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Abstract
This paper discusses a model for determination of the air traffic flow at the arrival and departure fixes that result in optimal allocation of the total capacity of an airport. An existing model was enhanced by incorporating additional variables and control parameters, using which the effect of reduction in airport system capacity can be investigated. Further, the effect of allocating differing priorities to the aircraft of competing airlines arriving and departing through these fixes on the optimal flows and queues generated can also be studied. The results of a case study demonstrating the effect of these enhancements are also presented.
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Total number of aircraft of tth airline in the arrival queue of jth arrival fix in ith time slot
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Capacity of an arrival fix
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Capacity of a departure fix
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Total number of arriving aircraft of tth airline passing through jth arrival fix in ith time slot
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Total number of aircraft of tth airline passing through kth departure fix in ith time slot 
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Total number of airlines operating at the airport
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Total number of time slots
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Total number of departure fixes
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Total number of aircraft of tth airline in the departure queue of kth departure fix in ith time slot
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Total arrival demand of aircraft of tth airline through jth arrival fix in ith time slot
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Arrival capacity of the runway system in ith time slot
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Departure capacity of runway system in ith time slot
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Total number of aircraft arriving through jth arrival fix in ith time slot
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Total number of aircraft in the arrival queue of jth arrival fix in ith time slot
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Total number of aircraft in the departure queue of kth departure fix in ith time slot
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 Total number of aircraft departing through kth arrival fix in ith time slot
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Priority assigned to the tth airline
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Fraction of terminal capacity available for use
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Arrival priority (used to control the flow of arrival and departure in an interrelated manner)
1. Introduction
Air traffic congestion during arrival and departure at major airports is one of the most severe and fastest growing problems in the air transportation industry. Traffic congestion can be handled either by building new infrastructure to accommodate more traffic, or by ensuring optimal utilization of the resources available. There is a limit to the amount of new airports or runways that can be built; hence the latter approach is more cost effective and practical. FAA is trying to implement many methods to improve the present condition of airport congestion, but still there is a need for developing ideas to mitigate congestion in arrival and departure phases. This paper looks at methodologies for optimal utilization of arrival and departure capacity of an airport that can lead to increase in traffic flows, and hence reduction in the overall queue over a given time interval.
2. Background 
Gilbo (1993) has suggested a method for estimation of capacity of runway system of an airport under various operational conditions, and presented a method to optimize the capacity to best satisfy the expected traffic demand. In this model, the arrival and departure capacities are assumed as interdependent variables whose values depend on arrival/departure ratio in the total airport operations. An arrival–departure capacity curve, as shown in Figure 1 was proposed, which consists of some pairs of number of arrivals and corresponding numbers of departures that can be handled at an airport within a specified time slot.
Figure1 to be inserted here
This study was further extended by Gilbo (1997) to consider the runway (i.e., the airport) and arrival and departure fix capacities as a single system resource. This is achieved by accounting for the interaction between runway capacity and capacity of the fixes to optimize the traffic flow through the airport system, as shown in Figure 2.
Figure 2 to be inserted here
This collaborative optimization model was modified later to accommodate user priorities and converted into a decision support tool for solving traffic flow management problems at airports (Gilbo & Howard, 2000). This tool was successfully evaluated in real life decision making situations at St. Louis Lambert International airport (Gilbo, 2003). Recently, some researchers (Idrissi and Li, 2006) have solved the same capacity allocation problem using a CSP algorithm and replicated results presented in (Gilbo, 1997).
To gain an understanding of Gilbo’s model, it was coded and coupled to OPL, which is a standard optimization tool developed by Van Hentenryck (2002), for the demand profile used in the case study by Gilbo (1997) reproduced in Table 1.

