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ABSTRACT

Network operators from large enterprises and cloud service providers face significant
challenges as data centers and its applications continue to grow, Software Defined
Networks (SDN) has been proposed as the most promising solution for the future of the
Internet by providing a separation between control and data planes of networks. Thus
allows implementation of multiple applications and achieve network intelligence, but the
optimal use of network resources to improve performance still a special and urgent
challenge.

This research presents a dynamic load balancing algorithm in SDN-based data center
networks. Our algorithm is designed to schedule incoming network flows according to the
current number of flows on the paths. Among the paths with the lowest number of flows,
the lowest path is chosen.

It was implemented using the Ryu controller, Openflow protocol, and Mininet
emulator. Compared with the static routing algorithm and the SDN-based Equal cost
multipath (ECMP) algorithm, the evaluation results show that the proposed algorithm has
better throughput and enhanced link utilization ratio.
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balancing, Ryu controller, Openflow protocol.
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"Node: h010" & "Node: h0o5" @S @ "Node: hooa"
root@ubuntus™# iperf -¢ 10,8,0,1 -u -t root@ubuntu;™# iperf -c 10,7.0.1 -u -t 100 root@ubuntus™# iperf -¢ 10,7,0,2 -u -
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Lamagubuntu:~5 sude python ryu/fryufapp/Test/static.py
®** Creating network
%% Adding hosts:

3086 3007 3008
J*** Adding links:

heel heez hee3 hesd hes! . 312 h813 heisd heis heis
=*+ adding switches: iperf aladiul clidal) adgs :(4)J<ad)
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285 lama@ubuntu: ~

lamagubuntu:=~% sudo python ryu/ryufapp/ECMP/fattreed_ecmp.py

*=* Creating network

=*+ adding hosts:

h&dl heez hesa3 heed4 heas hoes hea? hess hedd hele hédll hel2 hel3 held hels hel
&

% pAdding switches:

1661 10062 1683 1064 2001 2002 2003 2004 2005 2006 2007 2008 3001 3002 3003 360
4 3885 3006 38067 3868

%% Adding links:

ECMP 4uajfss g Linglsalal) Juaes :(6)JSl)
t VIS Shlall el
tJe¥) 5l jlse
3002(eth4) - 3002(eth2) - 2002(eth4) -2002(eth1) -1003(eth1) — 1003(eth4) — 2008(eth1) -
2008(eth3) - 3007(eth2) - 3007(eth4)

;‘é_‘al.'ﬂ\ Al e
3003(eth3) - 3003(eth2) -2004(eth3) -2004(ethl) -1003(eth2) — 1003(eth4) — 2008(ethl) -
2008(eth3) - 3007(eth2) - 3007(ethd)

LA il e
3005(eth4) - 3005(eth2) - 2006(eth3) -2006(eth1) -1003(eth3) —1003(eth4) — 2008(ethl) -
2008(eth4) - 3008(eth2) - 3008(eth3)

tda ial) daedleadl Jal o GG
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lama@ubuntu: ~

Lama@ubuntu:~% sudo pythom ryufryufapp/NumFlows/fattree.py --k 4

+* Creating network

pxx Adding hosts:

heel heez hee3 hee4 heos heesé hea7 hees hee9 hole hell heiz hel3 held hels hel
5
x* Adding switches:

1891 1002 1863 1004 2001 2002 2003 2004 20085 2006 2007 2008 3001 3002 3003 300
4 3085 38606 3087 3088

rx* Adding links:

Liaslslal) s (7)<

- OO tama@ubuntu: ~/ryu

lLama@ubuntu:~S cd ryu

lama@ubuntu:~/ryu$ ryu-manager --observe-links ryu/app/NumFlows/BFlows.py --k_paths=4
--weilght=fnum --fanout=4

loading app ryu/app/NumFlows /BFlows.py

loading app ryu.topology.switches

loading app ryu.controller.ofp_handler

instantiating app None of NetworkAwareness

creating context network_awareness

instantiating app None of NetworkMonitor

creating context network_monitor

instantiating app ryu.topology.switches of Switches

instantiating app ryu.controller.ofp_handler of OFPHandler
instantiating app ryu/app/NumfFlows/BFlows.py of ShortestForwarding
switch:2802 connected

switch:20087 connected

switch:3008 connected

switch:3802 connected

switch:1001 connected

switch:2608 connected

Aajihal) doajleadl aa aSatall (s 1(8)JSad)
F Y ) culs
:Je¥) Al Sl
3002(eth4) - 3002(ethl) - 2001(eth4) -2001(ethl) -1001(ethl) — 1001(ethd) —
2007(eth1) - 2007(eth3) - 3007(eth1) - 3007(eth4)
A 8 L
3003(eth3) - 3003(eth2) - 2004(eth3) -2004(ethl) -1003(eth2) — 1003(ethd) —
2008(eth1) - 2008(eth3) - 3007(eth2) - 3007(eth3)
Gl 5l e
3005(eth4) - 3005(eth1l) - 2005(eth3) -2005(eth2) -1002(eth3) — 1002(eth4) —
2007(eth2) - 2007(eth4) - 3008(eth1) - 3008(eth3)
sl 5ylea 1-1
1Al 4 JsY) Gl ) Al 380 S0 Adaalll bl Sled Gacay Ty iperf 831 laas
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