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Microservice Controller platform for 
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Designing the next generation Open Optical Network 
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• Towards Software Defined Media Channels … 

• Within  Open Disaggregated Transport Network 

• Why to control Optical Channel configuration dynamically 

• Spectrum Grid Defragmentation as  SDN application

• Defragmentation network function performance

• Microservice Network Controller software architecture and implementation 

• NOKIA Bell Labs Publication References

Confidential

Content
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Towards Software Defined Optical Channels on-demand
Media Channel + OTSi will be configured per Datacenter applications when used

Enterprise #1

Enterprise #2

Datacenters

OTN switch Flex-rate board

SDN
Controller

optical node #2

node #1 node #n

« Set and Forget » 
configuration

Fixed Optical 
Network 

Configuration 

optical node #2

node #1 node #n

« Set and Forget » 
Manual configuration

Fixed Optical Network 
Configuration 

TODAY COMING SOLUTIONS

Define/try and continuously adjust configuration
Setting with just-required performance
Fast delivery of optical channels on application demand
Multi Vendor Optical Systems 

Optical channel configuration never changed
Guaranteed setting with large margins
Deployment of services in months
Single Vendor Optical Systems 

« Programmable » 
Automatic Reconfiguration

ITU-T Fixed DWDM Grid ITU-T Flexible DWDM Grid
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https://www.opennetworking.org/solutions/odtn/

Field trials at Operator Labs

Future Transport Network reference implementation using:

• Open source Resource Controller: ONOS

• Open source data model: Transport API, OpenConfig

• Open/Disaggregated switching devices from vendors

• Deliverables: 
(i) Pt-to-pt Open Line System  (Q3-2018),

.   (ii) Meshed ROADM Network. (Q1-2019), 
(iii) Disaggregated ROADM Network. (Q2-2019)

ODTN: Open & Disaggregated Transport Network (an ONF Project)
ODTN Project Wiki Home:
https://wiki.onosproject.org/display/ODTN/ODTN

Participants involved in Phase1-Step1:

ODTN Phase 1-Step1

Phase1: Point-to-Point 
Transponder scenario          Open Line System scenario 

Jan 2018 Apr 2018 Aug 2018 Dec 2018 Jun 2019

ODTN Challenges & Milestones: Demonstration of end-to-end Open Configuration and Operation control

Step 1 Step 2 Step 1 Step 2

Phase3: Disaggregated ROADM network
multi-vendor Optical devices

Mar 2019

Phase2: Mesh ROADM network
single vendor Optical System devices
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Transponder_2

ONOS Service Application development – Phase 1 / Step 2
Integration and 2nd lab demonstration targeted on August 2018

© NOKIA 2018

NETCONF/OpenConfig
to configure line ports 

ONOS Controller

Open Line System (OLS)

100G 100G

Transponder_1

Network Service Orchestrator

Dynamic 
Config

Subsystem

Transport API / REST

Service
Application

Service Application translates 
T-API Topology/Connectivity service to 

OLS Controller and to 
NETCONF/OpenConfig for 

terminal devices (Transponders) 

T-API service request
(Connectivity, Topology services)

Line PortLine Port

OLS Controller

WSSMUX WSSAMP MUX

OLS Controller  provides

topology service

Transport API / REST

NETCONF/OpenConfig
Client Port Client Port

ODTN Controller provides 

connectivity service
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Open Networking Foundation - Transport API Functional architecture
T-API 2.1 data model embracing optical channel services

Topology 
Service

Connectivity 
Service

Path Computation 
Service

Shared Network Information Context (T-API Client)  
/ Resource Mapper (T-API Server) 

Virtual Network 
Service

Notification 
Service

NE
Network Elements

NENESDN Controllers

NENESDN Controllers
NENEApplications

Transport API or other data models (e.g., OpenConfig, OpenROADM, 
OpenFlow, etc.) 
Transport API or other data models (e.g., OpenConfig, OpenROADM, 
OpenFlow, etc.) 

