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% 22}2E Y|0|E| H o] AH| A M| A|(Service Mesh)
++» Service Mesh is just SDN at Layer 7
Policy / Intent Policy / Intent
E Network OS Service Mesh
g (ONOS) (Istio)
g s
= Directives . | Monitor Data Control Plane
Data Plane
lSE'dﬂﬂ'i ] [ Sidecar s
_— nvoy, (Envoy)
—-{eniceA H-E-S [seniees H— | ot | 7 |
273
EN: i -om/2021/0f ice_mesh_sdn_layer_7/?fbclid=IwAR /TzbEinPYRoaHL-gZIEY_gqxwNr9wCJ-U: ieYS8Ww
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* SOA (Service Oriented Architecture): Smart pipes, dump endpoints
* MSA (Micro Service Architecture): Smart endpoints, dump pipes

* CNA (Cloud Native Architecture): Infrastructure focused smart platform, business
logic focused smart services

% SOA (Service Oriented Architecture) MSA (Micro Service Architecture) CNA (Cloud Native Architecture)
£ : : : <] 5|
B Service Service S':Ir?/ir:e »»_EIE « S':Ir?/ir:e -
- - iy e 8
Service Service S':irs'i:e - g E "
o .
4,{ Kubernetes/Service mesh }0——
ESB(Enterprise Service Bus) JS Lab
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% 222E YO|E|H OF7|El X (Cloud Native Architecture)
+ MSA(OFO|A 2 AMH|A 7|1 +8 F2t2E HIO|E|E 7|z 2T +8 Al
« 2o 0| A(On-premises) 1 Z2tE 2|3t SDDC 7|8t | 0| E{ MIE{
* User Plane - Control Plane £2| : SDN Architecture
CNA (Cloud Native Architecture)
% ______ Micro  PEEEN - JVEEEESSSSSSNSNNN - JEEEN 4 Micro S
- Servi — .
= -

! Micro _ .
Service
_____ Kubernetes / Service mesh !

2 X E9)| 0] Ho| 50| E{ M E{ (SDDC: Software Defined Data Center) - 7}t S}/H{| O | £t
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« MHAHAIE LEXAQ

<+ HESI(MH[X HA]) 22| 8 CNA

+ Sidecar Design Pattern: 2t2E{ L{% CB, LB, SD L{%
I CNCFQ| “Istio’'= B Z3} Telemetry MS

CNA (Cloud Native Architecture)

Micro

Service -

——

_.. :

StEQIO] M7|& =8 Al (Gpu B MY 718/ Ha / 2E2|X| /HIEST)

Load Balancer(LB)
Service Discovery(SD)

JS Lab
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% Istio Architecture

@ Service A Service A
HTTP/1.1, HTTP/2,
gRPC or TCP
with or without
\TLS
O Proxy : > Proxy
& A
e ) Policy checks, d o
""""" .. telemetry . .-====""
v
P Adapter 4 - - ‘k Mixer - - ’l.! Adapter
~
Configuration & Configuration & TLS certificates 4
data to proxies v data . to proxies '
‘\ Pilot “<-- ‘\ Galley ‘L Citadel
E— ~ —
Control Plane
Istio Architecture
JS Lab
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«+ Istio (Service Mesh)

D Login - VMware EX X Login-VMware E© X @ Rancher

L (¢} A Notsecure | hitps//192.168.1.50;

X v ISleb-wwwjslsb X | ¥ OpefsssPonsl X | + SRC

kubernetes

g =

Namespaces

Add Namespace

james@jslab.kr

Bl Enable istio Auto Injection @ Download YAML & m »

] ube-syster

ZX: https://youtu.be/Oy6xX-FZdGs

JS Lab
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+ Istio (Service Mesh)

ZX: https://youtu.be/Oy6xX-FZdGs

JS Lab
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Graph @

«+ Istio (Service Mesh)

Namespace | detault Display Edge Labels - | Graph Type | Versioned app - Fetening | Lastmin - | Every15sec ~ | [
& Graph
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HTTP - Total Request Traffic min / max
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% Service Mesh H| 1l

A

Istio

1f you have heard about service mest

have probably

by far the most popular servi

e mesh be:

you

ard about Istio teo. Istio is

use

of its rich feature set and Google’s and IBM's

support.

I|l ji

Linkerd

Linkerd was the first

modern 2.x versions ai

simplic

of Kubernetes as the underlyi

rvice mesh. The
committed to

performance, and building on top

platform.

Consul

Sidecar pattern, Consul can serve as a service

mesh for a variety of platforms like

Kubernetes and VMs,

AWS App Mesh

Not long after the service mesh
hype, AWS added its own
service mesh for applications on

AWS.

e*s

traefik
mesh

Traefik Mesh

As the name already reveals,

Traefik Mesh
is the service
cloud-native

efik.

(formerly Maesh)
mesh based the

API gateway

made by dev

gateway

Y Kuma L

Kuma

Similar to Traefik Mesh, Kuma
is also a very new service mesh

ers of an AP1

Kong.

Open Service Mesh
(OSM)

A new implementation by
Microsoft, following common
service mesh design principles
like adopting envoy and

implementing SMI spec.

