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Abstract

Novel open and disaggregated optical-networking technologies promise to enhance multi-vendor interoperability thanks to their open
interfaces in both data-plane and control/management-plane. From the viewpoint of disaster resilience in optical networks, such interoperability
will significantly improve the flexibility in product selection with regard to replacing damaged subsystems with products of different vendors.
We investigate an approach to enhance resilience of future optical networks with two dimensions: openness and disaggregation. We report our
studies on the control and optical performance monitoring/telemetry of optical networks with this approach and show the experimental results

in disaster recovery scenario.
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Outline

+ Background and motivations
« Why are openness and disaggregation beneficial to enhance resilience of optical networks?
» Research activities in disaster-resilient optical networks with openness and disaggregation
« Part-1: Integration and control of diverse optical subsystems
« Diverse blade integration and unified control of disaggregate/legacy ROADMs
« Part-2: Optical performance monitoring (OPM) and robust telemetry
« Offer robust OPM/Telemetry in post-disaster recovery with open APIs and data models

* Summary
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An Open Approach to Meet Carriers’ Requirements — Nﬁ
SDN + Open + Hardware Disaggregation in Optical Networks

rarchical controler

+ Break vendor-lock, decreasing CAPEX (D-Plane)
+ Be able to mix and match best-in-class platform

Automated reconfiguration and API to Apps, decreasing OPEX (C/M-plane)

nap &

+ Be able to achieve SDN-based multi-layer automated control -

+ Timely utilization of the new system/subsystems based on the latest and advanced scounnare
technologies CPPC @@ Network topoioo

+ Decouple the entire optical system and replace the shortlife-cycle sbstracion

subsystems to better-fit the technology evolution and market maturity, e.g., P!
* onos

+ Accelerate innovation (both carriers and vendors) T
+ Empower carriers to leverage new architectures and offer new innovative - @ Netvork opolog

services, thanks to the open architecture and more App developers involved 1 « abstracton

*+ Also, offer subsystem vendors incentives on innovations, therefore offer &
system integrators more choices to cost-efficiently customize their products onE ”
eeing carfers nesds
Soces
.
Forows

Enhance the resiliency of optical networks
« Easy to offer and flexibly integrate more interoperable and alternative
resources for early disaster recovery

Open & Disaggregation
ROADM systems

‘Conventional allin-one
ROADM system CPPC
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Why are openness and disaggregation beneficial? ”ﬁ
(from the resilience perspective)

In case of disasters, failure parts are
replaced with different vendors™
Optical node composed of blades, and communication
disaggregated products functions are quickly rebuilt

(blades) from different vendors

Disaggregation and Opening Up
optical networks (w/o vendor-lock)

Single vendor all-in-one product

New
Paradigm

Conventional all-in-one ROADM
optical network (vendor-lock)

High risk of resource shortage in Emergency recovery Broadly available interoperable resource

+ Emergency recovery might be hard due to the Simply replace the damaged part (blades) with new
shortage of the vendor'’s products. blades.

« Further exacerbated during large-scale disasters. Broadly available blades supply from different

vendors, qualitatively reduced the risk of resource

shortage in all-in-one single optical network

Enable swift recreation of lost communication

functions.

National Institute of Information and Communications Technoloav.
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Outline

« Research activities in disaster-resilient optical networks with openness and disaggregation
« Part-1: Integration and control of diverse optical subsystems
« Diverse blade integration and unified control of disaggregate/legacy ROADMs
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Modeling of Disaggregate Optical Networks Nﬁ

Hierarchical controllr

[Orchestrator| OSS/BSS
o8& e
0 ROADM

@@ Network topoiogy
abstraction

} Brenconric
) Network model (7ANG) nonOM

Service level model (network)

Network level model (network)

@@ Network topology

abstraction

Brenconric
ROADM
o @
27 patet Y

Intra-node topology

Blade model

Blades
&
Intra-biade topology.

‘Open & Disaggregation systems.

