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#!/u

from
from
from
from
from
impo

impo

mininet.node import Node, RemoteController, OVSSwitch

sr/bin/python

mininet.topo import Topo

mininet.net import Mininet
mininet.log import setLogLevel, info
mininet.cli import CLI

rt time

rt os

class LinuxRouter (Node) :

"A Node with IP forwarding enabled."

def config(self,

**params) :

super (LinuxRouter, self) .config(**params)

# Enable forwarding on the router

self.cmd('sysctl net.ipvd.ip forward=1")

def terminate (self):

self.cmd('sysctl net.ipv4.ip forward=0")

super (LinuxRouter, self).terminate ()

class NetworkTopo (Topo) :

"A LinuxRouter connecting seven IP subnets"

def build(self,

** opts):

# IP addresses for routers' interfaces

rl ethl ip
r2_ethl ip
r3_ethl ip
r4 ethl ip
r5 ethl ip
r6_ethl ip
r7_ethl ip

rl _eth2 ip
r2_eth2 ip

rl eth3 ip
r3_eth2 ip

r2_eth3 ip
s2_ethl ip
r4 eth2 ip

r3 _eth3 ip
s3 _ethl ip

'10.0.1.1/24" # rl to sl
'10.0.2.1/24" 4 r2 to h2
'10.0.3.1/24" # r3 to h3
'10.0.4.1/24" # r4 to hi4
'10.0.5.1/24" # r5 to hb
'10.0.6.1/24" 4 r6 to hé
'10.0.7.1/24" # r7 to h7

'10.0.10.1/24" 4 rl to r2
'10.0.10.2/24" # r2 to rl

'10.0.11.1/24" 4 rl to r3
'10.0.11.2/24" # r3 to rl

'10.0.12.1/24"
'10.0.12.10/24" # switch s2 to
'10.0.12.2/24" 4 r4 to switch

# r2 to switch

'10.0.13.1/24" # r3 to switch
'10.0.13.10/24" # switch s3 to

s2
r2
s2

s3
r3
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10.

10.

10.

10.

10.

10.

10.

r2 = self.addNode('r2"',
r3 = self.addNode('r3',
r4 = self.addNode('r4',
r5 = self.addNode('r5"',
r6 = self.addNode('r6',
r7 = self.addNode('r7"',
# Adding switches
sl = self.addSwitch('sl"',
protocols=["OpenFlowl4"])
s2 = self.addSwitch('s2"',
protocols=["OpenFlowld"])
s3 = self.addSwitch('s3"',
protocols=["OpenFlowl4"])
# Adding hosts
hl = self.addHost('hl', ip='10.
1M
h2 = self.addHost ('h2', ip='10.
1)
h3 = self.addHost ('h3', ip='10.
1M
h4 = self.addHost('h4', ip='10.
1)
h5 = self.addHost ('h5', ip='10.
1M
h6 = self.addHost ('h6', ip='10.
1M
h7 = self.addHost('h7', ip='10.
1)

r5 eth2 ip = '10.0.13.2/24"' # r5 to switch s3
r4 eth3 ip = '10.0.14.1/24" # r4 to ré6
r6_eth2 ip = '10.0.14.2/24"' 4 r6 to r4
r5 eth3 ip = '10.0.15.1/24" # r5 to r7
r7 eth2 ip = '10.0.15.2/24"' # r7 to r5
rd eth4 ip = '10.0.16.1/24' # rd to r5
r5 eth4 ip = '10.0.16.2/24"' # r5 to r4

# Adding routers
rl =

# Creating links
self.addLink (hl,
self.addLink(s1,
self.addLink (h2,

self.addNode('rl"',

between hosts

sl)
rl, intfName2=
r2, intfName2=

cls=LinuxRouter,
cls=LinuxRouter,
cls=LinuxRouter,
cls=LinuxRouter,
cls=LinuxRouter,
cls=LinuxRouter,

cls=LinuxRouter,

ip=rl ethl ip)
ip=r2 ethl ip)
ip=r3 ethl ip)
ip=r4 _ethl ip)
ip=r5 ethl ip)
ip=r6_ethl ip)
ip=r7 ethl ip)

dpid='1000000000000001",

dpid='1000000000000002",

dpid='1000000000000003",

0.1.100/24', defaultRoute='via
0.2.100/24', defaultRoute='via
0.3.100/24', defaultRoute='via
0.4.100/24', defaultRoute='via
0.5.100/24', defaultRoute='via
0.6.100/24', defaultRoute='via
0.7.100/24', defaultRoute='via

and switches

'rl-ethl', params2={'ip': rl ethl ip})

