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Abstract: The present paper focuses on the controllability of the aviation supply chain network and
establishes the judgment criterion for structural controllability of the aviation supply chain network.
We determine the control effect by applying the control input to different nodes in the aviation
supply chain network. These control nodes include the core enterprises of the aviation supply chain
network, the upstream suppliers, and the downstream distributors. It is observed that the control
effect is better when the control input is applied to the upstream suppliers of the aviation supply
chain network than to the core enterprises of the aviation supply chain network. It is also more
desirable to apply the control input to the core enterprises than to the distributors. That is, the control
effect is the weakest when the control input is applied to the distributors, whereas the effect is best on
application of the control to the upstream suppliers in the supply chain (that is, by choosing the
upstream suppliers as the controlled nodes in the aviation supply chain network).
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1. Introduction

The aviation supply chain network is a system of supply and demand relationships formed
among aviation enterprises in the strategic partnership. In the market environment, the operation of
the aviation supply chain network is characterized by high dynamics and complexity. The dynamic
process characteristics of the aviation supply chain network need to be understood while studying the
operation of the aviation supply chain network. At times, the aviation supply chain network can
achieve the desired state and stability within a certain spatial and temporal scope by exerting an
effective control over the supply chain. Therefore, studying the controllability and the stability of the
aviation supply chain network is a frontier and important direction of the present investigation into
the operation of the aviation supply chain network.

Disney and Towill applied the transfer function and spectral analysis to a single-level supply
chain under a normal distribution and derived the analytical expression of the bullwhip effect, which
refers to the scenario where the orders to the supplier tend to have larger fluctuations than sales to the
buyer, and the distortion propagates upstream in an amplified form [1]. Disney obtained the
order-demand transfer function using a causal loop diagram, block diagram and Z-transform, in order
to analyze the stability and bullwhip effect of the supply chain [2]. The application of large-scale
system methods to supply chain management was proposed by Cheng [3], who analyzed the process
of information transfer within a typical large-scale supply chain system. These papers deeply studied
the dynamic characteristics of the supply chain network, but they did not study the control of the
supply chain network.

Lalwani et al. represented the state space model of a supply chain system under discrete time
and analyzed the stability, controllability, and measurability of the system [4]. Laumanns and Lefeber
treated the supply chain network as a process where materials flew dynamically, and each node was
equivalent to a converter [5]. Materials passing through a certain node were simulated via first-order
differential equation, while the supply chain optimization was realized by the robust optimal control.
Although these studied the controllability of the supply chain, they did not pay more attention to the
dynamic complexity of the supply chain network, which leads to a large defect in the practical
application of their research results.

Liu studied the stability of the current level of the supply chain under non-returnable conditions by
introducing a switched system and simulating its stability, with the analysis of each subsystem [6,7].
Using the decomposition-synthesis methodology, the generalized operator model for the coarse
granularity was introduced. Then, the layer-by-layer decomposition was performed, and the
generalized operator model for finer granularity was elaborated for each decision-making point or
control step. Several scholars, including Helbing [8], applied the complex network theory to the
supply chain network by treating it as a complex adaptive system with emergent, self-organizing,
dynamic, non-linear and evolutionary features. Small variations at any link are likely to invoke
changes in other links, which are closely associated with the topology and macroscopic property of
the supply chain network. It was assumed that the topology of a complex supply chain network had a
strong impact on the information amplification effect in the supply chain management. A reasonable
supply chain structure can relieve the bullwhip effect while enhancing the robustness and anti-risk
capacity [8]. These papers studied the complexity characteristics of supply chain networks, but did
not conduct controllability research on the complex characteristics of supply chain networks.
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H. Chen and X. M. Sun analyzed the supply chain control strategy considering the multi-level
productivity of suppliers, which was modeled and optimized using the Arena simulation platform [9].
Orthogonal neural networks were applied to the stability analysis of dynamic supply chain models,
and the stability of the collaborative operation in the time-delay supply chain system was studied [10].
The risks of the members of the collaborative supply chain that affect the profit distribution were
studied, and a negotiation model for the residual profit distribution group was established
considering the two key factors of risks and collaboration satisfaction [11]. Ivanov et al. explored
various dimensions of the ripple effect and summarized recent developments in the field of supply
chain disruption management from a multi-disciplinary perspective [12]. They further suggested that
the ripple effect may be able to consolidate research in supply chain disruption management and
recovery, similar to the bullwhip effect regarding demand and lead time fluctuation [12]. These fully
considered the dynamic complexity of supply chain network operation, but did not study the
complexity of supply chain network topology. In practice, the topology of the supply chain network
has an impact on the complexity of supply chain network operation.

