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ABSTRACT

The consistently increasing in global Internet usage leads to more demand on netWork
bandwidth. Network administrations have been facing challenges such as managing large networks
effectively and boosting customer satisfaction. The complexity of multi vendor’s devices also
created significant operational challenges such as lacking of flexibility in managing multi vendor’s
environment. The high capability of hardware is limited by vendors software, hence cannot reach
its utmost performance. In this work, we study the concept of Software-Defined Networking
(SDN). We also do the experiment using simulator to studyA the SDN concept on Internet Service
Provider network in which consists of a programmable controller and OpenFlow switches. The
controller is responéible for commanding the data plane of each switch, via a secure channel using
an OpenFlow protocol. The separation of control and data planes reduces the complexity and
increases the scalability. SDN allows us to control the underlying network via a single open

interface, ignoring the proprietary issue. Thus we can manage complex networks more effectively.
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Configuration
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S5-port E&(BW:100 Mbps) -> S4: 0.00 Mbps used $.00 %
85-port E7(BW:100 Mbps) -> S&: 0.00 Mbps used .00 %
S3-port E&(BW:100 Mbps} —-> S4: 0.00 Mbpzs used 0.00 &
85-port E7(BW:100 Mbps) —> 8&: 0.00 Mbops wsed 0.00 %
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85-port E7{BW:100 Mbps) -> S&: 0.00 Mbps uszed 5.00 %
85-port_E6({BW:100 Mbps) -> 84: (.00 Mbps used 0.00 %
85-port E7{(BW:100 Mbps) -> 86: 0.00 Mbps used 0.00 %
S5-peort E6{EW:160 Mbps) -> 84: 0.00 Mbps used 0.00 %
S5-port E7({BW:100 Mbps) -> 86: 0.00 Mbps used 0.00 %
85-port_E6(BW:100 Mbps) -> 54: (.90 Mops used $6.00 %
S5-port E7(BW:100 Mbps) -> 86: (.00 Mbps used 0.00 %

S—port E6(BW:100 Mbps) ->
S—port E7(BW:100 Mbps) ->

th
N i

.00 Mbp=a used 0.00 %
.00 Mbps used 0.00 %
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T
[w]

{ o 9/ 4
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nagouT1ansdinsMAnaIN Host 7 11 Host 9 Hin TUsunsy iPref dau1/Sunaunsoliln
50 wnzilado TR Aa3UN 5.30 uaz Tans AN DCOT site B Host 3 11/69 Host 10 A2e
Psnamswiln 50 wnzdaneTundl dewaldlisunamsmilnldauoudumai 1 uay 2 og

{ td 1 o s 4
flszana 50 wlefidud vasnnumusalumsdansmiiln dagUi 5.30 - 5.31

mininet> &7 iperf -c¢ BS -t 10 -i 1 ~b50m
HARNING: option -b impliss udp testing
Client connecting £o 10.0.0.%, UDP port 5001
Sending 14790 byte datagrams
ULP buffer size: 208 EByte {(defaulg)
2] local 10.0.0.7 port 48702 connected with 10.0.0.9 port 5001
In] Interwval Transfer Bandwidth

[

[

[ 3] ©0.0- 1.0 sec 5.596 MByies S50.0 Mbits/=ec
I 3] 1.8- 2.0 sec 5.56 MByiess 50.0 Mbits/=ec
[ 3] 2.0- 3.0 sec 5.97 MByies 50.0 Mbita/sec
[ 3] 3.0- 4.0 sec 5.%& MByte=z 50.0 Mbits/=ec
[ 3] 4.6- 5.0 sec 5.96 MByiss 350.0 Mbita/sec
[ 3] 5.0- 6.0 sec 5.87 MBytes 50.0 Mbits/=ec
[ 3] €.89- 7.0 sec 5.56 MBytes 50.0 Mbits/sec
[ 31 7.0- 8.0 =ec 5.%¢6 MByt=s 50.0 Mbitsa/sec
[ 3] B8.0—- .0 sec 5.87 MBytes 50.0 Mbits/=ec
[ 3] ©%.0-10.0 sec 5.56 MBytes 50.0 Mbits/sec
[ 3] 0.6-10.0 sec 55.6 MBytss S50.0 Mbits/sec
[

3] Sent 42552 datagrams

read failed: Connection refused

[ 3] WARNING: did not receive ack of last datagram afisr 2 tries.
mininet>

510 5.30 urmamsnaaBIdaNsIHHNIN Host 7 11/63 Host 9
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mininet> h3 iperf -c¢ h10 -t 10 -i 1 -b50m

