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Abstract: Equipment  selection  is  an  essential  work  in  the  re-
search and development planning of equipment. The scientific and
rational development of weapons equipment portfolios is of con-
siderable significance to the optimization of equipment architec-
ture design, the adequate resources allocation, and the joint com-
bat  performance.  From the system view, this  paper proposes a
method  of  weapons  equipment  portfolios  selection  (WEPS)
based on the  contribution  rate  of  weapon systems,  providing a
new  idea  for  weapon  equipment  portfolio  selection.  Firstly,  we
analyze the WEPS problem and the concept of the contribution
rate  under  the  systems  background.  Secondly,  we  propose  a
combat  network  modeling  method  for  weapon  equipment  sys-
tems based on the function chain. Thirdly, we propose a WEPS
method based on the contribution rate, fully considering the cor-
relation  relationships  between  potential  weapons  and  the  old
weapon systems by the combat network model, under the limit-
ation of capability demands and budget resources, with the ob-
jective  to  maximally  increasing  the  combat  ability  of  weapon
systems.  Finally,  we  make  a  case  study  with  a  specific  WEPS
problem where the whole calculation processes and results  are
analyzed and exhibited to verify the feasibility and effectiveness
of the proposed method model.
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1. Introduction
Weapons equipment selection is a complicated systematic
project  and serves as a groundwork for equipment deve-
lopment  planning.  It  determines  the  future  development
direction,  scale  structure,  and  ability  levels  of  various
types of weapons equipment. It is also related to national
security  and  the  success  of  future  military  struggles  and

possesses crucial military significance and research value
[1].  The trend of  modern warfare  is  joint  operations  and
systems  counterwork,  not  simply  the  reliance  on  indi-
vidual  weapons  and  weapons  systems  [2].  That  is,  the
purpose of weapons equipment development has changed
from  the  pursuit  of  maximizing  the  effectiveness  of  a
single type of equipment or a single service to the pursuit
of  maximizing  the  overall  effectiveness  of  the  weapons
equipment system. This requires that the project approval,
research and acquisition of many types of weapons need
to  change  from  the  bottom-up  independent  construction
idea  of  each  branch  of  armed  forces  to  adopting  design
from  top  to  bottom  and  combine  planning  of  weapons
equipment projects to make a systematic development of
the weapons.

The concept of the contribution rate is proposed as an
evaluation standard to support  the research and develop-
ment of weapon systems [3]. As an evaluation index, the
system  contribution  rate  is  mainly  used  to  measure  the
“function  improvement ”  “performance  improvement ”,
“capability gain” and “efficiency improvement” that may
be  generated  by  the  weapons  equipment  system  to  the
whole  equipment  system.  It  focuses  on  measuring  the
change  and  fluctuation  of  function/performance/capabi-
lity/efficiency at the systems level due to the addition of a
weapons equipment system, especially its positive impact,
referred to as “contribution” [4]. The evaluation based on
the system contribution rate can assist decision-makers to
weigh  the  pros  and  cons  from the  overall  perspective  of
the  whole  equipment  system and  formulate  the  develop-
ment plan of weapons systems with a high system contri-
bution rate.

In  the  development  planning  of  weapons,  in  order  to
systematically plan and develop new equipment, it is ne-
cessary  to  consider  the  contribution  of  the  newly  deve-
loped equipment portfolio to the improvement of combat
capability  or  combat  effectiveness  of  the  system  after
joining  the  original  equipment  system.  At  present,  the
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weapons equipment portfolio selection, which is based on
evaluating the system contribution rate, needs to consider
the  following  points:  first,  different  weapons  equipment
portfolios have different effects on the combat effective-
ness of the same system; second, the same weapons equip-
ment portfolio in different systems have different effects.
Therefore,  the  evaluation  of  equipment  should  not  only
be based on its ability, but also consider the combined ef-
fects of the cooperation, dependence and restriction of the
to-be-developed  equipment  portfolio  and  other  equip-
ment in the system, and focus on the contribution of  the
equipment portfolio to the whole system. Besides, the de-
velopment  of  the  equipment  portfolio  also  needs  to  ac-
count  for  the  exertion  of  equipment  system  efficiency.
This  is  because  an equipment  portfolio  with  self-evalua-
tion  cannot  form combat  effectiveness  alone;  only  when
joined  with  other  collaborative  equipment  can  it  play  a
significant  value-adding role.  In  equipment  development
planning, the equipment portfolio should be developed in
a  systematic  way,  rather  than  just  select  the  equipment
development  order  according to  the  evaluation rank of  a
single piece of equipment or apparatus.

Therefore,  it  is  necessary  to  evaluate  and plan the  de-
velopment of weaponry from the systems level, to maxi-
mize the overall effectiveness of the weapons and equip-
ment  systems,  so  that  the  nation  can  gain  ground  in  the
future counterwork between weapons equipment systems.
At the same time, we can reasonably use limited resour-
ces to avoid risks in the development process of weapons.
By  studying  the  theories,  methods  and  models  of  wea-
pons  systems  development  planning  based  on  contribu-
tion  rates,  we  can  deeply  explore  the  systems  connota-
tions of equipment contribution rates, focus on the evalua-
tion  method  of  equipment  contribution  rates,  and  inno-
vate  the  systematic  development  mode  in  the  process  of
equipment planning. It is of great theoretical significance
and application value to provide decision support for the
iteration of weapons equipment, the design of equipment
development  roadmaps,  and  the  demonstration  of  major
equipment requirements. From the perspective of systems,
this paper proposes a selection method for weapons equip-
ment portfolios based on the contribution rate of the equip-
ment  system.  The  main  contributions  of  this  paper  are
summarized as follows.