Table 1 to be inserted here
Several optimal solutions were obtained for the case in which equal priority was given to arrival and departure flows. The resulting flows and queues obtained in one such case are compared with those listed in (Gilbo, 1997), as shown in Table 2 and 3, respectively.
Table 2 to be inserted here
Table 3 to be inserted here
It can be seen that while the summation of the total arrival and departure flows (and queues) in all the fixes in each time slot is the same, there are differences in the individual values of the flows (and queues in each slot). Further, the summation of total flows (and queues) through each (arrival and departure) fix is also the same. Since the objective function in (Gilbo, 1997) depends only on the total flows (or queues) in each time slot and each fix, its value is the same in both these solutions. This study indicated that the solution obtained by Gilbo (1997) is non-unique, and one of the ways to make it unique is to assign priorities to flow through each individual fix. The next section explains the modifications made to this model to enhance its capabilities.
3. Modifications to the model by Gilbo (1997)
Gilbo’s model (1997) allocates capacities with a view to minimize the delays or queues at arrival and departure fixes. The current study aims at enhancing this model by incorporating certain additional features. The first of these modifications allows one to estimate the effect of reduction in the capacity of the terminal on the optimal traffic flows and queues that result. This is done by introducing a control parameter (
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) in the model, which puts a restriction on the total available airport system capacity. These could be due to features such as inclement weather conditions, equipment outages, and excessive levels of workload on the air traffic controllers. The terminal capacity Ct is obtained as the maximum value of the summation of arrival and departure capacities at various points on the Capacity curve. Hence, the summation of arrival and departure capacities (
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For instance, the peak total capacity of the arrival departure capacity were shown in Figure 1 is 48 (24 arrivals and 24 departures), which reduces to 36, for 
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=0.75. The representation of this on the Capacity curve is shown in Figure 3. Equation (1) modifies the Capacity curve excluding data points which are operating beyond specified percentage of terminal capacity represented by
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, as shown in Figure 3.

Figure 3 to be inserted here
The second modification enables one to assign priorities to the various aircraft that arrive via the same fixes. While it is always possible to assign equal priority to the aircraft of all airlines that arrive (or depart) via the same fix, this feature allows one to simulate the real life scenarios in which the aircraft of a particular airline might be assigned higher priority over the others. This modification also results in unique solutions being obtained for the optimization problem, since the objective function is now affected by the exact number of aircraft of a particular airline arriving (or departing) via a particular fix in a given time slot.  
4. Formulation of Objective Function and Constraints
The optimization problem is formulated as maximization of the linear objective function consisting of the cumulative arrival and departure flows at the airport over a given time period, as shown in Equation (2). It can be seen that the objective function includes the priority 
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assigned to each airline. The term (N-i+1) assigns a lower priority to the time slots which are in further away in time.
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Apart from the Capacity curve constraints (as shown in Figure 3), the following additional constraints have to be kept in mind while obtaining the optimum flow:

1) All the variables should be non negative, and the queues, flows, demands of aircraft and capacities assigned should be integer.
2) Total arrival queue at the end of (i+1)th time slot is equal to sum of total arrival demand in ith time slot at jth fix and total arrival queue in ith time slot at the jth fix, minus flow through the jth arrival fix in ith time slot, i.e.,
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                                         …. (3)
3) Arrival queue of  tth airline at the end of (i+1)th time slot is equal to the sum of total arrival demand at ith time slot and total arrival queue at ith time slot, minus the flow through the arrival fix in ith time slot, i.e.,    
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                                       …. (4)

4) Total departure queue at the end of (i+1)th time slot is equal to the sum of total departure demand and departure queue at the ith time slot, minus flow through the departure fix at the ith time slot, i.e., 
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                                         …. (5)      

5) Departure queue of  tth airline at the end of (i+1)th time slot is equal to sum of total arrival demand  in ith time slot at kth fix and total departure queue in ith time slot at kth fix minus flow through the departure fix, i.e., 
                 
[image: image37.wmf]i+1iii

k, tk, tk, tk, t

q=q+b-h

                                         …. (6)

