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EQUILIBRIUM AND PERFORMANCE:
ORGANIZATIONAL DESIGN OF

THE GENERAL DEPARTMENT IN
MEGA-PROJECT!

[Abstract]: General Department is an innovative organization design pattern adopted
by Mega-project for overall scheme design in China. Its philosophy to overall
optimize and control some influential subsystems is different to the philosophy of
traditional decentralized independent design pattern. This paper proposes the
subsystem design models for the General Department pattern and the decentralized
design organization in an organizational design framework which considering the
complex interdependency among subsystems. The equilibrium solution of the General
Department model is a Stackelberg-Nash equilibrium, which is different to the Nash
equilibrium in the decentralized independent design pattern. An agent-based
simulation is used to compare the two kinds of organizational design patterns from the
perspectives of equilibrium and performance. The results show that the General
Department could not only prevent the systemic design scheme from sinking into the
local optimal solutions of some subsystems, but also improve the performance of the
systemic design scheme. And the equilibrium stability and the performance would be
improved once the sequential design strategy, firstly to optimize the highly influential
subsystems and then to decentralized search the remainder less influential subsystems,
is adopted in the General Department. These results verify the efficiency of the
General Department for the systemic design scheme in mega-project, which has
benefit for the development and application of ‘Synthesization and Integration’
system engineering method.

Keyword: mega-project, the General Department, organizational design,
Stackelberg-Nash equilibrium, agent-based simulation

Mega-project technical scheme design is a searching process of multi-agent
scheme. In this process, the units which are responsible for designing different
subsystems continue to amend their own schemes through competition and
compromise in order to achieve final design schemes that can be accepted by all
parties. Decentralized organizational design pattern is usually adopted to search and
get an relative good systemic scheme. In this pattern, decision-making power is fully



authorized, and homogeneous subsystems start to design according to their own goals.
However, due to the complexity of the subsystem correlation, the outcome of this
organizational pattern in the engineering practice is not desirable. For example, in the
process of domestication of the automobile industry in the 80s and 90s in last century,
a large amount of vehicle enterprises and component suppliers made their own
decisions without overall domestic design resulting in  difficulties in the
development of independent brand car®l. In the early stage of research and
development of the first Chinese satellite, Dongfanghong 1, the satellite also adopted
decentralized organizational design method that caused the indetermination of overall
technical scheme and delay of development progress I,

In the practice process of mega-projects scheme design in China, an innovative
organization design pattern, General Department, was occurred. In the case of
Dongfanghong 1, a general design department which led by Sun Jiadong was
established, and it solved the problem of delay in development progress. After that,
the project was carried out smoothlyld. By gaining the experience from
Dongfanghong’s case, general department has been becoming a critical organizational
department of mega-aerospace-projects in China. For instance, in moon probe project,
the general department is called “Center of Moon Exploration and Aerospace Project”.
Moreover, in manned space project, the general department is called “The Office of
Chinese Manned Space Project” . Some space units also have their own general
department. These design departments at top is not only responsible for the
coordination among subsystems in the project, but also play an important role in
general scheme design®™ ©. For example, in the moon probe project, the Center of
Moon Exploration and Aerospace Project should design specific technical schemes
for satellite platform and launcher at project scheme stage.

The organizational design pattern of general department assumes that the
subsystems are heterogeneous. Under this assumption, some subsystems will own
priorities in design and should take global optimization. Then, other subsystems
should make their own design decisions relying on the design decisions made by the
subsystems mentioned above. However, current organizational design researches
mainly assume that the subsystems are homogeneous which ignores the relative
importance of some subsystems compared with others. Although some researches
take the optimization and control during the whole design process into account, it
assumes that the general department only takes charge of management rather than the
work of design, and all subsystems are still designed independently. The final
technical scheme will be formed after the coordination of general department. The
understanding, design process, and assumptions of subsystem in general department
organizational design pattern of Chinese mega-project are varying. As a result, it is
necessary to start the research of general department organizational design on the
basis of the assumption that subsystems are heterogeneous and the general design of
some important subsystems.



