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Abstrak

Perangkaian Data Dinamakan (NDN) adalah seni bina Internet memuncul yang meng-
gunakan model rangkaian komunikasi baharu berdasarkan identiti kandungan Internet.
Komponen utamanya iaitu Jadual Minat Tertunda (PIT) menyediakan peranan penting
dalam merekodkan maklumat paket Minat yang sedia dihantar tetapi masih menunggu
padanan paket Data. Dalam pengurusan PIT, isu pensaizan aliran PIT adalah sangat
mencabar kerana penggunaan hayat Minat yang panjang secara meluas terutamanya
apabila tiada dasar penggantian yang fleksibel sehingga mempengaruhi prestasi PIT.
Matlamat penyelidikan ini adalah untuk mencadangkan satu pendekatan Pengurusan
Kawalan PIT (PITCM) yang cekap untuk menangani paket Minat yang mendatang
bagi mengurangkan limpahan PIT seterusnya meningkatkan penggunaan dan prestasi
PIT. PITCM mengandungi mekanisme PIT Maya Mudah Suai (AVPIT), mekanisme
Hayat Minat Ambang Pintar (STIL) dan Polisi Hayat Tertinggi Permintaan Terkecil
(HLLR). AVPIT bertanggungjawab mendapatkan ramalan awal limpahan PIT berser-
ta tindakan balasnya. STIL adalah untuk menyesuaikan nilai hayat paket Minat yang
mendatang manakala HLLR digunakan untuk menguruskan kemasukan PIT secara ce-
kap. Metodologi penyelidikan khusus diikuti untuk memastikan kerapian kerja bagi
mencapai matlamat kajian ini. Perisian simulasi rangkaian digunakan dalam mereka-
bentuk dan menilai PITCM. Keputusan kajian menunjukkan bahawa PITCM mengata-
si prestasi PIT NDN piawai dengan 45% lebih tinggi kadar kepuasan Minat, 78% lebih
rendah kadar penghantaran semula Minat dan 65% penurunan kadar keguguran Minat.
Di samping itu, lengahan kepuasan Minat dan panjang PIT dikurangkan dengan ketara
masing-masing kepada 33% dan 46%. Sumbangan kajian ini adalah penting dalam
pengurusan paket Minat bagi sistem penghalaan dan penghantaran NDN. Mekanisme
AVPIT dan STIL serta polisi HLLR boleh digunakan dalam memantau, mengawal dan
menguruskan kandungan PIT untuk seni bina Internet masa hadapan.

Kata kunci: Internet Masa Hadapan, Perangkaian Bertumpuan Maklumat, Penghala-
an NDN, Pengurusan Giliran Aktif, Simulasi rangkaian.
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Abstract

Named Data Networking (NDN) is an emerging Internet architecture that employs a
new network communication model based on the identity of Internet content. Its core
component, the Pending Interest Table (PIT) serves a significant role of recording In-
terest packet information which is ready to be sent but in waiting for matching Data
packet. In managing PIT, the issue of flow PIT sizing has been very challenging due to
massive use of long Interest lifetime particularly when there is no flexible replacement
policy, hence affecting PIT performance. The aim of this study is to propose an effi-
cient PIT Control Management (PITCM) approach to be used in handling incoming
Interest packets in order to mitigate PIT overflow thus enhancing PIT utilization and
performance. PITCM consists of Adaptive Virtual PIT (AVPIT) mechanism, Smart
Threshold Interest Lifetime (STIL) mechanism and Highest Lifetime Least Request
(HLLR) policy. The AVPIT is responsible for obtaining early PIT overflow prediction
and reaction. STIL is meant for adjusting lifetime value for incoming Interest packet
while HLLR is utilized for managing PIT entries in efficient manner. A specific re-
search methodology is followed to ensure that the work is rigorous in achieving the
aim of the study. The network simulation tool is used to design and evaluate PITCM.
The results of study show that PITCM outperforms the performance of standard NDN
PIT with 45% higher Interest satisfaction rate, 78% less Interest retransmission rate
and 65% less Interest drop rate. In addition, Interest satisfaction delay and PIT length
is reduced significantly to 33% and 46%, respectively. The contribution of this study
is important for Interest packet management in NDN routing and forwarding systems.
The AVPIT and STIL mechanisms as well as the HLLR policy can be used in monitor-
ing, controlling and managing the PIT contents for Internet architecture of the future.

