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Complex supply chain system collaborative management of major construction projects effectively integrates the different
participants in the construction project. This paper establishes a simulation model based on AnyLogic to reveal the collaborative
elements in the complex supply chain management system and the modes of action as well as the transmission problems of the
intent information. Thus it is promoting the participants to become an organism with coordinated development and coevolution.
This study can help improve the efficiency and management of the complex system of major construction projects.

1. Introduction

Major constructions are surged unimaginably in demand
along with the development of science, technology, and soci-
ety. According toMorgan Stanley research report, the emerg-
ing economies are expected to spend $21.7 trillion for major
infrastructure projects between 2009 and 2019. Like most
countries, the Chinese government will spend $9 trillion
which is the 12%ofGDPon themajor constructions [1].How-
ever, the major constructions often have some urgent prob-
lems in the collaborative management field and suffer many
problems and shortcomings from the traditional mode of
project management, for example, the project cost exceeding
budgets, the project duration delays, and the owners’ dissat-
isfaction.

Some basic characteristics of modern major construction
projects are long construction period, large investment, and
complex organization relationship. Although there is no lin-
early proportional relationship between scale and complexity,
high construction cost is a common characteristic of complex
major construction projects. In general, the more complex
major construction projects have both a longer construction
period and a higher cost [2]. At the same time, the fields
involved in major construction projects are increasing, such
as transportation, real estate, and medical fields. It leads to

the major construction project which involves more orga-
nizations. Therefore, the major construction projects need
to organize the organizations and people with different
functions and experiences, which further increase the orga-
nizational complexity.

In modern major construction projects, the external
characteristics of culture and environment are stronger
uncertainty and turbulence. The unforeseeable factors in the
implementation process of major construction projects have
increased. Not only are projects affected by the local govern-
ments and the social, economic, and cultural environments,
but they are restricted by local resources, climate, and geol-
ogy. In particular,multiple participants ofmajor construction
projects, such as the owner, consulting party, designer, con-
tractors, suppliers, and operators, have different social psy-
chologies, cultures, habits, and specialties, which increases
the difficulty in communication [3, 4]. In addition, with the
intensifying international competition in major construc-
tion projects and the increasingly internationally cooperated
major construction projects, participants are often from dif-
ferent countries. It is becausemost of themajor constructions
of the tender are globally oriented. They seek the most
suitable contractor in the world. For example, throughout the
world, many countries are actively striving for high-speed rail

Hindawi Publishing Corporation
Discrete Dynamics in Nature and Society
Volume 2016, Article ID 6195673, 8 pages
http://dx.doi.org/10.1155/2016/6195673



2 Discrete Dynamics in Nature and Society

projects. Some factors increase the risks of major construc-
tion projects. Major projects have different social systems,
cultures, and legal backgrounds and are in different lan-
guages, which increase barriers to communication and the
complexity of project management. The increasing environ-
mental uncertainty is the main source leading to the com-
plexity of major construction project [5].

Based on the above analysis, the traditional process of
major construction projects is needed to innovate and con-
solidate the management. It is difficult for traditional major
construction projects to use a production process similar to
that of other industries. The owners cannot obtain complete
building products and perfect service.They have no ability to
managemajor construction projects but have to participate in
the construction process. They must perform complex man-
agement work and bear the resulting responsibility, leading to
many entanglements [6]. In addition, due to the specialty lim-
itation of major construction projects, it has different span-
ning periods or implementation parities. So it is hard to coor-
dinate between a superior and an inferior, and this leads to
discontinuity of management at last.

Major construction projects have their own general
objectives and requirements, but due to the different organi-
zation tasks and persons responsible in different phases, the
tasks are undertaken by different enterprises, resulting in the
separation of project organization, inconsistent objectives,
and discrete responsibilities. Due to the inconsistent objec-
tives among the participants, they balance each other, leading
to tense relationships and low working efficiency, which
inhibits enthusiasm and creativity. Significant costs, time, and
energy are spent on various working interfaces [7]. Because
the interests of the participants of a project have nothing to do
with its ultimate benefit, people’s short-term actions are more
serious than those in other organizations, which easily pro-
duce the ideal for all construction.The participants pay atten-
tion to the short-term local interests and ignore the operation
status of the project and the requirement of continuous
development, thus failing to realize the general optimization
of the life cycle of a major construction project. Moreover,
there are obvious blind areas in the organizational responsi-
bility system,which increases the risks for all participants. For
example, governments and manufacturers must use positive
political connections to achieve product protection and
supervision of safety throughout the supply chain [8], and the
agent’s working efficiency is decreased, which may erode the
value of the company [9].