RESTCONF/Transport API or Other NBIs

OAM Service

T-API Package

ODTN project Phase 1
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ODTN use cases involving Open Line System Topology Service

• OTSi network service topology exposed by Open Line System Controller 
• Option B1: Node topology abstraction: 

• Option B2: Media Layer topology abstraction: 

NodeEdgePoint (Internal) 

ServiceEndPoint

NodeEdgePoint (Edge)

Link

Mapping

Topology

Node

ConnectionEndPoint

Connection

ServiceInterfacePoint

T-API data model:
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• Advanced Optical Systems configuration without connectivity service disruption

• Optical channels are set when Connectivity Services creation are requested 

• Service constraints make DWDM Spectrum grid becomes fragmented 

• Spectrum grid fragmentation leads to connectivity service rejections

Needs to control Media Channels and Optical Tributary Signals
OTSi Assembly to be set per TAPI service requests

Optimal spectrum occupancy
gain

50%

25%

Fragmented                                        …                                 Defragmented
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Optical Channel Services
configuration

• Defragmentation Network Function selects a set 
of optical channels to be monitored then:

- A new optical channel setting is computed 

- The decision to perform  reconfiguration depends on 
spectrum occupancy gain � implemented as a rule

• Defragmentation Network Function computes a 
sequence of lightpath migration that minimizing  
the total connectivity service disruption time

© NOKIA 2018

Optical channel rerouting and migration as SDN applications 
Defragmentation network functio

NETCONF drivers 

OTSi_1

NETCONF/OpenConfig

Optical Switch/O-RADMOpenConfig Terminal System

OTSi_1

Defragmentation network function optimally reconfigures Optical Channels (Media Channels, OTSi )

Defragmentation 
Network Function 

Notification:
Frequency grid occupation
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Current Optical Channel Setting
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Optimized Optical Channel Setting

Dependency Graph Modified Dependency 
Graph

Migration sequence of optical channels Ls

1
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4

disruption time of a

• Defragmentation application involves in two sets of algorithms:

- Spectrum occupancy gain:
• compute the optimal spectral occupancy from the current optical 

channel setting
� To minimize the spectrum occupancy on each optical link 
� To assess the spectrum occupancy gain on the network 

- Optical channel migration: is divided into 3 steps:

2. Build Frequency Slot Dependency Graph of Optical Channels 

3. Apply Minimum Feedback Vertex Set (MFVS) algorithm to build a 
Modified Dependency Graph

4. Apply Machine Learning algorithm: find the optical channel migration 
sequences with the shortest network disruption time

1

2

3

4

Workflow of Defragmentation Network Function  



11

Bell Labs

© NOKIA 2018

Defragmentation Network Function – Execution time 

European Network topology: 28 nodes, 43 links
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These measurements include the computation time of the 
optimal optical channel migration sequence. 
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Transponder X

Netconf protocol

QoT 
Estimator CF

Microservice Network Controller Platform 

MongoDB
SDN controller

QoT 
Monitoring CF

Routing & Spectrum
Assignment CF

Dynamic
Optical Restoration CF

Fiber
Identification CF

Optical Channel
Defragmentation CF

Optical Intrusion
Detection CF

Kubernetes Orchestrator

ETCD

LINC-OE

Optical Transmission Plane 

REST+ZeroMQ

Optical Control & management Plane 

LINC-OE 

LINC-OE 
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LINC-OE 1

2

3

4

5

6

NOKIA 1830 PSI-2T 

Controller GUI

VIM GUI
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Controller GUI: Optical Channel Provisioning 

Och1

OCh2
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Controller GUI: DWDM Frequency Grid allocation
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Many Thanks to:

• NOKIA Bell Labs colleagues,

• NOKIA IP/Optical Networks colleagues,

• SENDATE CELTIC-Plus Project

• ONF ONOS ODTN Project members …

• GEANT & TERENA NC’2018 for this opportunity!
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Shaping the future of technology to transform 
the human experience

TERENA Networking Conference 2018


