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 In airline operations planning, a sequential method is traditionally used in 
airline system. In airline systems, minimizing the costs is important as they 

want to get the highest profits. The aircraft routing problem is solved first, and 
then pursued by crew pairing problem. The solutions are suboptimal in some 
cases, so we incorporate aircraft routing and crew pairing problems into one 
mathematical model to get an exact solution. Before we solve the integrated 
aircraft routing and crew pairing problem, we need to get the aircraft routes 
(AR) and crew pairs (CP). In this study, we suggested using genetic algorithm 
(GA) to develop a set of AR and CP. By using the generated AR and CP,  
we tackle the integrated aircraft and crew pairing problems using two 
suggested techniques, Integer Linear Programming (ILP) and Particle Swarm 

Optimization (PSO). Computational results show that GA's executed of AR 
and CP and then solved by ILP obtained the greatest results among all the 
methods suggested. 
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1. INTRODUCTION  

The aircraft routing problem is solved in order to decide the AR of the flight so each flight are operated 

by one aircraft with the aim is to limit the costs involved. While the crew pairing problem is to get a minimum 

costs for CP that operated by a certified team. More often than not, the AR and CP are solved sequentially in 
the airlines system. Sometimes, the outcomes acquired are suboptimal. In order to solve this problem,  

we proposed to incorporate aircraft routing and crew pairing problems in one model. By using the executed 

AR and CP from the GA, we will solve the incorporated model by using ILP and PSO.   

There are many works that had been done in resolving aircraft routing and crew pairing problem 

individually which can be discovered in [1-9] presented the genetic algorithm in their works which is genetic 

algorithm is one of the proposed method in this research [10] extended the network time line or, for present 

flight and ground arcs, also known as the rotation tour network model that included maintenance arcs.  

Different flight lines were suggested at maintenance stations in [11]. Robustness is a goal in [12] and an 

incorporated model of flight retiming and aircraft routing had been put forward. In [13], the blend of GA and 

heuristic technique was tried on the real data in solving the airline crew scheduling. In [14] incorporated the 

crew pairing and rostering problem in a model that formulate as ILP. While in [15], crew pairing and rostering 

were integrated into one model, then clarified by branch and bound, shortest path algorithm and column 
generation. ILP had been proposed in [16] to create the CP and afterward comprehended by branch bound 

method. The crew pairing and rostering problem were incorporated as one model in [17] and the clarification 
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was conducted by using the GA. In [18] defined the airline crew scheduling as travelling salesman problem 

and resolved it by ant colony optimization. The branch price and cut method was utilized by [19] for resolving 

the crew pairing problem. According to [20], there are three schedule plans in the airlines industry namely as 

strategic planning, operational management and tactical planning.  

The first research that integrated the aircraft routing and crew pairing problems is proposed by [21]. 

They resolved the incorporated model by using column generation and a branch bound method. Other than 

that, [22] solved the issue of aircraft routing, crew pairing and scheduling by turning around the order,  

for instance by solving the issue of crew pairing before the issue of aircraft routing was solved. While [23] 
utilized the Benders decomposition method to reformulate the incorporated aircraft routing and crew pairing 

problem. They used the issue of crew pairing as the master problem of Benders and the issue of aircraft routing 

as the sub problem of Benders. In [24] resolved the aircraft and crew scheduling iteratively begin from an 

insignificant expense and a progression of solutions that can increase the robustness. The incorporated model 

of aircraft routing, crew pairing and re-timing is presented by [25]. A heuristic method had been presented in 

the new approach which is can change the time of any aircraft and crew schedule for reducing the delay 

propagation. [26] also used heuristic methods to generate a set of solutions which was then used in the new 

and more efficient set covering-based formulation, treated as an ILP. From the past researches, many of them 

not obtained the optimal solutions. Hence, our work will use the exact method in obtaining the optimal solution.  

This paper presents (i) a model formulation on the GA in executing a set of feasible AR and CP,  

(ii) an ILP model formulation for the incorporated problems, (iii) a PSO model formulation, and (iv) an 

empirical study to test and validate the effectiveness of the proposed approaches. The next section presents the 
GA approach in executing the set of AR and CP and ILP and PSO formulations in resolving the incorporated 

aircraft routing and crew pairing problem. In the final section, results and analysis including the conclusion of 

our study will be discussed.   

 

 

2. RESEARCH METHOD 

We divide this section into two subsection, the first subsection describes a proposed method in 

executing AR and CP which is GA, while the second subsection describes two methods in solving the integrated 

problem, which are ILP and PSO. 

