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Improving Single —Controller Software-Defined Networks

Architecture Using Named Data Networks Architecture

Eng. Ali Mustafa’ Dr. Eng. Yaman Ghazi"
ABSTRACT

Recently, software—defined networking (SDN) and named data networking
(NDN) have merged into a new architecture that improves content
distribution in the next generation of network architectures. SDN provides
a centralized control plane that improves routing decisions, while features
within the NDN data plane, such as name-based delivery, in—network
caching and adaptive routing, facilitate data dissemination and access.
This study aims to implement the new single—controller SD-NDN
architecture in the ndnSIM simulator. We will do this by writing the
simulated source code and including it in the simulator. We will also
implement a similar IP-based architecture in the Mininet simulator to
compare the two architectures in an NDN-based and I[P-based
environment. This will be achieved by adding a unified topology to each
scenario and specifying appropriate experimental parameters. The
implementation will then be executed through a practical scenario on both

simulators. The final part of the study will evaluate the performance of the
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implemented architectures and compare each IP-based network with its
The results proved that the counterpart in an NDN-based environment.
outperformed the NDN environment in terms of several architectures
performance parameters, such as throughput, number of packets lost, and
delay, compared to the traditional IP-based environment, Bandwidth

utilization was higher in the NDN-based architectures.
Single—-Controller Software-Defined Keywords: Named Data Networking,
Networks, Information Centric Networks, Future Internet, SDN-NDN

Networks (SD—NDN).
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Metric Description Typical Values
100s - 1000s
. . . The total duration of the (depends on the
Simulation Time . . .
simulation. network size and
objectives)
The round-trip time (RTT) for 30ms - 180ms
Average Latency packets to travel from (depends on
(Delay) consumer to producer and network scale and
back. path length)

The maximum number of

packets that can be stored in U EEREE

Queue Size , (varies with network
a router's queue before )
. load and traffic)
dropping.
The rate at which data is 100 Mbps - 10 Gbps
Data Rate transmitted over the (depending on link
network. speed and capacity)
The maximum number of
Conter_1t Store entries (packets/data ‘ 00 - ST e
Size chunks) that can be stored in

the Content Store (CS).

1 per second to 10
The frequency of Interest per second (depends
packets sent by consumers on consumer

to request data. behavior and
simulation setup)

Interest Request
Frequency
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:(Single Controller) sy Laik

SD-NDN Single Controller 4l 3slak sl (2) Jgea

100 (Sec) Y EOA S
1 ileSatiall aae
(Mesh) 3 NDN aa2l) sac
Jglif 2
! Producers/Consumers

10 (MB
(M) (Payload Size)
ms
(ms) (Delay)
Data ) bl Ja Jixa
1 (Gbps)

(Rate

2 dlia e Jill s

30 (packets) (Queue Size)

il Gan 8813 s

1000 (entries
( ) (Content Store)

10 s g Interest ) <Ll 2oy
pkt per secon
( ) (Request Frequency
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Link Details x

Bandwidth: 1000 Mbit
Delay: 30ms
Loss: %o
Max Queue size: |50
Jitter:
Speedup: |

oK | Cancel |

Mininet Skaall cpads SlSkaill slac g yaai (V) JSE)

paadll 5l e clUangl 038 ad Jaad e 23 Y NANSIM SWZ o L
((¢) Jsa) Ju s,

109 csma.SetChannelAttribute ("DataRate", DataRateValue (1000000000));
110
111 csma.SetChannelAttribute ("Delay”, TimeValue (MilliSeconds (30)));

155 /] Producer will reply to all requests starting wtth /example/data
156 producerHelper.SetPrefix( \\; e/ 2)s

157 producerHelper.SetAttribute(r , Stringvalue( )); // 16 MB - the unit is: KB
158 producerHelper. Install(producer) 1/ Anstall on the producer node

consumerHelper.SetPrefix("/exanple/dat
iconsumerHelper . SetAttribute("Frequenc StrtngValue( 8")); // Interest frequency within a second
auto apps =consumerHelper. Insta\l(tern\nals Get (1)); // Install on the consumer node

lapps . Stop(Seconds( )); |/ stop the consumer app at 10 seconds mark

Config::SetDefault("ns3::QueueBase: :MaxSize", Stringvalue("5 325
/| Create the nodes required by the topology:

// Install NDN stack
148 ndn: :StackHelper ndnHelper;

149 ndnHelper.SetDefaultRoutes(true);

150 ndnHelper.setCsSize(1000); // Set Content Store Size to 1000 Packets
151 ndnHelper.InstallAll();

NANSIM SWaall Gada BLSadl) slaw g Haak (£) JL&)
AN Laglgrshally alald) Calal o liyg 4l 350l (s Lid

https://github.com/Ali-Mustafa96/Single-SD-NDN.git
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Juyall dllgindll saie s (R1, R2, R3) NDN aie &3y (Controller 1) am
:(Producer 1) cbllall Jiiudl) i) saée 5 (Consumer 1) bkl

