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Dezember 1969

19695FAT ARPANET JFEIER, (RAMMERAMN. RIREMEREIN— IR, SMBIEES
—EEEN, FRUESRTIARENERIESEE,

ARSI hIEI AL Z SRR, BARIEIMENEEE, BT RN ENGmERE, 7
BLFEBERASHESFE=E. B, SFRERRGNMNE LM ERFITIRN, EHaiiEa
ROz,
[R5 EE
o SDN BRI TIERET LSS
(1) =HIBEATNTIHLEER— mac-port BRETE,
(2) #EHIZBUE packet_iniBRfE, BITEPETHIEIRE.
(3) =HIEE=S] src_mac - in_port BRET,

(4) I=HIZzER dst_mac , WRKEFES, WHLZHIEG, WREFY, WBiEEkMEAEIEL
(packet_out), FFEISIRM FAMET flow_mod), FESIRHELAFISEHIEIEE.

o [ZEHRFNA topo_1969_1.py , JFEIA:

sudo python topo_1969_1.py

o OIARE SN NI EIEEBAIEF( no_buffer),

XRIHESR

LATSHACIEESR, RFBANFeRBAvE TSR] :

from ryu.base import app_manager
from ryu.controller import ofp_event
from ryu.controller.handler import MAIN_DISPATCHER, CONFIG_DISPATCHER
from ryu.controller.handler import set_ev_cls
from ryu.ofproto import ofproto_vl_3
from ryu.Tlib.packet import packet
from ryu.lib.packet import ethernet
class switch(app_manager.RyuApp):
OFP_VERSIONS = [ofproto_v1_3.0FP_VERSION]
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def _init__(self, *args, **kwargs):
super(Switch, self).__init__(*args, **kwargs)
# maybe you need a global data structure to save the mapping

def add_flow(self, datapath, priority, match,
actions,idle_timeout=0,hard_timeout=0):

dp = datapath

ofp = dp.ofproto

parser = dp.ofproto_parser

inst = [parser.OFPInstructionActions(ofp.0OFPIT_APPLY_ACTIONS, actions)]

mod = parser.OFPFlowMod(datapath=dp, priority=priority,
idle_timeout=idle_timeout,
hard_timeout=hard_timeout,
match=match,instructions=inst)

dp.send_msg(mod)

@set_ev_cls(ofp_event.EventOFPSwitchFeatures, CONFIG_DISPATCHER)
def switch_features_handler(self, ev):

msg = ev.msg

dp = msg.datapath

ofp = dp.ofproto

parser = dp.ofproto_parser

match = parser.OFPMatch()

actions =

[parser.0FPActionOutput(ofp.0OFPP_CONTROLLER,0fp.0OFPCML_NO_BUFFER)]
self.add_flow(dp, 0, match, actions)

@set_ev_cls(ofp_event.EventOFPPacketIn, MAIN_DISPATCHER)
def packet_in_handler(self, ev):

msg = ev.msg

dp = msg.datapath

ofp = dp.ofproto

parser = dp.ofproto_parser

# the identity of switch

dpid = dp.id

self.mac_to_port.setdefault(dpid, {})

# the port that receive the packet

in_port = msg.match['in_port']

pkt = packet.Packet(msg.data)

eth_pkt = pkt.get_protocol(ethernet.ethernet)

# get the mac

dst = eth_pkt.dst

src = eth_pkt.src

# we can use the Togger to print some useful information
self.logger.info('packet: %s %s %s %s', dpid, src, dst, in_port)

# you need to code here to avoid the direct flooding
# having fun
# )



SZRRH
UCLA ping UTAH, uUCsB ANBWEIIEXEIRE:

mininet> UCLA ping UTAH

PING 160.0.0.4 (10.0.0.4) 56(84) bytes of data.

64 bytes from 10.0.0.4: i ttl=64 time=283
64 es from 10.0.0.4: ttl=64 time=128
ttl=64 time=127
ttl=64 time=126

64 es from 10.0.0.4:

Fa P

64 es from 18.0.8.4:
64 es from 10.0.8.4: ttl=64 time=127
64 es from 10.0.0.4: B ttl=64 time=127
64 ; from 10.0.6.4: i _ 5¢ ttl=64 time=128

