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Abstract

++ Deployment of business intent across the optical network through
policies for automated management is introduced through illustrative
examples spanning from connection provisioning, dynamic network
adaptation, and connection degradation and failure localization.
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Motivation

o
*o

% Operators’ network management continuously measure network health by
collecting data from the deployed network devices.

+ Data are used mainly for performance reporting, diagnosing problems after failures,
and to predict future traffic growth for planning.
% Network management is typically reactive and requires significant human effort
and skills to operate effectively.

o

®,
o

As optical networks evolve to fulfil highly flexible connectivity and dynamicity
requirements, they must also provide reliable connectivity and increased
network resource efficiency.

o

% Future optical networks must support fully automated management, providing:

+ dynamic resource re-optimization to rapidly adapt network resources based on
predicted conditions and events

identify service degradation conditions that will impact connectivity and highlight
critical devices and links for further inspection

Activate recovery if a failure is predicted or detected and facilitate resource
optimization after restoration events.

IBN is the automation of deploying business intent across a network through

®,
o

policies.
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Monitoring and Data Analytics
for Optical Networking

L. Velasco et al., “Monitoring and Data Analytics for Optical Networking: Benefits, Architectures, and Use Cases,”
IEEE Network Magazine, vol. 33, pp. 100-108, 2019.
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Illustrative Use Cases

Use Case 1: Use Case 3:

Network planning and provisioning Lightpath degradation

with reduced margins and failure localization
Use Case 2:

Dynamic Network adaptation
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Use Case 1: Network planning and provisioning

with reduced margins

Use Case 1:
Network planning and provisioning
with reduced margins

Expected Benefits Modeling and Parameters involved

Application of just CAPEX saving opportunity  Attenuation, dispersion and other fiber

enough margin in the by avoiding or postponing parameters, the noise figure of amplifiers,
network design and in unnecessary investments at WSS passband, the sensitivity of TPs, etc.
lightpaths a given time.

Those parameters can be used together with an
analytical model to estimate the QoT of
lightpaths accurately.

provisioning.

ML-based methods to predict the probability
that the QoT of a candidate lightpath will not
exceed a defined threshold.
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Use Case 2: Dynamic Network adaptation

Use Case 2:
Dynamic Network adaptation

Expected Benefits Modeling and Parameters involved

Leveraging on Better exploitation of network  Use of models to evaluate the expected
configurable TPs the resources and potential QoT of a lightpath at any new TP
allocation of just enough savings by reducing the configuration.

data rate for any typical overprovisioning of Use of models for traffic analysis to

connection at any time to  static allocation. evaluate traffic trends and periodicity.
cope with traffic
dynamics at minutes or

hours scale.
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Use Case 3: Lightpath degradation and failure
localization
Use Case 3:
Lightpath degradation

and failure localization

Expected Benefits Modeling and Parameters involved

QoT reduces over time Degradation anticipation Predictive analysis based on QoT

due to network and device allows appropriately tune evolution.

degradation, ageing, or systems’ parameters before | o _jization based on the per-system

load increasing. alarm triggering. analysis. Algorithms that find the potential
Localizing the element cause of the failure.

responsible for a degradation
facilitates network
maintenance by planning a
human intervention.
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MDA enables OAA control loop implementation

+ The analysis of the collected data

can discover knowledge and use i @R
it to proactively self-configure e

and self-tune the network in a
cost-effective (near) real-time
manner by adapting resources to
future conditions.

Data lyti
(Machine Learning)

Planning Tool
(Optimization)

9,
Q

% OAA control loops can be
enabled, where outcomes of
data analysis can be used for
event notifications together with
recommended actions to the
SDN controller.

Optical Transport
< ML models can be estimated from "“"“"/
monitoring data to feed planning xX
tools to compute optimal solutions
for the expected future conditions.

Measurements
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Centralized MDA Architecture
Monitoring and Monitoring and
Control and management Telemetry & Icom-g Telemetry 4 I Config
MDA Controller H SDN Controller
TP Controller ROADM Controller

L33 3%
% J

am?,';'fe",::fw Configuration 1 4P A || Degree | EDFA
Control loop ll # #1 #

A

TPH2

A/D Degree | EDFA
Central Office # TRéh }4— #m #n #n

Central Office

Weaknesses
e Includes a centralized MDA ¢ Data analytics results can be e Different monitoring / telemetry
system with a data repository used for network self- protocols need to be available at the
for monitoring/telemetry data adaptation to changing MDA controller.
where data analytics can be conditions. e The amount of data to be collated
applied. o Interfaces with the SDN increases exponentially to keep low
e Monitoring and telemetry controller (and NFVO) can reaction times against degradations.
activation and deactivation be easily standardized. ¢ Configuration tuning through the SDN
can be managed by an controller only.
external system, e.g., the
NMS.

