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Abstract

The objective of this paper is illustrate how to test and operate software-defined
networking (SDN). Case demonstration with the following software including Mininet,
OpenDaylight, and OpenFlow Manager is organized. Mininet is used in simulating and creating
the network devices (e.g. switches and hosts) which serve in data plane. OpenDaylight is
deployed as SDN controller (the brain of the network devices used in control plane).
OpenFlow Manager is also operated as an application to work according to OpenDaylight to
define the functions to the network devices. The results of this study reveal that the test of
basic functions in SDN network is achieved according to structure of SDN. The summary and
suggestion from this study are that the learners can themselves test the functions of SDN
network with their personal computer and download the software mentioned above.
This enables them to develop and create other application software programs e.g. security in
the SDN network, virtual private LAN service (VPLS).

Keywords : Software-Defined Networking (SDN), Mininet, OpenDaylight, OpenFlow Manager,
VPLS

1. Unun

\Duimensarilassieiignimuemihfinisvhalaegensiwas (Software-Defined Networking
5o SDN) agnanailunildlumaluladiuasulanyse Disruptive technology Lilesainmanuanunsaly
nsldgenduasuulaseignimuaviniinsyihulaegenauas ililassineignivuavtininig
ulaggenius aunsadmuanihinmsiauldvanvanestiabitugunsallaseneMduinasgiu
S | o = o A a o v e A o o ea A
nfisaldundurussderfuiveundinduvulnsdniiiofearuisavildlnsdnsifietoidu
wsestuiindes ndesdegu Laseaau CD Unsaautuanaing ATM 10udu arndeyavesusem AT&T
Husnismsdeansinsauunauselvalulssmeaansgeisni) seyin anuseansnsldnuinuy
Mannsdwiindeuil aunsaldumesidnvesassnds (oT) vhliusinanisivdsdoyauulnsény
waeUTluYT A.A. 2007 - 2014 WiKTUEH 100,000% (Donovan, 2014) gkl HLusn1sAes ey
wareanuUUlANELiaRoUALeINURDINTVRIgNA iU NN eI TS AT&T o
welulagnilamfianuvnmenavihaulanzdunldluniseenuuulassinepislassiefignivuamving
mMsvaulaegenaws (AT&T, 2019) Tuvaugineaiulul a.a. 2012 Google HuwnAalniinmsiilaseng
= ° v o s & a o o oA
gnimuantiinsinaulaegendwls inldlu Data centers ¥89U3HM Google Lovinlinlasav e
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gnimuavthfintsihalaseensuas grldanldegiiussansnmfamniu (Levy, 2012) uay
TutlagtuldiBuiinmsiownasvedassefignimuanthiinisvhaulageending sliuinsiady
furinseasigailounse Virtual Private Network (VPN) services wrgnénsialuaifiend
Software-defined wide area network (SD-WAN) (AT&T, 2019) ﬁgﬂﬁiuqvﬁ] 5G lafinsimelulagves
SDN uag NFV (Network Function Virtualization) snldlunisa$rslassthendnues 56 sae

wsagelaldEndunniiunuinidennuniine1ds Stanford Ussmaanigeiudng (Mckeown
et al,, 2008) fideen15as1eutnnssulifulaserrelunniine doiiieldinidewmunaiuisa
Whluimunsyihauvesgunsallulaseine wu Router w3e Switch Tisiusgansamlunisiinu
WisnnnTy Wy MsTuYeennsEunIg (Routing) usiu usldanunsanszildifesainsyuy
Tassasameluvesgunsallulassretagtudsdnsidonserignimunuuuiamedmiuusindies
whily §9lsifinsdeusouuuiifuinmsgiuvie Open interface agndlsinu dfinmsiauidieien
wnAnYes SDN wldagihlinmaideusevesszuulassaiuneluresgunsallassiedifimsideuse
fdusnpsgusiliinideannsaaauiansslvl 4 WhAstusugunsallulasseld