Controller 1

Consumer 1

plail) 33 g SD-NDN 4isll (papda 55 ki (0) JSall
Laglsshll Judiy (IP-Based 4iy) Mininet Skl eia 4l sda (Gias
e Uansy (pana ale GEEAI) aaall iy JLEN Y5 JlyY) Saie o Sl asaa Jlls
B NEGA|
Mininet Sl es daalil) oLl samg Laslsoshall J<3 (1) JSally lagl

TEICE

a ]\;‘u

Mininet Sl gada SDN IP-Based 4l (g4das (1) Jil)
sl Juiiy (NDN-Based 2iy) ndnSIM  Sadll cpaca 4l oda (3a8a5 &5 &5
JUEaY s JUoy) Sxie om @bl asad Jlol & Gas binlsashall ledals pacadl
S e Unuy Gana 4le () anall T
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25 | router
29 #node city y x mpi-partition
leaf-1 Na -80 -40 1
31 leaf-2 NA -80 20 2
32 rtr-3 NA -70 -10 0
33 rtr-1 NA -60 -20 1
rtr-2 NA -60 O 2
Contl NA -40 -10 0O

link
# from to capacity metric delay  queue
leaf-1 rtz—1 lGbps 1 30ms 1000
41 leaf-2 rtz—2 lGbps 1 30ms 1000
42 rtr-3 rtz—2 lGbps 1 30ms 1000
2 rtr-3 Contl 1Gbps 1 30ms 1000
rer-1 rtr—2  1Gbps 1 30ms 1000
rer-1 Contl 1Gbps 1 30ms 1000
rer-2 rtr-3  1Gbps 1 30ms 1000
rer-2 rtr—1 1Gbps 1 30ms 1000
rer-2 Contl  1Gbps 1  30ms 1000

NANSIM (St (s L 31 sl 4ol o) cilal A (V) JS2
224 pplisadl 8 sanly Rath 5288 Lpal) oSail i dlia) A4S (A) Al e
(1.8 mudl) (paa daia Gl
jie ¢ly alall) "LearningController' eyl Jsasall (o gyt Glal cua
sail) pe Gayall 138 Lilayys "OPENFIOW" rwlu) Jsisall (o )il (pKaal)
4y5lall Container Jl yaas ae La sl sashall Cale (g Lgie bty Liad ll5 oKaiall 26
RERTR RV | oA (I (Consumer, Producer and NDN nodes) 20030 asall
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f/ Creating nodes from topology text file
annotatedTepologyReader topologyReader( ', 1);
topologyReader . SetFileName( -
topologyReader .Read();

/f Cetting containers for the consumer/producer and controller Conti
PtreMode> consumer = Names::Find<Nodes( f-17):
Ptr<Node> producer = Names::Find<Nadex{ E
Ptr<Node> switchiode = MNames::Find<Node=( )i // The controller node

129 //Ptr<Node> switchNode = SwitchContainer.Get (8);

138 OpenFlowSwitchHelper swtch;

131

132  if (use_drop)

133 {

134 Ptrensi::ofi::DropController=> controller = Createdbject<ns3::ofi::DropController= ();

135 swtch.Install (switchNode, switchDevices, contreller);

136 1

137  else

138

139 Ptr<ns3::ofi::LearningContreller> controller = CreateObject<ns3::ofi::LearningController= ();
148 if (!timeout.IsZero ()) controller-=SetAttribute ( ©x ti , Timevalue (timeout));
141 swtch.Install {switchNode, switchDevices, contreller);

142 }

NANSIM (Sl & 45 a8 il e aSatal) ake Adla) (A) JSil)

NANSIM Sl (e daslll 2Samill 3oy Liaglgsshall JS3 (3) JSAIL alash

Consumer 1 Producer 1

.NdNSIM Saall caa SDN NDN-Based 4l (g:8a5 (4) Jsidl

NDN- 5 IP-Based (il (paa aladall bamg o) ¢laf jlad) .4
aaad) L4 A cliwadl) yaady Based
23 ity Ay LYl Gl Ly oY) Hlad) clas)liendl IS e i
(e s2e BISLaA Al 1S e Ayl il e Ulias) Ldjall (e SDigiadly
:NDN-Based s IP-Based i) (yaca LKaiall s 5 cpitail) el jLis) 1.9
:(Throughput) Laliy) Lal o -
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o) PIA mmas JS dalivdll ilill) 40 e b Throughput 4abisy! &)

RATA
o bl Jes aaa G AN elau (yaua L 231 IP-Based il Gaa
Al YoA Jalas L sl (10,240,000 Bytes) ) +<Yé+ KB (g5lis Y+ MB

0.473 )sia Throughput lual o (AL, culy 10ce s aany ICMP

Mbps
0.8 Zaluy) il sagiiall 25 30 cuw :NDN-Based il jeca laiy
.Mbps

:(Delays) aiil Juay Ao Juaalal) alll 4al e -

Al on (Rl L) 128.773 ms b i oS :IP-Based a4l g
N 99,0VA MS a3l aead bl Ll ol iy ¢ 04V, £AY MS il alacly
NALYOY mS alyg Jils Juadl sl S :NDN-Based i) (e Loy
:(Dropped Packets) aj)ll ¢Jaié Lali ga -