(i)  A  combat  network  model  of  the  weapons  equip-
ment  system  is  established  based  on  the  function  chain
rule. The contribution rate of weapons equipment and the
portfolio  selection  problem are  analyzed  from a  systems
perspective.  On  this  basis,  by  fully  considering  the  cor-
relation  between  the  components  of  the  system  and  the
heterogeneity  of  element  types,  the  weapons  equipment
system is  modeled  and  described  in  a  network  based  on

function chains.
(ii) A model of weapons equipment portfolio selection

based on the contribution rate of the equipment system is
proposed. The model comprehensively considers the inter-
dependence between the to-be-developed equipment port-
folio  and  the  old  equipment  system  and  aims  to  maxi-
mize the combat capability of the whole weapons and equip-
ment  system  under  the  constraints  of  capacity  demand
and cost budget resource.

(iii) Application research is carried out for typical cases.
Taking  an  equipment  system  as  an  example,  the  whole
calculation  process  and  results  of  the  weapons  system
portfolio  selection  based  on  the  system contribution  rate
evaluation model are demonstrated and analyzed to veri-
fy the feasibility and effectiveness of the proposed method.

Using  the  results  of  this  study,  decision-makers  can
choose  their  preferred  equipment  portfolio  selection  me-
thod to develop weapons and equipment.

The organizational structure of this paper is as follows.
Section  1  introduces  the  background  and  significance  of
weapons  equipment  portfolio  selection.  Section  2  analy-
zes current research concerning the contribution rate eva-
luation and weapons equipment portfolio selection of wea-
pons equipment systems as well as the existing problems
in  the  studies  of  weapons  equipment  portfolio  selection.
Section 3 studies the contribution rate and selection of wea-
pons  equipment  portfolios  under  a  systems  background.
Section  4  models  the  combat  network  of  the  weapons
equipment system based on function chains and analyzes
the  contribution  rate  of  the  equipment  portfolio  system.
Based  on  this  model,  this  paper  establishes  the  weapons
systems portfolio selection model with full consideration
of  budget  constraints,  capability  requirements,  and  other
factors.  Section  5  takes  the  space-based  information  ac-
quisition  equipment  system  as  an  example  to  demon-
strate  and  analyze  the  whole  calculation  process  and  re-
sults of weapons systems portfolio selection based on the
system contribution rate evaluation model. 

2. Related work
Modern portfolio theory (MPT) is originated from the in-
vestment portfolio theory first proposed by Markowitz in
1952. With the increasing demand brought about by eco-
nomic development, the portfolio theory has been widely
used in the fields of project  investment [5],  product pro-
duction  [6],  technology  research  and  development  [7],
and national defense acquisition [8].  In the military field
of  national  defense,  due  to  the  emergence  of  the  system
confrontation concept, the need for portfolio decisions is
becoming more urgent. The research on portfolios of mi-
litary projects, technologies, equipment and tasks has re-
ceived wide attention. The most common analytical meth-

LIU Peng et al.: Weapons equipment portfolios selection based on equipment system contribution rates 585



ods for selecting military equipment portfolios in the past
20  years  include  the  multi-target  analysis  [9−12],  multi-
standard  analysis  [13],  value  analysis  [14],  cost-benefit
analysis  [15,16],  expert  evaluation  [17],  and  the  Monte
Carlo method [18]. However, because of the overempha-
sis on mathematical and quantitative elements, the above
methods tend to ignore the particularity and sensitivity of
the military field, making them not directly applicable for
practical  equipment  portfolio  selection.  At  present,  most
studies  are  combining the  methods  of  portfolio  selection
with  the  military  characteristics.  Some  specific  methods
include the selection of high-end weapons equipment port-
folios based on a heterogeneous combat network [19], se-
lection of equipment portfolios under the evolution of dy-
namic function chains [20], analysis of equipment portfo-
lio selection considering multiple combat scenarios [21],
and portfolio decision-making considering the risks in the
research  and  development  of  high-end  equipment  [22].
Besides, some evaluation indicators specific for the mili-
tary field are proposed for evaluating the equipment port-
folios,  such  as  the  equipment  portfolio  capability  gap,
capability  satisfaction  degree,  equipment  system  contri-
bution  rate,  combat  effectiveness,  task  fulfilling  degree,
and  equipment  system invulnerability.  Among  them,  the
system contribution rate is an important new concept for
military application.

