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(1�,1((5,1�

�HVLJ��RI�D�PLFUR�VFDOH�ZL�G�WXUEL�H�ZLWK�KRUL�R�WDO�D�LV�XVL�J�DLUIRLO�1��������

6�GDU�D���1�U�6�EHNL��D�G��GKD��.KDULV�D�5�GL��NK�DGL� ������

�KH�XWLOL�DWLR��RI�FDWDO�WLF�FR�YHUWHU�L��UHGXFL�J�PRWRUL�HG�YHKLFOHV�HPLVVLR�V�ZLWK�FRSSHU��

D�G�EUDVV�ZLUH�FRPEL�HG�FDWDO�VW�L��WKH�VSLGHUZHEV�VKDSH

��L�0RNKWDU����GL��VD�5DK�D�GKLND��6�ZLJ��R��D�G��UHG���LMD�D�WR� ������

Guava�leaves�extract�as�the�corrosion�inhibitor�and�its�e�ect�to�the�mechanical�properties��

RI�ORZ�FDUER��VWHHO

0RK����IUL��0��,UNKD��0D���JNDV��5H�N����ID��5HGKD����L�6DLI���DK��D�G�6�GDU�D�� ������

Analysis�of�the�e�ect�of�cooling�media�variations�on�tensile�strength�of�electrical�welding�results��

RI�6����VWHHO

�H�L��H�GDU�DWL���FK�DG��D��D���HU��6RHJLKDUWR��5LR��ZL�9LUGLD�WR��D�G���L�6DLI���DK� ������

��DO�VLV�RI�GLVDELOLW��OLIWHU�GHVLJ��XWLOL�L�J�K�GUDXOLF�OLIWHU

�DU�R�R��6�ZDUVR�R��D�G��HEULD�V�DK�1�VD�WDUD� ������

�RUURVLR��UDWH�D�DO�VLV�R��WKH�SDL�W�FRDWHG�����VWHHO�L��VDOW�D�G�DFLG�VROXWLR�V

�L�L�.�U�LDZDWL��0�UMLWR��D�G��KL�DV�5L�N��1�UDGLW�D� ������

�HVLJ��D�G�FR�VWUXFWLR��RI�DFTXLVLWLR��V�VWHP�IRU�DOXPL�XP�VKDIW�VWUHVV�VWUDL��PHDVXUHPH�W

��GLR�R��7ULKR�R�6HZR�R��D�G�0�KD��DG��DFKUL����GDUD���L�� ������

Characterization�of�slug��ow�pattern�formation�in�16�mm�diameter�horizontal�pipe

��GL��VD�5DK�D�GKLND����L�0RNKWDU���HUU��6�SULD�WR��0���R�R��D�G��DULV�5L�D����GDUGL� ������

E�ect�of�transient��ame�static�tensioning�method�on�distortion�and�mechanical�properties��

RI�DOXPL�XP�������ZLWK�0,��ZHOGL�J

1�U�6�EHNL���FK�DG��D��D���HU��6RHJLKDUWR��D�G�0RK��,��DW�.D�D���ETDU�� ������

�HVLJ��RI�PHWKD�H�FDWFKHU�L��FRZ�GX�J�ZLWK�GLJHVWHU�FDSDFLW��RI������OLWHUV

�HUU��6�SULD�WR��0�UMLWR��D�G��DK��GL��1RU� ������

E�ect�of�alkali�treatment�on�mechanical�properties�of�pineapple�leaf��ber/polyester�composites��

E��YDFXXP�L�IXVLR��PHWKRG

0RKD�DG�,UNKD��0D���JNDV��,LV�6LWL��LV�DK��1�U��DVD�DK��1�U�6�EHNL��0RKD��DG���IUL���

�H�L��H�GDU�DWL��D�G���L�6DLI���DK� ������

The�e�ect�of�layer�height�and�deposit�orientation�to�surface�quality�on�3D�printed�polylactic��

