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# # 5570286521 : MAJOR ELECTRICAL ENGINEERING
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PARICHAT PANWAREE : SDN-COORDINATED MULTI-PATH CHUNKED
VIDEO STREAMING . ADVISOR: ASST. PROF. CHAODIT ASWAKUL, Ph.D.,
CO-ADVISOR: PROF. KIM JONGWON, 76 pp.

This thesis has studied the performance of Openflow network coordinated by an SDN
controller in the transmission and reception of video packet stream via single-path and
multi-path scenarios. Two types of experimental testbeds have been built, namely, a
Mininet-emulated virtual OpenFlow network testbed and a laboratory-scale OVS (Open
vSwitch)-installed PC-cluster OpenFlow network testbed. Both testbeds share the same
simple topology with four OVS’s, an external POX controller, a video streaming server
and a video streaming client. Moreover, the PC-cluster testbed has also been integrated
with a middlebox for combining streams of video chunks travelling towards the video client
via two disjoint paths simultaneously. Here, the OVS connecting to the video server has
been commanded by a POX controller to take turn splitting video packets and sending
to both paths. The middlebox and the POX controller have been both developed in this
thesis by using Python and its packet-manipulation packages. Testings have been conducted
for understanding each of the testbed components. Firstly, based on TCP and UDP video
streaming in the Mininet virtual testbed and the PC-cluster testbed, it has been found that the
virtual testbed outperforms the PC-cluster testbed with resultant lower packet loss and delay.
This is due to the limitation in physical network interface hardware employed within the PC-
cluster testbed. Secondly, the experiment is based on a packet scheduler implementation at
the middlebox with two first-in-first-out buffers each dedicated for storing packets from each
path. The scheduler is here programmed to forward towards the video client periodically
the packet, waiting first in either of the buffers, with the earliest RTP timestamp. The
ratio of splitting packets on both paths has been calculated from an M/M/1-based path
delay equalisation analysis. With all these settings, it has been found that the PC-cluster
testbed can be used to stream the chunked video packet streams effectively via the two
paths. Based on the current hardware deployed in the developed PC-cluster testbed, up to
500-kbits/s video encoding bit rate has been successfully demonstrated. In the future, it is
expected that higher resolution of video streaming can be achieved by upgrading the CPU
and networking capacity of the computer running the middlebox. Also, an elaborate video
streaming experiment via an international-scale OpenFlow network testbed such as TIEN is

warrant of future worthy investigation.
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INIENINNUATOMNINGY  (server) LAZLATONQNTIIY  (client) Tae3sdananliinado andmin
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Wannuuumsnlfdmsumsaeneada (live streaming) Moidi (TCP) lagulSoudisuns
daTaiuuuwId  wagniadd wuh mateneadauuuwdIdamIoiNUSIN N WATH
(TCP throughput) wazaN5ATesUdATITA10NEe (media bit rate) lGnniimasds
< aa 1 aa a4 da o 6 aa o ) vy a 1 « |
Wniad dw [11] w@uwedsmyaadadafaiuunngdd fadlinsmslulaseiondeni
(mobile network) tiaiiingoumwiasiailiudgliusms lasiiiuaeuie idonidilide uasia
munamstieyaiavian nniusaqaumwidiminglilasuiousuislu (9] e¥ann PSNR
(peak signal to noise ratio) Na‘iﬂﬁﬁa&ﬂﬁu’%mﬂﬁ%’ﬁaﬁﬂﬁﬁﬁ@h PSNR nnl#33 [9]
ﬁaiﬁ%’uiaﬁﬂﬁﬁﬁﬂmmwﬁnjwﬁfum wae [12] lawandnms CMT-QA (quality aware
adaptive concurrent multlpath transfer) mmumiawam wagmydIdIaatuuunaaTe
(real time) WIWINWAILID TARITN1AD mmﬂﬂauammumLﬂuﬂauﬂaﬂﬂmmwmma
wagaNdaNNUAniayanaIdudazIn LwaaﬂmmmaHaﬂumﬂﬂmuamu (out-of-
order) LLaza@nﬁdﬂ‘i’iagaiwﬂmlﬂﬁnﬂu Viwiﬁmidqﬁa;ﬂaﬁﬂigﬁw%mwmn@ﬁu
Lo a au o « ' v dQda o . ' [ aa
uannitfaiinuiFendnuiosnduseuiaviat (chunked video) tu [13] ldianeisms
\ihsfadew HTTP (HTTP chunked encoding) tiaaaniawis (latency) Wmsagveada
Javtart u [14] wwodtusifymmsamuuamsuesdowdadient uagma¥aassuundian
o 1Y) Aa o L4 o . 1 ] s [v)
AUTUISUVLIANAUNINAIUD (video on demand : VoD) GluTﬂiﬂ?IWEJimﬂL@U’Jﬂu (peer-to-
& aad o o v a ¢ o ¢ fa My 1
peer : P2P) daiiiinanavhliiioiannsalitsslominnuuudianldedageaa wag [15]
TdusimipanudaiosssiavimiamsussnAdviainudne lulasshessdudondu lagld
35M3 PRCP (peer ratio-based chunk regulation) @11 [16] L@@IMIANQLMWIATIAND
myaasadavanlulasamossidosu lasmydeadendaviaiomaulsiinld (variable size
' 8 Moo da o ooy o v a Qaa o 6 v
chunk) wagwuieslasAavadiiar PSNR ga asaeigfliusmaiaviasiannsnannsld
wnaIndaald
azinldintomsansuda ”ﬂﬁl,muwmn wagmautiIavieiiflunguden foliasinaus
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2.1 odAdn

Tuamilasnssalasshonuudadnilinuegluifyin. wuh  fanwdudeuuasdesn
Tumsusmsfamsnsiusnmsielasae  diesnnlulassieiimsliluslnaoanmondia
dalnslaneaudagsiiafimihiiiuagmainuuandaiull wonnnitfaiimsliaugunsol
laseihe  (network device) MNEHANUAILTIY Faudaznogonlideemaiamsmsvham
muluginyoinesaios mﬁl,mvl,umaminLﬁamaaﬂnsmewwmmwwamw 7 dhdeniu
16 ﬂﬂumaﬁ(ﬂLEJ‘WvI\TL‘ﬂu’dm‘ﬂ(ﬂEJﬂﬁuTﬂNmEJiﬂLLUHTMNMOﬂW@N%W%NW diaudiymaiilu
amifasnssulaseoundadninedn Tapindnmsdi

gUnsoilasetne ww adaf (switch) wiegUnsai¥aiduna (router) 1uﬁnwﬂmﬂﬂiiu
Tasahoudain %mfmmumummuLLauiummauamuaﬂﬂ‘smmmmnu Srau
sEWUMUgRATmLaNMINmEmsgUnsashiwivsiudies  biasnsamuauginyet
shauls udluamilaonssueafidusswunugua anu,ﬂﬂaarmniymuﬁauaﬁmaﬂﬂmﬂ
i 21 mel,waﬂﬂsmeqmﬂmwm%mmauaﬂﬂummma (forwarding) fiogauiniu
dmssmnmuguasichaugueaadn  (SDN  controller) fviuihiifluguinaraiugy
msinompealassoiumg Q‘UiﬁﬁTﬂN"ﬂwmmiﬂL?lEJ‘HT‘]J%‘LLﬂiNLW@ﬂ’JU@]NIﬂNTHmeu
shauquaadiduldlasass Gehimuquieadidussiadedomsiuglnsoilasamonndiim
Twslaaaalomuliad  asdiulih  msnunmsmugulassieifmuaifidavqueadidu
ﬁyfuv‘iﬂﬁ@’u%mﬂmwhﬂamﬁnummwnmaﬂmaﬂwﬂﬁ%mu HALEINITALIMITIANS
Tasateldiwiiu
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fuande o lddnde
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lowmulwadiiluluslaneausniignitmmiu s lilunmsfededeassswingsmiuamugu
wagszudeyazesamilaonssueaidn uwndazeslomulad de lilWad (fow) muua
nwyuilngaslasiie lasordoudninasinma¥ug (match rule) 3ewindIwsi (header) 109
wiininafumsalial (flow table) ignitonulineunilassondursiioglusnaruquieaidu
Y a 1 ° I's o L% ' 1 a ¢ v a da
fumslanioannsamunaldadzemnulfiniikiuginsailasehe wu aded 16 Seaindi
soeFulawmulnad azanin "adndlowmulnal (OpenFlow switch)"
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221 @adlomnlnal

adndlomulialsznanimes myelual wasdesdaynnomnnlasafy (secure channel)
121] Tasmsralwadaglidmsunsiag (ookup) u,ﬁﬂmmﬁaﬁ'm_j dndesdanauunilasany
fvhiilunsfadedemsssihmuaumouenuazadad laslilnslanealomuliad
LLa@flugﬂﬁ 22

g1t 2.2: msfaderzuinainilomuliaifueiosmuguinutesdyanmuuilasaie

mﬂumiwﬂwaﬂagm'ﬁvﬁmaﬂm’;Laum%‘ (flow entry) MWUNANIIN (activity counter)
LLﬂ“’L?WI"lIENﬂﬁﬂi“ﬁW (action) ﬁiﬁém%’uﬁ’udiﬁuﬁmnm (matching packet) @indag
Uszanawaudininaitanue TﬂﬂuwlﬂLﬂsﬂULMSUﬂumwsquwm mnwmmmm (header) N
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TmﬁLaum%miagu,mﬁafg:elumiNTWa*ﬁasﬂisﬂauﬁw 3 dm [21]
- wadieyadmui (header field) : lfifiawSsuisufudruihnoawiininaiiiadnan

faaind
- &ty : 1505y (update) floyaliNadd u NuInwiNINANgnIU-de nianan dludau

- m3nszin : lissymsnssvhdeudininaiigniug

Actions

Counters

Header Fields

g1t 2.3: Tlafioun3

watioyadIniid
mansadensiiamaieyatiie lflumsiugfudiuitines

'3 q 1 q
Tuldadieunsudaziouns
wininald sndegiaudu mnadassessufinmaasemuges (subnet mask) 1utﬂﬂﬁa§alaﬁ

