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SKT's Innovation - Al
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SKT's Innovation — Al Infra

SK telecom

FPGA Version (AIX-F) is accelerating NUGU services for speech recognition.

4 times performance improvement compared with existing system.

Total Throughput (w/ 28-Core CPU, 8-Batch)
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# of channels

—8—CPU-28Core  —@—GPU-TitanX —®—AIX-FPGA

Throughput
according to the number of concurrent processing channels

Throughput becomes saturated at the number of CPU Cores

Channel Latency (with 28-Core CPU, 8-Batch)
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Latency
according to the number of concurrent processing channels

AXI-F has 4 times capability than CPU or GPU with real-time
constraint
(6¢amsec latency limit
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SKT’s Innovation - 5G Autonomous Driving

Failure to comply with
Safe driving obligation

126,329 (56.5%)

In Korea Disobeying signal

25,702 (11.5%)
Accidents
n
Safe distance violation

occur every year 20,678 (9.2%)

Violatingintersection
crossing procedure

14,341 (6.4%)

Total number of
occurrences

223,552

Center line crossing
12,092 (5.4%)

Failure to take pedestrian
Protection measures

7,231(3.2%)

17,179 (7.7%)
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SKT’s Innovation - 5G Autonomous Driving

Autonomous Driving
with 5G and vV2X

reduction of

accident rate

¥ Source: US Department of
Transportation(US DOT)




SKT’s Innovation - 5G Autonomous Driving

SK’%lecom

If a vehicle traveling at 100km/h detects a hazard
After 10ms, it moves about 28cm

After 100ms, it moves about 2.8m

100kn/h i
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SKT’s Innovation - 5G Autonomous Driving
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SKT’s Innovation - 5G Autonomous Driving

Much Faster
Speed: max 20Gbps

Much Lower
Latency of radio 1ms, E2E 10ms

Many More Devices
Thousands of connections per Cell

With Optimized QoS
N/W separation by service (Slicing)

Provides
V2X Core Services

¥Assuming a transmission delay of 60ms when driving at 30km/h

-
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SKT's Innovation - 5G HD Map Update

____________________________________________________ High Capacity

4 Data Speed

;' Multir
20Gbps

700kbps

100kbps

Latency

1s 100ms 10ms Low Latency

HD Map is a live self updating map

Establishment of 5G network in major regions
to enable 5G autonomous driving in 2019
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SKT's Innovation — AR/VR
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5G Evolution to Open Infrastructure

Mission Critical (Al, Autonomous Car) - = Ultra High Data Rate
= Mission Critical Service

Telco Service (5G) #2

= Massive Connectivity

Virtualized network slice #1

N 5 Sem en SR & BN

. o oA &t I P

.;_.,‘- o ~at
.4 e ot v Waoay Sy,

E2E Orchestration and Intelligence

5G / - = Virtualized Network Functions
Virtualized Network Functions = Network & Service Slicing
y
/ 3 G 0 N TR B 0 R

Radio Next-G ion OSS (TANGO
Cloud RAN Cloud Core ext-Generation ( )

Software-Defined Infrastructure

>~ = Software-Defined Infrastructure
= Open Hardware and Software
/ = Telco & Mission Critical Services

Open Source Hardware




COSMOS Vision

L
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® Composable, Open, Scalable with Open Software and Hardware

® Mission Critical Services (5G, Al, Autonomous Car, etc.)

SKT Services <
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! Telco ! Al tAlJ'lOHOH'IOIJS !
1 1 1

\ (LTEf5G) Il \\ ,: \\ Car ,: \\ FARY

Y /
.
*************************

Service-Optimized Platform

Open Software
(Virtual Infrastructure)

Virtual Resource

SW-Defined| SW-Defined SW-Defined Al Compute
Compute | |Networking Storage Cloud

Virtualization Layer

Unbundled

Open Hardware
(Physical Infrastructure)

Physical Resource

=
VAR

JUL

Server(CPU)  Network Storage GPU

Infrastructure
Operation

Automation/
Intelligence

High-Speed
NW Analyzer
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ETSI NFV (NW F'n Virtualization) Reference Architecture
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NFVI

