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Abstract

To solve the clustering problem of platform resources in battlefield C2 orga-
nizations, this paper first defines the various elements in the decision entity
configuration process. Subsequently, the workload of decision entities is defined
from both external and internal perspectives in a mission-oriented manner. A
decision entity configuration model is established with the root mean square
(RMS) of workload as the objective function. Taking the platform scheduling
scheme as input information, an ant colony algorithm based on global update
rules is adopted to solve the problem model, thereby generating decision en-
tity configuration schemes that satisfy operational requirements. Finally, the
proposed method is validated and analyzed through simulation examples. Ex-
perimental results demonstrate that the method can obtain superior platform
clustering schemes and exhibits advantages over traditional methods in terms
of both clustering results and convergence speed.

Full Text

Preamble

Solving Method for Decision-Makers Configuration Problem Based
on Global Update Rule of Ant Colony Algorithm

Chen Guanyu!, Sun Peng!,? | Liao Mengchen?, Zhang Jieyong!, Wu Junsheng?

(1. College of Information & Navigation, Air Force Engineering University, Xi’
an 710077, China;

2. a. School of Computer Science, b. School of Software & Micro-electronics,
Northwestern Polytechnical University, Xi’ an 710072, China;

3. Unit 95445 of People’ s Liberation Army, Dali, Yunnan 672100, China)

chinarxiv.org/items/chinaxiv-201806.00120 Machine Translation


https://chinarxiv.org/items/chinaxiv-201806.00120
https://chinarxiv.org/items/chinaxiv-201806.00120

ChinaRxiv [$X]

Abstract: To solve the clustering problem of platform resources in battlefield
C2 organizations, this paper first defines the various elements in the decision-
making entity configuration process. It then defines the workload of decision-
making entities from both external and internal perspectives in a combat-task-
oriented manner, establishing a decision-making entity configuration model with
the root mean square (RMS) of workload as the objective function. Using the
platform scheduling scheme as input information, the paper employs an ant
colony algorithm based on global update rules to solve the problem model and
generate decision-making entity configuration schemes that meet operational
requirements. Finally, simulation examples verify and analyze the proposed
method. Experimental results demonstrate that this method can obtain better
platform clustering schemes and shows superiority over traditional methods in
both clustering results and convergence speed.

Keywords: decision-makers configuration; combat-task-oriented; root mean
square; ant colony algorithm

0 Introduction

With the deepening influence of information theory on military warfare, es-
tablishing relationships among platform resources, combat tasks, and decision-
making entities in battlefield environments has become a key issue in command
and control (C2) organization design. The platform resource clustering problem,
also known as the decision-making entity configuration problem in C2 organi-
zation design, involves designing command and control relationships between
operational platforms and decision-making entities to enable different platforms
to better and faster complete their assigned combat tasks under the control of
corresponding decision-making entities, thereby improving task execution effec-
tiveness and quality.

How to scientifically and reasonably describe and measure workload and estab-
lish corresponding mathematical models to solve the platform clustering prob-
lem constitutes the main content of the C2 organization decision-making entity
configuration process. Previous research has established mathematical models
with different objectives: some aimed to minimize the maximum workload of
decision-making entities, measuring workload from the perspective of platform
and task quantities; others measured workload based on combat task execution
time, establishing models that minimize the RMS value of workload; some de-
fined the concept of command and control complexity, establishing workload
minimization models from the perspective of collaboration among different plat-
forms on combat tasks; some proposed alternative solution strategies to address
the local optima issue in traditional hierarchical clustering methods; and others
generated a series of frontier solutions for multi-objective problem models and
obtained platform clustering results through specific screening methods.

Building upon these studies, this paper further discusses a method that com-
bines external and internal workload descriptions for combat tasks to measure
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decision-making entity workload, establishes a decision-making entity configu-
ration problem model with the RMS value of decision-making entity workload
as the objective function, and utilizes an ant colony algorithm based on global
update rules to solve the problem model. Finally, simulation examples discuss
the optimal parameter settings for the algorithm and verify its applicability and
superiority. Experimental results show that selecting appropriate algorithm pa-
rameters can yield scientifically reasonable decision-making entity configuration
schemes, and compared with traditional ant colony algorithms and adaptive ant
colony algorithms, this algorithm demonstrates faster convergence speed and
better clustering results.