(IP) due wagme lafimoma imAannsaidenlfwateyalefiimuamsiugld laowa

iiagaﬁmmmiﬂﬁiﬂmwﬂﬂaﬁﬁﬁ’\mm 12 Usgian [21] é’mamiugﬂﬁ 2.4

P | TCP/ | TCP/
| P |tos| uor | uop

Ether| VLAN | VLAN IP
id |priority|source| dst | proto bits | sre port| dst port

Ether |Ether
source| dst | type

Ingress
Port

it 2.4: waiioyaiannsaliiiofuguiining

eyl
Hgiusie 9 wu Swuwdininaiigniudodenlaluwaudasuninesmsens
uq ’vhmul,l,ﬁmﬂmﬁgﬂ%’u (received packet) s u#09M (port) UAALTBNI UTOTNUIN
Tuddi
MINTem
Iadiounsudaziouns enaghifimanszh  (hildssymanszyililulvadiouns) wie
ansaiimanssiananh 1 mynseinld Tasmsnsgyiiagifiuduenaiafiidesiamsiu
wininafigniugesals malifimsnssiseyli witninaiuaggniisll (drop) dhagnams

d990n (transmitted byte) MUKV NUABLEDINIG LTTWAW

nssinasainddauwiininandun wu
o duda (forward) : adadlownladasdadauwininaeanlifidesnemanin

(physical port) uagdasmaiailon udnwaiza 9 laua
- ALL : dawiininaeanlfaduiness (interface) NNoU anVudua oI En

LWALNALEIINN
- CONTROLLER : %@ (encapsulate) LLé’admﬁnLﬂmiﬂﬁﬂé‘hmuqu
- IN_PORT : deusininnaenluffadesmadn (input port)

- FLOOD : nygmuwiininaaanlinnfiamdodulinuumeninuiosfiga (minimum

spanning tree) yniuduinaiwanufininauimn



o 1#1@7 (enqueue) : deuiininasanlifigesneaan wieniedmama liufinng e
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wininai idwllmutenly Wi anuiuas (security) 158 MImuguANNTUR
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2.2.3 mM33U9 (matching)
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LA msammﬂmamwnmm MINUN (delay) ?JB\T“[IE]N@ awa%w%mmﬂmmwmum
uﬂmmwmamwamaﬂﬂﬂm QQNQWH]QEJMWIEJ%% [9]-[12] mmumamiamm@mmmu

ada

witdoudifymineiu Tasgliusmsgansuiaatlugadlivsmsiianasidfiamnsa
Tinuldlusgin uasnanidsdidnianudoas V‘iﬂﬁﬁwmuuﬁmnmﬁqigmmijmidq
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Qa o qa g daa
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o ¢
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wndSafldnnin msaatIaraiSeilssans nmnniu o lwidiaiiganmite lag
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mnaassunlaseialowmulnaigroldsunsuifiia

awitvitliihmamaasadesdunulassielomulial  Agniasdanlflisunsudiia
(Mininet) [23] Fufullsunsuiiliadralasehelomuliadiaion é’uﬂizﬂaﬂﬂé’mﬁammu
Aind uazusiing (host) dnitalilsunsufifiiaiiressulomulula’ uasoadidu landaugu
LaaﬁlﬁuuaszﬁmﬂaquTwa‘ﬁﬁagﬁlﬂﬂmnmﬁﬁlﬁm ldun dharuquuend (POX controller)

Ve

[25] waclowmuiaind (Open vSwitch) [26] muadL @é'\’ﬂvlﬁﬁmaﬂmwhsﬂmwﬂﬂaﬂﬁﬁ
. . N )

dnwagnawalad (topology) MegUil 3.1 lesmnnuifuiidesmsdnmmsaaiuiavaiuuy

ad o éyj va o KR dq’ U Vaa a 1 U aa 1
wid deiugifoieeanuuumensladiilinaaseliiidssinedumanagmoms 2 38 st
9] 1 14 I | o & & v Y] o Qa o 6
annnsiu laslanviholomuliadiaiioniignasstininiissnanlidis  dusmsiaimd
(video server) fauiavianl (video player) finnuquioanidu (wend) uaslowmuiaiad

NUIN 4 6

g1t 3.1: neweladlaseislowmulnladiaiion

< ' v o dqa g 6 Y ! da g 6 a (Y v
AMNLAWUATNAZLW NI AIUITNMTIANAU (hl) tagatauiIanedit (h2) ﬁ?NWiﬂ(ﬂﬂ(ﬂ@ﬂ%l@]N?%

]
aaa

38 2 38 lagddusnfadenumiulomwdadsd 1, 2 uag 3 (sl, s2 uag s3) wagddn 2 Win
Towmwdadsa 1, 4 uag 3 (sl, s4 uag s3) cj'i'ifﬂﬁﬁlsJuTﬂimemmvlwwau (python) e it
shauquuendlimugumsdeiayamolulasaie nmtuiamaassdinnaszIe hl wag
h2 wasnaassaniniaviainn h1 ll h2 dawamynaasaiiulidail

3.1 mMsnaaai 1: Mssu-daninine

lumsvaaesit 1 §ifuldeonuuumsvaass ¥ hl uaz h2  annsafu-
dudininald  Fawdanalssanidi asgndehwddng 1 (s1-s2-s3)  duudining
Ussangdil (UDP) asgnaanddil 2 (sl-s4-s3) Bemyuluaidwmiulamuwiainfudasd
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awnsowaaalddogui 32 lumameassiaglifidfivasgdidudivelefeuiininaniniu
dielilomdaiafansanuunsitaufinng  udhdseanlfeteamaiisnaiuls  Taolsils
AMBUNY (run) Twﬂmﬂaaﬁ%ﬁuaggﬁﬁﬁ hl uag h2 manaassitlfllsunsnamil (scapy)
[27] ahaudininaiia 2 Ussiamiiuen Tasllsunsait 3.1 Winllsunsnaeudinneian uag
Tsunsud 3.2 dulisunsuasruinnagid

5107 3.2: mynlnadzealowmwd adad lwnmsnaased 1

# send_packet.py by Parichat Pannwaree.

2 # This file is for creating and sending tcp packet.

#! /usr/bin/env python
5 from scapy.all import *

def packet ():
infile = open (’'payload’,’r’)
vpayload = infile.readlines ()
infile.close
p = Ether () /IP()

2 p.dst = "00:00:00:00:00:02"
p.src = "00:00:00:00:00:01"
p[IP].proto = 6 #tcp
p[IP].payload = str (vpayload)

return p

p = packet ()
print p.show
21 sendp (p, iface = "hl-eth0’)

Tusunsafi 3.1: Wsunsnadufininaida
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1 # send_packet2.py by Parichat Pannwaree.
2 # This file is for creating and sending udp packet.

#! /usr/bin/env python
5, from scapy.all import *

def packet () :
infile = open(’'payload2’,’xr’")
vpayload = infile.readlines()
infile.close
p = Ether () /IP()
p.dst = "00:00:00:00:00:02"
p.src = "00:00:00:00:00:01"
p[IP].proto = 17 #udp
pl[IP].payload = str (vpayload)

return p

g if name == '_main__’:

p = packet ()
print p.show
sendp (p, iface = 'hl-eth0’)

Tusunsafi 3.2: Wsunsnadnufininagda

LY

wdmnfiailaseiolomuliaidoiiuioudy hl uwae h2 asfliansofodeiu
16 desmnshmuqumandfaliGuieu  waslowmwiadaflifiladiounila 9 luana
Wad  ililowdadnddesiowinnaly  dutulumanaassit  @veielddoulsunsu
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amgiboudnlsunsy MyComponent (core.registerNew(MyComponent)) Lﬁaelﬁﬂa’lﬂ
(class) MyComponent ‘VINTLL lagama MyComponent Ailantu (function) MIMMNUAD 3914
L‘meim (event) nag Lﬂmlu (core. openﬂow addLlsteners(self)) LuaTameamfﬁmamanu
feuguwenddnsa asiamgnsal ConnectionUp Bt famuguwandasfamyiumgnao
ConnectionUp (_handle_ConnectionUp) Tagasaa DULUANT ﬂii’%udmmﬂbmﬁaim%ﬁﬂﬂ
lasfimsanmnlodiffeya (datapath id : dpid) 1w M1ﬂLﬂ@ﬂ1§ﬂiﬁLﬁﬂ%uﬁ dpid ity 1
(eventdpid == 1) waaenlawmuwdadiad 1 (s1) WL%EJmiaﬁ’uﬁammuwan%ué’a Wuan
mnuummmuwanmummﬂwmLaumﬂﬁLmTal,wmmmTﬂﬂﬁmm event.connection.send
Lwamswama&maﬂﬂmmum Faannsammualiadionnsldlaolisds of ofp flow mod
TﬂﬂT‘ﬂiLmimmﬁamuquwaﬂ%mmsmamiﬁﬁﬂﬂmmuﬁ 3.3 LagMINNUBEINIIAN
wondamnsouanslddeglii 3.3

# proto_mac.py by Parichat Pannwaree.
# This file is for adding flow entries to all switches.

3 # Also matching by using protocol no., in_port, mac_src and mac_dst.