Pishvaee et al, and Jabbarzadeh et al proposed the robust control and optimization models for
supply chain networks, respectively, based on actual supply chain networks [13,14]. Zhao Gang,
Yang Ying-bao et al. studied the topology of supply chain networks of agricultural products based on
complex network theory and calculated the main topology parameters of the supply chain networks [15].
Mizgier and his colleagues proposed a model for the quantification of risk in supply chain networks
according to value at risk and expected shortfall and illustrated the mechanics of the model on
complex network designs based on a Monte Carlo simulation [16]. Gang Zhao, Shu-li Gong et al.
studied the dynamic mechanisms of risk propagation in complex supply chain networks are and
topological evolutionary trends of complex supply chain networks [17]. Mousavi et al. applied the
modified particle swarm optimization algorithm to the optimization control problem of a two-level
supply chain network [18]. Bing Yang, Ming-hua Hu et al. analyzed in detail the state and structural
controllability conditions of complex supply chain networks based on complex network theory [19].
An attempt made to describe the dynamic behaviours of each member company with an autonomous
dynamic system to establish the cluster collaborative synchronisation dynamic model for dissipative
coupling supply chain networks [20]. H. Li, Yang X and Wang S analyze the function perturbation
impact on the finite-time stability and stabilization of the probabilistic Boolean networks [21]. Y. Li
and H. Li investigate the periodic switching point controllability and stabilization of periodic
switched Boolean control networks and apply the obtained results to the stabilization of deterministic
asynchronous Boolean control networks [22]. These papers studied the topology characteristics,
risk propagation and controllability conditions in complex supply chain networks and Boolean
network controllability conditions and stability. However, in these studies, there no further
research on the control effect of network system, and there were no controllability research
combined with the topology of the supply chain network.

From the above analysis, it can be seen that limited work done on the control of the aviation
supply chain network from the structural perspective of the supply chain network, and there are few
research results on the control effect of the aviation supply chain network based on the controllability
of the aviation supply chain network topology. The structural controllability of the aviation supply
chain is a necessary condition for its state controllability. Studying the structural controllability of the
aviation supply chain network is of significant importance for the operation and control of the
aviation supply chain network. The present study focuses on the structural controllability and control
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effect of the aviation supply chain network from the point of view of the topological structure of the
supply chain network. The present study has certain innovations in the field of supply chain network
operation control. We apply the control input to different nodes in the aviation supply chain network,
namely, the core enterprises, upstream suppliers, and downstream distributors and evaluate the
control effect on the overall aviation supply chain network in each case.

2. Controllability of the topological structure of the aviation supply chain network and its criteria

Consider an aviation supply chain network consisting of NV enterprise nodes and involving only
forward logistics. Thus, we disregard the reverse logistics, which covers any operations related to the
reuse of products and materials, including remanufacturing and refurbishing activities or any
processes of moving goods from their typical final destination for capturing value or proper disposal.
Given this, the aviation supply chain network under study is a directed network consisting of N
nodes. The state equation for the enterprise nodes in this network has the following form:

d” z: 2: . 2.1)

