61st Annual AGIFORS
Symposium 2021

Online
20-23 September 2021

Volume 1 of 2

ISBN: 978-1-7138-4413-6



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

L00IM

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2021) by Airline Group of the International Federation of Operational Research Societies
(AGIFORS) All rights reserved.

Printed with permission by Curran Associates, Inc. (2022)

For permission requests, please contact Airline Group of the International Federation of Operational
Research Societies (AGIFORS) at the address below.

Airline Group of the International Federation of Operational Research Societies (AGIFORS)
AGIFORS President

931 Monroe Drive

Ste 102 #613

Atlanta, GA 303082

USA

Phone: +1 (404) 385-6634
president@agifors.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax: 845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

VOLUME 1
AIRLINE OPERATIONS

SETTING THE COURSE TOWARDS TH E NEXT GENERATION OF DISRUPTION
MANAEMENT SYSTEMS - OPPORTUNITIES IN A GLOBAL CRISSI.....ccoiiiiiiiiiiieeee s 1
S. Heger

LEARNING TO HANDLING CONNECTION-BASED TURN TIME IN FLIGHT SCHEDULE
RECOVERY PROBLEM .....coootiiiitiitiiits ettt bbbttt ettt be et 14
Y. Yang, X. Jin, S. Karichery

COVID 19 IMPACT ON AIRCRAFT GROUND TIME AT CONGONHAS AIRPORT (CGH) ........cccovevunne. 26
F. Teixeira, F. Higa, R. Jakabi, R. Ribeiro, L. Halawi

PREDICTION OF REACTIONARY DELAY AND COST USING MACHINE LEARNING............cccceveene.. 38
P. De Falco, L. Delgado

OPTIMIZING TAIL ASSIGNMENTS ACROSS AIRCRAFT FAMILIES OPS SUITE ......cooovv e, 54
N/A

SOLVING FLIGHT COMBINING AND REROUTING PROBLEM WITH BEST FIRST

SEARCH ALGORITHM L..ooitiiiiiiee ettt ettt sttt 1e et et e st e st e s bt e e b e et e et e e st e steesbeesbeesbeenbeentesnsesree e 72
S. Yaowiwat

PROTECTING CREW IN RECOVERY MANAGEMENT ....cooiiiii ettt sttt srne e nane e 82

X. Jin, C. Gao, S. Karichery

WEPLAN - HOW THE PANDEMIC HAS REVOLUTIONIZED THE APPROACH OF
AIRLINES TO MANPOWER PLANNING AND FLIGHT SCHEDULING ......cccccvoeeiiiiieiiee e 93
F. Burmester, L. Jansen

ASSESSMENT OF FLIGHT DELAY PROPAGATION .....oiiiiiie ittt ettt e 105
O. Basanets

CREDIT-BASED MECHANISMS FOR USER-DRIVEN PRIORITISATION DURING ATFM

REGULATIONS ...ttt ettt e e ettt e e ettt e s sttt e e ettt e e s aaeeessabeee s ettt e e saasaeeesbeeessasbeeesssnaeessssbeeessreeeesas 113
G. Gurtner

OR HACKATHON AT KLM - USING ADAPTIVE SIMULATION OPTIMIZATON OT

DETERMINE AN OPTIMAL RUNWAY USAGE STRATEGY ...oooiiiiiie ittt 129
J. Rood

TURN OPERATIONS IN THE POST-PANDEMIC ERA ... oottt ettt eae e sean e s s e s e s 138

N. Rana, M. Gandotra

PREDICTIVE AIRCRAFT MAINTENANCE PLANNING.........coooii ittt s 144
|. De Pater, M. Mitici

MULTI-OBJECTIVE ANALYSIS OF CONDITION-BASED AIRCRAFT MAINTENANCE - A
STEP TOWARDS THE FUTURE OF AIRCRAFT MAINTENANCE ...ttt reee s 161
J. Lee, M. Mitici



