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“’\o“JI‘ VS 5"&%” Pattern:
Scale-out, not UP

DONT WORRY

You name them
and when they get

sick, you nurse
them back to
health

Scale Up: (Virtual*)
Servers are like pets

'M FROM TECH SUPPORT
garfield.company.com

You number them
and when they get
sick, you shoot
them

Scale Out: (Virtual*)
Servers are like cattle

web001.company.com

e e cloudscaling

Architectures for open and scalable clouds
http://www.slideshare.net/randybias/architectures-for-open-and-scalable-clouds
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® Service oriented architecture ® Availabi lity R17O0Y—EX

] At
® Redundancy . —
® Automation
® Statelessness B&hik
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[ffl CLOUD NATIVE

COMPUTING FOUNDATION

CLOUD NATIVE
TRAIL MAP

The Cloud Native Landscape Lencfio

has a large number of options. This Cloud
Native Trail Map is a recommended pro-
cess for leveraging open scurce, cloud
native technologies. At each step, you can
choose a vendor-supported offering or do
it yourself, and everything after step #3 is
optional based on your circumstances.

HELP ALONG THE WAY

A. Training and Certification
Consider training offerings from CNCF
and then take the exam to become a
Certified Kubernetes Administrator or a
Certified Kubernetes Application Developer

cnclio/ir

B. Consulting Help

If you want assistance with Kubernetes
and the surrounding ecosystem, consider
leveraging a Kubernetes Certified
Service Provider

cnefioskesp

C. Join CNCF's End User

Community
For companies that don't offer cloud
native services Ex[c’nally

cacfio/enduser

WHAT IS CLOUD NATIVE?

Cloud-native technologies, such as
containers and microservices, empower
organizations to develop and deploy
scalable, agile applications and services
in dynamic, distributed environments

By taking into account these characteris-
tics, such systems are designed to be
resilient, ela nd loosely coupled,

via manageable abstractions and declar-
ative APls, thereby enabling effective,
reliable automation. This allows engi
neers to observe the applications and

to safely make impactful changes, and
results in processes and workflows that
fully take advantage of these environ-
ments and minimize toil

The Cloud Native Computing Foundation
seeks to drive adoption of these tech
niques by fostering an ecosystem of
open-source, vendor-neutral projects
that align with these objectives, and
which are portable to public, private,
and hybrid clouds. We democratize the
state-of-the-art patterns and practices
to ensure innovations remain open and
accessible for everyone

l.encf.io H

v20180425 [=]-

1. CONTAINERIZATION

kubernetes

CN

onsider CNCF projects Promethe
Fluentd for \ugumu and Jaeger for Tracing

5. SERVICE MESH AND DISCOVERY

nd flexible tool that
ful f discovery
ind Linkerd e:

CNCF Incubating  CNCF Incubating  CNCF Incubati

7. DISTRIBUTED DATABASE

n you need

Vitess
CNCF Incubating

9. CONTAINER RUNTIME

contanel]
CNCF Incubating

fluentd

CNCF Incubating  GNGF Incubating

CNCFIncubating  CNCF Incubating

6. NETWORKING
ing To enable more flexible networking
mpl\ nt network pr ct

I —
!‘ e

8. MESSAGING

When you need higher performan

CNCF Incubating  GNCF Incubating

10. SOFTWARE DISTRIBUTION

10,
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CNCF Incubating
CNCF Incubating  CNCF Incubating
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. . CONTAINERIZATION
1. :/Tj-'ﬂ:p ommonly done with Docker containers

ny size application and dependencies (even PDP-11
bde running on an emulator) can be containerized
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 Docker A>T+ T—HRERICITS S " : : :
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2.CI/CD

o BESE LTIl —S a3z [T U N
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crhaps, to production
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“’\o“JI‘ VS 5"&%” Pattern:
Scale-out, not UP

DONT WORRY

You name them
and when they get

sick, you nurse
them back to
health

Scale Up: (Virtual*)
Servers are like pets

'M FROM TECH SUPPORT
garfield.company.com

You number them
and when they get
sick, you shoot

Scale Out: (Virtual*)
Servers are like cattle

them
web001.company.com
e e cloudscaling
Architectures for open and scalable clouds 2 1

http://www.slideshare.net/randybias/architectures-for-open-and-scalable-clouds
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Docker