5 from pox.core import core

import pox.openflow.libopenflow_01 as of

from pox.lib.util import dpid_to_str

y from pox.lib.util import str_to_bool

> from pox.lib.addresses import IPAddr, EthAddr
0 import pox.lib.packet as pkt



log = core.getLogger ()

class MyComponent (object):

def _ _init_ (self):
core.openflow.addListeners (self)

def _handle_ConnectionUp (self, event):

nw_proto=6,

nw_proto=6,

nw_proto=17,
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print "Switch", event.dpid, "has come up.", dpid_to_str (event.dpid)

if event.dpid == 1:

print "Install flow entry to switch" ,event.dpid

event.connection.send( of.ofp_flow_mod( action=of.ofp_action_output (port=2),
match=of.ofp_match (in_port=1, dl_type=0x800,
dl_src=EthAddr ("00:00:00:00:00:01"),
dl_dst=EthAddr ("00:00:00:00:00:02")) ))

event.connection.send( of.ofp_flow_mod( action=of.ofp_action_output (port=1),
match=of.ofp_match (in_port=2, dl_type=0x800,
dl_src=EthAddr ("00:00:00:00:00:02"),
dl_dst=EthAddr ("00:00:00:00:00:01")) ))

event.connection.send( of.ofp_flow_mod( action=of.ofp_action_output (port=3),
match=of.ofp_match (in_port=1, dl_type=0x800,
dl_src=EthAddr ("00:00:00:00:00:01"),
dl_dst=EthAddr ("00:00:00:00:00:02")) ))

event.connection.send( of.ofp_flow_mod( action=of.ofp_action_output (port=1),

match=of.ofp_match (in_port=3, dl_type=0x800,
dl_src=EthAddr ("00:00:00:00:00:02"),
dl_dst=EthAddr ("00:00:00:00:00:01")) ))

elif event.dpid ==

print

"Install flow entry to switch" ,event.dpid

nw_proto=17,

event.connection.send( of.ofp_flow_mod( action=of.ofp_action_output (port=2),

match=of.ofp_match (in_port=1, dl_type=0x800,
dl_src=EthAddr ("00:00:00:00:00:01"),
dl_dst=EthAddr ("00:00:00:00:00:02")) ))

nw_proto=6,

event.connection.send( of.ofp_flow_mod( action=of.ofp_action_output (port=1),

match=of.ofp_match (in_port=2, dl_type=0x800,
dl_src=EthAddr ("00:00:00:00:00:02"),
dl_dst=EthAddr ("00:00:00:00:00:01")) ))

elif event.dpid ==

print
event

event.

event.

event.

"Install flow entry to switch" ,event.dpid

match=of.ofp_match (in_port=1, dl_type=0x800,
dl_src=EthAddr ("00:00:00:00:00:01"),
dl_dst=EthAddr ("00:00:00:00:00:02")) ))

nw_proto=6,

nw_proto=6,

.connection.send( of.ofp_flow_mod( action=of.ofp_action_output (port=2),

connection.send( of.ofp_flow_mod( action=of.ofp_action_output (port=1),

match=of.ofp_match (in_port=2, dl_type=0x800,
dl_src=EthAddr ("00:00:00:00:00:02"),
dl_dst=EthAddr ("00:00:00:00:00:01")) ))

nw_proto=6,

connection.send( of.ofp_flow_mod( action=of.ofp_action_output (port=2),

match=of.ofp_match (in_port=3, dl_type=0x800,
dl_src=EthAddr ("00:00:00:00:00:01"),
dl_dst=EthAddr ("00:00:00:00:00:02")) ))

nw_proto=17,

connection.send( of.ofp_flow_mod( action=of.ofp_action_output (port=3),

match=of.ofp_match (in_port=2, dl_type=0x800,
dl_src=EthAddr ("00:00:00:00:00:02"),

nw_proto=17,



dl_dst=EthAddr ("00:00:00:00:00:01")) ))

elif event.dpid ==
print "Install flow entry to switch" ,event.dpid

event.connection.send( of.ofp_flow_mod( action=of.ofp_action_output (port=2),

match=of.ofp_match (in_port=1, dl_type=0x800, nw_proto=17,
dl_src=EthAddr ("00:00:00:00:00:01"),
dl_dst=EthAddr ("00:00:00:00:00:02")) ))

event.connection.send( of.ofp_flow_mod( action=of.ofp_action_output (port=1),

match=of.ofp_match (in_port=2, dl_type=0x800, nw_proto=17,
dl_src=EthAddr ("00:00:00:00:00:02"),
dl_dst=EthAddr ("00:00:00:00:00:01")) ))

2 def launch ():

core.registerNew (MyComponent)
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o Y] s v « Y a4 a ¢
E‘lh’l 3.4: (ﬂﬁﬂ”mﬂuWﬂﬂ”ﬁLLEWN?IE]ﬂﬂNﬂWiLﬁﬂNWﬂﬂUT@LWH’JE{]Wﬁ

4 ~
@™ @ Node: s1 (root) @™ E Node: s2 (root)
rootBboby ™ mininet# ovs-ofctl dump—flows =1 rootBboby:“/mininet# ovs—ofct] dump—flows s2
NAST_FLOW reply (xid=0wd): MAST_FLOW reply (xid=0wd):
cookie=0xl, duration=f0d4,145s, table=0, n_packets=0, n_bytes=0, udp,in_port=3, cookis=(x0, duration=754,968s, table=0, n_packets=1, n_bytes=75, tcp,in_port=l,
dl_src=00:002 0000200102, d]_dst=00200:00200:00201 actions=outputil d1_sroc=00: 00003 00 ,dl dst‘00:00:00:00:00:02 actions=output $2
cookie=0x), duration=604,145s, table=0, n_packeta=1, n_bytes=75, udp.in_port=1|| cookie=(x0, dur able=), n_packetz=2, n_bytes=150, tcp,.in_port=2,
LAl _sre=003 0020030000301, d1_dst=00:00300:00:00:02 actions=output:3 dl Src:00:00:00:00:00:02,dl_dst’ﬂﬂ:00:00:00:00:01 actions=output 1
cookie=0wd, duration=R0d, 187, table=0, n_packets=l, n_bytes=78, tcp,in_port=1||rootBboby;“/mininets [l
dl_src=00:00:00300:00301,d1_dst=00:00:00:00: 0002 actionssoutput 2

cookie=0x0, duration=604,14%z, table=0, r_packetz=0, n_bytes=0, tep,in_port=2,

d1_sro=00003 000003 00102, d]_dst=00;00:00;00:00301 actions=outputil

rootBbobys”mininets [

@™ Node: s3 (root) ™ Node: s4 (root)
root@boby:™smininet# ows-ofctl dump-flows =3 rootBboby:“/mininet# ovs—ofct] dump—flows =4
MEST_FLOW reply (xid=0xd): MAST_FLOW reply (xcid=0md)s

cookie=txl, duration=770,474s, table=0, n_packets=1, n_bytes=75, udp.in_port=3, cookie=0x0, duration=730,573z, table=0, n_packets=1, n_bytes=75, udp.in_port=1,
d1_src=00:00:00:00:00:01,d]_dst=00:00:00:00:00:02 actions=output:? d1_sre=00: 0050010000101, d1_dst=00:00:00:00:00:02 actions=output t2

cookie=0x0, duration=770,513s, table=0, n_packets=1, n_bytes=75, tcp.in_port=1.|| cookie=(x0, duration=730,534s, table=0, n_packets=2, n_bytes=150, udp.in_port=2
d1_src=00300: 0020000201, d1_dst=00:00:00:00:00:02 actions=output:2 cdl_sre=00:00: 00200300102, d1_dst=002 00003 00:00:01 actions=outputil

cockiesiud, duration=770,474s, table=t, n_packets=2, n_butes=150, udp,in_port=2 | roctBboby:“/mininet# [l

-4l sre=00:00:00: 00500102, d1_dst=00:00:00:00:00:01 actions=output:3

cookie=0x0, duration=770,474s, table=0, n_packets=2, n_bytes=150, tcp,in_port=2

Ldl_sre=00: 00200 0020002, d1_dst=00200:00:00:00:01 actions=output:l
rootBhobyz”/mininetd

519 3.5: Wadeunszoslowmuiaiadlumanaassii 1

Ui 3.5 aunsaeseladiownszedemudadiad 1 s1) Agniaduldldh maa
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L (in_port=1) duwininastandi  wasdiwinzeauininalsenauay ‘I/IEIEJ?JBWIWVI’N?M
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-
@@ Node: h1 O ®E Node: h2

ootlboby: ™ /mininet host# | /zend_packet.py a7 28, 038510 00:00300:00200:0L > 00:0000:00200:02, ethertupe TPw4 (0x0200),
ARNING: Mo route Found For IPWB destination ¢ (no default route?) ength 713 127,0,0,1,23335 » 127,0,0,1,20577: Flags [U]. seq 1B67982708416679827)
bound method Ether,show of <Ether dst=00:00:00:00:00:02 sre=00:00:00:00:00:01 |1, win 26673, urg 28448, options [[bad opt]
tupe=0xB00 I<IF proto=tcp |<Raw load="['Packet from hl to hZssn', 'Pathitvsn']" OpeC000; 0000 00O OOOZ 0000 G000 GO 0300 4500 L., viseseaaEy

[0 000108 ODZF 0001 0000 4006 Fohe 7FFOO DOOL FFOO e

Oxc0020¢ 0001 5627 5061 636h B574 2066 726f G420
000301 BE3L 2074 GF20 8832 Gofe 272c 2027 GOEL h

ﬁ‘;g; é Egpkat
ootldboby;"/mininet host# | Fzend_packeti.py

ARMING: Mo route found for IPYE destination :: (no default route?) U H
bound method Ether,show of {Ether dst=00:00:00:00:00:02 src=00:00:00:00500:01 length 71 127.0,0,1,. 23335 > 127 0,0,1, 2057

