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non-split S-OSPF
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Mininet
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v h1 |ethO ethl

10.0.0.1
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¥/, ZOFERIZHVWA XY M7= TEZERA MRS EEI N7y M
OSPF IZ &> THRERKZEDL LS5V —F v ra3ns flEdTs202 L, A
A v F 83,54,85 DT H—FT—T)IFREFSLD P 7 KL ZA10.0.0.1 & 10.0.0.2 T
HBHBLDIEENZT N ethl,ethd N, fiDH ) — RFEDE DIk ethl NiED XS IZF

HELPNTVD,

mininet> dpctl dump-flows

* 51

NXST_FLOW reply (xid=0x4):
cookie=0x0, duration=2.731s,
cookie=0x0, duration=2.733s,
cookie=0x0, duration=2.732s,
cookie=0x0, duration=2.731s,
LA 2 32

table=0,
table=0,
table=0,
table=0,

n_packets=0,
n_packets=0,
n_packets=0,
n_packets=0,

n_bytes=0,
n_bytes=0,
n_bytes=0,
n_bytes=0,

idle_age=2,
idle_age=2,
idle_age=2,
idle_age=2,

ip,nw_dst=10.0.0.2 actions=output:2

arp,arp tpa=10.0.0.2 actions=output:
arp,arp tpa=10.0.0.1 actions=output:

ip,nw_dst=10.0.0.1 actions=output:1l

NXST_FLOW reply (xid=0x4):
cookie=0x0, duration=2.735s,
cookie=0x0, duration=2.736s,
cookie=0x0, duration=2.736s,
cookie=0x0, duration=2.735s,

" 33

table=0,
table=0,
table=0,
table=0,

n_packets=0,
n_packets=0,
n_packets=0,
n_packets=0,

n_bytes=0,
n_bytes=0,
n_bytes=0,
n_bytes=0,

idle_age=2,
idle_age=2,
idle_age=2,
idle_age=2,

ip,nw_dst=10.0.0.2 actions=output:4

arp,arp tpa=10.0.0.2 actions=output:
arp,arp_tpa=10.0.0.1 actions=output:

ip,nw_dst=10.0.0.1 actions=output:1l

NXST_FLOW reply (xid=0x4):
cookie=0x0, duration=2.738s,
cookie=0x0, duration=2.738s,
cookie=0x0, duration=2.739s,
cookie=0x0,
cookie=0x0,
cookie=0x0,
cookie=0x0,
cookie=0x0,

table=0,
table=0,
table=0,

n_packets=0,
n_packets=0,
n_packets=0,

n_bytes=0,
n_bytes=0,
n_bytes=0,

idle_age=2,
idle_age=2,
idle_age=2,

arp,arp tpa=10.0.0.4 actions=output:
arp,arp_tpa=10.0.0.5 actions=output:

ip,nw_dst=10.0.0.2 actions=output:3

duration=2.74s, table=0, n_packets=0, n_bytes=0, idle_age=2, arp,arp tpa=10.0.0.2 actions=output:3
duration=2.737s, table=0, n_packets=0, n_bytes=0, idle_age=2, ip,nw_dst=10.0.0.4 actions=output:1
duration=2.74s, table=0, n packets=0, n_bytes=0, idle_age=2, arp,arp tpa=10.0.0.1 actions=output:l
duration=2.739s, table=0, n_packets=0, n_bytes=0, idle_age=2, ip,nw_dst=10.0.0.1 actions=output:l
duration=2.737s, table=0, n_packets=0, n_bytes=0, idle_age=2, ip,nw_dst=10.0.0.5 actions=output:1l

HEE z4
NXST_FLOW reply (xid=0x4):
cookie=0x0,
cookie=0x0,
cookie=0x0,
cookie=0x0,
cookie=0x0,
cookie=0x0,
cookie=0x0,
cookie=0x0,
LA 2 55

duration=2.742s,
duration=2.741s,
duration=2.739s,
duration=2.739s,

table=0, n_packets=0, n_bytes=0,

table=0,
table=0,
table=0,

n_packets=0,
n_packets=0,
n_packets=0,

n_bytes=0,
n_bytes=0,
n_bytes=0,

idle_age=2,
idle_age=2,
idle_age=2,
idle_age=2,

duration=2.74s, table=0, n packets=0, n bytes=0, idle_age=2, arp,arp tpa=10.0.0.5 actions=output:1l
duration=2.741s, table=0, n_packets=0, n_bytes=0, idle_age=2, ip,nw_dst=10.0.0.2 actions=output:3
duration=2.742s, table=0, n_packets=0, n_bytes=0, idle_age=2, arp,arp tpa=10.0.0.2 actions=output:3
duration=2.74s, table=0, n_packets=0, n_bytes=0, idle_age=2, arp,arp tpa=10.0.0.3 actions=output:l
arp,arp tpa=10.0.0.1 actions=output:

ip,nw_dst=10.0.0.1 actions=output:1l
ip,nw_dst=10.0.0.3 actions=output:1
ip,nw_dst=10.0.0.5 actions=output:1l

NXST_FLOW reply (xid=0x4):
cookie=0x0, duration=2.744s,
cookie=0x0, duration=2.744s,
cookie=0x0, duration=2.745s,
cookie=0x0, duration=2.744s,
cookie=0x0, duration=2.744s,
cookie=0x0, duration=2.744s,
cookie=0x0, duration=2.744s,
cookie=0§0, duration=2.744s,

table=0,
table=0,
table=0,
table=0,
table=0,
table=0,
table=0,
table=0,

n_packets=0,
n_packets=0,
n_packets=0,
n_packets=0,
n_packets=0,
n_packets=0,
n_packets=0,
n_packets=0,

n_bytes=0,
n_bytes=0,
n_bytes=0,
n_bytes=0,
n_bytes=0,
n_bytes=0,
n_bytes=0,
n_bytes=0,

