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Domestic Aircraft Routing by Method of Inequality-Based Multi-objective Genetic Algorithm
Abstract

This study proposes a method of inequality-based multi-objective genetic algorithm (MMGA) to solve the short-haul and quick turn-around aircraft routing problem. The proposed algorithm includes the following features: (1) method of inequality to confine genetic algorithm to search Pareto optimal set in region of interests with little computing effort, (2) an improved rank-based fitness assignment method to significantly increase the speed of fitness evaluation, and (3) a repairing strategy to relax the infeasible flight schedules to help reduce violations of solutions. The MMGA algorithm is successfully applied to solve the aircraft routing problems in a domestic airline company.
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1. Introduction

Due to the enormous cost of acquisition and maintaining aircraft fleets, airlines spend a great deal of effort to developing their flight schedules to maximize their utilization by creating aircraft routings with as embedded little idle time as possible. Facing the dynamic and competitive environment, how to produce an efficient aircraft routing plan becomes the most important task to airlines.
Since the 1950s, the operations research (OR) community has developed a large number of computer models to aid in the solution of airline problems, e.g. fleet assignment, aircraft routing, yield management, etc. However, the airline schedule planning problem is too complex to be solved in a single decision model, the problem is traditionally divided into sequential sub-problems described as (1) schedule generation, (2) fleet assignment, (3) aircraft routing, and (4) crew scheduling. In this research, we focus on the aircraft routing problem only.
Aircraft routing is a sequence of flight legs, with the destination of one flight leg the same as the origin of the next leg in the sequence to generate a daily flight rotation that satisfies the market demand. A good routing plan must be profitable and allow each aircraft to regularly undertake different types of maintenance checks. Conventionally, aircraft routing is processed manually in two phases, schedule construction and schedule evaluation. In the schedule construction phase, a flight schedule is drafted according to various constraints. In the schedule evaluation phase, the draft schedule is adjusted repeatedly until all constraints are satisfied while also attaining all objectives. However, the whole scheduling process is very subjective, time consuming, and human decision is very easy mistaking and hard to training. Additionally, the schedule is difficult to adjust under dynamic environments. Therefore, more efficient aircraft routing methods are needed.
For the daily aircraft routing problem with fixed time-tabled flights and multiple aircraft types, a multi-commodity formulation is presented in Abara (1989). Introducing time window flexibility for the daily aircraft routing and scheduling problem, Desaulniers et al. (1997) used a multi-commodity network flow model involving continuous time variables and time window restrictions on these variables is solved by branch-and-price where the column generator is a time constrained longest path problem.
More recently, integer and linear programming have been proposed to address the aircraft routing problem (Clarke el al., 1997; Barnhart et al., 1998; Yu, 1998). These methods concentrate on the problems of single objective and stationary constraints but have natural limitations for real-world problems with multiple conflicting objectives and dynamic constraints. Most of those work are heuristic in nature and do not guarantee that an optimal aircraft routing solution will be determined.

The aircraft routing problem can be formulated as a multi-objective optimization problem due to each objective has a different definition of optimality. Since multi-objective genetic algorithms (MGAs) emerged as a promising method for its robustness in multi-objective optimization under dynamic constraints, it is used to solve the problem here. Several types of MGAs have been developed such as Multi-objective Optimization Genetic Algorithms (Fonseca and Fleming, 1993), Vector Evaluated Genetic Algorithms (Shaffer, 1985), and Nondominance sorting Genetic Algorithms (Srinivas & Deb, 1994). More details about GA and MGA can be found in Goldberg (1989), Gen & Cheng (1997), and Coello Coello (2000). Most MGAs formulate multiple objectives as a vector, and the set of Pareto optimal solutions, which are non-dominated solutions, are usually determined. However, in practical applications, admissible solutions are needed rather than a large amount of Pareto optimal solutions.

To deal with the problem of the usage of method of inequalities (MOI) in MGA, Liu et al. (1994) have proposed a method of inequality-based multi-objective genetic algorithm (MMGA). The multi-objective nature of control systems design is explicitly take into account in the MOI proposed by Zakian & Al-Naib (1973), and Zakian (1996), where design specifications, or objective requirements are given in the form of inequity. Unlike conventional multi-objective algorithms, the MOI seeks an admissible solution, which is not necessarily a Pareto optimal solution. Due to this fundamental difference, it is not readily apparent how multi-objective GAs should be used to solve inequalities formulated according to the MOI. The global search capability of MMGA can be exploited to find a solution of the inequalities. For the effective use of multi-objective genetic algorithms in the MOI, a MGA to the auxiliary vector index is proposed. The auxiliary vector index can restrict the MGAs to search the Pareto optimal set in the regions of interest with a smaller computing effort for decision-making under multiple conflicting objectives. For the application to the MOI, the search capability of an MGA is more important than the characterization of the Pareto optimal set when the problem has no solution. This study adopts MMGA to solve the short-haul aircraft routing problem. As well as the features mentioned above, a repairing strategy relaxes the infeasible flight schedules to accelerate the convergence.
The remainder of this paper is organized as follows. Section 2 shows the mathematical models. Section 3 then describes the methodology of MMGA. Next, Section 4 presents two experiment results and discussions. Conclusions are finally drawn in the last section.
2. Problem Formulation

This section describes the formulation of the aircraft routing problems. Let 
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2.1 Definition of Flight Schedule
The flight schedule S can be denoted as a two-dimensional 
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where
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2.2 Definition of Objectives
This study attempts to generate a feasible flight schedule S by MMGA to meet the requirements of ground turn-around time and flow balance. However, the requirements are often conflicting and violated for a given flight schedule S. Therefore, the violations and conflicting requirements must be resolved to generate a feasible solution to the current aircraft routing problem.
Considering the objectives of the aircraft routing problem, since each objective has a different definition of optimality, the objectives should not be combined into a single scalar. Additionally, a set of suitable weights to combine the objectives is difficult to find. Moreover, a set of weights may exist to make different solutions identical through a weighted-sum process. Therefore, the problem is formulated as a multi-objective optimization problem, defined as 
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. The objectives considered are ground turn-around time and flow balance. Both objectives are constraints, if one flight schedule violates any of them, it will not be a feasible one. According to Gen & Cheng (1997), the infeasible solutions are handled by rejecting, repairing, penalizing, and modifying genetic operators. If the objective of ground turn-around time is modeled in the form of a hard constraint, then one candidate solution that violates the hard constraint is rejected. The rejecting strategy works well when the feasible region is convex. However, this strategy has limitations when the feasible region is nonconvex. Also, the chance to discover a better solution would be improved if the temporary solution can be repaired. Moreover, when a repairing strategy is applied, the optimum can be potentially reached since it can help across an infeasible region. Therefore, the objective is modeled in the form of soft constraint. Every element in the vector of multiple objectives denotes a violation of each objective 
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The ground turn-around time objective ensures that each aircraft has adequate ground turn-around time not less than the minimum ground turn-around time by regulation, denoted as [image: image26.wmf]GH
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The flow balance objective guarantees that the arrival airport of 
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2.3 Definition of Admissible Bounds
The set of daily flights F is obtained from all airports, an optimal solution is hard to find since it does not always exist. The flights can be adjusted according to the suggestions from experts. Restated, some ranges of violations on both objectives are available. Instead of simply adopting the minimization or maximization form, the MOI is applied to let planners control the violation ranges. Therefore, the objectives are transformed into a set of inequalities by introducing admissible bounds (Zakian & Al-Naib, 1973; Zakian, 1996):
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The admissible bound vector,
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, has two effects in a genetic algorithm: (1) concentrating on searching a solution in the regions of interest, and (2) reducing the inefficient searches by relaxing some constraints, regardless of whether the optimal solution exists or not.

The parameter values in 
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 can be automatically adjusted according to the calculation results. This study was originally aimed to help planners in airline companies. For practical application, planners do not have to ensure that the values of all dimensions are within the admissible bound vector. Hence, an automatic tuning procedure is employed here. According to the properties in Liu et al. (2005), when there exists no utopian solution, the automatic tuning procedure can help planners focus on the solutions in the region of interest by tuning the admissible bound vector 
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2.4 Definition of Auxiliary Performance Index Vector

In original formulations of multi-objective optimization, the set of admissible bounds are not considered. To make the admissible bounds be considered in multi-objective optimization, the auxiliary performance index is proposed. Equation (4) is transformed into the auxiliary performance index vector:
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The auxiliary performance index vector related to the inequalities is converted from the MOI problem to a multi-objective optimization problem. The multi-objective formulation using the auxiliary performance index vector is useful for MOI since the admissible bounds can be combined to all objectives. Therefore, each objective can be transformed to the form of inequalities.

2.5 Definition of Pareto Dominance and Pareto Optimal Solutions

Consider two auxiliary performance index vectors 
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holds for all 
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A solution can be called a nondominated solution, or a Pareto optimal solution, if no other solutions exist to dominate it. Additionally, the set of Pareto optimal solutions is called a Pareto optimal set. Here, the Pareto optimal solutions of the auxiliary performance index vector are not the same with the ones of original objectives. The set of Pareto optimal solutions of the auxiliary performance index vector is the subset of the whole solution space that is restricted in the region of interest. If MOI does not have a solution, then the Pareto optimal set for the auxiliary performance index vector gives the designer helpful information to modify the admissible bounds so that a solution is obtainable.
2.6 Formulation of the Aircraft Routing Problem

As mentioned above, this problem comprises of multiple small-the-best objectives. Instead of combining these objectives into a single scalar, the aircraft routing problem with multiple objectives can be formulated as follows.

