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Introduction

* Aim: minimise costs or maximise profit

* Basicfleet assighment
—  Task: allocate an aircraft to each flight leg
—  Operation research problem
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The basic fleet assignment model
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Demonstration

Input
Flight schedule

ID Dept. . Dept. time Arr. time Ready time

Fleet information

Aircraft Code Total Seats Weight (kg)  Consumption
Airbus 340 A340 177,800 10,980

Boeing 747 B747 396,890 12,788




Demonstration

Output

Fleet assignment

Flight Leg  Airbus Boeing
LHR-CDG O
CDG-LHR O
LHR — CPH
CPH - LHR
LHR — SOF
SOF — LHR
LHR — ATH
ATH — LHR

1
1
0
0
0
0
1
1
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Cost and profit calculation

* Passenger demand data is confidential
 We sample Gamma distribution to generate demand

* Flight duration —Ticket price relationship



Passenger Demand

u ~ U(min capacity, max capacity)
o =7Z\u where Z~U(1,2)

['(k,0)
u = k6
g’ = kO?



Spill and Spill Cost

spill = max{demand — capacity, O}

spill cost = spill * ticket price



Ticket Price

Price = 0.85 x Duration + 280

price in £ and duration in min
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Cost and profit calculation

e Passenger demand data is confidential
*  \We sample Gamma distribution to generate demand
*  Flight duration —Ticket price relationship

For a single flight:

cost = fuel consumption * duration * fuel price + landing fees *
weight

total cost = cost + spill cost
revenue = min{capacity, demand} * ticket price
profit = revenue - cost
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Aggregation

(4 / soeme 7>
/ /
( %) AIRBUS / / >

Vi




Aggregation
Pz
@ /m,m 7 )
76
( 7 AIRBUSA/ S >

N
/
C




Aggregation

19.34 %
14.46 %
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Network and fleet planning

Problem
Extra flight leg (Dublin).
Not enough aircraft to service it.




Network planning

ldea #1
Keep the most profitable legs and eliminate the others.




Fleet planning

Idea #2
Buy additional aircraft.

1

%, AIRBUS

0

EOCING
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Time windows

ldea

Assume a flight arrives from Paris less than 30
minutes after one leaves for Sofia



Time windows

ldea

Some passengers from Paris might have been
interested in a connection to Sofia.



Time windows

ldea

Slight schedule change =2 increase demand
for Sofia flight = increase profit
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Time windows

We used a 30-minute time window for Virgin,
and a 20-minute time window for KLM.

Cost decrease Profit increase

Virgin 10.52
KLM 5.87

Yearly results in £Million.
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Demand Forecasting

R —real - CR (XR) o CR(XE)

E — expected Cr (XR)

Cost increase Profit decrease

Virgin 48.68 53.92
KLM 144.68 255.04

Yearly results in £Million.
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Conclusion

Virgin Airlines

Aggregation Time reduction
19.34 %

Time windows

Cost decrease Profit increase

10.52 4.46

Yearly results in £Million for a 30-minute time windows.
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Models

Basic fleet assignment

f
Zdeot + Yeot—t — Z Xfodt — Yeort+ = 0. V{fot} € N.  (3)
d d

> Xi+ Y Yeoren < S(f). VF €F. (4)
ieO(f) ocC
ontt—l- 2 0: V{fott_‘_} - N,_ (5)

X7 €{0,1}, Vie Land f € F. (6)



Models

Network planning

min > > (—pgi)Xs (7)

iel feF
S Xi= 2 viel ©
f

Zdeot + Yeor—t — Z Xtodt — Ytore+ = 0, V{fot} € N, (9)
d d

Z Xt + Z Yeotyt; < S(f), Vf € F, (10)
ico(f) ocC
ontt"’ 2 0 V{fOff_'_} < N (11)
X €{0,1}, Vie Land f € F, (12)

Zi € {0,1}, Vi€ L. (13)



Models

Fleet planning

min Z Z ciXfi +75p (14)

iel feF
ZXﬁ =1, Viel, (15)

fodot + onr—t - ZXfodt - ontﬁ =0, V{fOt} € N (16)

Z Xi+ > Yoty < S(f). Vf € Fand S(p) =S, (17)
ieO(f) ocC

Yere+ > 0. V{fott™} € N, (18)
X €40,1}, Vie Land f € F. (19)



Models

Time windows

min y: y: y: cr Xfiy (20)

iel feF ueU
Y Xaw=1, VielL (21)
f u
Z deotu + YfOf; ty - Z Xdefu - ontutj — 0,_ V{ fotu} - N:.
d d
(22)
Y Xow+ > Yeoryn, < S(f). Vf €F, (23)
ieO(f) ocC
Yor,er = 0, V{fotut;} € N, (24)

Xfiy € {0,1}, Vie L,.f € Fand ue U. (25)