ZX: https:/servicemesh.es/
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ZX: https:/servicemesh.es/
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% 5G Enabling Technologies:
* CUPS (R[Of/ALEXt S| ¢l Z2l)
+ Cloud Scale (E2t2E A7)
+ MEC (2H OfX] HHFE)
+ Network Slicing ({IE3 &£20[4)
HEEEEEE-
o H
5G 20{2|
SDN T+=
(OOEN OINN T
[eoe Rooe Neeo ] Data plane
(T Com e
2EY 4 5 (Backhaul) 1€ 2(Fronthaul) we
4  5G 30{(Core) NG-RAN
RAN(Radio Access Network)  MEC(Mobile | Multi-access Edge Computing)  AF(Application Function) UPF(User Plane Function)
JS Lab
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< Service Mesh (NRF)

FR ey ervice Registry:
c o n s u I NF-service-type
10.0.0.1:5000
Server 10.0.0.1:5001
NRF _
5 A A :
g . : (5) RPC Response
® (2)RPC (4) RPC NF-service-type:10.0.0.1:5000
2 Forward to Server Forward to Server NF-:service-type:10.0.0.1:5001
&= H H .
TEahap TaTar
Consul «-: Consul
Client Client
4 A ol ...
(1) Service Registration 3) Serwcq (6)-Service Discovery Response
NF-service-type:IP:port Discovery Fle:quest NF:service-type:10.0.0.1:5000
ﬁm NF-SGI’VIBO-TVPG NF-eervIee-type-w .0.0.1:5001
10.0.0.1:5000 -
NF Service Producer2 =~ > NF Service Consumer |
| 10001:5001 [Nt R 10.0.0.2:5000 |
Node 1 Node 2
ZX: Prototyping and Load Balancing the Service Based Architecture of 5G Core Using NFV | Semantic Scholar JS Lab
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% Cloud Native Infrastructure

Cloud Native Architecture(CNA)E 2|3t 7HY/X & & 7iHo|4 7|4 EAF T4
VM EE Bare-metal 7|8t B2}2E F2 24 353 LEo| EOF Ha|et EHIL| & MY

‘eted’& Master Node (x3), ‘Registry’§ Infrastructure Node (x3), ‘App'& Application Node (x3)
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Master Intra Apps
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BE MHIA X|9E Bt EfY 2 7|=0| B

FUAFYY 571, |4 37 STHU XA 0|0
(56 X|®1: 24712 10ms — 1ms, 472 4ims ) (RHBF3%} 104 5~10Gbps, 6DoF AR/VR 0.2~5Gbps)

HEH UEHI X &2 7ts, Al HS2 =719 Ad 9 A2 x|, S & 0]

STEE 7H2|X| 0|03

Al HE Z7|54

(EX:ICTR&D 7| &2 E% 2025, ITP HESA7| 2Bt
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< Why Telco Cloud?: &4, 47| =&, 94, 2P

M

*+ Problem with Scale In / Scale Out
* Uncontrolled and unpredictable traffic explosion ( Matches , Events )

Lack of
Scalability
* Challenges with
* New Technology (4.5G / 5G / 10T ) , New Functionality ( New Links Interface ) ,
Pstell  New Business Model
+ Uneven Utilization ( Congestion leads to Poor Customer experience )
M < High Cost (AMC of Multiple Nodes ,TCO is high due to utilization )
Flexibility
+ Slow to Change & Innovate ( Feature Parity between Vendors ) Traditional
* Time to Market for new services is High Network
+ Dynamic Requirements can't be met such as Regulatory & Business etc..

JS Lab

(Source: ABI Research)
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M

W3 22}2E (Telco cloud)

IT 222 E (IT Cloud)

Terminology

Telco Cloud commonly refers to a Private Cloud
deployment within a Telco/ISP environment that
hosts Virtual Network Functions (VNFs) of the
Telco/ISP Network utilizing NFV techniques.

Related to an enterprise workload and is a private
cloud deployment. IT Cloud provides cloud based
services to render enterprise requirements.

Application Stack

Telecommunication applications

End user web based IT application

Related terms

BSS, 0SS, VNF,NFV, SDN

Multi-tenancy, virtualization, IT workload

Jjames@jslab.kr

Delay / Latency

Very low latency requirements.

Low latency requirements

Throughput

Very High throughput .Port speed are required to
be 100G or above

High throughput requirements and port speeds may|

start from 10G and beyond.

Oversubscription
and CPU Allocations

Ratios are typically 1:1

Ratios may vary from 8:1 upto 16:1

Reliability

Very High due to distrusted Data Centres High
Setup Distributed Data Centres across locations Consolidated Data Centers
Strategy Open Standards

May use vendor proprietary technologies.

£ : https://networkinterview.com/telco-cloud-vs-it-cloud/

23
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Network Virtualization

VMA-1 VMB-1 Overlay
10111 10001 Virtual Network

Compute Host

Underlay
Physical Network
Hyperviscr
kernel
Hott NIC Card Layer 3 network, OSPF ECMP

) virtual Firewal

Virtual Network B >

< Network Virtualization vs. Network Function Virtualization:

: Virtual Network A D

Network
Function
Virtualization

VMB-2 VM A-2
10002 10112

kernel
Compute Host

E Host NIC Card

24

JS Lab
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+« Overlay Networks:

VM/ Container 1 ontaine VM Comtainer 3 ontalner
uz{.u‘:./u).s 03¢ 172.18.0.3/16 18.04

Compute

B m

Compute

o

Etho Eth0
10.0.0.17/24 10.0.0.18/24

Spine
= =

Underlay Network

-] Where do | route
> 172.17.00/16and
W 172.18.0.0/16

Underlay Network Unaware of IP Addresses and Virtual Networks Existing on Compute Hosts

