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Context - General

Airlines Coordination during Disruption
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Disruption requiring flights cancellation:
Happened often in 2019 [6, p. 4,5];

Current coordination:

Information only about the local strategy to cope with the disruption, no real common

strategy among a same group;

Hypothesis:

By putting the resources together, more flexibility and in fine better solutions for all

airlines and passengers could be found.

Research question:

How to propose a multi-criteria and multi-stakeholders decision process, which ensures efficient and optimal

consensus identification, accepted by all involved decision-makers within the allocated time?
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Context - General

Business Process Model for the Global Optimisation
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Context - General

Multi-Criteria Decision Making (MCDM)

Main requirements:

Multi-criteria = take into account the

important criteria according to all
decision-makers;

Operational multi-stakeholders

- user-friendly and intuitive method

mandatory;

Consensus identification - all
decision-makers involved for
acceptance of the chosen solution;

Time constraints—> limit the
necessary users’ inputs;

No human brain can assess efficiently the

complexity of all proposed solutions
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Context - General
Multi-Criteria Decision Making (MCDM)

Main requirements: 1. Uncertain preferences - MCDM:

- Multi-criteria > take into accountthe || - Chodquetintegral, _
important criteria according to all - Sugeno value-based integral,
decision-makers;

Not intuitive nor easily

understandable by non experts

- Operational multi-stakeholders
- user-friendly and intuitive method
mandatory;

- Consensus identification - all
decision-makers involved for
acceptance of the chosen solution;

- Time constraints—> limit the
necessary users’ inputs;

No human brain can assess efficiently the
complexity of all proposed solutions
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Context - General

Multi-Criteria Decision Making (MCDM)

Main requirements:

- Multi-criteria = take into account the
important criteria according to all
decision-makers;

- Operational multi-stakeholders
- user-friendly and intuitive method
mandatory;

- Consensus identification - all
decision-makers involved for
acceptance of the chosen solution;

- Time constraints—> limit the
necessary users’ inputs;

No human brain can assess efficiently the
complexity of all proposed solutions

1. Uncertain preferences - MCDM:
- Choquet integral,
- Sugeno value-based integral,

2. Additive aggregation — MCDM:
- MAUT,

- TOPSIS,

- AHP,

3. Outranking MCDM:
-  PROMETHEE,
- ELECTRE
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Not intuitive nor easily

e

understandable by non experts

Translate accurately the decision-
makers preferences

 BUT
Time consuming as extensive

users’ inputs are required
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Context - General
Multi-Criteria Decision Making (MCDM)

Main requirements: 1. Uncertain preferences - MCDM:

- Multi-criteria > take into accountthe || - Chodquetintegral, _ ~
important criteria according to all - Sugeno value-based integral,
decision-makers; _

2. Additive aggregation — MCDM:

Not intuitive nor easily

understandable by non experts

_ Operational multi-stakeholders - MAUT, Translate accurately the decision-
> user-friendly and intuitive method || - TOPSIS, makers preferences
mandatory; - AHP, - BUT
Consensus identification - all 3. Outranking MCDM: Time consuming as extensive
decision-makers involved for -  PROMETHEE, users’ inputs are required
acceptance of the chosen solution; - ELECTRE -
Ti raints= limit th 4. Social voting theories: Fast results

- ime constraints—> limit the o .
necessary users’ inputs; - Majority election | BUT

Two-rounds election

modelling of decision-maker not

No human brain can assess efficiently the Condorcet method
complexity of all proposed solutions Borda method accurate enough
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Proposed Approach

Combining Different Methods

Mandatory:

Multi-criteria = identify the criteria
trees thanks to AHP methodology

Accurate modelling of the decision-
makers preferences

User-friendly and intuitive and
time efficient method mandatory;
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e

- Take advantage of the efficient and intuitive

Idea:
Combine the first step of AHP to identify the

relevant criteria,
Adapt the accurate modelling of decision-makers

preferences thanks to MCDM methods.

methods from social voting theories
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Proposed Approach
Combining Different Methods

Borda method:
Each candidate receives points according to their ranks:

b= ) (N =1i)
k

With r; the rank of alternative i given by the k" voter
Advantages:

- Always identifying a winner,

- Well established method

- Two solutions could be ranked equivalent by the voter.

