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Abstract: To scientifically evaluate the equipment system of
( SoS ) contribution rate,
calculation method based on a structural equation model
(SEM) is proposed in this paper.
evaluation process of the equipment SoS contribution rate were
redefined and standardized. To solve the existing problems in
the application of the original contribution rate formula, a
modified contribution rate calculation formula is proposed.
Finally, the contribution rate evaluation index was divided into
latent and explicit variables. The measurement and structural
equations in the SEM were used to calculate and analyze the
latent variables. The simulation results show that the number

systems a contribution rate

The connotation and

of defense lines of air defense weapon equipment has a greater
impact on the configuration than the group
configuration. When the number of K-type air defense
weapons is sufficient, the two-layer linear configuration should
be adopted with 20 air defense weapon systems. When the
number of K-type air defense weapons is insufficient, the
single-layer group configuration should be adopted with 12 air

linear

defense weapon systems.
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networking,

With the promotion of digitalization,
and intelligent technology, modern war has pres-

ented a systematic development trend, which leads to the
paradigm of equipment development changes from weap-
on plat form centric to system of systems ( SoS) cen-
' Hence, the contribution rate of weapons to equip-
ment SoS, as an important basis for equipment develop-
ment and weapon allocation scheme selection', should
be evaluated.

At present, considerable research has been done on the
SoS contribution rate, which mainly focuses on the fol-

tric
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lowing aspects: Firstly, the basic concept of the SoS con-
tribution rate was analyzed one-sidedly, only taking the
SoS combat capability into account without considering
other attributes of the SoS. Secondly, the evaluation
process of the SoS contribution rate”™ only included
combat opponents and combat capability, without consid-
ering other constraints, such as other evaluation condi-
tions and perspectives. Thirdly, as regards the evaluation
method of the SoS contribution rate’’”, the definition
and calculation formula of the SoS contribution rate were
presented from the perspective of SoS effectiveness'® .
The evaluation model and steps of equipment SoS contri-
bution rate based on a rough set were proposed'” . The e-
quipment SoS contribution rate evaluation method based
on evidence reasoning was also proposed after building
multi-perspective and multi-level evaluation indicators''" .
The advantages and disadvantages of four measurement
methods of the SoS contribution rate were compared'" .

The above studies on the SoS contribution rate made
some achievements, but the following shortcomings were
encountered: 1) A simple definition of the SoS contribu-
tion rate is given. 2) The unreasonable situation of the
SoS contribution rate calculation formula is not consid-
ered. 3) The evaluation process is not systematic and
comprehensive, specifically under a certain condition or
perspective to simply evaluate the contribution rate. 4)
The evaluation model and method do not consider the in-
teraction between variables, so the calculated contribution
rate value is not accurate enough.

In view of the problems existing in the above-men-
tioned studies, a method based on the structural equation
model (SEM) was proposed to evaluate the equipment
SoS contribution rate during wartime.

1 Redefinition of the contribution rate

1.1 SoS contribution rate

To study the concept of the equipment SoS contribution
rate, four issues should be clarified: 1) evaluation ob-
ject, that is, the equipment as the contributor; 2) evalua-
tion background, that is, the SoS as the contributed ob-
jects; 3) evaluation conditions, under which conditions
the contribution is generated; and 4) evaluation perspec-
tive, from which perspective the contribution is evalua-
ted.
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Firstly, the evaluation object refers to the equipment to
be evaluated, the concept of which has basically reached
a consensus.

Secondly, the evaluation background refers to the SoS
to be evaluated, which can be divided into two catego-
ries: The first category is called the peacetime equipment
SoS, that is, a collection of all equipment types and
models at a specific application background within a peri-
od of peacetime. It is determined by the application back-
ground of the SoS, focusing on the equipment strength
and development planning, not specific combat missions.
The second category is called the wartime equipment
SoS, that is,
models for specific combat missions. It is a subset of the

a collection of all equipment types and

peacetime equipment SoS, corresponding to specific com-
bat missions.

Finally, the evaluation perspectives will be different
according to the evaluation background. If the evaluation
background is the peacetime equipment SoS, then the
SoS structure optimization, SoS capacity improvement,
technological leap (improvement of the overall technical
content of the equipment SoS), and efficiency improve-
ment will generally be taken as evaluation perspectives.
Nevertheless, if the wartime equipment SoS is used as the
evaluation background, then the SoS optimization, SoS
combat capability, SoS combat efficiency, and mission
completion effects ( mainly including the benefit, time,
and cost of completing the mission) are generally taken as
the evaluation perspectives.

