


LIBRARY OF CONGRESS CATALOGGING-IN-PUBLICATION DATA

Karakaya, Elif.

	 Development of an Agent Based Modelling and Simulation Tool for Anticipatory Change Planning for  
	 Cellular Transport Systems / Elif Karakaya
             1. Copy, XIV+144 p., 160x235 mm
             Bibliography, no index
	 ISBN 978-605-320-270-7

1. Agent Based Simulation   2. Cellular Transport System

Edition Number: 1363
Engineering - Technic Number: 123
ISBN: 978-605-320-270-7
© 1. Copy, October 2015 

 

DEVELOPMENT OF AN AGENT BASED MODELLING AND SIMULATION TOOL FOR ANTICIPATORY CHANGE 
PLANNING FOR CELLULAR TRANSPORT SYSTEMS
Elif Karakaya 

	
Copyright 2015, Nobel Academic Publishing Education Consultancy trade.co.ltd.

 
 Certificate Number: 20779

All rights reserved. No part of this book may be reproduced or transmitted in any form or by any means, electronic or 
mechanical, including photocopying, recording or by any information storage retrieval system, without permission from 
Nobel Academic Publishing Education Consultancy trade.co.ltd.

Editor-in-Chief: Nevzat Argun -nargun@nobelyayin.com-

Page Design: Tarkan Kara -erdal@nobelyayin.com-
Cover Design: Mehtap Yürümez -mehtap@nobelyayin.com-
Printing Manager: Halil Yeşil
Printing and Bind: Hazar Typography  Certificate Number: 26482
	 Kazım Karabekir Cad. 7/56-57 İskitler/Ankara  

Distribution: 	Volkan Kurt -volkankurt@nobelyayin.com- +90 312 418 20 10
	 Emrah Dursun -emrah@nobelyayin.com-
	 Çetin Erdoğan -cetin@nobelyayin.com-
	 Serhat Geçkaldı -serhat@nobelyayin.com-
Publicity: 	 Sadık Küçükakman -sadik@nobelyayin.com-
	 Yavuz Şahin -yavuz@nobelyayin.com-
	 Onur Uysal -onur@nobelyayin.com-
	 Emre Akkuş -emre@nobelkitap.com-
Order: 	 -siparis@nobelyayin.com-
e-shopping: 	 -esatis@nobelkitap.com-

NOBEL AKADEMÝK YAYINCILIK EÐÝTÝM DANIÞMANLIK TÝC. LTD. ÞTÝ.NOBEL ACADEMIC PUBLISHING EDUCATION CONSULTANCY trade.co.ltd.

NOBEL AKADEMİK YAYINCILIK EĞİTİM DANIŞMANLIK TİC. LTD ŞTİ.

Rasimpaşa Mah. Söğütlüçayır Sok. No.: 16/21 Kat: 5 
Kadıköy / İSTANBUL Tel / Faks: +90 (216) 449 20 01  
nobel@nobelyayin.com - www.nobelyayin.com 

Ankara Büro: Mithatpaşa Cad. No.: 74/4 Kızılay / ANKARA 
Tel: 0312 418 20 10 Faks: 0312 418 30 20 

NOBEL AKADEMİK YAYINCILIK EĞİTİM DANIŞMANLIK TİC. LTD ŞTİ.

Rasimpaşa Mah. Söğütlüçayır Sok. No.: 16/21 Kat: 5 
Kadıköy / İSTANBUL Tel / Faks: +90 (216) 449 20 01  
nobel@nobelyayin.com - www.nobelyayin.com 

Ankara Büro: Mithatpaşa Cad. No.: 74/4 Kızılay / ANKARA 
Tel: 0312 418 20 10 Faks: 0312 418 30 20 

NOBEL ACADEMIC PUBLISHING EDUCATION CONSULTANCY trade.co.ltd.

