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Abstract

Over the last decade, wireless devices have developed rapidly until predictions will develop with high complexity
and dynamic. So that new capabilities are needed for wireless problems in this problem. Software Defined
Network (SDN) is generally a wire-based network, but to meet the needs of users in terms of its implementation,
it has begun to introduce a Wireless-based SDN called Software Defined Wireless Network (SDWN) which
provides good service quality and reach and higher tools, so as to be able to provide new capabilities to wireless
in a high complexity and very dynamic. When SDN is implemented in a wireless network it will require a routing
solution that chooses paths due to network complexity. In this paper, SDWN is tested by being applied to mesh
topologies of 4,6 and 8 access points (AP) because this topology is very often used in wireless-based networks.
To improve network performance, Dijkstra's algorithm is added with the user mobility scheme used is
RandomDirection. The Dijkstra algorithm was chosen because it is very effective compared to other algorithms.
The performance measured in this study is Quality of Service (QoS), which is a parameter that indicates the
quality of data packets in a network. The measurement results obtained show that the QoS value in this study
meets the parameters considered by the ITU-T G1010 with a delay value of 1.3 ms for data services and packet
loss below 0.1%. When compared with the ITU-T standard, the delay and packet loss fall into the very good
category.
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ANALISIS PERFORMANSI MOBILITAS USER PADA SOFTWARE DEFINED
WIRELESS NETWORK MENGGUNAKAN ALGORITMA DIJKSTRA

Abstrak

Selama dekade terakhir, perangkat wireless berkembang sangat pesat hingga di prediksi akan berkembang
dengan kompleksitas yang tinggi dan sangat dinamis. Sehingga dibutuhkan kemampuan baru untuk wireless
dalam menangani masalah tersebut. Software Defined Network (SDN) umumnya diterapkan dalam jaringan
berbasis wire, namun untuk memenuhi kebutuhan user dalam segi fleksibilitas, sehingga mulai memperkenalkan
SDN berbasis Wireless yang dinamakan Software Defined Wireless Network (SDWN) yang memberikan Quality
of Service yang baik dan mencapai efisiensi dan fleksibilitas yang lebih tinggi, Sehingga mampu memberikan
kemampuan baru pada wireless dalam menangani kompleksitas yang tinggi dan sangat dinamis. Saat SDN di
terapkan dalam jaringan wireless maka akan dibutuhkan solusi perutean yang dalam memilih jalur diakibatkan
kompleksitas jaringan. Pada paper ini, SDWN diuji dengan diterapkan pada pada topologi mesh 4,6 dan 8 access
point (AP) karena topologi ini sangat sering dipakai pada jaringan berbasis wireless. Untuk meningkatkan
performansi jaringan, ditambahkan algoritma Dijkstra dengan skema mobilitas pengguna yang digunakan adalah
RandomDirection. Algoritma dijkstra dipilih dikarenakan sangat efektif dibandingkan algoritma lain.
Performansi yang diukur dalam penelitian ini adalah Quality of Service (QoS) yaitu suatu parameter yang
menunjukkan kualitas paket data dalam sebuah jaringan. Hasil pengukuran yang didapat menunjukan nilai QoS
pada penelitian ini memenuhi parameter yang direkomendasikan oleh ITU-T G1010 dengan nilai delay terkecil
adalah 1.3 ms untuk layanan data dan packet loss dibawah 0.1%. Jika dibandingkan dengan standar ITU-T, maka
delay dan packet loss termasuk ke dalam kategori sangat baik.