The contribution rate of weapons equipment systems is
a new concept in the military field, and relevant research
is  limited  presently.  Most  studies  mainly  focus  on  the
contribution  rates  of  technology  and  equipment  [23,24].
As for the evaluation of the contribution rate of weapons
equipment  systems,  the  current  research  focuses  on  the
evaluation of  a  single apparatus and analyzes the impact
of it, when added to the original system, on the system’s
combat effectiveness. At present, the current research on
the  contribution  rate  of  the  system is  mainly  carried  out
from two aspects. On the one hand, the system contribu-
tion  rate  is  analyzed  from  the  concept  level,  including
analyzing and clarifying the purpose and use of the equip-
ment  contribution  rate  analysis  [25],  summarizing  the
multiple perspectives needed to be considered in the capa-
bility evaluation and contribution rate analysis of the wea-
pons  equipment  system  [26],  and  studying  the  specific
process and method of the contribution rate evaluation of
the weapons equipment system with examples [3]. On the
other  hand,  the  evaluation  methods  of  the  contribution
rate of the system are studied, mainly including using the
analytic  hierarchy  process,  expert  experience,  network
analysis, and other methods to build the system contribu-
tion  evaluation  system.  Also,  the  current  research  exa-
mines, using multi-attribute evaluation, grey target theory,
complex network, function chain, and other related meth-

ods  to  construct  the  system  contribution  rate  evaluation
model [23,27,28]. In the research on the contribution rate
of weapons equipment systems, to the best of our know-
ledge,  there  is  no  study  that  uses  the  evaluation  method
for  analyzing  contribution  rates  of  equipment  portfolios
to  the  system.  Selecting  weapons  equipment  portfolios
based on the contribution rate of  equipment portfolios is
also a new research idea.

There are three main problems in the existing research.
First,  the  traditional  tree  equipment  architecture  model-
ing  does  not  consider  the  complex  correlation  between
weapons  and equipment,  and  neglects  the  emergent  pro-
perties on the systems level. Second, the current research
on weapons equipment portfolio selection mostly chooses
the  capability  of  the  weapons  equipment  portfolio  itself
as  the  objective  function  for  deciding  the  development
plan  of  weapons  equipment,  neglects  the  contribution  of
the  equipment  portfolio  to  the  overall  capability  of  the
future  combat  system,  and fails  to  consider  the  portfolio
decision-making  problem  from  the  system  perspective.
Third,  the  existing  studies  on  the  contribution  rate  of
weapons  equipment  systems  mostly  consider  whether
there  is  a  certain  single  apparatus  in  the  current  equip-
ment  system  and  rarely  study  the  contribution  rate  in
terms of the equipment portfolio. However, it is unlikely
that  a  future  weapons  equipment  system only  contains  a
specific new single piece of equipment. Giving the exist-
ing problems, based on the comprehensive analysis of the
existing  research  on  the  portfolio  selection  of  weapons
equipment  and  the  system  contribution  rate,  this  paper
first  fully  considers  the  correlation  between  different
weapons  equipment,  establishes  the  combat  network
model  of  the  weapons  and  equipment  system,  and  then
puts forward a new definition for the contribution rate of
the weapons equipment  system,  taking the “system con-
tribution  rate ”  as  the  “value  focus ”  for  the  equipment
portfolio  selection.  Finally,  the  contribution  rate  of  the
weapons equipment portfolio system is taken as the eva-
luation index to plan the development of equipment port-
folio  selection,  which  provides  a  new  idea  for  the  wea-
pons portfolio selection. 

3. Problem formulation and analysis
 

3.1    Contribution rate evaluation problem of
weapons equipment systems

The traditional definition of the contribution rate evalua-
tion is the role and value of a single apparatus in the com-
bat capability of the system, that is, the ratio of the differ-
ence in the combat capability of the system with or with-
out the equipment, i.e.,
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Cona
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= (CS+Vx

−CS )/CS (1)
Cona

Vx

Vx CS+Vx

Vx CS

Vx

where  represents  the  system  contribution  rate  of
equipment ,  indicates the capability value of the
system with equipment , and  is the capability value
of the original system without equipment .

It is believed that there should be two types of models
for measuring the contribution rate of equipment systems:
one  is  the  evaluation  of  contribution  rates  of  different
equipment  systems  according  to  their  respective  roles  in
the  system;  the  other  is  the  evaluation  of  contribution
rates of similar equipment systems. Due to the similarity
in function and performance for the same kind of equip-
ment, mature theoretical methods can be utilized to estab-
lish  the  corresponding  system  contribution  rate  evalua-
tion  model,  which  is  a  credible  and  simple  approach.
However,  to  study the  evaluation  of  system contribution
rates  for  different  kinds  of  equipment,  we  must  correct
the wrong cognition. For example, if we think that a com-
plete  combat  unit  contains  reconnaissance  equipment,
command and  control  equipment,  and  weapons  platform
and  support  equipment,  the  comparison  among  them
shows  that  a  system  or  a  weapons  platform  is  the  most
important and has the largest contribution rate. In fact, as
part of a combat unit, the contribution rates of these com-
ponents  are the same as they are running in a  series  and
cooperating  to  accomplish  the  mission.  The  new  theory
can  prove  that  the  two  series  systems  perform  tasks  in
concert, and the contribution rates of the two systems are
the  same.  Through  the  combination  of  the  new artificial
intelligence  technology  and  combat  simulation,  the  con-
tribution rates of different pieces of equipment can be ex-
tracted by the machine/deep learning analysis. At present,
there are still some technical difficulties. This paper takes
a different approach and considers the portfolio of differ-
ent equipment as the research object to evaluate the sys-
tem  contribution  rate,  thereby  avoiding  the  above  prob-
lems and difficulties.