On the basis of the above analysis, the definition of the
equipment SoS contribution rate in peacetime and wartime
is given. The peacetime equipment SoS contribution rate
refers to the measurement of the contribution of certain e-
quipment to a certain SoS in a non-war situation. The
contribution includes optimizing the SoS structure and im-
proving SoS capabilities, technology, and benefits. The
wartime equipment SoS contribution rate refers to the
measurement of the contribution of certain equipment to a
certain SoS in the case of war. The contribution includes
optimizing the SoS structure and improving SoS combat
capabilities, combat efficiency, SoS compatibility, oper-
ation effect, and mission completion effect. The wartime
equipment SoS contribution rate is regarded as the main
research object.

1.2 New calculation formula of the SoS contribution
rate

The original calculation formula of the SoS contribution
rate is as follows:

-
i Tedl 100% (D
JexH

where G, is the contribution rate of equipment H to SoS;
J is the SoS attribute value (e. g., capability and effect) ;

J,.z 1s the SoS attribute value, including equipment H;
and J_, is the SoS attribute value, excluding equipment
H. Eq. (1) shows the ratio of the increment of the SoS
attribute value to the original SoS attribute value, which
excludes equipment H.

However, Eq. (1) has the following problems: First-
ly, there is a lack of consideration of combat capability
requirements. Combat capability requirements should be
considered because if the SoS still cannot meet the combat
capability requirements after the addition of equipment H,
the significance of studying the contribution rate of equip-
ment H to the SoS is not evident. For example, the nom-
inal value of the reconnaissance range for landing combat
is 300 km. The reconnaissance range when equipment H
is not included in the SoS is 50 km, and the reconnais-
sance range when included is 250 km. Then, the contri-
bution rate calculated according to Eq. (1) is 400%,
which is large, but the SoS is still unable to meet the
combat capability requirements. Hence, the contribution
rate value in this case cannot reflect the true contribution
of equipment H. Secondly, Eq. (1) does not apply to the
case where the original SoS has blank attributes. For ex-
ample, after adding the precision-guided weapon H to the
SoS, the equipment SoS, which does not have the preci-
sion strike capability, produces the precision strike capa-
bility. Accordingly, the result of calculating the contribu-
tion rate using Eq. (1) tends to infinity and loses its ref-
erence significance.

To solve the above problems, a set of formula pairs for
calculating the SoS contribution rate is proposed:

JinH B JexH

S 100% Ty =V (2a)
GH — exH

‘]inH - ‘]cxH

ﬁXlOO% ‘]exH<V (2b)

exH
where V is the SoS attribute value when the SoS can only

meet the combat capability requirements and V is the SoS
attribute nominal value.

If the attribute value of the original SoS is greater than
the SoS attribute nominal value, then Eq. (2a) will be
applied. The calculated contribution rate value can reflect
the degree of improvement of the attribute. This study ex-
amined this case just as an example.

If the attribute value of the original SoS is less than the
nominal value of the SoS attribute or even blank (the val-
ue is 0), Eq. (2b) will be applied. At this time, if the
calculated contribution rate value is less than 100% , then
the SoS cannot always meet combat capability require-
ments after adding equipment H. If the contribution rate
value is greater than or equal to 100% , then the SoS can
meet the combat capability requirements after adding
equipment H, and the equation still has practical signifi-
cance in the case where the original SoS attribute value is
blank.
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2 Evaluation Process

The contribution rate of the wartime equipment SoS is
not a single fixed value. Because different conditions,
perspectives, and combat phases lead to different results,
a multi-angle, multi-factor, and multi-stage comprehen-
sive evaluation is needed. Fig. 1 shows a three-dimen-
sional coordinate chart of the contribution rate of the war-
time equipment SoS.

Evaluation T
conditions . -~~

I3
| — Combat objectives

L — Battlefield environment

________________-___-.,
1
{
1
|
1
I

i Evaluation
iperspectives

| — Combat opponent

! . ———
s Other perspectives P

L— Combat plan Completing the task L.
Other »
| conditions Combat capability e

Combat effectiveness e

Structure of the system i

-
.

-“Combat phases
Fig. 1
equipment SoS contribution rate

Three-dimensional coordinate diagram of the wartime

2.1 Evaluation steps

The evaluation process of the wartime equipment SoS
contribution rate is presented as follows:

1) Determine evaluation objects and goals. For exam-
ple, the object is equipment H, and the goal is to evalu-
ate the equipment H contribution rate to combat the effi-
ciency of the Y equipment SoS.