oh LN

File Edit View Go =
AmcemiliRE Qe EF I E QAQ_QE

-Ctri-/> -]+

Capture Analyze Statistics Telephon

No. Time Destination Protocel Lengtt Info
1 0.000000000 19dff:fef. FfR2::2 ICMPvE 70 Router Solicitation from 26:b6:9d:T6:ed:b2
2 B.066754884 121Ff: feld.. ffO2::fb MDNS 283 Standard query @x0808 PTR _ipps._tcp.local, "QM" quest
3 B.545893868 14bff:fef. ffO2::fb MDNS 283 Standard query ©x080@ PTR _ipps._tcp.local, "QM" quest
4 0.574701184 :65Ff: feb.. FfO2::fb MDNS 283 Standard query @x080@ PTR _ipps._tcp.local, "QM" quest
5 0.590758242 14377:feb. Tf02::fb MDNS 203 Standard query ©x0008 PTR _ipps._tcp.local, "QM" quest
6 2.810433373 1657 f:feb. Tf02::2 ICMPVE 70 Router Solicitation from fe:f4:55:b8:db:ce
7 2.862621712 :9eff:feb. ff02::2 ICMPVE 70 Router Solicitation from 3e:75:9e:51:36:3@
8 6.106485687 Tedg::Tce2:57T:Te77.. TTO2::2 ICMPVE 70 Router Solicitation from Te:B2:€5:77:14:90
9 8.076724924 3e:75:9e:51:36: 30 Broadcast ARP 42 Who has 10.0.0.47 Tell 108.0.08.2
16 51.249654110 fe80::b45b:21Ff:fed. ffE2::2 ICMPvE 78 Router Solicitation from b6:5b:21:35:b6:32
11 55.310803810 feB0::fc73:437f:feb.. fFE2::2 ICMPvE 78 Router Solicitation from fe:73:43:69:b8:2d
12 59.390311597 feB0::f492:4bff:fef. ffE2::2 ICMPvE 70 Router Solicitation from f6:92:4b:f7:19:76
13 61.491309881 feB0::900T:efff:fed. ffE2::2 ICMPvE 70 Router Solicitation from 92:0f:ef:d3:ee:24
14 64.068458798 feBO::b45b:21ff:feld. ffB2::fb MDNS 283 Standard query @x080@ PTR _ipps._tcp.local, "QM" quest
15 64.547094146 feBO::f492:4bff:fef. ffO2::fb MDNS 283 Standard query ©x080@ PTR _ipps. tcp.local, "QM" quest
16 64.577424210 feBO::fcf4:557f:feb. ffB2::fb MDNS 283 Standard query @x080@ PTR _ipps._tcp.local, "QM" quest
17 64.591171379 14377:feb. Tf02::fb MDNS 203 Standard query ©x0008 PTR _ipps._tcp.local, "QM" quest
18 67.583638926 19dff:fef. ff02::2 ICMPVE 70 Router Solicitation from 26:b6:9d:T6:ed:b2

19 71.642445838 1057 :Teb. TTB2::2 ICMPVE 70 Router Solicitation from fe:f4:55:b8:db:ce
20 T73.742439544 28 (9efr:Teb. TTE2::2 ICMPVE 70 Router Solicitation fTrom 3e:75:9e:51:36:30
21 75.738354715 feB0::fc@2:5ff:fe77. ffB2::2 ICMPvE 78 Router Solicitation from fe:B2:05:77:14:90

SCIMESS—: IAEEI B

Dezember 1969

UCLA Fl ucse IB(SSME, WEIAREY 7 —REEME. ERAYAHN topo_1969_2. py FIETEHF I3
#l, ucLAFO uTAH ZIEITTEERBE. fimnRAR, FENERRETRONVMUER, BERERR
ELE Y EFIR; wireshark tHEENE T 8B FERAIHERIR.
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mininet> dpctl dump-flows

*xk g1 -

cookie=0x0, i o L = 1900, priorit ,in_port="s1-eth2",d1_dst=d2:bd:58:de:55:0f actions=output:"s1-eth3"
cookie=0x0, i o , N Mytes 0, priority=1,in port "s1-eth4",d1_dst=d2:bd:58:de:55:0f actions=outpu s1-eth3"
cookie=0x0, duration=5.870s, Ll 58556, prio actions=CONTROLLER:65535

cookie=0x0, ion=5. table= 0, n_packets= 1950 n_bytes=81900, priority=1,in_port="s2-eth1",dl_dst=d2:bd:58:de:55:0f actions=output: -eth2"
cookie=0x0, i . L = , priority=0 actions=CONTROLLER:65535

cookie=0x0, .4 L i in_port="s3-eth2",d1_dst=d2:bd:58:de:55:0f actions=output:"s3-eth3"
cookie=0x0, i o ) ,n_| 6 i actions=CONTROLLER:65535

5 nipackets_ _| iori ,in_| "s4-eth2",dl_dst=d2:bd:58:de:55:0f actions=outpu s4-eth2"
cookie=0x0, i .4 , In_packet ,|n_bytes=81690, priorit in_port="s4-eth3",dl_dst=d2:bd:58:de:55:0f actions=output:"s4
cookie:ole, duration=5.879s, table=0, |n_packets=3817, |n_bytes=459291, priority=0 actions=CONTROLLER:65535