Keywords: Future Internet, Information-Centric Networking, NDN routing, Active
Queue Management, Network simulation.

iii



Declaration Associated with This Thesis

Some of the works presented in this thesis have been published or submitted as listed

below.

[1] Raaid Alubady, Suhaidi Hassan and Adib Habbal, “A Taxonomy of Pending In-

terest Table Implementation Approaches in Named Data Networking”, Journal of The-

oretical & Applied Information Technology (JATIT), Vol 91, No.2, pp 411-423, (30

September 2016), ISSN: 1992-8645. [Indexed by SCOPUS]

[2] Raaid Alubady, Suhaidi Hassan and Adib Habbal, “Adaptive Interest Packet Life-

time Due to Pending Interest Table Overflow”, Advanced Science Letters, Vol. (23),

No.(6), pp 5573-5577, (2017), ISSN: 1936-6612. [Indexed by SCOPUS]

[3] Suhaidi Hassan, Raaid Alubady, and Adib Habbal, “Performance Evaluation of

the Replacement Policies for Pending Interest Table”, Journal of Telecommunication

Electronic and Computer Engineering , Vol. (8), No. (10), pp 125-131, (2016), ISSN:

2180-1843. [Indexed by SCOPUS]

[4] Suhaidi Hassan, Adib Habbal, Raaid Alubady, Mays Salman, “A Taxonomy of

Information-Centric Networking Architectures based on Data Routing and Name Res-

olution Approaches”, Journal of Telecommunication Electronic and Computer Engi-

neering , Vol 8, No.10, pp 99-107, (2016), ISSN: 2180-1843. [Indexed by SCOPUS]

[5] Raaid Alubady, Suhaidi Hassan and Adib Habbal, “Performance Analysis of

Reactive and Proactive Routing Protocols in MANET”, Journal of Engineering and

Applied Sciences (ARPN), Vol.10, No.3, pp. 1468-1478, (2015), ISSN: 1819-6608.

[Indexed by SCOPUS]

[6] Raaid Alubady, Suhaidi Hassan and Adib Habbal, “HLLR: Highest Lifetime

iv



Least Request Policy for High Performance Pending Interest Table”, The 2016 IEEE

Conference on Open Systems (ICOS), pp. 42 - 47, (2016), ISSN: 2473-3660. [Indexed

by SCOPUS]

[7] Raaid Alubady, Mohammed Al-Samman, Suhaidi Hassan, Suki Arif, Adib Hab-

bal, “Internet Protocol MANET vs Named Data MANET: A Critical Evaluation”, Pro-

ceedings of the 4th International Conference on Internet Applications, Protocols and

Services (NETAPPS2015), Vol. (4), pp.70-76, Putrajaya, Malaysia, (2015).

[8] Raaid Alubady, Mays Salman, Suhaidi Hassan and Adib Habbal, “Review of

Name Resolution and Data Routing for Information Centric-Networking”, Proceed-

ings of the 4th International Conference on Internet Applications, Protocols and Ser-

vices (NETAPPS2015), Vol. (4), pp.48-53, Putrajaya, Malaysia, (2015).

[9] Raaid Alubady, Suhaidi Hassan and Adib Habbal, “Adaptive Virtual Pending

Interest Table: Conceptual Model”, Proceedings of National Workshop on Future In-

ternet Research (FIRES2016), pp.1-6, (May 2016). Gurun, Kedah, Malaysia.

