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What Shall We Talk About?

* Flexi-grid o
e Software Defined Networks

 Architectural overview '

-
— Application-Based Network Opemtion'(ABNOw

— Interacting with the Control Plané

* Key Components

— Path Computation Element
— Trattic Engineering Database

e Data models
— What, why, how?
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Flexible Optical Grid (flexi-gtid). NN
* Hope we know what this is all about! )

e Extensions to I'TU-T Recommendations
— G.694.1 and G.872

* Target 1s to allow etficient allocation of optlmbspectral
bandwidth for high bit-rate systems , .
— Enables flexible, application- bascd t[mmg\of bandwidth use

* Extensions include 2 new DWDM. &fld A ‘ 4

— Detine a set of nominal central frequenele? ghaqne;l/ spa’dﬂgs

- .

and the concept of "frequency slot* oY
— Data plane connections are switched based on a]looated | B ‘
variable-sized frequency ranges within the optlcal spectrum |
fideatist s
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Software Defined Networking (SDN) =

.

S e
* Yesterday’s buzz word : " W o\
* BEveryone has a different definition, but... \ 4

— Centralized view of the network .

— Centralized planning and control ’

_ Use of software rather than manual intef¥ention \b

* More adaptive, flexible, rapid, co- _ordinafed " _

* Programming of the network by a varhti Qf-Qeans
— Direct to the network nodes J 4
— Interaction with a control plane \\ - '/ .':.‘ '

* Application awareness i X ;/ - & .
— What are the resources used for? ?. : 4

— What are the future demands? _ g /




Why have an architecture?

\_...
t logical.co onerg \

* A functional architecture shows w
exist |
— What discrete functions have to be performed ‘

— NOT what software components you have to imi:ement
:
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Application-Based Network O tions

* Functions /‘ & ..o
— Service-oriented orchestration

—  Policy and fault management OSS /NMS /Application service Coordinator k

— Databases...
e Topology (TED)

* Inventory :
+  Services (LSP-DB) Policy ABNO Controller OAM
en
_ Path Computation Element (PCE) ’ Handler

e Path computation and planning

e Stateful & Stateless ALTO VNTM
*  Online & Oftline Server |2RS

—  Multi-layer Coordination
e Virtual Network Topology Manager

Databases
TED

LSP-DB
— Requesting services

.« NETCONF/YANG Provisioning Manager
—  Programming the Network .-F TS A T -.l

OpenFlow
e PCEP
* Interface to the Routing System (I2RS)
* NETCONF/YANG

* Interfaces and protocols

* Control plane

— Discussed in two slides time




Path Computation Element (PCE)
* The Madjick at the heart of SDN

* Computes paths through the network
— P2P, P2MP, MP2P, MP2MP

* Uses knowledge of the network
— Topology
— TE capabilities
— Resources in use and available
— Paths (LSPs) already set up

— Scheduled resource usage

* Issues instructions to program the network
— Create new LSPs
— Re-organise existing LLSPs




SDN with a Control Plane ,_.(
-

* A common misunderstanding

— “SDN implies node-by-node programming of the netw

’

SDN is about centralised view and control
— How to convert into network state is an opin issue

One option is node-by-node programming

— Such as OpenFlow or ForCES from a “controller”

We choose a hybrid approach
— Central control leveraging an active control p
— Keeps autonomy and smarts in the network
— Adds central, programmable control

— Allows migration to SDN
* Supports existing deployment models

* Key component is the TED




The Traffic Engineering Database

'
 Tratfic Engineering Database (I'ED)1s essential internal '

component of a PCE
— Provides the updated snapshot of the controlled network and its resources
— PCE algorithms resort to TED as primary information source input

Network
Path
e i update
server Computation TED DB Y
Solver J
\ ® .\ , 4 .
.‘> / . -
. » »
" L
o
PCEP ,. . '

g\dealiw = Ecoc bl




What does the TED store? L
* The topology of the controlled network

— Nodes %

* The available resources and attriblites
_ Available Link Bandwidth %M J

— Link Metrics (e.g., costs)  _! ' :\(
* Availability facilitates \ -
— Reservation for other purposes .