naunIznafuwIfnvedlasnengnimvuantnn1 sy ulaggendils asvenaia
lassvnguuunsfuneundelalduuifnveslasariegniimuaniinnisiiaulaeggensduis
% - \ A o D = ' L] A o Y Ao 1w
PINTINY 1 FUNNINUIMATUANNTLTBUAD (Control plane) NUAIUNYINUIMIUEITDYE (Data plane)
gyhauTNeguugUnsaldufediu 1ag Control plane agvimtialuAuNseusiavadgunTal
lulasenewiu Router 50 Switch Mignaniiunisiag Software U Router LU NISUIEUNINTT
Wausalviiu Router %38 Switch @ Data plane viw#isessutmansnetauulasang gu
= Y PN o a = . < v
A WFea fadnws Tignaniiunislae Hardware vad Router %i5e Switch udu

software

/

hardware control plane
+

Eg data plane
=

AN

router 198 switch

nawi 1 Insvadwvadlaswnenvuaiauiaduidiuofnvos SDN

AN : 3idus Jsmauw:ums (2561)
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dmsuunanvedlasseiignimuanihiinisvhanlageevsusndumsuengunsallassine
VN8N LU Router %58 Switch eaniliu 2 @ufie Control plane U Data plane fannd 2
AdsmuANNTaYes Router %138 switch azaguu Control plane @mynansveflduinig
wu @89 §18nws nIm waguu Data plane ailifiodmuaniifinisvhaiuuasnisdeused
Husnsgiu ¥l SDN anansasesiunsideusiovesgunsalldvannvianeiivie uanainideinli
tniduanansoasieuTansaulvl 4 WiAstutugunsallulassingléde wu dnideannsaiauitms
vdunsfiaianlv o 16 (Routing algorithm) vt Control plane wigdulasstneuuusaRniids
lailduwafnlassineiignimuamihfinsianulpegensiuag dnideashianansainmismsmniduns
fidflanlval 9 18 wenanilgunsaiuu Data plane awifugUnsaififumasgiu Fedumaslaiung
wazlanunsarnualii Data plane vamuluezlsildmudions wu Router Switch Multiprotocol
Label Switching (MPLS) %38 Firewall tdudu Tasanunsaluimuantiinisyhausana il

Control plane

SDN control plane

1 I . [ 1y
LU U@ routing Wusu

data plane
WU A1EN SN HDEN 59399
Eg voice, video, text Wusu
L =

router %38 switch

nawi 2 Tnsvasnvaulasanenuulsiuoanves SDN

Aun : 3idus USAauw:unms (2561)

2. [asvasnuvou SDN

nauveIUTEMENGnwazHlruIn1slaLA AT&T Google China Unicom NTTGroup Deutsche
Telekom China Telecom Ericsson NEC Huawei Samsung Cisco Microsoft iag Intel WHudu
I¢5amiuresoadnsiilinansnaariilsFends Open Networking Foundation (ONF) figasjsmane
ieduindountsusudsulassaiisiiugiuvedlassdiouazsUuuugsfavesdliuinis (Open
Networking Foundation, 2011) asAnsiiliiuarsisamilsldfmuninnsgiusiig g veslaseied
gnimuaniinsyinulnevensduas endegnasy Taswadne nsideuse uavesdusznou Wusy
Faomi 3
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APPLICATION LAYER | B )
Cisco OpenFlow

Business Applications I Manager (OFM) App
CONTROL LAYER OpenDaylight
(ODL)
SDN Controller

INFRASTRUCTURE

LAYER -
L -
- »
. L] Mininet
- -

nawh 3 Tnsyasioves SDN

A ; Open Networking Foundation (2011)