6) Total arrival flow through arrival fixes in ith time slot cannot exceed the arrival fix capacity in that time slot, i.e., 
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7) Total departure flow through departure fixes in ith time slot cannot exceed the departure fix capacity in that time slot, i.e.,
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8) Total arrival and departure capacity in ith time slot cannot exceed the available Terminal capacity, i.e.,
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9) Total aircraft arrival flow in ith time slot through all arrival fixes cannot exceed the summation of total arrival demand up to the ith time slot, i.e., 
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10) Total aircraft departure flow in ith time slot through all departure fixes cannot exceed summation of total departure demand up to the ith time slot, i.e.,
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11) Total actual arrivals in ith time slot through jth arrival fix should be equal to the summation of aircraft arrivals of all M airlines in ith time slot, i.e.,
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12) Total actual departures in ith time slot through kth departure fix should be equal to the summation of aircraft departures of all M airlines in ith time slot, i.e.,
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13) Total arrival queue in ith time slot through jth arrival fix should be equal to the summation of arrival queues of all aircraft of M airlines in ith time slot, i.e., 
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14) Total departure queue in ith time slot through kth departure fix should be equal to the summation of departure queues of all aircraft of M airlines for ith time slot, i.e.,                                      
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15) Total arrival demand in ith time slot through jth arrival fix should be equal to the summation of arrival demand of all M airlines in ith time slot, i.e.,
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16) Total departure demand in ith time slot through kth departure fix should be equal to the summation of departure demand of all M airlines in ith time slot , i.e.,
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17) Total arrival flow should not exceed the runway arrival capacity, i.e.,
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18) Total departure flow should not exceed the runway departure capacity, i.e.,  
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5. Hypothetical example to illustrate the enhanced model 
To illustrate the usefulness of the model, the total demand through each fix in each time slot listed in Table 1 was hypothetically split into arrival and departure demand for four airlines. The optimized flows (and the resulting queues) thus obtained are presented in this section.
Table 4 and 5 list the assumed demand data for the each arrival and departure fix respectively, for four airlines (
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=4), whose aircraft arrive and depart via 4 arrival (
[image: image52.wmf]L

=4) and 4 departure fixes (
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=4) during 12 time slots (N=12). The maximum capacity of each arrival and departure fix in any time slot is assumed to be 10 (
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=10). The terminal capacity Ct for the capacity curve shown in Figure 2 is (24+24) =48, which is the point in the capacity curve where the maximum arrival departure operations are possible.
Table 4 to be inserted here
Table 5 to be inserted here
5.1 Optimized flows and resulting queues for various airlines
The model was run for the above data, by assigning priorities of 0.7, 0.10, 0.15 and 0.05 to airlines from A1 to A4, respectively, while assigning equal priority to arrival and departure (λ=0.5) operations and assuming that full terminal space is available (
[image: image56.wmf]β

=1). The arrival departure flows obtained for airlines A1 to A4, respectively, are shown in Table 6 and 7.
Table 6 to be inserted here
Table 7 to be inserted here
It can be seen that for the airline A1, which was assigned the highest priority (α1= 0.70), the arrival and departure flows in almost all the fixes match the demand. The only exception to this is the flow through the third arrival fix in the ninth time slot. A queue of 4 is generated here, since the demand (14) in this time slot is more than the maximum capacity of this fix (10). On the other hand, flows are assigned to airline A4 (which has the lowest priority since α4=0.05) only in those slots, where capacity is available after fulfilling the demands and outstanding queues of the other three airlines which are assigned higher values of αt.
Figure 4 shows the reduction in total queue of all airlines as their priority factor αt is increased from 0 to 1, while assigning equal priority to the other three airlines. 
Figure 4 to be inserted here
It can be seen that all airlines have substantial queues, till their own αt < 0.25; since in such situations, all the other airlines have a higher αt assigned to them. Queues for all airlines are seen to sharply reduce for cases with αt 
[image: image57.wmf]³

 0.25. The queues for all airlines are reduced to zero when αt for them exceed 0.5, which shows the incremental effect of αt on reduction of queues. Figure 5 shows the effect of assigning different priorities to each airline. 
Figure 5 to be inserted here 

It can be seen that the queues for all airlines reach high value during time slots 3, 4, 9 and 10, during which the demand is high. However, the queues for all airlines are reduced to zero in time slot 6, since there is low demand in this and the previous slot. Similarly the queues reduce to zero in the last time slot. However, drastic changes in queues are seen in proportion to the assigned priorities. Figure 6 reinforces this observation and shows how the cumulative queues vary for all airlines.
. 

