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AE 7l=2| Het

F8 7|& H2} History
= 2012'3 4E: Google2 ONSO|A| SDN At &

o Googlel| HHERA LA M H3}: 50% > ~ 100%
o XHH| HZ W E9 HH| A

2012'3 118: ETSI= SAAI FE2 ISG '‘NFV' 48
o BAANFE Y EYA TS}

20133 3E: Docker ZEH|O| L XX HH YH

2013'd 48: 2|52 MM H=ALSE FE SDN ZZME QOpenDaylight 2 &

2014'3 6&: GoogleOl| A ZH|O|L A AEY|O|E] FHL|E|2(Kubernetes SE= K8s) HE

kubernetes

ETSI7T___ S\ . OPEN
\ ¥

docker
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dHlolH 7= EH

HERIE <lc HE 0| =2}

NFV(Network Functions Virtualization)= VM(Virtual Machine)d|M 22+ E Y|0|E| E (Cloud-Native)
REHET

S22 E H|0|E|E 32 E(Workload): A& (Computing Unit)2 ZE|0|{(Container) A&

7|2 H{ZE 9Ist 5§7|’d (Packaging, easy for distributions)

M22HEl 2& HIAE (Fine-grained Modular Testing)

0| M/d (Portability)

VMECL B2 X2l AL (Lighter than VM... less compute footprint...) > VM X[l (2020/10 1 XH KubeVirt v0.34.0)

Zig|o| ] AHg| HQtZ3} (Isolation as a solution: Two approaches...)

= 7L71E (UniKernel)
= Op0| 32 7} A (Micro-VM)

LA A EZ| 0] (Managing Workloads: Orchestration)

s MAUAH BEFE FTHUY|E|A’ (Kubernetes is unofficially de facto standard)

= HE|FHAE 30 #E| Z2EE LCM(Lightweight Communications and Marshalling), X}7}5 3 (self-healing), XIS ‘d
s Mo LEAAY (auto-scaling), 2AHE ™ (scheduling), ....
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NFV (Network Functions Virtualizatio

n)

20124 11€ ETSIE= ISG ‘NFV’ A&

NFV(Network Functions Virtualization): St&

o Qelstn Chadt Y EQIE BEL

0| o= 2|23} ot

EFAHS

PE Router
Session Border

Firewall Controller

CG-NAT

HE StESO/2ZES O 7|2 HERYT 7|5
20H LEE U IS HS

European Telecommunications Standards Institute (ETSI)

L]
| oPl @ CG-NAT o GGSN/ 7hat
| BRAS SGSN Zajo|o|AdA
L Firewall PE Router

« S SIEHO YoM 2ZEQ 0] 7|2 R HEYA 7|5 HS
=
o

U st=glofollA of2] el 7|5 M2

Industry specification group (ISG)

HEHI 7142 SEHO|

JS Lab
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dHolH 7|= EH

Why Virtualize? (2ff 7H&2HE JHLE?)

HEZ2H, I3l H5st H

0f: Cable Modem Termination System (CMTS)

Why Virtualize?

192 Service Groups

192 Service Groups

Legacy
CMTS
(10 racks)

B

Any Questions?

« L]
COMCAST

sone=

coMNMNEcT

JS Lab
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dHolH 7=
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NFV O7 |5l X

NFV O}7| &l X

m 2019-2020 NFV Release 4 (https://www.etsi.orqg/technologies/nfv) ;: 28 F7|
m NFV 23 AH (https://www.etsi.org/committee/nfv): VNF, NFVI, NFV-MANO,...

VNF Use Case

Virtualised Network Functions (VNFs)

VNF VNF VNF VNF VNF

» VEPC

» vCDN
* Cloud Bursting

NFV Infrastructure (NFVI) NFV
Virtual Virtual Virtual Managzment
Compute Storage Network an

Orchestration

Virtualisation Layer

Compute Storage Network

Hardware resources

https://www.sdxcentral.com/networking/nfv/definitions/what-is-nfv-orchestration/

JS Lab
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2l 7l

OPNFV

OPNFV (Open Platform for NFV): 2014d 98 30 &

s ZH 0| X|: https://www.opnfv.org/about
= OPNFV 27 gtk 22t E U|0o|E|E3}

Storage
Virtualization

Compute
Virtualization

Network
Virtualization

Open Platform for NFV (OPNFV) is a collaborative project under the
Linux Foundation that is transforming global networks through open
source Network Functions Virtualization (NFV).

7hd st
1

Upstream
Project
Collaboration

=

Hlo|E| =

gao

Integration New Features

Cloud Native

I T
[ | —

<}

JS Lab
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AH 0|4 7| B

222 E Y|0|E|E(Cloud Native)2t U EX A

22t E Y 0|E|E (Cloud Native)E 222 E YO|E|E AFEE! IYTHCNCHUIM HO|

CNCF(Cloud Native Computing Foundation)& QE2AL} M AL SE Z2HEO| ME| A
1 FX|5E7] flet 2|52 T THof| A Ee

F2 222 MH| 2 AR} HIZAL §0] CNCFO| HOH S5t= S =4 0] ¢ "I &F

22t E U 0|E|H(Cloud Native)= XH=3}t ZAetso] AX|L
JtsstHA ZAS s & £ A= 7|=1 -rl° EFEI o]t

A ol
o He= u = = T ;O
222 E Y0|E|E (Cloud Native)= SEIR2E 118 7|&2 AM5IH SH AN M &8t A}
of MH|AE 2°835t7] #lolf ZE|o[L, MHI* M|, 00| 2 MH| £, H|Z7FHH QI 2 (Immutable

Infrastructure) W MAX APIE A5l FHZ WAl A

CNCFO|AM ZI=Ql HEQD &3 ZT2HE = SDN 7|28 E85l= CNI(Container Network

Project), CoreDNS(AMH|A C|AF{H2]), gRPC(gRPC Remote Procedure Calls), Linkerd(A{H| A
Envoy(A{H|A T A]) SO| AS

