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OpenFlow &l
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= AXBIXZOETDENMEZIERET S
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Hello, Trema!

class HelloTrema < Controller

def start

puts “Hello, Trema!”
end

end




SEE: "Hello Trema!" Z#ZE1T

e LI TOATURZEAAL., Trema ZZE1T

$ cd iw2012 files
$ trema run hello-trema.rb

Password: xxxxxxxx # Enter your password here

Hello Trema! # Ctrl-C to quit



HAROATK : “tremarun’

$ trema run [controller-file]

» FEEAVURT. VMO —2ZFRITLET
o Ctrl-c CIELELZET

* ‘trema help run® TH 7 a ) AERRLZ
-d—
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* ‘tremarun’ AVY KT, ELV-aVNA—5%
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F—J—F (FHIGE

 alias and BEGIN begin break case
class def defined do else elsif END
end ensure false for if In module
next nil not or redo rescue retry
return self super then true undef
unless until when while yield



*—J—F (PH#5E

 alias and BEGIN begin break case
class def defined do else elsit END
end ensure false for if in module
next nil not or redo rescue retry
return self super then true undef
unless until when while yield
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Hello, Trema!

class
def

end
end
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* TokyoTower
(Tokyo Tower)

* TheEmpireStateBuilding
(The Empire State Building)

e HelloTrema
e Controller



Hello, Trema!

HelloTrema < Controller
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class HelloTrema < Controller

end

'_=|‘£
TR




Oy bA—5495X

class HelloTrema < Controller
#...

end

IRTOIAVA—F(F, FTRELTEELET

— ‘class HelloTrema®

Trema 95 AXZ547Z)IZHEBEINTLYS “Controller’ 75
ADYITOSZRELTEELET

AV MA—SZITHELGAYYRIE, BEIICHASINE T
(flow-mod Ayt—T M iEEFH)
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Trema Ruby, C  Trema AT xHk GPL2

POX Python uc /\—4oLA GPL3

NOX C++ Nicira, A2 74—k K=, GPL3
uc/N\—oL A

Floodlight Java Big Switch Networks Apache
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Trema C/\J

class RepeaterHub < Controller
def packet_in datapath_id, message
send_flow_mod_add(
datapath _id,
:match => ExactMatch.from( message ),
-actions => SendOutPort.new( OFPP_FLOOD )
)
send_packet_out(
datapath _id,
:packet_in => message,
-actions => SendOutPort.new( OFPP_FLOOD )
)
end
end



POX (Python)

from pox.core import core
import pox.openflow.libopenflow_01 as of

class RepeaterHub (object):
def __init__ (self, connection):
self.connection = connection
connection.addListeners(self)

def send_packet (self, buffer_id, raw_data, out_port, in_port):
msg = of.ofp_packet_out()
msg.in_port = in_port
if buffer_id != -1 and buffer_id is not None:
msg.buffer_id = buffer_id
else:
if raw_data is None:
return
msg.data = raw_data
action = of.ofp_action_output(port = out_port)
msg.actions.append(action)
self.connection.send(msg)

def act_like_hub (self, packet, packet_in):
self.send_packet(packet_in.buffer_id, packet_in.data,
of. OFPP_FLOOD, packet_in.in_port)

def _handle_Packetin (self, event):
packet = event.parsed
if not packet.parsed:
return
packet_in = event.ofp # The actual ofp_packet_in message.
self.act_like_hub(packet, packet_in)

def launch ():
def start_switch (event):
RepeaterHub(event.connection)
core.openflow.addListenerByName("ConnectionUp", start_switch)
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NOX (C++)

#include <boost/bind.hpp>
#include <boost/shared_array.hpp>
#include "assert.hh"

#include "component.hh”

#include "flow.hh"

#include "packet-in.hh"

#include "vlog.hh"

#include "netinet++/ethernet.hh"
namespace {

using namespace vigil;
using namespace vigil::container;

