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Abstract: Indonesia is a large country so that the demands of flight service are very high.
Because the demands of flight service, flight industry should minimize operational cost
such as crew cost, Crew cost depends on pairings from flight schedule. Optimization model
of this problem is selecting optimal pairings covering all flight numbers. In this re»(-n,‘h
optimal pairing selection will be applied by Analytic Hierarchy Process (AHP). AHP
requires the decision maker to provide judgements about the relative importance of each
criteria and an specify a preference for each decision alternative using each criteria. By
using AHP, we can determine the overall priority for each decision alternative.

Keywords: Analytic Hierarchy Process, Optimal Pairing Selection, Binary Programming,
Greedy Algorithm

1. Introduction

Nowadays, linear programming as one of optimization problems have been applied such
as: transportation problem minimizing cost (Rahmalia and Herlambang, 2018), production
planning optimization (Rahmalia and Rohmah, 2018), pairings selection problem (Rahmalia et
al, 2013). Generally, in the optimization problem, there are some constraints which should be
satisfied. There are some techniques for solving constrained optimization such as simplex
method (Taha, 2007; Hillier and Lieberman, 2001), heuristic methods for approaching
(Rahmalia, 2017), giving the penalty score if the solution does not satisfy the constraint
(Rahmalia, 2018), goal programming for multiobjective optimization (Rahmalia et al, 2018).
This research will develop pairings selection problem from flight schedule of flight company in
Indonesia.

Indonesia is a large country so that the demands of flight service are very high. Because the
demands of flight service, flight industry should minimize operational cost such as crew cost.
Crew cost depends on pairings from flight schedule (Rahmalia et al, 2013 ). Optimization model
of this problem is selecting optimal pairings covering all flight numbers. The method used in
order that all flight numbers are covered at least one pairing is greedy algorithm. Because the
solutions of this problem are binary then the mathematical model is binary programming.

Q_P 2019, February 13-14, Sidoarjo, Indonesia

Copyright © 2019 EAI

DOI 10.4108/eai.13-2-2019.2286496




In this research, optimal pairing selection will be applied by Analytic Hierarchy Process
(AHP). However, before AHP is applied, we generate a set of possible pairing of each flight
number. After the set of possible pairings are generated, they will be determined a set of selected
pairings subject to all flight number are covered at least one pairing. Then nc make some sets
of set of selected pairings as decision alternatives by greedy algorithm. AHP requires the
decision maker to provide judgements about the relative importance of each criteria
and tlfn specify a preference for each decision alternative using each criteria. By using
AHP, we can determine the overall priority for each decision alternative (Anderson et al, 2012).

2. Method

2.1. Pairing and Deadhead

Pairing is the sequence of flights drived by a set of crews started from the airport in first
flight until to the same airport in last flight. Each pairing is driven by a set of crews. Therefore
the crews depart and arrive in the same airport (homebase) in their duty.

The method for constructing pairing is using possibility matrix A" ,n=2,3,4,5,6.
Possibility matrix A" keeps pairing consisting of n flight numbers so that each column of
possibility matrix A" has n elements with score equals 1. Pairing illustration can be seen on

Figure 1. Pairing A" consists of n flight numbers (Rahmalia et al, 2013).

Pre Flight 1 Transit Flight 2 Transit Flight 3 Transit Flight4 Post
Journey | (A>B) Time (B>C) Time (C=>D) Time (D= A4) | Journey
(90 mnt) (1T) (M) (™) (90 mnt)

Figure. 1 Pairing Nllustration

In the pairing selection, there are some cases the flight numbers are deadhead. Deadhead is
the case in which there are same flight numbers in the different pairing. This problem causes a
set of crews is transfered to destination airport with other flight in different pairing.
2.2. Mathematical Model of Optimal Pairing Selection

Optimal pairing selection can be done by generating a set of possible pairing of each flight
number. After the set of possible pairings are generated, they will be determined a set of selected
pairings subject to all flight number are covered at least one pairing.

Mathematical model of optimal pairing selection is binary programming with the model as
follows:

Ny
Yagx z1. i=12,..N, (1
k=l

x, €{0.1}, k=12.....N, @)




Variables used are :
N, : The number of possible pairing

N, :Total flight numbers

- {1, if flight number i is covered in pairing k
k= 1o, otherwise

with a set of selected pairings as decision alternatives are :
o = {1, if pairing k is selected 3)
k 0, otherwise

2.3 Generating the Set of Selected Pairings

Before using AHP, we need to initialize a set of M sets of selected pairings as decision
alternatives by greedy algorithm. Greedy algorithm is applied because it can cover all flight
numbers at least one pairing based on equation (1). Because the solutions of this problem are
binary then the mathematical model is binary programming. The algorithm to initialize a set of

M sets of selected pairings as decision alternatives is as follows:
for j=1:M
1. Suppose U is the set of uncovered flight number, ., i =1,2,...,N is the set of

a selected pairing, w;, i=1,2,...,N, is the number of pairing covering flight

F
number i,and X, =0, k=1,2.....N, is the decision variable solution i.e. selected
pairings.

