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OpenDaylight Release

O Hydrogen(Feb. 2014)

® Base 1.0 Feb. 2014

® Virtualization 1.0 Feb. 2014

® Service provider 1.0 Feb. 2014
O Helium(Sep. 2014)

® SR1 Nov. 2014

® SR2 Jan. 2015

® SR3 Mar. 2015

® SR4 Aug. 2015
A Lithium(Jun. 2015)

® SR1 Aug. 2015

® SR2 Oct. 2015

ETRI




Lithium Release (June 2015)

VTN DDoS OpenStack SDNi Network Applications

Coordinator Protection Neutron Wrapper Orchestration &
Services

AAA - AuthN filter
OpenDaylight APIs (REST)

Neutron GBP
Northbound Service

Reservation SFC AAA DOCSIS
Controller

. Platform
Topology | Stats | Switch Host VIN OVSDB usc

Flow Rules
Mgr Mgr Mgr Tracker Mgr

LACP L2

Mgr  Neutron Manager switch TSDR NIC

TOPO LISP DIDM SDNI

VPN Persistence Processing Service aggreg

GBP Service Abstraction Layer (SAL)
renderer (plug-in mgr., capability abstractions, flow programming, inventory, ...) Southbound

Interfaces
& Protocol Plugins
OpenFlow NETcone | PCMM/ PCEP LISP =
COPS
mm CAPWAP usc HTTP m ALTO OPFLEX

OpenFIom_/ Enabled OVSDB enabled devices Devices with Proprietary
Devices control plane
=4 > > >

Main difference from other
OpenFlow-centric controller platforms

Data Plane Elements
(Virtual Switches,

Physical Device
Interfaces)




Lithium: List of Projects (Total: 40)

Project keyword

daa

alto*

bgpcep

capwap*
controller

defense4all

didm*

discovery

dlux

docs
groupbasedpolicy
integration
iotdm*

|2switch

lacp*™
lispflowmapping
nic*
openflowjava

openflowplugin

Description

AAA Project

Application-Layer Traffic Optimization

BGP/PCEP protocol library
Control and Provisioning of Wireless

Access Point

OpenDaylight Controller

Radware Defense4All
Device lIdentification and Drive

Management
Discovery Service

OpenDaylight Ul

Documentation Project

Group Based Policy Plugin
Integration Framework

loT Data-centric Middleware
Separate Layer 2 switching

Link Aggregation Control Protocol
LISP Mapping Service

Network Intent Composition

OpenFlow Protocol Library

OpenFlow Plugin

opflex*
ovsdb
packetcable

pss*

plugin2oc
reservation*
sdninterfaceapp
sfc

snbi
snmp4sdn
snmp*

sxp*
tcpmd5
toolkit

tpf*

tsdr*

ttp

usc*

vtn

yangtools

* 2> New in Lithium release

OpFlex protocol
OVSDB protocol and OpenStack integration
PacketCable PCMM/COPS

Persistence Store Service

Southbound plugin to the OpenContrail platform
Dynamic Resource Reservation project
SDNi Cross-controller interface

Service Function Chaining

Secure Network Bootstrap Infrastructure
SNMP4SDN Plugin

SNMP Southbound Plugin

Source-Group Tag eXchange Protocol
TCP-MD5 Support library

Quickstart Toolkit

Topology Processing Framework

Time Series Data Repository

TTP Project

Unified Secure Channel

VTN (Virtual Tenant Network)

YANG Tools



Service Abstraction Layer architecture

Hydrogen Helium
N Service Model [

i
) generated favm” Vi e e froame

Controller Controller
REST AP REST AD REST AP

Adaptation Pliigin

Java plugin 83 AP Javaservice N8 AF

NE Model B
Liata

Request Houting

sawa; plugin SB AR

Hard SAL MD SAL
(API Driven SAL) (Model Driven SAL)




Service Abstraction Layer architecture

O AD(API-Driven)-SAL

® Plugins can be data providers or data consumers or both

® SAL APIs request routing between consumers and providers, and data
adaptations are all statically defined at compile/build time

® Translation between SB plugin API and abstract NB API is done in the
abstraction module in AD-SAL

® AD-SAL has both NB and SB APIs
d MD(Model-Driven)-SAL

® SAL APIs request routing between consumers and providers are defined from
models, and data adaptation are provided by internal adaptation plugins
® API code is generated from models when a plugin is compile

® API code is loaded into the controller along with the rest of the plugin containing the
model when the plugin OSGi bundle is loaded into the controller

® Service adaptation is provided by plugin
® An adaptation plugin is a regular plugin
® Model to model translation between two APIs
® Provider and consumer plugins can exchange data through the MD-SAL storage

® MD-SAL allows both NB plugins and SB plugins to use the same API generated
from a model

ETRI




Service Abstraction Layer architecture
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Consumer and producer(provider)

A Plugins: protocol, application, adaptation and others

Applications | _ Network

Controller (Container Instance)




API and plugin bundle

Generate APIs [ 1 |
P

= Data store R/W
Yang Model RPC, notification definition
> RESTE M 7t

Create API Bundle

v P Deploy
Maven “API”

Generated APl | Build Tools OSGl Bundle &
Definition
Maven "PIU in”
., Build Tc:-nis 0saGl Bundle 4
Deploy
Create Plugin Bundle
Plugin source code: Producer, consumer

RPC, notification implementation
2> IMXE B2 7ts
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Data store, RPC, notification A2

O API docs=Z API bundle AIE

/config/toaster:toaster/
Request URL

http://localhost:8181/restconf/config/toaster: toaster/

Response Body
{
"toaster": {
"toasterModelNumber": "Model 1 - Binding Aware",
"toasterManufacturer": "Opendaylight",
"toasterStatus": "down"

Response Code

200

Response Headers

"Transfer-Encoding": "chunked",
"Server": "Jetty(8.1,14.v20131031)",
"Content-Type": "application/json"