Al 3 uansidlasseilinanlasaefigniuamihinisvialageenduag Ussneusne
3 gléiud Application Control waz Infrastructure Ine Application Huduiifvuanisieu
vosgunsadlulaseng 1y midums (Routing) Maideuseliifugn vidouimsiadudu 1 1wu Jesiu
Audasndeannsledumesideliiugndn diwaes Control ieueiiiiendt SDN controller
wdansganiuzvesgunsallasadng dwumdinisiaulugigunsallaseiefiennsgiunis
\Weusia OpenFlow wazmps¥umdsnisiiaumainueundiadusiumennsgiunisideuse
Application Programming Interface (API) 16ilin Representational State Transfer (REST) APl Wag
JAVA APl usiu dmisudiugavinefe Infrastructure WWudiuvasgunsailulasadng

dwiuludiuvesoundindu sxansaseweUundiatuuesusen Cisco it OpenFlow Manager
(OFM) (Medved, et al., 2016) @uvpd Control 3x@sam38 SDN controller ViL‘ﬁu Open source
software fia OpenDaylight (ODL) (OpenDaylight, 2013) wagdugnyng fs Infrastructure zanSneae
Mininet (Lantz & Heller, 2010)

3. msﬁmﬁa Software d1nMSunisansmnasidyau SDN

a a & s X7 acs PR ) v o 9 i ' acs s
LFUIINATAAAIGDNALITYNUUARIUULGINIIDING 3 FILENNUAINTULAAZEIU IWEJL"U?WL'J@i

¥
=1

wignilagidu Virtual Machine (VM) ignasnsdnasssnegensinas ¥e VirtualBox 7vlu Open source
Y9USEN Oracle (VirtualBox, 2007) Inadin1sitousnouaddsniiesya 3 W@sniaes aunnd 4
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control plane

fr

| U I

i
19216856100 f ——openflow 13— 1971685690
‘ . |
Mininet VIM

switch (open vswitch)
Openflow Manager

(OFM) Cisco Agp VM

192.168.56.200

~ Data plane

OpenDaylight (ODL) hostl host2

SDN Controller VM

nIwA 4 nsidousiovey 3 BSWioes ArinktinA Application Control lia: Infrastructure

AN : 3ides UsSmauw:ums (2561)

3.1 nsAnsawazimuaAl §1mSu SDN controller: OpenDaylight (ODL)

Tufliezidenld OpenDaylisht (ODL) vmtndl SDN controller Taglunisinaaisiazdos
@579 Linux Ubuntu server version 14.04.6 LTS 64 bit Mﬁx‘lmﬂﬁuﬁﬂaﬂﬁy’ﬂ ODL (Linkletter, 2016)
U Linux Ubuntu server fananndnadu  dmdunisadne Linux Ubuntu server (s, 2559) 4
JsAAdaEnY VirtualBox femsadns VM Tusl 910w ubuntu-14.04.6-server-amdéd.iso (Ubuntu,
2014) 9nslifiden Network adapter 110 NAT viteldfnsiodumesiiin uazviden Network adapter
2 18y Host-only adapter fviun IP address d1w¥u ODL VM 18y 192.168.56.200/24 wiielsi ODL
VM finsiafiuia3as Host (Windows) Mininet VM uag OpenFlow Manager VM l¢fuu Control plane
AANd 4 vidnitldadne Linux Ubuntu server w@ai3auses antuaziduvihnisings ODL
v Linux Ubuntu server Tneduneunsnazifunisings Java run-time environment §nesd

$ sudo apt-get update
$ sudo apt-get install default-jre-headless
Sernsaulsues JAVA HOME environment Tnansufilalvlg bashre

$ nano ~/.bashrc

Tngliinussvinteansfiaslduulng bashre wagvinnisdudin
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export JAVA HOME=/usr/lib/jvm/default-java
il run Tid
$ source ~/.bashrc

W&afade OpenDaylight faen1sailnanlald zip 91n Website wos OpenDaylight
(OpenDaylight, 2016) saemds (laetdan OpenDaylight version 0.4.0-Beryllium)

S weet https://nexus.opendaylight.org/content/repositories/opendaylight.release/
org/opendaylight/integration/distribution-karaf/0.4.0-Beryllium/distribution-karaf-0.4.0-
Beryllium.zip

At unzip T Fesds
$ unzip distribution-karaf-0.4.0-Beryllium.zip
seanty run OpenDaylight $8A1% run Fds karaf
$ cd distribution-karaf-0.4.0-Beryllium
$ /bin/karaf

@

lAMNDANUNINA 5 A9t

totBtotttc: ™S cd distribution-karaf-0.4.0-Beryllium/
totetotttc:“/distribution-karaf-0.4.0-Berylliung .- bin-karaf

Hit '<tab>' for a list of available commands
and '[cnd] —help’ for help on a specific command.

