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ABSTRACT

KREONET is a principal national R&E network running by KISTI in Korea. It uniquely provides production
research network services for around 200 non-profit research and educational organizations, based on hybrid (IP
and non-IP) network infrastructure. However, KREONET is limited to meet various needs of new network
services for advanced Science & Technology (S&T) users because its infrastructure is inherently derived form
classical hardware-based, fixed and closed environments. So, KREONET-S is designed to provide advanced S&T
services to catch up with time-to-research and time-to-collaboration. In this paper, we present a system
architecture of KREONET-S based on network infrastructure that consists of data and control planes separately.
Furthermore, we propose and describe VDN service which is capable of building a virtual dedicate &
bandwidth-guaranteed network for S&T group dynamically. we implement VDN application on KREONET-S and
then perform performance analysis for proving that KREONET-S system and VDN application can be a good

solutions to cope with new network paradigms for various advanced S&T applications and users.

¢ First Author : Korea Institute of Science and Technology Information, yh.kim086@Xkisti.re.kr, %3]
Corresponding Author : Korea Institute of Science and Technology Information, mirr@Xkisti.re.kr, %3]
=l E D KICS2016-08-209, Received August 25, 2016; Revised September 9, 2016; Accepted September 9, 2016

1081

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-09 Vol.41 No.09

I.M E

70

et At —8*% ] 43- 2 /“]‘3]’\-’] "'H?_s& Tt F
BLosA Rk Ao vEY 2 2 A
H|AELS =28 H]E = 374 4 Q78RS vl
s7lell W2 AlekE 7FAAL 9le] SR o] &
TEAORE 3}]@3}7] 7 A7t EsiA| 218 =
2 Qe olefk vEsla Aeleiele] Mk =
Azel At A5s Fofstar glom o] FAl
Software-Defined Network (SDN) 7|&o] 4] itk
S SDN 7148 HT} W geleln Sl w
Agk A5A VEHZE AlFs] st A8
EAlvKLocal Area Network, LAN)2] 3938 w3 %
A A1) Software-Defined Wide Area Network
(SD-WAN) 71&2 Asksta gl . oleigh
SD-WAN®| AAF A-fi-8-2 &l 1% w|rte]x|q, 3
okoll A4 AFgAIe] el 30%7} SD-WANS- ]3¢
Zolgta & E 5 tiekst vESZ dAES
SD-WAN 7]%0] M2s vES= sfeiciele] 52
o) 5 Zlolet ot glei

KREONET-2 19883-7¢] 33p7]A(d vtz
4’" 7 AL gl A Helslo] sl

L0351 37} R&D A7 ol o] Akskel &
°F 20001 7|3He] Fo AT AN 7] ke o
g Ale AR, F9F5E,  GRID,
e-Science &80 50 AFARIS AlFlr] S1g
/35 MBS A lzZets A1k glok 21 1el)4]
B 4 gJ%o] KREONET-> A= oz 1771 x|ow
AeY7} 3= ar glom, 7k AElE 7o A o]
A Tkt ATE A 5 gle vES A Q=
25 S35k o] F wiEke R W A7RlEelAl
el L8l XS 95 T =53] A 35S A
F3to mx avledfto g 83} 7wt g1z} o
-5 a5k ol

3|7 KREONET HH] = stedle] 7]k 4
A Ql el ofate] AlokE whar 9lom AR ]
E9= sfziriilell f{}ﬁ]“* A 88 Anj=E #
Aahedl PAS A &, 254 J st=do] <l
Z} s 7Hke 2 2-8-5]= KREONET- server-client
Aol EdlFol|A] east-west, server-to-server 5312
o el whE = e w3k APt 714
W v EZ A 4 F5ol mE 73 A 2

1082

=

MAP OF KREd

KOREA RESEARGH ENVIRONNENT OPEN RE QT

a2 1. 9] KREONET YlE$= qlx=e}l 75 33
Fig. 1 Domestic & Global KREONET infrastructure

A3} A, FAsE aElshA] o 1AW BEEE
2] 71ake] VIEY T xR <lgk Al g A 94
W7e] Babd, 29 UES= 3] ofel, Wl
o oJEA 5o AleReks sl AjteiAl &
ov o]o] wlz} Aj2-2- == sfeicis] 2 clokat
SR dl-83h7] $lste] W A7k} Blge] 2
T,

20159 =7 e SAolaL gk v
Pelejuloze] T84l 23S ¢)sle] KREONETS]
4 Z EgJoISHKREONET-S! )& F41 ol glow]
Lz Eoisle]l Aol ql=Zzels F8sle] st
7% RofellAe] w7t 2314d% R&D AfHEE Al
A= R §4 Ak, AAA FEe] el
575 A|dslas) gt oleigt w7 o® gk
KREONET-S&= ZA| 1) 57P4 SD-WAN Zw|gl
EZue] £z Ee] 7NE A% 285 53 A
2adwE dESY = l=Ze} 15 2) FAH 7P
& UEHZ Au]2e] AlF-E 53 vkt AddT
2 gl HAA 3 FE(time-to-research and
time-to-collaboration) 3) ti-8-2F dlo]e] %53} 3=
5 8l A T 33 Al $13 AlEle]
+ SDN Algelat 37}4] F8 AR A4 o7 3k