The state equation for the aviation supply chain network can be written as follows:

x=Ax+Bu, xeR",ueR" 2.2)

where x is the state vector of the enterprise node, x=(x,,x,,~-»xy) ;4= (@;)y.y 1s the system
matrix; u = (u,,u,, -~u, ) is the control input vector; B=(b,)y,, (M <N) is the control input
matrix, while N enterprise nodes in this aviation supply chain network are called state nodes. The
system parameter a; of the aviation supply chain network under control varies with different
configurations of the state variables. For example, a; is apparently different when setting the state
variable as the amount of working capital between the state nodes or as the logistics volume
operating between the state nodes. The coordination and control of the aviation supply chain network
usually implies the control of the volume of materials flow as the main target. So, the volume of
materials flow is treated as the variable of the state nodes. For the controllability study of an
assembly aviation supply chain network, variables of the state nodes may include volumes of
producer goods, parts, and finished goods’ flows at the enterprise nodes converted according to the
bill of materials (BOM). For the local aviation supply chain network in the upstream of core
enterprises, the parameter a ; is related to the BOM of core enterprises and the number of suppliers of
the same category of parts. For the local aviation supply chain network in the downstream of core
enterprises, the parameter a, is related to the number of distributors, regional market sales, and
historical sales performance of distributors. If the control inputs act on a specific state node of an
enterprise, such node is referred to as a controlled enterprise node.

A controlled aviation supply chain network system is treated as state controllable if, for the
initial x(z,) = x, and final x, states at any initial time £, there exist a finite time 7, and an

unconstrained control input u , for which the equality x(¢,)=x, is valid.
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The state controllability of an aviation supply chain network depends not only on the control
input mechanism of the network and structural features of the controlled objects but also on
parameters of the network system and control input matrix. The structural scheme design of a
controlled aviation supply chain network and the structural link study of the controlled objects are
usually focused on the aviation supply chain network topology. Therefore, noteworthy is the network
structure effect on the structural controllability of the aviation supply chain network.

The structural controllability of the aviation supply chain network depends on the topology of
network but not on the values of its parameters. Moreover, it applies not only to the linear
approximation of the state equation of the network but also to the non-linearity and time variability
of parameters of the state equation for the network, which are more typical for a real aviation supply
chain network. If the structure of the aviation supply chain network can guarantee the existence of
the input state control information, which can achieve the network controllability, this network is
considered to be controllable in the structural sense. This condition can be formulated as follows.

If for the controlled aviation supply chain network system described by Eq (2.2), there exist
arbitrary non-zero values of matrices A and B that make the system controllable, this network system
is considered to possess structural controllability.

For an aviation supply chain network system, the matrix is IT= (5) € R"*", which reflects the
relational structure and coupling relationship between enterprises in the network. Hereinafter, ITis
treated as a relational structure matrix of the enterprise nodes, which is a direct pathway of the
control information transmission between state nodes of the enterprises in the network. For a directed
aviation supply chain network with no reverse logistics, we assume that

1 #0 . .
T = 0 when parameter a; y LE ]

ij —

Let T'=(y,)e RYY be the relational structure matrix after removing the parameter information
from the control input matrix of the aviation supply chain network. Then, we assume that the
following condition holds:

1 #0 . .
73 =19 When byq_ v 1%/, 7,=0

Next, we consider I' as the structural matrix of the control input of the network and use
symbols @ and & as addition and multiplication operators, respectively, while v and A
correspond to the addition and multiplication operators in Boolean algebra.

For matrices U =[u,] and Z=[z;],,,, their addition is applied as follows:

mxn mxn >

vez=[u,®z],., =[u,vz

Similarly, their multiplication implies
U®Z= [kg:_)l(uik Q@ zy )y = [y A2y ) v (U A2y )V ooV Uy A2 )

Let the reachability matrix of the relational structure of the state be C, for aviation supply
chain network, so there is
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CA=H@H2®---@HN"=’1N1€@IH’”=H@’§+};HM . (2.3)
According to the above definition,ITis the direct pathway for control information transmission
between state nodes. Accordingly, I1"is them-th logical power of II. In the above formula,
Mm"(m=2,3--,N—1) is the indirect pathway formed by series connections of m direct pathways
between the state nodes.
Using the relational structure matrix ITand the input structural matrix I'  one can calculate the
structural reachability matrix of the control input information transmission in the network:

C,=I®(C,®T) . (2.4)

As indicated by ¢, for the aviation supply chain network, the pathway that transmits the control

information contained in the control input u to the state x of the enterprise node is structurally

comprised of two parts, namely T' and C,®r. Here, I" is the direct control information
transmission pathway for control input B while C,®I is the indirect control information
transmission pathway formed by the series connection of control input B and the controlled
aviation supply chain network system 4 via C,. In Eq (2.3), the control information transmission

pathway is composed of two parts, namely, the direct linking pathway ITbetween state nodes and

indirect linking pathway Nél 1" formed by multiple series connections of direct pathways.
m=2

For an aviation supply chain network system, if the state Eq (2.2) has non-zero values of
matrices A and B that make the system controllable, such aviation supply chain network is
considered to be structurally controllable. In other words, the extended system comprising the
aviation supply chain network and input system provides at least one controllable information link.
This satisfies the structural pre-condition that the state control input information can reach the state
nodes, which is crucial for the network system to be structurally controllable. If the aviation supply
chain system is structurally controllable, any variations of the non-zero parameter a; will not violate
the system controllability. If matrix C,, of the aviation supply chain network system has no rows
where all elements are zero, the number of non-zero rows will be equal to the number of dimensions
of the state vectors:

R(C,)=RT®(C,®DN)]=R{TS[(MSIT’®-- &N )®I]}=N (2.5)

This implies that the aviation supply chain network is structurally controllable. In the above
formula, R(C,) is the number of non-zero rows in matrix ¢,, while N is the number of
dimensions of the state vectors in the aviation supply chain network, i.e., the number of enterprises.
In Eq (2.5), each state node of the enterprise has at least one control information transmission
pathway. Thus, it is ensured structurally that the flow of control input information reaches every state

Mathematical Biosciences and Engineering Volume 19, Issue 6, 6276-6295.



6282

node and that the control input B matches with aviation supply chain network 4. Equation (2.5)
can be used as the state controllability criterion for the aviation supply chain network. The structural
controllability of the aviation supply chain network is a structural feature of the state controllability.
Noteworthy is that an aviation supply chain network with no state controllability may still possess
the structural controllability. Therefore, the state controllability of an aviation supply chain network
is a sufficient but not necessary condition of its structural controllability.

3. Correlation between the structural controllability and the state controllability of the
aviation supply chain network system

The structural controllability of an aviation supply chain network system is one structural
feature of its state controllability which usually indicates the inevitable structural controllability.
However, it does not necessarily indicate the state controllability. The state controllability may be
achieved under specific operational parameters and the control input. The structural uncontrollability
of the aviation supply chain network system always indicates state uncontrollability.

To illustrate, we describe a simple case in Figure 1 showing two local aviation supply chain
network systems under different control inputs. Figure 1(a) has 3 enterprise state nodes and 1 control
input, the latter is applied to one state node, whereas Figure 1(b) has 4 enterprise state nodes and 2
control inputs, and the latter are applied to the two state nodes.

Figure 1. A local aviation supply chain network system under different control inputs.

At first, we analyze the state controllability by representing the state equation of the aviation
supply chain network system in Figure 1(a) as:

xl lo o olx) (b
w2 l=la, 0 0llx, |+ 0 [u

).C3 a3 0 0 X3 0

The judgment matrix of the state controllability of the aviation supply chain network system in
Figure 1(a) is written as:

Mathematical Biosciences and Engineering Volume 19, Issue 6, 6276-6295.



