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* A Vapor |0 Kinetic Edge micro data center operating
alongside a cellular tower.
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Edge Computing Battleground
Telcos want to host for, or compete
with, CloudCo’s at the edge
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% O|X] HHFE (Edge Computing) :HIO|E{ & YHlSI= AFE FO|LL
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% Edge
Computing

%? ud
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Big Data
Business

Data Warehousing
N HAIZ 2],

Data Caching,
BACnet Al, Security,
Proactive Management

w

— - JS Lab
BACnet Building Automation and Control (BAC) networks  OPC Unified Architecture (OPC UA) - Open Platform Communications
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% Edge computing is a more general concept than MEC and less
general than fog computing.

% ETSI previously referred to MEC as Edge Computing. Over time,

the field expanded the focus of edge computing beyond mobile
implementations.

Source: SDxCentral

https://www.sdxcentral.com/edge/definitions/whats-the-difference-between-edge-computing-and-mec/ Js Lab

2020-01-25



. e

% Edge Cloud Computing: 0| X|(Edge)0l| Al E2t2E A{H|A 7|EHQ|

ARYS NS

« X|¥ 7§ (Reducing latency)
- YE BZF 2k3} (Mitigating bandwidth limits)
< HE 7ts MH|A (o) : CDN, =& 421, 10T, HO|H &4, ARVR &

5 6
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< ETSI2| MEC (Mobile|Multi-access Edge Computing)
< OpenStack Foundation2| Edge Computing Group

>

”oe

= ETSI

M Edge Computing ] Multi-access Ec1g7e) Computing

* OpenStack Foundation

Fog Edge
Massive distributed [I;/Ilgtilstm?é)é Edge Computing
Working Group Cloud(FEMDC) Group
(2016) SIG (2018)
(2017)

JS Lab
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% LF Edge: 2|52 XTHo] 2019'd 18 A|&st Z2HE

« 60 members, including Arm, AT&T, Dell, Ericsson, IBM, Intel,
Huawei, Red Hat, Samsung

+ Projects:

Akraino Edge Stack

EdgeX Foundry (a common open framework for loT edge computing)
Open Glossary of Edge Computing

Home Edge Project

EVE (Edge Virtualization Engine, open and agnostic standard edge

architecture)
cILFEDGE

AKRAIND HOME OPEN GLOSSARY
EDGE STACK EDGE OF EDGE COMPUTING EosEuETUAL zATIon

EDGESCFOUNDRY

https://www.Ifedge.org/ JS Lab
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OpenStack

(ZE 71E)

Q airship

ARLINGX

J

» Cloud Edge Computing: Beyond the Data Center
% Akraino, Airship, StalingX2| |

Linux Foundation
(Use Case 9,

Integration, &%)

&EUGE STACK
N

J

ht

JS Lab
tps://wiki.openstack.org/wiki/Edge_Computing_Group?fbclid=IwWAR3GNTB5_210J0O-SvaGsmhCC2jhLxG9X-ISt021v-mlfG-TxsR7jiPtrM80
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« Airship: a collection of components that coordinate to form means of
configuring and deploying and maintaining a Kubernetes environment using
a declarative set of yaml documents. More specifically, the current focus of
this project is the implementation of OpenStack on Kubernetes (OOK).

Regionai Cluster
Extenal

=

tectory

E

Source Code

Trage oo ' : 1
Bevior
S

iE

ARCHITECTURE

.

Cantrol Plane

https://www.airshipit.org/
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% StarlingX: a fully featured and high performance Edge Cloud software stack
that is based on the Wind River® Titanium Cloud R5 product

Public Network

Cloud Owner's
OAM Network

Data Network(s)

controller-0
< compute >
< storage >

OAM Network

0 —

Cloud Owner's IPMI Network

JS Lab

https://www.starlingx.io/
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% LF Open Source Edge
< Standards, Ref Arch and Ref Implementation

Standards & Orgs for Edge
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o S Access_ I8 & ook © openEDGEcomputing
17 EDBE £\ RRRAIND ik
Lveosesacy @ONAP - Core L N IECC
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DFV . bet Web ) = d
openstack. kubernetes “- 4
e P .
i  — loT Alliances &
{ \Hcslg:) Zwaﬁ / Public Cloud Consortiums
= i — \ =
Enterprise~,_.~
Consormum

= Ha ( amnot )
(=l -, 2
E‘ EOGEJFOUNDRY

NEES e
Open Edge Core & Cloud Other Edge Activities

L LINUX

FOUNDATION
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«» Market: Gartner Top 10 Trends Impacting Infrastructure & Operations
for 2019

R

Serverless Artificial Network
Computing Intelligence Agility
| D 1
=n ! ! '~
1 10 !
G= 1 101 I EE‘.&
1 I
1 1
Death of the | Edge. 1

Di.’iul Diversity u?t“l:iml‘ka
] n

Dmc-movl Comp

JS Lab
. 7
« Market: Growth of Fog opportunity by vertical market
$18.2bn
451 Research OpenFog project analysis (2017)
JS Lab
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+ Edge Computing Landscape

*+ .ORG
» Traffic / Delivery
* Platform
=
£ * Infrastructure
z
g * Hardware
5
« Connectivity
* Real Estate
* Supply Chain
JS Lab
% Latency 112{ Use Case ‘& Telco 0| X| 2l =2}
0.4ms 0.6ms
0.1ms 0.1ms | P
\ ‘ \ ~~ — e~
~~ ~
% M~ ebeceies [~ SGA. | ASG *_2(52._'_’
Sensor | Computing | Transmitter Receiver
MEC
—_—
;‘5 1ms :
%’ ‘ Virtualization
=, 0 0.125ms <
(o~ —
| ~ ~
s AN NN e
. Actuator || Computing | | Receiver Transmitter
0.1ms 0.1ms 0.35ms.
30 Hz:33ms 5ms 102 ms 60 Hz: 16 ms 6ms
— - — - —N ——
) o H/‘('v*d\ &
Ly e Gy — tncoaeg - 8 o O —oocodog—» Y ot gt
rate “ Do ing  response
P
0-33ms S5ms 09ms <<Ims 100 ms <<Ims 0.3ms 0-16ms S5Sms 1ms
JS Lab
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< HEQA 7|52 st 2R E Qmeto| |X|&= AH|A0 et CHE
2 Q2 (Ericsson 0f 2018)

f

Devices /
Local Network

Local Regional
Sites sites

Cell S“ESW ( Access sites ‘ ‘

National sites

E:- CN
% = mm
s
CN
Enhancod MBS || [ ey | |
@ gh g
,z = = = (I I o I oN
RAN
\__ Critical MTC PAL___codiiasiuce | Cloud Infrastructure
JS Lab
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+« Preliminary 5G (NR) KPIs - 3GPP TR 38.913 (Draft 2016-09)
|1 o & 20 Gbps CH2 2E /10 Gbps HEE
D AHEHGE 30bps/Hz CH2 2 E / 15bps/Hz Y2 E
Che = 1 GHz (DL+UL) , Pending ITU-R
= Hof Eael x| A 10 ms
g AR E[Q XA URLLC: 0.5ms(DL)/0.5ms(UL), eMBB: 4ms(DL)/4ms(UL),
£ AR 2 T2 XA 10 ms 0|5}

=

DeglE| QEHE 0 ms
A|ARIZE R RUE|E| %| A LTE/LTE evolution $=& @\@\%
Mz|d eV2X2t URLLCE 2%t 99.999% ?\%o\\&
L ERTCE) LTE & o
el 2] 104 0], 151 A 58~
A o|x| AMERY Z8&  IMT-Advanced?| 3t
& AU EA|2tE Km2 E 1,000,000CH
X9l O|ESE 500 Km/h

eMBB (enhanced mobile broadband)

URLLC (ultra-reliable low latency)

®

N
S

JS Lab

2020-01-25

11



. e

< HE AH2 Xt AEX|(UE Requirement: Data rate, Latency, Mobility)

Broadband access in dense areas

1
200-2500 k™

Indoor Ultra-igh broadband sccess

75,000/
(75/1000 m” office)

Broadband access in 3 crowd

150,000 / kev®
{30.000 / stadim)

50+ Mbps everywhere

400 /o’ i suburban

100/ ke’ i rural
URradow cost broadband access for low 167k’
ARPU areas
Mobile broadband in vehicles (cars. trains) 2000/ lkem®

(500 active users pes ai

o 1 active user per car X
cars)

| User Experienced Data Rate E2E Latency Mobility |
Broadband access in | DL 300 Mbps. 10ms On demand
dense areas UL 50 Mbps 0-100 kmh
Indoor ulra-high DL 1 Gbps, 10ms Pedestnan
broadband access | UL- 500 Mbps
Broadband access in | DL 25 Mbps 10ms Pedestnan
a crowd UL 50 Mbps
50+ Mbps everywhers | DL 50 Mbps 10ms 0-120 kevh
UL 25 Mbps
Uktra-low cost DL 10 Mbps S0ms on demand 0-
broadband access for | UL 10 Mbps 50 kmh
low ARPU areas
Mobile broadband in | DL 50 Mbps 10ms On demand, up
vehicles (cars. trains) | UL 25 Mbps © 500 km/h
Airplanes connectivity | DL 15 Mbps per user 10ms Up to 1000
UL 7.5 Mbps per user kmh
Massive low Low (typecally 1-100 kbps) Seconds 1o hours on demand 0-
costiong-rangeiow- 500 kemvh

power MTC

Broadband MTC

See the requirements for the Broadband access in dense areas and 50+Mbps

Rirplanes conmectivity 0 per plone everywhere categones

60 aiplanes per 18,000k
Mastive ow-comtiong Tangefiow power "Up ko 200,000/ km? Ultra-low latency DL 50 Mbps. <ims Pedestnan
MTC UL 25 Mbps
Broadband MTC See the requrements fr | Resilience and traffic | DL 0.1-1 Mbps Reguiar 0-120 kmh

S EOHRDS oy surge UL 0.1-1 Mbps communcaton. not
Uhtra-dow tatency crdeal aitcal
Resibencs and trafc surgs 10,000 /kor
s igh sy & BV o ey Mot ciical Ultra-high reliability 8 | DL :m 50 kbps to 10 Mbps; 1ms on demand 0-
) the reliability requirement for this | _Uitra-low latency | UL From a few bps o 10 500 kavh
category is described in Section 4.4.5 Ultra-high availability | DL 10 Mbps 10ms On demand, 0-
Ukra-high availability & reliability” ‘Not cnbcal & rehiabiity UL 10 Mbps 500 kmvh
(') the reliability requirement for this Broadcast like DL Up 10 200 Mbps <100 ms. on demand 0-
Satagery s describad n Section 445 services UL Modest (e g 500 kbps) 500 kmvh
Broadeast like services -

JS Lab

http://www.mgclab.com/
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% Latency 1121 Core 4| (Data PlaneX Control Plane2| |X| 1121)

L] Ins

L L1 cache reference: 1ns
= Branch mispredict: 3ns
Ll L2 cache reference: 4ns

BEBEEEP™™® Mutex lock/unlock: 17ns

100ns =&

2018

L] Main memory reference:
100ns

Emmmmmmman 1,0000s = 1yus

BEBEEREERE Compress 1KB wth

Zippy: 2,000ns = 2ps

im 10,000ns = 10pus =™

Send 2,000 bytes over
commadity network:
88ns

SSD random read:
16,000ns = 16ps

Read 1,000,000 bytes
sequentially from
memory: 5,000ns = Sus

Round trip in same

0

Read 1,000,000 bytes
sequentially from SSD:
78,000ns = 78ys

- Disk seek: 3,000,000ns
= 3ms

L Read 1,000,000 bytes
sequentially from disk:
1,000,000ns = 1ms

8 Packet roundtrip CA to
Netherlands:
150,000,000ns = 150ms.

JS Lab

https://people.eecs.berkeley.edu/~rcs/research/interactive latency.html
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+« Market: Gartner Top 10 Strategic Technology Trends for 2019

Intelligent Digital

D P

Autonomous Things

james@jslab.kr

Blockchain

Augmented Analytics

Al-Driven Development / Immersive Experience / St Spaces

Privacy and Ethics

Quantum Computing

Gartner.

- - JS Lab
https://www.pcmag.com/article/364429/gartners-top-10-strategic-technology-trends-for-2019
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< WY F HENZ (46)

= GTP (GPRS Tunneling Protocol)

« M 7L o ~ U Km
= RTT+4 ms

i

UVE

SGW

MME

| OFCS I ocs

PCRF

M|~ M
H|C|Q AE2|Y MY
7t7te M, AAMH

OFCs

* User Equipment: LTE®,
CE|LE, USIM AHE 717]

= Service-Gateway: eNBZH
=28, 3GPPZE
HEQH S 2|3t G|O|E
Aol x| 2alg|
LYETPE-]

= Mobility Management
Entity: E-UTRAN X|0f,
AR} 915, UE 9IXILE
HEIE =elE 2

eNB

EPCZt 24 A X3
0|~ AHO|Mo 2
X oi/d|o| Ef m2ie|

Y=ot LEY HB

P-GW

= Policy and Charging
Rule Function: UE F%
A1t PCCE(Qos,
charging Rule) P-GWOi|
H3

= Offline Charging
System: P-GW Ol
HZshs UEE @=20l
Charging Gl O|E{& 22|

HSS

SPR

ocs

= Evolved Node B: UE2t

= PDN -Gateway: UE®|
IPFA/PDN T4 &St
QoS 2%t s-GW7t
HEQH BU2|E|
UMK HoZ 22t
Qmatol gt

* Home Subscriber
Server: AL8X} Z2 L DB
(IMsI, 2157], Qos 55
B/OSSOIA A3

* Subscriber Profile
Repository: PCRF
Glo|Ef0] 22
B/OSSOl| A
HB3HEAE LS| FHat

438 74

= Online Charging
System: P-GW A
H35Hs UEE OHIE
7|gto] 229l Charging
Gl[O|Ef G O|Ef A8,
b PSINFIE T

General Packet Radio Service (GPRS)

JS Lab
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% Cell site ¥ZAY

o
PHY-RF 22| 3

* Remote Radio

Head (RRH) placed

‘ in cell site cabinet

.
FA [
RRH-

* Remote Radio Head
(RRH) placed next to

S /.mlwvm
RRM

a * Digital Radio over

cabinet

Fiber (D-RoF) from
antenna to cell site

M| A A
H|C|Q AE2|Y MY
7t7t2 AMuf, BAH

— vy
ot ‘ el i sl infinera L p e
Ri D-RoF -
COAX L
Cell site cabinet Cell site cabinet
- - - - JS Lab
Remote Radio Head (RRH)  Baseband Unit (BBU)  Common Public Radio Interface (CPRI)
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[

<~ OoX| AR =Y
= XX|H RTT(RTT —.—ms~10ms)
» 30| Q=2 Edf o E =Y
«» VEPC (Offload)

M| A M
HIC|Q AE2|Y MY
7172 Mt ZAH

| OFCS ' ocs

james@jslab.kr

‘ S M ZERTTZE 4 ms ~ 54 ms
oTSantons  loWSmatHoma
E—
Tehermedione: ARVR

@ @

Autonomous Deving  Sman Buikting

e 21

M0G0 Video  Smart Cities

- - - JS Lab
MEC (Mobile|Mutli-access Edge Computing)

I. Sxl Telco 24

» BUMYRIS| Y 71X 13

= ZYES COTX Al SPOF EX 2 2 E It RRHE| THE 75
= ZtAE O 232 EHE HQ (0: Ring +X)
- U PZORUEY PEE T M2 oot FA HOIE A s

james@jslab.kr

JS Lab
Remote Radio Head (RRH)  Baseband Unit (BBU)  Common Public Radio Interface (CPRI)
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o ®X SUAIAKY Y T4 (4G SKT 0f) - by Netmanias

Small Cell Legacy Macro Cell Sites % C-RAN :: :‘-’; ;“_‘:m — ; ::';::T:ﬂ(ﬂm RAN
# of BBUS w 12,000 RRH: Remote Radio Head
# of RRHs = 80,000 SCAN: Smart Cloud Access Network
o L Roof
U & ﬂ nmlﬂlﬂl ;“N] o
== (SK Telocom's office building)
1. Small Cel BS (Pico/ Femia) | i EPC
sy , = connecting 804 RRs|
\E__gugoroN o Active WDM (SCAN)
£ oo Small Cell Backhaul L
e -
'_._:. - RN
© -
g L 1P/MPLS
H oBUMarcocer

(Macro cell site with

Iwom)

r‘_ﬂdnu \ _
o i .
Active WDM | CPRI .4
1. Small Cell BS (Pico/Femta), 8RRHs (SCAN) &
2. Wi o \ J .
sy &/ | @
VERY LAST MILE LAST MILE 2
—————————CPRI Fronthaul (MAX 15~ 17Km between BBU and RRH =)
<~ LS/ Ethernet “
— - - - - JS Lab
GPON (Gigabit Passive Optical Network) Common Public Radio Interface (CPRI)
e~ e |
1. $x Telco &4
* 5GEE
* Phase 1 (3GPP Rel. 15, 20181 6 &)
* Phase 2 (3GPP Rel. 16,2019 128)
= 3GPP Rel. 172 5G 7iM (2020'F A|Z})
= L S 3AF 56 MH|A AlEF(2019H)
» BEEHE2O7H187HEHE of &
%
£
> ) 2019 2022
iS4 3A
5G MH| A A|Z
MM Phase 1 |- Phase 2
Release 14 _Release 15 Release 16 >
JS Lab
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< 5G Of7|H| X 1

» EZ¥(SA): Standalone Architecture

= HISEHE(NSA): 7|= 4G LTE/EPC g &
= 5G AH|AE 2|3t O} 7| HIA| 142 NSA O|A SAE A} 3} o &

MMES-GW MME/S-GW

0 D
@ Sty s @
@) < () |
Th e és‘?’
e\ o 7"“"“"
o <illae oo /
e oNB

NSA Architecture

- EPC

" EUTRAN

AMF/UPF AMFIUPE

= GP
@5«- @
Q(B ? NG-RAN

[ ’Vc\_ e

SA Architecture

Non-Standalone Architecture

EPC (Evolved Packet Core  E-UTRAN (Evolved Terrestrial Radio Access Network)  LTE (Long-Term Evolution)

s6¢

JS Lab

Xl Telco 24

+ 5G MH|2 A|Li2|@

= eMBB(LHSEZE 7§ M), mMTC(?|17| BF % =& Z7}), URLLC(Z=XX|H)

eMBB: [ 9=

108} 0|4 S7t)