Kata kunci: dijkstra, mobilitas user, quality of service, Software-Defined Wireless Network, random Direction.
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1. INTRODUCTION

Over the last decade, wireless applications and
mobile devices have developed rapidly to provide
network connectivity to users without being
connected to a wired network (Crow and
Corporation 1997). The most popular is the Wireless
Local Area Network (WLAN), that is standardized
by IEEE 802.11 which has the advantages of
interoperability, mobility, and flexibility [1][2] In
the new standard, IEEE 802.11n is capable of
produce maximum throughput [3] The next-
generation WLAN will work in a dense and very
dynamic network. Flexible network architectures
and programmability such as the paradigm Software
Defined Network (SDN)will give WLANS new
capabilities to handle user requests while increasing
the level efficiency and flexibility in such dense,
dynamic and complex networks. [4]

To support networks in the future, wireless
applications will develop increasingly complex and
it is predicted that there will be a high migration
from wire-based networks to wireless-based
networks. so that wireless networks will experience
high complexity in the future. so that new
capabilities are needed to handle this complexity.
One of the technologies that can handle network
complexity is SDN. SDN is able to provide
centralized programming so that it can handle
network complexity in wireless, so implementing
SDWN will be a solution to the challenges of
wireless in the future.

The SDN concept began to be applied to
wireless network technology, namely Software
Defined Wireless Network (SDWN). [5] SDWN is
a new paradigm in networking, where SDWN has a
concept to separate a control plane and data plane.
Where in a traditional network the control and
forwarding functions are in the same device. This
separation provides advantages such as more
centralized network control and provides flexibility
in a network.

At SDWN during the delivery process, a
package must choose the path to be passed. The
complexity of the communication path includes
bandwidth  requirements,  network  physical
configuration, processing time, packets from each
device, packet delivery routing, and so on. Network
flow optimization is one of the main problems
related to selecting the shortest route, so a routing
algorithm that can find the shortest route from a
network is needed. One of the routing algorithms
that works based on the selection of the shortest
route is the Dijkstra algorithm [6] The Dijkstra
algorithm has the advantage of being able to
minimize delay and increase throughput and is easy
to modify so that it can choose a path from one node
to another with the shortest distance. This is very
important if the graph represent large network where

the speed of data transfers between devices is an
important value to pay attention to.

In previous research [7], it has proven that the
Dijkstra algorithm can be applied to Local Access
Network (LAN ) and can minimize delay up to 5.17
ms and increase minimize packet loss up to 24.81%,
but this research has shortcomings that have not
been applied to wireless transmission media.
Meanwhile, in previous SDWN research [8],
research has been carried out on its effect on Quality
of Service (QoS) based on the perspective of the
user mobility model. Mininet-Wifi. However, this
study has not discussed the network that uses the
routing algorithm and the packet loss obtained is not
optimal where the delay value obtained is 3.047 ms
and the packet loss is 0.08%. However, there is no
research that discusses wireless networks that use
the dijkstra routing algorithm and are implemented
in SDN networks. How is the network performance
if Dijkstra's algorithm is applied to SDWN? How to
compare the effect of user mobility on services in
the form of data in SDWN if the yahoo jkstra is
applied?

Therefore, it is necessary to do research using
the Dijkstra algorithm to improve performance,
where the author proposes to conduct research on
the performance analysis of SDWN using the
Dijkstra algorithm with ONOS as the controller in
order to be able to improve performance when SDN
is applied to wireless wireless based networks.

2. METHOD

The system design will be carried out by
simulating a network emulator called mininet-wifi,
which contains a Linux-based operating system and
uses ONOS as the controller. Then it is necessary to
design a topology which will be carried out several
tests and compared to see the ability of the network
to handle the movement of hosts (station) that move
from one point to another in access point (AP)
coverage. QoS is evaluated by adding various
services such as data to see SDWN performance to
ensure service availability. In this test, the 2.4 GHz
frequency was selected based on the IEEE 802.11n
standard which provides speeds of up to 100 Mbps.
so that the access point and station parameters are
based on the IEEE 802.11n standard. at this
frequency the range of the access point is 70 km. [9]

Dijkstra algorithm is added because the dijkstra
algorithm has the advantage of being able to
minimize packet loss and increase throughput. In
addition, the Dijkstra algorithm is more effective
than other routing algorithms based on
research[10][11].

