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Performance Analysis of Software
Defined Networks Controllers: POX and
Opendaylight

Abstract
In this research we have dealt with a new and modern type of networks,
namely, Software Defined Networks, which were created to overcome the
negatives and challenges faced by the existing traditional networks by separating
network intelligence from switching devices and placing it on external controllers,
and this provides a simpler environment for programming, network management
and greater software freedom To determine network behavior. There are currently
many controller applications available, in this paper we compared the performance
of two open source controllers which are POX and Opendaylight using mininet
emulator and D-ITG tool in terms of average flow delay and throughput and which
of the two controllers was more stable with increased load through Measurement
of the jitter parameter in a number of basic network architectures to determine

which controller has the best behavior.

KEYWORDS: SDN, POX, Opendaylight, mininet, D-ITG.
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rxTime () ll Juyy) <) txTime e il Je Ri 5 Si@élgy Sua
(Al JLEiay) )

:Js¥) JLaaY) 2-6
Josia aals Jase o calln g single Laglssh HLaaY) 1a & Leadi)
& baslsighall 038 aranal & L aSadll Saa50 0y Jasall Jualyy 322e Cldcaay
t AUl Y DA e mininet Slae aladiul clinae 9
Sudo mn —-topo single,9 ——

controller=remote,ip=controller_ip,port=controller_port

5 «opendaylight i pox aSaill sasy lsizy controller_ip Jlagiul s

& oSl clang o Wle cagle cuanill 2 o) disd) L8y controller_port
mininet Slae cuat 5 Al vm ge ddbide VM e aa g GHLAY) aea
agall il e lagledin) S POX aSadll Basg ae HLEAY) 2d0 die g L lgle
Jaas il forwarding.12_learning sassll aladiul liad dua (2) J3)
sl (2) K& (s ¢ 12 learning switch & s yati openflow Yo
sy Jasay oS3l 3aa g Jla)

@ ® () mayssaa@mayssaa: ~/pox

mayssaa@mayssaa:~$ cd pox
mayssaa@mayssaa:~/pox$ ./pox.py forwarding.12 learning openflow.of 81 --port=6633
POX 0.3.0 (dart) / Copyright 2011-2014 James McCauley, et al.

INFO:core:POX 6.3.0 (dart) is up.
INFO:openflow.of 01:[00-00-00-00-00-01 2] connected

POX aSaill 2 g eleind (2) JSal
pAAIue dgaly et Jlly opendaylight ~Saill saag aa LAY 285 die
Olsie Jiaa) Gpla oo single Lastsigh 4y ) oSy cugll ) satiue dgasu)
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Lo 1385 cugll miaia e hitp://${ODL_IP}:8181 /index.html Jtll URL

host:82:43:22:4b:63:74
host:ce:10:f0:%0:98: b8
host:52772:b0:17:9e: b3

host:96:04: Ca:3e:7 1:67——__ i ] i
1 = hest:£2:1b:04:0a:40:46

host:86:01a9:45:73:1c¢

host:52:9d:ec:fa: 74:8e

host:a6:18:05:cb: '1'1:7*{05-[:0!! fe:b5:2¢:d5:79
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sl peital)

Average delay

Test Single_pox | Single pox | Single ODL | Single_ ODL
ests

_1000 _2000 _1000 _2000
Avg

0.000106 0.00013 0.000085 | 0.0000864
delay(s)

.Single Laslgshl 5alill Jaugia ad (1) Jsaal)

p A Ll bl Vansy il dasgie o o sl JS0 (35al) agil

109



Opendaylight s POX Ly 48yl cilSedd) asad cilang slaf Jalas

Avg delay(s)

W Single_pox_1000 M Single_pox_2000 M Single_ODL_1000 @Single_ODL_2000

0.000106

Single_pox_1000

0.00013

Single_pox_2000

Single_ODL_1000

0.000085

.Single Lagsshl jalil lagia (4) JSal
aSaill 3ang ae el oo single Laglssh 8 pall) lasgie af of LS
.opendaylight aSaall saa g ae Juail laglal o5  illys pox