0SS/BSS

NFV Management and Orchestration

NFV

Orchestrator

-+ Or-Vnfm

—
VNF
Manager(s)

Service, VNF and
Infrastructare
{__ Descrition |

The NFV Orchestrator
Can interface to:

Note: metadata “service,
VNF and infrastructure

Figure 4: NFV reference architectural framework

=+ Vi-Vnfm
Virtual Virtual Virtual
Computing Storage | Network
- NF-Vi Virrualised
I Vituabsation Layer I t Infrastructure
honio) Managez(s)
Hardware resource:
Conpuling Storage Network ViM
Hardware Hardware Hardware
e ——— = ———————
&4 Exacution reference points | Other reference points ~ ==fem Main NFV reference potnts

.g,:\\\

W

1 or multiple VNF Manager
1 or multiple VIM

Description” are typically
inputs to MANO



Cloud VIM(Virtualized Infrastructure Manager)
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T-MANO

NFV Management and

Orchestration
Os-Ma
OSS/BSS ; Orchestrator
Se-M:
a4 Service. VNF and Infrastructure J
Description Or-Vnfm
]
EMS 1 EMS 2 EMS 3 Ve-Vhfm
T T T VNF
=t = -+ Manager(s)
VNF 1 VNF 2 VNF 3 -+ Or
+ ) SRV + 4 vivnfm
NFVI =
Virtual Virtual Virtual
Computing Storage Network VI M
—— NE-Yi ‘irtualise
[ Virtualisation Layer ] L Infrastructure
Vi-Ha I Manager(s)
Hardware resources
Computing Storage Network
Hardware Hardware Hardware

e

®—=& Execution reference points

|- Other reference points ~ wmfum Main NFV reference points

ETSI NFV Architecture

NFV Orchestrator

Generic VNF Manager

VIM

VIM Controller

TACO

S\ 00

openstack | | openstack” kubernetes

Cloud Netv!?lrk
SONA ono—

Data Plane Acceleration
i  DDPDK

8UlI0JIUOIN
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TACO (SKT All Container OpenStack)

SKT All Container OpenStack

53. TN

SKT All Container OpenStack

® Developed by SK Telecom, leveraging Container and Kubernetes

® Community Version with Continuous Integration / Delivery System
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TACO Open SW Components

Lanscaper

Multiple Helm Ghaﬁs Orchestration

--- Packaging - =[5 |

Openstack
Service
(container
image)

i e ——— + Kubernetes monitoring - =0
i | &
L ] Y v kubernetes monitoring

I{uhernet-esnpp
Deployment Docker b ] Docker L : Docker ey

\ Container : Container Container :

: manage manage manage

Docker Engine : Docker Engine g Docker Engine ;

4 Kubernetes e ’
.."ri
Install

Kubespray




SONA (Simplified Overlay Networking Architecture)

i
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® ONOS based Virtual Network Management solution

® Multi-Tenancy support with VXLAN and VLAN

® Scalable Gateway, Full Compatible with OpenStack

SONA(ONOS) _ .

OpenStackNetworking
Proxies ARP, DHCP

vRouter

c—a
OpenStack _:
Nova Neutron OpenStackNode
Provisions virtual machine Configures OVS

N

br-int (OVS) — @& | br-int (OVS)

Sets flow rules for virtual Controls external connectivity
network
1]
h' "4
....................... - br_int (OVS) |
VXLAN tunnel

nova-compute

nova-compute

br-router (OVS)

Hypervisor

Hypervisor

Quagga

Compute-01

Compute-02

Gateway Node Group

\/ \_/ :[ Ser o dean
==

East-West Traffic

North-South Traffic
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Monitoring &
- Real-time Alarm

t/A|2El/App. S8 0|0

FHLHE X HALE S

—_
=

. T
. =
=

Bl
i

+ [j|O|E{ Discovery, £ X =A

Q Al/ML-Based Intelligence

& Visualization

* Anomaly 3l Engineering ZIEH 0=
« Predictive Maintenance
« UI 7|8FQ] Alarm CHS X=3}

