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Abstract

Jing SU

Study on Organizational Behaviors of Post-acquisition
Integration Using Agent-Based Simulation

Mergers and acquisitions (M&A) are popular means for the development
of modern corporations. However, there is a high rate of failure after M&A.
Post-merger/post-acquisition integration was found to have great effects on
the success of the M&A, and hence, there is a growing interest in the post-
merger/post-acquisition integration in the literature. Nonetheless, most of
the studies are empirical works applying case study, meta-analysis, and/or
other methodologies. Theoretical research on post-acquisition integration is
quite few.

The behavioral theory of the firm conceptualizes large firms as unions of
bounded rational individuals who are conducting decision-making. It can
help researchers to model the large firms from both the internal structures
and external environment. Besides, agent-based modeling and simulation
(ABM & ABS) is an effective tool to model and simulate the actions and inter-
actions of the individuals in an organization. Thus, it can help researchers to
observe how agents affect the system and explore the explanatory insight of
the collective behaviors of the individuals.

This thesis studies the post-acquisition integration from the perspective of
the behavioral theory of the firm by using agent-based modeling and simu-
lation. Specifically, it focuses on two topics: 1) Human integration strategies
during the post-acquisition integration phase; 2) Knowledge learning during
the post-acquisition integration phase. Specifically, the first research focuses
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on the internal features of the system including personnel allocation strate-
gies and vertical decision-making structures of the organization after M&A.
Particularly, the post-acquisition integration is modeled from the aspects of
strategy and structure based on the NK model, and a three-level hierarchical
decision-making process is proposed to simulate the companies’ search pro-
cess. Then, the organization’s behaviors and the personnel allocation strate-
gies are discussed according to the experimental results.

According to the simulation result, information feedback manners of man-
agers, employees’ communication frequency, and personnel allocation meth-
ods are found to be influential to the organization’s search performance. Man-
agers’ feedback manner has a dominant effect on the organizational perfor-
mance in the post-acquisition integration stage. Excessive feedback from
managers may make the company quickly be trapped in the local optima, and
thus prevent the company from achieving high performance. In the absence
of managers’ feedback, the effects of low-level employees’ communication
behaviors become evident. Frequent communications may do harm to the
search performance. Regarding the personnel allocation, assigning the core
employees who take charge of important tasks in the target company to the
central department in the acquiring company could help the organization get
high performance during the post-acquisition integration.

The second research focuses on the interactions between the organization
and the external environment. Considering the bounded rationality, the com-
panies are assumed to have limited knowledge about each other, and hence
about the new environment after the acquisition. The new environment is
modeled based on NK landscapes. Then, the incomplete knowledge of both
companies are defined, and a coupled learning model with a collaborative
search process is proposed. Finally, the learning and search behaviors of the
organization during the post-acquisition integration are discussed according
to the experimental results.

According to the simulation result, companies’ initial knowledge and per-
ception about each other and the unknown environment is quite influential
for the organization’s learning and search performance. Correct knowledge
and perception help the organization achieving high performance after M&A,
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whereas incorrect knowledge and perception lead to a performance that even
worse than the case of no perception. The sensitivity of the performance feed-
back in updating companies’ perception during the learning process could
have an opposite impact on the organization’s learning performance when
companies have different initial perceptions. A high sensitivity of feedback
may weaken the impact of the initial perceptions, whereas lower sensitivity
could reinforce the impact of the initial perceptions. Besides, frequent learn-
ing can accelerate learning progress and intensify the learning efficiency. In
addition, organization’s exploration in both the learning and search process is
found to be helpful to the organization’s performance even with an incorrect
perception of the environment. Therefore, the organization can obtain a high
performance by exploring to complement the effect resulted from the lack of
knowledge in the post-acquisition integration stage.





vii

Acknowledgements

Firstly, I would like to express my sincere gratitude to my supervisors, Prof.
Takao Terano and Prof. Hiroshi Deguchi. I started my doctoral course study
by joining in Terano Lab and transferred to Deguchi Lab after Prof. Terano
retired. Their dedicated guidance and good advice led me forward, and their
continuous support, patience, and tolerance encouraged me to overcome the
difficulties and complete my doctoral research and the thesis.

I would also like to thank the other professors of my thesis committee:
Prof. Masayuki Yamamura, Prof. Yoshihiro Miyake, Prof. Isao Ono, Prof.
Hideaki Ishii, and Prof. Atsushi Yoshikawa, for their insightful comments
and encouragement, and also for the questions which incented me to widen
my research from various perspectives.

Besides my supervisors and my thesis committee, I would like to give my
gratefulness to Dr. Mohsen Jafari Songhori, who enlightened me in the field
of organizational theories with his extensive knowledge, and gave me many
specific directions and advice to my study. I could not quickly establish my
research plan without his help. I also acknowledge Prof. Masahiro Toriyama
and Dr. Takamasa Kikuchi, for their generous support as well as valuable
comments and advice for my research. In addition, I would like to thank Dr.
Shuang Chang for her great help and good advice for my paper publishing
and my doctoral thesis presentation.

I also thank the senior researchers, my colleagues, and the staffs in the
laboratories for their warm encouragement and generous help, also for the
stimulating discussions, for the sleepless nights we were working together
during the summer camping, and for all the fun we have had in the past
years.

Finally, I would like to dedicate my dissertation to my parents, who have
been giving me continuous support in spirit throughout my education career



viii

and my life in general. Their love always comes with me and encourages me
to move forward.



ix

Contents

Abstract iii

Acknowledgements vii

1 Introduction 1
1.1 Motivations and objectives of this research . . . . . . . . . . . . 1
1.2 Challenges of this research . . . . . . . . . . . . . . . . . . . . . . 3
1.3 Major contributions of this research . . . . . . . . . . . . . . . . . 3
1.4 Outline of the thesis . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2 Backgrounds 7
2.1 Post-acquisition integration . . . . . . . . . . . . . . . . . . . . . 7

2.1.1 Mergers and acquisitions . . . . . . . . . . . . . . . . . . 7
2.1.2 Related works of the post-acquisition integration . . . . 8

2.2 Related theoretical works of the organizations . . . . . . . . . . 9

3 Human integration strategies during the post-acquisition integra-
tion phase 13
3.1 Overview of this research1 . . . . . . . . . . . . . . . . . . . . . . 13
3.2 Model description . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

3.2.1 Original development of two companies . . . . . . . . . 14
3.2.2 Post-acquisition integration . . . . . . . . . . . . . . . . . 16

Strategy Integration. . . . . . . . . . . . . . . . . . . . . . 17
Structural Integration: Personnel Allocation. . . . . . . . 19

3.2.3 Search process . . . . . . . . . . . . . . . . . . . . . . . . . 20
Front-Line Workers’ Local Search. . . . . . . . . . . . . . 22
Department Managers’ Decision-Making. . . . . . . . . . 23
Meeting Colleagues and Exchanging Information. . . . . 23



x

CEO’s Decision-Making and Feedback. . . . . . . . . . . 24
3.3 Simulation and results . . . . . . . . . . . . . . . . . . . . . . . . 25

3.3.1 Influence of different types of feedback. . . . . . . . . . . 26
3.3.2 Influence of different meeting frequencies. . . . . . . . . 28
3.3.3 Influence of different personnel allocation methods. . . . 29

3.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4 Knowledge learning during the post-acquisition integration phase 33
4.1 Overview of the research2 . . . . . . . . . . . . . . . . . . . . . . 33
4.2 Model description . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4.2.1 Environmental changes in the post-acquisition integra-
tion phase . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
Original task environments of two companies. . . . . . . 34
Environmental Change After the Acquisition . . . . . . . 35

4.2.2 Companies’ limited knowledge about new task envi-
ronment . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
Perceived Interaction Matrix. . . . . . . . . . . . . . . . . 39
Evaluation of Contributions Based on Perceived Inter-

action Matrix. . . . . . . . . . . . . . . . . . . . 41
4.2.3 Collaborative search process . . . . . . . . . . . . . . . . 43
4.2.4 Coupled learning process . . . . . . . . . . . . . . . . . . 44

4.3 Simulation and results . . . . . . . . . . . . . . . . . . . . . . . . 46
4.3.1 Learning behaviors’ impact on the performance . . . . . 46
4.3.2 Search behaviors’ impact on the performance . . . . . . . 52

4.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

5 Conclusions 57
5.1 Conclusions of this work . . . . . . . . . . . . . . . . . . . . . . . 57
5.2 Limitations and the future works . . . . . . . . . . . . . . . . . . 59

Bibliography 61

A Major Publications 67



xi

B Introduction of the NK model 69
An NK landscape can be generated by the following

process. . . . . . . . . . . . . . . . . . . . . . . . 70
Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . 73





xiii

List of Figures

1.1 Structure of this thesis . . . . . . . . . . . . . . . . . . . . . . . . 6
1.2 The relationship of the research in Chapter 3 and Chapter 4 . . . 6

3.1 An example of interaction matrix of acquiring company (N =

10, D = 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.2 An example of interaction matrix of target company (M = 6) . . 17
3.3 Example of a new interaction matrix after acquisition (Refer-

ring to Figure 3.1 and Figure 3.2) . . . . . . . . . . . . . . . . . . 18
3.4 Example of interaction patterns after personnel allocation (Ac-

cording to Figure 3.3) . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.5 Hierarchical structure of the acquiring company . . . . . . . . . 21
3.6 Search performance of different simulation scenarios with com-

plexity = 0.16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
3.7 Convergence time of different simulation scenarios with com-

plexity = 0.16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
3.8 Search performance of different simulation scenarios with com-

plexity = 0.49 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
3.9 Convergence time of different simulation scenarios with com-

plexity = 0.49 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

4.1 Interaction matrices of two companies before the acquisition . . 36
4.2 Interaction matrix of the organization after the acquisition (NA

= 10, KA = 4, NT = 6, KT = 3, KB = 2) . . . . . . . . . . . . . . . . 37
4.3 Caption in LOF . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
4.4 Mechanism of generating contribution with perceived interac-

tions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43



xiv

4.5 Organization’s learning performance with different φ and nL

(X = 20%, TL = 5, search collaboration type III) . . . . . . . . . 49
4.6 Organization’s search performance with different φ and nL (X =

20%, TL = 5, search collaboration type III) . . . . . . . . . . . . . 50
4.7 Organization’s learning performance with different TL and X

(φ = 0.1, nL = 1, search collaboration type III) . . . . . . . . . . 51
4.8 Organization’s search performance with different TL and X (φ =

0.1, nL = 1, search collaboration type III) . . . . . . . . . . . . . . 52
4.9 Organization’s learning performance with different SR and X

(φ = 0.1, nL = 1, TL = 5, search collaboration type III) . . . . . . 53
4.10 Organization’s search performance with different SR and X (φ =

0.1, nL = 1, TL = 5, search collaboration type III) . . . . . . . . . 54

B.1 An example of target problem with six horizontal dimensions
(N = 6). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

B.2 An example of the interactions between the components (N =

6, K = 2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
B.3 The fitness contributions of each component of the target prob-

lem according to Figure B.2. . . . . . . . . . . . . . . . . . . . . . 71
B.4 The set of fitness contributions of Component s1. . . . . . . . . . 71
B.5 An example of the configuration of the string. . . . . . . . . . . . 72
B.6 The fitness contribution value of each component with the ex-

ample in Figure B.5. . . . . . . . . . . . . . . . . . . . . . . . . . . 72



1

Chapter 1

Introduction

1.1 Motivations and objectives of this research

Mergers and acquisitions (M&A) can be defined as transactions in which the
corporations, other types of business organizations or their units transfer or
combine their possession with other entities (Mergers and acquisitions (Wiki)).
They become popular means for the development of modern corporations,
because they allow companies to obtain quick access to new markets, prod-
ucts, technologies and source to grow. However, there is a high rate of failure
after mergers and acquisitions (Christensen et al., 2011; Dauber, 2012). As
long as the development of research on M&A, there is an increasing interest in
the post-merger/post-acquisition integration in the literatures. It was found
that post-merger/post-acquisition integration has great effects on the success
of the M&A (Haspeslagh and Jemison, 1991; Uzelac et al., 2016). However,
many of the studies are empirical works applying case study, meta-analysis,
and/or other methodologies. Theoretical research on post-acquisition inte-
gration are very few.