It is worth noting that the definition of contribution rate
presented in this article reflects the following three points.

(i)  The contribution  rate  discussed in  this  paper  is  the
system contribution rate of the equipment portfolio, which
only considers a single task.

(ii)  The  contribution  rate  can  be  studied  from capabi-
lity, efficiency, structure, technology, invulnerability, and
other dimensions, but this paper only considers the contri-
bution  of  the  equipment  portfolio  to  the  system  combat
capability.

(iii) The contribution rate can be divided into absolute
contribution rate  and relative contribution rate  according
to the measurement relationship. This paper discusses the
relative contribution rate, which is a relative value and di-
mensionless. 

3.2    Weapons  equipment  portfolio  selection  problem
formulation and analysis

W = {wt, t = 1,2, · · · ,n}

P j ⊆W j
C
(
P j
)

P j B
(
P j
)

P j H
(
P j
)

Con
(
P j
)

P j

Let  be  the  set  as  a  series  of
weapons  to  be  developed;  formally  speaking,  an  equip-
ment portfolio can be considered as a candidate weapons
system subset , where  is the number of all pos-
sible combinations.  is set as the resources required
to develop the weapons system portfolio , and  is
set  as  the funds and resources  available  for  the develop-
ment  of  weapons  systems.  For  the  development  of  wea-
pons  system portfolio ,  indicates  the  improved
cooperative combat capability of the system after adding
the  equipment  portfolio,  and  indicates  the  sys-
tem  contribution  rate  of  equipment  portfolio .  There-
fore,  in  this  paper,  the  selection  problem  of  weapons
equipment portfolios can be transformed into the optimi-
zation problem of maximizing the contribution rate of the
weapons equipment portfolio to the improvement of sys-
tem combat capability under the resource constraints.

There  are  some  challenges  when  solving  the  problem
of  weapons  equipment  portfolio  selection  under  the  sys-
tem background.  Firstly,  for  a  large-scale  complex  wea-
pons  system,  the  increase  in  the  number  of  candidate
weapons  systems  will  lead  to  the  exponential  growth  of
the complexity of the portfolio problem, which is a clas-
sic  NP-hard  problem.  A  more  effective  optimization  al-
gorithm  is  required  for  the  explosive  growth  of  feasible
portfolio  space.  To  solve  this  problem,  this  paper  intro-
duces  the  observation,  orientation,  decision-making,  and
attack (OODA) combat  cycle theory to classify different
types of weapons equipment and then considers the port-
folio  selection  of  different  types  of  weapons  equipment,
which greatly reduces the portfolio space of weapons sys-
tems. The combat system consists of various types of func-
tional  entity  interactions  to  support  the  combat  require-
ments of future joint operations and requires a more com-
plex network architecture and higher-level structure than
the traditional combinatorial selection problem with inde-
pendent systems. In this paper, the complex network the-
ory  is  applied  to  the  modeling  of  the  weapons  system
combat network,  and the complex structure and function
relationships between weapons systems are discussed and
classified. On this basis,  the portfolio selection model of
the weapons system is established. 

4. Methods  of  portfolio  selection  based  on
system contribution rate

Although the traditional equipment contribution rate evalua-
tion method evaluates the equipment in the whole system,
the main body of  the evaluation still  focuses on a  single
apparatus,  and the cooperation between equipment  is  ig-
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nored. Therefore, it  is necessary to regard the equipment
portfolio with cooperative joint relationships as a subject
to be evaluated, and to analyze the function and contribu-
tion  of  the  equipment  portfolio  in  the  system.  This  in-
volves  considering  how  to  determine  the  joint  relation-
ships  between  pieces  of  equipment,  how  to  analyze  the
comprehensive  ability  of  the  equipment  portfolio  after
adding it to the system, and further analyzing its contribu-
tion to the whole system.

The  research  content  of  this  section  firstly  references
the  idea  of  complex  networks  to  model  the  equipment
system,  identifies  the  function chain  with  the  joint  func-
tion in the equipment portfolio based on the OODA the-
ory, and focuses on how to identify the effective function
chain of the whole equipment system based on the equip-
ment  performance.  Then,  the  original  equipment  system
and the to-be-developed equipment portfolio are regarded
as a whole, and its capabilities are aggregated to avoid the
bottom-up weighted aggregation. From the perspective of
actual  combat,  the  capabilities  of  reconnaissance,  com-
munications, attack and defense of the function chain are
comprehensively considered,  and the capability  aggrega-
tion  evaluation  method  based  on  the  combat  process  is
studied.  Finally,  the  contribution  rate  evaluation  method
of  equipment  portfolios  is  studied,  and  the  contribution
rate evaluation model is constructed to calculate whether
there  is  a  certain  equipment  portfolio  affecting the  over-
all capability of the equipment system, and then the evalu-
ation ranking of each equipment portfolio is obtained.