O Al),

11
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HEHI (S4) 7IE 7|= 2H

james@ijslab.kr

=2|& FH|(E) > VNFs (Virtual Network Functions) > CNFs (Cloud Native Functions)
graneeean S| §,I-|:||(§) ......... FEITICIIILCERE VNFs ...cooovviiiinnn. L gerrasnnnnnes CNFs «::cccevvnnnnnnes :
[ EET EEN ) VNF1 VNEN |:i  CNF1
é m E'IF E EEEEm w| m K E E :
= 17] oF o |- "y —
5% uj ﬂ % uj WEENH"[ WQN%WWWMW)]E;%ﬂ%Eﬂiﬂ[ammqwn1]
= = =T || <l | - .
I L Ji ame | uewa | 2sax i zse | usea | a=am )
' AHH A & .omAEf | 3 . e

&g sh=9lof | TISTItRlvis): SESN
|  EE= VMware 20| M H|S ¥ St E0M HS

. Mg Slogo] == . Monolithicj,(vAppIiance - 712]10{ DevOps

CYEYA oE 08K %8 * Vendor(H| 24 silos . MH| A2} B[] 23]

JHIA ME TZ2ESE ’ (;Pé(liontrol Plane)/UP(User Plane) » MSA (Micro Service Architecture)

NFV Infrastructure (NFVI)

JS Lab
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Public vs. Telco 22} E

Public Cloud:

2T ER0f B 7t Qlz=e} 7|8k MH| A (RAH|Z)

Telco Cloud: 21 2|0] =2} 7|8t 22} E MH|A (HESEE HEB)

Telco Cloud= SIESI =2}

g3 ur

M

T @ = y

. o GEEEEEE A —

2 2% & AfH = AA|7H HE|D)
(D AEZ|Y

| il

il

|01 O = 2[# 0]

Al 0gtE A AR, VR &2 ¢

EEES
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5G2| CNF =£ (0i)

CP(Control Plane)/UP(User Plane) &2|
5G ZEEZ8|Q(Control Plane)?| 22 EYH|0|E|E (Cloud Native)2}
5G H|0|E{E&|Ql UPF(User Plane Function)

0

IE{ 4l uH

r

3 = (Backhaul)

IH

=

< 5G T 0{(Core) > <

E Z(Fronthaul) GgNB

NG-RAN ———»
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dHlolH 7= EH

Z2EEte 7|X|2 SMEY| FE

Kubernetes / 2 24 A ALE Low-End Prototyping Hardware
StEgof 7o 2| AE (Shopping List):

USRP B200-mini ($500) - up to 50 MHz BW

custom 20 dBm PA/LNA/Switch ($300) - band 38, 42/43, n38/n77-78
Upboard/Upboard2 (low-end $90 PC)

GbE fronthaul POE+

Antenna

optional GPSDO

ZX: Red Hat

Antenna

=

v
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S219E YEYY 7H 7|59 ¥

StES0| 7| Y ES{Z 714: FPGA, DPU, P4

OVS(open virtual switch)% Te5t7| et Clo|E| mfZl mHA-of - %f
ZTR(Zero Touch RoCE)E %%t RDMA HIO|E| H& 7t

RSS, LRO, M3 (checksum) S& E&$ TCP 7}
VXLANS} Geneve 2HZ|0] O2|11 VTEP LEREE 2|t HESA 7H4s}t
5GE Q|$t 5Tt Z2 ® A 2} 2 E(telco Cloud) RAN £ ™2 Efo|d 71 7|

SR-I0V, VirtlO, BH7[ 42l E st 71zl X[

Optical
Ti

DPU
Cascading

Gfas
through 10G G.999.1

Vec g

Pas cadi

8port &-port 8port g

Digital Front End Digital Front End Digital Front End
(OFE) (DFE) (DFE)

8~ 24 Analog Front End (AFE) Ports

Remote Power Feeding (RPF) Unit

DPU

DPU with advanced ENET 48202XP/99 SoG https://WWW.nVidia.COm/kO'kr/

IPSEC 3! TLSOf| CHet =3} 7t50| QEtQIo 2 +WE|DE CHE BE 7150| A%

CPUE £2|5t1 L1IETJELE HZE| H0|E|E GPUR XX M&8l= GPU-CIOJ|HE Tt

X=
=1 S

ME|E = Qs RE, otHst 8, et HAllol gazols, ASE HH o[-0 E2|#H[0] ¥ +=BF7| il

https://p4.org/code/

16
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5G Edge ‘Amazon AWS Wavelength’

Amazon AWS Wavelength 7%

m EX: https://www.netmanias.com/ko/post/blog/14591/5g-edge-iot-mec/aws-wavelength

AWS services (initially just Amazon
EC2, Amazon ECS, and Amazon

UE location, Subscriber ID,..  EKS, with more to follow) AWS Region
MEC Service/APIJAWS Service/API AWS Service/API
KBTI T~ 7 +—AWS Wavelength 0090909090002 —————— |
Function

o | TEE B2 :
1 i 3230l .
|

)
|
SO0 ! Y
5G £hat (@A))) u'mmmw: e S | |
itz =

O|S A} 5G Edge T

O|SAF 56

AWS compute and storage services

QWS Outpost ||

SOl

Patch Panels
1/10/40/100G Network
Fiber Uplink Options

Patch Panels
1/10/40/100G Network
Fiber Uplink Options

AWS SZRC A AS

, Hosts 0| Bt 5G Ofxlof L2y Hosts
W b
e I
— Ims — &—F ms— | L1 Network Switches Network Switches
Power Shelf Power Shelf

Redundant Centralized
Power Conversion Unit

Redundant Centralized
Power Conversion Unit

5GEe|  O[EAMLK OfXlol L
EXX|OIA: S8 MH: B
WE 2H7Z 2 |4 A2

17
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5G Edge ‘Microsoft Azure Edge’

Microsoft Azure Edge Zones: 5G S4IAte} HZASIH 7|0 EX|ot= AHEY 744

m =N: https://blogs.vmware.com/velocloud/2020/03/31/vmware-to-deliver-networking-solutions-with-azure-
edge-zones/