/operations/toaster:make-toast

Parameters
Parameter Value Description
(make- {"toaster:input": {

toast)input "toasterDoneness":"10","toasterToastT

ype" : "Wheat-bread" }}

Parameter content type: i'applicationljson M

Try it out! | =
| )

Request URL

http://localhost:8181/restconf/operations/toaster:make-toast
Response Body

no content
Response Code

204

Response Headers

{
"Access-Control-Allow-0Origin": "http://localhost:8181",

"Access-Control-Expose-Headers": .
"Access-Control-Allow-Credentials": "true",
"Server": "Jetty(B.1.14.v20131031)",

"Content-Type": ' L

nn

application/json




Data store, RPC, notification A}

D DLUX prOJECtE API bundle A"% — toaster rev.2009-11-20

= config

k foaster
= foaster rev.2009-11-20
= operational

= config

k toaster
— operational operations

B toaster k canceltoast
= gperations E make-foast

B cancel-toast I restock-toaster

B restock-toaster

Joperations /make-toast Show preview

foperational /fioaster

Reqguest sent successfully

toasterManufacturer Opendaylight
© make-toast (3) FEISACH

input
° v toasterModeiNumber Model 1 - Binding Aware
toasterDoneness (Z) ‘ 10

' toasterstatus u
toasterToasiType @ ‘ wheat-bread -




Producer, consumer &8

3 Jconsole= JMX access

( Overview | Memory | Threads | Classes | ¥M Summary | MBeans

e [ JMimplementation -| Attribute value
o [ com.sun.management Mame
& [ connector o| ToastsMade 1
T ﬁ!aua.lgng Refresh
o [ java.nio :
o [] java.util.logging -| MBeanattributelnfo
& [ nret.sf.ehcache : ( Overview | Memory | Threads | Classes | VM Summary [ MBeans |
o [ org.apache. aries.blueprint Attribut| o- 3 Mimplementation ‘| Operation invocation
e [ org.apache. karaf HdiMame | e . com.sun. mana A
: — LSUn, gement ava.lang.Boolean :
¢ [J org.opendaylight.controller | 7 [Descripti o — onnector J 9 makeScrambledWithWheat | ()
o @ ConfigRegistry -| [Readable

; : o= java.lan
o= [ DOMDataBroker : Writable L g }aua nicg
o InMemoryConfigDataStore | | 1S i ' -
o [ InMemoryOperationalDatas) Iype el
T : o [ net.sf.ehcache

o= ] Module ; . :
: o : he. bl t
o= (@ MetconfMaotificationProviden : I S 2:3 :E:Eh: E;I;aasf ueprin

RuntimeBean
T e ; s ¢ [ org.opendaylight.controller
o ] kitchen-service-impl > @ ConfigRegistry
¢~ [ msg-spy-service-mpl 2 o [ DOMDataBroker
o ] rest-connector-default-ir o = InMemoryConfighataStore
7~ il shutdown : ’ o= ] InMemoryOperationalDatas
% [Jtoaster-provider-impl | Descrip o = Module :
¥ t“? ii,?ﬁ;iig;wlder‘lmpl [ o @ MetconfMotificationProvider -
:| attribut| ¢ [CJRuntimeBean :

ToastzMade :
¢ Operations -l |openTyp ¥ [ kitchen-senvice-impl
clearToastsMade | of [originalT ¢ @ kitchen-service-impl

= 151 : o Operations
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OpenDaylight controller Jij & S

0 Data model A 9]

3 Provider plugin /™

3 Provider RPC 7}

3 Provider configuration data store &

A Provider troubleshooting
® JMX
3 Consumer plugin 4™

1 Notification

ETRI




Real World

R

Fipaor
‘-Mr‘_u."nlihite-bread
‘Wheat-bread

= Dperation

= Operational Data

» Configuration Data

Motificaticn Data

Makes Toast with Doneness & Toast Type
Cancal Toast
Restock Toaster with Amount of bread

Manuiaciurer
Mods! Number
Knob Siafus

Darkness Factor

Ot OF Bread
Bread Restacked

Data model A9}

T
i B 3 8 1 B B B RIS B A B I E BRI S RS L3 13 5 1 B e B R A B

[ MD-SAL Framaw

—=—argg it Buitidis

TR
s e hoasier pervios TrarterSarvica|
B UG SEf e e lang Wit MDD
ZAL frarrmwork il & fata-broker 55 oiloes S
# oparascral dita of e toacie .

' ' +SBI

toaster.yang toaster-provider-impl.yan
L]

Modeling & Toaste
r

Praviding configuration data and s=

reices access for JMY NET/RESTConf
DataTvoe,
=
RPLC,
Motification

V@'G Modeling

+ Defining the north bound abstraction of the toaster data model for NBI C

lients
+  Aftributes
» Configuration Data , Dperational Data
+ RPC(Operation)
+  Motifications



OpenDaylight MD-SAL

REST
Is generated from toasteryang JConsole
ODL controller
| RunTime
Toaster I Toster Bean
Consumer I Provider data Restconf
(Kitchen-service Plugin
Plugi |
| /
Toaster Modeled API
Configuration Operational Configuration
Data Store Data Store Depe%dency
Configuration |
Dependency :
Service Abstra Ition Layer I
1 I
|
Is generated from Is generated from
kitchen-service- toaster-provider-

impl.yang

ETRI mPLyang



ODL MD-SAL

3 Toaster API bundle, Provider plugin bundle, Data broker At &

Toasteryang AutoCloseable
Data model :
Attribute A ©f Opendaylight
== import _ = Toasterjava
- : -
Yang _ - - Att”bute _;F_jlgl'
maven - - f
plugin . 4 Operational
- nterface II Data Strore
I Toaster.jav_a \. oo API OSGi
JoasterData java Bundle
\ *Builderjava J
N~ — #” | class /
-y
Restconf ~ #* importl ~ o Conti
GET / / ontig
, DataBroker Data Store
ToasterProvider override createlnstance()
Module java | == ==== _* To instantiate and wire '
QpendaylightToaster Xml configuration
Yang Yang jmx ~ Netconf
maven generator -~ .o. :
plugin plugin ‘rowc}er
Plugin
Bundle

Toaster-provider-impl.yang

Service configuration

E T r Service dependencies:

DataBroker




Data model A9}

module toaster {

HAThe vang version - today only 1 version exists, |f cmitted defaults to 1.
yvana-version 1.