idle_age=2,
idle_age=2,
idle_age=2,
idle_age=2,
idle_age=2,
idle_age=2,
idle_age=2,
idle_age=2,

arp,arp tpa=10.0.0.4 actions=output:

ip,nw_dst=10.0.0.2 actions=output:3

arp,arp tpa=10.0.0.2 actions=output:
arp,arp tpa=10.0.0.3 actions=output:

ip,nw_dst=10.0.0.4 actions=output:1

arp,arp_tpa=10.0.0.1 actions=output:

ip,nw_dst=10.0.0.1 actions=output:1l
ip,nw_dst=10.0.0.3 actions=output:1
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4.1 EEBRFOREDSH

h3

eth2 etho

ethl

wth3 ping 10.0.0.3

eth2 ethl

eth0
—————1
10.0.0.4
eth3
ethl eth0 h5
55 eth2

PINg 0005
4.1: Hifk/ — R 5 ping

3 ) — RTHBhl & h2 DRITEE%RTF>TWAEMR, h3h4,h5 2587 v b
BRIEE 0BT, ZNThO@EIcibns ) Y 7 BEET % &7 2 TlfED
BMT ML H S, £Z TChih2EO@EETCHHTIREEZEFE TS Z LT,
2w b7 = RRTHEEZ ST TRMEDOMEZ A D, M, TOFEBRTITA
Ay FRLZEFTCNEY) VI DAEZBEERBONRLE UTERTLIEDLT 5,

#il Z1X. h1h2 FIDEEIZ#REE 132 2 L TWaE&H. hd 225 hl X hh A~
7y MR I NG E IEERE E L TENET N4 415 2o b 72, A Y
FRILZBITTVWEY) VY I7OHTEHET 2EDOBRHENDTHE LR, hd 225 h3
ARSI NG EIZ A3 AMEDNE DT, U VI sls3DEHEET 2D R 5720,
h1h2 B DEEIZFH AT 288 %2 152~ 0 &2 5,

:h1 eth0 ethl s1 eth3 ethl < eth3 oth2 S h2
— n eth3 ethd  eth0 Ne—xy
10.0.0.1 otha eth2 ‘ h4 10.0.0.2



itk ) — RADRE/ — RART Y NEE

Controller c0

7

7 \
s
o ” eth2 eth0 h3 |\
5B a3 : )
R wh3 ping 10.0.03 \
Ry
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~ h1_|eth0 ethl eth3 ethl /™ eth3 eth2
Sl > 54 eth0
— eth3 eth4
10.0.0.1 otha X% eth2
eth0
10.0.0.4
eth3
e etho

eth2

1

10.0.0.5

4.2: #%#& 132 (12 h3 %> 5 hl /\ ping

FTIIEATOREZER L TWBHE ) — R0 S5HE ) — KART v MR
I NSIGE D, HEEEEE O L ORI ) B2 EEOEREIT S,

h1h2 EOfEIZ 132 Z2H L TWSRHIZ h3 555/ — K hl \ ping 2] D,
5T BE, TDping DT v NI 31 2@ %67‘_&5‘ ZOFEF132%MAL
FITTWB ) VI sIs3EET S I LIThD, I 2 ClRE2 AL RN 5,
T IT, Y B2 142 XX 152N 5 ya“L\f\t)Jbazéo h3 %5 ping 34T
TN e 2B HIUZa Yy v E—F c0Msl & s2iZE N7 —T—T )L a2 E
%ka%%?%’tfﬁ%@%%@bﬁiéo:hKi@W%@%@Ki%%
B ZRAAS, 70 —T—7NVOHEFVEFIZITbNZH5HE. TOK Beer] &
WO XFEF I D B X BROREERRSE D,

TR

FEE% 132 2 g, h3 55 hl ~ping 2 o 7ZBRich a =R &, Rtk
Dsl&s2D 7B —FT—TIVFIRR—=IVDEO TH o7z, slODT70—F— T )T
10.0.0.258D87y Mt ethd 53X 505 X D12, 2D 70 —F—7)LIZ1210.0.0.1
AN Mdethd 232 £ S IZFEid I N T W7z, ZHid h1h2 EOEF1Z 152 53
EONBRRIZIR 722 e 2RERT S, $/2, R 70 —T7— T 2HERA%, =
B2 hl 225 h2 ATRIX T ping D37 N ASREEK 152 2@ B0 D 2R T 572
12 Wireshark 2 W T sh-ethl iIZ2B1F By hDOENEZ2F v IF v LTz,
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X"Node' h3" - — - ~ - . e - h

root@mininet-vm:"“# ping 10,0,0.1
PING 10,0,0,1 {10,0,0,1) 56(84) bytes of data,

---10,0,0,1 ping statistics —
1 packets transmitted, O received, 100Z packet loss, time Oms

rootBmininet-um:“# ||

— e = = - s Sas Sas Sas o

OK Beer
152

4.3: h3 775 hl / ping % T - 72BR D FR

mininet> dpctl dump-flows
*Ex g
NXST_FLOW reply (xid=0x4):
cookie=0x0, duration=24.002s, table=0, n_packets=0, n_bytes=0, idle_age=24, hard _age=12, ip,nw_dst=10.0.0.2 actions=output:4
cookie=0x0, duration=24.002s, table=0, n packets=0, n_bytes=0, idle_age=24, hard age=12, arp,arp tpa=10.0.0.2 actions=output:4
cookie=0x0, duration=24.002s, table=0, n packets=3, n _bytes=126, idle_age=12, arp,arp_ tpa=10.0.0.1 actions=output:1l
cookie=0x0, duration=24.002s, table=0, n packets=0, n_bytes=0, idle_age=24, ip,nw_dst=10.0.0.1 actions=output:1l
K 32
NXST_FLOW reply (xid=0x4):
cookie=0x0, duration=24.02s, table=0, n_packets=0, n_bytes=0, idle_age=24, ip,nw_dst=10.0.0.2 actions=output:4
cookie=0x0, duration=24.02s, table=0, n_packets=0, n bytes=0, idle_age=24, arp,arp_tpa=10.0.0.2 actions=output:4
cookie=0x0, duration=24.02s, table=0, n _packets=0, n_bytes=0, idle_age=24, hard age=12, arp,arp tpa=10.0.0.1 actions=output:3
cookie=0x0, duration=24.02s, table=0, n_packets=0, n_bytes=0, idle_age=24, hard_age=12, ip,nw_dst=10.0.0.1 actions=output:3

