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I ntr oduction

Because not all passengers fly on the flight that they initially schedule, airlines overbook
their flightsin order to maximize their profit. This practice forces airlines to balance the
cost of overbooking (when more passengers than expected arrive) with the increased
revenue of receiving payment from passengers who do not end up taking their flights.
Profits are calculated by subtracting the costs to the airline from the total revenue
generated by ticket sales.

The costs can be broken down into two cases. When there are enough seats on the plane
for all of the customers who try to board, the costs are all grouped into a variable we shall
call airline overhead costs. If more passengers than expected arrive, the cost increases to
account for compensating “bumped” customers.

Our model considers the profits of airlines in one week. We anayze profit in terms of
two variables: the fraction by which the airlines will overbook flights and the fraction of
customers who actually board the plane. We create a model based on the situation before
the September 11, 2001 attacks, then we consider the effects of these attacks on the
airlineindustry. In al cases, we are looking for the fraction by which airlines should
overbook flightsin order to maximize their profits.

We will do the bulk of our analysis numerically using the Waterloo Maple 6 software
package. We define an equation for profit that represents the model, and we use Maple to
calculate how each of our variables affects the profit. In addition, Maple becomes hel pful
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in creating graphs that show what happens when the variables change. We use a
numerical procedureto look at all plausible values of each of the variables when
calculating the optimal overbooking fraction. This procedure also plots various values of
the overbooking fraction against the average profits made.

Variables

In order to analyze profit in relation to overbooking, we will create amodel to be used as
agenera case. This model expresses profit per week, P, as afunction of the predicted
fraction of seats to book based on the expected fraction of ticket-holders who actually
enplane, g, and the fraction of ticket-holders who actually enplane, b. This means that
the predicted number of ticket-holders that will enplaneis 1/q and that the fraction
overbooked is(g-1). Sisthe number of seats on a plane, which means that the number of
tickets sold for each flight isqS. Other variables used are the number of flights each
week, n, the average ticket price, t, and the compensation given to each passenger who is
unable to board their flight due to overbooking and too many passengers, C. A final
variable considered is airline overhead costs, A. This variable includes pilot, captain, and
flight attendant salaries, supplies for flights, airplane fees, security, etc.

Equation of M ode

Combining al of these variables, we are able to obtain amodel that represents profit in
relation to these variables and overbooking. Inour initial model we consider S n, t, C,
and A to be constants. Following thisinitial model and using our cal culating program,

we consider the effects of changes to and variations of these constant values.

To derive our model, we must first consider the idea that profit = revenue — cost.

Revenue is defined as the number of flightsin aweek multiplied by the number of seats
on aplane, the fraction of seats booked, and the cost of each ticket. Therefore,

revenue = nSt.

Cost is defined as the sum of the overhead and compensation fees. The overhead fees are
A. 1/q represents the predicted fraction of tickets bought that will be used. b represents
the fraction of ticket-holders who use their tickets, therefore, b- (1/q) is the number of
ticket-holders who receive compensation. If b = 1/q, then the planeisfilled and no
compensation is given to ticket-holders. With b > 1/g more ticket-holderstry to enplane
than there are seats, resulting in a compensation cost being spent. If b < 1/qthen no
compensation cost is given and the profit is simply the revenue with the overhead costs
subtracted. Thisisalsotruefor b= 1/g. If b > 1/q then the compensation cost is (b-1/q)
or the fraction of ticket-holders who receive compensation multiplied by the number of
tickets sold (gS), the number of flightsin aweek, and the actual compensation fee for
each ticket-holder.
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Given these variables and ideas, the model we deriveis;

nt —[A+ ncSq(b—EH,b > 1
P(q,b) = ql q
ngt- A b< q

Thismodel calculates P, profit, as afunction of g and b, which are respectively the
fraction of seats booked and the fraction of ticket-holders who enplane. The other
variables are all set as constants and various cases are considered.

Assumptions

In order to make this project manageable, we need to simplify the situation and set
multiple assumptions. In considering changes that could be made to the model to make it
more effective, these assumptions should be accounted for in the model. By adding and
changing variables, it would be possible to explain these ideas and accommodate for
them within the model, making it more realistic. Some of our assumptions involve set
values for our constants. These values mirror those of actual airplanes and airlines.