File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help

i XE QesEFITEQQQE
[pply a display filter ... <Ctrl-/> -]+
0. Time Source Destination Protocol Lengtt Info =
59851 2.026122393 ce:T5:0d:eB:73:ef 7e:db:ad:@f:88:e7 ARP 42 10.0.0.4 is at ce:f5:0d:eB:73:ef
59652 2.026124266 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:75:0d:eB:73:ef
59053 2.026126159 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:ef
59054 2.026594269 ce:Th:0d:eB:73:ef Je:db:ad:@f:88:e7 ARP 42 10.0.60.4 is at ce:f5:@d:eB:73:eT
59855 2.026598235 ce:T5:0d:eB:73:ef Te:db:ad:@f:88:e7 ARP 42 10.9.8.4 is at ce:f5:0d:eB:73:ef
59656 2.026600469 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:75:0d:eB:73:ef
59657 2.026602422 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:ef
59058 2.026604335 ce:Th:0d:eB:73:ef Je:db:ad:@f:88:e7 ARP 42 10.0.60.4 is at ce:f5:@d:eB:73:eT
59859 2.026606248 ce:T5:0d:eB:73:ef Te:db:ad:@f:88:e7 ARP 42 10.9.8.4 is at ce:f5:0d:eB:73:ef
59060 2.026608101 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:75:0d:eB:73:ef
59061 2.026610004 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:ef
59062 2.026611877 ce:TH:0d:e8:73:eT Te:db:ad:0@r:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:eT
59863 2.026613716 ce:T5:0d:eB:73:ef Te:db:ad:@f:88:e7 ARP 42 10.9.8.4 is at ce:f5:0d:eB:73:ef
59064 2.026615583 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:75:0d:eB:73:ef
59065 2.026617436 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:ef
59066 2.026619289 ce:TH:0d:e8:73:eT Te:db:ad:0@r:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:eT
59867 2.026621182 ce:T5:0d:eB:73:ef Te:db:ad:@f:88:e7 ARP 42 10.9.0.4 is at ce:f5:0d:eB:73:ef
59068 2.026623075 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:75:0d:eB:73:ef
59069 2.027093219 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:ef
59070 2.027096925 ce:TH:0d:e8:73:eT Te:db:ad:0@r:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:eT
59871 2.027098838 ce:T5:0d:eB:73:ef Te:db:ad:@f:88:e7 ARP 42 10.9.0.4 is at ce:f5:0d:eB:73:ef
59072 2.027100711 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:75:0d:eB:73:ef
59073 2.027102594 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:ef
59874 2.027104537 ce:T5:0d:eB:73:ef Te:db:ad:@T:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:ef
59875 2.027106410 ce:T5:0d:eB:73:ef Te:db:ad:@f:88:e7 ARP 42 10.9.0.4 is at ce:f5:0d:eB:73:ef
59076 2.027108293 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:75:0d:eB:73:ef
59077 2.027110156 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:ef
59878 2.027112039 ce:T5:0d:eB:73:ef Te:db:ad:@T:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:ef
59879 2.027113912 ce:T5:0d:eB:73:ef TFe:db:ad:8f:88:e7 ARP 42 10.9.0.4 is at ce:f5:0d:eB:73:ef
59080 2.027115785 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:75:0d:eB:73:ef
59081 2.027117678 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:ef
59882 2.027119531 ce:T5:0d:eB:73:ef Te:db:ad:@T:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:ef
59883 2.027121414 ce:T5:0d:eB:73:ef TFe:db:ad:8f:88:e7 ARP 42 10.9.0.4 is at ce:f5:0d:eB:73:ef
59684 2.027597206 ce:TH:0d:eB:73:ef Te:db:ad:0f:88:e7 ARP 42 10.0.0.4 is at ce:T5:0d:eB:73:ef

XL L2 AR [ EAUREAEINEH FLZ SERY, (EFRMEFI LMY AR RIX—E#. £ soN
&, AOBERTEMMIMY, TIABSSHEFRRERRX—ERE. UM —MgRRR, BEE%
SIRABIERE E5e=CR3, ARRIERE:

HFSA dpid BIZTHAHM in_port SE—IRULEIEA src_mac FALAE, 187 dst_ip AYS 3 ARP
Request FUEERT, IEFIBRCRE—RET (dpid, src_mac, dst_ip)->in_port., F—IRIZ3ZHULE]
[E— (src_mac, dst_ip) {B in_port A[EHJARP Request HIEEINBEREER, BUHZ.

