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Why Everyone Hates Economy Seating

Problem B: The Airplane Seating Problem
Summary
Many strategies are available to organize the boarding and unloading of an aircraft.  To allow airlines to select the most effective strategy, we devised a framework that identifies desirable properties of an effective boarding strategy and measures the extent to which different strategies exhibit these properties.  We specify the conditions under which our model applies and consider several aircraft sizes.  Configurations corresponding to the sizes were obtained from airline information.  We also utilize aircraft information to understand the influence of age, carry-on baggage, seating delays, flight experience and walking speed on the boarding process.  This information is used to quantify the delay incurred by various activities performed during boarding.  


We relate the boarding factors to boarding delay by drawing insight from the critical path problem in project scheduling.  When applying these concepts to the airline scheduling problem we found that minimization of the critical path entails maximization of the level of parallelism during the boarding process.  The effectiveness of various boarding strategies can then be evaluated in terms of their parallelism.  Our framework can also empower executives to evaluate strategies that may be proposed in the future.  We found that existing procedures can effectively address either aisle or seating conflicts that arise due to the compact spacing of rows in the economy section.  However, all existing strategies resolve one type of conflict at the expense of the other type.  

We also found that our framework can guide the development of a computer simulation that would allow further investigation.  Thus, our framework is immediately useful as a tool for understanding and predicting the effectiveness of various boarding strategies as well as further modeling by and integration with airline computer systems.  Additionally, we were able to use our evaluation framework to combine the desirable properties of each solution into a new process that maximizes all types of parallelism.  In contrast to existing procedures, our proposed process can mitigate both aisle and seating conflicts.  By minimizing seat and aisle conflicts, our new solution can reduce boarding time.  According to our calculations, each resolution of a seating conflict improves boarding times by 14 seconds and each resolution of a baggage loading conflict improves boarding times by at least 18 seconds.  This decreases ground times, which in turn increases the number of flights that can be executed per unit time and increases profits. 

2007 Mathematical Contest in Modeling
Problem B: The Airplane Seating Problem

Introduction


The given problem involved creating and comparing time efficiencies of boarding and deboarding procedures for various plane sizes.  Our main goal was to minimize total boarding and deboarding time.  Additionally, we decided that a good procedure would incorporate the following: scalability, tolerance to change and comprehensibility.  In order to compare the procedures accurately, we calculated delays that might occur during various boarding and deboarding procedures.  We then evaluated the time efficiency of each procedure based on its ability to minimize delays.

Assumptions


The following assumptions were used in our comparisons and the justifications explain why we thought the assumptions were appropriate.

1. Seat assignments are determined previously.  The boarding strategies are essentially mappings between the seats and the boarding groups. The actual people assigned to those seats do not matter.  Independence from assignments of individuals to seats does not place further constraints on other parts of the airline’s process.

2. We are only concerned with post-boarding problems that might occur.  Any other problem that may lengthen ground time does not reflect the effectiveness of the boarding procedures.

3. People board when their respective boarding group is called.

4. Passengers enter the plane through only one door at the front of the plane.  Our research showed that number and placement of doors, while it does change the overall boarding time, does not change the comparison between different strategies.

5. The individuals in each boarding group enter the plane at a constant rate.

6. Each plane has a single cabin layout according to its size—small, midsize and large.  The layouts chosen are representative of the majority of aircrafts as determined by our research.

7. All classes (first, business, economy) have a uniform layout, including exit rows.  If special considerations are necessary, the strategies may be applied to the remaining individuals.  If class divisions are necessary, the strategies may be applied within each class.

8. Passengers follow the appropriate boarding procedure and use the correct aisle to get to their seat.  

9. Other passengers are the only obstacles in the way of boarding passengers.  Other obstacles would not differentially affect boarding strategies.

10. Once seated, passengers only stand up in order to give another passenger access to his/her seat and sit back down right away.

11. All passengers walk down the aisle(s) at the same average speed.  No passenger may overtake another passenger.

12. Each passenger places a maximum of one bag in the overhead compartment.  This number is based on current carry-on baggage restrictions.

13. No significant problems stowing or retrieving overhead baggage occur.  The unpredictability of this occurrence would distort the accuracy of the evaluation.