VMware SD-WAN

Orchestrator Azure Edge Zones with
Carriers
E-TJ 4
i ' - VMware SD-WAN
e S Gateway
-
P

SD-WAN Fabric

lvaare SD-WAN VMWgre SD-WAN
aleway
ll Microsoft
Azure

\
|
|

- -
l
1
1

ISPs/5G Carriersy ! VMware SD-WAN
@ , Edge VNF
L. .
Kubernetes VM 10T Edge 2 ;

[} I
i
- L4
~ ,' ’
' = ' t Azure Private
\ Edge Zones
\
N

~
~
-~
~
~
~
-~
-

________

VMware SD-WAN
Edge VNF

JS Lab
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. ZEo|Y 7|& X

At A

o
EEEEE

at HEO|L HIZE| ALE
£

¢F Zde[o] L

-

4GB

\Cp 1 App2  App3 M52

N

AL 22
9GB=4+2+3

gH| 22|
6GB=2+2+2

-

N

4GB

&pp1

3GB AL o2 2|
9GB=4+2+3
Hok o 22|

6GB=2+2+2

App 2 App 3

/
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dHolH 7|z %

HeolL et FH Y E|A

SotfES fle AH ol

= Oo|A2MHAE ZHa|
= JHHA(VM)S O|881M DHO|IZMH|AS HIE & HAHH B2 QB ST} WMsHX| e

2EHE E
= ZpZ{o| Ojo|A 2 MH|20f 7S (VM)S ETot= A2 HIE0| B0 2510 ZIE| 0|7} S2tE Hiz=of 0] &
= ol

FHU|E| A (K8s)2| Tt E (Pod)

= THY ZIE|O| LSO M of2] OfE2|A|0] =¥ A CtE Z2MAE H¥Wst= HUIO|X 7|5 ER5H, K8s2
=] thelQl Podi O] WHE AMBSHX| YOLE Pod LH2| ZIE|O|L{S0| SUTH IPFAL ZE JZHS 7

[

m K8s2| = TteIQl Pod ot 7 =& o2 7i2| EHO|HE =3
n SUSH A|ARIO| 02 Pod= EH AAIEY E
= PodUW ZH|O|L{E 2 Local HostLt IPC(Inter-process Communication)= AI235IH 29 22 MELAE M2 7Is
= K8s2| L}t Z2 EXMCE &7 &2 HH 0| L& 0 of2] ApplicationS ¥ 5HX| %S
sy
sy
ol
224
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OHEZI7|0]4 O] A8

HelojL 2] of S2[#| 0] o] 4 d

s 252 HYS A= 0S| 2| ESH= AIS20| FAM3I2 Application 0|41 X2
= ZHO|UH = 7t (VM)S 0|83 MH|AE HIE & UIXT B2 M| =7t 2SR g

Helol oiLIX

B Ty T ey T e
#HEj o] #Ejo| HEf o] #Ejlo| Zeflo| o]

Application ] Application ] [ Application ] [ Application ] [ Application ] [ Application ]

[ [
([ osozy | [ osozy | | osemy | [ osezd | [ osozy | [ osazy |

alsA

Guest VM

HEH3I

JS Lab
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Q Session 1: ZAE| 0| =2} 7|
- ZH|o|4 7|= EH

ZH UE|: AU AS/E 2™ AHESIH A S 2], 45 Ol+

L &= =2|X/2elH 222 AF Wl HaE +4d

o| ME|ME flst MH|AZI U3t ZE2EF AL (0f): Transport Layer Security (TLS) Encryption
Hol eHo] 7t dE ¢t TEEE ALE (0l): VXLAN

| | | |
Jn oY xt

Distributed Services (Containers)

Compute (H| Of 0| &/VM)

Network (Underlay/Overlay/El = Overlay

TRYE]

JS Lab
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e 0|4 7|2 &%

Container Networking

Container Networking ‘CNI’ 2} Gossip

= Container Network Interface (CNI): CoreOS7} H|Q}, K8s, Kurma, rkt, Apache Mesos, Cloud Foundry, Cisco

Contiv, Project Calico, Weave, Docker, ...

= Gossip: P2P, U ES{3 37|} 2&5A S, LA™ 7
Eoll CE =of 3

2ot ol E5E L E0| HEE gossiped, X|Hot 2H{2|0| &

[ - ” Master (Manager) }

% Gossip

Host Host

(Ef (I (TN

SotfE Ho|E[H QI =2}

st=slof el

23
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ot E Ho|E|R J|¢r MH|AZFHER 3

gRPC(gRPC Remote Procedure Calls)
m gRPC is faster than REST. gRPC uses HTTP2 by default
m https://devopedia.org/grpc?ref=codebldr
o} R P O gRFP
£ | Single source of truth X v
i
l;: Multi-platform + languages built in X v
o
§ Handle non-breaking changes. X v
. Network: connection handling Manual, 1 per call X Built-in, Multi per conn v
Speed: Transmission of data Human-readable Text X Binary v/
CPU: Improved resource usage X v
Tracing Manual X Easy to plug in v
Logging Manual X Easy to plug in v
Monitoring Manual X Easy to plug in v/

JS Lab
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Container-based Application

Container-based Application Design

= https://kubernetes.io/blog/2018/03/principles-of-container-app--
design/?fbclid=IwAR20MrdP0d1Q6LXebtxNPnt-RS5DIIkClwpaMSL5mmW7VMaQb6hRV8hkd38

Image Immutability Principle High Observability Principle Process Disposability Principle

| metrics

|tracing start/stop ; CONTAINER

logs \ 7
~ 'l

‘‘‘‘‘

CONTAINER

process health

app.jar .
readiness |

liveness

Lifecycle Conformance Principle

Self-Containment Principle

SIGTERM PreSt
___________ restop__ +
SIGKILL PostStart |
,,,,,,,,,,,,,,,, :
]
CONTAINER '
D g
S 15
: 3 i3
CONTAINER 1 [l CONTAINER 2 [ &
Single concern Single concern i Java .
: :
: i
i ! Deployment unit (pod) | !
Memary (R) s e v
JS Lab
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- ZdH|O| Al Ql=2} 7