We assume that at least Sq tickets will be sold. This means that the number of tickets
sold is equal to the fraction we predicted times the number of seats on a plane.

g is greater than or equal to one. Thisleads to the idea that the number of tickets sold is
equal to or greater than the number of seats on aplane.

No refunds are offered. For our simplified model, those who do not enplane do not
receive refunds for the tickets that they did not use.

10-15 percent of passengers who buy tickets do not enplane. This makes our range of
values of b defined from 0.85 to 0.90 (Khan).

We are considering all planesto be 747s. This makes our S, or number of seats, 416 for
each plane (“Boeing 747 Technica Specifications’).

There are 10500 flights per week (United Airlines).

The compensation fee is aminimum of $400 (Khan). Our model uses avaue of $500 in
order to consider the situation in a more extreme case.
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Codefor the max profit Procedure

This Maple procedure is used to find the maximum profit and the value of g, the fraction
of seatsto sell tickets, for which profit is maximized:

max_profit:=proc(m n_gl, max_qgl, i ncrenment, show pts)

# pre: max_ql > mn_gl >= 1 & increment > 0 &&

# show pts == 0 or 1
# post: calculate the average profit for each value of q (fraction by which
# the plane is booked) for each value of b (fraction of ticketholders who
# board) and compute the q for which the average profit is maxim zed
# report this g and its corresponding profit
# show pts == 1 --> display the average profit for each q
# a gl obal variable ptsplot has been defined and the "display(ptsplot);"
# command can follow this function to display a graph of the gq vs
# the average profit for q
gl obal ptsplot; # plot of g vs. average profit
local mn_bl, max_bl, # extrenmes for fraction of ticketholders who board
max_i ndex, # value of q for which profit is nmaxim zed
array_si ze, # how nany data points to store
anmonkey, # array to store all data points (g, avg profit)
i, # |l oop control variable/index to the array
gl, bi, # LCVs for varying q and b
sunil, num # accunul ators for finding average profits
aver age; # average profit for each value of g
mn_bl :=infinity: # set up to find extremes
max_bl :=0
max_index := 0
array_size := floor((max_qgl - mn_qgl)/increnent): # cal cul ate how nmany points
anmonkey := array(0..array_size): # create storage for data pts
i = 0: # set up LCV
for gl frommn_qgl to max_ql by increnent # vary fraction of seats booked
do
sunl : = O: # set up to cal cul ate averages
num:= 0

for bl fromO0.85 to 0.9 by 0.005
do
sunl := suml + P(qgl, bl)
num:= num+ 1

vary % of boardi ng passengers
based on data from (Khan)
tally val ues

H*HHH

od
average := suml/ num # cal cul ate average
anmonkey[i] := [ql, average]; # store average
=0+ 1 # increnent LCVs for next data pt
if(average < mn_bl) then # track m ni num
m n_bl := average;
fi;
if(average > max_bl) then # track maxi mum
max_bl : = average
max_i ndex := gl
fi;
i f(show pts=1) then # check whether or not to display
lprint(gl, average); # table of all average profits

fi;
od

ptspl ot := pl ot (anonkey, styl e=poi nt,
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view=[ m n_gl..max_qgl, (m n_b1-1000). . (max_b1+1000)],
synbol =circle, color = blue); # set up a plot of the graph
# that can be displ ayed
lprint("max profit at q= ", max_index); # report extrema
lprint("max profit: ", max_bl);
end;

Initial Plots of the M oddl

To get an idea of where our values of g will be that will maximize profit, we begin by
fixing b at three values and plotting the two dimensional plot of P(qg,b) with b fixed.
These graphs follow and show that our model follows common sense in that the more
people that actually arrive to board the flight, the fewer number of tickets we should
overbook. Note that the commands to produce these and al graphs appearing in this
paper areincluded in Appendix A.

Flg,.95), g=1.00..1.50
He+ld
Be+lg
feHlo
Be+lg
Se+l

111 12413 14 15

Thisgraph has b set at 0.99. In other words, thisisagraph of P as afunction of g
assuming that 99% of passengers with tickets will take the flight.

