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1-1 Background
Paradigm Shift form WWW to MMM (Mobile Multi-Media)

Trend on Internet Consumer Traffic

e Mobile Global Consumer IP Traffic (Cisco VNI'12)
— Broadband mobile access network Pe/month
12,000
— High performed Smart Phone, Tablet PC
— VM, Cloud computing & services 8,000 = Mobile Data
4,000
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e Multi-Media Contents
PB/month

— VOD, Real-time Streaming, IPTV 90,000

— SNS, Personal broadcasting

m Voice over IP (VoIP)
B Online gaming
B Web, email, and data

M Internet video
30,000 l File sharing
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1-2 Background
ISP’s Crisis? or Chance?

Subscriber Demand = ‘Freemium’ Service

e P2P-based CDN solution P2P CDN Traffic (Cloud & Data Center World'10)
Gbps
— Low-cost P2P content delivery 900
— Using subscriber’s line
- Multi-flow unfairness issues //
300
L
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° ISP'S Stance s KT'DC, KIX Traffic (KT"10)
— Non-profitable burden 1500
. . KORNET
— Increasing KIX traffic & cost 1000 3 c
=D
— Congestion, Bed effect on QoS m KX

, . 500 -
— Potential profit source
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1-3 Background
Content-Centric, Smart Delivery Network

From Dumb to Smart Pipe

o Mitigating traffic burden

- Traffic localization (ALTO, P4P)
- Reduce duplicated delivery

e Guaranteeing user QoE

- Content caching & delivery

Premium CDN Telco-CDN
¢ Global-wide premium CDN (Smart Network) interconnection

Coverage

- Telco CDN alliance & collaboration

- Service delivery platform Basic CDN Service Global CDN
(ICS solution)

Service Quality



1-4 Background
Legacy CDN vs. Telco CDN + Smart Network

Mo Wi covncrs |[Ae Wiy ciovarcn |

@ Legacy CDN

KT Smart Network

i IDC (Server Farm)z=

o

. Best Effort Delivery

Network-Aware
Smart Delivery




2-1 Smart Network
The First Step towards Open Network Eco-System

Service-driven Networking

Eﬂ Is—:!rz?!

Common Network Interface Network Interface ‘ - - - e ...
(network == black box) (but tunable network) Standardized/Open Network Interface
(network == smart box)

Network Operator-driven Networking Services

"4

ﬁ@ Service Delivery Platform

1
; _Yp— \\ - 3
Legacy Internet - 4
(KORNET)

Smart Network

&"‘

(---/—_{g

4

‘ Limitation )
to meet service-specific on BM extension ‘ Open service API
requirements Scalability? dynamically select_/compose N/W
b | Still Connection-based charge Service is fully dependent fortheirown seryices
& | /W Operator on its own network b | Service-based charge
can only differentiate % | /W Operator Y | VW
quality of each services should separate network become content source

Fall behind the IT players Major role in new IT value eco-system
> Fall to the fat dumb-pipe > Evolve to smart-pipe



2-2 Smart Network

Definition

OpenEco network infrastructure based on proximity & open API for next generation
business model which is co-working between KT and other internet key players

Service

You .
it (3 &

MR Service Platform

Q@ Smart Network

Smart Gateway (5G)
: Service + Network Layer

Smart Node (SN)
: Router, Server, Storage

[ ]
va Users

ICT Servic Clou C&M Enterprise

Qt}ﬂinﬂ ollaboration

Service Portal - Resource Management Content Management

ey A - @i

Service aware control

SolP Smart TV Smart Phone Tablet PC



2-3 Smart Network

Service Delivery Platform focusing on Content Delivery

L SDPis providing Open AP, for the simplification of each L Smart Network is similar to SDP, because they are
service delivery and for the combination between providing Open API for the common Infra.

SIS EyEr e iselrER 5 P But, SN provides smart content delivery feature by

L Open API: Open Application Program interface, which storing, forwarding of each contents with network
is provided by SDP to Service developer. information.
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2-4 Smart Network
Standardization & Industrial Efforts

Standardization

o IETF ALTO (Application Level Traffic Optimization) WG
o IEEE NGSON (Next Generation Service Overlay Network) — IP-based Overlay Framework
o ITU-T SG 13 - DSN (Distributed Service Networking)

Vendors

e Service Routing - Cisco (w/ CANVAS Project), Alcatel-Lucent
e ISP manageable P2P - Huawei

e Smart Cache - Juniper (+ Media flow controller), Verivue (w/ Google-Verizon Project)



2-5 Smart Network
Components for Overlay Content Routing

Delivery optimization

(Network proximity, Topology, Traffic)

———

Prc;ximity

Content Routing - Search, Manage

________
B ~,
-

Content

(Origin) Content Delivery - Streaming

Content in network caching

Proving open network resources

Cached @ as a service
Contents - \/} Users

Get proximity info

Content routing



2-6 Smart Gateway
Definition & Structure

o Determine optimal delivery route (use proximity & topology info.)
o Internetworking via heterogeneous network (build overlay network)

- Service routing, ranking computation & policy
- Routing (IGP/BGP) info. gathering & analyzing (IS-IS CLI, TFTP, Quagga)
— SN monitoring

- DHT management daemon, ALTO API (proximity info.)