This section refers to the idea of using a complex net-
work  to  solve  the  problem of  equipment  portfolio  selec-
tion. Firstly, the network model of the combat capability
system based on function chains is established. Secondly,
a capability evaluation index is proposed to calculate the
capability  contribution  rate  of  the  weapons  equipment
portfolio to the combat system. Thirdly, under given con-
straints, the model of weapons system portfolio selection
is established based on the evaluation criteria of maximi-
zing the contribution rate of the weapons system portfolio. 

4.1    Network model of weapons equipment systems
based on function chains

The  weapons  equipment  system  is  a  complex  whole,
which includes weapons equipment systems with different
functions  and  complex  interaction  relationships  [29].  To
better reflect the correlation between equipment,  this pa-
per  uses  a  complex  network  model  to  describe  the  wea-
pons  equipment  system  and  construct  the  combat  net-
work.  In  the  combat  network,  equipment  entities  can  be
represented as nodes, and interactions between equipment
can be represented as edges, as shown in Fig. 1.
 

: Node types of A; : Node types of B; 

 Correlations of A;
: Correlations of B; 
: Correlations between A and B.

Weapon systems of side A Weapon systems of side B

:

Fig. 1     Schematic diagram of the combat network of two sides (A
and B)
 

Modern  combat  cycle  theory  holds  that  the  combat
process is a circular process consisting of OODA. That is,
the reconnaissance node discovers enemy targets and pa-
sses the relevant information to its decision-making node,
which  sends  commands  to  the  attack  node  after  detailed
analysis, and the attack node carries out the attack on the
enemy target after receiving the attack command [16,17].
In view of the different roles each apparatus plays in com-
bat, the types of equipment can be categorized as follows.

(i)  Reconnaissance,  surveillance,  and  early  warning
equipment:  the  weapons  equipment  that  uses  sensors  to
collect target and battlefield information; their main func-
tions including target reconnaissance, intelligence acquis-
ition, and battlefield surveillance.

(ii) Communication, command, and control equipment
entities:  the  weapons  equipment  that  possesses  informa-
tion  processing  and  analysis  capability,  can  assist  with
decision-making, and perform command and control fun-
ctions on interference entities.

(iii) Joint fire strike and interference entities: the equip-
ment entities that mainly carry out combat damage opera-
tions,  specifically with the functions of precision strikes,
fire damage, and electronic interference.

In the equipment system, different pieces of equipment
are  connected  by  different  correlations,  thus  reflecting
different interactions. From this, the definition of the func-
tion chain can be obtained.
Definition 1　Function chain.  To complete a  specific

combat task, the reconnaissance, decision-making, strike,
and other pieces of equipment in the weapons equipment
system form a link that can exert  certain combat capabi-
lities through interactions.

In the function chain, each equipment node can realize
the cooperative combat through the information network,
break the hard hinge between the traditional combat plat-
form, the sensors,  and the weapons systems,  and build a
complete  chain  of  reconnaissance-decision-attack  in  a
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loosely  coupled  way,  thereby  realizing  the  cooperative
combat between the pieces of equipment.
 

4.2    Calculation of contribution rate of the weapons
equipment portfolio system

 

4.2.1    Combat capability evaluation index of weapons
equipment systems based on the function chain

The most basic task of our weapons equipment systems is
to  carry  out  a  joint  attack  on  enemy  targets  and  reduce
their  combat  capability  until  they  are  completely  lost.
Therefore, when evaluating the capability of a combat net-
work  of  equipment  systems,  the  emphasis  should  be  on
the  influence  ability  of  our  weapons  equipment  systems
on enemy targets.

Based on the idea of complex networks, this paper pro-
poses  the  function  chain-based  combat  capability  evalu-
ation index for  the  weapons equipment  system to aggre-
gate system capability.

h

The goal of system capability calculation is to plan the
future-oriented  equipment  development  strategy,  and  to
focus  on  the  capability  constraints  based  on  future  mis-
sion requirements. In the calculation process, the specific
target  defense capability of the enemy is not considered.
In order to calculate the comprehensive evaluation index
of combat capability of the system , the definition of the
function chain capability is given.

S D I

CD
S

CS

A function chain L is set up to contain reconnaissance
node ,  charge  node ,  and  impact  node ,  which  ob-
tains the specific capability requirements to complete the
future mission task through expert  experience evaluation
or mission lists  and capability mapping.  Take reconnais-
sance equipment as an example. If  represents the capa-
bility  requirement  for  mission-oriented  reconnaissance
and  represents the reconnaissance capability of recon-
naissance  equipment S ,  then  the  combat  capability  of S
performed for the mission is

ES = f (CS ,CD
S ) (2)

fwhere  is the capability satisfaction function [30], which
is defined as follows:

f (a,b) =


sin
(a
b
× π

2

)
, a < b

1, a ⩾ b
(3)

where a  represents  the  existing  capability  of  the  equip-
ment  and b  represents  the  capability  requirements  of  the
equipment.  By  drawing  the  capability  satisfaction  func-
tion, the following curve can be obtained in Fig. 2.
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Fig. 2    Graph of capability satisfaction function [31]
 

Visually, the capability satisfaction function shows that
as  the  equipment  capability  index  value  increases,  the
combat capability of  the equipment for  a specific task is
also strengthened; however, the increasing trend will slow
down,  which  is  consistent  with  the  actual  phenomenon.
When  the  capability  index  of  equipment  reaches  a  rela-
tively high level, even if a certain index is strengthened, it
can no longer play a greater role in specific combat tasks.