Luis Velasco How IBN can be Embedded within Optical Transport Networks - OFC-2021 [Invited Tutorial]




co
&
o0

Bringing Data Analytics to the Network Nodes

Centralized Architecture Distributed Architecture
MDA MDA
Controller

[e]
Controller

A. P. Vela et al., “Distributing Data Analytics for Efficient Multiple Traffic Anomalies Detection,”
Elsevier Computer Communications, vol. 107, pp. 1-12, 2017.
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Distributed MDA Architecture

Control and management

MDA Controller SDN Contraller
MDA MDA
AL & [YY Controller 5""‘1 Controller Cn:lnr:hr
fil Monitoring —— ontroller ——
Monitoring Ll andrelemewf I(onﬂg I @I IConlig
and Telemetry St ¥ v y v
Network-wide i
Control loop Configuration Local i Local ROADM
MDA Agent|(Controller(| | | MDA Agent Contrl
Local node
Control loop
Central Office #i ™ ROADM

« Allows data analytics to be o Supports configuration tuning. * A configuration interface
applied within the MDA ¢ It reduces data to be conveyed to needs to be defined between
agents, close to the network the MDA controller since pattern the MDA controller and the
nodes. Control loops can be recognition can be performed by the agents.
implemented locally at the MDA agents. e More complex MDA
node level. o MDA agents expose one single controller as more features

e Monitoring and telemetry monitoring and telemetry interface  are added, like
activation / deactivation is to the MDA controller. monitoring/telemetry control,
managed by the MDA and configuration tuning.
controller.
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Hierarchical MDA Architecture

MDA Controller
Control and management Monitoring and ———
Telemetry A& Config Config
MDA Controller SDN Controller +
L3 # ‘ Central Office MDA Agent
Mcmln‘n’ng Conll ( " A A
Telen onfiguration i i
Network-wide| 219 TElEMELY
Control loop | Configuration TP Controller ROADM Controller

Central Office #i

e |tincludes a per-CO o
MDA agent that
connects to all the .
nodes in the CO.
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SDN Controller

Central Office
Control loop

Local node
Control loog

Control loops can be implemented at the node, as
well as at the CO level involving more than one node.
Appropriate for node disaggregation scenarios,
where monitoring devices can be installed in one
node, but configuration tuning needs to be done in a
different node.

It reduces the total number of agents and the
number of interfaces toward the MDA controller.

Weaknesses

e Requires more
complex MDA
agents to consider
complex relations
among nodes.
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From WHAT to HOW

+« IBN abstracts network complexity and Intent:

. . . . Business goal

improves automation by eliminating What

manual configurations. Capture business

. intent, translate to

N . . WG E policies, and check
% Administrators state higher-level integrity

business policies (what), and the @

intelligence of the system then decides

how to meet them. Assurance

+ A translation and validation system take ) - How
. ; Continuous verification,
the desired outcome (e.g., service level) insights and visibility,

(what) as input and converts it to the

and corrective actions
necessary network configuration (how).
- Defined policies are automatically Analytics

enforced. Orchestrate
- Data is gathered to constantly monitor Collect Context Eg:?is:r:"d
network operations (awareness of state). systems

* ML enables automated implementation of
policies and corrective actions.
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Deployment
++ Service definition uses templates (e.g., TOSCA) to
define resources and relationships for the service.
+ The Intent is specified in terms of policy rules that ] U g
. . . . . . . =
guide the service behavior, including the applications, LA
analytics and closed control loop events needed for
the elastic management of the service. e =
. . . Transfer ki led
% The intent is translated into: bttt
+ a network configuration and a set of policies that the é |, (A—
IBN verifies to ensure that such policies can be e
executed. =
. . . . P Learn / Plan
» a ML pipeline associated to the service. aggregate
A
o The ML pipeline consists of a set of ML nodes (e.g., ‘ liow
collectors, pre-processors, models, policies, etc.) that are 2 L
combined to form an analytics function and are managed by g Config/
a MLFO and hosted in a variety of NFs. 2 R i
@
» H =z
« Based on AI/ML algorithms, IBN suggests the e P