This paper will study the general department which is a organizational pattern of
mega-project with Chinese characteristics and compare the effects of design between
general organizational design pattern and decentralized organizational design pattern
in two aspects including the equilibrium and performance of design schemes. The
paper will be divided into five parts. The first part will be relevant literature review.
Then, the second part will introduce the organizational design pattern. Next, in the
third part, the simulation model will be established and demonstrated. The fourth part
will explain and analyze the results getting from the simulation. Finally, the fifth part
will be the conclusion.

1. Literature Review

The general technical scheme of a Mega-project is consisted of several
subsystems with different functions, and these subsystems are high correlated. The
possible choices of final scheme of general technical scheme and subsystem scheme
are showing exponential growth trend which presents a system with the characteristic
of complexityl” 8. Thus, how to deal with this complexity has become a hot issue in
mega-project organizational designt®!.

The first feasible scheme is to reduce the correlation among subsystems in order
to decrease the complexity of systems during the design of subsystem design
process.Sanchez and Mahoney (1996) believed that standardized ports were good for
the cooperation of product development in the process of disassembling products!*©l.
Srikanth and Puranam (2014 ) thought that modularization could support the
communication and cooperation during the process of system integration and
innovation!*Yl, The strategy that using modularization to reduce the complexity has
become an essential method in the design of complex product®?. However, this
method can limit the choices of systemic design schemes and therefore, has a negative
influence on the performance of general design scheme in project!*3*4l, Zhou (2013)
also held the view that when the decomposability of a system was low, the feasibility
and effect of modularization method could be less desirable!®,

The other method is the organizational search which means to find a systemic
design scheme with relative high performance through search processing organization
without reducing the complexity. This kind of research provides many organizational
patterns. The first organizational pattern emphasizes full authorization and believes
that it will improve general performance of the system by delegating
decision-making power to designers of subsystems[‘®8l. The other organizational
pattern emphasizes centralization and believes that hierarchy in an organization is
helpful in control and cooperation, and can get the searching result quickly[*3 $-211,
Some scholars also start to the research of search strategies such as adaptive
search?>?4, In this kind of researches, subsystems are usually assumed to be
homogeneous, and the relative importance among different subsystems is not be
considered. The research of hierarchy only adds a CEO who is responsible for
decision-making and some middle managers on subsystems. It does not consider
about the changes in search methods under different organizational structures of



subsystems. The research of search strategies ignores the organizational structure in
different search processes.

General department organizational pattern has been adopted in research and
development process of Dongfanghong 1, the first Chinese satellite®. After that, Qian
Xuesen summarized it to the important parts of metasynthesis which was more
systematic!?®!. Yu Jingyuan and Zhou Xiaoji (2004), Xue Huifeng and Yangjing (2016)
pointed out that general department deigned the system by regarding it as a organic
combination of several subsystems, and it is the organizational entity to achieve
system integration>26], Some scholars also suggest to apply this organizational pattern
into more complex system designst® 1. These researches explain the function of
general department from the views of system theory and system engineering and have
guiding significance to organizational management practice of mega-project, but they
are all qualitative explanations or philosophical treatises and lack of quantam of
proof.

This paper will discuss the modeling of subsystems correlation of general
department organizational design pattern and control and optimization of design
process under the organized search framework of complex system. In addition, the
paper will also use analogue simulation which is based on agent method to prove
the efficiency of general department organizational design pattern by quantitative
analysis.

2. Organizational Design Pattern

2.1 Decentralized Independent Design Pattern

Assuming a mega-project has N subsystems. Each subsystem has one

accountability unit responsible for designing, and the decision made by it is X

C(i=1...,N) . Inorder to take the correlation among subsystem design schemes into

account, we consider that this design is made under the condition that subsystem’s
accountability unit i has known other subsystem designs

% =(X,..es Xigs Xiugs---» Xy ), and therefore, the performance of subsystem i can be

indicated as f, (xi |Y,) For the entire mega-project, the general performance of the

project can be indicated as the linear function of the performances of all subsystems:
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In the formula above, ¢; is the weighted value of the performance of subsystem

i . Different subsystems will have different weighted values. The weighted value
represents the performance contribution of the subsystem in the whole project. The
higher the weighted value, the more important the subsystem.