Vlog_module Ig("hub");

class Hub
: public Component

{
public:
Hub(const Context* c,
const json_object*)
: Component(c) {}

void configure(const Configuration*) {

Disposition handler(const Event& e)

const Packet_in_event& pi = assert_cast<const Packet_in_event&>(e);
uint32_t buffer_id = pi.buffer_id;
Flow flow(pi.in_port, *(pi.get_buffer()));

if (flow.d|_type == ethernet::LLDP){
return CONTINUE;

ofp_flow_mod* ofm;

size_t size = sizeof *ofm + sizeof(ofp_action_output);
boost::shared_array<char> raw_of(new char[size]);
ofm = (ofp_flow_mod*) raw_of.get();

ofm->header.version = OFP_VERSION;
ofm->header.type = OFPT_FLOW_MOD;
ofm->header.length = htons(size);
ofm->match.wildcards = htonl(0);
ofm->match.in_port = htons(flow.in_port);
ofm->match.dl_vlan = flow.dl_vlan;

I

REGISTER_COMPONENT (container::Simple_component_factory<Hub>, Hub);

}

ofm->match.dl_vlan_pcp = flow.dl_vlan_pcp;
memcpy(ofm->match.dl_src, flow.dl_src.octet, sizeof ofm->match.dl_src);
memcpy(ofm->match.dl_dst, flow.dl_dst.octet, sizeof ofm->match.dl_dst);
ofm->match.dl_type = flow.dl_type;

ofm->match.nw_src = flow.nw_src;

ofm->match.nw_dst = flow.nw_dst;

ofm->match.nw_proto = flow.nw_proto;

ofm->match.tp_src = flow.tp_src;

ofm->match.tp_dst = flow.tp_dst;

ofm->cookie = htonl(0);

ofm->command = htons(OFPFC_ADD);

ofm->buffer_id = htonl(buffer_id);

ofm->idle_timeout = htons(5);

ofm->hard_timeout = htons(5);

ofm->priority = htons(OFP_DEFAULT_PRIORITY);

ofm->flags = htons(0);

ofp_action_output& action = *((ofp_action_output*)ofm->actions);
memset(&action, 0, sizeof(ofp_action_output));

action.type = htons(OFPAT_OUTPUT);

action.len = htons(sizeof(ofp_action_output));

action.port = htons(OFPP_FLOOD);

action.max_len = htons(0);
send_openflow_command(pi.datapath_id, &ofm->header, true);
free(ofm);

if (buffer_id == UINT32_MAX) {
size_t data_len = pi.get_buffer()->size();
size_t total_len = pi.total_len;
if (total_len == data_len) {
send_openflow_packet(pi.datapath_id, *pi.get_buffer(),
OFPP_FLOOD, pi.in_port, true);
}
}

return CONTINUE;
}

void install()

register_handler<Packet_in_event>(boost::bind(&Hub::handler, this, _1));

Internet Week 2012

32



Floodlight (Java)

package net.floodlightcontroller.hub;

import java.io.|OException;
import java.util.ArrayList;
import java.util.Collection;
import java.util.Collections;
import java.util.Map;

import net. i troller.core.FloodlightContext;
import net.floodlightcontroller.core.IFloodlightProviderService;
import net.fl I ontroller.core.|OF istener;

import net.floodlightcontroller.core.IOFSwitch;

import net.floodlightcontroller.core.module.FloodlightModuleContext;
import net.fl I ntroller.core.module.FloodlightModuleException;
import net. i troller.core.module.IFloo dul

import net.floodlightcontroller.core.module.IFloodlightService;

import org.openflow.protocol.OFMessage;

import org.openflow.protocol.OFPacketin;

import org.openflow.protocol.OFPacketOut;

import org.openflow.protocol.OFPort;

import org.openflow.protocol.OFType;

import org.openflow.protocol.action.OFAction;

import org.openflow.protocol.action.OFActionOutput;

import org.openflow.util.U16;

import org.slf4j.Logger;

import org.slf4j.LoggerFactory;

publicclass Hub i it ightModule, 10 istener {
protected static Logger log = LoggerFactory.getLogger(Hub.class);
protected IFloodlightProviderService floodlightProvider;

public void setFloodlightProvider(IFloodlightProviderService floodlightProvider) {
this.floodlightProvider = floodlightProvider;
}

@Override
public String getName() {
return Hub.class.getPackage().getName();

}

public Command receive(IOFSwitch sw, OFMessage msg, FloodlightContext cntx) {
OFPacketIn pi = (OFPacketIn) msg;
OFPacketOut po = (OFPacketOut)fl; ightProvider.getOFN actory()
.getMessage(OFType.PACKET_OUT);
po.setBufferld(pi.getBufferld())
.setInPort(pi.getinPort());