LEVERAGING ADVANCED ANALYTICS TO ENHANCE THE LINE MAINTENANCE
MANPOWER MODELING........cooiitiitiiiiit ettt bbbt sb ettt b et 179
J. Ramirez-Hernandez, P. Yapo, K. Manohar

AIRLINE MAINTENANCE TASK RESCHEDULING IN A DISRUPTIVE ENVIRONMENT .......cc....... 188
P. Van Kessel

A KNOWLEDGE AND DATA DRIVEN APPROACH FOR AIR CYCLE MACHINE
PROGNOSTICS ... eeieisteie ettt e st et b st s s e et e R e bR e e bR e et e R e e et s e e e b en e e et enene et e nennee 210
C. Wang, H. Nikjou, W. Hanna, M. Mazarek

DIGITAL SOLUTIONS & ANALYTICS - RESILIENT AIRLINE OPERATIONS .........ccccoiiiiiiiic 217
N/A

DYNAMIC (TACTICAL) SCHEDULING- LESSONS LEARNED DURING COVID ERA IN
O TSSO 228
E. Stephens

MIXED SIGNALS - PREDICTING AIRPORT DELAYS IN A YEAR OF TRANSITION .......coooeveevviirene 239
S. Wilson

SITA FOR AIRCRAFT: MISSION CONTROL ...ttt ettt st s 255
K. Ahmed

WEPLAN - SMART MANPOWER PLANNING SOLUTIONS ... .ottt 263
F. Burmester, L. Jansen, A. Berres

M2P CONSULTING - SERVICE PORTFOLIO & REFERENCES ..ot 270
N/A

AIREXPERT: OPS EFFICIENCY - A FRESH LOOK ... .ottt st n e 276
N/A

FLIGHTAWARE CENTRAL TO AVIATION ...ttt ettt st vae e s sabae e 280
T. Tucker

CIRIUM - ELEVATE YOUR BUSINESS ... .ottt ettt ettt s it e ettt e s tea e s sta e e s sttt e e s aaaaaessnbees 291
J. Hetzel

JEPPESEN NETWORK & OPERATIONS MANAGEMENT ....ooi ittt 299
B. Samuelsson, T. Gustafsson

SLICKOR UPDATE - NETWORK DISRUPTION MANAGEMENT SOLUTIONS.......cooceeveeeeieee e, 312
R. Bull, K. Gibson

IBS SOFTWARE - REDEFINING AIRLINE OPERATIONS. ...ttt 318
D. Stecher

SABRE AIRLINE OPERATIONS PLATFORM ...ttt ettt et e e e s et e e s te e s e e e s nnaeeenenaee s 330
M. Clarke

CREW MANAGEMENT

MACHINE LEARNING & MATH. PROGRAMMING FOR VERY LARGE CREW PAIRING
PROBLEMS ...ttt ettt e st e st e e s et e s st e e sab e e s st e e sab e e eabeesabeseabeesabeseabesssbesetesesbeeebeeebes 340
F. Soumis



CRANE.CREW: CREW MANAGEMENT ...ttt 349
N/A

AIRLINE CREW PAIRING OPTIMIZATION FRAMEWORK FOR LARGE NETWORKS
WITH MULTIPLE CREW BASES AND HUB-AND-SPOKE SUBNETWORKS.........ccccocvivrireiirnrinierinienns 355
D. Aggarwal, D. Saxena, S. Paulose, T. Back, M. Emmerich

COVID-19 HUMANITARIAN OPERATIONS ..ot 367
N/A

ACHIEVING BETTER STANDBY FORECASTING THROUGH MACHINE LEARNING
BASED IMODELS ...ttt ettt ettt e ettt e e ettt e e sttt e e s sab e e e s eab bt e e saaaaaessabbeeeeabbeseseaaeeeesbbneeesbaneeaas 375
K. Aravind, P. Chandran