WARNING: option -b implies udp testing

" Client connecting te 10.0.0.10, UDP port 5001

Sending 1470 byte datagrams

UDP buffer size: 208 EByte {default)
3] local 10.0.0.3 port £1656 connscted with 10.0.0.10 port 5001
ID] Interval Transfer Bandwidth

[
[
[ 3] 0.0- 1.0 sec 5.55 MBytes 49.% Mhits/ssc
[ 3] 1.0- 2.0 sec 5.5%6 MBytes 50.0 Mbita/ssc
[ 3] 2.0- 3.0 sec 5.65 MBytes 47.4 Mbits/sec
[ 3] 3.0- 4.0 sec 5.5% MBytes 50.3 Mbits/sec
[ 3] £4.0- 5.0 sec S5.%¢4 MBytes 45.8 Mbits/sec
[ 3] ©5.0- €.0 sec 5.9%5 MBvies 4£%.S Mbitza/=ec
[ 3] 6.0- 7.0 sec 5.%% MBytes 50.0 Mbitis/sec
L.3] 7.0- 8.0 sec 5.%6 MBytes 50.0 Mbita/ssc
[ 3] 8.0- 5.0 sec 5.%6 MByte=s 50.0 Mbits/sec
[ 3] 9.0-146.0 =mec 5.585 MBytes 45.95 Mbits/sec
[ 3] 0.06-10.0 =aec 5%.3 MBytes £5.7 Mkbits/sec
[ 3] Sent 42307 datagranms

read failed: Connection refused
[ 3] WARNING: did not receive ack of last datagram after 2 tries.
minlnet>

5101 5.31 narnansnaaesdans WHN1IN Host 3 1/8 Host 10
J o =) 1 = J 4
ginsalaou Insawmes sziongmdoyatSuimmslsaunsmilnuesnesa 7 uas wesa 8 uu
a o3| ' a ' Y WA LS < o
aed s5 TasvzuaautlumifFnuns e lunibownziienadnn uazuaaaiusiuou

fd o o H
nlediguamsldau munsonansldassdi 5.32

Y

S55-port E7(BW:100 Mbps) —-> S6: 50.01 Mbps used 54.01 §
S5-port E6€(BW:100 Mbps) —> S4: 50.%% Mbps used 50.3%9 %

SS-port E7 (BW:100 Mbps) -> S6: 485.15 Mbps used 4§8.15 %
S5-port E6(BW:100 Mbps) —-> S4: 50.1% Mbps used 50.19 %

SS—port E7(BW:100 Mbps) -> S6: 48.70 Mops used 48.70 %
SS-port EG(BW:100 Mbps) -> sS4: 46.69 Mbps used 46.6%9 %

85-port E7(BW:100 Mbps) ~> 86: 34.9% Mbps used 34.59 %
SS-port_E6(BW:100 Mbps) -> S84: 34.51 Mbps used 34.%1 %

SS—-port_E7(BW:100 Mbps) —-> S6: 48.55 Mbps used 48.55 %
S5-port E&(BW:100 Mbps) -> S4: 4%.0% Mbps used 4%.0% %

31N 5.32 uammiziﬂﬂﬂmﬂ?mmmﬂmmmMWﬂ nnaeu Insames 1Uf adad ss
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Total transmission time
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10.0.0.0725

10.0.0.192/26
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Path 1 Path2
Host.7 [Host.8 |total |capacity [Time(sec) |DCOL  |total [capacity |Timeisec)
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SDN
Path i Path 2
Host.7 |total [capacity |Time{sec) |Host.8 |DCOL  |total |capacity [Time(sec)
aG| 8o oG - £.8 G 3G 5C 00| 0.5

31 5.39 dadanveansilnlunsnanes uuszuwIoU1e SDN o luil 5.3.2.1
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11.25 wnz luaaedund suiledmsudasdlunieda oz 1Ay 11.25x8 = 90 waziiaaeTuh
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14 lumsdsguiana saaasaiugili 5.40

mininet>

mininet> k7 iperf -c RS -t 10 -1 1 -n 11.25M
Client conneciing Tto 10.0.0.9, TCP port 5001
TCP window size: B5.3 KByte {(default)

[ 3] local 180.0.0.7 port 47205 connected with 10.0.0.9% port 5001

[ IB] Interwval Transfer Bandwidth

[ 3] ©¢.0- ©.5 sec 11.2 MBytes 111 Mbits/sec
mininet®>

mininet>

31 5.40 M1snAaEedINTHAN1 Host 7 11183 Host 9 muidonludi 5.3.2.1
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PRI : \ = ' o 9 N 1T A
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weraenugli 5.41
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mininet>
mininet> h3 iperf -c hl0 -t 10 -1 1 -n €.25M

