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-~ gk,fg‘_ﬁ;ugﬁ,
F%PH 1 BT @000 2 SDN e hpLA 2 24 o

FoPIE2: B 3E 4 ¥ IR Mininet (hE IR B i3 5 SDN #74] B
(Ryu ~ OpenDaylight)=ié * 12 2 yrie i i Mininet § I F 4] a4 o

TP R3S L F RS R SDNIRR L 7] %2 %
OpenFlow # {7 -

=~ SDN f§ i 2 & &3
2.1~ SIN# 4

SDN(Soft Defined Network)%_— fﬁ, P—b}i)ééﬁ # ° f1* OpenFlow {2 % > 3
Fed Benird|T 6 (controlplane) A F 4T % (da taplane) ¢ gk o 1 gkl
SR e B RET IRREAE > A L SAMEE PR RT 0 1 L
FI3 0 B EATRIRER ZITIRRGERE AT 2 0 R P
BELE B ARG T 5 o

2.2+ SNA*%H#

SDN ZEf# % POSTMAN

‘/APPLICATION LAYER |
Q Business Applications

API
* OPEN

SDN
CONTROL LAYER Control

Software Network Services

o
=
Control Data Plane interface

INFRASTRUCTURE LAYER (e.g., Openflow)

@vs Network Device Network Device Network Device
Open vSwitch

J



B - ~ SDN mﬁi#ﬁ_

BRl- ¢ 753 SDN A % 3 A& G » 4 % % Application Layer ~ Control

Layer % Infrastructure Layer °

® \Mininet
Mininet - B¥ M&iF- L mEpis ~Bd B 1R EFIRE
Pl mipRip ot So@ % X7 gk chtep 2 cnip A TP AT
23 SDN enFe bt e ft 0 M ERTEF B E ,Kf pezo ks W ousg A e R e
host # M B § T i ¥ 4te o
® Ryu
Ryu # %k p*tp & NIT b’L’rF’“’f AR A4 SDN e g B
#1228 (Framework )» B 4% ¥ 3 P f& 02 & : Ryu is a component-based

pw)

software defined networking framework.
Ryu # z 7 OpenFlow (4% H is 384 %2 ) Controller = i »
I ¥ @ * Python :& {7 ® % Controller °
® (OpenDaylight
OpenDaylight &_Linux 4 & g FERDOBIRIED > - B
&% SDN B4 enficsl it > V3R » 7 A e L S R BiE 2
Hog pomk3 PR MpREY IPRE - HBERT PRERY AN
ehd > T ¥ % Java g iT F:'a?%? controller -
® (OpenvSwitch
OpenvSwitch ¥_Open Networking Foundation #— BB khit% -
RE 4R & % — B virtual switch T &P a8 28~ R REREET %
Fe KB FHHE > TN LR > QWS A IR E T B EEE
g T4 v JRAM{e & 7 #3k (sFlow, NetFlow, OpenFlow %) -
* =X @ Bk #- 1 Infrastructure Layer » #-i& * Mininet i& {7 ¥ % > Mininet & &
7 OpenvSwitch ~ i > * 1 & & 4e Control Layer /&:if #7ié¢ * 7 OpenFlow o %
Control Layer 4 %|#-i¢ * Ryu % OpenDaylight i& {7 § % Task1~Task3 % Task4 -
% Application Layer ¥ #-f¢ * Postman REST Client % {= Controller i& 7 REST API
il o & 7 B~{8 p @ Switch 2 T i OpenFlow % -



. SDN R %K % &3k &

I

® Ry
B 3§ % :Ubuntu iT% % %
® @iy

B Mininet : 2.3.0d4

B OpenDaylight: Lithium-SR1
B gcc mFR

B Python 2.072

B vivim ~ F H{EE

T o g i A

4.1~ Mininet

Mininet € - BRREFE T 5> @ BiEBT 5 > NPT 0 § ofigge 7
By m%&iﬁsmh&’ 1}#

Mininet p # switch ~ host ~ controller » F PF » # mininet } ¥ 12 % 4%
OpenvSwitch 12 2 % ﬁi""ﬁz' | 2 (NOX\POX\RYU\Floodlight\OpenDaylight % ) -
fF % > Mininet ¥ 74 % 4k 1T 5 st (windows\linux\Mac OS) » £ F %3
RIS G e