By  referring  to  the  idea  of  function  chains,  when  the
reconnaissance  equipment  completes  the  reconnaissance
and  early  warning  of  the  enemy  target,  and  then  trans-
mits  the  information  to  the  decision-making  equipment,
the decision-making equipment processes the information
and issues the decision-making order to the striking equip-
ment,  and the  striking equipment  uses  its  strike  function
to  destroy  the  enemy  target.  Only  when  the  whole  pro-
cess  of  the  function  chain  is  completed,  can  the  equip-
ment be considered to have exerted its combat capability.
Therefore, the combat capability of the function chain is

EL =
∏

ES ×
∏

ED×
∏

EI (4)

ES ED EIwhere , ,  and  represent  the capability  values of
reconnaissance,  charges,  and  influence  nodes,  respect-
ively.

L = {l|i = 1,2, · · · ,m}
m

All  function  chains  in  the  combat  network  of  the
weapons equipment system are set to ,
where  is  the  number  of  all  function  chains  of  the
weapons  equipment  system.  In  [23],  all  function  chain
capabilities  were  directly  added.  In  [3],  the  same  equip-
ment portfolio was used to form multiple operation plans
in  the  combat  system,  that  is,  the  combat  network  con-
tained  multiple  function  chains,  and  the  relationships
between the function chains should be regarded as paral-
lel  relationships.  The above methods can reflect  the sys-
tem combat capability formed by the function chain to a
certain extent. However, it is difficult to balance the situ-
ation  because  the  number  of  function  chains  formed  by
the equipment portfolio is small and the combat ability is
strong,  or  the  number  of  function  chains  formed  by  the
equipment portfolio is large and the combat ability of the
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single  function  chain  is  weak.  According  to  the  calcula-
tion  formula  of  the  probability  of  parallel  events,  the
combat capability formula of the weapons equipment sys-
tem can be expressed as

E = 1−
m∏

i=1

(1−ELi
) (5)

ELi

m∏
i=1

(1−ELi
)

1−ELi

where  is the capacity value of the ith function chain.
Through the example calculation and analysis, the above
formula is only suitable for the parallel connection calcu-
lation  of  a  small  number  of  function  chains.  When  the

function chain size is larger, the value of  will

tend  to  zero, so  the  combat  capability value  E  of  each
new  combination  added  to  the  system  is  approximately
equal  to  1,  which cannot  achieve the purpose of  sorting.
Therefore, we refer to the resistance parallel formula and
consider  in (5) as the resistance of each ring, then
the capability value of  multiple function chains in paral-
lel can be expressed as

E = 1−1
/ m∑

i=1

1
(1−ELi

)

 . (6)
 

4.2.2    Evaluation model of contribution rate of weapons
equipment portfolio systems

The  original  contribution  rate  formula  does  not  account
for the cost of equipment. However, the budget for equip-
ment development demonstration is limited, and the con-
straints  of  time  and  cost  must  be  considered  in  equip-
ment  development  planning.  Therefore,  the  cost  factor
cannot be ignored when analyzing the contribution rate of
equipment  portfolios  in  the  system.  In  other  words,  the
system contribution rate is used to study the contribution
effect  of  the  to-be-developed  equipment  portfolio  to  the
system with the same cost input. In Fig. 3, the new equip-
ment portfolio (indicated in red) forms a new equipment
system  relationship  after  joining  the  original  equipment
system. According to the definition, the system contribu-
tion rate that accounts for cost is calculated by

Conb
Vx
=

(ES+Vx
−ES )/ES

cos t(Vx)/
∑

Vi∈{S∪Vx}

cos t(Vi)
(7)

ES+Vx

Vx

cos t(Vx)
Vx

where  represents  the combat  capability  of  the sys-
tem with equipment portfolio  when including mission,
and  represents  the  cost  price  of  the  equipment
portfolio .
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Fig.  3      Equipment  system  network  after  adding  the  new  equip-
ment portfolio 

4.3    Model of weapons equipment portfolio selection
 

4.3.1    Objective function

Based on the combat network model, the contribution rate
of the weapons equipment portfolio is calculated, and the
portfolio  selection  of  weapons  systems  is  analyzed  and
optimized from the perspective of the system. The biggest
problem in the study of weapons equipment portfolio se-
lection is to find the equipment portfolio with the largest
contribution rate to the improvement of the combat capa-
bility  of  the  whole  weapons  equipment  system.  The  ob-
jective function can be expressed as

maxVX = argmaxConVX
(8)

ConVX

VX

where  represents  the  system  contribution  rate  of
equipment  portfolio  to  the  combat  capability  of  the
weapons equipment system. 

4.3.2    Constraints

V∗X ⊆ VThe viable set of portfolios  is limited by different
constraints, such as availability of resources, budget, type
of capacity requirements, and technical maturity. This pa-
per mainly considers two constraints, cost budget and ca-
pacity requirements.