DFLG��3���

0�UMLWR��0RKD�DG�,UNKD��0D���JNDV��D�G�5HG�DUVD��KDU�D��L�WDUD� ������



The�e�ect�of�distance�variation�on�electroplating�process�of�decorative�nickel-chrome��

on�the�microstructure,�thickness�and�weight�of�plating�on�A36�steel

,LV�6LWL��LV�DK��5L�N��5DFK�DG�6�VL�R��D�G�0�UMLWR� ������

Application�of�molecular�dynamic�energy�of�kaolin�clay�as�photocatalysts

Yepy�Komaril�So�’i,�Sudarman,�and�Herry�Suprianto� 020014

Analysis�of�e�ect�of�welding�repair�on�superheated�tube�boiler�SA�335

Ilham�Ari�n�Pahlawan,�Alviani�Hesthi�Permata�Ningtyas,�and�Muhammad�Syahrul�Iqbal�Wa�y� 020015

�HUWLFDO�IRUFH�RFFXUUH�FH�GXH�WR�SDUDPHWHU�YDULDWLR�V�L��IULFWLR��VWLU�ODSV�ZHOGL�J��

R��������������VKHHWV

6�ZDUVR�R����GLR�R��5L�N��,UVD�GL�6�DKS�WUD����L�0RNKWDU���U���ZL��VW�WL��.K�V�����DGL���

D�G�.KR�LG�,�D��6D�WRVR� ������

�HVLJ��RI�PDUL�H�ZDYH�SRZHU�JH�HUDWRU�SH�GXOXP�V�VWHP�ZLWK�����ZDWW�SRZHU

0���R�R��6�GDU�D���D�G��DG����K�DG�6�DNLUL�� ������

The�e�ect�of�cooling�media�on�mechanical�properties�of�welded�ST37�steel

Nur�Hasanah,�Roro�Reni�Hendaryatu,�Budiono,�and�Bagas�Sukma�Ardi�Pradana� 020018

���SORWWHU�PDFKL�H�GHVLJ��ZLWK�VSHFLDO�OL�HDU�D�G�WLOW�PRWLR��XWLOL�L�J��UGXL�R�8�R

Trihono�Sewoyo,�Sudarman,�and�Moh.�Irfan�Rosyadi�Al�n�Karomi� 020019

The�role�of�the�fuel-�ame�separator�in�stabilizing�the��ame�of�liquid�fuel�in�a�meso-scale��

FRPEXVWRU

�FK�DG��D��D���HU��6RHJLKDUWR��0���R�R��0�KD��DG�5DV�LG�5LGKR���L�LV����LDWL���

D�G���GKDL���EG���0��LU� ������

Numerical�investigation�on�the�e�ect�of�direct�welding�heat�for�on-stream�repair�of�stainless-steel��

SLSL�J

Fudhail�Abdul�Munir,�Eddy�Azrai�Ari�n,�Achmad�Fauzan�Hery�Soegiharto,�Mohd�Kamil�Sued,��

D�G�0RKG��KDG�L��0RKG��D�G� ������

(DUO��DJH�SK�VLFDO�SURSHUWLHV�RI�SRURXV�FR�FUHWH�FR�WDL�L�J�UHF�FOH�DJJUHJDWH�FR�FUHWH��5�����

and��brillated�polypropylene��ber�under�compression�load

���5��,GU�V��0�����7MDUR�JH��D�G���������LU�GGL�� ������

)OH�XUDO�EHKDYLRU�RI�K�EULG�EHDP�SUHSDUHG�ZLWK�5��D�G�IRDP�FR�FUHWH

,V���D�GDU�0�FKWDU��0�����7MDUR�JH��D�G�5LWD�,U�DZDW�� ������

Early�age�physical�properties�of�porous�concrete�containing�nickel�slag�aggregate�under��

FRPSUHVVLR��ORDG

������,UID�V�DK��0�����7MDUR�JH��D�G���������LU�GGL�� ������

Realtime��ood�propagation�on�the�downstream�of�Bili-Bili�reservoir�with�hydraulic�routing

6�GDU�L��0�����0DULFDU�����D�G��RSD�5�7�� ������



Physical�behavior�of�foam�concrete�constructed�with�blended�cement�and�polyole�n��ber

6DKLU�GGL���0�����7MDUR�JH��D�G�5��,U�DZDW�� ������

The�e�ect�of��lter�thickness�on�the�efectivenes�of�Bira�beach�sand�as�a��lter�media�in�water��

WUHDWPH�W

Ramdhani�Nur�Saputra,�Muh.�Saleh�Pallu,�and�Bambang�Bakri� 020027

Mechanical�properties�of�self-compacting�geopolymer�concrete�utilizing��y�ash

Pinta�Astuti,�Rahmad�Afriansya,�Evelyn�Anabela�Anisa,�and�Julian�Randisyah� 020028