OFActionOutput action = new OFActionOutput()

.setPort((short) OFPort.OFPP_FLOOD.getValue());
po.setActions(Collections.singletonList((OFAction)action));
po.setActionsLength((short) OFActionOutput. MINIMUM_LENGTH);

if (pi.getBufferld() == Oxffffffff) {
byte[] packetData = pi.getPacketData();
po.setLength(U16.t(OFPacketOut. MINIMUM_LENGTH
+ po.getActionsLength() + packetData.length));
po.setPacketData(packetData);

}else {
po.setLength(U16.t(OFPacketOut. MINIMUM_LENGTH
+ po.getActionsLength()));
}
try{
sw.write(po, cntx);
} catch (I0Exceptione) {
log.error("Failure writing PacketOut", e);

}

return Command.CONTINUE;

@Override
public boolean isCallbackOrderingPrereq(OFType type, String name) {
return false;

}

@Override
public boolean isCallbackOrderingPostreq(OFType type, String name) {
return false;

}

@Override
public Collection<Class<? extends IFloodlightService>> getModuleServices() {
return null;

}

@Override
public Map<Class<? extends IFl i ervice>,
getServicelmpls() {
return null;

}

ervice:

@Override
public Collection<Class<? extends IFloodlightService>>
getModuleDependencies() {
Collection<Class<? extends IFloodlightService>> | =
new ArrayList<Class<? extends IFloodlightService>>();
l.add(IFloodlightProviderService.class);
return|;

}

@Override
public void init(FloodlightModuleContext context)
throws FloodlightModuleException {
floodlightProvider =
context.getServicelmpl(IFloodlightProviderService.class);

}
@Override
public void startUp(FloodlightModuleContext context) {
{ i rovider.addOF istener(OFType.PACKET_IN, this);
}
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Trema &l

* Ruby & C A+ OpenFlow I~ A—SFAH
IL—LT—2
— GPL2
— http://github.com/trema/trema

e “Post-Rails” B LNEEEZEH
- EWVa—FZz9<EINES
- JKHHNEZFEEITS
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http://github.com/trema/trema

Trema =

OpenFlow AV rA—SRITS5A4T 3

(Ruby and C)
+
rYbT—=Y T2 —4
+

‘trema’ A< R



Controller User Applications

Controller
(C)

% Network
DSL

Network Emulator
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OpenFlow R wF&aAr bO—S5% &k

Task B : Hello Switch
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JE 8 : Hello Switch A cA—5

$ trema run hello-switch.rb -c hello-switch.conf
Password: xxxxxxxx # Enter your password here
Hello Oxabc! # Ctrl-c to quit

e YILxF7hR OpenFlow XA YF (dpid = Oxabc) ZEEEIL .
avbO—5&EHELET

e O FO—5I1E “Hello Oxabc!” ERRLET

e YTk T7hR OpenFlow XAV FDF2ZENZL "hello-
switch.conf [CEELFET




User Applications

hello-switch.rb

Trema Framework

% Network
DSL

Oxabc

Network Emulator
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hello-switch.conf

#

# Add a switch with dpid == Oxabc
#

vswitch { dpid "Oxabc" }

# or

vswitch { datapath_id "Oxabc" }

Y7k 7hR OpenFlow A vFHAEEEIL, OV bA—5EDaRY
AVEMEILFET

Trema [ Full-stack DA IL—LT—HTY , /—k PCHA—F
HNIL. MEBRAAFEFO>TWIKTERENTEET



"hello-switch.rb

class HelloSwitch < Controller
def switch_ready dpid
puts "Hello #{ dpid.to_hex }!"
end
end

e ‘switch_ready’ & R yFHAaAbO—ZIZHEHELI-EE
[ZIEENSN\VRSTY

« BIHD dpid [SITEHLI=RAYFD ID HEHINET

e “to hex @ DIT5Z&ET dpid F 16 EHTRRLET




/AEI AAYFDiE B 0

# hello-switch.conf

vswitch { dpid "0x1" }
vswitch { dpid "0x2" }
vswitch { dpid "0x3" }

S trema run hello-switch.rb -c hello-switch.conf
77?7

* ‘hello-switch.conf' [CAAYFZEBMLT ‘tremarun’ L1=&
& fAMNKRREINDS?
o FBRAYFD dpid [FA=—UTHADLENHYET