Node level model (node device)

Blade level model (components)
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Fundamental Works for Diverse Hardware Integration . ﬁ
Functional Block-based Disaggregation (FBD) Model

Component-level model

Node-level model

Network-level model

Intra-component connectivity =
constraints:

- ILP method

- Machine-readable

set AvailableConnection
InputPort, j in Channels, k in
OutputPort, Iin Channels : j = I}; I
s.t. input{j in Channels, k in HEE
OutputPort}: sum{i in InputPort} e i em
cfi, . kil <= 1;

Intra-node fiber connections are precisely described Inter-node fiber connections
are described

(K. Ishii, et al., IEEE/OSA JLT, vol. 37, no. 21, 2019]
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Proposal Highlight ”ﬁ
Handling the Diverse Hardware Systems with FBD-BAI

FBD-based and unified
+ blade modeling
« blade configuration

via Blade Abstraction Interface (FBD-BAI).
Device models, e.g., OpenROADM  [SsEalz e \e U]

Functional Block-based Disaggregation (FBD) Model

Unified FBD-BAI

Blade levef

Single-component  Compound-component
type blade
Open & Disaggregation Systems,

Partially failed Legacy Recreate lost Funs with

ROADM, eg. in disaster , disaggregate blade.

Existing All-n-One legacy ROADMs Hybrid systems enhancing resilincy

Heterogeneous systems with diverse Functionalities, Structures, Constraints, and APIs
IEICE CS Tech. Rot. September 9 2021
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Structure of FBD-based Node and FBD-BAI i)
Network level [ Open ROADM

£E2 NETCONF/OpenROADM YANG (device)

Node level =
— it model rtfrom FBD model (o OpenROADN] OpenROADM
Bilue Box T T o NETCONE Server
> OpenROADM config 4|4 Rep Open ROADM
[ wwwapper | [ woitmapper | [ Reverse hw vapper | —] BBupdate ]
T+ F0B model Tr [+ OpenROADNFBD
i@ Foo o i
FBD DB FDB model v [*ntra-node topology (from blade info) (FBD model)
BBCHr |
Blades DB Blades name-space mapping Info y |+ Blade Info Components conf-ist v|* Rep

FBD-BAI

£, FBD-BAI(gRPC)
f

Blade infok Vendor AP, [4 Rep
APlinfo (blade config)

Blade Manager
Single-

Legacy ROADM type blade

National Institute of Information and Communications. Technoloav.

Blade info Aggregation and Intra-node Topology Manipulations mﬁ

Chain-mode Intra-node Topology

Overlap-mode Intra-node Topology Manipulation

—
FBD model (topology & constaints)

[ Connect ACC-1 and ACC-2 o form
a disaggregate ROADM

J 1 oset untiation lace and bypass the failed C3 L

(in ACC-1) with C4 (in ACC-2) to
restore the ROADM (e.g., legacy all-
|_in-one ROADM).

FBD-BAI

Blade port(s) ﬁ :!g‘j:;:,:"(s == ROADM port (outward infegress)
s oot ori o & 1Bty vonts) == Biad por cutward iniegross)
Blade-A (vendor-x) (utard B vendory/  Suward <= Component por cutward negress)
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Configuration of Diverse Blades via FBD-BAI /vﬁ
FBD-based intra-node paths computation

>
FBD-based compo-conf-list meta-info: intra-node path info, Center-Freq, BW, etc. (blade-unaware)

Compo | Func Parad.
#
11 wss 2 Cer

Action Ingress  Egress Slotwidth  VOA=Xx

nter
SSET  port=t  port=2  Freq=19520THz =100 GHz

EDFA 1 Action Ingress  Egress  Center Sotwidth  PWR=xx
SET  port=i  port=l  Freq=19520THz =100 GHz

g FBD-BAI
Blade-conf-packages: In/Egress ports per blade, Center-Freq, BW, etc.
Egress info of blade Egress info of blade
ooy o | sovmon | e | emmmmprepepmeeg i | sovian | |
bl port | Gorior | Sivwian | etc I i pos Gt [ sotonan e ]
1 2

19520 THz  100GHz  xxx 19520 THz  100GHz  xxx

Vendor API < Vendor API (blade config)

&/ Blade-B (vendor-y)

(blade config)
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Demonstration of FBD-BAI-based Integration of Diverse Blades Nﬁ

D 1 Scenario (e.g. disaster recovery

Phase-I: Blade model info collection via FBD-BAI

Phase-Il: OpenROADM device mode data mapping via FBD mappers and collection
Phase-lll: Path Provisioning with OpenROADM and configured by FBD and FBD-BAI

OpenRO/{DM SDN Ctir
I

Blue Box

Temporary hybrid node

(Vendor-X ROADM + e N
3¢ party WSS blade) (Vendor-Y ROADM) (Vendor-X ROADM)
12
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Three-phase Demo Clip (C-Plane)

o

Outline

Demonstration of FBD-BAI-based
Integration of Diverse Blades

Blade model info collection

OpenROADM device mode data collection
Path Provisioning with OpenROADM and configured by