Reinforcing�the�performance�of�signalized�intersection�on�the�border�of�Malang�and�Batu�city

�DWL�DK�6D�VDEL�D�6RD�R�H���DULV�5L�D����GDUGL��D�G���D�LD�1�U��GLEDK� ������

6WUH�JKWH�L�J�WKH�SHUIRUPD�FH�RI�X�VLJ�DOL�HG�L�WHUVHFWLR�V�L���L�R�R�GLVWULFW

Siti�Anissa�Cho�dloturrohmah,�Amalia�Nur�Adibah,�and�Faris�Rizal�Andardi� 020030

3HUIRUPD�FH�HYDOXDWLR��RI�X�VLJ�HG�IRXU�MX�FWLR�V�L��0DOD�J�FLW�

Nurman�Handitya�Prima,�Sunarto,�and�Andi�Syaiful�Amal� 020031

Service�level�of�economic�sector�from�sidewalk�in�Madura

Noviana�Agustini,�Amalia�Nur�Adibah,�and�Lintang�Satiti�Mahabella� 020032

Application�of�Pertamax�as�modi�er�at�Lasbutag�cold�mix�for�the�ossifying�of�the�road

��LN���V�RUL���D�V�DK� ������

The�scenario�of�sea-level�rise�on�land�and�buildings�a�ected�by�tidal��oods�in�Batang�Regency��

�H�WUDO�-DYD

Nursetiawan,�Amri�Firdaus,�and�Bernahda�Primadalia� 020034

The�application�of�mountain�soil�materials�in�Kalumata�Puncak�village�as�a�road�trace�pile��

PDWHULDO�FRYHUL�J�SK�VLFDO�D�G�PHFKD�LFDO�SURSHUWLHV

0RK���V�D��7DIZLG��DLV����GL�6�DLI�����D���D�G�6D�L�� ������

An�e�ective�synthetic�unit�hydrograph�in�Lesti�sub�watershed,�East�Java,�Indonesia

Adji�Salsabila�Imaniar,�Ernawan�Setyono,�and�Lourina�Evanale�Orfa� 020036

0HDVXUHPH�W�RI�GLVFKDUJH�L��RSH��FKD��HOV����FDVH�VWXG��RI�ODERUDWRU��GLVFKDUJH�FDOLEUDWLR���

PRGHO

0RK��EG�K� ������

�R�VLGHUDWLR��IDFWRUV�RI�UHYHUVH�ORJLVWLFV�DGRSWLR��L��,�GR�HVLD��HOHFWUR�LF�L�GXVWU�

Ilyas�Masudin,�Dian�Respati,�Fien�Zul�karijah,�and�Dian�Palupi�Restuputri� 020038

5RXWL�J�RI�IUR�H��IRRG�GHOLYHU��XVL�J�SDUWLFOH�VZDUP�RSWLPL�DWLR��DOJRULWKP

���LVD�.HV���DUVLGH����NL�7ULKDUGD�L���DLT�1�U���,��DK��DULGD�5D�DGKD�L��D�G���H�LD�.KRLGLU� ������

An�e�ective�hybrid�crow�search�algorithm�for�energy-e�cient��ow�shop�scheduling

�D�D�0DUVHWL�D�8WD�D� ������



6XSSOLHU�VHOHFWLR��XWLOL�L�J�IX������3�D�G�3520(��((����FDVH�VWXG��L��JDUPH�W�L�GXVWU�

,NK�DV�����D����GD��5LR���UD��7D�D��LGD�DW���RK��D�G��D�D�0DUVHWL�D�8WD�D� ������

�XVWRPHU�VDWLVIDFWLR��DVVHVVPH�W�XVL�J�:HETXDO�D�G���,3�

6KD�W��.�V��D��HZL��5L�N���GL�D��D�G�7HJ�K��DURWR� ������

Increasing�the�added�value�of�environmentally�friendly��sh�processing�utilizing�a�dynamic�system��

PRGHO

�K�DG�0�EL����L�WD�J��HVLN��D�JJDU�,U�D�GD��D�G�,NK�DV�����D����GD� ������

�UHH��VXSSOLHU�VHOHFWLR��D�G�RUGHU�DOORFDWLR��XVL�J���3�6�:�D�G�JRDO�SURJUDPPL�J

7HJ�K��DURWR���D�D�0DUVHWL�D�8WD�D��D�G�0���DLVD��,EUDKL�� ������

5HGXFL�J�GHIHFWLYH�SURGXFWV�XVL�J�VL��VLJPD�IRU�SURGXFWLR��SURFHVV�LPSURYHPH�W

6KD�W��.�V��D��HZL��5L�N���ZL�6D�L�GUL������LGRGR��D�G�0RKD��DG���N�D�� ������

0RELOH��HZV�DSSOLFDWLR�V�TXDOLW��D�DO�VLV�XVL�J�ZHE�TXDOLW��D�G�LPSRUWD�FH�SHUIRUPD�FH�D�DO�VLV

�GKL�1�JUDKD��,KVD���D�D�L�.�VZD�WRUR��D�G��D�D�0DUVHWL�D�8WD�D� ������

(YDOXDWLR��RI�DLUFUDIW�FDEL��FRPIRUW���R�WULEXWL�J�IDFWRUV��GLVVDWLVIDFWLR��L�GLFDWRUV��D�G�GHJUHHV��

of�in�uence

Dian�Palupi�Restuputri,�Kintan�Purnamasari,�Nur�Afni,�Sabrina�Legtria,�Evie�Sho�ah,��

0D�D�6HSWLD��D�G�,��DV�0DV�GL�� ������

,�GXVWULDO�DUHD�ZHLJKEULGJH�VLPXODWLR��PRGHO�FR�VLGHUL�J�YHKLFOH�FDSDFLW��D�G�GHVWL�DWLR���

XVL�J�DUH�D�VRIWZDUH

Muhammad�Faisal�Ibrahim,�Maulin�Masyito�Putri,�Dwi�Novita�Sari,�and�Dana�Marsetiya�Utama� 020048

Integrated�analytic�hierarchy�process�and�preference�ranking�organization�method��

IRU�H�ULFKPH�W�HYDOXDWLR��,,�IRU�VXSSOLHU�VHOHFWLR�

5DK�DG��LV����DUGD�D�����LVD�.HV���DUVLGH��D�G��GKLW�D�7UL���JJDUD� ������

Improving�the�e�ciency�of�SPWM�(sinusoidal�pulse�with�modulation)-based�DC-AC�converter��

D�G�FR�GXFWLR��PRGH�R��UH�HZDEOH�H�HUJ�

Machmud�E�endy,�Muhammad�Najmin�Nuha,�and�Widianto� 020050

�LHUDUFKLFDO�VPDUW�PHWHU�GDWD�KXE�L�LWLDWLYH�IRU�H�DEOL�J�,R��EDVHG�VPDUW�JULG�L��,�GR�HVLD

Muhammad�Nasar�and�David�Raisz� 020051

Sentiment�analysis�of�Covid-19�vaccine�tweets�utilizing�Naïve�Bayes

Abdurrahim�Abdurrahim,�Lailis�Syafa’ah,�and�Merinda�Lestandy� 020052

(DUO��GHWHFWLR��RI�EUHDVW�FD�FHU�L��KLVWRSDWKRORJ��LPDJHV�HPSOR�L�J�FR�YROXWLR�DO��HXUDO��

network�(CNN)

Putri�Khalifa�Hilaliyah,�M.�Irfan,�and�Merinda�Lestandy� 020053
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Abstract. Software Defined Network (SDN) has been widely utilized for resolving the traditional network problems by 
separating the control and forwarding mechanism. However, the implementation of centralized network management is 
vulnerable to a single point of failure leading to a comprehensive problem such as., unreachable network. Therefore, this 
paper proposes an analysis of the failover approach on high availability controller, performed by utilizing Heartbeat and 
DRBD (Distributed Replication Block Device), with the main objectives of directing the management process into the 
secondary controller, during the occurrence of a crash on the main controller. The data replication process was performed by 
the DRBD in real-time. The experiment’s results  indicate that RYU gains the shortest failover and failback time at 1.3 s than 
the other controllers (POX and OpenDaylight). In terms of the Quality of Service (QoS), RYU also maintains the jitter, 
throughput, and packet loss variables which is better than POX and OpenDaylight. 