Flq,.9), g=1.00..1.50

1.05e+19
Te+19
2.5e+15
He+15
8.5e+H13
HeHl3

111 12413 14 15

This graph has b = 0.9, and shows that with this lower value of b allows us to overbook at
agreater rate. The following graph shows this in the more extreme case where only 80%
of passengers with tickets take the flight.
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Flg,.8), g=1.00..1.50

1.2e+19
1.15e+05
1.1e+19
1.05e+05
Te+1Y

552+
1 1 12413 14 15

To get a better idea of the behavior of our model in three-space, we show two three-
dimensiona plots of P(q,b).

o) Fig o)

Initial State Example

In order to use our model, we assign it someinitial parameters. For our initial state, we
set S=416, t = 271.28, A = 250,000,000, C = 500, and n = 10500. With these constants,
we run our max_profit procedure (with parameters 1.0,1.30,0.01,0) to get our maximum
profit $1,088,024,424, at q = 1.15. The procedure also gives us the following plot, which
provides graphical confirmation of these values.

oo
[n]
o o

1.08e+09 a

1 0Be+09 . o,

1 04e+09 o a,

1 02e+09 o o,
1e+19 o “a

9.8e+08] _°

96e+18d -

o4e+083 —
1 105 11 115 12 125 13

Using thisinitial run of the procedure as a guide, we narrow our domain for the next call
to theregion from 1.14 < g < 1.16, and aso use the smaller step-size of 0.001 for the
calculations. Calling the procedure again with theses parameters gives us a maximum
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profit of $1,238,024,425 at q = 1.150. Again, this can be verified from the following

graph.

123604097
123760409
123726409
123580409

1.2364e-+091

1141144 1148 1152 11586 1.16
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Effects of Changesin Parameters on the M odel

Here we will investigate the effects of changing each of the parameters independently of
the others. We report the resulting maximum profits here and their corresponding values
of g.

For details on the commands used to cal cul ate these values and the exact changesin the
parameters, see Appendix A-2.

Parameter Change New Ig/:gi(iitmum Correszonding
Initial State $1,238,024,425 1.150
Number of seats

Increased $1,679,842,918.00 1.150

Decreased $554,101,215.90 1.150
Ticket prices

Increased $1,486,109,251.00 1.163

Decreased $483,605,600.00 1.130
Number of flights

Increased $1,470,317,115.00 1.150

Decreased 705,731,730.90 1.150
Airline overhead costs

Increased $838,024,423.30 1.150

Decreased $1,213,024,424.00 1.150
Compensation for bumped customers

Increased $1,083,795,976.00 1.143

Decreased $1,094,589,940.00 1.163

Note that al of these changesin relation to theinitial state example are reasonable. For
example, considering our model, no change to q occurs when airline overhead costs, A,
are changed. This change does not affect the overbooking, only the amount of profit
made.
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Effects of September 11 Tragedy on the Over booking M odél

We make the following assumptions on the effects of the September 11 tragedy on the
variables of our model. Given these assumptions, we run our procedure to observe their
effects on the maximum profit, and find the optimal overbooking strategiesin light of the
recent tragedy.

Fewer Flights: Because there are fewer flights, the number of flights, n, decreases.
Because there are fewer flights, there will be fewer pilots who need to be paid, less food
that will need to be served, and less fuel that will need to be purchased, meaning that less
money must be paid in airport fees. Thus, lowering the number of flights also brings
about a decrease in the airline overhead cost, A.

Heightened Security: The September 11 tragedy has resulted in heightened security at
airports and on planes themselves. In our model, security fallsin the category of airline
overhead costs, so A will increase. In an ABC News article, it is reported that increased
security will result in increased ticket prices for the customers. Thisincrease includes a
surcharge of about $2.50 per ticket, as proposed by the Senate (Dizikes). Thus, t will
increase as a result of thisfactor.