Management &
Control Automation

OS Provisioning &
SW Provisioning

[+ 2 ZH| Ciak OS/SW Provisioning
A2 B 8 Il K53
(Zero Touch Deployment)
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o | |
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Al Compute Cloud

Web Portal Client I/F « ¢l ZE OIE{T 0| A
- AMEX-laaS M H/HS E NS
- HeuRt - © MulziEoY Bl
L DE|RE - A|AE HE/AFR A THE]/QRA

ML Infra Manager ML Infra Manager « Frontend API Server

- Ol=g} & ML Framework £ A71|§F'_1 N
Container N

S — - HE Ef MY 2

Mesos Master Resource Manager

\4 ! v
\ * Resource / Container Management
Mesos Mesos Mesos Docker
Bagemn  Bagenw E - ML Framework 22| &3(0]0j%) A2

Agent #N Registry
\-____—_‘(
- Mesos 7|8+ X}& 22|

&> Jocker Daemon - NVIDIA-Docker 7| GPU ZHE[0[Lf A4

TiDC- GPU S .
K80x1 44LH K80x2 84LH I €TVET . Data Center (TiDC) Lf ML Infra A 55




Challenges

SK telecom

® OpenStack is a very complicated system to deploy and manage

- Command-line interfaces (nova, neutron, swift, etc)
- Cloud Management Tools (Rightscale, Enstratius, etc)
- GUI tools (Dashboard, Cyberduck, iPhone client, etc)

P ——

Internet
OpenStack '
Object API E ?,?,Z“it:g: HITP®) OpefETac OpenStack
: 9 OpenStack g?’mpute VNC/VMRC Block Storage
' v Dashboard ! AP
: - S A R OpenStack
i JUPEEL S Horizon I I Ay Aieiitetd T Networking
HTTP(S) : =T -~ T — | 77 -- R Rkl SN API
_";V" ,'/ ; 3 Amazon "=~ H‘E)penSS‘tsr(ak E'Kﬂ} OpenStac_k-;;H-‘““\
H /OpenStack  ; % OpenStack Web Bahtag 9 Networking API S~
: / Image : \ Compute AP/ [ [ Semvices f __________ T~ L ____________ i
: ! API ; \ Admin API
5 ¥ * . _|OpenStack | ______
N | 5 < [ImageAPl | —_——
a E l i
G (@mainer) Cobea) | : Pl i
2 glance E i i E E
' database ' Lo L. ! E
EDGEIED | | | oo | i = ;
OpenStack Object St : mage service | E : H i
koot et : : P OpenStack Block Storage ! OpenStack Networking |
'\ 0 Stack — 5 H nova-scheduler i !
http://www.solinea.com o APl — E H E '
” Tra v v v OpenStack Identity API ; !
- - OpenStack Identity API ;
-------------------------------------- »>| -
S

OpenStack
Identity
Service

token catalog palicy
backend backend backend

identity
backend




Challenges
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® OpenStack is a very complicated system to deploy and manage

® Current way of automating OpenStack still has lots of challenges

N

Req. & Spec

Development

Y

N

Requirement

LY

Test & Review

Community Code

Deployment Architecture @

- Network
\ - Storage
- Zone/Cluster/Scale-Out

- 34 Party/Tool Integration
- Performance Tuning

OpenStack Package

HW/Appliance Purchase

QA |

Deployment Automation

Q.

onfiguration Management

3rd Party Integration

Development

Package

Deployment Q

Operation

Monitoring / Analysis
1

Triage ‘

Patch

Upgrade ‘

Scale-Out ‘

Tuning ‘

Production

Production

v

Operation
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TACO Architecture

® Developed by SK Telecom, leveraging Container and Kubernetes
® Enhanced OpenStack Lifecycle Management: Self-Healing, Upgrade w/o Service
Interruption, Simple and Easy Deployment, Highly Flexible Customization

|| [Prinfbudbu

OETACO @E

Container Orchestration OpenStack APIs E
(Kubernetes, OpenStack-Helm) '

OpenStack Containerization >

CI/CD & Testing Underlying Platform (Kubernetes)