optimal network configuration for the services and
the associated ML pipeline prior to deployment.
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Assurance
. @ Analyze /Learn —» Design
+« The service assurance system makes sure that > = e
the network continues to deliver on that intent I What
with the help of Al/ML algorithms.
L . . P :{ep:rtfl g Translate
* ML training can be carried in an ML sandbox il _""“ =
domain and be based on data from the network and s
simulation. B > Validate
» The target is to deal with scaling or reallocating =
resources, as well as healing and recovery. Arelvee Learn / Plan
aggregate
» Reporting generates descriptive outputs, e.g., + ‘
statistical summaries and knowledge transfer of main " | How
service KPls. o —
= . onfig,
g Monitor - ratin
2
Fulfill Assure
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Intent Coordination

% Infrastructure intents target at providing Customer Application
services that customer intents use. s E2e I:::ZLU:MQ
+ Customer and infrastructure (N-S) =t ) -y
coordination is required. T" <l Operator
% E-W horizontal coordination is also
needed in multi- domain/technology e ok b ok Domain
scenarios. Monitor & S
report  Plan &
% Transfer knowledge/learning techniques Eoufig
can be used. i

-« -

=T
! t. 1T T
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MLFO Requirements

Multi-level and distributed instantiation of the ML pipeline
+« ML-pipeline and network service will be as decoupled as possible

Multiple sources of data to take advantage of correlations in data.
% Multiple technologies and network layers to achieve e2e user experience

+ Flexible implementation in terms of splitting of logical nodes in the ML-pipeline
+ Transferring data and trained ML models through Interface 8

+ Heterogeneous Interfaces based on existing or extended interfaces
+ ML-ML for specifying the use case and translating such specifications into

intents

+« Dynamic ML model selection based on data from the source

+ Defining sandboxes for model training and host simulators in the sandbox

+« Enabling control loops

++ Using MLFOs for monitoring and managing ML-pipelines

+« Plug-in/out data sources to a running ML-pipeline

+ Sharing data between nodes in the ML-pipeline.

“Unified architecture for machine learning in 5G and future networks,” Focus
group on Machine Learning for Future Networks including 5G, ITU-T, 2019.
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ML Sandbox Domain
(modelling space)
=

)

Network / Service
Simulation

Model Training

Validation, Adaptation
& Commit
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E2E Service Orchestration Architecture

E2E Service Orchestration Data Lake Service Design Tools
(run time space) Inventory Catalog: (design space)
*Raw data * Metadota
*Historical events =+ Policy - Service Design
.. + Workflow Perslstency and i 23
i correlation Service Intent
definition and
translation
iCDre Orchestration Primitives 3 Al Pipeline Design
' '
| Orc Engine Y MLFO + AlOps Controller Design
0 '
)-Action request o —— gl - 5
I Network Adaptation ] Onboarding
| Specific Action Event )
! Correlation ]
! Complex ~O 0 Simple ¢y y
: events 0 0% O uncorrelated events 000 :
i Info Bus Service (IBS) ]
Managed Systems
M t -
sputeme | non-RT | Multi-viM Network g
g RIC Orchestrator | | Orchestrator £
o =S
@ @
ol Nework VNF PNF HNF ]
5 | Functions o
S @
£ £
S | Hwer visors Public Private Hybrid 2
ondeioud  (S¥cloud Cloud Cloud £
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End-to-end Service Orchestrator

MLFO
non-RT
i % non-RT @%} Network Data
RIC Orchestrator Lake
Al o1
Network
Information near-RT Apps
Base
- %) ARl Area SDN @ Core SDN
& Controller Controller
£2
\
(lnlo Bus Service ( )
CU-cP
1 Fh
ne- (¢ )))
5GC
(AMF/UPF)
Core
g )> (( ))
@ . G
NGU MEC

nodes

B5G Autonomous e2e Control and Orchestration

ML Sandbox
Domain

co
[ ]
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Core
g‘- Apps Data
Center
curup Edge - l}%
DU-UP
= @
=
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Applications:
L |
L] L
Collaborative Self-Learning
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Motivation

+ Autonomic operation of optical transmission and networking requires from
ML-based algorithms.

* ML models require training datasets covering the whole features space to produce
accurate ML models.