Client connecting to 10.0.0.10, TCP port 5001
TCP window size: 85.3 KByte (default)

[ 3] local 10.0.0.3 port 41592 connected with 10.0.0.10 port 5001
[ ID] Interwval Transfer Bandwidth

[ 3] 0.0- 0.5 sec €.25 MBytes 102 Mbits/sec

mininet>

31N 5.41 msnaaesdansWHlNIn Host 3 1163 Host 10 amitoului 5.3.2.1

AsluanIdIwamIneanIn 5321 msdansmindeniienaiuussuuns eve
=1 Y 1 9 d‘ ld' a L) =1 9
SDN lagiinnudesms lumsasmsmilnuudumai 1 ogh 90 wnziinaeiui vuidunia
: 1 H a 1 a U 4 ! ° { g >
2 agh 50 wnzdaaedutd dawwaliditeu lvidmualinaealnsames  vhldims
] Y '
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=< 9 a) A = a @
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Bandwidth per second
SDN
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VY

Total transmission time
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080 -
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0.60
.50
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0.20) =2
010
0.00

oS 038

Time{Sec)

SDN Traditional
Forwarding method

31 5.43 nsnlieaadinuna aldlumsdadeyansiln neudovsznnaunsonne
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anuasalumsamsminveuduni 1 uag 2 Tvuaveuaazyoaniaegi 100

wnziaae i Tasaunsouaasdadiuves Yoyavesnsmiln luuaazidumas diefins

aansmilnuuszuunseviolegiiu 1dasgn 5.44
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Traditional
Path 1 Path 2
Host.7 [Host.8 |total [capacity [Timeisec) |DCOL  [total |capacity [Time(sec)
2 50 4C| 90 100 0.9 50| 30 10C 0.5

31 5.44 dadruvoansmilnlumsnanes vuszywas ov eyl teuluin 5.3.2.2
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Path i Path 2

Host.7 |total |capacity |Time(sec) |Host.8 |DCOL  |total |capacity |Timeisec)

)
50 it ith 3.5 E:2) S0 ol 00 QS

o 1

31 5.46 dadanveansmilnlumsnanes uuszvuAS oae SDN [oulud 5.3.2.2

nagoudIns MAn1n Host 7 1183 Host 9 57174 1 whinifia Iaeiiviin 6.25M f9 6.25
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S a R A A I~ 1 a Y a T a ~
wng ludnelwf Faudelinisudauilunilede a2 ldiu 6.25x8 = 50 mnzinaeduif was
° 7 alg g 1y o gyt 1w A
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U lDHTVlﬂ1ﬂﬂTﬁﬂﬂa@QﬂQﬂﬁTUﬁﬂNﬂiﬁi%[ﬁﬂ1UﬂWiﬁﬁﬂi1WWﬂ 28N 0.5 IUIN ALTAY

Agin 5.47

mininet>

mininst> h7 iperf -c b9 -t 10 -i 1 -n 6.25M
Client connecting to 10.0.0.%, TCP port 5001
TCP window size: B5.3 EByte ({(default)

[ 3] local 10.0.0.7 port 47223 connecited with 10.0.0.9 port 5001

[ ID] Interval Transfer Bandwidth
[ 31 ©6.40- 9.5 szec 6.25 MBytes §5.8 Mbits/=ec
mininst>

mininet>

31N 5.47 Mananesdans Wil Host 7 169 Host 9 aunou'lui 5.3.2.2
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NATOUFINTNWNDA Host 3 11638 Host 10 31173 1 wiinifa Taelauia 11.25M Ao
1 a AR A A < 1 =N 9 3 a 1 a =
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mininet>

mininet>

mininet> h3 iperf -c R10 -t 1 -1 1 -n 11.25M
Client connecting to 10.0.0.10, TCP port 5001
TCP window size: B85.3 EByte (default)

[ 3] local 10.0.0.3 port 42026 connected with 10.0.0.10 port 5001
[ ID] Interval Tranzsfer Bandwidth

[ 3] ©.0- 0.% =sec 11.2 MBytes 111 Mbits/=sesc
mininet>

—— e

311 5.48 nMsnanesdansMAnDIA Host 3 11J83 Host 10 amitou lui 5.3.2.2
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d' 1 A 1 a A Yy A A o 9t ¢ o § P '
N2 9gn 50 wnzdaaeiuh dewaldidifouladsmunlinasalnsames sildlinisuds
1 v 1
n519H NN Host 8 197 1miaidunish 2 Taelunsfisinun Host 8 Hnsdansmindiuau
= 1T A =3 1 9 aj 9/ d’ ar = A A
40 wnzlaae N danalidSinamslnuudaun1an 1 361 50 WALTAABININ LA VU
@uned 2 §im 90 wngdaneiui dwaldszeznawngalunmsasdayansiiln S

a a I} kY ~ 9 o d‘
1 0.9 UM VULFUNNN 2 ﬁ?ﬁ?iﬂllﬁﬂﬁqﬂﬂﬂgﬂ‘ﬂ 5.49
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31 5.49 nslueraamsdadayanswiln vuszuLAS o4 SDN Tumsnaaei 5.3.2.2