B =] A ke 2k 2A el w5
4 AMulag AFs] 413 SD-WAN  7]HE
KREONET-S Alz#l #3225 Adysla o] I3k

o] 7= dlole] w2 Ao Hwie] vES = ql=ze}

Fxe} 5 3RS AR 3AeNE
KREONET-S A|2~®le 7ukog el S8 ol7a}
(AHADEe] 878k 218 M ESFE g2 AZH Y
T=, e dlole A5 Ae)E a7shes Ay
JATE ST 5 slE 7P S vES = 5 T
Z(Virtual Dedicate Network, VDN) AJ8]2~ 2 A8

lm ri

www.dbpia.co.kr



=%/ SD-WAN 71uke] AR} A A AL vEYT AAE A 2

b B e
(User-oriented Network Visibility, UoV) AH]~5-
Ag37] 918+ VDN e ZejAo|xde] 3 9 7% &
=, At AR, 223 AL QlEfse) ] 2hsjo]
Anlglt} 44 ol 4= KREONET-S A]2Hl 3764
VDN el Z2]Alo]de] Aol A3t Ad &S 7=
sla Ak AvE 19le 2% KREONET-S7} A%
3= VDN A|=o Aes AFd F4lel
KREONET-S A|Z~Elo] A28 Y EH= szl

e Ve mesn] Dash Au|x 3S Al
& BQlrh wpxeto @ 5ol B =te] A2 Y g
5 AT WS AARIL

9E AF MENZ A

. SD-WAN 7|8 KREONET-S AMA 2 HHX|

2.1 KREONET-S A|AH| FZx

KREONET-St+ SD-WAN 7]Hke] X2 gefjwEy/
7Vdsl 2ol oA/ AA~ MBS A l=ZeE 5
slar ofell 7|ukgk Ak -§-& An]|2~E #|8dskar glrh
o]2]8k KREONET-S A]2~#] 4 SDN & Au|~E
& A B, AAE AL w3, R
B 5 ohek A 58 °d¥ 2 sl Fofe] Aol
JATE St k= sk

KREONET-S A|~Ele =7 slego] & 42 E
9] SDN Z|EZ A% vES]= ¢l==}, SDN

719k} Ak Alo] EE, A S8 ofEeAle
THIA ol Il 28 453 A% o 20
oJe1t KREONET:S12:89] 745 o o} )
= Holgrh A A S Ao w ARgAE
A ot vjesl Aoz AP Sske] ool
B $ale ekt dole] Pl vEg= olme}
olt}. o] UES A9 CAPEX®} OPEXE £°]7] ¢
shol SDN 7]l vt =2 aoeld S 7
FE9del. F WAl ¥ OpenFlow, TLI,
NETCONF 5-¢] Southbound APIE E-§3}e] dlo]e]
B UESZ Jzes 7Sk ikl k=gl
S Ede] AuES T2 Aol 2 Aelshe I
Fashe Ak Alo] ZFolek o]’k Alo] HH
LEEH % KREONET 54 T7HEA, ﬂoﬁiﬁa
QZOL e} a7 ]
ik 7‘]3}—1— 7P Tk AFE AR :IL?-T 2
& Foll Qlrh z=la o] W, AF Aol 3 =2
East-Westbound ~API®] 79 Open Network
Operating System (ONOS)"*-- Hjeialoict A HA)
e 9] o lzel(dlelE HH, Ale] Hw)E 7]
Hke # ONOS7} Zﬂ"‘—ﬁ]’*“ JAVA, REST APl 52
Northbound APIE g3l Hot -8 AMEALES
Qg 4350 vhedst e EeiAlelA 2 Afu|E A

° rulo N'd

H
Rl

[]
-

B M2k 3 WSk 5t sl
KREONET-S 4|2~

S1o] lele] B 2 Ao} Fe ]

VDN (Virtual
Dedicate Network)

UoV (User oriented vSciZ (Virtual

Visibility) Science DMZ)

KREONET-S* Applications & Services: New User Services & Experiences (High Performance, Advanced Security)

Multi- NFV/ NMS,
Layer NFaas etc.

KREONET

COREEN w® SD-WAN Technology & NOC

KREONET-S* Control Infrastructure: Carner-grade High AvailabilitylFailover and Scalability

p
KREONET & GLORIAD

%l 2. KREONET-S Al~Hle] 74 84 4 A4

Fig. 2. System component and their relationship of KREONET-S

1083

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-09 Vol.41 No.09

Ef1Z Qlzefel] diste] 7lestay o]l 7kt 58
ol Ze)Alold U Au|s skEE T1-30)x A4l t}

FEE P

22 Mo HH M| U 72F &

KREONET-S9| dHloJg] Hwl WEH= d=Zgh=
A st=do] 291A]9f Az Ee] ~9A 2 A
v o]52 Agite g Uizl 489 KREONET #|
Ar Ale]of] 7= o] gleh ZF 2|97 Ale]ol = 3=
o] 291x] AW R Fo] = Y x| v} FEE
o] glow oo} A AZE] A9HEH o
Open vSwitch (OVS)E°] W8 A Aol F-5x|o]
ek g, sf=se] ~92E Alele] Has o
Haw PAE olE 10709 1Gbpset 1719
10Gbps HAER o]FZIc) w3k sf=so] 9%}
OVS 2914 £-2- OVS 28125 Alelo] ®=9] 7+
10Gbps®] HdE-S A}k 18 32 ONOSeIA] A
F3H= GUIE E3te] olzlgh sfeslo] 2 4~z el
o] 292 74} KREONET-S2| E2]49] vlE¢=
EEZRAE BojFr)

gH, A2 ok Ao 7] sfesle] 291A] Ale]d]
WEYT FAS R 3 AX(Packet Optical
Transport) 79| t}5 AlZ(Multi Layer) 7322 -
AEglomn o] HEAQ UEHA -8 2 oldf
Hkele= v dzke] SmeA 71 Lol F5Ee] 29

9] KREONET U|EY=3E 383k} 18] 4= o]

Deajeon

_“i

g 291 Alole] B A4S 9Ia slesle] 2914
2 ;ﬂo guizie] A7 A3 2 AL 2] B
be meter)

rvN
ol-}

23 ol HH MA ¥ 75 g

KREONET-S&= Alo] 9§ ©d3h= SDN 7]t
o B4 Ale] FESE ONOSE A=ste] Alof
i ovES=Z dZeks 75 2 9 Tl stk
ONOS 7[Hke] 4k Ao} Z2hs% 878 A% 71
Z o]f= ofele] = SDN ZEEZ 7]Hke] Al
ZHES  AHF ONOS H[3l] Hr} Tkt
Southbound APIE A|&A]= B2} 2RAQl =k
Z}ell A4 (single point of failure, SPOF) A7} gle]
AAA 02 AT S8 AgAEA e Al
& Agshd we ARk AHes] sl
ONOsel A4 el W1 Egeiel el
e Balo] el FUAFY Al BAE AT
7] w3l KREONET-S 4|28l E’-i Afa] =] a7Hg-
A 2 2P Sl ofeke] SDN E4b Alle Al
dlof mlal] wr} gl

