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Design and Implementation of Virtually Dedicated Network Service in
SD-WAN Based Advanced Research & Educational (R&E) Network
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ABSTRACT

Recently, an innovative and intelligent network environments in the principal national R&E networks are constantly
demanded in accordance with softwarization of networks. The KREONET-S initiative was established to drive
softwarization of KREONET infrastructure which is a principal national R&E network running by KISTI in Korea,
using Software Defined Networking (SDN) architecture and technologies. Today, KREONET-S infrastructure has
softwarized four regional and international network centers over 100 Gbps optical fiber, which reside in three locations
(Daejeon, Seoul, and Busan) in South Korea, and one location (Chicago) in the US. KREONET-S is targeted to providing
the first production SD-WAN services for KREONET users. Based on KREONET-S, Virtual Dedicate Network (VDN)
service which is capable of constructing a virtual dedicate & bandwidth-guaranteed network is designed to provide
end-to-end SDN production network services for advanced research and applications, especially those requiring specified
time-to-research and time-to-collaboration. We implemented VDN service on KREONET-S and then performed
performance analysis for proving that KREONET-S and VDN service can be a good solutions to cope with new network
paradigms for various advanced R&E applications and users.
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Table 1. Coordination costs to the provisioning process with SDN deployment[20]
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7) NSI - Network Service Interface protocol
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41 ® CORREN™! 17412 23+ D ol 7|5
=5 AlFE}l 1% 4= VDN F8 75 gk A
HbHQl FEEE vEhH, o] 5 ONOS 4t Alo] &
HE} H3lEE vEL = 7St 2 dlolE 2
BEWHS JAVA, Web Ul 2592 A%
Angular]S 7]9k0 2 F3Ac) o] F 2 AelA=
VDN #JH]28] 2710] == VDN A vkl A}

o]
82k IEso] g FALR e 7]Edick

4.2 VDN g ot

VDN AH|2z 7PPd-8dE 8= ks 9129
AHEAR RS $18te] VDN Aol 3~ESe] A
AL 87 W5 lHntel AA 2] YESa BE
BAE dOR VDN Fo] 3RES Afole] 87
G5 Bk weA]l ARE 23R 7MW A%
HESZ(VDN)E Alg3tt o)== VDN 3o 528
o] oA HulelaE FAoE HYEE HASh=
VDN Ez|5 AL, o5 7keR )4 ES
2 AAE @l 7P MIEHZ(VDN 2ol Ao
2 koA ojfxirk o)1 Y ES|ZE A5t
= Hlelagd Akl o gaw ddd 5 3l
or, 7 Bas AR O d5E Ad 7 de=
7Pt

VDN& 7537 #13F E2] A4 dare]se] 3k

2056

L dubg o vl B VeI Fhuel] 9
sfo] ek wEhi 87w VESA FEE o
sht EEHom s 2 S T 5 glerel met
VDN®| 75 &7} elct. ool mpel, i el
= VDN?| 75 $&5 Gapron A7) ¢13)
of AA =2] V=97 obd VDNe| 87ARN
Sohs AR vESZE Ak 7IA7] 71
oo W3 w3t A= ke vES = 348 s
& Akt Tela 2k vEA I Fe] 5
eSS T FARTE 7P w2 AE ks Al
AJs}a o]el 71wkt VDN Ex] A Hisk w3t A4
ghel g, A= VDNelxe] dlele] Ag Ao
A ZsA 7]t

NE of

—

4.2.1 HYESY3 A}

FelA MEYaE 54 9 tjulo] 2= o=
Vel HaEs FAE poll Wig 1= GV EE X
Y F olck ZEF R WES T F43E 93]
7] $lsiM= WA 7IKH7] BAS F381] VDN A
gl 9le] L agt 3AE tinle] X, FIEE A
sl B ZHZ G (V, E)E FAEek gl %4
IEE 7] dlole] FF HZ Aol 3~E) 23
HA] ¢dormg BE TAE9 FaE o tiuje]
2= Alole] HaE GV, B)olA] Al#lgic). il VDN

www.dbpia.co.kr



=1/ SD-WAN 7]l Heted frdel o] 7k &

o Al A7 2 7

(c) Abstracted network G'(V', E') (d) VDN tree T

[ Center All d
H _Allocated ,_, Allocated o, Allocated
(] b Node *16G Link 106 Link *™406 Link

----- 1G Link ——10G Link

40G Link

J2 5. VDN Ez]| 34 43}
Fig. 5. Process of generating VDN tree

Aol 32259 oA thilel 28 shasigici) o5
S JA= ErE QAo TH Ao Z VDN
9] Fod 3~E 719 dlolE] Af-S HASIEE gtk
S2EE AlORE B gz G(V, E)= vt 32
o] TA%c