Increased Passenger Fear: Because people are scared to fly as aresult of the September
11 events, the airline industry is spending more money on public relations campaigns to
remind consumers that flying is safe. This advertising results in an increase in the airline
overhead cost A. In addition, since fewer people feel safe flying, the airline industry does
not offer as many flights or cannot afford to do so without losing money. Thus, the
number of flights, n, decreases as aresult of this factor. Smallen reported there were 18
percent fewer flightsin October 2001 than there were in October 2000, so we will use
this statistic in our calculations.

L oss of Revenue by Airline Industry: Because the airline industry has already lost so
much money as aresult of September 11, it will try to compensate for its lost revenue.
This can be done by increasing ticket prices, t. Also, airlineswill be lesswilling to
compensate customers who have been “bumped” from their seats, so C will decrease asa
result of the airline industry losing revenue and trying to save on costs.

Summarizing the results of these four factors, we will change the parameters to our
model as follows:
* nwill decrease.
o0 Wewill reduceit by 18 percent, so it will change from 10,500 to 8600.
* Awill increase.

0 However, thechangein Aisarbitrary. It issimply avertical shift in the
profit curve. Since we are not concerned with the actual maximum profit
as much as what value of g gives us the maximum profit, it does not
matter how much A changes.

o Wewill leave A unchanged since its value does not affect our results.

* Twillincrease.
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0 We'vechosentoincreaseit from $271.28 to $314.15.
e Cwill decrease.

o Wewill reduce the compensation for a customer who is bumped from
$500 to $400.

When we apply these changes to our model, we do not expect a change to the initial
model results as aresult of the number of flights decreasing. The overbooking fraction
will not be affected. Considering what we have seen by changing the parameters before,
the increase in the price of tickets should bring about an increasein g. In addition,
decreasing the compensation rate, C, should also increase g. Thus, our overall prediction
isthat the September 11 tragedy will cause an increase in the value of q.

When we run our procedure with these new parameters, we get the following plot of the
average value of g vs. the profit:

Average g vs. Profit

1.0Z2e+H14 DDDDDDDDDDDDDDDDDD
Te+Hld o

9 Be+ld o

9 6e+03 e

9 4eHl5 o

8 Z2eHld a
HeHlGd o

B.Be+H1B 4
T 105 11 115 1.2 125 1.3

When we zoom in on the maximum, we see the following plot:

Average g vs. Profit

(=
o Qoo
E‘DD

1.0302e-+09 . .

1.03e+09 L ° .
1.0298e+09 5" °
1.0295e+09
1.02948+09-
1.0292e+09

T T T T T T T TT T T T 1
1.161.164 110683 1.172 1.176 1.18

=}

Our procedure and these graphs tell us a maximum profit of $1,030,263,837 is obtained
when qis 1.170. Thus, in light of the September 11 events, our model suggests that
airlines should overbook flights by 17 percent in order to maximize their profits.
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As predicted, we also observe here that profits have gone down as aresult of September
11. Our model shows a decrease in profits from $1,238,024,425 before the tragedy to
$1,030,263,837 afterward. However, these profit values are not terribly meaningful since
our data are not exact. Nevertheless, we saw a decrease in profits, which was expected.

Conclusion

By applying our numerical procedure to the profit model we generated, we were ableto
compute the optimal fraction by which an airline should overbook its flights. In our initial
model, where we analyzed the state of the airline industry before September 11, we found
that overbooking by 15 percent gave the greatest profits. For a Boeing 747 jet, this
fraction means that 62 more tickets than seats should be sold. Obviously, our model
makes severa assumptions, whereby the results of our analysis are slightly weakened.
Additionally, stronger empirical datawould increase the reliability of our scheme.

We aso investigated the effects of the September 11 tragedy on the overbooking strategy
airlineindustry. As aresult of fewer flights being offered, passengers being afraid to fly,
heightened security, and loss of revenue, our model suggests that increasing the
overbooking factor would be in an airline' s best interests. The increase we calculated was
approximately two percent.
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Appendix A -1 -- Thelnitial Modé€

The following are al the commands used for the I nitial State Example section.