2) Determine the evaluation background. To ensure
that the SoS is a peacetime or wartime equipment SoS,
the mission, capability,
quirements are analyzed.

structural, and functional re-

3) Determine the evaluation conditions. The evaluation
conditions are mainly for the wartime equipment SoS, in-
cluding the combat objectives, battlefield environment,
combat opponents, combat styles, and combat plans.

4) Determine the evaluation perspective. The SoS con-
tribution rate can be evaluated from single or multiple
perspectives. The main evaluation perspectives include
SoS capability, combat efficiency,
mission completion effect.

5) Build the evaluation indicator framework of the
equipment SoS contribution rate. After comprehensively

SoS structure, and

considering the analysis results of the preceding four as-
pects, the corresponding evaluation indicator framework

is established.

6) Modeling and calculation. The data obtained from
experiments, training, exercises, and expert research are
used to perform calculations after modeling.

7) Present the evaluation results. The calculation re-
sults are discussed and analyzed, and then the targeted
opinions and suggestions are given to assist in command
decision-making.

2.2 Evaluation perspective and corresponding indica-
tor framework

On the basis of completing the first three evaluation
steps, it is necessary to determine from which perspective
to evaluate the contribution rate. Accordingly, five per-
spectives are proposed, namely,
(ability, effectiveness), operation,
mission completion, as shown in Fig. 2. Each perspec-

structure, function

environment, and

tive evaluates the contribution rate through corresponding
evaluation indicators. Fig. 3 presents the evaluation indi-
cator framework constructed for each evaluation perspec-
tive.

Functional perspective
(ability, efficiency)
SoS

perspective
contribution
rate
Environmental
perspective

Fig. 2 Evaluation perspective of the wartime equipment SoS

Equipment Operating

perspective

Mission
completion
perspective

contribution rate

The structure of the SoS encompasses the relationship
and coupling between the equipment in the SoS. The
wartime equipment SoS is composed of many kinds of
equipment, and their relations and functions mainly in-
clude quantitative relations (e. g., proportion of combat,
information, and support equipment), space-time rela-
tions, information connectivity relations, and combat co-
ordination relations). The evaluation indicator framework
of the SoS structure optimization contribution rate is
shown in Fig. 3(a).

The structure determines the function, which is deter-
mined by the role and relationship of various equipment in
the wartime equipment SoS. The function mainly includes
combat ability and efficiency. Combat capability ( static
concept) refers to the ability of the equipment SoS to com-
plete the combat mission. Combat efficiency ( dynamic
concept) refers to the effectiveness of achieving the combat
object under the specific threat, combat
style, and combat plan. The evaluation indicator frame-

environment,
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Diagram of the evaluation indicator framework. (a) Contribution rate to SoS structure optimization; (b) Contribution rate to SoS

()

capacity improvement; (c¢) Contribution rate to SoS combat efficiency improvement; (d) Contribution rate to SoS operational effect; (e) Contri-

bution rate to SoS compatibility improvement; (e) Contribution rate to the effect of mission completion

works of the SoS capacity and combat efficiency improve-
ment contribution rate are shown in Figs. 3(b) and (c).

Operation is the performance of the SoS behavior,
which is the premise of function realization. After adding
new equipment into the SoS, the changed structure will
change operating modes, and the optimization of the op-
erating modes will increase the efficiency of function real-
ization. For example, after the early warning radar is in-
corporated into the equipment SoS for combat on the is-
land, it can be combined with precision — guided weapons
to achieve a more efficient and faster attack on the ene-
my. For another example, after adding the tactical data
link into the border counterattack combat equipment SoS,
the SoS synergy capability will be greatly improved. The
evaluation indicator framework of the SoS operational
effect contribution rate is shown in Fig. 3(d).

The environment is the sum of external factors, which
restrict the operation of the SoS. The environment here is
a broad concept, including external environments, such
as operational threats, battlefield environments, and oper-
ational styles, and equipment-environment-personnel cou-
pling. The evaluation indicator framework of the SoS
compatibility improvement contribution rate is shown in
Fig. 3(e).

Completing the mission is the ultimate goal of the war-
time equipment SoS. The evaluation indicator framework
of the contribution rate to the effect of task completion is
shown in Fig. 3(f).