Dockerf X—2L T

STOKREFERRENY TF—IELT. A TFHELTEDT

Linux77 TV R7 1%

“Docker allows you to Rackage an agglication
with all of its degendencies into a standardized

unit for software development.”

www.docker.com 23



Dockerf X=NI A A= LI VYDFEAER

@ FAEDSIE FIAEDLSI
1DIcRZX3 1DICRZX3

E3 ]

TOI5LPFATIIE SRR T 5 R EEEL TS
AAMER (RT3 7ATSLRR—FRY) 1)) —R=BMICEZ S “lightweight” B4E 24



-

4 lines (3 sloc 49 Bytes o
( ) 4 [ alpine }
1 FROM scratch HREDSIS
1DICRZA%
2 ADD rootfs.tar.xz /
3 CMD ["/bin/sh"]

docker image build -t <IMAGE:TAG>.

(docker build)

25



FROM alpine
ENTRYPOINT ["/bin/echo"] [ hello:v1 }
CMD ["CAICBILICAICBIE!"]

J FIREDLSIE
1DICRZ3

docker image build -t hello:vl.
(docker build) 2 6



‘FROM alpine

ENTRYPOINT ["/bin/echo"]
(CMD [“&Hi3 &£ &1L

“ | hello:v2

~ hello:vl

s

docker image build -t hello:v2 .
(docker build) 27



Alpine Linux

https://www.alpinelinux.org

-arstridliion based on musl libc and busybox.
% S SN ST ‘

h.. - '

f X ‘MMiented, lig htwe,ig__: gﬂl r




@ gliderlabs / docker-alpine

gliderlabs / docker-alpine ©Watch~ 146 S Star 4714 YFork 424
<> Code (D) Issues 68 1 Pull requests 4 (Il Projects 0 11 Insights
Tree: c14b86580b »  docker-alpine / versions / library-3.8 / x86_64 / Create new file | Upload files | Find file = History
':E:' gliderbot release image version library—3.8,’)(86_6?;“ ddonc e aasnce a4 ke

) Dockerfile Add 3.8 4 1ines (3 S]_OC) 49 Byte

) options Tag 3.7 images ag
B rootfstarxz release image ver
—

1 FROM scratch
2 ADD rootfs.tar.xz /
- 3 CMD ["/bin/sh"]




docker image pull (docker pull)

Docker Hub

(s docker pull hello-world

Using default tag: latest

latest: Pulling from library/hello-world

d1725b59e92d: Pull comple!

Digest: sha256:0add2ace90ech4adbf7777e9aacf18357296e799f81cabc9fde470971e499788
\Status: Downloaded r image for hello-world:latest

/

30



Docker

Dockerf X—2&L T

ETOKREFRFBENYT—ILT.aATFELTED T
Linux77 (LS R7 1%
“Docker allows you to Rackage an agglication
with all of its degendencies into a standardized

unit for software development.”

www.docker.com 3 1



‘ermr e o
e [ @L_ _
II 7T TR AS,

hl _J|:; o lﬂ’,{gF :H

)
e WS

il S B

)

Ll W._! 1
T iﬁ'lﬁ?"'ﬁfﬂ' iis=ey 1‘

: = L Zmy i
== | : il E EIEE =R
= = ] IS TaT] - | gl L
=5 i 5 i g =i’

127 [

1= =y H

J-TON EXPRESS
HAMBURG




DockeraAy T FldDockerf A—S % E1T

FAEDLSIE FIAED SIS
1DIcRZX% 1DIcCRZX%

TTDL VIS T X E IR ZCER OSSR TES HRESELTES
Copy on Write D14 HE 1)Y= Z2B/MEZS “lightweight” 1S 3 3



ATT Docker

e (1%

@
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isolate(% i) 93

insulatus—isolated—isolate
isle island
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namespace isolate

70t RAEFEZ/ZERTHEE

control grou

cgroup%‘)‘/-Z’&%‘JD%ﬁ’C

= L]
- L
2 x
|
o W + ®
KRN




PID% B ZE ]