LR 7 JER AV Rl AR
1o JI* sxhidn £ 7 Sl 22 4p3¥ o
2. 3% python #H € #A1* py #HIER AR g £ R & 2353k -
4.2~ OpenDaylight
247 o Openflowjava i & f § 7 3 = = Openﬂow B3~ F B A
its e 2R E A A F > OpenflowPlugin B4 & § # = = Openflow -

E RO 1 ? 7@ -~ SAL K & - pR7% > ¢t ¢t » OpenflowPlugin » #% & 7
RESTAPI v » 3£ * "ﬁ FEBMwNEET 2 2% Controller i o



REST API

4.3~  OpenvSwitch

- fAREBEIFEE T F RIFL L2switch s > &% > QoS & i & &
FoRELE OpenFlow AT VP hEGR S AR REET Sl k
e

* 3b0 2 el > QoS & Hn B

BTy PR AR L T R
e % 78 1% 3% (sFlow,NetFlow,OpenFlow %

) e

G G @G -~ DD G D

unix/tcp/ss! % H
Save the change :
I —
—_—
Apply the change

upcall reinject

kernel space

1. ovs-dpctl : 32 ovs datapath » = 384 F 3 “FK %3518 netlink & -

ovs-vsctl : ¥t ovsdb ¥ % > bridge,interface #73 {"'J‘ﬁ% KR I R

VAR

e



ovs-ofctl : openflow switch § 321 £ » ¥ v 3% (£ 27 openflow #p B ek

F_o

ovs-appctl : ovs-vswithd ¢ 31 & » ¥ 12 §2 ovs-vswitchd A2 5 &l >
ex:ofproto/trace ¥ * % if Bigte flow »

ovs-vswitchd @ i & #% - § P % datapath upcall wJZ 172 % ofproto &
% > F P #_dpdk datapath EJ2 42 5 o

FEE RS

v

TSR RREEHZ F R DT RIS o R P o T

R EEL F

5.1~

% % Mininet % 2K ¥
Step 1: { 37,4 %11 %2 % % git £ 2
$ sudo apt-get update
$ sudo apt-get upgrade

$ sudo apt-get install -y git

)R

update: { FTH P enE 25 Ei /etc/apt/sources.list » &k NP FTRF A

I
o ERTE dFE o LR A AT

upgrade:4p .3 update > v 2| ¥7E F { ATE PR E I R F 5 AP R
Fe ’E\ °

dist-upgrade: 4p #.>* upgrade » ¥ 38 F|4p kPP REPE 0 € B FHE L K
ZAS R 0 AR R LR T AT o (33 & 2 LA

Step 2: % % Mininet

i cd:fﬂl‘ |7 % 2 Mininet eni= B

7



$ git clone git://github.com/mininet/mininet

$ sudo c¢d mininet/util

$ sudo ./install.sh —a

] R

-

install.sh -a : % % %73 mininet s % i+ o

install.sh -s

install.sh -nfv

Pdp TR & -a0 fodp TP &7 & K ATT mininet (hE o

! % % mininet + p 37 switch + Open vSwitch o

Step 3: Bl % %% & Mininet £ F 7 *

$sudomn : p HozE > §

7
B
3
E
[

3
B
)
B
£
=

=i+ 1: &1 hl

by
=
e
™
ﬂ“t
o

T3 ) 3:39AM %

ciis@ubuntu: ~/mininet/util

make[2]: Leaving directory '/homejfciis/oflops/cbench
make[1]: Leaving directory '/home/ciis/oflops/cbench
M

Making install in doc

make[1]: Entering directory '/home/ciis/oflops/doc’
make[1]: Nothing to be done for 'install'.
make[1]: Leaving directory '/home/ciis/oflops/doc’
Enjoy Mininet!

ciis@ubuntu:~/mininet/util$ sudo mn

*** Creating network

**%* adding controller

*** Adding hosts:

h1 hz

*** adding switches:

s1

*** Adding links:

(h1, s1) (h2, s1)

*** Configuring hosts

h1 h2

**%* Starting controller

c@

**%* Starting 1 switches

s1 ...