CREW DUTY BUFFER OPTIMIZATION ...ttt ittt sttt st sttt e ste s snbassabes s raas 381
D. Serhan, S. Xu, I. Tetzloff, M. Assadi

INOCON - TECHNICAL ASPECTS OF RULE MANAGEMENT .....coootiie ettt 391
M. ERer

WHAT KIND FO DISRUPTIVE CHANGES ARE NEEDED IN CREW MANAGEMENT IN
TIMES OF UNVERTAINTY AND BEYOND?......occi ittt sttt st st st sessesseesseneas 399
M. Lutzenberger

FRM - LET'S RAISE THE BARY! ...ttt ettt ettt e ettt e ettt e e s ettt e s st e e e s abb e e e s sabeeeessnbaeesssraneeias 409
T. Klemets

RE-IMAGINING CREW PLANNING IN THE TIMES OF THE PANDEMIC......ccccccovviiiiiiiee e 419
D. Roth, T. Gustafsson

CREW SCHEDULING APPROACH BASED ON CREW "DUTY-ING" PROBLEM ........ccocovvvevicieeirne, 430
A. Tarasov

BRINGING SPEED TO ROSTER OPTIMIZATION ...oooiiieiie ettt 447
Y. Dashora

IBSSOFTWARE - SMARTER PLANNING ...ttt ettt ettt e ettt e e st e e s st e e s s nae e e s enaes 465
R. Gauthier

FATIGUE RISK MANAGEMENT SYSTEM (FRMS) ....coiiiiiiiee ettt 473
F. Ordonez

WEPLAN - MANPOWER PLANNING IN TIMES OF A PANDEMIC AND ITS AFTERMATH -

THE CHALLENGE OF ASSESSING FLIGHT SCHEDULE CHANGES AND CREW DEMAND

IN JUST MINUTES ...ttt et e et e e e et e e e et e e e e ette e e e estaeeeeebaeeeeeabeeesasteeeeeseeeeennnes 484
L. Jansen, F. Burmester

INTEGRATED CREW PAIRING AND ROSTERING .....coociiiiiiinisieenieiecseiee et 495
W. Van Duppen, B. Algoet, M. Wouters, J. Andries, P. De Lange, B. Partoens, V. Callewaert,
J. Comeilis, P. Klosiewicz, W. Vanroose

EECREWCONNECT - OPERATIONS SIMPLIFIED ......c.ooiiiiiiitiscneeese e 520
P. Douglas, V. Banjeglav

MANAGING CREW TRANSFERS FOR AIRLINES IN 110 COUNTRIES.........ccconiiininienneeneseenenes 529
M. Rimpela



COMMUNICATION IN ANEW ERA ...ttt ettt et e ettt e e et a e s st e e e s bt a e e s aabaeessebbees 535
M. Jonsson

IBSSOFTWARE - REDEFINING CREW MANAGEMENT ..ottt s 547
D. Stecher

Al-AS-A-SERVICE TO HELP SMALL AND MIDSIZE AIRLINES WITH THEIR DAILY
CREW PLANNING RESPONSIBILITIES .....ooiiiicireee e 556
M. Andreyev

SABER CREW ECOSYSTEM ....oiiiiiiiiiieiiisteest ettt sttt tese sttt s st ssesenessnsesenensenens 563
V. Mahajan, U. Vitt, M. Chawla, R. Karnick

VOLUME 2
TACONNECTIONS PRESENTATION ..ottt sttt 576
N/A
VEEONE: INTRODUCING PLANNING AS A SERVICE.......cccooiiiiiiiiii 581

M. Hoffman, R. Andreason

REVENUE MANAGEMENT AND DISTRIBUTION

DYNAMIC PRICING & PERSONALIZED ANCILLARIES -ML ENGINE ........cccooiiininiinineseneiee 587
B. Srinivasan, J. Manjot, V. Kodam, R. Ratliff, A. Misra