(enhanced mobile broadband)

mMTC: X|7|7| E5/52 |Z57}
(massive machine-type communication)

URLLC: 1412 MK A
(ultra-reliable low latency)

JS Lab

2020-01-25
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foof

Human to Human

fom

Human to Machine

< 5G MH|A A|LE| 2 (‘3G4G'2| Use Case 0f])

IE © 1B

Machine to Machine

Video 1 Mobile Cloud

Extreme : @ Virtual Reality/Augmented Reality €q s, ik o Enhanced MBB
Mobile ~  Smmmmmmeemee—oeeoooooo . puting « 20/10 Gbps DL/UL"
& ‘ Y reces ; « 4uauserpiane
8 Broadband | Video Calling \ ! F"_“" C—~ E ‘;““ latency
B (oMBB | Virtual Meetings | S o IR + 500 km/h mobility
g (eMBB) 1 - d
g p - .
£ | Wearables | Gnart Home / Sart 0 Massive MTC
Bl Massive ! + 1 million devices / km?
N RO | e ST e . * 10+ years batterylife
Scale ! b_!,é “ * 20dB coverage
Communication | ( Y4 snbancemert
(mMTC) 9 | :\ Nenwrhng Health Care Monitoring
= 3 reroereoorr NI ! e
________ : * 1ms user plane
© Remote ! [ i : o=0) latency
Ultra-Reliable il S e iy | | e D B + Highly secure/
Low Latency R‘ ||t = z . ':;2‘;;;9% ilabili
| | Pedestrian Vehide &= availability
Service | vep) * vav)
(URLLC) : 1 4 ﬁ * Peak theoretical rate
.................... h . o Source: 56 Americas
JS Lab
e |
21X Tel H4
I. ¥Xl Telco &3
o . .
+ Dual connectivity @ 5G
MHl2 A
* LTE @ 4G RAN HiC|@ ~E2)9) A
A5t A, 2
» NR@ 5G RAN
=
-
|
8
S}
3
£
3,

O
(=]
i
<)

\/

Dual connectivity

JS Lab
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s CUPS

= Control Plane
= User Plane

b Af
blcle 229 My
7h7te A, A

%
-t
-
)
M G RAN
Dual connectivity
JS Lab
CUPS (Control and User Plane Separation)
e -
. ®xH Telco &4
< BHHY oX] HHFT (MEC) @ 5G
= 5G RAN (gNB) M‘;E %gaﬁmﬂi
= 3GPP NE (5G 20{) 2
gleo‘f:ﬂ IMS OoTT
-
== 0= -
i [ 5G Core CP ]
s 0 2000 Y—
E D W

(oo} Je
5G RAN * 5GCore UP 5G Core UP

2. i

—
Toermedicine ARNVR Local DN / MEC AF
& B -

Autonomeus Driving  Sman Buikding

-
HOY307360 Viceo Smant Cites

JS Lab

network element (NE)

2020-01-25

19



2020-01-25

I. Sixl Telco 4

+ MEC (Mobile | Multi-access Edge Computing)
Ol X[2] Cl|O|E{ MIE]| 7| & EY: T AY7|X|=2| G| O E{ M E{ 2}
* Phase 12 9I8t MH|A: FX HHXE 2|3t vCDNE

Phase 2& |3t AH|A: Dynamic Contents 52| AH| A0 {2
MECE E{Z20|= 7Y 7|c EY: API XS X 7|PE 22 S

MH|A M

= H|C|Q AE2|Y Ay
g 5G Radio | 5G Core Infra . 717t M, EAlH
¢ i
g . [ 5G Core CP
= | oA,
D Q). o s ez
| Y A
‘ 5G RAN- t 5G Core UP
e &r Lana : $ I
: + Static Contents
8 - [ s RERICES)
[==% ﬂ I Local DN / MEC AF 2g ||:|01 7HH} 7| EB‘
i ki S i : MEC
e g | ? Host
RAN (Radio Access Network) ~ MEC (Mobile Edge Computing / Multi-access Edge Computing)  AF (Application Function) JS Lab
-
oAy
l. $ixf Telco &4
< SHAML| 56 At 2
< AT&T (0l)
« HZE3 MH|A (MECE K8s 7|2 &8 ¥ol)
= APl 37| (Flow Designer, M2X, Video Optimizer)
" Products and Services
g Harness the power of 5G for your business
h:;
o
£
=)
M2X
-—
=
—
JS Lab
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% 5G 30 21Z2}(Core Infra)

ARFY AEA 20LEWE

HD/3D/360 H|C|2

= Edge(?|X|=)Q| Central Office(=AH)2| HIO|E{MIE] 3}
. S8t2E U0|E| 3} (OS2 O|M AH|A, Ba|, o1zt
= HIEQ|3 £2t0]4 (Network Slicing)

n E'E'lﬁE'IEI gl-xl-kl _T'_E1 (juAg)

HEIEE T EIE]

¢ |

loTHIA I6TIADIES

TAHCO) MB| 2 AFO|E 0

27~

® = [

Heloh ol HE
(A2 E 2 0]4)

#Hqze ARIVR —_———— -

“ g

ADtE AJE|

JS Lab
s |
1. ®xf Telco &4
& HEEHE
% OLT, ONU, ONT
tos
Core Network TG .
o R =
L
, PON ONT
(3
-
&>, Central Office 'EJ Voice
7 PON ONT . =3
Il]l Splitter

I

PON OLT

GDbE Fiber

PON Fiber
UTP Cable
Copperline

av— %]

G/E-PON VDSL ONU
PON ONT
o
e —
G/E-PON FE ONU y 2
.&m

JS Lab

Optical Line Terminal (OLT) Optical Network Unit (ONU)  Optical Network Terminal (ONT)
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+« Passive Optical Networks (PON)
< EPON (KT) vs GPON (SKT)

Various TUE1
Layer 5+ Layer 5+ services TOM
AAL 11215
v ¥

Layer2 Layer2 (CAmMcan ) ( GEM trame )

Ethernet frame C GTC TC frame D

MAC .1. GTC sub-layer

[Ctayert ] PON-PHY D [yt | ( PON-PHY )

EPON Layering GPON Layering

- - PT— - JS Lab
EPON (Ethernet Passive Optical Network)  GPON (Gigabit Passive Optical Network)

. XY Telco EA

+ 5G Data Plane
+« UPF (User Plane Function)

SG ' Data P|ane = UPF  136PP 15 23.501: system Architecture for the 5G System E:JJ:J;—euslence of 3GPP 5GS and Identifier Locator Separation

o SGU|AE= CIEt IXIo|M S8 Mu|AS HFY 4 =8 UPF(User Plane Function) E4HllX| 7Hs => MEC X|§10] 80|54 &

» UPF (User Plane Function). UL CL& 0|88 £ 222 S2j¥ g H2|A|IZ 4 2/Ch=> UL CLE Traffic Filter0| O§A|94( %= of 2422 Inner 1P 3§202] S| IP 47} Local DNOY|
EYE FA0191) GTP C|2310 Local DNSRE IP 2tBAIFIT, DFA| 242 Next Hop UPFR HEE, (2R3 Local DNOIM SUSIE IP IH2IE GTP 2IWSID cUPFOIM LI Rk GTP
ThZI ST Mergesto] gNB2 H'd, .

* UL CL (Uplink Classifier): Inner B{2l2] SerIP S DstiP §§ 20 E28 S Steering #4750 Traffic filter2 SMFRE| W& Netmanias

Intel

iU COTS Server ]
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+ 5G Data Plane
< UPFZ EdgeE $Idll 420 2} GTP decapsulation 7

N3 N9

GTP-U GTP-U

GIP-U Packet to UL GTP-U Packet from cUPF

on
LoclN  con Edge Sarvar =
OTT Portal/CDN
NB
¢ o
GTPU GTPU
UE . GTP-U Packer to UE [ U] GTP-U Packet from cUPF
o
GTP-U Packet from UE I 'STP U Packet to CUPF GTP Tunnel Header

UL CL: DstiP of
inner packet
=Edge Server IP 1P Header

Local DN

CDN Edge Server

JS Lab

https://netmanias.com/ko/post/oneshot/14003/5g-mec/5g-data-plane-upf-user-plane-function

II. $XY Telco B4

% UPF 0Oi|: Metaswitch Networks

UE S5G-AN/gNB 1-UPF UPF PSA
N3 N9 N6
\ppl }
PDU Layer PDU Layer | |
Relay Rel / sGupP | |
SGUP| i
T ] GIP-u GTP- Crcapsuation) | | Ecspeslavon | |
Protocel 5G-AN UDPAP | UDP/IP UDPAP  |-{ UDPIP | !
Layers Protocel i
Layers [FR = Lz 2 12 3
X H u u H u
Endpoints Accass Netwark Edgo Notwork Core Network

Sheed per service
orperterant —_

NO

] /gNB
O D MEC-RAN

JS Lab

https://www.metaswitch.com/knowledge-center/reference/what-is-the-5g-user-plane-function-upf

2020-01-25

23



. XY Telco &

< SMALYXLO| L 4 (KT 5G/OLT 0fl) — by Netmanias

Software | GW-C/PCE, UDR. UDM, SMIF, AME § -

[ A
s

& . MEC 4.5G 2101540| Bax)
- Sofware an-u[un BV A)
©
o, auHE =
® Hardware P
g san ; oo — u o
= 56 1 = ’o;- e |d
v "
sGRF B [ > g ﬂo it
sAWDR.OmE | o g e B S ) 106/561256
! % sy | ®
Cotie)| o
828 4TB LN = v
aurE - Popamaiin 4,877} 20I510] Bax)
¥ ooptcee 00
82 UPE 9511 onr n'(.. J{\g?\n.‘ .
56/2 5 5G/256/1G
:Inﬁgé‘;;j:ﬁi On flrrtllu 0 BASE)
[Open Enterprise Rax
5 UuE P e omz@um  Se  wam
5G (o|smae 10 Giga (RUBUY)
- — — — JS Lab
https://www.netmanias.com/ko/?m=view&id=oneshot&no=14155 Optical Line Termination (OLT)
e
1. ¥xf Telco 4
3 ol = H}
< BHIY 7|Eo HH
| =
< 1GE= FDMA A&
2G. R { 2 4G
H 256 : 3.5G 3.96
GSM '_.: | I_,: :
Worid TOMA) | ¢ GPRS : EDGE :
3 PDC : f : WCDMA :
= Japan - - :
z ;TDMA; ; : uMTS it :
2 H . \ H
s : : P Ul
= ; LTE ™
g ) :
us : : China [ : .
- i\ TD- SCDMA ————— - - —i— >/ IDE " NQ Logic
; . . [TVUVIA EV-IIO
US - Asta ! = Licoma) |~ comzm ETetecom Standard
: : WAMAX | i
Wortd Wi-Fi | WiFi | Wi-Fi H
lﬂ?.ﬂlb : 802.11 i l02.11|:'l a ! Cotnpating Standard
| | | I
1990 2001 2008 2012 Year
Frequency division multiple-access (FDMA); Time division multiple-access (TDMA); Code division multiple-access (CDMA)
JS Lab

http://arjoena27-te.blogspot.com/2015/09/the-evolution-of-mobile-communication.html
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+» 5G NR: Unlicensed spectrum, Millimeter wave, Massive MIMO,
Dynamic TDD technology, Small Cell

=
5G\r

Unified design across diverse spectrum bands/types

5G NR mmWave

{e.g. 24.25-27 5 GHz, 27.529.5 GHz)

6 GHz 24 GHz 100 GHz
Outdoor and |""|"i|ii | o
macro coverage ey ol
e.g. 1,5, 10 and 20 MHz
Outdoor and T
cralcel - | 255
0z 2oe 8.9 B0/100 MHz
Indoor o B [
widoband [TYY YTV VYV T S e
DD e.g. 5 GHz (Unlicensed Y o 1Bz
. |

JS Lab

NR (New Radio)

II. $XY Telco B4

<+ MECO| Ox] % 7= &3 0

Base Stations, including mobile base stations, cell towers, central
office base stations

RAN for LTE/5G

Radio network controller for WiFi

Cable modem termination systems (CMTS) for cable

PON OLT for fiber or the access points for other networks such
as Zigbee, CBRS, LoRA, DSL, MulTEfire, private LTE.

Hot spots

Small cells

Data centers (and micro-data centers)

Routers

Switches

WiFi access points

— JS Lab
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< ETSI2| MEC PoC Projects

* PoC#1: "Video User Experience Optimization via MEC - A Service Aware RAN MEC PoC"

* PoC#2: “Edge Video Orchestration and Video Clip Replay via MEC"

* PoC#3: “Radio aware video optimization in a fully virtualized network"

*  PoCH4: "FLIPS — Flexible IP-based Services"

2 * PoCH5: "Enterprise Services"
©
& * PoC#6: "Healthcare — Dynamic Hospital User, loT and Alert Status management"
8
£ *  PoC#7: "Multi-Service MEC Platform for Advanced Service Delivery"
* PoC#8: "Video Analytics"
* PoC#9: "MEC platform to enable low-latency Industrial loT"
* PoC#10: "Service Aware MEC Platform to enable Bandwidth Management of RAN"
* PoC#11: “Communication Traffic Management for V2X”
* PoC#12: "MEC enabled OTT business"
* PoC#13: "MEC infotainment for smart roads and city hot spots"
Proofs of Concept (PoC) JS Lab
|
Il. ¥l Telco &4
iL AL
< 295G 7|8e| o & H| =LAt HQ 7= 1
- M M5 2ol E] KPI (Key Performance Indicator)
- O E2|Ao|d
. Hops AlF
RL|A @l
5 e H|ELA T
]
o x| oEamos
= + 10x bandwidth per » Enhanced Mobile BB » Consumer « B2C
connection + Connected vehicles « Auto industry + B2B
+ Low-ms latency - ARVR + Health - B2B2C
+ Five 9's reliability + S-UHD/3D Video « Industry 4.0
+ 100% coverage + Haptics/Sensing « Agriculture
+ >10x connections + Massive loT + Smart City/Public sector
: 50Mbp?1 per connection + Remote machine control + Smart building
T\(;Z;yw ere idth « Mission critical services « Utilities
: 10 X bandwmthfarea « Fixed-wireless access « Education
10 year battery life « Transport
* Reduction in TCO
JS Lab
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1. ®x} Telco A

1I. |.AI-2|./ aEl.o

IV. HE| 0| L

V. LAAEL0|M

VI. OF0| A 2 MH| A O}7|EI A

VIL.SDN/ZiE| o] HIESZ

VIILEZIRE =2l E ¢t
3

JS Lab

. 7tz 7 22l E

5} 0| T H}O| X (Hypervisor)

et =2

I

@ FFE ol Cto 2FHIH|(0S)E S0 A7
® VMM(Virtual Machine Monitor/Manager)2t11 & 23
® UIO|E|E (Native) 5}0| T H}O| X (Type1)

@ ZAE|E(Hosted) 3}0|{H}O| X (Type 2)

10| T H}O| X{

st=gllof StEHo

Type1 (Native/Bare metal) Type2 (hosted)
JS Lab

2020-01-25

27



. 7t&et 7 22l E

% VvNIC(Virtual Network Interface Card)
< vSwitch(Virtual Switch)

10| HH}O| X

JS Lab

. 7Hde2t 7 22 E

@ ZHo|L{2] ofE2|AI0|ME SR-HE /X

® 5%

Bins / libs Bins / libs

o o

os os Virtual Machine | Virtual Machine

Eflo| L
Machine Machine 50| HFO| X ol Bins / libs
EEEETEEN BTN =0

Type 1 Hypervisor Type 2 Hypervisor Linux Containers
JS Lab
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. 7tz 7 22 E

+The Cloud Native Journey

Core to Edge

A ‘ni
FBL|E| A(K8s) &

kubernetes
g
=
g docker Phase Ill
& Business Focus
s (end-to-end)
Phase |
-] Developer Focus
b
k=N
wv
Container Adoption Application Deployment Intelligent Operations
Focu DevOps deployment End-to-end integration
o PN oo ity e
Automation Simple orchestration Advanced orchestration Serverless, DevSecOps, & ML
Community Individual developars Teams & lines of business Cloud native enterprises
JS Lab
AlS = orcC
. 74zt 7 22 E
% MH|A C|AF{H 2| (Service Discovery)
= iT i HO
. USH AIZAI} AHEOR MEO R HES O} AT
= o A = e
« OfE2|#HI0|M MH|A EE|Z S X|&510] HABIO ALE
[u_|1|m 1 i - il g ‘M]M | il %I_d 1] (0600
L 1 11 1 T 11V 11 11 R 11 10
| || |ca| || |ca| || = (ca||c=| |Ic=| | c==||c==
||| | 2| || |Ic2| || |==||c=2| |c=| |c=||c=||c==
(s ) s ) e | [ e § | e | ] e | [ s | Y s ) ] e [ | e | ) e |
||| |c=2| |c=||ca| || |==||c=||c=| |==2| |c==||c==
=y | f =y | f = } [ | e | ) | =) | B | B | 13| | E3)
| || |c=| |Ic==| || || |==| == |c==| |==| |==||==
cEalcalcallcaelcealcaldcea lcalcslldeaslesale=
JS Lab
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s 2LE YEYY o|%

(Self Healing
Resilience)

//f~\ ) o
o [ s 27

(Scalable)

o a5 Bl

(Extensible

(Low Latency) Management)

JS Lab

. 7H4st / 22t

» JH Y EYI 7Y

® 22 YEY3
@ 7Ht HEY3
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. 7tz 7 22 E