For  cost  budget  constraints,  the  cost  of  the  weapons
system portfolio must not exceed the budget limit:

V∗X = {VX ⊆ V |C (VX) ⩽ B} (9)

C (VX)
B

where  represents  the  cost  of  the  weapons  system
portfolio and  is the budget limit.

For  capability  requirement  constraints,  it  is  feasible
when the weapons system portfolio can fully meet k capa-
bility requirements as follows:

V∗X = {VX ⊆ V |CAk (VX) ⩾ Nk} (10)

CAk (VX) k
Nk k

where  represents the th capability level in the
weapons system portfolio and  is the th capability re-
quirement. 
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5. Results and discussion
 

5.1    Description of data

In  the  development  planning  of  weapons  equipment,  the
main involved factors are the equipment contained in the
original  equipment  system,  the  equipment  capabilities,
the capability requirement value for the mission, the cost
budget, the candidate equipment, and the equipment capa-
bility attributes and costs. The equipment capabilities and
capability  levels  of  the  original  equipment  systems  are
shown in Table 1.
  

Table 1    Equipment capabilities and capability levels of the original
equipment system

Equipment Capability type Capability level (1 to 9)

E1 Reconnaissance 2

E2 Reconnaissance 3

E3 Decision-making 2

E4 Decision-making 3

E5 Strike 2

E6 Strike 3
 

At this  point,  the capability  requirements  of  the forth-
coming combat scenario for the weapons equipment sys-
tem are as follows: the minimum capability for reconnais-
sance  is  16  units;  the  minimum  capability  for  decision-
making  is  7  units;  the  minimum capability  for  strikes  is
15 units; and the budget provided cannot exceed 500 units.

To further meet the combat needs, new equipment will
need  to  be  developed.  The  cost  budget  of  the  20-candi-
date weapons equipment systems and their main capabili-
ties are shown in Table 2, where the capability categories
include reconnaissance, decision-making and strikes.
  

Table 2    Cost, capability type and capability level of the to-be-de-
veloped equipment

Equipment Capability type Capability level (1 to 9) Cost
S1

Reconnaissance

3 30
S2 4 40
S3 5 50
S4 6 60
S5 7 70
S6 9 100
S7

Decision-making

3 30
S8 4 40
S9 5 50
S10 6 60
S11 7 70
S12 8 100
S13

Strike

3 28
S14 4 40
S15 5 50
S16 6 60
S17 7 70
S18 8 78
S19 8 80
S20 9 88

 

5.2    Results demonstration and analysis

220

The  calculation  process  is  demonstrated  in  this  section.
Theoretically,  20  pieces  of  the  candidate  equipment  can
form  combinations. Firstly, the capability of equipment
is normalized by the capability satisfaction function in (2),
in which the value of b is set to 9; then the combat capa-
bility value after adding an equipment portfolio to the old
equipment system is calculated. There is a total of 15 494
portfolios that meet the constraint conditions, and the sys-
tem capability value after adding each portfolio is calcu-
lated respectively.

Conb

According  to  (4),  the  combat  capability  of  each  func-
tion  chain  is  calculated  respectively.  Then,  the  compre-
hensive combat capability of the system is calculated ac-
cording to (5). Finally, according to the contribution rate
calculation  formula  in  (7),  we  obtain  the  impact  of  each
equipment portfolio on the combat capability of  the sys-
tem when facing a mission, that is, the degree of change
in  the  system’s combat  capability  with  and  without  this
equipment portfolio. The top 30 equipment portfolios are
selected according to the contribution rate , which is
calculated by (7), as shown in Fig. 4.
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Fig. 4    Top 30 equipment portfolios considering cost-effectiveness
 

Conb

In Fig.  4,  the  horizontal  axis  represents  the  20  equip-
ment candidates, the yellow grid indicates that the equip-
ment  is  selected  in  the  portfolio,  and  the  blue  grid  indi-
cates  that  the  equipment  is  not  selected  in  the  portfolio.
The vertical axis represents the 30 best portfolios ranked
by  the  contribution  rate.  More  specifically,  the  bottom
row represents the portfolio with the highest contribution
rate. Table 3 lists the top 10 equipment portfolios ranked
by the system contribution rate .
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Cona

Cona

In  the  same  way,  without  considering  cost-effective-
ness, the top 30 equipment portfolios are selected accord-
ing to the contribution rate ,  which is calculated by
(1),  as shown in Fig.  5.  In Fig.  5,  the horizontal  axis re-
presents the 20 equipment candidates, the yellow grid in-
dicates that the equipment is selected in the portfolio, and
the blue grid indicates that the equipment is not selected
in  the  portfolio.  The  vertical  axis  represents  the  30  best
portfolios ranked by the contribution rate. More specific-
ally,  the  bottom  row  represents  the  portfolio  with  the
highest  contribution  rate. Table  4 lists  the  combat  capa-
bility  values,  contribution  rates,  and  costs  of  the  top  10
equipment  portfolios  ranked  by  contribution  rate ,
which does not consider cost-effectiveness.
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Fig. 5    Equipment portfolios without considering cost-efficiency