Minimize  
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Also, the Pareto optimal solutions of the auxiliary vector performance index can be defined as follows. Consider a vector performance index 
[image: image66.wmf])

,

(

ε

S

Λ

 with a decision vector 
[image: image67.wmf]S

. A vector 
[image: image68.wmf]0

S

 is said to be a utopian solution (or absolutely optimal solution) for the vector performance index 
[image: image69.wmf])

,

(

ε

S

Λ

o

 if and only if

[image: image70.wmf]))

,

(

)

,

(

)((

(

)

)

,

(

)

,

(

)(

(

i

i

i

O

i

k

k

k

O

k

i

k

e

l

e

l

e

l

e

l

S

S

S

S

<

$

Ù

£

"

                     Eq. (8)
for all 
[image: image71.wmf]p

£

£

k

1

 and all 
[image: image72.wmf]S

.
A vector 
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 is said to be a Pareto optimal (or non-dominated) solution if and only if there exists no vector 
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3. Problem Solution
This section introduces three parts of the proposed algorithm. First, the improved rank-based fitness assignment method is adopted to perform multi-objective optimization. Second, a repairing strategy is adopted to handle infeasible solutions.  Finally, the detailed steps of MMGA are described.
3.1 Nondominance Sorting and Improved Rank-based Fitness Assignment Method
Improved rank-based fitness assignment method was first proposed by Liu et al. (1994), and is adopted to calculate the fitness values of the solution in a multi-objective genetic algorithm. Two concepts, namely Pareto dominance (Fonseca and Fleming, 1993), and nondominance sorting and rank (Liu et al., 1994), are introduced to explain this method.
3.1.1 Nondominance sorting and rank:
Suppose that 
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 are most likely to be nondominated solutions. Second, the nondominated and dominated solutions are gradually moved to the nondominated and the dominated sets, respectively. The solutions moved to the nondominated set in iteration k can be ranked as k. The nondominance sorting and rank process is finished when all auxiliary performance index vectors in 
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Step 1: Sort
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Step 2: Let the temporary nondominated set Q and the temporary dominated set G be empty sets.
Step 3: Move
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Step 6: Set the ranks of all the elements
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3.1.2 Improved Rank-Based Fitness Assignment Method

To assign a fitness value to each candidate solution
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 is adopted to calculate the fitness based on the rank value of each candidate solution. The details of the improved rank-based fitness assignment method are listed as follows.
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Output: The fitness values of 
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Step 1: Perform nondominance sorting on
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The nondominance sorting set is denoted as 
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Step 2: The fitness of Λi is given by the following linear function.
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where
f : diversity parameter in MMGA, 
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. To enhance the diversity among all populations, the diversity parameter f is adopted to enlarge the variances between the individuals with different ranks. The fitness value, which can be used in MMGA of each flight schedule, can be calculated according to the improved rank-based fitness assignment method.

3.2 Repairing Strategy
Several methods have been proposed to handle infeasible solutions generated by a GA, which can not satisfy all the constraints in the optimization problems (Gen & Cheng, 1997). These methods can be classified into the following types.
1. Rejecting strategy: Reject any infeasible solutions.

2. Repairing strategy: Infeasible solutions can be transformed into feasible solutions using a specific procedure.

3. Modifying genetic operator strategy: New genetic operators are adopted to transform infeasible solutions into feasible solutions.

4.
Penalizing strategy: The fitness value of an infeasible solution is assigned a penalty value, reducing its fitness to reduce its chance of being preserved.

This study indicates that the flights assigned to each aircraft in random sequence by GAs may result in a temporary solution with high violation values, since some flights with earlier departure times are arranged after ones with later departure time. Such a solution could be repaired to reduce the number of violations on the ground turn-around time objective. Therefore, the repairing strategy is adopted to reorder all flights according to their departure times for each aircraft.

For instance, a flight with departure time 9:00 may be misplaced after a flight with arrival time 10:00. These conditions strongly violate the calculated objective functions. Performing a repairing procedure, i.e. ordering the flights according to their departure time, can help reduce the violations on the ground turn-around objective.
The violations of the solution can be partially repaired after performing the repairing procedure. Additionally, the Pareto optimal set of the flight schedules can be found easily.
3.3 MOI-Based Multiobjective Genetic Algorithm (MMGA)
As indicated in Fig. 1, the parameters of MMGA, such as population size n, maximal number of generation g, crossover rate
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 are given first. Additionally, the admissible bound vector 
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 is also needed. MMGA consists of several steps, namely chromosome encoding, repair, evaluation, selection, crossover, and mutation. Fig. 2 shows the encoding model of the chromosomes. Initial solutions are generated randomly. Each aircraft identifier is arranged in rows with the assigned flights in columns. In the repairing process, each candidate solution is repaired by the repairing strategy. Additionally, the chromosomes are measured according to Eq. (2) and Eq. (3), transformed with the auxiliary performance index vector as Eq. (5), and the fitness is calculated according to the improved rank-based fitness assignment method procedure. The selection process adopts the Roulette wheel selection method.
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Fig. 1 Flowchart of MMGA
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Fig.2 Chromosome encoding

For computing convenience, dummy flights are assigned to a chromosome (or a flight schedule) to give chromosome the same length of gene. The two-dimensional chromosome is translated into a one-dimensional string, as depicted in Fig. 3.
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Fig. 3 Transformation of the original chromosome
The partial mapped crossover (PMX) (Gen & Cheng, 1997) is adopted in the crossover process. Since the problem of aircraft routing problem is a combinatorial problem similar to the traveling salesman problem (TSP), the chromosome encoding schemes in GA to solve these kinds of problems are generally the permutation representation. Each gene in a combinatorial problem can only exist once in all chromosomes. Therefore, a mapping relationship should be determined first when performing the crossover operation. Second, the duplicated genes should be replaced according to the mapping relationship. Via the PMX, the problem of infeasible offspring caused by redundant genes can be solved. A swap mutation is adopted in the mutation process. The processes continue to repair, evaluate, and calculate fitness values iteratively until that either the generation counter t reaches the maximum number of generation g or all the objectives are satisfied.
The detailed algorithm is described as follows:

Input: (1) A set of flight schedules 
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(2) Two temporary sets of flight schedules: [image: image121.wmf])
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(3) The admissible bound vector ε.

Output: A set of optimal flight schedules within meeting the requirements of admissible bounds.

Step 1: Determine the MMGA parameters: population size n, maximum number of generations g, crossover rate 
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Step 2: Determine the admissible bound vector 
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Step 3: Let 
[image: image126.wmf]0

:

=

t

. Initialize the population D(t).

Step 4: Adopt the repairing strategy to adjust all chromosomes for the violation of time constraint violation.

Step 5: Evaluate the auxiliary perform index vector of each individual S(t) in entire population n.
Step 6: Apply improved rank-based fitness assignment method to calculate the fitness of each individual S(t).

Step 7: If the number of current generation t reaches g, or all the objectives are satisfied, then stop the algorithm.
Step 8: Choose two individuals using the roulette wheel selection method.

Step 9: Perform crossover and mutation operations to generate the populations of next generation t+1 in the mating pool [image: image127.wmf])
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Step 10: Adopt the repairing strategy for the chromosomes in[image: image128.wmf])
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Step 11: Evaluate the auxiliary performance index vector of each individual in [image: image129.wmf])
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Step 13: Adopt improved rank-based fitness assignment method again to calculate the fitness of each individual in[image: image131.wmf])
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4. Experiment Results
Since Taiwan domestic flights are mostly short-haul flights, typically less then one hour and quick turn-around. Also the markets are very competitive with buses, high-speed railway and other airlines, the aircraft routing problem become more complex. A MMGA-based system was implemented to address in this domestic aircraft routing problem, and was adopted to simulate two cases for a Taiwan domestic airline. Table 1 shows the airline timetable with 79 flights obtained from a real airline schedule. The flight routing network covers seven airports as shown in Fig. 4. The crossover rate, mutation rate, number of generations, population size, reproduction rate, and diversity maintenance parameter f, as obtained from experimental tests, are 1, 0.2, 5000, 100, 0.8 and 2, respectively. Here, the ground turn-around time TGH is 25 minutes.
Table 1 Timetable used in case study
	Flight #
	Departure
	Arrive
	From
	To
	Flight #
	Departure
	Arrive
	From
	To