Hla unique namespace for this toaster module, to uniguely identify it from other
Nanespace
"http: ffnetconfeentral .orafns/toaster”;

ffa shorter prefix that represents the namespace for references used below
prefix toast:

[fDefines the organization which defined / owns this .vang file.
organization "Metconf Central”:

Hfdefines the primary contact of this vang file.
contact
“&ndy Bierman <andvinetconfcentral . org=":

ffprovides a description of this .vang file,
description
"WAMNG version of the TOASTER-MIB.":

ffdefines the dates of revisions for this vang file
revision "2009-11-20" {
description

"Toaster module in progress.’
ETIRRI




Data model A9}

semsm———CONtainer toaster ({ e
presence
"Indicates the toaster service is available":

description
"Top-level container for all toaster database objects.";

//Note in these three attributes that config = false. This indicates that i
leaf toasterManufacturer {
type DisplayString;
config false;
mandatory true;
description
"The name of the toaster's manufacturer. For instance, Microsoft Toast:

}

leaf toasterModelNumber {
type DisplayString;
config false;
mandatory true;

description
"The name of the toaster's model. For instance, Radiant Automatic.";

}

leaf toasterStatus {
type enumeration {
enum "up" {
value 1;
description
"The toaster knob position is up. No toast is being made now.";
}
enum "down" {
value 2;
description
"The toaster knob position is down. Toast is being made now.";
}
+

config false;

mandatory true;
E I R description

"This wvariable indicates the current state of the toaster.";




Toaster.yang

 Source code

® controller/opendaylight/md-sal/samples
® toaster, toaster-provider, toaster-consumer =0 & 1l

 Generate the toaster yang data model source

® Achieved by using yang-maven-plugin in pom.xml
® Mvn clean install -DskipTests

® toaster/src/main/yang-gen-sal/org/opendaylight/yang/gen
/v1/http/netconfcentral/org/ns/toaster/rev091120

® Data transfer object(DTO)
® Toaster

® DTO builder
® ToasterBuilder

ETRI




Toaster provider

O OpendaylightToaster.java

® Be done manually
® toaster-provider/src/main/java/org/opendaylight/controller/sample/toaster/provider
® Data model and implementation to be provided by different bundles
® Thus, different bundles to define different implementations of the same data model
® public class OpendaylightToaster implements AutoCloseable

O Wiring the OpendaylightToaster service

® In order to access to the available toaster services and run time related data, the
toaster provider and consumer plugins have been configured as subsystem modules
® Done as a yang module definition per each plugin
® Each configuration specifies the dependencies between our plugins and the rest of ODL
® Define toaster provider service yang configuration
® toaster-provider/src/main/yang/toaster-provider-impl.yang
® We add a databroker container node
® Yang-maven-plugin and yang-jmx-generator-plugin
® ToasterProviderModule
— createlnstance() method provides the OpendaylightToaster instance

® ToasterProviderModuleFactory
— Instantiated internally by MD-SAL that creates ToasterProviderModule instances

ETRI




Toaster provider

module toaster-provider-impl {

yang-version 1;

namespace "urn:opendaylight:params:xml:ns:yang:controller:config:toaster-provider:impl”;
prefix "toaster-provider-impl";

import config { prefix config; revision-date 2013-04-05; }
import opendaylight-md-sal-binding { prefix mdsal; revision-date 2013-10-28; }

description
"This module contains the base YANG definitions for toaster-provider impl implementation.”;

revision "2014-01-31" {
description
"Initial revision.":;

}

// This is the definition of the service implementation as a module identity
identity toaster-provider-impl {
base config:module-type;

// Specifies the prefix for generated java classes.
config:java-name-prefix ToasterProvider;

}

// Augments the 'configuration' choice node under modules/module.
augment "/config:modules/config:module/config:configuration” {
case toaster-provider-impl {
when "/config:modules/config:module/config:type = 'toaster-provider-impl'";

¥

//wires in the data-broker service
container data-broker {
uses config:service-ref {
refine type {
mandatory false;




Toaster provider

O Wiring the OpendaylightToaster service

® ToasterProviderModule.java

® Provides the wiring with the rest of the ODL through the config-
subsystem

® toaster-provider/src/main/java/org/opendaylight/controller
/config/yang/config/toaster_provider/impl
® Generated from toaster-provider-impl.yang

Defines an implementation of toaster service and services it needs from
MD-SAL framework

® public final class ToasterProviderModule extends org.opendaylight

.controller.config.yang.config.toaster_provider.impl.AbstractToasterProvid
erModule

Be mostly complete from code generation

Only the createlnstance() method needs to be implemented to instantiate
and wire the OpendaylightToaster

opendaylightToaster = new OpendaylightToaster();
DataBroker dataBrokerService= getDataBrokerDependency();
opendaylightToaster.setDataProvider(dataBrokerService);

ETRI




Toaster provider

O Getting the operational status of the toaster

HTTF Method: GET
HTTP URL: http://localhost:BOBOS rest conf/operat ional ftoaster: toaster

You should =ee the following response:

i
toaster: {
toasterManufacturer: "Openday|ight”
toasterModel Mumber s "Model 1 - Binding Aware”
toasterStatus: "Up"
¥
¥

ETRI




ODL MD-SAL

J RPC insertion

Toasteryang ToasterService
DlecDa(]: rmogel Opendaylight
__— import — = Toasterjava
Yang - Override RPC
maven - - f
plugin == 4 Operational
¥ ~ interface II Data Strore
oasterService java API OSGi
ﬁakeToastInput.java\ AXXXY 2 Bundle
\ *Builderjava /
class
SN - /
s Wy
Restconf y 2 1~ .
POST / Importl s Config
i RCP-registry Data Store
ToasterProvider _ove_rrl i - — createlnstance() i
Modulejava To instantiate and wire ’
OpendaylightToaster %l configuration
Yang Yang jmx N V4 Netconf
maven generator ~ . e ,
lugin lugin ®e Provider
P PRe A Plugin
Bundle