X 4.4: BRISEEHZDsl £ 2070 —F—T )b

£ Capturing from s5-eth1  [Wireshark 1.10.6 (v1.10.6 from ma_

File Edit View Go Capture Analyze Statistics Telephony Tools Internals Help

WAELIEE T IEY T Y = = ]
j Expression.. Clear  Appls Saue

No. Time Source Destination Protoco | Lengtl| Info

1 0.000000000 00: 60_00: 60: 61 Broadcast Who has 10.0.0.27? Tell 10.0.0.1
2 0.000235000 00:00:00_00: 00: 02 ©00: 00: 00_00: 00: 01 ARP 42 10.0.0.2 is at 00:00: 00: 60: 60: 62
3 0.000337000 10.0.0.1 10.0.0.2 ICMP 98 Echo (ping) request 1d=0x0ee8, seq=1/256, ttl=64 (reply in 4)
4 0.000589000 10.0.0.2 10.0.0.1 ICHP 98 Echo (ping) reply  id=-0OxOee8, seq=1/256, ttl=64 (request in 3)
5 1.001155000 10.0.0.1 10.0.0.2 ICMP 98 Echo (ping) request id=0xOee8, seq=2/512, ttl=64
6 1.001184000 10.0.0.2 10.0.0.1 ICMP 98 Echo (ping) reply 1cd=0x0ee8, seq=2/512, ttl=64 (request in 5)
7 2.000154000 10.0.0.1 10.0.0.2 ICHP 98 Echo (ping) request id=0xOee8, seq=3/768, ttl=64 (reply in 8)
8 2.000198000 10.0.0.2 10.0.0.1 ICMP 98 Echo (ping) reply 1d=0x0ee8, seq=3/768, ttl=64 (request in 7)
9 2.999155000 10.0.0.1 10.0.0.2 ICHP 98 Echo (ping) request id=0x0ee8, seq=4/1024, ttl=64
10 2.999183000 10.0.0.2 10.0.0.1 ICHP 98 Echo (ping) reply  id=0xOee8, seq=4/1024, ttl=64 (request in 9)
11 5.010654000 00:00:00_00: 00: 02 ©00: 00: 00_00: 00: 01 ARP 42 Who has 10.0.0.1? Tell 10.0.0.2
12 5.010675000 00:00:00_00:00: 01 ©0: 00: 00_00: 00: 02 ARP 42 10.0.0.1 is at 00:00: 00: 60: 60: 61
|~

X "Node: h1” E=NEY

root@mininet-vm:“# ping 10,0,0.2

PIN610002(10002)55(34)bgmoFdata

64 bytes from 10,0,0,2: icmp_seq=1 ttl=64 time=0,797 ms

64 bytes from 10,0,0,2: icmp_seq=2 ttl=64 time=0,060 ms

64 bytes from 10,0,0,2: icmp_seq=3 ttl=64 time=0,072 ms

64 bytes from 10,0,0,2: icmp_seq=4 ttl=64 time=0,056 ms

“C

--- 10,0,0,2 ping statistics — |

4 packets transmitted, 4 received, 0Z packet loss, time 2999ms \IBF: Ff: FF: FF)

rtt min/ava/max/mdev = 0,056/0,246/0,797/0,318 ms

4.5: REPRZ &, hl 25 h2 A\ ping % ] 2 728D s5-ethl D37y b D#EjE

INSDRERIZE D, h3 D5 hl AD ping 12 & DREELR 152 AT b EZ SNz
Z R T E T,
10



SHEIE DS 225 hl N ping 2§ > 7z, FAIRROFERZF7-Z LD MR TE 7=,

X"Node:hS" -.,.‘“ - e e

PING 10,0.0.1 (10,0,0,1) 56(84) bytes of data,
ec
--- 10,0,0,1 ping statistics —
1 packets transmitted, 0 received, 100¥ packet loss, time Oms

|rootBmininet-um:“# |

eer
142

4.6: h5 725 hl / ping % 1 - 72BR D FR

mininet> dpctl dump-flows
xE g
NXST_FLOW reply (xid=0x4):
cookie=0x0, duration=155.721s, table=0, n_packets=4, n _bytes=392, idle_age=102, hard age=10, ip,nw_dst=10.0.0.2 actions=output:3
cookie=0x0, duration=155.721s, table=0, n packets=2, n bytes=84, idle_age=100, hard age=10, arp,arp_tpa=10.0.0.2 actions=output:3
cookie=0x0, duration=155.721s, table=0, n_packets=8, n bytes=336, idle_age=10, arp,arp_tpa=10.0.0.1 actions=output:1l
cookie=0x0, duration=155.721s, table=0, n_packets=4, n bytes=392, idle_age=102, ip,nw_dst=10.0.0.1 actions=output:1
HEE 32
NXST_FLOW reply (xid=0x4):
cookie=0x0, duration=155.739s, table=0, n_packets=4, n bytes=392, idle_age=102, ip,nw_dst=10.0.0.2 actions=output:4
cookie=0x0, duration=155.739s, table=0, n_packets=2, n _bytes=84, idle_age=100, arp,arp tpa=10.0.0.2 actions=output:4
cookie=0x0, duration=155.739s, table=0, n_packets=2, n bytes=84, idle_age=100, hard age=10, arp,arp_tpa=10.0.0.1 actions=output:2
cookie=0x0, duration=155.739s, table=0, n_packets=4, n _bytes=392, idle_age=102, hard age=10, ip,nw_dst=10.0.0.1 actions=output:2