 
 

Table 4    Combat capability values and contribution rates of the equipment portfolios without considering cost-effectiveness

Number Equipment portfolio System contribution rate Normalized system contribution rate System capability value Cost

1 S5, S6, S12, S13, S14, S16 0.112 1 0.998 398

2 S5, S6, S12, S13, S14, S15 0.112 1 0.998 388

3 S1, S6, S9, S12, S13, S14, S15 0.112 1 0.998 398

4 S3, S6, S12, S13, S14, S15 0.112 1 0.998 398

5 S2, S6, S8, S12, S13, S14, S15 0.112 1 0.998 398

6 S1, S3, S6, S12, S13, S14, S15 0.112 1 0.998 398

7 S1, S6, S8, S12, S13, S14, S16 0.112 1 0.998 398

8 S1, S6, S8, S12, S13, S14, S15 0.112 1 0.998 388

9 S2, S6, S7, S12, S13, S14, S16 0.112 1 0.998 398

10 S2, S6, S7, S12, S13, S14, S15 0.112 1 0.998 388
 

Cona

Cona

Comparing the results in Table 3 and Table 4, it is ob-
vious  that  the  system  capability  value  of  the  equipment
portfolio  is  a  little  higher  when  maximizing  the  system
contribution rate  in WEPS. To give an intuitive im-
pression, the normalized system contribution rate is listed
in Table 3 and Table 4. If the decider has enough budget,
the system contribution rate  will be the best evalu-

Conb

ation  standard  choice  to  select  the  equipment  portfolios.
In this case, the equipment portfolio with the largest sys-
tem  capability  value  can  be  picked  out.  However,  if  the
decider  has  to  consider  the  cost  of  equipment  develop-
ment,  then the system contribution rate  will  be the
best  evaluation  standard  choice  to  select  the  economical
and practical equipment portfolios.

 

Table 3    Combat capability values and contribution rates of the equipment portfolios considering cost-effectiveness

Number Equipment portfolio System contribution rate Normalized system contribution rate System capability value Cost

1 S2, S5, S9, S13, S17 0.462 4 1.000 0 0.987 2 258

2 S3, S4, S9, S13, S17 0.462 1 0.999 4 0.987 1 258

3 S2, S5, S9, S14, S16 0.458 9 0.992 4 0.987 2 260

4 S2, S4, S9, S14, S16 0.458 5 0.991 6 0.987 1 260

5 S3, S4, S9, S13, S17 0.452 7 0.979 0 0.988 7 268

6 S1, S2, S3, S9, S13, S17 0.451 9 0.977 3 0.988 5 268

7 S2, S5, S10, S13, S17 0.450 2 0.973 6 0.988 2 268

8 S3, S4, S10, S13, S17 0.449 4 0.971 9 0.988 7 270

9 S1, S2, S3, S9, S14, S16 0.448 5 0.969 9 0.988 5 270

10 S2, S5, S10, S14, S16 0.448 5 0.969 9 0.987 2 266
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To  further  analyze  the  relationship  between  the  deve-
lopment  cost  of  equipment  portfolios  and  the  portfolio
contribution rates, in this paper, the relationships between
the contribution rates and cost of 15 494 feasible portfo-
lios  that  meet  cost  constraints  are  shown  in Fig.  6,  with
and without cost-effectiveness ratios.
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Fig.  6      Diagram of the relationship between the contribution rate
and cost of all feasible portfolios satisfying cost constraints
 

Comparing Fig. 6(a) and Fig. 6(b), and considering the
cost  factor  or  cost-effectiveness  ratio,  most  of  the  selec-
ted equipment portfolios meet the basic capacity require-
ments,  and  the  lower  the  cost,  the  better  the  portfolio.
Without considering the cost-effectiveness ratio, the com-
bined cost of the top 9 is 398, which is basically equal to
the  budget  value.  Most  of  the  selected  equipment  are
equipment with strong capabilities. Thus, decision-makers
can  choose  their  preferred  equipment  portfolio  selection
method to develop weapons and equipment. 

6. Conclusions
This  paper  studies  the  selection  of  weapons  equipment
portfolios  from a  system perspective  and  puts  forward  a

selection  method  based  on  the  system  contribution  rate.
The combat capability of the weapons system portfolio is
a  comprehensive  embodiment  of  intelligence  reconnais-
sance, information processing, decision-making, and strike
capabilities. The proposed method fully considers the in-
terrelation  between  the  to-be-developed  equipment  port-
folio  and  the  old  equipment  system,  and  can  be  used  to
identify the equipment portfolio to maximize the combat
capability of the whole weapons equipment system under
the constraints of capability requirements and cost budget
resources.

The  work  of  this  paper  has  limitations,  and  research
has to be conducted further. This paper only analyzes the
contribution rate from the perspective of capability, while
the  research  on  the  contribution  rate  of  the  equipment
system  should  be  multi-level,  multi-dimensional,  and
multi-angle. In this study, the amount of to-be-developed
equipment is relatively low, but the number of equipment
portfolios  would  increase  exponentially  with  the  amount
of to-be-developed equipment; thus, more efficient intel-
ligent optimization algorithms need to be used for calcu-
lations.
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