6283

1 0 0
M.=[B,AB.A’B|=b |0 a, 0

0 a; O

Apparently, there is Rank(M .)=2 < N =3. Thus, the aviation supply chain network system in
Figure 1(a) can be said to have the state uncontrollability.
We analyze the structural controllability of the aviation supply chain network system shown in

Figure 1(a) according to the judgment criterion for the structural controllability of the aviation supply
chain network system by the following equations:

0 0 O
N-1
C,= _le= 1 0 O
1 0 0
1 0 0 O 1 1
Cpo=Toe(C,®)=|0|®@/|1 0 0 ®0]|=]1
0 1 0 0 0 1

R(C,)=RI®(C,®)] =R{[F@[(H@H2 @---@HN’I)(@F]} =3

As seen from the above, the state uncontrollability of the aviation supply chain network does
not necessarily indicate structural controllability.

Below, we analyze the state controllability of the aviation supply chain network system in

Figure 1(b). The state equation of the aviation supply chain network system in Figure 1(b) is
written as:

x| 0000 |[[%] (s 0

v | la, 000 ||%] |05 [”1}

X3 a, 00 a, X3 00

xi) \a, 000 J\x) (00
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b 0 0 0 0 000

0 b b 0 0 000
MCZI:B,AB,A2B,A3B:|= 2 b

00 asb 0 aga,b, 0 0 0

00 ab, 0 0 000

In this matrix, irrespective of any non-zero value assigned to the parameter of the aviation
supply chain network system, the following always holds true: Rank(M_.)=4=N. Hence, the

aviation supply chain network system in Figure 1(b) can be said to have the state controllability.
The structural controllability of the aviation supply chain network system in Figure 1(b) is
analyzed below:

0O 0 0 O
N-1 1 0 0 O
C,=@®I" =
m=1 1 0 0 1
1 0 0 O
1 0 0 0 0 O 1 0 1 0
0 1 1 0 0 O 0 1 1 1
Cpy=Te®(C,®T)= ® ® =
0 0 1 0 0 1 0 0 1 0
0 0 1 0 0 O 0 0 1 0

R(C,)=RIT®(C,®T)]=N=4

Apparently, the aviation supply chain network system in Figure 1(b) is structurally controllable.
4. The control effect of applying the control input to different nodes

To further investigate the controllability of the aviation supply chain network system, we
analyze the control effect by applying the control input to different nodes. An aviation supply chain
network system under control is built with 2 core enterprises, 3 suppliers, and 4 regional distributors.
First, one control input is introduced to this aviation supply chain network. This control input is
applied to one core enterprise, one distributor, and one supplier, respectively, as shown in Figure 2.
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(c) The controlled node is a supplier state node.

Figure 2. An aviation supply chain network system into which one control input is introduced.
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The judgment criterion in Eq (5) for structural controllability of the aviation supply chain
network system is used to analyze the structural controllability of the aviation supply chain network

system as shown in Figure 2(a).
The state equation of the aviation supply chain network system in Figure 2(a) is written as:

X1 0O 0 0 0 0 0 0 0 0 .
X2 0O 0 0 0 0 0 0 0 0 %, 0
X3 0O 0 0 0 0 0 0 0 0 X, 0
X3 b,
X4 a, a, a;, 0 0 O0 0 0 O %, 0
Xs |=|las a,, a;;2 0 0 0 O O O X [+ 0 | u,
X6 0 0 0 a, 0O 0 0 0 0|7 0
X, 0
X7 0 0 0 a, 0 0 0 0 0], 0
Xs 0 0 0 ay a;; 0 0 0 0] x 0
. 0
Xo 0 0 0 0 ay, 0 0 0 0

The structural controllability of the aviation supply chain network system shown in Figure 2(a)
is analyzed by using Eq (5):

N-1
c,=nemn’e.-.en"'=@en”=|1 11000 0 00

m=1
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000000000
000000000
000000000
1 11000000
C,=T®(C,®T)= 000000|®
1 11100000

1 11100000

S O O O O = O o O
Il

[ T T T R Y e T e e T e T )

S O O o o /7 o o O
@D
—_
—
—

1 11110000

1 11010000

>

R(C,)=RT®(C, ®r)]:1fe{[rea[(nean2 @-.@HN*)@r]} =5<9

The aviation supply chain network system with only one control input applied to the core enterprise
state node x,in Figure 2(a) is structurally uncontrollable. Thus, in this aviation supply chain network
system under control, the system matrix 4 never matches the control input matrix B . Whatever be the
value, the system operation parameter a; will never enable the state controllability of the aviation

supply chain network system by adjusting the input control information.
Then, the control input is applied to one distributor state node, as shown in Figure 2(b).