If two solutions are using the ranks k and k+1, both get the average score proposed by [13]:

(n—=k)+(n—(k+1))
2

points.
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Proposed Approach
Combining Different Methods

Accurate modelling of decision-makers knowledge and sensitivity through specific users’ inputs :
Let’'s not i a criterion, s a solution and g;(s) the performance of solution s for criterion i.

- Indifference threshold:
Vi € I, g;is the indifference threshold for the criterion i.
- Acceptable interval of performances:

Vi € 1,0; = [0;; 0{] is the acceptable performances interval for the criterion i.

We note dist(g;(s) — 0;) = min(|g;(s) — 0}, 1g:(s) — 0|, 1g:(s) — 07 |,1g:(s) — 07 |) the distance between the performance of
L
solution s for criterion i towards 0;.
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Proposed Approach
Combining Different Methods

Accurate modelling of decision-makers knowledge and

sensitivity through specific users’ inputs :

1. All solutions with performances belonging to O; get the first rank:
Vs € S,suchas g;(s) € 0;,1i(s) =1 Eq. 2

Example for an airline A for one criterion:

-

Cn

@
S1 Sz  S2 S¢ S5
|

0;

Ranking for Solution ID Borda Points
Airline A
1 5+4
sagss | 5 =45
2 - -
3 ? 3
4 ? 2
5 ? 1
6 ? 0
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Proposed Approach
Combining Different Methods

Accurate modelling of decision-makers knowledge and

sensitivity through specific users’ inputs :

1. All solutions with performances belonging to O; get the first rank:
Vs € S,suchas g;(s) € 0;,1i(s) =1 Eq. 2

Example for an airline A for one criterion:

-

Cn

@
S1 Sz  S2 S¢ S5
|

0;

Ranking for Solution ID Borda Points
Airline A
1 5+4
sagss | 5 =45
2 - -
3 S6 3
4 ? 2
5 ? 1
6 ? 0
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Proposed Approach
Combining Different Methods

Accurate modelling of decision-makers knowledge and Example for an airline A for one criterion:
sensitivity through specific users’ inputs : q; qi
1. All solutions with performances belonging to O; get the first rank:

Vs € S,suchas g;(s) € 0;,1i(s) =1 Eq. 2
— 2 = = R
(N C
2. For all other solutions: 51 ~ Sg I
a. Solutions equivalent:
Vs,s" €S, g;(s) € 0, and g,(s') &€ O0,, 19i(s3) — gi(s1)| < q; Oi

if 19i(s) — gi(s)| < q; thenr(s) =7 (s’)  Eq.3

|gi(s3) — gi(s2)| < q;

S1~S83, S3~Sy BUT S1 % Sy

Ranking for Solution ID Borda Points
Airline A
1 5+4
sagss | 5 =45
2 - -
3 S6 3
4 ? 2
5 ? 1
6 ? 0

AT SWISS
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Proposed Approach
Combining Different Methods

Accurate modelling of decision-makers knowledge and Example for an airline A for one criterion:

sensitivity through specific users’ inputs : q; qi
1. All solutions with performances belonging to O; get the first rank:

Vs € S,suchas g;(s) € 0;,1i(s) =1 Eq. 2

— 2 . X
(& C

2. For all other solutions: 51 ~ Sg I

a. Solutions equivalent:

Vs,s" €S, g;(s) € 0, and g,(s') &€ O0,, 19i(s3) — gi(s1)| < q; Oi

if lgi(s) — g:(s)| = q; thenny(s) =7 (s")  Eq.3
b. Equivalence conflicts:

|gi(s3) — gi(s2)| < q;

I

ves'.s" €5.5) € 00 0u(s") € 00 9(s™) € O 19:(s3) = gi(s) < 19i(s3) = gi(so)|
» o Suchas then 7;(s) = 13(s) = r(s1) — 1
ISf(Q‘g(S) - OI) = dwt(gl (S ) - 30 = dISt(gi (S ) B Oi) Ranking for Solution ID Borda Points
an
Airline A
19:(5) = 9:(s)] < g1 and |gi(s") = gu(s™)| E CEL
< qiand |gi(s) — g:(s")| > q; > 2485 2
Then: 3 % 3
If 19:() = 9] < 1gi(") — gi(s™)| theni(s) : .
>landr(s) =n(s) =n(") -1 3 2285 2
Elseri(s) =z 1and r;(s) + 1 = r;(s") = r;(s") Eq. 4 5 ST 0