& 22HQC MH|A B[R

e Private Cloud
« Public Cloud: laaS, PaaS, FaaS(Serverless), SaaS
+ Hybrid Cloud, Multi Cloud

Private Cloud Infrastructure Platform Function Software
(as a service) (as a service) (as a senvice) (as a service)
___________________________________________ (mﬂ'ﬂu_ o o o o

]

4

|

ﬁiii

Functions

Application

Runtime

Application

(U

Runtime Runtime

C——

Backend Code Backend Code

Virtualization

Server Machines

Backend Code

7]

il |

os

Virtualization Virtualization Virtualization

Server Machines Server Machines Server Machines

Storage

il
:

T CETTR
e s (revvors Yo
JS Lab
AlS = orcC
. 743t 7 22t E
=
< OFO}E Aws
1% 18 Az
CloudFront
Route 53
API Gateway
Direct Connect
AWS Cloud Map
Global Accelerator &
JS Lab
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% OO|ARAZE Azure
A servis

Everything H :
Gonaral S 6D Virtual networks * @3 Virtual netwerks (dlassic) : *
Compute £ @ Losd balancers * € Application gateways : *
R H H
= t 2 vinual network gateways * @ Local network gateways H *
Storage i H
i . @ DNS zones * & CDN profiles é *
Mobile I @ Tiaffic Manager profiles * A BxpressRoute cireuits H *
Containers I 5 Network Watcher * 0 Network security groups : +*
Databases. H :
I @ Network security groups (dassic) * B Network interfaces H *
Analytics : :
i il s i [ public IP addresses * I8 public IP Prefies : PREVIEW
Interet of things B Reserved IP addresses (dassic) * ) Connections : *
Integration DB onpre MO ey . " Route tables H *
tdentity : H
: @4 Route filters * @ Applicaticn security groups H *
Security : :
E W DDos protection plans * o Firewalls é *
Migrate t @B Front Doors * LT service endpoint policies H oreview
Management + governance W vinuewans * H
Intune
Other
JS Lab
https://portal.azure.com
. 7S 2alec
. o = T —
*,
++» Google Cloud Platform
n vome
R Pins appear here NETWDRK'NG
O Memaysors
----------------- VPC network
B Neowok sarvices Network services
] Hybnc Connectivity
) Honwork Service Tiea Hybrid Connectivity
©  Newwork secury
Network Service Tiers ¥
& Mowtoring
4 b Network Security
e
1= Logomg
@ Eror Regorting
@ ot
(%) Container Registry
© Souree Reposteres
& Deployment Manager
enapams
JS Lab

https://console.cloud.google.com/home/dashboard?proj obust-fin-204013
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. 7148t 7 221 E

¢ I1BM Cloud

* IBM Cloud

wAE

Tt
\..

james@jslab.kr

- JS Lab
https://console.bluemix.net/catalog/
° = (o]
. 7tz 22t E
+* Naver Cloud Platform
F SO PLATFORM a3 434" 23" IMXFAQ MEY"  ojojsolx Q [ sz & coon |
. Compute Database

Ad]

Storage*

Networking Services

£ Load Balancer % ons Eg  Global internet Service [:::)
HIETPER w1 > Koaei w1 >
i CDN @ Global CDN @ IPsec VPN
HETER a3 > o1 >
I NAT Gateway %o Global Route Manager =,
Rasi =2 > el 22| >

resgeeteress e

https://www.ncloud.com/

JS Lab
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¢ Tencent Cloud

Explore our g

CDN & Acceleration
kE Content Delivery Network
etworking Dynamic Site Accelerator

irtual Private Cloud Global Application Accelerator Platform
loud Load Balance Global Content Delivery

irect Connect Secure Content Delivery Network

10Ud Connect Network — +*-r=3eresesessseessssscasscamscrassaenansscassanascas
Elastic Network Inferface i Explore Tencent Cloud Products

AT Gateway H

eering Connection H

low Logs H @ swrage (@) CON & Acceleration

nycast Internet Acceleration i

andwidth Package

Cloud Object Storage Content Delivery Network

JS Lab

https://intl.cloud.tencent.com/

JS Lab

https://www.whatmatrix.com/comparison/Virtualization
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AFS = o
. 7tz 7 22 E
% 2ot E MH|A 7|20 H85= OF7| =X H| il (Agility, Deployment,
Testability, Scalability, Performance, Simplicity)
< User Plane — Control Plane &£2| : SDN Architecture
\\\ﬁfcmleﬂure SOA p-service SBA Monolithic
;E Ciitarion \\\\\ architecture
é}' Agility Low High Medium Low
£
= Deployment Low High Medium Low
Testability Low High Medium Medium
Scalability Medium High Medium Low
Performance Low Medium Medium High
Simplicity Low Medium Medium High
- - - JS Lab
Cloud Native White Paper, 5G-PPP Software Network Working Group, https://5g-ppp.eu/

. 7143t 7 221 E

+» SBA (Service Based Architecture)
% 3GPPE E X Rel.150|A Control Plane0iA| HE3l= Ao 2 &9

;
I
|
I Nocf
.
k- I
g | Na
= |
@ |
2 I K Service Based
5 ) ububate Architecture (SBA)
[ LE }4 (RN  — J vF —w—{ DN
NEF Network Exposure Function AMF Access AMobaty Managament Funcbon
NRF Network Reposaory Functon SME Sesson Managemont Funcon
PCF Policy Control Functon UE User Equpment
UDM  Unified Data Management RAN  (Rado) Access Network
AF Appication Functon UPF User Prane Funcion
AUSF Authentication Server Funcson DN Data Network

JS Lab

35



james@jslab.kr

. 7148t 7 221 E

< 5G A0 Ql=zto| F2tRES}

= Public Cloud: 22 E2 0 | 7t Ql= 2} J[HE AH[A (R A{H|A)
= Telco Cloud: QIC{g0] Q1=at 7|8t S22 E MH|A (HE EE NS)
» Telco Cloud= StES0] Q=2 2 15

E [--- ]
- [--- ]
H o
E |‘=’|D D
OO O S - 0
: @ =
=0 | e
e s :
ERE BAES AAIZH RED|C|Of OfB2|H 0] M
" (@ AERY, D3 Y AR VRSE 93 BE)
JS Lab
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. 7143t 7 221 E

®,
0.0

SR MH| A AMAXI] 2ZE0] Fo|
+ JESE D[E] WEZE0|=E MH|A HFZ 7t LELAL
HZ=AFe| sDx £84 Ea

=2T L 2

e

—_—

7|E(S LA ofl) SZEH 0] Fof (MHI A AUX} off)

o

sun 28 Mz2
Vad s

I3 pSK=3

oy i Mg A

Months

HZ=A

>
r

JS Lab
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< QA AER0|M H|R: Edge vs Central Cloud

App2| £I%|

23 2E9
DS
232 E9
Y
WEETY

X

7184

Lo E2|H /X[0M STt M
H| A

o932 LU LEZLO|E

HImY 9IX|9F SEHE AL

= I

Zof ofelof& H| L

O £& 5 L5tH Ko7t &2 (Ol:
AWS, OpenStack, Azure &)

e geE 5Q3%H £ 7|5
=<
=17

JS Lab
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. 7Hagt 7 221 E

< HL|E{H H|: Edge vs Central Cloud

24+ Hjo|Ef
|

A
=3

WEET

M

ol A

[

e

=

M

Closed Loop
Control

HEYS o] 2AE 8 = E0f
AR TIE-T-}

Cr&et M= Are| X2 T4 &[0
2Rl #+=2LAPI £ HS

S8k AfH| A0 M2HS PEre
= A0l
=T AT

x| @10t 72l Foj 2 Retofo| 1
BlolM Azlol Fa oy

SYDBY EE AE =8

SERE AN =8I 2LEHE S

XS (ol AWS CloudWatch)

JS Lab

2020-01-25

37



. 7t&et 7 22l E

< C|O|E{ 22| H|1: Edge vs Central Cloud

T | ceom saise

o Faie

of

camuxa PC SUHHDBE 2sleo]  SQLDBSIH 20| BE B % R
EFAAXE 15t opeie off 9/
2oy DBEFEURE NEBHON Y HAZRMS7IEN 2AE o
= SHA| A=
x|z ols S 2249 5
= = 0 7F7710| & X XA
xNel  DBE ALBOLN Rel0 Appol 5 HPROLED IOl FIICHA AIE
8. x| 20| DB7} 22 =

Hio[E{ 0|58 &
=
=

ME|0f A= HIOIH
t7+87 2

JS Lab

. 7Hde2t 7 22 E

% Edge Cloud Computing?| Use Case 112{ A}2} (OpenStack)

- ©loE £33 2N
o KO

- B

* NFV (Network Function Virtualization)
. MAIZHHE]

+ =Y (Immersive)
- HEf/3ZE

- AE3

« ZEHO|HA|
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. 74zt 7 22t E

< 829F: Edge Cloud Computing?| 28 7|&

VM/ZAE| O] /W of o B 22| (7, AA&, &, Th7|, T{AIE, HLH2 S)
o|o|x| 2| (vM, ZAH|0[LH)

HES 2] (vm/AH o|He| Qlzet HA, ALBXIE @[ 2/F 9E)

2 EE|X| 22| (0 X| O E2|H 0| M2 fITt AE2|X| MH|A)

2| = (24 Qe E Tt 22X 2F AHI|o|A S )

WAN 4§ Al 2E2|X| X|H 12 (XA gr e/ EQ)

Ol X| ot Z3t (S2[2t We| S8 AO|E ZLIHY, HaA Xo ER)
RAAEYOM E (H2 AMO|EE2| &2, MO E2f219| T & “self
organizing edge”)

ol x| EH =2 2ot 2AAEZ0]Mo| HE{2o]d

S718H (Aol HAO| EHEE|= A na{st YO T4}

HEL A oiE[ MY o] (B AL 71 THEO| Ae)

of| x|l 2fo| = A0 & 2| =7 (XN PIZ ¥ AHEZ Q| ‘constraints

HY X', provisioning/scheduling of applications, L{i/2|5 O|H E 0| [tE Use
Case2t ‘45 112 THYA|)

. 9X #X| S

« HNeHE StESof Xpa 2] HAIEH dA

JS Lab
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. 714zt / 82t E
IvV. ZE|o| L4

V. LA AEY0|M
VI. 00| A 2 A{H| 2 OF7|E4 X
VIL.SDN/ZAH|o| ] HESH
VIIL.22I2E e=2E ¢t

o B

=2
«HdSux (Bk)
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“+Trends — App Dev / Infrastructure

+ Cloud-Native (public and private clouds)

« Containers

* Micro-service Architecture

james@jslab.kr

+|—-]1+]-
X=X+
+|—=]+]—-
X|=IX]=
Cloud-Native HEjo|1 MSA
(public and private clouds) (Micro-service Architecture)

Device-Native @ Telco Cloud

JS Lab

Iv. g 0| L

< Application Platform &%

. Hlofoy e
. T
. #E[o[L]
. MHa|A

james@jslab.kr

= O

Helol H| of o] B 7HSH M M2~

JS Lab
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Iv. Z4H|o| 4

g

% Device Mesh 2tZ4& /% Device Native 7|& R

P k2 W 0 ¥
QOO OO®

RIS
-0 0 000

2O 0909
= QOO O OO

il

JS Lab

Iv. Z4H|o|4

& 7R A3 HE0] L

/E \/ﬁ O

Atg o=z| AL Hlze|
9GB=4+2+3 9GB=4+2+3
| o 22| Hef o=z
6GB=2+2+2 6GB=2+2+2
Qp 1 App 2 App 3 e y Q’ 1 App 2 App 3 /

JS Lab
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< Fanless StE9| 0] (IoT Gateway)
% QEAA 7|5

[e] = i =3 L=
<+ SDN 7|2 ZEHIO| L] HIEYZ ALE (2137 4/MH|~ HiZ/=st HE- LIT)
loT Gateway 2 Z S|E¢|0] Z31Z H|u
1oT ltems Type 1 Type 2 Type 3 Type 4 Type 5 Type 6
Gateway CPU Type Celeron J1900 ARM v7 ARM v7 ARM v6 Atom Quark
Hardware # of CPU Cores 4 4 4 1 2 1
£ (Fanless) CPU Clock Speed 2GHz 1.2 GHz 900 MHz 700MHz 500 MHz 400 MHz
k] RAM 4GB 1GB 1GB 512 MB 1GB 256 MB
-
® Docker A& X| OK OK OK OK No No
E Docker Show OK OK OK No No No
i Container 2 MB 7+-& OK OK OK No No No
Container 784 MB L5 OK No No No No No
Container Cluster Manager OK OK (5 LH/W) No No No No
Agent for UCP Yes No No No No No
Alarm Yes Yes Yes Yes Yes N/A
sm Sensor / Actuator N/A OK OK OK OK OK
b Local Logger OK OK OK OK N/A N/A
ovs OK OK OK OK No No
PoE X| 2 (Het7] A8) No Yes(#2H7]) | Yes(#2t7]) [ Yes(H2H7]) No Ves (M2 o&
Wi-Fi X| & Yes Yes Yes Yes Yes Yes
Bluetooth Yes(52) Yes(L{ZEH) Yes(LHZE}) Yes(52) Yes(L{ZEH) N/A
Flow Agent Yes N/A N/A N/A N/A N/A
IDS Yes No No No No No
HOFMEYH IS Yes Yes(HAS) | Yes(HAS) N/A N/A N/A
JS Lab
Iv. ZIE{| 0| L
.
< Z7{(Docker) &?
+ “Company”
* “Product”
+ "Platform”
3 “CLI Tool”
8 + "“CLI Too
&
g + “Computer Program”
8,
JS Lab
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HH ol

<+ How it works?

REST Interface

namespaces
Namespaces

pid, net, ipc,
mnt, ufs

JS Lab

Helo| L

<ZHo|U & 2|54 22| 371X 24 7|85, 2|5
Zig| 0| (LXC)= 2008'A0]| chroot, cgroup, namespace% ZEstof

EOI
-CMmmﬂE%HH%SMwnE%ﬂ BEH ALES ol HUF
ZENATL AESHE RE CIMER|E 2 F CIMEZ| E2|Q children

CRE-E- N5

+ Namespace: 2002'd 5LE| 2|52 HHo|M AIE2 3o
H=E|7'||°|*1°| 29 280 M HEY, ALZXHID, ThUA| AH,
ZZMA ER S8 2"""517" E”s=E A2 68

— = A=
+ Cgroup: 20083 E 2|52 HE0M AL o0 cPy, M| 22|, C|A3
IO, ERA S2| Xta S 22l5tn Heha
< E#{(Docker)= ZHIO| MEHAIE CiZ2l oM 2ZEQOE
A3t 3= Union File System(UFS)E = &stn, ZH| 0| L{2|
OfZ2|#Hl0|d HES XI&=t

JS Lab
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Iv. ZdE|0| 4

< E7{ ZE 0| 2}0| = A}O|&: Build®t O|O| X|(Image)= Z4E|O| L
A A 97| HEC 2 AFESHH Z4H|O[L{0f| M Y d ot AS M
M2t E Y

‘ Created ‘

UnPause
,—{ Paused

Restart :
,—-{ Running };
Pause
‘ Stopped }‘W‘

| Killed

Kill

JS Lab
IV. Z1E{| 0] L]
< O|0|X|: =7{ ZAE|O|L2o| 7|Ht0|OH, HS HHT
< 0[O|X| |o]of
@ @ 7| 7}5%t Container At-&(Layer) @
é Mx| Z=H
SR a
) 2t a
PIP ¥ 0| a
Python / PIP A%| a
Alpine Linux H
Kernel a
JS Lab
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Iv. g 0| L

< O|O|X] "4°d: Buildet O| 0| X|(image)= UE|O|Lf 2 A| 37| L2
AHESHH ZH OO M d-ETt ASHM 227]2F 17| & MY

I E B9 o1 R UEE A ] EHo AE ww
' ] I | ]

1 FROM ubuntu:15.04 R
2RUN apt-getinstall

3 COPY ./app
4 RUN make /app

james@jslab.kr

Py / a

Hex o4 [

7~ LoIoIX| A (R/0)

N
ubuntu:15.04 J
A0l
SL-&2F 15.04 0|0]X|(0ll)
JS Lab
Iv. Zigo|
=7 HPo| clojoj1Y
o|o|x| @ commit T
(Image) eroat (Container)
run
%‘ * rmi °
H * tag :
* history :
build Dockerfile
push  version|
pull « info
* events
JS Lab
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Iv. Z4E| 0| L1

e T QT

@‘ manage
N g /

Image ~,

docker CLI

=27t SAE0M HE O E 4-d/E M(ship)/ & &(run)

container

A

- manage
’ Ssa
oNd
7 manage B
network volume

0
Docker Host

JS Lab

Iv. Z4E| 0| L1

93 EE22(Workflow)

IT 2G%}

7R}
BUILD SHIP RUN
T g, #a|, =
(Hgxiel YAE22Q) o o| x| WH/xT (Orchestration, Scale)
=H Ega @ =Hse = 5| | =g [
(Docker Toolbox) (Docker Hub) e ot E?.(ITuEtunt-)rE @
@» g B non £ #XAEE ucp
2 2 m = o o R (Universal Control
et Oecor 03ne) G (578 (Docker Trusted Registry ) @ nIvelglsaane)on ' H) @ ﬁ@

EH AT
{Docker Engine)

&8 8

AMEfA| (Ecosystem Plugins and Integrations)

l 2 —\
& ol =N (-
CI/ICD yeoz || =2 [pmomel| =z || eumm

JS Lab
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ke
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m
[El
(1]

to|=2| o E2|#H[0o|H S alHe

= =

"
q
lo
Hu
uju
'}
Ho
In
Lo_l-

O

O - Microservices
- Cloud-native Apps

james@jslab.kr

- Containerization

- 12-Factor App Principles
0]
- Monolithic Deployment
- Traditional Infrastructure

JS Lab

Iv. Z4E| 0| L1

o _9_Qf

=
3
® —
H Any OS (O|A4d: 2|52 /=2 /). AZEQO AS
2 \_ J
Ve N\
Anywhere (22| / 7t | 2212 £ ) - StESO A S
g J
Device Mesh
— N Y Y Y Y Y Y e [ mw | ae )
FECERET | s a8
M W(Eﬂéﬂ% st | RS ‘ 3 ‘ e | H3H ‘ 22 1 v b ‘ AL Are
L AL AL AL AL A N\ N\ N N /’
JS Lab
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. 7

II. ®Xj Telco &4
. 74zt / 2L E
IvV. HE|o| L

V. LA AEZO|M

V1. OFO| 3 2 AMH| A O}7|ElX
VIL.SDN/ZIE|O| ] Y EL|Z

¢ == SCALR

kubernetes

Halec olTglE Q|
VIlL.E2tRE QlZ2tS ffeh
% H =2
TS
0 Al A EH
SASUI (BE)
JS Lab
V. 2AAER0]MH
<« SERLE
T H | E| A (Kubernetes or mHEg/xatoldl 22t*ES
. Kesjel ZEO|i = X2 Sat | Cioeln 252 x|
8 | mm |; Srgefane of Slass S CojAf x| @ 2E Sateci} ofB2Aol
E I8 =k Ao ojE2Aoltm tojazN | MAH TR
2 B2 B HAEDOIY 7t
3
=
S| | e |- e aEEso Ny ofEalzo| 8t Bet2E &
= vt i B R T DR e 92 7AEDI0|E R
aE i g
HMTrorms RICHTSCALE L Ny
OPENSHIFT RANCHER . TERRAFORM
T ‘v CLOUDFQUNDRY

~ N\
]
) CLOUDIFY

JS Lab
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V. @A AERZO0|M

» QAIAEZ[ 0] 24: Docker Swarm Mode 0O (17.06)
% Docker= Swarmi} & KubernetesE X3 +8

AAEYO|M 24

Certificate Secrets
Authority Management

Service
Rollback

High
Availability
Scheduling

V. @A AEE0|M

< Overlay Network

JS Lab
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+ Distributed system scheduler in action

JS Lab

V. @A AEE0|M

“etcd service discovery setup is quite similar to the ZK setup
% The main difference is the usage of confd, which configures HAProxy,
rather than having you write your own script.