14. Passengers remain seated until their respective groups are permitted to deboard the aircraft.  

15. All seats are filled.  The strategies are more important for a high load of passengers.

Representative Layouts
Based on our research of different plane designs, we arrived at representative layouts for each size of plane—small, midsize, and large. 
  We took averages for the number of people that could fit on each size of plane and then applied the layouts we found during research to these numbers.  For small planes, we chose a layout of one aisle with three seats on either side.  For the midsize, we chose a layout of two aisles with two seats on the window and three seats in the middle (between the two aisles). For large planes, we also used two aisles but with three seats on the outsides and 5 seats in the middle.

	
	Small
	Midsize
	Large

	# of People
	132
	259
	627

	# of Aisles
	1
	2
	2

	# of Rows
	22
	37
	57

	Layout
	3-3
	2-3-2
	3-5-3


Derivations Based on Research

We needed to gain insight into human behavior in order to make accurate comparisons.  We began by researching common passenger practices and using this research, we derived accurate values to be used in our calculations.  
Age


We obtained an age distribution from various flight manifests.
  We then determined that the extreme ages are more likely to cause delays.  We performed trials to estimate a maximum and minimum time for an individual to stow and retrieve overhead baggage.  The maximum time was applied to the extreme ages found and the average time was applied to the remaining age groups.  We did the same thing for seat interference, explained below.

Baggage 

Our maximum time allotted towards stowing or retrieving baggage was 30 seconds; our minimum time was 10 seconds.  Our extreme ages comprised 19.1% of people and thus the average time for an individual to stow or retrieve baggage was 
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Seat Interference


Seat interference occurs when a passenger is already seating in a row, blocking another passenger from their seat, and the rows are too compactly spaced to allow another passenger into the row unless the original passenger gets out of their seat.  In order to eliminate the interference, each person blocking the individual to be seated must exit the row, let the individual into the row and return to their original seats.  We performed trials to estimate a maximum and minimum time for an individual to remove seat interference.  Since we decided that this is one of the tasks that the extreme age groups would perform more slowly than the average person, we applied the same age distribution (from the manifests) to our maximum time (30 sec) and average time (15 sec), giving us the following information:
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 EMBED Equation.3  [image: image3.wmf]for p=1

where p=number of people seat interfering an individual
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total time for an individual’s seat interference to be removed,  for p>1

m is the fraction of time in which p are simultaneously working at unblocking the interference.  Two people working at unblocking seat interference takes longer than just one person, but shorter than twice the amount of time for one person to move because their respective unblocking times overlap.
Experience

We obtained flight experience distributions from different Gallup Polls.
  We then determined that the inexperienced passengers are more likely to cause delays.  In order to differentiate the inexperienced passengers we excluded 53% of people based on the fact that they characterized themselves as frequent or occasional flyers.  We knew that some of the remaining 47% (those categorized as “rare or never” flyers) could also be excluded as the “never” flyers.  The question was, how many?  By analyzing other Gallup Polls about how many times people flew and their future flying plans we determined that about 20% of “rare or never” flyers are those that never fly, that is, 10% of all of those polled.  Further analysis of these polls helped us conclude that 20 of the 47% of those polled flew regularly enough that they would not cause delays.  Therefore, 17% of the people polled were inexperienced enough to cause delays.  However, since only 90% of people polled were flyers, then we will consider only 19% (17 of 90) of people on our aircraft as inexperienced enough to cause delays.

Walking Speed


We wanted to estimate how fast passengers would walk down the aisle in order to find their seat.  To do this, we found the average walking speed of an individual (1-1.5 m/s) and applied our results of passenger experience.
  We determined that experience would be the main factor in changing our passengers’ average walking speed due to the fact that inexperienced passengers need to pay more attention to finding their seat and following directions than the experienced passenger does.  We also determined that an individuals’ walking speed would be slowed due to the small width of the aisle, so we chose 1 m/s as the average walking speed for our experienced passengers and a slower speed of 0.75 m/s for our inexperienced passengers.  Thus:
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We obtained information about cabin length and numbers of economy rows and came up with a single row distance of approximately 0.95 meters, measured from the back of one chair to the back of the chair in the following row.
  Thus, we defined our average passenger’s walking speed as 1 row/sec.
Table of Derived Parameters
	Stowing or Retrieving Baggage Time
	14 seconds