. . X Initial model New model after re-training
» The availability of enough data is
Prediction Improved _model ]
rarely ensured error , around this area
« Training datasets cover just o Measured
. = Model
partially the features space,
hence reducing ML models
accuracy.
% Datasets can be initially Q U, 9
. \ Classificati \
populated for ML training. Once TR © %@O “ LY %cg’g 9
AN w N
models are generated, ML re- N o Z o « \ % Z o
training can improve their "o, ‘\ o U
. . o N, N, [e]
precision. o ONU N o ° %Y
N s LY
Q%go © O “Hyperplane Q%go O Q \\
L o A o \ New Hyperplane
Luis Velasco How IBN can be Embedded within Optical Transport Networks - OFC-2021 [Invited Tutorial]
UNIVERSITAT POLITECNICA .co
DE CATALUNYA 'Y}

ML-based algorithm life-cycle

Real Infrastructure
Node2 Node3

__ Prediction vs Real:
-: Inaccuracy

Nodel

{ Datasource ‘e

(e.g., simulation, lab ™
experiments, experimental
measurements)

Dataset
(Specific data)

(Re-)trainin;
trigger

New Scenarios:

esult

Data * Equipment (e.g., prediction, izati
Generalization « Techniques AR Generalization
— — L=

ML Model Distribution ]

Dataset
(Generalized data)

Dataset
(Generalized data)!

ML Training
Phase

Algorithm

L. Velasco et al., “A Learning Life-Cycle to Speed-up Autonomic Optical Transmission and Networking Adoption,”
in IEEE/OSA Journal of Optical Communications and Networking, vol. 11, pp. 226-237, 2019.
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Self-learning

Individual Collective
s N 1
[ MDA Controller | [ MDA Controller |
"
£
£ [_Node Agent | [ NodeAgent |
£
°
I3
g
3
2
E]
2 A Device Agent | pevice agent |
(Centraroffice )
J J
s Y S 1
MDA Controller
o
£
E
[
=
?
K] Node Agent | [ Node Agent |
s
[
E Device Agent | Device Agent |
o
. J J

+ Collective self-learning outperforms individual strategies...

+« .... at the cost of increasing data to be exchanged.
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Collective Self-Learning based on Sharing Models

Knowledge Self-learning Manager
+ Collective self-learning Discovery
based on ML model B Knowled fofly ConsoRday
sharing and combination m s
can reduce the amount . : 3
of data being shared L |
% The architecture allows a ot o ekt
wide range of ML model Dota l_’ nd Met Dt
combination alternatives (pre-processed [
and labeled[ |1 Knowledge Usage
* ML training can be dote) CERUr 05 3nd Fesabatk |
executed either in the (R i
node agent or in the Applcition :’1&","’”’" . [ oeciion
controller . At,g,,,,, Maker
+ Once trained, ML models Seait o T
Can-be deployed tO the . Monitoring/telemetry Config
device agents. Sl

M. Ruiz et al., “Knowledge Management in Optical Networks: Architecture, Methods and Use Cases [Invited],”
IEEE/OSA Journal of Optical Communications and Networking, vol. 12, pp. A70-A81, 2020.
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Example: The Autonomic Transmission Use Case

+» We assume scenarios where low-resolution ADCs are used.

* The evolution of the SOP and the pre-FEC BER (last samples in a window) are used
for dynamic receiver configuration anticipating BER degradation (# iterations of
FEC algorithm).

+« Three different ML-based problems need to be continuously solved:

1) aregression model that estimates future pre-FEC BER

2) a probabilistic estimator of
the chance of violating a t Autonomic Transmission Agent
given BER threshold sop
3) a classifier to determine e.g., U2cking
the number of iterations of s
soft-decision FEC to run.
' J
Rx v FEC 3 threshold
configuration violation
Subsystem
Luis Velasco How IBN can be Embedded within Optical Transport Networks - OFC-2021 [Invited Tutorial]
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Retraining with data re-synthesis

« It consists in generating the response from TS
the shared individual ML models in the Knowledge Discovery
given features range to obtain a synthetic || Extensien/ roalcd

. . . Consolidation A CCEC
training dataset from which a new ML Sharing

model is trained.

% The local data re-synthesis from ML
models avoids exchanging large amounts
of monitored data among nodes and/or to
the controller. i

+ We use re-training with data re-synthesis
for the ANN-based pre-FEC BER
estimator (1).

Knowledge Usage

Autonomic Transmission Agent

Subsystem
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Model Merge

+« It merges individual ML models to obtain
one single enhanced model.