1 1 H ° 9 1 {
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a 4 9 4 ' d o 4
0.9 3 iesArwtew lvlumsuimsiilnuosneu Tnarme s lugdunuyeaitenlv 1p
1 v '
address AuNe e lunsainmsusians ilnuinin Hosts ldadunied 2 dawa v
a H = { Q' g 1w J
PWnansmdnuuwdunien 1 aaas vaziSmansilnuudunisn 2 Wiy uadaleen
1 9 d' A' a =4 a d' s

ANweuso lumsaamsalnveadunian 2 uazidieeisandenasinvosnswilndoding
a1 Hosts Tuwduman 2 s lddSmamsamswdlnuuiduniai 2 ves
£UVIATEY1 SDN Taumavifsunamsdanswilnuuas etedigiiuuwdumai 1 Sah
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SDN

Traditional

Forwarding method

31 5.50 nswluanadivauae lFlumsdadeyans il nseuovsznhunieie

Pagiuiazinsev1o SDN Tumsnaanain 5.3.2.2
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5.3.2.3.51Wn910 DCO2 = 90 tWnziiaaaIuIN uaz nsinn DCoT =50 Nz

Ao daaumswiln guuun 3

1) 5 W nuea DCO2 = 90 wnziindoIun Usznoulidrs Host 7 = 30 ung

URAD LN, Host 8 = 60 IUNZUAADIUIN

2y nsinvee DCO1 =50 nzUanaun dsyneu lUde Host 3 = 50 ung

UANDININ

anuansa lumsaansdnvoaduniain 1 uag 2 Tvunvesuaazoan1aegn 100

wnzdadedni lassusaudasdadiuves Yeyavowms il lunaaziduma Welims

amsuuszuunsevielagiiu 1daegiin 5.51
Traditional
Path 1 Path 2
Host.7 [Host.B |total |capacity |Time({sec) |[DCOL |total |capacity [Time{sec)
3 30 60| 90 100 0.9 50 50 100 0.5

31 5.51 dadruveansilnlumisnaaes vuszuunseviologiiu eulun 5.3.2.3
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Bandwidth per second
Traditional
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SDN
Path 1 Path 2
Host.7 |iotal [capacity |[Timefsac) |Host.8 |DCOL  |total |capacity |[Time{sec}’
30| 3G 100| 0.2 &0 S0 110 GO 51

31 5.53 dadmveamnsilnlumsnanes uuszuunS e SDN Qowlui 5.3.2.3

¥ PN o ° < a3 = A
NAFBUAINTINWAIIN Host 7 162 Host 9 147U 1 usiniAa Taediuuia 3.75M Ao 3.75
1 o AR M A o ' P yd a 1 oa at o
wng luaaeduni Fadlednmsulautumiqeda a2 18y 3.75x8 = 30 wnziiadoIun uazd
° y Aq Y ' LY o ' . Y 1 (Y A
msmmualduaawmananldlumsds aremsmnuenl o Iliawiiny 1 Ao uaawanng

a A o T gl va ¥ 1 =y lz:' a A o
394U lQUWVI%1ﬂﬂ15ﬂﬂﬁ@ﬂﬂﬂﬂﬁ1?ﬁﬂwﬁiﬁ1%Dﬁ11uﬂ15ﬁﬁﬂiTWWﬂ 2Egn 0.5 IUIN ALEAY

g 5.54

mininet>
mininet> b7 ipsrf -c¢ R% -t 10 -1

(B3

-n 3.73M

Client connecting to 14.4.0.%, TCP port 5001
TCP window sizs: B85.3 EByte (default)

[ 2] local 10.08.0.7 port £7207 connected with 10.0.0.% port 5001
[ ID] Interwval Tranafer Bandwidth

[ 3] ©£.0- 6.3 sec 32.75 MEyies 123 Mkbits/asc

mininet>

517 5.54 msnaavsdansIMilneIn Host 7 1183 Host 9 awidoulan 53.2.3

1 = ) o C =] = &
naoudansMWnaIn Host 3 1183 Host 10 $117u 1 uiina Taelvia 13.75M fie