JS Lab
25
= o o 2
. 222E HEYZ 7|=
+« Overlay Networks:
Host Encapsulates the original packet from VM
Payload
Outer Outer Outer
Ethernet 1P upP
Header Header Header
Original Packet
Virtual Machine
Host Encapsulates the Original Packet from the VM
- JS Lab
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<+ Kubernetes Architecture:

kubectl &

N ( L E(Node) 1 )
4B _;n;i;rs_(;;e; e 5 T
s ! | ' EDEEE v
3 | ] -
® : z I IA\ Container Runtime ’I\l
E 1 ? ":‘ H- Kubelet (00| E) 1
= 1 1%; 1 i\ System Services y
] N A\ e -
1
1 p : ( = E(Node) 2 \/’
—_——  \| o ____
1 : I, Containers (Docker) I
N R | - [ -
! !
1"\ Container Runtime ’I\I
I\ System Services 1
e e e =)
p JS Lab
= o o A
. SARXE HE/Z 7=
5
K ol (-] ITEQ
: . MH|2/SIEH0/2ZEQ0] HIE
8
£ —
< . S} E HIO|E|E Q1= ato| 2|
A
Iv. A=A E2M
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L

1. MH|2/5IEQ)0]/2Z ES)of Hi

< 5G £2}Y(Private 5G)

Cloud Native

» 7|YL Local 5G Fit2o| ¢

» 5G RANZ} Core®| 7t4tsl/2et2 E5

7|14/ A (Vertical)2| C|X|E EHAZD|O|A/4X} L ASH

X7t 2EE = A= 7IEE2 4= (Operation Automation)
= 7|Q0| 7|PYS AAR JH/2FstD A2 83

= 7|E XIHE/AEY 71E (R OIC{Y, WLAN)2| BHA

5G 7|=: eMBB, uRLLC, mMTC, Network Slicing, MEC, Virtualization,

5G ZH|2| X 7I35} (Open Technology: O-RAN) - §HEH, EEIl A&

29
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«»+ Azure Stack Edge

Azure Stack Edge Azure Cloud

ir e -
1

Local edge compute L «—
‘f I Azure loT Hub
ny L > All 200

. >
' Loml Azure Stack Edge Azure services

. cloud resource
ey
=

Hardware az:elerannn storage '_I_‘
O prerises o5 0
devices «—

Azure Storage
— (Block, page, and files)
— N

Microsoft Azure Stack2 SF=9|0f
O E20| A A HIF (Ha Z &)
INTERNET

INTERNET

( EX: https://docs.microsoft.com/ko-kr/azure/databox-online/azure-stack-edge-gpu-deploy-install

30
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<+ AWS Outpost Wavelength: &M AFH X} LY O] 15-E aws Q1= 2} A{H|A

=  Wavelength= SAALL{O A% E 712EHH

= YEHILE JA 1t CEE A, wavelength S AL S}7| 2l M= AHE
in) 1Hg0| 2R

= AWS AMH|A F0f| X $HEl Y8 MH[ADLALE 7S

=  WavelengthOfl 22 MH|AE QIE{UIE SoljA & 20| 27I6tH, S A
4 SHMIU MH|A THS

=  Wavelength ¥4 Ztof= S410| &7}

MH(opt-

42U Rack

>

AWS2|H

Al

b

—_—

i
4

\

2

JS Lab
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. MH|A/SIES)Ol/AZES)of I

% 2o E MH|A9| H|8: i3.metal, i3en.metal, m5d.metal, z1d.metal

= i3.metal: H|0] & QIAEHAT vCPU 727K, 512GB 0| 2 2[, 13.82TiB NVMe SSD

= i3en.metal: H|Of O|Ef QIAEACEyCPU 967, 768GB M2 2|, 54.57TiB NVMe SSD
» m5d.metal2 H| 0] O & AIAE AL yCPU 967}, 384GB M| 22|, 3.27TiB NVMe SSD

dr S
% AWS H|O D& QIARIA LLEG @ F

oo
i3.metal2 H|0f D2 QA B A G yepu 7270, 512GB 0| 2.2, 13.82TiB NVMe SSD 2 E 2| X| & HIZ

MR-t AOS Pro/'E | AOS Ultimate/'c S FE EQI(CHEel 2
AR 7| X2 $1.75 $2.10
Az CC-35 $1.31 $1.58 25% EHOIE A8 7|4t X %I
CC-100 $1.05 $1.26 [40% QI El AFE R 7|t xI%l
PEE IS $15,330.00 $18,396.00 Nutanix Beam Pricing Plans:
Free Trial
Ak CC-35 $11,497.50 $13,797.00 25% EHOIE AHE - 7|t XI-EI Standard $99/month
- = Profesional $299/month
CC-100 $9,198.00 $11,037.60 [40% QI El A8 7|t xI:—I Premium $999/month
EX: https://www.nutanix.com/kr/products/clusters/pricing https:/reviews.financesonline.com/p/botmetric/
JS Lab

32

2021-07-15

16



5G A|CH2| SDN/NFV

james@jslab.kr

1. MH|2/5LEQ0]/A2Z EQ0] HIC]

=
=

% 5G &H| 2| X 7}2} (Open Technology: O-RAN) - Bt &2l A| %

@o Extensive Portfolio of Advanced 5G Solutions
<0 9 &5? im

[y

K: https://www.itbiznews.com/news/articleView.html?idxno=12510

—=no, o

&:ﬂ- 5G Pole-Mounted DU Server Solution

Antenna

[N

- | ok
s

4) . Remote Radio Unit (RRU)
Em |

1 .