In decentralized independent design pattern, it usually contains three steps in
decision-making process of scheme design for each subsystem:

Step 1: Before determining the technical scheme for a system, this system will

first collect information X, about design decisions of related subsystems as much as

possible. In the practice of projects, this information collecting process can be both
formal-written technical documents or formal technical meeting of exchange and
informal private communication[?%l,

Step 2: The system makes decision about the design scheme X in order to

achieve the objective of maximizing its performance after considering about design
decisions made by other related subsystems. In the situation without general control,
each subsystem will pursue its own performance rather than maximizing the

performance of entire project. As a result its decision x, can be indicated as:
x, =argmax f; (x|% ) 2)

Step 3: All subsystems make decisions of their design schemes following the two
steps mentioned above until none of them is willing to change its decision. The
decision about the scheme of each subsystem will provide new information for other
related systems, so decisions made in step 2 will have continuous changes. Finally, all
subsystems will be aware of the decision preferences and decision objectives of others
related subsystems, and achieve Nash equilibrium which means no subsystem will
benefit from changing its decision. The entire system will evolve to a steady state
when information is fully exchanged(?® 21,

2.2 General Department Design Pattern

Compared with decentralized independent design pattern, the scheme design
process under the general department design pattern has a few differences.



Step 1: General department will first determine the design schemes and start
design for those important subsystems. X~ represents the important subsystems
among N subsystems (In order to be generalized, we assume the first n
subsystems are important). X* represents the rest of subsystems (N —n subsystems

are left to be general subsystems). All design decisions of the project are
X =X"UX". General department will make overall arrangement in according to
information about current industry which it has obtained and future industry strategies.
Furthermore, it will also consider about the reaction of other unimportant subsystems

to determine design schemes of n important subsystems in X* to pursue

performance maximization of the project as a whole. The decision-making process in
this section can be indicated as:

X" :argmaxF(X*

X) ©)

Step 2: The rest of the subsystems make their own design decisions based on the
design scheme determined by general department. As the objectives under the
decentralized independent design pattern, these subsystems also aim to maximize
their own performance, so the decision-making process in this section can be
indicated as:

X; = arg max fj<xj‘x*) X; € X" 4
Step 3: The two steps above is developing with the continue disclosure of
information until all subsystems know others’ preferences and objectives and stop to
change their own decisions. Under this organizational design framework, the project
system will have a constant iteration between two kinds of decisions which are
determined by formula (3) and (4), and achieve Stackelberg-Nash equilibrium
eventually% 31,

It can be seen clearly that the design processes of these two organizational
patterns are different. The differences of these organizational design patterns are
summarized in Table 1.



Table 1. comparison between decentralized independent design pattern

and general department organizational design pattern

decentralized independent general department organizational

No. Content . .
design pattern design pattern
Attributes of
Homogeneous subsystems Heterogeneous subsystems
subsystems
General department: pursues performance
Decision  All subsystems pursue their own maximization of the entire project
performance maximization
General department: collects information of
important subsystems for one time and
Information . . ; ;
All subsystems obtain information collect information of secondary subsystems
3 collection ) ) ; ;
of other subsystems by iteration by iteration
process
Secondary subsystems: collect information
of related subsystems by iteration
General department: makes design decision
o about primary subsystems relying on the
On-c-e a subsystem changing |t.s information which has obtained and releases
decision, related subsystems will relevant information
. also changing their decision until
Iteration each subsystem knows the Secondary subsystems: make their own
process decision preferences and decisions after obtaining the information
objectives of all related about primary subsystems design made by
subsystems general department until each subsystem
knows the decision preferences and
objectives of all other secondary subsystems
5 Equilibrium Nash equilibrium Stackelberg-Nash equilibrium

It is hard to get analytic solution for either Nash equilibrium or Stackelberg-Nash
equilibrium when the mega-project has a lot of subsystems, so simulation method is taken in this
paper to discuss the effects of project design under these two organizational design patterns.