CRIHESR

from ryu.base import app_manager

from ryu.controller import ofp_event

from ryu.controller.handler import MAIN_DISPATCHER, CONFIG_DISPATCHER
from ryu.controller.handler import set_ev_cls

from ryu.ofproto import ofproto_vl_3

from ryu.lib.packet import packet

from ryu.lib.packet import ethernet

from ryu.lib.packet import arp

from ryu.lib.packet import ether_types

ETHERNET = ethernet.ethernet.__name__
ETHERNET_MULTICAST = "ff:ff:ff:ff:ff:ff"
ARP = arp.arp.__name__

class Switch_Dict(app_manager.RyuApp):
OFP_VERSIONS = [ofproto_vl_3.0FP_VERSION]
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def _init__(self, *args, **kwargs):
super(Switch_bict, self).__init__(*args, **kwargs)
self.sw = {} #(dpid, src_mac, dst_ip)=>in_port, you may use it in
mission 2
# maybe you need a global data structure to save the mapping
# just data structure in mission 1

def add_flow(self, datapath, priority, match, actions, idle_timeout=0,
hard_timeout=0):

dp = datapath

ofp = dp.ofproto

parser = dp.ofproto_parser

inst = [parser.OFPInstructionActions(ofp.OFPIT_APPLY_ACTIONS, actions)]

mod = parser.OFPFlowMod(datapath=dp, priority=priority,
idle_timeout=idle_timeout,
hard_timeout=hard_timeout,
match=match, instructions=inst)

dp.send_msg(mod)

@set_ev_cls(ofp_event.EventOFPSwitchFeatures, CONFIG_DISPATCHER)
def switch_features_handler(self, ev):

msg = ev.msg

dp = msg.datapath

ofp = dp.ofproto

parser = dp.ofproto_parser

match = parser.0OFPMatch()

actions = [parser.OFPActionoutput(ofp.OFPP_CONTROLLER,

ofp.OFPCML_NO_BUFFER) ]
self.add_flow(dp, 0, match, actions)

@set_ev_cls(ofp_event.EventOFPPacketIn, MAIN_DISPATCHER)
def packet_in_handler(self, ev):

msg = ev.msg

dp = msg.datapath

ofp = dp.ofproto

parser = dp.ofproto_parser

# the identity of switch
dpid = dp.id
self.mac_to_port.setdefault(dpid, {})
# the port that receive the packet
in_port = msg.match['in_port']
pkt = packet.Packet(msg.data)
eth_pkt = pkt.get_protocol(ethernet.ethernet)
if eth_pkt.ethertype == ether_types.ETH_TYPE_LLDP:
return
if eth_pkt.ethertype == ether_types.ETH_TYPE_IPV6:
return
# get the mac
dst = eth_pkt.dst
src = eth_pkt.src
# get protocols
header_Tlist = dict((p.protocol_name, p) for p in pkt.protocols if
type(p) != str)
if dst == ETHERNET_MULTICAST and ARP in header_Tlist:
# you need to code here to avoid broadcast Toop to finish mission 2



# self-learning

# you need to code here to avoid the direct flooding
# having fun

# )

# just code in mission 1

ERTH
#RR ARP STREFEFRRIGH RO EIEUS, ucLA R UTAH ZIEI ping 8, FEIRRIMAITEIRE

BRI :

.861s, n_packets: Ll iori i - ",d1_dst=26:c8:1a:08:00: actions=output:"
cookie=0x0, i .853s, b n_packets: t iori p - ",dl_dst=56:ee:b7:el1:7e: actions=output:"
cookie=0x! i o n_packets: i i

*kx g2 - S -
cookie=0x0, i o > ,1 n_packets hard_timeout= iori - ",d1_dst=26:c8:1a:08:00: actions=output:"
cookie=0x0, i .856s, ,I n_packets=0, h_| hard_timeou iori P - ",dl_dst=56:ee:b7:e1:7e: actions=output:"
cookie=0x0, i 5 n_packets:

490, priority=0 actions=CONTROLLER:65535

cookie=0x0, i 65s, ,1 n_packets n_bytes=0, hard_timeout= iori - " :13:08:00: actions=output:"s4-
cookie=0x0, i .864s, table=0,| n_packets: hard_timeou 5 iori p - " tee:b7:el:7e: actions=output:
cookie=0x0, i 5 table=0,! n packets=8, iori

BIn=s

EIES —REHT—FSESE, son PRESHLRAMERE, BERIRITSEIN—FEHIRIBRR
INEET AR,

MINEEEERFERNNEE, BESESLRRERTILMN.

I REH

e SDNigix: sdnlab
o XFMininet NEZER: Mininet Doc, Mininet API
o XTFRyu APP FFREVEZER}: Ryu Book



af://n57
af://n60
af://n63
https://www.sdnlab.com/
https://github.com/mininet/mininet/wiki/Documentation
http://mininet.org/api/annotated.html
https://osrg.github.io/ryu-book/en/html/index.html
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