[sbin/init
PID1

bob
PID 3

PPID 1

70+t Xhttpd
A ZEfHE

dockerd
PID 4

containerd

PID 5

ruby

PID7

ruby

PID 1 chris.rb
PID 8

chris.rb

PID 2

70+t Xruby

S EIZE

? RAMEICIZTEFTE

PID 7

39



I271ILI AT L%Z531F3 (chroot)

/bin ? K2 LI B

[data/ubuntu /data/centos

/ /
[etc [bin [etc [bin
ubuntu® centos®
271TIVD AT L 271TIVD AT s

40



T FHIE7O ADIRRE

chris.rb
PID 2

FOt ZAS:---

[etc [bin [etc /bin

(/data/ubuntu/etc) (/data/ubuntu/bin) (/data/centos/etc) (/data/centos/bin)

AV TFFHAD X 4>§ Y77 BD

271N AT L 71TV RAT L

%AaiZERD isolate
JOtX
IT7TINI AT s
YT —Y
R AN
«UID-GID
Ot AEE. %

cgroup T — R HIR

-CPU
* XEl)
1/0
TARD VA=A F
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namespace isolate

70t RAEFEZ/MZERTHEE

control grou

cgroup%‘)‘/-Z’&%‘JD%ﬁ’C

- g

0 x

o W + ® Q
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Docker

STOKREFRRENY F—ELT. A TFHELTE}DT

“Docker allows you to package an application
with all of 1ts dependencies into a standardized
unit for software development.”

43



DockerldH—/IN OS5 T7UREETIL

)E—F

docker API Docker T/
— — S
(dockerd ¥—E>)

TCP 3L
Unix V7 ybR X1

° SR A
docker A< V1 containerd
Linux, Mac OS X, Windows Runtime: runC (OCI}A& 2L

Kitematic (GUI)

Mac OS X, Windows

*Docker Compose

Linux kernel [

“\
X
\\

OS (Linux) @@
-Docker Swarm APy

g /[{REY—N



Docker Engine®D7 —*% 797 F+

-4

(docker CLIZ)

Docker Container Engine

containerd

(docker-containerd)

(runtime-runc)

Docker Image

\ -
AR

% Docker Engine v1.11 LAB%

Docker Engine by 7L RILDT—FEY
(Moby 7O T V7 DR D)

AV TFHFRAAR=I%IILHLEL.
FYRT—=D AL —C % EET S
VERNROT—E>

SR LDRITLIEOAY T ZER

AV T2 RIFICIERN - BT S
SOEALDNAF)-TOTF s

Docker T X—=JICEL 771 %,
NFA=ZIZHEW. O TFELTET
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docker 2517 >k

os;:;:}ucqgckgr_j’uﬁ‘?hw Docker e L TAY T FIcHmAH AL
RITZIBRS 1 RA—S DIBRETZ D

\ J \ J
| |

docker containerrun hello-world

|
r \
Docker AT 7 Z{ERk - E1T
$ARHDOHYTaAT VR
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docker 2517 >k

Hello from Docker.
This message shows that your installation appears to be working correctly.

To generate this message, Docker took the following steps:
1. The Docker client contacted the Docker daemon.
2. The Docker daemon pulled the "hello-world" image from the Docker Hub.
3. The Docker daemon created a new container from thatimage which runs
the

executable that produces the outputyou are currently reading.
4. The Docker daemon streamed that output to the Docker client, which sent
it

to your terminal.

To try something more ambitious, you can run an Ubuntu container with:
$ docker run -it ubuntu bash

Share images, automate workflows, and more with a free Docker Hub
account:
https://hub.docker.com

docker T

A\ Y

oV

S docker container run hello-world

A 7FHELT:

hello-worldD=E1T

-@

TR=D

%
Y g

2y

.
*
4

EEsmEEEEEEEy,

.
*
*

L XM
Docker Hub

*P%
274

TA=D

. hello-world [/7]'3:/“'4}.,%

®spnssssssnnnnnnnnnnnnnnnnnnnnnn®®

4

*
®assEEssEEEEEEEEEEEEEEEEEEEEEEEEEEEEsssssEsssssssmenmes®
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hell ldf X—3 -
$ docker container run hello-world ello-worldf X—J %€/ 7T DR{T(run)e®m s

Unable to find image 'hello-world:latest’ locally  A=3hJLiChello-worldf X—=HiEL

latest: Pulling from library/hello-world . .
03f4658f8b78: Pull complete 2381 A= librarylcd % ”hello-world” ZH{S

a3ed95caeb02: Pull complete
Digest: sha256:8be990ef2aeb16dbch9271ddfe2610fab658d13fbdfb8bc7/2074ccTca36966a7
Status: Downloaded newer image for hello-world:latest

D ’hello-world:latest’ T X—=SZMERT

Hello from Docker.
This message shows that your installation appears to be working correctly.

