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Abstract: Based on the characteristics of the air alliance
environment saving transport mileage, the hub location
problem of the air cargo network was studied. First, the air
alliance selection probability model was introduced to
determine the alliance self-operation or outsourcing probability
in different segments. Then, according to the location center
rule, with the goal of minimizing the total cost, the hub
location model was built. The improved immune chaos genetic
algorithm was used to solve this model. The results show that
the improved algorithm has stronger convergence and better
effect than the immune genetic algorithm. When the number
of hubs increases, but the
transportation cost decreases. The greater the discount factor,
the fixed cost, and the self operating cost sharing coefficient,
the higher the total network cost. The airline which joins the
air alliance can greatly reduce the operating cost of airlines.
Therefore, airlines should consider joining the alliance.
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increases, the fixed cost

‘x T ith the transformation of economic growth mode
and the upgrading of the industrial structure in
China, air transport increases cargo transport volume, ac-
celerates the construction of aviation infrastructures, and
increases the level of hub airports. Although China’s avi-
ation logistics has developed rapidly, it is still in the pro-
gression stage and has many shortcomings. Firstly, the
scale is small, and the transport capacity is low. Second-
ly, the logistics enterprises have narrow business scope,
mostly still engaged in a single air cargo or freight for-
warding and so on. Air cargo volume and timelines have
brought new requirements to the development of aviation
division.
At present, most scholars focused on the evolution
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analysis of air cargo and air network'' ™', the location of
air hub'”™', and the optimization of air route networks.
Most scholars adopted two methods in the location prob-
lem related to this paper. One is the index evaluation
method, such as AHP, fuzzy clustering, fuzzy language
and other multi-attribute decision-making methods. The
other is to establish the location model by the gravity
method, center method and linear integer programming.
Campbell' first proposed to define decision variables
based on the path between the starting and ending points.
Based on this, a mixed integer programming model for
the central hub problem was established, which increased
the constraints of variables, simplified the model of the
algorithm, reduced the difficulty of solving, and laid the
foundation for the construction of a simple algorithm.
Since then, most scholars’ research has been based on the
idea of Campbell. Yang et al.” constructed a bilevel
programming model to minimize the total transportation
cost, and determined the location of the aviation hub and
the assignment path of the flight segment. Mohri et al. '
built a hub location model based on the capacity envelope
function, and constructed a new adaptive large neighbor-
hood search algorithm ( ALN) to solve practical prob-
lems. da Graca Costa et al. "*' established a single hub lo-
cation model with capacity constraints for hub nodes, and
proposed a two-level standard method for solving the
model. From the aspect of aviation alliance, the current
research mainly focused on the impact on aviation users
and airlines, the choice of alliance cooperation mode, the
cost-benefit sharing of alliance, the analysis of alliance
Air-
lines participating in the alliance can reduce costs by sha-

networks and the construction of alliance networks.

ring facilities, equipment and personnel. At present,
there are few studies on the aviation network and hub lo-
cation of aviation alliance. Wen et al. " set up an inter-
active route network multi-objective model based on the
code sharing of aviation alliance, taking into account the
factors of flight frequency and cost.

Alliances can create a competitive advantage, reduce
costs, and expand the network reach for cargo carriers.
Three global alliance clusters emerged, with founding part-
ners located in the major geographic regions, and often al-

ready involved in bilateral partnerships with other found-
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ers. This study examines how global airline alliances
form, with their related expansion of the network reach,
resulting in an increase in the profitability for the foun-
ding members'"™""
ty of aviation alliance is determined by analyzing the rev-

. In this paper, the selection probabili-

enue and cost under the competition of aviation alliance.

Hub carriers tend to charge higher fares to their passen-
gers at their hubs. Using the fare data at the Hong Kong
International Airport, this paper aims at empirically exami-
ning the factors affecting the hub premium for both econo-
my and business class markets. The random effect models

are employed in the analysis'”.

A new practical airline
green hub location model with hub capacity decision is
presented based on airport capacity envelope functions'”.
Therefore, this paper presents a solution to the problem of
hub location based on capacity and quantity constraints.