FAHYE|A QA AE 0| M
ZiH0|{ RAIAER0|ME Qs @

i
MjH
pai]
ol

= CRI (Container Runtime Interface)
= CNI (Container Network Interface)
m CSI (Container Storage Interface )

# B2C Accelerator Compose
apiVersion: apps/vibetal
kind: Deployment
metadata:
name: hybrisacc
spec:
replicas: ©
selector:
matchLabels:
app: hybrisacc
template:
spec:
containers:
- name: hybrisacc
image: 909204795480.dkr.ecr.us-east-1.amazonaws.com/hybris
args: ["accstorefront”]
readinessProbe: Beiiranpuiol
httpGet:
path: /yacceleratorstorefront/?site=electronics
port: G086
scheme: HTTPS
initialDelaySeconds: 1°0
timeoutSeconds: 1
periodSeconds: °
env:
- name: Example Env
value: "dynamic"
volumeMounts:
- mountPath: /etc/ssl/certs/hybris

CNI

(Container Network Interface)
(& J

~

name: Secrets

- mountPath: /opt/hybris/data/media
name: media

ports:

- CDI’I?“I\EIEO!‘t: 8088 CSI
o (Container Storage Interface )
J

- name: secrets
hostPath:
path: /efs/resources/secrets \_
- name: media
hostPath:

path: /efs/state/media
imagePullSecrets:
= name: avsecr

JS Lab
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H 0[] At =t 18

Container Networking

Flexibility vs Performance in Different Platforms

Ease of
User

Performance

28
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e 0| AHE A=t

ASE HEHA

ol @0/ o] HEYA

= 2HY|0|(Overlay): 7}42} 7|8t HELA AF
= AC Y 0|(Underlay): StESIO 7|8t HEQA AHZE

20|
(Overlay)

1

b

o1 o] %
(Underlay) y w
QIma} (2EIRE & 2T 0|2

(2= 2K/ MH)

29
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- HHOIH A8 =2t #4d

ZHYE| A x| =S of

FHUEIAE 93t 2Z St=Egof (o)

m Erik Riedel, PhD, Senior VP, Engineering | ITRenew

Servers

infra

power supply
+switch

up to 5 nodes

external TOR switches (2x)

ingress ingress ingress

internal TOR switches (2x)

infra infra

power zone AA

up to 48 nodes

single or 2- socket
nodes, 25 GbE
connectivity

flash-based
storage nodes;
millions of IOPS
and terabytes of
capacity

<> S E S A M E for Open Systems

30
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0 Session 2: Z4E|0|L{ Z|gt ol= g}
- ZdE|O|{ ALE Ql=z2} {1

ZHYIE|A X|2 S0

FHUYE|A Ho|E{Z2]|Ql 715 StEHO T8 (Cll)

= Kaloom ( https://www.kaloom.com/ )

m https://www.thefastmode.com/expert-opinion/17835-5g-drives-the-distributed-
edge?fbclid=IwAR3DX6Vyi1BgH6SMyc8DnhGE Zu0St4HxGjJ1grvr8Quq72IWdEmJTo0x9Q

................
..................................
.......
-------
-

v
.
----

GhE Management

Switch

3 Serversfor Fabricand
Network Overlay Controllers
2 Network Fabric

switches

GbE Management
Switch

3 x 32 port switches running
OpenShift Masters,

& Cloud Edge Fabric 5G UPF
3 Servers for Kubernetes

Masters

Minimum of 3 Servers for 16 Application ,'Sew_ef“s
SRLIPE For customer
OpensShift workers.
8 Application Servers for | ey

customer K8 workers.
Not sufficient to run all
‘needed applications

Monetization.

JS Lab
31



O Session 2: ZAE|0|L{ 7|4 Q1= 2}
- ZdH|O| Al Ql=2} 7

P42| SIEHIO] 7t=5 x| &

P4: HIO|E{Z&|Ql 7Hs X| Y 7Hs o]

s T2EEE SEAH (Protocol Independent)

= P4E 2ZEQO] ALX|0fl X[H3tE 7|5S ASIC & 1% X2
= EE ¥ 0|E 7Hs(Programmable hardware)

S
=
e}
Am

(%)
)

(7]

[}]

=

©
c—

Barefoot Tofino 2-powered 12.8 Tbps 32xQSFP56-DD System

4 -2 :é'_ . Pt AR -
Barefoot ‘Tofino’ Chip

Pensando Systems ‘DSC’
(Distributed Services Card)

JS Lab
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AE|olH AL A=Cf 8

HIZ2| HES3I B= 15

Cloud Native 7|8t HES|ZH /4 (0)

s Kubernetes= At H{ZE Tt 2 HHO|HE 7/d5l= Pod ALE
= OO|E 2ot Z7I0|= AEZ|X| HEQA ds XN e 2=

= ClojLtelSt ZE|O| 2| O| S0 = DB & ‘ds XSt 8le +Z(0ll): MSA(Micro Service Architecture) / HCI(Hyper
Converged Infrastructure)

Management Cluster

nelg WIEtEI0IEl 3 HIEEI01E] =43 Agax|
~ ] - > > >
- — — Yo' ] —
; ; -_— - - s
Jatel Ao ;;% E.;L§|=.|M ;% E.;

AERT] M2|Y
15 GoH g

Mu| A
Cloud Native A2l Cluster
HCI (Hyper Converged Infrastructure)
Simiiss
Rack 1 Rack 2 I” |
Clustering for Cloud ! i
Native Master 1 I l I 1
1 Rack2 Rack 3 Rack4 - - -
Clustering for /M I”
Pipeline = =

AE2 5 HIEh)-2 5L w I 7 - ; :
os MH|2 X2l . . [ | _
el (Provisioning /

Replication / Fault Tolerant)