. ethertype
A length 25443

tupe=0xB00 I<IP protosudp |<Raw load="['Packet from hl to h2%4n', 'Path2vin']" CecQOO0: OO0 0000 Q002 GO00 HOO0 001 0200 4500 .. ... ..., E.
o] Cec0OL0y  O033 0001 Q000 4011 Tebd FFOO Q0OL FFOO 9., 8, laauaiis
s 0x00208 0001 Bb27 GOEL B36b 6574 2068 726F 6d20 ..['Packet.from.
ent 1 packets, 0x0030¢  BH3L 2074 6F20 BE32Z Sobe 272c 2027 S0B1  hl,to ke’
root@boby: ™/ mininet/host# | Oexc0040; 7468 225c BeZF Od thZwn']

qilit 3.6: h1 dawdnnafidi uasgdi L h2

.
@™ Node: h2 B ®E Node: h1

ooEBBoby: Pmininet host® | rsend_back,py 336300, 2208 003003 000030002 5 00:00300:00:00:01, ethertype 1Pwd [0x08007,
ARMING: Mo route found for IPwE destination 3 (no default route?) length 713 127.0,0,1,23335 » 127,0,0,1,20877: Flags [U]. seq 1BEF382708:16679827
bound method Ether,show of <Ether det=00;00:00:00:00:01 sre=00;00300;00300:02 |21, win 26674, urg 28448, options [[bad opt]
tupe=0xB00 I<IF proto=tcp I<Raw load="['Packet from h2 to hlisn', 'Pathltsn']" Q00008 QOO0 (OO0 QOOL 000 QOO GO02 GO0 45000 FUUN N

B3] 0c0010s 0039 0001 0000 4006 7che 7FO0 0001 7FO0 v
A Ox0020: Q001 Sb27 S0BL B36b BE74 2066 726F Bd20 ,,['Packet,from,

ent 1 Eackets‘ 000307 BBZZ 2074 BF20 6331 BoBe 272c 2027 B0EL h2,to,hlvn',.'Pa
00000y ‘mininet host#® L /send_Dackd.py 2 -

ARNING: Mo route Found For IPWE destination ¢ (no default route?) 136300, 978449 003003 00300300302 > 0030030 100501, ethertype IPud (0x0B00),
bound method Ether.show of <Ether dst=00:00:00:00300:01 sre=00:00300:00:00:02 Jllength 713 127.0.0,1 93335 > 127.0,0,1, 20677 P, length 25443
tupe=0xB00 I<IF proto=ude I<Raw load="['Packet from h2 to hlssn', 'Path2vn']" OpeO000; 0000 0000 OOOL 0000 QOO0 GO0 0300 4500 L., viseseiaEy

[0 000108 Q033 0001 QOO0 4011 7ebl 7FO0 0001 7FO0 9, 8 1o
n 0x0020¢ 0001 5b27 5061 B36b 6574 2066 726f Bd20 ,,['Packet,From,

ent 1 packet 0x0030;  B832 2074 EF20 6331 ScBe 272c 2027 S0EL h2,to,hln'..'Pa
rootBBoby; /mininethost# | Ox0040; 7468 225 Be27 Od th2wn']

719 3.7: h2 dandininanduands hi
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# 4sw-2path.py by Parichat Pannwaree.
# This file is for adding flow entries to all switches. (2 paths)
# Also matching by using in_port.

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.lib.addresses import IPAddr, EthAddr
from pox.lib.packet.tcp import tcp

import time

log = core.getLogger ()

class MyComponent (object):

def _ _init__ (self):
core.openflow.addListeners (self)

def _handle_ConnectionUp (self, event):

print "Switch", event.dpid, "has come up.", dpid_to_str (event.dpid)

if event.dpid == 1:

event.connection.send( of.ofp_flow_mod (
action=of.ofp_action_output (port=o0f.OFPP_ALL),
match=of.ofp_match (in_port=1)))

event.connection.send( of.ofp_flow_mod (
action=of.ofp_action_output (port=1),
match=of.ofp_match (in_port=2)))

event.connection.send( of.ofp_flow_mod (
action=of.ofp_action_output (port=1),
match=of.ofp_match (in_port=3)))

elif event.dpid == 2:



18

event.connection.send( of.ofp_flow_mod(
action=of.ofp_action_output (port=2),
match=of.ofp_match (in_port=1)))

event.connection.send( of.ofp_flow_mod(
action=of.ofp_action_output (port=1),
match=of.ofp_match (in_port=2)))

elif event.dpid == 3:

event.connection.send( of.ofp_flow_mod/(
action=of.ofp_action_output (port=2),
match=of.ofp_match (in_port=1)))

event.connection.send( of.ofp_flow_mod/(
action=of.ofp_action_output (port=of.0OFPP_ALL),
match=of.ofp_match (in_port=2)))

event.connection.send( of.ofp_flow_mod/(
action=of.ofp_action_output (port=2),

match=of.ofp_match (in_port=3)))

elif event.dpid == 4:
event.connection.send( of.ofp_flow_mod(
action=of.ofp_action_output (port=2),
match=of.ofp_match (in_port=1)))
event.connection.send( of.ofp_flow_mod(
action=of.ofp_action_output (port=1),
match=of.ofp_match (in_port=2)))

2 def launch ():

core.registerNew (MyComponent)

Tisunswit 3.4: Tsunsnoessharugunandlumsnaasii 2
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O™ @ switch: 51 (root)

rootBboby:“/mininet# ovs-ofct] dump—flows sl
MHST_FLOW reply (xid=0x4):

cookie=0x0, duration=272,127=. table=0, n_packets=4,
ions=output ;1

cookie=txd, duration=272,1Bd=, table=0, n_packets=0,
his=ALL

cookie=0x0, duration=272.127s, table=0, n_packets=4,
ions=output:l

rootboby:/mininet# [l

n_bytes=404, in_port=3 act
n_bytes=0, in_port=l actio

n_bytes=404, in_port=2 act

O™ @ switch: s2 (root)

rootRboby:“smininet# ovs—ofct] dump-Flows 52

MAST_FLOW reply (xid=0x4):

cookie=0x0, duration=103,914s, table=0, n_packets=2, n_bytes=202. in_port=1 act
ionz=output:2

cookie=tx, duration=103,877s, table=0, n_packete=2, n_bytes=202, in_port=2 act
ions=output:l

rootBooby:rnininet# |

O ® @ switch: 53 (root)

rootBboby:“/mininet# ovs-ofct] dump—flows 53
MHST_FLOW reply (xid=0x4):

cookie=tx0, duration=115,241s, table=0, n_packets=d,
ions=output ;2

cookie=txd, duration=115,28z, table=0, n_packetz={, n_bytes=404, in_port=1 acti
ons=output 2

cookie=0x0, duration=115.241s. table=0, n_packets=0, n_bytes=0, in_port=2 actio
ns=ALL

rootboby:/mininet# [l

n_bytes=404, in_port=3 act

O™ @ switch: 54 (root)

rootBboby:smininet# ovs—ofct] dump-Flows s4

MAST_FLOW reply (xid=0x4):

cookie=0x0), duration=98,647s, table=0, n_packets=2, n_bytes=202, in_port=1 acti
ons=output ;2

cookie=0x, duration=98,609z, table=0, n_packets=2, n_bytes=202, in_port=2 acti
ons=output sl

rootBhobyt/nininets |

319
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&5 uamlssananatiiodudniad

2.

5l# 3.12: wiininait h2 165

33 mywlsudisuanssonsnesmsandadanaiuulasenie
Townladaiionuazszuunadoulowmunlnaiase

NNMINAADI 2 Mnaassiidaws liedn dwmsuaaslfduilasaiolomulnal
Lﬁﬁauﬁgﬂ’vhamé’wiﬂmmuﬁﬁtﬁmmmmﬁwwﬂﬁ TANMITU-AIUANING  WagMIaNIN
Qa o ¢ U qy <1 < a da o ¢ [l [ =
Favan lwhien Wumsdnmansyausaasmsansaiaaitunlasemelomulnadiaion
wisuulasaialomulaias Tﬂﬂ@%ﬁ’ﬂﬁﬁlﬁiguumamﬂaquTWaﬂﬁﬁmawaTaﬁﬂé’wﬁu

1 e’q’ o d’ v [y} a
lavstolomulainldlunmmaass 1 way 2 &lussvuneasuisznouliédro dusms
Qa v 6 v 1 da o 6 a a 6o [y Y] a @

Faviast  dhwdaan ledaiatuin 4§ wasilszamanueaddu  (SDN
coordinator)  laglufiszamnuleadiduagilssnoudme  fmuaneaidu  (©uity
tuiiidenliwendilludmuquoatidulussuunaaeulowulia’d)  uagdharuquszeslna
(remote controller) NNWINTIENAUNA (monitor) wazdIMIAFILTMIGTAE wagsdian
et lussuunageuvhaunnszeslna  asdinldn  lasselomuwllali@ionnasssu
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nagoulawullaifidmiuanduiudfisseindmie  ssuumaaenlomuliaifichaugy
soglnadimdnan Selilddenanssnuvdefamnemainnunesginsoidulussuimaaon
Tasnevaladnesssuumadeulomuliaimmnsouandlddaglii 313 wasuswmmniBenssne
(logical diagram) BesszutMadauaInsauanslddagui 3.14

qilit 3.13: noweladuesssuunaasulomulial

Remote POX
controller controller

wlan0 eth1

ethd4 eth3

eth0 | eth8 | eth7 eth2 | eth3 | eth0

eth0 eth4 eth9 eth4

eth2 | eths |

ethd4 eth0

: :
: :
: :
: :
: :
5 i
: :
: eth0 eth2 :
: | i
: :
5 i
: :
: :
: :
: :