JS Lab
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V. @A AERZO0|M

= VM 7| ZEH|O| L O™ N : Pet 7| 2F 7tS
= VM 7| oI ZAE[O| L. H|Oj T & K| &
» QETAEI HOHE HEO|H 2&: 2AHA VM ERA| 2

Ironic
Instance

Ironic
Instance

Ironic
Magnum

VM 7| HE|o| L of7| =X VM 7|t HlojH[E ZEloj]  EAEND HIOHF HEO|L =&

JS Lab

V. @A AEE0|M

+ Kubernetes:

+ K8st= ¥R E Agnostic (Z1E| 0|, VM, Function)

+ K8si CHYSt 272| StESo| EHE X3

« K8st HEH MH|AE I8t Ho| o| St X2| F7Iet &
. K8st AI2 X8 xS 0|a; QIFtE ZaEo| HE

+ K8seE 4 7||'=*0| o 9 51x| & o] ate Eﬂu:lE-'IA
- 7|7| 2| 8 (PXE, DHCP, IPMI, TFTP, Discovery)

r|o
1
r|+x

-

B\
......

k>
L)

HIE

0:
o

JS Lab
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V. @A AEE0|M

>

<~ 2ZEQ0 Ho| 7|2 SDN/NFV 2 H
% Container 7|9t Cloud 7|& =¥ 7143}

ETSI NFV
Operators White  § ETSI NFV Arch ETSINFV Rel #1 PlugTest, Rel #3
Paper Spec (13 specs, 226 op & 5G White Paper
(13 operators) companies) ETSI OSM
i + OPNFV kick off ONAP
ETSI NFV Kick off OPNFV Arno-Rel | OPNFV B-Rel
Open-o 3GPP Rel 15

e
" oPney |
Em

FY12-13 FY15 FY16 FY17
JS Lab
V. LA AEH0|M
< A2 FETHZE Network Slicing2 {8t LA AER| 0| BLIE Y
% ONAP =2 H E 9| sDC/SO (7))
» Kubeless (Kubernetes-native serverless framework)
» Kata Containers (X4 2f VME 2|3} open source project)
ONAP ONAPZ 6712 7tHO 2 MZ 2 Release & E

Clustering - Kubernetes
Edge
Cloud POP

Kubless Platform

(w;
ﬁ ﬁ a Clustering Kubernetes

Edge platform Akraino Edge platform Akraino

ONAP (Open Network Automation Platform)  Service Design and Creation (SDC] Service Orchestrator (SO

2020-01-25
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V. LA AEH0|M

< ONAP Z2H E HAEQ AM23}= Rancher (0])

W Roncher x [ kpstel x | [ KoliCor % | & Promets % | 73 Gafns X | [ UsersBl X | @ TAAE x | @ mate? X | @ woke X | +
< C O A Foag| hies/192168.0.70:9443/, * W= @
v Workloads Apps  Res
= the system g W all Kuk  Rancher system namespaces. Changes made to resources in the system project may harm the cluster
8
s/} anage Catalogs aunc
g o Lo ]
o
E
£
tc-n/vg Up to date (1.0.5) e i L Up to date 010) Acdwve
A.
i Kubeflow ;
.! ! ard-d v Us te date 1.20) i nordpress Up 1o date 2190) Acth
s v & v
- — - - JS Lab
ONAP (Open Network Automation Platform)  Service Design and Creation (SDC] Service Orchestrator (SO)

V. A AER0|M

< OfX| 84S HIo|E{ ME| ¥°| Kubernetes X| ¥ 27 +8
% Open source project ‘K3s’ (0

= K8s 7| 7|52 {XI5H Production2 23l 3002t 291 HE AtK|E
HFO|L{2] 40 MBZ H| 22| 512 MB Al &

= Ynp| s, E2RE, AEZX| 52| 2 7|5 HA

= OlElal ARM A St=S0] X| 2 (x86_64, ARM64, and ARMv7)

= 67HE LHoll HA X[ & 0’8

= Docker= ME#2 2 MK (containerd F71)

james@jslab.kr

»  CHY &2 M| A0 £8HSl= K8s master, Kubelet, containerd
= SQLite £ etcd0 7}

JS Lab
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ola}

% CRI (Container Runtime Interface): Kubernetes(K8s)= £’ HE}Q]
22| FA5I5IH K8s 1.6(2017'F 3E) kubletOf|A| CRIE ™Al &
EI-)

< CRI 28 HEIY T2 HE (H{ = ¥ =T VIM/SHO| I HO| X /Hi| Of T &

Docker (CRI shim 2t0| 22| AL2)
dockershim

Rkt (CoreOSOi| A Tt
cri-o (272} Z+0| OCI Z#6t= OCI confirmed HEIY, K8s Z2ME)
frakti (5+0|HH}O| X & HEFY)

rktlet (rkt 71E| 0| ZHE}Q!)

virtlet VM(QCOW) ZE}+ ¢!
cri-containerd

james@jslab.kr

kubelet ' CRI shim Container
grpc client L runtime

V. A AER0|M

< K8s Clustert HHEQIZ HZA 23
% Open source project ‘Submariner’ (0f))

= FIEEEH(Cassandra)lt Z2 HA H|O|E{H|0| A 9| X|H 24
= 2 M3} EZ|0|A (Distributed Tracing)
» Service Mesh?| 2 AEE ZHo]| =l

james@jslab.kr

JS Lab

https://submariner.io/
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QAAEDO|M

X3

%

olx| 22t EHE
LA VM X8 7Hs8 70| Of7| =N
StarlingX(0il): OpenStack Foundation

saamessac
Kubernetes

System Pods @
) — | = .

Clients tiller kube-proxy kube-scheduler

X3

o

®,
0.0

‘ Jublet kubect! calico kube-dns  kube-controller-manager

HELM

docker registry etcd docker

STARLINGX
Starlin

Infrastructure Services

https://www.starlingx.io/ JS Lab
2 E 0]
V. A AER0M
< 2|52 XHTHe| o x| of7| X =2 E H|ot
a S =]
<+ SHAL 7|X|5 U 7|Y &8 API H|E S& AME ()
% Akraino Edge Stack: AT&T 2} Intel K| 2t
: - e e Akraino Chest
Declarative
Configuration
Akraino | | i
b ot AN TN SISO e | mimosbox |}
Edge Application and Lightweight Edge App Lifecycle |
1 Drchestration Orchestration Tools He -
e e e ETE Operations tools
NFV Orchestration NFV & Domain Specific
i Orchestrator ETE Security tools
aco
dge Platform Infra Orchestration
{ Software Storage Narad
| Network Control Plane (inventory)
Network Data Plane | —
:| ETE Testing Framework |
e | (infra, UCP, VNF, App) | H
Network Edge Cruiser Tricycle Unicycle g i
i BEEE = : PINC
- - i JiL_(w/w Orchestration) | |
Satollite Rover H
Customer Edge = = w Documentation H
/) AKRAING -
EDGE STACK Source: AT&T

- JS Lab
www.akraino.org
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< L S4AL5G AMH| 20 00|32 MH| 2 OF7 MM =Y &
< OMSA - ONAP Microservice Architecture (Ci)
(D@ @ Xl )

£ 1
g { = | AP teway ] Orchestration
= L)
9 I -
a S
g [ . Service Discovery ] _
<
_________ L e o o Governance
Configure
B If =
i i1 A ]
< > GRPC/protobuf
JAVA ADF
-------------- Monitorina
Async Message Bus e biln m
3 M e, &0 am W
a AKVM o]
o -
— - - - — PP—— JS Lab
Note: this diagram is a functional view of OMSA, which is not mapped to specific projects
2 Eg|0|
V. A AEZ0|M
. . -
% 5G Enterprise Business H3}
o .
< 7|¥E 218t 5G LAN (0ll: 5G 7|X|=, 5G Core, MEC MH X&)
ONAP ONAP
Management - Design Management - Runtime

5G
Application | | | |
4 Ecosystem

¥

o

s

| Macro Radio
& Small Cell
Antennas

/ 56

& ')) Base Stations
_a—
HHHHHEH

Front Haul

4)
)

[V
hj»

Disaggregated Core
UPF SMF UDM AUSF

Centralized — EMNEL
Cloud

UE/CPE N " pasaaaaas S IS

Back Haul

External Content

Mid Haul

Cloud

UPF — User Plane Function

SMF - Session Management Function

UDM - Unified Data Management Function
AUSF — Authentication Service Function

RU — Remote Radio Unit

DU — Distributed Unit (5G Base Unit)

CU-UP - Centralized User Plane

CU-CP — Centralized Control Plane (low and high)

TITHELINUX FOUNDATION ©WONAP

ONAP (Open Network Automation Platform)

JS Lab
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V. @A AEE0|M

< Telco® HE|MIC] 27 &2| & Tosca
% ONAP2| TOSCA Template (0il: Public Cloud, Private Cloud M-8 7}5)

mso_app vid_app
type:cloudify.onap.kubemetes.App type:cloudify.onap_kubemetes. App
message_router_app sdnc_app
type:cloudify.onap.kubemetes. App type:cloudify.onap.kubernetes. App
sdc_app portal_app
type:cloudify.onap.kubermetes.App type:cloudify.onap.kubermetes App
aai_app policy_app
type:cloudify.onap.kubemetes.App type:cloudify.onap.kubernetes.App
robot_app appc_app
MuDernetes manten type:cloudify.onap.kubernetes.App type:cloudify.onap.kubernetes. App

type:Kubernetes_master init_pod

WONAP

Db

Type: cloudify.kubernetes.resources.Pod

kubernetes_master_host
type:cloudify.openstack.nodes.Serve kubernetes_node_host
r type:cloudify.openstack.nodes.Server

ONAP-tosca-blueprint.yaml

JS Lab

V. @A AEE0|M

o BE|BEEN LELA

EAL

) OPEN-O Ce T
(Q_) CLOUDIFY &\

H
A

OASIS 9

Advancing open standards for the information society

loasisa Tosca

[

Topology and O ification for Cloud Applications (TOSCA)
ARIA
tmforum MEE | | .
Sy ) T
W Y% 1©eTF
JS Lab
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V. LA AEH0|M

< HE| 222 E 2AHAEY0]M .
M2 QEAA Cloudify 0)

HEZ TOSCA 7|8t GUI MH|A (TOscA EE

o}

| oesigner ] L
: SAE
a
~ CAITT——
ry (®) we: T
B i ,
E
|S90f
)

B s
RPN

TOSCA: OASIS open standards consortium (Topology and O

JS Lab

ion for Cloud

james@jslab.kr

V. A AER0|M

BEFE TOSCA 28 X8 2 EA A AR

=

LAHAAE
TOScA O E2|A|0| M ‘HH S
3. ClTools: 2AIAEZO|ME

N

OASIS 9

| TOSCA Spec
Definition

TOSCA Spec
Implementation

A ne

& Models

2|0]40| ToscAa =2l x| S

2|8t python 20| E2{Z|
218t spk

2%t Tosca HIE&!

) CLOUDIFY
2

Uses ARIA for TOSCA orchestration

31910 T2t - Telco 2B+ =9
End-to-End 27|12 E|0| 4

) orEN-O

Uses ARIA for TOSCA crchestration

AT&T2| ECOMP (Enhanced

| \ :.: ONAP Control, Orchestration,
\ \ Management & Policy)
| AN Uses ARIA for TOSCA orchestration
‘.l = A

\

X

A _é / Others

JS Lab
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V. @A AEE0|M

.
*

*

1. 22T

2. helloworld.yaml

HEZ TOSCA X £ ‘ARIA’ Hello World Gl (TOSCA/ARIA)

1. tosca_definitions_version: tosca_simple_yaml_1_0
2. node_types:
3. HelloWorld:
: 4. derived_from: tosca:WebApplication
Confi gure scripts/configure sh by oot
6. - host:
scripts/start. sh 7. # Override to allow for 0 occurrences
8. capability: tosca:Container
9. occurrences: [ 0, UNBOUNDED ]
scripts/stop.sh 10. topology_template:
11, inputs:
12. node_templates:
13. hello_world:
14. type: HelloWorld
15. capabilities:
16. app_endpoint:
17. properties:
18. protocol: http
19. port: 9090
20. interfaces:
Tosca. 21. Standard:
22. configure: scripts/configure.sh
NOdES. 23. start: scripts/start.sh
24, stop: scripts/stop.sh
web_server 25 ouputs
26.  port:
27.  type: integer
28. value: { get_property: [ hello_world, app_endpoint, port] }

https://github.com/apache/incubator-ariatosca/blob/master/examples/hello-world/hello-world.yam|

JS Lab

V. @A AEE0|M

 TOSCA X2| 2’8 (LELH df)

Committee Specification Draft 03 (17 March 2016)
+  E A7} IHA(TOSCA-Parser): Parser for TOSCA Simpl
+ S| EH T (Heat-Translator): An OpenStack project

*  TOSCA Simple Profile for Network Functions Virtualization (NFV) Version 1.0

e Profile in YAML
to map and translate non-Heat (e.g.

TOSCA) templates to Heat Orchestration Template (HOT)

translator

https://github.com/openstack/heat-

https: python.org/pypi/heat-translator \ . Mitaka wiTOSCA Parser

: « Tacker is an OpenStack project for
NFV Orchestration and VNF Management
1 using ETSI MANO Architecture

N ———

P— Map Generate
Template

Validation

tosca_dfinitions_verson:tosca_simple_yaml_1.0
ypes:

Weloworks:
dorived._from tosca:Webapplcation
requiremants:

+//github

Heat E
Orchestration NN .
Template

(HoT)

heat_template_version: 2016-04-08
description: >

https://pypi.python.

A Template is a yam file describing resources.
parser

and getting parameters in input

TOSCA YAML
b
i
b
i TOSCA
i Types
b
b
I
b
P Contiur:srpscontues.sh Validation
b bty
b prstetimird
P
il
I Meimeer
35 v et ropery heto_workd, s por])

parameters:
service_name:
type: string

resources:
b-1:

HOT YAML | 22 65 Nova:server

properties:

name: { get_param: service_name }

type: hitps:/git.tinetwork_template.yam!
properties:

CSAR (Cloud Service Archive) TOSCA (Topology and Orchestration

JS Lab

1 for Cloud Applications)
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++ Ansible Template (Playbook)

%

s ansible-playbook.yml

Use Ansible to provision -~ | —<
rest of network ) ) =

james@jslab.kr
(

JS Lab
2 Ego|d
V. A AEZ0|M
+»+ Operation for Ansible “ansible-playbook.yml”

cumulus@oob-mgmt-server:~/NetworkAutomation$ ansible-playbook.yml
PLAY RECAP ks kbbb s koo ko bbbk kbt sk bk koot ook ok ok
leafol : changed=7 unreachable=0 falled )
leafo@2 H changed=6 unreachable=0
leafo3 H changed=6 unreachable=0
leafo4 : changed=6 unreachable=0
serverodl : changed=1 unreachable=0
servero2 H changed=1 unreachable=0

£ servere3 : changed=1 unreachable=0

i serverod : changed=1 unreachable=0

é spine@l : changed=6 unreachable=0

2 spine@2 changed=6 unreachable= 0

E Wednesday 11 October 2017 19 42:59 +0000 (0:00:05.074)
reset : Clear config
Net 6 -- Deploy Configuration To All Leafs -
Net 6 -- Deploy Configuration to All Spines
reset : Restore NTP ----------------- ---
Restart Networking ------------------
Restart PTM Daemon to Apply new Topology.dot flle
Gathering Facts ---------------------
Gathering Facts -
Restart the netg-agent
reset : Copy the Default Interface Configuration in Place
Download the topology.dot file from the OOB-MGMT-SERVER
Gathering Facts ------------------
reset : Apply Default Interface Configuratioi
Copy Interfaces Configuration File -
Gathering Facts ----- --
cumulus@oob-mgmt-server:~/NetworkAutomatiol

JS Lab
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II. XY Telco &4
. 7tz / 2L E
IvV. HE|o| L

V. LAAEY0|M
VI.OIO| 3 2 MH|A Of7| &l K
VIL.SDN/ZAH|O| ] Y E{H
VIILEZIRE 2 =Z2lE ¢

£ B
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JS Lab

V1. O}0| 22 AMH| A O}F|El A

<+*What Are Microservices?