X 4.7: BRISEEHEDsl £ 2070 —F—T )b

£ Capturing from s4-eth1 [Wireshark 1.10.6 (v1.10.6 from master-1.10)]
File Edit View Go Capture Analyze Statistics Telephony Tools Internals Help

O AEEE T EY LR Y = = T
;I Expression... Clear  Apphs caue

No. Time Source Destination Protoco | Lengtl| Info

1 0.000000000 .2 Echo (ping) request 1d=0x0flc, seq=1/256, ttl=64

2 0.000277000 10.0.0.2 10.0.0.1 ICHP 98 Echo (ping) reply  id=0x0flc, seq=1/256, ttl=64 (request in 1)
3 1.001310000 10.0.0.1 10.0.0.2 ICMP 98 Echo (ping) request id=0x0flc, seq=2/512, ttl=64

4 1.001337000 10.0.0.2 10.0.0.1 ICMP 98 Echo (ping) reply  id=0x0flc, seq=2/512, ttl=64 (request in 3)
5 2.000308000 10.0.0.1 10.0.0.2 ICMP 98 Echo (ping) request 1d=0x0flc, seq=3/768, ttl=64

6 2.000356000 10.0.0.2 10.0.0.1 ICHMP 98 Echo (ping) reply  id=0x0flc, seq=3/768, ttl=64 (request in 5)
7 2.999576000 10.0.0.1 10.0.0.2 ICHMP 98 Echo (ping) request id=0x0flc, seq=4/1024, ttl=64

8 2.999603000 10.0.0.2 10.0.0.1 ICMP 98 Echo (ping) reply  id=0x0flc, seq=4/1024, ttl=64 (request in 7)
9 5.011456000 00:00:00_00:00: 02 ©0: 00: 60_00: 00: 01 ARP 42 Who has 10.0.0.1? Tell 10.0.0.2

10 5.011552000 00: 00: 00_00: 00: 01 ©0: 00: ©0_00: 00: 02 ARP 42 10.0.0.1 is at 00:00: 00: 00: 60: 61

X "Node: h1”

root@mininet-vm:“# ping 1
PINI310002(10002)56(84)b9tesoFdata

64 bytes from 10,0,0,2: icmp_seq=1 ttl=64 time=0,436 ms
64 bytes from 10,0,0,2: icmp_seq=2 ttl=64 time=0,056 ms
64 bytes from 10,0,0,2: icmp_seq=3 ttl=64 time=0,075 ms
64 bytes from 10,0,0,2: icmp_seq=4 ttl=64 time=0,059 ms
“C

--- 10,0,0,2 ping statistics —
4 packets transmitted, 4 received, OX packet loss, time 2393ms
Irtt min/avg/max/mdey = 0,056/0,196/0,436/0,162 ms [

X 4.8: KA L, hl 55 h2 ~ ping Z 1 o 72BED sd-ethl DT v FDHEjE

UToFRDEARTIX, 78—FT—T7 VDK RE Wireshark IZ X 537y b F ¥
TF ¥ OERFERIFEME T 5,
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it/ — RSt/ — KAy MXE

Controller c0

4.9: #2#& 132 (12 h3 2> 5 hb  ping

Wizdfk ) — R oo gk ) — KAXRT y BRIEESN5GE5 D, REYD
BZEEOFEREZIT D,

h1h2 I DME(EIZ 132 2 H L TW A EHIZ h3 225 h5  ping 2D, % ping
DTy NI 315 2B DT, hE NELS ETIZY V7 sl1s3 & s1sh Wi
L, MWE—EHETEHY VIR VR 142 NHBITY D X5 X5 1Ts1 & s2D7
O—F— 7NV a2EESWMITENRTS, 70—T— 7 IVOEHIPERE TN
. TOK Beer] WS XXFEHEILIZY O BZEDORIE 142 2 FRIHE 5,

R

X "Node: h3" -
PING 10,0,0.5 {10,0,0,5) 55(84) bytes of data,
“C

--- 10,0,0.5 ping statistics —
1 packets transmitted, 0 received, 100¥ packet loss, time Oms

rootBmininet-vm:“# |1

| = — — —
OK Beer
142

4.10: h3 75 h /~ ping % 1 - 72 B DR ER A TH

XFH] OK Beer & HIZEHZ DRI 142 BWERRI N Z DR TE /-,
12



4.2 IREEYIRTE DX ISEIF

Controller c0

10.0.0.5

4.11: & 132 A ) > 7 s1s3 X 5283 % HI] M

SEITEETICHHTOREZRER L TWB Y v 7 D3I S Nz B GBI fE
DEBRZIT,

h1h2 HO@FIZ 132 Z AL TWAEHFIZY v 7 s1s3 Xid s2s3 Z W L., #%
132 2 HHARERBIZT 5, ZORY Y7ol EMLZzaY ha—F—
c0 M. B D Offi FH AT REZRREE 142 D2 152 DD & TV X LA TEIRL CHEITY)
DEZDELIICAL Y FsIs2D 70 —F—T N2 EBEWMICEFIT LI LT, Y
v 7 YW hih2 B OE(E 2 rae k8IS, UV v 28l R0 7a—5—7)1
DEHE, U)o 7 Dg,. 2@ TOAS vy FRlALZ2BNTWE ) v
DIRFED —E R YD B2 ORKERRSE 5,

iz, HIZYI 0B -BOREE ) v 2 Y S N CTHAREEIZ R > 723548, K
DDO—DDRBANHETYOEZ S, ZOMGEFEDOEEIZLD, RAZMET
DRRFEEIWr AT R S B@fERY VT —2 2L 22 HIET,
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TR

9. ORI 132 O HPIZY V7 s1s3 2 UM L 7ZBRORRELUTIZRT, dpid
Ul SN YOI E L TWA ALy FOE S, port IFAT Y FDeth B S
., ¥V VOREEIZBWT, 01X) VIR EFRREERZ, LIZUIIhTwn
BIREE TN TENET,