[10] Raaid Alubady, Suhaidi Hassan and Adib Habbal, “The Role of Manage-

ment Technique for High Performance Pending Interest Table A Survey”, Technical

Report UUM/CAS/InterNetWorks/TR2017-12, InterNetWorks Research Laboratory,

School of Computing, Universiti Utara Malaysia, pp. 1-38, (2017), available online:

http://internetworks.my/ [Technical Report].

v



Acknowledgements

In the name of ALLAH, Most Gracious, Most Merciful:

“Glory be to Thee! We have no knowledge but that which Thou hast taught us; surely

Thou art the Knowing, the Wise”. (The Holy Qur’an - (Surah Al Baqarah 2:32))

Peace is upon to Muhammad S.A.W., the messenger sending to guide people in the true

way and all praises and thanks goes to almighty ALLAH for giving me the patience,

the health and the guidance in completing this thesis successfully.

All praise and glory be to ALLAH for granting me health, strength and knowledge

to attain this stage of my life journey. Favors and mercy of preserving me are un-

deniable. I want to thank so many wonderful and talented people for making my

time in Malaysia here at the Universiti Utara Malaysia possible and the chance to do

my research at InterNetWorks Research Laboratory (IRL) in School of Computing-

Universiti Utara Malaysia.

I will start to gratefully and sincerely thank my supervisor Prof. Dr. Suhaidi Hassan

for being my academic supervisor and allowing me to be a member of his research

team. Prof. Suhaidi allowed me to go my own ways for my research and his technical

knowledge made working with him a privilege. Therefore, I would like him to know

that I appreciate all of his help, effort, encourage, support and it was a honor and

pleasure to work with him. I say a very big thank you and may ALLAH increase you

in wisdom, strength, health and wealth. I would also like to thank my co-supervisor

Dr. Adib Habbal for his invaluable contributions through this wonderful journey. He

is always found time to help me regardless of his own workload. I consider myself

very lucky to have worked with him in this area has broadened my understanding and

improved my thinking.

Special appreciation and thanks go to Mr. Alexander Afanasyev, who is a leader in

vi



a ndnSIM simulator as well as in NDN environment for his advice and help with all

the problems I encountered during my work. Athanasius was always patient with any

questions I email him. Furthermore, I would like to extend my appreciation to Mr.

Michele Mangili, Mr. Safdar Hussain and Mr. Carlos Anastasiades who have helped

me in getting their works in order to understand the area, which is related with my

works. In addition, I would be grateful to many other members of the ndnSIM group

for insightful discussions that built up my understanding of the Named Data Network

architecture design in general and ndnSIM simulator in particular. Also, my deepest

gratitude goes to network research community such as ResearchGate, Academia, NS3-

users group and STACK overflow group for questions, answers and discussions.

I would like to take this opportunity to thank all my brothers and sisters in InterNet-

Works Research Laboratory (IRL) who kept me sane throughout my PhD and who

ensured that I play just as hard, if not harder, then I worked. Special thanks particu-

larly Rafid, Atheer, Haider, Salah, Gamal, Omar, Mwafaq, Yousef, ,Ikram, Ibrahim,

Walid, Swetha, Sushank, Shivaleela, Wael, Alaa, Mays and all other maybe I forget

them.

Finally, my heartiest gratitude goes to my family, to my father my mother, my brothers

and my sisters who always have faith in me and prays for my success, to my beloved

wife Rana for her understanding, support, and love during this journey, to my children

Ali Aldur and Retaj for being so sweet and loving. A special appreciation goes to Dr.

Ali Alqaisi, who is helping, support and encourage me before I start my PhD study,

and last but not least of all my friends here as well as in my country.

vii



Dedication

For my family . . .

my father;

my mother ; and

my brothers and sisters

my wife Rana; and

our children Ali and Retij

my teachers at all capacity of my knowledge pursuit

viii



Table of Contents 

Permission to Use 

Abstrak 

Abstract 

Acknowledgements 

Table of Contents 

List of Tables . 

List of Figures . 

List of Abbreviations 

CHAPTER ONE: INTRODUCTION .. 