In this paper, the hub location problem of the air cargo
Ac-
cording to the relevant influence of different airlines in the

network is studied in the air alliance environment.

alliance environment, the choice of self-operation or out-
sourcing of airlines in different routes is analyzed, and
the equilibrium probability function of alliance selection is
determined. According to the location center rule and di-
rect demand, the model of hub location is established.
Considering the chaotic mapping, an improved immune
chaotic genetic algorithm (ICGA) is designed to solve the
localization problem.

1 Hub Points Location Problem with Descriptions

The location problem of air logistics nodes can be de-
scribed as the location and demand of known OD points
of freight demand, as shown in Fig. 1(a). In order to
minimize the cost, the location of ¢ transit points is se-
lected among the P alternative points in M demand points
of the aviation network, as shown in Fig. 1(b).

Figs. 1(a) and (b) illustrate our notation. The demand
point is denoted by i,je[1,2, ..., M].
origination to destination is represented as D,. The dis-
tance from origination to destination is represented as d;.

The demand from

When there is a transfer point from origination to destina-
tion, the distance of the transfer point from origination to
destination is d,; =d,, +d,;. In the formula, k is the trans-
fer point belonging to [1, 2, ..., g]; m is the alternative
point of the transfer point belonging to [1,2, ..., N].

The unit transportation cost is C::/ without transship-
ment. C,, represents the unit transport cost of the transfer
point from origination to destination, and @ is the trans-
shipment cost coefficient, so C;; =6,C,, +6,C,,;~0(C,, +
C‘kj). C,, denotes the unit penalty cost for unattended
transportation. C, represents the fixed cost of an airline
when it operates on its own, including the cost of loading
and unloading operations. c¢, denotes the penalty costs of
the transshipment points exceeding the capacity con-
straints. Q. indicates the number of shipments that exceed
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Fig.1  Solutions for disruptions. (a) Origination destination ex-

pectation line; (b) Frame of hub points location

the capacity limit at the transfer point. C; denotes the
fixed cost required for the construction of transshipment
point k. If an airline joins an air alliance, C} =§,C;, and
8, €(0,1). X, denotes the probability of point k as trans-
shipment point, which obeys the 0-1 distribution. X, de-
notes the probability of the demand of the transfer point
from origination to destination, which follows the 0-1 dis-
tribution. X, denotes the probability of the direct demand
from origination to destination, which obeys the 0-1 dis-
tribution. P_ indicates the probability that other coopera-
tive alliance companies will choose to be self-operating. ¢
represents the coefficient of return. « represents the cost
allocation factor of the airline alliance when it operates on
its own, and 0 < @ < 1. B represents the cost allocation
factor of airline alliance outsourcing, and 8 > 1. Q repre-
sents the maximum load of the aircraft. Q, represents the
maximum takeoff and landing capacity of an airline at a
transfer point. The objective function of the location
model is to minimize the sum of the fixed cost of the se-
lected transfer airport and the total freight transportation
cost, handling cost and penalty cost that exceed the maxi-
mum capacity of the transfer point. The total freight
transportation cost and handling cost are related to the op-
eration of the alliance business. When the alliance oper-
airlines are required. The operators
choose the hub to minimize the business cost. When out-

ates on its own,

sourcing, the airline does not need to consider the transport
of the cargo volume in its own air network. Decision vari-
ables y, are self-operation for segment selection, and obey
the 0-1 distribution. & is the location of transfer points.
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We emphasize our assumption that the information is
pertinent to air transport. Goods can only be transshipped
once at most, since previous studies'”’ have shown that
two transshipments are almost non-existent. It did not
consider the queuing problem of aircraft landing and time
waiting costs in the transshipment process to simplify the
model without considering the influence of time. The unit
transportation cost of each section is the same during the
course of transportation.
nodes can only be transported along a route with the low-
est transport cost.