--4 eth1 eth1 |--

[semver] N [ ot |

91 3.14: unumwdinsinguesszuunadoulamulial
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souumaaaulomuliadinlflunuiseil ldgnuSuudadiaannn [29] Alaiedlomulial
Wioe 3 ¢ ualwawdfoildmnadafiinludn 1 6 wislildlasemelowmuliadngida 2 54
anInaIiudegin 3.13 wenmnitfulSuaiadliiilulowmuwiainfianue Fuiu ssuumeasy
[ au A= - 1 [ a ¢ o a ua a L3 .
Towuladlunwisoiifagnadniudmuaenimesiilssuul jifimsaund (Linux) Ubuntu
12.04 favwa 8 10304 laeqilit 3.15 uansssuunaaoulomuldallufol jifins

Uit 3.15: szuumeasulowmmladlusfoaljifems

QManMMg  (specification) 1ouAToNnaNIaes T i luszuumaaeuamnsaunaalde
My1N 3.1

m3ni 3.01: quineastosnanimosi i luszuumaaey

Device Software Processor

Video server VLC media player 2.0.9 | Core 2 Quad 2.40 GHz
Video client VLC media player 2.0.9 | Core 2 Quad 2.40 GHz
Open vSwitch 1 Open vSwitch 1.9.3 Pentium G630 2.70 GHz
Open vSwitch 2 Open vSwitch 1.9.3 Pentium G630 2.70 GHz
Open vSwitch 3 Open vSwitch 1.9.3 Core 2 Quad 2.40 GHz
Open vSwitch 4 Open vSwitch 1.9.3 Pentium G640 2.80 GHz
POX controller POX 0.3.0 Core 2 Quad 2.40 GHz
Remote controller - Core 15-3475s 2.90 GHz




[ S v ¢ aa a aa
CI/IZ‘NQ’]ﬂﬂﬁi’l\iiSUUV]ﬂﬁﬁ)UIaquIwa’J qIn 2 JaL
iyﬁﬂﬁﬂ’lﬂiﬂWilﬂﬂﬂu Lae mmumwﬂuuuiﬁﬁq

v
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@ @veldTauunaianuazanuniag

38 Taglilsunsulowisl Giperf) wasil
(ping) MANaGU m‘umnuu (muTameam% 1, 2 uag 3) Tuuuaian 6.5 wnsiinaaIwi
LAZANINIUIY (mwmﬂaqmmﬁmwlmmmiﬂ@ WY 1.5 Raddwidl d@minan ([u
Touwwdadad 1, 4 uag 3) Jauuuddanld 2.5 wnziiadedmfi waganumnty 2 fad
AU amﬁﬂﬁiﬁﬁuuﬁqmmwﬁﬂjﬁﬁdw R amﬁmaﬁuﬁa;ﬂavlﬁmﬂﬂdw LLagdqﬁagavlﬁ
FININNaN
Lﬁaiﬁnmﬂ%muLﬁﬂuaminusigmwﬂmmmLaﬁauﬁ'mwumaauﬁqﬁmmqﬁﬁﬁumﬂ
nga &ﬁ%’ﬂvlﬁvhmsﬁﬁmLmué‘iﬂm‘u,azmmmmﬂauﬁuﬁjmﬂm (link) udagidunaslasamsg
Towwladiaion TR LLWIIANULAZANNUUINTIINGIUTMTIATAT  wagdiandIfviag
aa & aa v o o 1 aly o Py v A
UYWAY 2 D 1naLﬂmnummlﬂmmzuumaaﬂaquTWmman@ Tﬂmaumaﬂmnﬂ
1% d’ é’, P2 da 6 a 1 a P 1 [BY) a a
Lauiugﬂm 3.1 gnmﬂwmmumw 6.5 WNZIAADIWIN  LAZANNUUIWNAY 0.35 Naa
i sndwdwonloesenin sl-sd uag sd-s3 fignéed iiuuudian 2.3 wnsiinde
W wageamaaTY 0.61  Raddwdl i wiesaenwmesnlidmsudiase
1 14 I3 v aa o ) a 4 a va a 4
Tavstolomuladadiondiollsunsniiuia Winaanimeissuulfifansauntd Ubuntu
12.04 waginurglsznianana Core i5-3475s 2.90 GHz
TwmyuSomiisuanssons lwmsaasadanaitaeslasaineii 2 laseie nwiseildiden
1#3@viati5eq Big Buck Bunny Nilanuagidon 854x480 laan (codec) uuy H.264 uag
ANMNNWNTY 9,56 Wil wwRsFuMIMaasn 2 edwinlinaasy Wesnnidanued
1 = 6a ¢ a 1 a a o 993 é’ﬂ < a ada o ¢
Tasatslomuldadfuuwadon 2.5 wngindodmi dainlumimaaseiiudenandadaiia
Ndaniinmadinsia (encoding bit rate) Whiu 2.5 wnslindedwi uazanaiavialay
lilwslnneailddl wasgdil musdy foyanedidviaiuasnuasidvamsaniniaiaiamnsa
waaa ldeaasnd 3.2

G aQ o

dl [ da o ¢ d = ¢ 1 '3
MINn 3.2: ADPAUDNIANFAULASIIYASLIYANITAATNIN ﬂ%‘]JHIﬂi\‘]?I']EJIE]LW%IWﬁ’J

Video Big Buck Bunny
Resolution 854x480
Codec H.264

Duration 9.56 minutes
Size 249.2 MB
Encoding bit rate 2.5 Mbits/s
Protocol TCP, UDP

1

< ¢ ¢ o o o a I3 o
manaaositlflisunsnhimsnfuuininafidgeamedmosiia  (ethernet)  mooannad
uSmIaed wasdewmedmoeiuiamiihnesiiauidviat womuwininangadelissuig

MIanINIATIes
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S a o

3.3.1 msaasvIananuiIfun

a ¢

Qa v ¢ a ' aa a 1Y) a Qa o 61 a
AAVARQNANINNIWIDUN Tagsunndusmdavatimwlomuwdadad 1, 2 uag 3
PNTLULNATIU WS sl, s2 uay s3  wedlaveioiadewianmndeinaniatan  lagdh

uimsiavimitlillsunsiiuoadansuiaviaidioluslnneail @il uasydfl  wazduanidiiad

<19/T q P ) | da o = Y < ' Vlnq
BlUTUNTHIUDABLNDTULALLAWIANARNDNAATHNNILTUNY BATNNITNAFDINUIN ENEN]

LY
T

1 I QQQ! Y | a6 Pt a da oy ¢ aa a aa éj;
wininagadoiiatuidmiawiaian  eaadaidiimilasliluslaneaidiivasydi o
Tasatelomuldadiaionuazszuunagoulomulial  osnndduniuuwadananioane
aNssosFuwinInaIaTens Ldarne

v ¢ 1 ad |

3.3.2 MaNINIANARHININAN

deanswiaviairiuidan nndhusmadaaiimlomuwiadad 1, 4 uaz 3 vesszuy
naaeal 13 s, s4 uag s3 padlanvioaiouandaiuanidviead wuihmsaasaidimilay
1wslaneaiidilinadnnlnslaneayii dadelflwslaneaiidiaelufivininaganduia
dufalulasehelowmuliadaionuasssuunaaonsss  uddioiwinnadisuldannlsunsy
himsnpestshusmsiafatuaginiauiareal mdswdunndissiuna Fuaadlugl
i 3.16 annsnesnelin uulandeadeniiahennlusunsufinuialifiufinnagame
sgrhene desnndunsulildfuduassiiianadeiiion uduussumadeuagdinindu
nrlidluduassdaidion nowifidnsasadoiuiula wnsivinnagamoll uditesnn
1flwslaaeaiidf dedauiininagame shusmsiaviaiisdauiininafigameoiulilidudu
Savimtluaisnasy (retransmit) Saudaviaiielgsuusinnansy

T Streaming by TCP with Encoding Bitrate 2.5 hbits/s

E T T T T T
""""" Transmission at “ideo Server in Testbed
""""" Feception at Yideo Client in Testbed
ar Transmission at “ideo Server in Mininet 1
Reception at %ideo Client in Mininet
A+ i
o
w]
£
= -
= 3r RTPRRRTILE
o Y o
[] AT -
Ly A -
[ul . praan it
2+ e g .
1F - .
I:I 7 1 1 1 1 1
0 100 200 300 400 a00 G000

Time (s)

(%)

71t 3.16: nuaasTInULRnNasuunatleaniuIavimilaslfluslaneaiidd
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o o da g o Ak Vo a ! < =

weansiiavimilaslilwslaneagdiduiulwslanean ifianuamnsalumsdadininai
wiolflwil woh fmsgadouinnafetiuididuidimizesilasaiolomuliadiaion
wagssuumaasulomulial laslassihsaiiowdauininagands 19% dmszuunadsuiia

2 (=) ° L% d‘ a1 ! 5] 2 (=) a

wininagads 38% mumdy lasgdi 3.17 uaasliiini ssuumeasufiuiininagaidsiia
twnnnilassthoaiion  msgadowininauuitanlulasshelomuliadiaionnasssu
nadauiiennanudu hlidaiasnsasesfuuininaidiasiiome ld

« 10t Streaming by UDP with Encoding Bitrate 2.5 Mbits/s

16 T T T T T
""""" Transrission at Yideo Server in Testhed ) :
I3 R Reception at Video Client in Testhed .
Transmission at Wideo Server in Mininet e
12L Reception at Yideo Client in Mininet
g 10 - ]
)
£
=
= at oot —
o
_ D
() -
[ Rl
o Rl . ' i
4+ - v .
al Lt i
I:I | 1 1 | |
1] 100 200 300 400 500 GO0
Time (s)