Hit '<ctrl-d>' or type 'system:shutdown' or 'logout’ to shutdown OpenDaylight.

opendayl ight-user® >

NIWA 5 KN999INNISEN run AN /bin/karaf
Aiun : OpenDaylight (2013)

o
Y

nTUALARGY Feature As1Tuvas OpenDaylight

opendaylight-user@root> feature:install odl-restconf-all odl-(2switch-all odl-mdsal-

apidocs odl-dlux-all odl-openflowplugin-all

mﬂﬁfuwmaaumiﬁwmumaa OpenDaylight GUI funsld Browser WU Chrome UULAT
Windows aaen15i1lU#l URL 91 http://192.168.56.200:8181/index.html Tasdia1 Default w04
Username wag Password (0w Admin 11%g aglaviinvedauansmunini 6



01881838MN1S

ndnb.

Us:z91U 2562

® Not secure | 192.168.56.200:8181/index.html#/login or Q Yy 2

Please Sign In

- OPEN

Remember Me

Login

NAWRA 6 NSITNEy OpenDaylight $oeN1SAuAN Default vod Username lia: Password 10U Admin

fin : OpenDaylight (2013)

3.2 NSANAILAZAINUAAIEINSU Mininet

Mininet (Lantz & Heller, 2010) 1{u Open source ﬁ’m%ﬂ%ﬁhaaqQﬂﬂim“[,uiﬂiqsd'laﬁ%gﬂi%
$1809 Switch %30136n Open Virtual Switch (OVS) aghslafionu Tush Mininet losanunsavhwe il
Application, Control k&g Infrastructure wiluiitisagldsranaameludiunes Infrastructure dmsu
n1sRaga Mininet (Gudes, 2559) (ufiilagld Mininet 2.2.0 on Ubuntu 14.04 LTS - 32 bit (Lantz,
2017)) 1u avRnmari VirtualBox #ansthid (import) lWld mininet-2.2.0-150106-ubuntu-14.04-
server-i386.0vf ¥l¥1le Mininet 7ivanuuu Linux Ubuntu server version 14.04 32bit (luﬁﬁ
laiipsad1e Linux Ubuntu server Wnoumilounsdinisadns ODL VM iffesannld mininet-2.2.0-
150106-ubuntu-14.04-server-i386.ovf s iduu VirtualBox fn15a379 Linux Ubuntu server
1) 9ntiu Ihden network host-only adapter lagnuun IP address 113U Mininet VM
Hu 192.168.56.99/24 ntuarassgunsaivulassiefesids mn' mufedmnndeesing q

=1

flatd

' sudo mn help tfiagnslddds mn
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$sudo mn’~-controller=remote,ip=192.168.56.200 --switch=ovs,protocols=OpenFlow13

--topo=single,2 --mac

Tae Mininet VM # run #1ds mn © adl 1P address Ao 192.168.56.99 dwSumisiines
sina 9 vearnde mn asduseil —controller=remote,ip=192.168.56.200 &3l% Mininet VM @ouuuy
remote (luAramueidu VM auagdafu) fu SDN controller (ODL VM) il IP address
192.168.56.200, -switch=ovs,protocols =OpenFlow13 f® Switch ﬁgﬂa%wzﬁwmﬂu mode
489 OVS uay OVS switch dazdnstaiu SON controller fe OpenFlow 1.3 gy --topo=single,2
9va313 ovs switch 1 1 wazishuau host 2 dadieuiu OVS switch waz —mac agfinmsivuna
MAC address wuusalusif 00:00:00:00:00:01 wag 00:00:00:00:00:02 19U host h1, h2 Aua1sU
d@1uA1 default 984 IP address 484 host h1, h2 A 10.0.0.1/24 way 10.0.0.2/24 fUERU

