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PROBLEM
Configuring and Reconfiguring Network Slices

Configuring a network slice:
 
→ map its VNFs and virtual links onto the 
substrate network (SN).

Reconfiguring a network slice:

→ migrate its VNFs and virtual links from 
current to destination host nodes and 
physical links.
→ turn the network from an initial  -
undesired- configuration into a  goal -
desired- configuration.



PROBLEM

•  Timely reconfigurations → 
Minimal dependance on InP  

•  No prior knowledge on network 
configurations commands

•  No in-depth knowledge on 
substrate network  

•   Respect SLAs → Avoid service 
disruption

Tenant-side Network Slice 
Reconfiguration Problem 

(TsNSRP) 



PROBLEM

Given an undesired network configuration, how to compute 
reconfiguration actions (VNF migrations) on-the-fly to turn SDN into 

a desired configuration?



 An Autonomic Control Loop (ACL) shaped with Automated 
Planning (AP) and NLP could compute reconfiguration plans 

(sets of ordered  VNF-migration actions) on-the-fly to turn the 
network from an undesired into a desired configuration.

 How to include the AP technique as decision maker in the ACL?

 How ACL decisions can be guided by high-level network management 
policies?

PROBLEM
Hypothesis



PROPOSAL
Architecture

• Monitoring & Analysis 
observes  the managed 
network.

• NORA transforms high-level 
network management 
policies into an AP notation. 

 
• AP decides which of the 

possible VNF migrations 
(from Σx) will take place.

• Execution enforces the 
reconfiguration plan

• The managed network is 
turned from an undesired 
configuration (so) into a 
desired configuration  (Sg) 



PROPOSAL
Automated Planning Model 

 AP explores how to use autonomous techniques (e.g., heuristics) to solve complex 
planning and scheduling problems [Ghallab, Nau and Traverso, 2016].

State-Transition System  Σ = (S, A, )𝛾

 𝑆 = {𝑠1 , 𝑠2 , 𝑠3, …} finite set of states

 𝐴 = {𝑎1, 𝑎2 , …} finite set of actions

   𝛾 ∶ 𝑆 ×  → 2𝐴   𝑆 State Transition Function

AP-problem: (Σ, 𝑠o , 𝑆g ),  𝑠o ∈  and 𝑆 𝑆g  ⊆ 𝑆

→ States Graph! 

Plan: [𝑎0, 𝑎1 ,..., 𝑎𝑝 ] ,  𝑎x  ∈   𝐴
         [𝑠o, 𝑠1, ..., 𝑠𝑝 ], 𝑠𝑝 ∈  𝑆g

→ Path in the states graph from 𝑠o to 𝑠𝑝  



PROPOSAL
States Graph: Migration Graph

Angela Rodriguez-Vivas, Oscar Mauricio Caicedo, Armando Ordoñez, Leidy Casilimas
“ATRAP: An approach for Tenant-oriented Reconfiguration of Network Slices”
Experts Systems with Applications, 2023



PROPOSAL
System Model



PROPOSAL
System Model



PROPOSAL
System Model



PROPOSAL
AP-Problem Domain in PDDL
Planning Domain Definition Language 



PROPOSAL
AP-Problem instance in PDDL 



PROPOSAL
Reconfiguration Plan 



PROPOSAL
AP-Problem instance in PDDL 

NORA



PROPOSAL
Architecture

• Monitoring & Analysis 
observes  the managed 
network.

• NORA transforms high-level 
network management 
policies into an AP notation. 

 
• AP decides which of the 

possible VNF migrations 
(from Σx) will take place.

• Execution enforces the 
reconfiguration plan

• The managed network is 
turned from an undesired 
configuration (so) into a 
desired configuration  (Sg) 



PROPOSAL
NORA Overview

Angela Rodriguez-Vivas, Oscar Mauricio Caicedo, Armando Ordoñez, Lisandro Z. Graville and Jéferson 
Campos Nobre, "NORA: An Approach for Transforming Network Management Policies into Automated 
Planning Problems", Sensors MDPI.



PROPOSAL
NORA Grammar



PROPOSAL
NORA Operation



EVALUATION
Test Environment: ATRAP



EVALUATION
ATRAP: Plan-length 

3-node SN (m=3) 4-node SN (m=4) 

Goal= CPU

 k = 6



EVALUATION
ATRAP: Planning Time

3-node SN (m=3) 4-node SN (m=4) 

Goal= CPU

 k = 6



EVALUATION
Test Environment: NORA



EVALUATION
NORA: Precision and Processing Time 



CONCLUSIONS

Given an undesired network configuration, how to compute 
reconfiguration actions (VNF migrations) on-the-fly to turn SDN into a 
desired configuration?

 AP is a feasible technique for computing network reconfiguration actions under a closed ACL.
 
 ATRAP effectively closes the MAPE-K based ACL coping with the main ANM goal: limit human 

intervention to the definition of high-level business policies.
 
 The road towards self-reconfigurable networks by exploiting the benefits of AP under the 

Autonomic Network Management paradigm is promising.



CONCLUSIONS

How to include the AP technique as decision maker in the ACL?

 MAPE-K paradigm was an adequate approach for setting up ATRAP’s 
architecture, realizing decision-making with AP, i.e., with embedded 
intelligence.



CONCLUSIONS

How ACL decisions can be guided by high-level network management 
policies?

 AP operation is guided by the AP-goals (search in the state space), in turn 
represented as conditions. 

 With NORA, we were able to obtain AP-goals from high-level network 
management policies expressed by the sliced network tenant in natural 
language.
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