Variables:

P = profit per week

t = average ticket price

A =airline overhead cost (pilot salaries, flight attendant salaries, supplies for flights, security, etc.)
b = fraction of ticketholders who actually enplane

g = predicted fraction of seats to overbook based on expected b
(1/q) = predicted number of ticketholders that will enplane

S = number of seats per plane

(S*q) = number of tickets sold per plane

C = compensation cost for a passenger who gets bumped

n = number of flights per week

Profit = Revenue - Cost
= (ticket cost * number of tickets * number of flights) - (airline overhead + compensation for
overbooking)

Two cases:

1. More people than there are seats will enplane. The airline will have to compensate ticketholders who are
bumped, so there will be additional costs beyond flying the plane.

2. There will be enough seats for the people who enplane (or there will be extra seats). In this case, the
airline will not have any costs beyond flying the plane.

>restart; with(plots):
War ni ng, the name changecoords has been redefined

>P := (qg,b) -> piecewise(b>1/q, t*S*q*n - (A + n*C*(b-1/q)*S*q),
b<=1/q, t*S*q*n - A);

P:=(q,b) - piecewise(;<b,tSqn—A—nC[b—;]Sq,bs;,tSqn—A]

Looking at an example....

>S = 416; # seats on the plane
>t = 271.28; # an average ticket cost we're picking
>A := 250000000; # airline overhead costs
>C : = 500; # conpensate bunped custoner with $500 (assum ng
the I argest val ue)
n := 10500; # nunber of flights per week

S:=416

t:=271.28

A := 250000000
C =500
n := 10500

>plot(P(q,.9), g=1.00..1.50, title="P(qg,.9), g=1.00..1.50");
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P(g,.9), g=1.00..1.50

1.05e+19
Te+19
8.5+
He+ld
8.5+l
Se+la

111 12 q 13 14 15
>plot(P(q,.99), g=1.00..1.50, title="P(q,.99), g=1.00..1.50");
P(..99), g=1.00..1.50

9e+15
ge+l5 1
7Te+15
Be+l5

Se+151

f"ﬁwllﬁﬁlqﬁﬂulﬁﬁ”'ﬁﬁ
>plot(P(q,.8), g=1.00..1.50, title="P(q,.8), g=1.00..1.50");
Fly,.8), g=1.00..1.50

1.2e+19
1. 15e+19
1. 1e+19
1.05e+19]

1e+194
9 5e+154

1 11 12413 14 15
>plot3d(P(qg, b), g=1.00..2.00, b=0..1);

2e+09

1.5e+09

18409

L
1a02 040608 1
15 b

g 2

>plot3d(P(qg,b), g=1..2, b=0.5..1);
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2e+19

1e+139
feHlg

gl6 18 2

>plot3d(P(q,b), g=1..1.2, b=0.8..1, title="P(q,b)");
Flg.b)

>read( h:/max_profit.txt ):
>max_profit(1.0,1.30,0.01,0);
di spl ay(ptsplot);

"max profit at g=", 1.15
"max profit: ", 1088024424,

1.08e+09 22777,
1.06e+09 2" s
1.04e+09 2 %
1.02e+09 5 o
1e+09 o o
98e+08] _°
96e+08] o
9. de+I8 4 e
1 108 1.1 115 12 125 1.3
>max_profit(1.14,1.16,0.001,0);
di spl ay(ptsplot);

"max profit at g= ", 1.150
"max profit: ", 1238024425.
1.238e+194 DDDDDDD
o O
1.2376e+19 5" o
o o

1.2372e+194 =

1.2368e+197

1.2364e+19+

1141144 1143 1152 1156 116
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Appendix A -2 -- Effects of Changes on the M odel

The following are all the commands used to compile the table in the Effects of Changes
in Parameters of the Model section. The processis essentially the same for each
change; we either increase or decrease one of the parameters, and run the max_profit
procedure to obtain the graph of data points and the maximum profit. Below is also how
the Effects of the September 11th Tragedy on the M odel section was created and
anayzed.