AT SWISS
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Proposed Approach
Business Process Model for the Consensus Identification
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Proposed Approach
Business Process Model for the Consensus Identification

Spider graph to present
the solutions performance SN
with a users friendly approach ..
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Proposed Approach

Business Process Model for the Consensus ldentification

Spider graph to present \ v
the solutions performance 7%
with a users friendly approach -

First Borda Round for local ranking with
decision-makers preferences and
sensitivity modelled (1criterion=1voter)
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Proposed Approach
Business Process Model for the Consensus Identification

First Borda Round for local ranking with
decision-makers preferences and
sensitivity modelled (1criterion=1voter)

Spider graph to present
the solutions performance
with a users friendly approach
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Each airline provides for each criterion: Each airline can adapt their local ranking

- Indifference threshold according to their operations knowledge

- Acceptable interval of performances and awareness ‘,1 SWI SS
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Proposed Approach
Business Process Model for the Consensus Identification

First Borda Round for local ranking with Second Borda Round for global ranking
decision-makers preferences and with each airline being an elector
sensitivity modelled (1criterion=1voter)

Spider graph to present
the solutions performance
with a users friendly approach
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Each airline provides for each criterion: Each airline can adapt their local ranking
- Indifference threshold according to their operations knowledge
- Acceptable interval of performances and awareness ‘,1 SWI SS
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lllustration and Discussion
On a Simple Basic Use-Case

S2 gets 14 points as ranked twice first
by Airline A and B

S2 gets 6 points as ranked second by
Airline C

Y

S2 gets 20 points globally

S1 gets 7 points from Airline C TABLE IV RANKINGS FOR THE THREE PARTICIPATING AIRLINES
S1 gets 5 points from Airline B Rank Rm.’ kr:ng Jor Rm':kf:ng Jor Rmfk{"g Jor
as ranked equivalent to S3 and Airline 4 Airline B Airline C
S7 1 S2 S2 S1
2 S3 S1 S3 S§7 S2
) N 3 | S1 = S7
S1 gets 5 points from Airline A P <= - 3
\ ) 5 S8 S8 S5
' 6 s4 4 S8
S1 gets 17 points globally ; 2; g; 2;

TABLE V RANKING OF THE GROUP VISION WITH ALL AIRLINES VOTES

GlobaT Remking | Solution ID | Borda Points

1 ] 2 20 4
2 S] > 17

3 S3 15

4 S7 14

5 S8 8

6 S4 S5 5

7 - -
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lllustration and Discussion
On Very Different Users‘ Rankings

TABLE VI: ILLUSTRATION OF VERY DIFFERENT RANKING

S3 ranked averagely by all

airlines

Rank Ranking for | Ranking for | Ranking for
Airline A Airline B Airline C
1 S1 S6 S8
2 S4 S7 S5
3 S6 S2 S3
4 S | S S2
5 S2 S4 S7
6 S8 S1 S1
7 S5 S8 S4
8 S7 S5 S6

TABLE VII RANKING FOR THE GROUP VISION WITH ALL ATRLINES VOTES

21 | SESAR Innovation Days 2021 - Consensus ldentification - Marie Carré

Global Ranking | Seolution ID Borda Points

1 S3 13
2 S2 S6 12
3 - 12
4 S1 11
5 S4 S8 10
6 - 10
7 S7 9

8 S5 7
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lllustration and Discussion
On Very Different Users‘ Rankings