Therefore, according to the hub points location prob-
lem, a hub location model is established. The hub location
problem can be stated as a central location model problem
with side constraints and capacity constraints. The hub lo-
cation problem (HLP) can be modeled as follows:

Cargo between any two air

minC, = ¥ (C[X) +y,(Y > ¥ (2C, +

i1 j=1 k=1

M M
aCyD,d, X,) + 21 Z (Cp, +aCyD,d,X,)) +
£

i=

(1=y)(Y > Y (BCD,d,) +C,Q, (1)
St i=1 j=1 k=1
ixk =K (2)

Y Y x,+X, =1 (3)

Q, = Y max(( Y ¥ DX, -0).0) (4
1 P, =0.5

= 1 5

Vs {0 P, <0.5 )

X, =1{0,1} (6)

ng={0’1} (7)

X, =1{0,1} (8)

Eq. (2) indicates that the number of transfer points is
limited. Eq. (3) denotes that goods between two air
nodes can only be completed along one transport route.
Eq. (4) indicates that the number of shipments that ex-
ceed the capacity limit at the transfer point is limited.

Y. > D,X, - Q, indicates that there is capacity differ-
i

ence between the actual freight volume and specified ca-
pacity of transfer point k. Eq. (5) denotes whether alli-
ance is self-operating or not. When the probability of
self-selection is greater than 0.5, it will adopt an alliance
self-operation, else it will adopt alliance outsource opera-
tion. Egs. (6) to (8) are referred to as the deciding varia-
bles. Eq. (6) denotes that the point is a transfer center
when the value is 1, else it is not a transfer center when
the value is 0. Eqgs. (7) and (8) denote the unique path

from the demand origination point to the destination point.

When the location model of the aviation hub is estab-
lished, we need to depict the probability of alliance selec-
tion. Airlines choose to join the alliance, and the proba-
bility of operation choice on different routes is related to
their freight volume and operation choice of other cooper-
ative airlines.

When an airline chooses to self-operate its own alli-
ance, its income is R, = P [tdD,; - (C, + C'dD,;)] + (1
-P)[tdD; - (C, + aC'dD;)]. When airlines choose
outsourcing, the revenue is R, = P, [ A, + D, -
(BC'dD,)] + (1 - P,)A,. Among them, A, and A; are
the loss values when the airline business is abnormal.

Then, the probability that the airline chooses alliance

self-operation is P, = and the probability of out-

Rl
R, +R,’
RZ
R, +R,
According to the risk aversion problem studied by
Rieger et al. "', the proposed risk aversion prospect the-
ory improves the loss effect.
The degree of risk loss is described by the weight func-
tion.

sourcing is P, =

pf

m(p) = 5z P=0
(P +(1-p°)
m(p) = o 9
7 (p)=—7T—""—"—"7- p<0
(P +(1=-pN)"
Using the improved value-at-risk function, the risk loss
is depicted.

Ax x=0

10
-9 +9A,x (10)

v(x) =
(%) { x<0

Therefore, the prospect theory model based on the val-
ue of risk loss is proposed.

V=Y v(x)m(p) (1)

If the decision maker is more sensitive to losses, then
¢ is greater than 1, else it is less than or equal to 1. A,
and A, denote the degree of concavity and convexity of
the value function in gains and losses, 0 <A, A, <1. pis
the probability. ¢ and 7 represent the degree of weight
change, which also reflect the different attitudes of deci-
sion-makers towards returns and risks.

Therefore, A, = ( - 9 +
((DH + Dij - Q)/Djj)T
((D, +D; = 0)/Dj;+(1 =((D,; +D, - Q)/D;)") """’
Ay = -9 +9A,CdD;. Here, D, represents the freight
volume from the one demand point to another demand
point of other cooperative airlines.

9A,CydD; )