Increased number of seats

>restart; with(plots):
War ni ng, the name changecoords has been redefined

>P := (qg,b) -> piecewise(b>1/q, t*S*q*n - (A + n*C*(b-1/q)*S*q),
b<=1/q, t*S*g*n - A);
1

P:=(qg,b) - piecewise(;<b,tSqn—A—nC[b—q]Sq,bs;,tSqn—A]

>S = 600; # seats on the plane
>t = 271.28; # an average ticket cost we're picking
>A = 250000000; # airline overhead costs
>C : = 500; # conpensate bunped custoner with $500 (assum ng
the I argest val ue)
n := 10500; # nunmber of flights per week
S:=600
t:=271.28
A := 250000000
C =500
n := 10500

>read( h:/max_profit.txt ):
>max_profit(1.0,1.30,0.01,0);
di spl ay(ptsplot);
"max profit at g=", 1.15
"max profit: ", 1679842918.

1 /ESe+Ia "n°c 1 .

1 Be4ld -\.-‘.- : a,

1 BSe+la o +"'=-.__

1584131 &7

1 108 11 118 13 135 13

>max_profit(1.14,1.16,0.001,0);
di spl ay(ptsplot);

"max profit at g= ", 1.150

"max profit: ", 1679842918.
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Decreased number of seats

>restart; with(plots):
War ni ng, the name changecoords has been redefined

>P := (qg,b) -> piecewi se(b>1/q, t*S*q*n - (A + n*C*(b-1/q)*S*q),
b<=1/q, t*S*q*n - A);

. . 1 1 1
P:=(qg,b) - plecewme(q<b,tSqn—A—nC(b—q)Sq, bsq,tSqn—A)
>S = 250; # seats on the plane
>t = 271.28; # an average ticket cost we're picking
>A : = 250000000; # airline overhead costs
>C : = 500; # conpensate bunped custoner with $500 (assum ng
the I argest val ue)
n := 10500; # nunber of flights per week
S:=250
t:=271.28
A := 250000000
C :=500
n := 10500

>read( h:/max_profit.txt ):
>max_profit(1.0,1.30,0.01,0);
di spl ay(ptsplot);

"max profit at g=", 1.15
"max profit: ", 554101215.9
£ Al I.-ﬂ‘r L :__\.-
£ 24 HE & e
Sir+E . +‘-=-_._
L BreE] "
mo11 115 12 5 13

>max_profit(1.14,1.16,0.001,0);
di spl ay(ptsplot);

"max profit at g= ", 1.150
"max profit: ", 554101215.9
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Increased ticket prices

>restart; with(plots):
War ni ng, the name changecoords has been redefined

>P :=(qg,b) -> piecewise(b>1l/q, t*S*q*n - (A + n*C*(b-1/q)*S*q),
b<=1/qg, t*S*q*n - A);

P:=(q,b) - piecewise(:<b,t8qn—A—nC(b—1

1
Sg,b<s—,tSgqn-A
aJSubsgsan-A

>S = 416; # seats on the plane
>t := 350; # an average ticket cost we're picking
>A := 250000000; # airline overhead costs
>C : = 500; # conpensate bunped custoner with $500 (assum ng
the I argest val ue)
n := 10500; # nunmber of flights per week
S:=416
t:=350
A := 250000000
C =500
n := 10500
>read( h:/max_profit.txt"):
>max_profit(1.0,1.30,0.01,0);
di spl ay(ptsplot);
"max profit at g=", 1.16
"max profit: ", 1485763782.
'#!HH?
I
i ﬁ.qni
L .'lll'l':lia‘c
T 106 11 116 T2 165 13
>max_profit(l.15,1.17,0.001, 0);
di spl ay(ptsplot);
"max profit at g= ", 1.163
"max profit: ", 1486109251.
1.8 <2 e
| EFTe 4 o ’
1 840 .
1.#ka ) !
[ [ Eoe] _“"
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Decreased ticket prices

>restart; with(plots):
War ni ng, the name changecoords has been redefined

>P := (qg,b) -> piecew se(b>1/q, t*S*q*n - (A + n*C*(b-1/q)*S*q),
b<=1/q, t*S*qgq*n - A);

. . 1 1 1
P:=(qg,b) - plece\le(q<b,tSqn—A —nC(b—q] Sq, bsq,tSqn—A]
>S = 416; # seats on the plane
>t := 150; # an average ticket cost we're picking
>A = 250000000; # airline overhead costs
>C : = 500; # conpensat e bunped custoner wi th $500 (assum ng
the | argest val ue)
n := 10500; # nunmber of flights per week
S:=416
t :=150
A := 250000000
C =500
n := 10500