Toaster-provider-impl.yang

Service configuration

E T r Service dependencies:

RPC-registry




RPC 89]

module toaster {
//This defines a Remote Procedure Call (rpc). RPC provide the ability to initia
//on the data model. In this case the initating action takes two optional input
//QUESTION: Am I correct that the inputs are optional because they have default
rpc make-toast {
description
"Make some toast. The toastDone notification will be sent when the toast is
An 'in-use' error will be returned if toast is already being made. A 'reso
be returned if the toaster service is disabled.";

input {
leaf toasterDoneness {
type uint32 {
range "1 .. 10";

}
default '5';
description

"This variable controls how well-done is the ensuing toast. It should b
Toast made at 10 generally is considered unfit for human consumption;

}

leaf toasterToastType {
type identityref {
base toast:toast-type;

}
default 'wheat-bread';
description

"This variable informs the toaster of the type of material that is bein
combined with toasterDoneness, to compute for how long the material m
}
}
} // rpc make-toast

// action to cancel making toast - takes no input parameters
rpc cancel-toast {
description

"Stop making toast, if any is being made.

A 'resource-denied' error will be returned

if the toaster service is disabled.";
E I RI } // rpc cancel-toast




Toaster provider

O OpendaylightToaster.java

® toaster-provider/src/main/java/org/opendaylight/controller/sample/toaster/provider
® public class OpendaylightToaster implements ToasterService, AutoCloseable
® RPC overriding

o makeToast(final MakeToastInput input)

® CancelToast()

O Wiring the OpendaylightToaster service

® Define toaster provider service yang configuration
® toaster-provider/src/main/yang/toaster-provider-impl.yang

auagment "Sconfigimodul esfconfigimodul efconfiarconfiauration” {
case toaster—-provider—impl 1
when "foonfigimodulesfconfigimodulefconfigitype = "toaster—-provider—impl ' "

fFflires dependent services into this class — in this case the BPC registry service
container rpc-registry {
uses config:service-ref {
refine tvpe {
mandat ory true:
config:required-identity mndsal :bindi ng—rpc—reaistry:
1

® ToasterProviderModule.java
e createlnstance()

— BindingAwareBroker.RpcRegistration<ToasterService> rpcRegistration = getRpcRegistryDependency()
.addRpcImplementation(ToasterService.class, opendaylightToaster)

ETRI




Toaster provider

O Invoke make-toast via Restconf

HTTF Method == POST
URL => http: S/ localhost (8080, restconf/operat i ons/toaster :nake-toast
Header == Content-Tvpe: application/vang.data+ison

Body =
1
“input”
i
"toaster:toasterDoneness” @ "10",
"toaster:toasterToastTvpe": "wheat -bread"
¥
I

ETRI




ODL MD-SAL

[ Add configuration attribute

Toasteryang

Data model DataChagelListener
O Opendaylight
Attribute M import Toasterjava
Yan - ~ Override
g - onDataChanged
mlavgn =" - 4 Operational
ugi
2t Ninterface / Data Strore

l Toaster.jav_a \ cooee > API OSGi / .
‘FoasterData.Java | Bundle
*Builderjava model { Service

\ A class
~ _ /

Restconf ~

PUT import % registerData Config
. I Changelistener Data Store
ToasterProvider overrldi - createlnstance()
Modulejava To instantiate and wire
OpendayllghtToasterv %l configuration
Yang Yang jmx ~ -~ Netconf
maven generator ®e .
plugin plugin ® A Provider
Plugin
Bundle

Toaster-provider-impl.yang
Service configuration

E T r _Service dependencies:




Configuration data 9|

[ toaster/src/main/yang/toaster.yang

container toaster {

leaf darknessFactor {
type uint3Z:
config true:
defaul t 1000:
description
“The darkness factor. Basically, the number of ms
¥

ETRI




Toaster provider

[ OpendaylightToaster.java

® toaster-
provider/src/main/java/org/opendaylight/controller/sample/toaster/
provider

® public class OpendaylightToaster implements ToasterService,
AutoCloseable, DataChangelListener

® method overriding
e onDataChanged(change)

O ToasterProviderModule.java

® createlnstance()

® ListenerRegistration<DataChangeListener>
dataChangelistenerRegistration = dataBrokerService
reg|sterDataChangeLlstener(Log|caIDatastoreType CONFIGURATION,
OpendaylightToaster. TOASTER _IID,
opendaylightToaster, DataChangeScope.SUBTREE);

ETRI




Toaster provider

d Changing the Darkness Factor

HTTF Method: PUT
URL: http:/flocalhost 18080/ restconf/config/toaster: toaster
HEADER: content-tyvpe: application/vana, datatison
BODY
1

toaster:

1

darknessFactor: "2000"

h

¥

ETRI




ODL MD-SAL

[ JMX access for internal statistical purposes and troubleshooting

ToasterProviderRuntimeMXBean

Toasteryang
Data model Opendaylight
import Toaster,java
- Override
rr\m(:\r/\gn - - Accessor and
ToasterService.java API OSGi
NakeToastInput.java\ cocee > Bundle
\ *Builderjava model { Service
class SA———
~ _ /
Restconf
, s import \registerRuntime Config
ToasterPrqwderMo . /A Bean Data Store
clule e override createlnstance()

ToasterProviderRUN | wm = == o= - -

timeMXbean java To instantiate and wire

‘OpendayllghtToaster Xml configuration

Yang Yang jmx ~ Netconf
maven generator -, .
plugin plugin ¢ Prowgler
Toaster e Plugin <
oaster-plovider-impl.yang Bundle RunTime

