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PORNNIPA RATTANAWADEE: IPTV MULTICAST ROUTING IN SDN/OPENFLOW.
ADVISOR: ASST. PROF.CHAIYACHET SAIVICHIT, Ph.D., 62 pp.

This thesis has studied the route calculation of OpenFlow network by using
POX controller and spanning tree algorithm in POX controller has been used to
calculate routes. Since this route calculation by using spanning tree algorithm did not
consider edge weight between Open vSwitches. This thesis proposed the
development of route calculation within POX controller that can calculate edge
weight between Open vSwitches by implementing Dijkstra’s and Prim’s algorithms.
The route calculation of POX controller has been used to IPTV multicast service.
Emulated-OpenFlow network has been implemented by using Mininet emulator in
order to deploy OpenFlow IPTV multicast service. The OpenFlow network is
composed of IPTV services, IPTV clients, Open vSwitches and POX controller. This
thesis compares the time of sending UDP packets from IPTV server to all IPTV clients
and demonstrates video streaming from IPTV server to IPTV clients. In addition to
consider the impact of OpenFlow network usability of IPTV service . This thesis
demonstrates the time of POX controller uses to learn the connection between
Open vSwitch including the time of POX controller uses to calculate route of three
algorithms. The experiment results shown that the route calculation of Dijkstra’s
algorithm is suitable for IPTV unicast service and Spanning tree’s as well as Prim’s
algorithms are suitable for IPTV multicast service. The function of POX controller do

not have impact for IPTV service on OpenFlow network.
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2.1 1@andU (Software-Defined Networking : SDN)

' ¥ o
a =< o N

nsdeanslulagiulidnuingunsaliisiainiulaseien1sdeanstiuauduIuuIngny
gansiaulusunsuuseend (application) ieldnusiuiugunsaliindudsngany aviy
WAnanududeulunisldnulasaignisdearsuiniu Fadlugnisidelassienisdeans

meanUnenssulean.ou

wReveuealdy (1] Aensusnszuudeyasenainssuiumuaudadunisivasundas
unAauuuIiveslassensdeasfismdiusyuuteyauasszunumuaulise iyl
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JUT 2.1 wandliiudaanndnenssuiearidu (1] Fasznousie duvediusunsuussynd
(application layer) ¥uw83n15AUAN (control layer) uay YuveilATIaiianugIu
(infrastructure layer) lagduvadlassasieiiugiulsenaunisgunsainiglulasetienis
#0137 N15F0a155ENINITUVRINITAIUANLAE TR ILATIaT I Ug e AElnsnABans
= ' I3 & s A v Y

doany wu Inslneealainulial uasturedlusunsuyssendasdeasiutuveinisaiuny

pawleiile (Application Programming Interface : API)

APPLICATION LAYER

Business Applications

CONTROL LAYER SDN
Control

Software

Network Services

Control Data Plane interface
(e.g., OpenFlow)
INFRASTRUCTURE LAYER

Network Device Network Device Network Device
Network Device Network Device
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2.2 Tasevelawmulnas
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Joyarememurulamuliailagldinsineealomulaidulnsinaeadoarsnelulasadng

JUT 2.2 wansnisdeansseninsgunsaiiiugiunelulassvislowmulng (8]

Y q

OpenFlow switch Controller
OpenFlow
Secure -.Rrotocol ||
Channel
Flow Table i
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[8] m1519lna7d (flow table) wag Yosdyaauuulasniy (secure channel)

’ Match Fields |Counters| Actions ‘
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2.2.1.1 mslnal
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JUN 2.4: wadeyaiianusaldiienisduguaauiining
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® n15n5¢% (actions)
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2.3 lai#ia

Lofifl3 Ao nsunsdygrailnsvimirulasaiedumesidaainuiaas vilanunsasusy

A

[

Femsinsvimiugunsalsudygradumesidaldvainwateyile wu aunsvlvu ausnii
Aevfinmes uiufieumeufinned e Tnswml Wudu TuSowesrnurudauasaruseiies
vosdnaunniuUsziulsidesanlassinelouiiuas (fiber optio) gnlfiiudenansves
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1Y) | - Y a A o a s A v o ea
mssurdaevenaavsanisliuimslefiiiuuudaduaad Ao n1sfurusienisinsyiali
ganoINANNLIAIUNE Felduinisamsasurusenisinsviainaulanseudulineuiu
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® MsSUBARYAIAINAIY8 (video on demand : VOD)

LY Y a
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diovaidrausenisfiauls Sadunsurmanzditfomonidu dldvinisanusananga
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| o =
= Internet =G0 notebook
% home router —> [EEE
IPTV server smart phones
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1NFUN 2.5 wansnmsinveansiiusnisledivil [9] dusnislefiiiaunsasuiilont
(content) MJusrensinsiimidrenenanainaniiieuvseilemnduiavamiialulaang
Tusnsdesneqllesunudiasiinisviesiu (encapsulate) Wemlegluguuiininevesled

(IP packet) windsdsuininavestlefinulassiedumnesiinluislsgninglediil deilagnae

Y
¥

lefivifigUnsainanAogunsaidadunenigludnu (home router) adsuininaveLian

Lol dsgunsalfurusineg melutnu wu waunieUasuiunes aunsnlnu 1usiy
2.3.1 Msliusnsiiaduaas (Multicasting)

lofiJuiiugiuveanisdsoyawuueiupad Janisdedoyawuve duaadfenisdsdoya
ndusmsiudgnuiewuunilsdendaintu sgliuinsdesnisdstoyaviiamednuluds
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wuudafunaddunsdadeyayadeatuludgniieninnii 1 518 lneduniavenisdeas
gninuasiglnsinaeavesnsdsuuiiaiuaad lnglnsinaeadiuluginisdnassidunis
wuusulyl Tunisliusmsdaiuaaiiiuansisguil 2.6 [10] dausnisleniiasiilofivesnadusia
a s A 1 AN Ay 9 v a A | N A Y | 2
Auaad Lilogninglefiiifesnisiurusienisvessiuinisledivil gninglefiviisesdauiining
LoRudufl (IGMP) Liievaidnsiunguuesdiuinislefiiiuu Jsaunsadisaungulinseudiu
P ! N A o | v = Y v a SNaay o | =
wnndmilagninglediitl [10] dedunisdseyagaieniuandiusnisleniiiludgnineled