1.1 Information-Centric Networking 

1.2 Research Motivation 

1.3 Research Problem 

1.4 Research Questions 

1.5 Research Objectives 

1.6 Scope of the Research 

1.7 Significance of the Research 

1.8 Research Steps ... .. . 

1.9 Organization of the Thesis 

CHAPTER TWO: LITERATURE REVIEW 

2. I Current Internet Architecture . . . . . . . . 

2.2 Future Internet: Information-Centric Networking 

2.3 Named Data Networking ....... . . 

2.4 Classification of Named Data Networking 

2.4.l NON Architecture ...... . 

2.4.1. l Packets Types in NON 

2.4.1.2 Tables Types in NDN 

2.4.1.3 NDN Lookup and Forwarding Routing Scenario 

2.4.2 NDN Services ... .. . 

IX 

I I 

iii 

vi 

IX 

xiii 

XIV 

xvii 

1 

2 

7 

9 

11 

12 

13 

14 

15 

16 

18 

19 

21 

25 

27 

28 

28 

29 

31 

32 



2.4.3 NDN Applications 37 

2.5 Pending Interest Table . . . 40 

2.5.1 PIT Significant Features 41 

2.5.2 PIT and Research Issues 43 

2.6 PIT Management Techniques . . 45 

2.6. l PIT Implementation Techniques 46 

2.6.1.1 Name Prefix Hash Table (NPHT) 46 

2.6. l .2 Fingerprint-only PIT .... ... 47 

2.6.1.3 Encoded Name Prefix Tric (ENPT) 47 

2.6. 1.4 Distributed Bloom Filter based PIT (DiPIT) . 48 

2.6.1.5 Compressed PIT 48 

2.6.1.6 MaPIT ..... 49 

2.6.2 PIT Placement Techniques 52 

2.6.2.1 Input Line Card Placement . 53 

2.6.2.2 Output Line-Card Placement . 53 

2.6.2.3 Input/output Line-Card Placement . 54 

2.6.2.4 Third Part Line Card Placement 54 

2.6.3 PIT Replacement Policies ... . .... 57 

2.6.3.1 Persistent Replacement Policy . 57 

2.6.3.2 Random Replacement Policy 57 

2.6.3.3 Least Recently Used Replacement Policy 58 

2.6.4 Adaptive Interest Lifetime Techniques .. .. . 61 

2.6.4.1 Dynamic PIT Entry Lifetime (OPEL) 62 

2.6.4.2 CCNTimer ... .. ... ... 63 

2.6.4.3 Interest Control Protocol (ICP) 64 

2.7 Theories Pertinent to PIT Management 67 

2.7.1 Queuing Theory . 68 

2.7.2 Renewal Theory 69 

2.7.3 Scheduling Theory 70 

2.8 Overview of Applied Evaluation Methodology . 71 

2.8.1 ICN Simulators Tools . 71 

2.8.2 Topology Selection . . 78 

X 



2.9 Summary . . . . . . . . . . . . . . . . . . . . . . . . 

CHAPTER THREE: RESEARCH METHODOLOGY . 

3.1 Design Research Methodology Framework. 

3.2 Initial Plan of Research . . . . . 

3.3 Overview and Critical Analysis 

3.4 System Modeling . . . . . . . . 

82 

83 

83 

86 

88 

89 

3.4. l Pending Interest Table Control Management Conceptual Model 90 

3.4.2 Adaptive Virtual Pending Interest Table Mechanism 91 

3.4.3 Smart Threshold Interest Lifetime Mechanism . 94 

3.4.4 Highest Lifetime Least Request Policy . 96 

3.5 Design of Experiments . 

3.5.1 Editor Language 

3.5.2 Simulation Settings 

3.6 Verification and Validation 

3.7 Performance Evaluation 

3.7.1 Evaluation Metrics 

3.7.2 Results Analysis and Discussion 

3.8 Research Conclusion 

3.9 Research Reporting 

3.10 Summary ... 

CHAPTER FOUR: PENDING INTEREST TABLE CONTROL MAN

AGEMENT APPROACH . . . . . . . . . . . . . . . . 