— Partitioning of network resources
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* Usual link-states IGPs with traffic engineering extensions

the standard IP routing protocols (OSPF and IS-IS)...
.. extended to provide TE and GMPLS information distribution

e States of links in the area

metrics, Shared Risk Link Groups, admin. groups/resource classes

reserveable bandwidth, unreserved bandwidth

Optical switching capability (packet, L2, TDM, lamibda, slice, fibet) |

unnumbered links (Node ID + port ID) may be u%c;d

* Optionally some node information S

* Optionally some inter-domain TE-links connected t’S t

.
TE router 1D -

TE capabilities

no IGP adjacency

area-scoped flooding of configured parameters

11

Topology and TE Information Dlstnbutlon ) .
OSPF-TE or IS-IS-TE ’\
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Building the TED from the Network _ *

* Different mechanisms may be used . L )

— The functional architecture doesn’t care how the TED is built

e [Information can come from different sources

— From the network . \ oD
— From management ’
— Through policy . ," v
* Getting information from the net\x’ork? 7,
— Passtve peering with OSPF-TE or ISH?Q—'FE . /// :. -
— Through Link State BGP (BGP-LS) O
— Reading from the network devices (e.g., SNMP. or };ANG) ]

— PCEP Notifications .

T
P~ s y
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Updates to Existing Protocols for Flexi-Grid +

. -
* Flexi-grid 1s essentially the same as many.previous '

switching technologies

— Physical network resources are switched at each router

— Labels explicitly represent bandwi‘dth and physi%resources

* Protocol changes are minor '

— Different granularity of resource ayailability
¢ Extra information in the IGPs and in mP;IB ) /
* New ways of expressing bandwidth in RSVP-TE and SCEP, .‘

- . 5
— Need more precision in identifying phy'sic;rreéour;és ~
e New GMPLS label format for use in RSVP-TE and PG%EP, -
. .
' ' I 4

= ¥
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Why Build a Standard Topology Data Model? «

* Data models let us representinformation in a well-khown

way )

* Usetul for moving it between implementations
— Export from the network \
* From a single network node talking about its local resh&ces
+ From a network node that collects ahd agoregates it from the network
— Share between servers Y,
* Exchange between PCEs that synchrongze st%e

: l
— Store, test, and experiment “a \ / /
L

* Archive the network at a point in time

* Conduct offline tests and experiments on stored topOkaglas
* Debug networks and software ' I 4

. Share topologies between researchers or with'suppliers 4

\"‘j




NETCONF & YANG

-
° NETCONTF is the configuration protocol and YANG is able  to model Conﬁg&xatlon .

data, state data, operations, and notifications

— NETCONF will get RESTful support as RESTCONF

o YANG definitions directly map to XML COﬂtCI.lt

NETCONF

Layer

Content Configuration Data

1 I
Operations <get> <get-config> | <notification>
1 L
RPC S
<rpc-reply>
i !
Transport
Protocol SSH, SSL, BEEP, etc

15
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NETCONF & YANG Design Goals " NN

. -
* 'The design goals for NETCONTF, includeds L‘ » :
- . ¢

— Distinction between configuration and state data .
— Multiple configuration data stores:

— Candidate, running, startup 4
— Configuration change validations :

— Contiguration change transactions :
. . . . .
— Selective data retrieval with filtering , ' | :

— Extensible Remote Procedure Call (RPC) mechanism
* Key YANG Capabilities
— Human readable, easy to learn representation \ ’
Ad

4 |
- -\ o "
— Reusable types and groupings (structured types) g

— Extensibility through augmentation mechanisms \ oy - 'J
— Supports the definition of operations (RPCs) “— / >
"
’
’

— Hierarchical configuration data models

— Formal constraints for configuration validation ’
— Data modularity through modules and sub-modules

— Versioning rules and development support

16 P



Dissemination of Flexi-Grid ‘ P
Network Information L '

. »
* The YANG model we propose is spilt into two modules: )
— Optical TED

* Includes: optical-node, optical-transponder and optical-link; optical-
sliceable-transponders
e Each element is defined as a container and Includes a@&of attributes.

The module also includes the data t)ﬁes for the type of modulation, the
optical technology such as Forward rror Correction (FEC). y

— Media Channel (two types) -\
* An (effective) frequency slot supported by a concatenathn d)f inedla
elements (fibers, amplifiers, filters, sw1téh,pg atricest)

* Network Media Channel: is a media channel that transpop(s an Gmcal

Tributary Signal. -
" _'
, ) ’

\"‘j
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Augmented Topology o~ A
T ).