2 Solution Methodology and Algorithm Design

The problem to be solved in this section is to determine
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the point of the transit of goods based on a number of al-
ternative points. Combining the immune algorithm, the
genetic algorithm can effectively overcome the premature
phenomenon. As the object of this study is large-scale
population, it adopts the improved ICGA to effectively
improve the calculation efficiency and optimization abili-
ty, which can obtain the optimal solution of the problem
with a relatively high probability. The immune genetic al-
gorithm (IGA) is an improved genetic algorithm, which
improves the selection operation of the genetic algorithm
according to the theory of somatic cell and immune net-
work, so as to maintain the diversity of population and
improve the global optimization ability of the algorithm.
By adding the immune memory function to the algorithm,
the convergence speed of the algorithm is improved. The
IGA regards antigen as an objective function, antibody as
the feasible solution of the problem, and affinity between
antibody and antigen as the fitness of the feasible solu-
tion. The IGA introduces the concept of antibody concen-
tration, and describes it with the information entropy to
express the number of similar feasible solutions in the
population. The IGA integrity method is based on the af-
finity between antibody and antigen and the concentration
of the antibody. The antibody with high affinity and low
concentration has a high selection rate, which can inhibit
the antibody with high concentration in the population and
maintain its diversity. Similar to the genetic algorithm,
the combination of the immune algorithm and genetic al-
gorithm is also suitable for solving nonlinear and NP hard
problems. However, compared with the genetic algo-
rithm, the IGA has higher efficiency and better results.
The improved algorithm process steps are as follows.

Step 1 Encoding form and parameter initialization

In this paper, the decision variable is the location of
transfer points, so the algorithms use the integer chromo-
some coding. The number K represents that there are only
K transfer points in Fig. 2. The gene of every chromo-
some indicates that which airport is selected as a transfer
point. Four transfer points need to be selected. If the
number of genes is [1, 2, 4, 10], it represents that the
transfer point is the airport of nodes 1,2,4, 10.

12 4 e e 10
L2 s [ ][ k]
N~

Transfer points

Fig.2 Chromosomal coding of hub

Step 2 Generation of the initial antibody group

It generates M individuals randomly and picks up m in-
dividuals to form an initial group from the memory bank,
where m is the number of individuals in the memory bank.

Step 3 Solving diversity assessment

According to Eq. (1), the total cost representing the
fitness value of the antibody and antigen is calculated.

The fitness value A is the lowest total cost of selecting
transfer points, including the transportation cost and con-
struction cost of transfer points and so on. Based on the
transportation distance and transportation cost, Eq. (3)
and Cy, =60,C; +0,C,,~6(C, + C,,) are introduced into
the calculation of fitness value to lay the foundation for
optimization. In this process, the capacity of the transfer
point can be calculated and determined, and the cost of
exceeding the capacity constraint can be calculated ac-
cording to Eq. (4). According to the probability of the
airline choosing self-operation or outsourcing, the value
of y, in Eq. (5) is determined.

The antibody concentration C is the proportion of simi-
lar antibodies in the M population. The pre-set threshold
is that C = iZS, T=0.7. Here, S=1 when S>T, S

jeN
=0 when S<T.

In the population, the expected reproductive probability
P of each individual is composed of the affinity between
antibody and antigen and the concentration of the antibody.

A +(1-p,) < , where p_ is a constant that
x4 Xc
represents the diversity evaluation parameter. The higher
the fitness value of an individual, the greater the repro-
ductive probability. The higher the antibody concentra-
tion, the smaller the reproductive probability.

P =p,

Step 4 Forming a parental group

The initial population is arranged in a descending order
according to the expected probability P. Then, the parent
group from the former M individuals is formed, and is
stored in the memory bank from the former m individuals.

Step 5 Immune manipulation

A random number in [0, 1] interval is generated. If the
random number is less than or equal to the cumulative
probability of the individual and greater than the cumula-
tive probability of the individual 1, the individual is se-
lected for the offspring population.

According to the crossover probability p,, the cross-
over operation is carried out by the single point crossover
method. It inherits the excellent characteristics of the fa-
ther generation to the offspring, thus forming new excel-
lent individuals.