**%* Starting CLI:

mininet>

e [P address 4 % h2 &7 MAC address > F 2 & % 1 £ B

o BLi% iF pingall #riF Plenig % > FHRESMER MY



5.2~ % %2 #4, 7 -OpenDaylight
Step 1:% % java jdk
$ sudo apt-get install openjdk-8-jdk openjdk-8-jre
Step 2:3X ¥ java Br i ¥¥c > ¥ % iE vim 4p £ 1B 3T
$ sudo vim /etc/profile

# “JAVA_HOME=java % #BiE “ 4o » i his- 70 BFES
2 (SR o

$ sudo source /etc/profile /31 » Tk B % #ic
TETHRSNG 24
LE s 8 REEHATE™ {“(tar/zip ¥3:357)
2.3% 1F wget :}IE, A ?‘3
Step 3:g i1 b 2487 k- T R LI AR
$ sudo wget  “[OpenDayLight e =k = 5t ]”
$ sudo tar -zxvf [# % & fi].targz /3R 5
Step 4:% % ODL 12 2 #1F feature
$ sudo cd [ & & F]
$ sudo cd bin
$ sudo ./karaf

$ feature:install odl-mdsal-clustering odl-restconf odl-12switch-switch-ui
odl-dlux-all



AL % K feature 49 M 45 £

feature:list /& 'ﬁ 7%
features

feature:list -i /I &g %K
features

feature:install [feature & ] /] # features

Step 5: % fx dlux /i &

R Ex browser ﬁa’?] » {ip}:8181/index.html > 4r% % % = = ,T&EE 5 ¥l dlux 4
m oo TR q@,?ﬁé’{“ﬁfi %_admin °

5.3 % %2 # 7-OpenDaylight © & flow k¥

'r»;f

1)

hinBIAER o Bae A 52 %55 M 4o 538 OpenDaylight dlux 4
Openflow °

|

Step 6 : Bz dlux 4 & - (http://<p & =ip>:8181/index.html) > *& % ¥ % admin

10



OpenDaylight Dlux - Mozilla Firefox
OpenDaylight Dlux X Ies

&« C @ @ # 192.168.48.133:81 1dex w »

. OPEN

Remember Me

Login

Step 7 : Rypinenig * p eno 57 AT G % ¢ 35 T 17 & o0 direction )2 %
table -

propose action direction
Add Flow PUT config/opendaylight-
inventory:nodes/node/openflow: 1/table/0/flow/1
Delete Flow DELET config/opendaylight-
E inventory:nodes/node/openflow:1/table/0/flow/1

Get Flow Config GET config/opendaylight-
inventory:nodes/node/openflow:1/table/0

Get Flow GET operational/opendaylight-

Operational inventory:nodes/node/openflow:1/table/0

GET Inventory GET operational/opendaylight-inventory:nodes/

GET Topology GET operational/network-topology:network-topology/

[

Step 8 : % ™ B4 T direction I ¥ B 45¢ 1T flows » 12 Add flow &z e

APl | HISTORY  COLLECTION  PARAMETERS

8-19

11



Step9 : FiE dlux 1 & > 7 IUEFEEEIE > - HIHIE B = 2 H e iTen flow o

QL] ®®E® EEI®
[CREN :l
O ==) ®
® (iesions

container-
name

cookie_mask

buffer_id

out_port

out_group

flags @ CHECK_OVERLAP
@@ RESET_COUNTS

NO_PKT_COUNTS

@ NO_BYT_COUNTS

@ SEND_FLOW_REM

installHw ® True @ Faise
barrier ® True @ Faise

strict ® True @ Faise

5.4~  OpenDaylight ™ % flow %

Step 1 : i£:iE” +° % add flow o

Qo] @ B @

Step 2 : 3% 2 match > £:iF B B 454 o

L ELE
name

cookie_mask

buffer_id

out_port

12



Step 3 : 3B ethernet-match” > 3% %" layer-3-match” -

O] OO Q® EI®

id &

in-port

in-phy-port

@ ethernet-match

® (o) O
O (SEermrasminion) O
O [Fmmm) @

® ()
®[ h

@ layer-3-match EEFEEREIEH

©)

destination

Step 4 : &7 instruction set” » ¥ M PviFE 0% B & gk F4g 4 o

© (iemions
OO0 EEEmI®

© ranccr T,

-

apply-actions-case
container-
name

clear-actions-case

go-to-table-case

cookie_mask etercase

Pferdi write-actions-case

write-metadata-case

13



”

Step 5 : i #” apply-action-case” i ¥ 4c »” action list” > :EH % & ehi7 %

path: /config/lopendz . ]“flow-nodeAinventory:table“
controller-action-case o

copy-ttl-in-case

@ tcp-flag-match | copy-ttl-out-case

dec-mpls-ttl-case

@ | extension-list lis! ffpyra s T

drop-action-case

@ flood-action-case

flood-all-action-case

@ group-action-case

hw-path-action-case

order :
% loopback-action-case

@ T output-action-case
pop-mpls-action-case

| apply-actic pop-pbb-action-case
pop-vlan-action-case
@ | action li X
push-mpls-action-case
© sor S