0.0000864

Single_ODL_2000

Average jitter =

Test Single_pox | Single pox | Single ODL | Single_ODL
ests

_1000 _2000 _1000 _2000
Avg jitter(s) | 0.0000236 | 0.0000336 | 0.0000138 | 0.0000218

.single La gl jitter avgia ad (2) Jsaal)

p 5Ll Jalad ) Uiaws Jitter Jansgia wd (sl IS5 (358 agil
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Avg jitter(s)

W Single_pox_1000 M Single_pox_2000 M Single_ODL_1000 @Single_ODL_2000

0.0000336
0.0000236

Single_pox_1000

0.0000218

Single_ODL_2000

0.0000138

Single_pox_2000  Single_ODL_1000

.Single La s skl jitter laugia (5) J)
aSaill sang ae JE )l 5l Al et OIS 305 T dal (e Laadls
O B Jaall 5ol Aab e @l Wl L )35 copendaylight
o Jitter ad & Gyl S G Jeall 2L «e Bl €T opendaylight
On Jitter ad 3 5 e i 0.000008 s opendaylight ae ¢yl
.0.00001 a5 pOX xa (pdxil)

Average packet rate , Average bitrate =

Tests Single_pox_ | Single_pox_ | Single_ ODL | Single_ODL
1000 2000 _1000 _2000
Avg 2420.7422 | 4106.4293 | 2641.8014 | 4163.3369
bitrate(kb/s) 57 94 64 37
.single L glssglal ) Jars davigia ad (3) Jsaal)
Single_pox | Single_pox | Single_ODL | Single_ODL
Tests
_1000 _2000 _1000 _2000
Avg pkt 591.00152 | 1002.5462 | 644.97105 | 1016.4396
rate(pkt/s) 8 39 9 82

single Lisslssshal o) Jaxe Lassia o (4) dyasl
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Avg bitrate(kbit/s)
W Single_pox_1000 ™ Single_pox_2000 M Single_ODL_1000 ™ Single_ODL_2000

4106.429394 4163.336937

2420.742257 I 2641.801464 I

Single_pox_1000 Single_pox_2000 Single_ODL_1000 Single_ODL_2000
.Single Liagdg gl bl s Jassia (6) J)
Avg packet rate(pkt/s)

M Single_pox_1000 ® Single_pox_2000 M Single_ODL_1000 m Single_ODL_2000

1002.546239 1016.439682

591.001528 644.971059

Single_pox_1000 Single_pox_2000 Single_ODL_1000 Single_ODL_2000

.Single Laslgglal 2 Jaxe Jasgia (7) S
Sl opendaylight aSaill sas s ae 43l JS dabivsall Ll 3aS () Jaadl

.pox o LG_\.A

:AG ,LEaY) 3-6
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Y el paeng cciume ) Jue JS dealy AN 8 cV ) dae sl
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alatinly linae 9 a5 ) ool 1385 <V 9 pe Liaslsshall
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Sudo mn —-topo linear,9 ——

controller=remote,ip=controller_ip,port=controller_port

, «opendaylight i pox aSaill as g (lsiay controller_ip Jlagiul ae

aag e LAY 20 Mg agle Cuaiill o3y (gl dil) o35 controller_port
sany Jluai) JaaMg (8) JSEN 8 asagall saill Lo lasletind &) POX aSail
LY 9 G aSaal)

mayssaa@mayssaa:~/pox$ ./pox.py forwarding.l12_learning openflow.of_81 --port=6633
POX 0.3.0 (dart) / Copyright 2011-2014 James McCauley, et al.

INFO:core:POX 0.3.0 (dart) is up.