Step 6 Chaotic renewal strategy

The chaos mechanism is used to improve the mutation
operator, and chaos mapping is used to realize chaotic
mutation. Using the hybrid chaos algorithm, the antibody
v is mapped into space [0, 1] and used as the initial value
of chaos of x,. According to the initial position of x, and
organizational variable factors of r, gbest(1) is found and
designated as gbest(1) and gbest(0). Through pre-selec-
tion operation,
gbest( k) can be found from the current location of x, and
the previous best position of gbest(k —1). The position of
gbest(k) is determined by f( gbest(k)) = min(f(x,(k)),

the best target function position of
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f(x,(k)), ..., f(xy(k))). The result gbest(k) is found
through the discrete reorganization operation and local
search around gbest(k) and x,. According to the formula
y(k+1) =y,(k)' " and x,(k+1) = (xid(k) +7¢75v‘.)

d

exp (1 =exp( =ay,(k+1)))(3 - (50 + 520 ) ) +

71!;*5\/,. + (gbest, (k) —x,(k))exp ( —2ay,(k+1) +b),

update location and organizational variables. In order to
reduce the possibility of leaving the search area during the
search process, let x,,(k +1) =min(w,/2, max( - w,/2, x,
(k+1)). Map x,(k) to the solution space, complete the
chaotic mutation process and obtain the mutated antibody v'.

Step 7 Generating new populations

After immunization and variation, a new population is
obtained. Then, the individual with memory is extracted
from the memory bank to form a new generation of popu-
lation and go to step 3.

Step 8
reached, go to step 3; otherwise, output the optimal so-
lution and terminate the algorithm.

If the maximum number of iterations is not

3 Computational Examples

3.1 Basic conditions and parameter settings

When S Airlines are in operation, the profit coefficient

t=2.5, self-operating sharing coefficient o« =0. 6, out-
sourcing sharing coefficient 8 = 1. 6. The construction
cost C; of the transfer point obeys a uniform distribution
that is U(20 000, 40 000). The transfer point construc-
tion discount coefficient §, =0.8. The unit transportation
cost every ton and 100 km C' =330 yuan. The transship-
ment cost coefficient § =0. 8. The transfer point number
g =6. The maximum weight of the aircraft is Q =30 t.
The fixed cost on the aircraft section is C, =25 000 yuan,
including the depreciation, loading and unloading fees,
landing fees, and so on. The unit cost of loss without a
carrier every ton and 100 km Cy, =100 yuan. The limited
capacity of the transshipment point Q, =400 t. The pen-
alty cost exceeding the capacity limit for the transship-
ment point ¢, =40 000 yuan. The optional collection of
freight network hub points is an aggregate including
Guangzhou, Wuhan, Chengdu,
Beijing, Zhengzhou, Hangzhou, Xi’an, and Shanghai. It
is assumed that the probability of other cooperative Air-
lines choosing their own business follows a uniform distri-
bution U(0, 1) and the freight volume follows a uniform
distribution U(0,20). This paper takes the air cargo vol-
ume on a certain day in 2018 of 38 cities of the S cargo
carrier as an example. We selected the OD matrix partial

Shenzhen, Shenyang,

data of air cargo volume, as shown in Tab. 1.

Tab.1 Air cargo volume of S Airlines OD matrix partial data kg

City Beijing Guangzhou Shanghai Tianjin Chongqing Shenyang Nanjing Wuhan Chengdu
Beijing 0 2 896 5 857 0 5942 0 1 206 5 863 14 490
Guangzhou 8707 0 3773 1612 954 2 507 728 5245 2915
Shanghai 14 175 3173 0 1 500 5631 6 815 0 3241 12 697
Tianjin 0 5 620 0 1 067 0 0 771 1882
Chongging 2733 921 1243 225 0 393 73 569 0
Shenyang 2823 1713 2193 0 629 0 457 512 1 344
Nanjing 2 768 491 0 0 1552 1771 0 0 2 555
Wuhan 5314 2134 1 957 279 1 947 1 048 0 0 3 007
Chengdu 4453 2 066 2 165 1297 0 1160 687 2623 0
Xi’an 7207 2 156 3979 681 1 096 1171 1174 1113 1157
Shijiazhuang 0 847 1 661 0 148 0 431 0 747
Taiyuan 423 30 971 145 189 215 162 206 109
Zhengzhou 332 2183 433 0 1014 1 061 0 0 2 832
Dalian 5074 1129 2342 494 273 0 351 1282 568
Changchun 1899 783 2 041 431 300 0 369 174 499
Harbin 4 698 657 1 083 545 225 0 279 238 753
Hohhot 616 558 618 0 54 0 0 375 259
Jinan 0 3 476 404 0 1 068 1 048 0 1264 2 984
Qingdao 733 3325 4793 0 1313 2159 434 1875 2330
Hefei 1 301 381 0 234 1 340 867 0 0 1 620
Hangzhou 1 908 576 0 418 1018 1517 0 1831 5020
Ningbo 559 2 546 0 86 60 244 0 612 368
Wenzhou 3980 3 860 0 532 948 447 0 1257 2162
Fuzhou 1 938 515 1978 502 632 386 388 584 356
Xiamen 5495 16 1 535 1352 716 2714 849 3237 4676
Changsha 5200 4978 1980 475 1 681 1 840 0 0 2 020
Shenzhen 23 077 0 3542 9 006 2 802 2 817 2 870 4735 5556
Nanning 855 260 421 98 342 112 0 230 293