Empirical research is a method of acquiring knowledge through direct
and/or indirect experience or observation (Empirical Research (Wiki)). It de-
pends on the empirical evidence such as periodical reports, surveys, etc. Thus,
the results of the empirical works are highly dependent on the exact data and
the periods of the data that provided by these “evidence”. It could be difficult
to track and observe the process with continuous time line. Moreover, since
real cases are often highly complex with numerous types of data and multiple
factors that has complicated interdependencies between each other, it could
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be difficult to recognize or to control the interrelationships in the whole sys-
tem. Therefore, sometimes, it could be able to explain only “what happened
there” but hardly “why it happened” by empirical methods.

The behavioral theory of the firm (Cyert and March, 1963) conceptualizes
large firms as unions of individuals or groups which include workers, man-
agers, stockholders, etc. These groups or individuals set goals and make eco-
nomic decisions for the firms. It argues that the firms suffer from the internal
resource allocation problems resulted from the complex interrelationships be-
tween the individuals or the groups. It also argues that the decision-making
behaviors of a firm are dependent on not only the organizational structure, re-
source allocations, and other internal features, but also the external environ-
ment which is determined by the competitors, the suppliers, the customers,
etc. Therefore, the behavioral theory of the firm can help researchers to model
the large firms from both the perspectives of internal structures and external
environments, and also to study the decision-making behaviors of the firms.

Agent-based modeling (ABM) can be defined as modeling systems as a
collection of self-governing entities (i.e. agents) which can make decisions
based on a serious of rules (Bonabeau, 2002). An agent-based model gener-
ally consists of five elements (Agent-based model): (1) agents of different scales;
(2) decision-making approaches; (3) adaptation rules or processes; (4) a struc-
ture of agents’ interactions; and (5) an environment. Researchers can observe
how agents affect the system with different actions or interactions, and thus,
can explore the explanatory insight of the agents’ individual or collective be-
haviors in the systems through agent-based modeling and simulation (ABM
& ABS). Consequently, ABM and ABS are widely used in the domains of bi-
ology, ecology, as well as social science such as economics, social networks,
organization theories, etc.

According to the need for studying post-acquisition integration and the
advantages of behavioral theory and ABS, this thesis studies the post-acquisition
integration from the perspective of the behavioral theory of the firm by using
agent-based modeling and simulation. Especially, it focuses on two topics: 1)
Human integration strategies during the post-acquisition integration phase;
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2) Knowledge learning during the post-acquisition integration phase. Par-
ticularly, the first topic focuses on the internal features of the system includ-
ing personnel allocation strategies and vertical decision-making structures of
the organization after M&A. The second topic focuses on the interactions be-
tween the organization and the external environment.

1.2 Challenges of this research

Many existing M&A research are empirical works, meanwhile, very few theo-
retical research on organizations studied the M&A problems. Therefore, there
is lack of consistency between the research in these two domains in the as-
pects of definitions, concepts, concerns, and topics. For instance, the existing
research on post-acquisition integrations may focus on the synergies of the
companies (Lubatkin, 1983), the strategic and organizational fit after M&A
(Jemison and Sitkin, 1986a), however, these concepts or definitions are rarely
found in the theoretical research of organizations. Therefore, one of the big
challenges of this study is to constitute a reasonable model for companies’
post-acquisition integration from the perspective of the behavioral theory of
the firm. Also, it is difficult to analyze and explain the simulation results from
the empirical perspective and to compare the results of this study to the em-
pirical works. In addition, it is difficult to find the applicable data to validate
the model of this study from the real cases. Consequently, it is very crucial
to ensure the reasonableness of the models proposed in this research. Since
the behavioral theory of the firm has been validated by the empirical studies,
this work proposes the model of each topic with the references of the exist-
ing research on this theory as well as sufficient consideration of the objective
cases.

1.3 Major contributions of this research

The major contributions of this research are listed as follows:
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• In the context of M&A, this work studies the human integration prob-
lem and knowledge learning problem during the post-acquisition inte-
gration phase from the perspective of the of the behavioral theory of the
firm and using agent-based simulation.

• In the context of the academic studies of the organizations, this work
proposes two agent-based models to describe companies’ post-acquisition
integration problem. One model is to study the impact of organiza-
tion’s changed internal structure on the organizational performance in
the post-acquisition integration phase. The other is to study the interac-
tions between the organization and the changed external environment
in the post-acquisition integration phase.

• In the context of methodology, this work originally proposes a learning
model that applying at the level of interaction matrix of NK landscapes
(Kauffman and Weinberger, 1989).

1.4 Outline of the thesis

The overall structure of the thesis is shown as Figure 1.1 and organized as
follows:

Chapter 1 - Introduction. This chapter presents an overview of this thesis
by introducing the motivations, objectives, the challenges, and the contribu-
tions of this research.

Chapter 2 - Backgrounds. This chapter presents several concepts and the
related works in the fields that relevant to this research, in order to give read-
ers explicit views of each problem. In particular, some basic concepts of M&A
is introduced first, following by the related works of post-acquisition integra-
tion. Then, the existing studies of the behavioral theory of the firm and NK
model are reviewed.

Chapter 3 - Human integration strategies during the post-acquisition in-
tegration phase. This chapter contains four sections: overview, model de-
scription, simulations and results, and summary. This chapter focuses on the
internal features of the system including personnel allocation strategies and
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vertical decision-making structures of the organization after M&A. Particu-
larly, the post-acquisition integration is modeled from the aspects of strategy
and structure based on NK model, and a three-level of hierarchical decision-
making process is proposed to simulate the companies’ search process. Then,
the organization’s behaviors and the personnel allocation strategies are dis-
cussed according to the experimental results.

Chapter 4 - Knowledge learning during the post-acquisition integration
phase. This chapter focuses on the interactions between the organization
and the external environment. It also contains four sections that is same as
Chapter 3. In particular, agents are modeled in the company level rather than
the individual level. The companies are assumed to have limited knowledge
about each other, and hence about the new environment after the acquisition.
The new environment is modeled based on NK landscapes. Then, the in-
complete knowledge of both companies are defined, and a coupled learning
model with a collaborative search process is proposed. Finally, the learning
and search behaviors of the organization during the post-acquisition integra-
tion are discussed according to the experimental results.

Chapter 5 - Conclusions. This chapter summarizes the key points of this
research and gives some propositions for the future improvements.

The relationship of the research in Chapter 3 and Chapter 4 is shown in
Figure 1.2. Both of the two research study on the influential factors which
would affect the success of M&A during the post-acquisition integration phase.
However, from the perspective of behavioral theory of the firm, the research
in Chapter 3 focuses on the internal features of the organization, whereas the
research in Chapter 4 focuses on the interaction between the organization and
the external environment.
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FIGURE 1.1: Structure of this thesis

FIGURE 1.2: The relationship of the research in Chapter 3 and
Chapter 4
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Chapter 2

Backgrounds

2.1 Post-acquisition integration

2.1.1 Mergers and acquisitions

Mergers and acquisitions (M&A) are generally concerns the combination of
two companies or their properties. There are different types of transactions of
M&A, such as mergers, acquisitions, consolidations, tender offers, etc. (Merg-
ers and Acquisitions - M&A). In addition, mergers and acquisitions have also
been classified into five categories by the United States Federal Trade Com-
mission (FTC) according to the primary economic relationships between the
acquiring company and the target company (Walsh, 1988).

• Horizontal - In a horizontal acquisition, the two companies manufac-
ture the same or related products in the same geographic market.

• Vertical - In a vertical acquisition, the target company is typically one of
the suppliers of the acquiring company before the acquisition.

• Product extension - In a product extension type of acquisition, the pro-
duction and/or distribution of the two companies are functionally re-
lated, however, the products of companies do not directly compete with
one another. For instance, a soap producer acquiring a bleach producer
would be the case of product extension.

• Market extension - In a market extension type of acquisition, the two
companies produce the same products, yet sell them in different geo-
graphic markets.
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• Unrelated - This type of M&A involves the consolidation of two com-
panies which are essentially unrelated with one another.

2.1.2 Related works of the post-acquisition integration

According to Birkinshaw et al. (2000) and Haspeslagh and Jemison (1991), the
academic research of M&A can be categorized as four schools: 1) Financial
economics (Jensen, 1987; Manne, 1965), which concerns about the wealth cre-
ation for shareholders and economic objectives; 2) Strategic management (Lu-
batkin, 1983), which focuses on the impact of synergies to the performance of
the acquiring and/or acquired firms; 3) Organizational behavior (Nahavandi
and Malekzadeh, 1988), which studies the impact of acquisition on individ-
uals and organization culture; and 4) Process perspective (Cyert and March,
1963; Jemison and Sitkin, 1986a,b), which concerns about the value creation
after acquisition, especially the significance of the actions of management and
the process of integration after M&A.

Specifically, the school of Organizational behavior argues that the human
side of M&A is frequently neglected by managers, however, it is quite essen-
tial to the success. For instance, it was argued that the successful commu-
nication as well as the sensitivity to the desires and concerns of employees
on both the two firms were determinant for achieving the long-term success
(Birkinshaw et al., 2000; Buono and Bowditch, 1989). In the stream of Pro-
cess perspective research, strategic fit and organizational fit are believed to be
conductive to the synergies of the involved companies, and both of them de-
pend on the capability of effectively managing the post-acquisition integra-
tion process (Jemison and Sitkin, 1986a,b). For instance, Jemison and Sitkin
(1986a,b) identified three impediments, those were activity segmentations, in-
creasing momentum and ambiguity of expectations, inherent in the process
of post-acquisition integration, which could affect the success of M&A and
give several suggestions to the corresponding impediments.

In addition, Birkinshaw et al. (2000) distinguished the post-acquisition
integration between task integration and human integration. The research
of human integration concerns creating employees’ satisfaction and shared
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identity, whereas the research of task integration focuses on the value cre-
ation and operational synergies. Certain research of task integration argued
the level of integration could be effective to the value creation or company’s
performance (Larsson and Finkelstein, 1999; Zaheer et al., 2013), whereas cer-
tain other research studied on the influence of integration speed (Uzelac et
al., 2016). In addition to the research that focused on the task integration and
human integration, knowledge learning, sharing and transfer during the inte-
gration process was also found be one of the influential factors to the success
of acquisitions (Bresman et al., 1999; Gammelgaard et al., 2004; Gomes et al.,
2013; Ranft, 2006). Nevertheless, most works that have been focused on the
study of post-acquisition integration are empirical works, and the emphasis
has been placed on the procedures of the integration. There are very few
theoretical research works in which the post-acquisition integration has been
discussed by applying ABM and ABS.

2.2 Related theoretical works of the organizations

According to behavioral theory of the firm (Cyert and March, 1963), the busi-
ness goal of a company can be conceptualized as a search for good strategies
to obtain high economic payoffs, where a strategy can be conceptualized as a
series of choices, e.g., whether to expand its market, develop a new product,
make a personnel change, etc. The operations of the company can be concep-
tualized as bounded rational people conducting the search through decision-
making processes. As fitness landscapes have been adopted to model human
organizations, the operation of a company can be modeled as a search on a
fitness landscape. In certain academic research, the company was modeled
as a unitary actor who conducted search over a landscape (Levinthal, 1997),
whereas in certain other researches, the company was modeled as a hierarchi-
cal structure of managers and employees who conducted search through a co-
operative decision-making process (Mihm et al., 2010; Rivkin and Siggelkow,
2002, 2003). In these studies, interdependencies between the choices were
found to be influential to the search performance. More interdependencies
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led to a more complex system, and hence would prevent the organization
from achieving high search performance (Rivkin and Siggelkow, 2007).