CRYSTAL BALL 2.0 FOR PASSENGER DEMAND - LEVERAGING Al TO POWER THE
CALIBRATION WORKFLOW......ooi ittt sttt sttt st st s st s s ba s s te s s sba s st e s s st e s satesssbassabessrbeas 602
C. Dietrich, N. Etebarialamdari, P. Wilson

CRYSTAL.AI - EVALUATING THE IMPACT - METHODOLOGY FOR PERFORMANCE
Y AN U AN I @ OSSP 608
G. Laage, P. Wilson

PRACTICAL APPLICATIONS. ...ttt ettt ettt et e st e s te e s be s e te e s abeesbesssbessnresssbessnresantens 621
E. Dener, G. Komirishetty, R. Ratliff

REVENUE MANAGEMENT FORECASTING IN TIMES OF CHANGE - LESSONS LEARNED
FROM A YEAR INTO THE PANDEMIC ..ottt ettt 632
T. Fiig, M. Wittman

HOW MUCH TO TELL YOUR CUSTOMER? - AN OVERVIEW OF SELLING STRATEGIES
WITH INCOMPLETELY SPECIFIED PRODUCTS ... eeeseseasnennnsnsnsnnnnnnnnnnnnnnnnnes 638
J. Gonsch

FARE LEVEL OPTIMIZATION WITH CONTINUOUS DEMAND-REVENUE CURVES AND
BID PRICES ... oottt ettt ettt ettt e et e e st e e e ae e e s h e e s eat e e sheeeebeeesheeesbeeesbeeesbesesbesesbesssbeeessbeesrenssreeeas 654
B. Juhasz, F. Nikitin, T. Stewen

DYNAMIC PRICING OF ANCILLARIES USING REINFORCEMENT LEARNING .......ccoooveviiieeiicneee 659
R. Kumar, G. Xie, A. Li, Y. Xu

CONDITIONAL SELL-UP RATE ESTIMATION AND DEMAND FORECASTING IN
UNRESTRICTED FARE STRUGCTURES . ... oottt ettt ettt s st s st e st e s sra s s rae s srae s snae e 669
T. Lu



BAGGAGE PRICING MODEL: AN ANCILLARY REVENUE OPPORTUNITY ...ccccoviniiniieiniecnins 677
P. Bharadwaj, R. Amit, A. Malik, S. Goh

AN APPROACH TO AIRLINE OFFER MANAGEMENT - DYNAMIC BUNDLING AND

PRICING ...ttt ettt bbbtk Rt E e bRt E e bRt E ke Rt b e ke Rt b et et e b ket et et e e bt 692
R. Ratliff

SCENARIO-DRIVEN RM USING SIMULATION BASED REINFORCEMENT LEARNING .................. 704
J. Rauch

CONTINUOUS PRICING WITH MULTIPLE FARE QUOTES .....ccootiiiiireniesenies e 716
B. Szymanski

AIRLINE OFFER OPTIMIZATION WITH THE MARKOV CHAIN CHOICE MODEL ......c..ccoccevverveinnns 727
K. Wang

WHAT CAN AIRLINES LEARN FROM RETAILERS ABOUT DEMAND FORECASTING ........ccccu.... 734

R. Winegar, M. Wu

SCHEDULING AND STRATEGIC PLANNING

ALLEGIANT OVERVIEW ..ottt sttt st st se s e e e et steebeaseeseeseeeetenaesnenne e 750
J. Pepper

RECONNECTING THE AMERICAS: COPA'S POST COVID CHALLENGES AND

SUGCKCESSES ...ttt sttt sttt s et e e ae e be s EeeR e e s e e st e s eese e e Ee e EeeR e e st em e e ntenee e b e nReebeereene et nbenbeeneeneenes 756
A. Ford

JETBLUE UPDATE ...ttt bbbt b bbbt bbb e bt e bt eb e e bt e bt e e e b e benae b e ne e 760