¥

N ! U Aa & o v/ o [ 1 val ' a [
Vl'Jﬂ’JEJﬂ'ﬁﬁ\‘iLL‘U‘UiIaG]LLﬂﬁGWI’]I‘Vi‘UiB‘VTEJGWITWEJ’]ﬂiﬂ']EJI‘L!IﬂiQ"U']EJlﬂG’Iﬂ'J']LL‘U‘UQHLLF’]E"IM [10]

IPTV client

IPTV client IPTV multicast group
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2.3.2 Inslneealoddudl (Internet Group Management Protocol : IGMP)

Insinaealedudud [11] Msenuanznsduaninvesnquiiafuaadludgunsaldn
Euvnswuudafiumas (multicast router) ogAndunguiiafuaadiiu g laelnslnaoalodui

U

Juee3 (IGMP version 2 : IGMPv2) UsgnausiauiininaloTiduil 3 Ussian

—

pdduiiszunnasunI (IGMP query) gnadlaesiuinistefiiiiievenligninele

o

Ao Y1 I 1
W3

19I5 UsN1sURIRUSNSlaNiRInINan

& ]

o lodiduiiuszinnvaidisiungy (IGMP join) gndslaggninglefifiiiiieveitnsiunay

'
Y o

TafLAAAYBIRIUSNS ORI NADINS

o ledibufivssinvuenanainngu (IGMP leave) gnadlasgnaiglefiviiiiovesnidnnis

WsungudaRLAae

2.4 M3IALEUINS (Routing)

N v A

ASIALEUNIIABDNISUTEUIBNANBLAD NLAUN ML dUE 1S ULASIIN8NSERa1S [12]
= & ac Al ° P a 1o Vel | e 1 v
FIVUMDUITNIBLUNITAUIULEUNITDEIIUIULN weTznaMDsluuITedUsenaunie 3

& an o &
YUFRBUID AU
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2.4.1 Yuppwisaulduuunendiu (Spanning tree’s algortihm)

meludnuaunendilusunsuiilddmiunismunandunsiilaiiliinnisus,
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a o w

2.4.1.1 Jesannunangiavveslanuiaindainvuisaates lUdmungiauninuag

donlewmwdaindndnuneavtiosiigaduandilienleadogiussiuan ddoulosuduves

a

JUN 2.7 Aeanilideules 1
2.4.1.2 naniweulesdagiuidendutenienss ninsaan dwenleadaguulud
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al
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= LY 'Y 1 g (% v A A v
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2.4.1.4 fsanaaiiwenlesdalunude 2.4.1.3 auasunnaoibieules fale
LdunenAumetunewIsaulivuuneatiy

2.4.2 Sunerialadnans (Dijkstra’s algorithm)

2 Y
v a o

ac & v A o P a A v
TunauTslasransgnldiieAnadunendungaatnaaiiteulesiunie (source
node) lUdusazanidauleslarenis (destination node) Tulassvnenisadeans Tuanuide

v

g aa s ° Y A o Y Y a A o a f U o
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2.4.2.1 imuaaandidenlesdunaduandionloawiunu (initial node) uaganndl
d' A I3 A A o v P a !
Wweulesdu q Wuaniweuleals o lagAnmualivnaniliyeuleadiAseoeniemiueia
YOIUAaELAUTDNNTBITINT UnTNYesLduTon (edge weight) Lagn1TITNAUAIAUALA
A a Y oa o, & a A = a1’/ v ¢
anilgenloasuduiliamssegnalugud aonfiweulesdu qdanduetiug
2.4.2.2 Mnanilvouleasudu Nansananfiideulesirafeanudueuynaniil
= SRR, a ° H o [ | P a v o =~
Wouleandaliluigounazawinininvesduden wu aantweuloasudutlagiuee 1 4
a A I ¥ A a P L] oA
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WU 0+10=10 szesvneasdn1iiionles 3 Wi 044 = 4 uazszoznvasanidonles
4 Wiy 048 = 8 i minveaduidendidunaldtiatesniiddminve sdudenitudin
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o ° o 1Y ] ax ¢
g'lh/l 2.8: ﬂ']sﬂ']u’gmLaUV]’N@'JEJGUL!@@U'JﬁVL@Iﬁﬂﬂ@ﬁ']
2.4.3 FuRaUIBWIN (Prim’s algorithm)

Ao o & Y vy o ' ° = o v A '
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3.2.2 NMsTINNGY
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3.3 wanmsvinuvadlusunsuludinrugunend

a v

middeildFnwnsdumdunisedusunsuduliluunestuiifoglufauay
wonduazldimuinisuadumemesuliiuuuneatulnensidenlitunewitladnans
Laznsy WelildnsFuandunsiiinisfinnsandhwinve wduideusenindomudaing
TsunsuiiBeulusimuaunenduiseanidu 2 Waunsuie Tusunsunmsdanisuaglusunsy
Msfn elusunsunssanisiinifisenldlusunsunismuwinuazdanisiinlnaiiouns
T¥fuTomudadnd TUsunsunisAuIaind A uiaduniwe shaiuduneuds Tne
TUsunsunnsdamsvewiianuduneyisite POX.manage.py lngiin1sisenlglusunsunis
funnmasETunouIRLansldfTUsLSUT .3 USTTiRG 94-96 @nnsadeuduiay
(flow chart) miﬁwmuﬂaﬂﬂmmumﬁmmﬂé’fé’agﬂﬁ 3.3 §lefinnseifiuns (run) TUsunsy
s uiTeridu (Function) launch() eilerdu launch() azsfiunsisenldemuiladdu
handle Packetin Tuilsfduiiasriauiieldsuuiinnnunaniemuiaing Ineisuannis
fosanUszinvuesuiinng fdildlunisnseaeuUssinmusuiininatiuuananeiy &udy

wininaUseLnmea1sii (ARP  packet) azld@1da packettype==packet ARP TYPE 34

o
1Y [ KY)