INTRODUCTION 

Software Defined Network (SDN) contains a network architecture concept to design, manage, and implement a 
computer network by separating the control and forwarding plane, controlled through one controller application [1]. 
SDN aims to increase network availability, simplify the network management process, reduce network costs, and 
develop net- work innovation [2]. In addition, SDN controller is responsible for managing the flow of data on the 
whole network including: Beacon, Onix, ONOS, OpenDayLight, Open Contrail, Ryu, POX, and Floodlight [3]. One of 
the protocols used for the communication between the forwarding device and the controller is the OpenFlow protocol, 
providing a standard for the controller to command, learn, and create a specific command for the dataplane devices. 

However, the SDN concept is deemed vulnerable to single-point failure, probably degrading the network 
performance or even experiencing an unreachable state. The general example includes where one of the controllers in 
the SDN experiences down or inactivity hindering proper connection to overcome this problem, it is thus essential to 
have a system which could handle it, which is the High Availability maintaining services or applications running and 
can recover from component or system failures with a minimum application termination impact. One type of  High  
Availability concept is failover availability, employing the two servers: the primary server and the backup server with 
identical data on each server. When the system with this concept usually runs, only the main server is in charge of 
serving all users. However, when the main server is down and the backup server detects it, the backup server will replace 
the function of the main server. Therefore, the failover mechanism provides two or more connection lines when one 
path is down by diverting to the other. Prior related studies have attempted to investigate the failover possibility in SDN 
[1-6]. Paper in [1] proposed a dynamic failover mechanism utilizing network hypervisor of OpenVirtex, which mainly 
discussed the link backup process during the link failure event. This paper however did not concern about the controller 
crash event. The second paper [2] presented FCF-M method for handling multi-domain failures, deployed in EstiNet. 
The authors in [3] implemented Heartbeat to perform a failover mechanism using NOX13oflib controller in High 
Availability Controller Architecture (HAC). The results indicated that the HAC could maintain the performance, 
despite numerous link stress. Paper [4] introduced a comprehensive, fast recovery of link failure using a backup path 
for resolving data and control channels. The authors further installed backup paths on the group table in the OpenFlow 
switch to maintain  data channel recovery and proposed Control Plane Spanning Tree (CST) to retain and restore 
controller state to the affected switch. Paper in [5] utilized Heartbeat as media for developing the Fast and Load-aware 
Controller Failover (FLCF) emulated in EstiNet using OpenDaylight controller. The authors in [6] presented the two 
methods, including the Greedy failover and the Prepartitioning failover. The system was emulated in Mininet using 
Heartbeat, suggesting sending more LLDP messages to reduce the processing time. 

Based on the previous related works, this paper was directed to analyze several controller performances, 
including- 
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ing RYU, POX, and OpenDaylight, for implementing the failover and failback process, contributing the 
comparative analysis using both Heartbeat and DRBD. 

RESEARCH METHOD 

The research was conducted using the emulation method in Mininet [7] environment. In general, the failover 
process was directly handled by the Heartbeat [8] when the main controller was down/crash, allowing the Heartbeat 
to automatically direct the main controller role to the backup controller. In addition, DRBD [9] performed a 
comprehensive backup from the main controller to the real-time backup controller on the SDN environment using 
the Python application installed in the controller. The emulation topology is depicted in Figure 1. 
 

 
FIGURE 1. Emulation’s topology 

 
The SDN infrastructure implemented on Mininet utilized a simple topology where there were two controllers (C1 

and C2), including the main controller and the backup controller, three switches (S1, S2, and S3), six hosts (H1-H6), 
with their respective functions. The controller was in charge of controlling the network and specifying the 
forwarding mechanism to the switch. The controllers deployed in this research were RYU [10], POX [11], and 
OpenDaylight [12]. Switch (Open Virtual Switch/OvS [13]) served to perform forwarding functions based on the 
Flowrule, set by the controller. The host was utilized to test network performance by sending the data. OpenFlow 
was deployed to connect between the control layer and the forwarding layer. 

In terms of the failover procedure, the three types of VM (Virtual Machine) controllers include, including the 
primary controller VM (C1), the backup controller VM (C2), and the Mininet VM (OvS and the Hosts). Generally, 
the DRBD would provide a real-time data synchronization process on an identical disk partition for storing the 
primary data, duplicated in a replication disk. The failover and failback procedure were handled by Heartbeat, where 
the Mininet VM could directly access the controller through the Floating IP/High Availability IP (192.168.142.115). 
When the Heartbeat detected the primary controller in a downstate, it would automatically execute the failover 
procedure by performing the resource takeover from the replication disk located on the main controller. 