1 Problem Model Establishment
1.1 Variable Definition

Entities in the battlefield environment are mainly divided into three categories:
decision-making entities (DM), platforms (P), and combat tasks (T). The plat-
form clustering problem involves clustering platforms and assigning them to
different decision-making entities for command and control, given the alloca-
tion relationship between tasks and platforms. For the problem addressed in
this paper, relevant variables are defined as follows:

Let {DM,, DM,, ..., DMy} represent the set of all decision-making entities,
where ND is the number of decision-making entities. Let {P, Ps,..., Pyp}
represent the set of all platforms, where N P represents the number of platforms.
Let {T},Ts, ..., Ty} represent the set of all combat tasks, where NT represents
the number of tasks.

The task-platform allocation matrix w = (w;;) yr« np indicates whether task T;
requires platform P; for execution. If w;; = 1, task T} requires platform P;; if
w;; = 0, task T; does not require platform P;. This matrix serves as known
input information for the model.

The decision-making entity-platform command relationship matrix m =
(m,,;)npxnp indicates whether decision-making entity DM, commands and
controls platform P;. If m,; = 1, decision-making entity DM, commands
and controls platform P;; if m,; = 0, decision-making entity DM, does not
command and control platform P;. This matrix represents the final output
information of the model.

The decision-making entity-task execution matrix ¢ = (z,,;)ypxyr indicates
whether decision-making entity DM, executes task T,. If x,, = 1, decision-
making entity DM,, executes task T;; if x,; = 0, decision-making entity DM,
does not execute task 7.

The decision-making entity collaboration relationship vector y = (Y,,,) NDxND

indicates collaboration between different decision-making entities. If y,,, = 1,
decision-making entities DM,,, and DM,, have collaboration on tasks; if y,,,,, = 0,
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they have no collaboration. The relationship can be derived from x and m as
follows: for platform P;, if ZZ\E w;; = 1, then ij m,,; = 1.

Therefore, from the above description, we know: =z

(m,n = 1,2,.,ND;m # n;i = 1,2,..,NT) - y,...
(m,nzl,Q,...,ND;m#:n;iz1,2,...,NT;j:1,2,...,NP)—ymn§Zj m,
for (m,n=1,2,...., ND;m # n)

mi * Tp; for
- m,, ; for

= Ymn

1.2 Constraint Condition Analysis

The force organization structure can be divided into three layers: decision-
making layer, task layer, and platform layer. Based on this structure, the
following constraints exist in the decision-making entity configuration problem:

a) The relationship between decision-making entities and platforms is one-
to-many. One decision-making entity can command and control multiple
platforms, while one platform can only belong to one decision-making

entity. That is, Z,]:]:Dl m,; =1for j=1,2,...,NP.

b) From the variable definitions, when and only when Z;Vj Wij o My > 1,
) . NP
then x,,; = 1. Therefore, the relationship z,; = ZFl W;j - My,; holds.

¢) Each decision-making entity must participate in commanding and con-
trolling platforms to execute their assigned combat tasks, meaning each
decision-making entity must command and control at least one platform:
NP
Zj:l m,; > 1forn=1,2,..,ND.

d) The collaboration relationship between decision-making entities is repre-
sented by vector Y,..: Ymn = Tomi * Tng 0 (Mmym =1,2, ..., ND;m # n;i =
1,2,....,NT).

1.3 Problem Model Establishment

1.3.1 Definition of Workload Workload indicates the situation of platforms
commanded and controlled by each decision-making entity executing tasks. Con-
sidering that combat tasks have different completion times and bring different
workload amounts to different decision-making entities, this paper selects task
execution time as the workload measure and describes it from both internal load
and external load aspects.

1) Internal Load Definition and Measurement Method

The internal load of decision-making entity DM,,, denoted as In(DM,,), repre-
sents the workload generated by the decision-making entity commanding and
controlling its own platforms to complete combat tasks. Numerically, it equals
the sum of execution times of all platforms controlled by the decision-making
entity:
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NP
In(DM,) =Y m,;-S;

J=1

where S; represents the workload of platform P; executing tasks, defined as the
sum of execution times of combat tasks performed by platform P;:

where ¢, represents the execution time of task 7.