HTTP, WS/SOAP

ALTO API Routing Policy

Service Routing DHT managing deamon

Network Proximity Calculation (by ranking info.)

- SN monitoring Routing info. gathering -

CPU, Load, Disk,... IGP/BGP




2-7 Smart Node
Definition & Structure

o Network entity for delivery content and distributing, caching, exchanging

- Dynamic caching, content search (DHT), streaming (Live/\VOD)

HTTP, WS/SOAP
o peer seection _ |Btuletl
* Proximity
‘ SN monitoring Content search *Rand

* Throughput Dynamic Content

* Latency .
*TTL count Caching

DHT management

Virtualization (Server, Storage, Network)



2-8 Overlay Content Routing
+ Service-based Request Routing

e -

M Service Portal

Content Request
(link click)

L4

\ 4

ALTO API call
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ref. DNS-based Request Routing

1. Page Request (e.g., http://www.example.com]

2. C5P Portal returns Base Page Response including Delivery URI
, (e.g., embedded object = http:ﬁ’ﬂrigin.exampfe.cumfmd?muu]el.mpa'.t}

=————
b‘_—

=i}

=
3. DNS Query g LOcal DNS

{origin.exam pie.c-urri
o » == Root DNS

*—FE .com DNS

5. DNS Query (origin.example.com)

CSP Portal
wiww.example.com

example.com DNS

.

4, Recursive !

re

Resolution | » B. DNS Response (CNAME = csp123.cdn.kt.net)
{if name is not :

cached) | < > .net DNS
b > = Ktnet DNS CDN
5 & cdnktnet DNS
7. DNS Query (csp123.cdn.kt.net) et S

10. DNS Response

¢ (10100.10.1] - s O !
7 i 2] Cache Server Load
: v '
Selefted — =~.

11. Content Request to 10.100.10.1 H che?.cdn.kt.net ¥

(http://origin.example.com/vod/moviel.mp4) . £ 1;:{“3';“ iﬂ %
< 12. Content from 10.100.10.1 % cache3d.cdn.kt.net

cachel.cdn.kt.net 10.100.30.1
10.100.10.1

User

Origin Server
origin.example.com

3. DNS Response (Host IP = 10.100.10.1) .~ '—*— 8. Select Optimal Cache Server based on
1) Geographic Proximity based on Local DNS IP



rRef. Service-based Request Routing

-
=1 Local DNS

C5P Portal
www.example.com

3. DNS Query
{nrigin,examp!e.c-l:n'l
- 4 == oot DNS
44— » == comDNS
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{if name is not |
cached) | » o .net DNS
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1111 —
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7. DNS Query (cspl23.cdn.kt.net)
9.DNS Response | _ 8, DNS Response (Host IP = 1,1.1.1) (T)
{1.1:1.1) - 4 7
4 o ) ':_ I"‘..
10. Content Request to 1.1.1.1 _." 7
[http:/forigin.example.com/vod/moviel.mpd) > | 11, Select Optimal Cache Server based on
12. HTTP 302 Redirect to Cache Server '3 i
. : i 1) Requested Service Type (HTTP, RTMP, ..
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; . 3) Geographic Proximity based on User IP
13. DNS Query i 4) Cache Server Load
(cachel.cdn.kt.net) ) " !
14. DNS Query [cachel.cdn.kt.net] ¢ > 4
16. DNS Response | _ 15, DNS Response (Host IP = 10.100.1D.1) i 1
¢ 10.100.10.1) « : ¥ |
Selected — |
cache2.cdn.kt.net ¥
10.100.20.1 %