Service configuration: Bean
Confg:state attribute _/ data
ETE i oo™

. . JConsole
Service dependencies




Toaster provider

O Wiring the OpendaylightToaster service
® Define toaster provider service yang configuration

import rpc-context { prefix rpcx revision—-date 2013-06-17: } 1J

augment "/config:modules/config:imodulefconfig:state” {
case toaster-provider—inpl {
when "feonfigimodules/configimodulefconfigitype = "toaster-provider—impl "

leaf toasts-made {
tvpe uintdz;
I

rpcx rpc—context-instance "clear-toasts-made-rpc”
I
ident ity clear-toasts-made-rpc

rpc clear-toasts-made {
description
"IME call to clear the toasts—made counter.”:

input {
Uses rpcy rpc—context-ref {
refine context-instance {
rpcx: rpc-context -instance clear-toasts-nade-rpc:

¥

ETRI




Toaster provider

O Wiring the OpendaylightToaster service

® ToasterProviderRuntimeMXBean.java
® toaster-provider/src/main/yang-gen-config/org/opendaylight/controller
/config/yang/config/toaster_provider/impl
® Generated from toaster-provider-impl.yang
e interface ToasterProviderRuntimeMXBean extends
org.opendaylight.controller.config.api.runtime.RuntimeBean

— JMX bean interface that defines getToastsMade() to provide access to toasts-mode attribute
and clearToastsMade() RPC

d OpendaylightToaster.java

® toaster-provider/src/main/java/org/opendaylight/controller/sample/toaster/provider

® public class OpendaylightToaster implements ToasterService, AutoCloseable,
DataChangelListener, ToasterProviderRuntimeMXBean

® JMX RPC overriding
® Void clearToastsMade()

® Accessor method overriding
® getToastsMade()

d ToasterProviderModule.java
® createlnstance()

® ToasterProviderRuntimeRegistration runtimeReg =
getRootRuntimeBeanRegistratorWrapper().register(opendaylightToaster);

ETRI




Toaster provider

O Jconsole: JMX access

( Overview | Memory | Threads | Classes | VM Summary | MBeans

o= ] JMIimplementation
o ] com.sun.management
o] connector
o ] java.lang
o= ] java.nio
o= [] jawa.util.logging
o] net.sf.ehcache
o ] org.apache.aries.blueprint
o ] org.apache.karaf
9 [ org.opendaylight. controller
o= @ ConfigRegistry
o= ] DOMDataBroker
& ] InMemoryConfigDataStore

o [ Module

o ] RuntimeBean
o ] kitchen-service-impl
o [ msg-spy-service-impl

o= ] shutdown
9 [ toaster-provider-impl

- Attributes
ToastsMade
¢ Operations

ETRI

:| Attribute value

Mame

ToastsMade

1

MBeanAttributelnfo

Refresh

s

o [ InMemoryOperationalDatas :

o= @ MetconfMotificationProvider

o= ] rest-connector-default-i

¢ @ toaster-provider-impl

clearToastsMade :

: Mame A

i| Attribute:

i [Mame ToastsMade

fi Description ToastsMade

:| |Readable true

=) [writable falze

: false

i [ Type java.lang.Long
Descriptor

E Mame h

‘| Attribute:

| lopenType javax.management.openmbean. Simg
originalType java.lang.Long




ODL MD-SAL

== » KitchenServicejava

[ Add consumer without yang file

Toasteryang
Data model

Yang

maven

plugin == &, interface

I ToasterService.java
\MakeToastIn putjava

*Builderjava
\ 7
Q-

ToasterProviderMo =~ __ __ . — —

dule java
Yang Yang jmx
maven generator
plugin plugin

Toaster-plovider-impl.yang
Service configuration:
Service dependencies

=111

import -

Restconf

Egglmp.java

KitchenServiceRuntimeMXBean

Opendaylight

- - 4
- 7
- - /
/
- = ~
import f \
createlnstance()

-

To instantiate and wire
OpendaylightToaster

S =7,

- .
- Toasterjava

v

PN

import

—-—

-—

import‘

KitchenService
\
KitchenServiceImp.java

Override RPC call
'

registerRuntime' import

Consumer
Plugin

Provide

RunTime

]
\

Bean

Bundle RCP-registry
| P S o
‘( createInstance()\
o)

instantiate and wira

3R f KitchenServicelmp.java

foverride

KitchenService ,

Module java
KitchenService l

\w\timeMXbean.javy

-
Yang “* Yang jmx
maven generator
plugin plugin

Kitchen-service-impl.yang
Service configuration:
Confg:state rpcx
Service dependencies
RPC-registry




Toaster consumer

 Consumer without yang file

® KitchenService.java
® toaster-consumer/src/main/java/org/opendaylight/controller
/sample/kitchen/api
® public interface KitchenService
— makeBreakfast

A KitchenServiceImpl.java

® Be done manually

® toaster-
consumer/src/main/java/org/opendaylight/controller/sample/kitche

n/impl
® public class KitchenServiceImpl implements KitchenService
® RPC overriding

® makeBreakfast()
— Using the makeToast() Rpc

ETRI




Toaster consumer

module kitchen-service-impl {

yang-version 1;
namespace "urn:opendaylight:params:xml:ns:yang:controller:config:kitchen-service:impl";
prefix "kitchen-service-impl”;

import config { prefix config; revision-date 2013-04-05; }
import rpc-context { prefix rpcx; revision-date 2013-06-17; }

import opendaylight-md-sal-binding { prefix mdsal; revision-date 2013-10-28; }

description
"This module contains the base YANG definitions for
kitchen-service impl implementation.';

revision "2014-01-31" {
description
"Initial revision.";

}

// This is the definition of kitchen service interface identity.
identity kitchen-serwvice {
base "config:service-type";
config:java-class "org.opendaylight.controller.sample.kitchen.api.KitchenService";

// This is the definition of kitchen service implementation module identity.
identity kitchen-service-impl {

base config:module-type;

config:provided-service kitchen-service;

config:java-name-prefix KitchenService;

}

augment "/config:modules/config:module/config:configuration" ({
case kitchen-service-impl {

when "/config:modules/config:module/config:type = 'kitchen-service-impl'";

container rpc-registry {
uses config:service-ref {

refine type {

mandatory true;
E I F config:required-identity mdsal:binding-rpc-registry;