< s v A ¢ A A v A o s
wiinunaeasiignldieaunilaas (host) Niltaviieglofinuiszyliluufininaeesin fadl
dll <@ ¢ 1 =y & o 1 o a v ¢ o
Wawfininaeansiigndsunidiniuaunend daununendazitn1sisenldauilandu
update_tree 909lUsUNTHN spanning_tree.py [16] [BlRAILIMLEUNIIVBILRNLAALDDTST
Tsunsu spanning_tree.py \Hulusunsudunuuifiogludimununend Feduiandumnis
AU UITAUlILUUNEATINARINTAULEUNININaTUTR IR BLaTl oL WU AR G91A
wngavtesludilamuiadndnunaianin wiednduwininaledduiigseglulszian
wininalefifaesldAds packet.type==packetP TYPE a519@8UN8UUA239 LTRSS
ip_packet.protocol==ipva.IGMP_PROTOCOL ttefiarsanindunininaleouil aantuay
e urinvesuininalodduifemas ismp_packet.ver and type Liionsi9aou
UTELANUBILANIAAINULIBLaTUBILANINA TnanisdanisuininaledioufiunazUsyinn
o v ¥
asuwlaeal

3.3.1 wininaleduiiussnnasuny

A o ¢ @ d A o = @ G o2 o
dlemaruaunendnsaeunlunininalediduiivanaiay 17 Fuduuiininaloddud
Ussinnaeunnuiigndsnainieadiiusiiuinisledivil damuaunendaziinnissenldanu
Heidu update_tree a09lUsunTU spanning_tree.py wagldidunsicmuinlafioduining

lodduiivszanasunuludalsadiidugninelofiinngninelulassy
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Start POX

>
»

/ handle_pacKetin /

Packet.type == ARP

Call _update_tree function

of spanning_tree.py

ip_packet.protocol == IGMP

Call _update_tree function :")

IGMP.type == Quer
P Y of spanning_tree.py

Call _Call_routing function of ) 4
IGMP.type == Join —-anrouting —()
SPT.py/Dijkstra.py/Prim.py

Order to delete flow entry of ) 4
client in multicast group

Send flow entry to Open vSwitch

IGMP.type == leave

5UN 3.3: Haumsviuvessniuaunend
3.3.2 uwininaledduiiuszumvaiingungy

Y s & < a’ a = & 3 a & a
LN@G\’JWJU@NW@WUWTN?{@U’J’]L‘U‘LILL‘WﬂLﬂﬁ]l’e]%LE]ﬂJW‘ViiﬂEJLaﬂJ 18 %QLﬂULLWﬂLﬂMI@‘UL@@JW

Ussinnvardnsaunguiignasnantsadnilugningleniviiievadnsunguiiafueaanve s

Y] ¢ aaa

U3n1slefiiil famuaunendazinnisarwiandunislifuwininagfinazgnaiuiainda
a Naa Yy ] aaav v o o ¢ v g s o
usnslefiiimelusunsuvasautuneuidsnlaiiaus lnadiauaunandidnldauilsidu
Call_routing iorzenldeauilendu update_tree 109lUsHNIUAIALEUNIVIIANTUTLATY

Wanseuadunaasaduazladuwnussnueavrean1edloinuladindnisusenu
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aanu1 F9azinunlrlunsiivlnadeunsinuasianatvesdoinuIaintenas lua lunis

inlnadeunsladenldmds of.ofp flow mod Lielin15Wasatean1audn (in_port)

[
aad

LaZUTTLAVVRIANINATILANL AR ATULYANEY dl_type=0x0800 waz nw_proto=17 &1

aaa v dl

wiininmgRingnasnanduinistefiiidnunsinuteuluiivun uiininegffituazgn

&

o =

dswanlufareanaviseniinimualimed1ds action=of.ofp action output(port=[ 1) &1
winnmgRRvsawininels q Adhunldesnudeulawiinnatiuazgniia (drop) andnunu

NONGLAYTN LU

3.3.3 winnalediduiiuszinnvesenainngy

4 1

Y [ < a & a = & o ad
LN@WJWJU@%JW@?]"?JG]TF\]EEJU’NL‘U‘ULL‘WﬂLﬂﬁl@ﬁ]L@NWﬁMWSL@"U 23 %QLﬂULLWﬂLﬂ@i@"\]L@@JW

a & Y

Uszmueeeniannnguiigndwnantsanmdugniigleniviievesnidnnisidnsiunguidas

Y 9
o

& o a aaa o 6 o a I3 a 1 a aa o LY
wAaRiuRIUINISleNil Meuaunendazaniunsauliaieunsvesgndielenindstuly
Tolnuiaing LﬁaLﬁuﬂWiaﬂLﬁmﬁumwaqmi%’udﬁLLﬁﬂmmwdwéfnu‘%mﬂaﬁﬁ"ﬁLLazgﬂsu'w

[

lofifidsanan

dloeupunendfiansanusuinvuaswiininafidiunasadu snsuaunendaznseyi
nssiulradiounsliivlemuiadndudazlun nduiinuaunandasseaiunig

[y <@ A
AuLnLAA AL

3.4 JUABUITVBINTTIALEUNY (Routing algorithm)

[

Tustefiosurendnn1svinauedlusnsunIsAIulIal FudUnISAIUIILEUN YOI

5 aa Ql' £ s 1 dl' U
anutunauisngnlusunsuliludimivaunend lngsioiliosn1a1nlusunsunisdnnis
(POX_manage.py) LilslUsinsunisdnnissentaanuilendu Call routing ¥saziinisiganld
uiledu update_tree vaslUsUNTUATLIMEUNUARTURBUIT Yayasuivaailandy
update_tree Aaantlitonleanuniy N9 uvesHlendy update tree Tulusunsudulsl

1% & a 1% x5 . = v g v Iz . !

wuuneatuazdunsseultauilendu calc_spanning tree tiattnlgeuilsndu flip dau
Tsunsulasaansnazidunissenldauilsidu calc_topology Liowdnldamuilendu flip walu
TUsunsunsuaziunisiSenldauilendu prim weoldnldauileddy flip Feflendu flip
niMFenldauilendu Discovery.Link ldausininaueaueadil (Link Layer Discovery
Protocol : LLDP) Literiudayavesnisiliousessnindlamuiaindlulaseig Feasladeyav