=

U 3.17: nnduaashmnuwininaiisuunalodanINIg

a o

aitlavlilnslanoagiil

NnmsuSsuisuanssangssrinmsansaiaaiuulasemolomuliadiaioniussuy
naaoulomulaisuin  wihlasoi 2 lassthoasiuuudiafiuasanumiissuig
fsmadarietuasiiauinieiohin  wdnammeaseii ldfienuuandain ol
amundenasaiselussuunaaen Fnaglidiwlsusewmniaes (parameter) iilsiaann
auquld 1w @wadia  (cable) VﬂmL?jaumaﬂaummaﬂmmﬂﬂu gUnsak  USB-to-
Ethernet ilfiflusowmedmeiuinmouniswnaniinimel nisusdinssiamiielssanananas
AONTILMDS SNLﬂuwa%ﬂmmusﬂaﬁsuumﬂaiﬁmmmf[mmmauaumgnmaaqmag
molunoninmesifisuniouin
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MIANTNNGNADWIANARUULNYID

unssvunadaulawmuladlusiol jiiams

T Idndnfimsnaasaiesiuuulassiolomuliaiiafioufigniiaesiis
lsunsufifiuin wagyhmsulSoudsumsaasaiaviaiunlasahelomuliadiaiiouuas
seuunadeulomuladaseluionljiimy deuaadlifiudanuuandamedmanssaus
wodlanatoie 2 lassiheiifuuuddatiuasanumibessuiedsmsiafaivasihiau
Faviaduhdu  dwadniildnnmsaasdavaddnid 2 Sduedandoaionwasssuy
nagevseiwnlinlluiiamadontun  wdwamsmaassildnnssuumadevasainlinai
winhilaseheaiion desnngnifadhsamminadenze Tuumilifumsmaaesuszuy
nageulamuliainie lasfimsonmsanunguiewiaviaiuuuwda  Afimsaruguiiams

goanMuiinIaviaidsfmauaueaiidn uasnnuininaIdiainnid 2 Smoiadavond
. ' | a6 YY) I da v 6
(middlebox) Aoudedaviaiae lfadiawaiie

4.1 Taseafwpesssuunaaenlownladluviesjiians

Tassafeuasunumuidenssnenasssuunadeulowmuladnmadnluiewjidnms nld
Tumsnaassmsaadiddviemiiiunguseuuuunyda amnsouaaalddegtii 4.1 uag 4.2 aw
Ao

71 4.1: Taseahesszuumaaaulommlial
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Remote POX
controller controller
wlan0 eth1

eth0 | eth8 | eth7 | port2 eth0
I eth0 eth4
port1 port3
eth4 eth0
--4 eth1 eth1 |---

Ut 4.2: wwuwmwdnssnzaesszunadeulawulial

v

¢ el 1 v Qa u 6 aa v
1uisuuwmaa‘uTaquTwamglwmaaqmiamunqunamwwmmuwma 5gnouaig

¢ 1 Yy 1 o 1 dayu 6 o v daou 6 o aQ g a a ¢
gUnItadn ldun shidwiaveast dsudadan dlsanueandn lowmwiadias 4
¢ wasiiadavend Aazinldinssuunaaeud linaaselwunii Wnssuunadeudofuiy
Al lunmsnaasslwumfichuwi  uaianuuandniuwie  Iwuniiiadavenfindanie 14
uwinneddiaiiinnnid 2 38 udhiFseaduligadesnonddfaiianianan Ta

v

=) o ¢ 1 [ &
:nsJazLasmmsmmmlmqﬂmmtmasmmmaiﬂu

o ¢

4.1.1 MusmsIaneat

dQda o ¢

Tlilsunssdusainasuniownaniinnes iushusmydaial  deldansadaaiiiu
nausoulasliluslaneansiifi RTP) lugaasms lasshusmsiafaiazgnidendaingy
Toudadnd 1 wasdhauauszeslna Ineninusiidenliluslaneaosifinye hidosns
mugumsneunduuiininanasiiduiaviad  iluluslareassiiiaelifimsaounsuioya
wwidoniuluslaneagdil wazmoludiwfimesdininaendiifiasionna (timestamp) uag
WINYLBENTY  (sequence number) masuiininaameiuluslnnoaiid Feananynvian 4
Soeadumoudinnaldiuio

v ¢

4.1.2 @nanIanedil

Qa6 o

duawiavimilillsunsndueadiudwdofufmuimsiaiml elffuuazidawiaviemingn
dunnnlamwiaind 3 wasgnaugumahaulasfinuquszeslna

q
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-4

4.1.3 milsgarunuadadu

Usgnaudigiaiugu 2 sia Ao

4131 sheuguiseslna

o o

smuguazeslnagniiendeiihfushusmsiaiminagiiauia
w¥onitedamsligunyaiiia 2 dvihnn

o

¢ = [ q' [
a1t lnefminidhdana

4.1.32 MUQNIEAALIN

& v o ¢ o [y L4 4 S} v o
Tumsnaassiiazlidharuquuendifiusnaruquieadu laowendasiiwiriilums
acaldadieuniliunlomuiaindia 4 dMlussuuvaseudwdsndumaaassluum
3 de  defmuguuondSwhauuilisumadendemnlomuiaiad  wendag

) 4 a9 v 2 a o N o Y] ¢ ¢ o !
Aadaliadiowniliudlomuiadafin 9 Allmsdendetunend Fewendimadondems
9] S a ¢ o o o = a4 M a 4
mumuiulawwiaiadnndehudy (ub) dwaaslugiit 42 lagasiieglofineswend

waglowwiaindnnimansouaaslddmaei 4.1

) =Sp. 3

m3ni 4.1: aniieglofinowenduaslomwiaind

Device Ethernet | IP address
POX ethl 172.16.0.4
Open vSwitch 1 eth8 172.16.0.1
Open vSwitch 2 eth4 172.16.0.2
Open vSwitch 3 eth3 172.16.0.3
Open vSwitch 4 ethO 172.16.0.10

= v ¢ @ w | da o da U a qa o 9 v g Vv P
nMINaasNh ﬂggl‘ﬁ“waﬂ°ﬁLﬂu(mLLUQWWIWWV]NWQTﬂﬂ?USﬂWS]ﬂV}ﬂu&lMLﬂuﬂquﬂ@u LWE]ENVLU
U ad 1 ad '3 < a4 a ¢ YY) a o 4 5 O a4 a ¢
mammasmmﬂﬂmLaumﬂaﬂammmm 1 muummwﬂﬂmL@umaiﬁLLnTaquaaamﬁ

< I}

1 Juandnnddu 9 lasamnsauaasununwmsaaasliadienns unlowwiaind 1 1d

(Y]

msﬂﬁ 43

a

time_1==ms.

Install flow for Install flow for
path 1 (ms.) path 2 (ns.)

&time_1=0s. &time 2=0s,

time 2==ns.

Uit 4.3: usnmumsiaaslwaliounsliunlowuiaiaf 1
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o

Welowwianad 1 Bondefuwanddusa wendazdadaladieuninfinamuasiyuh
fu m it dwmFudaadetliuuian 1 wiedduunen hwlewwdaied 1 2 uag 3)
[ = a O -4 0= ' = a q 4 e 2 a ¢
wagfunaiiesefadsliadiounilud Wenaasy m Jwi alounilulomuiaing 1
dmsituuasunanaazgnaviie wionmmendivunmldasy m Swiiduiu wendas
msaadaldaliounsiiinamuaoiguindy o Swid dwudadaimtliuuidn 2 wie
Jaan chulomuwdadnd 1 4 uwaz 3) MWunlomuwdadnd 1 wlonduiunm iena

a q 4 L= L 4 a O -4 8 o U ad D a4 a ¢
asu n il Wadieuniazgnaviis wendazdadalialiounidwmsiidouliudlowwiaind
wionfuiunadness lasliadieuninedlomuiaind 1 asgndansadiiduu-an linasa
mydasdanan dodlumswiinguieuwidviatiuazilaswidsesmsansnianaitues e
swnzasnandewIaviaiuuwidudaitasiinmansil tuagiuanuanesidudazid wasliuly
MUNANAATINNMTTU-daIavTa

a_ d

4.1.4 lomwdadad

'3 v a ¢ o o
mulussuonagaulomulial  Ussnoudolomuwisdaiitanna 4 & Taoynén
arfumsiadalialiouninndimuquuent  uashmydawininadaviaiautonlaisey

(Y]

I3 o ¢ o a ¢ o vo &
Gl%IWﬁ]LBHV]T ﬁﬂ@]?i'l\;[wa'J?I'ENIE]LW%'Jﬂ'Nl?iLWlﬁg(ﬂ'Jﬁ'lN']iﬂLLﬁ@]\Tvl@]@N%

MmInNh 4.2: aynldalvedeomwiaing 1 dmsuiaun

Header field | Action Timeout

in_port = 1 | output:2 | hard_timeout = m

in_port = 2 | output:1 | hard_timeout = m

MInNh 4.3: manldalvedawmwiaind 1 d1msuidan

Header field | Action Timeout

in_port = 1 | output:3 | hard_timeout = n

in_port = 3 | output:1 | hard_timeout = n

MmN 42 iumanldadzeslomdaind 1 Alfdmsudasininadaiet lsaaun
laoladieunddmsuidunasiegihs m il (hard_timeout=m) ialWajiouniaglu

L

¢ a = 4 = 4 ¢ u o o =1 Qa o
@niNIWﬂ’JLﬂHL]m m ININ TV\ImLaum%gﬂaumaammmmﬂﬂmwum LHBLLWNLNAINNE U

a

nndhusmsiavimiinngisesms 1 (nport=1) %0 eth0 lugtit 42 lewwiaiaf

[
1 Azdewininaeanlilfeteana 2 (actions=output:2) "9 eth7 Lwaaﬂﬂﬂﬂammmm
2 dlunm m Swit wasdwdinnafidandidgeans 2 (nport=2) eenhlFadeims
1 (actions=output:1) flunar m AmiiEuin LLa'"LuaTWaaLaumamsmnuumaum
wondazdadiliadeunsdmsidaliunlomwialad 1 danedt 43 mumqmmu
n W (hard_timeout=n) laslamuiaindazilasuwnmsdeesnuininaddiainsudiman