4.1 Pending Interest Table Control Management Approach 

4.2 Adaptive Virtual Pending Interest Table Mechanism 

4.2.1 Description of AVPIT Mechanism 

4.2.2 Analysis of AVPIT Mechanism .. 

4.2.3 AVPIT Verification and Validation 

4.2.4 AVPIT Evaluation ...... . . 

4.3 Smart Threshold Interest Lifetime Mechanism . 

4.3.1 Description of STIL Mechanism 

4.3.2 Analysis of STIL Mechanism . 
xi 

99 

99 

100 

102 

105 

106 

108 

108 

109 

109 

110 

110 

112 

113 

118 

125 

128 

130 

131 

132 



4.3.3 STIL Verification and Validation 

4.3.4 ST]L Evaluation ...... . 

4.4 Highest Lifetime Least Request Policy 

4.4. J Description of HLLR Policy 

4.4.2 Analysis of HLLR Policy . . 

4.4.3 HLLR Verification and Validation 

4.4.4 HLLR Evaluation . 

4.5 Summary .. 

CHAPTER FIVE: SIMULATION ANALYSIS AND EVALUATION 

137 

144 

147 

147 

148 

152 

157 

159 

161 

5 .1 Pending Interest Table Control Management . 161 

5.2 Performance Evaluation of PITCM . . . . . . 165 

5.2.1 Abilene and Rocketfuel Topologies with Various Interest Rate 166 

5 .2.1.1 Abilene Scenarios . 166 

5.2.1.2 Rocketfuel Scenario 171 

5 .2.2 Abilene and Rocketfuel Topologies with Various PIT Size 176 

5.2.2.1 Abilene Scenario . . . . . . 177 

5.2.2.2 Rocketfuel-mapped Scenario 181 

5.3 Discussion on PITCM Performance 185 

5.4 Summary _ 

CHAPTER SIX: CONCLUSION AND FUTURE WORK 

6.1 Summary of the Thesis . . 

6.2 Contributions of the Thesis 

6.3 Research Limitation 

6.4 Recommendation for Future Work 

REFERENCES ............ . . . . . . . . . . . . . . . . . . . . . . 

XII 

187 

188 

189 

192 

196 

196 

199 



List of Tables 

Table 2.J PIT Implementation Techniques Summaries 50 

Table 2.2 PIT Placement Techniques Summaries . 56 

Table 2.3 PIT Replacement Techniques Summaries 59 

Table 2.4 PIT Entry Lifetime Techniques Summaries 66 

Table 2.5 Comparison Between Different Simulations 78 

Table 2.6 Validation and Evaluation the Design Models vs Topologies 82 

Table 3.1 Summary of the Notation Used in this Thesis 101 

Table 3.2 Design Range for the Simulation Parameters 102 

Table 4.1 PIT Process After Overflow based on STIL Mechanism . 139 

Table 4.2 PIT Process After Overflow based on NON PIT 140 

Table 4.3 PIT Process After Overflow based on STIL Mechanism ( detected 

face) ....... . .. 141 

Table 4.4 Interest Packet Data Set 153 

Xlll 



Figure 1.1 

Figure 1.2 

Figure 1.3 

Figure 1.4 

Figure 1.5 

Figure 2.J 

List of Figures 

Internet and ICN hourglass Model . . . . . . 

Content Advertisement and Retrieval in NON 

NON Router Node and Lookup Process ... 

Impact of PIT Overflow on Named Data Networking 

Research Scope . . . . . 

Content Caching in ICN . 

Figure 2.2 ICN Related Architecture Timeline 

Figure 2.3 Classification of Named Data Networking 

Figure 2.4 NON System Architecture. 

Figure 2.5 NDN Packets Types .... 

Figure 2.6 NON Data Structure Tables 

Figure 2.7 NDN Looking up and Forwarding Scenario 

Figure 2.8 Classification of NDN Services . . 

Figure 2.9 Classification of NON Application 

Figure 2.10 PIT Entry Fields . . . . . . 

Figure 2. I I PIT Management Techniques 

Figure 2. t 2 ndnSIM Components Block Diagram 

Figure 2.13 ICN Simulation tools used 

Figure 2.14 Dumbbell Topology 

Figure 2.15 Tree Topology . . 