	872
	09:15
	09:50
	HUN
	TSA
	811
	11:00
	11:50
	TSA
	KHH

	878
	19:00
	19:35
	HUN
	TSA
	803
	07:50
	08:40
	TSA
	KHH

	876
	14:00
	14:35
	HUN
	TSA
	831
	19:30
	20:20
	TSA
	KHH

	874
	11:20
	11:55
	HUN
	TSA
	8121
	16:30
	17:20
	TSA
	KHH

	842
	22:00
	22:50
	KHH
	TSA
	805
	08:40
	09:30
	TSA
	KHH

	826
	16:30
	17:20
	KHH
	TSA
	809
	10:15
	11:05
	TSA
	KHH

	806
	08:10
	09:00
	KHH
	TSA
	837
	21:30
	22:20
	TSA
	KHH

	836
	20:35
	21:25
	KHH
	TSA
	821
	15:50
	16:40
	TSA
	KHH

	828
	17:30
	18:20
	KHH
	TSA
	815
	13:10
	14:00
	TSA
	KHH

	830
	18:30
	19:20
	KHH
	TSA
	833
	20:00
	20:50
	TSA
	KHH

	824
	15:30
	16:20
	KHH
	TSA
	823
	17:05
	17:55
	TSA
	KHH

	818
	12:45
	13:35
	KHH
	TSA
	817
	14:05
	14:55
	TSA
	KHH

	810
	09:30
	10:20
	KHH
	TSA
	829
	19:00
	19:50
	TSA
	KHH

	8128
	18:00
	18:50
	KHH
	TSA
	807
	09:30
	10:20
	TSA
	KHH

	812
	10:05
	10:55
	KHH
	TSA
	841
	22:30
	23:20
	TSA
	KHH

	816
	11:50
	12:40
	KHH
	TSA
	825
	18:00
	18:50
	TSA
	KHH

	840
	21:30
	22:20
	KHH
	TSA
	813
	12:10
	13:00
	TSA
	KHH

	838
	21:00
	21:50
	KHH
	TSA
	839
	22:00
	22:50
	TSA
	KHH

	822
	14:30
	15:20
	KHH
	TSA
	683
	14:25
	15:20
	TSA
	KNH

	814
	10:55
	11:45
	KHH
	TSA
	681
	10:40
	11:35
	TSA
	KNH

	832
	19:30
	20:20
	KHH
	TSA
	609
	17:45
	18:30
	TSA
	MZG

	820
	13:40
	14:30
	KHH
	TSA
	607
	13:10
	13:55
	TSA
	MZG

	684
	15:50
	16:45
	KNH
	TSA
	883
	10:10
	10:55
	TSA
	TNN

	682
	12:05
	13:00
	KNH
	TSA
	895
	18:35
	19:20
	TSA
	TNN

	610
	19:00
	19:45
	MZG
	TSA
	897
	20:20
	21:05
	TSA
	TNN

	608
	15:00
	15:45
	MZG
	TSA
	891
	15:45
	16:30
	TSA
	TNN

	604
	10:25
	11:10
	MZG
	TSA
	893
	17:35
	18:20
	TSA
	TNN

	884
	09:00
	09:45
	TNN
	TSA
	887
	13:05
	13:50
	TSA
	TNN

	894
	17:20
	18:05
	TNN
	TSA
	889
	14:25
	15:10
	TSA
	TNN

	892
	16:00
	16:45
	TNN
	TSA
	853
	09:05
	09:55
	TSA
	TTT

	890
	14:30
	15:15
	TNN
	TSA
	859
	15:05
	15:55
	TSA
	TTT

	896
	18:55
	19:40
	TNN
	TSA
	857
	13:35
	14:25
	TSA
	TTT

	898
	19:55
	20:40
	TNN
	TSA
	865
	19:10
	20:00
	TSA
	TTT

	886
	11:25
	12:10
	TNN
	TSA
	861
	16:25
	17:15
	TSA
	TTT

	877
	17:40
	18:15
	TSA
	HUN
	854
	10:30
	11:20
	TTT
	TSA

	873
	10:20
	10:55
	TSA
	HUN
	852
	09:10
	10:00
	TTT
	TSA

	875
	12:50
	13:25
	TSA
	HUN
	858
	14:55
	15:45
	TTT
	TSA

	835
	20:40
	21:30
	TSA
	KHH
	860
	16:25
	17:15
	TTT
	TSA

	819
	15:00
	15:50
	TSA
	KHH
	862
	17:45
	18:35
	TTT
	TSA

	866
	20:30
	21:20
	TTT
	TSA
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Fig.4 Routing network of all flights
As mentioned in Section II, the values of the auxiliary performance indices 
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4.1 Experiment One: Schedule Generated by MMGA

This case indicates that MMGA can solve the aircraft routing problems. Fig. 5 shows the aircraft routing solution with nine aircrafts which meets the objectives in the admissible bounds
[image: image142.wmf])

0

,

0

(

=

)

(

ε

S

Λ

,

. The horizontal axis is the flight operation time from 7:00 to 23:59. The vertical axis denotes different aircraft identities. Fig. 6 shows the convergence of the normalized value 
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 from the population with the minimal fitness value in generation t. 
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 is the value from the population with the minimal fitness value in the first generation. Two objectives seem to be stagnating between stages A and B. That is, this becomes a local optimal solution since the ground turn-around time constraint is satisfied while the flow balance objective is not. Considering the two conflicting objectives, the repairing process can relax the ground holding time constraint first. Consequently, at stage B, the violation on the ground turn-around objective increases, while the violations of the flow balance objective decreases. Both constraints decrease to zero at stage C. Finally, the program obtains an optimal solution for this case study at the 892th generation.
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Fig.5 An aircraft routing solution with 9 aircrafts
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Fig. 6 Convergence of the violations on ground turn-around and flow balance in normalized values
4.2 Experiment Two: Optimal Usage of Aircrafts

The case indicates that MMGA can help airlines deploy their aircraft utilization more effectively, thus reducing the operation cost of airlines. From the aircraft routing of case one, many time slots are empty, meaning that a flight schedule is possibly flown by fewer aircrafts for the same flight duties in case one. A common enhancement to the schedule is to increase the number of flights or decrease the number of aircrafts. This case reduces the number of aircrafts by two, to make seven aircraft. Therefore, 
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. After the simulation, the auxiliary performance index vector 
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is obtained, resulting in the schedule in Fig. 7.
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Fig. 7 An aircraft routing solution with 7 aircrafts
In Fig. 7, white rectangles denote valid flights; gray rectangles represent flights with inadequate ground turn-around time with respect to their previous flights, and black rectangles denote the flights whose origins are different to the destinations of their previous flights. Many gray and black rectangles overlap with their previous flights in Fig 7. Therefore, this aircraft routing solution is not only infeasible, but also difficult to adjust.

However, if 8 aircrafts are adopted for the same flight schedule S, then the values of
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. Fig. 8 shows the new result with the auxiliary performance index vector 
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. Additionally, after adopting a fine-tuning process, which automatically adjust the departure times of flights that violate the ground turn-around objective. Fig. 9 shows an example of the fine-tuning result, and indicates that only one flight violates the flow balance objective. If planners cancel the flight, then the airline can save a large amount of operation cost by deploying fewer aircrafts without canceling many flights. Additionally, planners can adjust the flight schedule manually to create feasible aircraft routing solutions.
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Fig. 8 An experimental result with 8 aircrafts
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Fig. 9 A repaired experimental result with 8 aircrafts
5. Conclusions
Airline operations are in an environment that is difficult to predict. The terrible attacks events of September 11, 2001 and the subsequent wars in Afghanistan and Iraq, and more recently Severe Acute Respiratory Syndrome (SARS) had seriously impact on the whole world airline industry. In order to maintain the profitability, Taiwan domestic airlines clearly utilize their most expensive capital assets and their associated variable factors very efficiently just like low-cost carriers. How to make an efficient aircraft routing plan and keep airline fleets size more reasonable become a critical challenge to airlines.
This study has successfully adopted MMGA to solve the aircraft routing problem with conflicted multiple objectives. The effectiveness of the approach is largely owing to the MOI, improved rank-based fitness assignment method and repairing strategy. MMGA can help airlines develop their fleet utilization more efficiently, as demonstrated in two case studies. MMGA also can be adopted to solve the aircraft routing problem with multiple objectives under dynamic constraints. As well as changing in the admissible bound, a user can verify and modify the schedule to make it feasible.
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FitnessUsed

				Ground trun-around time constraint		Flow balance constraint		Ground trun-around time constraint		Flow balance constraint