Tntusazasiedeulasiefiadituiiussneudie Switch 1§ waz host 2 § dae
1519 Browser 1w Chrome 1511lUA URL 71 http://192.168.56.200:8181/index.html 1
weeuinsuiluasadeulnseinefisnadnatudae Mininet VM sumie OpenDaylight SDN
controller (192.168.56.200) 1510z ldlasstneitadretuduldmuiisdosnsuandunini 7 de
Usznoumie Switch 1 @ way Host 2 #7

< C | ® 192.168.56.200:8181/index

4. OPEN % Topology

% Topology Co
Ontrols

Reload

host:00:00:00:00:00:02
openflow:1

host:00:00:00:00:00:01

mwh 7 nsiousiovevgunsnilulassvneRgnas1avunuAnds mn Ve 3.2 o OpenDaylight

A ; OpenDaylight Project (2013)

2 neufiazds 1A Mininet VM vaudiemds sudo mn 9196UagfApsds run ODL VM nau
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3.3 NMIANFLAZAIUUAAIAINSULBUNWALATY : Cisco OpenFlow Manager (OFM)

Tufliisrasld OpenFlow Manager (OFM) wosu3¥m Cisco \Juueundindu iiennaeu
MsThausanfuiU OpenDaylight waz Mininet TnelunsAndasnazfesadne Linux Ubuntu server
version 14.04.6 LTS 64 bit uu VirtualBox (luvinuasfeniunisasns ODL VM) lagiden network
adapter 1 Ju NAT ieldRase Internet uaziden Network adapter 2 \Ju Host- only adapter
fviug IP address 115U OFM VM 1Tu 192.168.56.100/24 mﬂ‘uummmm OFM Cisco AppL|cat|on
(Medved, et al., 2016) uu Linux Ubuntu server lna3uldAds 71 Linux Ubuntu server #ad]

$ sudo apt-get update && sudo apt-get install

$ curl =sL https://deb.nodesource.com/setup 4.x | sudo -E bash -

$ sudo apt-get install -y nodejs

$ sudo aptitude install -y npm

$ sudo apt-get install -y git

$ sudo npm install -g grunt-cli

$ git clone https://github.com/CiscoDevNet/OpenDaylight-Openflow-App.git

$ sed -i ‘s/localhost/192.168.56.200/¢" ./OpenDaylight-Openflow-App/ofm/src/common/

config/env.module.js
$ cd OpenDaylight-Openflow-App/ && sudo npm install
$ grunt

a 9all Ubuntu server lavitanuuaiuazldiinisds run OpenFlow Manager uda 9niu
LSIEIUITONTIVEBUNISVINIUUBS OpenFlow Manager Application laaaen1sld Browser 1tu Chrome
UULADY Windows 1511k URL 91 http://192.168.56.100:9000 2 lananiunini 8

&« C' | ® 192.168.56.100:9000/#/openflow_manager/index

Basic view Flow management Statistics Hosts

Show host devices : &
LS

4 (=
peatlom:1
& I:I FOSEO0 000000002 I:I host00:00:00:00:00:01
KA
b4

nwi 8 msieuriovevgunsni TulnsavneRgNaEVU AUAMES mn Ve 3.2 fos OpenFlow Manager (OFM) Application
vauusuen Cisco

fin : CiscoDevNet (2014)
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4. n1snadoun siduiusounuvad Mininet OpenDaylight l1a:
OpenFlow Manager