90N (output data) e adj LYNYBIAN1TTOUABTENINLOINWIAINT Uag switches LURYBS
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TonudaInglulasa9189avun ANUUININTUILANUIALAUNIYDINIEILTUNDUAT F9aTU1e

ANSYUTDILARETUNDUAT AP

M990 3.1: TuneUISVRUlIWUUNeAUY

Algorithm 1 Spanning tree algorithm

Input: adj (set of Open vSwitches and port numbers), switches (set of Open vSwitches)
Output: tree (Spanning tree path)
1: let g be an empty dictionary

2: let more be a set of switches

3: let done be an empty set

4: et tree be an empty dictionary

5. while True :

6: q = sorted(list(more)) + q

T remove all items from more

8: if len(g) == 0 : break

9: remove the item of position 0 in g and return it to v
10: if v is in done : continue

11: add v to done

12: for w,p is the value of position v in adj :

13: if wis in tree : continue

14: add w to more

15: add (w,p) be the value of v in tree

16: add (v,adjiw]lv]) be the value of w in tree

17: return tree

3.4.1 TuppuIsveIRulduuNandNy

T,‘LJSLmiméfulﬁl,wwa@%’mﬁﬁasﬂuéhmuguwaﬂﬁﬁ%a'jﬂ spanning tree.py lotunld
TurmAdeifsdimadonanzamvesilaifufignldnutufeiisddu update tree 1Wasude
ey update_spt_tree wazisdelusunsuluaddn SPT.py NsAIEUNNYNTUBY
aneluiledtu calc_spanning tree TaiFnanmsiFenldnuiledsu flip Wilelsilddoyaresn
adj waw swtiches wihdeyasaadfifudoyavimesnsmunsulinuunendy &
aunsadeutuneuitvesnsiwandunisesiuliuuunenduldsenisned 3.1 s
Amsusenssesddunnaavvedemudaindanmneiavoslununeiaviin fosun

a ! A a ¢a A | @ S a ¢ v a = A a ¢
Q%Laaﬂ@]slla\ﬂaL‘WU'J?VJWSU'V]L%allmaﬂu%qﬂiaLWU']?{'W]SUMN']EJLﬁGUUQEJLiEJQIUQUQQI@LWU'J?"JWSU
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Agavne Benewinisidenaaziinisiansandlewmuiadindaluugnifenlunaundiasdiy
Toundadndluniuliuazyiinisidengredomdaindiataly Wonisiuandunaiadu
lafumnvesiomsvedlemuiaindidouneiusenuiluiius tree LazAuaAmILUS
tree TiAuTsATU Call routing veslusunsy POX.manage.py 31n1aNN15Y1191Uv09lUsUNTY
=] 1 o 1% Y 4 1% < = S 1%
SPT.py agwiulannisAmunandunisvesusunsusulinuuneatruduissnisidenidunig

a ¢ a

ANUAPUTBIMUNEEULENLIEINT T9lUlATN1SR1TANENNTNLE LT BUTE NN BN LA AN

A151991 3.2 TuReUIDVeIlUSUNSUHIAYY Dijkstra

Algorithm 1 Dijkstra function

Input: R G (set of Open vSwitches and port numbers)
S (initial Open vSwitch), SW (set of Open vSwitches)
Output: TREE (Dijkstra path)

1: let TREE be an empty dictionary

2: let Q be an empty list

3. for END is in R_G.keys():

a: if Siis END : continue

5: else:

6: call Shortest function and return value to DIJ and ROT
T let PART be an empty list

8: while 1 :

9: add END to the end of PATH

10: if END = S : break

11: add value of END in ROT to END

12: reverse the elements of PATH

13: add the number of elements in PATH to LEN

14: for L in range (LEN-1) :

15: add the value of position L in PATH to SW1
16: add the value of position L+1 in PATH to SW2
17: if SW2 is None : continue

18: else :

19: add the value of G[SW1][SW2] to PORT

20: add set of SW1,SW2,PORT to TREE

21: return TREE
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A5199 3.3: TUNUITVIUTWNSUHINTY Shortest

Algorithm 2 Shortest function

Input: S (initial Open vSwitch), E (destination Open vSwitch)
Output: DIJ,ROT
1: let G be the graph of proposed topology that composes of V, pair of nodes(Open

vSwitch), and E, edge weight between 2 nodes

2: let N_W be the initial edge weight of node S, equal to [0]
3: let DIJ and ROT be an empty dictionary

4: fornode visin N W:

5: let value of DIJ equal to N_ W

6: if node v is node E :

T break:

8: for node w is the value of node vin G :

9: find weight of (v,w;) = DU[v] + weight of (v,w) in G

10:  if node w; is already in DU :

11: if weight of (v,w) < the value of node w in DUJ :

12: show Value Error

13:  elif node w; is not already in N_W or weight of (v,w;) < value of node win N W :
14: add set of node w; and weight of (v,w) to N_W
15: add set of node v; and node w, to ROT

16: return (DIJ,ROT)

3.4.2 TuPpUIsURIlnsAERT

TunawIsvadlusunsulasaangnuusoaniiu 2 fandu fe it Dijkstra uay Handu
Shortest #@5U18N1591191U1AAINTUABUTTAIATIN 3.2 UaE 115999 3.3 Mua1U 1ng
#efdu Dijkstra tilegnisunldeuaziitoyaiuidnfe R G LUAY8InUN8LAYY0INT (port

A ' ' A a e o A A ed & A
number) MgausaszninglemnuIaing uonain R_G §udl S leimwlaindiduaniilizeules
AUNE hay SW gavadlainulaindnaunlulasetng fandu Dijkstra Inthiinvundgues

