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Figure 1. Logic flow chart showing the strategy implemented in determining
flight logistics within our model.

if there is only one element in the list this city is set as the
destination. If the output is empty, the city with the greatest
demand is chosen. If either of these lists contains multiple
possible cities, the algorithm selects the destination with the
highest return demand. This allows for the most people to be
transported to the hub so they can be transferred to their final
destinations. If the demand for the return flight is the same for
two or more of these possible cities, the algorithm selects the
first destination. A vector named “Possible Cities” keeps track
of the viable destinations throughout the elimination process.

In order for the algorithm to keep track of demand through-
out the day, the “W” matrix is updated through time. There-
fore, when the algorithm outputs the destination city, the
number of people on the flight is subtracted from the origin
city in W throughout the rest of the day.

IV. RESULTS

Table I and Table II show the input matrices “W” and “T”
used in the simulation, respectively.

Table I
“W” MATRIX SHOWING INITIAL DEMAND BETWEEN CITY PAIRS.

Boston Chicago Miami
Boston 0 1587 2581
Chicago 1325 0 3098
Miami 4276 5679 0

Table II
“T” MATRIX SHOWING FLIGHT TIMES BETWEEN CITIES AND HUB.

Flight Time City ID # City
10 1 Boston
8 2 Chicago
8 3 Miami

Figure 2 is an example of an output matrix showing the daily
flight schedule for each plane as produced by the algorithm.
The matrix has been conditionally formatted with colors and
numbers representing each route. Positive numbers represent
routes originating from the hub, and negative numbers rep-
resent routes terminating at the hub from the city with the
corresponding ID number as defined in “T”. The number 0.5
denotes that the plane is on the ground at the gate for flight
turnaround.

Figure 2. Example of the output schedule showing the status and destination
of each plane throughout the day.

The results show that in order to meet the demand defined in
the “W” matrix, thirty-six planes are needed of which thirty-
four are completing their last flight at the end of the twenty-
four hour period. At the end of the day, the “W” matrix is
empty indicating total demand has been met. This complies
with the measure of success defined earlier. The average load
factor calculated for the simulation is approximately 43%. By
comparing this to the national statistic, our model appears to
be fairly inefficient. Load factor is an important consideration
for airlines because it is directly correlated with the efficiency
in the use of capital. The higher the load factor, the lower
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the average cost for the airline. The low level of efficiency
within our model shows that the strategy we used is not an
optimal solution for effectively reducing air traffic congestion
and airline costs.

Due to the large number of simplifications made, the model
is not suitable for implementation in a real-world setting.
As discussed previously, one of the largest limitations of the
model is the fixed plane size. In a real-world situation, airlines
would utilize larger and smaller aircraft depending on the
amount of demand for a particular route. A better airline
scheduling system would take different plane sizes into effect.
Another major limitation was that there is no consideration
for dynamic demand, which would change at different times
of the day and year. In addition, the hub model that was used
would rely heavily on optimum flight connections, an issue
that was not directly addressed in the strategy. Once again,
a better airline scheduling system would take into account
seasonal changes in demand as well as changes throughout
the day.

V. CONCLUSION

A method for modeling an airline scheduling system was
presented with discussion of parameters, strategy, and the
resulting outcomes and limitations. While the model is limited,
it is still relevant as a starting point for further investigations to
be conducted in this topic. The parameters chosen were based
on simplifications in order to create an easily implemented
model. Only one strategy was explored based on a hub and
spoke model with a fixed initial demand and plane size. The
outcomes of the model show that all passengers were success-
fully transported to their destinations within the period of one
day; however, the process was fairly inefficient in comparison
to current airline scheduling systems. This confirms that our
model does not have much real world applicability as it is
currently implemented.

In order to reduce the number of limitations and produce
more realistic and valid results, the following suggestions
will provide alternative models to be explored. Investigating
different strategies will also allow for comparative efficiencies
to be determined, something which we were not able to do in
our analysis.

1) Different plane sizes and dynamic demand, taking in
consideration seasonal and daily fluctuations, could be
explored in order to produce a more realistic model.

2) Our model relies on the concept of flight connections;
however, it does not allow a plane to be on the ground
longer than 45 minutes, the minimum turnaround time.
A more efficient strategy could allow planes to wait for
incoming passengers in order to increase the average
load factor. Although airlines would have to pay for
increased ground time, this may lead to more efficient
operations.

3) A more realistic model of the airline’s route network can
be explored in further investigation. For example, many
airlines keep multiple hubs and a model taking this into
account may be able to determine more efficient route
selections. The model would also allow people to finish

their journey at the hub. In addition, if there is sufficient
demand between two cities, the model could take this
into account by flying nonstop and bypassing the hub.

The hub and spoke system explored in this investigation is
encountered in many other fields. With some modifications,
our model provides a foundation for other applications such
as data flow on computer networks in a star topology. While
the model is limited in its current form, it provides insight and
a foundation for further exploration of this fascinating subject.
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