Toaster consumer

O Wiring the KitchenService service

® Provides the wiring with the rest of the ODL through the config-
subsystem
® KitchenServiceModule.java
® This file is generated once and further completed manually

® toaster-consumer/src/main/yang/kitchen-service-impl.yang

® KitchenServiceModule.java

® toaster-
consumer/src/main/java/org/opendaylight/controller/config/yang/config/kit
chen_service/impl

® Generated from kitchen-service-impl.yang
® public final class KitchenServiceModule extends
AbstractKitchenServiceModule

— Be mostly complete from code generation

® Only the createlnstance() method needs to be implemented to instantiate
and wire the KitchenService
— ToasterService toasterService =
getRpcRegistryDependency().getRpcService(ToasterService.class);
— kitchenService = new KitchenServiceIlmpl(toasterService);

ETRI




Toaster consumer

O Wiring the KitchenService service

® Define toaster consumer service yang configuration

augnent "fconfigimodul es/configinodul efconfig: state” |
caze kitchen—service-inpl {
when "feoonfigimodules/config modulefconfigitype = "kitchen—service-inpl ' "
rpcx rpc—context—instance "make—scranbled-with-wheat-rpc":
ki

identity make-scrambled-with-wheat-rpc:

rpc make-scrambled-with-wheat {
description

“Shorteut JME call fo make breakfast with scrambled eags and wheat toast for testing. ™

input {
Lses rpey: rpe-context-ref |
refine context-instance {
rpcx rpc-context—instance make—scranbled-with-wheat -rpc:
I
I
F
output {
leaf result {
type boolean:

ETRI




Toaster consumer

A KitchenServiceImpl.java

® toaster-

consumer/src/main/java/org/opendaylight/controller/sample/toaste
r/provider

® public class OpendaylightToaster implements KitchenService,
KitchenServiceRuntimeMXBean

® JMX RPC overriding
® Void makeScrambledWithWheat()

A KitchenServiceModule.java
® createlnstance()

® KitchenServiceRuntimeRegistration runtimeReg =
getRootRuntimeBeanRegistratorWrapper().register( kitchenService );

ETRI




Toaster consumer

O Jconsole: JMX access

( Overview | Memory | Threads | Classes | VM Summary | MBeans |

o= ] JMImplementation
o ] com.sun.management
&[] connector
o ] java.lang
o ] java.nio
o= ] java.util.logging
o= net.=f ehcache
o ] org.apache.aries.blueprint
o ] org.apache.karaf
¢ [ org.opendaylight. contraller
o @ ConfigRegistry
o= ] DOMDataEroker
o ] InMemoryConfigDataStore

o= [ Module

7 [ FuntimeEean
¢ [ kitchen-zervice-impl
¢ @ kitchen-service-impl

Operation invocation

o [ InMemoryOperationalDatas

o= @@ MetconfMotificationProvider

o Operations

ETRI

java.lang.Boolean

makeScrambledWithWwheat

{}




ODL MD-SAL

o . Egglmp.java KitchenService.java
O Notifications importh
ToasterListener \
Toasteryang : \
Data model Opendaylight Import KitchenServicelImp.java
import = = [loasterjava - Override
- Publish impl — ToasterListener If
Yang - -
maven - - -4 Consumer + import
plygin == interface - - / Plugin |
: : - registerNc'tification
ToasterListenerjava API OSGi Listener
oastirOgl’;OfBread.jav poeee Bundle o
\ ‘*Builderjava ,createInstance()\
~ P class / To instantiate and wire \
~ KitchenServiceImp.java
Restconf ——
7 ~ foverride l
R |mportl L KitchenServi
; itchenService
ToasterProviderMo . _ _Ove_mdi - / createlnstance() \ Module java /
dule java To instantiate and wire N
OpendaylightToaster -
Yang Yang jmx . Yang Yang JTX
VA generator setNotificationProvider mlavgn ger;erg or
plugin plugin < piugin piugin
Kitchen-service-impl.yang
Service configuration:
Service dependencies

Toaster-pfovider-impl.yang
Service configuration:
Service dependencies

Notification-service

Notification-service



Notification A 9]

module toaster {

roc restock-toaster {
description
"Hestocks the toaster with the anount of bread specified.”

input {
leaf amountOfBreadloStock {
ty¥pe uint32:
description
"Indicates the amount of bread to re-stock”:

notification toasterOutOfBread {
description
"Indicates that the toaster has run of out bread.”:
} /f notification toasterQutOfStock

notification toasterRestocked {
description
"Indicates that the toaster has run of out bread.”:
leaf amountOfBread {
type uint32:
description
"Indicates the amount of bread that was re—stocked”:
}
} ff notification toasterRBestocked

ETRI

P4 module toaster




Toaster provider

[ OpendaylightToaster.java

® toaster-
provider/src/main/java/org/opendaylight/controller/sample/toaster/
provider

® public class OpendaylightToaster implements ToasterService,
AutoCloseable,DataChangeListener, ToasterProviderRuntimeMXBean
® Notification publishing
® private NotificationProviderService notificationProvider;
e notificationProvider.publish( reStockedNotification );
® notificationProvider.publish( new ToasterOutOfBreadBuilder().build() );

ETRI




Toaster provider

O Wiring the OpendaylightToaster service

® Define toaster provider service yang configuration
® toaster-provider/src/main/yang/toaster-provider-impl.yang

augnent " fconfiginodulesfconfigimodulefconfig configuration” {
case toaster—consumer—ingpl {
when “foonfigimodulesfconfiginodulefconfia tvpe = 'toaster—-consumer—imgl "

container notification—=ervice {
uses configiservice—ref {
refine tyoe {
mandat ory true:
config:required-identity ndsal :bindingnotification—service:
1
5
¥
h
¥

® ToasterProviderModule.java

® createlnstance()

— opendaylightToaster.setNotificationProvider(getNotificationServiceDepende
ncy());