		1		1275		36		0.8644067797		1		0		0		3

		2		1475		32		1		0.8888888889		0		0		4

		3		1470		32		0.9966101695		0.8888888889		0		0		4

		4		1400		30		0.9491525424		0.8333333333		0		0		5

		5		1400		30		0.9491525424		0.8333333333		0		0		5

		6		1335		28		0.9050847458		0.7777777778		0		0		4

		7		1330		28		0.9016949153		0.7777777778		0		0		4

		8		1330		28		0.9016949153		0.7777777778		0		0		4

		9		1310		28		0.8881355932		0.7777777778		0		0		4

		10		1310		28		0.8881355932		0.7777777778		0		0		4

		11		1310		28		0.8881355932		0.7777777778		0		0		4

		12		1330		27		0.9016949153		0.75		0		0		4

		13		1210		28		0.8203389831		0.7777777778		0		0		4

		14		1210		28		0.8203389831		0.7777777778		0		0		4

		15		1190		28		0.806779661		0.7777777778		0		0		4

		16		1190		28		0.806779661		0.7777777778		0		0		4

		17		1245		27		0.8440677966		0.75		0		0		4

		18		1135		28		0.7694915254		0.7777777778		0		0		3

		19		1185		27		0.8033898305		0.75		0		0		4

		20		1185		27		0.8033898305		0.75		0		0		4

		21		1185		27		0.8033898305		0.75		0		0		4

		22		1185		27		0.8033898305		0.75		0		0		4

		23		1135		27		0.7694915254		0.75		0		0		3

		24		1165		25		0.7898305085		0.6944444444		0		0		4

		25		1165		25		0.7898305085		0.6944444444		0		0		4

		26		1165		25		0.7898305085		0.6944444444		0		0		4

		27		1165		25		0.7898305085		0.6944444444		0		0		4

		28		1165		25		0.7898305085		0.6944444444		0		0		4

		29		1165		25		0.7898305085		0.6944444444		0		0		4

		30		1120		25		0.7593220339		0.6944444444		0		0		3

		31		1115		24		0.7559322034		0.6666666667		0		0		4

		32		1080		23		0.7322033898		0.6388888889		0		0		4

		33		1080		23		0.7322033898		0.6388888889		0		0		4

		34		1080		23		0.7322033898		0.6388888889		0		0		4

		35		1080		23		0.7322033898		0.6388888889		0		0		4

		36		1080		23		0.7322033898		0.6388888889		0		0		4

		37		1080		23		0.7322033898		0.6388888889		0		0		4

		38		1080		23		0.7322033898		0.6388888889		0		0		4

		39		1080		23		0.7322033898		0.6388888889		0		0		4

		40		1080		22		0.7322033898		0.6111111111		0		0		6

		41		1105		20		0.7491525424		0.5555555556		0		0		4

		42		1105		20		0.7491525424		0.5555555556		0		0		4

		43		1105		20		0.7491525424		0.5555555556		0		0		4

		44		1040		19		0.7050847458		0.5277777778		0		0		3

		45		1040		19		0.7050847458		0.5277777778		0		0		3

		46		1040		19		0.7050847458		0.5277777778		0		0		3

		47		1040		19		0.7050847458		0.5277777778		0		0		3

		48		1040		19		0.7050847458		0.5277777778		0		0		3

		49		1040		19		0.7050847458		0.5277777778		0		0		3

		50		995		19		0.6745762712		0.5277777778		0		0		3

		51		995		19		0.6745762712		0.5277777778		0		0		3

		52		995		19		0.6745762712		0.5277777778		0		0		3

		53		995		19		0.6745762712		0.5277777778		0		0		3

		54		995		19		0.6745762712		0.5277777778		0		0		3

		55		995		19		0.6745762712		0.5277777778		0		0		3

		56		995		19		0.6745762712		0.5277777778		0		0		3

		57		995		19		0.6745762712		0.5277777778		0		0		3

		58		995		19		0.6745762712		0.5277777778		0		0		3

		59		995		19		0.6745762712		0.5277777778		0		0		3

		60		1065		18		0.7220338983		0.5		0		0		3

		61		1065		18		0.7220338983		0.5		0		0		3

		62		1035		18		0.7016949153		0.5		0		0		3

		63		1035		18		0.7016949153		0.5		0		0		3

		64		1035		18		0.7016949153		0.5		0		0		3

		65		1035		18		0.7016949153		0.5		0		0		3

		66		960		18		0.6508474576		0.5		0		0		3

		67		960		18		0.6508474576		0.5		0		0		3

		68		960		18		0.6508474576		0.5		0		0		3

		69		960		18		0.6508474576		0.5		0		0		3

		70		995		17		0.6745762712		0.4722222222		0		0		3

		71		995		17		0.6745762712		0.4722222222		0		0		3

		72		995		17		0.6745762712		0.4722222222		0		0		3

		73		995		17		0.6745762712		0.4722222222		0		0		3

		74		995		17		0.6745762712		0.4722222222		0		0		3

		75		995		17		0.6745762712		0.4722222222		0		0		3

		76		995		17		0.6745762712		0.4722222222		0		0		3

		77		995		17		0.6745762712		0.4722222222		0		0		3

		78		975		15		0.6610169492		0.4166666667		0		0		3

		79		870		15		0.5898305085		0.4166666667		0		0		3

		80		870		15		0.5898305085		0.4166666667		0		0		3

		81		870		15		0.5898305085		0.4166666667		0		0		3

		82		870		15		0.5898305085		0.4166666667		0		0		3

		83		870		15		0.5898305085		0.4166666667		0		0		3

		84		870		15		0.5898305085		0.4166666667		0		0		3

		85		870		15		0.5898305085		0.4166666667		0		0		3

		86		845		15		0.5728813559		0.4166666667		0		0		1

		87		845		15		0.5728813559		0.4166666667		0		0		1

		88		845		15		0.5728813559		0.4166666667		0		0		1

		89		845		15		0.5728813559		0.4166666667		0		0		1

		90		845		15		0.5728813559		0.4166666667		0		0		1

		91		845		15		0.5728813559		0.4166666667		0		0		1

		92		845		15		0.5728813559		0.4166666667		0		0		1

		93		845		15		0.5728813559		0.4166666667		0		0		1

		94		865		14		0.586440678		0.3888888889		0		0		3

		95		865		14		0.586440678		0.3888888889		0		0		3

		96		840		14		0.5694915254		0.3888888889		0		0		3

		97		840		14		0.5694915254		0.3888888889		0		0		3

		98		840		14		0.5694915254		0.3888888889		0		0		3

		99		840		14		0.5694915254		0.3888888889		0		0		3

		100		840		14		0.5694915254		0.3888888889		0		0		3

		101		840		14		0.5694915254		0.3888888889		0		0		3

		102		840		14		0.5694915254		0.3888888889		0		0		3

		103		825		13		0.5593220339		0.3611111111		0		0		3

		104		940		11		0.6372881356		0.3055555556		0		0		3

		105		940		11		0.6372881356		0.3055555556		0		0		3

		106		940		11		0.6372881356		0.3055555556		0		0		3

		107		925		11		0.6271186441		0.3055555556		0		0		3

		108		870		11		0.5898305085		0.3055555556		0		0		5

		109		870		11		0.5898305085		0.3055555556		0		0		5

		110		890		10		0.6033898305		0.2777777778		0		0		2

		111		890		10		0.6033898305		0.2777777778		0		0		2

		112		890		10		0.6033898305		0.2777777778		0		0		2

		113		890		10		0.6033898305		0.2777777778		0		0		2

		114		890		10		0.6033898305		0.2777777778		0		0		2

		115		890		10		0.6033898305		0.2777777778		0		0		2

		116		890		10		0.6033898305		0.2777777778		0		0		2

		117		890		10		0.6033898305		0.2777777778		0		0		2

		118		890		10		0.6033898305		0.2777777778		0		0		2

		119		890		10		0.6033898305		0.2777777778		0		0		2

		120		890		10		0.6033898305		0.2777777778		0		0		2

		121		890		10		0.6033898305		0.2777777778		0		0		2

		122		865		10		0.586440678		0.2777777778		0		0		3

		123		865		10		0.586440678		0.2777777778		0		0		3

		124		865		10		0.586440678		0.2777777778		0		0		3

		125		865		10		0.586440678		0.2777777778		0		0		3

		126		865		10		0.586440678		0.2777777778		0		0		3

		127		865		10		0.586440678		0.2777777778		0		0		3

		128		865		10		0.586440678		0.2777777778		0		0		3

		129		865		10		0.586440678		0.2777777778		0		0		3

		130		865		10		0.586440678		0.2777777778		0		0		3

		131		865		10		0.586440678		0.2777777778		0		0		3

		132		865		10		0.586440678		0.2777777778		0		0		3

		133		865		10		0.586440678		0.2777777778		0		0		3

		134		865		10		0.586440678		0.2777777778		0		0		3

		135		845		10		0.5728813559		0.2777777778		0		0		3

		136		835		10		0.5661016949		0.2777777778		0		0		3

		137		835		10		0.5661016949		0.2777777778		0		0		3

		138		835		10		0.5661016949		0.2777777778		0		0		3

		139		835		10		0.5661016949		0.2777777778		0		0		3

		140		835		10		0.5661016949		0.2777777778		0		0		3

		141		835		10		0.5661016949		0.2777777778		0		0		3

		142		835		10		0.5661016949		0.2777777778		0		0		3

		143		835		10		0.5661016949		0.2777777778		0		0		3

		144		835		10		0.5661016949		0.2777777778		0		0		3

		145		835		10		0.5661016949		0.2777777778		0		0		3

		146		835		10		0.5661016949		0.2777777778		0		0		3

		147		835		10		0.5661016949		0.2777777778		0		0		3

		148		835		10		0.5661016949		0.2777777778		0		0		3

		149		835		10		0.5661016949		0.2777777778		0		0		3

		150		810		10		0.5491525424		0.2777777778		0		0		3

		151		810		10		0.5491525424		0.2777777778		0		0		3

		152		810		10		0.5491525424		0.2777777778		0		0		3

		153		810		10		0.5491525424		0.2777777778		0		0		3

		154		810		10		0.5491525424		0.2777777778		0		0		3

		155		810		10		0.5491525424		0.2777777778		0		0		3

		156		795		10		0.5389830508		0.2777777778		0		0		4

		157		760		10		0.5152542373		0.2777777778		0		0		3

		158		760		10		0.5152542373		0.2777777778		0		0		3

		159		760		10		0.5152542373		0.2777777778		0		0		3

		160		760		10		0.5152542373		0.2777777778		0		0		3

		161		760		10		0.5152542373		0.2777777778		0		0		3

		162		760		10		0.5152542373		0.2777777778		0		0		3