KREONET-S Alo] Hse] W E$ = qlze= 771
2] SDN _,_Ei;ﬂ NS F=0 7 FAEe] glo
m o] 52 shte] 713k SDN iﬂi’“ﬂe AR
t}. o]2]gk SDN ZEZ2 M52 21 404 & 5
A%l 3= o A **‘EMI A B 47H= A

= A g Alefel] 7=o] 23 Foll alom, o5

o T

) maeas
o e

SSmcos2

m
1724

Seoul

"

Multiple\links
(10G * I, IG\* 10)

Seoul (Edge: Arista 7050sx)

/ \\\. .
e AN

—
thd OVS

-
Devics -

ovs
B ovs

ovs /

BB ovs

BEHEE

Daejeon
2] o B8
Daejeon (Edge: Arista 7050sx) A&
g8 8:a 2
=]:=] ] 2] ‘
Soloctvaty oro 0

J2! 3. KREONET-S9| £24<l vEHa BE7X
Fig. 3. Physical network topology of KREONET-S

1084

www.dbpia.co.kr



2/ SD-WAN 71%8] AHgA 34 M A8 vENZ Asd A 2 7

KREONET-S 7-Node ONOS Cluster: Distributed Controls

# Master Stand-by (slave)

J

onos

Daejeon ONOS Instances
PM#1 PM#2

=K-3E-%-3

Build VM Deploy VM#1 Deploy VM#2  Deploy VM#3

J

Seoul ONOS Instances
PM#3 pmeg OO

BB B B

Deploy VM#4  Deploy VM#5  Deploy VM#6  Deploy VM#7

Arista 70505X

(Edge Node) Brocade M

8
(Core Node)

12| 4. KREONET-S #Ale] Wl <lza}
Fig. 4. Control plane infrastructure of KREONET-S

22t dlole] Hwe sf=gle] B Az Ee] 2905
c17 =] KREONET-S2] E2]#¢l vES= 9=
2= ARk 2= o] o, SaUEAE BARP
$5le] ZHhe] 2$XE-2 37 o|Ake] SDN ZEEH
o QdA=]e] glomn] o] F mkaE] kst A E o] 3
o} ~9x]2 g} gt} o] Qlele] ~9)x|9
vh2E] 27} oAAFEA] Rgt AR Qlste] 2 vt
At F2fo] #FA =] Hello 75-S HsA X
& A U] 2= F she] 2ot e 29
2o mpaE] o] 3 fqdutol Al 3-8 AH]
29 BAAAE wAFh) 7F A9)A]9} vhaE ke
Al 739, 23 33} o] ONOSOlA Algsh=
GUIE 519 SDN ZEE2{e} 29]3]0] Ao 7
e R A A 7Sl

I3 5+ 34 Adws KREONET-S29| oA A
Aol wix|E dlole] 2 Alo] FH-E =S
= AA e 5 HojErh An e

2~ 0
e

Controller Servers

OVS/Experiment
Servers

Fig. 5. KREONET-S
Daejeon, Korea

network device installation in

Optical Transport ~ Optical Transport

{ Open vSwitch

Arista 70505X

Brocade MLXe-8 (Edge Node)

(Core Node)
— 10Gbps x 1

S 1Gbps x 10

Aetell= 47]2] wd5e] 8- A7 91318 gle
ZF Awete} 3709] 7HAF wAl(Virtual Machine, VM)
=5 Ak 282 vM £l 3719 ONOS &
EEY, vl OVS 290%, Ad 2 3 AEs
A3l A Be] sltell= sh=do] ~9]A]]
Fo] & of|x] 29AE miAElg o ] 2 Ao
o] AR WIS 915k A gk wiHEkch o]
Alol= AAL 919 ol AIBIEE ko w
AAw ] glowm A& Ant AEej 22 dleole] 2 A
o] o] AW w2 sletel 913t AnES F3)
o] o]g%It}. §kH, KREONET-S2| A8 =|oqw} AlE]
o] 749 w3 ONOS ZEZ=7} 478 e A3}

U of

T A U3 R o] 3 Fol Yk
. VDN OfZZ|AHI0[M 7Het
3.1 VDN ofZz|#Ho|M 7= U 7|
KREONET-S+= Al WES=m 7]&dl

SD-WANS &-83}o] A7} 87k A4 vE
A=ZE A2 A7 W 5, o848 dlele A

= 87k ADEHATE 74T 4 3= VDN
ofEeAlo|AAS AlFRl). o= vIES = S48} 7]
UVUXE 328k AREAL 719k 714 A8 vl E9= &
A T Au|ag AR T R E o A
WE= 73 7] 2 AMp|aE E3R)

VDN el Ze]Alo]Ade 7 A4 VES=E I8
2 3R o)) AR} ke $lste] 7 318 |
EQ] =0l Fofshe saEEC] AL M A4l

1085

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-09 Vol.41 No.09

= [ Open Network Operating System

) mwwo N ) muen ) mies J ) e ONOS Summary
2 y e
m%’ B E\Em os:oo:z7::c:4|:s7/-|
Ny /ovs ;.
Seoul @ 7777@ v
VDN-1 = o
Each User Group can See &
® Manipulate ONLY their ownVDN
Daejeon S ) /
® 7 o,
/ s ®
®- / ovs VS|
e
@w/ ovs 777777777;’2
pgE sa@mse | VDN-2
HES «
-] mEe

12l 6. KREONET-S A-2]
Fig. 6. Network Isolation b

5949 M 94 vEY=
VDN on KREONET-S

LEEERC EE A HEdl= =
EE;(] EU 2 FHo] $AEE xlo]o] A o=

& nAshs geixel RS TP M AL s
=8 ATk ol P BrEE FH02 g
& wAske vlES 3 ErlE AL o] 7t

ZOo o]e:h:ﬂ—o].