ETRI




Toaster consumer

A KitchenServiceImpl.java

® toaster-

consumer/src/main/java/org/opendaylight/controller/sample/toaste
r/provider

® public class KitchenServiceImpl implements KitchenService,
KitchenServiceRuntimeMXBean, ToasterListener
® ToasterListener overriding

® void onToasterOutOfBread( ToasterOutOfBread notification )
® void onToasterRestocked( ToasterRestocked notification )

ETRI




Toaster consumer

O Wiring the KitchenService service
® Define toaster consumer service yang configuration

augnent “fconfigimodul esfconfigimodul efconfia: configuration” 1
case kitchen—service—impl {
when "Jconfigimodul es/configimodulefconfigitype = "kitchen-service-inpl "

container notification—service {
uses config:serviceref {
refine type {
mandatory true:
config:reaquired-identity ndsal:bindingnotification—service:
}
¥
}
I3
I

® KitchenServiceModule.java

® createlnstance()

— ListenerRegistration<NotificationListener> toasterListenerReg =
getNotificationServiceDependency().registerNotificationListener(kitchenService );

ETRI




ODL 7|4t JHE AMI: Transport SDN, MPLS-TP

AN A01E HIERZ ¥a JlE HE AF SEAH

T-SDN OIIOIEE

T-SDN SBI/NBI R &zl
APl B3| EE SBI 4 82|

T-SDN a4l
7| /0|H

| T-SDN tw

OCES AbRi(2015'3 0| OCESE KOREN H§=4F 473

0| 5! 45 A S S0t Reference Site 75 FT1H )
p AAHF HSY PoC

T-SDN 7|=

ETRI




ODL J1dF JHE AHHI: Transport SDN, MPLS-TP

‘ Network Applications
VTN DDoS OpenStack !
Coordinator Protection Neutron Orchestrator Orcgee?\ﬁig:n &

\ — AuthN filter
OpenDaylight APIs (REST)

GBP F
OIHI E E| Service A-| I:|| A

O LI A oj L| %

Controller
Platform

Topology @ Stats
Mgr Mgr

J VF Persistence 1960

Processing

GBP

renderer Southbound
Interfaces

| I & Protocol Plugins
NETCONF : LISP
CAPWAP OPFLEX Data Plane Elements
(Virtual Switches,
Physical Device

OpenFIovy Enabled OVSDB enabled devices Devices with Proprietary Interfaces)
Devices control plane

e e > | Bd e







ODLUG Seoul/Daejeon Meetup

http://www.meetup.com/OpenDaylight-Korean-User-Group/
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MD-SAL — 3 Brokers

put

call

publish
Data

Broker Notification

RPC Brok
FOREL Broker

notify




data Broker
. MD-SALS S R0 Cjst0l 2 SR 0| E2| EX}
— Configtree: =2 S22 XH0| O3 A input Zf 2 2 AR =ICE
RESTConfZ S| A & o) =Sk =~ OIC},
— Operational tree: ==& —S—%@FOﬂkl HIMGI= ZHE 2 V| E6t=
L2 AFEEICE O f2 RESTconfE S A HAE == QILC}.

. .
Yang datais a tree ——

* Two Logical Data Stores: E— /A—Ez____h_‘____
__-—‘—‘—-—_

» Config
* Operational

* Unified View
* |nstanceldentifier;
* Pointer to a node

MD-SAL Data Store

BGP-1S
Protocol Plugin
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YANG

. E-||O|E-| E%‘%‘ O,_'|O'|O||:|:| NETCONF *E‘”g TZ2ES
o XINXIE:
— YANG introductory tutorial
— RFC 6020 - YANG - A data modeling language for NETCONF

module hello {
yang-version 1;
namespace "urn:opendaylight:params:xml:ns:yang:hello";
prefix "hello";
revision "2015-01-05" {
description "Initial revision of hello model";

}
rpc hello-world {
input {
Teaf strin {
type string;
}
} output {
Teaf greating {
type string;
}
}

package kr.re.etri.tsdn.yang.gen.vl. urn.opendaylight.params.xml.ns.yang.hello.rev150105;




Yang to

model 1/2

container foo-hosts {
Tist foo-host {
key “name”;

leaf name {
type string;

}

leaf mac-address {
type yang:mac-address;

}

foo-host

name: foo

foo-hosts

mac-address: 0xABC

foo-host

name: bar

mac-address: OxDEF

H query(“/foo-hosts/foo-host/bar”)

foo-host

# name: bar

mac-address: OxDEF




Yang to model 2/2

Module foo-extra {

yang-version 1;
namespace “urn:opendaylight:odlug:food:extra”;
prefix fooext;

import yang-ext { prefix etx; revision-date 2013-07-09; }
import foo-model { prefix foo; revision-date 2015-01-24; }
revision 2015-01-24 {}

augment “/food:foo-hosts/foo:foo-host” {

// yang-ext
ext:augment-identifier “system-info”;

Teaf vendor {
type string;
}

Teaf os-name {
type string;
}

foo-host

—

system-info
name: foo foo-extra:vendor: ETRI

mac-address: OxABC foo-extra:os-name: Linux




Yang: Java Bindings (1)

1) CamelCase

typedef foo-info {

1) getter/setter

leaf foo-value {
type string;
}

o

=)

public class FooInfo{

public String getFooValue ()

{




Yang: Java Bindings (2)

3) Grouping

grouping foo-host-info {
leaf name {
type string;

leaf mac—address {
type yang:mac-address;

¥

}

¥

package org.opendaylight.yang.gen.vl.urn.opendaylight.
odlug.foo.rev1l50124;

import org.opendaylight.yangtools.yang.binding.DataObject;
import org.opendaylight.yang.gen.vl.urn.ietf.params.xml.ns.
vang.ietf.vang.types.revl00924 .MacAddress;

public interface FooHostInfo extends DataObject {
HostName getName () ;
MacAddress getMacAddress () ;

}




Yang: Java Bindings (3)