Tunisvaaeuiludauaes Infrastructure w3o gunsailulaseweisild Mininet Vi
%19 Host 2 &1 Jeusen1u Switch 1 &1 dmsudiuwes Control uda SDN controller 15714
OpenDaylight VM Lﬁa%’sﬁm13LLax@amumemqﬁha Wiedsnsvhauadludy switch dmsunis
\Heustaszing OpenDaylisht fu Switch Uu Mininet %Wmmgmmil,%amia OpenFlow uag
ﬁauamﬁwmﬂmmﬂwém%’u Fii51l4 OpenFlow Manager Wiadnn1sl¥ Switch vauauisndiosnis
aflmmmﬁuamaium’m OpenFlow Manager fiu OpenDayllght Liﬁiﬁquiﬁﬁuﬂ’lﬁLﬂjauma REST API
7 Mininet VM floufiiinisdansvienadfidiudl OpenFlow Manager Tsniiunnsesil

mininet> pingall

*** Ping: testing ping reachability

h1 -> h2 #u1eds hostl (h1) @wnsafnee host2 (h2)
h2 -> h1 #u1eds host2 (h2) @unsafnee hostl (h1)

*** Results: 0% dropped (2/2 received)

ldRds Pingall iilenaaeunslousasening hl fu h2 sy Switch aznuin n1sideuse
¥ h1 AU h2 AU Switch é’%%mﬁaqmﬂlﬁﬁﬂﬁamﬁy’a Feature 518wy OpenDaylight ooy
Switch mmuwu%ml&ﬂummumaiﬂauumimmi 7 OpenFlow Manager \iu &9l Packet wmm&m
Port 1 ¥84 Switch gn Drop ‘VN Tnesndunsaunmi 9 mu Aand Flow management mﬂuu

a 4

AdnfigURuaenelévhie Flows azldmunind 10

<« C  ® Notsecure | 192.168.56.100:0000/#/openflow_manager/index % 4 Qe @ :
Basic view Flow management Statistics Hosts

A Filters inactive
Show host devices : /

/¢
Active Name Delete

2|51 15| 2
Flows

uue s B2

/] X C
A

& rd Flow Table Device Device
name D D Device type name Operational Actions

[id:CtriGe  HUFST 0 openflow:1  Open None ON DEVICE o X
no-7, ABLE*0 vSwitch
table:0] =7

[idCiiGe HUFST 0 openflow:1  Open None ON DEVICE o X
n0-8, ABLE*0 vSwitch
table:0] -8

AIWA 9 NS set AU flow table |VV€)ﬂOUF]Uﬂ1$ﬁ'10’1UVOJ switch uu Cisco OpenFlow Manager (OFM) App

i : CiscoDevNet (2014)
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nuulunmy 10 M09 Device T9idan Device : Openflow:1 Litommuan1svineuliniu Switch
(uiniifde Openflow : 1) Aagldmuning 11 WisruuammTIEnesa1e 9 ¥es Switch aely

<« C  ® Notsecure | 192.16856.100:9000/#/openflow_manager/index

Basic view Flow management Statistics Hosts

o
+
-~ Config [N
Operational
Q S
= Device
2
b4 ‘ - v
&+

openflow:1 [None| [Open vSwitch

/ General properties

Actions

nWA 10 13an device 10U openflow:1 WoRIUAUNISIIILVEY switch mUAGBINS

fiun : CiscoDevNet (2014)

Tnesarmnaimesues Openflow:1 138 Switch A it 11 (Teeter, 2015) i table : 0,
ID : 10, Priority : 1000, match : In port, in port : openflow 1 : 1, actions:drop 21n1iu AGN Send
request IoaIAdIlUE OpenDaylight

<« C' | ® Notsecure | 192.168.56.100:9000/#/0penflow_ manager/index

Basic view Flow management Statistics Hosts
General properties
Cookie mask RESE:
Show host devices : @ Table
% . o 0o +—
ﬂ ADDED ) Priority
B 0 +—
£ Match
= — aooen (@) fori
) Inport I Priority 1000 #——
& Metadata
- In port openflow:1:1 v
== Metadata mask /
wa
29
Ethernet type
Foy & Actions
Source MAC Drop X

