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Integrating and Improving Distributed Software—Defined

Networks Using Named Data Networks Architecture

Dr. Eng. Yaman Ghazi! Eng. Ali Mustafa?
ABSTRACT

In this research, we have addressed the integration of SDN and
NDN networks to obtain the new SD-NDN architecture in the
ndnSIM simulator. Here, we have customized and adopted the
distributed architecture by writing the source code that simulates
its operation and including it in the simulator. We have also
implemented the similar IP-Based architecture in the Mininet
simulator to compare the two architectures in the NDN-Based
environment and the IP-Based environment. This will be projected
by creating a unified topology and determining appropriate
experiment brokers. Then, we started the investigation by
implementing a practical scenario on both simulators. In the final
part of this research, we evaluated the performance of the
implemented architectures and compared the IP-Based network
with its counterpart in the NDN-Based environment. We
demonstrated that the NDN architecture outperforms the
traditional IP-based architecture in terms of throughput, packet
loss reduction, and latency, while bandwidth utilization was higher
in the NDN-based architecture.

! Assistant Professor, Department of Network Engineering and Computer Systems,
Informatics Engineering Faculty, Homs University.

2 postgraduate Student (M.A), Department of Network Engineering and Computer
Systems, Informatics Engineering Faculty, Homs University.
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Metric Description Typical Value |
Simulation Time The total duration of the simulation. 100s - 1000s (depends on the network

size and objectives)

Average Latency The round-trip time (RTT) for packets to travel 30ms - 180ms (depends on network

(Delay) from consumer to producer and back. scale and path length)

Queue Size The maximum number of packets that can be 50 - 200 packets (varies with network
stored in a router's queue before dropping. load and traffic)

Data Rate The rate at which data is transmitted over the 100 Gbps - 10 Gbps (depending on link
network. speed and capacity)

Content Store The maximum number of entries (packets/data 1000 - 5000 entries (based on network

Size chunks) that can be stored in the Content Store  caching strategy)
(CS).

Interest Requests ~ The frequency of Interest packets sent by 1 per second to 10 per second (depends

Frequency consumers to request data. on consumer behavior and simulation

setup)

SD-NDN 4l syl (e 3kl dalall slhavsl) (Y) Jpall mlns
:(Distributed Controllers) 4cyall

4o 554l SD-NDN 43l 3lslas slam g (2)d 52

dagdl) o gl)
Y ngaﬁ\ dac
. J G\Jj ARTS
Producers/Consumers

cSagl Je pabi

30 (ms) (Delay)

) dlie e gl ana
(Queue Size)

50 (packets)
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Link Details x

Bandwidth: 1000 Mbit
Delay: 30ms
Loss: %
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Jitter:
Speedup: |
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109 csma.SetChannelAttribute ("DataRate”, DataRateValue (100¢ 00));
110
111 csma.SetChannelAttribute ("Delay’, Timevalue (MilliSeconds (30)));

155 /] Producer will reply to all requests starting with /example/data
156 producerHelper.SetPrefix("/exanple/data’);

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

iconsumerHelper.SetPrefix( e/data
consumerHelper . SetAttribute(“Frequency”, Stringvalue("16")); // Interest frequency within a second
auto apps =consumerHelper.Install(terminals.Get (1)); // Install on the consumer node

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

Config::SetDefault("ns3::QueueBase: :MaxSize", Stringvalue("'50p"));
/] Create the nodes required by the topology:

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

149 ndnHelper.SetDefaultRoutes(true);

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

NDN SIM (Skail) cpaca BlSkaill slac g a3 (£) JSE)

Ll Glo cpali Bl Laglp ol paldll Cildlly £yaadll sl G e

solia

https://github.com/Ali-Mustafa96/Distributed SD-NDN.git

dsjgall SD-NDN L5 gadady sli ¥,%
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# topo-tree-Distribute.txt

* This scenario simulates a tree topology (using topology reader module)

router
fnode city y x mpi-partiticn
leaf-1 HA ~-50 -40 1
leaf-2 KA -50 100 2
rtr-5 WA -85 30 0
rtr-3  NA -70 -10 1
rtr-4 HA <70 20 3
rtr=6 HA <70 40 2
4
1
3
2
4
o
1
2