INFO:openflow. :[00-00-00-00-00-02 connected

INFO:openflow. :[00-00-00-00-00-09 connected

INFO:openflow. :[00-00-00-080-00-01 connected

INFO:openflow. :[00-00-00-00-00-06 connected
INFO:openflow. :[00-00- 80-83 4] connected
INFO:openflow. :[00-00- -00-08 connected
INFO:openflow. :[e0-00- -00-07 connected
INFO:openflow. :[e0-00- -88-84 9] connected
INFO:openflow. :[e0-00- -80-85 18] connected

POX aSaill 5an5 ¢l i (8) J<al)
Laglgngh 45, (Say Opendaylight oSasll sasg ae HLEAY) 245 e
(9) Ja 8 LS ) mbiaia e Linear
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-4 )l Opendaylight dealy 3 dadll Laglsighall (9) Jal)
e Jaani 1-6 3yaal ¢ 81K JSi Jaul) calale Jalasig trafficd) adgi
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Average delay =

Test Single_pox | Single_pox | Single_ODL | Single_ODL
ests

_1000 _2000 _1000 _2000
Avg

0.03136 0.3339592 | 0.0001894 | 0.0002208
delay(s)

Linear Laglgshl yalill laugie ad (5) Jsaal

) lal) Talad ) Viawsy il Jassgia o s gl JS50 (380 pgdl
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Avg delay(s)

W Single_pox_1000 M Single_pox_2000 mSingle_ODL_1000 m Single_ODL_2000

0.03136
]

Single_pox_1000

0.3339592

Single_pox_2000

0.0001894

Single_ODL_1000

Linear Laglsshl jabll luge (10) Jga
bang oo LIS el o linear Laglsigh 8 il hugie a8 o Jaadl
.opendaylight Saill saay e 58S Juadl LSl 05 by POX sl
Liaslsish (8 5ol o oo Laslsashall o3 3 bl lavsie o )8 L 13,
e o) e Ayl gie 5 dghaall Laglsoghall 3 ol of aas single
Joai in ) iy Ayl plias Jllys ST Al Laglgshall 8 <Vl
zlad ol Ll Liaglgsshall b ey Jase e ST e Wy pe s Cangll )
waagdl A dial s add aady Jase yie el (g Al

0.0002208

Single_ODL_2000

Average jitter =

Test Single_pox | Single pox | Single ODL | Single ODL
ests

_1000 _2000 _1000 _2000
Avg jitter(s) | 0.0599318 | 0.6272492 | 0.0001405 | 0.0001578

.Linear Laslsshl jitter Jaugia a8 (6) Jsaall

p A Ll alad ) V) jitter Javgia ad o gl (S8 (@il agdl
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Avg jitter(s)

W Single_pox_1000 M Single_pox_2000 mSingle_ODL_1000 m Single_ODL_2000

0.6272492

0.0599318
|

Single_pox_1000

Single_pox_2000

0.0001405

Single_ODL_1000

Linear La sl jitter lausia (11) Jal
sany ae LA J Al Al Al o Giball S 385 T Jal e Baadl
OF Badl daall 50l Al e ailll Wyl L I35 copendaylight .Sal
on o jitter a8 8 3l S Gua Jeall 32L) ae BlE ST opendaylight
jitter a8 & 3l e 5 i 0.0000173 s» opendaylight s ¢yl
- 0.5673174 a5 POX pa (il (p

0.0001578

Single_ODL_2000

Average packet rate ; Average bitrate =

Tests Single _pox | Single pox | Single ODL | Single ODL
_1000 _2000 _1000 _2000
Avg 2723.8190 | 4946.1335 | 2860.7389 | 6019.6423
bitrate(kb/s) 69 93 11 21

Linear Laslsishl bl Jaxs avigia o (7) Jsaall
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Tests Single pox | Single pox | Single ODL | Single ODL
_1000 _2000 _1000 _2000
Avg pkt 664.99489 | 1207.5521 | 698.42258 | 1469.6725
rate(pkt/s) 02 47 56 64

Linear Laslsshl o550 Jiae Laussia o (8) Jssall

A Ald) lalad el Viansy sl (g gradasl (S (35l agdl

Avg bitrate(kbit/s)