The long construction period, large investment, complex
organizational relationship, uncertain cultural environment,
and breaking in phase of major construction projects are
objective problems that are difficult to solve. However, com-
plex objective and information isolation can be improved
through management. The traditional management system,
managing mode and idea of major construction projects,
cannot satisfy and adapt to the needs of complex key project
management [10]. The complexity of a major construction
project raises new requirements onmanagement.Thus, it has
important theoretical and realistic significance in the research
of the collaboration of the complex system ofmajor construc-
tion projects [11].

2. Literature Review

The following subsections are talking about collaborative
management of complex major construction projects which
are based on AnyLogic. The research subject is a complex
system of major construction project. The research perspec-
tives of collaborative management are from the relation-
ship among the participants, through mathematical analysis,
adopting the research methods of simulation modelling. In
this paper, the existing research as theoretical basis stands in
a new perspective to discuss the coordinated management of
major constructions.

2.1. Complex Supply Chain of Major Construction Projects. A
major construction project supply chain is called CPSC. The
simulationmodels are applied to study a specific coordination
mechanism where coordination requirements are produced
in different departments with complex relationships in key
organizations. In addition, it is considered that the VDT
(Virtual Design Team) model is more suitable for research of
projects with unpredictable factors. It is a formal method for
developing the newmicrolevel behavioral mechanisms as the
primary point of departure from the aspect of information
processing. And the microcontingency model generates a set
of testable hypotheses related to these theorized microlevel
behaviors [12]. Mihm et al. studied the impact of the hierar-
chical organizational structure on the speed of the searching
decision-making plan and the stability and quality of the
problem solutions by combining mathematical analysis and
simulation models [13]. Cope et al. pointed out that NASA
faced the difficulty of how to effectively manage and coordi-
nate the experts in different places and proposed to design a
case study where the approach was implemented to model,
simulate, and analyse NASA’s Space Exploration Supply
Chain [14].

2.2. Collaborative Management of Major Construction
Projects. For the relationship among the participants, Ruff
et al. noted that, due to the greater uncertainty of major
construction projects, it is easier to cause discordance among
the participants, leading to project delays, cost exceeding,
and disputes. The authors analysed the relationship among
the participants of those projects and presented the problems
to address in project management [15]. Hinze and Tracey
studied the relationship between principal contractors and
subcontractors from the perspective of the subcontractor
and noted that some behaviour of principal contractors may
cause harm to the industry [16]. Cheung analysed the key
factors of the Alternative Dispute Resolution (ADR) method
for solving disputes with the analytic hierarchy process and
noted that the disputes would be solvedmore efficiently using
the ADR method if attention was paid to those key factors
[17]. Bond and Naus studied the communication issue of
engineering projects and put forward six factors affecting the
communication efficiency of project participants and a way
to improve communication [18]. Therefore, the collaborative
management of major construction projects has important
significance. Appropriate application of collaborative
management can improve the flexibility in the physical
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distribution and minimize the inefficiency of major con-
struction projects [19, 20].

2.3. Supply Chain Simulation Management Based on System
Dynamics. The application of system dynamics to supply
chain management can be traced back to 1958. Senge and
Forrester used system dynamics to solve some operation and
management problems in industry, such as demand ampli-
fication, stock volatility, instability between production and
employees, influence of advertising strategies on production
change, and impact of information technology on manage-
ment [21]. The earliest application of system dynamics in the
supply chain was the research on the bullwhip effect. Towill
et al. studied the changing range of demand information
with the supply chain using system dynamics and found
that the demand information was doubled at each link and
amplified eightfold when the manufacturers received orders
from the distributors [22]. Anderson and Morrice took the
machine tool industry as an example to explore the content of
demand amplification of themachine tool supply chain in the
lead time, inventory, productivity, and human with system
dynamics, tested several strategies for improving the perfor-
mance of the supply chain, and created simulations with the
statistical fitting data [23]. The results showed that market
volatility and investment acceleration led to improvement
of the production capacity and significant amplification of
demand.The flexible order strategy and employment strategy
could help overcome demand amplification and improve the
operation of the entire supply chain [24].

Given all that, major construction projects are a complex
adaptive system with complexity as an important feature. So
far, few studies specifically consider the impact of complexity
on major construction projects because major construction
projects can be neither copied nor repeated. In addition,
the local complex environment cannot be copied. Therefore,
a simulation modelling method based on the principle of
system dynamics can simulate the complex situation in the
complex supply chain system of major construction projects,
which is conducive to the research of the collaborative
management of the complex supply chain system of major
construction projects [25].