Therefore, from equations (10) and (11), we know:

NP NT NT NP
Jj=1 =1 =1 j=1

2) External Load Definition and Measurement Method
The external load of decision-making entity DM,,, denoted as En(DM,,), rep-

n?’
resents the workload generated by collaboration between two different decision-
making entities to complete combat tasks. Numerically, it equals the sum of
workloads of platforms controlled by all decision-making entities collaborating

to execute tasks:

ND NT NP
m=1,m#n i=1 j=1

3) Total Workload of Decision-Making Entity DM,

Combining equations (12) and (13), the total workload of decision-making entity
DM, is:

CW,=a-In(DM,)+b- En(DM,,)

where weight coefficients a and b represent the influence of internal load and
external load on total workload respectively, with a + b = 1.

1.3.2 Objective Function Construction Since workload is described from
both internal load and external load aspects, different clustering schemes pro-
duce different workloads for decision-making entities commanding and control-
ling platforms to complete tasks, resulting in different configuration outcomes.
For a given platform scheduling scheme, the sum of internal loads of all decision-
making entities remains constant regardless of clustering results, but the sum
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of external loads varies across different clustering schemes. Therefore, an appro-
priate clustering scheme can be selected to minimize the sum of external loads
of all decision-making entities.

This paper selects the minimization of average workload per decision-making
entity and minimization of workload differences among decision-making entities
as the objective functions of the clustering model. The average workload of
decision-making entities is expressed as:

1 D
#=5p 2 W
m=1
The differences among decision-making entities are represented by variance:

1 ND

2:7
ND 2~

g

[CW,,, — u]?

Therefore, the RMS value is used to comprehensively evaluate the workload of
decision-making entities:

RMS = +/pu? + o2

From equation (16), we can derive:

1 ND
— P 2
RMS D mZ:l oWz

1.3.3 Mathematical Model Establishment Based on the above constraint
analysis and objective function construction, the mathematical model of the
decision-making entity configuration problem established in this paper is ex-
pressed as:

1 ND
in RMS =\| — CW?2
min Nszzl 2
Subject to:
ND
> m,;=1, j=1,2,.,NP
n=1
NP
my,; >1, n=1,2.,ND
j=1
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oy =Y Wy My, n=12,NDji=12 . NT
NP
Yom < Zwij “Myi, myn =12, NDim#n;i=12.,NT
j=1
NP
Y < Zmnj’ m,n=12 ... ND;m=%#n
j=1

2 Decision-Making Entity Configuration Problem Based on
Global Update Rule Ant Colony Algorithm

Decision-making entity configuration is essentially a platform clustering pro-
cess that assigns different platforms to a certain number of decision-making
entities, which then control each platform to execute predetermined combat
tasks. During platform clustering, the optimal solution that satisfies problem
constraints and objective functions must be obtained, making the platform clus-
tering scheme reflect the rationality of the designed configuration relationship
between platforms and decision-making entities.

The decision-making entity configuration problem is fundamentally a combi-
natorial optimization problem that can be solved using intelligent algorithms.
Ant Colony Optimization (ACQO), as an intelligent algorithm with strong search
capabilities and fast convergence, has been widely applied to combinatorial op-
timization problems, demonstrating good performance in path planning, flow
shop scheduling, optimal solution searching, building location selection, and
UAV combat target allocation. Therefore, ant colony algorithm can serve as a
method for seeking optimal clustering schemes in the platform clustering pro-
cess.

The algorithm follows heuristic ideas, using positive feedback and pheromone
evaporation mechanisms. Through the induction of pheromones released by
ants on traversed paths, it gradually converges to the global optimal solution
through multiple iterations. The core idea can be briefly described as: all ants
leave pheromones on traversed paths, with different paths corresponding to
different pheromone trails. Since ants on the shortest path reach their desti-
nation earlier, increasing their round-trip frequency, the pheromone density on
this path becomes greater. Other ants select paths with stronger pheromones
during pathfinding, causing continuous pheromone accumulation on this path.
Through this positive feedback mechanism, ants can eventually find the optimal
path from the nest to the food source.