/AEI AAVF DU

* hello-switch.rb [Z3

5 E &~

— switch_disconnected INRSEFER

_I‘E jJDL, AAY37

— B|#Z. switch_ready E[EIFRIZ. dpid DH

S trema kill 0x1
S trema up 0x1

#ARAE X A vF D UIHT
#RBEX A yFDFE)

-]
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INRT—E

* start switch_ready switch_disconnected
packet_in flow removed port_status
openflow_error features reply
stats_reply barrier_reply
get_config_reply
gueue_get config_reply vendor



NRS—E&

* slart switch_ready switch_disconnected
packet In flow removed port_status
openflow_error features reply
stats reply barrier reply
get_config_reply
gueue_get config_reply vendor
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ARDRNERS

def switch_ready dpid
puts "Hello #{ dpid.to_hex }!”
end

o« ARUINYTURKT, avbO—5%ERLET
¢« BNIERSE AVRAVAAYYRELTRELFET



ANDEDHRY 73T

class MyController < Controller

def start # A hO—SEEFRIZBEEMICMEIENS
# ...
end

def switch_ready dpid # R vFEHEFICBENIZIFEIEINS
# ...
end
end

e Trema [FARUEDIRY R FIZ)TL O3 &0V
Ruby D#EfEZ{FE-TNVET

o« TN EHICTYNBLETARINYFONNTE
R iTOWEIHYEEA



AR\ RT (Floodlight DIFZE)

public Command receive(IOFSwitch sw, ...) {
switch (msg.getType()) { I AR TARINYF
case PACKET _IN:
return this.handlePacketIn(sw, ...);

private Command handlePacketin(IOFSwitch sw, ...) { // 7\ FZARAK

* Floodlight TIE, M LEARMNRY B (THARBETT
e« BFELHBLWNAZLNV=H. O—FORBELNAELGYET



OA—T 42T DI=HD I X
(coding by convention)
o BREGTOA—FZFEHDOIX
— e.g., "handler name" == "message name”
o« ARVKTARINYFDES%G, BELLGEWVER
C: Y
e BLWNTOTIIVT D=2, BHIEEAS
DELIEVER D ZBIE
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7 <E<

ccEEEMDORIC(EsRLVEEREFR

— e.g. Arc Programming Language [Paul Graham]

« BHIE=
o /N B ADAEE

—FZRE<THILET.

—kz

=<FRZE&/NMIT S
TR A RS

Trema I&. EITEODNERMELYE

JII—DAEE
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avka—2

TCP/TLS THEHE




5

Hello Xvytz—v/

Hello Hello

e
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Features Request/Reply

Features E Features
Request |

v o
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\\‘

F 75 OpenFlow A vtz—

« INTybk
— Packetin: 2{E/NybrFEIVFO—S5AES
— Packet out : A FOA—FZ I TYE> 2/ \ T Y RER A F L H AZES

« J0O—R8E
— Flowmod : AL/ YFIZ, JO0—%EKET S
— Flowremoved : ZA—AVHA -CEERAMyFMHaVMA—S A& A

« YR—TAVE
— Hello : #EifEFFICALYLNS
— Features request/reply : A YFDTA/INE) T4Zx &



CCETODFERED

e Trema & “Post-Rails” lHEA EIL—LT—
— EWVO—FZEICEMNES Ctremarrun’
— Coding by Convention : 7MY XTF KA fFIFoN =K FEA
bk
— Full-Stack : *YbJ—2I DSLIC&LKAHITZalb—3Y
— {EFZYTa<TUR : trema ruby’

o A YFEEEFIZ{EHN S OpenFlow Xyt—

— Hello
— Features Request/Reply



Task C : Packet-In Dumper
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SEE Packet-In Avyt—U DA

KI'I
\
’

$ trema run packetin-dumper.rb -c¢ packetin-dumper.conf

* Packet-In dumper A FO—5ZFEEILE

e (RERYRT—OFHREEFIZHEEILS
—REBEXAM(YvF1H

—{REHRRA2H

(host1, host2)

3]



User Applications

packetin-dumper.rb

Trema Framework

% Network
DSL

host1

Network Emulator
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SEE Packet-In Avt—DABRZS

Al
\
’