3. Simulation Model



In the two organizational design patterns which have mentioned above, the
design decision of each subsystem will influence the design of other subsystems, so
this paper adopts NK model which has been put forward by Kauffman (1993,1996)
to do the simulationt®>%, This is an agent-based simulation model. It refers to the
dynamic process when searching for the highest adaptability during the biological
evolution process, and this method has become important in organizational design
research®. N in NK represents the number of agents existing in a system (each
subsystem can be regarded as an agent), K represents how many agents a agent has
to be correlated to it. There is also a parameter A in this model describing the
number of conditions that an agent will have. According to these three parameters,
several types of relevant conditions of each agent in the system will be generated. If
each type is given a random performance value, different conditions of system will
consist of a fitness landscape which is comprised by many peaks and valleys. The
evolution of the system is the highest adaptability searching by this fitness landscape.

For example, a system is comprised by five agent (N =5), each agent has three
agents correlated to it (K =3), and each agent has two conditions including 0 and 1
(A=2). Under this situation, to consider about the possible conditions of three
correlated agents, the number of possible performance contribution value of each
agent is 2** (A**'). Each performance contribution value is generally selected from

(0,1) uniform distribution. As a result, the entire system will have 5x2°*"

performance contribution values ( N x A“*) which consists of the fitness landscape of

this system.

3.1 Simulation of Decentralized Independent Design

Different decision-making pattern will has different components and search
strategies for fitness landscape. For decentralized independent organizational design
pattern, because of the homogeneous subsystems assumption, the fitness landscape is
integrated. As a result, the parameter combination N, K, and A can be indicated

as NxA“'. Its search strategies include sequential optimization and parallel
optimization.

In sequential optimization, each agent searches for performance contribution
value in sequence. First, the first agent search for the random performance
contribution value of a correlated agent when its condition is changing according to
the close order. When it finds any performance contribution value is better than the
original one, it will changing the original performance contribution value and relevant



agent condition. Then, under the new agent composite condition, the second agent
start to search according to the close order and determine whether its condition should
be renewed. After that, all agents do the search according to the process mentioned
above. The search will stop when all agents cannot find a better performance
contribution value, and the final condition of all agents at this time is the design
decisions of each subsystem.

In parallel optimization, all agents search for the performance contribution
values at the same time. Each agent searches in the set of its possible performance
contribution values at the same time, and changes the original performance
contribution value and relevant agent condition when it finds any performance
contribution value under a composite condition is better than the original one. When
different agents have different requirements to the same correlated agent, the
condition of correlated agent will be determined by agents’ weighted values. The
process will continue until all agents do not change their conditions.

3.2 Simulation of General Department Organizational Design

Under the general department organizational design patter, because of the
heterogeneous subsystems assumption, the fitness landscape can be divided into two
parts. One is the fitness landscape for important agents focused by general department,

and its parameter combination will be n, K,, and A. The other is the fitness

landscape for general agents, and its parameter combination will be n,, K,,and A.

Because there are two parts, a new parameter C will be used to represent the
correlation between these two parts. At this time, the NK model will change into
NKC model to describe the evolutionary adaptation process of two partstel. In
addition, because the two parts of agents have different number of agents and

correlations, the parameter C will be divided into C, and C,. The former one
represents the correlation between agents in n, and agents in n,, and the latter one
represents the correlation between agents in n, and agentsin n,.

These two parts of agents will adopt different search strategies: the general

department will adopt entire optimization strategy, while general subsystems will
adopt local optimization strategy.