Typically, large companies can be seen as complex systems since it needs
to solve problems with complex interdependencies among one another. There-
fore, NK model1 proposed to build fitness landscapes by Kauffman and Wein-
berger (1989) becomes a popular tool which is widely used in organization
studies, since it allows researchers or modelers maintain control over the in-
teractions among the elements of the system. For instance, in certain research,
NK model was used for modeling the organizational structures (Rivkin and
Siggelkow, 2002, 2007), whereas in certain other research, it was used for
modeling the external environment of the organizations (Claussen et al., 2015;
Levinthal and Marino, 2015; Siggelkow and Rivkin, 2005; Uotila, 2017; Yi et
al., 2016).

In addition to the research that studied the behaviors of one organization,
there are a few other research which focused on two organizations’ alliance
or collaboration with a cooperative search process. For instance, Aggarwal et
al. (2011) built a model of inter-firm decision making based on NK landscape
to discuss different types of alliance between two companies. Claussen et al.
(2015) built a two-components system which could represent the collabora-
tion between either two companies or two departments in a single company,
to discuss the adaptation of the organizations in the environmental turbu-
lence. However, very few theoretical research has been found to discuss the
decision-making behaviors of the organization during the M&A process.

Bounded rationality (Simon, 1955) indicates the limited rationality of in-
dividuals (or agents) in decision making owing to the limited knowledge and
information, cognitive limitations, and available time to make the decision.
As one of the central concepts of the behavioral theory of the firm, it is often
considered by the modelers from various perspectives in the search process.
Aggarwal et al. (2011) and Claussen et al. (2015) considered the bounded ra-
tionality of the limited authority of each company (department) in conduct-
ing search within the collaboration (i.e. to search only on its own subcompo-
nent). Csaszar and Eggers (2013) and Knudsen and Levinthal (2007) modeled

1An introduction of NK model in details is in Appendix A.
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the bounded rationality as the ability of the decision makers to evaluate or
screen the alternatives owing to the effect of different domains of expertise.
Mihm et al. (2010) implemented their search model, in which they introduced
the bounded rationality of the search authorities of the decision makers, as
well as the frequency of communications through which the decision makers
could obtain the necessary information to make proper choices. Nonetheless,
very few researchers consider the bounded rationality in recognizing the en-
vironmental changes, despite the fact that it is a crucial factor that could affect
the search performance of the organization.
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Chapter 3

Human integration strategies
during the post-acquisition
integration phase

3.1 Overview of this research1

Since the human integration has been found as an important factor which
would affect the success of the post-acquisition integration (Birkinshaw et
al., 2000), the first topic of this study is designed to discuss the human in-
tegration strategies from the perspective of organizational decision-making.
In this chapter, the model is built for the case of a core company acquiring a
peripheral company, the business and the structures of which would merge
together with interrelationships between each other. This type of acquisition
may happen when a core company wants to explore some new functions on
its products or to combine its own business to some other business, yet it has
little knowledge in the exact fields. Then it may cover these shortages through
acquiring a peripheral company that is professional in those fields. In partic-
ular, the two companies’ original decision-making process are conceptualized
as finding good strategies on two NK landscapes2. After the acquisition, their
strategies and the environmental landscapes get merged and become corre-
lated to each other. Also, the structure of the acquiring company would be

1The research in this chapter has been published in a paper by Lecture Notes in Computer
Science, Springer. See details in Appendix A.

2An introduction of NK model in details is in Appendix B.
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re-arranged with new comers from the target company. Then, a multi-level
search (decision-making) process with vertical decision-making and horizon-
tal information exchange is proposed. Finally, several simulation scenarios
are designed to discuss how the personnel allocation strategies and search
behaviors will affect the company’s performance in the post-acquisition inte-
gration phase. The model is described in detail in Section 3.2, followed by the
simulation result in Section 3.3 and summary in Section 3.4.

3.2 Model description

In this section, the core company is modeled as the acquirer with a three-
level hierarchical structure. There are N front-line workers as the lowest level
that equally distributed in D number of departments being managed by one
CEO. The peripheral company with a flat structure of M workers and a CEO
is modeled as the target company.

3.2.1 Original development of two companies

In reality, company’s goal is to find good strategies with high payoff. A strat-
egy can be seen as a series of binary decisions about how to configure different
activities. For instance, the company has to decide whether to develop a new
product, whether to extend its market, and so forth. Thus, it can be defined
as a binary string with N elements, each of which representing a decision of
company’s activities. This N-digit string is denoted as d = {d1d2...dN}, where
di equals 0 or 1. Each strategy, that is, each configuration of the string can be
evaluated by a fitness function. The value of fitness can be seen as the payoff
of that strategy in the reality, while it also can be used to measure the overall
company’s performance in the model.

Specifically, each decision has a contribution to the fitness of strategy. The
efficacy of each decision is affected not only by the choice of that decision,
but also by the choices regarding other relevant decisions. Each decision i
makes a contribution Ci to the fitness, and Ci depends on not only di but
also some other decisions of {dj}, which can be denoted by Ci = Ci(di; {dj}).
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The exact set of {dj} for each di is determined by the relationships of the
decisions. These relationships can be denoted by an matrix which is termed
as “interaction matrix” for each company.

In acquiring company, the strategy is divided into N decisions and equally
assigned to D number of departments. The decisions within each department
could be highly relevant to each other, and have many interactions. How-
ever, those decisions that belong to different departments are less likely to
be relevant, and have less interactions. Nonetheless, considering some of the
departments may be more important than others, the decisions assigned to
these departments could be more relevant to the ones of other departments.
As an instance, the interaction matrix for a company with N = 10 decisions
and D = 2 departments is shown in Figure 3.1. According to the matrix,
No.1-5 represent the decisions belong to department 1 and No.6-10 repre-
sent those belong to department 2. Mark “Y” represents the focal decision
and mark “x” represents the interaction between the exact decision and the
focal one. Consider decision No. 6, it has three interactions with decisions
No.7,8,9 from the same department as well as two interactions with decisions
No.2,4 from the other department. Thus, the contribution of decision No.6
is C6 = C6(d6; {d7d8d9d2d4}). The yellow area shows that some of the deci-
sions of department 1 are relevant to the ones of department 2, and the former
could affect the contribution of the latter. However, as shown by blank cells
in matrix for columns 6-10 and rows 1-5 (i.e. the upper right of matrix area),
none of decisions No.6-10 in department 2 affect the decisions of department
1. Therefore, department 1 with more important decisions can be seen as a
central department of the acquiring company.

Unlike the acquiring company, the target company has a flat structure
without department. But considering there could also be some decisions
which are more influential than others, an interaction matrix similar to the
one of acquiring company is designed in this research, which is shown in
Figure 3.2. Particularly, the target company’s strategy contains six binary de-
cisions. No.1,2,3 are more influential, and they could affect the contributions
of the other three decisions.
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FIGURE 3.1: An example of interaction matrix of acquiring com-
pany (N = 10, D = 2)

With the interaction matrix, the contribution of each decision can be de-
termined. In particular, for each decision di, each configuration of (di; {dj})
has an independent contribution value Ci(di; {dj}), which is drawn at ran-
dom from a uniform U[0, 1] distribution. Hence, changing the state of either
di or any relevant decision dj could result in a different contribution value
Ci. Then, the overall fitness associated with a configuration of all the deci-
sions is the average of the N (M for target company) contributions, which is
shown in Equation (3.1). Since the contributions are stochastic in the range
of [0, 1], the fitness value F(d) for each configuration is also between 0 and
1. Higher fitness value indicates better configuration of strategy. With 2N

(2M for target company) possible strategy configurations and corresponding
fitness values, the original landscapes of two companies’ performance can be
generated. This generating procedure is adapted from Kauffman’s NK model.

F(d) =
1
N

N

∑
i=1

Ci(di; {dj}) (3.1)

3.2.2 Post-acquisition integration

As the previous section defined the original development of two companies,
this section describes their integration process after M&A, especially from the
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FIGURE 3.2: An example of interaction matrix of target com-
pany (M = 6)

aspects of strategy integration and structural integration.

Strategy Integration.

As the business merge together, the strategies of two firms, and their perfor-
mance landscapes become interdependent, too. To simplify the problem, the
new strategy after the acquisition is defined as the simple combination of the
two original ones. However, these two strategies will no longer be indepen-
dent as before. Instead, they become interdependent to each other with some
new interactions emerged among decisions.

The new interaction matrix is modeled by following the work of Claussen
et al. (2015) in combining two interdependent ones. Specifically, two strate-
gies are integrated into a (N + M)-digit string with N digits from the ac-
quiring company and M digits from the target. To simplify the problem, the
original decision interactions within each company are assumed to remain
unchanged while some new interactions emerge among the decisions from
different companies. Figure 3.3 shows an example of new interaction matrix
after acquisition referring to the examples in Figure 3.1 and Figure 3.2.

In Figure 3.3, decisions No.1-10 are the original ones from the acquiring
company while No.11-16 are from the target company. Thus, the interac-
tion pattern of upper left and lower right areas, which represent the interac-
tions among decisions within two companies respectively, are the same as be-
fore. The upper right and lower left areas represent new interactions emerged
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FIGURE 3.3: Example of a new interaction matrix after acquisi-
tion (Referring to Figure 3.1 and Figure 3.2)

among decisions from different companies.
Generally, the pattern of new interactions between companies is unknown

and it is likely to have particular pattern, rather than random. Nonetheless, to
study how the new interactions affect company’s performance after M&A, an
extreme case with a special type of pattern is considered as shown in Figure
3.3. Specifically, more influential decisions of target company would become
correlated with the ones in the central department of the acquiring company,
while the less influential decisions of target company and the ones in less im-
portant department could have some interactions with each other after merg-
ing together. These new interactions are shown as the green and blue areas in
the matrix.

As interaction matrix changed, the contribution of each decision to the fit-
ness of strategy would change, too. However, the performance landscapes of
both companies would not totally change. New landscape should be corre-
lated to both of the two original ones. This correlation can be reflected by the
correlations between each decision’s new contributions and the original ones.

Particularly, the concept of Adner et al. (2014) on the correlation between
contributions is adapted in this model. Specifically, a correlation coefficient,
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denoted by ρ ∈ [0, 1], is defined to represent the correlation degree of the
new contributions with the original ones. For each decision i, its new con-
tribution C

′
i could be the same as the original one Ci with probability of ρ,

or could be independent from Ci, hence generated randomly following an
uniform distribution with probability of (1 − ρ). This process can be writ-
ten as Equation (3.2). For instance, the original contribution of decision No.6
is C6 = C6(d6; {d7d8d9d2d4}) according to Figure 3.1 and it becomes C

′
6 =

C
′
6(d6; {d7d8d9d2d4; d14d16}) after M&A according to Figure 3.3. Thus, each

configuration of (d6; {d7d8d9d2d4}) will derive four new configurations due
to d6’s new interactions with d14 and d16. The new contribution of each new
configuration will be generated according to the original contribution value
and Equation (3.2).

With new interaction matrix and new contributions, the fitness of new
strategies can be evaluated and a new landscape of company’s performance
can be obtained.

C
′
i =

{
Ci, i f ρ

c ∼ U[0, 1], i f 1− ρ
(3.2)

Structural Integration: Personnel Allocation.