JI1 a : 4 [~ i a I a
13.75 wnzludaednd Fudelimsudavilumizeda agldilu 13.75x8 = 110 wazdade
a o~ ' o ad B . a ° 9 4
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mininet>

mininet> h3 iperf -c h10 -t 1 -1 1 -n 13.75M
Client connecting to 10.0.0.10, TCP port 5001
TCP window size: 85.3 KByte (default)

[ 3] local 10.0.0.3 port 42128 connected with 10.0.0.10 port 5001
[ ID] Interval Transfer Bandwidth

[ 3] ©.0- 1.0 sec 13.5 MBytes 113 Mbits/sec

[ 3] ©0.0- 1.1 s=ec 13.8 MBytes 110 Mbits/=ec

mininet>

mininet>

31 5.55 msnaaesdans AN Host 3 1183 Host 10 amidonlui 5.3.2.3
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] 9 i
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Bandwidth per second
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5.3.3.1.1519%n91A DCO2 = 150 Wwnzina o iag ns1Wnan DCO1 =70 mnzda
AU damauns o suluuun 1

1) nsAnues DCO2 = 150 WwnzdaaaIuf Uszneulide Host 7 = 130 1w

s =

nLIinADIUN, Host 8 = 20 ALLAABIUN

2) N3 mAnNYee DCO1 = 70 twnziiaaaIui Usznau1d2e Host 3 = 70 wing
o 1T a ~

TaADIUIN

anuausalumsdmTAnveudunen 1 uaz 2 Tyu1avouaaz¥aIn1eegn 100

a

=Y " a =4 [ 1 9 oy 1 9 d‘ =y
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5.3.3.1 Traditional
Path Path 2
Host.7 |Host.g |total |capacity |Timel{sec) |DCOL  [{oial |capacity |Timefsec)
i 130 2G| 150G 100 ] ol - 706 100 0.7

[ 1

31/ 5.58 dadmvemsmliinlunmsnanesuussuwnieviilagiiu feului 5.3.3.1
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Bandwidth per second
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T | 5331 SDN
Path 1 Path 2
Host.7 |total |capacity |Time(sec) |Host.8 |DCOL  [total [capacity |Time(sec)
130 130 100 13 20 70 SC 160 0.9

@
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1 = o ° < < = A
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Client connecting to 10.0.0.9, TCP pert 5401

TCP window =ize: 85.3 EByte {(default)

[ 3] local 10.0.0.7 port 47354 cornected with 10.0.0.5 port 5001
[ ID] Interval Transfer Bandwidth

[ 3] ©.0- 1.0 sec 13.1 MBytes 110 Mbits=s/s=sec

[ 3] 0.0—- 1. 16.2 MBytes 106 Mbits/=sec

mininet>

w o
1]
U
9]

517 5.61 n1snanesdans1MAna1n Host 7 1163 Host 9 awidenluh 5.3.3.1

) a [ o I~ < ~ A
NAaedaIN 1WA RN Host 3 11J69 Host 10 31173 1 wiinine Taeluuia 11.25M Ao
1T a & 4 I~ 1 a I~ = T a
11.25 wn luaeedIud suilemsudautumiiode a2 18104 11.25x8 = 90 wnziiadeIuh
Tagluminaaosazldnsminsay lumsdimeass MnmInaassasnadnald ldnarly

myaansWiln ogN 0.9 Jun AwaaInNglh 5.62

5331 >
mrrIret> B3 iperf -c h1D -t 1 -1 1 -n 11.25M

of

Client conrecting to 10.6.0.10, TC2 port 5001
TCP window =ize: 85.3 EByte {(default)

[ 3] local 1£.0.0.3 port 42158 connected with 10.0.0.10 port 5001
[ ID] Interval Tran=fer Bandwidth

[ 3] 0.0- 0.5 sec 11.2 MBytes 106 Mbits/sec

mininei>

51 5.62 msnaneedans WHN9IN Host 3 189 Host 10 amidon luii 5.3.3.1

asmuaasianamInaaesl 5331 msganvdndonueaIUUITIUIAS BU1Y

~ 9 1 oy 9/ a 1 = 1T A = Y
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o 1e a 1 oa AT Y oy oA A o P d o Yt v
#2 ogh 70 wnziareiwdl awaldiditouluiidmua 3naealnsames ldtnsus

1 ¥ 1
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Bandwidth per second
SDN

a vy A WK a
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5.3.3.1

Total transmission time
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Traditional