Under the entire optimization strategy adopted by general department, general
department will inspect all searching spaces of each important agent to find out the
optimal value. Each important agent who is controlled by general department will find

all performance contribution values of correlated agents in n, when their condition is

changing, and calculate the entire project performance under this contribution value.
If this value is greater than the original one, then the original value will be changed,
and the conditions of correlated agents will change as well. All agents will do the
search according to this strategy, and the search will stop when the performance
contribution value of the entire project does not change. At this time, the condition in

n, is the condition value of important agents. It can be seen that the criterion of this

search process is the performance of the project as a whole rather than the
performance contribution values of agents.

Under the local optimization strategy adopted by general subsystems, the agents
will do the search in part space to pursue their own performance maximization under
the condition that the conditions of important agents have already been determined.
At this time, the search strategy of agents is similar to the strategy under decentralized
independent decision-making pattern which uses the performance contribution values
of agents as the criterion. However, the difference is that the searching part is limited

at this time which is in n, only, and only change the conditions of correlated agents
who belong to n,.

These two optimization strategies can also adopt sequential method and parallel
method. In parallel search, the entire optimization of general department and partial
optimization of general subsystems will be proceeded at the same time while in
sequential search, the partial search of general subsystems will be taken after the
entire optimization of general department has finished one-iteration. After that, the
relevant information will be returned to do the entire optimization for second time,
and this process will continue until the system achieves a stable condition.

The search process of two organizational design pattern is described in Table 2.

Table 2. comparison between the search processes of decentralized independent
organizational design pattern and general department organizational design pattern

decentralized
No. Content independent design
pattern

general department
organizational design pattern




L Searching

space

) Search
strategies

3 Search
objectives

N x Ak+l

sequential optimization or
parallel optimization

maximize the performance
contribution values of each
subsystem

General department space: N, x A“™

General subsystems space:

n2 % Akz +1

General department: entire
optimization
General subsystems: local
optimization
sequential optimization or parallel
optimization
General department: maximize the

performance of the project as a whole

General subsystems: maximize the
performance contribution values of
each subsystem

4. Results and Analysis of Simulation

In this paper, the simulation has been done using the software called Netlogo5.3.1, and the
environment of simulation is a computer with Intel i5 processor with 2.2GHz CPU.

We have completed the simulations for eight systemic scheme designs. The
system compositions and parameter structures of these eight designs are described in
Diagram 1. All systems are comprised by two parts. The parts on the left side are the
important subsystems and the general subsystems are on the right side. The
correlations within each part are shown by pink lines, and the correlations between
different parts are shown by blue lines.
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Diagram 1. systemic scheme design structure of simulation

4.1 Systemic Equilibrium

Table 3 describes the parameters and the number of systemic stable points of the
two organizational design patterns and different search strategies, which are based on
these eight systemic scheme design structures. Among them, same system
compositions and parameter structures have the same searching spaces. In each

searching space, each search strategy has done the search with 3x10° steps. In order

to show different importance of the subsystems in these two parts, the performance

contribution values of agents in n, will select averaged randoms between (0,1.2),

and for agents in n,, they will select averaged randoms between (0,1).

Table 3. equilibrium points under different organizational design patterns

. General
Decentralized
Number of i department
Parameters independent o
Agents . organizational
No. design pattern .
design pattern
n n, K, K, C, C, Parallel Sequential Parallel Sequential
1 2 5 1 4 4 1 10 10 4 2

2 2 6 1 5 5 1 12 12 4 2



4 2 8 1 7 7 1 34 34 1 1
5 3 5 2 4 4 2 11 11 1 1
6 3 6 2 4 4 2 11 11 3 2
7 3 7 2 4 4 2 18 18 4 2
8 3 8 2 4 4 2 24 24 14 5

From the table above, we can conclude that:

First, the equilibrium points of systemic design will be influenced by systemic
complexity, and there is a nonlinear positive correlation between the equilibrium
points of systemic design and system size and system correlation. From the first group
to the fourth group in the simulation, we compared the equilibrium points of different
organizational design patterns and search strategies under the condition that both
organizational size (the number of agents) and organizational relation (correlation
parameters) are changing at the same time. From the fifth group to the eighth group
in the simulation, we compared the equilibrium points of different organizational
design patterns and search strategies under the condition with different organizational
sizes and same organizational relation. It can be found that the more complex of the
system (greater organizational size and higher organizational relation), the more
equilibrium points existing in the system, and the growth of them are nonlinear.

