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So What is YANG?

e NETCONF is a data modeling language for network
configuration.
— Human readable, and easy to learn representation
— Hierarchical config for data models
— Reusable types and groupings
— Extensibility through augmentation
— Support for RPCs
— Formal constraints for config validation
— Data modularity though modules and sub-modules
— Well defined versioning rules



YANG

« ol 28d HOOIH NETCONF EE =& =
e TIAEZ:
— 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;
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Yang to model 1/2

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

Teaf name {
type string;
ks
leaf mac-address {
type yang:mac-address;

}

foo-host

name: foo 4—‘ query(“/foo-hosts/foo-host/bar”)

mac-address: 0xABC

foo-hosts

foo-host

foo-host — name: bar

name: bar
mac-address: OxDEF

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”;

Jeaf vendor {
type string;
}
Jeaf os-name {
type string;
}

foo-host

system-info

name: foo

foo-extra:vendor: ETRI

mac-address: 0xABC

foo-extra:os-name: Linux




Yang: Java Bindings (1)

1) CamelCase

typedef foo-info {

1) getter/setter

leaf foo-value |
type string;
}

=)

-)

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.vyang.binding.DataObject;
import org.opendaylight.yang.gen.vl.urn.ietf.params.xml.ns.
vang.letf.yang.types.revl100924 .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 (“00:00:00: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 1int32; }
}
output {
leaf sum { type int32; }
}
}

¥

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

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 1int32; |}
leaf sum { type int32; }

.

package org.opendaylight.yang.gen.vl.urn.opendaylight.odlug. foo.
revls50124;

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

public interface FooModulelListener extends NotificationListener {
volid onAddInt32Called (AddInt32Called notification):;

}




YANG

module hello { module modell {

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

hello model";

yang-version 1;
namespace

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

ks
rpc hello-world {
input {
Jeaf strin {
type string;
ks
} output {
Teaf greating {
type string;
ks
ks
container helloworld {
Jeaf counter {
type uint32;
config true;
default 100;
ks
Teaf 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;

}







So What is NETCONF?

* NETCONF is an IETF network management protocol.
— NETCONF messages are encoded in XML
— NETCONF m

* NETCONF is an IETF network management protocol.
— Separation of config and state data
— Multiple data store (candidate, running, startup)
— Transactions
— Network-wide operation



NETCONF Base Operations

<get>
<get-config>

<edit-config>
— Test-option

— Error-option
— Operation

<copy-config>
<commit>
<discard-changes>
<cancel-commit>

<delete-config>
<lock>

<unlock>
<close-session>
<kill-session>
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MD-SAL — 3 Brokers

put

publish
Data

Broker Notification

Broker

RPC Broker

notify,
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MD-SAL Data Access
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MD-SAL Data Access (con
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ModellData. java, B.java, and C.java

Instanceldentifier XA}A! S D2l 2| = ECIE 2 02l 2l Instanceldentifier= &
HI = EE D&

Instanceldentifier iid = Instanceldentifier.builder(C.class)
.child(B.class, new BKey((long)l))
.build();

M&EAE 211 £ [ = ReadOnlyTransaction & = WriteTransaction Z &

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

WriteTransaction modification = dataBroker.newWriteOnlyTransaction();
modification.merge( , 1id, updatedB, true);
modification.submit();

Transaction2 Ui X| H 2| JIs&
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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

M

config‘data RPCs notifications

containers

leafs

'
types




Using Notifications and RPCs

Application developer usage for receiving notification and making RPC
pub%i;uggass ConsumerImpl implements OpendaylightInventoryListener
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

29



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

- - - - -

Controller Platform

The Learning Switch
Application

b - -

Notificatian ; = Request
Dellvery { routing @

MD-SAL

Notification ==~t=== = =r=f---

OpenFlow 1.0/1.3 Plugin
&) 12
o VR 2.
OpenFlow Java Library
) 3

Pktir—=t=== = ===T~~ PktOut ===1~ - flowMod

Switch
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<Architecture of Calamari T-SDN Controller by ETRI> (4/1)
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T-SDN controller workflow
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Implementation Detalls

yang

‘@ mpls-tp-connection.yang

J mpls-tp-general-types.yang
‘@ mpls-tp-inventory.yang

d mpls-tp-provision.yang

‘@ mpls-tp-service.yang

‘@ mpls-tp-topalogy-discovery.yang
‘@ mpls-tp-topology-inventary.yang
‘@ otn-connection.yang