	Seat Interference Elimination Time
	18+(0.5)(18)(p-1) seconds, for p people

	Walking Speed
	1 row/second


Our Strategy: Parallelism

When boarding and deboarding an aircraft, each passenger must accomplish a sequence of tasks, such as walking to the row containing their seat, loading their baggage and leaving the aisle to sit in their seat.  When all passengers have completed their tasks, boarding finishes and no further time is consumed in the boarding process.  The complexity of timing arises from the congestion in the boarding tasks.  The physical presence of other passengers can delay the fulfillment of other tasks.  Thus, each task can only be completed when certain other tasks have already finished.  The former task is said to be dependent on the latter tasks.  As a starting point, therefore, we can model the events in the boarding process as a directed graph where nodes are tasks.  An edge from node n to node m means that task n must be completed before node m can start.   The weight of the edge is the time required to complete task n.  We can introduce a node representing the start of the boarding process; a node from the start node to another node means that the task represented by the latter node can start as soon as boarding starts.  We also introduce an end node; when all task nodes connected to the end node have finished the boarding process is finished.  The time required to board the aircraft is the length of the longest path between the start and end nodes.  This is often called the critical path and is often used in project scheduling problems.  We use this concept as the basis of our evaluation of boarding strategies.  


Although traditional critical path analysis starts with the identification of nodes and edges, the graph representing the boarding process is too complex to specify in advance.  Thus, we consider the overall properties of such a graph in order to determine the form of a desirable solution to the aircraft boarding problem.  We note that the number of nodes is so large that the variation in task times is not severe.  Thus, we can approximate a solution to the critical path optimization problem by minimizing the number of nodes (tasks) on the critical path.  This means that the graph of the boarding process should consist of many short paths rather than a few long paths.  The corresponding boarding procedure should thus attempt to maximize the number of tasks that are executed in parallel.  With this in mind, we consider different types of tasks as measure of the level of parallelism in each boarding strategy.


The way that we apply derivations to this concept of parallelism is in terms of our two types of interference: seat interference as defined earlier and aisle interference as defined here.  Aisle interference is caused by other passengers moving slowly in the aisle and stopping to stow baggage in overhead bins.  The tasks mentioned previously are the actions that potentially cause interference and therefore delays.  The following is an evaluation of boarding procedures based on their level of parallelism (how many tasks can be executed simultaneously under each procedure).
Evaluation of Boarding Procedures (Existing and Devised)

Introduction

In the following, we evaluate the time efficiency of the procedures based on their degree of task overlap.  Every time a person stows baggage in the overhead compartment and the time to do this does not overlap with another task, 14 seconds is added to the ground time of the aircraft.  Also, every time there is seat interference without overlap, it adds at least 18 seconds to the total ground time.  The factors related to boarding are such that the total boarding time may fluctuate when repeated, but the Law of Large Numbers (nature of probability) says that as trials are increased, the measured values will converge to the average time of the population.  Since we are looking for the best procedure, our point of evaluation is to compare the boarding procedures, not to determine an exact measurement of boarding time.  
Anarchy I


Anarchy I runs under a “non-procedure procedure.”  It involves no boarding groups, that is, all passengers are free to enter the plane at will.  All passengers still have seat assignments, though there is no order to the boarding.  Since all passengers are entering the aisle(s) with the same tasks (i.e. moving toward respective seats and possible stowing of baggage) to accomplish, there is a potentiality for a high level of parallelism.  However, only a certain number, x, of people can fit in the aisle(s) at one time and thus the maximum overlap is proportionate to x.  Furthermore, because there are no boarding groups, the probability that all x people will be in such a position to complete their aisle tasks simultaneously is quite low.  Additionally, passengers will reach their respective seats at entirely different rates so the chance of another passenger causing seat interference by the time an individual arrives at the proper row is high.  Since this model has poor efficiency with respect to parallelism, it is not a set of procedures to be considered for use but rather a sort of “base case” to compare the other strategies to.

Back-to-Front


As the name suggests, the boarding groups are called according to their proximity to the rear of the aircraft.  A boarding group consists of the individuals assigned to 10 consecutive rows of seating.  This method of boarding is significantly better than the previous procedure especially in the area of aisle interference.  Because passengers are boarded in groups beginning at the rear, there will be a negligible amount of interference in the first part of the aisle(s).  Thus, passengers may move freely at our average walking speed (1 row/sec).  However, there will be roughly the same amount of baggage interference in the rear (progressing toward the front of the plane) due to crowding.  Due to the lack of spacing, the level of parallelism involving the stowing of baggage will be a bit lower.  Overall though, aisle interference is fairly minimal.  Additionally, seat interference is slightly lowered because all individuals reach their seat’s row at approximately the same rate.  Furthermore, it is a very simple procedure to perform, as evidence by its current use by airlines.