'r2-ethl', params2={'ip': r2 ethl ip})




52

self.addLink (h6, r6, intfName2='r6-ethl', params2={'ip': r6_ethl ip})
self.addLink (h7, r7, intfName2='r7-ethl', params2={'ip': r7 ethl ip})

# Creating links between routers

self.addLink(rl, r2, intfNamel='rl-eth2', intfName2='r2-eth2',
paramsl={'ip': rl eth2 ip}, params2={'ip': r2 eth2 ip})

self.addLink(rl, r3, intfNamel='rl-eth3', intfName2='r3-eth2',

paramsl={'ip': rl eth3 ip}, params2={'ip': r3 eth2 ip})

self.addLink (r2, s2, intfNamel='r2-eth3', paramsl={'ip': r2 eth3 ip})
self.addLink(r4, s2, intfNamel='r4-eth2',6 paramsl={'ip': r4 eth2 ip})

self.addLink (r3, s3, intfNamel='r3-eth3', paramsl={'ip': r3 eth3 ip})
self.addLink(r5, s3, intfNamel='r5-eth2', paramsl={'ip': r5 eth2 ip})

self.addLink (r4, r6, intfNamel='r4-eth3', intfName2='r6-eth2',
paramsl={'ip': r4 eth3 ip}, params2={'ip': r6 _eth2 ip})
self.addLink (r5, r7, intfNamel='r5-eth3', intfName2='r7-eth2',

paramsl={'ip': r5 eth3 ip}, params2={'ip': r7 eth2 ip})

def run () :

"Test linux router"

topo = NetworkTopo ()

net = Mininet (controller=RemoteController, topo=topo, switch=0VSSwitch,
autoSetMacs=True)

# Setting OpenFlow version to 1.4 for all switches

for switch in net.switches:

switch.cmd ('ovs-vsctl set bridge {}

protocols=0OpenFlowl4'.format (switch))

net.start ()

info ('*** Routing Table on Router:\n')

info( net[ 'r2' ]l.cmd( 'route' ) )
info( net[ 'r3' ].cmd( 'route' ) )
info( net[ 'r5' ].cmd( 'route' ) )
info( net[ 'r7' ].cmd( 'route' ) )

rl = net.getNodeByName ('rl')
r2 = net.getNodeByName ('r2"')
r3 = net.getNodeByName ('r3")
r4 = net.getNodeByName ('r4d')
r5 = net.getNodeByName ('r5")
r6 = net.getNodeByName ('r6"')
r7 = net.getNodeByName ('r7")

info('Starting Zebra and Ospfd service:\n')

time.sleep (1)
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self.addLink (h6, r6, intfName2='ré6-ethl',K params2={'ip': r6 ethl ip})
self.addLink (h7, r7, intfName2='r7-ethl', params2={'ip': r7 ethl ip})

# Creating links between routers

self.addLink(rl, r2, intfNamel='rl-eth2', intfName2='r2-eth2',
paramsl={'ip': rl eth2 ip}, params2={'ip': r2 eth2 ip})

self.addLink(rl, r3, intfNamel='rl-eth3', intfName2='r3-eth2',

paramsl={'ip': rl eth3 ip}, params2={'ip': r3 eth2 ip})

self.addLink(r2, s2, intfNamel='r2-eth3', paramsl={'ip': r2 eth3 ip})
self.addLink (r4, s2, intfNamel='r4-eth2', paramsl={'ip': r4 eth2 ip})

self.addLink(r3, s3, intfNamel='r3-eth3',6 paramsl={'ip': r3 eth3 ip})
self.addLink (r5, s3, intfNamel='r5-eth2', paramsl={'ip': r5 eth2 ip})

self.addLink (r4, r6, intfNamel='r4-eth3', intfName2='r6-eth2',
paramsl={'ip': r4 eth3 ip}, params2={'ip': r6_eth2 ip})
self.addLink (x5, r7, intfNamel='r5-eth3', intfName2='r7-eth2',

paramsl={'ip': r5 eth3 ip}, params2={'ip': r7 eth2 ip})

def run () :

"Test linux router"

topo = NetworkTopo ()

net = Mininet (controller=RemoteController, topo=topo, switch=0VSSwitch,
autoSetMacs=True)