= H =

R=N

SAEE

ox e END ALE T 7Pk v
Aoz Gukgroms o). qhd, AR M

A8 vES o] ZhE o3}
o] 43 FRHeR 3 2 E|EY a2E Al
oJe] B4l =k AlgkElc). olgfsl 7o) 5% vE
AzE 74 2 8F02H o9 A a1F 7
2] dlole] HF Waks sl FAl A 28-S
4 A7 9lek 13 62 ©]2{qk KREONET-S 4
o ERixeR 2o U IEE /M AL vEH=A
9] ol & HolErk

VDN eflZe|Alo]4de] A= super/admin, toot,
common 59| 37} A2} Wk 71 S gloH
ool we} 58 vES= AR g 7]5o] Aghct

super/admin ARSAH =P L] 75 AA| HES=Z &
Z72A=S 2 5 ¢)on] KREONET-S A+ =& VDN

< A2 g A4, 784, AADE 5 STk root AF

89) 739 Aale] xga 54 VDNE| vlEg=
RERARE 2 4 glom Alo] AT VDNe] &

=1}

sle] ] Y Ao} 71538k common AFEAFL] 7
£ VDN #2| ¢ Ao] Hdho] glom super 2
A4217) A VDNol| 285 7% &% VDN |

root

1086

Efa BEEEANE & 5 glrh 28| o] o, ARE-
ARz ARl A Al gE= vIES A B A glalo]
WEHZ 28] &go] 73l

VDN o ZgAlolAde  ONOS7F  Algshs
Northbound APIE #-g3e] 7= glom =7
VDN Fo] 2 AREA} 7[Mk VB = 7St Hds)
+ onos-gui-vdn®} AAE VDNE 7[HEe 2 do]E]
A4S J3}= onos-app-fwd-vdn 07 TEF
t} o]9] A4’k VDN efE=lAleld 72 2 75 &
FEo= a9 794 B 5 olrk

onos-gui-vdnollA] VDN Fol&= =7 ARgA}F T
(User Manager), -§713} ¥=|(Synchronization
Manager), VDN #2|(VDN Manager), tlo]E]H|o]
2~ 2] (Database Manager)2] 4714 FAQA4E o]
LR}, WA AR} Fe)= 371K AR} eRelel] uf

2 =2 9 o= 758 wulsk) =73 #e=
ONOS 4k Alo] Zel¥Eo] 7| AL gl Ve = A

= dlefelo]~8} Tr138ke 1eE AlERith
VDN #g]= 7Pk AA] A 27l ARE zlol E
22 pAsla od] sdsls UEY T AL S

A8 vES] e ddshs A3ts a3l dlolEm
Ol* Fel= dlefefulo] el A3l Feltg 1A
e et b, vlES = 7SSk VDN
42, A, AR 9S4 GUIE B3te] 53
3= 7]%?% A€ VDN vEL = Eﬁix] =4
¥} Febk o= 9 GUIE 58 HoFE 75

A4,

r_|_,

www.dbpia.co.kr



=B/ SD-WAN 710e] A8t 341 /M A8 MEdD Asd A 2 7

ONOS GUI for VDN

e e e e ———————————

User Manager

i
i Login Handler Register Handler

! VDN Manager
il Path Finder
i Link Allocator

Meta Info Collector

Port Allocator

Visualization

VDN Topology View

VDN End to End View

! Database Manager ;
i E Data Value Object i
il ;
i H Data Access Object [
i ;

.

ONOS Reactive Forwarding App for VDN

\
. Shortest Path Finder

VDN Isolator Rule Installer

T

ONd‘S Controller

-

pm———————2 SRS e

: Apps |onos-gui-vdn|

1
i
i
1
L

| onos-app-fwd-vdn |

________________________________________________________________________________________

J% 7. VDN oi&FejAleld 2 2 7ls 8%

Fig. 7. Overall VDN application architecture and function blocks

F3)ghe}.

onos-app-fwd-vdn= VDN S~EZ 7] #HA 7
25 Zk= Shortest Path Finder} s% 74 ZAke] 2~
$1A]ell F2% 722 W2]l= Rule Installer, 28|32
A2 o}E VDN 7t 541 A& Aloldl= VDN
Isolator= %Itk ool gk AAGE 7|5 2 A}
= M-24elA] ohfes gt

3.2 VDN & 7[gt Hlo|e ME ot

SD-WAN 7[4ke] Ee|- e 2 =% KREONET-S
HES =44l VDN ofZejA|o]4dS 75314 ONOS
HAE Alle] ZEL 27| AA HEHZE shie
Aokt 7k A8 HEH IR QA8 o]&
7 VES =E} Wuicl o] ¥ qleje] 3~EV}
KREONET-Sel| H<3la o5& 7P A4 vEY =
of| Fod=]7] o4 7% tEE 7MF AE UEHFe
23k &, M S UES Tl FoxA] @
I1EF Alolo] AR UEE 7MY AL UES=A
= 53l o]HzIck

aElaL o] F, M A WEH =) TS5EE 29
Alz=wl 2wl ofsle] EEl v E$]A(Isolated
Network)7} A= sied V| ES 0] &3 3B
TEE 7 A4 v ESZe| &3 52~ Alo]o] &
AlE ARl &, VDN AH]|2 3ol Fdst
7P AL U EIW] SAEE Alo]e] FAlute]