$ trema send_packets --source hostl --dest host2

e FIMDA—ZFILZEE. hostl D5 host2 N&

INTIRZEEIELS

3]

» TOFER.3VE

—F|Z3E B 7= Packet In

Ay—O NV TRIRESNET



User Applications

packetin-dumper.rb

Trema Framework

_’ Oxabc

/ % Network
DSL
host1 host2

Network Emulator
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JEE: Packet-In DEFETRJE 12— FEFSHE

# packetin-dumper.rb
class PacketinDumper < Controller
def packet_in dpid, message
puts "received a packet _in”
puts "dpid: #{ datapath_id.to_hex }"
puts "in_port: #{ message.in_port }"
puts "total_len: #{ message.total len }"
end
end

« O—FKFZEBIEL. D Packet-In PRJE2—FERRLTHS

— total_len, macsa, macda ...

« EFk: tremaruby Z{#ELY, Packet In 75X API ZSHBLTH LD



Q: TR YT ICIEEST
nIEkLN?



RERANERE) D

7R Ak (hostl, host2) Z4EY . {8 XA F Oxabc [Z3EHT

# Add one virtual switch

vswitch { dpid "Oxabc" }

# Add two virtual hosts

vhost "host1”

vhost "host2”

# Then connect them to the switch Oxabc
link "Oxabc", "host1”

link "Oxabc", "host2"

o —ADREBRAILHAAN TAMNTYNEES

$ trema send_packets --source hostl --dest host2

=




YD —oa 045 L—3> 774l

o VUTNIGEREHR T, TAMNRIEZEE

+ DSLEF > TRk T 5 ETREEDRYLT—
O ERER

o DUTWIEARURTT AN YNEELE



Bl: KYUEHLGTRIET—D

vswitch { dpid "Ox1" }
vswitch { dpid "Ox2" }

vhost "host1”
vhost "host2”
vhost "host3”
vhost "host4"

link "Ox1", "Ox2"

link "0x1", "host1”
link "0x1", "host2”
link "0x2", "host3”
link "0x2", "host4”
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Controller V5 AMD L5

A~F0—3 1. B9 packet_in 7\>
: S SEFOTLVSH?
Packet-InT 2. HALIEIES
3. 2 (AL IE IR IE ALY
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packet in /\>FS

def packet_in dpid, message
puts "received a packet_in”
puts "dpid: #{ datapath_id.to_hex }"
puts "in_port: #{ message.in_port }"
end

* FIFILLTOD=D
— dpid : XAyF ) Datapath ID
— message : Packet-In Ayt—IA T Ik



Packet-In X*vtz—

message.in_port

* Packet-In Ayt—TUHDEDSEEMN T EE
— message.in_port : Z{ER—k

« Packet-In AytE—U TELNTLA/NTYRRDAYFZ T4—ILED
7Ot AL H[EE

— message.macsa : 15/t MAC 7L X
— message.ipv4_daddr : 385E IPva PRL X



AAYFINLIEHRETNIGTT S
Task D : Show Features
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__TCOd—)L

 OpenFlow Z7ARIJL T, X O ka—S
AVFILIEHRINIFT S
Features Features
Request | { | Reply
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JEE : Features Reply Ayt—IU DR

Al
\
’

$ trema run show-features.rb -¢c show-features.conf

 Show Features 3./

« RIERYRT—
wﬂilusx’r‘J y

> FA—5% )
— 4 ERIEBL:
F& 2 BORERR

host2)

LET
\-d_ (: 1 'éT
~ host1,




JEE : Description &R

o XAwF O Description ZHiFL . RIRI 5=
hO—2Z71ERLT B

« EVk
— %9 Stats Request 1 XYUFET
e Aytz— (&, DescStatsRequest 7T A TIEYET
— I\ FSIZIE stats_reply Z{EULVET
— %E’ FESET, AYE—CDABRERIITEE



AL YF o DIFHRINGE



Features request / reply

o XA YF D Features, Port info ZEV1F
— HR—rLTUL\BHEHIEER
— Y R—kLTWNST7 I a3y
— 1h—MEER

2l 2o



R—MEER

R—rES
N—RHIPFPRLR
Z2E]

Config

— Administrative down?

— Packet In =& 5?