N-1
C,=®[["and C,=T@®(C,®T) are calculated to derive
m=1
R(C,,)=R[T®(C,®T)]=1

When the control input is applied to one distributor state node x,, the aviation supply chain
network system will be structurally uncontrollable as shown in Figure 2(b). Besides, whatever value
is assigned to the operational parameter of the aviation supply chain network, the control input
always has a worse control effect on the system’s state as compared to the situation in Figure 2(a).

Next, the control input is applied to one supplier state nodex,, as shown in Figure 2(c).

C,= NQ;DIH”’ and C,,=T®(C,®T) are calculated to derive:
m=1
R(C,)=RT®(C,®T)]=7<9

When the control input is applied to one supplier state nodex,, this aviation supply chain
network system still remains uncontrollable as shown in Figure 2(c). Nevertheless, the control effect
is improved as compared to the situation shown in Figure 2(b),(c).

Further, the calculation is done for all the enterprise state nodes. The entire aviation supply
chain network system will never be controllable whatever be the chosen controlled node (namely,
one supplier state node, one core enterprises state node, or one distributor state node). Moreover, the
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control effect is better, if one control input is applied to the suppliers than to the core enterprises. It is
even more preferable to control the core enterprises than the distributors. The control effect is worst
when the control input is applied to the distributor nodes.

In addition, two control inputs are applied to two different nodes, respectively, as shown in
Figure 3.

(a) The controlled nodes are two suppliers.

u
1O x

(b) The controlled node are two core enterprises.
Figure 3. An aviation supply chain network system with two different control inputs.

The state equation of the aviation supply chain network system in Figure 3(a) is written as:

Mathematical Biosciences and Engineering Volume 19, Issue 6, 6276-6295.
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X1 0o 0 0 0 0 0 0 0 0 b, 0
X 0 0 0 0 0 0 0 0 0|y 0 b,
X3 0 0 0 0 0 0 0 0 0 |]|* 0 0
X4 a, a, a, 0 0 0 0 0 0 ij 00
xs |=|ays a,, az, 0 0 0 0O O O |x,|+|0 0O [le
Xs O 0 0 a, 0 0 0 0 0] 00 2
X7 0O 0 0 a4, 0 0 0 0 0 : 0 0
Xs 0 0 0 a, az 0 0 0 0] \x 0 0
X9 0O 0 0 0 a, 0 0 0 0 0 0
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10 000000O0O0O 10 10
01 000000000 01 01
00 000000O0O0O 00 00
00 1 11000000 00 11
Cy=Tre(C,®N=/00|®({1 11000000|®0O0(|=|11
00 1 11100000 00 11
00 1 11100000 00 11
00 1 11110000 00 11

00 1 11010000 00 11

R(C,,)=RIT®(C,®N)]=R{[[ O[O’ ®--- O )@ =8<9

Apparently, the aviation supply chain network system in Figure 3(a) is uncontrollable. In this
system, no state controllability of the system can be achieved under any operational parameter or

control input.
Next, the control inputs are applied, respectively, to the two state nodes of the core enterprises,

namely, x,andx;, as shown in Figure 3(b) to calculate C, =]5]‘[”’ and C,,=T®(C,®T). Thus,
m=l1

R(C,,)=R[I'®(C,®T)]=6<9.

As shown in Figure 3(b), when the control inputs are applied to the two state nodes of the
core enterprises, namely, x, and x,, the aviation supply chain network system becomes
uncontrollable. The control effect is worse than when the two control inputs are applied to the
two state nodes of the suppliers.