Forwarding method

31 5.64 nsmluasasiuaunar nldlumsdadeyans iln nSeuifousgnhandote

tagiunaziasouts SDN lunisnaaean 5.3.3.1

5.3.3.2.n5 M0 DCO2 = 150 nziaaeILI Lz N3N DCOL = 70 1wz iia
o dadaunsmiln i 2
1) nsuAnves DCO2 = 150 .wnzdaaeduin Yszney11de Host 7 = 110 1
Nz 1inADAUIN, Host 8 = 40 N UARDIUIN
2) nswlinuee DCo1 = 70 wnzdade3urh Ysznouladae Host 3 = 70 wne
AR IUIN
Tasaunsouaasdadauvesdoyavamsmanlundazidunt eiimsdmanliln

vuszuunsevioagiu 1dasgia 5.65

Y

Bl Traditional
Path1 Path 2
Host.7 |Host.8 |total [capacity |Time{sec) |DCO1  |total [capacity [Time{sec)
2 110 40| 150 100 s 70 70 100 0.7

31 5.65 dadauvesnsmilnlunmisnaaes vuszuAs evtedagiin doulen 5.3.3.2



74

Aswliaasianansnaaesdl 5332 msdmswliindeniionauuszuaiee
Yo lumsnaaesiiimsaoulasdadnvemsmliioumdumedl 1 udnasa
Winamsmilndanady i 150 waziiadeduni tazuwdumad 2 lifimswaeundasves
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v Jd A o ~ Y o ~
WAAANTLIHUDUNUNITNAADIN 5.3.2.1 ﬂ’]il‘]ﬁﬂllﬁﬂ\?vlﬂﬂﬂgﬂ‘ﬂ 5.66

Bandwidth per second
Traditional

Path 1

31 5.66 nsluaaamsdadoyans iln vuszuvas ovwdagiiu lunsnanein 5.3.3.2

1 a =1 o A 1 ~ [ 9 d‘
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gansiln szaanaldilSnamslFnunsmdnuudunman 1 9150 11nn 80 wnzia
" a ¥ ¢ o a & ' o
@0 assauiou lvuuneaInsames MlmAansdanuutamsilnues Host 8 11d3
9 { 1 o 1 1 Yo 4 9 1 1 9 {
@uUMan 2 sawnumsaaniilnues Dol dawalisiuiunsmdnndesaardudunan 1 3
A 110 WALUAADIIN 1UBNWITAINNANNAIITD IUMTAIN 100 Wwhzhaaedun azld
g 1 T a 1A =) a =) 9 ~ a

namanualumsdaagn 110/100 wnziingoIuin = 1.1 3190 uag YUEUNIIN 2 A1 110 1

' H v
A2UAADIUIN WONTUINANNELT0 TUMITIN 100 wnzdaaoIuh a2 lFamanua

Tumsaeegn 110/100 wnzdingoIuiin = 1.1 3117 Aauaanugdin 5.67
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5.3.3.2 V SON
Pathi Path 2
Hosi.7 |total |capacity [Time(sec}|Host.8 |DCOY  |ioial |capacity |Time{sec)
110| 210 it - 11 40 70| 110 100 1.3
51 5.67 dad

M WAn luMInaaos UUTZULATeU1Y SDN [Hoului 5.3.3.2

1 =N [ o < < ~
NATOUTINTINHNIN Host 7 1161 Host 9 31171 1 uinife Tagliuuin 13.75M Ao
S o % Y I~ K a o n 1
13.75 wnzludaedunf Faudedmsudasdunieds az1dlly 13.75x8 = 110 wnziade

i minmsnaaosnanaidena 1t igna lunsdmsdiln ogh 1.1 U7 dwaasaugla
5.68

5332 |>

MIEIET >

mininet> h7 iperf -c h% -t 1 -1 1 -n 13.75M

Client connscting to 10.0.0.S%, TCP port 5001

TCP window size: 85.3 KByte {default)

[ 3] local 10.0.0.7 port 47378 connected with 10.06.0.% port 5001
[ ID] Interwval Tranzsfer Bandwidth

[ 3] 0.0~ 1.0 sec 13.4 MBytes 112 Mbits/sec

[ 3] ©0.0- 1.1 ssc 13.8 MBytes 10% Mbits/sec
mininet>

519 5.68 msnaassdensWilneIn Host 7 11169 Host 9 auiouluii 5.3.3.2

1 o) o ° < ] =} - A
naaoUaans MW Host 3 11869 Host 10 $1u7u 1 uindie Taefivuig 13.75M fie

1 oa : 4 I~ 1 a o a 1
13.75 wnz ludaeiund Fulelmsulasiiunieda a2ldidlu 13.75x8 = 110 wnzdaae

i Teslumsnaassazldnavdnsulumsdmanss Mnmsnaassnsnandawalidld
panlumsaans miln egf 1.1 Tui dwaaniugili 5.69
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15332