M. Urbanek, L. Duan

MINING THE AIRLINE SCHEDULE DATA: STRATEGIC VIEW ON FLEET DEPLOYMENT
AND MISSION DIVERSIFICATION .....coutiiiiittiieiitt ettt bbbttt sb e ebe s 764
A. Abdelghany, V. Guzhva

CASE STUDY — TAKING NETWORK FORECASTING ACCURACY TO THE NEXT LEVEL
DURING COVID CRISIS ..ottt ettt ettt ettt n et n bt ne st s 777
R. Baharnemati, K. Bray, L. Hurwitz

USING SHOPPING AND BOOKING DATA TO CALIBRATE QSI MODELS. ........ccccooniiiiiriiee 789
J. Barlow, A. Seredynski

FLEET ASSIGNMENT AND BANK STRUCTURE INTEGRATION IN AIRLINE
SCHEDULING PROBLEM ...ttt ettt ettt ettt sttt e sttt st e st e e s ate s sat e e sra e e sbte e sbeeesnae e e 796
E. Ciftci, V. Ozkir

A COMPLETELY NEW PLATFORM TO HARMONIZE LUFTHANSA GROUP'S NETWORK
PLANNING . ...ttt ettt e et e e et e e e ettt e e et eeseseeesaatseeesaseteeseaeeeeeassaeessaseteesasseaessaseeesaasseeessaneeessanrens 816
F. Ghielmetti, S. Schwanz

MARKET DEMAND FORECASTING .....ooiiiiiiieie ettt ettt ettt s te sttt s et svas e sta e s sat s s sbasssranssranssnee e 828
A. Lakshmanan

FREQUENCY REGULATION: APPROACHES AND POTENTIALS ......coooiii et 842
F. Presto, V. Gollnick, K. Lutjens



INTEGRATED INSTEAD OF SEQUENTIAL OPTIMIZATION - A NOVEL APPROACH TO
SOLVING THE MULTI-HUB NETWORK PLANNING AND SCHEDULING PROBLEM..........c..cc........ 850
P. Lietz, M. Radde, R. Schneider, J. Semar

DYNAMIC SCHEDULING........cootiiiii ittt ettt ettt et tes s sba s shae s sbte s sbaessbasssbesssbasssbesssbesssbasssbasssrasesresans 858
S. Shahinpour, R. Thiruveedhi

CHOICE-BASED AIRLINE SCHEDULE DESIGN AND FLEET ASSIGNMENT ......coooiiiieieie e 876
C. Yan, V. Vaze, C. Barnhart

FLIGHT NUMBERING AUTOMATION .....coiii ittt ettt ettt ettt ras s sbts s sba s s sbas s sbes s sbtsssbasssbasssraessnneeas 893
J. Warren

REBUILDING A PROFITABLE NETWORK - HOW TO OPTIMIZE NETWORK PLANNING

AND SCHEDULING IN THE NEW WORLD?.....cctii ittt sttt sttt svas st s s sbas s sbas s svaessvae e 908
J. Million

SOFTWARE AS A SERVICE (SAAS) WITH EXPERT SUPPORT ....ccooctiiiieee e 917
G. Bush

WELCOME TO LUFTHANSA SYSTEMS' PRESENTATION ......ccoiiiiiiieee ettt 922
J. Dorsel

ANNA VALICEK MEDAL

PREDICTIVE MAINTENANCE FOR MULTI-COMPONENT SYSTEMS OF REPAIRABLES

WITH REMAINING-USEFUL-LIFE PROGNOSTICS AND A LIMITED STOCK OF SPARE

COMPONENTS .ottt ettt et e st e e et e e st e e et e e sabe s aabeeeabe s aabeesabeesabeesabesaabeseabesaabesssbessntessbeeanbesesbeas 936
I. De Pater, M. Mitici