Meanwhile, the secondary/backup controller would automatically deploy the failback procedure specified on the 
Heartbeat configuration. The Mininet VM would also redirect its connection to the backup controller through 
Floating IP. Subsequently, the backup controller operated as the new primary controller while the primary controller 
would reboot and functioned as the new backup controller. 

In order to analyze the impact of the failover and the failback process on several types of controllers (RYU, 
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POX, and OpenDaylight), some variables were calculated, including the required time to perform the failover and 
failback, the jitter, packet loss, and throughput. The calculation process for acquiring the failover and failback was 
derived from the log of the active controller. At the same time, the QoS variables were extracted from Wireshark 
and Iperf during normal packet transmission between Host 1 and Host 3 as a client. 
 

RESULTS AND DISCUSSION 

The experiment’s results are categorized into two main variables, which include: the time for performing both 
the failover and failback and the QoS during the specified processes. As illustrated in Table I, the average time 
extracted from RYU pointed  at 1.3 s. RYU demonstrated the fastest controller to implement the failover and 
failback, followed by OpenDaylight and POX, respectively. This result might occur since the program complexity 
and modularity in RYU was less than the other controllers. In terms of the QoS calculation, the experiment was 
executed by employing the Iperf application by sending packets from H3 that functioned as a client. 
 

TABLE 1. The average time of the failover and failback process in s 
Number of Experiment RYU POX OpenDaylight 

1 1 24 2 
2 2 33 1 
3 1 14 2 
4 1 28 1 
5 1 10 2 
6 2 29 1 
7 1 27 2 
8 1 26 1 
9 2 28 1 

10 1 14 2 
Total 13 233 15 

Average 1.3 23.3 1.5 
 

Meanwhi le ,  H1 was pointed as a UDP server that would send UDP traffic  for 200 seconds.   The results 
indicated similar pattern for QoS variables, illustrated in Table 2, Table 3, and Table 4. The average throughput, 
jitter, and packet loss values were directly proportional to the time value for deploying the failover and failback. 
 

TABLE 2. The average of throughput in kbps 
Number of Experiment RYU POX OpenDaylight 

1 943 491 328 
2 549 890 549 
3 1051 855 335 
4 1052 571 868 
5 1052 760 929 
6 1051 115 931 
7 1051 194 442 
8 544 769 404 
9 985 907 1017 

10 1051 636 414 
Total 9329 6188 6217 

Average 932.9 618.8 621.7 
 

Since the processing delay occurred during the mentioned processes might affect the communication between 
regular clients, therefore RYU has gained the best performance than the other controllers. The average throughput, 
jitter, and packet loss produced by the RYU failover process were 932.9 kbps, 0.02 ms and 0.3 %. It was thus 
possible to implement a failover process for handling the crash event in the SDN environment. 
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TABLE 3. The average of jitter in ms 

Number of Experiment RYU POX OpenDaylight 
1 0.139 0.009 328 
2 0.009 0.008 549 
3 0.006 0.016 335 
4 0.017 0.009 868 
5 0.005 0.007 929 
6 0.011 0.011 931 
7 0.008 0.007 442 
8 0.011 0.005 404 
9 0.01 0.008 1017 

10 0.008 0.012 414 
Total 0.224 0.092 6217 

Average 0.0224 0.0092 621.7 
 

TABLE 4. The average of packet loss in percentage 
Number of Experiment RYU POX OpenDaylight 

1 0.27 16.4 0.32 
2 0.31 9.3 0.33 
3 0.3 6.7 0.31 
4 0.24 8.7 0.34 
5 0.32 4.6 0.3 
6 0.37 14 0.31 
7 0.31 13 0.32 
8 0.26 15 0.31 
9 0.34 14 0.31 

10 0.3 9.7 0.42 
Total 3.02 111.4 3.27 

Average 0.302 11.14 0.327 

CONCLUSION 

Based on the results and discussion section, this study concluded that the most responsive controller for 
performing both the failover and failback processes was RYU, confirming that RYU could maintain the 
performance during the crash and reboot event. This mechanism might be obtained because RYU provided less 
modularity on its component. Future research is encouraged to combine the load balancing using the failover 
mechanism in supporting the distributed applications in the SDN environment. 
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