Eﬂ’;
o
2
w

-_——
Re==d
Backup Gl 0|E{
e Mg FA
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O Session 2: ZAE|0|L{ 7|4 Q1= 2}
- ZH|O|{ AlE Ql=z2} 1+

HE[0]1] HjZo| HEYA A2 1

Cloud Native 7|8t H EZA

Kubernetest= X2l HIZ EHQ2 PodE AL2510] F43}

Pod= Container2

QL EAHY(Auto-scale) 7hs AMH|AE 2|8t LB (Load Balancer) L%

72 zt2[ef ot ASIE It o] +HS fITt E{EE X AL (VxLAN IiZl &5 =7 10&)

> OOC
@ @ @ NERALIAY
2
: S 3 S ®
@ Pod 3 Pod 4 Y
g = | T ; gerec
£y ' ' ; AMH|A
o R ————
e
{og. Zigjo|4 alz IE|
o
er DD >
< H fEEEEEEES
2
é 0
< LB é Hirdware Layer 4
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O Session 2: ZAE|0|L{ 7|4 Q1= 2}
- ZH|O|{ AlE Ql=z2} 1+

© FHUYE|A o7 |H X

o FHUE|A APL: MIH APIE AFEHI, H|7}HH QI Z 2l (Immutable Infrastructure)

OfAE{(Master) - n

O}AE{(Master) - 3 ' L C(Node) n

apiVersion: vl
kind: Pod
metadata:

name: nginx
annotations:
diamanti.com/endpoint@: '{"network":"blue","perfTier":"high"}"
. . spec:
Contgmer Images % containers:
* Locations " - image: nginx
+ Deployments o name: nginx
- Stateful .. 3 resources:
* Replicas = limits:
« Volumes cpu: 2"
. / memory: 4Gi
/| requests:
YAML / cpu: 500m

memory: 1Gi

, |
N / volumeMounts:
7 B, i - mountPath: /var/www/nginx-default
name: nginx-data

volumes:

.

: - name: nginx-data
CLI (kubect]) 3 \\. flexVolume:
K8s Dashboard : - driver: diamanti.com/volume
. fsType: xfs
: options:
1

name: nginx-data
perfTier: high

k.'“"“"""““"

https://k8syaml.com/?fbclid=IwAR2KEzz0EsrwHIg klIIOB4YYQRpd3Vzrm72xhbFulz pVDvwO0tb2Zle5-LA
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O Session 2: ZAE|0|L{ 7|4 Q1= 2}
ZAE|o|H At el=2} +/d

ZH{UIE|A OF7| =K

FHUIE|A OF7 |5 N; 74

OFAEl(Master) - n

OfAE{(Master) - 3

( OFAE{(Master) - 1
’—------------------N
/’ \\
/ Containers (0f|: Docker) /
1
. Container Images Cloud Controller Manager :
* Locations
+ Deployments 5 Kube Controllft: Manager :
* StatngI - e Scheduler (ZAIE2) -:
* Replicas 3
* Volumes 4 3 .
) ’ 2 kube-proxy :
.......... /
/ : Additional Services :
yam. 7 | | I
N\ / 1 \Il
/ 1 etcd Server RS
I >
5 I
=\ Container Runtime 5
K8s Dashboard N y
. \§-——————————————————', H
] Kubelet (00| M E) g
E‘ System Services .:
\‘ AN NI NN NN NN NN NN NN NSNS EEEEEEEEEEE eth

loud
1 Provider
API

== Node

- E(Node) 1

O e e

Containers (0: Docker)

kube-proxy (Linux Netfilter)

5 Container Runtime
b PEe Kubelet (00| HE

System Services

A I NN I NN I NN NN NN NN NN NN NN EEEEEEEEEEEEERS

1
1
|

—---

RLLL]

- E(Node) 2

O o

Containers (0f|: Docker)

kube-proxy (Liinux Netfilter)

v
*
e ————

4
7 4

4

Kubelet (O|O|HE.

System Services

A NN EEEE NI EE NN EEEEE NN EEEEEEEEEEEEEEEEERS

.

.

»
Container Runtime

MITILI I

MTTILLLL L
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Q Session 2: ZAE|0|L{ 7|}
. HEO| AR QT 74

HU|E|A OF7| =K

FHUE|X OF7|H[X: HL|E|2(K8s) HHS ?ISH 7552 Docker Container

jslab@ubuntu:~$ sudo docker run -d --p ged --restartsunless-stopped -- /kubernetes: /etc/kubernetes -v ar/run rancher/rancher-agent:v2.5.1 --server http

9t9bmSF6hzcImnmd2srtgjskwvxasri7mwf Lggnjbdtbfq51dz b2 - -ca-checksum dba984d8F41987eb1F5b1b2Fb: b8c df22423a7¢551ch6 17349 -- --controlpl --worker

—
~ ~3 sudo docker ps
o IMAGE coman CREAT NAMES
o] €2987812F35F “fleetagent” About an hour fleet-agent_fleet-agent-64dE54cSb-qurel_fleet-system_d@ac8d2f-406d-4b7
g N g 8 £ ystes_
D rancher/pause - fpause” About an hour _POD_fleet-agent -64d854cSh-qur6l_fleet-systen_ddacBd2#-486d-4b73-bdec-75598babSdF7_@
@) 141c7125F5a “run.sh® About hour About ster-register_cattle. -system_Bd2adeca-9c49-44F2-9990-bfeSa’2a158 _1
“© 14033c onal-autoscaler *fcluster-praportion About an hour About autoscaler_coredns-autoscaler- 006763
b prapo = 2
£ cd3cd6  rancher/metrics-ser metrics-server About an hour About a _metrics-server_setrics-server-8449844b 51-f41c2dbeedea_8
© 881d44  rancher/calica-kube-cantrollers usr/bin/kube-cont About an hour About _calico-kube-cantrollers_calica-kube-cantrallers- Sb-pws9t_kube-system_45c48bSe-eSab-de89-bE98-544e6161d693_0
e