Although the decisions in the strategy are highly interdependent with each
other, the company has to assign them to different teams or employees, be-
cause no single individual can solve all the relevant problems. In this model,
lowest-level employees, that is front-line workers of each company take charge
of making choices on the decisions, and each worker is assigned with one par-
ticular decision. After the acquisition, workers from the target company are
allocated to different departments of the acquiring company. Assume these
new comers will still work on their original tasks after allocation, then, the
allocation of workers also can be seen as the allocation of decisions. Consid-
ering the complex interactions between decisions and company’s search pro-
cess (introduced in the next section), personnel allocation method may affect
company’s search performance.
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Generally, the managers in either company do not know the new inter-
actions among decisions after M&A, and they could allocate new comers in
many different ways. In this research, two simple allocation methods are
designed as follows to study how personnel allocation affects company’s per-
formance with the influence of new interactions.

Allocation Method 1. The first method is to allocate employees who take
charge of influential decisions to the central departments and other employ-
ees to the less central departments. Consider the case in Figure 3.3, employees
who take charge of decisions No.11, 12, 13 will be allocated to department 1
and the other three employees will be allocated to department 2.

Allocation Method 2. On the contrary, the second method is to allocate em-
ployees who take charge of influential decisions to the less central depart-
ments and allocate others to the central department. That is, to allocate em-
ployees who take charge of decisions No.11,12,13 to department 2 and others
to department 1 for the case of Figure 3.3.

Figure 3.4 shows the decision interaction patterns after personnel alloca-
tion. Note that these two patterns are only the examples to show the inter-
actions among the decisions, but do not change the performance landscape.
According to Figure 3.4, allocation method 1 made highly relevant decisions
centralized, while allocation method 2 made them decentralized. Specially,
the highly relevant decisions are allocated into the same department when
method 1 is practiced, while they are allocated into different department
when method 2 is practiced.

3.2.3 Search process

In reality, company’s goal is to find good strategies to get high payoff. Ac-
cording to the behavior theory of the firm, this process is conceptualized as
search process. It also can be seen as company climbing on the landscape
from the perspective of NK model. Nonetheless, employees and managers
in company have no idea of the whole landscape and no one can finish this
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FIGURE 3.4: Example of interaction patterns after personnel al-
location (According to Figure 3.3)

task by himself. Thus, a three-level vertical search process is proposed in
this research. Note that the personnel allocation after the acquisition do not
change the vertical structure of acquiring company and thus has no influence
of search process, workers from two companies will not be distinguished in
this section.

Figure 3.5 shows an example of the three-level hierarchical structure of
the acquiring company. Specially, there are N workers and D departments
managed by CEO, and workers are equally distributed in each department.
The detailed process is described in the following subsections.

FIGURE 3.5: Hierarchical structure of the acquiring company
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Front-Line Workers’ Local Search.

As mentioned in the previous section, each front-line worker is assigned with
one particular decision of the strategy, and he can make choices (choosing 1
or 0) only on that decision. However, he has information of other decisions ei-
ther through a guidance from high levels or through an information exchange
with his colleagues (introduced in the later subsections). Each worker has to
make a proper choice on his own decision with his information of other deci-
sions to make the whole strategy get a higher fitness.

For instance, worker i in department 1 is denoted by W1
i . He has a set of

information on other decisions, denoted by {d1 . . . di−1, di+1 . . . dN}. Hence,
he has two alternative configurations of the whole strategy with that infor-
mation set and his own decision di as 1 or 0. Then, he evaluates these two
alternatives by their fitness according to Equation (3.1), and chooses a bet-
ter one with a higher fitness value. This process of making a choice can be
written as

d∗i = arg max F(di, {dj}), where j ∈ [1, N], j 6= i (3.3)

In Equation (3.3), F(·) indicates the fitness of the strategy configuration ac-
cording to Equation (3.1), and dj indicates the information of the state on de-
cision dj that worker W1

i has.
Periodically, that is every TW time periods in this research, workers submit

their proposals to their department managers (Rivkin and Siggelkow, 2003;
Siggelkow and Rivkin, 2005). Considering worker’s observation is bounded,
each worker is assumed to submit a proposal containing only the informa-
tion of decisions within his own department. For instance, worker W1

i of
department 1 in Figure 3.5 can submit a proposal with s digits information of
{d1...di−1, di, di+1...ds}. In this proposal, di indicates the choice of W1

i ’s own
decision, and dj (j ∈ [1, s], j 6= i) indicates the information of his colleagues’
decisions within department 1.
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Department Managers’ Decision-Making.

Every TW time periods, department managers gather the proposals submit-
ted by their subordinates. Similar to workers, each manager has not only the
s-digit information submitted by the workers, but also (N− s)-digit informa-
tion on other decisions through the guidance from high level or the informa-
tion exchange with his colleagues. Then he combines each proposal to the
other (N − s)-digit information as different options. After evaluating all of
the options by their fitness values, the manager compares those with his pre-
vious proposal, and then chooses the best one with the highest fitness value
as his new proposal. Different from workers, department managers submit
their proposals every TD time periods, and they can only compare the options
rather than changing the state of any digit. Furthermore, since department
managers have more holistic observation than the front-line workers, each
manager is assumed to submit a proposal containing full information of the
N-digit strategy string.

Meeting Colleagues and Exchanging Information.

During the search process, workers and department managers may have chances
to meet their colleagues (of the same level) by either regular meetings or “ran-
dom” encounters. Through these meetings, workers or department managers
can exchange and update their own information sets. Consider worker Wi

and Wj, each of them has a set of information about the states of all other
decisions besides his own one, denoted by Ii = {dk}, (k ∈ [1, N], k 6= i) and
Ij = {dl}, (l ∈ [1, N], l 6= j) respectively. When they meet each other, they ex-
change the information of their own decisions and update their information
sets, which become I

′
i = {dj

′, {dk}}, (k ∈ [1, N], k 6= i, j) and I
′
j = {di

′, {dl}},
(l ∈ [1, N], l 6= j, i). In the equations, dj

′ and di
′ represent the up-to-date in-

formation that worker Wi and Wj obtained. With these updated information,
workers can do the local search again according to Equation (3.3). Similar to
workers, department managers can also meet each other. But instead of ex-
changing the information of a particular digit, they exchange all information
of decisions within their departments.
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It is assumed that each worker or department manager meets his col-
leagues following a Poisson Process (Mihm et al., 2003, 2010), including the
cases of company’s regular meetings and the “random” encounters. Hence,
the time interval of two employees’ meeting follows an exponential distribu-
tion with a scale parameter as the mean of meeting time interval. It is also
plausible to assume that workers who are working in the same department
meet more frequently than workers from different departments do. Thus,
scalew is denoted as the average time interval that two workers within the
same department meeting each other. scaleb is denoted as the average time
interval that two workers from different departments meeting each other, and
the average time interval two department managers meeting each other. Be-
sides, each employee’s meeting process is independent process.

CEO’s Decision-Making and Feedback.

Every TD time periods, CEO gathers the proposals that contain N-digit infor-
mation from department managers. Then she compares these proposals be-
sides company’s previous strategy (her last choice) by evaluating their fitness
values according to Equation (3.1), and chooses the best one as company’s
new strategy. The fitness value of this strategy can be seen as the measure-
ment of company’s performance. This procedure represents CEO’s decision
making process. In addition, in some cases, CEO may give her choice of the
best strategy back to the lower levels as a developing guidance, and three
types of information feedback process are designed as follows.

Full Information Feedback. In this case, CEO always gives back her choice
of the best strategy to the department managers every time after she making a
decision. Then the department managers give this feedback that contains full
information to the workers. Thus, everyone can update his own information
set and do his local search with this new information in the next time period.

Partial Information Feedback. Similar to the full information feedback case,
CEO always gives back her choice to the department managers. However, in
this case, each department manager only cares about the decisions of his own
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department. Thus, instead of the full feedback that he obtained, each man-
ager picks a particular part of it which contains only the information of his
own department and give this partial feedback to the workers. Therefore,
the department managers can update their whole information sets, while the
workers can get only part of their information sets updated.

No Feedback. In this case, CEO do not give back her choice as the devel-
oping guidance at all. Department managers and workers can update their
information only through meeting their colleagues.

3.3 Simulation and results

In this section, the organization’s behavior after M&A are discussed from two
aspects: (i) the company’s search behavior, and, (ii) the influence of post-
acquisition integration with particular integrated performance landscape and
personnel allocation methods. Specifically, the influence of different types of
information feedback, different sets of employees’ meeting frequency, differ-
ent personnel allocation methods, and different complexity of landscapes are
examined.

To simplify the problem, the acquiring company is designed to have N =

10 workers who are equally assigned to D = 2 departments, and the target
company has M = 6 workers. Hence, the scale of strategies of two companies
can also be determined as the same. The original landscapes of two compa-
nies as well as the new landscape are generated according to the process pre-
viously described in the model section with the correlation coefficient ρ = 0.6.
Regarding the search process, a total simulation time is set to be T = 3000
time steps. In addition, workers submit their proposals every TW = 5 steps
and department managers submit theirs every TD = 23 steps. In each time
step, each person can only focus on one activity, that is, either (i) conduct-
ing search, (ii) submitting proposals (gathering submissions), or (iii) meeting
with one colleague.

To study company’s behavior, 90 simulation scenarios with 3 types of in-
formation feedback (details in model section), 5 sets of meeting frequency,
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2 personnel allocation methods (details in model section), as well as 3 lev-
els of landscape complexity are designed. As introduced in the model sec-
tion, the scale parameter of exponential distribution can be used to mea-
sure employees’ meeting frequency. Specially, scalew = {4, 6, 8, 10, 12} and
scaleb = 4 · scalew are set, where smaller values represent that employees
meet each other more frequently. Moreover, the complexity of NK landscape
is measured as K/N in this research, where N represents the number of de-
cisions, and K represents that each decision di has in average K number of
relevant decisions {dj} which have impact on di’s contributions. Due to the
special pattern of interaction matrix, the maximum complexity of the land-
scape could be around 0.5. Thus, 0.16, 0.35, and 0.49 are set as low, medium
and high level respectively. For each complexity level, 100 different land-
scapes are generated and simulation runs 5 times on each landscape. Due to
the limited space, only the results of low complexity and high complexity are
shown in this research. The results of medium complexity are similar to the
high level ones.

Figure 3.6–3.9 show the simulation results of different scenarios by box
plots. Figure 3.6 and 3.7 show the results of simulations with low level com-
plexity, while figure 3.8 and 3.9 show the results of high level complexity. The
three panels of each figure shows the results of three types of information
feedback. In each panel, x-axis shows different value of scalew which repre-
sents different meeting frequencies, and y-axis shows either the normalized
performance or the convergence time of search. For each value of scalew, there
is a blue box showing the simulation results of personnel allocation method 1
and a red box illustrating the results of allocation method 2. The red mark in
each box represents the statistical average of the exact set of data.

3.3.1 Influence of different types of feedback.

In the low complexity case in Figure 3.6 and Figure 3.7, the landscape is very
smooth with less local peaks, and it is easy for company to get high perfor-
mance via the search process. Thus, different scenarios show similar results.
Figure 3.8 and 3.9 that represent the results of high complexity scenarios show
the obvious difference between different types of feedback. In full feedback
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FIGURE 3.6: Search performance of different simulation scenar-
ios with complexity = 0.16

case, everyone gets a feedback from CEO periodically, and then conducts the
search with the information of this feedback. Since the feedback was chosen
as the best strategy among all the options in the mean time, it could lead ev-
eryone quickly reach to a higher position on the landscape. Hence, this type
of feedback process may accelerate the search process and make it converge in
a very short time. Nonetheless, it also makes everyone’s configuration same,
hence will cause everyone getting stuck once the feedback reaches to a local
optimum.

On the contrary, in no feedback case, CEO has no influence to the lower
levels’ search process. Everyone updates his information through meeting
colleagues. Hence, company’s search process could be much slower than
those in the feedback cases. However, search without feedback somehow
keeps the strategy options highly diverse, so the company could have oppor-
tunities to jump out of a local optimum and find better strategies. The partial
feedback is the case between the other two. Periodical feedback reduces the
search time while partial feedback from department managers retains some
of the diversity of the strategy options. Therefore, no feedback case takes the
longest time to converge but obtains the highest performance, while the full
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FIGURE 3.7: Convergence time of different simulation scenarios
with complexity = 0.16

feedback case shows the other way around.