Ankara Office: 



iii



iv



v

iii

iv

v

ix

x

xiv



vi



vii



viii

 



ix



x

.



xi



xii



xiii



xiv

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

2

 

Anticipatory Change Planning 

Measure 
Planning 

Change 
Planning 

Assessment 
Model 

Multi Agent Simulation 

Celluar 
Transport 
 Simulation 

Change 
Planning 
Simulation 

Cellular Transport System 

Intralogistics 
System 

Multi-Shuttle 
 Move 



3

Chapter 1 Introduction

 

 

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

4

 

 

 

 



5

Chapter 1 Introduction



6

 

2.1.1 Definition and Specifications of Intralogistics Systems 



Chapter 2 Theoretical Background

7

2.1.2 Classification of Intralogistics Systems 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

8



Chapter 2 Theoretical Background

9

2.1.3 Main Activities of the Intralogistics System 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

10



Chapter 2 Theoretical Background

11

2.1.4 Major Intralogistics Systems 

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

12

 



Chapter 2 Theoretical Background

13

2.1.5 Proposed Intralogistics Systems: the Cellular Transport System   



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

14

 



Chapter 2 Theoretical Background

15



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

16

 



Chapter 2 Theoretical Background

17



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

18

 



Chapter 2 Theoretical Background

19

 

2.2.1 The Modelling and Simulation Concept 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

20

2.2.2 System Simulation and Classification 

Models 

Physical 

Static Dynamic 

Mathematical 

Static 

Analytical Numerical 

Dynamic 

Analytical Numerical 

System 
Simulation 



Chapter 2 Theoretical Background

21

 

 

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

22

2.2.3 Agent- Based Simulation  



Chapter 2 Theoretical Background

23



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

24



Chapter 2 Theoretical Background

25

2.2.4 Literature Review of Agent-Based Simulation 

 

2.2.5 Structure of Agent Based Simulation 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

26

Customer Behaviour State Chart



Chapter 2 Theoretical Background

27

Initial State” Create 
Order” Order” Create Order” 

Ordering State”,

Ordering State”. “Ordering State” Preparing
Preparing” Order Completion”

Complete
Finished” 

2.2.6 The Need for Agent Based Modelling 

Low Abstraction, More Details, Micro Level 
Operational Level 

Warehouse 
pppppp

Pedestrial 
Movement  Factory Floor Automative 

Control System 

b i ilil i l

Middle Abstraction, Medium Details, Meso Level 
Tactical Level 

Supply Chain 
Management Transportation Assest 

Management 
Emergency 

Department 

iddl bddl b i didddddd ill l

High Abstraction, Less Detail,  Macro Level 
Strategic Level 

Marketplace & 
Competition 

R&D Project 
Management  Healty Economics  Ecosystem 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

28

 

2.3.1 Definition of Anticipatory Systems 

Anticipatory 
Systems” Anticipation”
The Challenge of Anticipation”

High Abstraction
Less Detail 
Macro Level
Strategic  Level

Middle Abstraction
Medium Details 
Medium Level
Tactical Level

Low Abstraction
More Details
Micro Level
Operational Level



Chapter 2 Theoretical Background

29

2.3.2 Literature Review of Anticipatory Systems 

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

30

 



Chapter 2 Theoretical Background

31

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

32



33

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

34

.



Chapter 3 Conceptualizing and Research Methodology Development

35



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

36

 

3.2.1 Definition of Change and Changeability 



Chapter 3 Conceptualizing and Research Methodology Development

37



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

38



Chapter 3 Conceptualizing and Research Methodology Development

39

3.2.2 Identification of Change Drivers 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

40



Chapter 3 Conceptualizing and Research Methodology Development

41

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

42

3.3.1 Identification of Measures 



Chapter 3 Conceptualizing and Research Methodology Development

43



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

44



Chapter 3 Conceptualizing and Research Methodology Development

45



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

46

3.3.2 The Process Chain Model for Measures Determination 



Chapter 3 Conceptualizing and Research Methodology Development

47



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

48

3.3.3 The Six Steps Planning Method 

   

  a)       b) 



Chapter 3 Conceptualizing and Research Methodology Development

49



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

50

,

 

3.4.1 Flexibility Corridors 



Chapter 3 Conceptualizing and Research Methodology Development

51

3.4.2 Performance Availability 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

52

 

 



Chapter 3 Conceptualizing and Research Methodology Development

53

 



54

 