To generate this message, Docker took the following steps:

1. The Docker client contacted the Docker daemon.

(E)

Share images, automate workflows, and more with a free Docker Hub account:
https://hub.docker.com

For more examples and ideas, visit:
https://docs.docker.com/userguide/
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SHB&EF>TRRLLY

(AL LIZESD? Docker+ > T E{RI1L

c V=320 TF
« AT LAV TF (AT FHERIEL)

Containerized Applications

O L
o Q
o Q
< <

Virtual Machine | | Virtual Machine | | Virtual Machine

App A

App B

(] L
Q Q
-.9:' -c% Guest Guest Guest
Operating Operating Operating
System System System

Host Operating System

Infrastructure

Infrastructure

https://www.docker.com/resources/what-container
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network / volume

Docker®yb D=0 R )a—L

51



Docker® %yt —JHE AR ICisolate(5 B - L)

_________________________

. ATTFR. IO XAZERMF
- EITELLL RV T—=D%
. PEERTRE

|
: docker network create -subnet 192.168.0.0/24

| avFFHEOTOER)IR

T 7# LT F—FERED
BW8 . FIREFIERRIIC
PRI IVE

docker run -p [host:container]
docker run -P

52
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NAT
(iptables) m
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+ |

docker-prox :
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IT.

J)y < 1(bridge) F1)y<2(bridge)

172.19.0.0/16 | 172.19.0.0/16
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AT 771V AT LDisolate(fEEk)

;&ssTysR:eoI: [ A /var/lib/docker/overlay/

U FS ( Union File System )

4 ) 4 )
AV TTFAEE AT BEE
727 1ILIEE 727 1ILIEE
File System File System

™ A OO,= =

hello.txt )

Erﬁ—
rﬁ h

ello.txt

Z LSRR RN —DF S 1 itk oTREZD 5



av7F

File System

77 1TILEEE

= A

™

UFS ( Union File System)

/var/lib/docker/image/

/var/lib/docker/containers/

/var/lib/docker/volumes/

( Y4 Y4 )
Docker mpe b ::
' A= ' 1A=
Docker Image Container’s
Image Layer
[
ReadOnly
g VAN VAN J
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AT D BIIUFSZBL T —2EIENA R XS
ARL = RS NDA—=INANYRZZ(T5L
EROATFTF TR a—LZHEETES

= A

AT AR

771TILIER

File System

00

/data

~N

J

HOST Root Fil .

System

/var/lib/docker/volumes/

r

Volume

= A
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“ping” 179577

docker container run -it alpine
[ # cat [etc/issue
Welcome to Alpine Linux 3.8
Kernel ¥r on an ¥m (¥l)
[ # ping -c 3 8.8.8.8
PING 8.8.8.8 (8.8.8.8): 56 data bytes
64 bytes from 8.8.8.8: seq=0 ttl=120 time=1.124 ms
64 bytes from 8.8.8.8: seq=1 ttl=120 time=1.045 ms
64 bytes from 8.8.8.8: seq=2 ttl=120 time=0.979 ms

--- 8.8.8.8 ping statistics ---
3 packets transmitted, 3 packets received, 0% packet loss
round-trip min/avg/max =0.979/1.049/1.124 ms

[ # exit

_docker run alpine
— ping-c38.8.8.8

%117 T

Y

60



foreground background

attach & detach
S docker run alpine ping -¢ 100 8.8.8.8

PING 8.8.8.8 (8.8.8.8): 56 data bytes
64 bytes from 8.8.8.8: seq=0 ttl=120 time=7.260 ms

(64 I?y)tes from 8.8.8.8: seq=1 ttl=120 time=1.037 ms
snip
64 bytes from 8.8.8.8: seq=96 ttl=120 time=0.972 ms