Step 6 : i " apply-action-case” i ® 4v »” action list” -~ EH (" & e0{7 5 o

path: /config/opendz = [ 'flow-node-inventory:table“‘
controller-action-case

copy-ttl-in-case

@ tcp-flag-match copy-ttl-out-case

dec-mpls-ttl-case

@ extension-list lis! e nttlcase

drop-action-case

@ flood-action-case

flood-all-action-case

© (oot sroupcion

hw-path-action-case

order &

loopback-action-case

@ instruction- output-action-case

pop-mpls-action-case

@ apply-actic pop-pbb-action-case
pop-vlan-action-case

@ | action li X
push-mpls-action-case
© wor
R —

14



&2

Eir 1 HE4p £ B 1T 0 ¥-mininet 2 = hip¥ b b controller 3k T A
OpenDaylight controller » & ¥ i% i§ dlux %81 mininet 37325 » &% #

EF3 2 pliE- ipiEy 2 B switch(sl ~s2) > & %[ sl 3 1 & host(hl) > s2
% 3 i host(h2 ~ h3 ~ h4) » # ¥ i£:F dlux A7 mininet 33 F2) 0 5%
BERER -

Z3% 3 §]* mininet £ = - B3 = & host m;}zzpa » I 2 4] * OpenDaylight
T 3% openflow € ¥ 5 — 1% host &% 22 H i host /&3 > @ ¥ “F 2 i host 1@
i FAEEE S SR UERLR

5.5 F1#* OpenDaylight ™ & openflow meter

Meter Table ¥4 % i# Meter Enties fﬁ%‘ » & & Meter Entry T_% -+ B Flow
shimeters © 3% ¢ 4 OpenFlow Switch ¥ 72§ 3R & i H 9 QoS # it » 5|
4o aE A o

T B 5 meter ¥t ¢ ;’H# :
Meter Identifier Meter Bands Counters
- meter 7 04 fiFE Y M Hch ¢ i F 0 Fea T IR RS
i# & o iz @ - i Flow Entry ?;'3'” ™ f# Instructions Set A2 dp T T % — 1 Meter » j&_
@ ¥y 4122 3% Flow Entry it 43 & # 7 fe cndicdy & 0B & i 5 - & B Meter Entry ?’Z
F_d H Meter Identifier kri— T_ix » FPF4o™
(1) Meter Identifier : - i 32 5. % > i¥ 5 - B Meter Entry e — 3% o
(2) Counters : #3% Meter Entry aJ2 i shficdy & cniit £ o

(3) Meter Bands * — & & & ¢ Meter Band # & - # i Meter Band 45 P 7 #7 71
IV T T TR

T oA wog B Rens iz o BRIt py EB LT 65

15



gaw ot -

Slice 1

Siﬂ\'\ 0%

Slice 2

QR ek mE RS S T 2 dp# code i 713k

mininet.

mininet.node imp CPULimitedHost
mininet.link impo TCLink

mininet.util import dumpNodeConnections
mininet.log import setLogLevel

class SingleSwitchTopo(Topo):
def __1init__(self, n=2, **opts):

Topo.__init__(self, **opts)
switch = self.addSwitch( )

for h in range(n):
host = self.addHost( % (h +
self.addLink(host, switch, bw=
def perfTest():
topo = SingleSwitchTopo(n=4)

), cpu
, delay=

net = Mininet(topo=topo,host=CPULimitedHost, link=

net.start()
print
dumpNodeConnections(net.hosts)
print
net.pingAll()
print
h1, h3 = net.get(
net.iperf((h1, h3))
net.stop()

fif __name__ ==

setLoglLevel(

perfTest()

16

/n)

, loss=0, max_queue_size=

ink)

, use_htb=True)




Meter » ¥ 12 %+ © ] URI % & wm & % o

<meter xmlns="urn:opendaylight:flow:inventory">
<meter-id>5</meter-id>
<flags>meter-kbps meter-burst</flags>
<container-name>abcd</container-name>
<meter-band-headers>
<meter-band-header>
<band-id>0</band-id>
<meter-band-types>
<flags>ofpmbt-drop</flags>
</meter-band-types>
<drop-rate>8000</drop-rate>
<drop-burst-size>100</drop-burst-size>
</meter-band-header>
</meter-band-headers>
<meter-name>Foo</meter-name>
</meter>