A

5
>
>
e i

=) Distributed Unit (DU) Solution

Supermicro Server inside
IP65 Environmental Enclosure

o

T

\

33
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< OpenEDGE chassis are available in a number of standard frame sizes (2u,
3U, 5U, etc.); each is 19-inch compatible and designed to fit into standard

EX:

racks.

* Support for 5G RU, DU, CU and RIC in a compact edge form factor

lanes of PCle Gen 3
* Integrated SATA controller
* OCPNIC
* Power at least at 125W TDP

Arm-based v8 cores at 3.3 GHz with features including 8 DDR-2667 DIMMS, 42

https://www.embeddedcomputing.com/application/networking-5g/5g/the-right-hardware-for-5

34
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ZX: https://www.allaboutcircuits.com/news/xilinx-hardware-accelerators-link-up-oran-push-5g-server-performance/

+»+ Xilinx Hardware Accelerators Link Up With O-RAN to Push 5G Server
Performance

35
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oo
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fiass

o YlEHAA

Freesoc  Opensos | OPeokr

> 22H2-E HO[E|E 7| 5G 30 OF7|H| X

: 414 9| 5G Core’s Cloud Native Enabled Architecture

Samsung Cloud Orchestration (SCO)

gg[‘é(fﬁ:‘;ﬂ?‘g Centralized Orchestration | Network Slicing Manager  Centralized Operation

Centralized Analytics

i Cloud Native NF UDSF UDR ::
§ (56 Core NF) . NF
H amic State Data Manager
H Stateless AMF/ SMF/ UPF/ PCF/ ubMm/
£ i &Microservices MME | | GWC | | Gwy | | NRF || NSSF || AUSF || pepe | | uss | | MEF :
12 (N &
o RS R
Platform Service 9 L@ ‘L O . ) HELM
Prometheus. Envoy Istio Kial mongoDB Grafana Helm
— 2
Cloud Native
Open Seurces Fluentd Jaeger CoreDNS Jenkins Harbor Spinnaker
Cloud
Infrastructure * -
S Kubemetes Docker
Samsung Cloud Platform (SCP)
JS Lab
36
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“ NFV SD-WAN/NaaS

s
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SD-WAN xN

P VERSA

REST APl
Business Support Systems ‘« > Jh

SD-WAN

nuagenetworks  FiiRTINET

afran]ne

velocloud ‘'cisco

N\
A\

From
inception
o production
in 3 months

Amdocs NFV SD-WAN/Naa$ package

VNFIM Yomain
plugit rchestration

experience pensio

k plugir

VNFs Cloud

M palo:|ic Juniper
(®  NETSCOUT |Arbor o

ve 8B

/S Azure
vmware

/ Data Center

0gg
N
2.

aws

37
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+ Edge Cloud Solution

james@jslab.kr

available
servers

Fabric and Network _ _ _ _ _ _
overlay controllers 1
1
5G UPF _ 21T ) -
User Plane Function I
|
|
Kubernetes masters — — — = — = |
| -
. : |
Fabric switches
Application Monetization
T o available |
servers
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1. MH|2/5LEQ0]/A2Z EQ0] HIC]

GbE Management
Switch
3 Servers for Fabric and
Network Overlay Controllers
2 Network Fabric
switches
3 Servers for Kubernetes
Masters

Minimum of 3 Servers for
5G UPF

8 Application Servers for
customer K8 workers.
Not sufficient to run all
needed applications

2 SHHE|A FB|0|L] ALS Ykt oX|2} P4 HO|E|BHQl 2EEE Hl@
m 5G2| UPFE P4 7|4t
B OpenShift (Kubernetes+Container+7|EL)

NE ks

UNIFIED - 20 RU

GbE Management
Switch

3 x 32 port switches running
OpenShift Masters,
& Cloud Edge Fabric 5G UPF

16 Application Servers ——
For customer
OpensShift workers.
Available for
Monetization.

JS Lab
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+ Radio Units and accompanying antennas.

Required hardware and accompanying software

+» COTS computing resources and accompanying middleware.

qé—wksﬂess;

JS Lab

| Radio Units 11 COTSdevicesand
! virtualization platforms
: Antenna :
| Beneiel is-wireless 4G/5G Software
D ‘ vmware IEN EZ I
1 :
: BaiCells i | | s ez J s |
! Foathln RedHat
'NE [} EEED
\ c Vi mL Cé Virtualization Platform
H et —
Awss o] e e EAEA
| ek I ]
: || HewlettPackard e
! | | Enterprise openstack
wﬁ i Hardware Level
Crronthou” N
AR
~ ’ ~ - “ o —
A b
i
D « |- s | B
UE RU L Du ] cu | Core/MANO | Internet |
ZX: https://www.is-wireless.com/networks/hardware/
40
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1. MH|2/5LEQ0]/A2Z EQ0] HIC]

» M ZALC| R EAA ALE Cloud Native 5G Demo (01])
+» 5G RAN + Edge Compute

RedHat
OpenShift
RedHat ’
m OpenShift A Edgecore
. NATIFW Wedge|00BF-32Q
r=="=1
/| ==
<kalodm>
5G Phane - Lenovo ThinkSystem SRé30
Lenaovo Infinite Edge
5G FR2RU
56 Radio | N Dno— ®
intel . alLTrRan inkSystem | Kubermatic
SDWAN Public
Cloud
tumium
TITHELINUX FOUNDATION CILFNETW
ZX: Kubermatic KubeOne: https://www.kubermatic.com/solutions/5g/ JS Lab
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o 7||_9_
» SONiIC (Software for Open Networking in the Cloud)

configuration and management tools

Je%ns 9 kuber.netes ‘% puppet c-g,:

e G
| e ww
#J50NiC R [

u“"l‘)} Switch Abstraction Interface (SAI)