64 bytes from 8.8.8.8: seq=97 ttl=120 time=1.032 ms
64 bytes from 8.8.8.8: seq=98 ttl=120 time=1.019 ms
64 bytes from 8.8.8.8: seq=99 ttl=120 time=1.052 ms

--- 8.8.8.8 ping statistics ---
100 packets transmitted, 100 packets received, 0% packet loss
round-trip min/avg/max =0.911/1.116/6.986 ms

S docker run -d alpine ping -¢ 100 8.8.8.8

deldd8c69adebbe9df269bc38b57e3fe3549eb85140ach2c1d2a4eb51bc74160
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docker container ps

S docker ps

CONTAINERID IMAGE COMMAND CREATED STATUS PORTS NAMES
deldd8c69ade alpine "ping -c 100 8.8.8.8" 43secondsago Up42seconds romantic_hawking

S docker logs de

PING 8.8.8.8 (8.8.8.8): 56 data bytes
64 bytes from 8.8.8.8: seq=0 ttl=120 time=6.986 ms

(64 Ipy)tes from 8.8.8.8: seqg=1 ttl=120 time=0.956 ms
snip
64 bytes from 8.8.8.8: seq=98 ttl=120 time=1.075 ms

64 bytes from 8.8.8.8: seq=99 ttl=120 time=1.056 ms

--- 8.8.8.8 ping statistics ---
100 packets transmitted, 100 packets received, 0% packet loss
round-trip min/avg/max=0.866/1.106/7.671 ms
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docker container ps

S docker ps

CONTAINERID IMAGE COMMAND CREATED STATUS

S docker ps -al

CONTAINERID IMAGE COMMAND CREATED STATUS PORTS
NAMES
deldd8c69ade alpine "ping -c 100 8.8.8.8" 4 minutesago Exited (0) 2 minutes ago

romantic_hawking

S docker rm ${docker ps -alq}
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docker container exec

Sdocker run -d alpine ping -c 100 8.8.8.8

Sdocker exec -it $(docker ps -alq) /bin/sh
[ # ps ax
PID USER TIME COMMAND
lroot 0:00ping-c1008.8.8.8
6 root 0:00/bin/sh
1lroot 0:00 psax
[ # pstree
ping
[ # exit
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Dockerfile

FROM alpine:latest
ENTRYPOINT ["ping","-c",'3"]
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docker image build

# docker image build -t myping:1.0.

Sending build context to Docker daemon 2.048kB

Step 1/2 : FROM alpine:latest

--->11cd0b38bc3c

Step 2/2: ENTRYPOINT ["ping","-c","3"]

---> Running in bd71f7¢c0d243

Removing intermediate container bd71f7c0d243
--->b8c3422e54d1

Successfully built b8c3422e54d1

Successfully tagged myping:1.0

S dockerimage s

REPOSITORY TAG IMAGE ID CREATED SIZE
myping 1.0 485a2295c402e 28 secondsago 4.41MB 66



docker container run

$ docker run -it myping:1.0 8.8.8.8

PING 8.8.8.8 (8.8.8.8): 56 data bytes

64 bytes from 8.8.8.8: seq=0 ttl=120 time=8.663 ms
64 bytes from 8.8.8.8: seq=1 ttl=120 time=1.004 ms
64 bytes from 8.8.8.8: seq=2 ttl=120 time=0.960 ms

--- 8.8.8.8 ping statistics ---
3 packets transmitted, 3 packets received, 0% packet loss
round-trip min/avg/max =0.960/3.542/8.663 ms

$ docker run -it myping:1.0
BusyBox v1.28.4 (2018-05-30 10:45:57 UTC) multi-call binary.

Usage: ping [OPTIONS] HOST

Send ICMP ECHO_REQUEST packets to network hosts
(snip)

Dockerfile

FROM alpine:latest
ENTRYPOINT ["ping","-c

mnmmn
b

3"]
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Dockerfile

FROM alpine:latest
ENTRYPOINT ["ping","-c
CMD ["8.8.8.8"]

"
)

"3"]

$ docker image build -t myping:1.1.