X E
=—

3]-4%c} o] W, ONOS #4F Alo] ZYE-L ¢J9]9]
7t AL dENZ Ule] 3L Aol EAlS ¢
sled A dES =7} obd slske 7MY A4 vlE
=4 dlolE] A4 AHRE Ssly] witel| ZE
< 2 A A7re dAs] 29 5 glck

o] A"l F s F3le] &% Mk
U ES]|ZE52 ONOS 4k Alo] Fefigel| oJste] 4
3 Egdog o 2 e|Ew, ofof uje} wiebx<l
7P A4 vES A ZF S BAl =g ARk E 5
gl v|Ef 0]k ONOS #4F Alo] ZeE 2]s}o
Ao R 2dE= 7 AL v EY Z 49 Hle]
Bl $AlE 7122 wiebHel wrlem FAkght)
=, ks deld] §Al 7S &8ste] 7 A4
WENZ Ale]o] M= o 7 A4 vEY = e
IAES Aol FAIS Agksle] "ol 4 Hk
£ 7hst) SAlel AE E8E SRR olof
gt onos-app-fwd-vdn®] dHloJe] A% HAak= o33
i},

[onos-app-fwd-vdn Ho]&] <= A3}

1) SDN 29|x25E 1% A 1 Fzlol] A3 5

71-¢1 W] A]X](Packet-In Message) 5215k =HA;

a8

==

2) WIAIA] We] EkA] Fanel B A Fiel S
ke ZAEES] 7 AS UESZ AMEAE

Hlashs wA;
3-1) A7) 7R Ag == AP} o A,

1087

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-09 Vol.41 No.09

VDN 1 VDN 1 VDN 1
(Default) (Default) (Default)

H4 H5
=

VDN 1 VDN 1 VDN 1
(Default) (Default) (Default)

<+— Communication with each other (0)

................ Communication with each other (X)

VDN 1
VDN 10 VDN 10 (Default)

VDN 10 VDN 1 VDN 1
(Default) (Default)
VDN 10

VDN 10 VDN 20 VDN 20

W

VDN 10 VDN 1 VDN 1
(Default) (Default)

2! 8. E3l5o] o= VDN 7649 dlole] A% Al
Fig. 8. Example for data transmission on isolated VDN environments

a sizle] AS Ajtehs v,

3-2) U A% A7) 7P A8 dE = st
T Eda 2EeA =S ks
4) A-83h= VDN Aol §17sle] A 1 sfzlel] 2
g E=24- 7135 AMdste] SDN 29172 A1

k= 5.
a7 82 o|z{gF VDN AH|29] dlolg] A% o=
wojErl vES =] ol M AE vIES =)
AAEA] ok 73, BE ZAEEL TEE 7HF A
4 U EZE Folo] $Alo] 7Fedict o]F s E
(H) 1, 2, 42 $]&F VDN 100] A= 5 s~
7kl 412 VDN 105 53] o]gA|H 1 9]¢ &
SESIRE alo] ARkt o) H2e} H3E 917
VDN 20°] 44 739, =7 & o]& 7k 54l
< VDN 205 53}o] o|gA|nf vpj#] s ~E53} 5
Al A|gkEc) o] w, H2+= HI, H4¢H= VDN 10
B3] BAlsl H3¢H= VDN 20% 53l §A1%
= 9lom H5, He9ke] g4l Akt H39 735
H2E A|9Jg & srEele] Bale] Alghgr) gk
o7&l VDNell £314] o8> H5¢} H6-> 91413] t]&
E VDN& 53fe] 541 758 ] sEele]

B2 Aghs)

3.3 VDN ofiZZ[A0lMd 7 X ARZAL QlEH|
OJES

VDN ol Z2]#A|o]4-& ONOS H4t Alo] ZhEa}

1088

=S VDN Feo] ® Hloly A& ZEWS
JAVA, v|E9]1= 7143t 2 Web UL 25(2]H)<] 7
¥ Angular]S 7]k 2 &3]

% ¢]2] A8A}7} KREONET-S A|2~Hlof| <3}
% AARE vhxaL v, izl ofsfe] ok
Ughel] w2} VDN 2)/Alef(A4, 7841, AHA) 2 A
/3%l VDN9| &8 H9)7t ezl 723 o2 Akg-
ARz AMAle] 43 VDN-& &-83F = 9l ow s
VDN2| EZ2x] 2 AWE Web UIS Edlo] & 5
3lom 1 99 VDN 834 % HRE & &
act A VDN ] 2 Alefe] A9 ezl
root AREAFIRe] 7hs3l o] 50| ol Fexle] 7
< AA VEY T BEERA ARE wF ok 5 gloy
o]o]] w2 KREONET-S 49| »E VDNO| ¥2] 2
Ae17} 758 v root ARSARE FE]R}ol] &J3}ed
Fofuke Ju An gl xpxle] AJAJgE VDNe| ghsled
2] Y Alef7} Zhssirhe Aok

VDN 2] 2 Ao GUIE 53l o wkes)
F3=v] 13 9= VDN Aol 38t GUIE HoFE
t}. VDN A4S $l5}e] sll< VDNO| HA-S- gl=s}
3 VDN 87 =&, 3~ g|A~eE J2|a A
%l VDN 83t AHAHE GUIE §3fo] AlEishd
ONOS Aol Z2h¥&e] 7L ole MEHZ BER
2l ARE 7Hke® g o} ¥-5 BAS= VDN %
o] IAE 7ke| 7 A4 VES IS Ao A=
3 ALgAlEe] @Y VDNS 283 = 9l H3S

www.dbpia.co.kr



2/ SD-WAN 71%8] AHgA 34 M A8 vENZ Asd A 2 7

z Open Network Operating System

VDN - GUI / Create Virtual Network

Virtual Dedicate

KREONET-S* networks

Virtual Network Name:  claude-van03

Useﬂsl. Edge Node(s)

tester@kisti.re.kr v Seoul v

Log out

Bandwidth: 1G v

PMIVM(s) .

