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Problem formulation

• Air traffic flow management (ATFM) regulations are used by the Network 

Manager to solve demand and capacity balance (DCB) problems 
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Example: 01/09/2019 - LECBCTAW

↓ Overload

↑ ATFM delay

Overload

CASA: Computer Assisted Slot Allocation

CASA

A



Problem formulation

• During busy days, many regulations are 

proposed by the flow managers

• A flight subject to several regulations is 

assigned the most penalising (highest) 

delay, and is pushed into the other 

regulations with this delay

• Regulations with flights in common 

influence each other 
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Can we cancel regulation A?

The new solution must reduce the total ATFM delay (objective)

Without creating overloads elsewhere in the network (constraints)

A

B
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Any flight affected by A will impact the sequence in B 



Problem formulation
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This binary combinatorial optimisation problem cannot be solved by hand …

Example: with only 25 regulations, there exist 225 possible combinations*

*Assuming that each regulation can be either cancelled (0) or active (1) 
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Mathematical formulation
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Binary combinatorial optimisation problem

Minimise total ATFM delay
Without exceeding 

the rate of the 

regulations during the 

regulated periods

x: binary solution vector

fi (x): ATFM delay generated by regulation i

dij (x): demand in the time window j of regulation i

ri: entry rate of regulation i

R: set of ATFM regulations subject to optimisation

Wi: time windows within the period of regulation i
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Mathematical formulation
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Binary combinatorial optimisation problem

Minimise total ATFM delay
Without exceeding 

the rate of the 

regulations during the 

regulated periods

Set of delay constraints 

Set of overload constraints

(binary) weighted constraints satisfaction problem (WCSP)
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Mathematical formulation

8

Constraint 

violation ≥ 0

Constraint weight 

(importance) ≥ 0
Set of constraints

(delay & overloads)

Binary solution 

vector, e.g., [0,1,0]

• Each element of the solution vector x corresponds to one regulation r in R 

indicating whether the regulation r is cancelled (0) or active (1) 

• Each regulation r in R is associated with two constraints:

• Delay generated by r ≤ 0

• Sum of overloads in r ≤ 0

Penalty function ≥ 0

(binary) weighted constraints satisfaction problem (WCSP)
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Mathematical formulation

• How to set the weight wl associated to each constraint l? 

• Constraints with small weights tend to be ignored and

• too much emphasis placed on solving constraints with large weights

• What is more important? delays or overloads? how much? are all 

regulations equally important? 

• Weights should be dynamically adjusted

• How to minimise q(x, v)?

• How to dynamically adjust the weights in v? 
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(original) penalty function ≥ 0 (search) evaluation function ≥ 0

Fixed weight 

(importance) ≥ 0
Adaptive weight 

(importance) ≥ 0
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Optimisation algorithm
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\

• How to minimise q(x, v)? Any optimisation method, e.g., tabu search

• How to dynamically adjust the weights in v? Based on the current violations

Update current solution x with tabu search 

to minimise the evaluation function q(x, v)

Update incumbent x*

to minimise the penalty function p(x)

Update adaptive weights v 
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Illustrative example

• Simulator: Network Manager validation platform (NMVP), which fully replicates 

the real Network Management operational systems (including CASA)

• Replay date: A busy day (27/06/2019) in real-time, starting at 07:40 AM

• 120 regulations in the network, generating 43K minutes of delay

• Regulation cause: Air traffic control (ATC) capacity

• Scope: Spain, France, Belgium, Germany, Luxembourg and the Netherlands

• 21 regulations, generating 5343 minutes of delay

• 221 ≈ 2000000 possible solutions x… 

• Maximum number of solutions: 100 (<0.01% of the search space)

• Procedure: Local optimisation was followed by a network impact assessment
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NM B2B
NMVP

Optimisation

algorithm

Real CASA and data In Python



Illustrative example
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Before optimisation (21 regulations) After optimisation (13 regulations)
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Illustrative example – Local optimisation results
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Delay difference for the 21 regulations subject to optimisation
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What about the other 99 regulations active in the network?

What about the traffic volumes not monitored during the optimisation? 



Illustrative example – Network Impact Assessment
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Delay difference for the 120 

regulations active in the network

Overload alert difference for the 

traffic volumes active in the network
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Conclusions and future work

• "Are all the requested ATFM regulations actually indispensable?" Is a difficult 

problem due to the complexity of the network – cannot by solved by hand

• Adaptive tabu search with strategic oscillations can identify which regulations 

could be safely cancelled while minimising the total ATFM delay

• Other algorithms may be also good at solving this problem: adaptive large 

neighborhood search (ALNS), harmony search, branch & bound, ...

• Operational exercise on 16/11/2019 at the Network Manager Operations 

Centre (NMPC) - 8 runs executed by two different subjects

• Extend the algorithm to propose new regulations and / or modify existing ones 

(e.g., the rate, the start / end times) – Multi-agent reinforcement learning 

(work in progress)
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Operational exercise at the NMOC
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Algorithm HMICFMU TACTICAL (TACT)
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THANK YOU!

17Are All the Requested Air Traffic Flow Management Regulations Actually Indispensable?