The flowchart of the system design can be seen
based on the flowchart in Figure 1.
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The Flowchart of the Dijkstra Algorithm work
be seen based on the flowchart in Figure 2 “
~ This system simulates an SDN-based network Figure 2. Flowchart of Dijkstra Algorithm
using ONOS as the controller and Mininet-Wifi
emulator as the data plane. Three topologies are
tested to access the network's ability to handle - N
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Table 1. Station TP1 Parameters

Station Station 1 Station 3
Parameters
Frequency 2412 Hz 2412 Hz
Signal -36 dBm -36 dBm
TX bitrate 6,5 Mbit/s 6,5 Mbit/s
BSS flags Short-slot-time Short-slot-time

Figure 4. TP2

Meanwhile, the testing scenario for TP2 is
done by sending traffic in the form of data services
from the host (station 6) which acts as a client to
station2 that is in charge of the server. For the radio
link parameters of the end-device on this SDWN in
Table 2.

Table 2. Station TP2 Parameters

Station . .
Parameters Station 6 Station 2
Frequency 2412 Hz 2412 Hz
Signal -36 dBm -36 dBm
TX bitrate 6,5 Mbit/s 6,5 Mbit/s
BSS flags Short-slot-time Short-slot-time
) v B
A
Ny .
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Figure 5. TP3

The test scenario is carried out by sending The
test scenario is carried out by sending traffic in the
form of data services from the host (station 3) which
acts as a client to station1 who serves as a server on
TP1 . For the radio link parameters of the end-device
on this SDWN in Table 3.

Table 3. Station TP3 Parameters

Station Station 3 Station 1
Parameters
Frequency 2412 Hz 2412 Hz
Signal -36 dBm -36 dBm
TX bitrate 6,5 Mbit/s 6,5 Mbit/s
BSS flags Short-slot-time Short-slot-time

In research measurement, This generated UDP
traffic types, namely data traffic with an inter-
departure time (IDT) of 100 pps and a packet size of
48 bytes using a Poisson distribution, so that the
required bandwidth is 38.4 Kbps [12] The
movement of nodes refers to the model provided by
Mininet-Wifi. The movement model at nodes are
based on the Random Direction model, this model is
created to overcome the average density wave
generated by the Random Way Point model. Density
wave is a grouping of nodes in one part of the
simulation area. This model uses a series of
probabilities to determine the next position of the
moving node. This model uses a probability matrix
which defines the probability of a node moving
forward, backward, or remaining stationary in the x
and y-axis directions. After the direction of travel
has been determined, the node will move at a
constant speed for the specified time. [13]

In this study, the evaluation is based on Quality
of Service (Qo0S). QoS is a parameter that
determines the quality of data packets from a
network. QoS is provided to ensure a user gets
reliable performance. The parameters of QoS such
as delay, jitter, packet loss and throughput [14]. In
this study, QoS refers to the ITU-T G1010 standard.

Table 4. QoS ITU-T G.1010 Parameters [15]
Parameters Data
One Way Delay Preferred < 15 s,
Acceptable <60 s

Jitter N.A.
Throughput N.A
Packet Loss 0%

Packet Loss is defined as a failure to transmit
data packets to their destination. Here is equation 1
to calculate packet loss

(Packet sent—Packet Received

Packet Loss= x100% (1)

Packets sent
Delay is the time it takes for a packet to
process data transmission from sender to receiver.
Throughput is the actual ability of a network to
transmit data, it can be called bandwidth in actual
conditions. Here is equation 2 for calculating
throughput.

Throughput=2mount of data sent @

Data Delivery Time

Jitter is the variation in delay from a packet to
the receiver with the expected time. Here is equation
3 to calculate jitter.
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3. RESULT AND DISCUSSION

In the SDWN performance scenario, it
evaluated with the mobility scenario in the user
movement model based on Random Direction by
generating traffic in the form of data on each test to
see the relationship with the services generated. The
results of the scenario testing are as follow.
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Figure 6. Delay using Dijkstra Algorithm
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Figure 7. Delay does not use an Dijkstra Algorithm

In Figure 6. Parameter for the delay in data
services, the smallest values is 1.36 ms on the mesh
4 access point topology with a speed of 3 m/s, the
smallest values, while the highest values is 4.9 ms in
8 mesh topology with a speed of 3 m/s. This happens
because when determining the data flow, mesh 8 has
more access points (AP) compared to other
topologies. So that the longer the process and time
for sending packages from client to server.