# Setting OpenFlow version to 1.4 for all switches

for switch in net.switches:

switch.cmd ('ovs-vsctl set bridge {}

protocols=OpenFlowl4'.format (switch))

net.start ()

info ('*** Routing Table on Router:\n')

info( net[ 'r2' ]l.cmd( 'route' ) )
info( net[ 'r3' ].cmd( 'route' ) )
info( net[ 'r5' ]l.cmd( 'route' ) )
info( net[ 'r7' ]l.cmd( 'route' ) )

rl = net.getNodeByName ('rl")
r2 = net.getNodeByName ('r2'")
r3 = net.getNodeByName ('r3"')
r4 = net.getNodeByName ('r4")
r5 = net.getNodeByName ('r5")
r6 = net.getNodeByName ('r6')

r7 = net.getNodeByName ('r7")

info('Starting Zebra and Ospfd service:\n')

time.sleep (1)
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rl.cmd('zebra -f /usr/local/etc/rlzebra.conf -d -z ~/rlzebra.api

~/rlzebra.interface"')

r2.cmd ('zebra -f /usr/local/etc/r2zebra.conf
~/r2zebra.interface')
r3.cmd('zebra -f /usr/local/etc/r3zebra.conf
~/r3zebra.interface")
r4.cmd ('zebra -f /usr/local/etc/rdzebra.conf
~/rdzebra.interface')
r5.cmd ('zebra -f /usr/local/etc/r5zebra.conf
~/r5zebra.interface’)
r6.cmd('zebra -f /usr/local/etc/r6zebra.conf
~/r6zebra.interface"')
r7.cmd('zebra -f /usr/local/etc/r7zebra.conf
~/r7zebra.interface’)
start time = time.time ()
rl.cmd('ospfd -f /usr/local/etc/rlospfd.conf
~/rlospfd.interface"')
r2.cmd('ospfd -f /usr/local/etc/r2ospfd.conf
~/r2ospfd.interface")
r3.cmd ('ospfd -f /usr/local/etc/r3ospfd.conf
~/r3ospfd.interface’)
rd.cmd ('ospfd -f /usr/local/etc/rdospfd.conf
~/rdospfd.interface"')
r5.cmd ('ospfd -f /usr/local/etc/r5ospfd.conf
~/r5ospfd.interface")
r6.cmd ('ospfd -f /usr/local/etc/r6ospfd.conf
~/r6ospfd.interface')
r7.cmd ('ospfd -f /usr/local/etc/r7ospfd.conf
~/r7ospfd.interface")
info('Waiting for OSPF convergence...\n')
converged = False
while not converged:
rl neighbors = rl.cmd('vtysh -c "show ip
r2_neighbors = r2.cmd('vtysh -c "show ip
r3 neighbors = r3.cmd('vtysh -c "show ip
r4 neighbors = r4.cmd('vtysh -c "show ip
r5 neighbors = r5.cmd('vtysh -c "show ip
r6_neighbors = ré6.cmd('vtysh -c "show ip
r7_neighbors = r7.cmd('vtysh -c "show ip

ospf
ospf
ospf
ospf
ospf
ospf
ospf

~/r2zebra.

~/r3zebra.

~/rdzebra.

~/r5zebra.

~/r6zebra.

~/rlzebra.

~/rlzebra.

~/r2zebra.

~/r3zebra.

~/rdzebra.

~/r5zebra.

~/r6zebra.

~/rlzebra.

neighbor"")
neighbor""')
neighbor"'")
neighbor"")
neighbor"")
neighbor"')

neighbor"")

api

api

api

api

api

api

api

api

api

api

api

api

api

if "Full" in rl neighbors and "Full" in r2 neighbors and "Full" in

r3_neighbors and "Full" in r4_neighbors and "Full" in r5 neighbors and "Full"

in r6 neighbors and "Full" in r7 neighbors:
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if name ==

converged = True

else:

time.sleep (1)

end time = time.time ()

convergence_time = end time - start time

info ('OSPF convergence time: {:.2f} seconds\n'.format(convergence_time))

CLI (net)

net.stop ()

os.system("killall -9 ospfd zebra")
os.system("rm -f *api*")

os.system("rm -f *interface*")

1 v,

~ _main_
setLogLevel ('info')

run ()
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#!/u

from
from
from
from
from
impo

impo

clas

clas

10.0

10.0

sr/bin/python

mininet.topo import Topo

mininet.net import Mininet

mininet.node import Node, RemoteController, OVSSwitch
mininet.log import setLogLevel, info

mininet.cli import CLI

rt time

rt os

s LinuxRouter (Node) :