17. Content Reguest to 10.100.10.1
(http:/fcachel.cdn . kt.net/vod/moviel.mpd)

_ 18. Content from 10.100.10.1 ﬂ

d

cachel.cdn.kt.net
10.100.10.1

User

cache3.cdn.kt.net
10.100.30.1



3-1 Overlay Content Routing Test
Objectives

é Eg Smart El Smart End-user

Ncdes Emulation

Gateway

Smart
Gateway
Domain A

Smart
Gateway
Domain B

6 KOREN Testbed

22 generic servers

SG Functions
Domain routing info. ALTO

SG/SN Interworking Func,

Join/Leave, Redirection, Search,,
Concurrent session

SN Functions
DHT content routing, caching

End-user Emulation
Vmware (Xen Server)

User QoE
Resp. time, DL speed, Buffering

Traffic Localization
Traffic reduction between POPs



3-2 Overlay Content Routing Test
KOREN TESTBED Setup

KOREN TESTBED KOREN Backbone

e Server

— Seoul (5): xxx.xxx.xxx.116 ~ 120
— Daejeon (5): xxx.xxx.xxx.211 ~ 215

— Gwangju (6): XXX.XXX.XxX.69 ~ 74

— Pusan (6): xxx.xxx.xxx.117 ~ 122

e Setup

- Cent0S 6.3
— XEN Server




3-3 Overlay Content Routing Test
KOREN TESTBED Setup

Local (Lab.) TESTBED sern O ﬁ Origin Server

172.2.1.2:3888

[48POP-1] ge-0/0/1  172.1.0.0/24
[MEPOP-1] ge-0/0/2  172.1.1.0/24

[ME2POP-1] ge-1/0/0  172.2.0.1/30 Smart Seoul Seoul
[MEPOP-21ge-1/0/0 172.2.0.2/30 POP-1 POP-2
Gateway
[M2POP-2] ge-1/0/1  172.3.0.1/30 |
[M2POP-2] ge-1/0/2  172.6.0.1/30 52 LEI
Smart
[CHEPOP-1] ge-0/0/0  172.5.0.0/24 NOdE‘1
[CHEPOP-1] ge-1/0/0  172.4.0.0/24
[CHEPOP-1] ge-1/0/1  172.4.0.0/24 DJ
[CHEPOP-2] ge-1/0/0  172.3.0.2/30 POP-1
[CHEPOP-2] ge-1/0/3  172.8.0.0/24
Smart D2}
[CHEPOP-2] ge-1/0/4  172.11.0.0/24 Node-z

[CH#POP-2] ge-1/0/2  172.7.0.0/24
[CHZPOP-3] ge-1/0/1  172.7.0.0/24
[CHEPOP-] ge-1/0/0  172.6.0.2/30
[CHHPOP-3] ge-1/0/2  172.9.0.0/24
[CHAPOP-3] ge-1/0/3  172.12.0.0/24

[RFPOP-2] ge-1/0/1  172.10.0.0/24 @ m—@"@

[BFPOP-1]ge-1/0/2 172.10.0.0/24
[BFPOP-1] ge-1/0/0 172.8.0.0/24

(BEPOP-1]ge-1/0/1  172.9.0.0/24 POP-2 POP-1 9

SUIPOP-1]ge-1/0/0  172.11.0.0/24 ’ @ m—m@
[} [(S4P0P-110e-1/0/  172.12.0.0/24 Ps Ps

[APOP-1] ge-1/0/2  172.13.0.0/24 User B POP-1 POP-2

SAPOP-2] ge-1/0/2  172.13.0.0/24

=]
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3-4 Overlay Content Routing Test

KOREN TESTBED Setup

Traffic Monitoring

e Cacti

— RRD-tool based graphing
- Monitoring traffic each links

- Flow route

Origin Server

e Test VOD Contents

- HTTP adaptive streaming
- 500k, TM, 2M, 8M bitrate

LG IH

[F] Keep me signed

n.

Sign Up

Find Account Info
Request for Activation Mall

menul

e ik

[165.68] [310.28] [21.32«] [270.55]
] H

10.29 1.33M) [Je7]

—

ANg sd&

L=

— AEE URL —

music.10001.m3u§
music.10001 500.m3u8
music. 10001 1000.m3u8
music. 10001 2000.m3u8
music. 10001 8000.m3u8
D|E1 T\E URL —

htf'n /221.145.180.42:8888/smvod/music. 10001 fmusic.1
Twant to




3-5 Overlay Content Routing Test
KOREN TESTBED Setup

SG, SN Log/DB Data Indexing

. . splunk
~ Define log data & format | - e

— SNMP Sweep (community string]

- EX B d 287200 D Temsoo § 2% 1200 : Tewem ko
| ) asey — UDP Check Sum Error
2012 — UOP Invald Data Size