A v A A 19 vw s o o °

anfiwenlesdumanavanfivenloslaremaiedeliiuileddu Shortest vinsAmIn

} %4

Ay i o 1 a A av yo a !
UNIIN U'V]Ef!fﬂigﬂﬁqﬂﬁﬂquvﬁaiﬂiﬂﬂm‘NW'}ﬂLLagaGWULSU'EJQJIEJQUa’]EJV]'NVlI@ﬁUﬂJ']W@%@ IWEJ

o—

[y

Jayasuiinvesilandu Shortest Aa S annflieulesdunisuag E anrflieulosuarenis
uieyaidmualiegudme G=(V,E) lwavenimtinidueussnitdomiiaing nannis

auresilandy Shortest Aen1siuTey Wegvdminduenveuwsazganilivesles el
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I minidueuntesignvesudazdaniiidenles a1ntuilandu Dijkstra 9857U5I0AV0S

antdeulenleannitandu Shortest Wnuas1duldun19vIn1sasannanniiiouleady

Meludalanen1eianun

A5197 3.4: TUABUIOVBIUTWATUNSY

Algorithm 3 Prim’s algorithm

Input: S (initial Open vSwitch)

Output: MST

1:

0 e N R

B e e e = e = T
I L T A R

18:
19:

let G be the graph of proposed topology that composes of V,
pair of nodes(Open vSwitch), and E, edge weight between 2 nodes
let VER be the initial Open vSwitch
let ADJ be an empty dictionary
for node n1, node n2, edge weight cin G :
add ¢, n1, n2 be the value of n1 to ADJ
add ¢, n2, n1 be the value of n2 to ADJ
let MST be an empty list
add the value of VER[0] to USED
add the value of ADJ[S] to EDG U

: convert EDG_U to heap function

: while EDG U :

return the smallest value of EDG_U to COT, N1, N2 and remove it
if N2 is not already in USED :

add N2 to USED

add COT, N1, N2 to the end of MST

for E in ADJ[2] :

if value of E[2] is not already in USED :
push E onto EDG_U
return MST

3.4.3 JUABUIDUVBINSY

Juporisueslusinsuniuldvelusunsnan Prim.py wWeolUsunsunisdnnisisenldeu

#W9A?u update_tree voslUsinTu Prim.py Wit update tree azt3anlgsuilendu Prim

wieldauilandu flip uwasidloflandu flip ladeyarieenys adj wag swtiches waINITAILIN

P =3 a v X = b ac o . Yo =
LEUNINIIASLIUAUVY ?ﬁll'ﬁﬂLSUEJUSUUWQU'Jﬁﬂ"ITV]"IQ']UGU@QI‘UiLLﬂiﬂJ Prlm.py 1@9\\1@757\1‘1/] 3.4
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Felunrsrnaladnsimuadeyavidiledudife G=(V,E) Wugavesiminiduioy
SEUINONWIEING kae VER @RvadlauIaintnanua lulasained1a99 Bannisyineaued
Tsunsunsupensldflsidu heap Waidenudazevasleimdaindvilvimumdnduion

wnslasseliatesiign wazilamuidindudazauisiududuniweinisdaainannt

'
A

Feulessiumeludianiidenloslaremaisundegniiulusouds MST arntuileddu Prim
QzAUAT MST way adj AUty update tree FaWlandu update tree AzviNITLAY
MUNYLAVYDINIsENINalan a9 launann adj Widu MST TaewAulusiuus tree uavAu

AT tree TiAuilsAtu Call_routing 904lUsHnsy POX.manage.py
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A15197 4.1: JuvesrondwIsTltluaie
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#topo-thesis.py by Pornnipa Rattanawadee

2. #To create thesis topology

3. #compose of 6 hosts and 12 Open vSwitches

4.

5. from mininet.topo import Topo

6.  class MyTopo( Topo ):

7. "Simple topology example."

8.

9. def init_ (self):

10. "Create custom topo."

11. # Initialize topology

12. Topo.__init_ (self)

13. # Add hosts and switches

14. hostl = self.addHost( 'h1") #IPTV server 1

15. host2 = self.addHost( 'h2") #IPTV server 2

16. host3 = self.addHost( 'h3") #IPTV client 1

17. hostd = self.addHost( 'h4') #IPTV client 2

18. host5 = self.addHost( 'h5') #IPTV client 3

19. host6 = self.addHost( 'hé") #IPTV client 4

20. Switchl = self.addSwitch( 's1')  #Open vSwitch 1
21. Switch2 = self.addSwitch( 's2')  #Open vSwitch 2
22. Switch3 = self.addSwitch( 's3')  #Open vSwitch 3
23, Switchd = self.addSwitch( 's4')  #Open vSwitch 4
24, Switch5 = self.addSwitch( 's5')  #Open vSwitch 5
25. Switch6 = self.addSwitch( 's6')  #Open vSwitch 6
26. Switch7 = self.addSwitch( 's7')  #Open vSwitch 7
27. Switch8 = self.addSwitch( 's8')  #Open vSwitch 8
28. Switch9 = self.addSwitch( 's9')  #Open vSwitch 9