Figure 2.16 Abilene Topology 

Figure 2.17 Rocketfuel-mapped AT&T Topology 

Figure 3.1 Research Methodology Framework . 

Figure 3.2 Research Plan . . . . . . . . . . . . 

Figure 3.3 Main Steps in the Critical Analysis Stage . 

Figure 3.4 PITCM Approach ..... . 

Figure 3.5 Conceptual Model of PITCM 

Figure 3.6 AVPIT: Reception Interest Block Diagram 

XIV 

4 

5 

6 

11 

13 

22 

26 

27 

28 

29 

30 

32 

33 

38 

40 

45 

76 

77 

79 

80 

80 

81 

85 

87 

89 

90 

91 

92 



Figure 3.7 AVPIT: Reception Dala Block Diagram . 

Figure 3.8 STIL Block Diagram . 

Figure 3.9 HLLR Block Diagram . 

Figure 3. JO Eclipse CIC++ Development Tools 

Figure 3.11 CDT's Code Analysis in Eclipse Model . 

Figure 3.12 Verification and Validation Process . 

Figure 3.13 Stages of Verification and Validation 

Figure 4.1 AVPIT: When VPIT is not Overflow 

Figure 4.2 AVPIT: When VPIT is Overflow .. 

Figure 4.3 PIT Length vs Time for NON PIT and AVPIT 

Figure 4.4 Interest Drop vs Time for NDN PIT and AVPIT 

Figure 4.5 PIT Length vs PIT Size for NON PIT and AVPIT 

Figure 4.6 IDR vs No. of Interest Rate for NON PIT and AVPIT 

Figure 4.7 Average Entry Lifetime vs PIT Update Process for NON PIT and 

93 

95 

97 

99 

100 

103 

105 

115 

116 

126 

127 

129 

130 

STIL with Similar Interest Rate . . . . . . . . . . . . . . . . . . . 140 

Figure 4.8 Average Entry Lifetime vs PIT Update Process for NON PIT and 

STIL with Various Interest Rate 142 

Figure 4.9 Average Entry Lifetime vs Time for NDN PIT and STIL . 143 

Figure 4.10 IRR vs Interest Rate for NON PIT, OPEL and STIL 145 

Figure 4.11 JSR vs Interest Rate for NON PIT, OPEL and STIL 146 

Figure 4.12 PIT Entries . . . . . . . . . . . . . . . . . 154 

Figure 4.13 Entry Replacement based on HLLR, rc=l 155 

Figure 4.14 Entry Replacement based on HLLR, re> 1 155 

Figure 4.15 IRR vs Interests Rate for Persistent and HLLR 156 

Figure 4.16 IDR vs PIT Size for Persistent, Random, LRU and HLLR 158 

Figure 4. J 7 ISR vs Interest Rate for Persistent, Random, LRU and HLLR 159 

Figure 5.1 PITCM: Test Scenario ... . .. . 164 

Figure 5.2 PITCM: Output Results Snapshot . 164 

Figure 5.3 Abilene Topology: PIT Length vs Interest Rate for NDN PIT and 

PITCM ........ . .. . ........... . ..... . .. 167 

Figure 5.4 Abilene Topology: IRR vs Interest Rate for NDN PIT and PITCM 168 

xv 



Figure 5.5 Abikne Topology: IDR vs Interest Rate for NON PIT and PITCM 169 

Figure 5.6 Abilene Topology: ISD vs Interest Rate for NON PIT and PITCM 170 

Figure 5.7 Abilene Topology: ISR vs Interest Rate for NON PIT and PITCM 171 

Figure 5.8 Rocketfuel Topology: PIT length vs Interest Rate for NDN PIT and 

PITCM .............. .. ................ 172 

Figure 5.9 Rocketfuel Topology: IRR vs Interest Rate for NON PIT and PITCM 173 

Figure 5.10 Rocketfuel Topology: IOR vs Interest Rate for NDN PIT and PITCM 174 

Figure 5.11 Rocketfuel Topology: ISD vs Interest Rate for NDN PIT and PITCM174 

Figure 5.12 Rocketfuel Topology: ISR vs Interest Rate for NDN PIT and PITCM 175 

Figure 5 .13 Abilene Topology: PIT Length vs PIT Size for NDN PIT and PITCM 177 

Figure 5.14 Abilene Topology: IRR vs PIT Size for NON PIT and PITCM 178 

Figure 5 .15 Abilene Topology: IDR vs PIT Size for NDN PIT and PITCM 179 