"A Node with IP forwarding enabled."

def config(self, **params):
super (LinuxRouter, self).config(**params)
# Enable forwarding on the router

self.cmd('sysctl net.ipv4.ip forward=1")
def terminate (self):
self.cmd('sysctl net.ipv4.ip forward=0")

super (LinuxRouter, self).terminate()

s NetworkTopo (Topo) :

"A LinuxRouter connecting three IP subnets"

def build(self, ** opts):

# IP addresses for routers' interfaces

rl ethl ip = '10.0.1.1/24"' # rl to hl
r2 ethl ip = '10.0.2.1/24"' # r2 to h2
r3 ethl ip = '10.0.3.1/24" # r3 to h3
rl eth2 ip = '10.0.10.1/24"' # rl to r2
r2_eth2 ip = '10.0.10.2/24"' # r2 to rl
rl eth3 ip = '10.0.11.1/24" # rl to r3
r3 eth2 ip = '10.0.11.2/24"' # r3 to rl

# Adding routers

rl = self.addNode('rl', cls=LinuxRouter, ip=rl ethl ip)

r2 = self.addNode('r2', cls=LinuxRouter, ip=r2 ethl ip)

r3 = self.addNode('r3', cls=LinuxRouter, ip=r3 ethl ip)

# Adding hosts

hl = self.addHost('hl', ip='10.0.1.100/24",
.1.1')

h2 = self.addHost ('h2', ip='10.0.2.100/24",
2.1

defaultRoute="via

defaultRoute='via
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h3 = self.addHost ('h3', ip='10.0.3.100/24"', defaultRoute='via 10.0.3.1")

# Creating links

self.addLink (hl, rl, intfName2='rl-ethl', params2={'ip': rl ethl ip})
self.addLink (h2, r2, intfName2='r2-ethl', params2={'ip': r2 ethl ip})
self.addLink (h3, r3, intfName2='r3-ethl', params2={'ip': r3_ethl ip})

self.addLink(rl, r2, intfNamel='rl-eth2', intfName2='r2-eth2',
paramsl={'ip': rl eth2 ip}, params2={'ip': r2 eth2 ip})
self.addLink(rl, r3, intfNamel='rl-eth3', intfName2='r3-eth2',

paramsl={'ip': rl eth3 ip}, params2={'ip': r3 eth2 ip})

def run():
"Test linux router"
topo = NetworkTopo ()
net = Mininet (controller=RemoteController, topo=topo)
net.start ()

info ('*** Routing Table on Router:\n')

rl = net.getNodeByName ('rl'")
r2 = net.getNodeByName ('r2')

r3 = net.getNodeByName ('r3")

info('Starting zebra and ripd service:\n')

rl.cmd('zebra -f /usr/local/etc/rlzebra.conf -d -z ~/rlzebra.api -i
~/rlzebra.interface')

time.sleep (1)

r2.cmd('zebra -f /usr/local/etc/r2zebra.conf -d -z ~/r2zebra.api -1i
~/r2zebra.interface")

r3.cmd('zebra -f /usr/local/etc/r3zebra.conf -d -z ~/r3zebra.api -i

~/r3zebra.interface’)

rl.cmd('ripd -f /usr/local/etc/rlripd.conf -d -z ~/rlzebra.api -i
~/rlripd.interface"')

r2.cmd ('ripd -f /usr/local/etc/r2ripd.conf -d -z ~/r2zebra.api -i
~/r2ripd.interface")

r3.cmd('ripd -f /usr/local/etc/r3ripd.conf -d -z ~/r3zebra.api -i

~/r3ripd.interface"')

CLI (net)

net.stop ()

os.system("killall -9 ripd zebra")
os.system("rm -f *api*")

os.system("rm -f *interface*")

if name_ == "' main_ ':
setLogLevel ('info')

run ()
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hostname rl
password zebra

enable password zebra

interface rl-ethl
ip ospf hello-interval 1
ip ospf dead-interval 4

interface rl-eth?2
ip ospf hello-interval 1
ip ospf dead-interval 4

interface rl-eth3
ip ospf hello-interval 1

ip ospf dead-interval 4

router ospf

ospf router-id 1.1.1.1
network 10.0.1.0/24 area O
network 10.0.10.0/24 area O
network 10.0.11.0/24 area 0