ASSESSING THE IMPACT: DOES AN IMPROVEMENT TO A REVENUE MANAGEMENT
SYSTEM LEAD TO AN IMPROVED REVENUE?........coccoiiitiiiieieciesie ettt 949
G. Laage, E. Frejinger, A. Lodi, G. Rabusseau

KEN WANG SCHOLARS

OVERBOOKING AND CAPACITY CONTROL DECISIONS IN AIR CARGO REVENUE
MANAGEMENT CONSIDERING POSTPONEMENTS ....oiiiioeie ettt ee et e e st e e saae e 980
S. Dhandabani, R. Amit, A. Malik, S. Goh

TECHNICAL PRESENTATIONS

AIRLINE RECOVERY USING MACHINE LEARNING & OPTIMIZATION ......cooooviiiiiiiecieeeie e 993
A. Hizir, C. Barnhart, V. Vaze

DISTRIBUTION SHIFT IN CUSTOMER BEHAVIOR DURING COVID-19 ....cooooeeiveeeeeeee e 1012
A. Garg

TRAJECTORY PLANNING FOR ISSION SURVIVABILITY OF AUTONOMOUS VEHICLES
IN MODERATELY TO EXTREMELY UNCERTAIN ENVIRONMENTS........cccooiiiineiireenee e, 1028
F. Zeng, H. Idris, J. Clarke



KNOW YOUR WORTH: VALUING NOVEL RM STRATEGIES WITH REINFORCEMENT
LEARNING ..ottt h et h et h bbb e bt bt e b s e bt e b b eb e s b e st eb e b e s e eb e eb e e et e e b e b e ares 1047
J. Ham, C. Young, A. Rochon

AIRLINE OR INNOVATIONS SOAR DURING COVID-19 RECOVERY ....ooooiicieieeee e 1061
L. Garrow, V. Lurkin, L. Marla

AGIFORS SYMPOSIUM: MULTI-MODAL ECONOMIC ANALYSIS OF THE COVID-19
PANDEMIC EXOGENOUS SHOCK .....oiitiiitieitieet ettt ettt sttt sttt s st s bt sb e et eestessessressbessteenas 1075
M. Litvack-Winkler

DEEPAIR - FLAIl: REINFORCEMENT LEARNING VIRTUAL PLATFORM FOR TRAVEL ................ 1084
N. Shukla, B. Kolbeinsson

ESTIMATION OF PRICE ELASTICITIES ON PASSENGER ITINERARY CHOICE
SITUATIONS ..ottt bbb e st E e e Rt b e e st e b e bRt e b e s b e st e b e b et e be b et e r et b ene b 1095
R. Acuna-Agost, E. Thomas, A. Lheritier

CARGO NETWORK OPTIMIZATION .....cei ittt ettt sttt sttt sttt sneesbeesae e e 1109
R. Suman, N. Deng, R. Chu, M. Costello

ENHANCING DAY-AHEAD AIRLINE PLANNING WITH DATA-DRIVEN FLIGHT DELAY
PREDICTIONS ...tttk ettt ettt bbbt et ekt e bt s b bttt b et et b et e b ene b e s 1119
S. Birolini, S. Franklin, A. Jacquillat, G. Rappaport

DEMAND SHOCK DETECTION IN AIRLINE REVENUE MANAGEMENT ......coccocvviviiiieeeree e, 1126
T. Fiig, M. Wittman, G. Pinheiro, M. Defoin-Platel

IDENTIFICATION AND PREDICTION OF DISRUPTIONS IN AIRLINE NETWORKS.......c.ccoveevvennene 1131
X. Zhu

THE ADJUSTMENT OF LITTLEWOOD'S RULE FORMULA TO REFLECT AIRLINES RISK
AVERSION IN CRISIS CONDITIONS ... sesssseenssnnssssnnnnnnnnnnnnnnnnnnnnnnnnnnes 1150
E. Yassine

Author Index