Knowledge

« It can provide benefits when model Discovery

parameters can be partially updated Knowledge
without affecting the robustness and Sharing

accuracy of the non-updated part.

Knowledge
Extension/
Consolidation

+ We use model merging in the probabilistic
BER threshold violation estimator (2) that it

is based on a DT. k
———m————
* Model merge can enhance the ML model, Xf;b—+ y

e.g., by updating probabilities of leaf nodes

. . Knowledge Usa
and/or extending a new sub-tree (branching) ge Tsage
from a leaf node.
Autonomic Transmission Agent.
Subsystem
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Model Ensemble

« It combines the prediction of several

indivi Knowledge
|r?d|V|duaI ML models and returns one Knowledge ﬁ 1| piscovery
single output. oy —
nowieage
» Meta-data can include weights and/or the Consolidation i Sharingg
features range observed during model
training.
+« It can be applied to any ML technique or a E
combination of them. 2
X
< It requires low computational effort to E ,f] >
apply collective self-learning, and small IIJ
additional storage for individual ML Knowledee U e
model’s persistency. nowledee Taee

g

We apply model ensemble for the local Rx config.
classifier (3), implemented as an SVM.

)
s

« the individual ML models can be seen as weak
classifiers that are combined into a strong (accurate) —
classifier. Subsystem

Luis Velasco How IBN can be Embedded within Optical Transport Networks - OFC-2021 [Invited Tutorial] 0
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Prediction Error vs Time

Prediction error
normalized to the error of
the initial trained models.

1.0 1.0 1.0
Model Ensemble Model Merge Data re-synthesis
5 08 08 08
& —0— Individual
T 06 0.6 —&— Model-based Collective 06
2 —O— Data-based Collective
E 04 04 04
=
z
0.2 0.2 02
0.0 0.0 00
00 0.2 0.4 06 08 1.0 00 0.2 04 06 08 1.0 00 0.2 0.4 0.6 08 10
Normalized Time 2 q
Time normalized to the
time when the most
accurate approach
reached error <0.5%.
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Single Domain Connection Performance

b P

WA Ineastructure Manager (WIM) |

Dato Analytics = Parant Controllar
SDN Contralier SON Controller
w213 (Optical Dormain]
e |

Configuration
(RESTAP)

100Gb/s 100Gb/s
Active Probe Active Probe

NFVIPoP ‘ NFVI PoP
Load . >}
T e F Performance metrics }:’ == |
Characteristics) (throughput, delay) ;ly | fodea ]
1 ‘ || [~ I C J
con —J com| | =22 cous
Capture the behavior of the end-to-end
Client application connections while abstracting from physical
details (e.g., the actual routing)
= d
| —
Estimated e2e performance sandbox domain
.‘ C —_— D — ':
bctive Probe Config. ‘ L/\ CURSA-5Q Zdataset { ML Training ) . ) )
ey = H M. Ruiz et al., "CURSA-SQ: A Methodology for Service-Centric
- BJ Traffic Flow Analysis,*
Data plane 4———— Active Monitoring————————* IEEE/OSA Journal of Optical Communications and Networking
(JOCN), vol. 10, pp. 773-784, 2018.
H CO#H2
e == == M. Ruiz et al., “Modeling and Assessing Connectivity
[ sre | fr— [ dest | Services Performance in a Sandbox Domain,”
oM Node A Node B Node C couz IEEE/OSA Journal of Lightwave Technology (JLT), vol. 38,

pp. 3180-3189, 2020.
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Proposed Methodology

! Active
50% Probe
Tk Config.
5% |
9% ||
I
)
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CURSA-5Q Set-up
and tuning

CURSA-SQ
Simulation

~—— 3
Real
Measurements

=

Synthetic Trainingand Validation DB

Validation

Model

Sandbox domain
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““'Active probe configuration
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Repetition 1

Packets / ms
w & v oo

~

Repetition 2

§ 8§ &
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§

1N

Before tuning

0%
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@ Throughput

Olatency (avg)

| Latency (max)

After tuning

Normalized model error

Delay Avg  Throughput

Delay max
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Some Results

09
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07
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05
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1
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= s )
RA. ] .
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Broker | Al Manager —
plane @ - Intra-Domain
= Delay Models (g,.) .
Delay Modelin‘g/ — Passive
S
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Del, odel & | " ' R
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i
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i
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(p4(0) R S U0 et B D 070
End-to-end Delay (1,(1))