PortStatus has been changed

switch dpid 1 port 2 status = down config = 1
31s3: 1 s8283: 0

s31s4: 0 s2s84: 0

31s5: 0 s82s85: 0

142

PortStatus has been changed

switch dpid 3 port 1 status = down config = 1

31s3: 1 s82s83: 0
s31s4: 0 s82s34: 0
s1s5: 0 s82s85: 0
142

X 4.12: V> 7 s1s3 2 M L 72BROBRD LT v 7 OARFE & A HH 14 DR

&0, ) U IHIMBREN 12 NEHETY DB X 5N Z LR TE
Tzo IRIT, BRI N/REEK 142 2L TWB ) > 7 sl1s4 Z Y)W U 7=,

PortStatus has been changed

switch dpid 4 port 1 status = down config = 1
s1s3: 1 s8283: 0

sls4: 1 s2s34: 0O

s1s5: 0 s8285: 0

152

PortStatus has been changed

switch dpid 1 port 3 status = down config = 1

s1s3: 1 s2383: 0O
sls4: 1 s2384: 0
s1s5: 0 s8285: 0O
152

X 4.13: V> 7 slsd Z W L 72BROBRDETY v 7 OIRFE & 25 15 DR

FEER. B OFHERELRIETH D 12U BEZ SN LR TE T2,

14



4.3 RERUIBTEREDBREDE

WA & BRI IR DX ISEIMED IS 2 ik A5, —ERDRBREE D YW X v CfH
FARBETHHIRETHHE ) — Ko7y BRIZI N TRIBEZERTHN L
L. ZZTYVYIZREINTVWAEDZEIRLTCLUES &, h1h2FHOBEENH
K Bk, TNEEITE-DICHIFHATELHDEERTSEEH12T 5,

RIS IC Rt/ — RDORE/ — ATy MXfE

Controller cO

P \
h3 |\

\

s
atth2

hi %s ethl/ ﬁ

10.0.0.1

X 4.14: #&#& 152 i H. D s1s3 3UIWr & 7172 fREET h5 > S hl A ping

VY7 s1s3 24T U, HARREEDS 152 AT D B 2 57245, h5 525 hl /N ping
DO, ZITHOBEZAREE LTI ZERLTCLES &, 132 1 AREED
FXAROThIh2BOBENHELRLZ>TLE D, TOALTHHTRETDH &%
142 2RI E 5,

15



TR

X "Node: h5" . ® L
PING 10,0,0,1 {10,0,0,1) 56(84) butes of data.
“C

---10,0,0,1 ping statistics —
1 packets transmitted, 0 received, 100% packet loss, time Oms

rootBmininet-vm:™# JJ

PortS5tatus has been changed

switch dpid 3 port 1 status = down config = 1
s1s3: 1 s283: 0

s1ls4: 0 s2s34: 0

s1s5: 0 s2s85: 0

152

PortStatus has been changed

switch dpid 1 port 2 status = down config = 1

s1s3: 1 s283: 0
s1ls4: 0 s2s34: 0
s1s5: 0 s2s85: 0
152

OK Beer

142

4.15: VU > 7 s1s3 DAY S N7 REE THREEE 152 &2 A H1IZ h5 £* 5 hl /\ ping %
o 7-Bo KR

) V7 s1s3 DI E N TWAIREET HORREL 152 2 L TW A EHIZ hs 226
hl ~\ ping Z T - 728550, FBREE 142 PEIRI N7z, ZHUTE D, #Eo T 132 Z5&ER
U TChlh2 OB ENRREEIZ R DD E T 722 DR TE 72,

IR IC it/ — R Sfbdiit /) — KAy MX(E

BERIZIRIZ hd 725 hd N ping 2§D &, AKERNI NS X3 ORI 132 13H
REEDE F2 DT, REKIILEINT, XFF error 3 5,

i
X "Node: h4"

rootBmininet-vm:“# ping 10,0,0.5

PING 10,0,0,5 (10,0,0,5) 56(84) bytes of data,

“C

-—- 10,0,0.,5 ping statistics —

1 packets transmitted, 0 received, 100% packet loss, time Oms

rootBmininet-vm:“# |
error
142

4.16: V) 7 s1s3 D3IWr T N7 IRFETRERK 142 % fEHFIZ hd 5> S h5 /N ping %
Fo7-BRDFER

16



BHE X&oH

NSO —HOEBMDE, HEMHATORKIZELINIZKA M ofidr A b
N ping 2 DERE, V27 O & R Z AR DR LR ST - 72, &
B, TNDEERE k) — K225 ping DTy RBTRIFINBIZffibns ) >~
g EMHET, HOV VI I N T W WMEH AR EE T 258, T
Dk R UGEIRLZZ & 2R U7z, FIELBRWIGERTRED error &
KRS NRBEDOEF IR INTD o720, IR EZZEFE LR WZ 2 TY v on
HELZZ I TBERMPFRELTH, Mo THARNREDORKZZEIRL T
HEARRIZRD KX DIXV R IBD N L, 2 ORRIZHIE L 72,

PAEiz&D, avbu—JCHETREZUIDBEZ I 2HKEE2EXT LI L
Z&D,

o FEFIZH, ) — KOS ) — KAy "OIRIZXI NZEE, T DEEI
b BREEDY 27 &, hih2 HO@EEF b RED) v 7 DEE%
A[RERR DT B Z 2T, 2w MY =2 2RO EEEZ NI ED

o HF DRI X 7Bz F A REZe ki 2 HEN CIEIN LY O B X
% Z & T, hlh2 BDBEENPAREIZRE D2

o DODOBRER EHTCE /22 LR TE /=,
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A D B ITH7-0, THREZ AW KRR ZEZ. Nattapong Kitsuwan
BIZIZDE D EHER L EIFE T, £72, 2 EDDITH72 D HKICTE > TH
W INBEAR 2 e, PRERRECEE, 5E %2 28 1T S B CIHW 2 ARHAEREE, M H
B—HE, FRBHEHIChozFAE, BEOHXIESEHEZHL LT ET,
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N DO
DO —

from mininet.topo import Topo

class MyTopo( Topo ):
"Simple topology example."

def __init__( self ):
"Create custom topo."