Status

— Yo7y TLTULNSM?
Features

—DOORE,. A— T DEE

H




NRS—E&
 start switch_ready switch_disconnected
packet in flow removed port_status
opentlow error features_reply
stats reply barrier _reply
get_config_reply
gueue_get config_reply vendor
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show-features.rb

class ShowFeatures < Controller
def switch_ready datapath _id

send_message datapath_id, FeaturesRequest.new
end

def features_reply datapath_id, message
puts "Datapath ID: #{ datapath_id.to_hex }"

message.ports.each do | each |
puts "Port no: #{ each.number }"
puts " Hardware address: #{ each.nw_addr.to_s }"
puts " Port name: #{ each.name }"
end
end
end



Stats request / reply

o« XA wFO) State NDEUF
— Description
— Flow statistics
* Individual flow
* Aggregate flow
* Flow table

* Port
* Queue

— Vendor extension



NRT—E
 start switch_ready switch_disconnected
packet in flow removed port_status
openflow _error features_reply
stats_reply barrier reply
get_config_reply
gueue_get config_reply vendor
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show-description.rb

class ShowDescription < Controller
def switch_ready datapath _id
send_message datapath_id, DescStatsRequest.new
end

def stats_reply datapath_id, message
desc = message.stats.find do | each |
each.is_a?( DescStatsReply )
end

if not desc.nil?
puts "Manufacturer description: #{ desc.mfr_desc }"
puts "Hardware description: #{ desc.hw_desc }"
puts "Software description: #{ desc.sw_desc }"
puts "Serial number: #{ desc.serial num }"
puts "Human readable description of datapath: #{ desc.dp_desc }"

end

end
end



AAYF Do DIFEHEGF - FED

« R YFHhLIEHRIVE
— Features Request / Reply

— Stats Request / Reply
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OpenFlow TETE RAIRE/E T U3y

c BEEDR—EOoHTT S
— YR —
— imEAR—k
 All, Controller, Local, Table, IN_PORT (Required)
* Normal, Flood (Required)

e Fa—I2LI NS
« WWEF S
« ANYRAHFDNITA—I)LRZEEZTHZ S




OpenFlow TIL—42%Z %1

avko—3

o JL—BZX5 NAT TWHELLGTEHZAYAT
— MAC7RLREZH#Z (JL—3)
— IP 7PRLRESZHEZ (NAT)
— TCP R—FB B EZHZ (NAT)

Internet Week 2012

ADIEDE B AIEE

93



EZMZ Ty

Set/Add VLAN ID

Set VLAN priority

Strip VLAN Header

Modify Ethernet source/destination address
Modify IPv4 source/destionation address
Modify IPv4 type of service bits

Modify IPv4 TCP/UDP source/destination port




OpenFlow TA—KF/\SH%EIH

H—NBHEIZGLT
b2 o% R
avka—5

O
ik
W
N

rrr

I
T
I
I
|
|
1
I
*
<
|
& -
I
! |
i 1 B
| B
N \ )
T
IRy | %Y
NN [
N I A
Iy, I A
P I A
NN I LAY
]
1
1
1
]
I
I
A\

Web /\wyo TR
H—/\

« JAO—HBE{ITOFIEAH A]HE
c I HABDEHEZTEIRTESDITTIEAL

Internet Week 2012 95




c> 497120 T
INVD TR —/ D %R

\_*\j——; \BEER
i BEEVESYS
IR—T%

N

/ﬂ' \
P 4
-1 -
-1~
Jn‘
-

/

N

/

\ J
Web /Ao TR
H—/NT—)L

EHEF{EIL. OpenFlow DA DY BT L

Internet Week 2012 96

[ITIHJ[III J LI




YT EH

Ingress port

Ethernet source/destination address
Ethernet type

VLAN ID

VLAN priority

IPv4 source/destination address
IPv4 protocol number

IPv4 type of service

TCP/UDP source/destination port
ICMP type/code

L1 A5 L4 £ T 12 tuple DANYE J4—)LEZF AT HE
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Task E : Learning Switch
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c 2 RAYFDEIRAGE avkO—S
[ZDULVNT=EAS
— Flow Mod Flow | Packet
— Packet Out Packet In Mod | Out

* Trema DY TaATULR |
— NERIRRE
— #ETIB R
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$ trema run learning-switch.rb -c learning-switch.conf