>read( h:/max_profit.txt’):
>max_profit(1l.0,1.30,0.01,0);
di spl ay(ptsplot);

"max profit at g= ", 1.13
"max profit: ", 483605600.0
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110 11 115 12 1% 13

>max_profit(l.12,1.14,0.001, 0);
di spl ay(ptsplot);

"max profit at g= ", 1.130
"max profit: ", 483605600.0

4 B30 L.
4 Ea2e-<05] o e,
ey "
4 B2 'r'ﬁ': [
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X

1121924 1938 1132 11% 1

Increased number of flights

>S = 416; # seats on the plane
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>t = 271.28; # an average ticket cost we're picking
>A := 250000000; # airline overhead costs
>C : = 500; # conpensat e bunped custoner with $500 (assum ng
the I argest val ue)
n := 13500; # nunber of flights per week
S:=416
t:=271.28
A := 250000000
C =500
n := 13500

>read( h:/max_profit.txt"):
>max_profit(1.0,1.30,0.01,0);
di spl ay(ptsplot);

"max profit at g=", 1.15
"max profit: ", 1470317115.
1al-_--|'l'|-5- ;'r i
| Ans0g o i
E 2Tt B T
1 M0y o
1 im0

i 1E 11 115 12 135 13

>nmax_profit(1l.14,1.16,0.001, 0);
di spl ay(ptsplot);

"max profit at g= ", 1.150
“max profit: ", 1470317115.
| AT HE L5 Teea,

146%ed0] o
ldcaHiE] o
1 dBEEa R =
1941144 1185 1152 1156 1.16

Decreased number of flights

>S = 416; # seats on the plane
>t = 271.28; # an average ticket cost we're picking
>A := 250000000; # airline overhead costs
>C : = 500; # conpensate bunped custoner with $500 (assum ng
the I argest val ue)
n := 7500; # nunmber of flights per week

S:=416

t:=271.28

A := 250000000
C =500

n:= 7500
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>read( h:/max_profit.txt"):
>max_profit(1l.0,1.30,0.01,0);

di spl ay(ptsplot);
"max profit at g=", 1.15
"max profit: ", 705731730.9
Ta+E] q.-.--.\',q_
EiBe+H o o
b L
£ dewH I: .",
anqm} '
BB
1 105 11 138 12 1% 13
>max_profit(1l.14,1.16,0.001,0);
di spl ay(ptsplot);
"max profit at g= ", 1.150
"max profit: ", 705731730.9
7 0568 408 e Tmea,
7 D54e+08 o o
TO520s0B o N
7OSesDE] o '
T D43a=087 .
¥ Dd5e 08 : : . .
1141144 1,148 1982 1156 1,16
Increased airline overhead costs
>S = 416; # seats on the plane
>t = 271.28; # an average ticket cost we're picking
>A = 500000000; # airline overhead costs
>C : = 500; # conpensat e bunped custoner wi th $500 (assum ng
the I argest val ue)
n := 10500; # nunber of flights per week
S:=416
t:=271.28
A := 500000000
C =500
n := 10500

>read( h:/max_profit.txt"):
>max_profit(1.0,1.30,0.01,0);
di spl ay(ptsplot);

"max profit at g=", 1.15
"max profit: ", 838024423.3
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>max_profit(l.14,1.16,0.001, 0);
di spl ay(ptsplot);
"max profit at g= ", 1.150
"max profit: ", 838024423.3
B 30406 T
837 B H0E 2 "
AR+ o a
Bl LR El o
AIed@| 0 .
BiTedE] o
A 8+
A JEEeHE]
3 T b H g ——————
{41144 1148 17952 1155 1796
Decreased airline overhead costs
>S = 416; # seats on the plane
>t = 271.28; # an average ticket cost we're picking
>A : = 125000000; # airline overhead costs
>C : = 500; # conpensate bunped custoner with $500 (assum ng
the | argest val ue)
n := 10500; # nunber of flights per week
S:=416
t:=271.28
A = 125000000
C =500
n := 10500