1
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Phase-lll via
OpenROADM e ey
FBD, FBD-BAI — 33¢ o=

For the second
lightpath <B, C>

3431 265.5... lodal-B8-Celr

-son-ce1e

=

3729 2780,

of multi-vend

Selected Messages via WireShark in Phase-IlIl Demonstration

3 - :
lodes - [acK] <
NodeB-5AT 5
aa.
o-cel s
al-51
5 E o E Co-200 2022 = dsnaa (75,
Hosts 160 Echo (ping) request
104 Echo (ping) reply
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« Part-2: Optical performance monitoring (OPM) and robust telemetry

Emergency FAU integration via Open API/Data-model and Robust
OPM/Telemetry under C/M-plane Constraint
Open and Robust OPM/Telemetry functionable under C/M-plane BW constraint

Telematry Collsctor

Adjust the telemetry system to meet
the C/M-plane BW condition and

« Offer robust OPM/Telemetry in post-disaster recovery with open APIs and data models

1
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Overview: Offer Robust OPM/Telemetry in Post-disaster Recovery

based first-aid-uni
+ B. How to achieve Robust OPM/Telemetry in case of disaster recovery?

with limited BW

Whorge the OPM data L‘i]:" NMS/SDN Ctrl

* A. How to integrate multi-vendor OPM devices to quickly recreate lost OPM/Telemetry in case of disaster recovery?
monitor de

it (FAU) via open API and OpenConfig YANG model
+ Robust OPM/Telemetry which is functionable in the degraded and unstable C/M-Plane, o an emergency C/M-plane

o Stable nfranet connections
data~

N _S!’ Collector
e

g =

Emergéncy
N CiM-plana

OPM FAU

EICE CS Tech. Rot. Seotember § 2021
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R
Mult-vendor Intarconnection-based emergency
‘optical natwork in & cisaster atea
-
A

|- = PENCONFIG
Integration of multi-vendor monitor devices FAU
Various first aid units (FAUs) OPM monitors

via open APl and OpenConfig YANG model

16
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Multi-vendor OPM FAUSs Integration via OpenConfig

S.Xu, Y. Hirota, M. Shiraiwa,

ator
IEICE CS Tech. Rot. Seotember 2021

Features
Smoothly collect Telemetry system
urgent high- pﬂoﬂly 5
yield higher data rate streaming. data first self-adjustment
CiMk-plane BW prob
ayste P"-nm-a--- ot Open APl v NETCONET
Config YANG
-Telsmnlry Agent
OPM data Triage

Prioritized, "
OoPM dala- OPM data Triage

Agoregsle OPM dala end Intoduce Intallgence for

OPM data analysis and priortization (urgent data,

higher priority, first streaming).

in degraded

C/M-plane network
e e
Open APis MNE%ND?A’HO .
e,
= OPM/ Emergency FAU {5pENCONFIG
Optical atform
Qpucal o FAU piat

OPM data @
+ Integrate multi-vendor OPM devices into FAU:
unified OP! i

FAU platform for

ordousi, . Ava

17

s and form
streaming with OpenCenfig extension.
Vada, and B. Mukherj

EE/0SA JLT, Jan. 2020,

multivendor OPM
devices integration

National Institute of Information and Communications. Technoloav.
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+ We can use OPM FAU to replace the damaged OPM components and recreate the lost OPM
+ Multi-vendors OPM devices integration with an open architecture
« Introduce OPM device adaptor to deal with the diversified APIs

functionality as early as possible

e

i i ifi
t NETCONF and OpenConfig YANG data model

wms/son ot |

nictchannel-monitoryang
e —
e s
Tolometry e it e
colector ] e
[ Crnaner o patrmcomponcnisiconponen
| o ettt > Fepatamcompomsniemporrihans
Toomaty s
PENCONFIG [ ] | +=roname? > locpform:componentsicamganentiname
| o o e comsnerinare
ey A ——
P S eetower oquency
“ho v renay =

acuppar ey

pesteguencyype
m.mmmw
e et
e g
e mantar ! et

OpenConfig-based YANG model

1
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Agent: OPM Data Analysis and Triage in Degraded C/M-plane Network 7] Telemetry System Self-adjustment Meeting the C/M-plane BW Condition wic7|