		163		760		10		0.5152542373		0.2777777778		0		0		3

		164		770		9		0.5220338983		0.25		0		0		4

		165		770		9		0.5220338983		0.25		0		0		4

		166		770		9		0.5220338983		0.25		0		0		4

		167		770		9		0.5220338983		0.25		0		0		4

		168		750		9		0.5084745763		0.25		0		0		4

		169		730		9		0.4949152542		0.25		0		0		4

		170		730		9		0.4949152542		0.25		0		0		4

		171		730		9		0.4949152542		0.25		0		0		4

		172		730		9		0.4949152542		0.25		0		0		4

		173		710		9		0.4813559322		0.25		0		0		4

		174		710		9		0.4813559322		0.25		0		0		4

		175		700		9		0.4745762712		0.25		0		0		4

		176		700		9		0.4745762712		0.25		0		0		4

		177		700		9		0.4745762712		0.25		0		0		4

		178		700		9		0.4745762712		0.25		0		0		4

		179		700		9		0.4745762712		0.25		0		0		4

		180		700		9		0.4745762712		0.25		0		0		4

		181		700		9		0.4745762712		0.25		0		0		4

		182		700		9		0.4745762712		0.25		0		0		4

		183		730		8		0.4949152542		0.2222222222		0		0		3

		184		730		8		0.4949152542		0.2222222222		0		0		3

		185		680		8		0.4610169492		0.2222222222		0		0		3

		186		635		8		0.4305084746		0.2222222222		0		0		3

		187		635		8		0.4305084746		0.2222222222		0		0		3

		188		635		8		0.4305084746		0.2222222222		0		0		3

		189		635		8		0.4305084746		0.2222222222		0		0		3

		190		635		8		0.4305084746		0.2222222222		0		0		3

		191		635		8		0.4305084746		0.2222222222		0		0		3

		192		635		8		0.4305084746		0.2222222222		0		0		3

		193		710		6		0.4813559322		0.1666666667		0		0		4

		194		710		6		0.4813559322		0.1666666667		0		0		4

		195		710		6		0.4813559322		0.1666666667		0		0		4

		196		710		6		0.4813559322		0.1666666667		0		0		4

		197		695		6		0.4711864407		0.1666666667		0		0		4

		198		695		6		0.4711864407		0.1666666667		0		0		4

		199		695		6		0.4711864407		0.1666666667		0		0		4

		200		670		6		0.4542372881		0.1666666667		0		0		3

		201		670		6		0.4542372881		0.1666666667		0		0		3

		202		670		6		0.4542372881		0.1666666667		0		0		3

		203		670		6		0.4542372881		0.1666666667		0		0		3

		204		670		6		0.4542372881		0.1666666667		0		0		3

		205		670		6		0.4542372881		0.1666666667		0		0		3

		206		585		6		0.3966101695		0.1666666667		0		0		3

		207		585		6		0.3966101695		0.1666666667		0		0		3

		208		585		6		0.3966101695		0.1666666667		0		0		3

		209		550		6		0.3728813559		0.1666666667		0		0		3

		210		595		5		0.4033898305		0.1388888889		0		0		3

		211		595		5		0.4033898305		0.1388888889		0		0		3

		212		595		5		0.4033898305		0.1388888889		0		0		3

		213		595		5		0.4033898305		0.1388888889		0		0		3

		214		595		5		0.4033898305		0.1388888889		0		0		3

		215		595		5		0.4033898305		0.1388888889		0		0		3

		216		595		5		0.4033898305		0.1388888889		0		0		3

		217		590		5		0.4		0.1388888889		0		0		3

		218		590		5		0.4		0.1388888889		0		0		3

		219		515		5		0.3491525424		0.1388888889		0		0		3

		220		515		5		0.3491525424		0.1388888889		0		0		3

		221		515		5		0.3491525424		0.1388888889		0		0		3

		222		515		5		0.3491525424		0.1388888889		0		0		3

		223		515		5		0.3491525424		0.1388888889		0		0		3

		224		480		5		0.3254237288		0.1388888889		0		0		3

		225		450		5		0.3050847458		0.1388888889		0		0		3

		226		450		5		0.3050847458		0.1388888889		0		0		3

		227		450		5		0.3050847458		0.1388888889		0		0		3

		228		450		5		0.3050847458		0.1388888889		0		0		3

		229		450		5		0.3050847458		0.1388888889		0		0		3

		230		450		3		0.3050847458		0.0833333333		0		0		3

		231		450		3		0.3050847458		0.0833333333		0		0		3

		232		450		3		0.3050847458		0.0833333333		0		0		3

		233		450		3		0.3050847458		0.0833333333		0		0		3

		234		450		3		0.3050847458		0.0833333333		0		0		3

		235		450		3		0.3050847458		0.0833333333		0		0		3

		236		450		3		0.3050847458		0.0833333333		0		0		3

		237		450		3		0.3050847458		0.0833333333		0		0		3

		238		430		2		0.2915254237		0.0555555556		0		0		3

		239		430		2		0.2915254237		0.0555555556		0		0		3

		240		430		2		0.2915254237		0.0555555556		0		0		3

		241		430		2		0.2915254237		0.0555555556		0		0		3

		242		430		2		0.2915254237		0.0555555556		0		0		3

		243		430		2		0.2915254237		0.0555555556		0		0		3

		244		430		2		0.2915254237		0.0555555556		0		0		3

		245		430		2		0.2915254237		0.0555555556		0		0		3

		246		430		2		0.2915254237		0.0555555556		0		0		3

		247		415		2		0.2813559322		0.0555555556		0		0		3

		248		415		2		0.2813559322		0.0555555556		0		0		3

		249		415		2		0.2813559322		0.0555555556		0		0		3

		250		415		2		0.2813559322		0.0555555556		0		0		3

		251		415		2		0.2813559322		0.0555555556		0		0		3

		252		400		2		0.2711864407		0.0555555556		0		0		2

		253		400		2		0.2711864407		0.0555555556		0		0		2

		254		400		2		0.2711864407		0.0555555556		0		0		2

		255		400		2		0.2711864407		0.0555555556		0		0		2

		256		400		2		0.2711864407		0.0555555556		0		0		2

		257		400		2		0.2711864407		0.0555555556		0		0		2

		258		400		2		0.2711864407		0.0555555556		0		0		2

		259		400		2		0.2711864407		0.0555555556		0		0		2

		260		380		2		0.2576271186		0.0555555556		0		0		2

		261		380		2		0.2576271186		0.0555555556		0		0		2

		262		380		2		0.2576271186		0.0555555556		0		0		2

		263		380		2		0.2576271186		0.0555555556		0		0		2

		264		360		2		0.2440677966		0.0555555556		0		0		2

		265		360		2		0.2440677966		0.0555555556		0		0		2

		266		355		2		0.2406779661		0.0555555556		0		0		2

		267		355		2		0.2406779661		0.0555555556		0		0		2

		268		355		2		0.2406779661		0.0555555556		0		0		2

		269		355		2		0.2406779661		0.0555555556		0		0		2

		270		355		2		0.2406779661		0.0555555556		0		0		2

		271		355		2		0.2406779661		0.0555555556		0		0		2

		272		355		2		0.2406779661		0.0555555556		0		0		2

		273		355		2		0.2406779661		0.0555555556		0		0		2

		274		335		2		0.2271186441		0.0555555556		0		0		2

		275		335		2		0.2271186441		0.0555555556		0		0		2

		276		335		2		0.2271186441		0.0555555556		0		0		2

		277		335		2		0.2271186441		0.0555555556		0		0		2

		278		335		2		0.2271186441		0.0555555556		0		0		2

		279		335		2		0.2271186441		0.0555555556		0		0		2

		280		335		2		0.2271186441		0.0555555556		0		0		2

		281		335		2		0.2271186441		0.0555555556		0		0		2

		282		335		2		0.2271186441		0.0555555556		0		0		2

		283		335		2		0.2271186441		0.0555555556		0		0		2

		284		335		2		0.2271186441		0.0555555556		0		0		2

		285		335		2		0.2271186441		0.0555555556		0		0		2

		286		345		1		0.2338983051		0.0277777778		0		0		2

		287		345		1		0.2338983051		0.0277777778		0		0		2

		288		345		1		0.2338983051		0.0277777778		0		0		2

		289		345		1		0.2338983051		0.0277777778		0		0		2

		290		345		1		0.2338983051		0.0277777778		0		0		2

		291		345		1		0.2338983051		0.0277777778		0		0		2

		292		340		1		0.2305084746		0.0277777778		0		0		2

		293		340		1		0.2305084746		0.0277777778		0		0		2

		294		340		1		0.2305084746		0.0277777778		0		0		2

		295		340		1		0.2305084746		0.0277777778		0		0		2

		296		325		1		0.2203389831		0.0277777778		0		0		2

		297		325		1		0.2203389831		0.0277777778		0		0		2

		298		325		1		0.2203389831		0.0277777778		0		0		2

		299		325		1		0.2203389831		0.0277777778		0		0		2

		300		325		1		0.2203389831		0.0277777778		0		0		2

		301		320		1		0.2169491525		0.0277777778		0		0		2

		302		320		1		0.2169491525		0.0277777778		0		0		2

		303		305		1		0.206779661		0.0277777778		0		0		2

		304		305		1		0.206779661		0.0277777778		0		0		2

		305		305		1		0.206779661		0.0277777778		0		0		2

		306		305		1		0.206779661		0.0277777778		0		0		2

		307		305		1		0.206779661		0.0277777778		0		0		2

		308		305		1		0.206779661		0.0277777778		0		0		2

		309		300		1		0.2033898305		0.0277777778		0		0		2

		310		300		1		0.2033898305		0.0277777778		0		0		2

		311		300		1		0.2033898305		0.0277777778		0		0		2

		312		300		1		0.2033898305		0.0277777778		0		0		2

		313		300		1		0.2033898305		0.0277777778		0		0		2

		314		300		1		0.2033898305		0.0277777778		0		0		2

		315		300		1		0.2033898305		0.0277777778		0		0		2

		316		300		1		0.2033898305		0.0277777778		0		0		2

		317		300		1		0.2033898305		0.0277777778		0		0		2

		318		300		1		0.2033898305		0.0277777778		0		0		2

		319		300		1		0.2033898305		0.0277777778		0		0		2

		320		300		1		0.2033898305		0.0277777778		0		0		2

		321		300		1		0.2033898305		0.0277777778		0		0		2

		322		300		1		0.2033898305		0.0277777778		0		0		2

		323		300		1		0.2033898305		0.0277777778		0		0		2

		324		300		1		0.2033898305		0.0277777778		0		0		2

		325		300		1		0.2033898305		0.0277777778		0		0		2

		326		300		1		0.2033898305		0.0277777778		0		0		2