£%: OCP JS Lab
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1. MH|A/SIEQ0]/2Z ES]0] HIC]

% Red Hat OpenShift as a 5G NFV platform

Red Hat Advanced Cluster "_"U“idus‘fr management
Management for Kubernetes Discovery £ Policy i C: e
Manage workloads Build cloud-native apps Developer productivity

T 1T 17 1

Red Hat OpenShift Languages
Container Platform

Cluster services
Automated Over-the-air updats 1 Ree i orking | Router | KubeVirt | OLM | Helm

Red Hat OpenShift

Red Hat Enterprise Linux & Red Hat Enterpri

% M

Linux CoreOS

<& Physical Virtual Private cloud Public cloud Managed cloud
NVIDIA _1 (Azure, AWS, IBM, Red Hat)
5G
JS Lab
43
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* HZEALERVAS

+ HZALSC| HE|S2I2E 7|4t of7 | Xof| LZAA HESQIH 7|= K=
* Red Hat, Cisco, VMware &

‘ redhat

docker
L30ut
e -roce- EPG
(mapped 1o Openate® Physscal Doman
Kubo-noce-bd 10.11.0.1/16, 0022 hats 198
e -Oetait- (PG
(mapped 10 OpenShit VI Dornaen)
kube-pod-bd 10.12.0.1/16, 00220348194
EX: https://www.cisco i i/api ite_papers/Cisco-ACI-CNI-Plugin-for-OpenShift-Architecture-and-Design-Guide. html
JS Lab

44

22



5G A|CH2| SDN/NFV

MH| A /3HES)0f/A T Eg0f Wi

o HEASEMAS

[
+ HZALSC| HE|S2I2E 7|4t of7 | Xof| LEAA HESQIH 7|= KH=H
* Red Hat, Cisco, VMware &

. r ‘
=
2 - -
= ' Manigamant & 2 - ‘3/ Hypervisor
z - cun , (1]} (ESXi & KVM)
@ . t WA /
g 7 tst T .
s . L
1 i -
3 wl ——w g -
5o u « NETOONF .
3 ¢
seet B, OVSOD. X
e [ws] [wRs] [vRs)
gy [ ] ) v + s s
+ Sewkclnseton e+ QoS
i Y * Seanty o FWFilers - 14 Staleful
: & Open vSwitch
Z X : https://thedataplumber.net/nsx-t-vs-nsx-v-and-a-little-bit-of-nuage-vsp/ https://www.routetocloud.com/category/nsx-t/
JS Lab
45
| —
| MHI A /olES AIIEQ H| =
. — —_— T —_ e — T+ [
« HZ=A HESHZ £842 2AIAEY 014 AEF (WE{ZEH0|=/Telco)
H} 2alec H = F | x
+ SDN 7|4t 222 E Y|0|E| 2 (Cloud Native)3} CIO|E{HIE| U ESZ 20F T
Al ol A -]
- 0|, MH|A B4, OFO|R 2 AMH|A, £ AZEH(Immutable
a A I |
Infrastructure) X MAUX 2| AEz0|MH
HZ=AL &R 018 2 2EOM AT HZ=AL FH 05 2 2EOM AT
= Big Switch . FHUE|A, QEAE, VMware, Juniper
;'_ (Arista) Big Cloud Fabric Openshift Naiper Contrail omam
o . QE A, FusionSphere, ManageOne, Nuage =
@,;,’ Huawei CloudFabric Red Hat, Mirantis Networks vm;::\twfzoe:“(svesr;\)ces ey E\Asmi E’;" Vr\iwzare vCloud
2 = (NOKIA)
£ Lenovo RackSwitch QEAE, VMware vCloud Suite,
5, Microsoft Azure Stack, Tungsten Fabric Pluribus Netvisor OS, Adaptive | VMware vCloud Suite, Ansible, Puppet,
Cloud Fabric Chef
Netronome Agilio SmartNIC EAY
. FlowEngine FlowEngine TDE-2000 QEAE, VMware vCloud Suite
e Plexxi HCN RHUIE|A, 2EAE, vCloud, Nutanix
Red Hat NFV solution FHUE|L, 2EA
ZTE ZENIC FHUE|S, @ ZAL
VMware NSX FHUE|2, QEAS, VMware vCloud
) Dell Suit
Dell EMC 79100-ON Switch T, 228 Vnare vCloud (Oe) ute
Hele omam Wind River Titanium Cloud oEAd
Altoline 99xx/69xx FHUE|2, s VMware vCloud
A0 Thunder ADC QEAE, YMware vCloud Suite
Mellanox Open Composable =
Tvioin Networke QEA8, YMware vCloud Suite, NEO Cumulus Comulus Linoe omas
(NVIDIA) =
Application Policy
Cisco Infrastructure Controller VMware vCloud Suite ipinfusion OcNOS omas
(APIC)
Ericsson Cloud SDN S{E|A, QEA Pulse Secure Pulse Access Suite THE, Q%Siui' VMuware vCloud

JS Lab
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+» SONiIC Components

SONIC components D €

Config/Mgmt {

«p > =

witch State

Service
Platform drivers
SNMP

RedisDB

| SONIC

Network Software Components

Utilities

Switch Abstraction Interface
SAl

H/W Programming interface

Data Plane

Base OS and installer

Open Network Linux Open Nfrmurk JHE
ONL Environment
ONIE

JS Lab
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+» SONiC ecosystem

¢ SONIC (Software for Open Networking in the Cloud)