« Ofo|aZAMH|AZ OFF| B XO|X} AZEQ 0] X E 95t sfLte
WMoz OfEEZ|AH0|MS 4= SR XA 72 Y 24E &SI
OO A2 MH|AZF AZA (A Z Of: http, RESTFUL web service, MM X|7/)

« BE 9AE sLte| o E2|FA 0] Mof H5t= HEXQ
2522 A (Monolithic) M2 WAl Cf4l O0| I 2 MH[ AN M= ZE
247t 22|k|n ASE|0 SYSHEHATE bt 0|28t ZHZfe 4 24
g T2 A7 OFO|I2AMH|A

[ Load Balancer | [ Load Balancer |

‘ Load Balancer ‘ ':H:' ':H:' =
+=|[+=]+=
X || == | X+ x| [X it
X

- - - - - - JS Lab
Kocher, Parminder Singh. Microservices and Containers. Pearson Education

james@jslab.kr

Load Balancer | [ Load Balancer |
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VI. O}O| A2 AH|A OFF|EA

+x2| of Z2|A|0ld ot7 | X =X ()

+ 40'F o| Ao 7juxt

- SEYHAEX

+ 100,000 O| 2| A%}

+ 100.000 2}Q! o[l AE

| AR S71E 218 EEH (Scalibility)

=
olr
—

=
olr
N

[ BE xYo| X SHAZE I3t 45 (Performance)

X 25E I8 8|83t XH@l (Maintenance)

754 | |

=
ojr
w

| et F 8ol £E (Agility)

]

A A A 4
J

7Isn — DB =
- [ @222 82 A189] % (Technology Freedom)
JS Lab
VI. O}O| A 2 AMH| A O} 7| Bl X
e

3 oo
&
£
= iy

>3

oF

=

ao

Kr
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VI. O}O| A2 AH|A OFF|EA

< MSA(Micro Service Architecture)E ME§St 0|2 (SK Planet 0f])
Frontenglgla(:kend > 3| At9| Engineer Tech Tree2t 7|3}
AL 0| HX| 1 o L1 L Al ot
Eyol o >|  ZEo| g FolM Tl Al mepsEs
S
3
é El MA| 2| Project > Working Group'# Product
H
A& ZHAH SY API| 7|8t9| Contract 2| & ZH|=}
ME22 7|20 tfst Micro-Service Tt 2 7310] At £0f
e (012 7122 AFZSHE Polyglot)
KA Al SEAF Ol _
Lt b s|  Micro-Service E91| XALE, Ko 22 BlHES
S| AF Ol 2to] SiEHs] On-Premise Cloud, CI2F HA| &l Hi & XtF2}(Jarvis),
oo RER 2= Docker?t 22 Container 7| &1t S A|
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VI. O}O| A 2 AMH| A O} 7| Bl X
SO0 ZMH| A H$ A| 7} 7]5 23
« HELUA 7|58 flet MH|2 HEA
« ARHEQUE and/or MH|A2| BE HE
- HESI| S
- A5 HMS QT MH[A EHE @4 wH| (Z2I 0], HO|HH0|A &
- ¥Hox| g2 =F 25 ClUCD
« ZAX|LoY B2 H[ =LA G| o[5St n MAS A F
00| AZMH| A TEH A ZZ| Z3l0| tHIlQL 2F Z2 A HI}
= = MH|A MH|A
51 = Ts2 L = O
AH|A AH|A
Ass || 2ss | ) (M3 40 O
l\/l\ -
7l n N AMH|= W
° DB n Database
N
JS Lab
CI/CD (Continuous integration and Continuous delivery)
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VI. O}0| 22 A{H| A O}7|El A

<+ gRPC A8 OIO|3 2 AMH|A

+ gRPC is faster than REST. gRPC uses HTTP2 by default

+ 9gRPC defines relationship between client and server and enforces
strict rules of communication between them. (In REST calls, the
request and response are totally de-coupled)

+ 9gRPC supports useful additions like standard error responses and
meta data.

Polyglot Microservices Architecture

JS Lab

VI. O}O]| 22 MH| A O}F|EA]

00| L2 MH| 20| B

« Ekad(Simplicity)
234 (Scalability)

+ H£(Continuous delivery)
- 2 oFEMduG B2 Ay
< Foj =l

- GO0 22|} Z4t3t

. Crrgth MY
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VI. O}O| 22 MH| A OFF|EX

R EER T EN-EIE

- EBEw#Yo BH4Y
+ Latency &7}

. 20| 21y

. HH Hof

JS Lab

V. O}0| 2 2 A{H| A O}7|ElA]

< Z X 9| Learning Curve
« Ehd Oro| 3 2 MH|A (Standalone Microservice) (0] 2R A|
« WETHOEHOR AZto] Ho| Hestn AES| FHO| ZopH M
o SHIIX| A2 0 E2|7|0]4d Folf Al
»OfO| A2 MH|A HE A 7} 7|5 13
« HZ=ELA 7|5S I8t Mu|& AZF
« ABHCHE gpdfor A|H|AS| BE M2

< ZFAXILIOY B2 HI=L| A EHe| ofslistn MYAS &7
+OFO| A2 MH| A ek A =X Z310| Halet 2F ZENA Hel

[EAE (e | [ 24 ([FrE=2a]

[ (cedBalancer |
IIIIIIIIIIIIIII IEEER
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VI. O}O| A2 AH|A OFF|EA

SRR
- 7|E 220|UE HE XY
« Fojj 12 (HHEHSt error code Hd F)
o BUEY (718’40|Lt 2LAIAER0|M 58 X| A5l ETFALE)
- 7

JS Lab
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VI. O}O| 2 AMH| A O}7| &l A

«+Discovery Service

+ Client= 7| &M= 1702 monolithic app2 Sl 2Lt MSANIM = S Ao

o{2{ 72| MH|AE S =6l oF &
+ Client= MH|AE2| 2| X|E 20}of & (Host/IP/Port &)
+ Client7} Of0| A2 MH|A S EA| H|Z8l= entry point A7t /X &

SIE3 E(Hard code)2CH= Rt AHo 2 A 2| 2|X|S M| SdHof

x D s x| @ Vi x4 Pemsv x M onhe x | D) G x | Q A8= x | @ omemd x | @ wstem x|+ LI

€ 9 C 0 A TURE hipr19216807054 . « A{z 0 O

S
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Ofo| L2 MH| A OF7| K]

APl Gateway

. BE $Z0j| 3t 1712 entry point7t 28

TR

- Ofo|3 2 MH|A HshZAET2/F7HHAH 84
- Client2} ApplicationAl0|2| &= ChaslE S84 S

i « C O A =2 SH | eres/192 168D P0S4455E s . . be-ty Fube * s O @
%’ © kubernetes Q seath +au | A
5
‘;afnl e =
=E = 12
IAAEE 4B
5 @ o o 248
ELES T ® - ",
::—V T @ w ety
L ETE
® i :
JS Lab
E
Ojo|A 2 A{H|A O}7|ElH
< Service registry
+ APl Gateway= 2. MH[A0]| C{SHIP =LA E Yolof stH 0|2 DB 28
+ Registry HIO|E{2Q] QHHMH 2 2|8l LEAA A2 (ConsulO| Lt SkyDNS)
) ) A 17247010
z g“"{ Reglstry Service B 17247.011
5 S L % X
® : NN NN AN 180,
g 2|%| 9_55; \\\ \\-?-IX\I %\E:(Rggistry)\\ \\\2 1721802

AP| Gatewa:
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S 2 MM FEIHA| Service registry
+ API Gateway= 2 E MH| A0 CHSHIP FAE Yolof 5t0{ 0|2 DB R
+ Registry HIO|E{2| QHHHZ 2|6} LEAA ALZ(ConsulO| Lt SkyDNS)

A 172.17.0,10

B 172.17.0.11

>{ Registry Service

> > 13 » L3 L3 i
\ \

N, \ N \ \

\ \ \ N

; LN oy e . \
A 24! \ \\-r| 7€\|\ o%(Ré\‘glstry\)‘\ S

2 172.18.0.2

\ \ \ \, \ \

Load Balancer
API Gatewa:

Load Balancer

JS Lab
VI. O}O| A 2 AMH| A O} 7| Bl X
<0032 MH|A 7|E=2] O3 &
+ MH|AC|AZ{H 2| (Service Discovery)
« 29| Bt (100s+ of Services 1)
. EAME| A|AE
- MH|2 o=y
g - MH| 2 O} (service fan-out)
- — AMH|A | E/ o] BEF (dependency services running “hot”)
- Edjoia} Mu|AE 23} XE|
o MH|2o| S ME) =l / Hof X}E 57
* Auto-Scale
JS Lab
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VL.

Ofo] A2 MH|A Of7| &K

+Hg 7lE M

* Independency
* Source Control
* Environment

« Failsafe

* Reuse

* Tagging

29 7la MYy

« BLEF: QzZao| RE 245 HLESIH 20| [+ HEC} O] % HH

T HH
(23 22| 0fl: SplunkLt EFK or ELK ‘Elasticsearch, Logstash, Kibana’)
+ RC)MHE SHY: =5 L= K53t
+ APl =&: Netflix2| 2% Zuul LEL2E J7Y
- A2l H|0|#{ Circuit Breaker): 2 A|H|A0| CYs 2B EES
27510 ol E =HolsiH, S5 oA £ MH|AE XFThBreak the
circuit) &
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VI.

NEER LB HEE:

oM

S At

- OforE

¢ Netflix

. o015t WHIE (W22l 21F) Spring Cloud zuul H&

+ 117} Spring Cloud M &

+ SK C&C C-NAPS Y E JLT7IX| 242 o E2|H|0[ o Al

+»OL0| A2 AMH|A At

http://channy.creation.net/articles/microservices-by-james lewes-
martin fowler (OHE! IH22{2| OF0|3 2 AMH|A HO|)
https://www.youtube.com/watch?v=0czG5FQlcXw (SIEZ2lA
ofo|3 2 MH|A 710|E - ZE2| X[ g
http://woowabros.github.io/r&d/2017/06/13/apigateway.html (O}t
M E spring cloud zuul H27|)
https://www.popit.kr/why-microservice/ (OI0]3 2 AMH|A QS| FEHH)
https://blog.skcc.com/3306 (SK C&C C-NAPS)
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+ FE|0|L 7|4k 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

g SOA (Service Oriented Architecture) MSA (Micro Service Architecture) CNA (Clcid Native Arc_hitecture)
'—%- Service Service s'::irge :"-E‘_I_‘g"i
Service Service ‘_|_’ -- %-E gj“
i
4.{ Kubernetes/Service mesh }0—-
JS Lab
21}
. e
1. #%f Telco A
. 7Hd2l 7 28t E
5 Iv. ZE| oL
V. LA AEY0|M
£
: VI. OFO| 2 2 A{H| A O}7|Ell A
VII.SDN/ZIE| 0| HE{Z
VIR E =25 fet
L
SHE
SHTUN (Bk)
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+ Open Source and Software Defined Networking Landscape

& 252 gk U/lel Kes £ HEYZ ZRHE 571 5

Application Layer / App Server Product, Services & Workloads { LOUC FQUNDRV] Standards

= 0 mf
[ s || @R Acumos 2nm
O, ; E
: L o etvon
NIST

- Network Data Analytics

Orchestration, Management, Policy

o=
=&
=1
=
=
=5
ey

Cloud & Virtual Management

Network Control
-

Software

f A

OPNFV System Integration & Test Automation

Infrastnucture

10 Abstraction & Data Path

Disaggregated Hardware C1/Co

https://www.linuxfoundation.org/projects/networking/

JS Lab

VII.SDN/ZiH|O|{ Y E{Z

<+ 7|1E S ZH| M =Aret @Eo| 2ot Bal2 EE(Brownfield) M &

= Zgo|Y, 7t Al(VM), E2|H A (BareMetal) 28 &7 F43} (Intent)
= VNF(Virtual Network Functions), CNF(Container NF), PNF(Physical NF)
= HIZ=ALEFA (0): K8s 2| 7|%H2] SDN H[07], LEAER, &7 ALE

kubernetes
|

- lumina

NFVi, VIM
& cocter  JKVM n

@ | }
Kuryr |!| Container |:: M

((( ))) CNI : ' : Intent
- CNF ' VNF ' Service
— | . . |
PNF PNF : — [ Path

https://www.luminanetworks.com/neglected-5g-factors-how-sdn-will-enable-brownfield-deployments/
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+ M4 HE{I 22 (VNQ)

« VNC HE Mg QI X (4 DY H|Of
o X Hefu 22Y 23d H3

Al A /_T'_I-E|)

iz
0.
0

SDN Controller Rest API SDN Controller

1. Get Topology 2. Response Topology 6. Flow Mapping Information

Network Creating VNC Platf
Cloning Topology DB Address atform

Openstack APIs

james@jslab.kr

Docker APIs
4. IP/Service Address Allocation

Neutron Plugin

CNM Plugin

JS Lab
VIL.SDN/ZAH|O|{ Y E L&
< TelcoE #1ot K8s2| HO{E2{Q! 7|s HY=
» Telco2| SDN 2EH 2 2|5t K8s X EH (Of))
» K8st I1I017I:;2I HHi X HA 27 =8 HR (DC or UP)
10.20.0.0/24 untagged (Management) Telco°| SDN & H% |6|;|- K8s XH E—|H I‘“ZF—M' I‘"—CT,'— (0:”)

10.20.1.0/24 vian=10 (Tenant) -
10.20.2.0/24 vian=20 (Storage) I ——————H—§|
10.20.3.0/24 vlan=30 (Public)

SY MKLC)'@

james@jslab.kr

Deployer Node (Maas & ODL) Kubernetes-Master

- 110.11.0.1)
® maas
Bonad

Bona1
16.20.6.004 10.20.1.024-10.20.2.004-10.20.3.024

Bonde Bond1
10.30.0.024 10.20.1,0/24:10.20.2.024.10.20. 3024

10.20.3.1

GWi/User
10.20.0.1

Kubernetes-Worker Node 1 Kubernetes-Worker Node 2
[mm)w P (101”1) | 10203024 P» —¢ (10"21) _]
‘brext ctsl OOL pachpet loraen Cort- be-ext ctrt OOL. ‘paich-prt et Cork:

Bona ‘Bond
10200024 1028.1026.1020.2624-1820.3024 19200024 1020102410202 0241020302
JS Lab
https://blog.symkloud.com/adapting-kubernetes-to-the-sdn-stack-for-telco
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+* IBN (Intent-Based Networking)
1. SDN &% 7i1ds ¢
2. MY Hg 73}
3. “Intent” enables the expression of both business purpose and
network context through abstractions

£
-3
©
£,
®
8
=
=
Source: Cisco
Wips v sdcentral Tased-metworking vendors-debat JS Lab
S o " o QBI0V0 Y2z QICClICED
E 2|7l
VIL.SDN/H| 0| Y ESZ
*, . .
% Cisco2| IBN (Intent-Based Networking)
Networking comparison
SOFTWARE-DEFINED INTENT-BASED
Input intent
" Translate to policy
=
-
= Check integrity
®
8
£
=,
Orchestrate policies
Automate network configurations
ASSURANCE
e CENTRALIZED CENTRALIZED
Visibility (nouA:m (WITH BROADEHI CONTEXT)
Insights (context + policy) [
Continuous verification [ ]
Corrective actions L]
https://blogs.cisco.com/analytics-automation/why-is-intent-based-networking-good-news-for-software-defined-networking JS Lab

2020-01-25

73



james@jslab.kr

VII.SDN/ZAg| 0| Y E A

< Container Networking & - CNM / CNI / Gossip

+ Container Network Model (CNM): Docker0f| A &| 9, libnetworkOfl A AF-2 3}
Cisco Contiv, Kuryr, OVN, Project Calico, VMware, VwaveO|A| AL-&

« Container Network Interface (CNI): CoreOSOf| Al K| 2F, K8s, Kurma, rkt,
Apache Mesos, Cloud Foundry, Cisco Contiv, Project Calico, Weave, Docker

+ Gossip: P2P, HE
HE & gossiped, X| 43t 0|2

=

A3 F7|et FUSHH S5, L e 25T 20
S CHE =20 2

Master (Manager)\

Gossip

Host

| CNI

W @ M

JS Lab
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s B0 Y E

£/&(Container Networking) &

+ None: SAEZIHZA QS

« HEIX|(Bridge): L2 E

=2 HAT
2% 8

« HY|0|(Overlay): E{'2E Al

« | 0|(Underlay): ?:“‘:ﬂol HE 2

AL

SHO|Z SAE 7HY =93
2| Qlefmlo| 20| XY A

Docker (l) m- 22 0]

HE| SAE A
Muj2 wz
(Service
Discovery)

ZEWAM
IP Addressing
A3t

A

-Li& 22 vip 7|4t
L& 22 DNS 7|¢g
-o|% eted o4
|01 S LY FAKA
-eHo|g 22 el

Yes, 14

AT 1.1201¢ 2efAH 28
(Swarm)Z =

No (native support)

SAE HEYA MO 2Z SD

L& 2% DNS 7|¢t
ZHO|H & L5 FAHA
ARG 22 He

No

No (native support)

sAE HEYA Ao 22 SD

L& 2% DNS 7|¢t

22| HESA 82 ZHo|HE
Q5 T2 HA
No

SAE Ol HO|A0
Promiscuous mode 28
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SEAYEYYL 252 HEYY

HEL3
c2to|

User Space
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' Linux Bridge, OVS, net namespacq", VXLAN, iptables, veth,
=2 0

TCP/P.