For the decision-making entity configuration problem, this paper describes the
various components of the ant colony algorithm in the platform clustering pro-
cess based on existing literature.
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a) Construction Graph: Ants randomly walk on the construction matrix
to establish the solution construction process. The graph fully connects
all elements in set C', which contains all platforms and decision-making en-
tities. A feasible solution represents a matrix established by N D decision-
making entities and NP platforms in the pairing form (P;, DM,). If
m,,; = 1, it indicates that platform P; is assigned to decision-making en-
tity DM, for command and control. During the allocation process, one
platform can only be assigned to one decision-making entity, while one
decision-making entity can command and control multiple platforms.

b) Pheromone: Pheromone T, indicates the desirability of assigning plat-
form P; to decision-making entity DM, . It encodes information about
the ant’ s path search process and is updated by the ants.

¢) Pheromone Global Update: To avoid excessive pheromone accumu-
lation caused by redundant pheromones, each ant dilutes old informa-
tion and strengthens new information after completing clustering of NP
platforms. Therefore, at time ¢t 4+ n, the pairing between platforms and
decision-making entities is updated according to the global update rule:

Tong(t+n) = (1= p) - 7 (8) + A7 5(t + )

where p is the evaporation coefficient, representing the decay degree of
pheromones over time, and A7, .(t + n) represents the pheromone increment.

M
AT, (t+n) = Z AT,,]flj(t +n)
k=1

where ATﬁlj(t + n) represents the pheromone amount left by the k-th ant on
path (Pj,DMn) at time t + n, with specific values determined by the ant’ s
performance:

Q ; _ o )
ATZ% (t4n) = RIS, if the k-th ant traverses path (PJ, DM,)
J 0, otherwise

where () is a control constant and RM S, represents the workload of the alloca-
tion scheme represented by the k-th ant.

d) Termination Rule: The algorithm ends when all platforms have been
allocated or when the number of algorithm iterations exceeds a certain
limit.

The transfer probability is calculated based on pheromones as follows:

Zseallowedk [Tms (t)]a ’ [nms]ﬂ

chinarxiv.org/items/chinaxiv-201806.00120 Machine Translation


https://chinarxiv.org/items/chinaxiv-201806.00120

ChinaRxiv [$X]

where 7,,,; represents the heuristic information.

The decision-making entity configuration process based on the global update
rule ant colony algorithm is as follows:

1. Initialize all parameters. Set the number of ants as M, maximum cycle
number as NC initialize each pairing (Pj, DM,), and set initial time

max’

Tmj(0) = 0, A7, ;(0) = 0. Randomly generate M configuration schemes

between decision-making entities and platforms, and eliminate infeasible
configurations.

2. Calculate the workload of decision-making entities in different configura-
tion schemes.

3. Calculate pheromone increments ATTI:’U-(t + n) and solve for pheromone
ij (t + n)

4. Calculate transfer probabilities according to the formula above, select clus-
tering schemes based on probabilities, and record the current optimal al-
location scheme.

5. Determine whether the cycle number is less than the maximum cycle num-
ber. If yes, save the optimal individual and return to step 2; if greater,
output the final result.

The platform clustering process based on the global update rule ant colony
algorithm is shown in [Figure 1: see original paper].

3 Example Analysis

This paper uses a joint operation scenario as a simulation example to verify and
analyze the proposed method. The case involves 18 tasks and 20 platforms, with
8 types of platform resource capabilities and task resource requirements. Task
attribute data and platform attribute data can be found in existing literature.
The allocation relationship between tasks and platforms is represented by a plat-
form scheduling scheme Gantt chart, which serves as known input information
for the decision-making entity configuration problem, as shown in [Figure 2: see
original paper].

Simulation Experiment 1

Since the ant colony algorithm based on global update rules involves many pa-
rameters, and different parameter settings significantly affect the final platform
clustering results, this experiment first compares and analyzes the impact of
different algorithm parameters on clustering results to determine the optimal
parameter settings for solving this problem.