TABLE VI: ILLUSTRATION OF VERY DIFFERENT RANKING

Rank Ranking for | Ranking for | Ranking for
Airline A Airline B Airline C

S3 ranked averagely by all 1 S1 S6 S8
airlines 2 S4 S7 S5

3 S6 S2 S|

' | S S2

5 S2 S4 S7

6 S8 Sl St |

7 S5 S8 S4

8 S7 S5 S6

TABLE VII RANKING FOR THE GROUP VISION WITH ALL ATRLINES VOTES

Global Ranking | Seolution ID Borda Points

1 S3 13
2 S2 S6 12
3 - 12
4 S1 11
5 S4 S8 10
6 - 10
7 S7 9

8 S5 7
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S1 ranked first by airline A but on the
6t position by airlines B and C
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lllustration and Discussion
On Very Different Users‘ Rankings

TABLE VI: ILLUSTRATION OF VERY DIFFERENT RANKING

Ranking for | Ranking for | Ranking for

Rank | = 4irtine 4 Airline B | Airline €

S3 ranked averagely by all 1 S1 S6 S8
airlines 2 S4 ST S5

3 S6 S2 S3_ 1

S | S S2

5 S2 S4 S7
S6 ranked first by airline B but third by 6 S8 S1 S1 |
Aand last by C 7 S5 S8 S4

8 S7 S5 S6

TABLE VII RANKING FOR THE GROUP VISION WITH ALL ATRLINES VOTES

Global Ranking | Seolution ID Borda Points

1 S3 13
2 S2 S6 12
3 - 12
4 S1 11
5 S4 S8 10
6 - 10
7 S7 9

8 S5 7
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S1 ranked first by airline A but on the
6t position by airlines B and C
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lllustration and Discussion
On Very Different Users‘ Rankings

TABLE VI: ILLUSTRATION OF VERY DIFFERENT RANKING

Ranking for | Ranking for | Ranking for

Rank | = firiine 4 Airline B irline C

S3 ranked averagely by all 1 Sl S6 S8
airlines 2 S4 ST S5

3 S6 S2 31

4 ] $3 [ S3 | S2

5 S2 S4 S7
S6 ranked first by airline B but third by 6 | S8 | S1 S1 |
A and last by C 7 S5 I S8 I S4

8 S7 S5 S6

TABLE VII RANKING FOR THE GROUP VISION WITH ALL ATRLINES VOTES

Global Ranking | Seolution ID Borda Points

1 S3 13
2 S2 S6 12
3 - 12
4 S1 11
5 S4 S8 10
6 - 10
7 S7 9

8 S5 7
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S1 ranked first by airline A but on the
6t position by airlines B and C

S8 ranked first by C but 6t by A and
7" by B
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lllustration and Discussion
On Very Different Users‘ Rankings

TABLE VI: ILLUSTRATION OF VERY DIFFERENT RANKING

Rank Ranking for | Ranking for | Ranking for
Airline A Airline B irline C

S3 ranked averagely by all 1 S1 S6 S8
airlines 2 S4 S7 S5

3 S6 S2 S

' | S S2

5 S2 S4 S7
S6 ranked first by airline B but third by 6 | S8 | Sl S] |
A and last by C 7 335 I_m S4

8 S7 S5 S6

TABLE VII RANKING FOR THE GROUP VISION WITH ALL ATRLINES VOTES

Global Ranking tion L Borda Points
1 S3 13
2 S2 56 12
3 - 12
4 | SH 11
5 S4 S8 10
6 - 10
7 S7 9
8 S5 7
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S1 ranked first by airline A but on the
6t position by airlines B and C

S8 ranked first by C but 6t by A and
7" by B

—>Outlines the Borda behavior
aiming at finding a consensus
rather that following the majority
of voters’ rankings.
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lllustration and Discussion

On Very Imba

anced Rankings

TABLE VIII: ILLUSTRATION OF A VERY IMBALANCED SITUATION

and 2 by C

S1 ranked fist by A but last by B Rank

and 7t by C

S8 ranked first by C but 4t by

Ranking for | Ranking for | Ranking for
_Airline A Airline B Airline C_ |

1 | Sl1 | S6 S8

2 S3 S7 S1

3 S5 S2 S7

o S4 | S8 | S5

5 S2 S3 S2

6 S6 S4 S3

7 | S8 | S35 S4

8 S7 | S1 | S6

TABLE IX RANKING OF THE GROUP VISION WITH ALL AIRLINES VOTES

Global Solution Attributed
Ranking ID Borda Points

1 S1 13

2 S8 12

3 S2 11
s4 S3 11

5 S7 11

6 S5 10

7 S6 9

8 S4 7
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—Borda can identify a

controversial solution, but which
Is still preferred by more airlines

than the other solutions.
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lllustration and Discussion