Sending build context to Docker daemon 2.048kB
Step 1/3 : FROM alpine:latest

--->11cd0b38bc3c

Step 2/3 : ENTRYPOINT ["ping","-c","3"]

---> Using cache

--->2e704637972a

Step 3/3:CMD ["8.8.8.8"]

---> Running in 61c8e7b682a4

Removing intermediate container 61c8e7b682a4
---> 0acf32d5be78

Successfully built 0Oacf32d5be78

Successfully tagged myping:1.1
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docker container run

$ docker run -it myping:1.1

PING 8.8.8.8 (8.8.8.8): 56 data bytes

64 bytes from 8.8.8.8: seq=0 ttl=120 time=7.684 ms
64 bytes from 8.8.8.8: seq=1 ttl=120 time=1.153 ms
64 bytes from 8.8.8.8: seq=2 ttl=120 time=0.994 ms

--- 8.8.8.8 ping statistics ---
3 packets transmitted, 3 packets received, 0% packet loss
round-trip min/avg/max =0.994/3.277/7.684 ms

$ docker run -it myping:1.1 8.8.4.4

PING 8.8.4.4 (8.8.4.4): 56 data bytes

64 bytes from 8.8.4.4: seq=0 ttl=120 time=1.277 ms
64 bytes from 8.8.4.4: seq=1 ttl=120 time=1.252 ms
64 bytes from 8.8.4.4: seq=2 ttl=120 time=1.270 ms

--- 8.8.4.4 ping statistics ---
3 packets transmitted, 3 packets received, 0% packet loss
round-trip min/avg/max =1.252/1.266/1.277 ms

Dockerfile

FROM alpine:latest
ENTRYPOINT ["ping","-c","3"]
CMD ["8.8.8.8"]




docker network
S docker network create --subnet 192.168.0.1/24 mynet

44dd2cdd6120c5265ecacfeceb5bd66077dele6ab67f453601b8058eb0f65757f

S docker network ls

NETWORKID NAME DRIVER SCOPE
df54d986479d  bridge bridge local
11dc9b54flcc  host host local
44dd2cdd6120 mynet bridge local
a786e4ae4841 none null local
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S docker run -it --net=mynet alpine
[#ipa

1: lo: <LOOPBACK,UP,LOWER_UP> mtu 65536 qdisc noqueue state
UNKNOWN qlen 1000

link/loopback 00:00:00:00:00:00 brd 00:00:00:00:00:00
inet 127.0.0.1/8 scope host lo
valid_Lft forever preferred_Ift forever

53: eth0@if54: <BROADCAST,MULTICAST,UP,LOWER_UP,M-DOWN> mtu
1500 gdisc noqueue state UP

link/ether 02:42:¢0:a8:00:02 brd ff:ff:ff:ff:ff:ff
inet 192.168.0.2/24 brd 192.168.0.255 scope global ethO
valid_Ift forever preferred_Llft forever
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Port mapping
- F'docker run -d -P nginxylZ BEIRNICT vE> S

RN 3P FFHA

- Tdocker run -d -p 8080:80 nginxJl&F&j

S docker ps

CONTAINERID
d11fc51679e2
33ce556lecla
a00d140e2500
5e0f1c10b6f7
cde6f341cacf

IMAGE
nginx
nginx

nginx
nginx

nginx

COMMAND CREATED STATUS PORTS NAMES
"nginx -g 'daemon of---" 18 secondsago Up 1l6seconds 0.0.0.0:32773->80/tcp focused_heisenberg
"nginx -g 'daemon of---" 19secondsago Up1l7seconds 0.0.0.0:32772->80/tcp gallant_ramanujan
"nginx -g 'daemon of---" 19secondsago Up1l8seconds 0.0.0.0:32771->80/tcp adoring_euclid

nginx -g 'daemon of---" 20 secondsago Up 19 secoHdn%a 0_2.?96&75938?{tip flamboyant_meitner
"nginx -g 'daemon of---" 26 secondsago Up 25seconds 0.0.0.0:32769->80/tcp cranky_rosalind

[P



volume

S docker run -it alpine
[ # date

Sat Aug 25 02:36:47 UTC 2018

R ZME a7l
S docker run -it -v /etc/localtime:/etc/localtime alpine

[ # date
Sat Aug 25 11:37:38 JST 2018
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SRR OEFNIT R

- docker rm $(docker ps -aq)
- docker rmi $(docker images -aq)

- docker container prune
- docker image prune

- docker network prune

- docker volume prune

- docker system prune
- docker system df

14
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