SONIC vision for the OCP switch ecosystem

sofhoon s BAREECOT
SAl compatible

Goamm () centes

[ALPHA|
Swich Chass's

Interface Maste
Inventec Ierface Masters

Switch ASICs

Base OS and

=

[ OCP switch )

Interoperability
certified by

OCP Solution
Providers (SPs)

S

(SONIC frameworkl
- Al ISTAR-_-,-'L&

BE Microsoft

BYO custom
'SW components

\ -

Fully Open Sourced switching platform - Increased choices for OCP end users

JS Lab
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1. MH|2/5LEQ0]/A2Z EQ0] HIC]

SHZEA5G ZHEHIER R =2t (0fl): VMware?| 5G Edge NFV

Worker - 2 (NUMA aligned)
Master - 3 Worker - 1 (NUMA aligned)
Master - 2
Master - 1

I || oy e

NVDS (E)

Event
Forwarder

VLAN X

VLAN Y

VM MGMT Network

Kubernetes API Network

Egress

1

.%q

TO

T1 T Kubemmetes POD Network SBA
(System POD networks
Not Drawn)

Physical
Lan3
Switches

(ZX: https:/docs.vmware.com/en/VMware-vCloud-NFV-OpenStack-Edition/3.3/vcloud-nfv-cloud-native-ra-33/GUID-6B8C1471-41A0-4436-B9C2-

6A9CD74989D9.htmI?fbclid=IwAR2wJPdkyAyjwCADbH20WAQLingsh4LImzG1H3cCSOPNGBJeqT-erTBJCIJg )

JSLab
49
| —
1. MH|A/SHEQ0]/AZEL 0] i
< Cj|o|E{MIE{ 243144 (NSX over ACI Fabric)
» 7}4 4 EQ3 #H (Overlay SDN): VMware2| NSX S
= 22| Y ESI EZ (Underlay SDN): Ciscol| ACI &
- 24
%
JS Lab
50

2021-07-15

25



5G A|CH2| SDN/NFV
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< SLE90{(0l): NVIDIA

- 03 7|sE BRI T

» UPF offload

fzz¢

(ZX:NVIDIA)
JS Lab
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% Cloud Native Architecture H-& (0f): Montreal clusters

Edgecore
Wedge |00BF-32Q

soF | ckaloGmy

4 [ NaTAW 5G Cor
AW [ | =! atTRan

4G Core

Blld

upF | ckaloGms

wmum | SDWAN

Lenovo ThinkSystem SR630  Lenovo ThinkSystem SR650

( ZX: Open Source Communities Demonstrate End-to-End 5G Cloud Native Network, LF Networking )

JS Lab
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1. MH|2/5IEQ)0]/2Z ES)of Hi

«» Market Guide for Cloud Networking Software

Estimated Installed Base

Client

Key Buyers

Use Case Using Cloud Networking Interest and Influencers Sample Vendor(s)
Software
Cloudify the 5,000 to 10,000 Steady Network, ylrtuallzatlon, VMware
Data Center security teams
Public Cloud Several hundred to 1,000 Growing Network, cloud teams Aviatrix, Cisco
Enhancement
Multicloud Several hundred to 1,000 Growing Cloud, network teams Auviatrix, Alkira
Edge Fewer than 100 Embryonic Varied Varied
Kubernetes Fewer than 500 Growing Platform, security, Openlsourc_e_
network (e.g., Calico, Cilium)
Hybrid Cloud Fewer than 100 Declining | Network, cloud teams Cisco, VMware

ZA: https:/www.gartner.com/doc/reprints?id=1-25Z6CZT X&ct=210506&st=sb

JS Lab
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1. AH|2/SLEQ0]/2Z EQ0] HIC

+ Representative Vendors in Cloud Networking Software

Vendor Product/Service or Platform Branding
Alkira Network Cloud
Arista Networks Any Cloud Platform
Arrcus Multi-Cloud Networking (MCN)
Aviatrix Cloud Network Platform
Cisco Cloud Services Router 1000V (CSR1kv), ACI Anywhere
Isovalent Cilium Enterprise
Prosimo AXI Platform
Tigera Calico Enterprise
VMware NSX Cloud

E*: https://www.gartner.com/doc/reprints?id=1-2526 CZTX&ct=210506&st=sb

JS Lab
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a9 HEYY 712
MH| A /32 0f/A T ES0f WL

gatec yole|2 Q= ate| Ba|

IV. DN ZA SEM

JS Lab

james@jslab.kr

. EF2tE YIo[E|H Qlizlo| £te|

*,

R/
*

22 E L|0|E|E (Cloud Native)

A

Legacy

-E8 sEYof

-StEHOf 7% sSLA

-Blo|MA (Qlma} e

|3ALE)

-8 StEHo] 7|8 THyst

-StESOf 7% sSLA
&10| HH}O| X 2 0| &

- Yot Yol BE XSt

-+&DR

Cloud Ready A

-7Hd% EEa
- deot Ao MxtEE
-0S7|%t SLA O| E5HX| 94
-API B

- Restore L4 Redeploy

- AP17| %} 1aaS(Infrastructure
as a Service)