 

2.1.   Executed Aircraft Routes and Crew Pairs Generated by GA 
 So as to unravel the incorporated model of aircraft routing and crew pairing problem, a set of feasible 

AR and CP are needed. Thus, we suggested GA in order to execute the set of AR and CP which will be 

explained in details. The solution approach of GA for AR and CP is denoted as Algorithm 1 and 2 respectively 

in the Table 2. Table 1 describes the notations used in Algorithm 1 and 2.  

 

 

Table 1. The notations used in GA  
TABLE I.  Notation TABLE II.  Explanation 

TABLE III.  cs  TABLE IV.  Size of population 

TABLE V.  g  TABLE VI.  Flight leg’s quantity that required in the flight table 

TABLE VII.  fh  TABLE VIII.  Time of flight (hours) 

TABLE IX.  tt  TABLE X.  Turn time for aircraft routes 

TABLE XI.  dc  TABLE XII.  Crew duty period 

TABLE XIII.  1G  TABLE XIV.  Parent 1 generated by crossover 

TABLE XV.  2G  TABLE XVI.  Parent 2 generated by crossover 

TABLE XVII.  
'

1G  TABLE XVIII.  Child 1 generated by crossover  

TABLE XIX.  
'

2G  TABLE XX.  Child 2 generated by crossover 

TABLE XXI.  cp  TABLE XXII.  Number of population chromosomes 

TABLE XXIII.  BJ  TABLE XXIV.  Best results for the present population 

TABLE XXV.  BD  TABLE XXVI.  Best results for the solutions’ cumulative  
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Table 2. The pseudocode of GA for AR and CP 
Pseudocode of GA for aircraft routes (Algorithm 1) Pseudocode of GA for crew pairs (Algorithm 2) 

Initially 0.cs   

Generate the initial population. 

Evaluate the fitness of initial population by using fh  and .cp  

While the 
BD  are not repeated three times 

 Select two parents 
1G  and 

2G  

 Record fh of 
1G  and 

2G  

 Generate the children, 
1 'G  and 

2 'G  by crossover 

 Evaluate the children by using fh  and cp  

 Choose 
BJ  based on fh  and cp  

 Generate the mutation of 
1 'G  and 

2 'G  

 Evaluate the mutation of 
1 'G  and 

2 'G  by using fh  

and cp  

 Choose 
BJ  and 

BD  based on . 1fh cs cs   

End while 

Initially 0.cs   

Generate the initial population.  

Evaluate the fitness of initial population by using dc  

While the 
BD  are not repeated three times 

 Select two parents, 
1G  and 

2G  

 Record dc  of 
1G  and 

2G  

 Generate the children, 
1 'G  and 

2 'G  by crossover 

 Evaluate the children by using .dc  

 Choose 
BJ  based on dc  

 Generate the mutation of 
1 'G  and 

2 'G  

 Evaluate the mutation of 
1 'G  and 

2 'G  by using dp  

 Choose 
BJ  and 

BD  based on . 1dp cs cs   

End while 

 

 

2.2.   Model Formulation of Incorporated Problem 

 In this subsection, the model formulation of integrated problem will be explained in details. There 

are two proposed methods in solving the integrated problem that will be presented in this subsection which 

are ILP and PSO.  

 

2.2.1  Integer Linear Programming 

 The formulation of the incorporated aircraft routing and crew pairing problem is demonstrated in 

this subsection. Table 3 summarizes the notations used in incorporated model. The ILP model of integrated 

aircraft routing and crew pairing problem are shown as follows: 
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{0,1},  ; nn N     (10) 

 

{0,1},  ; .dd D     (11) 

 

 
Table 3. The notations in incorporated model of aircraft routing and crew pairing problem 

Notation Explanation 

N   Maintenance stations 

D  Crews’ bases 

R  Two flight with restricted connection 

S  
Two flight with short connection 

G  Flights in the timetable 

A
np  

The AR source nodes 

A
nq

 

The AR sink nodes 

C
dp

 

The crew pairs source nodes 

C
dq

 