log file /var/log/quagga/ospfd.log

hostname r2
password zebra

enable password zebra

interface r2-ethl
ip ospf hello-interval 1

ip ospf dead-interval 4

interface r2-eth2
ip ospf hello-interval 1
ip ospf dead-interval 4

router ospf

ospf router-id 2.2.2.2

network 10.0.2.0/24 area 0
network 10.0.10.0/24 area 0
network 10.0.12.0/24 area 1

log file /var/log/quagga/ospfd.log
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hostname r3
password zebra

enable password zebra

interface r3-ethl
ip ospf hello-interval 1

ip ospf dead-interval 4

interface r3-eth2
ip ospf hello-interval 1
ip ospf dead-interval 4

router ospf

ospf router-id 3.3.3.3

network 10.0.3.0/24 area O
network 10.0.11.0/24 area 0
network 10.0.13.0/24 area 2

log file /var/log/quagga/ospfd.log

hostname r4
password zebra

enable password zebra

interface r4-ethl
ip ospf hello-interval 1
ip ospf dead-interval 4

interface r4-eth2
ip ospf hello-interval 1
ip ospf dead-interval 4

interface r4-eth3
ip ospf hello-interval 1
ip ospf dead-interval 4

router ospf

ospf router-id 4.4.4.4
network 10.0.4.0/24 area 1
network 10.0.12.0/24 area 1
network 10.0.14.0/24 area 1

log file /var/log/quagga/ospfd.log
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hostname r5
password zebra

enable password zebra

interface r5-ethl
ip ospf hello-interval 1

ip ospf dead-interval 4

interface r5-eth?2
ip ospf hello-interval 1

ip ospf dead-interval 4

interface r5-eth3
ip ospf hello-interval 1
ip ospf dead-interval 4

router ospf

ospf router-id 5.5.5.5

network 10.0.5.0/24 area 2
network 10.0.13.0/24 area 2
network 10.0.15.0/24 area 2

log file /var/log/quagga/ospfd.log

hostname r6
password zebra

enable password zebra

interface r6-ethl
ip ospf hello-interval 1
ip ospf dead-interval 4

interface r6-eth?2
ip ospf hello-interval 1
ip ospf dead-interval 4

router ospf

ospf router-id 6.6.6.6

network 10.0.6.0/24 area 1
network 10.0.14.0/24 area 1

log file /var/log/quagga/ospfd.log
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hostname r7
password zebra

enable password zebra

interface r7-ethl
ip ospf hello-interval 1
ip ospf dead-interval 4

interface r7-eth2
ip ospf hello-interval 1

ip ospf dead-interval 4

router ospf

ospf router-id 7.7.7.7
network 10.0.7.0/24 area 2
network 10.0.15.0/24 area 2

log file /var/log/quagga/ospfd.log
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hostname rl
password zebra
enable password zebra

log file /var/log/ripd.log

router rip
version 2
network 10.0.1.0/24
network 10.0.10.0/24
network 10.0.11.0/24

redistribute connected

hostname r2
password zebra
enable password zebra

log file /var/log/ripd.log

router rip
version 2
network 10.0.2.0/24
network 10.0.10.0/24
network 10.0.12.0/24

redistribute connected

hostname r3
password zebra
enable password zebra

log file /var/log/ripd.log

router rip
version 2
network 10.0.3.0/24
network 10.0.11.0/24
network 10.0.13.0/24

redistribute connected

hostname r4
password zebra
enable password zebra

log file /var/log/ripd.log

router rip
version 2
network 10.0.4.0/24
network 10.0.12.0/24
network 10.0.14.0/24

redistribute connected
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hostname r5
password zebra
enable password zebra

log file /var/log/ripd.log

router rip
version 2
network 10.0.5.0/24
network 10.0.13.0/24
network 10.0.15.0/24

redistribute connected

hostname r6
password zebra
enable password zebra

log file /var/log/ripd.log

router rip
version 2
network 10.0.6.0/24
network 10.0.14.0/24

redistribute connected

hostname r7
password zebra
enable password zebra

log file /var/log/ripd.log

router rip
version 2
network 10.0.7.0/24
network 10.0.15.0/24

redistribute connected
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! -*- zebra -*-

! zebra sample configuration file

! $Id: zebra.conf.sample,v 1.1 2002/12/13 20:15:30 paul Exp $
!

hostname zebra

password zebra

enable password zebra

log file /var/log/quagga/zebra.log
!

! Interface's description.

!

!interface lo

! description test of desc.

!

!interface sit0

! multicast

!
! Static default route sample.
i

!ip route 0.0.0.0/0 203.181.89.241

|

!log file zebra.log
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