2. SetU=F.S ={}.w,=0 forevery i =1,2,...N,, x, =0 forevery k=12,...N,
For i=1:N,

It (w.=0)
a. Determine P :the set of pairings covering flight number i
b. Choose pairing g e P randomly

c. Determine F: the set of flight numbers covered by pairing g € P,
d. Update S« 8, ug.w < w +1 for i F,
e. Update U « U-F, . x, =1
end
end
end
2.4. Analytic Hierarchy Process (AHP)
Analytic hierarchy process (AHP) was developed by Thomas L. Saaty to
solve multicriteria decision problems. AHP requires the decision maker to provide judgements




about the relative importance of each criteria and then specify a preference for each decision
alternative using each criteria. The output of AHP is a prioritized ranking of the decision
alternatives based on the overall preferences expressed by the decision maker.

The first step in AHP is developing a graphical representation of the problem such as the
overall goal, the criteria, and the decision alternatives. Graphical representation of optimal
pairing selection can be seen on Figure. 2. The goal is selecting the best set of selected pairings
from M decision alternatives. In the set of selected pairings, there are some criterias such as
deadhead, pairing A”, pairing A*, pairing A%, pairing A, and pairing A® to be analyzed.

Criteria

Decision
Alternative

Select the best set of
pairings number

:

l

I

l

l

l

| Deadhead ‘ | Pairing A ‘ Pairing A* ‘ Pairing A* Pairing A® Pairing A® ‘
r A
Set of pairings Setof pairings Set of pairings Setof pairings Setof pairings Set of pairings
number 1 number 1 number 1 number 1 number 1 number 1
Setof pairings Setof pairings Setof pairings Setof pairings Setof pairings Setof pairings
number 2 number 2 number 2 nasmber 2 number 2 number 2
Set of pairings Set of pairings Set of pairings Setof pairings Setof pairings Set of pairings
number M number M number M number M number M number M

Figure. 2 Graphical Representation of Optimal Pairing Selection

Table 1 shows comparison scale for the importance rate which will be used in AHP.

Table. 1 Comparison Scale for the Importance Rate

Verbal Judgement

Numerical Rating ¢

Very Important

Important

Sufficient Important

Equally Important

6

= N W s O

The steps of AHP to determine the overall priority of each decision alternative are

as follows:

1. Construct the pairwise comparison matrix with elements p,; are:




py=lifi=j )

12
¢ if criteria i is more important than criteria j
py={t . @ o ()
- if criteria j is more important than criteria i

2. Sum the values in each column of the pairwise comparison matrix.

3. Divide each element in the pairwise comparison matrix by its column total. The
resulting matrix is called as the normalized pairwise comparison matrix.

4. Compute the average of the elements in each row of the normalized pairwise comparison
matrix. These averages are the priorities for the criteria. High priorities indicate high
importance.

5. For each criteria, do steps 1-4 to compare each decision alternative.

6.  Determine the overall priority for each decision alternative.

Q=2 ©)
i
z, : the weight for criteria |

r;; : the rating for criteria i and decision alternative j

3. Result and discussion.

Data used in this research are from flight schedule of flight company in Indonesia
by Boeing B738 airline on February 3, 2012. First, we generate a set of possible pairing
of each flight number. After the set of possible pairings are generated, they will be
determined a set of selected pairings subject to all flight number are covered at least
one pairing. Then, we need to initialize a set of 30 sets of selected pairings as decision
alternatives.

From the sets of selected pairings, we can design pairwise comparison matrix to compare
deadhead, pairing A*, pairing A*, pairing A*, pairing A® and pairing A® as in Table 2.

Table. 2 Pairwise Comparison Matrix

Deadhead Pairing A2  Pairing A3 Pairing A* Pairing A5 Pairing A8

Deadhead 1 0.500 0.333 0.250 0.200 0.167
Pairing A2 2 1 0.333 0.250 0.200 0.167
Pairing A* 3 3 1 0.250 0.200 0.167
Pairing A* 4 4 4 1 0.200 0.167
Pairing A5 5 5 5 5 1 0.167
Pairing AF 6 6 6 6 6 1

After using AHP, the overall priority of 30 decision alternatives can be seen in
Figure 3.
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Figure. 3 Graph of priority of each decision alternative

From the graph, the five best decision alternatives of a set of selected pairings with their
priority are shown in Table 3.

Table. 3 Five Best Decision Altervatives

Number Priority
23 0.0599

6 00565

9 00528

19 0.0463

25 0.0436

From the graph, five worst decision alternatives of a set of selected pairings with their
priority are shown in Table 4.

Table. 4 Five Worst Decision Alternatives

Number Priority
14 0.0243
24 0.0227
12 00219

2 00211
27 00191




4. Conclusion.

There are some steps in optimal pairing selection. We generate a set of possible pairing of
each flight number. After the set of possible pairings are generated, they will be determined a
set of selected pairings subject to all flight number are covered at least one pairing. Then, we
need to initialize a set of sets of selected pairings as decision elllermllives.a'()m the sets of
selected pairings, we can design pairwise comparison matrix. By using AHP, we can determine
the overall priority for each decision alternative.
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