1) Impact of Decision-Making Entity Quantity ND on Clustering Re-
sults
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The algorithm initialization parameters are set as follows: number of ants M =
25, number of platforms NP = 20, number of tasks N7 = 18, maximum cycle
number NC| .. = 50, pheromone residual coeflicient Rho = 0.8, pheromone
total amount @ = 100, internal load weight a = 0.5, external load weight
b = 0.5, information heuristic factor a« = 0.8, and expectation heuristic factor
B = 3. Let the number of decision-making entities be ND = 2,3,...,10. The

variation of RMS value with N D is shown in [Figure 3: see original paper].

From [Figure 3: see original paper|, we can see that the number of decision-
making entities affects the variation trend of the objective function value. Gen-
erally, the fewer the decision-making entities, the larger the objective function
RM S value, indicating that each decision-making entity’ s load is greater when
the number is small. However, more decision-making entities do not necessarily
mean better clustering schemes. Constrained by operational reality, the number
of decision-making entities is limited. Too many decision-making entities in a
single campaign task will increase costs. From the curve trend, when the num-
ber of decision-making entities is between 4 and 6, the curve’ s slope changes
fastest, so the number of decision-making entities should be selected between
4 and 6. Considering all factors, we select ND = 5 as the parameter value for
subsequent clustering processes.

2) Impact of Pheromone Residual Coefficient p on Clustering Results

Pheromone evaporation degree refers to the volatilization degree of pheromones
left by ants on traversed paths. In the algorithm, p is the pheromone evapora-
tion coefficient, and 1 — p is the pheromone residual coefficient. The pheromone
evaporation coefficient directly affects the convergence speed and global search
capability of the ant colony algorithm. Due to the existence of the information
volatilization coefficient, pheromones on paths not traversed by ants will gradu-
ally volatilize until reduced to 0. When the pheromone evaporation coefficient
p is too large, pheromones volatilize too quickly, and some paths not traversed
by ants will not be selected, reducing the algorithm’ s global search capability.
When p is too small, although the algorithm’ s global search capability can be
improved, its convergence speed will decrease.

The relationship between pheromone residual coefficient and algorithm perfor-
mance is shown in . The relationship between pheromone residual coefficient
and algorithm output RMS is shown in [Figure 4: see original paper]. The re-
lationship between pheromone residual coefficient p and algorithm convergence
iteration number is shown in [Figure 5: see original paper].

From the curve trend, we can see that when p is between 0.7 and 0.9, the
output RM S is minimized. Therefore, considering convergence speed and global
search capability, we select the pheromone evaporation coefficient p = 0.3, i.e.,
pheromone residual coefficient 1—p = 0.7, as the parameter value for subsequent
clustering processes.

3) Impact of Ant Quantity M on Clustering Results
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In ant colony algorithms, the number of ants directly affects the group’ s capa-
bility. For a single ant, completing one allocation constitutes a valid solution;
all ants completing one allocation forms a solution set. Obviously, more ants
mean a larger solution set and stronger global search capability, but slower con-
vergence speed. Conversely, fewer ants mean a smaller solution set and weaker
global search capability, but faster convergence speed. When the ant quantity
is too small, although convergence speed improves, the algorithm easily falls
into local optima, reducing global search effectiveness and causing premature
stagnation.

The relationship between ant quantity M and RM .S value and algorithm itera-
tion number is shown in . From , we can see that when the ant quantity is too
large, convergence speed decreases and affects the clustering results. The figure
shows that when selecting M = 25 ants, the output result is smaller and itera-
tion number is fewer, so we set M = 25 as the parameter value for subsequent
clustering processes.

4) Heuristic Factors « and 8

The information heuristic factor « reflects the relative importance of accumu-
lated information in guiding ant colony search during movement, while the
expectation heuristic factor [ reflects the relative importance of heuristic in-
formation. A larger [ value increases the possibility of ants selecting locally
shortest paths at certain points, accelerating algorithm convergence but reduc-
ing randomness in optimal path search and making it easier to fall into local
optima. The size of « reflects the intensity of random factors in path search;
larger values increase the possibility of ants selecting previously traversed paths,
reducing search randomness, and excessively large values can also cause prema-
ture convergence to local optima.