>read( " h:/max_profit.txt’):
>max_profit(1.0,1.30,0.01,0);

di spl ay(ptsplot);
"max profit at g= ", 1.15
"max profit: ", 1213024424,

120400 a L

1 1BawE @ By
1. 1Ba+Iai . "o
1 14n409} o “
1 13a#I31 = T
11aald o
| Dl ®
i I:EE+E!I

15 11 108 12 1% 13

>max_profit(1l.14,1.16,0.001, 0);
di spl ay(ptsplot);

"max profit at g= ", 1.150

"max profit: ", 1213024424,
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Increased compensation

>S # seats on the plane

>t = 271.28; # an average ticket cost we're picking

>A : = 250000000; # airline overhead costs
#

416;

>C : = 600; conpensat e bunped custoner wi th $500 (assum ng
the | argest val ue)
n := 10500; # nunmber of flights per week
S:=416
t:=271.28
A := 250000000
C =600
n := 10500
>read( h:/max_profit.txt’):
>max_profit(1.0,1.3,0.01,0);
di spl ay(ptsplot);
"max profit at g= ", 1.14
"max profit: ", 1083451605.
1 a8y Lol 1
1 B+ o .
1 Dda+104 A b
1 [0 : '
laHEy " S
9EaHEy 7 "
uwaubs *
4448 &
1 1E L O1LiE 12 13 13
>max_profit(1l.13,1.15,0.001,0);
di spl ay(ptsplot);
"max profit at g= ", 1.143
"max profit: ", 1083795976.
1.0+ ah*°¢°"n“b#
1 D83 408 h v
1. a
| DEzes08]
1ESaE] ©
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Decreased compensation
>S = 416; # seats on the plane
>t = 271.28; # an average ticket cost we're picking
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>A = 250000000; # airline overhead costs
>C : = 400; # conpensat e bunped custoner wi th $500 (assum ng
the | argest val ue)
n := 10500; # nunmber of flights per week
S:=416
t:=271.28
A := 250000000
C =400
n := 10500

>read( " h:/max_profit.txt’):
>max_profit(1.0,1.3,0.01,0);
di spl ay(ptsplot);

"max profit at g= ", 1.16
"max profit: ", 1094427832.
1 10 |I."Ii Lo T
1 (MY w Ty,
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3 b+ y
T 188 11 118 1.2 1.4 1A
>max_profit(1l.15,1.17,0.001, 0);
di spl ay(ptsplot);
"max profit at g= ", 1.163
"max profit: ", 1094589940.
1 Dt st} L
1 342 410 wt ",
1 (ks +F L
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K3 41
e —
2 1158 1164 1168
Effects of September 11
>S = 416; # seats on the plane
>t := 314.15; # an average ticket cost we're picking
>A := 250000000; # airline overhead costs
>C : = 400; # conpensate bunped custoner with $500 (assum ng
the I argest val ue)
n := 8600; # nunmber of flights per week (K)
S:=416
t:=314.15
A := 250000000
C:=400
n := 8600

>read( h:/max_profit.txt"):
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>max_profit(1.0,1.3,0.01,0);
di spl ay(ptsplot);
"max profit at gq=", 1.17
"max profit: ", 1030263837.
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>max_profit(l.16,1.18,0.001, 0);
di spl ay(ptsplot);

"max profit at g= ", 1.170

"max profit: ", 1030263837.
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Appendix B—Memoto CEO

MEMORANDUM

TO: LARRY AIRLINE, CEO

FROM: MCM

SUBJECT: OPTIMAL OVERBOOKING STRATEGY
DATE: 5/3/02

In light of the current condition of the airline industry, we have found it in our best interest to re-
examine our overbooking strategy. We have developed a model of our overbooking strategy
based on costs, ticket prices, passenger tendencies, and the number of flights we fly per week.
Through rigorous analysis of our situation we have concluded that the optimal overbooking
strategy in order to maximize profit is to increase overbooking to approximately 17% per plane.
Whilethisaoneis unlikely to solve our current difficulties, it isastep in the right direction.

Sincerely,
MCM
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