3. Modelling

This paper classifies the population into the following 4 types:
Potential Recipient of informative intention 𝑃, recipient of
informative intention 𝑅, recipient of delivering informative
intention, and forgetter of informative intention 𝐹; then the
research sets up a complex system information delivering
model TRANSFER as follows:

𝑑𝑃 (𝑡)

𝑑𝑡
= −𝛽𝑔 (𝐷 (𝑡)) 𝑃 (𝑡) + ] − ]𝑃 (𝑡) + 𝛿𝐹 (𝑡) ,

𝑑𝑅 (𝑡)

𝑑𝑡
= 𝛽𝑔 (𝐷 (𝑡)) 𝑃 (𝑡) − (𝜀 + ]) 𝑅 (𝑡) ,

𝑑𝐷 (𝑡)

𝑑𝑡
= 𝜀𝑅 (𝑡) − (𝛾 + ])𝐷 (𝑡) ,

𝑑𝐹 (𝑡)

𝑑𝑡
= 𝛾𝐷 (𝑡) − (𝛿 + ]) 𝐹 (𝑡) .

(1)

When𝑔(0) = 0,𝑔 ∈ 𝐶1 (0, 1), and𝐷 ∈ (0, 1),𝑔(𝐷) > 0. If
𝛿 → 0 or 𝜀 → ∞, model (1) can be simplified into a complex
system information delivering model. The complex system
supply chain that collaborated with the equilibrium point of
model (1) can be overall asymptotically stable when 𝛿 is suffi-
ciently small or 𝜀 is sufficiently large. Considering the relative
factors during information delivery, this paper establishes
the following general nonlinear function of the TRANSFER
complex system information delivering model (2).

In the complex SCM of critical engineering, the number
of participants is dynamic. Some people pull out of the
construction link once they finish a certain portion, and a
new craft takes their place and continues construction.

The proficiency and work duration of each participant
differ; hence, the paper presumes that 𝑒(𝑡, 𝜏) represents the
number of potential recipients of informative intention at
time 𝑡 on the condition of 𝜏 working years, where 𝜀(𝜏)

and 𝛽(𝜏) are, respectively, working year 𝜏’s receiving rate
and the delivering rate of potential recipients of informative
intention, Λ, 𝜇, 𝛼, 𝛿, 𝛾 are critical engineering participants’
increasing and decreasing coefficients, 𝜇 is the natural failure
rate of information, 𝛼 is failure rate of information, 𝛿 is the
success rate of delivering information, and 𝐶(𝑃, 𝑅,𝐷, 𝐹) is
the delivering rate. Then, [𝐶(𝑃(𝑡), 𝑅(𝑡), 𝐷(𝑡), 𝐹(𝑡))/𝑁(𝑡)] ⋅

𝑃(𝑡) ∫
∞

0

𝛽(𝜏)𝑒(𝑡, 𝜏)𝑑𝜏 are the new recipients at the time of 𝑡
in different stages of working years, as well as the number of
secluded recipients at time 𝑡 [𝜎(𝑃(𝑡), 𝑅(𝑡), 𝐷(𝑡), 𝐹(𝑡))/𝑁(𝑡)] ⋅

∫
∞

0

𝑒(𝑡, 𝜏)𝑑𝜏. Consider

𝑁(𝑡) = 𝑃 (𝑡) + 𝑅 (𝑡) + 𝐷 (𝑡) + 𝐹 (𝑡) ,

𝑒 (𝑡, 𝑜) =
𝐶 (𝑃 (𝑡) , 𝑅 (𝑡) , 𝐷 (𝑡) , 𝐹 (𝑡))

𝑁 (𝑡)
𝑃 (𝑡)

⋅ ∫

∞

0

𝛽 (𝜏) 𝑒 (𝑡, 𝜏) 𝑑𝜏,

𝑃 (0) = 𝑃
0
,

𝑒 (0, 𝜏) = 𝜂 (𝜏) ,

𝐷 (0) = 𝐷
0
,

𝐹 (0) = 𝐹
0
.