Destination MAC

Vlan priority /
Actions

—_— ADDED \) Drop I

nwi 11 ms15\1n"n|TiauIvwTionouqumsﬁmnuva\J switch UU Cisco OpenFlow Manager (OFM) App

fin : CiscoDevNet (2014)
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1 Mininet VM #83310d3n15v91uLiiuiiia 7 OpenFlow Manager Inadslit Packet Atgangs
Port 1 484 Switch gn Drop 4 wagldr1ds Pingall #1 Mininet aglel

mininet> pingall

*** Ping: testing ping reachability

h1 -> X #1899 hostl (h1) laiaunsadase host2 (h2) la

h2 -> X yu1ede host2 (h2) laiaunsadase hostt (h1) 1e

*** Results: 100% dropped (0/2 received)

faglonadulumuidoanisde nswWeusasyning hl AU h2 w1y switch ldusafiosan
Packet gn Drop 7iuilegnaad1ui Port 1 ¥84 Switch

5. nAdgoun1sas1uovasigadijoulalvos 2 (Virtual Private LAN Service

hSo VPLS) luu Manual

Taannsien SDN wnlglu VPLS (Prete, 2017) Iae VPLS Lﬂuu'%mwﬁaﬁ;ﬂﬁu’%mia%mwi
diadiowaws 2 uigniselnyiiddinnuegilssme lufitisaeaowhnegnisiuiu 2 Uisn
Tnsduungniusiasuiemsnedne gnénfleglufidentuazaninsodinsoruld drugnifiegauard
Lianunsofnsaiule Tudiuvesaunsallassiensily Mininet @519 Switches 4 7 uag Hosts 4 67
muaﬂml,aLLaummulmamumaa Control 138 SDN controller defanau OpenDayUght G

druvosuaundiaduazlyd OpenFlow Manager miﬂmiwamammammmmLLammm‘W‘w 12

|:| OpenFlow Manager (OFM App)

Mininet

host:00:00:00:00:00:02 —

_»mac address 984 host2 host:00:00:00:00:00:04

X “- OpenDaylight (sdn controller)
| host3
po/ ' host:00;80:00:00:00:03

VLAN 300

oper‘flm;‘-; 3

switi)h“ 3

hostd

openflow:4

nwii 12 msideuriovasaunsni TulasvneRgnasuiu muAnEs mn Senpsos OpenDaylight

232
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Tufitiausfignén 2 vssvleuisnuaniiaunn@nde hostl uay host3 uasuiEniiaosiiaudn
fia host2 waz hosts lufliisnezadinsesdaiowawes 2 (VPLS) wuu Manual kuseUndindu
Fo OpenFlow Manager (OFM) Wierualit switchl switch2 switch3 wag switchd vheusud
\519ean1s (AWes, 2562) Aeviliaundnvesgnausenifedtiuansafnseiuld wu hostl fasie
fiu host3 luay host2 Aasariu hostd 1¢ usiamnInvesgnAauasusemlidaunsofnsediuled
WU hostl w3e host3 ldanunsafndeniu host2 w3e hostd laluviueddesaiu host2 Wse hostd
liiaunsadadiefiu hostl 3o host3 I Tnenslddds pingall (eglumsvinsunelddds mn)
\iennaeudn Host usiazen anunsafinsie Host fdu o fndelsvsolilneiinansvaaousid

mininet> pingall
*** Ping: testing ping reachability

h1-> X h3 X g8 hostl (h1) @1115afafe host3 (h3) weildanunsafnme host2 (h2)
way hostd (ha) ¢

h2 -> X X h4  u1804 host2 (h2) @unsafnma hostd (hd) wekiausa@nse hostl (h1)
way host3 (h3) e

h3 -> h1 X X 911804 host3 (h3) @usafnma hostl (h1) wllausadnse host2 (h2)
way hostd (ha) e

ha -> X h2 X wu1e89 hostd (hd) @111safafe host2 (h2) weildanunsafnge hostl (h1)
way host3 (h3 g