Vo= (3R} o)kl 71 3B A tiuje]xy
g = {7 23}

o714 714 H ==} - Uukz e g 1)VDN &7
&S A uiA 2)r}2 VDNel| 9J5ke] v Zo]
HAFEA] o2 yaE 9w g (& 29 3 &3
1). 2 o] wl, 3t oAk VMg B =E JR|F]
23l tlujo] s mal BHasing Ay ga)ZolA

Aelget 28] 5 (b= & 29] 8 w91 (Dell v
B = 7|A]7] o5 Heldrh

kg o2 ARgatell A A== VDN % ¥ 29

38 529] (el Q3 X T=E G (V, E)E 7
& Ag A= M EeE 41:]3}4 olelgh
VDNelAl Alg=es 32 2 =& 5 VDNTo]

#8

E 2. vlEY=3 34435 24 w2 VDN A4 344 2 A3

38 713} siRet AA| Al 2Ee)] L% = VDN
o] 7F Ads] S71sle] 878k VDNell High &2
U ES T Apdo] #5749 18 A= 7k =2 A
Aol B7be & sk girk o9 A9 E 29 Y =
91 el w2t A8 2= ¢(V, E)E o] 7435k

ol 7MkeR & i A= 7k ERlE AR
2 AP 8 78R VDN 7&3hc) apx|ut &
7= 7N Evls she] ®3 2 XEES ol
VDNo©] -&-f 7}Fs&F VDNol7] wjite]] thZ VDNo]
48 39l T H2E D8sle] dHole ASE
& o glrk ofel] wha, AREAPE 8she dle S-S
sl Adsp] flste] B AJ3(Traffic
Shaping) % E2} <)ol i *lo] gpw|w)
ol= AA YES)Z Alxglel] 7Pl F8) 2 vlE-
= xRk

dEe] 2] UEf]= 2p-le] aakd g, AR
A7E 878kt el tigk VDN Algo] E7bgsl
A 5 glek ele] A, & 20] 8 9] (3)l wet
ST HZze wF BASE £ gix]uk oA jdE
slellA] wllolg] Aol 7he3dt o] 87k A= Mk E
2] 7|9k VDN& A sto] ARAtoll7] @A o2 A
3 a2]an o] F, vhE VDNe] W ES|= AR8le]
gAY qlzete] S SoR 7Pl vESa
ZRlo] A7 Eel AHEAPF 878 VDN oA A
dste] AlgRhct. shAIRE Rket & 29 3 9] (3)°l
ulel 4% ¢ (V, E) M= VDNS A% 5 sl

745 HFH 2 VDN AL Aslfsla, ARgAlelA
%H AIAAE Rk

6&{4, 7F s el AR (v, E)E 7b

02 ARAPE 878k VDN A4 7hs ol o
310 wet ek 7hssick:
271 1) VDN 3o 3AES9] ofx] tiujo]~ge]

12

Table 2. VDN generation process and results by the conditions of network abstraction

23] VDN UES = 2418} VDN A4 AF VDN A4 Al
&9 | =2 2% Ol P 24 = %9 52| 29
.« 9. AZ o)) Blm
o e AR ﬁf ;Hiﬂ ;‘ﬂ 7{] bRa VDN A4 2 VDN EZ2X] )
[S) ° >

M= ag ym g 7He AR A W e A |
o | B A= | a7 dE olsh 9= A7) | VDN 44 o VDN =EA, ®

A ER] | - AgEh 92 38 e A g N

- , . VDN EE&x
ol87Fs | o] tjdEe] ghiz W= Al | VDN A4 2 e PR
= s Rel) ==

PIET ] ear an e e Y | e s | PN

1= 1l 3 =] A > 5

__‘E] \_o/'?)“l'l‘ 8= =3 = VDN A HJ_. /‘E/Ké P /K]Z_].' kﬂ'\l'

2057

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences *17-10 Vol.42 No.10

A5 Vol ZFEA ke A% (541)
272) G(V.E) AlA 5, el gele] sl o
sjol dlele] A4 Amsh EAlSA e A5

Al Ee]Ql v ESFol|A] tluje] 2~ Alo]e] &=
= vkt i35S A obe J3E 7AE] sick
SPAIRE A= VDNARE] ¢l2]e] tiuje]~ Alolelli= &
T HY5E UEshe o shie] Hanks sl
ARgEIeE mheba], tlafe] s Alelef| g A E 1A
 E2 VES=Z EZEAE Wl a2 Fsls)
of ELZ Jel& desighe s Eg A S
= A = el o] W, ohe 3 welske 7
27] ZAE Esle] AAE G (V, E)ellA 99
Hlo]2 Alole] vl fa F H 4] hES Ad &
shte] Hanks Wl A (35 GV, E)el
A AlLlgReZA oIk 11 5(0)= ol#dt vk
B3 st S Fate] AAE TSR vES
3 G(V,E)E BoiFrh