JS Lab
IPAM: IP Address Management
EQ|Zl
VIL.SDN/ZH|O|H{ Y EHZ
% O Hl H =
< SO Y| (High-level) 7|5
Namespace IprocOl Al TR M A =F 2h2|2] AH| 0| HERY
Linux Bridge HEM L0 Ar83H= L2/MACE A4 BH= 291K]
Open vSwitch Z2W 7hsstn HEd S X fsths 7HAdet 2RIX| (SDN 22X
NAT HEA FA B3} IP address + Ports (Types: SNAT, DNAT)
2 iptables 78 o] MM AT o2 AN S, Wate NATES 2|8
s
é Unix domain sockets A SAE L S41 7|59 File descriptor, FIFO ItO| =2 S&t
=
3
E AHela 45S YA ojshe ofZ2|AH ol M=l
User-space vs Kernel-space . Z1E{| 0| L (Container) 0§ 2 2| 7| 0| M (applications)2 user-space Of| A &1
. HE3 HE2 kemel spaceOi| Al &l a
i Unix-domain E ‘\‘ i i
ISP ALy L - I sAE
sockets | Open vSwitch | | Docker0 | i L-HEE_-C,’-.]_EL
! 8y oz
ZE ojy i
SAE (Host) (Mapping) 1
H
i i
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» EEZX]
< 2¥(Swarm) Manager = 37l or 57l or 7705 B
A% HjLIxZIS S| SAI2 B4 HE(Quorum) Tt

Raft consensus group

Swarm: active

NodelD: kj4I7bnzmr8yphsmin33zs7a8
Is Manager: true

ClusterID: tzzk07zwhg8axvOjayf2u58yd
Managers: 3

ServiceA.com

ServiceB.com

" ‘ - Nodes: 8
= > Orchestration:
K . Task History Retention Limit: 5
2 Raft:
gl) gRPC Snapshot Interval: 10000
E Number of Old Snapshots to Retain: 0
S, Heartbeat Tick: 1
Election Tick: 3
[ vorer | N voser [ woser | voer | worer [ voner [ -
g Heartbeat Period: 5 seconds
Gossip network CA Configuration:
Expiry Duration: 3 months
External CAs:
« /var/lib/docker/swarm/docker.state.json cfssl: https://192.168.99.131:12381/api/v1/cfssl/sign
192.168.99.129:12381/api/v1/cfssl/sign
" mym SEFFA . //192.168.99.130:12381/api/v1/cfssl/
{"LocalAddr": " RemoteAddr":"192.168.99.118:2377","ListenAddr":"0.0.0.0: Node Addrece: 192.168.9.129 Sol/api/vi/cissi/sign
2377","AdvertiseAddr":""} Manager Addresse
« /var/lib/docker/swarm/state.json 192.168.99.129:2377
192.168.99.130:2377
[{"node_id":"9cSeqant0s2w7arlfk47tkxm0","addr":"192.168.99.118:2377"}, 192.168.99.131:2377
{"node_i bexym9a2cxbd60ow40xibycw5","addr":"192.168.99.115:2377"},
{"node_id":"cviejn6myjln6sdyswawg59rn", "addr":"192.168.99.119:2377"}] ‘docker info’2| swarm &2 EA|(0])
JS Lab
E 2|7l
VIL.SDN/ZH|O|H{ Y EHZ
o Al : . O E|l2 O|3 o A .
< 2} 28 04 (Routing mesh): 0| X| 2t &S 2+ LHE 22 & M2 (routing
A
Mesh)Ol A 2 & Q|7 = = (Worker Node)7} Q1 23|~ 22 & M 4|(Ingress
. =t rul it . AL o
Routing Mesh)0f| 2013}0] S 71l = E(Published Port)2| & @8 S
AQE it 3LO O ASHS = H =o
T80t ZE BiSt2 YA EO|M ottt R 2EMAY ijHLHE2
=] olg i S [
QI 2K SLSHH ALE (http/https ZEHS 29| X|H 7Hs)
DNs £ AL83tE Edf Y|
= port 80 S A2 38HE http
= Hac
o
S o 2E
b
£
=,

ServiceC.com

Worker Worker Worker
R R

@ @t |
Task 1 Task 2 Task 3 Task 1
ServiceA ServiceB ServiceC ServiceC ServiceA
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+»+ Performance of Container Networking Technologies
¢ Linux Bridge, MACVLAN, OVS, Native host

Latency dominates

ol
o=
i

Crrc E——T = Same ruma no3s

request/response speed. core-binding setti

CHC single flow throughput with

terartrumancies  © o Bnaing Zame noma nade

CHHC single flow throughput

ngs. with core-binding settings.

HotConNet’17, August 25, 2017, Los Angeles, CA, USA

JS Lab
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% 5G Enabling Technologies:

CUPS (NIO{/AHE X )2l £2])
Cloud Scale (222 E A7)

MEC (2H}Y O X] AFE)

Network Slicing (H|E®|3 £2}0[4))

-

CUPS : Control/User Plane Separation N\ f Cloud Scale Networking with Cloud RAN / SD-WAN \
- Charging and Palicy WAN
= vCore = Authentication and Security Cortraller
= User plane - Lega Intercept e S
] ;

T
& VvCore

Enterprise
User piane ) \

: .
H 1
o8 Cava e P D octms—e—:

&

ore

Mobile network to scale with video using MEC \ '

Network Slicing

— [ Enterprisetor |
B B e (), 000 o
i | _ L - ~ S |
0 (D o Cpe— oo camCae aw
C-RAN
_» “MBe Core |
MEC [T @8 panages U @ —————
RS VAN J
JS Lab
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% 5G| 2ZEQ|o| HYeo| M 23

RAN
Architecture

\
RDRANT S,

\
Virtualized RAN ,\
I
Open Interface
1Gbps~20Gbps

Services Smartphone Virtual Experler_\ce
IoT Smart Machine

(20{10~)

james@jslab.kr

|
SK’Bt;!(\ com

JS Lab
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o< nkl EAIQ' A I E°_||0-| I-Iglil.

*

l“ mm i

& (Transport) v
'—1|5°13(Network) v N
2l 3 (Data Link) «I
EE| Phy3|cal)

0%

st

2 2 2 2

x
X

1X X X X

james@jslab.kr

v

-

Koax Feeder

Optfibre

DC 48V

Bs
GSM 900

006 WSO

RRH& Active Antenna

1
I
1
1
1
1
1
1
L}
1
1
1
1
1
1
1
1
I
1
1
1
1
1
I
1
Makro BS Radio Server 2 Bands 4x4 MIMO

Wirva K " Multiband Active Antonna
st e x4, 6x8 MIMO

SDR Forum: http://www.sdrforum.org = http://www.wirelessinnovation.org,
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.-.

% Telecom 72| SDN 14 : HPEQ| £ (Radio) Y HA|

User Traffic Legacy EPC SDN EPC user-plane SDN EPC/MEC user-plane
— stMME and Service Function Chaining and SFC
egﬁwum
<+ Openflow Apps Apps Apps
= -] Service ] ¥ Service
& o ! ¥ Amie WooLeme Eyncion
) ¥ SEW
E o ¢ User Plane Ahchor iu,u Plane Anthor
8 SON oy | sON Swich T SHp—
Backhaul ‘ b
-I FSenam
Chami
S1MME\ [S1U s1-U | | Aops
Edge ne Andhor
SDA Switch
ContexNet
A Y 7D
Entarpnse A A st reass s
EPC(Evolved Packet Core) JS Lab
E 2|7l
VIL.SDN/ZH|O|H{ Y EHZ
o o =HZl S 9|3 2 L=
< XE92t Af HE2Y S 2t 715 715 WZE PaaS (or K8s)
i A ra |
. BWSY I7 7Y 271 XA T=F (Public Cloud XS 0f)
- S ZEEE X X3} Site 715 7|5 IS
i K=2e] =2 [=]
o QUE{ZEI0|= A|ZHE 2|t M| ZALQ| Hybrid Cloud £28M 28
=1k L 2 71T b
o AlYa A E X HZE M| e B2 7He| 7% 7| s 2ot ER
=
-
=
= X9t ds HEYS fI% 7t 715 WE Public Cloud HlS (Tencent Cloud Of)
E Dalas| SanJose| Toronto| Washington| Amsterdam| Frankfurt| London| Chennai| HongKong| Singapore| Sydney| Tokyo| SaoPaulo| Shanghai| Beijing| Guln-gdmu
.3 Dalas| 36| 31 31 109/ 122 108| 245 182| 214 167| 133 143 156/ 176 192
sanJose] 36 56 59 137 144 133 209 142 166) 145, 97 178 ug{ 120[ 154
Toronto| 31 56} ﬁr 8| 92 82 17| 209) 240 192| 133 127 176 196) 28
i 32 59| 22 r 80| 87 73 7| 215) 246 197| 136| 116/ 179 199 25
109 137 90 80| 8| 147 204 163 254 258 182 234 251 216
Frankfurt]  123] 145 92 -y 138 160| 186 281 223 193] 201 210) 170
London| 108 133 82 73 126 199 159 263 211 183} 229] Mr 209
Chennai[  245] 209 219| 216| 144 146 | 136 66| 33 127 105 511 96| 111 76
HongKong| 182 144 208] 215 206 | 160 195 66| 34) 114 47| 328] 30, 45 10
S 214] 165 240} 24| 160| 186 162 33 34 96| 76} 359] 2] 79| a
167] 145| 192] 197 268 279 259 127 114 96| 113) 309] 144 159 124
T 129 98| 133 136] 253] 223] 211 105] 50 79 113] 276 80 92| 57
Sao Paulo[ 142 175 127 116] 182/ 192| 182| 312| 328] 359 309 276) 298 313 338
Shanghai[ 156! 120] 176} 179 236| 201 229 96| 30| 64 144 77 298] 30 30
Bevi 176} 140 196} 195 251 210 244 111 79| 159 92} 318} 30 40
Guangzhou[  192| 154 218] 225 216| 170| 209 76| 10 44) 124 57| 338] 30; 40]
Seoul| 163 127 180 185 264 270/ 259 98 36 63 143 31 303 &6 76| 46
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VIL.EZIRE Q=2 22| =4
+«+Tool Deployment
« SAE L AX| (On The Host)
- ZE o[ L} AX| (In Container)
« £ ™& He 0| (“Sidecar” Container)
% de:s | |openjdicg| |ubuntuxenia record .:, SELA
£ " i
= I
Kernel | |
i perf_events ] User =
On The Host node:6 | |openidk8| |ubuntuixenial 'a?;r:;:':;'a,'a S
de:6. jdk:8 ‘: ubuntu:xenial ; I pol-ont; I
o A si “Sidecar” Container
S I
l perf_events |
In Container
JS Lab
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- HEHo|et oo RAIAER 0]ME E&THE B4 MEIA AE

5
g
£
Distributed Services (Containers)
Compute (BareMetal/VM)
Network (Underlay/Overlay)
JS Lab
= orC O|lxx N
VIIL.E2IRE Q=2 2| =4
“HOM A @ 4
« ZF7} 13 : Images, Builds, Registry, Container Host, CI/CD
e S s S ——— '
1 py _ "
" ]
s o () Mg W % :
= 1 mf! \
® IO H x @ m - 4 ]
E : - Container .
= 1 Images Builds Registry host clicb 2
-------------------------------------------- I
Network Monitoring & API & Platform
Federated
isolation Logging Storage access :Iuirt:rz
JS Lab
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% Service Mesh 22| (0ll: Sidecar Design Pattern 7|2t Zt2])
Customer Microservice Order Microservice
Ul Layer Ul Layer
Web Services Web Services
Application Localhost calls Application Localhost calls
http:/flocahost/apiforder/ http://localhost/api/payment/
= | Network Stack = Network Stack
¢ m g
13l 1B SD : S 18 sD|
- e
L # Router & % # Router & y
o i
e ———— . e ey
Service Mesh Control Plane "‘:“l‘i's" Df;;":w I
Circuit Breaker(CB), Load Balancer(LB), Service Discovery(SD) J5 Lab

2020-01-25

82



E 1 Load Balancer
Iyl

LI Gateway Destination

pr f 3\ Rule
‘_w I /Ui User X = Canary ‘
. 10% = Canary |
AP | 0% = Stable.
¢ i1 - !
1 2 1 —
“_7 .| Jproductms | [ Destination : 1 !
1 Rule Service ~ ! i
= Jauth - \ Product Pod |
| k Internal Service Call '
.

, |\ forder tosdpalancers | Kube NS _________

~ | \
] -
‘ 1 VII"EUE-]| Service ) ]

- ) |

. (e |

Service ™\ | |

@ Kubernetes A isio Oects - T

m Objects e -

D Istio Sidecar - Envoy Deployment / Replica/Pod Nodes

JS Lab

Circuit Breaker(CB), Load Balancer(LB), Service Discovery(SD)

h

VIILEEIE =2} ga| =3

« SDS (Software-Defined Storage)

« HCI (Hyper Converged Infrastructure) is a SDS architecture that
combines the compute, storage, and networking functions.
(all-in-one product)

s &

N Networking T

’ ¥ N

o WE-

WO < <

NP LAY N
il

- N

Storage & Compute Block

— ~ I ——
v

JS Lab

ttps://www.sdxcentral.com/data-center/hyperconverged/definitions/hci-mec/?c_action=related_articles
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% Ol: Loosely-Coupled Microservice Platform Architecture

EDGEXFOUNDRY

Platform Architecture

[l

N ——
= BE B

REPLACEABLE REFERENCE SERVICES

NORTHBOUND" INFRASTRUCTURE AND APPLICATIONS
LOOSELY-COUPLED MICROSERVICES FRAMEWORK CHOICE OF ONTAINER DEPLOYMENT REMOTE/
PROTOCOL
APPLICATION/EXPORT SERVICES
REVERSE
PROXY CLIENT REGISTRATION DISTRIBUTION ADDITIONAL SERVICES
€ SUPPORTING SERVICES
g
z ALERTS & ADDITIONAL
g
8 RULES ENGINE SCHEDULING NOTIFICATIONS LOGGING SERVICES
=
E E
£ o :
ol & CORE SERVICES
w2
z COREDATA [ ¢ D M A REGISTRY & ¢
=} —
E
H
g
<
DEVICE SERVICES (ANY COMBINATION OF STANDARD OR PROPRIETARY PROTOCOLS VIA SOK)
ADDL
SECRET REST OPCUA  MODBUS  BACNET ULE BLE MQTT  ENOCEAN  VIRTUAL OEVICE
STORE

OCAL GUI

SIIIANIS
WNOLLIGaY

ANIWIOVNYIN

INIOV IIIAHIS LNOW

s

uml@l ':/:6 ?

SOUTHBOUND" DEVICES, SENSORS AND ACTUATORS

I &

https://www.edgexfoundry.org/about/
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40
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i
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i
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-4

£ I] B [ X F [] |.| N U H Y Enabling tiered loT deployments with many types of edge devices.

@y

Linking Devices Fog Servers

0

. E}.L.
00, |

Edge Gateways Intelligent
Edge Gateways

g

O-©®

o’

o

il

@

Embedded Device Services

Database

Simple Rules
Engine (IFTTT)

Edge Analytics
feig ML CEP, AR

Data
Orchestration

Security

System
Management

Device Service

https://www.edgexfoundry.org/about/
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% Edge Computing / Machine Learning 112
% Of|: inwinstack

& T
s coter [
=

Il | Data / or
Upload data for cloud analytics collector (MQTT W 5 e
n
Applications
vi Real-time @ Actuator
action

Provide Intelligence for Edge

Rapid application delivery / update
through containerization
Suchas

Perform data analytics for real-time
decision / action at Edge
Data filtering to reduce latency for
the cloud
Secure data

Kubernetes minion cluster
Edge server / gateway
clustering
for LB/HA/Scaling

- Containerized for Multi.
tenancy

Cloud computing Edge (Fog) computing

https://www.inwinstack.com/en/products/ Js Lab
= o it i
VILEEIRE Ql=z} 22| =4
< COMAC &7 1
MOBILE
Trellis
SDN Backhaul Core
BROADBAND
COMMON SDN
INFRASTRUCTURE
- e | | —
" Next-GenSDN oMN=
JS Lab
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% QI QHAERO|M A Bk T1py

A/
ASTARLINGX

OpenStack Components

Swil-prl
N

o3

New StarlingX Services

ft X B X B i

Configuration Fault Host Service Software

Some of the Open Source Building Blocks Used by StarlingX

((kubemetes | [ cepn ][ cotlecta ][ wbvit | [ cemu ] [openvswiten) [ orok ] [ sriov )

JS Lab
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% 7| Hel g
< 0J: KubeEdge S

One of the Open Source Edge Platform

KubeEdge
Kubernetes Native Edge Cloud Computing Framework
\S‘ebsue https//kubeedge jo i
epository https //github comkubeedge/kubeed frstar 353 | YFork 92 n-»masoms
Ku beEdge Tuatter @KubeFdge e e
Slack hitps /fkubeedge.slack com/
License Apache 20
Goal :
An Open Source , generic edge cloud computing framework, extending the native containerized application orchestration
based on Kubemetes. Also build edge cloud computing Kk the g competent CNCF projects
ecos‘yslem
arget Features:

+ Kubemetes based node, application, cluster and device management

« Offline/Disconnected Mode Working (Edge is not connected to cloud)

= Container based Microsenvice platform

= Provide open edge cloud computing infrastructure including network, compute, storage
and data synchronization (edge-cloud, edge-edge) \/

+  Data Manage , Data Analytics Fi

« Optimized and generic ication interface (Edge-Edge, Edge-Cloud)

= Cloud vendor agnostic deployment and execution

+ Edge optimized end to end security service

= Easy Device M vent with SDK, pters and mu support

= Ability to run low h 0 hardh (ARM, xB6

« Simplify the ion development and deploy (SDK)

JS Lab
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JS Lab

B E 1. OpenStack

« WHAT IS OPENSTACK?

james@jslab.kr

mlm
0o
Mz )

Bare Metal Virtual Machines Containers

L openstack.

https://www.openstack.org/software/ JS Lab
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1. OpenStack

“+ WHAT IS OPENSTACK?