08:00:27:35:1F:2F-210.110.197.22-08:00:27:35:1F.2F v

OVS: 0000825310949348-0000825310949348 v

claude @kaist.ac kr
tester@kisti re kr

08:00:27:EC:CD:21-210.110.196.22-08:00:27 EC:CD:21
08:00:27:35:1F:2F-210.110.197 22-08:00:27:35:1F 2F

T2l 9. VDN AL 91 Gul

Fig. 9. Graphical user interface (GUI) for VDN manipulation (creation case)

2 Open Network Operating System

VDNs (1 total)

VDN ID VDN Name VDN Bandwidth (Gbps)

332 mirr-vdn01 1

Log out

User Email Device Name Host Name

KREONETS-Seoul-Edge,
KREONETS-Daejeon-Edge,
KREONETS-Daejeon-Core,
KREGNETS-Seoul-Core, OVS
00008253f0949348, OVS
0000901b0e532ce4, OVS:
0000901b0e532ed7, OVS:

08:00:27:D9:4B:C4,
08:00:27:35:1F:2F,
44:8A:5B:F3:10:80,
08:00:27:10:55:b8,
08:00:27:EC.CD:21

mirr@kistire kr,
claude@kaist.ackr,
ymseo@kasi.re kr

0000fas6a89cag4e
(a) P92E 22] VDN Ax el
B _J v ranmon Gparsary sy e G E JIF T ———— [p—
[ T— — Erm [ —
lCT T T T 1 ..
. G o
L - B Fu " 5 e
B .
B ® =
) : i’ -
8 B . — L ®
Hm
»
L) i
-] L 1]
HE20
EQpSEQ 8

(b) VDN H|ES]= EZ=2x] 3hd

J8l 10. Web UIE 538 VDN E¥24] AH ¥ ng 8
Fig. 10. VDN topologies and information on Web U

22

=]

Foigit}. gk VDN AAde] SkE=H AR} H el
w2l VDN AHEE 73 10(a)3} 3ko] Web UIS 3}
of gxE Frow w7 T8 100b) 2 1H
10(c)3} 7ol 122 HFZ & % gl 12| o]

(©) VDN o] Z-E7} %5} shyl

uw], VDN ofZg]#Alo|4d& VDN HEY= EZZA
3pH3} 34 VDN o] 32EE]| #3) 2zt 3pa
w3k AlFBiaL 9lo] B} vhekgt ARl 8AlekS
FZA7|A) gk

1089

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-09 Vol.41 No.09

V. M52

. Aol 4= KREONET-S A|2~&l #7364 VDN
o Ze|Aol o] Aol WA’ AP IS 753k
Ak A3E B]lrk o]7]4 VDN efZg]Alo]Ad2]
s> SDN ZEE29 ¢} VDN 3] 3 ~EQ]
T, 28]a VIE A FR(A] 2$1X]9] el whE
VDN A4 2 744l S5 vl Ao 2 ZHE
5 gtk 28 o] W, vlEa EERAE 7]EH
© 7 27| #|A]¥l KREONET-S EEZ A5 7|Hko
2 3he U ES = HFre] kS 9l5te] OVS 2914
£ FE3l9dth ol & S3ld TEg AlaE H AR~
7} =7P4 SDN Zdel ZEE#] 9] 2LEo] 7]uk
e -5 57 A ZEaEE vEY S
2} 15, 549 7PAS M EN S Au|8] Ale-s
F8 ook HddT 2 g HAA 3 =
aE]a g3 dole] Aed s S8l e
HdT 37 Al 218 sl=lelF SDN Al-golat

Eo|| H3leke Ho|yx} gl
WA, el FEERE 7o g 9lele] VDNS A

9] Z7lell uk2 VDN AA Al7ES HeiFEe) o5 &
3le] VDN 3o 5~E0] $7} Z7|3ke]| we} VDN
A A7 Y- e R TS B 4 gl gt
VDN A4 A7k VDN o] 3~EQ] 47} 27 =
£ 2070 AS, A2 HEH o' 260ms, 550ms7t
29% 7og Hol VDN Ho] T~E o i3t
VDN A4 A7) S7H2 a8 34 ¢85 o4 &
gt} &, Aubd o2 SDN FEE2] o we} v
A3 VDN AA A|7ko] B A 8=X]|qr o] A%
zto]i= mlv]3te] VDN A4 #A ol Fofgh o332 v
HA] 52 A = Uslch

% 12+ VDN 3] i/:Eﬂl o) Z7lel| mpE
VDN 7841 A7k 347 Ads oo 2= vepd A
ot} o]9] AYPL Hx 7+ A|Ye I~E Vi, F
208 3~EF xgsle] AL, A 7 VDN A4
gt & 7|2 ZAES WA AR ZAES
Z7)els arl o2 X3ttt 1 o]9e] 2L 9
o] Aga Fdslch VDN 734l A7ke] 739 VDN
AAL A 7Ee] 799} vizlZFX| 2 VDN Fho] 3 AE9]
ol w2t AgHog ZIlgke o 4 31_%] nlzi7}

olo o 3lo)d}
wvaa T e=a

_'_

o} $4Ims
VDN 7
Al sha WA

Ake] VDN 734l

Al o] 3o sEe] Sof] uhE VDN ofE2]A| 2= ole] F7He w3k 18] 27
ole] As-S A fI8te] 7 A|H 9] olA] 9] adet. 3 VDN 7§41 A7k 5218k VDN 3
2 & AL 3B 5 16X 1078 Z7HAA7 3 2~E0| ol tile] VDN AA A17E
VDN A4 AI7ke SAsisict 28] o of, ¥} & AE v Aee A Holx sled o=
Al Ag ARE F53h7] 915k KREONET-S 4l 3}Ao] o]n] mHEo1%] VDN A ¥-E
el a7f9] st=so] 2912 rke Sgalolrt. wgt o] H ARE Bl A2 VDN Aoz A7
o] A3E& SDN ZEZe]e] 75 2/ 22 3702 ¥ = A%z Bl
733 Aol A= FdsA askedel 29 118 2-node cluster2} 3-node cluster
ol 32 SDN Z#|~H AbellA] VDN 3] 31 5 AZbe &kl FEEHY o} vuste] 719 w)sst
600
—a— Single controller
--&-- 2-cluster controller
3-cluster controller
500 -
H
GJ
-E 400
s
o
300
200
2(11) 4(2/2) 6(3/3) 8(4/4) 10(5/5)  12(6/6)  14(7/7)  16(8/8)  18(9/9)  20(10/10)
The Number of Hosts (The Number of Hosts in Seoul/Daejeon)
2| 11. The impact of the number of VDN hosts on VDN creation time (ms)
Fig. 11. VDN %] 32~E 2] Z7}e] w}E VDN A4 A7F
1090

www.dbpia.co.kr



=3/ SD-WAN 7]uke] A8z} 41 71 AL v EY 3 A

e Creation case
—a— Single controller
---- 2-cluster controller
3-cluster controller