Al

N

7/

¢ L2 AAyFarkAO—7 (learning_switch) ZkCEIT 5
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$ trema send_packet --source hostl --dest host2
$ trema show_stats hostl
$ trema show_stats host2

o FDA—ZFIVEFHE. TRAMNTYNEESD
« ‘show_stats' TIERIE/NTYMEIZEAT HIEHRERTI S



User Applications

learning-switch.rb

Trema Framework

_’ Oxabc

/ \ % Network
DSL
host1 host2

Network Emulator
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EE: A—T—JIILDOXRT

$ trema send_packet --source host2 --dest hostl
$ trema dump_flows Oxabc

o FEDOTURT. RAMYF Oxabc DTA—T—TLERRT
%



User Applications

learning-switch.rb

Trema Framework

% Network
DSL

host1

Network Emulator
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SEYERALT- Trema Y7k

‘trema show_stats HOST NAME"
‘trema dump_flows SWITCH_NAME"

o BRARGHRETRHRENEBIFERZRT
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Learning Switch

class LearningSwitch < Controller
# ..
def packet_in dpid, message
@fdb.learn message.macsa, message.in_port
port_no = @fdb.lookup( message.macda )
If port_no
flow_mod dpid, message, port_no
packet_out dpid, message, port_no
else
flood dpid, message
end
end
# o
end

BEIO—FD&SICHEICRUCENTESEFT ?




LR TLSS

@fdb.learn message.macsa, message.in_port #1
port no = @fdb.lookup( message.macda ) #2
if port_no
flow_mod dpid, message, port_no #3
packet out dpid, message, port_no
else
flood dpid, message #4
end

Packet In Ayt—UMELSN TE=FFIZ, FE{EIT MAC PRL X (macsa)
EZ{E/R—b (in_port) & Forwarding DB (FDB) [ZEC§%9 5
FES MAC 7KL R (macda) MoEHR—M2ERET S

LLEOMWNIE RAyFNI7a—FT—TILEEHL. /3N Y% Packet-
Out 9%
ROz nld, /3ryh% flood 95



TS R—pAY YR

* ‘flow_mod’, ‘packet out’, ‘flood" [,
learning_switch D 754 RX—kAY Wk
— Trema APl TIEXHYFEETA

« BYIHER—I2F1E. a—FDR[FEEE
*x9




Syntactic Sugar: ExactMatch.from()

ExactMatch.from( message )
VS

Match.new(
2In_port => message.in_port,
'NW_Src => message.nw_src,
:nw_dst => message.nw_dst,
‘tp_src => message.tp_src,
.tp_dst => message.tp_dst,
.dl_src => message.dl_src,
:dl_dst => message.d|_dst,



Trema vs. NOX Python

# Trema

send_flow_mod_add(
dpid,
:match => ExactMatch.from( message ),
-actions => ActionOutput.new( port_no)

’ VS

# NOX Python
inst.install_datapath_flow(
dpid,
extract_flow(packet),
CACHE_TIMEOUT,
openflow.OFP_FLOW_PERMANENT,
[[openflow.OFPAT_OUTPUT, [0, prt[O]]]],
bufid,
openflow.OFP_DEFAULT PRIORITY,
inport,
buf



Learning Switch - £&&
« NEPDIRFER R

— trema show_stats
— trema dump_flows

o 5E<EL=DHD AP
— ExactMatch.from’
— send_flow_mod add



flow_removed Ay tE—UMb b T74 Y0 T—3EEF

Task F : Traffic Monitor
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EBE MDAV T—R3FRRIT S

$ trema run traffic-monitor.rb -c traffic-monitor.conf

# (BlDA—=FILT.)

$ trema send_packets --source hostl --dest host2
$ trema send_packets --source hostl --dest host2
$ trema send_packets --source host2 --dest hostl

[

. %374“/’7%:9—1#% 12 RAyF” A bA—5% ¢
o TAMNTYRESUF LIZTES
e OMA—FIF. BHRAMDI S T4V IEHREZR TS



User Applications

traffic-monitor.rb

flow-removed

Trema Framework

% Network
DSL

_’ Oxabc

host1 host2
Network Emulator
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N4 EFBIST 5

def flow_mod dpid, macsa, macda, out_port
send_flow_mod_add(
dpid,
‘hard_timeout => 10, # FRE&. 10 W TEALTOLIES
‘match => Match.new( :dl_src => macsa, :dl_dst => macda ),
-actions => ActionOutput.new( out_port )