“Outside-In”


As the name suggests, the boarding groups are called according to their proximity to the aisle: window seats, then middle seats, then aisle seats for a 3-3 layout.  In an aircraft with two aisles, the middle section is boarded “inside-out.”  Therefore, the name “outside-in” given to this procedure is misleading due to the varying plane layouts.


The boarding groups are such that only one passenger is trying to enter a row on each side of the aisle at a time.  Thus, there is not as much crowding as the previous two strategies so the level of parallelism of stowing baggage is high.  That is, more bags can be stowed simultaneously.  However, with this strategy, because all passengers who enter the plane in a single boarding group are trying to reach seats throughout the plane rather than in a small section (as in Back to Front boarding) there is more aisle interference for those trying to reach the back of the aircraft.  The feature of this procedure that makes this model superior to others is that there is a complete elimination of seat interference.  Our findings that this model is more time efficient than the Back to Front boarding is consistent with our research.
 Also, this method is very simple to understand and can thus be implemented more easily that certain other procedures.

Rotating-Zone


Like the Back-to-Front procedure, Rotating-Zone is boarded according to a group’s proximity to the back of the plane.  However the groups are called in the following order: closest to the rear, furthest from the rear, next closest to the rear, next furthest from the rear; this pattern continues until the groups meet in the middle and all seats are filled.  This method is very similar to Back to Front in its time efficiency in that while aisle interference is eliminated in the portion of the plane not corresponding to the rows of the boarding group called, all passengers in that particular boarding group are crowded into a smaller area around their seating.  Thus less overlap of the tasks such as stowing baggage can occur and the value of efficiency is then essentially the same as the previously describe Back to Front boarding. 

Window-Blind 


Unlike the previous procedures, Window-Blind is our group’s devised procedure.  We came up with this procedure in order to spread our passengers out over the aircraft which would minimize crowding and aisle interference.  Rows are boarded in the same group if they are they are in the same congruence class modulo n, where n is calculated using the following equation:


[image: image6.wmf])

10

/

1

(

R

n

=

, 

where R is the total number of rows rounded to the nearest multiple of 10.  This helps eliminate aisle interference by spreading out the rows boarding together by a factor of n.  This way, more passengers are able to stow baggage and sit down simultaneously, using up only one unit of time.


We devised this procedure in order to enhance the parallelism of stowing baggage in the overhead compartments.  Because the passengers are spread throughout the aisle(s) evenly, more passengers are able to stow their baggage simultaneously.  So by our evaluation of the procedures based on parallelism, this method is quite efficient.  However, it is not 100% efficient in that because the passengers are boarding full rows at a time seat interference is not completely eliminated as it is for “Outside-In”.  However, although seat interference is occurring, because the passengers are spread out as mentioned above, there is a higher potential for the interference to be dealt with simultaneously.  Hence, this method is highly efficient when dealing with both aisle and seat interference.

Seat Interference Elimination

As the name suggests, this procedure completely eliminates the problem and delay of seat interference.  Using this system, passengers are only assigned to rows, not specific seats.  The passengers assigned to rows with windows are instructed to move into the row as far as they can when they reach their row.  Passengers assigned to the middle section of seats (midsize and large planes only) are instructed to move in as far as the middle seat of their row when they reach it.  This strategy is the most time efficient in terms of eliminating seat interference, however most airlines would be disinclined to make use of it due to the fact that it is not very appealing to passengers.  Passengers would not be able to choose whether they had a window, aisle or middle seat.  Nevertheless, the efficiency of this system is so high and so much money will be saved that a cheaper ticket price would sway passengers to travel with the airline using SIE boarding regardless of the seating inconvenience. 

Final Conclusions


After our evaluations of the above pre-existing and devised procedures, we determined that the very best, that is, the most time-efficient methods would eliminate (as fully as possible) both seat and aisle interference.  The two methods that originally eliminate these two interferences, respectively, are the “Outside-In” and Window-Blind procedures.  Thus it was determined that a combination of the two methods would yield the most efficient strategy.  This “comprehensive strategy” would have boarding groups created dependent on if the passengers were sitting in the same row mod n as described previously.  However, this is not the only qualification for passengers to be in the same boarding group.  They must also be seated the same distance from the aisle (i.e. all in aisle seats, all in window seats, etc.). Thus this method, if possible to put into operation, is the most efficient as it completely eliminates seat interferences and at the same time causes the majority of aisle interference tasks to be performed simultaneously.  While this method is slightly harder for the employees to understand and implement, the passengers do not need to understand the procedures; they merely need to get to their seats.  Additionally, the complete efficiency of this method outweighs the complexity of this strategy.