Figure 6 to be inserted here 

It can be seen that when airline A1 is assigned a priority of 0.7, its queue is reduced to zero in almost all time slots in which it had non-zero queue earlier, when all airlines had equal priority (of 0.25 each). Cumulative queues over all the time slots for airline A1 and A3 decreased from 55 to 4 and 33 to 3 respectively. However, the cumulative queues for other airlines increase from 51 to 55 for airline A2 and 81 to 158 for airline A4.
5.2 Effect of control parameter 
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on arrival and departure flows
Equation (1) introduced the control parameter (
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) which can be varied to investigate the effect of changes in overall capacity of the terminal airspace. For instance, the shaded region in Figure 3 indicates the allowable capacity with 
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=0.75. Running the model for demand data listed in Table 1, for any specific value of 
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, (say 
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=0.75, i.e., system operating at 75 % of its peak capacity) we can obtain the respective arrival and departure flows which now optimizes the flow in this scenario, as shown in Tables 8 and 9. 
Table 8 to be inserted here
Table 9 to be inserted here
It is clear that in this hypothetical case, the total arrival and departure flow in each time slot does not exceed 36 (0.75Ct). When the available terminal capacity is less than full capacity, then the total flow is reduced, and the model optimally allocates the reduced flow among the fixes and to respective airlines in the various time slots to maximize the total flow.
6. Conclusions
The model presented in this paper enables determination of optimal air traffic flows through the arrival and departure fixes of an airport, meeting a specified demand profile over some time slots for the aircraft of competing airlines. The introduction of a control parameter further enables modeling the effect of changes in total airport capacity on the traffic that can be handled through these fixes. The results for a hypothetical case study establish the efficacy of this model in allocating the flows through various fixes over the time slots that result in minimum overall queues. It is felt that this enhanced model can be utilized to create a decision support tool for air traffic managers for better management of the traffic in real life scenarios.
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	Time

Slot #
	Arrival Demand
	Departure Demand

	
	Fixes
	∑
	Fixes
	∑

	
	1
	2
	3
	4
	
	1
	2
	3
	4
	

	1
	10
	11
	1
	4
	26
	9
	9
	9
	9
	36

	2
	13
	14
	5
	6
	38
	8
	8
	8
	8
	32

	3
	15
	12
	7
	8
	42
	2
	2
	2
	3
	9

	4
	9
	15
	2
	3
	29
	4
	4
	4
	3
	15

	5
	2
	2
	2
	0
	6
	2
	2
	2
	1
	7

	6
	1
	1
	5
	6
	13
	1
	3
	3
	3
	10

	7
	4
	0
	4
	6
	14
	4
	4
	4
	5
	17

	8
	2
	3
	7
	8
	20
	9
	8
	8
	8
	33

	9
	5
	2
	14
	19
	40
	8
	8
	10
	8
	34

	10
	2
	2
	12
	9
	25
	5
	7
	5
	5
	22

	11
	3
	6
	2
	2
	13
	3
	3
	3
	4
	13

	12
	2
	6
	0
	4
	12
	1
	0
	0
	0
	1

	∑
	68
	74
	61
	75
	278
	56
	58
	58
	57
	229


Table 1: Arrival and departure demand for each fix in each time slot (Gilbo, 1997)
	Time 