4.2.2 28 SAE 7|gtel VDN Ez| 74 ghet

& Aelxe I8k vEd= ¢V, E)E 7t
o2 5 e BE A4S QAshe ~dd Ef] 74
wekel] dhste] Avfgch wA FAskE dE=
GV, E)] Vel &3 = Foll 5, AFe] tnjo]x
S} 24 AT} A 2o 24 R o2 g
T FAES 7P B =8 ZF VDN ol|%] tju
ozl F 9| Fo] rp A2 r=E ofv|EH,

olo] Tjat FA1e Thea 2.

ve VENE) neTT) the length of path(v,n)) (1)
Z¥o] VDN Ez] A4S 918 ]
AE G (V, E)olH T4 ot 5o 7]
= Afole] Hul ARE zherv)k ae|w 7 vt A
= dgezn 5 W BE A4S dHsH= 29
EPE g} a=|x s ~9d EE]E VDN
o] IAEE lo]o] 87 WS RASH= VDN
Eg|2a gslu, olo] E2]H WEH= xRS F
Ao g dt3lo g4 VDN A A= <dgditl 1

2058

& 59 (@& °l#fdt 24 FA= 7I4ke] VDN Eg
TA oS Rt

4.2.3 VDN Z|gt Hjo|&f M&

SD-WAN 7[4ke] E2]3 2 & =% KREONET-S
HE$]ZAN] VDN AH|AE F-g3shd ONOS E4F
Aol FPFLE 27 AA vMEHZE shte] At
# VDNLo2 gIAl3h o] & t]&E VDNelz} ==k
t}. o] ¥, ¢Je]e] $~Er} KREONET-Seol| <3}
o2l VDNeol| Hodx)x] o4 7-9of s T1Ex
t]ZE VDNel &5l 3, VDNol| Hoiz]x] ok
I1EE APole] §Al2 T]EE VDNE §3l] o]
Zlek

T18]ar o] %, VDNo| 755w 9]9] Alxg 92 1)
Hle|| o]sle] 1% Y| E9 F(Isolated Network)7} 3
A= AL s M| E] el 531 5B} T)EE VDN
o &3k 3AE rlo]o] Al ARHr) 7|4 51
g v EYIs AR o2 vEYZ 7He] dAe] $lo]
Ao R goduy] o]of wlel A 7ke| FAl gk
AjlE = VESZE ¢vigitt. 5, VDN Au]x~ 3
7dellAl= 5U7 VDNWe| S~ES Afe]o] FAIRE
o] 51-8%lc}. o] uw, §12]¢] VDN 2] ZAEE Aje]
2] FAlE 918t E=25 A S f18te] A vE
=7} ohd sk VDNellA dlole] AF H=E
A7) wtel] F29 97 A ARRE i8] £
o = glrk o]2igk VDN 7t nlifepd gl dole] 54l
714& 2-83}o] VDN Alo]e] A& t}& VDN 2
IAES Alo]o] FAlS Alglsle] dHole AHE Heb
< 73 SAel AE 2E8S FAF = sloh

4.3 AR} QlE{mHo|A

KREONET-S2]| AHAk= #2248 )=y dut
AR 52 3744] ARgAE AREE 7 4 glen o]
o uje} 8% vES=Z AR Y r)so] Ak
At A9 AA VEYm EZE2AE 2 59l
v KREONET-S 2] »E VDN @] 2 Aloj(A
A, 784, AHDE 5= Qek B de)xte] 9 2R
o] £31gt 54 VDNEQ| VEY = EZa2A|7HS &2
4= glom] zpile] AJAE VDNeol| dkste] 3] 2 A
o7} 7Fsslch dnk AHgxle] 739 VDN ] ¥ A
o] Hgle] glow x|} U FE AP} A
VDNel| Z3H5 7% 3l5d VDN U EY = EZ2A|5t
< 8 4 olrh 223 o |, ARSAl= ARl A AlE
= VESZ BEEXC] 3ete] U|EHa A-] 2

www.dbpia.co.kr



[ SD-WAN 710k Akl ol o] 7 g Aulz 97 2 3

E reate

Name VON-KISTI

Bandwidth | [10_v]Gbps

All Users

Dongkyun Kim
generald

root3

generals
general3
generals

User List

Location
Chicago
Seoul
Busan
Dasjeon

Network Devices

KREONET-S-CHI-C ore
Chicago-Edge™

O

Active VDN Information

Location

Dacjeon

Daejeon
Busan

Chicago

Network Devices
KREONET-S-DJ-Core*
Daejeon-Edge®
Busan-Edge*
KREONET-5-CHI-Core™

T2 6. VDN A4 GUI

Selected User(s)

kreonets
roott
generall
general2

Hosts/GW

210}110.196.2
90:1B:0E:6E:91:0E/None

Remove

HostsiGW
KREONET KR Gateway
210.110.196.42
210.110.196.45

210.110.196.2
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Fig. 7. Various topologies and information on VDN service
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Fig. 9. E2E throughput performance of VDNs in Daejeon- Seoul and Daejeon-Chicago (10G VDN: Gbps, 1G VDN: Mbps)
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