3 Evaluation Model
3.1 SEM of the fire interception capability evaluation

The firepower interception capability evaluation indica-
tors and their relationships were obtained through the ex-
pert survey method in this section, as shown in Fig. 4.
According to the evaluation indicators, the SEM of the
firepower interception capability evaluation is established,
as shown in Fig. 5, the explicit variable is represented by
a square, and the latent variable is represented by an el-
lipse. X ={x,, x,,...,%,} is the p x 1-dimensional vector
composed of exogenous explicit variables. Y = {y,, y,,
y;} is the g x 1-dimensional vector composed of explicit
endogenous variables. A ={§,, §,, ..., 6, } is the p x 1-di-
mensional vector composed of error terms of X. & = {¢,,
&,, &} is the m x 1-dimensional vector composed of ex-
ogenous latent variables. M and n are the numbers of the
exogenous and endogenous latent variables, respectively.
7 is the n x 1-dimensional vector composed of an endoge-
nous latent variable, and %), is the element of the matrix
7. { is the n x 1-dimensional vector composed of interpre-
tation errors, representing the residual term of SEM, and
{, is the element of the matrix . A represents the relation-
ship between the latent and explicit variables. ¢ represents
the relationship between exogenous latent variables. +y is
the parameter indicating the influence of the exogenous la-
tent variables on the endogenous latent variables.

The corresponding relationship between the indicators
in Fig. 4 and the variables in Fig. 5 is shown in Tab. 1,
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Fig.5 SEM of the firepower interception ability evaluation

Tab.1 Corresponding variables in SEM

Variable Latent variable Explicit variable
Scouting rangex;
Reconnaissance and Early warning timex,
early warning capa- Probability of finding and identif-
bilities ¢, ying targets x;
Probability of tracking target x,
Command and con- Decision time x5
Exogenous - L TS
trol capabilities &, Communication transmission time x,
Damage rate of reconnaissance and
early warning equipment x,
Viability
¢ Damage rate of command and con-
} trol equipment xg
Damage rate of fire equipment x,
Probability of shooting down y,
Fire interception
. ‘p Probability of target breakthrough
Endogenous capability
defense y,
M

Intercept area y;

which shows two categories of SEM variables: one cate-
gory is the latent and explicit variables mentioned above,

and the other category is the exogenous and endogenous
variables. Exogenous variables refer to the variables that
only affect other variables but are not affected by other
variables; they are also called independent variables. En-
dogenous variables refer to variables represented or affect-
ed by other variables; they are also called dependent vari-
ables.

The measurement equation of the model is

X=A¢£+6
TX,7 A 0 0 1 6,
X, Ao 0 0 6,
X, A 0 0 0,
Xy A 0 0 & 0,
xs|={ 0 “As 0 & [ +] 6 (3)
X6 0 ~Aa 0 & 8
X, 0 0 A o,
Xg 0 0 - A Og
Lx,d L O 0 — Aoy L6,
Y=An+e
Y /\;-11 &
Yo l=m| — /\_vzl +| & 4
Y3 A &3
The structural equation of the model is
n=Bn+I¢+{=
3
[yu Yo 7Ysll& |+ (5)
&

According to the above measurement equation, the
quantitative relationship model between the first-level and
second-level indicators can be obtained and used as the
capability evaluation model. A is the p x m-dimensional
relation matrix of X and £. A, is the g x n-dimensional
relation matrix of ¥ and 5. B is the n x n-dimensional
matrix and represents the relationship between endogenous
variables. I' is the n x m-dimensional matrix and repre-
sents the effect of £ on 5. £ is the g x 1-dimensional vec-
tor composed of the error terms of Y. p is the number of
exogenous explicit variables, and ¢ is the number of en-
dogenous explicit variables.

The calculation model of the reconnaissance and early
warning capability is

3 -1 Lx +Lx L A S
: 4 /\x‘]] ] /\xZI : )\xfil ’ /\,x4] !
0 o 0 12
(71+72+73+74)] (6)
Axll )\XZI /\x31 Ax4l

The calculation model of the command and control ca-
pability is

el ()] o
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The calculation model of viability is

[ 1 1 1 (67 Oy Oy )]
X, — T X — -
A A A

x73 83

&= ?
(3)
The calculation model of fire interception capability is

_tyr ot o1 b6 &
rey e G )
(9)
Through the above model, the problem of capacity cal-
culation is converted into the problem of parameter calcu-
lation.

3.2 Solvability analysis of the SEM

The solvability analysis of the SEM is to test whether
the unknown parameters in the model can be estimated. If
the model is not solvable, then the model needs to be
modified again until it is solvable. The solvability of the
SEM mainly follows the #-rule.