Cloud Native

-28t9E ¥ Baja
-100% API driven

- Stateless

- Seif-healing

- Auto-scaling

-0 Yt akzo| 22|

- Self-discovering
- Rich, tailered telemetry
- SaaS

56
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. St E Yo|E[E Q=] &

< User Plane - Control Plane £2| : SDN Architecture

+ 0|1 7|4 of7| K
» SOA (Service Oriented Architecture): Smart pipes, dump endpoints
* MSA (Micro Service Architecture): Smart endpoints, dump pipes

* CNA (Cloud Native Architecture): Infrastructure focused smart platform,
business logic focused smart services
SOA (Service Oriented Architecture)

MSA (Micro Service Architecture) CNA (Cloud Native Architecture)

Service Service

Micro
Service

Micro

> Service

Micro
Service

Micro
Service

Micro
Service

Service Service

Micro
Service

Micro
Service

Service Service

[xoid ][ Fxoid ][ s
[ Axosd ][ Axosd |[ Axoud

u

ESB(Enterprise Service Bus)

. . ° .
Micro Micro B Micro Micro |
Service Service Service NMF i Service

' H

| |

| |

' |

. | i
T

4.{ Kubernetes/Service mesh }4—-

james@jslab.kr

. 22t2E Y|oJE|E

Qlz=eto| e

«Discovery Service
+ ClientE 7IZ£0= 17H2] monolithic app2 st 2
o{2] 7§2| MH|AE ZEsjof &
+ Client= MH|2E2| 9|X|E 20Ok B (Host/IP/Port %)

Lt MSAOM & SAlof

+ ClientZ} DIO|AZMH| A SEA| H 33 I'E entry point #A|Zt 9|X|E
SlEAE(Hard code) 2CH= RS WHo = sixfjo| 2|X| & H|Zslof &

+ APl Gateway

« BE ZEO Cis 17H2] entry point7t E 2
- W&o 5HdE 2
« OiO|3 2 MH|A Hal/AS/FE/F7H/HAH g

+ Client®t ApplicationAt0|2| &5 Ch=2l2 284

ol

Ch

JS Lab
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“Service registry
- APl Gateway= ZE AMH| 20 Ciship FAE ¥V 2lSt DB 282
* Registry El|0|E{2] QY EE 2Bt LEAA (ConsulO|Lt SkyDNS)

] prs ]
A 172170,10
B 17217.0.11
: \ g 3
H \“ R \‘\ ) \‘\ A \‘\ 2 1721802
i \ " o = LN N 118.0.
Qx| aNi | \\T|X\| °=§‘-(Rgg|stry‘)\ \
E \ N \ \ \ \ \

JS Lab
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. S2E YIo|E[H Ql=z2lo| £t

“VMwaret O 22| 22} E AMH[2 AYEXIS 3} *}OI

=]
EoteE 20 ofL|2} HE| E2tRE S8 oS fT ERH NS

NSX Data Center Architecture For Private Cloud, Public Cloud & Containers

MANAGEMENT
PLANE

a A 0

(VPN Gateway, DirectConnect, ExpressRoute)

N-VDS N-VDS m
DATA ESXi KVM

PLANE BareMetal | NSXEdge Oom Linux VM Windows VM
Gateway
Private Cloud Public Cloud Container
e — (\) @ Container Servi

A i ntainer Service
Private or Public cloud I==pE==it . w,,,,,@, on AWS
Infrastructure Pivotal
—— aAWS A Azure Application Service

~—
3 kubernetes
vmware (5]

JS Lab
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« Rancher Labs: Rancher 2.x

User Experience
User Interface * App Catalog * Docker run « kubectl « APl = CLI

Multi-cluster Management
Provisioning * Upgrades * RBAC * Monitoring * Health Checks * Backup

Kubernetes Cluster Kubernetes Cluster
Host 1 Host 2 Host n Host 1 Host 2 Hostn Host 1 Host 2 Hostn

Rancher Kubernetes Distribution Imported Clusters
Storage Drivers * Container Networking * Infrastructure GKE * ACS
Management * Kubernetes Master « etcd Build Your Own

Multi-cloud Management

_ _Nnii Microsolt >oogle Wars g
uiamazon == e :;';I O Google Ygﬂheg € £ DigitalOcean

( &X: https://rancher.com/announcing-rancher-2-0/ )

JS Lab
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. S2E YIo|E[H Ql=z2lo| £t

% Container Platform
% Cisco Container Platform Architecture Overview

Control Plane Data Plane

Cluster/
Machine
Controllers

Automation
Orchestration
Operations

Storage (Hyperflex) Hypervisor Layer (Hyperflex/VMW)

Compute Hardware (UCS)
Networking (e.g. Nexus 9K or other)

container_platform/. ion_Guide/CCP- i ide-3-1-0/CCP- ion-Guide-3-1-0_chapter_00.html )

JS Lab
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< Standardized API Design (0l): Swagger

0 «
i Swagger Petstore
z [ 10000 |
£
k)
@ caewe
o
E = e
o Pt Eventingsbout oo Pets v
I o
“_‘. oot [ = -
- e
; =n “-
slore Awen v v
( ZX: https://swagger.io/tools/swaggerhub/ ) JS Lab
63
. S22 Ylo|E|= Qlzatol Ty
< AC{2o] SDN ‘ACI’ 40| 2H{2|0] SDN NSX Data Center =& (0f))
L3 vm 2 l’l‘; VMG @ é l
T —r
NSX Overlay % '::: LL: i
£ Compute
£
S | ) 1
{ B
‘}_Ccermg
1] VLANs
ACI Contracts O I— @ !
D @6 © 6 !
(ZX: https://nsx.techzone.vmware.com/resource/deploying-nsx-data-center-cisco-aci-underlay-design-guide-20#sec4-sub1 )
JS Lab
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% Red Hat OpenShift Container Platform: QE{Z2}0|= ZH | E|A
E%E Red Hat OpenShiftd]l 7|ttst 56 HELT £84 M3