(2)

By applying fixed point theory and the continuation
theorem of the solution, this research can prove the existence
of a global nonnegative solution. This paper emphasizes the
existence and stability of critical engineering complex SCM
that collaborated with the equilibrium point. Therefore, the
research develops the following fundamental assumption for
its parameters:𝜎, 𝐶 are nonnegative continuous differentiable
functions of 𝑅4, and 𝜕𝐶/𝜕𝑃, 𝜕𝐶/𝜕𝑅, 𝜕𝐶/𝜕𝐷, 𝜕𝐶/𝜕𝐹, 𝜕𝜎/𝜕𝑃,

𝜕𝜎/𝜕𝑅, 𝜕𝜎/𝜕𝐷, 𝜕𝜎/𝜕𝐹 ∈ 𝐿
∞

([0,∞)×[0,∞)×[0,∞)×[0,∞))
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that nonnegative functions 𝜀 and 𝛽meet the condition 𝜀(⋅) ∈
𝐶
1

[0,∞) ∩ 𝐿
∞

[0,∞), 𝜀(⋅) ∈ 𝐿
∞

[0,∞), 𝛽(⋅) ∈ 𝐶
2

[0,∞) ∩

𝐿
∞

[0,∞), as well as 𝛽(⋅), 𝛽(⋅) ∈ 𝐿
∞

[0,∞). Λ, 𝜇, 𝛼, 𝛾, 𝛿
are positive constants recorded as ‖ ⋅ ‖

1
and ‖ ⋅ ‖

∞
. These

two constants are, respectively, the Banach space’s 𝐿1[0,∞)

and 𝐿
∞

[0,∞) norms. If the paper records 𝐿1
+
[0,∞) as the

positive cone of Banach space 𝐿1[0,∞), 𝜂(⋅) ∈ 𝐿1
+
[0,∞).

3.1. Asymptotic Stability of the Equilibrium Point. The equi-
librium point of the complex SCM information delivering
model represents the final condition of information deliv-
ering and coordination. The stability decides the ability of
information delivering for the final condition.Next, the paper
studies the existence and stability of model (2)’s equilibrium
point. If it assumes (𝑃∗, 𝑒∗(𝜏), 𝐷∗, 𝐹∗) as system’s equilibrium
point, it is necessary and sufficient that condition of existence
should satisfy the following integrodifferential equations:

Λ − 𝜇𝑃
∗

− 𝐵
∗

+ 𝛿𝐵
∗

= 0,

𝑑𝑒
∗

(𝜏)

𝑑𝜏

= − (𝜇 + 𝜀 (𝑡)) 𝑒
∗

(𝜏) −
𝜎 (𝑃
∗

, 𝑅
∗

, 𝐷
∗

, 𝐹
∗

)

𝑁∗
𝑒
∗

(𝜏) ,

∫

∞

0

𝜀 (𝜏) 𝑒
∗

(𝜏) 𝑑 − 𝑚𝐷
∗

= 0,

𝛾𝐷
∗

− 𝑛𝐹
∗

+
𝜎 (𝑃
∗

, 𝑅
∗

, 𝐷
∗

, 𝐹
∗

)

𝑁∗
𝐸
∗

= 0,

𝐵
∗

=
𝐶 (𝑃
∗

, 𝑅
∗

, 𝐷
∗

, 𝐹
∗

)

𝑁∗
𝑃
∗

∫

∞

0

𝛽 (𝜏) 𝑒
∗

(𝜏) 𝑑𝜏,

(3)

from which we can conclude that 𝑅∗ = ∫
∞

0

𝑒
∗

(𝜏)𝑑𝜏, 𝑁∗ =
𝑃
∗

+ 𝑅
∗

+ 𝐷
∗

+ 𝐹
∗, 𝑚 = 𝜇 + 𝛼 + 𝛾, and 𝑛 = 𝜇 + 𝛿, and the

system always contains the unique null information equi-
librium point (Λ/𝜇, 0, 0, 0). Then, the paper discusses the
existence of the complex system SCM that collaborated with
the equilibrium point. Consider

𝑀(𝑡) =
𝐶 (𝑃 (𝑡) , 𝑅 (𝑡) , 𝐷 (𝑡) , 𝐹 (𝑡)) 𝑃 (𝑡)

𝑁 (𝑡)
,

𝑀
∗

=
𝐶 (𝑃
∗

, 𝑅
∗

, 𝐷
∗

, 𝐹
∗

) 𝑃
∗

𝑁∗
,

𝑀
∗

1
=
𝜕𝑀(𝑃

∗

, 𝑅
∗

, 𝐷
∗

, 𝐹
∗

)