Luis Velasco

How IBN can be Embedded within Optical Transport Networks - OFC-2021 [Invited Tutorial]

6




T POLITECNICA

DE CATALUNYA

co
o
o0

Training and correcting delay models at the
broker plane

Inter-domain link
delay model training

S
Inter-Domain
Delay Models

Inter-domain link delay componentestimation { |
- i
e (e) w0, 1@, |}
2o Disaggregation by wpeEP 1o
I"t:rggraga_te:nk J’;Jmer t) inter-domain links (/) v E E
N 1 1
Model Delay Computation (p) (), vleL i |
prediction i !
P
1 1
! 1
@ n @O - [ (0
Ppa X, x,(t),vpEP
= x4 (t) p( ).¥p Inter-Domain

e2e Delay DB
Xv(t) Monitoring DB Y

—  \
Intra-Domain
Delay Models

Intra-domain delay
model correction

Inter-domain
delay validation

Intra-Domai

Model Inaccuracy

Delay Model

Correction Localization

Corre:

o 0, (), V), (@) Block1d
VpEP
Luis Velasco How IBN can be Embedded within Optical Transport Networks - OFC-2021 [Invited Tutorial]
T POLITECNICA .Co
DE CATALUNYA o0
Before training After training
80 80
70 (b)
60 -
£ Esl
3 3
3 3 a0 1
@ @
~ ~
o o 30 F
20
10
0 ' . L L L ' . 0
01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 01 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9
Normalized measured traffic x(t) Normalized measured traffic x(t)

Luis Velasco How IBN can be Embedded within Optical Transport Networks - OFC-2021 [Invited Tutorial]




UNIVER

ITAT POLITECNICA

2% /DE CATALUNYA

Connection B-C

S. Barzegar et al., "Reinforcement Learning -based ~Capacity, \—| c
Autonomous Multilayer Network Operation," in ECOC, 2020. +Input traffic, Customer g < Input traffic.
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F. Tabatabaeimehr et al. "Supporting Beyond 5G Applications by Coordinating

MetroNetwork
Al-based Intent Operation. An Example for Multilayer Metro Networks,*
in ECOC, 2020.
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L. Velasco et al., “Autonomous and Energy Efficient Lightpath Operation based on Digital Subcarrier Multiplexing,”
|EEE Journal on Selected Areas in Communications, 2021.
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Main Lessons Learnt

Features Main observations

Penalties are different for the different SC configurations and for the position of the SC in

the channel. Therefore, accurate per-SC QoT estimation is of paramount importance:

« for finding a lightpath and a slot width (I = <p, f, b>) that satisfies the required capacity
and minimizes the selected cost function;

« for the autonomous SC configuration management at the Tx side by defining the SC
configuration map.

Having a large variety of SC configurations might increase the cost of the

transponders unnecessarily, as they do not show additional energy savings and their use

might result in variations in the capacity of the vlink, which might add additional

complexity at the packet layer.

Algorithms that try to tightly adapt the capacity of the vlink to the current or near future

input traffic, did not show large energy savings. Increments in capacity of one SC

configured to the maximum capacity resulted in effective alternatives, which also

simplifies the algorithms.

Capacity management uniquely at the optical layer, resulted in poor performance at

the packet layer.

Several alternatives might be implemented. Being able to recognize the right SC

configuration with 100% accuracy allows bring the intelligence to the data plane thus,

liberating the control plane from collecting monitoring and making configuration decision

near real-time.

Intent-based vlink capacity management based on RL resulted in a good solution for

smooth capacity evolution, eliminating completely packet loss and time in vlink queue.
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Flow Capacity Operation Based on RL with
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S. Barzegar et al., “Reliable and Accurate Autonomous Flow Operation
based on Off-line Trained Reinforcement Learning,” in OFC, 2021.
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Combining RL and LSTM
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Conclusions

% B5G/6G requires radical changes to networks

+ Resilient networking for supporting improved and elastic reliability
+ Smart degradation detection, predicting and resisting negative effects before they
happen and/or rapidly recovering if negative effects cannot be avoided

 Elastic network technologies, e.g., support for changing network topologies at
runtime.

< Al/ML-powered adaptative network operations
* Intent-based networking, monitoring and reacting in real time to changing network
conditions.
+ Closed-loop AI/ML mechanisms to make automatically actionable decisions.
» Proactive (rather than reactive) resource allocation decisions.

» Decision modules as software control elements realizing an adaptive control over
the network resources.
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Thank you for your attention!
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