W Single_pox_1000 m Single_pox_2000 mSingle_ODL_1000 m Single_ODL_2000

4946.133593

2723.819069

Single_pox_1000

Single_pox_2000

2860.738911

Single_ODL_1000

6019.642321

Single_ODL_2000

Linear Laslggal calid) Jase Jansia (12) JSil)

Avg packet rate(pkt/s)

W Single_pox_1000 m Single_pox_2000 mSingle_ODL_1000 m Single_ODL_2000

1207.552147

664.9948902

Single_pox_1000

Single_pox_2000

698.4225856
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Sl opendaylight aSail sas s ae 4yili JS dabivsall lilll daS G Jaadls
g Linslsshall o3 3 3l S Aabinal) L) £0aS 1lE Le 1315 .POX pe lie
Laglgushall & adl) of axi single Laglpgla 8 4l JS dabial) i) 4

Laglpshall & eVl o Jaall s e L3,dll 8 Lgia ST didasl
Jghall

-

LAY LAY 4-6

e Lnslyashall 38 aa ctre@ Gyl Laslpsshall LESY) 138 3 Liasdiad
e\dﬁu\,\ \7\;)5).1}1:3\ PRV e..}A.a..a:! o Li);':' J<ea Lg Glivaally Yl Juas
;A a1 Pla (e mininet Slas

Sudo mn ——topo tree,depth=2,fanout=3 —

controller=remote,ip=controller_ip,port=controller_port

N5l D g Yl o st (Bams Lnslsash o Lal (U (535 Y1 138
i) ae clinae 9 5 Ve 4 (gl ISl ellinn (of aie (<
, «opendaylight il pox ASaill 3asg ()lsiey cONtroller_ip
3aag ae LAY 2 ey Lagle Cuanill Sy 3) Ml A8 controller_port
Juail s 5 (14) JSa L asasall saill e lagle Sinl &) POX HSail
Ve 4 G oSanl o

mayssaa@nayssaa:~/pox$ ./pox.py forwarding.12_learning openflow.of 01 --port=6633

POX 0.3.0 (dart) / Copyright 2011-2014 James McCauley, et al.
INFO:core:POX 6.3.0 (dart) is up.

INFO:openflow.of 01:[00-00-00-00-60-81 2] connected
INFO:openflow.of _01:[00-00-00-00-00-82 4] connected
INFO:openflow.of 01:[00-00-080-80-80-83 3] connected
INFO:openflow.of 01:[00-00-00-00-80-84 5] connected

POX aSaill 5ang slesind (14)JS)
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tree Liaslsish 43, (Sar Opendaylight aSaill sasy ae JLEAY) i tic
.(15) d&nﬂ\ ‘.53 LS g_\_uj\ cé At sz‘-_

host: 2e: B7Eh6:d 066 -6

host:06: Bd:b7:. 7o 46

host:Be:27:50: 7c:68:03

host:2e:80:0c: 1 b:0c:BF

host: aa:db: Ba:fc:hB: 60

host:36:a3: db:BB:3e:b2

host: ae:0d:1e:57:6fbb

-4 pu)ll Opendaylight deals 3 458l Lad ol (15) Jal
e Jaani 1-6 3yaall ¢ 81K J<5 Jaud) calile Jalasi trafficd) adgu
raglal) bl

Average delay =

Test Single_pox | Single_pox | Single_ODL | Single_ODL
ests

_1000 _2000 _1000 _2000
Avg

0.0010556 | 0.002331 0.000184 0.000186
delay(s)

Tree Laglgshl yalll lagic ad (9) Jsaall

) lal) Talad ) Viawsy il Jassgia o s gl JS50 (380 pgdl
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Avg delay(s)

W Single_pox_1000 M Single_pox_2000 mSingle_ODL_1000 m Single_ODL_2000
0.002331

0.0010556

. 0.000184 0.000186
| |

Single_pox_1000 Single_pox_2000 Single_ODL_1000 Single_ODL_2000
Tree Laslgshl yalil buge (16) Jgal

aSaill 3ang ae LIS el o Tree Laglsigh 3 il hugie a8 o a3l

L 135 .opendaylight Saill 53a5 aa Juadl Al o1l 58y Ml s pox

linear Laslssh & palll af co Lagdsoshall o2 8 5alill Jasgic o8 L)