(Jenkins, Rally/Tempest, Chaos Monkey)

Containerized OpenStack Lifecycle Management




e

SK l"c'elecom

TACO SW Delivery

® Automated Continuous Integration Pipeline w/ Various Tests (100% sync to
Upstream Code)

® Standardized Packaging, Versioning, Release Process and Tool Sets

_ Control Plane Orchestraiton (kubernetes+container)

Kubernetes Source Code 1
(upstream) [ Continous :| |: Continous :|
Release Deployment
OpenStack Source Code
(upstream) Packaging

(Containerizing)

—»] Automated Testing

Configuration

OpenStack Configurations Management
(skt)

Kubernetes Configurations Continous
(skt) Integration
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TACO Status

TACO V3.0 E2|=
Upstream &

Upstream Z0 TACO V2.0 Ez|= - Airship ZZHE
P 1 TACO V1.0 Za|= =
¢ OpenStack-Helm = S
e Helm, Kubernetes 7|01 P
2018 ~
\ 2017Q4 —
\ 2017 03‘4// - Production
2016 Q3 2017 Q1 Production-Ready Deployment
o —
— _ CI/CD Pipeline OpenStack . Cloud PC
U= ZHE AJE -
. Containerization . Self-Testing WU EEI=T=
2= H8 & OpenStack-Helm ;e eature Test . Full- . GPU 23 AH
M3 R&D Based _HA-Enabled Contain.erization . Big Data Q1Za}
OpenStack Dev-elopment . Resiliency Test . Operation Tool T T
Control Plane Project Launch

(VIM)Z &z
Containerization
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Upstream First Philosophy

Upstream First: Develop on upstream; Consume directly from the upstream
Benefits: Zero silo code, Strong ecosystem (Your code are used everywhere),

Efficient development effort (Loosely coupled co-development with various community

partners)
e
. Upstream SK ‘telecom

s Blueprints | Develop Consum
SK telecom Deployment

- Spec o G

— peration
= Code 7 . ~ —— Production T

roduction Tuning

(intel)’ Test

Charter @b@
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Upstream First Philosophy — TACO Helm

Contribut:nn hi: rArmAnARniAc Nenmetacls lhales

@ Pete Birley (AT&T)
25 Feb 2018 19:44:25 UTC in openstack-helm
Commit “0SD: remove redundant DMCRYPT setup”
This PS removes the redundant dmcrypt setup from the OSD
scripts.
Change-Id: 140b0c0a0be8a32340d992dc690a76980a129ca%0

Contribution by contributors

[ Pete Birley ;
Commit date: 25 Feb 2018 01:13:33 UTC

[ Chris Wedgwood +2 - 27

[ Tin Lam )

) @ Pete Birley (AT&T)

I Steve Wilkerson 25 Feb 2018 19:41:17 UTC in openstack-helm

M Artur Korzeniewski Commit “Ceph: remove unrequired keyrings from pods”

m Huamin Chen This PS removes unrequired keyrings from being mounted into
ceph pods.

M Jaesang Lee Change-Id: 1f224796a4579cde195954ab806c20be7a1974ecd

M Hyunsun Moon Commit date: 25 Feb 2018 01:05:36 UTC
+0 - 117

[ Seungkyu Ahn

M others @ Pete Birley (AT&T)
24 Feb 2018 20:04:31 UTC in openstack-helm
Commit “dependencies: move static dependencies under a ‘static’
key”