Chapter 4 Application of Simulation and Computational Study

55



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

56

 Aerospace 
3% 

 Air traffic control 
and space systems 

1% 

 Business process 
reengineering and 

workflows 
11%  Complex system 

design evaluation 
3%  Computer and 

communication 
networks 

8% 
 Computer 

performance 
evaluation 

1% 
 Construction 

1% 
 De-bottlenecking 

3% 

 Decision and risk 
analysis 

3% 

 Education and 
training 

4% 
 Financial modeling 

4% 

 Health care systems 
4% 

 Manufacturing 
systems 

15% 

 Military / combat 
systems 

4% 

 Oil & Gas 
3% 

 Parcels & parcel 
handling(queue) 

6% 

 Robotic and 
mechanical systems 

2% 

 Satellite and 
wireless 

communications 
systems 

1% 

Service systems 
2% 

 Supply chain 
management 

10%  Transportation 
systems 

7% 

 What if scenarios 
0  

4.1.1 Available Simulation Software Based on the Application Field 



Chapter 4 Application of Simulation and Computational Study

57

4.1.2 Simulation Software Evaluation Criteria and Methodology  



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

58



Chapter 4 Application of Simulation and Computational Study

59



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

60



Chapter 4 Application of Simulation and Computational Study

61

4.1.3 Reasons for Selecting the AnyLogic Simulation Package  



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

62

 

4.2.1 Main Model 



Chapter 4 Application of Simulation and Computational Study

63

:

:

:

:
:

:

:



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

64



Chapter 4 Application of Simulation and Computational Study

65

4.2.2 Process Control Levels  



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

66



Chapter 4 Application of Simulation and Computational Study

67

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

68

4.3.1 The Logic of Discrete- Event Simulation  

4.3.2 The Logic of Agent - Based Simulation  



Chapter 4 Application of Simulation and Computational Study

69

 

Initial State’
Waiting State’ Create Order’

Order Start’ and ‘Start Again’ Create 
Order’ Ordering State’,

Ordering State’. ‘Ordering State’
Preparing Preparing’ Order

Completion’
Complete Finished’ 

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

70

‘parts-to-
picker’



Chapter 4 Application of Simulation and Computational Study

71



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

72

 

Charging Machine 

Random 
In Order which

Empty One, which 

Idle”



Chapter 4 Application of Simulation and Computational Study

73

Left/ Right Lift Behaviour 

Input Station
Midpoint
Last Location 

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

74



Chapter 4 Application of Simulation and Computational Study

75

4.4.1 The Order Management Process 

4.4.2 The Unloading & Loading Process  



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

76

4.4.3 The De-Palletizing & Palletizing Process 

4.4.4 The Storage Process 

3

2

4 1

3

2

1 Exit Enter

4



Chapter 4 Application of Simulation and Computational Study

77



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

78

4.4.5 The Purchasing Process 



Chapter 4 Application of Simulation and Computational Study

79

4.4.6 The Order Picking Process 

4.4.7 The Replenishment Process  



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

80

4.4.8 The Transportation Process inside the Warehouse 



81

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

82

5.1.1 Specification of Change Drivers  



Chapter 5 Assessment Methodology and Statistical Analysis

83



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

84

5.1.2 The Agent- Based Approach for Change Planning Simulation  

 



Chapter 5 Assessment Methodology and Statistical Analysis

85



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

86

 

5.1.3 The Logic behind the Impact of Changes 



Chapter 5 Assessment Methodology and Statistical Analysis

87

5.1.4 Implementation of Change Planning Simulation  



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

88



Chapter 5 Assessment Methodology and Statistical Analysis

89



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

90

Pr
od

uc
t  

Am
ou

nt
 

Time/ Month 

Pr
od

uc
t A

m
ou

nt
 

Time /Month 

 