Second, systemic stable point of decentralized independent organizational design
pattern is much greater than it of general department organizational design pattern.
The systemic equilibrium is easy to run into a locally optimal solution. From the first
group to the eighth group, the systemic stable points of general department
organizational design pattern are always fewer than the number under decentralized
independent organizational design pattern. Especially from the third group to the
seventh group, the systemic stable points of general department organizational design
pattern are much fewer than the number under decentralized independent
organizational design pattern. The reason is that all agents under the decentralized
independent organizational design pattern consider about pursuing their own benefits
maximization, the system will stop to change its condition and achieve a local
stabilization when it has searched any local optimal solutions of the fitness landscape.
However, in general department organizational design pattern, the objective of
general department is to achieve performance maximization of the system as a whole,
so it will search for higher adaptive points on winding fitness landscape. As a result,
the equilibrium points will be fewer.



Third, under general department organizational design pattern, the number of
stable points using sequential search strategy cannot be greater than it using parallel
search strategy, and it is good for the stability of the search if the general department,
in the first place, makes the design decision of important subsystems. From the first
group to the eighth group, we can see that under the decentralized independent
organizational design pattern, both parallel search strategy and sequential search
strategy have the same amount of stable points. It can illustrate that if each subsystem
only takes its own benefit maximization into account, the stable points of systemic
search will be the same, which means either the important subsystems make decisions
before others or all subsystems make decisions at the same time, it will finally achieve
a systemic local stabilization on the locally optimal solutions. However, under general
department organizational design patter, the number of stable points is different
between two search strategies. The number of stable points using sequential search
strategy will not be greater than it using parallel search strategy (in group 1, 2, 3, 6, 7,
and 8, the numbers of stable points using sequential search strategy are fewer than it
using parallel search strategy, and in group 4 and 5, the numbers are the same under
both strategies). This can illustrate that under the general department organizational
design patter, it is helpful to achieve systemic stabilization if the general department
makes design decisions of important subsystems at first.

4.2 System Performance

According to the data of simulation above, we use Box-plot to show system
performances of two organizational design patterns and two search strategies in
Diagram 2. The average of performance contribution values of all agents is adopted to
represent the system performance.
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Diagram 2. performance of different systemic structures

According to the diagrams above, it can be concluded that:

First, to compare with decentralized independent organizational design pattern,
the general department organizational design pattern can improve the system
performance. In the eight groups of simulation, no matter which search strategy is
chosen, the medians of system performance under the general organizational design

pattern are always greater than those under the decentralized

independent

organizational design pattern. That illustrates that the former one has higher
possibility to find a better stable point on winding fitness landscape which also means
that the general department organizational design pattern is better than decentralized
independent organizational design pattern at the aspect of performance design.



Second, the system performance of sequential search strategy is no worse than it of
parallel search strategy no matter under which organizational design pattern. In the
eight groups of simulation, the medians of system performance using sequential
search strategy are always greater or equal to those using parallel search strategy
under the same organizational design pattern (in group 3 and 4, there is only one equal
stable point for both search strategies under the general department organizational
design pattern). That means whether the entire optimization of general department
exists, the sequential search strategy has higher possibility to search for a better stable
point.

According to the stable equilibrium points and the results of the performance in
simulation, we can get the comparison between organizational design patterns in
Table 4.