3.3.2 Influence of different meeting frequencies.

The high complexity simulation results shows the difference between differ-
ent meeting frequencies especially in the partial feedback and no feedback
cases. In full feedback case, periodical feedback coming from high levels af-
fects the search process more than employees’ meeting does. Thus, there is lit-
tle difference between the results of different meeting frequencies. However,
in partial feedback and no feedback cases, both the search performance and
convergence time increase when employees’ meeting frequency decreases.
When scalew gets smaller, employees meet each other and hence get their
information updated more frequently. Consequently, employees’ configura-
tions become the same quickly, which could cause everyone rapidly getting
stuck at the same point. In addition, spending lots of time to meet colleagues
would occupy the search time. Therefore, too much meeting may lead to a
lower performance but less convergence time.
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FIGURE 3.8: Search performance of different simulation scenar-
ios with complexity = 0.49

3.3.3 Influence of different personnel allocation methods.

In partial feedback and no feedback cases of Figure 3.8 and Figure 3.9, the dif-
ference between red boxes and the blue ones appears to be significant, which
represent the different personnel allocation methods would affect the per-
formance and convergence time of the search. Allocation method 1 and 2
perform similar in the full feedback and partial feedback cases, yet method 1
performs better than method 2 in the no feedback case. However, method 2
always takes longer time to converge than method 1.

In no feedback case, workers and department managers update informa-
tions only through meeting colleagues. Workers in the same department meet
each other more frequently than the ones from different departments. Depart-
ment managers meet each other infrequently as well. As a result, everyone fo-
cuses on the decisions in his own department, yet, to some extent, ignore the
ones of the other department. As for the case of allocation method 1, highly
relevant decisions are in the same department, thus workers can promptly ob-
tain the up-to-date information of these decisions and make a proper choice.
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FIGURE 3.9: Convergence time of different simulation scenarios
with complexity = 0.49

However, with allocation method 2, workers cannot promptly obtain the up-
to-date information which is highly relevant to their own decisions. Thus,
allocation method 1 performs better than method 2, and takes shorter time to
converge.

Partial feedback and full feedback cases are quite different from no feed-
back case. As mentioned in the previous sections, the feedback from high
levels rather than the meetings among the employees dominates the informa-
tion update. Employees can obtain the up-to-date information of the other
department from this feedback. Thus, there is little difference between the
two allocation methods. Specially, in the partial feedback case, workers can-
not promptly update the information of the other department because of the
partial feedback from their managers. Thus, it may take longer time to con-
verge when allocation method 2 put into practice.
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3.4 Summary

In this chapter, the impact of human integration strategies as well as some
search behaviors on the organizational performance in the post-acquisition
integration phase are discussed. In particular, the two companies’ original
environments are defined as two NK landscapes. Their strategies and the
environmental landscapes merge together after the acquisition, and the ac-
quirer’s structure also gets merged by allocating the new personnel from the
target company. Then, a multi-level search process with vertical decision-
making and horizontal information exchange is proposed for the simulation.

According to the simulation result, when problem complexity is low, that
is, decisions of company’s strategy are less interdependent to each other, it is
easy for employees to find superior strategies with high performance even af-
ter mergers and acquisitions. However, when the complexity becoming high,
that is, decisions of strategy become highly interdependent with each other, it
becomes difficult for employees to find superior strategies with high perfor-
mance. Many factors could influence the search process. Specially, excessive
feedback from high levels may help the company quickly find some good
strategies, but it may restrict employees’ and managers’ cognition to search
for other possible strategies. Thus, it could easily make company’s search
get stuck with low performance. Without feedback, company’s search pro-
cess is dominated by low level employees’ cooperation. In this case, frequent
meetings among the employees may do harm to the search performance by
occupying employees’ search time as well as make their cognition quickly
converge. As for re-arranging employees after mergers or acquisitions, em-
ployees who take charge of highly relevant tasks working together could help
the company get high performance, especially when there is no information
feedback from high levels.
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Chapter 4

Knowledge learning during the
post-acquisition integration phase

4.1 Overview of the research1

The second topic of this study is to discuss the knowledge learning and shar-
ing, which is another influential factor of the success of the post-acquisition
integration (Ranft, 2006). In this chapter, the “knowledge” is modeled as
the companies’ recognition/perceptions of the changed environment resulted
from the acquisition. Specifically, the external environment of the two compa-
nies is assumed to change during the acquisition. However, considering the
bounded rationality (Simon, 1955), both companies may have limited knowl-
edge about how the environment has changed. The limited knowledge could
probably affect the companies’ evaluation about their strategies and hence
could have impact on their decision-making. Therefore, the companies would
learn the knowledge about the new environment from their experience in or-
der to make appropriate decisions to obtain high payoffs. Similar to the last
chapter, the model in this chapter is also built for the case of a core company
acquiring a peripheral company. However, since this topic focuses on the in-
teraction between the companies and the external environment, the agents
are defined as two companies rather than the individuals. Particularly, after
defining the environmental change and the companies’ limited knowledge

1The research in this chapter has been accepted to be published in a paper by the Journal
of Advanced Computational Intelligence and Intelligent Informatics. See details in Appendix
A.
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about the new environment, a collaborative search (decision-making) process
and a coupled learning process over the NK landscape2 are proposed. Then,
the simulations are implemented to study the effect of learning and search be-
haviors to the organizational performance. The model is described in detail
in Section 4.2, followed by the simulation result in Section 4.3 and summary
in Section 4.4.

4.2 Model description

In this chapter, two companies are defined as two agents and to conduct
search over their original environment. After the acquisition, two compa-
nies merge together and become two subsystems of the whole organization.
Accordingly, their strategies become correlated to each other and thus their
environment would change. Considering the bounded rationality, both of
the two companies could probably be unfamiliar with the new environment
due to their limited knowledge about each other (e.g. business, techniques,
etc.). However, the two companies could adapt to the new environment by
a collaborative search behavior and a coupled learning behavior. It should
be noted that we discuss the system’s behavior in focusing on the adapta-
tion process after the environmental change rather than through the environ-
mental change. The details of the model are described from four aspects:
the environmental changes in post-acquisition integration phase, companies’
limited knowledge about the new environment, collaborative search process,
and coupled learning process.

4.2.1 Environmental changes in the post-acquisition integra-

tion phase

Original task environments of two companies.

Similar to the previous research, the company’s operational strategy is mod-
eled as an n-digit string of d = {d1d2...dN}. Element di equals 0 or 1 and

2An introduction of NK model in details is in Appendix B.
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indicates the decision of an activity (i.e. whether to approve a project or not).
Each configuration of strategy can be evaluated by a fitness function. The
value of fitness can be seen as the payoff of that strategy in the reality, and it
can be used to measure the overall company’s performance.

According to the NK model, each decision (each element of the string) has
a contribution to the fitness of the strategy. This contribution is affected not
only by the choice (value) of that decision, but also by the choices of other
relevant decisions. Specifically, each decision i makes a contribution Ci to the
fitness, and Ci depends on not only di but also K number of other decisions
which are relevant to di and denoted by {dj}. Hence this contribution can be
denoted by Ci = Ci(di; {dj}). The exact set of {dj} for each di is determined by
the interactions between the decisions. These interactions of the decisions can
be represented by an interaction matrix. To simplify the model without loss
of generality, a random pattern for each company is adopted in this research.
Figure 4.1 shows an example of interaction matrices of two companies, where
mark “Y” indicates the focal decision and mark “x” indicates the interaction
between the exact decision and the focal one. Changing the value of either
di or any relevant decision dj could result in a different contribution value
Ci. These contributions are independently drawn at random from a uniform
U[0, 1] distribution.

Finally, the overall fitness associated with a configuration of the decisions
can be evaluated as the average of their contributions, which is shown in
Equation (4.1). Higher fitness value indicates better configuration of strategy.
With all possible strategy configurations and corresponding fitness values,
the original landscapes of two companies’ performance can be determined.

F(d) =
1
N

N

∑
i=1

Ci(di; {dj}) (4.1)

Environmental Change After the Acquisition

Environmental changes can be commonly defined as changes in how strate-
gic actions impact the performance outcomes (Stieglitz et al., 2016). Thus,
it can be defined as the change of the mapping between the strategies and
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(A) Acquring company (N=10,K=4) (B) Target company (N=6,K=3)

FIGURE 4.1: Interaction matrices of two companies before the
acquisition

their fitness values (i.e. the change of landscapes). In this research, we con-
sider the acquisition case that the business of two companies combine with
each other and become interdependent3. To make the description clear, we
literally use the term “organization” to specify the entire company after the
acquisition, the terms “the acquiring company” (or “the acquirer”) and “the
target company” (or “the target”) to specify the subsystems of the former ac-
quiring company and the former target company in the following sections of
this chapter.

As the business getting merged, some of the decisions of two companies’
strategies may become correlated by the form of emerged interactions be-
tween each other. Consequently, the contribution of each decision, and hence
the performance landscape, could change, too. The work of Claussen et al.
(2015) is employed to model the new interaction matrix after the acquisition
in our research. Figure 4.2 shows an example of new interaction matrix after

3This type of acquisition may occur when a core company wishes to explore certain new
functions on its products or to combine its own business with other businesses, yet it has
little knowledge of the exact fields. Then, the core company may cover these shortages by
acquiring a peripheral company that has expertise in these fields.
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FIGURE 4.2: Interaction matrix of the organization after the ac-
quisition (NA = 10, KA = 4, NT = 6, KT = 3, KB = 2)

the acquisition referring to the examples in Figure 4.1. The integrated strat-
egy of the organization contains (NA + NT) decisions with NA = 10 decisions
coming from the former acquirer and NT = 6 decisions coming from the for-
mer target. For each decision, it is assumed that the original interactions com-
ing from its own company would remain unchanged during the acquisition,
while KB = 2 number of new interactions with the other company’s decisions
would emerge. Therefore, the intra-firm interaction patterns in the upper left
area and lower right area are consistent to the patterns in Figure 4.1(A) and
4.1(B) respectively, while the inter-firm interaction emerge in the upper right
area and lower left area.

As interaction matrix changed, the contribution of each decision to the fit-
ness of strategy would change, too. However, the new performance land-
scape should be correlated to both of the two original ones. This can be
reflected by the correlations between the original and new contributions of
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each decision. Specifically, for each decision di, the new contribution is de-
noted by C

′
i = C

′
i(di; {dj}, {dl}) while the original one is denoted by Ci =

Ci(di; {dj}), where {dj} indicates the original interactions and {dl} indicates
the new interactions. Then, C

′
i is drawn at random from a triangular distribu-

tion Tr(0, Ci, 1), where 0 is lower limit, 1 is upper limit, and Ci is the mode. For
instance, the original contribution of decision No.6 is C6 = C6(d6; {d2d4d7d9})
according to Figure 4.1(A), then it becomes C

′
6 = C

′
6(d6; {d2d4d7d9; d14d16})

according to Figure 4.2. Therefore, each configuration of (d6; {d2d4d7d9}) will
derive four new configurations due to d6’s new interactions with d14 and d16.
The new contribution of each new configuration will be generated following
the distribution of Tr(0, C6, 1).

With new interaction matrix and new contributions, the fitness of new
strategies can be evaluated and a new landscape of the organization’s envi-
ronment can be obtained. This landscape that represents the objective en-
vironment of the organization is identified as “true environment” in this re-
search.