Guilin 642 0 405 0

0 0 0 0 122
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3.2 Calculation results

We used MATLAB R2016b software to run the im-
proved ICGA on Inter Core i7-8550U CPU @ 1. 80 GHz,
8.00 GB memory computer. The specific parameters of
the algorithm are as follows: The population size N =50;
memory capacity is overbest " =10; crossover probabili-
ty p. =0.5; mutation probability p  =0.4; the maximum
iteration number G =100; diversity evaluation p, =0.95.

The convergence of the algorithm is shown in Fig. 3.
In the 36th generation, the algorithm converges, which
indicates that the degree of convergence of the improved
algorithm is strong. The result shows that the number of
hub locations is (2,4,5,6,7,8), so the hub locations are
Guangzhou, Chengdu, Shenyang, Beijing, Zhengzhou
and Hangzhou. At the same time, the total cost is
701 768 yuan.

2.0r
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Fig.3 Convergence curve of the improved ICGA

3.3 Algorithmic comparison

In this paper, the ICGA is improved. Compared with
the IGA, it has two main advantages. One is stronger it-
erative convergence and the other is a better fitness value.
The algorithm comparison results are shown in Fig. 4.
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Fig. 4 Comparison of convergence curves between the im-
proved ICGA algorithm and IGA algorithm

Comparing the improved algorithm with ICGA, IGA
and CPLEX, it can be found that the improved algorithm
in this paper has a faster calculation speed, and the differ-
ence between the calculation results and the solution is
smaller, as shown in Tab. 2. Therefore, in large-scale
operations, the algorithm designed in this paper has cer-
tain applicability.

Tab.2 Algorithm comparison in large-scale operations

. . . Total
Method Generations Calculation time/s
cost/yuan
ICGA 36 9.33 701 768
IGA 66 9.23 741 247
CPLEX 635 700 259
In Tab. 3, the data of 38 cases is divided into 5

groups: (1,6, 11, 16, 21, 26, 31, 36), (2,7, 12,17, 22,
27,32,37), (3,8,13,18,23,28,33,38), (4,9,14,19,
24,29,34), and (5,10, 15, 20, 25,30, 35). The compari-
son between the calculation results and speeds of different
algorithms in small-scale examples is shown in Tab. 3.
The solver solution in small-scale examples is obviously
superior to the heuristic algorithm in terms of calculation
speed, and the results are similar in terms of calculation
results.

Tab.3 Algorithm comparison in small-scale operations

Example . Calculation Total
Method Generations R
cale time/'s cost/yuan
8 10 8.89
ICGA 100 498
7 10 8.85
8 20 8.34
IGA 105 548
7 20 8.26
8 1.65
CPLEX 100 011
7 1.51

3.4 Sensitivity analysis

3.4.1

When the coefficient of transshipment cost § becomes
smaller, the cost of transshipment chosen on behalf of air-
lines will become smaller. At this time, the cost affected
by different transshipment coefficients 8 = {0.7,0.8,0.9}
is shown in Fig. 5. As a result, when the coefficient of
transshipment cost @ increases, the total cost also increa-
ses. Therefore, the smaller the coefficient of transship-
ment cost §, the more frequent the transshipment of alli-
ances, and the location of the transfer point remains un-
changed.