Table 4. comparison between organizational design patterns

Organizational design patterns

Decentralized independent General department
organizational design pattern  organizational design pattern

Parallel Stable points: greater Stable points: fewer
Search search System performance: low System performance: high
SUAtedY  gequential Stable points: greater Stable points: few

search System performance: higher System performance: highest

Therefore, for complex system with high correlation between subsystems, it is
efficient to adopt general department organizational design pattern which not only
can avoid the entire system to run into many locally optimal solutions, but also
improve the performance of the system as a whole. In addition, under the general
department organizational design pattern, it is a good design pattern to carry out
systemic design work sequentially which means to determine the system schemes of
important subsystems on the basis of obtaining the possible selected schemes of
subsystems at first, and then, design other subsystems based on design schemes of
important subsystems. This strategy can improve the stabilization of systemic design
and system performance.

5. Conclusion

To sum up, scheme design of mega-project is a complex process in which any
changes in design of a subsystem will case the changes of other correlated subsystems



even the entire design scheme, which brings big challenge for organization
management. An innovative organizational design pattern, general department, has
been summarized from mega-project practices in China, and this pattern has achieved
good outcomes in the practices of scheme design. There are three contributions of the
research in this paper: first, this paper has constructed the decision-making model for
general department organizational design of mega-project, and pointed out that the
equilibrium solution for this model is Stackelberg-Nash equilibrium. Second, this
paper has proved the efficiency of general department organizational design pattern in
two aspects including the stabilization of equilibrium and system performance, and
pointed out that this organizational design pattern is helpful for the systemic design
scheme to avoid to run into locally optimal solutions of some subsystems, and also
helpful to improve the performance of system as a whole. Third, this paper has proved
that, under the general department organizational design pattern, the stabilization and
performance of system scheme will be better if the general department makes
decisions about important subsystem deigns at first. The research in this paper is
helpful for the promotion and application of this organizational design pattern in
mega-project. However, the limitation of this research is that in the practice of project,
general department organizational design pattern contains many types of systems
which are more complex than the organizational search process in this paper. In the
future, we will conduct deeper research for this organizational pattern under the
diversified hybrid system framework.

References

[1] VAN MARREWIK A, CLEGG S R, PITSIS T S, et al. Managing public—private
megaprojects: Paradoxes, complexity, and project design[J]. International Journal of Project
Management, 2008, 26(6): 591-600.

[2] SALET W, BERTOLINI L, GIEZEN M. Complexity and uncertainty: Problem or asset in
decision making of mega infrastructure projects?[J]. International Journal of Urban and
Regional Research, 2013, 37(6): 1984-2000.

[3] Zhao X Q. The Independent Innovation of China's Automobile Industry - An Analysis of the
Institutional Roots of the "Failure of the Market for Technology" Strategy[J]. Journal of
Zhejiang University (Humanities and Social Sciences), 2013, (03): 164-176.

[4] Qi F R. The Development of "Dongfanghong 1" Satellite and the Enlightenment to Its Later
Aerospace Workers [J]. Spacecraft Environmental Engineering, 2015, (02): 115-119.

[51 Yu J Y, Zhou X J. Synthesization and Integration Method and General Design
Department[J]. Complex Systems and Complexity Science, 2004, (01): 20-26.

[6] Xue HF, Yang J. The Practical Significance of Qian Xuesen 's Thought of General Design
Department[J]. Engineering Research - Engineering in an interdisciplinary perspective, 2016,
(04): 391-400.



[7]

[8]
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

SIMON H A. The architecture of complexity[J]. Proceedings of the American philosophical
society, 1962, 106(6): 467-482.

SIMON H A. The sciences of the artificial [M]. MIT press, 1996.

OREILLY C A, TUSHMAN M L. Organizational ambidexterity: Past, present, and
future[J]. The Academy of Management Perspectives, 2013, 27(4): 324-338.

SANCHEZ R, MAHONEY J T. Modularity, flexibility, and knowledge management in
product and organization design[J]. Strategic management journal, 1996, 17(S2): 63-76.

SRIKANTH K, PURANAM P. The firm as a coordination system: Evidence from software
services offshoring[J]. Organization Science, 2014, 25(4): 1253-1271.