29. Switch10 = self.addSwitch( 's10') #Open vSwitch 10
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Switch11 = self.addSwitch( 's11') #Open vSwitch 11
Switch12 = self.addSwitch( 's12') #Open vSwitch 12
linkopts1 = dict(bw=10) #defined bandwidth = 10 Mbps of all edges
self.addLink(host1, Switch1, delay = '5ms', **linkopts1 )
self.addLink(host2, Switch2, delay = '5Sms', **linkopts1 )
self.addLink(host3, Switché, delay = '5ms', **linkopts1 )
self.addLink(Switch10, host4, delay = '5ms', **linkopts1 )
self.addLink(Switch12, host5, delay = '5ms', **linkopts1 )
self.addLink(Switch11, host6, delay = '5ms', **linkopts1 )
self.addLink(Switch2, Switch1, delay = 'dms', **linkopts1 )
self.addLink(Switch1, Switch3, delay = 3ms', **linkopts1 )
self.addLink(Switch3, Switch6, delay = 3ms', **linkopts1 )
self.addLink(Switch6, Switch5, delay = 'dms', **linkopts1 )
self.addLink(Switch5, Switch4, delay = 'dms’, **linkopts1 )
self.addLink(Switch2, Switch4, delay = 'Ims', **linkopts1 )
self.addLink(Switchd, Switch7, delay = 3ms', **linkopts1 )
self.addLink(Switch7, Switch2, delay = '2ms', **linkopts1 )
self.addLink(Switch7, Switch11, delay = 'dms', **linkopts1 )
self.addLink(Switchd, Switch8, delay = 'dms', **linkopts1 )
self.addLink(Switch8, Switch11, delay = '3ms', **linkopts1 )
self.addLink(Switchd, Switch11, delay = '5ms', **linkopts1 )
self.addLink(Switch5, Switch8, delay = '2ms', **linkopts1 )
self.addLink(Switch5, Switch9, delay = 3ms', **linkopts1 )
self.addLink(Switch9, Switch12, delay = 'Ims', **linkopts1 )
self.addLink(Switch11, Switch12, delay = 'Ims', **linkopts1 )
self.addLink(Switch10, Switch12, delay = 'dms', **linkopts1 )
self.addLink(Switch6, Switch10, delay = '3ms', **linkopts1 )
self.addLink(Switch6, Switch9, delay = 3ms', **linkopts1 )
self.addLink(Switch9, Switch10, delay = '2ms', **linkopts1 )
self.addLink(Switch1, Switchd, delay = '5ms', **linkopts1 )
self.addLink(Switch3, Switchd, delay = '6ms', **linkopts1 )
self.addLink(Switch3, Switch5, delay = '2ms', **linkopts1 )
self.addLink(Switch8, Switch9, delay = '2ms', **linkopts1 )

topos = { 'mytopo": ( lambda: MyTopo() ) }

TWsunsufl n:  N1s9nasalassnelulusunsudaitin
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#SPT.py by POX controller
#To calculate spanning tree

#Run with POX_manage.py

from pox.core import core

import pox.openflow.libopenflow 01 as of
from pox.lib.revent import *

from collections import defaultdict

from pox.openflow.discovery import Discovery

. from pox.lib.util import dpidToStr

. from pox.lib.recoco import Timer

from pox.lib.packet import *

. import time

log = core.getlogger()

. def calc_spanning_tree ():

def flip (link):
return Discovery.Link(link[2],link[3], link[O],link[1])
adj = defaultdict(lambda:defaultdict(tambda:[])
switches = set()
# Add all links and switches
for Lin core.openflow_discovery.adjacency:
adj[l.dpid1][l.dpid2].append(l)
switches.add(l.dpid1)
switches.add(l.dpid2)
# Cull links -- we want a single symmetric link connecting nodes
for sl in switches:
for s2 in switches:
if s2 not in adj[s1]:

continue

a8
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if not isinstance(adj[s1][s2], list):
continue

assert sl is not s2

good = False

for Uin adj[s1][s2]:

if flip(l) in core.openflow _discovery.adjacency:

# This is a good one
adj[s11[s2] = Lportl
adj[s2][s1] = L.port2
good = True
break
if not good:
del adj[s1][s2]
if s1in adj[s2]:
# Delete the other way too
del adj[s2][s1]
q=10
more = set(switches)
done = set()
tree = defaultdict(set)
while True:
q = sorted(listtmore)) + g
more.clear()
if len(g) == 0: break
v = g.pop(False)
if v in done: continue
done.add(v)
for w,p in adj[v].iteritems():
if w in tree: continue
more.add(w)
tree[v].add((w,p))
tree[w].add((v,adjw]v]))
if False:
log.debug("*** SPANNING TREE ***")

for sw,ports in tree.iteritems():

a9



66.
67.
68.
69.
70.
T1.
72.
73.
74.
75.
76.

#print " ", dpidToStr(sw), "', sorted(list(ports))

#print " ", sw, ", [L[0] for Uin sorted(list(ports))]

log.debug((" %i : " % sw) + " "join([str(L[0]) for L in
sorted(list(ports))]))

log.debug(" ")

return tree

def update spt tree (force dpid = None):
tree = calc_spanning tree()
log.debug("Spanning tree updated")

return tree

Wsunsudl v nsdamsdunsvesiulivuuvenduiiiilusnsuaunend [21]
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#Dijkstra.py is applied from SPT.py
#To calculate Dijkstra algorithm

#Run with POX_manage.py

from pox.core import core

import pox.openflow.libopenflow 01 as of
from pox.lib.packet import ethernet, ipvd, ICMP
from pox.lib.revent import *

from collections import defaultdict

from pox.openflow.discovery import Discovery
from pox.lib.util import dpidToStr

from pox.lib.recoco import Timer

from priodict.priodict import priorityDictionary
import bisect

import time

log = core.getlogger()

def calc_topology (force_dpid = None):

#To send LLDP to create set of topology
def flip (link):

return Discovery.Link(link[2],link[3], link[O1,link[1])
adj = defaultdict(lambda:defaultdict(lambda:[ 1))

switches = set()

# To create set of topology elements in "adj"

# and set of switches in "switches"

for lin core.openflow_discovery.adjacency:
adj[l.dpid1][l.dpid2].append(l)
switches.add(l.dpid1)
switches.add(l.dpid2)

51
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for sl in switches:
for s2 in switches:
if s2 not in adj[s1]:
continue
if not isinstance(adj[s11[s2], list):
continue
assert sl is not s2
good = False

for Uin adj[s1][s2]:

if flip(l) in core.openflow _discovery.adjacency:

# This is a good one
adj[s11[s2] = Lportl
adj[s2][s1] = L.port2
good = True
break
if not good:

del adj[s1][s2]

if s1in adj[s2]:
# Delete the other way too
del adj[s2][s1]

return adj,switches

def Shortest(S,E=None):

# To calculate dijkstra's algorithm
DU ={}
ROT ={}
N_ W = priorityDictionary()
N_WIS] = 0

# G is set of edge weight between OpenvSwitches

G ={1: {3:5}, 2: {4:5}, 3: {1:5, 5.7, 6:6}, 4: {2:5, 6:9, 7:3},
5: {37, 8:7, 9:4}, 6: {3:6, 4:9, 8:16, 9:13, 10:9},
7:{4:3, 9:5, 10:5}, 8: {5:7, 6:16, 11:8},
9: {5:4, 6:13, 7:5, 11:18, 12:4}, 10: {6:9, 7:5, 12:12},