fl

Q= AA 7|-|“*I|- 3|A} A

>
P
Pl
A
mn
2

x|
HERZ 2t S #elsts of2] 712l 59l =24

. 2E9C BHOM HEY AU A2 K| QAEE NPT FE
Qo A= OF AA AZEQ 0 ZEMEO| M
+ OpenStack2 3 & (Public) 222 E2} AHM (Private) 2212 E 5 S
IHsBA St Z A2 2EEY 0]
g « OpenStack2 MW, AEZ|X|, YEQIAED Z2 XHUES 2T 2O},
. OS2 O3t 2Yt7| I3 22 E Operating System

+ OpenStack2 LE AAE J7|HIC 2 E2REE 155t
FH0| £|of EHSt=

o
+ laaS YEHO| ERIRE HAFY E LA Z2HER ZHRH,
E

283%t1x} 5t

TLIE|

JS Lab

https://www.openstack.org/software/

1. OpenStack

+ THE OPENSTACK LANDSCAPE

OPENSTACK

OPENSTACK-USER WEB FRONTEND =

Horizon EC2AP

& soK
OpenStackClient
Python SDK

Heat  Mistral

£ Mas: Senfin  Zag
-1
|
2,
== connute
g
4] [ russacines | m
E
s Nova
= 'OPENSTACK-ADJACENTENABLERS
iy CONTAINER SERVICES 5 1l eare meTAL & srorace
Neutron  Octavi Designate || lronic  Cyborg Swift  Cinder  Manila
Wy
Keystone Glance e Karb

OPENSTACK-LIFECYCLEMANAGEMENT

P oestovent/ ureeveLE To

Bold represents Core Functionality Op
Version 2019.04.02

OPENSTACK-OPERATIONS
(D wonrToRmG TooLs
Ceilometer
Monasca Panko
@ ormmzaon poucy oous
Watcher Vitrage

Congress Rally

@] B  Busivgss Losic

Cloudkitty

& wu-Recion TooLs

3 openstack

https://www.openstack.org/software/
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88



2020-01-25

£ E 1. OpenStack

» 6708 F712 Y= wE

g2 ELES ESHE PRUE
0I5 Y2 Aco|g
Austin 21 October 2010 Nova, Swift
Bexar 3 February 2011 Nova, Glance, Swift
Caclus 15 April 2011 Nova, Glance, Swift
Diablo g(zns‘leplember Nova, Glance, Swift
Essex 5 April 2012 Nova, Glance, Swift, Horizon, Keystone
27 September Nova, Glance, Swift, Horizon, Keystone,
Folsom 2012 Quantum, Cinder
: Nova, Glance, Swift, Horizon, Keystone,
Grizzly 4 April 2013 Quantum, Cinder
Nova, Glance, Swift, Horizon, Keystone,
Ravans 17 October 2013 | e, Cinder, Heat, Geilometer
Icehouse 17 April 2014 + Trove
Juno 16 October 2014 + Sahara
Kilo 30 April 2015 + Ironic
+ Zaqar, Manila, Designate, Barbican,
Liberty 15 October 2015 Searchiight
Mitaka 7 April 2016 + Magnum
Newton 6 October 2016
Ocata 22 February 2017
Pike 30 August 2018 +>10 components
Queens 28 February 2018
Rocky 20184 8 Ol

JS Lab

£ E 1. OpenStack

& S8 423} (0: Redhat)

RED HAT'
CLOUD SUITE

MANAGEMENT

(P

RED HAT
CLOUDFORMS  Rrep HAT [RHITRE

CONTAINERS
SYSTEM £33 BN | Kubernetes
MANAGEMENT

RED HAT
SATELLITE ﬁ VIRTUALIZATION PRIVATE CLOUD @ PUBLIC CLOUD

RED MAT 2
aﬁ'l"‘ﬁauz,qﬂou OPENSTACK Amazon Web Services

PLATFORM Microsoft Azure

( ) Mgl Google Cloud Platf
Microsoft Hyper-V oogle Cloud Platform

PLATFORM

! STORAGE Y
@ SERIE g
CEPH STORAGE -

JS Lab

RED HAT
ENTERPRISE LINUX
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B2 £ 1. OpenStack

< 483} Use Case (0l: Dell EMC)

OPERATIONS/BUSINESS SUPPORT SYSTEMS (OSS/BSS) NFV MANAGEMENT AND
ORCHESTRATION (MANO)

m Toots and runtime for OSS/BSS imegranion
o ;0 P I
MIDDLEWARE + - : 1

ELEMENT MANAGEMENT SYSTEMS (EMS)

OTHER VNF TED VN 0 ONTAINES b - FUNCTION
o . Dell EMC
wen war component
A ENTERPRISE LINUX
" . . ] Reed Hat NFVI
cemponent

NETWORK FUNCTIONS VIRTUALIZATION INFRASTRUCTURE (NFV)

VIRTUALIZED INFRAS TRUCTURE
MANAGER(S)

Red Hat
— ot
Sl e oo
— Rkt o
VIRTUAL COMPUTE VIRTUAL STORAGE CE Pl 0 —
S T | [P
Machee (KVM) CEPH STORAGE ENHANCED OPERATIONS AND ‘component
HYBRID CLOUD MANAGEMENT
B
CLOUDFORMS
N SYSTEMS ADMINIS TRATION.
AUTOMATION, AND LIFE-CYCLE
U T
BED AT
btlne + ANsieLe
JS Lab

HE 2. Kubernetes (K8s)

< Swarm and Kubernetes

Image Security ] [ Content Trust and J

[ Ehista Image Ragksty J [ Scanning Verification

[ Secure Access and ] [ App and Cluster

User Management Management ] { g }

Simple and easy to use, production ready Pods, batch jobs, blue-green deployments,
Windows support horizontal auto-scaling

Kubernetes

JS Lab
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HE 2. Kubernetes (K8s)

< K8s Pod /4 (0ll): 37 ==0f 37§ Pod S X|(Replica) T+ (Gl)

Image: gcr.io/google_containers/serve_testname
Label: testname, Replicas = 3,

g vw
W' 3y -

+  Name: testname

Name: testhame e HostIF: 192168.0.63
Host IP: 192.168.0.61 e PodIP 17231144131
Pod IP: 172.31.90.2 « containerPort: 8376
containerPort: 9376 . = L

james@jslab.kr

Name: testname
Host IP: 192.168.0.63

Pod IP: 172.31.144.130
containerPort: 9376

JS Lab

HE 2. Kubernetes (K8s)

< Kubernetes-based microservice

replica = 3

Service Ingress
Pod

Rating Backing
Service Recipe
Containers Containers Containers Ingress

selector:
e | B

/rating:
Rating

james@jslab.kr

Service

Sexvice /recipe:

Recipe

Service
Recipe

Containers Service

selector:
app=recipe

Kubernetes

JS Lab
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HE 2. Kubernetes (K8s)

+» Docker and Kubernetes for Airship

docker ps kubectl get services --all-namespaces

james@jslab.kr

JS Lab

HE 2. Kubernetes (K8s)

< K8s 7| & /d: HA 7t5 OtAE| ' E(Master Node)2t K| 40| F&3H=
B 0|4 52| PodE =AYt 17} 014 2] Y7 = =(Worker Node)2
22| AE(Cluster) 74 (A Q= & AHEH 0| Y)

( R ( $1# ‘= E=(Worker Node) 1 )

o Control Plane AN

\
/. AN SDN kube-proxy
/

james@jslab.kr

/
" API Server

'

|

\ Kube Controller Manager

\

Kubelet (00| HE

et

\ /e
\\ Scheduler (2A &) :

AAHE 'l
. ( 2
-

7 L=E(Worker Node) 2

kube-proxy

Kubelet (0| 0| HE)

Lannt

K kube-proxy

5 Kubelet (0] HE)

JS Lab
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Cloud Computing
Services

"
'~ 26‘
vav ~ D,
[d communication (% "‘-‘”fb
———D i,

(a)

B S, Sy

—— G

LV application instantiation

Confirmation of instance activation

A car bamoes the activation

S

) v @
A Cmmmmm————— H The cor munuiactore explodts an

dge buse-station for issuing an

LV instance schodiled o a remote ek
ieportant OBUS fiemware update 1o
‘vebicle through approsching car
1V rchestrstion tools exccute the
mamagement operations of
G amagement operati
(o,
Launch of
:] virtaalized
Confrmation of instance activation imstance
:\ Execution of
instance

(c)

JS Lab

Container-based OBU platform

Despte being charscterired by himited processing
resource capabilities. the OBU encompasses the
allocation of Lightweight Virtualized instances
Appcatins can be tagged by diflerent peronty leves
« High (. important OBU femware update)

* Medium (. deiver assistance)

* Low (e.g. multimedi

ki — S

P
by the RM. which

8 scheduled
appbcation .

In-vehice networks include seversl OB
dlexibility introduced by containers can help in
improving the resource allox ation management of
in-vebicle networks. For example, the use of
container orchestrator cagine such as Docker
Swarm can be the enabling tool for allocating each
container to the mast suitable OBU.

S

JS Lab
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I. Edge Computing /i &

+ Optional Reference Services

DELL EMC Edge Computing Portfolio

Edge Gateway 3000 Edge Gateway 5000 Embedded Box 3000 Embedded Box 5000

il

Target uses: Target uses: Target uses:
General automation, Manufacturing, building
transportation & logistics,

retail kiosks

Target uses:

Shop floor, machine Shop floor, control rooms
video, NFV, video
surveilance

Processor: Intel Atom Processor: Intel Atom Processor: Intel Core i

Environment: -3 +70C Environment: -30C - +70C Environment: 0C - +50C Environment: 0C - +50C

JS Lab
https://www.edgexfoundry.org/about/

james@jslab.kr

VIILEEIE =2} ga| =3

¢

+ Eclipse loT has 30+ open source project

+ Eclipse Kura, Eclipse ioFog and Eclipse fogO5 focus on edge
computing

+ Implementations of key standards: MQTT, OPC-UA, DDS, CoAP,
LWM2M

30+ members, including Bosch, Red Hat, Eurotech, ADLink

+
BRY 2

10

eclipse.org

JS Lab
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N/
ASTARLINGX

OpenStack Components

z
o

New StarlingX Services

Infrastructure

tit X l{- X B

Configuration Fault Service Software

Some of the Open Source Building Blocks Used by StarlingX

((kuvernetes | [ ceon ][ cotlecta ] [ wbwit ] [ qemu ] [openvswiten] [ oeok ] [ smiov ]

JS Lab

One of the Open Source Edge Platform

KubeEdge
Q Kubernetes Native Edge Cloud Computing Framework
Website : httpsJ/kubeedge.io ors
Repository  : https//github.com/kubeedge/kubeed i Star 353  YFork 92 ;o> s ores
KubeEdge Tuwitter : @KubeFdge mafr cooe comme
Slack : https://kubeedge. stack.conV
License :Apache 20
Goal :
An Open Source , generic edge cloud computing framework, extending the native ¢ zed 1 orct n

based on Kunemeles Also build edge cloud computing framework exploiting the existing :ompelent CNCF projects

€co!

tem
arget Fealules

Kubemetes based node, application, cluster and device management
Offline/Disconnected Mode Working (Edge is not connected to cloud)

Cont: based vice
Provide open edge cloud oom;;’unng infrastructure including network, compute, storage
d, edge-edge) /

and data synchronization (

Data Management, Data Analytics Framework

Optimized and generc communication interface (Edge-Edge, Edge-Cloud)

Cloud vendor agnostic deployment and execution .
Edge optimized end to end security service

Easy Device Management with SDK, Adapters and multiprotocol support.

Ability to run low resource heterogeneous hardware (ARM, x86
Simplify the ion development and deph t (SDK)

JS Lab
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I. Edge Computing

+ Eclipse loT has 30+ open source project

« Eclipse Kura, Eclipse ioFog and Eclipse fogO5 focus on edge
computing

+ Implementations of key standards: MQTT, OPC-UA, DDS, CoAP,
LWM2M

+ 30+ members, including Bosch, Red Hat, Eurotech, ADLink

iot

eclipse.org
JS Lab
.
I. Edge Computing /{2
+ Edge Analytics in Watson loT Platform
Cloud | On-Prem - Local
Configure Rules & 1 Device data
Actions in the ;
Analytics Cloud ! &“’“ s
§ - Deploy Rule : Gateway
| eploy Rules
z IBM Watson 7 iguegge 1 BMEdge ()
2 loT Platform Agent (EAA) | alytics Agent JE
E &
& . - T & [ o7 |
Actions ] As-wﬁ % - 2 ‘: Davica
S /o !
1
Data, alerts, &
- cloud aclons IBM EAA fiters &
") ' flow back to aggregates device
cloud data, rules trigger
Enrich with and drive alerts &
y ] @ @ ) context (weather) sobons
Fr, . ./ & apply deeper
cognitive,
predictive
analytics
https://developer.ibm.com/recipes/tutorials/getting-started-with-edge-analytics-in-watson-iot-platform/ Js Lab
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I. Edge Computing /i &

+ Edge computing in olfactory loT

Medlca Frmt
Cloud system systel / Data
smr=wm. visualization

by AT

widezarealNWi I
Edge D - Determinati
. pagn
Linux Android Wmdows LSI

nAlar

Olfactory API
Universal edge SW

Device Robots

IoT application to sense procsslng.
Oifactory determination can be applied universally in various industries.

JS Lab

https://www.nec.com/en/global/techrep/journal/

I. Edge Computing /i 2

% Edge Cloud Computing: 0 X|(Edge)OllA| 22t E AMH|A 7|89
ARE2 MS
+ X 7§ (Reducing latency)
- H=E BE= 25} (Mitigating bandwidth limits)

Edge data centers

ag D o
-~ o
o)
Sites ) 10-100's
Footprint i @%ﬂ Small
Power budget o ;';S"e':vg,”"r Medium

Far edge

JS Lab

https://networks.nokia.com/solutions/edge-cloud
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« loT at the Edge (semiwiki)

Centralized Cloud
Deployment Business
Requirements

®  Flexibility and

Customizalion
*  Scalability
* QoS&SLA

Requirements

Supported
Slandards
Davice and OS
requirements for
containerization

-
wil wE =
-

Architoctue

https://www.semiwiki.com/forum/content/5935-iot-tutorial-chapter-6-iot-edge.html

JS Lab

f

+ Complications Between Edge Computing and Machine Learning

+ (Software engineering daily)

J

Recognizing
pattemns and
features

Sensor Data Input data
Aggregation

Node

system

Evaluate
system

___ & ==

https://softwareengineeringdaily.com/2018/09/14/edge-computing-and-the-future-of-the-cloud/

JS Lab

2020-01-25

99



+ Wireless Edge (Qualcomm Technologies)

Cloud

Big data, Al training,

= storage, content
F Edge cloud
& Distributed/virtualized code,
o mobile edge compute, cloud RAN
i db .
« = . On-device
oo :EE:;W Sensing, processing,
security, intelligence
https://developer.qualcomm.com/blog/taking-your-development-wireless-edge JS Lab

james@jslab.kr

Cloud Edge Computing: Beyond the Data Center

< OpenStack Foundation2| Edge Computing Group

NSA Mode O|7d o & SA Mode

eNB

JS Lab
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% 3GPP

PCG x@

Project Coordination Group =

A GLORAL INITIATIVE

TSG RAN TSG SA TSGCT
Radio Access Networks Services & CoreNetwork &
Architecture Terminal
= RAN1 SA1 CcT1
.L.: radio layer 1 high-level end-2-end
® requirements ue-2-core
@
o
E RAN2 SA2 CT3
= radio layer 2 & 3 architecture interworking with
external networks
RAN3 SA3 CT4
RAN-CN interface security network internal
protocols
RAN4 SA4 CTé
radio performance Codec smart card
applications
RAN5 SA5
terminal testing orchestration &
management
RAN6 SA6
legacy radio (mission critical)
applications

JS Lab
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. 567

+» Mobile Network Evolution (in Logos)

Mobile Network Evolution (in Logos)

) 2D, P —

) D IS =
ite Lte Lte

JS Lab
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5G /L

» Al

oo

oo

» 36.304, cell reselection procedure:

for Cell Selection

35parameters for system information
10parameters for speed dependent selection

13parameters for interworking
The list is getting larger: New technologies -beam sweeping, New services

Periodically measured Triggered measurement

Threshold basqd (Iot§ of No threshold
parameters/configurations)

. ' . Real-time, adapted to changes of
Static configurations
the context (e.g., speed)

JS Lab

Edge Computing 78

R/
0.0
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Edge Computing
= Top 10 Strategic Technology Trends for 2019: #5 Empowered Edge

(Gartner)
= “Get Ready For Edge Computing’s Rise In 2019”
(Forrester)
* “The Edge Will Eat The Cloud”
(Gartner)

JS Lab
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AT&TO} QIEO| A|ZHE|S5A KT Z2HE 2018 28)
O X| S Si¢F 17t 2SS Mu|A s K2
https://www.edgexfoundry.org/

AKRAIND

T <+ 1oTOX|E flet QESAE RS2 MY Z2HE, 20171 48)
E EDGE x FOIUNDRY . https://www.edgexfoundry.org/
8,
q
£ . QIEI ACRIHT} 35 QESA T (QEAY YT
) )/ . EHOIX|E §i8t 22ARE 7|5
A STARLINGX || e iwiklopenstack orgwiki/StaringX
o OPan + OPNFVO|O|X|22tREE flot HHUA EHE HA Z2HE Reference platform design for edge cloud
. *  https://wiki.opnfv.org/display/PROJ/Edge+cloud in OPNFV — main focus.
+ ONAPQ| O|X| 22| & I3t H|O|H =%, Z2 M+, S8 2|, H0of  Looking Edge & ONAP components in
Exod =ot terms of data collection, processing,
V.‘ DNAP *  https://wiki.onap.org/display/DW/Edge+Automation+through+ON policy management, resource
[N\ Pt b AP management, control loop models,
security.
+ There are several projects under Eclipse Foundation supports loT iciclarcleeyetalproiscialundegESipse
proj P pp Foundation supports loT and Edge
and Edge platforms.
platforms.
JS Lab
Proposed Edge Stack Requirements
o . o
% Project Akraino of LFN
Service Orchestration and
Edge Applications EdgeStack
£ 0
-1
: o
2,
] openstack
H Virtualization Layer SDN-C
8,