There are p + g explicit variables in SEM, which can
produce (p +q)(p + g —1)/2 covariances and p + g vari-
ances, so (p +¢q)(p +q —1)/2 different equations with
unknown parameters are obtained. Therefore, as long as
the number ¢ of unknown parameters satisfies the follow-
ing equation:

1
t<5(p+a)(p+qg+l) (10)
then SEM is solvable. There are 9 explicit exogenous vari-
ables, 3 explicit endogenous variables, and 31 parameters
to be evaluated in the model, according to the ¢-rule # =31

<% x(9+43) x(9+3+1). Thus, the model is solvable.

3.3 Estimation and test of unknown parameters in
SEM

Under the condition that the SEM can be solved, the
unknown parameters in SEM should be estimated, and the
estimation results should be tested. Considering that there
are too many schemes, Tab.2 only lists the values of the
significant variables in the SEM of some typical schemes.
Particularly, the value of various explicit variables mostly
involves military secrets, so the data from simulation in
Tab. 2 are not the true values of the explicit variables.

The SEM of the firepower interception capability and the
indicators of the explicit variables are inputted into the LIS-
RELS. 51 software.
method is used for unknown parameter estimation, and the
S-test method is used for the unknown parameter test. The
S-test method is described as follows: If the absolute value
of the S-test value is less than 2, then the parameter is unim-
portant and redundant in the model. If the absolute value of

The maximum likelihood estimation

S is greater than 2, then the parameter is necessary.

Tab.2 Values of explicit variables in the SEM under different
schemes

Explicit

variable 4 bs b “
X, 0.804 0.912 0.917 0.924 0.931
X, 0.948 0.971 0.971 0.972 0.972
X3 0.916 0.939 0.94 0.944 0.944
Xy 0.909 0.989 0.989 0.991 1.000
X5 0.732 0.859 0.863 0.872 0.861
X 0. 696 0.755 0.756 0.776 0.757
X5 0.854 0.897 0.898 0.896 0.901
Xg 0.157 0.118 0.115 0.108 0.111
Xy 0.116 0.092 0.089 0.083 0.089
i 0.798 0.863 0.871 0.867 0.867
Y2 0.065 0.036 0.035 0.032 0.032
V3 0.875 0.911 0.912 0.915 0.919

Tab.3 Parameter estimated value and S-test value of SEM

Parameter Estimated  S-test Parameter Estimated  S-test
value value value value
Ani 0.72 5.53 Os 0.19 5.85
Ao 0.76 4.55 O 0.11 4.77
Aya 0.79 6.35 67 0.18 4.50
Arar 0.81 5.02 O 0.15 4.81
Ayrsy 0. 86 8.71 Oy 0.17 7.16
Arer 0.78 6.12 &1 0.16 5.95
A3 0.82 5.39 & 0.19 6.55
Ayss 0.75 6.07 &3 0.18 7.12
Aoz 0.88 7.47 [ 0.74 4.37
Ay 0.72 5.94 ©; 0.68 7.25
Ay 0. 65 7.04 @3 0. 81 4.61
Ay3 0.87 4.03 Y 0.87 7.24
0y 0.12 6.77 Y2 0.83 5.51
6, 0.15 7.84 Y13 0.75 8.27
03 0.14 4.10 4 0.11 5.36
04 0.14 5.87

Tab. 3 shows the parameter estimated value and S-test
value in SEM. The S-test value of all parameters is grea-
ter than 2, so all 31 parameters are necessary. Moreover,
from the estimated values of y and ¢, there are strong
coupling relationships between the reconnaissance and
early warning capabilities, command and control capabili-
ties, and survivability, which all have a strong influence
on the fire interception ability.

3.4 Fitting test

The fitting test indicators of the SEM are mainly used
to test the fitting degree between the estimated value and
the true value of the parameters. Several typical fitting in-
dicators and their evaluation standards are listed in Tab.
4. Tab. 4 shows that the values of the fitting indicators
are within the acceptable range, so the estimated value of
the parameter is close enough to the true value, and the
estimated value of the parameters can be used for calcula-
tion. The smaller the value of root mean square error of
approximation (RMSEA), the better; the closer the value
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of the other parameters to 1, the better.