𝜕𝑃∗
,

𝑀
∗

2
=
𝜕𝑀(𝑃

∗

, 𝑅
∗

, 𝐷
∗

, 𝐹
∗

)

𝜕𝑅∗
,

𝑀
∗

3
=
𝜕𝑀(𝑃

∗

, 𝑅
∗

, 𝐷
∗

, 𝐹
∗

)

𝜕𝐷∗
,

𝑀
∗

4
=
𝜕𝑀(𝑃

∗

, 𝑅
∗

, 𝐷
∗

, 𝐹
∗

)

𝜕𝐹∗
,

𝑎 (⋅) = 𝜇 + 𝜀 (⋅) +
𝜎 (𝑃
∗

, 𝑅
∗

, 𝐷
∗

, 𝐹
∗

)

𝑁∗
,

𝑁
∗

= 𝑃
∗

+ 𝑅
∗

+ 𝐷
∗

+ 𝐹
∗

,

𝑒
∗

(𝜏) = 𝐵
∗

𝜋
𝑎
(𝜏) .

(4)

The research obtains (4) from the second equation; then
plug (4) into (3):

𝑃
∗

=
(Λ − 𝐵

∗

+ 𝛿𝐹
∗

)

𝜇
,

𝑅
∗

= 𝐵
∗

∫

∞

0

𝜋
𝑎
(𝜏) 𝑑𝜏,

𝐷
∗

=
𝐵
∗

𝑚
∫

∞

0

𝜀 (𝜏) 𝜋
𝑎
(𝜏) 𝑑𝜏,

𝐹
∗

=
𝛾

𝑛
𝐷
∗

+
𝑄
∗

𝑛
𝑅
∗

,

𝐵
∗

= 𝑀
∗

𝐵
∗

∫

∞

0

𝛽 (𝜏) 𝜋
𝑎
(𝜏) 𝑑𝜏.

(5)

From (5), we can regard𝑃∗,𝑅∗,𝐷∗,𝐹∗ as𝐵∗’s continuous
function and record it as 𝑃(𝐵∗) = 𝑃

∗, 𝑅(𝐵∗) = 𝑅
∗, 𝐷(𝐵∗) =

𝐷
∗, and 𝐹(𝐵∗) = 𝐹

∗, and then define it as follows:

𝐺 (𝐵
∗

) =
𝐶 (𝑃
∗

, 𝑅
∗

, 𝐷
∗

, 𝐹
∗

)

𝑁∗
𝑃
∗

∫

∞

0

𝛽 (𝜏) 𝜋
𝑎
(𝜏) 𝑑𝜏. (6)

Then, 𝐺 will still be 𝐵
∗’s continuous

function. If the design sets R
0

= 𝐶(Λ/𝜇, 0, 0,

0)∫
∞

0

𝛽(𝜏)𝑒
−∫

𝜏

0
(𝜇+𝜀(𝑠)+𝜇𝜎(Λ/𝜇,0,0,0)/Λ)𝑑𝑠

𝑑𝜏, it can conclude the
following.

Theorem 1. When R
0
> 1, the system will have at least one

complex system SCM equilibrium point; when R
0
≤ 1 and 𝐺

strictly decreases monotonically, the system will no longer have
an equilibrium point. 𝐺 is defined by formula (6).

From (5), the necessary condition of existence of a
positive equilibrium is a positive number 𝐵∗, which makes
the fourth equation’s validity of formula (5). The necessary
and sufficient condition of 𝐵∗ as the fourth solution of
formula (5) is 𝐺(𝐵∗) = 1.

When 𝐵∗ is sufficiently large, 𝐺(𝐵∗) < 0. Because 𝐺(0) =
R
0
, there exists at least one positive number 𝐵∗ that makes

𝐺(𝐵
∗

) = 1 valid whenR
0
> 1. Then, the system will have at

least one positive equilibrium point based on formula (5).
When R

0
< 1 (namely, 𝐺(0) ≤ 1) and 𝐺 is a strictly

decreasing function, if ∀𝐵∗ > 0, 𝐺(𝐵∗) < 1. Then, the system
will have a null information coordination equilibrium point.

Next, in order to study the stability of equilibrium point
(2). At first, the research need to discuss the global asymptotic
stability of the null information coordination equilibrium
point whenR

0
< 1.