This PS moves static dependencies under a 'static’ key to allow

0* expansion to cover dynamic dependencies.
Change-Id: 138990b93aa79falf70af6f2c78e5e5c61c63f32c
10 ¥ Commit date: 23 Feb 2018 18:14:20 UTC
# +1474 - 1450
1 Al -
. 5 Pete Birley (AT&T)
2 St # Contributor Commits v 23 Feb 2018 18:44:13 UTC in openstack-helm
3 In 1 Pete Birley % 171 Commit “Postgresql: Update chart to match current OSH format”
4 Re 2 Chris Wedgwood % 34 :’c::i;:ts updates the Postgresgl chart to match the current OSH
i 3 Tin Lam * 23 Change-Id: Ifadb473043b51ccc10405886ae7a0954ce119a22
5 a 4 Steve Wilkerson 20 Commit date: 23 Feb 2018 03:18:40 UTC
6 E: 5 Artur Korzeniewski 10 +115-25
7 M 6 Huamin Chen 9 Pete Birle'y (AT&T)
8 St 7 Jaesang Lee 6 23 Feb 2018 18:20:57 UTC in openstack-helm
9 NI 8 Hyunsun Moon 6 Commit “Etcd: update chart to match current format”
This PS spring cleans the etcd chart to match the current format
9 Seungkyu Ahn 5 .
used in OSH.
10 Matt McEuen * 5

Change-Id: 15f8802b662f7aac9f7a72d91e4d3aa2206099c92
Commit date: 23 Feb 2018 02:51:48 UTC
+103 - 22
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Upstream First Philosophy — SONA Upstream

C' & 2F# | https://wiki.onosproject.org/display/ONOS/SONA%3A+DC+Network+Virtualization

l ONOS |

5o|x| Ea]

>

v

v

v

v

v

Downloads

Guides

Tutorials

Community Information
Release Model

System Test Plans and Re
Apps and Use Cases

> CORD: Central Office R

v

CORD: Leaf-Spine Fabt
v SONA: DC Network Vi
> SONA Architecture
* SONA Demo Videos
> SONA Developer Inf(
> SONA Obsolete Pagt
> SONA User Guide

Deployment in elastic €

v

Packet Optical Converg

v

IP RAN

v

Monitoring

v

Multicast Use Case

Packet Optical

.

Peering Router - ONF's

v

SDN-IP

v

Virtual Private LAN Ser|

.

Seamless_MPLS@SDN

Carrier Ethernet Applic
s PCE+

Q3

All My
Open Merged

C @ °MEEH | https://gerrit.onosproject.org/#/g/status:open

Projects People Documentation

Abandoned

! Search for status:open

Subject

Parallelize probing the E-W and N-S VMs reachability

Supports dpdk config in OpenstackNode.

Fix race to become master in P4Runtime before pipeline config set

Reset flow rules for VM(s) port

Close session files opened by components created in the tests

Remove Nextld from internal stores when the NextObj fails

Implement CLI commands to view and delete SR internal stores

ONOS-7759 Explicitly pop VLAN while editing hash group buckets

Probing must verify all old location on host move

Refactor: extract interfaces for a set of simple fabric classes

Ui for server device driver

Optimized NIC rule deletion

Refactor: extract static values to Constants class, split packages

Refactor: split api from SONA simple fabric

[ONOS-7772] Add dropped packets/bytes to toString for meter cli

Upgrade to Atomix 3.0.1

Make leadership/mastership failover timeouts configurable

Implement destroy() method for certain primitives to preserve backwards ...
SSL/TLS support for OVSDB Southbound API

[ONDS-7732] Automating switch workflow(part 4): sample workflow & small fix
[ONOS-7732] Automating switch workflow(part 3): app & implementation classes ...
[ONOS-7732] Automating switch workflow(part 2): interface & abstract class ...
[ONOS-7732] Automating switch workflow: interface, & abstract class commit
ONOS-6092 Create a gRPC Northbound for core services

removing non-required fields for delete op message

Fixes OpenstackNetworking just sends warn msg when unsupported ovs-based ...
[ONOS-7765] Run SRMulticast test case 1 on Flex POD

[ONOS-7764] Supparts a creation of dpdk interface on open vSwitch via OVSDB ...
WIP - Adding GUI2 to the Bazel build system

ONOS-7784: get login user who invoked sudo

[WIP] Implement LAG service

[WIP] Implement packet seriailizer and deserializer for LACP

IEEE 802.1x EAPOL-MKA packet support.