Similarly, the two state nodes of the distributors are chosen as the controlled nodes. Under this
situation, the control effect is weaker than by choosing the two core enterprise nodes as the
controlled nodes. Based on the analysis of the aviation supply chain network in extension system of
Figures 2 and 3, more control inputs are introduced and applied to the enterprise nodes in the
aviation supply chain network. The best control effect is obtained when the control is exerted on the
upstream suppliers in the aviation supply chain. It is better to exert control on the suppliers than on
the core enterprises. Similarly, it is also better to exert control on the core enterprises than on the
distributors. The control effect is the worst when the control input is applied to the distributors. That
is, the control effect is best when the control input is applied to the upstream suppliers.

Based on the aforesaid analyses, the three state nodes of the suppliers are chosen as the
controlled nodes to verify whether the aviation supply chain network system is controllable shown in
Figure 4.
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Figure 4. An aviation supply chain network system where three control inputs are introduced.

The state equation of the aviation supply chain network system in Figure 4(a) is written as:

x| oo 0o 0 0 0 0 0 0 b 0 0

x2| [0 0 0 0 0 0 0 0 0 |(x) [0b 0

x> |00 0 0 0 0 0 0 0/[%] 00 b

. X3

X4 a, a, a, 0 0 0 0 0 O ¥, 0 00 u,

Xs |=|as a,; aj; 0 0 0 0 0 O] |x,(+]/0 0O u,

x| |00 0 a, 0 0 0 0 0[] [00o0]|\h
x7

x| J0 0 0 a; 0 0 0 0 0|, []000

Xs 0 0 0 ay a

x| 00 0 0 a, 0 0 0 0 000

The controllability of the system in Figure 4 is analyzed according to Eq (5):
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1 11100000

[a—
—_
[S—
—_

000 00
1 11110000

1 11010000

100 000000O0O0O 100 100
010 000000O0O0O 010 010
001 000000O0O0O0 001 001
0000 000 111

[en)

000 1 110
0000|®0O0O0(|=(111

[e)

C,=T®C,®N=[00 0(®[1 110
000 [[1 11100000/ [00O0[| [111
000 [[1 11100000/ [00O0[| [111

000 1 11110000 000 111

000 1 11010000 000 111

Therefore, R(C,,)=R[T ®(C,®)]=9 _

As seen from the aforesaid discussion, when the control inputs are applied to the three suppliers,
the aviation supply chain network system is structurally controllable as seen in Figure 4. The state
controllability can be achieved for this system under a specific value of operational parameter a;

and the control input by .

5. Conclusions

The structural controllability of the aviation supply chain network is the basis for operation state
control of the aviation supply chain network. At present, in the field of supply chain network
research, there is a lack of research on the controllability and control effect of the aviation supply
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chain network based on topology. An attempt made in this paper to analyze the structural
controllability of the aviation supply chain network system and the control effect. The judgment
criterion for the structural controllability of the aviation supply chain network system was established
by applying and assessing the control effect of the control inputs to the upstream suppliers, the core
enterprises, and downstream distributors separately. The study demonstrated that the judgment
criterion for the structural controllability of the aviation supply chain network system was eligible for
determining the structural controllability of the aviation supply chain network system. In the field of
aviation supply chain networks, it is believed that when the core enterprises of the aviation supply
chain network are controlled, the control effect of the aviation supply chain network is the best.
However, the present study shows that the control effect is better when the control inputs act on the
upstream suppliers of the aviation supply chain network than the core enterprises of the aviation
supply chain network, and it is also better to apply the control inputs to the core enterprises than to
the distributors. On the other hand, the control effect is the weakest when the control inputs act on
the distributors. The control effect is best when the control to the upstream suppliers in the aviation
supply chain was applied (that is, by choosing the upstream suppliers as the controlled nodes in
the aviation supply chain network). The research conclusion certain innovative contribution in
the field of supply chain network operation control. Based on this work, our future course of
research will be to investigate the collaboration behavior of the aviation supply chain network
system and an in-depth study on the dynamics of the synchronous collaboration behavior of the
aviation supply chain network.
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