# Initialize topology
Topo.__init__( self )

# Add hosts and switches
leftHost = self.addHost( ’h1’ , ip=’10.0.0.1° , mac=’00:00:00:00:00:01’ )

rightHost = self.addHost( ’h2’ , ip=’10.0.0.2° , mac=’00:00:00:00:00:02’ )

centerHost3 = self.addHost( ’h3’ , ip=’10.0.0.3’ , mac=’00:00:00:00:00:03" )
centerHost4 = self.addHost( ’h4’ , ip=’10.0.0.4° , mac=’00:00:00:00:00:04" )
centerHost5 = self.addHost( ’h5’ , ip=’10.0.0.5° , mac=’00:00:00:00:00:05" )

leftSwitch = self.addSwitch( ’s1’ , ip=’10.0.0.11’ , dpid=’0000000000000001° )
rightSwitch = self.addSwitch( ’s2’ , ip=’10.0.0.12’ , dpid=’0000000000000002° )

centerSwitch3 = self.addSwitch( ’s3’ , ip=’10.0.0.13’ , dpid=’0000000000000003° )
centerSwitch4 = self.addSwitch( ’s4’ , ip=’10.0.0.14° , dpid=’0000000000000004° )
centerSwitch5 = self.addSwitch( ’s5’ , ip=’10.0.0.15’ , dpid=’0000000000000005° )
# Add links

self.addLink( leftHost, leftSwitch )
self.addLink( leftSwitch, centerSwitch3 )
self.addLink( leftSwitch, centerSwitch4 )
self.addLink( leftSwitch, centerSwitch5 )
self.addLink( centerSwitch3, centerHost3
self.addLink( centerSwitch4, centerHost4
self.addLink( centerSwitch5, centerHostb
self.addLink( centerSwitch3, rightSwitch
self.addLink( centerSwitch4, rightSwitch
self.addLink( centerSwitchb, rightSwitch
self.addLink( rightSwitch, rightHost )

N N A A Y

topos = { ’mytopo’: ( lambda: MyTopo() ) }

21
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DO —

DO DO
=~

from pox.core import core

import pox.openflow.libopenflow_01 as of
from pox.lib.util import dpidToStr

from pox.lib.addresses import EthAddr
from pox.lib.addresses import IPAddr
from pox.openflow.of_json import x*
import random

[7)
-
7]
=
Lnnnn
QOO0

nowroot = 132
out_portl = 2
out_port2 =1
log = core.getLogger()

def launch (O):
core.openflow.addListenerByName ("PortStatus", _handle_PortStatus)

core.openflow.addListenerByName ("ConnectionUp", _handle_ConnectionUp)
core.openflow.addListenerByName ("PacketIn", _handle_PacketIn)
log.info("Switch running.")

def _handle_PortStatus (event):
global s1s3

global s2s3

global sls4

global s2s4

global si1sb

global s2s5

global nowroot

global out_portl

global out_port2

print "PortStatus has been changed"
primary_down_flag = 0O

port_config = event.ofp.desc.config
if event.ofp.desc.config:

port_status = "down"
else:
port_status = "up"
print "switch dpid", event.dpid, "port", event.port,
print "status = " + port_status + " config = "+str(event.ofp.desc.config)
#s1--/--s3

if ((event.dpid == 1 and event.port == 2) \
or (event.dpid == 3 and event.port == 1)) \
and event.ofp.desc.config:
sls3 =1
if (nowroot == 142 or nowroot == 152):
pass
else:
if sls4 == 1 or s2s4 ==
out_portl = 4
elif sl1sb == 1 or s2sb ==
out_portl = 3
else:
out_portl = random.randint(3,4)

if out_portl == 3:
out_port2 = 2
nowroot = 142

else:
out_port2 = 3
nowroot = 152

22
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#s3--/--82

elif ((event.dpid == 3 and event.port == 3) \
or (event.dpid == 2 and event.port == 1)) \

and event.ofp.desc.config:
s2s3 = 1
if (nowroot == 142 or nowroot == 152):
pass
else:
if s1s4 == 1 or s2s4 ==
out_portl = 4
elif s1sb == 1 or s2sb ==
out_portl = 3
else:
out_portl = random.randint(3,4)

if out_portl ==
out_port2 = 2
nowroot = 142
else:
out_port2 = 3
nowroot = 152

#sl-———- s3
elif ((event.dpid == 1 and event.port ==
or (event.dpid == 3 and event.port
and str(event.ofp.desc.config) != 1:
sls3 =0

#s3-———- s2
elif ((event.dpid == 3 and event.port ==
or (event.dpid == 2 and event.port
and str(event.ofp.desc.config) != 1:
5283 = 0

#s1--/--s4
elif ((event.dpid == 1 and event.port ==
or (event.dpid == 4 and event.port
and event.ofp.desc.config:
sls4 =1
if (nowroot == 132 or nowroot == 152):
pass
else:
if s1s3 == 1 or s2s83 == 1:
out_portl = 4
elif sl1sb == 1 or s2sb == 1:
out_portl = 2
else:
n = random.randint(1,2)
if n==1:
out_portl = 2
else:
out_portl = 4

if out_portl == 2:
out_port2 = 1
nowroot = 132

else:
out_port2 = 3

nowroot = 152

#sd--/--s2

2)

3)

SDD AN

DA

3N\

DA

elif ((event.dpid == 4 and event.port == 3) \
or (event.dpid == 2 and event.port == 2)) \

and event.ofp.desc.config:

s2s4 =1

if (nowroot == 132 or nowroot == 152):
pass

else:
if s1s3 == 1 or s2s3 ==
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el

el

if

el

#sl-——-
elif (

slis4

#s4-——-——-
elif (

s2s4

#s1--/--
elif (

and

sisb
if (

out_portl = 4

if s1sb == 1 or s2sb ==

out_portl = 2

se:
n = random.randint(1,2)
if n == 1:
out_portl = 2
else:
out_portl = 4
out_portl ==

out_port2 = 1
nowroot = 132
se:

out_port2 = 3
nowroot = 152

2:

s4

(event.dpid == 1 and event.port == 3) \

or (event.dpid == 4 and event.port == 1)) \
and str(event.ofp.desc.config) != 1:

=0

s2

(event.dpid == 4 and event.port == 3) \

or (event.dpid == 2 and event.port == 2)) \
and str(event.ofp.desc.config) != 1:

=0

sb
(event.dpid ==
or (event.dpid

event.ofp.desc.