'
=

doama 1 lideweenlfadesma 3 (actions=output:3) W30 ethd iodwuiining

o
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lgdomwdadind 4 wazdwwiininaimndadesms 3 (inport=3) eanhfigesms 1
(actions=output:1) flunar n Iwii  nmiuldalieunidmAdaasgnavin  uag

1
a o

4 4 S o U ad 24 a ¢ ' [ YY) S !
wandazdadelvaliounidmsiituulilomuiadailmi  aduiulibes 9 aasatiems
aasaiaiatl deszeznandengnaslladieunidmsiAdudasitaslfifludhmmuanmanea

o ¢

naNnewIAAnNNaRIRUUINNUY 9

MINN 4.4: manldalvedowmwiaing 2

Header field | Action
in_port = 1 | output:2

in_port = 2 | output:1

a ¢

manlvadzedomwiadind 2 uaaelddmaed 4.4 delowmuwdadas 2 ldsuwining
Faviainnlowmudadnd 1 Mdhaindadesna 1 (inport=1) ¥3e eth0 lawmuIadad 2 agdq
winunallilomudadnd 3 Winugieamns 2 (actions=output:2) wagdwdininaninanigeama

2 (in_port=2) aanl§ageeama 1 (actions=output:1)

MmINd 4.5: amsnladzeslowmuiadiad 3

Header field Action

in_port = 1 | mod_dl_src:78:cd:8e:81:86:58, output:4
in_port = 2 ALL

in_port = 3 | mod_dl_src:88:17:20:06:21:58, output:4
in_port = 4 output:drop

in_port = 5 output:2

Myt 45 waeemyuldadsedomuiadad 3 laslowmwdadad 3 asSuuiinna
SarminnIauuagita Weuwininadavminniduwimnditoams 1 (in_port=1) %30
eth2 lowwiadaf 3 azwldvufiegdunesesiimdumadonloefoyaneuiininatulid
Ay 78:cd:8e:81:86:58  laflumsssyhwdininaitinnnituu  uddwiininadely
Feladavondrintesme 4 u3a eths (actions=mod_dl_src:78:cd:8e:81:86:58, output:4)
mauininaddiainnddadhindetesne 3 (in_port=3) ¥ eth9 Towmuiadnfaziaon
fagdunaneaudininaliinfy  88:17:20:06:21:58  iaiflumsssyhuiininaitinmnida
uidveanllfifiaiavendeiudeana 4 wui  (actions=mod _dl_src:88:17:20:06:21:58,
output:4)  awnaiideslilomuiaiad 3 wasuiegdumeesimdumadenloafoya
geauininamszive Wiadmavendannyousnues ldhudinnaiuinnndila Faaginld
duwininadniiiulesdoiegndowdniliGmddudotiues  WouhininaIaeifign
Soeadundimniiadavendiinandagesmny 5 (in_port=5) 13a eth8 lowwdaiad 3 azda
wininmiude lfssniduiaviaiudesms 2 (actions=output:2) %39 eth4 WINNUWWNLNALIN
MI9E09 2 (in_port=2) Lw“unmmggﬂdqaaniﬂnﬂﬂmmﬂ (actions=ALL) u@niuinna
dhandateams 4 Tamudaiafasiiauininainly (actions=output:drop)

o
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4.6: mynlalzeslomuiadiag 4

=n.

AN

Header field | Action
in_port = 1 | output:2

in_port = 2 | output:1

qa o ¢

'3 a8 a ¢ Py P o o ]
@H‘JNTWﬁ?!?IENTEJLWM)ﬂ?@]‘ﬁ 4 me%mmﬁw 4.6 LHBUWNENAION P NEN

a a ¢ %3 o 1 . < a a ¢ <
T'I"IﬂTE]L‘W‘LL’JﬂlWﬁ 1 NI 1 (in_port=1) %38 eth2 TIENIE]L‘WH?IH’JW% 4 WWNLNA

wuaggnasae lfelomuiaiag 3 Wiudoans 2 (actions=output:2) 139 ethS wazduining

Mdhandageans 2 (in_port=2) sanliffatesma 1 (actions=output:1)

415 RNawavand

fawavendinhinuwinnaidiainniduuuagidaaidmeiuy  feuagEsemeuli

v ! a a ¢ = Vo o o | da o ¢ = <
andoy uazdvoanlililomuiaind 3 iedede lFeiiawiavied g 42 asiu
e a ¢ o ' 2 o e I3 a I3 a
Miawavenfiienderulomuiaind 3 fhudwinofuls 2 Swmeiiue Ao eth0 uag ethl
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Streaming by using RTP at Encoding Bitrate = 3 Mbits/s
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Streaming by using RTP at Encading Bitrate = 500 kbits/s
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) ) Loss (%)
Chunk size ratio - -

Packet | Audio | Video
30:10 4.50 4.76 3.75
20:10 6.48 2.67 1.87
10:10 5.90 5.00 4.15
10:20 8.89 3.25 1.95
10:30 9.71 5.04 3.71
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TWsunsuiiuiauazlsunsnlvwnen 2path_topo.py wazmyaslasemoiaiiounsaniiedam
anuminazuuunaIan uiidwaelssasnsaafaldlaglilisunsu testbed_topo.py

"mn2path_topo

3 4 switches pl

hostl —-——

> This file 1is

; from mininet

5 from mininet

5 from mininet

from mininet

from mininet

from mininet

5 class MyTopo (

"Simple t
def __ini
"Crea

# Ini
Topo.

# Add
hostl
host2
switc
switc
switc

switc

# Add
self.
self.
self.
self
self.
self.

3 topos = { 'my

.py by Parichat Panwaree.

us 2 host

switchl —-—- switch2 —--—- switch3 --- host2
\ \

-— switch4 —-

for creating topology with 2 path (chapter 3 ex.1l&2)."""

.topo import Topo

.net import Mininet

.node import CPULimitedHost
.link import TCLink

.util import dumpNodeConnections

.log import setLogLevel

Topo ) :
opology example."

t_ ( self ):

te custom topo."

tialize topology

__init_ ( self )

hosts and switches

= self.addHost ( "hl’ )

= self.addHost ( "h2’ )
hl = self.addSwitch( ’"sl1’
h2 = self.addSwitch( ’'s2’
h3 = self.addSwitch( ’'s3’
h4 = self.addSwitch( ’s4’

links
addLink ( hostl, switchl)
addLink ( switchl, switch2)
addLink ( switch2, switch3)

.addLink ( switch3, host2)

addLink ( switchl, switch4)
addLink ( switch4, switch3)

topo’: ( lambda: MyTopo() ) }

Iﬂmniuﬁ n.1: Wsunsu 2path_topo.py



67

"""testbed_topo.py by Parichat Panwaree.
4 switches plus 2 host
hostl —--- switchl --- switch2 --- switch3 --- host2

-— switch4 —-

9 This file is for creating topology with 2 path

43

45

46

1

& setting link bandwidth and delay (chapter 3)."""

from mininet.topo import Topo

from mininet.net import Mininet

from mininet.node import CPULimitedHost

from mininet.link import TCLink

from mininet.util import dumpNodeConnections

from mininet.log import setLogLevel

) class MyTopo( Topo ):

"Simple topology example."

def _ _init_ ( self ):

"Create custom topo."

# Initialize topology
Topo.__init__ ( self )

# Add hosts and switches

hostl = self.addHost( "hl’ )
host2 = self.addHost ( "h2’ )
switchl = self.addSwitch( "sl1’
switch2 = self.addSwitch( ’"s2’
switch3 = self.addSwitch( ’s3’
switch4 = self.addSwitch( "s4’

# Add links

linkoptsl = dict (bw=6.5, delay=’0.35ms’)
linkopts2 = dict (bw=2.3, delay=’0.61ms’)
self.addLink ( hostl, switchl, **linkoptsl )
self.addLink ( switchl, switch2, **linkoptsl )
self.addLink ( switch2, switch3, **linkoptsl )
self.addLink ( switch3, host2, **linkoptsl )
self.addLink ( switchl, switch4, **linkopts2 )
self.addLink ( switch4, switch3, **linkopts2 )

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

Tusunsadt n.2: TWsunIn testbed topo.py

myasulaseihoaiionaansavilalaglie dasado it

sudo mn —--custom ~/mininet/custom/2path_topo.py --topo mytopo --link tc --mac

——controller remote
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Tsunsn send_back2.py uag send_packet2.py lulilsunsnasauazdseanusininaitdi
waggafimuay laolinega scapy

# send_back2.py by Parichat Pannwaree.

# This file is for creating and sending udp packet.

#! /usr/bin/env python

5 from scapy.all import *

def packet ():
infile = open (’goback2’,’r’")

9 vpayload = infile.readlines ()

infile.close

11 p = Ether () /IP()

12 p.dst = "00:00:00:00:00:01"
p.src = "00:00:00:00:00:02"
pl[IP].proto = 6 #udp

5 p[IP].payload = str (vpayload)
return p

18 if _ name_ == '_ _main_ '":

p = packet ()
print p.show
1 sendp (p, iface = "h2-eth0’)

[N

Tusunsadt 2.1: Tilsunsu send back2.py

# send_packet2.py by Parichat Pannwaree.
. # This file is for creating and sending udp packet.

4 #! /usr/bin/env python
, from scapy.all import *

7 def packet () :
infile = open(’'payload2’,’r’)
vpayload = infile.readlines()
10 infile.close
p = Ether()/IP()
p.dst = "00:00:00:00:00:02"
p.src = "00:00:00:00:00:01"
p[IP].proto = 17 #udp
p[IP].payload = str (vpayload)

16 return p

’ ’

8 1f _ name_ == '_ _main_ ’':
19 p = packet ()
print p.show

sendp (p, iface = 'hl-eth0’)

Tusunsadt 2.2: Tilsunsu send_packet2.py
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# 2path_mbox.py by Parichat Pannwaree.
# This file is for adding flow entries to all switches.
# And use to split chunk video by time at ovsl.