500

Update Time (ms)

The Number of Hosts (The Number of Hosts in Seoul/Daejeon)

72| 12. The impact of the number of VDN hosts on VDN update time (ms)
Fig. 12. VDN %o Z2E 2] Z7loj ul2 VDN 7341 A7k

XA 7 o] Ae]R| 5t 3-node cluster 7§41 A)7k2
FEZ#]9} 2-node clusterd uwje} B|wd}led
20~50ms A= v A7 7o vehdr} o]= VDN
734 A M ZEZR] 7F 5713l gk AlZF &8

FA=) spA|RE o] w3t VDN AA e} =hxtr)
A2 A 2el7} vinlsla A vIES = 33l uw)
o ol #35]7] ulo] VDN 3ol 5amS] S
w2 VDN 7841 Aol Feigh o33k wlx|#|

o2 WES = 571 ARl w=} VDN "E*é
% AL A9 ol ek e ol sl
7] $13ke] IES=9] 25 AA3H= SDN £~
°} VDN o 32E :Lf’/]J— ol wE I HIE

[}
=

o)1,
s

B9z 2913 74 A A shEde] 2907 F
A %) ofell Az 7 TEo] u8w} 28 A7e]
2 AR 7 A AlEle] 3] 2914 Alelsla
£ Ovs £¢ ﬂs— PP e I ETRSEE
alo] M=z BE2AE B AU

a8 13 Lﬂ_ﬂﬂ FR(VDN 3] 5Ee] 4

29)2]2] 4)¢] F7tel|l W2 VDN A4 AI7hE vet
W) o17]A] “Fixed Case”= WEY = 727} A4
5 4le] shEso] 2914 Fube] gela] VDN 3
of 32| ol WE VDN A ALK ZA3 2
to]r, “Non-Fixed Case”+ 2712 o] %1% & Al
9]3kaL VDN Zho] 3B Fof] B3] OVS 22914

F71e AEe ohe] ShEdlel A0S ASAY B Asbl Z7MAA 7l VDN A ARk S4E
olHe] T g wlaL BAsleleh. elz o] W, Wl ARE vl o] F /K] A9e] Aol OvS &
1000
—¢— Non-Fixed Case
--&--(Network Scale) Fixed Case
800
B
< 600
E
F
£ 0 =
5
200
0 T T T T T |
2/12 4/4 6/6 8/8 10/10 12112 14/14
The Number of Switches/The Number of Hosts
72| 13. The impact of network scale on VDN creation time (ms)
Fig. 13. HEHZ fFR(Z2ES] 5 29029 499] Z7le] w2 VDN A4 A7k
1091

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-09 Vol.41 No.09

91x]2} VDN Fo] sE0| 7} Z7|3tel| we} t]S
TR ole HESZ FEF ARl wEh
VDN 3AEE Ao Fubit A 25 73| glo]
Y W2 A7te] 48w, o] A= A4 VDN A4
AZke] S7VE 7] Wl R Ml o714 4/4
o g 291Ae] b 3B gt Ffelw
“Non-Fixed Case”2] VDN A4 A|7to] ] wjE o]
E o7 2HE sftedo] 29HoA] Lz EY ]
291x]el OVSE WA Zxn Eujdog whsh=
owWs=r) weER] @] wliFeRm ®alr) ol#t
S-S 7kt o AA VES = Ao sl=gle] ~
A2 7ke R ol xIcta 7 E o) vEH = HfR
ol uhZ VDN A4 A7) ofgke )& F Flolz} o
=

I3 4= v|ES =T 7] 2o u}E VDN 73
Al A7 A s o= el Zleloh A
v o UEYT qfie]| wE VDN A4l A7k
VDN AA A7k} AR Axps "), spx]at 4
8 A7k Apoliz 7]l A= 3= VDN
Asks At 2w o FEEAE Btk ole
VDN 7341 32 7|E AR AHA] 43 A A=
- 3 HRlEE A2 AR AAelels 31
oA & uf, ]9 2fo]i= 7] VDN AHx 2HA| A7k
7} FollA 2S5 glrk S, vlES =7} Fer) A
A52 VDN 7JAlel] 2 v ES) = Akl A 7]
Z VDN2| ARE 25l 93 48 A7k w3k A
Aoz Z7_kE o 4 9tk

v.2d B

£ =roliE stede] 2 Az Eg o] SDN AH]
S A% vEY= gl==}, SDN 7]4ke] F4t Alo]
EAE, A S8 oEAlelAd 2 v~ 5 37
F2 FEER o|F2l KREONET-S A|~® T1xE
Ardslar olo] vES = qlze} 75 sl sl
dotrgich ey 75 ZeaeE vEY= <l
Zels 7Hke s AHdadT 2 el A S
Algslr] $1gk 7Pk AL vES A 54 75 ARl
3l VDN efi&ejrlelde] 72, 7T, dlole 2% A
2, AREAL QIE] o] Feoll tiate] AFAIE] 713lsd
t}. w3k VDN o Z2]|#|0]4-S KREONET-S A| &
o AlA| sl g S A, ol F3)
o] KREONET-S 4|25l & VDN el Z2|A|o]4de] A
23 UESZ sfeiciele] wWstel wbE At 3-8
T 2 ARSALES] vt 87 HSdhe £
g Hile] H 4 9lES dolEgith