Figure 5.16 Abilene Topology: ISR vs PIT Size for NDN PIT and PITCM . 180 

Figure 5.17 Abilene Topology: ISD vs PIT Size for NON PIT and PITCM . 180 

Figure 5.18 Rocketfuel Topology: PIT length vs PIT Size for NDN PIT and 

PITCM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181 

Figure 5.19 Rocketfuel Topology: IRR vs PIT Size for NON PIT and PITCM 182 

Figure 5.20 Rocketfuel Topology: IDR vs PIT Size for NON PIT and PITCM . 183 

Figure 5.21 Rocketfuel Topology: ISD vs PIT Size for NDN PIT and PITCM 184 

Figure 5.22 Rocketfuel Topology: ISO vs PIT Size for NON PIT and PITCM 184 

XVJ 



AIMD 

AQM 

AVQ 

API 

AsiaFI 

AVPIT 

AVQ 

BF 

BGP 

CBCB 

CBF 

CBN 

CBR 

CCN 

CCNPL-Sim 

ccnSim 

CCNx-DCE 

CON 

CDT 

CodAn 

COMET 

CONET 

CRC-32 

cs 
CSMA 

DDoS 

DHT 

DiPIT 

DNS 

List of Abbreviations 

Additive Increase Multiplicative Decrease 

Active Queue Management 

Adaptive Virtual Queue 

Application Program Interface 

Asia Future Internet BF 

Adaptive Virtual Pending Interest Table 

Adaptive Virtual Queue 

Bloom Filter 

Border Gateway Protocol 

Combined Broadcast and Content-Based 

Counting Bloom Filter 

Content-Based Network 

Constant Bit Rate 

Content Centric Networking 

Content Centric Networking Packet Level Simulator 

Content Centric Networking Simulator 

Content Centric Networking_x-Direct Code Execution 

Content Delivery Network 

CIC++ Development Tool 

Code Analysis 

COntent Mediator architecture for content-aware nETworks 

Content-Centric Inter-Network 

Cyclic Redundancy Check 32 

Content Store 

Carrier Sense Multiple Access 

Distributed Denial of Service 

Distributed Hash Table 

Distributed Bloom Filter based Pending Interest Table 

Domain Name Service 

xvii 



DONA 

OPEL 

ORM 

E2E 

ECN 

ENPT 

EU FIA 

FCFS 

FIB 

FIE 

FTP 

GCC 

GENI 

GPLv2 

GUI 

HEP 

HLLR 

ICN 

IDE 

ICP 

IDR 

INET 

loT 

ISD 

IP 

IPv4 

1Pv6 

IRR 

ISR 

IT 

LPM 

Data-Oriented Network Architecture 

Dynamic Pending Inte rest Table Entry Lifetime 

Design Research Methodology 

End to End 

Explicit Congestion Notification 

Encoded Name Prefix Tric 

European Future Internet Assembly 

First Come First Serve 

Forwarding Information Base 

Forwarding Information Entries 

File Transfer Protocol 

GNU C Compiler 

Global Environment for Network Innovations 

General Public License, version 2 

Graphical User Interface 

High Energy and unclear Physics 

Highest Lifetime Least Request 

Information-Centric Networking 

Integrate Development Environment 

Interest Control Protocol 

Interest Drop Rate 

Internet NETtworking 

Internet of Things 

Interest Satisfaction Delay 

Internet Protocol 

Internet Protocol version 4 

Internet Protocol version 6 

Interest Retransmission Rate 

Interest Satisfaction Rate 

Index Table 

Longest Prefix Matching 

xviii 



LRU 

LSPSIN 

LTI 

MA 

MBF 

NACK 

NAT 

NCE 

NON 

ndnSIM 

Netlnf 

NOD 

NPHT 

NPT 

NS 2 

NS 3 

NSF 

OMNeT++ 

OPNET 

P2P 

PARC 

PEs 

PEL 

PHT 

PIT 

PITCM 

PQ 

PS 

PSIRP 

PURSUIT 

QoS 

Least Recently Used 

Line Speed Publish/Subscribe Inter-Networking 

Long-Term Interest 

Mapping Array 

Mapping Bloom Filter 

Negative ACKnowledgment 

Network Address Translation 

Name Component Encoding 

Named Data Networking 

Named Data Networking Simulator 

Network of Information 