11: {8:8, 9:18}, 12: {9:4, 10:12}}
for vin N_W:
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DUlv] = N_W[v]
if v == E: break
for w in G[vI:
vwlLength = DUIV] + G[v][w]
if win DIJ:
if vwLength < DUJ[wI:
raise ValueError, \
" hai messo metriche negative"
elif w not in N_W or vwLength < N_W[w]:
N_W[w] = vwLength
ROTIW] = v
return (DIJ,ROT)

def Dijkstra(R_G,S,SW):

# To create dijkstra graph in "TREE"
Dij path = defaultdict(set)
TREE = defaultdict(set)
more = set(SW)

Q=11
done = set()
for END in R_G.keys():
if Sis END:
continue
else:
D,P = Shortest(S,END)
PART =[]
while 1:
PART.append(END)
if END == S: break
END = P[END]
PART.reverse()
length = len(PART)
for Lin range(length-1):
swl = PART]
sw2 = PART[l+1]
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if sw2 is None:
continue
else:
PORT = R_G[sw1][sw2]
Dij_path[sw1].add((sw2,PORT))
while True:
Q = sorted(list(more)) + Q
more.clear()
if len(Q) == 0: break
v = Q.pop(False)
if v in done: continue
done.add(v)
for w,p in Dij_path[v]:
more.add(w)
TREE[v].add((w,p))
TREE[w].add((v,R_G[w][V]))
return TREE

def update Dijkstra_tree (force dpid):
#To call _calc topology function and return "dijk_tree" to POX_dijkstra.py
adj,switches = calc_topology(force dpid)
log.debug("Graph updated")
dijk_tree = Dijkstra(adj,force_dpid,switches)
return dijk _tree

(%
[

TUsunsudi A .1: JunouIDUeelAsAANTT (Dijkstra.py)

#Prim.py is applied from SPT.py
#To calculate Prim algorithm

#Run with POX_manage.py

from pox.core import core

import pox.openflow.libopenflow 01 as of
from pox.lib.packet import ethernet, ipv4, ICMP
from pox.lib.revent import *

from collections import defaultdict
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from pox.openflow.discovery import Discovery
from pox.ib.util import dpidToStr

from pox.lib.recoco import Timer

from heapq import *

import time

log = core.getlogger()
def Prim (S):
#To send LLDP to create set of topology and calculate Prim's algorithm
def flip (link):
return Discovery.Link(link[2],link[3], link[0],link[1])

ad = defaultdict(lambda:defaultdict(lambda:[ 1))

switches = set()

# To create set of topology elements in "adj"
# and set of switches in "switches"
for lin core.openflow_discovery.adjacency:
ad[l.dpid1][l.dpid2].append(l)
switches.add(l.dpid1)
switches.add(l.dpid2)
for s1 in switches:
for s2 in switches:
if s2 not in ad[s1]:
continue
if not isinstance(ad[s1][s2], list):
continue
assert sl is not s2
good = False
for Lin ad[s1][s2]:
if flip(l) in core.openflow_discovery.adjacency:
# This is a good one
ad[s1][s2] = L.portl
ad[s2][s1] = L.port2

good = True
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break
if not good:
del ad[s1][s2]
if s1 in ad[s2]:
# Delete the other way too
del ad[s2][s1]
# G is set of edge weight between OpenvSwitches
VER = [9]
G=1[(1,3,5),(24,5),(3,57),(3,6,6),(4,6,9), 4,7, 3),
(5,8,7),(59,4),(6,8, 16), (6, 9, 13), (6, 10, 9), (7, 9, 5),
(7,10, 5), (8, 11, 8), (9, 11, 18), (9, 12, 4), (10, 12, 12)]
# Prim's algorithm calculation
ADJ = defaultdict( list )
for n1,n2,cin G:
ADJ[ n1 lappend( (c, n1, n2))
ADJ[ n2 lappend( (c, n2, n1))
MST =[]
USED = [VER[ 011
EDG_U = ADJISI[:]
heapify( EDG_U )
while EDG_U:
COT, N1, N2 = heappop( EDG U )
if N2 not in USED:
USED.append( N2 )
MST.append( ( N1, N2, COT ) )
for Ein ADJIN2 I
if E[ 2 1 not in USED:
heappush( EDG_U, E)
if False:
log.debug("*** SPANNING TREE ***")
for sw,ports in tree.iteritems():
#print " ", dpidToStr(sw), "', sorted(list(ports))
#print " ", sw, """, [L[0] for Lin sorted(list(ports))]
log.debug((" %i : " % sw) + " "join([str(L[0]) for L in
sorted(list(ports))]))
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log.debug(" ")
return MST,ad

def convert graph (force dpid):
# To create prim graph in "TREE"
prim_tree = defaultdict(set)
mst,adj = Prim(force_dpid)
for ij,k in mst:
if j in adjlil.keys():
prim_tree[i].add((j,adj[i[1)
prim_tree[jl.add((i,adj{j]lil)

return prim_tree

def update Prim_tree (force_dpid):

#To call _calc_topology function and return "tree" to POX_manage.py

tree = convert_graph(force_dpid)
log.debug("Prim algorithm tree updated")

return tree

Tusunsudl @ .2: TURBUATVBINSY (Prim.py)

#POX_manage.py is applied from SPT.py

#To manage calculation in POX controller

#./pox.py forwarding.\2_learning openflow.discovery openflow.POX_manage

# --no-flood --hold-down

from pox.core import core

import pox.openflow.libopenflow 01 as of
from pox.lib.util import dpid to_str

from pox.lib.util import str_to bool

from pox.ib.addresses import IPAddr, EthAddr

from pox.lib.revent import * #

from pox.lib.packet import * #ethernet, ipvd, ICMP, UDP, IGMP

from pox.openflow.discovery import Discovery
from threading import Timer

from collections import defaultdict

#
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import time

from time import time

import datetime

from pox.openflow.spanning tree import update_tree #to call spanning tree program
from pox.openflow.SPT import _update spt_tree #to call update_tree of SPT.py
from pox.openflow.dijkstra import _update Dijkstra_tree # call udpate_tree of Dijkstra.py

from pox.openflow.prim import _update Prim_tree #to call update_tree of Prim.py

log = core.getlogger()

def handle Packetin (event):