‘@ otn-general-types.yang
‘dotn-inventory.yang
‘dotn-port.yang
Hom-provision.yang
‘dotn-service.yang

d otn-topology-discovery.yang
‘@ otn-topology-inventory.yang
‘@ otn-port.yang

@ transportcontrolleryang
‘@tsdn-access-if.yang

‘@ tsdn-connection.yang

@ tsdn-general-types.yang

‘@ tsdn-inventary.yang

@ tsdn-network-topalogy.yang
@ tsdn-node.yang
@tsdn-pce.yang

@ tsdn-port.yang
‘@tsdn-service.yang

‘@ tsdn-topology-discovery.yang
‘@ tsdn-tunnel.yang

@ tsdn-tunnel-xc.yang

HODSumMmmit



Impl

m {operations/tsdn-service:set-service

Response Class

Model Model Schema

(set-service)output {

}

Response Content Type

Parameters

Parameter

applicationfjsen

Value

Dy

(set-
service) input

Try it out!

“tsdn-servicedingut”: {
“deployment-enable
“service-name": "abc",

“service-type": “ptp",

“network-type": “otn”,

“multiple-rate": "1,

“rate-type”: “odu2’,
“service-configuration-action”: "create”,
"selected-candidate-index": '0',
“otn-service:service-constral

“enable’,

il

“index": "1°,
“name": “tunnel-protection-one-plus-one’,

i P

L

f—
“name": “tunnel-protection-revert-non-revertive',
' ; . “tunnel-protecti rttype’
}
L
“source: {
“node-ref": "ftsdn-1
11:184483428]7",
"1od

y:node-id="node[kr.re. re.etri:0tn: dael

£ *ftedh
i

R :node-id='nodelkr re. re.etri:Otn:oces-dacj
11:184483429]'] tsdn-inventory:node-connector(tsdn- inventory:node-connector-id="node-connector[nodelkr.re etri:topology(kr.re.ctri:0tn:oces-
daejeon-11:184483428]:503-p1]T,

“access-if-type": "ge",

“port-constraint”: [

“Index": "1,

“value": "100°

ype: “por i i,

1

“destination": {

node-ref": tsdn-i deshsdn-i deltsdn-
11:184483430]",
“node-cennector-ref*: */tsén-inventory:nodes/tsdn-inventor

y:node-id="node[kr.re. logy[kr.re.etri:Otn: daej

inventory:node-id="nodelkr.re.etritopelogylkr.re.ctri:Otn:oces-daejeon- ’

Parameter content type: applicationfjson

Hide Response

<Service Input for ServiceManager>

nt

ementation Detalls

pretty ~
nodes:
node: v |

node-id: "node(kr.re.etri:topology[kr.re.etri:0tn:oces-daejeon-1]:184483429]",
serial-number: ‘“serial number 184483429",
otn-inventory:tunnel: ), [ (tunnel-1d [kr
otn-inventory:access-if: ) [ (2 if flr
node-connector: » [ (node-connec id
hardware-version: "OCES Switching System",
ip-address: '70.70.1.1",
software-version: “oces-atspa-app-ppchh_85xxDP-2015031213.bin",
topology-ref: @ "/tsdn-network-topology:network-topology/tsdn-network-topology:topology[tsdn-netw
node-type: ‘otn",
manufacturer: “kr.re.etri”,
node-status: ‘normal’,
local-id: "184483429",
name: ‘oces-a’

» {node-1id node(kr.re.etr F.re 0tn:oces-daejeon-1]:184 eria umber St

» {node-1d node (kr.re.etr re.etri:0tn:oces-daejeon-1]:184483431 serial-number S¢

ines nums

<Result with APIDocs>
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Accomplishments
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Ubuntu 14.04 LTS =&
Java 1.8 & X|
Maven 3.31 O &f
E=FS DN
— https://github.com/t-sdn/
OpenDaylight Gerrit A& 4 4& & repository £ &

Eclipse & X

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

&1 & Google docs
— http://bit.ly/1HG1QcO
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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/
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Reference

e 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