Nl sae o ey Lladl) b Leie i A0l Laglgshll b adl) of o

cciagll ) Joail JB iy Ayl gz s Juillys S8 dpyanil) Linslgashal)

Average jitter =

Single _pox | Single pox | Single ODL | Single ODL
_1000 _2000 _1000 _2000

Tests

Avg jitter(s) | 0.0016458 | 0.0041434 | 0.0000406 | 0.000084

Tree Laslghl jitter augic ad (10) Jsaall

t A Ald) Taladall Law) fitter davgie ad m aal JS3 (30 agdl
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Avg jitter(s)

W Single_pox_1000 M Single_pox_2000 mSingle_ODL_1000 m Single_ODL_2000

0.0016458

Single_pox_1000

0.0041434

Single_pox_2000

0.0000406

Single_ODL_1000

Tree Laslg skl jitter hausia (17) Jal
sany ae LA J Al Al Al o Giball S 385 T Jal e Baadl
OF Badl daall 50l Al e ailll Wyl L I35 copendaylight .Sal
o Jitter o 3 Gl S Gua Jeall saly ae Gl ST opendaylight
jitter a8 & 3l e 5 i 0.0000434 s» opendaylight s (il
- 0.0024976 a5 POX aa pasill G

0.000084

Single_ODL_2000

Average packet rate ; Average bitrate =

Tests Single _pox | Single pox | Single ODL | Single ODL
_1000 _2000 _1000 _2000
Avg 2414.1809 | 4142.0685 | 2741.6022 | 5434.6089
bitrate(kb/s) 77 97 42 19

Tree Lasisishl i) Jaee Jasgia ad (11) Jsaall
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Tests Single pox | Single pox | Single ODL | Single ODL
_1000 _2000 _1000 _2000
Avg pkt 589.39965 | 1011.2472 | 669.33648 | 1326.8088
rate(pkt/s) 28 16 48 18

Tree Lagsshl o5l Jane haugia o (12) Jsaal)

A Ald) lalad el Viansy sl (g gradasl (S (35l agdl

Avg bitrate(kbit/s)

W Single_pox_1000 m Single_pox_2000 mSingle_ODL_1000 m Single_ODL_2000

5434.608919
4142.068597

Single_pox_2000

2414.180977 2741.602242

Single_pox_1000

Single_ODL_1000 Single_ODL_2000

Tree Lasioghal il Jase Jansia (18) Jgal)

Avg packet rate(pkt/s)
W Single_pox_1000 M Single_pox_2000 M Single_ODL_1000 m Single_ODL_2000

1326.808818
1011.247216

589.3996528 669.3364848

Single_pox_1000 Single_pox_2000 Single_ODL_1000 Single_ODL_2000

Tree Lasisishl o3l Jaxa Javsia (19) Jall
Sl opendaylight aSail sas s ae 4yl JS dabivsall libll 3aS G Jaadls
e Lnslsaglall oda 8 Al < Aabieall chlilll 2aS Uyl La 135 .POX 2 Lgia
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8 aill of ass Linear Laslpsha b 4l JS Al bl 408
ST eV o daal) a)s e dypadll 8 Lgie ST Adadl) Lngl gLl
Aghall Laslgshall &

) gadla 7

s opendaylight oSaill sasg of witios lggle Jguanll 2 Sl itiall G
Saill Basg aladin) died (POX ASaill bas gy A3ylia ASuil Juzadf 21

Jaall 32L) e ilalats e daluly Ji 54k Jle Ulas opendaylight
opendaylight aSaill saay of Ly L&y (pOX aSaill sany (pa Jaadl 4dy 5k
Laslosh &) S LeBIA o upsl) () Baiine dae sy padiions dgaly S
Gl e ST Alsgns 355 POX Sl Bang o () BLEY) qamy ¢S5 (S0
Lyohais LgilisSe agds el
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