[

Edge Optimized Hardware

Peripherals
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2020-01-25

104



Proposed Edge Stack Requirements

% 3-Loop Control (Ericsson 2018)

Open Multi-vendor interfaces
Traffic & Control

@i IGPP multi-vendor

1
]
i
1
! co . :
' Ol tion
i :
E X A Logging | Micro Services Bus (M58} :
? oy |-~
Managsment & Ctchestration H ebicicn o) Controkar] S Orchestration, programmability,
o © RANAPIs & Config [, e el optimization, analytics,
@ ——@® RAN automated management, SON,
@+—® SW{ 5
o
ilng
—=_

=RHER == = [=" =1 =1
== == =:||=- =:||=-

Radio HW SPP & GPP Cloud infra Cloud infra Cloud infra

JS Lab

Evolution of Programmable Networking

< FD.io

Programmable Data Plane

JS Lab
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Evolution of Programmable Networking

% Issues/Limitations with Existing Data Plane Solutions

Known issues with Performance, Scalability & Stability
Overly Complex Architectures

Hard to evolve

Slow rate of innovation

Steep learning curve

Hard to deploy/upgrade/operate

slow cycles, too many kernel dependencies

Lack of :

automated end-to-end system testing frameworks
leads to unpredictable system behavior

support for diverse/custom hardware

portability across compute platforms

optimal use of compute microarchitectures
network level instrumentation

Few debugability features

Few if any Statistics/Counters exposed ﬁ
-Jad.i0

JS Lab

Evolution of Programmable Networking

< Fd.io Members
h e, T é"é ERICSSON Z
g c I s c o HUAWEI
é.
g an,
s BROCADE= Z cavium o N‘\ CAST @ocyee W

MESOSPHERE
} { &3 PLumgid ‘u‘; ChLice @ rednat (intel
-::.aio
JS Lab
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Evolution of Programmable Networking

% Fd.io Projects
% VPP: Vector Packet Processing

Legend:
D - New Projects
. - Core Projects
-_ﬁ.io
£
-3
©
& Management Agent
g
Q
o
§
Packet Processing 15
o
k=
| NSH_SFC | | ONE | | VPP Sandbox | TLDK | @
g
.
VPP els
8]
| Network 10 |
JS Lab
Multi-VM Throughput (Gbps) with various I/O architectures
. NAT+Firewall+QoS+DPI, IMIX Packet Size, XE 16.3.1
2
2 250
5-;- 20.0 . O ___ Physical Interface Limit
= a
s § 150
= 3
) ]
= £ 100
g =
s, E 50
& 00
1 2 3 4 5 6 7 8 9 10
—Best case Additive (feat) 1.8 3.6 5.4 T2 8.9 10.7 | 125 | 143 | 161 17.9
OVS-DPDK (feat) 0.9 2.2 3.4 5.3 6.7 6.1 4.6 24 4.1 3.9
~=-SR-10V (feat) 1.8 3.6 5.0 6.7 8.0 9.5 10.9 12:5 14.0 15:5
-a-FD.io VPP (feat) 1.7 3.2 4.6 6.0 7.4 9.0 9.4 8.7 8.3 7.7
Number of Virtual Network Functions (VNF Virtual Machines)
JS Lab
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Dataplane Perform

ance Testing Options

Workload (DUT)

% Daily tests on master and stable branch in OPNFV Lab

Traffic Generator (HW or SW) A ion code (Test fi k)
Sample VNFs Hardware - commercial Compliance
*  SampleVNF (VACL, vFW, vCGNAT, ...) Ixia * Dovetail
*  Open source VNF catalogue Spirent
Xena
Test VMs Virtual - commercial VIM and MANO
x *  vloop-vnf (dpdk-testpmd, Linux bridge, |+  Ixia * NFVbench
| L2fwd module) Spirent
& «  Spirent stress-VM
é *  Virtual Traffic classifier
2 Virtual switching Software - Open Source VIM, no MANO
«  0vs Pktgen ¢ Yardstick
*  0OVS-dpdk Moongen * Qtip
« < VPP TREX ¢ Bottleneck
[} PROX
o}
n Physical / virtual interfaces No VIM or MANO
S |+ NIC(10GE, 40GE, ..) «  VSPERF
5 ¢ Vhost-user *  Storperf
° . Pass-through, SR-I0V
w
HW offload
« TSO
*  encrypt/decrypt
*  SmartNIC *Used in test examples presented
Pitps://buld.opniv.org/ciview/vswitchpert JS Lab
Dataplane Performance Testing Options
o .
% ARM based OPNFV Container PoC
VPN
Zew 3:0PNFV
8%
z Firewall
|
8
®
3
£ POD
8,
docker \gz‘,/_
oy . _
&) k§//_ 3x Compute Nodes
kuber netes
£ flannel
@VS Jump Server m_;\
AKVM _'v_ 2x Controller Nodes
openstack =

JS Lab
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PoC

« Containerized VNFs on ARM NFVi

ARM-based OpenStack as VIM

OpenStack Magnum as container service

Kubernetes as COE

Flannel plugin for Kubernetes as CNI

Containerized VNFs within a VM and bare metal, both

VNF VNF VNF
@) @) @ @
kubernetes kubernetes kubernetes kubernetes
Master Minion#| Minion#2 Minion#3
Virtual Virtual Virtual Bare-Metal
Machine Machine Machine Machine
E ; OpenStack on AArché4 éﬁ
JS Lab
LF Open Source Edge
% Standards, Ref Arch and Ref Implementation
Service Based « ]
Architecture | | =
pi. 1 NEF AF
AUSF: Authentication Server Function
NEF: Network Exposure Function
NRF: Network Repository Function
PCF: Policy Control Function
INSSF: Network Slice Selection Function
UDM: Unified Data Management
D D ne () / - * K& /\5
<
UPF Data Network
UE gNB P
LinuxFoundationX: LFS164x J5 Lab
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Pharos Lab

Remote Access Box

ol -
=

Pharos Lab

&=

Project Firewal

T

Komtron Symkixed Chassis
Switch H n‘ Swilch Hub 2 :
.I ERER o
".' TTeww
l - T

[ I e =T I

. . .

. . . . . .

. . . . . .

VL WA R e e

Server 1 Server 2 Server 3 Server 4 Server 5 Semar 6
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Containers in Telco Cloud with Open Infra

% Project: AIRSHIP

Airship, a New Open Infrastructure Project for OpenStack, is
Delivering a Unified, Declarative and Cloud-Native Way for
Operators to Manage Containerized Software Delivery of Cloud
Infrastructure Services

+ Built on the foundation laid by the OpenStack-Helm project
launched in 2017.

The initial focus of this project is the implementation of a
declarative platform to introduce OpenStack on Kubernetes
(OOK), and the lifecycle management of the resulting cloud,
with the scale, speed, resiliency, flexibility and operational
predictability demanded of Network Clouds.

A airship

JS Lab

2020-01-25

110



What Are OPNFV Testing Projects? - 2018

oPNFV
Compllance
Verstication

Compliance

NEVLVIM,
MANO-APis &
Functons

Functional Testing

Dev Resources

{Q,

bottienecks

Performance Testing

Cl Integration Resources

Staging Manager
& Tost Anatysis

Cl Test Resources

JS Lab
OpenStack Support for Containers
Bare Metal Infrastructure Cloud
OpenStack installation OpenStack APy
ﬂ Cloud Provider
: ot Comtame Ruystune Openstack
_ Dochm | LIC m
= Cinder : H
= i .
== T T e
= ; i e [
oo | | : I et
= $ m— - E
Calico | Kuryr Magnum ul
= ' -
= -—] : = -
- Bare Metal
i:=1] O x
JS Lab
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Airship — Architecture Overview

oo

» Project: AIRSHIP
» Airship — Architecture Overview

oo

- - Cloud Harbour Cloud
A airship agta | Abship Components (7 _|
— el
Kubernetes
[ oveg st |
— _
Image Registry Dockar
Host
Control Plane
Kubernetes Kubernetes
e P—— [ oo ]
[ Ovckiund | e
® — [ oo |
-— i CNI (caico)
(=l | Ter
S —— o
W;-v' Docker Docker
e - .
JS Lab

Airship - Architecture Overview

» Project: AIRSHIP
» Using AIRSHIP — What it means ‘Declarative’

o

o

oS
Host

CORE CORE CORE CORE CORE CORE
ch NUMA NUMA
Chart

JS Lab
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Airship — Architecture Overview

% Container Ecosystem and Seamless integration

i . e— Virtual Machine
& D ts

Kernel

Hypervisor
I Hypervisor VSOCK socket e e

JS Lab
Airship - Architecture Overview
% Container Ecosystem and Seamless integration

Container Runtime Interface (CRI)
kata-runtime |
|
VM
JS Lab
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% OpenStack and Kubernetes — Complement each other with their
benefits to orchestrate and secure Cloud infrastructure.

% Open Infrastructure initiative from OpenStack Foundation
focuses on strengthening the Orchestration and Security for
Telco Clouds.

% Airship and Kata Containers are evolving to solve Telco Cloud
challenges.

JS Lab
LF Open Source Edge
< Standards, Ref Arch and Ref Implementation
= I‘/L’;‘ Standards & Orgs for Edge
A ORAN
- NA o / gy
s 'Eamer La'a ~L""' Interconnect
- \ ccess / pen utin
& HOME ﬁ(ﬂﬁ R rcumosh © PN
4 EDGE E
H Gwismen WONAP  Core | y ':CC
k Internet
< OPNFV o
DJopenstack kubernetes F
=i . > loT Alliances &
Hosted PIVAIE) (" Public Cloud Consortiums
== f:;nierprise- .
= HH &l10T L¥ Sonsommm
¥ | B EOGEJFOUNDRY
[~ Enterprise |
THE
L LINUX
FOUNDATION
- - JS Lab
LinuxFoundationX
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o . . .
« Edge Application Profiles
Placement varies deper ase, latency,
Oevics® Last mile network* A Sige comosting _  Totallstencyneedtobe <20ms for
r Aey —m8Mm—A—— ———— . \
Edge Centralized
Customar devices Customer Premises Access Network Telco Real estate & Network £d|
( Central Offices, etc)
" ®
EC
Mobile |
nle e Centralized and/or EC
@ Home Smart Cities [
ARFR
end user
% B = 2
1Y small Enterprises Stadiums. =
o)
Autonomous I 1
Vehicles Enterprises Public buildings
Millions Thousands. Tens Approximate
— - " JS Lab
https://wiki.onap.org/pages/viewpage.action?pageld=28381325
0, H A .
+ Hierarchical (ONAP Central, Edge) Architecture
Service Provider ONAP (Central)
ocae | sg [ san
o | BT f—
& o
¢ [
. - y ? Dublin & Beyond - Option C -
Yoday -Directto — ) via Orchestration
Edge cloud nodes' ( (Edge Cloud Domain)
Casablanca MVP - Casablanca Stretch Goal
Option A -Option B ' Mﬁum::mlmm
[T ] o | e
1 roler Poiey Fatric_Compte
d OpanStack / Varitare  Azurs[Stack [T |
ke Lot —
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% Clsarians =4
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I. Edge Computing

+ Open Source Communities

N/
a

STARLINGX

JS Lab
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Edge Computing

+ Open Source Communities

-

KubeEdge

JS Lab
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1. Memo

< ZE| 0| (Container)2| Privilege Mode A& (SONIC, loT)

o 21K MZAEKSs 7R AL ¥
< 5G SMEH| H=AC| Cloud HE7Ie} E ¢

<+ 5G Use Case

5 - vCDN @ MEC
g . 2A7|X|Z
E
- + SDN for uRLLC
% Telco Cloud %
« K8s API Of2jf o|o}7|
JS Lab
LF Open Source Edge
% Standards, Ref Arch and Ref Implementation
Service Based —] e®e v — oo
Architecture S E E 2; ﬁi*—é-_;_
«— N . | F . /
E N15 N8| [N10 JN/
g . = HY
12 =B Py R )
~ AMF SMF
N1 N2 N4
N3 * N6 /3
UPF Data Network
O
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STARLINGX

O ow wonw

Eoprp -

JS Lab
AKRAIND AT&TR} QIRO| A|Zh(2|5A RT Z2HE 2018 28)
+ OIXIE flet n7HE 22t E MH| A XNt XY
https://www.edgexfoundry.org/
s -+ loTOX|E It RLEEAE (2|52 ME Z2HE, 2017H 48)
% EDGE X FOUNDRY * https://www.edgexfoundry.org/
-y
g
H - QIEN} PIER|HTL SE QELA TS (QLEAE TYEH
g . BNOXIE §let 2a9E IS
SULEELLIE + https://wiki.openstack.org/wiki/StarlingX
- OPan « OPNFV2| O|X|22IREE QI Y HYA ZHE M ZT2HE Reference platform design for edge cloud
. « https://wiki.opnfv.org/display/PROJ/Edge+cloud in OPNFV — main focus.
+ ONAPZ| 0f|X| #t2|& 9|3t H|O|E =, Z2 A4, §M &2l HO|  Looking Edge & ONAP components in
o g Ok terms of data collection, processing
s a2, 2o 8 s
'.‘ DNAP + https://wiki.onap.org/display/DW/Edge+Automation+through+ON policy management, resource
| S R o - AP management, control loop models,
security.
+ There are several projects under Eclipse Foundation supports loT lcclarcieeyetalproiscielundegESipse
proj P PP Foundation supports loT and Edge
and Edge platforms.
platforms.
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% SONIC
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Backup

+* Network Edge in service providers is where the service provider logically
connects to their customers. It is controlled by the service provider. Akraino
also includes the CPE device, which is generally located on customer
premises.

Edge

Optimal Zone For Edge Placement
Millions

Thousands Tens

Customer Access
B commro |

Lal

Centralize
d Clouds

&
Enterpris Public = < Public
es buildings = Clouds

Last Mile Network® Edge Computing Backbone
~2ms <5 ms. - 0 ms ~2-100 ~5-50 ms
Edgo Placament
f:f AKRAIND Telco Operate
EDGE STACK * Estimates

ource: AT es1g 10
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And, the Cloud Native Computing Foundation (CNCF), which houses the
Kubernetes project, late last year partnered with the Eclipse Foundation to
launch the Kubernetes loT Edge Working Group. Mike Milinkovich, executive
director of the Eclipse Foundation, boldly said the working group is looking to see
how far it can push the centralized Kubernetes platform out into the distributed
edge and loT ecosystem.

“When you deal with Kubernetes in the core of a network, dealing with
quarterly updates is one thing,” said Brian Gracely, director of product strategy
at Red Hat. “But when you have 2,000 branch offices, that is a different model.
Having to touch thousands of those environments is a big challenge.”

https://www.sdxcentral.com/articles/news/k
ubernetes-push-to-the-edge-shows-
innovation-challenges/2019/03/

JS Lab

Options for POD config: single hybrid cloud, or interconnected clouds (k8s, OSH).

In either case, a mixture of VM (under OSH) and container (under k8s) VNFs/VNFCs can be used to
demo/verify hybrid VNF deployment/automation via ONAP, in a single or across multiple clouds.
ONAP services are distributed as needed/possible across the OSH and k8s-native servers.

Lab Admin server OpenStack Helm Node OpenStack Helm Node OpenStack is deployed using
e.g. MAAS, for ONAP, VNFs ONAP, VNFs modified OSH (OpenStack
automated host OpenStack services OpenStack services Helm), for 2-node deployment,
configuration kubelet kubelet either as part of main k8s cluster
Ubuntu Xenial Ubuntu Xenial or as a separate cluster (TBD)

Public Net
I T I

k8s Master Node k8s Node k8s Node k8s Node
helm ONAP, VNFs ONAP, VNFs ONAP, VNFs
ceph-mon ceph-osd ceph-osd ceph-osd

kubect| kubelet kubelet kubelet o
Ubuntu Xenial Ubuntu Xenial Ubuntu Xenial Ubuntu Xenial

POD jumphost is used Not shown: IPMI and PXE interfaces (all nodes). Private Net may be

as k8s master node also used for PXE if servers are limited to two NIC ports.

2S Lab
https://wiki.opnfv.org/display/AUTO/Auto+Use+Cases
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* 3GPP proposed architecture and reference points for 5G networks
+» User Plane - Control Plane Split : SDN Architecture

AUSF NG13 m

NG12 NG10
NGi1 Applrca_tion
Function
NG14 NG15
Control plane o NG2 NG4
User plane
IO [ -3 - =
* User Equipment (UE); « Session Management Function (SMF);
» (Radio) Access Network (RAN); * Policy Control Function (PCF);
* User Plane Function (UPF); = Authentication Server Function (AUSF);
* Access and Mobility Function (AMF); * User Data Management (UDM);

JS Lab
5G-PPP Software Network Working Group

Backup

< ONAP 29

D""""’“‘"‘ Options: + Supports a hybrid deployment thru plugin® technology
1. KBS on Openstack VMs (openstack, k8s, docker, azure, ...}

2. KBS on bare-metal servers * Model-Driven, TOSCA blueprints**

3. Openstack VMs or Docker on Openstack * Interfaces with multiple container orchestration

4. Public Cloud Services technologies (initial: kubernetes; future: cloud native)

5. Future container orchestration??

* Might need synergy with

2 ® @ multi-VIM Project
v e = +# 0 will design blueprints
t nndnumnlnm [Future] (post-R1)
D':'"', m Container Service on Public
- [ Multiple Bare-metal svrs | Cloud (Azure, AWS, ..)
Examples:
'ONAP TN Asal © pcae | single ONAP Instance on Multiple
| ﬂ | e
transition
( = G ——.
;Dlu gﬂ Multiple ONAP Instances in
o<y | ay Multiple Locations/Infrastructures

JS Lab

https://wiki.onap.org/display/DW/OOM+with+TOSCA+and+Cloudify
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SDN/NFV for 5G

OT* Edges loT Edges Enterprise IT Edges

AEAEAL D oA\ o0 ﬂﬂ L)
*OT = Operational Technology
(Image: Hewlett Packard Enterprise)
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