Tab.4 Test parameters and standards for fitting

Fitting index RMSEA NFI NNFI CFI

Value 0.015 0.946 0.988 0.982

4 Results and Discussion

The data from Tabs. 2 and 3 are incorporated into Eq.
(10) to obtain the fire interception capability evaluation

value [j(i =1, 2, ..., 21) of each equipment’s SoS

scheme. Then, [/ is standardized to obtain the standard

evaluation value according to Eq. (12), as shown in Tab. 5.

! ’

I =55 x 100

max min

(11)

Tab.5 Evaluation values of the firepower interception capabil-
ity and SoS contribution rate

Scheme n S. G
A 0 81.2
Bl 8 96.3 18.60
B2 12 98.0 20.69
B B3 16 98.0 20.69
B4 20 98.0 20.69
B5 24 98.0 20.69
C1 8 93.4 15.02
C2 12 94.7 16.63
C C3 16 94.7 16.63
C4 20 94.7 16.63
C5 24 94.7 16.63
D1 8 96. 1 6.03
D2 12 89.3 9.98
D D3 16 93.2 14.78
D4 20 97.8 20.44
D5 24 100 23.15
El 8 89.6 9.48
E2 12 92.1 13.42
E E3 16 95.6 17.73
E4 20 100 23.15
E5 24 100 23.15

Notes: n is the number of K-type air defense weapon systems; S, is the

standard evaluation value of fire interception capability; and G is the
system contribution rate.

The equipment SoS of scheme A does not include the
K-type air defense weapon equipment. In scheme B,
a single-layer group configuration. In scheme C,

it is
itis a
single-layer linear configuration. In scheme D, it is a
double-layer group configuration.
double-layer linear configuration. The schematic diagram
of the configuration is shown in Fig. 6. Essentially, if
the configuration is a double-layer configuration with 20
sets of equipment, then each layer of defense lines is

composed of 10 sets of equipment.

In scheme E, it is a

Under the condition that the combat mission can be
completed without the K-type air defense weapon equip-
ment, Eq. (2a) is used to calculate the SoS contribution
rate, and the results are shown in Tab. 5. Schemes B, C,

Enemy missile
attack direction

| Air defense scope

W&?

lmportantareas LT

(a)
Enemy missile
attack direction

Air defense scope .

TR,

. Importantgréas ~, ", ", 7

(b)

Fig.6  Schematic diagram of the single-layer configuration.
(a) Single-layer linear configuration; (b) Single-layer group configura-
tion

D, and E correspond to the single-layer group configura-
tion, single-layer linear configuration, double-layer de-
fense group configuration, and double-layer linear config-
uration, respectively.

Comparing schemes B and C, the linear configuration
has a wider firepower coverage than the group configura-
tion. Ten sets of K-type air defense weapon equipment
can fully cover the airspace of our important areas,
With
the interception capability of the

whereas the group configuration requires 12 sets.
concentrated firepower,
single-layer group configuration is clearly stronger than
the single-layer linear configuration in the case of full air-
so increasing the number of weapon sys-
tems will not increase the contribution rate.

Comparing schemes B and D, as can be seen from B, and
D,, increasing the number of defense lines with the group

space coverage,

configuration does not significantly increase the contribution
rate in the case of full airspace coverage. This result is de-
termined by the characteristic that the firepower of the group
configuration is concentrated; that is, the single-layer de-
fense line of the group configuration does not intercept the
target, and the multi-layer defense lines are also not easy to
intercept. In schemes D5 to D1, blind areas appear in the
airspace as the number of air defense weapon equipment de-
creases, and the contribution rate significantly drops.
Comparing schemes C and E, particularly schemes C4
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and E4, increasing the number of defense lines with the
linear configuration significantly improves the contribu-
tion rate in the case of a full airspace coverage. This re-
sult is determined by the characteristic that the firepower
that is,
multiple layers of defense lines increase the early warning

of the linear configuration is more dispersed;

time, thereby intercepting more targets and making up for
the lack of the firepower of the linear configuration. In
schemes E4 to El,
the number of air defense weapon equipment decreases,
and the contribution rate significantly drops.

blind areas appear in the airspace as

5 Conclusions

1) The number of defense lines of the air defense
weapon equipment has a greater impact on the linear con-
figuration than the group configuration.

2) The two-layer linear configuration should be adopt-
ed when the amount of K-type air defense weapon equip-
ment is sufficient, and scheme E4 that costs less should
be selected.

3) The single-layer group configuration should be
adopted when the number of K-type air defense weapon
in which the
should be selected.

equipment is insufficient, and scheme B2,

contribution value is higher,
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