MACDUFFIE J P.  Modularity-as-property, = modularization-as-process,  and
‘modularity'-as-frame: Lessons from product architecture initiatives in the global automotive
industry[J]. Global Strategy Journal, 2013, 3(1): 8-40.

SIGGELKOW N, RIVKIN J W. Speed and search: Designing organizations for turbulence
and complexity[J]. Organization Science, 2005, 16(2): 101-122.

VICKERY S K, KOUFTEROS X, DR GE C, et al. Product Modularity, Process Modularity,
and New Product Introduction Performance: Does Complexity Matter?[J]. Production and
Operations Management, 2016, 25(4): 751-770.

ZHOU Y M. Designing for complexity: Using divisions and hierarchy to manage complex
tasks[J]. Organization Science, 2013, 24(2): 339-355.

GAVETTI G, LEVINTHAL D. Looking forward and looking backward: Cognitive and
experiential search[J]. Administrative science quarterly, 2000, 45(1): 113-137.

KNUDSEN T, LEVINTHAL D A. Two faces of search: Alternative generation and
alternative evaluation[J]. Organization Science, 2007, 18(1): 39-54.

WINTER S G, CATTANI G, DORSCH A. The value of moderate obsession: Insights from
a new model of organizational search[J]. Organization Science, 2007, 18(3): 403-419.

RIVKIN J W, SIGGELKOW N. Balancing search and stability: Interdependencies among
elements of organizational design[J]. Management Science, 2003, 49(3): 290-311.

MIHM J, LOCH C H, WILKINSON D, et al. Hierarchical structure and search in complex
organizations[J]. Management science, 2010, 56(5): 831-848.

DOBRAJSKA M, BILLINGER S, KARIM S. Delegation within hierarchies: How
information processing and knowledge characteristics influence the allocation of formal and
real decision authority[J]. Organization Science, 2015, 26(3): 687-704.

BILLINGER S, STIEGLITZ N, SCHUMACHER T R. Search on rugged landscapes: An
experimental study[J]. Organization Science, 2013, 25(1): 93-108.

BAUMANN O, SIGGELKOW N. Dealing with complexity: Integrated vs. chunky search
processes[J]. Organization Science, 2013, 24(1): 116-132.



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

CHANDRASEKARAN A, LINDERMAN K, STING F J, et al. Managing R&D project
shifts in high-tech organizations: A multi-method study[J]. Production and Operations
Management, 2016, 25(3): 390-416

Qian X S. The Science and Technology of Creating a Complex Giant System -
Congratulations for the 8th Annual Conference of the Chinese Society of Systems
Engineering[J]. System Engineering Theory and Practice, 1995, (01): 1-2.

Yu J Y. Innovation from Systematic Thought to System Practice - Achievements and
Contributions of Qian Xuesen 's Systematic Research[J]. System Engineering Theory and
Practice, 2016, 36(12): 2993-3002.

Xue H F. The Conception of General Design Department and Xi Jinping 's Strategy[J].
Engineering Research - Engineering in an interdisciplinary perspective, 2015, (02): 145-157.

LOCH C H, TERWIESCH C. 12 Coordination and information exchange[M]. Handbook of
New Product Development Management, 2008: 315.

SON Y S, BALDICK R. Hybrid coevolutionary programming for Nash equilibrium search
in games with local optima[J]. IEEE Transactions on Evolutionary Computation, 2004, 8(4):
305-315.

STEINER W J. A Stackelberg-Nash model for new product design[J]. OR spectrum, 2010,
32(1): 21-48.

AYDIN R, KWONG C K, JI P. Coordination of the closed-loop supply chain for product
line design with consideration of remanufactured products[J]. Journal of Cleaner Production,
2016, 114: 286-298.

KAUFFMAN S A. The origins of order: Self-organization and selection in evolution [M].
Oxford University Press, USA, 1993.

KAUFFMAN S. At home in the universe: The search for the laws of self-organization and
complexity [M]. Oxford university press, 1996.

LEVINTHAL D A. Adaptation on rugged landscapes[J]. Management science, 1997, 43(7):
934-50.