Transshipment cost coefficient 6

1.6 9.
—08
1.4 ~0.7
g -09
=]
-
1.2
3
S1.0f
=
=
0.8
G 20 40 60 80 100

Number of iterations

Fig.5 Comparison of different transshipment cost coefficients

3.4.2 Number of transfer points g
Under the constraints of different numbers of transfer
points, the results of the transshipment location of the air-
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line freight network are shown in Tab.4. When g =6,
the total cost is the lowest. Therefore, the optimal num-
ber of hub locations for S Airlines is 6. At the same time
the total cost is 701 768 yuan. It shows that when the
number of transfer points increases,
transfer points increases, but the variable cost including
the transportation cost decreases with the increase in trans-
fer points. The total cost decreases when the number of
transfer points is increased.

the fixed cost of

Tab.4  Location results under different numbers of transfer
points
Number of Location Variable Fixed Total

transfer points results cost/yuan  cost/yuan cost/yuan
4 2,4,5,9 1 064 241 97 000 1 161 241
5 5,6,7,9,10 957 768 119 000 1 076 768
6 2,4,5,6,7,8 557 768 144 000 701 768
7 2,4,5,6,7,8,10 557 768 169 000 726 768

3.4.3 Fixed cost on aircraft section C,

When the fixed cost of different segments of an air-
craft changes, it affects the total cost of self-operation of
the segment. The impact of fixed cost C, = {10 000,
15 000, 20 000, 25 000, 30 000} on the total cost is ana-
lyzed as shown in Fig. 6. It can be seen that with the in-
crease in the fixed cost in the flight segment, the total
cost of the network increases.

Total cost/10° yuan

0 20 0 60 80 100
Number of iterations

Fig.6 Comparison of fixed cost of aircraft section

3.4.4 Cost-sharing coefficient & and 8

When the coefficients of alliance self-operation and al-
liance outsourcing change, the decision-making of S Air-
lines will also change. The optimal results with different
values of « and B are shown in Fig. 7. It is found that the
larger the cost of self-operation «, the smaller the proba-
bility of S Airlines choosing self-operation, the higher the
total cost; the smaller the cost of outsourcing B, the
smaller the probability of S Airlines choosing self-opera-
tion, the higher the total cost.
3.4.5 Decision on whether S Airlines join an airline

Aira lliance can increase the efficiency of a airline
company due to the shortage of airlines and the small vol-
ume. When S Airlines do not join the air alliance, the to-
tal cost is obviously higher than that of joining it, as shown

1.5r op:
0814

§13 —0.6,1.4
g 0811
s
=11
g
209
o
F

0.7

40 60 30 100

Number of iterations
Fig.7
self-operation and outsourcing

Comparison of cost allocation coefficients of alliance

in Fig. 8. The transportation cost of an aviation alliance is
one third of self-operating aviation. However, the fixed
cost of aviation alliance is similar to that of self-operating
aviation. Therefore, the airline alliance is conducive to
reducing the cost of enterprises. The S Airlines relying on
the alliance can significantly reduce the cost.
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- Optimal total cost(non-union)
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Fig.8 Comparison of alliance and non-alliance

4 Conclusions

1) The probability model of alliance selection that ex-
plicitly considers the wishes of policy makers is pro-
posed. The probability of alliance self-operation or out-
sourcing on different segments are determined.

2) The improved ICGA increases the calculation effi-
ciency and optimization ability, which can be used to
solve large-scale nonlinear optimization problems. In the
small-scale analysis, there is a certain gap between the
calculation result and speed of the improved ICGA and
the accurate algorithm.

3) The total cost is the lowest when the optimal num-
ber of hub location is 6. The guidance provides a basis
for entrepreneurs’ decision-making. Decision makers can
dentify better airline segment adopting self-operations.
However, there is still a gap between the guidance of the
improved algorithm and that of the precise algorithm.

4) The cost of airlines joining an airline alliance can be
greatly reduced. Therefore, airlines should choose to join
the alliance to reduce their own costs. If a company choo-
ses to join the alliance, it needs to consider the influence
of the alliance mechanism.
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