1
nowroot == 132

pass

else
if

1 and event.port == 4) \
== 5 and event.port == 1)) \
config:

or nowroot == 142):

s1s3 == 1 or s2s3 ==

out_portl = 3

elif s1s4 == 1 or s2s4 ==

el

out_portl = 2
se:

out_portl = random.randint(2,3)

if out_portl == 2:

el

#s5--/--
elif (

and

s2sb
if (

out_port2 = 1
nowroot = 132
se:

out_port2 =

nowroot = 14
s2

(event.dpid ==
or (event.dpid

2
2

event.ofp.desc.

=1
nowroot == 132

pass

else
if

el

el

if

el

5 and event.port == 3) \
== 2 and event.port == 3)) \
config:

or nowroot == 142):

s1s3 == 1 or s2s3 ==

out_portl = 3

if sl1s4 == 1 or s2s4 ==

out_portl = 2
se:

out_portl = random.randint(2,3)

out_portl ==
out_port2 = 1

nowroot = 132
se:
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out_port2 = 2
nowroot = 142

#sl-———- s5
elif ((event.dpid == 1 and event.port ==
or (event.dpid == 5 and event.port
and str(event.ofp.desc.config) != 1:
slsb = 0

#s5-———- s2
elif ((event.dpid == 5 and event.port ==
or (event.dpid == 2 and event.port
and str(event.ofp.desc.config) != 1:
s2s5 = 0

DA

\
3\

mod_flow(1l,’arp’,IPAddr("10.0.0.2") ,out_portl)
mod_flow(2,’arp’,IPAddr("10.0.0.1") ,out_port2)
mod_flow(1l,’ip’,IPAddr("10.0.0.2") ,out_portl)
mod_flow(2,’ip’,IPAddr("l0.0.0.l"),out_port2)

print "s1s3:",sl1s3, "s2s3:",s2s3
print "sls4:",sls4, "s2s4:",s2s4
print "sl1sb:",sl1sb5, "s2s5:",s2sb
print nowroot

def _handle_PacketIn (event):
m = { ’buffer_id’ : event.ofp.buffer_id,
’total_len’ : event.ofp._total_len,

’in_port’ : event.ofp.in_port,
’reason’ : event.ofp.reason,
#’data’ : event.data,

}
m[’payload’] = fix_parsed(event.parsed)
global si1s3
global s2s3
global sis4
global s2s4
global s1s5
global s2s5
global nowroot
global out_portil
global out_port2

#s3 -> s1,s2

if m[’payload’] [’payload’] [’protodst’]=="10.0.0.3" \
and (m[’payload’] [’payload’] [’protosrc’]=="10.0.0.1" \
or m[’payload’] [’payload’] [’protosrc’]=="10.0.0.2"):

if nowroot != 132:
pass

elif (s1s4 == 1 or s2s4 == 1) and (sl1lsb == 1 or s2s5 == 1):

print "error"
elif sls4 == 1 or s2s4 == 1:
out_portl = 4
out_port2 = 3
nowroot = 152
print "OK Beer"
elif sl1sb == 1 or s2sb5 == 1:
out_portl = 3
out_port2 = 2
nowroot = 142
print "OK Beer"

else:
n = random.randint(1,2)
if n == 1:
out_portl = 3
out_port2 = 2

nowroot = 142
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print "OK Beer"
else:

out_portl = 4

out_port2 = 3

nowroot = 152
print "OK Beer"

#s4 -> s1,s2
elif m[’payload’] [’payload’] [’protodst’]=="10.0.0.4" \
and (m[’payload’] [’payload’] [’protosrc’]=="10.0.0.1" \
or m[’payload’] [’payload’] [’protosrc’]=="10.0.0.2"):
if nowroot != 142:
pass
elif (s1s3 == 1 or s2s3 == 1) and (slsb == 1 or s2sb == 1):
print "error"
elif s1s3 == 1 or s2s3 == 1:
out_portl = 4
out_port2 = 3
nowroot = 152
print "OK Beer"
elif sl1sb5 == 1 or s2sb
out_portl = 2
out_port2 = 1
nowroot = 132
print "OK Beer"
else:
n = random.randint(1,2)
if n == 1:
out_portl = 2
out_port2 = 1
nowroot = 132
print "OK Beer"

1]
]
-

else:
out_portl = 4
out_port2 = 3

nowroot = 152
print "OK Beer"