/nt:network-topology/nt:topology/nt:topology-types /nt:network-topology/nt:topology

optical-ted-topology-type {uses}

. =

optical-ted-topology-attributes {uses}

3

. << grouping . <<gro — groupmghtlcal ted-t

opticalted topology attnbutes

optical- ted-topology-type

. »
grouping o —topology—attribuN‘

container o ed-topology-attributes {
leaf name {
description "
0.1 . type string;
@ <=<container>> @optlcal-t:;ft%nptgggyr;:tﬂbutesI } .
opticalted-topology - }
name : string }
A

augment "/nt:network- gy@ﬁto’o 'ng*ypes" {
uses optical-ted-topol —t\me, 0

}

augment "/nt:network-to ‘\)nt :topology" {

when "nt:topology-types/optical-ted-topology" ,‘
uses optical-ted-topology-attributes;

}

-

18



Augmented Nodes

. < tomo=
/nt:netwark-topology/nt:topolegy/nt:node
optical-node-type {uses}

aptical-node-attributes {uses}
opticaltransponder-attributes {uses}
optical-sliceable-transponder-attributes {uses}

. << grouping>>
optical-node-type

type : optical-node-type I

en: nt:topology-typesjoptical-ted-topology 5

<< fist>>
interface

O name : string {key}
port-number : uint32 {unique}
input-port : boolean
output-port : boolean
description : string
interfaces-type : interface-type

optical-node 1ype
®

"/

optical-node
optical-transponder
optical-shiceable vransponder

~ 1

. << grouping>>
optical-node-attributes

1

. << grouping>=>
optical-sliceable-transponder-attributes

uses

0i.N

"

<<container>>
connectivity-matrix

<< fist>>
transponder-ist

O carrier-id : uint32 {key}
optical-transponder-attributes {uses}

uses

<< ng=>>

@ <<container>>
unnumbered-interface

<< fist>>
connections

© e
opticaltransponder-attributes

available-modulation [): modulation

u-i-ip-address : inetip-address

p-address label : uint32

© input-port-id : optical-node-port-ref {key}
output-port-id : optical-node-port-ref

modulation-type : modulation
available-FEC [): FEC
FEC-enabled : boolean

bered-interfaces

I\Nhen: interfaces-type == unnumbered-interfaces 5

FEC-type : FEC

\

19
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Augmented Links -

———— . interface-type

. << augment>>
/nt:network-topology/nt:topology/nt:link

optical-link-attributes {uses}

reed-solomon
hamming-code
golay

numbered-interfaces
unnumbered-interfaces

. << grouping>>
optical-link-attributes

available-label-flexigrid [): bits
available-label-WSON []: bits
N-max : int32
base-frequency : decimal64 = 193.1 {THz}
nominal-centralfrequency-granularity : decimalé4 = 6.25 {GHz}
slot-width-granularity : decimal64 {GHz}

technology-type : optical-technology

When: ../nt:topology-types/o-ted:optical-ted-topology

When (available-label-wSON):
technology-type != Flexigrid

-
augment "/nt:network-topolo%t:topo)gy/nt:'nk" { /

when "../nt:topology-types/o-ted:optical-ted-topology";
uses optical-link-attributes; ‘

When (available-label-flexigrid):
technology-type == Flexigrid

20
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Impact on Standardisation Ly . A

- - . ®

S » :

* A key output of YANG model development effort for Elastic Optical Networks has been‘a. . ‘
contribution to the IETF, in the form of an Internet-Draft within the “Common Control and ’
Measurement Plane” (CCAMP) working group ' \

— “A YANG data model for WSON and Flexi-Grid Optical Networks” : B

—  The CCAMP working group is responsible for standardizing a common control plane and a separate common measurement
plane for technologies found in the Internet.

* Most recently (December, 2014) the IETF created a new working: group entitled £ Traffic Engineering
Architecture and Signaling” (TEAS). 5

—  This new working group is responsible for defining MPLS and GM’LS trafﬁgIengineerin&architecture, standardizing the
signaling protocol, and identifying required related control-protoco functi?s, i.e., routing and path computation element
functions and developing YANG models for network topologies aStec ology specific network attributes. .

* Our objective will be to progress the YANG model defined and,diseussed in this paper within the
new TEAS working group, and eventually publish our propc&l as_the IETF Intetnet RFC Standard
YANG model to model Flexi-Grid nodes, transponders, links, and ayailable ya nnels.

-
- e B
. -
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Questions?

adrian(@olddo
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