The crew pairs sink nodes 

n  AR from 
A
np   to 

A
nq  in 

A
nN  

d  CP from 
C
dp  to 

C
dq  in 

A
dN  

g

nw  Equivalent to 1 if flight g  associated with AR 
n  , or else is equal to 0 

g

dw  Equivalent to 1 if flight g  associated with CP 
d  , or else is equal to 0 

nc
 Expense by using the AR 

n   

dc  Expense by using the CP 
d   

ij

nn  Equivalent to 1 if flights ig  and jg  are perform back to back in AR ,n   or else is equal to 0 

ij

dn  Equivalent to 1 if flights ig  and jg  are perform back to back in CP ,d   or else is equal to 0 

l  The quantity of required aircrafts in the AR 
n   

X  
The quantity of accessible aircrafts 

Y  
The quantity of duty periods permitted in one CP 

Z  
The quantity of short connections permitted in one AR 

v  The quantity of duties in CP 
d 

 

s
 

The quantity of short connections in AR 
n   

ijz  Penalty expense involved with (g ,g )i j R  

  Binary variable that state the process on the AR 
n   

  Binary variable that state the process on the CP 
d   

ijP  Binary variable that state the penalty expenses for (g ,g )i j R  

  

 
The objective function (1) means to get the negligible expenses for both of the aircraft routing and 

crew pairing problems, and also the penalty expenses. Equations (2) and (3) are to assure that each flight leg 

utilize one AR and CP only. Equation (4) is to make sure that all flight that worked at the same time do not 

beyond the accessible aircrafts. Equation (5) imposed that the short connection in the aircraft route 
n   is 

only restricted to Z . Equation (6) guarantees that every single CP does not outperform the quantity of 

permissible duty periods for each crew. Equation (7) satisfies the condition that when the connection is too 

short, a crew does not switch the aircraft. If the same CP is used in the second flight but not the same aircraft, 
(8) is to constrain a penalty. At last, (9), (10) and (11) are the used binary decision variables. 
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2.2.2  Particle Swarm Optimization 

 PSO is easy to implement but difficult to execute and there are not many parameters need to modify 

contrasted with other heuristic methods. Algorithms 3 and 4 provide the overview of the algorithm for binary 

particle swarm optimization. Algorithm 3, Step 1 is defined in Algorithm 4. 

Algorithm 3 

Input: The objective function which is the algorithms’ parameters that consisting of AR and CP. 

Output: The best solution achieved. 

Step 1: By using Algorithm 4, the population of trial solutions, local best and global best will be 

initialized. 

Step 2: The velocity will be calculated by using (12) and (13). 
Step 3: By using (14), the next move will be calculated. 

Step 4: Assessment of the current solution will be done, as the local best and global best as the current 

solution 

Step 5: If the algorithm criterion has been met, then stop. If not, go to step 2. 

In Algorithm 4, M  is the quantity of population and H  is the problem’s dimension. In the Algorithm 4,  

the corresponding fitness function f will be evaluated by calculating the objective function for each trial 

solution. By using the violation of constraints of the problem, function z  is calculated. After that, the solution 

evaluations are carried out by using the amount of these functions and Deb’s rule [27]. Possible alternatives 

with lower fitness are desirable as the goal is to achieve minimal expenses. Compared to the unfeasible solution, 

the feasible solution is desirable. But if infeasible alternatives for both alternatives are acquired, the one with 

lower violation are chosen. 
Algorithm 4 

Input: Algorithm parameters, objective function.  

Output: Trial solution population, global best, and local best. 

Step 1. A set of number at random, 
1 1 3

0, , , ,1 .
4 2 4

s
 

 
 

 {0,1}ijx   will be initialized.  

Step 2. 1i   to 2M  and 1j   to H , then 4 (1 ),s s s   and (s)ijx round . 

Step 3. 2i M  to M  and 1j   to H , then 1,1ij i jx x   . 

Step 4. Assess ijx  for 1, 2,...,i M  and 1,2,..., .j H  The local best and global best will be 

calculated. 

Step 2, velocity in Algorithm 3 is either initialized without any method or put as zero. Next, the velocity will 

be updated iteratively using parameters  and  . The parameters are fixed as 2   and 20  . First, 

produce a set of random number s , if ,s   then update the velocity z  based on the (12). 

 

( ),ij ij gbj ijz z x x    (12) 

 

where 1, 2,...,i M  and 1,2,...,j H  and gbx  as the solution’s global best. When ,s   the velocity z  is 

revised by the (13). 

 

( ),ij ij lbj ijz z x x  
 (13) 

 

where lbx  is the solution’s best local in the present population. If none of these circumstances are met,  

the velocity z  is put as zero. The following stage after the velocity update is to revise the present population 

by using the (14).  