Slot #
	Arrival Flow
	Departure Flow

	
	Fixes
	∑
	Fixes
	∑

	
	1
	2
	3
	4
	
	1
	2
	3
	4
	

	1
	10/09 
	10/10
	00/01
	04/04
	24
	07/06
	06/06
	04/06
	07/07
	24

	2
	10/10
	07/10
	03/03
	04/01
	24
	10/06
	05/06
	06/06
	03/03
	24

	3
	10/08
	10/10
	01/02
	03/04
	24
	02/06
	08/06
	04/06
	10/10
	24

	4
	01/08
	10/10
	05/03
	10/05
	26
	03/05
	04/05
	09/05
	03/03
	19

	5
	10/10
	10/10
	08/04
	00/04
	28
	03/02
	02/02
	02/02
	01/01
	8

	6
	09/05
	08/05
	05/09
	06/09
	28
	01/01
	03/03
	03/03
	03/03
	10

	7
	04/04
	00/00
	04/04
	06/06
	14
	04/04
	04/04
	04/04
	05/05
	17

	8
	02/02
	03/03
	07/07
	08/08
	20
	08/07
	08/07
	08/07
	03/03
	27

	9
	02/03
	02/01
	10/10
	10/10
	24
	00/06
	08/05
	10/07
	06/06
	24

	10
	05/03
	02/01
	08/10
	09/10
	24
	09/06
	07/06
	02/06
	06/06
	24

	11
	02/02
	02/05
	10/07
	10/10
	24
	08/06
	02/06
	04/06
	10/10
	24

	12
	03/04
	10/09
	00/01
	05/04
	18
	01/01
	01/02
	02/00
	00/00
	4

	 ∑
	68
	74
	61
	75
	278
	56
	58
	58
	57
	229


Table 2: Comparison of calculated and quoted flows in various fixes

Note: The first entry indicates calculated value, and the second indicated value quoted in (Gilbo, 1997). 
	Time 

Slot #
	Arrival Queue
	Departure Queue

	
	Fixes
	∑
	Fixes
	∑

	
	1
	2
	3
	4
	
	1
	2
	3
	4
	

	1
	00/01
	01/01
	01/00
	00/00
	2
	02/03
	03/03
	05/03
	02/03
	12

	2
	03/04
	08/05
	03/02
	02/05
	16
	00/05
	06/05
	07/05
	07/05
	20

	3
	08/11
	10/07
	09/07
	07/09
	34
	00/01
	00/01
	05/01
	00/02
	5

	4
	16/12
	15/12
	06/06
	00/07
	37
	01/00
	00/00
	00/00
	00/01
	1

	5
	08/04
	07/04
	00/04
	00/03
	15
	00/00
	00/00
	00/00
	00/00
	0

	6
	00/00
	00/00
	00/00
	00/00
	0
	00/00
	00/00
	00/00
	00/00
	0

	7
	00/00
	00/00
	00/00
	00/00
	0
	00/00
	00/00
	00/00
	00/00
	0

	8
	00/00
	00/00
	00/00
	00/00
	0
	01/02
	00/01
	00/01
	05/02
	6

	9
	03/01
	00/01
	04/04
	09/09
	16
	09/04
	00/04
	00/04
	07/04
	16

	10
	00/02
	00/02
	08/06
	09/08
	17
	05/03
	00/05
	03/03
	06/03
	14

	11
	01/03
	04/03
	00/01
	01/00
	6
	00/00
	01/02
	02/00
	00/01
	3

	12
	00/00
	00/00
	00/00
	00/00
	0
	00/00
	00/00
	00/00
	00/00
	0

	 ∑
	Total Arrival queue
	143
	Total Departure queue
	77


Table 3: Comparison of calculated and quoted queues in various fixes
Note: The first entry indicates calculated value, and the second indicated value quoted in (Gilbo, 1997).
	Time Slot#
	Assumed distribution of demand through Arrival Fixes

	
	1
	2
	3
	4

	
	A1+A2+A3+A4
	A1+A2+A3+A4
	A1+A2+A3+A4
	A1+A2+A3+A4

	1
	5+1+3+1
	3+1+6+1
	0+1+0+0
	2+1+1+0

	2
	7+3+2+1
	3+3+7+1
	1+1+1+2
	2+2+2+0

	3
	3+3+3+6
	4+4+0+4
	1+1+1+4
	3+2+1+2

	4
	1+3+3+2
	5+5+0+5
	1+0+1+0
	3+0+0+0

	5
	1+1+0+0
	1+1+0+0
	0+1+1+0
	0+0+0+0

	6
	1+0+0+0
	0+1+0+0
	4+0+1+0
	3+2+1+0

	7
	2+2+0+0
	0+0+0+0
	2+1+1+0
	3+2+1+0

	8
	1+1+0+0
	1+0+2+0
	3+1+2+1
	3+2+1+2

	9
	2+2+1+0
	1+0+1+0
	14+0+0+0
	3+4+2+10

	10
	1+0+1+0
	2+0+0+0
	4+3+2+3
	3+3+3+0

	11
	0+0+0+3
	3+0+0+3
	2+0+0+0
	1+0+1+0

	12
	1+0+1+0
	3+0+0+3
	0+0+0+0
	2+2+0+0

	∑
	25+16+14+13
	26+15+16+17
	32+9+10+10
	28+20+13+14


Table 4: Arrival demand of four airlines at four fixes for 12 time slots.
	Time Slot#
	Assumed distribution of demand through Departure Fixes