Theorem 2. Assume 𝐶(𝑃, 𝑅,𝐷, 𝐹) = 𝐶(𝑁), 𝜎(𝑃, 𝑅,𝐷, 𝐹) =

𝜎(𝑁), and 𝐶


(𝑁) ≥ 0, (𝜎(𝑁)/𝑁)


≤ 0. Then, system’s
null information equilibrium point will have global asymptotic
stability ifR

0
< 1.
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Theorem 3. If R ≥ 1, random nonnegative numbers 𝑃, 𝑅,𝐷,
𝐹,

𝐶 (𝑃, 𝑅,𝐷, 𝐹) ≤ 𝐶(
Λ

𝜇
, 0, 0, 0) ,

𝜎 (𝑃, 𝑅,𝐷, 𝐹) ≥ 𝜎(
Λ

𝜇
, 0, 0, 0) ,

(7)

can meet the system’s null information equilibrium point which
will have global asymptotic stability. Then, examining the
stability (𝑃∗, 𝑒∗(𝜏), 𝐷∗, 𝐹∗), the critical engineering complex
information synergy balance. If the research assumes 𝑋(𝑡) =

(𝑃(𝑡), 𝑅(𝑡), 𝐷(𝑡), 𝐹(𝑡), 𝐵(𝑡))
𝑇, the𝑋(𝑡)will satisfy the following

equation:

𝐴𝑋 (𝑡) = ∫

𝑡

0

𝐾 (𝑡 − 𝜏)𝑋 (𝜏) 𝑑𝜏 = 𝑓 (𝑡) . (8)

It can then be proved that positive number 𝐻 makes 𝐾
and its derivative satisfy

‖𝐾 (𝑡)‖ ,

�̇� (𝑡)




�̈� (𝑡)


≤ 𝐻𝑠
−𝜇𝑡

. (9)

Analysing𝐾(𝑡)’s Laplace conversion �̂�(𝑠) in the right half
plane Re(𝑠) > −𝜇 of the complex plane and on the condition
that lim

|𝑠|→∞
�̂�(𝑠) = 0, conclude lim

|𝑠|→∞
det(𝐴 + �̂�(𝑠)) = 1.

Therefore, all roots of det(𝐴 + �̂�(𝑠)) are isolated in the circle
centred at the origin. If the design sets all roots of det(𝐴 +

�̂�(𝑠)) as having a negative real part, there will exist 𝜇∗, 0 <

𝜇
∗

< 𝜇, that makes all roots in Re(𝑠) < −𝜇
∗. When it sets

𝐿(𝑠) as 𝐴 + �̂�(𝑠)’s analytic inverse in Re(𝑠) ≥ −𝜇
∗ because 𝐴

is reversible and lim
|𝑠|→∞

�̂�(𝑠) = 0 for sufficiently large |𝑠|, on
the condition that Re(𝑠) > −𝜇, the following can be obtained:

𝐿 (𝑠) = 𝐴
−1

(𝐼 + 𝐴
−1

�̂� (𝑠))
−1

= 𝐴
−1

∞

∑

𝑗=0

(𝐴
−1

�̂� (𝑠))
𝑗

,

lim
|𝑠|→∞

𝐿 (𝑠) = lim
|𝑠|→∞

𝐴
−1

(𝐼 + 𝐴
−1

�̂� (𝑠))
−1

= 𝐴
−1

.

(10)

By applying Taylor’s formula, it can be concluded that
�̂�(𝑠) = 𝐾(0)/𝑠 + 𝐾(0)/𝑠

2

+ 𝑜(𝑠
−2

) on the condition that 𝑠 ∈
{𝑠 ∈ 𝐶 | Re(𝑠) ≥ −𝜇

∗

}, |𝑠| → ∞. Therefore, when 𝑠 ∈ {𝑠 ∈

𝐶 | Re(𝑠) ≥ −𝜇
∗

}, |𝑠| → ∞, there exists a constant matrix 𝐽
0

that makes 𝐿(𝑠) = 𝐴
−1

+ 𝐽
0
/𝑠 + 𝑜(𝑠

−2

). These results indicate
that �̂�(𝑠) = 𝐿(𝑠) − 𝐴

−1 is 𝐽(𝑡)’s Laplace conversion, and 𝐽(𝑡) =
(1/2𝜋)𝑒

−𝜇
∗

𝑡

∫
∞

−∞

𝑒
𝑖𝜉𝑡

�̂�(−𝜇
∗

+ 𝑖𝜉)𝑑𝜉, 𝑡 ≥ 0.
Because 𝑖 is an imaginary unit, by formula (9) there exists

a positive number𝐻
1
that makes ‖𝐽(𝑡)‖ ≤ 𝐻

1
𝑒
−𝜇
∗

𝑡, 𝑡 ≥ 0. To
investigate the asymptotic stability of the positive equilibrium
point, assume the following:

(i) |𝑀(𝑡)−𝑀
∗

−∇𝑀
∗

⋅(𝑃(𝑡), 𝑅(𝑡), 𝐷(𝑡), 𝐹(𝑡))| = 𝑜(|𝑃(𝑡)|+

|𝑅(𝑡)|+|𝐷(𝑡)|+|𝐹(𝑡)|). When |𝑃(𝑡)|+|𝑅(𝑡)|+|𝐷(𝑡)|+|𝐹(𝑡)| →
0, namely, ∀𝜖

0
> 0, ∃𝛿(𝜀

0
) > 0, which makes |𝑃(𝑡)| + |𝑅(𝑡)| +

|𝐷(𝑡)| + |𝐹(𝑡)| < 𝛿(𝜀
0
), |𝑀(𝑡) − 𝑀

∗

− ∇𝑀
∗

⋅ (𝑃(𝑡), 𝐸(𝑡), 𝑅(𝑡),

𝐹(𝑡))| < 𝜀
0
(|𝑃(𝑡)|, |𝐸(𝑡)|, |𝑅(𝑡)|, |𝐹(𝑡)|).

(ii) |𝑄(𝑡) −𝑄∗ −∇𝑄∗ ⋅ (𝑃(𝑡), 𝑅(𝑡), 𝐷(𝑡), 𝐹(𝑡))| = 𝑜(|𝑃(𝑡)| +

|𝑅(𝑡)| + |𝐷(𝑡)| + |𝐹(𝑡)|).
When |𝑃(𝑡)| + |𝑅(𝑡)| + |𝐷(𝑡)| + |𝐹(𝑡)| → 0 (namely,

∀𝜖
0
> 0, ∃𝛿(𝜀

0
) > 0, which makes |𝑃(𝑡)| + |𝑅(𝑡)| + |𝐷(𝑡)| +

|𝐹(𝑡)| < 𝛿(𝜀
0
)), |𝑄(𝑡) − 𝑄

∗

− ∇𝑄
∗

⋅ (𝑃(𝑡), 𝑅(𝑡), 𝐷(𝑡), 𝐹(𝑡))| <

𝜀
0
(|𝑃(𝑡)|, |𝑅(𝑡)|, |𝐷(𝑡)|, |𝐹(𝑡)|).
When 𝜎(𝑃(𝑡), 𝑅(𝑡), 𝐷(𝑡), 𝐹(𝑡)) = 𝛽

1
𝑁(𝑡), 𝐶(𝑃(𝑡), 𝑅(𝑡),

𝐷(𝑡), 𝐹(𝑡)) = 𝛽
2
𝑁(𝑡); the above assumption is naturally avail-

able, amongwhich𝛽
1
, 𝛽
2
are positive numbers and𝑁(𝑡) is the

population size.

4. Simulation

The complex supply chain of a major construction project
refers to the construction process from the preliminary work,
including the definition of the project, feasibility research and
design, key project implementation, completion, acceptance,
and maintenance, to all activities in the processes of expan-
sion and building demolition as well as all organizational
institutions involved. The complex system of a major con-
struction project is an overall functional mode that combines
owners, consultants, designers, construction parties, and
material and equipment suppliers into a whole through the
control of information flow, logistics, and cash flow, in which
the owners are the investor, supplier, and final user as well,
and other node enterprises are driven by the demand infor-
mation to realize the value of the whole supply chain through
the division of labour and cooperation.

Because there are many participants in the complex sys-
temofmajor construction projects, collaboration consistency
is bound to undergo severe tests in the overall operation.
Thus, the root cause of difficult collaboration is that different
participants have different objectives, and the information
transmission is obstructed. This paper presents a model that
shows the transmission of the informative intention in the
process of key project construction and seeks the key time
points for collaborative consistency to strengthen the collabo-
rative management of the complex system of major construc-
tion projects.

So, this paper builds a model that constructed a visual
simulation model. Figure 1 is this paper elaboration, and
it shows the process of the informative intention in the
key project construction intuitively. It indicates a simulation
model which is based on the above model of mathematical
building and analysis. And then, the second part of Figure 1
shows the application of this simulation model.

4.1. Role Characteristics of Four Important Characters in the
Complex System of Major Construction Projects. As shown in
Figure 1, participants are divided into four categories accord-
ing to their respective stage characteristic which is from the
intention information transmission of themajor construction
projects. They are specifically as follows:

(i) Potential Recipient (potential intent information
receiver): people who do not receive the intent infor-
mation.