2. v rFiEww Add flow %T}IJ » 1% PUT #F] 4 ¥ Switch /,’]‘ dv— A
3 Meter 7 flow entry > & kiR IP 3| p e IP ¥ 12 %4 7 B URI = =
*m?l:ﬂ'b.% °

<?xml version="1.0" encoding="UTF-8" standalone="no"?>
<flow xmlns="urn:opendaylight:flow:inventory">
<priority>1</priority>
<flow-name>Foo</flow-name>
<match>
<ethernet-match>
<ethernet-type>
<type>20848</type>
</ethernet-type>
</ethernet-match>
<in-port>48</in-port>
</match>
<id»2</id>
<table_id>@</table_id>
<instructions>
<instruction>
<order>@</order>
<apply-actions>
<action>
<order>@</order>
<output-action>
<output-node-connector>68</output-node-connector>
</output-action>
</action>
</apply-actions>
</instruction>
<instruction>
<order>1</order>
<meter>
<meter-id>5</meter-id>
</meter>
</instruction>
</instructions>
</flow>

3. "UEiET e Addﬂowq‘fz’f}d » %1 PUT a‘% 4 %} Switch /fj‘ dv— B
flow entry » j&_p 7P 3| ik IP ¥ 11 %+ T B URI ;“é'%\'m?fﬂﬁﬂ? °

17



<?xml version="1
flow xmlns="
<priority>1</priority>
<flow-name>Foo</flow-name>
<match>
<ethernet-match>
<ethernet-type>
<type>2048</type>
</ethernet-type>

standalone="no"?>

" encoding="UTF-8"

</ethernet-match>
<in-port>68</in-port>
</match>
<id>2</id>
<table_id>@</table_id>
<instructions>
<instruction>
<order>@</order>
<apply-actions>
<action>
<order>@</order>
<output-action>
<output-node-connector>48</output-node-connector>
</output-action>
</action>
</apply-actions>
</instruction>
</instructions>
</flow>

a
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jﬁ%
el
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= »
o
b 4
4k
el
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B
M
~m
“e

TRERE E py HEBF Siri¥ 0 T ¥ 53§ OpenDaylight = 3
Openflow » F ik F*U4] » ¥ FFPF MR FLE S -

Iperf 4p £ -
Iperf - s Server 4
iperf —c 192.168.3.58 —-w 100M —t 120 - 10

-¢c 192.168.3.58  :Server z§ 7 1P

18



-w  100M Rl L ]

-t 120 EARR R By R S 120 )
410 SRR TES 7§ IRl
%4

#F B PR > T openflow:1 ¥ openflow:2 ¥ 0 link bandwidth 3% = 10M »
H & link 5 100M

self.addLink( Host1, Switchl, cls=TCLink, bw=10)

Controls

host:00:00:00:00:00:01

openflow:3

host:00:00:00:00:00:03

host:00:00:00:00:00:02

Hint:6 flows

Switchl:

dst=h1,send to hostl(hostl mac addr)

19



dst=h2,send to switch3(openflow:)
Switch2:

dst=h2,send to host2 (host2 mac addr)
dst=h1,send to switch3(openflow:3)
Switch3:

dst=h1,send to switch1(openflow:1)

dst=h2,send to switch2(openflow:2)

fx# OpenDaylight

$ ./karaf-0.3.1/bin/karaf -of13

i% i Mininet 34 (7353 12 2 F %

$ sudo mn --custom mininet/custom/yourtopo.py --topo yourtopo --controller remote -

-switch ovsk,protocols=OpenFlow13 --mac

Iperfdp £

H2:server

Hl:client

$ xterm h1; iperf -c h2 IPADDR —i 2

$ xterm h2; iperf -s

20



- J=

FHE R

P THR G REEBE R E

=3
k4%

“J\Y:

Z 32 j¥_OpenDaylight #.% mininet 33 25 » ¥ 0 P 4ofrid

= 2 T openflow( & B 2 iAg) o

A3

URI » &

P %4

ZHEIrHEH. py AL~ F — B switch e & £ B2 2 T % Openflow &
ISP, BRI AR DO SRR

D3 REST 17 Json # 3% 6575 3 4 49 %% % - BB R -

o

TEH

[1] https://www.opendaylight.org/
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[2] https://www.openvswitch.org/

[3] https://github.com/OSE-Lab/Learning-
SDN/tree/master/Switch/OpenvSwitch/Walkthrough

[4] https://www.sdnlab.com/19448.html
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