# To consider packet type and call _Call routing function
log.debug("Switch %s has come up.", dpid_to_str(event.dpid))
packet = event.parsed #parse pkt
if packet.type == packet.ARP_TYPE:

ip_packet = packet.payload
_update_tree(event.dpid)
elif packet.type == packet.IP_TYPE:
ip_packet = packet.payload
if ip_packet.protocol == ipv4.IGMP_PROTOCOL:
igmp_packet = ip_packet.payload
#a### IGMP Query #####
if igmp_packet.ver _and type == 17:
_update_tree(event.dpid)
##### IGMP Report #####
elif ismp_packet.ver_and_type == 18:
if ip_packet.srcip == IPAddr("10.0.0.3"):
# print "****Client 1 joint group*****"
des = core.openflow.getConnection(6)
des.send( of.ofp_flow_mod( action=of.ofp_action_output(port=1),
match=of.ofp_match(dl_type=0x800,nw_proto=17,
nw_dst=IPAddr("10.0.0.3") ))
elif ip_packet.srcip == IPAddr("10.0.0.4"):

# print "*****Client 2 joint group*****"

des = core.openflow.getConnection(10)

des.send( of.ofp_flow_mod( action=of.ofp_action_output(port=1),
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match=of.ofp_match(dl type=0x800,nw_proto=17,
nw_dst=IPAddr("10.0.0.4") ))
elif ip_packet.srcip == IPAddr("10.0.0.5"):
print "*****Client 3 joint group*****"
des = core.openflow.getConnection(12)
des.send( of.ofp_flow _mod( action=of.ofp_action output(port=1),
match=of.ofp_match(dl type=0x800,nw_proto=17,
nw_dst=IPAddr("10.0.0.5") ))
elif ip_packet.srcip == IPAddr("10.0.0.6"):
print "*****Client 4 joint group*****"
des = core.openflow.getConnection(11)
des.send( of.ofp_flow mod( action=of.ofp_action output(port=1),
match=of.ofp_match(dl type=0x800,nw_proto=17,
nw_dst=IPAddr("10.0.0.6") ))
if ip_packet.dstip == IPAddr("10.0.0.1"): #IPTV serverl
_Call_routing(1)
elif ip_packet.dstip == IPAAdr("10.0.0.2"):  #IPTV server2
_Call_routing(2)
#i### IGMP Prune #####
elif igmp_packet.ver _and_type == 23:
if ip_packet.srcip == IPAddr("10.0.0.3"):
des = core.openflow.getConnection(6)
des.send( of.ofp_flow_mod( action=[of.ofp_action_output(port=1),
of.ofp_action_output(port=4)],
match=of.ofp_match(dl type=0x800,nw_proto=17,
nw_dst=IPAddr("10.0.0.3"), command=of.OFPFC_DELETE ))
elif ip_packet.srcip == IPAddr("10.0.0.4"):
des = core.openflow.getConnection(10)
des.send( of.ofp_flow_mod( action=of.ofp_action_output(port=1),
match=of.ofp_match(dl type=0x800,nw_proto=17,
nw_dst=IPAddr("10.0.0.4"), command=of.OFPFC_DELETE ))
elif ip_packet.srcip == IPAddr("10.0.0.5"):
des = core.openflow.getConnection(12)
des.send( of.ofp_flow _mod( action=of.ofp_action_output(port=1),

match=of.ofp_match(dl_type=0x800,nw_proto=17,
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nw_dst=IPAddr("10.0.0.5"), command=of OFPFC_DELETE ))
elif ip_packet.srcip == IPAddr("10.0.0.6"):
des = core.openflow.getConnection(11)
des.send( of.ofp_flow mod( action=of.ofp_action_output(port=1),
match=of.ofp_match(dl type=0x800,nw_proto=17,
nw_dst=IPAddr("10.0.0.6"), command=of OFPFC_DELETE ))

def Call routing(force dpid):
# To manage route calculation and add forwarding rules to OpenvSwitches
tree = update SPT tree(force dpid) #SPT calculation
tree = update Dijkstra_tree(force dpid) #Dijkstra calculation
tree = update Prim_tree(force dpid) #Prim calculation
sw_use = []
for sw, ports in tree.iteritems():
port_out = []
for port in ports:
port_out.append(port[1])
son = core.openflow.getConnection(sw)
if len(port_out) == 1
son.send( of.ofp_flow_mod( action=of.ofp_action_output(port=port_out[0]),
match=of.ofp_match(dl_type=0x800,nw_proto=17)) )
elif len(port_out) == 2:
son.send( of.ofp_flow_mod( action=of.ofp_action_output(port=port_out[1]),
match=of.ofp_match(in_port=port_out[0],dl type=0x800,nw_proto=17)) )
son.send( of.ofp_flow_mod( action=of.ofp_action_output(port=port_out[0]),
match=of.ofp_match(in_port=port_out[1],dl type=0x800,nw_proto=17)) )
elif len(port_out) == 3:
son.send( of.ofp_flow _mod( action=[of.ofp_action_output(port=port_out[1]),
of.ofp_action_output(port=port_out[2])],
match=of.ofp_match(in_port=port_out[0],dl_type=0x800,nw_proto=17)) )
son.send( of.ofp_flow _mod( action=[of.ofp_action_output(port=port_out[0]),
of.ofp_action_output(port=port_out[2])],
match=of.ofp_match(in_port=port_out[1],dl type=0x800,nw_proto=17)) )
son.send( of.ofp_flow mod( action=[of.ofp_action_output(port=port_out[0]),

of.ofp_action_output(port=port_out[1])],



120.
121.
122.
123.
124.
125.
126.
127.

61

match=of.ofp_match(in_port=port_out[2],dl type=0x800,nw_proto=17)) )

def launch (no flood = False, hold _down = False):
#This funcion start working when POX_manage run
def start_multi_network ():
core.openflow.addListenerByName("Packetin", handle Packetin)
log.debug("Multicast network start")

core.call_when ready(start_ multi_network, "openflow_discovery")
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