 /bin/bash



Further - Docker Hub

https://hub.docker.com - PSS S e

& Docker EE & Docker CE [®) containers M Plugins
AFA
docker Ol Dl Xl X'I ol-_l_
Filters 1-25 of 15,678 results for mysq|l. Clear search Most Popular -
7|9 EL2 XjAIO| OHE ’
H= — - - Docker Certified @
Docker
Hl A £ O‘” _I [ ] g Dok mysql 10M+ 8.4K
Certified
A-I | _— d Cker h U b A Sl MQS& Updated 18 minutes ago Downloads Stars
MySQL is a widely used, open-source relational database ...
9—' E-” | Lﬂ E _I__l E HH i'l'l_' Images Yy y p
D Verified (i ] Container Linux  x86-64  Databases
Publisher
Docker Certified And

=0 Verified Publisher
docker search/pull L=

D Official Images @ mariadb 10M+ 2.9K

Official Images

C Al2 Tt o A -
— } Downloads St
C Ll O-” A-I A|- o 7 |- o Published By Docker Vhbs  Updated 18 minutes ago ownloads ~ Stars

MariaDB is a community-developed fork of MySQL intend...
Categories @

. Container Linux 386 PowerPC 64 LE ARM 64
|| Analytics

Application x86-64 Databases

Frameworks
D Application
Infrastructure

q q ercona
Application P 10M+ 438
. . Downloads Stars
Services Updated 17 minutes ago



Further - Docker Swarm

« THO|H LA AEY O] E729| ofLt

. 02 docker BAEESS BILIQI AN E 20

Raft consensus group

Zf docker daemon swarm&| manager/node

Internal distributed state store -

I

Manager

Manager

Manager

Worker

Worker é

Worker

Worker 6

Worker$

Worker

Worker $

Gossip network
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dockerL} docker swarm= 2 TEEJAEZ 22| £

HE = Eef Ul

=

£Q

portainer 1 Xt = swarm LHS| }Lto| ZAH|O|H 2 A SXt

docker daemon AtN|= 54 & ZAHO|He| M2 AotZ
Notst= 7|50 QeLt portainerg AFESH0 H2 Xt 7Hs

AH

SPARCS whale2 Z=%t7| portainerg Z350] 2 GEAD &
ssal@| standalone docker daemonS 2|dt= =



SPARCS Whale X +

c @ https://whale.sparcs.org shboard Pe v B

—
SPARCS Whale & Home @© appleseed
Dashboard log_out ®
@ Node info
Name ssal
Docker version 18.03.1-ce
Dashboard
cPU 4
App T lat
PP TemPpIates Memory 16.8 GB
Containers
Images - e
11 running » 189 GB
Networks = 23 ?® 12 stopped ]30

Containers Images
Volumes

Events

Docker

& 8-| B8 aufs driver 9

Volumes Networks

Password

© Whale v1.12.4



appleseed@ssal:~$ docker ps

CONTAINER ID IMAGE COMMAND
NAMES
80f14del@6ac ubuntu_mongo: latest "/bin/bash"
acid-rain
112152f883c2 ubuntu_sparcs:latest  "/bin/bash"
joyb_test
306082e1c182 ubuntu_ssh:latest "/bin/bash"
kja_pintos
211158846112 ubuntu_mongo:latest "/bin/bash"
zabo-cookie
£1c9f195a250 ubuntu_sparcs:latest  "/bin/bash"
kris_reset
3bed93b950d8 sparcs_biseo:1.0 "/bin/bash"
biseo_test
da237f7f75dc ubuntu_mongo: latest "/bin/bash"
mango_biseo
4600fba8a998 ubuntu_kris:latest "/bin/bash"
kris_practice
f@74d9c5eea? ubuntu_mongo:1.0 "/bin/bash"
wika-backend
6cce348fc371 ubuntu_sparcs:latest "/bin/bash"
/tcp, 0.0.0.0:4433->443/tcp nothing
8773f306c05b mailserver:190206 "/bin/bash"
5->995/tcp, 0.0.0.0:20619->80/tcp mailserver?2
b41d8d1c0296 ubuntu_sparcs:latest "/bin/bash"
zackie_mathtech2
083b555fc6lf 084ec18124c8 "docker-entrypoint.s.."
davidgram_db
Sb40b872529 f7b3f317ec73 "/bin/bash"
leeopop_dev
1af63d50d8d7 whale "/whale --no-analyti.."

whale

CREATED

25 hours ago
2 weeks ago
3 weeks ago
7 weeks ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
2 months ago
5 months ago
7 months ago
9 months ago
2 years ago

2 years ago

STATUS

25 hours

weeks
days

weeks
weeks

weeks

10 days

2

weeks

weeks

weeks

weeks

weeks

weeks

weeks

weeks

PORTS

0.0.0.0:32802->22/tcp, 0.0.0.0:32801->80/tcp

0.0.0.0:32778->22/tcp

0.0.0.0:18012->22/tcp

0.0.0.0:10000->22/tcp, 0.0.0.0:10001->80/tcp, 0.0.0.0:10002->443/tcp

0.0.0.0:32771->22/tcp, 0.0.0.0:32770->80/tcp, 0.0.0.0:32769->27017/tcp

0.0.0.0:32777->22/tcp, 0.0.0.0:32776->80/tcp, 0.0.0.0:32775->443/tcp, 0.0.0.0:32774->27017/tcp
22/tcp, 0.0.0.0:32797->80/tcp, 0.0.0.0:32796->443/tcp, 0.0.0.0:32795->27017/tcp
0.0.0.0:32773->22/tcp, 0.0.0.0:32772->80/tcp

0.0.0.0:32780->22/tcp, 0.0.0.0:32779->80/tcp

0.0.0.0:3000-3001->3000-3001/tcp, 0.0.0.0:5000->5000/tcp, 0.0.0.0:2222->22/tcp, 0.0.0.0:3080->80
0.0.0.0:25->25/tcp, 0.0.0.0:110->110/tcp, 0.0.0.0:143->143/tcp, 0.0.0.0:993->993/tcp, 0.0.0.0:99
0.0.0.0:32783->22/tcp, 0.0.0.0:50056->2404/tcp

5432/tcp

0.0.0.0:31415->22/tcp

127.0.0.1:9000->9000/tcp
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