_time
- Integra’[e & MaﬂlpU|ate data =
® mago | | kA mago
119748156 | 105720092 |
V226802 il 122651130 |
 vesests ———
ERR ey | £ 124207
£ 12382823 12265178
£ ez = e P - roint
) u n 122616388
v1essoa7 Wl ra2r967
e | 122718672 |
0 0 ) 0 © s w0 o = © © o 100 12
. . . Point Point
- Logglng data mdeXlng w2 s
mogo
- Visualization “
W 1.197.48.186
11470121
147045
114706202
i 114707201
. 114708208
[ _— _ L 114709204
1233018315
| | | i I | 223130.84.83
281200 23200 238 400 23600 23 800 61235111181
sex 7y
20124
_time
BN CIASA0 AL HIsH 4T S 24 IOIEDH S 8510 & 2R3 ROHED|
231
stiper table 2mago
@23 5676 w8
_time ¢ YUBE S BABR Hacker & Vietim # SrcPort ¢ dst_Port ¢ Protocol * Handling ¢
1287 2=swEm @ TraceRovte TaT0a20s N = aam
tow @0 TiaceRoue w 1es 12823 14704204 e o = A




3-6 Overlay Content Routing Test
Define Test Items & Scenarios

Smart Gateway Domain monitoring (ranking info.), SG/SN monitoring (leave, Join)

(SG) Service routing (DNS interworking), ALTO (routing info. gathering/managing)

Smart Node Contents caching (caching algo., statistics, prefetching,), Content routing (DHT routing

(SN) node & info. management, ...), Content delivery (VOD/Live, format, ...)

Provisioning (delivery service, channel, server, VOD manifest management, ...)

Interwarking

Performance/fault/usage management (SNMP MIB Trap..)

SG/SN Concurrent session, response time (request, search), service throughput,
Performance cache hit ratio, ...
QoE, Traffic Response time, download speed, buffering, Traffic ratio between SNs,

OAM Recovery time, ...




3-7 Partial Results
NS Simulation

ALTO

File Size 20MB
# of Seeder 1
# of Peer 100/200/300/400

# of tracker peer 50
KT internal (100 Mbps)

Global ISP — KT (10Mbps)

Other ISP — KT (20Mbps)
Choking interval 0~10 sec

©

@——® @——

E_& dw

I Relay- Node
O——@ O—0
c Node

@

®

\._\‘
L




3-8 Partial Results
NS Simulation

ALTO

¢ Total Traffic volume

— ~ 30% reduction per each link

e Download time

- ~ 61% time enhancement

GB
25

20
15
10

Sec

250
200
150
100

50

I :

100

200 300 400 #of Peer
Without ALTO mALTO

WO

100

200 300 400  #ofPeer

without ALTO ®ALTO



3-9 Partial Results
Lab. Testbed

Smart Gateway Response

12000

« Concurrent session 10000 z o —
8000

— 6.7% loss at 250 request/sec

6000

4000 ‘\\\i

2000

O T I T T
10 100 200 250 500

Request/sec

msec

e Response time

2500
— For service redirection 2000 /
— 2 sec at 500 request/sec 1500 /
1000 /
500 //
0 u , u , . i
10 100 200 250 500 750

Request/sec



3-10 Partial Results
Lab. Testbed

Smart Node

e Video segment download time

— Under backbone congestion

— 32 TS video segments

— 1) From origin server

— 2) form Smart node (w/o cache)

— 3) form Smart node (w/ cache)

e SN regulate DL speed

6.00

4.00

2.00

0.00

P S THEH HEH S I HEH WIS T HEHE Wl W W

1 6 11 16 21 26 31

=#=-SN w/o cache =®=SN w/ cache Origin server



3-11 Partial Results
Benchmark Test

e Service Routing Capacity

— Concurrent Session w/ CPU loads

e Streaming Capacity
— HLS (HTTP Live Streaming)
— 20Gbps (10Gx2) interface: max 15Gbps: 2Mbps (10,000 session), 8Mbyps (2,500 session)

e User side QoS

— Average response time of each video file segments, download speed



4 Summary & Discussion

e Smart Network is...

— A service delivery platform focusing on content delivery

— First step towards Open Network Eco-System where KT and other internet key players can collaborate

e We will ...

— Test & verify the functions and performance of Smart N/W on KOREN testbed
— Deploy Smart N/W for pilot service (5~10% of traffic coverage, collaborate with major CPs)

— Consider several issues such as placement of SG

Centralized

Distributed

Management, Backup
Data exchange between SGs

® Frequent data exchange
between SG & SNs




KT R&D Laboratary, Smart Netwaork Strategy Team
Dong-Haoon Yi (donghoon.yi@kt.com)