wom o m

rtr=8 HA =70 70
rtr=1 HA -60 =20
retr-2 HA -60 O

rtr-7 WA -60 60

O R

w

rtr-% WA -60 80

20 Contl HA -45 20
21 Cont0 HA -40 -10
22 Cont2 HA =40 70
24 link
26 # from to capacity metric delay gueues
27 leaf-1 rtx-1 1Gbpa 1 Ilma 1000
28 rtr-3 rtr-2 1Gbpa 1 30ma 1000
25 rtr=3 Cont0 1Gbps 1 30ms 1000
30 rtr=1 rtr=2 1Gbps 1 30ms 1000
31 rtr-1 Cont0 1Gbps 1 30ms 1000
3z rer-2 Cont0 1Gbpa 1 30ma 1000
33 Centl rex-7 1Gbps 1 Ilma 1000
34 rtr-2 Contl 1Gbpa 1 Ilma 1000
as rtr-2 rtx-7 1Gbpa 1 30ma 1000
1 rtr=2 rtr=4 1Gbpsa 1 30ms 1000
37 Contl rtr=4 1Gbps 1 30ms 1000
38 Contl rtr=5 1Gbps 1 30ms 1000
35 Contl rtr-6 1Gbps 1 30ms 1000
4 Contl rex-7 1Gbps 1 30ma 1000
rtr—4 rex—6€ 1Gkpa 1 30ma 1000
Etr-5 stx—-€  1Gbpa 1 30ma 1000
rtr-4 rtr-6 1Gbpa 1 30ms 1000
Cont2 rtr=7 1Gbps 1 30ms 1000
Cont2 rtr-8 1Gbps 1 30ms 1000
Cont2 rtr-9 1Gbps 1 30ms 1000
rer=7 rer-9 1Gbpa 1 30ma 1000
48 rtr-8 rex-9 1Gkpa 1 30ma 1000
49 Etr-9 leaf-2 1Gbpa 1 Ilma 1000

NANSIM (Staal) G 4 5 5all L o g2 shally Galdd) (paail) Cilal) 4 (1) Jeil

et blal Cum L (cilelats EDE W) a8 Ales) TS (V) JSall e
el addiuy (s zigad sag) "LearningController' e dll Jgasall (e oalel
ge oabeY) sda Layyis "OpenFlow’ ;uludl Jsmsal (e 2ysial) (lelandl)
Sle Zygiad) Container J) apsi ae Laglsishall Cale (o Lol L ) sl

.(Consumer, Producer and NDN nodes) w'ﬁy\ iz l)
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135  Ptr<Node> switchNodel = Names::Flnd<Node>{ Conti"); // The controller Contd node
136 Ptr<Node> switchNode2= Name Und<Node=( Yi // The controller Contl node
137 Ptr<Node> swltchNodel= Names::Flnd<Modex{ Cocnt2”); // The controller {ont2 node

139/} Create the switch netdevice, which will do the packet switching (Install OpenFlow )

141 OpenFlowSwitchHelper swtchi;
142 OpenFlowSwitchHelper swtch2;
OpenFlowSwitchHelper swtch3;

158 Ptrens3:iofi::LearningControllers> controllerl = Createobject-enﬁ rofi::LearningControllers ();
159 if (ltimeout.IsZero ()} controllerl->SetAttribute (C tme”, Timevalue {tilmeout));

160 swtehl. Install (switchNodel, switchDevices, cantrul\eri)

161

162 Ptrens3::ofi::LearningController> controller? = Createobjecuns.\ rofL::LearningControllers ();
163 if (ltimeout.IsZero ()} controller2->SetAttribute ( CxpirationTime”, TimeValue {timeout));

164 swtch2.Install (switchNode2, switchDevices, controller2);

165

166 Ptrens3::ofi::LearningController> controllerd = createohje:tms.\ :ofi::LearningController> ();
167 Af (!timeout.IsZero ()) controller3->SetAttribute ("fxpirationline”, TimeValue (timeout));
168 swtch2.Install [switchiode3, switchDevices, controllerd);

169

L J

NANSIM (Saill 8 45 jnaal) 3 jiudl) e lafatialf e 48U (V) Jsal

203 NANSIM - Sadl e A5l defall Laglpghll JSE (A) JSAL aingd
Mg Lalall L paaall 5,5l Qs

python

Zava '

Consumer 1 Producer 1

NANSIM Sladl) e de 5 gall SDN NDN-Based 4l (gidas (A) Jsil)

NDN-Based jIP-Based yiiull cpaa ds)gall 48 glai Lad) —v
Sagand) A} 3 NDN el Aty aa Jalsil) (gt any cilisal) aans
e Blgials a3 oy aalbilly Laliy) ulee Gy V) LG A
(Al il Jgumndl 2y e ae 5SIaLl Llee )<y Liad) A03all
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