S

mininet> h3 iperf -c h1l0 -t 1 -i 1 -n 13.75M
0, TCP port 5001
efault)

Client connecting t .0.0
TCP window size: 85.3 EByte

[O8

¢

[ 3] local 10.0.0.3 port 42173 connected with 10.0.0.10 port 5001
[ ID] Interwval Transfer Bandwidth

[ 31 0.0- 1.0 s = 114 Mbits/sec

[ 3] 0.0- 1.1 sec 13.8 MBytes 108 Mbits/sec

mininet>

minIina+r>

31 5.69 MminaaesdansWiNIn Host 3 1163 Host 10 amitoului 5.3.3.2

ASLAAIDINAMINAADIN  5.3.3.2 MIdansiinRonUIna1IUTE LA 0Y
dy d‘ gd & 1 = o 9 :‘ °
SDN lumisnaaesiiiionay Insaaasvinsuuani1Wwnvos Host 8 een lddudunian 2 ¥

W wasrwvemslinve waazdunieamsawmsiiln daumaun 110 woziaaeiui

=

Asonaad laaazlin 5.70

Bandwidth per second
SDN

Time {Sec)
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Yoonh szuunievieagiiu desdaomantmsmilnvesneuInsames aunsnyaoan
aumiufiRatuumdumei 1 sazaunsaudmsminlddudumait 2 1dmngay

annsouanslanegii 5.71

| 5.3.3.2
Total transmission time
1.60 i 15
1.40

Time{Sec)

SDN Traditionzl

Forwarding method

31U 5.71 nsluaaes ot ldlunsdedoyans il suifisuszv nans oo

Yagtivuaznovis SDN lumsnaaoan 5.3.3.2

5.3.3.3. 5 WA DE02 =150 mingdinap Iun wag nimilnin DCo1 = 70 wnzda
o dadaunsiiln Jiuni s
1) n3mlinves DCo2 = 150 wnziinaeIu Yszaov 11As Host 7= 10 wne
UAADIUIN, Host 8 = 140 lunzIAAnIuIN
2) nswlilnues DCO1 = 70 wnzdinae 3w Usznov 11d2e Host 3 = 70 g
UAADIUIN
Tageansouaasdadiuves doyavoansmiln Tuuaazidums defimsdansmiiln

vuszuumsonwfagiu laaagiin 5.72
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5.3.33 Traditional
2ath L Path 2
Host.7 |Host.8 |total [capacity |Time(sec) |DCOL  |total |capacity [Timelsec)
3 10 140 150 100 1.5 70| 70 100 0.7

31 5.72 dadruvemswilnlunmisnaass vuszuunseviedagiiu eulun 5.3.3.3

ATLAAIDINAMINAARIN  5.3.3.3 MIdamnsAndenuea LIV VIAS 0

3 ] '
dagtiu  lumsneassiilimsn/asundasdadivvemsdlnoudumen 1 uanasw
Wuansilndinudy 7 150 wazdaaoIun uazuwdunian 2 luimslasunilasves

Wuansiln wasml5ans e Snuau 1 70 wnzdadeiun i linamsnaassld

=

v d o { o
WaaWﬁlWﬁGUﬂUﬂ]ﬁﬂﬂaﬂﬂﬁ 5.3.2.140%.5.3.2:2 fl”]ﬂJ’]iO!Lﬁﬂﬂqaﬂﬂiﬂﬂ Q.73

G

Bandwidth per second
Traditional

Path 1 e Path 2

Time {Se

3 b

31N 573 nanluaasmsdadeyansilnuuszuuaiotiedigiiu lumsnaaeein 5.3.3.3

naasdans AR URINUUUTTUUIRS 0 eNTUAI SDN ey lums

daniminezaawalilsmamsldnunsmilnuudunien 1 3050 unn 80 wnzda
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aedunf aswmifenlvuunea Insamesih IdiRams g s mfinves Host 8 1S
s 2 SwsumsdansWfinues DCo1 deralisaunsmilnfidesderudunied 1 5
a1 10 wnzdiadeTurd WeRinsanananuansalunissed 100 wazdiadeiuif vzldina
#wm“lumidméﬁ 10 /100 wnedaseTunfi = 0.1 Fuifl waz vudumad 2 S 210 wn
fasedurit defnsannnanuamsalumsdsii 100 wazdadedutit selfinamamualy

MR 210/100 twngdnaodnd = 2.1 Jfl duaasaugyd 5.74

5.3.3.3 SDN
Pathi Path 2
Host.7 |total |capacity |Time(sec}|Host.8 |DCOL  |total [capacity [Timeisec)
il io igg) - G.1 140 7G| 210 e 2.1