On Very Imba

anced Rankings

TABLE VIII: ILLUSTRATION OF A VERY IMBALANCED SITUATION

and 2 by C

S1 ranked fist by A but last by B

and 7t by C

S8 ranked first by C but 4t by

BI

Rank Ranking for Ranking for | Ranking for
_Airline A Airline B Airline C_ |
1 | s1 | S6 S8
2 S3 S7 S1
3 S5 S2 57
4 S4 l S8 | S5
5 S2 S3 S2
6 S6 S4 S3
7 L_s8 | S3 S4
8 S7 | S1 | S6

TABLE IX RANKING OF THE GROUP VISION WITH ALL AIRLINES VOTES

Global Solution Attributed
Ranking ID Borda Points

1 S1 13

2 S8 12

3 S2 11
s4 S3 11

5 S7 11

6 S5 10

7 S6 9

8 S4 7
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—Borda can identify a

controversial solution, but which
Is still preferred by more airlines

than the other solutions.

o

S

Compensation mechanism must
be introduced to ensure long-term
balance in equity and trust in the
consensus system by all
stakeholders

ATSWISS



lllustration and Discussion

On Borda with

Wel

ghts

[ABLE VIII: ILLUSTRATION OF A VERY IMBALANCED SITUATION —

Airline A was slightly
advantaged during the last ”n : -
global optimisation Rank Rm.r M.”g Jor Rarllk?'ng Jor ler k{rrg Jor
> weight =0.9 Airline A Airline B Airline C

o 1 Sl S6 S8
Airline B was slightly E 2: 2:’: 2;
disadvantaged during the last > - = =
global optimisation “j' %4 5‘? S5
- weight =1.1 d S2 S3 S2

6 S6 S4 S3

Airline C was reaching the 7 S8 S5 S4
perfect equilibrium with equity 8 S7 S1 S6

toward the other airlines
- weight =1

TABLE X RANKING OF THE GROUP VISION WITH ALL ATRLINES VOTES

Global Ranking | Solution ID Borda Points
1 SR
2 S1 123
3 ST T Ie |
4 S2 112
5 S3 10.7
6 S5 9.6
7 S6 9.5
8 54 6.8
28 | SESAR Innovation Days 2021 - Consensus ldentification - Marie Carré

->The weights influence the
Borda calculations (4™ rank of S8
slightly more important due to
Weightg = 1.1 and 7 rank
slightly less important due to
Weight, = 0.9)

-> S1~S8

+ Compensation mechanism

must be introduced to ensure
long-term balance in equity and
trust in the consensus system
by all stakeholders

If Borda does rank two
solutions on the first rank in the
global assessment, Condorcet
could identified the most
preferred solution:

» S1 preferred once to S8

» S8 preferred twice to S1

- S8 is the consensus.

ATSWISS



Identification o_f a Consensus i_n a Multi-criteria Decision
Process involving several Decision-Markers

Conclusion

Goal and contribution of this research article:

» Presentation of a two-steps approach to identify quickly and efficiently a consensus among optimal
solutions with conflictive opinions from the different decision-makers;

« Model the human sensitivity (indifference threshold) as well as the preferences (interval of acceptable
performances) of each decision-maker;

» Ensuring quick and efficient decision-making based on the preferences of relevant stakeholders could only
have positive effect on the European ATM;

» Considering the priorities of airlines and reaching a consensus involving all stakeholders would result in an

enhanced travel experience through Europe (less delay and passengers centric approach), a decrease of
the environmental impact of aviation (less high speed and holdings needed).
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Conclusion

Further research path arisen:

» This approach must be complemented with a transparent and reliable long-term monitoring of the balances
between the stakeholders (First definitions and steps in [5]);

« This approach could be adapted and applicable on an ATM level and not only on an airlines group level;

« Set the path for further research towards long-term equity guarantee to enable more flexibility and better
global solution, even if at time t the inequity is high (weights attribution or other mechanisms).
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