		327		295		1		0.2		0.0277777778		0		0		2

		328		295		1		0.2		0.0277777778		0		0		2

		329		295		1		0.2		0.0277777778		0		0		2

		330		295		1		0.2		0.0277777778		0		0		2

		331		275		1		0.186440678		0.0277777778		0		0		2

		332		275		1		0.186440678		0.0277777778		0		0		2

		333		275		1		0.186440678		0.0277777778		0		0		2

		334		275		1		0.186440678		0.0277777778		0		0		2

		335		275		1		0.186440678		0.0277777778		0		0		2

		336		275		1		0.186440678		0.0277777778		0		0		2

		337		275		1		0.186440678		0.0277777778		0		0		2

		338		275		1		0.186440678		0.0277777778		0		0		2

		339		275		1		0.186440678		0.0277777778		0		0		2

		340		275		1		0.186440678		0.0277777778		0		0		2

		341		275		1		0.186440678		0.0277777778		0		0		2

		342		275		1		0.186440678		0.0277777778		0		0		2

		343		275		1		0.186440678		0.0277777778		0		0		2

		344		275		1		0.186440678		0.0277777778		0		0		2

		345		275		1		0.186440678		0.0277777778		0		0		2

		346		275		1		0.186440678		0.0277777778		0		0		2

		347		275		1		0.186440678		0.0277777778		0		0		2

		348		255		1		0.1728813559		0.0277777778		0		0		2

		349		255		1		0.1728813559		0.0277777778		0		0		2

		350		255		1		0.1728813559		0.0277777778		0		0		2

		351		255		1		0.1728813559		0.0277777778		0		0		2

		352		255		1		0.1728813559		0.0277777778		0		0		2

		353		255		1		0.1728813559		0.0277777778		0		0		2

		354		255		1		0.1728813559		0.0277777778		0		0		2

		355		255		1		0.1728813559		0.0277777778		0		0		2

		356		255		1		0.1728813559		0.0277777778		0		0		2

		357		255		1		0.1728813559		0.0277777778		0		0		2

		358		255		1		0.1728813559		0.0277777778		0		0		2

		359		255		1		0.1728813559		0.0277777778		0		0		2

		360		255		1		0.1728813559		0.0277777778		0		0		2

		361		255		1		0.1728813559		0.0277777778		0		0		2

		362		255		1		0.1728813559		0.0277777778		0		0		2

		363		240		1		0.1627118644		0.0277777778		0		0		2

		364		240		1		0.1627118644		0.0277777778		0		0		2

		365		240		1		0.1627118644		0.0277777778		0		0		2

		366		240		1		0.1627118644		0.0277777778		0		0		2

		367		240		1		0.1627118644		0.0277777778		0		0		2

		368		240		1		0.1627118644		0.0277777778		0		0		2

		369		240		1		0.1627118644		0.0277777778		0		0		2

		370		240		1		0.1627118644		0.0277777778		0		0		2

		371		240		1		0.1627118644		0.0277777778		0		0		2

		372		240		1		0.1627118644		0.0277777778		0		0		2

		373		240		1		0.1627118644		0.0277777778		0		0		2

		374		240		1		0.1627118644		0.0277777778		0		0		2

		375		240		1		0.1627118644		0.0277777778		0		0		2

		376		240		1		0.1627118644		0.0277777778		0		0		2

		377		230		1		0.1559322034		0.0277777778		0		0		2

		378		195		1		0.1322033898		0.0277777778		0		0		2

		379		195		1		0.1322033898		0.0277777778		0		0		2

		380		195		1		0.1322033898		0.0277777778		0		0		2

		381		195		1		0.1322033898		0.0277777778		0		0		2

		382		195		1		0.1322033898		0.0277777778		0		0		2

		383		195		1		0.1322033898		0.0277777778		0		0		2

		384		195		1		0.1322033898		0.0277777778		0		0		2

		385		195		1		0.1322033898		0.0277777778		0		0		2

		386		195		1		0.1322033898		0.0277777778		0		0		2

		387		195		1		0.1322033898		0.0277777778		0		0		2

		388		175		1		0.1186440678		0.0277777778		0		0		3

		389		175		1		0.1186440678		0.0277777778		0		0		3

		390		175		1		0.1186440678		0.0277777778		0		0		3

		391		175		1		0.1186440678		0.0277777778		0		0		3

		392		175		1		0.1186440678		0.0277777778		0		0		3

		393		175		1		0.1186440678		0.0277777778		0		0		3

		394		165		1		0.1118644068		0.0277777778		0		0		2

		395		165		1		0.1118644068		0.0277777778		0		0		2

		396		165		1		0.1118644068		0.0277777778		0		0		2

		397		165		1		0.1118644068		0.0277777778		0		0		2

		398		165		1		0.1118644068		0.0277777778		0		0		2

		399		145		1		0.0983050847		0.0277777778		0		0		3

		400		145		1		0.0983050847		0.0277777778		0		0		3

		401		145		1		0.0983050847		0.0277777778		0		0		3

		402		145		1		0.0983050847		0.0277777778		0		0		3

		403		145		1		0.0983050847		0.0277777778		0		0		3

		404		145		1		0.0983050847		0.0277777778		0		0		3

		405		145		1		0.0983050847		0.0277777778		0		0		3

		406		145		1		0.0983050847		0.0277777778		0		0		3

		407		145		1		0.0983050847		0.0277777778		0		0		3

		408		145		1		0.0983050847		0.0277777778		0		0		3

		409		145		1		0.0983050847		0.0277777778		0		0		3

		410		145		1		0.0983050847		0.0277777778		0		0		3

		411		145		1		0.0983050847		0.0277777778		0		0		3

		412		145		1		0.0983050847		0.0277777778		0		0		3

		413		145		1		0.0983050847		0.0277777778		0		0		3

		414		145		1		0.0983050847		0.0277777778		0		0		3

		415		145		1		0.0983050847		0.0277777778		0		0		3

		416		145		1		0.0983050847		0.0277777778		0		0		3

		417		145		1		0.0983050847		0.0277777778		0		0		3

		418		145		1		0.0983050847		0.0277777778		0		0		3

		419		145		1		0.0983050847		0.0277777778		0		0		3

		420		145		1		0.0983050847		0.0277777778		0		0		3

		421		145		1		0.0983050847		0.0277777778		0		0		3

		422		115		1		0.0779661017		0.0277777778		0		0		2

		423		115		1		0.0779661017		0.0277777778		0		0		2

		424		115		1		0.0779661017		0.0277777778		0		0		2

		425		115		1		0.0779661017		0.0277777778		0		0		2

		426		115		1		0.0779661017		0.0277777778		0		0		2

		427		115		1		0.0779661017		0.0277777778		0		0		2

		428		115		1		0.0779661017		0.0277777778		0		0		2

		429		115		1		0.0779661017		0.0277777778		0		0		2

		430		115		1		0.0779661017		0.0277777778		0		0		2

		431		115		1		0.0779661017		0.0277777778		0		0		2

		432		115		1		0.0779661017		0.0277777778		0		0		2

		433		115		1		0.0779661017		0.0277777778		0		0		2

		434		115		1		0.0779661017		0.0277777778		0		0		2

		435		115		1		0.0779661017		0.0277777778		0		0		2

		436		115		1		0.0779661017		0.0277777778		0		0		2

		437		115		1		0.0779661017		0.0277777778		0		0		2

		438		115		1		0.0779661017		0.0277777778		0		0		2

		439		115		1		0.0779661017		0.0277777778		0		0		2

		440		115		1		0.0779661017		0.0277777778		0		0		2

		441		115		1		0.0779661017		0.0277777778		0		0		2

		442		100		1		0.0677966102		0.0277777778		0		0		2

		443		100		1		0.0677966102		0.0277777778		0		0		2

		444		100		1		0.0677966102		0.0277777778		0		0		2

		445		100		1		0.0677966102		0.0277777778		0		0		2

		446		100		1		0.0677966102		0.0277777778		0		0		2

		447		100		1		0.0677966102		0.0277777778		0		0		2

		448		100		1		0.0677966102		0.0277777778		0		0		2

		449		100		1		0.0677966102		0.0277777778		0		0		2

		450		100		1		0.0677966102		0.0277777778		0		0		2

		451		100		1		0.0677966102		0.0277777778		0		0		2

		452		100		1		0.0677966102		0.0277777778		0		0		2

		453		100		1		0.0677966102		0.0277777778		0		0		2

		454		100		1		0.0677966102		0.0277777778		0		0		2

		455		85		1		0.0576271186		0.0277777778		0		0		2

		456		85		1		0.0576271186		0.0277777778		0		0		2

		457		85		1		0.0576271186		0.0277777778		0		0		2

		458		85		1		0.0576271186		0.0277777778		0		0		2

		459		85		1		0.0576271186		0.0277777778		0		0		2

		460		85		1		0.0576271186		0.0277777778		0		0		2

		461		85		1		0.0576271186		0.0277777778		0		0		2

		462		85		1		0.0576271186		0.0277777778		0		0		2

		463		85		1		0.0576271186		0.0277777778		0		0		2

		464		85		1		0.0576271186		0.0277777778		0		0		2

		465		85		1		0.0576271186		0.0277777778		0		0		2

		466		85		1		0.0576271186		0.0277777778		0		0		2

		467		85		1		0.0576271186		0.0277777778		0		0		2

		468		85		1		0.0576271186		0.0277777778		0		0		2

		469		85		1		0.0576271186		0.0277777778		0		0		2

		470		85		1		0.0576271186		0.0277777778		0		0		2

		471		85		1		0.0576271186		0.0277777778		0		0		2

		472		85		1		0.0576271186		0.0277777778		0		0		2

		473		85		1		0.0576271186		0.0277777778		0		0		2

		474		85		1		0.0576271186		0.0277777778		0		0		2

		475		85		1		0.0576271186		0.0277777778		0		0		2

		476		85		1		0.0576271186		0.0277777778		0		0		2

		477		85		1		0.0576271186		0.0277777778		0		0		2

		478		85		1		0.0576271186		0.0277777778		0		0		2

		479		85		1		0.0576271186		0.0277777778		0		0		2

		480		85		1		0.0576271186		0.0277777778		0		0		2

		481		85		1		0.0576271186		0.0277777778		0		0		2

		482		85		1		0.0576271186		0.0277777778		0		0		2

		483		85		1		0.0576271186		0.0277777778		0		0		2

		484		85		1		0.0576271186		0.0277777778		0		0		2

		485		85		1		0.0576271186		0.0277777778		0		0		2

		486		85		1		0.0576271186		0.0277777778		0		0		2

		487		85		1		0.0576271186		0.0277777778		0		0		2

		488		85		1		0.0576271186		0.0277777778		0		0		2

