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An airline’s main investment is its aircraft. For less turn around time, one could benefit more 
utilized investment. The turn around time is a time from landing of a plane to take-off of a plane. 
By reducing the turn around time, one could increase the profit. Most of flight delays are from 
boarding time, which is the hardest of all ground operations to control. Our goal in this project is 
to find an optimal boarding scheme. 
 
Airbus A380-800 has two levels. The number of seats varies from 525 to 853 in one or three 
class configuration. In this project, 555-passenger layouts were used with an assumption of full 
capacity on the aircraft. In the lower level, there are 199 seats and in the upper level, there are 
356 seats. Both levels have two aisles; however, the lower level has 3-4-3 configuration and the 
upper level has 2-4-2 configuration.  
 
 
In terms of computation, we adapted an idea from Cellular Automta. This program was used to 
show simulations of existing boarding methods and the one we found using stochastic method. In 
theory, the Integer Programming should give the optimal boarding method. 
 
The basic known boarding methods are: 

• Random 
• Back-to-Front 
• Rotating Block 
• Outside-in 
• Outside-in-Block 
• Reverse Pyramid 

 
The configurations for each method are shown below: 
 

- Random: 
 

 



- Back-2-Front 
 

 
 
 
 

 
- Rotating Block 

 

 
 
 



- Outside-In 
 

 
 
 

- Outside-In-Block 
 

 
 
 
 



- Reverse Pyramid 
 

 
 
 
The playing field consists of a grid walls, seats, aisles, stairs, etc. One square represents one seat 
and aisle width is one square wide. Hallway stairs and door layouts are based on pictures of the 
interior of A380-800. Passenger is an object given a simple logic algorithm. They move 1-2 
squares per time cycle (second) based on a probability. They will not move 30% of the time and 
they move via shortest path to seat. There is no passing and they know the correct aisle to take. 
They spend time putting away luggage before sitting down and the seat interference and aisle 
interference are the only obstacles that increase the boarding time. 
 
Boarding Times from Simulation Data for Cellular Automata in Min:Sec 
 Time between entrants 

Boarding method 

2sec 3sec 4sec 5sec 6sec 

F3,2 28:44 29:08 38:06 47:08 56:25 

Outside-in-Block 29:00 29:33 38:28 47:13 56:35 

Random 33:38 34:03 40:28 49:35 57:30 

Back2Front 31:57 32:44 39:51 48:28 57:30 

Rotating 32:57 33:06 39:56 48:14 57:29 

Outside-in 29:10 29:32 38:21 47:37 56:56 

Reverse Pyramid 29:06 29:26 38:08 47:18 56:30 



Comparison 

 
 
The limitation of this simulation is that this model is for discrete process, not continuous. Also, 
we assumed no one makes mistakes such as going to wrong seat, wrong aisle, or missing a seat 
down an aisle.  
 
Integer programming generates an optimal boarding scheme. It is based only on a list of 
interferences and penalties of interferences and the scheme is chosen by minimizing the sum of 
interferences. 
 
Interferences that took account are seat interference and aisle interference. For seat interference, 
window passenger arrives after an aisle seat and/or middle seat passenger arrived and if not, it 
assigns a penalty of 0-3, based on the probability of passenger interference between boarding 
groups. For aisle interference, one seated closer to the front arrives before one seated further 
back and if not,  a small penalty is assigned, but with the high occurrence rate, this is the greatest 
contribution to the total penalty. 
 



In order to make this method work, we obtained an objective function similar to the one given by 
Van Den Briel, tailored to the A380  case with a 3-2 seat column configuration and symmetry 
about the center axis.  The objective function is the sum of all penalties for each type of 
interference.  The symmetry assumption allows the objective function to consist of cubic and 
quadratic terms, instead of quartic and cubic terms resulting from the 3-4-3 configuration. The 
function is minimized, under the constraint that each seat is assigned to precisely one boarding 
group, using the fmin package in Matlab.   Due to the nonlinearity of the objective function, this 
method does not produce an optimal scheme. The minimization results in the outside-in boarding 
scheme. 
 
Stochastic method assigns each passenger a point (q,r) in the unit square, where q is normalized 
queue position and r is normalized row. Then, using space-time geometry, a constrained 
variational problem is solved. The solution to this problem gives the critical path and boarding 
time as the number of passengers, n, goes to infinity. 
 
This model was applied to test several schemes and the result is shown below: 
 
Random 89.62 1.00 

B2F (2groups) 102.98 1.15 

B2F (3 groups) 116.45 1.30 

B2F (4 groups) 128.87 1.44 

3 groups (2,3,1) 103.50 1.15 

4 groups (4,2,3,1) 104.00 1.16 

4 groups (4,1,3,2) 144.50 1.61 

2 classes, 3 groups in each class (B2F in each class) 91.97 1.03 

3 classes, 2 groups in each class (B2F in each class) - 
lower 
2 classes, 2 groups in each class (B2F in each class) - 
upper 

84.37 0.94 

 
 

- F3,2 
 



 
 
As a result, reverse pyramid scheme is closely resembles F3,2, a hybrid outside-in/back-to-front 
method, which is the best result. However, there are still too many limitations. Furthermore, 
many assumptions neglect human behaviors. 
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