Deboarding Procedures (Existing and Devised)

Anarchy II

This is the only current aircraft deboarding procedure in use which also runs under a “non-procedure procedure.”  Usually after landing, the pilot does not turn off the fasten seatbelt sign until the aircraft is parked at the gate.  At this time, all passengers are free to enter the aisle, retrieve their baggage and begin deboarding.


The following two procedures are not completely compatible with actual human behavior.  However, they would be much more time efficient if we could rely on passengers’ cooperation with the instructions corresponding to the procedures.  

Opposite of “Outside-In”


Under this procedure, passengers are permitted to exit the plane in order of their seat’s proximity to the aisle (closest to furthest from the aisle).  The boarding groups from the Outside-In boarding procedure are dismissed in reverse order.  Although it is necessary for passengers to deboard in this manner regardless of the deboarding procedures, this method of dismissing passengers in groups alleviates congestion in the aisles resulting in easier retrieval of baggage.

Opposite of Window-Blind


Under this procedure, passengers are dismissed in the same manner that they would be boarded using the Window-Blind procedure.  In addition to the benefits of the above procedure, this method further spreads out the passengers entering the aisle(s) at a single time.

Further Investigations
Proportionality of Task Overlap
In order to effectively evaluate each boarding procedure’s time efficiency, a system using the boarding procedures’ respective numerical proportions of parallelism can be used.  Under longer time allowances this would be a good technique but due to time restraints, we chose to use a simpler method of evaluation using parallelism.  Consider the case of aisle interference in a small aircraft (3-3 layout) employing the Back-to-Front procedure for boarding.  Assume, to be safe, that each passenger stows one carry-on bag.  Let P
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 be the proportion of overlap (parallelism) occurring; P=0 means that nobody loads their baggage at the same time and P=1 means that everyone loads their baggage at the same time.  Therefore, the total amount of baggage stowing time is described by the following equation:
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, where k=number of passengers.

Now, since a boarding group consists of 10 rows, 60 people will be boarding at the same time.  Since each row is 0.95 meters, only about 2 passengers per row can fit at a time in the portion of the aisle corresponding to the rows included in the boarding group.  This means that 20 passengers are waiting in the part of the aisle not corresponding to the rows included in their boarding group.  Three passengers’ baggage can fit into the baggage compartment above one row; so our passengers only put their baggage in their boarding group’s section.  Therefore, only 40 of the 60 passengers stow their baggage at the same time.  This gives us an overlap proportion of P=2/3.  Plugging this value into our equation gives:


[image: image10.wmf](

)

9

.

4

sec

294

3

/

2

1

)

60

(

14

14

»

=

-

+

min.

The next boarding group is not called until the influence of the previous boarding group is negligible.  Thus, the maximum time that it takes for one boarding group to stow their baggage in a small aircraft under Back-to-Front boarding is 4.9 minutes.


While it is highly probable that many of the remaining 20 passengers may stow their baggage simultaneously, it is also highly improbable that all of the original 40 stowed their baggage simultaneously. Thus, we decided that the inconsistencies balance each other out.

Multithreaded Computer Simulation

We have proposed a parallelism-based framework that permits evaluation of various strategies for boarding and deboarding an aircraft.  This framework is comprehensive enough to be realistic and yet is simple enough to be understandable and effective in practice.  However, our evaluation framework can also be extended as a plan for further analysis of boarding strategies.  We have found that our discoveries can be implemented in a computer simulation.  Since many passengers can act in parallel but must wait until the requisite space becomes available, the airline boarding problem can be modeled as a multithreaded computer simulation.  The passengers can be threads and synchronization tools can be used to ensure that passengers only execute their tasks when another passenger is not interfering.  Times required to accomplish various tasks, as derived above, can also be incorporated into the program.  If threads communicate the start and end times with a scheduler, the total time to board can be determined.


To confirm that our framework can be used as the basis for a computer simulation, a program was constructed to simulate boarding behavior on an aircraft.  Although the program is only partially operational due to time constraints, the program structure is complete enough to corroborate the compatibility of our framework with a computer simulation.  For the range of situations that we were able to test, the boarding times corresponded with our predictions, and we did not find any outputs that were difficult to reconcile with our predictions.  Thus, we were able to use concurrent programming as a separate confirmation that we can accurately assess the level of parallelism in the boarding strategies.
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Executive Summary

Many approaches to improve the efficiency of a process rearrange tasks so that the longest sequence of activities is minimized.  It is thus desirable to have many short sequences of activities than fewer, longer sequences of activities.  This entails that the number of simultaneous activities in the boarding process should be maximized.  Based on this reasoning, we introduce a method for evaluating boarding procedures based on increasing the number of activities that happen at the same time.