6 Discrete Dynamics in Nature and Society

Potential Receiving rate

Recipient Redelivery rate

Delivering Undelivery rate

Forgotten

Average Duration

Average Time

Delivery Rate

Multiple Delivery Rate

Total Population

R
Intent

Connections

(a)

302010 40 50 60 70 80 90 1000
0

0.5

1

Potential receiver
Intent receiver Forgotten receiver

Delivering receiver

(b)

Figure 1: The information simulation model of collaborative management.

(ii) Intent Recipient (receiver who has received the intent
information): people who have received the intent
information but have not transmitted to others.

(iii) Delivering Recipient (receiver in the process of intent
information transmission): people who have received
the information and transmitted it to other potential
intent information receivers.

(iv) Forgotten Recipient (people who have received the
intent information but then forgotten it) [26].

4.2. Defining Parameters and Subordinates. The parameters
and subordinates are defined as follows:

(i) Participants. Considering a model of a key project
with 10000 participants, first, the leader has intent
information concerning the key project to be trans-
mitted and other people become the potential intent
information receivers.

(ii) Delivery Rate. In the initial stage of key project con-
struction, each person transmits the information to
others at the transmission and reception rate of 1.25.

(iii) Multiple Delivery Rate. If the receiver who has
received the information meets other receivers who
may have received the information, the transmission
rate of the intent information by the latter is Multiple
Delivery Rate.

(iv) Average Time. When a person receives information,
there is a thinking period that lasts 10 days. In this
stage, the information receiver becomes familiar with
the information.

(v) Average Duration. After the thinking period, the
intent information will last for a time period in
the consciousness of the information receiver. The
average lasting time of the information is 15 days.

(vi) Information receivers who have forgotten the intent
information will not participate in the retransmission
of the information.

Figures andTables.Thepaper hypothesizes anddefines related
index (Table 1). The details are as follows:

(i) Total Population = 10000.
(ii) Delivery Rate = 1.25.
(iii) Multiple Delivery Rate = 0.6.
(iv) Average Time = 10.
(v) Average Duration = 1.

4.3. Analogy Simulation. The research performs simulation
modelling of the complex supply chain coordinativemanage-
ment process of critical engineering by adopting the simula-
tion software AnyLogic. Figure 1 depicts the system informa-
tion synergy for the complex system of major construction
projects. It shows the transmission of the informative inten-
tion in the process of key project construction and seeks the
key time points for collaborative consistency to strengthen
the collaborative management of the complex supply chain
of major construction projects. The result of the simulation
model indicates that, based on the TRANSFER model’s
adjustment applied to the system, it can not only observe the
macroscopic operational process of the whole supply chain
coordinative management but also measure certain links of
the system microscopically.

The Application. The model can observe 4 kinds of different
participants visually (Potential Recipient, Intent Recipient,
Delivering Recipient, and Forgotten Recipient). It is helpful to
understand the structure and dynamics of the intention infor-
mation transmission in the major construction which was a
complex system. And it can help the organization take the
appropriate strategy in the process of major constructions
management.

5. Conclusions

This paper conducts innovation research on the complex
system coordinative management of critical engineering and
develops a mathematical model.Themathematical analytical
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Table 1: Inflows and outflows.

Stock Inflows Outflows
Total
Population Potential Receiving Rate = Delivering × Delivery Rate ×Multiple Delivery Rate × Potential/Total Population + Delivery Rate

Delivery Rate Recipient Redelivery Rate = Recipient/Average Time
Multiple
Delivery Rate Delivering Undelivery Rate = Delivering/Average Duration

part proves the existence and stability of complex system
coordinated with the equilibrium point.Then, the simulation
modelling of the complex coordinative management process
of critical engineering is performed by adopting the simula-
tion software AnyLogic. The result of the simulation model
indicates that, based on the TRANSFER model’s adjustment
applied to the system, it can not only observe themacroscopic
operational process of the whole supply chain coordinative
management but also measure certain links of the system
microscopically. This study effectively integrates the par-
ticipants of different critical engineering and it explicates
synergy elements and modes of action. The study further
proposes the informative intention’s delivering problems in
the complex supply chain of critical engineering and prompts
the participants of the supply chain to act as an organism of
harmonious development and coevolution.This paper is ben-
eficial to increasing the efficiency of the critical engineering
complex supply chain to reform its management status.
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