(1

Best.effort | Extension of O
Nmsisow cut (4 for Sensitivity specification
telemetry Emergency C/M-plane network Emergency
. Data servir (Unstable environment) C/M-plane
elemetry
Collector | | ity anaifser network
Request H Probe H OPM§rean
receiver | responder || Subgcriber . | ERPC
oy ; Collactor : Agent ® REOONF! Collector A Collector B
Grenconris | awec ] l:mnm 1o YANG | [iF] i . o p -
Dagsener | [ ' i :
S High ety : ow rate telemetry, i o >
ORM data store. ! ERiem | Ay | Collector e T
| - : ranking & )
| - Agent  Mismatch % : selection ihscription and i Hear-beat& Sensitivity selection
- OPM data i | OPM telemetry nojfication data stream | | basedon the Rank info
Analysis & : v ! \
Prioriising ; X 1 Periodicaly. Req for subscrition
; + High BW | . Prote P
: « High rate OPM ' v n Resparses [0}
: | " Cotectr Continuously receive data with a
Wonitor manager_|«-»{ OPM dgia man J ; i m Ll period of time T, if no refresh Req,

e

o PN
ke )

= = §
Emergoncy OPM FAUS o

19 0
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unsubscribe automatically

Unsubscribe.

Demonstration Setup ey

C/M-plane BW variation between
agents and collectors

Robust-Telemetry Protocol Behavior 7|

Destimtion Lerath inf>
Dev-Adapter-1 756 scp-config(16e01) » 60144 [PS ]
Mon-Man-1 60294 - dd OPM FAU integration |
netconf-ssh(83e) ~ 36548 [PSH
z Collector-1 42682 » backup 6
@ .880.. Collector-1 Agent-1 backup-express(
1 Collector-2

Low High
A1-C1 50Kbps  50Kbps
A1-C2  30Kbps 5Mbps
A2-C1 50Kbps  50Kbps
A2-C2  30Kbps 5Mbps

Emergency C/M-plane network

Emergency
(Unstable, limited BW) C/M-plane network L epy

S(or.
4 t-1 Coll r-1 8 40 pnbs (6124 Low

g

-Az o g Collector-2 BW

al & 55.988.. t -

FAU- -

FAU-1 Origin
C/M-plane network @

OPM-Man-1 OPM-Man-2 OPM-Man-3 34 5891
Adapter-1 Adapter-2 Adapter-3 © - netconfizs <h(330) ﬂ
Dev-t Dev-2 Dev-3 0 : EE Select Collector?.
V- v v i natranE-seBlEIAT T
Output 195.4 THz TRPN @ C2 subscription and Coniig | | P(1)
TRPN Qutp Input lightpath  Input Original d L VS S = High
on _ _ Mon N Mon_ D-plane network © o netconf-ssh(836) | Nofificafion | |- gyy
West East 1 West East 1 West East . netconf-ssh(830) [ Notification
Path anl ~ 0 o gen 58912 » nd_C1 unsubscription
(Add/Del) ‘ ‘ Fibre bending Fibre cut o 241.58.. Agent-1 Collector-2 netconf-ssh(836) [ Notification | J
Test events
1
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Original and Collected OPM Data /vﬁ

Summary ”\'9/?
Validation of Robust OPM/Telemetry in degraded C/M-plane network
+ Openness and disaggregation are beneficial to enhance resilience of optical networks

CM-plane BW variation timeline Self-adaptive to C/M-plane BW - Recent research activities in disaster-resilient optical networks with openness and disaggregation
| S0Kbps | SMbps (recovered) | condition « Part-1: Integration and control of diverse optical subsystems
« Demonstrated an FBD-based system and Blade Abstraction Interface (BAI) for the flexible

I Besrured pesh s 1 PPN )

T e i v s b > :
200
g 13008 [ Famr s | oy 1. Original OPM data monitored |ntegrat|von of dverse blaqes . "
i 10000 = - @FAU (as reference) + Unified approach for integration and control of diverse types of blades
o e =)= + Heterogeneous optical networks with new disaggregate and existing legacy ROADMs

« Hybrid nodes enabling swift disaster recovery of legacy ROADMs

. « Part-2: Robust OPM/Telemetry

H 2. First correctly collected high- + Demonstrated a robust OPM/Telemetry in post-disaster recovery with open APls and data
g

a . Ay priority OPM data @NMS with models

.'g_v_ . [tEd @GR EL + Multi-vendor OPM devices integration with Open API/YANG Model

o g e e st + OPM data Triage in degraded C/M-plane network

R %000 | W _ rea () rign o N « Telemetry system self-adjustment meeting the C/M-plane BW condition

%; o 3. Collected all OPM data @NMS

H after CM-plane BW recovery
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Thank you very much!
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