The impact of heuristic factors a and 8 on output results and algorithm con-
vergence is shown in . From , we can see that when the information heuristic
factor a = 0.8 and the expectation heuristic factor § = 3, the algorithm out-
put is superior and convergence speed is faster. Therefore, we set parameters
a = 0.8 and 8 = 3 as parameter values for subsequent clustering processes.

Simulation Experiment 2

Using the results from Experiment 1, the algorithm parameters are initialized
as follows: ant quantity M = 25, decision-making entity quantity ND = 5,
platform quantity NP = 20, task quantity N7 = 18, maximum cycle num-
ber NC| .. = 50, pheromone residual coefficient Rho = 0.8, pheromone total
amount @ = 100, internal load weight a = 0.5, external load weight b = 0.5,
information heuristic factor o = 0.8, and expectation heuristic factor 5 = 3.
Using the ant colony algorithm based on global update rules, a platform clus-
tering scheme is generated with the platform-task allocation relationship shown
in [Figure 2: see original paper] as input information. The clustering results are
shown in .
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The algorithm convergence curve is shown in [Figure 6: see original paper]. From
[Figure 6: see original paper] and , we can see that the ant colony algorithm
based on global update rules is feasible for solving platform clustering problems.
From the algorithm output results, the average workload of decision-making
entities is 246, the workload RMS value is 256.2421, and the workload variance
is 80.1873. From the algorithm convergence curve, the algorithm converges at
the 33rd generation. Therefore, the ant colony algorithm demonstrates good
performance in solving platform clustering problems, verifying the feasibility
and applicability of the method.

Simulation Experiment 3

To further verify the superiority of the ant colony algorithm based on global
update rules, we first compare it with hierarchical clustering algorithm and
adaptive ant colony algorithm. Key parameters are set as: ant quantity M = 25,
decision-making entity quantity ND = 5, platform quantity NP = 20, task
quantity NT = 18, maximum cycle number NC| . = 50, pheromone residual
coefficient Rho = 0.8, pheromone total amount ¢ = 100, internal load weight
a = 0.5, information heuristic factor a = 0.8, and expectation heuristic factor
B = 3. The output platform clustering results using hierarchical clustering

method and adaptive ant colony algorithm are shown in and respectively.

Comparing the results in through , the ant colony algorithm based on global up-
date rules obtains a final clustering objective function value of RM S = 256.2421,
hierarchical clustering method obtains RMS = 258.1859, and adaptive ant
colony algorithm obtains RM S = 257.8759. In terms of clustering results, the
ant colony algorithm based on global update rules achieves the smallest RMS
value, followed by adaptive ant colony algorithm, with traditional hierarchical
clustering method being the largest. Therefore, ant colony algorithm is supe-
rior to traditional hierarchical clustering method for solving platform clustering
problems.

To further verify the superiority of the global update rule, we compare the algo-
rithm convergence using global update rule ant colony algorithm, adaptive ant
colony algorithm, ordinary ant colony algorithm, and Quantum Genetic Algo-
rithm (QGA). The convergence curves of each algorithm are shown in [Figure
7: see original paper].

From the convergence curve trends in [Figure 7: see original paper|, we can
intuitively see that the convergence effect of ant colony algorithm using global
update strategy is similar to that of adaptive ant colony algorithm, but both
the convergence effect and iteration number to reach convergence of the global
update strategy are superior to QGA. This further verifies the superiority of
ant colony algorithm using global update strategy in solving platform clustering
models.
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4 Conclusion

This paper primarily addresses the decision-making entity configuration prob-
lem in C2 organizations, also known as the platform clustering problem. It
first defines the workload of decision-making entities from external and internal
aspects in a combat-task-oriented manner, establishes a decision-making entity
configuration problem model with the RMS value of workload as the objective
function, and uses an ant colony algorithm based on global update rules to
solve the problem. Finally, simulation examples verify the algorithm’ s appli-
cability and superiority. Experimental results show that reasonable algorithm
parameter settings can achieve better clustering results. Compared with tradi-
tional hierarchical clustering method, this method can obtain smaller objective
function values, and in terms of convergence speed, it outperforms traditional
ant colony algorithm and adaptive ant colony algorithm, effectively solving the
decision-making entity configuration problem.

Future work will focus on research regarding optimization and adjustment of
decision-making entity configuration schemes under uncertain environments.
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