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Learning outcomes

the definition of aircraft routing Understand

the goal of aircraft routingUnderstand

the constraints of aircraft routingIdentify

the optimisation theory to solve simple airline 
aircraft routing problems 

Apply
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Aircraft Routing

 The solution obtained from the fleet assignment in the previous 

lecture identifies the flow of fleet through the network.

 However, it does not identify which specific aircraft from that  

fleet is assigned to each flight leg. 

 Aircraft routing is the process of assigning each individual aircraft 

(referred to as tail number) within each fleet to each flight legs.

 The aircraft routing is also referred to as aircraft rotation, aircraft 

assignment or tail assignment. 



396EM/6075MAA p.4

Fleet assignment for Ultimate Air - 1
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Fleet assignment for Ultimate Air - 2
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Fleet assignment for Ultimate Air - 3
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B737-800 Fleet Assignment - 1
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B737-800 Fleet Assignment - 2
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B757-200 Fleet Assignment
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Goal of Aircraft Routing

 After obtain the solutions of the fleet assignment, a summary 

table of each fleet type can be generated for aircraft routing

 To assign routes to individual aircraft within a specific fleet 

type in order to maximise the revenue or minimise operating 

costs
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Tail Number

 Aircraft are normally distinguished by their tail registration 

numbers. A tail number is a unique serial number assigned to 

each aircraft for each airline in each country. 
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Tail Number (Con’t)

Examples of the country code tail numbers: 

• HKG (e.g. B-HLL)

• PRC (e.g. B-222)

• UK (e.g. G-AACI)
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Aircraft routing problem
To maximise the revenue or minimise operating cost with the following: 

 Flight coverage: each flight leg must be covered by only one aircraft.

 Aircraft load balance: the aircraft must have balanced utilization loads.

 Maintenance requirements: not all the airports that an airline  flies to 

have the capability to perform maintenance checks on all  fleet types. 

The airlines normally have maintenance bases, typically at their hubs, 

for different fleet types. The maintenance consideration is to ensure 

that the aircraft are own through the network in a manner that allows 

them to receive the required maintenance checks at the right time and 

at the right base.
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The rationale of the mathematical
approach adopted for aircraft routing

Adopt a set-partitioning formulation to determine the daily 

routing for each aircraft.

 In this approach, all possible valid aircraft routings are 

generated 

 Identify the best routes that cover all flights while meeting 

maintenance requirements (opportunities) and turn-around 

time, routing cycles and etc.
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Impact factors for aircraft routing

Maintenance requirements

Maintenance routing

Routing cycles
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Maintenance requirements 

 the FAA mandates that the airlines perform four types of 

aircraft maintenance, commonly referred to as A-, B-, C- and 

D-checks. 

A-checks approximately every 60 flight hours. 

B-checks involve a thorough visual inspection and lubricating 

of all moving parts 

C- and D-checks involve taking the aircraft out of service, and 

are performed every one to four years. 
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Four Types of Aircraft Maintenance

CAD452

https://www.cad.gov.hk/english/pdf/CAD452.pdf
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Adopt Set Partitioning approach to 
sort out the daily aircraft routing

 A valid routing needs to include the turn-around time.

 The turn-around time is the minimum time needed for an 

aircraft from the time it lands until it is ready to depart again.

 The time includes the taxing into the gate, unloading passengers 

and baggage, cleaning, inspections, boarding new passengers, 

loading new baggage, and etc.

 Generally, the turnaround time varies from 20 minutes to several 

hours depending the types of airlines and types of aircrafts
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Example: Valid Routings 

In the Ultimate Air example, we assume that the turn-

around time is 45 minutes. 

Flight 113 arrives at JFK at 12:10, while flight 138 

departs JFK at 12:30. The turn-around time is 20 

minutes, which is less than our minimum of 45 minutes.

(see next slide) 
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Example for turnaround time issue
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Routing cycles (“Loop”)

A closed cycle is when an aircraft starts from a city and at 

the end of the cycle (e.g. one day, three days or a week), 

ends up at the same city to start another cycle.

This requirement is included to better present the process 

of aircraft routing by reducing the number of potential 

routings. 

 In practice (closed cycles are not typically a requirement for 

airlines), airlines usually develop monthly aircraft routing 

with no closed cycles.
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A sample of one-day routing

 The aircraft stays at JFK every night and repeats the cycle every 

day. 

 This provides the chance for the aircraft to do the maintenance 

every night, but not necessary.