4.2.2 Companies’ limited knowledge about new task envi-

ronment

Considering the bounded rationality, each company could have limited knowl-
edge about how the other company’s decisions, activities, and/or business
could affect its own ones even after the knowledge transfer, because some
“tacit knowledge” is difficult to transfer during the acquisition (Bresman et
al., 1999; Ranft, 2006). These limited knowledge can be represented by the
partial correct interactions between the decisions of the strategy in our model.
It is assumed that each company has a perceived interaction matrix with
partial correct interactions comparing to the “true landscape”. Furthermore,
this perceived interaction matrix could affect company’s evaluation about the
contributions of the decisions, and hence, the evaluation about the fitness of
the strategy. Therefore, the organization’s decision making could probably
be affected by the companies’ perceptions of the landscape. The perceived
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landscape of each company will be introduced from the aspects of interaction
matrix and the contributions of the decisions in the following paragraphs.

Perceived Interaction Matrix.

In this model, each company’s perceived interaction matrix is determined by
the knowledge of its own subsystem and the knowledge about the other sub-
system shared from the other company. As the two subsystems are symmetric
in the organization, only the acquiring company is taken to introduce the de-
tails in this section.

FIGURE 4.3: The acquiring company’s perceived interaction ma-
trix4

Figure 4.3 shows an example of the acquiring company’s perceived in-
teraction matrix. The upper left and upper right areas show the knowledge

4The “partially correct knowledge” of the inter-firm interactions has been indicated at
the lower left area and the upper right area of the graph in the same manner. However,
the knowledge and the authority of learning over the lower left area belong to the target
company. For the acquiring company, all inter-firm interactions in this area will be shared by
the target company during the learning process.
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about its own subsystem which contains the decisions No.1-10. Specially, it is
assumed that the acquiring company has full knowledge about the intra-firm
interactions, and hence, the pattern in the upper left area is consistent to the
“true interaction matrix” shown in Figure 4.2. For the inter-firm interactions
(the upper right area), the company is assumed to have X (percentage) of the
correct knowledge which are denoted as the blue cells in the figure. Then, the
rest 1− X of interactions are determined from the yellow cells. These X of
interactions are randomly determined at the beginning of the simulation.

Specifically, the company knows that there are KB number of inter-firm
interactions for each decision i. It also has correct knowledge of Ki

k number
of interactions. Then, for decision i, the company has to determine the other
KB − Ki

k number of interactions from the NT − Ki
k number of candidates. For

instance, for decision No.1, the company has to determine one interaction
from the candidates No.11,12,13,14,16 (i.e. KB = 2, K1

k = 1), whereas, for
decision No.2, it has to determine two interactions from the candidates No.11-
16 (i.e. KB = 2, K2

k = 0). However, the company does not have to determine
any interaction for decision No.5 because it has full knowledge about this
decision’s interactions (i.e. KB = 2, K5

k = 2).
Although the company does not know some of the interactions for the fo-

cal decision, it may have a perception about which candidate(s) is (are) likely
to be the interaction(s). This perception is modeled as a set of expected pay-
offs and term it as a “belief”. For instance, regarding decision No.1 in Figure
4.3, the company has a belief about the expected payoffs for interaction candi-
dates No.11,12,13,14,16, which are denoted as {w1

11, w1
12, w1

13, w1
14, w1

16}. Then,
the company can determine the interaction for decision No.1 based on these
expected payoffs.

Generally, for decision i, the company has a belief of the expected payoffs
{wi

m1
, wi

m2
, . . . , wi

ms} concerning to the corresponding s number of the interac-
tion candidates, where m1 ∼ ms denote the candidates’ ID. Then the proba-
bility of selecting any candidate is relevant to these expected payoffs with the
softmax function which is widely used in the reinforcement learning process
(Jafari Songhori et al., 2017; Puranam and Swamy, 2016). In particular, the
probability of selecting candidate mj is
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pi
mj

=
e

wi
mj

/τ

∑s
r=1 ewi

mr /τ
(4.2)

In Equation (4.2), wi
mj

indicates the expected payoff of candidate mj for deci-
sion i. The parameter τ controls the exploration level of search process (Pu-
ranam and Swamy, 2016; Sutton and Barto, 1998). High values of τ result in
the equal likelihood for selecting any of candidates, whereas, low values of τ

result in higher probability of selecting the candidates with higher expected
payoffs. Lastly, the determination of selecting any candidate is conducted
by using the roulette wheel mechanism with the probabilities derived from
Equation (4.2).

The lower left and lower right areas in Figure 4.3 show the knowledge
shared from the target company, which contains the interactions of decision
No.11-16. Considering two companies would share the knowledge about
their business, technologies, policies to each other during the acquisition, it is
assumed the target company will share the knowledge of its intra-firm inter-
actions to the acquirer at the beginning of simulation (the lower right area in
Figure 4.3). It is also assumed that the target company will share the knowl-
edge about the inter-firm interactions of its own subsystem to the acquirer
after each time of the determination (the lower left area).

Consequently, the acquiring company can obtained a perceived interac-
tion matrix with its original knowledge of intra-firm interactions, the inter-
firm interaction determined according to the belief of expected payoffs, and
the knowledge shared from the target company. Similar to the acquirer, the
target company has a perceived interaction matrix of the landscape contain-
ing its own knowledge and the knowledge shared from the acquirer.

Evaluation of Contributions Based on Perceived Interaction Matrix.

With the perceived interaction matrix, the companies can evaluate the con-
tributions of each decision and then the fitness of the strategy string. We
assume each company evaluates the contributions and fitness independently.
For each decision, the company is able to evaluate its contribution properly
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(i.e. equal to the real contribution of the new environment) if all of its inter-
actions are correctly perceived (i.e. consistent with the real interaction matrix
of the new environment). If the perceived interactions are not consistent with
the true ones, the company cannot evaluate the contributions properly.

Figure 4.4 shows the mechanism of the contribution evaluation in our
model. For example, decision No.i has real interactions with decision No.3
and No.10, yet the company has a perception of the interactions with deci-
sion No.3 and No.7. Then the company’s evaluation of the contribution will
be affected by this incorrectness of the interactions. Specifically, the possible
configurations of decision (di; {d3d10}) and the corresponding contributions
are shown in the left box of Figure 4.4 as the real contributions with the real
interactions of decision di. As each decision can take two values (0 or 1), there
are eight possible configurations of (di; {d3d10}) which are shown in the first
column of the left box. Since the company mistakenly perceived one of the
interactions as d7 rather than d10, the evaluation of di’s contributions will be
affected by this incorrectness. We define the evaluated contribution (shown in
the right box of Figure 4.4) as the contribution with correctly perceived inter-
actions (shown in the middle box of Figure 4.4) plus a noise denoted by ñ. For
instance, when the perceived (di; {d3d7}) takes the values (the configuration)
of (000) or (001), the evaluated contribution will be C_1 + ñ where C_1 is the
average contribution when (di; {d3}) takes the values as (00). This average
contribution C_1 = (C1 + C2)/2 can be derived from the real contributions
C1 and C2 when (di; {d3d10}) takes the values of (000) and (001).

The noise ñ is generated independently for each configuration of the de-
cisions, and follows a normal distribution with a standard deviation which is
correlated to the incorrect rate of the perceived interactions. In the example
of Figure 4.4, the incorrect rate is 0.5 (one error among the two interactions),
thus the standard deviation is defined as σ = 0.1 ∗ 0.5 = 0.05. The parameter
0.1 is set to adjust the magnitude. Therefore, more accurate contributions are
obtained with less incorrect perceived interactions. Besides, the contributions
of each decision are time invariant with the same interaction pattern.

With the perceived interaction matrix and the corresponding evaluated
contributions, each company can evaluate the fitness of strategies to obtain a
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FIGURE 4.4: Mechanism of generating contribution with per-
ceived interactions

perceived environment landscape.

4.2.3 Collaborative search process

In this research, two companies are defined as two agents, and each of them
is a decision maker. The acquiring company has the authority over the de-
cision No.1-10, while the target company has the authority over the decision
No.11-16. Organization’s search process is carried out by the two agents’ col-
laboration.

At the start of each single simulation, the organization will be placed at a
random point on the landscape. That is, the organization will conduct search
from a random state. In each subsequent time period, the two companies
(agents) conduct local search by making a choice regarding whether to alter
the value of the decision elements of the strategy string (i.e. to change a de-
cision from 0 to 1, or vice versa.) In particular, each company can randomly
select one of the decisions in its subsystem and alter its value (0 or 1) based
on the current strategy to obtain an alternative. Then it will evaluate the fit-
ness of the alternative and approve it as a proposal if the fitness is higher
than the one of the current strategy. On the contrary, the company will pro-
pose the current strategy if the fitness of that alternative is lower. It should
be noted that each company evaluates the fitness based on its own perceived
interaction matrix and corresponding contributions which are derived by the
mechanism described in the last section.
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Specially, three collaboration type with different decision-making order
(Aggarwal et al., 2011) are adopted in this model: (I) the acquiring com-
pany search first; (II) the target company search first; (III) the two company
search simultaneously. Collaboration type I indicates the case that the acquir-
ing company has a high priority to make decisions. In each time period, the
acquiring company conducts its local search based on the current strategy.
Then, the target company conducts its local search based on the proposal of
the acquiring company. Finally, the new strategy proposed by the target com-
pany will be implemented. Collaboration type II indicates the case that the ac-
quiring company has the authority to make final decision before the strategy
being approved. The process is opposite to collaboration type I. Collabora-
tion type III indicates the case that the two companies are relatively indepen-
dent on decision making. In each time period, two companies conduct local
search based on the current strategy simultaneously and give their propos-
als. Then, the strategy being put into implementation will be the combination
of the corresponding sub-components of the two companies’ proposals (Sub-
component with decision No.1-10 coming from the acquirer’s proposal and
sub-component with decision No.11-16 coming from the target’s proposal).

4.2.4 Coupled learning process

Since both companies have incomplete knowledge about the inter-firm inter-
actions, they may explore the possible interactions through a “try and learn”
process. It is assumed the organization conducts one trial every TL time pe-
riods and randomly select nL number of decisions to execute a reinforcement
learning process. Parameter nL represents the incentive of the exploration,
where a small nL indicates a cautious organization while a large nL indicates
an adventurous organization.

In each trial, there are nA
L number of decisions belong to the acquirer’s sub-

system while nT
L number belong to the target’s subsystem, hence, nA

L , nT
L ∈

[0, nL], nA
L + nT

L = nL. For each of the nA
L (nT

L) decisions, the acquiring (tar-
get) company determines the perceived interactions based on the “beliefs”
of their expected payoffs and keeps the interactions of other decisions un-
changed. Then the two companies exchange the information of determined
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interactions and update their perceived interaction matrices. In the following
TL − 1 time periods, the companies conduct search process by evaluating the
fitness of strategies with their new interaction matrices. Ultimately, the com-
panies update the expected payoffs of the determined interactions for each
selected decisions according to the following rule:

wi
j,t = wi

j,t−TL
+ φ(F(d)− wi

j,t−TL
) (4.3)

In Equation (4.3), wi
j,t indicates the updated expected payoff of the interac-

tion No.j for decision No.i, and wi
j,t−TL

indicates the previous expected payoff.

F(d), which can be obtained by Equation (4.4), indicates the average perfor-
mance feedback (i.e. real performance comes from the real task environment)
of the organization with strategy string d arisen from the search behavior in
each of these TL − 1 time periods.

F(d) =
1

TL − 1

TL−1

∑
m=1

F(d)t−TL+m (4.4)

Parameter φ ∈ [0, 1], as the key parameter in this reinforcement learning pro-
cess, represents the rate at which the expected payoffs are rewarded (or pe-
nalized) with the performance feedback. A high φ may indicate that the agent
(the company) is sensitive to recognize and adapt to the feedback. This up-
dating rule captures the two central features reinforcement learning models:
(i) the reward (penalty) of the expected payoff via φ captures the tendency
ot repeat actions that perform well while not repeating actions that perform
not well; (ii) the former expected payoff wi

j,t−TL
implicitly represents an aspi-

ration level of performance that depends on the history of past performance
(Denrell and March, 2001; Puranam and Swamy, 2016).