The value of delay without the Dijkstra
algorithm shows a greater value than using the
Dijkstra algorithm. This can be seen in Figure 6 and
Figure 7. In the mesh topology 4 AP, the delay value
when using the smallest dijkstra algorithm is 1.36
ms at a speed of 3 m/s while when without using the
dijkstra algorithm the smallest delay value is 3.60
ms at a speed of 1 m/s. In 6 AP mesh topology using
the Dijkstra algorithm the smallest value is 2.63 ms
at a speed of 3 m/s while at the time without using
the dijkstra the smallest value is 4.71 ms at a speed
of 1 m/s. In 8 AP mesh topology, the value of delay
when using the dijkstra algorithm has the smallest
value of 4.51 ms at a speed of 2 m/s, while when
without using the dijkstra algorithm the smallest
value is 4.16 ms at a speed of 1 m/s. So that when
added the dijkstra algorithm is able to reduce the

delay on SDWN. Also, the delay values in all
topologies still meet the categories recommended by
the ITU-T G1010.

Peningkatan Kecepatan User vs Throughput

37.90 &- e — —

2
-8- 37.40
L
S 36.90
§ 3640
S 3590
= %50 1m/s 2mis 3mis 4m/s
—e—4 mesh 37.822223 37.764160 37.763510 37.759162
—e—6 mesh 37.817522 37.783465 37.818971 37.796758
8 mesh 37.839986 37.738664 37.821134 37.726699
Peningkatan Kecepatan (m/s)
—e—4 mesh —e—6 mesh 8 mesh
Figure 8. Throughput using Dijkstra Algorithm
Peningkatan Kecepatan User vs Throughput
% 37.90
iy
g 3740
5 36.90 :><:'
g5 —_——
S 36.40
3
9 3590
<
~
35.40 1m/s 2mis 3mis 4 mis
—e—4mesh  37.144721 36.948911 37.039092 37.130227
—o—06 mesh 37.180661 37.245085 36.720830 36.497476
8mesh  36.673574 36.867980 36.675566 36.913198

Peningkatan Kecepatan (m/s)

—e—4 mesh —e—6 mesh 8 mesh

Figure 9. Throughput does not use an Dijkstra Algorithm

In Figure 8. Throughput for services in form of
data traffic has the lowest values of 37.726 Kbps,
namely the 8 AP mesh topology at a user speed of 4
m/s. The highest throughput value is the 8 AP mesh
topology with 37.839 Kbps. Overall, the highest
average values according to the movement model is
mesh 4 AP at 37.777 Kbps, mesh 6 AP at 37.804
Kbps and mesh 8 AP at 37.781 Kbps. The
throughput values for data services is relatively
stable at 37 Kbps due to the influence of movement
from 1 m/s, 2 m/s, 3 m/s and 4 m/s so that it still
guarantees the feasibility of QoS in the service
generated.

The throughput value without the Dijkstra
algorithm shows a smaller value than using the
Dijkstra algorithm. This can be seen in Figure 8 and
Figure 9. In the mesh topology 4 AP, the highest
throughput value when using the Dijkstra algorithm
is 37.82 Kbps at a speed of 1 m/s, whereas when
without using the dijkstra algorithm, the largest
throughput value is 37.14 Kbps at a speed of 1 m/s.
In the 6 AP mesh topology using the Dijkstra
algorithm the largest value is 37.818 Kbps at a speed
of 3 m/s, while at the time without using dijkstra the
largest value is 37.24 Kbps at a speed of 2 m/s. In
the 8 AP mesh topology, the throughput value when
using the dijkstra algorithm has the largest value of
37.83 Kbps at 1 m/s speed, while when without
using the dijkstra algorithm the largest value is 36.91
Kbps at 4 m/s. so that when added the Dijkstra
algorithm is able to increase the throughput on
SDWN
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Figure 10. Jitter using Dijkstra Algorithm
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Figure 11. Jitter does not use an Dijkstra Algorithm

In Figure 10. Jitter or delay variation in data
services obtained the highest values with a value of
3.016 ms at a speed of 4 m/s in 8 AP mesh topology.
Whereas, the lowest value occurs in the 4 Access
Point AP mesh topology with a value of 0.85 ms at a
speed of 3 m/s at. Of the three topologies, the
Random Direction movement model shows a stable
value. So that it still guarantees the feasibility of
QoS in services that are generated.