Gl (and Gilgagall 2 lial B2 gsia o)) 14 25a Liii) :|P-Based 4w o
@A) Gl BLaYL 3 Gan gl s Lee Katil) e lajall Jiios (S
Syl i) B NDN cilSad W el a3l cliswadl) 3aad aud (aca ladai

Ooa Apals Gl g 350 Glass gl Laals A :NDN-Based 4y o
dsas o9 Interest bkl 4t e 3 Sy NDN @lSus o il

:(Bandwidth) adiicall dajall e igiu) 4ali g -

:IP-Based 44y (pun

SDN éligius (Sl ccdlagll aa e 1 Gbps (AU dajall (aje paaty Lid
s 305 % (A ana s J1 5) 1% e syl Glasyplid) &
.0.52 Mbps sl dajall (mje laia &y 3, . IS Bandwidth J)
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- 0.8 Mbps L
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Al 2

dalil) g a3 8 bud g Al (e BlSaL)) @il Jan (3) Jg>

. AVG DROP Throughput
IP-Based
| (Single Controller) 199.578 0478
NDN-Based
IP-Based
(Multi-Controller) 330141 |I| 0485
NDN-Based (Multiple 300.421 0.4
Controller)

e sl G e gl o8 (£) Jsaall el 5 LS
NDN-Based 3 IP-Based o) (i dajall (e Dlgiuly @3&\ (4) ds2>

|__Architecture ] Bandwidth(vibps) |

IP- Based Archltectures “

NDN- based
Architectures
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0.5
0.8
0.7
0.6

(7]
Qos
o)

20.4

0.3

<:1P-Based (Single Controller)

' NDN-Based (Single Controller)

0.2

01

0

Throughput(Mbps)

IP- (o) (ol Al (3,4 guida gy Jakada (1 +) JSl)
Based Single Controller

SD-NDN 4yl (peua NDN S Lgilal 3 colipuntl) o Ly e (iayas
(V) JSal b LS Jualad) sl ey Lo
:(Adaptive Forwarding) aSidl) 4 gill —)

A8 aeh bl alasyl s Ay chlusal) aaxie 4ga il sale) NDN A0 ac s
Clpalil) e NDN dSed JIE (b iblia e GE ) yall 4 4 5NDN
(SDN) &3 52y caliaas Uil 050 Ul lue Juzadl i) PIA
bty (B 33aak Ghlae e Sale [P e 4@l SDN 40 adia’ Lty
Juai dala ¥ 41 LS L chall s Les (oSl 3aay JAN 4nill 0le)
NDN cil€us 258 Eua ((End-to—-End Connectivity) dilgs ) dilgd
SV Aalal Al Les P gyslie e Yoy sginall sland e 3l cilild) asa sty
Q35 saie (gl (e bl g lagind dpalall 028 g .End-to-End <Vl

[14] . Jlay) cilalac by ddagipad) il pdlill (po JI8) Laa Bdga (g 5inal)
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:TCP/IP sc 2ag ¥ —Y
dalled) il Qs Y NDN 4y cen TCP/IP 485 (e (aliill (g2
JsSsisp axaid P e Lalill SDN 4Sus JIy ¥ 483l slaf iy
2 Lee colhd¥) dallaky JLoy) salels ACK st iy Lee (TCP/IP

[15] . sl oy

# 1P-Based (Single Controller)

= NDN-Based (Single Controller)

175

Millisecond

170 =
Delay(ms)

Single Controller o) cada palilly (§,Al) g g Jakada (11) Jsi

o5 3 sAlly (VY) JSA 3 LS o530 oo als e Bagalal) el (555 LS
(In— A<il) Jals cdgall Sl oals U Glld gy Aaluy) b cledll )
dagmdly NDN cilus Jaly cisdl sl mi Eua (Network Caching)
(Aagussl) dial (ge il & s jin) (CCN) Content-Centric Network awl; Lay
La w30 ol Julis iy o e jaadd) e Jly¥ sale) ) dalall JI Les
sale) ) ((IP) cupyl JSsisn Jlo Al SDN cilud b o)) olais a5
Laas bl s G WS L palilly alaai¥) e i bee o Ll ol e Jlsyy!
aliball Jas Jlasg alaa¥) 8 oSail) 8 ae by Las cInterest J) o)) e Gllall xie

[15] o330 oo Q65 Y (g3 Lan (gygpmall
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0.3
0.2
01
Bandwidth{Mbps)
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CCN Content-Centric Network
CS Content Store

ICCP | Improved Cache replacement policy based-on Content Popularity

ICN Information-Centric Network
NDN Named Data Network
SDN Software-Defined Network

SD-NDN Software-Defined Named Data Network
iaball )

[\]'A SURVEY ON NAMED DATA {Dr.K .. 4 S. S. M.Micheal
IEEE SPONSORED 2ND INTERNATIONAL "<. NETWORKING
CONFERENCE ON ELETRONICS AND COMMUNICATION

.Y Vo (SYSTEM (ICECS)

[Y]'Understanding Name-based others.& s A. Marica

Forwarding Rules in Software-Defined Named Data
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