Although the two companies conduct reinforcement learning within its
own subsystem (the upper right and lower left areas respectively), their learn-
ing process will probably affect each other via the collaborative search result
since the decision elements of the two subsystems are highly correlated to
each other. Therefore, this learning process is termed as coupled learning
process.
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4.3 Simulation and results

In this research, two series of experiments are designed to study about orga-
nization’s learning and search behavior during the post-acquisition integra-
tion. In this section, the basic settings of NK landscapes and the simulation
are introduced firstly, followed by the description of the experiments setups
and results. Specifically, the acquiring company’s strategy contains NA = 10
decisions, each of which has interactions with KA = 4 other decisions. Tar-
get company’s strategy is composed of NT = 6 decisions, each of which has
interactions with KT = 3 other decisions. There are KB = 2 number of inter-
firm interactions emerge for each decision element of the organization during
the acquisition process. Therefore, the organization’s post-acquisition per-
formance landscape can be obtained according to the process previously de-
scribed in the model section. All of the simulation results are the average of
200 runnings over 50 different landscapes (4 runs times over each landscape).
In each single run, the simulation time is set as T = 1600 time periods. Spe-
cially, different scenarios with different parameter settings are designed in the
following experiments. However, only representative results of several sce-
narios with some particular parameter values will be shown in the main body
of this chapter. Other results which are found to be similar will not be shown
in this research but are available from the appendix.

4.3.1 Learning behaviors’ impact on the performance

The first experiment is to discuss how the organization’s learning behavior
will affect its performance. The relevant parameters can be divided into 2 cat-
egories according to their implications: (i) Agents’ initial knowledge about
the interactions among the decisions; (ii) Agents’ learning behaviors. Ini-
tial knowledge contains two parameters: proportion of the prior knowledge
about the inter-firm interactions, denoted as X, and the initial belief about in-
teraction candidates’ expected payoffs, denoted as {wi

mj
}, ∀i ∈ [1, NA + NT].

Specially, two levels of X are set as X = 80% and X = 20%, to represent the
case that agents have good or poor knowledge about the correlations between
two companies (or in other words the inter-firm interactions). As the beliefs
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about interaction candidates’ expect payoffs are quite crucial to determine
the perceived interaction matrix for each agent, three types of initial belief are
designed to indicate three different initial conditions. Take decision No.2 as
an example. It is firstly assumed that the summation of the expected payoffs
for each decision to be unit. Thus, ∑m w2

m = 1, m ∈ [11, 12, 13, 14, 15, 16] is
set for decision No.2 according to Figure 4.2 and Figure 4.3. The first type
of initial belief is to set high expected payoffs to the candidate(s) which is
(are) consistent to the “true interaction matrix”, while to set low expected
payoffs to other candidates. In particular, the summation of the high expected
payoffs is set as 0.8 while the summation of low expected payoffs is set as 0.2.
Since the “true interactions” are decision No.11 and No.14 for decision No.2,
the initial expected payoffs of these two candidates are w2

11 = w2
14 = 0.8/2,

and the initial expected payoffs of other candidates are w2
12 = w2

13 = w2
15 =

w2
16 = 0.2/4. This type of initial belief represents the case that the agent

has a preference about selecting interaction candidates and this preference is
consistent to the “true landscape”, and hence, this type is termed as “Correct
initial belief”.

The second type of initial belief is opposite to the first one, which indicates
the case that the agent has a wrong perception of the interaction candidates.
For instance, the agent may have a perception that decision No.12 and No.13,
rather than No.11 and No.14, are likely to be the interactions of decision No.2.
Thus, we assign high expected payoffs to the candidates No.12 and No.13,
while low expected payoffs to other candidates. That is, w2

12 = w2
13 = 0.8/2

and w2
11 = w2

14 = w2
15 = w2

16 = 0.2/4 are set. In the simulation, the preferred
interactions (No.12 and No.13 in this example) are randomly chosen. This
wrong perception may result in a wrong perceived interaction matrix that
is quite different from the real environment. Hence, we term this type as
“Incorrect initial belief”.

Considering the agent may not have any perception about the possible in-
teractions, the third type of initial belief is designed, where every interaction
candidates have the same expected payoffs, i.e. w2

m = 1/6, m ∈ [11, 12, 13, 14, 15, 16].
This type is termed as “Fair initial belief”. Besides, it should be noted that
only one type will be chosen to implement over all the decisions in a single
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simulation.
In this experiment, 18 scenarios are drawn with two levels of parame-

ter X, three types of initial beliefs, in addition to three types of collaborative
search that are described in section 4.3. In each scenario, three parameters of
agents’ learning behavior are selected in the following ranges, respectively:
reinforcement learning parameters φ ∈ [0.1, 0.8], nL ∈ [1, 3], τ = 0.1, and
learning frequency parameter TL ∈ [5, 50]. Figure 4.5 and Figure 4.6 show
the representative results about how the reinforcement learning parameter
φ and nL affect the organizational performance with different initial knowl-
edge. Specifically, these results are based on the parameter X = 20%, TL = 5,
and search collaboration type III.

Figure 4.5 shows the organization’s learning performance at each learn-
ing time period. The learning performance is measured by the correctness of
the perceived inter-firm interactions (the y-axis in each graph). Specifically,
this correctness is defined as the percentage of the correct interactions among
the perceived inter-firm interactions (i.e. in the yellow area of the interac-
tion matrix). According to the results in three panels, the “initial beliefs” are
found to be quite influential to the learning performance. The organization
obtains a high (over 0.9) learning performance when agents’ have “correct ini-
tial beliefs”, yet obtains a very low performance (less than 0.05) when agents’
have “incorrect initial beliefs”. However, learning performance in the case of
“Fair initial beliefs” is found to be robust at a medium level (around 0.2-0.3).
Parameter φ, which indicates the sensitivity of the performance feedback in
updating the expected payoffs of interaction candidates, is found to have op-
posite effect to the learning performance in cases of “correct initial beliefs”
and “incorrect initial beliefs”. Small φ improves the performance when initial
beliefs are correct, yet deteriorates the performance when initial beliefs are
incorrect. On the contrary, large φ has an opposite influence. Parameter nL,
which indicates the number of decisions that are chosen to execute learning
at each time, is found to have the same impact in most cases: large nL can
intensify the improvement or the decline of the performance.

Figure 4.6 shows the organization’s search performance at each search
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FIGURE 4.5: Organization’s learning performance with different
φ and nL (X = 20%, TL = 5, search collaboration type III)

time period. The search performance is measured by the fitness value (accord-
ing to the “true landscape”) of the organization’s proposed strategy. Compar-
ing the results in three panels, agents’ “initial beliefs” about inter-firm inter-
actions are found to have similar effects to organization’s search performance
and learning performance. “Correct initial beliefs” could result in high learn-
ing and search performance, yet “incorrect initial beliefs” leads to low learn-
ing and search performance. Lower φ is found to have positive effect to the
search performance in most cases and larger nL could intensify this effect. Ac-
cording to the NK model, interactions between decisions are essential factors
in evaluating the fitness of the strategy. More correct perceived interactions
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FIGURE 4.6: Organization’s search performance with different
φ and nL (X = 20%, TL = 5, search collaboration type III)

could help agents evaluate the fitness more properly. Thus, the results of
organization’s learning performance and search performance are generally
consistent.

Figure 4.7 and Figure 4.8 present the representative results about the im-
pact of learning frequency parameter TL to the organizational performance
with different initial knowledge. Specifically, these results are based on the
parameter X = 20%, φ = 0.1, nL = 1 and search collaboration type III. Ac-
cording to Figure 4.7, large TL, which indicates large learning time interval or
low learning frequency, could weaken the learning efficiency unless agents’
have “fair initial beliefs” about inter-firm interactions. In particular, large TL

could prevent the organization from getting high performance when agents’
have “correct initial beliefs”, while protect the organization against low per-
formance when agents have “incorrect initial beliefs”. This feature is suitable
for both levels of X. According to Figure 4.8, organization’s search perfor-
mance with the impact of different “initial beliefs” are found to be similar
to Figure 4.6 in the case of X = 20%. Moreover, frequent learning (small
TL) is found to have positive influence to the search performance in the case
of “Correct initial beliefs” and “Fair initial beliefs”. However, in the case of
X = 80%, organization’s search performance in different scenarios are almost
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FIGURE 4.7: Organization’s learning performance with different
TL and X (φ = 0.1, nL = 1, search collaboration type III)

at the same level. The probable reason is that the percentage of the total cor-
rect inter-firm interactions are quite high (as a minimum of 80%) with three
types of “initial beliefs”, although the percentage of the correct perceived in-
teractions are different. The correctness of interactions are in the range of
[80%, 100%]. Thus, the search performance are almost at the same level.

Consequently, companies’ “initial beliefs” about inter-firm interactions are
quite influential for the organization’s learning and search performance. Gen-
erally, the organization in which the agents have “fair initial beliefs” about
the interactions is likely to perform steadily at a medium level being robust
to other learning behaviors. However, organization’s performance is found
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FIGURE 4.8: Organization’s search performance with different
TL and X (φ = 0.1, nL = 1, search collaboration type III)

to be sensitive to other learning behaviors when the agents’ have “correct
initial beliefs” or “incorrect initial beliefs”. Specifically, reinforcement learn-
ing parameter φ, which represents the sensitivity of performance feedback
in updating “beliefs” about interactions, could have opposite impact to orga-
nization’s learning performance when agents have different “initial beliefs”.
However, small φ may help organization achieve high search performance in
most cases. Larger nL, which indicates that organization chooses more deci-
sions to conduct learning process at each time, could accelerate the learning
progress and intensify the learning results. Besides, large TL could slow down
the learning progress and weaken the learning efficiency, and hence, do harm
to the organization’s search performance.

4.3.2 Search behaviors’ impact on the performance

The second experiments is to discuss how the organization’s search behav-
ior impact its performance. In this experiment, scenarios are also designed
with two levels of X, three types of agents’ “initial beliefs” and three types
of collaborative search process. Whereas, one of the search behavior which
is termed as “search radius (parameter SR)” (Aggarwal et al., 2011) will be
released. Specifically, search radius is defined as the number of decisions can
be changed in each time of search. As a base case described in section 4.3
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FIGURE 4.9: Organization’s learning performance with different
SR and X (φ = 0.1, nL = 1, TL = 5, search collaboration type III)

in which agents can change the value of only a single decision in each time
of search (SR=1) was executed in the previous experiments, a more complex
case in which agents can change the values of three decisions simultaneously
(SR=3) will be executed in this experiment. To focus on the search behaviors,
learning behavior parameters are set to be fixed, particularly: φ = 0.1, nL = 1,
and TL = 5.

Figure 4.9 and Figure 4.10 show the representative results of the effect
arisen from different SR and X. Same as previous experiments, the results
of search collaboration type III are chosen for discussion. According to Fig-
ure 4.9, the organization’s learning performance is basically consistent to the
result of previous experiment, and search radius shows little impact to the
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FIGURE 4.10: Organization’s search performance with different
SR and X (φ = 0.1, nL = 1, TL = 5, search collaboration type III)

learning performance in most cases. Nonetheless, organization’s search per-
formance is found to be quite sensitive to the SR according to Figure 4.10.
Large search radius can significantly enhance organization’s search perfor-
mance in all cases. Since complex interdependencies exist between decisions,
the landscape could be rugged with many local peaks. Agents could easily
get stuck on the local peaks during search process. However, an increase in
the search radius could reduce the chances that agents being trapped in theses
local peaks (Aggarwal et al., 2011).