	
	1
	2
	3
	4

	
	A1+A2+A3+A4
	A1+A2+A3+A4
	A1+A2+A3+A4
	A1+A2+A3+A4

	1
	6+3+0+0
	4+1+3+0
	2+1+2+4
	4+0+5+0

	2
	4+2+2+0
	4+3+0+2
	3+4+1+0
	4+3+1+0

	3
	1+1+0+0
	0+4+0+1
	1+0+1+0
	2+1+0+0

	4
	2+0+1+1
	1+5+1+0
	1+2+1+0
	2+1+0+0

	5
	2+0+0+0
	1+1+1+0
	1+0+1+0
	0+0+0+1

	6
	0+0+1+0
	1+1+2+0
	2+1+0+0
	1+2+0+0

	7
	2+2+0+0
	1+0+2+0
	2+1+1+0
	2+1+0+2

	8
	4+1+1+3
	2+0+2+3
	5+0+1+2
	2+2+1+3

	9
	2+2+2+2
	2+0+2+2
	8+1+0+1
	2+1+2+3

	10
	1+2+1+1
	4+0+0+0
	2+1+1+1
	2+1+2+0

	11
	1+1+0+1
	1+0+1+0
	1+0+1+1
	2+2+0+0

	12
	1+0+0+0
	0+0+0+0
	0+0+0+0
	0+0+0+0

	∑
	26+14+8+8
	21+15+14+8
	28+11+10+9
	23+14+11+9


Table 5: Departure demand of four airlines at four fixes for 12 time slots.
	Time Slot#
	Optimized  Flow for each airline through Arrival Fixes

	
	1
	2
	3
	4

	
	A1+A2+A3+A4
	A1+A2+A3+A4
	A1+A2+A3+A4
	A1+A2+A3+A4

	1
	5+1+3+0
	3+1+6+0
	0+1+0+0
	2+1+1+0

	2
	7+0+2+0
	3+0+6+0
	1+0+1+0
	2+0+2+0

	3
	3+0+3+0
	4+4+1+0
	1+0+1+0
	3+3+1+0

	4
	1+6+3+0
	5+5+0+0
	1+2+1+0
	3+1+0+0

	5
	1+4+0+5
	1+4+0+5
	0+1+1+6
	0+0+0+0

	6
	1+0+0+5
	0+1+0+6
	4+0+1+0
	3+2+1+2

	7
	2+2+0+0
	0+0+0+0
	2+1+1+0
	3+2+1+0

	8
	1+1+0+0
	1+0+2+0
	3+1+2+1
	3+2+1+2

	9
	2+2+1+0
	1+0+1+0
	10+0+0+0
	3+2+2+0

	10
	1+0+1+0
	2+0+0+0
	8+0+2+0
	3+4+3+0

	11
	0+0+0+3
	3+0+0+3
	2+3+0+0
	1+1+1+7

	12
	1+0+1+0
	3+0+0+3
	0+0+0+3
	2+2+0+3

	∑
	25+16+14+13
	26+15+16+17
	32+9+10+10
	28+20+13+14


Table 6: Arrival flow data (α1= 0.70, α2 =0.10, α3=0.15, α4=0.05, 
[image: image63.wmf]β

= 1, λ=0.5)
	Time Slot#
	Optimized  Flow for each airline through Departure Fixes