@844bcedesfc  rancher/coredns-coredns /coredns -canf / About an hour Abou _coredns_coredns-6F85d5fbas-zf5dv_kube- systen_6435e780-566F-4fbd-80ad-6a421d62a97b_0

8ebs@2dessbc  rancher/nginx-ingress-controller-defaultbackend */server” About an hour About _default-http-back 94949-t7fkg_ingress-nginx_611f@8b2-FO83-45F2-9a72-046d24d46346_0

9bdceca rancher/coreos-flannel About hour About a 8s_kube-flannel_canal-5fkbj_kube-system_c6a 18-ba34-babBac7e5dse_o

32eabfe rancher/pause:3.2 / About an hour About k8s_POD_metrics-server-8449844bf - cdhfb_kube-system_eedf14c6-301F-4938-2751-falc2dbledea

rancher/pau About About 9dc6-ttsbj_kube-system_

rancher/pause About 5676-w9Blw_cattle

168ellSeeabe
a94a3lcabf2
cfcdf2rdfeb?

96d16db38392

rancher/kube-api-auth

rancher.

rancher/calico-node

-c "kube-ap About About

" /pauss About About

"start_runit” About hour

_POD_coredns

_kube-api-auth_kube-ap

kend-65dd5949d9-t7fkg_ingress-nginx_611fesb2-fe

_kube-system_643Se7 421d62a97b_6
tqw_cattle-system_@bo6d3bb-7bee-46be-2509-2f76c7ele570_0

daed24d46340_4

@17acaalé227  rancher/nginx-ingress-controller in/dumb-init About an hour

7448e58492e2  rancher/rancher-agent “run.sh erver htt." About hour upbeat_perlman

141c7125F5a2 "run.sh” About an hour k8s_agent_cattle-node-agent-g7dp5_cattle-system_7881edbS-e8a2-4971-96¢5-BcbE61d9136

alSdeBc34848  rancher/pause " /pause” About an hour c 85_POD_kube-api-auth-7tqw_cattle-system_8b@86d3bb-7bee-46be-a589-2§76c 7ele578_0

bSbf7bddelsh
12d6a31b72F4

rancher/pause: " /pause” About hour t k8s_POD_cattle-node-agent-g7dpS_cattle-system_7@8ledb5-e842-4971-90c5-0cb661d9130d_0

rancher/paus " /pause” About an hour b k8s_POD_nginx-ingress-controller-84lpv_ingress-nginx_Sadabef 4200-ab1b-4d.

rancher/pause " /pause” About an hour c k8s_POD_canal-5fkbj_kube-system_c6a797cb-7666-4318-ba34 - bdbBac765d86_0

rancher/hyperkube:v1.19.3-rancherl " /opt/rke-tools/entr."  About hour kube-proxy

rancher/hyperkube:v1.19.3-rancherl About hour kubelet

rancher/h :v1.19,3-rancherl About hour kube-scheduler

rancher, v1.19.3-rancherl About hour kube-controller-manager

:v1.19.3-rancherl About hour About kube-apiserver

rancher/car -rancherl About hour Abou etcd
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O Session 2: ZAE|0|L{ 7|4 Q1= 2}
- ZdH|O| Al Ql=2} 7

9= stegof 14

@jslab.kr

james

Q% 9| Red Hat ‘OpenShift’ HZ& StE|0] 2l=2} 34 (Of])

= OpenShiftE Kubernetes 2| AE 0| M AL

3x RHHI-V* Nodes

Web Traffic Load Balancer VM Infrastructure VM

12x Bare Metal OpenShift* Application Node

12X

Master VM Infrastructure VM

+
‘ INGREDIENT (Per Node) LARGE CLUS CONFIGURATION E !
3x RHHI-V* Nodes [

Processor 2x Intel” Xeon® Gold 5218 Processor at 2.3 GHz
Memory 384 GB (12x32 GB)
Boot Drive 2x Intel® SSD D3-54510 Series 480 GB 2.5-inch RAID1
RHHI-V Storage 1x Intel® SSD DC P4510 Series 4 TB
OpenShift* Container Storage (Registry) 1x Intel® SSD DC P4510 Series 4 TB
httpS://WWW.intel.Com/Content/dam/W Storage HBA Controller® Intel” RAID Module RMSP3HDOSOE
. Remote Management Module* Intel® Remote Management Module 4 Lite 2 AXXRMM4LITE2
ww/public/us/en/documents/reference
- " Network 1x Intel” Ethernet Network Adapter XXV710-DA2, Dual-port 25 Gbps SFP28
-architectures/deploying-red-hat- 12x OpenShife Application Nodes
OpenShift-Container-platform-3-1 1- Processor 2x Intel® Xeon® Gold 6230 processor (2.1 GHz, 22 cores, 44 threads)
with-container-native-storage.pdf Memory 384 GB or higher (12x32 GB)
Intel® Optane™ DC Persistent Memory 1024 GB (4x256 GB)
Boot Drive 2x Intel® SSD D3-54510 Series 480 GB 2.5-inch RAID1
OpenShift* Container Storage (Application) | 1x Intel® SSD DC P4510 Series 4 TB (NVMe*)
Storage HBA Controller® Intel® RAID Module RMSP3HDO8OE
Remote Management Module® Intel® Remote Management Module 4 Lite 2 AXXRMM4LITE2
Network 1x Intel® Ethernet Network Adapter XXV710-DA2, Dual-port 25 Gbps SFP28

* Recommended but not required.