#sb -> s1,s2
elif m[’payload’] [’payload’] [’protodst’]=="10.0.0.5" \
and (m[’payload’] [’payload’] [’protosrc’]=="10.0.0.1" \
or m[’payload’] [’payload’] [’protosrc’]=="10.0.0.2"):
if nowroot != 152:
pass
elif (s1s3 == 1 or s2s3 == 1) and (sls4 == 1 or s2s4 == 1):
print "error"
elif s1s3 == 1 or s2s3 == 1:
out_portl = 3
out_port2 = 2
nowroot = 142
print "OK Beer"
elif sls4 == 1 or s2s4 == 1:
out_portl = 2
out_port2 = 1
nowroot = 132
print "OK Beer"

else:
n = random.randint(1,2)
if n == 1:
out_portl = 2
out_port2 =1

nowroot = 132
print "OK Beer"

else:
out_portl = 3
out_port2 = 2

nowroot = 142
print "OK Beer"
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#s3 <> s4
elif (m[’payload’][’payload’][’protosrc’]=="10.0.0.3" \

and m[’payload’] [’payload’] [’protodst’]=="10.0.0.4") \
or (m[’payload’][’payload’] [’protosrc’]=="10.0.0.4" \
and m[’payload’] [’payload’] [’protodst’]=="10.0.0.3"):
if sls5 == 1 or s2s8b ==
print "error"

elif nowroot == 152:
pass

else:
print "OK Beer"

out_portl = 4
out_port2 = 3
nowroot = 152

#s3 <-> sb
elif (m[’payload’][’payload’] [’protosrc’]=="10.0.0.3" \

and m[’payload’] [’payload’] [’protodst’]=="10.0.0.5") \
or (m[’payload’][’payload’] [’protosrc’]=="10.0.0.5" \
and m[’payload’] [’ payload’][ protodst’]=="10.0.0.3"):

if sls4 == 1 or s2s4 == 1:
print "error"

elif nowroot == 142:
pass

else:
print "OK Beer"

out_portl = 3
out_port2 = 2
nowroot = 142

#s4 <-> sb
elif (m[’payload’][’payload’] [’protosrc’]=="10.0.0.4" \

and m[’payload’] [’payload’] [’protodst’]=="10.0.0.5") \
or (m[’payload’][’payload’] [’protosrc’]=="10.0.0.5" \
and m[’payload’] [’payload’] [’protodst’]=="10.0.0.4"):
if s1s3 == 1 or s2s3 == 1:
print "error"

elif nowroot == 132
pass

else:
print "OK Beer"

out_portl = 2
out_port2 = 1
nowroot = 132

mod_flow(1l,’arp’,IPAddr("10.0.0.2") ,out_portl)
mod_flow(2,’arp’,IPAddr("10.0.0.1") ,out_port2)
mod_flow(1l,’ip’,IPAddr("10.0.0.2") ,out_portl)
mod_flow(2,’ip’,IPAddr("10.0.0.1") ,out_port2)
print nowroot

def _handle_ConnectionUp (event):
dpid=dpidToStr(event.dpid)
print "ConnectionUp: saw switch dpid ", dpid , event.dpid
m = random.randint(1,2)

add_flow(1l,’arp’,IPAddr("10.0.0.2"),2)
add_flow(1l,’arp’,IPAddr("10.0.0.1"),1)
add_flow(1,’ip’,IPAddr("10.0.0.2"),2)
add_flow(1l,’ip’,IPAddr("10.0.0.1"),1)

add_flow(2,’arp’,IPAddr("10.0.0.2"),4)
add_flow(2,’arp’,IPAddr("10.0.0.1"),1)
add_flow(2,’ip’,IPAddr("10.0.0.2"),4)
add_flow(2,’ip’,IPAddr("10.0.0.1"),1)

add_flow(3,’arp’,IPAddr("10.0.0.2"),3)
0.0

add_flow(3,’arp’,IPAddr("10. 1M,
add_flow(3,’ip’,IPAddr("10.0.0.2"),3)
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420 add_flow(3,’ip’,IPAddr("10.0.0.1"),1)

421 add_flow(3,’arp’,IPAddr("10.0.0.4"),1)

422 add_flow(3,’arp’,IPAddr("10.0.0.5"),1)

423 add_flow(3,’ip’,IPAddr("10.0.0.4"),1)

424 add_flow(3,’ip’,IPAddr("10.0.0.5"),1)

42

42% add_flow(4,’arp’,IPAddr("10.0.0.2"),3)

427 add_flow(4,’arp’,IPAddr("10.0.0.1"),1)

428 add_flow(4,’ip’,IPAddr("10.0.0.2"),3)

429 add_flow(4,’ip’,IPAddr("10.0.0.1"),1)

430 add_flow(4,’arp’,IPAddr("10.0.0.3"),1)

431 add_flow(4,’arp’,IPAddr("10.0.0.5"),1)

432 add_flow(4,’ip’,IPAddr("10.0.0.3"),1)

433 add_flow(4,’ip’,IPAddr("10.0.0.5"),1)

434

435 add_flow(5,’arp’,IPAddr("10.0.0.2"),3)

436 add_flow(5,’arp’,IPAddr("10.0.0.1"),1)

437 add_flow(5,’ip’,IPAddr("10.0.0.2"),3)

438 add_flow(5,’ip’,IPAddr("10.0.0.1"),1)

439 add_flow(5,’arp’,IPAddr("10.0.0.3"),1)

440 add_flow(5, ’arp’,IPAddr("10.0.0.4"),1)

441 add_flow(5,’ip’,IPAddr("10.0.0.3"),1)

442 add_flow(5,’ip’,IPAddr("10.0.0.4"),1)

443

444

445  def add_flow (dpid, proto, nw_dst, out_port):
446 msg = of.ofp_flow_mod(command=of .0FPFC_ADD)
447 if proto==’arp’:

448 msg.match.dl_type = 0x0806

449 elif proto==’ip’:

450 msg.match.dl_type = 0x0800

451 msg.match.nw_dst = IPAddr(nw_dst)

452 msg.actions.append(of.ofp_action_output(port = out_port))
453 core.openflow.sendToDPID(dpid, msg)

454

455  def mod_flow (dpid, proto, nw_dst, out_port):
456 msg = of.ofp_flow_mod(command=of .0FPFC_MODIFY_STRICT)
457 if proto==’arp’:

458 msg.match.dl_type = 0x0806

459 elif proto==’ip’:

460 msg.match.dl_type = 0x0800

461 msg.match.nw_dst = IPAddr (nw_dst)

462 msg.actions.append(of.ofp_action_output(port = out_port))
463 core.openflow.sendToDPID(dpid, msg)

464

465
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