*** Results: 66% dropped (4/12 received)

wlinadulumuiifosnstufie aundnvesuisnideatuamsafndefuld uazaundni
afauazUITliansofadeduld uenaniilsrannsonssasumevhauingnasiieanunain
hostl @nansagnassialud host3 lauaziinisudy VLAN gndedlaenislyd Wireshark dansvinenu
(WFe3, 2562) Fanmit 12 Buann hostl dstnansiifinisuds (tag) VLAN100 €17l port1 ves switchl
waggnweenl port3 104 switch1 Tnedanautzdae VLAN100 91niugnassiennds portl 494 switch3
uaggnweeNl port2 194 switch3 Tnedanautzéae VLAN100 91niugnasiennsds port3 494 switch2
Tnegn switch3 uAluan VLAN Taeideu VAN 300 (i) asluunu VLAN100 () wazneond portl
Y99 switch2 Liodwiolué host3



6. unasu

unauilduuziuarvaisauuananisldau SON 9819918 9 2 {29813 lA8AIDLIILIN
thiauefeaskusznaures SDN 11nv 3 dau léun Infrastructure 714 Mininet $1aasa1sgunsaiuy
Tasetneddudifisnadne switch 1§ uay host 2 6 @ Control 15114 OpenDaylicht 1Ju
SDN controller ua duvosuaunaiadu ild OpenFlow Manager Wiladsligunsaluulasstnevianuy
muiideens (uiliaon1sda Drop packet filo Packet gﬂﬂ'wﬁﬂmﬁ port 1 ¥89 switch) lnen1s
FinraTErinaIuYed Application Openflow Manager 11U SDN controller OpenDaylight Hadulua
119557 REST APl kagn15Ansasening Switch uu Mininet fiu SDN controller OpenDaylLight
Humsgrunisidensis OpenFlow Taegisunuindomaluladluiagduilsamisaaiis
nsnegounsidanu SDN aged1e o lasedieaesuu dadnaeuiiunes (Asiviieanudn RAM
ohatios 8GB CPU INTEL Core i5 wag Hard disk 200 GB) fiflogiialu waswomsiuasia Mininet
ez OpenDaylight FisnefdugenduasTomuresa (Open Source Software) &t OpenFlow
Manager Tidugenduisvasuisn Cisco uatidalonalimaaaunisidanilagliifidnlésne dmsu
SnieeedpsnstiauenisUszyndien SON ansaulvivinis VPLS ungnéselvgifidiinau
oginUszmAnazaznuENsth SON sauauasvilyglsinsannsadenltaunsal switch
I¢ognauoundinduiiannsnandoianataanguiofon dufu unesifamnzdmiudiidud
aulawaluled SON Gslgfinmi soN anlfifudunilwedesseiugiurednsdwindoud 56
(5G Platform) Iagu3¥w Ericson (Ericsson, 2015) wag Huawei (Huawei, 2017) dwnsuludszwmelng
msilasesig 56 wiliusnsilasunmsatuayulag nane.

7. vVolauollu:

v
19

Tuunanuilideuvaiausuuzuigaulandnwinalulad SDN iveiluiaunauinsfudsl

1. Wangevldwisusyyndumannu OpenFlow Manager ¥83u3 Cisco Fadunaunaiadu
NldAruANN15INIUTD Switches wagdilditoAnwin1svinnuvewnnsgunssudioya
OpenFlow 7MAATWIZINe SDN controller U Switches (Open switch)

2. Wannueundiedudielinisaeusnmsesdnaiowawss 2 (VPLS) @unsadslyi Switches
PULUUDRLUTR (Prete, 2017) ﬁgqﬁl,ﬁaqmﬂiuwmmﬁ@,%ﬂﬁﬁwLauamsa%ﬁw%mi
VPLS wUU Manual tufie i51avdosdnluduiinnisvhauwes Switch usiavfmesiies
yndunoitels Switches ¥aunufisdesnis
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3. e Undnduiitevimihilususing g Wy quariudasadeliiugunsallulaseing
a¥neasguUdIui (Virtual Private Network (VPN)) titelvu3nisungnénselug)
vilasstneffldanulutiagiiu 1y Internet 4G waglasetne Multiprotocol Label Switching
(MPLS) 1¥usiu
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