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«Next to fuel costs, crew costs are
the largest direct operating costs
of airlines»

Commonly accepted industry truth
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The resource planning process: Timetable

Construct
a timetable

Match the 
expectations of 

marketing
department

Available fleets

Constraints on the 
network
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The resource planning process: Fleet

Construct
a timetable

Fleet
assignment

Match the 
expectations of 

marketing
department

Available fleets

Constraints on the 
network

Revenue of a leg 
depends on the 

aircraft size

Some aircrafts may 
not be able to 
operate from 

certain airports

Ensure feasibility of 
the timetable

Maximize revenue
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The resource planning process: Covering flight legs

Construct
a timetable

Fleet
assignment

Crew
pairing

Match the 
expectations of 

marketing
department

Available fleets

Constraints on the 
network

Revenue of a leg 
depends on the 

aircraft size

Some aircrafts may 
not be able to 
operate from 

certain airports

Ensure feasibility of 
the timetable

Maximize revenue

Legal pairings

Reduce costs

A pairing is a sequence of flight legs for an 
unspecified crew member starting and ending 
at the same crew base
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The resource planning process: Roster

Construct
a timetable

Fleet
assignment

Crew
pairing

Crew
assignment

Match the 
expectations of 

marketing
department

Available fleets

Constraints on the 
network

Revenue of a leg 
depends on the 

aircraft size

Some aircrafts may 
not be able to 
operate from 

certain airports

Ensure feasibility of 
the timetable

Maximize revenue

Legal pairings

Reduce costs

Cover all work

Satisfy regulations
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The resource planning process: Our solution

Construct
a timetable

Fleet
assignment

Crew
pairing

Crew
assignment

Match the 
expectations of 

marketing
department

Available fleets

Constraints on the 
network

Revenue of a leg 
depends on the 

aircraft size

Some aircrafts may 
not be able to 
operate from 

certain airports

Ensure feasibility of 
the timetable

Maximize revenue

Legal pairings

Reduce costs

Cover all work

Satisfy regulations
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Why
is that
difficult?
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Why is that difficult?

Covering all work

–All flight legs

–All pairings

Business rules

–Industry regulations

–Labor unions

Crew engagement

–Fairness in the work 
distribution

Covering
all work

Crew
engagement

Business rules

Cost
optimization
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What do business users care about?
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Personal requests

–Seniority

–Fairness

Complex business 
rules

–Not included into 
optimization

–Violation report

Scalability

–Solution by steps

Outcome

Manual
assignment

Challenge

Validation
and correction

A long cycle
of planning

Result

Suboptimal
schedule

Personal
requests

Complex
business rules

Scalability



How to
enter new
business rules?
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Optimization framework by
IBM Research Haifa
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–Corporate platform for optimization problems

–Designed to be used by a subject matter expert

–Flexible business rules model

–Modular design

–Scalable optimization

–Web-interface

–Visual analytics tools



Architecture

Business Object Model
- Resources (dictionary)
- Business rules
- Periodic data

Database
- JPA

Web UI
- Domain specific visualization
- Auto generation

«Model Pack»
- Linear program abstraction
- Plugins

- Pairing Modeler
- Rostering Modeler
- Railway car flow Modeler
- VRP Modeler
- ...

- Interface to a MILP solver

Web UI Database

Business
Object
Model

«Model Pack»
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Aircrew rostering as a graph 
edge subsets problem

Aircrew scheduling / Russian Supercomputing Days / Sep 23, 2019 / © 2019 IBM Corporation

Crew members

Assignments [of crew 
members to pairings]

Pairings

≤ 90 flight 
hours

https://commons.wikimedia.org/wiki/File:Biclique_K_3_5.svg, CC-ASA 3.0U, 2.5G, 2.0G, 1.0G

≥ 1 flights
to JFK

≤ 1 pilot of 
65+ years

≤ 1 pilot under 
mentorship

https://commons.wikimedia.org/wiki/File:Biclique_K_3_5.svg


Classes of aircrew members 
and pairings
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Crew members

Assignments [of crew 
members to pairings]

Pairings

W/ layover W/o layover

Departs after 21:00

Admitted to the 
category C airports



Reusable modeling
for solving problems
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Patent US10169291B2 (2019)

–Build a model (MILP program) based on input 
data and business rules

• Categorize [decision] variables, penalties, 
and equations 

–Solve a model

• Iteratively adjust and solve



Cruncher:
An MIP Solver Accelerator
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Patent US20100299291A1 (2010)



Q&A and Contacts
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Alexander Pozdneev
IBM

https://twitter.com/Alex_Pozdneev

Q&A



Conclusion
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–Aircrew planning

• Pairing optimization

• Assignments

–Optimization framewok

• Categorize entities

• Create and manage domain-specific optimization flow

–Benefits

1. Flexible business rules model

2. End user is a domain area expert

3. High scalability
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