2 KREONET-S Al~dHe F3F )59
KREONET A|9w Ale] 2 <A A5+ Ale2 1
A& A A glor olF Fale] FAHY
AT e U ZEAQ AL T A UIE
4 7 AFS AFstat ok =gk olegh
KREONET-S A]~Elg- 7]ulo 2 SDN-IP®, SDN%
Zb 571, 7 8 dlole] sy 33 Al
& 93} Virtual Science DMZ (vSciZ) 7|45, NFV
ARl Alo|d, MBS A &Efold 7|s 55 A7)
3 olE EXE Hr) vloket et §-8 A AES Al
3 AZelc). o]F F3le] ¥ KREONET-S7} 3L

1200

=—&— Non-Fixed Case
1000 -

----k-- (Network Scale) Fixed Case

Update Time (ms})

N o ©

o o S

=] S =}
I

N

Q

=]
L

o

212 4/4 6/6

The Number of Switches/The Nnumber of Hosts

1010 1212 14/14

1% 14. The impact of network scale on VDN update time (ms)

Fig. 14. MEY3a FRE~ES F, 29

1092

29| 499] Z7}el] wk2 VDN B4 A7k

www.dbpia.co.kr



3/ SD-WAN 71ke] ALga F41 M A vlEela Asd A7 2 T

iz =z, A= Aol s}, w34 5
chekgh sulie] vk 58 A7 2 I8E Foke] A
7 L ATTeEM ST ws F8
T axEo] 7HE qlze} S s E 7

o}

e

References

[1] Cisco Visual Networking Index, Forecast and
Methodology, Cisco White Paper(2014-2019),
2015.

[2] M. K. Weldon, The Future X Network: A Bell
Labs Perspective, Taylor & Francis Group,
LLC 2016.

[31 A. Manzalini, et al.,
networks for future networks and services,”
White Paper based on the IEEE Workshop
SDN4FNS, 2014.

[4] D. Kim, J. Kim, G. Wang, J.-H. Park, and
S.-H. Kim, “K-GENI testbed deployment and
federated meta operations experiment over
GENI and KREONET,” Comput. Netw., vol.
61, pp. 39-50, Mar. 2014.

[5] H. Lim, K. Lee, and Y. Cha, “Advance

reservation

“Software-defined

framework  with  protection
management for virtual circuit services,” J.
KICS, vol. 38, no. 11, pp. 902-910, Nov.
2013.

[6] Van-Giang Nguyen and Y.-H. Kim, “SDN-
based enterprise and campus networks: A case
of VLAN management,” J. Inf. Process. Syst.,
DOI: 10.3745/J1PS.03.0039, 2015.

[71 Y. Kyung, K. Hong, S. Park, and J. Park,
“Load distribution method over multiple
controllers in SDN,” J. KICS, vol. 40, no. 6,
pp. 1114-1116, Jun. 2015.

[81 J. Jo, H. Jang, K. Lee, and J. Kong,
“SDN-Based intrusion prevention system for
science DMZ,” J. KICS, vol. 40, no. 6, pp.
1070-1080, Jun. 2015.

[91 M. Woo, “A study on node selection strategy
for the virtual network embedding,” J. KICS,
vol. 39, no. 8, pp. 491-498, Aug. 2014.

[10] Nuage Networks, Nuage networks brings data

centers and enterprise branch offices closer

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

with  SDN-Powered networks
services, Nuage Networks Press Release, Nov.
2014.

Gartber, http://www.gartner.com/technology/ho

virtualized

me.jsp

Broadband Forum, Technical Working Groups
Mission Statements, Broadband Forum web
2016, from
http://www.broadband-forum.org/technical/

site, Retrieved Aug., 25,

technicalworkinggroups.php.
ETSI, Network Functions
Retrieved Aug., 25, 2016, from http://www.
etsi.org/technoliogies-clusters/technologies/nfv
L. E. Nelson, “OpenStack Is Ready - Are
You?” Forrester web site, May. 2015.
KREONET web site, Retrieved Aug., 25,
2016, from http://www.kreonet.net/

J. Yoo, W. Kim, and C. Yoon, “A technical
and prospect of defined
network and openflow,” KNOM Rev., vol. 15,
no. 2, pp. 1-24, Dec. 2012.

KREONET-S web site, Retrieved Aug., 25,
2016, from http://www.kreonet-s.net/

Virtualization,

trend software

Open Network Operating System web site,
Retrieved Aug., 25, 2016, from http://
onosproject.org/

S. Shin, Research on clustering of multiple
control platform and visualization technique
for software convergence network, KISTI
Report, Nov. 2015.

1093

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-09 Vol.41 No.09

Z & & (Yong-hwan Kim)

2008 8 : g7 |- SoH s}
3L A Hwt]olgstal At
20144 39~20144d 8Y: &
FHUSUNY)  H5rE et

HOL% 01:_1:11"%

20104 8%4~2015+1 84 : 3=t
Nemgoieta AFEEs
3} b}

20161 6d~AA : =tE7 | e W T=A(KISTI)
Al

<yl Hol> SDN, Mobility Management, Social
Networks, Sensor Networks

1094

Z S T (Dongkyun Kim)
19999 29 : Fdsta 7

el AAL

20054 2% s
B3}t WAL

20061 49~20079 39 : W=
el AT SHUT)/ =22 A =
2 9l74(ORNL) Research
Associate ITI/H=Ee17-4

2000 64U~3A : g e HATAKISTD
Adeod1-4]

<¥AlHol>  SDN/NFV, SD-WAN,
Networking, Network Virtualization

3

3

AN

Research

www.dbpia.co.kr



	SD-WAN 기반의 사용자 중심 가상 전용 네트워크 시스템 설계 및 구현
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. SD-WAN 기반 KREONET-S 설계 및 배치
	Ⅲ. VDN 애플리케이션 개발
	Ⅳ. 성능분석
	Ⅴ. 결론
	References