The value of jitter without the Dijkstra
algorithm shows a smaller value than using the
Dijkstra algorithm. This can be seen in Figure 10
and Figure 11. In the mesh topology 4 AP the jitter
value when using the smallest dijkstra algorithm is
0.85 ms at a speed of 3 m / s while when without
using the dijkstra algorithm the smallest jitter value
is 1.50 ms at a speed of 4 m / s. In the 6 AP mesh
topology using the Dijkstra algorithm the smallest
value is 1.80 ms at a speed of 3 m / s while at the
time without using the dijkstra the smallest value is
2.37 ms at a speed of 1 m / s. In the 8 AP mesh
topology, the jitter value when using the dijkstra
algorithm has the smallest value of 2.855 ms at a
speed of 1 m / s while when without using the
JKSTRA algorithm the smallest value is 3.14 ms at a
speed of 4 m / s. So that when added the dijkstra
algorithm is able to reduce jitter in SDWN.

In Figure 12. The packet loss on the service is
in the form of data with a loss value of 0% in all
topological models with a speed of 1 m /s to 4 m/s.
Means that during data transmission no packet is
lost. So that the value of losses that occur at each
traffic speed shows a small value below 0.1%. So,
it's in great shape based on the ITU-T G1010
standard.
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Figure 12. Packet Loss using Dijkstra Algorithm
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The value of packet loss without the Dijkstra
algorithm shows a smaller value than using the
Dijkstra algorithm. This can be seen in Figure 12
and Figure 13. In the mesh topology 4 AP the value
of packet loss when using the smallest Dijkstra
algorithm is 0% at all speeds, while without using
the Dijkstra algorithm the smallest packet loss value
is 0.008% at a speed of 4 m / s. on 6 AP mesh
topology using the Dijkstra algorithm the smallest
value is 0% at all speeds. while at the time without
using the Jkstra the smallest value is 0% at a speed
of 1m/sand 2 m/s. Inthe 8 AP mesh topology the
packet loss value when using the dijkstra algorithm
has the smallest value of 0% at all speeds. whereas
when without using the Dijkstra algorithm the
smallest value is 0.04% at a speed of 4 m/ s. So that
when added the dijkstra algorithm is able to reduce
packet loss in SDWN.

From the results of the research conducted, the
dijkstra Algorithm on SDWN is able to improve
performance by reducing delay, increasing
throughput, decreasing jitter and packet loss. So that
the addition of the Dijkstra algorithm as a way to
solve the problem of selecting the path when
sending packets in the form of data can be a
solution. In addition, the addition of the Dijkstra
algorithm and the application of SDN to wireless
can increase wireless capabilities when the
complexity of the wireless network increases.

4. CONCLUSION

SDWN virtual network performance using the
Dijkstra algorithm can improve performance by
having stable Delay and Jitter values. The delay
obtained in this study can be minimized to 1.3 ms
and meets ITU-T recommendation standards, as well
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as for relatively stable throughput values at 37 Kbps
with the influence of movement from 1 m/s, 2 m/s, 3
m/s, and 4 m/s, so that it still guarantees the
feasibility of QoS in the service raised and packet
loss has a value below 0.1% which meets the ITU-T
standard parameters and is in a good category. The
IEEE 802.11n standard is capable of being applied
to SDN-based wireless networks. Therefore, the
mobility of users moving within the range of
SDWN-based access points using the Dijkstra
algorithm can guarantee the availability of types of
services such as data from speeds of 1 m/s to 4 m/s.
Future research is expected to be able to apply load
balancing to SDWN using the round robin
algorithm, and others.
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