 

.ij ij ijx x v 
 (14) 

 
 

3. RESULTS AND ANALYSIS 
The study findings are described in this subsection and at the same moment the extensive debate is 

provided. We regarded four aircraft types involving multiple Malaysian-based destinations. A GA method is 

used to execute the AR and CP. The incorporated aircraft routing and crew pairing problem was then resolved 

by using two methods, namely the ILP and the PSO, by using the viable AR and CP. All methods have been 

resolved on a 2.10 GHz Intel Core Duo processor using Microsoft Visual Studio C++ interface with ILOG 

CPLEX Callable Library. 
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3.1.  Data Sets 

There are four variety of aircraft that are taken as our data sets. The aircraft are B738, B735, A72 and 

B734 which are operated for local flight by an airline in Malaysia. The aircraft type B738, B735, A72 and 

B734 have 70, 70, 364 and 588 number of flight legs respectively. 

 

3.2.  Solution Approach for Generating AR and CP 

We produce AR and CP by using GA method. The numerical codes are coded in C++ Language.  

The obtained results for the quantity of executed AR and CP for each variety of aircraft by using GA are 
presented in Table 4. 

 

 

Table 4. The quantity of executed AR and CP for each variety of aircraft generated by GA method 
Aircraft 

variety 
AR CP 

Quantity 

of flight 

legs 

Quantity of 

executed AR 

Computationa

l time 

(seconds) 

Quantity of flight 

legs 
Quantity of 

executed CP 
Computational time 

(seconds) 

B738 70 70 100 70 70 96 
B735 70 56 60 70 49 45 
A72 364 252 305 364 245 289 
B734 588 370 422 588 357 410 

 

 

The computational time is more significant when tackling the genuine information / data sets for 

bigger aircraft as they involved bigger number of flight legs. Based on the results, we note that the running 

time by computer performs linear relation with the quantity of flight legs.  Therefore, we expect that when we 

increase the quantity of flight legs, the computational time will be increased linearly.  
 

3.3.   Solution Approaches for Solving Incorporated Aircraft Routing and Crew Pairing Problem 

 We solve the incorporated aircraft routing and crew pairing problem by using the executed AR and 

CP gained from using GA method. The approaches that we use are ILP and the PSO which are coded in C++ 

Language interface with ILOG 12.4 CPLEX. We demonstrate the solution for ILP and PSO in terms of cost 

involved and computational time taken for each type of aircraft. All the estimated expenses utilized Malaysia's 

currency i.e. Ringgit Malaysia. 

 

 

Table 5. Comparison results between ILP and PSO based on the executed AR and CP acquired by GA ethod 
Aircraft 

type 

Quantity 

of flight 

legs 

ILP with executed AR and CP by GA PSO with executed AR and CP by GA 

Quantity of 

executed AR 

Quantity of 

executed CP 

Estimated 

expenses 

(RM) 

Time 

(secs) 

Quantity 

of 

executed 

AR 

Quantity 

of 

executed 

CP 

Estimated 

expenses 

(RM) 

Time 

(secs) 

B738 70 70 70 152734 0 70 70 153143 0 

B735 70 56 49 156714 0.42 56 49 157911 0.45 

A72 364 252 245 332065 240.6 252 245 334722 178.9 

B734 588 370 357 821678 673.9 370 357 827264 668.1 

 

 

In this subsection, the results of  ILP and PSO for executed AR and CP obtained from GA are 

presented. As presented in Table 5, the costs of all approaches for executed AR and CP for ILP are lower than 

PSO. From all the approaches that have been used in this work, it can be concluded that the results obtained 

from ILP have the lowest costs for all type of aircraft. In terms of computational time for aircraft type B738, 

the results from all the approaches compute the lowest computational time which are zero second. For aircraft 

type B735, ILP requires the lowest computational time. For aircraft type with the bigger size of flight legs 
which is A72 computes the lowest computational time by using PSO. Lastly, the aircraft type with the highest 

number of flight legs, B734 computes the minimum computational time by using PSO. It can conclude that the 

results PSO requires less computation time, however, the costs obtained are slightly high. 
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4. CONCLUSION  

This paper presents a comparison of two hybrid algorithms for incorporated aircraft routing and crew 

pairing problems. In this paper, GA method is presented in executing the AR and CP. Then, two solution 

approaches in solving the incorporated problem are presented, one includes an ILP formulation, while the other 

one is based on PSO. Both approaches are empirically examined on four variety of aircraft operated for 

Malaysian local flights. The solutions obtained are advocated strongly in solving the complex incorporated 

problems, however the integrated formulation gives off an impression of being generally quicker on those 

tested flights. Besides that, the solutions from ILP are optimal, compare to the solutions from the PSO are not 

optimal. One conceivable future research is to examine the bigger occurrences from the worldwide airline 

companies. One way to address this is to incorporate a parallel genetic algorithm within the PSO to speed up 
the process. Although this is challenging in practical and academic but it will be helpful for the bigger 

occurrences. 
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