	
	1
	2
	3
	4

	
	A1+A2+A3+A4
	A1+A2+A3+A4
	A1+A2+A3+A4
	A1+A2+A3+A4

	1
	6+0+0+0
	4+0+3+0
	2+0+0+0
	4+0+5+0

	2
	4+0+2+0
	4+0+0+0
	3+0+3+0
	4+3+1+0

	3
	1+6+0+0
	0+5+0+2
	1+5+1+0
	2+1+0+0

	4
	2+0+1+0
	1+2+1+1
	1+2+1+0
	2+1+0+0

	5
	2+0+0+1
	1+0+1+0
	1+0+1+4
	0+0+0+1

	6
	0+0+1+0
	1+0+2+0
	2+1+0+0
	1+2+0+0

	7
	2+2+0+0
	1+1+2+0
	2+1+1+0
	2+1+0+2

	8
	4+1+1+0
	2+1+2+2
	5+0+1+0
	2+2+1+3

	9
	2+2+2+0
	2+1+2+0
	8+1+0+0
	2+0+2+0

	10
	1+2+1+2
	4+4+0+0
	2+1+1+0
	2+2+2+0

	11
	1+1+0+5
	1+1+1+0
	1+0+1+5
	2+2+0+3

	12
	1+0+0+0
	0+0+0+3
	0+0+0+0
	0+0+0+0

	∑
	26+14+8+8
	21+15+14+8
	28+11+10+9
	23+14+11+9


Table 7: Departure flow data (α1= 0.70, α2 =0.10, α3=0.15, α4=0.05, 
[image: image64.wmf]β

= 1, λ=0.5) 
	Time Slot #
	Arrival flow at various fixes
	(

[image: image65.wmf]β

=1
	(

[image: image66.wmf]β

= 0.75

	
	
[image: image67.wmf]β

=1
	
[image: image68.wmf]β

= 0.75
	
	

	
	1
	2
	3
	4
	1
	2
	3
	4
	
	

	1
	10
	10
	0
	4
	10
	3
	0
	0
	24
	13

	2
	10
	7
	3
	4
	9
	0
	2
	8
	24
	19

	3
	10
	10
	1
	3
	10
	9
	3
	3
	24
	25

	4
	1
	10
	5
	10
	8
	10
	1
	0
	26
	19

	5
	10
	10
	8
	0
	0
	8
	10
	10
	28
	28

	6
	9
	8
	5
	6
	4
	10
	6
	1
	28
	21

	7
	4
	0
	4
	6
	4
	0
	2
	0
	14
	6

	8
	2
	3
	7
	8
	10
	0
	1
	10
	20
	21

	9
	2
	2
	10
	10
	0
	2
	0
	4
	24
	6

	10
	5
	2
	8
	9
	8
	2
	0
	5
	24
	15

	11
	2
	2
	10
	10
	3
	3
	0
	10
	24
	16

	12
	3
	10
	0
	5
	1
	6
	7
	10
	18
	24

	(
	68
	74
	61
	75
	67
	53
	32
	61
	278
	213


Table 8: Optimum Arrival flow for 
[image: image69.wmf]β

=0.75, 
[image: image70.wmf]l

=0.5
	Time Slot #
	Departure flow at various fixes
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= 1
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= 0.75
	(
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=1
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	1
	2
	3
	4
	1
	2
	3
	4
	
	

	1
	7
	6
	4
	7
	9
	3
	5
	6
	24
	23

	2
	10
	5
	6
	3
	4
	10
	0
	3
	24
	17

	3
	2
	8
	4
	10
	0
	0
	10
	1
	24
	11

	4
	3
	4
	9
	3
	6
	0
	2
	9
	19
	17

	5
	3
	2
	2
	1
	2
	6
	0
	0
	8
	8

	6
	1
	3
	3
	3
	0
	9
	4
	2
	10
	15

	7
	4
	4
	4
	5
	9
	4
	9
	8
	17
	30

	8
	8
	8
	8
	3
	1
	4
	3
	7
	27
	15

	9
	0
	8
	10
	6
	10
	8
	3
	9
	24
	30

	10
	9
	7
	2
	6
	10
	0
	10
	1
	24
	21

	11
	8
	2
	4
	10
	0
	1
	10
	9
	24
	20

	12
	1
	1
	2
	0
	0
	10
	2
	0
	4
	12

	(
	56
	58
	58
	57
	51
	55
	58
	55
	229
	219


Table 9: Optimum Departure flow for 
[image: image75.wmf]β

=0.75, 
[image: image76.wmf]l

=0.5
Captions of Figures
Figure 1: Airport Capacity Curve (Gilbo, 1997)
Figure 2: Geographically distributed arrival and departure fixes (Gilbo, 1997)

Figure 3: Modified Airport Capacity Curve with 
[image: image77.wmf]β

=0.75  

Figure 4: Effect of increase in airline priority on total (Arrival + Departure) queue

Figure 5: Queues in different time slots with equal and differing priorities assigned to airlines
Figure 6: Cumulative queues in different time slots with equal and differing priorities assigned to airlines
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