Our analysis revealed that the major contributors to boarding delay are baggage loading and seating conflicts.  Every time a baggage loading conflict is prevented, overall boarding delay can be reduced by at least 14 seconds.  Every time a seating conflict is prevented, boarding delay can be reduced by 18 seconds.  Thus, an ideal solution would reduce both types of conflicts.  For each type of conflict there is a strategy to reduce this conflict, so when one type of conflict is most important to your airline the corresponding strategy can activated.  However, we anticipate that both types of conflicts will be relevant in most cases.  Fortunately, our analysis permits the construction of an additional strategy that minimizes both types of conflicts.


To address baggage loading interference, the Window-Blind strategy can be used.  In this strategy, rows in a given boarding group are separated by an appropriate number of rows.  The degree of separation between rows in a boarding group is determined by the total number of boarding groups.  Thus people are evenly spaced throughout the cabin.  This alleviates crowding in the aisle(s) and creates less problems with the stowing of baggage, thereby shortening the total boarding time decreasing costs to the airline.  We ranked this method as ‘moderate’ for crowding in the plane and also for decrease of costs.  Additionally, the boarding groups keep entire rows together and thus groups of passengers (i.e. families) who specifically purchased consecutive seats are able to board together, keeping customer happy.  Hence, we ranked this method as ‘excellent’ for customer contentment.


The method that best addresses the seat interference problem is commonly known as “Outside-In” boarding.  Quite simply, passengers are boarded according to the distance of their seat from the aisle.  That is all passengers with window seats board together, all passengers with middle seats board together, all passengers with aisle seats, and so on.  This completely eliminates seat interference and reduces boarding delay accordingly.  The decrease of delay will then, clearly, decrease overall costs giving this method a cost effectiveness rating of ‘good’.  Since only one person is entering each side of a row during a single group’s boarding, there are significantly less people in the aisle at once giving this method a crowding evaluation of ‘good’.  The only slight drawback to this method is that groups or families who purchased consecutive seats will have to board at separate times.  However, due to the fact that this strategy shortens the total boarding time, passengers are more satisfied because they have less wait time.  Thus, the contentment factor for this method is ‘good’.


In order to deal with both aisle and seat interference under the same method, we devised the “comprehensive” boarding method as a combination of the previously mentioned strategies.  Since, passengers are spread along the aisle and only one passenger is boarding for each side of a row at a time, both baggage and seating conflicts will be alleviated.  Thus, this method is most time efficient because both types of interference are minimal.  So this strategy has a cost effectiveness rating of ‘excellent’.  The crowding factor is also ‘excellent’ while the passenger contentment is ‘good’, for reasons specified under the “Outside-In” boarding method.

	Ranking of Top 3 Boarding Methods
	Comprehensive Method
	Outside-In Method
	Window-Blind Method

	Money-saving 
	#1—excellent 
	#2—good 
	#3—moderate 

	Customer contentment
	#2—have the same effect
	#2—have the same effect
	#1—excellent 

	Less crowding
	#1—excellent 
	#2—good 
	#3—moderate 



The nature of our proposal is such that an airline may easily select a boarding procedure based on their priorities.  As priorities change, boarding methods used are easily adapted.  The methods can be chosen based on the above table.


Currently, there is one standard deboarding procedure involving only one deboarding group. The following are considerations for a different method that would reduce crowding and disorder.  The first is the opposite of the “Outside-In” strategy.  Passengers are dismissed in the reverse order of their boarding groups (as opposed to deboarding groups).  The second is the opposite of the Window-Blind procedure.  Passengers are dismissed in their original boarding groups.  Due to the restraint on the number of people in the aisle at a time, both of these deboarding methods reduce congestion and disorder.  These strategies, although time-reducing, are only practical if we can rely upon the passengers to comply with deboarding instructions.  The airline may use its discretion to judge whether these deboarding methods are practical and therefore beneficial.  


Our proposal is that the airline employs one of the top 3 boarding methods described above, dependent on its priorities.  Due to the flexible nature of our proposal, the airline can best meet its priorities.  Since the top 3 methods were chosen based on their ability to reduce boarding time, our proposal is the most time efficient and hence the most cost effective.  
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