JS Lab
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0 Session 2: Z4E|0|L{ Z|gt ol= g}

HH ol FFE 7|= Hlu

dH|o[{ HE Os

Micro OSes for containers

Atomic Host and Red Hat CoreOS
RancherOS

Ubuntu Snappy

VMware Photon

Micro Operating Systems (Micro OSes)
To Run Containers

GUI Drivers Games

Examples:
Atornic Host and
' : Red Hat CoreDS
\ o

' Rancher0s
' Ubuntu Snappy
Minlmale& VMware Photon

to runjust containers:

39
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O Session 2: ZAE|0|L{ 7|d QI =2}
Aol ZRE 7|= Hlu

FHY[E|A HE 7Hs Xt

2H{E|~ HE 75 KHel
#H'E 22| ZE 0| (Docker Container, LXC, ...)
72 Z & UniKernel
Micro-VM

VM

o o o o o o o o

Docker (CRI shim 2}0| E2{2| AtE)

dockershim

Rkt (CoreOSOj| A] IHd)

cri-o (£7{2 20| OCI Z&tst= OCI confirmed HEHY, K8s T2 M E)
frakti (S}O|I{HIO| X & TIEHQ)
rktlet (rkt Z1E|O| L ZEFR)
virtlet VM(QCOW) HE} !
cri-containerd

Virtual Machines

Containers Containers in VMs Unikernels
(for tenant isolation)
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0 Session 1: ZAH|O|L] Ql=2} 7|
- ZHo|Y 7|= B
. HEO|Y 7| 53
O Session 2;: Z4E|0|L{ 7|dt ol=g}
. HEO|Y AR Qlma} P4
. ZHo|H Z/E 7|= H|uw
Qd Session 3: ZAH|0|{ S& Y ESIA 7|=
- Z2l2E Y|0|E|HE (K8s CNI, Service Mesh)
Al Qlmat 37 HEo|L 7|4t AH|A

Ofm
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Qd Session 3: Z1H|0|{ S & UIE{ A 7|=
- Z2I2E 4|0|E|E (K8s CNI, Service Mesh)

= Running VNFs/CNFs on Kubernetes

= Current challenges

= Resource affinity and awareness for workloads

= Building a fast data-path

VNFs

QA AEO|E
(%l: ONAP)

----------
Y
P

QL EAEH(OpenStack) E&
VMware

T
Tuy
" »sl
--------------------------------

QIILAdITIENS




Q Session 3: ZH|0|{ & Y ELIA 7|=
- 22} Y|0|E|H (K8s CNI, Service Mesh)

SZBLIE|A CNI 7HS X| 9 SLEY[0f

AHYE|A 7} (0l): Diamanti D102] CNI/CSI 7}

= Diamanti Platform Networking: Layer-2 interfaces made available to all containers

= Diamanti Platform Storage: Persistent, high-speed, sub-ms NVMe flash is distributed throughout the
cluster

1 2 _
NVMe Drive 1+ |: A pall

40 GbE QSFP | NN

Controller ===}

)

NVMe Drive 2

NVMe Drive 3 E
NVMe:
Controller

& &2

Sl CNI

STORAGE — NETWORKING
— —
NVMe NVMe B NVMe
Drive Drive Drive

NVMe Drive 4

DIAMANTI
ULTIMA

Host OS

Docker Registry

x86
SERVER
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Q Session 3: ZH|0|{ & Y ELIA 7|=

S2I$E L|OJE|H (K8s CNI, Service Mesh)

MH|A B A] (Service Mesh)

MH| A O A] 714

= A service mesh is a dedicated infrastructure layer for handling service-to-service communication
m https://awskrug.github.io/eks-workshop/servicemesh with istio/

Policy l
Control plane
Metrics I

_.l (I [ Jl._l'l_l L-
T [ o
.ul,-_ JjL —
#J F]

Data plane

JS Lab
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Q Session 3: ZH|O|{ & Y ESA 7|=
- 22} Y|0|E|H (K8s CNI, Service Mesh)

MH|A B A] (Service Mesh)

A Al 7Y
MH| A A g
= Service Registry & Discovery
. . [ - C .
= Service Mesh (Oll: 2|5 2Tt CNCFQ] Istio)
. . il
k'al' ‘ @ v 2admin v
Graph
Overview p @
S
= Namespace | default v Display v Edge Labels ~ = Graph Type @ Versioned app v Fetching  Lastmin v | Every15sec v | | &
K]
A
"
@' Namespace: default
H B 6apps
GE', s " 4 services
= Applications X 11 links
o—
HTTP Traffic (requests per second):
Workloads
Total %Success %Error
) vi 2 ratings 3.17 100.00 0.00
eviews . H ratings vl
Services O 5 e >
> oo . B« Lo B
- 0:13 043
oas e v3 o
tio-ingressgatewe woductpage -~ AT
istio-system roductpagt Vi~ %
Istio Config =044 > ML 0 25 50 75 100
\*ua B 5xx M 4xx H 3xx H OK
N details
~details vl
Distributed Tracing A ———au——>
HTTP - Total Request Traffic min / max:
RPS: 0.00/4.40 , %Error 0.00/0.00
+ = (| € H1| 2| | Legend TCP - Total Traffic - min / max: 4

JS Lab
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Q Session 3: ZH|O|{ & Y ELIA 7|=
. Z2}2LE Y O0|E|H (K8s CNI, Service Mesh)

Ao 7|2t QI=Zto| SDN 7|8t Of7 ||| -8

User Plane — Control Plane &2| : SDN Architecture

MSA (Micro Service Architecture)

Micro

Service

Micro
Service

RALER 0|2 FHL|E|X AL
o[ 7] of7|H X

MSA(Micro Service Architecture): Smart endpoints, dump pipes
CNA(Cloud Native Architecture): Infrastructure focused smart platform, business logic focused smart services

Micro
Service

Micro
Service

Micro
Service

CNA (Cloud Native Architecture)

Micro
Service

Micro
Service

| Axoud || Axoud || Axoud |

| Axoud || Axoud || Axoud

Micro
Service

Micro
Service

Micro
Service

e R ]

I

Kubernetes/Service mesh
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Q Session 3: ZH|0|H{ S & Y ESA 7|=
- Z2I2E 4|0|E|E (K8s CNI, Service Mesh)

CNA 2| AMH|A Oj|#|(Service Mesh) 2|

User Plane — Control Plane &=2| : SDN Architecture

= Sidecar Design Pattern: 2}%E{ L|Z& CB, LB, SD L&
= CNCFQ| ‘Istio’= 8% Z2} Telemetry M3