Named DataObject 

Name Prefix Hash Table 

Name Prefix Trie 

Network Simulation 2 

Network Simulation 3 

National Science Foundation 

Objective Modular Network Testbed in C++ 

Optimized Network Engineering Tool 

Point to Point 

Palo Alto Research Center 

Propagation Entries 

Pending Interest Table Entry Lifetime 

Propagating Hash Table 

Pending Interest Table 

Pending Interest Table Control Management 

Priority Queuing 

Packet Store 

Publish-Subscribe Internet Routing Paradigm 

Publish-Subscribe Internet Technologies 

Quality of Service 

xix 



RED 

REM 

RLDRAM 

RTO 

RTI 

SAIL 

SAVQ 

SRED 

SRAM 

STIL 

SVB 

TCP 

TCP/IP 

UBF 

UGC 

UPD 

URL 

V&V 

VoD 

VPIT 

WSN 

Random Early Detection 

Random Exponential Marking 

Reduced Latency Dynamic Random Access Memory 

Retransmission TimeOut 

Round-Trip Time 

Scalable and Adaptive Internet Solutions 

Stabilized Adaptive Virtual Queue 

Stabilized Random Early Drop 

Static Random Access Memory 

Smart Threshold Interest Lifetime 

Stabilized Virtual Buffer 

Transmission Control Protocol 

Transmission Control Protocol/Internet Protocol 

United Bloom Filter 

User-Generated Content 

User Datagram Protocol 

Uniform Resource Locator 

Verification and Validation 

Video on Demand 

Virtual Pending Interest Table 

Wireless Sensor Networking 

xx 



CHAPTER ONE

INTRODUCTION

At the beginning, when the Internet was developed, users were academic in nature;

they were merely interested in file transfers, for example, mail exchange [1]. After

that, with the develop of new technology, especially the advent of computing devices

that have the ability to connect to the Internet, people have more access to the Internet

than ever. The old dream of having information at one’s fingertips, any place, and any

time’ is no longer a dream at all. Thus, the generated data traffic has increased at an

inconceivable speed and is exhausting network resources, such as available bandwidth

and Internet Protocol (IP) address [2]. The popularity of the Internet has caused the

data traffic on the Internet to grow dramatically every year during the last several years

[3]. The main cause of the Internet growth is to share and distribute information, e.g.,

academic, social, commercial, mobile video, and cloud computing over the Internet

[4].

In the other words, nowadays, users of networks have evolved significantly to be dom-

inated by content distribution and retrieval, while still the basic infrastructure is depen-

dent on the connection between the End-to-End (E2E) of their IP addresses. Access to

content and services requires naming methods since methods include the Uniform Re-

source Locator (URL), which links content to the Internet hosts [5]. On the other hand,

the emergence of new applications, such as social networking [6, 7, 8], Video on De-

mand (VoD) [9, 10], sensor networking [11], Interactive on-line gaming [12, 13] and

Internet of Things (IoT) [14, 15, 16], have led the Internet communication to become

named content objects rather than on host-location [17].

In brief, the question is to figure out whether the current architecture and its proper-

ties will turn into the restricting component of the Internet development and a new

1
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