A

e e 5
Advanced UUEEEe
Cluster =
Manager |
Manage workloads Developer productivity
L)
Developer services
OpenShift
Container
Platform
Red Hat Enterprise Linux and Red Hat Enterpr x CoreOS
—_— r—n U
= = A [ iGN
Physical Virtual Private cloud Public cloud Edge
( EX: Red Hat https://www.redhat.com/en/resources/openshift-container-platform-datasheet )
JS Lab
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. S2E YIo|E[H Ql=z2lo| £t

% Operations Automation and Orchestration (UBiqube and Red
Hat): Open API and zero touch provisioning. With authorized REST
API from 3scale APl Gateway, Ansible tower and MSActivator
configured TN Slices.

3rd party APIs rdparty APlg = == e e e cm o o e— 1

API Consumers

API Manager

( =X : iPOP2019 Showcase White Paper, Issue 2)
JS Lab
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< 2lSAXHEH (Linux Foundation)

% OCP4: OpenShift Container Platform 4

Y2018-2019 Y2019-2020 Y2020-2021

70% 30% 50% 50% 30% 70%
(IT SoE apps) (Stateless & Stateful)

) &
s e
o K8s/OCP o '_W
i v

Hy 0L

y 0 1
OpenStack

OpenStack

Bare Metal

Bare Metal
Data Lake

Bare Metal
Data Lake

THE
SoE: System of Engagement e gPRE:ﬁ"EJSJORK OCP4: OpenShift Container Platform 4 L H}!‘}‘\fé

Data Lake

(ZX: Red Hat )

JS Lab
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e LEAA

; Open Source
ﬁ OPRPEN+O MANO
Topology and Orchestration Specification for Cloud Applications

froae \’9_) CLOUDIFY ‘é\
trforun MEE AR

OASIS[

open T

(oasisa Tosca

A
= G ONAP

ETSIfT._ ) T
N\ ¥ 1 ETF

JS Lab
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% Declarative(1 )= £ (What)2t 0] 2| (How)E =2
% Declarative(4d )= 28 (What)Q} 2#H| A E|0|E{(How)E M2l
< Model2 Orchestrator0]| ¢t HEE UREHQ AAo2 HF

o HHE:

[
=

=
[

No Coding?2| O

RAAEHOIE M2 =2

Ehe W $0]7H5 3 738 Bl
MAL Tt R MO HE

< Ofl: TOSCA, Docker Compose, Kubernetes, HOT, CloudFormation &

69

JS Lab
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. EF2tE YIo[E|H Qlizlo| £te|

< ONAP is deployed using the ONAP Operations Manager (OOM)
% Requirements

* 14 VM (1 Rancher, 13 K8s nodes) - 8 vCPU - 16 GB RAM
* 160 GB Storage

* 1 Rancher VM that also serves as a shared NFS server

¢ 3 etcd VMs for the Kubernetes HA etcd plane

* 2 orch VMs for the Kubernetes HA orchestration plane
* 12 k8s VM s for the Kubernetes HA compute hosts

Software Version
Kubernetes 1.11.2
Helm 291
kubectl 1.11.2
Docker 17.03.x

ZX: https://docs.onap.org/en/casablanca/quides/onap-developer/settingup/index.html#installing-onap

70
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< OMSA - ONAP Microservice Architecture
(D@ -@¢ Xl |

: !
&
5 [ External API Gateway ) Orchestration
<
2 [
@
E { Service Discovery 1
-'2' A LN
‘Governance
=
2
o
S
<
5
2
@
Monitoring

P ]
3
3 Comne o
ﬂ Distributed
2 = ~KVM —
£ =
Ey B2 Microson

Note: this diagram is a functional view of OMSA, which is not mapped to specific projects

JS Lab
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= orcC it =
ll. S2}fE Yo|E|E Ql=g}o| £t|
< HOTH HE|S2RE #2| 7|5 M= (of)
- ZE0|L AL 7S
- IR 22| F8 2L E0M X| @5t FH L E| A (kss) AL
- HE| 22 EQ} EUE SeHdat S8H0| 7S XHE3 Z| YA
« OjE2|AH|o| Mo ™o w2} =4stet ol= 2t X S M3
‘? # o & =
- o ® < =2
Cloud Native Legacy App Network Services
%) =
e
P P P i
Any Cloud Config MGT Networking Containers o
st g B *. NSX -~ bl
amazon o @ tailf neidont O
JS Lab
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SotfE HojE|E o=zt #&|
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(TOSCA)

HE| 22 E LAIAEY0|M :
X8 QEAA Cloudify 0f)

MY oA

HEZ TOSCA 7|t GUI MH|A (TOSCA

0| S9o

L]
oo
o2

TOSCA: OASIS open standards ct

5
E o

(Topology and O

ion for Cloud

73
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o
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HE TOSCA 7|4t A AE0]E (SHA)
I Customer .
nventory e Analytics | ..
| |

Allocation
Policy

Operator Specification (TOSCA, Yang)

Residential
Subscribers

vRouter

Fﬂ@ ﬂr jr ontrol Eﬂ rﬂm ﬁ
OpenStack ONOS Monitoring vCDN

HF TOSCA 7|t
2HAER0|M
OSs Al 584

S oo

\ RESTful API
/ TOSCA

74
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