[ |

U 574 dadanveansmilnlunisnanssuszuiiaiedio SDN ou'lail 5.3.3.3

1 ‘) o o < < P A
NAFAOUAINTINANIN Host 7 113 Host 9 $11171 1 udinifia Taediauia 1.25M Ao 1.25
Il a o R A A 2 ' a o o a A -

wngludaedui sudstimsulautuniledn a2 1dth 1.25x8 = 10 wnzdaneIui 210

o v 1 yq ¥ G T a ral a s w A
mananswnananmEalnlsnmlumsamsdiln ogh 0.1 3urh Aaasaugali 5.75

m 5.3.3.3

MITITIIE T~
mininet>
minipet> h7 iperf -c hS -t 1 -i 1 -n 1.25M

Client connecting £o 10.0.0.9, TCP port 5001
TCP window size: 85.3 EByte (default)

[ 3] local 10.0.0.7 port 47375 connected with 10.0.0.5 port 5001

[ ID] Interval Transfer Bandwidth
[ 31 ©€.0- §.1 sec 1.25 MBytes 152 Mbits/sec
mininet>

31 5.75 m3naneadnsnilngn Host 7 11859 Host 9 awiton it 5.3.3.3

T Py o ° < <
nAdoUdINIMAWA91N Host 3 1183 Host 10 31191 1 uinifia Iaeivuia 26.25M a
Y a = : 4 [~ ] =y =4 =Y 1
26.25 wngluareiufl Fudelmsutasiuvtieda 02185y 26.25x8 = 210 wnzilase

s p=} % 1 ] vq 9 1 =Y ld' a o w d‘
h ninmsnanenindndnald i lumsdmniln eg 2.1 Tund dueasmugaf
5.76
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5333 (5%

et>

mininet> h3 iperf -c hid -t 1 -1 1 -n 26.25M
Client connecting to 16.0.0.10, TCP port 5001
TCP window size: 85.3 KByte (default)

[ 3] local 10.9.0.3 port 42253 connected with 10.0.0.10 port 5001
[ ID] Interval Transfer Bandwidth

[ 3] 0.6- 1.0 sec 13.5% MBytes 116 Mbitsa/=ec
[ 3] 1.0~ 2.0 sec 11.0 MBytes 52.3 Mbits/szec
[ 31 0.0- 2.1 sec 26.2 MBytes 107 Mbits/sesc
mininet>

mininet>

51 5.76 Msnaneedans1MAN91N Host 3 163 Host 10 amidenludi 5.3.3.3

AIMEAIRINANITNARDIN  5.3.3.3  Msaansindenulenauusz LA 018
SDN Taefianudesnislumsamsmiiln vudunieh 1 egn 150 mnziadeiuti vuduna
{ 1A =Y [P a0 ) 4 i o { o o
12 eghn 70 wnzlieaodud dealiiditou lvidinualinaealnsames vhildinig

v 9 v
AN Host 8 I lUmaduman 2 Taglunsfisinud1f Host 8 Imsdans1nin
TIUY 140 wngiaaedun dawald Usuiamsmdnuuduniei 1 Ja1 10 wozdnaeIud
1ag VIEUNIEN 2 TA1 210 wazdaneiuln dawaliilSansmfinsennadunied 1 uaz
- ' w 2L o q ¥ v 9 a 1ad a a

2 Ianuuanaeduun 3 ldsseznounngalumsdsdeyanswiln ogh 2.1 Ui u

Hun1ef 2 dansauanslanegili 5.77
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Bandwidth per second

31 5.77 nluaaams dadeyans midnuusz puiRs oane SDN Tunisneanai 5.3.3.3

' A a MNINNEG Y] A 1 A
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o Y o AN Y ' o o o] ) vy
Maudeszuulguy manlanunisinuvesszuaso1e SDN 19arlumsdadeya
1 ' @ a T a s o a

NNNITUUIR 0BT aunminevInmsilins minvesnou Tnsaaes nauiiums

3 4 o o { 1 o 1
dwui3ou 1y IP address AuMe U5zpounutsuani1WinNADIN 1S d9U03 IP address AINA1)
v . ' v
H5amn aaiudsutans e T udunian 2 Sadawa liinaa Nuninuuu U dun1an
2 Taslunmsiy  awalinisyhauaeaunievis  SDN  lgnarlumsdawmsilnuinnn

'

wseveluagiiu aunsouanslansgli 5.78
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Total transmission time

5333

=

in

&
H

Time({Sec)

SDN Traditional

Forwarding method

g1/t 5.78 nsluaasd i Flumsdideyansmiitn wisuioussuhaniod
agiuiaziaothe SDN Tunismaansii 5.3.3.3
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Summary total transmission time
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