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Simulation Models for Results for Business Cases 

We have developed simulation models for

Slot Trading and Dynamical Landing Queues

and

Analysis of Delay Reports



Analysis of Delay Reports

A system of delay reports using cleared information coming from different parties, securely 
merged in order to achieve additional knowledge about causes of delays and their evaluation 
through time.



SMC Library for

Analysis of Delay Reports

The following statistical analyses are performed via SMC:

• Statistical indicators* related to the delay per flight
• Statistical indicators* related to the delay per cause
• Airlines ranking by means of total delay minutes in a route 

*mean, median, standard deviation and max value





SMC Library for

Analysis of Delay Reports

The data library for this project includes:
• ALLFT+: historical flight data from the DDR2 repository (EUROCONTROL);
• Capacity reports: reported airport capacities from the DDR2 repository 

(EUROCONTROL);
• NOP – Network Operation Portal: Air traffic network headline news from Europe 

(provides some news for the events causing delay);
• Other online weather reporting portals providing METAR Data.



• Observable subset of the IATA delay causes library through the available dataset

Delay Causes for

Analysis of Delay Reports

NM : Network manager
AOC: Airline Operation Centers
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Delay report for NM representative
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– Delay report for Airline representative
• may act biased on red colored causes

71 
WO

72 
WT

73 
WR

75 
WI

81 
AT

82 
AX

83 
AE

84 
AW

88 
AD

89
AM

93
RA

97
MI

98
M

Total
Delay

Flight
ID

Delay Causes for

Analysis of Delay Reports



Simulation model provides specific examples for each group of 
delay causes;

– Weather caused delays,
• ATM related news are searched and related METAR data is obtained to identify cause

– Demand Capacity problem caused delays,
• ATM headlines are searched and related NOP notification is obtained to identify cause

– Restrictions, Industrial Actions and Special Event caused delays, and
• ATM headlines are searched and related NOP notification is obtained to identify cause

– Aircraft Rotation caused delays.
• ALLFT+ data is processed and late arrivals-late departures are identified

Simulation Data

Analysis of Delay Reports



Example Simulation Data for

Analysis of Delay Reports

Heavy rain and storm in Vienna 
and Istanbul Airports in 20 May 
2015

delay causes refer to codes 71(WO) [for 
departure] or 72(WT), 84(AW) [for 
arrival] in the IATA code table



Example Simulation Data for

Analysis of Delay Reports

Capacity reduction issue in 
Malaga Airport due to ATC 
equipment failure on 23 April 
2015.

This delay cause refers to code 88(AT) in 
the IATA code table, thus the binary 
indicator associated with 88(AT) is set 1. 

fl_ID date org dest TtOff Tland dep_dly arr_dly —— 13 delay causes ——
-------------------------------------------------------------------------  
DLH62W 20150423 EDDF LEMG 7:33 10:06 6 11 0 0 0 0 0 0 0 0 1 0 0 0 0 
DLH31J 20150423 EDDF LEMG 11:35 14:05 3 4  0 0 0 0 0 0 0 0 1 0 0 0 0 
VLG6211 20150423 LIRF LEMG 13:50 16:10 8 13 0 0 0 0 0 0 0 0 1 0 0 0 0 
DLH42K 20150423 LEMG EDDF 15:05 17:45 6 5 0 0 0 0 1 0 0 0 1 0 0 0 0 
DLH66N 20150423 LEMG EDDF 11:05 13:44 11 -3 0 0 0 0 1 0 0 0 0 0 0 0 0  
VLG8366 20150423 LEMG EHAM 13:50 16:22 13 9 0 0 0 0 1 0 0 0 0 0 0 0 0 
TRA118K 20150423 LEMG EHAM 18:40 21:14 6 11 0 0 0 0 1 0 0 0 0 0 0 0 0 



Example Simulation Data for

Analysis of Delay Reports

Social action issue in both Paris 
Charles de Gaulle and Paris 
Orly Airports at 20 January 
2014.

delay causes refer to codes 82(AX), 
89(AM) [for departure] or 82(AX), 83(AE), 
88(AD) [for arrival] in the IATA code table.



Example Simulation Data for

Analysis of Delay Reports

Sorting the aircrafts according to their 
tail numbers enables to evaluate the 
late arrivals coming from previous leg 
(which is seen as a (93) RA IATA delay 
code). 



Analysis of Delay Reports

Analysis by routes
aggregates all the information about flight delays, and at generating a set of 
statistical descriptors (including average, median and standard deviation)

Ranker
compares total delays one by one and sorted in a secure way. 

Analysis by causes of delays
analyzes the delay data as a function of the cause of the delay. The objective 

is to know the total delay introduced by each cause



Analysis by Routes

Aims to aggregate flight delay inputs, and generates a set of 
statistical descriptors (including average, median and 
standard deviation) about those flight delays.



Airline Ranking

Evaluates ranking of the participants, comparing 
the total delays. All total delays are compared 
one by one and sorted through SMC.



Analysis by causes of delays

[total delay minutes for each cause], [number on non zero elements of 
each cause], [median of each cause], [standard deviation of each cause]

Analyzes the delay data as a function of the cause of the 
delay. The objective is to know the total delay introduced by 
each cause, the average per flight, and other statistical 
metrics.



Conclusions

Analysis of Delay Reports

delay report gathering from different stakeholders and analysing has been simulated through 
Secure Multiparty Computation (SMC) library. 

web-based Simulation Portal have been added, enabling participants to see the open 
questionnaire and introduce their inputs. 

many real-world examples through the ALLFT+ data analysis, exemplifying the kind of use one 
can make of the Simulation Portal. Experts and students have been used as reporters for both 
airlines and network managers. 

We have conceptually demonstrated the feasibility of such web-based reporting and secure 
analysis.

we have observed that manipulating the results, of course, is easy if one intentionally acts in a 
biased manner. 
• For example, when we have asked airline representatives to "care their businesses", they 

have assigned relatively small values to 93(RA) [delay due to aircraft rotation] and 97(MI) 
[delay due to industrial action in own airline], thus, this lead to biased outputs. Therefore, it 
can be said that, instead of asking report for delay through the secure information sharing, 
essential information sharing could be more effective in analysis of delay.