)

end

« Z7O—% 10 TRALTOREES



N4 EFBIST 5

class TrafficMonitor < Controller
#...
def flow_removed dpid, message
@counter.add message.match.dl_src,
message.byte count
end
#..
end

o JO—MNIALTIFLEEIZEDLN S flow_removed
Ayt—UF NIRRT TS
e JO—[CKYEnEINT-FI T4V I EFECEXT D



NST v BERTT

def show_counter
puts Time.now
@counter.each_pair do | mac, nbytes |
puts "#{ mac } #{ nbytes } bytes”
end
end

o IREREZIE. @counter [ZERERSNTULNARS D495
27 10T EIZRT



Timer Attribute

periodic_timer_event :show_counter, 10

« DIATNIEA—FDELINAAT—IN\VESETEE
o ALYKRZEFES-EELGEZTHBIZITODHENLY
» coding by convention M — {5



Traffic Monitor &£ & &
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e learning switch &Y+t —HEA=OFO—5
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Task G : Routing Switch
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* Routing Switch DEI{EIZDVTEE
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JEE : Routing Switch D RCE

S trema run —c routing-switch.conf

e Routing Switch Z#2 &9 %

gl-l



routing-switch.conf

192.168.0.1 192.168.0.3

host2 host4

192.168.0.2 192.168.0.4
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EE: A—T—JIILDOXRT

$ trema send_packet --source hostl --dest host4
$ trema send_packet --source host4 --dest hostl
$ trema dump_flows 0x1

$ trema dump_flows 0x2

« AMDF—ZFILTUTZIT
— hostl A5 hostd N, SBIZHARIZ/ N TrybEED
— ZDHE. ZRAYF (0x1 ~ 0x4) DTA—I M) EHERT D
— BRENRAEDQDRA(YFIZT7A—IUR)RTETNNS?



AJE 7R o %E%?Faﬂé

S ./show_topology

o« FEROTUREEITTS
— OpenFlow O rO—5A BB L TLNS M ROD—
TRITT D
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Routing Switch

2 ey —9%EIH 9 5 OpenFlow o
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Routing Switch D | |
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AAYF 1

host2

AAYF 2 AALYF 3
Routing Switch {515 &
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SR TLENDES

HSYREGE | OpenStack or Any other Cloud
VAT L Quantum OpenFlow Plug-in Management System
REST API
OpenFIow_ Trema/Sliceable Switch ProgrammableFlow
v raO—S Controller

..........................................................................................................................................................

OpenFlow protocol

N AT lAvar Cruantala
NanAanlTlAvar Cunndala
MNinAanlT A Cruandkala

OpenFIow Switch
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Trema: "Rails M &2[Z OpenFlow Z"

EWNVO—FREICEIDNES: O—TAV T EIT. TN\VITDIL—
TEREWYAI)LT
— {RERYrT—2 DSL
— ‘trema {run, send_packets, show_stats, up, kill}’
Coding by Convention: 58 <{&<
— naming coversion [Z&KHA XD BENRY 5730 1T
— Class 7 JE 2—F: “periodic_timer_event
— Syntactic sugars: ExactMatch.from’
— TI4ILbATar: send_flow_mod_add'
Trema DY JaTUR

— “trema {dump_flows, ruby}



BHEE. XO—FNDT=0HIZ

* ‘[trema]/src/examples’
— APl DEWEETRT U TIVEY T IVT T ) r—
2=
— Ruby & C DAPIZEfET H1-HICHRELFIIFLUR

* Trema/Apps http://github.com/trema/apps
- FYEAM-EBRMGar 0 —ST7 I r— 3y

_£4

AV A—SHREOHERELTHRE


http://github.com/trema/apps

Trema C

e Trema [ Ruby ECTHADSTA TS Figt
— AR EHER AT 5E
e Trema C L, FE = Trema Ruby DEHIZ 2T )L

$ gcc myapp.c trema-config -c -l -0 myapp
$ trema run myapp
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Sources

Trema: http://github.com/trema/

Trema/Apps: http://github.com/trema/apps/

Web Page: http://trema.github.com/trema/

Book : http://yasuhito.github.com/trema-book/

Mailing List: https://groups.google.com/group/trema-dev
Blog : http://trema.info/, http://trema.hatenablog.jp/
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