[ONOS-7683] New CLI Commands for StatFlowRule

Adding Multisct traffic drop for un-programmed trees. Pushed NDP flows to ...
sr-mcast: enable IPv6 NDP to flood on ports with same incoming vlan
Augmenting double tagged host with vlan type parameters

Flows not removed on device removal status

e e e e e e A

Status

Merge Conflict
Merge Conflict
Merge Conflict
Merge Conflict

Merge Conflict

Merge Conflict

Merge Conflict

Owner
Jian Li

Daniel Park
Carmelo Cascone
Jongsik Jung

You Wang

Charles Chan
Charles Chan
Charles Chan
Daniel Ginsburg
Jian Li

Georgios Katsikas
Georgios Katsikas
Jian Li

Jian Li

HoYeon Kim
Jordan Halterman
Jordan Halterman
Jordan Halterman
Debanshu Rout
Jaegon Kim
Jaegon Kim
Jaegon Kim
Jaegon Kim
zhiyong ke

Minh Pham

Daniel Park

You Wang

Daniel Park

Sean Condon

Eric Tang

Charles Chan
Charles Chan
Jayakumar Thazhath
Boyoung Jeong
Andrea Campanella
Andrea Campanella
Andrea Campanella

Junyeong Seo

Fhacdas Flam

Project
onos
onos
onos
onos
OnosSystemTest
onos
onos
onos
onos
onos
onos
onos
onos
onos
onos
onos
onos
onos
onos
onos
onos
onos
onos
onos
onos
onos
OnosSystemTest
onos
onos
onos
onos
onos
onos
onos
onos
onos

routing

onos

% ©
< + ]

Changes & m Sangho Shin ~

status:open

Branch Updated Size CR MO RIPE V
master (sona) 12:04 PM +16,-2 + v 4
master (dpdk) 10:38 AM +1238, -123 X
onos-1.14 10:30 AM +12, -13 X
master (I7060ee8502b37b6d815c15feb338df05eeb749c1) 8:18 AM +95, -0 +1 4
onos-1.13 (log file_leak) 8:10 AM +8, -0 v
master (19483) 5:58 AM +83, -67 4
master 5:14 AM +599, -81 v
onos-1.14 (19536) 3119 AM +30, -1 " 4
0nos-1.12 (cblos-22060) 2:53 AM +4, -1

master (sona) Aug 23  +1486, -745 v
master (srv-dr-ui) Aug 23 +2386, -0 4
master (srv-dr-flow-rem) Aug 23 +76, -26 4
master (sona) Aug23  +255,-127 4
master (sona) Aug 23 +116, -62 v
master (ONOS-7772) Aug 23 +19, -2 4
master (atomix-3.0.1) Aug 23 +67,-67 X
master (mastership-election-timeout) Aug 23 +3,-0 + v 4
master (primitive-deletes) Aug 23 +15, -0 X
master (ovsdbTls) Aug 21 +195-32 X X 4
master (workflow) Aug 21 +308, -0 4
master (workflow) Aug 21 +2934, -16 4
master (workflow) Aug2l  +2355 -0 v
master (workflow) Aug 21 +1771, -0 v
master Aug 21 +315, -0 v
master (onos7610) Aug 21 +90, -27 L 4
master (sriov) Aug 21 +17,-28 v
onos-1.13 (SRMulticast-on-Flex-POD) Aug2l  +1200,-97 o d
master (dpdk) Aug 20 +506, -1 \/
master (scBzlGui2) Aug 19 +22, -4 v 4
master (ONOS-7784) Aug 19 +1, -1 4
master (lacp) Aug 16 +892, -0 X
master (lacp) Aug 16 +1398, -0 4
onos-1.13 (eapol-mka) Aug 15 +1652,-9 +1  +1 v
master Aug 15 +498, -54 4
0onos-1.12 (onos-1.12-NDP-fix) Aug 14 +133,-54 X 4
onos-1.12 (onos-1.12-NDP-fix) Aug 11 +254, -106 -1 -1 v
master Aug 10 +345, -17

master (change) Aug 10 49,-2 -1 - v
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4% CentOS
openSUSE
ubuntu

5 HAPROXY

':‘ OpenClovis

MariaDB

'5 PostgreSQL

&

cassandra

MySsoL:

AKVM

- OPEN

QSpring

@) influxdb
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