B737-800 on-day routing
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A two-day routing of B737-800 – start 
from LAX, and spend 1st night at JFK
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A three-day routing diagram

 An airline can generate a 

weekly routings based on 

the mentioned 1-3 days 

routings with a 

maintenance opportunity 

every three days
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A 5-day routing without the opportunity for 
overnight maintenance at the JFK hub
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Day 4 & 5 of the 5-day routing (Con’t)
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The programming logic of aircraft routing

 Seldom done manually NOW

 Use a featuring program to work out the possible combination
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The programming logic of aircraft routing (Con’t)

 Obtain the flights & fleet information with flight numbers, departure & arrival 

cities, departure & arrival times for a set of flights assigned to a specific fleet

 Create all possible valid one-day routings incorporating turnaround times

 Based on this one-day routings to generate a valid 3-day routings, which must 

follow the following criteria:

• It starts and ends at the same city

• Each day, flights start at the city where the aircraft ended the day before

• An overnight stay at a certain base airport (destination) e.g. JFK occurs at least 

once

• Choose each element that satisfied all the above conditions to generate the 

potential valid 3-day routing candidates
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Sample three-day routing for B757-200 fleet 
(455 valid three day routings) 

 Running a 

program 

generated a total 

of 6,221 and 455 

valid three-day 

routings for the 

737-800 and 757-

200 fleet types 

respectively
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Sample three-day routing for B737-800 fleet 
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 We define the following binary decision variable to find such 

routings for the 757-200 fleet. 

Let

Mathematical Model for 757-200 Fleet
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Objective function with different measures

 Maximise through values

• Non-stop flights are the first choice, then connect flight remain on-

board, then connect flight with deplaning but walking to their 

connecting flight gate, the connect flight with deplaning a remote gate.

 Minimise cost

 Maximise maintenance opportunities
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Objective Function (Con’t)
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Constraints: Flight Coverage

 Each routing candidate covers a certain number of flights in its 

three-day cycle. 

 Each flight must be covered everyday. For example, sample 1 

routing candidate for the 757-200 fleet in Slide p.29 covers 

flights 131,111 and 133 in day one.

 In day two it covers flights 110,138, 118 and 133. 
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Constraints: Flight Coverage (Con’t)

 Searching through all the 455 routing candidates, only six 

candidates actually cover flight 125 in different days 
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Constraints: Flight Coverage (Con’t)
To cover flight 125 in day one, we write the following 

constraint: X1 + X2 = 1 

• X3 + X4 = 1 (day two)

• X5 + X6 = 1 (day three)

Similarly, we write the constraints for the other 11 
flights. 

The total number of constraints required to cover all 
daily flights for the 757-200 fleet is 36 (12 flights × 3-
day cycles). 
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Constraints: Number of Available Aircraft

We assumed that we have six 757-200 aircraft.

x1 + x2 + ... + x455 ≤ 6 

Oops! - No Solution!

We used an optimization software to solve this problem. The program 
reported that there is no feasible solution to this problem! 

 The fleet-routing problem does not consider the following constraints that we 
have imposed on our aircraft routings. 
• A 45-minute turn-around time. 
• Three-day closed cycles, starting and ending at the same city. 

 These additional constraints in the aircraft-routing problem result in an 
infeasible solution for our problem. 
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Feasible 8 aircraft solution for the 757-200 Fleet

To search for solutions, we eliminated the constraint on the 
number of available aircraft to see how many aircraft would be 
needed to fly the proposed daily schedule of flights assigned to 
the 757-200 fleet. 
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Flight Schedule – Real Life Issues

It should be noted that the airlines frequently face this 
problem where the existing aircraft are not enough to fly the 
proposed schedule. 

The main reason is that the arriving and departing flights in 
the proposed schedule are not synchronized (Note: This is a 
US term, the UK term – Aligned). 
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Check the schedule and set of constraints, see if any two 
flights can be paired and do the adjustment
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What can we do?

Revise the departure and arrival time

Use a different (e.g. additional) aircraft

Others ……
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Summary: Mathematical models of aircraft routing

This model was proposed by Kabbani and Patty (1992)
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The objective function and constraints functions

Ensures that each flight 
is covered by one and 

only one route

Restricts the number of 
selected routes to the 

available number of aircraft 
within a particular fleet type
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Quick Summary

What are the differences between fleet assignment 
and aircraft routing?
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Fleet Assignment vs. Aircraft routing

Fleet assignment identifies the flow of fleet through the 
network, but cannot tell you which specific aircraft from that 
fleet is assigned to each flight leg.

Aircraft routing is the process of assigning each individual aircraft 
(referred to as tail number) within each fleet to flight legs.

Thus, it also referred to as aircraft rotation, aircraft assignment 
or tail assignment.
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Key Reference

M. Bazargan (2010) Airline Operations and Scheduling. 2nd 
edition, Ashgate
• Chapter 5 Aircraft Routing

• Chapter 4 Fleet Assignment

Cathay Pacific – Routes and destinations video
https://www.youtube.com/watch?v=U4AntoPlEt4&list=RDCMUCDF__e4Oyx
ESzW1snu1i0Bg&index=1

Cathay Pacific – Aircraft routing video
https://www.youtube.com/watch?v=4qtDgCjdYGU

https://www.youtube.com/watch?v=U4AntoPlEt4&list=RDCMUCDF__e4OyxESzW1snu1i0Bg&index=1
https://www.youtube.com/watch?v=4qtDgCjdYGU