		489		85		1		0.0576271186		0.0277777778		0		0		2

		490		85		1		0.0576271186		0.0277777778		0		0		2

		491		85		1		0.0576271186		0.0277777778		0		0		2

		492		85		1		0.0576271186		0.0277777778		0		0		2

		493		85		1		0.0576271186		0.0277777778		0		0		2

		494		85		1		0.0576271186		0.0277777778		0		0		2

		495		60		1		0.0406779661		0.0277777778		0		0		1

		496		60		1		0.0406779661		0.0277777778		0		0		1

		497		60		1		0.0406779661		0.0277777778		0		0		1

		498		60		1		0.0406779661		0.0277777778		0		0		1

		499		60		1		0.0406779661		0.0277777778		0		0		1

		500		60		1		0.0406779661		0.0277777778		0		0		1

		501		60		1		0.0406779661		0.0277777778		0		0		1

		502		60		1		0.0406779661		0.0277777778		0		0		1

		503		60		1		0.0406779661		0.0277777778		0		0		1

		504		60		1		0.0406779661		0.0277777778		0		0		1

		505		60		1		0.0406779661		0.0277777778		0		0		1

		506		60		1		0.0406779661		0.0277777778		0		0		1

		507		55		1		0.0372881356		0.0277777778		0		0		1

		508		55		1		0.0372881356		0.0277777778		0		0		1

		509		55		1		0.0372881356		0.0277777778		0		0		1

		510		55		1		0.0372881356		0.0277777778		0		0		1

		511		55		1		0.0372881356		0.0277777778		0		0		1

		512		55		1		0.0372881356		0.0277777778		0		0		1

		513		55		1		0.0372881356		0.0277777778		0		0		1

		514		55		1		0.0372881356		0.0277777778		0		0		1

		515		55		1		0.0372881356		0.0277777778		0		0		1

		516		55		1		0.0372881356		0.0277777778		0		0		1

		517		55		1		0.0372881356		0.0277777778		0		0		1

		518		55		1		0.0372881356		0.0277777778		0		0		1

		519		55		1		0.0372881356		0.0277777778		0		0		1

		520		55		1		0.0372881356		0.0277777778		0		0		1

		521		55		1		0.0372881356		0.0277777778		0		0		1

		522		55		1		0.0372881356		0.0277777778		0		0		1

		523		55		1		0.0372881356		0.0277777778		0		0		1

		524		55		1		0.0372881356		0.0277777778		0		0		1

		525		55		1		0.0372881356		0.0277777778		0		0		1

		526		55		1		0.0372881356		0.0277777778		0		0		1

		527		55		1		0.0372881356		0.0277777778		0		0		1

		528		55		1		0.0372881356		0.0277777778		0		0		1

		529		55		1		0.0372881356		0.0277777778		0		0		1

		530		55		1		0.0372881356		0.0277777778		0		0		1

		531		55		1		0.0372881356		0.0277777778		0		0		1

		532		55		1		0.0372881356		0.0277777778		0		0		1

		533		55		1		0.0372881356		0.0277777778		0		0		1

		534		55		1		0.0372881356		0.0277777778		0		0		1

		535		55		1		0.0372881356		0.0277777778		0		0		1

		536		55		1		0.0372881356		0.0277777778		0		0		1

		537		55		1		0.0372881356		0.0277777778		0		0		1

		538		55		1		0.0372881356		0.0277777778		0		0		1

		539		55		1		0.0372881356		0.0277777778		0		0		1

		540		55		1		0.0372881356		0.0277777778		0		0		1

		541		55		1		0.0372881356		0.0277777778		0		0		1

		542		55		1		0.0372881356		0.0277777778		0		0		1

		543		55		1		0.0372881356		0.0277777778		0		0		1

		544		55		1		0.0372881356		0.0277777778		0		0		1

		545		55		1		0.0372881356		0.0277777778		0		0		1

		546		55		1		0.0372881356		0.0277777778		0		0		1

		547		55		1		0.0372881356		0.0277777778		0		0		1

		548		55		1		0.0372881356		0.0277777778		0		0		1

		549		55		1		0.0372881356		0.0277777778		0		0		1

		550		55		1		0.0372881356		0.0277777778		0		0		1

		551		55		1		0.0372881356		0.0277777778		0		0		1

		552		55		1		0.0372881356		0.0277777778		0		0		1

		553		55		1		0.0372881356		0.0277777778		0		0		1

		554		55		1		0.0372881356		0.0277777778		0		0		1

		555		55		1		0.0372881356		0.0277777778		0		0		1

		556		55		1		0.0372881356		0.0277777778		0		0		1

		557		55		1		0.0372881356		0.0277777778		0		0		1

		558		55		1		0.0372881356		0.0277777778		0		0		1

		559		40		1		0.0271186441		0.0277777778		0		0		1

		560		40		1		0.0271186441		0.0277777778		0		0		1

		561		40		1		0.0271186441		0.0277777778		0		0		1

		562		40		1		0.0271186441		0.0277777778		0		0		1

		563		40		1		0.0271186441		0.0277777778		0		0		1

		564		40		1		0.0271186441		0.0277777778		0		0		1

		565		40		1		0.0271186441		0.0277777778		0		0		1

		566		40		1		0.0271186441		0.0277777778		0		0		1

		567		40		1		0.0271186441		0.0277777778		0		0		1

		568		40		1		0.0271186441		0.0277777778		0		0		1

		569		40		1		0.0271186441		0.0277777778		0		0		1

		570		40		1		0.0271186441		0.0277777778		0		0		1

		571		40		1		0.0271186441		0.0277777778		0		0		1

		572		40		1		0.0271186441		0.0277777778		0		0		1

		573		40		1		0.0271186441		0.0277777778		0		0		1

		574		40		1		0.0271186441		0.0277777778		0		0		1

		575		40		1		0.0271186441		0.0277777778		0		0		1

		576		40		1		0.0271186441		0.0277777778		0		0		1

		577		40		1		0.0271186441		0.0277777778		0		0		1

		578		40		1		0.0271186441		0.0277777778		0		0		1

		579		40		1		0.0271186441		0.0277777778		0		0		1

		580		40		1		0.0271186441		0.0277777778		0		0		1

		581		40		1		0.0271186441		0.0277777778		0		0		1

		582		40		1		0.0271186441		0.0277777778		0		0		1

		583		40		1		0.0271186441		0.0277777778		0		0		1

		584		40		1		0.0271186441		0.0277777778		0		0		1

		585		40		1		0.0271186441		0.0277777778		0		0		1

		586		40		1		0.0271186441		0.0277777778		0		0		1

		587		40		1		0.0271186441		0.0277777778		0		0		1

		588		40		1		0.0271186441		0.0277777778		0		0		1

		589		40		1		0.0271186441		0.0277777778		0		0		1

		590		40		1		0.0271186441		0.0277777778		0		0		1

		591		40		1		0.0271186441		0.0277777778		0		0		1

		592		40		1		0.0271186441		0.0277777778		0		0		1

		593		40		1		0.0271186441		0.0277777778		0		0		1

		594		40		1		0.0271186441		0.0277777778		0		0		1

		595		40		1		0.0271186441		0.0277777778		0		0		1

		596		40		1		0.0271186441		0.0277777778		0		0		1

		597		40		1		0.0271186441		0.0277777778		0		0		1

		598		40		1		0.0271186441		0.0277777778		0		0		1

		599		40		1		0.0271186441		0.0277777778		0		0		1

		600		40		1		0.0271186441		0.0277777778		0		0		1

		601		40		1		0.0271186441		0.0277777778		0		0		1

		602		40		1		0.0271186441		0.0277777778		0		0		1

		603		40		1		0.0271186441		0.0277777778		0		0		1

		604		40		1		0.0271186441		0.0277777778		0		0		1

		605		40		1		0.0271186441		0.0277777778		0		0		1

		606		40		1		0.0271186441		0.0277777778		0		0		1

		607		40		1		0.0271186441		0.0277777778		0		0		1

		608		40		1		0.0271186441		0.0277777778		0		0		1

		609		40		1		0.0271186441		0.0277777778		0		0		1

		610		40		1		0.0271186441		0.0277777778		0		0		1

		611		40		1		0.0271186441		0.0277777778		0		0		1

		612		40		1		0.0271186441		0.0277777778		0		0		1

		613		40		1		0.0271186441		0.0277777778		0		0		1

		614		40		1		0.0271186441		0.0277777778		0		0		1

		615		40		1		0.0271186441		0.0277777778		0		0		1

		616		40		1		0.0271186441		0.0277777778		0		0		1

		617		40		1		0.0271186441		0.0277777778		0		0		1

		618		40		1		0.0271186441		0.0277777778		0		0		1

		619		40		1		0.0271186441		0.0277777778		0		0		1

		620		40		1		0.0271186441		0.0277777778		0		0		1

		621		40		1		0.0271186441		0.0277777778		0		0		1

		622		40		1		0.0271186441		0.0277777778		0		0		1

		623		40		1		0.0271186441		0.0277777778		0		0		1

		624		40		1		0.0271186441		0.0277777778		0		0		1

		625		40		1		0.0271186441		0.0277777778		0		0		1

		626		40		1		0.0271186441		0.0277777778		0		0		1

		627		40		1		0.0271186441		0.0277777778		0		0		1

		628		40		1		0.0271186441		0.0277777778		0		0		1

		629		40		1		0.0271186441		0.0277777778		0		0		1

		630		40		1		0.0271186441		0.0277777778		0		0		1

		631		40		1		0.0271186441		0.0277777778		0		0		1

		632		40		1		0.0271186441		0.0277777778		0		0		1

		633		40		1		0.0271186441		0.0277777778		0		0		1

		634		40		1		0.0271186441		0.0277777778		0		0		1

		635		40		1		0.0271186441		0.0277777778		0		0		1

		636		40		1		0.0271186441		0.0277777778		0		0		1

		637		40		1		0.0271186441		0.0277777778		0		0		1

		638		40		1		0.0271186441		0.0277777778		0		0		1

		639		40		1		0.0271186441		0.0277777778		0		0		1

		640		40		1		0.0271186441		0.0277777778		0		0		1

		641		40		1		0.0271186441		0.0277777778		0		0		1

		642		40		1		0.0271186441		0.0277777778		0		0		1

		643		40		1		0.0271186441		0.0277777778		0		0		1

		644		40		1		0.0271186441		0.0277777778		0		0		1

		645		40		1		0.0271186441		0.0277777778		0		0		1

		646		40		1		0.0271186441		0.0277777778		0		0		1

		647		40		1		0.0271186441		0.0277777778		0		0		1

		648		40		1		0.0271186441		0.0277777778		0		0		1

		649		40		1		0.0271186441		0.0277777778		0		0		1

		650		40		1		0.0271186441		0.0277777778		0		0		1

		651		40		1		0.0271186441		0.0277777778		0		0		1

		652		40		1		0.0271186441		0.0277777778		0		0		1