47

CNA (Cloud Native Architecture)
yes s
— . ° . ©
Micro P> PN Micro S
Service - L & !
= = H | Sidecar DB =&
_ Micro 3 g 3 : Micro ____5_1
\ Service - & i 3 : - Service 1
v Micro E 5 i,
th Service - X X i
: : . < | e < : : :
it e i
i Service Mesh i i
E— Kubernetes Control Plane iy -«
222 E HIO[E|E AIF
laaS(Infra as a Service) A&
SIEHIO AS |
CB (Circuit Breaker), LB (Load Balancer), SD (Service Discovery)
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Q Session 3: ZH|O|{ & Y ELIA 7|=
. Z2}2LE Y O0|E|H (K8s CNI, Service Mesh)

CNA 2| AMH|A M|¢|(Service Mesh) 7}

CNCF MH|AHA] Istio= Sl Envoy AME

= X|H(Latency): eBPF(Cilium)<No Proxy<HAProxy<NGINX<Envoy

Proxy Latency

_— e

50% 75% 90% 99%

No Proxy =—Cilium In-Kernel Envoy NGNIX HAProxy

Node

Pod

Notes:

* This excludes parsing
logic and policy rule
execution

* |stio may route
requests through
mixer which will add
latency

48
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Q Session 3: ZH|O|{ & Y ELIA 7|=
. Z2}2LE Y O0|E|H (K8s CNI, Service Mesh)

HE|ZEIQE B

[ —

deloj 7|gt =2t X[ HE|FEHRE &F

[

s 2AAEYO0]A2 AHYE|A AL

Application Management
User Interface * App Catalog * CI/CD ¢ Monitoring * Logging

Unified Kubernetes Management
Provisioning * Upgrades * RBAC « Policy * Security ¢ Capacity * Cost

<
[JCLOUDNATIVE @ kubernetes

{ 'u‘"ar'nazon Google uMl Vicosof ‘
; gle (,
NF webs Cloud Ptiorn] W Azure ;
RANCHER webservices ') | .
RKE AKS UKS PKS TECIOE
.l°. a.mazon gl Microsoft % Bare Google r.r; Vgnk}/\/are' n
N9 webservices W Azure 3 metal Cloud Platform} ophere openstack
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. EA QIma} 7 HEo|L] 7|4k AH|A

Q ZAEHO| CNF =& (0l])
QEAE2 FHYE|A AHA 2% X|# (Murano)
QEAEIS HO{MH|AC HEHO|HER FHUYE|A A0AM 2AAEHO|M X 7S (Kolla)

e ol e ol

[ Murano ] | YM 71
Of 7| &l X{

EECNEERNEEETEI
roni : Zigo|H ojL| X
ronic Ironic
Instance Instance

H] of | B

VM/H| Of | B 7|

[ Magnum || o}y
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Q Session 3: ZAH|O|L] S8 HESA 7|=
. EA QIma 7 HEO|L] 7|k AH|A

SONIC

SONIC (Software for Open Networking in the Cloud)

https://qgithub.com/Azure/SONiC/wiki/Architecture
Kubernetes= X2l H|E TIQ|2 PodE AF25I0] FA3}
Pod= Container2 7, N ZAt= F=435 X &

configuration and management tools

Jenkins

SONIC2 OH0|A2ATEN M FE2 HESS 7|53 HHO|H=5E of7[H A 2t E HOIE[E +8 HA|
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. EA QImar 7 HEO|L] 7|k AH|A

Bl A (Telco)E 218 SDN AEH0| LHYE|A HE

TelcoS I8t K8s2| MO{E&[2 7|5 HIZE

= Telco2| SDN AEHZ 2|5t K8s X{EH (O])
m K8s= HO{7| 52| Hi=E x| HZA @3 =8 EQ (Datacenter == User-plane)

10.20.0.0/24 untagged (Management)
10.20.1.0/24 vlan=10 (Tenant)
10.20.2.0/24 vian=20 (Storage)
10.20.3.0/24 vlan=30 (Public)

ssssss ==

5YMKLOG& ,
T Deployer Node (Maas & ODL) Kubernetes-Master
g 101101
- © Maas mt.m‘ iﬂlﬂml:t Praxy
Bandi Bandt d1
m.zo 0.0724 10.20.8.0524-10. zo 2.uraa—1u 2030024 10.20.0.0124 10.20.1,0024-10.20.2.0/24-10.20.3.0124
10.20.3.1 l
GW/User i * H
10.20.0.1
Kubernetes-Worker Node 1 Kubernetes-Worker Node 2
02030 | 101140 102030124 | (10.11.2.1)
it ATRGOL patch-prt brant Cirl: COE Kube Proxy Ibe-ext ctrl:0DL patch-prt lbrint Cirl: COE Kube Praxy
o ——
Bondl Bandt Bondd Bond1
102000034 10.20.1.0/24-10.20.2.0/24-10.20.3.0/24 A0.2000. 0024 10.20.1.0024-10.20.2.0024-10.20.3.0124

https://blog.symkloud.com/adapting-kubernetes-to-the-sdn-stack-for-telco
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. EA QImar 7 HEO|L] 7|k AH|A

EMato| ZCt7t (End-to-End) 1/

7|Z E4 BH| HZAte @20 LR HEte WS (Brownfield) X8

» ZEO|Y, 7} A (VM), E2|H Al (BareMetal) 22 24 =43} (Intent)
m HZAI EFM (0]): SDN H|0{7|, Q=AEH =37 AL

kubernetes
% lumina NFWI, VIM
docker ~HVM n
COE - Container & ~H sl
Orchestration ‘ Fesss=o=————hiesoooooo oo
Engina : N :
! . i |
NETCONF | CNI Rl 15 L
; l ) !
, | | ¥ |
() CNI l i X | Intent
! CNF ¥ VNF | service
L I e e . Path
e 1 L) " e et et
JS Lab
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