4.4 Summary

This chapter proposes an agent-based model to study companies’ knowledge
learning behavior during post-acquisition integration phase. Especially, the
“knowledge” is modeled as the companies’recognition/perceptions of the
changed environment resulted from the acquisition. As the companies merge
together, their external environment could change. However, both compa-
nies may have limited knowledge about the new environment due to the lack
of knowledge about each other. Then, a collaborative search process and a
coupled learning method over the NK landscapes are proposed to study the
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organizational behaviors in the knowledge learning process. Then, simula-
tions are designed to study the effect of learning and search behaviors to the
organizational performance during the post-acquisition integration phase.

According to the simulation result, companies’ “initial beliefs” about inter-
firm interactions are quite influential for the organization’s learning and search
performance. Generally, the organization can obtain high performance if the
acquirer and target have “correct initial beliefs” about the unknown knowl-
edge, whereas it may get much lower performance if they have “incorrect
initial beliefs”. The organization performs steadily at a moderate level when
the the acquirer and target have a “fair initial beliefs” with no bias to the
unknown knowledge. Since this “initial belief” represents each company’s
perception about the correlations between two companies, it can reflect the
company’s perception or knowledge about the other company to some ex-
tent. Therefore, proper knowledge and correct perception about the partner
can benefit the companies’ performance after acquisition, however, an im-
proper perception or misunderstanding about the partner, rather than lack
of knowledge, could hinder the organization from getting high performance
after acquisition.

Moreover, reinforcement learning parameter φ, which represents the sen-
sitivity of performance feedback in updating companies’ perception about the
inter-firm interactions, could have opposite impact to organization’s learn-
ing performance when companies have different “initial beliefs”. Basically,
higher sensitivity of performance feedback (large φ) may help organization
“revise” the impact of the “initial beliefs”, while lower sensitivity of feed-
back could reinforce the impact of the “initial beliefs”. Furthermore, frequent
learning (small TL) can accelerate learning progress and intensify learning ef-
ficiency, whereas infrequent learning will weaken the learning efficiency and
do harm to the organizational performance. Besides, organization’s search
behaviors such as different search radius and decisions making order are
found to have no impact to organization’s learning performance. However,
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search radius is found to be quite influential to the organization’s search be-
havior. In short term, organization can obtain a high performance by increas-
ing search radius to complement the effect resulted from the lack of knowl-
edge.
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Conclusions

5.1 Conclusions of this work

Mergers and acquisitions (M&A) become popular means for the development
of modern corporations, but there is a high rate of failure after M&A. As long
as the development of research on M&A, there is a growing interest to the
post-merger/post-acquisition integration in the literatures. It is found that
post-merger/post-acquisition integration has great effects on the success of
the M&A. However, most of the studies are empirical researches that apply
case study, meta-analysis, and/or other methodologies, and studies of post-
acquisition integration from the perspective of organizational behaviors are
few.

Since the behavioral theory of the firm and agent-based simulation (ABS)
can help researchers to model companies with various scales, different in-
teraction topologies, diverse decision-making heuristics, various learning or
adaptive rules, as well as different environment, they are widely used in the
context of organizational studies to discuss different factors that could affect
the company’s performance such as structure design, behaviors of individu-
als’ in decision-making, and so forth. Thus, this research aims to study the
post-acquisition integration from the perspective of behavioral theory of the
firm by using agent-based modeling and simulation. Especially, this research
is composed by two topics: 1) Human integration strategies during the post-
acquisition integration phase; and 2) Knowledge learning during the post-
acquisition integration.
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Chapter 3 presents the first topic, in which a multi-level agent-based model
is proposed to study the effect of post-acquisition integration. In particular,
the two companies’ original developments are defined as two NK landscapes,
and the post-acquisition integration process on both the landscapes and the
structures of two companies are modeled. Then a multi-level hierarchical
search process is elaborated to simulate the organization’s behavior in find-
ing good strategies.

According to the simulation results, top manager’s feedback is found to
have essential impact to the organization’s search performance. Excessive
feedback from high levels may help the company quickly find some good
strategies, but it may restrict employees’ and managers’ cognition to search
for other possible strategies. Thus, it could easily make company’s search get
stuck with low performance. Without feedback, company’s search process
is dominated by low level employees’ cooperation, and can usually obtain
good strategies with high performance. Also, frequent meetings among the
employees may do harm to the search performance by occupying employees’
search time as well as make their cognition quickly converge. Moreover, for
the case that the acquiring company has to allocate employees from target
company after the acquisition, arrange employees who take charge of highly
relevant tasks to work together (rather then assign the new comers together)
could help the company get high performance.

Chapter 4 presents the second topic, in which a company-level agent-
based model is proposed to study organization’s learning behavior during
post-acquisition integration. Specifically, the post-acquisition integration is
modeled as the two companies merging together and conducting collabora-
tive search on an integrated landscape. The companies are assumed to have
limited knowledge about each other, and hence about the new environment
after the acquisition. Then, the incomplete knowledge of both companies are
defined, and a coupled learning model with a collaborative search process is
proposed. Finally, simulations are implemented to study the effect of learning
and search behaviors to the organizational performance.

According to the simulation result, companies’ “initial perception” about
the new environment are quite influential for the organization’s learning and
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search performance. Generally, the organization can obtain high performance
if the acquirer and target have correct perceptions, whereas it may get much
lower performance if they have incorrect perceptions. The organization per-
forms steadily at a moderate level when the the acquirer and target have no
(biases in the) initial perception of the new environment. The sensitivity of
performance feedback in updating companies’ perception about the environ-
ment, could have opposite impact to organization’s learning performance
when companies have different “initial perceptions”. Basically, higher sen-
sitivity of performance feedback may help organization “revise” the impact
(both positive and negative) of the “initial perceptions”, while lower sensi-
tivity of feedback could reinforce the impact (both positive and negative) of
the “initial perceptions”. Furthermore, frequent learning can accelerate learn-
ing progress and intensify learning efficiency, whereas infrequent learning
will weaken the learning efficiency and do harm to the organizational per-
formance. Besides, large search radius can help organization quickly obtain
high performance even with incomplete or incorrect knowledge.

5.2 Limitations and the future works

Technically, some definitions and assumptions proposed in the model of post-
acquisition integration are very simple with particular design. For instance,
in the first topic, the landscapes of two companies’ original development is
defined by special interaction patterns of decisions, and the post-acquisition
interaction pattern is designed in a particular way. In the second topic, the
companies’ limited knowledge is applied only over the inter-firm interactions
(i.e. particular areas in the matrix). These restrictions can be released in the
future works.

In the context of methodology, a coupled learning method over the NK
landscape is proposed in this research and it is found to be feasible according
to our simulation results. However, the new environment of the companies
after M&A has a relatively special interaction matrix with a four-quadrant
pattern according to to the definition. This restrictions of interaction pattern
can be released with many other research problems or scenarios in the future
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works. As NK landscape is widely used to model the complex interactions
within or between the system(s), the model proposed in this work can be
modified and applied in many research problems for learning the systems’
complex interactions.
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Appendix B

Introduction of the NK model

The NK model proposed by Kauffman Kauffman and Weinberger (1989) con-
ceives the target problem in terms of a high-dimensional fitness landscape.
Each component of the system constitutes a horizontal dimension, and the
fitness outcome of the system constitutes the vertical dimension, thus creat-
ing a landscape function (Gavetti et al., 2005).

Unlike many fitness landscapes, the mapping from the horizontal dimen-
sions to the fitness outcome is controlled by the interactions and the fitness
contributions of the horizontal dimensions, rather than by a particular math-
ematical function. Parameter N of the “NK” controls the number of the sys-
tem components (i.e., the number of horizontal dimensions); parameter K of
the “NK” controls the number of interactions that each component has with
other components.

Specifically, the target problem can be defined as an N-digit string of s =

{s1s2...sN}, where each element si denotes a component of the target problem.
Each component makes a contribution Ci to the fitness of the entire string, and
Ci depends on the value of si, as well as the values of K other components that
have interactions with si, which are denoted as {si

j} = {si
1, si

2, ..., si
j, ..., si

K}.
Hence, this contribution can be denoted as Ci = Ci(si; {si

j}). Then, the overall
fitness of the string can be evaluated as the average of the contributions of the
components, and can be expressed as Equation (B.1).

F(s) =
1
N

N

∑
i=1

Ci(si; {si
j}) (B.1)
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An NK landscape can be generated by the following process.

Figure B.1 shows an example of a target problem with N = 6. Assume that
each component si has interactions with K = 2 other components. An ex-
ample of these interactions can be summarized in the form of an interaction
matrix which is shown in Figure B.2. To simplify the example without loss of
generality, the pattern of the interactions in Figure B.2 is generated randomly.
However, it can be replaced by other types of patterns according to the exact
relationships between the components of the target problem.

FIGURE B.1: An example of target problem with six horizontal
dimensions (N = 6).

FIGURE B.2: An example of the interactions between the com-
ponents (N = 6, K = 2).

In Figure B.2, six numbers denotes the six components of the target prob-
lem (i.e. s1–s6). Mark “Y” denotes the focal component and mark “x” de-
notes the interactions between the exact component and the focal component.
Therefore, the fitness contribution of each component can be denoted and
summarized in the table of Figure B.3.
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FIGURE B.3: The fitness contributions of each component of the
target problem according to Figure B.2.

Since the fitness contribution of each component Ci = Ci(si; {si
j}) depends

on the value of si as well as the values of {si
j}, each component has a set of fit-

ness contribution values with different configurations of (si; {si
j}). According

to the mechanism of basic NK model, this set of fitness contribution values are
generated randomly following a uniform distribution U[0, 1]. For instance,
assume each component si can receive two values: 0 or 1. Since component
s1 has the interactions with components s3 and s6, its fitness contribution set
can be shown as the table in Figure B.4.

FIGURE B.4: The set of fitness contributions of Component s1.
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In Figure B.4, the first column from the left side denotes all the possible con-
figurations of the values of components s1, s3, and s6, and the seconde col-
umn denotes the specific functions of the fitness contribution of component
s1. Then, the third column denotes the exact contribution values generated
for each configurations of the three components following a uniform distri-
bution.

Thus, six sets of fitness contribution values of the six components can be
obtained by the similar generation process (Figures omitted). With the sets
of fitness contribution values of all the components, the fitness value of each
configuration of the string can be calculated. For instance, Figure B.5 shows
an example of the configuration of the string (s = 011001). Then, the fitness
contribution value of each component si can be illustrated with Figure B.6.

FIGURE B.5: An example of the configuration of the string.

FIGURE B.6: The fitness contribution value of each component
with the example in Figure B.5.

In Figure B.6, the first column from the left side shows the six components,
and the second column shows the function of the fitness contribution of each
component according to the interaction matrix in Figure B.2. Then, according
to the example in Figure B.5, the specific function of each contribution with



Appendix B. Introduction of the NK model 73

particular values of the components can be obtained in the third column. Fi-
nally, the exact value of each function of the contribution can be obtained
according to the sets of fitness contributions of the six components. For in-
stance, for component s1, the exact value of C1(0; 11) is Vs1

(011) according to
Figure B.4. The contribution values of other components can be obtained by
the similar means.

Finally, the fitness value of the string s = 011001 can be obtained by Equa-
tion (B.2).

F(s = 011001) =
1
6
(Vs1

(011) + Vs2
(100) + Vs3

(111) + Vs4
(001) + Vs5

(010) + Vs6
(101)) (B.2)

Summary

The process mentioned above for generating an NK landscape can be sum-
marized as follows:

• Step 1 - Determine the numbers of the components of the target problem
(i.e. parameter N), and the values that each component can receive.

• Step 2 - Determine the number and the pattern of the interactions among
the components (i.e. parameter K and the “interaction matrix”).

• Step 3 - Generate the set of fitness contributions for each component.

• Step 4 - Calculate the fitness value for each configuration of the N-digit
string based on the “interaction matrix” and the sets of their fitness con-
tributions.

Consequently, the shape of an NK landscape can be controlled by the in-
teractions and the fitness contributions of the components. The complexity of
the problem and the ruggedness of the landscape can be determined by the
two parameters N and K.