		653		40		1		0.0271186441		0.0277777778		0		0		1

		654		40		1		0.0271186441		0.0277777778		0		0		1

		655		40		1		0.0271186441		0.0277777778		0		0		1

		656		40		1		0.0271186441		0.0277777778		0		0		1

		657		40		1		0.0271186441		0.0277777778		0		0		1

		658		40		1		0.0271186441		0.0277777778		0		0		1

		659		40		1		0.0271186441		0.0277777778		0		0		1

		660		40		1		0.0271186441		0.0277777778		0		0		1

		661		40		1		0.0271186441		0.0277777778		0		0		1

		662		30		1		0.0203389831		0.0277777778		0		0		1

		663		30		1		0.0203389831		0.0277777778		0		0		1

		664		30		1		0.0203389831		0.0277777778		0		0		1

		665		30		1		0.0203389831		0.0277777778		0		0		1

		666		30		1		0.0203389831		0.0277777778		0		0		1

		667		30		1		0.0203389831		0.0277777778		0		0		1

		668		30		1		0.0203389831		0.0277777778		0		0		1

		669		30		1		0.0203389831		0.0277777778		0		0		1

		670		30		1		0.0203389831		0.0277777778		0		0		1

		671		30		1		0.0203389831		0.0277777778		0		0		1

		672		30		1		0.0203389831		0.0277777778		0		0		1

		673		30		1		0.0203389831		0.0277777778		0		0		1

		674		30		1		0.0203389831		0.0277777778		0		0		1

		675		30		1		0.0203389831		0.0277777778		0		0		1

		676		30		1		0.0203389831		0.0277777778		0		0		1

		677		30		1		0.0203389831		0.0277777778		0		0		1

		678		30		1		0.0203389831		0.0277777778		0		0		1

		679		30		1		0.0203389831		0.0277777778		0		0		1

		680		30		1		0.0203389831		0.0277777778		0		0		1

		681		30		1		0.0203389831		0.0277777778		0		0		1

		682		30		1		0.0203389831		0.0277777778		0		0		1

		683		30		1		0.0203389831		0.0277777778		0		0		1

		684		30		1		0.0203389831		0.0277777778		0		0		1

		685		30		1		0.0203389831		0.0277777778		0		0		1

		686		30		1		0.0203389831		0.0277777778		0		0		1

		687		30		1		0.0203389831		0.0277777778		0		0		1

		688		30		1		0.0203389831		0.0277777778		0		0		1

		689		30		1		0.0203389831		0.0277777778		0		0		1

		690		30		1		0.0203389831		0.0277777778		0		0		1

		691		30		1		0.0203389831		0.0277777778		0		0		1

		692		30		1		0.0203389831		0.0277777778		0		0		1

		693		30		1		0.0203389831		0.0277777778		0		0		1

		694		30		1		0.0203389831		0.0277777778		0		0		1

		695		30		1		0.0203389831		0.0277777778		0		0		1

		696		30		1		0.0203389831		0.0277777778		0		0		1

		697		30		1		0.0203389831		0.0277777778		0		0		1

		698		30		1		0.0203389831		0.0277777778		0		0		1

		699		30		1		0.0203389831		0.0277777778		0		0		1

		700		30		1		0.0203389831		0.0277777778		0		0		1

		701		95		0		0.0644067797		0		0		0		1

		702		95		0		0.0644067797		0		0		0		1

		703		95		0		0.0644067797		0		0		0		1

		704		95		0		0.0644067797		0		0		0		1

		705		95		0		0.0644067797		0		0		0		1

		706		95		0		0.0644067797		0		0		0		1

		707		95		0		0.0644067797		0		0		0		1

		708		60		0		0.0406779661		0		0		0		1

		709		60		0		0.0406779661		0		0		0		1

		710		60		0		0.0406779661		0		0		0		1

		711		60		0		0.0406779661		0		0		0		1

		712		60		0		0.0406779661		0		0		0		1

		713		60		0		0.0406779661		0		0		0		1

		714		60		0		0.0406779661		0		0		0		1

		715		60		0		0.0406779661		0		0		0		1

		716		60		0		0.0406779661		0		0		0		1

		717		60		0		0.0406779661		0		0		0		1

		718		60		0		0.0406779661		0		0		0		1

		719		60		0		0.0406779661		0		0		0		1

		720		60		0		0.0406779661		0		0		0		1

		721		60		0		0.0406779661		0		0		0		1

		722		60		0		0.0406779661		0		0		0		1

		723		60		0		0.0406779661		0		0		0		1

		724		60		0		0.0406779661		0		0		0		1

		725		60		0		0.0406779661		0		0		0		1

		726		60		0		0.0406779661		0		0		0		1

		727		60		0		0.0406779661		0		0		0		1

		728		60		0		0.0406779661		0		0		0		1

		729		60		0		0.0406779661		0		0		0		1

		730		60		0		0.0406779661		0		0		0		1

		731		60		0		0.0406779661		0		0		0		1

		732		60		0		0.0406779661		0		0		0		1

		733		60		0		0.0406779661		0		0		0		1

		734		60		0		0.0406779661		0		0		0		1

		735		45		0		0.0305084746		0		0		0		1

		736		45		0		0.0305084746		0		0		0		1

		737		45		0		0.0305084746		0		0		0		1

		738		45		0		0.0305084746		0		0		0		1

		739		45		0		0.0305084746		0		0		0		1

		740		45		0		0.0305084746		0		0		0		1

		741		45		0		0.0305084746		0		0		0		1

		742		45		0		0.0305084746		0		0		0		1

		743		45		0		0.0305084746		0		0		0		1

		744		45		0		0.0305084746		0		0		0		1

		745		45		0		0.0305084746		0		0		0		1

		746		45		0		0.0305084746		0		0		0		1

		747		45		0		0.0305084746		0		0		0		1

		748		45		0		0.0305084746		0		0		0		1

		749		45		0		0.0305084746		0		0		0		1

		750		45		0		0.0305084746		0		0		0		1

		751		45		0		0.0305084746		0		0		0		1

		752		45		0		0.0305084746		0		0		0		1

		753		45		0		0.0305084746		0		0		0		1

		754		45		0		0.0305084746		0		0		0		1

		755		45		0		0.0305084746		0		0		0		1

		756		45		0		0.0305084746		0		0		0		1

		757		45		0		0.0305084746		0		0		0		1

		758		45		0		0.0305084746		0		0		0		1

		759		45		0		0.0305084746		0		0		0		1

		760		45		0		0.0305084746		0		0		0		1

		761		45		0		0.0305084746		0		0		0		1

		762		45		0		0.0305084746		0		0		0		1

		763		45		0		0.0305084746		0		0		0		1

		764		45		0		0.0305084746		0		0		0		1

		765		45		0		0.0305084746		0		0		0		1

		766		45		0		0.0305084746		0		0		0		1

		767		45		0		0.0305084746		0		0		0		1

		768		45		0		0.0305084746		0		0		0		1

		769		45		0		0.0305084746		0		0		0		1

		770		45		0		0.0305084746		0		0		0		1

		771		45		0		0.0305084746		0		0		0		1

		772		45		0		0.0305084746		0		0		0		1

		773		45		0		0.0305084746		0		0		0		1

		774		45		0		0.0305084746		0		0		0		1

		775		45		0		0.0305084746		0		0		0		1

		776		45		0		0.0305084746		0		0		0		1

		777		45		0		0.0305084746		0		0		0		1

		778		40		0		0.0271186441		0		0		0		1

		779		40		0		0.0271186441		0		0		0		1

		780		40		0		0.0271186441		0		0		0		1

		781		40		0		0.0271186441		0		0		0		1

		782		40		0		0.0271186441		0		0		0		1

		783		40		0		0.0271186441		0		0		0		1

		784		40		0		0.0271186441		0		0		0		1

		785		40		0		0.0271186441		0		0		0		1

		786		40		0		0.0271186441		0		0		0		1

		787		40		0		0.0271186441		0		0		0		1

		788		40		0		0.0271186441		0		0		0		1

		789		40		0		0.0271186441		0		0		0		1

		790		40		0		0.0271186441		0		0		0		1

		791		40		0		0.0271186441		0		0		0		1

		792		40		0		0.0271186441		0		0		0		1

		793		35		0		0.0237288136		0		0		0		1

		794		35		0		0.0237288136		0		0		0		1

		795		35		0		0.0237288136		0		0		0		1

		796		35		0		0.0237288136		0		0		0		1

		797		35		0		0.0237288136		0		0		0		1

		798		35		0		0.0237288136		0		0		0		1

		799		35		0		0.0237288136		0		0		0		1

		800		35		0		0.0237288136		0		0		0		1

		801		35		0		0.0237288136		0		0		0		1

		802		35		0		0.0237288136		0		0		0		1

		803		35		0		0.0237288136		0		0		0		1

		804		35		0		0.0237288136		0		0		0		1

		805		35		0		0.0237288136		0		0		0		1

		806		35		0		0.0237288136		0		0		0		1

		807		35		0		0.0237288136		0		0		0		1

		808		35		0		0.0237288136		0		0		0		1

		809		35		0		0.0237288136		0		0		0		1

		810		35		0		0.0237288136		0		0		0		1

		811		35		0		0.0237288136		0		0		0		1

		812		35		0		0.0237288136		0		0		0		1

		813		35		0		0.0237288136		0		0		0		1

		814		35		0		0.0237288136		0		0		0		1
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1. Determine MMGA parameters�

2.Determine admissible parameter set ε=(ε1,ε2,...,επ)�

3. Let t:=0. Initialize the population D(t). 


4. Use the repairing strategy to adjust all chromosomes for the violation of the ground turn-around objective�

5. Evaluate the auxiliary per-formance index vector of each individual S(t) in population n�

6. Use improved rank-based fitness assignment method to calculate the fitness of each individual S(t)�

8. Select two individuals by the Roulette wheel selection method�

9. Perform the crossover and mutation operations to generate the populations t+1 in the mating pool D'(t)�

10. Use reparing strategy for the chromosomes in D'(t)�

11. Evaluate the auxiliary performance index vector of each individual D'(t)�

12. D(t)=D(t)∪D'(t)�

13. Adopt the improved rank-based fitness assignment method again to calculate the fitness of each individual in D(t), and let t:=t+1. Go to Step 7�

7. If the current generation t reaches g, or all the objectives are satisfied?�

STOP�
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If all objectives are satisfied�

Tighten the values of ε1,ε2,…,επ


num_of_experiment:= num_of_experiment-1


If all objectives are satisfied�

Fine-tune the values of ε1,ε2,…,επ
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