3) Container

container foo-hosts {
list foo=host {
key “name”;
uses foo-host-info;
}
}

¥

import org.opendaylight.yang.gen.vl.urn.opendaylight.odlug. foo.
revl50124.foo.hosts.FooHost;

import org.opendaylight.yang.gen.vl.urn.opendaylight.odlug. foo.
revl50124.foo.hosts.FooHostBuilder;

// Builder

HostName name = new HostName (“foo”) ;

MacAddress mac = new MacAddress (Y00:00:00:aa:bb:cc”) ;

FooHostBuilder builder = new FooHostBuilder ().
setName (name) . setMacAddress (mac) ;

// FooHost
FooHost host = builder.build();




Yang: Java Bindings (4)

rpc add-int32 {

input {
leaf augend { type int32; }
leaf addend { type int32; }

}

output {
leaf sum { type int32; }

}

¥

package org.opendaylight.yang.gen.vl.urn.opendaylight.odlug.
foo.rev150124;

import java.util.concurrent.Future;
import org.opendaylight.yangtools.yang.binding.RpcService;
import org.opendaylight.yangtools.yang.common.RpcResult;

public interface FooModuleService extends RpcService {
Future<RpcResult<AddInt320utput>> addInt32 (AddInt32Input input);

}




Yang: Java Bindings (5)

notification add-int32-called {
leaf augend { type int32; }
leaf addend { type int32; |}
leaf sum { type int32; }

¥

package org.opendaylight.yang.gen.vl.urn.opendaylight.odlug.foo.
revl50124;

import org.opendaylight.yangtools.yang.binding.NotificationListener;

public interface FooModulelistener extends NotificationListener {
vold onAddInt32Called (AddInt32Called notification);

}




YANG

module hello { module modell {

"urn:opendaylight:params:xml:ns:yang:hello";

helTlo model";

yang-version 1;
namespace

prefix "hello";
revision "2015-01-05" {
description "Initial revision of

ks
rpc hello-world {

input {
Teaf strin {
type string;
3
} output {
Teaf greating {
type string;
}
ks

container helloworld {

Teaf counter {
type uint32;
config true;

default 100;

}

leaf value { }
type string;
config false;

mandatory false; }

namespace "urn:modell";
prefix modell;
yang-version 1;

revision 2015-04-06 {
description "Initial revision";

}
grouping A {
Tist B {
key 1id;
Teaf id {
type uint32;
3
leaf D {
type uint32;
}

}

container C {
uses A;

}




MD-SAL Data Access

Model-driven SALE OpenDaylight2| 7H &
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MD-SAL Data Access (contd.)

off g Z&S maven2 = HItZotH Crxit 42 S22 50| &9 Lt

Model1Data. java, B.java, and C.java

Instanceldentifier XfAl = 72| 7| = QI E{ 2 Of2 Q| Instanceldentifier=

HM === 712l %

X

A

Instanceldentifier iid = Instanceldentifier.builder(C.class)

.child(B.class, new BKey((long)l))
.build();

MEAE 21 2 [ = ReadOnlyTransaction EE = WriteTransaction &

B updatedB = new BBuilder().setD((long)19).build();

WriteTransaction modification = dataBroker.newWriteOnlyTransaction();

modification.merge(
modification.submit();

, iid, updatedB, true);

k

Of

Transaction2 H| X| X 2| 75

0




Data Broker DataChangelistener

Listen(“/A/B”,BASE)

Listen(“/A/B”,ONE)

Listen(“/A/B” SUBTREE)




YANG not restricted to Just Data Store

* Notifications:
— Publish one or more notifications to registered listeners

* RPC;

— Perform procedure call with input/output,
without worrying about actual provider for that procedure

Standard Proprietary
Models Models

—— .

configﬂdata RPCs notifications

containers

leafs

|
types




Using Notifications and RPCs

* Application developer usage for receiving notification and making RPC
public“class ConsumerImpl implements OpendaylightInventorylListener
Calls.
public ConsumerImpl(..) {
notificationService.registerNotificationListener(this);
this.salFlowService = rpcProviderRegistry.getRpcService(SalFlowService.class)

}

@Override

public void onNodeUpdated(NodeUpdated nodeUpdated) {
RemoveFlowInputBuilder flowBuilder = new RemoveFlowInputBuilder();
flowBuilder.setBarrier(true);
flowBuilder.setNode(NodeUtils.createNodeRef (nodeUpdated.getId()));
salFlowService.removeFlow(flowBuilder.build());

* Note: Whenever there is a change in the MD-SAL data store, you can
receive a notification similar to the YANG defined notifications by
implementing the DataChangelistener interface in a provider module



Example of Learning Switch
(Uses Data + Notifications + RPC)

Controller Platform:
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OpenDaylight hands-on!

http://www.meetup.com/OpenDaylight-Korean-User-Group/




Ubuntu 15.04 EE = 14.04 LTS ==
Java 1.7 A X]

Maven 3.31

EEEN

— https://github.com/t-sdn/

OpenDaylight Gerrit A A M Gl repository A ™A

rat

Eclipse A X]

— https://wiki.opendaylight.org/view/GettingStarted: Eclipse

Al = Google docs
- http.//blt.lv/lHGchO




Useful ODL sites

MD-SAL API
https://developer.cisco.com/site/openSDN/documents/java-extension-services-api/sal-binding-api/#
twitts

https://twitter.com/OpenDaylightSDN

gerrit

https://git.opendaylight.org/gerrit/

ask
http://ask.opendaylight.org

Bugzila
https://bugs.opendaylight.org/buglist.cgi?bug_status=__open__&content=&no_redirect=1&order=Import
ance&product=&query_format=specific

Wiki

https://wiki.opendaylight.org/view/Main_Page

ODLUG
http://www.meetup.com/OpenDaylight-Korean-User-Group/
IRC

http://webchat.freenode.net/?channels=opendaylight

Bitly

https://bitly.com/




Reference

 http://www.slideshare.net/sdnhub/opendaylight-app-development-tutorial

* https://wiki.opendaylight.org/view/Main Page
* Model Driven Service Abstraction Layer (MD-SAL) by NEC