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.lib.addresses import IPAddr, EthAddr
import pox.lib.packet as pkt

from threading import Timer

import time

import math

log = core.getlLogger ()

class MyComponent (object):

def __init__ (self):

core.openflow.addListeners (self)

def _handle_ConnectionUp (self, event):
log.debug ("Switch %s has come up.", dpid_to_str (event.dpid))

if event.dpid == 149632902914180: #149632902914180 is dpid of s2
event .connection.send(of.ofp_flow_mod (
action=of.ofp_action_output (port=2),
match=of.ofp_match (in_port=1)))
event.connection.send(of.ofp_flow_mod(
action=of.ofp_action_output (port=1),

match=of.ofp_match (in_port=2)))

elif event.dpid == 132824254481935: #s3

event .connection.send (of.ofp_flow_mod(
action=(of.ofp_action_dl_addr.set_src(
EthAddr ("78:cd:8e:81:86:58")),
of .ofp_action_output (port=4)),
match=of.ofp_match (in_port=1)))

event.connection.send (of.ofp_flow_mod(
action=(of.ofp_action_dl_addr.set_src(
EthAddr ("88:17:20:06:21:58")),
of.ofp_action_output (port=4)),
match=of.ofp_match (in_port=3)))

event.connection.send (of.ofp_flow_mod(
action=of.ofp_action_output (port=of.0OFPP_ALL),
match=of.ofp_match (in_port=2)))

event.connection.send (of.ofp_flow_mod(



action=of.ofp_action_output (port=2),

49 match=of.ofp_match (in_port=5)))

event.connection.send(of.ofp_flow_mod(
5 match=of.ofp_match (in_port=4)))

53 elif event.dpid == 73588229121: #s4

54 event.connection.send (of.ofp_flow_mod (

55 action=of.ofp_action_output (port=2),
56 match=of.ofp_match (in_port=1)))

57 event.connection.send (of.ofp_flow_mod(

58 action=of.ofp_action_output (port=1),
59 match=of.ofp_match (in_port=2)))

61 elif event.dpid == 963353199705: #sl

63 def install_pathl():

64 print "Install flow entry for Path 1"

65 event.connection.send (of.ofp_flow_mod/(
action=of.ofp_action_output (port=2),

67 hard_timeout=20, match=of.ofp_match (in_port=1)))

event.connection.send (of.ofp_flow_mod/(
action=of.ofp_action_output (port=1),
70 hard_timeout=20, match=of.ofp_match (in_port=2)))
7 def install_path2():
print "Install flow entry for Path 2"
73 event.connection.send (of.ofp_flow_mod(
74 action=of.ofp_action_output (port=3),
75 hard_timeout=10, match=of.ofp_match (in_port=1)))
76 event .connection.send (of.ofp_flow_mod(
77 action=of.ofp_action_output (port=1),
/8 hard_timeout=10, match=of.ofp_match (in_port=3)))

80 def install_flow () :

82 install_pathl ()

83 time_int_pathl = 20

84 time_int_path2 = 10

85 prev_time = math.floor (time.time())

86 current_path_installed = 1

while True:

90 if current_path_installed == 1:

9 if math.floor (time.time())-prev_time==time_int_pathl:

92 install_path2 ()

93 print math.floor (time.time ())
current_path_installed = 2

95 prev_time = math.floor (time.time())
elif current_path_installed == 2:
98 if math.floor (time.time())-prev_time==time_int_path2:

install_pathl ()

00 print math.floor (time.time())

101 current_path_installed = 1

02 prev_time = math.floor (time.time())

104 t = Timer (10, install_flow)
105 t.start ()



def launch ():

core.registerNew (MyComponent)

71

Tusunsait 2.1: Tilsunsu 2path_mbox.py

mydenulinendvinaninlelaslddda

./pox.py 2path_mbox




MANRIN €

Tusunsnvesfiadavend

)
DL

a a e’d’ 1) d’! d‘ [ 1 aa
fodavendiwamanlasllsunylwnendis linuininannda 2
Soeardumuannasavean llilomwiadias 3 uaaaldeai

N}

2 buffer2

# sniff dpkt2.py by Parichat Pannwaree.

# This file is for middlebox to capture, parse, store and send packets.

#!/usr/bin/env python

import socket

from struct import *
import datetime

) import time

import math

import pcapy

import dpkt

import sys

from scapy.all import *

import threading

global count, bufferl, buffer2, tsl, ts2, arp, pkt, fwd, rtpl, flag
count = 0

) arp = 0
flag = 0
bufferl

[]

3 tsl = [
1 ts2 = [

]

]

» pkt = []
fwd = []

sys.setrecursionlimit (5000)

9 def main (argv)

#list all devices
devices = pcapy.findalldevs ()

#print devices

rror

open device

# Arguments here are:

# device

# snaplen (maximum number of bytes to capture _per_packet_)
# promiscious mode (1 for true)

# timeout (in milliseconds)

cap = pcapy.open_live("ethl" , 65536 , 1 , 0)

#start sniffing packets
while (1)
(header, packet) = cap.next ()



48 #print (’%s: captured %d bytes, truncated to %d bytes’
% (datetime.datetime.now (), header.getlen(), header.getcaplen()))
49 parse_packet (packet)

51 #function to parse a packet
52 def parse_packet (packet)

54 global count, bufferl, buffer2, tsl, ts2, arp, pkt, fwd, rtpl
56 print time.time(),’,’, (len(bufferl)),’,’, (len(buffer2))
58 eth = dpkt.ethernet.Ethernet (packet)

60 #Parse eth packets,
61 if eth.type == dpkt.ethernet.ETH_TYPE_IP:

63 ip = eth.data
64 udp = ip.data
65 rtpl = udp.data

67 #UDP protocol

68 if ip.p == 17:

69 #RTP packet

70 rtp = dpkt.rtp.RTP (str(rtpl))

72 if eth.src == ’\x78\xcd\x8e\x81\x86\x58’ : #eth2 PC3 (Pathl)
73 count += 1

/4 bufferl.append (packet)

75 time_stamp = rtp.ts

76 tsl.append(time_stamp)

78 elif eth.src == "\x88\x17\x20\x06\x21\x58’ : #eth9 PC3 (Path2)
79 count += 1

80 buffer2.append (packet)

81 time_stamp = rtp.ts

82 ts2.append (time_stamp)

84 #some other UDP packet like IGMP

85 else

86 fwd.append (packet)

87 s_fwd = fwd.pop (0)

88 h_fwd = "\x78\xcd\x8e\x81\x86\x59\x00\xe0\x4c\x53\x44\x58\x08\x00"
89 f = Ether (h_fwd+s_fwd[14:])

90 sendp (f, iface = 'eth0’, verbose=0)

91

92 #ARP packet

93 elif eth.type == dpkt.ethernet.ETH_TYPE_ARP:

94 arp +=1

95 if arp ==

96 pkt.append (packet)

97 s_pkt = pkt[0]

98 head_pkt = "\x78\xcd\x8e\x81\x86\x59\x00\xe0\x4c\x53\x44\x58\x08\x06"
99 y = Ether (head_pkt+s_pkt[14:])

00 sendp (y, iface = ’"eth0’, verbose=0)

102 print

104 def sendpkt () :



global rate, buffering time, flag

prev_time = math.floor (time.time () *rate)

start_time = math.floor (time.time())

while True:

head = "\x78\xcd\x8e\x81\x86\x59\x00\xe0\x4c\x53\x44\x58\x08\x00"

if count ==

start_time = math.floor (time.time())

else:

pass

if (math.floor (time.time())

(math.floor (time.time () *rate)

- start_time >= buffering_time)

!= prev_time) :

if (len(bufferl) !'= 0) and (len(buffer2) !'= 0):
a = tsl[0]
b = ts2[0]
if a > b: # send packet in buffer2
bb = buffer2.pop(0)
ts2.pop (0)
x = Ether (head+bb[14:])
try
sendp (x, iface = ’"eth0’, verbose=0)

prev_time = math.floor (time.time () *rate)

except socket.error

continue
elif b > a : # send packet in bufferl

aa = bufferl.pop(0)

tsl.pop (0)

z = Ether (headtaa[l4:])

try
sendp (z, iface = ’'eth0’, verbose=0)
prev_time = math.floor (time.time () *rate)

except socket.error

continue
elif a == 8 # send packet in bufferl
aa = bufferl.pop (0)
tsl.pop (0)
buffer2.pop(0) # delete pkt in buffer2
ts2.pop (0)
z = Ether (head+taa[l4:])
try
sendp (z, iface = ’'eth0’, verbose=0)

prev_time = math.floor (time.time () *rate)

except socket.error

continue
elif len(bufferl) == 0
bb = buffer2.pop(0)
ts2.pop (0)

and len (buffer2) != 0:

x = Ether (head+bb[14:])

and
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try
sendp (x, iface = ’"eth0’, verbose=0)
prev_time = math.floor (time.time () *rate)
except socket.error

continue

elif len(buffer2) == 0 and len(bufferl) != 0:
aa = bufferl.pop(0)
tsl.pop (0)
z = Ether (head+aa[l4:])
try
sendp (z, iface = ’"eth0’, verbose=0)
prev_time = math.floor (time.time () *rate)
except socket.error

continue

else

pass

global rate, buffering_ time
rate = 150
buffering_time = 40

tl
t2

tl.
t2.

tl

= threading.Thread(target=main, args=(sys.argv))
= threading.Thread (target=sendpkt)

start ()
start ()

.Jjoin (
€20

)
join ()

75

Tusunsadt a.1: Tilsunsw sniff dpke2.py
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