Chapter 5 Assessment Methodology and Statistical Analysis

91

5.2.1 The Confidence Interval and Control Chart  



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

92

5.2.2 Experimental Research Methodology 



Chapter 5 Assessment Methodology and Statistical Analysis

93



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

94

0

10

20

30

40

0
500

1000
1500
2000
2500
3000

96
40

96
40

11
56

0
13

48
0

15
40

0
17

32
0

19
24

0
96

40
11

56
0

13
48

0
15

40
0

17
32

0
19

24
0

21
20

0
23

08
0

24
96

0
26

99
2

28
83

2

Cycle Time Number of Shuttle

0

10

20

30

40

0
20
40
60
80

100
120

96
40

96
40

11
56

0
13

48
0

15
40

0
17

32
0

19
24

0
96

40
11

56
0

13
48

0
15

40
0

17
32

0
19

24
0

21
20

0
23

08
0

24
96

0
26

99
2

28
83

2

Throughput Rate Number of Shuttle

0

10

20

30

40

000

1.000

2.000

3.000

4.000

96
40

96
40

11
56

0
13

48
0

15
40

0
17

32
0

19
24

0
96

40
11

56
0

13
48

0
15

40
0

17
32

0
19

24
0

21
20

0
23

08
0

24
96

0
26

99
2

28
83

2

Customer Waiting Number of Shuttle



Chapter 5 Assessment Methodology and Statistical Analysis

95

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

96

5.3.1 The Traditional Costing Approach 



Chapter 5 Assessment Methodology and Statistical Analysis

97

5.3.2 Activity-Based Costing Approach 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

98

 

5.4.1 According to Waiting Time 



Chapter 5 Assessment Methodology and Statistical Analysis

99

5.4.2 According to the Weighted Average Method  

5.4.3 According to the Fuzzy Logic Method  



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

100



Chapter 5 Assessment Methodology and Statistical Analysis

101

0

10

20

30

40

50

60

70

80

1 63 12
5

18
7

24
9

31
1

37
3

43
5

49
7

55
9

62
1

68
3

74
5

80
7

86
9

93
1

99
3

10
55

11
17

11
79

12
41

13
03

13
65

14
27

14
89

15
51

16
13

16
75

17
37

17
99

18
61



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

102

 

5.5.1 System Load Generation 



Chapter 5 Assessment Methodology and Statistical Analysis

103

5.5.2 Organizational Structure Planning 

5.5.3 Resource Planning 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

104

5.5.4 Layout Planning 

5.5.5 Control Rules Planning 



Chapter 5 Assessment Methodology and Statistical Analysis

105

Random 
In Order

Empty One 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

106



Chapter 5 Assessment Methodology and Statistical Analysis

107

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

108



Chapter 5 Assessment Methodology and Statistical Analysis

109



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

110

5.6.1 Change Scenario 1: The Seasonality Effect on All Product Types 



Chapter 5 Assessment Methodology and Statistical Analysis

111



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

112



Chapter 5 Assessment Methodology and Statistical Analysis

113

5.6.2 Change Scenario 2: Twice as Many Orders Due to Local / Global Promotion  

0
200
400
600
800

1000

1 23 45 67 89 11
1

13
3

15
5

17
7

19
9

22
1

24
3

26
5

28
7

30
9

33
1

35
3

37
5

39
7

41
9

44
1

46
3

48
5

Cu
st

om
er

 O
rd

er
 

Time / Weeks 

Demanded Product 

Red
Product
Yellow
Product
Blue
Product



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

114



Chapter 5 Assessment Methodology and Statistical Analysis

115



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

116

5.6.3 Change Scenario 3: 50% Increase in Customer Numbers Due to e-Commerce Marketing  



Chapter 5 Assessment Methodology and Statistical Analysis

117



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

118

5.6.4 Change Scenario 4: Disruption in the Warehouse for a Month 



Chapter 5 Assessment Methodology and Statistical Analysis

119

5.6.5 Change Scenario 5: Total layout decreases 20% 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

120



Chapter 5 Assessment Methodology and Statistical Analysis

121

0

500

1000

1500

2000

2500

3000

initial Layout Narrowed Layout



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

122



123

 



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

124

 



125



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

126



References

127



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

128



References

129



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

130



References

131



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

132



References

133



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

134



References

135



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

136



References

137



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

138



Appendix 

139



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

140



Appendix 

141



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

142



Appendix 

143



Development of an Agent Based Modelling and Simulation Tool for  
Anticipatory Change Planning for Cellular Transport Systems

144


